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Cbaptcr 1: Wbat is HIPO? 

One ol the major concern• in the data proocs<in¡: indu<lry toda y is thc com· 
plexity of the programrning systen" being dcsi~ncd, imrlcmcn1cd, and 
•ob!IC¡¡ucntly modificd. Aothcsc •Y•tcms bcoomc l~r¡:cr and mun: intnratc, 
problcm• oceur not only dudng dcsign and dcvc!opmcnt, hut ~ho during 
maimenancc. 

Good documentation is csscnt!al to thc continued succcss of a pro~ram 
devclopmcnt dfort. Unfonunately. dncumentation ;, oftcn rrcparcd l.1tc in 
the cycle ond >honchangcd whcn projcct •chcdulcs be<: o me tigl\1. Thi> can 
l~d lo probltms whcn crrors are dctcctcd in thc implcmcntcd >ystcm or "lll•n 
changes are ncc<.led. Ad<.litionolly, sine<: many mcthnd• al documcnt~tian are 
notlag.ical extcnsianso/tho dc•isn tffort, it is notca•y for thc dcsi~ncr 10 
documcnt his cf!om. 

Documcntatlon of mo.t pmgramming <y>tcms today con>ist< ol w<>rd<. 
dia¡:ram.<, and rJowohart•. Flowchart; are hclplul ond comi"""'· but thcy ""' 
used to tcll one sidc ni thc nory: pro~ram lo~ic. Whut ¡, luc~ing is the 
function ofthe 'Y"<m.that is, wh31the systorn cloos ro1hcr lhun how it docs 
il. Sorne 111M perwnncl bclicved that pro~rontming sy,.cnl> docurncntation 
emphasi<ing lunction cnuld con tribute to thc cffidcncy olthc prograrn 
maintcnancc cflort by speeJing lhc location in !he ende of a lunction to l>c 
modilied. Thuy dcvclopeJ thc IIIPO technique of documcnting function to 
meelthis ohjcctive. Toda y HIPO is bcing u""d by 5ome groups lht<>u~hnut thc 
devclopmcnt cycle"' a design aid and documon1ation 1cchni4U<. 

Hicnon:by plu< lnpul-Proct .. -Oulpul (1-l!I'O) addrcs"'s thc rcqulfcmcnts of 
the people who rcly _on documcntatinn for mnny ditfcrcnt purpo>CS. A 

Dlllnager or """''· lor uarnplc, may wantto obtain an ovcrvicw olthc <Y>Iem, 
An application pw~runuMr nce<h thc clocumen10tion 10 determine program 
funclions /or coding purpnscs. Someone invn!ved in a maintcnancc acti>ity 
require• documcntatio11 that¡¡uickly identifies function< in which chan~c• 
hove to be madc. lltPO mcets thcsc nccd> bccausc ol i" graphical rcprc>Cntu­
tion of functinn. its organizcd nesting of incrca•ing detail, an<.l1hc dcpiction 
o/ input and output data itcnts at each leve!. 

A HIPO package consists of a sct ol di•gramsthat graphically dc,cribc func: 
tion from the genera! to !he detail!evcl. lnitially, cach m~jor lunc1ion i; 
identilicd and then •uhdivided into lnwer-l~vellunction.; lhe >Ummation ol 
tlte lower-levcl funÚtons e¡¡uat"' to the highcr-lcvel functions. Pro~rams are 
then dcveloped Ua!ling with the functions dcscribed in thc topmost Jc•·d ol 

. d!ar,rams. llil'O diagram• can be uscd lrom thc •tart of tho projcct throu~h 
implcmemation and are u.efullnr program maint~nanc~ by ea•ing the i<.lcnti­
rlcation olthe codo to be changcd . 

HIPO's Major Objectlves 
Thc major objeclives of litro •• a dc•i~n and documemation techni¡¡u<: 
are to: 
• Providc a structure by which the /unctions of a systom can be unclcl'>tt>u<.l. 

The <.lia~rams are organizcd in A hicrarchy struc1urc (>ce figure 1 ), mucl1 
like an organiution charl, whcrc cach diagram al any leve!" a !ub•<~ ol 
\he leve! al><"'c it. Comp!ci Sy$1cms or prD¡!r>ITI> can lhcrcby be hmk,•n 
into mnna~cablc piccc•. Fnr cumple cnn>i<.lcr a projcct ol m:oppin~ tll,· 
Unitc<.l Stulc>. 1/thc prnjcct tcam dcvclupc:d pa¡:c alter ral"-' uf prr»c 
dc..,ribin~ thc >la~c> and highway;, and cach city"> "'""" an<i otl thc 



connc~tions, il would be diHicultto vcrify or use thl• tc•l e~n if one hod 
thc time. E ven if all hi~hwoys in the stOICS ond all strceu of ;t]l tiuc5 wcr• 
shown graphically on one diograrn, it would be ímpossible lo work "'ilh all 
the informal ion al onc lcvel of detall. Thcref<>r•, a hJerorchieal~~ehcme of 
maps. s<>mc 5h<>wing S ~,a l~S wilh highway., others ohowing cities wilh 
nrects. besl aUo\V5 a penan lo vicw the total network as requited. 
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• Siate !he fun<:Lions Lo be accompHsll<:d by !he progr~m rathcr Lhan •r<cily 
!he program stalcmcni.S lo lx: u""d to pctlorm !he funouom. A «:cuon in 
!he diagrams c;>l!cd "Exlcndcd DcseripUon" providcs addítíon:tl inf~rmation 
abouilhc functioll'lto reduce reliance on OLher documcntation und lo 
provldc guidance lo programmers. 

• l'ro~!dc a vioua! deseription ol input lo be uscd and output produccd by 
cach lunÚion lor each leve! of dia&ram (sec Figure 2). Typically, thc mosl 
lmponant objcctive in a programming sy>~cm is to produco: outputth~t is 
technlc;~Uy corree\ and mccts llSCts' rcquirements. litro allow• thi> trano­
fot"lllation of input dala to output dala to be visible. 
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Iünds of Díagr.uns in a HIPO Package 

Befon> dl<eussing thc SJX'ciric uses of llii'O di~grams, thc basic torminology 
and formal ahou!d be defincd. A typical HII'O package contain• thre< ~inds 
of diagrams: • visual uoblc of conteo u and overvicw and dctail 1111'0 dia­
granu (sec Fiiure 3). 

l. Visual tablc of conte~l-This diagram contains the namcs and identifica­
tloo nu.mbcn of aU lhc overvicw and de1.al.l HIPO diagrams in thc pac~a~c 
and showo the structurc ol \he diagr;un package and rcl3tionship of the 
functlons in a hicrarchieal fashion as dcpictcd in Figure l. h also contains 
• lcgrmd Jndicatins how symbols in thc package are to be uscd. With thc 
vlsualtablc of contenl<, the readcr can Jocate a particular leve! of informa­
tion 01 aapecific diagram without thumblng through tlle en tire packagc. 

l. 0~Cf\'iew diagrams--High-JevcJ HIPO dia¡;rams, CIIJCd OVCI'\'iCW dia~r<1<tiS, 
describe the major functions and rcference the detail diagr~m• nccdcd to 
expa~~d lile funl'lions 10 sufficlent detalL The ovel'\'iew diagrams provide, 
In ¡:eneraltenns, thc inputs, proceo.scs, and outputs. The process scction 
contains a oerics ol numbered atepo that describe the lunction bein¡¡ pcr­
formcd. Thc lnputoectioa contaUts thoae data itcms used by thc proccu 
•teps. Arrows connectt~e input data itcms te thc preccss •topo. Thc 
eutput oection centain.~those data items Uta! are creatW or m(lt]ified by 
the procca stcps. Arrews cenn~tthe proccu stcps to thc output data 
ltems. An extended dcscription arel can amplify the process stcps and 
Input and eutput data items. The extended dcscription also rcfcu to 
lewcr-Jovcl HIPO diagram.s, non-IIIPO documentatioo, and codo. Figure;!. 
ls an eaamplc of an overview diagram. 

3. Detail diagrams--lower-levell-ltPO dio¡:r-ams contaln thc fundamcmal 
elemento of the packar;e. They describe the opecific lunctions, show 
apecllk input and output itemo, and rclcr to other detail diagrams. The 
detall clio¡DI~~S co.rtlain an utended descriptlon aection that amplifics thc 
procesa 1\eps and refcrcnccs thc codo aJSodatcd with tho proecss stcp•. 
Thcy also rcferencc othcr HIPO dia&rattU a< wcU as non-HIPO da<umenta­
tion such as nowch.ano or doci<lon tables of particular! y complicatcd Jo~ic, 
record layout!, and so forth. The nuraber of Jevel• of detall diagrams is 
dctcnnined by tho number of functional subassembHc•, the eomplcaity of 
!he material, and tho omount of information to be documcnted. Figure 4 is 
• samplc detail diagra,& wlth In extended dcscription section . 



f-

' r¡ 
• • 

l 
1~ 

1 
r. 

;:: 
' 

o 

l 
1 

• 
L 

' 
L 

' 
l 

' 
>

 
• 

• -

' 

D
 

L..J D
 

• 
¡ 

-
-<?¡l 

. .-

l 
1 1 ' 

' 

o 
-

l 
1 

1 
' 

' 

• 
1 

' 
1 

1 

j 
-

~
 

~
 

. . .. 
• 

• 
. 

. 
• 

11\ 
i
~
 

?
--

• 

fr 
D

 
o· 

' • j 

,1\. 
L 

J " ' ' 
1 

. . 
-¡ 

' 





·- ·- ......... _ .. - ,, 
'~" ••• • .. • 

.... ~ .. ··~ .. ..... .... "'~"'"~ --·~··· 

·~ ·-¡¡· ~- •••• 

~ 1 
........... ~-·-..... V 
• 
__ _,_, .. _ 

• :-c.: " .... -~·-··· 
••• 

. 

• . """""_ .. _,_ 
'''MI" ' 
• ·-... -.. -~ .. ,-... • 

rv -
'·~ ·-· i ....,_, 

~·-

' . 

1. 11 ....... ód. Jor, .-<:b ... """"'..,¡ '"" '""' ICDNA 1 DOFRM 2.~.1 
.......,;.printO<!. 

1 • 
1 

2, ll 'VPI ~~ ...,,~ lo ino:o"""'· lob coto.-<:b ... ICDNA 
1 
m~ 2.2.2 

~ ,,..¡ eoO< ~ i1 pnn10<1. 

.. 1 

1 

'· I,J,. Po• "'' .. bl. IAATETABI 
"'find """""' 

ICONA 

1 
PRTLU 2.2.J ..... 

1 

'· Ch .. ~ '"' """""""· """ -· ot hoHCioV - ICONA : CKSPC 2.1A 
onel o~d lo '""· 

' 



• 

' · .. 



Whcn is HIPO Used? 
HIPO diagram< arO evolving documenta! ion. Thc output from ono dcwlup­
ment pha•e Í< input to thc noxt. There are diffcrcnt docurnont:Uivn nc~J, 
during tho variou• phascs, which, for thc purposes o[ this manual, are rdcrrcd 
lO .. requirements dcfinition and in•tial dcs¡gn. dctail ,to;ign and imrkm~nta­
tion, and maintcnance. Thc amount of information nocdcd. the audkncc, and 
thc activity 10 be performcd af/ect thc u•e of rhc \!\PO diagram•. and ihc 
rtatus ol the evolvin¡ system a/fects their contcnt. 

l. Requlrements dctinition and initial dcsign-Thc cmphasis in this pha'c is 
on ensuring that a system"s functions are understood clcarly among !he 
users aod dcsigncrs so that thc resultan! systcm woll mee! their necds. 
HIPO a!lows the designers to gct a dear picture ol those nceds. The de-

. slgner first lists the major function> of the system in an over;icw dia¡;ram.· 
Those functions rcquiring more detail are C>pandod to lowcr-kvcl dia­
gn~ms. A dctailcd reYiew can theo be performed to find any mi"ing itoms 
or wcak linb. Planning bcgms al the top of thc systcm, procerding \[1 

inacasingly lower le>·els of detail. 
2. Detail desi¡¡n and implcmentation-The initial design 111!'0 di3~ram< urc 

funher subdividcd into more dctail about caeh proceso. ¡howing each d~ta 
lnterfaoe !n 1he input and o~tput arcas and thc funcnons to b" impkmcnt­
cd in che proceu scction. Funccions spedficd in thc HIPO diagrams are 
assi¡¡ncd to modules of code. The programmcrs •••igncd can thcn lurlhcr 
C>pand thc HIPO diagn~ms to the ntcnt ncccssary to codc. anJ thcn cudc 
the spcdficd functions. Reviews can ensure that luncrions slotcd in 1 he 
initial desi¡n package ha ve be en included and that thc oodo fulfilh thc 
functions of thc dctail design pacbge. Funclionaltcst ca.es can be dcnl· 
Oped u•ing !he HIPO diagrams 10 detcrnunc what out pul is crcatcd b."cd 
on !he input. Thesc cases can be uscd in conjunction with other tools or 
procedure• (for cxamplc. performance evoluation). A furthcr bcndit L> 

that HIPO diagrams can be uscd to introduce ncw noembets to the projccc. 
3. Maintenance-During maintcnancc ola system. HIPO diagrams can be 

used to e<luc.a\c new pcrsonnel. More importan!. a functionto be nJOJ!f>Cd 
can be fcllowed lhrough the HIPO di~gr.am hicrarchy to more quidly locJ\e 
thc •rpropriatc area o/ codo. Sincc tbc uu•o día~'""'' dc>cribc who~t ohc 
program il doing rather than how il is doing "· there ;, le"' diagram m~on-

. ' tenonce when pro¡;ram statements changc. For e>amplc. thc procc" steps 
indude such infonnation as whatlhe loop, br.>n<h. condotion <<<ring, etc .. 
are intcndcd to ac~ompi1Sh (what tho program" doing). Tho extended 
dcxription can contain the actual fie!J values rcquircd for detailcd imtruc­
tions to programmer<. Frequcntly, whcn changos are madc to thc >Y"<m, 

. Ofl!y !he u~ended descriptlon <cquircs motlification. 

Kinds or HIPO Packages 
There ore two major kind• of HIPO packages-the lrútial dc.ign and <he dctail 
design-and an option~llhird kind. lhc maintooancc pa<kogc. Each 1>ac~;¡~C 
cootalns allthrce kinds cf diagn.ms-visual tablc of con ten u. o~•rview. and 
dctaillliPO dlagrams-but each pockage has o d>Stinct purposc, distinct 
charactcri>tlcs, anda different audience {sec Figure 5). 

• Inltlol dcsi~n packagc-This pac~agc, preparcd by a dcsign group atthc 
starl ola projccc. describes thc o,·.,aJI funclional dcsiil" of thc project and 
is used as a dcsign aid. The dc>igncrs communicatc and ulidatc thciJ idea.' 
by using I!JI>O diagrams. This pa<~agc is thcn uscd lor design re,"icw• by 
rnanagcmcm and othcr groups. induding u>crs. 

' 
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• Dctail dc~¡tn p:ocbgc-This f"'C~a¡:c i• preparcd by a developmcnl gro u p. 
U>ing thc initi~l dcSJgO package a.< a hase, the analysts and programmcrs 
spedfy in dctail, ndd more lcvel' of dctailtllPO Jiagrams, and u;c thc 
res~l!anl pac~a¡:c for implcmcnt~lion and OOmf"'•Í>On wi<h the initial dcsign 
package to cnsurc that all rcquircmcnts ha ve be en itlclu<lcd. Dur~ng thc 
coding acth·itks, tllc pro~rammcrs add to thc extended dcscription by filltng 
in pmgram labcls and uthcr pcflincnt information rcgarding !he implcmcn­
tation. Whcn they are finbhed, thcy have a complete, accuratc, u¡i-to-ddte, 
and easy-to-undcl>land document. Thi• package i• ¡;ood •ouree material 
for mainlcnam:c groups. 11 may also be u>Cd to dcvclop instructi<>ns lor 
systcm ""crs. Frcquently th" package is the final!UI'O documcatation and 
is uscd as thc maintcnance package . 

• Maintcnance fl'ICla¡;e-This package is u..,d ror oorrectioru, cbangcs, or 
additions to the system. !1 it exi.<t> as a sep;uatc e~tity, it i• thc det~il 
de>iW~ pac~age with sorne o! thc lowcr-level diagrams deleted. The ones 
delcted were thosc created to providc implementers with detailtd infotma­
tion lrom which 10 oode. As a rcsul\, futuro mai~tenance requircmcn!5 fof 
thc HIPO packa¡:c are lurther reduced. Belo<e removal oC thcsc diagra01s, 
the HIPO package must be chcckcd tu cnsure that proper pomtcrs 10 the 
codc are provided in the rcm~nin¡; diagrams. 

Rooulr<mtnu 
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Frequently In lhe appUcalion deve!opment cyc!e, lhe conccrn is Jor rrodudu~ 
the codo with hUle reg:¡rd lor how thinp rc~!ly tie IO&db<r. Allhc cnJ uf thc 
eycle, an allcmpl is made to documenlthc systcm by analy,ing li><Ínl'-' anJ 
reoding various specilicali•>n materialtllal was generated carlicr in lhc 
cycle-a difficult task al best. 
Tbe !111'0 npproach adJre>Scs tbis problcm by providing a framc'W<>rk for 
establishin& and documcntíng lunclional stf\ICiurcs corly in lhc cydc and thc n 

dcveloping the documentation concurrcnlly wtth thc dc>ign and inlpkmcn<a· 
!ion olthc sy.tem. 

How HIPO Fits with Other lmproved Pn>gramming Technologies 
HIPO assumcs that a sy>tem (a co!leclion of rela<ed progran>s) will be Ol¡:.>n­
ized into a hienrchical mucturc of functions. Thc ;cope of lhe lopmo<t 
function encompa.sses all subf unctions. Thosc subfunctions that rc<¡uire 
lurther olarification are trealcd as major functions consi.,.ing o/ ~Jdui<>n~] 
subfunctions. Thi• process continuo• for as many lcvels as r~<¡uircd unt!l ull 
funotioru are defined. 

ni~ hierorchical structure of liiPO is wcll suilcd toa functional d~sign m~dc 
by star1ing al lhe top and subdividing into iner~asingly lowcr le>"ds of dclail. 
In lop-down dcvclopment, the lunctions are irnplcmcntcd in the oumc •~­
qucnce as this structurc. The 1op module comains the highcule\el of control 
logk and dccisions for each rrogram wilhin the sy.<tem, and cithcr P"""' 
control lo !owcr-level nmdules or idonti/Jcs lowcr-kvel modules Jor inlinc 
inclusion. The parts ol cach Program a<e continuaU}" being intcgralcd. 

lf structured programming is usod in the implementation, thc funclions are 
conoidcred as single enlities. The codo is wrillen in •e¡:ments. c~ch wnh a 
single cntry and single cxil. Tbc"' segmcnts can be crcatcd from lit PO 

. diauam• drawn with only onc cntry and onc cxit. Sorne rccomn>cndcd 
practico• to use in writing Slructured codeare lo limit a scgmcnl nf codc to 
one paga (approlimatcly 50 Unes), and to indcnt subf uneliom or subotruc· 
tun:s. Theso practices enhance readabilily and allow easy Undo,..,landtng. 

Combining top·down development and structured programming rcsulls in a 
program of extreme modularily both in function and logic~l stroctur~. HIPO 

diagrams are a logical utonsion of the functÍOllS odcnufied i11 tor·down 
developmcnt and provide the ncccssary documentation from lhe starl ora 
projeclthrough irnpld'mcntalion. · 

Anothcr concept lhal is being used with top-down developmcnt and stru~­
tured programrning os lile chic f j>fOb'fOnUilcr tcam or~ani M tiun. Tea m upcra­
\]ons repre""ru a chango in approach from a loosely "ructurcd group of 
programmers 10 a highly strUC\urc<.l\cam of programming speciali•t>. Thc 
nucleus of a leam operalion consists of a chic! pro¡;rammer. a backup pru· 
uammcr, anda libranan; olbcr mcmbers are included •• roquired. Thc chid 
progranuncr dcsigns the major functiom of a system and codc; thc topouost 
leveb of modules. He is assi>ted m thne tasks by tbe backup pro¡;ramn\<r. 
The librarian i• responsible lor cntering all informnuun inlu lhe d,•,·clopmcnl 
suppol1 librar)', the principal objecti'c of which i; lo provid~ cnn>tantly 
up-to-dote and vi..ible dcscriptions ol thc program•. leS! d~ta. and e~acl st~IU> 
of thc oys«m undcr dcvelopmcnt. Thc Hl •o docun•cntatiun •ll"uld be 
includod m lhis Jibury and may be mamtoincd by lhc l1brorian. Wbcn olhcr 
team member> ore addcd lo de>elop and prugra01 Jow·k"CI 01odulcs. thcy c~n 
work indcpcndontl~ down v~riou• puth• of !he hicrarchy wilh .>cpar~to tiU'll 
diagram•. 

' 



Struc1Ured walk-thrmrrh<, o gcnwic nan1c givcn toa series of rc1·icws, havc 
been implcmcntcd wilhin progmmrnin¡: group; which are u'ing top-<lown 
devolopmcnt, structured programming, nnd chid programmer tcams. Thc 
rcvicwcrs ore "wulkcd" lhrough thc •y>tcm m a >Lcp-by-stcp [u,lrion lo 
simulate thc function undcr inw"igotion. An au~mpt is maJe lo prcscnt the 
material in cnough dctail '" thatnrajor problcms can be idcnulicd lor 
subs.:quem corrcction. HIPO a. a top-down dc•ign oid ond doctHncnlotion 
tcchnique lcnds it5Cif wclllo the structured walk-through. l!ll•o·, gr J¡'lhical 
represcnlation of function grve> oomclhing concrete ""d tan~rhle 10 be 
reviewcd in a stcp-by-step fashion at incnasing !e veis of detaiL 

Thc techniqucs dcscrrbcd nbovc represe m a d"cip!incd approach ¡o app!ica­
tion dcvelopment. f'or more infotmation on these improved programming 
techno!ogics, rder to thc bibliosraphy in this manual. 

Alds for Prcparing HIPO Diagrams 
Thcre are two aids availoblc for drawinG the HII'O diagrams. Onc is thc HIPO 
Workshcel, GX20-1970 (see f'igure 6). One side conlams a large ~rid and is 
uscd primoril~ for prcliminary diograms. The other sidc comain. thc input, 
proecss, output, and euended description area.5 for the final draft of the 
diagram. 
The othcr aid islhc HIPO Templnle, GX20-l97l, for use in drawing lliPO 
diagrams (see F1gure 7). h "dc.igned Lo be u<ed with !he ll!PO Wod;shcCI 
and ~ontains the symbol• nccdcd lo produce a HIPO diagram. The templa le 

. jacket desoritres these symbols. 

Consideratlons for the Initial HIPO Effort 

" 

lt is imporlant lo use HIPO as eady as possiblc in a project so that \he design· 
ero can documcnl thcir thoughts concurrently with thc design procc" and 
functions will no< be Ion in the code. Frequen\Jy, designe~· thoughts are no! 
prescrved in any formal manner. The result can be unproduclivc use o! time. 
implementing funclions lhal are insufficienlly understood, as weU as a system 
lhat i• unable to pcrform the functions the designers in!ended. 

Prcparalion of HIPO diagrams is a not~ral byproduc! o! \he thoughl proccss of 
deslgn, ralher \han an additionaltask. Al sorne poinl in \he d~velopmcn! of 
every system, requiremcn\s and functions (a!ong wilh thcir inputs and oui­
Pun) mll5t be s<ated. This tnlormation i• oftcn comm~nkated informa!ly in 
convcrsations or in !he !orm ol notes on scratch papcr or blackboards. HIPO 
provid~s a way of formolly recorcling this informa!ion. 

Although HIPO is mosl useful when cmplo~d from !he initia] dosign phnso 
lhrough implemcntalion. prcparing a IIIPO package for an cxhling applica!ion 
may be a oon\'eniont way lo lcarn how to ""' tUPO it the preparer is •·ery 
familiar with !he funcliOn< of lhC applicalion. [f an cxisling application 
cannot be uscd. a 5ystom in any s\ogc O! devclopment can be documcntcd 
wilh HIPO. The prcparor •hould ignore !he organi7.ation of the e•i>ting 
application's codc and CO!tccmrale on function. Fim he should draw the top 
leveh of !he visual tablc of contcnts along with the overview HIPO diagram• 
fo1 al! major functions. Thcn thcsc ovcrview diagmms can be upandcd tn\o 
detail diagroms and >hown 10 !he ••is"alt~blc of cont<•nts. l'or panially 
complcted systcms, tho u tended dcscripliOn'l un n::fcrcne<: ony exioling 
flowchar\5 whilo lllPO di~grams con be dcvclopcd Jor \he remaining functions. 
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Summary 

No dralting Ol other drawing e~pcricn<:e i< neC'euaty to <ton a HIPO p~dage. 
The JHPO wor~shcct and templare plu• a genero! knowlcdgc of thc chJrac<er· 
lstics of o HIPO packace .are the only initial r<"quircmcms. 

AUhough the fir!l effon may be difficult. as pcople are unaccusromed lo 
lsolat!ng what is to be done (function) from hnw todo Ll. expcricnce ha• 
shown lhat Íl ¡okes approrimately 30 minute• 10 draw a 1!11'0 diogram once 
the infonnalion to be •hown 1• identiricd. 

After ruding thi• manual and analyzing the case .rudy. the r<:a<kr should be 
feady lo try HIPO diagramming on hi• own. 

HIPO, Uierar~hy plu• 1 nput-Process-Output, is a graphical technique for 
showin¡: what a •ystem does and what data it uses and crcates. A typical 
HIPO package contains three kinds of diagrams: 
• Visualtable o{ contenrs 
• Overvlew diasrams 
• Detoil diagrams 

The informar ion contained in ovcrview and detail HIPO dia¡¡rams is arranged 
in four categories: 
• Input 
• Process 
• Output 
• E1tended description 

There ""' three bnds of HIPO package.: 
• lnitial design packa~c 
• Detail desi¡:n pach,e 

· • Mainlenance pacKage (may be thc same as the detai! design pac~agc) 

The aids for preparin¡: HIPO diagran11 are: 
• HIPO Wor~shect IGXZD-19101 
• HIPO Template GX2D-19711 

Using the information providcd in thc previou• section. !he reader should be 
· ab!e toread a HIPO dia¡¡ram. The fol!owing sections pro vide addttional 

information on how HIPO can be used to: 
• Address the requirt'men!S of a projcct in a sy<tematio manner using the 

hierarchy structure, tbus not distorting the rc!ative importance of thc 
lunc;lions 

• EliSe program error detection and modificotion for opentional systcms 
· beuuse of ihe hienrchy structure and visible data interfaces 
• Provide documcntation that can allow both data processin& and non-data 

processing individuals to moro easily undcmand thc system, therehy rcduc­
lng lhe likelibood of an erroneous or incomplete implementa !ion 

• lnclude the documentauon asan inte¡¡ra! pan of thc projcct lrom its inccp· 
!ion throush maintcnancc, thcrcby increasing the completencss of thc 
documentation · 

• Achicve •moother information transfcrs and !ess duplication of effort 
throughoutthe devdopmcnt cyclc bccause the s.ame forn. of d(l(:umcntation 
can be uscd throughoutlhe projcet 

• Simptify coding beco use the data interfaces are visible 
, Conduct more mcaningful rcvicws becau ... the sys1cm is bro~en down imo 
m:~nageable pie-ces that can be re,·iewcd ar the dcsircd levcl of dctail 

• Fadlitatc functiottal tcsting beca use test cases can be creatcd dircctly from 
!he IIIPO dia¡¡r:uns 

13 



Cbapter 2: H.Loquiremenls Definiliou Lllttllnitial Dc,;ign l•ba..:c 

Chapten 2. 3. lnd 4 u;c a Cast uudy lo illus<rate how !UI'<l Llia~ram• can be 

prepared ond u•cd throu¡!hnut tllc lhrcc prngromming <lcvd"t'mcnt ph"'"' uf 
1 proiect. Selectcd functions of thc Alpha Search lnquiry Sy>tcrn. an IU~ 
Program Product tpru~raon nurnl><:r 5736·NI4). are u•e<.l a< Lhc !>as" for the 
calle study. (nit!al dc>i~n an<.l <.lctoil<.lc'i~n HI!'O pa,·1agcs <.lncrihing lh,· 
selected lunctiom appcar in ApJ"'ndices A and B. Thc'IC HIPO package• wcre 
dcveluped lrom thc tcquircnlents >Latcm~nt >hnwn in lhi., chaptor ralhc< th.on 
lrom the actual c<><.Jc. ·¡he Alpha Scorch lrn¡uiry Sy>tcm was dcvclupod 
h<:lorc thc wio.Jc;prca.J uw .,¡ thc 1111'0 lc..:hni<.¡uc. 

Al !he bcginnin¡¡ o/ a ¡JJujcct. thc dcsi¡:nclli. "' conjunctinn with tite """"• 
produce lrutn uoer input: 

l. A cumplclc •llttcmcnt nf thc tc<juÍrcmcn" 
2. An rnitial d<>l¡tn Jtll~l paola~c 

Thc Flrst Stcp--A Stutemenl of R(.'q\Üreml'nl.~ 

" 

llle inhiaJ a<:tivíty in devdupin¡ a data pl"tJC:CU!ng .yst~m h to mak~ a cum· 
plete and dctailcd statcmem ol the uscr"s requin:menll. This initial planoing 

may be done ¡.,y a small ~roup ni.,..,,.. and analyus who will: 
• De~<:rminc availability of infotmation nc<:<kd to p.:rform th<: functi<ln 
o Puint out thc implkalinn• rc~arding thc atuoum uf elh>ll rc<¡uin·d 1<> tlo 

111<" i<>b 
• Funy' define 11\1: funcltuno tu be ¡><:rf<Ormed by !he sy>Lcm on<.l the>1 

lntcrre lotlnn•h ip5 

The lollowing i• an initia( ""temen! of the rt:quiremcnts lor thi• case study: 

A termina(-oricnted systcm is needcd [or !he retrieval of nan1c record• 
through 1 phonctic techniq...,. Tbe phonctic technique allows mu5t ..,..nd­
alike namc.s. such us Klein and Cline. lo be retricvcd when """uf thcm ;, 
pro'tided. 

Spedfically "'quirc.J are: 
l. A m"ns of cn;ating, maintaining. and reurpn<t.inl( a dirt:<l acre». ltle 

contalningcw.1omcr namcs and ~""Ontra<:l nurnbc.-. 
2. RetrieY1ll and displu~ uf rcc.or<.ls on a 3210 Jnlormlltion Dtsplay Syucm 

usiq CICS evcn thou¡h ~he uact spellio¡ ol thc na'"" is not koo,..a. thus 
redudng !he ctfect ni transcrlption urors, part.i211y •!legible oignat=• on 
corrcEpO!lllcnce, and souad-alil<c: namell 

Once this !ltatcment of rt:qlliRmenlll i> roonplclcd. !he lir>t tuk is to organir.e 
h, son out any ntraneous comments. and add any noccssary dctail> not 
already lncluded. An •""'uatioo ollhc case study s:tatemeot uf rrquin:roents 
byuse11 migltt net thc lotlowing additions: 
l. Superfl\IOu• inlnrmllion in pe~nal namcs (such as Mr .. Mrs.., and MD) 

aDd common busi...,. words in commertial naraes (sud! a< Agency and 

COlll.) 1houi<J be di..,ardod when buildin& the namo record. 
2. lf a namc is cl\anged on tbe lito. tbe old name shollld be notamcd r..,. 90 

do.ys and should "''"' to the ncw n.amc:. 
3. S.paoalc phnnctic OJIC<Kitn~ ~lgunlhm• lor pe=n~l name• and cnnutle...,ial 

na"'"•lnameo nf l>u-.inc:"' <>qtanizatioos) sboukl be •ndu<.lcd. 
4. Since tbc phonetic cneoding mutine will not lt.andlt: all po$SÍb(e soun.J-a~kc 

oamc:•. an ahctnate >pCllinglacility >hould be provio.Jed tu haadlo 'uch 
namt;> as l..i"" and l.yk: 01 <.:rei¡;htoa and Cr;oytuo. l"lWi fxihty >.bollld 



consist of Q tablc o( comn>on sound-olikc nnn>os to b<' scnrchcd whcn 
requcstcd by thc terrnin~l opcrator. 

3. Bitthdatc ond parlial acl<lrcss fur personal namcs, and paniol addre., unly 
for C<Jmmcrcial names will be used as additiunal data (•ccundory 
identifiers) tu reduce the nurnb<'r of namcs di>pbycd. 

6. The opcrator should be ablc lo sclect !he dcgrce o/ hkcncss, thal is, lww 
close !.he nl.mc in the file n>tlSI be to thc cote red n~mc bcfure it i.s consid­
ercd to be a match. 

1. 1/ • di.splayed name is sdecte<l, the opera!Or •hould ha,·c the option uf 
pa.sing all ossociatcd comract numbcrs or sel,.,tcd cuntract nunobcrs to 
anothcr ruutine. 

Onco the requiremcnts statement is C<Jmplete, the nut s«p is to conccntratc 
on ldentifying the "top" of thc problem and thc major subsccuons bcnc~th it. 
Once a starting point i< sclectcd, thc ~isuo.l table of C<Jntenu and thc HIPO 
diagra>ns can be drawn. 

Crenting tbe Visual Table of Conlcnts 
Thi.s stcp in the desi~n is to creatc a ~isual tablc o! contcnts diag.ram showing 
the major lunctions 10 be perlonncd by thc system and thcir relationsllip> to 
each othcr (scc Figure 8). Actually, !he visual table (1[ contcnt~ and the !111'0 
dia¡rams are usua!ly prcpared jointly until thc major fuoctions ~nd subfunc­
tions have beco identified. lrutially, functions are spcci/icd without regard lor 
how they might become packaged in codc. 
The top bo• in the visual tablc of contents state• the overall function of thc 
system (retricve alpha scarch records). Thc ncxtlcvcl brcob that function 
down into logical subfunction.: e"'ating the records, buildin¡: the lile, u¡x.Jat­
ing the lile, rcorganiúng thc file, ond inquiring against thc ftk Thc lowcr 
l~vels break down each of those functions into subfunctions as nccdod. 
{U•uaUy four to fivo levels in thi< top---<lown structurc ""' all tha• is ncce'>ary 
lor the initiul design pha>c, bu\ ccnain >Y-•tcms may rcquirc more.) A ~cnor;,J 
n.~le i.s to continuo to lowcr lcvels until both thc designcr and user contplctcly 
understand thc f Unctions bcmg des.cribcJ. 

Eoch bo• In thc visua.l table of contents re/ers toa HIPO diasrarn whose 
des.cription and identilicatlon number •re shown in the box. l'or exanople, 
Dia¡:ram 2.0, cn!itled "Crcate Encoded N ame Record• ", furthor doscribcs lltc 
creatc function. Wlúle thc imtial purposc in ~rawing \he vi•unltablc of 
contcnt.s i• to lunctionafly define and l>rcak down tho systcm, thc cnd product 
set'\'es as atable of rontcnts that show• wherc cach diag.ram can be found. A 
legend should be added to the ~isual tablc uf comcnts to aid thc readcr; it · 
should de•oribe how the dia¡;rams are !o be reod, that is, what thc various 
symbols mc~n. 

The first ~isualtable ol contents drawn is no\ typically the final •ersion, 
beca use many funcuonal structur•s may meet !he design critcria; ru. cach lnd 
is brokon down into furthcr subfunctions, a bettcr structum onay he [(lur,d. lf 
tl>is occun:, the topmost bloct and thc severa! blocks under 11 should be 
reorganizcd. Onc ~oluc of u•ing HIPO is thot IIIPO grophically fo!lows a 
delibcratc pru<'Css of statin¡: 1 unctions, thus ~iding thc de•ignc" in sdcctin~ 
from a mor. preci .. rango of possibilítiet. lf a low-le•cl /unctíon is nccdcd 
that is nm ionplied in a hi~hcr-levcl function, thc highcr-lcvcl functinn was not 
ch""n corrcctly. 
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Toward the cnd nlthis ph~sc, tllc pro~roms in thc •Y•t~m will b,• iJ~nti/i,·d. 
J'or thc Alph~ Scarch l"quiry Systcm, it WJ< <Jcddcd 11">1 \he li•c funuiom 
shown atthc :.econd kvcl ol thc vi>ualt~blc o/ con<cnts will be /i,·c scpJr>lc 
programs. 

Note thnt thc Alpha Scarch lnquiry Syslcm, like many data pr""c"ing S)''­
lcms today, has bccn <lcvclopcd to ILt into ~nd operatc within thc framt•work 
o/ a l.;r¡;cr systcm. Whilc the visualtoblc ol contcnts fully J,.,crihcs thc 
ncwly dcvclopcd systcm itscll Jnd S!'<'dlics its !ivc comroncnt progran,., it 
does not indicalc wherc it fits into other data procc"ing >y>tcm>. A ~cnorol 
system chall may be u.ed to show this (sce Figure 9) and can be indudcd in 
the BIPO package as oJditional documcntation. Note tllat thc Alpha s,•,orc'lt 
lnquiry Systcm i'5 derincd inside the doncd lincs. No funcuon outsidc thc!>C 
lines is included in the Alpha Search lnquíry System. 

Overview HIPO Diagrams 
The pur¡>Ose of the ove.-iew di"gram is lo give the rcader general knowlcd¡;c 
of a panicular lunction. Thc o":rvicw diagram acts 0> an introJuction l<> thc 
function anda director to the lower-lcvd diagrams. Al\ major input and 
out pul it<ms o/ any lowcr-lcvcl dia¡:rams are induded in the overv¡cw dia· 
grnm. Although specific input and output devices necd not be idcnulicd al 
this time, they may, il known, be notcd with nppropriate <ymhols. 

Note thatthe ovcrvicw diagram of • system consists ol lunctiom pcrlormcd 
by mulliple programs rclated to cach other via input and output. l'hc o•·cr· 
view diagrom for thc case study (seo Figure lO) al-o show• thc li\c pro~rom> 
o/ thc system. A sltlct sequcnce of e•ccution "not ncco»"<ily uncndc<l m 

'such an ovef'·icw diagram (a <y>tem overvicw dia~am). In l'isurc 10, !or 
example, •tep; 1, 2, and 3 mu>t b<: performcd to crea te thc alph~ scarch lile. 
Stop 6 may b<: encuted many tim.s bcforc steps 4 and 5. Sequoncc i• intplicd 
in the overview diagran" lora program. 
Note that al! but ene stcp in Diagram 1.0 are encloscd in boxes, with a 
number in the lowcr ri¡:ln-han<l ~orncr of ea eh box. Thi• i• !he i<lcnt!licatinn 
number n/ thc ncxtlowcr diagram that furtlter explain> thc •uh[uneuon. l'or 
cumple, <tcp 6 is a ~cncral statcment o/ thc inquiry function. Thc mo¡or 
inputs are thc alpha •carch file and rcquc•u lor namcs /ro m thc <crminal 
operator; thc ma¡or outputs are thc namcs, disploycd on" termtnal, that ate 
ldcntical or similar to rhot requcsted. T.hi> input. Output, ~nd function i• 
cxpanJcJ in Diagram ¡,O, thc ovcrvicw diagrant o/ thc inquLry fLJnction (•oc 
Ficure J 1 ). Though ntore dctailcd than •t~p 6 in Dia¡:ron> l. O, thc •ubf unc­
tiono, inputs, and output; ol thc inquiry function an: still ~latcd in >otncwhat 
¡:cneralterms. Abbrcviations should be avoided. 
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Dctail HIPO Diagrams 
The overview and dotail di~gram• are graphkally similar, but lhc purpo>< o[ 
thc dctail diogram isto providc allthc infurmalÍ<>n nn..:;;ary lo undcrstand a 
lunction specificd in the nc"'-hi¡:hcr-lcvcl diagram. 

Figure 12 is one olthe <Jctail diagr:>m.• (6.3) ol thc inquiry lunction; it de­
scribes th~ search alpha scarch file subfunction. As m thc ovcrvicw dia~ram•. 
the dct:ill diagram consi"S of \bree boxcs: input, procc,.., and out pul. 1 low­
ever, thc inlonnation given <S chon~cd. In Dia¡;rom 6.0 (the OWT\'ÍCW dtd· 
gram ol !he inquiry lunction) the inputs ond outputs are fíks and terminal 
display<. Note that in Diagram 6.3 the inpul< and outputs are a >Ub!>Ct of fil~s 
and terminal dispbys, giving a more detoilcd vicw ol cacl1. Thc discu•.•ion of 
thc proccss step• of Diayam 6.3 below shows how thc ovcrvicw inform:uion 
lrom Dia¡:nm 6.0 has bccn expandcd. 
Stcp 1: The function performcd is to search loro U records eornatnin¡: lhe 
oearch kcy. Thc search kcy (creatcd in Dlagram 6.2 u ean be ..:en in Día­
gram 6.0) and the nlpha scarch f¡l 0 are input. An alph~ •eorch ruord is 
output. 

Step 2: Thi• lunctíon, to providc a means lor llmiting \he duratíon of a lile 
oearch and to pro vide thc operator option t<> continue or terminote procc,.in~. 
is simply st~tcd at this leve! of design. No specific forma \Sol input or output 
ha ve b<:en designed at thi< time. 

\ 
Stop 3: '

1
lbe function peñonncd is to compare secondary identtfiers 

(opcrator-entercd vs. thosc on !he alpha scarch record). The opcrator­
ent.,..t.d ~condary identificrs worc previously editcd in Dia¡;ram 6.2. The lirst 
two liclds of thc inquiry pMameter tahle are the only ones u•cd and are 
thercfor!: the only oncs nmed in thc box. The dcgrcc or !Jkcnc" bctwccn thc 
cntcred .lame and thc name on the file is compuicd. 

1 
Step 4: ]( thc de¡:rec of likcnc.s mccts lhc criterio statcd in the inquiry 
parameter iat:!e, inlonn•tioo f ro m the alpha seoreh record (namc, -.condary 
identilicrs,' and contrae! numbcr>) j; moved 10 a buff cr for display. 

Step ~: Alter the file is searehed, by u>c of the search ley. lor any m~tching 
records, another •carch is pcrformcd U>ing a!ternate spcllin¡;s of thc cn<ercd 
na me, provlded lhis option Í< spcdfied in the inquiry paramcter tablc. Thc 
altoroa\c spelling oprinn i• the only one relcrenccd in this stcp and is thcrc­
!Ol'll the only onc >hown ~~ the box. The doltcd line arrow indicatc•s thdl tho 
value is te!led lO determino thc mcUon lo be tdcn. Tllis function is further 
cxploined in Diar;ram G.l. l. 

Alter all record• (ora pa¡:c of rcccrds) containlng thc thc gencrated koys 
havc ~en retrieved, control is rcturned to th<: ncxt <tep in Dia¡;ram 6.0, to 
di•pb.y the records. Th10 lunction is cxpandcd in Diagram 6.4. 

1~ additi<ln to the input, proceo<, and output scctiom; on a Jllt'O diagram. 
thcre i• the optional cxknded dcscription section (>oc F•gurc 12), whid1 is 
used to Pvc Úle reader more detailed inlormation than can be put in a pr<><c>S 
otcp. For ¡he initial design HI~O package, tlus consist• primorily of notes on 
possiblc Ílllplemcntotinn. 
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Slcps in Creating HIPO Diawams 
Thc fullowing pamgraphs su¡:gcst an opproach to <.lrawing both o•·crvicw and 
<.letail diagr•m<. 
1. Us.c thc "'~~"" sidc ol the tuPO W<>rkshcct to <.lraw thc three boxes: 

input. proc:css. an<.l output. 
2. Li;t any known output m the outpllt box. lt ¡,a good practico lo list 

output prior to filling in thc input nnd proc:e"" boxcs. Many ol thc;c can be 
set down immc<.liotcly from thc systcm rcquircments. In thc ovc"icw 
<.liagrams, thc output "stotcd in gclleraltcrm•. that is. files. Actual <.l~viccs 
nced not be ,hown al this time. 

3. De~e!op the contcnts o! thc input ond proc:es< boxcs concurrentl¡· and fill 
in any intcrmcdiatc outpm not prcviously ;pccified. 

4. JIJL,.tr-:>te only thc bare ncccs.itic• on the input side. 1! somcthing doc:s not 
opply. do not writc it down. 1! in doubt, include it; anything that i< not 
ncccssary con be dclcted whcn thc diagram• are rclincd. Again, for thc 
ovcrvicw diagram. thc input is statcd tn generalterms. 

5. State what has 10 bl: done in the process box. Thi• is SJmply a functionat 
listing o/the pmcc""' to be accompHshcd. St3tc each function in as fcw 
words as po«iblc. 

6. Connect thc corrcsponding input ítems and the proc:css steps with arra" s; 
conncct thc correspOIJding ptoc:<ss steps and the output ítem< wilh arrows. 
Sine~ the result is only a preliminar~ diagram {;ce Figure 13). do not be 
discouragcd ¡/ it •ecms conlusing. 

7. Thc ncxt stop is to turn th~ preliminary diagram into a complctcd IIIPO 
diagrarn, "-' shown in the IIIPO diagram in f'i~ure 11. Th" is a proco" of 
conso!i<.l~ting and combining rcl~led data items into Jogical ¡;rouping!o \\ llh 
boxcs. Boxes within boxc• are certainly allowcd. bur lor graphicol und 
practico! reasons use only wltot i• ncee;sary. Thc simpkr tho chart. the 
more effecti•e it is. Thc la.t stcp is to draw the arra~- The >hadcd 
urrows show entry lo and nil lrom the dia¡;ram. 

Sorne of the problems that may be encountcrcd in carty c//ort• are: 
• Polling ideos down concisety 
• Dccidtng what ftmctíon• con be broken down into sublunctions 
• Trying lo puttoo rnuch imo one diagram rathcr !han 'creatin~ low•r-lo•·el 

dia¡;ram1 
• Trying todo low-lc'<'l diagrams without fitst doing highcr-level <.liagrams 
• Thinking in tcrms of pro&ram logic rathcr than lunction 

' A tcchnique U>td in lhis package in lhe sotu<ion o/thc second and third itcms 
was to limita dta¡;r:mt to on'c pagc; ot!terw1>c it wa> subdividcd. One roge 
(including no more than 7-10 stcps) i> ea>icr to comprchcnd than muhiple 
pa¡;e.~. lt ls not always casy !<> follow this. bu\ it pays both in rcducin¡: rc•·iew 
time and in as.istiJt~ in the ;ubsequcnt development phase. 

Sorne visually importan! points in <.levetoping !HI'O diagrams are: 
• Arrows gencrntly go front lclt lo right adj~ccnt to thc rclercnccd or con· 

MCted items. and from itcms highcr on the pago tu tho<c low<r on thc pagc . 
• Whcn: the tail of tite arrow stans and when: the tip ol the arrow cn<.ls mu<r 

be clear. 
o Arrow lYfl<'' mu>t be be consistcnt with tho legcnd . 
• Boies should comain only functionally rclatcd itcms. 
• Abbre~iations shoul<.l be avoidcd in overview diat,rams. 
• AU tcrnt• and l:thcls >hould be dcfincd in the extcntlcd de;cription whon 

first usc:d. 
Data in overvicw <.lla~ratns shoul<.l be gcnornlly dc<cribed te n1inimi~c 
arrow<. 
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' 

o Eatruetunl de loo datos utilludal para la f ... de "'le\llo del dOSCIIIIAto; 

Pm 1 CLIENTE 

"descuento 
(1 ...... , 

' 

• Eatruc1 un de bl dalo1 de ulida : 

I'IC!!ERO 

cuu.n 
tC ,., .. ¡ 

Suma impollc bruto 
( 1 ....,.,., 

ART!CULOS 

NOMHRE 
41 .... ¡ 

• 

DIRU:CION 
{1 ... ¡ 

K~H:tt~I<ClA 
(1 ... ¡ 

PII0\1\1(.1"0 
(P ,.,..,¡ 

SUMA bKU'OO 
n ,,.¡ 

10TAL 
(1 ... ¡ 

RUBRICAS 

[
,·o~. 
¡¡,..¡ 

I<OMOIU:: 
¡¡ ,.,.¡ 

_ro, ...... ,. 
Ll•• .. l 

[

lldmnm Pedido 
{1 .... 

fom~od, p..., 
(ha) 

o....,..,.;n 
¡¡ ... ¡ 

~--(1 •n) 

PredG Uwlono 
¡¡,.,.¡ 

lmpono 
( 1 ... ¡ 

_r Smno de ln>¡..ne HNia 
t._ll•h) 

' ' 

C Tol&lo_. 
( 1 •a) 

·' 
' 

J7 
i 

• 

' ' 
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Organlz.ac:ión de daro1on euno do lrotamienlo y de Alida. 

~guimo• con el ejemplo de fadlll'aci6n. El enunciado prcQu que en f111 de facturaluy que calcular el 
ducucnto 1 partir <k la 11111111 do importe bruro. 

• Ducuento = 
Suma M imporlc bruto x ,. dcKUenlo 

•oo 
lndíquc10 la <Siructuro dclo1 d.otoo uti~zadoo pano la fue del ~culo del descuento; dcopuh, y ~<¡iln el 

mDdelo de fa<:~un pguienlo, La cllruc:llln de loo da Loo de uUdl. 

1-r (liento 

kcfercnoll de Pedtdo 

N" Prod""o 

Nombre 

Fonn1 de paao 

Caotida4 Impone 

'"~ Imparte Bruto 

' . , 
' 

1 o .. cuCnro 

rotal a~· 

·. 
lo focluu nunca sobRpqo cl.:onrenido de""" hcjo. 

" 

' .. 





PERSONAL 

FACTOR "' 'CALIFICIACION PARA USO 

DEL 

• ·; 2 S ' S ANALISTA 

-
EXPERIENCIA EN LA APLI-

CACION ESPECIFICA DEL - X 
PROBLEMA 

EXPERIENCIA EN PROBLE-- . 

X MAS SIMILAR.ES 

EXPERIENCIA EN EL DESA- ,x RROLLO DE SOFTWARE 

EXPERIENCIA_ CON EL SI S-

TEMA OPERATIVO/SOPORTE 7< -· 
SOFTWARE 

. 
EXPERIENCIA CON EL (LOS) )( . . 
LENGUAJES UTILIZADO (S) . 

RESUHEN GENERAL DE LA -
CALIDAD DEL EQUIPO ,1( 
{PERSONAL) 

~p~ k' ~ t~~eio ~) l..f il16'llll ~illtlll 
8161 ·~1 .·; ~ .. ~ "' A·~." • ./ ... 
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EVALUACION DE REQliEIUJ.!IENTOS llE SOFTWARE. 

TI1UW DEL PRom:TO: "lt.)Uf».)Tl'\'2-C l) FEOi< 

IUIERO DE PIUJ'ECTO: m>rnANA 

EIABrnO: Al.riUl.l ZO: • , 

Lf>GJAJE DE ESTIW.CICl-1 ~ 1Wl'V.I0= ~~ 
I'RLCRAHACI<J< 

I.On1UE DE f'ROG!'W.W:ION ltJ.iERO DE INSllUJCCICNES PARA FSTE LEtGIAJE IIA.GA OOS PARA ESTE lEOOJAJE 
F..JEOJTABLFS EN EL lDI-- fSTWACh1NI'S DEL NlJ.IERO DE HAGA IXlS EST:O.tACIO-
GUAJE A SER USAOO INSrnua:JCNES A liTILIZAR ~ NF.S ES'f1UMo\S UNA EL 

~~~ 1/E' (IJOA () • POO. DEBAJO DE .lA ESTIMACIOO I'DIERO Dé INSTRUU:IO 
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FACTORES 

EXISTEN CARGAS ASINCRONAS 

HAY QUE NEGOCIAR HARRDWARE/ 
SOFTWARE '!' , 

OURANTE LA OPERACION EXISTEN 
CAMBIOS DINAMICOS EN EL AM­
BIENTE O LA FUNCIONALIDAD 

SE REQUIERE QUE EL SISTEMA-
ESTE LIBRE DE FALLAS PARA: 

SE REQUIERE CLAVES ESPECIA­
LES DE SEGURIDAD 

EXISTEN RESTRICCIONES EN LO 
QUE RESPECTA A: 
( EFICIENCIA ) 

LA IMPLEMENTACION DEL 
MA LLEVA ALAS SIGUIENTES 
TRICCIONES DE RECURSOS 

ICACIONES _ 

LES DEL 75\ PERO SIS 
MA lUfAL MAYOR DEL 75\-

SI NO 

y 

PROBLEMA 

rnOBABLE -
~'EI'Ill! S 1 

--

IIDBABLE­
MENTE NO 

PARA USO 
ANI\LISfA 



~TB:NICA_ 
SFAOO 

FAR run::A A DESARROLU.OO -
UN SIS'IlJ.t6. EXACTN-!Effll CO­
t-KJ FSTE, SIN e.mAROO EXIS 
TEN SISIEMAS SIMEJANTES Y 
SE PUEDE OB'JENBI. ASESa!.IA 

FUERA DE U.. FAR 

l FAR NJrCA. A DESAAROUA00-
1 UN SIS'IDIA. fXACTN>IDli'E 00 
'lot) E5'IE Y N) EXISTI: ASESO 
RIA TlDUCA FUERA O DEN-7 
lRO DE LA FAR 

SE CRfJ3 CtJE EL SISJH.!A PRO 
FUISm rutllE SER DESAARO-­
ll.AOO,SIN BmARGO UN 515-
TIMA C~ I.CS IUQJISITOS -
CUE mf.SENTA ESTE N.M:A -
HA S lOO DESARROIL\00 

LA. FACTIBILIDAD DEL DESA­
RROllO DE ESTE SIS'Il'M4. DE 
PEN!lE DE LA SOWCIOO 'l1'.C7 
NICA DE PUNJ'OS CLAVES EN 
!'STA AREA 

PARA CADA ARF.A TECNIO\ -
15fl~lf: f:L PrRCENTAJE ro­
TAL !lE AlaJ'tJ'J1.KE PlCi-IE­
'ROS 

• • BASE DE 
DATOS 

• 



PREPARADOS PI EL TRABAJO • 

/ 
. NO-. 

FACTORES NO PARCIALMENTE APLICABLE 

SE DEFINIERON LOS REQUISITOS DE HARDWARE 

SE SELECCIONO EL PROVEEDOR 

SE SABE DE RESTRICCIONES DE RECURSOS - - ~ HARDWARE/SOFTWARE 

SE CONOCEN LAS RESTRICCIONES DE LOS -- . 
PRC RESPECTO A HARDWARE/SOFTWARE X 
SE HA DTSEnAOO LA FUNCTON DE' !NI pALIZA-
CION ~&... 

SE-HAN DESEnADO PROCEDB!IENTOS OE ERROR/ ~'! RECUPERACION 

TIENE EL CLIENTE CONFIANZA EN EL lliSffiO- X t.r . 
DEL SISTEMA ·. 

SE TIENE CONTRATADOS A LOS SUBCONTRATIS- )C- ; 

TAS DE MANERA QUE SE CUMPLAN PLAZOS 
1 

SE HAN DEFINIDO METODOLOGIAS Y TECNICAS X [ It. PLAN DE DESARROLLO TECNICO) 

EXISTE UN JEFE QUIEN ENTIENDE: 

X •EL- PROBLEMA TECNICO 
•EL PROBLEMA ADMINISTRATIVO/ORGANIZATIVO 
"EL AMBIENTE DE DESARROLLO DEL CLIENTE 

LOS ,e~,;'~~:~rJm~r 
ES- . .. 

TAN CONC · A - v(' LLAR Y SUS 

• 

. 
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• 1/ 
Para que se canprenda, hasta quE grado es útil conocer el valor de 

los diferentes signos de cxpresi6n o de puntuaci6n; haremos un parénte­

sis en el curso de nuestro estudio grnrnatical, y citaretrDs, a guisa de 

infonnaci6n, una poesía, para darnos cuenta cabal de la importancia de 

este estudio. 

Soledad, Julia e Irene, tres hennanas muy henn:;lsas y j6venes, de 

qmm:e a veinte aJ\os, eran visitadas por un caballero, festivo y de bUen 

humor, el cua,l fnicuentaba la casa, por la mafiana y por la noche • .. 
Las tres hermanas y el padre, de esas muchachas, sospecharon que el 

caballero les hacia. las frecuentes visitas, pÓr tener inclinación hacia 
alguna de ellas. 

Las tres hennanas se prendaron' del caballero, y éste no llegaba a 

declararse a ninguna. 

Tanto las scf'toritas COOIO el padre-de ellas, quisieron salir de la 

i:r,certidumbrc en que estaban, y exigieron al caballero que inanifestara 

cuál de las tres era ú. afornmada. • 
' 

El joven prometió hacerlo, y ofreció decirlo en una d~c:ima -que man-. -. - . . 
d6 ~in ningún índice de puntuación, autorizando a cada una 

chas para que la puntuase a su mOdo: 

He aqui la déc:ima: 

Tres bellas que bellas son 
me han exigido las tres 
que diga de ellas cmil es· 
la que ama mi coraz6n 
si obedecer es raz6n 
digo que amo a Soledad 
no a Julia cuya bondad 
persona hunana no tiene 
no aspira nri amor a Irene 
que no es poca su beldad. 

de las nnc.ha-. 

• 

• 
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' . 
El padre no supo cuál era la preferida, y dio la carta a Soledad, 

que la puntuó de este rmdo; 

Tres bellas, que bellas son, 
me han exigido las tres, 
que diga de ellas cuál es 
la que ama mi coraz6n. 
Si obedecer es raz6n 
digo que aro a Soledad; 
no a Julia, cuya bondad 
persona hiEMila no tiene; 
no aspira mi mror a Irene, 
que no es poca su beldad. 

' • 
;l 

... ,. 

Con lo cual dijo: "la preferida soy yo". Julia la puntuó así: 1 

. ! 

.. 
Tres bellas, que bellas son, 
me han exigido "las tres, . 
que diga de ellas cuál es 
la que ama mi corazón. 
Si obedecer es rn:Wn, 
digo que, ¿amo a Soledad? 
li:o. A Julia, cuya bondad 
persona humana no tiene; 
oo aspira mi amor a Irene, 
que no és poca su· beldad. . . .. 

1'-· 

Juliá resultaba la preferida. Irene la puntu6 para su interes: 

Tres bellas, que bellas son, 
me han exigido las tres, 
que diga de ellas cuál es 
la que ama mi corazón. 
Si obedecer es raz6n, 
digo que, ¿amo a Soledad? 
No. ¿A Julia, cuya bondad 
persona hunana no tiene? 
No: Aspira mi amor a_ Irene,­
que no es poca su beldad. 
' 

.• 

,. ' .. 
Quedaron en la misma duda que imtes tenían y suplicaron al 

fuera él quien puntuara la d&~, a fin de evitar disputas. 

El caballero la puntu6 así: 

Tres bellas, que bellas son, 
me han exigido las tres, 
que diga de ellas cuál es 
la que ama mi corazón. 

... ___ , __ , 
.. 

' .... . -­..•. -~ . . 

• 
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caballero 
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Si obedecer es razón, • 
digo que, ¿amo a Soledad? .. 
No. ¿A Julia, cuya bondad 
persona human$ no tiene? 
No •. ¿Aspira mi llr.Klr a Irene? 
1~6: ¡No: Es poca su beldad. 
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OIIIECTOUP 111: .,.,....ns 111:1. ctra$0' AIIMIMI........CIOOI te PSIO'ttcrol 
DI "'"""""'rEIIU1tO Ull. 

------------------------------------------------------------------
1. Jo~• Alojan<!«> _.....,_lo.lli•lor. 

Cu• do Dcln .., • .....,., 1 .... ,_C.V. 
1. la Cot6h~a l•-5" -
contro 

"""""'~ 06000 Mb.ico.o.r. 
Uo lO le 

l. Feo.Juier M<ioq& <:arda 
c ... ~- ""' .. ....,.""""-~-..... c.v. 
1. Lo catOllc• n-s• 
Cont<O 
cuo~•~ 
UOOO """'""•C.F. 
su 13 ~· 

i . .lllrodo l<r1cooqo Li=t~& 
D\v. ~· Eot, do Poo,rodo 
Foc. ~~ In-¡, 

"''"" eoyoacan 
00510 ..... ico,D.F. 
,,. 52 15 ~·-'''J 

4. ,..dudo F. Da<<ora Go<lln<l& 
kO. dd hq•a~o c,_rc.lo 
Jo.t "'"· "'"rr<•¡uJ U 
Con<r<l 
Coouhtboc 
04050 Mbi,..,D.F. 
521 41 80 ~t.UO 

S • ..._rj.o ... krl&R9& OchO-o 
PM 
a.ro..-. ..... 
Tob&caler• 
euouhtf1ooc 
IYixiOO,D.r, 
591 05 5l 

1- Ytctor Cor><> Ocr-
e""o~lt.or!o lnoU=cloe.&I.I-C. 
u-1• sn 
v.~arvo<to 

010000 Mbioeo,C,F. 
,, •• u 

7, >,.¡>ara do] D. COI>odoo coruro 
PIIIOVD'T .. ,S.A. 
l.albniu JO 
....... u. 
"'•ico,l>.F. 
151 11 ll E>lt.lll 

hftua~topec l71-f01 ...... ·~r -­
Cuauhtl""" 
06160 "'•ico,O.F. 
56410U' 

ldh&O U < 
Nt.,olao 
B.Jdroo 
01010 IOidco,o.F. 
sn u ts 

Flor U 
Col. D.julro> 
e~a. ~otnhuolcoyotl 
l:do. do IOú. 
70S H t4 

AY.<:uornovaeo U 
S<o. 110. •onooleo lllx=o.e 
A.Ohr-
01410 ~xlco,C.F. 
SU H 10 

llar d•loo -at&4o.& 1 
1.0& CUYO& -·b ••••o ~xico,n.r. 

"' " ll 

PlUU'OO 110 l:dU. 71-101 
su Joal .... ....,.-••• 
I.Ju.traz 
onoa Mbioo,D.F. 
no"" 

• 

Col<. hft ll&uo Mopola 51 o.pto.5 
valle ~o '"" ll&uo 
••ocall"'n,U<>. do IOiz<co 
5>2 12 11 

8. Josl P.Cooeoa..!o ""n""'• 
rocultad de C>enol.&• -Ayudanta do ProfoOGI' • 
IOidoo,O,F, 

Sur us 110.126-J 
Col. JneMiOO ... ,... 
lltoc&lco 
o~>oo Mhieo,o.r. 
651 SJ n 

t. Jo'- crioto "'"'"""" ...,to<r•napo<teo !'roo Eotnlloo h Or• 
Ave 1 Eoq. P<mi&nt& lH ,...riano A>.,.l& lOt 
""-~~lo"'" do las S.Olinaa Cte. •onli&tU 
>ll!xioo lS,n.~. Cdo. S•Ulite 
317 JO !! E><t.IH ~atado de "'deo 

JU U so 
10. ,..,"" "· e""" Ouoovdo 

u. 

p.,. 4o. Eot. sup­
CU.Outitl...,, Edo. do l<bioo 

Gu>llo.-..o do la Fuanto Gu­
eanoo dal p,.queM co-rcio 
Jod .... ,...rroqu! 11 
CUIUO 
CU&uh<-
06050 M•x<co,n.P. 
511 U 80 bt.I01 

11. oavid Eocalant• ,..ncill•• 
COn>Uu Acul>o y J.oociadoo 
Holbein Ro. lH-~ 

u. 

Mfpolao 
B.J"'ru 
Mhico,D.P. 
563 oo H Ext.l 

LecpOl~o ~erntnan Go.rcía 
t""onlerh y pr-oyecto& Ej&CIO­
tivoo, I.C. 
IUrtiu• Ul•"""""" U 
S.Andr•o 
coyoacln 
o•ooo Mlx.lco,o.F. 

"' 11 01 

t•··"'"uro ,, Ploru Plau 
In.titoto Kex. dal Patr6l­
~J• Control U,.ro Clrdenu 
San D&rtolo Ato;>eh~o<:ln 
~ .... I<Odaro 
07110 Klx.lco,o.F, 
561 ~· 00 nt.HH 

lal& .... ~ ......... u 
Pudo vaH•j<> 
Tl&lnepantlo. a.so. 4o. ...,., 
,., ,. S3 

Callo ll No. 101 
Ol1vor del C""" 
... O>n:...,<ln 
U400 !OblQQ,D.F. 

M&dono ~""""*"" 50 
5to. Todo _.juaco 
Thlpb 
UHD XblOO,D.F. 
SH n SI 

Drov<>o 61 

···"" Cl>urul>o.o­<:oyoaeb 
o•no "'dco,c.r. 
~ .. ll 80 

lt&nOohon ,_ 
vallo jo 
c .... X&<Iero 
01170 .._..,co,D.r. 
sn n u 

15, Jaoh l'\lanto Fl<>ra& 
Da<>CQ Ool Pa<¡u•llo coooucJ.<> 
J.~ ..... noqui 81 

.SOl o.~. 

Conuo 
Cuauht-
-"""'"" , n.t. 
Sll U 10 

Av.sao Do<nobf >06 
san """'""' ooo••..­
M.<:o<>trorao 
lOJCO IOI•kO,D.F • 
,.~ 60 u 
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U. Joof Lulo Frbo l'fn~ 
c.sta. r.ro ..... o-5-lDl 
U.H. st~. :runo 
M.Cootrorao 

-10710 Mexleo,o.r. 
SU Sl 99 

17. ~roÑO cue~a caotol&rl 
Clo. "" """' d&l -too y Pa<:huca,s.a. 
u. v.C&Hon .. 10~ Or;l!Q 231 
hehoca, 1190· ""'"""· Josl! L<lpn Pcrtlllo 
l SI 80 Po.e!u>ea, "'~<'• 

U. Jos<! F. C..rdo RCU..:. catlo 
Fa""ltad <la I"9*rúorla 
E..ot. S..p. <la C"aoutiUAA 
a""lli. E<lo. <la IUilr.loo 

lt. Jos<! 11. c..rd 1104d~o• 
aan-eo <1&1 requo!l<>_t:c.orcio 
.... , D.F •• S.A. do C.V. 
·~o"" ""· >l&rro«"J n-t• 
l<hic:o,D.F. 
s11 u '" t:zt.ln--

:zo. Eduardo c..v&l4111> ... ..-. 
Control "" El.eUicUt&s. S.JI. 

Po,_ "" ""tirrojy U 
.._.. vor«<oo saoe.l 
""-"""-1¡>40 .,. ~ ................... . 
572 10 .. 

P.-oleo •• .lu&a a.c,.rlo lU-F ""rro ><acu.iltei>e<' U 
Portaleo Cuoponro Cl>on>l>usco 
B .Jdroa <:oyooeb 
01000 ... dc:o.D.F. OUOO M&lco.D.F. 
672 li 21 su 16 lO 

21. Albe~'-" """"h• oto. 
rorro "*"lcaa&,S.A. 4o c.v. 
111 Orlooto CJ3 
.......... 1....-r-"' 
C.A.>I&4u<> 
OJUO .... !.,.,,O.P. 
non oo 

n. ~~ ..... er.-u ~ ' .. Eje C-tr&l L.Clr<lol>a.o lSl 
""''"" 07HO,D.P. 
5UfUO .,.t.l5et 

23. liarlo &.c...rr.ro""""' 
llb.!.oo,Cia. ~--"'·"· 
............... ....., tl.l-10° --~.,...o.r. 

574 Ol :u 

-iolU 
<:el. Frboito 
<:ao.""te-oc 
00120 -·=·"·'· su n n 

114>.. :r..,ojoto lD ~.Bdo..Cor<O.._o 
llo1o. • ...,liiDoario 
""-""!">Ualco 
OltlO Xfolco.D.F. 
lll JO U 

-=-o-io IINil 

"""""""'"" •.-1»--no 
03300 IUilr.l.<:o,D.F. 
Sl3 f7 Jl 

". ~dn.ordo l!ern.lndeo Oliva 

·~· -IIA><i~o,n.r. 
lndoro A. Lepoz L<IP"' 
soereuda de ecborn.o<:10o 
RJo de la Loa& u• 
Doetoroo 
<:uauht"""' 
>l!~i "" • " . ~ • 
518 lJ t7 

rr=d•co clo!JO-Ibel 3-f 
Cuouht"""' · 
06800 Xfol.co,D.P. 
;fl 15 52 

"· ltOful L""a ~d6n 
c""ouHodo Inotit~cio;>&l, 
t-•'• sn 

s.c. 

"· 

'"· 

"· 

"· 

Vfrth Morvorte 
B.Jo.lce• 
03000 KIKICO,O.F. 
674 U H 

r..!erleo """" ""llerr!K 
ATISA ATI<l~S. S.A. do C.V. 
~!o do Ccrrbntu H 
vorOni<& ...,_,uru_ 
M.HI.dal9<1 
11300 Mfzico,o.F. 
lSD 82 H 

~o KontejAOO A:l:­
•.l_.,too r Prod""'-<>o Qo~· 
coo, S.A. do C.V. 
-ro 20,-H. 
Cl>a,...ltopec ""r.too 
11.Gidd90 
llSTO Kbleo,D.P. 
250 .... 

So"J.IO <><a..;>O Buotoo 
lDEA Conotruccior>oo, S.A. 
Cah • .,. ¡ .. ....,.u .... , 
Prolongoei(lo loo "-l"• 
OU<O Mhieo,o.r. 
f51 ., .. 

S&OI Ortio I_r.., -· 
l 11 ~~&ice. S.A • ..., c.v. 
c..la. su..,., .S.. &r•- Slf 
c.urdl>"""' 
01000 ....,.;.,o.o.r . 
HJ 21 00 

Corl.,. hi"OO<Jr1"" blo!r•• 
""'''"rololad pK..o-lco ""-'• 
""'""" do Iftfnroolt>ea u. 0.5 corr. d >.j...-co 
:rorru de Podl'"""" 
Tlolpb. Kfoleo,D.F. 
¡n JJ u E:n.un 

u<otof..,.• o 
~.llr.lu 

Mallntdo 45·2 
Do leo._, 
c.,.oocln 
ouoo IUilr.lco.D.r. 
ss• n 11 

&onclo SU-3 
o.a,...tup.oc """.ol. .. 
M.Bi"-"190 
11570 "*<lco.D.F. 
no 21 u 

CI>Upaoei.J>90 lli • J -= '''-'""·"·'· 651 u 19 

Av.ucopot .. lco 122 
ClOYoH• 
A&cop<>toolco 
02000 Olf><ico.c.r. 
U7 U l2 

eo.u . ......,lootlo U5 JA~- lJ 
..,tloOJ<> .u.~looUa 
Aoe.apotP-lco 
02750 IUilr.I.CD. D.F. 

,_ 
• • 
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33. Joed A, Pdrez Aquilar 

Oonz4lez Acu~a y Aac. 
Holbein 1 H-6" 
Ndpolea 
B.JuArez 
M6xico,o.r. 
563 40 44 

34. ROberto Pichardo Cruz 

' . ' Av. ~e loa Cien Matroe 152 
Mllxico,o.r. 

Aquiar y Seijaa 50-402 
Lolll4& Virreyes 
M, Hidalgo 
11000 Mdxico,D.P. 
540 24 89 

HedelHn 241-4 ,_ 
CuauhU!moc 
06700 Mdxico,o.F. 
564 05 u 

Pedro Rugerio Caria 
Centro Electrónico de 
oión, S.lo. 

Info~a-

"· 

Buenaviata 1-102 
G\lorrero 
CuauhtéJrloc 
06300 Mdxico,o.r. 
591 02 07 

Alejandro nomoy Muñoz da Cote 
Industrial de V~lvulae 
Tepotzotl4n, Edo. ~~ Mdx. 
876 02 11 

37. Javier Sant1114n Vol4zquoz 
Sur 127 No. 2517 
Gabriel narnoe M, 
Iztac~lco 
Mdxico,D,F, 
657 7l 72 

38. Francisco G. Santo• Guarrero 
PhNAVAL,S.A. de C.V. 
IIV,Uonry Ponl 257 ll 
Bondojito 

"· 

... 

G.A.MadBrO 
M4xico,D.F. 
759 15 DO 

Kuqo Trojo Cobri~n 
Con do BOho BIINI\HEX,S.II. de 
I. la CatOlica 39 
Centro 
Cuauhtdi!IOC 
06000 Kdxico,o.r. 
518 13 60 

Fernando Valencia Fit: 
DU E'ONT, S.A. de C.V. : _ 
Kao. 9.5 Vía Guatovo Ba¡ , 
Tlalnopant1a, Edo, do K4xico 
565 35 59 

41. Jorqe A. VA¡quez Ontivero• 
Horr y Choporena Sucre,, S.A. 
Manzanillo 27-·-MAxico,o.r. 
su 33 00 

Dr. BAtl'll.<,¡4n 
Narvarte 
B,Ju4roz 
Mfxico,O.F, 

Morea 1065·2 
03100 H6xico,o.r. 
575 11 07 

Joiu¡utn l'.quirre Bed~>nqa 164 
Fracc, Colonial I2tapolapa 
Iztopalapa 
M6xico,o.r. 

c.v. 
Binaloa 162·801 -cuauhd1110o 
06700 Kdxico,o.r. 
286 20 57 

Fuente del Salto l4 , 
rracc. Fta•. do Satélite 
Atlzapin, Edo. do Mdxico 

Guarrero 132-204 
Guerrero 
Cuauhtt1moc 
06300 H6xico,D.P. 
su 32 96 
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OII<ECTORtO DE PROF!>SORES TJEL CURSCI: r,DXINI!>Til.Jl.CION DE 
PROYECTOS DL SOFTI;TARC FEB!lLJ':O DL 1983. 

H. EN C. ~:l,RCIAL PORTILLA ROBEaTSON 
Subdirector 
Progr<~ma Un.ivcn:;itario de Computación 
Cubículo P!l 
Edificio IHIAS 
UN /\M 
M6xico,D.F. 
550 52 15 E>:t.4515 



FECHA HORARIO 

• 1 Del "~~\i 
119docí- do 

U.N.A.M. 
DIVISION 

FACULTAD DE INGENIERIA 
DE EDUCACION CONTINUA 

PROGRAMA DEL CURSO : AD~!INISTRACION DE PROYECTOs DE 

QUE SE IMPARTIRA DEL Del 14 al 19 de Fet>rero 

T E M A p R o 

SOFTWARE 
DE 198

3
_ 

F E S o 

,~ 

• 1·1. 00 c. ~;<>rcial Portilla 

"' .. ,, 
Necesid<1des do lo Adr.lir.i straci6n do . 

. do o; 

V 

,, 
"' 
Bibliotm:a do · do o; 

Pláticas Es::ructuradas 

. 
• 

R 

• .. 
• 

Robertson 

. 

• • 
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t VALUACION DEL PERSONAL DOCENTE (i) 

CURSO: A!ll<l!ll~TI<l,CIO:: DF. PBOYE<.:TOS 
1>1: ~:OF'l"o'/1\IU: 
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EVALUACION DE LA ENSENANZA es 
3 z 
" o o " " o o 4 '" SU EVALUACION SINCERA /JO!: " • 4 4 , o . , 

AYUDARA ,, MLIQR,\n LOS ~ o , N w 

'" 
- w c. • PROGRAMAS !--OSTERtORES OIJE o o e " o 

DISEf.lAREMOS P,t.RA USTED. 
z • " 

-
" 

~ 

" o w 
,_ 

" w e o 
z o o • o " • z " " z w 
~ ~( 

w " w w 
·~ ;::, o o o o o 
;;:w .o o • <! l- o • o • o • o " o " 

-
" , o" • o • o -u: l.J " o " o ,_ w 

TEMA 00 o " o " o e 

[, "1, 1 ,,¡,,,,,; ~., 
-

1 
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' 

1 l! 
1 ~ 
11 

Í'.J...:JJ..¡_j ... •· ·~.:..t:w' 'p r)c. _

1 _ 1.!!.:!-~·"iol.ul< .. , ¡1,. ¡,, {,dm{,,, ,¡,. !"'" ... 

r- ~~ - . .. .. 1_ 
_ .:.!.!.!:1''''"·'" i~.n y r>i ""'"' l·:t;t ,.,,,, u 1 ,,,¡,, 
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.l•l,'ot.ic~~ C~truclurad,,~ 
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,_ 

EVALUACION DEL CURSO 

CONCEPTO EVALUACION . 

. 
1 • APLICACION INMEDIATA DE cos CONCEPTOS EXPUESTOS 

2. CLARIDAD CON QUE SE EXPUSIERON LOS TEMAS 

'· GRADO DE ACTUALIZACION LOGRADO CON EL CURSO 

4. CUMPLIMIENTO OE LOS OBJETIVOS OEL CURSO 

S. CONTINUIDAD EN LOS TEMAS DEL CURSO 

' CALIDAD OE LAS NOTAS OEL CURSO 

1 

7. GRADO DE MOTIVACION LOGRADO CON EL CURSO 

ESCALA DE EVALUACION DE 1 A \J 
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1. ¿Q.!é le pareció el anbiente en la División de Educación Continua?.· 

1 

KN AGIWlAilLE AGJWloiJlLE 

2. Medio de coouni.caci6n por el que se enteró del curso: 

PERIODIOO EXCF.LSIOR PERJODICO NOVEDADFS 
~10 TITULADO DI M'UNCJO TITULADO DI FOLLIITO DEL CURSO 
VISION DE EIJX.AC!cfil VISia-1 DE EIU:ACICff 
a:JNr 1 J>.liA OJNTIIUA 

' 

ü\IITEL MENSll\1. RAOIO ~IVERSIIWI CCMJNICACION CARTA, 
TEI.ER>'<J. VERBAL, 
ETC. 

Rl:VISTAS TECNICAS FOl.I.EIO ANUAL CARTELERA. (JIAM ''LOS G<CITA 
UNIVEPSITARIOS JI)Y" """' 

3. Medio de transporte utilizado para venir al Palacio de Minería: 

1 AmuiWIL 
METRil 01'ID ~IEDIO 

PARTIOJLAR 

4. ¿Qué canbios haría usted en el programa para tratar de perfeccionar ,¡ 
curso? 

S. ¿Reconendar!a el curso a otras personas? 

SI 





• 
6. ¿Qu¡i cursos le gustaría que ofreciera la División de Educación Continua? 

7. La coordinación académica fue: 

BUENA MAU\ 

S. Si está interesado en tomar algún curso intensivo ¿Cultl es el horario -
m5s conveniente para usted? 

~~N~~/,f~~ ~DE ,MI y JUEVES -
Y VIERNES DE DE 18A21H. 

DE14A18H. 17A:Z1H. 18A21H. 
(CON D:f.IIMS) 

VIERNES DE 17 A 21 H. VIERNES DE 17 A 21 H. OTRO 
SABAOOS DE 9 A 14 H. SAilAlffi DE 9 A 13 Y 

DE14a18H. 

9. ¿Q.¡é servicios adicionales desearfa que tuviese la División de Educaci6n 
Continua, para los asistentes? ------------------

10. Otras sugerencias: 

5 



DIVIS/ON DE EDUCAC/ON CONTINUA 
FACULTAD DE INGENIERIA U.N.A.M. 

Am~INISTRACION DE PROYECTOS DE SOFTWARE 

PROYECTO "TITANIC" 

.· . 
••• . ,. 

t' •. en C. r-:arcial Portilla Robertson 

Et!ERO, 1983 

• 
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"· "-

. ~ -, 
- PROHCTO "TII~I!IC" 

Fec~o do <ntreJO • 

Seleoo!onor no~bro do! proyocto. 

Selocclon>r jelo. 
D<lo.,~llo plan do trabaJo.' 

Controtlr •••Uotu de oiottu. 
" Doonroll•r eopec!flcaclonu ¡onouln (doto•o), . . 

·Dof!~lr ••p«lflco<lon., do In eottodu y ordoo do 

. ' 

lo --

C""onu< <1 Oeunollo do 
c ... enur 1> con•oul6n de 

pro;uo.,, 

pTOI'""" (ncbl•oo ........ ¡. 
EDpeur el d!u~o do loo archl••• do dotoo. 

Jl. Actu•ll•n·pro¡¡nl"U ya elabondoo. 

ll. .C,on<r~tar au ptoaromadoru paro <wtpllr plotl h non<e 1T 
11. • 'c,..eour ~. ou<Vo.o octuallnr proJroaao. ... 

"-
"· "· ... 
... 

Conenur o trobaju 

lntorfoeeo. 
Reporteo. --·····. flan do ••on<e rotnsodo. 

PANICO ~ 

Co~UotO< ou pro:ru.odoru (ol arupo lu eneldo J •ecu). 
Proyocto no Ut11ioado ¡, tl .. po • 

Buocar culpoblo. ' 

ll. CutiJar lnoconto. 
U. he••••• o loo no luolucraoloo. 

"· 

• • 
/· 

¡ 

" el J>TOblO!OO do¡ Soflwore" 

"'' 

Eotlod.,oo 

~ .... , horrul<n)U 

~roro«• de Soft .. re Uuo: (cooo ndo proyocto}. 

• • Cootoo do du.rrotlo • 

Contlobllldod do! producto 
So¡>O<to 

COSTO D~ 5CFTVAH, 

h loo l. U. u ¡g1t u JUUO 1~ blllonu do deJaru u ucrl· 
blr ooftworo, •• ntO u proboblo quo la <lfn lloJUO o 100 bl 
nouo do d61or .. ( 11-~~ 'procodlnl• upt •. 111D). 

• 



' ~----.,.-

.:' ¡ ~ • 
' ' ' 
' 

' ' 

. ' 

... ;."' 

' '~ . " . ',, 
Adenh la ~eoondo (crocblonto) do oofhoro OJ del ll al 13\ • 

' onuol, oln •~barro en ol .. Jor do loo """' In pro<luctlvldod, 
'rol peroonol auuntorJn el TS\ anual, 

Po .. el con dO!! (Touo lnouuoeou) 

En 1979 ruuron 1~0 olllonoo do d6laroo en dourrouo' do 

oofhore. 

Pon BU hobrl SIOO poroonu on 1! oocriblondo ooHware, 
con',.,,, mucho moror ol do loo lOO oll)onoo do d~hroo, 

EJ-Oort .... ro oo cuo pr!Jiordloloonu por quo uquieu.,. 

uobojo dl'"«o '(lo~or) lnten>lro. 

COIIFIAIILIDAB DI SO""Ua, 

Poro cuolqulor CCIIOponh un"BUC" on'un'producto tumlnodo 

oo un dolor do ubou. 

IOPOUE. 

Cool lo alUd del 'pnoupuoHo' de •ooftware' se J"U on, • 

~c-p<>n<r' onoru !!!&,!! uuooo ol¡unoo uooo ,.,, ... , cltodoo· 

por 1 L 

~n G.fl. 1S\ do! pnoupueno do '" oo Josto en ~ontonl~lento. 

60\'dol prnupUooto do Cn (do loo olst .. u) •• ¡uto en C<lllP!! 

ur enono. 

16\ del coHo dol IIIH OS HO to ¡utO eft <"**'On<r euoroo 

(1o~r6on).' 

1 , . 

.. 

• 

o~ a¡,o 

' ' 

cuuu 10.~00 ol corn1h una lineo do cddllo en el 

'oe<ueopoelo' r cuonU 175 ••«!birlo. 

fOR QU~ AU~ltNTAN WS COSTOS O~ SW. (AdemA< de lo lnfl"l~to). 

RoouHo dlflel! dhenor, eononulr, y prob.r en pro;n"• Jc 

co•puudon. que ,.thhce totalmente al cliento o al uouo­

rio. 

~lur froouenta••nu el uouoTio y el ,;,>llot• Subestl•on h­

dlfleul'"d del problem>. 

'Lo moyorla do loo erroreo ocurren onto> de empe1nr o oocrl· 

blr e6di~o, r esto ocurre por que oe tienen reou<riDiontoo· 

aur pobres, r se lotran detectar ~r r•••• de eotoo orroroo 

cuando ocurren. 

" ' 
' ·1 
,, 



1 
' ' 

! 
' ; 

_j" 
i 

1 

" 

.~~ 

~ -
AIJAU'# 

' ~ti• O 

- --- -- . -~ ,, 
CD"'I'I!~(!.J -

.. ~ .. ·.'! 
Hl~""""~ .. ~ 

" .. " •• •• .. 
lt':.;--étl 

> SD1 De loo probloau oo or!tlnon on lo hu 6o onllloh. 

' 
Y oo corr!¡en hu u lo con~truocl6n, lo cuol quloro doclr ca­

blu auchu '"""' d onJ.lloh/dloofto, 

YWIOS [L COST~. 

----·-----
'1 l. 

' 

' 

,o 
~· 

/ 

. ' • •• '" !Q\.ll>'ilt>~t;¡O ;.¡,.~ 
('O;l.l-~.,;11.. .,.. tUI)<r. 

Jo fl¡uro onurlor opro•J~odo.,.nto Hl do lo• 

orroreo o e dotecun en lo conotruccl6n o ol oonttnlolento, 1 
' ' oolo error puode '""" h"to lD vo<oo uo cofTe¡lrlo, ~ue lo· 

que tubloo .. cooudo ol., cord¡o 'tlonOo" orl¡n>'. 

' 
Loo error< o r loo oodolcnn tlondon o ~•ltlpllcouo con el OUJl .. ' ' ' 
e~ ~el proyecto. Roquhltoo lncooplo<oo, ol no"'"'''~*" el 
probleoo, doclalonoo UJII, pruebu pobrn oon lu o.yoru u¡, 

out01 do loo probloa.oo en doo palabro.: PLAAV.CION P~IOU. 

1 (11/H ts U INCtiUu;IA D5 SOflllARfl 



" 
' ' • 

'• . ;-

' ~· "INGEN!t.RJA" de SW es un• colot,ol~n do ~!tollo• y rrocodl~i•!! 

tos pou mo)oru lo colldod dol ooft•oro. 'Eo decir en otro• · 

palobno ~ pode~ teulnar un• torea de 

" BII:N TI f.!.! PO "'" PR~SUPUESTO 

SI deflnl•o• Sil, EIIG, podrlamoo decir que oon loo recln pS· 
ro tener buen SW, 

" '' . 

" 

' -"•w ,, o iÓ\ \¡ 
~~~ ... J..., lo 

- . . . 

Que soluclonos 6 "'EOTOnoJ,,, tlono lo !nduotrl' ~'"disminuir 

loo oootoo de SL,' y mcjoror J• <•ll<lod. 

() I.IOV!t.!MO v¡¡ SO~rWARE. 

Co~~llodoreo coopotl~l<O con loo nuevo• s!,eoa>, 

_T<aduetoreo pon loo [.eng. ""''"'bln<iorO>. 
Coopotlt.!lid•d en ol deonrollo de loo;toolentoo 

(llll y SW.) 

ESTANV,\Rl ZACI ON, 

Nuevo> lenguaje> AnA, ACTOR, ACTOR, C, fASCAt.. 

- Wojoroo len¡uojeo do ol&o nivel 

' ACTOR 

"" fORTI!.\N )7 

)laxl~iur la routllhacl~n do ooftn•re, 
rrocuur comb\or el ooftworo d• hoy por h•d~oro nonono 

(en PRCI-l.,Pt.A'fR) .. 

"Desarrollo"' de herramlent•• r•<~ el deoorrollo y •'"'" 

nb!ento de S~. 

Pro~"""' vedf!eodore• de enlndueo (l. e. courr CIIE -­

CllR). 

PTOlTOIU' pl<O oegu\r aet\Y\d>deo (CP~ PUT) 

U•• de tfenl<., do "ln,enle<h de aoft~are" 
Diodo y pro¡r..,ooiOn" utrueturodo. 
Mojorar Ju tfenleu de "MA!IAGDI~Nt". 

-.·-,-·-

1 

! 
! 

' i 
1 

' .'l 
' 

1 

• 



:· 

" 
l«unoo ll•!todoo. 

Ti<~~· lla!udo. 
C<<lbllldod en el'proyecto/oolucl6n, 

" 

"U deoarrollot S• puo una aplicod6n upedflca 11 uno do •· 

Jcio upectoo "" fruonootu dd '"""''""-""'~· 

' ' ·' 
"Tf<aicu y rutloos u 'onn loaeoi .. lu' uoultu laouclo·­
.. , . .,d!calu u $1' IDionlori 

T·'· lroolo 
"TIIII MJN"Tl(;.I.L IIAM M(INDT", 

1 ¡- .. ----
u 

i 
SOFTWAR~ ' • • •• j 

• 
Anteo de cOntlnuor h>blo>!do de h p1oducciOn de s•, hoy que 
definir que'hoco ) ~tNO 

~ ON!TO 
1 ARAl'O, 

Pobldo • qu~ loo huunc1 no oe puedon coounlcor o h "por .. 

f<cc!On"' so roqulor<n tfcn!cn y utodolo,lu en ol '""'1!. 
aeot' y ol control de coll~od en o! s• o producir . . ' . 

j 
" ' ' ! . " 

• • 
I!Aif!EMHIIVITO. -, 

hO rn1ruu •• c..,ponu ul r •-• funon­
dlo0ftodoo o e n«bldoo•· c .. o o• c .. portu •• 
loo pTOITOO .. cuonJo o-cutron vi locionoo on. 

lo <ntrodol 

So puedo !U< loo pro¡¡ro•.,! uht.n oonuoleo 
u hon olo)odo .. 

1 
y docuorn\oO en crlot!:.nol 

ho (une lo"'' de un pro¡ro•• •~ •6duloo dlfe· 

rom.m. 

PBOBAR5g, 

' ~- .. 
eEJCJtNC!A. ' 

renciablu, do ''""' qu< u~ pro¡ro~o~or 1"'•· 
do Utllmonte llovor o tobo d COIIIb!O O tOTI,! 

lir •1 ...... . .. 
te o otroo ohUol$] oon Jndop<ndleo\u do un 
)lo o oon O.$. upe<!flcoo. 

Son loo proJ<•~•• do ootructuto o!oplo, do •! 
noro quo loo oltorltooo, etS puoo!on fl<!! 
•uto P~o•uSE. 

·• (econoolo) - loo pro1r•ao• ut!llun u fo1111o• 
ra<lonol loa t<<unoo del oiot .. o, 

• 



-'· . ' ,. -. 
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1 

1 

·•. 
·' 

USII~L~5 ..,- IUorfn l>olobu •'~ulno. 

' ' ' ·t·"··'· 
CICJ.O p¡¡ VIM DR PRODUCTO O~ SW, ·,, 

· fl elclo do.vldo ~tll de un pto,~uo, dobt de lor do vorlo• 
do•. SI c001o u dijo onterlo;,.en<o 01 duoriollo Inicio! .,. 

• ••~•• quo lo oUod do costo totol, r ~ocluKio un poc:o do ~lo· 
_·.todo, ub•oo quo todo proyecto do Sil tendrt uUios y oodlf! 

coclon01 COJiti,.,oo u decir toodr1 
co del oiot .. o ~· vlvloos.-

qUO odoptaue o la din,¡,¡. 

1 \i~(~ -.... 
¡' <Zf\ll:lt~O 

" 

·' 

EL PROC!!SO Dt DtSA~ROLI.O O~ SW. 

·,. 

1) tnton~or o! ~roblo•• deode el punto <lo vi>t• <lol U>uorlo­

Y morco<lo. 
() Uocu~ontotlo '•odulor' y prod»~ente. 
( ) Vtilioor un lenJuoje cooDn con' el u>uorlo. 

2.• ESPECIFICACIO~ FIHICIOML 

( ) Tnn•fo<nor iu eo~oclficoclon" del rrobl<~• o DFSCR!P 

C!ON DE FIJ~CIONES IIIPL~MENTABLES, 

( ) De inlr 'q"'.' oo va o h.cer. 
1) Utillur uno ll>to (GI!I:G~DOINT) oon o! uouor!o. 

1) Utlll>ar lo !hu p•ro el disefto y loo prurbo•. 

3.- D!SE~O. 

" ( ) 

Car1or un-o 'uqvlte<Oturo del >i>teoo'. 

: . ( ) 
De>coooponef lu {unciones en o~dulo• laplorocutobl«.­

Docu~rnhr o! roou)todo rn tfrmino> do~ ••••• o impl_t 
mentor. 

' ' 

.--· 

·" 

UTI~I¡AR. 

Concopto do ¡rupoo. 

-Jefe de peo¡uudor~•· . " 
De•compoold~n jorhqulco. 
Di><h 'TDP-DOIIN', 

lliseno utnocturodo. 

1 
1 

i 
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' 
1 
' 
1 : . ., j 

,. -

- 1 

;.-

•' 

1 
1 
l-

1 

~--------

4.· PROGAANACION l COO!f/C~C!Oil. 

( ) Oh~~· doullodo. 

( ) fro.ndorou o! dhoftO U.~·•llodtlloo. 

() Pnoba lndh!dun y eohcllu do loo •Muloo. 

( ) Utlllur prlctlcu do: 

ProJro .. c16n utructundo. 

DoCU~~nta<16~ !Meroo y utoroa. 
Plltlcoo <otructurodao. 
Sooloooo do rwtltl6n. 

~-- uucus.-

( ) Plu do pruobu. 
( ) Prueba o ll>'ltrlduoJ .. y coloctlno •. 

" Yulflcu 

Fuoclooo\ldod. 

fflcl .. clo 

Colld.-1. 

6.· IIIPLDIENTACIOII 1 ACf.PTACJOII, 

( Pruebo flul dol olot .. o. 

•' 

( ' Yorlflcu lu oopocl!tcocloooo • ••• r ... u .. l•loo<u. 

" Doc .. oMoo. 

" n ... otur " olotoao ol 

J ,. 50PORT1. 

( ) ll.>ntenlohMo. 

( l c .. btoo 

~·•• "Tho Nythlcol Non MoMh" por f. lrook · 

(Yor no<U) 15 oln y dhcuol6n. 

.·---- ~~ ... --~-

( 

' ' 
CAPITULO • 

. . . . 



• 

' ' 



' ' j 

i 
! 
1 

'' ' ' 
• lj· 

--1.\~·.:,"~'·';~· ro. ·-.:~ ,_.,,-,-,---,-,,------.. --

" ., 
• 

() INICIO. •' '',;,; 

Antu'de oprÓbor·oJ prooupueoto, JO tlono ~·· h•~•• un onlli·· 
oh do roquorloltMos y noeoddodoo, ' 

' 
Cdlu '"" lo; n¡;,o'ildodu! .,1 
Q-11 n"o> o producir! : • .::'_) . ' 

(!ulln oo ol usuario y cull u t1 io.oreodo? 

' ' ', 

Qu6 couuorhtlcu vo o tour ol prod~~to 
Lo 'dob .. oo prod\OC!rl 

r '"' ofectool 

•h ocon6oie .. onto hct!blol 
ren .. oo o! u..,pol 

" 
• ~~ torolnn b !ll.!....!!. o h !nielo dob .. o• tonor 

UM !IOCIIHE.IITO que 

• 

ooo coo<eno o lu p«ount>s onur!oroo, ,,. 

, ... ,o definir, loo requulDiontoo do! ohtoao. 

() 

() 

() 

() 

hollnr loo roc¡uorlolontoo.· 
·[•oluor 'Trodooffo', 

Dnurolor Ju oopeclrieoclono.o 
Sopor,. do SW, 

' 

" 

do! shtao. 

' ' 

, ... 
" 

{) 

{) 

- 1 t¡<' . 1 ~ro•n le__,;..' --1·1¡ 
lf;lMh 

' 

Ct» >:te 71" o 

" " 
' S~'~"'~ 

' 
' ', otfonoio" 

' 
~ 

' ~-t\C..olt""''· 
' 

1 ll>"-':~ ,~ ... ¡;:¿\ ~n,lli<Mt. 
>atlic .. n 

"~ "' 1 ~·"~:" u¡unR.•O 

o\~~¡,~ e t>~uf~"' eoc..>"'t.~r.>J 
¡>lf\!~~"''. .. o., "' S\"'t"" 

~(l1,1.~0t 

AHAL!S!S ~n LOS R!:QU!:RHI!!:N"roS. 

!dontH!oor h noc.,ldod. 
Mocui~ad ~/= concopto do •lo tomo (lrtformJtico) 
Pdlnh roqo<rlmlonto•, 

IDE.~TlFIC.IR LA NfCI:SIDAD. 

Quion lo va hacor 
So l>o ntlofocho lo nooo•ldod. 
Noc .. lta.oo "•l~h conoopto t~cnico". 
hno•o• lo• ol<>Oonto• pon llo .. r • cobo h torco. 

" 

--.--
" 1 

1 

' '' ' 

,, 
.1 
' i 

1 



" . . ., ' 

' 
" 

DfL CO~CU'TO S!STD!A 

Loo roqueriai~ntOI oon i•pocUM<S p<orquc uno dofinlol6n pobre 

ruulu en: 

Foil" 

Omlolon<>, 

.... biluodod. 

ln<>o<lho. 

Sltt<~• nor oliuble-

Co~blo>• 

~!too conoo. 

Y.VOOS A ~J:FINIR LOS R[QilERII<IEI<!OS. 

Loo "ro~unlohntos" ó>ton orlentodoo o ¡, utructuro dol 

·' pUhlo~•-

DofJnir tolounclu. 

Tleopoo. 

'"""'· 
lno de datos. 

- Dollnlr !u lnurfaz. 

UOU>fiQ, 

E•uipo. 

Co~unJcacionoo. 

' DEHNU ~~S UW[RIHIEI<TOS ES OH!CIL, 

• 

Hoy quo do; \U~a< • cambl•• futuro> 

Evlur ooronlnoo y neo6n!ooo 

_: hlur torolnololh CCIIPhJo. 

Est dlu h> r-ouoldodu do) uouorlo utll!undo ootodos "U •• 

TRUCTUAADOS", 

• 

USO DE PROTOTIPOS O SUIULADORES . 

Ho 10 ono holllnhondo con o! probleoo. 
El usuario no ".o!!<nde" el proble~•. 

IIIIY QUE RfVISAR LOS REQIJERJ><tLNTOS • 

No<lol<>r ofi<lonelo y confl•~llidod 1 ellnl•l••nOo 
<ooto, ~•morlo, equ!ro ER. (GUAL). 

No 00 ont!enJe el obJotivo. 

~o •• cuantlfJcoo )u •••H· 
OBJETIVO DEL PRODUCTO. 

() CO.'f /Al! L !DAD . 

T!capo 1/l de hila. 

"' hlln. 

Tolonn<:lu. 

() P~OT!CC!O.~ DE OATOS ' " () DUtCCIONI EUOUS. 
() lltHI'O DE RESPUESU. 

() USO DE llfHOJ.IA 1 PERIHRICOS. 

• 

i 
J 

• 
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' '1 ' 
' 

• ,. •' 

·. 

.. 
l • . . . ·-
CoMin~ac!On o~JoU•oi do! produuo, 

., 
( ) 'C~PAI!IILIUAD t~N. 

~lote••• onter!oroo. 
LORIUOjeo, 
Soporuo (!SP), 

•. ( ) II.I.NTE.'!lNIL~TO. 

( )"· SEGURIIIJ,.D T PRIV.O.CIA 
( ) COSTO D~L PRODUCTO. 

' ' ' 

.. 

( ) TPJJOSf!Wl.lR UQUERINIEI<TOS A ESPECIFICACIONeS. 

( ) P~RTICIOIIA. EL SISTEMA. 

{ } PRUUAS n !.AS ESPECIFICAC!OifU, 

·¡.¡ htndu 
( ). Sol!dn. 

· ( ¡ Intorueo. 

( ) Enructuuo, 
()loudodotoo, 

( ¡· 'Dou .. •nt••· 

CARACTHISTitAS DE UN !U!N SISTSM:· 

() Jerhqulco 

() M<Hiulor 

() hotuoblo. 

() Conolotento 

" l~pleunublo 

() Probar 

Lo ••••• lw&oftA oOlo ~puedo" con 7 ¡ 

toren oi..,IUoou 

~ . Ponlelonoblo. 

... 

. . 
CAPITULO ' 

' 
COSTO•, TIEHPO", 

. 

. ' 



.. ' . 
~ . 

-c-.·-... 
!STni.ICJO.~. 

Duronte Lo [.,¡, do doflnldGn 
Lo fue do dhdo 
Lo fooo do lote¡rocl6o 

o te. 

Eno ro codo on_quo oo cuen<o coo lofonocl6n 

Loo e•tJooclonoo oo hocen aojo~ con lo ooporionc]o, 

' Caao ••J•nr loo ostlaodoo. 

A<tua!lundo ftchao, 

Llr~ando uno hhtodo do dotoo ¡1 LibrO do O!Ucoro). 
Llr••ndo coo<rol oobro lu oupoolclonu.: 
hoy«tO oonucturodo. 
16cnlcoo ootodlotlcoo. 
Sofh•U 
Uolundo ol probto ... 

) 

Leer Putuo ·'~ottln¡ fho Sohnro Nuobon" lEC! Cooputet 
Julio 19Jo. 

., 

. i 

' 

i 

1 
-··---~------- lJ 

NIITOOOLOGIA IJTHIZAD.I EN U !STIHAClc.l. 

'' 
( ) PRI~CIPIOS. 

" 
' 

Dooc .. pooléi6o dul probleoo oo bloqueo poqueaoo. 
htlaarlol cono 1 "dlfiCJ.>Hod do codo b!oquo". 
Donrro!Ur un plon do! proyOcto oo doto! lo. 

Incluir ~.o, Equipo, Cutoo, Ad.oon, hrlu, Aooooroo El., 

YEKrAJAS. , .. ··r· .. 
¡¡01 que/ocor uo onUioh duollodo. 

11o1 quo eHioor eo duollo 1 cu 'enc<!tud'. 

lo ootJáo<lh oo tor110 on uno port. del prorocto. 
Loo foltoO 1 orroroo tondtlo ••r••c•cloooo prG•ontoo. 

' ' 
( ) DISVf.NlAJ~S. 

J!o1 que 1ooto Unpo y dlnoro on el<l .. r. 

Lo octuoll>ocl6o requiero do tlc~lc•• outo.ltlcoo. 
¡ hoyeúoo poqu.tloo l Volo lo rooo. 

" ' 
SI on ou plan,;J[[]lJ,[]!C!!!!""JO!:lJ!!,[]!!>!!J 51 FALU tH Pfp;UA. UD. POOQ; fUW 1 

' fU~ PARA H CONTROL. 

Conoo. 

Col<ndodo>. 
Eflcl<nc!o, 

Eo':bdHU y C.C. 
rOrooool, " 
Curooo, Aouorloo, otc, 

... 

• 

.1 
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'· •• 
•• ... 
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"· 

"'~··· .~ .. 

.... 
U~ PROYECTO, 

Doscrlpc!Cn del proyecto. 
[>truoturo do t<obojo Do o!uera hao la odontro. 

Do orrlbo hach ·ob4jo 

Plon do trob.oJo do codo hu. 

Entrec., (hchu y productoo): 

Orl>niuc!Cn. 
hr>onol Contratoo!onoo -·---- Asoooros 

Cursos 
Finonchaluto (ootl.uc). 
f~ulpo. 

Tle•po y roi:ursoo do co•putadoro . 
llorro~lent., en S\1. 

~nUlo lo ~o cloo¡oo. 

Plon do contln1onclu. 
Procodlalontoo de revlol~n. 
Cont<ol on loo c .. btoo. 

15, Plan do ln<e¡uol6nfpruebu. 
16. ·. PTo1roU do ontr.no•:onto .. 

·u. Sopor<eo. 
U. Do<OUiontoo r urorooctu. 
19. "Pbn do "!nvolucur a! uouulo". 

!'UNTO :. HIPOS. 

.. ·. 

" 

' 

ELI'.NI:NTOS Ur.L PLAN ~[[, I'ROHGTO. 

1, D .. cr!pd6n del I'<O)OCtO, 

• 

.. 

• Brcvo dosorlpclón úel ~h••· 

ObJ otlvo, •e tu. 
Ro<ón del proyecto • 
Orconluclón Involucrado. 
~enoflcloo a obtener • 

• JroYO ro•u••• de lo< u~oeri•lentoo. 

M.O. 

Dunei6n, 

e"""· 

• A>~octo> p•rtlouloreo do lntor~s. 

• 

Muovu ttcnololh< 
Sltuocl6n de e .. peton~h 
~uevoo •Hodo• de i•pl ... entu. 

Entutu . 

Docu•entoo. 
SL<. ,., 

• ~revo on~llol< do lo• r!••t••· 
Tl•~ro•. 

Cootos .. 

ln>u•••· 

l. ESTRUCTURA VE TRAMJO Do•or!pcl6n de <•do bloqu •. 

rocto . Dopto. Fa5e 

PA()(;, DIS~~O DIS\:~0 O.S. 

V<<erlpclón 

Phofoor ol 
OS. do! S1>t 

"· Q,S, lntorno 
~onuol U"'-'rJO 

' 
• 
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PLAH Dt TRAUJO D~ CAPA FAS!!. 

Act!VIdodos prlnclpd ... 

. Dcpotl<!e~>~:lu. 

. ··-
., . 

E•eAt<>o Joportontoo • 
~uto criUco. 

Resol~cl6o o olool 

EIITU¡¡.o,s, 

DIH!O 
Quloceul 
llnouo)' 

Lu "•ntre1u" oon ol f .. ultodo. 

• Uicloocla. 

· • Phn do pruel>u, 

• E"udloo .. pech]Oo, 

f ~'""''· 

• Pocu•entoo, 

• 
• 

llanuolu lnterooo 
Nonud .. uouorloo 

OlCIJ<!IACION DU PLAN, 

"'' 
CooHHcod6n · 
Pa1.·· 

Prueboo "''· 
otroo docuaontoo le ruu 
OY oopor,. 

.. ·' 

" 

' 
critico 

D.P.D. SJIUC'TIIRED CIIO.RTS, flt• 

. . 

1' 

1 
"·fll 

•• DSTlll.OCIOII DE PERSo;»<Al, {Vor 1rHlco) 

' ' • Por lndhl~uo, 

• Por octl•tdod, 

• Por poquon 

' 
t:¡)tlocor un dlculo do 

llro ~<1.0.bto y porfll 
• Solorloo • unoru 

• Curooo {bulo la\) 

• YUUcot. 

i 
.7. ISTIMACIOH fiNANCIERA. 

•• 

' ' 1 
! 

1 .•• !· • 

( ) PliSUI'\IESTO .• 

' • ... ontor!or 

• ... prounte 

• ... futuro • , .. 
" 

( ) D!S.O.lltOLI..AII. fOJI.HATOS !STAIIDAUS P.uA fAC/Ul.U UTA 

ACTIVIDAD. 

" • hntu. 
• Copltol. 
•='Dnanollo. 

• Cuor.do y dondo 10 noc:otlto • 
• Durod6n do u.o. 

·J . 

• 

n 

' ' 

' ·• 
' 
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JI[MI'O Plf C<»>PI/TO Y RlCUASOS . 

( ) ltQIJ~RINI~NTO$, 

·' . ' 
' 

• P•ra JU~tlorlrloo d prooupuooto. 
'• Pior.'u!IÚnr!u on loo dh1n~n do GANT. 

,. 
UTI~IZAl RECU~SOS DH 1,1, CA.J,I. ~ RENT,I.R ~ CI!-IPRAR. 

Co•o rotl••••• tlnpo do c011putodon. 
• c ... pur hornolonto. 
• Dourrollor hon .. lonu. 

li•U PLUI DE CONTUICEHCIAS Y RIESCOS. 

"· 

+ Quo poso ol ............._ 

• Kuclooo oupoolclonn ouponon rhOJOO. 

• c ... o provonlr ri<>IIOS. 

nCICfDliiiENTOS DE RfiVISlON~S. 

.. HDI;NTOS CI.AVS D! UH PROTBCTO. 

·• ,l.utltorlu · 
+ PUtlcu onructurod ... 
+ hv 

+ Quo o o va o rovlur. 

+ Qu!on lo YO o rovinr 
+ Cuondo se vo o ll••or o ·cabo lo rovhl~n. 

+ q..,Jon oohu. · t> REPORTAR 

-·· 

. ' 

· . 

"· 

"· 

"· 

"· 

.. 
CONTROL DC ChM~JOS. 

E)- !WII!NTO CLAVE. 

' 
' 
' 
' 

Por que el ca~bio. 
Co>to de ·cambio. 

Co~blo de calendorlo. 
Qulon apTuoba, 

.· 

• lnlon .. c!6n noceooria poro Jlrvot o cobo ol co~blo . 
(Ver proo.di~lontoo do lo ,,S.P.) 

PI.AN DE .I~TEGRACION Y PRU~n.IS. 

( ) PR~ARAR H Pt.All M ARRIBA·II,CIA·Al!.JQ. 

" " " 
" 

q~• Bottoo·UP_ (lopleoen<u poolbl .. rnto oejor 
. DES<;RJPCION DLL PROCESO. 

SI.~I!IAS (QUE DEBDIOS HR). u ...... 
ACCIOMO 
etc. 

"INTERFAZ IKfo!BRE·IIAQUHU, 

RESPONSA U Ll OAOES 

Senlnarloo, euroo• (lu~or, eooto, tl.,.po) 

Conhroncln•. 

( ) DEFINIR UN PROGFI.."IA DE ENTRENNI!EN"rO. 

PLAII b~ soraRTE. 

;,~a ••• termlnodo un producto ho~ quo •oportorlo. 

• Montenlolonto 

• C~r•••· 
• Gorond .. , etc. 

• 

i 
'¡ 
' • 

¡ 

' ¡ 

' ' 

i 
' ' 
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IIOOJ)ILUO$ l RJ!f[lf.HCIAS. 

PLAN PE llfiiOWCAAa AL USUAIIO. 

DI SEllO. 

l. Aopoctoo dirocUvoo. 

l. EL .. on<oo do dlleBo, 
3. Conoldcracloou upodalu • 

... 1 
-------~--.. ;---

• 
¡ 
• 
' 
" 

•• 1, ;• hpocto> Dlrtcthoo • 
.' 

·• ., 

Dloo~o. 

Or¡oniuc!Gn. 
Pcroono], 

Docu<.<ntoo. 
hvlllonco oobu ol dlooAo, 
Cont<ol ro loo <o.abloo. 

1.1 BlocAo. 

" 
U-dhdo '•• !niela uno vu quffut oprobado 'lo <¡tOO no oo 
no producrl' y ol plan do 1Dphoonto<16n. So npoc!flco 
coooo oo 'Tompo' codo furu:l6n on portu, utoo portu oorfn 
loo oGduloo o pro¡r .. u, 

Deben 'dhocc!onor' todoo loo upoctoo dol o!Jt .. • (oub-­
olll<o•) 

All""" p_re~ntlo quo noo """""' que reopondor oon: 
Que un fTOnd" oon loo oCduloo. 
CMo dividir ol dheM y lo lmpl..,entoc!Cn, 

Co.o y que nooo o probu. 

Lbltn oa: w .. orta 
D!oco 
n .. po CPU 

Hoy quo oodelor 6 oloulu, 

' ' 
' ' ., 

Al f!ool dol~dhdo deb .. oo u~or q.>• n•o• • producir. 

npeolfl<o<lon<•. od <0010 un p!on do pru~l>a• • 

' 1 ~ 
!.2 ORGAIIIIACIOH. 

,.,. 

1· 
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o Dluh'fmtclonol· 
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.. 

>W 
1 

. !>lil.<1ci.:iu 

.. • 

r Sl<"<>•M ~~ \ .... , 1 ,;~!-~~<01 
t Y . 

orlontado ol producto. 
OrlontoJO o! ollteoo •. 

Pro,r .. odorn 
'Conoultoroo. 

• Con e>peTionch ucoo. 

_l 
l.r.,l~~\\l1.¡ 

. -.. 
• 

• Con <ltporlonclo on prosro••c>6n 

Problean Modolo 

tLO!tNTOS o~ D!StM. {E~ ~~'-~tRAL) ' 

' ) l~LR ~1 DOCO>IIJ<TO Dli ~· 
RtQOr:R U.llf~TOS. 

' ' EXTRACTAR "' R[QtltR!II ![>'T.OS ·co~ !~TWI:~IA '" EL SIS-

TDIA' EooT!b!r "'" O>po<iHcod6n funcion>l 

' ' D!Sr.llAR LA ARQO!Tr.CTUilh DH SlSHft/1. 
. 

-- Eop.c!f!cadoneo '" •istorno.,· 

• !ntorfu .. , flujo " datO$, o/o,·ut<u<tu~• --
•· {) Diodar lo• a~ulos ("y <ub·oht<t>o .; 

hpoclflucl6n del ,.6<lulo (r oubotu .... 

AL FINAl DfBf.MOS 1n~tR UN DOCU~IENTO 

" 1.1 T.STRUCTURA WT[RNA D~L SISTEI-1,\ SU~SJSTDt.\" 

CARACTIJI!STICAS DE UN "JUE.:" DlSU:O DE SISTtuAS. 

HO<Iulu. 
looponol••·· .El olot..,o deb~ reopondu ol IUtllOdU exterior<> 

Hlclente 

~•ntenlble. 

S!ntools .·wo.Jlflcable . 

.. 

DOCUIIf.IITCS. 
~ISJOI<]¡S. 

.!.n,llsh, 

Colendulo dé re•ltlonos 
En lo ~evhl6n oo deben tenor loo docu~entos {ol<ten .. s) 

o revlnr ontoo do lo , .. 16n. 
No,tronsfor•• loo oo>lonoo de re•lol6n on oeolonoo 

do dloefto. 

boto loo probl .. u. 
hiiU foch.oo 1 rooponubleo. · 

., 

·-·- . .., 

Cottlprenoible. (No >• dobo nquorlr un Dr. poro entenderlo). 

Proboble y 

Tronsponable. 

,-·-

/ 

• 

' 

' 
·' ., 
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UTILIZH t.~ LA D~liPCli)N OF.L PRoal..f.IU . 

1, · DIAGRA'l\5 D! UUUCTUAA-

1. II!I'O'S. 
l.· OIAGRA:ns OC HUJQ O~ JNFO. 

( lurtuJ•• Your4an ) 
4. · LINCU~J~ PARA DESCRIBIR PROCIWIAS 

PDL o rswoo. (o o;no) 

HO UTILIIAI, 

' 
Loo ur .. oo "" poco .. , adolnto' 

' .. 
tiA SS! 

·-

• leudo dd cuno 'Duorrollo do Slot .. u' P.A.,Rooonbluoth. 

._ 

--- --~ -

1 • 
1 
' ' 
' ! -

--

'. 

:r-----_-----_--
'y't,¡¡¡¡,., o&todoo oodernoo do onSllolo, dloofto [opl..,ool! 

ct&n o r;-o•~•- < -~ 
Perlllo o«!Yido~•• u paralelo . . \ 
Poralto utroori .. nucí6~ 1 lo o(l<lrtunldod do up .. lr •0¡. 

auou~ o«iY!dadu, 

' ;1 
•• 

' .. _, ,, 

'• ¡-

' 
. ' 

"EKI'LO DI l'll~ [CASI POL) 

'BlU'TIIL\ 1;1~A ~J . " ~ L<mqltud .t.l luf!or 4e onhdo on lufont 

. ' f rra•o -l! : 
I.LA>IA ol MCR dd oopooto Ubro poro quo .11. un ., 
lu!for lq.ial 
• t' 
n 

o t.onqttud IBOF. Solido) 

" 

!!. no ~oy But!or DOTOOCEI ro;uoa con • no IO!T. 

JL&~ HAll H.O.S'I'A to<loo loo cuoct•"'• do! bul!u 

• • 1 

...,. IHBUU I•RT • 1 

C<mYIO<ta'a E>OCIOIC llua90 doCidl..oo'ol al;o-

<ltnol 

WRITO • 

' • 

••• 
t 

oal16o. ~ ·= :l 

• 

,• 
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COOSIDEJOACIOOES ESPECl~LI';S 

• tl sv dobe ueribiuo ¡>O<& ol ~ 

• Lll uonoportob1UdAd roquiero oonoidoroeicnoo eopecJol"" 

vouoo !lll!.' 

" ' 

' 
H 

eo.t.oo 6o Dooorr<>llo 
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lnl!..ERIAI 
DLL Ui'I"DIA 

f;OIITilOl. 

~·~ • '\ 

' 
11 .. ycr 

+ Mal~lotu<lono' 

.-;' 

•' 

D%.\CliOITICO 

.. + PU.IruttCll 

1 ... ... __ , ... 
·; ··:·.:· 

llBRa.\MIIliTAS, 

PUU.OORIS -
' ..... 

. : ' 
. ·. 

, . ~ UVIIORIS !>S 
.. • --.~ CODIGO h 

. :' :,-: '. ·. 
-.+ llKULAIXlUI, 

-.. ~.:.,·'· ;-- .. .. ·.··,-··· .. ' . : --· ·. -~ 
probloO>O) .• ';- · 

,' "' ._ 
'. ' ' . • 

•'. 

.: , .. 
..,., tl~ -~ P<OII,:-do;_o 

+ lnfon..t,l...,. -~---.-.: 
+ Jf"'onloroo.'·: 

. <-' ?, , 
+,•ot-ttcoo: 
• M-t.,_.rtoo • ¡ . ,;, ...... 

. 

-· 

: ••• 1" > - ' .... ,. 

<;CH!RIICACIOII&S .. 
• '"' 

+ IDI.C, 

+ UlniC 

+ ASYNC .. ~ 
~­,UTL 

·. 

•• 

' • 

--LO QU&o 

' ' 

' 

+ Aopoo~too do mr 

+ Aopooctao 4o •• 

+ ,ApUe&CfCCIOO 

• "o o~n onoulllu 

+ Hoy '1"" ~opoe1tu ... ,_.,.. .. U'u ITD'I y ...,....._. 

·.,_ + so tnvol~eron h• pon011oo con lo _ ..... 

' •. no•s 

.... _,,_.,_ 
\'"1- .. . . ., . 

' ' .. ,_-· 

. i 

. ! 
l 
i 

• oo -JO<-"" loo 

+ .., nonti~.- ol 

., ... ..., .. 
pononol copocltadc 

+ ~c.-.oo 

+ Diodo 
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un o!OtOliO 
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", ';:'·· ". 

' 
qi.o' funciono. 

' ' 
' 

.... 

, . 
•• 
'· o • -En eo~o otopa ·"hoy quo dnootror• 

' ' ~-

-, " 

hoy. 

: .. 
+ llo¡or e<><~t':"l 4<11 puo<n>ol .,. ptoyoct"" 

pequdoo 

IJ POOtHOS ISCOCZ:K .. ·.' 
+ !'Onor ol Hll Corriendo· 

-•un..- ol 1.0. Funo1onondo 

+ '111nu loo uUlor!oo y • horrnl<nt.o 

IU.Y QU& 

,',•, ',_ 

llini~lur ol tlo~po/cooto do 6 .. ono11o 

Mlnlolur · ut!Uuelon do Hll 

' ' 

do dooorrollo 
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•• • 
1 

-Mlnf.a uUUooeHm do H•~<><U 

--- · .... 

"' 

' • ' 
'"'' 
·~= 
M> .. 
Enoblblodor 

' 

.. ------' 

! :< 

o 

' 
' ! 
' ) 
1 

' 

' ' 



' 



~--·-·- .. . 
' ... ' . , . . -'· 

' 

·- -.. -., .. ': ,. ... 

--~·;=. 
' " ' . ,. --_. 

-.. -· 

•• 

.· -.. 
'·/. <' 

!.o. 

.--

COOir !CI.CICII ESTitUCTUitllt>ll o 

e..n.,;. -ldoo 
·. 

· 1 • .:· lo~ tolo t 1Yo110 n to . poq Uoiloo 

e-tu loo 

' 

" ', .,- ..... _. 

' ' 
''• 11.!11 . ' 

··(!<·: .. -__ ,.. __ ' 
-;; ' 

! .- .-. 

. , 

.. _, 

' 
• 

·:. ~-....,.,-.------- -- . 
" -· .. 

_ ... 

... 

.. .. 

• '' - ., ' ., 

. ' ... 

··' .. . . . ' ·•, ' 

lncluyondc • \ . --· ' 

•. .. 

' .. 
" 

,. " ' . ' " 

' 

PliMCIP 

" 

:--)_'· 
- .. _,. .. 

• 

'. .. • 

\ 

' ., 
' .. , 

''. 

.. 

.. 

•• . ... • ' .} ' 
• Moplu.lentÓ 00 """ -dldo do lo ·r~oru" do uoclot16n 

. '" 
' ' 

, ~Ue<O.OO OIOIJuloo 

•· 
1 uort ooon to ocop tao!o o 
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"I>Oado ol pUnto do vhto dO 1\1 h 01onora idool do Jnto~nr 

n oo t.aoerlo .., n totoJ...nto opnudo (V~rolón o oUUur) 

.. 

~=· ~ 

• -· ~ 
~ 

~ -• • - + • . 
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. " ' • • · . 
' • GISTEMII o 
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. 

IIITEM -' ' 

-

.. 
" 

1 
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' I.LCI.IIL\ FOIUIA DE 

-··-
" 

O.pildot .. 

"IIOGIU". Enooablod<ouo 

unbro 

UtUorlu 

' 
' 

cupafto <1<1 ploUco 

U~ruU eodl9o !uonto, p...:.¡ru .. 

! I.IDIIIliiA Llbrnlo c0<119o o.bjoto 
·¡ 

l>ocuMntoa 

Katnhln <1<1 SoporU 

' '' ~-
aulodono (10:) 1 • (IM-<:IRCUIT-I:IOU!.At<:IO) 

Do BUCCU pou t<dpo roal (l<lftwon) 

PI'09l' .... o!<>tOO P!!OKS 
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PRW:D~ > l /'\ /\ 
CONSTRUCCIOR D CO~SUUCCION C 

' 
t J rl procuo de into9<0oi6n (de acuordo al phnl 

rc!oreno1..,.1ento do lo unidad proboda a la librarlo 

hace< link' de loo ~oduloo pau tenor uno nuevo eonotrucc16n 

t l 111 prO<:•oo do pruobo 

+ '.correr' la conotrucci6n do ocuordo o lo 'pnel>o.' 
+ hacer dhqnootlco y •atrapar' orroreo 

+ Generar un repOrto do la conotruccJOn 

'C 1 Procooo do ovaluoc16n 
+ Evaluar loo rooultadoo do lo pruebo 

+ llÚ1d1r ol oo acepto, poro llevar o cal><> lo o<quiento conotruo­
o<~ 

oue pon oJ hay orroru do dloolio o 

,---------------

uHli•Ondo POL 

TOMA ConotrucciOn de lo Bi~liot~oa 

SI no-stondar O 

entonceo rochoza la conotrucclOn y_eopera una 

nueva conotéuco16n 

Eloo !niela loo procedfnlOntoo óo prueba 1 com;ela 

lo conotruccl~n 

00 mientr.s 'loo orroreo r •• o son muy gr.n<Jos y loo pruebao 

oo •• hon term!nado CORRE la conslruccHn -n utHi:on<o 

d b>oqoe de pruebo- n 

OEII\I<.l r prepar~ <Otroali~entando ol grupo de imphmen-

hci~n 

Genera reporto evaluodor 

Espora la oi;oiente con<tncc16n 

' 



' 

+ ""cuerda '1"* po~ ruoooo ~o 'M91•' loo en oreo u len en 

lo <leao.,nc16n al cll..,to y ootoo oon pe<>roo o! oo trobojo 

Por lo quo 

1 1 En )no pruoboo do dloono, pora cado elemento oo debo 

util!•ar uno ~•t<lo do pruoOo corre>ponHcoto do pruebo 

Jndicondo lo tuncl6n. 

H c""plo lo pruobo cuondo •• corro. 

+ I.Oo probl*""• oo dobon rop<>rUr on la fonoo odocuodo, 

Lo"""" do conoopon<lonch debe Incluir 

+ Cperaclonoo ool c"'"o '&1>9"" 

• Op«ncUln por octhldod 

LA EFICIDICIA SE IIIOE 

J,o, ·El o lote"" ordenut nnn ro9lotroo do! upo 

El oatua =~ntendrl uno eooeutud do U 

,uno cup do y C 

! lo roopueou do lo oorvo volor " oo do y ••9 

' etc. 

• 
SI no pode~oo ~edlr o .. peclflcu ~ oo Jnclu~o 

ol purofo on la• e•pocif1coc1onao. .. 
( 1 El dla9noot1co de SW eo ol~llar ol SM do opllcoc!On 

• tongo en requono<ento quo u<llfoeor 

+ uloton eopeclflcoclooeo 

t 1 11 dlognootlco do SM •• diferente d SM do opllcoc16n 

+ oo un oofuor•o on conjunto do HW{SW 

+ Lo lnto9root6n 1n1ciol •• puodo llevar O Ool;>Q •n UW 

~Uorento o H>l oln h•l>eroe pro~a~o (nuovo) 

'· 

., ., 

• 



f?L~!CCI~ 

UXJ:AA ru: CMB!O 

r:l oloto""' v• a t~nor prohlor.oo 

El oh<ema F''"¿~ teoe< pc~h¡O,., 

El oh,.~• ~ober~ rorror'cK 

H•y qu• ¡uHHicar <o.!os los cch!oo 

no o• lo'< el •~~blo F1""'-• 

ca~~ oa<obto do lu9or a una n~•v• coo.t=~odb 

loo oncno ~O:I>On oU,.<na~•• 
ro:obtc 

LOS Co\lmlOO ¡;r HACC~ A TAA\'l':S O" lJI BIOLIOTCCA Dl': SO~CI:TO 

pa<o Mllr <•'•l~Me, moo tiempo oe atr'Oara 

ut<> •• • ..,~¡" c>:oc q~o Hl • o y llov•r>:>• 1 

., 

,, 
·' 

• Orq•n1zac16n 

• platlcoo ootructuradao 

• ~ .. ar:ollo 'dofoctoo-<~=· 

[L C!..OSICO 

+ [) coocoPto do un ·~oronto profo•<onal" quo •uperviso o un 

~ru,-o <lo onalUt.o y P<O~romodmo• 

+ tl ·~ounto" luo pzovr.,.-•4or de uno IBK !50 

--~, __ _:___ 

i 
1 

' 

• 
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Ue•pre no.o faltan P"><¡ra,..doceo 

(<¡\le ad..._.o".on vo-lleuu¡ 

O> '"• 9UHo tnbajo~ '" couo ~undonoo 

•• •• ... pueda l"~•r •• ·- Vuln~ubln ., •• • 

1.0 0\lE .N~ttS ITAMOS ~~UIPO 

'"' Woinbec9'• - ~ SiCQl 
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. IIAY QUL DUSCII~ ED'""'""' ,.,,. ~" •~ """"'"IIAFICOS 0 AD.\PTJVOS o uno 

BoJ quo buoear o!" Cubto 

'Utt UIV,\00 PI flto\CTJC.O. i"tlDLICio' 

,....,ocar un nl>toMo u o) """! nloton dioeu<:l"""" COOJ•­
~IVAS J. IIC C<IUCOfOoo' 

.• 

. .._, 
:· Dlfounolo ont<o 0 ¡ oqulpc cUo!co y 'ol otro• 

N.>.On ESTA AL IIMOO· 

P..roonoo 

l>c uhton loo oupoqoroqro .. dcru 

. t<~J<> do vrupo 

--

' 

' 1 
~-, ... -----

.. ' ,¡ 
LOS OllJtTIVOS O& LAS PI.IITJCAS ESTRUC'!"IJUDIIS S<Xh 

' • Ene<>ntru orroroo lo anuo p~,;blo 

• 'rlonor"uno 'colldod' 

• Entronar nu .... i>*Ucnoo 

• ,, 

DI &SPEC!F:CioCJCOI.- •uoear orroroo, ol<obUidaoloo loiiUI'00 0 

duronU la oopoe1ttcoe16n dol p<obh .... 

"" DE Dt5EIIO.- Buocor doblltdo<loo 

onUo do coo!lftcu. 

DE CODIFla.nDN.- Buocor loo problo,..o ontoo do quo ooo 

do,..otodo tordo. 

DE PRU!21A.- l\.I09u<or loo pruobu odocuUoo Ol otot ... , 1>0 

oo troto do probor ol o!oUoo. 

,. 

• un.o veo oocttto ol coo!190, poro antoo do porforor 

• ol<to¡n•lo do"'porfcror'.y ont.oo do caopUu 

+ dupu.,. do '"""' ol 'prl-<' dot,... corr1oodo 

_ + 4oopufo· do, quo todo o•·ndo Ooto do ...,ardo q1>0 •• ,._¡o¡.., 

loo pr,..bu. 

.1 ., 
' ' ' 

·' 1 

• 
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•' .. . .. _:_------~-, ... ' 

.• ' .. 
• 5o Ooben oujotar a un colon~orlo, y r&po<ti< o loo aail· 

,tentoo loo ~ocui!Hintoo 2 O l d!oo anteo d~ lo pl&tioo. 

• 
• 1.CS JUU 110 1'51' .... !IIV!TAIIOS 

" • "* nc<:bra o un 'ooorlb.o.no' ,juJon te~• notao, ~ooo una 

IO!nuta ~ la dtatrlbuye ont<o loo odotontoo 

• Bl autor puo;lo O oo prooantu u tnbo.jo .. 

~- etc. 

• "'' prcllloaoO '"" oncontndoo ~ro 

te loo woklU.rouo;ho. 

• Dobo durar antro lO O<Jn. y 1 ho<a IOid­

' ••' tcuino lo oooiOn con "" voto do o 

• 11e ocepto o1 prOducto 

,..,..,.ltoo' 

• le oeepte ol prod""to COft peq1>0ftao re?ldcnu 

' 

duran 

•Pruobao convoncl~oleo 

'Ploñ de pru.bu 

'"' 

. 'GonoracJOn do dnoo do pruobo 

_,,. 'Pruobao do oeoptoeJOn ··.· .. . . 
' 'pruoboo do 'cor<aeo<On de pr<>qromo•' 

. '- .. , . \ 

. . ' .,., ,.. . .. 
'Co,.,1non'500 del tie~po y rocurooo d<r olqunoo proy~Noo ,, 

_;;, _,, ' 
, ;_ ;.~ ' SO hocen do obojo hach arrlb.o. 

--~ ""'"' '· 
' • hnoln&n con h pocuncfa do oruchoo pnoonao leopecld-

' _, ,-

------ ....... 
Oulan vo o 
~•cor lu 

-pruebo o 

• 

• 

...... 
o ron -· 
' • ' 

con· lo '" jefe¡ 

' "• ' .. 
Contldod .. pruobo ' bajo coltdo~. 

control .. '" dtroÚ<en . 

' • 
onoru;¡~~ Hnoao •• OÓ<I190 • 

-----~ cuando von o t~r- ') '"· 
minar lu pruehoo 

rocu••oo voy o 
loOC<Iutor 

' i 
1 

' ' 
! 
i . 
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'· P~OC~~I"IDI~ r S"I"DS UIIA P~U~AS 

. 
··•' un p<>o!er linar o oobo !u pnoo~u do ~no fo<N •,..nojol>lo' 

·.!: ' ' ' " . . .. · , ..,uo.- oo do be 

' 
' ,. 

tun<o bh~oe, ~ , Un "". pl.on or~oMudo no oo ~den to~•.• -~, 

pr~oho< 'dooonuo• p<l< le'"" •. ,-_ ''• ·• · '' · 
• 'l-' ( 

:-<··_--- ·•!·;,: 
1.- Ro•p<>no&bllUor o un.- poroono/gtupo do, loo pnooboo j, ;.-} · 

'. ' > •• 
1.• h!&blooor loa pro<:odloiO<ItOo y loo ln>'l poro llonr 

' _,¡, co"" lu pruobu ·' 
J,• Do•c<Jblr ~oo ooooo _do 'pr~ob•::-, 

• •r· 
poro ocoptool6n 

• • : : ,-•!' 
.E-

,. Ol :: 
·:-.:-· . . ; --~ 

,,, 

' _ .. ': 
• 

-~' • 

' 

•. 
': 

~' . 

• 
5.• ColondoUo> do octJvld&<loo y 

Úovor o cobo loo pruoboo 

. · . 

IWlUM. DI 
•· &STNiOUU 

·' 
,, VOL l1 .. 

'.CCIIO;J Ca!STRU!R 
CASOS DE PRU~BA 

. ;-
',_-

-" 
Ca«l DOC\IMEHTAR 
Y UiO DE XXX, 

. . 
roourooo <&~ueridoo, 

. , ~ ,' 
' . 

. . 
VOL, 32. 

ca<VEIICIOII ... 
NOMDittS 

. 
••••• 

• 

' IWIUAL DE 
ES7NIDARI'5 

: 
~·-.·' '· IAU CE .. ~ 

• 
' . 

• 

.. 

. ' BTP'B pno ol uoo do lo booo do dotoa 

' l 
r.ooponoob!Uur o uno poroona o o~ulpo do loo pr.,oboo 

. . '· 
Dopondlondo dol ta-allo dol proyoclO oo dobo tonor "" 

f do pon""~" oo lu Pruoboo. 

Por rn..,oo obvloo, 

" _ dooorrcllncm 

1 
trabar oo ol ,..,.,.. •• de 

• 

' ......... 
1: ., 
•' 
' 
·¡ 
" 

• 

• 

' ' : 

l 

dot>en de oor pon"""" ~ o lu ~·· 

. ' 

1 

' 

• 



,1 

.. 1 

.: 1 

-

<-' ' . ' 
. !, '-

-

• - " • 



• 'i •• 
... 

' .... : .. • 
• • 

... 
' ' 

. ' ' . · •. 
""'' '· ' . • 

e . . '' ..• . ; 

' . ' '. "'· . 

. '' 

. ' 
'' .. 

',• 

.. , 

... 

<• •.•• 

• 

~. '/'• 

... 

... 

' 

• 

.. 

' .. 
' ' 

'• • 

1 
• 

1 
'. 1• 
' 

:-. ·¡.' ' .. ' 
' ' 
' 
' 

' ' 1' ., 
'1 
' 1· 
' 
' 

1 

.. ""'" 

' 

• 



. . . .. 
·:-·.~ .. 
~--... 
.. . ' .. 
~ . '· 

.- .. 
' ·. 

• • . ' . ' • 

' 

' • 

.. -··¡-.. 

.. 

• 
•• 

---

(UCI. ,., no pou U 0 ¡ olot .... _ 

1 follo on • -., .. bOJ WIO 

! . --- -----------~ .. ·- ~- l 

-

pruelloo d~ 
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1111 PROYI!CTO CE Sil TIJ:IIE 1 ' 
• INICIO .. D>:FWICICfl 

m DISE~O 

• .. . . 
" PIIOOM!1hCION 

• PRUEII~ 
,_ 

~ ....XPTACI(tl 

m IHSTALO.CIOII 
QI'EIIACJ 

~" OP~""CHn< 

. ... 

P,\82 ce llr!CIO.- tn uta ruo ~oy quo cont .. ta<o 

<;udoo oon ·JO o nqueri,.lentoo 

Quo oo d~bo p<Oduolr 

Qllion u ol uouuto, cual oo ol •oreado 

Cuoloo oon lao vontajoo/duvontoJu 

•· QIIO coroctochUcu 'y ohotoo vo o tone<, 

la bttiblo 

" 
" 

...... ' . 

•• 

II r.ut OB DEFJNIC!otl.- Hoy qua oontootor 

·-

eo faotlblo 

oo pueda peoduolr 

oo pudo probar · 

Vornoo o requult horramlont&jrocunoo oopool&lao 

•• nooaolto un oomblo on lo orqonlooo16n 
CI<SARIIOLI.C 

oo el prooupuooto odoo~ado 

•o ooot~OOloo (cooto(bonoUcto 

"·· Eota !ou to..,lno cuando loo raquat1~1ontoo .. 
·' Y OopocUiooctonao dd proyooto. 

' 

ES PCC 1 rl CJIC 1 011 ES 

arquitocturo dol ototomo 

ta,.o1io do !Mldoloo 

como dlvldl< dioo~o o implo~onU~l~n 

oo~o n von o probor loo moduloo y o\ oioto~• totol 

oud •• el pertu do loo pro~umodoroofonallotu 

" hoy que olmulO< o modolor? 

•• !aetiblo 

Eoto la .. tormlno con VN OOCUKEN70 en ol Ou•l 10 'dolot<oon' • 

~oopecHicomonU) lu oopocl!l~0010Mo d•l diO<~<> y un rlnn 

do rru•boo 

' i 

1 

• • 
• 
• 

• 
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VI FASI I>E IICEPTIICIOO 
' ' 

11 uouorlo (o grupo .. ulodor dd uouorlol dobo ocopUr et 
• 

pr<>cluot<> on n for.o flnol. .. \~ ' J •• 

' " 
11 "CUTEllD" d~ oeoptocl6n "-too oor pe<foctaHMo •cu-¡noo• 
. ' ' l 

, ·duronto lo hu' do doHnlcl~, y ol cllonto debo u ... r '1"" 
. - . : 1 
ooto 4o oouordo quo ol productQ quo o o lo n 'ontrogor oo' 

••""'""'"" runtu, ol>lÓto, .iotu blbliDQrdla, popen, 

rtport<>• de prol>l-u, doc..,ontoo ate. oon ont<o¡¡odoo o 

' ' _ .. ' 
··-.· q',.:l~ q~-~·~ ;·.f 

~to h·-• to .... lno""" la prog<a,..ol~n (oocr<bl<,OOdl¡¡o) 

.S.'todo ol oiHno lnto;<do y oo Uono ~no •Priae<o' .. <• 

o16n do n.onuoloo, 

hto too~ oooguu ~uo el producto CUIIIplo con loo u~uoU· 

-.Jontoo luncl<>ildoo, od-h vul!Jco_quo no oo tongon 

Loo pruobo> loo llovo o oot>o un yrupo dlforonto dol ;rupo 

'1110 pro;r.,_., y uuU .. el <loc.,..nto do 'dhdo' y ol 

.. o.,.¡ de unorlo paro llovu o cabo ouo P"'ebo~ 
" 

T<>cloo loo orroroo/ool1o1tudoo de <:omblo oo bacon o troveo 

"- lo D1bl1otooa. 

; •. -
i'• 

-.-.-

" ·.:Loo porOO<I&O quo for .. n ooto llnpo hbon do c,_po<toroo 

' ,_, ol uou&rlo; y llovor o eot>o auditor loo ol producto 1111&1. 

" Atllll !!:MINAN L.O.S P.O.SEII 01 OEIAMDL!.D 

' I.O.SU Dll IVALUAC10N 
' ' .• , ,,, •1 

. VII¡ IHSTA~CION j 

h lnlolo cuond~ 

•• 
upl~tod~, 

'•."; IJ ',', 

·: 
"" 

l: ,.,, -

ol producto oolo ol "MUIIDO RUL" y colacOh• 

loo foe1Udodu on lu cuoloo vo o oo~ 

i 
i 
' 

• 
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(JniciO,f ~oUnie!6n) 
.-;¡·. 

.:U ¡.ropoolto¡do 

P,u.el diodo. 

oHo oct1v1Jod u o1 dooorrollo (y huoo) 

oo dobe ontond.r el prol>lorno 

,., doben con...,or loOroquio.ltoo 

tonn .n """" ... foctoroo h_,nco, ingon!oir.to, d<>=lOent.oÓ' 

' 

!.Uta do Yo<!Hcoci6n 

!.:;:. e ( - ' 
t ) C.f<nl< loo noeeoldodoo d.l uouorlo (Roy '11'' ootar oogl>ro) 

( 1 Cooounleaci6n """ ol unuio 

{ ) O>r.oci,..IJito do 101 oolotonto 

( ) ln..,ouvu proyoc..,o •-Jontoo 

1 ) po!Jnlr y noll>.o< .Ltornatlvu 

.. 'dot>o doooncllor"" d<>c:-to l>ooo quo oUYo do punto da 

p&rtlh ontro o1 cHOftte J o1 <lU•hdor. 

Calcnolo<Jo 

~<OGa• 

PloiOOO 

"-""' ~-Jcoo • 
' 

,, 

' ' 

pruebo o 

cr1tor1oo do ooortoc<On 

plon de lmplomcntaci6n 

' ru .... critiCO (CP~,PERT) 

onOlioio do rloogoo 

pw'ltoo cloveo "milutoneo" 

oou~oc16n de coot.oo 

Horu,.iontu J>"<O el control do colldod 

otao'l<loroo 

cod1Hcoc16n 

ORCNIUACIOH 

Tener un «ou.,.n 
en 9cnoral 

del proyecto 

DeocrlpctOn colenduludo !'<'< 
oct!v!dodc> d<l proyocto (Incluir 
co•tos y recuTOo>l 

t>oHnlcl~n de lo cr~>nUoei!n, 
y oct!vldodoo ~el pcnon~l 

D..!lnu loo uquorilllOntoo do 
ce y pruct>a• de tooJo el prcyect<> 
du<onte codo fooo. 
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OO!•UOL ~Z V. (:O!Ifi<:UMCIO>I" D<!lnl< res¡xm••bllidodos y 
con«eleo en coda 1••• y 
OO<Ividod, &•1 como C<c'trOI 
~n loo ca,.,Io•. 

UV!~IOIIU, ,\UOITCUAS 

1 ""ro"""" 
FI.W O~ IUTJO.LJ\CION Y 
OPE?.ACION 

),- ~MIVIO.>.D P~ DI~ERO 

Dollnlr que docwoonc"" oe von 
o ehb<>ror [WP, Estilo, otcl 

¡,ftnl< loo requlsHos lnte<noo 
y ex tunco de "" plan de en<ro- _ 
••~lonto y los responoableo do 
llevulo o cabo 

Doflnlr revhlon•• en ,loo docu­
oontoo y produ<too lndicon~o Utl 

ovonco 

Dooc<iblr lo for,.. y roqutoitoo 
do 1notoloo16n, ul """" un Plan 
poro llova<loo o cal><> 

DI.ERJYI BIO< • BUEN nooucro 

• Diado Gonual 

' • ·--·--------· 
• 

l-oo ;>Ctlvld&doo <O!Io ~nalhlo, 1nv .. tlqoc16<1, eotu­

dlo, Uauloc16n, -olodo, diseño do poquotoo, "'"do 
• 

bonoolontu, odcccl6n del lenguojo. 

HlP05, Cl.JA$ NI:CAAS, 0,8, U, 

todoo loo n!Volu de! olotemo han Udo lnrorporadoo 

u hon'doflnldo l&o lntorluoo y loo -uloo 

oo h~n~dof1nÍdo h> utlleruo 

' oo·h•n'hocho conoióoroeioneo d~ U••po (C>U> oopoe<o 

-~"''" .... 
" oo hon dollnido loo eotruoturo• do dotoo 

oo UOI\O un p<ecedimtonto do t~ple~on<ool~n, pruobo 
doou~ontaoldn, etc. ,, 

' .! DI6t:ll0 DU~L!MlO ,, 
Uno vor oprobodo ol dUeño 9eneul •• llovo o eot>o oi· 

4Jool>o on d D&o fino doUlle de codo m<>dolo por oj. en fDL 

' doflnlondo codo ol9or1..,o. lo en<ado, otc. 

T>JILA DIS&r.O Ol"TAL!JIIlO 

Con eal ... pero no con !lojer~ 

tnY<>lueror o loo e<¡IOipoo f de deoauollo • • 
ver ol oo poolblo t<>dovfo deocomponor ol oh<-• 
(1004ulo) 
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lo puoducct6ol (lo .<JU• oo vo o producir) 

lo doocrlpd6n dotoUodo de oodo untdod 

pruobu de Jntoqroc16n 

•· 

. -- .. 
. - pr,..bn dd oate ... 

pora ... tr~i do """Uol do calidad 

UN IW;UAL ct: LO QUl: SE VA A PROCIIC!k 

~IVIPJIO Pt CO!liFICACICH 

'Uno woo quo oo ho dao~odo on lo !ou•o eO~«oto y apropiado 

oo pro.;odo o c<><llflcor do or<lbo bocio obajo, Codo pr<><¡ra­

,..o!or'Ooba toner """ toroo blon .!.ofinldo dol dhollo dotollo 

...... 
' • 

"" plan rletallodo' do pruoboo 
... 

<oponoo •• proqr .. o 

Upc>rt.eo •• cu.bio -c.c. 

roportea •• control 

reporteo •• jiroblouo 

a.onu.aloo ....... do ....... •• codo oncal>endo 

" Unol oo tienon MODOI,Of c;ORRII:II!XI Y MANUM.Z:S 

·• 

• 

(' ., 
·¡ ., . --· 

• . 

J.CTIVIPlW DE PRU~D/1. 

• "" acuerdo al plon do pruobu oc llevon o cobo ootoo, 

,por ~odulOo y por olotom,., olempre do orrtbo hoclo ol>ojo, 

oo d.Cir por nlvoloo do l•rorqu!o, 

ACTIVID.\0 n~ ACEI"''ACIOII 

DE>IO al cliente 

uno bueno pruol>a ~oooubto loo o<roreo oouHoo 

uno bueno proebo u oxbouttin 
• 

todo ptueba dabot tonot loo t .. ulU<!oo ooporodoo 

no hoqo ptuobao fuora d~ programo 
' 

hoqo -pruebas paro eondieicnoo Jnvolidao y e~tremoo 

inopeooion• loo rooultadoo 

1.: qento que pruobo dobn de oer la mao creativo 

NQ oltore loo pr-o<¡"r.,..o para problorloo 

dourrollo detoo do pruobot 

tovho loo documento• y ... ~U..lu 

--,-· 
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~O dDC08entco <Ooulovon pr<;>bloaoo do C-WilcoclM 

) Upoo ~· docua.ntooo 

USUi\IUO·• 
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INICIO 

DUINICIIII 

rcglotrco do lnfon•••ten do 00100 trohojo el 
oiotemo y lo que hOce 

re~lotroo do.quo )>aoo ol olotomo y como u .. do 

1nforNc16n ocoroo del dounollo del p«>yeot.e. 

.. 

eo,.cHlcoolcnoo do ~oreado 
onolloU do loo roquorlmiontoo 
onol!Olo do hctlb.Uidod 

doocrlpe16<> .SO loo roqu .. lolent.oo 
dol SN 
.. roo·do roforonch poro ol dloei'>o 
otlclonclo y rootrlcclonoo 
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TECNICO 
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coUd&d TtCNICO 
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DI &EllO 
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rlon del proyecto 

plan doto) lodo do trabajo 

cootoo, tleopOo, oeto<loo do conuol cetoTIIOl. 

CUoduno del proyecto 

cuadomo dando •• lleva el control de 

1· loo oYcntoo y dochlonoo quo ofocton el 

~cac<fpCién do lo &rqultcctuu dd "S 

do.crlpc16n 90norol do loo ~oduloo 

lnter!oo<e y roquorl~ientoo do p<09U­
TELH1C0 mocl~n 

• Plan de c.c. 

+ deoerlpctluo do !u =•••• r p<uob.>o 
que oo~~uun un c.c. Tl:OIICO 

• Cli!Oblo.Ó 

• control on loo co~t.loo y hHooo<a 
do oorrbloo CONTilO~ 

+ Konual do Uounloo 

• 
• StandO<oo " ood!f1cac16n 

• StandO<CO " U!ocño 

• ""po<t<o .. p<ogrooo 
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"•-¡•l'Jnlcu ~·ith l""'"lssion from C0.'1PUTER, 
Febru,Hy 19711. Copyright © The 
Instltute of Electrlcal and Electronlcs 
Engineers, Tnc. 

lHE NEED FOR SO::Mf-íRE ENG:Nf:I:RíNG 
[- '' - - --

\\'areMJ'Ct" 
Co nl rih u ting ~:di l"' 

lolroductlon 

F;ody in this d<<:ad• a >rt of prog-,-amniin~ prortiro•s 
begnn lo nppoat llo"l "·rrnorl to <>ffor a wny out of 
tloe •ufl wo ro d iff¡cull io·l tlteornpnnyio¡; lho dowlop­
monl <1f lorg~ ,,ystrm• 1"ho•e practko•. drvrloped 
by Broob.' flahr,' llijk;tra.' ~lills," and othPr.. 
in<!Udcd •tn>cturod ¡nogromming. top-down de\"e)­
opm~nt. <hiof pro;:ramm"' Wam•. H 11'0 (hiotar<hyl 
inpUl·JlfO<r,.-wlpull rl<><umentotion, dr,·dopmPnt 
oupporL librory, and strurl\Jtt-d ,..alk-Lh>ou¡¡h.• llut 
dr;pil.r lho incr•.a•in¡; ~011ount of soltwnro rlc•wlop­
ment ""rl i" rising '"'\ t<'IRlive to lhc drfense 
bU<I¡;N, curpnrotion Nponditure•. and c\'On the 
grM• .,otion•l product. th~ ne"· pro!;ntnmin¡; UXh· 
niqu~• lrove not b,...n nd.,pt<'d by ncdomation. 
MrCiuro.' sut>·~ying lloo S('One at CO~IPCO.'-: '76 
Spring, sow "\he ¡;H·Ot m• .. es ol pto¡;rommt•rs 
condurting lheir businr•s. o·urtiy os they did ¡¡,. 
JOOtO "¡:o." Nor wos lh•·rc lh<• slighlesl oi¡:n in 
McChuO.; 5-y,•or projertim\ <rf "rtron¡; w'1nd• o[ 
chon~'f'." tri• rntuition "'"' lot~r supported lry a 
'"""Y <>! major Lo, 1\n¡;oloo are• eotpotaLinno,' 
w~kh cnndud,-d that, for oll th• lanf aro, "tho l<'<h· 
niquos or~ simpl.•• nol widol;· ""'"¡_" 

Why aro modern prnr.ronrmin~ pr>rtico• propa­
¡;oting so <lowly• 1 n Uro j uol~mtnt ni oomo scnson<'d 
obserwr>, the tt•a<on lir•s ¡., !he complexity of lhc 
mlrniq<re• nnd the ~iffirultir• mnnro~cmcnt ond 
progrnrnrnots toce in itnplr·tnrntin¡; them. 1\• "'<lh 
modom monogcmcnL pradirc•. modorn pro¡;um· 
rning procti«•• are intan¡;1bleo thot lo'• 10 be dio· 
oeminat<>d Ly "soft" muns surh u <-ducation ond 
troining. 

Fottunotd_v. thor• oro po.ith·e foro., Al w~rk­
tho !lopot!<nent of Dcfons~. NASA. lB\!, rlofon.t• 
and >¡>"<"<• mntracto", soft wore hou •o•, nnd u ni I'Or· 
•itiro. n .. profe,.ional '""ieti•·· ""'" lho ., •• in 
thoir ronfo,...nce<. tul o; i•l o. and juu,nal, Ti~e G•noral 

1-1-1 

A<eounting Orr.ce is stud)"in¡: th• u.e and ~aluo <lf 
;olt worr do\ t•lopmont tec lmiqueo. Thesc influonet-s. 
IO~t·! hor with l h" ¡;-cowin¡: rcolirnt ion th•t proj r·r tt-d 
;oftW.1'<• dt't·,.lo¡.nwnl Co,l.; '"'' )j('comitl¡ o ¡;ro.,¡cr 
fnctor l hnrr hard~·nc• rnst' in dr·cidin¡; to do•t·t•lop • 
s¡·;tcm, ore literal!¡ fa«in¡r pr<>¡:te" to he mode. 

Tho sol!ware prcdicament 

Tlro ¡ronrrnl ch"racter of l !ro '<lfl "'"'" predic•m<'" l 
can be ''"" clc.1tl)', althour,h ,,.,,;,tent ~:u mio,.,. 
with wl,i<h 10 charoctcri'o iL ¡noro promdy.of< 
h~nl tn come by. llccausc lt>" '''l'"nsivo hard~ar• 
is hrir.,;in~ moro •r¡r!ications "'thin <-COnoniic roach. 
tho amounl of •oft..-are to be doo·elopcd is incrou· 
in¡:. Alon Lecau•• moro ,oftv.·ore is •lroad)· in 
exis!<'n<o, thcre js more ol il lo he rnain<oinod. Jlul 
tho P'"dllrtÍ'"" v of ¡rro¡,"To tlrnl<'t< ¡, imprm·in¡; rotlr<•t 
slowly, "'l"'ciolly by lh<• ''"""'"rls o( honlw"'" 
prico.'porl,rmonce. with t~o 1<••ull that the o>eroll 
co;t of softwot• dor·<-lnprnont io lt·~ding lO incroase. 
Oc,,¡ lhí• in<ro~•~ ;, bdn~ limitcd by bud¡;<t.U\' 
coosideraliono. opportunitio• !<> apply «"''l'utt•r 
ttchnolo~ry mo'o full,· tn Loth uld and no~ app!JrO· 
1 i >ns ""' boin¡: pa ,_<ed m·er, 

Soft""'" grn~tl>. r.>ltmot•• .,¡ tho ovorall '""o( 
,ofl ~-ru-o dc...-lo¡mwnl •nd mointonnn<• in tho Urut<-d 
Stole< rHor;o frr~m $!~• to <2:. hillion.' At DOD <l i• 
runnin~ in lh< !J bi!lion-p<r 'mr r·' Oft<' J l rcp:<'"'"' • 
~-5 p<:<cnl of 1 he A ir F oree bud¡:<•t. S pereenl of the 
N;\S"' budget. 

Acro•ditrr: lo Wollrt R_ !lo""'-' depu'-\' for ,d, 
,-•ncod t ech nolo¡:y (o lhe .,,;,.,,"! "Hol>r_v of lh• 
A ir rurce In' t•'•<Mch. dewlopment. and lo¡;i.,i<s, 
tl'.o nurnl>or of frrn<tion;-mo't ollh<m no~·-Ooin~ 
d<me ¡,. '"ft""" i• growin~ ttL o pro<li¡;iou• ••" 
Hoon•. "h<> .::••·•· thr •oh "lt<' tf'<"hn,col l. o¡ norte •< 

COMPUI[fl 

'1 



COMl'CON 77 Fall in Wo•hm~ton, ll.C .. lan 
R<ptcmbor, ,-,timalf'd t~is rato lo 1><" a f"'tor of 2 
~•·ory t~r«" _,., .• ,._ Th~ rat.e i• probahly ¡:ro•al<·r in 
<lrft•n-. lhon in Jodu.,tty, bccou•o IJOil is mo'i"g 
ropidly lrom onalog lo rli¡:it.1l '-'''"1'"" >}''lem•. For 
~,.mplé, t<·t<•ntl;· purd'""'d nirnnft ore hcavily 
ooftware controlled bocnuso u,..,. Mw 'Y"•rn• are 
''~'" t·HO<th·e !han lhe old hilrdv. ore sy>toms. 

In anothor area Gnostic Con<epts'" projod< data 
proce,.ing spending. e<elusi•·o of offic~ automotion, 
\o !ncre""o al about 1$ ¡oercont f'<'r ; oor, ,.·hile jofor· 
rnation ,s_vstcms busin•" ¡;rows ot bett.er than 
20 P<"«•nt. 

0)l<rotionHyl"' systems for otcol millo, nt.ai! 
•!.Oreo, honks, etc. ore growin¡; ot obout twi« the 
ral.c of .othcr application•. accordin¡: to J<>e ~~­
llon!IOn, vit<' presidrnt for m•rht plot~nin¡: ot 111\l"o 
Ilota l'toco.«ing f'livision, in atwthor to.cftni,al 
hynolc od<la•ss r.i<·en "' COMI'CON 77 l'ftll." 
Be<ou•o th('So sy,letm aro in~crontly ,-nmple•. they 
t«¡UÍro """" ¡¡rogramrning lllnt\houn thon simplor 
oy,totno. IIO<»on ptnjt•c\od tht• numbor o! on line 
oy!l<·ms lo ¡:row from 9500 in !975 to ~3.000 by 
1 (180. More •y<tom• are coming in tho arco o/ m>tu>g<>­
m,nt ond l<ehnical pl•nnins;. •uch ao forecasting, 
modofin¡:¡. and design, ond thcy will domand more 
dat-a. M...,ling thi• noffi throu~h lar¡:• inl<'gutéd 
dota base• v.·ill a¡;ain add 1.0 tbc t·olumo of •oftwore 
dot"dopmen(. 

t .. ut Nowmkr tl.e comltUI.or in<lustry wa• ro­
minded th•t not nnly do Lu;ino" .<ystom manu­
lnrturor.• not a¡:roo on stnod,ordi«·d I""OMn>' u'"" 
oron't '"ttling lor them nn_vwny, ''W••'t<• ¡:nin~ the 
othor way n< cuolnnws clt·m·"'d ''"''" moro divt·r>ity, .. 
Joy 1!. lln,lt•r. computer 'Y"'''"' eonsuhon\. told 
lnteTf.co Wo•l." Small husinc., •yot>·rn• are only 
~ IIA<l of t~o lotnl soltworo piclur~. but thcy <'<em­
plify ano of the ways the prograrnrning workloo.d 
grow1. 

Molnt<nan<< rntio. llccause ~ ¡;rrat doal of ooft­
""atP i• nln.,dy in O<ÍStcn<e, som~ of it o! low (jllHiity. 
more ornl more dfort, of "<'<'<'"ity, b• 1.0 be dovot.ed 
tu mainlononce. fl<•nson. for •••omplc, <•stimotrd 
thatup to 80 l><'t<"Pnt of hi• «""P"ny", opplrcotion 
dct"rlnpmont r<•snurcos ore tlcvolrd 1" tnoint<•nance. 
SimiiM frpnrs were roportrtl by Eleh.,ff." who 
noto<ltlurt 1Cr p<Tt't•nt o! :;onerol ~\olor_;' ""'"""'rrial 
•"ft"''~ <lfml '-'•< sprnt nn mointennnco. Thio 
rotio. occordin¡: to EJ,hoff,,_, foirly t~·picol of largo­
lndu•try soft "'"'" acti ,.¡tirs. A• "'""' •oftwaro man­
powrr 1:"'" into maintrnonc~. lo•• i• availablo for 
now dt'\'clopmrnt. 

J'ri><lut!h·il)'. E<t imatos of thr 1M¡: \mn produe­
th il)' irnprowemrnt ro t • nf pro¡;-rnmmr,. ron~<· f rom 
Hho<Ul 3 p!'fornl '" '1 [><'tttn_t. Fm rutnplc. IFIP 
f'rr,id,•nt flichnul l. Tn110l<o •·•liOlll\1-d t~• ,·urr<•nt 
••tr lo !.r ol,.,ul ~ po·rn•nl 1"'' '''"'·" llcll«>n ¡;<O\'< 
o 4 ¡wocn\ lo 7 po·rt·rnl tltl<', rlqwndin~ un tfw 

'" "' "' J• t i ~ n • '"" de , f nr t lw .1 n -,\ · ,. " r 1'"' i<>d f ,. ,, 1 9 ~. r, 
\o IUA~. 

foh'""'Y 1918 

Within IIJ~l. on l01ge nro¡;romming proje<to, 
"producti,·ity, mr·o•um;l in t.ermo of tho numkr of 
lino• of codo produc•<l 1"'' P'"l:rammer. ho• ;,.pro•·•od 
nl nl•<>ut 20 pt•re<·nt o>o•r tbr Y<'"'"· duo in ~<trt to th~ 
inC<ro,in~ u•e o! hi¡;her levoll•ng¡>a¡;e•. ·· according 
UJ T<"<i Climi• of lll~1. oddrc.,ing the hynot.o """ion 
o/ CO~l!'SAC 71." Climi•. a ,·kc-pr<·•idt'nt of hl• 
company'• G,·nerol Produet• Division. upocted 
lhi• rate lo con\inu•. but not.ed thot producLivity 
dat~ on pro¡;rstn> ól undor 20.000 fino; o! oode lo 
mor• •·arioLio and '""'"' UJdepend lar¡;•! y u pon tho 
indil·iduals in•·olv..d. 

lndN"<l. u Climio"lo•t ot-atement ""~S•••t•. me••· 
udng pro¡;rommcr p<O<!uctivity is a complicat~d 
undt•rtnkin¡:. For cumplo, one inve"i~a tor, finding 
that rcpof[ o·d pmducti ,.¡ ¡¡,., ron¡;od hom or.e line of 
code prr Lour 1.0 30 or more, concludcd that more 
preciso dcJi.,iti .. ns of a pro¡;ram, o mnnd•y. and 
even a lino of CO<Ic Íl,l'lf wcre nccd<'<l. U sin¡; hi• 
own ddmttio"' John•on" found a productivity 
rango on !6 comm•·rci•l •}'stems-pro¡;rammin¡¡ 
product• ranging Jrom about 9 lino• o! code por 
hour {O>uagc of five >m>llor projocls) 1.0 obout 
3 lines of code per ho•Jr lov~r•¡;• el 11 IM¡;er proj­
e-cto). In ¡;onor~l. his reoults ><ere do•e t.o those 
p~blisltr:-d catlior by F red firnoko.' 

Sofh•nte'hntdwore ratio. llocnuse the co•t of 
hatdwnre ,. droppin¡: rapidly-an or<lo r-<Jf·m• g'nitude 
unpro,·emrnl in th~ ~ord"'"'" pricc'perfo,monce 
ratio enry 10 )'COtS-1\hilo •o/(wart, proéudivity 
improvc• Ol\IY •lowly, ¡¡,,""'o! _,oft,.nro rol!lllve 
to lmrdworo is innc"'ing. This <h,.ngo ha• l>oon 
not<'d by muny observe.,, Tnnnka, for e<ornplo, ,Aw 
information procc'>Ín¡: b<-<nming the mo•~ labor­
intt•nsive of all induotrics b}' 1985, il beacr '"othodo 
were nol u•od. 1\curn <haracl.crized it os a "e<>lt-ago 
indu;try"-hardly an image compoti!>le v.-ith Lhe 
oo\1011 of cr;omput<-rs ~· typifyin¡¡ modcrn t«:hnology. 

In NASA the ooflworo,ñardware ratio""'' aOOut 
2:1 five ¡·onto •t:O. Writin~ for Dararnolioo in 1973,' 
110l'hm prnj•-<ted 1 he rati<• for the A ir Force "" goin¡¡ 
lo 10:1 by 19~5. On o no <>i•tin¡: ptogram, thc World 
Wide M>lit.ory Commond •nd Control Sy•lem. the 
talio wa.• olteody in thul •·idnitv-S'/2~ rnillion for 
software UJ !00-$100 n>illion l;,r ~ardwore. Thi• 
sysu,rn, w iih 35 loen\ ion,, ti es the l'rt•sid<-"\ "nd 1 ho 
Ponla¡;on wüh comrn•nd• in the Unitcd :>tolo·•· 
Europe, and lhe l'a<lfi<. u"in¡: oirbome eomrn• ,.d 
posts in port." 

Rr~ability. Thr rncrmou• olt.e of WW',!LCS nffrro 
o dramotic in•i¡;ht lt.to nnoth•r d>mrn•ion ~~ tho 
<oftware ¡,r..dicomrnt-the nr..d /m co"""\ ~po·r· 

ali<>n. Thi• nce<l wa• hiohli~hl<•d b)· o rrc~nt "~""' 
ropon bv (\a·~ ltu>hfmd. ~·loo,,;,._, M nMi<Jnol 
'"'"' ity >uhjoc!.: "Th• 11·ro'd nf milo:~'¡-· ,·n.o. munl­
eatinno i• <Oplr·t~ "'ith froluro•. •lrrnr.no¡¡ tn no 
'm"ll por! hom th• ')'!lt•ttlo '''"'l'l<•,it\o·•·"" lfo 
"\lributod (O Cllmtnunlo•llnn• diffi<·ulltr• nl J.,,,.¡ 
pnrt of tht• hltlmo for .•uch ;ec:ou.• h.n,l.•nt- •• rh,, 
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(¡~U al 'ronkin cri•i• in the Vietnom war. !he bnmb'· 
jn¡: olA U,S. ~M>Ioi¡r MI th~ SiMi petlin,ulo hy the 
Jsr•eli•. lhe Purl~o offolr off :Xorth Knc~a.·ond 
othoro. These t.,~ok<!O"'h< in comrnunicotiono oerur· 
r<'<l !x-foro the ,.....,. ~omputer..-<>nlroll<od •Y•Ietn wu 
inst.otlr<l, hut they unrlt·r «Ore tho < riLiCIII itnpor lnnce 

pi ils <"""'' o ¡oorot ion. 

Defore modero programmin¡{ cnme in lo use, pro­
grarns wcre [arge, eornplc1C, neithcr mntlt;lnr nnr 
por! oh!!', nlmost unreuriub!e, And cxpcmavc to 
mBintain. 

" 

Progrom quolily. WhRl ""'" typical pr"r,rorns 
tike bdnre tno-lcm pr<>l(r¡omn,io¡; pr;trlir"s' El,hnlf" 
anoly><·d 1 20 1'1 ,ti pr<>¡;r<~m.< colh..:¡,•d from r.cr,;ral 
Moto" comrncrd•l cornputin~ in,tollation' in lot~ 
1973. 1/e conduded th.<t the iru!ividuol ¡.onr,rnmo 
werc nol m<>dular4c.! or.J "'"'"quite lorg•-k~rJ 1'1.11 
slolr·mcnls on lhe "'"'"'"¡;o. Th~y '""'" .-ory wm· 
pie•. nnl portablt•, olmos! unrcO<ioble L}· nliH·"· 
and r•xpon•ivo to rnoinloin ' frorn intc"·iowo wilh 
GM prn¡;<•mmcro wlro hod worlo.N;i elso"·horo. he 
Ju.rnN;I tlurt thi• >lA!<" ni ollnits '<"<"m<"<l U> l>e l '"Piral 
ol o[lwr ln<tollalinn• "' wcll-r·spt•ciolly Ct~lwl 

¡n,lo)l,tlinno. Perhnp" this w"" rn<'¡•,hly lhc ''"'~" 
nf tho ¡>tn¡:'" omnin¡: "'' whon "'"'lr·rn pra¡;r.1tOI!tÍrll( 
praclit••• appo.,cd <>n lho <ten•. 

Neocl lo¡ disciplino 

The rt<>tinn thot o mme di,ciplinod opproo<h [o 
pro¡;ramrnin~~: "·nuld nllovinto tho •<>ftwoco prr•diro· 
¡ncnt ho• l•<"<•n "'"'""' fnr Rl k·"l 1(1 y~ors !1 ""'· 
irt fort. l he l>f'liof thnt 'Y·'',.,,, l ;,· <"rtii<'I<Win¡: me< ltO<IS 
rnu)d he "I'Piierllo thc "'''""""' ptott"r·., thnt h•d tn 
the cninin¡t o! tho Cctm ""'IO)(war~ rn¡:in••rin¡;'" in 
!9GB." 

T~o m~it><o•fÍ<r¡: ""Y. Thr V<'' Y l<'trlt. o•n¡•,inrr·r "rnr,. 
jmplir• '"thot tho entiro doHinpmt•nt ni n proolu<l 
/rom initiol wn<~pli<>n throu¡;h tr••lin¡; Hnd mnin· 
tennn<~ b <>t~anüorl in an <>rderl;·, monnr.o•ble wo\". 
The quoltty, pocl<>rn•nn<o. nnd ro<l <>1 tho ptot<lu<·t 
mu<t lx> ¡rr,.lict.nhlo•. nnrl nrr np¡tc<>¡>rintr• cnrnp<orni,o• 
l><•l ~-,..,n o·n« • n<l t<'IJOhilr t v rnu q ho· nrltiovrd .. ,. 

En¡,~<~<·erinJ~ do,·olopnt<nl o:enet.llly WOC"<od• 
1 hrou¡;h a ><·ri•.• of •ta¡;e•· prt><lurt pl•nninr. <?<><"olí· 
f~lion. d•si¡:n, rlncumrntatinn. r .. ~. ;,,,ion. •nd to<l. 
~·ith o·n¡•ith"o·ritl¡; <h·1111:<' ((>nl!nl r<rtli\Írtg lhron¡•,h 
llor "•JUf•1lC<·. l"hr do•<t•lo•pment ol Jolll" )l'ICIÍ<"\tiHr 
¡tt<>olu<"l rrtoy P·'" lhrnru:h thi, ""Qtt~nrr •<>eral 
tim••· •• ntodd. prolol>)X'. ""d fin•llv prtM!t<rtion 
En¡:in<'e" oro lraino-.1 in th"'• •to¡;o. lt<>m •dono! 
nn~·~rd. 

•1"1·>--lr ..... ,J .... ''••M<l·•·~· """" ., .. :, ""'' ,,... 
"" ...... ,¡,.,. •• , ·~·'"""""'' 

A •rrios of '"rlrnr,ono'" enf<>rre thc di,;p]ino-lhe 
modtini•t nt trchruoinn wonls •n <>•<t print h~ ran 
bo• ild tn. l he droftin¡: l113na¡:or in<Í", that rl,..,·ufN'n· 
tation lollow lh~ rul~•. rnrnpnnrnt enrioro·,. "Y to 
stand• r di re l h buildin¡; lrl"cl' '· ,, nrl manu loct '"in~ 
on¡;Íno·("t,, pour '""'"' thc• drnwinl~' tn r<lohli•h that 
!hoy "r<• complote. 

Th .. •olt"·oro w•y. The soltwore ~'"'""' differ.< 
lr<>m thr ~ardv.·oro prnce<' in m~ny ~·a}'· For nne 
thin¡; 1 ht• fohric.ll ion ;(r•p. in lhr "'""" nf t("prndotcin~ 
tltr ptP¡:rotn l"l"""· ;, itl'i~mfirMtl. Al<o.thr lr.1hit 
ol gnin¡; thrnu~h tho <la~c• •H<•r.tl timo< h"' nnt 
ceu¡;ht on in <pite ni ll'"ok<' ad\"iro; "'Plan t.n thnn• 
~ne """")': y<>u "ill, onyhow."' 

!n nddition, !'"" prnrtice h•• tended lo M,.,¡ 
,.·itlt in>tru<lÍün "-"titin¡; nncllh<"rl wmk ba<k tn tite 
o,orlit·r ;tn¡:es nf ,¡,,,i¡;n and rN¡ui"'"'"""· Th;, 
mrtho11 w•<>rhd w•ll rnou¡;h nn <he relatoHI)" >moll 
prn¡;ra<n• thot chora<lc·rired tho r·arly hi•tot)" ni 
pro¡;rnrntnin~. but it ran out uf s«·om on lor¡:e 
dcveln)Hnr•nls. ' 

1\nn!l,.•r factor in thc ¡>rngr,.mrnin¡; way i• lh• 
bnck¡;r<>>!nd• of it.• proctJlioner•. They ter-.! U> 

come lroon more t'AtÍt•d sourc<" than do the hotd· 
warc rn¡;inec". who "'" usuolly the prndurt• ni a 
'l'·"•·nt•lio 4· or .'>·)"'""' rurrir\llorrn. !'rog•omrno·r. 
rnny ha'"'" dr·¡;rN'< in mrrtltomolic•. r·:ngl,sh, hi«ory. 
journnli"n. or whnlovrr. 1\'hntooor li<~y h~te 
lrorno<i-end 11 moy be a_great dool-it prrlooltly 
dot>s unt inrludo r·nr,inre.in¡; m~thod• Thrs 1•<1< uf 
rommnn hnck¡;rnunrl moy ~r rnrt ni t~o cnu•e lor 
J!ronl<'' <<ltnp]aitrt thnt '"!ochni<¡ue' pruvrn 01nd 
routin~ in olh« on¡;ine(•nnr: cli<<iJ>hnc< aro ron· 
>idcr<"d rn~ical innovotions in M>ltwar~ o·ngin«'rin¡:." 

A <••npori•on. lt '"""' inluilitrly thal ,_,,. 
tom,¡ic <lowlopmcnt pr<>cerlure• "-<>uid lrnrl to 
hottr•r ,.,,.)(,, ll.oly" n(<<'mplo•tl ln moa,ure tito 
Jifltr<'tll"O in tho rr<ull• oblnittecl hy the di>dplinod 
en¡;inortirt¡; apprnMh nnd th~ le" di<r:iplinN;! )lt<> 

¡;ratnnlin¡: •ppro><h llorfnre mnd,·rn pro~r>ntmin~ 
pro,·t i< <"<1 ior t hi; 1'" r )I<>Se ho >1 trtlir·d thr rrr<>~do•d 
,tn1i<lÍ<"< o>f n ]at¡;t• r•·r.t-time sc·st<·tn cun<i,liur, of 
16(1,(1¡10 in>trudinns nnd 170,000 ln¡;ir gote• IMl 
<OUntin¡: ~ute.< in duplirated cireuit<J. Hr lelt th 
;ize and ,-nmrtloxitv in <·ach Meo wrre about th~ 
'"m<. 

llen• ¡, ~·lr.11 ht• r.,ond: 

• '""Írc "' mudr .-flor! hod b«n roquired tn 
d.,·rl<•r on Ín"ouctinn o< o ln¡;ic r.•tr: 
• f<>m titnt·s"' mnn)' d<<i¡:n mnint<·<l3ncc correr· 
ti~<>' b.,.l ¡,.,.~ rnndt• p« imthtctin" "'por ¡:ot<·; 
• [o>u' tirr.'•' a< rturh n <lb-,.,¡¡,.,., incur¡t•d ¡,,. 
.1<''11:11 ""'¡ rl( r·rtartc~ <d ;nft wore o• hordwo". 

1\nl.' thnu¡:ht hP ro•co¡:ni7rd lit·~ undorl¡in¡: 
, .... ,n •. 

• ~mtto¡;r<n<•nt «·drrti~urs n11d rlr•vr·l~rm•nt pro· 
tedurr< W<·tr mNo nrll"""'""d in ~"'d"-"" than in 
•oftv.·roce; 
• . ),o rol".,,. ,¡,.,¡~""" \O."rte rnn:o "' roriencorl ond 
<'ntplo¡ ,..¡ ' moro "'•! ruc turod de,i¡:n " 

COMPUT(~ 
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• the ba•ic buildin!! bloch u..-.:1 in ""ftwaro dC'­
oi¡:n (i~ .• d<flor<nl l}'!'l'• of >OUTCC •ta(,monl•l 
woro moro mnmrou• ond complr·• th~n thc ANI>, 

nR, and ~OT conccpt; U>od in hordw""'' 
• hord,.·arc 1;e~ o do~ble doo~ nf l.esling ond 
evaluolion, ene by il>'lf and the >«:ond u o 
natural bypr<><luct ol <oftwore t.o•hng. 

So!lwan~ englncerlng proces' 

!n ,.,...nt yu.rs the •!.of:'S ni th~ ><>ltwore pr{J('t'S• 
h .. -. hetn onolyud by many ro;cor<he .. ond puc· 
titl<>n<r•." Thi• work i• >ummarizt-d in Toble l. 

Toblo 1. Th• oot\woro do,.lepmont procon. 

1, ~EOU1Rf'IE'• IS Ar!Al VSIS A\0 OHINIIIO~I" 
7 SP[~IfiCAliO''S ''ASA 

• C~tt<F'OINJ fOR AG~W.'ENT SV USE~ AI:O OlVElOPER 
O~ 1~! fUIICTIC•:S REOU: RED. 

o R[f[R[ ','C[ F'O"' 1 fOR OlSIG',' Of'l[tOPIIENT, 
• C~MfARI$0" f'O•NT fOR f'ROGRAM V{Rifii:AIION: 
• PIAWII"~ F\JINI fO~ PROG~AMIISIING_ 

3 OESICi~ (1'; IH<S SUCiE M~•, y Of THE N<W fROGRMJMiNG 
NII;CIICESAR[ USHUll: 

• l(A>.I COriCEPT; CHI[f PRI>'.;f\AMM[R, SUPF'ORI l 1BRARI~N­
HC · 

• IDP·Ü'J/./N D!SIGN OR SIRUCTURfO DESIGN, CO!IPOSII[ 
Of$/G!I SI(P,'IIS! Rtm[MENI, l<llMRCHICAL OR MOO· 
UtAR OECWF'OSIIION · 

• PROORA'A OESII>rl lA"GUA:;(S_ OR PSEUDO-COO[. OR 
PIOü:'l (I,G!ISH IIH!Sl A~E 1101 PROGAAMMit;G tAN· 

which P"'"""" on ordorinR o! the ci~ht m11in 
"""''' ol •ohw•re dc,·elopmo•nt onda •ecnnd·mrler 
li"in~ ol "'"""o! th~ "'"nngc"ocnt ond dr·;ign 
proctico• chRrudemtic el ,.,.,h •to~e. 

Th1' conccpt ola dcsi¡;n oto~c in ;oftwore onol ito 
!W:puation lrom the prob70rnnling ""11:" ;, r~loti,~ly 
new. ln tho de.ib'fl stage th~ int.ont ;, lo "0'~ out 

Mnnngcrs P<>mploin thot progrommers rcsist the 
new ideas, while progrnmmcrs returt thnt man· 
ngcrs don't undcrstnnd thc problcm. 

completdy nnd LLtlRmbi¡;ornLL>lv tho softwnro 'Y'l<-rn 
ncc,;sary lo rn<<'l the 'l""'i~cntion•. u•in¡; F.n~li-<h. 
pidgin Engli•h. nr a prograrn do•ign lan¡¡uo~•- No 

'¡n•truction• ot <ode are wri!lon in thi• "al;". 

The pmpose i• to croa le A logicol stnJUurc "'hkh 
ran be chechd l>ack nr,r.in•llho spl'<ificotiOJM nnd 
inlernally within il• own •tnrrluro \,elore prm·•·<·<l· 
ing 1<> t!oe n~ditionollnhor nf writing in•lru<li"n' 
in a high· or lew-lovd pro¡;rnrnming lonb--uagc_ 

Thcre m<~y ho oxc~ption•. ho"'"''"'· to thc wril-e--
no-inslruction• role. On~ ¡, when sorne novel problom 
mu•t 00 •olvod ot the prob7ommin~ len! Lo """'" 
thot the d•·•i¡:n lovcl >lruchH <' ¡, ~ nrKahlc. 11 nothor 
i• rei'-<•rnlion, in which ponlrh "'" occurling in a 
lntcr •la¡;<• h.O>C to he f<•d back nnd n<«'-«Mily 
'"""' chanG•• in an earhor •ln¡;e. -

GUAGESI. !>l"<lcm I"~I:<Ommin~ p<~<li<'"- Althou~h lh<"~ 
• P"MCT WOR• BO(I<. OR C"ll D!VH orM!ril fOtDER: proctice• hov~ hoon widely di.cu'"L"d in tloe lit<r· 
• !ORII<l REVIlW, PlE~~[VI[W, lTC: nlure, l!ollon' h•d 1<> drnp nr.o-lhird of th•• <'011\· 
• DOcu•.<E<Ht,TIO~-E G. IIIF'O pnnic• he •lnol••d out to "U"'<',\' Locou.ge tll<'y hnd 
¡M¡,,,y Uf lii!S{ P~AGTICES C/,RRV li!ROUI;HIO OH HAVE net even concicl«ed usin~, tl.om, lit "anol di•· 

IHEIR COU.'il[RPMT IN THE ll[IT SIAGt 1 " " 
cus.iono, mono¡:ors comploin !rom the podium tt.ol 

'· PROGflA\'U"G progrommcro <e•i•t the now idea•. while pro¡:rom· 
• \'ARIOUS ll\'HS Of PROGr.~'.<MING tAtJGU/,G(S: m~rs rclort !rom the floor lhol mano¡:tt3 or~ too 
o SIRUCI UR!O rROr,R•.I.'.t.<lr.'G tOR COOING' lar from the nit ty pi! !y lo '""l<Hland the pr,.hlom. 
• li;HW.'~l OR "llf IJ(JC\Ir'IN//,IION. One con only concludo thnt '""'" ¡wopl" nerd 
• SIFWCIIIREU WAIK· TIIROUGH. OR CUOi ~lVIEW. furthcr inlorno•tron ahout m"Jorn pro~romming 
• DEBUGGI-~G 

proclice•. 
~ V!RrFtCATIO~ A\0 JESII.'IG. Tahle 2 do fine• the eore practico• bdeny lth~ 

• COh"<CJ!I!SS !10 Srt:CifltJ. ;OONSI. main puT]>Ose 1>! this orlid~. nher oll, is to ••l~bli•h 
• RElllB'lLIV ti N USER !lt;¡RO'·"!~ll. the nN"d for ~nd the volue ol tho'" tP<h01iq<~~•. Ml 
•IO~t;"NllSllliG , , · " , ;· ; , lo e ucidolr l wm muelo" 1. <>t t •• <[ putpn>t• 1 >< • AUTD'.!AIEOAIO.I. 

pracll«"' uro rdt•rencod, In atlohtio<l, Fm•mnn nncl 
6 PH\fDF\'I~flCé·" Wassermon hove annnto[¡·<l 10 fulll••n¡~th bn"h 

• rmcr¡•;cv. 11\1[. M[~'ORYSOl[ on ''ariou• a•p<-<ls ol -•ohwort" do;ign in theit 
• a~<liJY !ul<lriaL" Tho¡.- nlso roprintNI 24 o! th~ mor~ u"'lul 
, <D.<fa~-lllY. FlD'BIUIY. "CRIA8rUTY popen. 

O•!...,lll'\ ~~O ~"'w:~~CE &veroll•lflh ore le-o new lo he list.-<l by Fn<·man 

o NSr~•. ~- TROGRMI~ t1G !~ROn rORil[CJIO'I, ond 1\'o"errnon. Tnu<\\ottlw"<" '·olnme. prn<lnco•J 
• ~~·.~·UPMI"GOR!'<H'.\(UJ[Nl Rl lho J•t J'ropcl<inn ].,.h~··I•"Y uodrr D 1'-.'/\S,\ 

€ontroct, rovr" th• d,., ol"l'ln'''" <lo~"" o! T•bl~ 1 a CO'.-fi[;•JIMIION Vl~•Gf"t~l 
nnd th• p<O~romr~io~ prodin·• of T•blr ~ lund 

• P~S[tt•;•::; Al V:.OrOUS Sl~~~~ ,...,~SI FUAIHIR ··~th,•ro) in ~ ')•lematir rnonno•r. llu~:h••• 'kn~ 
r.., .. ,~F~ 
r"''~lt'' "'"""''"'· • rl1l',"l o <l','l Hlll lo'l-'"" A~II/'1\IH'I lllllt/ > 

Mkhtnm" ,.,,,.,., n •~""'"'¡"'/ n.-orn·~<·t fr.-1.1 ·I"P' 
ol .. wn ,¡,.,.,.,.,1'""'0[, ,, ' '" 1 "' ,.,¡ 1""~' ...... ,; .. ,:. ,, ''1' 
'""' ,..frrwH"'"', ,,.,¡ ··1' '" '"'' .t ,.,¡~ rl,,..,~¡,, hrro 
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al><> tn•ot _,lrudm,.-J p.-ogrotnmitl~ in thr"" cmnmon 
longuo¡;o•· Cnbol. Fortran, ond I'IJ!. 

Th& 000 vlow 

Thc Orporlrm•nt ol Oolon•.•• ho, token >tepo to 

<•ncoura¡;o """" <·lft·ni,·o snll"""' ¡•nginoerin¡;. fnr 
exomple, a J!l7G diroctrve prm·id<d ~'1JiddiM• 
intend"d to oroatP • discipline nf _,.,¡,"&ro engiru•<r· 
in¡:." f:orlitr, in ~!Rt<h 197~. Lhe Arrny Cnmputer 
Syslems Cnmm•nd and the Air rorre Romo Air 
IJ.-elopmonl C:rntor jointly 'l'""'"'"d ~ ontltroet 
with IRM Í<"dr·rnl S¡·,torn• !Jivhion to dC>C"UmoM 
<•vorythinr, thnt wos ~nown ohr,rl <1,--uctured pr<>­
¡:TOtnmin~ toclorrnlor,y. Thi• r•ffnrt re•uiW In a 
15-volumo <orio•.·• 

q 

J!owo"'"'· it ¡, drlfieult fnr non ¡., dirlate ju•t 
how rontro<t"'" will ¡:o thr<>u¡:h Lhe do<ign ond 
dHdoprnon\ pl<><"o.-. 1! d"<'• MI ~lt«npl lo do "" 
for hdrdwaro. lt.< ¡oro¡><•r <phor• i< to ~<tob]i,h 
end¡>roducl «•quirom<•nl '· 

FnrluMLr•ly, 1 ntnnlwr ol n"'j"r so[l"·ar~ con· 
tro.-Lur_, ~'"'" "''Pn<l<iod lo tho' lrnlh•n¡:o o/ rnC<lern 
pro~'l'nmmin~ prncti«·s ·•nd n.,. cro•,,t<-d dr<ci~4n<d 
dootlnpmt•nt P'"'-'''''"'· La~ing •d•·•nto¡;o ol the 
now woctkr. in various way• • ...:nt m>n¡· pMpl~ in 
th~ rl<•fonso commuoity di<ogr<·o nn the ~<n.,•t 
\'alue olt~o'< P'"""'"' loday. 

J'rubleon• rco»nin. Tloorc ¡, .<Lill the probiom of 
¡¡r•tLi<>o; controrlors lo pro~r«s frnm whore thoy 
••~ to tho •nftw~re on¡;moenng sysl<'m th4\ rach 
one thinks is hcot or, perhap<, lo th~ <y<tem h~ 

l&blo ~- Somo dollniLLons ol m Moro P• ogrommlog prac Lloos_ 

lo "e"" '" rooodon•hon P•o~•m• on lL<g< P<~«". ~·~11 
soggo.r'<! LL>t "" oL '"'"'' e.l<!l ~-'~"' b, •• osPt<»IY <.>~»:,!' 
<>iotL po-og,,..,.,, ~"" ~ould !)e,,.;.,,~ br <r>.ri!L.oLs ur <'<~ 
Lu•<Lor>n "''"'Q Lo '"P""'I ~'"" B<o:>" <'J"CIO!•I«l " •• 1h0 
'""'~'"''"'" .. Coo<d•"~''" wou!;l lo< "'' r""""" OL '"' <h••l 
P<togfJO"'"' '"""'· lOu· reo,¡rog 11>• numt><L DI m,nd> on\'Ol"O oo 

~'"''" ""'"'"""'''" ,,, ''"'"" ''"'" '" 

O.. ol 1,,, l"m ln<m'""' '' '"' 1:.->ruo '" " "'""""b!e !<>r 
, .. r:o-~··..,"9 """'"'' '·"'"'· '""'"""'9 t>olh "'""'""" >nd 
~""'"'" '"d'"'' "''""'' 1 nos fun[Joon MIO< 10 lron<loom ~'"Y""'" 
nunr¡ ··nom • """" "" lo ruour """'" .. 

100 00\'IIJI)[V(lQPI.'[LH' 

Onco "Q""'"''"" ••• l·.rn-~o uo '"' <!<"''""""'"' Of<>«" 
d«<mPOS<" lil< "'"""'"' "'""' •"O' "'"' oll<>·~· <n l l><t· 
'""' b<go.,..og 01 lil< IOf> ,,_, ~'""'O) ••~• '"' ~Oo<IIOV<I" 

'""" ""'º"""· ''""'' •"" "'"'"'"'""' """' '"''· ''''"9 '"'b' "''" """'"'' "''' •• "'"d'" lO<'""" ""' """' , ............. ,-od, 
•M so on 

Jo "al.>'' 1"' '"''" "'""' mio •RII""'""'"' to>'tl'""- '"'" 
-·~"'"""'"''te 1> ~"'' ~"" o1"'" on '"'""" "'l"'-"' '"" 
............ .., "'1 " .. """'""'"' .. '"' ~ ..... ., "'""'" "'"''"'' 
., """' mt<lof" \'.'.Jh "'" mnaul< '""""'' '"'!""' '""""" 
1" ""'""' rndop<n~'"' mM"'" t><comr "'"' Lo"" "" ono 
''"' '"'"0' '~" "''" ,,,., .. ,,:,, "'"""'" 

SIRUCTURW OESLGN'' 

St<ucl'"" ""'l" ,, • "' 01 '""""~"" '"' "''""9 "' corn 
,..,.,.,, "' '"~' nr~ P'""''"" O¡ ""''"' 10fon tnlo ''~"'""'"' 
ow.ln'e\ W"""i ~"" ""'"'' "'"" "'"'·" '"' 0'"1""""'"" 
f~10. (<O"g "" .ro~ """'''' ,, ''""'"" r1 """'"'' ~.JO monlm r1 

rl<"' on oto" '""'""' or "" '"'"' <¡>1<~ 1 '""'"·'''"~ o11orl 
'" '"'' ~'''"''""'"'e''"'' .od Q<r.>l•l¡ ''"" """"' ""'' 
M"''"'. lo ro. "leot IOJL lOo '":"'"""' m<\1u'" "' 0<1-'L>tl'o 

'"''"'' ''"'"'' "" ~· r~>~OP<-1 ~"' ''" ot«< '"' '<'~ rOdo 

PROGRAM O[SLGN l"IGUACf""" 

'"''~ .. too '"'""-''•tilO .. ¡,..., ~'"' k: "''"""'' P'o¡t.rn 
,..~ ""''!l" Llo~u.>g'' ''"" :o com.., • .-_.,, ,,..., ""'"' o' ,,. 

""w'" ""'l"" •' """""'' ""'''- u1ong • '"'"'''"' "'""""" 
,.,.,., oP Engl.sh "•"''""" <JI "' poO,¡•n [ ngr,.n o• '"""' '''" 

OO<•¡n ollorl< '"'"'"''' 0'"""" "'"'" ~<rilon mJI<r~l- "~""' 
"M•. '''''"'''""' <rr>or" T>o ,,~1 ~ 10 ""'"'' '"" "'~'"'" o1 
lO •• lo lie '"" ol "·"~' "1 "'"' """ ro lnow ''"' ",,,,._,,... 

'"' "'""" 
Tnl• pl<l dorum<nir""" ~"' '"'''"''' "'"""~"" '"""" ol 

""""'"' "'"" >no '"' '""''PD"'·"1 '"'"' "'"' ,., ""'~'' cw<> 
l~o hi<:<J«t•y '""'" > «t ol Olork' '""'" to'" D'Q'"''"'" 
<fu• l. <hOw•n¡ "'" '""''·'" and r:s a,.,,,on '"'" '"h'""''''"' •"' 

'"" '"""''"" ..- '"~'"""'""' '" "';10' '"''"' "'''t>''l '"''' '""''~ ,..;.w Lo lhe -• d~,..,., IOo;J•o 4<"1J" '"'"' 1"' "'""" >".3 

"''"'" "Hl '"' "'"'""' "'"'"'l """"' 11 IM ll<f'O '"''" '"~­
'""' '" an>f1Qo0 '" • ~''''""' '"' '"'·"'Q"'' "" or '"" <O 

" 0"Ph•"LI r ~OC""""' IOP ~own Oe~ogn or '"""""~ ""'qn 

S TRUCTU~ED rRQG~A',l \1 IL~C '' " 

Jo oo"->nce "r·J•O'"''I '""' "'-''"'''""1>"' ' 1><"'1""' ~ ''"'""-"' 
,. "''' "•-1~)'< '''" p<O<r<O> l•om t;r,¡on.,-.¡ 10 ""' "''·'"' 
0<~•1<><1 "''"'"'"'l Tn,, '""'~"" " "-'"" on 1"' ,.,..,.,, ,,., 

on, f>t>:J'•m ~.:n """ '""' ''" "'" '"' "' '" '"'"''"""' '""" 
'"''' '"'" <Oolf<M "'"""'" SLOU" '1 '1 1"1' "<r , '"" 00 ~" L< 

11" '"""!1'"' lo'"'''"""""'" or '""'~"' I<>J" '"""'""' "~"" o"'r 
"' ·'"' ''01, bur'doog oror:k• 

ST ~UCTU~fD 1\'Al K·\ ><~OUGII '" 

t•• "'""""'' ~···· ,_..,g. ,,.,.,,.,.,., ""'" ,.. .... ,-~. ~ 
1"' rM M•"l·' "' ~· ~·•" ''1"'1-<.>nl n-.:u.lo<"'""' 

• ¡,, ""'"" 1 ''"'"e In"~'"'",,'"·'"_,,.,'"" 10. "'"'" 
... '"""''"'""-' ''""" 001 "'''" "'"' '"'"'"·'•1'"" _\ """ "'''""'" ""'"' ,.,,.,. 
• ''·" nr~ ''""1" '"" 1""'" """""'' P<·"'" ,., O'"''"'' '" 
"""'"''"'""'''' '·'''"'"'• ""' ""'~"' ''" "'•'d'" ~-·'· ,,, ... ". 
• '"" •me""'''" "' '"''"" •• •" ,.,,.. "cW<·"" '"' '" •• 
.. ~ '"'''' or>OOO"~"< lO< <"W0o'CI<'"" ··~~"' """' ""' ________ .. _ 
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Lhink• the ~ovi-rnnwnt wnuld like hirn tn u•~- And 
"'""ninr: mOOorn pro¡:ramrnin¡: prn<tk« •• o 
¡:roup a<e r·ff.,..tiv~. ¡¡,.,~ io the hrrth<r problcm 
ol d~t.ermi,in¡: jtn\ "'hirh prortiro• ar~ moM 
suitnb!e ;, pOrtir.,lnr opplirotion•. Ancl inn,murh 
•• modern pro¡;rort1min¡; proctiu·• ,.,,,\ bud¡;el 
mnncy, tftoro is th•• Jllüblo·m ol litHiin~ ouc "'hirh 
o""' oro mo'\ cosl~·Ur..;\i,·o Titore ¡, tho prublom­
i• ;oll,.·nro ongine<•ring •ufficiently moture lo be 
roody lor standnrcliutinn? ~\any oboo,_.,, Lhinlr 
thoto i• oti!l much to ¡, . .,.,n and or¡;aniurtinn• should 
continuo lor sm"o l1me yet lo ••r•·rimo•nl .. tth no·w 
h•chrri<¡uo;, 

S"ll""'" Molpl• One rleM ,,,.,,.J i• lor more 
dato nn !he ,0[\w" ro olev<•loptn•nt j!t<>CO!!. To me<-\ 
thi• net"d. the Air Fmce is >eltin~ up throu¡;h the 
1\omo Air Donloprnont Cont.er a soltworo anal¡·•i• 
r·onlo·r." 11 i• In 1:•ther pro~mtn dO>olupmcnl 
•Lnll'lic• tn tordr·r l<> dotormint• tho faclors lhat 
inn<Jonee tia• l'"'dt>rli"ity o! P'"~""''"'"'" and thc 
co•L o! wfl"-ar~ rlo•v:•]upmonl •nd rn•inl~nanco. A 
oovmd la>k ;, lo "nrlo•rstand the notutc, eau.o•. 
ond offoct• el >oft,.orc failurc•- Tn accompli•h 
thc>e purposcs. it oppca" lhal •<>me ddinilion~ 
.,.;n ha,·e Lo be harnmr•r<-d out Lo molte doto !rom 
,.,,¡,., s or¡;ani>nl inns n•mparnl.olo. 

Corrdnlinn,, Onr• woy lo ostololi•lr lhe valuo of 
m••lorn progrnmmin~ practico• i• tn clo <orrdotion 
•tu<lio•. Such studie.• otlornpl lo owrdotc ene or 
•noro prowantmin¡: pm<tiroo ogoin•L ,-~•iou• mea•· 
""'" <ol lho cffo·cti•·•-"'''" o! tloo •oflw•ro dovelop­
ntont 1'""'''"'· suelo'"'""· o·tlor<, ""'\ pro~'tammor 
-l'"'~uclivtly. IL wto<Jld lw inl<·t<·,lin¡: tro know o! 
"""'" o! lhe procLi< ''-' ""' mor e di" Li><• thnn olhcrs. 
In on ott~mpt to onswo·r this kind ol <¡Ul•<tion, lhe 
l!oom~ Air Dcnl"l""''"' Cenlor rnmrr.i>'ionod a 
"'""""' ol 'lmlio•. tht<'t' o! \\'hic~ "''"'" rt·¡>Ort<-d lo 
CO,\!I'COJL; F"ll 71. 

Cn>l n·\ntimo, Tlw lir>t >tuJy, by n,,.ht•l Blnck 

o! Brn•in¡~. "'""""'" the ofl<•<l' ~r rnoclcrn P'"" 
¡:ru 111min¡; proctio·c• on ,.,¡¡"'ore cl<•vdupmon! co•t• 
lor ti,·e ¡>rOÍt•rts o! l!""in¡: Cnnoput~r Sonices:• 

l!u"'"''"'· 1"'0 of the proÍ'-""l• "'"'" ''"'·'' •moll, >O 
in,.¡ • .,. o! Lk hdio·f lhot P"><lmtivity on >moll 
pro•jo·<"ls ¡, hi¡:hly <IPp••mtont un tho indimhml• 
it"r>\vNI, t\u· !!''Llil< lr<•nl tia-"• twu I""Í<'I'lS lu"O 
hocn o·limin"t.•ol lt<11n tlw dut'' '"""""'¡,.,,¡ l,.·tt•. 

'fho \rey corrop.ui•on """ "'"M het"""" m•n· 
rnonlh' fot tho pr!ljo·r·ts "' lo""'"'tccl hy ll.-..in¡:"• 
tr•ditionol o·<timotin¡; ¡.ror<'dur<· und '"•nmo.,th• 
a<'lnnl!y """'""'· 'lloo tondilio>r>alp!!>rodua•s, .oíd 
¡,. l""liot ''"" "'thin.! ¡~, ¡~·ro·<·nt, h.><l llol """'"'~1 
ti"'"'" o!"'"'''''" 1"""""""'"1: t"·'rtins lluw· 
<""''• tho prnjo~·r.. '" ''"'<uled. did O'III]>I"J' o '"rio•\y 
ol h~W prarlil'!•< 

'l'h~ ¡:<'no·r~l r·!loct el u•in~ mo~],•rn l''"b"ommin~ 
pr•o·ric<'< "'"' p<~<lli>e. a' <ho"'n in 1-'i~''"" l. Tho 
o\<·r,o1:e ''"1'""''""''" uf lho· thro''l''"Í"'t<, l'<·i¡:ht••l 
¡,., ,¡,_,._"" n 1 .. " ,.,.,_ Thi• ¡,_,,,,. "'!'"'"'"'' llw 
,¡,¡¡,.,,.,,,. ,,.,,.,.,.,, ¡¡,, ""''''"' "'""""'"'h' ,¡,d 

',.¡,,,,, '"'" 

Bocing found modcm progrnmming prndkl's 
rcduccd llclttul cm;ts uvcr furcc11~t ro~l~ U.Y 7:! 
pcrccnt. 

tho "ctu•l rn""""'nth•. di,iclod ·.,y the IDn·ca•t 
rt»nmonlh>. 

Th~ pr•ctk<• omploynt on the thr.-., projod• or• 
listed in Tal.ol~ 3 in the orclor ol lllock's .,lima\~ 
of their in>po<l en co•t. !t d,,.,, op¡><'or thol >ome 
proclice• ar~ !Mt<· rffocli,·o lhon others on \be ro'\ 
dimension 

Tho•e thr<•o projrc", •• woll oo tho two 'mnllor 
proj<-<1• prr•vinu,]y rli,.·nrd,·d, oloo utili•~d lop­
rlown do'L¡;n l•·dmi•¡ue•, ;lructut'"i pn•¡:;rnmming. 
and prog-.-.mmin¡: "'pp<>rt tooh ond lihrario•­
llrcouselhe '"''o smuller P'•i<-<t• ~od sho"n lolllc 
impto\'Or.tonl using tho'e le<hniqu•·•. lllock hod 
diminn\c•d thc>n ·'·' contoihutnt.< to lhe hellr·li" thc 
thr<'O lm~er pmjo•o·t< ,<chi<•H<I-problli>l,,· """'i><·ly, 
I!UWC\'Cf, ber inlo·r>i<·W> "'ith t•'''joct P''"Orotool 
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Toblo 3. Moc!orn p<Ogummlng procllcu uood on lhroo 
Boelng prc)o<lo (llolo~ In ord" cllmpocl on cool~ 

PRACIICES ASSOCIAiiD WoiH PAOGN~ ~A~AGEAS" MAt;AGE 
M(NI MEIHODS 1USEO BV lll Jk~E! PAOJECISI 

WAinf,TAS> OSSIGrlVE'IS 
fORMAl CU>IO'IlR A['."O!WS 
EMLV OOCU'I[".!>!OON 
U~IT Q(V(lOPii'o( fOIOlRS Jf"l)Gl\lM"lAS" "''OA>BOO•I 
NSIG~ Rf'/I[W I~IOR 10 CDOI~G (STAUCIUREO W•t•· 
IH•JUG~I 

1 ORr.<Ol lES m·~ iUS! O 8~ J\1"0 lA%[R PROJLCJ S ONt VI 
CO,,STRUCIION Pll·""'"" ¡a;CLUOI"G PthN,":tJO COA INTE· 

GfiAIIQ'I A'(J I~·.CJIDI,AllESll%1 
CODE V[;11FICA JIV'I (fE EA COOE REVtHISI 
ACCEPW;C[ T!SJit¡¡; (fOMI•t DEIID"ISliLUIONI 
FUNCTIO''"l JEST""G 
CO~JACL Cf 1{51 IIOIEP•<LS 

to"lfiGUi'.lliO'; !.'<'i<GW[•, 1 JUSEO 6Y rilO VJIG(A AAO.IECIS 
ONLY! 

HSEUIING 
PilOtllEM AEf'!lRIING 
CHANGE CO>.IADl OOMO 

t~v~aled uniwtsal po.ilive [,..,]ings about rhe 
off <'<CLiHne., o! lop·down dosicn h>chniquos: 

ProLaLJy !~<· imptovod cu<tomor/pm¡e<:t ond 
intro·ptnjec! comnmn.culion ~itod hy out intot· 
,.¡""'"'''"'o «nJ•,equonrc uf top rlown rl•••i¡¡n has 
¡¡,primo< y IO<•m·lil i" ,.,lnbli,hin¡; u ><<Hml ¡,,.,. 
for lormoii<""<IÍ~>J:. In porticrdur. lwo nlthe pro­
¡:ram ""no¡:<" ini<"""Í<Y.<"<l fdt lh•t their t.est· 
rn¡; acti•ilie' 1"'><:<·<-d<•rl moro 'moothly. and that 
fo"·or error> ,.,, . .,. di•nwor<<l <lurinr. t•·<tin¡: •• a 
dir<"<t t<•m!t o! the lo¡> down d<·<i¡;n h·drnique• 
thoy omplo¡-<·d. For In, k o! ;uppoortin¡¡ dntn in 
lh"rs >ludy, "" ""' only con<h<Jo 11<•1 lhe co" 
henel<l< o! !np duwn do·<ign '"·'Y HO( ¡,.. <·vidont 
Ut<ti) O >UJLV.nr<• ')"'(o·m is Ín "P<""<IIOH tond 
tnnint<·nRnco. 

On thc other l<on<l. lh~ nbsonrr- o! a positivo 
rorrol.otion l><t"·'"'"" t~>o<h7n pro¡;romrnin¡: jlfB<Ii<cs 
~nd cost on u,. tw<> •m~ll~r projo<to woo more 
lihly the r<•sull <>f the idiosyncroci~• ~r """11 
¡•r~jt"<"IO lhun ir wn• o! •.he ~m¡olrrvmonl <o[ tnp<lo"n 
tlt·>i¡;n prnctir~•. Th<• J><"ili••• < <Ortrlnlion• f<>und 
on tlot• thn-o brr.<·t l<<"j<•<l.<, ,.111eh nlw u•.od top· 
down dt""!."' nnd tbn other ••·r·hn<qu~o. is more 
l""""~srv•. 

llln<k aho ~t!~<ropt<"l lo mco,urc !he impH<L of 
rnt>dr·rn pro¡:r~mrnlnr: proctices on thc per<<n<~¡:• 
di•lrihution of "'"" over th~ !our n>oin proj<"<l 
phosos u"<l Ly u,.,;.,¡:, 

• d<·finit<on lcs>o·"(iull.v r<·quir<·mor¡tS Rnd sp<"<Í· 
f«olionsl 

o ¡(<·,i¡;n 
o con""'ctinn '""ILO<] .. , co>din¡Í. inte¡;r~olioJn, and 

funr<io>nal ,,.,tin¡:l 
o d<""""'·'''"t">n lne<"o·¡>tunc.• h•<tin~ unrl io.,oll· 

ati•mJ. 

Tire rc<ulto, '""'"'"ri«"<l lor lhc thn•• proj<'<"l• 
in Fi¡...,re 2. •ho,.o·d lhot ««lo,.,.,.,. ,)r[f!o·d into 
curlin ,l.,¡;cs L¡• ti,""'" <o[ m<xlern ¡orn¡•.r~oruming 

pr•<ticu. Unfortunat<'ly for lhe otudy de•i¡:n. 
Aoein¡¡ in<ludod both c<><lin¡: •nd t<'stmg in tho 
thitd M•gc. conotructwn. C"n!c·q"<•ntly. tht• ,¡,¡¡¡ 
lo tho Ioft '"'"' 1, . ., morkod thnn il might h"'" l,.,n 
H t••t cooto w<re brok<o cut •opara"']y. 

Ptogromming •tandordo. En <he firot of two 
rdot.od 01 udieo. Bro"n" int<"rde,.·ed • ero" wction 
of manag~mei>t ond p<-rformer rcroonnel on ")"I!W"o 
V<tY lor~e bollJ>tJc·mi,il<··dofen•e pro¡:rorr>~ning 
projo<t • ., well •·• koy ;tal( l'""otmel out,[de <he 
projc<t. Thi; '"'""Y CO\"<·rr.i !loe imr•ct o( 1~ <le· 
t~il•>d pro¡;tommJng ,lan<IMdO (e¡: .• stnJClur«l 
coding) on JO chor•<tcri•tk• of soflworo ot th 
devolopmont P'"'"" !P ~ .• ron. o<h.-dule. or pro­
I,'Tammot pt<>ducth·ityl. Thot <nade a matm o! 5t0 
relotion•hip•. eaoh of "hith wa. cot~gotirod ovot 
oome nino levo], o( combined influence at<d """'" 
!ion otrcngth lrom vr•ry ;tr'<ng po>Íl!\"O lo wry 
strong J<cgotive However. O pcr<eol of thc <•10 
Í1<let><<·titon• wcre ],bef,.J imldforcnt or inco~dn>i,·P. 
implyin~ r·ithor that tho'<• reolly """' very li«le 
re]ationohip betw .. o theoe •·•·i•ble• or that the 
intN•·i••w'""' were ignoront ol thom. 

' ' 

As alrriol summary of sorne o! Brown"s fJttding•. 
!our of the mote sicnilirant row• ]«·pro.•ct><i!lg 
voriou' codin~ sla<nlnrd•l und >oven of tho "''"" 
mt•il ni<w.lul coiOJmns i''"l"'"""" r in~ '">'IOLJ., ,,,¡¡·¡, •'' ' 
chntto<t<•ri•tie<l hove bt•••n hr"u~lot l"f.<ll«•r in 
Tobl<• ~- llruwn'; r•lin¡~• f•trung I>O><live. ¡,, 
e>ompl<•. rno.1n• slronr, "'"·r<inn, pM<Ii•·• inn<Jr"t\Ct') 
'""'" comwtod lo woightod into~~" !>lron¡; P""" 
li~•"' +3). both for <imp],rity and to porrnit lho 
,·a!oes to ¡.., •umm<'d ocrm• th<• rows Thus. r<"nine 
<Í« or tncorlul.rity ;s rol.,l<·d Lo¡¡,,"'"'" ,,¡twor<• 
chotnt·i<-ri,tir< tor tho d<•¡;I<"' "( [<7 ¡oercont ,,¡ the 
maxinmm ¡w,;tivc rating. lt i< rol.<l<"d lo Jlll 30 
softwnro rlo<rract<·tisl«s ltwt ;]wwn Í« ToLir• 41 
only lo th~ <~."¡;roe of 28 porct·nr. This drop i• nct 
supri<Ín(l. ,[n<e tho '"'"'"" colomms. \\tlh nn• 
~x<eption. "·•r• sok"Cted 10 >how the ;tmn¡:« 
rel•<ionshipo. S<rurturod codrn¡:. y,hich """ not 
_.troo¡:ly <Orrcl•tM. """' irrclud<'d as a rnatl<·r o! 
¡"''"''"·''· >in«• Íl« """o! tlw "'"" l"'"li<o<. 

Slrti<"(Hr<"d r·odmg "'""~•·<] >lrun¡¡ ((·elmr.s olt tho 
par! ol n,. inler\'Íewt"'' Ovr•r~<ll it Ood 18 positivo 
rnlill¡;< (ov<·tro¡:c +1.71 nnd .'t"\t"r> n<"~otivr· rntin¡:s 
(owto¡:e -2 H61. As Bw" n poin<~d out. lhi• "·u 
sm·on out of ~ lotol o( nnly 17 no¡;alh·e ••<in~S in 
the "h"l~ '"""0)". He[,.]¡ that it ··;ndicalo' h rol•· 
,¡,·dy uun •i~w of ;truct"rr·d n~ling on !he pnrl o! 
(proj<"<tlp<"«otmel."" 

'"llo"<"V<"t."" 1,., wot>l ""· '"tloete ¡<re '""'" 1!'"-d 
"""'"'" f<>r tlm tobo tlw '"''""· Fir«. tho ''""'brd 
Wh> nol <·<(>liritlv d<'!on~d nnd r·nfnrc<-d \lnl\l ol«H<>I 
1 wo _.,,;,, nltor ¡i 11 • prr~jrctll "·r-n n. ""d t!,., "''1"·,,. 
menl '" r<"'lrut<ur~ ,.,;,linK,.,.(,."'"' frlt '" !x­
""" " Ir• r 1' n~l u el ¡, .,. . .\ l "''""'"'" ' . " ' i t i n ~ '' r u rl '" ··d 
"',.¡,. <n '(dl>lbrd J'utlr"n ;, •'"''"'"d nnd itt<ro•l,u.-1 
"""'' ir.<Ui<·iond•·• in <"Otr· ,.n•l '""'·u<irrn \1nw tHok• 
ing ir ,¡,¡¡;wlt tu'"''"!\·,¡,.,,..,,¡¡,~ ,.,1,,..,, . .,,, 
lo,·i••d on (1,.. r.•al·lin;,. ,oft"F<ro. ¡.-,,nll¡. i<ho· 
projool) hno not ;et m<ch<·d <lot• phO>o duri"~ 
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Fl~uro 2. Fo'oc"l oo•t diO\!Ibullo~ •hl\!5 lo e&r!lor ph'"' who~ modom programmlng pro<II005 ••• omployod (.,orogo ol 
IJ><oo proloo"l· 

Toblo 4. llolo!lon>hlp ot •oloclod pro~··mmlng >IOndord• ond 
••!!waro choroclo•l"lc• (11~>• 1 R\"1 >lodt~ 

SOflWlRE CHARACHRrSlrtS 

p~QGRA•I~.IIIG coot caur 
CO~IIIG 

SIA~"OMOS COUE utrClRS]!.tW IML~If.IN· IESTABIUlV OPE~AIIO~AL H\RQR 
i"~OGILAJII¡[R 

AUUITAI<ILIIY ABtlili/ MIIIIV/ ~(IIAB>lLIV PII(J()UCTI\"IIY 
REAOABIUIV US/.lllli)V 

fREOU[~[.Y 

- - ------
Roum;¡ srn . ' . ' ,, 
(t.IOO\Il '-"L 1 vo " " 

., o -
IN \11;[ Cl)~M/[~;l~RV ., .. .. .. .. ., o 

---
S TllUCI UR! O C00''•G . ' ., o ,, 

" o _, 
---

N<hiLfiG ., ' " " CONV[NIION 

.. hi<h lh<. mojor l>omo·f•L• ~r slruclu'<>d pw~.,.nm· 
m.it~~ h• .. imr"""l u· .. dohi~ly and mmnl~¡,..,¡,;¡,lyl 
~ o·r< o• 'joecled lo he r<'IIJH<\."" 

(In ,¡,,. oelatir,.,,¡,¡l"· ¡,.two·en <o>díng ,¡ 11 noll.nl• 
ond t\w di."•""U·mli<"" ni,.,,,_ 'chedcrlc•, ""'1 !""" 
!:""'"""'' l""·ducti\·ity. lho •lucly '"''" l~n-thiul• 
incondusivo omi oO\o-lhird no~oti\e_ TI10L ;,, ob<ml 
'"" rhi«h ni the inl<ro<'<ti<"" for lh<><' <A"~~ri<·• 
"""' I<>IK•\,•d ""'"nclu•i'o "' inclillerent. Tho ,.,.. 
moinit~~ o>no third ~r th<· int<·<>e<liuns ~-•·« mo" l.v 
no•golho. sho~in~ Lho lul\o~ing net ¡><•rc,•nto¡:<·-= 

l'rn¡:rommor 
P•oOuctivity 

+ 7 p«c.·n\ 

.. .. ., " 

l'erh•r• lho n•uono lor lhe poor •llowln¡: on lhese 
ehnractori>ti<• nre r.imil•r to lhosc quowd obnve 
un '\ruC(uood co.din~. 

lt> •um111oliun. the nver;oll "''i¡;hlo•d r"tinr;• fur 
lB P'"b"'mmin¡; •l11ndnrds """''"\ JI) ,.,flwnro 
chnroctemli<" wo·ro ~9 por«"nl¡,,,;Uv<•. ~.; po«·cnt 
indiffcronl or inco"'clu•i•·o, and r, porront ~>ccolivc. 

In oddition. \WU h'l>"th""'" wo•n• tr.tt-d_ The 
¡¡,,¡ i• thal¡""~'""'m'"~ ¡;o .. d•~-un><~1orinn ~nd 
.-odin~¡ "'"ntl01d•. if ri~"'""'l)· ddin<•<l. ·""'I~•Ml­
irelly onltHO<"d. nnd <uppur(o·d hy ""'('· hdp lo 
mnk•• pu"i~l<• lh<• )Ho>dut ¡;.,, <>1 ,nft "-,..,. ni hi¡;l-.r•r 
lloon "'""¡ o¡uoiil). Tu t[,j, f>r<•()<hili•"' tlw>-<' inter­
vie~•·d "~"·,•d 8:0 P''r<"<·nl. dis;o¡;m·<l l ('Nl<'Ol. ond 
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didn 't know ll r<•rcrnt. To lh~ """'r>d h~'p<>LhMi•­
i~-. that the•e stond•rd• h.!¡> to mok~ fNl"ible 
the productíon ol <olt~arr "' low..,- thHn u)ual 
cn•t-th"'e int<H"io·"·•·d ogn•t•d only 28 porco•nt. 
di<Dgtood ~O pacen[, ond didn"L know 22 perccnt. 

MPP lml"'ct. 'Ir.• .. .:tmd TRW .-·oluation •urvey 
¡;onerotf'<l a matnx o[ JI '""dc•m proh'l"ommin~ 
procUre• n¡:oin't 12 'nftwore problem•. mol<ing 
\32 mto,.ocllon• in oll. ln th"" study ¡><·rsonnel 
wrre ••kf'<l t<> respnnd on both an acr~o/ ond a 
rh•DrNiral bo <iS. The tht•orolicat res pon o<< showf'<l 
a higloer dogroe ol ro·lotinn,hip th.1n the n<[LJ.,] by 
1 woight<•d mar¡;in ni hettor ¡¡,..,, 3 to 2. lt> nddi· 
tion, the ""indillerent'" or '"incMrlu•i•·••· intor>ec· 
tíons dropped from 40 to ei¡;ht. 01 the 40 indiller· 
rnt or inc<mdu<ive inlorsections in the a<hlnl com· 
porison, 2G wrre im·olw·~ in co;t or "h<rlLIIt' nver· 
r-uns or im·flidont ""'o/ re•ources. ogain "W¡:esting 
the interviowoes wore rurrently dubiou• i~ these 
areu. Qn a thooreti;al basi•. howot·or. thc indilfer· 
<·nl and Íncon<h>SI\"o· int .. rsectiom• to th<"'' lhroe 
.ollwarc problo•ns dr")'ped lo 1"11·•. implyitl¡\ that 
with mor< r•xporioncc. mndorn progtommiltg prac· 
tites would ha••e o •noto fat•ombl~ impact on theoe 
wol>iem•. In r~u. the rating• for lh<·•• thn·o prol>­
lom• incrt"'""d lrom '"incondu_,;v,•'" to '"modium"" 
or "'lrong l'""tivc." 

The a'WOI;I' impoa of o.>rh m•~t•rn pro¡;rammio¡; 
proctite on the twch-c ...,lt~tarc ¡oroblems Ís graph<d 

' ., o 

in F'i¡;ur~ 3. Th• tht<>TotÍ("a\ ratin¡:o oro r<>n,id<robly 
b<>tt.er. thi• time by olxmt 2 lo 1 in ~·<·ighh-d lo·rrns. 
· In flruw1,"~ own wur<lo, "Tho•ro ;, '"""~"¡;roo· 

ln<•nt amon¡: lprojocll po·"nnocl ••ln th< fnur ~11' P 
of h.,-,·Me" importan« and imp.<ct ond •<rong 
ogr<-ement on thoir telatit·~ ronkin~; 

o Rtquit<•tn<"l\to annl¡·sis and •·nl1dntion 
o flosclinin¡: of n•quiro·rnt•nls >¡><•crl<<utlon 
o Compht• preliminory d~"gn 
o Proco., d~•ign 

Thore is .<!ron¡; og¡-ccmcnt on the irnportanco ond 
p<,itive impnot of tht• ne<t lh""'' """' hi¡;hly 
rnnk..d .\II'P. but the "'lotit·o rankin¡: nmon~ thom 
i• lo• os <loar: 

o \n<remontal donlopment 
o U!titdct·o•lopm<Tll fnl<lers 
o Softwnr< <levolopmont lools 

Thcre is stron¡: a¡,7.,..,rnont on the importante ond 
pn•itít•o impoct of the lour ]o,.er '""ko-d Ml'f'. but 
lile rrl'llit·t• rankin¡: nmnro¡: th"tn i• not nt oll drur: 

o )ndr;,endcnt testing 
o Enfor!".d progromming standard• 
o Soft"-"'" conlih•urntion tnana¡:t•mo•nl 
o F'urmol in•¡x<:t1on o/ <!C>Cum<nt.tlli<•n oncl mde." 

A • lo !he ¡;ene rol ~li'P hypothesi•. tho qu<ry 
ond the ,.,ul" were u followo; l!ule• govcrninR 
soltwoi-c devclopment • .-·•loalion. and docUIOenta· 

DECAE[ Of NEGAm"[ OR f'OStll\"( ~HAllO ~SHtP 

MOOUifr l"!loti\A.t,\MiNG PAACltCE 
_, -J -2 _, o +1 +1 •l " 

1 

R!OUlR[II(t;lSA ~Al YStS AfrO V>UQAII{IN - 6 
1 

6 
1 

lfrC~EM!NUl Of VllOPM!Nl -
1 

V";~RY D!SI~N 6 
1 

~~ fOI D!RS /6 
ACIU•t 

e:,/ 1 '!.< SJI.~OlROS - j JHfO~[I¡C 
IIW(Pf',DI •JT Tf SliNO - 6 

1 
IO~~AliO" l.tMó<Gt'J!"l 6 

1 
ICUIR! M[~\5 SPECIIICA !tOfl --- - 6 

10.', Of OOCUr,•t<;a 110.~ MIO COO( j 
lOéM[N\ lOOlS SOfiW•Rt O[t"[ 

1 1 

Fl~u!O l. lho <ou•ltlbMhlpo botwun lho mc~.,n P!O~r>mmlng P"<tr<u ond tho <Ummotron o! 1ho h•o!•O oollwor• prg~lomo 
lo ol<onaor ln lho l~oorotlool cuo lhon In tho tclu<l con by oboul h•o lo ono. 
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tion. il ri¡;or<>u•l) definrd ond applied ond >UPI>Otl· 
t-d by modt·rn pro¡;-rarnmir1~ prorlin·• lt<•chnique~ 
Hnd toolsl. ""'k"l"""blt•lhc• prnJuction-

Tme ' -ol hi¡;h<·r lh•n u<ual " • " qualitv ,.,¡,~M~ )>t•rc~nl porc~nl pt•m•nl 
-of lu~<·t th.•n u•uol " " '" lile cyrlt• C'!SI ¡><rcent pt•rtenl pt•r<enl 

¡;;..," 1<lo!ion. Ü¡>erational reliaLility, documen­
t~tion errm ln•qucncy, •nd codin¡; t·rror frequoncy 
"'''" thrt't· of thc :10 _,ohwarc ,·hmnc<t·ri>[ics t•mploy­
t<l Ly Btown in hi< fht "'udy. Thc l'o'<'i¡;htt<l po,illi'C 
rankin¡;s "'''' •• follo,.~: 

Oporaliott,l rcliabHity 
Docur,,·ntalion en<>r l«·qu•·ncy: 
Codtn~ '''"" f"·quenc;·: 

31 Jl<"r<ent 
H pt•ret•nl 
31 pt•m•nt 

In hi.• st•rond "udy. he fotir1d a more pt,ili>·c rcln­
tion•hip 1~·\w<'Cn dt•,cn m.-.,-jt•rn pro¡;rammin¡: 
pracliccs and rcliability, os lnllu" s; 

Acluak 
Thcorclknl: 

57 pt·m·ut 
1:1 pcrn·tl\ 

Bclrord, llon.>boo, DnJ llcard" u<t..-J ,o(\war~ 

rtrot ~' tho <>nly cciterion in thcir •<udy uf 21 toch· 
nit·al ond fivt• "'"nagornt·nt ><>11-..ort• t·n¡;int·orin¡; 
'"'l,rique,, In tite aiJSc•nre ol firrn hi>tnrk.rl rc•nHrfs. 
<lotlu "-il' olrl<ti«<••l ~y intt•n·it•ws with '''l>l'tit•nct•J 
per50nnd. Tlw ha sic tfatn "''" m 1 "0 cnlt·¡;oneo: 

• !he pcrt·t•nlage nf lota! ,.,..,,. os\imatr-d lo 
ttccur in t•rtth o!"'''''" ¡rloa"'' <J! llw 'oflworr 
!de l',\'t'lt•, ¡,.,,.,,_,.,_un),· llw tli•,tfllrlllinn of ''""'" 
in lhc ...,,¡,. and clu'!·k<Jut ¡>hase "''" <'mployt•tl 
m this •lutly: 
• the pruhahility ol dote<:tion nf t·ach o! th~ 
tweh·c ''""' lJ'I"'' hy t·.,ch ni ti«• 26 •oft"·orc 
t'nh~noorin¡: tcrhni•¡U<''· 

This in\e"·i,•w ,¡,¡,. "'"' l"'"''''"'d lo ol¡lnin ¡.,J.,~ 
nurnbers raur.in~ lrom O tn 75. Thc•o nt"nbets 
índitat.e the dl<'<1.i,·enc" uf ro.-!1 ,,.f¡wnw <·ngint.w· 
in¡; lt•chnirpw in tt•ducin~ """"· d• """"nariwd 
in TaLle 5. 

The ou\h<lr> n•¡;ard tlwir prcst•nt mHhO<I "" the 
prolot;-·pc ni n •til\ unpro,,.d pr<~'"'" thnt "can 
r..duce thc i•lt•ntílic•IÍnn 11rt<l ,.dc"Cti<>n ol nptirnutn 
"'ftware cn¡:in('<.•rin~ lt•th•>i<¡ttt'' toa strnightlur· 
w¡"'l. w,-11 ,¡,.¡¡,,..d i'"~'<·<lurc. · 

To t',1ll)-' tlt<! 1\'<ltt'dU"' furtht·r, lwller ¡,¡,¡~ricul 
rluta is "'~·dt-d. •• ,._,.u "' informo\ion on olht•r 
phose• ni tht• lile cydo. 

T11e broador communlly 

Sr.. mcmb.•ro olthc dt h•n'e ¡nJu,try Art• mokin~: 
ht•adwny in the dfort lo t•mhrace soft" ""' d<'nlop­
rt>Cnl in t·n¡;Ín'-'<·rin~ di><iplint•. Blll wl,nt .,¡ th~ 
hroatlor <llltu prnn·"ing ''"""'""'t.l·-tbr hunks, 

'iMUtuU<t' t•nmpllmC", nnd t'Oin<nt·rciol (''lnhli,h· 
rnt·nt>~ ~"' Ion~ •~<o. lladan \ltlh leh ,,;n ohle 

to soy: "The idu of o rÍ¡;-r>rou• rother tl••n a 
ht•uri•ti~ pro~•.-a:::: -!•>i¡;n mothnd io now, •nd is 
;tilll•r¡:ol)' unlmo~c. in pro¡¡rnuuuin¡; '" wnnic 1·d 
tnday."" 

The lll~l oppr<>t:!_ ~lony of the impr<w..d pro­
¡..,-ammin~ 1<-chn:--;,-;._., l'o'Cre de>•ltipod hy tl\~1 

>Cionli;t>-:.till< f:- ,.~c. Tbt• hi¡: n>mpuu·r mJrhr 
has bt-.n a ltad" "· :hdr opplicalion. hoth wilhin 
tho compan)' ond :·, iu c'ustome,., Ono laslr \he 
indu;tq locos, ~<:,~:~:n¡: to onc 1!1~! ""'"uli<·o. i• 
tbe m-ed for a ro-.:t:tcd dlorl by •11 t·lcmcnt•­
tbc manuiM!Ur~"- 'he sef'·icc hurt·m,., sofl""'' 
¡,,,.,,..,_ "che<>!.. c-0 uni<·er;J\ie•-to bnng within 
their o~ n 1 rairu~¡; .: ,-: b'" m• or cunicula in<lru<tion 
in the impro• <.-<! pe:,---, •mmíng 1.-chnolo¡¡ies. 

The incrco.e-t':~ ;,.)La-o! pro¡:rornm•rs !><'in¡: 
oddod to tho ind~>~-:· '·'" tben b• .,d,J,r"'.J tht"lll:h 
\he ,¡.,_,ic•l oc! u o<-_; ; ~ ,. banneb. A hi¡:¡;tT pruh\coin, 
with ktlo,.lt<!~o io ,~ •• fiold mo<·ing so '"ri<lly, io 
t<"C)din~ •"ahli•ó--ó prolt•,.ionals-hrin¡;m~ th~ir 
bkill; up to the \¿;,;,<·. ¡,.,.¡, of knn,.,l<·d~e. In thi• 
area 11!~! has ~:c:"lt-d the now ¡rr<>grM"tnin~ 

practicos in,¡, otL,~;i<r:~"l off crin¡,> to <u>l"""''"· 
H,. nl•o "orbn¡: l> in";¡¡ o km>wh••l¡;r of tlw•e 
pmclicco into ils <·•:. <"ery e.tenoiYt• programming 
¡><>puiAtion. 

Toblo S. Elfeol .. ~u• el scft"""'" onglneorlng 
lochnlqou In <1..-.~·.inQ ~'"'"(~aso<! on ~o<lo or><l 

choc>ou\ ph"e Del¡. Tochr.!queo "'" lh\od In ordor 
ol rllec\loeno" ~ !l1 nl.1nayornonl \octonlqu .. ln 

;-aro<ltho<h. 

\'!:AV (fi(Cll\'; w.O[• '. '•'R[R ·~ 10 ISI 
f'fii)GIC:.ol A~ ; , é."o'S 
CHIH 1'R0C'"'·"-'E' 
CHI[f I'ROG'W'-''' ;~r M 
BUIID ¡ [l,[)¡q ¡< C~ ~o·.lfll SCIEtiCf COIIP TféH'JIOUII" 
SI RUCIU~E ~ '11'-l~-·" '.)UGfiS 

[VALUAIIO~ 

lfSS [II(CII\'E 11J·'' 
PROGM<'~~--.:; ; EC· \ : J(S 
SIRUCIU"IO fi' ::;: ''J V:% 
IDP-tl',IWtii'J~'-"•~ •,:¡ 
V[Rif ICAIIl''• P'J[.,;c ' lS 
SUH-'(IHI l";~';tl: 
tiOP-~~'Ii~ C O>'lt O''oi O •m 

LEAST H>ECT if ¡ (·'~' 
H'<SPI;CIIO'•Il'VO 
TOr 1}'.¡,\·~; tOSCi 
SI ~UC TU RE~ ~E O •:;, 
BUt\OS (A Cl: ;¡e-':;[¡ 
tlt!R[AOS ~·' ",; ;o• ''. Sr~¡¡ '~1 ¡A CSC I[CIH"QU[¡ 
PROG~I.'I'.':.:; ;: :s ;· .. "',GU>Gt 
AUJO".'"lfO',¡~.".~'' ''iA\YSG 
(Pi<OJlCT "¡;,[,1'51 
T''Aii'(.l"f',T p¡, :c.'.lfCitONI 
P'OGO:,•,'''I'.:; SC'"''·'· li~RAHY 
sor ¡,•, ,q¡ o·.,r ... :r ,:,_. "' ·-•GWHII 
P~OG'"'·"'_.,:; u e'.• '. '-"iS 
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JPL Jmprovcs Software 
Dcvclopmcnl Process 

Al Caltech"s Jet ProouiS~on La~oratory. aboul 
one-1111~ ot \he budQel an<l onc-siXIh ol tne man· 
power are de•oted 10 sorne •"P~CI ot compUI1ng 
Al\ the soltwa'e de•clopmenl orqan~>attons. onctu<l· 
ing \he Missio~ Control Center. Dcep Spacc Net· 
work. spacecrafl on·Doard computlng. spacecraft 
teslong. and thc cunlralote~ cornpulong tuctlilies. 
ha•e shown a keen interesl 1n systemat1c dosogn 
methods an<l. begmnmq early In l~e 1970"s. 1n 
structurcd programmong. 10P·dOwn developmenl. 
and olher modern programmong practtces. 

ManaQnment ol JPL dcltberalely IDok a low-key 
approach 10 the •ntrodurtion ol lhese pracuces. 
Al lorst lhcre was a monlmum ot lormal c"ecloves 
and a maximum ol sugQeS1ion and exampta. The 
programming tibrarlan Idea ,-,as translormed by 
\he o~~p Space Not inlo a moans o! a;~•sl•ng 
progmmmors callod the ··p,ogramming >ecre· 
tariat."" In the tast seve<al years lh~ Oeco Space 
Net has lssued a set of 11gcrous soltwate devel· 
opmenl slan<la,ds. as l•s:cCI•n the accompanyin11 
box In aCidillon. a JPL stall rnemt>rr. Roburt C. 
Tauswotthc. prepared a 379p.1ge monograph 
which prcsents these praCt1ces tn a lo¡¡lcat. 
1u1oriallorm." 

JI'L Couk u.low-key upproueh to introducing 
tlw new technique"· 

Ftighl p¡ojccl~ and ll1e Mios Ion Control Centor. 
whtclt is sl;orcd by the pro¡ocls.11avc not wectllod 
soltwate dc•cloPment methods to thc samc tevel 
ot deta1l as the Loaep :;p<r.ce Net. !he parucular 
way in which thc5C methods ate <mplemeniC<l <S 
Moptcd l>y each pro¡cct O<Qanil•lron lo lho IOol$ 
avatlatllc on the c:crHpulcr U5üll lor cactt taok. 
Ho ... ·evcr. the use ot a program deso~n lancuage. 
structurod programm•nQ. top·down dev~lopment. 

.and relatad mcthods are de laCio st~ndards •n 
lhc proj~CI areas. Since much ol the rrogr,1m· 
ming ts scicnii\OC 01 engtneerioq in conlent. an 
~arly task was \M developmcnt ol SFlRAN. 
S l!uclu!cd P<ogramming·l o F orll an 1 ransl 3\or. 
Recenlly a nreprocessor 10 lac<totale stwc!ured 
programmtn\1 tn assembly tanguage '"" ~<-en 
de•elopod. 

so. auhough 1~e taboratory does no1 lnsist 
upon comptelety standard"ed orgam,a11on·"'•d~ 
programmlng pract.ces. 1~e undefly,ng pronclples 
are common to atl >OCitOns. TM d.lloron9 ~n<l>led 
procedol!úS endorond oy Ya<tOU$ p<ogram utloces 
a<e IM rasutl ol ddlorences •n tnc ~•M ol oopli· 
catlon~. For c•amole. tM llee~ Soaca Nc1"'0'~ 
dao·etop• •ott ... ·Are lO be opcrated al mer>en 
"""" hy poroonnol who BrA nol JPL compl~ye> IJut 
are po!mBnerot r~•ldonts al II>U <:ount<lo> lrt 

whlch lhe stalions are tocated. Conversetr. ttlght 
projects utilile the same personnot wM Cevolop 
the sohware to ooerate. ma1nta•n. and modiiY lt 
durtn¡¡ the mis~ron. Mcrcovcr. tl<cht sottv.a¡e ts 
much moru subtect to l"'que11t rno0d1oatton tn 
rosnonse lo changos tn lhn mosS~on than is tito 
soltware '" t~e Oeep S pacer-. ,t. 

Personn&l. By 1975 an Informal ccnsus ol a 
cross secuon ol programmers lo"nd aDoul SO 
percent dcllntlety lavorabte to the now praCIICf.S. 
aboul 40 pcrcent rather ne<~l<al. and aboul 10 PCt· 
cent hostile to them. Howcver. <t was not only 
!he modern prog,amm•ng practoces that we<e 
impo<lant in lorming thesc al:itu;.cs. but also lhO 
en•ironment In which the work ,.,., done-lhe 
accessibility olle•t edilrng. interacltve com~ut<ng. 
and 100\s and lacihlles tnat cnabled the program· 
mer 10 gel his job done w<th a mm1mum ol running 
around and stan<ltng in lino They hkc the pro· 
gram<toing OCC"<tariut a11d supporl wncept•. Thl• 
environment made theor hves easier and more 
p<oductive. 

S1ill there ls greal variabiltty in the Individual 
productovtty ot prog,arnmers. pe<ha¡¡s by a factor 
ot 10 to 1. no even mor~ somelimos. TM tech· 
nioues ot structurcd design do not. of coursc. 
<•,anQe dunce• lnto b"lhant ~togrammers. They 
do make it possotllc lo break up a large project 
in such a way IMt lhc more competen\ personnel 
can t'e ass"tgne<l to tite dtlltcult early stage~ and 
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tn~ lc~s ''~"~"" Pcoplc can be ·~~'gncd 10 
1mplwncn1 1¡¡SkS 1~01 ~ave bcen la"ly woll 5lruc· 
1ured. Th~ struclurco methods also enabte man­
agers lo tdcn:tfy tne real incompctenls sooner 
IMn oldcr mclhods dtd_ 

Ad,.nlog~s. lhe payorr hom lhe adootion ot 
modern programming praol•ces nas come in 
lerms ol StgmhcJn1fy tmproveo scnedul~ per· 
lormance and man?oNer produc\lvt¡y, lMre is 
no doubl 1na1 the5c lcchntques na>e wsullcd '" 
drilmatic tmprovcm~nts in co~t. Qllallly, and 
sc~e<!ule. For cxamPie, one ol 1nc ~r<>grams lor 
11'1~ Vo¡ager oroje:t-sc,cral 1\uncrcd tMusan<l 
fines o! htgh·icvcl langu,;ge-was rccenlly com· 
plelod w11h la~~~ "'-Pc•t<ltluros w1111m buoget and 
compuler 11me ai sornethtng '''" hall ol ~udget. 
Th~ reducl•on in compuiEr 1tme i<~Oiies thal the 
programs wme ol ~~\ler Quoh:y, because t;.e 
¡trogrammms ~tad todo muen leoo d~h:lgglnq a~d 
tcotong. In lhe enttlf: Voyager :,oltware oevelop­
ment · program, ju~l l<ni~hcd, only onc "!tger 
leam·· ttad to be sct up_ lMt was m t~e cata 
rccords area w~tct> '•ad lo be done on as~emoly 
laoguaqe ttecdusc ,, hlghcr-tavel fangu~ge was 
nct avatl~blc. 

A recel>l Dccp So:tcc Net pro¡ec\, one 111al had 
b~~n budQel&d lor two 1·ears. carne 1n two weeks 
over l!uduet. bu\ \lttS ovct•ge Md beett dctcctcd 
a Y""' aMad «nd opptOpllale rr:,td¡uc.lrnCiliO had 
bcen mn~e- In lttts ca!.~. too. dn~ugo,1ng ;.ntl test­
ing too< ~al! thc t•me ong•nally budg"lcd. The 
reason: verr lew crrors. In ract. U•~re wcre 350 
errors. inCIUOing ltoo:;c tn ~ocumematoon. m 

300.000 '"'"' ol cod~-o rute ni Ortly 20 pcrcenl 
of pre•·ious expe~t•_,ncc. rcrh~~· ol couol tmpor­
ta~ce lo ti"><;>Se onty \(}{) atcu~tomoc lo nerve­
wraCI~tng ··¡ogcr to•am·· elloi\S to rr.,el lltght 
d'\"'· II11S ltme \nCI(• was 110 l•~rr 1cam TMw 
were no ltasolec '"'d no ene cggr~,-_;¡ed hiS 
ulc~rs 11 cee-m~~ lh.11 so:tworc n1nnagmncnl \'laS 
com•~Q ot ~gc 

t~orCovm. the lull cxtcnl ol lhc ~avings lrorn 
me usr ol me ttN." pract>CoS ~•11 only bccome 
ar•Pa•c'"i ,_,,,.,.,al ye.w, rnro lh'l "'" nler;o.,co 1"'"'""· 
H11S pitase is ciNrly goUtQ lo l>c muclt rno<e 
t'llicier.t. T~e pro9rants "'11 be more rcttn:tle: thcy 
w•ll be cas•er to cnJnge when ncressary. Tl">ese 
tmprovr!rncn:> tollo« Ioom tk e'P"''""c~ m 111~ 
implonoell\üllon pto.1>~. W"~n th1c p''""' •• com· 
p!cled rnme qutc•.ly ~n<l ,.,.,,~ lewer errors. thcre 
<S me<(' conltOence IMI t~e ¡.orog,arn tl~cll 15 

closet to lull co,ccwcos. 
JPL os llndl"lg o D''"'" Pl'IC~nle"o ol lite o•er· 

~·1 '-oltwa•r d"voiOI'rllaol "!1<>~ !H'tng cc.or;c•ntrMod 
ni t;op lr:>'<~ ~nc u~~i·• m 6 nO<." pr.oot•cc~ CMtng 
tS "'~N:to-<1 10 •prnJon " sm~ll llaol•on. cvpn ~­
lllt• ;or(',('lltO~ (>~ II"SOUIC('5 dP•'O!f~ \0 lüSI1110 
.trlll "'·''"""IIO~CP tlo"CitrwS llll< -~~:040 P"ICI"nl 
11oh• lt¡r 1!11! ;!""""' ,,¡ ""'•'"''<''"' l:et'·''"" de~'"' 
¡,.,., "'"1 .t.>~'!l''· ,.,,1""1. .tn<i lr'>h"\1 ''"'""'·'11' 

Slill, thNe i• on domen! t•l rnonoccm~nl in the 
problcm. 'fhott· ¡, • n<...d lor d"<tphnt<l thtnkin~. 
1\olht•r thon ft>eu• nn rht•lncl ll<ol tnüre mon<•V,. 
l•-mg •pon< on ooft~•rr· dt·\'t'l<>prrll'~l. the big ""''~ 
hove tendt<l to e<nph"'''" fme luning. Latoly there 

doe• ""'"' lo be on increa<Ín¡: ""'"'"""" b)· mon­
a¡:emenl ol tho didtrrrumy hctw•"" <he pri<o·•T><"t· 
lmmoncc improvon"""' ol thc• hard"'""" ""d tho 
lnck ol thot kind or improvemenl in •oftwort• do'<l· 
opmcnt. In the final anolysto tite U!ero thom•~k•• 
hove ¡;ot to be wilhn~ lo d.-·ot• •·ffott ond mone>' 
to imprv•·ing lheor •olt>~ore dl'''t•lopmom prr><t•s; 

Productivioy rolorlon. Although Rwwn lound 
little relation>hip t• 1 J>l'r<entl betw..-n hi• 18 
wding ond documpnr.ation •landord• ond prorrrom­
mec productivtt}'. nnother "ppooooh •howr-d o 
oigniftcontly J,i~h tnrrelotion \'lul•ton ond 1-"dix" 
oet up o >Oftware oneasurom<'n! proje<:t in tho lllM 
f<derof Sr>lkrM llivi!ion in \972. Ono ol its 
purpooe• woo t<> """"" the olfoots of ""'<turW 
progromminr.. thon )tt>t ho¡;mnin¡; lo ho u<t·d. on 
ti1e soft"'""' dovdnprnont P"""''""· D•l• from 60 
complet.ed projects,. now in thcir dBt• ba~. rcpr..­
sen<in¡; proj«lS ran¡::ing from 4000 lO 467.000 
.<ouroc lino! ond 12 to T l,ó7H monmonth>. Sour<e 
hrte• wort• d<"ftnod ns tito input ltl a lanb'\IO[;e pco­
nssor. 

Using thi• dato hn ... 66 voriohl~s woro onolyzt<l 
ond 29 >howt<l o lu~lt carrobtior. v.ith pr<•,ltl(tÍ\Or;. 

The ovcrull jud¡.:-ment is; 
modcrn progrnmming prnctices 
urc rcudy for u~e. 

Tho dal-rr nvnil,ble on,bied o compari•on tu be 
modo br·l ween rldi··~red souree lit><•• ¡>ct rnonmnnth 
nnd th~ pcrrenln¡;<· ul code dol·tlopod usin¡; cach 
l<'Chtti(jlH·. 1"1test· a·lol jon,lups. ' i5<l0 lil<'(! in ft)~ 'O 4_ 

'ltnwod n rol<· <>1 producll\'tl) illtprov,·nwr~l .. ,.,,,_ 
orin¡¡ 70 pt·r«·nt lwty,,•en ""l1ttl<• u•~"" of tho new 
lt-chnique• nnd "'muth """- ·· 

Honf tin•r oh·oi~n. TI~<· Ath·nnt<•d Tetho<>lor.r 
Ct•nt.er ni tho Arm;-"• ll.11li>IÍ<" .\li»ile Ddt•l"'' has 
l""" en¡:or,o'<l 'it><r 1972 in idt·nlil;-in~ and rdtrun~ 
\ochniques tn impro•·• th<· ;oh~-.,. dt••i~nor's 

nhiltl)' "' prof'Tnm lnr~e ronf lime P'"''"'""' in 
whirh ti><" ri: .. ito¡¡ anrl mrlrt uf t•v•·n(, on• t'ttl>cnf 
The re,uh ol tls dlorl>. collt•tl !"<><<'" d,·,.g~ 
rnt•lhodolcf':o·. embr .tto•s >lrurtur<-<1 PrDt.tatntntn~. 
top·do~·n dt·• r·lc•rmrn<, ond olhl'r mothod• 

(;aulrlill¡: nnd ¡,,,.,un~ .tnnl;>•·d a d"'" l"'" 
"'~lt·rtr·rl tlu'"'l' '''l'•·rimcnl"l tlo "'1"1'""'"' """'~ 
conlnin<o~ ""' )11,()00 ¡,¡_,.,, ""ct ,.,.,.,!""'"''"" 
<"lllrt~• 1'"" ''"';.,,., od''""'"''''' ul \).,. ,. . ._ rl•·,;;:n 
" " 1 htd ,¡. '1: \' "' " • " " " 11\ i '"' ' d 111 ' f" "" ¡,., ,., """'" 1 

• ""''""'''' .,¡ "•"1'""" ,.,,.,, ~ .. -. ,,,,.,,,., 
f'' ;,, •" • ¡.,. -'•" 1"'" · .,, P' .. ; , , • • ""'1 .r. • ... , 1"""'· 
t r " • "1 , 1'""' , · .,¡ • mt • , ·tt o ;,,,_, 1 • • 1 • ., ;, -.,,., ·. , "'" 
0 pr<•l•u 111 >1 > ""' :1 :l '''1""',,¡,:,., "''" h1tw 110 

'''"'''"'"' 1"'' "'·"""'"'· '·"d , .. ¡.,. ·, .. ",¡,.,.l.h 
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ThU pOp<r otl<mpiS la drfin< l~r principl« and 11"'" 
thor aflrct thr pruricr af ,arr .. .rt rn~in<c"dng_ lto 
inrrnt ú. ro ~r¡oni-« th<>< .. prcu ~r wfl..-,,. 
on,.U.t<rin¡ irua o from<"""' chol rotioru.l· 
¡,., and rncour>i'"' th<ir prop<r uor, 
.. hll< plo<ing ~~ [><n¡><<IÍ>< lh< 
di .. r•Íiy af 1<chniq ""· m<thodo, 
ond taols rh.r P"'"'nlly <<>mpr.i< 
th< oubjo<r of ><>ft"'•~ 
rn~inoerini. 
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SOFTVVAFlE ENGNEERING: 
PROCESS, PRINC!PLES, ANO GOALS 

Jlau¡:la> T. Ro.,, Johro D. Go<rMrwu¡;h, C.A. !l'.io< 
SoiTrdr,Jnc. 

Jntroduclion 

Th< confrrcnce-• •ro~"or<d b) NATO in !96fi anrl 1969 
~''' j>Jpul>r rmperu• lo <h< l<!l'll "¡o(t~-.,, or.¡¡ne<rJc~." 
Sm« rhar trm< thc n<rJ fur 1 ntor< tih'rplrned and 
rnrrpolrd •PP'"'<h lo >ofrwot< d<"l<>pii><OI ¡,., h<m 
ln<'""'"~l)· r<<'<1);m"d Aithou¡:lo u!OII\] dofLBLIÍ<llll uf lh< 
trr nr r ""JIOI <1 ,,.·,.,, ,,,¡,,. ·' t< "'11trrrrin¡ drJ rly Jn\ plr" al 

¡,.,¡ lhr ductrhnrd atrd <lrlliul """ <lT '""j"lo wltw"' 
do><l<>pmom root. •nd m<tlwd1, " "'•11·., a •ound 
und<r>t>ndrrr¡ ol e<r!>m """' 1'""''1'¡.,- In''"' p•p<r, wo 
atronrpl lo npound .. r.,r th<" prrn«;l<l '"· >nd ),o,. 
rhoy '" app!r<d '·' rh< pracll;o ol wh"-'•1< rn~onowc.,_ 

h ll p<ohaf'l bo11 ro""'' rh" por<r ru an all<n>pl to 
idrntrl) tho tm¡>orr.nr undorl¡mr "'"" ,¡ ool'"'•'' 

<n(tn<<rtn¡ in • fotm thar r<trnt" th< inrtrattion of th<'< 
;.,u<l ro 1>< bott<r undo,.rood. 11'< "'tll dt!ou" lho>< i""" 
tn t<rm< nf fnur fund"••onral fO>I<: "'"J•f~h¡/rrt', 

•ffirimry. <rid•dlly, •rrd "" lmi.J.,Ja/rrll"' ., "<11 ., .e;<tr 
prJO"Pi" rh.r affo,·r rho pn•t'O>I ¡rf att>rrrr·.,~ lhc>< ~n•l<: 

• rlrr• m,,¡ulm:> ''"""l"k, wlt;,n d,·lrn" '·"" '" 
OI!Ud "" • .,,¡," "' 1\ •lrnr • ~I'"'P'"I<I~ . 

• lho "~"'"'""" '"'"''tri<, "'h"h h<lr• '" td<nrrl¡ 
"""'"1 pruprrLI<'< '"""""" '" '"P"f,-c•l:t d,ffcront 
rnlllt<>: 

• th< Ori/1,Z rrrn<rpl<, "htrr. h 11hl rlh" t~ • 1mporran« 

of Mt """'l' '""'"'"'~ '""'"'"" P'"'"'"' ~ut ol 
m•ltnr '"""n'"' 1nlorrn>l10n m4<«mbl• !ht~"'' 
dcalo .. 1th dolrnrn! '"~ tnlor<rng <onltr>tnll on 
""" to onlo;mat•on)' 
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UNIFOP.MITV 

GOALS 

COMPLEllNESS 

--11--+----l-----+----f 
CONFIRMABILITY 

• the loc•l,•tron prm;,pi<, "'""" hi~hli~h<> mclhod> 
["' br>ng,ng ic[IWI lhonp tugcthct illtO phymol 
pro•imoty; 

• th< unifornrU_>' ¡orincipl<, "'h"h cn<ur<S consi.,cnq; 
• lhc <onrpl<t<n<ll pnncoplc, ~hi<h <Oluru lbU 

nothin~ »ldr out; 
• lhe con/11ma~olm 

inlorm>tio" ""~cd 
<>rh"tly st>r<d. 

pMc.ple, 
lO >Oh!) 

wbich '"'""' 

11101< P""''Pl<> ond ~o>l• ore >ppiJCd in oho P"''i" of 
S<Jfl~lf• "'f"""'n¡:. 11'l"'h d"l' wllh '''"""' softw"< 
d"<lopment OC!I'""'. 
''"""''"' "'"'"~·'""" ohr ~,.,,,.., ol oJrnhf)in~ th< 
rr~urremcnl> "' 1'< ""'hcJ ~l ' >olo..-.,.. 'Y'''"'' the 
"b¡c,;U" "ro'''''"' the r"'~'"" '" ~' ,.,¡,,J m'""" ni 
"'' '"""'"""' '"'"""" "'"" "'"'). ,,,¡,.,¡.,,, ,.,,.1 mJ 
r<tformon.c_ 

/),,.,.., "'''""'" tl>t pouce>> uf con"~'''"~ .,,¡, ""' 
rcq<oirconcnl •nd ""''"' lh< tonccpluil hm "" ~h1th tlt< 
prol•l<m " lo be >uf,.~: dc<>gn "rhc pro><•l <>1 J'·"~"'' 
ho~· lo "'"1~ "'" rcqun<rn<nl! "'Jthm thc oll<1w<~ 
con<lmno. 

S¡>uo{y nnrl<mcnlali"n-tb< P""'" <>1 d"mhi•l~ ih< 
onl<r>Oioon• boh'<<n lhc dni~n<d module> nf o >Oiuiion; 
lhc t<suli of thos """1)' u o d<tailcd spc<thclll<•n of 
con>lfaint> lh< '"""'!' tmplcmcnuuon mu11 s.>tiofy, bul 
nol thc oolt~•r< ll>elf. 

CoJc/d<ht-lhc poO<<" or >ctu•\IJ podocmg lh< tnhv.·~r< 
s.>lnf¡·in~ lh< spcnfocOiion, otod •·cuf¡·or,g th•l lh< produ<ed 
!OII ~·ore do., "'"fl ih< ""' ICQU '" mcnl>_ 

Tu.,rng -11>< pro« S> of mnd 1f 1 on¡ a lo¡:~eall¡ "'" "' >)'>t<m 
uno ol tL, "" ", P"forma n<c ,o,tls. 

P<sprtc lb< obnuu¡ drff<r<n<OI unung ih<>< uoh·i\1<1, o.-e 
bcl"ve t><h rcfl<<l• • common pottcrn "''hich w< call oh< 

JwrJ;moota/ P'"<nr Thll P"'"" '"""'" uf r,, bul: 
"'P" \l) <r) <lo\111< I('U'J'>IIr oo ubJ«Ii"<: Pl formulare 1 
''"""1'' ¡.,, ht>w tlr< pt>t;>u>< rtn b< ochihod; ()) dr1Í1< a 
mC<II.,.IIll!l 1h01 IIOJ'i<Ur<1oll lh< c.me<piuol wuelul<; (4) 

inrmdu,e ' ""'"'""' fm "1"'"'"~ thc capobolrticr <>1 rhe 
m<rhonllm llrd rn•uk.Jng ro: 01.0; (i) dcs,trbe thc "-'4:' of 
tho mrl•tton rn • !¡><cor•c problom contnl to '""'"' th< 
rmeh•no<m 10 1 he pU!pOlt 11 >e hlc ved. 
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Tlu< "que neo of 1l<p1 ha> a nalu"l p>r>lld Ir> 111< pwcou 
of •oflwo" dcvd<>pnl<nl: 

p~•puu- del1n< lh< r<~uuem<ntllol ••~ucm: 

r<>"upl d'"'' th< il<hii«IU<t ol • oollw<r< <Y<I<m 
¡o u11dy lh"' ~<quu<n><r.<> md '~''"ly th< modui<O 
th>l constllule thr >) ll•m: 

nJ• rl'""'"" - ur>pl<n><nl lh< IOfl,>r< i~SI<Ill (drvr"n~ 
¡ht ,,,och•ni•m rl <>b'IOu>ll lhe codejdcbug¡tunc 
O'li>·iti«ln lh< dt>elopm<nt P'"'""' 
"Oiolln" del 1n< th< romm•nd bntu>s< or olher m""' 
, ""' ,¡11 rmploy te m>of< lh< <oplbll¡ll« o( lhr 
o.cllwar< sy'lrm: 

"'"'' - descnhr h~"· 
(¡lus de<"'p\Lon ""1' 
(or th< 'PI<'m) 

lh< >Ofl"'"' S)'ll<m" con!lollcd 
lah lh< loull uf' uw's m•nual 

[quall¡ o,ril. th< potwn dcf1nod by the fundam<rll>l 
pw«'> coul~ bc opphed ddfcrontl;, lo lll~hloBht • ddforenl 
><pHI of wftwut de~elopmenl. For «1mpk. we could 
¡,,,., lht drsmptlon of purpo" and <Oil<tpl 1< •bove, bu< 
orp!.c< merhamsm, ,;ouuun. and ""'~' "'ilh lhO foiiu\>'ln~ 
de>e~lplion,·. 

'"'''''""""' - lh< wmpultr un l<'hkh lhr •ofLware rum; 

notolio" th< pr<>pamming lan~u·~· 1n wlu<h lhe 
,o(lwaa wiii bc wntten: 

f~o" 2. Pu•-o-C<'"f'"''"b<loty· 

"""""""'''"' 
o T~o pu'llo" of o 

""''" """'"' "''''r~~--------,/ 
.. lO"'"""". 

''"'"' ..... •' 
'"" ... '"'""' ..... """"""" 
..,,th '"""""' tO"r 1 RMABILil Y 

• """'"m'~'''"' 
'""'""lo lho 
"'"""o! do­
''"'"1 ••• ,., ... ... """'''""'""' ......... thot •••. 
,..,., ... ""'don o Ioom !hot moho <1 p.,.,oblo 10 Oh•lv <hod< 
,( 11,.,. »••• """ 0ot,.,,od, o o .. on ob¡o<t,.o ""'- •<""'""''"' 
""'"'" '"'""" modo(,.bol ,,,. would ~. to '"'"" thot only U«lm­
"""' "'o UOOO<Om '""' 1• """"'" whon toono(o<<oroO o""''""' to 
o,., .. <omputor n," o oonlorm•hln ""'"""'o("""""" 
""'"' """"""' "" numbo< ol rhon,.l !hot muol bo modo" u 
""' 00 <l<,.lv oon( 0omobto, Ond honDO, O h01 10 oooful. 

''""" 4, C<onoop1-Abot<o<1•Dn· 
u .................. . 

CONClPT 
o Tfoouoool 

........ ~,_ ,¿~--------,(' ......... ·"·'' 
ID ...... '" 

·""·~"""'"'' P'"'""' O< o yo ""' .......... .. 
ol'oOwl how Ob 

"'"""" "" "'''' ....... . 
""'" """" , ...•.• , .. . "'''"""" 
""'"'"'' '""""" • '""'""' ............ , "' """'"1 '""''''"• 
ol "'"""'"' "' '""'"""' Ioom th• """'' ol <ompotor '""'"'­
""" "" 

2[ 

UJo~r - oh< lll>nuJ! d.,wh1n~ how lh< lon¡Uif< iou~td 
lo con !rol lh< wmrutcr_ 

The inl<opt<laliun of lh< fundamental proa., i•cle•1ly 
hi¡·hl}· wni<>HI<f<'ndenl. h n •1><> mum•«ly ll<d lo ¡he 
no11on of ¡,,..,o"''""' decomr""'"'n~oh< '<•doly recog· 
nuod piJOnon><llun ol pm/whole ttiJIH>nlhtps, A ror('<-'1< 
" corr.po"t! of IUh-purpose•: • noe<honJ<m h" man;· poli! 
wh¡ch are lh<m«IY<I <Ub·mtchannrm, and lll g<nt~al, ¡he 
mech>m<m oll<lf u only a port of "''"" su¡ocr·mechonnm. 

'"· The '"'"'"'"' ph<nom<non" lhat both lht r•lt<rn of 
lhr fu•Jdlm<nlo) p!O«« a•td pi!l/.,holr hltJO!Chkal 
!Oialion<h1p5 IMIJOI be empl<>)'ed it1 all ""'"'"uf wll"'"' 
'"Rinoorm~ P'"tioe · 

Gl'on 11t" port/.,·lwlo hierard110JI docompo.,lwn p!3y< 
o p<rvatl>e rolo, lhc fund;mental P'"'"' lll!<lic" furth<f 
l<'llh the »IIOU! prin:¡p)u >nd ¡oa!s of <uf<""" 
<n;mecnn¡: u depkltd tn FlfUr< 1. f1gure l il out 
fnm<woá. fo¡ d"<u<stn< 1h< natu1o and j""" ohofiWa!O 
'"''""""~·e¡,.,¡)''" ;xllaus"'< orr,menl "nul pu•¡¡b]o. 
bu1 th< '""""d" of !IH< P'F"'' ;, mltndod !O <huw h<>W 
liw ltrUCIUr< <J[ Fi¡:111'' 1 do<> y1.-ld ,,.;g)tlln!o lile lheory 
•nd pr><tle< uf <o 11 worc <ngin«rmg. lly w•)' of 11iui1 r 111on. 
oun•ider the folluwiog example• (F1gur<> :!-7) of how 
princ>pi<o, go•ll. and proce" <lemem•ml<roel: 

Fi;u<o 3. Con<" O! ~ oul;u!oon­
M<odofooboloty. 

• ldonto"'"'" ono 

"""'"'' '"' '"" "'''"'"""' . '"''""""' ...... .............. 
""'"' ~'" 
"''""'' ol "" 
olto<t of oh o ........ """ 
P""''"'' on 

""'"" "'"' .. .... ····-
"'-"""'' '""'''"'· """ 1"""'"'"' "" ...... ""'" "''"'""'""'""''<y do""""' lh<ouohout o'"""''"''" 11 """>o'"'"'' tho (>OI•tv. 

o H,...,, dO<odoO "" lho """""'""'""lo< odoodulono, !ho oon· 

"'"'o< o""''"''"'"""'""'"'·"''"'" '""1'"' ""'""''"' ""''"" '"o""''' 1oblo ""'"'" <ho modulo, thon "''"' <ho modul• '""" 

mod<f,.hlo, 1 "'" two "'"'"'" '""""" tho <Oio of """""• '" 
'""'''"' "" """''"'"·'"'"- '"" ...... '""'" 

r;gu,. ~ •""''"""''""''""· 
(""""""· 

o Know;., 

"" ""1' .... 
'"" '""'""' 
'"'" "'" '""'ID ........... 
lo¡ .. oo '" 

''""",'~· 
''"'''' 1 
""' "''"'" t.~ .. """'' 
,. loo"'"''"" 
'"' ........ 
of """" .,1""· o"<<"'""''"""" offocion<v-

' Fo•b•d«<no """ Ioom ""'"" "'"''"' 110 """"' pormolo on 
""'"''"" '1'""" <o Optomo,. Ooo<oll ",...' ol tho """"'· 

¡ 
1 
' 

1 



F ... ,, t. Nototoon C.,mplo!on-­
Roi.,~Uity. 

• "'"'"'o <O m· ........ "' .. """""' ...... ~. .. ..,.,ol .......... ........ .., ........ 
'""''"'""' ........... 
<UI.om. 

• lo o.,,. •. 

ttolo<•>Onl, of ll>o '""" dooo nOI ""'""'o o~,...,.,., to """'v 
w+.ot • to hop"'n ..t.on ........ ""'"""1 '""blo "OUI of 
.,.,.._ thon lhO ., .. ,...,.,., Ll unoblo 10 ""'' '''" lh ... ,. 
bllotv. ond ho<>eo d not '""""'-" 10 ••••loo '""' .,, .. .,, 
·~ ••oth,._ A <omploto "'"""'" un '""" "'""''''"' by -· '"'"1"" ................ , ...... oty '""' .. ..,., .. , ... .,1~ 

11"'' nampl" <-MI only ,.,,., \o Jliusltal< the soyle ol 
appro>ch (on a pe!-cube b,,.,¡ u~ed !O moh tho ~uals, 

pti10ciple>, and port< of lh< futldamenlal procm ""ftol1n 
d<'Cribing and unde,.,andong alp<:CU of IOfl~<·aro en~oneer- · 
ing. The followon~ se<lion, do ICU" the hiemch)', ~ oai>, ond 
pnndpln >n moro >p<<ific lerJru lxfote "'e opply lhem 
¡oinlly on •n eXIended eumpl<. 

Hictarcloicat Decomposition 

The 1'"""" of dev<iopong hiororrhical S<r\lelure moy be 
'1<WCd I<J¡J-<i"~'n " IIIC<O>Sivcly omposmg oncoenon~ly 
>pet·onc consltaonts on the f!"'" ,,¡ an ultlmate wlutlon. l! 
nu)· •bo be "'"''d hoiiUIIH'I'" suco:t«i>'o\y c•ploiling 
¡he cOn><r»niS .,,;,ncd by lov.·" le,eb. An undumndong 
<J( <ofl wue enpn.etin~ h" on unde,.undmg t h< romtr~m 11 
ca<h <ntineemoc a<l Í''"Y pbt., un ohc oohe,.-e_g_, huw 1),. 

d"i"" cuotW>ins lhe tmplcm<ntotion, and how the 
impl<rHell\>tlon pO<SibthiOc< <W.!Hatn tloe J<»fH. The 
ptooe<S< ni lutoJ<chicolly •nd IL<ootwoly imp<><mg con· 

""'"" 'l'P"'P""' !D lhc a<1<ly<o;, de11gn, <portfi"lo<>l\, 
'"~ c11dong pha,., "whal urunu tloe praWco of >ofl"'•" 
en~meerin~. 

lñ< poo<eu of bictaochic•l deoompo>ilion onm\1'<< bolh 
m>ly<o< ond >)nlh<m-both nking ap•ot ond pul!ing 
1ogetheo. 111ule onc decompo>U a subjccl by ¡ecogni11n~ 
1110 dof!Nnrl >u~-pa>ts o( "hich U 11 rompo«d. uno mml 

·,¡.., P'"" In <umm< 11" 0'"'11 dcrompo>Liwn and louk 
fm lllltlloroml among thc lov.·cr·lr~el wn>tllueom with •n 
<)'< low"rd ><coonpvlin~ •nllorlinm of th•m mio lot¡<> 
conllruc" fuo o>mpl<. P"" Jocompo"'ion "''uld ,,., . ., 
¡o<ult on "'"lmnng >ubonuton" that •te ncoJed on 
><pa"t<d P'"' of \he docompo.,llon. 

Fm • ~'"" problem 1he1< aro m>ny "conec!" 
decumpoul oon•. •nd P"n • !>ore rol\eolion of wlu11on• lo 
plim•li~t \Ub-pooblorra (< ~-· a ;el uf CPU im:ru<lioM). 

theoe "' rn>n)' mrr<<l e<>On¡>O>otiou• ~·hich "111 '""' a 
P''" pwbl<m-111U\. l'hcth<r onc >s rn~>oed iu synth<>" u• 
>OOi)<il, <ompO;ttlon ur J<eUIIOi><OIIIIOII, lit< '-"i<CIIUtL nf O 
"mtt<CI" >orluttun millt ¡,, ~,,,.¡ upon >Unl< '"<ll'dmg 
<tLI<r". Wo mUI\ !ly Hr ,_.le<l Oh<,,,, d<Si.,~l< <olutoon 

f1<0on !110 "'uf'''""' <olullon> 1\ot th11 r<»on v.e beom 
fuu. 1n uut el.b.,.,i<ln ,¡ th< thw> uf ll111 r•re•. b)' 

"m"J'""f- •lo< i""" •lf wfl ""'' <o¡mc<rmg_ 

...... ,_ u...,.'""'""··~· 
Mo6•'"""'"'· 
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moO .. up-

""'"' "" 
""""'' ............ d ........ '" ...... """""''"" .... .., ... .. 

"'""'-
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ol how o potll<uLo< """"'',. ""'"· '"" lho<oby ..,,.,," ,.,,,. 
tD ,.oluoto lho olfO<t< olpO,.ntoo( ""'""" 

Ti>• Goal, of Software Eoginee1ing 

Th< •k•ll with l''hich v.-o can opply <rt¡>ne<ling melhods 
and to<>l> will depend on the do~"' lo "'ltioh "'• hov< • 
clnr and pletLI< view of 0\J/ obj<elll<>. In the teolm of 
so(lv.·ne <ngonteting 0111 obj<cli'<> willolw>)"> be >tat<d in 
!<1m< of d.,;,.d poopenies of th< t<IUIIanl softW11e. Four 
propeolt<> thll ate •uffit~<ntly ~<no!ll lo be l<t<pl<d u 
go4i> {m tho oniL!< di<Cipline of soltwaro <"<in«ron¡: a1e 
modJ{I<I~.Iily, cf[iticnq, rdo"brlity, 011d ur;dcma,hbrlm•_ 

Thc goal uf modJ{r<~hrlory ts hiSinnc•lly the rll<J't 

difíocull ~oal lo m""'- MoJifialni•IY ir~oph<l contwlled 
th!ngo, 1n which somo P'"' or aspcc\¡ ¡emain ohe ;.un< 
while otho ts '" oh<1ed. all in •u eh o way lha\ a d«it<d ne;. 
t<su\1 ¡, obtainod. Tl>e chatlctcri>Won o( "<>mtll<><" 01 
in'"'"""' n>l)" b< '") subole, and lho <flect• o[ eha~~· 
may be h•td lo r10diet. Tha rnú<> lb< achi<l'emrnt of 
to10dofi•hiiJty doffr<ult. Mojonahohty " alw dtfncult to 
achio'< lx"""' doanr« occu• fm "' """Y doffeoont 'Yl"' 
o[ l<"on<_ Fm ""'L>pio, m loamfwm¡, ><>IIW"< lo o n<w 

(ompuiC/ or "~"'"""& •;->t<m. 11 is d"i"d to kcep 
;,.;ariant lh< lo~ical effcc" ol the >Y"'"'· hmoling chJn¡« 
onl)' Jo lhc IIOC""'"I)' m"htne-dopond<nl nr<CII_ Chong<> 
o¡e alw 10qui"d lo ¡emo,·e <nor< fwm whw"e. lO oJd 
nev.- cap>bilnie>, ond 10 imp•Ov< o '} mm"• rufo/manee. In 
ren<>ol. dJff<~<nl app<oodon '""'"'""~lo utafy th<><' 
do floren\ 1)'1"' 1 of <nodofllbillly. 

ModiflaLh!)' "~""'' not u>LI) oho abilit)' to h"< an 
>d>ptoblt, HOIILIL"I"I) 0<<t¡n. rll>ploy >t>odord.,<d 
><>ft~;are butldiH1.·1>1"'''· tur.o ior 1'',¡"'"""«- etc .. but 
alsn the moro '"btlc >holll)' In llla\nl>in p<cJOCI l[hcdub 
and bud¡:<t• by •ll"won¡ dummy \<11 onoJulesiO be uscd •• 
d,;,.,. bdme ¡.,., pam of • syncm "'' prop,ed • .o;;_ The 
'"'"Y of "-0)'1 nond,foabohl) >fiem suf:w,e en~>neeton¡; rl 
en< of the ""''"' {o¡ fl'ln~ ll • pomO!)' tolo in oU! 
d.,cu«mn of ..,¡,,. '" enpOt<lln~-

A nouch->bU><d f"'l ir effinmq. USu>ll)' be<au>< in an 
<xtt" of ,,.¡ it "promatuody l""''"""'d 1 hi~h proonty in 
<n¡:incmll[: I¡OL!t.,l[,, Bl'""' mrfiiCicncy cann<>t, of 
<<Ouol<. ho ouler,11cd, but usuolly ef~<lency qu<>IIOIL> are 
h;st lr<>l<d "'ithin lh< <""'"' ul "'h"' i>Su« Fo• 
'"n-pie, >clu<>m; '· hirh "'f'" of on"Jtfiabohtr can 
r•u"de the bam ¡.,, m<<lm~ etndent) ¡col< du11n~ ohe 
lunong ph»e uf wft ~ 11< Je"l.opmml. !n oJdll IM. in•i~hU 
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renewn¡ o more unif"d undrntandín~ of a problem hl'e 
far mor< rmp>cl on dfio"ncy (>" ob>"owon >nd 
umfnrmrly) than aro;· '"'"""' of brl lwrddlm~ wrlhln a 
f•ulty <HUC!uro. In ¡:<n<rol, oxe<pl lur rhe hiphe" 
conceptuJI 1«<1< of • de!l~n. whore ~""' mofnc«ney 
qm.uom ma; rlo;· dornrnanr roles,theoffimnc; ~oal doer 
not domrn.,e rhe procm< of•oflwH< <npnemng. 

Rel<abday " a F<>•l mud1 1n 1·opur today. Rrh•bilay 
1110>1 both pre•·ent f>JhJlO m concqnmn, de11gn, ond 
comlruc"""·" well ""'"'''' from ¡.,¡,m in op<ration or 
po:rforrr,n«. Unhke ofr.e~ency, wh.ch frtquently " 
promotor<!;· opphed, O<lo.bilny ;, mo<r oft<n eon.,de~td 
loo btr, <>r not at all, rn most solrwar< de,·<lopmenr 
effom_ ll.drlbrht;· ran only be butll rn from the >larl: 11 
cannor bo adrled nn ar tite <nd. lfcncc. r<habrlny ¡,., , 
P""'"'" and cruml clf<el on !OII"'<r< <Ofltle.,ing 
¡>ro el ice•. 

The final ~oal which Jhauld txtrt • wong ;,nmn~ m 
oll "~"'"' af >oflwaro en;in<<lln~ "1mokm~nJ~bd11y, lo 
dep<nd1, of '""'""· on lile tntrndcd otoJronce: toclonicol, 
'"'"'~""'""• or ""'" Nol< on P"lirulor ,¡,,, unJ<r!l.iOd· 
ab•hly IS nul m<1ely a l""I''"IY of le~ob1hly. Much more 
impor"nll)', lh< entue com<plual mucluoe " involved. 
Al!-0. "' any pven cucutnnance >n accepuble le.-1 of 
undealandaholill' ..,¡,., i• '" ;, nol po<>tnL Th.,e os rw 
m1ddle pmmJ Althollrh tmJn"'nrl•billly i>. tn a''"'"·, 
¡>J<rtqo"h' lo r<I1Jb1hl)' and mudLf!Ohlllly, 11 " alsu 
importan! n • ~mi m ""'li boc>u"' 01 d""'' amn1io1> loan 
importan! bamer lo und,:mndobohl)'-complnily. ~l•n· 
agemonl of complo"l)' " • crucial »r<<l of softwor< 
<OfH!O<rlllf, lll<lhod>, .mJ 11" nccd w l!r.lnogc mrnploxily 
'"'"' frot11 il•o rnal nf LJild<"""dJbiiLty, The only woy lo 
orh1rvc ll1< rnal uf und<r<lor,dJblltty "ilh r<gaJd tu an 
mher<mly cumple> •Y•Itm i1 lO imJKl"' an ap~roprial< 
"'uctur< and tor¡:am<>linn on lho •ynoon. The "'"""" 
mus\ he 10pr<~<nred 011 a cloJr nul01ion lh31 pHmiB 
""ch.ullc.ll llorlll,urs-c f,., wmpilot!, <10.-w budgc lho 

¡:.¡p bol""" lh< oclllol ')'''""' ond '11 underst•ndablo 
repr<"'"''''"" ol 11. TI""· oohoo•m~ orndo"""d•b•hly 
dep<nds a. IO>U<h opon lh< •ofl"'lr< <ngmeorong l<><>l• non 
lh< mc:lhud!, fur cnn•pl<, whon comptl<" do not pruduO< 
arc<piObly rflicoent coJo . .-S<mbly lan¡:ua~< may ha•< lo 
bo med," '''"" 111 pro¡'tarll und<JSiond•holny. 

The Principies o! 
Software Enginowring 

The prmropk< nf wflw•re en¡:ino01i11g ar<. u wo 
m<nBunod <orb<r. 11rorJ~I.mly. ab>trarti<m, /ocall:allrm. 

luJi"~· '""'""";"'· """1'/ru""'· •nd cmr{"mobilll_l". TI1<oe 
prinnpi<'i oppbod 10 """"' rnmbon31n•n< "'ith¡n 1!10 
Ju~rJam<"Jial !'"""' w1ll worl. lO pr,,lu,·c lr1<·rarclmal 

J<'"""!'''""''"' "'l11ch ,.¡,¡,., ""' ~ool1 clurmg •11 of th< 
\l<IU~S pi'"'" cr( soft""' d"dO?m<nL lb< hL<Jardue>l 
deccrm¡>.>lllion ,,¡ l >)mm d<p!OI> tho cun<tt1utna of th< 
•¡SI<tn o<r>nu<d '"'" a "ructur< b¡ th< r<l>loon>lupl 

"r"'"f 1h"" '""'"'"'""· n,, '~'-'" '"'" pHncipl.,, 
11n¡:l) .111J on ,·,•mhLn>lion. m ""'d "' doiOnnmr and 
,\\n!IOI 11""' r<l>lloJnllllpl. liL<)-' >r< Ul<d <!«:OIIOIIV a! 

d<<L>lcrn ,.,,.,., tr> 01\lur< lh>l lh< ro•ulnur decumpo>lll<>n 

'"""' ""' ro.1h. Jnd lho• t.10h do•l• "'"h 1~m• ><r<« cf 
lh< rollloún<hor>-i.< .. thr moorf>Ocs am .. nr 11>' mmtLio· 

'""' 
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Modu!ority Modulmty dnl• w01h properlt" uf hL<r­
archoc>l IUfl"'<lf IIIUCIUJ<I !1 h'-1 be<n fi><O \'OI!OUI 

dof,nollnm. Som<ltnl<l 11 h., h«n d<~nrd on l<mu nf 
OhJ<"L\'<S: 

"IOne o~jeolov< o! modulu ~rog10mmoo~ "10 bt lbl< 
lo convince on«<l/1 of lh< couortn«l of 1 ~rogr>m 

modulo, onderondonll) of lh< '""'"' of 1" <>1< m 
bu11dong l>r>:<r unJU of •of¡,.,,._ .. (l!doron« 2, p. 1~91 

"Mudul>t~ly don<ll<! lho abrhly lo combon< >rbLI"ry 
rro~rom moduiOI lrolu lorr« m<~dul<> ""h"ul l.nowl­
rd,e of lho comnu<l Lon of 1 h< m<><luks_" 1 Rof<ren« 9. 
p. S4 f 

"~lo~ul:llll)'" nOI.,. 11mpl¡· lh< or~!lr.ry ~ivainn of, 
lor~< pm¡:rom inlo >mall<t P"'' or lnoldulos_ H.< 
priii!OI)' fO>I ... oh<>,.ld Oc lo deonmpo>< tho P'"f"'" '" 
<uch 1 "'Y lh>t lh< modul« .,, hli.hl) mdopendont 
lrum ono •nolhor." (Reforone< 13, p. IOQ) 

Moduiluly " mor< fr<qo<nll)' clo~n<d 10 l<rm• u( 

Sl!uelu•al prup<tiiO! pommd b}' "modul'!" 'Y"'""' 
"A propam 1! modul" if !l" wriuon m many "'"i'<ly 
ind<p<ndonl P"" m onodui<O wh!Ch h"< well-dohnod 
•~t<rf"" <uch lh>l "eh modul< mol.« no "'umphon• 
ib<>ut th< npenlicn of olh<J rnodul<< ncopt whll " 
contm.<d m the inl<rf"' 'I"<Lfiootion•" (Rtforonco 4, 
P- 11 

"Modul>ll>al!on <un<i<U of d"id'"' a pro~r>tn inlo 
oubpro¡~>ms (mn.lul") wh!Ch can be comp~<d oep•­
nl<i¡·, ~ul which h•~-< conne<loon• ""h oth<! modules_ 

A d<fmolion of "roer modulml)' mu>l omrh•m< 
lh< ,.~,ir<m<lll ""' modul<' be" dli)O'"'., P"'"ble" 
fl!<l<r<n« 11, p.['!;') 

"A '""""'" ptu~r•rn "a prop"n 1 h>ving a lu<ror<hi<>l 
llru<Oor<I.(R<ference l,p.34) 

"Mudul" pr<>~r>mmon~ is lh< oopntúllg or a ecmpkto 
p•or"m mlu • ""'"""' of stn>ll ""'",,. whor< 11~<«" 
, "' ol rllk> wl11do c~ntr"i> lh< ""'""""¡"' ol tho" 
unlll. IC'Ltod rn ~<f<l<rrcc IO,r. l~) 

In reneral. modularily i• <oled ll h<lping lo impro•·• 
wflw"e rdiah1li1y, lt<lping lo •llow multipl< ""' of 
cummon d"igns •nd prugrarn1, and holptng In '"ale 11 
'"ier lo modify pru¡:r>ms. Mu11 di.cu<llun< of modul>rity 
focu• on un< m onother 11f lh"< ob¡t<ll''" and otlompl 10 
explain o.·hy «rt>Ln >Uuotura! cumtraonli malo lh< 
allainm<nl o( lhe,. objoclil·<> """. 

ltaihtr lh•n st:l<<:1 '"}' ono obj<tiii'O " lho mo<l 
impollanl On<. wc propu><' • R<rt<lll unlf)m¡; dofulition: 

ModuiO!it¡· d<al\ "'llh r.ow lh< Wu<Ju" of •o •b!"l c•n 
""'' th< >tiJmme 01 ol lOm< pulp<>u <><ior. Modulmly 
"1'"'1'oufui "'"""""t-

Hcn«, th< prme~pl< o( modul3!il~· i; madc contt<l< hy 

e>ploinin< ho"' e<rtolll "'"'"""" \lll lho >truOiu1< of 
•Yil<llll e>n mol< 11 <JilOr nr hard<r lo och"" •om< 
purp~lt. 

Fm nampl<. "''"' -.,11 of mu<turol <011\llainl< 
faCIIII>I< !OO~tf!Oblhl)? <fn,tont)'? r<l10b1!11)'? lmpo•lng 

•u eh '""'" lllll 1 on nru<l Ur<l " th< < "'"'" t•l apply i nf 111< 
r.>~Julotll)' pme~pl< m sol\""' <n)'Lil«<Lng.'·' For 
n•mpl<. rolo-free ptopamm•~~ fnoo« P'";raonm<ll lo 
mol.< "Pl•W the condOio~m und<t ~lu<h a ~··•n "'"""'"' 
os r "'""". ond thLS con hdp '"'" r< unJ<lSI>Od> bolll) ond 

P"""l "'""· 



l_ht ~uoowl< <lf m<>Jul•rn' nn b< fu rl!l< 1 1flu;:utrJ b, 
"""~mto r.1JJUilllh l"U<I """'' ln ~<o.J.n~ "h\ 
r•r:. ~ h·'" ,. bnLJn>!r 'l"- •!r<>uiJ br «•tnrJ:r<d m Jt >d<'f''"! 
tu< 1 "' lm >1 d< '"m f'"' 11 rOill: 

¡."""""¡ 1\a, lnM fJ,rrndcncr 1"11< to~·" lh< n1odLJI< 

'" lht "'""' """'"''· lh< "'"" lh< n<•~u1t " 
~<rrnJrnr un::,,""""'" on "h"h "run<. lhr• hrlr•• 
to ,._. •~!r'"" m<lr< ~orut>l<, ~~ .. ~r•:rn~ m>.l!.nr. 
uror.~'"'"'· 
F;r;'"""'~' o.' "''"'' H>¡:h<r l<'tl modul<> rpt<rl) 
rr·t.tl'<> lor 1omr '"""'· 1 <. •he; u to tr ~ON. 
Lr~" """ o"'""' hn" '~" o:•'""" "'"'"'Ir hr 
"''"'" ''. no• sr,nttmn¡" 1~ t•< OOn<·For •••mrlt, 
~"~'" • nc::~" 1<><1 mo~u.<. '""''"'"m"~' •r«tl• 
lnl\ • ""'""""" u lo ~< >JIU<t<J un:ll ll n >1 '"" 
14~' A 'o"'" lr,.r "'o~ul< ~,rr ddro< ho" thn 
'"'"''"''"' "rworn<C. < < .. 1•> '"'"'""~ >ná <mrrlror 
rn: ""'''"''"' lle•rj "¡,, rnocu:o '"""'" ln11 
"'"""Ir.! 0<1~< rr.>l <a S)<l<ln rnorr uno<J<t>ordable >nj 
"IL<I ID mC•dl., 

5"'N o: cv~•·~l lltoh« '"'' m~Jul" col1 lo"" bol 
rr.«!~L<< >TIJ '""'''"< rh<J: •<t«ll><i Tt." rn<>O! lh" rf 
lo"<r '« <! r:o«d~:<; : noo~c.w <o<n< < >«otr~n r:o~d¡llon 
"-JO .. > :cc<!¡lror, ""' P"""" llrt rqu«t<d ort~Oiron 
lr.•nr C<rc;: o<r!Oinl<<ll, tiL" '""" l•< topo:t<d lo h>.drrr 
1<><1 n•ocr.'" <o rhq con"'' •rrrnrn.rt< "''""· 

1t n>>Y be '"'P'"'ibl< lor ''""' I""F""' to ,.,;,ry >11 
'""' «\<;'""" "muhar.<uu<ly. A P"'[oam mlY h>•< ene 
<tru"ure i' mod~b "' crd<rod a<eordm, lo one rul:, >n~ 
' d.fi.,rn: OI:U"Ure <f l dr~'r:r<nl rtrle u tOc,lld<O<d. nre 
"·"" P'""' rn rd<n 1 ir) <rr;. tlrr:"' re ¡,,.,,,lrrp< ;, ro 1-.i¡!.li>ht 
'""' 1~1< "':ter" th" 1 <"nn bo ·come rnu>ly Ll'..:<i 1 n <1 '"' rur 111 ¡ 
tlr< lr.l>b!os. ~¡,,,. M rh"o """"' ,., ai:<ody u""d 
LO·ILO"i' el} ; th< lJ L Ont.r)'e 11f ml \.1111 tJro Cll:O !IJ <\p\rtit 1S 
tl.>t •m· r:<>¡:,.mmrt praóucn brll" ,,,¡, 1f h< n 
••-~m~mly ,,.,,. ol cut<m (or '"lu>trn¡ "~" he " 
d•••n¡. 

,\l.,.,,.¡jon l•>• moJu1Jrrty. ub<rtaCHall n • ''"Y 

J''"""" r"''"f'1<. THo """" «f .r!<<I!J;IIon IS W n\"<1 
er>inr.al P""l'""" "'"1' omHrcc< '"""""'' óct>Oh. Ü<n 
Ór>CII>\«'·' e;: ~.rtll"~""l dc<or:.r<>l:!<on in th< foun nf 

"1«<;, .. ,-,,,.,d ''·'"""o" '" l"''r.'r• '" "'"" P'"""' 
funn. hch ¡,,,¡uf tht d'COnl?J!IILnn pr'""" arr >bSIIJCI 
'"" nf th< 1tn.<l i«·ell rurcly 111 tlr•' '''"" lh" d«><ll >rt 
lU~<'I~rr..t<d "' rl" lov.er ltw1s. 

Tlrt ?"~o:;l< of >bstr>etrlln v.lr<n romb:c:d with tlrt 
rnncr~lr ci cor-1~\or<n«• rn<··'" th>l • ''"" ¡.,.r 1n • 
~~"''"~~,,~n " rrnJ"'''"'1>bl: " 1 ur.ll. w11hurn 
r<ou:rr:., '"'·" low~l<~" vf lo"" l01th of d<tari, m 
aÓ"'";I) ¡.,,,. rt pmL<"II'.'"' rn ""!)<:<In" •r<H~ fw1.1 
, [,~<1:; 1"<1. nrul H111 p1ncrplc 1\ :rrrp1~;ol on rlr< ~~~~ 

¡,.~;! ~~ o!;aorn > dtsO<Lptocrr "f ~<•n:: l<1tl o! rr.: """" 

~ ;;: ~ cnu1; t>• reah;t~ ~' '"' ,,¡ ''"'"~ "'"'·""'''' '"""'· 
•r·~ <>r :O< e''·" hlnJ lo~"'·, ~ .. cnr:,_·~ C:"'"' p>!l oi • 
~~·::,-, ""·"" cou~~ ¡,, ""~ m rrnn; o;'rr: l)>i<<m 
rr.¡.rr:tr.r llrr '"'" '"'""'"n:n: >1 ::.>: 1"''1 oi '"'lt"ll~n. 

·n., ;.trn:r~!< ~~ ·'''""'""" ""'"·'' "'' ""'"~:; ""1h 
rlr< r·.:rr~"' un~<ll}"•i' '"·' rHtr.·u), C<:em.''''"'""· ln: 
'"""'.¡' "<•f lr\r:r r,.w:a1 "'"' unt<a =~m~rn<~ ""~ 
'"' ,.;,,,,,,:, t•f oMJ"!"'" ~ .. ~"'l"><lul "'""""''"' 10 
'"""' 1'"' •or·"r'"" •b'"·'"'" "' '"""~· ;,,.,,.,. 
,,.,.,, ""~:.•.r! ro"¡,"" "" ,.,,¡ of ~>ndr.l:>n~.·~rlrr~ 

"'"" rl,, e:.~ 1«<1 "r '""'"'"'"· ~hrf, f''""""i ''""" 
'"'~ ,, "' "'"'lrJ ···~· "' i!.< ')"""· "'"" ~~~ '" ,, "'"'' 
"h"h"' un~"'"'"!lOI< IL> 11<' 111 rrr.lt~ o~uJ>:II<"<. 

I.'1•0>I1t>1inn 1i•< rnu<rr.l< of l.•rok·•nu: n cont<rneJ 
""h rh!"'"l r:o'·'""l). l'l.rr.n 'r."" b< \L'""fhl w;rth01 
>ll '"·un< rb". T;.u<. l.•c~l . .">llun .l<>h ~r:h phprc•l 
"·" r i .lt<l. 1\""" ,¡ <= 'IUtLI:O . 111< llll'r) . <t<, TI>tn \Ir: ~lhrt 

""rl:l "·'" '""'"''" llrr lo"lll<d thrn.·s to ..,,.,, 
.,,,,ubr purNl><l ( crrorJ<r r:orofuliY i<uw <n!:rmt< ¡, 1C: 

'''~-'<'IIOr. ~""'"" '"''IL"uon ol >O >b<tr:ot:~n 1n • 
lllLIOu[: >n~ ~UI """' ll<tn 1() U~C<r>t;;,~ >r.J ~:al \'llh 11. 

Su~"'""m•. "'') 1. ll'f'"' '"d ?")><<>1 """'¿'·" "'11 
» r>;-<J ommwu:•. '" "'~r,-1o of '"'!""'""· 11>< 
a>o<:!>n« ~¡ >oro"• rn "'"""''d )'IC'f"""''""·~ is •n 
•?rl"'"'~r. ni lo"b•rror. re cor.trnl ¡uuwrre~ ,.¡,[c,~ 

'""'"'" und<r<\lnd•h:ir:;- on;l <rm?lr:"«< <onf<m .. l~rlrly. 

lliJin~ ,\_~c;:h:r rrinropl• ¡,,,¡,. ro ""~)' r<>d<n i• 
¡,¡,.,.< ¡-,,,,'' for '~""rl•. "'" 11., lh< rrr•jor «ittrion 
ior • cl<W:n?úSJIIOII """ rf.v·!ub [¡ r< t<1>1d to th< i.tea 
of "pe>llp<rnrnr b>n~Lnf· <lomto:r>" 1n :or·do~n pw~1<rn· 

!Oh!Of, olth<•u,h L1 ll BN ti-,,'"'"· Th: pU<f>Jl.< of hr.hrr~ 
i' >Lnrór lo oh>< of obUI>Cuon '" tlr>t 11 l<g~i:<s nr>lin~ 
,¡.,~]e cr.l; l~o!.< rroy.rti<l of 2 modulo nrrd<d to 
i".l<fiJ<t ""h orhcr rnoduies. B~i l:id>o,; drffor1 hcm 
o~<trocllon '" 1h>1 tl" pu•po>< of ht<lrng 11 ro mak~ 

"'"''r'<'HMr cort>rn d""'' rh" <h<HJhl 1101 offert othor 
psrll uf l l)<l<m. Ab<rraelion k1o¡ to ,~,·nt,ry c'et:lil! rh" 
<hould b< h>dd•n. 1 I!'Jrr.r " cmrcemed "'lth rlf¡il!irtg o¡¡J 
<nforri"t uc<1! cOMrtamu t~>t. L\'llhout the hiJm~ 

pnne~;>l•. v.ould ooh'"'"' or.ly be implirrl in <OIT.< 
rurr<>><. <or.cept, m<d,nmn. rrolltiL~. m "''~' 
drmipl;l\n. 

llHII:I¡', combrnd w!llr .lhotroc!lon ond localilJ!!•Jn, 
fiJ:<O! l~l'P""'"" «f /1,,,.. to r.cr¡-li'"" "'"''· SupprtiiÜ1g 
ho" ¡ comrr>1nl 1\ ""'l"d iorcts rho oor.IU<inl ro 1>< 
m>d< ""''' <w\r<ll. \h<r<O;· >m)'lrf;ur~ our un¿<rmndiu~ 
of rh< cnns:r>rm ,,..,rr. n:crd!r.[ ·•Ira: """"'""'' or< oobe 
nprr11<d (an """" nf rrl~duiori')'-I""I"'"Í\Ii '""'"'int 
>Oio<11u11) " a """" rrlcl<t•·;n<kn! ,,¡ th' lriC:tl& princip:e 
itstlf. 

Uniformity Unifor mil)' ( the l•c'. cf IIICOr.>imnti« and 

"""""'"'' drff<rrn<«) 1\ >llo •n llnf"lll>,;t prill«]ll<. 
\\'non •l'r\red ro""'"'""'' m"'"'· ""'formoty )l<id• • 
n~IJIIOO ¡,., of c'nlliU\I!If ond ¡"'rlr.1rs <n"!)' ;~conlil· 
l<nC!<I. \\'l. on <ho com~rn oJ " 111. 1 he o b ll<><t<on p rrn•ipl<, 
umf<>tmrty <mphts • t~cct;"ror. 1h.r rurnm "bilt"Y 
m<.hmr1lllon ~r tr« oniO!r.zl ~">rlc•r 11f • m<Oh>ni<~n-the 
no101100 do<! not '"""'"" ""'' c~,or« o[ r:n~~<rlOnU· 
troo. AnJ ~:,:n 10< l11d:q r-"~'":' ">dd<d.rh< «<ulr n 1 
""'""'"ti<" llot! '"'' ""'''.' xrrnll ~tm>ll.rri'1etr~tlll>· 
:r~n dr<•¡<«. but '''" '"'""''"''no rrnno""·"Y dot.,l< uf 
'>r-::rí" "">'lor.>:r.IJr<<rrr "' ""'ltd b; llr< r.or.uon. Fvr 
""~O!<. !1 ¡ :cN<>UIOM r>,m<t<J 1\ j() ~. ¡ S\3<;>., th• 
"'""·~IOiroc. ~r ti"""' .. ~odJ mu,f'¡ b< hi~:lon fro:n 
th< u>or of th• 1ubrout:r.:. Tiro:. :no U\1 r \hou!d :,, obl• ro 

'!1:'"" "'"'"' 1111 """' ,1r.J 1'"' tlr:rn to >ub~<~nlin<l 
""l,;>tJ\ 1"""·' """ '" tl.o '"""'du,t "''''!"'"'"" oi o ""¡. ,\ r.,::,or. fur "~'"'"""' !U;n >hilO:\~"' l)f'<l 
"n"n rn ;;.;fo:<n'" ¡ '"; 1 ~- Ac.,.•b" "'~•;>!< n fl"" rn 
• "''"' r:r"'' en ,,,-,r=•~n ~>~óh" :c.rtb"'·' '" ···~><h 1 

uc.:\ll!nr "~'"'·'" u rr.•;-,>:.rj ~·""" ""'"'"" <>n ~< 
"1!11<:l ""r·.' 1 '''"'" I!.Or:r.'"'l """"'~'u( h1n¿he¡, ••rot 

"'""'' fl<•rr. '"~*'""""· 
In 111 '""'""· "''''" '" ""'l;tni rhr .uolfurmity onJ 

<O<IIOC\Iun Cllrtc<pll 1'1> han <>l:'rJ rhc~ho"" <h< 
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Unofprno ~d"cnl p,¡.,,,pk. llu1 l'"""l'k. •rrl"d 1<> lile 
concopl fn¡ mJII<>n >l<r ni the fu~>do m<niJI P'"'"'· ) i<ld> 1 

comil<ent and wo]J.cldmed ><1 <>1 '''"'""' wn«piS lh" 
en be repre><nl<d woth , umform 'l""'· A unoform 
r.otati<ln>l synl" " nol pumblo of tlo<t< "no ><montic 
unifonnny undo!lyon~ the notaHon. 

C"~mpleten,..., C"ompletene" is nb\WUII) an imporunt 
princople. The purpo" nf thlO prmcopi< 1! tu rn<ur< lhil oll 
the «ocn11al1 of >n >b<Uatn<>n. for '"mple. >re "Pii"' 
and lh>l n<>thing <>><n[Ja) has been omHI<d. Th" do" not 
roqui" lb>' <>"Y dr1ad bo <ho~<n-m<I<i)' th31 the 00! of 
,b!1ral'l wncep" cmoas evory deto<l. Appl¡od"' nntalinn•l 
motler<. comple<eneu 10qutre< thol • nm•nnn rro''ldt< a 
mtano for .,,·mg <><r¡·thmf lhot ""' "'"u to ny. 
C<Hnbmed ""¡' abuncoion. 11 1mph« th>< • nomion 
ohould t>< conoi><, J><tmlttlng lh< surP'"""" of Ull'atiant 
d<l>lll tn f>VOI uf hi,ohlir,hung lhe pOienu,ll) <~>nf<abl<. 

Cumplct;ness cnn>bmed wnh Ul1tfotm>l)' ond o~SIIartwn 
and •rrli<d to lh< ~ool of dfie~cncy suggem that 
proftinuneJS shnuld be oble to selocl d,ff<tenl 1mpl<· 
m<r.llllun m.ch•msm• lo tun< a <yst<m ·, ¡><rformance. but 
withcut changtng the furm nf lO)' sub,outin< <oll, for 
oxarnple. A noiJIJon that dots not [><111111 thl< P'"l'"'" lo 
ho .olm"Od ;, IIICUIIlplete. 

Confirmabilill Conflrmabiblf is a pun<>plctlla< dit<m 
a!lentiun to me1hods fot flndme out ~<h<th<r mttd r<>•ls 
h••·e bttn ach~t\'od. Apphed 10 deo>r.n IO>U«, confmn>bJiil~· 
r<ftrltu the "'"""""S uf a s)'SI<m "' 11 JS ,.,u,Jy IO>I<d. 11 
nm;t Le posSJhlc lu !llmolot< ,¡,, wllSUucL<d syllrrn "' • 

contrullcd '"'""'' "' '" l<'pon<e can b< e~alu"ed fot 
c<>n<Cinus. Apphrd 10 rouu¡wnal malle!>, conlnmab1IUy 
mean• oh., • noiOIHJn should rcquae t>phe>l •pce~r.c>uun 
of """"'"'"" <i»t aflcct ¡),o wrrocttoeiS of a drsi~n 01 
omplcrnOiltJtLon {o¡: .. d>t• cled:11J[ioo1 lh>t spccliy '"'R' 
of v.Ju" "'" """' ol "'"' as ~ell "' oot.:le of 
repr<>enl31iun) Appl1<d "' the pr•<tooe of <oftware 
enrintmn~. conf>rm>bolay ,tf,,. tu tt,e "'" of suth 
m<thod< >1 "'uotuoed "'>lk.lhO<>U~h> .,¡ doSI¡n>, opol<ss 
poop>tnrnon~. 1 ' ond ulh<r tll<thnd< that help tu """" 
th>l nnllun~ '"'·' b"n metlou~<d. 

Tho pr~nuplc of ""tf>rm•btltty "'" ho rcol"'d iot many 
u!<lul f<•rn". buth a> ontordy mono•] prooedore• •nd 
"'""~!¡· ;iJtd br !he louls and d>ta ba!< of a 10ftwate 
<hf.uo<Ounr farolll;. lctlltn ~md1 uf lyp< chec~onf_ ond 
'""'""'") •hed tn~ ro fleco 1 hr pm•ctplo of wnfmna~thl)' 
appl10d 1n tho. dc"r-" uf pro¡romllllllf_ ]>ngu•rcs ond 
cc>mptl<ll, 

C'<>aq•lfl<ncss •nd cnnfmn•bihty '" to!lly cunlu.ed. 
for "'mple. In th< lntroducnon. •.-. pO<«nl<d f\.Oitpl« 
¡Jiu>tt31 lnf tho 1111<1'<1 tnn b<t "'"'" nnUIInn. co:nplet<n<u. 
,nd rehobJht~. In Ol>t nf llte\t uan1pl<>. v.e no10d that 1<> 

rn<urr ''""r'"''"'" ,.¡ ""' ""'"""' cnnnol ' prn· 
~"'""'" ,¡,.,,,¡J ho¡••''"'""'d ~~- ,¡,, !)'ni•\ w S[" ni)' v.h>t 
>h<>old happc•n uhon , """ """"'"' ,,¡,;¡, "oo! uf 
""~'· Conform>~lill¡ apph<d to th< ,.me me< .. ould 
impl¡ • po<>~romrnrr >hould b< t¡·quorcJ 10 mte .. h>! 
<!t<>uiJ hap¡><n. Of wu'"'· tf hr ~"""' tltJt ,¡ut-<>l·tat\« 
IJiuts "' ll<\1 l"'"'bl<'. tlm 1\lu >ho11IJ loe• ,·<pr<>Sibl<. t.o 

1'""'" ""r''""'"'"'''" ,¡¡,,""''· ], ''""'· ,,,,. ""hlltott 
<>1 '"'"'1'¡,.,..,,.,. 1<\ ,.,;,,., ,.,,,,,,,¡,,r.,, "~'""'' lhJ! 

"'h"~ ... • "'"-''"'' ""!'"'""'"" ¡,,. "''"' 1" <h"~ "' «pll<fl 
¡,,m. 

1-2-7 

'2. ' . 

Ao Exnmple ol 

lhc Fra.mework'l Utility 

lbving do<cu>!<d th< components of the pm«,.lroal/ 
pnnctpl< frarn<worl. O! ¡1ea1rr Jen~th. "' now 1n1<nd lo 
lhow how lh< fr•mewutk can''be u>td l<>t"" >rod <tru<luoe 
;,,¡~ltt• 1ntu "'P'"' uf <of1·soro cn¡tn<<r~ng Ry r~>tn~ •n 
nl<nded nampl<, we ho¡>< !O sho"' tha! the irame~<·ork" 
no! metely ta>onomlC but can a<tnel¡ '''""m deahng wrlh 
lh< cumplexouos of soft "~'• '"F'"""ng. 

Our n•mpl< 1<11] >how how the fOJm<"Oik <an help lo 
OrR•ntte uur ttHdormndm~ of tht nonon nf a !ttbtmttono. 
Wo dwose lht< example bocou!<, oltltnu~b "<ubtouttn<" ts 

fund•mr:ntal lo <oft~<·are. and ><orns w<ll-undets!uod, 11 LS 

abo un< of tho ntost comj,r" conctp!S "htn constdtt<d tn 

it> t<>talllf. "''"" 8 '"""~ the p•ltorn of1he fundom<nnl 
pwcoss appl10d 1<> tht subroutme con«pL Th< notalton 
p!Op<><ed ts e>«ntiolly ti!OI of ALGOL 60, Oihor mllolmns 
rould h;ve been l""í""'" equallv u-oll.' The domtpltúrl of 
IIJ< SLJb,roulino concept 1n Ft~uoe 8 " obvioutly '<ry 
&<n<lll. In P'"icular, th< d<>cnpuon of "Meohamsm" is al 
• hith l<>·el of ab!lroction. 

Applymg hierOtCbital decotn¡>oS>I¡On, the rnochonilrn 
a>r<tt of· ouhrnuttnes <Jn be decntnposcd mili twu 
k"-obst,.cl mochanl!n\S for !mplcmonting tho >ubrcutino 
conccpt-onc for 'tnlme <ubrouttnot ¡nd ono fot do<ed 
subtoutines. Th<n, the fundom<ntal ptocen can be apphtd 
>g11n IVlth f<Sr<ctlo the« mrch>ntuns,., <hC"''Tl i~ ft~UI« 
9 and 10. Wt ha\0 m<CIItd patentJ,ctJC•l comnttllh 10 ''"'"'' 
how ''"""''' pnndpl" a11J/or ~n'l' "" b<mg «t>'Od. 

C""""" """'tite do,.d.submuttn<. f>~or< 9. Our 
d<>cnptiun hold• no '"'P""''· for wt •re >llll" o htgh 
1<><1. "!he notion• of Forur< 9 could be tefoned tn !<'<r!l 
woys, ho""'''", For tumplt, there "'., le m two dO>tio<l 
l..tnds of >Ubtoul ;,, hn l 'F' C1od<>w<mS: 1 ) ditCCI /mJ.a;;e, 

l'o·lmll os usuolly "'i'J'<>II<cl b;o a """'"" imtructtnn th.ol 
""' tito rolorn addross and "'"'1'" COll!rul tn the 
sub""""'' '·udy, •nd ~) md~tect /¡,¡Á<I!~. • mrohatotsm 
<mpl<'~<d on AED ¡mplemenuuonl, 1 7 tn wh!Ch a 
>ubwutint c:rll" impl<m<nt<d no! dtr«llr br transferring 
COnllnl In tht <uhrr>ultn<, bu1 mduocll)', hr tran•fentng 
e<>nlwl ou a "lil'lJ¡,o'' "'hrnu1t11<. lh< ptHpo" ul tbts ts !o 
''"' !]'JC< nn macbmos f01 v.hJCb <tool. m>nlpu],lion• "' 
"1"""" >nd In ¡,,-.¡,u at '"n-I ron< >il >uhroutln< c•ll••o 
doffro<nl Jmb~< "'""""can be ••b>ttlut<J-•-~ .. alim•n~ 
hn~•r< 11tat pth<O> tnformouun aboul lww murh um< ts 

>p<lll on <>di suhnutonc, no a drbumn~ J¡nJ.are lh>1 

f""""" '""'"'P"'-'" '"" tl.ctng nf colls by • drl'uiF"'~ 
pJ<la-.o. Tl11• >ppl~CJti<•O uf <lto ],.roi110IIon cunt~plo :o 

'"""'""'" hnb~< ¡,.,ti« ad'"""f' of nt>l:ng 11 eostor lo 
umf¡ lh< eftl"ency roal (b;- ptheun~ trnun~ :nfutmllion 
'"'1'""'"' >n lunwr • s~•tcm) and th< r<IO>bihl) ~oal {ll)' 
mal.m~ 11 .,,;., tn trad. du,.n b·op], FLJrthOJntno<, ,.hon 

«>ttl)'IO\ tJI!~n¡ >c~Lien'" "' t:quuod by ol.e ]a~t¡:u•r• 
1mplcmrnt>ti<lu. th< '''·'"' tun·IL>ne '"'" <'1 <nl<r and '"" 
m""' up<'"'""' ¡oc id< >i¡ntft<.ml <tora¡< U>·mg• lhtOUfh 
localu~uon and shaung ol th< ml<hont lnilrUOllOn! no<d<d 
fotr r.ch c•ll. 

1h< toll·retuut """'-1'' c<1uld al>o ~< <>ph<Oied furth<r 
h¡ dnet>SSII>? rno>c '1''''¡;,. e<,ntpb .,¡ the <'<m;opt, tn th< 

<1!1< "' rorure '' r,, ''"mplr, thc ""' ,¡ >t.cl. f'""" 
Jo~ .. ><< Kd,·.,-n« 14] ,.,, !h• "'''"'~ ,.¡ oel\oru .. Jdt<S«< 
,,¡ <>th<o lnf""""""" odJt<J 1<' '"¡,""'""' ,,,,,.,,,.,, t!l 

••Lit '"~"'"""'.' ""'"~' •r•"' "" he d><lfO<d b)· 



P'""'"~' lo in•oóo 1 1imil" pomrn ol oC\ ion lrom mony plouo '"o pr"'Jrom. 

Conc.pt: "Similor" 001 ~ol '"!he ••m<" i~npheo 1hl1 1he "'lome·· por" mu<t be collected in one ploee, bul com· 
bined m ooG!• """ wilh lhe "d•lftront'' paru Tht "combmollon" muU ohow how 1he "ddlt«nl" ond 
"u m o" parto in ter Kl. 

Mt>CfrMism · Tho "<orr.e"' port io 1 <ubroutono body, locatod in o no ploco ond rtlerenctd by name. The '"dolforent" 
port1 ore the ..::luol porom"er >oluu OO<OCiOitd in uch •••• wilh lhe <ubroutmo nomo. Tho por omoter· 
PO"Í"'l meohani<m ar<l codong ol lho •ubmullne body implement the "combonotoon" o! the Ponmeton 
wilh tho body ot coll !omo. 

Notati•>n: <!>roceduto UO\omont> ::• <procedure •dentol10r> l!l<oclual porometer>;-111 

::- { 
<ouing> 
<npre,.ion> 
<orray i<len1olier> 
<lwi¡ch identolior> } 
<procedure idonllher> 

<!>rocoduro decloration> • 1 <typo>l proceduro <rdentif~er> [ 11 <idontiloer >:-111 ; -
-l•oluo <<dentilior>;-:1-
.. l<lpe-c¡lier> <identofior>;-;]-­

- <ltotoment> 

U!;<19e: Th• <y ni•~ and oemanlla o! o pr"'Jromming langUI'¡O dolmo tho ccn!0<\0 in wtuch proctdutel can be 
in•okod. 

f.,¡u,. 8. l"<' Lo .. t hpt"'ot"'n ot "'' SubO"OutirooC.U c..,...,, 

••plicttly np""ing purpooe, roncopt, meoh•nhm. nofo. 
tion, and u<a~<. 

1t i< u1tf11l lo note the diff01m« Ln lhr "I'IJrpo.:" 
<amponon" of .Figuroo 9 anJ 10. AllhOl<gh lh< ~oals 
onh<rtl<d b)" d<compo<otion hom Figure ~ "' lho 
"m<-impm'• efrtcienry-notc "' Figure 10 that inUne 
oubroutines can tmproY< offooitncy in two •:•y•: 1) by 
rhm1n01mg suLto.,lino call o1·01hcad and 2) by pctforming 
r<rlain com¡mto~lion; al cmnprlo-Hn\0 "'¡," than al 
run·IJm<. u;ir1g actual pararnol" valn<S Fm c.ample, tf >JI 
p>nm<!m are (onl\anl!, ol m>y bo P"'"'tble lo compurothe 
»)u< of the subtoutino il c<>mptle umo ,.,¡¡, ronoequ<nt 

Purpos~: 

• To ""' •nace ~Y exoc.Jtin9 !he "m' lJody ol 
codo woth <ill!o<tnl por am<1er val u es 

Com:opt: 
• C..ll·r<tutn capability (t< •noler control 10 th< 

<ub<OUtine'• body, remtmbmng whettlho 
c.oll como hom) 

Mophom<m · 

• di•«l lin~•g• 
• indiroct ltnkoge 

Notstion: 
• Not.,ion !m coll 1hould not t>o drf!.r•nt from 

nol•tion u,.d W tnvoO.e ,nlino<ubmu\tn"' 
[Neto t~at th,, io on •Pt>licwon ol the unrlorm· 
ity ooinciplo. •nd "'"' to follO! pro~11m 
modohobihtv .) 

enotmouo .. ,·in~• in tun4ime efnci<ncy. Wegbreit
10 

nplcreo !hu po,.tbilily and rdl!<d on"' in more detall. 
fo¡ pur¡><>oes of illuUtaltng lhe ""' of our "'"P"'"d 

fr>mework, how"""· ti "wurth tr<Ottng how Figum 9 &nd 
10 hclp in e<omrarin~ ond contmlin~ lwo tol"od but 
diffo11n~ tn!erpretation< (inltn<" '"""' dooed) nf the ho!O> 

Pvrpose: 
• T o'''' timo by <liminatin~ call ov.,hea~ ltho 

ollicioncy gooll; 
• lo""' uocution ''"''lo\' l"''milling oomptle· 

time >implilicollon el • mbrouton• bod,· ''""d 
""actual values o!!>-'"'"'""' 

Con""PI: 
• The <ubroutine l.oo~y is >ltlntnuted in place ol 

the cal l. with acwol poram<lot value< >uio<ti· 
tuted lor lotmol parametor volu<> 

M«:hon¡sm: 
• Mocrc <ubttotut'on, lollowod by compile-tim.• 

optrmifOlion; or 
• Syn""ic <UI><titullon. on ¡ho .. n,. lhat local 

'" iobh•< decl "'"'' wnh in thO 1\tltrou t•ne Wtll 
not be lound lo oonfl ,., wnlt llmtlorly. namod 
vonoble< in tito cOnl<•l el the call, oo mrg~t 
hopfl<n with moer<> wb<lltuliOlo !whid"! oo;cu" 
Ol the l<>iCOI le.el Ol O PIO'J<Offi 10•11. 

Nnt.rion: 
• Should noll>o diiiOicnt from toll nolottoro u~e•d 

to inYoko clol'd <ubroo""" [TI"'" •n applt 
c.,fon oflho un,fmmrtv pro~c•PI<, •~d """ to 
lomr pr"'J'I"' mod,lotbiltty.) 

Uug•: 
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•ubtoutin< nuuon. t-."o" ol<O h<>w '" h>•< •rrh<d tht 
fnme"'""~ (u'"'F h10.archtnl dwompo•u '"" 1 lo ,11" n>~h< 
"Meohan"m" ond tn altorn•"" 'Tmo<<pl"' comt""""' of 
lhe p•ll<rnl in ~~~"'" 9 a11d 10. Thi< "'"'"" appllr.Lnm 
of the patt<m wtthin compon<nn of th< r•t'"" " • 
puncip>l •ttncuon of u<1ng th< hom<"'or\, fur undmt•nd­

int •oftw"' <n~in<<uno topt« '" d<pth. 
Our ~lu•tnuon.., far appua tu tmply thot th< pro<;<" 

U¡><cl of rh< from<"-'nlk " of p31•muunt lmP<>Il>nt<, 
b<cau« W< h»< orF'""'d our "'"'pies p11mml} LO lO! JI\! 

of th!S patl<rn. ~ul each of th< cumponents uf th< 
fnrncwork "nf <qua] importan«, 1<> on •n•l)''" can be 
orgonued rqu>ll) ..-dl m term• of ~oals or prmciplu_ 

Confitmabilirv: 

PurpoM: 

Con~pt: 

To ensure erron tn formin.g acall 
.,, d<tocta~te. 

OiSiingu .. h mput ond O<Jtput 
por ame tero 

Med>11ni•n" U~e • colon ora >emtoolon to 

C<>nc~pl: 

.epa• ate tnpLJt on~ output param•· 
tors, o.g., FIA,Il:C,OJ or 
FIA,B;C,O). 

Pro,ido ir><!JCotion of "'"'" nc•o· 
tOon• can be roisod. 

MechMism: 5ee below. un<!" Complo1eoc"· 

PurpaM; 

Conr:t"pt: 

Complot<non: 

Avoid unnecenorv ddlerencos in 
(o•m of cofl. 

[mure clo<ed ond ini•M calh ,,, .. 

th< '""'" n~10~~nnallorrn. (Th" 
rnhancc. mc.-hl i,,¡,¡, y t!lfottl\", 
ond •11 tciency imlorectly .] 

P~rpo~: To en<ure oll pronert"< of su~­
ro,.,ine¡ ••• rdlected in the 
nototion. 

Conccor: ~'•••:n""" shoutd l~< lroth re•d•ble 
and "'"'"bto: noto,on> lot ,.,.,.. 
sing respomo to <•<<PMns mould 
be a.·ailable ter ut.<'. 

Mechan"''" • Fot roadlwrno poramete": 

U"' puncW,tJOO !O «paro!< 

input and out:>ut """"''"'' 

Oedaro wl'lich ""'""'"'" ••• 
input ond whOch oro out pul. 

l ncorpor 010 !>O<! y of •ubrouw•o 
in proo;¡•orn wl><t< •l is ,.¡.,. 
rncod so ~·"~'r ""''''" c•n 
dOterm ine l'.l>i<h P" amele" "' 
in:>ut ond wt,,ch are output 

(< ~--"' tn ALGOL!. 

• ~o~a:,on< to d<ol ""'''' tho "'"' 
o u• IY:>« of o "'P' 'on coodo· 
tiont_ 

Dop<n~mr en ,.,-h!dt dtm<mioo n US<d. th< <mpho"' woll 
be dtlltronl, but UIO!I~ >ny of thc tht<< <umflOn<ntl 01 the 
don>tn'""~ mpmmo~ «•nccpt a ••ltd m apf'lytng thc 
fnmcwu1L Whrch o( th<m >hould be US<d d<¡><nd> on th< 

putpo« oi th< d"'"'"""· 
To dcmon•ttott thc •>hdny •nd »luo of uung on< el 

lh< oth« compon<ntl u t·.e o:g>nwng princrplc, "' 
du<ttb< tn Ft~urc 11 tb< nnt•tion .,!'<" uf submutinu, 
orgor>t1<d m l<rm> p[ puncJples '-'titfiCd by Y>rtOu• 
!Ubruultne call nol•ll<""· We will dii<U!S each brt<fly 
below. 

Th< purpo« of nm/irmabiluy •• 1pphed 10 notatton•l 
rnlll<rl " lo <muro thot tmporunt pro¡><tltcl of • 

lo<oliution: 

P~r{IOte: 

Con""P" 

To "P'"" only o no• otherwiso ro 
dundont inlormotio1'l ccncerning 
.. «ption<. 

A"od•t< trondl<r with ¡.,~., syn­
uct'tc unit than tho utt ·,..,u, 

Mn!rMJ>m: Uso notation sug~estod tn R<lor· 
ene< B. 

Hidl"'f: 

Purpo<e. 

AbUrootion·. 

To prchibit occen 10 inlorrnauon 
\lral >hould he avotl•blo only tv 

thc '" L>routino, 

U•< ahnroct d•toty"" in de<lorifl!l 

1n !<Wol P"""'""''' da u tY:>•. 
. bu! 1 more dctoil•d <locl•rotion ol 

11,. fmmol po,.m<tt·r"• typo. 

T o 1" ''"'"" "'"'""'¡ rropert i., o! 
coll in tlle notat,cn. 1""'"9 oth« 
doto•l• lo other not•tion1l dOV'«">-

Conc<"PI: Tho motlrod for h•todhng ••oep­
tiom •hould not be do:oly hnkod 
\Q irnpl<•mental''-'" nrcth~d,; • 
choie< o! o "'"W of ompt•mento­
tion t•chmque> should not be 
foreolo•od tov tho notatoon. 

M~c/!3nt>m: U>f 1n implementatron n<utral 
nouunn lor exceptlon I!O ndling 

M 0<1 ulao ir y·. 

P<JTpo~: 

Conr~:w 

To '"'"" 1hn •vntK!•< <tructure 
fo<l<rS opprop.io!< go•h­

Eo•mino imp•ct of synto• en goal 

'""""'"'."' 
Mcc/ooni>m · Chooso !he JO VI AL me !hM ol 

<1111irr~ui;hin~ rnputlo,.trut patam­

'"" rath<r <han • doclor.,iv< 
mothod, >Jn<O ¡ho JO VI AL noto­
uon •moro, e. ~nd<r>tandob,(,ty_ 

f!Qu•o 11. ApoPyl"" oho ~"""""''ro 
Subroutooo Con "•'""'" lrouoo 
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oubroulltte's inl<rfoct ore ll•tod "Piidtly In 1 coll, w illl 
d<u whelh<r !he y h•>< oll b<On dc.ll with e<>!«<lly_ Two 
'·'""'" of o coll ducr.e p•r!otu\11 menllon u Cllnt<pl> for 
achin'll'lg this purpo1C. The 11m " '" diuinruioh '" th< 
noUlion of lh< coU "'hich pa"m<lcn "' reod-only (1 c., 
.,h1ch ate onput porom<len)and wh10h ore "nteable (o<., 
oulpul P"'"ltt<ll) lhe l<t<>nd io to dminpuuh tn lh< 
form of !he ca JI "'ha! excepl1on condt:ionoa oub:•lUtln< con ,.;,. . 

PL/1 i1 dellmnl in th11 no indicilion ef cutput 
parometen io m•de. In thl\ l<>[l<Cl JOVIAL io oup<ncr, 
oince a coll te a JOVIAL subooutlne, c.~ .. F(A,II C,D), 
<hoW'l explidlly th31 A •nd BaJe onput P""""'" •nd C 
and D are output p>ramete,.. In thts case, thc JOVIAL 
lynlox io on cumple of a MUllor.o[ methlnam fot 
impl<=nllng tha conctpl. An equall)" gOÓd mechumm 
(conoidc"d >olely from 1 <<>nlltmabthty ,;.wpoint) wculd 
b< merel}' lo reqmro thal in lhe dedarauon of o ouboouttne, 
th< tnput/oulpul allnbutu of p•umetots be orecified 
exphcitly ou tho tequirement can be checked at 
compile-time, Alw, uniformity \o'Jih moro modctn ptogJam­
ming lan~uagu, a< well " <Hdinary Engltoh, mi¡ht U)' thll 
the ";" of JOV!AL mi~ht bemr b< a ";" 10 furth<! 
imprc>< th< undc,.~andabihly of ·¡¡, >yntax. 

The nplic1t indicaliun of excepllon tondltlon< i< a 
ronfirmobLiily imJO tn lh'l il pormll> U>et!i~ht< WLih 
t<>pect 10 e>eeption condtUono In be del<el<d rnoro ea<tly. 
We,.,,ll diocu>lthi> cone<pl fuJl!Jor unde¡ Comploten<". 

k; for uwfo>rmll)', W< hu mcrd) th< conJ<pl lhilrnhne 
and dosed submuline tnvuc>tinn• >houtd h"' 1he '"'" 
fotm. n,;, enhone<> nwdifiabillly for 1uninr (dr.ciency) 
rurpo>es, '""" ch•ngmg' dc1·i>lnn olx1u1 "'h<l,kl lo tr<Jl a 
>Ubroultol< "' do;ed m mime w!ll not rhen ~<qHioe ch>r1gLng 
nery call. 

Under cllmf</o·Jme11. '" apm 11<1 tlle contepl th>l a 
>ubroutine'o "'''<><>lion nol>!ion ;h<1uld pt<wtdc foo deabn~ 
wilh <Hrptiot1 «>ndnion<. TI1o puoro" m1·cd loe«" nnt 
"''"'"" tl"t ,\ltonJHwm "'ele .lit ~·Hh 'l'lll!ll'"'lely (" 
for conn .. n,<htllly) but ""·" w omurc Lha< n-cry 
capob1llly of rho <Ubruulrne concept " mlp[l<d into a 
ouiuble nol>lion f or in,ok rn~ thll c>plbtllly. TI10 obilt!)' to 
<onlfol thc !<SI>.lnse loan <><<¡>toen i< an rmrutUnt upeCI 
of •ubwulino tnvocation, atld no"""" •hnuld be rro"dcd 
to d"l w11h "· Tic <onfllm.lblilt) r<>~r<>« I"'I"F" 
prMid« o !l1<lll~" ar~urnent fot a"uÜ>lHI~ «coptron 
handhn~ "-tlh c•ll•. but wc "" 11 here beCOU!.e rt ,¡.., 
_..,~r,., tht r<>rnploteno" ptinC!ple as "''11. Simrl>rly, 

· introJu:tn~ lhe obihty to ""i'" to pa,m<t<rl ;, o contepl 
•u¡¡:c<trd by lhe <<>,rlclone>< runcrplc: dollrn;.ui<hin¡; 
inp<tl and '""P"' P'"r.'""" '" Lhe fmm of thr ,-al[ or tn a 
dccbr""'" """ apphraloou .,¡ lh< <o•lfton>Jbilll)' romCLplc, 
hccau;c tlus mole tl <>SO<tlo dc<o<t '"""" C!'mpLI< ILm<. 

The potro>>< oi /ocalozatwtJ " >pphed tu nntation>l 
tf\311<1< fo1 de•lm~ "''h c"option rondLii~m mi,oht be 
'""d a<. "\l'hen tho """ oc•rtton ¡,.ndl" " ro be 
><l<>ctatcd """ """1 <-11l111~ pmn" fe" lhe umo 
>lll'loullll<', th< n~!>tl<>ll '"' "•<rlonn l~nll,llln¡: >hould 
p<ll!\tl lhe h11n•ll" '" ~< '"'""" '"" ,. , nthn rhon reqLw tng 
11 h• bo ""'"" ., r"' uf c.rh .-11_" Ouc u1ncrp1 for 
>.ll!Sf¡ln¡: 1Im 1''"1'""" In """<hl< honJic" ~llh [.u~<r 
"'tloc!ic unllo <>f !ni thon lhc <111 ohrll < ~, ,.llh 
'"temen!<. l""P b<ld1<1, <Ir. Th!S pwpc>Sol h <>rl•"<rl 
l111lher m R<fctence h onJ • ;p<ul" 'Y"'" lo P"'l'""d 
1 he re. 

Thc hidmt p!lnciple opphed lo oubtoulin' colt Mlollon 
mrono >Unwrn~ lhe 1UbJOUIH>e ""' '"''" onlv lo lhe 
abmoct dato type tnform,.on necded lo! !he ><:rnont,., of' 
th< c.ll Thu1 declamton• el formal paam<len (te., en <he 
ln~tde ol the •ubJoulln<)OJe btokon tnlO IWO P""· lnd only 
the obsloact pi!l ti m•de l''lllable to th< user for hh 
decliulton< (< g .. occ Rdercnc< 12). 

Th< prwciple of obmowon con•binod '"1lh unlfoJmily 
ouggem thot the noution for deohng Wllh U«ption 

condltiono ohould be """""' ""h rnpeCI to '""""' 
impl<m<ntation techniquto fo1 hondlw¡¡ <>.<tpi>On<. In 
Rrf<J,nce 8, a notation for e>ccp110n hmdltn¡ is ptopo"'d 
th" can bo implement<d u<tn~ """' '&ltabi<l, r<lum 
codeo, <ubruu!Ln« pa<«d " pi!itn<lm, 01 l'L/l OS 
cnndllion• " inlplomenlillon method< fm d"ltn! Wllh 
uceptton>. derendtn~ on 1he lo;i<>l conmotnts '""<i•l<d 
"'ith tbe «e<plton. Th< poml "1h11 th< notott<:1 L~ou[d 
pernut • propunmtt to deal w:Lth the abotfiel conctpt of 
~n oxcep1ion, wllhout b<ing l1<d do"n lo itnplem•natoon 
delotJ. Unlll he il 10ody lO tune l syi!Om. n111 pOtnl 11 
"ploted in&""'' dotall m the tll<d reference. 

Fon•lly,oppl¡tng lh< modularity prtndpl• lo nol>loonol 
mUI<n rr.eano nploting how !~< muotural con>Uatnl< 
imposed br o synlu can hdp to ochi<''' sorne pu1pose. For 
exampl<, lhe fOal of u"dorua,d•bLitly is cnhonced by 
JOVIAL's S}'lltH for di"in~LJL<JtLng mpul and nutput 
rorom<t<ro, ., cppo"d '" drcloring wh1ch paramcten '" 
input p,11ametcn but nel dislinguroh•n; Ln the !l<UCluJt of 
the "11 "'htch paramcter is on mpul potam<rer. Of rour"'. 
!h< J ú\'[AL nntal ion dctr>d« rnocltliahthl) , rn thot ohoulj 
an input pa<a<net<' <>er be chon~ed to an Mlput 
["'>meter, al[ roll< wL•uld hoH lu bo modLtlcd, wh"''" the 
lo<OiJZallon tr1hcrent in' ><r<"l' declontlcn of JO>d/wrtte 
ptOf''""" wou[d not h>>< thts dra·baok. llumm 
JUdgom<nt i< m.ed 10 make a uadcorf dtmion in thio case. 
The point io lh>l L)' consodmn~ lhe dfect of l)'C.toctic 
"'"""" on ocl""''"g <omo fOal. we hn·e <hown 1"'"' lhe 
nH>dular~ty rnn"plc •ppliooto nntouor~•l mu:s_ 

In <hon, Ftr,u~< 11 <huw• thol ll i< <qually l'""'blo lo 
nrrani" a dacussion of as¡><<!S .,f th< <ubroulm< roncept 
in lerm• of ptin<~rl<> " m "'"'' of the fundomon"l 
procc.</pm<rn, (/U an ucrd..,, th< teod<r mt¡:ht <On<ider 
"'hll ]IILnctplu at< "ltst-ted or de~raded by th< n<>111lona[ 
conccrt of op\I<JI" 1 "~" ment •-) 

Thc >nalym in f'1¡:uoer 8, 9, 10, and 11 ¡, 11nly tht 
bopnn1n~ of • complete <>ph<•llon of the >ubrouline 
conc<pt, but we hope our dts<U><ion h., ,¡,own tita! b\' 
tc<Ut<Wel,- app[)tOf lh< h>m<""Otl., m COnJUOOIIOO ,..¡¡j¡ 
lu<llT<hiO>I de<<ll1li'-1Utton, otpntred and tn<i~ltlfu[ cxph· 
e>: 1om c,n b' d<,-clurod w "wcnt foo lhc \'LitU" and 
JcfimoJCtos <>f ''"''""' mft~"' on~meooin~ l'"'pmc<, 
ccnoopts, modiOn""''· notalluns, a11d ''"1« 

Conclu•ion 

011r iment tn lhl< r>r-<r ¡,., btcll lo wm!'hd"c and 

"""'"'" <llflwarr t'lli:'""""~ ui<O< tnrn "<<>h<IL'Ilt ond 
mdul 11"'"'"'"1. lno u•lderqanJtng lhc wlc lh<'r tdeu 
pl•Y· Th,. I'"""PI•'· ,,,¡,_ ond rm•<>• >lepo "'""Nhmo 
l[m fr111"'"'"1. 01< no>l <><>t in•~nlt<'lll; thcy h"-c hccn 

'""'F'""" h) ""tul "b"""' ol "~"~'" ,,~¡"'"'"~ fu• 
m•n)' )<.m_ 1\'c h>v' mcr<l) attcmpt<d l<> P"""' thn< 
'""' ;, •n unl<rly anJ ,.<11-delm•d "'Y· We "" 1101 cl•un 
w havc 1J,•nlir.<J •11 thc unpotlonl princrple! nr s<>•h 
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HOW DOES A PROJECT GET TO 
BE AYEAR LATE? • • 
ONE DAY ATA TIME. 

NO SCENE f'RO'l PREHIS"TORY ;, 
qnll< 10 vt>i~ ·" '~" <>[ ohc m~wl 
••n•r~l" of pe-o"''"''" ohc "' pH< 

In ohc """~\ 1"\C ""< '"'"' "'""'·""'· 
"'""'""'"'· "'" '"h<J·I<•<IIhcJ llg<r< 
""'~~l1n~ 'roin•l thc ~11p ol tho w. 
1 he herccr o he ""'~~le. lh< rnnr< cn­
l•n~long lh< l>f. and no he>>! i> '" 
"'""C '" '" >l.oillul loul oh.o he ulu­
m•Ld¡· l•nl.> 

L."~···""'''., r"'l"" "'"""~ ¡,, "' ,., 
lh< P"' <kr.,J< hcct> <urh a'" r••. •nJ 
m.on¡ ~«" ><oJ P""<Jiul hcam h.1>c 
lhra<heJ IO<'I<nll)" on ot. ~-In" lo>'< 
<"0\<lf<J «ni, runnin~ '"l<nu-!.·~ 
¡,,.,, rncl ~!'.11\. «loul<lh. amlloi\J~<LI 

1 ·"¡:e "nJ ""·.¡ L '''·'"¡ ,. nr u "'· 11".1 "' 
. dl<r h·.om h" h<n•nn """"fkJ '" 11>< 
'·"· No nn•· thon~ '"'."" rn """ ,¡,.. 
<lotlo'""•-·•n¡ portocular P'" '"" he 
pull«l '"")- lhll lhc ><<umulaoinn <>1 
""'"""no"'" JoJ inl<r><l1ng !"'"" 
hoin~< ,¡,u,·r ""J >iou" \loOII<>n 
1: '<"!) ""' 10<1"' In lo .ow ¡,..,., '"'P"II"~ 
h¡ ohe ,,,,;,," ,¡ 1l1t rr,.h:cm. _,,¡ " 
;, 1.,,~ '" Jt•<<On tlo< n>llll< of 11. ¡¡," 
'" "'"" "1 •~ \lnd<<>l•nd ;, ol ~• •" 
'"'~heH. 

\1"'' '"""·"' r•~t'•" "-"' 1'""' 
""'' 11'1 l.od. t•l ,,,:,·,,d.lr 111n< llo.lll lt'l 
.111 "'¡," '·"'""' "'"tl-oo¡cd 1\"hl" 11-1, 
,.,, . .. r ""-"""' '" '"""""": 

r,,,_ "'" ".,,,;~"'' .. r """'·""'t 
.,, 1"""1' dod••rcd .'h"' '"'"'"lh 
,¡,,., 1cn.-.o ·'" '"""'"J """mpllon 
~h•d• "'1"'"" """'""·'e. 1h.11 .di"'" 
,.,, ~cll. 

.......... !. "'" '''""·""'' ,.,¡,"¡~,,., 
t.11.,..,.,,,¡, ,.,,,.,, . .-11"" """ rr.·~­

,,.,_ IUJ,,~ ,¡,.. ·""""P"·'" th•1 """ 
,.,¡ "'""'!" ·'" lnl<<chJnp·o~l<. 

1/on<i. hci".H'IC ~~· .,,. \II'I<"OLIOn ,, 

""' 1 '""'"'•"•. •ni;"," "''"' ¡:< r • <1ll' " 

1-3-1 

By Frcdcrick P. [lrooks, Jr, 

l>cl. ohr cnuno.<>u> >wbhornn<>< ,.. 
qmr<d to m•lc p<opl< ,..,, lor a ¡:o<><l 
pl<l<l<Oct. 

l"•><IILh. ~thcdtolc rr~~'"' i1 poorl¡ 
mnnil<>icd. lt<loni~t•<> rr"vcn anJ 
rotJIIne in "thcr enf'""""' di«iplon<> 
ore «>n,ido~e~ ¡,doc•l innc .-a:ion• in 
l>olov.>T< <nrin<<r .Of. 
• 1 tllh. ,..¡,,., >OMdulr ,lopp>~< 1! roc­
o~nl1cd.·IIIC "'"'''l{.tll~ "·'""'""'11 
f<'l'"""" " '" .tdJ "''"1'"~"' 1,,, 
dnu\in~ •• r .... ""lt "'"'¡,,.,._ 11"' nul ,., 

m.ltiCI\ «nr><. mucil "'""'· MN< f<rc 
. J<q,.irc• mnoc ~"~lm< ouJ '~"'be~"'' 
• «~'""""" qrlc ~lo1<h enJ> m dt>· 

"'"'· 
Sd,·dulc "'"·'""""~ ~•ill•c ,.,.,.·rcJ 

1•1" 1 e< "' """ ""'"J" ~•h" ... 
p«ll ,.¡ lh< problem in"'"'' dotaol 

-Or>t<rni~m . 
,\11 P"•rr.mmee> •re <'P""'"" p.,. 

"'1" ""' rnoJcrn <~1!1"<1 "1'""'1' ,.. 
''·"" '"'"' """ 1•.-1"« '" h.oppy tnJ. 
"'~'' ""1 t.ir) rnJnw•l•<r> l"crh>p' tho 
htonJr<J' ni mlt) lru\llaloon. ,¡,,., 
• .,., •11 hui lh<'>< .,¡,., hob,u>llc !n. 
"" "" <lw <nd fo>•! l"crh•r> un mere· 

h oh" "''"P""" "" '"""'· P'"'""'· 
""'' "" 1'"'"'"'· '"" "" 1"""~ "' 
"l~·'l' "~''"'""' llo11 1"'""" lite><· 
!"""" P"""" '"""'"· ohe oe~ulo ¡,In· 
J"P"'·'hlo-: ··1 h1> lime 01 "'11 <ur<ll 
run." <11 ""l¡o·1 lnund lhe 1>•1 huK."" 

~ .. ,¡., fi"' r.t_. ""'~'P""" '"'' 

1 
unJ,·ol"·' r!oc •chcdulm~ <'1 >)•Lrm• 
P'"P·"""""~ '' 1h01 111! "'1! ,.,,.el!. 

i' ,. ''"' '"'" '"'' "'11 ,.,¡, ,..,,,. "' , ........ "''' ··,,,,.¡,,·, .. ,,,¡, 
1 h< l""""'""e" ,¡ 

'"""'f r«'P•m''"'' ~""'" m"" 
th .• n, ~'P '"'1"" D'""'"' '"'"· '" 
he< c.<oH<nl ¡,,,,.)., lh• llfm.i ~~ ,¡,, 



• 

¡ 

THE MYTHICAL MAN-MONTH 

Mol.". d"id<> '""''' O<ll>it)" mr~ 
lh"< 1<o~e>: .lh<.id•:o. !h' ¡rnplcmcn_"· 
hon. and rhe rn'<_!•chon.ll ~oo<. thcn. 
or o <ompuror. or o pro¡¡rom comu 
rnro nnt<n« fi"t ., on id<il con· 
"'""· burlr ou,.idc lime ond ·~•« 
bu! eomri<IO in lhe mind Of !~e OU• 

rhor. ll 11 rcoh><d in lime and >pacc 
h)· p<n. rnk. •nd r•r<r. or b~ ~ne. 
111ieon. and fortit<. Thc <r<allon " 
compl<l< ~h•n wmoone r<aJ> the 
hool;. "'" rhe <ompurcr or run> tho 
p1opam. Ümcby inru•crin~ wHh rhe 
mind uf rhc mokor. 

Th1> rl<~Criplron. ""hich Mi" Saycr• 
""' to illuminal< nor only hum>n <r<· 
tri>< '"""1 but aho t.~o Ch">lian 
dowino ol rho Trinir). ~ill hclp m rn 
nur P''""' 1.11l. For tho humon m•k· 
"' ol thinr>. the incornpleron<><<> ond 
moon>Í>I<n<i<> of our idea> bocome 
<loor onl)" dutJng implemonration. 
Thu> 11 ;, that \>oflllng. o.ponm<r.t>· 
tion. ··workin~ out"" aro <>>ential drm· 
pl1n<> lor lhe lhoorolrcien. 

' l 
In m•n)" "'"¡" ocllvrti" the medi· 

um o! <>«mion is in!l•elable. Lumb<r 
;pirro: P>Ínt> >mear; <I<CliÍ<>I <ircu1" ::; 
rwg. Th<>< phy>i<:al limit>llon> o! rho 
modium "eonm01n lh< rdca• rhar mo) .~ 
bo nrre"ed, ond rt,.)· "'"'"""un. 
npeoted diflkullit> rn rile implomon-
I•Úon. 

lmplemmr.uon. rhen. la\,<> llm< 
.-nd >H>T bolh heo>u>< ni rhe ph)>Í'·'l 
•rrcr1ia ond hcnmo ~~ th< illodu¡l'ocic~ 
,,¡ rhc lltrrlori)IO~ ido.,. 1\"c L<nd r11 
l•l•m• th< ph)>i<>l medra IN "'"''o! 
'"" impl<mentotron drHtoultoe•: lor the 
mrd ... ,. ""' ··our>"" in the ~•) tltc 
¡,¡,, "'· ,rnd ""' rrrd,· «''''• our 
jtr.lpncnl. 

c~mpul<r l""~'""""in;. h""'"""· 
'""''" ""h on o-.redin¡-1) lr><ra~lc 
mcdmm. 1 he pr "~' dnlOl<l hu¡¡d, h~m 
1'"" thou¡:hi·\Lull: """«rl• •nd '"""" 
H"1blc r<"Prt"'"""'""' rhero~l. Jlc. 
'""' 01o rn.-d1um 1< tta<l.•hl<. ,.., «· 
r<ctlov. o,n,orrllic> ro •mrlemenrat.~n: 
honee nur r,,.,.;,, orllmt>m Uocau>< 
·""' ido" are faulty. "'' h••• hu;•: 
hon« ""' "rrim"m " un¡utt1frcd 

l11 >""¡:le""'· thc oi'-LIInpii<Ht th.rt 
>11 "'ll.oo v.cll ha~ a p<nh.rhtl""'. ,~,·" 
on th< <drcdulo. Ir m'¡:ht inJeeJ f" '' 
plann<d. for thore i' • r!ol•>~lht~ J,. 
tu~o11on lo< lh< del") tirar ~;u he on­
'""'"'"«1. ,.d .. ,, é,,,, .. '"'" """'" 
1'11\!•.•~1111). 11 '·''f" pr<•¡·<.rltlllllll¡: ,¡. 

'""· h"~""· '""""'" 1\l !llJI\\" '·"''· 
'""'' 'h'""J <nJ-l<>·<n~. 1 h< rroh. 
,1.,1111 thJt <·•<h v.·rll ~<> .. di P"om" 
'·"'"hlnf:ll ltn.oll 

Tito my!hlc~l m"n·mofllh 
1 he '"·"nJ 1.•11•, '"'" th"""'" ,,,,¡.. 

"··•r«·"··J "' "" ""'.' """ ,¡ .rr,,, 
tiiO"<i m <"tl<tll.tiÍII~ .tlr<l "~<"<i111l'o~· """ 
"'·'" lll••nth (".,,, ,¡,.,., lltrlu•l '·"' ·" 

lh< protdu<l Df th< num~<r ~~ mcn ond 
Lh< numh« "1 month>. p,,~"" dn01 
nol. ll<nrf ,¡,, man·monrh ar a umr 

/o• "'",'"""f rh< "" <>1 a ¡ofo " a 
danguout ond dr<<pll« "')lh. lt >m­
plr<> th.r m<n •nd month1 '" tn«r· 
'h•n¡eable. 

Meo ond monLh1 •ro tntOJch>ngo. 
oblo commoJJ\ict only "h<n • to;k nn 
he panrllonod arnong mon) ~<orlen 

_ . .,¡, "" "'"'"'""'corroo omonf ,¡,.,, 
(fi¡. 1 ). lh"" rrue of r<>rtn~ -.hcat 
or pi<kin¡ cotron; rL " nol evcn •r· 
pro"m.r<iy rrue of ')">Iom> progJOm· 
ming. 

"Whon a rul connot b< ponnron<d 

·.\.:i ' . . . .. 
·1.\ ::.~·-- ;: -.~;. }~~i~X);.:~?·. 
.\ .• ·,··.~;,,'.· .. ·'.'.' ,.··· . ' . .. ,_ •. · .,"!"'· .. •· .... 

~ ,, 
···;:.._"~':\<~''·,. :·:~~·;''<~ .~. 
.. ·-.-.-,.>.·.::,.·; ... 1 

.-... ~·{i :·;·: ·. ·:: ~~~:.::~ .. -:::. J 
• •• 

rrg. l. The '"m ""mon-<T>On:h" impl"> 
th•t ,¡ on• mon "'"'lO rnon:r,sto oo • 
pb. 1 O mo n < "'" oo rl rn on• mon1 ~ .. T '"' 
rnay bo 1 <U< of pror..r ng co:ton. 

b«•u>< of ><~uential cOn>tr>Ính. thc 
•rrl1collon ni mor< <ffo<t h.,. no offoct 
on tho ~cl,.dtrlc ·¡ ho h<>trttf' ni a <],¡,f 
[.,f<l <lirto rlt!HHh>. no 11\0:IOt huw 

"''"' """""" .tr< al>r~n<d ~l•n• •oiL· 
,.,,. '"'' h»o rhi, eh""'"'"''' be· 
<>U>< of th< "~uontr•l """" of d<· 
hurginr .. 

ltt '"11 11t."'1 c. o be P"rlrri,>n<d hut 
"llleh rrqtr111" enmmurtr<"o!iun '"""'~ 
tlre '"""'"- th< effmt uf eommun;e.. 
llon mu,r he .1dd<d lo rho '"'"""' of 
WO!l. In he dnnc. Thcrdn" th< bell 

''"' <>n h< ,lnne "'"""""·" P"'"" 
lh.tn .ro""' "'"k ni""" lr>r munLI11 
( F1~ 21. 

1 h< •d<i<<l l•mJen ni <ommrrnr<a. 
t<on ;, madc "P of '"" r•"'· uaining 
•ntl rnl<r«,mmlln1<>rt<ln i:J<I¡ ~ocl.cr 

"""' )., "·""'d '" rhe """"'h'f). 1hc 
1"""' "1 ti'< ,·tlnrt. th< """t:tll <r!J!<•¡;\"• 

'"J 1h< plm uJ "'"' lhi> ''"'"'"~' 
,anm>r he r•rrrtiMed. "' thi> r"' <>1 
th< addcJ e~l"" '"'"'' lnr<.lll) '""h rh,· 

""'""" "' "'"'"'· 
1". S \"J""I'l.) "' l!r-11 ldcrh"l" 

·""""""'"' ,.,,,,,,., lh,tl •• ,_,,,,. 

'""'""' ,.,,, ""'""' ·' '"·"'!'•'"'"' ~.,1,1 
"r ,,¡ 1tl"; 1'<1 ""''· .\lo•l< th.rn rh.ll 

"'·'"" ,.,,¡ <"•<n '"h'~"' th< <"'•''"''"" 
t>l """ ''""''·'1 ¡,,,,,,, """'""" ..... ¡ 
111 '""'""""•·'''"" p.tlh~"'' 1· J. 

l-3-2 

C"orhotó or '"''' ~""''"" ""' thot • lnn¡ 
proJ<Cl "'"'' '"""P''' o rurno•cr of 
~O':"< ror ""· •nd ""' pcoplc muiL be 
t<oth t<drn«olly rr .. ned ond rn«gn"d 
In lo rhc form•l >rtuctutc. 

ln1<JCommunio•11on " """< 11 
o.ch p.rr olrho '"' mu>t h< "P""'" 
ly 'oordr<101<J ""h <iCh olhcr pan. 
thc '~"' 1 rn<r<>><• n n( n· 1)12 1 hru 
"Ori.en "~""' thrcc trm01 0> mudr 
poi:"'" tniOJ<ommunr<orron u two. 
fo~r rcqutre >il llO".e> n mueh 01 lwo 
11. mor<O><t. thore n«d ro h< con lo¡. 

'""' omong tht«. lour. ol<. ""''"' 
to r<•ol-. lhing> ¡orn•l•. matt<h ~<1 

"""' )<1. The added <ffon oi com. 
muoi<ihn~ ma)" lull~ oour.,r><l rh 
d11i>ion of th< ""f'""l to1k and N m¡ 
"' ~ac)o lll lh< >rtualrOil ni Fr¡ } 

S1ncc 1olt"<re <On>lrU<Iion i> mhcr· 
<nll)· a >)"ll<m• efforr-on "'"'"in 
:ompl« rnr<rr<IOlion>hiP>-commu· 
ni0.11on eflort ¡, '""'· ond ir qur<kl) 

" " .,. . 
"''" 

Fig. 2. E«ll on los>• :h'l ""be o•tely 
o>~ 1~ ioneo •mong peopl<·. 1 he oddrlron' 1 
comrnuni<otron <eour<ed .10d• lo lhe lO· 
tot wo•<. '"""'in¡ l~.e ><hedule. 

fr~ 3 S•o<• >O'I"'' co•.str~:tr~e •• 
ecrr~'"· l~l eommun"IIION O•O•huj 
,. >•NI. ~<ld•oa moro m•n ''" I<".¡,IO<n. 

'·'' '"' llt•n '""'"o, lho '""'"'' 



' 

f 

- --~-- --.----- ·~- -·---·-
dom•n•'" lh< d«"•" '" ,.,,¡,.,J.,,I 
14>1. hnl< blOU~hl OI>.Ml ~< J'•lhiOon. 
on~ AJdong mol< m<n '""' lno,lh<n>, 
oOI >ho•ll<l'l, >h< "·heJul< 

Systems tes\ 
:-;0 r.,,. 0 ¡ oh< •<hodule '" oO lhor. 

t>u~hl¡ "lecoe~ b)' ><q""''"' OOn· 
"'"'"" " <ompon<nl deO•·wn~ and 
>)'>l<m 1<<1- Fu"hermor<. thr ""'' "" 
quir<d deponds on 1he """'~" and 
•ubii"Y of oh< orror• eno'•'·"""'d, 
Thmretitolh' 11,;, numb<r •"·'•lid b< 
><ro B«•u;, of oP""'""'· ~• u•ually 
«P<<I th< number ol oup IP ~' >nlali­
er 1hon " ou:no oUt <o be. HHdo" 
1oo1inr i< ""'all¡ tl.r "'-" "'"'":hed­
ulod p.rt of prop,mm:n~ 

For oome l"" 1 h.-e~""'"''"'­
lull¡ u<ing the follo"- m; rule d lhumb 
for >eheduhnr a •ofh•are ta•l.: 

0.., plonnmg 
\ó c<XIin~ 
>¡ compon<n: 1<" and ea:h l)'"trn 

e¡ >)<l<m ''"· >11 comr'"""" in 
hond. 

Thts dtrf<ro /lOnl oon•<Oiion.l 
>Choduling in ><l<r>l importan!""")" 
l. lh< r .. coion dc•oltd oo r~'""'"~ i• 

larf" lha, "'"""''· E'<n •·'· " ¡, 
b•rol)' cr>ough tu pr.>Jd,"< .' dr-

5 

4 

' 1 

1 

1 

of lh< ~ehrdule. 

lo oumtntng '""'"""""'1!) ><hed­
ul<cl pro,.<tl, 1 hne found th" 1<~ 

•ilowrcl one-h•lf of 1he pr<>i<<t<d 
schodule Jor l<>ltng. t>ul rhal mn>t <lid 
ind<<d opond h>ll ol lh< •Clu>l ><hed. 
ul< lor lhll purro«. ~!an) ol rh"' 
"'" on >Chedulo unoil ,od "''PI io 
'l''"ll "'''"~-

F .. Iuro to >llo" onou~h hme /or 
>)""" le<l, in p>r!i<ulor, " pe<uh>rl¡ 
do>a<lfDU<. Stnre 1 he O ol>y '""''' ao 1he 
rnd of lhe 10lredulo.no one i> •~are o! 
"hrdule noubl< unHI •lmnsl lh< drh•­
<r)' date_ ll•d "'"'· l•t< and ""houo 
v.arnin~, ;, """"""f "' cuW>m<" and 

10 """''""' l'urtherm<>r<. del•~ 01 th'" po'rn1 h.s 
""'"~all) '""' hnan<i>l. as "<11 ., 
pl)<hologicol, «P'""""'"' The proj. 
ecr" fully "arfod. and <O>I·por·d')', 
m."imum. ~Jore .orinu>ly. lhe >ofl­
v-·•r• is 10 >Upport oohor bu•ino" <ffort 
{<!oippint of compul<n. o~«>IÍ<>n of 
n<" lo<Lilli<>, <!<.) ond oh< «oondory 
<<>~!> ol del•yto8 """>re ''")' bigh, 
/ror il ¡, >lmu" trm< for •ohw•« >hrp. 
m<nr. lnd<ed, lh"< •oeood'l) rom 
m>)" lar Oul"<ifh all nther>. h iolh<r<­
for< l<ry tmporl•nl "' allnw cn,.ugh 
>)"<m t<ll """in lhc• <>rigrn;] srlted­
ulc. 

e D 

3 
A 

Training 

complete 

' 
1 

o 
4 

Months 

5 programmers 

for 7+ mlm 

ror.. •, Mdt~, "'""""""'' lo • ,., <-<1 ""'"h •• laiO m• y ool ~lp. 1 n 1 h• 1 <M<. >uor>ose 
th,.•e rnen On a 17 m•n rMc.IO ,.·.-e<l wt'<e • mNtth l•te 11 ol tofes """ Ol lh<· 111"''' 
"" o·oloa rnL"1tl> lo 1••'" 1wo "• _,.,, 11>0 P'OII·CI w•ll tw¡u>l .JSio\e a• ol no O~<· w.r' 
•d~rd 

!lll<d .od "'hJ •r«rl""'·'"- ond 

"'" '"'"'~"'"'"""'le""''",,, 
<>r'•''""''" "' ''"·"') ,_,. , . .~,. 
"'4"'' 

' 1 hr ¡,.,¡, .-1 th< •<h<Jule "''··:<J 1,> 

J'~"ri'"'l' "' "'""''''''" • ,,, " 
"""" l.otf'" '"'" ""'"''1 
lh•· r.orl ,1.,," ,.,, '" ,,. '""· 
l < .. ,.,...,,,.~."~>len nnl1 ,.-;-mth 

Gullo$s oatimato,.,¡ 
{)¡,.,.., .• lhJI r~. lho· f""~'"mn.cr, ·" 

IM rltc• chd. lh< ur~o'ltL'> .,¡ lho 1'·""'~ 
"'" ~""'" 1h< «MduleJ ,·,mpkl>•m 
,r th< r.-l. Mo tt ,·,nnnc f""'" '"" 
'l tu d e nntpiOI<Oil A n <>md<H<, 1'"""" 
,,.,r '" "" ,,¡"""'· "'·"' -•rr<'' "' "' 
r•"r""'"i n.r<l). Hut "''"" "h,, ""' 

l<l '" "" """""'· tlte '""""'" h•· 

1-3-3 

, ...... '"'"'"-"'" '" ••1 ll ""· ~11· 
'""' ""'"'~'" ha1< h>d oho '""' 
chn''" 

Thr cM~ h•< anolh<l rhoi:e: ho ''" 
'"'" up oh< he al. l h< '""h "~lt<n >n 
omel<l!< O<'lhtn~ can ""-~~rned on 
on,· p>n, ,.,.. tn anooh<r. 

)';o~o. 1 "" nol ohrnl. «>Ir" ate ~n•n­
•g<r> ha" '"' mhec<nl '~""" and 
!nmn<" >han <h<h, nor 1hon o<h« 
on~inoorio~ m•n>gon_ llullal" .chcd· 
ulrn~ In """" thr ralron-, d"'"" 
dll< is murh more c~mrnon 00 ~ut 

d"<•pltn< '"'" <l><"h<r< '"'"''"'"' 
1n¡:. h i• ''") dtfficull lo mal.o a ,.,,m. 
""'· p1au><blr. an(l joh·ri>l.in¡: d<l<n" 
ol "" <>11111al< 1ha1 " dcmcJ "' "" 
qu•ntrtalll'< mtthod, surpnrred b> h1-
!l< data, •nd <eni~od <hie~y b•' lh< 

hun<h« ~~ lhe """'t'"· 
l'lc>rly twn soluroom ore ncodrd. 

Wc need lo ~"·olnp ,,J P"hlime pro­
d "' ,., \ fi ~"' ... bug-tn<idcnoo r, ... , "· 
<>trm>ttng mi<>. and >0 on. Thc ,..ho•le 
prnfmion ''" on!) prOI>t frnm ,~arrr.p 
""h d,,., 

Unlrl <>l•m>~in8 a on • •ound01 ho­
,;,, ind,.lduol m•n•f'" wil! n<rd In 
llrffen lh<n hacl.bnn<>. ond dolcnd 
lhcn "';""'" ~·llh rh<, '""•"" th.ll 
rhdr poor hllll<h" •rr hcll<r ol"n 
>1 i>h-derivcd <$1<mat«. 

Rn¡¡ellorotivu di;ester 
\l'h.u olo<1 <>no dn ~o.hrn •r <><cnlrol 

whwMr p«•i<<l i• h<hottd ><h<du:o: 
lldd m•nf'O'"'· "'""'11) .... , l'!f' 1 
1htnu~h J '"N'"· rh" "'" ~~ "'" '"'' "'Ir. · · 

1 <1 '" <o"'ider >n c<omple. S<>rr•'"-
• la•l Í> '""">i<d >t 1 ~ m>n·nuon!hl 
ond >'>ifnCd lo lhrc< """ IN four 
mnrtlh•. ""'! lh.or 1hcrc aro rnra•u"hto· 

· mih·r'"'' A. 1!. e, D. "h"h "' "hc·J. 
ulcd 1<> 1•11 .rl rhe enJ ,¡ t>:b nnonlh 

¡.,:,,~ "'PI''"' tl>r fn" mil<r--•': "no<t 
t <.r< locd "'"' 1 '"" "''"''h' ho'' d•r"". 
\1'1>,11 "" lhe .rll<rnolrl_<' rac-,n~ ti"· 

"''"'·•f<!~ 
'- A"um< lh>l oh• "'' mu" ''' done 

"" ""'' """"'' oh•• ""¡, thc '"'' 
r·'" ,,¡ 11•• '-"' ""' """'""'·"''' 
11><" 4 m'"""'""'h' "' d!"rr ,. .. 
mJin_ >ncl '"" munlh•. '" '', nttn 
"'11 he no·cJcJ 11M~ men '" !ho' 1 
'"'rncd_ · 
,._,.,,., '"·'' ohc 1••1 """'he""'" 
on ,.,,,, "'"""" 1h.11 lh< ..,¡,.,¡, 
<olih>Jl< ,._., un!I<Uotth 1~" 1 hcn 
1 ~ ,.,_,,"'"' ,t ,n ,, ,..,,,,.,_ 
.... u 1"" "'"'""'· '"" ""'" "'" h,· 
nco·okd .. ~Jol ¡, no<n In lho.· ·"' 
ll¡:n,·J. 

1 ~''"h<dule In lho' '"'· l hl.,· rh,­
•J•ior ~~~··n ¡,, "" nr<«o·o.-o·J 
n ..... ""'' ,·o¡::,, . ., l.l.o• "·' ,, .• ,¡ 
1lrp' · lh.o ,, ,,11,, .. ,.,,,,.,., """-

'" th.- "'" ""'""1' "' ''""·'" '""' 
lh< ""'' '""" hr ,·.refull, •"'' 



lh•·•~u~hh U~nc, and oh" 1<1chcd. 
ulonJ ""''' nol ha-. lo he d~n< 
"f""· 

4 l"m lh< '"l. In pr.OIIO< Lh;; 
t<nd• 10 ~.;ppen •nl""'l· ""'' lh< 
tnm ob-oe"" >ehcdule <hpr•l•· 
V.'herc ohc -o<ondor¡ '"'" ol del•) 
'" '"'l n;r~>. 1h"" ohc ""1l" r.,.. 
obl< '";on lhc rnano~<r·, onl)" al· 

"'""""" "' lo l!;m 11 formoll¡ 
ond <•rcfull¡. lo r<\Chcdule. or 10 
""'"h lh< '"' t<l "l<nll)" tnmmcd 
by h•lll" d";~n •nd '"'""'PI<tc 

""'"~· 
Jo lh< ~r>\ twO C>l<>. ;n,;IUn~ that 

th< unaltcrcd '"' he c~mpl<l<d on four 
mor.lh> ;, d"''"""' l'<•nl;<lcr lh< ro. 
general;>< ellcw. lur n•mplc. lr>r 1hc 
fi"t olt<rn>t"' oFo~. 4 r"codong p>f<l. 
Thc '""" nc~ mcn. ho-.<'<r <ompclcnt 
and ho~'"' 4oncU¡ recruol<d. wdl re. 
quac ""'"'"~ rn 1~< t;,l; by""' of thc 
"P"ione<d mcn lf lh" "''' • rnonlh. 
J nron-nronlh> -rll ha« b"n d"or.d 
ro -·vrl no< on <h' ori~mal "'""CI<. 
Fur1h""'""· !he l»k. originnlly p>rlr· 
liton«l lhrce li>a)"l. onml be rcpar1;. 
troncd imo fi•< pan>. heno. 10m< worl. 
alrc•dy done "'11 be '"" ond >)>l<m 
''""'~ "'"" he lenroJ"ncd. So al 1hc 
end <'1 the thHJ n>nntb. '"llllan<ioll) 
more oh•n 7 man·month> ~~ cffon re· 
marn. and 5 u•;n<d p<opl< •nd ont 
monlb '" avail>blo. A• F•¡:. 4 •utoo•a. 
rl,c P""'"" "ILI" ·" 1"' "' 1[ no ooc 
l,.d b«n addcd. 

Tn bnp< lo~" dono ;n four rnnn1h1. 
·.or.<>dOimf onl) tr;umn~ Irme "'d not 

'"1'"''''""'"~ •nd extr. 'Y''""' ""· 
""uld U"<jLHI<" a!.olong ·1 mon. "'" 2. al 
the cnd ol lhc ""«"ld monlh "1 <> CO\er 
«r••lotion;n~ and •)•t<m '"" die«•. 
nne '""uld ha'<'" >dd >llll o1hcr mcn 
~·""'· hoW<\<0. '""" ha~ DI lo,"' a 7. 
""" """· nN •' .l·omn nnc; 11,.., wch 
"P"'• n l<am N~•ni1atroo arod "'' 
J,.;,;.,n "' ddl.-o~nt ;o \,;nd. Mt more· 
l)"indrr.r«. 

Nr>l>«" lhot b, """ •·nd ol lhc ohioJ 
month oh;nt• 1.-•1. '<!") blorL lhc 
M"ch 1 .,;¡,.,,,,., ha> n~: hoen 

""hrJ rn •r•l< o•l >.11 '"' "'"'"'f'""' 
rllo<t. '1 be l<mo""·"'""" '"l "'""~ '" 
rcr'"' 1hr r)clc. -•dJ.,,g l" "'"" '"""· 
P"""·lh<r<on '"' m.Joc" 

1 hr l~l<p•ioo ""Jmc~ <0>1 onh th< 
f.,,, molrllooc ~" mi""'l,"m>l<d j¡ on 

~, . .,,·¡, , '""" ""''" ''" <!'"'"'"'"'"' 
"'umption rh" ohe "-h<>k '<hcJule 
,. " "P';,.,,.,,,. •"<" ""'"" '" •dJ l• meo 

1'"' ''' rhc 011~'""'' "'' C•l•·"l""'" "! 

,,,. '"'"'"~ '"'·"'''"'""'~· ')''"" 
''"'''"~ ,·11······ ,, ",, ·" ,., ,.,,.,,,, ¡,., 
lh•· «•J" V. o1h •• ,, ·' """hl. o he ro·· 
f'.'"""'' d--.-«r ~,n ,;dJ • r•~'""' 
r""-''"'1'""'· ''"" ~""'" '"<ho·Juhn~ ""'· ,,,. ,,,,.,,.,, ,,,,.., """· '"""•· 
nwn<cd. 

O><r;;mpl<(;n; '"""feou•l;. ,., 

Addm¡¡ <n<JnO<)wer to 1> In te 
softwur~ pro,ccl rn,okc~ •t '"'"'. 

lhi> thcn" lh< d<mylhol"~";"~ of 
lh< m•n·mnn<h. "!he numh<r of 
monlh• of • prnjcct d<pcnd< uron '" 
"G"'"'"' con><r>Jnll Tl.c ,.,.,;,,um 
"""''"' ni mcn úq1<nJ1 "ron th< 
numl>cr ol ondcrcndcnl '""'"\.' l'rom 
!he>< '"" qumtoh" nnc ''" demr 
""''tul« '"'"~ ¡,,.., men '"d "'"1< 
monll". (TI,.• nnly mk ;, pwoln<l oh. 
>ol<;een<c.l Ün< c.nnM. hn""'"· ~" 
wud••hlc >ebcdoll<! "';"f marc mcn 
and ¡,,.., month>. ~totc •nfl"-•t< 
P'"J'"' h>'< go<1r '"'l lm 1.-.rk of 
cal•·n<J" !>me than lor oll otloor ""'" 
combrncd. 

Call•n¡¡ the shot 
H,,,. l"n~ ~111 a 'l"""" P'"t"m· 

m;n¡; JO~ 14\.c? Ho-.· much cl!or< 1<1!1 
k roqurrcd? Ho"' do<> ""' "lrmal<? 

1 ~-»< <><licr •uggoucd ""o• 1ba1 
'""' tu •rrlr lo pl•nning ""''· cod. 
in~. romponcnt te>t. attd '"'""' '"'· 
l'lm. one mu<t "Y Iba; on< doc• nor 
.,,;mol< lh< enl;r< l•>l b) ""m•lrn~ 
lh< cod•nr ponion only •nd lhcn ,,·. 
pl¡;,.r rl"· '""'"· lhc coolm~ ¡, only 
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om<·mlh "' '" o( lh< rrol,lrm. and 

'""" '" '" '"'""" 01 '" lh< '"'"' 
""'"llc.<J '" """"'""' "'"'"· """"d."'" ~""' "' <h•l J,.,, lor 
h<ori<J¡n¡: 1>olo<cU <mOII P'"~""" arc 
not •rrhc.Oic lo P'"f'•mm<n¡ >)><cm' 
prod""" l"or • ptO~t>m .-o,.¡;n¡ 
•hnol .1.:00 "'"d'. ¡,, nomplr. ~>c'l. 
onan. Erol>on. and (;ronl <•r<•ro on 

'""~' «><l<·rlu>·d<l111~ lime or '"""' 
)18 hou" lar • ,;,,¡, pro;r.mmer. a 
ligut< ,.h;,¡, """Id "'"ro!ol< lo~"' 
;n '""""' prodLJrii'IL)" .,¡ Jl.OOO '''''· 
no<n!l p<r )<>f. 1\ pro¡"m ¡,,¡¡ lhal 
"" 1ool. ¡.,, 1l1an M<·lounh •• IMf. 
and '""rol.,od plooluCir>rl)" o>almmt 
~0.000 ~tmmooOl> rcr ;o>~ 1'1. l'l•n· 

"'"f· dncurncn1.wnn. '"""·"· '"'"m 
inrcpolron. '"" '"'"'"f lrm<> "'"" b< 
addcd 1 h< ''"'"' · nuopolat;on or 
•uch 'P';"' f<¡urco ¡, m'""'"f'"'· t;,. 
ll>polalro<l <ll lion« lor Lh< hundrrd. 
'"" da>h •h""' ohol o m•n con runa 
mrl< ;n und<r '"'"minute~. 

Bdolt< do>m"""~ lhcm. hu""". 1<1 
'" no« 1ha1 rime nomobm. ,¡,¡,,ush 
nol for ll<lclly comp.,able r•·''>l<m<. 
'"!&<SI lh., <llo<1 ~.,., " a powor ol ,¡,. <>"<n "h<n no commumc>l;on ;, 
in,ohed ""'P' thal ol • mon ""h h:s 
memo1ic>. 

lncompicl~ 

/ 
/ 

/ 
/ 

/ 
,.A 

400 500 600 700 
Tltou!.:mds ol m~chin~ instruclions 

ro¡:.~- A• • p•c,otl"• ccrnpl<"'' in<••••~•. tlw nu~•l><< ol ""'".""'"'"' r<~o·rea to 
tomplel< <1 ~""' up ••wn<ntoon,. 
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11¡ ) tdl>the "~ uory. 11 ollu>l"''' 
'""'" l<r<>r1<d frn"' • ""d; done ~y 
Nar"" '"d r.,,,.," ~l"'"' llovelor­
inmL Cnrp. 1 hn >how> an <•POn<nl of 
1.5: lhll ;,, 
oiiOtl := ''""'"'¡ > loomt" <1 ,.¡loothonll' ' 
Anotn" ""' "ud)' ••ro"<d O¡· Wein· 
wurrnl11 al<n >flow> >n «ponen! n<>r 
u. 

A [,.., >lUdO<> on progrommer pro· 
ducu•OI) h"'< b<<n made, ond "veral 

Pto~- Numl>or ol 

""'" P'O!I'""m'" 

Ootr.,ion•l ~ " 
M'""'"'"" " 00 

Comnot., " • 
T•o,.loto< " " (Oou •""'""'•rl 

«limolms ICdoniqu« h•vo h«n ptn­
pn"d ~lmon h"' prcpoml n '""'l ~r 
rhe puhi"I1<J d,,. 1<1 litro 1 >holl 
¡ove only a lrw u<mo thOI o«m <>pe· 
eiall¡ ollumon>lm¡. 

Portm<>n'a dntft 
Ch>rl<> f<'<lm>n, manager of ICL'> 

Solrware Oiv., Compul<r l'quoprmnl 
Olg>nizaoion 1 Nonh"<" 1 u ~!an­
ehnt<r, oftea onnther u10lul personal 

1 '"" 1 

Man· Proo""' ¡ Wo,j>l ...... """h ..,.,._.,_ 

• '"' ~2.000 ~15 

• .. 51.000 "" " " 38,000 "~ 

" " ]5.000 ~170 

Table l. Dala hom llell lob> oMicole> prOdu"ivoty dlfloronce• bet~o•n 'Om~le• 
pro~lom> (lOe hr>l l"o are ba>ically cor.trol pro,ra''" wilh 1'\011)' mcx!ule•J oM les> 
com~u """'·No"""" <<·tlain I>Ow meen o! lho d•Heret.Ce io dU< to complo.,ly, how 
much lo lhO numbe-1 ol people <n>"Dived. 

'" 
w 

1 1 1 
1 1 1 Mon,hiV '"'m•To ol proo¡ro"' "" 

'1 ' •••• 
-- -r- • 

' '" 

1 [:· ••••••• 

" t?/~1~ o 

' ' ' '" ' 1 ~ 
, 

" 

1 • J__:__j /-,- ~-. / . '. ~ t" '""'-'"'"' "'" 
/'1· 

- • ". ·¡ 
1 >L ' '/ P,.d•<~•on ol P'"'l'""'""' .. •••• 

.:'f ITr 
fog. 6. 

" 
~ 

ir 1 -. • 
• 

¡ '" ¡ 
1 ~ 
' ' o ~ 

' 

-- - • 
' •• 

'1 
• 

• 

:j •• ' • 
, 
o '• '" Fo¡. 7. Botl"> l)<ed•chono lor d<~u¡,aon1 '"""' on • <in¡<o ~·ol"'· ccntuo•.od '"'" 

ottuollo~u'"· 
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,mij'hl. 
llc lnun~ hh rtnpomming "'m' 

mll>on~ l<'he~ub Oy oh<oul one-hal(­
<"Ch }tlh ~u U(ln~ >I'I'IO<!I"•Id) 
l"'i« •> IM(I o. r"om•ltd. The <>11· 
mal<> W<f< ><r)" "rdul. ~one h) "· 
porienc«l I<Jm> "''"""'"~ man·hnun 
fnr '"'eral hundred >uhl.-h on • "'' 
ch•r1. Wbcn '"' shr~·~· 1''""" •r­
peared, he ul<d lh<m lo l«p c•ret"l 
daoly top ~(lime""~''· 1ho.o <hO"<d 
thot 1loe <51imalln~ mm <ould loo on. 
11r<l) account<d (or b< lhe l>cl 1h., hi> 
rum• "'"' nnl) re>lilln~ 50<;- o( 1h< 
workin~ "'''' " .CIU>l programmon~ 
•nd debuuin~ ""''· M"hln< dn"n' 
rime, highor-prinnl)' •lw!l unr<l.,trd 
jnhs, m«lto1g1, pape"'ml.. co:n~ony 
bosin<>>. >iünc><, perwn•l 11m<. <!C. 
a«ounrcd for lhe ""· Jn •hnn, lh< 
<"im•«• m•d• •n unr<>laloc """H1P. 
1i"n abnul th< numbor o( t<chnical 
~·m" hnun por "''""Y'"· Mv m•n 
<'P<fl<n« quilO con~rm• ha eo.oclu· 
,ion. 

An unpuhli>hed 19M >1:ldl b)' E. F. 
lhrolain show• prMt>mmm realmng 
"" ly e 7'1< Pl<'dLJct' ve """· 1'1 

Aron's d"LII 
/nel Arnn. man>~cr nf S•·w1rt 

Tcdmoln¡:¡ .r '"" in (l"tl""""'"· 
M:or¡f,,<f. ¡,,,, ,,.,],.,¡ l""i'f•'ltr"" 
prodnctiv:t¡ ~<hrn "''"''"~ ''" nioe 
]HfO ¡¡;t<ln>· (hncfo¡. /q<N ""'m 
m"'' rh>n 2.1 p!O~m.m,,,. and :lO .. 
(lOO ddJ>'toal•lr mltruco,nn<l. He do. 
,·,de> ""1' >}'""'' ·''"'tdin¡: "' iro:o,. 
ac!i<•m amo'lf !''"~''"'""" r.,~ ,,.,. 
trm r ... m) '"" h>Ch proU''"'''''"'., 
!o!l~""" 

'"' ... •''""''"'' ,,., '"'""'""' 
~ ... "''""'""' 00/>(10 '"''"'''"' "'"'e"" >~ 

,~ 

'(h< t;lan·}<•n d<> n<>! oncludo '"1'" 
pon •nd ;¡ 5t<m 1<">1 ocli<ili<>. only 
d<>ign •ttd r·~~ramminr. \\'hen !h<>< 
fogureo •re dolurcd hy • f"'"' ol1""" •~ 
"'"' 5J>l<m 1<51, thoy clood) """" 
llorr"od>l•. 

Horra d"l:lo 
Jnhn Hau. "''"'~" <>1 prn~r>rn· 

minr lor thr l<cll Tdrrl""'' l.>horo­
torir<' Ekowonic S'liiChÍng ~y>lem. 
ropnnrd hi> >nd <>lh<r!" <>r«ion« in 1 
p>rCf >!!loo 19M Sprin¡: Join1 Com­
ruter Con(ro<nco.l'l Th<" dol> '" 
11lown in T:.blo l and J ·~·· '' :•n<l 7. 

01 oh'"· !"•¡• ~;,ti"·"'"" <i<t>~l<d 
ond oh<'""" '"dul. 1 hr ~hii~O 1"~' 
ot< b.,oc.ll• <nntr,ol P'">'·'''"' <~< '" · 
•'"d 1~" .,, "'''•'•lit t .. n~,,~, """''"· 
'"" ~'"'~"'""" " ... ,,.,1 '" "'"'' .. ( 
okh"H'd ""''" P" tnon·l"'· lh" "'" 
,¡,J,, pro•~•anotntroN. """'1'''"'"' h'•l. 
.nd '1'"''' '"" Ir " ""1 d«< ¡,.,~ 
"'"'h "' li« ~~'"",'"'<f.""·'" <~."r! 
on .,,,,h,nr "'r~•"'· "'""""· w! th< 



hl.r, ¡, mcludrd. 
1hr pr<>du"¡.,,¡., lrl.rwi~e foil into 

l"<> do.<>lfJ<alion•· rhrnc lnr connol 
prn~ramr are •boul NJO "nrd• pcr 
n,.n·)<or; lh•••< (or nan•l""" '" 
ab<>ur 2,100 "'"'d' pcr m•o·)c.,, Sol< 
oh" •11 fmn prn~r•m• are of .,.,,¡., ,¡,._.,,, ~anJtoon i> in "" of rhr 
work &roup>. longrh o( rrme, and num· 
b<r of moduJ ... V..'hich is """ and 
which ;, rflt<t? Did th< cnorr~l pr<>­
p>m> r<qLJII< more propio hc<ou\0 
lhey "'''' mNe compl"'"d? Or drd 
lh<) r<quir< mor< mod"l" ond morc 
m•n·monrh> benu" lh<) ''"" U· 

>i~nod moro propio? DiJ rhr}' rúc 
lonf<r b«:au" of th< p<>tet compln· 
11), or becau\t moro p«rplc "'" .,. 
>i~ned' On< can"t be'""· fhc co~lrol 
pro¡r•m• ""' >urrly morc compln. 
"[he" uncen>inr." •••de, lhe num. 
hon desmhe rh• "'' produ<tr»toe> 
"hi.-·rd on • lorge >)"cm, u.,ng prcl· 
eni·~•Y rr<•Eromming rcchniqu" A• 
ouch lhoy ar< a real conlnbution. 

F!g•. 6 aod 7 •bow >om< rnrcr .. ting 
dan 011 pro~romminf and do~ugg<ng 
'""' •• comp.rrcd lo pr<dict<d rat<>. 

OS/360dMtt 
, • .., m/3{.() c<pcritn<•, "hile nor 

t»ii>hlo in tht dcrail o! ll>rr"• dil•, 
mnfHm, 11. J'roducu,ito<> in ""~' of 
r.IHJ ~·oo dci><<~~<Ó in>lrtJt1wn> pcr 
n .. n·)<ar wrto npemncr<l hy conltol 
Pl"~"m P"UP>· l'rodu<IO•It><' m \hc 
2.r.JO.J,Il()(l <khu¡~<d imrrumcm p<r 
"'""·Y<ar w"< adotHtd h) ].•ngu•l• 

---f r a1r1l>tm ¡· ""' p<.' Th"c' i"chrdc plan.'' 
.nir.g done hy rhc group. cu<hng com. 

1"'"'"' ""· !) •le m '"'· ond >ome ••r· 
pOrt •«iv.tir>. '! hq aro comrarablr 10 
ll>rr'> <lo1>, ><• f:.r •• lean IC.'I 

Aron'> Jalo>, ¡¡,,.., ,¡,.,,, and rhe 
<••llbO doto nll conr,rm 11ril. ing d,ff <r· 

<n«> ;, pr<><lucto•lly rcl•l<d ro thc 
contrl<xuy ond"dLfficulty o( rhr ,.,1, 
ir•tll My ~u>dohne tn rhr """"" o! 
'"im.rms «>ntplnll) "th•t <nn¡piler> 
are rhrcc 11m" •• bad •• """'"1 batch 
opplication P"'~r•m>, and opcraton¡ 
oy>totm at< thrr< tim<> "'hod o> roro· 
pilcn. 

Corbl'tÓ'~ dnte 
lloth Horr"> dota and <>>13&0 dota 

"' (or ""'mbl) hnf~•~• pro¡n•m· 
nun~. Lilll< ,¡.,, ><<m to 1,.,. km 
puhli>hed no l)'<l<m rr~¡wmnrn~ 

P"~'"'"''"l' ,,.;ng his!•<t·l"<i lan. 
11"'~"· C"or~ot6 o!,...,·, I"IL•¡ccl •ur 
!<pOILI, h<»•r'<T, o mcon p~<>Juctr~Lty 
ni l,~!"(llm<> o! dthuned ro!],,.,,. 

"""" pct '"'" )C&r ''" lhr """' '"' 
>)\10\0 fbel~«n 1 .,,d 1 nnli<<'n 
.,..,.,J,)I!J 

1 ~" numlo<r " "'l ""''"• 1 ••• 
lh< othir P"'Í«h. '""'"o tnduJco 
L.OOI 1<•1 pro~""" ond l•n~'"JI< lran<lo. 

ten. l.iko rhe orhm, Lt i> producon' o 
>)ll<m P'"~'"'"'"'"~ rr<~lu<t, """'d 
ond dnOLrmrnl<d 1 he ,¡.,;: "'m ro h< 
comp•r>blc in l<rm> o( lrnd of tlfon 
includrd. And th< produ<U•Ll)' numb<r 
;, • rood .-<rag< b<Owctn thc conlfol 
pro~ram .,.d """lolnr rrO<luct"i"" 
of olh<r pro¡ccts. 

But Curt<otó'> numb<r ¡, /jn<> por 
mm·)<'<, nor ~o•do' E•ch "•tcmcnt 
in hi1 >)ll<m cortesl"'od• to aboul 
th"<·lo·IW< wor~' uf handwutl<n 
codr~ 1 hi1 •u~g<>ts '"o rn1p0rtant con· 
du,.om: 
o Produ"'"'~ ><<m> con,.ant in rcma 

of drmtnl>r}' "•trmcnts. • ronclu. 
""" ti,;,¡ i• rca•nnahle in torm• o! 
thc th<•l'ihl a ''' 1 ""'"' roq<\\m "''" 
rhr <rron ''m ay includc 

• Progrommiog produe,•ir• m1)' bc 
incr<.,<d a• much 01 five umtl 
v.l><n a !\Hl>bl< hi~h-lo>cl laoguo~e 
j, U><d. To hack "P th<>< cQtodLI· 
>ion>. W. M. Talial!oro al>o rrp<>r" 
• conilanl producto.,ly of 2,400 
>lalrmenl>ly<ar in A"rmblrr, >O•· 
tR•~. ood co•OL.I•J E. A. Krhnn 
h» >l•own • Ho·l P"'ducti>11y •m· 
prM<menl for l,j~h-lc-d longHo~e. 
olthou~h hi1 >land>rd d.-iotoom oro 
,.·ide.l•l 

Hntchlr1¡¡ " cttt~a trophl> 
When ""' hear. o! d"'""""' orho•l· 

ul< >hppa~< '" a projo<l, he •m•~in" 
oh., • ,.,;., of major r.ob•ni:;., mull 
n.,., bd,llen rt. u,uall)·. ho""'"· rhe 
d""'" ¡, <ILrc lo lcrn>ilt>, nor tumo· 

- <10c!;,;.,,·,¡,.l(-hrdllir lm >hppe<i i•il· 
pcroeptobly hui >nnorobl¡·. lnd<rd, 
major calamlli<> ore '"i" lo bondl" 
onc r<>pond• wtth m•ior (orce, rodical 
r<or~•mzarion. rhe in.,ntion o( """ 
appr<>"h". Th< whol< """' ri•" '" 

th< """'""· Duo thc dty.b)-<l>)' •l•rr•~• ;, hord· 
<1 lo rccogni«, h>rdcr lo pl<•<nl, 
hord<r to m>k< up Yo.,crd>y 1 ~<Y 
m•n wa> >icO. ano! a olCctr"~ rouldn'r 
l•e h<ld. 1 odoy rhe rna<hLn<> are all 
down, hcroo>< li~hroin3 '""'~ lh< 
buildinf, powrr trom(Mm<r. Tomof· 
row lh< tlrl< IMiin<> ""n"t >lort t<\1. 

; .. 8. '"""" lh< r,,, di« i>. w"' ,,, 
fwm lhe (actory, Sm•w, JUI)' d>lly, 
fom1ly pro\okrtH, rmct~e,cy m«lrn~• 
"irh <UIIon•«>, "e<ull•< •ud,t>-lh< 
l•>t gO<> on •od on. Eoch om only 
pn>lpon<> '""""''""Y b¡ • holf-<l>y 
nr • da). ,'.mi rhe "'"""'' •hr'· ""' 
do) aL • limc. 

H"'" d,., noc ~<>nlr<>l • h111 projoct 
~n • l<lhl o<h,Jult? !he llhl ''•r i• 10 
loa" • l'hcJulo. hch o! • lru ,.¡ 

'"""· <olleJ ""'"'"""· h., , dol<. 
l'.clr"¡ <he dol<o l1 • n <Uitt" ti o¡ r'<>h· 
l<m. J,n,.><d ohcod) ond crud•ll, 
JcP'""'''"' "" «r«ien«. 

¡.,, P"''"O rhc m;l"'""" thcr< n 

1-3-6 

onl)' onc r<lnant rulo. ~l>l<!lOtt<> mou 
b< '""""'· •rwh<. mru\unblr 
e-.nl>. dcl•n<>l wuh ,,,¡,.,¿~, \ltorp­
""' C<'<hn,. for o count<r<.,mplr, ,. 
"90<;"~ lrtti•hed" lot h•lf ol rhe ronl 
cod•nt tlm<. DebuY1'"~ i> '"19<:", rom. 
pl<l<" n>o" o! lh< umr "l'l•nnin~ 

cornrlrl<"" an "'"' or>< <oo rrnd"m 
almo>l al wiil.l"l 

C"oncr<tc mile>ton<>, on the ttth<r 
hand, orc lOO% e-.nll. -Sptcifrcolion• 
>i¡:ned O) al<hii<Cts and lmplcrmnl· 
.,,,..">OLmo wdio~ 100% '""'Plet<, 
k<)punchcd, eotorcd into dile hN•I)'," 

"debuyg<d "'""" p>»<> •11 "'' 
,.,.,;· Th<>< cnn<r<l< mile<ton., de. 

""'' rhe "f"' ph»<> ol planning, 
cod1 "~· dch"88;n~. 

11 ;, more imponont thal mil0110nr> 
bo iharp·tdgrd and un•mbiruou, rhan 
lh.r lhcy be enoly >crifiablc hy thc 
bo». Korely wtll o mao hr about mole. 

None le-ve 
ll'>e be&rer of bnd rrews. .... ~ ... 

><Me rro~rc», •1 th< milo>lone ¡, '" 
•h•rp lhat he c•n"l dcct~vc hinnrlf. 
But ,¡ rhc mil<>IOne ;, luu), rhe ho" 
uflon und.,>tand> • dil'!<r<n1 "P~" 
(mm rhot 'lht_ch the.mao ~·~<>. 1o 
, •rpl<rnrot SophOL"i<', no "'>< enjt~y> 

hcotiu~ h•d "'"''· c.tb<r, so 11 &<" 
•~fl<n«l "'''hoo: ony rc•l in'<nt to .;,. 
e<i'C 

1"0 intcr<.:in~ >lo di<• ~~ <>l;m•lm& 

boh.-i<ll by [""'"'"'"' '"""•<ton 

. ' : 

o" l:<r~<·•c.ol< · oi<v<lnpmnt ¡rr<>ject,­
>bOW <hot, 
l. Ellrm<le< o/ the Jeng:h o! on a<hv. 

ity mode aud revi><d c>,ct":Jy 
.-ory '"O""~' bdnr< the '""'"Y 
"""<lo no1 >i¡;l>lfic.ntl¡· d"n¡e., 
lhr """ r;m< dr.rw• ncor, '"' m.r. 
1« I>PW "'""lih<) ollim•l<ly 1orn 
oul lo ~c. 

:.'. Dumg rhc ocri>ity, o<'«"lim1te> 
o( durottnn wm< lt<>dll)' down., 
rhr octiviry pro««h. 

J. /J~J""""'~"' dn nol chon~r ,;g. 
nt~"nll) dunnJ rh< act»it¡ un<>l 
ol>our rhr« wt<h brfotc rh< 
.ohodLJ lod <"Omplrrion.:•' 1 

Sh•tp milr<lonei ore rn 1><1 • ,.,. 
•ice tn the room, and onc th<¡ "" 
prop<rl) nprct !¡om • m•n•rct. Th< 
luu¡· mil<.,nnr i> oh h>rder l•urdcn ro 
¡,, ,.¡,¡,, !1 "Jo (,cr o milhlone th&l 
~tind• J,own mor.l<. for 11 drc'"" onc 
at>o•lf ""' time 11nhl <1 ¡, i"""cd1· 
"'•ie AnJ chrooic ><hedule "ir~>ge a 
• mm•'•·hll<r. 

''Th~ <>lh•r plocct ;• l•to• 
1'. <eh<C"'' ol:;>r • <ioy. '" "hll1 

Who> -en ""''d ot>onJI o ""'d., ,t,pl 
Wc ,., n n•ol.< n r>P l.rr<o. An<l t~< nrl.cr 

1'"" """ ru, "'"'" 101< onp•ay. 



11 ~•~<b•ll m•n•~<r r<<o~n«<> • 
nonpby.,col lal<nl, ~u,lr. a; an ••· 
<<nlo•l R•h nf F'"' rl•)"' and or<ot 
''""" lt " th< d•r•rt<m"c ol wn­
nin~ '""' than n<«""''· mn'ln~ 
•ooll<r thJn n<"''-1)', lr)ong h>Jd<r 
lh.•n """'"Y· lt ;, e"e""'' ror f'"' 
ptOft•mminjl toom•. l<><>. Hu\\1< pro­
~id" th< eu>hoon, \he f<><l•< e•P•'"'· 
th>' onabl" • t<>m tn cope "ith rou­
line mi•h•p•. «> '"''''P"' >nd lndrn•l 
m"'"' <>1'""""' '1 he c.okulatcd ,. .• 
>Pt>mO, lho moO>ur<d <tlnrL. are tho 
wct hl.nl.ol< th>t d•mron hmtlc 11• 
"< h••• >een, ono mufl f<l <<<oted 
obout o ono-day ;l1p . .'>ueh ore tbo cie­
rnen" ni <•ta>trorhe. 

lltJI nnl •11 on<-day >ilr• "'' oquall1 
d!l.o\lro>lll. So ;orne ,,,¡,.,¡,,tion ol rc­

>ron~r " "'"'"')'. tlwugh hulllo l•< 
damponod. Ho" d"" ""' t<ll "hich 
•IJp> maucr' There ¡,no'"""""" lor 
o'•1•1 <hart or • critical-poth '-<~<<1-
uk. ~uch • """''''l 1how; "ho ""'" 
l<>r ~~'"· lt ;hows "'h" ¡, on lh<· ""'· 
••1 p.Lih. -..hcro any >lrp rno>c. lho 
cnd d•1<. lo >1><' ;ht>W\ i><lw muoh .ro 
octivÍI)' <>n •hp hd<>re ;¡ "'"'" onto 
th< tti\ic.l P•lh. 

lh< "'"' tcchniqu<. •tri:•ly >pn>­
'"~· o; '" d•ho•atmn ,,¡ <tuic;ol-p.oLh 
"'"·dulon~ rn whrdo ""' «ILO\ol<'' 
\hf<'C 11 lllo'< 1 nr <" 1 )' C' \'<1 1 • [Hil•'\ Wl• 

'"I''"'Ju>g Lo Mlcrrnt pwl"oiHILI'"' ,.( 

.......... 
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m«"ng th< <\lim•led dotO> 1 do ool 
fond th" ¡ofonem<nl to t..- ., 01th th< 
ntro cffort. Lul lor bre\11)' 1 ,...,11 coll 

an) <Jil!cal path "''""'l • ,., "' .:hHt 
The pr<p>r>loon of • '''"' dwt ¡, 

Lho mo<l ,-,lu>blo p•rt of '" u\0. l.•)· 
in~ out tho """"'~- odontJI)rn~ \he 
dep<ndon<i.,, •nd <>tim>l!n~ th< 1<~; 
•11 force • ~reat dul of ;ery ;pwfoc 
pl•nn;n~ ><ry euly m • pt<>¡«l- 'lh< 
fir;l ch>rt " ol"•)'s torntole, and one 
i"""" ond in''"'" in ""k'"~ thc ,.,_ 
ond ""'· 

1\; the pr<>i«t pro<ud>, th< "'"' 
oh•rt pro•·•d<> ohe •"'"'" 10 ¡ho de­
"'"'"h'on; e.cu,., "The olhu po«< i> 
1•« «•)h<>w." Ir >hov., ¡,.,,. hu>ll< i1 
noedod 1n >«runo'< 0,.... 0 P'" off thc 
CrJl"''l poth, ond Íl ><JfgC>I> WO)\ lO 
mole up t~e lo>t timo 10 1~< oLher 
pan. 

Undor lh<> "'11 
ll't.oo • flf>l-lrno mon>g<t ;o<> ¡,, 

>nl'll Leo m >lopping ~ohiool, he;, !Md) 
onclrncd "' run to rhe ho" woth lloi> 
"""- lh< te<rn m<~ht be •lrlo tn ntal< 
ot up, or he 1hould bo ablo \o im·<nt or 

t«>rfoniJ< to '"''' 11'10 probl<m. Then 
"h) ;;orr¡ Llo< il<lll with ~~~·'"lar.'" 
~<w>ol. Solvin¡< ""h rrololom• "r<WI)' 
"l>'ol Ll>e lir\l·IU"' m.LI1.1!'<r j1 tlrcro· 
lor. Anol 111< 1"'" """ ¡,0,. '"""~h ,..,¡ "0"'" d<n~>ndonl' ¡,¡, oction lhat 

.. ,. .. ,.,, ............ """' ., .. .. ···~·" ""'"'''' ............... . . ................ .. 

·.S 

he doc•n"t >«l nlh<t\ So •11 lhr ~"' 
¡<t> '"''P' undcr th< oug 

llul <><r)' bo» n«d• '"'" lmd, ni 
informoloon, e>«plwnl lor "''"" ond 
• ""'"' P""'"' ¡,.,<ti"'"""'' fl-'1 1-or 
t~.<L porro" he n«ol, tn '-""" tho 
"""' ol all hi1 to•m> lOolltn¡¡ , ""' 
po<ture of rh>l """'" hdld. 

'1 h< fit5t·lrno mon•~er'> '"'''"" 
>lrd rho" ol lht t'~" ~-'" an inh<r<nt 
conniel hore. The hr"·lrne """"~" 
le"' th.t if ho J<P"'" ho> pr~t>lcn1, 
lh< hp" .,.,¡¡ oct on ot.lhen b;, ••tic•n 
'"11 pr<ompt tl-.< mon•~•r'• funetmn, 
d1mini>h h" >uthoruy. loul ~r ~" 
othcr plan• So ._, l110g a; th< mon­
'1'" thrnl> h< nn '"'" 11 alor.e. ho 
dtH'In'l tdlth' bo\\. 

'1 "" tu~-lilomg !«luliquo, are ope11 
1<1 th< bo». Both "'""be u"d. 'Tho 
'"'' " to reduce th< rolo cor.fi•<t •nd 
in>pir< >harin~ ol """'· The otheo " 
\o )an~ tbo <Uf h•cl. 

R11ducin11 tho role conflict 
·¡he r,o\1 mu<L lilll d11tonp"h bc­

t~cen "'""" rnfntm-1tion '"'' 1torm 
onlorm>llon. He mol\t dompline l.om­
•dl ""' lo >ot cm prohlom• hi; maru;­

'" <•n '"'"• and """ t<> oet on 
proi>loou "htn ¡,, "nplicill) '"';,~. 
rnR """"· 1 once 1 '''"'o be"•' "1''' 
in•;•rr.ri>IJ pd<J rrr th< phono tn '"' 
"'~'" '"'"'" ,¡,, 0nd ol th< lr;>l r•"· 

.. ... ,,. '•'"'" ,.,, .. .... """"'"" 
'"'"'" '"'""" ........ '""' ........ , 

oc"""" 
'" ......... .. ...... .. '"' '"'" . .... "" """ "" \ .... .... _,., .. ' '"' 

""' . ...... ' "'·"." ... " .. .. . ..... .. " " "" '.". '.'. 

.. ,. ... '""'" < '""" ., .... ....... ....... '""" '""" '""" .. ,. ... ' ....... ....... ' '""" ""'" ""'" .. , .... ' ""'" " ..... 
,,,.,. '""" ' ""'" ' '""" .... ,, 

"'"" ' "'''" ' "'"" . " .... 
'""" .. ..... ' "'"" < .,, .. , ..... , 

""'" < ....... < '""" "., ... ....... . .,,.,. ' """' '""" '""" 
"'"" ....... ""'" < -....... ...... ' .,., .. . '"'" ' ""'"' ' '., .. \ 

'""" '"'"" '""" '"''" ....... 
"""" ""'" '"'"' "'""' 

"'"" ' '"' '" < "'"" .. '"" ....... 
""'" ....... ....... ... "" ,., ... .. ,. ... ' '""" .. ..... ....... ... .... '""" ....... '" .... ....... ' 

""'" ""'" ' "'""' """' ""'" """' '""" .. ..... " 
' """ """' ....... ....... 

" 
""'" < ....... .., ... ::;:¡:: ' ""'" .... ., . 

"" ... • .. ..... ....... ....... "'' " ".- " ....... ""'" 
.. ..... 

"'""' '"''" 
fo~ 8 A <epa~ st>O,...>n¡ mde<ton., '"d m'"'" • ~•Y ~ocu­
""'"' '" o<o¡«t coo•.•ot. 1 ~" on• sl'>O~> ""'"' r<oble-n; m OS 
do.•lop,..nt. s;..-c•h<•locn• •r~•C•"' '' l•t• M '"'"' •<•·m• 

ll~o~ wotl>cut "~"1, do<umenl>t•on !~~ll •ro<Oo'>l o< o. e·~~~• 
on •nolhor; and o"" !~ 250 >uPf\0111 '' l.: e <0''""" c"t o~ >'<>"> 

''"-
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¡:.r.>pl, '" • """" "P"" 1~" '<'P""" 
" ~''"" nrced '" •4 ""'' h 1 ull dl'ciO>IUf<_ 

'""''"'"· "'h<n' lh< "''"•f" 
~ ..... , hl' ~ .... "''" •«<p! ,,.,u, 1<· 

"""'"'''~o"' poni< ni rrccmrl.on. he 
<'""''"' '" ~" ,. hoo<>l , rrr ·"'·' 11. 

Thi• "'~'''' r•u«"" hclr.-d of lh< 
hn" l.>hd• m«lln~'· rc•i'"''· coMer· 
en«•. '' uar"'•'c'lc• m«lin~' ''""' 
P'"''''"'""<'"''' "'"""~'· ••d <Dn1roh 
~"'"di ·''''""'"~"· ()""""''' nne 
m•) c,oll < pr<<hlem-Jc~i"n mcrll~~ a> • 

'""""'~'"""'" uf • ""'" "'"''"~· rf he 
h<h<«• • prohlem ;, ""' o! h.>nd_ llul 
., '""' ncqhod¡ ~"""' .. n., oh• 
""" "· •nd lh< ho" '"'"l' '"'" h<· 
'"''" ~r.hhitog rhc b•ll. 

Yankin¡¡ tho rug off 
:-.c>erll>dc". il" """"" 10 hove 

,.,;,.., '"hn1q"" hy which.lh< '"" 
''·'"" ;, m••k '""wn, "'lwohcr coopcr· 
"'"d) 01 nn1. The PI •• charr "'"h ill 
lrcquenl •h•rp '"''"'o"'"' " lh< ¡,._.¡, 
!no "''h ro•icw. On • IJI~c pt<>jc<! ene 
m•y "'"""' lo r<>i<w •M•< pm ni u 
each ""''· m''ing 1hc· ""'"d' """a 
mnnlh "' 10. 

A r<f><>rt •ho,.ing mileunn<> •nd •c­
lu•l ~omple<iM, ;, lh< l.c~ documen1. 
Fir k lp!<c<d>ng P'P<I. 'h<m> m"" 
<«pi fn><lt '""" a "P"''- ·¡ hi> rcp«rt 
1how' """' 1roubln. S¡><dhc.ll<<nl •r· 
rro"l " o>ctdue on """'' compo. 
""'"- M•mu\ ('"' 1 ·~rrr«->>1 ;, ""'" 
due on anulher. and "''" ;, laie ~e111n¡; 

"'"ni'"" r'"' ""'" '" '"'"' "' '''' 
"'depcnU<·•orl) conUuclcJ P'"'""' '"'· 
So •ueh • "~-""' "'""' _., on 'l""d' 
lor lh< onee11n~ u! 1 l'ebru•r) E•tr}· 

~ne '"""' thc q""""'"· ""'' ~~-' corn· 
!'""''"'"''"·'~'',¡,,,,¡u he 1'''1'""' "' 
<•pl01n "11) ll< 1<1<. ;obcn H ;ooll t<: 
finl>h«l. ;ohll "<!'> he'' t•lon8. >nd 
v.hat help. <1 an). ~. noed' trom 1h< 
ho-1• N Cl'\lai<IJif"l<>h!'"l. 

\", """'"''' ,r lldl Td,·phon" 
L.<h"'"'""'"' ""'" 1\1< lu\l""'"'"g ,¡""· 
'"''""' 

1 ~a>~ '"""d rr hnrrd> In'""' ~nlh 
"<el"d"lcot" mtd '·"'""'",.,¡· ol~r,·t '" 
t!tc ''"'"'""' "T"''· 1:.- ,,,,,J,¡,¡ 
Jar.¡ "" '''' P'"r"" nf rl.- rn>i«• 
"ldn""" ~no/ "P"""' a "'""'""' .-,,¡ plan ¡,., rhc r'<•!«l "'a,.¡,,.¡,_ 

""d nno· ~l,r/> a a 1'"""" "'"-"'""M' 
r!w1 1/,e '""""''''''"''' "" ,¡,, l"•'r· 
crl> ,,¡¡¡,, /,•••·JI In,·/ "'"""N''.¡,,. 
loa! «•<"111:0"« ""' 1/<e P'<CC v{ •<>•l 

"' q""''""· "'"' "P"""" ha ~'" 
!"~~'"""' '" w "~'" rr -.11 acrualh 
lwrrn•. ''"''" rhc "'·"""<>"• I>C ¡.,;, 
a>volaO!c ""''"'''"he"'""''~'"' har 
C<''"'"""""'' {•" ,/,/nc•> n/1 h .. P"• 
"~"'"" '"P"" _ Hc 1""1"'' "w""'"" 
h"'"' '"r '"'f.,,,,, •. n ''" "'""""J 
<ialn ,,,.¡ P"' iloc ""!'¡,""' "" l;<ll•n•· 
"""'""· ,. .. n;.,.,,¡ ,,;,.,,,, '"'''" 

,¡,n., rnluoahlc "r""'""' '"'"'""' '" 
"" ·r'""c" • ' • "" '"' """ """ On<t 
rhn" <lca•h .olabf,.¡,cd '" '''"""'' 
,,..,d, thc P'"'"' "'"""<" mn '" 
quac a""""''"'~'''""""''"" he u 

K""'~ lv ht "' '"'"'''' •1 he''""''' d,. 
"'"'""m•-

¡ he ;rcp>t>l!«n of 1h< "'"' <hon ;, 
.o !unchon of '"' ¡,.,, ond lh< m•n•g­
"' rrporl!n¡: '" hom. lt< urd•ton~. ,,,;. 
"""· Jnd I<"P""'"~ ~<·qulf<l lh< .>fl<n· 
11on ,.¡ • ,m,ll (nne-lo·lh<<'<·man) 

"'n ,mup ""hich """" on '"'"" 
""" o! lh< ho,., S•<h • ""PI•n• ond 
Cnnll"l'""l<•m" on»lu>h1clm • brge 
rrni<<1. 11 h01 nn '"'horU) <.C<rl lo 

''' >11 lh< 1"" "''"'F"" "''''" the~ 
,.,11 ha>< "' or ehan~ed mol<,on<<. 
•nd "hOih<r rnolnoon« ha- e l>con m<T. 
Stn« lh< Plam and Con1r~l• group 
handlc; al1 ohc r•rorworl.. lh< htnden 
on lh< lme m'"'~'"" rod.,ccd 1<> lhe 
"'"'""'1>-m.o king lh< "'""""' 

Wc hod a ~~illcd. enthu;i••tk. ><nd 
doplom>l!c Pl•n• aod Con1tol• ~rnup 
nn o he m/)Ml pr<lj«l. ""' b~ A ~1. 

P""·""""· "'''" <fcvnoed CM,i<l<r,b\c 
in>ef!tiV< taknt lo dc"'""S cf!celive 
hut unobt<>"i" ecnlrol mcohod•. A• 
a f<IUII, 1 lnund hi> ~roup lo he widd)' 
re>pcctod •nd '"'''<!han In> <>tod. l'or 
• ~""'P who1C rnlc 1\ inhcr¡nll)' lh" 
o! an imtanl. ''"' ;, qul1c an occom­
p111hmcnt. 

Thc in><>lmcnl u! • modo" •mounl 
o! •>ollcd cf!orl tn • Pl•n<at<d Control! 

'"""'"" ;, "'~ '""'"el'"~· Ir '"·''" 
lar """' do~,·ren« in pro¡cct .ccom­
p1i,hrncol tho>! il lhc.c pu•pl< ""'l<d 
d«<etl) on huold>n~ ohc rrOOu<t ptn· 
¡tom•. l'nr lh< l'lan> >nd C!'i<trol< 

f""'P" lh< ~-'"'"1"~ v.ho """'"'" 11oc 
impc"<Pfdok dd,<Y\ vi10hlc onol "'ho 
poml\ up lhc croLJc.>l ckmcnt,_ h ;, lht 
<•rl¡ ... .rnin¡ 1)\tom again" ln>iog a 
)eor. M< da¡ al • timo. 

Epilo¡¡uot 
l he '"' pil of '"""'" <nfincerin¡ 

woll cnn1inuc lo h< >IIÜ) fnr o long 
lime 10 come. On< c•n "~'"' ohc hu­

'"'" '·'" to w""'"" """'row¡: ')'­
'"'" j<~ll 1<.11bin "' ¡,., h., . .,,,¡ our 

rcoch: anJ '"''""" '"1<"" .,, ror· 
hap• lh< "'"'' ontl!<>l< onu <ompl" o! 
mm\ loond'"''"l<. ll<c mon>r<m<nt 
to! 1hi' compln rr•fl "'11 dcn•a"d '"" 
""' "" of ,,.~ 1·'''P""~" .lnd '''"""· 
0"' l>e!f ,.!,optotol'n of pro<en cng•­
nemnJ m>n>fcmenl mcth<•.h. h~era\ 
d"'" n! eommon ''"'"· ond • GoJ­
~'""" IHimilu~ '" rccosniu ""' f>ll,h¡\. 
ti)' aHd 1'"'"'"""' 

H.tfr«ncu 
' •••• ~ .. "-" 1 ····~ ....... ' ..... ,_ 

.,, .. ~ .. "" ''""~'"'"'~ ""'"" <•~ 
o·«•" ""''"" '"' "'""' "'"'"~" ""• "" '"'"''"· '· ' ' """""" . ,,,. .. , ....... ' " '' ......... '" 
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''ooo< •·•••• ,,.,, .. ,O~O(M<!oO< ... 
"'"" '" 1 "" ,.,,, '"""~'' ''"' ''" 
"''""" "''·"··-··''""' ... ~ ..... _ {, '- ........ ~ ,., ... ~ .. . 
~··· "' ,.~, .......... ~ .... , ........ " 
'""- ' ""' • '"" m "'" 1 <or """ 1 ( "'" - ''" " .. ..... 
""'"- L 11, 1 """'""' o! ""~""' '"" 
~.~, .... , ... , ..... ~ ... '""""' "' ....... 
,.,. '"' ~ • .,, < ""''"'- n,,.., H·"- "'' 
........... "'" ........... "- ''"'""-
. "''""~ ... ' ............ ~""''"" '"' 
.~ ... _ .. ''"""''"" ,, ., .. ~ ... , ......... , ........ ,, . ,,,.., ..... " . "'"'' ~ ..... '"' ... ,_ 
''"''' '" "' '''" .......... .. 
' .... ,,_ 1 ' • ""'""" '""" '" ... o .... . 
"' "·"·' "'""~' "'""" "'" ...... , 
or '"' """"'" ro• """"'"" "'"'"• 

• 1 ""'"' "· .. ' - """"'""' "' ... " 
1 '"'"' ("o • <b Po "" ,.,;· J •1• • '" o 1 "" ' 

"' "' • "'""' l '• "•-•~•"' H•'-''"'' /~ "' 
'"'~"""".,c ... ,,,., r•oo .. ~M' Coou 
•• ,.,, , .. '"'· '''""' "'""'"'"''"'c ••• ' 
'"" """"' re"'""' 

JO "''"'"'·C." ... ~,.,-,,..,,,.""' Com. 

.. ,., ''"""""''" "'"'""''"'""m Oo ••• ., .......... "" ' .............. --... ' . 
c. ........... '"''''"'"" """""· 
'"'·"' """ u.''"'"-"'"'"' T.~ w''"'"- ''""~'"" 
''~e"'"'""'" e"""', . .,, "''""'"•-• 
""""''"'" ~··'' ...... "'"'""''"' ....... . 
"01%]0, >01.)l0 oruf K ..... "'- R ..... . 

O "- "'"'"'"""'- "'" '· O Hmo. "O• 

"' ""''"" "' ''""'' '''"'""' b•·~""' ""'''"'0'," "'""""''"' '""'"· ,, ""''" 
" '" 

""'"'"·'·'·'""'·' lomoo.A••~"' ''"'" ··--.. ~·- '""~'"" .... ~. ' .. )' '"'""· ....... _ '"·''" o 

O.."'""""' ·• o••••nU,. • "'~'•"O' 
•• ~~~ uo.v. or '"'"''~ Co•oo,na ot 
C<oopo>l '""· ""~ -''O"~•n o< loo 
OO<no'l•lo< OO•onc• dono<\mont 

<~••• Ho •• ''"' "'"'~" •• "lo~ 
.. ,~,, ol tho <~M "•"•mi3<>0.'­
~Mon• OOhO<! •• <>'~.•<1 "''""""' 
'"' •~• M"·~••• do•o•oo~•no on<> 
oo monoccr O! "o DDO••''"" :;y•· 
tol,.l360 (<IO>ftct du'""" •lo "'''"" 

""'""- ~"'''"' "• wo.o oo """"'~ct 
o' !hO IUM S!<O(Ch On0 ,_.,,•Oo! 

comou<o•o. 
At <:oo.,.! "'" no ""' ""'"' '"""" 

>11 ootnb!•OO•"• OM 0~<0•0• OftO ~«· 

""~'' Un·••'"''"' Com~"'"''"" 
Con'"' nod l'•r Nort" C"'<•I•OO ~""" 
<OI>onot CO.,<Ov"no So•••<•. ><o •O 
rno •uthO• o1 t~o Od•O•OOO o' • ""'"" 
'"'""" Dolo "'"""""""". ono •·T~o '"'""•<•' ..,,n .... o•-tn- ho•,o oo 
~n•t~no• ~""'"''""'"'" f~cd·•On­
Woo"o>>· Orom wt>ooh i~•O o•<o•pt •O .... , 
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In con!rnst to Dr. Brr.oks' D"'Sen\,1\ion, 

thi!. portra<t of f¿,o!urc is fOr thoS'! 
who lc;;~rn best from looking at b<.~d e>< ampres. 

R~printed with pcroission fro~ 
DATA.'I.HJO:;, nece=-.!:rer 197~. 
Copyrir,bt €) l974"by Tcc:hnlca: 

rh< l.llluro <>1 <br> P"''"'""S prdj«tl 
¡, '"" 1t10h rro¡oc" are olten nol '"'' 

'to•llr Uofm«l .• >nd '"""M' m•¡ locO. 

~~ ~, .• n J,.,,,,., '" ""l""~" A 
ptoojw "'·" ~o "'l "PP"Ion~ In ~o• 
•<•11 mcmhor. ¡,,,. "~"~"""' '" on· 
ol)\!'1. 1 n h«<h '"" 1l>< >o1u,l '1 me "•'1 
he •il<ciCJ C<•o><q~ocn<l), 11"' S¡"""'' 

WHY 
PROJECTS 

FAIL 

Publishing. 

o hr~inninE onJ '"en~. Once a proirco 

h"' hrrun, "'' ""' "'"" '" lnoo.: 
o ''"" tht• prnjroo "'" ,o.ncd: 
o "'h" lhc "'ll'"f "· "' "'"· ot ony 

<>n< f"'Ínl in !lm<: 
o l'h.t< .,,¡,.,¡,, hove 

lnrmcJ: 
o ,.¡,, 0 <he 1 ,.¡¡¡ rnd: 

><compli;h 

;¡~¡ .. ;_',·'. · . "'·' :"::-; .. :¡¡.;.;.· :~~,:· e: :;,::.':··:·~ .. :; .. : !he,,,,,.,,·,~, '''" ¡.,, ( ·.,,., 
rl<"'"' " >hn a prc"4"i"1< lor ""· 
co". hui a r'<•inl ¡, """i<lcrrd IUC· 
«"1"1 ""') il co•<nplctcJ "ltloin II>C 
o,.,.,.,,,¡ 1in•o ur huJr" '''"""'«. ""' 
h¡ '"'" ,.cJ¡ i1 '"'"h<1 lhc U\<r'• n«J, 

An '"'"«<"lo•l P'"''"· ho"'''"'· 
con hr iJrn"fo<J ''"''"~ "1 ,.,,,¡ pi•·"•'' 
ni'" Id" <'~<le: ,od 1 •lo.oll hcrc 1•:· on 
pc><tH '" 1 1""' • <1)' inJo<o m" 

l.<•f!<.oll;. •m pro>joot <•n ~o tomo· 
do• ",J,J inoo '"' do"inco pi•»•·•· 

•t 1'".""''·"'"" r"'''"' r""'·'''Y 
fii"r••ur<d'in ""<~< "' mon1h<) 

~~ lnitio<i<>n p<ri.-..1 ('""'urrd '" 
~< .. r;:¡-- .---

o !'rn¡"' dorr>fl~n (in"'"""" ror 
i•'·'·''·~· 
':'.!.'i<.ó.!...J<'!'!i!<•<~n. p<ri.-..1 (in 
,.ccl.m onnn1~q 

01 p,,,.,.,noin,li"n pwn.< ("""'" 
"r ;;,¡.-~,-;¡,-¡:¡ r;.;;:,;,,h¡-:¡ li<r prnjoct 
l«m<t<•<i.on) 

In <.«h "' <hc •h<»< r"·""· 
'"""'""'""m""'¡"'""<·'"¡.,,.,""'' 
rnr i"'l'"' "P"n oh<'""'""' 1hc <n<.d 
prn¡c« 

Pre,rnlli~t •on 11~ riod 
11 ~ .. -,,,,,I.O .. h ,.,,, lnr n<r· 
'"·"'"~ ¡,,,. lnn~ ,¡.,. I""F'' ,.,¡¡ ,.,,,. 
1 ""' "· , ..... 1'' "" ' ' " ",._,¡,·J " • ,, .... 
,,,¡ ..... ,., ''''"" """ '""" '""''"'""' 
'"'i'"""''l·· '"' ,.,,,,,,,, .. , 1 1 .. , .,,,:,,. 
,. ;11 h,· ¡, '" d "1'"" ¡,., •·~ n ""J''"'·'"d· 
in~"' 11«· r<.o¡c.l '"'' "' '"''''· on~ "" ¡,,.,. qoncll¡ hr <lO •<«>tnrl~<lo rho 

by St<¡pMen P. Koider 

1 ;:--~ M•n-•¡:<r "'"'' unJ,·r•rmd <t>ll J""'' 
'"J ·'"'gn pro¡<<h •«ordoncl; "h<f< 
ro•"~"-' 

'"h'·"l' 1 ""' ..... ""'·'"' "' ·' ''"'"" 
¡,¡,. "1 ''"""" r••'I"'' ·""r ''''"·" '"· '"' '"'f'"·'"' ',,,,,,,.J ,,..,,., 
~~ 1 ,,;,..,,;,, i. ""' """' 1•) 
llh' P"'"·•'•h' ['1<'1'" ¡,.,,.¡,.o . hu 1 r ,, ¡¡.,. r, 
lo¡ "'"·······h .. ,.,.,.,,.'""' ... ,,,,,¡,¡,.·" 
''""'·''"'f '""''· 
11 1 ho· I""Í<c"l ;, ""' .odc~«.<h'l\ 
J,.¡,,,,,, 1 ¡,,. t"i"'" '"' ·'" """'·"" 
"'"·'"' 1:.l,·, ''"' lnrm ,ol · Jo>lm, "'''te 
pl.'""'"f '" ,,.,¡, <h•• P·'""ll '""''"· 
wn,t ,lo ""' <hinl. " ,.;¡¡ ""4'""·'"" 
""1' ...... 11' ""'l """"" ·' "'"""'"' "' 
olollo·"·"l '""'1"' '" '''''''"'" 1''''1''''· 
!),.,., u ""'' •1< e 1 ,,¡,.,, <1 "'"h"' '""' ~··•· 
" • n nd "'"' ""·' 1 n '" ! k .o • ¡· ,,., "' " o 1 "' e .' 
•.olu¡. """'" '""' , . .,.,.,,,,,. r·''''"'' 
\"' .. ,n,, ·'"""' '·"' """·""'·"''t ,,. 
P'" rt"· "''"'·'"' •·1 rl,· r••'i'''" 
<1 .\h"" 1,-.n! '"'''''.ore ·'""~<J 
¡,., """'·"'''· """ norrc•r•·~J•~~ "'·'~· 
"""" ·" ·' ,.,,¡,, 
" " ,,¡,,.~ .. ·"'" '""·'"' r~o·p . .,,.,¡ "'••r···"''' •'' ~''"' 
"'"''''''"''",~.,.~ ... l.'''·''"·''" .. 
,,,,,,. ,.¡ ¡.¡ ·'·"' "'·'' 1··· "'""'' '"" 
""'·' • ,,, 1'""'" r~·, .... , . .,.¡ '""'' '" 
,,,,¡,¡,¡,, ''"' "tll "'"'";" lh,· ·"'"·1 
'"'"" ~,,,.,.,,,.,, ,,.,. '''"''"'1" ,.,,,. , .. ' 

'"'"'''"'' '·"'" "''' "' '''"'''"'· ''" 
"""" "' ,,,,. 1'"'1'"" " ,_,.,.,, '" ,, "'" 
,.¡ ·"'"·'' ·~"'" , . .,,,,,,.,,,""'· ·""' '"' 
'"·'' ¡,,., ,,,,. 1'"'""'' "'·'' ¡,,' ¡,,¡,,,. 
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" ,,.;¡,,,re fnr '"''i"t· ,;,,¡,'" nr '""'· 
¡,,·,ng '1''""' '" r""ido ¡ho· 1''"''" 
koJ<r ,.. . .,¡, .t ""' """' Lu '""'""ron 
11 l'r<>t«< k,O,·r rc.pnmoh1loty 
¡, unJ,·fincd, l"hc lodct \.a1 '"' i<~" 
"lo:.r "«r~n,·d .. r him. '" "l'·"d '" 
ti"· ¡•rn1,." w '"' r•''"'""'' '""!'""J «· · 
~"'' "" "· s~"'"'d ho '"'""'"""" .. :. 
'""'"""' '"'"'¡""'! Con ~< rconn>· ,.,.,.J t<rnllo'<l<l<~ th< r<"l"'' (".,, l•< 
"""""" f<c't\l"'"cf ltoltl\ <1.' '"" h1· f(C· 

'' 111n' ,. )\ d '1 ' "" '"·' 1 :• 
.11 1".•1'"' fim. ;, r •• ndhJ l"'"tl< 
1•" h nnoo<iqo·ntl. DP<•""'""'''"''" 
r ,. p < ,¡ "'!', r, '.'"'";¡,, IH '"· "'' <¡>1 :ow;,· 
,,,,,,¡_,_ ')""''"' "~''''""· ...... ¡, '"'' 
tlc.,·h•pcd. R.uhcr, ~'"""''"'"'"" ¡, 
lonoi<··J lo oh< l<<hnoc>l O<pc<h ,.¡ <h< 

r~<•i•·"· 
41 ;.:,.,,.¡,.d~c ol .. ,,_,,, .. '"por· 

f<•rm \he r•"Í<<I "'"" <ilo<«nllo " 
l>e~tn~. Are th<lo m<>d<ll". or llohiO!<· 

'""'' .,r.,-,,.ry '"·"'""'' ~hiel• "" hr 
'"<'ol.' h <ho·« ' 1<>1 ''·''" ~rnor.llof 
... ,;,,,~!<~ 1\"h>l ''"''" ''"""' ""'~" "'' 
dnctom<n"tioro •id<? 
.1) IJ,·IIn"'''" of ,,,.. rro•¡cc< "' 
''•'"'"· m.,),,<clio¡:. '" INJII• "'"n¡:. 
h< lh< prnjrct. ~ct~«n oh< 

""" nf <h< ""~'"·'' "''""« >nd "' 
O<lllo;,<onn. ¡,., d"n~NI "llh~LII 0 CM· 

'"r•'"J"'I' , 1'·"''' '" '"' "''"'·'" 
71 l uol,· "' no hn<e " 'P'"' on 
•'·""''"~ th< r<,;o·ct ~•<ho·r. ""'h"' 
do·•i¡;•< """''" ,-,,,¡,.,~ " h<r"" ,.,.,,,., 

"'""'" "1""' ""' 1''"'''<1 ·'1'1""'"' 11"" 
,., .. ,,.,, ,,.,,., .. " '"'' , ... , ......... 1 ti .. · 
·¡,,.,,, .. .,¡1'!·"""""" '"'~,,."ti! •• 
J ... ~ <ho· pt•'ll"<l, "''"" '·"'' «oll hr 

''""•' ''"'· ,,.,,,,¡ "' lli<rol. "'·'' "'' 
r"'·"h h·· ,.¡~¡ .,., .. "' "''·" '""'t" 
l'"'i'"' h ho "ti! in• • ,.,,.,,,. "' '" '"" · 
~~ ho•hl'"' ,_.,.;J.•io<f " no•< 
unJ<I"'"oJ "' """"'"'J. ',),lcJI, 



WHY PROJECTS FAlL 

onou¡h,: all ptoject> bo¡in with lhe 
pr<ml<< '¡h"' o><l~lh¡n¡ wlll Ro 

'•m<><>lhlj.
0 

l1cm1 '"'h •1 l.cO. ol '"' 
tim< duo lo )<>~-<nd <lo-.in¡; .,~ n~t 

ron•idercd ""''' >ll<r th< ptnhkm h., 
''"'"''d. lh '~'"· th< r~<•i"' h" ol. 
«•Ó_I' lo>t ,.·,"',¡ <1<)1, or il ;, too 1'1< 
to ptovide •n oltornal< >~ur<<. 
9) Rt"'""' t<quitem<n" •te 
nol >eheduled lot the rrnJ<<I. Crtto<ol 
ilerm. ouch" ~<_>rLJn<h. "" Llrr.<. "'" 
monu>l l)pi"~· «<re»rool. and rrillt. 
in, tequi«m<n" become a ptobl<m, 
and ore addtn«d only af«r lh<) hhe 
•fl<oted the pro¡ooL 
¡(1) lhe ptnject '"m'! Wil'iti., 
'" nol cle,rl) pre><n'<d 11:> lh< en,! 
UI<L Only loO citen. tht re<ult i> a 
>tti<• of "l lhoug~t ." "1 a><Um<d 
..• • "J.n'l he, . , .• commcnt<_ 
11) l•roject cnmpl<'ion ,¡, .. 
menl\ >« not defined. 1 hot i<, the 
proje<l l<>der ;, not .,.,,. ni 11h>t 
'"""itut" •nmplelion ol lhe pro¡<<'l. 
Whol h the end produ<'l? Whal ''"' 
ooceplance uitma will h< mod' Who 
mo>t •ign o~ on projeCI ltHO<>I<rl 
Whal C<>n\IÍIUIC\ loHn<>•<t? 

Ouretlon Of tho pro)<>ct 
l) h11on2 M t<pollmg ol ¡m>j. 
r<l informatiun ;, nol p<tlorme<l, 10· 

'"l"o~ in lh" pr,.¡o.t k.oJcr h,·,n~ 

""·'""" ni "h.ll lho· cnm¡•I<L"'" r<•· 
oont.>~< ;,, >nd the u-<r hr,n~ ""·'"'"' 
uf lh< imp><l ol r hong<> "1"'" 1he 
o'fipnol ') ''""' 
21 Prn¡<ct rni<"< ·"' l)p~e.olly 
"''"-i'" In'"';,,_ lhc¡ '""''""''o 
""Hn"''" f"'"S· !oc>? An< prnhlem'? 
:-<"' r ,....,.¡~ ~ce 1"'' ""' ·~~«~:- 1 he 

"'"' ')"'"" m.,,,,tor dPO> ""' "' 
P'"'""~· úrr,,,¡,d ~11«1ion• He dL><> 
not rcq'"" lh>l '"' rc"o'""l ""'"· 
p.olc P<,hlem,, hur " prm>>r>h <On· 
«rn«l "•lh iJen11l¡ in~ prohkm•' "hioh 
h11 l'"'l"' l<>d<t aheod)' h» «co~­
niz«l. 
3) ChonB< ni pe<<onnd " one 
al lh< mojnr '"''""' ""' prnjeen l>iL 
l'ot><>nnel. indudtng p<OJ«I kodcr>. 
ore romo'<d lrom tl1< pro¡ecl, 11i1h no 
OÚJll'i'>t<IOt\ In lh< IChcJ,¡jc f"r tome 
lol\ J.,, In lh< <ho~ngO>. Who""" a 
lcam mcmhor i• odded In • rro)«l, 
th<tc ¡,, korninr ""''" ~>hieh •mvair> 
hi> cnkicncy an rho projcCI. lt rnoy be 
a d.•). uro rr•ot>lh, h11t t>rtfurlttn01cly. 
peoplo mo>emmt ;, com1dcroJ In he 
tn"'porenl tn lh< pt~jecl "'"'rlet>on. 
4) Adhorcn<o lo 1\a~dor~, ond 

\ 'PC<'of>caliun> i1 <llhcr nol dch10<~ or. 1f 
dchneol, nn1 follo"'eJ M me oltert lhon 
nol. "onOord> do e>Í>I, t~pecially in 
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lar~rt '"'"11";""' lhry >ddrm dr><· 
llm<O[OIOOO l'Ch01qnf\, hf>el'"g, ~1< 

"'"'''· ore. l!ov.e•<r, once an rn0111l 
in~"''"""'"n ;, po>idod for • r•o.. 
f<ammrr l>n>l¡ 11. rol\"'" -op ;, igno,.d. 
1 he molO <'1'0~""' 1niUI>on1 Ol< IOI· 
ln"cd, '"'"""~ Ln ><•<r>l '''P' (moJ· 
Ul<ll in Lh< »n" pro,r>m '<qu<n« 
adolre11in~ the odentoeal fole wi1h doffor. 
<ni mnemMie>. \t !<1UII\ IM ,,.mple, 
in ll.<Lch) "reration> dooum<nl>lonn 
"'Íll~e•ut cnn>•d<,.IIO" lor "'"" pro.. 
<edur<>. Maintenon« lhen t.ccomn 1 
m1 j0 r "parl ol project d<•elopmml. 
S 1 R<>ouroe roquiremenl> ate 
nnl anticip"<rl. He mo¡or offendcro in 
lb" are> ore: 

• Doto eolry_ lnadequ"' lime ;, 
permirred lor turn.,ound of 
•ourc< c<>de I'"P""'"" •nd/N 
tc>t ltl< oper>llon. Wnm. verif.ro­
lion m>)' nol be perlormed. wl>i<h 
almo>! innriably odd• 01 ¡,.,, one 
doy to lhe pro¡rom clntlopm<ol 
cyd<. 

• Compuler Te>l Ti m<. l ~< loo k al 
adequote 1<>1 lim< beoome\ ex· 
tr<m<lr .,;li<>l lo• ord ·~e end ol 
• P"'j<<l, wC.en anly oee or 1•·~ 
l""~"m' '" bein~ fi.,,¡;,.d. lf 
turnoto•Jnd ;, o•erni~ht. rooh rr.t· 
""' thoooe lo • p1ogum >ciO> al 
le>>l nn< ·lull doy lo tbe JuratiO"-· 

' 0"'0" l.c.-d ReviOW\ \1-'h•reu 
mo>l ni the lime lh<>< >r< cu.,,;J. 
crrd in rr~)''" ploo>n•n~. •1 ;, <•« 
thal on)'thin¡: lonrrr lh>n • O\!n. 
ut< i> '"unud f<H d011>\Ít'O h•-
1"<'" >uhm">i<>n <>f Jc,,_n >reo;. 
f•"lin"' ond •rr•o'"l. 

{>) "Utul< fo1<<" Approooh. lo 
lh" l¡pc ni >hop, t><r}lhin~ " d<­
"Fn<d ond i•nplemenl<d lrom «raL<It 
"'>lh "" '''""Fhl ¡;ivcn to rho mr ol 
P"l projc<!!. tool>. or wor~ >imploh<l· 
rio>n m<LhoJ• »•olobl< 10 •honen th< 
d<'<<iormrnt <ydo. 
7¡ l.ac< al • p<<>i<cl mon•~«. 
lt ,nund• "'"'~'· bul mon} pro¡<ctt 
n,mnJ<r 1hrough lo cnmpl<tion "'"h· 
o,l o ludder. Thc "DP Mana~er" i> 
Mrm>llr lhe rroj«l leader ond ho 
PtNid" " much ,rt<ntion •• he "" 
<on>idcrinR hi, other dull<>. In ~en«· 
al. '"1 lew in,ral'won• ¡,.., one man 
><<'<>unt•hle for on enure ptoj«t. ~UI 
rothcr fr>~m<n! th< re\pnn,óoh"" to 
th,• pnont ,.¡,.,. no nne rmon lo 
•«nunlohle. , , 1 
R) Lo<l o/ 1 Prnjee1 Ln1. A 
prn¡e<t In, can~. on in.,lu•ble tnol in 
pcrlormin~ pn\1-morlcm•. Furth<t, in 
'""'P'";" which choqe·Lool; tu 1h: 

""' the '"" o/ '""""" me<!, ir ron 
h, th< moin,lay in ¡,,;j,on~ >mh 
<hu~e-bo<~>-
9¡ l.a<l nf o rroj«t >uJ>IIra•L 

n.,. """'' ""'' ,,. cnn,:ct"ed "" 1<~ 
1<> rhc cl<>cl<>pn""' <'1 rny f>c,.><i•,lly 



>Ound '""""""~ >)lt<'HI )<·tto¡) lrw 

pto¡oct """·'~'~' '"'""" th'"'"'''"' 
,.ith rnainm»"« ol ,, pr<•i<"<l ~ .. ,~. 
hool to P""iJr, ,;,.,,¡,, ""drt ""''"' 
pror<<' <lr><·lnpmonr. 
lO) 1 "~ n( a 1ltll• ¡,_,.,,,.,,, 
Man; proje<" .,. P"""'" '"'h the 
proi«l n,.nOE<r compl<td1 '"""''" 
ol the >ltlll ><aolahlr '" hino ""hin hl< 
own 1hop 11 •<•11> ¡,,.,,,,,, ni P'" 
"compli1~m<n" ni eoch >1>11 rncmber 
oimplifi" lh< >'affing ni 1 prnj"t an<l 
'"'"'" lhat "P"icnro "''r<<)d•hl<." 
'll) L"< ol pr<•¡«t mtlo.tnn<l. 
ll"'"" pr<>)<OI mil""'ne' oro nN de­
tmnined " the """' ni a proj"', 
per<en:.re ol rompleli<>n ¡, nsually 
oquwd lo P"«noa~< ol hnn" <•· 
per.d:d. l'or '"mrl<, a pcojHt lor 
whtch f(l(l ¡,.,,.,hA> b"n «tirl\ated i1 
LO% compl<" whrn 60 hotm h"' 
bocn npo~drd: "h<n 90<;< ol th< 
houro h•l< been e> pended, n ¡, 90'.< 
<omrlrlc. Thi< "'' loh"i" he nlr>p<o. 
l>l<d to )40<;1. con1pl<tc whon 140 
houl¡ ~••• beon npcnd<"-
·11) Stoll mcm~<" "' con>id­
•ercd ''univcrull¡• c>p<rl" Domn~ th< 
<>lirmtl<>n '"~'· '"d ''~ain d"""~ ¡,,_ 
plcmcntatiM, "'fl m<n1~crs or< cOn· 
tidet<d to ~e cquall¡ comp<,.nl an•­
l)"t>, ~"'f""'· pr~pamrncr1. I•Or>r· 
iom, d~ct•mcn,.Mn •pcci•lil!<, "'­
ll••y aro ""i~ncd on) n: thc~e l~r.O· 
lion< '":lh !iulc coo•id.-,ation gw_, to 
'th"r ,~;r.,y. ln""ably. lhi< ,.,u\u'" 
projcct d<i>y. 
\l) lllllioollnn l'holn<npi•Y· A 
mo!l lund.>l>l<ntal pwhl'"' whorh 
oiTor<• mon¡· l.'fg< c<>mponi<> i• '''l< 
w~i<h dcm>n<h m .. imi1 in~ 1hc utilu•· 
\1on ol P""'"'''l."' "PI'<"'d lo • pro>i· 
t<'l•t'litalrcl .>pprn.lth. Whcn a l1dl 
r>e<<rr< 1n .t p•!ti<LII>r l''"jccl, <toll_ 
mcm~'" are t<•»igncd. hccoul< 11 i1 

•\onathtmo lo 1•••• p<nple nol pc<lorn>_­
n¡ ·,.,.rul" (th>t it, d"i~n "' r<"- · 

f~rammi,.~\ ""'~· ('""'''1"'"'1). "'""" 
lhc Pr<>J<<I '"'""· thc '""'' ¡•<opio 
mo) nol bc ,..,¡,t.le. nr "'""' )el. ore 
Ol'>il>hlo p.rl """ lhi\" o di<>'I!OU< 

•rrro.;ch, ''"""" ~>hile " "'""'' "'"' 
rcurlc '""'"'Y'.,,¡~"'' lo, P'"'"' 
and '"''""''<m " h•¡h. il pla«> on 
'cmph»i< u pon cllon, '"'' rc>ull< 1 

Tnrminn tit>n of thn proj~ct 
In thc !11<1 pl:cco. 11 i> nt¡ ,.pini .. n 

lhot P"'l"'" nc«r ""'""'"· R"hcr, 
thc)' lx-<omc hl e Mn<«. con•lenuocJ 
tn "''"''" 1111 !loo cnol n( th<1r Jo\\ 
"'ithn:ot '"'"g thc ru•m"oJ l;orl>l, 
JIM<'<I, fo'l lh<><c r<O¡CCI< th.ll Jo• 
"ltrn,.,..,,.;· Ore l~lln~••& .,, l<y 
dcGcicncie< 

11 11"'"" "'·""'"' ,, "'" ,¡,. 
lcrmiac·~ nr 1'·<'1 "pJ.>Ic.l, l'm <»mrl<. 
01 pro¡c<l 1crmrn>1rnn, lhe r~<•t<<' 

lcod<t >hn,.ld mJl.C >Ome lt<cmrt In 

.r,.,..,.,,,. !'''""'"'·'""' "' lo,hl ,¡ "'' 
l.un "h¡nh<o.. "' ,..,.,,.,,,~¡,. '""''"' 
h .... "''"' l'"'f'·'"" ""'' ,,,,,.,: 
h"" m•n\ lln<• <>l ><•J,· ~on<r.ol>·d~ 

""·'~' ''"'' ,,¡ mJc 1"' •'·" ·.• •''<'·'f' 
""'"'' "·'"'"'"'' rcr /''"~'·'"""'''? 
cpu !<'>1 lime "4'""'' r« rr<>;:r.>m· 
mo1? rcr r<>•¡•J,>m~ 1111 ni 1~c '"~" 
''" ~· '"'·'l,,,~lr 1.,,¡, "' ,,,. '"'"""' 
inr onJ "J 1 "·""'~ ,¡ f """ ,, pro jcw. h 
hrwn><·, thr r"" <t<p on 111< de>dnp· 
m<OI o/ • "co<t!ro<nur« acrountmf 
•¡ucm" lor ~r r•ni«~•-
ll ()<L>ht¡ c,norol. T¡picoll,·, 
"hen • prnjrCI ¡, ""nplctc·d, ''" n,..;, 
•••luoleJ fnr 4'"'"1· Thc <J~ mtcri• i1 
"dnc' ll.c pro¡tonl run'" 1 h<1c are no 
rr>dfl (i <. '· '· r, n. 1) ni progr•m•. 
T bq· , re ci ''"' "11•" no 'T, " 

lhr mon•r« "'"' "''"·'" pc11on• 
ncl b"cd upnn quJnlll) n/ oodo, pro­
pam• <lf dcoeum<niOMn pHOo.luccd, ~ut 

in loct ho "'"' cvrn co'""''" '"'""' 
ll~n l>><<d ""''" thc quolily o( codin~ 
lechmq<JC< u<td_ 
l) Kn.~>~lodgo pin<d i< r>lcly 
lr.n,(cr,blc_ Once • p«•irct " cnn1· 
¡•l<lrd. 11 S"" thrnt>~h a proccdurr 
•inul" '" • tlr·~t.ll ,,,,.,;.,,,," ~ ¡,. "' n 
oll '<lli~« o! "W'"'•on v.ith, proi"l 
orr lorgollcn lcu ono b< ,.,.,¡, ""h 
prOfram mainiCn>n«. lnodcq1•>t< 

""'' 11 ,;\lnv.·rd ;11 1hr '"'"1"'"'" 0 ¡ th< 
ptnjcct lnr •1-•tr ""'"'h'" 1<1 "dump" 
thc '"'"'l<dr< f->incd or '"'" rro,icl< 
ntcallinrlul >n<irhl into t<chniquC\ 
U>< d. 

41 )'"''"""" "' t>O\ ""'"'"d.· 
1 hcrc ¡, '" idCJI 11m o, •nd nnl) nnc. tn 
"'·'1"'" pcd"""'"« o~'" ind»id<>•l 
M J flloljCC\_ ,,.,) lh" 1> ihlt<lCdoootrh " 
>he"'""'"'"",.¡' 1'"'1''"· Yct. ~"1) 
'"" ,¡,,,., 1"'"""'"' "'''"'"""' ¡, ""' 
io>lo Ol!>plom>rnt •no\1\'011"' <1.11" 

·¡¡"""" thc hrnc •n '"''""!n.1l h>< 
complc•cd ,, rro•J<<I .1no.l hi< '"" •r· 

P'·11 '·11.' 1"' "'"' ''·'"' ¡,,1""'· !l>~<· 
JO~ lh.>l )C"t h< h•• ho<l th' • pnrtnni· 
r~ ta P<lf'<IL'"< m1>1.1'" ;,,. oll) m>d< 
12 n1onlh< >!'<'-

l) \..le~ ~r formal """""''· 
l)pir,oll<.' l''"i'" """"'·'1;,,," r'"' 
'""~" ~>• "'' "rP'·"'"'" ni , '"" 
rrro>rt .. 'lo>r< ""'"""'"· ·' h><nul 
pl<><nl,!ion >hnulo.l ' ''' pl.u< ;odJ'>"· 
mr: 

'1 ¡,.,,,,¡ nhjc·<ti'C< nlll>e prn¡c'" 

hl rulnrmo"rc 'f"'"' lhC'< "'')"<· 

'"" <1 ,.,;,,.. nr th' .,,¡ r•"d"" 

dt ''''''!'""'"" .. r P'''"'l'·'' '""'"" ¡.,, n1.11n1cn:oncc. <tr, 
~~ !(,·,·nnnll<'nJ,,,,,, ¡,., cn­
h.on'""'-"' >re""' ,t.,,-,.,,,.,.,,.,1, Al thc 
"'"'''"'""o!' l""j«t frl "''' ,-,lll<rl 1 

''" P"'''-" "·"" ;, "'·'" ""'" r·'"'""' 
'" "'""'""",j ''""'""""'"" '" lh< 
"'""'- 11 ""''" ·"' ""' 4"'""!"J '"'· mcd»l<l¡, th<¡ ~•11 ~. l<nl ¡,,,,,,_ 
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l•o,ll<!rminMocn 
ll>e •q· '"f'<d.,•nt hcrc ;, !~e ron· 

du<lin~ ,.¡ ""' ul"l'<l"'" "'"'P '" 
lo ninc monthl •flcr thc con>plwon ol 
a pco)<'<l. lhc IUI'<)' <l>nuld &~diCI\' 

al '"'"111 ''""' »i>¡<ctJV< 
bi inlc~ri•) ol~ola 
<) lr<odom /rom bug1 
d) q«•nll/LCation o/ eh•ui<> ro­

quire~ 

e) ul<fulnm o/ info¡n,.tion (i '-· 
lhould lh< >)'>t<m be mnunucd') 

Summ~ry 
11< ' re~tJII o/ ""'"'ing thc de~ o!. 

ormcnl ni a numb<~ ol ""JO! >) '""''· 
thc """" l>ult> u111 mo" nllcn th•n 
nol Hciwo•cr, the ''1' probl<ml >P· 
peor"' I>JIInf to 111odct>l>nd the ,¡,.,. 
act<ri~ti<l ol• Pl"j"'; 
• IL h>• a hcgton•n¡. 
o !1 h., on end_ 

• !1 u<« muluplc, (onit< '"""""· 
• 11 h" '" objccti'<. 
o ILI '"'""can b< rnc.,ured in torr.u 

o! lime m doll•r>. 
• lt roquirc1 • l<ader. 
o !1 rcquir<-1 a .:oft. 

• 11 """' o, r'"'"'~-
• l'crl<>rn~>o« o¡>inu plan m<nl be 

~<•ie>><d. 

• lt rouiU> ,.¡¡h Nher proj«a ~ul " 

~'"'"" from tla•u>. 
• lt ;, '""""""!·· ''l''""'r.'blc), 
• 1: tu: y bc • ~'d ¡•rojee\ (froLll oh: 

><andpoi;,, o\ m:¡,¡. "') _ 11 il ;,, i! 
muu be >IL<rcd, '" wminot<d. 

• Tnl<rn•l •nd "'""'1 !orce> v.ill 
o~c<l" prr•jc<t; tl.q must 1'< i,lcnll· 
r,co. 

• f'. p!nj<C! i1 • ~~~uro[ >ub-prnicc!< 
• ~-, 1""'"' ;, "O>'I'" • 

Unl<\1 1'1:1 Jll<rLI"'" L1 p.,id 1<• c:cri·. 
,¡ 11><>< ·"P"" ol a pro¡C<I, tite hi>­
'"'Y .,¡ rroj«l ¡,¡¡,,, ,¡¡¡ be pl•¡<d 
OUI OD« O~OiD. {tl\ 

" .. ,. ~····~·"'"''" ..... o.'"""''' 
'""' "''" "''"' .. "'· '"'· . -, ... ' '""<OOo"'''"~ '""'· '-''· Kood;r•••• 1 
"'"'"''"" •~ o""'"·~'" ""' ,,,. 1 
lomo •~<>•t•n~ ~.,h •~<>~•••• o~ O 

~~<:::".~ "::~~:~~~7.~.~:·.~=~. ~::;: ,: 
<•<oOn '""'""""'"'"· Md """"" 
·~·"'·'"' """' "'"'" "'' h ""'~. w, .... 1 ... ·~·"' '~ ... , ~'"'' ·~ '""'"'~ 1 
'"~""'"------·----·-------



• 
• 

INTEGRilTED 
<DVIFUER 
svsrWG'" 

vui !'.. 

3 

~ 1 • • -
· 1 V"'''' . . .·o.: 

3 
10 

-~ 
.,~ '\ 

- ' ' ' ' .. -. ' u . 1 ~- ' THIS PAGE INTENTIOIIALLY LEFT BIJ\IIK. 
\. .. ' . ' J -· -" 

• 
' ' -, .. >./\ 

, r 
7 '·~c\c.:o.c\-vi\" 

l-4 -~ 

6 

• 



. 

• 
1 
• 

' 

1.- EST!i'IACION DE COSTOS. 



..... 
1,, .. 1.1. "' .,( '""''1,.,;,~ ,¡,,. ,.,,,.,,,,. r'• (¡¡¡,cli<onal ro•1Uit<>· 
"" ,,,, ¡,,,,, ,,,,,_,,.,,. ,..,,,¡,, ""'"'"· HIHI bl• r ,¡,.f,nin~ lho• 

1'''"'<1"''" In "¡,,,.¡, '"" d•·l•rnoino· 1h:ol ¡¡,,,, . .,,¡~inul 
,,,., . .,,,.., '''''""'""'"'" ¡,,,.,. 1"''" ,,.,.,, !1 ¡, rv•l ol\\n\> 
"'" 1" •l• r' .,,¡,.. ")., u • • •H ",,. 1 ¡,,, .,,~¡. ~uo! 11 h..o ¡,., ; "u 

\"'''' ,¡, \1\• roo\\\ h.o1 -'''" •.o id'"""''"-~.,¡,~ In do·IÍ\"ef_ 
"1"·<•· "'''"\) Ot•prnn•h '"' lm·o· ,¡,.,.,.¡.,1"'1 fnr okolin<: 

,..,1 1),..,. l•r•ololo·loo• "'"1 l"••<liJO,IO """"'"1•1• ro·\i,lolo· 
'"' ,_,¡,, ,,., f•" 1·"~''"'"1'· ·•.ft11or•· ,,,,,.,,. <··•n-Í•I• ,¡ 

•h•· l•.ll··"¡,,~ 1.,,,¡,. ,.¡,,,,.,,,,, ,¡,¡,¡, 11ill ¡,, di•<'ll'-•<1 In 
.¡,.,,;¡ ;, ,¡,, .•. ,,,.;, .. 1,' ,,[ ,¡,;, 1'"1"'"-

1· ¡·,,,¡, ,.,_,,¡;,~ ''""''" ,.¡,,,, 1h.- _,,f,,nr!· ,¡,._...J,,, . 
,,..,,, "''. ·--- ,-..... ;.,- .. r "' ,., ¡,. ¡¡¡, . .._. ,.,.. 

:• ll••'"V"irio•c tll<· pÍI!;oll- in 1h•· 1""'"'" .,f ~oflwaro. 
:1• 1:-o;,l,li-),,c '""1 '""i"'-';,;,~ ,., .,,.,¡ ,¡," ha-"' 

,,n ... ,¡,~ "'" ,,., .. ,_. .. , ,,..,,,¡ ... r.,,,. ,¡,.,.,.¡ .. 1m"'"' 

,,,.,,,,,¡,,,~ ,¡,,. ,,. .. , ,.,.,.,.n,, ,;,,. ,,,,,.,,¡,, .. ,¡ 

•·-• '"" ·- "' • r t ¡,.. • Hl ;,,. 1" r ¡,, 1 • ,f 1 ¡.,. "'1 ""' t.,\ •-· '"' '"' l 

'1'111: :<< •1 TI\' 1 1!1; lll-:1 1-:1.1 11' 11 1:\T l '\ 1 'LE 

ll·o-,,,,., .... ¡'"""" ,, ,¡,,;,~ """' ,,f ¡,, ,¡,.,.,.,,,,, .. ,, 
,,,¡,. ,,,,.¡,.,.,:, ,.¡, ""'"''" ,_,.¡,,tlh ¡,.,,,,~,,,,.,,..,,¡,, ... 
u •· '''" ¡,,. .. ¡, r l•• ,.,,.,,,,¡ ti,,,, " ''''"1'1"' ¡,,,.¡,.,,,, 
··-·· '" 11 .. 1,;<\'<' ¡,.,,,..1 ,,, ,,¡,( ,,,¡. "''' tlt;ot "" ,.,,, 
1'" .¡,, ,; .. .,. ·'" 1.,. lllllo\1.,1 •m!< .. tlo·· '""lo.,,;,, ¡,, 
'''-'""~''''"''' ,,,,.,,,,, ,_ ... ¡,,.,¡ 
'_,,,,,,., .. ,¡ ,,,. '''·'""~'-"" '" 

"' '""""''''- \\'.- ,,.,.,. 
!""''''"'' ,,,,,, .tp¡·l~ 

,,,,.,,.,,.,, .. ,¡,,. ''"'""'''' ,¡, ,.,,,,1"'"'''' ',, 1·· ,,, ,..,¡,.,. ,,, .. 
1''"¡,¡, "' "' , ... ,.,.,¡ '" '"""·'~·-:ololo· ,,.,._ 

1· ¡·,..¡,, ·- "'""""' ,¡;,. ,,,.,,,,; .. , '""' ,,,., ,_ , .. ,.,¡,_ 
h-h·•l !''"'''·''"'"¡"~ •t;ouol.orol-. >· _.,.-, mnlo·. ;. pf•~ill<"l 
,,,,,,,¡¡,,~ ,,, ,,,, ,, . .,¡, ••l ,,,~_ ,.,,,,,.,.,.,. ,,,. 11111 ,.,. ,,, 

.... d.¡,"""'"'-,¡¡_,,,,,.,,.,,,,.,,,, ,.,,.,, '"""·'~'''"''"' 
,.,,,,,,¡, ,¡, .. l'"'i'''· 

,,,.,,,., ,, '¡,,,,, :ol ... , ,, "' "~·'"''' ,.,,¡, ,,.,,;,,.,¡ 
'"''1"-''"'' ,,¡.,.,¡, '" !lo•· ,.,,1 tlo:•t. "1"''' o·ll•l"""'' up­
¡or .. · .. ol 1''"\' to-moi~o.,\\,,o-.·liu ... ,,,- • ·l;oloh•h,.l. 

.1 t'••loll••l .. ,)tlltlr•' ,,¡.,.¡,.,¡ ,,.,¡¡,. <I:OI""· oh.·~-. 

,¡.' ,__, '" ..... ,,. ,., . .,¡ " '·""""' '''">'"·"'"" ¡, ,, .• ,,,~. 
,¡,.,, .. ,,.,,,,, .. , ,_.,.,;¡"'"''""· ,,,,, ,¡, '"'''·'· 

1 ,.,., ... ; ' "·"'' ''""""" "" '"" "'""·'"''Ll\1 "' '"""' ,,,_ 
, .. , l'f"' , . .¡,,, .. '" , .. ,,. •. ,¡,_., ,,.,,,;, . .¡ ',,,~, .. '" ¡, .. ,,._ 
In"• :U•' ""''"""'Ul•·ol. ¡, .. ¡.,\, lotlh ,¡,,.,.,,.,,,,,J, Ruol 
<nnl• 1-h••l 

-•· l'o·•nd··" ,¡,"·' r•'l""''"~· ''')""""'~· oud , .. utwl 
.,.,,,, ,, , .. ,,. 1h•1 ,,¡¡ ,,.,¡,¡, ...... .¡,¡,,;,.,,, cfw.""'' 
1''''1"''"1•. Hlld <o•llunro• ,..,,¡w,r:oli,ooo <inl" nt•· onul)f<·<l, 
f< i'"rl«i. fO'<"\-, rlllolo·, U!l<l :t\l\OI,.b\o• 1¡, Hli l•f")''rl BIOd 
..... , i"'"'"'"'l ,,,..,, ,.,.,¡ ,.,,, ... ,,.,.,,~. 

¡.,¡.,¡,_,, ,.,.,.,_ ,,, .••• ,,;,.,¡ ,,,,,~ ,,, .... ,¡,,..,, . 
.¡, lo-l••)ll" 0 '101 hlo• O'\ O lo-~ !!o•lio•\1, O'l>•Uio• 1\lltl tll<• r<'•llilin~ 
. ,¡¡,.,.,,. l•l'"lll• 1· uwo-1 ¡¡,,. O,·o¡LlÍr•·1l"·tlh ,.,¡,,¡,¡.,¡,,¡¡.,, 

llo.il ),.,.) ,f l'""'i')' '''""" l<iod tlltdo•l•l,ll'lill~, ,\ "]l{L•O­
ill'•" 1· o •l;d•h-lwd nt d,.,¡~ll:olo<l¡onÍill, '" ltLl\0' durin~ tlw 
•<•lt\\;,r.· ,¡, ,-,-¡,,!-'"'''"' <)o·),· ,,¡,., tho· '"¡uiro-11"'01> ''" 

.. ,.,., .. ,."t_ ) '""' 
"' ,,,.. ,.¡,.,..,,.,. 

"'' ,. """~'"'' "' ... ~ .. ,, ·-- ,, '' ... : ' 

,,,, '"'"' 
ri• o<'Um<·nl ,,-j, 

¡ .. ,, ... ¡_ •h•l 
,,.,.;,., .. ~, ~•"1 

¡,,,, ¡¡,, .. "'"'' 

"'·"'"~'"" "'" • ,.,,..~,.,in '''"1"'· ,..,,., .. "' •• h··d1th•. 

¡,. th<· •¡w<·i!ie '"''" '" ¡,. rii·•-u--.. 1. ', ''"'" .,¡ ·1,. .,. 
¡orino·ipl•·• '"ro· ¡,, . .,'1"''"'"1 111 ~"'' .,.,,,_,, • .,¡,~"''' 
'"'"'""'""""' !'"¡¡,¡, .. ~l·l•h•<l ,,, ti><· , .... ,,. •. ,_ ,,,, '"' 
"'"""~''' ,¡ " '-"~·- ,.,¡,,.,,, .• ~.-·-·-1"1"'" t·' .¡, .. ,.¡,¡ ;,.,,.., •. 
,¡,.,,., lllwlll<·r ¡¡,,.,.aro· t'<¡Liiro·d \., hi• '"''"'"'' .',, ''"'· 

)',, '''"'"''¡,._ ,;,¡,.,,, -.,{'""''' '""1'""""; .. ,. ""'"·"''" 
""'111- "''"li"'""lÍ••Il iolo·tttih•·,.ti•o1•. ,.,,,.fi~""''''"' ••·lllr••l . 
"""lr"mooi .. n ''"'"" '"'-""'""'•· """ ,.,.,¡~, . .,;,,n ,¡,.. 
.. ,¡,,..,,. ri•v<'l••l'll"'"' """"'C''' "'11 .,,.,.,¡ ouuch ,,[ ¡,¡, 
,;,,. ~·h·in• ,.,¡,¡,.,,, ohot ,,,1 ,,., ¡,;_,.,. on~·•·- ,:.,¡,. 
""''' ,, <·oonlr<•l\'"1 ,¡,,,,,~¡, ,,,,,,,.,¡ ,,¡ olo"'"'"'"'"'Í'''' 
,¡,¡,¡," "'"""'""¡ ,,.fll'.1f0' ,, , ... ¡,1'"'''"' ,,.,,., ... 

·¡ lt<·ro· ""' .,.,., ,,, ""·'' ,,¡ ,,,,¡,,_¡,,~ ,,.,. _,,¡,,.,.,, ,¡, .• 
\'•·lupr .. o·ul 1""""', h111 lho· .,,,. l<o· ¡,,,.,. <-),.,_,., l•"ol- '" 
,,,. ,¡,.~ .. ;,; .. , .. r ..,., . ..,, plo: ... - ... , ,,.,,., "" to •. ,,,,,~ ;, • 
,¡¡_,.,,,,. ,.,.,.,, "' ,¡,. ,,,..,, •~•· r;~ 1 •- TI,.. ·t•-p· -"'' 

j,",¡,-:olh '"l"''"'i:ol. llLLI "' 1'""'¡;,.,. 1\o•·r•· ""' ll•·r.otl""' 
1,..,,,.,., .ulj,,., "' ·••1•· "'"1 ,.,.," ¡,..,,,..,., "'" .. r ,¡,.. 
,,,.,,., .,.,,. .... ,.,., •1•-1" ·'"' :O• ¡,,¡¡,,,-

,¡,;;:-¡-¡¡;;;:-,;,- , .. ,,¡,¡¡,¡,.~ lh·· ''''";,,.,.,. '"' ¡ .. , ,,.,¡.,,,,, .. ,. 
·1·--i~u. ,,._,_ "'"1 'lllahli.-... ; .. ,. .,¡ ,,,.. ~·'' ""''' "' th•· ., ,,, '" ,,_, ,.,_ 

·''''/'! ¡,,1,¡,.,,.,¡,;; .. ., r· ... ,c- 1,, "'"' J',,r ¡•¡,,. l'loo· 
,¡,,;-;-;-,;;;:-,, ,,,,,.,,¡,.,_ "' "" ,.,,,, ,,,,,. ,,,. ,, .. 1,,.;,.,,,: 
,¡,.,¡~,, ,.,,,.,.,.,, .• ''"'' ,,,.,, ,¡,- ''''1"•"'""'"'-', ,.,,,¡ ,¡,,,,,,,,. 
1 ho· l"''f<Tt.,l "l'l't< ,.,.¡,,.__ ,¡,._¡"" 1 ,,,.],. dT •. "r•d .1)1 • 1 , _,. 
li~o·•. •ud \o<t\'1" "'• hi~h ri-k ,,..,,.,¡.,., ·"''" ,,,..,..,¡,-,.¡, 

Slq• -~ /""'J~" M,i/Jni<l Jr,..,,.,.,.,,,.¡, ·'1'"-'.'-•n''""' 
TIH· ,¡, ..-u,o-to 1 ,¡,.¡;,.,._ ¡¡,. i "' , rf ,,,.,., 1,. 1 '"_,., .,ti'"' -<• ,,, 
,,,¡ ""')"' ,.¡, ,,,.,,,, ,¡,¡.¡, .,1,_,.,,,.,,., "" ¡..,¡,,~ ,,,, __ _ 

''"I"IÍ'"' ,,¡ l:olol·· "'"1 Ido· •lttlo'lltro•. ,¡,.,H ''"~'"· ,¡ ... ,,. 
""'¡""· ""'l"l"l:tl•· < ~o:o,,..,, ri·IÍ< •, 

,._,,,, _; ¡¡.,~,¡,.¡ !J,.,,,,. ·'!"-"-''""'""' Thi- ·l••·"""'"' 
1""'-¡,¡,.,, '" 111•·• ¡.,. olo-~ail, ¡¡,,. ''""'l'l' lo· ,¡,-.¡~, ,.,.¡ ;l<'• 

,-o•¡•l:ill<l' -p·•olio·•liooU• '"' ¡),, ... ,fo,..oro· no 1ho· "''""''' 
,.,.,.~, ,.,.,.¡, "" to .. ¡,._ ,,,.,,.,,,,¡ fl.,, ''""1•. '''1"'''¡""'· ,,,, 
1-·~•··· 11 i-. 1h" ,,..,,,.,. '""'''tl.tllro•tll ,.¡,;,, ¡], l'l">:r.•IL• '' 
... ,¡,.,,_ 

N•¡• _., (',,¡;,,, ,,,¡ /h/,,¡.¡~ ... ¡· l'i"'" ,¡,._¡~, ,,.,.¡,., 
A 1t.J ----:¡¡;¡,-f.,-;, r--;":j 11 ¡;-.-----,: 1 • ' ji 1 J, ;._ '11 l ll••h i 11: j '" 1'·" \, " ; o· . 

,.¡,¡,.¡, '""' ¡.,. ''"F"'''"~ ;,, ¡¡,..,. anol '"~"""',.\ ;,,,. 
l'<>]um•·> Ú<"lin~ "Íil:" •ttL~\·· •·<>tlLjotllo•r p:•>~taiO nwdu\,•, 
¡\w euclitL~ u!¡¡,.. ,tf¡""''' "'" \,.-~¡,. TltL• ''''!' '' ,¡,,,,.,,.d 

'" ,.,,¡"'~ '"'d do•hti~~Íil~ !!Liloi ·""' ,.,¡;,.~ d•oeuntcnlfilo"n 
ll•itt¡o: do·hu~"i''" ,;,¡, onol o!o--1. o·ll"<l. ,,f ti, .. liN ,,,,,,,, . 
¡,¡¡,,,,_ Th·· ¡o)uo~· ¡, . .,,¡,a¡,., l••< o¡:¡,.,.,,,..¡.,¡, . .,¡.,.,, 11 

)¡~, 1'""~~1 tlo•· ,¡,.,., 1"1""'-•11·1•·"·1 ,,.,f,·R:"'" lo-o- ,., . 

l'"'',j ¡., ¡¡,.. "'"'""'-'· ,.,,¡ ¡,. '""'' lh•· ,.,,.tul"'"' r l·•r 
.. ~ ••. , .. ¡,¡, ''"'" ,,.. ,.,,,,,., '"1"' ¡,, ,,. 1" ~¡,,,; .. ~ .,¡ "' 

do¡wu.!•-nl "'''''",.,.¡,,¡,u,,.,, .. ,,,~, 
Su¡¡~· ·'>'""' l'nl«lolr•"' J"o.•li"fl' A• lh~ .,,¡,.,~,. 
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"'''-'''"'''' '''''"""" O.oNuo-•c.to ""'T"<NO "" 

>1 ""'"''"'' ._0 O!""~ 
"m"" M"" '" ""'" "'"'' 
1 '''"·••o·•oo•" '"'"""'" 

""''"""'" ''""' ""'''" ' 

¡f¡::D "''' '"'' ••• ''"" eo-co•• 
-~ ''""""'" 

< ~(D ""' •• OC< ••o oo !A "'""' ' 1'"'" ' ''"'" ' ' .... '"'"IC.ToO• 
''""'''"''"" \ ' : ' 

' 
\ ... ,~ ... ' ' [!)0 "'"'"o o• "'" '"'" '''""" ••ou"'"''"" ' ' •• , "" ''"'' """ l ' 1 COO! !o'-I[OUOOlAUTHOOH'I 

' . . ........... ' ' DI !oON ' ' ' ' " '""" ' ' Q[IION 

' ' ' ' 

' ' 0 ............ ""'"'' , .. , 
'" , . ., '"" ,. '"' "'"" l"UHOA<OO' .. 0 

' ""'"' ' ' "->0< '"" ' \ 
[!10'"" l (0M0U 

'·~ 
, '. '""""'~ '" "•<• 
""'"""" '""""'"0'1 

' ' ' 
ouvo 

' ' ' ' ' ' ' ' ' ' ' ' ' ' ' D ' ' ' ' '""'·"""' ' ' ' 0[0'""'"'''" 
'""'"' D 

"""" ··~U•I•<~'"" ... , .. 

' ' ' ' ' ' 
D 
Drl<Ol!O 

""'"" '"'""' 

ln<•Ju]¡·_, nrt• "'lt•a>;o·rl lo;· 111!' d~!-_;11 ~'""P ¡,, n•"'·mbh· 

""'" lh~ ""'"l<'r ln¡w, ¡],.• huildup uf¡],. ooftwRr• pR<k&~e 
iotu »><~,-,.._,¡,-,.h- moro• wn•plo·• iotcrfa<<> and cnpoL-oliti,.s 
c~ñ cumnwnc<·. \','¡,,., t" n <>r more rn<~lulc• Ml' ""-" mhl,-d, 
t)H· ¡,,( ,¡,.~···• <>f "•¡·>l<•m l<'.<lin~" ''"o ~ct uudt·r~·Hv 
O('<nrtlil1~ lo tlw l<H pl~n •T~n.--.;J at f>t<•p 2 atl<l up~raded 
in lcv<•l uf dr:ail ~~ Su·p ~ tn indml•• 1•"1 P"><t-dur,.., aod 
quftn!Hali>·t· O<Upl~n«· criu•ria_ Tiw p!:&'< [N1uinat~R 

..._],-;, ,.]1 l1oodu]o·' h•n ¡,..,.,. 'U<C<•.«IlOiil· l<••!o·d """""' tL~ 
1 '' ,.,¡,., o·rrni ,,.,¡ nc<o·ptal1<'<' rri1 • ria at ( ¡,,. •vs!<•u1 l•·vo 1, 

8/rp i-C<rlt5ralo()" ao"l -~rcc¡da"u Drm .. ,,¡.,,:;.m; 
ThiO f,;¡¡j¡ >l < ¡• " dc,~i(.Jlt.' ¡¡¡¡ i: ;;;:¡ iit'i'o-:¡;¡anc~ ,,¡ t}.,. >ofl­

""''' ')'Sl<'m ¡,,- •uhj<TlÍn~ it lo pr<'-''¡,,,¡_,- dcfnoPJ ac· 
rc¡>lOOC!• and 1<"' >)!!<Í~<oti"u prnn<lun•s, 0\hlrh nrc 
e><·rut•·d in n.o !loor 6[[ n¡wrntit,,a] ,-o\'Íf"nment orod hnot 
c.,m¡•ul<·r ""''ft~l!rotintt ""1'""'],¡,._ Tlwpha·~ 1mninAl,... 
,.¡¡¡, xucco·.._,ful ".o¡><mli"'"'l ,¡,.,,.,,,,ati<>n," ,.¡,,,.,_,.d 
hy tho· <'""'"""'' "'"1 hi• <[ll><lJI\' """""'"'''' '''""" Tlu· 
,.,r,,.,,,.I'.,.L"~''' ""' ¡¡,,., ••·•.!; ¡,,, '"''"llnto""· ;,,.~,·­
tinn. 8nd ,-¡.,~-L<•lll in lho• np•·roli,.,,,_¡,.,,;,,,n,·l<t. 

The fil<~] •I<'P in tlu· .._.h~aro· dt•Vt·l,.po\<·nl ¡,¡,. ncl< io 
th• fctro·ru .. no ,¡!loe .. ¡ocraliun, ~nd IIHlÍnten•tore ;,¡,.,.,, 
•trirtly •r••·~li•.g, Sto~~ Tlúo rh..,.r io c~n«·rn•-d with 
ino~Jotioo, intP~ration, t.nd <h<'Ckoul in tbe fu.!) opcr-

\ '''"''"""'"' : 1 

'"""" ' ' 1 • 
"""'""" '"""" 

o••••"D"'' 
O!MONI!O.loON 

' ' 
D 

'""'""' '""''"''""e' '""'"' 

0""'""" 

U"""""'" Uu<ufo<O 

'""" .... 

"" 

nliotLal cmofo~urati<m. The •nfl,.nn• o·nnlta1'lor llS.>Í"s "' 
&ny way requito-d !<o int<Kra\e tb.• wfl" are prodlltl' <>f thr 
<l<·v.-lopm<:!ll, ur a«lU''otioo, phiL'I' Ílllo RO u¡wrntional 
"''ft"Rrl' pn!'L"r<· lhot tw•<·l' ¡],.. ,.,;~inal innd LJ]•doi<-dl 
pr·rfntrn,,,., . .,,,,_¡ do·.<i~n roquÚI[ll'"l~. ¡¡,,. pr<odud nf 

Sto·p 1 snd >Llh>equnJl updat<·~- The aeti<·iti••• .,¡ tloi• 
pha>l' will al"' ioduJp tra.ini11 g, r<"hurml supporl, .oh'-' are 
pro)oJpm f<"]l,f1Ín¡;, f«ui[ ¡,.,J]S[Íúll «Od tUTfOC(ÍOll, f<>nns] 
prn],]o•m el"'""' HnJ d<H'Wn<·nlalÍ<'Il "l"dal<'. ,.,,¡ fonc<lly, 
fin<t """';,,, "1'' rRtim" "''Pr""· ll<'<Onl»<' thi• ;, ,.,, J'3rt 
n/ ¡j, • .,.,f¡" nr<· d.-,-~¡,,1"""'" dTurt, "'' <"ü>l il diflo·f\·ntl¡-­
""uall_l a< & J,.v, 1 of o·fl<l!l. 

1'1\ICI;.::t: l'l'l'l-,\J.I$ 

l'ricin~ i• IIH· •·nmpld<' )'1'0<'<·-~' hJ ,.¡,;e),"" Arri<·r ~1 a 
¡1ti<o· •ht "'' 'l""''' '" the cu'"''"'''· ¡:,.¡ ,..,¡¡rnotin~ ¡," 
rn"j"' l•~rt ,¡ ''"'' !'""''"• ultl""l~h il fr<·<¡LJHIIIy 1""' tu 
¡,. ,¡,,, . .,.,., ,,.¡ ¡,, .• ¡,.¡,,., ,,,¡ ,,,.,. ;, ,.,¡,.,¡ ,,_ 
']'),. R<'IH·ml ¡omwÍ¡•I•-• ;,,.,!,·,.) iu ¡orio-i<o~ h"K'' ](,t)! 

t•fl<ort" of atll' kind loa,.·l"''" olo-fuu<ll" llov•rid~o·jlj. 
a11d "]';ti,<- ·\, ~~~~~· "''f¡,.,.,,. o]<'>'< IL>;1ull·[[l• "' "' 11. 

. . ' llc·\'l'tid~o-'• Jj"''"'-""" rt·nl!'r• around lhi' 1'" ¡oar<'\tull o. 
& prup,.A.] ;, "''i'"""'' tu -" ~.,,., . .,,.,."' Ho·~U<·•t fur 
i'ropo<W {HF!'), bu•. hi• CI>O'.f'.lOO·o<'""' p.nnco;>l .. "'' 
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"" 
&pplicohlr 1~ any romp\ci pnon~ rxerri"'• whrn mony 
inrli,;duol• Mr invoh·Nl. 

Tioerr Í• ~ ~rnera\ frndrHOY nn thr port of dr~Í~nr·r.< ltl 

gold-pl"t•· tlo ir indh·iJual Jl~rl.• ,.¡""·'''-''''''In. hut in lh<· 
ra•r of ,.,¡¡"are tlw ¡,.,.dr·nry i• ¡,,¡h hlr•>T<~<·r ,,nJ mmr 
ditf,rult \1> rntlttolth&n in tbr ra.<t' nf ha,d~arr. A m•ior 
t&>k ~~ mono~rmrnt ;, lo moh r<·rtain tbnt thr do·>i~n 

L.o•in~ l''"l"'"'.'d ("nd prirN:l) do<•.• m<·r·t thr ru't"mrr'' 
¡., • .,.¡, fln< th•t rach individuo! cotnpunr·nt d··•iKn ran Lr 
lrArod In a •prrifir ne'"l. "hile ot tk >ame tinor it dc,e;; 1101 
pwvide more (more OpN-d, morr rtc<uraey, l....s n....d for 
ron·, dr.l thnn thr· rmtnmrr nrrd• or 'IRnL•. Am·thin~ 
¡,.;,,~ nff<•n•d o ru•torw·t IW)''""I v,hnt ),. ¡,..,. "'b·•l for 
•hnuld ¡.,. ckarly idr·ntif,ed (&ud prirffi) •-' ~n o¡.tlot\. 
1bot ;, "hu i• mranl l•y thc "f,.ed-ptÍr•• Rltitudr": 
v.·h~t ;, t!w oL,olul<" mhlÍmuon 1 ean do '" M.ti;(_, thc 
,.,.,.,¡, etat•·d in thr HFJ'? 

S0\1'\\'A!tE COST E.STl"IATISG "IETHOilS. 

11~<· ooftworr indmtty ¡, youn~, K'"" in~. ,,,.d mnthed 
by r•pid donnK<' ltl l<·donol"~'' atHI a¡•plicati"n. lt ¡, h<ll 
""~''"'''~· th<·n, tbat tll<' al_,tlll) lo o-;timat•• t!J>I> '' ,1111 
rrlatiH·I) und<·,·rlnpNL Ev~n thou~h manv m~ullintinn• 
are lr)·in~ \O dr\'ÍI<!· m"rr ,,;,,ti~c ""d nhjec¡j,·r """"n" 
for <·5\Ímntill~ C<l'l' .,( l<>r~<· •<~II\\Jop· ••_\''\<·""· (1.,. l"''·"'"l 
>(al<• nf tlw &ti is l·r~··ly j<Jd~mrntol. \\',. v.ill, hov.· 
<ur, di•rn.'-• n•rtaill i<npN\B1ll r><rpti<nJs •hmtly. A 

1r•~e" of ,,¡ .. , finm nud a~,·nri••' CO<lfm11 th•t "'" arr 
l~r·in~ n "'"¡,¡,.,, '"'"""'" t" •il ["~l[ :,]_ 

E•tir11elill~ the ''""' of pn<lucm~ c<m>put<·r .<ofi\\'Bte 
rrlies h<·a>;l:• '"' the j"'\~meot ,,¡ <·x¡J<·rieneo•d l><"tfnr<owt•­
The •olt>~M•' on~lpt, m '"'imator. wmnoll'' lm·nh tlu, 
totnl júh int<o <·lcnwut• thRl ~,_. c>\iflH<t<-d mprornld) nml 

¡[,.·n sumrnroriz!'d inl•< "" r--tirnntr• lnr tiH• totnl joh Thc 
<·•timatill~ nnoly•i• and ')'nth<·•i• nooy oppear .. ~ mental 
1'"'""" ot ffi&)' inw>h"<" on e•¡•lirit al¡¡orithrn (ti). 

In •·itlwr , .• ,., "" o·rnpirir.;l dRin ],,.. ¡, u•r•d n< 011 nb­
j<•ctiv<• n•ft•n•nrr, nnd t],.. •••timnlor ,,.., ¡,¡, j!ld~IH•'lll tn 
&eroun\ lor diffrrenn•. l'i<·re., ol ;,¡,,nnali<~n u«-rl on tl1r 
wmpariwno end a<liu•l!,r!!t> lm diff,.,,.,..,,,. iudude: 

-.)anal);;, <•f initiol n·f¡U\nmrn!s: Ll olh..-nli"n ,.¡ "" 
<1uiu·mrnt' 1<> wft,.ntl' m•nlules: rl <•,•tirnELI,·> <>f !\LII!l\Wr 
ol ohjerl in>lruction> i"'' mo .. luh·: d) '"'""l'i<'ill' nnd 
t<·rhnol<•>i'" 1 ri>l. ; <' l u•o r ''"' irumw·nt Bml rharnt'lo·ti•tir• 
~~ thr n.,rn<ner; 1) wmpullr ,,¡ rhui"• R<Hl ¡,,,,.,,-)""'~··· 
11\oiht)' ~hH'Il~ othrr ll'<'t >Íto·<' ~) ),j~[L<'r <>1<\o·r IILIL~UIL~v 
<r! <"hOIC<' m rrito·ria f.,r l!•<· ,,f "''''lllhl; hor.~ro,~o·; loJ 1'1"' 
•>1 •uf¡,._,,,. \o ho• ,¡,.,-,[,opo~!: ;• ~hd\wr '"il~rtr•• j, l•o b~ 
d··liv<'"''\ ''' "" "1~·¡•\l•·n~l ,.,,.,, ¡\ to·cl•llÍ••l 0 , 1.,.,,..,.00• 

'"' th•t 1_11"' ni l"h. i.> <""I'ILI•llrtio·• ni¡), ,,,.,.,¡.,., ,¡ ¡1,· 
to·olotlio·¡¡\ ,¡,.1) liiH• 1'"'\,,dol\ <1LII ,¡, \[¡, "••tk: )\ 1)1"" ,,f 
f<•t• &nd it• !I«Tnto.-.· •!•U•'tUtJ'. rr·' l•·n~tlo .,f ,¡," l"l'""'!lt 
time; ni oin~l,..mood<>l multip:,.,, lo'"'" Y•-r•u• ruultiplt~ 
modd ;ir.~:, .. rc:r._,_o d<"l'l"l<•pm,·nt C<Hlt•"i>~: o 1 ¡onf .. mouuce 
l<'t"Nd o! ot\LJ't lorg•··-•t"ni<• >.'>tt·n>O 1.\II"Al". S.H;)-:, etc) 
in tb• ~umbt"t of in>tturtiono arod drwlo;anorot rr.on-

month•; Ahd p) mAtlB~em<·nt fO<t<,,. (o do v.;th pm­

ducti>·ity rote•, err<>r rato•, v. url. •·m'Í"•nmrnt, a,·ailobilit v 

o( r<>mpu\rr time, ~nd m•m· Mil! r nrial_,k•. . 
~In'! •••tÍrnM"'" ""'" ln~i<ul "''1"'''"'" in •·•labli•loihK 

lbeir e•timB<•·•- Thr• ¡,.~ir ""'' •·xchon~e rr .. -ffirient• )¡,_ 

h""n ..-,me me ... uraL\,. para¡net<·J and ito oo't and 
&dju.•lntrnt IMtor• d<·rind fr.,m nrerienrr. Onc or th• 
pitln!l• ¡_, that t·.<ll!natinR ratio, ;].,,\1]~ ¡,.. tlm·rtly ttn«~ 
flhle t<• r<•f'<Orded ,,,¡ f•rl" (rwt ll<'flr<a~·i, ond <•ven th<• 
f.r~ual dot~ ~•n ron\~Ítl van·inj[ and un•tatM All<t\\~ncM 
l<>r ri•t ¡,.,. mB)' ha"· &.<..<uw<-d a ~11-h work 1\1'<·1.. <>Ut 

r<·cord< ,¡,,.,.- '"' l"11ntr,<.J that ruto·. hu\ ""' '''""'d' d, 
not ,¡,.,., tht m<"l 1"'""'""'·1 ""d.<·<l J.",-,',() h/"''" "' 
mord. ()ur lonj[-!<·r<n <•hi•·tiÍ>'<' at T]{W ¡,,_, ¡.,,.,. t<> 
rt<"Ble R •y•l<•matir ..,,ft,.are d<•I·•·I")Hrl<l!\ •~timoti<>n 
>.Vo!Pm tha• ron ,;¡tlifwan:h- r<·<luro• -.tati;tiool HTLI!TlC<'' 

Lrt~<·<'h <·>1Lm1llt·d '""·' ,.,,¡ •riLIItl ''"'"· ntld ¡, ""\ <tnly 
~ccumtr in that .,.,,. hut al"' ;im¡¡h·, fa". onJ ron· 
\'enirnt. \\e .. ~11 lorir•lly l<Jok M <·<lirnati<lll n~<"thod• in 
~ehr·rnl, nnd two in partirlllar tlrnt 1,.,.,. 1~''" <l<•\"d•J;o!'d 
nnd rr·du<<·<l toprno-liL<_" ol TH\\". 

Trditin,n\ r•»t ,.,,:im'>tin~ l'''"'·duro·" ;!~rt ~ith 
frxin~ ¡],.. ,¡,,. ,,¡ ''"' ~< ,.,.,;,.¡, ,. , ¡¡., •lhtl ,¡,,,., ,,,,¡ o:cJraiÍ<>lL 

WhNt '"'''"'"'""· •diii<\!J"-"'' ,,,,. m:rdP ¡, ar'r<!lrnt lnr the 
<Rli!Jf't ,,¡ ¡wrlomwr 1" '"'nnd '" ¡ •. n-..i~>t,.J, ri•~. roro· 
pl•·~it;·. ura·•·rtnimio.,. ;,. ro•o¡uin•m•·ll<'. ~nd "' ""· F;,.u,, 
tito• nnH!lllll nnd 1.'1"" ,,¡ '""":'"'"'' '""'""'"""'lo' 1'''' 
I<>Onlh) nud com1•ulin~ "'--"~"''' lh•H<r.• ¡wr ~lJHOtbl ar" 
connrk<l t« dullor r-<•>1• hv "l'l•hi•·~ hiol ,.,,.,_ lh:,., 
<lir~rt o·hnt~"' {d"t"<l«""~~:inn o•u·l<, lnll'•·l, ••l<.} "''" 
nddrd, ILml """"""''''' at•• ,.,,.¡,. throu~h tho: ¡•t:<'L:L~ 
'Y>I<•m Tmdit"""'l ""thnd• '"" ¡,. ""-"¡¡¡,.,¡ '" om· '" 
rnon• .,¡ t ht• terhni<¡U<"' d<·" ril~.J 1 ... 1, '". 

ll 1"~¡•·/lmc>< J.',~ll<•Dii,.~: Tlu• ,.,¡¡m~\nt to•\i•·• <L:t thO" 
loto\''"!"' thr , . .,.¡ ,,¡ ¡,,.~, l""ti•.r•• uf pt<·I'Í••<~> I'"'JL·<I> 
thn\ ]¡¡,-,, IH'('O ('UIIIJ•h·l• <( \<1 o·,,titLJa\<• :Jw ¡·¡,,,¡ <Jf a\) <tT 
larp· ¡o .. rti«n' of tlw l''"j"ct tn ¡.,, •·•tirnat<.J. llo>tnry 
f'O«¡oi<•l 11ith infulln•<l <ll<ir>i'<<l l••r intuiliun) ¡, u<<"<l \<> 

"lloro<,. ,., "'" lw: ~ .,.,. pu• h~·-- . \m"IIC i 1 < "'""·'- pitf olt. 
¡, ¡)¡,. '"l.-t¡no¡i,.] ,.), .,f ,.,,.,¡,.,).¡r.c •¡w<-i111 "' rJ¡~!o•·"lt 

l<·dmirnl 1""¡,¡,.,,. tluot """ 1 ... ¡,,,;, d iu ¡¡,., pn-j.·<"< 
t~<b. ""<! th•· IR•·\. .,¡ ,¡,.¡~;¡. ,..,,1,.,1 ¡,.,<'mi ju-nf•r•tiun. 

i'l -'"""'r~nrir· ,.,.¡ /!•!''""'" 1.\ri,.nli•,y: Tho• ,._,¡¡. 
'""'"' ¡.,,.a\.• ,¡.,.,, ,¡, .. J"l" ¡,, 1 ... "''"'"i'IJ'Ii<·ol ¡,.u lv>l'l 
ni d,::.,rl "1"-''" .¡, .. ,¡,,[.,.,, . .., ,,. _,,.,¡ ,¡,¡¡, .,.,, ,., r""" 
1''''"' "'"l'"'l'"''l> ""-"•"'' • ,;.l,,.t. 1\' .. rk unir- rlo·•t ,.,,,.,.,¡ 
¡.,. ,.,,.,,,.,,, . .¡ .,,,_ ,.,,,,,.,,,<( "i"''"''" lo) ~.,,.,. ,.¡],.·r 
,., .. , ¡,, .. 1' 

:t• /o'o·f•" /,',jJ,;"''""I '1'\,.., •·IIIJIJ<I"< ¡o-lw; "" ., '"il!\'LI,I 
,.,,.¡¡,, ¡,.,,, ''' ·" ¡..,,,~.- ''''''" rl, ,, .,,,. "''"''""' t"nt.io• 
liu,it•t ¡., 11.,. ,\.-¡,.il• ,.¡ •lo•<>rt Th·- ,,.¡I,.M•· ""~h-•t 

•·•tinwr·• !lo··,¡.,.,.¡" twolLJl<· l•) ¡,, u~m\wt u! <oh¡•·'\ 
inst r u rt '"""· e:.,,;¡.,., j¡ hy t_\ ¡ ,, ·, ron~ •·valu~ '.\'' i ¡, rt-1~1 L\'O 
compio•xtt;-. An ap)'r~priole ,.,.¡ l<t•trix ¡, wr,.truct,-d 
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( 
·-~ 

""''''""' '"''''""'·' '""'"""' .... ~···· 
frnrn A '"'1 tl.lo ¡,,.,..in 1r """ni ""1 l'•·r in•lrlltti .. n. lnr 

hl ''1"' ,¡ ..,,f1"~"'· Rl lhM r..laliw ''''"''lo>il\ l•·•·o·l. 
lit l.• 1 tftli•,., t·rnpiri•·•lh olo·ri\-,.1. o""¡,. u ... .J in 1\,, lolol 

,.,.,,,,.,;.,n 1'""''-~'• ¡.,, '"''"'"'· '"'"~'""'' "'"~' ro\<' 
t,~ ..... r "" ,,.,¡ro) ¡>ro><o.,._,;n¡r; 01nil ICf'\'1 limo• 1"'' m· 
•tructio,, r•·riplwrol """~' 1<1 C!'\! u·•K'· o·ll~in,...,. ¡wr 

"'"'''""· ""d "' l .. nh. Thr rneth,d i• •in'i>h·, IO<t, con­
,.,.,,,.nl, "'d u"·lul 111 llw 1•1"1"""1 ""'irnnlll•·nt •r•d 
t •. , .. m!, h ,,ff,.,,, M,¡, Rll mHiu•i•. lr"m 1ho· no·o.l f,r a 

\"olid o.,,¡ dolR hn-•• ·rur mstl) o·•lim&lin~.•itnoti"'" 

!1,,.;,,..,. ''""~• ;cÍ•-nlihc. ro·•l-lime Hn;m ""'"''"1-oime, 
0'1" ,.,;.,,., 1 ,.,,,, '"""'l'''l"lil,rool '· 

~~ Slo.oJ~,¡, ¡;,,,,.altJ•V' Tt.e o·otimot(Jt "-lir• on 
Ho"d~ld;-;:;¡p;:;¡;;;<.;;.;,;:;. i!o•l ]'"''Loen b)'b\OnUirally 

<il·l'd' •1 ••·•1 TI.,·"' '"' 1 ,¡ or d• IIH·Il bo ''"'"" '10 hh· r<-f <•n•ncr 
puirot• lrorn "hido no·" lA''' rol\ h" <Rlihr•I<·•L ~1&11,1' 
lnR!Ufl' in<lu.•trÍ•·•· >urh •• nlot>afr,nurin~ ~nd <on•11ur· 
linn. mo• lhio ,.,.¡hnJ rnuiÍn.-1). Tlw ln<·lhnd i• ucrurote 
•-nl1 \\l,.·ll ¡¡,,. ,.,,.,. "l"''"'i'"" ¡,,.,.,. lonn l><rl<lii!Wd 
,, ¡waio·olh oud r.""d "''""!' ar•· H!Li!"lolc. Tlw I•Ítlnll io 
lhhl nl•(o,m .~<JI\, M<' ofo•l'l l<oiii>U·HI l• lllll "l"'lf<ormed 
,, 1'' •lo dll." 

:,¡ !:.,,,.,_¡·,, },',¡,.,.,,,.,,. 'f],¡, "' ti•·· ,,.,.¡,,;,,,,. """' 
,., '"'"''"';, 1 ;-~-,-;:d -¡;, -..• , "' "" '"~ ~· ,, , ·•' o<llo·t>t ,,.,,.,.,,.h a11d 
del'o ], '!'"" tol 1 o,.,¡ r ,,q > TI><• 1 • ·' •1 jo,], Í; bml-.<·u ol• >1< n Í!.l<> 

rrh.ti·;,¡,. "'"11 "'"' ¡•oti.H~··, totHI '"''1-. lH•Ít•. Tlu• l'.ork 
¡.,,.~<1-.d""" ;, <<>t<li::uo-d until it i< "'"''•nnl-ll •·l<·nr ~lmt 
•!<·¡•- "",¡ talo·ul> ""' ¡,.,-,.],·o-J m olnin;,: ~••·h lll•l. Eodo 
1<--h ;, th,·n o·;tit<:,to·d ht\01 tlu· r,,,. &ro· l')'tnmidt-d '" 
¡,,., ¡¡,..¡,,¡,.]l•t"J' Cl ,.,.,,, ,\t> .,rll'o<>>IL~<· rof¡l,j; lo·o hnio¡u<· 
Í• ¡¡,,¡ lho· ¡,¡, ni ,.,,i,.>ntillg e~,, ¡, . .¡;,,,¡¡.,,¡,.d lo llu· 

p•<•pl•• ,.j¡, "ill olu tl><· ""'k: ·' diff,r•ohy ¡, tlw lnrk of 
i,,,,..,.¡,,,,. l"''·'l''·rll.-e uf thc· '"'"¡ Ítl'pmlo"l l><>rom<·let 
ni ,11: th<· totnl ''"" ,.¡ th<· l''"j•·<'l. In d<>ÍIII', olo·I11Íl"l 
<•li,ooto·•, tl~o· •'>I>U,.Iur i> t><ol "n>Íli,·o· \<J ti><· fi'M<>nohl<"­
ru-,., ,,¡ 11><· t<>tol <1•'1 ,¡ tlu· "'-'¡,"""" porko¡io·. ·n>o-n·lore, 
,,,..,¡,.,., ,-,tin••liuto ;, uwd "' • ,¡,,.,~ '"' tlu• ho\\um-up 
,,,.,¡..,,¡ 

1'1><• ''"""'"' ¡,.., ¡oruro·~• ¡,. no,., h "¡,. • _,._, ~ co"ul.inol ion 
<oi '"'" "' n""" ul tl•c hn>ir rb,.iflfoti<rn> ~inn RhO>t. 

\'.'• ,.¡¡¡¡,,,ft_l d''""' '"" lllo-\horl, tloot Lnw 1><-en uoo•d 
iro o•l<ll>lllill~ ¡¡,. O'lo>l ul ol¡•\'o·hqoill¡~ l"t~>--"'"11· ,.,¡¡,_,,.. 
t.! 'J'Il\\' o ouotiUI<f ~~ U•o·d Í11 JUIII' 1%~ llhÍrh \<!' ,.¡11 

,,¡¡ ">n>"'-'lhin~ •hJ nltor•>lnti<m," o11d tho• "'"""' 
""'¡,,,J <'O· u><~lloo¡;innong 111 l¡,¡,,l__.o·r 1~70, "hido "" "ill 

r>.ll .. , '"h"-&tr ''"' o·olu11olio" "-l~orithm." 

T·• ¡.,. n• In;·., l"'"'lolc '" do•ol ,.,,¡, llw ,,,¡ ''"'"""'ing 
,,,-¡¡,,,¡, "'' 'l>ll ,,_,. ¡., po>llwli••l ,,, '"'rmolm<l oum\\., r• 
,.¡,,,. uumh,-r. ftro• ,,.,, .•. -...,_ .h'"""' ti,.· ,.,ft'-'M•· 
<f,y, 1 .. 1 .. "' ~• .... 1 ,, ,, ¡,¡,.,~e~,., .. ,,,,,, .. r ,¡,.." ,.,., .,,.1 •• 

l•r<\'Ó.,u>l.l ,¡,¡,,.,1, o>o·q•l tlo•l tlw -<nrll'~ \"Ílll 111 

o ""' r •<1 ~·~ah• ~d '" innu"ltol•·lr '•n co '"'1 •l• 1 ¡,,. ',¡ :-;,··¡o ·• 
\\'o· ""-d ¡,_, \li\Jo·r>l&lld thi• ~"""'l'¡j.,l> .-\o·olll,l, .iuro• it 
o>lni>lio•IH·o tlu· ,,.,.,.¡,,;,,¡;·tllll<o<or..- o-\o'\11.< \<hich Hr< i11· 

du<l•<l in 1 ¡,,. O'"'' \1 ¡,¡,.¡, "M tu-~nl int< .,¡ "it ¡, 1 ¡,.. "'' 1 """'' 
In.,,¡,,.,""""· l)u•l'"'l~".-J """ "' "l•·vol .,{,\doil ""t 
ti·•• ;, 1'"'· lo.•· il--\1, 1iw ¡,,I,¡,.,,,.,Aii .. n '"""""> ,d 
lo·>t 1•l•n, Siop :.>. 1lu• 1!)'1' pno·~¡,~o·, 1.,~,-r¡.,, ~ilt. tlo• 

),jclolo·r'> hri< ~"~· ~~~-V<,. ,),.¡¡,jj,.l_ ¡,.,.¡.,,¡,.alh """1'1' le. 
ond ""'· \,. il«·ll. lh<• t•·rlornoon<'P 011rl de,¡~, o .. 1uiw 

"" ni•, f't•·p 1. 
Ou1 '' f, ro·1oer· l""j,.,.¡ lnr 1!.1• ni"'' ,..,.,.,., po•.l ,_,,.,.,.,d•JI 

,..,ft""''' ,,,.,¡,..-t ""' ido·ntif,ed. ond j¡, , .• .,. l,i•l•of\ "'~' 
\oid o·ul ¡,, "''"'' ,.¡ 1\u• aett;o,l o-vo·lll•, ,.,.,¡,_ ''"" ,¡.,.,, 
ond ~ "'" 1 i .. n• TI,.. '" •rtnn li ,,.~ ero ni 1 or-1 '"' t "·· u r "''"' i'<ll 
ol ¡j,p ""'"'"l"<'rii"'IÍ<.d ,,¡ l"'rl<•fl""'"'' i• ,¡,.,,, ;,, l'i~ :'. 
\\'~ ~·i\1 rall ¡),i, ca•,- 1<1<1'•'-' A. Tt,.· ,.,,.1 d=,~:i\Hl¡u,n ¡,, 
rle•·¡]~rmo·lll .,,¡,.¡,,.,,¡,., i<, tlo<· ar<inu• thHt ,¡,,,,", ,¡,. 
t\1<· Ull<fl'Pd• 1 ... \\\ol ll di"ro·to• tnile>l•HII• <'\'f•Jo\J., lt, ,),""" 

inl'l~ :1 ¡·,¡,e'""' l.i-1"'' .1 """'" ¡,¡,.,,,¡, ,¡,,;¡"'ili•" 
ond clilio·ro-nro·• llil\, r•--•¡u·rl tn ''"' ''"' ,..~;,,.,¡.,~ 1.,, 
rour "''" proojo-rl, Tlw I>R•Í•· ,,,.¡ mo·lh~orl. ""'"'t!.i,,;: ,,,,¡ 
c•>lrf.¡>olnlioo\1, " ¡, o ,.,,¡,i.,.,¡j.,n ni ,.,.,¡,.., ""·11><.,), pfll, 

,..me no·\\ ido·a• ¡,, 1],.. "''" \'l"io-<1. \\'o• "ill ,.,¡¡ti..-'" • 
wojerl '""' ¡,;,,,,,. /1. 

A"'"'''' ,¡,.,-,.¡,1'""'"' C\' ¡, . .IIfT< "'"«· ""' ¡¡,,, ''•"' .1 
¡,,., o ¡,,.,,.¡ 11 w ,¡,.,¡~., ,,.,.,;~ratinn ,¡, liv.-•,.1,~, . ., ... ~. 1 

""'-lrarl, .,¡,;.-], .,.,.,,,,¡,"! l••r nln>lll 1~ !''''"''"' .. (!Lo· 
,,,,¡ ""'' .,_ ,¡,.,,,, h,- ""nnlbi•.'' "".t ol~• t,.,, ,¡,,. 
ionplo·n" nloli"'' ,.,,.,.,.,,, "'"1 to••t ¡oh<lo olo·ll\'o·r .• hi•· ,,.,¡,, 
0•1,11 tr.c·t, "¡,¡, h "''', •Hnl•·•l r,., .,,..,tf,,., 1 ~ pn•·o ,: '", l•· ··" 
1"- ".J,~ir"" '·"''' l'i¡:: .. 11. t:,.,., ti .. ,,~¡,,¡,.. , .. lt"·•· 
\'o•loo¡Hiloli\ nrlo· "''' dillo·ro·l<t, l>'o• hnd • uo·l d.o\,, ••11 ¡j,,. 
IUIOI>I"'-"''1 ""¡~,,.,¡ ¡., 111" ].,,)¡,¡011' o,f ti..· td.·.-\ool,>' 

'I'O ni,, 11hirh ""' •ih,ilnr. \\'o·""" ""' 111 n ¡ .. ,,;,,.,, '" ,.,_ 

lrn¡,-,l•w 1,.,,, """' .1 In"""' /1. F11rllt1 '"""'· •Íhct "'"" 
.1 lo.rll"''" pr .. du,.,.,¡ '"' ,;,,.. n11d uudo•r '"''· "'' ,,.,. '" 
n ,,,,,~ l""iti<>tl (,., l''"vilo~ .r,.,,,.,,,,.¡,,.j "'"' 1"1· 
lmn>""" '•ll" pon·i.,u• pr .. jr..-1. 

.lo m•i•>r hmroioonol diflo·n·hr~ \lb• !loal ""''' /1 r.-¡••··· 

6,.,¡1-d" >wilir•d '''""''"'nic111Íoon, ''''""""nrl, '""1 o·oo:,,,,,¡ 

><>ft"""' '·'"''"'· ,.¡.,,,,.a• '""' -~ did 1<1>1 hov<' ,¡,,. """" 
tn•nd hmtoi .. n. ]OIIllu;liaiP])', ¡.:ro·o\o·r allo·ntÍo•u """ >;1\'<'11 
In tlw nllo\t,j, nnol d,-,;~, .,¡ 1hal """ l<'<'hwloT.' or··• 
,,.d "' ;,,, ,¡,,..,., 1:,.,., \u·ro· ionp""""' ,;n,bril>•·> "'ro· 
..r. util"·-1 in llor· t.i-1"11· f,¡,.¡.,.~"""' ¡, ru-o• .1 tlu· · '""ibr" 
nommJuJ lut.,·liuu ""' lho• "''l"""'ln\11,- ,.¡ ,,,,¡¡,., 

&""•tlOI<' "''"""e'"'· \\'o· O'nll0<·11trot•-J "" i1"1""''tll¡; 11,.• 
¡,¡,.,,.,i,,, ''""'l•·t h¡· \oul'tlt~ iull co•hli"l .. r ,¡,, in1<"r­
lae<·, oncll,¡ "l'l"""'hiu¡; tlo• "''lutinn Ir"'"~" o•ul1!,•1.• ,,.u 
duerlion. w~ d'"ó,),.d ~he \o<C\mi•··l ,;,~""',.,,,.,.,h •• 
¡,;~¡.,., 1,, '""' /1 1,..,-ou-...· ""' , . .,,, ,¡,,,, h·~· ••· ,.,_ 

o'""'l'i,•lo·, ,.,,¡ ¡,.,,.,..,. tlu- ''"'"""'"' .,1~-orill"" ,¡,,;~"­
,.,.,¡,"~· '""l'·~•i111: '""' ;,,,."'"111<'. \\',, ,¡,._,,.¡,1"'1 lh·· 
.. ,-o.,,u ')'''''" 1·1···•. "'"~''"''·"'"',u •• .,,,.¡,,,,,,.,,.,, .. r 
""'\, '"'\," '" No/1"«1<' fHII<IÍ""'- \\",. '-'•'"' 111" \"""'"" 

¡,.," '"'' '""~" "" '"'!-';''' ""'· 
11..- "¡,,¡,. ¡,¡.., "' <hi· '""' ""' "' ... 1'"''' ,¡, .. , .. ,,, 

,..,[\11010' ,,,,.,, ¡, .. , .. ,¡,.. '"1' .1 .. 1\!1 

ni ll10· >) ,¡,.,, • ""''pi 1:1""1>• h 1 
"''"~ th.-' '1" ,,, '"'' 
,,, 1"" ,. ''"lo ... ,. 

1 
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f'l•- .< e,.,.¡,_,,,,,,¡,,,,, ·"''""' ''"""''· ¡,,, ,,.,;,.,¡ .. r ,.,.,_ 

¡,.,,,.,,,. ,,.,,_,. ¡,¡.,.," .1) .• 111 '"'"''"" '"''"·'" ''"''""'"'""'"' 
·'"'' ''"'' 1 ,,_, ·-

l""'h;o¡•o· '""" tho·l"'''""' 1lj< ll•iH~ tho• <''I"Tio·B<•· ,.f o•;co-h 
,.¡ li1<· f11•o· '"'tl p:11b~r· 111011:0~<'1>, JIB<i ,., ¡, <-"rl<iUI'I 1< 

"'"'~ u<-~·"Í.1tintr ¡,.,,,..," ll1•' ,_,.¡,.,, , . .,,,.,.1,1 ~'""P ,,,¡ 
r·adr l\ "!~ p:ocb~o· "'""1' tak•·B "'"' o t n ti m•·- 1 lill ,.,,.,,.,., 
'""l<' <lo·ril<·ol. o-,>-t• ,,.,,. tr:rc•~l b•-• 1<> "'""''' autlrurill­
reo¡uin-uu·n!' in lir" <B•tnmrr"- .,,,,.,,..,., .,¡ ""''' ,..,,¡ 
nd¡u•!llH'lJ\> mod•· 1 ... ,,,.,., ti .. ·,.,,,,, 1"''1'.11,[,. ri-~. ,,,..¡ 

"'"1"' .,¡ ""'' 
In hntlo ,,.¡¡,.~¡, tlw lo:.•ic LLt<Ít ,,¡ •~titn.otouu ""' tlrr• 

•·ur:rto·llmtr!lo" fnr" ~¡,.,., t:r-• "''lo-"" 111. TI..- oli•triiHuioru 

"' ti•" ""'k omon-orr .. utlr• 1""' rrrnrrlht """ ,¡,¡,.,., h¡ '"" 
'"'" ,,¡ ,.,.,¡,¡,¡, .• _ ¡,;,¡,,¡ •'1"'"·' I'•U.d ''·'1'•,¡,¡¡¡, ,- lit\(., ,.,,J 
11111 "i" t:ll ¡,..,,.¡ '"1'·" -ilit 1 il ')\' 1 ... ¡¡" ...... ""'1~11"'' ; ..... 
,,.,,. 1'''1'111••11·· ti, .. 1:1 1', ,,,,1" , ... ., ,,,,.,,,,. ,, .. ,,,,._ 
"'"' ........ ,,,, .. ¡ , .. ,¡,.. t:ll' 1:,..1 .... u 1 .. - l .... th 

,..l.lro~.,·,J 1., :o·~---i,.~ rr. ""!'"'o"" tlo·· '" t m.-tl, .• l. 

1 1"' ,J,.,, ,l.,r '""- . " "''1 .. , ...... t ·t., .. ,.,1 .. , ·-· llro· 1". 'l" --·-·1 
, •. ,;.,,¡ .. r l"l'"'"'"''' ,,.. ;,,,l,¡r, ,¡,.1.,,.;,,,¡¡, ti..-

_ ,,.,., ,.,,, .. ' ,,, ,.,,,,1,. II·W~ <'11<" 1"'" irl· .• '1 h 11 ,,¡,.,, """ 
,,., '" ,.,.,,,,. ¡¡,,.1 ,¡,. "'"'1 ,¡,.,, ¡ .. , • ., ..... 1 '" '"'"''" t 

,._,,,,.,. "''" lt••t ,,,,.,,,.,,,¡,._ .. , .. lllro•" ,,, ,¡, ,,.,,,;,,.ti ... 
-!•.•1•' .. r ti,.. ''"'"!"''"'' ,¡¡,,,¡1,,,;,,, ,,,,., ,;,,.. ,¡,,, 
,,..,,;,.,¡,,.! tho·lo<· ¡,,.,,.,¡,,.Bit lo l•· . .-1 ri-1.. ,,.,¡, lloal ¡¡,,. 

Otf'" tBHiol IIH· run·o· t<'IBOÍli!"l Cnl"lonl (uO<nr·l;, lllo:'kl 

"""''"'''"111'), Thi· "''"'' ,.,,,1.-J -"''"'' 1" ~"UI'<;\11' 111<' 
"""'''' ,.¡,.,¡,¡,.¡,,hit' ""'1111(' ,.,.,""· Th,· '""l'liiiL•h­
nf ¡¡,., O'lll\'o• \\<>tllol ¡,.. lh•· priorr:or,l- ¡,.,.,, iu tf," "'l'"rnto• 

1<<·~"\Í:oiÍ""" Bitlo tlw IL\'o•ll.,rk ¡r:ro-b~·· IO.lh"~''"· 
Tlo,. :u1lphl<id<' '''1'''"''""'1 ti"·,.,,,¡,,.,.,¡"'""_,,.,,.,¡,. 

pr·r """'¡¡, ¡.,, "'" ¡:,.,., "'"'' ,¡,..,._ 'l'lw ''"" orf 11,,• 
'"""1'""''1 ,.,,;,,-IL,·• .,¡ r·."l' ,¡ ,:,,. lin ""1~ l'"''ko;.o·; ol 

""-'' tiono· p .. int olo·t•·tl,;,,.,¡ thol ""''"¡,•, '"""!'""''' 
'"1";,,.,,,_,"'· 8Ud th•· ""'" ,.¡ ¡¡,,, .. ,,.,., nll ¡¡,,. ,¡,, 
,,.,,;,,,¡ ,¡,. t<>l;ol l<tl''l<ll' "'·"'1''"'' '"1";,,.,,.,¡,, 
1"''"'' ,.,¡_,¡ ,,.¡, rll ,¡, .. ¡,,. ;,;,;,.¡ , .. ,;,,,,,,.,, ¡.,,, ,,.,.. 
¡Liolpod '"'' l.id1 i11 ¡¡,,. ;,,, ,,..,¡ 1"•' ''" '"''~"ti:otÍnll•. ,,,¡ 
""'' '"" ¡ ... ¡,, .• 1 1 .... 1 .... 

'11 .. · ·l••t•·· ··1 11 .. · ,,., ,.,.,¡ "'"'"1 , .• ,;,,_,,,. 1 .. ti •• -

. 1 •lo "' '"'"' 1'1 ,., .... ,. ¡., "'''" '" 1 ,,. 1 t , •• " 1""'' ,¡¡,,,¡ 
],,,, .. ,, ,¡,¡, •••.. ,. ,,,,,,,.;,,. 0:<1•·- ,,.,.1, , ... ,t.-. "'"1 ,¡,,.,\' 
,l.' 1''"'' ,-,,.,.,,1, ,,.1.1.· ... , ... 1¡,,,, """ 1• ., ... , .. 1 ,,, '" ¡,;, ,,. 
·' ,,;,, .. d,l ""'''·'''"~ '·""1 ,¡,.,.,,.,,.;,~- ·II.OI'' ;ol ,.,,, _ 

fo.,tal·l•· '"·''"''"~ "'''~ "'"! '''·'~'" .t-1·· ¡,.,.,.1, an•l •toll 
"'" 1 lh•· ,.,¡~¡,._,1 t:n.ol ,,.. ~·1 1<Ítlo r•~l'" 1 '" ¡,,..,.,.¡¡,.,. 
r .. -. '1'1 ... ,¡,_,1"· ""' ,Jr,,.,¡ •. _tlh .•h•-, .. 11,_. ¡,,,,.¡,,-;,~ti"· 
'"'"''-1'' .,¡ ",¡,"~'''' d ,,;¡, .,,,,., 1• ¡.t• Th o! 1•. Íu•\•""'1 
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1 ·~ ' ' ' 1 ~~'"i"•" '"'·'"'"' • ~"h •l•<ror<d·rt''""' mil<"'"' oppruorh. •M•· in~ i"'''""~'"l ~di.,., d d<toil«< 

d,..·¡n •;'<"!.toto<O> '~' )l"·í"'•« '"'""''~' .,,¡, o< .. ,.,,..j.,.],"" mol.,.tonr 'l'Pivoth. .~.., • .,,, · .• ,,"""lht<l"' 
i•lw 'f"o..:l o! \l•."J m•~·mo"'"' 

1 

)'iftt<"onrnl !>l tlot in;o·nti'"" o·nnt•, i• •ho~ n in Fi~ !>. 
Hnl lo td' .,¡ nlryo·• •hom oml.1 IOl' Att i ,;¡;,., '"' >irn¡•lio·ity; 
'" 1111' m•n j.,adin~ ¡ohu•t"l tluwu, J (\(" ¡ohn,.•d ''1'· m 
~··ro•rAI. 

,\ •implifi..,j ,¡,.,.<ri¡oti<on ol lht• lo<" •lructmr lltAI tn­

IILI• '" «11],.. ,],u¡ .. ·.,¡ I"Í~ ."o io tiLJd t ""'· od,,htlo·. •nd )O('f· 

forman«·"'"' Í!trt"Tlli1·i'<,j flrom • muirnum ol ¡;, ¡•er· 

.-rnt ol F.c.nl tnr~• t 'u•t 1<> " mini"'"'" ,,¡ 01 h~·•..::l oll 
ctrtnin prc~lo·to·rrooir"'l ruh·• tlal\ 11MI<i ¡., "l'l•h··d hl lko·t• 
di•m·k mih~t"'""'· ~""!• 4], tlw o.lrtnilo~l J,.,¡"" ')'o'<'i· 
~~o\Íon, >'1o·p ."o\, tlw "1"'"'"1 <lo·tAol••l ,¡, .• ;~, •¡oo"<"ili,•· 
lio•tl "'ilh noon¡ oulo·r ¡ '" ·~""" ]j,¡ tU~. ~n•' .~\"!• 7 1 , "1""'"" 
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·"11 J<;q¡ "·""n'-"d '1""""1'1" '"""·""' ·''!1"·' ·"1.1. 

'l! )•' ·"""'·"\ >ll¡•nlo 

1"'" ''"'' '""'" '1"" ~'"" "''11 "1' ,.,,, 1'"" ·'""'''"" 
·"1' J" '""! """·' •"1 '''"" ~'"1"11·'1'"" ·'"'"·' .• .,, )" ,,_,,,,j<, 
11" "" "1"'" '"1" ·•¡tlo•.,.l ·"ll ··'""1'1\d ¡uJtl->UlY\'lHII '1! 
.lflollll·'" "' ~~'11"_1 ·'·'"'1 \J'Ol \.lDJ)U<l.o ·'·'!lU•'·'"' ·"JI '\«U 

"1' 
1
"'1' _11 '•'"''·"'"' ·"!1"·'-'"! "'ll )" ·"11"·"'1 '1'"·''·'11!1' 

~""P"'" "1' '"" 11!11 i.oq¡ '1! 1'""'''-'i"m 1'"' np .i-••11 JI 
., •. ,.un< )" ·'-""''1' ·"1' 'l·"H" 1'"" ·"'"'1 " '""1' 1 •,mJJ"l '""-' 
·"11 }" '1·'-'·'1 11" ¡e ·•jdo>kl -'"""' ·"11 \•¡ P."¡,,.,~ ·"1 -'I!I"'JJ 
l<>U 11!11 l! •'lliiiU' lüU '! ·•JnJ>tLII< ·'·'!"'''·"'! ·'!''"1 ·>111 JI 
''""!id" ·'1'1''""11" 1'"" "·'!·'"·':~"!"'"·' '"(""' ·01!1 "·''1'1'" 
<!l l-lCJjU<!.l •"11 Ul IJ'W·''"' <J 1! 'I~"'''Jl U'-'·' ·.o¡<IUI!< 

~<¡J<nm -•mJ.>nJ)' ·'·'!1"·'"" .u«:q ·"11 '·'-'" 0-'11·' ·"1 ".J. 
.. 111 

;¡q¡ !lJ WliJIJoliJll ,)I(II>OUod<,>J '•'lJl•ll! '"1" )JL'i ',)J)( •"11 "1 
.Ú!'"wl '·"'""!'!'U. ',)(1.1 ·"JI J" 1 ll> ·"11 ·•I<UI~"'""-'1' n¡ 

,lJnJ!VJ '"l 111·'·''·"1 ~~ '"'lu '! 1! :¡u .•. u ... l •;¡ •! ,}()[ •''11 )" 
(lfl ·"11 ~"!1'"''"'""''1' "! ,,.,,,,'1"1 "'1 ·''1"''·"1 '"n"'!'"''' 
·"P ''! l'"'IJ. ',J1H 1""' : .. 11 '1'"'1 "' '1·''"""1-•• 11ddo: 
>.u¡¡nu.><l ·"l.l 'J-'>UJW<l ·"11 ''! 1'·'!1!-'"1' .on·p ·''{1 "'"'1 
'-'"1' '"P"·'I''~ "~'"" .. ·'l"l ''''P· .u.;'l" '.•J"f ,¡,\' ·'l'"i" )" 
'l!"" '" '!''"11'·"""1""~ .ÍJJ"-'"'1 """ '! ~._1 "' '"''"1' "' 
1"'"·'""'' ·'"' •·•nf''""l ·"'·"1.1. ·nn ·"1' 1"'" ···:·u ··<i.•J• 
.>1!<>1"-'1!'" J" ""!JlU)•uouo.op .ÚuJ.lUJ•!I"' Jnj "·'l"J' 1-""111<>.> 

·"111·•·'"' "1 ''"'l!"l '"J '·"ll'"'·"l ·'·') '"l '·'1'!·'""1 -unJ.JnJJ> 
•'•') ·>AL)"·'·lll! ''i.T, '~<OlJ ,)(J_-If,Jt>J 1"1"1 ·>lll J<!j ]«>> 

1•>!1m¡ ·"11 <>1 .1¡old11 '-•<11'111·'-"·'ol ·'·') !"'"" ·''I.L 'l ·~!.1 

"! "~"'1' '" •d·'1' ·
0
14"!1' m -P."""·'·"I ""·'·'•! ·''"' 1"'11 

·"'-~ -'1"'' ·"JI .OJILI!N"'·' !]!1 1'"" '1"•'-'' ·'"''''·'\!'" .Hll 
·"IJ. [!] "'"11''1 '" '! ',l!l.l '·'"'! " "1 I'·'"''II"J ,l!ll 
UY S~ ~->n< 'lU·""·""-"'111 oi.J)<·OI\1 " Jll IJ·'U·> •"I.L 

-'·'1"1' .JO.I ·""11 puu .JO! 
J-"1!1 '"! 1"11"·' '"'Id •''IJ. \!1!>1 "'"1'"''''"'"''1' 1"""!1 

'"'" -· ....... ,,,,~--c------~=~d''''>-=1 uo .... 

-.~ ......... ~ .... "'" ........... .... , ... ,,.,,_,. 
·~ ....... ......... , .. .. . ... ,---J 

""' "'"' "'"' .. '" o•• '''"" "" "''' '"' '" ..... " ,,. .. "·~ ~ "' .... "'"' ..... .. ''" <-• .. ~ .. ~-••• , .. .. 
'" "·~" ........ ~ .... . "" ...... '"" .. ~ '" ....... "" ..... .. '" ""~" """' ......... ' .... "''" ....... '" 

"' 

.... '" 

.. . 

'""' ....... '" . 
'"'"""' ·-·~· ... _,,, __ ,. .. _ ...... 

... ... ""~ ..... '""' 10 
.... "" ... -... _,~ ..... -. 
,,,.~m• "''·"-'''"''' ,.,,,,..,,,,,, '"""''"'~ 

·, 
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• - ----~ r ............ ::-·"•"'""' , 
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""" '""" 
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• 

• 

_, .......... .. ............ , 

-~""''''" 

. .. ~~"" ·--~---""" 

;:.::.::· i 
• 
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. ~-".' '"""' ........ ,. ..... ~ .. ·-~' ' 
·-••••••"''"'- o 
-~-·--······· .. -·--·' . -·· .... .... . ---~ ... '" .... , ·-···~· --~ ......... ~--- --..• 1 . . '" " ~- -~ " " ·-· ..... ~."-"" --.·1""'"'" -~··•'<• "''"'""-

~~,.~-~----,··- • .. • • • • 

T1picol ooft~no <io><iopm<ot "'"' "P"""" '""' h;.._ 
- lm> /1-rn"lümudol d•volopmoM). 

"'"~ ,, " 
""'" • 

"'" ........ -/ 

"""' -'" / 

/ 
/ 

.. . .,,, 
"""'"'" ''"'' .. 

Fi~. !1. [".,., oliolributio" l'V ocli<ilv <luril'~ fnll )'«inol ni !"'' 
1 "" ,>OOH <• (o~" ldolnt\" /1-noHI\im<>do•l olm l"pmou( ). All ...,,¡.,,o e. 
""¡,,.¡,. oluc,.monl•li"" •nd ,,.,,¡ ,.,,,,, IJ~t!>bUtl .. n •><ln•l"" 
ll& \1 '"'' "· 

l'ult<b<r uf tlhjm 
\11,.\IUo)lull• 

'" C»< ffco'-IO'J' A '"-' <00 

('.,.. 11"'"''' ' !OC ·~= J-OC 11.\ WJ-

~J,,.~J .... ,r., R<lt 

(/lfj (101) 

"' <M 

"' 
,, 

6Ji>• '~ 

Til•• norm•li1<<l <"m>\re.cl <o•l M A fuurtim1 ni th~ 

Ul•l<lmlizc.J ¡oc•1i"d ol r•<<fnlll\lln<'<' i• '!"'""in J'i~. ~ fur 
''""' hi,l<>r,V 11. Tln· '""m"liz{"d ro•l d"tribution by tk­
vel<•i""''"' "di,·it.l' m·er the '"h\\Ut' lile ('l'cie, for both 
!OC ami]'<,)(', i5 •h""" in Fi~~;. P. In e•:im~li"~ th•· eo.t 
"' lnr~·- >Oh" ot<• >." >1 o•m•. '"' 1 11 M "upttoti""' nnrl nu,in­
ldot<nc·o·" .t0.\·~11 "' " 1<-nl .of o·tTto!! to:n,.wnei"~ im­
no••di:tto•h 10Lln ,..¡¡,,¡T nf 1111' '·''>11'11\ ¡, Í\8 "fli'<RIH>nnl 
,.,,.,,,""'' 111. In ti·,,• m<LI'""'''I'·I '"fll,,,. ,¡,.,.,.¡.,1'""'"1. 
(),\ >r .,¡ ¡¡,. lir-t """\..! .,,-,.rin¡•• ,¡,., pur.-l_l' d••l'dOpiH<"nl 
AI'IÍIÍtÍ,-; ,,¡ tho• "~'"'"],.,,.\,.¡,Tu~,-.,¡,¡ :1111 mÍ>ÍU\et-
1"1'1"1Í"II nf tl11• ,l,,,-,.¡,_¡,,.,,_,,, ,,.,¡,, th" 11.\\1 lllllllllnlo•d 

¡,, ),', l"'ll<'lll ••lllll' ¡.,,,.¡ t'"lllf.O<'I 1:1\<:• l'••tllf"Ui."'" ol 

'"'" ¡,.,¡,".' .1 ,,.,¡ /!"' '"'' ,.,,¡ '''"' ''""""'''"'''''''· 
o•xrl<lllitL~ <J,\.\1 '' ~¡,.,., ¡,..¡,~-

• )<JI: o;Livc<•,... ;,,¡,J,._I .¡~; • ., nllol \''"''"''"'"o( • l""'"'JJo< 
~·ft•"" ""''~• ,.f '" ,),lll~o.no\ 70<0.,.,1•)«1 "'"'"""""'·A 
.¡,¡,,¡, ro.-llt,~l "'""'" • ..., ,..._¡, """"" I'OC. 

• ¡_,.·,.,,,.,, <uo>< ;-!""''""'"'" h .. 1....-n """«! Ly rfn~I!I<.J 
Joto ,,.,¡ "'"""ilnl ,...,, ;,. .. u, .. ,.,Ju•lllro 1>~. bul nol •>ll• 
n••t,.oJI¡ lor lhr ~tt••'< ""'"'"Y-

.t s,_rr,arr (",.,! f:,:tt"c''"" t/9'-'"!hm 

TI!\\' lm., d,.,.,.¡.,l"''¡" ,.,,., eot••••••tio" ~~~"till:m ¡,.,._,<! 
"" 11..- '"~"""f'\ÍIItO thnt t''"'' var¡ l'"'l'"""mnll} "itlt lh• 
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. .,,.,,"""' ,.,,,, ... "" '·'"'"·~-,, ~ .. ~···· 
numl.~r "f ¡,,tructi""'· l"<~t •·Hrh id•·lltif;,-d ,.,,¡¡,,., ¡],.. 

l''""'~lllr<' ,.,,,¡,¡,, .• "" o·<lir11:1t1· .,¡ tlu· ,,.,,¡.,., .,¡ oloj1TI 
'iu•\ructi•or>•, •·:ot•~;,,,., ,,.¡,,¡,.,. ,¡,.~,,.. ,.¡ oh!!icult¡·. ~mi 
¡,¡,¡.,,¡, olnta in d .. llu• ¡wr iu•trmtiuu ¡,.,,., tl11· ""\ d•ta 
ha...,. 111 ~¡,.,. n trio] , .. ¡¡,,oto·,.¡ tlll•l"tnl ,.,,1. Tlw J,.,¡~, 
~'""1' o--lin1"l''' tlw lit<\ thr•·•· ,_.,¡¡"'"'' f>lltam!'l<'" Th,• 
,_,,¡,.,, ,..,,,.,.1,1 ~'""P 1''"''¡,¡,., lh<· "l'I'"'I''Í"t" •·o•l dula 
lo""' ,...,.,j ¡,_, ull ,¡,.,_¡~'"'"· "' 11<·ll a' tlu• olh:ntiom ,¡ 

"""""'''' '" o•nch pha<" .,¡ ,¡,.. '"f!"at<· do·•·•h•]>l"''"\ 
,._,,.¡,., t1 11· _,.J.,.]ulo· fm o·nrh ,,;¡,~¡.,,,.' \'o·nt, ond 1111' lalw¡ 
,,;,_ TJ,.. ,,.,,.,.,¡,,,. t),., >pr<·nol- ¡¡,. l'ltnl ""\ """' tlw 
,,.,, .. d ,,¡ 1,.,¡,,,,,""'-,. ,,,,,,.¡,,g '" tJ ... ,.. i"P'"t ~'""'"'' 

d<r-, ~,-,., tlw IIO:tll-111'"''1" 1" r lll"lllh lo,\ IHio"r <nt•·~o.t,l', 
¡J,. "''' n•«•o-inl"l -"Ítlo ,.,,..¡, do·H·hopmo·ut oo-li\'Í\_1', 11nd 
tlu· e<>nlj>lll<r u>O~<· 111' I<Oolllh ¡,,, t·l~o;luut a11d lo.,.\ 

1«\ivit ;,.,_ TI ~o • oll\j"'l 111n-' 1 ,.. co111 •ido·n-d a "1 rial '"t imall•" 
Írl ¡¡,, 'l'n><· tlml ,¡,.. pr"l!'""ll<·on• nnJo\ he ,,,tÍofH·d 11ith 
ti«' t<">u1tin~ ,•,tiuwt<• ,¡,..,, t•••tt·d "~"iu;t ""·'' mnvcn­
tiomnl nwtllo<l ,.¡ ,.,.,, ,.,.IÍ<nnlih~. 

T],. fn '1 •1 ' ·p i 11 1lu· "'' ·tlo,tl j, l " ,., to-¡:ori " · 1 ho • ,.,,1\ " n n• 
rnutiuo"> that "''' l><·Ín¡: ,.,.,,¡J,.ro·rl iu tl11• i"'•liminor_l' 
,¡,.,;~"- Tlw ><•11"""' ,.,,,.~.,,¡,._,¡,,,,,~,-,-u ,...],.ctr.J loa"·<l 

<•11 O'hl«'tll'liO'I' HIOd "''' th'"'' fUI"'IIOIHIII¡ tli!Jo•to·l•t kirul< 
of ,.,¡¡,,,.., o·lll<lÍ•'> ¡,,"¡,¡,.¡,a ''h"lil<'UH( ,.,.¡ pt•r iu· 
tlrurti<oll tl'l'lt ¡, <'>¡n·t'lo-tl, (':u,-~.,,¡,., that !.,,.,. ,¡,,,¡ 
\lw lo.,_¡ of U•.<r.•· in -o•\'<-r:ol ¡orn¡~o-..al ~,.¡ ¡>roliminar)' 

,¡, .. ¡~, '" 1 i1·it ¡,.,_ oro·: o< , . .,,,, ro.l '""' ;,.,., "¡,¡,.¡, """'''']' 
o·><·<<!li,,, n,,, ""d ¡, ,,,,,,;,,., .. ,,;,;,,,_ C;hl '''l'"¡r,,,¡l"'' 
ti•Litill''· ,],¡,.¡, lrlltL•I<T• olu\:1 ¡,.,,'"out oltlll'!'<l!lllllllo·r, 

/; rl )'ti'-'" i>"''"l~o·rithm 1""'""'"• ,¡,¡,.¡, '"""il•uial<'' 
dota¡,., .,¡,.,,¡\1< '" P'"'' ,,¡,~"' .. m pul./'; dt ul~oorithuo, 
\\llio-h ¡wtfutll'-' l"~ital "' 11 ,.¡,.,.,,.,¡,.,,¡ nlwWIÍ<HI•, 

.1 el d11U1 "'""·'~' ""'"' ,,..,,¡,.,., 11bi<h "'·'""~''' Jntn 
tnor.-lo·r -"llhÍll tl11• ''""IILJ\<·r, /); aud 1¡ ,¡,,,_ITLIH'ul 
1 ''' ,,.,.""'. " ¡,¡,.¡, ¡, u ¡,,~],1 < ") '' ¡.,,¡,, ·tl mnd<il"' o lo ¡><·Htlo·ut 
r<><l•·. T. 

TI .. · ,,.,¡ ,¡,-¡o ,_, ,¡.,. ,,,¡ ,.,.,,plo-xit.l ,.,.¡¡,,¡,.,_ h¡ 
fi<\1\Írl<·, nt ,.,],pr .. grllm, lo¡ ¡),. ,¡,.,¡~li<L ']',. hnlZ<tlC<' ,,_,[ 
,,,.¡ ri.•k, ¡¡, . .¡,.,¡~,,., '"")' ,¡,., ;,¡,. ¡., "'"'"¡¡,,.,,. ,.¡,.,,.,¡, 

tlont "''"'"'"ilalol•· t" ¡,,, ¡,.,.,," •ni<"'"'' bbra11 ""'1 11<·•·<1 
'Otll) "'""' d, po·o• uf IUutillwoli<"l "' :tdopl•li"''- _\t tho• 
,.dn·r ''"'''"""• " ,,.,.- '" h:.io,uo· "'~-' ¡,. t<'¡<liro.J n<1J ¡,.. 
o·;till1nt<·d n• u ],ir;il to·rlliH•l•·~·i,.d rÍ•\,, 'j',, ""'·uunt ¡.,, 
tho· ,!,-~,,., . .,¡ ololhn¡][l uf,, ~¡,.,., ¡,¡,.,¡ ,,¡ '""''"'"• llL<· 
<lo·;i~no·r 0'-•lil""''''" ,¡,¡, "' '"'"l'l•·q¡_, Ion"'- Tloi_, 1• 
tlu· ,,,.,,¡ nu<"Í:ol >1<'1' Hl tlH· ,.,,,,.,1111~ 1'""'"'• fut it 
,.,,.¡,¡¡,¡,.., ¡¡,.. ,.,,,¡ ,¡ tlw f"l!IÍho- uith nll oliro<'l nnJ ¡,. 
<lit··• 1 o-Jo,,..,., ,,,,,.,¡,"¡ ,.,.,¡,,¡ " TI..- .,,¡,., •"'P• 
¡.,.,,,,.111 .¡,.,, . .,,,,,.. ¡,.,,. ¡¡,,., .. ,,,¡'"''"di l .. · '1'''"'1 .,,., r 
,¡,,. ,1.····1 •. 1''"' ,,, '·'' 1.-_ 

-¡ "" '""'""'""' ¡., .. , . .¡,¡],.,, "' ,;. "' .,¡ 1'"" ... ¡,.,,,,. 
i"'"""'"''''' ,¡,.,,¡.¡ 1.- ,.,,.,,,,]. '" ~., ... ,,¡ llt .... .t .... '"" 
",,,~¡,. ,,.¡,.;,¡,,¡ .¡,,,¡,¡ ,,,_,¡,¡,,¡." '''"'1'1,.,;,_. ,,,;,,~ 

,.,¡" o.l.fl.r'.ll.l:.f'• ,,,¡ ""''''" .. ,,_,,]:,,.¡ , .• ,;,,,, .. 
r .. , ,.,,, ¡,,¡, l._,_.,.tJ ""= "' , ... ,,.1.-"'·' """'~ .. r ,.;,,¡,¡ .. lo; 

'·1\ 

],) mnd1Ít1•• ""'<!, <"1 ln"~"''l:•• ,.,,];,,..¡di ,.,¡¡.,•to•l 
IIUmlo~·r .,¡ in•lru<li""'- )!,.,,,1.,, .,,.., o·o¡U•ti""' ~11<-d \<o 

l.i•t,rical d"'" '" ~·1 >lal<<lMol•, fi"d tlwn ""'~'U"'' 
po·rfom .. atll''' n¡:ain-1 \),. >l•udard (~)_ 

1•-t:ht ¡,,.¡¡,._.,., tl10· ,.,¡;,,.,,, ,],.,uld Íllto-n·i·-~ tbe 
tllt·rnl"'f .,¡ tbo· ¡,.,.¡,,;,,¡ •IJ•fT 11h" ,.;11 ,J., tho· J.,),, o1al 

"''~lllint•· 1"'""""1 "~'' ,.,.,.,,¡ "" •·fi,.rt. lli,turical ""\ 
tinta .,.¡,,¡,r<•· 1),. •·•ti110at••r'' juol~llll'!l\ ~lu·r.· •irnil•r 
j"l" t811 lu• fouud. T],. ,..,¡¡.,,.¡,- ¡, ba .... -d "'" ot _.j 111ilorit 1· 

"-¡¡¡, pro ,.¡,.u, rn<odul•-,; lo) 1"'"''" J.,;,~ tlw j.,l,; ,.·, 

uoot·hine U•t·d; di la•wun~o· IN-d; ,,,J o·t •-•l~rnoto-d 

llllrlllll·r ,¡""""''\"'"'-Lo·< 111 ,¡,,., 11<1! ¡,,.¡¡,.,.,. ""~"i"~iul 
1 ,.,¡, '""""' ,. •tnr~ol" ,, ¡, o a" 1 , .... ¡ !., ,,¡¡ "'"''' [ 1 O] 

Thc <ill•l•l•·-•1 1<-d<l<io¡uo• ¡,, narr<>\\Íil~ J.,,.n llw "'"")' 
>llhjo el;,.,. ,-¡,.,¡,.,.,. •-•el•· i11 1 lw •- 1 i:11"lio11 1"'"'~' is !u "->~ 

;_, ¡),. tuulilll' 11<'\1' '"<>Id, 01\d ¡, it '""'l'· 11<1-dium. "' hotd? 

A "'""l'¡,.,itr '"''"~ ,-w·lfi<ll·~<t ''"" ¡,, ''l'l'li«l "'"lill· 
"""'l) ¡,.,, 1 ¡, ~(] a.< 11 '""ltil<lio•t, il 1"' ft-tred_ Tho· 
im¡x<rlnlll ,,,n,ido·mtiom ¡, :tii•"''"K .•ufrlrio•m do;:crt.,. ul­

lro·<-tlo"" '" R"""""'"clut" a h'llrniu~ o·x¡!l'rÍrll<o• a!ld in· 
di,·id11~l <lifTo·ro·uco~ iu ¡¡< tfnnu""'''' iu lho· o·!!nrl \<1 u\¡t•in 
• r<·nli,rio· <n•l. ¡-,., ""' l"''"'"t 1""1'''"'-' ,¡ o·nrh- pro~ 
1;,,¡,_,,. ,¡,.,¡~,.. '"' \\i\1 o)),,, ,¡,.. ,), ,;~,,.; l<our ,.¡,.,¡,,._; 
loonco·o•UI<l f<•f •i> ¡,.,.,.], ,,f dil1i<-ull_J' f.,r •H<h t••liiÍI.o' 'J'lw)' 

nro·: 

<11·1 
.-.;, .. 

1 : •• ' 

"': ._ 1: 

\[.,hum u.,~ 

~·~~--- -
tl\1 (¡Jl 
-" 11 -~ 11 

Tl~o· unh- I""'""O'!o·r thal ,¡,,,~,..,"'A¡.,,. 1i•m o! do-~"'' 
,¡ di~li1'l<h,· n!l-: ¡],,,,,~¡, :'>'1!1 ¡, ,,,., 1,., ;,,truo-tio.n 
(h·o mtJ,. o·••nlrool '-' "''"lial•l•· ¡,, ¡¡,. ,¡..,¡~w-r. :--:""'1'¡,. dR!~ 
_..,, ~>illl .. · ~¡,,., ;, ¡].,. "''''"'' ''" :--:,,f\li.Jf<' ¡·,,,, ll•t• 
lla···· 

Tlw ,,., 1 '' ''1' ¡, 1" iJ<·~otil< 1lu· -""'¡.,.,, ,¡,.,.,.¡.,!""''"\ hlld 
t "'1 p ¡,, "" r" r 1 .,,.¡ ue i "~ tl..- .. ,¡ 1 " o ro· r '"' " 1 ¡,, · ,.,,,-,.p 1 u a\ 
,¡n~·· lo,¡,.¡,..,.,, . .,¡ t],. "1"''"¡;,,."¡ y,¡¡,,,,.'"¡].,. uhi­

ll<al<· ,_,., r .. , ""' 1"''"'"1 ""'~"""''· th<· ,.,.,., >kl" ~¡,.,., 
iu ¡¡.,. ,,.,.¡'.,, ,.,¡,,¡,,¡ Tj,. :--:.,[¡"""' ])o•vt•l••l•nl<'lll t:_,,.¡<' 
I>ÍIII .. · uol"l'l•·tl.lo\1\ ll..-¡ ''"Jit1lw Rh\' ntlo~·r •1•·¡~> lall<~ro<.l. 
lo tl..- ,..,,¡,o\ 11..- jO:IItionlar ''l•]'licHIÍ"''· ¡·,,, O"BCh ph"-"' 
"" ,.,,¡,,"''' ¡, , .. ,.,¡,,.J ¡,., tlw ¡,,,.,..,, ,¡ th•• t"tnl '"""""\ 
to. ),. ol]o¡·"t' d In it_ l11 tlw ',,,,. ,.¡ ""'"1'"'"-r ullur~>IÍ"II 
¡ '" di,,' il '" 1 ¡, '" ',f 11~ ~1 "'"'' .,,, •lllli> ,,.,., t ],, ' .1 •. ,.,.¡,,,,,.,¡ 
ntlo·. Íl_ IIH• fU,I[l"ll"\1_\ !11\"<'lli<'d H' 4JI IIIAII-11"'11\\o, \1! 

,¡,.,¡(, 01111 n«Ah'•i·. ~11) "'"""'""'"¡,, '" ,.,.,¡,. ""tl Jo-hu~. 
,,,¡ ;¡,,; "'""'"'"'''¡,. '" ,¡,.,~ '"" ,.,,¡ ,,_, , .. ,. r;~ ;,, 
•¡¡,, ,¡,,,,,¡,,,,,,, ,,, t: ~·1 ,¡; 1'""'""' "' ¡¡,;, 1.,,.¡ ,,¡ 

,¡,.,,,1 J.,,. 1 .. ,, ¡,,,,,. ""' '" 1'""'¡,,. 1" "''';'1 .,,¡,, 
'' ... ,,. 1" r·. '" ",¡¡ lw ,¡, '"' "' ·• "''' ,¡ ,¡,.,,,¡,. 

·¡·¡,,. ¡,.,,,¡. ,,,,, ,, ,,, ,¡..¡,,,. ,¡,. "''''""" '" ,.,,.¡, ,¡. .. 
·,,¡,,1"'"'"\ ph:o" ¡,, ,.,,.,,,.. ••1 111< ,,,¡,¡,, "''"·' ,.11,( oo--~ 
,.¡,, .-.1 ,., ,,, "'"'' i,. TI..- ·" , ;, i< ;, , :o• a 1", u t ¡,., , ,f ,¡,.,., ¡ .. , •· 
"" '" 1'¡,,.,. ¡, .• ~.-. X ,,,,,;,, llul Í•. ~:. '" ,¡, itio·• ""' 
i.lo·Hiir .. ,] ¡,, ,.,,.¡, ,.¡-¡ pl ....... 111 '""'· •LJ],_,.,. ,¡ ,¡.,. 
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¡.~ 

neti,·iti<·• '"~' l•· ,.,,,¡,,¡ to "•up<·f aeti•·Ít(' lt·Vo·l•. 

aud !1,.• '""~''"!' "'"'" '"" fpotn pho,<· to ph.•·r·. A l)pÍcal 
""¡,.¡,, '""'·' ,,.d ,,,;¡ (ll!Lirix "ill lw l'"'-'''lli<;] in tlo!' 
,..,.¡ 1< '" ,.,, t ill• <1 JI.--.'"'' <· ,-\ 11< ocn t i~n 

Th·- ¡¡,._,¡''"!'in •<·IIÍ1l~ up ¡],.. initi"l eouditi•oro•. ¡.,, th" 
,,,¡ o•li!1~tli"n ,,¡~,.ritiHn ¡, tu [>ru,-jJ, . .,],.,]ult· J~ta 
ha•r-<l "" ¡1,.. o U•lumo r'• •IOI<·m<·nl <•Í '""~- ut olloer tuan­
"~''"''"1 ,,.,..jdorotio,.,,, ,'-\o·lw<luiP doto "''' '"PUl a' 
"'"'"\" Ir• 111 ~o-olwoc\ fr>r <·Od< .,¡ ¡¡,, rnil••'"'"'l""';,,d_,_ 
)!mo\o-u r:LI<·> nr<· it<pUI f,.r ¡or,ie< l<·J ,,., rli<•:<d fLllo·o, 

p·t" rol'""! :<dmin,lroti•·"· o<«l ·"' lorth LJ<hor ""' ;, d<• 
flf..-d ond tnllllmh·Ur<l loid rat•·• l••r IIH• lol~·• ~·~des 
d<>"ir<-d ¡,., tlw pha•.- aro· ,]dm<-d .. ~d<-<ti•·e ,.,,, <Uh ar~ 
uncler !UOtl:O~<·m~nl rutoWol lo.' \)w {j\'o·tri<lo• top•hilit)'. 
Otlo<·r <lir••tt ohm~<·• oro· i"l'"'· 11hirh f<>r .--.nlt'H"' '' 
()'Jti•·ali)· tr"vd n< n po-ro••·lll"~'' nf dir<·<'l la],,,,.,,¡,,,,..¡, 
o< :t P<·rr<·nt nnd cl<•<'UflH"rLlnlloll nt 111¡wrr<·llt. 

C"rnpul••r '""1':" clnt" fnr a marhino• Ífl tlw (:!)(_; G.-,(]{1 
do~• 11ith timo·-<hnro•l eo•ntral pt<"''-" Ullit h~"-d on 

.... ,nJ<lo d dato r ... m 8 l""~'""'"'ini d< pnllniO lll lo; "'""lh 
imw ¡,,.,. [11) 

~ ... ,.¡,., 
. ' ~IT!< 

. T .. t~l ~,.,,.¡.,., 

.. r ¡•, .. , """'' u ...... 1"...-.t 

~nml-e< ,.¡ 
1' ....... ~ .. 11 .... ,. 
1'"' ~t .... ~'""'¡, 

¡•,,iplo<f'd 
¡¡,.,.,_. 1'"' 

)¡.,, __ ,,.,,.,h 
;te :,-, f• 2.·zu 1.~ 

:<:, ll u ,_,, •-• 
;<:¡ :lOO ¡_;IQ <. 
:H <f>'' 1rr1 7n ____ _c:_c.___ _ _:_::c.___c.____ 

Alln"i"R ¡,., ;li~ht]_l- l••» pnll<·r ;n .< :liO/\."o'• rompuler, 
¡.,, in<tnur·o·, " fo¡:ur<• of :1 hí"'onth•¡lfn~r:<n•""'' m~u­
<n<omlo ""uld 1.,-. ,..,..._,,mh\o• .. \1 •n •~•·ro~•· pr<oclu<ti,;t_.­
«f 1 ohjo·<'l iu>lru.-ti"ll'h. thi> i; <"<tllil·al<·ttl In \."oli in· 
;\ron tiuu</<U<IIl·month. nr 1.'! noin, in•trol(ti<•ll, Tho· d'tln 

in th•· thir<l <"•thlll«< '"'' '"'"',¡ ''" l.-!~ !''"'''""' nnit'l 
'""'''l'"'"lin¡~ 1<• lh ,¡ ,.,,.,,putiu¡: ti11w. ,\ mot<p·.tt•·r 
lo<n<<> ""'"¡, in lo·rn<• ,¡ u•a~•- tato' ¡wr Íll•trmli<lu hy 
p~•-~ ¡, ¡;;i•·•·n in tlo~ ~,-¡¡,, o·t\litlo-tll¡,,..,ur•·•· .\ll<oc.otion 
hnso-d un tlu- alKo\'O· obln. 

1'1"· >Oilllllll•fl' "ul¡oul ln•111 tlw c.,<( ¡-.[Íil\ntiooll ul­
f"ritlolll, Sl'llE \ ll. ;,,.¡,,.¡,.,, n) , . .,,¡ 1"'' ,.,.,,¡.,,. ¡,_,,,.J "" 

<·ith<·r hi•toril' hurJ<" rnl<"' "' 1''"1"'""1 hHrd•·ll rnl<•>; 
lo\ '"'o·rn~·- ''"' ¡wr Íll•lrotc·ticon. '''""""' ,,¡ iH•trurli•nl<, 
~nd rot··~or.'; d l<ol•l ""'"kr ,¡ ,¡,.,-,.¡,.¡.,,,.,., t<lffi]ll>t<'r 
houC" pcr r<o<llin~; di >Ímph• ¡;r:ophio· cli-plu• ,,¡ ,_,¡.,,Jut .. 
ancl n·•·Hl>: ,.) NH loro•al.d""" ¡.,. ,¡,,,.,.¡.,1""''"1 pha"• 
p•·r '""tiu.· in,,,,,¡ d,.lbo, ond ¡..-rn·t~l: 1' ,.,,, Lt<'HI.· 
<in"ll ],;· iuliiÍl\. ],\ T"lllÍUl·, lllL<i 'lllll\11<'<1 u\'oT a1] 

t<HLIÍI,·; Íll olw ·"ll""'"' •udo "' "'"""~''""'"'· ""'"""· 
th•ttf((<'U\~Il•'ll. ·'l""o\l¡o·.-tti••t<•, ,¡,_,j~n •••lill~. ltll<i lo•,,[. 
in¡;;; an<i huoll;. ~· "'""l·•~<lin~ ond "'"' •UiutU"f\- h_.­
,,.,.,.,.lll'·h""j"~ ¡,, ,-"<h llii>Htl. lito· hl••r l,~·al.o\ .. ~n 
fm -.,.;,, •lufl. -1~11. ¡,,¡,,,¡,,\. cl.·ri<-ol; ,_¡.,,_ '''""l'lllc-r 
],,,,, b) ,,,,,¡],_ ,.,¡,., ,¡¡,.,., o\o,ot~·~- ,.,.,¡ ¡., "'""llo. ,.,,¡ 
e un <ulut ¡,.,. , '"' . 

'"' ..... ., .. .,o,• '" '""'""'-"'· ""· ¡n:, 

Tlu• <oulpUI' fmtu t!..- ro-t .--.timolinn al~orit~m ote 
wn•i<i<•wd & "trirLI •<·t" ¡,,, the t<.-t ,-,timutioll ~10up. 

Tlw trinl "·1 '' ,.._,,¡ i~o """•l•illotioll "itl< •li ,¡],.. -'""''"''" 
.,¡ <lntu 1« l<·<t tl<nt , . .,,¡ ro>il"'" ncrLil"l 11,.. proj<·c\ ol>­
jo..-tiv<·•- '["¡,. n¡•pr.,,.,,¡ trio!_,.¡,,¡,¡,.¡, cootoins the l~"<t 
jud~IH~ntal atod qu.•nlitati•••· n,-.,ur,, of co•l p<'f .,¡¡. 

""''' ,.J,·n>o·ut on<l 1wr nclivil,, l•·<«llll"•tl<e input to the 
o.nwiul prirín~ '"'"1'"'''' run. :--;-,..-,._,__,.,_. \r~mbtion oltbe 

da 1 n ·" t I!J ' ·'"rt 1,1 ""' 1< h l 1«· nN "" o<·r'> '""' hro·,l<lo" 11 
>\TLH'ILLH' f\\')!);) "1 <•l)«•f Ojl¡tfiOJ'fÍ11<• 00<\ <·I<'IOI<'ll\; i• 
111,,¡,, (PI l)u· ¡¡ 11 ,] jlfi!'ÍIL~ IUIL. The .,ifttia\ ru,t f¡~IJ«'-' Ate 

pt•><luro.,J ]¡,- ""'t ~ui<l<·litoP>, "PI''"'''-d ,,,,.,, ""d prn-­
<e<lu"" lhat h~w 1,.~-n ,.,.¡abli>lu-d ¡,,- th• ioJ·hnu'" 
pririn~ ~r<ou;o sud apptoJ\'o-d ¡,, tln• ~ol'o'tomPnl ouditQr. 
-¡-¡.,. r<·•ul!h ,¡ tl 11• _.,,f!,.nro· ,.,,¡ ,.,¡¡,,,¡jmo "l~llti:htn Ato· 

,,.¡,;,.,.,¡ •• ,,.,¡ ¡,,d<LL)l <lnt; a1od ¡,, 1"'-"ilolc u"· in bt<•r 
,.,.,¡ ju,tifHonli<"'- TI«· ,,(lit·,,] {'n<l f<~ttr<'• frum the ¡¡r¡,.¡,~ 
rmnpui<·r run ,¡.,,~ ltll!ni<J3cl<tt~ nud ~,.,¡, tolh<·t<-d nnd 

n~~ro-~at<-d a¡;;ai!"l th~ ttH«md., Wl\S l><'(' l-'i•. 10) . 
Thi, {'O>l P.•tiruoti<m a~~r<oado I<U> tlor iollowi11~ od· 

\'OlliBf,"- o) ThP OlllOUIII of data t('(]Llir<;l lo ,¡,¡,.in R 

rml <·>lim,.¡,. i• II>ÍIIitllnl. b) Th•· ,,,Jt,.nre d<--<~ll<·r im­

lllnliut<·l_\' ,.,., th•· «•>1 '""-"''!'"''"''' of ¡,;_, pto·limill:lfl' 
,¡,.,,~., el To t)u· ,.,¡,ni tLnt tlw mllli<•<· Í; <iiro·tlll' tra•,-, .. 

al.ol<· '" n '"IUÍT<"hl<'lll, the "''!";"'"''"\ ¡, ,;;,.~·tiy lrl<to• 
,.!_,},. 1 o ~ l<ot~l '"'1- d! ( '""'!'''''"''5 .,¡ nlt l'Tio~l· stl.,-dui,-.. 

un ""'"urx-o• nllocotiuto '"" ho• "'"'"' ropidly. ,.¡ -~ <<>•1 
ju•tifi.-ulilln" prmlttroJ ti..,¡'"~ 't":«il),·te>l ul ¡•,<1\"!'fll· 
,,.,.¡ ,,,¡;¡_ 

fi(ll-"l'W,\HI: CUST lJ.\T.\ HASE 

:;,.,.,;t¡,.;t_.- ro<"mri•·llls ''' ••xd"'"~'! u1tio< v-N !.y t~e 
,.,_,¡ •·•:imatiofl ¡olp•rithm r<'>i<l<' iiL the data loa-.·. 'l'll<· 

,¡,¡,·cltl·<· in ,.,.,, o->tim"ttn~ ;, to .,.,¡¡,. K«·nl<-r "''''"""'·' 
"''d ¡•r•·<·i•loon "¡,¡¡,. ,.,,,;,-ipntiu~ ,¡,¡, ;,rod it' itn1""1 oll 
1''"1it. TIL" ~r<·«l•·t ¡¡,.. riok, lnt a ~¡,.,., ,.,.,,¡;,1<-no•o• 1<'1'<'1, 
[}¡,• f,r<·o\Pr (\l<• o<iJo,,Oll<<' <lll \)1!' jl3fl o{ lf«• (•>IÍII131'1f fur 
tloi• uneo·rtoim•·. Tlu• '"""' nnro·rt:<in tlw c>lim~l<', tho• 
¡,.,., «otn¡w·titiw i• 11><· ~'"' P"•llO<.ol. l'urther. nn <'>limate 
ol ""' loao·kc·d ¡,,. rc•l•·l';n,¡ "'"' '''\"''¡,.,,,. fMI• ~¡,.,., 
('«llh•lo·lt•·•· ¡., "''~nli:<t.,r, '""t\l<g•'lo<O'ltl, :<11<1 tlt<· <11•\Uillo'f, 
('"'' ju·til,·:oti"" ;, ,], tll:LI1<io·d ¡.,. 111<' Olhl<llmr, "'"1 ¡, 
U.'l>olh· ;>r<ll~d<·d iu ti«• f,rn, .,¡ ¡,.,,., h-v.-1 hock-np <l•tu. 

\'a lid dn ta ba,-<l "" 1'"'"-" o -'i"'fÍ<'n<"<' •r~ t<'<¡uirNI l<tr 
""~- o·o.•t <·.tionaiÍt<fl 1""""'- l'wduo·ill¡;; ~··<1 ~¡n·<O(Íunol 
,.,{¡,.,,,. ;, <iet•et><l• ut "" ¡¡,,. ,.,,_,. ~~til'itw• ~¡f p<Orl 
1""'1'1•·-¡or"l":rl) dir<•t'lo·d anol muiÍ,;tto·d -¡-¡,,. 1"""'" i• 
dillto tllt lo< Jll•·:o<\lfo' ,..,,¡ "1'1'1; "jd,·l\ ¡,,.,.,,,,¡ tlw to·.-1<­

nol"~.' <"<·<LI<•r fnr 11loio b o],.. 1" rl""""'"'' IIL<'a•uro·< '"""' 
,¡,.,¡, ,.,¡_ Tlu·r<• ¡, '"' ,,,;,., -ro;d "''"1' l. , \¡orlo iu¡: "o wr~•· 
pro~lu<t ¡,-;¡.- r~h·•" "itl" out ~"' ''·' 1·-d~·- .,j[ ¡.,. d,-,-~¡"l'""'nl 
>to·p• tlo:ot '"ro· ,.,.¡] io; ,1,-ri,·in~ ti..- <Oto·_, ¡, "'""~­
. \' , ·rop·, ]¡a-.-d , "' ].,~,. •:< "'1'¡, , oto• u·•·lul iu """1'"'''"" 
,¡ 1L 1"' ni \'.Lrtublo· ,.,·.oiio'! ~ ~1,\o:ol \,Lfi.dolo·, ii \].,• ,._,¡¡. 

tl11LI"t ¡, "~"'""bl; oo·rt.oiu ll<' ¡, '""'i""i"K 1r11h· •·.¡niv-
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( 

""'-''"""' 1, 111 wi'IIO '·'""'··'r"'· ""IT"""'· 

Fog. 10. !limpHfi.-d M<OinK '"""""• r,,. TIIW '<>h"""· ,¡,.~;ng 
=t.,,;,..,;"~ o.lgo,.llom dotan ..... 

....................... ~ 
" 
" r~===~·======·:==~-~¡~,·;·1·0~gl 

,_,,,. 
""' """"' .... ...... w .. .......... 

" 
... ~ ... --........ _ ....... . 

" 
" 

..... , . . "~' 
'"" """'~'"' 

" _,. :·:·:·:·:·~-,-,·~---------'"' ""'" - "--""''"•~· ..__, .. 
... ..,. .... ... _ 
~··· ...... ~··~· _.,.., .. 

o 

-_,· '''é'""''''''------~~i·:·:·:·: ........ Q - '"'""'" ..... 
...... 

nlrnt mon;<Jri·•- ~leiz<·lnM hn.s <I<H-li•·d tht• prrU•·Ill p{ 

inrlu;t '·'-" iclt• pr<>dlld i1·ih· tJ!((·> in 1 rrma ,.¡ l'"'¡;mnl .;,e 

and ro"')"'''''·'"'"''\'""'" in l'i¡:_ 11 [!2]. 
Thr orti•·iti< .. th•t produrtively oreupy th~ tmol.l'~t'• 

Jin'•· ol~n~ 1<ilh th~ piAnl Ol'er!wad nnd olher dln·el 
rhar~<-,, l"'gd,t· oirtrrmirw lhc• pric• 1« 1!10• l'll'lnmn lt i• 
in tlw """''"'"!''" be''· Í<LI<·r<·~t lo "~"''' <>n ln('R•ur.obl<• 
Mli•·it•c·s !l••t .•hnt~ld Lr nnilobl<" in thr ;uft"·arc ro!\ 
dnt~ \.,go r .. r co>t jc;t ifjrnt i<>n and ,._,¡ imM ion nf nr11· "ork. 
Brid ~,·finiliun< of Rdi•·iti<•• lhat hR\'<' h,x·n idc·utifiNl 
in thi; rq:ard nt<• fÍ'·~n lwlnw [".'.]-

/) 1 ,a,,·.,~ owf Orimf~fiiJ" (!.):TI!!<>' a<ti<•06 no·•·•·•· 
...,~-lo rnitL und<•r.<Tondin~ ni tla• hnrd .. nn• n11d '"'ftwaro 
to he n¡•,>li"l 'm th,, rr.•irct, AIL<l tolo'"'" thP <•p<·ratiu¡; r<'­
<juin-mon(<, >)'o'<'ifira•.ioll>, nnJ '""'trHint• lo• l>o· >:llisfio•! 
hy th,- ><<11 11 nn• parl-.o~e [.,ob<~ J<r"duc"l , 

,.,,,, ..... ~ 

:1!) .ltwlr/.'l-' nmf ¡¡,-,,-,1,. 1.-ll; All '"·ti•"" !LrT<""-<"'·'' lo 
~rn<'ffitr'tedmiral •niL<tinn<, .,-¡,¡,.¡, nro• '''I"'C{"<! ¡,. >n~i<ly 
r•<¡tLiro·tno·nl> and >pN"ifirnti<m< 11it!<in the i<Tl]OO'<.J ron­
>lraio(, J¡ Í<!rlud<'-' <lo·t•·rminin~ 11111! ,.,.n]u~lin~ tt·d<ni<"ol 
nppronda·•, oi<'tonninin~ nnd ,.,·nhtnri<L~ thc eff,•rt. úl 
•rr•rific r•·•tlliro·mrn(, <Lncl ,.,,L<(rnÍIII; "" pot<·nti"l lt•rh­
nicnl whn i<Ln<. '<·l<'tl in~ (he ¡,~,e soh<lion , an<l d c,rr'<hing 
lhat <nlution '" 11 <~n !JI' rode.l_ Thi• Rrti•·ity indudr• the 
rough dorumo·ntaliuu thl is normoll.1· pr.,dur<-<1 in ~<'O· 
<-rali<>g R Jc·el•nic"l >olnti.,n, hui nntthc• o•IT .. rl' nf ~~~nli1Í11g 
lhr dncUIIl<'lli<LIIO•O ]Oa''"(L~<'. 

S) ('._./t/1~ ¡C); TIL<· trRn>blion <>/ tlw JrtRih,l >t<Jl• 
of thr lo·d<ll·, .. ,¡ ,,.]u ti"" intn <n:<chi!l<'l<'n<l.ol>lo• 1.1!1~110~~: 

lhe «rdrr .. lli-1, in '''''"J1U1<-r «~h· '" ¡w·lld,.,·,•lc, uf thc 
<-uc<~"'Ín• ''""'l'"l<'r ''l'<'t<LIÍ""' for ,.,,¡,.,"1; a ']><•filie 
prohi,·<L<. !t ,¡ ... , 111<\ ¡,,ludo· ac·t<~al ÍII]'!_L.I l<• ¡¡,. ''""'l'"kr 
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(r>C<pl for 'time-•h~rl' it>pul•l. 'C<m>¡>ilin~. nnr lr••ting !he 

orl"l"""·'' or \nlidit)· of thr· in<lructinn•. 
41 T"t ar.,r ('l,a/""1 (Tl: .\11 ",.,,,.,, no·c•·"""".'' tn 

R>.<tlt<' lht ,¡,,. in>lrmlitme ""'¡,.¡ ¡,,- the I"''~<Rrnrc.cr 

rau«• 1lw marhine In rl" whol !he(""~'""""''' intor.; . .,¡ 
it (ro do. lt """"'" l"''l'"in~ !he 1<~1 rlata, e<otnpilin~ !he 
!""~"""· runnirr~ 1),., lnt doln, tr·vi<·win~ t\,- c·om¡.:ler 
01l<l/ut lllflrbilH' ""1 pOli. ido·nt ih i t\~ l rr<Jt>, ""' t< <'(in~ 1 he 

""'"· "''d uo~\..in¡: ..\onn¡:;ee ¡., lh<' 1""~'"11\ th"t iuoprc.w 
it< rdiohili¡,- aurl ..lfici<U<';.'- lt d<"'" ""\ inrlude wrih-ing 
that th<• ,.,-¡1\""''' prodnet ._¡¡,~•·• tlu· "~IIJÍTI'r1\rnl• ;nd 
"l"'rif .. ·:olirn" -lato•d h." tlw rmto"" r <tr >pOn«>t. 

01 l'lfi/y/Q,.~Irl~ (\'); Tho'<· atlinn• "'''""'nr'- lo 
o~<Uro• thnt the >-nft"ore prr"lurl ;:oti<f<e-s the rr<¡n:CC­
monl• "'"' ~pr.·ificoli<on< l""';do•d l•~ th~ •·u•loln<r or 
'f"JO'"'· 11 indml<·• prepor"lion ol t¡unlif)'ÍIIR ¡,..¡ d>lo, 
nrifwntimo run•, o·vnluntion ni ~nlll]Hll<·r non "'"l11,, r.nrl 

Rdjll>llli!'lli' lo tlw l'"'~"'m lo,.,,,,,.,.¡""-'' dr·li<"ir·nri<" 
f.) 8yoicm ¡, lcomlimo a,.,¡ Tul (/): .1 11 "d"'"' 1><'<<''-'MY 

lo ... ,,,., thnl the >Uh.<_nt•m "' tn<~lulr "-' )or<>¡¡rnnnn<'d 
"il! int<·rf nre "it h o\lll'r ,.,¡,,~ sl<·m; ot mo~uh•> 1 n J"O\ id e 

a Ulli<fn<lf>f)' ~.,·•Ion. lt iuchodo•• 1'"'1'"''"~ d~t• for 
O'l'nhJJoiÍI•~ ().,. j<>iul [u1rr 0 iu1rit>~ ,,[ l\1'1' or Ul<oTf' .•\:h­
•y•to·u" "' mool<o\t•,, 1110I-.Lto!' tiH• r·vnluntinn '"'"• •·v•\IJal­
in~ t!.r· j<>int o¡wUIÍ«Il, ""J mnki"~ IHC<'""'') morlif.oa­
timo3 (() thr wft""'" in Mronlnnrr wilh pn•yoilin~ <on­
~~urn<oun <·onlrnl]lfoC'Nhl1e•. 

7) /)¡"'"'"""1"1''"' 1/l); TI .. ,,,, 
¡.dmir•l r•ditinr,, ltdouirnl \)pin~, nrt 
<!urtion uf ddiwr•hh• olorn!l.ent• lo 

'!""'"''"· 

rr~mre 

'""'· ano\ rqrm­
tlu• r!Mmuu m 

,\n ,.,.,nple nf t\,.. co'l ¡a·r ;,,trnc·tiun ¡,., lhe -i¡:­
,¡~,·nnl <·I<I<gntÍ<'' ,.¡ >«>h''-'"' (tlr-\'Ír¡uoly ,¡,.fi,,·d wr-ns 
rJ,.~"''' nf difftnlll)' ;, ~¡,.,., in ¡:;¡:, ~~- TI><• ,..,.¡ fi~urt••, 

in ¡ lfinripl<•, includo• 311 M'nn t!i-n·loopn~<•nl si ''1" ,¡,.,..,,¡M 
in !lO<• ><·<·!ion <>ll·><>ft\\an• <lrnl••t""''"l 3nd lo'>\ !1\Bn>~<­
monl .. l!'li,·ili•·' oloat "'" r],.¡,,.,j illlllH"<liatr1,1' l"''''"linK 
nro• i~rh•·ro•Jr11)' in.-lurlr•!l in tho• ,.,¡ li¡~urc·< "'""'¡di <rtllt'r 
olin·n <h:tr~''' up 1•1 ~nd ino·l•l(lin¡: ¡~r·oH·ml arHI<nlrn'ni._ 
\rntiv<• , . .,,¡_,_ 

!u lnto· Hl<l. TH\1' r<>rnpil<'d Íll-hlln><· rl~tn on a l'idc 
I'MÍ<•I)' nf 'ufl"""' ,¡,.,.,.<o¡H>\('1\\ <·hnrn<-t•·ri-:i,••, "hirl. in 
1 LJT!l ",., '· ind<'l .,. 11olr·n1l;- nna\.1 mi hy l.n1di"" n IHI M .. ~ori­
otc• oudo•r rr>:>lonc\ lo¡¡.,. l'.S .. \Ír Fon'<' U:l), [H]. 
Tht· l'nrtnl>lrs nf p•rtirulsr inlm·;t for "'" ¡m~nt ¡>~r-

1""''"' "'''" •n~l_,,-d ¡_,,- l.n!,•jiAn ""'' _\-.•uri.,,., lo' o 
1'"·1-.n~o· ,,¡ ~' ruutiou·_- ,¡,.,,.1,,1,,~1 111- TH\1'. A kid 
illt.-r¡.,,-l,ti<>n .,¡ [,,," ,.¡ \1,. ,,,¡,~,., 11"11 ¡,..,, "" the 

n"t ,¡ _d,·w],,l'"'~ ,.,¡'"""' i_- 1"'''"""1 "'''L 
(',,.,¡,¡,., 1-'i~. I:L Th'- ;, " plnl ,.¡ ,-.,,¡ \'o't>U< numl,..r 

.. r in•l!urli<ln> r .. r lho- ~' ,,.,,;,,-.. '1\"' , . .,,,·lu·i""' r~n 
].,. d"'""· cithn 1" ,¡,,..,.¡ .,¡,,, . .,~,¡,," nr h,1· ro·~rc.";,., 

Rnn]_,,;,, ,.) Tho•te i• n ~,.,.,mllrr·11d in 11..- olnln· 1.:~r·r 

f!olllill•·-• rmt '"""'· hl A linrnr lit ¡, tlw olnln ;, no!'".'-' 
~,.,d. lf """ n\IPmpt> ho pro'<liot r•"l< frnm ,,.,¡;,.,. "''" 

·------;;e;;---, r- , , .... 
" 
" 
• .. 
.. 

"""""" < • ,, .... . 

' .... "·~·--· ' ... ,., .... ~.­.... , .. _,_ ................ 
' . '-· , ... ~ .. '""''""' 
,._., ···•· '"' ""' "~' .. ., """ """'"'"' 

''""'"' 

.. oon .. oou« .. " .... "'"' ... . -
.. -

"• ........ " .... "' .......... '" 
~·· ............ ' ...... _, ........ " '"" 

C.-.•1 P" uloje<t ¡.,,.,,,;,., 
•1 ,n,.,,¡, ~ _ 
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'""OfR Of I~"AUt!\0~0 

Fi~. 13. ll<l~ti•< ""' 1 .. , ,,,.,,;,,, ver•"' """'1'" ,¡ ;,.,,.,ctiuno. 

nlnnr, ~"'' """ <'<¡wct ''"'"' of nh .. ul ;,() po•rr.-111 "' t),. 
pr<·rliclo:,l t·n•l. Tho• pml<rtinu ¡, ho liPr tlmn uolhin~. !out 
no\ nl!lrh bcl\<'r. ¡-j~_ ll ,¡,,.,, th" '""'" data pl<>t!rJ 
nnol l.rr "ny- rc"t ¡wr 1000 io.<t rmt ;on.< Y< "~' 1mm\orr ol 
Íll<I!LLCI ;"'"· 1 [ t1w , . .,,¡ o[ t hr · !• •<11 inr• r.1 11 hr <·<1 im:>!r·d by 
n fi~t••l cmt ¡~<·; liX~l in<trLL<'li"'"· ono• ll<rUI<l "'prct ¡¡,;, 
dalft (n ,hmv o'<>H<\nnt '"'1. lt nppcar.• In lw eono\Rn\, 
11Íth B lar¡:•• nrnr. o·.<¡o<·ri~ll)' for 'ln3ll r<>!ltinr•. Again, 
""" mndud"" thn1 ro,¡ <~11 l"'l'r··rlirl<.J fr"m numbrr ol 
;,.,\1\t<\iom ptri\'Íolr·d tlml ""'' 1< 111\l:ng to J\!'t'P)!t fnirly 

lor~c ""'"'-
Cn<l <lr¡wnd.< om n '"""]"'' nf <rtlwr lnrlnf', nnd nne 

HliRhl hu)'<' In ¡.:d \o,.¡;,-r ro"1 ,.,_liw~l<:• l>,l' ¡,.,.luolill~ ,¡¡¡. 

foclllty, !""~""'""''' "'1'"';"''"', t·\t'_ .\ ,.,,n,iolnnlolo 
n<Ul>IH•r <>f ftt< '"'"' lrir·<l. Th•· '"'""''"· urtfqrtu,,ltch-, 
l\!'1'<' rw~ntiw. 111,'1LL<Ii:<K ,.¡¡,, r V«rid>l" olid 110>1 "'·"l1L in 
nn <"<¡lla1i«n thnt 1~,,.,., nm -i~ouf.cnutl; ¡,,•tt<•r fol l!l Thr 

data. Fi¡o;. ¡;, >hn\\,< "" '''""'1'1<· rol nnt- of th,• \'urinblos-
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¡ndm •''11 dn :l'u!Jk'< Un!l·"'nJ _¡'""'!"' •1! '~ ""'! 1"'11 pu~ 
'l""';'""''''"· 'Jl""' ,11 '""~'"! ¡noll "'"!l·'n'l'"! 'P·•fqo 
'" '•'1'1"1"·''''·' OOUI ·'·""1 n¡ ·'1"'"!1'·' J.\1 ¡n•¡l "'-'1•.';, 
O~l~[ < 111 ·"l!l"'" .>un~"!"~'"!' .!J~ ''" J! 'rijthUV<-1 "'.-! 
·c:!!'"l' _,;""!""l·lJ•I ~ "! i"li"'"'! ·"1 l•¡:.r!"' ,..iJI'-'[d'"''~ .. 
""~ J" ""!"·'·' t>·•Y'J•b"" w '-"'"1' .\1 ·'I'I".L ·qd"'~"'",¡ 
.,~¡ "! -'1"" ""'l"Ji•nll! J" '·"'"'"'" '"! """! I!.>!J•h.o 
u·,"'"'"·'"' ""11!'"~1" "''!1"""''" 1"" 01P J" ""!'''"•l•i•lv 
JU) [>JJ!ni.,•l JJY 1"'(1 W¡>rp UU!J"-"'JI~ •I.OJ()<"-JJ >!SV'[ olOIJ, 

-~ pu• t -,~H '" ""·"~ W-" Jjdtuu,.o ~U!I•VJ 
4JUOLU·<J~LU Q(XJ\ •>41 lllj UO!)UJ<>[jU .o.)JnfJ,,lJ r•.l!l•>p 

·'F"·'P"·"'-'1'"1 '!JI "I'I".L "! P·>l""'·"'' "" '""1·"1·11~ 
.<q -"·'""' "'""'!""'· "" /" '~"'~"U ·"LL ·u ~l'I"J. "! 
p.>lU·b""¡ '"" sl'UIP"'J '!'! ~(~!]"!""!IV·'"!!" ~J,noo¡.oJ uo 
""JI.' . .,~ t.J<;,r.J>!!' uu¡.~•u .,_,¡,,¡.uo¡o ·"Po¡~'"!' ~"!11\01 

·WOJ CH~J '"J ""l[I!LII li IV'lO!ll¡>pH ''" ]H.JWUN·"':l "'11 
¡sn.l li!" ¡.)J<J¡Uuo 111"'"1"1"·'''1' ••Julllj••< Jb',J.(juo)OJJ!'" <,"~ 

H ·., l'"l' :'"''r"'d ·"ll 1" ,,,_, 1"1"1 ~•11 1" '""J<Jil •;z "' w 
i"""!l!PI'• uv ppu >1'"' J-•)n<httw ¡u<¡¡ """'l' XpuJ1•!>UOJ 
""'1 ·'l"-'!J"<h:-1 -""!l~-"'11" <~JJm»;..>J ·"11 "! 1"'''-'0J ¡ou '! 
Olll!l ~U!¡r1<1UO>J 1" )"'-' ·"P '.(I'"I!"'!S 'llll!)UJO]IY ""'""·'-' 
)U•>lUdo¡.J.\•ljJ >JH,II)J<" ·"() U! P·lj>li[.Jlll )!JU '! U)1>~ ""' 

<UW J ; lU.J ,,;. ["·'!'·(L(d J,JII )!1 J" N!•' Hi{.J'll"·'!•-it¡<.! J<J UU! )uur 
JO ><:O!I>nl>-> )'' ~L<LI1_JJp •t¡l '>pN-" J-"!1" UJ "J!"~l! ,(<JJUJW 

·<lul•'""!' "'~" 11'-"' "'F "l ""! I!PJlB "! P•''!nl>.u "'l p¡nu.\1 A"UVl 
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"""""'' "" .o • "~"" "., •• '" •• JIO> 

"""'""'"" '" • "~""' '"""o . «o . ""' 

"""''"" 
n ·~~-' s ''""''"'"'U u""'.,_,_.,,,¡~ 1 :nu~-J. 

·!d.(¡ lll·'""'l 01: "''" Us ('!l"'J "" P"" '.!.l,\\Od IVlp¡»¡o 
'U"!'I",¡.,,,¡ ·~LI!lU!od P"• ¡oJ)ll<>J vpnl!ll" '[VUI.Jú~l 

'" 1{>1"') .\u•du101 0~1 "'~"" •--"'l'"' .t11o¡oon¡J.>] .{q •1r, 
MVl \IIOJj '!''I"UU ~U\jJp<l<U 0) f")iliJ)UO~ , .. '<.!nuJ'.J )U.lUI 
·dO[·>A•>i' .>J~ 1\ )jO< ·l'J l \<j ,0\IJ<l<j Jlj ") '! •tU.O)O.iV [WJ)O.\~¡/ JO 

,.l!'".l-'1'""'" ¡u 1'''"' ·•~1 JI ·o¡n• u~-0:.-0~ ·"!1 'IU·''"'I"l"·'"P 
·""·"ll'"' JUj)U-«J; 11•'11') JJJIHI>·U l"l"l"'\1 P' )UJ.>-I.od ot 
"'1 '""''JJ~ ¡;_,¡ P"' ¡n~~JJ~J puw ''"'"'"'do,:.'"! ¡ur.<>>.n 
l!u¡~Xn<pp puv ~"!P<l' '\UJlJJd 0~ IOJ ¡un<>JJV U~!"P plnl 

•t•.ijui!V ¡V~¡ •.ipuovu ·qumop ¡u "1"' v •P'"ll"'" ¡o>!•!dU\J 
.{q p·U-J.\OJó'!P .t}'i"'"'IJ; J.\Yl( "'"'l"""'"JI •M)J~.\ 

'UJV<!OJd O<IJ U!I!J~" <"JU!)I!llJ ¡wnp~'!P~! 
a4¡ puu UlVJ~Ol<I¡Vt<Jl!"P"1 J<p )" .oln¡~ll.J<ji¡><IV)>Iopun 
u) ,u,.,.,-,,,1Ju '! ¡¡ ·.{¡.•I•Jn.1JU .Ull.\\)jü>' ~"!l""J J<•J oJ¡ns 

!"''·'"'!"" "¡<lw'.' "" "'" '-'•'41 ¡uop "! uo!;n¡•u"·' ••U 
"Jol)J<J'i'"'" )<>U ¡no¡ 'ly JJ;¡"'l V 

~JA!~ ~..>¡<Ji'!IU.\ Su!U)"u" >~1 S<l!Jli'V •!•-\¡vuu U0!>'1J.úiOJ 

nou!l•'l'!-'"·'!Jintu V ¡o >l¡n>.oJ '"ll "·"'"!' 1 J['IU,J, 'UO)l""3 

-lino "!'11 JJOdth< '11"~" •!d, '" '"'!"'"':l'.oJ ·"lL ")"'·' 
l"!l-"lJ<I ouo d[·"! ¡ou •·"'P "I'I"!J"' '!'(1 ¡o ol!p-l(.1tOU~ u 1~<¡¡ 
.-¡~Jll:fn" JA.Jn~ ~<¡¡ 1• oJu~¡ll y ·J•UJutv•~om ¡o ~"'·'!'"'h-> 

'""'"''lll -<>Jd )Q JQJ"'I ~"\l" »""·"'¡,' '""-'>' '~" ''"" '"!'"''11 "'JI ·•u 
""""""" """"' .o ,,,., ,.,,.,. "" ... "" 
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oi\¡><&Ünn <ol ,.,.,ur...-. '" 
v<ln¡Hnonl •nd le>L 

to tl«' tnoin 1olf:orithm, ""' fi,.t cok¡coti"' it ns n "¡m~ 
proe<·;.<or," nr rale~ury /'. lt i• t\l'W nnrl >n'tn' 1-o he of 
modium rlif!icult•· (rompnrN lo oth~ts wt· h.wp "'"''ll), 
lht•refot~ it i• furlhor cn\o~orized n-• HPw-mc•dium, '" 
:\~L We n.t<·r r•n lhe worblu•<"l for thi, '"'Jii1w 1ts '"""'", 
•o:• PTIOG, il• mt~~ory /'/:\;.1, nnrl a 11mnlwr uf ,.,_ 
t·culRhiP io•truction' r<¡unl lo ]()XI. Tlu1 """'"''!"""'" uf 
tloi• ac!ÍCil i• thU 1'1\tlG, ~~ t.H_OO,fin>lrurtinn, idl co•l 
!he eu.<h•l"<"f (i o•, olirNih li1"'·ahle IH )'ll!H:) S:\~ (~lfl. 
·n,¡, ,.,,,,.,, lht• ,.,,, o1[ nl\ no·li.-,¡;,.,, ¡,,-lu<lin~ IH"dy"i•, 

,¡,.,¡~"· ,\,,.·umonllll~. ,.-\ill¡;, ,¡,.,.¡,<>\11, 111u\ I<·RI, 'f'IO<•t«• 

.ctit·iti"" M•" -"l''''"d Lulo tlu• <lPv,•fnpull'lll plut ... -. n.-.·onl­
iu¡¡; lo lhe 1.' pie11f Allo.-ali"n nf '''''""'''" ,¡,.," n iu Fi~. 
\ti. :-iUI11nlÍ<l~ (\u• IÍ"I f<IILF ¡<h""'"'I'IÍ<•t lo •••l<· nud ,\,.\IHK 

el""'-" '"' ,.¡¡.,,,.\<• lli ¡n·~t·o·nl uf our l"lo1l do~llnr tlwr<·, 

coJin¡; lul-.t., ~O~''"""'·'""! tlw \Ion m.ojnr plnL""' "ll"' 
r<Mim¡¡ tak<" lho r<"<Mi,.iu~ :B ¡wr<'o'lll. Thi' di•lriluuiou 
hl!-' h"'" ¡,.,,, . .¡ ~~~¡ 11 ,1 Al 1 .. ~., 1•'<1 «lh··r rompulo•t prn· 

~rnm rl• •·dt<)lnl<'nl C)d•·•, ptol\'¡,¡,., n 1'.'".-\ fi1 1•• 1'"''''"' 
dr·.<i~n l•·<•luli<¡LL!"'· :ntd .,¡¡¡ l11• nd"l•l<·<l '" IIL!" """''""!. 

TI"' '''""'"' di-trilm<inn in 1\w ·"'"'" phar.,., l>l•"l" 
l)-i) pt;.,.¡m,.jy·d,•fit.,·d "'"'''l"lml 1•• lht• """'"" ¡ohn,.·s 
.1-G] wilf \'Oty "' 11 hm<ti<~n o[ •·rnll~nr_,-," ~mi tnay be 
inkrprd<·tl "',.. p.-rtlltlonti<on nboul llLI· "'""'""\. f<t llll 
''""'·' 11, t\11• (),~\] pltn"'• will ],. ln·nkd dlll<·I•ILIIy 
>ince it ¡, IL<ol ,.¡,,.,,,(o rit< d lt;- llw "'""' "Li•'l 11\'!'" '" 
ncli\ iti~• tll< lln· ,¡, ,-,-1, 'i'""'" 1 phn.""' Tho· 1 """ • 111 \'<~riB­
Ii<>n ni \n\~1 ,,.,.,,,.,. nll·•·nli<>n n• n fomo·l¡.,., .,f ··•h·¡cor) 

'" ~"-"" iu ·r,¡.¡,. 1'. 
Afkr ,.¡,..,,r_,.;,~ 11 .. - ,.,¡¡,.,,.,. l'"d'"~'· tnllhr· ,,,.,¡¡,,. 
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RuocM~ A Ll.OCuto~ •• , Ft·~<nn• ~, C"•nc.<>or m o E•cn 
PK••• !F:-.w•t.< O•cr) 

0.tlG00Y • • 

' • " • • " • • " • • .. 
" • " • " 

IHrl) l!r CRkgory 1n.d d1grrr of difnrnlty, nnd Jrftning 
tlw dewlnpmrnt pita><·• for pro<iucill~ thr •oftw~re, wr 
rlrf1nr !he "ttc\i\itir•" (n br perform1•d rluring •·-•eh 
drwlopmrnt pha"l'. n ... wftwarr •latrmrnt of work io 
!k oourcr authorÍ\-'" f'>r defming ac\Í\·Íiir• R!;Oinst whirh 
co.•t• l•ill Lr cnllrctN! ~~ Rn appropriulr ]i'\'i'] in !he work 
hrrn~dn11n ,¡rw·t11rr. Thr :!.-, Rdi,itio·• (o¡t tnsl.s) that 
rotll]'ti_.,. tlw i ,¡,.,-,.¡.,\111\rnt piLosos, 11hi.-b in turn kuol 
(., prrpn.,otimo of thr drlinrahles_for "'" hypotl,.tirnl 
projo"<'l, urr ;ho\\n in TnLir \'l. 

'Otr R"-'i~nnwnt of rr><•llrrrs lo rado nf the 2.5 arti,·itieo 
for o·arh of thr "i drnl<>pmrnt ph"'"' is ,ho"n in TaHe 
\'11. Hi<toriNtl do!~ fturn !ho' ~o'! d.o!n ht~.'<• r·ornloirwd 
\\Íth ow•irworin~ juol~n"•nt ~nioo-<:1 frmu ""'k on [!lrl'i~u• 
'inoilnr )'tOjPr!S ore u<o•d in mokill~ tln· nMigrltlll'lll. 

1"hr rrmni11in~ ;\qo ¡, to n_"i~n a l""P•·rl)· ti,.c-~IH'-•rd 
romp1n••r ""·"""<• to ¡,,. o.<.-.d for th~ ,¡~,·rlopnwnt ~nd 
lNl! uf thc wftworc. Thc tAtionaiP fnr •urh a <Ompo!N 
houfli lnAlri• ""' ~i1·rn O'Hrlirr. Tiw """'''tit·AI ro'<ults RTC 
¡¡inn irt Tehle \"JI], tn~Nlwr -"Íih "" •·•plnnntmy nolc 
otl Ín(,·rprrtúlg thr dntn nrrny. 

An o·.romple in tlw IIPPlie!llion of tln· r·ntire ~rocrs• 
\\nuld )!<' llwbl. \\"ithin lhr• •PAC< of th·,_, paprr it is no\ 
prort io·al; hmo r\w, pn•litnii!Ar:-'" dc•ign of a lArKP rommand 
arnl eunlrol >OftwotP ~)'&lflll "'"' ra.,ird out in late 1971 
thnt ¡orni'Íde.• t\\o u"flll Ío"ights for our pn·•rnt pllrpnH·•· 
Tlw fir.l ;, tlont thr r<otnnll<to~ Rnd rol!(t<~ portion uf the 
ROfl11nro• >.ut<·m C(ltt>Í>to•d uf l\\'o n10jor ,.,[,,_,·s!ron,, !he 
r,rot """tnining nn >llhpm~rnms \\hi<h ,,.,,,,, cnmiderrcl 
quo•ir .. nl·tirn~, nnd lhr -•~rond contoining 'ltl"t~progrnmo 
whirh """" ~omido"t{'<\ ""ol·tÍmP. In fnrt, wmr of thc 
formrr C<llHoin<-d ro·nl-tinTO subprogmm• •ud the lattcr 
•orn~ '"""'·ni-lime .'uh¡oro•gr,,n.,, Thlls, if A r•-•nol ob­
b<"ti"Pt ,.,.,,, to rh.rAc(t·rito• tlw oof("nrc n. •nlrly rrn[.titne 
(m "'""''"l·timel, ;, !m¡wn of olrrio·illg mdui ruH dntn 
]•T1.>r l'!ltmnrters, ]oe ""u).) k CO'T\Rin 1<' fniJ in p•rri>t• 
ir>lrr¡or.-toti<•ll d thr l"'tf<>trnnnrr dat~. Tho rr"-'urr• allo­
reti .. n in to·rnl-' o/ burJo·n"\ mnn·n"•nth3 otld rotl\rutcr 
huur. fo•t thc rfforl is gÍI'o·n in Toble IX at thr module 
lo·l_rl. \1 lu•t<• "'"t i•.'.CS mn',r• llp Ul<~luli"S, n ,,.¡ mm\.,¡,., tnnkr 

up tiH• '·''"''"- ¡Í thi, >,1'\Pm h"d l"'''" oMtit•d uut in n 
"''"t•leto• ,¡,.,-,,l,]'""'l\1 r.1·rl~. 1\ nr~>' dutn ••·! """Id hr 

tol<"tnl Ílltn ti"' ,-..,¡ doto lm•r nnd I"Mi"'"'''' 1,.-t .. rt·n 
r!ual ano] pr.-Jirtood ''"'"''''' would lor n•oilnhlr tn 11Íd 

in lh~ 11<'>( r>~im~ting t•fl<>rt. 

'"'" ' " " 
' " " " " • " " " " ' " " " " • " " " " • .. .. ,, 

" " .. .. " .. 
A ;rrond in,i~l1t (hnt "'r-ms "'eful '" tl"' rost ,.,¡'¡¡nnting 

rdnti~n•hips tloot •·tno-r¡;e "hcn t he >nft "'""' e!rtrent • ore 
lrpara(cd into m~anin¡;flll grourin!(ll nf, in tbis <M~. ro•l­
timr, ral-timP plu• it• •upporting en\"Íronrnent (¡or.,._ 
htHJ (>O,tprO<'r.,ot• ptor,t8tmned in hir,hl-t nrdrr langu;~~. 
lor P>nrnplc), nnd rorrnnand nnd ""'trol <·lrmo•nts th•t 
Me not ti,ne-rritio·nl (>er l'i~. t7). 1"l1r d.ota nrr• ru¡w 
loi~ld_l' """'•lodo·ol, and thr difTet<'ll<'<'S in productil'it;: 
rato•s IJ0•\11•·••n the ¡¡rnupiug• ~·nuld be •·xpectrd to r•n~• 
nrarl.-'' 3 to l. Thc ,,L .. n-rd olifTpr<•nrr_, should nnt he 
oltributrd !o look of cotrelation \,r!,.t~·n dt•pPndM!t 
;nrinhlr·s that nrr •rr·n lo br rn<·rrolorr. of diffnrnt 'oUt. 

TOI'JCS FOH FUI'.'I'JIJ:l', "o\'OHJ,; 

Tlw t opic• t ¡,,. t w<·r<· "rigin.1llr ¡,¡,., 1 if.,,¡ for <li01 "' •iotJ 
"ill h~ ;un un or'"'d, togt'!hr·r '''t h h·r ·,~"''-' t)oat inruonr~ 
r<>!<l •·•timnting nf Jorge >ofl"aro· splNm •n<l !ha! 1\er-d 
furtllf·r work and otudy. 

J) lr/,ol r. tl.-r l¡¡]'i('<ll tod< Jlmdurlimt mi<)'" ;o•o~ram­
mrr "'an-mnnlh? A 1\ ,.,;,;,¡¡ o:" 1 ,.¡,' '1 mu )" 1 ·e· j 1 ,¡ ,.,,, d f J < '"' 

tl10• rl"t" giwr' of 1 .,¡,,;,.,.¡ in"!tltdÍ•"l/P•on-ho•ur, '' i1ieh i• 
o·r¡uil'•lrnt lo J!"oG in>lr:.rtiuns/rnntHnronth, or ;~~O in• 
blt!t<"lÍons/man-¡·ear, ur 6.~ man-month>/1000 ubje.:t in­
•trudion• for noto!Ín¡o~rritirnl ><oftwMe, 

lf R hurtlrnrd mnn·rnorotlo \"orio·• l>'"lwrcn ~4300 ntod 
5~1!00 in 1\172 ol"l!nt$ {,,, n 1,-'pirnl pr.,grntmning'~rport­
""'"t'• bobnr mi,, nn tbt' a\'O'm~e tlti" IH.r~ing ':"'"lord 
trnn<lntP> lo ~~7.~0-~11,.'>0 "-' the r<>h\ prr i""trurtiun. 
Both <"-'<' bi<tory A ""d B rom·lote •lrongh· with tho1~ 
•tond•rds_ Tlw.v are rhnrorteriZt-J u lnrge 1'0/!ware jubo 
"-h<»e dr·<elo¡onwnt i• firmly otructured and controllo<! 
But 11hnt ~hout 1tu· Hr\·D wo,k, not .wt-11 s:n:o:urrd nr,d 
COiltrullerl, lltor\ -"hirh tho·rdoro' ,¡,,,., twl lcnd it,df \O 
o•stirnrrtiort L._,. {":<trnpnlution frout n hi<toricRl <"O>I doto 
hn•e'l 
Th~ undcri)'itl~ c¡ur>tion ¡, oolwtlwr IH· hove identifo<d 

Rll tho• ;i!;h! pnrRtno'(o·n tu r>¡otur~ At><l o¡uon!Íf.' in out 
ros! dm~ bn,r_ J)u \\~ Ul!dn<:nnd the rau<.•l rt!~tioc.>hi~•· 
Rt1d <un they lor ;,,.!,.to~l fro:n their dkcto or •;-m¡>l<•t"·'¡ 
r,., nornplr, ¡, thr S,\l:E dnt11 point 11hen• it i• in 1"1~. ti 
ho·1 ULI'!' Ít i.< "'ni!I'IIIO 1,\ !'<'IILple<" OJt ho•('RL«O [),e n'<jllite-
11"'"(.• "''''" pu-mly ,¡,.¡;,.,.¡'! 
il !/.,u· r! .. r. .,,,¡, ¡•ro•lutlwro 'al• ''"~ "'o!h l""~l<rn 

ro•nj'ltzJ!;·? With tuoro• ,.,phi,tirn!t-d ¡1hpioal ;y>te;nA 

bt·in~ hrot!;¡ht und.-r >ult1<are rotnrnnnd nnd ~ontrul, ~ 
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¡oul , h~rd 11 "" • ><>11" Rr<· ion o rf~r,.,, bu h. t .. lo-r.«ll 00 ,,11• 
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~!7 X 1~' ~ i'"''"''""'· "' 1 4 ,,;,,,,.,,w,.,. Tl.e tulol '"""'" ,,,,,,.,,_¡ ;, """ ,,,_,,,,.,,,, ,,, . .., 1.1""'~ /)-r;, "".r ... ~,. ,¡,.,,.,,'K-. 

"': "'"'""'"'""''"" r .. , ¡•loa" t.',""""""'"'"'""''"~ 

''""'1'"'''' 'Y-•1<-n<', <H<!IIiplc e<•rnpul<·r> ¡, \he ''""" g<•o­
~'"1'¡,¡,.,.] m•n ''"' r<'>Uil in <'<"h tl<>ol ""' "' 111Uch us 
¡¡,.,. ¡¡,.,._, lnr~•·r thall o~ould 1«• ne«.,_•~ty if a ¡,.,.. larg~ 
.-<<!llpul<-t< '""'" ""-d in " •hor<'d up•·rntin¡: uux:lo•. The 
ll<1<io·r]\'ÍII~ pr,Jolo·lll ho·t<• j, 1}1101 ,f <h<l• j<ri\'J!C,\' J!lld 

¡•r••l•·<tiun 1"''""1.<'1 f.,r ,.,,.¡,¡¡,,~ thc "-'" ul r<•n<ute 
1<-ron'uo~J, l>\' ¡;o<~·o·rH<IwUI IO~<·U<·Ío·o ;,, [..,,tlo cb--iflo-J ond 

unrl~"ifio·i '"•tk .. \n irooh·¡wll<l•·nt n·nlllo<IÍur~ ¡,,. ¡,:_ C 
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Fi~. 17. (\ .. t "''''"'''"~ .,,,,;,,,¡,¡1"· ,¡,~~-;,~ ,;J, votiotion 

"hhih ,;, ;'o '<lmm•nd onJ ""'"'"\ ""h""" '>'>l<m. 

1\'t·hon of THW ¡, thnt n ,¡,.,¡,,_.HI••oi t'<Jmpul<'' Ln,tnllnlion 
r<.*l" !bree lo fi\'o•lim•·sp._• much lo opernlt '-' il it wne B 
tinw->han·d irtMnllation 11ith 1'"'1"'' rdn•Jtc ktminnl•. 
TI priva!c il~<luotry <"an o·ujG)' tht·oe ¡,.,,..¡,., of ru>L d­
ft<:li•·rnr"' by u"' of ro·mote 1< rminnb (thr•.,. '~he times 
;, . .,. t·xptn""). ÍL ~ouhl S<•t•m thnt '"""'• il no\ n lar~<· 
pnrl, of ~o\'er1Ul1<·ut in;tnlhtion'l rould t•njoy th<• '-'"'' 
Lonefit> if thr problrrn• ol o!•tA ¡.ri,·ac¡• atol prolt..,lion 
\1 o• re so];-,,¡ lo ,.,.,., .' h"'h·'s 'ntisfn< t iun 

A IMrlO)(f'lllUil gn~] j,, lo du tl>l• dif1ic\llt ~orl• Hf \he 
ooft~•r~ l~<ie<·-uu~e lo produoe protol)')>O '"'~" rarly in 
th<· rknltopuwul •·¡..-lr· H;in~ ¡wrhnrs 8-10 pccr.•nt of thc 
'''"'"'"'''"",¡<m ÍrHI'fü\'t·•l \'tr>i"n t<ith ¡),.. :ed>Miogicnl 
rÍ>k diminot<od !or tEr uptrntiunol nr>ion. Ooe pilfoll ;, 
thnt th<· ri'k ;, hi~he;t ¡, ¡oi<•cllr<"nwnt; "hon· n ncw 
rcmpu\('r ami ito U¡.>!'r&IÍ<>g "·' •trm Rrc kir ~ c[en•loped 
toncurrt·n!l)· " ith nth-Rtl«.J Rpplic~\ io"' •ol:·• ore, «> i"'t 
"la tL •·ompul<·r 1 imr• ¡, <H"t<lc••l ¡¡.,. """!, it ¡, ••,·nilahh· ti«• 
h·n>l. ~lor~ p1 ~n«in~ to r•·Juce tht• rompultr '":trlion and 
jlTOCCfNll<'hl time Í; h('tdt.J. 

J'mtht·lflH>IO, Íl< 'Oille ''1"''"\Í<"<D) 0,\'ol<'ll.<, (}¡¡• l"O<h· 
pulrr ronliplTntion avnilnL],. to thc "'N i; ,:gnif<eantly 
di ITtrrnt frm11 tho ~ompuh'r ron~~urntion "' •':abfc lo ¡he 
•·r•<nputl'r 1'"'"'""' "''Oeintr ronlrador. i'm:". n I<'U!kÍ«K 
t'tl\~t<lntrU"!\1 t<·quir<•s ~n into·grr.ti"R euntra<:J' toJ n<ain­
lain >Y>trm·h·Hl r"t<fp\toti~n control. Thi, ::1i,\' odd lO 
¡a·rrrnt \o thr tul ni C<'•l J<ttd "vÍL'\L<•J , .. , t~ in~mnnro• 

l'<•liry. T" diminAI<' •urh ut'rum•<>r•·•. ,·,~dord• for 
rm~pLlt<·r runli~tHr<ti"'" ~t<· ILet•tlo•J, "'"! r.r.f:~LLrntiun 
,.,,,,,¡ ¡, <LL'<'d<•d h; lh<• """'''"¡,. ,·,utrlL<"\<•' ""¡• '"tLLolly 
Í<np<or\Rnt\y, by \)U" U"!"T. 

4) 11'~0( OJ< lh• /'ii'CO .. ¡ fm«o<J/iOJ¡ <n¡T.i·d /o <JrOh (1 

r<ali,lir pmliriion "J "•f/LJarr .¡.,,.,·lo¡•;llr><( r,os!? We h>·e 
ident j(i,.J ¡he a<ti,•itC•·• :hat crrnpy 1 ¡,,. ~n~!pt'~ :imc in "' 
2S X 7 mntri> (T"Ioll' \'l) .MH\ <•ISL•Lihr<,, !IM;L\'tr Ít Í;; 
nnc thing tn itlcntify signifirnnt ~cth~tica lur ~:lucntion 
of rr.•nurrr", nml it ;, ono:hrr t hir.r, 1<• hoiJ th < i;:h< >~\ .,¡ 

indil'i!lu~t. nct<oUtL1nhh• fnr the • 'i)J'~ituJT· nf th'.''"' rc­
¡.uur<·o·.• for tlw.<c !ILLt1¡<3 owr Tht• lifo· ryrlr o! tl.o <uf(>·,·~ -e 
d~\'l'I<>]><Hent, 11hich s;.~n> \~-'!~ "'""th• or l<>hf.<r. Tf,e 
JHLTJL0"' o: R ¡·o'\ •·;tii!La!Ltl~ ;y&tC!Ll ¡, \<> ro•duce \be 
Yarianrc hetm·t•n nli<nntr• nf whal a •ofbmrr dt\'!'lop­
mrnt ohonld ,,,¡ onJ 11hnt it Mtun\1\' docs ,.,.,t. TI.r emt 
hi>l<oT\' dato ftlr ;, n ¡,.,. t•lr•r;><·nt ¡, nn ÍLI<i"'"''d <<><! 
rstim¡;tin~ >1'~\nn. Fur!l;,., 1\<otk ;, no•<<.l'"l ;, t·npluritL~ 
nnd mnintni;,;ng hi,torif.ol r.tim:l!•·•, m•t•, and <JU•nti­
\n\Í\'C faets to ¡>rovid'• moro t·IT,-Lli•·•• dnta fnr ,·;tinm\iflg 
futur<• eo•ts nnd "izre. Furthcr work i• nc<·dt•d in rnoin­
taining co•t r<.nlrul u\'t•r the nrtunl porfunnnnce period 
con>i<h•<ÍI<g tlw follm1ittg. 

B) Hrror.ling nnd dL-plnying ol l"<th iwlil~<lunl 'nd 

~g~rt·¡;nte I''"P"mnwr ncti,·itir·•, ;udt r.s Jlf''"'""sly d ... 
f<lu·d hy L,A ,(.', T, 1· ,/, 11nd /!, Ly ''"')'-to-\L<o nlll<,rnnted 
pmjt•t·t control ""d ]'t<'lictioH l<~ols. 

b) l'n•t """tmt•tion uf I'!O!•·fl ro>!· r.nd timt··t<>­
eo::opl<'lr ~tl'dirtinn• ~)' rurrwt :<:od l<>ok·niLL'IL<i aclÍ>Íl)' 
;toti-tic,, ÍtldwlinK lLB!'<>mpt·:,,tcod <>l'c!linw, R.! is no" 
f<n,jbj,• \htn\1~)< O'Linl;t•tcd C<l>i l'@\TtolluO) •. 

<') l'tuvi<i''" ¡,,, ~o\<JT«% tL'Itit·lillg, m1d tr"rin~ of· 
prvjt·rl oto\<-11H·nt u! '""k d~h,•<·rablos lo tlu•ir to.•t 
•·•tÍ<""''' nn~ ""l ,.,¡inrotr to ¡,o·it<"l rmt, h,\' l<C!Í\Lty, 
unr tlLt· uod<tllif<· ,,f t],. . .,,¡¡"""' tiLfL>t;~h fll•l «mtrui 
loolo, 

6) !1m<·,¡,,. r"rlr l"ll!ll•rli"" .ate •~·u "'a {lloclio~< ~r 
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~tnlok"'"' '"''"""~ l\•G>•>Cilo k<"H'"'-

prugro'""'" qualoly? 01<clily ttt¡uirrnttnl• on IM final 
l"<><l"rl? TI.- l"'int H• ''" mad" hrrr ;, th~t we h~vr secn 
"""'·inci"~ niñ<·nrr ,.r !loe vnlidity ,,¡ t].,, 40-20··10 rul•. 
Fnr n !,'; <llilli<m prnjt·rl, ~2 rnillion willl><• <¡>rnt <on du..,k· 
nut •nd (<-</In thrrxl<·nt ¡ho• rule Applir•. A m~no~Pmrnt 
lihjrrlil'<' ;,¡, d.<"<k ml/ r-wry lor,ic palh in !he wftwarc 
In d<·li"'' nn r·rror-fr<·e l>rn~rnrn. This i• A hi~lo-<¡Hnlity 
¡,,,,¡ pmdurl inwfar a• L¡.in¡.: <·rtOr·frrr i~ a n,...._.,,.. of 
quAlil_,-. Arhie1in~ lhi• robjorti1·r may ~dd "iRni~conlly 
l n 1 1" d,.,.,.],,p!nr-nl n¡<t lnol r<·duro• <•ven rnor<' ·i~llifirnut ly 
ll1r nperntinn_, •nd mliinknnnro• r""l. With impr<0\'1<1 tr~t 
loo)• oro:! finw n><·"-<urrrnrn! ¡,,..,¡,, """i<lrrAhlr in>prnl·r­
niru! in dliri< no;· nf rwott• hr?.Jido<·s d1 erkPd p<·r ,-.,rnpulcr 
l"our brrmn<•< n•nli' nl ,¡ "· l'rom 1 he nnnl ,-,;, ~·"·•·n (, '' on<• 
>ofi"'"'P S)>l<•rn, the <IU"Iity o/ the pr<>~rBmmer in p·aro 
e•p<•tÍ<-ne•• .,.,¡ oup<·n·i«or'o rntiu~ <e<nwr! lo onnh no 
difftrt'(lCO in llw "'-'\ in !rrms ,¡ llw ~<><><IUt''S of f1t. thc 
••IJu•l<·d inclt•x ,¡ cl<'l<·nuinnlion (r') ¡;ivrn in 'l"Bblr 1 
""cl ri¡¡;. l.'i . .\• 11 J. Hnllrr '"Y", oomr of 11«· >ÍGns •·•hlbit 
rmH>Irr:in! uil Í1"C ¡,.,¡," vim. 

'/\<huira] l"'rformnut·e >!nn<lards Rtnl rrilt·rÍR "'" 
n¡·¡..-lo·rl in !hP oof!"""' dti"PI<oponent )"<><•"!'>. A \\ron¡.; 

•ln,.<lorcl is lotll<-r 11'"" "" <!nr(llnrd brno\1;<• M l•·ast it 
¡:ivo·• n "'"'" of <lin•f'li"" 1'1 p.,. t•ITtotl. A l<•<hnit·.ol pN­
fnrriWHrt• """""" <nnot ~)"'l"m i~ lL<'<'tiNl f<>r np¡olyin¡: to 
O.r ><Jf!wo'r clrHI<>ptno<lt prott·.!--•, and 11hioh is uncler­
'l''''cl lollr! •p;1li<d rol ~11 mH<•'Ib!'!li<'UI <ITI<IIwdorJOH'r 1<-\'!'IS 
,¡,.,., !he li~,. cyrk-. fiirwr onl!11nrt• ,¡,.,-,.Jopnu·nt is onorc 
¡ororr>s orirr.!M t!rnn ¡>rorluct <OfÍ<•ni<'t!, '"eh >tnllclnrr!s 

l.,·¡·omr "'''""''''' of b'""l' pmdtl< IÍI'Íty if n<J! indi\'iduhl 
proda!'!Í1ily. lu wnw <>fl;ani"tlimts it ,,,,.¡,., iniNj>T<'!!'d 
to 1>~ n~aiu't N>rnpnny puliry !o rn~••urr aud rr¡•otl <m a 
prnd\lrlhÍl)- irr<it•x of ~" iudividual m<·n•l.,•r ,,¡ tbt• pr<>­

f<·""Ím<Hl 'tuiT, ""]' "-' c"'!e IHOdut'IÍ•m rnlt•, ur <-rrur OH!<·• 
(!i& nwa,ur«:i, lnr irdnnr .. , b)' snll\\""' prol>l""' trl><lft•). 
l'rrnluring <¡ualil)' ru<ltnn MJI!nnrr is A profo!-molinLM 
hu'i"""'• oncl nlf•re ln"iorr·»l'ol<• ]<Ouc<·rl\Jrc's are ]o,.ing 
"l'l'lit·d "' tht• pwduct lío"'> <not\lrr [WJ_ 

6') 1/o<t dot~ <od ""P u'/h <<!m¡olt/ol(" uf prob/mr 
f<~nnulalo(m~ t:,iu~ !he ~0-~ll-40 n•:o n~nin, h\l! lhi• IÍ<M 
rl('oling "ith ti o<' ",,,,.)y;',. '"'<i J,._<,~"" W 1 ,,.,.,.nt ( 11 loieh 
for "'" P<nmplc of 1 Í¡;. ]C. """ -H; pere('uL). "-" ha\"~ 
evi<lenrf"lhal analr,i• 11nd rlr,i¡;n !•~•·' !he liun's ,hort• uf 
li><'H>ft\\ur,,,]c,,.J,,pnlmt <l<•lbr. ,\ '''"""!:'""'"' ~onl tluot 
lnL.' J<rm·t•n <~<·oti;·t• iu lh<• pn•! ;, lo pr<>J\let• "'Jir<Íur 
do.·unwntotiun 11hirh '" rri"Íc11M wilh n kn<Hdedgrnble 
!erl>11ir.l 'laff iu !l><· «<Oiunwr'• r<omp!t•x. 'l'hur<HI~h nnd 
co~liH"'<m '"''"lwrnl·nt "¡ !l.,. Cll>l!'tl><·r ;,. !111· d<'l'<'lop­
men! 1"""""• ho< ho'OI<" reolity o( "''''!''al )M¡¡t· •o!t11are 
cleYriPI'nWn(;, XnthinR !a~r• thr p)ntt• of <"<Hn)lel!'ll<C 

out! r"'"'"""i<·•linn ><lwn Í! ''"""'' ¡,. ""Ll•·<'IH<>di<>~ !l<r 
CU'l<JHII'T', "' '1'""""'• t<•<jlLÍtt·JlH Oll•. Ttal>>i•tÍ<Ig tu!al 
•y•ltm rr<luir.•m<'ll/0, 11hirh "'")"no!. k I<Pil und<"ro\ood 
<'l"tll \o y 1 ¡,,, ru,I<>Oilo-r, !u l ),e ,,.ftWR<!' o; '1<'111 t!'llllÍt<•nwllto 
¡,a _rrurinl tiro! ''''1'· In lh<· rt•quitt·rne,ts ddinition nnd 

ptelirrr'onarv de<o~n p),.._.,., tloorr is (\·piealh• a lark nf 
rlnla hui lol' of l<:~·•·rn~c (i,.nw·nrr "" thr <~ltimnt<· ,¡,._,¡Rn 
nu!rmnd, in rnn!ra•t lo tlw "l"""(ÍnMl 1•lo~.,.. 11 )wr~ 
tberp "'"]m, o! daln but littJ,., if an1·, ],.,·ora~~. T11i, 

".o-
pr<•w-onrnt. 

7) Wl.al,. t!ot .,,¡, of "b•ig'1·1o--co•f' in(/,, ,¡,,¡~pmto¡/ 
of largr-oralr •cfluare? Tlw llOD j"int ~~~i,tiro rom­
tnand•-r• loavP t<•r<lO!]y ,.,¡,.,..,¡ intn "" e.gr<"t·rn,.,¡ tnn• 
t·¡•rnin~ ll1r nr<¡lJ>ilion nnd .,,..,,. . .,],ip nf mnj¡•t w~sp<>n 
•.l"<l~mo hn>l'd on /he rnm·qol nf "rl<-,i¡o;n-to-~,.,¡" ['XI), 
'fl,e l<·rrn "d,·>ipl·(<>-c,_,¡" ¡, ,¡, -~ ncd "" n pwro·.~• u( ili ,;,~ 

IJ(>Ít co;l f'."·'h ''-' lhr<·,]¡¡old, !ur "'"r''~·-rs nnd "-' "'"'~" 
pnriLmt·\rr• f¡¡r t'n~iou·c.,, {"<>sl poramd<-r> (r.MI>) ~·~ to 
he r>lnl,)j_,¡,.,.¡ thR\ lmn>ln!e ;,.!o ''<lt·,ign !"" u·qoirc­
!Mnl;_ ],. d•e po,l, lb' tml•-r of pri•oritio•; f<Jr O<lll)•.r 

11<·npon "l""'" ""'lui,jtion '"'d '"""'"hip Ion.• ken: 
R) perlormanr<-, )¡) R;·nilul>ilitr, Rnd e) eu•l. TodR)', 
ullrltr !he do si;:n·!<Hfo>l <l<wtrinr·, tli!• nrd•-r i" n) eo>(, 
lo) ¡wri<JIIIIHII('r·, ,.,,,J e) avniln]¡ll¡ly. Thc np¡·licnlHiit)' 
,.¡ 1 loe ¡]c;Ígn- (¡¡.ro.'l roneqo! (<> b,mJ ~ HT" is n<>w l><·~i nnill~ 
to «nrr~c nnrl ;, lwin~ rt•dott•<l !o ¡rrnrtin•. '!loe rrlnlion­

d,i¡o of 1],.. ,¡,,ign-ln•tn,t ""'"'' ¡•t tn ,,flii-Jit<' ¡, uol ''""' 
u!ld<•r>("'"l. 

In lb<· Wi;,-19.<;0 <·ra, tloi.< t<<m:l«rin~ of prinriti<'" for 
,,,,.j.,, '"""!'"" 'l>l<·ll,., r~ •doltlo wflllntt• ;, 1:• ll<nlly nn 

irll<·grnl¡"nt, ¡, <·>J"'''Io·d In h•w•·" "¡,,.,lo]r Í<>IIU• no<• nn 
/,oth hnrd~<nr<• wod H•ftv.at<• lif!' cydo nt~ui>ili<Jrt ._,,.¡ 
n\\ner;hip, !'"rtiruiMI.1· in lh~ """"'' !hnt lhe <uoit 
p ·<¡ L<i r<·ll "'" l \\ i 11 hcr """' n dri;"Íil·~ pJJtn onr-1 •·r in 1] "' <1 "~· .. -• 
nf lorgr-•rnl" ''-'l!llnJ'e_ .S¡,t<•n, ,lt·vdol-'<n<·nt IJill he 
routinuun>ly <·l"l<lu~lo-d ~~ain>t ¡¡.,. u!lit t<l>l t<"I<!Ít< "'~"l.' 
IJÍ!h !h~ """'' ri~''' ''" (1011' H/'llh<-d !<> (o·r·l111irnl ro·quirt~ 
nwul•. l'rn<:lit·al tr~odt·<•ITO muq. l1o· "'"¡)~ bol\J¡•<'U 'l":<·m 
enp~hilitr, ro•l, and ..,hedule. Trn~<·ahilil)" uf ,.,¡¡.,,,,¡,,. 
and t~q¡,~ fntlnr>, indudi"~ !loo'e fur r·ouuonoio ,-,rola­
!'ouu, 11Íll ht!\'!' !u /H• noaiHioÍn<'l_ 

AC 1\ XO\\' LE!)(;,\! E:-i'J" 

TI><• ~uthor wi<l"'" tu !bnnk Dr. lt. 11. Po,ningtmo, 
Chi<'f ~ci''"l is! of S¡-~1 '"'" Dr,.,.Jo¡urwnt CntJ""" 1 ¡,, , 11 loo 
invio t•d !lw nullwr !o )«•·] '""" t bi> 1 '",¡e pn¡ "'' ond 1" ·" ·r; e 
on n pnml ~ot !lo<• 1 EEE lrd•·rlla!Í<IIIUI Cun;<·<~!iun iu 
:-;,.w York, :>:. Y., .\Jnrrh ~'0---n, 197:!_ Tht u!h<·r J'·"o..J 
nl<•mlorrs "'""' T_ E. ('!irnis of Jll.\1, \'. l.aBollt• ¡of !~re 
L••• .-\n~d!'.l !Jq<arllll• "' ,,¡ \l'ait•r "'"¡ )'«"-'''• ,,,¡ llr. 
H. E. _\!"'" iu o! 1 hr ~,.f,•¡¡uord Sy;lonl> O Ir, ro, t•n.-h """ 
lon1·i11g a diiT<·r<·)Jt oppr.oarh In the pruhl<•f\\ .,¡ ll1<• ,.,.,¡ 
of do·nlopi11K lntp'-'l'nh• •••fl""''' [21]_ TIH· autlwr HL<u 
11i•h•·' lu 11'""" ""'"-" ,.]''"'' '1'1!1\" t'rollo·n~ott·• lur ttwir 
hdp in ¡¡dtiuK l],,. ;,¡,.,, aonl >u•t.-rinl ¡,.~,.¡¡.,., ¡,., ohi, 
J-'~IJ!'t, pnrtin¡),rh-, /), J ,\JIPI', e_ ,\, Jl11,b, \\'. \' 
llll<'k, lL D.¡;,.,.,,..,¡,., \1". 1.. llo·loirk, \\',A. 1\tullnr·i< 
\\', C. L)"Olntl\, 1'. :\. )l<l,clurtr, Dr. !), ll. _\]urr"o"-'n, 
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Dr. F. J. ~lullin, Dr. E. C. N'~hon, F. Putirh, E. A. 
Rullin, ~nd L. L. Wolrwn. A ,prrial note ol rcoo¡:;nitlon 
i; due Dr. W. W. g.,,.,.,, "'hU'"" lht prime nrig:nator uf 
THW's Sl'HEAD t·o•t r<lÍm&tinn nl¡;orithm. Th" outlwr 
mu>l, in thr final anolpis, tal<c fui! re,pon,ihility for :his 
paprr, ÍH<luding t·rroro o! fact, orni,ion, or •·•pr=iono of 
opmlotl, 

·nw ""tbor wish•·• to thnnk H. J. Jl~tl•·r ol Luh·jian 
A'><X'Íatrs, lnr., !or \hr n\c~ uf Fi!(S. 13-!!i and Tnble 
1 from thc w,..,t Coast Study t.mup rrport, ~nd Dr. 
K W _ ll'>l'llln of TR W, lormo•rly uf Tht Rnn~ Corpumt ion, 
lor his ""'0\HCr nllorntiuu rlntn, Tnhl•• 11 [l.'•). [22]. 

GuiJntocr frmn 11"· thrt•e rdor<·•·• mul Dr. \l. A. Shnrt 
uf the IEEE TII.\.~S''-''""" o~ Co'.IPUna• i• appreci­
al<..!. Their d.,.,;,;on lO depart /rom the trnrlitional!EEE 
TnAs• «'T<oss os Cmo·UTEn• nlitori~l p~liry and pu h]i,h 
n sofl111<re Ledmicnl roa,,geroc•ut pnpt•r i• grntdully 
ackno\\ \r·d¡;cd by thc author. 11<> ir aim i; lo P"n·ide 
in!ormation meful to the hardwMe cornputer •;-stoms 
dr•;i¡;m·r in l<•arning 1norc nhmot the wftwBr<' dc•nlopmcnt 
prr,oc·"'• in pnínting tu tl1c tnsh "]"'"' the pro~ratnnwr 
cxprnd~ hi; m~jm o•ffnrt "nd, it i• hoped, in identilying 

prQbh-m are•• to allRck "" futurc compuU·r oy•t.cmo may 
<·n,<;e thopro¡;mmm•·r'• la.-\ .. 

H EF EH Et;'CE~l 

]1) J. M. ll<><<id~o. Tlv .'.o .ah>"'(: of o ll'•n, J. ~!. novtrid~o .nd 
,~o.,..,,,, !no., PI•~• tl<l ltty, •h! .. 1~70. 

]2] W, C. l.;<o•m, f. N. ~l<"•ln,, .,,.¡ IJ. 11. J!i\,omon, "i'>~llll> 
out •~timoting "•l•m hn•l tt¡»11," TI(W Spt<""' G"'up, 
HM.,Inlu Hc.ocl, l'o.hf., ~OV, l~, Wl(] 

IJI S.~;¡;,.,¡,.,, //,,¡,¡·,..,, JJ,,., /',"''''"''~ R~'''""' A M"l""lofo~y 
f"" /)"''on onrl Co>l{f',.,f"'"'"' ,t,.,[v•i•. Nnl' York: 
~\o(:,,,..l!;n, t~O~. 

]<1 \\'. f'. l'l,.q>t, l'h< f:mnom;,. of Co"'l'"'"'· ~ .... York: 
(',,¡,.,,t,io t:n"'· ¡•,..._,, IWJ. . 

\51 G. F. 1\'ei"~""" "o/., On 10, ,\¡.,,..,!"""'' of Compul" /'m• 
V'""""'"' fm•ro·1om, ~.J.: A""¡," 1. 1\<70. 

16] W, W. lloHo ''"'j E. A. llullu1, "A.,,¡,~.,, omt "limotinn 
T,·dmiq<,.," TI\\\' Sy>ltm' t;,.,,p, llodunOo 1\t><h, C•lif., 
Od. ~l. !~70. 

]lJ J. 1 .. ~¡,,.,;., J.., ".~ ·J••d•ti.«< in,...nJi•·• "'"""" '"'"'"" !o• 
"ltllilo ¡•lnje<l>." >')"" on<J ~\L.,ii< l',l'l""' Ult•co, ¡_,, 
A"~clc•, :.h!, Ap1. l~. l~W. 

[HI tl. 1.'. 11"'"' ""'1 11. ,: ('""'l'l·o·lt, "1-<·••nin, ,.,,., '""''"" 
u.,,¡ ''"1'• ~""'" ~~''"""· Cnhf., Ilop. H>l-6tti1-l'H, .lpr. 
1~7U 

\?)H. H. lh>mlo>R, Ho•.ag. ""' $•o•do<do for /Jo/a P,"""""' 
~.~y.,,~ \on ~"'"""d 1"6:1 

]101 C. P. l.o·d•l, Th• .1/o""''"'"" of Com¡•ul" r"'"'""'·"'"~ 
¡•,,:,¡,, \mt<. ~¡,."""'"'"'A • .,,, ~•·~· '"'~· ('IUl 

]1 t 1 F. J, ~ lull"'· "(\q• ·1"''"'" t ""' """''•" '1 1: \\' -~"''''"' Gwu¡•," 
tl"l'""l" 11.-och, c ... r .. ~l•y 1."· 1~11. • 

]t1j 1'. :->. ~l.t.oi,..r, •·¡·",¡ "'"""'""' ,,.,h," TI!W S,•t<tno 
¡;,.,.p. n .. 1o""-• ¡,..,h. Coh! .. AJ'"f :w. til7l. 

[131 C. A. ll,"'h onJ 1\, 1'.'. 1\,.dom, ">'<ol\•<oo dr>o1,ptntul do o<•<• 
'"' ;,,b Ct ·¡ r.s·, •• ,,¡_,. "'""P."' 1'11 11' ~, .• ,,,, < :"'"P· llod""'l" 
llt·•"·h. \'•hl. Od. ~. I'J:t. 

114] IL J. II•H ,,, . "i'CT l' •tonl)' ,,,_,,¡¡,. on~l\·,¡, ,¡ TI\ 1\' o.clt "'"" 
'""'''"' ,¡,., • (1:,. ••rrt '." ].,:,¡, • ., .,,.¡ A,,.,,., J.,, , n .. t .. nJo 
)loo<h. l'•IIL, :->o•Y. :;-.., !'lll. 

]1~] B. W. Ilothtn. ''l'om• ¡nlonnotian p ......... ;,~ impli,.\iot,, ol olt 
!or<t •/•"'< ,.,;...,;.,,.., IC,OD-l~SII." H• od Co<p , ,.,,o Moni<._ 
CoJo!., J,n, lUJO. 

1 t G\ H. 11'1 ht, 'Ti¡;'"' ol "''"' lvr ¡.,,, ·l<ol"or.t 'P"' < """I•Ulm," 
tt:l-.'1.' T'""'· c""'l"''· rs,.. .. al ¡,.., •• l'oou-rot,a.,¡ c • ..,.. 
("'""~), ,,¡, (~C-:2, PI'· 'lle-CCd, ~~" l'lll. 

]17] Cl. J. ~<hi<k ""J f\. W. "''·"'"""· "'"""'"'""' ol .,n~ ... 
ttlio~•hty," pr.,.<n\..J ol ti-• tt1h .\e.nu :.i«l'"< Gt""ut 
()¡><'"~''"" n,. "'"· lhmLu•~. <:""'·"'• S.pt. G-8, 1'>11. 

[18\ J. ti. lt,o~n .nd 11. !-. H"'h"'"''• "11-••j""'·"""''t '"'A>ulo­
"'' "' ,¡ .~•lt "'" ,,¡, CY ""~ n·iiobillt;." 1\11' S¡·•'"'" (; "'""· 
n,¡,, ... lu ll<><h, ,;,¡,r:, ~·" ¡¡,¡, .• ,. r.o ... m lltp. ~llp 111~ • 
.1-.u~. 1<, 1~13. 

!191 F. R . .'·l•<.;;old. ·""'-~""" Vn•.loP"''"' ".d r .. _lj"""<eo .llo ... 
•W'""' .tlon=l, ~.!t~oot P•OOu<t A'"'"'""· H\1' s,,,.,,, 
G!U"i'· Ji«<vt.do 1\c.<h, C•i<l., 0!1. 1~•73 

]20] ll A. ;,¡,:,v, J,, J.\;, 1\,dd, Jt., J. J.('"'""·""' H. C Ph<lli¡,., 
"J..;.,¡ •1·~;~.,.,,..,,,, """''· • ''"""''''·"' 'H""""' lur ""'"' 
~'"~""' ,,.,¡,, "'1";.,.,;.,,," V'""'"'"\ •l ti":·.,,, A"'"'"" 
\' olu< f:,.;,..,'" c .. nl. "'"" '" ,¡ n..,;¡;n.,.-..r._.,, 1 "'''' ]l,~o. 
Col1l., Oro. ~t. 1'<1.1. 

]211 \'.],o ll.ollt, "('.,..t '>\imotino lor ,...,mf"'l•; ~<u<!<mio!," !" 
l'<o><. /n;r: /970 ¡,.,, Com· l:z;•>"l'"" ¡¡;,.,... y,,k, :-;_ )., 
,1\o•. 2(] ·'!3, 1"721, '""'' "'"' (a<f't bol.liu;;••P~•Y .,¡ li'J r.r,,,,,,,,.¡ 
"'''""' ·~-¡·r 28·~<!. 

]221 H. \Y, Bu< rm, IJ. \1'. Ko•y, •nd N. R. N <ti""· "[Q,.~: A 
pw•f'"li•< o.,.,;~" \<o«! lo; inttgrou·d '"'""""'""" '"''""·" 
p!.,..nt..J ot ti>< Atntfinn 1 n•Ututo ol -'·""""";" and A>ho­
nautic~. lr<<OIAlro.l Jo.fonnottnn ~)"l<m• Con/., P>to .\ll.o, 
t:•l•l. 1\~ l7·n•. 1~11, l'•p« ¡¡.n~ 

H•1 W. Woh<rton (~·~~-A'!IJ-r,l'i;2) ~,_. 

1""" in llopkino, M", OH (),¡,loo< ~O. 1?14. 
lfo ,.,,;,.,d ti•< IL~ !~S. ~r;C"" frn,. ~,,_,. 
lo«! t:,;,.,.,,,,., fc.,.r~;.!, C,J,I., ;,. W,1, •~ l 
di<l r.ood''"" ~ .. ,~in m<tl . .,,,..,;;_,, :c .. tr.\1, 

,.,¡ '"'"PU L<'l ") """ '''"ifn ·~ 'loo l' 1· i, ""'Y 
ul ;. • .,,,,,,,, c;,hl""""· ¡_,, ~"::<'•·•., 1,.1 ,¡, 
u,;, . .,.;,y uf o:.J,¡,,,., ¡,,. An,,).,., in 
10~19C>1 oOO 1U51·10!'.5, m¡,.<Jh·<iy: ond 
in man>~«n<nl tln,eryo •t tho 100"-'lrio.l 
C,l!•~e o! ti" Annod Fo""'· f,tt 1~-doy, 

{1, Mr:->'"• w .. ¡,;,~l.o", ll. C. ¡., IU71·!~12. 

frnm IUC.O 1<> 1?:05 ],n ""' o'""'"''"' uf tloe krhi<•l «•ff ot 
llughM Air<<Oit Cnmp•ny, ~orl.tn~ i" tho communi<Oiio", '"'"'~•· 
\ion, ""d ¡,,J¡,~ .,,;,;oy !or the ~IX-1119 '""""~! int<r<<ptor. l!t 
join..J ll•o l!.mo-l\",,,J,fri•l¡:e Guidt<l ~¡¡.,;¡, ttc~u«lo l)i,·i·iun in 
1955, ~ ¡,.,. ¡,¡, initi.J ;.,,., •t• ~ "" on <h<'1 loo]> <••i«W.\' ,¡ ,,¡ ... 
liun• nnd ,.,¡,i"f u¡H''"i""' Sl'>r< m\.1 ], (,"-' h1'<'n "ith Cho TI(\\' 
.~)•:<<ooo r:1nup, Ht'~'"J" llo·.,.h, C..Jol., ~otki<oR in u,. fie!do ul 

~oghl ""'''''";"", r..J ,;,, <"<>mmonJ on~ '""'"'¡ """'"''""'• ceo•· 
pul<r tohw.,. d<n!OJ'"""' '"d 1<11 onon•¡:tlntnt, ond pn:oj.et 
m•no¡:tn•euo, "" !""'""' ;'"'"''' .,. in l>!r<· ... o.l• <"<>rnpum 
pro¡;r••n "'"""'mrnl, "~' ,,.,,¡,.¡,," ""J ''""~•li1•<, ond <<li•~•lily 
(,,.,,.¡,,. •<>11" o;r). c"'""'h' ),,. i• • , ..... 0, ~ •• n ¡.:, •• ,,, witl. 
thc F} "'''"" De·"'"" ,.,,¡ 1 "'' .cr••io<> üpo '' 1 '""'• ~Y""'"¡.:"''""''"~ 
'"'" 1 '·""'"""'' ))¡,.;,¡.,,., T ((\\' ~} """'" liwu¡o. ltt ~,. • roouthor 
•"" ,.;:te< ,J tht f1i<ht ¡•, ,¡"'"'""" H•,Jb""k lor O.hioo.l u,,.,,. 
tiono. pro<lu<«< nnd<t """""<'tu ;\AS.\ {.'io.- \'01k: \\'~oy, ISill). 

!Ir;, • ,,.,,,,., ,,¡ ~i~m• Xi, oho ."<i•"tiloc ¡¡..,,.,h ~""i<lY o! 
No~th Al<ot'Jit·•, l'ho \("PI'' J'J,, ti" A,, .. ,¡,.,, ;\oli"MI ~"mlot<lo 
lno\itu<•, "'"\ '"n""' 1""¡,.,.,,,.¡ ,,,;.,i••· llo i• ¡;,,,.¡ ;, 1\'ho'• 
1\'ho in tloc \\'.-t •n•l "• ""!';'"' ,¡ ¡,..,¡, :->AqA"• .I¡ .. Uo .\c~i••~ 
m<nt A .. or•l ond tho .. ,,.,nouo'o ~.il<«llnoot•} A .. onl. 
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, .. · .. Mana,¡:crs need ~n undcrstanding of l1ow application softwJre 
bchavcs, what factors can be controlled and what 
factors are limi!ed by !he proccss ilself. 

'""'P';"" b¡ t.t<:n~ ""'" """11 r•••lu<­
,;,;,l r.rur<\ lr~m rwiou< projc·•· th.t 
thc¡ t~inl. "'' "'"'l.u. llo"'"'· thc.• <J.• 
"''' "-1 mi"' e~.,,,,_.. 1 1:< r~<<i« ch>J 'o'"· 
;,,;,, ol th.lt ,;,.,¡'""· "" """''" "' 
toiJI "'"'" •t•t"ll<nt; d<rit·rd [IOOI "' 

\['COi <e.diOo< Í\ J ol Írfc~ bt thc p,.;J,, "' 1 

'-' llf"'" :o ri" a '"·';.._,,_., ''''""" 
ror <•>mrk. ·"'""'' =~" "' h." lo 
butlJ' 'l"<m .,( ID<l,ll~; ·-~ur.·c ,,,,,,. 
"''"" 1 s·> ~ ro;¡_<IOO] ,, or! "" r ;~cr•<l '" 1 .• -

'11¡ " 1,000 "'"'" "'""''"" r'" m:~ 
-''"'· ~) '""'"~) ""~" 1""''''"' rr.•jcc. 
TI-c ole~d"l""'"' dl<lJI ''"" c•¡ud' 
IOfJOIHl \~fi.III:O. ~¡,¡,-;, cqL•¡, o(t;, 

ljnlrHtotn,,d¡, •"" ••r<l••""'< 
·~-""' ,¡,, 1 , '"'' 1 el• ,,_.,_¡_¡ 1'' ''' 1 "" • 

ok, <>r·<r< " ''" '"o d "r y .m.:l ¡ . .-o­
~r>ml. >u<h '" ohoo;c o(''" thon 7,'(,,1 
"'""'0 11<\ltlo1<o1•. Of tlr;" "llpl<>) ;< fl' 

r'"rlc ''"' rr~ '''""'"' 
r,., ''' t" r"•rr ""'' "' """ ''"'~ 

'"" rc<>rlc .>nd ,;," "' ""' '"'"' h '"', 
,1blc ¡·,..,¡ 1\,,,,,,_ m.onll'" "1 ,¡,. '"" 
Jf•O "r<'·"ir.g •J•I<m r"'i<ct. ¡,., d.-­
•«<bcd thi< rh<nnmcnon >O ~r·r~,.-,¡¡, 

'''·''o'·''""' ul H 11" 1~<0111< l.n.,~n d• 
11"'"''' 1.,~: 'A<I.I1n~ r<"rlc '" • •-"" 
r"'J"' """ "" '" " ~>"' :· n. ''·""" •. 
ck>r. ,\,ti" nu111l..-r of r<"rlc~n • r•o:­
,., ""'''·"" MiLhm<~odl¡. rhc """'¡," 
nf hu 011.1 n 'nrcr ·" Lion< <nCI<><" ~<rttn<[JJ· 

c•ll• \1r•r. dnJ "'"" """ mu<t lo< '1""' 
on hu""" <Oot1munic'l"'" .1nd ''" ,oJ 
Ir"''" l'""lue1i" "or>. lhconl> "·" "' 
'""~ th" '"'"""'¡"' ''<o rcdu« tf.< 

"""'~><:' ,¡ f<'••rl• ~¡,, "'~'' '"""'' "-' 
,,,,,btlo¡' ""' lh<" """ 

11'1' ,,¡,, "''" '"' '" 'h. ' 1'""""'1• ,. 
o 1 " "''' , ' "'''·"' 1 ~ .r! l1<1 • \1 " .r ,-, "'' ¡•In 
1 ""' 0 '"" ul 1 1, 1 ¡¡," L, !lo• lo' .uloj 1<'< ¡.,,_ ,¡, • 
,. ·, '"''' ,.,.,,,. ·'1'1''"''1 '" 1 .... ,Jc,' ¡, '1" ,,.,, 
'"' ~'•'" ,_,.,, ""1'""' r•·•'"''"''' 
~"lrmot """'"'/ ,¡,..,.. [_"''"' lt 1• '"'' 
'''"""·'! ¡,, -• ,.,,.,r "' r'""' '1"""'' ''' 
·"l."'''·' rr"J"'""'l "'· '·''- '""' 
"'"'" ''''""""" r~r m.rn «.U "" ·' 
,,, rll. r<l.ot" • 1' ""'rl< ¡,.,., ,, . ., -•r1''1' ·' 

'"'" ""''' ''"'"~ '"''' '·""" "'"'"'" ,.,. 
SI Plt ,.,," '"'" ••• 



'"I<M• p<r mon-¡-eor on • l.rt< roal-tomo 
¡ucm. 

Wio O 1 hi• kind of •ariolion in pro­
:uclivil¡. il i•lilll< "'ondcr lhal mi m"" 
~ ·•cd on lhc con>,.nl produ"i•ily .,. 

mplion ""' nol rdi.1blo. 

: Jm<r,RE 
:.n 

O•cr 1hel.,1 r.•c y<an '" 
ha•< "udicd oh< m•nrow­
er ... time P"'"" ofS<>· 
<ral ),und"d mcdium- lo 

( "CLE 
1• ·g<·><alc ><>ftw><< d<><lormenl pro¡«10 
of ¿iff<r<nl el a""· Th<sc proj«" •11 <>· 
hi~ lcd lh< 'O me !Jfc eycle P"l<ln-a ri1e 
in ·nanp<>w<r. • p<ak1ng •nd a U1lingoff 
(>" fig. 2). U>e of th< m•np-->~<r '""' 
, nó lh< eor '<>p<>ndinr. equ>lion >llo"'' "' 
lo< ,,<r ,,¡.,, oh e """'"" of f><Oplr r.ocded 
al ny lime r. The lime of r<•~ efforl io 
de· >1cd by 1¡1. thi> lime i> '''l el<><< to lhc 
de\ "opmcno 11m< fur the 'l"'"'· "'hich" 
'1-.o "he ,;.,,. "hon 1 he >Y""" r<'d'" fu 11 
o¡- . ational ''f" bility. Thc falling p>-<1 of 
thc '""" corrcopond> lo th< opcwiono 
anJ ""' """'"'' ph"e of 1hc >)>le m life 
C)"Ck During tl•is ph01>c lhO prir.dpol 
"'or~ i> modif.-uiot~. minor cnhan«· 
mcr and !<medial rcpair (~<ing bugs). 

Tlic dala poir-.t> >hown "" lh< lnOn· 
f'O" _ · diagra<n indicare lhat lh<re is ><al· 
ocr 0' noi>< in lhe dala und<rl)in& lh< 
pm« ·; Empir~cal "idcnoe '"f¡:<>l> lbl 
o he "· ·" componcnl rnoy be up lo ;t 21 
pe<«t.: of ohe upccl«l monpo1001 value 
durinr :he •i•ir.z r•" of lhc curve. Tht> 
1'·"1 o :he cur>e '"" <lf'Ond• to L~< d<>cl­
''; .ncr.L cffor1. 

Thc formol 1l1< <quoli"" is: 

:a f{j'd• 1 • ,-•"!¡11 

""" r' ¡,oh l)lnp<>"'cr a ony tirnc l. 
~- i> oh -.,., undcr t" ''""' onj CO!r<· 

•poco> lo !he lota: hfe cycle effurt '" 
m•c·)"""· 

1 d i> • 1< de>clopmcnl time (lime of re~~ 

''""· ,..,¡_ 
"E< •oftwarc 'Y>I<m• ond ><>me 

omoll :> >cem 10 folla'" thi• S<ncr>l ['01· 
"'"· c.ilcd 1l.c Ra)lcigh curve. 011,., 
.,n-'1 >)>l<llu. huwcv<r, >«rn In¡,,, • 

- ,. ' ·oc"ngular 111• "'"'"" 1'""'" ("e 
1 .• pr<>lrably bcc>u>c 1hc mar;po~cr 
, ,~ h dctcrmin<d o¡ '"'"'¡.cmcnt 01 

'·'• ''"""'¡ o¡.rce"""" ~lan¡· ""'" 
l> ore "tabh>h<~ 01 le>d-of-dfon 
""· lc>ding 10 r«Uo¡:ulu 
ud1n~. 

i(<<l:rngl'br m.'nlo,din~ p.lll<rl1• 
:!don• four.d rn lar-"~ projc<l•. •r~"­

y bc<tU>e mana8<f- ~a>< •o 1111\c in­
" fcd for ollc "'"' ,., n«d<J !orlo 

.¡ob 1hoo lh<) h""'" oo 'l""'r' 1ho 
iin~ p&l\<rn. R.,he :hoy 1<nJ •~ 1<· 

1" th< ""J' ,¡ th •. ,,,_ n, « .. -. 

"'' •rP'"·'<~' ,,,¡,, "' . ., 1'"' "'" "" 
·' ""''""'"'"""i'i'llc.oo nofcfl.,tt.bol 

~•<~•11 dln·t "" I<O n•~lc 'fP"'"" 
"" \<1 R11¡lcr~h """"·•-~<lin¡. 

11• ~• h•c >«n. 'h' monpowcr 
¡n olio"' u• lo d<l«min< our 

:e ·;r~-if "' lno~ "h< oot>l <ffon 
·) ¡,, dc\"duptl><r ""' (!J). Wc 

W'.P:;>.-,(R "~~•Ow[R 
¡PtCP,¡;.M»URJ 1P! OP<l· MY '' Rl 

" " 

" " 
" " . 

" 100 l,ly 
, 

IOOMY 

" " 
o o -' ' ' • ' ' ' ' • ' IIME¡TURSI li1J( IYEARSI 

,,, 1_ Tt-.e a'"um~lton )~al 50 pe o~ le lor lwoyc~rs tS ~~"ivalunl lo 33 peopie lor 
l~r~e yta:s lumed oul nollo be val•d lor latge-scal~ soll.var" deve'opmenl. 

. 
'''".POWEn CU.,UlAIIVE HfOtn 

IP<O"l!·<.<Y!UR) IMY) 

' ----/--

~t .. ~~ ,----- ' 
--%.,_ 

'u ''"' \ 
,, TI'-'-[ 

F<(l 2. T ·e cut·ocs dci.ned by 11•'" equa1>0n. cr,g.n:l, ~pn;,~d IJ) Lo:d !1~,-:e-~;~ 
1escnb1 attwr scicnl,l•c pt-.eno.rcna. Mve !)~un lou~d lo¡,¡ reason11bl)l ••tellt-.e 
m~~powcr pa\lctn al soflw,nu rlcYelo~mcnt. ullcast w.tl1:n the ··.,o.sa·· ol lhe 
<Jala pcin~s (le!lhand curve) 

can fond K and fJ once"' \.now o hect· 
rc<led •izc of ohc 'l"""· but frm "' 
mull ob"in lhe b<$1 e>l1mal< of lh< •1•· 
10m,;,._ o nd el o il !><foro dC'clO¡>fl•<nl be· 
¡•m. 

Bdorc "' bc8in 1<1 ,;;e o he ')"<m. 
~r <hould docidc ~h-" "'" rr-•11• "'"ant 

¡,.,. ·' ,;111>~ ""'""'~··· 00<-i(l,·lly "'' 
"",_¡ "" "" """ of 1~< "!'<<l<d n-,mbcr 
of >OUr« ""l<m<nt>. \\"e uoo "'""' ,.,,.. 
'""" raLhrr o han ma.l•ioc I"'J"u.rfe in· 
'''"ctior.> t-·:c.'"" Lhc¡ are ~h.IL ¡•.opl< 
• ,¡,. and ~.ul p<:Ople <>n m<>ll <.-il. re­
''" lo. P<o'i< h»e >ome inlu>ti~n for rh< 
'"' '" 'ou· < ""'m<nl<. "]""·"lo~" 
mJ<l.ln< 1.• ·u-•gc '"¡"'"'" rcquim 111 
""""•in "'"'ion "hich int~,>du,;s 
•<" 1.11onol l'""btlili" ¡.,, error. 

l '" ••h< '""' ;, 1 he ne<J lu< un "'·· 
rn.>t< .,f Lhr "'""'""·'" lo! run¡el .. r "" 
'" "e •1•1· """' ""''''"'- He ""' «1••· 
IJ "<limO!< 11""' "' ''' f•'"l"' Lhe tl'f. 
'" <iotcJ• hour"'""''''"'"""I<>LI· 
m.m- '"''" ""8 <><f) m>n>f<l ,~oold 
h.- <. ll •l<o l><lffiil> v· lo S'"'"""'' 
" n>JI<> ¡,, e<>< l. >cht• le. •' nd '"·' npo~ 

- ' -

<r-inform>Lion •;,e """ h.cd l>Cfore. 
Al 1<>>1 lh«c dirfcrcn• <>lim>le> 

shou Id be m.1 do be foro d<'<lop:nenl of thc 
'Y''"" l'<tlll>. Thcy >hou Id be m>ú' ooce 
du, in~ Lhc >}>le"" defrnll ion ph»; 'oC >l ¡.,, o~i« durin~ lh< function>l du;gn 
>n<l >1'C<ificall.>n< ph»<. 

.~ 1 o:c L !,_,., onc '" irn"c sl,ould k 
m>d< b«'"" bcn<r and bc11cc d31> are 
o.·oil1bk "~• ~o frorn <><1) ·~ '"'"' def­
imLion in~ o 1 be funCIIO'··' 1 dc11¡:n p~>><- A 
1''-'' 'L the >; "' '" hfc <~de ( Flf l) hclpo 
u, úcidc ~t.en the" """'"" can be 
m> de. 

fHSI31LITY 
S!l!~iG 

!Juring th< ,_,,¡~ •)Wm> 
dcr.nuron pl-1>e 'O<d 
bto•d <>lim. ,, < •he ul-
tln"lc •)•l<r ""·"•••1· 

"1'"""' lime 111nl ""1 "' lh•t ~e' o <1· 

~-~li•k ~-"k ""'""'"'" l<•<o •lhl) ' ''"' 
r-•lnt ~r ho>c ,,., ¡,.,,¡ o\.on' ~JOI o• ,.. 

'''" ,., '" ''" ,Jcri·•~ \oc···'"'' 11 .• •'-' 
··•rl¡- "" rlni¡ ~ h•• IK«• <h>no. T~«<· 
f, r.nl\ ~e r<-11 '""do¡,"'·'"'" rnld-
1.¡ o\ ~U<»"" Le J¡r foo"l~f •l( >110 (11 L~C 



( 

>)'l<rn. b"cd ''" ~h>! ~e\·c <Ion< in'"' 
1'·"' ''"d "¡,,11 lllllc ~' d" In"" obo>L<I it 
Ir "' lcl a <qual 11" 1~"''" l'""bk 
numb<r uf >du<(c ""'"""'' ,1r,d kt h 
'~"·'' ,¡,, l1i¡'l.<IL po"ihlc 'lUillb<t of 
>OUtcc ''·"""''""·"''can oi<Lcmino lhc 
c•r<<:<d ''" •"11 ih ,.,nd>rd d_.;.,ion 
loor uoe<ol,,""''>ll•¡ U'lnr. 11" L1~> oi;L3· 
,;,,., ""1 r•ob•bol11). 

\_e\ u; »>un>< 1h.11 "' .110 1"~ 
""" intn <he >)•O<m• ddm111nn of" 

I.Hf<·•c.llc ""'"'"" '""""' •J<1<m c.dl­
<d "''· !lJ,.d .,· 1"~ <•r<r'><n<:< ,ond 
•h•l "'\no" oboul lhi> 1)\l<m al thi> 

• "'''"'· "' ,·.irh< r"'""''l' '"'"'"''" 1<> "' 
l><L"'"" 5U.U0!l.lnd 1 .10,000 IOUe<;c •~>'<· 
m< na. l hint. our >IJ\i>lic> 1 c~ullinn>. "'' 
knu• 11>.11 ¡loe "r" 1 cd '"' mi•< r of "'"reo 

''·'""""" i<: ';S • l~ +Mil ~ 190.C,]Q/! ~ 
~·.ooo 

'!he''·'"" ,,J ""'·••ion ¡,-
oSS • lb - alfó ~ 90.000/b • 

1 ~-1000 
1 "' e,p.md ,;¡e;,. 

q_<_O<IO "' 1.<.000 
D1 ··r-r•<<lrd"" ""'i<tki>o> m<>n 

th.11 ti"'',. ,1 f<' l•~ ch.oncc< <'U 1 ni 11\P ( h.ot 
th< ""'',;,,loe> •ithin o>n< >Um\Jrd 

d,,;,,; .. , .. r th< ""'"- ; , __ t>c'""" 
'll.l~lll ·""1 II<IJ"'Il """'' ,,_,,.,,. . .,, 
lh<'l< .,,,. ,,,, ,-1, ,,,,-, ""' "' 1'"''"" 1~< 

" "' ,, "" 1 ·' 11 ' " " 1 " " ' '" ... ' '·' "' '·" ,¡ ,¡,., '·' . 
"•>n• ,.¡ th<' ""·"'- .,. 1~-t~,-.,, '11.t~XI 
.11111 IJII_t>tMI '"'""' •1.11<'111\nt• .wd Ir" 
th.•n ""<',h . .,,. e th,<l " l•r• """'"' tll<'-< 

'"""' 1\'hilr ,¡,;, "'"h,>-1 or•ulh '" ~h.n 

""'" '" l>< ·' '"''""'"""fl) '"~' ''"''· 
11 ¡, imf''"'"' Id und<t•IJnd th•t <t ">< 

r"""'"" ,,,,¡¡,..., ~••:: ~''-~- 1:;, '"' ~!!~~~- '''"1 
role ll•ndlor• 1~- JOO<>O ;OOC(( 42SOO 7;1)() 
Utiluio. ;ooo tóO•J!J 2MJ(to 1\167 J;oo 
SJ'""' i'<nCI 111100 lMIHJ 5UI){JO Jllll lolll 

To<>l 01000 lll-:12 

''"''' ,, '"''" d '" """'" "·"' '"~,--;; ''·" "~"'""' ,,, '"" 1 pi\~~ • ., PIOvldt•d 111e ""ni:~; l. r.ooot ltk ely, '"'-¡ : '' ¡;~>1 cst"'"'t"s (a"crage ,r 
l~<lrn) ot the ttutr.t>ct ol souce staterncnts "' <'Mn ,-.,ro~ystcm rr.xn "aOI'l 
rang" IM e>rwcled volue and ,:o >lolntJJfd rlC<'I"IIOII W<iS cnlcttlaled 

f<>,J a\~< <•n do" <ili< time, cun<idcr­
,,~ LhJL ~< h"" .1l1no<1 no >UIId inf"'tn'· 
tiun ;bout rhc •)•l<m "' ~>nt lo build. 
MJna~<fl "-hO in>i" on ¡•ctrio~ \'"'" «­
Lim.ll<> lll><.tnif'¡' "'"lltr '·'"~" '" '"" 
.lb>olul(" nun¡!lcr>) mu<( lc>rn ln!IO>d to 
~ ~rl ""h >• "'f" of 1~-< qu' OltiÍO. ; nd .1 

""·""" ,r ,~., ···•"·'b'l''l .. r th< <tl'-'""­
t;,,_ t<. ti" •tJto.J:ord ~<>iJtion_ 

1 hi• ¡, '" im p<wt '"' rl'-il<»o[ll>i-.1 
pnint b" "'" 1 L '"'' "' Lh" onl) ., « 11.1in 
l<<rl <>f ""-"'"'' ,,n~ rr«iliM" f"'"'blo 
.11 thi, '''f' Jnd .11! di~'" todo ktrcr '" 
fu11k "' ,\oi•t~rlc ~<01<, ""ft l•tk n\Jrk 

.. r ·"' ;,,,, 1" , cd "'"'" , o "" "' ;,r"J """ 
ti•< d<¡r<,. nf r><<i>i•>o ~hi<h th< "·""" 
,.¡ thc '"""'' .>drnih an.t MI ru •«1 c•­
,,,1,.,., "'"'" '"11, ·'" ·'l'l""'"'"''''" .. r 
,,,. ""'" ¡, !"'"'"'' .. 

-\• ,.,. ""'""'" !Oiol 1\oc 1•1< , ;de 
·' '"11, ·"" '""' , .. 1 ¡,,,.., 11•< fmul '' """· 1 hr 

''-"''"" ""''"'"' ·'"" ""'""'·""t) ",,_ 
~uml 1 hu,. o• "' ·'f'P"'·" h lloe •tMt uf 
.J,·t .ulcd tlr••r n. ", "·'" " <1"' < '"' r r ;,, lo 
'·"'!"'' !h.ll ·"'' "'"""·-•ni '"k ~lllhn 
th< (Ímoh o<\ Cnfitoc<Un~ >C<'U<dC) 10 <~h­
« ¡,,..n,h<> of th< <nfin«rinf art. Wc 

2-2-3 

.ochic<e 11,, rn<tlt b¡ ¡,,,~\in¡ tite <)llcm 
in <o pi.-cr< ond C\IÍmJtin~ '~' pi«« >Cf'l· 
,.rcl¡. Thcn "' oombin< lb< ric«s L¡ 
"''·"" .,f ""' '~"·"ion>. lettic.g Lh< "" ;,. 
tIC> uf ·'H"f·'''O•I red u« nu r un<ort>in· ,, 

T,,. a«l r he bcrinninr- of ¡,, ""'""" 
"1 d"irn. "' ,li<Htld l""" "hot lite o> ajo< 
-ob•)'lem< will be. At rhi· )'<'inl, thc 
mcml«" ,,¡ th< projw to:Hn ~ho ha« 
•or\r.l ''" l(,e ""''"" olcr.n11ion <hould 
"'"""" 1 he,;" <>f <a<h of th< nujor sub­
>)>tcm•" lolln•>-

1 " u he tl1c ""'"''' P•""bl< <i;< 
lin '"'"" ,,_,,.,,..,,¡, 

l ct "' 1:>< thc "'"'' hlcl¡ ,;,. 
1 <'1 h be thr l.tt¡'"' l~"'ihlc "" 
11«· ''"'''~"ni tiiC"' <'•111"-'"' [¡>! 

"" "' dt.·<l, u lklplu 1'""'"~ uf n· 
1'"''' "'"lt<O ·1.,11" '"'' tlurro·oi1Lol>n' 
"' l.tl•k 1 

f'."""'"'"·'IIJ. "' mo~IH "'"' 
rh,>r ' < """ 1111, •ufh ,¡,¡, p'<>:<d" r< "''~ 
•O<'t,t\ !'""P' <>1 1)11'"" '"''""" .1nJ 
1 ho\ H< ~u''·' , '"''.r "" ,,¡,¡, ">tO ·,. , 11 o,L 

•••1• '" "' '"!'"'"" -''< «lu~l• "' ro ~··• 
'•in~l; '"'""'",¡>in,\',"!,,"~~")'" 



lorwl Lo do'"· '"'l •ill b"' ir on oh< 
hifh >id e_ Th<) rrdu lo!"' a nn~< of 

'''"'· b<cou•< ohel con""'' ohi, ""f' » 
l•rr' "' ,,, "n.rll "rhq rrecd Lo.del'cnoJ­
inl' un "h.rl Lh<) loo~ .rbout the l)>lem 
ol Lhc Limo. I'I)ChOI<O~rc•ll¡. ti"ng • 
""~' i• OOL .r Lhrc.rocnrn¡ comm>Lmcno. 

fho "" "" L<> for Ll>c Lhrcc >U b>}>­
""" in s.- L rc>uhcJ in a broad ""f' of 
f>(l»iblc ,;,.,,:--:oLe thJI ohe di,,,bul•on 
;, '''"'don o he high rtde m <.r<h '"''· 
Th<> bi,t< "r¡picol of ohe bel> di\1!1bu­
tion. lloe <horJeLcti>li<> of "hich .,, u>ed 
in •L~l e>Lrm,in~. Thc o•Ln ,.,hoiq"e 
h" b"n u>cd '"'""full¡ rn olhc< f~<ldl 
fm mure than 1 S)"" •nd "' •dopled" 
~ere in ordcr 10 r,.~ thc ""'"11 >¡mm 
silC ""t' ond é.i>LrrOut;on. 

l. bp;, 1cd •al"'- i\n «Limare of 
\he "1'""'¿ •oluc of o beu dimibu>ion 

'" 1.';- lil + '"' + 1·)/6 
n.;, formol; •imrll bi"" •he r<iuh"" 
Lhat ohc <>rcctcd •;rluc f>ll< on r~e <ido 
abooL "hich ~• """""e unccrroin. The 
<>¡><<L•d 10luc lar c•dr '"b')'"'"' ir 
liiltd in tho founh column. Thcn o be o•<r· 
>11 «r«rcd ,.luc "jull tho sum of thc 
iodr>irlu rl opo<Led valuCI. 

2- SranJord dcdarion_ An .,,¡_ 
m> lo nf Lhc iland"J Ce•i,o:cn of an) dr>­
uibuoi"n (ioclud.,·g H.c llml "'·')' be 
found b¡ d!'t~rn~ Lhc r;o¡c ""hin "hich 
99'l of ¡f,e >aloe> are ¡,~d) lo oecur b¡ 

"" ol-lb-al/6 
The "and>rd dni>Lion of e .eh iub<)<tcm 
Í< <ho"n in 1h< f1hh column_ Thc o< oral\ 
>l.rn•brd eo,.;,,,ion ;, ,¡,, •q""' I!>OL of 
rilo '""' ol Lhc '4""" ,¡f ohc in~r>idual 
"""""d d<>ialion<. Thi• .,¡,, \urn< ou\ 
tn be m u eh <m>llcr rh.1n ono would f"'" 
b¡ ju11 l,ak"'~· .n thc t1Liit~·rdual '·"'~"­
lhc «»"" io rh>t <o"'' o<Lu>l >al u<> "'11 
k lo"" rh>n <>['<<I<Ó and '"~"' ~>ill be 
hi~l1cr, Su, h ,.,,m\ rom '·'"'el ro< h oll"r 
LO \Oto\0 C>LenL. 

,\\ 11,;, rh><< \lo< rc;u\1> for S.H 

"''" 

'''1" ~ ... ,¡ '""'""' ""''" l'h'"' ,---
f 1 """'"" ~"''""' 
, \1oint>rncd >b J 5_ 

' SCJ«h ~)71_ 

' 
1 

R''"" .liW_ 
S\JLU> 8)0. 
11<0"" l!n. 
p, ¡,, 1 ~) 1 

t '" ''"' ~.~ J _, 
In.-,,,,¡"~ \\,~ ,,_,, 
~" \l,<n Q \; _, 

~~- \1¡'1 ,, '1~· 
1 -,,.,,, l'r•>< 

·'', 1 

'"'·" --- ---··-

E>rc<"'l "'""SS • 91.000 
Sr.ndArd dc-iaoion:~ • 10.411 
6~'l ran¡c. 81.17! 10 101,4ll 
9~~ ""1'<. bO.JH Lo IB.CM 
Thc chane«'" frfl)·f•fl) lh>L rhc 

•c•ual -.luc ~•11 lurn ouo 10 be <rlh<f 
rrc.1L<r lh•n or lm rh•n 9l.'JilU 0ouJe< 

"·"""'"\' In coch ''" ohe chane< Lhao 
lh< uiBmal< ,;,. ,.¡11 be in oho ""'' 
>ho"n i< ~uohfocd b¡ lh< pro•·i•o oh>l oh< 
onpuL Cllim.H<I d11 noo ch>nge N"« rha~ 
"eh><< rdu<cd ti« """'"in1y •isn•rr.· 
CAnll)-frOm IHlOO 10 \0.4J:--i\m~l) 
by lno~ing <nou~h about thc '"""'LO 
d!'idc 11 into oltrce major <ub<);L<rm_ 

Whcn ohc f•Jne<ion•l 
d«ifn " J loiLI< "'01' 
1hon holfcomplcoc, a fL-

FU!!CTIO!:At 
DfSIGH 
PHASE nal iO>tilmenl d«i<ion 
mu>l k m.< de, " ull ·~ J "" nntr· ~ plan, 
a lo fe ·<)'<le co<l J ,.d ' mr le <loo< '< 11eCu le. 
,\\ rhii Lime 11>< prdJmrn.r¡ >pc<ilic>lion 
••d >)>IOtn de" E" i< neaJI)' compl<1cd o< 
"'¡.,, '""on.•bly "''11 •l<flncd S¡ltom 
a nalj lt< .rnd eoginc<r,hould no~ be , ble 
10 brul. ohc >)<l<m d""n inoo ;,, m•jo< 
funcoioo< and hJ\t a fwly gwd ideo of 
rhc "" rongo .,¡ ,,.¡, one. 

Now "-< oimpl) rcpe>l Lh< lt•li<ll· 
cal 1""'"' wc ha" ,Jc,"ibed, U>ing <he 
I,Hl'" 1\UtnbOJ ,¡ drffcrenl funCLion> In 
cffcll, bre>l.inl lh< sy\lem down rnto 
more funcoion> cn>blei "' 10 reduce rhe 
unccr ¡,,in o y in "" r ""'"'" 'r.d Lu "h~ain 
"b<\lct c;oi,n .• rc or rhc orwcd ,; .. _ 

rhc r<>ull> ,.¡,h lh< ~,..,., 

numb<r of funwon< no" ""I.Lbk aro 
'"u" n in l.rbl< ). Al 1 he Lime u[ 1 hi< ,, n•l­
)'" Lh< r•<•i«'t L<am ~'d """ "O< l.ing un 
thc >)>l<m obou\ n ~••1.<. ;nd obc lq 
t<>ulh ""' 

[•pwcd "lu< SS- '!8.-11.1 
Staod.r •d o.,·,.uion; ~ ~ 7 ,Oi 1 
~K'k ranfe' 91.)q4 lo 10S.~S6 
99'1 ron~<: Jl.JJj LO 1 I~.Jjij 
S""'l rrorcn•<> of ,¡,, .ucco<· 

,¡,o •<!< of d>l> m>} k noocd, l he "' 
pwcd ~aluo of thc •i« "·" ""'"inod 

[loLJ; l~·hll-79 

\lo>< 1 •I•IJ '~'•"' r'"''"" ~Id 1 "' 
13_1 J 5. IM•l). 1 _146 l. lhl~-

~%~. 1 _112)' 9109. 1 ])~. 
)~91, ~~LL<) 4 ~~~- '!~O 

14~S- C9H 1)79. )4b. 
,o,:. >-lSO 4J~9- IOhl 
~411. (, ll.l, CK9l. J~ 1 ' 

1 Ul•l). 1 1·2)0 IU?l~. 1 )ó l. 
~o,,:_ 171)0. 990)_ ¡Q~J. 

14o!S. ;;[1('10 1 \9/Q, _ll04 
111\L<L _¡,, :_<11 \ lo!) 1 ·1 '1'1 '· 
~91 _\_ 14fi'\ 001~1 1 4 ~~ 

?XH_I, lLI", ... ·---·· 
1 ;ohlu 2 Moo lw:oy illlni"IIL 11 ~~ ftJ•LI lo~l<\.11 <I•'C<•¡n ¡riL,1SI' <)1 '•'VI . 11 11' I"OJ''C 1 lc·.11Ll 
h,1¡j <'M~U'' ol\l<l""ai,om lfl lrt o•,1k o"l 1 1 l11nci•OOS i\1 111LS ¡,.,el Ol <ld.!ol IIW 
uncc•r1;11ntv t:.1,1<1o~.11r1 ,,,,.,,,,,~,) "·" ""'""'llo l"so 111,10 hO'IIh.11 ullllC 111·.1 
s.•l ni "s:•·n.l~·:< 1/oro•'>v•·r. ,,¡ nlL(>ttl ! 1 "ttt.o·nllll<• w•et·<I.Linly '" t\U wo• ,,. 
"'"" ¡¡,,ll el'"·'~' uil"'' ''"!1'""''''"9 ,,¡,,., 

">Lhin une ,L, nd.r rd do>i.LL ¡,.n of ll,e rrc­
' LOU< '"'m"", 1 ~< <i« of rOe >L;nJard 
dc•i.r11on h;¡ ,,.,,<lrl) dcchncd ~from 
1\.0111) LO 10 ~lC. ond M <he lhttd iL<"· 
Lron to l_Q~L In ;dcioH<>n. ~ha\'"') te 
<JIIcd our """""'"') """ (">nd.<'d 
do>¡_,,,," d" uJtd ~\ >OUI<C '"le me"''· or 
o~5/!>S) h.l' drop¡xd lrotJL 16':; ro 7'>. 

\lo«o>cr, ohc "'"1" of •rrl)i"~ 
¡h;, <iJin~ led,ni~uc ro""-- from e>rl¡ 
'l'""" dcf,otti<'" lhr<>c¡h funcLr,n.tl dc­
"f" ph;<O--"-CI< i;mi)>J \O I}UI <'J'<· 
rien<<> "ilh pour< of an>l)<l! on Olh« 
prujc<" o 
(1 ¡,.,JO rlre Ji"'"' a"''",¡¡/,,<( nrlt· 
e/.,, f•« l ~.11 ~rl""' rn lhJ 0../o~n 

"""·) 

Arm; 1.11 
HE.(IE 
and (he 

ANN FITZSIMMONS 

" 

1 
t.ls. Frllsonmons 

· ,-....,' '" v•c" Dll'S•dcnt 
1 ). of OJanl•lal.v" 
·i.) (~ ' Soll.-.·a<e 
\ .)._! .. 

1
, ~· ... naoemenl, lile. 

, ~-·- '. • ol f,\cl •·nn, ''l' Wg'"'·' S.Oe MS ·- Y j' des'\lnc<l ar>d 
_J i" d•,•vPioped ¡¡,,. 

comp<M• ,,,,t-•·<J ~tnp!cmenlo<,on ol 
lt•e SOIIN'"~ ~sl•moi•~(l syslem 
O'~<luCc<l "'' o~,. UdOte ¡oon"'ll 
o~·.•. 1-~s r,¡,.,omons w,~> a 
tf'SPJJCil slall mcmbcr ni General 
[H;clr•;; 1 lolormal•on Systcms 
l'<o¡r~ms. "~·"'e s•w w.t< 
r.JSr•on~Lt>i•" lor "'""'<JCil p·opJCis 
,.,.,esl'(l-ll•nglh<· """ and •mp"cl 
<o! mMo~n nroor.l<••n•n9 p!actoees 

'""' "'·""º'"'"'"! meiiHLd< on 
,.n!lw.Hu ,j''"'l<lf•ll·•·nl p<OjeLI'' 
lhrntLOILnu! ·~ !~< f•ll<Lrnrnnw; 

"'' <'•w•l '"'' d··~<o·c '" 
tn,Lii,•JL\.IIoCO illllLL !"" IIJ"v Ol 
N;>rttL C,1t1 •lotr,r 
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by lJw~ence H. PtitnJm ami 
Ann Fitz>;•nr\\ons 
· "-~--' o~' ;,no.v ~ow lcng <1 >olho~rr• 

~-~.~" ~-r ~~"'· olna liOw muero •l ~·~~ 
::;:'- •,-,$ nas"''-'-~~~.,.~~ f'l'>~O on 
~~~ :',•~·' "T<-• •S> .. t" -n :n,. r ',¡ cllrlto'•" 
_,,.:. < ."" s;r:.ur.• .-<:•""·'1"<) f-'1•\ 1 
.:.•<:: :-~,, :",• :--~t· •'"'" -•~•o,- ,,¡,•n 
_.,.p ·,-,.,~ :.• •l• :o·rmol ,. l!h" >cl•c,J·,J'•: 

.,._, .,., 1.-. •ll'•···~·-""' ,.·11-h\1•' 
,., •:-r~ ,., .. ~·~wr•t·~·-.." We ""·'·HU 

,,.,., __ 1•·"' 1 ~"-" ·"''"•'""'''~ ·""' ,,,¡y 
:• ,.,. ¡-,,. .. _¡ TI:•< >• .,,., ~· ·"'-•"leS =~•11· 
1· ,,.,,._,:.: ._,._, •• , ""·' 10 nronq rt~ '-'_.,.,. 
,,., .. _; o• -",1""-1\•'"1 "·'''•"""''"n ~"'' 
~·e o" e: : ~-,¡,~, "''"·" re~''-'.-,·"-'''' l•n.IS 

liow to con ver! an es!hnale of sys!em sizc into reasonable 
estimJ!cs of tirnc, eflo~t, and cost. 

L"SI moni.O ,,e r!~seoC~o ~cw ro 
O\' ·.•·n r¡oo.J <' ¡,,..,~l~s el th~ s•:e e: t~e 
s.-,:~m-D~Icr~ ccverc~rr.,·n: t~·:•"S 

T¡,S '"C"I~ \W snow :oaw lO cur;verl 
1-0·s ~•! "'':e ol Sol~ onto ~~¡..,.,,:es el 
\.n•¿_ t~Orl, JnJ :~'1 

floae " .1 lun~""""'-11 ocl,r•""''"l' on 

'''""·"' •kh·l"r•·nr """'"'" ¡¡,.. """'''' 
•1 '"""'' ''""'"•""" In ',, '-"''''" ,.,J 1 1« 

,·rO,IU. ~,-,.·l.<;><n<nt tom,· . . 1 n~ th< ,¡ "< ,ol 
,,,¡,,,,1 .. ¡·~ 1-<110!' .<l'l'lo,-•1 ''' 11« 1''"''''' 
1 '"' o.-1.111•""'"~ "', ,¡,,·uo , ... ,¡¡,, t ·"" 
l'oun.om p.mh lrum rh•""" .lnol rml; 
1 "''" • n ,·mror '' 1 1 1; • M .1 '"0,1 ·'"' '·' 1 L•,-.J• 
•" 1'"''1"""" J.OI-'- 111< '4""'"'" llo.OI 
~,-,<r.b<o '~'' "'-''"'"'h'~ h 

s, =e, !."'" ,, .. , 
' 

S,;, •h< """'""' ,,f <nd pt<XIu.:t >Oor« 
l<n" o>f u'<!< Jch«t<d 

¡.; ;, lh< lolo• cl<'l< dlo\fl 10 mJI<·~<I"-
1 ,;, lh< ,,,,,•,,rm<"-' 1111" . .on4 

( ·, ;, ·' ,, ,,, "' ,,, ''""~'~) •"""''-'"' 
¡·; 1. r ''"'" , .o r "·""·'"' ,. ,. , ·'1"" ,oi 

'"" '4"·'""" 11, 11'' < '"~"""'J J,-, d' 
"'''"""' "''" ,,,¡ '" ¡,¡, ,- •• !.- '"·''' 
11.1 ,., 1111> '' ,,,, ,,.,., tl'l> .. ",,.,:.. 11" 

• o 1 '" "'-" '"" th-' r • 1>.1 r -"' " ·.c···l f ~-' • • _. · 
'-'''""'1"" ""rr••"'""'"~ ~' • '' •f. ''" 
1"«'""'"' 

• -In ~"•! 1 Ehc ~Jiltt lonc l•~d,~ 

'~"'"''"1 "''"'"' 11-< m'""""'''"''·' 



'"~ , "·'""" ", ,, ,, . ._," '"" ''" .1 · r• ·"1" '" 
'"'1"'1·'"' ''·'~'""'' P·'"'P'"~ '11'1 " "1 
~· ,,., "~· """"'' ,, 1' ,,,., "''" , ...... . 
_,. ''1' """ 1'·"""'"1 >'1 ,,._,' -••·' ''·"j<l<ln• 

'"''' """'"'"' ... 4''" '""" ""'-' ,,, 
""" >\•1"-~1 >JC 1U.IU!d"f'l>f >H'~1_1<" 

~"~ 1""' ""' '''"·' ·'•11 1~ ,,.,, 

;"'"' ·"1' '""'"-'1·'1' 
'~ or ~•11 .,,,w,·n·.l ·'"~' "" ''"''' 
:.o~<,. 11'~" ""JI> pur '""' r-''·'''' 
·» •4' J" '·'"'""'·' ·'" '1 ~"" -1_\\ 

'"e>i-uo"LU L i't J<> U~JJ.' P·'""""' 
~"~ , ... ,, ""1" """ UIO.>Jouo<u ,,,._, ... 

'~J 100'1 <..r•c• ''''' i¡Jri''"'S '"''-"""' 
~ ;; J•' L'l',IJ•' <UY"'''''I·"·'? r ~1!" <Ir>\ 
(~-~ >~ rrnn" >IUoiUOOWO~LW J~l ">:l< "~1 
1 \' '1 >:iu<';' Jnu O? "'"';,,.., 1nJ"' 1"" '•u• 

'"''" """1 ,,., ''"·'"'·'"''' "'"'" omi·Li 
ur~L "-'1 .•q 11'" "" -'~' 1<~1 \tt:•qrq.JJJ 
'~1 r ur~t "'1" '"~1 ~ou1 ·'" ''"'1 it 
·•jlqt·qo'! "l' ~"".l "'!' Jn '·'"''' r'~'" 
r JO)'' PI"~" lllO)J' Ju.>wJ~I-'"1' wnuo 
·<><IU pu<) >¡np;~>< >W" wnUI!UHU >~1 

Ir~" '·" o•¡ r ""' '~ 1 >1<1 r 1 w~• .1 
'1"1"'1 " "" '' '~' "'~ ~' '"'' <•L " • "·''""lo 

·I>•>P """'JO> Ul "~' op ~~ (1'" i1uo >~L 
""' "'""' ,.~ \u o,. ,_,r.,,d < u~~"'l'~" 
>¡Jo>d 1" """'"" >~1 """1 01" "'·'1'1"'" 
«~1 'IP""'1 01 (o,. >uo -~~~" '"""P 
·<Ud ~O w>d> ~u•>q "'1 pue >•>1 puo "~IL 
·<,UO\U<U•lO ltnUO;¡ un IU>cl< ,ioJo.<q 'W!I 

"""¡ pco ""'·'"' "1"'" '"ll~'!l'...,r.>O­
~~·i<Í-1<·'~..,. '1'"\.U""'--"'-'> J<>'""' " ' ., ' 
·~~'"""' .... ""'-'--""' ,,,;~.' '"' ~·""·.(\ -<>:> ~' ct=;:~->--,.....,.-4_ ~'-"lU-t>\'__,¡'~ . ..J 
., ... ~~ )O JO) UOW;J ¡t>olOI<" 

''·~' '""~o11 '""" 'Fm '"" ''"' ""1 ¡;<•-,lf>l'" '"11 \JJJ<UTL" .(C;'\IJ l'[ 

• \J 1' '!'''~ "'•'d n n! 11~ ~ \<01 '4 1' 'l'•?>:F' 
>'jl <IOJC:c,; '"JI 'I¡><1>WU.) 'Á>UMJ 

JO J1100Wt 'lq'"~<-UOl o"" no'" 
''"'" >lU'.C :JU11e1 '>jlll"~'' JeO 'CjlJ Ut> 
'•·)1 lt'!1 >>l<t< "'"1 <14\ '(ii<>!>T!J 'lU>W 
·00f"'? lJ r "\)N Ul "'<1 JJO·>prll >~l '!'1 \ 
lito>. \1 ''"';.u"" \C o1 1>''Jl' '"" »np>o 
0JCO >~ 'qo( >41 Op Gl <J[lÍ 0~1 )jtl >~ 
JI 'l> •> ~OH . .,<> ¡ -~t'Ul 1'( lO<><¡ • J~ IJOJJ> 
1u>W~op<>r ~•!l'"oJ<woo e~"~ '<ro.•i 
,-¡ Aj>t0'.l)f>QJ~JO <1 (<jUlW>l'l< "JOOI 

üt""i6) "" p>m~•> >41 1• """'' 
>>;1 JO 1 uowdo¡ > ''~ ;OJ ""' 1 '.U"'"!"'"' "1 1 

"'' "' uo; '" '>jq"' l'lll UlOlJ 
> '-'"' UO! Lnqu li!P l>l> ><;;Jo >!U!od l~>lOJ 

·jl p "'.J JO J <01J t C>>< >014\ llU,>Jd 1 >jq 

· 'l UJ>ll Ü '"1' '"1 '" ll l<J>WJOj>"P puc 
\lOJJ' \U >:JJ~OjO <>~ JnC, 10 J UQoJ>J >jq'5<lj 
< 4"1q0l<> 0) 1 ··!~ UO U~O~I 4dni 0'11 

put "'"'"" '"ll "" ~ou 11'" >,\\ """" 
·>t<l> >>'no< I~Ol '""'-'"Jo <0~ 'l!t"i~ 

>q 01 "" o:;t ~"""'"" pq puf """'' 
><¡1 JO ui!"~ 1<0011>00) >Líl OlU! <1'>~ 

<:1 "'~ "''''"' '>¡dw<» ""'u¡ l.ws 
P>li'> W>l>il r ;o¡ 

umdOlJh3o 
l!Ol fiOI~Jl! 
3la1SV3J V 

W>¡qoJO óo"tUJil" 
pjlO~ 

,. 
1<" "p>q!""P 
4lUOUJ l>q 

'IU>UJ~Oi">P 0\IIOOl>\Uo '>UII 
·UO 0u!<n lUOWUOl!IUl lU>UdOj>l>p IJC 

>~1 ¡o "'" '~"'" ue """"~" !orao 1 1 
1 ·i•.l U) p>tn '"1" 

1
.) >U uonu 

·!• tJJO "' "!'11'" <mlu•d "1' w !' '"1 '"" 
-llSUO> >1•nb uoou:>J p¡no41 10•1 •UO> 0011 
-,,ro,~ 1><J •• iuo1oo1 \q """"""'' 
·lO,¡, l01 ;jht> p>l(.l~'l" >q u0, >"1"·' 
"41 «>¡><¡ll><>OJ 'p<XJJ<l>pun 11>~ lOU 
,¡ ""''"'dWl '"'<!" '"~1 put .,·,ouod 
·WOO ><>;1 JO UO!lCOU! \U>P! >!O r"q <lUJU 
·odUIO) [<OPOA>¡JOI '" LUOlJ >UIIU;>l'? 01 
tjn>~J'P" 1) '1'~.'1\ ·<Jo»< 1 "~lO .!uowt 
''"!:P"'-" '""''~oi"'P >41 JO (\ljoq<¡><<t 

>~ 1 pu< ·¡ 4 mq '""'' '"'""'"1' •·'P '"'" 
•l>\UI '>UOj•UO)lUlWUO)LWJ \U>Uod01><>p 

>;1 ·p,n >\l<n.lut¡ >~1 '''""'"'~ iu•w 
·WOJhJd til>pow JO 0\0 llil ;¡; P>Uiti!lll 

->~ >Q 11''· '01 '< I>U '1 W>L\ 11 < 01 O u 1 \¡d 
-dt ~! U0!10JIUo.iJ~ UO .('iOjOU<¡)JI JO >1<1< 

'4' """"d.11 '~~"""' puro->q 11'" "" 
"1'·' >lOjOiqO J1>41 1"1" I>UolUll\>~ li!"l 

·tnb> >ql "! '"1'' '.:>"U •~1""""'~ 
>jiU!< t "!41!" m.•IOJ~ '"'"iriP JOJ "·''·' 

puu '""''"'"''''" t•ow "'' "II'P 11'" 
""1" >1°10"l0 >ql ""'"l•i• 11' '0.J ll~JP 
F"" '"-"'' '>t!; "" ~•-';¡ dt,•uNll'i" 1 ruo~¡ 
-)UOJ l<¡l '"O<¡< 4~'·¡;1 '1011 ·11!4 \\ 

'<;.>]tl.'< W~J) 
P'P"'> P"' P'"'"'P" 1-e.w ,,.q, w,.¡, 
ouo¡<pum "''" e n1 '"1~~' 1"!"'""' 
''l"'"''d "'U w>liÍ< ro>.li1 >41 un<iuL 

-pu>óp ·•u'o!ttP~"-' '"'''"""-' "4'" ,,. 
'"~l "ni •;~ "'~' "'1 "' >p<-' ,1° ''"'1 
OOJ'OO~ JO W>liÍ' 1' dor-"-';' oL >¡q"'·'l 
100 " 1• orq1 ,, u" h ~;l tJ,; "'il u1 · >¡J 
•Wt» ;o~ "<u>11\< >J<"\101 f JO LU>WJo• 
·jO<>p JdW>li,OI >¡qo<;.•; lOe· 1< HU >O~~ Ul 

uooJ>J >·;t """'¡J" >eL¡"'' "rl·'-' ,,,._ 
>U ·p:>.Jo¡»>p ><¡ ur.• w'"'' r v~~~ u• 

'SI<!!.\ SU~ Ju¡Jaau¡~ua a¡q~uos~~J a:~npo1d pu~ Zll!l~w¡¡sn ¡so:~ 
i'lJEI.IlJOS lJl!.'.\ sdu;! O\ iiWOJ ~I;:Mnemur.nh nr.:'l :~•A ~~nh!lll"\~1 :o~~·""''" 



, ' '" oood '~'' o( "h>t th" ~ ill b<: f "' ¡., 
pJ!H~;;,, O<r.rni,lion: in L1c1. 1h1> is <he 
~ni,> ">il) ¡"üUd I>IJOkl llU'C.O« ~o h.ll< 
·,n >UI '",ro <-<• olopmon!. In man> in¿ u;. 
uiol '""'~nmonu. Ihi• ~ill b<.lround 
s.<o uno , ,, sw.nou "" """1· ."·"; !'"'" n· 
'"'"' ''""' ""'' l,>pr.·.rll)' :un .rbuuo 10'< 
1~ JO'; 1<» !:'"''"" M drof««·l ""'h'xh 
of .r"""'"' in~ '"' "'" 1 oo d . r '" ' '' r • "' 
,l,um,·d .rn "'' "·' !' ¡,t.¡, '"' of 5 ~0.000 
r<' m.rn·!'"· 

\luh>["h 1'.>! LIIJs ,.,,¡,,, b1 11" <>ti· 

m>~ O<.,¡"'""".!'·'''·"'~·'·'". <>r««d 
1.>141 '"'' u( S l.' l mi Ilion. ~ ''" 1 h< ""t' 
~·"'f 1""" >U ·'"11"'" '" I~.J "'"!"'"· 
11 l,.r, thl> lnJ\ "'"" lri< > di>C00\<!110>· 
h 1»~< I.IOf<: 11 i1 lh< bo11 ~< O>n dO~\ 
lh·,, runr. t''"" 11« un«ll.rillll<l '"o,, 
''""'"''''' 01 ,;,;. ll,,om·"· 11 "'"1 Ím· 
~"'"'"' ro lno~ lhJ> lhh uncorl.rintv 
'""!'< ,.,i,, Jnd '"'" bis,," B'"" ,o b~ 
,¡r¡•ro'""·"<l.' rlf)ll Lh.lO <<J<ll) '"""f~ 

SIIWLAIIOII 
AND RISK 
ANALYSIS 

1\'hil, T;L>I< 1 ~1\CS , 
f.>irl)' bro>d ''"l'< c>r' ,o. 
lut 1001 <ha~ ;ns~" m.rn• 

.. ~ hJ! tf" Q»<•"""'· '"'·' 
Jf>' .. "'" ~" 1110 "'"" '""""" '[,J' "' '""" 
~~~· onru• inwmJ"''" """''l· 01 '"""'· 
~<don'!. r .. ,~ onpu1 mro 1~' "'''""' 
··~"""'" "'1 "rf,, n?OC!<d ,;"<O 1hc 
...... , ')''«" ¡, %,.1;< '""'« "'"· 
o><nl\') '"' ul> '' "' ~" n do•r<<--.>fl<n J 

lli¡oh J,~~c,-d '""'""'~"'· Ti11 , " 
,.¡,1'" o he dcm<r.L ol '"' '"'"' rh< prob· 
km. Jn~ 11 ¡,in lh< ,,,ro,.;on uf th, ,,¡_ 

,h" '"' '''''""" '"·"·"'!'" l•.l> """ ·'"'' 
tu ~" l•rt 1< ~,·1~ !tu m <'urr<nll) >• ,.¡, blc 
'""" .rnd oc<hn•~u,•,, 

1.<"1 ,., ,,,,.,, Ll""· .11 ~111( ,,, ,.,¡,. 
. '"''' "' '"" f•' r "-•11_1 ""d' 10 l """ be<~" 

h< m-<1<• .1n '"'"'"''"' d""'"" 
~"I'L''"' '•·""i'·'"' """''"1'''"" 

l••·'·l•ll>' "" 1 1,,., '""""" 1''"1''" ¡¡,, 
"~"'' '''"""'".,,ti"''''"!'·""·· ·1···<1· 
,>p>HCI\1 "'" 1> \1 ;, '11>111"0 llo"><>l'f, 

1 "''" " '1"' ' 1 .,, ~ ·''·' .... '11.11 11 .. · ""' ..... :. '·"''•"' 

"iH be " hi¡h J< S~. S nillion . .rnd l 1· in· 
~ ch.roe< LhJ! Lhc <o""'" be,,. lo•• ·" \1 
million Supp.>« 1hi< ~'" l .m;ll ,ar,. 
~O<~ houl< ;nd ,¡ rh< >Ciuol COII o m< in 
01 $~.S mliii<>O il "ould pur \he cnmpln.> 
""' of bu,inc><. \bn.lgcmonl ~~!IIU b: 
uline' l·in·J d.on« of roin~ bni '"P' 
tf onl¡ lhc "b"' <<rimoLe· (C\1'>'<1<<1 
>Jiuel ~"' u<d 11 o "'' '"'1"" kJd 
b«n [>Orform<d, m.lOJ r<monl m1¡oh1 l>l> < 
<ho><n' <>lrr 'PPH't<h 

llo~. 1 h< n. d.>« onc """""" 1 h1> 
mi.' Sinc·c olmo>:'"'! f><oor '""""E 
in1o ""' '"'""" of co>1 ~r,ri "'h~C,r," 
>UÜJ<il LO SUIH< ~'C I<C uf "'" "'"" l > , (he 
"""''" n«d> 10 ronr;¡ the olf«h uf 
lh< un«I\JÍ"'.' ">l•~iJLod ~Í>h <l,¡, ol 
ti><>< IJ<Lur; UuruO¡<rll><" W•<lll<· 
.rli>l>< pictur< o( >he ,.¡,,;,, ,¡,~ ·,~nd lh< 

r1obJt•l< odd< ol """'"~ "'" '"'"' or 
lcs1 111 1!1 rJ,e •''P''"" <olulion. 

This ¡, f"''"ll~ no¡ le>,ibl< 10 do 
onoi)II<OII) bur ;, ""''1) h.1ndle~ b> 
\jo,(< C.lllo >i lnUiJ ri,>n, l oJ C.L<I 1 01>1 Lhc 
.ln>l"i' lor >~11. "' rcr\urm..i •.he fol. 

'""'~r "'"'· 
1. E''"''·"',:"''"~' <>1 >.olu" 1,, 

<.<<11 01 !hol<) IOfUI 1.1''\\f>-II!<Of !he 
,, "''"· J·ft.nh\ oi <he ""'m < h ndkd 
b1 r h< '"""' ,,,; con•l>l ,,; ''N 1 d'nl , . .tt· 
l1o1 1. J> "';e >ofr • ,¡r < J.,, l"l"n'"' 1, bcr 
u re . .rnd rh• r•o~.rb•hl.l """'bu'"'" .,r 
rho "''""'"" •'' .,,¡, »lu< 

!. S.:i<•"l JI r.lnJom lt~>m lh< Ji1· 
lrÍ\>~ri~n M •o lo<> f~r c.och 1 """ J ""fl< 
1.iluo. C>onbin< ,,.h ,¡¡ rh<•< >.1lce> lor 
.llll'""" .rnd '"'"r"" L!>< >in1o. ,.,¡,,,, 
.lncl ,,., lor lhl> cornb>n.lrioo o<'"'""" 

f or <"m pi c. ""' """"' n , """ '" 1 ,· h1 ''' .1 

">1om <>l< ,¡ 1 1(1 DilO""""''·'"'"''""· 
.r ;r.rJ""' <•>n•lf>inr ol 1 o .. lo,¡ "" .1•<1· 
.lf< 1,,¡,,., '""ni~-''·"''"""'"'·'''·"· 
111"" 1.1\(>lfl '·"' l>o ""''''·,1, ol>'l''"nJont 
''" ti>< 1'"'""'·" ;•wl•knl tvuo~ ,,. 

" "'1 1 
1 llllt> lllh ,.,,,r,¡,.ln ''" 1!" ,.,,,. 

~'"' ,, ''"' ,¡ t \>.~"·""' ""'" '" .\, ¡,,, ,~, 
?- -:t:_ <: 

ou!C»mo r•ob.l billl) cli,\IObu !l~n. lo ••llc.r 
~.,,d,. ~• ~o ni tu lond o" nor onh L~.J1 

lh< «~«!<d lo><<>~<l micimom ¿,,.;. 
ur''""' time i• I.S '""" ~, "''"' """' ,,, 
1 """ 11,, ¡-rc·b.l bilrL • v' ~"'¡ ng .• ¡,1, u '''"' 
1'·• ,, , ~' ,; >l<m b) .l '"'" "" ,•CJC'on' "' 
.... u ;<JI<. 

¡¡,, '""1" ,,: IL< •l·~·.::mon ·."'.; 
.. '""' h ~''"' ,,,Í:n.!l' !! '" Í"'' 1 ;;,_ti< 
"""'be' •••~«. C\'oro 1~" '"' "'"'"" 
do•d·'~"""' ,.1 ¡,,, i; <lo<'·'·'·" "•J., ,.,. 
~1, f'l "' ~"""''"i,,;, •>le-. l'..· ,,. 
f<<=<d "" < i•'p»»'OI > Í<t< i • .l!A ! >,, >.' ,. > 

: h 1> <1 ·" ,L >hú>I',.J -,,_ T ,'>< " lll 1 11 "'" ¡ r.· · 

""' " ,,,, "' ;, ,. •r''" J • ""' ·~· 1 , _,;.," 
Th< r<>l ';:w uf 1ho "'"" l"wn h 10 "' ,. 
nl>!< >ll L h< > .1<Í,1 l•IIH' ,¡' 1 h·· >'1,1 >VoT•O ' .l l• 
U(>-J (<.l!U f< h<l"~l'u" nu¡ U»'d 00 ,,., • 
~•" <t»l <>lim.,int. ~"' un< lhJr h.>• 
l•cen 1•.1~1.• ,, . .,[<.J '" ,,·~ ,oflh< 1•'~' J,". 

<urJCI "~h..-< <>p<r~cn«4. 
Th' «>ulh ~~¡!,<S 1' l '"NI>II•"' 

l'or J,·><l>lj'm,·nl 1i111r. <IC>d••l'"""' .t• 

(Qil. Jcd dc><lupmcnt '"" '"" b< •hu"" 
'" th< f~rm ol r<"~•b•lol) r!o" ~~ -''·"'' 
,,,. 1~" p1uj,•ction• o¡',,,["' <hu" n ro !'1< 

'· 11·, "' n '" 1 '""' rh,·" rlol, 'h., r '~·"' " 
mor< thJO J ~~'": rrotob>lll; •h.o 1~< '"'' 
~,11 n~1 ""'d S~:; ,,,!l,on Th<<>· ,, .•. 
1_, ' 1'": p<ob,bdit~ ¡,,,e ,·n,n,·,· '" illtlo 
lhJI rh, ,;<>,¡ uoll be 0> ll" l> SI.:',.,,¡ . 

l1on ·-~" <n 1 h< ""'' n ''"' "; •n •'"' •r.r<' 1 
, "¡,, '"' 1 i M .\ , ", ko<O "''"' .rn~ mu·1· 

.rWcr lh< llnJI '·""~' Jnó "'"''•''"'"·' 
1•n,ronm<nl. '" ,.,, rodu" =~-< """'' 
1.1Ín!lo; '" ""' inru~>. Ll"''''' "'~""·'>' 
th< ,.,,hin'~' 1in.1l '''''""'"' 

H< "'"'' lor <1" •l,·,,·:,,r'""' 
""" "'"''md> '"'P""·'"' """' J ,,.,. 
,·<r•uJI l"'n' ol, 1<" y¡,, 111ull 1,,,.~,¡,. 
,, "t>Jr~ .1 •"""'' .oo.l, b , ... ,,,. 11 '"'' , .. ' 
,._," d,·:" '" "" , ¡, ,,,.,, :. r.,,,.,' 1' .,.,. , , ' ' 

',, '" ,,, 11. ""' '1 ,~, '··'"'' 1 "''' " ,,·1:. '" 
~'h."<'"'" l,;.,ool,· '" ,.¡1''''"" ""''" 
, ,.1,.1'·'" "' ',,,,. ,., ,, ,,,, • "'"' '• '•· ,¡ '·· 

~""""'n" 
1 '" "-~"•rk '"' ''·'"!·'''' ,,,.,,, 



uon n 00~) )'"' or J C~ "'<h: thi> 

"''""' ''" ''"' -¡.¡~, ""&' "" '""' " 
ot3.C~) :o~"" 

Tht> r.>< JO> \~J\ I~<J< i> 1«1 thon 1 
¡·; '·"'' qut C"c!ocmcnl ton be done 
tn ',. 1 thJ<o 1 u""' ur > hLII< ''"' 1~ 
>MMh\ o l.< )<>" - .19 )<>"m 16 
) "",, Thc" 1m<. of rhe time >ehc~ulc ha! 

''"" .orboloJJol) •<L b) """'f'-"''"' or Ll1< 
,·u,lumcr ».'"''·U )<>r<. olocrc "¡,., 
''·"'" 1 '~"·'"" '" 100 or mcc11ng ohn 
.d·.ctJ"I<. Soni>Í>rl\, ~• ""be ?9"0 '"" 
'Hn ''"'' Lh< ''""'mum Lime ><hcdule '"11 
_,q, '""~ ·~~ ""'· 

T)m ""''no\ m"" 1ha1 if rcqui"· 

"""'' '"·'"~'< "' ~cl""l' of' compul<r i> 
IJI <. 1 Oc "'"~ "' ~ •11 \to\1 come in , t plu> 

"' ''"""' 1n ~«•> of ohc nr«tod '""'· 
E"e .>r< ""'n>l i.lt\0\1 th.>l will 

-~-"-" 1. '~"""''"""'"m<l '"d mu\1 
te 'i'<'"·;.,,h ,_,-~vn\cd for. 

T'" " lhe '""<- Th< >)'<l<m Í> 

'") ''"""" "' '"""·'1 r<fl>nb.oliu•l. 
R<Uuue"''"" '"'""' .>nd «t<rn3l clis· 
'"'~'"'", .J~., o.)-~,~ ¿el,) in"" b<d 

"'"'r"''' ''"""'' ~•11 gcn<r.tlly """ 
J<"l••rmcnt """ '"'"''""lo ¡rc>L<r 
'"'" t ~" ,,. :~•" •t.>nJ.>rd d<''i.>noc.s. 

11 "~"e r. "'·' "'f'"'"'' "n "" lh< 
""""''d" ~~ '"" ~'"' lime ""';""'Y 
<0 [«O"< h on ~IJM>O! ond <Oni!>CilO~ •o 

• hJl r ''' ,, J\ • J •' ''" pt >blc. Thc "" '''1 
,.,, "' " '"" 1 ""' " "u' ' r re e l''"'d D<>d· 
·•r"'·'"' """ """"' ,, •PWf«d ¡_,, m>n· 
,,.,""""" "J""'"'"'d b) lb< >)>l<ffi. 
"""'~ IIC '"'''"'> "' onhcocnl)) n.rrow 
',,,,J O<<'•.''"'' " 'Lh >h.lrp <UI.,ff C hl"C • 

"'"""''· "'"~ ~,,.,,~n• ""~ to be m~de 
"''h th< "''"'"'""' d<>dor•"'"' 111m 
"'''~" bct~rdund. Lntolt'-" [,\C\ ¡, r«• 
"''""J """ ""'d- .oiL"''" pro¡«ts ~•11 
.-•no orce ·~--,1 ~-· .>nd '"o•wun."" 

Lilj[AR 
PROGR:.!.',!.\It!G 
ltcfHIIQV[ 

• "' ""''"' ""lf 
•"«> '""'' '"'' 

Thc !Oiu\o~m jU\1 

""""'"' "''' bJ<<d 

r""""'' ''" '"'"'" 
'"''''''' of th< •Ofl· 
lf,.,,."'- '"'"' """'' 
,,,,) ~•lh <•<lldJ_\ 

"'"'""' ... .-h ·" ,.,.,, '"1"')"•, "'""'"' 
"''·"""'''· 1 .. , ... ,. 1"·'"""· ,,,,¡ ,_,,,_,1,11• 

"'' 

ni~o< 1ha1 poduoc; !he be" po><oblc <olu· 
tion 1~0 pr.,bl<rn bounded b¡ on >rroyof 
c.m!Llaints. T)pocally. 11 ;, u«~ on vor;· 
llr~e problcm>. >u<h ., optomizing the 
ouL;u1 ofon otl rcfin<t) wh;<), ",ub¡<Ct 
oo """ <on>lr.lln" :o> marl.<l olcm,ond< 
onJ '")in~ l<cótod; m""· In ohc '"" 
uf th< >oh~ar< >rrhc>tion. tht m>lh<· 

"''""" ,,;,1. bui .111 thc l'l'"" of tlle 
l1 rc:11 rro¡r ,\lmni"~.concept " lorou~ t.l to 
b<or. \lo>< importonl. oh<"''"'~" hu. 
for t loe r.," t imc. a n "PP""""" y 10 a pplv 
1,, o~n n>ana~cmcnt '""'"·""" Lo tiL< 
P'"lolem of Jcocloping lor~< ""1< >Oft· 

~ ... '''"""· 
The """' prnf'"'""""~ ,tl· 

~c·rithm allo"'' us 10 cnt<r '' m.>ny of 
ohc>e rnar.or<m<nl <onmoinl< >> ~, ne<d 
;ooo ol;c prohlem. Thcn *' '''" ;o\o·c Lh< 

PL"bl<m lO'""" '"'"'"'"' '" "" '''"'" 
'""" objcctio e functoon (>uch "' '"' 1 J. 1 n 
our ,-,,._ . ., ""'' '"" ~OJ""" fun<lion> 
---<'0" ond Llln<-ond UIU.tll.v -\ ""'--'f'" 
"'·"' 10 m1nimi" onc or thc olhcr. lor 
~"!. ~• "il\ <oh e oho ltn<>r pro~r>m 
1 wi«, f<rll min;n, 'in~ lime 'nd 1 hcn 00>'-

T.Lbl< ~ ,!w~s tloc conl>r>Lnl< en· 
t<T<~ b; t~e monog<r >nd th< o-.o >olu­
ti~n• po.,d<d b• or.e , • .,, r"'f"m. 

Q., r r '"' bl' éc• <lc>rrn<"' I<' "'" " 
o~~ <~<nlli<<d in bot.o "" lh<lc 1 ~ 1> """" 
"''"' In ttin~ Jblc 10 on•olo ohi• ~"""' 

lul "'''""'"'· "'' prOJducc owo wn· 
'"·""'J ••rLirtul '"'""''"'· 1l•c ""' th.<O 
o' on be oio>n< ~ \T l»n oh<e<'n"r """ .on~ oll 
o!tiL<r k.\>obl< cll"tl•lllf'< ,¡,,.;,-e, \he 

>lolt:•loc>L\ "1 LIOL• ,, ''"'"'" ,,,,Id '"" 

'·'"'e"''" ~·"1"''" "' '"'1""'"'' w, 
h,,., rrn1•o '""1 fr,m •n '"' ~'l"l '" '"·". 

'"'" '""M.< fco>obl< >olution to the 
obLIIL> lo"' 111 f<JI'blc d10i<<> ond to 
>d«l th< ¡,,., r<>•••bl< onc from •moo~ 
tM>< iCcnllfocC. 

LeO>'"'""·''~' ""r' ~r re,;. 
blc, II'ON!fOfi·<O!I Nn'.bÍOlloOO! for 
s~· ¡'~'""["~in T>bl< l. Thi< ~,Hiel"' 
idenllf) ""llcnl orf'O"""";" \Q '"' 

m~"" on t~< pro¡W. 
·;.;o,. th•l ~e "" ''" olmo\\ 

~~OO.OGO b> l>~in! thc mnim""' our< 
""~ ,,_,,oi"' ~m CO!\ >olollOn. llo"" cr, '" 

doirg '"" ~• '"'"'" oor ri>l "r"'""· 
l[·.,pbnlh,jo!>3ll ~ l.&;<lf>oodH 
mJO·)"" 1~1 JJ mi~ioo).the rr,btol•· 
11th"" ~ill ""' 1'1< us mor< than :~o 
¡·,,,todo is '")' hi¡h. But if"' <lc<t 10 
oal< >d»nl3¡e or th< lfa~c-orr h~ b) 
¡,bnnir.~ Lile JOb >1 '"" '''" wiLh !~ 
mon·•<><> (SU "'Lihon). H h>\0 .,. 
duccd lh< prob>bol\T; obt 0\ '"11 ooo "'' 
u> mol< L~.>n thc con\fJc\ ~di"" ,;,,Lo 
l0'1. 

T~.,. odds '" too :o., for mo>l 
!<lt"tiom. l\0"'"'· • YO", p<oOo'"lit~ 
m.l) Lo •<IY .lCC<pl.¡blc. Thi• """" ,1L > 
plonnql .Jcoolopmcnt LiUl<" of t, - UC 
)<>r> ~ \Th !S <n>n-)"" of e !loo 1 O< $ 1,' 
nullioo So io "p,miblc 10 h<p rd rr3· 
'""'Ole (<111~ choncc of c«o;di<.g ,J,. 
101 «) u me) ond ,,., ~ JOO.COO <o"'r"<d 
~ioh tt.c minirnum oim< >obnon. 

rl>< """-'f"iol q"'"'"'·•'-'"C '" 
1 do ol' How m u eh~ How Ion.·~ Ho~ 

on•n) f"Oplc~ \\"h>t"> lhe oi;I.~-Whlt"> 
1ho "'¿,.,,¡¡;"----c.•n be '"'"'"d ~"" 
numbm 

l\"i1h lh< 3rpli~31ion l<ohniqu<> 
dC>cHbi:d "< h" < be<n J blc 1~ qoon\1:.<­
Li• < h ( Oot\0 LO~ fl p> ~ 11 lo d" 0\ol'¡" JI< <O!t 

<>UfTlOitr.o ~~o~kon .>nd po..lu<c r<»On· 
.1ble cn¡o~ocrin~ '"'~"' \\"e ""d or.l¡ 
~""~ tf,c """ of lc<hnolo~) ~• '" ~"'"~ 
'" Jppl> 10 11<0 dt~<lopmcnl \C,I. cuo­
m>l<> of o he numb" of hn<> of c<>d<. •~d 

ohc •~f"'·"' cquoLi~n ~h"h "''oh<, 
Jlong """ .t <on>~r>ir.L r<IJLion>hor Lo!''' 
Lh< ""'"¡em<n\ r>r>mc:c" 1 1.:. 1 .l of ~~-' 
R>)lcti'h/;.;urdon "!""''on. Sin\"]"''"" 
ro"' ocie< •uoi>hlc >1.1 Li<to<> for m;. "' omo· 
tion. T\oe l•n<>r pr~grJmmLn¡ JILcrO.>"" 
po•i•lcs .;onm»n<d opl>mll ,oluoi~n• 
on<i li'C ""f' ,¡ >11 fco»Oic »>lu:oons 

1 he econom;,, of thc <ofo"ore d<­

,.¡~P'"'"' pro>«» ¡, "'"¡,"!· n_, 10 ~•­
<Jtion> '" dcor th>< >rr.ucntl; '""'"'"' 
"'·''"'""'"' '"""'-'""be'" •Ce 11>'1 .ti-
1" o .. ~., b• muiltpl<> oi ~ Lo 1 O 11· oth 1¡,, 
lond of o~ri.>tion ~• "'"llimolli,•o Jo>l\.>1 
P"'l'''''· L>tJn.tf<r> nocoJ '" l.no" tC.r 
'""""· '"'''""'"'· .1oJ •nll.,,.,,., 1ho·• ,.,n hrons '" t>.·.r. •'"' thr "t-u' e lo(c • >­

.1.-. ""1"' """'1"" " 
r /Ion" tl.c ""'""'/ ,.¡ ''"'"' "'"•·"' r,,,, 
_,- .,¡f,rrr"" '" '"' s ... ,.,,~, ,,,,,, 1 

. .. 



Understanding !he softl'lare lile cycle helps managers avoid ineflicient use of m21npower. 
Reprtntcd with perntGsicn fro"'-
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by lawrence H. Putnam 
and Ann Fitnimmons 
ThiJ iJ rhr fi=l "won of a rhrn-parl 

· atr"l' rhor V.gan rn Srp<onbu and con­
rioud in O<!Ob.,_ 
\iosl l>rre-1calo software \al" ooo \o 
Lhr<c l'"" to dovclop and ho1 .1n opera· 
1ioc.al lrl< o/ m lo 1 O yurs. Tira is a hfe 
<:yclo. Wo haH uudied thc bo:ha>ior o/ 
this lile e¡ de, juu •• othcr br"'""'"' 
>tudy lit< lile "<le ol.\ """ )'todlltt Wc 
ha>'< d<•<lop<d • m<xld o/ the ,¡,.,..,, 
lile e¡ el< lhll can h< usrd by r:l>O>f<m<nl 
to lorccau •nd manare thc .chcdul« and 
rr.anloadinr, req"ir<m<lltt ol ,ohworc 
prOj«lt. IJndorm ndtM thc lrlc cyclc "n 
h<lp rr"enl managerS lrom mi••rpli<>­
tion or indlici<nt m•"'t<m'OI\t o/ the 
""rlaLI< ""'f'O""· 

LJ<f<·>cale >olrwore dtvolopment 
''"be thou¡ht or '".,.,; .. o/ intcrrdat­
<d "'1.>. Al the b:ginning o/ tho projca 
lherc m•y be MI y nnc or '"o "''JO'"'"· 
lor <>.unpl<. '''~""'S tOe tnojOf """" 
rnodul<> and thc ,nt<r>ction• >mong 
thc m_ F >eh ol '""' m;tjo; t,.h ¡, b rohn 
into mo;o ond more >ubt,.l;,_ Thcrc m u¡¡ 
<l<ntuall) ,,,me a time ~l"n th< numb;r 
o/ >ebLt•l.l rcmornrng r<ochn o !'<">1<. 
¡,,.¡, off. ond lin>ll) b<ii•• t o dcd '"'· 

Al !he l-o~rnning of de>dupmcot. 
,.hcn only, lcw 1nojor t><h ho~< kcn 
dcfoncd. o ni~·' [cw l.<¡f"'lPI< <Jn l<IUll· 
1) do prto.iu<ll'< "'Otl. M the pro¡<CL 
Thcsc l. e> l'<npi< "'"" bc<,>m< tntlm.lldy 
f>mol1>r ""h ü>e o><ro 11 fu nc<u>n •nd de­

"~" ol Lh< >)><cm_ lh<) JI< '"f<'""ble 

lor bt<olint thc problcrn do"'n tnto rn>n· 
•s•oblc pi«"-• l><l lhat bccnn-.<> •·lf· 
t1lally imf<J"iblo U more anJ more p<<>­
plo ot< &ppli:d to 11, lia"""· ·" th< 
FfOblem bo:<em<a bcttcr defoncd. oddt• 
1ionol pcoplc <>n b< opplid >ucc«slully. 

lf P'-"?!t "' 'ppl¡«) •> u«IUI 
"arl< \><come> 3\;tiloblo for them "e!:<:· 
gin lO>« • m~nlooding pattcm hkc 1h< 
onc >h.,..n in fig. l. 

1\'o hovcloof«< atrl>ta lrom h"n· 
drod> of pou >oltw"e >)">t<>n< ond n<>­
liccd thot olmo>! al! l>r~e >oltv.arc ¿., oJ. 
opmcnt e/forn thov.· a patt<rn ol 
monloadins ><r¡ '""'1" to nr •. l. _\lor<· 
over, ror '11 b r~< >) 11 cm>. oh< pcü ol thc 
<urve "'""" 3t oppro<imotcl¡ thc >am< 
tim< th< <y>lem rc><h<> !ull ~rc<>tror.•l 
co~obrli>y. j\l'c "'11 "11 \',m thc ~<>do¡>­

"''"' ''"" lur rl,. <)ll<m. anU """'" 11 '" ,, l 
n ... ;, • logi«tl '"'"" lor ,~;, 

J "" bol Ot< thc >)>1< m re 1<h" lull oc<rl· 
Licool <'p.1biiiLy, Lhe IO!>I <Je~el~pm<1H 
1><1; hl< O<en <ub~i>ided iolO HilO) IUb· 
ll>h-l<sting >d lin>l int<;r.uion. in· 
mltatron. V.fttir.g documontJt•on. r,;ng 
<'!1'."0'0~ bup, <!0. /t it f'.'llÍhic LO"''' 
"""Y 1)'P" o/ p<r>Onnol-p<•>1r>mcnc", 
onal¡>l>. qu>lrt) '"""""' f"J>o.>nd. 
<lw<>l. •dmir.<>Uati•< ond lta.nin~ '"¡>­
ron -• 11 u >e[ ully <m pi<>) e d. Th i> ""' no o 
ltuo eorli<r in the do~elopmcnL ph,.e_ 

Al the t1me thc >)<temu O«ertcd 
and l:<:com" lu11 1 ur<t;ttrMOI "' mo>< 

into th< "P'""""' ad m"'"'"'"« 
¡•h,e or 1 ho ,,¡," "' Id, "el<. 1 h" cor­
«>f""n<J< to th~ f.1llmg r"i o/ :l" <Ur><. 

Thc prin<ipl v.ork dunn~ •hit p!,a>< ;, 
•nodi~<.llron, r.1inor cnhoccr:r.<MI. <nd 
rcrr.cd ,_¡¡ ><pilf {li ti n~ b"~l). 

Thc lorm o/ th< '""'' > nd t~< ... 
comf'n)'Íng o~uJ1ion oli~" L> >0 p:;oje<t 

,.~,1 IC.r mooro~cr "'""'"''"" ,-o 
C.liOno" lor >Y"<m de>dopmcn1 "llll·< 
" Jny gi><n Hn10. Th: <GUOHOO tcpte· 

><nttng thi> '""' i>: '1 ,, ' ~·m Kft,' 1 ,-r - 0 ,"'h<r< 

K i< th< lile c¡do cllorr rn 

mon)''""· 
1, ;, th< de><lor,--<n: li,-.e /ür lh< 

>¡>1em, '"" 
1 i< th< ind<)':odcr.t "' ,, bl: "P'< · 

scc.ting •n)' point '" lh: hl< <~c!:----ur· 

""' d•r»•d '''"'· 
Ob>ic>u>l)'. f: ""j t, "" 10\< ""' 

""1' ol "lu<>. A c'f.JC¡o< 1n K or > 
chJn~< in t, 1or t.H~I ,.,11 "'"" rn ;t 
<han r-e rn >he >~Jr< and ''"'"""~' of t~< 
curo •- l <1\ l<><>l. , L " hJ t th" ~''"' ro _. 
mooJ¡cr IJco<J "'"h 1f.c teJI ~:oo!<l'1 <" 

•;-rl.•ins m'""""'"'".~.:"'"""!"'"' 
"3). 

11"< wrll '"Um< ti'" K •1>)() "'"'"" 
;<"" fnr , 1:'"" ')"""- F·~· : 'ó""'' 
"'·""' f.op;><n• >o d1< d,,,.boL>On of thn 
cf/ofl "m pi) b• 'H;ing t),< '""' 10 re>,h 
r<'l. m>nf'O"' "- 1 f thc ~" cl.,r.,.< "' "' 1 fe 
l)l 1C m ll "L >1 L"" "·"'· ,;,, n 1 i < "IWn 

~o·, Id a~u•r< J t<IJ111c!¡ !"""'1 orpiJ­

" ""·' ol m>r.;><'"'". f'<''" •· " ~~ r·"?'• 
:~ month• in>o rh< P'"J'" llo•""· M­
,;,e " h.H l"i'i'' "' ";.," "< ""'. < ''" •le · 
>dü¡ m,,, t•m' ,,,,,.. ~·" I>»Y-'""! 1t" 
"'" i<J»bh)-lh1\ l>OciJ «.¡W< '"'"' 

1 
1 



>nd >>ii;:,ibun~ 61 F<oplc in 1; rnonth>. 
11 h1lc •h•> ml) :e l"''"~lc in •~me IJr¡cr 
<Oil"""on>, m.1n; ~•poi1o1Lan> ~oul~ 

r.noJ ,,_, '"<:"'' poblcml "'""'"'d 
•oth hino¡!~.IOd FrO<!u<ti>d~ oepl;ut¡ 

~~~" ''"") r<•~lc '" lhi> shon umt 
oc>rl) im;>O'"olc. 

Th~> " • ¡OC>d ""'"~''' of ~n,t 
prOJc<t m>n>!<mool mu11 con1er-d ~ilh 
·• hcn !he ~e· <l~rmonl u me for a s; si< mi> 
.rbU<>nh •« b1 ""'"' mlnlgcm<nt. 

n·, re u ; notO: r f><tor '" 10ft~' re 
Oel<llpo¡:nl lh.>t '"''" 11 ur.r<a<O.,l>le 
1o '" to '""''"" é"cl.o~m<nt oi:nc. He 
llll.; in,'""~'" rrojcct mu" int<<>Cl 
~llh '"" ot~cr: ior """PI:. •h< inLti3• 
ll~n of o:.c ,,,l."'" dq•cn~ on thc suc­

,·<\SI'cl '""''''""'" "'' rr<"d,ne '"'· 
Thu> thc >Oit~'" ><.\cdulc can b: <Ont• 
rr<>>d """ •O much: Jlt<m;-" o o red u«· 

" more • .11 '""'' '";. '"'d cffon. >t "'"· 
Jnd ,,,· '"" '"":1 in'""'" cfrort­
~ork 1h'll ~di'·'" lobo r'cdono. 

DETHi:.mmm 
lilE mr 
f.\AiilOAOI:iG 

p, 11 or ''"' ""de 
~'""bod ' sort~ ,., ... 
·.1mllm¡ roobkm for > 
·~ """ c.ollod \ 1' r.. Wc 

1M~cd thJt :'•<!< "'"'o fun~>m<olll 
'"'""n.h•n ,_,, .• ,.. '"' ,;,. of thc <r•· 
"m. ''' dfv11 <); t. ' '' ~'' clopm<ot tune 
o t: 1 1 o<! :he ,, >te oi l<<hnolor,) , o crgani• 

'''"'" >rcl"' '" rl.< ¡•<OJ«I. t;sing ohi• 
,·,o~lm<Ol.ll '"·'"""'''~- ~• d<tcrm'"'~ 
,,_,, '"' "''"'mum ""•l>i< •d<duk r •• 
d" do-; meno ,., '" ~ ~u 1.! 1 )<'" ""~ 
.1 <Or~<•r'-'""'"' d<'clopmcnl clfon nf 
.1~.1 :non-~"" 1od ;l,f<<\CI< dfon IK) 
oi i9: m.1n·•<><> Bce>u" thc<< was o 

llm< '""""'"' ~n.rhc """"· managc­
m<nl ,;cc"d <o ~'' du~ thc 'l '""' in o he 
mlnLmum "me ol.ll )<>r>). 

L """ o u r m.1npo" er cq UJI ion, wc 

"-'" "'"'"''"' 1hc "'" m.1nlm~<r.E for 
ohu ""'m o•<r thc 1.~1 l""· ~nd .--<n 
rro¡c<l ,,_,d '''""~'houl thc ltfc c\{lc. 
\lo >U~!IIIUIC "" ClJnJ~'<.O<nl plr<!l\C• 

"" ·noo "" R.~~l"~h <qu>Li•>n. 
~ ~ •9 <Uil·.,.,-,'l¡¡¡,3t)' 

r ·•. _, .~o~, a ;>lo: or th< <> pcoocd 
"''"'~'""':Jo""-

10< ''"f'( 0f V.IIU<') 1Q "LhC< l'~< 
~~ ~~, '"''e '" r •! J re e'"'"" rh< """'' 
'""'l '" ''"' """"" .11 ~o~ :r.o<) ¡-<oplc 
'·'" "' "r<'" d '·'be ~e:\'"~ M 1 h: po¡· 
"' JL '"' "·""· 1\•r """<!<.·'"' ~"' "' 
'"""' "1r.,1 ti"" "'11 ¡,. ~: r<••rlc 
"'"\In!"">~< ~10)<•1 oln< )C.I< 1011\~<· 
•el•>rm'"'- bu o lh«<" _, Jr,"': ''""'' thll 
oh< nur:ll•co ~•11 1'1 '" 1-o~n .. ond :'"' 

'"''"" __ _,;,¡,¡,.lo l ""'Ji o>J "" UO•CI• 

'""'" '" ''"' ''""'"" ,,¡ ~ "'~ '· 
, '-"""r •'¡<:'"""~ •~h"tr. •-1ont.O 

t•• ....... 14< h,!:oo-J '""'' ~ • .,..,.,.. 

.. 

')./¡_') 
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1 

),liono in bu<i "'" • r< da u thot 1rc ooo oOO 
ptc<i«. Th< ..,ro"'" ~-'"'" r''"'·' rodd Rl 
omainly nol udu~c~ lroo1 lhi• 1i1uotion,. 
in f.tl, 1he dot• in IOÚw>r< dudupment • 
~ro no:onoud¡ 'omptO<Oi": 1 n ohil "'m· 
rk ,., h>d <>tom <lcd '~" 1hc l•f< cyclo 

dfun ~" S9 '""")"" "ith ·' ''"'"'''-'! 
un<omint\ of + 01 - ninc mon'""­
Simol." lo, th< mínimum C" clopmcnl ,.,_ 
1.51 )';" + or- 063 l""· 

11~ >oh in! ohc monlood•ns cquo­
'"'" >O>OI.li Lhl)u>.Lnd torne>" CoiCh tor.lC 
ir·""'l. Jnd "'-' onr ou r iopu<l 1 K 3 nd •,l 
'"OidmS 10 thu ""''"~'! un«U>inoy. 
~e Cln ~<1 3 r:lOt< "O)Í,ÍC riCIUIC Of th< 

o.>dd< ol """'~ """' or h> renplc on 
bo"'" olo.ln li1c "I''"'J nurnb<r JL ""-' 

""''· :"'u~ t~J t ~ < ¡,, < o ~O<J<I c;timatc 
oi thc nl>nro"" rcquitcmcn11 t>clt 
n>onth ~• con d<t<ttn"IC ~hJt fi<JI ca>h­

tlo~ "4""'""''" ~111 be Ll'lou¡hout th< 
p<OJ«L .\11 "' n«d ¡, l~o "'"~' bur· 
~<ncd IJb<" ,,. (mcludrn,· o• "heJdl lo< 
¡olt~ J« d" do>rmcnt. r"or th>t orpno1.>­

tion. "' t,.,, '""" r-••' «r"""" lh" 
,¡,, r,,," re "" S 'O.LIIIO .' '" _ \1 u l"rl."n~ 
tOO> ÍrfU!O b1 thC tnJOf'O~" <J<h IMnth. 
~e obtJon lhc in>tJnuncou• Jnd cumuiJ­
ti•c <'O>t> rc~uit<tn<nB !lr~~n rn TJblc L 

-·1" '"'""''"' 1'-''"" '" '"' ·><· 
,,,,.,,,., ol "'-'J"' ,,¡,."'"·" durrn~ d<· 
'''"""""' .-.>n lo< >«n. D;u lmm ,.....,. ... 
hu:-.Or«<t>~l«:l1 "~"""'"''"' ,n ''~"'"'.;, 
~~ ... <n•"MIMO" h,_,. <I>O.:"lo 
11:.:1 ti>O f<i<ll'o <><"CU,_..,~ c.( l~< ,.,f.\,. 

"-"''<• '" lho to::>~ :;»<l"''m<:""-..,_n,-,, " ... 
\!,<:hl<ly 1<-a~:::..oo nm?'(¡¡_ ... í:;l;;'f.;\"'h.-:1 
<~uur.r::<nl<t n;. r'""" ,, ~"" ·~I­
d <><n tn "'1"·'""""' ~h<l< th< mrl<· 
"""" I>J<e b.cn "~"'"''' (Jncl ,,¡,.n 
"""''"'"'Jiil] «1 b> '"'"·'''"""0: 'i­
"f"'"-'1 [l"'i" R<>·,,,. ~oll "''"1 ohr<< 

monohs oitcr pmj«t """"In olmmt ol! 
tlr<<e >llu;!lions, thc o([u>l ,J!:llonc ><;., 
comrlrS lrm<r.l h,¡> >lr~¡tcJ 10 lh< d :nlln~ 
uf thc t¡>~cm tudl~ _ 

T>blc l >hO~> the '"'" 
o<t '"" lhll tt.O>e m•iar 
<houldoc<ur. 

from p!OJ· 
mii<!LOOc\ 

Thi1 ""'l¡sis >hould be U!Cd nol 
only ", rt.1nmng tool. but ""be '"Y 
hdplul in tnc,.u:inf oc!Uol •oo~mplosh­
m<nl on« tCc r•O~ct h.ll l•c¡er. P.1>1 do· 
''' hll< -ho~n th" rf a >inolc tO>olc!IOIL< 
,tip>. rhcre ;, h1tlc hop< ol- <>t<hinr up 
l.ol<r on. 

Fo< in>tJ n« '" th< T' bl< : rb n. ,¡ 
"' >uccc><iully JW•nrpli,h rl.e (rrrrcll 

P<>>gn 1<<>1<" '' 11 '"'""~'- "'''" '-~·'" 
J t "'"' month>. ~e > huuld r '""'' ""' prr>­
('O•<d >Ó<dulc r .11h" thJn u; on¡: 10 •pccd 
up J" dormcot O oc d thc h ,, ''" tbN > 
ol P'"'"''"~ ""'' ·lirr·'E" ond mrni:O 
rr>iting the irnp~o of ·'"-" ,t,rr'r< ;, ,; 
«<ognizc 1hcn• e> el> Oit< t\.e boll" tr oh'? 
thcn. ond imr.t<~i~ld) rc<i!< rroj~cl':', 
;l>n>-

,. In thc r>''- qpl'"·'""" ,or, ... or< 
d<> d,>pm<r.L h.r 1 b'<n u r """" rrh eh• r· 
"'""'d ~-' E~'l~j_<'f:!J''·..E';:"'J"'~.¡r 
,h~rtJ¡e>. >r.J""•<n<~ulc ~~~Jf-i,'· 11~~ 

') ,, 7 

much ~rll ll co<L? !lo~ 

.·.;.· 
"-. .. '. 

.... · .. 

IVI1Jt "'ti><"--'""' of ''' '"""' ,.ol 
beong op«Otionol on time? llu~ "''"' 
r~opk "111 b< r<quirco? Wuhout ,.r;,orO 
an>Hts tn Lh<>< qutstion>. o "'""'~"' 
c.>MO\ <>rcct i" cffcctil'<l) rn.1fiJ!C thc 
>olt""' dc>elopHr<nt P"''""· 

,, pro• en modei of lh< >OIL~ are cl<· 
>elopmcnt ;troceu hJ> be<n d<>dorcd 

'"~ u><d in 1h" """uf ortocl" 10 "'"" 
'rdc ""'"";'"¡ ""~'" to '"' '"·'"'>""' 
.¡ucltinn> Sorne ,,¡ tho mo<t P~""lul 

problcm·<ol•in, tcc~n14"" 1-no"" t.>.!J< 
-thc PI RT al(o"thm_ ¡;,,.,, ;rc¡n";_ 
min~ and ""'"'"'""-·loO >e t;ccn "'nrh 
•l'rl"d '" r•o""' ·"'"'"" ""· ,o,, 
tome, pcorl<. .1nd ""'"'o"< "1'"""'" l.¡r 
con>ru1cr >Ofi,.JI< """'" d<>cl~~'"<ni­
Limllin' c.•ostr>int> u.d >i>ble Jlt<:o.o· 
ú><> lr< rdcnt>f,•d. r<rmliLrn~ !<JI de· 
!;fll•l<hO>t .>nd <ic>t~O-IO·"·''~Uk-vr· 

"""'· P,übJbrl"\' ri<~ P<tofrl<> <.tn b< 
cJI<ui>Lti! to p10>>~< I,'L< de<~>iao-r.,úc< 
~nh 1~< h>r~ numl><11 rcqu11ed to ,.,,;, 

,ound <!•""''"' .1b~oL "''1""' f'"J"" 
l_rl< >hrps upclll ti><''"· ~C-11~-lfr O'<J¡•I< 
o«d 10m< nur,b<t< ''' ¡u.Jc '~'"''"t.\< 

n~ht dtr"''"" •' !h< "'"' tlnt< u m"' 
on ,chcduic "«'>\. o 
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The ccnst::.-:¡i:1t relation is ,K/t~ = 14.7 for thc e.xample given, 

Solutions <ll"C 
lSSUC •.rJS nOt 

The · !"ollowing 

a function of S};stcm size, This complicating 
presented in tbO! D,\T;,:1..~.'i'ICCl articlcs, 
observations will hclp to clarify this situatiOn. 

~an¡: wer 
• 2 . 2 2 
y(t) = K/td.td:xp(-t /2td) 

CFCt) = {$/~fY).}'(t} 

time 

··-¡. :Y1 (tJ • K/t~.t.cxp(-Jt 2/t~) 

• 
'· 

.GI-: 1/t~. t. ex¡' ( -Jt 2 /t~) 
1 ~1.\X CF(t) " {~¡}rf) .yl (t) 

1(1 " K/G 1 ' • td/[G ,, time o 
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1•''""' '" b"' in m "" d' 1' tf.>l 're not '"" 
p«<i,.. Thc >ohw' ro developrr.enl f<eld ,. 
<C!Uinlr no1 ucluded f r<»n th,.,ituotiOll,. 
in f •«. ti" dato in >O(\ .. arc d<>c\o ;>rn cnt • 
•ro notonouoly impt«i'<."ln tlli> ,.,.,_ 
rlc . .''0 hld <'<tom•"d lh;¡L thc lofO <yCie 

dforo "" ~9 """·'"" .. ith > ,,,,;,ltc>l 
vn«flaint) of + or - ntne ""'"'"" 
Simil>d>, tl.c mini"'" rn dO\< lorment wa~ 

I.MI ~'"" + '"- 06) )<·"'-
Bv 1ollinr ohe mor.lo,din; '~"'' 

ti~n '"cralth~u<and timo> >1 coth llrno 
iMI<f'>l. J nd ' '"in~ our in ro~< (K and t,l 
acco'd'"~ 10 '"'' ,,;.,,;¡¡ uncominly, 
~• CJn c<l .1 l'lOr< ,,.,¡¡,,;e r'"'"" Q(lloc 
,~Id• o{h"'"; ,;ore or l«• p<nple on 
t:r..>Jt~ ohJn oh< ""''"d numb<r 01 an~ 
""''· 

'.;ou Lh.<l "< h.l'< .1 ¡•nod """'·"' 
,,¡ thc """1'""" r<qun<OncnLs <a<h 
O>Mth wc con dctcrm•nc ~ hJt ou1 <»h· 
tlo~ tcqu•"'"'"'' "•11 b< lhroufhoutthc 
r<OJ<CI All '" n«~" tfc ""'1' bur· 
~cncJ IJIJ•H "'" tiHdud"'~ '""heorlll<)! 
"'r'""' Jc•d•'l "''"'· r~r oh" o"''"'"' 
IIOO, "' \,ncw lrOOI fJol CIP<"<,;« lhJI 
oh a r,~"" "" S' O.t'IOO'" '. \1 ol<irl; '"~ 
''" fo1ur< b~ llo< PnJnro~•r c.><h noonth. 

"' ""'"" "" """"'-'"""'' .ond <l<fl>UIJ· 
'" < ··~,., "4 ui""''"" '''"" n '" T:lble l. 

.\n '"''"''ing r>ll<rn '" lh< <><· 
'""'"''o> '"'J"' "'''"''"·" d"''"r d<· 
.d.•r"""' •'·'" ¡,, """ D•u frnm ,,_..,~ 
'""~ro:! 'Y"""' r<r>«-« "''"! '~ !YJ"t" di' 
~o::t •••;"'""''m' ~""' ,¡,.r., 
1~1 1M rol u,.• """..W.:ld t= m file­
,..,.,.., l~ <1-t <t:= l<lo--o<lo-,.~"'<'•ICl ll ,.._ 

~~'"Ir '" ~:.:. '" ,,,,~:::1T':I:-:::.\11'l't 
'"""~r.mmtO ¡¡.,, r"' "r n lu, k< n "'"' 

<d '''" '" '""""""~"' .. ~«<lb<"""' 
''~"" ~-'" 1'<<" J!Our;nh ""~ <'ll<n 
""" ,ol,to<JIII 1 '" h '" Hl.1 >''""ni, q 
"C""' ,JIJ,·,¡n R""'"' "'11 "''"' thr<< 

1 104./"'. . • 164. 
206. 

''22T 
. ;. •. 24S': 

..272 .. 
. , 795 . .' 
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[·?7~:\?X;· :~':\'-~~/:_':::...~:-:- -- ·., ·· 
n•Qnth< •fter prujcco '"""In .1lmo<t >U 
oh<>c '"""ion<,lh< l<IU.1( mitc.,ooc ><:.. 

<oonrfuh;n'"' h~• '''í:'<~ to U•< ~""'"~ 
o( ohc !pl<m mclf • 

T>hlc l ,¡,.,;'; ,~,, ,¡,,, f,om pwj• 
<el <llrl th;!l lh<>< m:~¡or rmbton« 
shoutd occur. 

Thi< •n•ly<i> ¡~ould ~< ""~ nol 

onl~ "' "''""'"~ tool. b'" ,·on l-o >or; 
hclp(OJI "' meo~ur~n~ >e<u.1l .occom?li>h· 
mcr.t on<e thc proj«t ha> b<~un. p,., da­

la h>>< ,oo~n lh>t of' >intlc """''"·'• 
•l•r>. th"e ;, l¡ltlc hopc ol <>ll:hing up 
IJI<I lln, 

For i "''""". in the T, bl< : pb n. ,¡ 
'" '"""'lull) ><mo·~hsb ¡/.e Crno<>l 
f}e,i¡n R,,,,..., 11 mcO!hi,Uih<r th•n 

at nin< montM. ~ < 1ho" Id '"'"'; o u r rrn· 
_ro,d "h ,d u le r .11 htr 1 h; n "~in~ 1~ . '"'l 
ur ,¡.,·clop:ncot. Un< uf thc be•< "'"'-"'' 
of r"""""! """ ,:i¡po, .. ;oj ,;.,:­
l'liliOl ohc imr;l<t ol '"' ,¡·,,r'f' ·, ~~ 
tr<Pi 1'1 le Lh<"l C.llh, b; 1<, t).e bull" fl>' f1 

''""' .!od ''"""'li~td¡ "''"' rm'<c?" . .. 
pl.on< -In lhc P"'· Jr;l~eJto,>n '"''~'" d.,, lo<rmr nt f.,, '"'" u r.n«<>'>r1h á.J 1· 
"lttll<d b1 '~11-•li:.U'.Ifl, 11 1 ~~.$,' 
,¡,,,,,,~"· ,nJ'•thiciilC'ifl\•;,;:._, lfo~ 

much "ill" ooS<C How long w<ll it tolo' 
\l'hoo '" th< ch¡nc" of oho '~'"-"' r.ot 
b<ing Of'<r>llOn:~l on ,¡,,~ Ho~ n-.an~ 

p<orle "1il be r<quir<d: 11'11h0u1 «li.tblc 

""'~"' 10 th«c qu<>ti""'· > '"·'"'•" 
""not <>P<ct lo dfeco!ld) "''"'!' th< "'¡,,..,. ~"clormcnl pro:<"-

A pro>en modd of thc •ofL ~ J" dc­
,d,,l''"'"' ptoCCSI has b"n d"rlopcd 
and u~ed '" ''-" wi« uf"'""' tO ~ro­
•i<f< """"""' '"'~'" oo •h< rnan•;,r's 
~U<>liQM. Sorne ,,¡ <he "'"" l"'""lul 

problcm. '"'""f "'''"'~"" '·'"" n wd.o' 
-lh< l'l "' Jlforilhm. ''""' rroS""'· 
minE Jnd 1imul"'"" -h'" t«n "'"~¡, 
op~hod oo rro•idc ><<ur>l< '"'· '""· 
llmc. r<o~l<. 'od nltk>Loo< "' imlt<> IJ! 

<Cmpul<! >of<~-"' '-'"'"" ~'"'''""''"'· 
L'""""r '"""'""'' .1nd <u~le ''"'·"· 
,¡,., 01< iJe.,llfooJ. r'"'""'"~ rc·ll J,. 
<iFn·l~·<<'>' Jnd dr"'"-""''~-<~nk ••r­
o',on> l'o"~'b'l"' "'~ r•~"l" ,.,. 1<< 
, 1 ""1.' ... 1 ,,, r";"Jc , h' e''""'""·"''" 
""h ¡¡,, h"j nu:ob<r< "'""'~ '''"""' 
"'""" d"""'"' ,b-•u< ,,¡,~,« rr<'J"'" 
l.oi.c >h•r• "~"'"ti<<""·,.,¡,~_," •''"'''' 
n«1 ,.>me ""'"Om "' ¡u,J' tl.<lt> '" Lh< 

''fhl ~"'"'"" ,, lh< ''!hl '""' '' "'"' 
dO ,chcdulc lL w11. o 
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The ccn~t~ai~t relation is K/t
3 
d 

= 1'1.7 for the C..'C<;o;mple givr.:.n. 

Solutions are a function of system size, 'fhi:.; 8Cmp:1icating 
issue ,..¡¡,; not p::-escnted in the DA'rhl-'..ATIO:-J articl.cs. 
T!""!e !:6lloving obs<~rvations vil.l hclp to cl.arify this situation. 

For larg<-' S::'Stcms (!:i 5 :;,: 70,000) 

~an¡:bwer 

'd 

• 

:Ylt) ::: K/t~.t.exp(-t2/2t~) 

CF(t) =· ($/~~).:((t) 

time 

y 1 { t) " K/t~.t.eA~(-3t
2/t~) 

- C·l< 1/t~. t. e:-.:p( -Jt 2 /t~) 
CF( t) " {$r.1Yl .y l. {t) 

K1 " K/6: • " t ¡r; 
time 'o d • 
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I:J. this ::-anse the an01lysis i:::; considerably r..ore co:nplicated 
becaL:se of the rapid growth in OV(>rt-.cad or support ef:""ort 
(<!ocu:-:-.ent<:~tion, testing, intagration, hiararchical ¡roan;¡grJ:nent, 
etc.). ?his rcquires ano:;i1er p<lra.rn<:>t.c>r t.o be introduced lnto 
the solution process ,. This in tun1 mak"es the solution too 
cor:tplicated todo by hanC or graphic<:~lly · . .ithout considorable 
speci:""ic training. 

Tlm sol11tion J¡;¡s tlJerl!fore becn automated and is entiraly 
r;onsisten t wi th lar-ge-; a m:: !">r:~aller sys tems • '1'l1':'; .• ~ ut;.9f•fl!;...O_d_ -~o¡ u ti oq: 
l.S lmown as SL~~. ~nd l.S_Jl.Y{\}.~<;bf\! ~p.z¡:!.J.~~.P,~.+n.2.'.:·1~_;r~<il_~·.!}~'-.>·:.::5 ~~~·J 
frcm a nlU!lber of cver::;cas locatlons vit¡'n t;l.ma l ... ;):~:~f'J ti"'t"Vl.co) 

If you work in tlti.s Gize. :r:-"."gilr.e f;-e_q4'"'1_l'._l_v i ~ i:;¡, r;t.c:~;¡gly 
L. .-.., .. l.. .• , •• ¡ .... ,,\'_. •.) .<:..... '•J.. 

ru co::-:;;eneeq. tl:a t YP ... F ,u..-;r, .. t.• 1~ r-uto~ r .Y· ;') ") ·. \ •."!..\' :.·.1 ?S <'t ~)¡·•¡_r.f;l~.<;¡!.:::,::-,: .... g S 
••. .• "' _,_ "'"""""·"' . '''· ' ........ ···-~--~-. ~· .•. -. ··<> 1 ' 
~ r.a..""l ge . v? fJ; .f!.)-!.l C·--:-;':':~.'. ~l' ) •. E::-.:.~~~ ?J.:~~ ~·; ·::- ·.""',. ~':2·.'~f'Ul \1 '-' "'¡ .<-~ '\f ¡: :<2 
prob~bJ.ll.ty of bcJ.ng \,;:r.:ntr Y<OI:/.c;,¡J,(;b: t~.,,,.;;,:' . .!. • The t.:r<:J.dJ.tl.or.al 
pfOc:ltos::ti':'.ity rule~ of t)l_u¡ul;> .. ¡¡.¡;Q.a.J.;nost totally \fOrth.J.ess in ';.l"'.ls... 
SJ..ze :;:eg¡¡~e. 
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WIRTH 13 

On the Composition 
of Well-Structured Programs 

lntroductlon 

In the first decm:le of comptl!ers, say up to thc carly 
sixties, oompUI~rs: were quite limited in thcir power. The 
task: of the progr~mmer was 10 formulatc algorilhms in 
!he sp~cific orc'.er codes of thc~c machines so th~t they 
wcre utili~ed as clfectively as possible. l'rim~rily becausr­
of their limitalions. 'this task· was achicvei.l t>y collntin¡: 
sets of clcver tochniqucs and startlin¡: trihs, and by 
finding applic~tions for them a~- frctiucn:ty as roSsible. 
Exurnplcs nf su\'h techniquc> wcre the p10r.rammerl óelí· 
modiftcation of parts oí thc pro¡;ram, ~uch as, for in­
stnncc, thc ronvcrsion of conditional jumps into dummy 
instructions ami vice versa, or the ~haritt~ of store for 
functionally independent, but nevcr simult~ncot,sly uscd 
auxiliary variables. 

Tricks were n~cessary at this time, simp))· b~cause 
machines were built wilh limitations impo~cd by a lerh~ 
nolo¡:y in its early developmenl sta¡;e, and bccause ev~n 
problems that would be tcrmed "simple" nowadays rould 
not be handled in a stroi¡;htforwnrd wJy. 1t was the pro­
r.rmnmcrs' ver¡· task lo push computcrs 10 their limits b)" 
whatel"cr mcans availoble. We should rer"'ll rhal 1i1e ab­
~cnce of im!ex rcgisters (and indirect addrcssingl, for ex· 
amplc, madc aotomat1c codc mt•dificalion a mere nccessi· 
ty (oec ~lso ll, 2]). 

'" 
3-1-1 



' 

... --···········-· ... ~~- ......... ~~'-~'~" 

The cssencc of progrnmming w~s understood to be the opllmi:arion of the 
t'.fficienry of particular machines executing parttcular algorithms. As computers 
grew more powerful, the problems posed lo the programmers grew proportion· 
ally, ami ns a resuh, the growing power of hardware did not case, but rather in· 
creased the burdcn. The climination of deficiencies, crrors and blunders -
~;~~IJed debugging - bcc.ame the ovcrwhelming protllem. 

Undcrslandably, the rcmedy was sought in the development and use of 
beuer tools in the form of programming lan~unges. The nmo\tnt of rcsist~nce 
and prcjudices which the fnrsighted originatnrs of FORTRAN had to overcome 
to gain acccptan~ of their product is a memorable indication of lhe degree lo 
which pro¡;rammcrs were preoccupicd with erficicncy, and lo which trickology 
had nlready b~come un addiction llowever, once the~c ndver~ities and fears 
had been overcome, FORTRAN hada tremendous impact-an impact that is 
sti!l felt tod~y. ALGOL 60 followed severa) ycars later; i1 went beyond FOR­
TRAN in severa! signiftcant respects, but esscntially sharcd the same purpose 
aod intcntion. In particular, it e:<tended lo the leve! of statemenls what FOR­
TRAN had introduc:ed on the le\·el of (arithmetic) expressions: wurture. But 
ALGOL 60 was not very successful when me~sured by its frequency of use in 
technical nnd cornmcrcial applications. There are many reasons for this, one 
being that it appearcd on the scene when the rdevance of strucwrc had not yct 
been widr!y reoognizcd, and its restricliveness against the use o! clever trieks 
was considered tn be a handicap and a deficicncy. The law nf thc "Wild West 
of Pror.r~mming" w;¡s still licld in too high cst~cm! The samc incrtia that ~epi 
many asscmbly c.ode'pro¡;rammers from cdvaneing lo use FOHTRAN is now 
the priucipa! obslacle against movin¡; from a "FORTRAN style" toa s1ruc1ured 
slyle. · . . 

As lhc powcr of cnmputcrs on the one side, and the complexilr ar.d size 
of the programmcr's Lask on the olher continued to grow with a speed un­
matched by any other technological venturc, it w2s gradually recognized that 
the true ¡·hallenge tlocs not consist in pushing cnmputcrs 10 thcir limits by sav­
ing bits and microscconds, but in being e.:!pable of organizing !ar¡;c and complcx 
pro¡:rams, and assuring that ther spccify a process lhat for all admiued inputs 
produces 1he desired results. In short. i( hecame clear that uny amount of 
efficiency is worthlc~s if we cannot provide rdiability [4]. Dut how can rhis reli­
ability be provided? !:!ere s1ructure cnters 1he sccne as thc one cssential too! 
for masterin¡; eomplexity, thc cffeclive m~ans of c.onverting a seemingly scnse­
!ess m~~~ of bits nr charac1crs intn mc~ningful tnd intelligíble information. w~ 
must rero¡;nize the slron¡; and undcniJt,le innucncc thal our languJ¡;c excns on 
our ways of thinking, and in f~ct defines and delimits !he nbsrr~cl space 111 
which we can formutate - give form to- our ¡hou¡;hts. 

Bu1 now the tcrm mucrur~d pro¡;ramming has bcen coined, and it secms 
finally to he nchievin¡; what the 1crm "structured lan¡;uage" was unabie 10 sug­
gest. Jt wr.s first used by E.W. Diikslra [3), and has sprcad wilh various in­
terpretaJions ami connotntions since then. lt i> the expression of a conviction 
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that the programmers' k.nowlcdge mus! not Cllnsist of ft bag of tricks ftnd trade . 
secr~ts, but of a tcncral intellcctual ability to tackle problcms systcmatically, 
and lhat particular 1echniques should be replaccd (or augmented) by~ mcthod. 
Al ils hcarl líes an llllitudc ratha than a rec"tpc: thc adm"t>>ion of the limitntions 
of our minds. The recognilion of these limitations can be uscd to our advan­
tage, if we carefully restrict oursclves to writing programs which we can manage 
intellectually, wbere we fully understand the tota!ity of lheir implications. 

1. Intellectual mana¡;cnblllty or procrams 

Our most imponant mental too! for coping with complexity is abstraaion 
Thercfore, a comrlcx problem should not be rcgarded irnnwdiately in t~rms of 
compulcr instructions, bits. and "lo¡;ical words," but rathcr in terms and enti­
ties nalllral to the problem itself, abstracted in. sorne suitable sense. In this 
process, an abstrae! pro,::ram emerges, pcrforming specific opcrations on 
abstrae! data, and formulated in smne suitablc notation - quite possibly natural 
Jangoasc. The npcrations are thcn comid~rcd ns the constitucnts of thc pro­
gram which are furthcr subjcctcd lo Mcomro~ition to the next "lower" leve! of 
abstraction. This proress of refinrment con.tinues until a leve! is rcached that 
can be understood by a computcr. be it a h:.:h-levcl programm:::g Jan¡;u~ge, 

FORTRAN, or sorne machine codc [5. 6). 

· For thc mtellcctual manar,eabilitr, it 
is cruciJl that the con~tituent op~rations at 
cach JcYC] of abstraCtion are l"OilllCC!Cd 3(· 

cording to sumcicntiY simple, wcll undcr­
~tood proi;ram 5clwmao, ami that carh 
opcratiDn. is descdbcd as a piece of pro¡:ram 
with onl' $larling pait/1 Jnd a srngle termir:lll­
ing poim. This allows defining statcs of the 
comput•ttion (P, Q), i.e., relations among 
!he involv~d variables, ;~nd attnhing thcm 
to thc ~tarting and tt-rminatin~ points of 
cach orcration (S). lt is immaterial, m this 
point, wbcther thesc statcs are dcfined by 
rigorous mathcmatic~l formulas (i.e .. by 
prcdiratcs of logicltl calculos) or by 
suffldcntly ele~• ~nd infmmativc sen· 
tenre~. or br a combinatíon of both. The 
importan¡ point is that the pro¡:rammer has 
the mcans !o ¡;"in cl;¡¡ity abou! !he ínter· 
face nmditions h~twecn thc iJ)(]ividuJI 
building blocb out of whi¡:h he compases 
hi; pro¡:ram [7]. 
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An oumple muy clurify the issues al thi~ poin!. Thc reui.lcr should be 
uware th~t uny c~umple that ¡, su!Ticiently short to 1\t onto u sin¡¡lt page cunnot 
be much more thun a metnphor, probably unconvincing lo hobitunl skertics. 
The importunl thing is to abstrae! from the cumple and to imagine the samc 
method being applied to lnrge programming problems. 

Examp/e 1: Srqucntial mcr;:ing 

Given a se! of n - 2"' integcr variables a, ... a •. find a recipe to permute 
their va!ucs such that a1 :o;; a1 .;; • "" a, using thc principie of sequential 
merging. Thus, wc are lo sort under thc assumption of strictl)' scquential ac­
cess. Briel\y told, we shal! use the following algorithm: 

1) Pick individual components a,m and merge them into ordered 
pairs, dcpostting them in a variable a"'. 

2) Pick !he ordcrcd pairs from a1'1 and mcrgc thcm pairwise into 
ordcrcd qu~druples, dcpositiog them in a variable a01. 

J) Continuc this gamc, cach time doubling the sin of thc merged 
subscquenccs. until a single sequencc of lcngth n - 2" is gcn­
crated. 

Al ttie outsel, wc noticc that two 
variables a 111 and a"' sufficc, if the 
itcms are alternately ~hulllcd between 
them. \Ve shall introduce a sin¡tle arra}: 
variable A with 2n componcnts, such 
!hil a 111 is rcprcscntcd by A[l) ... A[n) 
and a''1 is rcrrc~cntcd by A[n+l] 
A[2r.l. Each of thcsc two conccptually 
indcpcndcnl .par!~ has two points of 
scqucntial ¡,ccc.ls, or rcad/writc heads. 
Thcsc ~re to be tknotcd by pairs of in-

( 

de'" variables '· j aml k, 1 re~pcctively. ~ 
We may now ,·isuali7.c !he 1ort p:ocess 
as a rcpcatcd lfansfcr undcr mcr¡;ing of 
tuplcs upand da~·nthc array A. 

1 

Thc fi•st vcrsion of our program is evidcnt!)' a rcpc1111on of !he mcr~e 
shullle of p-tuplcs, wherc cach time arollnd pis doublcd and rhe direction of 
th~ shuulc is ("hangcd. A~ a con;equcncc, wc nccd 111"0 variables. nnc to 
denote !he turlc si:~. one lo denote the dircction. Wc will call them JI and up. 
Note thal t:a<.h rcp~litivc opcr:llion musl contain u d1an~e of liS (comrol) vari­
ables within the loop, an initi.,li<ation in fronl of thc loop, and a tcrminalion 
rondition. We casily con•·,ncc our;clvcs of thc corrcctncss of the followin¡; pro­
~ram: 
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up:- trur;p: -1: 
reprat t· ""initi~li1e índices i.;. 1 .. and /""; 

2: "mtr!:t /'·luple.l from ;. and 
j-soqucnccs into J.· and 
l·•equc ore.\"': 

U/': - ~up; 1': - 2•p 
until JI - n 

WIRT!I Hl 

()) 

Statcmcnt·! is casily cxpresscd m terms of simple assignmcnts dcpending 
on the dir~ction of thc mcr~e pass: 

1: ifupthen 
begin i:- l;j:,;;. n: 

~:-n+1;1:~2•n 

'"' el,. 
br~lnl.:- 1;1:-n; 

;· .. n+l;r l•11 
rnd 

'" 

Staternent·2 dcsrribcs thc repca!i:<.l rncrging of p-tuplcs: we shall rontrol 
lhc rcpctilion by couming thc number m of itcms merced. The sourccs are 
designatcd by thc índices i and j; ¡he destina! ion a!lcrnatcs betwcc~. índices ~ 
and /. lnslead of intro<.lucinr. a new \"Miablc standing altcrnately fm kand l. liC 

u~c lhtc simple ~olution t>f intcrchanging /.. und 1 nftcr c.1ch J>·IUi•!e mcrgc. and 
lctting k denote thc dcstination index nt alltimc~. Clcarl)", thc innemcnt of k 
has thcn In altcrnatc bctwccn the vJiucs +1 and -1; lO denote thc innemcnt. 
11c introduce the ,,uxiliary •·ari~hle h. Wc can ca.,ily rom·it1cC our~cl'"n that 
tite following reftncmcnt io r·nrrcct: 

2: he~in rn:- ti." h: - 1·. 
n•pcat rn: - m-l•p; 

.1: "'mcrr.c onc p-tuple from 
carh of r ;Hid; ro ~. in· 
rrcmcm ~ aftcr cach 
moi"C b¡· /,""; h: -h; 

4· "'t•.chan~e k and r· 

un!il '" - O 

WhttC"3 ~~~tcmcnt-4 io c:tsily c~prc;~cd "'a ~cqrtcn¡·c of ~implc ~<,,ign­
rncnls. s"tl~nt~rt\·.1 invr>h"("S tllOrc c"rcful plunnil".¡ .. lt dcs,·rihes the actual 
mcrgc uper:ntnn, 1.c .. thc rcpcatcd cornpJri<.on of tl:c ¡w,, inco:mng ttcms. thc 
sckrtion of the lesscr onc. and the ~lcpping up of thc cnrrcsponr.lntg iodcx. In 
order In kccp tr"c~ of thc ttumbcr of itcn" t"kcn from thc twn ~ourcc~. wc in· 
irndun: thc I1H> countcr •·.rrin~lcs q and r. lt mu~t t>c nnlcd that thc mcr¡;e ~l· 
ll",t)"~ cxhausts only onc nf thc rwn ~our¡-cs. anr.J lea ves thc nthcr on~ non~rnptr. 
Thcrcforc. thc lcftO\CI t,ril must ~ut"cqucnt!J· he COI'icd unt(t thc oulp\!1 se· 
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quen,e. These dcliberations quickly lead to the following description of state­
mcnt-3: 

J: bt·~ln q:- p;r:- p: 
tcp~al hclcct thc sm.1llcr ítem) 

11 A], 1 < A!J 1 thcn 
h¡·~in A]():- A j,]; 

,.,J 
<"ht• 

k: k+h:•:- •+L 
q: - q-1 

b<·~in A]( 1:- A(jl; 

'"' 

/..:- k+h:J:- rl: 
': - r--1 

until (q - 0) V (r-O); 
5· "copy tail of i-scquence": 
6· "copy tail of j-.,.cqucnce" 

'"' 

161 

Thc man11cr in which thc tail copring nperations are statci.l dcm~nlls that 
thcy l!c dc~i¡:nctl to ha ve no cffcct. if initially thcir countcr is 1.cro u~c uf a 
rcrctitivc eon~truct tc~ting for tcrmination bcfurc thc flrst cxecution nf thc mn­
trolled sl,!lc<ncnl ¡, thcrcforc mandatory. 

5: whikq +O do 
bo~I.,Aik] -A],]: 

/..:-k+h; 
,, - t+l: q·- q-1 

<·nd. 

6: nbih•¡of(ldn 
bt·~in A]A) - Alil. 

k:-A+h: 
j: -}-1: r:- 1-l 

11) 

This concludes the devclo¡tmenl and prrsemation of this progr:om, if a 
cnmputcr is avail~blc to acccpt 5latcmcnts of lhis form, i.e., if a suitahle com· 
piler is ~vaibblc. 

In passing, 1 ~hnuld li~c lO Stress that wc ~hould nnt be lcd 10 infcr that 
actual prof,r.un conrcptiun proceeds in such a wcll orpnilcd, ~lraighlforwanL 
"tnp-down" manncr. Latcr rcfincmcnt st~r>-' may oftcn ;ho" that carlicr dcci· 
sions are inapproprialc and must be reconsiducd. But thi~ ncal. m·Hcd factori· 
:alion nf a program serve~ a{lmirably wcllto keep th~ imlividual huildin~ blocks 
.imclkctu~ll)-' managc;tblc, tu o:xplain thc propam loan audictKC ¡tnd to onc~df, 
lo ¡;n;c lhc lc\•cl of confidcne"c in thc p~opam, nnd 10 ronduct inform:li. and 
cvcn formal proof; ol' {'Ortcrlncss. Thc cmcr¡;ing rnodularit)-' is l':lrlit"ni:lrly wcl· 
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come if rror,r~ms ha"e to be adjusted tu changed or extended sp~cification~. 
This is a most cs~cntial advant~ge, since in practice fcw pro~rams rema in con. 
stant for a long time. The rcader is urged lo rcdiscoH~r this advantage by ¡:en. 
eralizing this mcrse-son pro¡;ram by allowin¡; n to be any intcger r.reater than l. 

Example 1: S;¡uarrJ and palindr"mrs 

Li~t all intcgers bctwcc,t 1 aml N whosc squarc> llave a dcdmal represen. 
tation whieh is a palindrumc. (A palindtome is a scqucncc of charactcrs that 
rcad~ the ~;~me from both ends.l 

The prublcm consists in finding ~equcnce~ of digits that satisfy two eon<li· 
tions: they must be palindromes. and they must represen! sqt:ares. Conse· 
quentlr, therc are t"o ways ¡(, procecd: cithcr generatc all palindromes (with 
log N di~it\) and ~~lec! lh{)w which reprcst::nl squares, or gcncratc all squares 
and thcn ~clccl thn<>c whooc rcprcscnt;¡tions are paltndromcs. Wc sh~ll purstJc 
the ~~cnnd tnctlll>d, bccau<,c squarcs are ~implcr to [~r.ncr.llC (wilh CDrl''Cntiom•l 
programminn facilities), aml hccau~c fnr a givcn N \he re are fewcr s~uarcs than 

. palindromc~. Thc f•rst prouam draft titen consists of c>wntiall)-' a sin¡;le rcpcti­
tive statcmcnL 

": -o. 
n·p~ol n: n+ \; r.cncratc ~quare: 

if.dc<:irnal rqrc~cntat11m of •qua re 
i• a p.,lindromc 

llwn wntc 11 

until n- N 

(8) 

Thc ncx¡ step is \he dt-compo~ition of the complicatcd, vcrbally descr,bed slalC· 
ments into simpler pam. Obviousl)', hcforc testin& for thc palimlrome propcr. 
ty. thc decimal rcprcsenlation of thc sr:¡u~re must ha"c bccn computcd. Asan 
interface bctwccn thc individual parts wc introduce auxtliary variables. Thcy 
rcpre~cn¡ thr: !C'IIIt nf onc stcp and function as thc ar¡:umcnl of the <,Ucces>ivc 
stcp. 

,¡j 1 1 ' 
'­

' 

riiLI an .nr.-,y of decimal <lign< 
lhe nurnher of thpts computcd 
a noolcan "•"i~blc 

(note tllat l.- cntter{~ lttg M+ 1) 

The rcftncd versiim of (8) heromes 

n: - 0: 
n·pu! n:- n+l::;:- n•n: 

ti' - dcoimJI rerrr.,cnla\r"n uf:;; 
f': - di; o pllinJrome: 
lf {' tbt-n k'l•lf (n) 

unliln-N 

3-1-7 

(9) 

''-· 

' 



' 

.. 

INJ Ct.AS~IC~ 1.'1 SOrTWARE F.r<GINHRING 

aod w~ can procccd to ~pecif}' the three componrnt statcments in even greuer 
dctaol. Thc comput~tion of a decimal rcrresentation is tJaturally formulated as 
thc repeatcd comput~tion of individual digits starting "at the right." 

L:- 0: 
F<·protl.:- 1.+1; 

>cparate thc rightmost digit of s. 
call it di.L! 

"h!JJJ-0 

(1 0) 

Thc ~cparation of the lcast si~nilicant digit is now easily exprcsscd in 
tcr111S of t·icmcnt:try arithmetic opcrations as shown in (12). Hence, the next 
task ts tht· dccOillp_mitttm of thc computatton of thc palindwrne propcrty ¡> of d. 
lt is plait¡ that it al>o con~ists of thc repeatcd. scquential comparison of 
corrcspontlinp. dir,its. We stan by picking the first and the last digits, and thcn 
procecd inw~rds. Lct i andj be the índices of the compared digits. 

r:-1;¡:-L; (11) 

'"peal c"mparc the digits: 
1:-i·+l:;:-j-1 

'"•tll (,., j) or d1~its are uncqual 

A la't retittem~nt l~ad> w a complete oolu.ti~n cntirely exprcs,cd in terms 
of a conwntior:al prugramming languagc with ~dcquare structuring f"ctlities. 

n:-0: (!]) 

«·pnrn:- n+l: s: n•n;L:- 0: 
ropt•nl i.:- L+l: 

r; - .\ div 10, diL] - ·'- ]O•r: 

J: - ' 
•onlll J- O: 
1:-1:¡:-/.; 
rrpc•r p:- dld - dl.il: 
i:- i+l:):- j-l 

un U\ (i a.¡) or -p; 
tr p llton Wfl/f (o) 

'"•lt\ n - N 

This end' !he prcscnlation of Exarnple 2. 

2. Simplldty of cumpo~ition ~chfmn 

In <Hdcr to achicve inrcltccrual rn~na~~2bili1y, thc elcml""nt3ry composition 
schemcs nwst he simple. Wc ha\"1: cncountcred mo~1 r,f rhc truly fundamental 
onc.<> in tloi., .\CCOllrl cxnmplc. Th~y cncomp<~ss wq"'·nrin¡;. <"nlldlliomnr:, anrl rrp· 
CIIIIOI! uf ,·unstiwcnl statcmcnrs. ~hould likc !O l·lal>or:nc on "hat i> rncan1 t>y 
~imp\iril) or ml\lpositiDo schemc. Tu tlHs cnd, let us sckcr Js cxample the re· 
pclilivc ''heme cxpresscd as 

"hlk J/~o S (ll) 

3·1·8 
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h specifles the rcpeated execution of the constituent statemem S, whi!e - al 
the outset of cach rcpetition - condilion Bis satisficd. The simplicíty consists 
in the case with which wc can infer prope!lies about the "hile statemcnt from 
known propcrti~~ of the constit~tent statement. Jn particular. assume that we 
know that S lea ves a propcny /'un it~ vari;¡blcs unchangcd or lr.variamwhcnev­
er Bis true initially; thts may be cxprcssed formHlly as 

PAB(SIP 04a) 

according to the nOtation introduccd by Ho~re [8]. Thcn we may infer that the 
whilc statcmcnt also \ea ves f' invariant, regardless of the number of times S 
was rcrcatcd. Sincc thc rcpctition prncess tNminatcs only alter condition B has 
become fal>c, wc may infcr that in addition to P, nl>o ~JJ holds aftN thc cxecu­
tion of thc wblle statement. Thi> infcrcncc may be cxpre~sed forrnally as 

P lr. hile B da S) P 1\ -B (\4b) 

This formula contain~ thc cssencc of thc cntirc l''hilc-(oustruct. 1: 
teache~ u~ lo look for an invari:•nl prnpcrty P, and to consider the rdult of the 
rcpctition toLe the logical comhination of l'a~tl thc n~c~tion of lhc continua­
tino condition JJ A similar pal!crn of infercnrc r.ovcrns thc rc¡>¡·ut-co:1Siruct 
used in thc J>rcccding e~amplcs. Assuming thnt wc Cóln provc 

QV(PA-m{.<.1P (\Sal 

about S, thcn v.c rnay concludc thal 

Q lr~pe~t SunHlll)/'/11/ . (l.'ib) 

hoh.ls for thc rrpeal-tonstrucl. 

There rcmains lhc question, whether all progtams c:m be c~pre~~ed in 
teims of hicrorchical nesting~ of thc frw clcmemarr composition ~che mes men­
tioncd. Alth()ugh in principie this ís rossible, the qucstion is rathcr. whcthcr 
ther ¡;an he cxpr~sscd wnvcnicntly, 'nd whethcr tlH")' s/wuld be cxprcssed in 
such a manncr. Thc ·lll>II'Cf lll'JSI neccss,rily be sub.Íl"Clive, a m'tlcr ¡¡f laste. 
but 1 tcnd lo answcr Mlitmati,·c]y_ At le~st en ~ttcmpl should he made to stick 
to elementar}' schemcs bcforc u'illl\ more elaborate unes. Y el. thc tcmptation 
to rcscintl this rule is real. and the ch~nce 10 succumb is puticularl)' ¡;tea¡ in 
lansu~~es olfcring a facilitr likc the ¡:oto statcmcnt, v.hich ~\lows thc inswn· 
taneous invcntion of ~ny form of compo;ition, and whi~h is thc key to anr kind 
of structural irrcEularitr. 

Thc fo\lowin~ >hort c~ampie illustrate~ a typical situation, and thc issucs 
invo]vcd. 
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Exomple 3: Sclecling di5/Ín(l numbers 

Given is" ~cqucnrc of (not ncccssJrily differcntl num\Jers r0 • r1• r,, 
Selcct the first n distinct numbers and assign them scqucntially 10 an array l'ari· 
ablc a with "clcments; skipping any number r, that had already occurred. (The 
scqucncc r may, for instancc, be obtoincd from a pscudo-r<mdom numbcr gcn­
eralor, and wc can rcst assurcd that the sequcnce r contain> at least n dJ!Tcrcnt 
numbcrs.) 

ing: 
An obvious fr¡rmulation of a progrnm pcrforming this task is thc follow-

fori;-ltondo 
bt·~in l.: ~··¡(t): 

forj:- !lo;-] do 
lf aÜ 1 - r 11wn ~o lo L: 

ald - r 

'"' 

(!6) 

lt cannot be dcnLcd lhat this "ohv1(\m" soluti0n has bren 'u¡;¡;c;tcrl br 
thc tr~dil1on of cxprcssing a rcpe;llcd actoon b}' a for st~:emcr.! (ora nu loop)_ 
Thc task of computing a v~lue for a is decomposc\! into n identical stcps of 
computing a single nurnbcr o[¡] for i ~ 1 .. n Anotllf:r inOucncc koding lo 
thi~ formulation is thc tacit a~sumption that thc prob,tbilit¡• of two elcments of 
thc ~cqucncc being cqual is reasonably small. llcnce. thc r~sc of a c~ndida:e r 

be m¡: cqu:LI to ;orne o U] is comitlcrcd o; lhc cxccptinn: it lcad> lO " break in 
thc ordcrly cour~c of opcrations and is exprcs;ed by a jump. Thc elimmalion 
of thi; break is thc subject of our further dclibcrations. 

Of (."OUr;c. thc ~!llo stalcmcnt may be c~srly - almo;! nrcchanically - re· 
placcd in a transcription proccss leading lO thc following goto-lcss vcr;ion. 

for•:-ttondo 
b~~ln 

tt·pnr &el(r); ok: '" rrur; 
J: ~ 1: 

"hit~ V< •) /\o l. d<> 
be~ in<>~: - o].¡)"" r;j: - j+ 1 
cnd 

until of..; 
o]i 1 - t 

t·nd 

(1 7) 

Thc !ranscription con~i~1s of thc Jtpl~rcment nf 1trc for statcmcnt witll ;¡ 
fJxC\l tcrn¡in;¡tion condition dcocndin~ on !he TUnnin¡; indc~ j by a more flexi­
ble whHc >latemcnt allowint. for more complicatcd. rcllni'O~ÍIC tcrmination (or 
rathcr con¡inuatwn) conditions. l!ut thi; ~olution appcars qu1!C unall!acti•·c. lt 
is admillcdtr tcss uansr~rcm than thc pro¡;ram usmg. a jump. in ·spitc nf tl1c 
fact lhJl Otc rno>l frc~ucnll)· h~ard obj~ction lo thc use of jump_l is lhJl Hr~)" 

,, . . , 

1 

¡ 



\ 

' ' 

.. 

obsrurc the pr~ram. Thc other objcction is that thc ~:oto-less version (17) re­
quires more comp~risons and tests. ~nd hcncc 11 lcss cfncicnt. 

The nux of the maner is that wc!l-structuted programs should nDI be ob· 
taincd mercl}' through thc furmalistic proce~s of climinating ¡:oto statemcnts 
from programs th~t wcrc conccivcd with that f~cility in mind. but that thcy 
must emerge from a propcr design process. Two ahernativc solutions are 
prcscoted herc as illustratioos. 

In thc first case, wc nbandon the notion that the program must ncccssarily 
be based on :he statement 

for,;- lto ndo (\8) 
al1l : - thc ne'l 'uitablo number 

ami con5idcr thc basic iteration stcp to consist of the gcncration of the ncxt ele­
menl of the sequcnce r. followed b}' the Les! for its acccptability. 

1 : - l ; 
"hile i.;. n do 
b.gin r.ener.re nc•t r: 

assir.n it lO alrl: 
check wbcther all alj 1 2re dilfercnl from olr L 
if so. procecd b)' incrcmcnting' 

'"' 

( 1 9) 

This form mab:s it obviotts that wc '"e in lroul!lc, if thc seq\!l:m.c r sho.~ltl be 
such that i cannot be ir.crcmenter.l anr longcr. Wrillcn in tcrm~ of our pr,•· 
gramming ].,nguagc, (19) becomcs 

r: - 1; 
11hil~' G ndo 
il<"l!ln ¡:clft); 
aJ¡J:- r;j:- l: 
"hile u[i) ;>! r du j: - j+ 1; 
lf¡-jiiiCili:- i+l 

'"' 

(1(1) 

Tlic sccnnd appro~"h to Lht> prohlcm rctains thc hasic cnnccrt of thc sol u· 
tion as shown in (18). From thcrc, its dcvclopment is ebarartcrizcd by thc fol­
lowing two snapshots: 

ror ''-]lo nd" 
rcpt•al f,CneraH• lhc llL''I T.' 

chcd. ns acccplability 
nnlil acccplable 

for1: -llondn 
rcpral ~el(rl; 

a[i]:- t;j:- !· 
.. hile uli l ~ r doj: - )+ 1: 

lllllll 1- j 
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lo contrusl 10 (20). this ~nlution consists of rh,·r nc~tcd repctitinn' m· 
stca<.l of only two, nn<.l thcrdorc ~ccms infcri()f al llrsl ~il(hl. In r~cl, howevcr, 
solution (22) turm out to be cv"co more economical. The rcason is thal in (20) 

the te~t for continuation i .;-; n is actually unncccssary "'·hene,·er 1 ~ j. ~ince 1 

~ j in this case implies i < j, and bccause 'has not been ahered since tbc last 
evaluation of i ~ n. Of course, program (22) is considcrably more etTtcicnt 
than !he original form with a jump (!6). 

This terminales our con~idcration of Example 3. 

The questioo rcmains oren. of course, whether jumps can always be 
avoidcd without disadvantage. [ sball not vcnture to answcr this question, par­
ticular]}· be~ausc thc term "Jisadvantage" is sufficicntly ~·ague lo admit many 
intcrprctations. But therc is cvidcnce of thc cxistcncc of ~omc ~:harackristic 
and reasonably frcquent situations wh!Ch are cxprcssed oniY witb diffkulty in 
terms of thc language construct introduced above. A particular case is !he loop 
wilh exit{s) in thl' m1ddle. Late[y it has led language designers to introduce 
specific constructs mirroring this case !12). 1t tums out, however. that it is 
most difficull lo linda satisfoctory JOJ tinguistically suggestive formularion, and 
that somctime~ solutions are·invcoted that secm to mercly rcplace the ~ymbol, 
¡:oto by another word. su eh as ~~11 or jump. For examplc, thc construcl 

loop SI; (2)) 

c>ltlf P; 
S2 

with the parametric statements SI, S"l, and thc termination conditioo 1' might 
be adopted to cxpress the program 

Ll: b,·~tn Sl; 
lf f' lhon guto 1.2; 
S2; ~oto Ll 

[.2; ~lid 

in a more concisc ~11d golo·frce form. 

(24) 

• 
Exrrc~~ing (24) in lerms of thc ba;,c r~pctitivc statcmcnt form~ docs, 

indectl, often lcad to umlc~irahlc comrlications. such as unncccssary rccl'a[ua­
tion of condition~. or duplication of parts of thc program, as is shown by the 
two proposals (25) and (26). 

n•pt•at .\1; 
if ~t'!lwn S2 

Utol!l /' 

S!; 
"hlk ~!'do 

bo~in Sl; SI cnd 

3-1-12 
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Thc followio¡:, and !ast :wo, e~~mples of prob!crns are addcd to ~~ow that 
oftcn the necd for an e,(lt m rhe midd/1' nmslruct ís b~scd on a prcconu.-,,·ed no­
flon r~thcr 1han on a real llCW'illly, and that somctimcs an even bcttcr ~nlution 
is found when stickin~ tn thc fundamento! constructs. 

EJ,:ampll' 4: A Jcannt'f 

lhe t2sk is to construct a 
piecc of program whiclt, cach time 
it i; activatcd, sean; an input ;e­
quencc of characters, dcliverin¡: as a 
rcsuh the next character. but skip­
pin¡: ovcr blanks and over so-callcd 
commcnts. A comment is defined 
~; an)' scquencc of <·h;n;lctcrs start­
ing with ~ lcft brackct and cndio~ 
with a right brackct. 

This scanner could typically 
ocrur J~ part of a rompilcr. A com­
nl!!n ~oluflon is indir01tcd by the fol­
loWing flowd1art (1/I'X/ denotes th~ 

opcr~tion of r~ading thc next char­
acter and ~ssigning it to thc result 
variable .d. 

; 

' 

(21) 

""' 

This pro~:am clcar]y c~hihits tlic ]or¡p _\lrtJCIUrc with exit in tlie rniddle, 
-'~tisfyirl¡; the one-rntr)'·!llle-exit prcrcquisrtc lnstcad of proposin¡; n ~u¡:~cstive 
rorm for this construct in sequentiallangua¡;c, howcvcr, let me t~ckle thc rosed 
problcm in a diH"ercnt manner. Rcm-.,nii.ing thc main purposc of the pro~ram 
as hcing thc readin¡: of thc n~u charactcr, with the ad<htional requcst fnr skip­
prn¡; ovcr bbnb 3nJ commcnts, 1 propase a ftrst vcrsmn as follows: 

" 
nrxl; (1R) 
l<'hil~ X in ¡-._.·. • !'J do 

'"<kir blonl< and commcnts"" 

Thc corrcrtncss of this pror.ram is casily cstabli;hcd, Jssurni11~ that lhc 
statcrncnt in Qllotcs pcrf[lrrns whot it s.r)".l, and nothing. more_ Thr. Jcr,n,t,on of 
the ~<hil<• statcment ¡~UJTrlntces lhat thc rrsulting valrrc of x is ncilhr:r a t>bnk 
nora comrncnt, no maller in what way blanb and rommcnts are skippcd. 
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The rcfincment of the $\atcmcnt in quotes is guídcd by the fact that u pon 
íts initintion :r is cithcr a blank oran opcning brackcl. 

Ir X- "u' tbcn 11<'.>:/d'c 
".>kip comment'' 

wherc the last statemcn! is cxprcssed. with otwious reasoning. as 

b•·~in roprot 11n1 unttl x- '1': 
Nr:J:I 

~ ud 

( 2 9) 

00) 

Onty knowledge about thc expected firqurnciri ojommrncr of individual 
charactcrs can be a rcason to choose anmhcr form of this program on the 
ground~ of cfiiclcncy. For thc sakc of argumcnt. let IJS as~umc th~t short se· 
qucnccs of blank~ are p~rticul:lrly frc~u~nt and that, on thc other hand, im­
mcdlalcly adJaccnt cornmcnts me cxtrcmcty rarc. ·¡ his lcads us to an <~qually 

corree\ altcrnativc form of (29). namcly 

"skip consccutivc blan~s. if any": 
"~kip comm•nt, if an}·" 

Thc fir~t of thc tv"l statcntcntl ,, r~<~dily ~xrrcsscd as 

whlh• x- 'u' dn tW>.I 

vohcrcas !he second i~ alrcady claboratcd tn (JO). 

Examp/r 5: lirlcger nutllrp/rcatrott 

As~ume !hat we are !O 

dcsisn a program 10 multiply 
two nm~·ncga!ivc inte¡;crs a 
and b with thc use or addi­
tion, lloLiltling, and h~ll'ing 
only. Le! thc rcsult be 
rcpre,cnted by a VMÍ~blc l­

A wrtt-l:nowr. ~nd cmcicnt 
mcthod IS shown by rhe 
flowrhart a1 ri¡;ht: 
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Thi~ program, once agaín. clcarly cxhibits thc loor structurc with c•it 1n 
lhe middlc, nnd thcrcfurc cannm be cxpresscd ~s ~single ,.hile statcm~nL !t 
is u;u;llly squcend ir~ lo th~ simple loop form by di;plaLrng the loop tcrmni;llion 
lnt. rositioning 11 in frunt uf statcmcnt SI. Thc pru¡;ram thcn obtains thc 
wcll·known form 

..-:-o; y:- b:::- O; 
,.hilo y"' O do 
b~~in Ir cdd(JJ thon 

brginy: -J-l;;:- z+x 
end: 
y:- y di• 2: x;- 2•..-

'"' 

041 

This clearl¡: docs not changc the e!fcct of the prngram, bccau;e if y- O at 

entr¡: to .S1, then .'.1 has no effcct and, in particular. lea ves y unchangcd: aml if 
y ~ O, thcn thc only additional effect incurred by thc modif•cd l'crsion is on 
the auxiliary variables x ;10d y in th'c case of y- J. But this additional cfTcct is 
quite undcsirable, nnl so much beca use of thc ad!litional, supcrfluous, and use­
les; comrutation, hui bccausc this oper~tion may be harmlul by cau~ing 
ovcrnnw of the arithmcti~ uniL Should wc thcrcf01e resort to thc cxit-irHhc­
middlc vcrsion? 

A dilfcrent ~olution was sl10wn to me by E.W. Dijkstra. He prnposr!l to 
tack!c the prnblem at it~ roots, instcad of trying to rcmcd)' a prcconcci,-cd pro­
pos:d. Thc most obvinus multiplication al¡;urithm under the >tated constrain:s 
IS thc following: 

.<:-a;y·-1-;,:-0: OS) 
,.¡.;¡~y"' O do 
be~iu [1" >O •nd ···;+::- Q•bl 
y:- )-I; ,; - ,+..-

'"' 
Before we start outtr)ing to improve this \'Crsinn. ""C observe that al tl:e 

outsct of ~ach repetition twn conditions are satisncd. 

l. y > O follows from the fnct thal y is;, 11011-nc~ative intcp,cr ami 
1\01 equ'llto tero. 

2. .1•;+: = Q•b is in,·ariant uodcr thc lwo rtpeatcd .~ssi¡:nmcnts. 
(To verify this cbim, substitutc ;-l for y and :+x for :: this 
yields .P(.I-l}+(:+xl = x•y+:- o"b. i.c., thc orir,inal cqua­
tion.J At emr)' the cquatinn is ;atisflcd, since : ~ O, x- o, y 
- b. 
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Thc critici~m h~s bccn voiccd that thc mcthod of wucturcd pro¡;ramming 
is in csscncc nothmf, more thon pro¡;r~mming by painstakingly avoidong the use 
of jumps (¡:nlo st"t~mcnts). Onc may, indccd. come 10 this conclusion by look­
ing al !he e mire 11suc in thc rcvcr.'>c dircction_ But in fBct, thc mcthod of ;ter· 
wise dccomrosition ami re~nemcm of !he programming ta>k automatically le"ds 
to ~oto-frcC pro¡;rams: the abscncc of jumps is not thc inilial aim. but tllc final 
outcome of thc exercisc. The daim that ;tructured programming was invcnted 
by proving that all ~;ograms can be formulated without ~oto statcments is 
thcrdore based on a fundamental misunderstanding. 

Ti¡e que~t<on of whcthcr jumps cnter the picturc or not t> b2sicalty a 
mauer of thc lcvcl of <kcomro.lition or rcflncmcnt to which thc pro¡;rammmg 
procc>~ is carricd. UllJmatcly - that is in machinc co<Jc - \l"¡cre ¡·an be no 
doubt about thc prcscncc of jumr in5tructians. Thc mm al of thc story ts that 
jumps mus! not be used ia thc initial con~ertion of a r.cncral algorithmic stra­
tc¡:y, and in fact should be dclayed as long as possible. Wtth today's state of 
tcchnology, the introduction of jump insuuctions can be lcft 10 co:nrilers of 
languages that offer adequatc, judiciously choscn, disciplined structuring facili­
ties. 

Onc of thc csscnli:ll facilitic~ for this purpose, bcsidcs conditional and re· 
pctitivc stalcmcnts, is !he rl'Wf.\'i<•C procrdur<!. !n many cases it crncrg<;s ns tl;c 
natllrlll for,nulatiun of a solutirm, such as, for imtancc, in tmo~.t ca>~S ol l.o~t·k­

trad.ing ;l]¡:orithms llarUiy unywhcrc clsc can a nallJral. ··or.cisc. ~od 0ftcn 
self·c~planatorr solution be nH•de more obscurE and m¡·~tifyin¡~ ih~n by rcpl~'" 
inr. ¡¡, rccursii'C forrnulation by one in tcrm> of tep<~li¡ion ~nd - wcll - jumps. 
Thi~ procrss should definilcly be lcf1 toa compilcr, as it conc¡·rns "hat i~ ~.allcd 
codong ralhcr than programming (code = sys1cm of symbols u~cc! in ciphers, 
sccret mc~'"ge~. ele. [Wcbsler]). Modcrn plúLrarnnüng ~ysh::ms, howcvcr, 
offcr cfficicnt implcmcntations of rccursion, ~nd thcreby make "pro,;rammin!: 
around rccursion" a l~rgcly unncccssary cxcrcise. 

Wllercas a t~achcr ~lmuld not and mus\ nol· pay :1lt~ntion to "perccnt is· 
sues" :~s \o cfficicncy whilc cxpl<tinin¡: and cxcmplifying mclllod~ of rompo.1inr, 
wdl·stmrturcd pro¡;rarns. a profes,ional propammcr m a)' wcll be tor~cd todo 
so. l!c may somc1imes find a <!o¡:ma of suüing culu;h·cly 10 a rcslrictcd ~el 
of prngram structuring ~rhemas 100 much of a sllaighl·jaclet, and 1he templa· 
tion to break out 100 povoerful. This will be the case as long as cornpikrs are 
insuffrcicntly wphi•aicalcd 10 1akc full advahtagc or disciplincd 5lructuring. 
Naturnlly. thcrc w1ll alw~l'S be siwations whcrc a comrilrr is cith~r dcnird thc 
fui] informalion nccdcd for ~ucrcssful code optimizatiOfl, or whcrc it would be 
nn:•blc lo infcr lhc neccssary comlitl[)n> lt i~ lhcrcftHc Clltircly ro~'ihlc lh~t in 
thc ftllurc a mote intcractivc modc of opcration hctwccn cmnpilrr and rro­
¡:ramml'r will emerge, al kast ÍN the vcry ~ophiSlil".ilCd profc1sional Thc pur­
ro~c of this intcraclinn would not, howevn. b<: the de•·clormcnt of :m algo­
rithm or !he dcbugging of a program, but rather its impll;n-cml'rlf undcr invarianre 
af ralfcclnr:sJ. 
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1 he foreg.omg tliscussíon also implie1 an ;¡ns"cr w thc qucstion of v.hcth· 
cr structured programming in an unstructurctl l.mguage (~uch as !·ORTRANI 
is po,~ible lt is not. What is pos1iblc, howcver, is slructurcd ¡norpmn1mg in 
a "hi~her leve!" l<~n~u;¡gc ami sub>cqucnt hand-translation into thc unwuc­
tured )an¡;uagc. The comllary is th't whcrca\ this approach may be practrcable 
with the almost 'supcrhurnan discipline of a mmpiler. it is highl)" unsuiled for 
trorlún~ programming. Rcco&nilin¡; th;¡t tt\erc may be va lid cronomic rc,sons 
for lcurning todm¡; in. ~ay, FORTRAN. thc U\C of an un,tructurcd language lo 
tcach pro¡:wmmm¡; ~ a~ thc MI nf systematic.tlly dcvclopmg alcorithms - can 
no IDngcr be ddcndcd in thc contcxt of ¡·omputcr scicnce eduration. Thc IJC~ 
of ~n adcquatc nw:Jcrn tool cm thc availa!Jic computing facility is thc only 
ren1ainonr, excuse. 

The las\ remar k conccrns an aspcct of .. ~tructured programming" lhat has 
not becn iiluminatcd by the forcgoing c~amplcs: structming considcrations of 
pror,ram ami dam are often clmely relatcd. Hcncc. it is only natural 10 subject 
al~o thc specification of data \o a proccss ol stcpwise rcfin~mcnl. Morcovcr, 
this pruce~s '' na!llr;llly carricd out ~imultancuusly w11h thc rcftncmc~t of the 
pror.ran1 A lan~ua¡:c mus\. thcrcfme. not tmly offcr prógram strtJcltJrin¡; facili­
ties. bu: an adcqu,1\C sct of S)">lcmauc data 'lrUclurmg facili:ics as wciL An ex· 
amplc of this direction uf lan¡:uagc dcvclopmcnt is the programming langu:.ge 
PASCAL 1:2. 13)_ Thc importance of this a'pcct of pro¡:ramming is fl>IJlicular-
1)" cvidclll. as wc rccogni1c thc dJIJ as thc ultimatc object of our intcrr:>t: thrr 
rcprc~cnt the argttmcnts ;¡nd rcsults of all n>mpuring procc~~cs. Only strur:urc 
en a lile~ thc rro~uammcr to rcwgnile mcanin¡·. in thc cornputcd information. 

Thc author is ¡:rateful to l'.J. Dcnnin¡: f"Jr ~indly posing il:e r-roblem 
ncatctl in Examplc J. 
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1. OBJETIVO 

EL PROPOSITO DE EST[ DOCUMENTO ES EL PRESE!ITAR AL PERSO~AL DEL 

DEPARTAHE!ITO DE ANALISIS DE REDES (DAR), DEL 11/STITUTO DE 111--­

VESTIGACIONES ELECTRICAS (1 lE), UNA COIIVEtiCIO~t PARA liONBRAR AR-

CHIVO~ Y VARIABLES EXTERIIAS, DE ACUERDO A LOS PROCEOIMIEIITOS 

SUGERIDOS POR LA BIBLIOTECA DE SOPORTE DE PROGRAMAS DEL OEPAR--

TAHENTO, ASI COMO EL DAR A CONOCER LA ASIGIIACIOtl DE CLAVES PARA 

USUARIOS DE LA COMPUTADORA HARRIS DEL CEIITRO IIACIOIIAL 0[ COII---

TRO~ (CEtiACE) Y I.A POLITICA PARA EL RESPALDO DE ARCIIIVOS DEL 

DEPARTAHEIITO 1:11 ESTA COIIPUTADORA. 

~-~·3 



2. 1 IHRODUCC 1 ON 

DEBIDO A LA GRAU CAIITIDAO DE PROGRAHACION QUE EL IIE DESARROLLA 

Y DESARROLLARA [U COMPUTADORA Y T011AIIOO (11 COtiSIHRACIOil LA OR-

GAiliZACIOil DEL DEPARTAHEfHO, SE IIA ACOROf,DO ADOPTAR HfOIOAS QUE 

PERHITITAN LLEVAR Ull CO~TROL DE TAL PROCRAHACION Y El! ESPECIAL 

DE QQU~LLA QUE SE EfECTUARA EU LA COMPUTADORA llARRIS. 

LAS COIIVEIICIOIIES AQUI PRESENTADAS TIENE!/ TAMBIEtl COMO Flll 

EL ASECiURAR QUE LOS PROGRAMAS Y VARIABLES EXTERNAS SEAtl UIIICAS 

ENTRE LOS PROGRA~AS Y FACILES DE IOEttTIFICAR, CORREGIR O 

AGREGAR. 

) 

I~S 
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J. ESQ~tHA OE ORGANIZACIOU 

A COI/TIIIUACION SE DESCRIBE LA FORI'.A (U LA CUt.L tSTA ORGMIIZAOO 

El DAR Y LAS COUVEUCIONES MHES 1\ENCION/,DAS. 

Hl El SIGUIEtiTE F.SQUEMA, SE MUESTRA LA ORGMIIZACION DEL DAR. 

1,\ih.Li~l! 

DE R<.:O<.S, 

t.'J/1.1.1:11~ 

O(" !,;i<,:;'fef1fl,';> 

t>, · ::;'\ ¡•J:..o l.. lO 

N. 
'''"-'i l>'l ~1 ,<:¡;:¡iJ 

-:::1 __ ] 
rr.»<:r:.>J4 
1~ tp::_oTir.J 

EN ESTA SE DISTINGUEN CUATRO GRUPOS A tiiVEL OF SliBSISTEHA A 
Y CUATRO A tliVEL SUBSISTEJ\A B. 

' 1 =~ -~ 



3.1 CUEtiTAS PARA USUARIOS DE LA COMPUTADORA HARRIS 

APROVECHAUOO LAS CARACHRISTICAS DE LAS CUE1HAS El/ LA COMPUTA· 
DORA HARRIS COMPUESTAS DE L/, SIGUI EliTE FOR:1A: 

CALifiCADOR USUARIO 

SE HA ASIGUADO UU CALIFIC/,OOR 
TEMA A DE LA SIGUIEIHr. FORHA: 

A CADA GRUPO DEL IIIVEL DE SUBSIS-

SUBSIST[HA A: 

OEHOSTRACION OCIIlNTA Y UNO 
CONTROL DE cr,L liJAD 
ANALISIS DE SISTEIIIIS 
DESARROl.I.D UE rROGRAIIACIOII 

CALI F 1 CAOOH 

OOIIJU[t10 
0020COCII 
(VER •'·} 
OO~ODEPO 

(t) AL GRUPO DEL SUBSISTEMA DE 1\IIALISIS DE SISTEMA SE LE tii\N 
ASIGNADO CUATRO CALIFICADORES DE ACUERDO A CADA GRUPO DEL IIIVEL 
DE SUBSISTEMA B,DE LA SIGUIEUTE FORt11\: 

.. 

SUBSISTLI1A B CAL 1 F 1 CIIOOR 

OCSPACIIO ECOIIOIIICO 
CAt.CULO DE IIITERCIIHBIOS 
PROUOST 1 CO DE CARGA 
COORDitiACIOII IIIDROTERMICA 

0031 0((,$ 
0032CIAS 
0033PCAS 
003~Citt.S 

A CADA USUARIO SE LE HA ASIGNADO UN IIUt\CRO S~GUII EL CALI(ICADC~ 
DEL SUBSISTEMA EN rL QUE COI.ABORA, ESTE LE DARA EXCLUSIVIDAD DE 
ACCESO A SUS ARCIIIVOS SI ASILO DESEA (SEf.CIOil ].2). EL l:ct:tERO 
DE CADA USUARIO 5[ LE DARA A CONOCER EN FORfiA PERSONAL. 

NOTA· .. DADO 1.1\S CARACfF.RISTIC!\S D[L SISTEill\ OPERATI'VO DE LA COM­
PUTI\001!1\ HI\RRIS, LOS UjUI\RiOS QUE TCtiGAN EL MI SitO CALI(ICA-­
DDR NO PUEDE!/ G[IIERI\R 1\I!CIIIVOS DIFERENTES CON EL 111$110 IIOiiBRE 
ESTA RESTRICCION SE SAI.VARI\, IIICLUYENDO Etl EL NOtiBRE DE LOS 
ARCHIVOS, DOS IIIICII\LES [l[l :WHBRE DEL USUr,RIO 1\ QUIEN PER -­
lENECE (VER SECCION ].2). 

, -, - ' 



3.2 ~WMBRAHIUHO DE ARCHIVOS 

CON EL OBJETO DE QUE LOS IIOMBRES DE LOS ARVIIIVOS GCII[RADOS EN -
LA COMPUTADORA IIARRIS SE~tl UIIICOS, IOCIITifiQUEII A SU rROPIEIA-­
RIO Y 001 IDEA DE SU CONTU/100, SE HA CONVEt/100 EL USt,R EL 51-­
GUIEIITE fORMATO: 

TIPO lt/ICIALES COIITENIDO 

DOIIDE, EL TirO COIISISH Ell Ull CARALHR QUL OESCRIUf [L TIPO DE 
f•RCHI'IO DE QUE SE TRATr, S[GUII LOS SIGUILIITES POSIBU:S: 

f ~ PROGRA11A fUEIITE (LEIIGUAJE fORTMI, COBOL, ETC.) 
R ~ MODULO RELOCALIZABLE (RESULTAIITE DE UIJA COP.PILACIOI:) 
H • MODULO EJECUTABLE (RESULTADO DE UN ENCAOENAMI[IITO) 
C • ARCHIVO DE COMANDOS lt!DIRECTOS 
E PROGRAIIA Ell I.[NGUAJE EIISAIIBLADOR 
M • PROGRAIIA MACRO-l:tSAI1BLADOR 
T • .ARCIIIVO COl/ UN ltXTO (UOCUM[IITO) 
O • ARCIIIVO COII DATOS 
R • ARCHIVO CO!l RESULTADOS 

LAS INICIAL(~ COIISISTEtl EN DOS CARACH.Rr.S QUE SON LA PRIMRA 
LETRA llEL PRI11[R NOMBRE Y DEL APELLIDO PIITERIIO DEL USUARIO QU[ 
GENERA EL f,RCIIIVO {AREl\). 

EL COtllUIIDO COIISISTE Ell IIASTA CIIICO CARECiERES f,LI.AIWIIERICOS 
QUE DAil IDEA DE LA FU!lCIOII, OBJETO O PROPOSITO DEL COilTENIDO ÓL 
EL ARCHIVO 

EJHIPLO: 

NOI1~RE 

T11PCOPRC 

DESCRIPCION 

ARCHIVO QUE CONTIOlC Ull TEXTO (DOCUIIEIITO} 
PERlCUECE A MARCIAL PORTILLA ROBERTSOil 
Y CONT 1 f. UE Ull COIITROL DE PRESTAt:OS 

1 ..: ( 



].] NOMRRAI11CNTO U[ VARIABLES [XTCRNAS 

CDII EL OBJlTO DE PODER IOf.UTIFICAR Ul f_QRM/1 UlliCA Y A LA VEZ, 
EL QUE SEA REPRESEIITATIVO EL ri011BRE DE LAS VARIABLES E~TERIIAS 
QUE SE USEII [11 LA PROGRAIIACIOII DEL DAR, SE EMPLEARA LA 51-
GUIEIITE COI:VEIICION Etl SU FORMATO: 

FUE liTE .IIIIE110111 CO. DES 1 T 1 UO 

OOIIDE, LA I"UI:tiTE Y DE~TINO CONSISTEN 0[ DOS CARACT[' [5 LOS -
CUALfS IIEPRESI:IIT/111 EL SUBSISTE11A QUE GEIIERA LA VARIADL~ Y CL 
QUE L/1 RECIBE IHSPECTIVAMOJTE, OEUHO DE LOS SIGUIEHHS IDEIHI­
FICADOS: 

" • DESPACHO ECOI!OHICO 

'" • COORO 1 NAC 1 ON IIIDROTERHICA 
e e " f'ROUOST 1 CO DE- CARGA 

" • CALCULO "' IIIT[RCI\IiBIOS 

"' • OP[IlfdlOR NACIONAL 

" • OI'EIIAUOR " ARCA 

EL HIIEI10t11CO ES UN CONJUIITO DE HASTA DIEZ CARECTE~~S :LFA!!UHER!­
COS, QUE !0[!/TIFIC~N LO QUE REPRESE!ITA LA VARIABLE. 
LO~ PUIITOS SON SEPARADORES DE LA rUENTE Y EL DESTI!lO DEL IINEM0--
11 1 e o . 

EJ fl;f'LO: 

CH.TMVIA.OII • VARIABL[ GEl/ERADA POR EL SUBSISTEIIA Cll Y 
RECIBIDA POR EL OPERADOR IIACIONAL Y ~UE RE­
PRESENTA UN 'TIEMPO DE VIAJE~. 

3-3-8 
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J.~ POliTICA DE RESPALDO DE ARCHIVOS EU LA COt'!PUTAOORA HARn!S 

COU EL OBJETO DE COI~TAR COl~ RESPA\.00 DE LOS ARCIJIVOS DEL 1 lE 
EXISTEIIHS EH L/\ C011PUTADDRA 11/\RRIS, SE EfECTUI\RI\11 EN FOR/11\ PE­
RIODICf< EL COPI,\00 A Ctln:, OE ESTOS, DE"lt. S!GlJIEIITE FOR/1/\: 

SE EFECTUARA RESPALDO DIARIO COII CINCO CINT~S. RESPALDO SE11ANAL 
CON TRES CIIITAS Y RESPALDO MEIISUAL CO~I ~OS CIIITAS. 

ESTO PER111TIRA, El~ El MEJOR DE LOS C~SOS lfM[R UNA HISTORIA DE 
VERSIOI:ES DE Ull ARCHIVO COII CIIICO VERSIO~~S !lE CINCO 01/\S I.ABO­
R/\BlES 1\TRAS, TRCS VERSIOIIES COII ESP,',CIO DE UIIA SEI•,Mt/\ 11[ TRLS 
,[11/\IIAS ATRAS Y DOS VERSIO::ES CON E:SPACIC PE Ull MES DE DOS 
tH:~ES 1\TRf,S. 

ESTOS RESPALDOS 
HRIORES. 

PERMITI'RAU RECUPER/1R ARCfliVtS COtl VERSIOUES A:l-

3-3- '1 
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3-5 POLI TI CA DE PURGA Y COIHROL DE ARCHIVOS' E ti DISCO 

DEBIDO A QUE EL DISCO IIISTALAOD Ell LA C011PUTAD0RA HARRIS TIEIIE 
CAPACIDAD LIMITt.OA, SE SEGUIRA LA SIGUIUHE POLITICA SOBRE EL 
USO DEL ESPACIO [11 DISCO: 

TODA llUEVA AREl\ GftiERADA POR LOS USUARIOS DEiltRA SER REPORTADA 
AL EI!CAP.GI\00 ll[L SISTF.IOA POR PARTE DEL IIE, LLCIIAIIDO LA FORJ\1\ 
QUE PARA EL [I'I.CTO SE IIA DISPUESTO: LAS ARCAS NO REPORTADAS SE­
RAN ELIHIIIADAS I'ERIODICAilENTE (PURGA DEL DISCO)·, 

SE COPIARAN LN CINTA CON CARACTER PERMAII[tiTE AQUELLOS ARCIIIVOS 
QUE EL USUAr\10 UESEE CONSERVAR PE:RO 110 USE EN TIEMPO tt:MEOIMO 
Y POR TAIITO NO ES NECESARIO QUE ESTEN EN DISCO, DE TAL QUE El 
ESPACIO E!l DISCO QUE OCUPE NO REPASE DE DIEZ MIL SECTORES 
(1120000 PALAURAS) DEtiTRO DE LO POSIBLE). 

ESTAS MEO IDAS DEBERAII SER SEGUIDAS ~OR 1.05 USUARIOS DEL 1 lE 
PARA UU MEJOR USO DEL UUI.CO DISCO QlJE ACTUALMEtlH TIEt:E u; COM­
PUTADORA HARRIS DEL CEtii.CE. 

3-3 -Jo 
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1101\MAS.DEL 
"LENGUAJE PARA OISEnAR PROGRAMAS" 

PDL . 

MARCIAL PORTILLA ROBJ"RTSON 
ROBERTO MA11DUJMW \JILO 
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1 u o 1 e E · 

OBHT 1 VO 
11 ltlD~IlTACIOII Y ETIQUETAS 

1 1 1 EST~UCTUIIAS DE COIITIIOL 
IV CONSTRUCCIOIIES 

V EJEMPLO 
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l. OBJETIVO 

EL PROPOSITO DE ESTE DOCUIIENTO ES DEFIIIIR LAS IIORIIAS PARA El USO 
DE UIJ "LEIJGUAJE PAR/\ DISE~/\R PROGH,\HAS" {LDP). 

EL LDP ES FACIL DE SEGUIR Y I'.AS FACIL DE PROGRfti'.J.R QUE LOS D!AGRr.t',AS 
DE FLUJOS, DEBIDO A QUE "(5 CASI COOIGO". F.STE "PS[lJDO COOIGO" 
DESCRIBE LA ESTRUCTURA, CDIITROL, VIBRACIONES, FLUJO, ETC, VE Ull 
PROGRAIIA DE COIIPUTAOORA, CO~ LA VENTAJA SOBRE LOS DIAGRAMAS OC 
flUJO Y OTROS TIPOS· OE OJAGR/II'.AS, QUE PUEDE ACTU;.LIZARSE COIITII/Ur.­
HENTE (11 Ull PROCESADOR DE TEXTOS. 

[L LDP DEBER/\ INCLUIRSE Ell LOS SIGUIENTES DOCUHEIITOS: 

Re< 

'"' CODIGO 
.3-1'-3 
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11 INOENTACION Y ETIQUETAS 

I~IDEIITACIOU Y ETIQU€TAS.-LA SUBORDIDACIOtl SE LLEVA A CABO IUOEIITAilOO 
LAS LIN(AS DEL PSEUDO-CODIGO 

1 • 
'-

3 • 

EJEMPLO 

L 1 !HA ' LENE/\ " '. L 111 EA e 
" . Ll NU, D 

1 • LIUEA e 
2 . LINEA 1 

e . Lltlf.A e 
L 1 NEA '' ¡,, LlllEA 

l.LIUEAJ 
1\, LINEr, K 
o. LI:IEI\ L 

( ~. COIITINUA CO:~ LOP, REGRESf, O TEI\1'\IIlA 

( 

( 

SOLAHENT[ SE UTILIZAN UOS CONJUNTOS 0[ CARACTERES: NIIMER05 Y LETRAS 
St UTILilf•N ALTCIUIATIV/\1-\EIITF. [U LOS NIVELES ll[ SUBOR~IIU1CIOII, 

Y u, IDEIHIICIOII SE IH\CE COII CUATRO ESPACIOS. 

-



111 ESTRUCTURAS DE CO!lTROL 

LAS UIIICAS ESTRUCTURAS DE COJHROL SOl! DE SELECCIOU, RE?ETICIOII 
Y Llh11ADAS A 110DULOS. 

A.- Scleccion. 
LA~ FORMAS DE SEL~CCION ~ON 

A.l SI (lE) 
A.2 SI-EIITONCES-51110 (IE-TIIEN-PLSE} 
A.3 CASO {CASE) 

R.-REPETICIOil 
LAS FORt:~S 0[ REPETICIOU: 

R.l [JLCUTA-IHI11RI\S (AHilll) 
R.2 [JLCU!A-IIASTA (00-UIHIL) 
R.3 RCPifL (BIJil,liO) 

C.- LLAHIIDAS A HODULOS 
LA FORMA DE LLAMAR A HODULOS ES LLAllA (CALL). 

3-lr-5 

/;_:.; 
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IV COilSTRUCCIOil[S 

A.-SELECCIOU 

A.l COIISTRUCCION SI (lE) 
El fORMATO DEL SI ES: 

1. SI COUDICIOU 
A. BLO.QUE VERDADERO 

DOIIDE CONDICION ES UNA EXPRESIOtl LOGICA Y EL BLOQUE VERDADERO 
ES Utl COIIJUIITO DE PROPOSICIOIIES EN I'S[UDO CODICO. 

EJ[I\PLO 

l.SIX.:IQ 
1\. Y·"}' 2 

VERDJ,OERA 

y "' 3*2 

y 
-J-1¡-(, 
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A.2 COII~TRUCCIOil 51-ENTOIICES-SINO (IE-TiiEII-ELSE) 
EL FORI1AT0 DEL 51-EIITOIICES-SIIIO ES: 

1. SI COUDICIO:I E\ITO:ICES 
A. BLOQUE VERDADERO 

2. SiriO 
A. BLOQUE Flll.SO 

DOIID[ COIIDIC!ON ES IJIIA EXPRESION I.OCICA Y LOS Bl.OQUES VEROAO[RQ 
Y FALSO SON I'ROPOSICIOII[S CN PSEUDO-CODIGO. 

E J EI-'.P LO 

1. S 1 X<::l O EfHOIICES 
A. Y~3'''2 

2. S liJO 
B. Y-7''2 

_ _[ 
F.'\LSA 

l 
y 0: 7*2 

_l 

l(,j 



A.3 "CONSTRUCC10H CASO (CASE} 
EL FORMATO DEL CASE ES: 

l. CASO (A,B,C, ... )COIIDIC10N 
A. BLOQUE A 

1. SEPARADOR DE CASO 
B. BLOQUE B 

l. SEPARADOR DE CASO 
C. BLOQUE C 

1. SEPARADOR DE CASO 

DONDE COtlO\CIOil PUEDE TD!\AR VARIOS VAilPRES Y LOS BLOQUES A,B, 
C,ll 1 SOII PRDPDSICIO!IES Ell PSEUOO-tODIGO. 

EJEMPLO 

1, VE fl (fi,9,C)X 
A. Y~3,\l 

1. ~[PARADOR DE CASO 
(1. 1'~7''3 

1. SEPARADOR DE CASO 
C. Y~]·'~ 

!.SEPARADOR DE CASO 

__ cA~~~ rc_''_'_o_",,_ __ _c' 

'----¡---

o 

3 11 .. 8 

CASO C ---- _____ .. _ 

• • • • 
y ... 7*7. 

.. - ------·· 
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B.-RUETICIO~: 

B.l COIISTF~CCI0/1 EJECUTA MIEIITRAS (WHILE) 
EL FORMATO nEL ~.!ENTRAS ES 

1. EJECUTA MIENTRAS COIIDICION 
A. ~LOQUE 

DOtiOE COIIDICIOII ES UNA EXPRESION LOGICA Y EL BLOQUE A 5011 
PROPOSICIC'.ES Etl PSEUOO-CODIGO. 
Etl ESTE C~SO SE [llECA PRIMERO LA CON~I~IOII, Y SI SE CUt:PLE, 
SE EJECUTh El BLOQUE /\. 

EJEMPLO 

1. Mlf':TRI\5 X•;IO 
1\. Y"'3·'2 
B. x~x-1 

. 

fALSA 

y 

X 

., 
,/ 

·. . ' 
X ( O ! 

VERDl\DElU\ 

-1~ 
= X-1 .¡ 

1 

3-l(-9 

3- 1•-9 

' 



B.2 COIISTRUCCION EJECUTA-HASTA COO-UNTIL) 
El FORiiATO DEL EJECUTA-HASTA ES: 

1. EJECUTf, 
A. BLOQUE 

2. HASTA COIJOICION 

DOIIOE COIIDICION ES U/lA EXPRESION LOGICA Y EL BLOQUE A 
SON PROPOSICIOIIES El/ PSEUDO-COOIGO. 
EN ESTE CASO SE EJECUTA EL BLOQUE A Y LUEGO SE CHECA LA 
COt/DICI0/1, YA SEA PARA COIHitiUf,R EJf.CUTfll/00 O SALIRSE 
DEL Dl.OQUE, DE Hol MAIIERF, QUE SIEMPRE SE EJECUTA AL MENOS 
Ullfl VEZ EL BLOQUE A. 

EJC11PLO 

1. I:JF.CUTA 
A. Y~3,\2 

~- X"X+I 
2. tlfiSTA x~zo 

' 

X ,. X+1 

3-HO 

·, '· '" 
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B.} REPITE (FOR/00) 
H fORMATO DEL REPITE (FOR) ES: 

l. REPITE t~N,M, (S) 
fl. BLOQUE 

DONDE 1~ Y M SOU OHf.RDS: 11 ·~K V El. tiUMtKO 0[ ITERACIOllES 
SERr, IGUAL 11 li-Ntl, S (OrCIOIIM} ES CL 111CRH',EIHO. EL BLOQUE ES U!l 
CONJUIITO DE PROPOSICION(S [11 I'SEUDO-CODIGO. 

EJEMPLO 

1. RUITE 1~1 ,3, 1 
A. Y~X(I)+5 

- 1 
\' " 1 ' 3' 1 

\ ¡>---~ 
_/ 

y·-,., X(I)+ 

e 

l 
3+11 

J-1¡-\J 



B.3 RLPIH (rOR/00) 
EL FORI1ATO DEL R[I'ITE {fOR) ES: 

1. Rtrll[ i"'tJ,M, (S) 
A. BLOQU[ 

OOIIDE 11 Y M 5011 [IITCROS: N~ 11 Y EL IIU11ERO DE ITERACIOIIES 
SER,\ IGUAL A li-11+1, S (OPCIOIIr,L) ES EL 11/CP.EiiUHO. EL BLOQUE ES Utl 
COIIJUIHO DE PROPOSICIOI.'ES [11 PSEUOO-COOIGO. 

EJEI\PLO 

1. REPirE 1,.1,3,1 
A. Y•X(1)+5 

:) 1 



C.-LLAIIAOAS A MOOULOS 
EL FORKATO DE LLAMA (CALL) ES: 

LLAMA MODULO 

OOIIDE MODULO ES EL IIOHBRE DC UNA RUTIIIA COMPLETA A EJECUTAR. 

EJEMPLO 

LLAMA RUTINA 1 

3-~-12 
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Software Representation and CornposHion 
Techniques 

LAWRENCE J. PETERS 

A bfl•6<1-Th< r .. ld of oof<w..., ••""'00"''"' • ., ••••'J""' """' of 
iu """'' prof<>11rnl '"'""'';. "" lno "" r•"~ ><utt. of iJ,~ oh•"" 
h>< boon in <<Ir""" tO ''" in<«nin¡domondo"" oofl•u• "'"''"' 
;. l<~mo of <hd¡ «>mpl«ity, t<liobility,ood o<oilioncy, S)mpl<>mo<l< 
or oooh nrM ""'"''"" ;, <ho .,.,,;r.,,, •• of m«~o~. ••• «<hniqu., 
iol<nd<d 10 lol•< "<h<" ooflwu< p1oblom, llo<o""• ..... wO<I~ lOft• 

••« d"il" p<obl<mo ohon <>h<bil c~m<t<ri>ti~ ""' "''"• lll<oo 
•niquo. Thio f<><<<O 1h< onfl•m <n~n<« IG ><<l >il<'">lioo Wl1< nf 
,_,...~.,· ond dooum<nlin¡ > d.,ign, Tloio "'"'' d<><.;ko o ,,.,,¡.~;n¡ 
o1 <h< >l«mo<i•" ond di<«l< <h< '""" 16 ....,, .. , of moo< dotoll<d 
;.foom>tion ,.,,.don¡ lh<i< "" » ~·o!l ao o'"'"'""'' ol "''' .. p..rl, 
•»•&>•• f•""· 

l. I~TRODVC'f\ON 

S
O FT\1' A R [, d<•<lopm<nt ch•ll<n~" lh< <oft "'"' <nginter , 
'on """1 wayl. Unhk< mony olh<< f«l<lo, >y>l<m< of 
oofo~"' ~·U no! b< <no" prod>~«d. Thi• di•o<«< <he 

""""'"' .............. "· ............ ""' "· .... . 
'"'''~"' or '"" "'"" "' .. .., r«d "'"" 1 • o l. '"" '"'''"' ""' '""" 

lh< P''"""'"" nf <h< P""'"""· 
1" '"""'u •11• Yo'""""• tn,., 1 1." A"""' ,.f <In A""'''"• No,. 

V'"'· NY 100)0. 

ooftw11< <n~n<<< fmm mony P<obl<mo ouociol<d with """"' 
focturint. llow<><r, oin« ho io dcolin' with lo~c-!he ob"''" 
-lh< 1<sulio ol hi> lobor lf< diff,cull !O jdontify wilh. SOl!· 
... .,, op<r>l<' on • time <<>1< ond r<fcl<n« f<am< which i1 in· 
comrr<h<n.,bl< by h~man olond><d>. Th<"' fo«o,., ond lh< 
lacl (fo• oh< m<»! pul} of >n <n~n<<rin, bo<k~mund on !he 
r•n of oofow><< de•elop<rs, "'" l<d to tl1< "''"' ,;,,. thOI 
<of<._.,, ~C$i<n i< Uftique ond lh>l ;,. pt<>bltmo ><< <><lu.,•<ly 
ohoo< ol oofow>tt. Th< ,.,¡,. . .,, en~int<t oliO hoo 1h< l<nl 
'uiobo« of ony l«hni<:•l fo<ld l<tlf~int 1h< I<OJ>< of hi> pt<>b· 
l<m ~· lh< oc«r!abihly of hi< oolution, Fo< <umple, '" 111· 

<nft d"i~n. o oel of urictly •dheO<d oo P">m«<ts colled o 
<l<!iln <n><lor< 11< <SI>bli<h<d .,,¡y ic th< duitn dfon. Th< 
'"'' of lh< Oll<nh do<,~n Ioom io (~ <t<ole • d<>lln wh•<h 
moO!I lh< «QUi«m<nlo ond follo wítloin 1h< <n>dop<. FoeiOn 
includ<d in lht <n'«lnr< moy incl~d< oi«. w<J¡bi (dry ond 
m>Ximum lohoff), <>n,e, ond o!he1 r.,om<l<n dicl>l<d by 
,.,.,\;<!in; on~ monulu!uun1 cons.iJ<taliono. In >u<h hud .,.,,.. 
omnlod dforU, dtlltn <n•e!or" "' tho <<11>11 ofeapOI>tnct, 
eomm~n rn"i«, ocoocmico, ond rm~uclicn upol>ilitieo. In 
lhc '"' of ,ofl"'"'· 1 cone<p! oueh •• ll•< dul<n eovolor< ¡, 

00 1 ~.q-;: 19/80/0900·1 08.1100.1.1 1:1 J 980 IEEE 
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l<" Olt>i&btfor•"d-1 br¡< u¡><rien~< b"< l<lllid lO 1 por· 
ll<ul" ty p< of ":,,.,,. is not 1voiloble, ooonomloo io 1 m•lter 
of "hl•d ""fi<," ·'"" thcre ;, no common r<><IÍ« or di.ci­
plinc. Thi• " f''"cul•rly truc in !he <>« of suftw;,« ~"i'n 
do<U"l<M>li<>n. llene<, thc ooftwo« rl<>i&n" h>S lilll< or no 
¡uidoncc in th< <>«ution of hio Íuk(s). 

Se>crol •uthorS ho•< ottcmpt<d lo """' lho ooftw"' ensj· 
ne<r f10m lhi1 r'rlen""' by r"hli,liin~' wiM >>ri<ly of 1acli<1 
ond >lr•I<CÍ« -.;,h which lo oddre" >Oflworo olcvelopmonl. 
E•<h Ou1hor r<btoo the <ffrcocy ol hio oppro.ach lo lh<if own 
.. porience mu>.lly in o.ome limil<d ar<~ of opplicolion. Eaoh 
uoili«o • >Y>I<r.l ol n:pr<><ntllion lcohnlqu., dosi,n<d lo 
tr•••mil th< >llri~ulos <>1 tho d<>i¡n con•idorod imporlonl 
by >u<h authorS. Wc will exornino r<pr<S<nl"i" "'"'P'" 
ol th<><, comr.~<nl on thoir wurco 1nd utillly, ond fin>lly 
d"cnl>< curren! ucrtds •nd w~Jt t~ey >i&n>.l lor tuture t<eh­
nolo~<>l d<>"<l<>pO\onts. 

lL B~CKCrtOUNl> 

Th< empholis in ur\y softwuo dcwlopmcnl w•s en obuinin¡ 
1 P"'"'"' wl>icll ... orkod. Thot i>, il pve>nl"'<n wbich o¡r«d 
v.ilh ><e<pted >1\<>U or. "'hcre occepl<d volues did not niol. 
"''d lu~e >moun!J cf monuol lobot. For eumplo, Gust .. 
Mi< ( 1) •ol•ed ~luwe\\'s cq1"tions for lh< <1'< ol <l«lroml&·. 
n<li< "''"' poSlina through a co\lci~•\ <U>p<noion conloinina 
diel«lric >pbcr<o in obout 190S. In th< 1930's, uoin¡ comJ>­
tom<l<n •nd o lot ol manual lobos, lcu lhon a ¡,., doun of 
th<oe codf.don" ""fui in <Otimotin¡ inlormOiion lou in inlra­
rcd, micro"'"'• ond lo><:r lran<mi,.ion hod boon compul<d. 
By tho mJd-1960's, ,. .. ,.1 lhou.,nd voluos co"ld bc computcd 
on o moll<r of S<conds (1]. Uut by \he 1%0's, othcr mor< 
choi!on¡jng probloms v.en: bein¡ ottompled. lnsl .. d ol devel­

opin¡ sintl< pro¡;nmo or smoll s<l< ol pro~roms, l>r&< """'' 
b\''" ol pro¡romo wer< bcinl Jll<mpted. This u>her<d out 
lh< •t< of fun<tionol prog,.mmin& •nd ushcred In tho oge of 
slru<lur< orionted pro,rommin~. The probloons crulod by 
oll<mptin¡ lo <<>n!rol $0l<lliles ot oir tnlr.c with th05<. lor'o 
<ymms hisl>lithted lh< n«d loo somo sor\ of ploilowphical 
vr<w~oint "hich "o~ld <noble wltw•n: d<>igner• to """ 
syllcmo (1'<>1 jo>l •ind< prog,.n><) 1 hat worh<l; sysl<n" who" 
construction ,. . ., oided by !he dmtn •nd nol oneumbcrcd by 
il. Durin¡ thiS tim< many cone<pU_ w<r< "disco•er<d" in 
•ollwon: $Ueb .. th< dillen:n« b<lwccn /o¡:lcol deli1n (s <., 
ob>tro<l, conc<plu>.l) ond phyoiul d"iEn (i.<., blu<prinl, on<· 
fcr·on< corr«pondonce lo whol wrll ¡,. buill ), philo><>phin of 
d"ian {<.1 .. lop·down), 1nd th< "" of Prololypeo hom whiel< 
to leun .nd prot<<l on in•nlm<nt. ).lucl> ol thio lcrmcnl 
¡><ok<d in the hto 1960'> ond urly 1970"s wi¡b lb< odvent ol 
10"" op«ilr< m<rhods and opprouhcs to the proh\<m of oolt· 
war< d<~isn "P'"' ni ol <ons. Th«< O<<m<d to oJdr01s olructur< 
prohl<m> ond •o me """ odopl<d <¡uil< widely. 1\owever, 1 hcy 
h.,< b«n fo•nd to be in need of '""'' >upporl in ord<r to 
sol>< "rc;l "orld'' probl<rns. Thi• h>• re•ullcd in y<! •nolher 
"""' <>f >rr<o"~"- Thio hody of h<lp now ovoil>bl< to lh< 
sohw>r< <n¡:r.<<r 1>11> inlo 1wo <la»«-m<lho•l> (olni<¡ÍU, 
t«onrmcnJO:<Ono, <>f IUid<linn b"<d on o phrloooptlic;lvie"') 
ond t<cbnr<¡U<I (r><tics or w<ll-•dvil<d "trie~, ol th< Indo"). 
Both chu" "' ducrih<d in lh< r<rno.indcr of this P•P'' lO· 
1<11"1 "ith >look 11 """' much ol lhis nu~ ~< le>J<ni. 

m. Rvu.s~~r•~c: So•owA~~ o,_.,c:Ns 
On< of th< "'h<rl l<chniqu<> ro be dc><lopod iothll of 1ofl· 

"'" d<O<~n rc;<<!<nlllion. Tlo.- · · "'blom Lo • lonJomonl•l nno, 

~-&:;-? 
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1 . 
Thu i<, how d.Xs lh< soliwore d<>l&ner dcpi<:l MI desi~n so 
u to communicll< !t lo lcllow worhr1 snd tho <"IIOm<Of 
A"hil«l> ·c•n "" ol<tch•• ond !he cuslom'or'o ""yJoy <>· 
pericncn wirh phy<inl ourroundinll' to <>piure !he o><r>U 
<hor.oloriotia of • propos<d buildin,. But sol!'"'" !o nol o 
diroctly "l"<ienccd prr>duct, 

Th<r< Ir< oe>eral i5SU<S rolucd to lhc portny>.l of a 1011· 

"'"" d<>i~n jJ). Th<!e can be or~•nizcd inlo lhe lollowin& 
cllegories. 

1) Architootut>l-Th< depiclion ol \he rc\otionlhipo whick 
uisl bcl"'«n mojoroysl<m e lomen" ond bet.,ecn th< t.Óitworo 
oyslcm ond th< oul<id< "'otld (us<r, l<rmin•lo, <te.). 

l) Strueturoi-Th< dcpielion.ol relotion<hipo b<IW«n dis· 
lin~ui•hoble SY>I<m <l<m<nl5, T~is !o o Jtotic ,¡,,.. of lh< 
syolem, 

3) l!ohnJor>.I-Tho dcpklion ol inl<t>etions >mon¡ •Y""" 
<lomen \S.- This is o dyn>mic >i<w of lh< oyJI<m.' 
~) lnlormolion•l-Th< con«plu•l ortoni<>lion ol lh< d>11 

u.!<d by th< syolcm. . ' 
Th< S<ñsitivity of projool ouce<5S lo thno i"ir" hulncf<n<d 

"thc complexity ol lb< softwar< oyol<m boin¡onemptod Itas 
in<r<osed, Th< rol< of wft"''"' «pr<S<ntuion t<ol>nlquoo h.ao 
>hift<rl lrom documenlin¡ wh•l \he deoign contolno to thol 
ol ployin¡ "" o<li•< pul in lhe <>olut!on of lh< d<>i&n, Thil 
"o\olion is tho reoul\ ol Jncrn><d communic•lion •mon¡ !he 
d<>i&n<f, user, euslom<r, ond prop•m implcm<ntstion p<r­

sonn<\. Somo d<>is;, reprc><ntuion l«hniqu" <>n be used lo 
~<>cribe •Yil<m le•cl <:Cn«piO whllo olhm on: 01 o mor< lo<o\ 
1.,<1, ollcn dcsely tiod lo • opcdflc oob"t of """''· l!owever, 
oll ore directcd ol redudn~ •nd contrOiling lh< 1rnount ol 
complexily e •hibilcd hy th<« ob>!r>ol mode\s of tho <Y SI< m. 
We wiU c.:omine somo of thc opproo<hes !bOl on: >Y1iloble lar 
orcbil<etural, o<ructunl, ond belro>ioral el os<" ol informuion. 

A Fl•·rrrstnr.'nr Archll<e!urol F<'"""' 
Only recenlly hos lhio lmportont os¡><<! of >oflw~rO desi¡n 

r<prc,.ntoliM bcen oddres<od in lh< lilorotore [4). f':erh•PI 
Ibis·;, h«O<>>< it ¡,.,,¡.,lo oddre,.locol,simpl<,and <ompn:­
h<n>ihle "P«IS of on ovtrall >y>l<m lhon lo dcol "ith lhc>< 
"~lob'l'. '"""· The Frospect con be over~·he\min,. 

Tbe L<i;hton ~ÍOlr>m is inl<nd<d lo 1ddre" lh< proh\cm 
ol dcpictin, oollwar< srsl<m 1tehil«loro in on '"Y 1~ n:od 
ond und<rsl1nd>ble formOl. Th< oppro•cll t>hn tends 10 1 

••oid many ol thc problcms '"o<i>l<d """" <mployin¡ ""'" 
>rchy diopoms whil< di<ploying !he scurcu of inpull, pro­
«nin, lc.oh, prec<den« o<l>lionohipl, ond do>lif'otiono 
ol oulpota. 

L<i;Mcn diognms .,..,, ori¡jno.lly d<v<lop<d lo""'' 1 !une. 
lion >nllo¡ouo to thot ol th< ortist'o concepl in <nJin«rin¡, 

• Thi• dio¡10mm11ic form ls intended lo n!illy ¡,. aolhor's P<f· 
e<ption of !he ncod lo be fu\~•ll<d 

ll employ somo of tho choract<ristlco of treelik< ottu<IOI<o; 
2) elu r\y d<pi<l soure<t of in pul ond d.,tin>tiono ol output; 
3) ~. <ny lo prn<nl ond copy uoin~ 8! • ll In. forrn1 

ond 1llow ~<qu<ntiol pr<O<ntotion lo .. oid n:petiu-.. 
bod.t11ckin¡; 

•l c\urly dcpi<l lhe ~mploo.ily "'ocioted "'ith what > 
hcin, pr.,<nl<d ond th< occurron«/u>< of commoo 
roulinu; 

3) p<rmil lh< incmpor>l ion ol l<>luol infoom>lion; 
6) bc <ffooliv< ono bro><l >P«Ir•m of•yncm \ypcs; 
1) 1>< <0<1 dlcctr•<ly '"'""'""blo. 
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Thc prirnory 1011 in dc .. topint this dia¡nmmalic t«hnil¡uc 
"'' 10 cnhanco !he communkation bctw<<n CU>tomcn, """· 
wftwore orchioecn, ond soflwotc d<vdopmcnl p<rsonncl con­
c<rnin; dc•i;n ( on d d"•<lopm<ot) ;.,ues. 

Thio r;,., ol nnny diffcrent ooftworc d«icn r<pr.,cnlation 
~ehcm•o for dcpicoinl <)otcm •tclutccturc is Pl<><nted inF11. l. 

, N~1< how tht cuentiol clerncnu (<..c., u.tornal inl<rfacto, 
¡, ""'""' omon¡ maiOr oohwart <<>mpon<n11, ond overoll 

,ri.,riiY or pt<ctdcn« relolionshipo) are •11 lhol i> dtpktcd, 
lhc novor of wlolt th< syol<m ¡, like ;, r<loincd wilhoul thc 
introdu«ion of unnccoo"'ry dctoil. In the ocnO< lhat software 
defo¡n r<pr<l<n!Ui<>n b<¡on witll du<:riptiono of indi•id110l 
pro,romo ond only r<<eniiJ lUtn<d lo de>e1ibinJ OY<roll 1}'1· 

l<ms, lhio rr<.><<a hu b<en bollo m up in nolur<. 

B l><poálnR Suuctu"'/ ChQ•oc,.rl•lic-• 

l'o>rlt>Yin~ lh< lltU<Iurc of • ooflw>r< •YII<m ln•ol~<!l lhe 
to'<inJ of 1 .. snopohol~ o! lh< toiOiionohipo b<tw«n int<mol 
sy11un d<m<nu. ll i.s • llllo< ~¡,.,.. of wh>lth< IYII<m i.s tih. 
Wc wiU rull look 11 '" opptoa<h whlch "" eommon lo 
cntin«tinJ >1 1<1$1 • couple o/ thouoand Y<"' be/ore 11 "" 
,.,li«O><rcd .. •• pon o/ t<>P·•'""'" <l<u<h>r<ll rro~~>mmin~ 
oppooo<h<S. The oth<r rcptc><nt•tion ;<h<m<l (m<thoolo) in 
t~< tcm>ind« o! 1hi1 ><lid< ullli'< lh< d<Oi'n tr« con«rl 
l()j:rth" "'ith oomc oth<r fe>tuteo. 

JJ Tt.e D<>i¡n T"~: Thi< >rpwoch !5) to dcpictingd<Si~n 
<loucturO i.s dir<cttJ >1 <>l<rn.>lizinll th< comP">ilion o/ a 
'''""'· lt u h.>1<d on con«pls 1n moth<m>tics which hoor 
t<<n u><d in top-do,.n d..;,n. 

no>< u<ihz•nl lh< d.,.;,n 1!« concept <mploY O<l< of lwo 
f"Ulll>lly n<lu""' <uncc¡ots. Th< fi<>t. cOntoinu~<nl, ,,¡,,. lo 
th< locl th>t • <OnO<pl indud« (01 contoino) oth<r <O~«pU. 
for uompl<, lh< <on«pl of wplono includn lh< con«plo 

ol ptopulúon oyll<m. l>oo.IJ. "''"'· ond t>il. Th< "'ond. 
~- 'octl«hY. uplicirly poru>yo cone<pt< n b<inJ oubordinot< 

oto< onoth<r. Thol "· not juol includin¡ oth<r l<>s<' <OO· 
.cpts. bot l><in¡ ¡J<>I<r 1>1 hiahtr on 1 ><ale in som< woy. 
Thu mnno ol ord<rina oymms hu b<cn U><d •in« th< timo 

0 ¡ th< E~yroi•n• (ond ro11ihly urli<J)_ 11 i• i.nh<rent lo lhe 
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conccp\ of lop·down desip> ond ono!yli.s_ Th•• lhc dU.il'f 
Ir« supportl \op.down decomi'O'ilion both conÓ<pluol!y 
ond G'>Phinlly(Fo~. 2). 

The d«i¡n lf« "'" o llmPI< flexible nololiona! .chem<. 11 
lo oimpl< in lhll onlY l"'o l>01ic t<>phko <l<m<nU or< u>ed-o 
l!t•Ochl lin< ond o noclc 1ymbol. E>.,npl<o of commonly u><d 
nade oymhob in<lud< circl<l. oquar<>. ond «<tond<>. _ Eo<ll of 
lh<>< will oonlom tulual .inform>tion. Th< user of Ibis oc heme 
can employ ony Md< syml>ol thot ;, conveni<~t or moy choo .. 
not to <ndo"' lhe te>l "'"dot<d woth uch nodc. Thu schome 
" ol'" flcoihl< in th>t it <>n ho ""'d to dcr·.,, compl<• or 
•implc >y<t~m• to th< ~<Oircd 1<><1 o/ d«ompoojtion. 

]J Sl"'«~•r Cloo•ts: Structu,. <h.,h "'"' ori¡;inolly d<•d· 
op<d hy <on<t>ntin< <1 o/_ )6] lo spccily modulu <horoct<ril· 
toe¡ of soltw>t< ~u1in' ~coi~n. Th<Y '" an inttg;al r•tt oflho 

"'""""" ,,.,;," mclh<HJ J7). 1~1-
Thc b.,;, f<>r lh< <t<ucluro e han" o ue<IJ~< <t 1uc1ur< "'hi<h 

~<pie<> hieto«hi<OI «lo<ionlh>po. llo~o.,r, th< ~"k notolion 
of thc d<>iv; 11« h» b<en cnhnc<d lo c>l<lnoli« modulo r<· 
lol ion<hips, JI m<HJul•· ;, detmcd os • 1<1 of le x i<>lly <OJoli¡uouo 

poo¡"m ''""'"''"" \Oohich can 1>< r<fwcd lo by name. Th< 
r<l>tionships on~ int<r><li~n• "'hich '" d< pict<d ind lid< doto 
flo,., ocli•>tion, ,,;d c.ommunicolion of <onuol potom<l<n 
N ole <h•t th< dni&n Ir<< "" relate conc<Pto or r•ocen<l <h>l 
<ompm< lh< oyJt cm. ThU och<m< •r«if•c.lly id<nlifo" rnod· 
u]" thot wlll compti><lhe ooflw>t< sy11em." 

St<ucture ch1111 <>n b< tlrown ¡, k.CIII dolfer<n( "''Y•. 
Thc •rrroo<h propouo~ by Consl>ntin< utili<« three b"i< 
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,1) >he >«Un¡!o, .,..d to conloin • mod~le or module 
d<><:riptor; 

2) lhe ve<tor, ~,.d lo hi~hli,hl inlcnction hUw«n modul" 
(u•uolly • coll); ' 

3) lh< wow With circubr nil, """d 10 depictthe t<onof<r of 
dan ond control bttwun modules. 

To¡ethcr, th .. c compriu th< Slructure chon ., >lrown in 
Fi~. ), In Ibis ''"· !he oyuem leve! io o m"'" me upd&to 
proe<ssor which hos soverol oubordLnotc functions. Thc "'"'" 
me ¡, po 15ed 1o !he edil module which return• error< and .. lid 
u tri<> ond.., on. N ole !hit conUol elemento ore identified by 
hovin& tlic cir<les on lheir toil< l'illed in. 

J) Struc/ur<d Ar>olyoiund D"itn Tuhn/qu<: Tht. iopprooch 
t. usu1lly referred toas SADT8. 11 "'" oriJ,inoted ond lnde­
morked by SoiT<ch lnc. [9), 11 '"'"' deri .. d hom work done 
by Hori {10[, and ., a <<Sult of "perien« with computoe· 
aided monu!.cturln¡ uudiel. 

Tllio t<prnenll!ion «heme utiUu. lwo fouiLo. One Ílllr«­
likt strutture (1 desi¡n trec) whlch acu u a 103dm1p to lhe 
oySiem model. Th< oth01 form lo the octiyjty chorl, The <YI· 
·'"" model can be =d to descril>< o sinsJe protnm 01 &TOUP 
of proJf"ilmS. ll ú composed of onc or mOTO ootivity chom or 
mor< simply dio¡ram<. Thc buic id•• h<re U to pro•ide the 
""' o! 1~< teobnique with o m<an< o! ,nphloolly po1tnyin¡ 
whote•u bi> anolysis of on ulstln¡ <YSI<m reveol• 01 ht. pCI· 
aptian o! 1 symm under dul¡n. 

Thlo mclhod o l.., u= labelod te<lon,uhr bono ond onOwo. 
Se>crol di.,inctiono or< made bolh in whol i• rcpres<nlcd ond 
how it io «P«sonted. For eumplo, !he b.slo di!tinction 
between d•ta n<>w ond aoll•illct ls mad< but doto nowo ore 
tlu1.Ífotd ., be in¡ U.put, output, or control (fi¡.4). 1\ownOJ, 
uecution •equcnuo are nol "Plicitly <hown. 

C. Rtpr<uminz U<hnioNJI Ftolur<r 

Tbe i""" Jtloted to the repJO,.nl>lion of the oc1uol bebov­
ior or "uecution~ o! th< <Oftwore are oman¡ th<»e C.nt od· 
dresoed in the •0111 doy• o! ooflwore deúJ,tl. Th<so invol•<d 
lh< d<toiled ond upli<>l documenUtion of p,.cl .. ly whot the 
(ncn!uol) pro¡¡om would do whcn it wu conmucted. Onc of 
tlLO fiat o! thue sth<m<S, thc flowch>rl, typifoed lh< otlitud<O 
onJ conctrno of th< tim ... Nom<lY, wi\1 tho proyom work 
ond >I<O, ho"'1 

Toda Y, ollltudeo hove chon¡<d. Thc conc<rn lo focusod mor< 
on th< ot&m"otionol choro<l<r ol the prov•m thon on th< de· 
toilo ol .. eculi<>n. Probl<n" with pro&rom n»int<non« and 
d<"lopmenl hhc emph,.ized the need fcr sorne rcordcr<d 
priarit>cs. Th< opproochct pr<scnlcd h<r< '" a 1<p1nrn10· 
,¡;, .. mplin¡ el o much ''"" ocl o! och<mcs fmm whith lo 
thOOI< [IJ). 

J} Th< F/ow<hm: The nowch>rl · i> probobly th< mrnl 
wldely u«d, miTuO<d, ond mi•und<r>tcod sohwarc r<P""""' 
t>on och<m<> in u<tl<>doy. 1l h» rcsulted Jn m>ny deriutl•<~. 
11 "'' cri¡inolly d< .. loped by •on N<urnonn .. h<> int<nded il 
tobo on occut>l< muns of doo:umcnlin¡ o prc¡<Jm afl<l it 
w>• writt<n nol " 1 dni1n repre>Cntolion >chornc. TILo u>< 
of tho nowcb .. t h;s been somowh>t stond>rJireJ thtou¡h th< 
dfc<ts of o he American Notianol Sundord• lnUih>l< (ANSI) 
[ 1 ~l. Wbot io Plnenled her< ontploy• the ANSI fo1mat. 

Th< IINSI nnwthort depiel1 1h< <l<lolh uf conl"'l now·. 
n,;," oc·,·omrll•h•d by u•ln1 <llllereni•Yml,.,ll ¡,,. pru«""• 
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dedllons, and entry ond \ctminotlon pointt. Tb<rc ore no 
spedfic r<quirem<nls lhot oome opecific se! o! e<>JUitU<ll be 
cmployed. Hence, ony lypc of conttol uonsi<J oupportod by 
o r•<>vamminJ lon¡uoJ< ot al,orithm may be represcnted ,;, 
lhe flowehort. 

' Primorlly lhis ochcm< useo lh1<e oymbols: lh< r<cloniJ<, the 
rhombuo (or di•mcnd),ond o dit<ctod lino, OthOIOYmboll ore 
\>$0d lo dopiot monul Op<roliono ud <xternal/l>ordwOTC ¡,,.,. 
loe<!. The recUntl• is usod to represen! orithmetric cpenlicn• 
or p1ocu•cs. Eumplco o! thcu include "n ~ n + 1,~ ~%-d." 
and rcoel end o! filc flo¡, etc. The di>mond ohope io u1<d lo 
JCPI<O<nt deci<ion pointo. Eumplu ollh<l< lndude cnd o! 
file"'' .. !, .. ~ • 0," ond ''.>:- •b," Thc directcd lln< indi011<1 
the flow of control or preccdence in a ncw oequcnce. An ••· 
ampl< o! an ANSI flow<hort is pJOoented in Fi&. S. 

2} Dtci:/on Tob/to: The dedsion table hu boen ..,..d to 
onolyu ond d<ocrlbe determinlslie <Y•I<ml and lo son out 
conlu1in¡ deoioion mokin& problcmo. Th<il Ul< ¡, prc¡rom­
min¡ is not """ ond dolu bock to the doys al wi><d loJ,io on~ 
tclcp~onc owotchin& problem1 and beycnd ]12). 

Octlolon toblos can to\;c mony diff<lent fo1m1 [IJ). Th"'' 
ollol<m fro'm lh< u me baoit nction lhot !m <ach ol the Po•·¡ 
sib\e combinotiono of situoliom !hot'a oystem (ot prevarn) l 
<an <n<OUMtt, t~c sYSI<m's <<I~On>< is known. Th<,. >itw· 
tions are telcmd lo ., conJ>tions whilo ·~•tcm t<>pom<> ote • 
rol<rrod to os octiono, For <"<ry condilion ~~ ><1 o! condLiion> , 
wh>Ch con occut, on< ond only ene ><!ion ot s<t o! oclton• c.or : 
occur. Thc reoponse ollhe 'Y"'"' is known "ith <ettointy. Í 

The b01i<: dcdoion tabl< con•i<~o of ¡,.,¡ pottions-the eon~•· i 
tion stub ond the action 11ub. Cond>tiom ar< coll<Otod o ni. 
(optron•lly) lobclod into th condilion "ub wb;lc ~ctio'"· 
ore <olltcled ond (opiLORtll)) lobclcd in the aotion otub. Coo·¡ 
diticnT ond ootiono or< "'"'' oft<n dcscrib<d horitoonll¡ ¡ 
V<rticol <olumn• in 1he cond>tio.n stub ore uocd 10 i~enll~JI 
"'h"h conditions opply in o 1iven in•hncc, A cotr<Tron,;:¡ 
column in the octlon otub ductil>es the oy.,em's rupor ... : 
(l'iJ. 6). i 

J¡ /14mUicn 4nJ Zrldtn A/>l"~•<h: Thi• ochcmc '"" ori¡ 
[nolly de.i"d in ouppott of th< No!ionol A«on>u!LC o:: 
Spat< Adminiotrotion (NASA}opo<c ohunle toft.,•re ~ .. c:o¡ 
ment [UJ~-~~ ;,·,-rcspcn•<"to"lhe need 10 tlmplllylr.J oc¡ 
cllflfyin~ lho often "'"whelmln~ olcloll pr<,<n\ln flo"'''·'"' 
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Fl¡. S. An AJ<SI OoW<h>tl. 

1 ~. Homillon and Zeldin duiu> repraeMolion sebe me b .. 
:<n furll><r rd'ined ond enhoneed and is now oupported by 
, outoma!ed no .. char!inJ lo<>l [ 1 3]. Dio¡romr of this lyp< 

"' callod slructur<d dui,n dio¡,.ms (not to be ccnfused wilh 
lh< .. struoiUtod dni¡;.o m<lhod," S<clion lV)_ 

Th< ori~nollnl<nt or thil oeh<m< "''' to supporllh<11Se or 
hiJMf l<vd lon&u•l"- H<»•e•u, ít could be cmployed inothor 
opp!i<llion>. The objecti•<> of lh h och <m~ in dude 

]) <>plidlly depiclin¡ tho 1<><11 of nnlin¡ (ond h<n«, e<>m· 
ple>ity) inh«<nt in lile d«iJn mucture; 

1) depktin¡ all proc<"<O in on ol¡orilhmic mannor (u 
oppo"d In .rnployin¡ lt>tuol m>!<riol); 

J) ~<monolratin¡ lhe <>lont or ..:ope of conhol/<ff<el of 
o!l loop>; 

4) suppo!IÍn~ ond <ocouroJinl lh< u« of thc basi< construcu 
ond thcir •!t<~n•li•• form<. 

Th< huic <ff<ct el this schcm< io th>l thc S<>ltloor< d.,;gncr 
'"~ customcr un follo"' «quen«< of <qu;tiono lo dcto.minc 
• ht!h<r or not 1 h<Y aro opproprio!c whilo ¡on>ing on opprecio­
:.on for th< rclotionship(s) (>e!wocn diffcronl por!! of • oofl. 

'"' syOI<m. 
StOI<turcd dcsi¡n dio&:roms are <<>mP<>«d oS «cUn¡)co. d"t· 

,..,~ed li•"· ond > J"'nt>~<>n•l comhin><ion of • r«IOnrJ< ond 

101011r. E>« u! ion;, ,oncnlly lrom top lo botlom on lhe 
~"'""' wilh lh< <«<p!'ton of JF I<>U >nd l>O loop• wbich 
po<><tod ftom ldt lo ri~ht wioh <>eh O<<lmcn<;<_ Thi'<l<><ly 
oho.-! lh< lc .. l ,;l 04ltnl. IC.ch ni th< '"phk formo <Onl>ino 
,. olzrbni< mt<mrnt or l<>t. •• appropriol<. An uomplt of 

il tt<hnique ;, prtscnt<d on Fi&. 7. 
¡¡ Xoui ond~Hncldm"'" App,.,.cii:_T!W app<o.och ""' 

i:trl<lduced " t m<ano of oynt><liully onfo«rn¡ "" of thn:c 

1 IOOf 

' ' ' • ' • ·- • • • • • 
. • "_ .............. -. - - • ' -

' '"" -· ...... ~ .. - ' • • • 
" ,_ ........ ,., ..... - • - - • 

• ._ .. ~ ... ' - - - -
' ,,;,,,., ··~'"' , ......... ' - • - -_., ..... , .. ,;,.,,., 
" ''"'"'' wn> '""'"" - ' - - -. ................ 
Hl'-•-~~·.,...._. - ' - - ' 
' ... - - - ' -

fl¡_ 6. A d«l•l•n tobl< """""'"'"" olon '''"""'"· 

-· ' .. .......... -,---- ""'"'""'" 

c0"_"._' ----'~'}-- L:_:_:_·._ .. ~l}-- L·-·-","_"_"...J' 

11¡. 7. Tloo H o<nHI on ond Itldln d<ooon "PI< .. ntoloon. 

b.,k p<o¡torn const<~<lo: St<¡u<n«, dodoion , ond loop. Sinot 
iu inltoductl<>n [16[ lt h" bcenmodifi<d [17/, [lB[ ond hu 
b«n ineorporaled inlo an inlerooli•< ¡<>ph!" •nl<m lo oid 
ooftware desi1n [ 19[. 
Noui·S~ncidcrmon dio¡t>ms '" • dep><lU<t f<om nowchotl· 

hncd l<<hniqu<•- They oíd in lh< adhtr<ne< to lb<"" of pm· 
,,.rnmin~ ottuctureo o!h<r lhon lh< Go TO (on uncondi1ional 
lromfe< of eonlrol). A 1in~< pr<><<u io compl<ldy conlain<d 
within a «ctangul" bCI. Tho bo• io oubdivld<d in lo n<lions. 
Each •«lion d<no!U o ope<ific subp<ooe" (0, ¡., on usi&nmon1, 
doei<ion). A hJerorchy of •uch dj¡¡rom• <on be eslibtoshtd ond 
mointoincd vio lh< "" of <o,lin< ••14 <>< dummy PtO«<I<I 
which «f<r to olhcr di>¡r>rno_ Thc ,..,, el t loop, lh< baili 
and df<<l of a decision. ond thc ¡tncral S<Qu<n« of !he pJo­

"" now are all nph<it in 1his sth<m<. 
Theoe dio¡ran" <onoiol of w:t•ng)<S ond lriont)to ea<h . 

,<ontionon¡ a llolem<nl of th< op<r>[JOO p<rform<d tnd a<< 
"""''d oo U lo dcfonc pr<><ns no,. (F:g. 8). 

D. Comm<nll R•r••don¡ Sofr~·••• Dni&n R•p,.,<Motlon 

Therc "' wcll o•« • <lo1<n ~ti fcronl •rrroach., lo 1~/t ''"" 
d"\fn t<P«"ntotion. Mony of lhu< aloo hove d<ri.,lions 
rrt>l.inl !h< tot.ol numbcr in Uk lod•y much hith<r ! 11]. In 
docum<nlin, a o~ft"'•" ~<si¡n, lh!<< i$$Ueo must be >ddtnl<d 
"'"dl<u oJ whol t<P""" l•lion och• m< lo u><d 

1) "'"" informatton should he communlcotcd) 
2) who Jo lb< audí<nce) -
J) wh1! ar• lhe e<>n<orn• ollh< audicnctl 
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Sine< tbef< ore many d¡ffuent tH<S of reviewo¡s, it is until<ly 
t~•t o sln(.le J<~menution scbeme w>lluti<fy tbe n<ed• of oll 
of tbem. Rother, it is mote \iltly thot seleclion cdtnio ond 
problcm choa<tniwion porom<tero could be opplied ( 11] in 
order to "<n¡¡ineer~ o rop!<s<ntotion <)l>lem coml"'scd of 
m>IJy djlfercnt doss<> ol represen! >lion oohemes. 

IV. Cmtt-oSJ TtON OF Sonw .-,RE 

As chol\en¡¡inE" the 1oftwore desi~n repr.,enulion problem 
moy '""'• tho problem of comrosing or crutin' the >Cft,.ue 
in lhe fint p!.l« is ertn more so. ~Ion y ortide• hove b<on pub-
1ished which descdb< to thc oeoder how softwore rnay be de­
dved he¡¡innlng with , few ti'<n piO<es of info<m>tioo. noeh 
mcthod utilites a d"i~n ropr<<entation ><l,.mt or •Y•Iem of 
ochem., in ord<r lo occomp\i>h it> ~ool(>). One opprooeh 
( ll] "'''"'"' (!,.,. •pprooc~t> into thtc< nte,od<s 

1) dou-no"' o<ient<d methods 
2) d>lo>lructurimethod> 
J) ¡•roscril'li" m<tho~s. 

The nomin¡ ol the>< cote¡ories is r<lol<d to the inlo<nlOticn 
thcy uti\irt ., b<inl &i'<n (<-1. o d>t•-now modd) cr tlo< no­
l~te ol th< •rrro><h (<.t .• P""'ipli>e). Rother !l>on desc!ihe 

tloe "" of <Jch of !he "'"" th•n one ''""'' "''jor mcllo<ods 
!11] cutr<nol~ dooumcn«d in Lht litet>lllte,' tep«S<nlotivc 
<>>mple ni <><h of the <>l<tMies v.-ill Ly t~nopsi<ed he u. 

A. Do!a·l-1o-..· Oúml<d M<!loodt 

D•<o·Oow O<i<nl<d rnootooJ¡ p'ovide t!o< >oltware <nr.!n«r 
v.-ith ~uidonco on how te ,¡,r.ne •oltw¡re ¡?ven !1»1 ).e hu 
• moJel ol t~e d,t 0 nuw ~hich woll (<Y<nlual~y) o<eur in 

1 Id S ' 
PI\OC~EOINGS OF ltl[ IEU:, VOL.. U, NO. t, SEPTllntR "'" 
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' 
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rt1• to. "" ,,.,,;,~ or ''' """"""• duton m<t>od. 

!he •Y•Icrn. A widely used opprc•ch is th•t of struetu"'d 
desiJn (8]. 

Thi1 opprooch utm•u o network orie~ted d .. ;"' r<Pr<l<a· 
t>lion coll<d o doto-now di>v>m and olru<tut< chut¡ (•« 
Section !11). Together tboy form on in!eJral port of o •Yo­
te;., of oJosi&n reprn"'I•tinn direeted al copi<>li•ln¡ on theso 
Jepicted pror«ti... Structured ''"l¡n"s nol>lionol >Y<!<t" 
oJepicll >lructnrol and tochovio<>l ch"aet<ri>li« ><p>utely ond 
indndn objceti" <Yolnotion> of d<>iln q"olity. Thu< cvoluo­
tion• or< aim<d ot idcnlif)·ing tho leV<I o{ oy>tcm wrn;th >nd 
Oexibitily (couplinz) u y. el\ a.s the lov<l of ¡¡.,l<mol nrentth 
poS><,.td ¡,y <>eh model. Thes< ooncepts can be orplied to 
ony softwore Je,i;n ond con<titule whol w<ll m>y bo o "noto,.¡ 
)ow"' of 1 oltwue comrosilion. Th<Y n«d no1 be thOu'hl of 
os beinl slrictly •rrlicobl< te ~esivos a ni ved>\ <>sin¡ lht >lrnc- · 
tu red d<>itn method. The use of thi> m<lhod is oomp\ctncnted ! 
by th< e<istcnco of • method lor dcnninz syst<m >p<eifloo. 
tions co!!ed structurod •no\y'i' ( 20]. 

Sttuctut<d d<>i&n •te~s•yst•m• in t~·oco>mp\emcnt"Y "•Y<. 
One i• lloe Oow <>t rno>Omenl of dol> wl.ile !he othcr i• <he 
'"nsformotion(¡) -.hich .... ~dolo no .. "~~ergo<> to b• "'"'·· 
for111cd from input into outpul. To~<!her thcy formo nr¡.: 
v.·or); mo<lel of > >Y>l<m. llal> ent<r U Íll,OUI, undeJ¡O !un,.: 
lurma! ion•. con><''', di•·.,~~. gel s lmerl with otlocr d" >. "' : 
b<<om< outrut. Thi• view of •ofl~"' nray >Onnd ,;m~l< "d · 

p<rhors duU, ~ut il ¡<n<ul<1 oneral inl<r<<tio¡ •id< <lf«b! 
Arnont ti«><,,. th< follov.in&. • 

1) Absence o{ time in the d•to-now !tp«><Ol>lion-Sinco 
mo><m<J\1 •nd \JO<O!furm.,ioo uf d>!• "'!he <>!)}Y chmtt<¡ 
istics "P"""Ied by tloc d•t:-now di•¡;<' m. tho conc<N o( t~ 



' 

i 

PU[RS' HPRESE,.T.< TIOtl A"l> COMP'OSITIO" TECHNIQUES \ '"" 
1'""''' Óf time o loo¡ ony •in ¡le or ocven\ dato-flo,. poth(o) b •. - -·- N·~·-~ ·-, .. ·- - ·- -not pr<l<nl (Fi&. '1). Th< ..,flwue cnlin«l i• f«< to caneen- ~ 

1,.,. on th< <O!oh\iohmcnl of o cle.r undenlondin¡ of ,..¡,1¡ (--~ f ··-('-··· 
--·--.. ~ .. ·-.. _ -, .. jor/nlinor lranslo¡n•>tiono mu<l occur in ordor lor tbe 

;,;pul ~ou lo be in<rementolly ond corre«ly lnnsformed 
jnto output. 

l) L>ck of cluoicof fun<tionol decompo~tion-Tor-down 
,tc•i&n "" been doscrih•d •• ohowing only one p>th in o Ir<<· 
lik< otructurc bcc>UI< it '"""''' lhJt '""' is only DI'< prob· 
tem to be sol-.d [S). The "" of the ~data-flo"" viewpoinl" 
redue<s th< <ffcct(s) whkh th< d<Oi¡ner:• nptri<nc< and 
bi"'' will hove on tbe rcoulto, This ollows !he ">hopo" or 
otructure of !he <YSI<m lo be retoined. Furth<r on in th< slruc­
lur<d d<Oi&n proce ... the5< •·naturol ogvept<>- ol '"nolormo­
liMS ond doto flo,.·s ploy o Y>l&l role in the identificotion and 
or~oniuliDn ol modules in !he eon51ru<tion plon or rhyoi .. l 

"'"""re ol <he ·~"'"'· 
A <<riDus problem for soltwor< <n&in<<ll i> thc c~ntml Df 

wmplult ~. Mueb ol 1~0$ cornrl<>ily ;, couo<d by con« m 0\«t 

oolvin¡ <he problem conoeptuoUy "'hile allowing impkmento­
tion i>sun <o dillorl this o~!lroct view. Th< ..,llwore engineer 
lindo l'lirno<lf I'Ulled iA. lwo dilectiDnl o! once. Honce bit 

. mentían lo fOCUS<d auemoli..,ly Dn high leve!. obotro.ct ~rob­
l<m iosues and low leY<l, detail lmplementotion Dnts. Thil 
shu<tlin¡ betw«n twc somewhot ineomrohOle "'' ol iuues 
er<otes on unot>bl< onvUDnmont in "hich mista~u will be 
''"do. Sorne hy ..,.,. orsubtle nuone< reprdin¡ tho ptoblem 
"" ~e o•erlooked. Structur<d d«itn roeomrnends o disd-

• •' i nc1 <en be! ween obolroct or lo~icol desitn ond phys­
,, ·' ged d<siJII. Ttús enobl<O <he ooltw>r< <nlin<er to 
t•rOC« ·• :.,~eh •• <ho orthite<l prc.c«ds by r.rst euoblishin¡ o 
• .1ncept uol ID! u !ion lh<n odjullin¡ it ID th< iotended operotin~ 
··nviron m<n 1 (mokin¡ it proctictl). 

The bosic ploy US<d in s!J"UClured desiJR is ID ldenlify the 
dot> Uow(o) oppuonl in !he probtun ond ID build in botb de­
toil ond slfu<tur< in an ileroti•t fo•hion. 11 ;, ossumed thol o 
syll<m spccifi<otion uisto beloro d<":t> brgino. Thi• opedfi­
c>tion idenlilin inpu11, de>ired cutpuli, ond o ducrirtion Df 
th< fun<tiDnol ooptcts DI !he oyolem. The opedficotion io U><d 
u o b.,¡, fDr !he '"P~icol depiotion Df t~e inherenl d>to Uowo 
ond doto tion<fo<m>tions. This ,,.phicol depi<tion i1 <>ll<d 0 
d>ll·flow di•l""'. Frcm th< ~.,..n.,,. dio:roms. n>turol •;;.re­
pttl o! th<>< tronsfD<moliono ond doto flows ore id<nlified. 
Thio <vcntuo!ly teodo lo tht der.nilion ond depóction of th< 
modules ond lh<lt rdoliomhip lo one onother ond >>rious sys­
""' demenh colled o olructure chort. Th< oys<<m sre<>fiu­
lion i> recoomined, «<ors ond omi>,.ons remed.,d, ond lh< 
prO<<" oycl<d lh<au¡h •&•in. Na< oll ll<ps ore t<p<OI<d, only 
th<>>< <lten1ecl necuury by th< ooltwore engineer. An <>"<<· 
,;,.,o! lh" pro<<S> "'"""'"in Fi&. 10. 

B. Do•• Srro<turr Ori<nl<d H<lhDd< 

Doto structure ori<nt<d mcthDdl &i>< th< >oltwore d"i&n<r o 
"'""' of pr<>e«dinl lo o dcsi&n ¡:ivon thot the suucturc ol !he 
1"' <h>t .,¡u be procu><d 1>)" !he softwore io ha,.,.n. In thi> 

'-'"• '""""" re len ID lh< la¡:iul «loliomh<PI>) "'hóch <<iol 
l>etw<<n dolo tlerneniS ond not lo th< physicol formol ol ~oto. 

... ·- -- ·- ·-·~--·--~·-·· ·-
•• ·-

---
--

........ ~ 
~Jilfl> '""''U<"l"'" ... .. "'-""""""" 

..... -........ . ·- ..... --~·· •· m.,.,.,. _ _,,,. -- ·---·-----•· --------­-- -----~-- ... -
'"''-" ""''""" o• '"' ........... , -·-··~-···--........ ~·u . - .... ·-'"" ·•··· ....... _ ...... :o·;·;·; .. ;··~ .. ~. 

,_,,...,,_IE1 
F;s. 11. No ""'"'O.w (11 lh< W.,nl<r '"Oihod. 

and crowón¡ '" popularity io \he U .S. but ulili>< lundamec. tally 
difieren! opproub<O lo d<Si,n «P«5<nl01lon. 

Canctptuolly il io noumed lhAI \he inherent structur< of 
input ond culpo>\ dolo io 

1) di><<mil>k; 
2) uoelul" o drivinl lor« in ooltwore d< .. !opment; 
)) inourone< thot o prudtntly struclb«d pro&rom .. m ruu!t. 

This m<thod emplDys thc follo,..inl fDut d>ff<rtnl desi¡" rcp-

1 ) doto <>r&>n¡ulion dio~n m; 
2) loli<al .. <¡u<n« dio¡nm; 
l) inoltuction !in; 
4) r><udcoode (o d<>i1n ori<nt<d. codelih lon¡uoJ< "'ilh 

l>mil<d oyntott io ond ''"''"!ro restrioti>< ! 2J l or ce .le. 

Th< pr<>e<dUfO. fo< dc••dorin¡ o sohwore d<si,n usinJ 1~0$ 
method io J<loli•dy oimrl<. 

1) Jd<nlify oll input d>t• ent!li01. Their formol;, o "~ond· 

al)' iuue lo lhot olth< r<l•tionohlr <he y h,.< to Dne onD:!\<r. 
2) Or¡oniu tbe in pul doto 1010 o hienrchy. 
)) """'" o descriplion ol coch <nlity in the inp"l fi:e ond 

note ti>< no>ml><< DI timeo il DctUrs (<.&. 1 employ« f.!<," 
Th< b.,¡, pr<mÓ!< in lhÓ! u .. io th;t lh< 1\ruc<ure el 1~< doto employe<>. uch omployee record contorno ! enlri<1: oociol 
ond th< '""""''o! tho pro&nm mu•l be oon>p•tibl<. The dolo securny number. hiJO dote, employee number, cor r••Y 

111ucturrd opptoach "'' will .. omine her< io lhot ol Worn.er odd!<ss{location. ond horn< oddreu). 
! 1 ¡ ).- 11. oh<t<S th< , doto llruet u re. ri<w _ "'ith. on. opproooh __ 4). Perlo1m_tho _u me_ P'""" _u in 1) cll. obo>e , ~~~ _ f<>r 
outhore~ by Jack•o.n !l2). Tltoy >rt wiolely f'<>pubr in EutDpe DUtput doto. 
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trcotcd ln Hrc- .. m< monncr 

"" sevenl cquivo!ent' ¡olutlons of ;,., ' ''''"" 

n 1. t~. Ao .....,.;, .. ofl1<"U .. "'"......, rono•m••l. 

.;. _110 forth, Thc proCuo <ndo ,wben a 
,--eacbed whkll nn be dir«tly impl<m<nl<d l 

pro:nmming bn'"''" (fi&. 12), ' 
~ . ·. ~- . ,.• .. ··-,· . . ' .,.,,. ~-

runctional cha,act<risl!<S of th"• pro;ram by D. Com¡runts Rt:a•Jin: So{lwart Composltlon • ) • 5) SpcclfY - ·~ . -- - - . ._... . 
ddinln¡ ¡he instructlons (by· type) ..-hkh .. m oe<:ur In the Eo<ll of lhc mcthods •••ilable todo y rerrcs hea•~Y on ••P•· ~ 
pro¡.ram, Th~ >t< ddined by 1~1"' of instru<lioo in th< cif.c wmeWhot lnncxtblc' m<><l<l of soflwuc dt>c!Opment. _ 
followin¡ order. uod !nstructiono, br>nch {ond rebtcd) in· Ort."n th< modd ls !ocoliud in ch>r><let In that it oddr<úe.- .. 
suuctlono, computotlons, outputo, 1 nd ulb lo subroutineo, • implc:..entoUon rothcr !han .rchit<ctu<ol probl<ms. Ho..;e;er ," 

6) Us!n¡ a modiflcd nowchorl, diopby thc lo~oal séQu<ncc :_\he ovoral! effeot or rhe •voilabilitY of mOthodo in soft..-o-r< d4· 
of imtructions us<n¡ symbolo lo «pruent be¡jn proceso, end oiE.R hQ b<<n quite bcnef.dol. Disdplin<, or&>niutlon, ond 
proceu, bnnehinl, ond n<stin~.o an opennea in dcwlopment "" • fcw of t~< po5ili'< l!c~do 

7) Numb<t eocfl tl<m<nl of the lotlcaluqucnce >nd ••P•nd ••p<rl<n<<d !hu> lar. .• , • • • 
it (whore p<><Sible) usin¡ comhin.t!ono of !he b"ic oer o[ In· , , ~• --~; '1• 
olrucliono dcf.ned in 6) obovc. V. CoNCLUS!ONS •.. >i- i_ 

Warniu proYidcs 1 numbcr of oth<r m.ire detoikd insuuc· Software dcsi¡n ¡, 1 bun<h of aoftwor< on¡jnccrin¡ whiclt • 
liono for the «rmpooiti<>n of provom• u5in¡ thio met~Dd bul -;¡jusi b<tlnnin¡ ¡0 sho..- f«<>&nllion nf lts oommonoliiY. With; 
the>< are no! ¡<rnliM to our di~eu,.ion. Thc d"clopm<nl oth<r ~uign efforll d11in' bock 10 ontiquity. Thc lack of o . 
now min¡ !hio m<lhod i• ohown In Fi¡. 1 l. •t•nd,.di><d 1pproach to dcpictin¡" ooft..-or< de>i¡n con b< 

c. r, .. c,lptl>< M~th<>do. 
' . Thls cat<t<>r}' contoiAo most of !he 5Ciflwote compooition 

m<thods curr<nrly n•~•ble [ 11). These m<!hodo "e h><ed 
On !he experiencc(s) of lheir •utho"rs •nd lo<~ oomc unifyin& 
conceptuol ff1m<wor~. Thcy ore ¡he r<>ull of •aluablc up<-" 
ñencc ond o &ood d<>l of <mpiñci>m. M>ny of tbcm orc • 
collcc<ion of Hi:ood rhlnp ro do"" whilc olhefl put for..-.rd' 
on oV<n!l >pprooch to solvin& roftw"e deoi~n prohlcmo. 
Mo>l hove >dopt<d .o m< <pecir.e o<l ol d<>iGn rcpr«<nlat ion. 
ooh<m<S. META olcp,.ise rer.nem<nt (24] d<><S no! contoln 
a >pe<ir.c d«i&n r<pre>enlotion och<me bu! do•;, proYide on" 
ovcra11 appro.ch ro prohlem solvin'- h con<i<" o/ lb"' con· 
ceprs: di,dpline~ (or <tructmcd) rm&'"""''"l. prc•l•lern 
<olvin, by il<r•lion, ,nd ruum on invcs!mcni/<Ost effcctiv<· 
ncn. Th< '"'Y in which <><h .,r lb<>< conc<pts monifes!l 
itielf in 1his ,¡.prooch i• dc$C,-\b<d btlow. 

1) Di•<irlined pro&r>mmin&-TN• r<fers lo boLh !he process 
o! d<e<Jtnrooin, 1lre oolurion •r•« ;, ord<r lo id<nrify •l!<•M· 

rive <olution< •nd to !be b«•kin¡ do~n ;,r • gi•<n oolurion 
into irs conoliluenl ollribure. h io no! Jccomrooirion in thc 

<bnic ""'" of !he word, as we ol11l1 1<<. 
l) Problcm •o!vin1 ~y irerorlon-trerc, lhi> rders lo both 

!~< proceu of repotiti<ei)Í ool<in, o desi¡:n pro!•\< m and lo the 
piocr"L« of odJin; J<wl wilh <><h irer>lion. 

l) Return on in•n<mcnt >nd cM! <fl<<li><n<<S-Th< time 
ond en<rl)' "'""'!}' \G apply th< otber two cctncerto ore 
bro10¡ht tnto •horr fo(u, ,;, thio on<. ln this '"'· furthcr re· 
n """'" t io unir .¡"'" un the "'"'' pron>i,in¡ <r( the , lt<rn,\v< 
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both an .,,.¡ aod a liabilily. h i• •n "'"'in thot the m<lnl • 
of dcpic<in¡ o dcsi¡n can b< toil<ored lo !he ,udiencc ond lh< 
"t~pe of prohlcmo h<in; eomldcrcd. lt lo o li>b~ily In <hit 
much o! thls p~tcntial is lod duc lo local, fo<tlonalit.;d viewo ' 
"or requlr<m<nts on !row "be,¡" ¡o porlroy .ofl..-ore-·ny ooft; 
warc. llopcf ully. th< trcnd to upond local, progr>,..;·Orienled 

·lbinlin¡ in lo 1 gtobol or sy>l< m1 1i10d appro•<h will occoltrole 
progre., toward r·icwing oofl..-are ~osign os o t)"Ú<m of con:' 

.«PI> ond l<chniQIIe;, ond nota"""'· 

RE>EA~NCU 

11] C. ""· "'Con•<l"•li~•• In lh< ortl<> of tuo1old ,,,,;,, •<O•"•"• 
· '"""'"'' '""'' "''""""'·" A••- f'ioy>, '"'·H. p. Jn, '-!~" 

(On e'""'")· · · • 
p l L. W. C'mi<r, C. A. <"oto, ood ~-J. von r..,,n, "'Th< '''''"""· 
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Lano, R. J., ''lll~ N2 Chari,"-TRW Sort>~are Series, TRW-SS-77-04, 
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ARSTRACT 

' \ 
I.SIIOS ~<·w~lnt•·r 
Volumc 10, Ni• • .' 
Au¡:u:ot 1!!78 
llppcn~i:< .', I'")!C 

Qn,· of the inne;uinsll' ~ir.nifinnt probkm5 facing thc ~y~t~m ~oignen. anJ ma,t,·r 
plannc~ of toda y Í! !he timdy a ni! a~cuiate dctinition of sy~km ekmcn 1 _in le rfao.·~s and t~slt 
or acthüy intenclalionships. 

The dassical approach to requiTcment.s and{or activity .Jdinition and :tllocation consish 
of the subdivision of brge functions in lo m u !ti pi~, understand ab!e, o.!is~ipline-mkn tcd modules 
or blocks. Each of thcse bloc'ks is thcn delin~d or s¡)ccificd ~n terms ofiÍs inputs, outputs and 
tJOnsfer functions. The emphasis. un f<lrlunatdy, is usually pbccd on tr~nsfer function;, "hile 
the in¡mts ·and Ou1pu 15 _(interfaces) are oll bu! icnoTed .. T r~nsfcr functi~n ddinitions ~r~ rnor~ 

. Jeadi\y uodersto!)<l and comffiunicated than inlcrf•(e ddinitions since thcse functions- an: 
quantifíable, str~cturcd, dÓs~ lo the i~plcmentJtion desi¡;¡¡. ;nd can be casi\y rebt~d to past 

-e_Xpcric nce. A strnctured tcdmiq ue or disciPline m ust therc f ore be acquirÚI by the cffect ive 
. system dcsigner and master planner, which pbc~s c•qual wci~hl on all of tlié delinition Jnd 

al\ocation parameters. Interfaces amlactivity rdationships mu.t be dealt with in a tcip~lown. 
hierarchbl manner which is as s\!uctur~~ and 1 imdy as toda y 's lransfcr func tion definitioro 
proccss. Thc implcmentaliori of an dfcctivc interface dclinition method<llogy has bccomt 
cssen ti.il due lo !he Íl)tre35i~g rcblionship cOmpl exi ty o(today's tash. Nganiz"tions ~nd · 
sysk1ns • 

. . TitiS: papcr dcscribo;s thc .N2 Clurl, which 'rs ~n impkm~nÜtion too! and methodoiOgy for 
thc tallll!Jiion,-dcfinition, an.alysis and description of funÍ:tion~l inuractions and interfacc·s. 
The too\ prcscnted is not limitcd lo JIIy particular ficld, discipline:mmhl area or systcm t}·pe. 
Thc N2 Chart is simple and caSy to understand, structured and methodica\, top-úown in nanm·. 

_ cominunicativc of the do:si¡;n, and forces a uniform ]c~cl of <lesign consiskricy. The N2 Charl 
is an dfcctive too\ for \he inkgrotion of al\ of the people, prÓducts_ a_nd paper \ha! mak~ up 

. .:my Gi>·cn system. 

· An iniiial N~ CIÍart d~fi~ition is provided, to~ether with discussioi1s rclating \o it~ various 
usa¡:c~. formats and a¡iplicatíons. Applicaticns (OV<!Ted incltrdc interface tabuhtion. •.lcfmition. 
dcsi¡;n and ana\y~iS activities. Othcr non·obvious applic~tions ari: a<lditional\y discuss'd "hich 
are con.:cmed with design dcscription, oj1crational proccdur~ anolysis ond schcduk Oll.li}·,is . . 
acl ;,.¡ 1 ics. Ex a m pks "re prcscn tcd of ~ctual N • Cha rl impk m en lJ lions on numcrous TR IV 
studies Jnd propoÚI activitics. Two ~xamplcs ore prcscnw.l in detail which illtiSirak th~ app\i­
c:tlion~ of the 1'\2 01Jrt iri"intcrfat·c probi~Jl! solving and in top.Jown systcm tlcsign t],finillOil . 
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TRW Software Series, TRW-SS-77-04, ' Lana, R. J:, ''The N-
2 

Chart," 
Novembcr 1977, 119 pp. 

6. CONCLUSJONS 

\ ISOOS Newslettei' 
Volume 10, No. 3 
August 1978 • 
Appcndix 3, p.1gc 

The N2 OJart le~hnique hal bcen used ~n over 50 individual studi~s and projeds al TRW 
with a gr~at dcal of success. Thc pri•nary attribute of the technlquc ha~ b,~n in lts r~pid . 
.:ommunic~tiOn of intcrbce ::md rclatio•l•hip tbla bct wc~n large !lumbers uf pcoplc .with varkd _ 
intcrests, bad:¡;rounds, and ne~ds. N2_ Charts ha ve bcen used to describe a~d define !Jrge sY't~ms 
conccpts, hardware componen! dcsign det,__¡Js, software pfogram deta;Jed dcslgm. or¡;ani1"ational 
and opcrational n:btlo~ships, and Íasking_and >ehcdule interfaces. A box on an N2 C11art h<IS 
been used to define cvcrything f10m an earth/spacecraft iOtcrfacc down ID a connector pin or 
wire interface. One ofthc main '·aloes ofthc Nl 01art has been iu disciplined stn•ct"urc Wtüch 
by its nature forres !he usen; lo amo~ consisten! ail.d ,;ompleic !e,·el of detailthan othcr viso:!l . . . 
prcscn 1 a tion tcchniqu ~$. Figure 6-1 summarizcs !he majar f ca tu res and applicat ions of \he N­
Cbart technique. The fo!lowing pan.graphS provid~ ·additionJJ info~ation on the u~t of N2 
Charts for·t~e tabubtion, ~ef>nition, design, analysis, and dc~ciiption activitics illu~trat~d 
throoghoutthis paper. 

The tnbulation task is probably thc best fit for- the N2 aiari technique. Interface and 
relationship definition activilies ue gr~atly cnhanced with the use or"N2 Cbarts. The i~terfa¿e 
accountabilÜy attributcs of the techñique, togethcr with the change simpllcity and rcproducibility 
of !he actual chart forms, make !he N2 Chart an ideal too] for largc and small system tabulation 
iasb. TI1is fact has bcen completcly vcrificd by ~!lproje.:ts cn1ploying the N2 0'art tedmique -
as the interface tabulation medium. · "':. . 

.. 
As a too\ foi interface and rebtionshlp definitlon tasks, the N2 Chart prmides the much 

needed "input" and :·output': portioñs -of !he Ciltire dcfinition eq oation. The "transf er furiction ".' 
po~tion Of !he equJtion, howcvcr, cannoi be nccompl i>hed totally with !he N2 Chart tcchi1 iq ue: 
The N2 01art mus! be u~ed in conjuncÚon with other tcc~niquts (e:g., block diagram, OoWcha:rt, 
etc.) in arder lo perform the total s¡·stem dcfinition task. !lowewr, tht step sequencc and loop 
N2 Dlart \"ariation~ hn,·e aidcd !he transfer function dc!inition job lo a ¡:r~ater extent than 
ori¡:jm!ly c~pectcd. ~~~ny projc~ts have e1ñployed thc stcp scqocnci N2 0! 3rt in prefcrence 
lo thc Oowcliart for ckfining top lcvcl -:-,crational and data Oows. The loop chart variation 
has provcn vcry useful in defining the secondary systcm Oows and depcndcndes (control . . . 
coordination, monitor, support, etc.). 

. -
TI1c dcsign ~nd an1lysis aoti,itic~ in volved wHh a systcm are aided by thc N2 Chart only 

throo¡:h it> t:¡bu!Jtiun. Jefinition anJ (~~scriptiun c~p;1bilitics. The N1 01art \echnique <.loes not 
providc mathcmatical proof or cven formolation cap"bility lO automatically cope with the sys­
tcm dcsibf! problcrns: Enginecri.ng cxp~ricncc, di.ciplinc, 1-:ñow-hoW. and j•:d¡;ment are still 
!he mus! importJIII ln¡:r~dicnts in \he systcm dcsi¡;n process. TI1e N2 C1Jan docs, howe.-cr, pro,·id< 
a grcat loo! for thc llcocription of the lle,ign ¡>roccss, both for !he Jesigm·rs ""d thc rclicwn~. 

.. 
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''1ñ'é iiiidc7"mü$i b~ iiininiJed thO.IIht N2 Q¡o.rt iJ·on/y ¡, tooljor '""-- ,, "'' : r."' 
/ntcrfact dejinllloñ a"nd notan aUtomátic ;o!ulfo; lO 11t'é p'roblerrú, • · _... . • ',"-. -.· 
arhand. 111ewdsto/theN2Charigafnsbenef1tionlyifthe'wU:-,~ •· 7" ,-'< 
iJ di/igml and mttho<lica/ln llis deflnllion effon. Tht i-.:2 a,_¡,;,:•, 4 

. ~ - . . ' . has tht potential o/ b'eing a dnngerous crutch wlllch, if uud > 
improperly, COIIUJ'$ 'the [e'i:ling o[ u ser understanding io- tllt ! ~- :· 
re•·iewú who doei not sptnd 1h'r enuiJ· In i:omprehc11d 1111d '. ,· • 
study In detai/¡/¡is '!aY il al/ vuf•·~uul p;rsel1/otion. "~., ._ ~~ .:: •. ~ .... -~-- __ .-. __ ,._, .. --·--.· 
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... The' uie o{ N2 Cllarts as a desi:rip'tion iool hJS provcn e"iC~elir'$úéieSsfut. A'great 

quanlity of complex i~founation has be en t~an5ferred to ~ !arg'e numb-e1 of P~oPie in a ~hort • 
,. · lime period with \he Use Or N2 Cñart techniq.;eS. The case 6fp10du~Íi~n, simplicity of pre­

-. s~ntation, and tt,'e visual\y selecti~elevel of detail PrOviúed by this techniquc has proven lo 
be invalu~ble as 3 communic'allon'~edium omong the designer, rcviewús, consultants, users,­
~nd olñer parti.:i¡iants in a S}'51em deslgn dfort. Thc dcscripiÍ\'e a t tribute o f \he N 2 Cñart -
t~cñnique has, througñ cxperience, bccorrie itl j¡rimary attribute, ~ven though it was not the 
original intent. ~ . · .- ·. · - ~ - -
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Measurement and Experimentation 
Engineering 

• m Software 

• 
U!LL CURTIS, Ml.Müf:ll, 1n:E 

Abii<O«-Tht <~nUibo(•ono uf mmuo<m<nl ond np.,lm<nl>!'•on lo 
1ht ""' of 01•< oo< in ,.,l!~m <n¡ónt<oin¡ '" ,..,;Ne<l. Tioc oole of 

'""'"",.'"' ¡. ~ .... kopin¡ lb""''''"' mOOd• ;,J;.cu...,d, 10<1 •~""'"' 
fo< «liob~a1 ond ool;.JiiJ .,. run,.d. C>!t,.nl •PP<<»<ht> <om..,urinJ 
>Oftwol< <l•>I><I<ÑI;.o >r< pl<><nl<d U exompi<S. In pn!l<•lu, >Oh· 
~•« eomploit1 ...,!rito oel>l<d 10 «••l•ol Oow, mO.Sul< lnl<r<OR­
nec"dn<», '"" llob<.,d'¡ :'lof<~ "' Sd<noo '" d&u...d, TI>< u oc of 
<>p";.,<nlol m<Oimdo In ... o~u .. in¡ <OUIO·tff«t l<hlion>hipl lo ol><> 
di«,.><d, ["mple P'"&"m' uf "P"im<nlol "''""h ~ hl<h ¡.,.,.,;. 
¡>O<d eundilionoJ ""'"''"" and <Onll<~ Oow >1< <e<itw<d. Th< <00· 
du~on .,...,., ohol mo•1 ;od"'"" in >Of<•.,••n~in«rin¡.,;u be re­
¡,.,d ro lmpr.,.<mrn" ln rlro mmvr<m<nl >nd np<rlmul>l .. .r,.rlon 
of ooflwu< l«lrnlq...u >•d pr><li<a. 

[. !NT~OOUCTIOII 

THE Mtr.GNITUDE of cosh invu)v<d in softw>!< dovelo~ 
m< ni and maintcnanco m>~nify tlrc n«d for • "ionriflc 
foundallon lo oupport pro&""' rnln& Sl>nd.,dr and man­

'''menl d«i>ions. Th< ar~umcnl fm employln¡, r"ticubr 
sofr~-or• t<c~nique ;, more con•incint if b.c~ed by upcri­
m<nl• domonolrotin, ils b<n<ht. Ri¡orous sei<nt;fic proc<dU!<S 
mu•l 1x: oppli<d to "udying rhe dcvcloPmcnl of •oftwarc •Y•· 
l<m> if wo are lo tr>n>form rm&!imrning into >n "'Glncering 
dirdplin<. Al l~< e ore of th"c proccdur" is !he d"ol<>¡>nl<nt 
of """"""''"' l«hniqu•• ond lh< determin>1ion of <>U><­
effeol rebtion•hips.. 

A commilm<nl to mco>ur<m<nl ond cxperim<nlolion hopeo 
futly lx:&ln> by focu•in, on the rhcnomonon w< '" tr)·in¡ lo 
Úpt.in. R othtr th>n t><slnnin~ by coun1ing or np<rimenlolly 
ur>nirul>tin~ •ariou> prop<rli" of •oftwarc, we •hould first 
determino whot >ofl~·>re-Jelaled lnk we wish lo und"mnd. 
Modclin~ lhe r«><""" und«lyin, • •oftw><< '"k holps identify 
rrop«tiu of tolt"'"' that >ffed r<rformon«. One< llre prO­
«" ¡, modeled, "'' eon di<~«l il ~illr >11 mann<r of ocientiflc 
prnoeduru. • 

The >rlide on reli>biliry by""" \62] in rhlsillu< rro><nlo 
• riEorour •rrro><h ro mod<lint • sl>f\w"e ploonornenon. 11< 
rpecifleo • !<l of mumplion• >bout sofl "'"' ¡,¡¡..,., n,.r tu id e 
hlo d<><lopmenl of • quantitoti>< me><ure_ 'r'el, Mu•• do<> 
not >lop ~tth • ~<><>iplion of hi• me>sm<. !!et>~urhe criti­
<>lly i•nrortonl >l<P of ••lidotin& hio equolion wilh ocrual duo_ 
Funher, he doco MI derinc hio "'"'"" on rhe ba>i> of a one­
•~ol uudy, ~u! continu<s to 1<>1 and rof<e.< hi> mod<l •&•inst 
"'"'do!>,.¡,_ 

"'"'"''"' ,.,;,. 4 "'''' ., O QOQ 0 '"'"" Jun< 0 0 "OO, n;, WQI" 

M" '""""' "" bl '"' orr"' ot ""''' R""''"· En;in«<i'l '"'""'"" 
Pr~<nmo ""~" Cunrr•<r 1<00014" C-O>OS ro ln1o•,..r0on S>•''"'' 
''"'""''· Ceoml F>o<toi< Comr,nr, Mlint<"", V,._ How<•"· orln· 
;,.,, ''"'""" hm rr• nor ""'"";" '""'' ol th< "''''"""" or rh< 
'"'"'o<<'< C<n.rol El«,i< Co'""'"'· 

' 
St>l<m<n" that • wftw•re rroducl h"• m.,n t"tm<·b<tw«n· 

hilure of 48 h- or uli>n<l •recifocd timin, con•l,.ints >te 

~rounded in !he eslobli•hed m<»Ur<nt<nl di>cipUncs of r<ti­
obilily [ 11], [ 61], and ptrformonco ev>IUotioa. Oth<t imp<><· 
l>nl allribule> of soflwar<, ••eh n iu compreh<n>ibili!Y lo 
"'"''"'""'"·hove nollx:en odoquue\y defoned. A ntodcl of 
how •oflw.,e ch•ncl<ri>li<> offeot prot""""" rcrfor!"on<O 
shQu)d undcrli< soflwore <n,ineerin& techniqu<> which pur por\ 
lo m o k< code m o~ ~•doble or reduce !he mentollood of th< 
pro¡ramnt<r. The empiric.l >ludy of such a model rcquires 
a dlsciplincd opplko\ÍoQ of rn<>ttrrement i"nd <>l"tim<nll) 

.method•. 
Se .oral importont plincipl<1 in mca>uremcnl ond ox p<rim<n· 

t>tion will b< discumd ond thdr •Prlk>lion in r<><arch on 
how ccrUin softwore c!"'oct<rlllk• moh • pro¡r>m di!ricull 
for o pro~ramm<r lo undenlond ond work ,.;rh witl b< re· 
viowed. We will lx:&]n wirh 1 di!<tr»ion of how m .. ,ur<m<nl 
;, funJoment•l to lh< de•elopmcnt of a •cicntific di><iplin<. 

A. S<i<n« 4nd M<G1Ur<nr<nl 

M>r~onou ! SJI at¡ucs rbot !be v"iou• sdon liric discipli"<l 
con bo clu>ificd by thc ~<&r« to ..-hich their on>lytical •v­
pro•ch i• theor<lkol rarher !han comlotionol. Thc corr<l>· 
lionol opproach e.pbin• phenom<na b~ rhe d<u« of rel•­
lion•hip amon& ob..:r>able '"""'· The th<ornlcol opproo<h 
att<mrt• lo expbin lh.,e"r<lllionships wi!h rrincipl" >nd 
coml r ucts which "' oft<n '" ,,.¡ k>·ch of obJl raction removed 
from rd.riun<ltips >1norr, <m pir iool doto. 
Ter~< roon [SS 1 b<lic•" tho 1 "'lh< >ci<no" would ord<r thcm­

><hes in lor~cl_y the so me ""'Y(" M>r~Onou's ordcrin;) il tloey 
were cla.,ifl<d en \he .•. de;r<< to which .. ti•f•ctory mu­
suremenl ol thclr imi'Orlonl v~riobl<> hn b«n achic>ed" !88, 
p_ 2]. We know <con>idcrobly more aboul mu>urin¡ eloetrlcity 
or sound thon '"'' do •bour nrcasurin, !he compr<h<n>ibÜ•IY 
of rofl.;,.,}r, Cun,.qu<nlly, cúrrcl>li~nol >iudi" ore rr.OJ< 
ch>r><l<!isti< of lh< beh"ior>l thon 11« physkol "icnc<l. Ac-. 
cordin¡lo LorG Kcl•in (461: 

111r<n you ''" m<>rur< • h>l rou "' •r<><ln¡ oku 1, and <>rr«• 
ir in numb<r<. ) ou ~""" "'m<thilr~ >\>out it: ""' .. h<n rou <>a­
nor m mur~· ir, ~~en JOU uonot <>r«" Ll In numO<'~· your 
~nu•icd¡;< i¡ ol • m«¡<r :.nd """'i•[><lo•Y lindo it ntoy b< the 
!.c~ioolnt of kno .. led¡c, bul )OU hn< •cote<ly in yuur lilou;;l>ll 
o<lv>n<e•l lo Lho '''"'o["~'""· · · 

He • "''"" Mol whh "" So" ~•" "'"'''"""' "'"'"" U oH. lolo•· 
'"'';"" ;,.,, '"' '""''"'"'• G'""'' 1 h, Ld< <"om r••y. ~,,;,,, "". V"­
"' it oow ~;11, "" ToO«oot""'olo>'l"r" f,,,,,.,to" Cn>lo"<• Loi<<Oo• 
"""'' T "'' '·""' '"' u.''""" comr••l. ""''"'"· l t ""• r. 

T~< dc•clorm<nl of •<i<ntir.c rheory in•ohes t<bting th<o­
r<rica\ eonslr~cl> :o oLo<r>obl< d•l>. Fi,. ¡ illu5!nl<> lwo 
l<><ls of rheot<\icol mo4<linf "dl<euo«d Ly M>r¡<n•~ and 
Tor;;o,.on_ In> ~-cll·d<><lorcd scicnce con>l¡u<l> ""~<de. 
fincd in l<r.ms of eodt oll•<r >nd '" ,,;,¡,d by form•l <C,Ul· 
tion< (c.~., f urce • m"< X ><"le" llorr). A rno<l<l of r<l.rion. 
.·,·,~, '"'ong corrs~rucu bccorncs, Lhcory wl><n ar ¡.,,l•ome 
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.-,,, 1. Tho '""''"" or '"'"'' '" «i•oco. 

con>trocu con be op«ollonolly defom~ in 1"'"' o/ obs'<••ble 
dolo. 

ln o leu well-de•eloped ocien«, ocloliOftohip• belw<tn th<o­
' :<icol ond or<<olion>liY ddined cOnll 1u<lo •~ ioot necuurily 

•l&bli>b<d on o lorn»l m"othemotkol bl•i{. boi ,,. lo~ioolly 
, 1cwmed lo ••i•t. Su eh !<lolionshipo • mon: op<ntion•IIY de· 
1 ,ncd consl!ucu ore o! ten d01cribed by óon'elo Hcin Or r<l«SSÍon 
o;odliden"· '"hile lheir r<lotlon>hirs 10' rionof,er.tionolly dc­
loncd lheoruicol conmucls ore typicilly' P«ocnlcd in •<•bol 
I!~Um<nll. · Theoé ptcsumed · r~latiMs~lps ·aTe dilncuh to 1<>1, . .. ' . )• ~ ~ 

beco use nc~>li•< r<>uliS ton ·be ., """'~Y oltrillutcd lo o roor 
· nrc,.tionol ddonitioñ" 'or oh•:· con$1ruCts os lo on incmrecl 
mod<ling ol lhc rcl>lionships. In !he fl"loccl10n, .,.., will lind 
pruurn<d <<IO!ionshi~•. coioliflJ belween th< hy~othclical <<>,.... 
ohucl o! ~ro¡nm comprehcnsib;lity on~ iiS oponlioml dclini­
liM in >OftwOI< ch"ociC!iSlks. 

Th< ~<>elopmont o! on Orer>li~nol ddonilmn (i c., 1he rc­
bti"~ ol • thcooeoicol conohu<l lo r>l,.cnablc d>to) 1cqui<<>> 

•~"'"' ol "'"'"'""'"'· As doscribed by Stc•ens )84, p. 24) : 

. Oh< r••< "' of "'"'"""""' ;, "" ~•<><<u of m•rrin" omri•· 
1<>1 poo['<olie> oo odotion> onl<o • fmm>l mod<l, "'•••u«m<nl u 
l"'"'bl< 'o<nu>< lh<o< h o"'"" of o><>mmphi•m b<Ow«n 11 lh< 
<mr,..._,l "'"iono ,...,.., P'"l""'i<r of obj.cU ond <v<nU >n4 1] 
lhe pocp<"io" of ohc ¡.,,.,¡ ._. .. , >n "hi<h ""'"""" ao< Oh<­
r•""' ond "~'<"'"" th< 1no•a 

MoHur<uocnl docs nol d< fine o con•trucl, uther il quan lilieo , 
r<<>pcfly o! !h< con•tr~><t. The "b<i~htn<ss" of hghl >nd th< 
"ont<l!i¡cn«"' ol p•otummi., •r< "P«><ntcd woth, flumbcr 
'Y"''"· Numbcrs ore lhot lo!lunatc dc.elopm<nl "'hich re· 
lio.n uo o! «pcrtine !he"" o! o soflwot< oy>l<n> will• «,.,.¡ 
hunJo<d !houo.nd peblllu. 

Thc •>lu< el ony empiricol" udy will dopend on !he r<ll>bili¡y 
nd »lidoly el thc duo. /ltliabillly conc«no 1hc "'""' to 

'"h«h "''"""' 01e ooc\lntc ond repcuable )66). The lus 
"ndom '""' '"ociotcd .. ith o "'"'""""nl, th< "'"" ""•bl< 
1t bcccm<>. T.,o impoll•nl footoll ond<olyon& rehab~lly ore 
th< in!<~ no! con<i"<nq ond !he,.,,.;¡;,,. el thc m<>SUJ<. Ha 
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'"''"'"~<' i• o·unoputc~ •• lh< ~"'"l~><ih• uf,..,.,,¡"'""' m••· 

'"'"'• " in o~.lou¡ t¡ur<lion '""'"' l•l uh!oln "" "'''"11 !o&l 
'"'""· lhcn it 1• lm¡~"lolll loo demno.,lrol< lloul11olo '''""""'h 
io lnrmo~l/y '"'"irUIII. llool lo, •11 of 1 h< d<u><ntor~ "''""''' 
mcnl• n•u•l be '''''"in~ o loo ""'¿ COfl>l ru.-1 •n•l """' h< in lo<· 
•d•l<~. lf ""'<l•l<d <leno<n!l ore o~d<d lnh> o l'oonp<Ooilc, 
lh<n it;, diiiH:oJI!to inl«r~<llho r<>ullin~ ocorc. 

lh< o!ltC! "rccl o! rcli•bihly, 11obillty, intplieo lhol on 
co¡uivol<nl <CO« would be ubtoined on 1<¡><1l<d colltclion 

· of dota under similor eitcUm•l>nccs. The ,.nobi\iiY ol • mu­
ou« limils the otrentlh o! ilo !<lalionohipo lo oth« "''""'"· 
Uow<•cr, a relioble mcasu« ouoy not be o volid on<ooure of o 
conotru<l. 

>'~Udily hos many inl«r«UiioM, ond all '''"' lo concon> 
whethcr o.me,.ure r<pJo¡cniO whol it '"" d<>igncd lo""'"'· 
Gcncrally. lhfee type> o! validtly ore idefltifoed whicb dtller in 
lheir implJcalions lor !he menur<'> ullimale u<e. Oflen -.!Jdity 
will depend on ~he lhorou,hn«s "'ilh "'hieh • domoin ol ifl· 
terul hu been covcrcd. This concorn for contcnl ><Jiidlly i.s 
impurlonl lor tbe soltw01o q~lliiY mel!ics to be dJOcu.,ed in 
!he ne~l scclion,-Conlcntvolidily 10quir<0 on induoive dclini· 
!ion o! lhe domaln of inlcrosl, suob u o dcflnition ollhc phc­
nomeno covered und<1 ¡ofl,.>r< complc•ity. A menutc i.s 
olten uid lo be "'loco ••lid"' if il opp<atl to broadly umpl< 
lh< cOnlcnl domain. 

f'ndicli" •·alldity involvu using tbe meuure lo pt<dlct !he 
o u l<<>m< o! '""'' """'· l'or insunco, ~oos knowin~ ><>m<thinJ 
obout •Miw"e complnily ollow one lo predicl bow dillioull 
o pro'""' willbe lo modilyl rredk¡j,. .. Jidity i.s d<t«mined 
by o rel>lion•hip betl«<n tbc m<O>ure .nd o «ilcrion. A nom· 
b<r of prcdicliv< .,lidily oludies will be reponed in the nn1 
•ce !ion. 

In lho le" ,.<11-de.elopcd u:iences lhe o~ill "ilb which we 
opetolionoUy define ~onolruclo i.s «iticol in theo¡y buildin,. 
Conllroct .. 1/dity conoern how rlosely on opc10lionol d<lini­
lion yi<lds dolo reloted 10 •n ob.traol ocnoln~ct. Ccnsln~ol 
vohd•IY ;, o! immediole cono<rn i.J deve]oping >Oftwore meo­
surcm<n!S, sincc rnony of our modelo do nol r<sl on rnolhe­
nlilial•noly•i•. 

Mcosur<m<nl conoi>to of nsi,nin, numbeu to rep•uenl th< 
dill<1cnl """ o! • pmpefly l;Kolontin' to the obj<<t under 
>iudy, R<l•lionship• omon~ !he>< dillcrenl '"'" del«mim 
th< lypc ol n••••ur<ment .._,le which obculd be employod in 
ouilnin; nuntber._ Stc .. n• IM 1 d<oclibeo louf typ.:s el oco!cs 
'"hich l« pt<><nl<d in T•hlc!. The imp<lltonl consid<1aUon 
wilh oc•k> io thol W< only <>P<11Ic <>n numl><lfln o woy "'lucb 
foiohlully «r<oscniS pnh·n1101 c<en" ornong thc pocp«lios 

!he y "'""'""· Th>l "·in conoid<ring jersey numbo11 (o nOml· 
n•l OC>I<) '"' .. ould no! np<cl to •dd o follb•<k hom T<>., 
(#20) lo • t>ckle hom ll>l'>>ld (#79)ond cnd up witho Yug<>­
sl>"•" placdioker (#99). Th< <>r<rohon o! 1ddition ;, limil.<d 

The "'~'' duu•J,¡,. s<oloo ot< 1 ho>< ... hich po»«.< , Oli<> pmp­
crtiu, 'o<c•woc o! lh< bto>J<r 11nge ol m>lh•m•h<>illlnslo,. 
molion• ,.hi<h can be k¡ihmolcly oppli<d lo •uch dOlo. Tbe 
typc ol m<uuoen~<nt <eol< oloo hmm \he lypc ol mlillic&l 
oper,.iom thot can be scn,ibly appliod in onoly>inl doU. 11 
m•kes hUle sensc 1<> add up •11 the jcney numbcn, divide by 
<he tolo! number o! plo~ers. ond ohoc cbim thol tbc """1< 
ploycr i< • <<nl<r (#S 1). Sin« <Uti>tical l«hniqwn m•\;e no 
osswmphcno obou! lhe lypc of oo•lc cmrlcycd, lhi' rrobl<m 
i• onc m mc.,uocmenl rubeo lh•n stolnlicol lheory. 

lmprov<d menu«m<nt will r<>ull lrom con,entr•IÍOfl on 
•hU ""' r<>ll~ ou•bl lo""""" <oth<l thon "'h" prcp<Jtioo 
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ar< r~odily coun,.blo. Tho more <i&brouo ouo n•<••urcmcnt 
lochniqu.,, lh< more "thoroughly o theorclkol model con be 
le•h"d ;ond •·olibr>lcd. Thu• prosco" in a ,.·icnlific b"i' for 
softworo on~inecrin' <lcpend, on i"'rro•od m .. •urcmcnl of 
lh< fundorumlol co>nolructs 14SI •. 

11. MI:ASVM~Mr.t<T OF SOITWAME CtiAilACTr.lllSTICS 

.1. U u• fur Su/1""" M<l•k• 

M<,.U!<!ncnts or ooftwarc chuoclerioli<> con rrovide volu· 
oblc informotion throi'Cho~t tho .oft,. .. e lifc cycle. OurinJ 
do><lopomnt m<Oourcmc~t• c•n bc u><d lo preJicl lhc n:­
"""«' ,.¡,\eh wi!l bc r<Guire~ in futucc rhosu or 1)10 poojcct. 
!"or ;.,,,,~'"• """''' Jc•<lopcd from lhc Jc~;ilcd dc•icn •·•n · 
he U>cd lo prodict lhc omount of dforl th•l will he r<quir<d 
lo ;,,pi<"''"' .;,J test the codc. Mctric> .kvdopcJ from lhc 
codc """ be u>cd lo predio! tbc numbcr of crroro lhol m>Y be 
foond in >ubsequcnt l<>tln¡ or !he dimculty in•ol.od in modi· 
fyinc • ><<"lion of coJc. D«"'"" of lh<ir polcnli•l rrctliclivc 
v"lll<. wflw1re m<lri<> c•n be u sed in o tic"! n .. ec w>ya. 

1} Ma"Of<;.,.,., _lnforma!ian T"v/s: A• o rnon1;<rnent lool. 
"''""'" rro•idc oc•e"l typcs of informolion. Fir<l. 1hey c>n 
bc uocd 10 pr<dicl futuro outcom<S u di>cu,.td obovc. Meo· 
oun:mento <>n he devclcp<d for costin, >nd oizinJal theprojco:t 
lc•ol. ouch u in lhc modcls proposcd by J'.oimon ond Pork 

.lll),l'utn,.n [69). ;~nd WotvcrtM I9JI. Olhtt ,n;,d<l>h"c 
hc·cn olov.·lup<d for c>timoting pooduc(".,"¡¡y !J~I. [89]. Such 
mcl1ic• .!low '"""t'IS to "'"' pro;oo,., f•1tu10 prohlcmo, 
•mi r'>O"!CC l<q<lilcrmnts. 1f lhO<C >ll<\<icS ""be pomcn r<· 

li•ble ,.,,¡ v.liol io1Jic>IOI! of d<>clopmcnl procmoo. they pro-
• ido >n <>ccll,nl oouroo of man•goment 'isibilily into, soft· 
w"' rroj<el. 

1) Mc~w""' <1[ S~[lwo,. Quolily; lnlcrc>l ~rowo in <r<atin, 
~U>nhli>ble <rltorio >g>insl which • >olt"'" produ<l con bc 
juJ,ed 160). An <"mple uiÚrion ~·outd be thc minim>lly 
><-'<rt•~lc mcan time l><lwc<n f•ilure~. n.Ooo ,,¡,.,¡, could 
be ~.ed "<ith<t .. coptonce >l•ndardo by o >oflwuc ocqui>ition 
"'""''" O• " tuid• neo lo. polcnti•l p1oblc n11 in tho codo du r­
ing ,.,¡¡~·~re volidition ;ond """ r,,., tion [ 90 1. 

1/ /"c<oll•o<i IV S~/11<u!O Petlanno/; U>i•o1ll 1211 h" ""J' 
so[tw>IO e<>l<q•l• "'Y onclric lo provi<lc fmlb.ck In p!Otl<rn· 
mm •houl thcir"co"lc. Wl~on • «clion ~'""''too n>rnplc• 
ti•C> "" ¡,,.,,.,eteJ lo ""rle>ign !he cuJc ""'illhc ""trie •.11.,« 
"' b•ou¡ILt wilhin •«<pi;;L¡c limlt•. 
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' The tlu<t U><! dowibcd obo'e <u&~;esl 1 dilfctence betwoo:n 

"''""'"' of procc" •nd producl. M<>ourco ul proe<" would 
indude th< ~<><>urce eslim•tion mclriC> de>crihed u polcnti>l 
m•n•se;.,cnl lool1. M•••urcs of cosl and p!oductivily qu>nlify 
•llribui<O of the dcodopmen( pro«ss. llowcv<J,Ih<Y convoy 
lill!c informot!on about 1~< •oluol •lote of th<>ofhvor< p!cd· 
uct. Mc>Outco of lh< ptoducl reprcoentoofiW>!< chau<l<rl>ll<l 
" they c•i>l ol • ~••n lin~<. bul do nol indico!< how !he 10ft· 
"'"" h>O ovol•ed into lhi< ''""- Me .. urco u .. d for feodb><k 
to P'"''"""""' fY ., GU>Iily ''"''¡' r.n wilhin this ,.cond 
<>I<&Qry. • -

Bclody (~) ot¡ucothu it will be difficult to de.e[opo ¡netri< 
which con ICptcocnt both P'oce" ond pmduet. Ocv<lorm<nt 
of su eh • '"""'" or .el of mctriC< will requirc o •uoú<l of how 
•oftwOic e>olv., frorn o s<L of rcquiromonh lnlQ '" opc,.tional 
r•o~'""· Clwtin¡ lhc ><qucnti•l pl"'"' of tho sofl"'"' lile 
cycle will nol p1ovide o suWcicn! modcl. Somo pro¡.reu io 
bcin; .,,.de on oy>l.,, <Volution by l<hrn•n ond bis collu,ueo 

· ot lmreriol Colle~o In london (71. 191. 14 i ), 1491 ••d i1 dis· 
cu,ed bY lehnun 1481 in this i»u<. In tbc remolnJeoofthi¡ 
ocction. wc ,.¡11 d<ol wilh mcosurco of product uther tl"n 
pr<>ecs!. 

B .• Omnibus A PI"Oo<~<l lr1 QuontifJ"In¡ So[IWall 

Theie '"" bocn severa! >ttcmpl< lo quanlify thc c)usi~"< <On· 
cept of soflw01e o¡uolily by developi"& an orscnol of mclrie~ 
whkh qu•, ti f~ nu ""'""' foclor> o núc¡lyin& 1 he conc<pt. The 
rnoSI ~•11 ~nown of ll><se molric sy<lcn" are tho>< J .. dor<d 
by Bod•'"· O""''" <1 ol. [lll. Gilb [JS]. •nd McCall <1~1. 
[SSI. Thc Bod1m oral. ond McC>Il.<lol. •Prló>ehU "' oimi· 
'"· althou&h ~iff01in¡ in somc of th•· coml1u<l• and mcliin 
th<y r•orose. Ooth of theoe <Y"'"" h»< b«n de><tor<d 
fronl "" intuiti>>: <h101<oin~ of >ofl"""' chonctcli>li<> ( n~. 1). 

The h;Gh<r lcvcl con<lructs in <a<h •Y>I<tn rorr<o<nt 1) lhc 
cuucnl t.:h,.ior of 1hc ooltwirc. 2) the ""' of cb>n,inl lh< 
sohwooc. >nd 3) thc eooe of con,<rling or int<1fodni thc •n­
te"'. l'oOm tl•"e prin,.ry COnC<IOO Hoehn> <1 ~/. de~dop '"''" 
inl<nncdi>te ,·nn>l!ucl!. "hilc ~tcColl <f ~1. idcnlify el"'" 
qu,lily foelolo$. 1\cne,th ll>i< <e<Ond l<>d Bool.,n•l•l.cl<>!< 
1 wch·c r'imit i•< cun<l r •«1, onol McC•II ,., al. '" l1nc :l) <1i t<li>. 
Fuo "''"""• al lhe lc•d ~~ • p01miti•e con.\!n"l "' uit<lion 
bolh Dochm e1 o/. on<l MtCsll el al. d<fino o con>l•"<llal•d<d 

··sclf- oic><"lit•t ;, """"'. For Docll"' el u l. tl.i< '"""'"" unJ". 
¡¡., thc io1lm'loJi•lc conoln«ls uf '"""'lilt ond unJ<"I>nd. 
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lol<lltur< ¡ 19, p. 1 02\ whicb >UIJ:'5\ t~e fo!\owln' dcr.nition: 

Complexity ¡, , d"r><lorhlk of \he >oft~'"'' inteofoco wl~eh In· 
nu<n<« thc '""'""'" on~lh<r >y>lcm ~·oU nperod Ol <Onllnlt 
wJoao intmctito¡ witlo 1ho >Oflw"<. 

S<•<r>l iruport>nl poinll ore impli<d by tbis dcfinltion. Fi<~l, 

' P~OCt:>.ntNGS OF Tllt: IH.l', VOl.. U. N<l. f, S~I'TF.MUEil 100(1 

' 2) ~ .. ..,doPo tR!Idd of pr<><•·ll><5 in thc iotter.l<'tin~ oystc .. 
wl•ich will off,·d thi> crito•rinn; .. "' 

~) 1.\<ntify tho I'"'P"lko nf '"fl"'"'" "'hich ,¡¡,.,.~ !h< ~P<;•· 
tlun of lhcoc ¡lt<><<'""": -

4) o¡uontlfy llo<"' .,,ftworo dO>l>Cl<ri•lko; 
S) .,¡¡,¡,¡o ¡¡,¡, uh~ld witlo currio k al r<-.c.och. 

' Th< lm¡l<>olonco uf tb\s b'-1 P<•inl connul hr "'''"'"'Ph"irrd. 
Nicc: theuri•• hccon~< o•cn nk'ft whcn llocy wurl. l'r<l'"in¡ 
¡01 tloe ,;~"" of cmpiricol cvatuotion ..,¡¡1 rrobobly r<>toh im 
¡,,,, noo!fico ond ti&h1<< theories. Ro•ult• from ,.li~olion 

5tudico nO>ke o>eollent repon ca<d> on tho ""'""' !l>l< of tbe 

"'· Delady 161 hu cotc~ori><d much of lh< uiottn, soflw"' 
complexitY litoralu«. FIO>I, be diotintuiobes doffcrcnt soft· 
ware chuoCt<lblkl "hich •« meuurcd "an ind" of com­
ple>ity: al,ofithrno, control stmctur~•. data, or <;ompooites of 
>l<uelo«> ond dota. In·, 5<eond dlmonoion he de,eribes the 
type nf me.,urern<nl ernploycd; informo! eoncopl, <:<>N\IUCI 

counl>, p<Obobiliotir:/¡Wi<tical IJ<•lnl<nts, or rclatioouhip< «­
¡,.oled from cmpioical d1to. Mo<l r<O<II<h h,. oonecm<d 
counl> of ooftware chanctorislic, p>rliculorly control strue­
tuoeo and conopo>ii<O of control otouclur« and <~•la: Wo will 
rc•icw soone of the ronoplcxity rc><orch In thoselwo """'"d. 
comp>oc !1oom lo.• <Y•lcm lc•ef m< trie, 

tbc focus o[ compl<>ily b not mcr<ly en lb< 10ft !O' a~. bu! en D. Cenit<>/ Sttucturu 
¡ho ooflwar<'s inlclie!Íon• wilh othor syotem•. Complexity A numbcr of m< tri<> bovin~ a rhcorcl ical b3S< in "'ph lhecry 

- , ____ 1,,. tirtlc oueonin~ in • -ocuurn; il r<quir« "_!'oint of rdetcneo. h.-e h<cn propM<d lo me asure softw>!< complc>itY by , .. 
11rio r<fcrcnce t•k<s me.nin¡ only when dc>dopcd from olher- ,,.;;;;;;- ¡b(;" cOntiOI- now ]81 ;-¡111 ;-¡ J61 :-1 S~¡-;- [ 711 -;-[94 ¡-. -­
•Y•l<ms o u eh""'""'""· p«>PI<, olher softw"c r•<ko,co. cte. Su eh melri<> typk->liY indcx the numbe< of hnnches or poth• 

1 

' ' l 

h ir lh<>< syolen" lh>l .re affectcd by !he "comploxi:y·: of_ • cr<al<d by llre condition•l ewrc.,iono within • p<OG'"m. M<· 
pie« uf softw"'· Worryint obol'l ooftw"e eh""''"'"" on Cabe'5 no<t 1ic will be Je,cribcd as'" e>•mrk ol llois opprooch, 
thc ab><n« o! olh<r >Y'""'' hu meril only in'" llli•lic !On><, >in« il h., roceivod tho mo>l crnpiric•l ollcntion. 
and mca>ur<> ot ~mi•li<" ooftwor< >r< quite >rbitrary. llow· McCabe 154] J<fincd oomp!exity In r<lol\on lo tM dedsion 
e•<f, "hen there is an <>lernal ref<r<n« (eritcrion) •tainU olruct<~ro 0 ¡ , provom. He allcrnptcd lo"''" complcxily u 
"'hich to compare oofl"''"' <hlloct<riotit'5, it b<eomn po,.ible ¡¡ '•ffecU the l<>t•bilily and r<liabilily of o module. M <Cabe'• 
lo op<rolionolly define compluily • . •. . cornp]nity rnelfie ..(G) ;. the ct.«i<>l ,,.pb-theor)' cydo­

Second, uplkil criterio or< nct specified. Tln> dcl'inohcn al· om tic nun>b<r indicllin, i\oe number of ''"ono in • E<aph, or 
lows uwhem>ticim> •nd poyeholo¡;hts to.bccom< """'" bed· • in thc curren! ""'''· th< numb<t of linearly indopendont con­
f<llow> oinc., il ~'"' nol >pecify tl1< P"Ucul>< ph<nomono lo> !rol P'tho eornprisin~ a program. When cornbined the<< p.olh> 
¡,, otudied. Rather, this dofinition >l<]l! bad;' 1"<1 o{ ab- general< lh< coonpl<lc control >lructure of th< progr•rn. 
,uoclioo and demitocsthe goal of ennoplcxity ~<!<•rch '"~ '.h• Mef:•b<'• u((:)"" be oornput<~ ,. tho number of predica!< 
rcf<r<nce against which compl« ity la~<> moonong. Cuno plexoty nod•'> plus 1 , wlo"o , pr<dicote no de "!'''""¡' a okci>i<>n 
;, an aboll'<l con>lru<l, and oper.lronal defonotlono,only cap- point in the rrotoom. 1t can a !sobo comput<d "th< nomber 
tu« opecific >5p«t>ofit. 0 ¡ "''""'in, plon>< G"Ph <•v•rh in r<donol form) of lh< 

The s<cond peint '"~"" lhc thitd: cmnple.ily wil\ h>>'< conttol now, Thi• bU« mcthod ¡, d<>nonslrotod in fi&. 4. 
difbent op<rational <l<finition• dcpendin~ on tho criterion MrCob< ar&ues tloot bis m<lrie """"' the dtfl'ieully of 1<>1-

i.uoJcr study. Op<rational ddinilions of comr\<>ily "'"'' b< ing, protram, sin« it ;, , «pr<>enlation of \he control poths 
·.-pr<.,<d ¡,. tcrm< which a« rcl<•>nl lo prO«!><• ~orformed whkh muot h' '""i>ed durint tcstin¡. rm,n o~perien<< ho 

in othcr >yst<m>. Con>plo.it~ is dcr.ned "• rrop«lY of lh< b<lievoo '"" l<!lin¡ anJ reliabilily willl-·<omc ~r<ater prob­
,0r¡w.,< in!cc["e v.llieh off«l> tbe intcroction lwlw«n tho \em> ¡11 , '"'"'" nfcoJc wloo>< ,-(G) cxcc«l> 10. 
>oflv.·•rc "'d onotl'" O)'>le'"· To "''"' thi< intctoction, w< ll>l<li anJ j(,·il" 14\ and ),\yer> [64[ ho>< de>clopeJ do[fer· 
,.,.,,¡ ql';ntofy <oflw"c chJr><lorislics which "'"¡'""'lo il. en! coonli"& mcthodo (or co•"pootin; c)'rl"""tic comp]cxity, 
A model of <uft "''" com pi<> ity im pli« not only ' q""' lific•· Tl.ooc ddf< ""'" in•olv<d coun tin; rul" [o¡ C ASfo ""'"''"" 
tion ni oofl~ar< do"•<l«i<liei, but >l<o • tJ,eory of P"'''"'' ond eompound pr<Jicat.s. D<l'initi•< dol> "'" tho mo>l effoe­
in otlocr <Y"""'· Thu> lh< <l•rtint poinl for dc>dopin~ 0 tiv< countin~ ,.,¡., ha>< )<l lo be prucnlcd. )';'<>erthe1<51, 
noctric ¡, not '" in~cnio"' l>'"ing of softw"< d .. rocl«i<tico, eon>iJ"in¡ alteonoli>< counli"& och<on<> to tloo..: oril\inally 
but on unde,.tandin; of hOw o!h<> >y>t<m> function whon pos<d b)' lho ototloor 0 ¡ • m< trio io imporl>nl in ¡efinin, m<l· 

ti"Y ¡,«<>el "'ilh >Ofl """'· '""m en\ tcdoniq"<>· 
~n, fo'IA~;,., ''"' ,,, 0 ,.tol ~< [o\\ow<d in moolelin~ '" •>· ' ' 0 · " •·•o·' [,om ' • ~ r • u E•i•l<ne< wntonuC! lo 111ount loa '"' 11<> u<"<~, u 

1) <i<fin< (•nd ~"•ntif)') 
'c\op'd lo p".Jirt~ 

th< erit<rion tbo n'<lri.o willlJc do· 

t"~h< of tho <ont•ol now "" "\.11<.\ lo j,.,port<nl "it<rio 
>orlo os \loe nurnb<r of<rro" ,,;,tin& "' • •··~mcnl ofcocl< ond 
th< li"'" tn fi.od ond rc·r•i< >uch '""" 110\, \1B\, \13\. n,on 
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'" "' '" "' "' Ullllll 1 1 
!17] dov<loped • •orialion of lhc cyclonuti< nÚmber "'"io~-

• . 0 0 0 O ' O •. • Fio. S. "'-"I•<OIGI or H''""d\ V ""'"'' <l<~lopoo .. o limo J.Gm indcud l < ~ut1n¡ O IF S O <m<nU on r< >1< 1 U lO 1 < Shopp"d ""'· 
inlonnuion·lh<ot<li< noli<>n of entropy wilhin lh< con\rol 
now. 1!< rq>Orl<d dolo lrom dght pro,nmm<ts ind<nlinl in•ol•<d in eooh, ouppr.,sed roloHonships ~<lw<<n \he molrics 
thot producti•ity d«r••sed os lh< •olue of bis melric com- . ond ta•k r<•formonoo. In laot, it did not appear thotlho m<\· 
puto~ on thoit pmgnml in<r<,.od_ Thuo lh"• numb<r of e<>n· 1;00 "'''' 1ny b<tter thon lho number of lin<! ofeodo lor pre­
trol palho •rr<>ro diroeUy or indiroolly rolotod to psyoholo~oi<ol dictin¡ porformon<<. l!owo•••, In Lhe lhird ureriment [ 10] 
<Oinplui<Y. -..e u><:d lon¡or pfo¡ronu, incroo><:d !he numb<r ol porticlponts 
• . lo S4, ond <limiful<d urliot poO<:odurol problems. Wo lound 

f.. S uf•-•~ Se•~•« both tho Habl<od ond MoCo be m<lria suporiof Lo 1in<1 of 
The be•< known •~d mo>t L~orou¡hly o<udi<d ofwhot llelody -cede for pJ<di<!llll-lh< limo to lind "ond lix on <1101 in th< 

!6) clusili<t •• composllo "'"'""' of com¡oloxity h .. <morcod procrom. 
from lhlolnd"o theory of Software Soionce [401, !421. In In th< fino! upodmonl !751, "'< 01hd nine prouom<n<ts lo 
1972. Holsl<ad ortu<d Lhll oi¡Ofithms ha .e n11nurablo charoc· · u eh e«• le thr<< oimpl< pro¡rams (<.¡., find the muimum ond 

:-:¡¡ 

.--------- "ra!ia. onolo'-""" lo phylicol ],.,, __ Hobtood p<op=d thot a -mi<limu m -o!-, liOI ol numbcn) Ioom o a>mRH><I opo<if1<o!loA•---­
.• umbor ol uodul musuru eould bedcri••d f<Om limpie oounlS <>f u eh PfOJUm. Th< besl prodi<tot of th< time r<quired to 

1 diotin<l O¡><r>toro ond o¡>< ron~• o no! th~ lo!>l f roquenoiu of deo<lop ond oucce .. !ully run thc pro'""' "'" Habtood'l m<trio 
·¡><nto" ond OP<t>ndo_ From lh<« lour qu•nli<i" 1-hl>lc•d lor prñt'"" volume {f>e. S)_ Thi> reloloonohip woi oli¡htly 
~e><loped m<O>ures lor <h< ov<"ll pro;ram len;th. polcnliol stronger lhan th•t lor McCobe's u(G) • ..-rule linoo o! codo ... 
.,nolloot volumc o/ on ol;otilhm. aclu>l •olurn< o! an >IJo- hibit<d >lnoml no t<!o!ionohip. 
n<hm in o p .. tieullf l>n~ou•l•. pros••m le,.l (<he dilficully of Thc doto points eiKled in F~. 5 ropr<sen< the doU from o 
und<tstond"m& • prouom), lon¡uo¡e 1<><1 (o con<Unt foo o pro¡rom '""OS< opccir.c.liono '"'"" L<>s ~omplote thon tho« o! 
ll•<n lont~•l<l. prOirommin& effou (n~mber o! mentol dio· che other ,.,0 protrom• 1l~died. The prodi<li<>R of dn-elop­
«inoinotion• r<quirCd to ¡enero« o proz.r•mt. proz.ro<n d<•<l· m<nl tin<< loo lhio pro;.rom ,..,. pooo. We t. .. e olnorved in 
opm<nl timo. and numb01 of deliv<r<<l '"'" !n • •Y"'"'· T-..o oth« .tu die• ¡hol ouloomoo ore mere predic<>bl< en pro¡<<!> 
of \lo< '""'' l.cq"'""Y oll~tli~~ "'""'"''' >r< calcul.otod ., "''"'" o :«•«< .Ji<eiplint rog,rdin~ •ohworc ,lond>rdo ond 
follow.: praoticeo "'" <>b.cnod ¡58). [ S9! . Thi• e •r•nm<nl •uue>l5 

t'=IN 1 •N,llo8> {o¡, • ~,¡ 

~,N1 {N 1 • N,) Lo~,(~, • o¡2) 

"' wh<r< t' io ""'"''"·E io offorl, and 

q 1 numb<t of unique opero!<><:! 
~1 numbor ol uniqu< or<tonds 
N 1 <o <al hequ<n<Y ol opero<o« 
N, tolll froqucncy of or<,.ndo. 

ll•lllud"o theor~ h10 b«n <he oubj.ct of <<>mid<robl< '"'lu•· 
'"' r<><or<h 131]. Comlolion• often pco<•< thon 0.90 h"' 

b<on "~"'"~ bel~«n IIJIII<>d"s "'""" ond •uch "''""'" 
11 tho numbor ol buu ·,no rro¡rom (81, [151,]30],]34), 
]61). p!Otromminl lim< ]39], [751. debu¡iJn¡ tim<JlO), 
ISJ), ond ol~orilhm ruri<y ( 141.126). 1~ 11. 

11'< ""' ""'"'"d th< flohtc•d .nd McC>b< mellico in o 
'"''"'o! !our <•r<.,m<Ob whh P<Of<'>iun>l pro'""'"''"- In 
<h< fuot lwo e.pmm<nlo 121"1 problema in th< np<r~m<ntol 
prn<<du'"· o limil on lh< >i>e of pmgromo >lud«d.ond oub­
ountiol d.rf<r<n<<S in r«lo<mon« """"' l~r )6 P•Ol""'"''" 

Lh>l be!ler prodicti<>n o! ou<eotn<> moy ocour wh<n mort di>­
<iphncd ooltwO« d<ve\opment praetic<> {< 1-. m O« d«oil<d 
P'"'""' spoctfielliono) rcduee th< often drama ti< p<tfornomce 
difforcn<<• omon; progr>mm<n-

ln lh<>< npedm<nh. "'" found !lolOI<>d'! and McCobe"• 
motric• to be >olld m<asu;eo of p>~<holoc<••J complexJty. rc­
prdle" of wh<lh<< tho pro~rom <hey "'" compu«d on '"' 
dc•dopcd by the progr.mm« under s<udy or by oomeono <IS<. 
We conclud<d 1ho1 Lherc ;, conoiderablc promi,. in us.inl com­
plo>tty mouiu lo prod'CI the di!ficull~ pJo¡;nm<n<n will <>· 
pericn« in "orldnc wilh ool<wO<e. Similor eon<lu<iono ha-. 
b<<n '""h<d by nol<r ond Zwoben 13) on on onolyli<ll r•lh<r 
th•n ompiri<~l•••luolion of lh< Holn"d ond M<Cobe m«ri<>. 

ltolrl<>~"s m<lrics hi'O pro~on uodul in •«u•l prutie<. Fo>r 
in<lonce. Ebholl 1171 hu u><:d thue mctdco" fndboü to 
pro¡rommo,. during d<vdopment to i~d1eate th< oo>mplni<y 
o! !heir codo. Wbon "''"ic "''"" lor th<i• moduleo<oc«d o 
«rt>in lin>i<, prog.romme« ore in"""''d lo conoid<r .. ·oy• of 
«ducin, modul< compl<>ity. 11<11 ond Sulli"" (SI •uu<>l 
thll a roosonoble limil on 11>< Jt.\«._d "'"' for l<n,<h io 2~0. 
""" I~•Y found thot publiohod ol¡orithmo w"llh "''"" obovo 
th>< /¡fU« ~~ picolly conuincd o n <1101. 



' • 

" "' 
H··r.o~••n ..... "' 11..- '"'1'"~·•1 '"1'1"~' 1 .. o .,,..,y"' ll•t-1>"•·'"• 

1 .. ,. '"'"' o""'· uw 1 ¡,, ..... -H. •1 ,.,,.... r, • "" .. ,. 1 , ;, , ... ~- ol• ,. ,,.,,1 
, ,.¡,¡, olt~nli,n. lhl<h";d. uou"· th:.,o ,.u,,., ,...., ... ,.¡,..oo.l!i<•l 

1 " '" 1•" ~o al " 1 ._. " y f" " • h•o Lll < "'"1 " • lo" o ·" io • .,,.,. "" ,1 1 "Y o·lu ol­
n~y _ \lnfnrl ""'"'Y, '"'"'" of llo< 1'•)"1 ¡,.,¡,.¡'i"-ol •~'unoplinnl 
om<i<rlyin¡ hi.s ..,,.,. >r< ,¡,rr.cnll lnJ"•"f) ¡,, llo< t•ho·nuuo<o,. 
lo which M >pplo<d !heno •. In t<Ona\, '""OPU\<r "'io:nli> .. 
would do wdl lo itnn«dbtdy pur¡e 1 ooon lhcir mcmo.-i<l 

1) th< ,,.¡;;, nuonb<r i ! 1; 
l) thc S\mod "'"nl><r of 18 menl;l ,liso;uminotion> ¡><! ><:c­

ond. 

Tll<>< uumb'" d"cribe ~o~noli" "'"""" tcl>t<d \u thc 1"-"f· 
oep\ion or l<!cnlion of sirn plc <timuli. rothcr !han lh< comp1e • 
inform•li<ln proe<uinJla>ls in vol ve~ in pro,,.mmin¡.. Bt<'>d· 
b<nl l 1 lj "'",.. '"'' for '""'r\i,·.>!od la<l< (su eh as unJ<r· 
standinl o roo;,.,n) thc mo¡;ic num\.Cr io ••l>mntiolly \<<1 
lh.m S<•<n. Th<>< nuonb<n ba>~ bco.·n irn:orrecl\y -•rrlkd•in 
too """Y "'plan•<ions and ore loo ftcqucnlly citcd by pen;>lc 
who ¡.,._ "'"' "'" lhe ori;in>l >tlitlcs[5i].l85l. 1\c¡..¡rd· 
k<> of ti"" "lidot~ o! hio amompliono. llol>\<ad w01 • pionecr 
in '"""'l'linl lo dovdop interdiodp\mory th<or)'. >nrl hil cf­
[,1!\> Ion< pro•i.t<d con<iJer;hlc pisl fm hu ih" inve>li¡;>lion. 

' 

o•K< ., ••• ..,,~"~ u.- nn wn~ "'"-t. 
,..,.,¡" ,,,, "'""L'"tin• u .... , """" "'"' u,.-· .-,¡¡'" l'<•>ar••~ 
~~··t. . 

lnloro·"oHord•·•l"'"" lh.-loko uoo~ !"""" '""" "l'l''"Pli•l• !'>· 
'"""·te .. lur ,,.,.,.,,..,,.¡ ,,,.¡,.¡, ,,.,.¡, •• ¡¡,,.,.. ... hido ¡•t«ll<t 

m.~int'"'"~" <o•l• ,,.,1 '''""""'"'· M;,·rol<•d ru<lrb moy rrmo 
ill·llcr t.,.,,,. .. ¡,<l<IIO lo whi•b nllctolc•<i on<lri« ••• ,.,.,,.. 

,.•,.itiY<, >U<h ., indi•iohu\ dirf<r<n .. ..-o '"""'~ l''"~""'"'"'O. 
>r< bo\.rn,cd out >1 !he ou><t<>- o• ~r<>joo:l lc•cl. Mocrolcvc\ 
m<l!Ícs .ro lou p<~lurb<d by \h<'" f><lon, in<r<><int lh<ir 
bcnel11 lo an o•orall und<r>lonJin¡ of syst<n• <omplc>ily >nd 
il• in•r•.-t on >Y•I< "' costs ond pcrf nr ononce. 

Allh0u&h wo "'" quontify a >ohwor< ~horoolcristic and d<on­
oonlr>tc lhat i1 cmrclatos ~·i<h so"'' crilcrion. wo ho..e no\ 
doimonstr>t«l thal Jt ;, • """\ factor influcndn, th•l ctítorion. 
An •r,umenl for eou,.lilY rcquires lh< •upp<>rt of ri&orOul ·~­
r<rimcnl>li<>n. T~e <xpcrimcnlal c-.lu•tion o[ mflwar< cb.or­
actcri"k•;. • .,,.,u but ~·o~· in;"'""" >reo. 

m. Exo·cntM~~TAL EuALU~liON o.­
:<:o I"TW A" o; Cllhl!ACTI-:I<ISTICS 

A. ca.,c-~:{{<"d R•l•tionshipr 

t.lost of thc ,¡.,Ji« repO<Icd in th< pr<>ious >tclion do not 
Jcnooml,.lc cou>C-dfoct rd;lion•hip> bctw«n sohworc ch.lr-

r. hlf<'"-""""'''"J""' octc<i•lks snd pr<>t'•••mer pcrfo<m>ne<. Th>t U, thctc '"'"'o 
Sine< the n•odubri»tion 0 ¡ >oltw>t< ¡,., bccomc '" in- """'\>.:' of onconuol\cd !'"""in thc d•l• colkction •n•ircn­

mcnl which «oold hove innucn«d the nbsor•ed dal>, Tht>t 

----~'''''''"'"'"gly importan\ <one<pl in sMtwJrc cnginccrin; !65\, . ' 
-~-. ' - - ,--.--,-'-, '' ___ • - ' - ., _ all<rH>t< e> pi:Hta """' Uilote sny oto l< ment of ''"" •nd cffcct 

""'" ""'"" ,,., """", "' "''"" to """ 1< ,-oonr••• y · ·--

' 

, . , , ,. , .. '' Allho\O&h oUudurol cqualion tochniquc• (U\, {44] ollow an 

1 
o In< on crconn<<ICunc,. ••non& "' P" > cOntpro"n~ o >0 • . . 
"·"' syst•n• 1?1, [56\, 163(, [65], [9S\. For inst>nt<',M)<fl lnv«lo~>tion of wh<lher lh< d>lo •o~ <O""'''"' wllh on< or 

1 

16ll n>o<kl> s~sl<m eoon~lcxit~ by dovclopin&, dep<ndoncy mm< lh<o«lic>l mod,,cls. • co~S>I \ni of th•,o;r wil! ,~quire 
• <itorou•IY contro <d np<on><nt. l<«or m¡ Lo .. >U<D 

""tri• .,non¡ P>Íro of modo l.,. \>.,cd on whclher Ll~<« io >n 

1 

! 

' 

, 'L -~ L" ' [16,p.lQj: inl<r >« b<tw«n ho<m. A luou..,. "" m<UU« OC> no: >P· 
pcar lo h>ve occeived much empitic•l all<nlion. il Joe1 ~r<><:nl, 
1w.o impOH>nl <<>n,;.l,.,lions loo modoling compk>ilY >1 th~ 
•Y•I<m lcvel [65). TI>< fi•st con•id"otion ;, tloc,ucngth of o 
module; lhc n;\ur< of thc rcl.lliO">hÍ¡'' ••non~ th< clcr>,Mo 
wilhin > o\lodnlc. Thc slron¡;<r, n>orc li~htly bounolo u1o~ulc. 
th< more sintul" lloo purp<ne ""'~ by lh< pro«>""' ;"<1· 
¡,..,n,·d within it. Tbc «:cono! con•i•lcrat ion is th< =up¡;"l h<-

1~<""" tnoJuko; th< r<lalion>l>ip CI<JtcJ ~ClWO."n nmJu'<> by 

lh< 0.>\Utc of th< <l>l• JOol '"'"'"\ iloo~l i< pa<<eJ loc_lwe<n ;[.<'"· 
A primary l"i""'* of motlul.r ,l«i;'" ;, to ;chic'< •• <"U eh 

u\J'P'"d"o" "'"'""0 "'""""''" I'">Oilolc. Thi>io\okpor . .l,·nco 
hc\ps lo loco~lir< thc i1npoc\ of '""" or "'o<lific•tions to ~ Oihin 
001< "' • few "'o.lnb. Thuo tk '''"'l•i<•ily of thc inwfocc 
hol~<«n nooJul<o n»y p•o•< lo he on c>edlon¡ rocdic:ot uf 
th< dolficull~ up<•Í<n«d in d.-dop;n, >nd m•inl•ini•-r l•r~c 
'~""'"" Mycu" no"""' ;u,,.¡;¡;., d>l• flow •> • ctilioo! f>c· 
\01 in "''1'1\oÍnob>hly. Nc••<rllod<S$, hiS OlO&SUic h>$ nO\ !•O<n 
co¡nplcl<ly O['Ontfon>lly ddi11cd, ond ilS curr<nl -alue ;, prj. 
noocily l><uti!lic. y,., at>d his '""""lo·, 1951 '" cur:<ntly 
wo•lin& on .,[id>li"&, mooJd of tl\Í! ~cn«i< typc. l'c,for­
tun>i<ly. lil 11< <mpirioal <•iJcn« i, o •><l•blc lo ''"''" l!.c prc­
di<li•<. •>lidily or such n><hi<>. 

Tloc f'""' uf on.-1 ,¡,.,. oncO<utin& lloc inl«eonn«r<~n<» '"'on~ 
r•<U of a >Y>'"" i• quirc Jolfu<nl Ioom l~O!< .. t.ich ~'"·'"'"'" 
<ko\><ni"Y 1'0"''"'"' <on>lru<l• <H <<>nl!ol 11ow. Mctoio. m<•· 
«uing thc l.1rt<r pl<en<tn><n> lokc > mi..ro,i<W <>f rhe [·JO'""'· 
~t"l' ;,.,,,,onn"I'·Jr\C" """'"' 'P'"'' lo' r'>wnol<><l. 1\n 
in>pto.cd "nrl< l!:>nd i ng of o¡;~t<g,in~ !mm ti,. noi<to:<. el [O 
tt.e """ol<>d """'ro~' •doi<•e•l. 1-"M io<l>n«. '"""·"'in~ 
lh< ll>bl<>d mo·.,ur<> "'"" onoJul•• te;,\, lo '"Y ~offeocnt 

An np<olrn<nl l! > teco•d;n¡ of O~><r>>lionl .. _ oudo by do-
1\n<lf and "'"'~cd opcra1i<>nr and In def\ncd oondi1io"' íotlowed 
by """inalion of lhc daU ..• (m \loe "~leo« of ~¡;"i~<:>nl 

"'";""~ 
T~<·n inorotlonl chancl<thlics o[ an c.pcfimonl •r< ti>Ot ilo 

~alo-cnlleotion proe<du«s are r<P<>Iablc and that e.ob npcri­
n><nlal <;<nl «oull in only on< Ioom omong • dcl1nod 1<1 of 
P~»ilolc oul<ou><S (43]. A•> <>r<tin><nt doo.:s nol ptove , 0 
hYl'"'""''· 11 Jo ... loowev<r. allow lor lbc rcjcc\ion n{com. 
r< 1 ins oh e r .,,¡¡,< "rlonalions of ; phcnom<non. 

Thc <"Onl"l'""'" v.-hich ''" 1"• rl•co•d in • .,,,._cffoct >1>\o. 
m<nl is okl<to\\ÍO\cd by lb< cu.,lrol u;·er ••tr"''""' »ri>bl., 
'"'''"'d in the cull<clion of ,¡,¡,. f'or in<l>noc. Mollim•n ond 
Curtis \~8\ <<roolCJ a fi<ld ,¡u~ y in which • softw>~c d<V<\op­
monl ¡'luj<el ~uidcd by modero pro¡;.ranomin& proclÍ~OS P!o­
dnccd loir.h" <1<'-lily codc v.·ith len df~rl >nd c.po<i<nc<d 
fcwc¡ >Yst<m 1"1 "'"" ~·hcn coonr•rcd to• >islcr prnjcct dc­
vdoring • similu 5)>t«n ¡,.!he"''"' ""ironmcnl whicll ,¡ J 
nol ob'""' ''"'" l'"<licc< Alll,otr~h m>nY ol tho <n,ir0,_ 

· """¡,¡ fJctors "''" conlrollcd. '" '""""" "'plan>lion of 
lho re>uli> '"" ikol lh< p1ojecl ~uidcd by mo~"" rrocli,., 
..,,. r<~foul'<d by • rrotcontmin& tum ~-ith mote <>P>bic 
P">Onn<l. 

1\n ino po1 l.nl eh• r.cl<ri<lic of bcl•» icr.l !de neo<·., pedmer.tt 
;, !he ,.n,lon• ><<i&nrn<nl of rmkipan1! to condi1ion• [191.. 
Uy ""''"'"~ ony !)"st«n>lic ,_.,¡,ion in lflo •hiliry. mo¡¡,1• 

t;o,._ -'c., d ¡•JrticÍ;tJnls '"o'' "r,.,;,.,,,.,¡ condiliono. 1 ~;, 
•n<~hoJ "'l'rosc<lly ,¡,,.;,.,¡,., lho hnolh"i' lh•l c.pcrirn,.. 
t .t dle<t< or< du< lo indi•iJu•l olof["ences •mong P"'icir"o~.!. 
· •• i¡;nin; > ¡no,nint el"' lo one condo!ion •n~ >n dl<tAoo. 

• 



( 

~,,., 1<> onoth<r condili<>O\ dt><s nut ~on"itulo rondom ,.,;,,. 
m<nl, oln<e otudcoh m~IY d11••>< "''",¡,,.,un o randnrn 
h.ooio. ¡¡.,,..,.,,,, 11 cL>nto or• u .. - ''"11 "'· <h"l~. '''" pwhl"" 
,-,n 1>< IO>IY<J by r.ndouolY oo•l~uinJ 1 nnmh01 "' <1>'"' In 
co•h <>p<timonlol conM1oll. lhndnn> ""l~n.,><nl hn h«n 1 

poohlom In tcolin, c•u,.j ,.lallomhl~o in fi<IJ oluoliu on oc! ni · 
wflwore Jc•d<>pon<nl pr<>jcc!o. 

TI• ore io <>llcn o cennicl bch•e<n whol C" .. npb<ll ond Slonloy 
liS 1 deocribc •• lb< inlern.! '"J nto.n•l ••liolity ol on .. ,,.,;. 
menl. ln/<rMI •o/14/ty con«rns th< riJO< with whlch urerl• 
mental controlo '" obl< to <liminol< oll<rnot< u plonotlcn o ol 
¡M dala. E>lunolvo/Wry <oncorno ¡he dctr« lo which tho 

0xp<rimcntol oituolion t<!cmblcs typiool condiliono •urtound­
inl lh< phcnomena und<r >tudy. Thus inlcrnol volidity ••­
·~"""' lhe degree of foith in cau .. l expbnaliono, while <>· 
terna! »hdily d<«ribes th< ¡eneroliub•l"rly of lh< resuiiS lo 
a<luol oituoliono. 

In ooftW'f< cn¡.inooring r<><arch, Ti¡orouo <>perim<ntal con­
u oh ••• diffocult to achi<v< on >oflware projecto o nd l•boratory 
1tudi<1 oft<n soem contriv<d. Exl<rnol validily is probobly 1 

1""'' ptoblem in •hrdyinl process hdotS su eh •• the orpni· 
ution of pro¡rammina teams tlun in studyinl soflware dar• 
acleristiC$. That is. th< <nvironment1l conditions suuoundina 
solt"'"' de•dopment which '" dirricult lo roplic>t< in lhe 
!abaratory would prob>h]y h.-e • ¡r<oler dfect on the lune­
tionin¡·of pro¡rammint l<>m>"thon on • pro¡:rommcr's con~ 
pr<h<noion of code. 
Rcvic~o of t he C<p<rimcntal r<><arch in soflw11e en~n<<rona 

h••< bccn compiled by Alwood <1 ~r. [11 1nd Sbn<i~<rmon 
¡7 71 • Topics .,..hic~ h&Y< been sub.,·~, od to UI'Cr"omenlal cul­
u>lion includ< b"ch """' inlcracliv< pro¡:r.,nnoin&. pror.rom· 
min¡ oty!e fociOD (<-1!., ;ndented li.,in¡s, mnemonk •otioble 
nomes, and commentintl. control <tnrcturc•. documen!olion 
fonnno, codc r<•iew techniquos, and pro;:ommer t<'m or;>nl• 
.-tío~. In di"uuint «porimentol mdhods, wc woll /o.;uo on 
lh< "'lu11óon of condiüon>! o!>tem<nls and control llow, 
Th<S< topico werc not cho><n beca use lh<Y w<r< btliued lo b< 
mOr< im~orunt !han o!h<r subj<cls. Rother, they ""' cho!On 
becouse •••tr•l proyuns of ''""eh havo d"elopcd oround 
them ond beOIUS< the conditionol •tn<m<nl h., b<<n o focus 
of or;umcnt <inco il """ originally »niled by Dijl.1tr> [23[ in 
196B. Control 1111<n><nl> have b<cn • concorn of the "'"<· 
¡u red progromming movcm<nl, and ¡he r<oulls reporood herc 
c•aluatctheir mosloffccli•< impl<mcnll!ion. 

The uubility of control olotcmenu is import>nl sin« lhcy 
account for , lor¡e proportion o/ !he e1rors made by pro¡rom• 
'"'" jS9), [961. Control >lru<tur<> ar< clmely relol<d lo 
,ome ol lhe metric< diocussed in o ~re•ious "<ti<>n, •uch os 
M<Cabc"s cydomouc numbet. Rcscorch will be d<><IÍb<J here 
'" • tutoroal r .. hion to dcmon<lUI< 1hc deplh and riiOt with 
which «I'Crim<ntalpr<>~:roms con in•<otigote a problcm. 

B. Cond110<"'<1/ S/ol<m<nl: 

Sime, Gr<cn, •nd 1hcir collc,guco ot Shcfroeld UniY<tSity 
hne becn Jtudyina thc difficulty pcoplc <>p<ri<n« in workin1 
wnh conJol!onol ltll<h><nl>. In lhcir fuu <>p<rrmcnl Somo 
el o/. (! 11 eomp.,cd thc ob,tity of nonpro'"'"'"'" to de· 
><lop 1 oimpl< ol"'rithm .,..ilh eilhcr n<>l«< or bronch-to-lobe! 
condirionoh. Ne<tin' impli<> lh< cmbeddin' of a <ondolionol 
ot>tcment ,.,thin one ol 1~< bronch" of onol~<t condrhon1l. 
N<>t<d slru<lutcs are d<>i¡.ned lo noah lhio cmbeddina nooro 
vi<ible 1nd compreh<n>ibl< lo o P•O¡;,.mm<r. Boane~·lo·lobel 
stouctu"' obocur< lh< •i<ibihty el cmbeddcd ., .. ,ditiono, ""« 

:e: '.5 
1 "1 

the "truc" bnneb of 1 condilionol •totemcnl •<nd> tbe conlrol 
cl"wh<re in thc pro¡;rom 1o a ololemont with • •r«ifo<oll•bel. 

Thc coo,llli"n•l for thc n"toJ b"¡;uo¡;o wos '" ll·lHI.H­
tlttlf.I<WtS~ <<>ot>trU<I >imllot In wn~ih"""'' ""'~ In 1\l~nl, 
rl.jl, onol rurol, Thio <unolltlnnol cunslrt"l b wrilt~n 

11 [oun<lili"n) 111EH [rto<"<nll 
t.lnt>.RWt.": lpr<>C<t12]. 

Tho branch·IO·I•l•d <on•litional """ tho 1 F·"<> TU <on<lruct of 
Foruan ond D»ic whlch DijkoiTo (23) conoidocd hormful, 
Th\s conclilionol """.,..,;¡ten 

lF [cond1lionl GO TO LJ 
(proo<» 21 

!.1 [proce" ll: 

In both eumpi<S, 1f ¡ho condilion b true, pro«» l is n<· 
cutod: il il io nol tru<, proce" 2 is ex<oulcd. A "condilion" 
mi;ht he an nrre.,ion ,uch as "X> O,".wh;le o proceu mi~l 
be on< or more ,,."'"'""su eh ., ~x- X+ 1." Porticiponts 
u,.d one of lheoo microlonguages lo bui!d on al¡oril~m whleh 
or¡on\ud • scl of cookin~ instruc1ions dependin¡ on the attri· 
bu1es of the ve;etoble lo bc coohd. • 

Si m< <1 •1. found lhol prticiponts ">in¡the GO TO c.onolnret 
finbhed lew<r problenu, look longer to complot< them, ond 
m:ule moro semonlic (<.&.. IOI:lc)erron in build¡n¡ lhe\r al¡o­
rtlhms lhon porticiponl> usin¡ the tF-THU<·OTHEI<WtSI eon· 
stnrcl, Th<Y concluded that the COTO conslrUCt pl1«d o 
"""' co;.niti•e lood on prot•>mmen by requinn¡lh>l 1h<~ 
balh oel ond t<m<mbet the lobcl to which 1 condHionol •tate-
ment mi,h1 bronch. Fur!her, progr•mmcn hod ta rcm•mbtr __ _ 
the ""i""' condition• which could bronch to o p.r!iculor libe!. 
Thcst condilions ore pol<nlio!ly more numcroU< lor o CO m 
lhan for an <>~HHwt<t: ol>lem<nl. 

In • furtloo·r 1tud~ ~ .. ne ~~el. 1821 queotioned whether the 
ou¡><riorily of n<lled O""' b"'nch·lo·l>b<l conolru<U would be 
m•inloincd when multiple processeo were performed under 1 

•ingle hronch of 1 condilionol. For inslance,li"" 11lolem<nl 

IF condllion THEH process l M<o proc= 2, 

lhere are two woys 1 progrommer maY intcrpret !U <>«Ution 

1) (IF conrlition THEH process 1) A. NO process 2, or 
1) tF condition nttN (process 1 ANO 1'1<>«,.1). 

In the firot in!<tptelolion, proce>S 2 Í!I'Ctformed r<t.rdlc"' of 
lh< 11atc of !he condition, while in th< second il io perfotmod 
only if lhe condotion is lrue. SiO>e <1 ol. b<lie"d il would b< 
difficull for • pro¡ronom<r lo retain the ocope of th< prO«»<' 
to be I'Cflormod wiohin <1<h bronch of • conditionol ohtement. 
This úiflicully would b< npcciolly ocutc when condilion1ls 
"""' nuted within "'h oth<r. · 

Sime <1 ol.'• J<ecnd e>p<riment rn•uhplcd doffcrent tech• 
niqun for ""rkin¡ the scope of lhe P'"'"'" suboumed under 
<>eh bronch or 1 eondition•l 1Utemen1. In oddit\on to th< 
H·GO 10 condnionol, lhcy defined a ncsted aEGIN·ENO ond 
o n<.,<d lf·NOT·lNO reprc!<ntin¡ lwo doller<n1 >tructur" 
fot m"lin& th< s.cope of eoch bronch in n<>led conditionols 
(Tobl< 11). The ooGtN and F.NO <tll<m<nlo muk th< scopc el 
pur<e""'' p<rl<>tm<d und<r one bronch Or • condotionol stote· 
n>rnl, whrle t\1< •~·NOT.J.HO "'"o more rcdunJ•nt ><ore 
m>rler by «r<>lln¡ th< condotion wh0$e lrulh i• b<in' ltst<d. 
In • sitie! «n<<, n ... or-<:Nt> " ¡he counterporl of th< ••· 
TOILN·H.SE COnUruc[, wl\ile the 8EGIN-~NO m"kCD Could 
be used undcr eith<o eonotruct. 
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A1 in th< pr.,ima nroriment, nonr<<>&rammen ~-ere ><k<d 
lo oi<V<\op an oltnrilhm fot <och of fi•c probl<ms within 2 h 
toul. s;,ne <1 Q/_ found lhot mo« semontic {•l¡orillunic} <HOD 
occumd in lh< H'-GOTO bn,uo~e, whil< erron in the n<>tin' 
bntuoges w<re poimotily <ynu<lic (uommol icol). The DLGJN. 
1 NI> con<troct produ«~ moro S)'DI•<Iic euor1 ond only ~•lf 
.. mony """""fui for11 run< •' l~e ollo<r ~o"'""'"· Error1 
were Jebuued ten time. f1<ter in the H"·tiOT·~N!I ccnJition, 
whkh pro"<d le belh< mO<I <nor freo <on•lru<l. 

R<!ulrs for ~emonlie <rr<>r> sug¡:e,l lhal itls easior lo kccP 
lnck of th< cunlrol Ouw in • ncsl<d lon~u·~·· llow<>er, 
when mulliple pro<m., ore P"formod rhe ""' of sco¡>e 
01wler< ofren resull in ear<T«• synrocric <rrors. Synlaclic 
erro11 •« mor< lrHiy lo occur wilh lh< n~CIN·ENII rhon 
in th< rF·~OT-U<r> con.,rucl•. ~''""'' rlre reJund•ncy of 
"""lirianal nprei<i<>•< in lh< b!l« """' rhc pl,.<nl<nl ol 
nmlers mor< ohvioUL 

[)¡ffnenti>l r<!ulto for lhe 1wo t)"pc• uf erroa offor sonre 
"lidiry for the S)"nloerie/mtionlk nH,I<I of prus.,mm<r bc­
h,·iur d«"<lopeJ ~y Shn<itlerm>n anJ Moyer i?Sl. This 
model distin;ui>h<S betw«n inf01m•lion "h""h ;, hngu,~e 
>Ptcifoc (,~nt>etic] •nd l•ngu•~• independenr (S<n,.ntic). Thc 
couocr d<$itn of rh• JllC_rirhm i< • S<n1anlic iuue, .. hile rhe 
,nntmalicolly o<eunle nptession of lh•t >l,orithm in o !on­
~u>~< ¡, • '~"""ic mue. H< <tructuJe of • hn¡:tr>¡:< '"'Y 
oirnplily lhe d<si¡n of •n >l~orirhm. bur "''~' its e>pression 
moro 6tfficull. Ob<·iou>ly. , l•u~u,ge Msi¡n 1hould >«k to 
,;,,plrfy hoth tl.o dc>i¡;n •nd <>P>mion of '" •ltorithm. 

n .. ed on lh< r<>ulll of lhi< <«ond exp<rimcnr, SiOle cr al. 
18ll propo><d-tb>l their memory lood orl•n•lion be «· 
placed with '" nplon>licn th>l informolicn i• "''"' lo ex­
Ir><! from <omo l>n,u>;u thon oth•~- Tirey di!linrui>hed 
l~o 'Yr" ol informolion: ><quence ond luon. Sct¡'l<ncc 
inf "rn<ol ion in<ohe> •SI >bli>hi•& or tr.>cin& the n..,,.. of '"" lool 
fot"'>rd throu,h , rr•&nm. Ta>nn ;,.r0 rm>lion in< oh·« the 
hi<rm·hi•l ><r>n&<"'"'' of cun<litio"' ond PH><n<cl wirhin' 
P'"~"'"· S"<h id'""'"lion i< '"'P""'"' ""'"" ¡,,.;,~ h.ck­
"'"d lhroú¡;h, p1u¡,.m lo J<t<rmin< ~h.H con~irions """' 

Q-Pl 
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~. <ali<fied for' pro«" lo be exccul<d. Sim< ct o/. hypoth­
«Í>.o~ th•t «qu<n« inform"ian i< more o>Sily ol•l•in<d fmm 
• nnted lon,uose. whilo hxon inf<rrmOiion is more eosily u­
lrocl<d frcm • """~ l>n"''"' which >!so contoins 1M" ".<rn­
d>nl c<>ndilionol e.pru•ions. Conceptu>IIY, roxon informolion 
cu he rlel«n>ined ,.-ilhcul fulli undersrandin, rhe "quena: 
of rr<><<<'<S wilhin • pro&"'"• since not •JI bronch., ha>e to 
be <xomined in • boe~v.·>rd rucio&. 

In rwo >ub>e~uont <ludies Grcen (37] '"•lid•l<d.rh«e J,y. 
l'ulh<"' in ""'"h wilh profc><ionol plo&romme~. Se~uence 
informatiun ,. . ., mor< <O>ily del« mined from n<U«IIon&u>ces. 
>llhouth no diffe1<n<es "ere oboervcd betw«n lho ur·t:rN ·tND 

and r F-N01" -n-m conSiru<ll. U•ck ward '"""' .... , p<rfcrmcd 
much more <>sil~ "ith lhe lf -NOT ·l:l-<0 conslruct. Grccn in hi< 
O!licle (J1l. cstin,1ed rhot th< time r<quired fcr b>Üw>rd 
ltOCin, "'" 1~ pcr«ntl<>• in ll'·t.OT·~Nfl lh>n in ll'·CO TO 
eonditionol•-

lt ls i•nroflonl ro r<<ntni>< thot pros,.1m con>p«h•n•ian is 
nol ' unidim<n>ionol ">¡;nrli>e prn<«>. Rother, di llercnl liopes 
of hum>n mformotion proce$Sing '" requi«d by dlffer<nl 
IYpn of •uft"''" "'"'· C."'" demrMSir>l<d thot «rllin con­
llrucrs ""e mor< helpful fo< ¡>erformin~c<rt•in •oftw>!t li>ks. 
Soft,.·>re tn¡;ine<rinl lechnique~ moy d1ffer in the bonefot> 
lhey <>ffcr lo drflcr<nl protumn1ing ¡.,~ •• sin« lh<Y ddfer 
1n thc 1 y ros of hu'"'" inror motion proce,.in& lh" th<Y usist_ 

Sio« lhe IF-~OT·ENLl oon>touct ;, nol inrplcmeotod in 
<>blinfl bnt'"""· Simo <J al. (79] invHti&ole,l ~')"! lo 
intp""' lh< "" úf lho urGtN->:ND condition•l ''"r'"'· 
They de><loped o !ool wl>"t<h l'ou!d •utomo:ic.lly b~ild 

the synl><lic rorrion> of • condi!ionol '"""""' on« rhe 
"'" <ho>< the <xpr<llioo lo be l<>t<d. In • •econd <>~<ti­
mentol condilion, thcy d<>·elopod on t>Pii<ll wrilin~ pro­
eeJure for hd?in' r"li<iponl• d<'<lop rh< !J"n"<tie<l<ments 
el, <ondi<ional "'''"''"'· Thi< procerJure in<ol"•rl ~•irin& 
thc 'Y ni ox of n,, out<''""" ,,,nJitional ~ rst. and '"'" "' 1 ting 
thc >)"ni» of oood•lron.1l' r>e>IO<I l'"ilhin it. In lhc fiool con­

olrti<'n P"ticip.'"'' '""" Ioft ro thcir o~·n wa¡• nf "''""" the 
cono.lilrnn•l C<ln!IIU<l>. 

' ·~ ..... 
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- Simo ;,,.,¡_ found lhot po<tklr•nt• •oi>od moro P"'M'"'' 
,·nn« U y ·o;. lhoir fml O!l<•m '" "•in~ 1 ho oul um•l~~ l<wl. but 
thol • ,.,;no~ poe><«hno "''' "'"''"' •• •rr,-,-u ... Thc .. ,;,lnJ 
prucodurt "~Uocd tbc numh<r cf >yn¡o,·tk ouon, whkh hod 
hc:en lht nt.tjur prohl<m wllh thc III·G!><-FND conotruct In 
urli<r otudi<o. Synltcli< u<Of1 wore not po01l~l< wilh lht 
oulomotod tool. The wntln& proetdut< and au/Omll<d tool!. 

'., . . :..-

1> [ «>nolilhon \ ) THU< [ PIU<<oo !1 
t:L..•>: lf" [«•rr~ltion 21 Tot~~ ¡prncc11ll 
>:1.'1>. n· /cor"tltion_l] THEM ¡proce., 3/ 
<le. 

. "' 

~nd h>S tho ·~(><aronc< of o C"Sf. >lot<mtnl. AllhOuÜ> thio 
h<lped portieiponU diopcns< wilh rynto«ic: con>idcroliOn.s , '' , 0 , 

0 
, ,, ,. , ' '' 0 , •• ,.,,, """1'"''" • n rar o n<. -nc • o r e ur-~ e u qui<k!y, oo lhol ¡hcy could •pend mure lime con«nlro!ln¡ l><l .,, • ,, , ., ,, . ' 

, somo n < or¡ueu no 1 m• Y """'"" or procnmm<n on the t<monti< 0or1ion of lhc pro¡rom {i.<., <h< function 
lo understond [Bl]. 

which '"'' lo be pedormed). Ho .... <r, once on erTor "'"' 
Gr<on reporto thot for differenl formo of comprehension ·m o de. it was c~u<lly Jifficuh to e<>li<O\ «¡ordless of thc 

que>! ion>, thi> t F • TH EN • H.SE-t F eondaionol "'"' "'nc•er much 
condition. n us writinl proce•lurcs •nd aids prim<dly incre>S< 

bet"' >nd oometimes much wo=" thon the olher forrru of 
thc "'"'"Y of lh< inili>l imrlrn><n u tion. · 

nutcd conditional.a. He or¡ueo thu it io impor1ant to d«iln 
Arb).,ter rl of. [JI rcpcrl<d on tw<> further uperiments, · 

computer ''"'"'''' so thot P"ceptuol cueo such os indMtinl "hi<h eo«nded th< r<Sull<fcr writin' rute. lo condilionoh 
the leV<Is of neslin¡ con Yi:ruolly diopby the slructurt of the 

usinl GO TO"o. T"'<> croups of nonprocrammen, ene cf whlch 
«>d<. nooe p<rceptu>l '"" un rclie .. the pro¡ummor of 

h•d bt<n uught the writin¡ rules, conltnrcted oimple all<>-
<ur<hin¡ throu¡h the pro,run tul, a t»k "'llich io di5traclin¡. 

filhms "''"' the tF·CO ro conditionol. Thc youp troinedln 
tiJn< consumin,, ond error prono. 

\he wri lin' prOX<du«> m>d< fewor "'""· .. ,.,,ntJc ond synll<· 
. Th< extcn•i•< pro"" m of r<>eo~h by Si m<. Gtc<n, and thtit 

tic, tcplk>tin¡ tho rr>u!b obl•ined with lhc nultd bnl'"'"· 
collucu« hoo anowered important queotiono about tbc 5\n><· 

Arblost<r <t ~/. r<P<>l<d this UpeJim<nt bOin¡ more sophioti· '""' of conditional otattmcnu. Their conc\usiono ohould be 
totcd puliciponto. Thoy addtd two •dd•tionol •~perimenta! 

. beedcd in !he deoi¡n of fu tute bnl"''"· They domon<lnted ccndition> to lh<»< d<O<ribtd obove, both usin1 on t F -lf" NOT 
ecndition<l 5\ructu<O. Thls condilmnol ,.., wJit!<<> • • 1 ) tht ouperiority ohnt<d """' bronch.¡o-lobcl ccnditionob; 

tf" [ccndilion l/ COTO Ll trNOT COTO l2 
Ll [ptOc<» 1/ 
L"l (process2/. 

Ont of <h< lwc ycupo ~sin; t~is oondi<ionol "'" a!•o traíned 
"n lhc use of woihn, <UI<S. u,. of <he IF·CF NOT procedurt 
uulted in fcwcr >ynl><lic crron t~on ob•ened wi<h t~t 

IF·CO TO condi<ionat. No drffcrenc<l wcrc fcund f<» ..,_ 
mantk e .ron. 

Arbl.,t<r ~~ Q/. pointed ou< <hat on e.,ly venrion of Fortran 
lu~ • con<liticn•l formtt cons.lslent wi[h thou fcund te be 
mol\ dfcctive in ch<lr u perimcnu. H OW<•cr, this fotmol ... ., 
los\ when fuothcr r<visicno of lhe bn,ua¡c opled foran orith­
mrlk IF condition>l. 

ShneiMrmon ("/6] <<>mNtcd <he uoc <>1 lhc >rilhmetic IF 

tF J>~ithmetit condrtionl Ll. Ll, ll 
LJ !rroceu ti 
Ll [Pr<><r<>1] 
Ll [p<<><<<> 3] 

<e \he uoe of !he loPcal IF 

IF !BooJ.,n ccndnionl coTO Ll 
Jpr<><<ll 2) 

L1 !proce'! 1 J 

in Fortran. The ~rithmetic tf" cruteo che pmoibllity of 1 con· 
dition•l "ilh thtce br .. chro (i e .• tests for >. •. ond <). li< 
found thot novice pro1rommen had mort dif!icul!y compJ<· 
lornd•nJ lh< "ithmetic th•n theloPc•IIF. Hcw.,<r,M>uch 
•lifftrenc<> ""' obstf'td fof more <>J><rienced propomm<n. 
""ho Shn<tdcrm>n bclicved h•d adjus!Od lo '""'lotin' lhc 
nowe comple. nnta• of th< >rithmetic IF inlo the" own se· 
montie "pr<l< nl•u<>n of the control lePe. 

In 1 t<c<nt up<rimenl b~ RichatJ> •1 #/. ~ue>t<J hy Gocen 
18/, th< ordin 0ry nt~tJnl of tF·TitLN·EI.SE condrtion•ls 

"" compared te the ""''"~·<>f tf-NOT•LNO conditicn>b. 
>n.t hcth .. ,,. ccn•P>«J to • 11yk of n<>tin' in whÍ<h '"u· 

""" <lir<"IY full<>""' a Tllll<. Th, '"' conJrtion•l .. ~uiJ 

4-l-lO 

1) lhe odv>Moge of tedundonl uprc.uion of ecntrolling 
conditJon• al the enlroncc 10 <>eh con dition•t bnnch; 

3) th>t the bentfi" cf a softworc ptoctic< may "IY with the 
noture of \he t o>k; 

4) that o otond11d ptor:edure for gencr11Ínl thc oyotu of 
a eonditionol stotcment con improve ccdinc spttd ond 
OCCUntcy. 

O.croll, lhc .. «>ulh jndicolc thol tht mo" visible and pre­
dictoblc \he conlrcl now of o pr<>&rarn, the e0$itr it io to 
work .,.,,h_ 

S1mc. Gr<en. and thcir ouodolro hov. demonsrnted how a 
prdercn« omOnJ eonditiono! conoltuclo ""be reduced te on 
empiricol qucslion which providu alternoti .. o thot w<re Ptc­
viou•ly unconsldtred (e ·1 , the tF ·NOT. END con>1nct). Their 
reseorch hu in•<Jii11l<d 1\ruetured eod'"' 11 tht con$!tUc\ 
l<•el [80). The next ll<r is te cvoluatc the tcputed bcnefito 
of otluctured codin¡ o\ the modulu le .. t. consid<fin¡ the 
••dous otructurcd conot rucllr "rn total. 

C. Co/1/To/ F/o"' 

Stu•ctured pro,romminJ hu \><come , catch..>lt term rcr 
Prouommin¡ proctice• re!ated te >Y>«m ~roi~n. P<<>&rommmg 
trom c•c>niulion. code rc•i<wo. conr''"'"ion rn:lfl>¡ement. 

. 1uleo for pro,.,m eonlrol no..,. ond m~riod olher pro<edurc< 
for scrt .. ore de>clopm<n\ ond m•intoun«. Thi• s«lion ,.¡¡¡ 
re.;cw onty nptnmenis «loted lo <tructured cod•n1· the 
cnf<>r<<m<nl o! ruteS for pro¡ram eontrol Oow. Th< <<>ntrol 
""''"'"' J<nero!ly a!lo,.ed undo• •lruciUr<d codin¡ ore dio· 
rloY<d in n:. 6. • 

To •••lvot< rrputed ptoblem> wilh t~< GO TO >IUemcnt, 
Lucu ond K•plon [HJ instruc«d 3J studcn" to dc•elop • 
!ilr updote ptc,••m in r1..1c. ond half wu< furlhcr inltn>ll<d 
to ••<>id <he ••• <>f GO lD"o. Uo"""· pro~romrn"' '" th< 
co TO·I<" enndrricn """" not '"in<d in U>ing otternot< 
cond•ticn•l consttucts. Not ourPrioinl)y thcn, thr Co lD·l<» 
,,cup rc~uircd mnre ouno to d<vclop thrrr proy>ms. to • 
out...«t<«n! ¡.,l. •tt r•"i•ir•n" ""' JCquirc~ to m,l.e • 
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IUOfllf·"P lOUfUJ ~"' 'I'!"J>U><¡ '""' '!""''" m 1>!1!< "'!11' 
'>pO> >~1 Uf our¡Jp<fp p>JnJOnlJ< '"''"'~<» • ¡o nu>wd "11 
1!~1 P>L<>~'M <JIO<>J o<>•i.l '>p<J~ p>lnl>MJ)> ~11"01'" U•~l 

J¡~lfl Á\l>fli< ;,o ,;,;,~ ~114~!1> "'" O>UOullOjl>d •43n04111 
•.._o¡¡ jOJIUO> p>Jn l>nl]< JO <UOf<.J>' CM 1 >41 U.»~ l'q r·"•>dde 
'"U>I>JJ!P )UI>\)Iu~f< ~1!<'!1>01'1' 0;-J 'p>lfllh>l UUJfl >41 
Of U>U>llJJ'P OU U>-" "''1-L '(t "ollJ) <OuQ r>Jn¡o•UO> 01 
Plii<!UJOJ U>4M IW .. ~OJd p;,npnl)< >41 Uf p>JU>W>¡Jwf 

:.cii>Wo> Í1 .... uonn~¡p<ow >41 >l>¡dwo> o¡ r>O¡nbll l<l>11 
'¡o ]U>;J>d JO!j1f4 ~IIU,-,~fU~f> V ·,(¡<~Ofo>JJ p>qfl>O>p "'OU 

¡o;¡uo> ¡o ouoru•• '"4' >ql uo "'"!'·" "·" ~'!'1" ¡o q><> 
'IWIJ10Jd »141 O) IUOf)OO!Jfp<>W p>!JO>>d> OlOlU Ol <l>WWOJ' 
-<>Jd p¡pnmu¡ ·¡o u P"dd>4S 1uowpod<o puo>>< • u¡ 

'l<u<J10Jd p>Jnpnl¡$ ,(11>!11> WOlj U<41 p>H1pnl\l Áii<IOI<U 
WOJj pO[jO>ll 01>1"-I]U>OU>)<)< JO ]U>OJ>d l>)•;).J~ (,(¡W<>'.JO,U1f> 
1ou ~1no411•l ,(p~~'l< V 'O>uouuo¡,,j 1"1.1. >•11 •>nrQ"I 1ou 

',.. .' P!P UOfU O.\ • p>Jnpnl 1< ,(¡¡ ''"' "~~·-'"""'ot¡ '>UO!i< IJOd'> . . . 

--
• 

• o¡ ''"''""J ·¡u<>U•u'l¡< -'11''!1'!¡''' ""'"o¡¡ ¡<>J¡Uo> r•l•ll 
·o•uoo puo P""""''' Áll"''''" ro¡ '1"'"'''"'' P'""'""o' 
;>-~¡o )U>OJ>d ,,.,,., >41,"! o~uOl>JJtp "U '(L 'j!d) p'u>\1. 
•OJdwoo O] 110>\JJ!P )<OuJ oq¡ ,.,. "'OU IOIIUO) P>l"l'"uoo 
l'IJ. '>OUOWIOJ'>d, l»JJ' P!P "'O!J IOJIUO> 'pop>Jxo. IV. 

, ~ -,, •r"J '$,O.LO<)jO><nP>I>!lli>JUn 
,> pul 'O,JI >!llW~I~< '1doo¡ 00 WOIJ SI!» P""'l"q" 4>n< 
t !ruo¡ou• pOJnpnr¡< ,(uun¡•u "' poJnp~J)> "11 u! P>llfWJ>J 

OO>q ¡ou p•q 1141 Sl>nJ]<UO> popnpu¡ 1.1.'\4"' poJo¡o•>p ''"' 
• ~~Of'l,. p>)n¡o•uoo A(llll>q>¡op • ·~nou¡,¡ ·oo 1 wor¡ 'I!H. 

cloo¡·p¡w Pll"'-lOJ puo s;o.t <Y.> p>uovoq mop\Pn{ '""""' 
o¡d¡l¡nw ;fuJlnl>nJ¡< 1>!'1' wor¡ <UO]IOIA>p p>¡¡w¡¡ po ... o¡¡o 

. --~ • ~-
• 
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-
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' • 
'' '!4"' P>POJ]>Uo> """'o¡¡ ¡o>]UO> p>lnl>nl)! .11111n¡ou >Jow 

! 'jn) 1\1 \Jili'O~ u¡ IU>"'>jdw¡ o] P""'l"' >>lU!I>WOI 
lll <l)nJI!UO> P""P"'" """'8 'uO>i<»ll P>ml>n•¡< pu< 
'uo¡ 1>>¡>< p>~npnl)> '>>U>nb>< "'"!1 '"'"'""o' ¡oJ 1 u o> '!'"'1 
~"'1' A¡uo ~"! "011< Aq 1 tL! '"'lf!O Aq P'~!""P tu¡po> p>Jn) 
·>n>IS ¡o so¡dpuJld >ql 41!·" JU>I<uuo> oq .01 P•mpn,< ""' 
UOJUO.o >UQ 'SOJU~OJJ >m u JO t¡><> lOJ p>U'J>p >lO" <UOfl>UnJ 
11>\]U>pf 1UjWJOjl>d "'-OlJ [Ol )UO} JO SUOf>l" O>ltiJ. ',t,OUJ >w 
woJj 1! ))nJ)>U0»1 u>t¡l pu• 'u¡w o¡ 10) woJ1oJd U'lllOJ 
p¡z¡<-Jo¡n~ow 1 ~pnl> 01 P>l'< ""' OIU<dj>¡¡i•~ '"""!'>ol 
·»I"'J ••!1 u¡ '(Hl 'ID 1> pl<dd>~s A<Í ¡¡un q'"'"' '~"u¡ 
P•>'•ruo> ""' 
JO <I'J>U>q >t¡l 

Uououoot.loJJ ¡<uo¡»o¡oJJ 
luprnt•~• SJU>W!J>Jxo ¡o 

lOJ >pO> p>Jnl'nJ¡> 

"!'" • ·~!1""'11 'loOlJ tOliUO> 
»¡dwoo OJOW r ~1!·" 5luU~oJd U.t¡\ ,(¡¡>n >JOOU "OU ¡ouuoO 

P>!}!ld"'!' o ljl!" '"""Sord pu>t¡>Jduoo> PI""' ""'1'"1' ""' 
·P•'~ 1''11 puno¡ ,(¡',uonb-,'<:ns '(01') .. o·¡ · ·opoo P""""'l' 
41!"' O¡q•JIOJWO) OlOUJ ~U!il>J p¡p<:>J>J S)U<d¡>jllOJ pul 
'ouof<l>' p>~npnqsun "''1' "41" P''"""'" >'11 uo P'"!'l 
·qo ~uio¡Hi "'"' S>Jo» »U<CuJo¡J>d rot¡1¡¡¡ ·owufo¡J 
>~l 01 OUOfi'O'JlpOW >vw 0] POJfnb>J pUO "U)Ob uOjfU>~ 
·OJJWO} U>A¡!\ ll>M S]U<d\>!I"J 'x>¡JWO) p00 pllnl>nJ]1 
•un (( 10 '>¡dw¡• ¡nq P""""'l'"" (t 'p>Jnl>UJ]> (1 "'1'!' 
D"' .,ClJ IOJ)UOO O<Ot¡m SUO!<l>~ u¡ U>lifl" >UJOJtOJJ ]flJ 
JO UOfiU>t¡>JdWQ:> >\[1 P>I<'-I¡J>>•U! 0<)1 (Z6) uow><!'l\\ 

· 'O>tds ''"'Ol< ru• >WH >¡¡dwo> "'1 p>J¡nb>J 4'!4"' ouo¡¡ 
-~>'J¡pow lO'I.'fnb opow opoo <>>t·O-'-(10 'W"' 01 po¡tlnJ¡> 
ll\1"' P•'l '1'\'1"' dnoJ~ "11 '\<>1 lO\~U l\¡1 uo ''1"'" 01 
AJ<liUO;) 'W<t.IOJd p>ln)>nJ]< • 01 UO)I>>'J]p<>W p>!J!»d> 
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>1¡. 7. r.,r.,moo« by''"' ol '"~""'no,.. l<om Sllopp,.d« ol. 

fr<>m >lricl olructurins did nol od ••aoly oll<tl por forman«. 
In o third <>p<rimenl Sheppood ~• •L dtcidcd lo compOf< 

lh< '"'" o<r>iono ol >tructu<<d Fc<lf>n IV lo Forlron 77, 
whkh conuino lh< 11'-n<F.N·El.SE, oa-wuotE, ond 00-

\INnl-~""'"'"· -Thcy·mca<urod how·lon' a pro,nmm<r 
lool lo Cind • oimrl< <rror cmbeddcd in • rro,,.rn. No dif­
fcrcnC<> w<r< allnbuuble to the lyp< nf otru<turcd contml 
!19w, rcplk>ling >Ímllar re>ulro in lhc lir>l lwo <XP'Iimento. 
Tb< ad.anu,o ol otrutiU«d codin' •rP<>" to ruido in lhc 
>l>oliry of lhe provomm<r lo dc..,lor <>p<cl.rions oboul lhc 

ow ol conlrol~cxpccUiiono ,.hich oro not O<rioLUly •iolalcd 
<>Y minor dcviotiono Jmm ol riol strucl uring. 

Th< JC><•och "'''"''d here indica!<> lhol rrovomo in which 
><>m< lorm of structured coding ls enforced will be <aoier lo 
compr<hend and modify lhon pro,nmo in w~ic~ such codin¡ 
d"ciplin< it nol enforced, ll i> nol cleor lhot •tructuro:ol eodin, 
wiU i•nrro>< thc pr<>du<li•il~ of pro¡;r>mmt" durin, impl<· 
;,,nl>tion. Somt productl>lly irnpro.cmento m>) be o~o., .. d 
if lus se><t<, more ,.,;¡y toflccted <!fOil are modo"""' struc­
tured comlruclo, "'"U<>Icd in tho dolo ol Simo and hio«>l· 
'"'""· However, muctu<ed eodin¡ ohould redue< lh< <<»1> 
of moint<n>n« ''"« oueh pro~oms ore l<ss psycholo~cotl~ 
comple~ to "'"'~ "ith, Exporiment> ouch oo tlocse con PrO· 
>ode .,luobl< ¡u,dan« for dcdoinno oboul an optunll ,mix of 
sofl,.or< olondud> ond procli«o. 

{)_ l'•<>bi"'" ;, f.">p"i"•<M~I li<r«rdo 

1t i• ""ror<onl to r<tOf""' ti>< hcndil> ond limit>B<>n> of 
eontrull<~ ''""'""'' •<><o<eh. On lh< rooiti.e oidt, ri~o><ouo 
<Cnlrol> ollow e.p<rinO<nl> 1<> '"'''" lhe ~lfetu ol "pcri· 
"'cnt>lly onan•rolol<d l;ctor> ,.,,¡ Jdcnlify P"'"hltt>U«·dl«t 
r<l>lionohiro in lhc dall. On 1ho olher hand, rhc limiuhono 
o! eonholltd """'"><«riel lhe ~tn<toliutiono "hoch c.on 
t~· ,,,,1, lrom lht d;i>, Lol><>r.>l<>ry "'""" '"' on oi< of 
_,¡¡¡,,¡,¡,¡y, r<g.,dlus of how rcoltstic '"'"""'" m o~< 
thc l>oko. 

S<,.nl prob!em• otrondon1 lo m<><l curr<nl <rnp.,icol .. ¡¡. 
d•lion otud«• """'Y hmll 1~< ~cnon!uobility ol ccnd~­
ion• whioh <>n b-< duwn from th<m [lll. For inuancc, 
pro'""' "'" ¡,,., lreqnntly becn rc11ricted b-<<>~>< oJ 

,l<mil>liono in lh< I<IUt<h •ituOiion_ Thio problcm io <h>r· 
"'"""< of up<nmcM•l rc><orch '""'"timo 1imi111ion1 do 
nol olla,. porlic!ponlo 10 pe!fo1m <>P"imcntol '"~' sueh., 

q-l-]2 

"" 
lh< «>d•n¡ or dcsi¡n cf lor~e oy11<m•. /liso, ,;neo new focto10 
come into pby In th< dcl'<lopm<nl of l>r¡e >Y>l<mO(<.I, leo m 
int<rocliono). the mognitude .of a 1<chniqueo'o tffecl on 
rroject puformoncc moy diffc. m••~<dly frono it> dfect in 
lhel•horOiory. 
T~< noturc of 1hc opplicaliono otud><d "" ofl<n hmiled by 

th< en•ironmenl1. from whi<h lhe pro,nmo >r< drown (<.,., 
mititory oymmo, <<>mmetd•l oy•1<m1, r<oltime, nonre>llime, 
etc.). Funher, lh<rc io frcquenlly lilll< O>Sc»m<nt of w~<lh<r 
r<>ults w¡ll hold up ocrO.. pro,nmmin, longu•~n. lt t. U· 

trernely diff1<uh lo perform <•>lu•li•< """'h <>•<t a bTOOd 
""'' of opplic>lion•. 01pcdolly when <>rerimonul rroeedures 
"" usecl. Thus cmp.,ioat rorulto .~ould be oeplicoted over a 
,,,¡., of 11udin on diflcrcnl I)'P" of pm¡;rom• in \angu>&CO 
olher Iban Forlnn. 

.:___·..e-:: 

Anothcr prohl<m orioes wHh wh>l Sodm•n <tal. [12] ob­
scrvtd 1<> he U ot )0 te 1 d)[(<renoeo in perlorm&~>ct omon, 
proyammcn. Thi• dromali< ••riolion in performonec oe<><<S 
can euily dio&ui>< rel>lionshipo b<l,.«n oofiWOI< chauct<r· 
iuics and nood•tod criterio. Thot io, differ<nccs In 1he time 
or occuncy of performin¡ oome software ¡.,~ can often b< 
ollnbuted moro e"'ily to diffeoencco amen¡ ptopomm<n 
lhon to diffe<enccs in •oflwa« charocuri>tito. Cottlul mcn· 
lion lo <>p.trim<ntol deoi~n is ttqui«d te conlrollhi• prob!em. 

-· ·lf ~<n<ralinliono ore lo b< mode oboul <he perfotmonec ol • 
profe.,.innol rro,.,mm<n, lhis " lh< popu!oti<>n thol should 
be >tudiod nthcr lh•n novices. "'' ;, lrue in moot fo<ld$, thett 
ott quolitotl•e doff<I<~C« in lh< probl«n-solving p1oe<"<> of 
np<rlo and no•ices ]831. ltowevor, thc od.,nto¡c ofocme 
l<ehniquoo U th< <>O< ""ilh which th<y •re le>rned, and novi«• 
ore lh< •rrropriote pcpu\•lion for studyin¡ ouch b<n<Cito. 
...ll<mph lo ¡cncnli« cxp«im<nl>l "''"lto mLl!t aloo be 
ttmp<,-ed by on und<"l ondin¡ cf how teol-world Jacto" oflecl 
our~omes. Doto should be <Oilcct<d '" "'"'' p1c¡~mmin' 
environm<nlo lo bolh .. Mote '""cluoion• dro"'n from th< 
loborolory añd dcl<rminc thc innucn« of rnl·world r.~tan. 

IV. SU .. MAMY 

Soflwore wiurdry bewm<O on en¡ineenng dioelplinc .. ~en 
odcnllfo< mcthod• are oppli<d lo it• d<•clopmonl. Th< firot 
s~<p in opplyin~ th<" m<lhodr io m<><leling lhe impomnt 
conolru<l• ond procuscs. When lhese <on•trucl> ¡,,., b<<n 
id<ntified, th< ><eond <l<r i• lo de .. top me01uremen1 1<<h· 
niqoes oo lhol lh< lon~uo&c ol motb<motico eon de>cribe 1<· 

lotion<hipo amons them. The t<>lin' of eou0<-<11«1 rtblion· 
ohi¡» in a 1h•o,.licol m<><lel rcquilC1 1hc ¡><rlormon« of 
cr>li<;l <>r«im,·nt' lo <hm;nal< ollcrnolwe <•PI•n•lion• 
of lhc rhcnem""'· E•cn "'"'" r<»><«<ol ol 1upport"c u­
~"'""''~lol nultnco. ""' "'"''"'i'~"' ohould b< c;uhouo 
unht ,., h;"" cot•bli•hed limtU for lhi """'IJUbility ol 
our dot•. 

Tbere "' four mojor poinu 1 ""' olrc><od, oom< by i•n· 
ploootiou. '" this r.·•i<w. Finl, m<uur<nr<nl ond oxpcrimcn· 
hhon "" compl<"'cnlory prO«>O<>. Tbo rcoull> of an <>· 
pcrimcnt eon be no more ••lid than the mtnurcment of 1hc 
<O<'>IrU<IO in .. >ti¡oted_ Tbe d .. elopmenl of wund ,.,,..,.,,.. 
m<nl techniqu01 ¡, a pr<ltquioit< of lood up<rimentolioo. 
l>hny otudi<o '"" <lobont<ly dcf.,od th< ind<pendont ""' 
oblu (<.~, 1hc oohwne pnclie< 1<> b< •oriod) ond hoslity ,.,. 
ploycd a hudy but poorly d .. <lop.ed depcnd<nt "'"'"" 
(cri1<rion). RuuH• from oueh u¡><rimcnlo, '"~"~" si1n•f•· 
cantor no!, are dillicu\t to <•pbin. 

Second, r<>ulto '" rar "'"" imp«ui" v-hen lh<y "'"''' 
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ffom 1 pr-o¡rom of rcs<•rch rolhcr thon from onHhot oludleo. 
p 10¡ 11 mo of u><uth ben<lll from ..,,.,.¡ odvonto¡<J, one of 
o he m<»t imi'Of1•nl bei~l lh< opportunily lo replico!< rrndlnp. 

~hen 1 buic (ondina (< 1-, the hen<nl cf druclured eodinl) 
--~~¡,be replic>l<d o•er "'eral diJ!erenl l01ko (comprchcno!oo, 

mod!liÚil<>~/ <le.) lÍ be comes m uch more convlndn¡. A suloa 

0 ¡ atudi .. "l"o ro•ull in deop<r "Pikotlon of both lhe lmpar-

._.::.-:¿s 
rllOCt:EUli<(';S Ot' Ul( IEU, VOL U. 1<0. t, SEri~WBH-ItiiO 

"' ,., 
l~nl foclo" 'nvernln1 • prOC<ss ond lhe limll• of lheir effull. · l•l 
T'or instan«, Sime, C.m:n, ond thcir cull<,,u., ldentlncd lht·-

(' 

f 

' 

\r<ntl11> ond limilotions of neoled oondilionols in •n u¡enoi•e 
rrotrom ol reseilch. r<rforming • ,.,;., of SI u dios also offordo 

1n opponun\ly lo improYO me:uur<m<nl ond uperimenul 
melhods. Tluu lh< reliabilily ond validily ol re<u!ls c•n be 
impro><d in >U««dint ""dios. 

Third, the ri'"" o! me11uremen1 and "perimenl<lion r<quire 
s<rious contod< lilion ol procems underly inz sollwOt< phenom. 
enl. Dtfinillono should nol be ba"d on populor eomensus. 
As uer'Y is in>'U!<d in donninl eonslfuOis, o eleorcr picture 
ol the proctss oflen <m<ll<l. F"ton nol thou¡.ht to be 1 

pofl o! the !''""" moy pre•ent lhcmoches os direcl tffecto 
or limitins condiriono. All<rna" >pproachcs lo 1\re l«h· 
niqu<1 wil1 o !so em<¡¡e, u in Si me "Q/, 's de.e\oprnenl o! lhe 
JF·I<OT·END neolcd condillcnal. Tilo lrusualions ol scltn· 
1ilic investls•Ucn o.e olten lhe m<>lh<n of in><~lion. lr<>­
prOved m<>suremenl le<hniquts aho provid< bett<r lool• for 
""n>~"'""l lnformotion sy<l<m>. Mar< reliable ond .,¡;d 
m<.,ur<m<nl pto>I~<S v<>lcr l'i•ibllily ll1d insi¡ht inlo 
proj«t protrtll ond pro-duct r.¡uolily. 

Fin•llY, lhue is no sub<lllutc lor •ound uP<rimentol cvi­
dence in >~euin1 lhe benenrs of • r>rticulu oofl,.ue on;i· 
r><<rinl pncli<e or in comporin¡ the reloli•e merits of so><rol 
praclice•. M•nog<r> oflen vocill•t• bctw"n lh<it d"ire !oc 
proof ond lheir implli<nce IVilh tht od<nlifoc opprnoch. 
l!ow<'«<, wirh und.,>londin¡ <om<> lhc po.,.ibility cf 'rnler 
control ovu oulcoma, <opeciolly if couul hclon ond lhdr 
!imilolion• h"' b«n idenlifoed. Tile metchants of•ollwore 
elbiro can olw•Y• quol< cue srudies. Ycl, ouch expcrlenliol 
evidcn« io n<> r<pi>Úm<nl for cxpcrimentolion, ond !1 fre­
qutnlly no betlcr lhon o mon>¡er"• inluilion .• 

M<><orem<nl ond <>p<rimentotion ore not inlcllectuol di­
v<r<ions. They aie the sel<nliroc foundllions from which 
enj;in«rinE disciplin" conlinUe 1<> be buill. Scicnli"s mus! 
be ><n>ilive 1<> !he moSI imporlanl questions tlrey should 
lockle in ooflwar< <n;in<ering, and obould con<lontly rus;oss 
¡<O<orch priorilies 10 kttp poce with the >1>1< 0 ¡ lhe "'· 
Soflwil< prcfo<Sion•ls n<ed 10 encoura¡e lhc >cicntif.c in· 
"<<1Í¡31ion ol thcir bu<in<5S iJ -roo\ imprn><m<nl< are lo be 
mode in >oflwar< rroduclivily and quolity_ T~c >eÍ<ntific 

_study of oort~·ore en¡:inocrin& is ynung, ond its rote of pro¡­
••" >-'ill im~ro>< " menur<m<nl l<chniqu<> ond cxr<ri­

. m<nlll method5 maturt. 
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From prototype techniques presently used, new directio'n.s are emerging 

that fead lo improved management and earlier detection oj errors. 

§üftwaJxe 12\·oject - -
Veliifkar..:ioll1 madl VaHdar..:ion 
M!chael S. [lenls<h 
Hughe> Alr<r•ft Compony 

M .o y <>rportn¡,iti<! r•i>l for inj<clin~ human "'"' 
into lhc ><rÍ<> of •clivitin invol><d in dc•dopin3 >Oit· 
worc l)'$1cms. E;roro ""Y <>ccur al lhc '<1)" inccp1ion of 
thc pro<<" v.ith crroncomly or inlpcrlwly >r«ificd 
•Y"'''" objwive> a> wcll "'"'''in thc 1'"'''" dnrin~ de· 
si¡n and d"·clopmcnt, whcn thc~e obj« ti•" "" m<ehon­
iz«<. Thc b.,ic goal for soh w•ro in tcrm>M quaht y isth>t 
11 p<rform iu lunctiono in thc mannor ¡,i<ndcd by it< 
a!<hi"cu. To •chicvr thi> goal, thc ~nal prodn<! muu 
lmpkn\WI !h< aJ<hi"m' int<ntiom wilh a •oin11nnm of 
ml>t.,f.<l "' wdl ••. r<main freo of mi<Oo!Mpllons <<¡;>rd· 
In¡ !bOlO inl<"·'ion•. 

lkcou« humon• \aü <h< •bilily 10 perform •nd com­
muo~kal< wllh porfrwon, software dt'Oiopmont i• "" 
comp"'ticd by a .odlkodon o nd '"lid «ic•ll ><1 ¡,¡,y. Thc 
impon>ne< of this acll,hy lo the sor•~•" proJ«l mn­
tinuu 10 grow •• daoo ptoe<.,ing '""" mo!< "'"'· ouch 
a. h .. lth ond lr~nspn•mion. "h<r< ><>fl,.>r< foilur<> 
could b O V< catastrophlo mol!!. 

llo< l<<n\5 ··,·wfic.'tion" and ""t.lli<l.uion" aro <1$<d 
c<t<mh·oly tllrou¡.\w!H 1 ho l.o oraturc of Ll1< soft,. are com­
.nunity will1 vario os d<i''l•lions <>prmed 01 in•rli<d. A 
tcnc,.l und<t>!andmg <>1 :hose t<rm><m<lg" from • sur­
-iiYor ,,;,~<- l't'lfl'"·!ó!. •<f<rS to '" ooti":y ~hicb ••· 
)' •rri lh" I)>Ó t<;u)ts O~ C:"lc ~ IUCOCI\Í\ < lt< p in a IOÍL \<MO 

: 'h tlo¡11nÓm cYi:l' ~o;; o· : ¡;· < ncom~OI> 1 he m ten\'""' of 
·~-': ~¡., k->ui "'P- Va~"·"~',:, h., • '""" r.lub.>l connota-
'"',·. •<•;,¡-- '\1"\L .• O ' • " . !~r .. 1> ~~- 1< 1o ., •.: •. : .,., pro~~« uncnon• onu 
~?'i\~!r.! \ •,: ~i<~H'T"ó> p:::.;m\:d i.l)'ll o \~VItorn<nlo •1><'<1• 
ncallon. . 

A«•,.•• ~' ,..,.,;,,;.,, "' r,.,.~, t<••. '" . r •oh ... (l.lh. "'~ 
'""'· r,,.. "V,,r~·••~ ••J v''"'""'"·-- ""'""- n'""''· ,, s._¡,. 
~'"' c.,, • .,,,-.,_ """'' w. ••·~· ''"''""'"c. •··~·- Q '"'-

Durin~ ¡he 1'"'' IS m lO )"<•rs. >uft,..·atc projtcB h"' 
dcvclopod from r><h<l om>ll 1>sh iovol,mg a fe• r<oplc 
10 e<~ormouoly complc• und<<lili<~g> toquiring <h< ><1· 
,;,., of m•ny individnal>. Li''"'i", "<h< conrc,ol •nd 
pr.•cti« of ""~''"ion •nd "'"'·••ion h.-o ch.<n,:cd. 
P!cviou>ly, "'iliealion >nd ,-alidaLi<on "" '" ¡,.folln>l. 
highly indi,idualil<d o<tivity. mo><lr coo"><in& of '~" 
p<O~romm<f < >C<rd•in¡ hil c-odo a~ainu a >mal! ''" O[ ><1 
hoc "" < '"'- A> thc '"'"'"' and co.uple <ir y ol >oh~.,, 
'""'"""d, tl.c f,,ll,lni<BC! of 1 h" • \'r ;¡ f"m.1n" .;pprna<h 

~''"'"' ub,iou• in o he inc«a~in; ""'""" of Ul\!Oil>bk 
p<oduno. Clearly, to fully enl!u!t !he pmdu<t dC'·c:o¡xr 
"i<h tho •<>p<>n<ihil•tY fcr rrod"ct ,,,;[ie>!lOn ""'"d 
<onnicting and "'"" holming inrdlt·ctu>l demand>. A' • 
r<>ulo, '<<ifLC"<in•< and v>l~<!><iu" 1 ""'&«1 "an "'""Y 
1<quir ¡,.~ md" id"'' cmpha>Í> and Le<hnolooY "ir hin the 
,.,¡,,. .• ,, r<<>i«t. 

\' orifKoüon anJ 1 o lid>< ion t«h<!Oion, ., il io lp~ho{ 
to <<><l>y'r comrl" ,.,¡,,.., projcm. h» '"'" charoc· 
1 m!t i<' Lhat shO< ply CUiolf>l\ WÍth "'Í~Í!l'l pr>CLi"l. )·ínL 

of al!, '""i r.cation ""'1 ,.,¡,da< ion "'"'"'dolop« "" """' 
apphod "'" ll.c cnti« ;oft,.arc hf< cyde bcforc •ofl "'"" 
l<'ling ~<¡;in•. Tb<>< rm«lin¡ ><lhÍIÍ<! l)p><:ally inclucl' 
«quircmettU ,.,¡rL(:ation, de>ign "''ll-ohrou¡h>. dc.i¡:n 

q<~alit y ""'""""'""'· intcrfa" '""'rol ~cf"C.Ition, codo 
in>pccli<lt••· nnd '"""'1 ~c!lgn "'"''""' noi> ~<O>d •r· 
rro~<h "'' ln•pi:cd by the rc:•l"otion Lh:u "''"''"' 
di.co' <t«< urly in th< lile cyd< ><< 1"' ""''' 10 coma . 

Sowndly, tho <~n«pl of tes<int b•' und"o'OO< sitmfi­
cant "olutiona, y <h>n&<- lll>a> "'"'""" .1 hi~hl} ¡i¡o<ous 
funcoio., in,-o¡,.¡,~ 1 '""''lized pl.lll< n11d ¡orocdo«>. Th< 
"" nf outomaled 1<>1 1ools ~,,,,\.en >om< <tror•rrone 
Op<rotÍOn> OUl Of hurn>n hand>. 

Tbirdly, formal l<>tLng ;, nov. p<1 r o<m<d ~)- an 1 TD­
that i>, "n '"~<rcnJ<nl 1<>1 or&>Hil.ltLon- which rcporu 

"'" t ' .,., , .. >) "' """ '! ~- <0<1 I«E COI.<PUHI1 
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olirwly ro rh< rro)«l mono¡or. 111e !TO norm~IIY O<:· 

cuploo n r,.,hl<>n In rh< pro) ce 1 ~~ ~.lnlrorlon lrkrordry ~n 

11ro '""' k•ol .. 11.• '" rr~ "' <J '"'"r"'' '" or ""'''•llun. 
On •rrr l.n¡< pro)•"'· lh< tll•lomcr moy rnrploy t 

•<rlfl,·•rlo" •nd >OiiJorlun conl ro,ror l'rhO lo lnJcronJcnt 
of lh< proj«r or¡¡anizo1ion. 

... llhou~h much m>lr¡n<d in <<"<<ni ;<an, ""'"11 «· 
main! rht buit pr>;;m•lie ><ri~oolion And 10hd11ion 
mcrhani>nl on th< !ofowar< pro)<el, d "P'" «na in der.· 
cicncic! r<¡>rdin¡¡ fumd ><rifi<'>liuc. aod lOiidooion. 
Thi< arli<lc "nph>>izc! mo<lcrn 1<>1in¡¡ a¡.proo<l"' ~ hich 
ha•• •m<liou•.rd man•: of lh< r;rl;<r dcndendr> thal 
r<>ull<d in unrdiable >Ofil'O.!< produc". 111< ptcscnl•· 

rion br¡;in< "'ilh a rigorou> >Oh"''" con>l ru<1ion >nd '"' 
approaeh which ..,lidar" th>l lioe >oh~·arc rnd il<m 
>ati>~" 1lor !p«:iro<d roquir"nen!> llld ''"ifi<~ th>L thc 
rnd il«n )'CrfUIIrl! a<eordrn¡¡ 1<> L~r< dc51gn. Tire nr.l ,.,_ 
1ion <x>min<> ou!Om>l<d 1<>1 iog 1 f.rough on "'mrl< ap· 
plication of an aulommd L<lt 1001 ond tiren con•Íd<n 1he 
ptojrt~ed <ffrcl of a~:omarrd IWin& on hle cyde tom. 

Thc ll>irJ ><Ction '""'-''"'''" verif">rion and '•lidation 
"'iviLi<i """ tire <ntirc ,orr~·>re lif< e y, le and l<OJ> into 
an expiar nti!ln of fu¡u¡c tr<nd>. 

Control ol sollwnro conslrucllon ~nd lo~\ 

We will n•mine a m<tho<l ol whwarr con>truclion 

•nd 1"' thot 

• ><gm<nl• • comrl<• •nftwar< dc··clopment in lo more 
man>~cable 1 uncoionol e\cmenl!, 

• "'"'"'""''" l-ey [omctiurr>l <·•roO.Iil i« "' ly ;., llrc 
(C!Lill& a<liviry, 

• malnloin> • vi,ibl< <Mn«<~m h<l~«n 1"1\n¡ ol\d 
•<lfl ~·nre «QIIÚnrcnl•. thu< fmmrli rin~ tire l«lin_¡ 

'"'"'"· ·.,d 
• \¡¡rn>> Llo< l>r01lt of o "'Y eflwl" r"•)«:l plonnln11 

nn.J COO(I o) •trole~y, 

Th< nprto>.ch u .. eribed horc "'"' n1 i;ino\ly d<> rlopod at 
Compurcr Sci<n<<> Corporo10or.1 ond hu b:en rr foMd in 
it> opplitotion >1 Hu¡hb Aircnlt C'onrrony. iloc••J>c of 
\1! conrbincd tcdmic,,l ""J m••·>ocmenr .,,.,;,, thh con· 
«rl h" o powcrful rffc" "" ordcring th< 10fr .. rc <On· 
struCiiunllc>l pro«"· 

Hui< •pp,ouh. fisurc dcpict! a ><'fl~aro :oo1 pr<>­

"~"" lh&l i> 'i1ibly <onnec<cd to thc !<Qui«mrn<>. The 
prn«» ¡, dri>en by • Lool calle~ thc >!'"''"' >mfitcrion 
dio¡,~am or S VD derh c,l Gircct\y [' orn lh< >OIL" or< «qUIIO­
IT\CII\< >¡=ifóoion. Thc ~VD '""';"' of "'"'"lu';/rc. 
!P~"" olcrr.cr.l< caJI<d llucodJ' th>l >r< "'o<i>Lod """ an 
Klcntofiabl< funct<on •nd >pcdfo< ¡equircmcnt<. Ea<h >lim· 
ului/r<l¡¡on>• dcmcnl can ~e n»r:rci into thc d«i¡¡n lO 
idcn1ify the >r<Ófo< >ofl""" module< which, '.\hcn ex· 
«:¡:LOJ, pcr forn11ho f une Lino of lha< lht e>J. Thu>, a b¡hly 

tr •nulor rd•<ion<hip 1 >ill 1 bct """ ll>< fu'" Lional rcquio <· 
mcnl! (lh< lhr"d<) onJ lhc dr"¡;n (lh< moJulc>l. boooming 
1hc pdmary "'""'by"' hi<h lh< >oft,.·arc dcv<lo~;noo.t r>n 
be accuwely dcfrnc~ and do1<'¡ Conlro\lcd. > 

Th< n«l >l<p ;, lo allocal< ,,,,,.,r;o !lorc.>d> lo spcciflo 

btrilols, A butld rcprc>entl o 1igniflranL ,..,,;,,¡ lomo ion ;ti 
<>rability of th< >)'l(<m.' Eoch i"<""'""'' bu1ld 
dcmomtwion ;, a ¡>ar1 i•\ Jry ruu of 1 he flnal ""'"""" 
te!\. J:ach ouccc,i•< huild drmon!!<ation is o r<tmion 
"" of rhe c•r>b;lilie> of lh< prr,·iou• build•. Tnu<, a 

d"nonlii•tiQn of rhe fu\1 1) mm """" ally follo~' ~·~m 
lh< Í<H<~"""" o[ 11>< r,.,,¡ hmld inl<> 1he o,curnuloL<d 

r•"'""' ¡,,;'.~<. 

Fl~uro 1. ~rtworo rr>tlconotructlon p<o<odu1o •lslbl1 conno<lod lo roqulromonll. 
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Dtflnlnt l~f lhrudo. Tht ob)octl>t of lhc IYIItm 
••rlrlco!lon dlo¡rom-lho 1ool u\td lor doflnln¡ lht 
lhrcadt-h lo r<prc~tnl lh !Oirvoaro roqulr<m<OII In o 
tomplolt, contltltnl, ond I<!LObl< monott, Sinoo tho 'S VD 

'<!''"'"'' lh<te roqulronlrnh oo • •<rico ~r uionuluolr<· 
<jll>n>< pairin¡•, lntomlll<n> in, ro~un~•ndu, und omio­
,;.,., m•) bt ""oled "'h•lc ~""''?in¡ th<>t poirin¡o. 
1 mrncdiottly Jrufr:n~ on S VD for <a<h roleo" ol lh< 10ft· 

Jl,\,\0 U>'<JirR,CEIOT 
l<l\'1 IIOO!IU TRK, 
IY$ HM 'I<AlL UrDA>( 
lRK frU,OI!;;'LAYIA< 
CN O"RATQA-,; ""'U>', 
A'IOGU:lRAH 
0"0At0AAl(Rl 

11.) 1' All "<W TRK w•ul< 
STORW IN TRK rrl( U/llt'-S 
IUll 

Fl~uro ~.ldonrllylnQ o rhroad lrorn lho ooqulromon\0. Ropo.nccO loo"' TM ConUol ul' ~""'"• Tt>l Pro<; O',>.'' C) lbl><fl 
c.,,, ood l.<,. e Oon~'"'· Puxood"'~' CO,•PSAC 11. p_ :r~B- Coo1r'Whl ~ 1911 bylho ""'''"'~ oi Elect"cal ''"" Eleo:'""'o' 
[~~·'"·'""· 
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Flguoo l. Sy<~on> •••lllt•llon dl•~um spodmon. 
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,..,,. t<qulr.mcnu or«if,nlion h an <ff<<llvo •rpmO<n, 
plo>ldiu¡ mulnoum or;omtunlly fo1 fcodbac~ and fo1 In· 
cor¡>O..tin¡ feodb1dr. r,ndin¡o in1o 111< n<<l •d•"''· h 
moy aho IOV<•I o n<'J 10 con!olt o he <U!OOir,u obou\ 
),omofolO unr<eu~nil<rl opon ~<qui:(lmnl> '"""· Thuo, 
1hc SVO ;, oho on inlorm•l «~ui!<mon\1 «rif>CO!ion 
to<>L 

Euh >timu tu, eon•im o r ono 01 mol< inpu '' plu•anr 
condllional quatilioa; ooch "'~"'"" cou1i<1> of on< <>r 

mor< oulp<M rl<a cond111on•l q•,,.:iliw l'"">'«l os o 
'""'' of lh< input <'<01.' E>th 1\Ít:oulu•/mpun" <1<· 
meno or th1<ad r<pr< """ an idor.tir.able 1 unotion 01 mi· 
<lo·lunoti<m. E><h thr<•d ha> • dirc<t !<l>tion>hip to on< 
m mol< oofl~·arc IC(¡oi,omcn\1 (uou.,lly "' cc>l) ond ,., 
1>1« be .,,oci01ed wilh thc mo<!ulo! in thc sofowa" clcu&n 
IIHll itcctme wllich will impi<mml thc lh!<od. Tbe ~VD i> 
no•m•lly &<n<rated lrom Lk< roqui .. mon<> spocincation 
bofo1< thc >olt"'" >«hil<OILLI< i1 d<>ignod. 

Figo1< 2 >hO"> an oumplc ofLh< d.,¡,.,1ionofa 1 N ea d 
lrom requiremenL> !p<Cir,c>Liono. An objc;~il e i!lu!l<•l· 
ed h<~< is thc dcr.nition ol • tran>f<l lun<Lion which 
coal<><<> 1wo <•r mote funcLion,lly 1<fmd l<qu~rconcnll 
,.¡,;,¡, may PO>Iibly L<!ide in phy>ic.•lly "P"'"' """' of 
1hc rcqui¡ '"""" !pccinc>Lion. -¡ h< t<>l procedo" "hich 
-.rifo<>lh< >oflWal< mo<lul<> 1h01 im~lcmcnt thi> lhl<•d 
abo v>li~>L<> ilt< ~<quil<m<nto a<>odat<d with lh< 
tlol<Od. 

lñc onti1< "'"''"'"'"" sp«ir.c."ion <an be rcplO· 
>ent<d by • ><t ol th«od> loglC•IIy<onnecl<rl Lo c.o<b <>lllCf 
b) oHow> rl<llolong ><qnen<'. Ooioe o loen, a <ondilionol 

qu>hf,cr '"o<io~ed ~<ith the input c•ml of • :h,.,d i> lh< 
au<«»l ul compl<tion of thc f •n«ion r<P'"'""d by lh< 
prc>iou> lhl<'cl in th< !'qllcnce. C'ompkl< fun<Lion>l 
tolling of Lhe >ofLWal< i> ""·'""di! .• 11 ;>-'Lh> thrc•nFilLh< 
~VD"'' travemd durin& thc "" prograrn.• Fi¡;101< J 
ohO"'"' ' p<ortlon of an SVD U!Od fot o ~<«nt >o[l,.'al< 
_de>clopmcnl. 

l'l>nnlnf thc 1<11 ond bLtlldu~ pro<cu. Dmilcd lc>L 
planniro¡·, '"' \,,ti" ~ hcn th< wfl "'"e •rchitcot '"e don,,. 
lro& th< "'"""'e <>f th< rnodul" it ''ai!uble, 1 n soft ~are 
do o-do)""'"" >ponsored by thc De~" tmcnt ol D<f eme. 
thi> normol':'<otOUlO t. y thc tim< cflh< prclirninoryd<>ign 
,.,.¡,,... Thio lt>llcoml!uclion oppro"l' 1<quim a modo· 

101 >oftw,"' O!Chite<IUI< d••<le>pc.l lrom >ttUttUr<rl 
o:o,.gn 1"'''·' t>; <•LI1crwi><, lhc p~>ioi•.; dfcct i> cJ.hLt<d. 
[,pcrion<r •! -'"'' tllOt tl1< ,.,¡.,,;qu, c.or\.> ~di ~lth a 
>''"""" ,. '"t'l31ity ol ap~o,imotd¡' l(IJ llOL >OUlte 
fin<! ¡><l' h•lc. which m1y 1>< >e'~·':•l~cd lolct inlo 
oubroulil,_ 

ltt thi: • ·.-~."· t¡i,, >oft.,. ari: "" ~nd ·~·~ ,uur:1ion al< in· 
t<fl win~;~: "·::', <itt to'oi OHILI ,.¡,.,,, ~· ,; · od ><qucto\ i:tlly, 
Tlto' Oidc; "' i\tch th< >Ofl woie i> <6'" ! ' 1 r>l<ol, '"d 1) n· 
lh<<fi id 1: 0'''::iio:ly doiOliniucd h 1\l· ;)'>lOm 1 <1 ifoe>· 

tio:i dll~i~1' 1 ·~\¡J:j, ~c:iÍl<> lhi: "" ¡'ií'">''.lult _ Th• S\'0 
¡,o, ,o~:::i~«~ \~e >¡llb.i ¡¡,,~ ·¿bH>IC,"il'.bl• l\lhr.\luno 
"""~ ll•l<oth. 'rl" J<•o\U¡\L,""' ~~ tht lhr<•do h <•i<TI· 
~"ired. 11lO ,,.~,¡,¡., a\le>.:i,cd ~uh o.Kh ¡¡,,,,J "" 
c~dcd and 1<>1<d iu '" oo<kr'cmnrncn\IH>\' ,.,1¡, 1¡,¡, 
<•l<ndari»li<>n. n .. throad< "" l)"n:h<<ind in lo bisltCl 
OldCl ><Clion, e>Ucd bl!ildo; •och bo1ld in<lcm<molly 

dcmonm•l<> o >i&mr"ant pollialft"''' •onal copabilit)' 0 ¡ 

;-z-; 

lh< oy>t<m. Thl• Plocm t"lmlnote> ln 1 d<~non>ll•Linnof 
lh< f ull 1)-<l<ln ..,¡¡¡, lhc lnlc¡;lltion ol ¡he IO>l b"'lld 10 the 
occ¡¡mulatio~ ni boild>. 

Th< tl\leod 1 unctional ollocotion chal\ >hown on Fi¡;o~< 
4 11 1 convenicnt mcd'"ni>m r~, fe<ordil\1 thc ~<lo\100· 
>hip< omon& thc Lhl<>d, lh< r«¡uil<m<nL>, ond lho onod· 
ul<> implcmcnting thc LhlOid. An cllim~<ion M o hnuJ 
><>lO flom J lO 5 Of.tlo< ¡><aon-<ffOll l«;UiT<d lO e <>de, 
eh ce l. out, l<!t, and int<¡1at< ca eh th1<od ;, cnt«cd in th< 
column lal>olc~ ''complc <1l)' ""'"-'' A 1 oting o! "Y' Ln· 
dicat<• thc onu>t con, pie. ""d ''l" Lhe >imp\c!l. Th;,,.,Q_ 
jcctivc m'""" i> ba«d on th< volum< ol e o<! e to be con· 
>troJCt<d, codc com~le•ily, >nd compkx\ly ol the inl<l· 
f>« ~ ith oth<l Lh«ad> ohc•dy int<¡~atcd. Arrlica•ion >L 
!lugh" A itelOh Compan)' l"gely >uppollo th< Comput· 
"Scicnoe Corpor:uio" '>Pet i<n« that ,¡,;, <>tlrr,alion p>· 
<>m<lcr 1• m<f ul ""d lin<·" .1 

lf thc •Y•Icm ),as nol bccn complNcd by the 
~cltedulcd d•t~, thcre ,.;n oti\1\Jc lh~ nudcn~ 

of a o)stcm lh11l I>Crfunn' fuuclin111 "hich 
me dcmonstra\Jlc und Ol'cratiou~ll) '"dol. 

T "'ocon>id<lalion• ,,. pa!>rno""' dudn~ thc "''' '"P 
'' lhr<od> are ""igned 10 ~uilrl> or.d complc•.ion poinll 
arc ~,·,i~naltd within thc .chorl~tk r•"''d: 

• Eorly imp\cmcn~ati<tn of Lho•e liu<,Ld> <ont:1min~ 

thc_hith<>l l<chni<al ,;,; ~-"cid be ~<>ir>b:< lo1 mo>l 
p1ojett•. 

• A sy•tcm 1lt>1 ¡, loeically compkl<, <><O tbouth not 
hm<Lio,ally complot<, >hoold bo 11« nbjccü>e,. 
<MI) "' po,lbl< j" Lito buihhop ><bO<IiLk •1 

Thi> i> \•O<ieally •n Í<toplom<nHo·>-locd"l< >l~>l<~Y- lf, 
d«pil< 1\oc b<>t of dfon>, lb< cr.\\r< >ptem bo> nol bccn 
complct<d by thc >ehodul<d d>t<, lh<l< w•ll >ttll b< oh< 
nudeu1 of • >)>1<10 ihal pedorm> fun<tion> "hich uc 
dcmoo!trahlc ond op<1 "ionally u•dul.' The <u><omcr, 

undoubicJly, will h< r.li1rk•"d_ llo~e\Cl, hi> rli>ple>· 
'"" 010>1 h\.ol)' ... ;11 "' r •• '"'\han" ~uuld bch:td ',, .. 
Ol~>nl!cd opp,Oa<b b«n u!<d 10 complct< lht >ame 

.,.., ....... 
" 

--

"'"' ~ •o '"""" ""' 

---· 

"~"''"• -1-_ .. , 

r 
' 

~ __ ¡ 
' 

Fl~u<o ~- Ttuood luoctlonal>llocotlon ol~>rt. ro, • mlloi"Y •lon~o·d 
•Ollw•ro do>ol~pmonl, thl> chort "111 '"'i>ly lho b!oo m011on ~~nl< 01 
••~ullonoonl• ol l}po C-5 Sp~<>l'colion, P.,o~•.rn 3.u ¡rynot'~nll 
llllocotlon~ 

' 



~3!f\d\'10:J 

·U] O¡ (>U~]\OUUJ )O'I~]IOJ><lo pu" <p¡¡nqnp<>141 

U».•l l'l) ,<10jTIU" ><ji n \ >np) <l>i(TI<I. UO]<>]W 1."0)1~ o 

puu 'u~¡<>p ><¡\ """"':JwL 
u w~\ l!u]~J"" .lq puu '""'""!"b" »]J>!I•'> W'l] 
pu> >'.¡l "4' ~u¡I<P!I" Á4 uon"P!I•·' pu• uop.o~ 
·!l" l>.>IOI<J >JO-'" \jO> 01 Á U)TIW!Oj JO >>J~J~ O <1u¡>q o 

"<>>>n=>> ¡>uue<l><l ~"""""11' Jo¡ <]«q 
< IW ,,_,, ?li0 >OU>nb>< UO]IOOJISUO> >jOpOLU <>UljJp o 

'pOOI>J>pun .\¡!"' '! "'ll "'' 
·iiOJd ,,(oJd JO lt"LU>J11"><ll I"J~ULUTI>Ill O !op]'OJd o 

·>ro> 'lq"'""" ¡u '''l!q "'"'" '1'"' "11 >>>~o¡ 
'"!l'l!q•d 

·Ol (OUOI\OUOJ Á>, JO UO]l<Jl<U~W>p Áj"> "P!AOl~ o 

'<>pn~•nb ;¡qtl<>l¡p u¡'!'''"~~ pu• '"!'"' '"ou• , 

\¡ ">i•J'U>q JO J>qu;nu 1 "4 p>ssn> 
>!P >1<'; '" 4"0idJo ~U]>I'l p<>l'.j\ >~J. '<IIJ>U>U 

'"»~OJd p>UU11d '""" <>>J~OJd 
1"""" ~"'"od>l ¡o >u•>1u p<Jo;mpun ~~"~' u• "'!' 
·OJ~Ul:',Ju 0]\ >flp<l:~ p •»o;1 "/\ '•"'U 'I>U/1 p>o¡«~ U) P>l 

•)o>¡~ )~ ''"' '='' HO]I>O!"' Od 1"11>0 >4\ ~>!~" l'U]<h l\Ol 

tmi""P''"' r-"llto¡d >~1 'l"""d" out¡ PilO> ·'~1. '''""' 
-<IOI">P >J>~IJ<•1 >LllO' >'11 JUJ 7 ""'!.J IL! u,n~l uo1d 

uo¡oonpoJJ P'"~' • "'"1 P''l"""""' >q A out "'IJ N:••q 
J~\ 'Pilllll ~><> ~\ P"''!" 1t !lLUn .(lO<>¡JUIOJ JO J)qWnll 
>41 !U]<n 'IIO]!>jd\\OOJ IJ>[ood JO lln,O>Ul • <IUO>>!~>l 

Olj< uom¡dwm P""l' ¡o omn>w 1 '!UOp>un¡ ¡ouon 

·IJ>do I"J"" 1U><>l~>J 'P""~1 >10\!U 1!"11 .\q »U!S 

S'l-1¡ 

'Uj0¡>0UI04110J UO!l>OU<UO> JO 
I>PlO >ljl <>U!) >p OljC m:¡ J Pl!"'' "11 '"1 opuw >JU>\)O< 01 
P''"!il:ll>>llp S] po>lq¡ lp<> >ln>>>!l '!\" 1 P""i' JO UO)< 

"'"""' U1 !1U>A> ~"!"tt!Win> fl""'"" 10 1""''!' >q i:<UI 
<l"l Uotl<1l<UOW>p P1111q >~1. '.(IJ'UllOJU] p>l'>\ 0<¡1 'J 
P""4' 4'"3 -uo!'"""' '!41 u¡ '~"' au¡au¡w¡n> l"'nl'U 
• ,;¡,,w '! o·s 1 Pl!"!l •• supm>:>O l!ll)<J<¡c10I >41 ¡o 1<>1 
>>uood>»•t•uu >ott '>PI!Oq '""'-""! UIOJj p>l•¡nwnol! 
"!'!l!qido> >~\¡o 1!>1 uo!""~" • <! puo »!l!l!q•do> "'"' 
>tll s ll>l copo ll<IJO\'f >p Pl!nq o¡oq "<p¡mq '""!"'d JO »!1 
"!1!'1 ''''"' ''!l<IOWO> >'ii<Ui<\UO)-UOI~ I'I]Oq >41 UO < . .,01 
·l•11l]I"UUO> >\j1 AQ P>IOO]pU! )U>I>> >41 o)-pU< UOOJS.(< 

'4' 01 (•p•>J41) mo¡1>uu¡ '"" •rr• Pl'"<l 4>r:J ·•ou;nb>< 
8u¡m>OJd >ql J>40 j0l)U0l >AO;>•J>\C) lO)!J>dO >p)AOJd 

pu• <UOI!~WJOj<U .. \ 0\~p >['"<l >41 )U><tJ>¡dJo< 4'!~" 

'""!"'' n¡ r<"0!11PP• PP• o·; 1 01 o·¡ •nna "l>>[ord '!~1 
JO) UIO,(< >l>¡duiOl JI\Ol]~OI< ,-,10)01\UOl <]o¡j_ ·po¡J>d 
UO] L"IU>W>I<!uH p>;"P"l" 0\ll OIC) .lo~ j[oq UO" \ "'1 !JO> 

·:>O 4'!4"' '0'9 p~nij 10 P'"''l'" S! MOU '"P ;>U>-Ol·pU> 
UO JO U01]'1UOl1"ldW! •; >Jn8!J UO lldUIO>l UY n UA\Oifl 

IU>wdoi"'P """'\)O<'"''"" wor¡ u•¡d Pl!"<l >41 u¡ 

''P""il >4\ ¡o '""nb:< >'.;1 pu• '>p¡onq 01 'P"'41 
¡o u o¡ '"'"11' ''1' 'J>'.jlo 4'" 01 <p :1oq >41 ¡o ~1~'""!'"1'' 
041 '<PilO~ "1 1 JO l><IO<¡h'll >41 !u:pnl>"l! 'JIU>Al l<>I¡UO¡I 

·>nJI>UO> JO »U>O~>! >41 Jo~«>:' P"l''P"'I" 11""0 

"' r>p¡,ord w"1'!P 'I'U '"'1~ p)!nq • u o p>Á•Id<¡p '"' 
""'1• p>q!'"'P uo¡¡ > ~u¡uu•¡<l o·.¡: ¡o ''1""' >t¡l '¡»¡.< 

'luOp>unJ¡lnO¡l•J>dO 0\U( p»u.>n~>1 Ájl>plO 

lO""!""., ... ,¡,., ""'IP ¡o !"!"!'"o' ;po> ¡o ;uon¡o4 

----... 

' 
) 

' 



• 

l<rr.<t <arlicr in 1 he tCitini pro.·cu. >crutini<int por· 

fo11n•n•·• '""'"· 
·ro "";" <>l<nl. our Jrterl¡•<lon of thl• •rrro"h ho 1 

unc\mtoO<•I <he n>O!>¡>Inio~ of n>toJcrn "'fP•M< dc•d· 
<>rtnrnt ptojccu by odJrc«iO>i • >ofo~•« >)>1<111 o> 1 
>in~k clc><lupolcnt cnlily. ~.131\y '"r'"~'' projc.;\1 tt< 

· '"" ¡., gc ond lhc «hc.lulc> 100 1h01 1 lo~< nlanagcd in thi> 
b•hion. Tl>e >~flv.orc >)<l<rn i< dccon1po1<J inlO >ltU<• 
tu rol dcn"11U !ha\ are <1<> dopcd j;, raro Hel and ore c.·cn· 
tually intc¡ratcd to r<wmpu>e thc >)">1<tn On mil"" Y 

"""~"~ ;ufrv.arc dcwloproocnrs. thi• <lcm<nt ;, rdcrrod 
to., thc CPCl. o he comp .t<r proerom cor.(,fu• >tion i"m. 
Thc >Oft"'" ron.,ructi~n onJ 1<>1 pr<>.:<>! d<>m~N h<t< 
;, on dfcdvo ap~roaoh .o booh 11"1< CPCJ a.~d >Oft,.o<e 1)"<· 
«m k> ch. Proccdutcs ler IWin¡ •od in\e¡;t31ion ,¡ thc 
systcrn lc-.1 may be po;crobcd by dcnning !)>l<m·l"d 
lhr<>d>. TOe« hi~h-l<>d lhr<>~> ~·ould be correlated 
with r;pc¡, nr >obCPCil in liou uf mo~ok<. 

Aulornalcd los!lng 

lño buic appro.ch 10 s.ofov.orc '""" ruction ond !<U· 
lo~g •omm>ri1<d in Fi¡:ur< 1 prmrtb« ohat 1he 1<>1ing of 
cach ti" '·'d incluclo thc ncr<il< of all palh ><omcnu in oh o 
O>'O<i>O<d tnodulc<. Thi< i1 on arnbitio101 goal. rcrhop> 
co;rl) Lo alloin. In lhe<li"""'"" oh" f ~llo~ s. "-'«>rlutc 

•he "'"'''""'"" fut Lhi> cobj«Li'< a11d dcollnmtr"c o,.,.,¡ 
"hich hd¡" lo achic" ""' r.o.ol. In ;,ddilion. lro•n con· 
""'~'"'"'Y ntojcel npcdcn<« '" pr<>cnt ecnain quan· 
,;,,.¡,, ~.,. whi<h cxplain thc brno~t of thi< appro;rch 10 

"'¡'""" hfc nck com. 

q-2-5 
··--··----·-·-

Al •ol•wor< 'Y'""" ~rcw lo Hl11n<n>< prupouion1 in 
booh ,¡,. ond cntHple<ity, thc dfnro nwlnl to t<!l "'"' 

'l'''"" ¡rcw ""'" th.11o P'<'l"•tti~notdy. ""G11illll~ 1 
""" opplicol ion <>f huno.,n "'""'"'· ·¡ ¡,¡, n¡•¡•ll<o""" 
h01 hw• CO>tly ond no\ r>~ 1 kul•rly ciJn·oi>c In ""'" of 
lh< t<l,obilit)" rr~du<ed. ll<IJIII< "'""~""'" of u~ 1<> 
holl nf lOfP•orÓ dr•clopmctot hud¡c\! lu¡ lcnin~. o 
1i¡nt~con1 nu m~« o( rrro" remo in«! '" ~eli'<rcd •ofl· 
~ "'· oltm ""rcly dct;rr ing 1\otmal ly>t<m opcr atLon•. 
Thil O ilemma in>pircd 1 he dc>elopmcnt of a·JlO\OaLI< tO>I 
LUQI< 1hat ,.,;" io thc 1"''¿""'"" of df«LL"e L<!l> ond 
oo<llyu <he L<>t r <lllll>. 1 n c l><n«. tllc¡ t>l- e much of th< 
timo-<on<urning. tnochonirol "'P"'' of I<Uing out oJ 
human hand•. 

Autornuic 1<>1 l<><>h providr imp,o•·od orraniuoion of 
t<>ting ohrou&h aulomauon. mo ... urcmcnl of ""in¡¡ 
covororo. and imrro•od r<li.!bilit)-all"~""' not ., 
ca>ily am.inod by '"'"'"' l<>'.ing oprro><h<>. !l.utorna\10 
lllol' f "'""h m;cchinc arn pl,~e<l oon o f hum :en < apabtl" y 
.nd «liovc '"' p<r>o11nel uf rm:tir,o lirnc·<OII>otming 
chor<>. Manual crrur-<h"' ing. for cxarnrl<, i< '" error· 
prono pr~<>l. •utomol<d <rrot-cl'.ccUng ;, more rcli· 
oblc. !.lud~ot and 1<hcdulo con<idcraBon> [O!<Cio>e on tho 
>low. tcdioo< proc<n oltn•nual IC>:iog wioh tho '""'' 
1h01 thc 'olumc of tc<ltng ;, oh en in<uf(,d<nl. Rdiof i> 
•••iloble throug~ utiOt>lion of automa<cd 1001>. 

The comrlt 1 col\10111 of l.or~t >oft ~aro >¡"11 , • .,,. r ,~,;,e> 
tlt< 'PPii,.'tiOII nf """Y 1<>1 ""'"\o lhor0\18\th C\<1 cile 
thc code. G"tcrating """ IC<I '""' •nd ,,,.¡y,ing tho 
patl" ucrcised lo dcownÍII< ohe """' of oh< t<>olti"S 
1«1 coveragc v.oniJ quidly"«'~ h~n,an c•p•<•l)· Te>t· 
in~ ald> can in<lrumrnt o he rode. moa.u1< o he cnvcr>g< 



~"! 1n~ P·'P JO.»J "'"P •'~"'·' 'o> >~l ptto O!cq "1'"1' '!''1""" 

'!'"" >"!1 "'" '1"<'"'" ''U "'1""~ ~"! "'' "l'"·"P "'""" 
~!<110 ~li'>JWúUO'> 1\! ~ \Uql "ndUL l'>l JO \\OJ\>0(>< >Lp 
"' puuomd !tlJl<>l <~¡c>¡npol"~-'"O"'"o J<O> J<JI "U. 

"'"'""~»><¡p 1u1nnuJ 
l<ll pu• ¡1\<l¡no ¡<n\J< ~'!" (>I!J O u¡ p>LOI<>l~) "!'""' 
UOJ>O"I"" p>¡¡ddn<-J><tL .lu< .lq p>HJ>W~no 1n~1no ""' 
·l<>l P'"~!'!'"" >Jo.lwm <>">1~ Á<W >1nrow '""'1•"• >'U. 

"<UCIL)UIOJ< UO)ll><<• 0 

pu• '"lq'!'" ¡o"~""' •••r • 
"p><l"'" IOU I>OUOnbOj JO HUI)<L) 'P""'"" """nb 
·O! JO oll'lll>">d "P"'"'ll <>>•"nb.>< lU><HJJ<J< • 

"P"""" "" '""'"~' 
JO oloouo"o'l '.louon~>JJ P'" p>ln>»> ""'"'""" • 

h¡pnpu¡ ·;~'"'o' l<>l "" 
UOJlO\UlUJUJ <>q<¡Um¡ 1 JU<lOJ <Jq.l ")JOd>J p>OUJl<l • U¡Lt l 
·Old pu• UOI)O>"> wOJlud ~uunp ·'I!J Ol<JP>LUlOlllJ u o u¡ 
p>p!OOOI 'l~p<np> puO <l<WJOj ] 1 "UOJ)O>.l" "" lfu¡J Oql 
J>IJ~ lO<U>OJdJ<Od O i< ;uOo)OUOJ ~J"po''-' "' {¡DUD >'lJ. 

"P-''""" <¡ ;luwo '1' r"< 'll<nq " o"l•u•! >(<¡o!n>> 

• ., "" "P>IJdtuo> '! opco >>JM< p>!uownn<u¡ '~.1 "'1'1 "' 
•!p>UJ!)J'J! Uo O! 'I<U!l< puo "!"!101< O>UOWJOj l)J W<JS 

-<>J~ p!O.'>l ru< ""!Od ·"l '"UOI)OJO" jO "CU >ql ld»l>l 
-~~ .. »1<•!d,, IQ <l'JoUIOlm ""1' "UOJ)O>»> Juo '"U ·>pO> 
>'JMI 10~!.1: JO >ql ll',ql¡" 1\U.'t!l'l"l< ¡•u u¡ IJpp< ~Up '"U! 
Á'] J~m.'OIJ»~ 0 .. "" >¡nfOUI UO!IO/U.JJUn'i(UJ ><u 

·und" r''""d • '" ¡odln<> •oJ P'"""""J P"" 'IU 
)!Oq·•IOP O Ul P" n 1d•J ;¡ uUoJ<UllOJUO <1~ l "tur J!oJJ Ol[l 

JO""'·""" ""'1"""'1 >•11 jLL11ÁI"'" pur "'"'fln.,,otp 

1<>1 J" ""!""1'"·' ,,. noddn< '1'1'1" '"'""~" 41od "1"! 
, oupnnl '1'" *'!""1111 ood ¡n """'" PIM" '1''1""" 'i'l 1 • '1 

·l"·'!dl 1 · >Í"" "11 10 ""' '" "' ·'1 '"'' >oll"' '~'"" -'1"1'"'" 
<r"¡nlm.!IDIJ "I.L "('"''JI "l pJtU<Il"''".'l' ,,. IUJ\1\ 

··'"") >•>•(1 """'Jbd l"ll \ VS l•·'I•IAt • J<>>lll>tU>¡> >'ll 

------

.,,, 
l<ln>•l><d lOJ <l>< 10~"! ~"!·'!"!' P"" !u!"" >ql ~<11 

·>¡uo~m u¡ P!• 01 > uo~, """"!"' "" J" ""!"""'~ • 
pU< "<lJOd>J Jo uop• '""3 puo <llh<>J 110! JO <t<.ltou• • 

"O:i"'"" u¡ l-'< pu" p>!OOtU<ll 0>"1'·' pn 

¡»Jn»<> <IU>UL3>< >ro> UO UOJl"'UOl Yl•p l!Wl>d 
lo•¡J>poo »JnO< >qlO\U! <><101~ >Jt "1)0< JO UO!ll><ll] • 

""'""" •1< •~tP puY 
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~UI>q wo;~O¡J 0~1 jO 1'>1 O>lJ>O< >1\1 WOJj UO!'"UlJOj 
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<><<UIIon. •~ ¡u id e th< ""'" in the P«rnrltlon o! addl­

'"'""'''" '"'" t~ • ., ewciu p>~h> in lh< prorrorn not <>· 
«Ul<d by pl<'iDU> 1<11 ""'· An ai~Q!Ílhf!1 d<tWI 
otatem<nl! •nd br>noh<> not exer<i><d >nd indLCot« con· 

ditiom """""~ to ''""'" thot pa<h. 

T 1plul ·~~lintlon. Thc sequen« ol '''""in tbc tolt­
"''" te>tinJ p;o<edure with th< >id ol •~ SAS Í> >ho~ n in 
fi¡u« S"' <"m?lt~<d b)' tOe <>p>btliti" of the RXVP 

1ymm.• The ind"·idu.tl box<> def•nc t~~mr1 ::e >l<p> in 
thc opcr>Hon, each prod"""O outpul> rh>t fcecl >ub>c· 

. ... 

quent O!'<Utlonl elth<r diw:-dyot throu1h upd>l., lo the 
contra! data bo><. 

Thc eomplel< nperotion <hown in Fi¡ure g co>ert lh< 
nve SAS functio"' li,ted earher ir> t his <lll<UI!ion. Oclow. 
caoh identir.ed !l<p is dc>O!Lbed in t<rm> 0 ¡ ;u me ol thc 
out pul! ~ener atecl ond thc pur¡><>l< ol tho>c out pul! in the 
tuting prO< m. 1 n thc clmription olthc>< o¡><1ationt. the 
oubroutine SOL V F. i> t~c <Ubj<<l of on•IY'"· 

. ox'" ;, • ''~"""''"" "'"'"" '"'''''' ,,,.,~ ,, ., "" ""''~·· 
o,'"""' R,..,.,,, '""""""~" of s.,., "•'''"· c.:,ro'""-
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Srtp J: Bw¡/dioz rh~d>la ~"''· The 'Y""" «•d• >ourte. 
ccxlt '' ;, in~ut. Sin1pl< commond> .;, aho •urplicd •• o 
O<pÚal< input f1lt o o dirw thc ~r"ation•. 

The ')'>t<m for<l dtri'<> ¡., do" ~"'" f¡o¡n lh< laureo 
codo. Lino numbw are .o!l¡;r.cd to 01ch lino oll«t; th< 

CO!oUOI '""""" and !}"mbol• "" idcohr.cJ; •nd o 
dir<Cicd ¡10ph modd ol lh< cunl rol !1 ructorc ¡, buil:. '11\C 
1<1Uioin¡ infunr.otion ¡, !lornl ;, tll< d•o• b"' ,¡,,,, 
beco m" ol>t cootrol:eo.J copy u 1 1'\0~ul; t< <1 "' wdl ., th< 

"'""' of all outpol> z<n<rat<d in b<cr '''~'-
The control >trUC\U« al a module i> der.ncd in '""" ol 

the I<<¡Ucn<e ol """"''"" lrom tl.c ooJ\OOm< af a dcd· 
>ion throcsh the "'" domino. ·n,;: ><quen<< i: im· 
medi&tdy <xecuuble, oo« lh< ini:ial decision outcome 
h>l b«n cv>lu•tod, .nd i> th< b""" lo,ical ••t"''·" al lh< 
control"'""'""· The >equeo« i> colled • dccision·tO· 
dr<i!ion path, or llll r>~h. 

Sr.p 1.- hori"<I"K do<"~""'"'icut repom. Aner IIK: 
daoo ba" ;, <r<>«d. th< dooume<.t>lion r<porl> ore 
r<n<r•«d. Th<>< rtf'O'" r<UI id e inlo,matioo oh>t .. iiJ be 
""~todo'"'""" lh< code •nd LO •id Lil<l«l ¡;roup '" 
'""l<r!talldiog cu~e ol¡,anit,tion lncluJ<J '" sev<cal 
re~ort> dchne>Oing the io"<><OLtion hi<ro!Chy ol th< 
modules •nd lh< rnoduk I<J!. 

ri~ul o 9 >how• ti" module 1<>1. n,, 1 e>! ola module •• 
!\01td on <t.e J,1\, ~;w "th< "'"'" ol tbi, oeport. lile 

ldiiHol\ colutnl' '""'"'"' lh< !I.Hcment """'h"- AdJ>· 
con\ lo 11, '" pa«nlheses, i> • ne!\:q l<><l numbor Lhat 
id<nlifo<> nc>1in~ dcpth lor ohe '""<'""d hn¡;u>~<>­
N<«. Ll« "•t<mtn\ i< roio1<d, imlor.ted "'""lin¡ to 
ll<llin~ lcvel. Ft•l <><h '1.1ltln<rllli•'l1 "'""' IJIJ pMit, 
the pl'th oumbCt ;, print<d '" the '''h:mo'l rulumn Th!! 
moduk tUl'"'"'""'" lh< ba.<io modulc·~mtiptien 
l<(><>rl th>l ~¡,,. lhc '"""""' numbm rcf<tted lo in 
~thor r<¡>OII!, 1 "" the f ull mo<lul< "<:, nt>tl td<ntir,., o\1 \)\) ,,,¡,_ 

.~/<p 3: Madl'l< in,nmomtal;an. Co\l<toion o! pro· 
¡ram flow ""'¡"¡" is laci\,,.l<d ¡,y ;~o ÍO!IIummtalion 

"¡ the !''~&'""'control""'"""· Dlc !!'"'"' """';"" 
tho code ond ""'"'""'icaily ;,,.,,, n calllo a do" col­
lwion "'"line oh>l ;, ino·o~ed cado 1 irr>< n '"''"<>\ br .onch 
lo oal.cn. Whcu o !te in>ll'\tm<nl<d coú is U<C\tlcd, the co\­
lc<lion routine not<> the nod"l' and <Odt ><<IÍon <>· 

ccu1<d ""d b"ihl< up a tlat> file ltom v.hich oh< tos\ 

ono.ly1<r gtn<r>l<> iu rcrooru. Typi<o\ <Onlfo!. for lhio 
'"~ al\ow ><lmion of modul<> ond de r,n< ;ho i<od o! in­
>UUmcr.lotioo. RXYP ho• \he option al ''"''"""nrin& 
coLhcr at 1 he module entri" orol)' or •1 eooh control br>nch 
poi~ l. indudmg mo<lu\e cntri,., 

11 more d<1>itcd p<r forman« >1.ri.oic < "" ¿"irtd, lh< 
n«l \e>el el inmcr~tro101ion pteYide< d'" eol\eotion 
<alh lm <Mh o«iorm•<r" !Lnl<n><nt, pmrliLtin¡ a <om­
pl<l< "'md o! oh o v•l;,., "md duri113 <>e<utton. 1 hi> 
lcvtl o! inll ruooen<aoion "'~uld normolly te •P~It<J only 
lo ><i«t<d module! "h<r< oh e mo« de,.ilcd iof otm•lion 

¡, neodtd lo'"'"" tha\ '''""i '"'"'a pro;:-ct ron¡<,¡ 
compuLatiollL'I r<<ul"-

Sr.p 4: h>t ""Í>IJOU. Al !hi> polo\, o m in~¡, rcody for o 
"'o!"" <•"•· 11 ¡, auumc-J 1h01 somo formol prior 
I<!Lin¡ hasi'IOd"ccd • 1<\ uf ~url.illg 1<!\ '"'''· At lh< 
nr" qolo of I<!Lins. th"' <>i!lillg ""' o r< OAccut<d witlt 
oh< in>I!Umtntcd cod<. Al\cr the>o initi•l '"" •re •n•· 
\yL<d ·and thc re~om <utnined, lhil !\<¡> ~m <nllil 
F,<ne;'lion of nc~· or on<>dirt<d ""<>><<as needed lo 
achio·. < '"'in~ ~o>l<. 

S1~p J: T,.>l necu<ian. While th< in,.rument<d cr;de i> 
running, il produce> ns ncnna\ oulruu ~nJ inw:oh• the 
d>t> coEWil'n fouoine. 1 n its 1implo>t r .. rn,, thc da~; tOI· 
Iecllon ro<HÍI't tn<r'l)' ~111<.0 o tr.oc< ftle ¡l,at rrwrds ,,.,: 

~<q"""" ,,¡ IJD pati" "'"'"~d '" th< >oqu">« of 
>ariabie \'al u<> 'l>i~ncd. M o: e <"<n>i>< tlaoa collc<tion 
rouoin<> c>n ¡>erfoun >orno aÍlal)•i> ond '""'""'i1inr. 
Juring ««Ution to r<du<o ti. e "'"-~""' ol da;, col:cmd. 
IC\ VP ¡,,_, tltree üP"'""' ,,, ri; ble 10 neo, llll.p,otlt 1 t occ, 

and IJD-r."h '"'"'""'Y ~)' cn.or.tin~ e>c<oJtioo• and r<· 

cor~ino oolylhe counl<tS on tho "'" fik. 

Sup 6: 1':st anal)'"'· '\lL< Jun<li<>n uf n,. !'''""" 
nnolyw i> "' "WPIY olte r<~or\! tltot '·'"Le t>',,ho>led 
•E•inl\ t<tlin¡ goal< IJ\). 1'-llh cov" •&• •nalym repr.>r" 
< «corion "'""" b)' module and DO path a> "'<11 ., •um· 
tr-at)" dat• on tc>t;n¡;rro&'"'- Tire' aria~lt tr>« on>l)'><r 
repon> lb< l'l.,.;mun•, tllill imum. ~1!1, 1.1>1, anda\ '"&e 
>>1"' of oll ""iabto. tra«~-

n,. \O)'·i<'<l Yiew of ""inx p!Ogrm i> d<PÍ<L<J en thc 
m>.-cgr '"'"m"'J "pon (>-<< fí¡u<e 10)_ Fo< ucb 
modult, lb< numb<r ol !J!) l'ath>, 1\oo number ol in\·ota· 
oions, th< IILHlOb<r of !JIJ pOI hs 1<0\tr><<l, a11d ''" pcrccn\ 
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'"'"'ll' '" >hu~ n. 1 ~"' pot ontclrr< oro •l1~ <J<ri,tt<l 
for th< a"umulato~n ol ollmodul". Thi1 rnfurmotion" 
pr<>onr<<l for <><h r<<t <~>< ond for 11l< ocournulolion of 
&111<>1 ...... 

Thc I>D palhJ no/ hil ro;>ort (soo Figuto ll)l<lh th< 
t<>lor wh~eh PO pathr "''" nor e ><<ul<d ~)' <o<h L<>t coso 
ond w!oich r<rnoin UnLo1t oJ • IL<r oll t«r> are '""'""I•!Od­
Th< report •i•o dr>piOy! !ingle-lO>\ and e_umu.'all>< l<!l in· 
formot>Qn. Thi> informo·.ion ¡uidc> 1h< '''"' rq¡>rdrn¡ 
¡roton1i•ltor~m for lhe oc>\ 1<11 ""· 

Thc DJJ-palh rx,-cuiJDn "'""" r<pOrl (><e fr~urc IJ) 
~i><> the frro>1 rlctorl on D::l·r>th "'""''"" for cach t<>l 

"""· For e•<h D!l p.,h, nn enlry il rna<l< under "not ,.. 
r<ur<d" when eoccu1ion eoun1 ¡, zoro. Fm ""utron 
coUnt> grcOter lh>n ><ro, lh< b•r I<P'"'"" 11>< coun1 •• • 
P<IC<nl of Lh< mlximum numbor of <x<<;\llionl for • 
>in~le pot~- TI>< '"" r.umb<r of p><h '"CU11on> 11 
on1<10d undor '• n<Jmll<eof <>«<11ÍOil-!-" In odd.r '"" 10 1he 

moduk h<n<mory lino 01 lho bu\Lom, lhi• "?<>11 >hQwl 
whm mnu of th< ""'ution t<rn< 1• ~orng >p-<111 in 1 
module. U>< "f'Oil ol>o ¡r•phieally •ho"' ""'" \hor< 
oro l>t~< ><gment> ol codo nnt b<rnll<l!<d. 

Tho m<>r< Co1a1led vari•bk "'" •n•I)'L<r prodUtCI o 
l<f'Ort, r<rformonor 1m DM/ys.,, ..-hi,h " \.<) ed dor«tly 
10 <h< '""re< >IOI<monll. Thr« type~ o[ repom ore ~¡.en. 
lf lh< .rlL<<n<nt ho> no value eompurcd (e.¡ • o CON· 
Tl.-;UE. W RITE. ~EA!>. C"LL, or ''"tnm<nl ol o<on· 

ll•nt). then only th< ""'"""" co.ml " prrntt<l. 
St.1 <mena thot l«tlu~ical "P'"'·"""' 1<p<>r. llm<l ""'· 
Um<l fnho, ilnd f,no] IOIU< o/ lh< ]o~lCaJ «prcrrion. 

St>~em<nl' t11at ;omput< o numoric »lue le.J, '"'''"" 
ment, Ullhm<ll< lf. or DO) r<pon iniuol, finol. mu· 
imum. and mínimum 1alu,._ 

Strp 7: Tw aui,.onrr. Frgu« 11 1how• thata number 
o 1 LJ[lpa,.~, mnain ""''"'(!- T h< ot>itrL"'' ol <on1r:.uod 
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te!lin¡ io «> aenetal e 1<>1 '"'" 1 h" will induJe atloon one 
ncn~tlon gf th< unl<>ted DD p»IO>. Thil teUin~ gool 
o~ould be ecnoi~"'a • mínimum kvtl ol1e>1mJ In "h"'h 
o!l oloo«n<n!l ore ,,.,·ute:l 0\ 1<>>1 nne< ond eoch UrthiM 
¡, '"'''"() throu¡h o U pum Ole """"""'· A lthou1h Ll1i1 
;.. for Ir o m o complete l<it th&l """'" olllv¡¡iool piliLO 
Lhrcu,h Lhe pro¡ram, i1 io more ecmpr<henli>< tt.on i> 
aene:al!t ochiev<d by IUh lhot >O<r.plo oniY 1<ltcted 
volueo iro the input o pace. Furthtrmoc:, t\le proem uf 
l'"""';,'g new "" C>I<S lo<U><i DLI<Oiion on ¡he sour<< 
eo~e ol th< program ond fre~uently ro-.alo moa that 

wouiJ ~o ur.detrtt<d il only uooution '"ulll ,..,,. .,. 
•m•n<d. 

The ~rsl l"'tLIOO of 1"1 o<>iu•nee dro"' un thc 
('rtdtco" onalyStf. A "predoc•le" " o deci•ion elen10111 
>Lol<ment. Thc prodoeo« onolym '"" the ()emion 
>lol<m<nu lor <he """'"d Dll P•<h• and ~i•n onfmmo· 
110n about lhc -.ri>bl" appnrin~ in thc prcJ"•" (!<"< 

n¡ur< r l). From oh'" repon "'' '" o 1••• thr« o 1 'h< r:uh• 
"'' con.,oilcd by 1 he vwable DEI!\JC wh1<:h ¡, rcad Ln ., 
on inpul in Lh< module LINEAR (><e F'i"'' 14). 
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Th<rdo<e, ony l<>t t;ut un b< oimp\y thanaeJ 10 mal e 
UE3liG /ohc. 

We ol>o '" lrom u,¡, r<port rhllthc olhcr lhtte mimd 
path< 're controllcJ by the •oriablCI CO\J NT ond ITER. 
CO\JNT i< a locol >>ri>bll in a modul< th>l u th< loop 
vari>blc o/tho DO IO<Op. 1 hu,, r .. n 1 6 ~ •11 b< rea<hed o/ 
1he DO loo~ nit ;, ""~c:l ¡., .. u¡ P"h 1 •1- Thuo tonrli­
lion. are aehie><~ by • l•~ure to con><r$< "'ithin tho 
ollo .. able lrmiu o/ ITJO<\. To 1<oth ot.m potho, c•ther a 

nonconver¡;cnt '"' "·"" bt ourplitd or th< "lue ol 
\TER re duce d. 1 TER i> oho ,., don the modulo 1.1 NEAR 
and c~n be tedu<ed to ~ "'"11 numb<r by o mnple dota in· 
put eh:.nge, 

fi¡;ure 1 $ otro"'> the <umml:)' !tpon •• • re>ult ol add­
in¡ • new le>t <>>< /01 module SOL VE to ou1 tt<l ><'- AC· 
ditiooalteol<>l<> ton be <O"II ¡,·cd b¡ 11 sms the "'"hodol­
o~y we hhe ju<t de~cribed unl!l ""ins go•l• are atlo.incd_ 

Automoted "" lool> are <unentl¡· ~ainin~ wid.,pre•d 
u <e, >«<pt>nce, •nd 1 eoo¡;nLtion "co><-elfectivt dO\'Íeos 
providmr. the ob¡lioy 10 e>hou<llvely "" ool1w"' to • 
b·el tb•o "'011IJ br coot -proh,~iti>< "'"' m•nu;l '"""'· 
,.,_chi"·ing ohe potenrÍ•I bencr.l5 o/ 1~1i< >ppro>ch, 
ho,.-ever, i< eonlingent u pon fO<nrnitin¡. oh< propcr >ro¡>< 
of op~hc~non. WO<n <ppli<d 10 l><g< amounn of <O<! e, 
thi> pr<><<dut< <>n k-como o>erl¡ m><>h~d. oh u> rrob>bl¡· 
neu tral1úng pnl<nl i>l po<iti'e t llw< R"'"' rrojoct <X· 

perienc« in~ÍCOI< that """'""'"' oth·onl>¡< ;, """'"'d 
whrn ohi> l<>tin~ o;proach " opplied " the ind.-idual 
thre>d l<>el. "'her e '""'"'n>bly >mall "chunk<' • of c<>de 
{WJ-300 IOU«< bm>) •re in<ol>ed. lnd«d, lhi< !Cop-< o/ 
opplic>tion i> con~:<lcnt w11h tht o><roll objeco ¡,., ol un­
rm·ering •• m an¡· '' ""' '' p<>><iiJI< oo!l) m 1 he impkmen­
iatiun pcrio~. r>~her lhon ri>> tncoun,wng lhe>t mo" 
o\ higher lo• el• of lt.tr¡;raoion. 

Hlr<l on 111< qd• ,.,¡,, ll i< pomblr lo <>omino o he 
quantitall,·e btnef, < <O •oh""" lilt q-rk co>U re<Uhm¡; 
frmn ohe t<<l <tfalr¡¡ dt·><,.bed aho•·e. Tllt "P"t<d 

b<n<l'i1 modd i< ba>ed on '" oe<ounli"' ol add,tooaol .,, 
ro<> 6mctrJ lrom o te<Cnl 10l1worc proj<<l a: Hu;~<> 
,O,iwolt Comp>o) who<h ulllir<J tlm oppro"h onJ en • 
prof1l< ol th< coooloting relatoH '~" tn <urr<ct rrton 
~hen they are ¿,.oo,ereJ l01<r in lhe lile cyctc. 

Tht ¡tnc"l innucnco of ¡hi< "h>u>liY< l«l<ng "'""~Y 
and iu projwed innuenc< cm ~le <)ele <om lor :he 
Hu¡hO> projeot ;, dcpicl<d in Fi>u•< 16. Thi1 fooure com· 
pot<> the elled! of ou:om>ll< tool l«lln~ •r.d the mn· 

d>rd '"' opprooch. The ""' of H« a<liOm>tic '"' oool 
r«ult< on h1gher wor dmcoion "'" d unng ''-' con>tr"OO\ 
petiod. Ho"""· duting •ub<equent perlO.:! ln:lu¿ong 
oper>lion<. l"< d<t«:tl<)n <OIC.ol lalml <rrot> ""''"'' 
higher "'heo thc l<>ttool " not u.cd. Th< u ea ur.der bo:h 
col'<>-i e_ ohe 1o10l numh" of crror>-<houl~ be ap­
pro\ln,,.ely cquol. Of <<>Ur><. the co>l ol <«ttf)H>! the 
»m< errot '""'in the lile <)de" high« than il ~ould be 
hod il bren d~t<~t<d ca!ller. 

The txhamoive l<>tint >rproach on 1he Hu¡~<> ooll· 
-..are projro¡ con!i>ted, r,,l, ni checK in~ o u o ro eh ohre>d 
uoin¡, «t of luncoion>lly onenlcd le>t ca«<. Thc t;odi­
tion•l br.,od ol oe;tmg would COJO< lude ot this poino. In· 
<te>d. odditionalt<st "'"" ""' contriY<d to ao~ieve a DD· 
palh <ov<rage of clooe lo 100 pcrcenl. The «P«"'<Íon 
"'" lhat lhi• """ dlon "o" Id t>['O>< add!loor.al error>. 

The actu>l pro¡cct """"'"" 1u~pomd lh" <eer.ario. 
Bot•U>< ol thc>< <loar ly ~trnarcate~ ""'"E ph"'es· it "'as 
• : m pie '""' cr to rnoino,oi" a courot o r 111< e<rors d<1«1 ;d 
bj t~< r>tcnod te<lin~ The a<eour.ting <ho~ed t~•• on 
»<tat< ol onc addo!ion•l erro; r-cr lh«•d "'~' uO:O><I o ;l. 
Th< <<>si, ;n ¡ohtduk litnr, ol pcrformin8 rh,<>l<n~'~ 
1<<1 inr 1 an~ed from onc-holl doy lo lhrc< days p:o th!Oad; 
the • "', !< >eheJule tl><l ~ "' <lu<e l<' une do) rer lhJCa<L 
Nor~aolly, 1 wo roo mn> "'"' ¡,.,·olved "'llh 100 te>lin~ ul 
oh o thrud >1 thi< point. 1 l<noe. lhe in"erncntol o o.: of 1 h< 

"""""••• "";"~ dlort "'" •~ ''""8' of lo<O pmon· 
dajl Pe< ohread_ 

Thi< projoc1 con>illl ol ot>.>uo 4-'Xl thrrad> 111' "'" 
crcnl<noal '"" ol Ji1>din¡ •nd correcoill& oho 400 ad;lj. 
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rionolt<pol<d <rrO!! i> 500 p<ri<ln-doy> 1•00 mon ~ 2 

r<< oon-d • rl <rro r ). 
In o'""" pcrformcd or TRW" "hich ><<m• to h>"< 

b<come on ic.Ou 1try >tondo rd, o p1of•l< "'" compo><d r~ 

de pi« rhe "''"'' emt o[ f<>ic.¡ error>., o funcLion ol ti> e 
!Lfr e y de "'8' in"'""" rhey are Oi><a><r<d. Thi> pro filo 
,.,. oomp•l<d !rorn o numbcr ol >oh~.,c projwo •t 

T~ W, 1 BM. ond Gcmral T r le~~~ne ood Elwr<m•"· A<· 
cordin¡¡ to th" profilc, thc O'O!Og< "'"'" <:ull to ¡.,. <r· 

roto duru-.¡; o Oc int<¡r,.ion 3<1"''') """' 1 ~.e e>nllruct oc· 
livitr » •- On the oth<r h>nd, rhc hcragc rciot.h< co>t to fu 

<nO/O durl~~ thc opeu~orn ph:uc '""'' r~o coru;:rucr OC· 

rivitr io 9. 
To rn<>áel rhe lile cyclc '"" bcncf,<!, we w¡ll a>sume 

that rhc di><ovcry olthe.c 400 <rron ~o u id ""' oLh<r· 
'"" be<n ""<nly dL>tribut<d Ovcr thc mte~ootion ond 
op<¡ation> pcriod>. Thi> i1 ptobobly • conoerva<iv< .,. 

•umplit>n ''"" <h< IYP< of "'"" ov<rlook<O <luring th< 
con:truct ocdvll¡ >r< mor< l1k<ly 10 rcap¡><>r i" op<ra­
liono ~he« 1 he >cftwa« would under¡o ¡,. r,.., tho1ou¡:h 
<«r<i«. Tho ~(o'l erro" found durm~ i~t<¡<Oiion v.culd 
eost lf.OO per>on -day! (200 <rWts ~ 2 P'"''n-do) >!mol 
~ ~) to eorr«t un<kr thi1 mndd, t~< 1W <rr<>!! four>cl 

during opcrotion< would <<>" JWJ pcr>on-d;y, (100 <r· 
ror> ~ l p<mm-d>y>l<nor ~ 91 toe o"'"· lllu>, thc d•f· 
f<!<Otial >avi.og• in lif< qd< <ou ><hi<><d b¡· th< <>· 
1""" "'' t<>ling '""' c¡y i> >pWII"'~ ro be 441tl p< r>on· 
doy> (Jf.OO • 1 f,(>:J ~ l100 Nr>on-da¡·¡ 1<>< 800 i><<><>n­
day•) fm thi> pall iculor projw. 

Verltlcatlon and vnlldaLion ovar 
the ontlrellte cycle 

Yerifie>Lion and >al<dotion on modero softwor< proj­
"" ill'OI"i 0<1 1\ it i" O><r 1 0< <nLir< OOfiHr< l1f< <Y<I<, 
not jcl! d urin¡1 """•- Tho m mis o f thl< proe1ico onclude 
• mote 1<li~blc produ«, lowcr hfc qc'lc com, carl)' c.­
f>O'"" of f<quorcmcnll ineon .. mnd<l, •nd ,,¡~ <>­
posu« of <J <>i¡n '"""· S1 01 i1<ics ¡,.,. br<n wnmiicd tnot 
dtp>CI l)•,t ""io11n¡ <O>II !O <Orr<CI W~l 1 U iotcr >10110> 
of th< d.-.dopm<n1 cyo\c a« ua-.mJ." ThU. pro,lc 

"""'' '""' 11 is 10 to 1001im,.motc co><lr 10 corrroan 
mm afl<r thc softwaT< ¡, op<r>IIOflal th"" 11 would b< if 
1h< mor had bccn J«wed du<>llll thc pr<l.minat) Ce>ign 
pcriod. 

Th< "'pon>ibili1y for vorir.caticn •~<1 >Oiidalion i> 
dimibuted amon¡; th< thre< "'hniCallinc nr¡anllation< 
"""'h rumprise th< s<>fl""'' plojtot-5)>«m or.¡inc<r· 
ing, •ortwa<C de><loptntnl, and tlo< inóc;><nd<nl 1<>1 

"'~"''"'"'ion. 
S) mtn en~m«ring ;, normally the omaliest of lh< lh!<< 

gsoop>. h JI m~on,blc fo• r«wibing thc ovcr•ll ar­
ch~rccturc of 1 h< sy>!rn>, wh~eh inclu<i« dc~nillon o f 1 he 

•rotem-lcv<l r<qui"m<nl<. th< •Y>I<m·l"d dc•ign, and 
<h< reQui<em<nt< fo 1 <a<~ oompul<! pm¡::am connguro­
llon itcm. focu>it>g thc r<>pOn!lblli<y for dcfJnn ion ond 

"'"'"""""" of • l)'>lem'< cx«¡nal O!lr~bu«• (r<­

qui~<m<nll) '" a 1111~1< oroani1ati~t1 """"' 1h•1 the' 
>)<ttm oiChllcclu« rcn«t< a !ln&l< philosoph) an~ • 

n~u<o \G. Auloma11c los! lool CO>I-<>Uoc\1••"•', !n !llo qclo. 

Aprll 11l81 
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unlf.o<l "' ur wn<·•r~>. ~Y""" '"~'""''"K Mfon" lho 
>yol<m >r<hiowu« " "" ab>ll•" bcl o01d d<><o not 
Pr<>Ctibc o '!'<cirio implcmcnu<ool\. 

Scfowl!< d<><lcpmcc.¡ d"i~nl •n<l impi«II<U" lh< 
""fl" >< o¡uodu" '" ;c,n,Jan<o ""''" tll< in~entiono ol th< 
ar<M<<"· On lar~· r<ojcm, solo ~•• e d<> dopmcnt ma) 
be d<>iti<J into '"''"' ot onoe.y trou~l. Eoct> gtoup 
d<'dOpl o "chunk" of' !,e ,yuom, u •u•ll¡ a CPCI. M L he 
condu1ion of thrcoJII,uold te>ting, thc clo-clopmcnt 
Oflanintion hondo thc oohwo,. procuct ""' to th< on­
dcpendcnt '"' or~onir~tion lor formal quahfoc><ion 
tr>tin~. · 

M>int oinin~ o h<>lth)' ad''""l' teboion>hip Wllh ><>ft­
,..,,. de•dopment, th< mJ<pcndcnt ''" ut¡,:.nizotion 
O<rut<llilC> (O y lestong) tloc ><>ftw;m Ptodu" and ide<,dfocs 
di><r<rondc, wh<rc ;tquircm<n« r.o>< not been 1m· 
plcrn<n!<<l come!\ y_ n., G"e<<panci<> ar< .ofc<tcd bad 
to lh< dt•<lop« fo; <«<ir.calicn. The ind<p<ndent 1.-.r 
or~aniuuion olm in:t~T .,., rhc indo•idual t:f'Ch 10 forrn 

a uml•cd !~>l<m produet. 
ri~urc 17 •ummui7.<S 1h< •erifi<>tro" ind •·¡lidatio" 

ootiV<li" ,.¡,¡,¡, occur "''' th< <oflwore ltfe cyde, >flow· 

4-2-15 
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m 1 o 1 ypi(ollif< cydc o"d .,u,,,,'"" 1 <> lh< th«< porfurm· 

'"' '"'··'"""'""'· ~""''' r«•i'-"" ,.¡ ''""" ,,., " '""PI<r, 
mor< compt<mJ >et of o.d• Hi«. \'") l•r '" proj«"· on 
th< othcr h>nd, wr11 ha•t • mor< comph ''"''mion of 
M< <Y<i< '"""· 1'<ltrth<i<>l. •lt th~<< ..,,¡Anirotion> 
~ouiJ t< at lo.>1 nun•m•ll~ on•oi•<J "'""' crificoliun •od 
lohd>Linn., "'¡, l<f< C)dt "•t<· Thc 10\mdtd df<ct ;, 
tl\ot Lh<r< he • '" of cher;l.> ond bolanc<l ""'""i th< 
or~animion• "'"0 "'"'' to Noducc o r<liabl< •of<war< 

'l'""" pr<>duct-

Thc dcscripHo~ in th< fcr c~oiog ,ewon• of rr>&m>t;< 
>mfi<Ot;on •nd >ahdalion t<<hm~"" p«~<ntly in "" oo 
mo6orn scft~'" proi«ll >Uff'"'; >Offi< ucndt for '"' 
fulur<. o; .. tt;on• •nd •d''"'" '"m 10 <on«ntr>" in 
1hr« ¡:rncral oaoegor;.,_,mpro•·ed manaf<rnent •;>­
rro•<:h«. impro•cd implem.,\\at;on ol P""'" technol­
"1';", at•d <•·ol•Jt;on of '""'"' e<p<:r;rncnt"l torhr>ique¡_ 

.......... 
"" ""'"" '""'" ........ ,. 
''"'"'"'" ""'"" ...... ~ 

-

"""" ........... 
"" ""' ...... "" ....... ...... ,, 
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"lhuc """· di><u~><J inJ¡,¡,r,.,u, below, ar< not 
no·o·monly d.-crete. 

Dur<n¡ ol,c hi<IOtkul dO'oiopment uf the >Uftwar< proj· 

«1, thc ""d de .. lopod for "~"""''"' IYII<m cnoin«r· 
in~. aoiL""" dO'dopm<nl, and ""i"J by an indc~endonl 
or,anir.ati<>n. Unfor~un•ttly, m m>ny '"""''"· thi> 
><porouon '"ult<d in thc u le ol "~'""" approaohoo an<l 
tool! "'" h tn:uxmoJ cuordina,iun. Ecunomb aod !he r<· 
>ultin& pe: furmonc< no lon¡;cr su~pnn thO> arran~cmont. 

A r<•iHd, moro r<oh\lk approoch lo 10ft~"" éc•olop. 
menl r<quir" an o><r>llcoordon11 e~ pachgcof looh and 
m" ~odolo¡;:u covwng ,;¡ pha>c> ol lhc soft,.ar< lile <)· 
de. Ofcnur<e. mor<,.¡ • ourdcn ~ollloll on mana~cmcnt 

to •chi<'< ti"" r O>Uil 1. 1\'h>~ is "«ded " thc '""''""""' 
<voluoion of • cmp> uf •oftwarc rMn>¡;<r> who "" wcll· 
edue>O<d m thc demenn of "•oh~ "" p~)•ic•. • • v.ho ore 
eommmed to modern m<thodolo¡ie•. •nd v.ho"' ill be·~· 
~,.,.;"in"'"'""""~ iner<ia while a«urin¡; lhat ,¡.,., 
apprcoar~m "< 1mrlem<nteJ. 

F r<>m the eo.,pul;1on 1<> pro> td< ir.~ivid ual aw nliori to 
ohem, ''"!«aHon and vahdallon hove becoono 100 
deuchod from olh« a<livioiu on lh< •oftwaro projetl. 
Mana~cor-em "'"" re•·iew lhi< «r><otion and poovide a 
more ''"'lr"<d tole fnr vcr~lie•<ion >nd l">lid>tion 

..-;,hin oat ll !O!L "''" enpine<ring "'"· wllllc moic.tRiroine 
o he "1""'' "" or~anizotlon. 

1 he •ohv.ar< de>dopmcnt pro«" i< mor< ocountcly 
1icwcd wh<n thc l<<hnie>l en¡inwin~ problcm Í< eon· 
•id m O tn ron)\OnOti,>n wnh thc hum>n en¡;in«IÍn~ OlpW 
of th< piOC<I\. The .1!'¡>1"a1IOJ\ "1 L111<r>tc<l f''"ñnr>CI 
!hould. t l,.<,rctic.dly. Oc > 110ffimn 1 req ui<iiC ~n whi<h 1 o 
lor<<W <u<""· 110""". b><i: ~un•~n f•lhbihtin oren 
lol>pholco for <• '""lo occur. Enrboorin&. ><ienlilie. •nd 
noan•~<m"'" practiCo< 01< fr<Qll<ntly <Orr~~t<d by hu· 
man toro" uf m<'<"""''"'>"'"~ omtni11ion. Cumputcr 
>ll1nmOioJ 1nols hovr l><cn •nd "iil o<>n<ÍO<l< LObo dc><l· 
op<<l to omplem<nl <mtong ¡>wven «chnolo¡;ico th•l "" 
n\0<1 prone 10 1ncon<iucne~ ond om,.,ion erro" if p<1· 
formr~ mar,uallf. 

Ahhol'rh f:"10t< dct>ilod olas!lfioooior1! a.e ro»ihle. 
'"'""'""¡] tuol• •MY Oc p><l111i<>n<<l into '"" ],,,.,, 
>roup,-lhu>< tool! tha< '"'" '" Llo< óof,ouion a"d 
de>ign of thc >ofl,. "''. •nJ oho>< tool• tl1a1 he~p <>•lua:e 
th< •oftv."'< nn:c 11 i1 bu oh. 1ho f11>1 11oup of mol< p«· 
lo• "" the <le r ic.>l lun<1 ions of ch.o~Íng 1 ~~ eorr.pi<ICn<>l. 
comi<I<I1C)". •n~ omil!lnn mu" Jurin~ ICQuir<m<nl> 
dd,oio ion >n<l d:>i~n •ctiviti<l lloo '" ,r,. lo<>• "¡ '"'h 
wol• do~en.J, on tho ability 10 <'PI<!! ""quire'l".<nl> ond 
,ro ..... ~ ... ~,'" m><hin<-reaJoble r •.•••. Thuo. ·~· 
futuro utoht~ o: •hC!C 1<>01! "· 10 • 1"8' ~.'~reo. dirc<lly 
fc¡<<l to rr~¡·•· ,; "' 11>< d"·clopto><n1 >n~ v ido!p<ad "" 
,¡ •rccifocat::":; l.ln~"·"'"· rr"f-'·"" dodn lar.¡,"·'~"· 

. ' ·' '"d uutom.nc¡ -~'"'"'"''"o" 'l'"'lll. 
Thc llX\'1' .:;:Jcec le<t an>l)"\il "'''"'· (."'"'"d 

••>l•<t. i> !) ];;:"::" :'\ llo< <uhioilon \<>OI<: 1 \'· \<ehnolo<Y 
;, "'"·'<!) j,\ • 1">"\l· !lolol¿;'.'~ .,.;>. ~.;d:Jo,~~ I>IU<~ 
'"'"'"' r<><>r<h n>l\lonuel 1o lro d.,rr1Cd ~~'""' 1~e 
auw""''' C<ncrooi<'n of an op1io11al '" <>1 tr>L '"'"· 

\\"¡Je>pr taJ "" and ""'P' '"" of 1 h<!c 1 ool• are P""'"" 
1¡ hOtn¡><reJ by'"" rroblern>-<h< relu<taoceof man.>;:<· 
m<nl 10 fot~••• tradO!ionol "''""'1 method> th., 
pre,iou,l) loa,. been "''""fui on ""•il>of<~••< p>oi· 
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THINK PARALI.EI. 
SOFTWAnE PROFESSIONALS 

Thltok1rLg parallel >S <101 a new lt>Ovg~l proco". bul"o 
way o! M:ldhng tare~ amoun1s ol da:a faslor IMn "'•lh 
sequenloal proce•S•<>Q 

Tne loaae• "' parallef proces><n~. Goodyear /..eros· 
pace. nce~s ü>pcrocnce<l sollwaoc Plole;;oor>nls lo 
lcad ae·•eloprr.enl ol. 

• Opere:,ng Syt.lems 
• ASsemt>:ers 
• HOL Corc.;:i1:ers 
• ¡,npltcao.on Pacl.ages 

PreSMI<y. lor NASA and o:her (}Overnmenl aq~nC•~s. 
Goodye~r /,e,o;;>acc >S d~velopong para:lel compulers 
r01 ... 

• lmage Process"'ll 
• lma¡¡e e•plo•tat<on 
• lr<•ck•ng 
• Command a<1d Con<lOI 
• f.lecllonrc 1'/arl~re 

Soquent1al e•per•cnr::e IS )Usl IL!!Ij. \\"e W!llleach yoo aU • 
you noed lo ""ow &t>out pa•allel corn;>ut.ng. 

Send r~sumc' ""<!'"'''Y r<•Quo~omen/5 ro· 
El Sea,le 

GOODYfA!i J.EROSPACE COIIPORMID/1 
MRON.0/110 <•l15 

A.N fOUA(. OPPORTUNII> (MPlOYER 

Tulolial; Oe$lgn ol 
Mlcroprocessor Sysl&ms 

John H. c.,0 ~n 

' 
1 

' 

Thl,1utoro•llo lnloodo~ for lhO•o lnvo¡,oó on lho 
~··:Ion ol rnlcroproe<•»O• ~.,.~ """m•. ~'"""" 
lllo onttro d,.l~n •<lort ... lln om~h"'" on sy;lo.., 
co~hg"•31•on. oOHwo<e de,.toomont. """ >y>lom 
IMILn~. St"'n~1 '"" wodo ron~o 01 ••~>l•~lu moe<<> 
~too'-"or Ph:<luOio ond ll>o dovoloo'"'ont t<><>l> lor 
!T<'<•oprooe,o•-M•oO "'•lgn TOPIO' COmM: ro 

'''"' ot "''"o""'"""O' b"'"" """""''· """~" 
"'"'· loS:tn~ •'"~ """Jopmerol •~o••. oo.,~n al1or­
""''"'· •n<l Cu!fOOI trenes alloctln; Oest¡¡n. COn· 
lalno :'3 ••o"""· 1 

j 
_ NO""'""b'" oto 00 ............ '""" "'ro. o,.,,. ,,.o 
U .o 000" lo~ on p. >O<C. 

1 

~~·-



«h. ond 1 he '""ilu1Hhl1 .,[ 1 <><>h oniYI<> wnl~oni<> oblo 

•~ r,.,.,,, e , '""" <~<>< ; •r"""'-
11·•11• l'"'hkou• "" • ,,.,,-,,,¡'",¡.,,.¡y,¡,""'" iu Lh< 

""l In• )<Al'.·¡¡,, lun l'lnh\"" w\11 h< <>•«<<>m< 
olu.,u,h On <•1"""""'.>1 1'"~"'· ~~nicul.uly """'~'"~ 
lh< "'" hon<f"' .,¡ ""''""'"d tuoh ond lh< pro>P"'' ol 
bei,~ <~<•••<i '""1'·"" f<>r lar~~ mro~·nrc P'"'''" ,r the 
lt>oh "' llot mc•<l. Tlw """"' poDI"n i> '""''"'""·In 
lh< fuourc. mor< '"'"1""''' may bo w,llu>~ o o mve<t th< 
lund• n<Cc""'Y for do•dopin~ au\om.uc twl• in m"" 
to pr<>l<<l lu1ur< bu>m<»- The purch»e u~hu t<> '"'"'' 
<>i,.ing too!• ate pre«"ntly bcing "'"''"d by thm 
dcv<lopors. A"oth<r [uL"' e P""'b<h<y,. 1h>t, lor pro¡ocu 
"'l><rc > &o><mm"'' ouncy i1 the r•on<I<J, •uton>atoc 
l<>l l(}ols moy be ,w>ilable a¡ S0''"""""1·furn"h<<l 
equipment. 

A• au<Oma1<d tooll ><hie>< mor< ¡>rolif>C "" ovor th< 
<nli!< >oft,.>!< !,(e <~·<:e, from r<quil<men\0 defln"">n 
lhrough to"mg. • mort <omplo:c 'mftcauon and v•h~•­
tion of ti•< >J">l<m rC'Iul". 1t can al><> b< <>~<<oed th>t u­
!Or< ,.ould be d<tc<t<ol r>rl1er <n thc dp<lu~mcnt <¡ele, 
lc;(l,ng \0 COl 1 Ci"tWi>\tn<la. 

h ha> •l>o b«n IU\'>c>O<<l th>< nc,¡,!y wor-fr<c pro­
E'·""' <>n be <Ot\ll!Uctc<l by appl)in~ eorta.n orr>nin· 
tionol l<<hm4'"'· Th< cou<ctn<>> nf thm prosrarm 
could ~ ccniflcd in • !L>lic mann<r (v.ithoUt O<tual cx­
«'u1ion) by U>io~ n .• 1h<matie>l prooh The <on!trU<to"< 
oppro>ch to the de><iopu""' o[ ~ro;ram; i>v-ith u< toda)' 
in th< (orm ol ""'""'"'rl" d<>i¡:n aud programrn"'~· 

· "1 ho ""'oc ap~"'·'• h ''""' rn> "pro~t '"' prnol<, '•' rn~u­
lar ,ubjoc\ o('"""" '"""h. !'r.~r1i,,l '~l>licotoon of 
Pf~Rrom-ptoof to<hn>O, "" to P'O¡;ratn; o( ;ignirL<>n1 '"' 
may b< a1 ka>l a detad< oway." 

1 h< proo( eon<ep1 "'" 1he proo<>m >om« ,,.tcmena 
to prov< tn>1\o<,,otie>l 1h<0t<m• abou1 pro¡;rom b,-. 
havior. The <>r««~ ¡otogram ]Jchavi,, ¡, ehoro"«i"d 
Ly a s<l oí.,,.,,¡~"'· The int«11ion> ol th< dc5ignm are 
rdk<t<d In th<5e ""rLion> <~ouL val•.re• o(,.,,.,¡,¡"" 
cnd or intwnedi.,.' ¡•o in" oí o he ~ro¡;r ,m,, Tloc p:ooam 
thcn ean be eot~ventd hno a theo«n• an<l o he '"mion> 
p:o>ed." 

l'rm.r"'n ¡>ro<l(s "" i>ucnded 10 plac < v<!ilic>tion and 
• .obd>tion on • 1heor<"· •1 foundation 1hat ;, more sound 
'""" testin~ wltkh elre«s 11>< perforn»n<" ol prNr,m• 

" 1h• limit<J lo.Hil o( • "' ol s•wpl< dao•. Major 
-~""'"' 10 oh< ~ 1<i<r "" 1 ., 1"<>üf t «hniqu" ind\Lde d ;¡. 
·;.,l:i<> in d :v<lo .,;n~ t~< """'ion! 1h>t •re ro toe pro>ed 
. : .. : :o 1h: :osu\:ir.¡ len.;• ;- ,,: ''·' !''""( <trmpu:""'"'- 1 he 

'"""'' í<o.'-i!-<:,(;< ~ '' ·:' ,.,, 1'' oafs requtte> oh< fonlw 
-::~o_>mo.-.t ,\( o~t."·n:::-:- =- :, ,;n.provill~ 1001>." 
' d.:,d >'J 1 Ido '•o>l<' !' ·• ~'"~''-"'' ptoolo. oym'o' lie 

. 
_-;j ".· ',!·~.;·,\'~ ;,., :.:' •. ' • ... ',,.",'.',,·"- • , 1 LOChlliqu< 0\Wf< likel, 10 

•, '.''·,,.,;o, irL ti1< '""' lutuo~. 
~:' :•. ,:o.''',,>'\}, i:: '' ,; '" • M • '"""in$" No¡:am C · •• .. r,.,. -,., ,., . "' - -,, , 

,.-,_ "' ',,.~ ••. ¡, "'·1 .: . ·lkh "' ><tlfi<d """""' ., ,,,.,,,,,,:;:..,•<J;¡ \t>oOL>C' - '>¿~ '[ -- ,. 
. • _• '- •.• .,, •. ·,-he . • _' '""r·• "'·l r.!<--•:->1\tl. 
~·:~~·:':-;',",'lO:~~ :•-~ -'~"'"~í ~\ •··-"1~·,., ••d 1no 
«onom;o, of tt,· <•qui«d contput""'"'· 

ll"""" o r ll><~: J.fl!oul""· 'l n• hoho ncouo:on ~N> 
n~t r.o~ >p¡>e>! 1<J be '""'""'">11~ 1, ·l>>hi< f ur "-'" >p­

. 1'1"""'" to I,>Jf< wfL~nrc pro¡ccts. H""""· ;dw.,·r 
appl1ca:ion of >)Htbol" """"""tu cnoi<>l >Mrv.•re 
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unill "'O u id be •'~'"" ·'~'"'" whoot th<" u"" 1 wnl~ Jo¡,. 

"1'"' ,.ololLoron i f ''""'"'' "'"'''''"" ""' ',,¡,,..J. An "" 
'""P" nti;hl 1•< 1pn«• ,.¡, .-~"""""'' ,m.t '""""1 ~<l.erc 
, ~ 11 "" <o nlltl>U ·'""'" " ( n>Utt\1 omh < nul<l Ut Jlt t < \ ll< • <lu -

,¡,. ~u,·h '"" """ """IJ l<•l"Í" ,,,,;,mun •" ''" o1i""-
l' t<>< "' 1 , , " !""" "" i "um101 Ll '\, ,.-, 1ll>1 " " 1 1 "1 L lt< in· 

l!<ldu"i''" o( "'~ <en(•<"'"'" anJ '"l'd"'"'" •r· 
rroo<h«. A wn,.,I,Jot ion .,¡ 1'"""' 1 cch11<>l.•n i< nc«l­
<J lo f1ll oiL< gop \octw"'" ""lohlc 1e<llln>IO~Y ond 

'"""'~'"""''' •b•l"l to clkL<n11J' •rrtr u. lñi• eoo­
>Ohóauon n n«:e<mY 10 p!o>idc o firm bom for in· 
trodu<>n' ad-anecd m<thodolo~i<>.a 
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· """''-'''"''''' '"''''""'"'"~)' il<h.ln<nl ""''"'"' loo 
oldonin, <<qr.i,.-nl<o\11, "";'''"f I'"'""'"'"Y ""~'""'""""· 
>tt<J UIIPIO'>II~ !he conlf<ol ,,,\ l;'<l'lh<y <>1 lht l<>fl,.>« 

<J••<I"l"""" ,,.,,.,-" "'" ;n¡,.,,:ua~ ,no! "''l"od on """Y 

1,¡.,-,.,, ll,, 1'•1'"' 1'"'"'"'', """"'·"\' (,¡".'''"' ol<h •r­
,.,,c~.,., d"' 1,.,,,.,1, ,.,,,¡, <'<111'1' "" ''" ¡,,w IIH'•< !''·"''"-" 
'"'1 htlp ""'"" ""'" ul ""' r•·ol ¡.,,.,., lo.ioy_lh< >•'"""' 
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I'"Ot'EI.DINCS OF lH~ 1111., ''Ol.. ••• NO. O, ~1 eTl.,UEM IO!O 

'"'"' '"''""""" 
''"'" '"'"""" 

.... " .. "'"" ""'"" "' ''""" 
' "'"" .. ''"""'"'" . """'" '""""' 
'- '"''" .. '""""" ..•. ,' "'"''""" '"'"O! 

\'.Ui< bly thc t ril icol f•clot tn 111 o¡«l '"''"' or f•ihll< !m ""', 1 
pm¡<C!S of si~nific>nt oi«. Thc hy <lomon\1 ol this p!ohlc·m 
•>< lh< lo!lowin~: 

con,:nu>ll)' <h>npnr. ""' ""d•: 
"h' ''"''"" ol' flocul Lin <>f '" .¡or •no cm ~··><ln¡>m<nl<; 

"'"""""""'o" h,,,;,.,. """"~ """· '''"'"' d"""'"" 
""" "''' ~ JI' ,,,.,¡"""": 
lac l. of "" nf r.<'" '"' """ht<d <n<\loodolv¡:"'' : 
"""rr>•oooiun ,,r '"""141tCn. 

A. Vto N.,-Jt 

F<~· ni "' ""uld h< tndincd ''' "''1.', •i~nifo<11n r""""" 
fo1' !'"'•'"'' ('"'· """''· <'I<.J lhJt ''~" '"'' <'>111 an,l lor 
"'IIÍ<IL til<oo· <> ool C<'<n 1111 'lli<l'> '""•-•PI><~«"·'"·d'l<. ~llll>· 
l.11ly, "'' wor<ld 001 l1hl)' ill<<'l iLI ,, ¡•totlocl ¡,, "hich thc 
cml~ '''""Pii"" tl>.>l <»<\< i< o fcw hlb,l.¡hJ¡:>.IU1> "' 11> "·"" 

fuH<Iwn>. ph'> p<oh,r> '~"" '''!'"'"""' "' <>lh« '''''"'r<ion> 
of 11> fu.,,t_,,.,...,.,., o¡>c<•tln~ r"""'''''- Ou >h•·oll"'' "'"''·' 
louold¡n~ '""'"'.-.'" """ "" , . .,,.,;,,,.,,.,,,,,,.,.,,.,¡lo <un· 

h." lo,-,·, ''"''·''·-·'·""·''Y'"''·""' ,.,..,,,1.,-d ¡,., ,.,-.,., ",.,_ ,,,,,., '""'""''" "'"'""' tho· "'"·'"'o.,.,,,,.,,-,,¡.,."'""'"'" ul 
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"' """""'"' 1 1 """"'"" .,., •• ,,o-<,••0 1 1 ... ,. ........... 1 
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• OI'{.AToO~Al (OOGoN(fHoNG 1 
S<:INARo~s ~"""'''"" • ,.,, .. ""' """ ~{. L<AO 1 

• ""' .. """"' • '"" ~ .,.., .. """ 1 ""'""""'"' '""'"' ..... ~~" AUU> O UN01o0NAL 
1 • •• .,,~, .. 0, "'''"" <Juoou '"'""" • ,.,,. ... , ... 

ouo •• • •u•t"O'<'I UA lA O'«OO .. SONG 

• '"'''"' 1 '"""'" AIOV'"l"'(N" 

'""""""'"" 
AltOCAfiUN '""'"''"'"" "''"' 1 • '""" '"""""''' • SYSHM '""Al ACI' , . ""'" ''"UlA ToON 01' AAC~III CTUA! TOOC> • • '"""' """"""'"" .., ........ ,. ""'" AlC.ORol~ ... ; • ""'"~···- ••oc•« ~'""" ANO OATA .... ''"'~··· """" ' • 

1 

l. 
1 
1 

SYSl(" fUNClo0NAl • "' '""''"" • '" • • tOutrT> 
UE o INni"NI 
V'"IFO<AHUN • 

WGo<AI 
CUN>lO<OON!< 1 

""""'" 1 • 
l'loOC<SS lOAOSI 

"'"' .. ""'"'"•m:• R(Ol""'"'"" 

S0"""" 
""'""'"'"" '"e"'"""~ 

1 
1 

''"'"" • "'""""'' ~<~ORilH"' 

""'"'""'" V("" ICAIION 
• "" ., .,., .. ,~·~" 
''""'" """' 

• Atou••"''"' 
1 AUOC~loO~ 

1 
1 

1 

"", '" d < 1" loe" 1 """ fm w.olls <mi w ¡nd~w! 'PC'!'I fi,d. ,.. ould 
~lly con1id<r oroolh" lino ol business. Yct. lh<<O ><en""" 
1 ro.>on>bly ocfi<ot lh< <itu>tian• "'h"h d>U poo<r"ing 

" ond dc>d<>r«< >•< commonly f>ced W<th or th< '"" o! o 
joo ><11\ "'-'"" Jn·dopll><nl •<ti•ily. J. ~. Muu.on 111 !!•too! 

.1 '''" •oll'"" indu!(fy !!1111,., not romo"'' "'"h ••r ""pi<· 
. ,.;· ol iB P""''""- lhcrs ni mojo• "'"' n>"•I'IO> >Y51•·ms 
- ·"'"1 lo''"""·*' ''"""'" •r«d""iom for" poocJ<1ct "'bicto 
y c.n n<<Lh" ··,,, .• nor fully uncJmt>nd. U>cT"> ot<pon>" 

· p~<-rli<l•blo. llo<y '"'"' 1 op«ifocollon rhu le»<> rhcm 
"' optoono. don nol locl. th<m /ort><r lo lh<O! ,nin•l 

·U~hto. >nd p<<>'<d« '""'' hoodono <o hcU<! <>rreos theio 
'"'><ti«)'><< ti" pw~u<t r>ol'<. 

"uo !loe <l<><lor«. ti"¡·."'~'"" :i1o "'" ,-omple<~IY of >Y>· 
··"· couplcJ ~·ith """' omb<hty to "'""' ll"ir n«~•. ¡, 
J<>'ino;ly ¡:oin~ to ,r,op><\ lhe J<'<lopdo •bii<IY to S<ope 

J poodu« hio >Y>l<m. Tho 0M1w.,e onJ~my" on< of 1h< 
• oono.,nin~ buold<JS o! OO<·<>I·•·I.ind <)"<l<mo.•nd Unl<l "'' 
• pro•i~< > l><rrco t•J<!]'«l<V< of nuo poodu<l, lh< pooOI<m 

. ~r•~•« ""'!""""""" woll ""'""""'""u:. 
S!"<m Sc~c<lu/<: 

:n, '"'1"' <m b~dJ,J oomputc f •Y""'"· anolh« phennmcnon 
,-, lo mo\c th< ><>h ,.,.. ''~"'"Oto lit> Je [,.lotion l•>l doffo· 
1. Tlm ;, th< foct th.ll sah~an· «QU<~<n;.,,,. def<n<lion 
,,,.., • .,,¡,[, ovc<JII !)"""" ~<>•tn-but o.hoduloo "«IY 
.,,¡, •Jcq'"'"'tioroe fm th< >\>1""' en¡:iroo"inr •rod '"'")'>· 
\ <'<>ign '"k' lo >t>b1io" bdore ooftw•r< r<quor<Ou<nts or< 
·Jod_ Foo cmbedded •r•temo. th< softw>« rro>Od« th< 
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VOA"•C~\oo~ 

• "'SoM<JLAloON 1 
• ""' '"''"' OF«Lo~jNARY 

l~Ql' 

1 
P"ION 
.lfouCTUM 

1 
L 

wrolool lo¡:io (i < .. (11(· ¡:luc) ''"' l1nl<l1 !loo <y<!om IO,•t·ll"r n•od 
e>n><s it IQ wnrl. "• O)'!iwo, Con>«¡ucnLiy, fun<l>'""l. <on­
UOI "' •ntc1f•« "'"'~~" in >iftu>lly <V<ry "'''" 'uhoyn<m 
lyj<!C.lll)' h>>< on ionp.:o<l (ofoon m>jur) <on thc >y<t<on <coi(IQ] 

•oll"'"'· Thi> "'"''""l"d)' p1onouncc~ call>' in (loe rt<•¡;'"'m 
whon thc d<Oo~n <ol (lo<!< '"b')'\J.AJ><> JfC undco~<oi10r. ou•io• 
nl"tmrionS on OrLC"II'((n~ !O OH el LIICII '""' >Pc"f"'louOS . 
1< al<n con"""""' lower bd thrnur.hout thc dc>d<>i""'"' 
suelo (!,.1 thesol<"'"" conllnuolly tnu<l >di u" tn rhe <lwtr.ing 
I<QUiT<m<nU of Lhe >ub•Y•«mo o( COJ\1<"1> (seo ri¡;_ 1). 

Cun><quenlly. tht •nltw11e ot~uiT<"""" .,, borh initully 
~doy<d •nd •h•nr<~ l«quonlly dutonr. rh" time ol oubO)'>"m 
tle>irn ol e<•lion, lln fu o tu'"' el y. Lo >U ¡<puf! '" <CJ:'>Lion .,; !lo«' 

""" !Ubsy<lom!,potli<<ll< ol !ho wli~"" "'"" l~< dc,·d<o¡"d 

an~ tc,.<v "' <h< '"'" ol '""'"""'' '""'l"'"ion of rh<" rom­
poncnl\ onro <lo< >)OI<<n. He n<l <fl<ct i! <hOl th< lOit,.a« 
d<>e!opment mu>< he '""""~ <>rly <nou~ <o su¡>ron Lhe 
'""~"tioo s.<hcduk. hu<'""' th< ,;,¡ <•f <mjoo requu<m<nr< 
<h>"~" o/ or """ l<doro tho >Y>l<nt dc>ir.n h" ><Ul<J do"n 
$<11Jodcrolly . 

C. C<Jmmuni<llllo" IWttOl 

Th<T< '"" rul eommonicouon h.o11i<" anton& tYrkol OY>· 
teono "'"'/opentooo. hard .. "" •1-•teon• en&inccm>~ pcr.onnel 

'"'' >oflw"o d«i~nm/poo~"'""'"''· W"h lhc ¡:oo"'"i"' •t•PII­
<•1 ion uf compu r<l In hnolo~)' intn "'""Y '"1"" ni '" ,¡,_, ""· 
it ;, no: r,_,,;o¡, ror lh< "'"'S' '"11'"""'' d<·"~"" to 1"''" th< 
lo "1'" •r.< >nd l«hn~ht:" uf oll !h, pot•· n 1 ;,¡ oo•rlicat '""' o/ "" 
['IOduCL Convonoly, ¡he cuncnl e>pl<><lon of ha•Jwa~</mft· 
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1 TOOL< D<SoGN 
SfOUCfU~( 
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1 
1 

~"•1· l. 1 ""' •ep•o><h <o •olE _., < """""""'"" "'''""'"". 

n,.,,,.. and thc '""'' ions r or wa 115 anol "''""""' •red roed. wnuJ,¡ 
quit lly camid" >nolh" hnc "' '""'nm. Y el. Ehc;c m·n.,ios 
"ill l<ason>bly lcllcoL li•o '"""'"'"' wl.,<h d"a pou<•·"i"< 
""" ood de•dap<l> ><• <ommonly f>ood "•Eh >1 lh< m u uf, 
n"¡or •oh"'>'' <l<•dopmenl .CtiiiiY. J. B.-""""'" 121 sl>l<d 
11"1 lh< .oflw_,,. in<lu;t<y sHII h» noL come up V.olil >ny "'PIC· 

''""' uf ots l'""'"cts. IJ"" ,.¡ ,,_,jor "''""""PI" 'Y"""' 
"" ·"'' d lo !"''" '·"" r~<ci«· spw fie> ''""' r '" , p1ad11ot w '"'lo 
fhq ''" n<iLh<r "•«"' nno fulfy unolcrst>nd. u,.,·, rosron"' 
>1< p!<dKUble. llocy ,..,~, 1 'r<cifo<>foOn lh•l k»<• l~<m 

. '""" option>. do" not lod. lh<m fof'<<r <o 1hc<1 lnoli>l 
ll!m•¡•bl¡. >Od pi<Widcs '""" ft<cdum to 1•<11<1 ''P"" Ll"" 
"""'" thcy ,,.,. Lbc pro~url c•olvc. 

!"u< lhe d"clor<•. -,,, powitL~ ,;,, >n<l compk•lly of ·~•­
'~""· <ourlcd wuh n«r<' in>hillly to «P«" lbci.r need,,;, 
'""""'"rlY ¡,oinr. lo imp"' Eh< olo-efop<T'' >b~Lty lo ••ore 
,,,¡ I'IOdliC< hi> !ysl"n. Thc !Ofl,.><< '"~U<IrY '' ono of EIL< 

''" """'""'"r. '"'""le" of nne·n(·.•·'ind •Y"'"''· '"~ ""''' w,• 
'-'" plo>td< "hcller P"'P'"¡'" of our p1oJuu. the p!ohltrot 
of ><>fl">t< f<"QUII•"OJ>Cnf> "'" I•"IO>io WLlh 0>. 

8 S) ttcm Stl"dul.s 

Fnt '"' JUI Cito lwol~ed < OOL 1'" 1< 1 sy!l<n", "'Mhcl phcn<•ln<Mn 

"""' to m .. le''" <oh"""' '''"'"""""ni$ Lltfu•iHon '"' diff,. 
,~olo. fhj, j, lh< LH"I [i.,¡ .,,¡¡""'' !L·o¡u;,,.,,<nU olduLJtolln 

"''""" n "•l•h· "'""\1 IY>h'lol <inLfU ·hut "h"luk• '"d) 

"'""' "~""'""" ,¡,,.. '"',,,..'Y'''""" '"~"""crin~ ""'1 '""'~•· 
"'" ~,.,~, '·"'' ,.; >lnloihh" \""'"" '"''""" tL"4""""""'' oto 
OCL"Lit\1. F<Lr , . .,¡,.,¡,i<d '~'"""· lh' ><>h'"'"" ¡oro•i~.-. thc• 

' 

conL!ol lo~1o (i <., lh< ¡.luo) lh'l holds lh< sy>l<m <o~cll•cr onJ 

"' ""' il 1<> wm 1- "' a ,y,.crn. c~""'l'"n<ly. ¡.,,,,, ion• 1. ooo­
I<OL '" ,,¡,¡,.,. dw<r.<~ in 'lfiU>IIY '""" ULh•:¡ !"l"l"""" 
lyrto>lly lo>><'" ""r><> (oflcn major) on !he >Ymno ca."l!ol 
sollw>r<. Th" i> P"llcu!>d¡· pronounccd cody '" thc p:u;rzm 

wlocn !h< d<>L¡vl uf til'>< •ub>)''''""" '" l'n~<rgoir.t "''-'"' 
IILO<Iu>li""' In ,tt,·mplul~ lo olLL"cl IIL<il """ 'l""''"''ons. 
lt "I>O <OIIHnu" 01 'IOWOI lcvd thl<•urhouL tloc ""'"'"~'"""' 
such lh>l El« sofl""' <"OnllnU>If'" mu!t aJ¡u:l tu 1h< chon¡ong 
rcqui!<m<na or lh< >uhsy»<m< 11 conEmf• {so:c F,,_ 1 ). 

ConO<qtocn>ry, ''" softwac< rcqLLII<m<n<S "" t.olh ;,,,;,Uy 

dcl.•ynl '10d <h>"F'd 1 rcqucntly d un no ""' '"'" <•f ,,¡,,yst<nt 

dc•ir.n 11«-•l•on v .. r "" """ <i)". 1" '" pport '""1·'" "'" "' """ 
;>m< oubs)<l<m•. potLions of lhe wflw"< mu>t loo dcvdop<d 
>nd IC>.'Y >l l~< tiuo< of [untlion•l lnletrotion of >hose co·n· 
poncn<S 1nto lh< O)"!l<on. lh< n<l df<ol is tl1>1 th< <Oh">" 

<11->do¡•lnL·nl mus> h< '"'"·'''~ '"'Y cnau>h lo ourr<"l Eh< 

"*~'·'""" ><h<dul<·. ¡,.,, '"'" ti•< "'' L>f m.LjOI !c"'i'""mcnts 
chan~« if il "'''' ~d~re """<¡-SIC"',,,.;,,.'"' >~·tLLcJ JO"" 
sufhcicn<ly. 

C. Com,.un<c"ILO~ /Wtr"l 

Thel< cxi!l ,.,¡ """'"""'"tino¡,.,;,,., '"'""llll'«•l s~l· 
lelO! U$<1'/"0t!Ol<"'· lmJ~"" >y>LI""" <ILSin"rin~ J'"<onnd 

""' «Jh~ . .,,. '''"~"'"''""l''-'m"'""· Woth Lho ~.,,._.,.,,rpli· 
"E ion of cmurui<J 1 "'' noii~~Y 1n10 """) "''"" of <n~c.VD/"1, 
il "'"''¡,,.¡¡,ro fo• lhc .. .,.,r,· ,.,(¡,.,,. dni,ncr '" ''"" lh 
¡, "~"''"' • nLI ,,., ¡,""'"~Y of ull ''" P"" ni"' • rr•ll,· -'\1"'" of h i• 
'""""''- Cun•mdy, !11< "'"'"' <>pi«>IM ••f h,,,,....,,¡mfl· 

' ' 



' 

~"" con1~1IIC! l<e~nol~~y h>l nnJc il im~OS><blt lor onyont 

MI conlinu.lly in•ol>cd '" lh" "'"' to l«p ur wuh u,·'"· 
mi01olo,y, 1<1 •lonc·lhc lull """' ol l<ehn~<•l •mpiJColim". 
C<>n!Cqucntly, <><n thou¡Y, mUch pro¡;"" ho1 bO<n rn•Jc in 

lh< tduc.uon ol '""''Y in "'" ond •rrloc•toon< ol lh< com. 
putcr ll l. 1 contmu•lly ¡ro"ing comrnunit>!Oon ~•P """ 
omor.~ tht ''Y <>rr•"·'"lion< n<cdcd to conl1~u« • mo¡or n<w 
,y"cm. WILh thc incr.a,nr. 'P""'"'''"" rcqu~rcd lo cope 
wuh tOe comrl"''"' 1n all ''"" of butll Lh< •PriLc>Looo" >nd 
thc ~"' P'"""'int tcchnolon, • ncw '""d of spcciohst! " 
r<quucd who <•n b!ld&e thc &>¡> b<!l'«n thc othcr <p«~>hm. 
1hc r1oblcm wioh this "gcncrah>ed'' sp«i•h" is lh" h" u" fui 
lofc (-5 )'""' in th1> rol<. bdore hc is uutd>«d by n" dl5-

,,~¡""' he'"'''·" >ery ;llorl Jd•l"" "' th< '"'" it 1>k« to 
r~rn Lh< «P"""« nooded "' t'orfoJm in thot rol<. Cu11cnoly, 
the b<>l oppro.<h lo o>ercmnon~ thosc commur.ic,.on bmi<'< 

" <h< """'WY of • "'"' ol syst<nos •·nr:in<<n •nd dol> pro. 
«<>in~ do;ir.n<IS w<,¡in& to~<th<r clo;dy tu porform th< <Y>· 
""' funw'on>l •.o.l)'>C< on<i 1<> P"P·"" "" <icL,.Icd <oftw"' 
'"1""""'"" >p<cifl',li'>"'· A• <hown in Fi~. 2. ih< >Y>""" 
tnrin«r> <hould ''~' th< load dunn~ the fuo>ctinn>l •nolym, 
o M the soft """' Ó<>itnen >h<>uld duect Oh< d<l>iJ requirem<nl> 
delinition octi'IIY. Foom th<>< l<>ms, hcpdull¡, the "~ene,.t. 

oud" >r«iotr>l! o( 1he fu! u!< woll ''""~"· 

. /J. Mrlir<•Ju,'ii1Y 

Until ""ntly, m<lhoJoln~i<o lo' g<neution ofsolowore 
t<qurmoona h .. , be en qua e in{ormol. Requtremen" ooliY"• 
U>in~ [un<tionll Onw blud ~Jogr<mo, N'·ch.,,., ptQ«>.,ng 

no~ '"'IY"'· >nd the lf>e h"' "''" '"'PIO)'<d tountlmUnd 
Ll1< prcrhknr, In ¡¡,, """''· traJition•l "'•'""'t f"'<'•lor<>! 
l.n¡,li>h 1.1nru•o< >tatcmcnl5 lo<., th< prur""' sh>ll .l >ro 
""d lo doru<llCnt lh< «qUo!<<ncna_ Ao ltoelull \41 nol<>, 
lhese require "' ou.lly no ,,.,.,;n~-bul lhW "" bi&uity •nd lo el 
of Otpm»tion ~CO<!Jil)' ¡..,.¡Lo '"iou> pt~l•lcm> ~ilh in<<>nl· 
ploL<·nc<s, ;,,.,.,,.,,,,,·y, '"d n•i>undc"'""d'nr. """"1' the 

r<uplc """~ '''"" 1\'h Jc 1 he"' "' now o 1 h<r "f•Ll<>n> , . .,¡,¡,¡", 
m.onu>l opr.oftcolron: •t< >1•11 thc u><twh<lmmz '"'jollly 
omoo¡; fotm> o[ '~"'"' •t•«ironuom. llo<hm l•l aM 
~1•11« 111 rl<>mho f uu r noher e ll<tutoc> ol m<lhodologocs 

1) [,,,,., lo:»t•J 'I'Cc!.rl l'"li'OSC fu'""''" U<O'tlio plu>idc 
Lhc ,,,,, '''""'""' ol Lh' spc<illcaU<>n¡ 

2) '"'""""'d "'"""'" ou\otn>l<J onter.oruon wlth thc 
useo " pro><dcd lo hdp "Pidl~ conuru" , ·~···ilocauun 
Jh>l >dh<l<l lo buolt·on "'""'""'Y !Ul"' 

'"'""'·'''"· rnoccoa~<·~ '""'' "" hclp "' ,.,.,""""" '"" 
"''"·' "' '" <• [ , ompl<1 ,. "' ,¡ <or.ml '"' '1''" 1 '"" ;.,.,,: 
lcotll¡,l: >p<c,frcoloon< "' npn·,cd on ' r«<r<< Ho.rth<· 
n»li<>l form, wllh both synt>• >nJ """""" ur.<>rouoly 
d<f•n<d. 

Two m,joo oulo'""'d tool• ~·hich ha" "'"'"" pool.,l•ly 

the """' ""'E' thc r>st f•·w Y'"' '" r<úbll'm """""" 
l.1n¡:o>~<' (l'~l.)IP<oblem >I•L<m,no ,,,,,,., \PSA) ¡¡,¡ '"" 
><>flw"' requor<mcnl> <nr.on<<rrn~ n><lhO<Iolo~y (SRf.M) 
! 1¡_ PSL/PSA ¡, o compul«·•id<d >l!l>O(Ur<d t!ocumcntal!on 
M1l "'"ltsis t"hniquo lhOL ~,, t!C>'<lvp<d foo ,,,¡,,;, >nd 

''""""'""'i"" of rcqur~c"""" •nd pr<p.tOlion of f¡rn,Lion•t 
p<o,"""~ >P"if<"'ioo<. f.< ohuwn rn F,~, J, thl51\>"m h'> 
thc '''I'J~ibly 10 <'-<><ribo,., onform>tion >YSitm. rerord th•t 
o!"wrliun tn • computerl><d doto b"'· in>l<•ll<n!O\Iy "'odify 
1~< ~o\o·bll< ~'"'!;>\Ion •nd ~rodu« rerorU >nJ docu•orno.­
tíon on lh< ryot<l\1, rstu~"'""' the ont<m .tc«típtivn in 

''""''"' 
H-5 

¿· :,. ¡ 
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-

• 
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' 
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.,..,., . ., 
u{ .. AOIS 

"'''mue torre, d•to dcriv'liuo, >y>tom li«. sy;t<m <l¡·namioo, 
'Y"'"' pmper\i<S, ,,.,.¡ proje<l """''~<m<nl. Thr >Ofl~•tc 

P"''~' hA rccor~> '"" rle<crrption in the d>U b>>t, m<>Oifoo> 
it, ¡•<rlmm, •n•ly>lO, ond ~'"""'' repom un<!er dir«tio~ of 
th< ""' con1mand bn;u>&e. PSLJI'SA h,, oontonued lo <•oh< 
>l't! '"' "ldeJ mor<. poworful <Xlml>lt<>cy •nd """l•lctor.O>• 
chct l 1, plu< ~<tic e U >O <·<'1 l<nl< d d•" <1\1 ry o nd o u ipu L 1< por!', 

5 R EM is o eomplett m<thod olon 1 or &ener>tl<on of >Oft>Hl'< 
oequil<l>l<Ol5 fm 1"&' r<•l·timt)'<O«Ui"t>>"<m¡, A> <J',o,.n 
>n F•&· (, 11 <mplü)'S • nt>,><nci>IUr< e<Ued requi"'"'"·" n<l· 
work> (RNot"•) to """"~iguo.,>IY «Pr<5<nl •11 prG<<r<!r.o 

P• ti" in • 'Y•l "" " hol< Jn "" 1 '"' i n1: I'"'Ccdcn"' />mcW~! tclo· 
uumhir• but v.-itt,oot im,.os.n& oh·ritn con>tr.ooli. 11 u><' • 
fntm>l m¡u¡remcnts St>l<m<nl ""'"':< (RSLJ IU T<JUO< •m· 
bo~'"'Y ond to ¡,.,¡¡,." lh< '"'"'"'';"" ul lh< m<lhbdolo&Y· 
Aul<>m>L<d tool>, in"r"l<d I'HO O rcq~imncnts '"¡:i"''""t 
ond '"'"''''""'Y>'''"' (lUCV~') .,,;,.r. ~~L ""''""-''" ,, in?L't, 
cho·c~ (1,.- •cqtdJ"'""" lo< ,-omrkt«re« >nd '""'"""''· 
nmntoin ""'"~Jilly \O ori~i""'"l' «quoJ<n>enl> ;nd n1odds 
and 1'"'"'" :•n>ulations 10 >ohd.Je lho cor<«lneu of tho 
r<quio "'""'- SR Bt ho< bocom< ,,.;¡,\ole on • numb<~ of hou 
compl'l<'t> ,.,(! ¡,, 1'"" "'il,cd ""a numb<r nf otdcn>e. Ou~¡. 

"''"· "'"' ,, '"""""··! '""''""'" ·' 1' 1 ,¡,, ·" """ 
Se""l olh<r to"l> >U<h .ts SA DT 1 ~ 1, SAMM 191, <!'., O!t 

aho in''"""''"~"' o( d<'.-loplloent and u>a¡:o:_ lh< "" ol 
"""'"'""''"~ onJ """"'•l<ol r<qui«n>ents ¡:ener>lion tool• 

"'''"""" onc of ohe '""JO! '"'"'""t"""""" ul >Oft~•" 
,,,,,.,.,.,,., on lh< '"' '''""'· y, t .. rt Lhis '"'"· Li•< ""'""' 
tho"><' '""'' ••r•u"'" .. "''Y ""·'11 l'<'r.-<lllJg.o of Ll"'" POI<nlia\ 
Jpph<.ll>nn. An "¡"""" <eJ50l\ fo< thlS i> oheir ~<n<r>tl"> of 

••••l•~oht>' in """Y pl.co·s onJ ''" """ it t•leo ooloorn 1~ "" 
tlu m d{ «h'CI)' _ A ""'h<r IC<IO", lll•~ <o Cl. 1> ll•>l 1 he> e too!> 

¡,cn<roll)' '''1""' • ''"' rrocc,sin&/comp<>l<l ""'"' ori•o"­
(lftoo, Yct, m•ny .,¡ lil< j,,¡e I)'<Ll'H\ "lftw."< f<''l'"'•·mrnts 

"""'""' '" """"'',¡ '"d <LJifod with 5)'<l<ln '"'ly<l5;cn¡:~. 
n<<r> ,.¡,~ '"'' r<lalh<ly hllle of thl> Quenl>lion >nd ofl<n 
J<>i<L lh< le.'! non~ I<~UilO~ l·y lh<>< 1 <<>d¡ cf >rNO>rh<o, Thu 

'""""" " '"""~"" >lon to th•l <>r"'""'" duJJn¡ th• 
e.dy ti'Y' of :.tlo·.wrcd r<oJ:<.IIn"''"&. >nd • oi•·Jrrmin<d 
cu>tonm/ono.,,gcmcnt cncour.¡,concnt wo!l poo~>Oiy t--< re· 
quoretlf<>< lhe" tonl¡ '" ¡•in woJe<prc>O a<ccplin«, 

E. Somuluion 

Snt~lllot ion hu beer• u>ed i nr ><1 er.l }'"" "''"' in (i,t """'"· 

n>enll lj>l'U(ltO:oO" 1'10.-<u (O hdl!~ QUOl!ti!r••!IOll """ P"" 
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lHI .,OUIRl'<tNa 

""'"'"'~'~" <!<l!M[Nl 

·~""~·~· 

""'"""'" ,,.,. ...... 

1~ 
AUTO~AH (o ''"ULA 1 ION 

OH~ 

'""""'""" "''c'""''o" 

•••- <. Sl<r>.! "'""""'"" '""'"''""' m<IMdolon. 

""" to lht swcmc ni of po,¡ orononco <equircmen "· llowove¡, 

«r'fi<n« ~" 1ho"n 1~>1 simul"ion is ''"' ,, JiJ..dy to hc 
imrror.,ly u.ed 11 l1 iolo b< uso~ dft<ti•dy_ Sonot qu<>tions 
wh¡;-h lhoul<J be >!l.•J "''hcn dt<i<llro" «hcth'l lo crnploy 
>iom•l•"'"' "' <h< lullowin~ 

1 ) h lh< p¡oble "' scop¡•urtoo·c of ,¡ '" rol;\<on ~ Sy>t<' "" whrch 

ore ''"" li>lly oren loop, "''dy "·"', '" ole tm:~ino,.ic m nature 
rardy o<quor< simul• tion to >«ut>tdy d< fine thcir pcr(ornt>n<c 
cho<o<t"i<tics. Con"ndy, do>t·d·lool' Mnhn<)l >Y"<~'" or 

<) >1< '" • "quit' "" r>pL<i 1 <lpon" tn >t<r "'"" nltt n do tcq """ 
m<nk ¡,,, to ad< g '" 1< ly ddLLlC 111 dt l'"f """'"'" 1'" "'""'"· 
In P"ll<ubt, ''"'"" «quonng t<'lP<>II>" lo <etiJin >HnlUh 

_ "''' htn o smaiJ time factor (<lO) to th:.vc "&< module do>pa"h 
11m< 01 runmn~ 11m< w¡ll U>t•all}' rtqu"c foirl) d<t•tl<d mod<l· 

in& ol 1 h< d• <•·¡Hn«»"Lt h>r~" >!< and >Oft v. "' pt "'"'· 
7) l; olo<" "'"'"""' klt<'d"l<. "''·1. ""' <l.ol,t ,,..,¡,,¡,¡., to 

mL>old ti" !)>Iom lo th1· n·r¡U~<<d lt<ICltl)? 'ihL>" prnh,bly 
lh< stnrJ< "'' v.hcr< "'Oit >naulation ctforr< '"" tnl<> ttnu~l<•. 
Tltcrc "olwar> a 1<><1 of ftddit)' bcle>w v.·hi:b 1lor stmuiJtion 
t• cmnli>IIY woHltlc" for t~ .• '"' ti " bcin¡: c•lkd t<• do. 
Yct, ft<o¡ucntl)', tlmc is '"ltct io<uff"..-nl tO>I/«hc·dulo 
-'"1>\.1< In )>uof<l LI1C !>r>lubtoon üf tl"n' .S LHIUIIILL<'"I ~Ola 
on \he 'Y!I<m 01 L'1\'11!>111LI<nt ll' nnnlcl 1\ lo ti>< lc\'<1 ol J<I<LLI 
"'""-''Y· In citlocr <>~<, 11 ;, roudcr<t tu tal.c, hi!~ loo!." 
,.]orthct any >tmul>tion worl. >ioould b< r<tformeJ, or "'"""'' 
~ mpkr '"''''tic !rdoni~ue, couiJ >'hi<v< '"'"'"IIY rr¡ui> '''"' 

'""'"' n lo 11" >)>I<Ln dr>L¡on <L.1Inl""' S<Lificic·nlly for I>FHoii,Lion) 

Allho~>Jh ""'"¡"'"'" " ft<qucmly "''" '" ''" "'1'"""'""' 
dtlmitoon r<o«u, il i< tmporunt to rcmcmbcr 1hu u i> d<>Lf/1 
th>l "'"'! b< mod<l<d•"<>l tequne<n<nn, re' u. 1( • <Y>r<m 
-''~""" ."'"rlrl<n~ In ~<fOI drt,;¡ lo.,¡,¡.,, ¡lor r<o¡uircol ""'"' 
hloun lidrhly, th<n <h•nor> 10 lh•l >Y"'"' (1. woll be Ú<V· 

'""''"~ to th< ,;m.,lotion dfort. In lh<'lr '"'"· the simul•· 
tion often connol h< done in •ufr.cicnl ""''lo b< u,. fui 10 
thc oe<¡Ui~<mcnr• dcfoniaon procoo•.•nd >¡.>in • >impkr m<>n> 
or o~L,inin" red orma nce r>r>n><l "' '""" te ulllu cJ _ 

lf llo< """' In •11 thrO< of llor.o r¡u<>LioL" 1! Y«. 1hrn >LioLU· 
l.otinn ;, usl'olly !IL< hcst mcJn< '" "b<am porto;<, q<J>ntifLJb1c 

'l'''""'"'r'"'" rtrfnrman" ~'"·'"'""'· Tu ~b'-"" '"'da!> 
""''"'Y to ddin< dat>-pro<<S"n& r<quucmcn" C<-~, '"";"'· 
ill<truction '""· lht<>U&hput, <te.) u<uoll)' ,..¡11 '"1""' a fun<· 
IJou>l (<.g ncnl dmcn) >imul<tion of tbc d>tc '""'""'"~ 
lo.oulw;"' "''d s•,LI\v.,n<, an "'"'"(' rcrrc>elli.LLL(>n of thc 
r'"""" coniJ ol a1~~"th tn<, and a re:ol L<lic m<>ú<l of l he < x '' "''1 
inrut-outpul cn,ironmcnl, 

s .. r'""' '"" "'""''"'' "·"' 1""· '" '"''""'"' '"· ,."""''""' 
''""""11' ''"""'"u, '1""'""' "' '"'""'''"" '"""" '"" '""'r'"'" 
r .. '""· '"" """"""' nol l>cli"<d. 

ll'hy arc soft""' '"" <>llm>t« rcne:>il)' con,~«<d t<> be 
'"nmtonll)' r~nt? In mo-;1 cnoka,or.;, thc h<>t 1in" \l;rou¡;h • 
utw r>pu.<ttcc" typic:ol\y' llnl< nf J>ifLC.,ItV .,,,¡ e;r01 lo 
i111pro>< on<-. pLo0>bLIII)' of '"'""· "'"'"11)' > pcciod or 
inl<n« pbnnmg. rochmm>~y de<•~• and 1-•bOJotory lrcad­
~o"d'"f" spcnt. ~'"' buoldtn' <Oh!U<Iors ,...,utd bid on o 
lto>U>< """""1 o <el of rton> •~u .. ·inr. thc ;;«, '""""1· •nd 
1.1)''"' 1 «~u o«d, l!>cdr " , "''" pi <e< of en¡OL '"''""~ r,,o"' "' 
{~IL<'Iio<'C' JOL rn¡ooro< Of Ool <lt•<tfQnL< ""'"""""'LL(>n> >el) 
'~"'d ... itltout , "~"'''""' ,.,.,,-¡, .. nd d<>dorno<r.t dfort 
"'luclt .copes 1ho mo~"'tud<, r<rfo!ln>OC', ouJ <n>uonm<nt of 
thc oqtupm<nt. \'<t, mojor soh"''" rmco«m<n" hc~~cnll~ 
'"""' "'ilh~ut .,,,. t<«ot<h or '"'" m<>n,nr.ful pr<lunm>ry 
rh!,:oL of t!•' l•tr•dtoc" lo bo d<>dup<J. 
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"•- '· (<""'"'"' of '"''~'" cffon wu• o""''~' uf '""'""'""'-

A princip>l rc.,on for th;. i• th•l • <u>IOm<r or >Y>I<m d<· 
•i~n<L <>0 U>U•lly >p<cify a fcw p<~fomiOO<O f'•U"'CI<" (<&-o 
IO~J! ""1''· pui!r. !ele, fl''<¡ucncy, <i>'"'l·tO·,.ni«·, t'Lo,) lu 
chJ<><telilO • pi<« of ILal<l•wc suffo<"nl lo< • '"'~"''" 
d<<i~n<r 10 d"i~n. ><opc '"~ bid 1loo equ•pmenl. For >Oil· 

w><<, no '"'" ~''""'''"' '""<mi, <>i«. Sol\"''" <~n 
onl)' be "'""'''"''d h)' ll•c ''""lt-0 f,nnions 11 '""'\ ,,.,. 
In"" to ""l' oul 11~< "'1"""'"'"" <>f ti~<''"""· >n<l oftotl 
Lh<5< '""" >ll b< IP<Cikd ~y Lhc >)>l<m ~<>i~ncr. f'requcnlly 
m>io• 'Y"<Ln> uc ddmcd ond bid b<f01e thc dcui\cd fun<· 

llon•l >«1"""" col tll<>o >y>L "'" "' •p«i r,.d, Coro,.cqucnlly, 
-,¡,, ,,.¡,~-'" <siLmalos lot lh<" <)'>L<n>< rene«"" 1«'- ,.f 
de>ign dd!'.ilu)n n<O<U3f)' fQIO<CUr>Í:y, 

Cn11rn~ ol >olt"''" is lurth<! comp\iC>tcd by llo< rn<td<> 
irwoh·cd, 1 S" Cuttll 1 J > l , u,;, """,) )(!, );( [1 O l ¡,., >hown 
lh>l Lh< 10Umb<r uf machtt>< imlru<Lion> provJok> lhe \oe>! 
>lnr.le coucl.,ion wLih pro¡r>m co11 (Fi;. ~l- Y<l, '"" from 
thi> dolo, "'"" of almo" 1 000: 1 <r< r<•<,¡b)e U<in~ o ni}' 1 hi:r 
Í>CIO¡ at '" «tim,.or. Thu¡ 11 lt<eom<> "'"'"/)' Lo tnclu~e 

'"eh '1 "''"""'' r ''"" > "' e ""'1''" t!y, "qu .. cmcnt> ,,),tliil y. 
<>p<ri"•«, '"-· Lo t<l • b«i" 1''""" of th< lrtJ< pol<nt<ol 
<<>>'. Th» i< Íll >h>rp conlu>l lO mu>l l,.rJw'" ~ .. rlopmenl< 

~·h<l< o fcw oimrler n><ln" (c.r .. , "'""~"" of <Otnroncnt>, 
d,.wcr>, el<.) con uouoil)' <Siirn>tc thc dfort lo, r<»on>tole 
dc~r«. 

tlnfottun>l<ly, <><n lno .. in~ Lh< fl<LOII in,ol><~ ~ocs not 

f"""''" • <«Jd•l< """"" """ holh Li"' <dof"' "'"' tol, 
fJ>en f""'' '"'1 th< ""'""''"uf" "'""ul" JO~ lo lh" faclur 
mu<L >h~ ~' '"''""'~- S"'"' dfort> ¡,,., bcm n,.J, ""' 

Lh< ro>L loi1Cen )'""Lo qu>nllly '""' f.cto,.. '"~ """""''" 
'"' '"'"' ti•>< "" b<· «l,lcd '"' r-"'""'·'' •of•~•"' ,.,;,, ·¡ ~" 
r.ooJ<i> ~J .. ch "' l"in~ """"·'j,.,J '"d 11p~o1Cd "' 1h< HC,\ 
I'I:ICI:-S )11) >nd ! 1\W Sl'l'l' 11:1. ,\\Lhou¡h m"'t P'"""'' 
o<><l mu.t<l> h><<"l•«n ~<hffll<d ~) cur><·foujnt <O>l d>Ll 
¡,o m 1'« •iou< dcvdor•~< "" ,b<ttl• 1' H ICE·5 and ~CIOI' >ttor.t pi 

10 coro>tluct Lile"'''""' b)' ·"""""''"~ lor the cff«t ofeoch 
""'iti'IL) •nd f" '"' ond rom h<nn•r- 1 he>< 1n1o • Loll\ '""~'"· 
Doth "'OJ<h hl•< ~><d pi<VLOL<> d<><lnrn«Jil' /or >OhdotiM 

>nd ,.¡,,."""''· 

PIUCE·S ""' '2 r<rr<>enUtive fa<Loll (Fig 6) LO "P"«~I 
the <oltw"e d"<lorment environrr.ent. The p<incir•l inpol> 

to !he "'"Jd "' l'""'petl "'1" i '"'&01"'' 

l) rmjccl '"'!!''Lude -how "'uoh cod< lo be produccd: 
2) prop-•m opplicouon-ryp< ol p1oj<el (e~ .• MIS, !:1 , c:r.): 

3) k•<l o/""''''"&" onJ todo-nol .,.,l,b!o f1111n "i>L!n~ 
invt,.lory, 

4) '"""'«<-«r<n<n«f•k iU ).,.el of dc,.lopeu: 
5) h>Ld ~oro lim1lll oono-tomint/m<mo!Y C01o1lnin!:; 
6) cu!l<""" >r<•«fLC>L>on• ,nd rdi;bihly rrqu¡rcmcc.t>­

"'"""c of L<il>b<hly, L<!lmg "'" documcn\01<0" "" 
qu11<d; 

7) d"dopmcnl cn•iJOnmcnL-whot oomp\icol<nt lacton 

.... t. 

Thc ""''" ""'"' lor rrojcct m•¡;nllutl• i> numbcr of d•l"'"" 
e><OUL>b)< mach1ne m$l!uouon> (D[M\'s) 10 be d"c\n~cd. 

['ropo m o ppi«>L ion " thc modcl"s , pproooh to pro,., de ""'""" 
lnr th• r<I>Li" ,¡,¡f,«llly of dillo-rcnt l}'t'" of>of<v.m (hom 
1 LO ¡,, <>Pe<.•t<n~ 'Y"""' IU 0.9 for rout>n< mJLI«m;<ic;\ 
or"ooon<) Orr.>niutoonot <>r>b~lh« >nJ exp«i<nr<. tn· 

o\ud••& l>hor '"'~"""'· rmducti'>IY "'"· comru111 opcr>· 
tio11>. (le, "' rno,lo·led b)' th< IOSüUfCC> ••<»blo. üthcr oom· 
pl,.ity 1'·"""'"1"> con b< o«ounl<~ f<>r under de><IO!'"'""' 

'""'"""""'· ,.¡,.,, •roe<>\ la<1ors •uct, >J P">llcl hor~"'" 
de><l<>rua-nl<, now bngu>~<S, hi¡;h\y ch,npog .cquucmenl>. 

"",""'Y 1>< adJ1<md. 
llCA l'lliCE·S ¡,, '"J'POtl«l modd, >«<1l<é on comm<r<l>l 

tim< shuing <omput<n ond ov;il&blc und<r monLhly k><<nl 
>¡;r<«nent> Anoth<r "mil.r <omm<«i>l >nft"'"' <0<1 ,.,;,.,. 

twn m o<lo-1 L< t h< l'u t """ ~ 1 1M rnodc\ 1 1 .1 J 
lllW >Oitwlr< <oH e:;\imotinl pro¡:<>Ln iSCél') i1 • moO<i 

.. -Oioh "'" i6 lo<LOII 1o <n<ompa» 11>< ,-.,1 "Lim>liL<,; """'· 
11><" <1< ¡)QUI'<d !1\10 

\) l""V'~' '"<-numbc• of !li.MI'> '"d ,,,,, ii<ML<i 
2) rru¡u>m >tULbutc<--oom plnlly. t)'l'<, lln¡:uo_r:<; 
3) h>Jd~·•« alll!hUtU~IIOr>l</timin, <ulo>H>Jni>, con<'l!· 

rcnll .. rd"'''" olc>dormcrll>: 
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0URC>">I lo "" 1 H"l rE 0 . >uOCO~lOAC!" 
OISOG<,.JQl[,;¡ 
Al<OOR<E R[OO<:A ""' WoTH 0< "'"E<l lO 

"u! 

.... 

n,. 1. ""'"''""""'"'roo"' ed« t. 

"'"" 

vo•• 
"'o" 

'"'' '"~ '""'"' ., ... ,. ..... -"""' ... 

. ... ,, ..... 
"'"' '· "'""''·' '"''' ,,,,, .. 
,. ""' ,,,,, '"" 
~ ...... ,.,. 
••• 

'"" ,,.~ 
"""'"' . ""'"'" •OO"" O• 
'""a''"" -· 
""'""" ""'' a• 
'~""'""· ""' ""'"''" l >eL 

"" ., '"'""'" ,. ,., ... ' "" 

'"" '"• "'"'-'" ., .. ,. 
"'""'" '~ ""' en• '"'' . 
""""" """'' o• '" ""' '-"" 000. 

"" '"''"· "" 

"'" ........ '"' 
"'"'"'· ""''""' ., .... , .. , ....... "" 
"'"""''• '·"""" 
•••• 

. '''""' ..... 
'"·"'"''"' 'o'" " ·.'. 
"""""' MS><U• .~ 

•• 
''"""'" ..... "" . 
""'"""'' , "> 

""'''""'"' M<N"~OO "" """ ,, 
""'" . ""' '•'· ·~ "~ ....... """' ... 
""""""' '"" 

""' ••w '""'"~'DI'·'" '0"'"' 
• ""'"'""' • 0<1""'""" ., .. "'' "'" '""''"""" o• <• ooc•. o• <• ooc' 

lOO< •'< • • < o1 l "O•v< """ 
"'"'"' . '"'"'"' 0"·'0"'"" 
"'" . """'1'"'""" 

"'"' '""'~··· ¡ee·i"'''l (~ Oc"( N .. , .... ,,,,., 
'""" "" "Ü"'"" "'" . "'"'""""" 

r·,, >. "•• "''''' "' 1 •""' ¡,. ''"' "'''"'"""" 1 n w ;no• m•4•'· 

4) p!ojcc! o! !loho<es- pcMonn<l qu•l<t~. <' P"icn«: 

l) <nHronm«H>I >l!rLI"'""'-'"1'""""""" "'''"'''Y. re· 
4" L<<d q<,.h!). <or .. pu!<r """'· 

A mo¡oo !hrú" ni !h< ~CJ:I• mod<l wu <o dclin• ,uhj<<Ei>< 
. ""'"'"'(e r .. <otn~l<>i!y. 1<'1""'" quJio!)") m"'"""'"· 
>hl< In !O< pwhlcm bconf >nl•«l. F," 7 ''""'''""'''"'PI< o( 
<he doff<o<nl ""''t "'"" (nr rcq""'d quJI•IY. In""' "hl<, 
qu•l11~" defon<d rdotovr !o ··run TIIW pnhcoc•.·• llu> """~ 
td«< <o • •llndord "' of rohc><• lo•t Ti\W •o(l~"' d<"><lop· 
'""" p!<>¡CC\>, whi'lt P<o'ld< .nono. "·•und'""" l>locl for 

!<lisbl< , 0(! wOT< <mi """'>!ion. A' in PR ICE·S. !loo p'ln<ip•l 
tll<"lr<C lor .'iCI:P is !hr !ll<mber ol lliOioll"s '"he ''"·dopcd. 
Th< hd<I•<Y ,¡ !1« modo[ w" denoon<!..,t<d l•r comp>li•on> 
""o!h twen!Y <ompf<l<J p¡oj<c!> {><e f.i,r.. SI snd u,;,,.¡,~,. 
!ion ;, conhnum¡:" luJ!h« p¡oj<ct oompkiion d•" i< m1d< 
S»tbbk. 

TIT< p1incipol '"""der.!ion.< lor '"~"'"""' u•.in~ th<>< or 
si mol" mndd< 1 ore m ton~.,,. >bol it y 1 o >C<:U<a! d y "' """" pro· 
~'""' si >e. sbol<ty (O de fon< (he proj<CI <I!VifuO<.,<nl >nd 0!"1 o<• 

"''""' (o· !" .• P<r<on,cl <i '"llly. ocquuc· mcnl$ >~1• tt!.l) • r<io· 
li>< COOOI'i."'''Y. <1<.) ,.,,¡tilo a],jllly <>1 (ho modd 1<• '""""1)" 
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·-·----

""""'''"' "'"'"~'" "'"'""'' 
""""'"1. <' .,,,,. .. ,_, 

' Loo • 
' ¡ 
' . -

" """" ._., ,., "· 
"'"'"' 

• 
• 

rit ' 1 "m"" uf TI<W"oltw,., ""' '"""'' '"'"'"''""· 

eOiim>t<lho cm t. Fm > ""'"' dovdopmcnt. <rroa in <Uim•tins 
prog,.m ,;,, of 100 P«""' "'' hOt v•"""•l Unlc" the pro· 
f!Om r<ljUit<oro<O" ol< l!":t><.n;bty >!O bit oll\d < tho!OU¡jl [>!•· 

hnuoO>Y d"i¡n i> p<rf orn><~ ( to 3 le vol wlu·re «tl«r ol¡<nn thm> 

con be .,;o¡o<d 01 vmt "''' compatcd W<\lt P'""'"' up<n· 

'"'"''· the h>chhood nf •ir.nific>ntly '"'"'""'"'"& r•ot:am 
'"' " ~"''' hi~h Onr"• •l.,hty to •«"""')' '""' thc ¡'lO· 

~1 am '"''Lionm<nt will v.ll)' ¡',!C>II)' floon r•njtct to ptc>JOCt. 
Fo< an rn•ironm<nl wloc" tlce rcq""""'"" >r< ovatl>lolc 01 
;,tf.rcne:atod. the plop>mmL~& l<>m Mfu>ed 1nJ m plac.. 

ond rhr '"' homo~<r«OU> >nd w<il on>l<!>tood. lh< '"""'"" 
meno ;hm•l•l be «>d>ly dd.ned. t-l>ny ""'"'"''Y"''"' rro· 
¡ect> !JI tloi•, <k«toption. lho DPP'"i'' <nd of th> <p>TI'""' 

would be o 1"~' ncw "'ticol ~'""""'"' •nd conunl <yst<m 
whct< th< tn>n-tnochinc 11\t<<f•co ond Ol'<t"ton•l ol~orttlmt< 
.,, only •a~u<ly ond"'"""'· tbc ~Jo«><or c•rwty hmtted 
1•) ,;,.¡v.q~ht o:onstd<r>liM<. ond • 1"1"< in<tc>« nf II>H 

'"""") to ""'·''" thc ,.,.,,kd >k><l«l""'"' "'""""el ¡.-"' 
lhL> 1<'1" """uf p!OJeCh, it WIIJ be "'"'"'Y lO «>OIIUUC lit< 

cstim>lmt ¡'lo<ess w<ll '"'" thc dcvelopm<nt t!Sdf untrl "''")" 
o! rh< !'•""'''"' h»< ><ttl<d dn~·n. F<tr m>nr rrojcct>. 11 
tn•Y be" l>t<" (h< >ollw•« Pl<ltmtn") dc,~n ""'"' (I'IJ){) 
¡,."¡,,,. "' ·">'111.1t< '"''><IHt'lll '·'"he U"<i<. IIP'"'"• it i> 

o>ually bclln to '"'"''""'ti>< budr.cl plüblc'"" ""' "''"' .<l 
th ¡, tutl< (lodo« th< mJtn j'IOJ<C t <> pondtt<uco •t< '"'"'"'ll<d) 
¡hen to jun•~ lnto the ,,.,,;n d<v<lorr~<<nt dfon un'"'"' of 
ti•< p<>O<nli>l en>l nnpl<c•llons 

IV, )'<<OIJUCltVIH 

1<<1•1>"1"'"• '"' ~b"'"'"' '"' 
m<o:O ''"JrJ 10 '""' ""' 
~~~o·, "' ""''"' '""'""'' 
"""'""· 

'"''~< wfo~>" p<V<lu<!o"l> <mpou,... 
d"> P'""'""r ''mo11d1 of th< 

"'>I>N< "'" '"" "" ti>< "'" 

Uunn~ tl1< l><t d«>~<.lh< lndu<lfY <'P>"II"""' eonttnu.oll)' 

"""";nr. prudu<tt•it). P'""·"''l' tlnov1;h th< "" of '"~h<l 
N<l<l ''"'"'''' onJ >ofl"'''' impl<nl<nl>tion/IUI tuoh ond 
JI>< '"'J•I>'ymcnl ol modL'tn pt»r.<>ntlllin¡ p¡"'""· l<t,mJte> 
nn Jl.c lnn¡•·t<rm fiiO(iuc·t•'ll) tm¡nH'<'fllCIL: <Al< of l•wr,m· 

'"'" t.onrr lt<>rn) to 1 r«<enl/)'<al! 1•1 1-!lbl. """''' '""" 
not ~"''""' '"''"· !lte <lctn><l<h«f thc 19SO"s i< lo! lO. SO. o> 
1 OJ: l tn>pooemcnt ! 11. Thl! '''"''"d Jor ord•·r ol lll>~nitudc 
II"P'O""""" 1$ b<lll~ tldVcr\ ~f' ll11<e l~tc<•· ·'" >dvt·nt of 
< un•t•l' > •• , "1"1 >Y"'"' o"' < t<UI<d by 11<1 t ll' ~ •'' OIIUII•t•l•· d 111 t ,¡,. 

li-3·9 

~lltl("ll.tll~t:S t>l' 1111.1111., VOl., ••. Nll o. bl"l'rt Mlll.lt t•ow 

>th·d IY'"""· th< ,..,,,¡,y of "·""'J whwJ!c r<""""'"l. •n,\ 
ll« <> plll>l"" J',l owl h olth< cOIIIPHI<I h.11 .J ""'""/Hllc, nptocc'"" 

in.Ju<lry ,.¡,¡,¡, '"' put ~"'' IIIOc<>óin~ liOtJ""' ""1\"t tiH· 
<<t<l r<adt o! n10>1 "'~'n<« li<onl. 

!t "" bo uiJ lhol th< oofl,.o:e tnduury h>' mono,cJ to 
outomal< vi,tuo~lly cvery f«ld <''<N 11> """· In loot. Tonú; 
!161 '""' infmmo~lton ptoccoün~ b<<Om•n¡; "" '""" l•bo1 
in""'ivc of all indu<lll<> by 1n5 if b<tt<< m<thod•.,, not 
<mpkl)"cd. 

The V"''" h>ehhood fot obl1tmo~ ••b•Unuol pmducti,i<Y 
lmp!O>'<tn<n" ¡¡., in betl<r avtom.,ed tcohn~ f<tr tbe soft,. "" 
d.,;~""' J><>l ., tom¡tutu .,,Jod dc<J~n{omnuf,nur.n~ (CI\Il{ 
CAMJ ''"' <i~nift<olllly trnl't<"«ltho p!odU<li,IIY of hotdv"Jc 
desi~"'" Th< t«hniqu<> "'"" comn•onl)' disoumd "' tbc 
<oh w>r< p>oJ<><hon f•«lll) • """"'' of pn•niti«>, new •rrh· 
<>t;oos·oHent<>l hn&u>ge>, ;n"tl>t<d <y>t<rn> ol d<vclopm""' 

ltwl>, <te A probkm with '""" olthn< ·~P'""h" ;, th" 
llloy lo<>n ol\ lh< impi<Jntlllilio" plme uf tho >lc><lllill""·'· 
while much oí the softv.>!c coH •nd .ct.cd•l< i•emb<dde~ m 

\he ~<qui!Omenu. ó«i~n. and •Y>t<m ''" r•h'""'· l'u1thc: ,.. 
""'eh to tic requ,emcnt> mcthodalo~«>, ~<>i¡;n l•n~u'~"· 

'"d •nlom>l<d "'' ~er<ontion¡.er,ltoolin" '""''· to~othO! ~.tn 
the implemc.,tati<Jn lool< wrll be ncct'<>JIY bcíotc tht de¡~«: 
of dcmed rmrwvernen\o con be >ppro.ohcd. 

An <>.>mpl< o 1 • :peo:., li><d computint ¡,,;¡;ty dcdte>!<d to 
wppoll ¡.,~, <Oitw>l< dt•clopment p10j<ct:" th< plo;ram­
tntt;": woJ\,bench (PWn) !li] '"n;e <l lle~ll.obot•tmie•. 

'!he I'Wll ;, '""don the "'"«PI thnt 1"'-'¡',l>m dcvclt~pl"'"' 
>nd <>ecutioo .,¡ the '"ulting P.•Uf·"'"' '" two 10dt<>ll¡ ~,¡. 
!"'"' !"""ion<, •nd much <>n be g11n•J by •><ir.'""' <>e~ 
funcuon \o o c~mrutcr be" suiJ<d lo> tl. TI!< soft~>" 

JC>dorn>«H " don< "" o I'WU comrut<J ded1cot<d to tll" 
1 "k· wlu!c •· M< 1\ltnn OC< 11 1< "" ;• not llor '-""'JIU\tt -thc "1 :• r ¡•< 1 ·• 

"'""'"'· Tino! the ~WU !'"'""'', """'' umfonn ¡merh<e 
lo'""'""·'"" th<>u,;h 11 ,,.y be >ttppO!I•~~ """' "'"" 
•yucms. Ttu l!cll L>b• I"WI\ "cvncnlly imp\e.,.nl<d on • 

netwo1k uf l'lll'·ll"s "'"'"'"'~ un~u the l!NIX tinl,·>lm'n~ 
'Y"""'· ~'"'"' '-'P•I•<IJit<"< ol tbt· 1"\\'U ""' 

1 ) <OnV<n«nl intr!O<ltve tom pu\in;. '"'i«s; 
l) '¡,¡, uru<\~1< o;icntrd !e'"'""'"' u,.; 
.1) • ><1 nfw<>l> 101 >ronroin~ ""d e~itin~tO>t f.te<: 

4) > ~<>iblc '"'""""" ""~·"•to, 
S] "'"";,., dt>cumcnl P"P""''on fadlotb: 

6) ¡,.,¡,,,., t<> >"P~<>Il '"''" d>ta b"< """'~'"""' Vl•>blcm•. 

Th< I'W~ 1> > t<><Onahly ~ood <xomrlc ola p;o>"nl PIO~UO· 

'"'" ¡,: iht y wltich r-"" t>lly f '"u'" "·'""ti>< ¡-;Of.tOinm;o¡ .. 

'"'"'"'"d Jonls '"~ w,,.J !''""";"~· 11" ""''' olpussio;:.. 
tic. for su>'h' f,_.JIIy (l't~ 9) i> a fun<IIOII of tr.c IOOI>nf pro· 

"Md. Thi> ''" ""~' ftom"' lcwteu cUitlnt<<P•btlll«< lo • 
<umplct < !<\ ol M'dopnl<nl. l<>t. qoalll )" "'"""", 1nd oon· 

r,l'"'""" """'"emcnt tool> '" ' '" ,r tools rtu• '" rr.t,O< 
IJt>wf <>1 r 11 ,roti><< whi<h con ¡,, ,.,¡;,,J >nd Jn><rt<J lt',to' 

!>ro¡;¡ ,en"" the t<·\'"'"'"' p¡o~""'"""!: fco\ures. T~< )<y <o 
pinong "~nif«:•nt r•o•hocuvtt)" oup>O><mcn" ftom th<>< 
tcdu>;qu«" the provi,on ,,¡ '""" tcol>•nj primllt>« ~O••h 

lhr """ ""' 1.1n>ilm " 1th "''' ""'"''' ,., ,,.¡,¡_ 1 h1< ¡,<10mlly 
"'""' >l.ortinl' ¡he r1nJ"''"'" l.l>J<t.V '""I'IY, "'tl' ti~<'"""'. 
ti>r !'""''"'· >nd • le" "di ,hco<cn tnol>. Then ·~~'''""' !~ 
th< toohng con ~e m>d<.., the ¿<m>nJ !m tlten> tn<«>~« \1 e .• 

~lt<n ill< """ b'<PIIt< <olllf<>ll>blc w¡Jh <h< cn,.ronn><n:). 

lllis ~ '11 "'''" "'"' to >r;> .• d "" 1 11« '"'"'"' "''""""' 11 :><oJed 
~'"""h Jhi• l.mtl of' f."tlny. 
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·~<>i>•>P "'"'IJO< >~1 o¡uo l>P<Q ~ur.Ju01q <<>) UO[O<O!JJr IU>, 
·)», 1'""' JO YO!"oponuo >ql 10) P>IOU >J< <.OL61 >~1. 
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IA0HU.,10Uf "'"~'"[~(NlC '"'IHUODUL( '"'"IHAllOUHO' "!0Vl'<l 0 

00""' 
•V•ooor:•c 

ON,UT" '"'COM•U<l '"UOOOAOA;< QOOIOUI.lM[•T 
>AOCf"-'10 <Hil••Cl<QH AOf 

.. ,.,,.ClOO• 

11,, ll "'''''"'' ol ""''"' '"""" -«q ""'""" 1> -<>•1 ''""· 

proj<eU, 11 i> oflcn o II'IO¡Or considcntion lo1 ¡.,,, NOJ.CIS 
~·"h thou»nd• of ooqui"'"'""· m•ny of which >ro uodcr­
r"i"~ <i~mfo<> nt < harl~< tlo~on¡•J, out the J"dc•pm<n '- T o con­
trol thi• pro«u, n "oJvo,..blo lo"'""'''" o '""'d for ooch 
r<quir<mcnl •howin¡: it5 olir. _,, ch•n"' m'"'· dcSI~n ollocJtion, 

I<>L olio"'"'"• ""''""'"m ""llooJ, >n<l '"'""'"Y- fl1c ""'';" 
~ron ¡r.d••idu>l r«¡uir<meM con r"an~o lrom o "'"qucly oJ<tlli· 

fo<d P'""~,.¡•h m a_ r<<¡uorcm<n" >p<e¡h;: '""" lo '" okonml in 

• 10i>lo of "" "''"'"" ¡oauol ~"'"'"""'· 1: "'"'"d'l"r)' ¡o 
culk<l '"'' ""1 t«¡trir<mont l\\h•l<>cr "' >ource), r-"' "a 
ueique idcntofoc>toon (u<ually rderme<d lo"'"'" documonl, 
r-mr••r-h. ""ivn. <JO.) and tstob]i,h a 'or.tool otco1d lo< •L 

wiH<'h" mainl•inoJ ll.,nLJol""'' lhe '''""''· Fi~. IU >huw< an 
... mpk of "" lyp< <>1 onforn•otion ncoU<d on liH> pmcc". In 
11~1. """'' and lli.,nanl do><"" a >r«ilic tool to pcrfotm 
thiS ]>$l. ~l1i<h V. a$ "l<d <U<'<C.I<fUI]) ILJ t"ntroJ raHI C'HH1i10I 

th< l<>l>Of of' program wllh ""' 10 Ollll rcqu.'""'""· 
A> >hown on l'og. 11, Jh< kry drm<n" m >UC<r,.!ull¡- l,.<l· 

int th< ~<qui!om<n!> alloc>tion •nd '"""~¡'roe<" m to 

1 ) uni4LJel} iJcn li 1 y <>ery i nd"'Hlu•l pro<' «<nr "''""'""" 1 
(¡ndudmr. >ubp"'l'-'' ¡>h> nr ''"'On>); 

1) >lloo;¡ < Jc>o~n >nhotion 1~ lo~·<>t 1<><1( <1 ro'" Ole ; 

J) "'"'"'"" "·''"' ,¡¡,,,.,¡ ,tt>llwril¡ !"'"'''""~ li>Jt rcqllttc­
mcnt (<¡•«ifO<Won, ml<rl>« docunomt, chrn~< noti<<, 
<1< -1: 

4) ,)locaoo wnf.c,it>n of 11"11 "~""'""""' Lo >pwfio '"'' 
)'«10<~"" (JI<ill><r ""''· $Ub>y>O<III m $)'>lcrn l<><ll: 

5) m>ml>in r<<or~ of ""'""" rcoulu; 
6) conlmuoo•ly ;Vdll th< 1'"'"" to ~< '"" >11 d>l> "top 11> 

~·"-

8. ftoc<JJ IJ<«t~ 

111< <OI1c'<l'l ol¡>rO<<>$ d"irn ~~<~out of 11>< l"lli"" ,¡,.,¡,. 
<1<1< "'' rroc<»in& ~<quir<mcnt for ¡, rr< '"1', h i&h r<li• bihty, 
ullro-hi~h·>rO<d r<>l-l>m< pro<<>•in~ of comrl<> •ltor>lhn>$, 

ond 111< a~.<oci>l<d neo~ 10 h;>< $Om< '""'""' il•>l lh< )'t<lb· 
l<m ~·•• '"''·•l•lo durL11r. th< <llly "'&" or lh< ""1'" Je><lop· 
""ni. D»i$ ;nd V>Cl 1:01. C;uldtn& >nd l_.>,.>on l:ll). 
lh<¡·fu• >nd I.:Of>O<ony 1"~1 ¡,.., r.ch t.r>CUU<d dtfl<r<lll 

"1'<<11 of lh< •rroood1, Y<h ><>d z_., llH pr<v.rol • "'"ni 
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pro<<« >p<dfo<l1ion f1om lh< J'<r>p<<ti•• of sull "''" r<Quir<· 
men\1 g<n<rillon. lh< purrosc ol P""'" de>if.n i• to Ltorolc 
the sySiom O<~uimnonts. h>rdw>rolsoltwaro ordule<ture, and 
d>ll·b»< slruetur< lo <>nl•e o b"dinc loud~>r< <<>nlo~ur>lion 
>nd •~ltw>r< d<>iY> struoture. 11L< tools ot ¡,roe<" do,;r_n '" 
P"'""'"~ n,w :U>alyli<, functi~rn•l >imul>ltvn ,,,¡ <:nLin~ ,¡_ 
torilhrn de,tn/bemhnoarkinc. Fig, 12 dopict> th< boo;c or.· 
~'""""! >pprooch, Conc<pluolly, ·pro«» dc,icn cor.<idtt> , 
rtai-1Ln'< >r<l<nl ., • sct of l!lrdu""'''"m un tho sntom 
otin,uh lo ptoJue< ti•< propor >Y<l<m r<spon"'· Thcse tton<· 
lorm>li"m moy initioUy b< J<Pr .. <nl<d in on)' o!,.,.,.¡ dof­
l<><nl Iom" (l:f.:cl'>, thr<ods. l'<tn·Ml, oto,) \ruto""""'"" 
lUallr pr~"~'· ,, d iJ cu ""~'""'!< "'hidt >i"'" , r.c.~· 1 he o~ncal rd 
Pr<>«""'" '"G""'"'m" opero!< on lh< >Y<~< m in¡•ul' •o P!O-­
'ld< OOth th< prop<t < • !<mal oul pu i< ond >nlcm;l >1 01< oh•n~« 

(>« 1'11:. ) J ). Co ilical .1l¡•,u1J Ll• '" ~<nchm•1 ltog ;, "'"'1 Lo ''" ¡ L''" 
(l>rt"''t, mcrnor)) thr»< ley functions wlll<~ hJvc lorg< un«r­
uinli<> ""o<i>led "'ol h ll><m. Functto,.>l •irnulalion U uscd 1 o 
mo~<l lhc ""'" pro¡:<>s, .,J in rl<rohnr. lhc pot<"ti31 dc·>ir.n 
snluho"'· • .,u thc·n lo !<SI 1 l10 ''"""'" <1 ruoture <o d "non>tr" < 
ll> JliCdO<t<ol p<rlornl:u>Ce un<ICf ,-aryin~ )ood• >nd nt<rnll 
<nviromn<niS. 

c. ''""""'"""''"""¡,.,,,,.,, 
Th• pto<POS< of incrcm<nl>l dc>clopmcnl (flf. 1•1 i> lo r<· 

du« rd on lh< pro,c<t by obt.,nin~an c•rly ~'"''"'"'""" of 
tllC porlurm'"'" nf !.<)' Lools, ¡nnccdur<S ,,.,¡ sn[Lwor<. \\"o!· 

"-'"'' 1 :'31 d"'""" th< n«d 1<> "h<>r lhc r•v<~" "ll."' r.1>ny 
mo•th> bdor< O <umpltlc ><1 of npabohto<> ~oul~ olh<r>>O$C 
¡,, .,,,¡,bl<. Thc r"tiuoninr. ol • >ollw"c ""l'l,mcnt>:tDn 
coo stf•Lif«onll}' •ff"L !llO cnLir< 'Y<l<tn d<>do¡'l'l<nt proCO$$ 
•nd n«d> lo~< con>id<ll"ol "' lund>"l<nlll $1<p '" tho initul 
!<hrdulin~ of • propam. S oc-" of tho l.<)· f>Clor> wl11ch s~oulol 

Oc ,,,,.,;d, .,.d ;,. do! """P" '""""'""¡ dncl<orm '"' "Pi''U'd' 
"' "lollo..-1. 

1) l'odomonor> d.,;r.n o/ t~< cnllro <ofl;.,,. P"la~< mu>t 

1>< cvmpltt<d ~doro """"i"" o! "'Y '"""''"""' ""<IOP· 
''""' >Oh>lty. Lodo wcromcnl mu>t ¡•ro<«d Ln a <lr>i¡ht· 
futw>rd m•nn<l from lh< prchmin>r) ~<O.i~n >UVCIUf<. llud­

t< l< for 1 '"""t· <1 Ü"f', '"""C>', < 1<,. alh'aloO " l"'hn•m>r}-' 
,¡,,.r,n ll>U>t '" rrtoooLJsly odh<1<d to ""' d<tnon>t"t<~ on 
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,.clo ''"'""'"'· "' ohat '''' •nm·menl! do no! hovr tu .. ,.,,,,. 

ur" r.,, ll>< '"'· "r con""' of '·"'"' '"''"'""''· 
1) h•n<liuMI .-opa~ilillcs ~••ich '"' -.c11 <!of<!o"f '""<un­

,;,¡,,.•,¡ loi¡:lo oi¡.l.. ¡l¡uuld loe ok'elop"d "''Y-
J) ·'>l'""" <•p.dúlo!l<o which are poorly <lcfoncd or hh<ly In 

< '""f< ¡lnnllol 1•< unplr meno,.,¡ o< la lo· .>$ ]>o,;i\>1<. Thi! induol" 
¡oiiW)r< f""""'"' !UPpoolin~ o<loco !Ul»ysl<nH "hielo lh<m· 

"'"' .,, u n~«tUI "" <honr.< _ 
4) O•~>nil< '""'""'"' lo rnmonHZ< brooho~<. Wh"' ¡•moi· 

l•k '"''''~< <On>piOoc fumllon! ._¡¡~el<>< in!<of>« Jdooc>· 
!ion> 

~••Go~·•n ( :'41 "''-f:""' ,~ .. fot '"r< pooj«l! thc rono..-in~ 
4 in'"""'"" !_huuld be 1''0' iJcd on oloo indical<d ood<r. 

1) ''¡\" i"aiol in<o«ncnt lo"'"'" •11 onl<lf>«< w11h '"' 
<nti•o >ufo~ ,<10." 11u< <.>n ¡,: done "''"P '\hH"l m y" '" "11 uh" 

'"''"" ,.1 111< >f'l'l'c>lion• co<l< lo <>«u1C 11>< <>t'«>lil't O)'S· 
lO PI 1 •ll '"e> in '• 1 ,.,¡; .. io <O<"'"""'' nL 

:>) "A lO ¡,.¡mnnlt"l< """"""'In'"'"'" e>pllcll 10n,·d.o< 
'""''"'"'""'-' '\lus "oxccroiooall)' •-•lu,hl< ~l.cn ""' onft· 
"' 1< O)' ><o• no """' "'"' 1.1 C< WLI h no-~ ly lnnll h>llh''•'"' OH loOn• 
OL>IOII•1d on!l'lfJ<e t••nlo<ol>. ~'"" int<rfacc l•up ''" '"""11)' 
l>o ,..,.,,,J ""''"""'"11m inc""""" 

J) Un< or "'"" "'"""'" '""""'"" on "'""' <•1<'1<<1 >Y"'"' fnn<lion<," Th,. r! whooc fun<l<on scl<elroon '"'"'un 
pol<>11i•l «qui,.,ncnl! m sofl~•rc br<•••&< >hou\d "- ,,.,. 
fully •ddr<>><d. 

4) "A fi•••l in.rcmcno to ""'''" l<>hl !)!l<m fun<liMs." 
11) 1~" lime noo$1 o/ 1~< !Y!I<m CON~•Io!o<O "'"h.,< l•«n 
d<Ono~'""'J. l htldOr<, this m<r<mont o.n 1 o<us on d .. non. 

''"""~ spl<m p<rformonoc undor '<!)'•n¡ ""''"""""" and 
,.,.~ .. 
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1 

A! <Ocn, lop·down inl<tr>lion ;, rcothl~ >et\'cd ~)' ir.rr<t~<O· 

1•1 <lo·•·eio¡•,o<nl," 1l1r P'""" "" "'''" lov•n ,, lim inm­
'"'"' conmt in~ of 'n opcr.ll lll~ <)'01< m pi<" "d non'")'" >~1' lto.­
lor>n P"'l"m' (1 ', Jp¡>\ic>l""' """lulcs rcpco,or.leO b¡' """' 
sil'nll,otin~ 1\>e mo~u\c ontcof.c") tu • S<t of lHüd"l' control 

rou<m<> """ «tllct """' ur t<>l funCIIOB-ll >O[I~''" (d<¡o<nJ­
in~ on thc >rr"f« onm "'"'") supp<>Oiin~ ihe.-n to , fon,l 

c•r•bolily "''""'"""t.' .re rcpl>eed by or<moon;rl ooft~orc. 

0 Slru<IU,«I fJ<><Iopm<nt 

In corly 1970"o, O>k<r (lS). ~•ons 116). !lmols IC7) •n:l 
<>lh«o. o<por<mg on ohc l=on. lcooncd •r 111~1. P"''o;-.:<é; 
solo .. >« d"<iopmcnl on<lhod<>lo~y which included oh< <or.­

«PI> on lop- duwn do<i~n. <hiel po o¡;.romm<t '''"''· "'""""d 
pro¡-r>m"""~· '"d 1\oo hl<. 1~<« con«pl! rc;:er<cd "'"''­
•P•··•<I ""''"' '" ohc i<lt'r>IUr-<, bul d1d MI>< rc;ctdy ~.·cooo! 
a<«rttJ rr.cllccs w,,,¡., "" onolustr)'. A!1ho"¡;.'t' I\7J 
!tudy t>y llul1on l]8) ""P'"~ o 1><' of lhc "'""P"'d"»&< 
p/11><!< •rrrn'd"' al""'"""· ~l<on""' [;!] drmoo''""~" 
, Jn9·-.,.,J.,hop on 5<>flw•'< "'""&''""'"oh""''"""'"" 

·'"O'i"" onU <ic-ltrl!c 'Y''"" con<r•<lor> no~· "'' ''"'' 
"'"1'" nf oh«< P"'""' " • """'' of pohcy_ A b<«f 

"'"'""'l' or thc ley '"""P"" r;•cn ''""" 
('lo«{ f'¡og.a¡"'"" T,..,,_. A tcom u ( ~-S <of<wu< <[c-.lopm 

<OO!I!IÍn~ O/> chic( Pl<>~oammcr, loOC.U(l pro,r>(nm<T, libor• 

i>n, >n~ '"' r<or.oomm<TO. Thc ch«f poo&oammcr" t~• "'"'· 
I<>Jco ~ho is r<<ronsi~\c lur ~utb 1h< dcoclopmco! ofm:rO>I 
moduk! >nd th< '""" ol noncrll«•l mooluh>~>igncd oo lhc 

1.,;, r<of""'"''"- 11" ""'"r r•nr.<""""'" '"e • ""'~' 
pro&r; n<nl<r ~ ho <<>PP'"" 1h< ~<1 clop"'cnl ol <111<<>1 !O OJ\0:, 
•nd ;, ovo;\,~1< 10 U\,< oveo., ch1d roorJ>mn>rr, il rcq,md, 



> 
't. 

..,: 
' 

" • ""' "" 

""''"'"".' 
¡ 

'"<>«"'"~ '• 

""""''"" . ' 

Fio. 1 >. 5"""""' '''"'""'"""' """ w""'""'· 

"' 

n< hbr>ri•n n"inUio5 lh< >Upporl P'"""" for upd•lln~ 

code hb.,rin ,nd '"' dol> hb<>ri.,, >urrom P">¡raon compila· 
tion, bindin~ >nd e><eution, ond r omt>in> >hlus onprognm 

d"''<l""''" '"~ h>«. 
Top-Do"'" f),·ugo.: Followm~ •lloc>tmn of <e<¡<Jircmen" lo 

ind,idoJ>I ""'.l"l<s, lhc >~>l<m " funhe~ dc,·ompo"d in ' 

"'"' ol ><<1'> ""''"~ '"'"' Lhc modui<" ennU<ol k•d lo • «1 
ol >ompl" •nol '""Pie< /un<li<>n> uOilllh< '""'"" 1<><1 roulLnOS 
"' dclomd. I'IO¡:.J>ul dcoi~n >Od cod1n~ 1> ih"' >U!led " lhe 
[op lc;<l, 1c"m~ o<eun wilh >1ubl. loo lt>\0.<1 lo;<\ !Oülln<>. 

The "$1ub>" '" thcn !<PI"cd •• coch 10"''<1 k•d routinc i> 

'""'P'"' d, 1 op· do" o "" <&r >1 ion pro<«·ob "'" o:orly. 
S"""""'' /l<1t~n: ·¡¡,., oppt<uCil t•nl""'" ih< ntoclulo,,1)' 

of, !)>1<1" by pw•·iJin¡; •c,hnique' lo< ~<'IJtr.¡: l"¡'e pru­
t"m' 1nto onoJul"- 11 r•<>•i<i<>, on<t~oóolor.y lo< d«ompo· 
,.¡ion of • 'l"'"' onlo io>J<p<nd<nt onoJ~I<S,>U<h lh>l d""~" 
to '"l ~i· '" modo!< "111 h>>< !Uinim•l dfe<t on Olh<t modL\« 
of <he >y>lcnt. 

5uu<l"r<d l'•"ltommor.¡: Th<> conccpl "'"' 10 J<ftn< • 
>Y«< m t y l''"r)'"" ''"'"&o rol)' !tn¡je potnli ,¡ rotry ,,J <><t. 
n,, """""l'l~>lt<d by •itiU>I d'"""''""' o/ bnnehin~ >l•t<­

m<nu, or "'"""<iy, ~y 1""'"""" of pro~r>m '"""'"'" to 
s<quenh>l, il< rui,. { l>O-U«ll e ), >nd ><i<<U•< (u .;llf~ H-<L J 
>l<U<tU<U (1'¡~, 15). Thi> r<<><<>> ehn>in•IU th< onut« of 

"'""l r<<'t'.'"""'ing '"""· poO•id<! > formol !M<h>nO>m fot 
-,~"""' iu<lo>iJu,¡ "'"l"" '"' lo lm 1hon , ¡itorJ< i'>r< of 
lostin~ l<ho! ''""i'l<mcnltn¡·, J'<OfJ"" moJul>ti1y), >n<l tltnlt· 
'"'" th< pt><Oibihly of ¡«l<r>Bn¡: c.>t!lpltt>l«l h,.J.lo-otn.l"· 
>l>n~ {ond <lrl•o¡) ·~po¡..~<tti" <~de This t<ch,.;~uc" utu>lly 
lmrl<no<nlrJ olona ..-ilh oour<< U >ton¡ le~•< l!ldrnll l!on 1<> im-
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~10•< «•d•bih!y, lly <'P>nd•n~ lhis <On«Pt 1010 d«i¡;n l>n• 
¡U• E< or """'"""• <><ry symrn c>n be «rm<nted by o""" 
of onr-po¡e ~«on~tion> ..-,¡ h ''"~' entry ond < "'· 

l>wtn ~'ali< n,oot/L' "Jim wol< th!Mr,h ~ > r<<o·lr>el 
d<Sir.n '"""" with lh< ,,.,,¡,,,., on pror""' wor d"«loon_ 
11 is conceptuolly a low·Kcy n~nddenl!" '"'""' whcro ih< 
p>tticip>nt> work to htlp lh< t<>i<•'<< ftnd pot<ntt>l '"""m 
th< dtoi¡n and codt. Tl-.cr< "" b<tn muelo 4"'""''"" ~n 
wh<lhtr m>no¡cmtnl could o< >hould lttond. Tht qu>)Uy 

>nd '"""'"Y of lhc ,.,.,,.. " pot<nt>>Uy highot wo1h '""'' 
"""''~<m<nl olten~on«-but tht lh!UU ~1 lh< '"''"" rnuot 
slill be lo f<nd "'o", no1 w <ffiP'"' tl" bcss. Tito> '"Y 
"""'r-'~""1 l'"licipal<on mtnl be limiwl to thost '>P<blt 
of und<"" n~on~ ond conUibul int lO th< dttoil """"' P!OC<,_,, 

t:. Sof/w"'' Dwrn IA"r'"•t' 

Th< >pplicotion of loob 1o •llo"' tn~lhh·h>-< l>ng~•t'> lo te 
u>td 1 n dt"~""'~ on d doc umtn1tnt; •~11 "'" 1> tceomino "'"" 
wldO!pr<><l_ On< lUcio >«oomat<d tool <1 ti" p1og"<n dr<i~n 
lonr,u>~< (l'DL)ofCoin<fl •/. 1291. ~ J;,~n ln I'DL <> wnlt<n 
in otrmlur<d f:nt)odo [Ot procc,.ing by tht POL prou~'OI. 
Th< ptOC<,_.o, grn<t>l« dcsosn ~oeumona "'hich in<lud< 
fori'UII<d >equen« lullnr.,, p;o~•m <Oiis ,nd c~U ""'' t<l<t· 
en«>, Tlt< l'ULoulpUI <>n be formoll<~ >o" lo «<no>< th< 
n<Od lo< ><pa10l< pro~nm Do"'ch>rl>. t)rd•l" ore occon-.mo· 
d>l<d by eh'""'' 1o 111< >ltuc<ut<d EnrJ~>I< onp<lt. 

l'llL ,. <úmm<r<iolly ,.,¡:,~;~ "'"" •un<ntl¡· ourro•i<d "" 
o numh<t of diller<nl compute". 

F. Unil /Jeo·dapm<M Fold.,, 

M<•>l sult.;are o/f_,nil.>tions ""- SO!U< sotl of r•oi«l nl>l<· 
¡,,,,k, ~"'lopnt«ol wmkhnok, d<>i~n fu[dor, "'-·lo <Ql:t<t 

M«l ""'"""' the m<~liplowy of d>to "'nmtc<l óun""" le<¡:• 
dev<l<>pmont proj<Cl. Últ< o~ the mo:t dfcct:v' devi<<> of 
!h" kind " !~e unit devtl<lpm<nl fold<t (UDéj d<!<nbtd by 
tnrJ•,.,i• !JO). Tht \JOF is, nolcboot osse><i;t:o~ Wllh n<h 
unil ol >of'"'" in :t d<>elopmcnl poojcct. lht notrboo~" 
mr.onil<d h)' !<CiiUOI (>hown in F,¡, 16) ,nd p!o•·•d<> a ur.l· 

ft>lnl col:c·•llu" PQI!ll fo¡ •11 Jocumcn"li<>n ond co<lr """"­
""¡ w1lh th;t unil. lh< pnncipl< ¡,.,,.,,., olthc UIJI' tlo:.1 
diffrtenli>t, it from mony of lh< otl><·r llot<bou'' ar< 

1) it " bolh a v.ot~in~ do,umenl anda o •udned controllrd 
documeol; 

2) il p<'·V<dt"'i m>not<ment wtlh ~<l•<l<d ""Oohty tolO th< 

P'"'"" ond '" """"•ncc of<"'' """ "" 1he rro¡cct; 
l) il oul, tndo><,l<t.tl di<e~plln< 10 tloc <><•hloshmcnl ""''al· 

,.,nment of >ehc<lule<i """"""'': 
4) it P'"""" • con>istent pro¡«l·widr •Pr•o.ch fot unot 

dt• <lopm<nl •nd Olotu' ><«,.,nO< ni: 
5) il producto lh< detnotoble documcnl>tion >S>o<iu<d 

Wtlh' """ UOit "' 0[0 "')OU•¡O ¡,,,¡., 

lhr UPF tS ""i'<n<d" "1'"" ollo"tion of >I'<Cift< l<qU,<· 
"""" lo unil!, Ul<t>ll)' >1 !he complc """ of prtl i mitlll ~ dc"t"· 
A""""'" b< on)' '""o[ <Oitwot< fro<n • toutin< to• <ullec· 
uon of rou1ina (p<t!u'm"'l • 'V'"r" fun<lion) ,.¡,¡,b "-'"be 
olt •<l<>p<~ by ""' tnd<•id~t>L Upo~ inUo>llOO, th< «<ro~'->bl< 

mon>r<l "' ch,d P'"''""'"" .,,;~no lhe olio.-•«~ «quore­
"""" '"~ «Ublo>h" thr C,!< for oomrletiut' <>1 """'~lo< 
(1,,, I'OJl in '"'~"!'"" Wo!h ti••- J'lnJ<Ct ,,¡,,·~vk The<t ore 

'"'""'"' "" '"' tJDI' co'" ,¡,.,¡ tr•t- t7). n.o'"'~'·"'" 
r "'~'"""""' lh<ll ~en neo hu ú..-n int< '"''d"ry •~•lcston" '" ~ 
inolo•l<> <h< d«i'" "'''''lr. ll'hen .-<-h >«l<on "<o••·rl<trd. 
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1 ~' "'pnro<il>lc dt""~''".' 1ips '":! J.,"' 1 lor '"ti<>". The ocvicw 
auth01il)" {H>Jno~<·r. dud 1"~~'"""""· or <>Lilcr '"""wm) 
llo<n re>iows the O<cti<>n lor CLinpl<lcnm and >•"'""'Y "'~ 
approv" n. Thus <>eh unil '' ''"""''d lnqurnolr Jor adrqu>q 
of de" lnprmnl an d '"""'"'· 1\MnionJiiy. CJCh UIJF " con· 
tln<'DIIy .• ccoun<eol for >nJ m"i""''""'' "'o ¡.,,,,.ion ;cnsllldc 
b)' ~UJhl>" '"""""' porwnnd fur ll.!nd.I!JS <<>mpl~:oncc euoiH· 
in&., .... di>< oohcr d<Sit.'"" lot tnlcrf"c "';'"'· Th< '"·huilt 
d"ir.n ~<><ripUOto is m•muined in 11.- <>><:t Jonn>l >r<«it<d 
lor dth•·ny (<) lh< ;u,.omor. Thus thc ¡,.,.,""N"'~ ol 01>< 

dollvnahlc don""'"""'"";, "'·"le '"'l.•hk hr <Of'l'"l" thai 
$«tion lrom >11 lllll'"s on th< ]'ltoj<et. 11 I<P>t•l< "not""" 
<<el ion n,.) ¡,. k<pl wilh th< lllJF 1~ •«ord ontmos. >n•ly><>. 
or olhct pWott<nt d•l> t<l>toV< 10 ''"' un/1. 

G Q"oiu o· A ,¡,¡,u,r<·c/í<tn fió"'"""" M"""F"""' 
Qu•IH)" """"""" (QA)¡',onl.f.O"''""' """'''""""' {01) 

pl>y •n itnport>nl role /or ohc ,olr""'' projc<l rn>to>rcr on lh< 
>UdHmr. o/ on· soin~ ''"'" iti<>, """' "oountin¡ ol conli~o,.d 
"'"" '"''' t!oon¡.t ll'<"fi<·>Lin•" "lite OA "'""'"' >c"OS 01 Oloo 
¡•to>JnL '"·'"''d' ""1"'"' ,,., .. ro""" tilO/ >1.•n<l.u.l; ,.,. 
,a!""'' Lo. P'"""""' "' follo~,·o. otoc""""""on " 1 'l'i 
up to J"'· <1<. Genct>il)' . .,..<11-~cftn<d lo¡:jo;l >t>n.l"J'. 

ll~<>•ou>l¡ <nloJ<<ol, >t< W<ll >'"PI<d t¡ t110U !'"'~""""'"· 
/In «<dknt •rrro"l' for '""""~l,l11o¡: lhn" to '"'"""le 

" "'""' ol thc ""ht, '"'"'"''· r,.o, "'""""'· sttunu«d 
rro¡:t> n1mm~ "''"· '""'""".,,y rcquit< nL<·n:.. <te .• '" "JJ <1¡· 
'"''"'ble lo ;u<onl>led ><;oi/O>hon. Oft<n rtop>"nm<tl ~~u 

U>< ti ... ,. /uuls '""""''" Juri"' ol<•dOf-O"nl lO"''"" lh<or 
~'""'·~ ,r lile'""'' ",.,,¡, '"'"""'" 111 ohi< ti""·d"'""""" 
'"'~" onu<L Uill ~< m>nually >uJiL<J; !1n~ever, uso ni t]l< 

UDF .Uow• mu'h ol thh >udir lo bt done durilr~ 11>< d"·do¡~ 

m<nl, relh<t !hon •11 ju,l 1"""' 1~ dur:um«Lt.•ll"fl rch>'. Tho 

rol' ol <MfJ~uraHOln """'~'"'"" " lo mmMUt lh< '"'""' 
>lalu• ol ,11 oonfL"""d ""·" o:od <locu;.,<nll:tM. Fma hrr< 
pro)<<!, > r<o¡uimncnl> o: inl~rfa.·c d.a:>¿< <><. h>>< • <i¿:.tfo· 
c.nt rirrlc <ffcrt throu~h muelo uf lho f<m>inio¡: do<"""""" 

tion "'"1 "'"' <el<>oto Cooi!O:I<J "r:L>ltn¡i ttf botl\ """"' 
mO<Hi'<n>lion ol cllJI•I"' is m.tmbtory Jur soiLWJI< ,;c~·do¡• 
m<nt .. rary. ln<'tl>l•l)". ¡,.,.,<v<r. il 11·r'l b< """"'Y \O fot 
•ome ··¡,,"' in<utT>Or>l<d bcfor< •U th< p>p<r~·orl; '"''~' ond 
;pprQ>">I "e compl<l<. A wnn>lin<d quod. ft> prood~to 

wl11ch pro"U" ¡,,. '"·" '"'""""'"' 1> "''"~>lor)" 10 010:~ 
l"""f. tho r•ojcc¡ "''"l'i"J up '" '" own r•p<r. llo·•"·cr. th:< 
mmt br don< wiolan lh< fr>moworl ol• "ku<·l>»d O~ sn· 
l<m; 11 m··SI pro>iJ< o m«h•n"m fo• idontiiJc>tior. of >U 
ch•n~« {<t""' nr p<rtlt>n<n<l alta<h<d ro • rtl<•O<d b»<iloo; 
and ti '"'"i Jocolll"< "" '"'"'l'""lion (or cerlo<<l'<<ntl oltho 
""quicl •• fl> " ' 1" """""''· full y docua1< n «d dr '"''· 

M,.,,'"""""""' in lor,;c toiL"""' sy<lctm '~"'"'""" ia 
"l'"'""li.oll~ '"""''"~ ""· tl1< int<«>t '" m.io<>•mof ti"" 
<)>l<m< >1 '~""'"·•blc com is al•o in<rca"n~ ¡,, • """' •~•· 
v<), Gcnt>-S~-•n•on llil <howcd ""' lor bu<ino<> ~'"·~tO· 
""inr. tn«m< maint<n.H>e< cmt> now '"""! dov<:opl';<nt 
,.,,.,,_ l>oRoro ll"ll noimw,l 10 1916 ''''1 <•0-7üp<r<"•'o! 
lh< Oq>>rl"""' ol P<frn" <oilwOI< dr,llalS >re ~""¡ >~«.t 
>IW lt,c solr~·>rc h>1 han '"'""d >nd dch''""d h)' th< O<•<lc~· 
mono con/ ,_,·tor. A< •0'~'"" In 5'"''"'"" 1 ) ) 1 . m,.n:C "'"" 
rc<ourr<> "'" ~<r><<•lly 'Crl~tol ro threc "'""' ol cilnrt.: 
c(l/t "'i"~ COTI<"< /lo" of 1, l<n! P'~blrm¡: pe rl" < n'- P' o¡r M·l 

~ocunrcol;tion '"'f'"'""'""; '"~ ;d•roo><-<1""''' lo th< 
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'"""' -·--, 01 V l Ul<" [ '1 "" 't:-\ ,,_ ""' "" ..... ~ "' ;·w'-

' "'"' (00( ~~~_;;:~~~: '""'~f-;; ,.----:-?. 
f.-vJJ-0 r. ,_... . " )- .. , .. ¡-~ ~-rl~ 

' "" ,.,, """'" ,, " 
~· 

• ·11·1< , ----
• """"'~'"" ·- ,, ,.,, ......, }_, ___ 

o• >•e• o< s-c ... ,.o, .... ir' •·t·'· ,, 
'" ,,, u ... ""''"""''"' '""" '""' '""' 

cn•L!Cnuocnl. lln!i~< h"d wOIO comroncnl•, •ofl W>r< I'P>ir 11 

, "¡";"¡~ •mall P>ll of lh< n\Oonl<l""" """'Y- M<ü1d1nt 
lo ti.< )jenll-SW•IOiüiO SUr><~, BlOillt<n•a« eilúl\S w<« 
¡ouF)<Iy d•Wibu(<d "lullows: 

¡) cou<«ion of p¡obl<ms-n r<•<<n<: 
]) !'o~p•m/docun«rot>tion imprn"<<n<ni<-S\ rrr«nl; 

3) 'lo.<nrc·< lo d''"· ltlc., ,od on•i""'"'""'-27 P<!c<nl. 

('"""4"<nliY, unli>c lmd"'"'· imrro•ing softwore ocli•bihly 

~•u ""'· ni t!<dl, d,,.,¡,,uy "J"" ,.,u,...,,. '"""'<"'"'' 
mm. Mumon )34) r•o•id« <O'•' P'"<li<•l &V!ddin« !01 
con!id•t•li"n of lift··<~<k p<<>!oi<O>! du,ng the "~""crnen(o 
•nd dc•dorn•c"t .oc ti""" Sooa< luochn thuur.hll lor <le . .tm¡. 
,.,¡, r.ch o( the d'"" o¡,,,.in«n•n« rlloJt< ·"' 

cv,cr•i•<: 
1) "" <><IY l•r>OCh and ins\IUctir>n duunr, un¡( l<,.;,.g; 

;¡¡ lr>cl. ""'\ Wt<ly the ""'"""'""""" <1l oll rcq\ILT<· 
"«nt> dutint. ""'" lo•d ni '""'"r.: 

3) r"lmn> looth notnin•l an>l "''" t<stin~ whon<><l 
ro .. ib!o': · 

4) p<rlorm coonprd~<·"''' rrr.oc.,ion ""' oh" <><h 
11r.n1! ""n 1 , ¡,,.,~, " incorru<,H<·d 

l'o·•{aonc, 

1) n<Jn¡ uf tl"''" h"''''~"''"" 1"'·'"'•' tlw '"!'"""""" 
>p<qfoc><ion ~>' m<·onopl<1< '" un,ltor: loo~ lot 
p<>l<nto>l holt< in th< <~«of«.ooon: 

.2) poo"d< k"\~,C). to tlo< "'" 01 '"()' "]'u>>il>lc Ou<· 
'"~ duclo,l'"""' " l<o thc <.q,.bohllcs on,l inl<·rf.co· 
h< ,.,¡¡ ¡,.,. "<lh thc <)'1i<m>: enl,.oc<n><nh '" 

io.o¡u<ntly ""'J<d tn lh< ""' '"'"¡"' >l<a. 

"'"•!"''"<: 
1 ) builrl m•;n <>in>ble <NI<; u« <o~inr. •nd d<><" n1<nl>· 

tion '''nd.rds, s<L<h "'"'"'llne<l ptot:O>mu,ng, l<> 

(a<ihUI< > matnl<n>n« P"'""n>"''' c,¡>oly followont: 
th< logi< <>l th< d<><lo~<d prop>m, 

2) hu•ld modul>r corl<; >nnt•~f¡- tnl<of«<>: liont c<><l< 

on<l J"' '"' .,r ><< f """\'""' to control tuolin<>;, 
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J) h<p docum<nt.tion ur 10 duo; do not allow • "'"' 
;odc td<>S< mto !loO >yU<m unlil ol! rloouon<nl>tjon 

i>«><"Picl<: 

4) ""'""'" tl•c '""' b<l ol c<>ntt<•l on the oiJl> '"'" 
"on th< codo; U.< outon~al<d, .elltr>iiL<d cuomol 

'"h'""" Fo<>M<. 

V]. Dlkf(;TIOH$ 

TI" wft """ '"""'"Y " "' '""'1' "r• "'""''!' ""'""'"'""' J '""''''· 

'""'"¡""" "" '"n" "'', ~-" '~"" "' '""" ~ omod '""'~'"' on ho" 
(~< t,in <~n '-'< ~'"' "on ""'-" 

A> tb< !~70's~"' '""'pl<terl, thc .,,¡,,.,,. ir.dumy <ooJ!d 

Tt~lolly puont lt> l"""t nvorror"' "'"')' ~~ th< rrobl<-no> lo"d­
bncd th' docadr ido« . .'.lony ~''" ¡•o<•¡«ts >rt' \•<111g curh­
pl<t<d on ><h<~Uic '"~ ~ootbtn ces<,, lll<(hodolofY r.,, con­
uolling 1<1~< dcvdormcn« ;, bcmg cmrloycd '" m•ny rb:"; 
'" ~ odi>bk , o>< mod<lo •u· b«nr. d<mon<u >tcd >nd >O\id>tcd, 
Altloo\l!ol• o>J<o>plts (O th< cunl"l')' >IJll ohound, o\ i> !O.Lil<lo­

<•liY P'""blr (oJ,,y lo, . .,;"""· d"dop :.nO ficld a l.or~~ 

o pe" (oon>l <olt" ·"o >)'11 e'" wLth • hir.h ¡orob>h<hty uf '""'' "· 

C<rtainl>'. "'"') '"'~'"""' «t "'"«• '" " comr<toti> e '""'on­
mcnt. <ont;nu>ll) <h>nrinc t<qlltr<nt<nlS, ¡ooor mon>r<m<ot, 
I.J< ~o 1 q U•hl "'" rm"nn<l, ,.,, ., .,n ,, ,¡¡ ""'"''m'"' on y pro¡cq. 
\out ¡-o'C'n "-"on.Jbk ¡(C'J'\"pmcnl '"'"''"U"!, '""'·1<l1tl 
d<"i"P'"' nl! ~~ '"onohthl.: >) <l<l'lS ,houiJ <L.LII bccnnOJn~ the 
no<"'- ll<tl•"'""""' • <he rro.:<»•n~ ~cm,ncl> of th< 1 ~' 0'> 
will no< lol.•l>' >llo~- lht$ '''"~"" condnton lo i•!l IN Ion¡;_ 
S""" of thr ,,. . ., "";.-¡, ,,,¡,,.,, r.>•n>r.<~< ~~oul~ w,l'h ior 
'" llo< l"'~o·,,,.¡uJ< thc <ull.,,..¡,~ 

/:,-qw<%n!l l!<[inoJion: All of \lo< «quiocn""" lll<tiWd· 

ulop•• "' tlo< ,.orld "nnot """""" • '""""'" h,or "'<Y>­
l<n'l de"~"'¡) ~loo conltnU>Il~ d·•"P:' ¡,,. •P«tl"otion. O,'hilo 
'"'-"Y oolt ~," "'-'" hovr !·<~om< •Joe,.<d >< to thc r<"- olti<> 
of t;,¡, l'•oceu, tbe "l'i~ ~'""''¡, ol dill rro'"-""~' into r.<w 
loolJ> ol ,,,,,.,or ''"'Y"'""' "'Q'C ro«l\llol customm who 
wW luv< '" lum lh< rri« lh< hud w•Y-

DOJuobvl<J fr_.u,.mz: ~Ion) of th< p¡oc<duoc• >Od t<<h­
n iquos e>to~lalt<d lo< mon,Mhir ')'ot<tn> "' not l<>~oly (l>no-



"" 
f<r•bl< 01 up¡>r.1~.1hlo LO do>LI'ioU!<~ ·~"'""· 11" UIHitipliO.· 
uon 0 ¡ P"'"bl< pothr, problcms ul introprocur wnin¡ ond 
dudlock, ry~cttroni,.tlon of data b»<>, >nd nond'"""'"'"" 

' 0 ¡ 11« provomm¡ng prohl<m prov~<l< SOVO/ol di'"""inm ni 
m,.. wmrle"ly rn "" olrcody <Jifft<,ll prublcm, Y<', Lhc real 

1"'""'"'' <u>l ,.~vinp •voLi.tbk WLII cirLV< 11" tn<Jurrr, m 11m 
dir<Cfton" 1 conltnu•llY •c«l<r•ILil" r>l<. 

Mirr"P'""'"'"~- The >dvcnt nf "" 'OIY l<lw «>SI.Iti~h r«· 
fmm>nc·c "''''"'umput<r '' c>mtn¡; Lhc rnt<<l<Ju<IÍ<>n of .ti¡;¡lol 

pro<e<<ln~ modukr in "'" PI''"'"'IY hmt1'J 1<> ck.lr<rtnc· 
<"h>ni"l or orhor purc h"""'"' oohtliuns. In '"'"Y"'"''· thc 
1<"""' le>rncd tr'l tl.c 1960"> rcprdrrrr lhe n«d lor hi~hor 
k•d l,n¡;u>feS, strunurcd dcvdopm'""· inl<~r.liOn run<rpln, 
etc., .,, bcin~ r<l<>rmd_ !t •rr<>" ''" h"e h<eomc so cor>t· 
piJ«~I wrlh OUf nowly g:rined r!r<lhUdoiOI'I<' ond toduti<IU<' 

rhor ~e <•nnot "''"'"Y of !he sorne ~Id p1oblen" whcn rhoy 
rcorP<" in> sh¡>htly ~rffer<nllorm 

/'<""""<!: Tire dot>·procc»in~ indust•Y ;, rrowint >1 <uch 
on occol<,.rod roce in ro •re" of suclt rncr<.,ed comple>lly 
tl"l tlr< ,VJtbh<lily uf Ir"'""~ pcnonncll"' hcon ,ln1<><1 co~­

pkldy e •<«~cd Wh tle oafl "'' « ~,·,clnpm<n t ''"""'' one ol 
<h< ulü>l lobor inlensi,.- of induiii'CS (wl11t no rral d"n~o in 
1i¡:IL1I 1he <•r•trility tri rne<ltn¡: lite· C<HIIon<'-IIY ¡,rnwin1·- pro· 
t<>.>rnr. Ll<rn>nd< uf thc 1980's;, i<«atly thr<•l<ncLI. A<ltli· 

lt<rn;lly, the incJc.,ed complexrty "''""''"'"'Y'""""""" 
lower111~ nf thc qu•lif.collom for r<mHm<l, virtual '"'1'""'' 

bilioy, r;ro>LI)' '"""''d ''"'"'';.,,o'"""' lor >itnilrc·a,lly 
imprn•in¡ ¡rrodueh,.IY •nd for sin•rltlyin¡: 1he •l<vcluprnenr 

""'""" n mond•rory lo k«r fro:n f•lling roo far I>Oittnd th< 
<l«n>nd. 

S"f'''' S7"'"'': Very l<rge data 'Y"""'"' b<rnr,confLprr<d 
ond tlr<n l"'l.<d wi!h olher l.r¡;e 'Y'""'' ro out< orJp<r· 
S)'SI<m """'orlo ro cor< v.-i<h thc da!> p!<lblems (t.& .. I'ET, 
currttnun.collon, command.ond conlrol, <1< .) in lodo~ y'> oo.;icry. 
Th<S< oy>ter>tS, by their ><ty '"' >nd noltrre. or< b<)t>nd lht 
o«rre ol und<tSI>ndrnr or on)' p:r>orr or '""' of prr>on<. 

Úl, lhc dou-pro«»iu~ "'~'"''Y'""" tl<monslnt< • copobil­
iry to "tionolly r-ohr thrs el•»<>! sy<1cm1 to pro>ido llr< oor· 
•icn dcn,nded by oocicor ~lttlc "'P"""~ tho con.crns of 

sociot) for P"''''l and prol<elion '!'·""" "hi~ r-O"'"'"'<nl/ 

hu"''"''·" 
(;,,.,rnmrnt li<piJ!ions: As sofrw;" '"""'' ol<i~11L·O and 

h irt•or p<r<enl>~e .,r 11~< co,l> of """ , si<""· 11" ., ',. "''"n it 
;, '"""'in~ ;,( oll levd' or r-"""'"""' {< ~- llnuoe Cn•<rn· 

""'" Opc"""" Commiurc) ;, alsn '""''·""'~· IIH· oniLLiion 
ol !'"""'"""'In tltt! ~'"''"'"' "pH>hl"""" l•k<l1 """'' rc¡•u­
lall<'n "''d "'"d"rdl':d•on. \\'1,<1< "'" Íl ""' '"""·"ti) "·"' 
(lit<'""""') rhclf t> ··onlln"dil) ,rll<ml'llnl'. 1" "''"''·"'""' '"' 
~<Y •ri""·'"'"· IJtlfl•>~n. "' J, th< po"ntiJI <llcll ni"''"· 
tof,lll.dron >t; lln>< "h<n rnn~l.rrot>" O<·r¡ui"<l <o<tiJ h1 <1<­

"""'"~· Rc(Lnl """"'' ha>e '"""" th.ll ~nr Hnp><l of thr 
"Uro.,ls Urll" h.o hc·cn Ou rmpc.lo lite ,.·qutltlron ~~· oh< 
~0><10"><0( of <><w ,'ornpu\inr C<\ULpm<OI, S">triJt imr<~r· 
n.onu ~n ooft"'"" ~Y imp"''"oo o/ OL<tly d<t>tl,·d <(othi>rdl 

o< ouJr\i"~ P'""""'"' e<)Uid <r<">ll' on <n•ironnrcnr "'hr/h " 
nor >upporl '" of '"''""'d rroduch>rl) _ 

Vl!. ('o,nustONS 

Tire lo<ld of oullw.r< '"";"'"'"~ •nJ 01\o~n>,:<on<nl "sllll 
><ry )"""~u >n rn~tneerrng olomrhnr. llo"<'<r, rhr "rid 
np•n1ion ol lh< d•to·rt<><"'""~ indu<t¡y "'11 not ollow • 
QUi<l rim< to rrow rnd MnF lo ""1""'~ ll>c h·d"'"l"f"' '"~ 
P""i<u n<eded lo •onoothly ""''" "" lnl'' IY>"'"' .,¡ ''" 

~-3-17 

~Mot·u:ru~c~ 11>" Ttl r. o r:ll.. vo~. • '· N<> •. SI l'l [., uut 1 "" 

luruoo. Tite pro""" an<l '"'"""1'"'' n«<lo<l 10 r-'""' fut"" 
dcvcltopmcnt' "'"" bo tl"doro<J •nJ 1''""'" llwurrolvco rr•ht 
olo"~ wtrh the >Y"'"" 11\cy oro b"nr """lo ouprorL Tho 

ide,., """ •rrro .. cltes f'"""lc<J '" 11111 r•r" """''"'' '"'P· 
ohol '" ltlnc of oor>•o of "'' hy rrinOLrl•·• •·•ul•<d "'"'"" lh< 
1.>$( Jcc"lc_ Thc conrplc>iiY of lirc·>)>h"ttOI <>1 Lho 1'<80\ wrll 

ICQ>IIt< SlgnifJ10n1 •dvon,·cm.-nl< "' "'"'" vi tll<'<L' •Pl'"'·''''" 
1 o fwp r•« ~·Hh th< Jcnr.rn<i> for i•"P""''" I'IO•Ir•, 1 ""Y w IHio 

dcolt n ~ w '"' rrnhlcrm uf "" r<.l'«l "'""'""""''" r. 
Tm yem ·~o. no ono would lt>•< pr<drot<J th" tilo ort of 

oolr~or< cn~inoonn¡; onJ mon>~<m<·nt "'ould ho" .chi<><d JU 
pr<><nt sial< oí mo<unry rhi• '"""· ('onseQuonrly, HU< oulllor 
;, nul ~"'"~lo prodi<t rhat lh< rn~cnu>l) ond '""""'Y of <f· 
forr rrccdcd to m<ct tlr< ch•ll<n¡<S of th< 1980's ... ,a nor t:o 
lorttrconrtng. !lo"'""· it ..,¡n nol be, ,.nooth •nd <»Y ro,~. 

R[ltM~N{'(,l; 

jll 1, U, ""'""• l. lr Mueuon, 1. "· 'lonl•·,,ond L, C SOu<-l, 
"S"''" ·"• "'"'"''""- '<> l«•<> ,.¡ th< '00>,'' />,r<t< o! '''""' 
co.u·co...- ·.<o, r "' , "·"· ''''· '" ,_ ,., 

1, 1 '- "· """"'"• "l-'"""' ''"'"'. '" "" '''''''"1""' "' '""" "'"""" 
tHUf"mmO"& """""·" ,,., • .,,.." "" 1>'. tl'f 1 lol< ALLow• 

""" w'"""""· '-''' '""w""~• <"A, ~<pL '"'· 1., •. 
PI k. !1. A"'""' .,,o c. L 1 .,,d."'""''""''""'"'""'"'"'"' 

.,r, wm ,.,,.,,," '" l'mc U'-'li'SA C - ~. ''''· •o 1- Ot J, ~"' _ r "'"· 
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,..,.,..,.,_ n.,, '" "''"Y piUoll> fo< th< ""~"> ~ .. •~ "' <nri•«< 
~t.o "'"" ""''"" «>IIUI<, In P""'"'"· ~"'""' qoohty wnool 
r'"''"""' <nd wn«-r" ''" ""ly ""miuppi•..J. Th< roorm< o(~"' 

l"r<' " '" h.-lp huO~ur-<><'~"'"' '"""'~" ''''''' """' ol u,.""''"' 
'""'"""' '"'""' l<>•v•• o,. ">f<wm "'>"""'~ ,.,., f<<'l '"'"" h«­
"'''~"'" '"" ;, "'' '"""l"'"o '" hooJ•m, '"" <Ooo """'"' ,.,.,..,. 

"''""'" '"'""" '">'"''"'"8 op"""''"' r .. , """'""'"' '"r.'•·q•oJur 
ool<•"' P""'""· h'< "'"'''"~"' n• '"""""o lnt P'"'""'l onJ 
O<t<«inJ ,_.,¡, • .,, wun. 

L INfi<ODVClOON 

A. T/lr So/I•·>Oc-1/onf•wc A"olot• "if ll E k [ A 1\ 1: '"' ny >1 no ol> ti ti< S ir< IWI'<n <nltwor< on ,¡ h• rd· 
1 w'J< '''"~" ond ~" doplt><nt, Out u ni«> on< n nrdOJI, 

oloc !lnnlmoie< ""be mi!I<Odin¡:. For '""'PI<, h.,J, 

""' (.,lutn "' '""''""''' consi<l<~<~ ot<>lo¡ou> lo 10l1w1t< 
foJu<«, bol Of<<n 1h< WfOO& >n>lo~ic• '" <lnwn In P>ti>CU· 

b:, componrnt d<i<M,.toon U tll< "'">1 ''"" of hord"''' 

¡,; 01 c_ In <conlmt, •oltwarr fo~u<<S '" olme><t ,¡.,o)"> d< Ji~n 

""'""''' '"'""' 1 ''"""> r l. 10,0.•<""" Arool o<, IOW. 
'"' '""'"" ... ""'' ""fT«h, "" '"""' '""" ""'"· "'"""'"· ...... 

'" "· 

"""' ihot shOIV ur ooty whon !ht soflw>ro is US<d under 

""'"" con.l•lion>. 
l'or ,.,,,.,,1,-, • ¡,.,,J c>leuloto• ..,.,. nnco monuf"tur<d th!l 

~td ""' com«ly ""'"!'"" th< "M func11on /or alt orr.<lrtl<Jl! 
.,¡,.<> 1\11 ""'" ''""'l'"l•d the ""'' i1.e<>rr<ct ''h" fot ~orH· 
culor nr~tt1:1<ull. Thio w" dr,Jy o rlr11~n <llm-thc oir'~'' 
loo colcul,hn' >in<>"''' incorroctly <I<Si¡n'<l S:n" thr col· 

culo!O< p •< <Ort<Ct 1 "'"""' lor "'"'' orgunl<nts. !ho prol•l<m 
.., . ., onty d.,co>orcd by o fcw "''"'· Thi< is ~Ht<.t of d•<i~; 
<rron, -..-¡,'eh Of< l>t<nl UOitl (he )Uid"-UC 01 <Cfl ~ 010 a t><r· 

ciood un.l<r tht opproptiotc cond•11ons. 
Docousc ,.,¡¡..,..,, "'"" "' >nolo~ous ¡o hordw>to d<>ir.n 

ono", ,.,¡,,..,, 'I">IJt)' "'"""" fo'"'" on I<Ü.niqc"' for. 
'' L ""~ t he d<li¡•.n rir.h t. Ad< rtin ~ ¡, ><d" '" q ual ll y """""<< 
J'!Oe<du"-l lo •vll..-uc d"elo¡•m<nt m.an< locu~ng nn !he 
P<O<<d.orcs u,_,,¡ lO r«vcnl •nd dt<<ct oJcsitn <tTO ... Thn <S 

the vrorcr •o•lou b<l..,«n •oftw"' ond h><d"''" quohty 

"'""""'- h ¡Jlollr>l« out poinl ""' unlm on, mohs lh< 
rt<•~er •nalo¡:r«, inluitloni •bout ho ... 10 <n>ure h>rd ... u< 

Q<,IHy "-'<lll<>ol ""' '"")' wkn ~-orhnr. ... ;oh >oft""'· 

A "'"'P'"""' <>f h.lfd"'"' '"" "'"~"" hf< cycl"" ~,.'" 
jo Fo~- l. 11'" !o¡·ouc ,,,¡,,,.,,tiro 1''"'" ,,¡ dO'dopmr.• "''" 
h>rdw;ur n1 .oft,.a« rrodu«. 1\lthou¡:h r,r,. 1 roo¡¡J<J '" 
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lJM' '"-'•~-·) 

Uo•O '' """""'' """ """"""blo 
I"P'"' ''"' ••• ""''' 

"'"""'' ¡, Oooo<••• 

._,., ...... ,. .. , ............ '" "·--· 
n,. 1. c •• ,., .. ndono "'"' '" uoh~•'< '"" """""' r•o""" hro ''""-

ovwimphlí•d •nd id"h"d d<!cription, i1 •howo <l<orly lh•l 
>imilot l<rm> in 1h< 1wo locld! oom<tom<! ¡,.., ndo"IIY doll<r· 
tnl "'""'"!>- P<rh>p> th< mO<I nnp<>rt>nl djfl«<toe<> '" 

l) <odong prov""' ;, rool <qonvolcnl lo """""''"""'o 
produ<1; 

l) moint<nlnO< r<l<" 10 qU~I< d1ffer<nl pro«!><> boo Lth­
m>n 1 16] for funher d"'"'"on o! thU point); 

)) protr>m dtvdorm<nl ond 1«r i> conc<pl~>llY rirndu to 
de><lorrn¡ ond l<>tin& o tmJ,..,eprotolypo, but '"•ofl· 
~-.,,, lh< "prot~lyp<"" lh< ¡,.¡ •ntem lhot ¡,¡, doli•· 

<r<d to """· 

1 h< f o<u• of lhi• '" 1" r i• !O lo""'"' I«L '"~ ""' <1'" l"y '""'­
on«. A• F,g 1 '""""''· "'' will lt•<rdor< 1•< Ji"""''"l pro· 
eoJuru 'nd e once pi, >Ím«l ot 1'' ''""""" • hi¡:h q "''"r ol<11!n 
(in 1ho h>Jd~ll< ••n•c}. Tulont ond quollly «onlrol pro«­
duror u><d rn monuloCIUiin~ or onoinloínin¡ o loordw.,< pro· 

ducl or< not dn«tlt rd<JOnl lo >Ofl~'"' quohlt "'"""«. 
Findon& deoitn <rron i> dtfli<ul\ for bolh ¡,.,~~~~· ond "'11· 

~•« '""""""· ond fondonr, su<h mor$" mor< dill~<ull '' th< 
oompl<"'}' of· 11« p"'duc\ '"'"•'"- In t<roerol, 10fl"-'"' 
1,, noJ "'" ,1" rquml< 101 '" vro y romrlc' IJJ r<l•·"' p1 ""u m, ><> 
1¡ ;, oo won~<r d<,<lopin¡: hi¡,lo·qll.<hly ,,rov-m " rlollic1<l1 

'"" co!!ly_ 

8. Sm"u' of So{fM•« ÜtDn 

Th< ~,;, "'P' on de>olopin, • <oll"-><' >)mnr ><< 

) ) d<foning U>'l r<quor< ni< ni>; 

1) d«ioJrn¡ ~ lo>t fun<lior" •nd mojor <omron<nl> a oy<l<m 

ntust p¡o,·odolv m<tl oi><S< rrq"""'"nl>: 
) ) '''"rnior. ond <r« i ly in¡•. th< '""" 1icd b<h.-·oor of ind,vid· 

uo) <oli~AT< coort¡oun<n"; 
4) ompkm<nton~ (o e., coJ1 o~) mltw "' <u m!'""'""· 

I:Och of Lh"< '"""'" ~<,.lupmenl '"'"''"u oubj«t Lo 
wor 

1) <omoru<lion <r.or>-loolut< of <ohwor< <ompon<nU,., 
imrl<m<nt<d, lO ul,.ly lhclr '~''"'""Íom: 

')_} '!><<iroeolion <nor>-foilur< lo 1CtU1>1<1y >P<<ily tho 
inl<n<l,-,¡ \oeho•i"' of • uml ~l<<>fiWO!< con<ltucLion, 

l) function•l d'"'" errocs-looiur< •~ <>l>l.l"h •n ""'"" 
de!r¡:n o\ol< In m«t id<nLill<<l "quir<merou, 

4) requil<rt«n<r <Hur<-l.,lur< 1<> idtnt•ly ""' n«d< O<· 

eunt<ly, ineludont ¡,¡¡..,,¡o'""""""''"' thuo '"'"'¡o 
ooflwu< d<>i:nor,_ 

Dill<r<nl quolily '"""""' nd1niqun "' r<quire~ lo d"l 
wit~ th<>< '"""· """ lt.<y ""<al dolf<rtnl "•!."' of ooh· 

d<>i~n. •recofoeotion, 1 nd wnsl' uuoon "'""· 
Soflwat< " •lw•y• '""" )oc[.,,. hoinr «l<tscd for np<Ji· 

¡ 10 ,.,¡ "" ,.,,¡ t<~L;.,, ¡, lyp•<•lly 1110 la>1 >CII>ily b<fDro ,.. 
lo,.<. Thio f.l'C> l<ltLn~ ¡,j~h v.solo¡IÍLy 1~ oJ<¡·elop<r> >"d lli<IS 

ond ofl<n 1«<11 lo 11\ unJuc "'"""'M 1<>1<" tl>< n><>n>~f 

'"'"''"' sofl"''"' qu•loty. 
Srnc< '"" '" p<rlornr<d on\y oh« <Od< '' -.. ntl<n, lh<y are 

a eouly ntoUo.-..1 of ~<«ciJng <rro", <>l"'<iall¡ •r.ojfocanoo 
,nd dr~i~n toror>. Corr<ctm~ 1~<>< <IIOf> rnoy l<qu;r< dO>cord· 

'"~ ""'" "'''~'" th>1 l"' olrtady boen wnn<n >r.d I<SI<d. A 
<o" df<<ll't appro"'h lo rrdueinr, •roiiW>rc mon muu 01· 
''"'"'Lo rrr~o·nl ontl d<tr<t oroo" •" '""" ''' pu•,110ie. lclc.:ly, 

,.,J1w.1rr olosi1•,,. '''"'" "'' ''"'''"'' !luronr. 11" "'""" rl•""· 
bdo•" "'"'f">tion> o( >Oh"""'""'!'""'"" are""""'"· >n;\ 
incomisto·nd<! b<Lw«n 'P""'"•Iionl ond U« <i<S<[;IO OT< d<· 
tc<h·d \odnr< ood< "wriu<n. 

In Srctoon 11, ~ < "ill d"'"" "'incorl<> >nd rra«i«> und<r· 
lyont lh< dt><lopm<no of•oft,..,, l<rl>,ond '" ~cOiion 111. "' 
will "'""'"' '" onL<r-O>Lcd apr!O<dl 10 •oh~•rr quo\1\¡ mu•· 
'""· 1 he ini<FHI<~ ;ppro>eh do<eu'"' ~ h'l qu>hly '"" ror.« 
proct<IU«S ,,nd poinctpios ;hould b< oppl~toJ" '"h Pb>!< of 
sohw•« d"''"""""l. ooLhu Lhon !"'"""~ ,,.Id¡· on !loe 

d<'<lnr•n<n! oroJ "''"''"'" ,.r "" "'"'· 

11. Sol--rwAl!E T<STI~<' Pku<C"'"'-' 
fronr on <n:in«""' roonl of •i•w. "'H~•re l<!lon, h., 

tr>doloona\1~ b«n •d h<X, "'"h lo-.. puncip)., on~ no <h•orw· 
cal wml. ind""'"' how 10 <OnHrU<I on odtq~<l< SOl of I<>U 
or ho~ lO n><""" the >d<quacy ol o ><1 o! 1<>1> lhot >om<oror 



t • ., oomoruei"L In th< l><t few Y""· how<"<t, 1omc theo­
r<li"l .. orl. ¡,_, >M~<-.,<d our """"'"""'"~ of how lo con· 

'""" '''" w,· ~·11 ,¡.,,u, u ... '"""'~"'' '"''•ow how ''" 
''"" fnr '" '"t'""""a •rP<<>•<h to •olt""' outon¡" de>ol· 
pin¡. 
~ollwlf< le., in¡ in•nl"' tloe '"''utlon ol pro~""" l'rth 

1<l<<«d Input•, "ll<d l<l\ "'''- '1 h' rnc.lt! ol '"' """""'" 
'" ih.-n '"'~ lo drcldo wh<ther lhe 1oru¡wn " opero\ln~ 
""rtohly_ 

TI>< mo" <<>mnlon obJ'""' in'"!<""''"""~" to ,¡,·ter· 
mine whclh<r a pWfo.¡m is '""'"· i.c., ~·helhct tl<e pon~" m 
proJu<" <pwfied outpul> whcn prc"nl<d "'"' '"'"'"'"" 
¡nputs Ahh<ru¡;h <DrT«In<>< m>y ot fLro! sccm tu be thc ""~' 
jnoporlanl proper\)- > pm~r>m <Jn h»<, thos os by'no "''""' 
thc ca~e. p>rli<U12fl)' for lar¡;t <oftwarc sys«ms (~ce ]20] lor 
, '"'"' dt "'''d doso.,,ion ,) Lar~c pm~'""' '" o l1<n so com· 
pie. ohe)' nt>er «HHpleL<Iy '"to<fy li>Oir spc"f'c"oons, ""~ 

yet, th,y moy be qutOc """'' t>cc:""' (.,lu<es "" '""'""'"'~ 
jnlr<~·"""'' on '"'"'""'· '"~"'""LILe') du "'"'"· Lill'oJ ""'"" 
on, user "><«r<,hly sm•ll lkncc <on•·o<nL'II "rwl ncces­

>"'Y for, pru~'"" \o b< """'' """ usd"'- ¡.;,,. i''"""""", 
sulfocoonL 11 ""'"' pro~rom n~>y '""'{)'a n"rowl)' otrown 
sroufoc•t>on "nd yot no\ be su ita bk f or opcr J11on,l '"' b<e,ouse 
in pr>clr<<, inpu!> not so\Myuo¡; lh< spc"frcJ!oOto ''' !'""'""" 
to \ht pror.roon '"~ \he rcsult> ol such tncorrcct ""'" .1" 
un>ectptlhlc \o !he U><r. lf • l"''h'""' ¡< cor<<<l w¡lh Lc·<p<ct 
o o ''" ¡,,de<¡""'' '~"'' 1 "·"ion. '" , nrrcctn•·« is o( li! o k '.ol u o. 

Coro>equ,·noly .. ollhour,h kSlin¡: for '""'""'" " o loo "'"" 
''""IHOn '"d loes\ umlor"'""l IL'II•n~ go•l, W!ICCinc'S\ 1< h)' 

"' mcons \1,~ only irhpOrl'"' J'r<>;>.:·ny of '"'''le ¡o]\""'­

·¡·lrolo¡IH)'. rol""'"'"· di""'""·"''" u1her '"""'"'"' (>eo· 
1?11 "' ,¡,., ül si¡;mh<>n! ""~'"''"""· lluo 11"''' P«>P""" 

'" 1"' comm~nly ll>c 1""" ~r "''""'' ·"""""· 
la '"'"''""'& '"""lnc« ""'· 11" ""'"'"·'"' "' l-«-p • fc·w 

prrnoopl" '" 1n1nd. 
1) "lilac< bm" \<11< (1 '· lrsL """ '""""' wotb(HI\ l"o~--

tiOJI ,¡¡ corrccLnC'> ''"'"' '"' '''"'""' """"' LIH· L•'IIO"" 
<>ho<<>Li", , e., '"''>i>! ol .111 '"""" "' o loe '""'·""''' <fijllll 
dnr>>.11n. 1:-.homll" Lc>l> """'"'m\ 1\C'<'f pr.l<!ic.oblc,lww­

'"' lnp"l ''""'·'"" "'' jLOGL \M j,,,,.,, ofl<o tlw)' •"'' nOI 
¡¡,,, 

:>\ I'•'<n "!'l,o" bu>" h'>l> (o t I<>IS choLCn Hllh full ~"""" 
lcd"c of how .1 1''"'''"" ¡,,_, h<cn omplro•.eni<'OII "' '"" lH'C<'S• 
,,.1 1· """1'"'" oo uco,·ct :oll '"""''"'" """' r-"' ,,.,,.r,, 
><l"tin~ ""'<O •11 ~""']¡ '""~llo00\1 in' 1'!01"·'"' '" ,.,,., <11 
C>OLl>\ lioll p; Lh.l lh 10"!<1> •' 1'" o¡:o J "' .oh' O th lL<'Ó WOJI HUI <i<'h <1 

"' """ if • "'·"'"''N r•<h \1,,, s>ooul<l b' '"'''"'' '" rlll pro-
1""' """"'"" (>« 11 21 ), 

.l) 'iloc ""'" C"ff,·q,c ~O)' \o <lr>l~ll L"l! ;, \U I"'L'OiiH'<il<' 

f¡,l ol \he <nors >r< 1""'"'· ll'c <11.< .. :"" ·"1"'"'' n( ¡ho< Jj>· 

1'"'"" h<low. 
('uml\1 """"" 'l'l''""'l>c'S loJ ÚCL'<'Io¡>i.,,; Wll"l'"'" 

"'" fJII '" two <'L•gom!-<I<L•'"""'illi< ond Plüh>hil!,ic 
)lr!<r'"'"i>li< m<Lho,¡, "loco'"" tl>ll w•lll>il if ,.,.,_,;, l.¡nols 
of rrror> (•r>d onl)' \ho« kon<is uf orrnr>l.,< 1'"""' on' pr<'· 

r"'"· r"'"'"'¡,"" ""''"'J' '"""J' ,.,;,, ... , "r ,r., '''""· 
Md of unrl<'!«t<·J <rrors ,..,..,1nrn~ "' ' P'"~'"" "'""'"1 
"' ¡.,¡:y ~""""'"'"& Lhat all "'""(uf""·"" >in<l•l ''"' 
~"" clominOLcU. rt~boiHI'lLic mc\hod>a« """"no\"'""·''' 

o\ ddonon¡ huw lo 1de<t '"' ,¡,¡, hu• tJ\1"' >1 "''""'"'" "" 
tflc<HLln<,_, of '''" in un• O'""'~ <flOr>. f, •· -,\<>1 iOf\~11< 
te><in~ mttho~ ;;•u booh o «h•ble ""'"' .-ffocll"'""' 

.... 
ond, if the "'"'"" •ndicat<s n•or< 1.,\int is nc<dcd.•how• o 
""" '"'"'" fu¡th<> lc$1in; dlon woll be profot•l>lc. 

l'or "'"'''''• lhe <lctwuini$1ic ,p¡ormd1 .,·~lustt•I<J by 
fhow·s 1~1 l<chniqu< lar ¡C.,in¡ cunnuun¡, . .,,""' softwll< 
rrotocol• _,,,¡ ¡oro¡'""'' implcto,·nton~ th«". ~uoh P""""'\s 

"'" ho ''"''"~'J in'''"" uf lon)!c "'" '"'""""· (too•· hu 
1hown "'·" ~i•tn '" ""1'" h"""~ nu """"'""''uf Olal« in 
¡he'""'"' fonitc '"" tm.lunc,, "' ,¡ I<SI "'"'con be 
¡coer •• tc.l lh" will Jete<! >11 error> rtue lo uoo~<in¡ llii<S >nO 

In liSIO~ or l'l<Orrert ''"'" !r.ln>ilron>. 1\ PIO!'""' lrt>plom,ot· 
>nr tloc prr>L<><ol con be J<!<·rnL""''''''Iy tnL<d "'''h lh<.ie 
m pul<'" J«etnoin<· iF ti ''""-,¡,,-e thc i"oonde<i Uo,rn,L<., 

""""f"l """'"'" '"'f'lios "" •mpkme""""" " corrcet. 
Wc" 1 J 11 <l<><nb<> a ,,.,¡¡,, rro.-·~urc 1m <i<·<e<tin,\ 'Y"'"' 
ele. <ll~cb, P"f<nt"\ lt»"> o( m'""~« • .~nd ooh<r comm"""'' 
¡¡ons prn1 "' ol ' nors \\'eso also 1<'4"""' tlo.n ti>< pn>l0'"" be 
r<>O<I< k,l ·" [onooe L"l< ""'hono<, 

Atwll•cr c·x•mrk uf oh' dct.rminisHc 'I'P'o"h os otre ""' 
de•cln¡'"' loy Wlo<le '"J ('uloc·n I3CI. ·¡¡,,)' ,ol\eoupt lO"'"" 
only "'"" <iu,· to rnt·omtll)' "''""" hr>"Cio eondolloros 1n o 
1''"~'·'"'· Th<y """1""' lhe 1npu\ """"'"uf a 1""~'"'" tnLo 
cq<n'·•l<uu· """" ,.,,¡, Lh" '"''' clcmonl uf • ,~,,, <·'""' 
'"'"';"" ,¡ tl>c '"'" rro¡·r;¡on """''"' flo"' r•<l1. '(h<u rcot· 
in~"""~"' <l•·scrrloc< loow to sok« L<>! •loo; oo clc!<!loo<ne ,r 
lh< !"'"""""' ddonin~' d•>< lu"' """ <hilt"l 11om ll•cor 
'"""" ru>illon. l'ur """'Pie, l'"''"' hnnnd"Y JeloneJ by 
"' md«i<"' rcbtion, < r.-. JX -t) > )' \hO)' <loow why '"~en· 
"''1 11•1« '"' (,»<>"''"'<'ole<! Lo sln,w wh<tlocr lht bouroci"Y 
h;o~ '""' cu!<Cclly spccihcd-lwo Lc$1 pmr>l! on 11>< hr>utodory 

'"" '"" <>11 oh, u"'""!"'y, e·~, (J, 11), (-1, -1 ), "'·" (1, ~) 
A """' ""1"' >r'l"'"''' '" ,,.,, ''-" ,..¡"¡i,., ~·o>lld """'"' 
llnL '"" l•·sl ,.,,., """Id '""'cc-ont in whtoh ti« n·l"ion 
"'·'' <Jii!loeJ, "'" ,.,,. '" wlo¡cl• ll "'"' ronl. llut Col"" erd 
\'.'1•11•·\ ;n:<I)>IS >h"wl ~·hy lw" ""'-' >rl' IO<o¡ffrcitn\ "' UctcCI 
,.,,.,, m !he <'<>di"''''""· Sltowi"r l.nw ;.,,..,,.,.,. re<Liro~ >r· 

!'"'"""' ¡·,1n l,c ""'''"'"t< i, '" ''"1""""1 re>ult n( ¡l<t<r· 

11" '""'""'" cknHill> '" <i<"ll'f'"l'""" i<SIIOI', •PI''''"''" 
'"' 11 """ '"""' "" ,J<-InLin¡ mol¡·,-"""' L:iiHis ni"'"'" on 
,¡,. ·'""""' of "''"'' l.¡o>d> "' <'Il""·'"'l C) ""'" rlc><"i<>pro<rH 
,,¡ ,,.,-lho•l• lo, ,<ei<'«in~ !<s\ Ü:oL> Ll"' "'""'"l«'d '" <1"«1 

,,,,.,,.''"""ir Lln·y .m '"'""'· 11 ''""""'"'" ""1 fror r'"''"' 
'"'·""' "dd'""'~' LC<l '·"'' ;cl<ell<'" n><·lli<ocl-, ¡,,. aoi<IIHmnl 
"·"'"' ,,¡ '""" ~<<eh tOS<'"'" " 10\'o'd<·d 1•1 P'"''ille" lmn 
o'""'"\ "'1 ¡,,,, 1" ru 1d' ,.,n w >re < "~iro« rin~ pr.l<ll< '· 

'" """'"'' lü 1bc '"'''"""""'' "1'1'"'·><·1• '" "'"'nr .. rn 
wi"Li' "'" '"""'1''> '" ¡,.,¡ ... ,, ""'""·"·'''"''~\O doLccL 
ccr!.1in l.tnJ> .,¡ cuon, 1><'111:., el al ]S] b•'' ~,·,.,.lo~c:! o 

!""''''"'"'" "••·<l•o~ ''" ""'""" ''" 'I"·"•<Y ol ,, '"' "' 
~otloou\ '""""'~ po<c'i<,·ly ~h>L "'"" llo.· ,.., ><'1 i< ,¡,¡,LO 

\1,· !''">''•"" lo l>c· Le<L<·U h) inL<uJ<IC<Il~ ""·111 d''"l"'' !ll" 
or¡· IJC<I)' 1<> loe'""" ll" 01igm"\ l'"'f""' >!HIIIH' no<o\.ll<<i 

1" ''1''' "" _,,. ""'' ,¡ "" "'' 1he '·' ,,,. "' <>1 1 <'1! '-""- ·¡ ,,.. <i"'"') 
of 11" ,,., ,.., 1> ""'''"""«! lw Lloe rouu•l><l ol '""L•n!< 1:010<1· 

at<·,l ;o¡<! lo)'¡,.,~. """Y l:ul '"''"'''" ""' ld<>ll)',•ll "'"""" 
b1i. 1\'hfl' <HUI"'" .re 11<" drrnil.,l<d 1•)' \ht 1"1!, OHC tnU<\ 

''""" '"''"'rl 1<> f11\<l "" ''"'·' IM whrch oloc '""""" ~LII 
(all LO[ deiOIOH!I!Jio' tiLd \lO<' ""'L"Ois "" tq¡¡o_,l<lll lO> t(O[l<C) 

'""''""'· 
llre prin"ple ""''"1~ ¡,~ rhc """''ion ,, ri'rN eh 1 ~ !<\\ L,r. i> 

"T<>f ~"' ""' <li>LinpJi!l><! oll p«•F.'''"' Uiflrnr>< fn•m • 

'"""' ~nt by or.l)· >rmrl< '"""" "' """"" thot it al>u 
i 1•' rlo<¡t \y ''"''"tuo!h<' ''"'" """' rl<> '"o"" 1 8 1 . 

' 



' 

, ... 
Thc1e io no «ll;inly lhll •ll "'"" '" ~isco"t<d 11 lh< "' 

of 1<>11 climin<l<> oll inoorr«l '"''''""· lhe """'"l'tion, 
"""'""·JI 1~01 in pro,tJ« •ny r<m>~ning mon "' nol Hn· 
rort•nl. Ru<>"h JO currcnlly undu~•Y Jo'" lo wh" .. te ni 
1hi> usumptlon ho\4• •nd lo'" wh" kond1 ol p:o¡.·•m mulo· 
Jions '" mo><l UIOiul for >al:d.un¡l<ll 1<11 11 ). 

Solt"''" tcuinl io not <U<r<n!ly In <n!,lntcnn~ duoiphn<. 
Tb< thcoJtlicol buit ncedc~ lor !Oth o dO>e~plino 11mpl1 d<><l 
nol ycl ,;.,, Bul our o•mpl<! ol n:·~ l<llin¡ 'I'PIOIOh<l 
ohow th1l oome r"'¡:"ss i> b<in~ rnaU<. 

Whilc woiiLn, lor lh<ory Jo co<ch up "'''h thc n<edl ofoofl· 

w.,c d<'<I<>P<II, lod,y'o !Oftwuo '""""" "'"'' opply rulu 
of Jhumb lurncd b1 e>p<li<n«. Th«< rul« '" well <>· 
ploin<d by j.tycrt IH l. 12•1. who« bools oonuin wh01 ;, 
probobly lh< b<" our.-nlly ov>tloblo mll«lion o! rood pro<· 
tit<>fOI d<><lopin~ !OfiW>'< t<S\1. 

Porh•r• oh o mml ompon•nt IILin~ <o !<>n<mber >bnLJt sofl· 

""' '"""~ ;, lh•l ohhou~h iJ is '"'""!)', ol """"' be tl>r 
oole "'""' or <n>ulln~ soflwOio is ~<li•l-1<, tobu!l, 1nd "'d"L 
To obt>in !ohw"' '"""g th<>< p!operliet in suf!"ionl ,,,,. 

'"", on< mutl "" •rPropriolc qu•l>ly "'""'""" l«h niGU<t al 
<><h "''' in lhe 1ohw= d<><lopment procoJ>_ Tcstint,. 
only 0'·' of lh<>< "'~"-

A< Ja"<d ('l<'ioosly, ooflw>rc Jl<'dnpmonl '' onolo~<L\lS (O 
thc bu~d 1 n~ '" d l<sl Ln~ of • h>Jd ""' rrololype_ Ac<o11bn¡,!y, 
'"'"'!"' 10 "'"" sohw>re qu>llly ohould allend pllnoipally 
lo lh< dcsitn p!o«" and should >n•IYl< 11> ouJpul>. lnd<ed, 
lt. Milis [18) r<<omm<nd• lh•l 

Cj-.n doubl< lh< bud;<t •nd H)"dUI< (lo t<ll lh< """'"'' of O 

-""""'"""' lu< ulll"cl''"''''l'l, do noJ •r<•d the "'" on 
l<>lln¡• -¡pe"d 1! In "'""" '"" IO!pl·no~on, 

In Jhc< !«Ji un, ,.., '""''"' 111o •oftw,¡ r< dtvdopmo n! 1' ro< r<s's 
rn•¡or ,,,,¡, ;.,, n>n><ly ~<>L¡;n, oon!lJu<Jion, , nd '""'"r. f '""' 
Jho p<r>i•e<IJV< ol what proveo :,uohly '""""« p11nooples 
•~d pm«~Ur<l ohould bo •I'Phrd. C'<>~<ra¡;< ol•ll ti>< •rph· 
<•bl< t«hniquos ond tools ,, nol posliUt h«<. H•lh<r, Jhe 
inl<lllion h<r< is to '""'Y tht 11>1< ol 1~< "' " proetiood \Oilh 
>uiu blc r<ftr<n«> <upphcd fut r<td« 1 uUow up_ 

A, R<diH'int Doi&n ond Sp<el[icMJLI'I /.'uo" 

Sollw'"· "'"~" ''" bt chorortemc<l " olloc.,inr toqui••· 
rnonl> lo lh< <OIIlponrnB uf an '""''"'""- n,, d"<><l<ri· 
ution ''""" '"" • do"'" oonml> of r•m (modulo>l ond 
Jh<ir mi<J<on~ri:uon> (in!orloc<>) lor lhr p~1rose o! Jtlli•i•~ 
• ~'<n S<l o/ t<qull<m<nl>. C1<1rl) lh» Pr<Jo~ppo"' 11»1 Jhr 
soflw>re J<quiJ<mcnl> >r< dolllll'd onJ •noly><~ pno1 tu th< 
d<''~" "li'lly. WJ!Iwu( f~t>l "'"1)'11•& !Ion 11npo11>nJ P'""P' 

P""''"" ;11 >UI•><<i'""' dlorl' lü """ 1 qu•lol)' '""""" a\C, 
ol b<>l, "'"T""Ird. 

l'r"rnlly, """'"quite • l<w cumrwng "dt~tgn nmiLod· 
oiOI"<>" offrront, >ol""" de"~"" (or • de.,gn "'"') pr<· 
ocriplions of "Piicol •••r> to f<>llu,.. u ,.,u " • 'l'<OJIL<. 
~"Ph>C MIWOn /or rrr<<><niLnt II\C r<>ull>nl dr!lr.!o. 1\'c 
m<nlion h<fl '"'M M Jhe moJO r1oc-•in<nt >Pr'"""'" IIIU<· 
'""~<Ir"'" [~1[, 1221, ll91.1J~I. "" J"~son tn<lhnd 
11~). 11>< \\'orllin-Orr oppro"~ [111, 130), J~o "'"""",¡ 
•••lym onJ ~.,;,. '"""·Lqu< I,'.AP 11 1 '' 1, 1 "17 1, 1~< '"1"'"' 
tnenl> '"'-'"'"'"~ '>ii~atJon l)'>l<m (RI:\'5) f21.Jho >)llcm· 
aJi< d"'~" m<lho<lolo¡y (5DMI IJI, 114), lh< op<r.linnol 
oo/Jw>r< cone<pl 1261, [351. hi~h.r ordu oohw>r< (1105) 
f !J 1, ••<1111< •«hoto,Jur< dcfJnlll<>" «d•niquo (AIJ'J) 14). 

lJ-lJ-Ij 

rllOCI'tOIN<'l~ Of TUl: J[[t, YO L. 01, 1<0. O, HI'HM UL~ J; 10 

Gcoer•l1y by u1in¡ • !op·do.,.n ""''~Y. "'" of lh<" 
molhodo oJe;olor• • ooll""' 1pl<lll do"'" •• • vuu~ 0 ¡ 

conJrnuni<otinl 1nn~ulos. ~uch Jop.down "'"'''"" r'«<Otd 
/rom thOJtncrollo lh< puJi<ulu by fml drf•nm¡Jho contt" 
lh< funolio•. ond th< inlcrfoo<> fot ony module boforr >~t<1fy: 
in¡lho inl<rnol d<Ui!s olthot module. llowo•or. the "''""' 
m<lhOOt lit fundornenlllly d1HU<nl \0 whll lhoy J<t><d " 
,mpononl ond '" ho'" they '""'o d<.>i¡n Pl<l~<m. ~llurolly 

th< grop~i.o noJoli<rn '"""'"'d '""h • P"'<<ul., m<thod 11 
"'11 IUJ!od lo J<prt~tr.lin¡ "irnp<ttlonl" sy>Jeon >~p<ot<. TiLot 
is, tl10 '<!)' not>loon for r<pt<<OntinK • dO>l!Jl OJ<hilectu« "" 
lorc<J •bmotlion by <>e1udLOl cr dol<mnt i<>.s impor¡,¡ 
up«ll (u jud¡od by • muhOO'I creoton)_ Sorne of tho <Y>· 
10m »pe< ti lh>l 1m< boen uscd by "rious d<>i~n m<Jhods for 
«"''"' 1 "~ood" d<!iJ:Il 110: con1ro1 now, dau no..-. :h• 
input 1nd oulpul ''"' !lruoluJ<J, lh< IMI<tn•l Ó>li·b•>• 51JU<· 
Jure, sllmulus/r<>PMI< lhrc•~> Jll!Otl&lo Jhe S)'<lem, loim"loi· 

••1 Jle<omp<J<itorJn of symm fu'""''"'· •Y"'"' "''" lor 
mo~os), on<i the lr>n>ilLon• b<twoon thom, dopond<ncies bo· 
Jwton fun.tinn•, •nd ""!"' >r>l<m fo>Juros 11"1 should 1>:: 
<>>lly chongoabl<. 

Fot a soflwaJt quil!ly "'"""« •i<wpoinl, lh«o aro many 
odvonll~<> to odoplinr • porlioul" <lnign m<lhud ond grop~i< 
no:a1 oon 101 rrrr<><nll ng • dr"~"· Su<h • Slond,¡d <>IObll!''" 

, bam for """'"'g ond '"' p1oje<t """"'""«"l1on. Tlii1 ""' 
lh< llol·odu<llol\ of new pmOillll'l durin~ <lcvelot'•""" OIHI 

provi<leo a U!dul "mcnhl lo>JtL<w<ll~" fur lho nonlca1 m>iiL· 
l>me.. Ont< sdc<J<d. clo>Lgn m r.dml• mh>n<e tho df.:.oy <>f 
all onl<rn•l dosi~n '""~'by pro•idinpom< obFWV< '"'"" 
th•l can be. unoto1 mly ap~litd "'h<n '"'"ing dos'&" "quoiL"'>" 

>U<h as compl<lcn"'· '"""'"""• ond <1,il¡-_ .~:"""'"· 
!!and.,~ ~osi;n d"<umontoJion cm-•n~ s~o;,IJ-1•• ""rrnmd 
hy >of!w"' Jm•ls IILOt !lolt 11>< d",irn '"'"""·•tiN, ¡,, >Ut•· 
·"4'""' qutm!, Jh>l ;utnm>IJC>IIy j'JQ~U« ' W111:at~ luJ· 
mOitin~, •nd lhol topmt <)n lho C<lll!lll<'llOY nf !he,¡.,,~, itL· 
forn.,Jion <•lorcd lhus fu ~om< "'"""'m! Jovclort•l<nl 
e flom (b.,<d o n poli icula d<><¡:n m<lhOJ>) havo ourndoJ th< 
d<>i~n su~ro'l IOOI> lo in dudo •imul>lions or "anirn>lions" of 
ohc '"'"'llly 1to1<d desi~n. In '"'""'"Y. "ilh <tsr<<l 1<> o>ins 
o d<ú¡:n m<lhod "P'"'"" '"~""'" ¡h;! ony '""""'b!y >)'<· 
lcmaoio '''''''tY is h<ltor lhon none. 

~<Sidos ,¡.,;¡,11 roviov.·s inl<rnol to lill' dcvolormrnt 10om, 
"" ,¡ ¡ 01m,ol <lw¡:n rovicwo lo! JI o< locllofLl of se mor mona¡;<· 
menl, Jloo <UIIOI•l<r, ond on LndnJtn<i<nl quoi¡Jy "'"""" 
grour '" •d•i••~l<. l.>l>~i>h<d r""'" nov.· hold> 1"' o ouo~ 
fo>rn»l '""'"' <>ll<d Jho p10hmin"y dr>itn ,..;,,.. (l'!ll() 
•nd :he ,,,;.,¡ d<titn ,.,;, .... (C'DI\1. Tht P::JR """'" ¡ho 
propo><d d<11rn udJii<<Jure f<>< lor.irol •nd J<chnic.l fo>!ibol· 
il)'. All of Jhc ll'lft~->r< eolnpollt\\1! (bo¡l, proccd••"l ond 
d.o;) 'lluuhl b< futoctJneoli)' <pn·d~o·d wJJh i""rf,cq iJri.ll• 

r,.,¡ on •omc doi.<LI. In >ddoJ¡on.> rl•n "'"~"!'"¡; '"""~"'"' 
J"ogn, im¡•ltlll<Ol>loc'"· l<>lon~. ond IOIJ'f~>Jion tosl• mull 1•< 
pro• •J•d, Ora fl u>or •nd m>inl<nan•< "''""'1' >nd a r'oro..:d 
><«pl>n<< "" plon '" •rpropli>t<. Thc COR focu><S on 
\Olp!<ononl>lion >nd p«fo•m>n« fco!lblhl)'- )¡ lyp!Cili)' ,.. 

qui1<> lh< oJ<I11Ird >IJ'<>II!hn,, d•l> "'""""''· ond onl«f«< 

'""'"" olo11r, "'''" 1nrmory '"'' < "'ullon """ ""'!~'" l<n 
'"" ,,.r, ~ '" r '"'"" "· u,,.,uy '·', ,r¡·"''· , '" cm: ".,. ,;,,, 
JI<IH>'• l> tlot l'l<hqLOllil< lO ilotl,.illo¡; "IU•I COGJOjO. "''Lll• 

r<>P«I Jo inl<lllli >n~ fo1mo( ~<1100 l<>l<'*> C~><S 11 i] h" 
,.¡d lh< lollcwont.. 

!.loo<;"'~"'"'"'· '~' '""'"' "' ¡,¡.,, "d<f"""'"' o<, r<"<'f"· 
n., f'<opl< "'ho o<«nd mull lo< Jn«llo&tol, '' '""'·;_•o~l<>lr<>«1 < 



( 

'" thc •l"'"r" poublrm ""· <O<Of"'"""'· '"" "'" the Iom< 
o>O~;.ble t~ de.!iute '"''""'"" to "" """w- Ool> lh< '"""<-­
"""' o r ""' w ,~,,,,. '•" ""'' .• ""'''" '""'"' '""'"'"l 

H< qu.lny "'"""" role in o d«i~n ""''"' n to eumtoe 
th< '''"'" •<>• ;oonplctcn,., (are Jll r<qutrcmcnll >ddrmed!t 
fur o¡u•I•W (uoinl ohj'""' ""'"' ~""'~ fou"' th< 1<\cd•d 
d<"~" m«h od ), on d lor •d~<lcncc lo 01 • "dord•. 

B ll•d~<OOl C<>MII .. <IiO" Ú•Ofl 

~,ft war< cnn<truwon ¡, conccrned .,.,, h thc d<>i<n of m oduie 
d<Lo>h ond th<n .,.¡¡h '>f·t<.mng IM>< dct>il1 in tA<eutabie 
CQJ<. A.l~orithm J<~ign, do 1> )o y out, ond "'"" con>ideratiOnl 
,,. ""'"\ tr> thi1 octi>U). Alrcody th<re i> o tich body of 
;nowled¡c obout oredfic olgomhont and dua 11ru<!Ur<t u 
wdl ,, th<lf '''''"e p«fn"""'" l!odc<>fft. lly olemonotl>bly 
hdpin~·tO rnlp<u>< th< 'l'"lity of softw"e co,<true(ioo. IW(> 
~<ne"l plldicco h;o•< pintd widctprc.~ ocO<ptln<<-1lruc· 
tu«d p,o~nmm'"~ for detO>Ied routine aod d>tO dui,o and 1 

t>ichu ordcr lo nr.u•~< ( 11 () 1.) f '" co~r nr, rro~" "''· 
~trUotu"C pro~"mmin~ invol><> Lhe 1'1•<>•<bo<•l fahrie>tinn 

of pro¡:,.m> '"~ d•" >trUttu«> hy tn<>m ol thc "f·<oled 
>rrlo<>lion of ><>n>< b»ic tomt><:><irion '"'''- rm <>omple, in 
">1rUClu«d cnd<ng" b"'"' Sl>f<ment> lsueh •• ltllhm<Lic 
<'olu<tw" ami ""~nn><l<t) n»Y be c"r=>b'1ltd mto compoUI\d 
¡\>1<-nl<nt< M·IY ¡,~ """~ Ol>:·:mtnt S«¡ucr.con~. con~ot>OI.:.I 
o<le«ion ol > grour of <f>temmt< <o bt <.t<Ut<d, or cundr· 
tmnal ''" oti•m ol >o m• >t-<t<ment!. 1 h>t is, the u nco•·dit ><>n>f 

""""h m'"' ro""''"""' "cxdu<lcd '""" "''"'""d ,-"'' 
>n¡' (>U>Hd>nl<t ""';'"'">ly cb,oroOI<ro>c.l "'<,O 10·1"' 1-ro· 
¡;r«llmmg) -¡¡,.,. r<>trietrons o:<ne••il)" >imrllly > '""""' .. 
Oow·of-t•>fitr~l lo~r< <hd ho>t demon\tr>biY .edue<d o >!&ntlr· 

"" t souror "r co<h<>1. error> In '"' th '" o drc .HI<, ""'"" '"' 
1""~'""''"""1".110' ¡cno ''"'"' ¡>ruf>O'Cd Jf'l''"·"" (71.11'11, 
IDl to an opcrattOI>>I "'nd><d lo< ""'" m>¡or o.oitw.,, 
d<'<IOP<n. 

( u<l '" r. "·'"''"'"' tne<.rrot •" "P" 1> of WU<"I tued pro~r>n>· 
,,¡,.~ w,¡h ,,¡,., for onoh·"l'""" ltn n·r:,.,: n'ltinr.l. ¡,,·,tJor 

'"'"'"'r.ts. r<itntihcr n>n><>, .onJ th< lnoph uf'""'"'" {ro 
enc<>u<a¡< <hort, funt(;<>n>l procedUtt>l. A m•JOI P"""" of 

''""'""'! r<n&"mmrn~ n thot pro~rom' '" t<l b< '"~ b) 
penpl< " w<ll "~Y «•<>qn•«rs. p,,,..,d,n:•. ""!los r«m""· 
~u>'"Y a"Ut.lfiCC actlvrly llo< II"CI"IItiy IOCilld<ol «•M 1<"-l<iil>r .. 
1 ¡,, tr>~ Ltiron•l dos~ cher ~rng b) • ho ptog,,mn<er " ,,ofota biy 

-,urnttnttd "ith • ""'''formol P<« codo rcview 1101 thot ;, 
"'""u id, Cl\ttol\lctC<I ,,;,., chc.-<,hm f or rtL>d> "", >nd ll.C • <~ 

""''>Ji"""·"'""'"',.¡ rep~rls. •"li"" ''""''"'''""""u¡,, 
lino~'" Jl(tl n"''"' ,o[t'WOII" nm>tJUt'll<>n n>uch "'~" 

«lrabl< ond rroduW>< th>n """'• ""mbly llnt"'l'- G~od 
.,ptimi"n~ «>r»plle" "'" """" proJuce cO~< th>t ;, ~ittiLn 25 
t'"""' iL> hoth '~'"' '"d """'i"n tome ~r v.dl-cr>fl<-ol 
,.;otn01)" IJI>~uay<. llOL co~< 1> '" tnU<h !»ltr In ptodu<e, 
do<c,out, m»Otain, >n~ n•o<hfY <h•l ti >loouiJ l>< U><d for •11 
but thc "'"" "'int<-•11) con>t<.o>n<>l tllt« envo<onmena. 

ln~.e<J, Ft<d l"ook< '''"'"'· ""1 e"""'' <J>tiY '""'"" > t>IO· 
¡t>mmi"O •)sten>) "O<olj t>u1!d rn a~l<mbly '""~"'!c''ll]. 
lnftr><ti• < dehut<mg in th < >rmb<•h< te• m, of t he !10 L '"" '" 
rror<>rn '"'"""'i>lly '~"~' '""'in o eh"< out. Modtrn t)"ped 
HOL"o (<_ll<h" r,,.,t D·ll) <>tch m>nY dll• '"'"''" '"" 
"' "'"" • """ ''""·'1 <DUo I'LI""'". In '""'" o '"', de t>Mol •1<· 
,;,n "" be '''"'' ""''""""d in • ""''bl< '"""' IIOL (be· 
""" of th< •uton¡,ti< 'h<ck ""' •nd «o,. rdtrennns) thon 
in no~ el"'" m in'"""!''"''"" d'"'" '·"' ... o¡< (rOL)_ 

, .. ., 

Thc bu td<n of pmduc.ng d<torl<d doso~n do; urncno.t<on md 

0 ¡ unit t«t<n~ ""o"' muttn" oftcn ob•oure< "'"" tho emn· 
lt>l r<od<'ct of soft"'•" devdQpLtl<nt ;,_ Thc rcot gool \hould 
be to place • s~•t<m [rndudm& r•ork, m>e~ines, ond <oh ""el 
ontu >Jtrofoctory orcrotion. <:on><qucnlly SY>tem >nd •oft­
"''" rntq,ro¡ 1on "' prominon¡ly ploe<d Qn th, cntLtal p11h. 

To hclltr r< du, ,. o nd "'"' • ol t he "'""'"~ <Ú. >uft "'"'' >nto· 
~11tinn ond ''"'"' offo•L> <h<>uld b< distrrbut<<J ove<>~ muoh 
ol the co~·n~ dfon u pombk lndted.> "'"" occur:rto mu­
"'" uf e'"""' p<o¡eot <levoloprnent >t ''"' " "wh>l p<rocntot• 
of lh< lol>l num~er of >olt'"" module• iO<ntof,.·d ~u~tng 

01chol<ctu"l O<O>!fi hove toen codod ond itot<gl4tc<l '"'" on 
oper>nonol >uboy>teml"" Suth o musuT< " r., '""'""' to 
¡h< more fr<quently u1ed ""ho..- many hn'-' ha ve be<n coded1" 
or ""lo"" """Y rno<ll1lo> h"< boero umr t«ttOl"' Oe.rl) a r«· 
"""r.<·,.f-modul<t-tnt<r.<"'" "'"'"" Or<lol<s u<in~ ><>r.>e 
''"'"' uf • top·d<>"n rmplctn"'tation ond t<>tint le<¡ueroce 
117) _ A •i~n,rreont >ltol<D' i> to i<lentily wme optl1tion>l 
<llb,.l< {"r "butl<J>") of tltt lntcnoled >Y<t<m and 10 d<><IOP 

,nd dd'"' '" •ucc«<ron lh«e '"b''" l1RI. Thi> •rr•<L>och 
r•o•id'l "' cody olr<ü out of lhc '"'¡or ,,¡,.,.,,. ond "'" 
inted><os while h<lrint <o i~entify ><>m< i<nrou.nt bül non· 
technicol pot<nti•l pmblcm• lo. e, uscr troinrn¡, deh"ry for· 

'"'' '""' n><chon'""· «><>rdinotion of n•UIIlrl• controcrms, 
ttd. In f.1C\, IO.tin~ should dri•o rlevc)o¡>rrotnt 1n Lile ocm' 
thal rl•n• for ,,_<tin~ <ofl~or, <ubsets <hnuld determine 1~0 
omplonO<nt> <ion <equenco. 
h<ll~o r. ' '" too ""l'.oll<ied ,, r:>thO<in¡; infmm ""'" on '1>< 'oft­

.,_,,·, IL"Ir,dorlrlY TI> o" >icv.eJ, l<>l "'1'"1!<101"'"'· rl>h5, """ 
f'H.tOU)UIL"I O, "'" .. <itsi~H ... ;,,«atO» II>UCh 0 p.o!l "' 1<«• 

inf., "<><rci>ln• >Oftw"< on • m.chmt. lt "knefo<o>l lo 
¡.,,., • "rJI'>tt P'"l'" toll u< ~"'~"Y'""'""" to>rn aoldt<>S 

thr<c """''· Fu<'"'""~'''·., L1 •,t rroc<·~u"· ''•"" '''"''' Od.r.c 
th< "'""·' of .cti""' "qu,<d to '"''Y thot o pJoJu" """"'m 
><q""'"''""- Th<" ><lior.s m,y includt 

ll w,J,~nrrn~-"'·"'t'"F lhe >oftwor<, ¡,.,,¡.,,,, peoplc, 

'"" l<•r-"tios lor ti""": 
2) t<>n<i><iomn&-·btin&tnS lho >)"<ftm to tht ioil>>l <111< lo' 

t<>tinf: 
3) "" roOucon~ ,¡,,. -<nt«i<>r: crth" ")"<" ~· ,¡m u late d d,¡,; 
<) '"""'g tr.e t<>t-ir»lhLrn~ an<J <Yt>thron'""l; ~Itere 

n««wry; 
S) C11lkcting d•to-~1\h«int. <n>r<hot, frcquonc¡·, ond re­

'""'« ullh»liuro "'f"'"'•lion; 
i>) oii>pi.•)>n~ !C>Uil!-"f<Cirt>r, •nJ fL•trn>lt,n; IC>Uil> " 

ofll<-ct<d 
1) an;,ly r>nt <<>ulu -tom porint ocluol l~ e >P'<«d . 

A "non· o! •~ft """ tool> """ in conducting to<t rrn<<~"'". 
Tlw« ttreludc '""'"""""' •rrnulotott, l«t "''' '"""r,ltutS, 
an.J te U '"""&< onoh ""-

In >urnm>ry, >O!t""e ~<><l~r•~<nt >nd f<>t ;, follly on>:o· 
¡o u¡ to th< dov<lnrm<nt ,,,¡ t<>tu>g of" ~,.,,.,..,, pr~tot.' r<; 
,¡,"t" erro" rredomtll>l< T¡,, '""r.ht bclr> m >.lcntrf)"Lnt. 

10m< ""'"' •~""" of >u!twOit <non. A""'""' >ofl"'" 
~\uhry "'"""" tffo>t thll loe""' en tl>ct< wo< 'o""" 
m'"' t« "'''' ¡..,., • P"'l'<t"s oncc¡>non. The "'"''' of t<­

'1"""""'" l<<l>l•<hly, \!>C<.tb>i;t)', and ""' mwt he moi'<•l 
wly. !J<»En "'""' "'"" lo<'"""""'" fur tite putro>< ~r 
fon~••r. d<>•rn euoa '"'-'"" ••th« th>n bt«. r,o,.n onethod> 
for d<Ul"'"'· J''O'"''"'mon&. rn>lonl th< <>oh>n~ product 
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The Cost of Developing Large-Scale Sohware 

UA Y W. WOI.VERTO:o>, "'""BE~, IEEE 

A~IN<l-Tb< ..-ook Ol o<>f"""' <Oit lo""'""' follo i:olO tooo 

P""· Fi101 '" moloo "h" ~• ull HN<lwoll"'""'· •o~ "''" •• 
ul<u!ot< "'' ob•olul< dolloHolunoo '""""· ;'"'""'' lo"'"" 
d""'b' tloo t«htoolo¡y LOd luo<Mn ol o <011""' projoot, but not 
;,. ,;,._ w, '''""'" , .... ,..,., l<omJ ., . ., "'' P'"''"'' 1a. <r<l• 
lrom tilo ""'<Nl&l loto<U!S. Jud""''"'• l<<hniul Jo,oo,..lod!<. •od 
o<oo"""ri< r><•u<h obould combioo io Ol&>.iO! tht otru<<.uollor.· 
"'"- lo tn<llou1olo<r """' on o >~ ~ 1 otno<t\llollocou" motrU 
Lle&l hu b"o u«d b¡ Tl!W wi:h roo:l '""'" oo·ot tilo pHI hv 
'"" ;, P"""" ~ ¡, C:c11 pp<r. w,t.!J tl1< otn"tuoa! loo"'" ;, bond, 
•• ID oo to <&l<c.lot< tlo< ob•olut< ~oiiOJ-volum• '"'"""· 'rbo 
I<O<al loro< lollowed in "ob.,lult" <OII "'"'"""( <oo b• b .. od 
on <ilh« o'"'""'~"'"" oro o .,~[,<ot ol¡onthrn, lo <OII "hrno!in• 
olronthm io r««ntod on<l fr,-, t,.djbon rnothodo ol ooltw"< <OII 

/or""'"'' '" d"oribod: !>p--do•a "n"''""'• ocmlonou ._.d 

do a., 0 "" ., tuno ,¡, •· 10 uo "''"'""''· oton~ " do ., >=o hn •• o o d 
loottom-up <>llmotwg. All """"""' m•tloo<l• '"~'' '""' th• ""d 
lnr & >·olió <OU doto b"' lo• m=r ""mottng "'""'""'· Solt~oro 
WOtiDO~OO tlt<nonto thot uptri<O<' bu >bown 10 bo Uotlul lO 

tol•bli<ll;ol ou<h o do<o "'" "' '"'" in tho ~1 ol tho pop ... 
M •io• ¡ ri<io~ ~·'='•iio '" iMntni<~. T .. o "" '"'d'" '" """ntod 
thot illc<la'< lho oott~"' '"" l"''"""'g nttttlo·Jololy •n~ l·io­
,,.ri<>l r< lulto. T<po<o loo lutlio« WOiir o nO ilutly "• '""""~· 

'""" Tmnr--ccmrutot r"''"""'" <o~• ¡t<du<~•iiJ ""'· <oot 
d•t& b,., ""d io too< ""'"'M" ""'"'";.,,,, '"" ol d.,·dopior 
'""''" «!!"""· "'""~" 1« ""'""" io~"'"" on <ornput" •olt· 
""' • do.,lopo""'· ptin" pi" ol P'"'"' <Ompoot<< oo!twm p<n;o .. lo, 
'""""' &llo"tooo Lo <nmputo¡' P'"''"" d"<lop<Oon~ ooltworo 

<oot ""''"""' """'""' o~d ""'"lloro<, ••l"'"' '"""""""O" 
olforithtD, oOII>"" do,.lopm<ot LOd "" l~r <7<1<-<0it imp><<, 
''""'" •rpooo<h to poi<1c1 l••••·•<ol< ooltwort P"'""· 

ESTI~!A'J"!:\(; ¡¡,. ,-.,,¡ ,,¡ n hr~···>c,],. ''"'"~'"'''' 
!""~"'"' hfi< lrnditi .. nnllc ¡,,,,,, n mb· Uh<i<·rln~i~~~­

Kt•Oio tloal ..oli""'" h.- ¡,,. . ., ~tÍth u; ¡.,, marh- twn 

dN'adeo, il ¡, ro·a><>llftbh• W h<>l"' thtH >11· hove fo·:>rn.-.J 
,_llltl<'lhi10~ thK\ """\oJ ll"ikl· n\ll j>C<.Ji<·tÍ"O' ]o•'- \!ll• 
rdirLLI<· .-\t TH\1' "' ¡,.,.,. ¡,.,., "'"'i,·aro·d '" ,,,.\.o•" 
>t'ri,.u, ,.fi,,rt tu"ord inopru,-on~ ""' "'lt"a"• o·;titllnlill~ 
uwthod- f<~r lar~.-,c•l•• ,..,ftwar.· ·~·-1<·""· fur a,..,,.¡ \'o·r;. 
r~tto)"'llm~ <•'"-""'-'· 

J) O m n»lcomr,., bn' ,. ,\w~ n u ~ro~ing lLtlWilltnpw,; lo 

••••·¡>t <O>l and ,dwJulr >•.-crru"' unkss the penalti~s 
"'rrr inr .. ·a.-in~l.' \"'"". \o.' t ~.r ._,fl "-~t<· dr,·• \op,·r_ 

~) f'nr1l-' ll> • <ol>-<''iU<l'l·<·of ]J."" h•\l"t·ntm'ii i1oto> 

"'ft" ""' ,¡,.,.,.¡, '1""''''' ,., •J•t '"' 1 • " ].,·ro• l" ,¡¡, "'1\"·«·n•·•· lo 
P">llrtr-d ·,.,,[, ""J ,..,.¡;,,,. ,f,•li\-,-1\- "'''"' im·o-nti'~'"j_ 

. \lo"~""l'l """"' '<"'' 0';, 
Tto; ""'''"' l• o"'' ,¡,.. '1 Lt \\' 

' .• ,,,. ''lJ!;,. 

t•t:.', ",;~,¡ -11·• 1, ,,,,_, 
~ .. ,,.,,. ,;,, ... , .. "''""'"'" ¡¡,.,.,~.. 
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Thal mean' "" lu~dt· 1Mrr mnnr_v i( we cnuld pr<-dirt 
n<·rnrnto·l)' ll11• cmt ""'1 Jlw lime il \Onuld lakt- t" ,¡,, lf>,. 
j"b 

.1) \\'•· fnund lbe: "'" r<ou\d impmvr our rstimot<-. on\y 
l>¡- improvin~ our undc·¡ ,,Un<lin~ nf r•no:i,r wb&l ~trps and 
P"''''"''' "''''" in volwoi in _,ofl" """ d1 ,.,.]opm< ni, nwl 1 bi.< 
und1· r>l ~"rling , . .,,¡,¡,.,¡ '" In mano~¡· t ¡.,. ¡·fTorl b<"l tr• TLe 
L<•tlt·r mr.nn¡;~m~tn, in lurn, impm\"f•d uur e~ritnat•·•-

Thi• pnprr l"''"'"t' :J, .. '""'·utiol re•nh< of '"" rffon• 
tn Ílll[lt<>\·t· om ""ft~·n"' C()M •·-<l"II<Ltill¡; \erbti<¡lJ<·''- Il 
.<h<HJid lot• undo-rot"<>d tl10i llH' 'l"'Cifir cnn\racl• thal "'C 
"-"<:! lu ro· "'''" ~"vt·rn11wnl <"<>ntract• "-¡,~..,. particular 
I>""'Í>ÍOn' ,ha¡,,[ lh%1' ,.¡¡,.,~, ¡,. "''"'' <lo-~ro'f'_ ;>:o·wrthc~ 
\o'·''•" ¡,.,.¡ th•l lloutll ,.¡ \\hr.t "'-¡, . .,,,..di',.¡ ~'"""d 
int<·l'<'>! 1111d ('Kll ¡,., a¡o¡oli,•d "' _,,d,plo J \o• IH·ar!y "")' o<¡ft. 

waro• ,¡,.,.,.¡"""'' ll( J"<>ftHlll .,¡ "''·'- ,:., .. 
\1 ·,. ~" n !.lart "i( \o n r<·vio-\\" .,¡ "''"''' ,¡ ¡¡,,. "a Y' ¡, ~lo ido 

soft \\ ""' d,,,.,.¡,.l "'" .,., diff' t o fr11m 1"' r ,¡,,-:<t<• d,.,.,.¡,,pn "'" •., 
nnJ 11hidr h"v<· .,,,.¡¡,¡,.,,rr;· ,.,,,lrilr•OI<·•\ to ¡¡,., ¡•r•·~leon 
o/ ,.,timal<n~ .,,¡,,..,,, <o!<l.,. (),,. ,¡ t),..._., ""Y~ i< ti.c 

pruhll'm ,¡ mRilUKillr ¡¡,,, '"''!'¡,._ 1h· L:<:ur .. uf prn~rhlr.­
me" i' >Uc\o ¡¡,,,, ;,,, .... ,IÍilR wm' ~~"'" rl"'"" ni tltt· <-x-
1"'"-"' ,¡ dull "'''k, ut1tl •l<wurn<·IL~ot(Í'>n i-' <i<tll '·'''"k. 
ll<>in~ ¡¡,.. jub in a<),.,,., \o'a)' t<'lod> lo• \,.. n rr:'"" Ítn¡><•rl~nt 
run,ido•Ialiom tho.u ~d ti11~ it done ad"¡UAlt•ly, 011 tioHO-, hnd 

al t<'n'"J"l\,\¡· "'"\. !'"'~"""""''' lt'Ji<l lo ¡,,. <lp(iJ.<iolic, 
l\ol r<•n)i,lit, H!>d (\101! lill<<' ,,~;~101<',, f11r (a,k c•Olll]lldio;o 
re~o"<( ¡h;, u·ndo•!u·y_ Tht- o<!ft\\U<' ""~ineer. t\w mnl~r­
matiri~n, ~nd tho• l"'·~ranlllwr Jta,.,. lrouU\c ~OI!IIOI"JI'i· 
cali"~· \'i<ib\,. >i~n- ,,r pro,grotnoniu~ l'"'~"'' nr•· ,.¡,,.,,1 
l<>lally lru ktn~. 

Anntlwr >t·l ,.¡ dilftru\li1•• .,;,., ¡,,.,, tho ll3lur<' <>f t~e 
prudm·t. Tkn• Hl•- \iitu•ll,- "" ,.¡,j,.·tin· ''""'lu<b '" 

"'""-""'"' hy .. ¡,;,.¡, '" t•niLL>i'' tlw )""~""" .,¡ "'"'1'"'''' 
J!I''~'""' <lovd"i'"""l ~.,¡,,.,..,. tlo.ora<(•·ri.<tic; ,.,.. ,.¡¡,·n 
>n r<mliin. ro·qUIIl"~ ir.,¡uo·lll tradt"off> omoug ,~,¡, 
f BrlM,; "' ~nro· >\(•f"~'· '"tlliro·tHf"l\l \"i'r>U< 1 i~h: r•xJ<·, ¡,.,¡ 
U<".'"'"" 11nw, nh-r11"! _,¡,.,.,g., to ,.,;,;"'¡,. /j(l time, 
onniniHiun\,;¡¡t;· hy lh<· ¡·vo-u!Lwl Uot·r, lk,ibdtty '" .. dapl.­
ob!liL.I' lo rw" mo·J<, ecrurnr;- nnt! t<·h~l.dil\·, nnd >df­
thcl. ~nd iaihoft· mod<>< .,( n;:oer~!i~n. Thr Bpphra!io~oo 
>nfl"m•· ,¡,_.,.,.¡,.p,-r ¡.,,.¡, h""'''lf in,, <1~ '"''"i'·"ll.' ,.,·.,h•tn~ 
n¡oJ '""ll>lnntl; ,.¡,,,~,,~ ,.,,.¡,,,,,cocn:. 

~,f¡"nr" plantl;l•K ¡,_, pr.,J,feg" >1• tmni•:g ;,.,.,, lhe 

unt uoul Jo·>i!l· tn ~· t s .. io,~. ";,¡,¡, IIH"mn' ~~~ i:o~ >luo:;o Ui-'. 
\\"h•t >o!l' tl~t· •1<"1" 1 hHl 'h<>uld 1"''""¡,, lh<· '''"" ,,( Cnd<ro~ . 
Klld ¡,,.,"d.,,., ti.'·).,,.,_¡..,¡~,.,¡,:,. """"·~<·r all"t":>(•' ¡,;, 
Jimi:,J ,,..,.,ur< o·•? l'ln"""'V, ,¡..,, ;. ,.,,,¡,. oEtlim\t l>y !he 
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vi,\ol<, ond '~"1to\hn~ doff<r«l! >Y"'"' confir"rohon< '""he 
''""''"''h".J '"" 1hcn '"r""'''" hy • .,.,,,¡,¡, oolo""' ¡•,o¡ocl 
libr.~ry ,.,¡h ""oci•I'.J prucc.l<oro•. 01 >OU!J<,<""''ion IL'!l· 

lna rom•lm lhc ~'.nclplc "'"""' lor detcrmin••l thc cuucnt 
ototuo >f • sohw"e pru<luc\. 
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r•OCl'~I)INGS Ol'lll~ 1) 1 L. VOl .. U, NO .•. ~l'l'H•nU:l! 10•0 
,.,, 

Specifying Software Requirements 

HA YMüND T. YEH. SI.NIO~ r.<o:r.<l" "· n·u:. ~Ni> PAMELA "/.A VE 

A"""'"- 'loO> <>1 u,, "'""~<'"" <>1 ,,¡,.,,.. "'"'" J'"'"'"''"' "" 
b< '""d '" ,,.,, unJ,., """'"1 "' o~«IOuth.n .,¡ ~ '" th< '1"'"' " 
"rr-d '~ ""· >.!"" """'"'";,M"'"''"' f"'" tn """'"""' «· 
qul""''"" '"'"foo<oono ''"' "' "'"''""'"'"'"''· '""""'· """~''''''· 
ond .,,.h(o>i,IO. lh< "'"""" '""'""''"'uf "'"'"'''••' "''""'' ''" 
P'""''"' ""''""'"dong '." "'"""'"' ou<h "".~'" <>~. '"''" <h< """ 
(ul "'"""'"""" '"~>'"· lt<loooqu<o lo! '""'"f '"" lo<m>ll' 

"""'' '"' ''" "'"'~' 1 "' m<>.h 1 '" ""''''"· '"" "" r.o<•<o ""'" "' 
' '"''~'" """'""'"'" ""'"'""'-'"''"J'"¡ "''"'"""'""'' "'""'"' 
"''"" 1uok u J><<loomon"-1' <•rlo;n<d. 

\. ]~II<OilUCrlON 

K
T IS nrco•~J~r. ,.;dcnl 11,.1 lh< centr>l protlcm"' ¡.,~, 

d>!o proe<"i"' comple•e• ;, ~""""~".>" >nJ ~he•&•. ond 
nM S)>l«n d<'<lopm<OI. Uy cumnl "lJn1>1<S 1~]. '"''". 

""·"''" ""' ;, \1>< ¡•r«lonoin.nc cml ovor 1h< h!< <rd• ol • 
oofl'""" ·~"""· Ir lhi> "'"~ contono<>, '""" organi11tions 
will .-·ontu>ll)' ~< >lranrlcd-mo>l ol ohm "'"""" will be 
used for m;inlcnanco ,r.d l<w, il an~, ~,11 be,,;¡,¡,¡,'"' oocw 
dc"lupmcnl. lronic>lly, ¡ntoch o~ lhe mainl<nme< 00>1 11 duc 

lo poor "~";"'"'"" spccil•c.:ion, •• P"'""d ou1 hy mon~ 
ou1hor1 15], PI. 1 H]. 

The '"1'.1«1 our!otcd hy lll< r<quircm"'·i' ~·h . .oc in 1011~0!0 
<nf;ln<crinz ;, nol >ur¡rosing in lirJ,l <•f thc f><llhal onon)' tn· 

¡ine<nnr. do><•rlin<i <'01"< '" ' bo\lom·ur la>hron' 1" lh< '·"' 

ni '"i'"'" "'f>''"""~· P"'~''""""'" h.1<1 lo he,,¡ l>acl.wmh 
to '"""'"'l"c lile '"'"""''' olunno ¡¡.,. <•d~ days ol ''""~'"'" 
or.~. lht J"Op>mnod$ U>k ""'lO c01k >11•.•11 >lmoilhllrs in 
th• "'""l"n< i•nruagc ol" p>rllcu]., compuler, ll "'"' oun· 
sidcood ~un<! ,,,,¡¡" to "'" ,>< """l' cbcr trin., .» l"'"'b!o 
oo ">qu<<>c" as much \U'n< and mcmmy nul <>[ t~c ooaohinc 
11 po»iblc. Thi> '"h« ,.,,;,.¡,, en<·i;onmcn! Ido hlrlc 

f><e<l<u" In iolrii\'L<Ir>•l J'll'ó"·'mmm. "' 11><· <·ompl"il) ni 
rrnhl<m> ¡,.., rwwn an<l hi.,lo-lcvc•l lanp"~" 1"'"'' '""''""''· 
ondivictu•l propammen cato no lon¡.CI cumpl<l\l"nd th<il r•o~· 
]cm> <nlL><I); l>Cnce th< "'"'""'l' lor "<lcsi¡,n" has bccom< 
,...;ocnl. ll'hrlc ""J,.,,.,,.. ;, "",,,,.,.,.,,iot• mr hel"''"' 11« 

·r<'"i"d "'orlJ •nd lho •<tu>i r•~ducr lth< co<!c],>l "'"""' 
¡Ml oh< d<>isn" "'-' on u,.,;,.,; und<r,•nd¡tot ol thc pl<l~lcm. 

11m '"umrtio" ;, o[l<n ""' lnJ<. csp«ially (nr '""'· "'"'~'" 
r"l•l<n" Thus t\ol·.ll><HI ha> lin.Lily l;,rl m 10 sourl)" th< 
~10Hem of >~Sl<r;uli< an•i)·m ... ~ dcn<lli~n uf sol1~·.ro 

"'";"'"'""· ~H''"''"' ~"'') tt<hnique~ and l<wl> ""'' lo""' ¡lrwl<•p<d 
,..,.r.¡lt.< 1>11 f¡w y<><S I1],[26].12S].[J:].<u aiJ tn ll<< 

L'~l"' and >p<dfoe>lion M «>ll""' r<o¡uil<m<nl>. no><1)" 

potJ<m< """'" "' ''""'" N"'"'. 1 k ~<>Oh!)' ol J 1 fl <re ni 
"~"""""" r!c>curncnll "''" ~•<ally, ~epcnJifl~ on !he lodC•· 

~oOO>fi;Ol "'""d Mo<ol •. •••0"""'d M o> l, '""· 11"'1 «n<' 

V<> Ourl'"'"" '" 1•>11 i') llor "·'·A" 1 "'" """" ""'"""' l'<or,?O· 
ll (.tOI ood "' <>< ll S ~""' """" '""""'" '""" oO •u C<<.J, ... 
"·' '"'"" •n ~'"' tO< ("o>mr•••• ~"'"" "''"'""•••>. u,,..,,.,, 

ol~"''"d,Cnll<r• ""'·"'" '""'· 

~rounJ <>1 lhc "'"ll't<>r~nonl Suelo oJo-:u"""'' '" uruolly 
'""''"' ol ,!<1 "'· ofl<n wm pr,ng •olum« o( n>lU rdl l>n¡;u•~< 
>taicmcnls 1l>cro are no '''"~"d' obout ~h>! should 01 
s]l,uld ""' bo induJoJ 1n • •oflv.·aro requi«n><n< dueumcnl, 
nor "th<l< •ny fon<l>.l inttr>cnon bttwccn "'" and de,.lop« 
whilc 11•< "'IUltcm<nl> ar< h·on& de~<IOP«i. 

\\'< 1"1.'" ii~JI 1'''' ro( il>< pmblclll '"'"'"'""d in rto~cl­
orm~ reo¡ui,. 11ocnl> 15 • be< of und<r>tandm~ .,¡ «hOI should 
!>< the aeli•;.,,, d>frong thjs rh•so. In m.,~ t<ehniquc pro­
P"«d, d<SIJ',n, ,.,11" •mpl<m<ol•li<>n "oormdcr<d »pan 
of tire o<<J<Ú<cmc"l> clucunH'nl In ""' Op¡noun, lhl~' mJln 
oellv<ll<i should be P"""'d durinr. 1 he rcqu¡;cmtnl> phast 

1) r•~/olc"' idcnli(lc.oll""-idcnlify and d"cnloo tire nccds 

ola'~""" (nr ccchtn p<~rrm<>; 
!) I'"'Mcm undnJ!andtn~-colh, t ond •n>lyl< inf<>rn>Olron 

ol>oul lhc I)'Ucm and i:s <n>llOnl>«nl, " w<ll., thm 
in1<·1 :.el¡,,,: 

l) pmbl<'"' t¡wi{~Colio'l-•l<ocrih< ll« hch<>io; ol lhe 
>yotorn. 

¡¡,, popc·r is inlei><le<l In loe' tulorlal inlou<lu<llor> '">>yo· 

l<mal" >J<pro•ch f<>t """"'"""& <oftw>r< "4""'"''""· '" 
<UCh. "' ,.jiJJnnk "<omo ,.¡ 1h h"ic i»n« in'"'''""'"'"" 
f.cn<l.lll<>r>" ~. 1>>1 llof<lll'""'·"' <i>O»I,I 11\· "•<h>d"l'" .o"~"¡,. .. 
ml'rll> <1<•<"111r'lll' ll"w >lu•toid ""'l"'""'"'cl> he'"'"'' 1\'hol 
ar< lh< funcl,. 0 cnt,l .O<r> m '~' sy,&m>l•< <lcr;<aUon of r<· 

r¡uir&mrn 1>~ lldt<rC "'' CdH J'r<>C<cd 10 '"'"'o! llot;r quo • • ''''' 
wc m·r·d lm1 <Om•· lO'< r<lli<'HIU>" W whol :o «~""""'"" 
Jocurncnl "· ao<i "'h>tlt" In;. 

A "'r<<¡<m<mcnf" ¡, son><llnng n•an~>lo;y. 11 con"<)'$ :en 

c<«niLJI¡""'"''Y m conJo1i"n thOI ol>r' '''"''" "''"' ,_.,¡,!)', 

''"' e>amrlc,, '""""'' '"'h ""'W<~¡hls .. r <>r '" 10 '""' 
"'"" bt "'I'POrted"" wnuld be p>rl <>( lhe rcqonr<m<nl< for a 
~~dgc. ~ l"«iS< ,¡,;:np1lnn of 111< rcqu~<mrnll fot 1 sol>· 
w,rrc ')'<l cnr 1\ ,,¡¡.,¡ ' ;o~l ~ '" ,. rr·r¡u ¡,.,.,..,,, 1 <lu¡·u me ni (~ 1( ll). 
Wc ma~ .lhu> dclonc o sofl""' ot~uit<m<r." documenl >1 

""• "' of prc 0,.c]y >lalcd prupctli<> or <<>n>lr•i•t• 1h11 1ooft· 

"''" 'P""' ooU<I ""'1)' ," 
Wh~c 11,, SKfJ ''''"f~.s .,•hur ti>< s~llcm i1 todo, il "'"" 

nol oon>U•in ho~· il u lo loe olon<, lor lh>t "the provl!1e< o( 

de>r~n. 1 1 r cquttcm<nl< ,,,¡,.,' thml. on t '""' of ' portrc~br 

'l'''"" """'"''· 11"'' ~.11 ,.,..,,,oly J<>ek '1"1 J'""" """ 1h< 
rcquH<rn<r.l<, "'" ¡f u " nut lho ""\ >Oiution lo ,¡,; real 
prv~lcm. lhc btid!' ~r·qoncmcn" ~u~n u¡> ~Y o nruni;:. 
palo') sh~u:~ nol 'P<dy > >U>p<n:iwl hnrlp.<, for iomc.cc, 

b<•cau" o ~ooJ .,;¡ "'"'""' '"'Y rro¡>me a '"u'lr mor< o·oSl· 

d(<Oii« "'"''""· 
To pul rt onoth<o ~>)', '" SRIJ <H•bli<he< ~oun~oro« on 

lbc ";ulllli,,, >[<><<'" "f llor prnhl<lll uf dr;'l'lopm¡; a omlul 
soltwoe< ')'>lcrn. Thos< h<>tondlli<> >rC <n>Jc 11p .,¡ pro¡>erri" 
>r.J con>lro'"" ~hich e.r.l>< ~"~lo 1<>1 wh<lhu> proro><d 
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1olul ion ( ddgn m ><luol implem<n l>lionl " in~«ol vol id, An 
S~l)", btho,;orol J<lml'liM of o ''l>mJy' ol >olullf>M, 
... hile o d"iVl ;, o Unr< lur>l d'-"nplion of o p>rr><ular >oluuon_ 

Th< ~1(!) <<><>id ~< use<l hy "'"'~ drfforenl voup> 1hroul,i1oul 

tho lile eyclo of lh< 'Y'""' it >p<Cifles. ¡.¡,.,o( o.ll, it i> rOe 
bulo lor 1 e~ntllCI hrtw«n lhe <u>l<•ou.r ar.d the d<'tlnp<!. 
Arldltio.,.IIY. lho S \ti) 11 111< b"" for cl«•iJI, (or J"<i<~rrng 
th< u>tt'r rnonuo.l, ond fm ront,.olhr.~ lh< <>olulioo .,¡ tOt 
oprem. 1t i> nol ourrmoot lhot lo;;O ol o pod T<q<>il<rn<n" 
mtlhodolo!IY ltu eu~>lnOuteG "~"rri<, 11 tly ro t)te co>l nfooft· 

"'""· In rlto nut ><olion, "'' >l-.111 d"'"" «rtoin rtqoiT<­
m<nl> for ~RD'o. Sub><qo<nt ><<1io 1,, pr<><nl o r¡>tono>tor 

•ppro>oh for ~eY<Iopinl srw·," • >ynth«i> of '"'"' "1 the 

uiollng •rr•""""-
11. RJ-QUIRJ '-'IHTS rt>ll Hf()IJIIlft-<ft:T$ 

\\'hu u o r<t of <Üion> fo¡ o roo6 SRD? We moy deri•~ 

ouch «l!mO hy ol""""'~ lh< ""' ollht SI\D 

l) •• o m""' of eomrnunocotion omont """· •~P<fto, a na· 
lyol>, and dt~r.n<u; 

l) to oupport <io>iEn '>hJ>!ion; 
)) to oontr<>lthe o;><ulions ond "<>luhon cf th< <nt<m il 

'P<cifJU. 

Sine< Oh< SRD musl ""'' >uch' V>Ji<ly or peopl<, p<rh>P' 
it> mo<t im¡•utunt poop.ny ;, u ndu,mdab.hl¡·. Th< rr<>l<<t 
boni<r lo human uad<r<1.1n~tl'¡ ¡•r<lrnl<<l by l"d>y's >)'"""" 

-ptnbl<m> Í> thdr oomplt>ÍIY. ond '" the SR\J mu>l u>< any 

o•oilsbit "'""' ro dttomro'< <~mpl'"''· lhe twn rn<:»t 
lom<~JM >PI""·"'"' lo <hn•npmitL<m o! <<>lllt•lc<I!Y '"" b< 
ttrmtd "plllllion" ond "obmo<tion_" PortJtron ;, d<uribm& 

o whoi< Ir loe <umtll<l< sys1<m) rn '""" ,,r "' ~""- ill<'tr>r­
tinn " ''""'~"'~ ' <O••t ,tero ty<l< m v,. r¡• •b\1 r ><11)', "'"1 ti« ro 
1ddln& su«<.,iv< l>y<is ol d«»l 1<> 1 he d• ""r' ion. 1 '"' pro­
«!! of <l•l•o:>tion 1\ ult<n nllc<l "st<t'""' <e(onomtnt," >nJ 
llo< r<>ul:in~ de><lirtion l•a< • ¡.,,,.ror,¡,,_¡ !lructuro, An<>th<r 
rroon;,.inr. >l;ot<¡:¡· ;, "piojecuon" of tll< de>erip!ron onto 

"u!tl"'r<>n>l" ""'"""·'""· "''" <ompontnl '"'"'-, d<>cnp· 
tion of lb< com¡•l<l< >y<l<m, b<>t <>nly n<rntr<•nrng a'"'"" of 
il> pr<>r<ru<> /In oh,·iou• ar.aln(';)' "th>l a '"'""d'"''"''"'"·'l 
ar<l'l1''"'"1 <1"~"'r. rs o r:u¡"""" <>f 111< <le>onrllon fu: • 
'"mpl"' lh«t·dirntnsinnal ~uoiJing MIO a p>rlleui>J '''"'· 
lher<" mud• to l<"n oboul h<>v.· and whtn '" "'" <o<h d<· 
"""I'O>iliun tedu"<il<t, hui ><JII'I)' 11")' "" belp a pmun 

und•"1•"'1 th< SRfl nnt ri<e< ''' '""'· 
In orMt lo ~. >1•1< In "lid>!< t.,, ~'"'"· ''" d"ir.nOP musl 

¡,, al>lo w "''""'" th.ll "~•11 I<JJ '" • >Y>L<m lull•lt•n~ 11>< 
oonHoct, by •erifrtnt lh•l «ot>in PWI''""' of ti" ol<><r.n 
ootiof¡ th< o<Qu'"""""· lh" "~""" rhar th< SIW stoould 
h>~< tho roroP<rlY of forn,.l<t), 1-urlhmllort,, !oJr:r,,r,rw· 

liouion "" l•< u•<o>rporottd """' dqi~n d>t• ~''"· and >'->h­
¡«r•d 111 '"'"'""'d '"""'""') <h<r><!< >M <>th<' ~"¡~n 
1<>015. lt ""l' c><n 1•< I'O>Iilolt· to r;"l.' """""'""" '1""¡,. 
ntions inl<fJ'I<I>hlo (o.< .• "sinrul.talolt"l- Ttol> v.oulJ ma<< 

'"""~ "' "' 'blc o¡ • ',¡,,¡,t<on loul 1361. 
Tv. o i•,¡ue> ><< rnmh < <1 tn S) 51< m "olnlr<.>n <L>utro!, ""idtn~ 

rnaSinr <h>nf'>, ond "''"'"'~ <llln~<O <>Sil) un<l<r lh< con· 

llr>int lh>l .. ,,,¡¡ """"b"'""' ,, "" '""'"""''"' '"""\~ 
""" <orr<l~<>n<ionrJy omall <io.ro~e< Ln th• <)>ttm_'' lo ""'d 
"""""'"Y ">te m dllnf<>, ll1< ~ ~ [) '""" b< <umpkh· 1n th.r 

•11 '""'"'""' and """'"""""' '" <>ph<iil)' ""'~- Jhi' in· 
cluo~« 1/1< ollt~H.•EI<elcd "'"'/""'""""/ "''"'"'"'""· <udo 
" "'""".in!> on llot r•trf~· .·o, o<llObJ">, •nJ '"" of • 

•Y•"'" i"' -~'""'" \'¡, "'"" untlo¡:<> """"""""' 

" r " 

. " 
l'ltOC'I ! 1>1~ <'<. (l f' 1 11 O: n CO:, vnt .. H. NO. O, "·''TI:'-' 111. ~ 1'" 

t'oluli<JO 14), howov,r,•rod >O tht Sll!l its<lf tn\.>1 b< <>Sil)' 
urd•I<U. 1/tu, rht SKil mu<1 aho ""' th< P'OP<rll« o( 

··,nmplel<n<"" >nd "moo.hfr•bollly" 1) J _ Th< '"orO. o¡ Sr mor. 
1301 >o¡-¡,csr< 1),.1 bOih prop<tlle< m•Y be enhoncod by model­
in~ lho· <n\'oronmenl o( lh< s¡·•tcm lo b< dn<lop<J. Tht> ido1 

..,n ~. d"'"'"d '" s .. ,~~ 111. 
1 n '""'"''""· lh< cntorio o o ~ IH<:It lo jutl¡;e •n SI! ll "" 

011 <i<flll nd •hiliry, formolity, •ornpltl<nm. ll\d modif,o OtMy. 

111. C'ON!'ITTIJAL M<lllHI~G -''-' IJ-'SIS lU~ 
f( <.<;VI ll> "f.tiTS So·~cr >re~ TI t)t; 

In ord<r to ""'"'o r.ood SRD, on onaly<1 rno>t ftr<l h»< o 
t<>Od """'"'"'ding o! the l>toblem. S"t!' >n ""d<r<laod~"~ 
i> uooollr >Üre«d throc¡;.~ mentol mode\s <h•t <Üil i." >ht 
mmd< <•1 •n>lysl>. llo""'"'· lor wrnple< rystems, no1 ocJ¡ 
¡_, 11 inlP"'"iblo fo1 '"Y indi-Jidual ro oonrrr<h<od lhe wl-.olo 
probl<m, bur ><>~h "''""' mo<ltl! t<nd to be rncom~\ot< >1'14 
ombr¡:uou< due 10 lht ¡nh<rtnt <OC1ploxlly o[ rhe >Y,Iem to 
be dtsi¡;.,ed. lt i1, rher<~ore, lot«mr')' to conmuct on "P""' 
formo.) mo<lcl f¡em th< "'Y be¡;inc.iot ond ""' it" 1 o._,¡, (o¡ 
•n>ly"' •nd l~tr,ce at<iinr. m u,, u ndtr>l' nd•nt of th< rroblem 

A <on«pluo.l modtl ¡, useJ for ptobl<m undt,-,tandtne.•nd 
t h<!< lort oon \>< r<&>r~td » 1 eom~l .. "lnowlerl,e >ln>otore" 
w!Hch runsi>rs M • hithly >lruot"red ooll«lion of <onoort> 
>nd tlodr ml<n<lation>ho~s- An on•ly>t onoy r.ain und<,.l>nd>n¡ 
ol •he rro~l<m by "na.;c.>linc" lhrtou;:h s~oh • >r.owl'dJ< 

>lr'·'"""· TI"'' ti« mo:!di11n pro"" oo""'" ol• <ol:octror, 
of >cti'lti<> in•ol,·ito¡ in[orm>lion ~othennt. '"''Y'"· •1.0 
<1ru<tunng_ lt iO'ol><> \>.01~ l>o\lo<n·op ,~rO«'->'-'· e.r .. in!ur· 

""'"'" o"llc<'llon ,,,¡ OWHI',.,ion, •r,<l lup·down Pl<o<mt>, 

•-&-, ''""''"""" •nJ dcconopo,;lr<>n. lh< SP.IJ " tl"n • 
pr«Üt <'<>mption <1[ "" LJndml,!,'<li"f thoou¡:.'< I110é'linr. 

r''-'"""d '" "P"·"' '"'" •··ln:h ''" "v;ll'"'·""~l" to c:<r 
o'llh<!. 

lh< q'"~""" bdur< "' now i> "v.·l,., lo noo.Jd)" lt ":n­
stn•<lr>< to qur>le tho follov.rag IJ01 · "A on.o, 1i'~'d .1' 
loth»¡nt <)>11 "· "quit< >ilnp!e_ Thc •PP>r<nt comrtuit; 

of ht> '"'''""' "''' "'"' i• l""''l' o r<O<<tion ol lho <Ofn· 
pbdy uf lhe cnvi,onmenl rn "!.i<h loe fHlll> lllm><lf." L"!' 
><>lt~->r< S)"st<m• ,,. \.no'"" to onderr.o oonrinuoe• choor<> 
Tfm< d""l'" are roiromily Cue ro <MIIonmtt.ral ¡•crt;:rb•­
IJom· no·w mod•u« bemg IMialld, new 'H""Iions ,j.!d, 
<te, In orde1 lo "d<oif-" lor oh>n~<" '" u 10 mbim"-< th 

""¡,"'"""'Y '"'P'<I "" th< S)'>l<m, 11« <nn<:ptool no<'d no: 
only r·,•·edr lO mo~d th< sy>lrm lo h, Gt,~nod, but >llo rf., 

'""'Mm<nl '" "t.icb ohe sySitm" ombt~dod. 

,u,,,,lly, ~e m>)' rr~ml rh< wh<>l< ""'"'"'""" "• >O: 
of ><Yn<'h"'"""'i¡- rn:oroctint r·'""~"' in ~ltioh rC.< S)'"'"' 
'" ''' ~esi¡;ned "oro< m ''""1 of tht rro<"-'"- ,-,-, rr~•-it• 
1 h< ¡,,;,_ >1 "'""" o f • ""'r k e< •ncoplu .ti rnml<l rn ¡: ·~· l. · 

1'h< sórc.~le modd Jerioa<l '" r.~. 1 d«<rlbes th< s;ll<r 
oná lh< '"''llO•·m<nl a> ''"'U int<l'<lJ.o& '""'l""~'- T:.: 
fe>tor" of lh< "''""""''"·'Lo b< rnnoklcd '" 

1) •hiiiJtJ-i~<r.lif,.hle o~i<<t> in lhe <n•iron,n<nt: 

1) '"'n/1-"h'PI'"""!:'" '" lh< '"'''""'"""· 

Th< """"" ¡, lh< S)>l<m """"" o{ in(orr.-.>tion .~., 
«b>r,l <nlllios •nd ti"" >ltnhul<s in liJO cr,,-i:or.CTI<:.: 
Co,,i,ler for '""'pi<. th< "h,.tm)' ,.¡ r>ti<ro>s" '"o 1"~"· 
monll<>rin~ >YU<m. l h" ''"' m>)' <or.ta.m <~< (n\tn~ :..ro 
lmm>lr<>n: r•ti<nl "'"" r•'""' 11> num(o<r, '"'"'""""~· 
,,,.,, "" • r>to<nt"• h<•lth !.oto" tlonnt oh< i•st ,¡, '"''''~.= 
Tht ~><!ion>" ol lh< spr•rn '" t<>pon><> of lh< !l""""· 
IIO< f><O" UO !IJC CI"Uüfifi>O!OI; th<-1< "~""' J'\1~ • on l.; 



( 

' yn< ~~U !~VI.' ~1'1 CU YI~G SO>"IW~>ll: llU_>U!I\1 "lNrS 

"' 
1'•1· l. "'''' "'"""" "' • ""'"'~ '""""'"'' moJ<t, 

trit•er oU><I <V<nl! in thc cn<i«>nme~L Sooe th•! the ><Ion; 
01 pto«>><>r> o[ l<lina> <ou]J ~< cLthor humaH '" "'"~,;,., 
r~·hid• ""Y not be 1pecif•e~" ll•is k,·,ll. 11~<· "'h'"''' !><­
"""" the <n>JrOnm<nl ond thc Sy><cm "'" corrtod out tl>rough 
mu .. r<S ct sorne olh" >u eh <<>mmumnli<>n r.,,~ty _ ()f '"""' 
th" infnnn>llon •loo< wcold n~l loe IUII<eltn< lo d<'düp thc 

modt·l 1" do su,'-'<'"""''"''""'''" L~a· "'"""I<Jr.• hase" 
"'""'"'"¡,· e~-. ld>IH>nsJ.tp' """"> <nllli« '"'h •• 1»11/ 
.. !tole, 1m1>ncc o(. ><~ucncm¡: of <><nU, <t>. 

)';ole th•< Ihc """'·ptu;l ""'~d rn•y he consln><"d by 

n»HY P<<>ple <n<l '"'"" "• ''"'" nf tnnS<>IÍ~"'"~ """Y dif· 
fnent ,¡,,., In th< pro«i>., pe.l <Jt.>l ,,¡ """""'"' infOI· 
""'ion m•~ ¡,.,., ~«n coll<ct<d on the mcJ<I. \\"h~< t<dun­
donry f>Clh:"" undeotl>n<l•nr., i1 m•) >hu O<ltrict o dnir.nds 
!oo<do"' ni cJ.oico, ·¡¡,., ""'""'!.""¡" n«·d lo h< f•lo"'" ""' 
of <he'"'""''''"' nO<<tkl lo fonn th< ~IW, Wo ,;,~ tb<n th< 
SIW " th< ,,,,,,¡ "'' of <U<ntool infoomonon cot!'OI<d 

from tloo eo,ccptuol motl<l ~·hielo <>n "'"'l'l<loly """''"''" 
ti" sy;tom tn lw <irv<I"J"<i 

1h< mo;l<l P"""''" on r;, 1 h>s >ln:ody P"hiÍo"<d thc 
rJob>l <n>ironm<nt onto ><r><>l< 1"""· 1 h« m<>Jtl <>n be 
(uolhcr rdtn<d to mn<lcl '""" snrhillie>tc<l >)'>!fnu, such » 
<'P""'"' oYSl<'H",·I•y l'-•tlliu11Ín>' l"><h rl" ""'""'"'"""! ond 
th< comptlln >)st<m Ínl<> '""o( '"'ncinonously m\<ooct•n¡: 

P""'""' 

Anf.oa"l{'l<' 

!<1m'"""~« • simrl< <>>mple Oy devdopU1~ • pomnl· 
me>mtmiu~ Spi<n>. lh< inÍ><>l'" sta<<ment ,,¡ n<e<l<"t> fJ'<n 
"(e>IIDWI, 

'"A ¡•J IÍ<nl -mon•lP> '"f. >y«< m 1> Lo be d<II):I'<•I foro hu<pdol, 

f 1<h P'"<ol is l<l~<«IOI<J by Oh >n>l<>~ d<•Í« ~ ho<b "''"""' 
f><IOIS <Udt "puhe. l«PP"''""· hlooJ p!<UUIC >nd <l<n 1<· 

'""""· Tlor f"'f.""' '"~' th<>>< loc<on on • rrn~~" '"'" 
•r<-if¡•,·<l r,, <a<h P•lirnl, lccp; .1 lu~to.-y n( th< f"'o1 '''""· 
wonr>•<> lh< ''""' q)uc< ~otb uf< r>n~<> <pmf><~ for <"h 
r"""'· ond notof.cs lh< ""'" >Uiion ,¡ '">" f•"or" ou<>!dc 
of '"' ,¡, '"'~e."" 

In f"""'· '"'lo '''"m<nt< nf ,.,.¡,do""' r•~•i~< oll th< 
t~~fnrm>l«'" ne<JeJ for <i"c\orinr th< ,ystt"• -.<d<non<l in­

•. f01mhon """"Id b< <nU«I<d >nd o1pru.t<· « to '"""el 
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lh< >y<l<m on<l Jts """"""""'- FQI lho pati<nl-moni:onn~ 
<y>l<m, ¡.,, """PI<, ~·o m•y collrct lh< (nilowin~ (ron< th< 
necds Slot<m<nl: 

1 ) '"'"i"-hosrll>l, plli<nt, """', ,.¡, rango, <te.; 
2) '.' •·en!!- p>IJ<n t-on onilo<itlg, f'"" r;-oul-of- sal <·<>n¡t. 
3) !)'!1<-m capob¡/""' {oc!ion!/-m<>SUit fo<lon. l;ccp 

his<ory; 

~) """''- patient·lactor· ho<lt>ly. '" 1or- r.nr.e: 
5) "'""'i'""J d'"''~'"!-fi<'IU<I><ÍCS <>f 1-><lor; ""'"'"'"d, 

[or:~rs. 

In ~'"''"'· "' rto>)' ol't"n ><i<i•toon•l t<lo.>nt Jn(<,fl>lCIJon 
lnr OL'f ,,,,¡,¡ bosc<l "" lho :,¡¡,.,..;,;" '"" '"'"''"Pllom 1 JI). 

1) ·¡he d.<!J·pro'"'Ín¡; '''!""''"""" or '" "'~'"'"""" con 
US>o>lly be <l<l«•n>n<<l hom lhc colle<IÍOtl of l»ks rcquircd lo 

be rerfolm<~ wiiiLUl '" "'1-'""'''"" 
t) IH ,.,,,¡, "'"""""'"' thn< Íl > ''""'""" ""~<rl)'i~g kn­

f.U>J:< Ul«l fo1 wmnlun•<"ion •mong l><h ond/m "'' <>>k 
pnfolln"'. ln;, lonr.u •&< "''"''"' <>f ~eporh, 1>1<>, un·!"" ,. 
q ""'' of ' '"tioo ,¡,¡ ,. ''"" ,.,, '"" "' q ,,. 1 ,. n•o<lcl>, "" '""" 
nn<l ,,,¡,.¡ commulli< '1 ion "" ""~ "'" p< r( "' on m. 

w, .<b•ll ""'be <O""""" heo< ol>oul infurm>l<on r"'"""' 
ot form1 /or co11«1int lasl;s, doto, <te. lni«<SI<d JC>d<rs '" 
l<f<n<dtul.l$1. 

lloe "'" "'P in nh>deln•¡." In oon<l!tl<l a"''"''' <>l lh< 
«1"-·'" 1 P·'" uf the < "'""""''"' 0)" >tru<lu<inr.. F or st ou<tur­
int <ni•IÍ<> (d>to oh¡« U), lh«< '" '"" "'"'"¡ •rrro.chcs: 
r< "'"'" ol i••n ond •r.~• < i >~o un 1.11 ) . Tllc r.< nculit" ¡.,, h"r­
:u<h)· oor>n 1!" ''"' ,,¡,j<et> '" "' '"eotcgu> j¡·;'" or l) ""'· 1 10 out 
"'"'Ole. • "p<r>OI<" foil> into "'" of U" lwo '""'""" or 
>uht)p<> "nu<>e"" ond "P>Il<nt."• Sono:l01ly, "hcohh f><lo!>"" 
l"s "cot<roncs "blood P""""·" ••sl.in tcsi>tanoe,'""p"t;c,"" 

"'" ""'"""""'"-" ' 
11oe >fJ".I<"f·' lion """""Y Olpll!lfS d>ll ni>J"l$ mtn "com· 

pune ni>~' "' t h" """' lo"'" '"'1 co~~<r« <>n Oc ou;oe;.tcd 
'" [,.,m • hi¡.l•<! 1<><1 cone<pl. F01 narnrlc, •n •r-~:oct>tion 
hocwohy Í> f,ll<n ¡., f"<> C, A "l'>lirnt" tl•l> OhÍ<CI "-'""'" 
M''"" COIO!POOCIII<, > "n,l"l<," >n "o~<n.,f<e•t>on nntn~<!." 
>Od • "h<>lth ("tor r>n,c." A "blo.od Pr<I>Ur< 10n¡o"" O>On< 
e>l <lo< cnmponcnu ni O "l~<ollh (><:lol ""~'" (lbe olh<t com· 
P<>O<n:S are nnt ,,,.,~·ni. a.•d 11, in turn, ~,,. '""'J'On<nts 
"!•lood P"""" .. "'~--,.~e,.,,_,_.. 

lhe orpnn>lwn ol d.>!> 0~1'"' 01 <ni olÍ« •llow> lh< do­

"""" lo r<ll« t thi> 111ue<urc '" tho S)s<<m'""" ;or,_,.,.,;on. 

¡·,, """l'''· ttoc "'" "'"'!'"'""" for ,.,_.¡, 1'"""' "'" <on­
'"" infnno1>l1<>n ol•o"l "'""• 11> numh01. ond heollh l>eiOI 

'"<"•"'"''" 1 hi<:ory •nd <>nr.<. ·¡loe st ll«tu" of """ < ar. b< 
'"''""'H<d u • ><l•l<vn 01 l>l•l< u"' T>bl< l. 
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61 Dl\ Joou, '· (-.llo/ 
Jl~· \.mito, ' ( ,ao) 

!HO\ Lfn<". H. < ,HI) 

H< !U\< inlorm"it•O <>n olio be oM;,n<O in o >Y"<m•ll< 
f>ohoo<t by ulMrving ~o" particulor ev<nl '•cour>, "h•t ""'" 
ure n .ond• to Lb< >Y!L<Jtl ond wl"L .olion" Llig¡<r<d, and 
fl!o>lly ILow the inlorrn>tion content of lhe "'"""'~' i> dep<><iL<d 

in lh< 'Y"'"'·, "''''· Su eh • '"1"'"« ül intero<li'>n> is L\IU>· 
trated '" Fo~- J "'''"'!lo< <V<Lll """'"'" f.•<tor<" "n<is m<!· 
so¡:e "íoctor-inlorm>LLOn" with «>~L<nL (P>tienl ID, b\ood 
1''"'" re, tcmp<r.,utc, . ) ( 1he br>o\.<1> Mnot< a "quencc m 
!LLpl<) lo lh• <''"'"' on<l LnJ'I'"' lh< '"'"" "m«rl f>ctori' 
w~ich ~oposits th< m<»·~< cuntcntlnl<> tl•t '"" '"p,;tiont· 
focto<·hbtof)"." 11 o~dllionol ~"~' on!urmwon ru<h ., a 
query mo~d ~ere <Olltol <G, """ tht >huoture ol ti" "pall<nl· 
foctot·l<t«"''i" ·'''"· wiLL<h i1 ''t'"""'''l by; rd>loun,oo,lcl 
be "ncrn,.!it<d")l:). Fot r>Ompl<, > query "Frnm p•lienl 
11>, t<t poli<n("s fa<tor unl"" would ~rovi~< • "depon~<n<y" 
r<IHion· 

poll<nt ll.l ·• (lllond ~''"'"" ( 1 ), . 
t<mr ( l), , .. , ""'P {ni, ... 1 

· whe"" ir<tli<ott> lhe hillory """d, i <," moosut<nL<OI> ¡,.,, 
Oocn rnoJe. 

Su oh sequ<ne<> ol int< r><tJOO> n 1Uusuat< d a hove 'Y"'"'"'' 
cally <>UhlnlL m•¡cr fun<1i<>"' nt th< >yst<m (th< •ction¡) os 
wcll" IIL< ~•lo Ou~ (m<>.,~<S). Sinlll>rl)'. '·' an•lyll <>n <'>· 
tobli•l> n.o ront¡ol no~, te_, lh< '"'"""'"~o[ lun<'loon>. !In> 

;, done ~y h<>t wodyin~ lh< ><quemm; of """"' in th< onvi· 
tonmont. rN eumrle, the '""' "r•"«tl tncnolonn~" "" b< 
<plll """ '"" '""'" .. ,,,,,,,,,,, "'""'" '"" .. ,,,,;,,.,,,¡, 
""b"·" · \)Le sl>t«, actiom, '''''ni< ll>d th< l!o" 'Y"'"" th"' 
bcoome t~< modd. An>l) "' <>f <h< >nt<m con be don<"''"' 
thÍI moMl th,oo¡_h .nol)"t>c m<lho<ls, >imu[a¡ion, '" Lntcr¡•r<· 
lation dep<11JL"~ olL how the modd L< r<I'I<SCnl«l, )IL·~C''<L, 

"' ~ illnot O< conccmed with th«c '"""~m. 

1\' Tu~t~c. Tl<l ('Ohl'fl"TliAt. Mrwrt. 

Th< mo.ld help< thc on•ll"L to "'"'""'"j Lh< probi<m. 
llo,.<><r, it rc>Y cont>.Jn ¡cdun<l>nmo f'f>Oitin¡ from dLSUÍ· 

~ut 1 on 1,¡ 1omr 1nfMmation inlo dolf<r<nt '"'"· or O«oul< 
,,(orm>tioll in <"llin ""'« i> ""' """''>JI Tl>c" «dL'n· 
~,nd<> >hnuld not loe tnol<hk-J in the SIUl, SonLLI.,ly, thc 
clr>'rirtion of ><\tOno (01 tu\.<) m•y cor.ULn '"'~!!"""' or 
too moch inforrn•l•""· Fot """t•l<, "o>< th< ~'l"Z t¡m<· 
>IL>rin¡, >)>l<no" ¡, 1 Gescnption wLth ifl><dkl<nl ÍrLiorm>tioL> 
>Lncc it tacb onlom"uon ''" thc XI'Z >l"'m. "'~""''·o" 
th< ~Tl al~onthm" <on<•i"' too m"<h >nlo,m,.ion sme< 1L 
tlnoril•<> '" im¡•l<nL<nt>tion. TIHL> th< ron«plu>l mp<le\ 
n<etlr to be "'tun<J" Lodono th< Si< - •> fon>hl<d. 
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' 

~-.. ~ ..... 
)"~" """'' 

r--s'..__M' ..... , ,.,.. ., .... 
(""'"' "· ""'· 

""'"'· 
...... ...... --) 

""''"" "'" '"""' " -} <"'"· .. , , .•.. .,,.<n, .... ,_.,, ) 

,.,,. ' ~. ''""'""~" Qr '"' '"""'''"' '""' '"· 

The ¡uning ¡•IO«SS ~IUo[ly lnvol><S <ompo<itin.~,'.l""M';">­
sition of """ u weU >S ><I>D~>- In th< pr«io;" e"""r:<, 
two ""''' "p,;lieot r."tor-hi<tory" :.nd "'r"""'·f>etor-r.r.~· 
ore oQmbined into • """' ,¡.,, c..lleJ """'"'"·:,;_\tun·" ,., 
>h0"0 in F>g_ 4. On th< oth<! h>nd, "'< rn>y h»< the >LLuoMo 
1)\mtr ot<d m l',g ~, rhot t wo rru«SSedcr ><ti M><) ho" "'"' 
lo> it>te ¡,., eorl, onl)' U>t'l ""1)' p>rt of tlL< "'fhr:LL2\Lon. -~· 
'"""'" '" f1g. ~. l'1N«> A 1 "'~' .1', wh<ro>SA1 uscr onty S, 
In this <>«,S <>n be ~ecomp<>$<d '""' t~·o """S, .nd S, 
de di<•"" toA, ondA,, rt>p«ti>d)', >nd tOO!lmbc!'.od '"'" ¡ 
"''' ·'' •S, liS,'" tiLO! 11« ro<lu:.:!,r.t wlorrn"Oo" s-s· 
is eliminll<~. Simtbrly, th< Ge><ripll~n ol ><Liocl mo)' Ce 
"ton<~" SO thll it "th< n<O!I !.>¡;•ca: t!«:npHon. ll'o •llo•:: 
n~l< th>l in thc ton1nr. p!oce,;, <>·n"n ht,h·l"<l tro.~c~:' 

\•<I"O<n tiL< >Ll1CIUOI Of """1-< \O l>< U•O<i ,u.,l Lh; Jf"0'"·' 
pro«"''~ lo¡,, ,lone •re ~""t m>~< <~nstontl)',tl<r. <M::' 
"' ""Uuld Me tu pc<tpon< '"<h deo'"""'., loo~";~»=·-' 
On<< lh< <onttp\ool tnodtl !< \U!It~, lltt analr;t "" tf.~ 
bcpn to wnt< tluwro U11· SIUl. 

llut "h" •re the '""'P"'·'""' o( ><o''<flU>l ,oJel on' 
Sf:U >n~ how >houl~ they t>< d"!.<nt•edl h< o:"Lho¡-~no.l <:Oc 
P"'"n" of • S~ll 'l"•u\d in<h>d< >'"'""o:''·' fot:o•:·. 
d<ron,bn~ "" the <Y'""' tu he dcvdop"l- (r-:oL< tho: .~lhvc¡ 
tht term "'>redfLC•h<>n·· ;, "n<n .,,,.,.,:ed ~itO ""'~"·' 
r<~>ul "quio<n""" ond <l<S•&n> u thin¡:> l~>l <>n ood >~0... 

·be pt< ~osel¡- >r«~loed_) 

1 

! 



' 

'""' 
.-.,_ .. "'"""""" ·'. , ......... '""' 

-'· Do/d Sp<«fi<a"<•n 

",l.b>l'"' dolO nwdd"' ,,. u¡<d to "l'te" lh< rrl•lioo>!h>p> 

,r.O '"""""''' on '"''''" (or doto objeel¡) of th< "p.,cdvod" 
.orld. H<r< at< • l>rt< numbu of >ueh models;., <xi>l<n«, 
,_,, lh< r<l•toonol modd IIOJ, 1hc <nlJty·td•L>omhop modd 
19). tt.o ro>lt onoMI (2), lile obj"t-role mMel (14),thr S\mu· 
l>OJ<>n modd (21). th< ><n»nli< m<xld P9L Th<S< m<>~ds, 
.-~.~< doH<!<nl on ph~o>opby, "' U><d to mo(lcl thc r:im>ni)' 
.. ,.,oic" pam ol the p<r<tind world •• lo enlili". n:lolioO­
>h>P' omong emioi<>, •ttribules and "'"" of enliti", In~ con· 
""'"" (>U eh .,; da" ini<~CJI)'). 1 ""'lornliliun bttwecn 
o)jf(mnl mod<l> h>< bem >ludied by m--er;ol ouU•<>t<l9).118). 
p9J. 11o< use ol • P><licular modd wUI dep<"d on oppho.· 
1oon> onO lh< O>p<OO<nce ni the ""ly¡OS, 

11.'< w¡]l dJ>cu!l briofly lh< rel>tior.>.l rno-del h<r<. Ji consms 

0¡ r "' of roothetnilk>l «i>liom. Eo<h roi>l>On e<tn>im of 

1 1<! <1f "·lL•pl<$, In out -x;,rH•I<, "' 1<>1 o lrw <rtlll"> >< 
,.¡,Uons '" lht loll~winc: 

~'~""'' (¡•>ti<nO lfl, '"""· ,d,lre«, '"""'"" plon, Joelor 
a «i r.m J : ;;;;-;:;;;----.. ---,,-~ " , ,¡ ) 

¡.' "" ( "'~" • , ! "ion. ~'"''"" ,,¡~ned, •rcciolly) 
11< rl!h e," ""'f''"""'l ( PJ1 '"" . "" '" l 
il<>llh 1 >etor (l•mreratu-;;:-:-'E!o',;;¡---¡.,.,ure, ohn ,.,;,_ 
~.r.ur,.¡ 

Th< undcolintd r!nm""' '" c•lltd J.eo·s. Keys '", "''''"" 
<OC• uniqu<ly idtntily >11 th< nonley d~m>ins. In modtlin~. 
~< m>Y inl<!p«l O<lalior.> ~ 1111 <in¡J< lqs Lo r<PH'I<nl >iHLple 

<on«Pl< or otutnic locB "'"'"' multil<y r<l<lion> '" re­
¡>~d<~ " r<P"""""& >r_gr<ptionJ o/ wn<opl>_ Chanr,<S in 
L\< <n<ironmcnt ''" Oc onco,.,or•l<ol """''rh ,1.-d""' or<"­
~onr on rd,OIJon< >Uth, ¡om, union, int<r><otion, pro¡eclion 

-m.!IO). 
~ >p<ntoc>lo<m ol doto "'" >n ah"'"' doto mo•ld ,tllow< Lhc 

~"'~"" /LJn ¡olcrn<" ''" t o ~<.<i¡ . ' , ,¡,,. ~,., ot fol< "''"'"" lor 
o.h< r)U<m. 

p r'~"" Sptc•fi<otio~ 

¡;olio"'"" •nd ><lions in F'o¡. 1 u< ro<><mOS. While lhtt< 
"'- 1 numl cr ül I<'>Y> lo obll"ot lunciJQn:.j ¡p«ilo<>llLJOI 11 

<'-<~ro¡; m> l"el 1 ~O J. lorms o/""'''"'"' fnl'.iO>h •u<h,. 
f!ll 119) '" RSL lll >«on o oh< m<>>l ~·i,l<l) ""'1 >1 th< O<­

l''"'"'"" 1<"<1 on ~'""''· "h'""' • d<CO<ion ~>01< "1 "'Y 
'"1"1 >~<cilo<>>ion too! m~"''"'" •rrL<•Ioon• wuh lomueJ 
, .. m~molchoictS. · 

hLJr>ll)'. o .<¡oocJfieotion l>r>tu•¡< ruch u l'DL i> 1 r<>lri<l<d 
>-~"' ol En~"h. 111 l)'nlu con>tJII olon ""<•UI<r"" >)'ni» and 

on "onoto" IY'·'"· Th< """' >)nln" "'"''""'"lo"" 
ryoln ol Lh< <onOo<>l "rtroturo>-ol• loi,holt>d l'"'r."'"'"'"' 
r._·.rJ>r< _ He '""" ·~ ntu cor.>.m o/ •<l«ttd '""''1 t:n¡Jo>h 
, or~> M;-<n dio¡¡ on th• or¡•ll<alion. 

q-5-5 

----~-

'"" 

Fl¡ <. '"'" .,.,..,,.,, "'" '-'"' '"'";"' """ • .,,;,, inr.,.,,.; .. io 
""'S, 

F or enmrle, consjJ< r th< lo'.) o,. int >p«onc>tions o/ "' A \l. 
Lone il«<f'•l•on ~""''" u>i"r kSL IJ_I) 

R -n<l: Al R-L.!Nf.-R L::ERVA TtON-SYSTF.M 
Dcscuption: "Top l.t•d Rcqtm<m<oll> lot '" Aulm< !toser· 

V•lion Sy>i<nt"" 

snucn;Rr:, 
All"IM 

Al"'<A 
VALLOI REQ 

DLT·"EQ-TYPI. 
Al.r>t~ RF-SV 00 

nm 
l NIJ 

ORAL ('Oi~<.:~~" 

OK Al.r>IACON> 
OR ALI'I!A (;ET.LOAil-1 ACTOR 

Oll AlL'I!A LRI ATI·:.FLT 
OR Alr!OA oar_¡ &Fl T 

"h<r< e.ch ALI11A is • f"nctionol pro•cs•in~ "'P such os 
RLSV WO><tv .. iooJ), CANC (('•~occll,lion), CON> (ClO/Lf.:-TIOO· 
lton). <1< .. ond can be fuot'«r >P«ifi<~ on more ol<t.:J. 

C. -'!'ecif•cd!Óonr "f Conr:toi"l! 

The •~·o m<t>l ion;oorlanl con;t:>in\s &1< on ~.,. o.~d co,.lrol 
nows. 

1 ) /Jo'" rto "'·' This spocir,o< tho rolo/ 1on<loip be lw"n d"o 
ob¡ects sud pro«s:.<>. Sudo • r<l•llonslliP ;, ustlOI~y <• pro,.,<d 
m l<rms of • dot>·no..- d"¡;''"'· For <>3!n¡lc, Ft~. ¡, ":• lcr· 
level now oh>gr;m o/, bu>mcs. cnlor¡•n«- We no"'""' os tho 
mo~el dnelop<, ceno.in 1<lions (o< l>s<s) ~-ill bo rd;~><~ lo 
h»< d<arer l<>~ic•l ok><nrtion<. hll '""'PI<, t~< "'"""r 
/Ltocoion 2 '-'" be /urtb<> olt«onopo>ed mio"'""' pnn•i<>>< 
lunotoon.: f.ottr "'" cu.,on>Cl, ,.,.,,., poymenl. mue ;nooke. 
<te. •1 • lo~« lcvd, 1helnc1 tlonl ,J;,.LJ1ol be in<ILt~od in SI(!J 
~ lhe on< in "'hich !l.e loV<-.:rl bchovior or eoch p1oe<" can b< 
ol"oribtol tn<»l d<&<ly. 

2) ("on,o/1-lo~-- ThJJ !p<oiro<• lh• ""q"'"""'~" ¡<)>!ion­
-""P' bel~e<n P'""""· Tlttrc &« raony rncch'-"i>m> lh>l , .. ~ 
l<CC u><d Jor pr«J>O >~<<ln<<!ion of ><qu<noont. o,;·, ch<>o>< • 
mnd,r.od reui "'" OOLOltOn 125] for nur ''"mplo ",¡,o~n rn 
Fit. 7. 1 h< "•l>r" ;., Fi, 7 m~i<>O<> lhol thc P•rloculu o~c:•· 
,¡., "" 1•< pulo>mcd ., <>ll<n., de.;i1cd. 

3) /'c<'<rJIS_o·"<l"o"""'"'"· l'nt >)>O<fil< '"'¡, '--' ":U·!ome 
')'11cmo m <>r<r••m¡ ryr1<1ns, ot" ofl<~ n<Oo<Sory <<> •r<ool;· 
th< 1¡-ncloroncc.,ion ol rroc""' eomrttong lo¡ ·-~• ume r<· 

><>urce (•l•t•). Wtul< ltoer< lit""'")" r.><cl"""''"' fot ,oncur· 
r<ney conrml lll]. 116]. 1<7]. m<!<l '" &1 U•• oroplem<c.U· 
tion lnd "'""~ <lf 01 1h< '"1"'"'"'"" IC'<I, We ~<>elib< 
IJ<oe • l«hniqlJ< .tur In ("onner 111] wld<l• "" 1'< '''ed" lh< 
"qu ur """" 1<>< 1_ C<.>n n«'> rn<!hod •<h><•« ·~ ""'"'''·;,.,:on 
1')' •<>if.nor.r. ronorul> ~olh ro U.o rroct»<> (coii<J r,"rhii ,.,,,. 

""•'h•) 1 nJ to lh< "'o""" ( collrd sp><htooJ:tt'l ror.lt"!ln; )_ 



)011 

' ' ',, 

1'1\0l'l I,I>IN<:sul·lill:)oi.O:, V<ll- ... NU 9, "I'IIMI•I 1! "'O 

""'""" 

/ 
/ 

1 ''· <. ''""·'"'' dol• now "'"''""' ol • """""' '"'""""· 

'""" '"""' '""~" ., .. , .. , 
•• ,.,., '"'" 

........ 
' 

......... 
.,¡""" ... , '"~"' "'"'"'" ''"'''" 

..... '· '"' "'"' "'' ,,, """'"·"'"'"'"';"'"'"'" '""'""· 
lioth kin~s of <onuollcr '" ''"'" '"" frJI'h> ll.c ti¡:)oto 
<onlro•ilcr" a l1l<ehani>11• to <n.'ore<' con<lr;¡nt on lhc ,,. 
quen<o of or<"l ion< 1'" lonncd 1•1 • p!n<e» tlllou~h >n ac<c» 
¡•ath )O a d.11a o0)'<'1. llor >)'ncht<>fHI.oloOI> o'ot.troll<r is o 
moch.,,ism to >d><duie thc <>tcul1on on sh.,«l d•U <>l•joot< 
lo "h"•·c > s~tdf10d >cqucndn& cOn> tr•in 1 who:lo is ~nd<rm· 

<lcr>t of thc '"'" ¡•olh '""' ''"''"10" rmc,·;,os) ohro"r.h 
Which OP'I>tiom "' pcrlo¡m<J. Thc ><hr.ll¡;c o! {'~nn<r"s 
'PP""'"h is ""' •~«ofoo>toon> of «qn<nconr. '""""'""can 
),< <1<-n< on ''""'"" ,.,,¡ ol•la ""l"" inolq"'"JrnLiy, j <toa 
<omodcronn>mplc llll. 

11 ¡;'""'1'1' 
A S)>l<m <O~'i>lr~~ of '<>er>l pro<u><> ,nd • >ho:c~ oulpul 

~<>·i« ~~•h ,~, r~n""'"'r. rrvr<"'"' 

l) rror<r u0<-b~ID« "'"~"'~ d"a to lh< coutpul J""'· it 
mus! bt «•di<d; 

11 th"' "' "'"'"'"' "'itlo proanl)' oir.IH>, i e • th<¡' cm p!<• 
<n>pl N"""" w¡th l<¡ul>r n¡J'"' 

ll 11><« or< rro«»n _..;u, no,., .. ,·,mpt>~l< ""'"· 

¡·,,. •. ~rn<h'""""'' on•l "'"" <nPhnUoTI ,.! <"m;.''· 

1 h< Oynchrnntzint <<mttoll<r and ri¡.hts conlro>ll"' ol 1),. 

rro<e"<> 'nol o~trut ,¡";" ., • fJ'~" Ln Fi¡;. 6 (thc tml"l s:>l' 
'" p~in1<J h> Ó)' oJIOw$). 11 is ''"'Y lo s<C [roro 1 o~. S ti'· 
>~l<t > prO<<ss h;, o<>JicJ thc <>ulpUI o1<>i.O<, JI c;tn ~<N< 
'"'""~ ¡,,. J P'~"" ~"h > rnon1) ri¡.h1, \,u¡ Mt ,;o, ··m¡ 
ll.>~o''<r. n t''"''" woth > nonptcco·o¡•table 1i¡ht odll ""' H1 
synch•oniun, con1ool\<r lo>'"''¡,;, on <nt<r cntical·:ci'ÍO 
([')\) nr"'"~") whL<h is nol •<«.1<1blt by a P'<'''"' ~-,¡h 

printity nr "''"'" "-''" .11cllocn" i1 ""' l'"""l'"l•i<. 
t"nl< th>l C«nntr"• r..<th<>d Í> ,.,;))' exl<náa~lc to op«>l 

P">r<>S int< "'""" on > ~o>lnhut< d '"' :ronmtn• 1 ~~ ]. 

V. No~t u"n'o"~~ A.-,,., ns tW T\0[ Sf.L' 
11 <Dn«plU>l mooltl e>n he u><d \o >p<UI)" •J nf <he te·• 

\IOn•l r<quir<lnt"" lor • >Y,Itm, l·ul ll'.c ,C,j\1) onuo, "ol < 

thcre·>ódoh"MI nonfunctionol <onstr,"'" '" > v.•.al ~"' 



1 , 00,pl<lt ond forword·lonl.in• rtquircm<nU dO<umenl. 
lM" oddnronal '""'"'m" 1•11 rnlo thte< <Ol<O<Jne.: cnn· 

1minll on ti>< ry>Lem lO ~e d"eloped,on thc p1o<eü of >yo!<Jn 

6.,<JupmeM, ond on lh< Uf< el l~e c¡olcm oltct 11 O<Ocmeo 

opcrollonal. 
H• I•O!Hnown coniLfoin" on liLe larf<l •y<~< m ore P"· 

formonco nqui~c~nen ll, nolobly '""""'"" in•ol<iOJ tune ond 
phy>;<ll tdLO~ilitY (Ji l. Con<lto>nll on "'"~"., 10 be u<ed 
ty '"' talO" e¡· mm iuolude mon•lolory "" ~~ cortaln plo<" 
0 ¡ h¡~Jworc ot ooft,..>Jc," wcll "con>"""" on tht "'"Jhl, 
•ohrme, ct<., ol thc lino<hcd ~oc>o1c (for 'Y""'" cmbcddca in 
,.oell!l<l or olh<r tighl pbc.,). A fmal '"''"'l' include~rlemo 
tMI uc, $[•Íctly !¡><>king, funcli"h>] H~uilcm<r>tl, )out n(ltn 

10 fu hom the m>in purpo"' el thc O)'>!c:n thol dti:ornp<»Í· 

1;0,. ol comol<•ily i> hut "'"J Oy h<PIM thcrn out o[ the 
lunwonaJ roquir<monto, h'"'PI., '" llunt>JI l>etor> ond 
!c<UIÍIY r<qiliJ<m<nt.r. 
~·~uucmont< <onc<rning th< ~ovclormcnt ol thc opl<m 

rom:w•n ti•< tirnctoblc, d"dopu,ent 1""""" (1ooney, pcr· 
<onnd, cquiprutnl, <UII"'"' d<•<loptn<nt toul<), >r.d lh< 
rn<lh<>dulo&Y U<<d. Methodolop<ol comuoml< un rneludc 
r1 o¡,.,mm~oc ur documcntotion "'"'i>ld<, rnil<rton", 011d 
""rtoncc cntcrio, lo'"'"''"" Í"" •lew. 

5o IHII< ott<ntion hn boen de>Oied to ontkrpolin~ th< Ufo· 
rirn< ol • rror<><ed ryll<m, ond th< maJnr <none< o nd ovolu Ir en 
1¡ wrll 11nd"~" <lunnc lh" Jilcli""· lh>l ;, "•hllooult to ¡,, 
•r"if IC >bout "hJt ~ind o r cor>rll.rinu concomill~ '""""nante 
.,d c•ulution w~l bc •rr•opti>t<. l~<Y<IIhclc><, th<tt "" b< 

l-111< doubt thOI offorl >rent on '"'--~•'"'"~ ''""f" dunn~ 
,.·,¡uir<m<nl' >u>ly<is will be lt~·ml<d j23]. 

Th"< oou<<P" ,.,JI be iliu<lnled b)' an ~RD lo1 o >impl< 
''"'"' eonuul eyll<rn, t>l.rn f1nm thc d<>cripl>on '"!S]. 
]C,c ~.l(lJ Jollnw> 't'"'"l nuthn< wo hOI'< do.•rle~pcd fm pro· 
"" ron\rol >)'>1< ""· olih<>ll !!l• 1om e s<etion< ore not >pplieable 
to thJS r•n>Culor pro~lcm. 

SR[)! llR A PKOCt.SS (<JNl ~01. SI ~l> M 

0 /llllo!dtiCII"Ii 

O. l. NoluN:I 1-o"C"'~' O<Juip!loo: 

A omall p1occrr conlrol '~""" ft>r '" ammonio mtule 
plan1 ¡, ncr~rd. liS '"" P"'''"'" are '" !'olrf)' "'' 
orenloJ Qf t~< rlont il ony d•nrerour con~rl•""' ,,;, , 
ond to monitm bolh lhc ronrumrMn ol ""' mll<mh 

ood rho rroduol>on olam"'""" """''· 
0,2, D</i'lifii•O>: 

All r<>llimoo ore "'u" le lo lh< """" ><<<>n~. 

0/'i' e rJ 1•1 "" En'""""' en r P/ 1/>' Corllf''''" .\-''""" 

1.1. S""""' 
(o) 1\<>Jin¡;:¡ of mor< lhon 500 tcmp"''"'"· rr<>· 

'"'"· and now r.•l<> w'"' rhrou~h on '"''"'·' 
(ij¡jt>l COIIYell<r. Jn dtt'll, ... , 

(b) ThC!< •r< obout 1 ~O drpl>l m¡•ut<: oomc m sin~ le 

puh<> f1om "'"'">u eh" ¡,:,.~..,·h""' ""''" 
'"" b>g lrllrrs, otltrn "'' tlt< """ td almn <on· 
11<11 throu¡:houtlh< Pl>nl. 5~corlrc>lly, .. 

/l. A<I•OI<"J. 

·¡¡,, '''''''" """">u tu molle ""'·"or>, i.•. oll "r !lo< 
"'">1 ¡•r~cc" "'"trol "<ion< m>nu>lly, ond thc <)>· 
""'~ 101< rn lile lo.d'oor~ lnop" ro rro•iJc urndy 
urform>lion '"lit< opCJOIN, 

I.J. /nf'WI Dcncoo: 
OpCJOiot «lh<ole. 

1.4. 0~/pr,¡ Dwctr: 

(o) lJ¡,ht panel, 
{b) Le, prinl<l, 
(e) Al&rm prinlor. 

l. Conr•al A<tl>llt'l 

Thc foll~wln~ Jten10 mmt bo opedf>Od fm <><h eondi1ion 
01 <loü al cun~itionolo which o re•r<>n><;, requiled, In tha 
<l>< thu< ;, only one su eh olou. 

(a) Dr/inllion ufCondiiJon: 
h irte neo of on alarnr condrlion ;, d<l< rnún<d f1om tht 
!1•1« of lhc almn cool><". the an>.lor »luer, :urd u le 
limit> lor t!lt alum "1""· a> 1 ol!owo . 

(/'! R"Jp~nu '" C.mdrllon: 
Notify opontor th1ou¡,h li¡,ht p>ltcl ond olum pnnt<r, 
u /olio"' .... 

/<1 Rccl·7im< C"nwam!t: 
Almno rnu•t >rr<>o within 5 min of tho """'' of •ny 
don,erou• condnron. 

(d) Scor<. f < .. Prmll•l< M"J•fJcalwnr: 
Th< rc•l·h"'' con,uinl i> • dcloult, lhc opor.rlo1 moy 
olop lhe >r>lcm'r eh<ekinz lot ohnn con<i.rions, rcourt 
il lor ony g;,.n •olue ol wo.JJ dock time, 01 <hm~c lhe 
rt"P""" time,.,¡,.,, 

3. lnfo•malf,.n· Galhmnt A<ti•iti<: 

Tlrr. lollowrng lemr<<l rt<nl$.mU.<I bo !ptcil•<d for codr 
dm of o~r\pUI. 

J.l. l.otR<pom: 
(o} SJ/mu/u, for owrpur: 

hory hou1. 
(b/ Cnntmll of ourpu/: 

" onop<hot of he" lht rl>nt op<r>l<l, inc)u¡\. 
in,• . 

(e) .l't"l": 
1~< hourly llm< ;, o d<l•ult; tht opcntor moy 
"or thi> ocli•ily, r<$l•r1 ti for >ny r,i"n ,.,,,,. of 
woll clt><l lime,"' chu•s< it< period. 

1.1. Flo"' 1/•po"" 
/ni S¡imwlut fo• oulpul: 

hery 8 hrrur.. 
(bl Cn~Unrt nf OUIP•I" 

(',,.,umption of dtclri<riY, P•odu<linn o!'"''""' 
"" nitnl<, tol•l ~"" or n.,tcn•l: ;u<],'>"·"""' 
r .... "'''"· ommoni.o, mol nilrio •cid. 

(<! Scopr: 
SttJ.l.(<l. 

4. SJ"'"' looWom/1 

4.1. P.dro/,¡!try: 
Th< >y¡loon upl>m• s.~ould ht 9S p«<rnt OY<I • >· 
~<OT !•<tiod o[ 24-h npcrotion. 

4.l. Suunr,.: 
t.óo rrqui.,mena. 

4.). 1/u,.run 1-'a,/oJJ: 
Tht o~"•tor oomm.,d fo,mo:• mus; ~t u >implo , 
p<>o.>ilol<, .Jthou(:]'l ;¡ ;, P"'"""ble to ttquirc tl-.c oror· 

• •~r '" r« ,, ' •romJ • •Y bo '"" 1 rrinr. '" ·' """"" '"' 
lt i< olro ptrnH><•bl< '" ho" rhe opc:.I<Jt '" thr sr•· 
tcm"o ~r•l·lrn>< clod, l>ul •11 oUo<1 "'""'""'"''be 
cmi<d out '"'""""JOH<i)' by tire >y>tcm. 

4-5-7 



'~·· 
~.4. {l"""''"'. 

Tho oyolom w1ll "'" on on 1((4000 compuoor wilh 4K 
wor.lo o r <ore """'ury. 

'· SyJI<"' D<o<lopm<n< Ca1uJralnts 

5.1. To~or: 

TI" 1ySI<m muu he or".tion>l <ix !Oontho oftor 
appro• >! of lh<l< l<q"iTOn><nl>. 

5.1. }(csouras: 
"ll>e pn<e o[ th< sys«m Wli) b< 1!5,000. 

5 J. M<lhoJolou. 
l ho >ccopt>nce t<ll .,~¡ bo 

6 . .lfatn""'"" cnd E>oluTion 

6.1. Normal Me""'"""" Aelil'l1r<1." 
1'11< oyst<m <>n lx br<>li¡,J;t d<""" ¡,., rn>int<n'"" 
dunn~ th< ~lom's .... ~!y mlint<r.>n« p<nod ol S 
houn. Durin~ 1!11< tion< •11 lof, d>ta w1lll>< du1nprJ 
to tape, >nd . 

6.1. Anll<¡polrd CllonK<1 OO'N Ar.,cipaw: L1/<1irnr: 
lt"l"& on<IJ:}' <'>111 ma)' mak< it r.<«""Y ro cnn· 
><11 rnony of t)l< pro«>><• now u«d '" ., to t>h 
odvanu~< of n<w <n<r[Y·oa•·inr. "•hr.olopcs. Ma,_,;,·e 
JOYi<o"on of ><MO", condo!oon>, ond "'>Pon'"' >h(>'Jid 
tl< anticipot<d. 

lt i> u~p<><unl to nntc lhot th< (unctoon¡¡J requir<tn<nt> m 
.tln> <>omrk (ollow S<elioru 111 >nd ]\'in sp1rit only-o ,,,.;o 
mNI<I ,.¡ "hal • >1rnplo proc«< c<>nlrcl >Y>te~n" •nJ d<•"" 
Ornpli<it 1n lhc cmtlin<, b~l lh<ro ;, no !om>>l con«¡nual 
motol u>io~ ll>< l«hniqu<> >lr<>dy P"""'<d. 11, do bdi<'". 

loo"'''"• tilo¡ tlr< "'"""'" el""'" " • ~oo<l <»n'l>l< .. r ele· 
rompo>ilion of comple•ity, ruu!ton~ in thc mo<t '"l<•&leol" 
dtscriptoon. 

Th< oO¡<eB in thc rrllironm<nt o[, prneo" control >Y>I<·m 
'"' tht momtcr<d o"j«l> on~ r<oplc; tho 'Y""" tnt<rf>«s 
with th<m ,¡, ""'"" >nd a<tU>lOro (th< o\>j<CU) >n~ >npul 
•nd """'"' <1<1'10<> (11,< p<oplOJ TI"" l'or< 1 ''P""'"' thr 
en•JJonmrnl moJd. 

Th< two 0•<,.11 function, o( a pro«" contool >)'l<m o:< 

conlt"l \loro\1¡!1 fcoJI•>d. (P,.t 11 ""l collc<tilln oF "'1"""'" 
ticn (l•on J). 'lh< requor<nl<nl! 1n '"" <»< niU>t 1•< !l"illtd 

into "";~n" '" lh•t iL ;, '""""""' to mo:iotc ouch >ttri· 
¡,11[<> " 1<>]•111110 l<l]<lilllll<nl> on.J f''"ib]< 1"10,\Lf!C>ri~H< 

-.ill> ¡•orll<ulor <>l<¡ori<> r-:ut< 11"1 the eonltol '""'"" 
(!o.ro~»ro to eondot"'"'l 1ndu~< ~oth '"'"'""" oc•ronscs 
tltro<O~il '"""''" ,>tld ll»nll.>l r<!Pot"<> (<n "IH<h tlo< >.'>trrn'• 
rok" tu notil)" thr vP«'Ior). TI,,.""'"" \ll!en <<><nfll<l< 
¡en«•lot>' ~ ith "'P'" to ho" < on~otior.• ''' ~drned ( pN>I~I)' 
'" '""" ol """Y >rm<><> .,¡,.., pJu¡ loillonoil lflforn,llon). 
~.ow •••r"'"'' '" doltn<d, ~11>1 con ch>n;c, <IC. 

P>rto ~. 5, on<l 6 rl<><nt mou o¡ thr n<>c.functlonll roquir<· 
rnonl>, ., •ltead)" de>cril><d, l'he r«eption Ll lh•t tinú.~ 

"~""'"""" '"" ~«n oneo•rorotoll 1nto th< lun<tior.,l r<· 
q"lr<n,cnto in 1'"" ~ >nJ 3, boC>u;< lh>t t<»d< lhe mo>l \ucod 
t'l<'<llt>tion 11 therc "''"' >H nn·lon.· tlal,·l><>< qu<t) I•<1ÜI)" 

<n tlle inlo"""'i,m·r.ath«ir.& ''""'"'· respc>n>< tin>< con· 
""'"'' on q~<rJ<> ""uld b< llmd, >Ion¡; ,.,,¡, tll< qu<ll<>, 
1m.1<r J.). 

' 
'' r n 

·~·~ICTU\IN~> (11' TUi: [1.1<1'. VOl .. •o. NI). '• .<t '"1H<tll K I>OO 

VI. CC1Nl"lU1HNG R~o"'~'"·' 

n. no>in dlff,eully in the J<quor<lll<nl> p¡,.,, is in 11)'10~ lo 
e>plu re on•l rd\c<t >«untoly lhOl P>rl of u,. p<tcei"d ~ o1to 
which i> l<i«>n< lo tll< dev<lnpmen\ ol > sp«i/oc $ySicm 
Wh~< it is imporunt lo"'" olan¡;u~e lur de><nblllllh< <or,. 
ceptuo.l infonnotion, it ¡, <><n mol< omportont to h•ve o<orn­
f'l<l< unden"ndmg o[ lh< probl<m bdolt thr dc><lor~<lc01 
dforl pro:ooós. The propo><J con«l''"'i mo~el •rrro"O 
ruwideo o m<ono fo' the formui>UC,~, onoJn,., ond ,;:¡d>t1~r. 
of lho u«r's rcqumrnenl<. 

!n this )'OP<I, w< h>vo ~ncny o&u«ed "'h>t•h~ulJ m ,r.nuld 
nol b< inehoded in an ~¡¡[) and how to>r<ooly iu '"''"''""'" 
poncnts. Wr b>v< dollh<"lrly ""ld<d <h< Ól><""inn of "'"" 
"''h.., nwdd •ll1Ja11on, J;n¡;u•~' for r<<luirotn<nh, '"d •~te· 
m>tod rool•. Wc olm hov< not do>CU$$<d OtbOJ ;>I)S•iblc u><s o! 
IIO< mM<l >uch " !<"il>ility >J>>IY>Í>. Many of th"< "'"" 
"Ul h<vo todo w1lh how tile mod<l "r<¡>re>onted anG m•••r·u· 
bt<d. S~Ch i'-'U<$ (orm Ül< COr< Ol le$<01Cit on COl)\1th·o $d< nC< 
ond >r111JCiat inlelliS<n«, 

lo •utnln>m<, "'" "" opumi•li• >bout pr<>l"'" to~·.,~' 
diu:ip~nr<l >Ppro>ch lo l~< "GUii<m<ni.S phue, ollh<>u&)l 
tnuch "'~" roseorch tllorl, r><<i<ularl)' in an t>porioneot,] 
tfi1"1ion," noodell lo"''"' it cornmorci•Jiy pncticol. 

AC >:~fl\1' t.l'l>C.MLIH 

1\'e "" ;,.Jebtocllo our <llli<a~u",l"lh·lody, 11"1'" :.11:1>. 
and Dan Ch<>lcr fo• criti<ll f<Odonr.• of thc "'i1i>l dt>!t,•nJ to 
tll<X Co11n for >1 itm•lat;ll;, dll'""'""'· 

,, ' 
'" 
'" 
,. ' 
'" 
'" 
"' 
'" 
'.' 

)101 

\11 1 

[1 , 1 

1 1>) 

1«1 

)111 
ro• 1 

M. ~· t.l!wd, '"A "''l"'"m'"" '"1 "" "10> '"" h<,l<>lc-tJ '"' '"' 
''"" 0'6<m<o¡: l<<¡uii<O"ol>,"" JL'H' 7"roo.l 'OJIWO" /, .... oOl 

5>:.). ····"-"· '"'"· <' "·'"""1• """H. t••>•· "11-< '"'' ""1''"' '" ''"' '"'"'""· " 
1 "", ;,_, ¡.,¡, 1''"'1 1'"1' '·'"'':' "''" llu>•' (T<•l> "• <•1'•"''· h17. 
"· ""'"' ••• ~ GoiJo»•. "'''""""'"' 1'1 '""" '"''"'"' ,..,,.,,. 
<ollon >OJ 1""' lmrlo<>1K'n< '"' '"""'"'"r• ""'"''' ,"' <> J•~o 
Cno¡ Sr•<'{"'"""' ,.¡ R<jooOI< -'"!'""" (C'"'"""•'• M~).<:. ""''"· ,,., 
t.'· .,,,,,1. '"" '·' "'· '''""'"· ·n .. ""'"'"' "' '·"•' 
5'"""'·" "' """-'" """""'~""· , . .,., """""· '"'· c .... 
• .,,1,·•, M~: M.LT.l""" lun< "'"· 
1. t.."'""'' r. ,, n.,.,, .. ,,,,w,.. """"'"""" M<"" 
"'"' • l'<ol.l<m)'• ;n ''"'· ¡,.~ '"' n.o{, .• ,,_.,, '"'"1'"""' 
1"'" l ""'"'"· CA).!••· .,.,,a, Oq, 1.,0. 
U, hn<hm, ""Sn<>~"' '"" '" """"'-" ""'""1""' mnoM<ol,"' 

""'"""""· •ni, lO,, .•. '·"""·,., 
-, '"'""W"< '""'"'""','' ¡¡'/.f' '''"" """'""' • ,,,, (.".,, ... ,,,_,,,_,.,.. 
P.'"'""' "•"'"· .. ~ '"'·l•m< ""•dol«."" lnfo<'"ol•Qn S<"""· 
(,,,,""" '""· •«hnnl.l,,.; •••. ~ .... '""· 
''· '"''"1· .. ,, '""""'""''""''"'' ""'"'-'''~"" • '""''"' '"''w of do,.,"",.,.., ''"" F•u S""'"'·«'\, 1, 1 p. O-lO, IY16. 
t:. F. CWJ, "'A '"•''""" mud<l uf doJ• !o< lo'l' ,,,,,Jo,, 
"'"''·" Cunomurt ACM.''"· l). o,. J77-'>' 1•00. 
~. ''"'""· "1'"'"" ''"'"'"'""""" ,., '"'"'"''' '""'"'"'"·" 
1"!>,1) "'""Lo L;on. 1>< o. (nnot•UI., '~o<n<", """' ol 1 ""• A>"><•" 
<". ''"'· .<n '"'"""""'"<o''"'" W.u ~'""'"· "'"""•· M<· 
AOJ"un·l'o "'". ""· 
1·. 11'. "'""". "("o "'""1"' "''"'" 1"1 r '""'"'· · "' ''''"''-"· 
m,., ~"''"''"' 1, "'"">'· ~""· ~<~ \"ool.: ·'"'""" h<~, ,,,.,.\,,1···· 
l . 1 '"'"'"" ,, '"Coo«C" <o< """'"'"' 1of"""'""" ,'" '"M.,;,; 
''"'' ''1 ""'" ""' }!,.,,,,m,n/S>•>'"'''· ~'1"""· 1 d 1 <?o. 
<. ~ G"''"'· 1<, A, loi>JJ"'· onU !.1, j', 1'"""·'· "A ''-"1'""-"> 
,,,.,,,,"''"" '"J ""''" """""1'""'' '"' "'"'"" ............ . 
'"" "''· ""' ....... '""'"' """'""·I-7Y. 
', t, Oi '"" "''""• '"1 > <0 , , '""'""',"" : '<p l"wn>Ou<. !e o • C~ 
'"'" "'"'"' """ ·''''"""'1''· , ..... 1"'~ 
~-. '"""· ""''" ·''""""'· '"~ '"'" "''''"· 1 '"" l..''""'""""'.(/"'"· .. ~ ,,J, .... '""'"'"''J ............ '"!." 
1'' n. <1"'" """"• '" r. (uonru<, "'' , tlo", or ~'"' .,.,,¡ '"• ' ""' 
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' . 
Programs, Life Cycles, and Laws of 

Software Evolution 

AW.....,I-By d.,.¡fyÍIIJ propo1nr o<«><~inl lo lloeir r<lollonll>lp 10 
lloe en>i.Jonmonl in whlcll lloey .,. u«ol<4, lh< P'l"' ldOhM"' lile 
..,....., ef e•olutioouy p...,u,.. - <OJnput<• opplit>~OM ar4 ¡><0-
P"'" o.,.j ,¡,,.... .-\)' lloir '""\"in o pr0«>1 ol • .,.., ·eo4io¡ moin,... 
" .. "' o<i;.lly. The ,. .. rw.r Me eyde pooceu., ore tllen boiony dii­
no...,.r. '!loe P'l"'' <loen in.,odue., lo• o"' ProS"'" E•oluti"" lhll b .. e 
beo• '""""'''..! foDowin~ qu.Mit."'e otu4ieo ol U.. o>olul., ol 1 
nultlbe• ol di!T<reol Ofol<m., Fin>111 "' '"'"Pie ir prtwid..! of IN 
orp~<&tion ol E•olution Oynomia model• ro pmp>m ,.¡,..,. plonnln¡. 

l. BACKCMOUND 

A. T~t N61Ur< of lh< Problem 'f HE TO!AL U.S. npendi<ure on prouommin,ln 1977 i> 
eslimot<d lo ba•e nceeded ~51) b~licn, ond m•y h.,e 
been '' hi¡h" SJOO b~lion. Thi> fi~u,., which repre· 

senls mon ¡h., 3 peroenl or the U.S. GNP lo1 th>t y .. r, is 
oheody on owesome frgu«, lt h11 inoreosed ever sin« in I<>l 
«rms ond ,..ill conlinue lo do so " lhe micmprooe..or frnd$ 
.,., .,.;d., orplico1ion. Pro,ummin~ elfe<ti\'Oneu is cl<>rly o 
>i&n•fr<>nl componen! of n>lionol «onomic he•lth. E«n 
'""ll pe"cn\o¡c improvemenu in ¡;roduclivity con moh .;¡. 
nifrc.nt finon<i>l impact. Tht pottn\Í11 lor nvina i> luae. 

Economle con>idtr>tiono are, how<V<I, no! necemrily the 

-· . . • 
' • 

• 
' .· 

sorloiU p1oblemo in the pm•i•íon •nd uple<p <>1 >Oii.llo<\01)' 
pro¡;roms. ll ol•o yrelded now insi¡l<ll. P1opommin¡ nlben 
proctie<d requi>ed tho breokdo\lJ'n ol th< problem le b<: s<>l .. d 

· lnto "'¡>< for more d<lo~ed 1han ihooe in 'ierms of wblcb 
people thou¡;hl ohoul it and its solutiorl. Thc manual ,enero· 
tion o/ p<og~>ml" lhi.llow le•d wos itdioiU ond error pmo< 
lor thoso whose prlmuy concorn wu lb< resuh; lor ,.,hom 
pro¡,nmming "'" o m .. n• lo on end ond no\ an end in iu<ll. 
Tl\is could not be che b>Sis fot .. ·idespr .. d eompul<r oppli""tio.rr. 

ThiU thert wu bnrn the con<epl of hish·l"el, problem­

o•iented, /•"·'""'" '""ate<! \o •imphfY tho de.elopm<nl el 
<omputet oppli""tíons. Thest l>nEUO~ts did not jun taise the 
lev<l ol dellil lo which proyammen h•d lo d<>elop theiJ 
•iew ol 1he outorri.ted probl<m·>ol•in; P'"'""· Tl\oy ollro 
r<mo•ed 01 leu\ oome of the burd<ns of pmcedutal orpniz.o· 
ticn, re>ourco alloc•lion •nd ochedulin¡, burden• ~·hi<h ..,..,. 
further reduoed lhmu¡h iht dt,.lo~menl of operuin& oyotemo 
ond tb<ir usooialed job-<ontrol bnguo¡es. Abo•< all, how<Yer, 
¡he hith•leoel lan¡;uat< !rend permilted a fund•menla\ shift in 
ollilude. To ¡he di.lccrnin1, al l<nt, it b=omt <l<u lhol 11 
"'" not lh< P<<>vommer'o moin urop<>nsibilíty le in>IIU<t o 
mochine by d<r.ning • uep·bY·Slep cornpuiO!ionol prm=. 
Hi> tu~ "'" to >lo lean al,orl!hm lhot eorrectly ond unombi&· 
uou>J~ dellnes o mech•nk>l prooedure lo1 obt•ininK a 1olution 
lo o ¡.ÍYen prcblcm 121,[3). The tronofmmollon ollbis inlo 
uecuuble ad elllci<n\ code >equences eould be mot< ulely 
tnl!uSitd to oulomotic n•«h>niom>. TI\ e objtcli>< ollongua¡e 
design "'"ro f•dliUto 1h>t uok, 

moln couot of "'id<>preod eoncern. A• eomp~I<U pl>y on <Yet 

lor¡<f role in oociely and !he life of lb< indi•iduol, il beeom<S 
more and more eritical lo be oble to creo« ond mallll•in dle<­
tive, eos\·dfeclioe. ond lim<ly soltw.re. For more lhon two 
dcc•d.,, however, ¡he prop1mmin1 f"l<fl'lily, ond ihrou&h 
lhtm the comput<I·US<I eommunily, h., l>eod scrlou• prob· 
lemo in oohie•in¡ thil [l ). As the •Prli<Oiion of micropmc<S· 
son <>l<nds "" deeper in lo ¡he lobrk ol •od<iy the problemo, 
w¡ll be conrpounded unleSI very basic •olutiuns '" lound and 
d<><loped. 

t..n,uo¡es h•d becom< , mojor tool ifl tht h>n<b or lh< 
pro~ammer. U~e •U rools,1h<y souY,llo reduce lhe rnanu>.l 
dfor! o/ lh< ,.urhr ond u the sorne time improve \he qu•l!<Y 
of h<s w<>r~. Tht) permill<d and enoouro,ed eoncenUolion o~ 

·. 
B. Ptog'"''"''~"l 

Tt>i euly 19}0'r had b<<n • pione<rln& pcriod in rror;o•m· 
ming. Tl\e >h<<l '"'"Y of insoruclin&> tnoohine >l<pby <l<P 
10 oohi<>< aulomoric compu!Jlion al •r<•ds prc>·iously un· 
dr<>med ol, eomplclely hid the intellectuolly un>.ati>IYifiZ 
up«IS ol pro¡.r•mrning; ¡he be~ uf a gufding rhro•y and du· 
cipfin<; !he l>rgely hil or mi!! n>lure ol thc pro«~< throu&b 
which '" "";"oble pto~om ... ,, finolly ochioved; the .,.,· 
pr<>ent unccn,inly oboul the crcumcy, '"" the >0/JdU)', of 
lhe rinol r<rult. 

More imm<~iuely, 1he ,,.d.,,) pen<l<•lion olrhe com~ul<r 
in lo the '"demi<, indu!lri>l, •nd comrnerci•l "'<>rl~s Jed 1<> 

1 
"''"""'''' '"'''·•• ''"'""' ,.,, r ""·,.,;.,o ,.,,, ''·'"o. 
n,, '""'"' " ,.,;," ''" """" • '"'" 1 o< eo~r•r'"'· l ,,..,.,, """''' ol 

Sd••.c ond l«h•olo.,, HO Q""'"'• \'""· london '"' l "'· ""'''""· 

th< inl<\lo<luot !O>ks 'lhich ore rhe roo\ pro,·ince of 1he human 
mind ond •kl.U. Thus, "" •in«, the ,..,.(h for b<ll<r J.an­
'"'&" ond for lmpro'inl melhodolo¡;ies for lheil use. hos con· 
¡inu<d 14). 

Th<" '" tho•e who beli<'< lhat lht devolormenl of pro· 
ttommi~ rnri~C'lo/oty, hi&b·l"d lon,uag<> and ... ociue<l 
con"pl!, ;, by far the mo<t imrOrtont "'P fu¡ •ucocs<fulcom­
p<>t<r ""'&'. Th.r m ay wdl he, bu 1 it is b)' no mea no oufficionl. 
There ui>ls • d<>r notd lot '~~ltion.r m"hodolo¡jcs ¡.od tools, 
o n«~ th>l ,,;,., primarily from pto¡;r•m maint<nane<. 

C. ""''""' Mo¡n~<r.un<< 
The >ht« I<O<I ol prc~amming and p1ognmmin~·r<l>t<d 

acti•il~ m.<.c. it• d1><i~lini~; imponor.l. !lui • ><<ond Sl>lil· 
1i< <orrl<S '" oqu>lly si¡,t1ifr<•nt rr.<">t<. Of th< roul U.S. 
e•pcnditvre lor 191'1, .um< 70 rnccnl .... ., •r<nl on p1u¡;,..m 
muinl<nun« '"~ only •bo~t )0 r««nl on pro~r>m d<><lo¡>· 
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"''"'· Thb rotio io ¡ontrolly occtpted by U,c oolt..-are com. 
01unity u chorott<risli< <>f tht o tate of tht on. ·• • 

Sorne cluifícotlon lo, however, ntc<nory. Fo: 110!1..-an: lht 
t"m '"•inltnan<:< lo ''"""olly uocd lo d.,cribe o/1 chan¡" 
n>~d< lo o propom oftcr in fin! inotollotion. llthcrdmc dif. 
len sipifocontly f¡om !he more ¡en<rol eon<.ptll>a\ d<S<ribu 
thr ru!orotlon o! oryot<m orsyot<m componen! to luforr•u• 
oto!<. D<ttriorotion !bol h., occuned u o rtsult of uu¡t or 
thr pnsagc oltim<. is eonooted by f<P>if 01 f<phe<m<nt. But 
•ofl,. ore dou ~o\ ~<1rriorotc opontanoou•ly or by inlcr>clion 
wo!b liS or<"tionol en•oronmcnl. Pro¡;roms ~o n<>l suffrr 
rrom ..-eor, 1<><. ·conooion, or pot\Uti<>n. Thcy do not chonu 
unl<» •nd unlil pt<>ph <l>>n¡é thcm, and this i> doM ... btn· 
"" the cunen! bch,.iol o! o p<<>f:!>m in neoutlon ~ lollnd 

'to be "'ron¡, lnopptopriatc. or too <<>!ri<led.- Rcpd• actul)ly· 
in•<>l•es chan'""' Q""'T from the P"''""' impltmentuion. 
Faultt btinl conccted during mointcnoncc con oritinolt in ony 
pho>< of !he pro~"m li/< qdc (Sc"ion 111]. 

Me!<<>>«, in hlldwlf< J)"llemo. m>jot ch•ngu to o pmdu<t 
'" •<hie.td by «duf&n, r<toolin,. ond lht conotruction of 1· 

nr~ "modtl. W¡th l'lo;romo impt<>'<m<nlt ond fdopla!ion• lo 
·o chon;in; <nvironment ore och\eved by olltroliont. delctiont, 
and «lenoiono lo <>~tin; code. Ncw <>roMilY, olttn not 
r<<c;ni>td duri~ the <lflicr hl< of th< oyncm. lo oupcrin1• 

po><d on '" e>i!tin~ "'"''"" without «duisn ofth< oy<t<m 
"' whol<. • 

Son<< tht lttm \olt~•" mainlcnon« <ov<,-, ,uch • .. idc 
""F' o! "'"""'· lh< •<ry hir.h filio ol rn>Ínt<non« lo 
dr•dnp'""" <<>>! du« no1 n<ctSI>rLly havo to l>< ~<rr«II<J. 
.,.., >lo>ll. in 1•<1. "&~• thol !he ne.o1 lo• <onlinuin; eh'"'' is 
'"''i"'i< lo the nlluro of compul<! "''~'· Thuo th< qu<>tion 

· ,,.,d by thc loith <<>!1 o! rnoint<nan« is no\ e>clu>i><:y ~ow 
to conlrol •nd reduce oloo! cool by ••oidm~ <rrOIS 01 by 
~clr<linc th<m <JOii« in rh< dc•·do~mcnt ond ""'"<">do. 
Tlo< """ ""' of eh"'''' n•u" initi,lly he ""d'" low "r"'· 
,.¡.¡, onJ ÍIS I:.'O"'IIL. >> 111( 5f5h"lll Jt"<"l. !Hif'imilfd. l'oOf'JIHO 

'""'be modo mooc dl'"•bl<. •nd ohc oh<nbilily "'"'"'''"'4 
throu¡~out th<ir hl<tim<. Th< ch>n¡;c rrouss >U<If "'"" l>< 
r~oo.d ond tonuoll<d. ""'""""" oJ !lo< rconomi< •i•~•ILiy 
o: 1 ¡rn¡;flm mu>t indudc !<><•1 l•f«imo <OW OOd lh<L' hit 
"''' .!;,.,,buliun. '"~ not b< h>•cd «<l•si><l) on Oh< inili•l 
l<"lo;m<nl "''"· W< '"'"" b< <On<«n<d .,.¡,b tht <OU ond 
<11''"''""' ol lh< l!l< <)ele pro«" il><ll >n<l MI ju<t 1hot ol 

i:o ""~""· 

'-. ·---·· ·--~ ·_. --:·""-!,;' 
Tht o ¡>e non' poro~nph bl¡¡ld;,bt~d !ho hl~h <ool or.ortwofl '""'' _ 

ond ooltwon rin.inlcnonc~. The oconomlc b<nefitond polen• '·•;.:, 
tUl of !be oppllutio~ ol computen ls, how .. er oo hlah tlu.t , .~ .. 
pr.,eM upendltlire_l .. do moy w<ll b< ocuptobÍ., o\ Iom lar--:, '/.;' 
cortoln clu•<l of pro,romo: Bu¡ we muo\ b< eontomed with. ·-,':'¿_. 
the foct thol prr/o''"""""• «<pdlliry, q.,./111 In ,~u,../,..,.._ ... ~ . 
not ot pre><M bt dui¡n;_d ond buill h•to 1 I"''JR"' ••l•lllo. _ {?' 

_Rather !bey ore sroduoUy ocli.Levcd by nolutionlr)' chonct '"¡!)­
ond refinement, Moreov<t, when desiroblc choncu ore identl-; ... ~.-. 
liod ond outhoriud tht1 un usuol11 •ot be lmplcrntnted OD 1 , • 

llmt ;<.>1< fi,Od b1 nlunol n<ed. R<;pontl>tn<U la -·· 
And u manklnd r<li" more lnd moro on !he so!twot< thot 
controlo th< compu\tfO 11\11 tn tum 1uidt IIOoitty, 11 becomOo 
cruoiol lhot "peopl< control obooluttly the rrnuom> o~d ll>t 
¡>rott""eo b1 "'hieh thty artpr<>duced, lh<OU(;I>outtho uodul 
lile of !he Pro¡run. To ochie~ thl• requlreolnslrhr, thtor:r, 
modelo, mothodoloriu, t«hniqu<l. roolr: 1 dl.t<iplin<. Tlnt ls 
w~l 110ftwue tn¡in<<rinl is oll about [S ]-1 8]: . 

1\. hOCRAMS A! t.iODI:L$ 

A. l'tov~m• 
Pro¡;rom <•ol.,lion dynamici [9 1nd lt> bibliovopby] ltld 

tbe lawo [~1. [)]. [10], lll] d.iocussod In the nn\ ocCtion, 
1>••• ol..-ayo bttn •noci•tcd with • conttpl o! l<r'IU<n, im­
plyjn¡ a clo.,iliealion into lorse and nonlor¡¡t programs. Grul 
dilr,eulty h.,, howovtr, bten uperien~d In dtflnln¡ tbt1t 
clo»U. R<t<M dis<ussion• 112] h>'e produced 1 mon sotb· 
lyin¡ <ln<ilocotlon. This io b.osed on • rcco,nilion el the loe! 
lh;l, o! lht ,..ry len!, any pro¡¡rom io e mod<l o{ o modo/ 
"wilhln o th<<>•J' o/ d modo/ of "" d<lfO<tlon of "'''" po•llon 
of th< ;..,,IJ 01" of tom< uni><<l< of diuouno. Th< cla<>iflco· 
tion ~ologori .. o rrogumolnto throt <b»cs.S, 1'. ond E. Sin <e . 
¡>TO¡;r>m> conoidttod lu¡c b1 our p.e•louo dcfonllion wil! 
¡eneully be of <11n /' or E,the """ dUiifltuion rtpl<><nU • 
bro•d•nin¡ ond lirmin¡ ol !he pttoiouo •iewJ>Oint. 

B. S·l'•ov•"'• · 
S·ptc,umo u< p<<>f:!omo.whooe !unclion is lcrmolly dcfined 

by and dtrh>bl< lrom o IJ>UiflN1/ion. h lt lhc p1op•mmin¡ 
foun lrom ,..hich mo>l od••nccd r<oro.oLnming m<lhodolo¡:y 
ond rclued lcthniquco deri,., and to "'bich lhcy dirc<tly ¡clott. 
We oh>ll ,.g,., tbot u pro,nmmin¡ m<lhodolo¡y cvohu 
<till furlh<T, oll l• rt< prog,.m• (so/t wote oymm,¡ v,·ill be e en· 
stru<l<d u otru<l "'" of S·p<Of:!tmo. · 

A >r«ifL< problcm i> >UI<d: \owc:¡l common onuhipl< ol 
- two inl<~<n; lonrlion <>•luolion in • spccif1<d domoin¡ ei¡M 

qur<n>: dinin' rhiloooplocrs: gcncr>lion ol a •cct>n~le o! a 
,¡,. within fÍ"n limito <>n a optcifl< ty¡>< ol vi>u;l di<play 
unil (VPU). l'"h !Uth p!Oblcm rclotco lo IU univ<rs< ol 
di~<oursc. 1t msy ol>o r<lotc dircnly ond primanly to th< 
o.lcrnol w~rld, bu! be complctcly dcfined, <l., !he <la>I(<ol 
u .. c)lin~ ..,¡.,.,,,. rrol>lem. 

As our.¡:<olcd \,y F1g. 1 \he specilie>lion. u • formal <!cflni­
lion ol oh.· "rr~hkno. d11ul< •nd c·ontrolo oh< r•otrommtr in 
hu <!<olion oJo he r•<>f:!>m thu ddinoo ohr de.ir<d oolulion. 
Conrtt <olulion of lh< rrobl<m n tro!<4, in l<oms o! th< pro· 
~nmmin¡; ""•"'t' htin~ u•ed. btoom., th< p!o¡:t>mmtr"o 
"''• conccon. \t m<>" •¡U<>IL~n• ol elcpncc ol dr.doo<y 
""Y oho ""P in. 

Th< p!ob:em UH<monl, llo< r•ot:"m >nd lh< >Olulion >-htn 
ob<•intd rnoy r<btt to on '"""'l.""orld. -~"1 •1 i1 • """'"''· 
h<>nuu>.>l «blionl.~ir. E-.n ... hon it .,;.,, ,.. are 1«< lo 

.. 

. . 
' . 
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chon&< our !nt<rUI by reddininl the problem. Bu! thtn ¡¡hu 
o n,,.. p'<>pom foo 111 oolutioa. 11 moy be pi>Sliblo ond tim .. 
<>•lnJ to derive th~ ncw pro¡ram from \he old. Bu! lt is a di/• 
[<f<M pmvom thot de finos o solu¡ion lo o dorf<r<M problem, 

Whcn this •lew con 1M: tOJitirnotely ta\tn Lhcruul\oft! '""" 
v•m is con«ptuo!ly sude. One moy chon1e it to Jmp10.,. iu 
cbrity or Uo elopnce, to deouse rcoourco ""~' whon tho 
pro"''" i< c>ocuted, oven lo in<rusó ecntidence;, its <orr«l· 
nes~. But ony ouch chan'"s rnu11 not dl'<et the mopp;,1 be· 
tw.en input tnd ou¡put that th< program def"'es and thot ¡¡ 
.chi<><S in rucution. Whonuer pro;ram tul tw been 
chanred m lranslor"'ed [13), [14] it must be sllown tila! 
eolh<r the input-output <ehtionship ~mains unchan1ed, 01 
that thc ncw propom ,,.;,r,., 1 new apccificalion definm¡ o 
oolution to 1 new probltm. We T<!Urn to theproblem ofcor­
"""'u pro>inJ iD S.criOD 11-E. 

C. F·l'rovaml. 

Conlid<t a pro~m ro play chus. The propom io complctdy 
spid(ied by th< rui<S of che" plus¡>rooeduro "rul ... Th• l>tt<r 
muot indico!< how rhe pros;om ;, lo onoly>< !he slole of the 
¡.>me ond determine po<o;ible ,.,... ... 11 "'"'' oho providt 1 

decislon rule !o ,.]ce\ • nut "'""· lloe procedur< mi¡;ht, 
for eumpl<, be!<> form tho tr<t of oll gamos th.r moy devclop 
from any c~ncn! si• te ond odop\ 1 minimu ovoluotion UrU<&Y 
ro oclect tht nur move. Such o definition. ""hile complot<, 
is noive, sin<O< ir is not implementtble u m e><eutin, pro¡;tom. 
The Ir« mueturc >t ony """ o\oge ;, simply too luge, by 
mony ordon of tiUp!i!ude, lo be d<V<Iop<d or to be •conned 
in feuibl< time. Thu• th< che" J>ropom mun inlrodute 
>Ppro>imotion to •chi<"e procticolity, jud¡;ed •• ti b<g.ins ro 
be use d. by its p<rfonnonoe in octuol gomcs. 

A funhor t>ampl< of 1 problem that con be preciocly fonnu· 
lated but whoi<IOIUI)on mO>t in<>ttobly renoot on opproximo· 
lion of 111< r<ol world ;, found in "'"ther prcdiction. ln thoof)', 
&)obal "ealher con bo mod<led ss occumo\y"' duirtd by 0 oc\ 
of hydrod}·nomic <quoHons. In the octu•l world of wathct 
pt<di<tion, opprooimo(< >olutiont of modilied equst,ons ore 
compared wi!h th< wel(he; p>tterno thal ocour. The resulll 
of ¡uch <OmJ'Oris<>"' '" interrr<t<d and US<d to improve ¡be 
teobnnlor;y of rr<diction, to yield ,,.,, more u"ble pro¡;ums, 
who" outputs, bowo.<r, olway• rct•in >ame de¡ree of uneer­
uinly. 

Finolly "consid<r !he tro,.Uing 11i<>mon p10blem u ti ariseo 
in rr>ctice. fur <>>m plo fmm ' d"ir< lo optirn<>:e «:>ntiñ uou•lY 
in sorne "~'¡¡,¡y defined r.,nion. lhe u .. ol ochodu1e o¡.,¡.,. 
""" pklint "P t<>Ods from •·;~rchou><S ond vi<itinG <ticnts. 
Th< r<quir<d oolu!ion con b< ~o><d on known opproochc. ond 
«>lulions lo th< el,.,; .. ¡ problem. Dut it must olso in>olvo 
<on<idtntiono of <"'!, time, ~ or ~ u hedu les. limuo bleo • .,]ue 
jud&Jn<nts. ond <«n <>lnmen•" idio<rncrocies. 

Thc prohlom ol•«rnent con now, in goncnl. no lon¡<r be 
r«<i«. lt io a m<><l<l of on ahotJO<hon of o r<al·world !ituo· 
lian. cont>inrn, uncuuinli<>. un~no"""'· >rbitrary criterio. 
coooio!'ous v11iobleo. To 1ome o•lcnt i! rnu>t re~«! lh< p<r· 
>~n•l >ie,.·point ol the omly!!. Both t),e probl<m ''''""'"' 
>nd ito •olotion •rc<o>ionllethe rul· ... orld •ituation. 

r,a¡.r>ms '"<1' ,, th<>< .,, l<trn<d f·pto¡:r>m< ¡,,,, ""orld 
watlrm solutiQn). "/he pro«" of <roa<in¡; >u<h p!ogt,nlS i> 
model<d Oy Fi1. 2 "hich '"""' <h< iolrin>ic foedb!<k toop 
th>t is r«ocnt in <he r.,;tu>tion. De<¡•il< th< f.et lh>t th< 
P•oble !10 lo Lo >ol>ed <> n l>t fl «i><ly der,n< d. tho •«<PI> bili1 y 
cf 1 >olution io ~<\<rmil1ed b)" th< «"ironmenl in which it i> 
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embedded. Tho 1olution obtoined w~\ be <Yoluoted by com· 
puison with !he reil envllonment. · Thol io, the criticil djf.· 
!eren« l><tw«n S ond F·provom• io e>prn:~ed by the com• 
porison cloud i~ F~ l-. In S-provomo,judJments oboul the 
correctncn, •nd theufor< thc volue, of thc prov•ms r<late by 
delinition only ro iu >p«lfj<:tJiion, th< p1ublem >lo!omont lhot 
the bll<1 un«tl. In l'-prov>ml, lhc contem is not c:cntered 
on the Ptobl<m lll!<m<nt but on tbe •olu< and •ali<fily of the 
>olution obtoined in lu rool·,..o•ld con¡ur. Doffettnces bt· 
tween d•t> deriv<d from obserution ond from computotion 
moy """' chonE<S in the world Ylew,t~< prob!em ¡>t.r<eption, 
its fotmulo\ion, tho model, ¡he pro¡;ram spectf.cotion and/or 
the pro¡¡ram impl<mentaUan. Whotevcr the souroe of the d;J". 
f<r<n«, ultimote\y it couoe. tbe prop>m. its doeumentotion 
or both lo be chonged. And the df<et or impoct of ••<11 
chon¡e <aonot be olimlnoted by declorin¡ !he problem o n<w 
problom, for the rcil problem hu olwoy1 been u now p<r­
eeived. [¡ ;, th< perceplion of ums, onolym and/or pro¡um. 
men lh•t h., ch•n¡ed. 

Thoro io •l•o Ónolhcr foot of lif< thot med• te be con>idered. 
Dinotiofoction willorile not only beuu>< informo\)on rcceiv<d 
ftcm th< P•Ol'Om io incomrleto or incon<<t. or b«•"" the 
oti¡;inal rnodel ~-.,le"' than porfect. The>e oro imrcrfection, 
that con be oV<reome IÍ"n time >nd <>r<. But !~< world loo 
clu>nf<l ond such cl!on;es '""11 in oddrhonol prmur< for 
cb,n~•· Tiou• l'·pros;om, aro vcry til;ely to undc1~0 """: 
endin~ <h<n¡e or lo beco me steodily tess ond l<ss effeeliVt ond 
c<ost df<cti•e. 

D. E·fro~r•m• · 

1"he tt.¡,d el..,. E-propoms,•" inhercntly <'"<n more chan;e 
prono. They are r1opoms lhot mtch<nii< 1 human or <o<i<lll 
aeli,lly. ' 
C~n>ider >g>in th< lT<"<tlin¡ ,.]osman probl<m but in> ,¡¡u. 

>tion whcre s.-m 1 per•on1 ore continuou•ly <n ro<~t<. cur¡·inJ 
pr<>~"<.l! :hot cl>ang< upidty in ulu< >S o function of both 
titn< ond lo<•tion. •nd with tho poitun o! ~em>nd oho ch>n~. 
m¡ continuoutly. One w,]\ iuovilibly b< le<nf"ted lO«< this 
•iruotion" '" •rrOicotion in .,J¡;ch th<-S)U<m iJ. lo >el., • 
e<>ntinuous d"r"•""· d)·n•midl~ <ontrolhn~ th< journon 
on~ <>11, ol<><h in~ividu<l. T~e "!''''';" will b< 10 mu .. ni>e 
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up1ened i~ molhemoliell t<rm>, 1 l<nlthy or eompleo eho.in 
of 1<uonin¡ m•Y b< di(!leulllo underSlond, lh< prcof 1equoncc 
moy •••n cont.ún U> cnor. Bul this doos not innlldotc thc 
coJu::ept of proz;ram comctnou provin¡, muely thls lastan« 
of lto applieotioJL. ' 

Wc cannol discuu h..,. !he tanre of S·p..,¡nmo for whldl 
provln¡ Ir. a praetlcll ora •aluab!c lf<hniquo, lhe ron¡t of ap. 
plioabillly of conmucti•e mcth<>do for •imulloneouo conuruc• 
tion of • progrom and its prool ( 1 8) , ( 19] : wh<tb« conlldence 
¡, tbc •olldlty of on S-pro¡:rom con o.lwoya b< lncruscd by o 
proof. We sin>ply nolf !bol •in«, by delinition, the 1ole 
cril<rion el con«tn"' of on S·pro¡.ram "the "tisfocllon of 
i" •r•eifrcllion, (corre<!) S-pro,nms ore o.lwoyo P'"""~ly · 
corrcct. 

This ;, no! p1or<ly • philosoploicol oboe,>tion. Mony impor­
tonl components of o lor¡e prQyom, mathi:molk•l p1oe<durt1 
lo1 uomplc, in conjunction with >p<dflcd interhce rule; (ca U­
in¡ ond output), '" cmoinly S-type, lt bccom" pul of thc 
desip> pro<<s• te t<tg¡ni« >ti oh potcntiol cen>lituents d LUin¡ 
1~< portltionii\C ¡>fC>«sr ond \o opocify ond implcm<:~t them 
occordif\Ciy. In fo<l it "'ill be postulated in tho no>! •«lion 
thot an A·pre~ram may olwoys be rvtition<d ond otructured 
oo that al/ lts elcmento ue S·pto¡nm•- lf thil Íl indo«! !Juc, 
no lndMdud pro¡nmme• >hould .,.., bc permitted to bc¡in 
pro¡rommlnc unlil hio 1>11: hu b«n definod ond dclimitcd b'y 
o con-.plct< opecilic>lien o¡oin•t whi<h his completed propom 
con be volidued. 

For an E-p,o¡rom •• on <ntoty on the olh<r h•nd, >ali<lily 
de~ends en humon """ment o/ i" df<eti•cnc" in lh< in• 
tended opplieotion. C<><r<<tne" ond proof of eoncotn= ol 
thc pro¡um •• o whele '"• in ,enerAI, in<l<,.nt in thot 1 
pro,rom may bO lorm•ll~ eor,.<l bul ""''"• or inconecl in 
thot i> do<> not "ti<fy 10me <toted lp<till<olion, Y<l quite 
u .. b!e, e ven ntilloctory. Formol techniqu" of "Pf"'"'•tion 
ond prool h"'' o ploce in lh< uni•<rseofA-pros,.m• but thelr 
rol< ehon,.,. lt i< the dcuited btha•i<>• olth< pro¡" m undor 
op<ralio"a/ condotlon. thot i1 o/ con<e~n 

rans ol th< protrom thal con be wmplot<IY spctifled should 
be dcmonotrobly <<>rr«t. But lhe en\ironment c•nnot be 
con>pletdy dno:ribed "'ithout abmoction Olld, tl1<1ofor<, 
•rrroximuion. ll<nec ;~solute <or<<otnes< ol tl•< rrognm 
u o "'hÓI< l1 nol 1~< '"1 i>Sue. lt is lhc uoobilily olth< pro­
v•m ond lhe •~l< .. na of iu outpul in a chn¡:ing ""'Id thol 
muu b< tli<, m o in cM""'· 

F. P•ogrom Sm•<l"''' ond S/ruclw•al El<m<nt> 

Th< c).,;r,.otion <r<>l<d •~o•e r<l•l<> to ~r<>tram entities. 
Any such pro¡;>am "''ill, i" o•·neral, con,jst of many ports 
'"iously «fcmd lo <S >ub>y>l<ms, componcnu, ntodui<S. 
pro-<cdur.,, rmuin<1. Th< tormo >r<, o! cour$0, not used 
synon)·m 0 u,¡y bul '"'Y imru.,liuns ol funclioo•l idcntity, 
levd, si Le, •nd 10 on. 

TI.o lil<rH~" di><"'-'" uite!i•I~O] >nd l<<hniqu<> ('ll]-
1231 f01 p•rtitionin~ '''"m' inlo '"'h clcrncnu. Rd>tcd 
d<>isn mtthodolo~« or.d t<chn•qucl '"" 10 och.e>e optimu1n 
ouirnmenl, in'•ome """· of <l<mcnl content ond O'<roU 
'''""' '"""""· In lhc pmcnt conl«t "'' eonsid<r Ml)' one 
'>P;ct <>f p.,¡itionin¡; "'in¡ lh '"'"module fur comcni<ncc. 
The di,.u.,ion compl'"' ll.c prc,tn1>1ioo o! lh< SPE ehssili­
<•tion >nd pro> id<> > lon( lo other curren! n\ethodolo¡:jcol 
tloinl.i"< ( H 1. 

l'or.siJ« th< end r<><>ll of 1he dui'-" poo<eso for on A -rro­
'""' lo b< ooonru"'~ ol prim::i" d<mnt• ~• l<fm mod~l«. 

~-6-5 . 

1'~0CHOINOJ 01· THL IEEE, VO\ U, NO. t, SEI'TLMBU, ii1o ~ 
Thc onolysio ond por1ition.in¡ PloCcu ,.¡¡¡ identily oom< f~IÍo­
tionol olemenu ¡hot con be l~lly opecifi<d ond lhcrefore dc><l­
oped 11 S·proJnm modules. Any 1pedficat1on ..;.,y of cO..r.. 
b< luo tlu.n fully lOiiofoctol}', h moy ,,.n pro., to be·,..,.¡-,.. 
In rcloHon to whot thc oyotcm purpot< d<1nando, !n lt>cifO. ill 
rclo!ion 10 tht 1<moind<f of tht desi¡n. Fereumpk !he ·,pe .. 
if1<0tioa moy not mentlon input nlidit~ chedo,lb< speclfied ~ l' 
output occwoey may be insuffident 01 the ;peclfied r•n¡o of -¡ 
on lllpul •orioblo moy be Wlon¡. l!utuch of !hose l<pr<sentl 
an om;...;oa from ot an error !n lhc •pc<i/kollo~. Thus lt 
"ttculled by r;,.¡ con«hn¡ the •p•d/i<OIIon and then cteal· ~ 
in¡, by one m un• or onolhe1, a new pro¡;um thatsatislicstho 
no-.. >pccili<otlon. 

Thc ,Omoind<r ol the 1y>1em ls r<qu~ed lo implement fune· 
!ion• thal ore al 1<>>1 portly beuri<tic or behovionl in noture 
•nd the«forc define A-clemeniS. Ncvcnhcla~. we "'U:cst 
thot it i< oh··•F po:uiblo lo continuo lhe oystcm portitionin¡ 
proctss until oll modui<O '" irnplcm•ntobl< .. S-pro¡;rams. 
That is, ony itnprecision or unccrlainty cmonatin¡ from mod<l 
r<:fieotions of incomp!ete world •ie"" will bc imp~cil or, if 
reoc~;ni>ed when tht •P«ilication ;, formulotcd. np~cil in 
the specilicolion •±•tomcnt. The final modules will oll be d<· 
rived from ond ossocioted .,.;tb preciu sp<ciflcotions, whieh 
[or tht m<>mtnl, moy bc !t<Ol<d as complete and con«!. 

The desi¡n m•y now be •iewcd and oon•tructcd u • dato· 
now otructuiC .. ·itb thc i>oputs of one module bcin¡ thc ou!pub 
of olh<rs (unl<ss emonalin¡ lrom outside !he <)llt<m). F.oeh 
module w~l be der,ned., on obst~><l dato lype (2~]-j2i] 
ddinin¡, in tum, one or mor< inpul·to-output transformatioNI. 
Module sredllcotion:; include tho>< olth< \ndi•iduol interfoc<o. 
bu! lot lh< •Y•I<m " o wholc, the taller •hould, in !O me "n" 
be >londordi«d !ni. Metco•tr, ;i.en oppmpriote >Y>l<m and 
interfoce orchll<cturt. •nd module dcsi¡n, eoeh modulo could 
be implemenled no prognm running on il< own microproce .. 
'"' ond thc syll<m lmpltmenlod as a diltributed SY!t<rn 19), 
( 24], ( 28], (921. The potential odvont•&<• lor both e>O<ution 
{pO!all<lism) ond rnolntoinobility (loealimion cf ch•n~e) eon· 
not be di•eumd here. 

Mony probl<rn• in connection with th< d<silJl ond conmuc­
tion of su eh •nterm nccd !hll te be sohcd, Adequotc >olutions 
will rcptOienl o n1ajor ad<anco in lhe developmenl of o procus 
m<lhodolo~y (Section III·Cl. We obl<f\'<, how<YCI, thll the 
con«rts ptcsonl<d follo"' dircctly lrom our b1ief onolysi> 
and clmir""ion of pro¡.rom types. Jnocrc<tingly, thc con<IU· 
sions are ioro•r\etcly cornp.,ible with t110•e oí tho rro¡;rammin1 
mcthodolo&illl 124),1 ~91. 1~0], 

llf. THE Llfc CYcLr. 

A. Th< C<n<•ol C•<t 

Th< dyn•mi< e<olui>enory n>lurc uf comrut<f oppUcolions, 
of lhc softwore lhAI imp]<m•nu 1hem and ofth< p¡occ,.lh>l 
produ,os ~"lh, h>< in t<<ent Y"" &i•<n ri« too concopt cf 
o pro&~•"' lo/e <}<k'"~ lo techniqu"" lar lrf<·<)'<l< mono&<· 
m<'nl. The n«d /ot ;u eh n,n•&<m<nl h.,, in la<t, b«n rcco~­
ni>ed in r., .,;der ·~heros, P•flicut.rly by nalionll dden« 
>&<nci« ond olher or,aniulions eonc<~ncd ._ . .,h 1h< m>ni&O­
"''"l ol oomrl<> >!!ilociol ')sl<m<. ¡n pursuin& l~elr rcspon· 
•ibolitie~, lh.,, '" "" cnsure oon linuin& d/ecti><ne" ol •nt<ms 
"'ho;o cl<ments m•~ in> C.:"< mony ~off<renlond f•" ~¡,.¡~~io¡ 
l<ehnolo~i<>. Ofl< n tl.e¡- mv!l '""' nt« oat<rl¡- rdio blo o;-e ,-,. 
tion u nJcr n,,.¡,, hos lil<, • nJ u nloo~hinl <on~itio "'· Thc ""'' 
come i• on '"r incr<ll;n, r.~onciol commilm<nt. Only lol<· 
tirne-odent>t0d mono¡;emcnt techniqu'-1 •PrloOd lrom projeot 
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mum lpcol p1yolf with •i<lblc •holl·tcrm b<nol!t. 11 will not 
oflcn lo~< jnto occount lon¡-lcrm pcnohin, lhol <annol 1>< 
prccio<ly rr<dicl0d ond "'hDS< coot c•nnot be ... ,...d. Top-
1<><1 mono¡«i•l P"""" lo opply lih-cyclo evoluolion lo lht"'· 
foro cncnliolll 1 dovclopmcnl ond molntcnonoe proe<ll is te 
b< omincd ¡bol contlnuouoly athi< .. o, uy, dn.ir«< o><ull 
baltn« bctw<<n thc lhort• ond lon¡-torm ob)celiV<o ol thc 
or¡;aniution. Nc;l«l will lnovillbly mull in • lifellmt ex­
p<ndOIUrc on th< 'Y"<m thot <><«do mony tlmu thc useued 
d<•<lopment cost on lh< buio of which th< syllcm or projcot 
.,..., iniua!!) outhori.ed. 

Te oY<rcom< Ion~ ""'' bgo and thc hi¡h tO>l of softwAre, 
ene may oloo oook lo cutnd thc uodut lil<timc ola oystcm. 
Thc d«i>ion to 1<pbcc a systcm io nk<n when moinlcnone< 
h., booon•c too "P<n>i", reli•biiJ!Y loo lo ... d>ont< r<spon· 
siven<., loo dug¡:ioh, P<tfo•m•n« un•«<ptoble, function•lily 
loo limilin&; in <llorl, "h<n il i< <eonomio.oll~ ""'" >~lisfocloll' 
10 r<plo« th< oyl1<m than lo moinuin il. Du1 ib uroet<~ 
h/< time 10 thll ~oinl io d<!«rnlncd primorlly in i<> comep­
tion. dni&n ond iniliol implemenUiion sU¡<I. llene<,,,.,.,_ 
m<nt plonnin& ond conlto/ durin& lh< fotmativ< ¡><riod of sys· 
1em lif<, b•«d on IJfc!imo projectlOno ond """"''"'• can bo 
critico! in ochi<Yin& Ion¡ lif< soflw11o ond lifetime «><1 <ff«· 
,¡.., .... 111. 

1::. Ufe·Cycl< fl'"'" 

/} TI>< ,l!o/01 A<IMry C"''-''" Al iu &IO><«I le .. ] O lifc 
c~de conoists of thr« pho«.: ddinition, inlplemcnulion an~ 
moint<none<. As in<licoled in Fi& 5,1hc« throe ph"" corre· 
spond opprooimllely so the oottvllics dncril>cd in lh< fi<SI 
lhr«, the sccond thtee ond !he ><'<nlh bO• IU¡><cti•cly of 
Boehm'• modcl. In p"clioe, how""• monY of thi" ooli•ities 
tre onrlopp<H. inl<rwoven. ond r<pUI<d i1<'>1Í><Iy. 

21 Sysum DcfurWon: Fo1 E -<lo>< ontcrns in p>rliculn. lh< 
d'"<lopm<M- procus be~in• wilh • r••gmoli< onolysis l<adin; 
inlo o •Y•I<m>li< '"'"'"' analysis lo dotcrmin< IOI>I sy1lem 
ond rroJrom r<quft<m~nlr 1 JS 1-l 38 ). 111< >nolysis mu11 firSI 
utoblish th< r<OI nced ond obi«ll•es ond moy uomine the 
manual l«hniquoo whcr<by !he same purros< is currenlly 
"~·i"<d. 1\'hcr< opproprill <, it moy b< b.,ed on m•thcmoliool 
or o1hu formol onolyri>. Whot<•<r lh< appro><h, tt hos now 
b«n J<C~tnit<d ""' lh< onolyoi• mv<t b< di!c.p/incd •nd 
""'''""d [29], [lO), lh< l<rm íiMUiur<d analy1i1 now bcin¡ 
wid<l> uoed [9].[41).[42]. 

By 1hdr , . ., )' no! U!< initiol requiretnonts, bdn¡ on <>PJ<ssion 
of !he u,.,., •i<w of his no<d$, or< likcly to i"<ludr incom· 
P>Oibilili<l <>r n<n conmdi<tiono_ Thu> tl>e onoi)>ÍI ond the 
n<toli>lion pro«u by ond b<h•"" >nol)'>t> ond pol<ntiol 
"'"' thot produces the ltnll uqui""''"" rp«ifcarion, mu!l 
id<ntif)" 1 bolonc<d «llhot, in >Om< «n«, pro'ldcs the o;>ti­
hmm comprorni« bu~-cen connichn¡ ~<úr<>. 

Thr rcquiremcnh «1 wtll h< nptm<d jn thc <on<rpl> •nd 

''"r"''' <>f th< opp[i.,lion >nd '" "'"' 11 mu¡t 1hcn be 
lton>fotm<d in1o • ~<cl,ni<ol spuifl<otion. The '!'<cification 
pro"" 14;].[4~1 must >im te rrodu.o > Corrrcll«hnicol 
llolcrnent, compltU in il> co>ero~< of th< reqUir<m<n!> ond 
~"nfiJI<M in ils ddinnion of th< impkmcnlltion_ 11 moy in­
dude >d~ilionol ~<r.rminotions or <O~lli>Ínl> thll follo~ 

ftL•rn • t<chni<ol '"IU>Iion of "" rcqui,.·mcn" in r<lotiun lo 
~h.o ;, f">ibl<, o'liloble rnd •r;>Joptill< in tlo< J"d""'"' of 

tl.c '"''~" ond ~<>itn<r in '"'"''"ni "ith :he"'"-
Ir ~.,. Ion• b«n the ,;,. of <o>n>pul<r ,ri<ntills to rr<>•ide 

¡, rn'Ol l•n[U'E" '"' th< <>r~c,ion <>f >rr«~<oti~''-' >o" 1o 
l'"'n" "'«~>nic.l Lh«fin; of comri<«n«> ond •<Íllency 

- - .. _ 
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I~SI-]49). !91 ), bulo "'idely occep1<d l•nJuo¡:e do"' not YO! 
<»11. Gioon • mochintble sp.clt.cotion h i< con«rtuo!ly ·¡' 
('OSStblt lo t<~U<:C il motbonkally to o><eut>bl~ [SO! ond t•u 
dficitnl !141 tode but lh..., tochnolo¡ju loo ore no! Yet 
reody for ¡enttal o•ploltollon: - 1 

llnll, for 1ho time b<in¡. the 11'<-"<lfltallon prDCeu wm be 
fono .. cd by • dcril:~ rhue !~9), 1~1 1. 111• rrimt obi<cti•e 
of !hlo o<li>ily ¡,lo id<nHfy ond llru<turo d•lo,dolalransfot· 
m>lion and dota now (111. lt mu:sl oha o<hic"<S, ln'oom< 
defined """· oplimol portltionJn¡ uf sysl<m funotion (201. 
«l«l compulotion•l ol~orithms and pÚ><<durcs, and identify 
oystem eompontnb, ~nd tho rel>tion>hipo belwccn thcm_ 11 
io now r<n<nlly ><<"<PI<d sh•l itero!i-.< lo¡>-down tnJ '"'ly­
,;, ond r•rlttionin~ vrocn«o ore "'quired lo ochie"' tU«<!Ii>t 
Te/intm<nl ]2!) of lh< sysl<m desi&n to th< potnl wh<r< lho 
identifocd objectl, prDC<dures, ond tronoformotion• can be 
direcUy impl<menl<d. 

3) /mpltmt"'O//On: Followin¡ lh< c<om~l"ion of the dt>i¡:rr, 
rySI<m /mp/<m<ntotion moy 1><~. In pnclice, how .. or, 
d<>ip> ond implemenutlon o•crlop. 111tU, u the hitrorohkol 
putitionin¡ proa" proo«do, tnolysi< of «rllin asptcts of lhe 
syo!<m moy be consid«<d sufficicnl for implerncnll tion, wh~< 
o!hen r<quiK lurthu onolysis. In • solt"'"' pro)<ct, timo 
olwoyo oppeors to h< 01 a premi~m. A woñ. force compril:in¡ 
mony diff<r<nl obilitiu i• •••iloble an~ mus! be hpl buoy. 
111us, te&retubly. impl<mon!>lion of oub>yolem•. components, 
procedura, or modules w>ll be iniliot<d d<>pil< tho loct lhol 
!he OY<JOII, or <>en lhclocol d«i;n, ls no! yel complete. 

A• th< implcmenl•tion pr<><:eed• codo mus\ be >alidoud 
[S3],[S~). "'""'"'doy proco:dutes concentnle primorily 
on tcrrinz [55 J , !hou"' in recent yeu-~ inoreooin~ uoe has been 
m•d• of dosi~n wof¡lhrouzh ond code inlp«rion [90]. 111=. 
lotlcr procedurn "'' inl<nded lo disd<= both d"'iVl ond im· 
plcmentotion <non be foro lhe¡¡ con.,quen«s bccome ~id don 
in lhe pro¡;ram code. Th< ratio of eos" of «mo•in' o foult 
diocovct<~ in uu,e a.. ·~•inst !h< cost of r<m<Winr !he ,.me 
r.ult ¡¡ disco•· .. ed dorinJ !he dcsi"' or flrst implement>lion 
ph•>e is somo U mes !wo or thrco 01dcJS of mo&nilode. Cloorly, 
it pays 10 find f•uhs <atly in !he proc<"-

ln ••Y <•><. l<llin, by"''"'' of pro&r•m '"culion is eorried 
out. ,,ncnlly botlorn up, first ol 1h< unit (module or J"O<O<· 

dutol) 1<"1, lhrn functionolly, coon¡•On<nl by componen!. A• 
l<S!ed con1poncnts l>ccomc o-ail•ble lhcy &1< thcn 1ssemblcd 
in lo o <YIIem in on inl<tr•tlun prO<<"iS •nd I)'SI<m 1<11 Íl inili· 
oled. FinaUy, ofl<r >ome dc¡;r<e of independcnt certir.cation 
of <y11em func!i<on >nd pcrform>n«. lh< syll<rn i< dcsi,n•led 
r<ody lor .. -r~alt. 

Th< •he•< vcry brief IUmmary hu idcnliricd >ome of lh< 
ocli•iti<' thal ore lypico.lly undct!•hn in o >Y>tcm CJ<>hOn 
rrocc,.. Individuo! oclhities "' ~<l<ril><d m>y ovcrl•p. 1>< 
llcr•l<d. mer~cd, or no! undertohn " oll. Dori¡;n el on <l<· 
m<nt. for «om~le, moy l>c foUowod imm<dialely by o I<H 
imrkmcnlation ond pr<liminary pufo<mance evolu<tion to 
ensurc fc"ib~ity of • dcoiVl befotc ils imp~cotioru oprcot 10 
othrr pHI> of the >y!lem. ClcHiy, th«< •hould be o ••t of 
0\'<<>11 coo>lr<>llcd proceduros !o 11h o conccpt from th< fin! 
""'moti< <Y>Iuotion of th< rot<ntiol of on opplicotion fo1 
mcd.>nÍulion lO lh< finol ['ro¡rom pro~u<l n<eutin, in d<· 
fi t.cd h >Id~" re ur sofl '"" 'n~ ho rJ~·are < n•ironm< n t{<). 

4/ Moinl<n•n<t; Once !he S)'ll<m h"" l~cn r<l<>«d, !he 
mlint<O>n« pt<KC!.> b<~S.. F1u11< .. ·il! be obsu-.-cd, t<~O"<d, 
ond con<ctcd. l{ U>er rro¡;r<"';, ~¡ocked t•e""" of o foull, 
1 l<mpQIIr~ br~>< of thc f•ul:y code m1¡ l•< ou1hori1<d. In 
olh<r dtc.,mslln<<> o l<mp<>r>f)" Of pcrmon<nl fi• r.t<)' b< 
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, . .o m< or oll uoor lo""""'· Th< pormon•nl rOpo ir or 
orrh•• '" 

'
" lh< pro¡rom con lh<n tre hold ov<r furo now r<l<u< 

<)I>Oj< v 

o( 1 ~, '''""'· In olh<r '""'· ·' r<rnr.r><nl ch""~''"'ll be pr<· 
d ¡01 lnrrnediot< inol011111on by o\1 lho•• ronnlnJ lho •Y•· 

P'" "'"h< portie<rlot woi<H orlo>ptcd In ony in"'"" ,..m 1'"'· \ ..... O<rend on tiro n•turo ~nJ ••••rlly o( lh< foul¡, lhc olto ond 
dlrflcuiiY of lh< <hono< ro~ulml; lh< noruher ond '""''' of 
pr<>~rom ln~l•ll•lionl on~ o..:r or~Jnlfohun•. onJ oo on. Thc 

'"'"''" otnt<n w!ll hu< • profoond rmp,.·t un lht solO of 
syoL<m oomri"'IY 1rowth. on lh lil<·cy<ir '""'• ond on 111 
hl< uo¡euncy. 

obje<tivn. Tho «su!tlnl P><Udohieuichieolll;ucnrtt o! oelf· 
llobUi<in¡ •Yoton\0 indudei Lhc producto, c.h< proxe~>u, lh< 
cn•ironm<nlo ond !he orpni»lions ln>o!•id. Tho inltto<lionl · 
ll<lw«n ond.w!thin thc vorlous CONiilu<niS, ond c.he o•enl\ 
~o!Lern o! bcbovicl mull bo undollltood lf o propom prudoot 
ond !lo UIIK< ''"Lo be <ffo<ll><l~ plonnod ond mointo!nod. 

Tho or~onlu\ionol ond onvlronmonlol loodback." Unh. 
focu101, ond ""'""'l' 1ho c•oluliOftll")' prusutt lo ylo!d c.ho 
con llr1uln~ ch>np= pro-<O.,. ".un U u ll<Uolion holdo, o! C<Hir>O, 
for ony human or¡oniud ocuvity. any ulifloial oyotein. Bu\ 
oome lipificonl dolletonc<O "'" opuotrn in 1h< ..,_. of ooft· 
wott. In c.hc r ..... t iruton« thtr< is no tG<Im ¡, proJI11mmin¡ 
for impucisíon, no m.Ueobility lo occommodolt uR«rtalnty 
01 error. rrouommin~ io a mothem>ticol discipline. ln «lo· 
lion lo o >P'<Ifl~ o))j«tivO, o prcpom is tith« riP>l 01 wroni. 
once on inSIT\I<Cion ,.quonco hu ~<n f~.>ed ond unlen and 
unt~ it is monuolly chon~d. il> behovior in uecution Ofl o 

_pven moehint;, d<termined solely by it.s inpuu. 

Tll• foull• thot •ro f1<<d '" lh< m,.;nl<n>nC< Proeul moy be 
Ou< 10 chon¡<S u lemol lo tl.e •YSI<m, incorr<<l or inCompl<l< 
rptoifr<"ron, desi¡n or unplernenlolron <rror>, h.rJwvo 
<.hon¡oo or lo somo oombrnotion of rhese. Si.neo .. ,h uxr 
"P"'" c.h< sy>rem "' di!lerenl woys, oU inotoU•Iia¡,, de no! 
<>P<rien<t al\ foul.,, nor do I~<Y ou!onulicoUy opply al\ 
"'"""lo"""'''"PP~ed fl•es or chonges. On lhe <.>tht< hond. 
""''U>llOni h"in~ lh<ir own pro"'ommi.ng olof! moy very weU 
d"'<lop no! in•!oU lor:ili«d chn¡u cr syJl<m modHicotions 

10 suil th<ir spod!ic nt<ds. Thuc polcbes, inO<ttions. ot del<· 

110n. moy in lum cauS< now d•f{¡culli<> wh<n further inu<· 
menrol eh•nges ore rec<i>ed lrom lh< rnonulaotur«. 01 ol • 
lll<r dol< when o new ttl< .. < is roceived. Th< in<Yiroble con· 
sequencu of c.ht moinl<nonce proeeso appli<d to syolcms 
¡,il;illed for mor< \hon ono "'"· is lh" th< oyl!<m drifll opon. 
Mulliple nr~o"' Or systom e\emonu de><lop lo <ncomposs lh<­
••n>lions ond combinolions (~61. Sysrem <unfiru<olion 
'""""~<m<nl b«omos o mojcr los~. Swppo" onwanm<nt> 
pl]-(3~1 rhol automotic>..lly cCU<«ond mlinla¡n 1ot>l1<ti•· 

1ty reoords bocom< on '"'"!ial locl in pro¡.nmmin¡ prue<ss 

F. Lr[<·O<I< Planninrond MonOt<ment 

Tho precoding discuuion, while prc5<ntina • oimplifled view 

0 ¡ !h< ¡,¡0 cyd<. will hav< muk cltot !he diffrcu)ly oDocioled 
with cyd< plonnin1. In t<<<n1 y<on !his pmblcm hu <<«i•cd 
mmh ol!<ntion (57] , (58]. ,.. vorl<ly of ltehniqu., hoY< ~<n 
d<,.loped In ,m pro•< ostimolron of <o"· rime, ond o1h« <<· 
•curees I<Qoin:d for scfl~<>-1< dc .. !opm<nl and mo.inlenanco 
·¡~9)-16~). Tlm< l<ehniqu<S ore ""'d on "hopolotion ol 
roll ,.,..,;,~« ond rend l<> prodo« ruuln in !h< """" of 
o<lf·fulfolhng prophecies. In ~<ner>l. il hu MI y<l preved 
r<>>!rbl< lo devdcp t<chniqu<s lhot """'"'' projecl roqu¡r<· 

-m<nn on lh< b.,¡, cf objoc!ov< "''""'''"'"' of such oaub­
ut<S " opplicorion ~ompl<>il) ond "" ond lh< "'ork r<quo~ed 
ro <ro•l• o ""'foctcry oyll,m. T«hnrqu« ou<h u ocl1"'"' 
"""" 16~1. 1~6] •«k lo On juu lhio buo 1<> d•l< I>Ü sub­
o~<nti>licn (6"l] ond inttlpr<ral•on. M>JOf r<5o>r<h ond Id· 

""'" "' reqoor<d of ooltwor< <n~i"'""'~" lo be<Om< •• 
'""•~<Obl<" "' orh<! en~in<wn, d,.cop\m«. ¡hou¡h lundo­
rn<nt>lly th< P<<UioOI norur< ol sofP••r< SY"<m! [18) ,.¡¡¡" 

''"''YO lu•< ocftw>r< cnginrerin1 m> <111! .,¡ '" nwn. 

)\". l~wsor Prr<>•'"A" hO!\lliO~ 

.4. fwlulrvo 

Th< onolyus of Section 11 '"o<r>l<d "'"h rhe ~f<·<}·dc 
6<Kn~lion o! Sec<ron 111. h., indicot<d 1h11 <>olotoon r> on 

"''""'''· fe<db>Ü dn.en. prop<ny of soft~<>T<. lhr m<lo· 
o¡!l<m witl"n who<h o pru;urn <>OI><> ccnL>ons m>n) rnn•t 
ft<db>ü r<i>ho"'hrps lh>n lhOS< identif.ed obo,.. frímili'< 
r:.:'in"' of ou.-.i•o.i ond powlll r<1uh rn !ht <•<>lution of oubi· 
'""-"'' m<<h>ni>mo in <<~ro<IO< 10 M<ds. ,.,.u ond chon¡jn1 

4-6-8 

5«ondly. o aoflwaro >Y'l<m is aoft. Chan~s con be im· 
pl<m<nted usin¡o pencU.' popor. ond/or o keyboud. Mom>YU,· 
on« o <h1TICC bl$ l><<n d<sl~ed and impltmenlod on • devel­
cpm<nl oyslem il con bt opplied m«honóeoOy 10 ony num~t 
of ins<anc" of the um< •r•lem ,.jth01l1 fur<hcr sip>ific>nl 
physieol or int<Uecruol dfon ulln1 only <omputint ru<>Ur<<S. 
Thus 111< Umptotion is lo implemut chonl<' in c.he uiolin¡ 
J)'ll<m, ehon¡e upon chante upon chongo, ro1hu c.h&n to col-
1<« chong<> lnto poups ond imp\omenllhom In atouJiy now -· 
rnston«. Ao lhe numb<r of •up-erimpo5<d chong<S ¡ncre.,es, 
c.he sysl<m ond !he m<l"Y"•m ~como moro ccmp\e•, 11iff<1, 
more T<>i>llnl lo ch.nJ<. Tho coor, !h< time requircd, and lh< 
ptobobUity of on erronoouo or ~nnti<foclcry chon~o oll incroue. 

Thirdly. lhc nt< at whlch 1 ptopom '"cutoo. th< frequonoy 
ol '"'''' .,.,, inlcTOclion with th< openlinl environm<t>l, 
cconomie ond oociol dcp<nd<n« of Ul<mol ptoe<" on prr>­
pom <>«ulion, o!\ cou1< dtfic><ncics 10 1>< <>p=d. Th• 
'""llont pt<nure fct correction and improvomonl ludo te o 
Jysl<m nle al ohonJ< wilh o lim< ¡colo musur<d ¡, doys ond 
monlhs nlher !han in lh< yean ond deudo• 1hol S<Ponl< 
hardware a<nerotion>. 

/J. Dyrurm;«ond u .. r o[ fro¡r•m E>o/l<ljon 

The r<1u!tont evolu1ion of soflw"< opp<onlo be dnY<n >nd 
controUed by humon d«i,.on, m•no~mal edicl. ond prc¡:rom· 
mor ¡udJm<nt. Y<l u 1hown by <"<nd<d studics(68]-176l~ 
muour<> al '" "olouan d1>jll>y pott<Jns, rc~uilfi\Y and 
tT<nd• lh>l su¡¡:<>t on underly•nl dynomi<S that moy be 
model<d '"" """ for pbnmn~. far poo<e" eonrrol. ond for 
prorm improV<m<nl. 

On« ob""''" th< """""' lor lhi> une>p«ltd reoulonty i1 
'"il~ undcr>tood. IMMduol decilio"' ,., lh< Me cycl< el a 
oohware sYIIem conorolly opp<a< loeoh><d in lh< sy11em >nd 
in lime. 1 h< con>rderotion, on ,.lrich 1h<y ot< b1>cd appe~' 
rnd<pcnd<nl. Mona,eriol doe,.icns '" l>rgely lohn in r<lolrv< 
ilol>lron. cone<mcd 10 .chie•< loco\ <ontrolond optimitation. 
"'"""!,.r<d on '""" O<P<<t al lh< P'"''"'· 10rno phue of 
oy11<m <>niuhon. Bul th<" '"''~'"""• mod<r>l<d by c.he 
m>fly fed "·'• k O<l>tinn>llip>. produ<<S oveuU ryll<mo rtlponx 
"'hi<h;. '"'"L>r onJ ""'" Mrm.Uy diStnbut<d. 

In iU U:rly U•l<> of development o •Y•Itm " mol"< or 1<11 
ond<r lh< control of thoo< in•ol"d ro rl• onolym. <lcsign. ond 
impl<m<OI>I•on. As il ""· lhrn< .. orLing en Of w1th lile oy>· 
«m b<comc in<l<»in¡iy <onllroin<d by ,.,¡,., doci.uoo.>. by 
< 1ÍJ11n¡ codo. by uubl11h<d PTO<IÍ<<I ond h>boll of ""'" ond 
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/< ~OO!IUO lhol 11 ... ~ ond l~ol 01 o O ""f'l<n,.nlol/un ofiU 11'«;. 

ne.llon .. n .. -.. "'""' o•h" '"'"Y, und<o'""' '""''""'' <~>•••• o• 
l><<om"' P'"''"''"''' ¡, . ., o<eful Th< ''""''" or ~<eer r•••~"' 
<OOimU<o on1ol il lo }od1<d mooo <mi <rl<cli" lo "pi'"' lh< •••· 
"'" ~ith. '"""'. ,.,., •• _ 

11. /"""""1 Comp/o~l/f 

Al '" <V<>hln~ r•••.,,;, ;, «>nhnuollr otun,od, lu comple>ll>, 

"n"''"l dtOwo""'• "'"''"'"· '""'"'" unlm w<><k ¡,don< lo ""'"'"" "' ..•. , ;,_ 
111 T•< Fund•m<nl#llAw of hov•m ~-..,¡,,., 

P'"'""' nolutoon io 1ub¡1d <o o d>n•m•cs "'""" """" lh< p<<>­
""'""'"'' proe<u, ond h<n« m<a>Ut<l of olob>l p<Ojoot ond ""'"' 
""'bol.,, ,.¡¡.,.¡ul..tonJ "'ilh ol>llll><>lly <l<l"fn""bl' IRncb ond 

'"'''''"""~ . 
IV, C..n<<'<.ri<N< cf O-.••uolioh41 Stob/11/y (l•••nont ~'<>'! Rot<) 

Dutin¡ th< """ lif• ~ro p10JIItn thoalobola<t,.lty ""in, pro­
''"'"";.,¡ prtlj<<l lo'"'"'"""'' ..... .., •. 

v. c""""'"'i<>n of Fom/U..rlty (l'<"'""d eo.,.pl<>ily) 

Duti•l th< o<Oi•o lile or • pn>g"m the "''"" ""'""' (<h•"'"' 
odd""'"'· del<lion<) ol tl1< ••=ui .. ,...,,., ol on e .. lrinr pto­
'"'" " .... ~tio<oll, ........... 

1 

implcnoenton alik<. Local «>ntrol run•inl ,..¡rh people, But 
prO<<" ond oy<l<m·int<mal linh, dorend<nciu. ond inwoc­
liono eoult \he ~obal <hu<torUtieo oloyilem .. olulion lo bt 
~etermined by ot,anintion, pto«IS ond syot<m puom<l<B. 

or~anizotion<, humm il>letOctioou in lhe pmce,., re.ctions to 
'"'E<, lhc •it1My of propom c<><fe, all combine to yi<ld 
>l>ti>tic.Uy r<P~Iu bcluvior >u<h u thot obsc!Ytd ond meHUt<d 
in the sy•teml >ludie d. 

i 
li 
1! 
1 ,. 

the J,lobal lovel lhe m<U>Y"<m dynomia hove lorsely 
.en over. 
Sil>« the ori,U.ol ob>enotion ]6l], otudtU of pro¡:rom ovO· 

lulion hove cOntinued, bned on me.,u«m<nU oblained hom 

The fourth low, co~l<r>dion of arronizotia~ol ttoMIII)', >nd 1 1 
lhc lilth, cono~,..,¡;,, offomili~rrit)', repr<oenl inll>n<<l o! ¡1 
tbe obO<nollOI\5 whose ¡ener>liution led to th< tbi.td l>w. · 
The founh tell<cll the olcodineu of multüoop l<lhlobUiung ! 

o vasi<ty of sy>t<mo. Typieol eumpl" o! the t<>ultont modelo 
havo been r<¡>oM<d [69]-1721, [14]. [76) it><ludinJol5o<>ne 
detoiled eumplo oltheii opplicol!on to re lene plonnin& (77). 

lt '"' r<pe>tcd obse.,..ouon of phenomenolo¡jcolly >imUot 
bd•o•ior ond th< common int<'l'tcl>tion o( lnd<p<nd<nl 
ph~nomena, lho! led too .. ! of !ove¡,,.,, th01 h1'< th<mKI•<1 
ovol'<d "in•i,ht •nd undontondin~ h>" iner<ued. Thelowo, 
u cunently formubt<d to in< ludo lhe now vtcwro•nl emer;in~ 
from th< SI' E <i•mf•cot•on, U<"'"" in Ta\>1< l. Th"' <>rly 
d<'<iopmenl "" b< foUo,..<d in !9), !lO], [71). "'' not< 
tb>t !h< l>ws t.t< obma<ttom of ob>et>ed b<ho•ior bosod on 
>lotat•coJ m"odel>. Th<Y h"' no "'""'"~ unt~ o 'l'"<m, • 
project ond th< or~'""'''cno! m<UsYot<m '"~en «tablt<hed. 
Mo« d<ta.lcd ddcumon of thetr noturc andel th<ot techni:ol 
••d mon>t<nol imp\i<o!ions .. ;u be found '" 111],177), 
liS) ond ]77], ]79), [80), t<>p«U'<I)'. 

Th< flf>t low, "'""""'"~ ehonr<, on¡:m>lly Dl.l10),179l 
"pten<d the uni,.mlly ot-<er;ed f>c t th>t '"'' ""'~""" ore 
n<•<t eomrlcted. The¡· ¡u>1 eonunue to e •<>l•<. f ello .. '"' ou r 
nt"' tn.,¡:.ht, hoW<'<t, « fertnC< to lo•p ""' 1> no~ « ploe<d by 
the rhmc . "thot f<ll«t '""'' otñet r<ohty 

The J<<Ond h.,., "1<'<4/oOI e~mploll¡. could bt O<<n U on 
'"'""" of the .. cond ¡,~ of ¡b<nnOd¡n>tnt<l. h "'""Id >«m 
mo,. """"•bl< to t<ptd both •• inst>no" of >eme "'"'" 

odomentol ~•Nr>l lrulh. 

'"''¡_,d .... 
Thc lbtrd Jo.,, lh< f"~d#m•Mol lo .. <>{ P'~t'""' ••ol" tro~, " 

on th< ~""" of on .,;.,,~« tul<. 1t ob•'""' !h< ob><,..<d 
f><t tlrat lh< numt><r of d«i.!ion> dti•i~l th<pro«ll of <•ol"' 
t.ioc .. ll'lf man1 fe<dbock polh!. "'" eh"\.' and bolon<<$ o( 

OySt<mo. 

Sllbihl1. 
1 t io behtved lo odl< from otgoni"'t ion•l slti•ln1 for 
Th< monocemenu ~~ wcli•UUbhohed orpmLO.tions 

ovold dnmltie chanp! ond pllf!iculorly discontinuiti<1 i.tt 
grnwth 101<>. Moreov<1, the numbot of peoplo ond lhe in•<>t· 
menU in•ol•<d, the unions, the lim< dt]ayo in im~l<m<ntin, 
decioion>, all oponte cc¡eth<l to pr<'<nl >Udden or drUit< 
ebonl<. \\'id< llu<!u>tion• m•y i.n bet leod lo uatobili<Y &nd 
the br.,lup of '" or¡>nt>ation. 

l he r<>der m ay fmd it d¡f!icult to ac«pl lit< impheation 
thol the "'"''' <H>tput of o pm¡ect ;, <ndepend<nl o! tite omount 
o! te>ourc<> <n>ployed, thou'b th< unoe olntl\lllon hu >loo 
hccn 1ttotdrd b¡ othcn [SI]. Thr undotl¡·itt~ tntth io that 
"'""'"' of thr trro "'"'i~<Jcd, lhou¡;h •••tiot<d .,.¡¡h mlni· 
m•l '"ourcc>, ropodl¡ >ttfo<l moro ond more n eommtlm<nt 
10 th< pto¡ccl, 1nd th<tdore thc conscquenc<> of ••ceo" 01 

l>olur<, mcrea!C. Our ob,.f">tlons U form>hZ<d m thc fourth 
1•~ ~tnply tb;t thc """""'' thOl con be produ<ll'<ly opplled 
l>ceon"' J¡mnod ., o softw"< proje<t •tu. Tho mo~nitude of" 
!be hmit dependo on mony loctoa i.ncludit>¡: ottf¡buto• of !be 

totol "" llonme"' Uul1ho P'"''"" for '"'"" \<ad> to ¡nvr~t­
"""' to the po.nt wbero n "ueeedod. Th< projeot T<Othe; 
!h< OIU< of rnource ututotoon ond lutrher <hont<> bo>< no 
""ble df«t un real O><r>ll output. 

1\'hil< lh< lounh ¡,,. ornn~ from • pottetn ol or~om<>tion.t 
b<h,.iot, the (¡Uf, «fi«t> thc wU«t!>< con><quenee¡ ol 
the ehonetcmti<> o( lh< mony indt>iduolo .. ;¡hin lb< ot¡iníu. 
toon. 1t " d"euued JI 1<n1th ¡, 111]. Suffico it to '"Y h<tr 
th•l tho hw uiou ftom tOe nunlin<>r rcloti<>n>h•p b<t .. een lh< 
n\>p~itud< o! o •r•t•m ch•nJ< •nd the inl<Ueetuol dfort ond 
limo ,.quucd to ob><>rb thot eh>nJ<. 
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<800 Moduloo 
1.1 """mblrM .. III<.,.nU 
•JOMc.lulu 
16JO Modul<o 
O.JJ 
175 Do)l 

<.)y.,, 
1 0.7 Nodolo .. •or 
100 Modulu/tei<<O< 
<00 Modol<l/relen< 

" " " 
'" ,., 

'" 
" 
"" FrocHon chu111«1 o.n .. , 0.11 "" O.J6 

e"'""" '"' u~ 0.11 .. •• " lnt<miiP•••l 96 m '" "' m 
01<! modo, Cho~~¡cd/ Mod 7.9 •• 10.0 ' ' ••• 

'lol<><lult• th>l or< <l>on¡:ed ltl.,, ""7 In'"''"''/+ 1 ""'" .. lo,.. 
loo,. 1 or< couftlrd oo OM ~cd mo<M<, ;,.k¡><odenlly ofll>< ••,... 
boo o/ ella"'" 0> ol tl>f~ m..,UI..Io, 

The pr<•ioos sectiono h .. e emphui«d tht phenomonclo¡i<>l 
hnis fot the lows el prc¡nm ••olulion, indicaton¡ how they 
"" root<d in ~henomeno undetlyon¡ the o<livity o! poolfllm· 
n>in, ihelf. 

Th< ori,in of th< laws in individuo! ond ood<lll behnior 
m•k<> llleir imp><l en th< con..,uotion ond m>in!<nonce ol 
soft..-ore mote thon jo•l dncripticns el the ••oluti<>nary 
ptoe<Oo. The 1'"'' t<pt<sent prln~opleJ in ooltw>r< <tllinecrin¡. 
They "'• howt•<t, <l••tly not im¡nutobl<, os lo< eumple, ot< 
th< ¡,,.., of ph~oico or ~hemlmy. Sin« they ori>e lrom the 
hobo10 ond pncticu of ~eople ond m¡onizoti<>n<. thelr m<>dili­
catinn cr eh•n•• r<Quit<o one loto cu,.ide th< d11cipline of 
eomput<r meM< lnto th< rulmo of oodolo¡y. "on<>mi« and 
m•n•a<m<nt. Th< 1->wo <herdot< form on en•ironment withon 
whi<h the effe<li•tness ol pto¡rammina m<thcdolo,ies ond 
-monu<m<nl strotogi<l and l<chniQU<I con be e•oluoted. o 
b><kdr<>P og.oinu w"hich b<ll<t methodolo¡iu ond t<ehniques 

''" b< d<•<loptd. 
Thm 1mphcoucnt. !<chnieol ond mono,eriol. ""' been ptc· 

viouoly diS<ussod in lh<lot<l>tooe 13], 191, {111.1791, 1~0). 
In th< pt<«nt r•rer, w< r<stri<t th< di1Cw>ion te outhnin¡ 
.'n cumple olth< opplictloon ol <•ohlloen dYn•m><o mcdell 
10 ni< u< pl>nnin¡. 

and lhll ltom oth<t oyst<mo thot ¡i•eo uo conf•d<n« in our 
concluoicno and Pr<d«licm. 
Eumini~ <he O)'"''" dynomico u lmpli<d by m<><lclo d<· 

rivcd lrom the dOlo ond u illu>lrol<d by thc figureo, Fi¡. 6(o) 
ohc"'l th< con\inuin& rrowth el Jh< oyol<m (firollow) olbeit ot 
1 doolinin; fOl< (d<monotnbl~ duo to inereuin¡ dirflculty ol 

ehon¡e, """'"' eompleaity-se<:<>nd Law ). 
fi¡. 6(1>) indicotu thot •• o function ol rdeue soquence 

number (RSN) the oyolem ¡rowth (miasured in modul<>) hos 
been linear but with o ¡uperimpo"d rlpple (o olron¡ indicotor 
olleedbuk oLabiliulion). 

ft¡. 6(c) showo tb< net U.crementol ¡rowth per ,.luso (filth 
low). 

For l"}lll<m II'Chitectur<l ouch 11 thot o! syotem X, th< froc· 
tion ol l"}lst<m modules thot ore ch.ln¡td dunn¡ o tol<a.!< m•Y 
be ook<n no JfCW tndicotor ol oyotem compl<>ity. Fi& 6(d) 
ohowo thot oyot<m X comptnny, " meuured in thrS "'"'Y. 
ohowoon incrn11n1 uend (oecond low). 

fol. 6(<) io on eumpl< of th< ropu!<dly oboe"'ed conount 
o•uooe "'Oik rote (lourth b'"l-
fll 6(1) oiJ"'""" ho"' th< o•<rol< work rote ocho<"d in 

ind~>oduol J<INo<o. n m<oouoed by tht rato ol module chonJ< 
~chon~ed modul01 por J<l<l<< int<r•ol doy {m/d) osciil>tes, o 
petiod ol hi¡h oot< acti•ity b<in¡ fnllowed by on• or more in 
whoch the o<h•UY 1'11< 11 much 1<>"'<1' (third 1->w). 

Fin•IIY. h¡ 6(d ploto th< rele01e inter"l o¡oinol t<l<i" 
'"~"'""' numb<r. ll h., b«n Ot&U<d thll releose int<r>ol de· 

B. A Co" Sludy~S)'I/<m X ~end• purely en mono¡em<nl ~cmion th•t.., itS<If b"'~ on 
JI H• Sytl<m ond ltt Ch"'"'"''""" S~ltem X U o ¡cner•l "'"k<t <onsid<l1tocns ond technicol nptm of lh< t<l<u< 

potP<»< botch CP"""'' ""''" mnnin' on o ""'' of ..,,. eontcnt ond tn•II'Onmtnt. D•l• oueh u th>t o! Fi,. 61•l >ndi· 
eb•n<> Th< ei¡ht«nth releo>< (RIO) <>1 the ·~mm" opc11- "'": ho~e•u. th>t th< leedboc); m«honi•mo thot. omonpt 

. uonol in "'"'' ten o el onot>llo 1 ion> runnin' • '"'" 1~ ol ..-crk ot her PI<><<>> ollnbot<>. oho c<>nUol th< r<l"" int<ll •1, whol< 
to•J• The nin<t«nth rd<>>< ( R 19) "ob<>ot lo h< ohipf'<d. -- -;n,ludint """''" doc.,;.,n l>kin, pr<><<>S<<. "' opp>r<ntl~ not­

Tobl< ll ond Fi¡. 6(ol-(') pr<o<nl th• ""''" ond «l<o1< domina!<~ by them. Al o <on><qucnu, the releo>< internl 
"" ond model> o>oUoblo fot the purpu><> o! lh< pte>ent polt<rn i> >ulfoci<ntly re¡olll te be mod<l>blc. ond i> '"""~ 
u<rm< 11'< unnot, bo,..o~l. pro•i~• her< th< d<tooh of ><•- coll~ pltd•<Ubl< onoc enoo,h dOlo poinuh .. e be en eoubli>l><d. 
t~ti<>lon>lyoi> ond mcdcl•ohdot!On ~nl.bned on lh• 2} Th<ho~ltm· J,lr<Od~ ptior 1<> the compl<llon (ond t<· 
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TAHI.E IV 
·-.. Mnl>lm.o k u.••" :0 (:"""~' 

, .. , ... --- -----------
"''' aopob jlorjworo Jupporl 
,,rormonco 
I•P'"""'"' 

., . 
·~ 

Rouoo '""'' ......... ---- ---- ---
,,,,..,,11 or buo 
Mo .. uuo l'wdud"' 
lnmll- bu\ do ""' 

onnun«. 'A'oll 1>< 
ourlobl< lO'"'"'"' 
0<1 ITli ptrlormon<< 
dotmcnollon ¡, R7l' 

T• ,..,.,; .. "''' ""' 
np<>•ur< 

• ·1, ¡, 

'·' 7. 10 

le, !, l. 

"'''"";al th< ••ry leos! !he numbor ol .. P••ted fauhs 
(Toble Jll, i!tm 2) is lik<l~ la pro•• •• un~erc•limotc; 

4) !he aboolute Q« of lhe ITS'eompmientond theUbt<d 
iflcT<m<nlo.l qslcm powth W..uld r<J>r<I<O! 0 ml.ior 
cllallcn¡c nen on 1 clcoD bue; 

J) thcr< tre ind>cOlions !bol thc fTS aopecl of lb< J<J .. se 
d"i¡n is jncompluc; 

6) chanl< ,.,, nc<do for RlO ore not lik<l~ lo pro .. o 
sout<< of probl<ms; 

1) nor ·,. th< demond for otloinmcnl o/ o noxt tel<a>< in 
<ilh<<en monlho. 

TM followrn~ r«ommendllions follow; 

1) iniliole immediorOiy on inl<n>ivc ond deto!l<d 10eumi­
nalion of tll< ITS de•iP ond in lnrerocuon wilh rhe 
11'tnlinder of Syolcm X: 

9) from th< int<¡,.tlon reoord• of R 19 1nd b~ comp11;,on 
wirh rht 11'cO<do of udiu r<l<asu. mokc quolity ond 
ertor tal< m<><le!o ond obtoin o pro¡noili for R19 ond 
on improved eolimtle for R20 correcrion oclivrty, inre· 
plllon ond trror rote models hove no! boen consider<d 
in !he pr<sc:nl POP<f bul h .. ., been edenlivoly arudr<d 
by the presenl ourhor ond by orhoon 1 8~ 1: 

JD) '"'" lh< bu>inuo con .. quenoo• of, on rhe one hond,l 
rhppo¡t of ene or lwo yc•rt in !he releo" of ITS ond on 
tito other .• poor quolit~, roor pcrformon<e roleue ,.¡lh 
oolippOJ< of,u~, oome monlhs (due ro oceeploble .. 0 rk 
"" but <'<C<.!ÍV< IIOwlh); 

11) rn the obO<n« ol PO>~IiV< indicllion of • pot<nllol for 
mojor devrllions fmm rr<>rou• dynomic chotocleri$1i<> 

01 lh< .,,.ren<'< ol o rcnuine b"''""' n<cd rhu" mo" 
preWn~ ''"" the fo=o lh•t c~uld '"" lrom • poc~r 
quo]riY produet.obondon lhc P««nl plon; 

il) '"""~ r<d<>i~n l'l<a>< 20 te yrcld RlO'; 1 clcon. ,.,)1. 
!lrtiCiur<d, b•" on wloich 10 build on ITS tdcu<, R21 '; 

'1)) «nl.U><Iy "'""'"""'"o/ 9 monr~und 15 monlhl 
"' p1opo><d lor R 20' ond R] 1", r«r<<B•<Iy ·, 

101 ~ll' •hnulrl be o r<Wr<l<d r<I'O>< for rnrl>llolron rn 

"'"''" '"'': IJJ rt ~oul<l b< lollow<d .,¡,., 1 yeor by a s<neul r<l<a>< 

R2!'-

1¡ R"cmmrodOiianr-D'!oÜ.: A••umint th.r rhe lurrhcr 
,_,.,,~.,;00 " p<l P•IIJJ>Ph< 8 10 10 ol Se<lion \"·B•r r<rn· 
,_, th< conclu<rons r<><h<d. thrce "''"<' '"O U Id h,.c te b< 
~(.,r4_ We outlrnc hct< propmololor-R20' ond R<l'. Thc 
,¡_,j, ~¡¡' •rll be • clun-ur bol rls conl<nt c.>nnol be iJcnti· 
~ ¡, d<ll~ unid 1 lecl lcr lhr perforniOOe< ond t<neul 

101l ' 
'· \ 

' 
TAlLE V 

Moo""P RIU<It l'O S1.,1ITOO (flo" T•O<r 111) 
>H Oon""' P01oorn 

=n-=----==--=-=-
111m "''"Modo. 

R .... ..,;-
Totol n.,,.. . lluMirll; 

1'ulol ... -- ··--· -· ... - ····---·· -· 
' , , 

'" '" , • , 000 '" • " " '" liH 

' " " " 111! 

' ' " " 1147 .. , M '" "" ' ' .. " 1<11 

' " "' "' '"' " " "' "' "" 
qualily ol 11.21' h., deffioped. Thc dcloiled onolysiJ ill<fl11 
an <>ctci>< ro thr readet. 

The inh<,.nl prcbl<m irl !he d<siln ol o he ITS rcleooe is lh< 
foc! !bol 1be componen! ho 1 o siu olmos! lwicc <he muimum 
r<<ommendod incr<m<n!ll¡rowlb. MorooY<r, wili. 1he poui­
blc eoceprion of it> I<I<C:Ommunicoliona aupporl (Tibie IU, 
il<m Je), nene ol lb< componen! ouln)osloau .,0 u!d ~¡,.. 
uu1e uposu« irl rhc oboencc el the othen. n..., o cJoan m 
~<leo se: connol be oohie•<d cx~pl by r<l<uin¡ rhe componen) 
m on< fell '"O<lP. Similorly, dynomi< llonse mlnlt<m<nl 
(OS"!) is <>¡><ned ro "'" le11in¡ only •hen lh< JTS foality 
is op<ro<ional. W< moy, howe.er, rn.,sliSal< \0/hetl>er rhe !el<• 
communic.rion locilit~ (3<) wrll be us;¡bl< in eonjunction with 
the RJE l><rlny. ítem S. lf ;¡ is, !he re will be ocmr 1d,.nto~e 
to be ~oined b~ rcl<.~sin¡: 3c ond $ b<foJ< !he remsind<t o! ITS 
ond DSM. 

Strielly sp<Okins. Frt:. 6(c) ouuurs lhal R20' shou.ld bo o 
v-cry lo...- conrent JclcoS< d<dico!ed lo o~l(em cl<an-up onda-
11ruelurin¡. Bur lhe oís precedin~ r-.:l<>><O ..-ero •chio.cd with 
I>Cfl'< ch>n¡e role> ond, lrom thU poinr of ,;,,., did nol 
O! res. the p•ooeu_ Thus, il R20' io olso on '""'' nte <CI<I«, 
il should no! c.au" problems, ond h wou]d oeem 1 low ruk 
otnten ro include R20" rn oll lhooe irems os In T1bl< IV, thot 
\0/ill oimpJify the oubuquenr <rcllion ond in!<Srolion ol !he 
exceui .. ly l>rJ< ITS rclu ... 

The lisl, in priori! y crd <1, ol lh e n<w propoul oh o'"' 1 m ni· 
mum iner<menul ;rowth (J S9) ..-ell under overa¡o. JI ;, o 
malt<r ol ><>me jud;mcnl ond .,peri<n« wheth<r ir .. ould be 
"'"' to deloy llem l< wrlh S8 nc. .. moduk's ond il<m S wJth 
~1 lo Rll' the«hy ochinin¡; lhe >ery ¡,,,. conl<nl rcl<•s• 
menroon<~ oh""· l<'irh rlre mlorm>)ron l><furo rhe r<>d'f rl 
io nor p,.,,.Me lo •••ol•< ""' qu<stion """' oddnionolrnfor­
mii>On. ol lhe vcry lenl onswen lo rloe queotions roi"d in 
Scetion V·B•¡;. would b< rcquircd, llowe•«, the d<m< to 
monomi>< R<r' Problem• suu:«ll lh< odoplron of th< eom­
pl«< p!on u m Tobl<s IV ond V. 

In '"'"ing ochrcvo blc rel<>!< 1Hiervols f or th<O< rclurco: "'' 
b'"' our c<timater only on llr< onodulc ch•n¡o eount 1nd 
chong< ni<- The <Dn>trornl> on lhc p«S<nt e>ornple do not 
r<>mot lh< fu.ll •••lnO. "h"h would con..,der mo.Jcl> bao-ed 
en Fr¡. M~). ond 11~< rnlo >«ounl •ddrl10n11 d>lo. Al )0 
rn/J <h>BfC "", ;., pl'lnontotron ol \he «>nlpl<le p!on >PI'<i<> 
ro r<qufl< 75J.d>y> ... Y 9 mcnlhs, ... n.,,,. ncluuon of 3e 
ond S .. ould reduce lhc pr~do~red ¡;m, roquircd 1<> r.om< .., .. " 
rrwnlh>. Th" r<commcnd>lion connol b< l•k<n lu"her with· 
our more inform>tron of l>orh > t.chn;._,l ond 1 m,rk<lrn, 
norure, >nd •n nomin•rio• cf other in~«••' ll>odd•- llut 
!he nced tor 1 <1"" bu< 1·-• Rll' '""""'" odoption of rhc 
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mulmum oe<<pUbl< td<>>< intoo .. l. Rll' .,¡n now incluJe, 
11 lb< v<Iy lnot. ITS (<>«PI )o) ond OSM. Tbio involveo ol 
luol 920 n•• modul.,. on Hcuoh< JIOWib thot cuno\ U>e· 
lully b<: lunbcr •Piil b<:tw«n h•o oo more n:lnO<I. Assu,.. 
inJ 1 chanl< ltt<tion ol, uy, 10 f'<lr:<nl (FiJ. 6(d)), olo IYI· 
1om lbat io <•pecl<d lo contoin S9JI moduieo, we <<timol< 
1 loUI o! 4"1.00 ch•nJ<d modol<S in lb< rtleo><. m>RY wllh 
multiple chonJ.,. Since \b<te will now "'"" b«n '"'" neot 
o><riJ< cbon¡<·lll< rd<OO<I. 11 ,.,,;. poosibl< to pbn lor o 
cbons• ni< o! l S-20 m/d, ~iddin1 a rotenliol tdeoo< inl<rvol 
ol und<r 9 montbs Tbat lo. it would oppeor thJl, by odopllnJ 
th< n<w otrol<l)', oll ol lb< origino! cbon¡eo ond oddiliono 
could be o<hir:ved in obout tilo: .. me time. bul much mo"' 
<e\iobiY. More comp]<l< onolnis. howev<r, bu<d on •ddi· 
tiono\ dau, utber modelo ond uUn¡¡ lnto occounl lb< sp<ci•l 
noture olth< 1<1<>><> mi;ht w<ll kod too r<comm<ndotion to 
incru" tbe combined relea" int<r>al!o,ooY. two yeoB. 

A furth<t quo\ilicotion muot oloo be odd<d. As rropoo<d In 
lb< l<>i«d rlon. R21' will otil\ b<l rclc.,< with exce .. i>< in· 
crem<ntal growtb •nd io !he«lmo lok<ly lo yi<\d •i¡¡nificonl 
problem~ The odditional loct thol tho <•idencc indio>tco in· 
comrkl< plonnin,. r<infor«s oon«:rn ond uf'<<la!ion ol 
uoubl< ohnd. l! is tbordor< olso recomm<n~c~ lhot R1!' M 
onnouncod "on «r<rim<nlol r<l<>S< !or npmure lo usag< by 
o<lected uscrs in a .,,¡.,y o! en•ironmcnn. 1t "'ou\d b< !o!• 
lo.,.<d olt<r on intcr•o\ o! p<th>ps on< y<" by an Rll', o 
ckoned up system. suitob\e lor lurth<! nolution. ' 

¡) Fioa/ coro mcnu: Th< pce\;odin, ''" tr~n h" rresentcd a 
t~itiqu< el o plan. ond oullin<d •n oltern>li'< wbich i> bdic"d 
t«hnico\ly more .ound. Th< "" ccnsidcrcd io b>Kd on • ru\ 
,¡¡u¡¡ion. thou¡h in lb< ob""" of comrl<te inlorrnotion de· 
tail> b¡>< hod lo b< ln"nted. llut tb< <lot>i\s ore no\ importnnl 
sine< thc objeollve hl! b«n lo detnonslnl< o m<thodolo¡y. 
Sefl>.,r< plonnin¡ con and sheuld b< bu<d on pro«ss and 
snt<m mcnUI<o ond modols, obtoin<d ond mainloincd" o 
continuinK process ><li•lty. P\•n• must be reloted lo dynornic 
ehon<l<ti•lies of lb< pto<<>S ond ontom, >nd lo tbc slali<tir:s 
el chon,o. llY rootin1 lb< plonnin1 pmce,. in f•«•.fizu,., 
ond m~d<b, >ltomotivco <>n b< quanlllati•<IY eompored, 
deci>ions con~· rebtod lo r<>lily •nd fis<s can b< c•·oluol<d. 
Softw•re p\onnin~ "'"" n~ lon~cr b< ¡,..,,d >uldy on ,pporont 
busin<u n«ds and '""''1 <onsi~<rotion<; en mona&<ment'o 
k>eal p<ar octi" >nd intuition. • 

VI. C'ONI"LUS!ON 

This ¡"1"' mion>lhco th< o.iddy h<ld ,;, ... , lir>t "P'""d 
in Gormi><h 181). thot th<r< is '" "'''"' n«d ¡.,,, discirlinc 
o[ soflw"< <n&in<<rill~. 11'1> >htnold f-.dit."< th< cmt· 
df<eli•c pbnnin~. d"i&n. «on<ltU<tion. >nd nl>int"""" uf 
dl<eti'< pro'''"" tl»l ~·o•iJ,·. > n~ lhoo> <Ontinto< lo prmid<, 
-.lid <olutoon< 1<> <l1ttd (ros»bl)" ,~.n~in&) r<otl•m•. or 
s>tisf•<tu•Y ill•plorTunl>tior.s of (po<SILiy <h>n&inE) comrul<r 
>l'Pio<ations. 

follo"' in& > ~riel di,cu.,ion ~~ th< n>l ur< uf conopu l<r UU¡:< 
and of th< pt<>G<>'"'·Ih< r>p<r intu><:lu<ed lh< "'"' SPE d.,,;. 
lic>lion th>l oddr<~>eo th< """'"1 <>olutiun.,y "''"" of 
,,.¡""' t)"P<> ur p•OG""" >nJ ""\oli•h« the <>i<tcn« ni • 
<l<lerm inint IP<<• fi<>l ion '' lh< <'ll<r ion lor no o o- o\ u rion. 

In the <u~O<~u<nt M«<>ISicn ol lh< <On«pl!. ,;,nrr.c>n« 
>nd pi.'"' uf th< pro¡:l>m t,¡, <)<le. no dct>•h or hl<··)·cle 
pl>nnin& >nd """"'~<11\tnl or.odds. 3> such. hi>< b«n in· 

,luJeJ. In P•rloculor, "'' '·"' • ''" ''"'""<d ""''· "" 
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oOute<. ·~~ tcli>bilrly molklo lUI-IU\. Arrwoc~eo to 
Pro<•" mo~<lin1 bos<d en contonuouo mod<lo i7l\, (?S\ ¡,., 
olso no\ been in<ludod, not hu th< vltol !opte o! solt"''" 
<ompl<olty 186\-119\. 

R«<>&nitina lhe intrinsie naturo of proJI>m tbana<, the 
lawi lhat •rr<or to ¡ovcm lb< dynomico olthe evolutio~ pto­
cus were in!roduced. AmoOJ !~<ir other implication>, tite 
lawo indico!< lh>l proi«L p!1no musl he rolo¡ed lo dyn>mit 
ch>!lct<ri<lir:s o! th< proecss and oy<l<tD, ond lo th< otolioti<> 
ol choRJ<. Sy rcotin¡ !he pl>nnin~ procou in lacto, flJU«s, 
and modelo, olternotive.s con b< quonlit>Uv<ly <ompor<d, 
dcdoiono can be r<lot<d 10 «•htY ond risko can M <volulled. 
Software plannin¡ m1101 no l~nr<t b< b...,d ool<ly on oppo,. 
<nt buslnus n<cd• ond muket considctotions; on monoge. 
mont's local r<rop«li•< ond intuition. To il\mtr•l< this. we 
h"' indu<i<d o bfie( <x>mpl< ol th< >pplit>lion el evo\ution 
dynamla modelo to reltooc plonnln,. 

Mony of the concerts ,nd t«<bniqu<S Pr<"nl<d in lhio 
P•ror <ould lind wide oprlicotion• outsid< th< >P<dlrc "'' 
ol softwore >Y>Iems. in other indu>lrics. ond lo soci>l ond 
<conomic oysl<mo. Unfortunol<IY thol !bome connot be 
PUrSU<d h<r<. 

ACKNOWI.l.OGMENT 

Fint ond lorcmost. th&nks tnust be «t<nded lo L. A. lle\ody 
o eh>" cro\lobototnr lor ;lmoslt<n Y<>rS. M•ny other1, portie 
ubriY <oii<>GU<s ond ""ociot<o ot A LMSA. 1!1~1. lmporiol Col 
1•&<. ond WG 2 J I\OY< contribut<J lhrou&h their wmm<nt, 
qu<>tiono. critique, >nd orl&in•l thoc&hl1. Al\ of them d<!e" 
ond J<c<iv< th< outhcu's E<aldu! ocknowl<dlm<nloand lhanl 
lor th··i• indhi·h"l ond ooll«ti>< <onttibution>. Tho autho 
would "'e lo <in,lc out rrof. W. M. Tur>kl lor th< mojar oor 
l<ibution he modo on h;, r<.cnt visi! lo Len don. Also. ""ce' 
lhanko lo Dr. G. ll<nyon-Tin~<r. Dr. P. G. 1\artison. ond Dr. ( 
lonu for their d<tailed ond <onstructi .. critidsm ol on ur\ 
draft el lh i• P>P<r and R. Bor\cy lor bisortistjc >uppor1. Finan 
the •ulhor would \rkc lo "'nowlodge lh< constontoupport'< 
bis wil<, without "'hich n<ilhor \he "'"'" iU<If nor tbi< P>P 
wou!d h•>< boon poiSib\e. 

'" 
'" 
'" 
'' ' 
'" ,., 
'" 
'" ,,, 

l. Coldb"l• >d. In P,o<. Sy~p. Jli<• Cotr o{ Softw«< (N., 
.... .,.,., •. S,>oul. Monl<r<Y. CA). Ol,nlo h,>. CA• SRl. 101 

r,. ••· 
M. "· Ukmon. ••n., '""'"""""' of d,..;O" m<Ot>odolou. •• K< 
.o<• AdO""· In hoc. S1mr Fo,m•J O<tj¡n M"""""'"tY. T. 
<'••. fd. fl"oo•b•l•"· r.ntl>od]. M<. !919. Hodow. Eool., 
Sl L coo .• •••o. nr. r •· "· 
- ................ '"''"'"'"' ............... '"'""'' s ... , 
'"' A>< "'"·· ""SI<unu .. d onhwm •••"•P"''"'·H •.1. L Wol 
t d .• •ot. >. ro. 1 <l- ro l. t91t. 
W. A. \'MI. ""L""'"'" or.d >'••<lur<J roo¡,n'l."" In C,rn 
T<cnd> In /"'"''""'""" ""''"""'"'Y· n. T. Y<k. ro. Eno 
w'"'" e''"'·"''"""""·""'·''"· rr- ''·•• l. A. 8<!odr. ~d .. ~"'c. u;r~ Sp«óol J¡"" o~ Sc{hw" C:ntln< 
••<. wl. H. S<~l. t•oo. 
1> w. ""''m ··s.,r,~,,. '"''""''"':•¡c:rc: T""' {''""""'., 
\"·><.rr ''"·''''· ""· '"'"· 
W. >1. T""''· C<>mp'"" f"'"<'"'"'"'"' M<!>oJu1o"" lond 

'"'"'"'· "''"'"· '""·'""ro. •. n. w. ""'"m· ""Soh~•" '"''"""••-"' '' ~:· '" /"«><. 
In< Co,J. Sofl-" C:•rin«•l"' <"••O<h. G<"'""Y). pp. 11· 
s'"'· , ., •. ¡ll u: e"· ""· ""'" • ,..,c.J 
t.. A."''"'''"""· M.'·'"'"'"· ··n•"""'"''' or '"'' 
" ""· · ;, ""''"'' "'""'""' ,., Sof•• "' r '"·""'""• o·. v. '' 
1 O. C•m""'''· ""''M l. f. "'"• ""· P'" 1. <n. l.""" 1 
"' ~'""""""~ "' '"' T<I·S«•><•> C•mmO"" ol oJoD). "" 
""" c~J "''""" "'"""'''" '" Sofr-«< T«'·""'""' (O., 
Voi,m"'. "'"''"'""· "r). U". rO· 1 7. r 977. 
M. M. \ '"""". ""l"••t""''· "''"· <1 "'' '""- L;m,,. ro o• ""o 
'"'"'""' l«o "". "•> r 4. 10 1<. ICH "''"""''' 1 "'"" S< 



{ 1" 1 

'"' 
jlll 

poi 

p!l 

poi 

' '. 1" 1 

poi 

'"' 
1101 

'"' 
'"' ,,, 
1" 1 

1" 1 

'"' ,,, 
l>lf 

1" 1 ,., 
1" 1 

'" 1 

ll' 1 

1>1 1 

P•l 

'"' 

... _ '· "'' ' 1 1 .,. ' '9lQ- •• " ·, ..... '" '"''"""""'' .,,,,..,¡ 
010,., 0 "''"·>.J. N<~ v..,,, So"''"'-"'""' 1>7U, ro.•>- J>ol 

.. ' ' -. :·o• """'""" ... ' ''""· ... ~.•~• '"'' ,, ... , .. ,;.,, '" ,., •o 
b 1, ,.., .... Jol<-<><o.:· J. Sn< Mr•-. ••' '· "" '· rr-
,;, 1JJ.noo .J' _..1••1 
" ., .1~""'· "N'"'"'""'" su.-''"'"~""'""'"'"'"'''''. 
c.,,.,.:""l><o c .... , •• ,_"""'"'''""'""' S<"""'"" '"' 
"'""' Un" of Lnndon, '"""""· > nol•od, 0<1, 1 O lO, 1 rr 1•> 1 

~- 1.. (IOO<I, 1<, l'>o<o<h. ~- I'<M><<, ood H .,,,. .. ,, "Nol<o on <'< 
,.#<I·C'I" ', AO o•¡Uot of o l<onofo, ... t.on .,.,.,.,.. T\!04-IN I"Q. 

, 1,, '"''·u"':· "'""""-•' ""·''"" 1<>1 
J '"'''"''""· '''"''"""""' ""'"'"'"'"'""' "" '"""""''"'". ,~d '""",'' C<P'<P"' iJoll., '''· 1: ""·"·ro. >l-l<, o.,_,.,., 1"1 
H. A. 5 ,,.,.,, Th< S<"""' ~f <h< lo•"fláol C ......... , MA: 
Ml-T·I'<m,lt.t,lllpp_ 
" A. [).,n"ln, JI.. l. lopono. ••• A. l. ""•1~. """Sn<LoL "'"'"'"' 

0 ~0 l""olo ol ohm.,no ond p<oo,.mo."' Co"'"'"" "'" Con•P•< 
........ '"' "· ""- '· ··- 111->00, .... ,.,., ••• ""· "· 
••-•••·••o. N"'- ont. . . 1<>1 
c. A.~- Hom. "JI.o ... w oro .. .,, •• Dom""'·U•••• ••• •~·•~·. 
.,._.,, ""''"'' ••• ,.oofo of o•o~•mo '"" ,..,.,,,.._.., AC .. 
C""'""' IUv., ool. "· oo, O,"'· no. lO'"'. P- U<, Aoo. lt70. 1••1 
E. W- ""'""· "A '"""'"'"., '''''""" to lh< O<oOiom or r••--- • 
0,..., '""'""'",'' No.-d/.0 7Hmfl f<» lnfo"""'""' S.lwndll~, lO? 1 
S_,M, vol. 0, PP- 1'"·100, lto•. 
C. A- M. H.,.,,, "Ao o•lom.,;< OooLo f<>< <~mP"0<' Pml""'"''"<•" e--·• A u. C...poo "'"•-. •ol. ll. no. 10, ••· >1o-Ul, 
o. o. nn. 1411 
J)_ L l'"n", "0n lh< .,,..,;,lo Oo "'"In "''""'""'''• "'""'' 
'"'" modul,.," Commun An Compul. "''""·· •ol, 1 O, no. 1 l, 
pp.IOO>·IOn, ""'- 19'2. 1491 
N. WLnh, "r"''''"' dov<lopmool •• t!<owo< ''''"'"''"'·" e""'"'"" An e_.,., Mor~>._ •ol. 1<, ••- o, A.,_'""· rr-,,.n>. lool 

E. W- l>oj'<uo, "No"o "" "'""""""'"'""'"''"'·"m S<"'<· 
"'~d ~'<•W•m"''"'· O. J. Dohl, t:. W_ ))"'""· ond e A."· 
H,,.,,Edo. ~~~~.,o:A<•d<m;,p,..,,,.,, ... o.... IS>I 
... -"- '"'"'"• P"""pl" ofP,,..-.... o..._.._ london, Enol••d' 
Aud .. not ........ 197$,1.. •• 1"1 
~. *'Lnh, "Th< '""""'"A"'"''"'''"""""<'"'''"'" ••<'· 
h><l 0 ,,.,,.,...,;., ''"'"'"·"'" l'•o<. s,.,.,._ l'•o:'"'""""' 1"1 
~ ... -., ••d Poo''""'"''"' M<t>od• {Sydn<>, A"""'). J. 
ToM<, ~d. lo'"-' H .... Now Soulh '"'"" AA>C, 00'9_ 
B. uoko• o•d s. uo.,, """ '"""""''"'" to ¡..,,.,, ,,..,;,,.,,,., IS<I 

"' •••• '"''""'""·" '" CV.••• r .... ,. ,...,...., .. "'z "'""""-
~~·~~. ool, O, Sof!-« Sp«-1/i<orioo o•d D"it•, K. T. Y<h, lO. 1" 1 
hJI"•«•d CHfl<. NI' l"tonto«-Holl, lt'7. rr. l·ll. 
C. Ion<>, S ufo-.-. Or ... lop'"<OO-A N"""'"' A,,_,., bolo• 
"""'" Clolh, NJ • "''"""' 1!•11, 1 ••o. 000 OP- 1 ••1 
M. Sh>w, "10< ;.,,..., bf oOouo .... o <•n«<noon mOO<o• ..... 
................................. "19·1 J30. 
M, ... '-'""""·"lb< fonn<I-A '"'""o"'l <honn<l," \mf'<<itl 1"1 
'"""'· Uop c•moo<ino. ""''· of '-"""""· ""· "'•· 7112•. '"'' 
1977. 1< oo.,ond/BM T"" Dmlo'"" Bull., 1010. 
o_ '- Oohl, >:. "'· o,,,,,.,, on.J e_ A. N. H ... .,, !'"''"'"'d ,.,_.. 

1~--;.,, No~ Y~"' A<•".,'"" ,.,,u, Jt7>, "" ••-
~- c. u.,.,, ••• H. P "'"'· "On lh< "'"'"""""' of b•IO, Uol 
.,¡,.blo p<~l" mi," In Cl,.,.on¡ 1>-ond< •• l'rot,."'"''"l M"Ood-
~·•IY• "''· J, So!J""'" Sp«•/lcooioo ond D<<~•. k. T. Y<",~·-
Enokw<o~O ('Ji/lo, NJ' I'HM"o-HoJI, 1 071, PO <10-J )9. 1 <OI 

M, M- l•""''"· "'OS-VS>•>1VS '""' <>~o• "'"'""'~•" Po;,.,. 
'""''""""'"""• M "L-10<, 1 ) oo. _..,., 1 >, < '"· 
T.~-""'"'" ond J.~-"'""''· "An '"""""'"""In'"'.,.. loOI 
,,..,,..,-, wn•"""'"·" '"ha< Jnol '"' Cnnf Sw•~•« 1-•" 
""""' (~on 1 """""• CA) O< o 1 o>O. (le> E C><. no_ 7<UI· 
,,,..,~·.o ... ••"·••-•••·••• 1 
A. F- H•""'"''' R. W, .,,Cwllm, A.~- [h.,lon. 0 ~- T•••"'• 1011 
'"' r. N.,.,,_,,,,., -cAnr.s-s...r•~• .. "''""""''" ,., ... 
'"'·" ~"" 4<h 1•1 C<>n! SPfo-.-. f•J••«•mo (Muno<n, C.o. 
'"'"JI,'''' 1?1t, (l[tl-. CoL n9 ,.l'II-1079->C,Soot. 1010, "' .... ,,,, 
1. ~- bu>tun, "~'"""'"''"" '"' ""A ,...,,,_.,,,1 '""""" 
••·•••~•"•STON~MAN."' U S- D<r ol ''"'""· """'"''""• Ull 
oc.••••·''" ••••-
'· l. B•IJ. D. C. b""'·••O "· L Dy,.,"An"tonOob<<oPr••"" 
oo '""'""'""''' ..,rtwo<< "0""'"''"" '"1'"'"'"<·" IEEE 
T""' Sol'"""' E•t .. ••'- SI:-). ro. ••· >•. ''" ,.H. (lll 
... ~. Alln"l, "S..II~o" '"'"'""''"" '"'""'""1 m"hüd.ok>O• 
1~,,., 1 ., ,., .,, •' •-:· ·~ 1''<><. cn .. ~.<.oc "· .,_ ,,_,,_ 
1>•• 10>1. (IEFI:Co<.n~_>aCHiliOlC.I -1••1 

o H<•••l"· "Sf'<<ll""l """"'"''"" '"' '""'"'" '''""''' 
~·~ '"""'•"" ••4 '"'" ·•~'""'""·" •• "'"' s,.,,¡r.,.,, ~r 1•>1 .,,..,, Sof•·- e-¡, po 1·14, ""· 1019, (lllE C><, no 
1<CK"01 OC,) 1001 

•· T- ~··· ••• •- t. ... -s,..nr,..,, ~-·- ''" ..... ,,..,.,,,,.,~ 

~-ó-16 

i .. , 
'"-·1'1'· ID'7·1DO'-
w. 1'. ~".,"'• G. J. "''"'· ,nd l. L C.."'''"';,.., "S«•"•«• 
~<oion,'' /BM Syn J., '"'· 1 ), ""- l .... J 1•·1 )0, 1 010. 

G. J. """'· c....,,_f#/!I"'«...W "'"'" N<w """' Von 
""'"'"" N<>nhnt~. 1971, JI< pp. 
1\, T. "'"'• '""K. C. S''""''"• ''S<'"""""''"''"'' lo~ oo.¡uloo. 
"""" ,,,r,o;h,.n."' fUi/.' T.,..,. Sofo..-.1:..,, "''· s<.-l, pp.6-
"· .... '""· 

• --~''""""" ono!yo~ {SA)' A ....... , ''" ._..,,.;.,""< 
,.,.,_.. tCr:E r .. ,.. so¡,_,.. ""'-- ...o. s•-·•· ~•· u-u. Jo•. ,.,, 
T, """'"""· S"""""'d A,.lni• ond Sm<'" Sf"•ifo••'""'· No• 
""''' >ouoJon ro..,,IOIO,l>' PP-
D "'·'-•'•• '"" v. ,.,,.;.,,,"A••r,... ... <.rr .. .,, .. ,,...,,,.,, 
'"'"'·"'"""'"""m""~"'""'S"f!-• T•""•-Y· r. "'''""· 
fd Co~lwldl<, "A, ... I.T.I'r..,.,lon, .... l l.<.••· l,pp, 10·· 

IOl """"'"''" hy '"' Toi S< m<., c~mm;,,., of PoOJ; ood In 
P<oc_ Con{ fl<«o«O O'""'""' i• Sof<-" T<_.n-~Y (~<n~o 
""'"'~", "'"""'""· 1< <). rr- "•· '"',o". 1 0-11, oon.-
J. N. """""• '"" t:. "'""'"· F.oh., "Solow>" •••••..,;•• ,,,.. 
_ • .,;· Mop. Coof_ '-""'" b> '"'NATO S.,;.,... C""'"'""' 
jKonoo, ''-'> ), 0«. 1969. """"""· t .. pi', 1010.) 
1'. V•n loco, "Top•dow• d<o<lupm .. l "'"'' • "'"'""' d<~Loo 
Ion o•••••" JBM :;,,_ J., ou\. 1 '· ou, 1, p~. 1 ... 1 '"· J .... 
Toj<h•oow ond E. A."'""<> 111, "J'SL/I'SA' A oompu«<-O; ... d 
''"'"'""' '"' "'""""" ........ ,., ..... ••• "''"" of lor.,.,.,_ 
<loo "'""""'"' ""'"''•"' JUCC T,.oo le(<__, C•t-. ovl. SE-), 
rr-••·•'·''"·'•"· -
M. r. Y<h, ·-e""'"' '"""'-'" ,.....,,.,.,.,, m"""~''"''•" ..,_ 
1, Sof•-"' Spoc;ft~""" '"" D<.oiln. ~"''''"""" omt, NJ' 
r""""'·'"". •• "· '" rr. T, A, Cn•. Eol.,l'oo<. S-1' F-...- 0.•• .. .,._, (Com­
h<;o,., hotooO). 10'7. llooOuw, loool.•d' STL Ltd .. •••o, 
IOOrr 
f. W, •••<h« onO B R•nJ<H, "'"""~ mulll-1<.,1 m.._,ollono­
A m<thnOolou fo• <o"''"'" ""'"' ~ .. ,..;· >n /'ooo_ JFI~ 
c • ., •. 1 011 (~•·•••••'· s,~,•••l. ~•- o 1 ,._,, >. A ... ¡ooa. 
L. """"· "S..h..-,.• d"'<" '"';""""1."' ohlo ""''• PO- JO ... 
IOn_ 
C. H. s..-.u.,, Top ll<o•·• l<"'""""' O.~n T«O•'o""- ~<w 

.... ' ,., ........ """" '· .... ' 140 ··-<:. Moll« o nO W, 1., Howol<h, 'Jo, "Tuln<i•""""~"' 1.-.tino onO 
"'"'"'"'" t«hn;.ou<." IL'U." e-,..., ·'""-· on pp., JO>&. 
"1.1.~ <'•'- ""· 1 110-' ...... 
1, 11. '·'""•••••• ond L. M. n. ... ,.,, •S.•"-" q"'"'' ou••·. 
on« ,.,,,., ond •>loJol "'" ." ,.,;, "'"'• or- IOtl-1 001. 

J. h """"'"""''' onJ S. L.,,.,.,.,, "T"..-"" o th<"'' ol "" 
"•" "'"''"""."' IF.U'-' r,..,, su¡,_,. .-,.._, •ni. SI.·<. rr- ,,.. 
17J,Juooi07S. 
L A. '""""' ond e. M. """"· "1;_,,;,, P><" on~ o<looloot-A 
-· nf >>11om l•mll ... ,"' ID .. JI.<O. ~<O· MC.Oll, 00 rp. AUJ, 
1 .... 
... M. L<hmon '"' l. H. t•uonom. Eolo, "Sulow•« "'""""""­

''""· wo••••l I'>P<" "' ''" (t.,.,)'"''~'" o;r, ''"' "'•••••­
"''"' w.H .. hnp (AHI", VA). Au~ tOH- t~o Dolo,..-, ~A, 
ISM-"I>IAI.MICS, C""'~'""' S>-'"''~-''"'"'''"· U.S_ Aun>, "''· ,., .. ., •.. 
U. M. ,.,o;,~- ~••· ••• n """"•· ><•. "S<<nnd '""""" "'•­
,,.~ '"'"''''"'"' ,.., .. hor, ll·>l A•l· "" IMI•""· <lA)," 
1 lO o~ . 1>«. 1970. TI F HO l'u"' nu. lO<." ti IHO-oC.) 

e_ <'. 1 ,,,. '"" '· ~- "'''"""·"A '"""'"'uf ""'""'"''"' .,.,. 
'"""''"' ond ,,,,.,,;.,,;· JnM S y" ~ .. ..,¡, ''· o o_ 1, op ... 7l, 

'""· l, H. l'ulnom ••• "_ .,._. "''"lo<'tnn, "Q••"'"""' monot<mont­
s..r,~ ... · '"" '"""'""•.'' ,. r..,,_ C<>mP Sn< 77. u:n: c~..,­
P""' So/<_., '"" A~p/i""''""' Co..¡. IT•oo""ll. l10 .... 
Nno, >tl1. {I~LI:< ... M.I 0101l9·7,1 

L H. l'•'"''"• .. ,., onA"'"" ~11"' "'"''"'"""'" lo<•~-•• 
'"'' .,,,, "'"'""m"''" '" "'"" sor•-·• !'>"""''"""'"~' ,..,.,., """'" ~r ••• lfl"'J s.,,_,. '-'!<-<~"' "''"'""''"' 
~·oo .. hnp (A"I" ~A). Au,, 1917. , . .,., IJ<I•""• vA·. JSKAD¡ 
.. " .. "~- c .... , .... s, .. , .... o; .......... u.s. A•'"•· ,.._ ,., . 
rr->v>-l<l. 

u_ W, '""''"·'"~k_ w. ""''"'""· "Sollw•" '"'' "''"''"'"'­
S..mo 1<~•• '"'"•".'' •• ~-~•- >•~ Sol•-" L•l• ''"' "'""'' 
'""' '"'''<0op, Aot 1/.,, .. ,. (AOion", CA)~· ll•·ll), 
1>«, '""· (JELJ: <·uM no liCHilOo-oC.J 

t. N. i'>U, "An '''"""'"' o o <h• ~ .... ,,. ••••• """'" foo t<>lt­
~.,, "'•''"""''"' •"•";· /u:c "'"' Snf•-" Enz. •"'- n-o. . 
.... 1900.~~ ....... . 
S C. A•o•. TJO< ,.,.,,..., o..,Jopm<nll'oO"">.I\;-,, JI 7><"" 

'''"'"''"' T•om, """'"1· .,~,M"""""'"'''·'"" 
"'- "''"""· C\'"''"" ~f Sof•-" &<"""'• No~ '"'" U"""', ..... .,,,..._ 
A '""'"'"""'' >OO T. U,.,, "A «•K- ••• ,.,,..,,_ of "'''' 
_,., ........ - c .......... s ..... ,. ""· ••.••. ' ............ . 



1 

1 
1 

1 

l. 
1 ' • 

1 

1 

{ 

-· ~:·. 

5.- BIBLIOTECA DE SOPORTE DE PROGIWIAS 

'. 

1 ' 
• 

. - ' 

\ 

••• y- • 

-. -- : .. 

- - .. . --

·. 



( 

" 
... , 

• 

INTRODUCCION 

EL PROPOSITO DE ESTE DOCUMENTO ES EL PRESENTAR A INVESTIGADOR 
DEL DEPARTAMENTO DE ANALISIS DE REDES EL USO DE LA BIBLIOTECA DE 
SOPORTE_DE PROGRAS, ASI COMO EL PAPEL QUE JUEGA ESTA EN EL DESARROLLO 
DE LOS PROGRAMAS Y SISTEMAS. 

S -1-1 

ASPECTOS GENERALES. 

EN GENERAL Y DURANTE MUCHO TIEMPO HA SIDO RESPONSABILIDAD DE LOS 
PROGRAMADORES EL DISE~AR, PROGRAMAR Y MANTENER LOS PROGRAMAS Y EL CODIGO 
GENERADO. DADO QUE USUALMENTE EL TAMA~O DE LOS PROYECTOS TIENDE A 
AUMENTAR AS! COMO SU COMPLEJIDAD E INTERFAZ CON OTROS SISTEMAS, EL 
PROBLEMA DE MANIPULAR Y MANTENER PROGRAMAS SE TORNA EN UNA TAREA 
DIFICIL. LOS ARCHIVOS DE ENTRADA y SUS MODIFICACIONES NO SON 
FACILES DE MANTENER: MQDULOS FUENTE OBJETO Y DE CARGA PUEDEN NO SER 
EQUIVALENTES, CAMBIOS PEQUEflOS EN TAREAS PUEDEN TENER EFECTOS CATASTRO­
FICOS EN EL SISTEMA, PEMAS RESULTA ~RARO" QUE EL MISMO PROGRAMADOR 
SE PRUEBE SUS PROPIOS -ERRORES", ES DECIR SER JUEZ Y PARTE 

POR LOS MOTIVOS ANTERIORES SE HACE 
DE VITAL IMPORTANCIA CONTAR CON UN SISTEMA PE CONTROL CENTRALIZADO EN 
EL CUAL SE LLEVE LA ADMINISTRACION DE LOS PROGRAMAS Y SISTEMAS 
DESARROLLADOS. 
SE ASIGNA UN "BIBLIOTECARIO" EN LA TAREA DE MANTENER LOS PROGRAMAS 
DAR RESPALDO A LOS MISMOS. ASI COMO LLEVAR UN CONTROL DE LOS 
ELEMENTOS Y PROGRAMAS QUE CONFIGURAN EL SISTEMA. 

5"-1- ;L 
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LOS DOCUMENTOS QUE FORMAN LA BIBLIOTECA DE SOPORTE DE PROGRAMAS 
SON: 

PROGRAMAS FUENTE 
PROGRAMAS OBJETO 
PLAN DE PRUEBAS 
NORMAS DE CODIFICACION 
NORMAS DE ANALISIS 
NORMAS DE DISE~O 
NORMAS DEL ROL 
ARCHIVO DE ENTRADA 
ARCHIVOS DE SALIDA 
REPORTES 
MANUALES 
ESPECIFICACIONES 
ru>C 
DDPC 
Y FORMAS DE LA BIBLIOTECA 

S-t- :o. 

PROPOSITO DE LA BIBLIOTECA 

---- ----- - ----·-

EL PROPOSITO DE LA BIBLIOTECA 'DE SOPORTE DE PROGRAMAS (BSP) 
ES EL DE PROVEER UNA METODOLOGIA SISTEMATICA Y CONSISTENTE PARA; 

• ASEGURAR EL CONTROL TECNICO y LA EVOLUCION DE CADA ELEMENTO 
DEL SISTEMA • 

INTERNA. 

• PER.'HTIR UNA FOR1·1A DE ADNIN!STRAC!ON Y CONTROL DE LOS PROGRAMA: 

.USO, 1·\ANTENU\IENTO Y RESPALDO DE LOS ELEHENTOS DEL PROGRAMA 
ASI CQ}10 TENER SIEHPRE LA ULTIMA VERSION DE PROGA11A Y 
DOCUMENTO A DISPONIBli,IDAD DEL USUARIO, 

LA BSP SE CQ}~ONE DE DOS PARTES, LA BSP EXTERNA Y LA BSP 

S•l- '( 
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LA BSP EXTERNA SE COMPONE DE: 
·-.: 

4 .•• ~-

1.- DOCUMENTOS RELACIONADOS CON EL PROYECTO. 

. . 
• 

2.- DOCUMENTOS RELACIONADOS CON EL CONTROL "INTERNO DE LA BSP. 

LAS RESPONSABILIDADES DEL BIBLIOTECARIO SON LAS DE MANTENER 
EL CONTENIDO DE LA BSP EN UNA FORMA ORDENADA Y SISTEMATIZADA 
Y LAS LABORES QUE TIENE QUE DESARROLLAR SON LAS SIGUIENTES: 

-CATALOGAR_TODOS_LOS_DOCUMENTOS, LISTADOS Y MANUALES. PROVEER 
A LOS USUARIOS PERIODICAMENTE DE UNA I,ISTA DE PRODUCTOS DENTRO DE LA 
BIBLIOTECA. . 

-DISTRIBUIR COPIAS" DE LOS DOCUMENTOS Y PROGRAMAS DE ACUERDO 
A "LISTAS DE DISTRIBUCION 

-TENER LISTAS DE LOS PROGRAMAS '"TERMINADOS" EN PODER DE LA 
BIBLIOTECA. 

DISTRIBUIR Y GENERAR LISTAS DE ES TATOS DEL SOFTl~ARE. 

LA LIBRERIA INTERNA CONSISTE EN TODOS LOS ARCHIVOS Y DOCUMENTOS QUE 
FUERON GENERADOS Y QUE ESTAN BAJO LA CUSTODIA DEL BIBLIOTECARIO,, 
EL BIBLIOTECARIO ES LA UNICA PERSONA AUTORIZADA, PARA MODIFICAR LOS 
ARCHIVOS, EL RESTO DE LOS INVESTIGADORES SOLO PODRAN LEERLOS, MAS NO 
MODIFICARLOS SIN LA PREVIA AUTORIZACION DE LA BIBLIOTECA Y SIGUIENDO 
LAS REGLAS PREESTABLECIDAS Y LAS QUE SE EXPLICAN EN ESTE DOCUMENTO, 
LOS ARCHIVOS INTERNOS DE LA BSP SON; 

PROGRAMAS Y COO!GO FUENTE 
PROGRAMAS O ELEMENTOS DE PROGRAMA EN CODIGO OBJETO. 
CAMBIOS. -TODOS LOS CAMBIOS QUE FUERON LLEVADOS A CABO EN 
ARCHIVOS PROGRAMAS MODULOS MANUALES ETC,, AS! COMO LA PAPELERIA 
QUE· DIO LUGAR A DICHOS CAMBIOS. 
PLAN DE PRUEBAS Y RESULTADO DE LAS MISMAS, 

~--1-5 



( 

e 

e 

\ 
' 

''1 ' ~--
1 

¡ 
5 

PROCEDIMIENTOS DE LA BSP INTERNA 

LAS SIGUIENTES FUNCIONES SON LLEVADAS A CABO COMO PARTE DE LA OPERACION 
CON EL OBJETIVO DE MANTENER Y GENERAR EL CONTENIDO INTERNO DE LA ESP. 

1.- GENERACION INICIAL DE ARCHIVOS.- CUALQUIER PROGRAMA, TAREA, SUBRUTINA 
MANUALES ETC. HAY QUE HACER NOTAR QUE LOS PROGRAMAS QUE HAN SIDO ENTREGA· 
A LA BSP SON Y HAN SIDO PROGRAMADOS Y ADEMA.S CUHPLEN CON I,AS NORHAS DE 
CALIDAD, DISE~O Y EL LENGUAJE DESCRIPTOR DENTRO DEL ENCABEZADO DE CADA 
MODULO O PROGRAMA. CUALQUIER ELEMENTO DENTRO DE LA BSP ESTA CONGELADO 
SIN EHBAR_GO CUALQUIER CAMBIO DE ESTE PRODUCTO "CONGELADOn SE OEBF.RJ\. HACER 
A TRAVES DE LOS PROCEDIMIENTOS DE CM\810/CORRECCION/ AL'í'ERACION DE f,A 
BIBLIOTECA DE SOPORTE DE PROGRAMAS. LOS ARCHIBOS DE LA BSP ESTAN A 
DISPOSICION DE LOS INVESTIGADORES DEL GRUPO DE AR. 

2.- MAN'l'ENIMIENTO DE ARCHIVOS.- CUALQUIER CAMBIO DE MODULOS BAJO 
EL CONTROL DE LA BSP SE DEBERA HACER BAJO LOS LIIUTAMIENTOS DE CONTROL 
DE CAMBIO. Y ESTOS DEBERAN TENER LA AUTORIZACION DE MAURICIO. 
MIER MUTH, O DE ROLANDO NIEVA, ADEMAS SE DEBERAN DE LLEVAR LOS PROCEDI­
MIEN'ros QUE INDIQUEN SI DICHO CAMBIO SE DEBE A ERROR EN EL PROGRAHA, 
NUEVO PEDIDO DE CFF-CENACE. ERROR EN I.A ENTRADA, ERROR EN EL RPC, 
ETC. LA BIBLIOTECA SE !!ARA CARGO DE RF.GRASAR EL NODULO AL GRUPO QUE LE 
HARA LA CORRECCION ASI COMO LLEVAR A LOS PROCEDIMIENTOS PARA ACTUALIZAR 
CUALQUIER OTRO MODULO QUE RESULTE AFECTADO. LA BSP TENDRA LISTADOS 
"OFICIALES• DE LA VERSION A SER DISTRIBUIDA. 
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3.- CONSTRUCTOR DE MODULOS DE CARGA.- LAS VERSIONES.ACTUALIZADAS DE 
LOS MODULOS DE PROGRAMAS DE COMPUTADORA SON ENCADENADOS POR EL GRUPO 
DE DESARROLLO DE PROGRAMAS,· TENIENDOSE UN MODULO EJECUTABLE. ES 
RESPONSABILIDAD DEL BIBLIOTECARIO EL VERIFICAR QUE DICHOS MODULOS 
CORREN, ESTAN COMPLETOS, PASAN EL FILTRO DEL VERIFICADOR DE·CODIGO, 
ASI COMO EXISTEN LOS DOCUMENTOS DE RESPALDO. UN ARCHIVO O HODULO 
GENERADO ES PROPIEDAD DE LA BIBLIOTECA Y POR TANTO SUJETO A SUS REGLAS 
Y PROCEDIMIENTOS. 

4.- REPORTE DE ESTADO DEL SISTEMA.- CADA VEZ QUE SE LLEVA A CABO ALGUN 
,CAMBIO F.N LA CONFIGURACION DEL SISTEMA (ACTUALIZACION, CONSTRUCCION. 
DE MODULOS) LA BIBLIOTECA PROVEERA REPORTES PERIODICOS SOBTE ESTADO 
DEL SISTEMA, Y SU CONFIGURACION. ESTE REPORTE CONTIENE EL MODULO 
AS! COMO TODOS LOS COMPONENTES DE QUE SE COMPONE. SE GENERAN 
TAMBIEN REPORTES DE CAMBIO EN LA CONFIGURACION. 

~Ñ-LO~p~~~~~RgB~~~~Vg~ ~~F~~~-~E:~O~SS~RD~~g~;~~~~SAE~~~~i"g~s~ 
LAS FORMAS QUE YA EXISTENTES, TANTO POR LOS PROGRAMADORES, COMO POR . i 
LOS USUARIOS A LA BSP. ES LA RESP~~SABILIDAD DEL BIBLIOTECARIO LA DE UN 1 
NUMERO DE ENTRADA A LA FORMA Y SEGUIR LOS PROCEDIMIENTOS ADECUADOS PARA 
QUE EL ERROR SEA CORREGIDO. SE DARAN TAMBIEN REPORTES DE PROBLEMAS DE , 
CERRADOS QUE SON LOS QUE YA HAN SIDO CORREGIDOS. SE DAN TAMBIEN 
PRIORIDADES EN LA CORRECCION DE PROGRAMAS. 
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f':l. 1)<-"?~'!Tl'<,:'·TL' rf •"~l TSt~ fJi: ·~·~o'S h~ r,F"I··~o/l..¡l'l I¡':A .«F:PlE ('\f FOP~a.S 

-'.111[ F1:.¡¡.A\o »•;>T~ ;,e l_f-'1 'lnC:oJ':toTf•~ ~.•TfliN;,<; I'F 1.• ,.>,!;P • Sf ~t•EXAN 

F:'HIIj\ Fn~-,~!l ~ r.r··il l'>•"r.l(l"' I~I C"-'O Fl_ ''-~" """ LA "'iS'·~~ • 

r.P:<="~r:•n·; •'" ~.:tt-'1 -•''"· L'l" ¡••v.:~rrr.~""'I~'S rr:t r,;•¡op~ nF !lF~Ull'iOLI o l'lf 
p1>,1,; 1l'IA<¡ p: ~r:1~->'lil ll <>P( y al •lnPC ,>O/I'")f.'-"1'1A=>.I." ~ln!WLOS Y !;J!;H·'-'•S, 

' 

Li'l-5 o;llli_F'i '•F:"F~,·- '·'·•"'~" r'l'IF'l''~" Lt. !Nr-tL(CJf'hiFS OFI. PLAN l•E PRUEBAS, (S 
Ll ll<;<;on~•;H~TL tr>••' •l~¡ Pl'n·r-.-\t'A'l¡HI f.>.TP<'!';!·<> ;.\('l)lll'IS CO~PLF:TOS A. LA 
J'J"LTC'l~'"l";.l. u: <:1):>;>'-'T¡. o>V P<=·¡~o···~<;, f<:;TnS •·r•:JIILOS hff!!;:f; CUI•PLJI? CQf; TOOAS 
LAS ..,r¡~,AS H r><~t~TF"LF.C'lo>·\~. 

F<;fl F"'"'' ~; L~ o-';.¡¡ ""<1 ,.o.,,~!•·• r,F (\I'A !'i,f'd~L,Y ~f A(~TIIAI.fZA OF 
~Cl'"~"" f'" l.t" "'"'"'~'""'!'"~ lll~'" lf.••c.:4 ,O:L --~· I•~Ltr><or.th•f"'To¡p;,¡or,¡.¡1"1, 
n10 ~'::•10'-'ll" !:•1'-' L•> •J<<><>¡nr~¡~ l.l~~"~nAS I:IOQ 11 l>'W.VIO~~F LA FOQ~~A Y (l 
F.J"""Lr.. 

~ro""~ ro• Tf' /, . .,,._!' Tfl" 'l~ -~"FTr. l"f .- 1 ¡¡ :Oiinr,P~~ .~ F•.•F.!I;T~ SON 
F"'T-~r.A•'"-~ •- l,l '-1 >~ 11·1;¡::~ \rfo •1.,4 o'(l'l -·~ l"lf l~l-ir~---n.tf1"' DE SOFT~-:41<(, li'"TSl 
-~~ '·=!"<; ¡;;-·--~-· ,.,, "'""''< PAr<~ r~'l~ I'E"'-~fllr .. ·•< r~·)A "0f•loLO I'"E SE 
F:r.r~;·r;'"l" • 1.•• ~._,,,,..,.,._, y1 <;~r·· :.<:¡¡·-~q~~ 1·~~.,H'"F~ r, P•Ulo:!<~~~s 

C"H•:.~r;¡("ln~ •. ~ ~[Tiiii_O'l~(Tn•-~<;. ~¡;; l•f.:~i" f<<C"" PI'F•;<>FiHJ~ PQFSTSA AL l?PC 
Y ~l .\.')°C. •"<;T¡ ,.,, •. ,, ¡,;o<> o:- r¡.•-1.:-•·. ''\ ,•,:,·•(Fn '":~ CIJi:TUO( l''llCO ~~IGt.~f\0 

P'!;. Li RTOL'"'l~::~ ''"" ~r;>rr1T!; ')~ ''"'.."·=;~~~~<.. 

i'F'•T~.1 ,-,< '''''···"~·'• ~~ l•'i'(-A ~!' 1-"•!' 11IF.O"tf''r~•.,: SJ LA <=t·T~'fo'~ "llf.: S" 
.. ~¡;• o::~ '•-•"1 "'"1" ••-~ """~!· .. ~ "~·· c>r:=> L' :.-rr--~:?• "('o5T'l'' nFrc:r~L 
•l<" oc,;~ ··rr-: .. Lr,·o::•• l.t -:l~li·"'T"CI -,~-~-o.:; ~~~·1"""• tJotFVO ,L('I f:l•tl rlllfEi.-E 
"":CT<"' .-.q~ << •:'·•- ''''1-"H'•,r•.,•· e,~ ;1; .~·•.;!O{T'····• Yl <;UJ¡.>o:-<:~,1~' Y OUE Sf liS• 

~: J' <:" <-,• 'l'T~ o.-. •..;,rl<=• 1 :·~l".~n·. ~·· 1"1. kf•l:t_r,r; lJf RP!O !'E 
_.,_.~~ o•·fol'-' ~~ \• >-'.•l." r,o:- '(,,·• 'IC1-..¡i"·; f'-F~'<~~/'>4 "1"1-<_t:" P~¡)'<[_(l<~ o:"~' 

' ~nFr· "'" :- ~-.,; .,-. r, ··'"' o;r· ¡·•,-;o.,r;_:o¡• (~r.ll. 



( 

' \ 
' 

' 

' 

• 
' 

! <;:•: -U;lf>'l<; I)O~IH~t'"OTl!fl ['!f ll i'ISP En"-TEN P¡;.Jf)DJflAOE'> RECOt-:EN('IAOAS 

1 
'l~·"""~$ EX ""l rv . .>~,·r:-, foE F.R'?OA n OI:L C~!'IIO f:¡ l:l !'<-ISTE"'l• ESTA PRI(lRlOAO 
F.~ ""I J~'lA i>l'!·l f.L Ll<1~.1<' Ofl "FIIlYO::CT'l, 11 JFFF Ofl r;RIIPO Ef~CfH•JliNTO CON EL 
fl ':'>IJPI1 OE !'f;•'i'l:l'•hCTf1!'1. E(lSTEN TRJ;:S CLA':'FS OF. i'!:tJO'?JOA(l€5: 

CRTTII;~ ••• "'H.< CLA!'o"' TIF'<IF UN l"PACTO SF.VF:RO EN f.L SISTE~'A O 
<iF.""'LTlll('l.<; • •)•'T.::,,¡>;r,, Y <;f 00::!'\i:: ACTUAr> IN~·U':fA.T~MEIHF EN l::l RF.PORTE 
c•Lr.:¡r:•n<J r.·mn n¡; r:~nrrn. 

' 
t1fr.Tf.'Jf1,, • ~-~TI' PRnlLE"A TE"'i1FPA ur. (I"PACTO Ol::l TIPO MEDIANO o LO 

Cllll 'J'IJ!;q"' -1~.íl•"> •:•o¡o !'lf ESTA P'<('CESAtii'O ALf;I"IA JNF()Fó'~ACION ERRQNEA 
.SJ-~ o=·•"\'lt;" ':L o>•·;tr:'~l·:- CQP'? F.ll C':.'l'li1JCJONES Mt:OP"lLES•. ESTE ERROR SE 
n¡:~F <::'lR~¡:;r;¡p ~-nfS r.<: "r•rr.t<;:{;AI? El PRnr•oJCT". 

-H-II'l ••• ~H~ T!•>fo nE ·~Rn'iL~"A<; ~f. CATr,Lf'r,~" LO f'IJ!; fAS! NO TIENEN" 
• i'""4•:Tn E->~ ~.L F.L q-<r.-~~.- r•·l <;1'" "F.•HJ{F;I<f U"r. SI"'LIICJON IN'~EOllTA. 
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. 

CAMBIO AProliAOO . . 
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~ POR'~ .. POR 
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~~:'k . . ª ~¡:uno~C.IOR ¿q¡Q:;'O ~)l:HCLUCt .. 
~~ Pt:~ra el Ave-neo do la CIGncla, A.C • 
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REPORTE DE PROBID'AS EN SOFIWARE 

TITIJW DEL Pl<m'ECIO: fEQ-\1, •. -

' .__ .. 
N!J'.iERO DE I'R(J'{ECIU: 

• 

FEOIA JUOPORTAOO ----------- ''" -----------~­
FF.rnA Q"lRREr.IOO ---------'----'--' IUR -------------

~~-----------------~---------------------------
.~OOOW O SUBRUTINA.~----------,--------~--------

P~E~~------------~------------

PRIO~IDAD DE OORRECCION !CRITICA 1 HIPORTANfE 

' 
DFSCRIPCTCN DEL f:IUl.{'R 

. 
. . . 

. 

1 SE IM:UJYE LISTAm . . 

A'3IGNWJ FI'CH'. . 

' RPC REroRTE Pii.OBLB~\ DE SOFT•~AAE 

1 ERROR IN OOCl!-!F..Nffi 
. C::::J VERSIO.'I YA COR.IIFf;{DA 

1 ERROR PRL'EBA . . 
I=::J ERllnR DI RPS 

• 
1 01W 1 1 Hl$\\1 ERR(lR ll.EfQRTE f 

1 1 PRIORIU~ 
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RESUMEN REPORTE E~RnR"EN PROr.RAMA 

TI1Ulll DEL PROYECTO: 

:-,~ DE PRO'l'ECID: . 

EIABORO: 

DESCRIPCION 

• 

• 
• 

STA1US 

p . 

. 

. . 

. 

-,, . 
• 

. . . 

- . 

. 
REPORTE EN PREPAAACICN 

.. 

E - REPORTE mmEI"./IDO AL mqTE 

1 

DE CJ.'ABIOS A LA D"'M'IAJI\ACION 

( occ) 
A • REPORTE APRClBAfYI roR CXX: 

. . 

. . 

. 

. 

. 
• 

Sl 'lll'JlOOW<\ . 

NJIORIZO: 

STA 'ruS OBSERVACHWES 

• ... 
< 

. 
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. ..... 
' 

. . . 

• 

~' . , - . 

• 

• 

. 

. 

. 

. 

, 

. . 

- . 

. . 
. 
' 
. 

11. - REPOOTE -~ZJJO FOR 0:C 

1 - AEJ'I)I(jf MlB"fNN'AJl) 

X - REI'OIITE REFERHO 

A O'I'RA PER.~ 
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~~runo.d.cton A~tu~o =talEn:nu;:;;:t-\ 

. 'lN Pera el Avanco de la"Cionc.Ja,A.C • . 

. . . 
FORl-!AS DE TRANS~ISihN DE SOFTWARE 

TI1ULO DEL PROYECIO: . FEOlA . 
N,J\'ElUJ DE PR<JYOC'Jl): P.!U'lr.RA\!A . . SlTBPRrr.RA\IA. . 
El.A.BO!lO: • AUTORIZO: . 

W.'ERO PE ())NTROL DE BIBLIOTECA: 

RPC . DDPC 

c:::::::J l'lill!ERA B'TIIB"'.A 1 1 SISTD!A NUéVO . 
RPS 1 'S . N:J.IBltE PRcr.RA.MAOOR 

CAMBIO DE DISF.'ilO SCI/RPS I'S 

• 
AROUVOS F.NIRA!lA. 

.. 
FUE.l>lfE r.AI-!Brns 

-
. 

"'""' . 
DESCI!.IPCICN Dll lA INfP.EC'.A: . . 

. • 

OTRC'G AROliVr6 QUE REQUIEREN C.Jil.lBIO: 

• 
IXl0}\!2;1(5 C'VE SE AFECTAN: 

. 

l ~ Sf., f1"'~¡ PmB.-\.5 C::J AI!.OIIYffi P,\1<,\ I'!l.UERAS 
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~~ ' ~ ~run.,Aclon- A=t¡uqo =ta)En:nu;:;::,. 

-~~- P.tir~ el Av.anco de la·clenc.f'!, A.C. 

' 

i ' 

AVISO CAMBIO ESPEtiFICACIONES 

TJ1UIJ) DEL PROYB:m: FEOiA 

I'UJERO DE PROYECIO: 

• 
EI.ABCJIO: 

~--------------- DDF< -~---------- ~~------------1 

ES'JE AVISO INFORMA.~ LAS FSPECIFICACIONES INDETIFJCA.I)A PCR. EL Nt.MERO ( Y IlXlJl<mrrn DE 
Rf.VISION) HAN SUFRIOO CPM!IOS, lAS PAr.JN.!.S QUE SE HAN ALTE!mAOO SE ANEX.AJI{ 

N::F. No. 

. . 

PAGINAS C,oVlBIADt\ ( EN:ERSION/ELIMiw.R 

. ·. 
. . 

' . 
. . -~--. . . -·---- ··--.--- -~- . ~ '-"'.::.--::: .. - ,-'\ -·'"'-'":: ... --
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~~ 1 ~ ~i=UhD.&CIOn .dqtU=IO E;'O)I!OSLUEt,.\ 

~~ Par• al Avcnco de la CJoncla, A.C. 

EVAULACI~ JUt::/SCI 

TilUlD ~ i'Jl(JYB:lO: 

NlJ•iER('I DE PROYB:TO: 

ELABORO: 

SC! 1 

S! 00 

o o 

o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 

• 

...... 

AUTORIZO: 

. 
FS'IE CR·!BIO CORJHr.JO lA nEFICifNCIA EN B.. DJSER! 
(VALORES O ~~IENI'OS) 

SE AFECTA~ lNfEllFASES O C.IIJ.'PATIBILI11AD 01N EL SIS1'WA 

SE AFECTA lA J..'ODlii.AlUDAD, INTER.CN-!BIABILIIVI. ETC. 

SE AFECrA lA SECURIIW> nEL SISID'A 

SE FH:¡{TIERE l<ErnOALIJ.'ENTACHll 

SE AFECTAl~ lAS PRUEBAS, OPEl!ACIONES DEL SISID!A 
O }'.A';'IBHM!Efi'O DE PR()(;RA).IAS 

SE AFECTPJI HANUALES 0 TF.CNJcn 

SE AFECTAN WS PRC':CEniMIENlOS DE PRUEBA 

SE AFECTA EL E'ITRENA'·lJEl\'ID DEL PEltSO~A..L 

• 

o USUARIO 

SI CO:>TESTO SI A ~IER PllEr;"\f.\'TA ASJ"EQ.HlR, ~llX:F_S lA SCT ES DE CIASE 1 

SE AtnniUZA CA~'illO DE lNr.ENIERIA =:JS! 

• 

AüiDRIZO CNii\10: --------,------ FEQ{<, ----c------1 l >BSERVAC!ONF,. G-;l-b 
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REPORTE CORRECCION DE ERRO~ -

TI1ULO DEL PROYECTO:·. FID« 

'""""' DE ffiO'fECIO: """""" . SUB- . . 
. . . 

ElABORO: AlfiDIUZO: 

I'Rm>IA• 
. 
1 ~= . 

REFEHEN:IA RPC• 

VB>SHlN 1 ' . . . 
. . . 

DESCR!lt:IOO AO:ION CORil.ECTIVA • 

. . . 

" ( 
. • ' •• - . . ._. . . " . . . ,: ... _ ., . . 

' . , • .. . 
• . '. • .. . . . . . ~,~ .... ~:--

. . . • - . . 
' . . ~ ': • . . 

• . '{., '~-
. . . . • -·~ . -• . . - . . . . ·;'· .- "":·-~- -·· '· 

. • . ,.._,,- . . . . . . ... . .. . . , .. ~- ' • . ... • . . . . - . . -- • • • • • . . . . . . .. . • . • . • . • 
' . ' ~ -• .. . . . , . ,:-- • - • . - - - . . • • . • _, .. • - . . . .. •, .. - . • - • . . . . 

1 
. . 

. 1 
• USTA ""''"' EN COIJJ(l) 

DIROCCIOO DEL r»mlD COIJIOO F!UiSENIE CODI<D (l))l,iffi;IOO ' . ! 
. 

1 
. . 

. 
1 
• . • 

. 
• 

' 
1 . ' 
1 . 
1 

1 
' . . 1 . -- -. • 5-).-¡ 



~~ -. ~-~ runD.llCJOn ~rn::ur;o t:a)l!nDLU~tt-.~~ 1 
'.t'J1~"'"' Prtra el Avonco do la-Clone la, A.C. 

1 

. . 
. . 

. Mo\TRIZ QJRllfSMM:lECIA PRUEBA 

TIWIDDEL PROYECro:- . FEDIA . 
. 

SUBPR<r.R»>A ~ODE l'IIOYECTO• 11<J'c.RAMA . . 
ElABORO: AUTrllHW: 

t.!ETCOO DE VERIFICACION TITO DE PRUEBA . . . NA . NJ APLICABLE NfVEL 1 . PUEBLA O"M'OmiTE l . INSPECCTCIN NfVEL 2 . PRUEBA RPC A . ANALISIS . NfVEL 3 . PRIJF.I!A SIS'ffi.'A/SUBSI STH-1$.. D . DE'!C61RACION 
' . p . P>illEBA 

' . 
' . 

' . 
' - '· No. DE PARRAJ'O '""""' DE NfVEL 
,. 

VJJUF!r.ACION DEL No. DE .. 
RH¡UERIOO VElliFICACION i'RUEBA . ,, 

PAJIRAFO RB.IlJB<IOO 
NA :- I ·A D p 1 F-:-r . 

. . . . . 
. . 

1 
. . . 
. . 

' . . 

' . . . . . . . ·-- . . . . . 
' . . 

. . 

' 
• 

' 
. 

' 

. • • . 

l . 
' . 

,_-_1_ a 
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~~ . . 
. ~~i=UhttACIO 1 A=it:UifO ltO.)En9LUitfo 

· ·~~~\.""' Para. el A vaneo de Ja·clonc_la
1 
A.C. 

FORMA DE TRANSMISION DE nATClS 

DEL PROYECTO: 

' 1 

PROhRAHA SUBPROr.RAJ.lA 

1 SOLICITUD DE CA~IBIO DE INr.ENIERIA ------------,--------1 

ARCHIVO E!ITRADA CA)1BIO . ' . 

f-----.-.-,--·-' - •... . -. . . . . 
• . . • . • . 

• . . ·- . 
lnESCIUPCI<JN ·DE LA ENTREr.A :- --,------~----',--,-~-'---,---,---

. .. . 

• 

. 
IPIIRA -USfl DE LA BIBLIOTECA: 

• 

5-J -9 • • 



~~· . 
gS; ~;oun~ACJOn A~tu~o ~lEn~Lu~¡~ 

. ~~Para el Av.anco do la"Cionc.la,A.C. 
-. 

' . . -
R.EPOIHE 

. 
DE ERROR EN PR.OC:RN1A 

TJllJU) DEL PROYEC.."YY. . 
'""'-

I\U'·1Eim DE PllOYECTO. PR!r.RA''A . . SUBPRCX'i:P.AI"A 

ELJ\,BOIID: • AlfinlUZO: 

P>«r.RAHA.: 

IID'Eil.Fl«:IA PAG. , RFC• 

OTilA REFEil.ENCJA: . 
-!UOFDRTAOO POR: ' --

DE.SOU PC HN DEL PROBLFHA... : 

-
( 

EII.~R DE OPEIIAJm ERROR nATilS E/5 . 

E!lroR DE OJ.'PlJI'O PII.OBID1A DE EC?.JIPO 
ERROR IXU~>eml 

ERilt'lR~ StSID'A nE SIPORTE 

ER.IKIR. INRlJU.'ACirn LIBREIIIAS 
. nnns ' 

ORSEIN ACIO:-IFS: 
. . 

. 

. -- . 
·'~IDULO DE PID;JUi,'IA FEG-IA CARr..IJlJ CTh'TA O DISCO 

' 
1 ' 

l('(;RAVAm F\1R: 
. 

1 . -

' -:;.-;J.-10 





HOJA_2_de:2...: 

JREVE DESCRIPCION DEL PROGRAMA.{Al9oritmo) Utilice otras hojas si se requiere. 

' 

i ~ORI'A DE CORRERLO. (INCLUIR DATOS DE ENTRADA QUE REQUIERE EL PROGRAMA y datos 
Lmportantes). Utilice. otras hojas si requiere. 
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REFOR'Ill In'IDE SE 
r.ENERA 

FUENIE , 

1 
"""""""' .. ,¡1 

,, ., .... ~·¡! 

. JYlNfJE SE 
"CIBE 

1lESTI1<l' 

". " 

No. 
.roPIA."i 

... 

, A.C. 

FRECUENCIA OBSBRVACIONB 
• •,• 1, 

1 

• 

• 

' 

• 

• 
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~~ . -:' ·. 
~~runoacron 4~'11;u:ro ~)i:ln.:lLu~;:¡. . 
"'1(4(\.V Paro·ol Avance do la Cloi1alc,A.C. 

-
li.EOUEli.!I"!I EN TOS DE DATf"'S 

TllWJ DEL l'JiíTfR:'IO' FECI" . 

"""'"" DE PRflYECro:. J'll(")r,RWA Sl.TBPROr.lli\MA 
EIAI!OI!O: ' AUmiiiZn: . 

NOJ>IBRE DEL Ali.CHIVO E N T R A D A FII.EC\ID'CIA 
(O VARIANTE) NO. . . RO uso 

. . 

' 
. . . 

. . 
• 

• 
~ 

. 

' ~ 
' • ' 

-ii • . . • 

' 

. 
"-

' 
i 
' 

' ' 
.. • • • ' .. . . ' ' ... ,. " ....... . ·.:. ; . ' ' '., 

" ' ' . ' .. ··: 
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.. 
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• 
SOLICITUD DE P~OT>UCTO -

TI1ULO DEL PROYF.CIO:. . . 
. . . . . . 

NUMERO DE PROYECI'O: - • SUBPROOWI< 

ELABORO: AlJT()Q IZO: 

SISTIMA. Q.JE SOLICITA: 
. 

SISIDt\ AL ~SE LE SOLICITA: 

PERSONA QUE SOLICITA: At.rlnlUZO: 

PERSClXA. ASIGNADA: . . 
FffHA QJE DEBE ENrnErv\RSE: 

.. 
DESCRIPCIQN DEL PRf'IIXJCIU qJE SE SOLir.ITA 

• 

- -\ . . • . 

REFERB-K::IA RPC: TlD~: 

-

\ÜfiVO DE LA. .SOLICITIJD 
• 

• 

'tESULTADOS ~ DEBAN.OBTE\"ERSE (FQJl,.\1ATOS 1-JI.) 
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Perspectives on Software Englneerlng 

MARVIN V. ZELKOWITZ '' 

lnoi•M< fM Comp..r.- .se;.,.... """'T~. l>'atio...,J Bw.- .,¡ S.<Uid..rn._ !\'_.,~ D C: Ja:U. 
<Uid ~ o(c-y,uu" &'-'<. u,¡~ o( JJ~ C.U.it" Por/t. M,.,!.>NJ ro; a • 

Soft,.~ ·~ ..m."' th< p..,.,_ cf .,....tih,¡ oofl""" oyo~omo. h oppl>eo Joc.lr 
to t.ochalquoo whld> .-. b;p ÓCftw&<o <»ot &J>d rompk<ity .,biJ, ....,......., r<llobiliiJ' 
&J>d .....:.r;..bility. 1llil-oo!linoo U.. """""".,.... .-.! On tht <kvo!opmnot of -
«>mpul<r aoft,..., •mpb••"i.,.-lar¡:......,...o ool'tw.,.... dovol-n~ ond pU.pointinc ..,_ _ 
wb.,.. p,.,blomo m.t ....!ICIÑtiono Juv< bo..n propoood. Solutffino &-<>m both lho, •· 
,.,....,....,, &nd tho pracrammor pointa of.....,. .,.. thon civoD r.,. many o! 0... 
pn>bl.om .,. ... ,_ 

¡:;~ ....,¡ ~ <Cltificotioo:.. chioof ~ tHm.- ..,,_..,._, 
pJ'Opw.m dcaip ~ (PDW, ooft..-&ro fthobility, oof'l,..,.. .S.V.Iop..,.nt lif• eyclo, 
oofln,.. o~rinf;. Olnlctare<l propom,.;,:, top.<lo"" d.,.;..,., top<loYm doY<!opD><II~ 
v&!Jdatioo. •ort!icotioa. .• • 

CR ~.,.,;- !.3,•.Q,U 

INTAOOUCTIO"' maintain. The 18M OS pr<Jj""'-, whid! P.. 
volved over S,OOO man-yean; of elfort. ~­

Softwa:re denlopment usuaDy proceed$ In years late [BRoo7f>]. Why is brid(e m¡i­
one of two "'ays: either the prn¡:ramrner ·-· neering so e:u.ct while ooftwa:re enginftrizlc 
work.s o.lone in deoigning, implementing, "• flounden BO? 
and tesling a softwue o)"Stem, or he is a· PartofthellliSWerlie•in.thegreata"eUe 
memOO of ~ group of fr= three up to. with "·hich • civil engineer can - ~ 
sev.....:J hundred, working &o!ether · on • add.-d comple:<ity of •l~UJ:er bri~ thaD • 
!ru-ge softWil!'e system. Although eoftwll!'e IIOftwll!'e engineer the comple:<ity of •lar¡er -
engineering embraces both approacbea, • program_ P<U-t of today"e "eoftwan J)J'Ob­
bere we are mterested mainly in IM¡:e-acale -lem" stem. from our attempt to utrapolate · 
program development. •· from penonal uperiences ,.itl> oomaiiu p:ro-

When the \'erraumo !\~Bridge in ¡r&nlS to lru-¡e ll}'&t.ema prQ¡¡Tammin¡ pruj­
New York Cítywas s!Arted i.a 1959, offiúols _,. ecta. 
estim&ted that it would coot $325 millio_n We begin bere by outlining the cenend 
&nd be completed by 1965. lt ia tl>e l.ar¡eet .· approach w.ed in developing program ptod­
ouspension bridge evet built, ~~ it wa.s "<<m· • ucu., emphuizin¡ upect.a "·hich an otill 
pleted in November !9&4;..., tar-get and • poorly undentood. Leter, we enum...-m 
within budget [ENR61, El\R64]:No simi· _- the techniquea ... -hich ha ve been used t.o 
lu pau..em hu been obsenoed when·we · oolve these probleliUI. We do not attempll.o 
build ooftWan sysl<lma lru-¡er tl>an tl>ooe : 1" cover a11 of the rel evant lopico in depth.. bul · · 
which had been built previoudy. : we give many ref-.ence• for further read-

Soft-..are is ofU'n delive.....:l late. lt is ~ • · in.g. 
quently unreliable and usuolly nponsive to Software engineers are cun-ently lltudy- .. 
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1. STAGES Of SOFTWARE OEVELOPMENT: 

The compleJ.ity of a large 110ftware ay&t.em 
""'1'"-""S the comprehension of·lliiY one !' . 
individual. To IJt,tter control the develop·' :_.-. 
rnent of a project, ooftware mana gen; ha ve 
identified .U ..,pual.e stoges through whlch •• -. 
software projecu pass; these atages are ool­
lectively ca.l.led the ~oftware detJelopmenl · ·· 
lile cyde: -

• Requiremtnl.l analysis; 
• Specifictotion; • 
• Deo:i¡n; 
• Coding; .• 
• 'Te&ing; 
• Operation and mainl.enanc:e.. ,-;-; . 

Figure 1, a pie mart,,sho,. .. the appro:ri·• 
mal.e amount of time each stage takeL The 
otagcs are di5cusoed in the foUowing aub·· · 
eectioM. 

This firststage, curiously ah$<.nt from mlln)' 
projec!A, defifli'S the requirements for an 
accept.able 110lution to the problem. The 
st.atement "Write a Co!IOL prognun of not 
more tluU> 50,0Xl a·ords to- produce payrnll 
check.." i:!; nota nquifement; it is the par­
ti al Bpecification of a computer Mlution to 
!he problem. Th~ computt'r is merely a tool 

' .e , ... - r .e e¡ --~ •'- .for &Olving tbe problem. The requir-ernenb 
mg ene e -~ o 1.11ese prou em11 """ we 'iuu..! . . 
mechanis:m' of softwan development."'. Y"'" focuses on !he Lnterfaee between 
They &l'ek · both roru;traints on program-:: ... 
ming whlch will render soft,.·are le .. expen·_ ~ ._ 
sive and more reliable and al!;o !he theoret- 0 ,.~ • 
ical foundatinru; upon which programs are , ... 
built. Soft,.·a:re engíneering is not the ....ñe­
as programming, although programming is-l· 
an importan! componen t. It is nnt the Btudy • · 

DU1GII. 

'" 

of compilers and opcrating. ~ystemll, .al·:~ 1 ~,. 

though compUer ... -nte,... and operating sy,.. "-; ,lr-=~~~:~~:_:0·:_;--~~--.' um implementors use ~imilar tnhniqu...: :.:·-
lt iSnot elect.rical engíneering, a.Jthough:i:·".< 'N"~;:,""" 
electronlcs d~>es provide the basis for imple~;¡-,_;._,. '""""" .. , • 
monting the computer ( JEFF77). ••o; rm 

'" Software engíneering is interdisdplinar.Y;:_:.~ 
lt ~· m.othematic:s to analyze and certify _.,. 
a.lgorithms, engineering to estim.ate cm\6 ·• " 
and define u-adeoffs, and management oci- ·. ;· ·• :: 
ence, to define requircment8, ......,._. risb .. j • Flc~1,_. 1. Eflort ...:¡uil«l on vaflouo <1-k>pmenl ,. 
oversee pen.onnel, and monitor pro¡-reS&. ti,.·-•<lhit; .. (o.duru.. maiJ;«IWI<O) .• :~ 

e--s.,,..,,._, . .,_ 10, l<o 1, J~ 1001 

1 
' 

l 
' 
' 

1 
; 

' 

\ 



' 

1 

( 

• 

Prrspecti<.,s on So/IUJarr Engineering 199 

the tool and the pcople who need to use it. 
For e.ample, a company rnay conslder sev­
eral rneth<><h of paying it.o empi<>Y<"= 1) 
pay ernp!OJ~L'S in cash; 2) use e romputer 
to print payroll ched<s; 3) produce payroll 

-che<:ka manually, or 4) deposit paymU di. 
tectly into employeca' bank accoun!.\. .• 

Other aspects, suoh "" proees.~iltf time. 
costs, cn-or prohahility, and e han ce of fuud 
or thdt, must be consid"red among the 
basic requiremcnt.s befare an apprnpriote 
solution may be chosen. A rcquiremenls 
analysil! can aid in understanding both the 
pr<Jblem and the tradet~ffil among r:onflict· 
ing constrainta, thcreby contributin~ to the 
best solutioit. 

Har<l requirement.o and the optional fea­
tures must be dlstinguished. AJ:e thcretime 
or space limitations? What facilities of the 
system are !ihly to' change in the future? 
\\'hat facilities will be needed to rnaintain · 
different versions of the system at dilfuent 
locations? 

The -,~sources need.-.d t.o lmplemrnt the 
system must be detetmined. How much 
money is av11ilable for the projed? How 

• much is actually needed? How many com­
puters or computer &el"\~reo are 11ffordable? 
What personnel are avail11ble? Can cxi<ting 
software be used? After th• first qurstions 
are anawer-ed, proje<:t r><hedules .mUSI be 
planned. How will progresa be controlled 
and monltored? What hll.'l heen.leamed 
from prcvious effortA? What che<:kpointa 
will be imerted to mellS\m'. this progress? 
Once a]] these questions have been an­
swered, specification of 11 computer solution 
lo the problem may begin. 

sp..,lf)catlon 

\','hile requirement anal}'l<is seeks to deter­
mine whether to use a computer, tp«ifi­
cation (also called ddinitú:>n [F'li'E77]) 
occks !.O-define predsely what the computer 
is lo do: V.'hat are the inputa and outputs? 
In the payroll eumple: Are cmployee re<:· 
ords in a disk file? On tape? What"is the 
form8t for each re.:ord in the fde? What is 
the formoi.t for the output? Are cbecks to be­
prin~.<d? ls anOther tape to be written con­
taining information for printing the dlecks 
omine? Will prinl-<'d reporu accompany the 

checks? WhHt algnrithms will be needed for 
computinl de-duction~~ such u t.u, unem­
ployment 11.nd hea!th lnsm-.m.,.,, or pcnsion 
paymenta? 

S!nce commercial S)"lltems p~ con­
siderable Kmounta of dat.a, the dat:a]Jase is 
a ~entra! cnn~em. V/h11t fllea are noeded? 
Ho..- "'ill they be fonnatt.ed, ac~ess<'d, up­
dated, and deleted?-

When the new sy:stem super-sed"" an 
older p~ (for eumple, "'·hen an auto· 
mati~ payroll syst<·m ,-,pla~es 11 manual sys­
tem), the connrsion of the nistíng data· 
base to the new format mus! be part of the 
design. C'..onvPcsion rna)' require a specia! 
pro¡¡ram which is discarded .alter ita r~ 
and only use. Since the cornpany may be 
using the olcler aystem in ita day·!o-day 
operation, bringing the new ~tem online 
pr.,...nts a problcm. Can the old and the 
new syotems ru n ski e by aide for awhile? 

The answecs to these questions are se! 
forth in tbe functional :sp«ification, a doc· 
umt•nt d""tribing the proposed computer 
solution. Thi.s document is importAn! 
throughout the project.. By ddiníng the 
projeet, the ~pedfication giveo botb the 
p~haser and the de,.,.]oper 11. concrete de­
scriptlon. The more pre.:ise the apedfica· _ 
tions are, tbe less likely wiU be eZTors, con­
fusion, or recri.mlnations later. The specifi-. 
cations enable test data to be ileve)oped 
early; this means that the perfomutnce of 
tbe sy•t.em can be teste-d obje.:tively, since 
the test data wiU not be influenceil by iJn. 
plementation. Be-cause it describes the 
scope of !he solution, this document can be 
used for initilll estima tes of time, pet1!onnel, 
and other resources nee-ded for the pro j-ea. 

Thesespecifications define only wbat the 
•Yst•m is todo, but not bow to do it. De­
ta.iled algorithms for implementation are 
premature and may unduly constrllin the 
designen~. 

Deslgn • 

In the design stage, the algorithms callffi 
for in the specifications al-e de,·eloped, and 
the ovcrall strutlure of the eomputer Sj-'1<· 
tem takC$ shape. The system must be di­
vld.-d into 5mall parta, each of whieh is the 
r~spon•ihility of an Individuo.! or a small 
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tea m. E.o.ch sud¡ modul~ thus defined must crrors occurred in d~sign, but ooly 36% in 
hlive it.O cons!raints: iU. funttion, sir.e. a!ld ~oding. Hnmilton and Zeldin (HAMJ76] re· 
specd. port that in the NASA Apolloproject about 

M rubmodules are •p<-cified,- t~y are 73% of o.ll emm; were design nmrs. We 
reprcsentffi in a Ir..., dl.o¡;nm showing th~ 'ha ve m""lcred coding l!etl= than any other 
nesting nf the oyslem's COtn)><lnenUI. figure .. · stage of softwKre devd"pment.. 
2 illustrate.o this for a typical compiler. 'Ibis 
iUustration, SQtnetimes <:alled a bau/W Teatln11 
diagrnm, is 110! by iL'<df an adequate Bpee-~ • . 
ification ofthe aystem.. .. · The testing st.e.ge may reqmre upkl half of 

Rccause the solution may no! be known,, ~he total eiTurt.·l~ad~quately plann~d t<;•t- • 
when the design stage starts, d""omposltion .. >ng of~n resul_t.s m w""fully la~ <ktivenea. 
into small modules niay be quite diffiCÚ!t. ,. _Durtng teotmg the ~ystem 11 presenLed 
For o\der applicatíons (such"" compiler. "'~h data·rt•presentatwe of that for the 

"tingl tlúsprorcssma becomest.amlard-~ .• fimshed ~yatem; thus test dat..o r:annot be .•. 
~. but for new on.I. (such a.s defense- ;eh osen at r~ndom:The test p\anahouid. in ~ 
systems or spacecraft .,.,ntroll· it mt.Y be fact, be des>gned e&r!Y and ~olthe ~ 

uite diffkult. .. data should be ~pecified dunns lhe des1gn 
q A common problem is thRt the huyer of, st.o.ge o_f th~ ';¡':"l.';'t. '. ·~ hr .. 
a system often does not know exactly what ~ T~sbng"' '"' ed mto t ee distrnct op-
he want&, 'especiaUy. in m.te-of-the-ru-t eratwns: · 

areu wch ,.. dcfense eyst~ms.· At1 he sees ~· • 1) Modul~ /esting subjects eath module 
the project evo\ve, the buyer often chAnges .... to the test data sl!pplied by the pro-
the spedlications. lf this O<:rul"S too often," grammer. A test driver Waulates the 
the project may flounder. We disruu this sofb.-are en\ironment of tbe module 
prohlem later. • by containing dummy routineo to take 

Codlng 

Codin¡ is usually the easiest stage. High~ 
leve\ languages and .uuctuted program- _. 
ming simplify the task.• In one study, 
Bochm [BoEH75J found th.at 64% of ..n · 

-
oorvu 

-· . 

"""" 
CODI 

O(NIU!OI 

• 
..... o. . 

'UNNU ..... PIINl"' 

' IOUIINU ..OCIU·' . 
' 

...... 
'"ocu• . . 

the place of the actuo.l aubroutine• 
tht the tested module calla. Module 
testing is sometimes calleo:! llltit test. 
ing. A module that passeslheee tes\11 
is releastd for integration t..st.ing. 

2) Integra/ion tesling tesb sroups of 
componenu. together. Evenmally. this 
procedure produci!OI a <Unplete\y 
tested system. Integrstion u.ting fre. 
quently reveals erron missed in mod­
ule testa. Correctln¡ th~m may ac­
count for ahout a quarter ollhe total 
effort. 

3) Sys/em8 le.•ting involves tbe test of 
the oompleted system by om outside 
group. The independence of thia 
group is important.. . 

The buyer may aho"irlllist <G lús own 
S)"5tems te!;t, or attep/anc~ test. bdore for­
mally aCc:epting the product.· Comparison 
of the p<irformance of lievero.l ~ (such 
"" those ·of a given software product alteady 
"'"ailable ftom se•·ero.l sotll"<'.,¡) Í$ called 
Mn~hmork te•ting.'" 

During t.esting. many criteria on used. to 
determine . rorrect •· program ·- encution. 

Fmu~~ 2. So..tnpl• ba><tino diopom !m o Óompiler. . Among other importan\ criteria; the pro-

c...,..U., s.,...,,.._ \'ol lO, No. "Z.l•"' lO,. ~· 
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PaspeciÍIJCS on So[twar( Enginuring • '· • ,,. 
grarn ia considered correct if: ·• .· (t.o specifications. In rontrut, .a rdiab/(• 

') 
program need not be rorre<:t, but give~ ac· 

~very •t.al-<'menl ha.o been uf'<'llt.ed al • ¡ 
~ept.ab e answrno e ven if the data or envi- • 

le""t once by the test data;, :r,: 
2) every path through the pro¡;ram ha.s 

been uecuted al 1<-ut once by tbe teEt 
data; and '" ' 

3) for each spe<'ification nf the program, ~ 
test data demoru;trate that the pro- , 
gram perforrns ilie particular specili­
cat,jon correctly. -•, 

rorunentdo not meet the aosumptionsmade 
, ahaut them. We "·ould like 11. sy&t.em to be 
. highly robust, thBl is, lo accept a large clllSII 

of input data.&nd to process it cnrrect.ly'.;-• 
under ad~en;e conditions. Pant... [PARN75] 
d"-"'libos a corree\ S)'lil.em o.s one that U -
free from fault.o and hu no enors in ita 
inWmal data.· A program is reliable if fail­
ures do not seriously impair its s.ntisfacU>ry 

These three differen.t criterio. ohow that , operation. · • 
thne ¡,no single ac<:ept.able <:riterion defin-?i~ Opera~ng systeiilll "~~ :raihofl" pro­
ing a ''well-tested" program.·.Goodenough ,..c.dures illustnte· the düforenooe betw""n 
and Gerban (Gooo76] proposed-a 11et of reliabil.ityandcorrectneBLAdetect>:derror • 
ronsisl-<'nt defmitions· for "l.e.!;ting~ .and .causes lbe sysl<lm to lihut do..-n without 
showed thllt sorne Of, -thcse defmitioru; • 0 ( .;. \osin¡: Wonnation. possibly rest.arting llfter " . 
testing ...,, U. theofy; insuffidenL .We ...,.. · error «<:every. Such _. ay:stem rnay not be 
tum to this subject later. f"or á f;Üivey ot rornct because it !. ...,bject to enors, but 
good testing tethniques, see ¡HuAN7S]- '":• • it is ~liable OOcause of iu; có"ru;istcnt <lP"f· 

Closely rclated to testing are ~erification-• ation. A real-time program may be correcl ·­
and validation (V/V). Aay:stem ¡. t>OiidotM . . as Ion¡ os~ sensor repotU correc:tly, but it 
..-hen tcsting lihowr; that the sy•Mm per- may be unreliable if bad sensor readinp 
forms Be<:ording to iu; spedfications. A •YB' . have not been con•idered. 

· tem is ~~ri{ied when it ha.s been pmved to •, :, 
m""t its opecifications. Cuirent technolo.-b' • Operatkln an<l MI lo> !enanca 
is inadequat.e for achieving both !.hose ob- , 
jectives. A validat.ed S)'11tem may misbe •. Figure l ohows the dispositicm of software 
have for cases not induded in the te&t da. a_ costs in devdoping 11. new project. But this 
A verified 5J11tem is correct relative only to can be the "''''n' chart! The activitiell noted 
the initial-8pe<:ificatioru; and ·assumption.. · in Figure 1 are only 25% lo 33% of the effort 
about the operating imvironrnent; fomial. • required durlng the life of the syatem. F>¡:· · · 
proofs tead to be lengthy, making them., ure 3 íllustrates that maintenance costa ul­
oubject to error or inered.ulity. CertificatUm · timately dwarf development costa. 
oometimes refera to the o~eroll process of No computer 5J&I-em is immut.eble. Since 
creating a corree! ptograrn by, validation' a buy<!r seldom knoWII what he wants, he 
and ,-erif~<:~.tion.. oeldom il satisfied-' Probab\y, he "-ill ...,.. 

In certifying a prograrn, three tenn5 mUst . quest changes in the deliveted system. Er­
be distinguished. A failur~ in a sy5teni. isan' ron; mised in testing willlater be discov­
e•·ent which markl a ,-;olation of the &y. ued. Ihlfer-ent installatiotlll ,.-il] need spe-­
tem "& •!>Kifications.. All ~rror is an ítem of .. "cial modificatiom fot k>cal conditio= The 
infonnation which, when proceSS<"d by the •managcment ofmultiple copies of a oyst.em 
normal al¡orithm.o of the 5ystem, prOOucei . ia anotber difficult probl~m that must be . 
• failure. Since error tectwuy may be built~:handled ear]y in developmenL Once the ~ 
into the pro¡;ram (for narnple, ON úniu in. fust 1ine of cOOe ul ... riuen, the 5troctuce of 
PL/1), not every error "-ill produce a failure ... the resultini rnaintenance. operation may , 
A fault is a mechanical or algorithmic de: .already be íued, 50 it is best lo plan for it 
fect which generales an error (fot <i1ample,. t.hen. . 
• programrning "bug") 1 DEr<N76a). 1.<_, ,_ The divisioo of effort indicated in Figure .. 

Reliability is a concept which must'not "3 greatly affecta system developmenL Be· ' -
bé crinfUsid ... -;tli córrectneas. A coliffl pro-·.: ca~ of hidden main~nance C0$1&, IKh· .... '" 
gram !. one that has been prn,-ed to me.:t .· niqueo that rusb developmeñi'and pm,-ide 
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· dcsign ofu.n rovcals fla•o in these 6pecifi­
cations; coding, testíng. and operation te­
~·ea.l prob!ems in di'Sign._ The g<>ak of aoft- _ 
warc engineering are thus lo: ~ 

• U~~e techniquea- that manage ay~t.em­
""mple:<ity. '· 

• lncrease 6~tem rt'liability &nd corred- . ~ 

"'~ 
• Dcvelop techniques to predict ooftwo.re ., 

< M$\s more accuratdy. e •. 

In the follo,.ing sections, we di.cuss ap­
proachcs to sorne of tb.M problema. Tbe -" 
list of techniquea is di>ided into man.o.ge-__ 

Fl~=. True •ffmt "" rrw.y iozp-«&Jo. ..,ft .. *"" • ment and programmer iau"'- M~ement 
issues concem the effective orgaciu.tion of 

-· . . . . . - - · permmnel on a projcct. Prognrnmer issues 
for vezy early lrn\1&1 '':'plementat~<>n may ~~ concem the te<;hniques used by individual 
be tra~ •ft!lY ne<'Uhon fu<:" m~ eh~.., :.programmers to impran their P"ñonn­
uterwve mamtenanoe operauon. ••• 

• --•. , ance,-•<• •• 
The mamtenance problem is J;Ometim"' ;;, . · 

referredto as the "¡¡aru_number eKplo•io!'.'~ -~AN.o\GEMENT ~sSuES .~ .· 
For enmple,· a certam oystem con~~ · • -
componenta A, B, and C. lnsl.allation 1 fmds -~ A manager cont.rols two major """'""""'" 
IUld reporu an en-ot. The developer fueo' personnel and computer ~quipment This 
the error IUld sends 8 corre<:ted module A': section surveys t"chniq""• for optimizing 
lo llll installations usiog the •Yskm. • ·: the use of these rn.our.,.,._ 

lnstallations li and 111 ign.,rethe repl8Cf"- ·..;.:, 
m en! and oontinue "~th the original•y•tem. · Slze 8nd C011t Control ·· 
lnst.allatio"" l8nd 11 diso<»Tr anoth.r error ... -
in mod<tle A. The developer mu•t now d~ -;A proje<:t may fa~ when managetnent isnot 
termine whether hoth of these errors ,.., . 8.""""' of developmg problerns; • year"• d~ 
the same •ince different verYOns Or riiodule ,. la y cornea "one d•Y. at • time" [BII0075]. 
A ue in,-'oh-ed. The corree !ion of this eJTOr:: Fac~d "~th cat.astrophk failure. (for uam­
involves corre<:tion of hoth A' (for l) andA _-ple, needed hardw...-., is delayed ; llil 
(for 11) }~elding A" and A'ff, There ue now months), 8 resourceful tnanagereanusulllly 
three ver-sions of the ey-.tem. find ahematlves. How.....,r, it is easy to 

To avoid thii gro"th, 5}"$1.ei!UI often ·...,. ignore day-to-day probl.,.,. (such as aick 
ccive updatis. caUed reluses, at fued in-': _!'mployees or many emn dut!ng Usting). 
tervals_ A w.ef<tltool for dealing .. ~th myr-_:.:• M06t pro~lei!UI occ:>' at the mt.erf&C'fi" of 
isd · mainte"'-tlce proble""' is a - 8)'St.etna_ m_od<tleo wntten by diffell!'n_t pro~ en.. 
dat.ahase" 51.arted during the sped!ications •· Smc-e the number of sud, mterfa""' ,. on 
5\.age. This data base r~cords the chuactn-•·. ~he_ o_rder of the A<¡ u...-., of tbe nwniJt,r of. 
istie& of the difforeol instal!ations. lt In· mdmduals invoh·.-d, the problem brcom.-. 
dudes the procedures for reporting, tesÚng~ :.___. un.,.;e[dy when the numlxr of pe"""'" in a 
and 'repairing ~rrors b<-fo,.., distrihutll-ig the , , de,·elopment group !TO""& to four or more. 
~on-c~tions. ~ -· - Aa an example of the communir.ations 

problem, usume that a !iin¡le pro¡;rammer 
T~emeo of SoMware En~II'Hrlng is capable of "-riting a .S,OOO.lil'e prop-am in 

- a year, and that 8 prop-ammiog •ystem 
lt •hould be dear that each oof¡ W8te devel-.'-' requires about 50,000 line$ of oode and is to 
opment_ ~t.age 11110}' _inllu~n<e ":Rtlitr ~t.agea. •., be completed in two yean. Fiw program­
The "Tltmg of ~pec¡!icahons rn·e-s f...-dbadt 1!_ mers would oeem to be oufficient (..-e Fir· .:_ . 
for e"aluating r.-source re-quinmrnu: the Oure 4a) •. 
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llowevér;- the .five~ programmen;muo:t1:,B •• : 
communical<! witb one another. Su eh com-_::_;,• 
munication U. k es time and o.lso:> en uses sorne d;:.' 
]0&1 in product.ivity since fincl'ln¡ misunder--.r~( 
otood aspeda wi.U...quu-e additlonal testin~:~ 
For this simple analY"is. assume tht eada.:.;:~ 
rommunication path :'cosl.sw a programmer :~~ 
250 Jincs of code per year. Each of thi five :r-·,1: • 
programmers, therefore, can produce only•_f!:.· 
4,000 linei per year and only _40,000 linl!lb·,.~ 
>tre complet.ed within two yeiU'S (-. ~ "!~·\ 
4b]. :h) 

This means that eight pro¡rammers p..,. i'l·• · 
ducing 3,250 lines·per•year,ar<' actuallyi.\Ii;_ 
n.cded in order ti> produ«- the reqaired ~' 
50,000.- A manager i¡; required for direction ::,.o, -· 
of this ]aige effort:'.Therefore, in summary,•.b;.; 
eight 'pi-ograrnmers and a manRger, each!;l:!i:· 
produdrig an average of 3,000 Uné's peryear,·r~. _ 
are actuolly needed (see Figure ~e). ".:.;.; *

() :¡, 
i\ 

Ñ wé ilia..IJ. ....,, simply counting lineo ol ,.,-." 
code la not 11 good way to estímate produt>- ,¡. FlcURE <(b). · Ftw ... rñ.mboJ rr<NJ>' <.000 linM por '··" 
iivity: The figures in thÍll example are only .::;.,- Y•~- 40,000 lineo in •- ¡·oo.n (L<o <ommuniootioo ··-
• • ill ' " L •L pollo), <f• f •• g~ven · l.o ustra e· a 'po1nt, • uut '"ey ·In ~ '-

repreaentative o! the problem.'There are •.-·C ~ 
also kchniqiles dcsigned to limit this CUt~>,..:_~ '< 
munico.tio"" ; M exl)!osion'' and lO incre.:.e ~ 
programmer product.ivity. •-•\., 

Proj«.t PMsonnel · • 

f"ICU"-"<(<). N".,..__,.,bor 1<..,.: 3,000Jinoo por )'UZ =-.J" 
- 50,000 .._. in .... yoo.n (36 communkotioa _,._,., 
poit.). ir•-
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menta !ion is often · given 'lower I>Tiority. respon!!ibilitiea ILS budgeting time, vaca• 
llnwever, &ince 70% of the total s)'51cm root tions, office Epa re, and other resoun:es, and 
rnay occur during the rn~inl<·nance o!.ate reporling to uppcr-level managernent. The 

. (where !he rlocumcntotion ia hi&•ily \1.9~.:1), administrative manager oftcn administe .. 
1.his may be a false economy of effort.':: . : severa! pr<>gramming teams. 

Use of alibrarian is one way to avoid this The b.~ckup programruer works ,.;¡h \he 
problcm. A librarían pro, ideo th.i" interface • chief prOgrammer and fiU. in details ...,.. 
bet,.·een the pro¡:tammer and the com- · •igned by the chief prog<ammer. Should 
puter. Prn¡¡rarru; are roded and gi'·e11 \.o the the chief programmer lene the projf"ct, the 
librarian for insertion into thc online ¡)roj-.' hackup progrHmrner would takc <>VCT. Thii' •• 
ect libr,.,..Y. The actuo.l debugging of·the means that he also milllt be an ex.,.,Uent 
module is carried out by thc prog:ninuñu,·. programmer_ The backup programmer olso 
but changes te t.he official m<>dule in the fulfills añ'importllnt role by_providing t.he 
library are m•rle by the librarian.".The '¡_;;.,- chief p«>gratruncr "1th a peer wit.h whom 
of a llbrary• is furthu enhanred when ·an. he can discuss the design. 
online data mnnagement sysh•m is used. -~"~ Thcn are also two or three junior pro-

Thc use of a llbrnrian h"" mlOther loene- • granuncrs "-"'igned te the team to write the 
ficial effe<:t. AU chan¡e• In modules in the low-levt!l modulell deftned by the chiefpro­
project llbrary are Ju.ndled by or... lndi,~d:, , grammer. The term "juniorH in this <'Dtltnt 

ual and are ~""Y to monitor; they"lire often '· means '1css expetienccd," not '1e"'l c~pa­
revlewed by !he projcct manager -before ble." Ñ Boehm •tates, the bes! rc•ultA oo­
insertion. 'Iñis prevenlA- --~dnight ·("Ut with fewcr and beuer people. 
pakhM'' from being quickly in_corp<>rated Using the uample illustrated by Fígur-e 
into a system nnd forces the programmer to_ 4, a chief piogrammer team of five individ· 
thlnk carefully about each change.· 1¡ also uals hu only .._.~en communications pati!S, 
gives the manager d~iplined pr~uct ron-._ and the chief programmer, bcing that rare 
troJ and he\ps with audit trail.s. '-';_'- ~ , individual, • =n produce more than hio 

On!argerproject.s,atechnical""ritermay quota of 5,000 linos (see Figure 5). ThWI 
pe,-form much of the documt•ntation, thus productivity per programmer rould be 
freeing programmen for the t.asks fOr which, Greater than 5,000 lines per year, instead of 
they are most •killed. the pnvious figure of only 4,000. 

The culmination of this t:end is the eh~[ The team haa a librarian to mana¡:e tbe 
progranuncr terun concept.developed by project library-both !he online module li­
IBM [BAKB72]. The eoncept_: recognizes . Lrary and the offiinc projcctdocumentation 
that programmers have difforent le•·eb of (also called • the project notebook). TI>e 
rompetcnce; therefo.-e, !he most competen!. project notebook ront.ains, among othM 
shou\d do the major work, while othcrs • thinga,• records • of compilation9 and. test 
function in rupporting roles. A5 the earller . runs of al! modules. lt is importan! to the 
eu.mple shO"-'S, lnterfacing -:problems h'arn strocture, oince all deve\opmmt•il 
greatly reduce programmer producti>·ity. - now a~unt.ahle and open for inspection, 
The chief prograrruner team is oñe way of and code is no longer !he ""private property" 
limiting this compleslty. ·- --. • · of any individual programmer. 

The chlef programmer, an exceDen\ pro-_. Programrners ha ve traditionally l>een,.... 
grammer and a crentive and.-weU.diSd-}~ luct.ant to nhibit thcir producta until rom- • 
plined individual. is the head of the team: __ p\etion, since dis<:overed erron have traeD­
He may be five or more times'more pro-.· tionally h<oen \~ewed u a personal faíllll'1!. 
ductive than !he \owest member of .t.he' • The absurdity of this approach is c!cu 
team [BOEH77]. He functions !"' the W<:h·~ cnough. Irthe ego demenl is removed from 
nical manager of t.he proje<:t,' deoigns the ptogrammlng,-. programmcrs. may openly 
systcrn, and writes !he top·level interfaces"" ask othen; for Ad•-icc'when theY need it,• 
for al\ major moduleo .. ' . ~ • • - instcad of l;:,in¡; to solve aU pro!J\ems them- "' 

U a project is lar¡:e, a h'am may also h"ave\ uh•M (WEL..,7I]: 
Rn administrali>e manager 1<> handle such' The u.-affi may indude olher 6upportin¡ 
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I'!CU!U: 5. • Few<r "'mmuni<a<;<>N pollo• m • clú<-r 
J>w¡¡ramme• teom .. •., 

to romplete a project. AA pr~viously men-~ 
tion.-d, the \'~ITIWUIO Narrows- Bridge in 
New York City "'RS <XIDlpleu.d at the pro· 
jecled time and- within •lhe rstimated •... 
budgeL How WllS lrn<:h ac~ura<:y achieved? •· • 

Most Fn¡¡in~ering discipline~ ha ve highly ~;o,; 
de•·elope<;! methods of utimating resoun:e •. 
needs. One auch te<:hnique is the foUoaiil¡ · ··: _ 
[GALL65]: 

1) Develop an_oulline of the r<"<¡uire··• 
t._: ments from the R.<¡uest for Quotation~ .... 

(RFQJ; ·:. . 
- 2) Gather similo:r•infonnation;'for Ú- • 

personnel su eh lll leCret.aries and teduUcal~ ample, data from similar projects; ~~! 
write~ E~perience ahows thttt ton is the .:.~~-31 Se\e<:t the bask r'Oievant data; ~ .. 
upper bound to team size .. ;,. 4) Ihvelop estimateo;-.. :;:. •• 

This strocture, however, "ill not aolve all ._ ·c. 5) Make the ím..J -¡,...¡uation. ,' \· 
problems in development. With'a r;maUer ;·;-~ . - . 

• ol '-~- ·~ _,_,-;n·•o"l' .. o -om··-,.· ..• -.~Aithough this apptclilch has been adv<>- · num.,er u•ulVluU...,., u•• veu,• ~ · '"' · ~ 1 
,_ • ·-• ll · 1 ·•; •-, .- ~ated for software u""e opment; softwlln! ..,nce 15 crucuu. "'no posslu e "' wor e·~ · . diffi · . 
around" a nonptoductive indi•-idual u <ine , ptOJe~ta ha ve•. tculty pusrn¡_ · Step_ • 1 
mi~ht do in a large project. There are abo -~~~Lv74]. Eng¡n<><:rs ::ve ,t"'_en · buildwg '" 1 • 
e%tremely large proj.,.,ul where a group of :. f n gcl' foa'o6,000~ 1"" 1":.ares~ 
1-en is Wnp\y too small to tackl~ de~dop-~',:;o~ 5,. ~·e~uiran:~';;",:~e ,!:t :;;, 
ment. Wger team$ are not dfiCJent. • · · ail bl M with l' ti t.a- k 

A man-month,·or the amount.ofw0rk ~v a e. ':'"""""• •·cry lt e _e· 
Perfonned by one individual in 0110 rnonth, ,. ground to built:il:.r the developer h~ little 
;, a d""eptive measure for estimating proj- ~ .. · -~~wled8ge of s

1 
syst.erna to uoe m eval, 

--" '· A · " 1 uahon( tepZ.•.<· ect prvuUCliVlly. pr-<>J""l re<¡ulnll¡ our ' In d ¡ · the · (S •1 <h 
progrruruner-s for a year cannot ~ com-. _eve oprng ~tes tep , e 
pleted by 48 programmers in one month. , ~llCM'ltl.g tukll must be undrrtaken: • • .' 
The eumple of the-50,000 line '&}'Uem' ..:·~ 4a) Compar-e the pouject to similar pre-
needOO in t..·o yran ohowo E.Ome of the !.,;.._ vious projectL .:;;-.• • 
problems inherent in trying to nchange:_-.' ~ 4b) Divide th,; Proie<:t into· unib< and 

'programmu-a for time.· '"Adding manpower .. ---~ ~o m pare each unit with oimilu units: 
tO a late E.Oftware proj""t makes it lat.l!r'" .. ·- 4c) Schedule worlr. &nd eotimate ,.,. 
IBRoo75]. New pe1110nnel divert nistinr· ·<:.":. oources by the U.Onth. • .. ~ 
personnel needed to train thern; they re-·::--. -4d)'De•·elop Aarl<lanh that can be ap. '·· 
quite more 5upervision: they complieate e";>:, plied to work. ::: - · 
communication and interfere .,.ith the de- ,. 

'oign oince they are unfamiliar,.ith the pro}'_;,~ Note that. for Step V.), the lack ~f ~ 
ect otructw-e. .. Vlous' upenence •pt~UI . a· conllllumg.-

However man-months do· oerve a pur- . Pr<>blern. Also, for Stq> 4M, an adequate . 
pose .._. 1 .:S..rul mP~~""' of proje-ct ce&ta. ;~ oet of sta;>dar~ does not yet .. 1iol ':· . . _ 
By adding more data, such ao the rate or.·~-:-E~penence '!' _the ~ t? a~te esti· -.. 
using mim-monlha, ae<:Utate. cost estima~· ~\Ion. E ven c1~ ~nng proJ_ectsrnay ':.. 
tion 1-e<:hniquU can be utifued. Th.,.¡;..., ~fall hadly when estahlished !"Chn>ques are. 
esplained in the fo\Jo,.-ing •uh.<e<:t.ion. •• ·.. not fo\Jo,.·ed. Although the \ etT&JAnO N u-

. • ro"'S Bridge was the ....,.-]d"A largest suspen· · 
sion bridge, ita engineo;_r-a had much uperi-· -.; 
en ce ... ;th othcr oimilar otructutes. On,the-.:, _•' 

One of the most important-aspecb< of enri· -· other hand, the Aia.kan oil•pipeline.wu ,' ::~..:: 
neering ia estimating the resources nHded ~ eotimated lo cM\ $900 million, yet by lnid- ,. •, • 
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1977 the · cost. had risen _pa.st !9 billion 
[ENH77]: In this ca.,.· the de.<i¡:n wa.s al­
tered contimwusly as U,e fedu..:l govern· 
ment imposed•new en,iromnultll st.an-­
danls (that is, Changing specifo-catiuns), and 
ncw technulogics were needed to mo,·e 
]argP· quantitics of oil in a cold wcather 
en~irmunent. I'rc~ious experie~ Mis only 
mar¡:inally helpful· ·• 

Resulta from romputer hard.-are relia­
bility theory are now starting ¡o pl8y a role 
in wft><IU"O estirnation [Ptrrsn). 'J'he cu­
mulntive expenditur<lS over time fur large· 
sea! e projects ha ve been · found. to • agree 
dosely "~th the folluwing equatiom: ,.,_. 

where E L< the total amount s~nt on the 
projL>ct up to time 1, K;,; the total rost of 
the project, and a iAa mM!'ure olthe mu· 
imom e1penditure• for any one ti:ne p<'riod. 
This nlotioruhip is usual!y .,,~p.--cd in its 
differuntial form, ¡·alled 11. Raykigh curve:' 

1 

~omplction dAte." Two of these charA<leris- "'­
líes are enough lo dttennine the coto.<lants 
K and a. When · 8 project ÍS Ínilioted, the 
proposed bud~et ís 1111 estimote of K, and 
the a'·ailable .f'<'l><lnnel permits a to be 
~akulat.ed.,•A""uming that requiremt·nt 
ann.lysi.<. ddemtine.~ that these figures rep­
resen\ an acrurate a.•;sessm~m of the rom- • 
plexity of the probl~m, the estimated com­
pletinn dat~ -(the date when !he e>¡><'ndi­
turcs reach a maximum) can be com¡mt..d, • 
and thus cnnnot be set arbitrarily rluring •.·; 
the r-equirmncnts or sp<·dlkation .u.ge. _,__._ 
'J'his method pro•ides the b.asis for a cost 
estimatiun &trategy that has been applied •' 
to srnall~r projects in the 100 rnan-month _ 
rnnge [BAsJ78]. We m~y he dose toa ln!lth- . •­
~matical theory-of co.t <•slimatinn which 
-..ill greatly reduce our need to ~gu,.~ at 
project cost..a.- • 

M;teslones 

A mileslone is tbe sped!'kation ofadomon­
strable event in !he dcvelopment of a proj-

F- ~Kou-~· ect. Milestonea are scheduled by m.onBge· 

,.-heTe E' is the rate of e%Pendit=. or the mcnt to mcasuri pro>grea. "Codin«: is 90% 
eomplete'' is not a milestone because the 

amount "pent on the proje.;t dwing year manager unnot know when 90% of the 
numberl. Slncc 70'J, of !he co.st <>fa projed code is complete until the proje<t it&ctf is 
occura during the maintenancc Mage,·il is , romp•ete .. "•· 
no\ 5UIJl,.;.ing that the maximum expendi- · · There are mány candidateA for mile­
turea will ocrur ju&t bcfore the product is alones: pub!ieation of the functiotud speci­
released, B time when it is usually assumed fications, writing of individual module de­
that the effort is winding doll'll before ter· signs, module compiling without CITOI'B, 
mination (see Figure 6). units that have been tested suctessfully, 

The Rayleigh """'" ha.s two paramet.ers, 11.nd so on. Milestones ru-t ¡.chedulM f.oirly 
K 11.nd a; howe~er, a ay,;tem tan be de- orten to detect eru-ly slippage. PERTdwU 
scribed by three genero.l characluistics: l) ln8.Y be used to estimllte the effeet. ofslip­
total cost, 2) rate of ~xpendi~,.and 3) • p11.ge in une sta~e on later st.ages_. 

' 

- ..... ~····~ '• ~ ....... , .. , __ _ ....... , ... , "'"'""'' 
fiGURE 6. .Y<&<Jy ,.,. of .. pondit......, _o.in..atoo 

u.. Roylo~ ow-v.. T<>t.ll ...,, ¡.,.,- ron-.) 
- K: " - l/T,~ ..._~- 2K"'•~'' .. • ' 

Reporting fomlll"crut give in!onnation 
useful for estimating when a fu~ rnile­
&tone will be reached. A genenol project 
summru-y, descnbing such O\·en.U charao­
t.eristics u system si:te, ~ost, completion 
dates, or comple:úty, can be resubmitted 
with each mile•tone. Chango r.ports can be 
submitted each time a-module is altered. 
The use of a libTru-ian prohably mearu~ that 
such a fonn airead y exist&. Wcekly person­
nel nnd com¡outer reports monitor e>]'end­
itures. Althou~h they add 11. minor o,·erhead 
to the projeet, the infonnation helpil man-, 
agement k....,p abreast r:l progress [BASI78. · 
WA!.S77].··~; 
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rity that can arisl' ,.-hen many people .... ~th 

Compilers and certain debu¡;gir,<: facilitic• . · ~~J:~~o:~~~=t ';"~:·~~.v:;e;:,"~;;-
hove been aVHilable for ¡;ome time. lh con- , ,. errors tJecaus.e the uscr can follow a simple -.­
trast, other programming oída are n~w and 

• '•'- oL ' 1 •• • ,SE(Ofru)ell,-0" 
e~penence "~u• .... em • u; PSS es~ru;l'·e. 

Cross referenein¡;,.•ttribute listinp,·and , , 
symbolic 6 1.0rage maps are cumples of such .· .Contmual Sysrem VU<l.otoon 

a ida. Audiwrs or datab~ systems can help ·""A walk/hrough is • rnanagemt•nt nriPw 1.0 
to control the or¡:8Jlit.ation of the develop·' ~ disrovcr en-ors in a system. In one study, 
ing system The Problem Statement Lan-. TRW disco,·ered that the roM of fuing an ·, 
guage/Problem ;~·· Statement . Analyzer_ ,-error at the coding~tage ~< about t"'ice that ~,_ 
(PSL/PSA) oLthe ISDQS:pro)eCt of th~ •• offuin¡: it at the d~si¡;n stage, and catching -­
University of Michigan ;.. one of the firet ;· it in teuin¡: costs about ~.<en times as much • 
dat.abase •Y'-"':""' fcr pro•idin¡ ":m<><:!ule:r.as;tdoesindesign[BoEH16}: ,, · 
library !or nonng ~~~~· ~e;and m!'\udesr-:·;. A walktlu-Ou&h is sched.uled periodically ~ .­
ft \anguage for speeifymg m~.<erface~ m •Y•· foral\ perSOnnel'ln at~.<endance.II.J'e the :,•_ 
tem design which can be ch_ecke~ H~t.on;at- ,· project. mRnager (chief. pro¡:rammer), the 
ically {TEtc77]. RSL/SSL 1S a stmiiiU' sy!l- · person uviey,·ed Uld uvero.\ others knowl-
tem deo.ig!U'd lo specify reqtiirunents and •• edgeable about ~ proje.:t. Ont oection of 
to design interfaces \ia a data m.o.nagcment • -the sys~.<em is sel~d fcr Ú\ie"' And u eh 
aystem [DAVt?7l . ~ individual l. given infonnation about thu " 

An alt.emat>ve approach IS the Program:::-1 uctiun (for e~ample, design document for 
mer's Workbench develcped by Bell T~].,., -a design walkthrough, code for a codin¡ 
phone L..bor~tories [Oow16]. A PDP'li' walkthr-ough) hefore the re•iew. Th" pet-
b ... ~ed-.ystrm pro•ides a ... t of suppon rou- .-son hein~ re,iewed then describes the mod-­
tines for module dcvelopment, library :;. Ule under Study. 
maintenance, documentation, and tes~ing .• ~ The walkthtough is intended to deu-ct 
Pro¡>ef u..- of these facilltie~ allo"'-. aecess- erren, not to con-ect thrm. Alao, the 
in& infonnation in an í>asier, conuolled en-- . wolkthrough is bricf-not mere than two 
vironmenL ~- , hours. By explaining the design lO others, 

.. . 
llelleblUt-, ., 

the 'pei'!Kin revi-..d is lik"\y to discover 
__ , ... _.,, .. - "' ""'"''- vague t;pecificaticns or missing conditions. 

An important poinl for manageinenl O. 
Conoep!UIJI ln!BQr~ty: 1" that the "'alkthrough ;.. na/ far peiU>nnel 
Conceptual in tegrit;y, uniformity of style "valuaticn. H the person re•iewed perceivu 
and r.implicity of sU\Icture, IU'e usually . that h" O. heing ..... aluau-d, he may att.empt 
achieved by·núnimizing the numher O! in- ·.to covet up problrlllll or preoent a rosy 
di•iduah in the projecL,A chief program-.. ~.picture ..... , ... 
mer l.leo.rn GTeatly enhances conoeptual in- -:-: An Wormol Yet ~ery effectiv., vmion of ·--. . 
tegrity. · the -..·alkthroogh is codr uading. A o.econd 

A smoll group minimius contradiclOry . piOgrammerre\io\\'Uhe code for eathmod­
..,;petts of a design. In the PL/l·huiguage, • ule. This LechniQue freQuently tums up er-
for no.rnplr, the PICTURE altribut.e dec• .•.ron; when the SKond reader, failing to un­
\nation may t... abbf<'•~ated as either p¡c·-1 der&tand &<>me as¡>KUofthe code. a.ks the 
oí- p, but ·in' format opecificatio.u it iruoy .. : author for an uplanati=· ;· .. .-. 
only he P { ANS\76]. In FOR'ffiAN, the right • 1 ~::;_ - ' 

•.. 
•id~ of an ~ignmc_nt 5UIItm~nt can be an :3. PllOGRAMMER ISSUES ,-_ 
IU'bJtriU')' nnhmeuc upre=on, -but DO : . 

._ .. 

, .. 

loop indices mus¡ ~ integer con<;tants ot · Ee.ch •ta¡;e of the&Oftwne drvelopment H!r 
,•RJiobles. and •ubscripts to arra y• "-re \im-.;; cyd" hu iu ""'tl o.e\ cf prohlems and ..olu· 
i1.ed to o.even basic forms {Al'SJ66J.)ne&e ¡, __ tio!l!l. The ,TI.,.t~.d,·~~noed l.echniques spply .... c., ••• 
are diffirult·,jdiosyncrades .to Úmember.~<rto the I.Mt Stagti; the first itages IU'e the -
They illust"te alack 'of conteptu&l inte¡:-••-!e.B$1 dPvdoped.·For éxarnp\e, testin¡ and 

Com- s,,..,.._ \'ol 10. !<o 2. '"~ 19:0 
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d~buggin~ pwbl~m• ar~ appar~nt tn <-'"~n- . "it h compil~r> bk.- l'LtC [ c.,~w7J) o r 
pro¡:rammN", the,~ 1 ""]' Rl t' tlw olrl<'" ~nd 1 !' l, \ · ~\ [ Zt :t.~;:,].. 1 !11 """"""fi hy atHI !In 
most ad•·•nt«·<l T<•<"i11oiqu~" fur.impruving •[ll,\M~75) """~}' tnuny of tht·>~ took 
rnding "'"'~ <lr•·t'l<>¡><•rl n<'>t. The mn~l rt•- _ 
c~nt de\ ..Jopm•nts ha'~ rdatNI to n-quite-_ ,_ C<HM•caloDfl 

. ' 
'" 

mrnts and <pt·ctfi,·minn,, Allh"ugh ""'m· 1, 1 1. 1 1 1 , 

' 

- ¡ ¡ ¡ ¡ ·- "'~'""'-'can ><· \'t•rt a·r at ''''''Na ,.,.,.,._ -... 
lt•c llllCa ¡>10 J tm• 10\e not been >ok•d: C . (' ''j ¡· · h • · h d ¡ - - . ·.un"·" L<J~U.~ t.<lSPtg 1 different ,,.,. 
an t•ucctl\e m01 o o u¡¡y L't·mergmg Sume , -~ . · d.· -' h · - ' ' lUCBII<>Il ron 111ono· • 
of these ter mqurs Ate pr<·>'<·nt~d in the _ · · 
fnllo,.·ing ;uhsectiolls. .• • A pro¡:rnr>1 corll".'"'·"" S,l'n!~Cl1t er· 

rors. 
• A procram roma in< no rompilation ~r-

rors or fauh; rluring,pro~rnm '"""'"' 
Ve<lltCal•on &nd V~ltdotion -· 

V t·rifiCati<m a11d valida! ion 1 modtll~ and in-_-.;:, oon. 
t<•¡:rutwn {(•S! in¡:) of a sy~tem or•·u¡n· al>out . e o , Th•r• · ~xi.•t- '"'' data for " hid1 th~ 
half of the de,elopm~nt timt• of a projf'Ct. -•"-• pm!'l'am ~¡,-~, rorr..._., an"'~"'­
Man:-'debu~~in~ airb hnt~ ht•<·ll rleq·Jo¡wd 1._ o For l_\'pit·•l se" of '''" dma. tht• P"'' 
lo fnttlitatt• th1s df<>rt; muot ar~ lrll[li<•-.,,_,_1 ,¡:ram~iv<·•cnrre<"laro'"'''"·-
nwntt•d "' program~ tu te>< sonw feature of ~o Fur rlifft<'Uh bH~ <>f lt"l data. <he pro-
a ~ystem. ~ram ~1\''-" corrt•t·t ""'" "'"'- , 

AuromM~d 7ools 

Tlw <-arlit·'t and mo.<l primiti\-<' <lchtl~~in~ 

o f'or al! P""-'ihh• """uf dmn "hid1 '""' 
valid "·ith rc•pect tn the pt<>hbn <¡'<·<· 
ifiration, the pro¡:rat11 ¡rj, ,.,. t'<>ITN:t Bn· 

""""-
l-'<!r ,¡¡ !''"'¡¡,¡,."'"uf \'ali<l ,,.,, olnw 
;ond all li••-1.1' t•<•n<lition' .,¡ •·nnnt~'"·' 
input, the pr<>~ram ¡:i,-,.,. t'<'fT<•ct Rn· 

"" er.<. 

'"''1' "''"· ,¡,,. <lurnp :<n<lth<· '''"""· .'\ ""'"!' , . • 
is n ti.•tin~ ,¡ tiL<· '""''''"' of tll<' mad,jn,.", 
"'"""'·'- Thi.• h·Ün~ c~n oft<•n r~n·al un· 
im,.]li~ihle data or ''"""'· l · nJ<>rtUnatd)·. " 
dum¡> ma_,- tt<rl ¡,.. '"hn umil lomg ""!t•·r o For all 1"''-"¡,¡,. input. 
tlw fuq" Hnd th~ ca u"·,¡ tht• ••rror ma_,. ""' 
th~n be appnrent. A n-m:-.· 1$ a prinl<•<H 
showin~ the ,-alues of seh"<:to•d <·ariahlt•• 
nft<-r each Sllltt•mcllt ;, \'X<•etrl<·d.•lt mny 
hclp n jlfo~r~rnmer to di-.·owr ..rror; . 

The;e techni~u~; are not u•llall.' ~"'·' 
efTt•cti>·~ bernuee tlll'." suppl." much d~ta 
with little t.r "" Íntt•<pt<"latit>tl. :>lmt• :lll· 
vanc•d tnetlwd, are tw~dt•d 1« r<·duce th"ts 
data toan inwlli~ible lurm. 

Fluwgraph nnal_\'l<'r" '""' cap.1l>le of d<·· 
lt•cting ref<H'Ilt't'.' ((r '""nablt·~ "hkh ""' 
O<"Vt•r initi<lhlt•d or no•wr reu,t-d afte< T<··­

r•ivin~ a yalu•; ¡he.•e u<ualh- indi~rH<' er­
wrs. Tt•_,, thttn ~"'"''"""" ntt' al~,, m·ail· 
ablt•. A,.ertiotl ch~•·k.•t'" l";llid:tt<•tl<at ~"''" · 
ronrlition< :m• tnte ~1 indicai<tl ¡ooint- nt a 
pro~rmn. ,\nwmati<' ,-,•rifinninn ,_,._,,, . ..,, 
lu" <' i.p;•n in1 ph•rn<'nt t·d lo< _,.,,di l;m~"·' "''" 
l!\t~<·.t;<,IJ nlld ,, .. ,¡,.,]',· , .... , . .,¡¡,,, 1"" ¡,..,.11 
¡<ro¡>< ,,.._ ~1 a' " )' ""'1 i ntl n "' _, " fu r ra lid •tt i n~ 
prn~t"lll' ill" mur<• <"«llt]'l<'--' l.,n~nag,•.Tit<• 
J•:;L/1'~-\ .<-""'"'"';, "" '''·"''1'1" ••l•;t ,,.,,¡ 
for ,,._,¡_,,JJI~ ill t!t--i~" anrl ep<'<'Íiic·:.ti .. u_ 
~yntl><•ht- dmnp.< ;md '""''' aro• ~"'"''~'"'! 

.-' '"''"' • " ,, "''" "· 1 -.. : 1 "- -'" ! ' J.,,., '" " 

~i\ '" cort<•tt all-"' t·rs_ 
S .. me [l<'O)'Ie ar~ <•)HÍtni"ÍC that O!l<' da)' 

•·utn¡•l•t~ aUI<><nRti< ¡rru~r-~m ,,.,.¡¡¡,.,,,, .. \\ 
"-¡¡¡ be pnssible_ T<><h<v·~ tuul< opera!<• a 
fkl""riori. th•nwn.<tralÍ;\~ that a ~i,en prn­
~ram ""'k'. Tomortow·, t<:><>b "ill ab<> op· 
erat<· a pri.,ri. !wlpin¡: ¡., de•·,.].,¡• pr<>gt<lltt-< 
wb id1 nre <<'rrt~·t l><•furt• t he\' '""" •·wr run_ 
Sud\ luu], ~an n•dun• t lw an;Utlltl uf te~tin~ 
n•quirt·d '"'a t'<n\]>1<•\J•<I projo~·• 1Dw;7!;j. 

l'••ltlit\<tio•n \l•<hlliqoLe> !""'' tlrt• ft,[l•"'" 
• in~ ~··n~ral ~1111\'tnn••. A ¡m•gr:tlll i< f<·]<r••· 

.' _..,'llh•d ¡,,- a fluouhnrt. A ._,,.-i,.ll•<l "-ith t•;u·h 
""'in th, n •• ~.-h.'ft '·'" pn·di.-aw. ··all.·tl "" 

'a• .• ,.,¡¡,,. lf .-l, ,, ,¡,,. "'·'•·<ti<•ll :l<><rt'i"l•·d 
-\\-it!t nn aro· t•ntt·rtJI~ o!;trt•m.-m S. nttd .l. 

¡_, 1hr a •• ,.n; .. ., "" ,¡,..'"e r .. U<•"i"~ •h~ 

-'"'"""'~"'- ,¡,., 1 h.- -''""""'''"' "1! A. ¡, ' ""'. 
_ atul i! ""''"""''"S lo <'-'<·('OH<•<!. tlt<'ll •'-'"''" 

ll<><l .\._1\illl>t• tru••" tnu<! l>t· l'""rrl ¡,_..,. 
Ft~Ur<' ~J.-
~. Thi-• ¡,,,,-,.,._, ean ¡,.. <<'l"'·"''d ¡,, ,._.,.¡, 
·'Ía,<•·tt~<·ut.ill a 1""~'·""· 11 A,¡,_ th,• a_~,,.,. 
;inu inllll<·<h"h·h [lt<'<'t•dit<~ tlw ll!f'Ul ,..,.¡,. 
'" ,¡,, a .. \\droort uh.tt i •. tlw iutti.d ,, ... -¡. 
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about •uch com·~pl< as r~liability :;¡nd cor· ~ • Th~-•-~•uonption islmade-lhnt if a pm- ., . 
' · ¡:ram j,;:delivcr~d-v.ith ... tow ~rr<or dav ~ 

coum, th~n ther~ i• a goud c·hance thot fr 
reotnc!lS. -

Mean T""" Bol"""'" Fa!lur~ ~; • will rt"main lo"' during fut ur~ ""''· Huv. eHr, 
, • twn-majur prohh•nts remain-hdor~ thi' ,,,. 

\\hilew;dulfurfocu"mcouralten(lon,an- --·, .. , , < •· 'd 1· • F ,, ·, · al'·¡,¡ . -. !lta.uroan-....,"10\U"<'<J.lr.,IIS 
<>g>esd:'.' O! ler engm<:<:ri~g ._r.t·l<b; must •liffk_uh lo discnv..r wh~n a pllr1Í~ular t•rrm .. 

?"u~ _,¡h car~. _Belmh~h~.l ts on"_ uea of~- fittt eme red a "'''l~m. ,:ecnnd, 11 -ma,· be 
''.'compl•tt anolog1e'. Tho con~~pl of m~on · dtfflcull to ubtain outh infunnntiun irom' .. ,.¡, 
lime 6~:/,.een {111/ur~ (.\ITBF) rlnc~'not ap· • tho dev•loper of a ddi•·c..._.d product'' " 
p]y dir....,tly to 1o0ftwar~ nlthou"gh it sorne- •• .• ' · · 
tim"5 is ur.ed u if it do~•:;:•¿ -· 

Syst~m_~ bu il!' frorn ph~·~icol Compon~nUI •. Programming Techniques :1,:,,, 
wear out;''"""'""''" fail;-"mi.iurs hum out:..., ....... · . 
sold~red jainta lJrMk. Thi•' t.;:• 8 ¡,,., true for ~ Several auth?rS\.ha,·e • tnentwn~d thn th~ ,'¡. 
tbe hardware of the wmput~r.,llowever. ,numher•of lm~-s of code:produc.-d by. a 
thc ]ugidtl eomp.,nt•nt.. of ,;oftwar~ are du- ¡no~rarnm~r • tn • a _¡:wen_ .ltrnt• · ten~ Lo .. he . .;,,. 
rahlc. A"~il en progrmn, ,.-¡ 11 al,;.:ay.• ¡orud<Jcc ._,.'!'~cpendcnt_ of tlu- lnn¡¡uagc u.<c<l. l hts tnl- ,¡,' 

.. 

thc """'" """""''' for the •alne mput; a.• long '>: phe.<; tha<. ht~her lc-.:_<:_1. lan¡:un§~~ enh?"'." r.....-
as the hard,.are doJes nOt fail: Wh•i-t-a >«>ft- .. pruductt•·ny [Bw~•·~-' HA¡,.;, • ). Th>S .IS ''. 
war<' nmdulc '."f~ils;·.:_¡¡ ¡;,., be.cn: 1,..."<'nt<-d -.'me'"""" thuugh u"'emhly la~~U~gc ¡>~· ·,r 
wllh "" input •.1"" finall_,. r;.¡ ~ale<! .. n error .. , ~mm o -"": r><·t~n\ tall_l" ~"''": ··flt• ···n_t:' l lH-Jr ... 
¡m•,ent Ir <o m , loe "'-"rt• •;:_· .' ... , 1"" """"1 " ':"ldom n·alozt·d '" 1"~"' u·e. 'L 

Tht• MTHF "'""-'"''-"" the tinu· het\\CCn ~~ Th~ ~unL• tn de\Pioptn~ t•atl_l' lu~hN Jete! ·, ' 
rew!a> Í<>n-' uf error:<. :r¡,¡,:-;11' turn. <lt•]><·nd~ l~nw<~~·-• "~re "-' !w ah\.· '"'''.1'""'-' ,-~·-~rly · 
<>n ti O<• ~iouls of. input~ .1" ,.,etllt·ol:' A t'ütn- .. "" lll~oruhtl< .md 11" '"lttw •; ! t1tu c~ho ~t·nt ' 
piler, .,,,.ti nnly lor ,hnrt jo!J-, ft·i,ín ;tu<lenL< , • ma.-h~n~ lan~<Jage l""~•·am.<. 1 lw ctttct~<'_)" 
may haH a lun, JI,ITBF; I>Úi if it l~-<tuldcnlv ..._uf tht """"lttn~ rod~ ."'a.? all;m¡~>tt~nt. _fht.' • " 
"'"'-'d f<>r other •ppliCatim1s, n~ )o.JTIIF rna~- "¡,.,¡ to some ~numalwo m Fun_ruA:.. art•tn~ -~ 
decrel"C ~harply as """'"l'"''t~d yrroro ar-e •• !mm tht• structun• <>f t he lB).! •'>t f<>r wh~ch i; 
e~crcísed. A lnrg<' MTJW ,;,-, thu• l>c Ínter- ·-• ~~ was dt·•·•·lupet! ( for_ cxam!>k tlw , t hrt·~· ... , .. 
pr•:t.-d onlp as. an inditation, of, J>OS.~ihle •: "~.v branch ol "'~ anthmr;-Uc .IFf: A_':':ot, •;•.: . 

,, 

rdiabilitV 'nota~ a pruof of jt_';"•' -- whtch "'"" dc,~lup•d a; a marhuw·mdP-:"Co · · 
· ' ,. ~- pendt·nt wa~· nf expr.•••ing a\gurit hm>l.' con·, .• .,,, 

tninetl t•nnn•plh who•e ·. imp!t•n\em~tiun On' < ~' 
<"<>m·cntional h~rih•·nr~ "'"" indfítientlP.¡:_.,-c ·.; .. 

Sinre fomtal rcrtifJCation of larji"e di.....,, of r.-run;lun. ntll-h~-:namt'J; th" tÍ>i<y uplain ~.,:r. 
pra¡:rams is sti\1 unilttninuble;_t<•rhni4ues ... wh,·'At.,Ul. is not l>'ide\y u.«.-d.>,..._.¡,. 
fur '""' itnating t lw ••iolidit y uf ~ro~rnm• an• ..... By tite lat~ 1 YGOs ·u was ot<·t·eptcd that · <tm 
~ti ti brin~ l'O!l>tdN~d. "l\lost' <>f · tlw"'-' tech- • tht' lan~ua~e · shou\d . (¡j,·j[Í\ntc ll'rilitt¡l the 1),.· 
nlqucs "'""-'""-' th<' numhcr: ni. nrnrs dis- ' pto¡;nun nnol. th.~t the tt::lebll\e · 'huuld l..- J ·lo- - • 
CO\'CI"<"<l. · whirh 1 ar. ""-"Um<-d j tu!¡,.. · n•pre- .• dt•si¡:nt•d h> t'r<We an effit'it•nt t~nHinoe t•tl· ~>:· • 

•ental iw uf tlw t <>tal nutt>l><'r ":f ,., .,,¡' pre<· , vitunni,•m:""-1'.>da)' t h<•t e'" a d~!initr · ,ltil:.o•'-<tt• • 
ent i<r tl.r- .<y~h·m, and.lwnet;" a ¡,-tt·asurc of [o\\ñrd u<in~ the lan~ua~e· tu m~~e pr<>-•-r·•-
th.- n•liability uf tlk ~-y,.¡,.m, ~;.;,- • ~raniitiin' •nd d<>Cun\t'nt"-tinn t·~sitr and tu -: '' :. 
· MiliS 1M 11.1. OG) de fin;·. nti'~ITm ,¡,, as a ·••l"<>~llre-reliahk,.nd <"OTrt"CI ~ull war~. ,_.. 

nlt'a.<t>re statin~ ! hot rin .... rr;;¡--¡ ,.,,.;~-< un· 1 ,, ,Tbi> "tlm•s' not' mt'!lll, howt'\ ~r. t hnt ~tfi . ..: :; . 
d~l<'<'l<'d in a s•·•t e m for_ ,;nt• da y. ,:fhe lt>tal ,,·i<nC_,, ~< iGnor'-'<1 tuday. \\'lwr,:a. l'L/1 pt•r; ; ,.,_ 
numbt•r of error days in a~~_.->wm.i• n•m- .:ntits th~ writin¡: of simple prt>¡:t<ln~• "h""" .•• 
putetl .lit)-" <«mtnin~., for '<·neh ~(.rror. - th<• ¡ l ~>eeutinn ·time' i~ · quite luni. 1' A~t ".\1. 'la.< . • 
len~t h nf ¡¡,.,,, thnt t'rrnr ";,;in t h,• ••·s't t•m '"<i ,¡,.,;;:""iwtl. to t'Xdudt• t'tJI~<tt\t<'(,; " hu"·' m. o- >,,._. •• 
A hi~h' ~,..,,. d:tt' t'<>Unl; n(,; \·; ,.,.,.(.,,¡" '"""'' "" chone -,-,~1~ i< ;¡¡;1 r>t•it•lll. Sim·t• h.tr<ho;<rl" ¡, , .' - · . ' . - .. ' 

erro"' (po.'>Ur d,•si~nf • <>r jlun~-lit ~,¡ . error; .. 1¡,.,._~ t•ip<.-l'll'Í<"t• t han 1""~"'"'""""- · tt•lt.<hil- ·'"" • 
(pour ,¡,.,·dulmwml.',"'- - •· ity has h<~"<>lll~ n'•major f:h'lt>r: Tlw pn•- , • ....... .. - ~ . ~ . -~-- ... . . . -.:; .. -. 
""'""'"''"'' ·""" ' ' ~ , .... 
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gramm~t'~ lP'k i• mRde ,.~,¡~, ~<h<•n tltr 
compul<'r dot•5 more "·urh. • ~ · 

S/ruc/ur<'d Programmmg 

A 01ajur de,·elopment in lacilitating the 

Itas ho:<·n add<'<l lo·tht· n<·ll F<>I<Tili\:0.·<7 
st.andard, altlwUI:h a p·neral "'hile is still 
mis.,ing ftum th~ lall~u:t~<·. 

•
Syslem Des,;n , 

programmi11~ las~ is k no" n "" ,,/ru~/ur~d A t~chniqut• r•lat•d w "ructurt•d pro~ram-, 
pragrummiu{!, "'hich ha; l><:ei,- efrunt'<IUSI)' ·~ m in~ i> I<J¡Nhmn ,¡,.,,-¡:n, in "hid• a pro· 
called ''¡:-f>tu],;s" pru~rarnmin¡::,- :fortn· ~rammt·r r.rst f<mnulat"" a subruutine :t.'- a 
nately, the dc·bate ahout "Po guto or lml 1<> >in~lt• otatHII!'t\1, v.hich ¡, tlwn ..xpandt·d 
goto" ha.< mn«h· di.,ap¡>'''""d;: and onrno• Ín!Ú """ or 1 wu o/ tlw ha_,,. t o m rnl strut•· 
dcar ideo• ¡,.,." tmer~t·d. Tlw,pretTn'e ,.¡ ture< U1entinr11·d edrli<•r. At ''""h ]e,·e] th<• 
structun•<l programmin~ i; lo u.<.e a small function ;, t·-'pandccl in incn·a•H>tl" ~r~alt•r 
sct of simple <<>mrul and cl.tia~structun•s dNail umol <h<• ,...,u]tinr do•sniptiun ¡,. .. 
with simpl~ proof rule•. A Jlr"~-ra'rn t h<·n ¡, cXJme' the actual """"" lan~U;<~<· pru~ram 
built !.Jy nt•stin~ the>~ ~latNnents ;.,,¡,¡,. in'"""" l''"~r~mming lan~ua~··· 
e~ch uther. Tbi, mHh"d n·MrÍ<"" tht• ""m· E<ing t ¡,¡, "1'1"""' h. ;tbu , al l.-< 1 •lr•pu ¡,,. 
lwr .,r , . .,,,,.., t ¡, ''" hd ""'"'"'' pru~'""' · pa){.< 1 <"Ítn<"lll ,., 1 1 \1" 1 trr: l, 11'11< r: .¡ 1. t 1 "' progmm 
and tl~t·rt•l" intpr<" •·~ t k 1 <tlll{!tehen" ¡,¡¡. " hierardlintlly ,¡ ntctur .... l ""' 1 h d<·.". ril~t·d 
ity and tdt0hlln;· <>1 tlti• pru~ram .:-;,:.;" h1• su<:Ce,,¡, <' H·frnement.<. r;,,. h rdinem<·f\t 

The if-th<"n·d•e. whil<·-dO, ··,md M"· ;,; intHj>rl"1«11"· rdt•rtin¡: '" "'""' r.·ftne· 
qut•nrp •tntt·ment> a re H cummonly "'~· nwnb .,¡ " hit h it [, a ''''"!'""'"'". C• "" •·m· 
ge.>tt•<l -.·1 <>f t·untnol '" "' lt~C<·s lur thi• "1"' in~ thi• rn• ill"<l, W~nb •l.1lt•.•' 
of !""~""""'' tlg: h"" ,., ,.,, t IH·rt·. ;, ',, ,, 1t i ng 
saued ahtHll th•·m. ]{nuth [){~¡;·,;.¡¡ha., 
argu<·~ th;Ll ,¡,.. gotu """"t!ll·ntji>< ,,,..¡, .. 
nnt '·" the trw gunl.< ul ~trunur."<l 1""' 
gramnun~. 

Tht·'"'· •Ímplt• ll>n! mi MI U< hm·• hdp jlr<>· 

¡:ram!IH'" , . ..,,¡¡,. ¡n·u~ra""· ,., . ..,,a! un Íll· 
lonnal 1<•1<•1. f'or ~-"llllph·. ;, pi .. grmn nm 
b~ repn•.«•ntt·d "''a ftun·t iun fr<om i" input 
data \0 it• <>11\j>ul data. Sup¡,.,.., {!.o·t r..¡o• 
resent~ a ..-gnwnt uf a J>'"~rain'~iH•n h\' 
the fullowÍtlG if-thPn-et.~ """"m~nt: 

jf ¡oU l Jht•n '" l 1 ,.(.,• h!A), 

Becau.''' ltttllll<>t"¡.' and /1 ,,.:··""'PI<'r titan 
fmwllmo (. tlll•Ír 'l'""'r,,.,llintl'·><lwuld ¡,., 
simplrr. 11 the!r >pct·ítit'alÍun<·a«• ktHI\\11, 
lht> "' ""'11 furwtion r ¡, cl.-lítwd by • ·. 

t< '' • v•< '' -· ~ .. • • ·.- ,,,., • > - h<>H. 

Tlie ¡>rn~t·;¡ mmt·r · l'an ,.,¡" ""' 1 t lw · furmnl 
rlefimti"n of ¡m''''"'" ul t!H:,¡;,plt·r <i<•fl. 
nition' of ~· nnd lt. · 

Lan~""P'·' .<u,·h n.< .\u:"'- l'.•-<".\1 .. aud 
~·nain ,..,¡,...,, .. r 1'!.!1 "'"'''!"""·'" p>O<I 
P"'~"nnmin~ j>lal'lÍl'e.< 1"· ,,.,,.¡,¡¡,~ :1"'''' 
fnnlitie.•. r .. ,,¡,., '" '"1"'" 1'<>1< i'n,\~ ·- ]:,, ~ 
uf ><rtl<'IUl'l•. ''"''r·.'i(l 1"''1"'~''·"""' ¡,,, 
tr,u¡;l"t in~ ",.¡¡._,, rut'l" 1.,.,1 ¡o,.;_.,,¡.,. Fo '1<. 

Tll.~~ pr"~"'"" ulln lrLH' Ft>UT>t'·' h.ll<' 
L-een dt•Hiu¡>t•d [ll>:tF~(;¡, An if-tlu;n_,.¡,,. 

• • 

1 ,~. .. .,¡,¡¡,,,. 1" _,,.,._, '" ,, .... ¡,.,,(,(" ,, '" lo•l '" 
,,.,,., ,,..., ... 1" ,¡ '"""'"" ' .... ' ,,,, '" {·•"" .,.,l. '" 
~"t. • ~ oll""·"'.....t. .,.,.,,!, .. ,~ .... :. "<•;wt .. ~" · 

'"""""'· , .. ,,, ............... ., ... """ "'"'" ""·~ 

Lh<· m<ln j,l.,,ol ¡,,olo(nL" ¡,¡.,,k, "" •·IL•·• 1 ,.,,¡¡. m.an· 
• .,,.,,,¡;,, <n ,.,,,¡,, .. <h<· "'""'""' '" "" •ud""'" 

1h• P""'""'· .,.1 '" '""'"" mf<.,m.<l. ""'' "''" 

1'""' 1'''"';1.('.~·,¡¡ 

O¡wraiÍll~ 'Y"'~"" ar~ uth•n m<><ll'IHI a.< 
hll'rarl'hi,., uf a &.Ira e/ or 1 U trml llla<·hin~' 
[ Bm" ~; 1. At 1 h~ km"'' ],.,.~] <>f t lw "''1 rm 
is th~ phni,·;o] b:ml\\.on•. E.u·h """ 1<•'<•1 
pro1·ide.< mldiiÍ<'I'I<II ""l'"hihiH"•, '" all<>~•·a· 
¡,¡,. h11l<'lÍ<~Il< "" tbt;t, an<l lndo•e ><>ml' ni 
,¡,. dc•l:tol.< nf a lull'<•t l<•~t•l. ¡;,,. ,.,.1mpl••. if 
u m• ¡,,, l'i ,,.,., . ._ ..... ,¡,,. li•I~Ín~ hardw:m• <>1 
!lw ,·om¡>UI<•r a10! ¡oru•i<J,., a l.Lt·~·· •·inual 
"'''"'"'). f<>r nll mlwr pn~"""'''· ,,,¡,.., ,,¡, . 
. •tr;ll t tn.td>Íto••• ~~ loidwr ¡,., ,.¡, ,·,on ¡.,. in o· 
pl"""''"'''l•'·' ofth•·.' h,,.¡ nnlo111ÍL•·•l '"''"'"'' ..1. 
.<Íll<t' thi.- d •. ,,¡¡·¡,.·,.,,,,..,¡¡,.,¡·¡,_,.:¡¡.,,,.,,., 
'''"'¡ 

Tht> "'""'1'1 ui" l""¡.'mm ,¡,.,,¡¡!, fmo· 
¡.'11<11',0' ¡j'l)[.¡ l~ ai<l Íll thÍ.• dt•l..iOjlllh'U\ 

• • ( ·,.,.,, ~ ... '"n• ,. 1 ,.¡ 1<< ~" C, ¡,,~ 1""" ).'"' 
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212 ' •. M.\'. í'.di.<H<'U: 

ha~ b~t·n dcfnlJ•d (C"I."<75]. This l\')>e nf 
lan~uage contain.• two •moetures: <>lll<'l 
~vma~ of basic statt'!n~nl 1\'JW.<, '"d' "' if-· 
th~n-el,e, whilc, 11nrl "'<iu<'n<e f<>r ''""' 
necting eom¡K>nent~. andan ''tnner'' ;ymax. 

-' ' ! 

has bt·en-r~plae<•d [ll>:s.s;r,a]. The d<><'ll· 
nwnt~tinn 'l>eCifi<•S · dw a-.,umptioms on 
~ach ~tub. For ,:;3mple, if · 

that corr<"-JK>nd,, w the applicatinn llt·in~ IS a program fra~m<•lll callin~ etuh- p, and 
desi~ned The inno•r ,yntax i; Engli•h »UU<·· · h, 1hen (will be <'<>H<-<"l nnly if the Hl<>dules 
ment olient<·d, nnd ¡, ,.,pando•d. w•p hy eventually n·placing dw Mul>s f!, ami h ar<· 
stcp, umil it "'!"''"'"" doe algurithrn in com•n •. 
sorne prngramm i tog la"g""W', Figur-e ~ T<']l· ' ', \'¡a wp-dn11 n- d¡•vo• l<>¡nm•m: a· u<c•r >e<·s 
rescnts a n ''"'m pi,. ni a l'IJL <le"gn.--e, • thr top-1.-·el m!<·rlnrt•• in 1 ht• .<ysto·m \'N)' 

h >.hnuld he · ""! l'rl ho·re thot P:':L/!'SA • : ~arly. He can t ht·n tnnk<• t·hnn~~' relat iw]_,. 
and I'Dl. mmplt•n\Ult eaeh n¡ ht·r.' :o <•11-<ily aod .won. An<>lher approach \\ ith the 
!'SL/I'SA i-< ~ "l"'<ificati<>n.• t<><>l that ,-~¡¡. ""me ~<>Al ¡_, itemtitt·, <'lll~atoct•ment ]H •~• 
date~ ro·.,..,., data u.n~t·lwt~<w·n tw<> mod- 7f>]_ ¡;,;ng this t,...hnique, a sul,.H of !he 
ul<·s (inH·rfaersl. A"""'"' like l'DL·i_,-U-'•<" ¡mo!olt•m is fo,-,t dt•>i~twd and im¡oletm·mo·<l. 
{ul for d""'-TlbÍnf! H • ~··•·n modult· at "om· Thi-. ¡:in, th~ t><;<'f R nrnning ~'-"'""' ~arly 
lt•wl uf duuil. Jl<ol h ]•,..;).¡] • . ..;.-\ atlri ['[)j, • in ''"' Ioft• l'\'l"lo• "h"'\ d""'~''' are t·a,it·l In 
en n <:omtrilnH,. to ., " ' ''"-' ¡., " berro· 1'" ojt·< t. •, mah Th io · 1"""""' ¡,. "'1"'" l o-d t" del el"l' 

¡:,·en lhuu~h d,,.¡~rot·d ¡,.,,. .. ~,¡.,. '"1'' 'unc·-sll.-1' l.<fgo·r S~IIN•t,.,urui] tbe linl<l 
down, mrr~y sy~H'<rl> ar•· inrplo·rno·nto-ol lruuo'' pro"lo"'' ¡, <1< lii<•H•<I."•' •· 
tlw h<>ttmn llj>. l~oll'·l<·l''lr<•utuot·' ;Ho· !ir-1 llrouk' [lll<<~>~_-,¡¡,.¡¡,.,.,., tll>rt tiH· lir'l 
wdNI .,.-nh dri·co·r~ '" l<"-1 tho-m: th,•n "'"" I'N><Í<rn uf a >_\'~h·m i~ al""·''" "thr<>wn 
mudul•·-'· u.-in~ 1 ho•"• 1"" .¡,., t·l r<out iu.-,._ aro• a..-ay," bt•t';OU>t· tilo· <"<mct>'l ~ •¡><·t-i!icar Í<>ll• 

addo>tl, ami tlw ~~ ~t , . .,, ¡, louih u p. for a ss"em aro• u{l ''" ""' olo·tlm·rl '"" il 1 hr· 
T,¡,_,/wm clr-n·f,¡mu•¡¡/ ¡, arwtlwt lo>{ h- <wH·•n ¡, c<>ll!J<Ir·tr·ol. " t 111\<' "ho·n t ¡,.. inil i•l 

mque for implo·rn<·lotlll~ hiHanhh,tl!l· .¡>tuolu.-1 me<·ts '"'"" >Jwt·ifío·;ot~<m,"ratlwr 
~lrlrt'lurr·d !""~'"""· IJ,.,.. tiH· l<>J>·Io·.,··l l"""h· lt t-< ,.(t<•n dr<·u¡oo-r an<l ¡,,,,., lo 
n>1olirw' ni'<' 111Í\1<·11 li"t anol 1<>~11'1' lo·Hl ro•huil<l ,, ,,-,lt'm {wm •nnHh th;rn lo tr1 
routtm·-<, •·allt·d ·'111/", ru~ 11ritt<·n w inl<•r· trJmrJtlif) ,\ll exi<tin~ J>f"'""'l l<> nwt•t r_la•"' 
fac~ \\Íth tlw<e. Thi• ~luhs return' e<>ntr<OI 'f~·eifl<·ntino< 11»11>·<-t•t, a cle;~lo¡wl will 
aflor 1orintin~ u 'impl~ me"a~e-anol n~&y oflen deli•w >'Ot'h a nu~htiod '-'"<U·m ~-' ~ 
rotum somt· fiM•d Mmplr t•~• , . .,¡,.,.,_ The Mpr~-rdea«"" if a .-l•·~dlino i• near and tlw 
Muh ¡, ~nntually tt•plan·d h1 th~ 1 toll n>Od- pur•·ha,~r ;, <leOl,>IUiiu~ "n•suh;;. Tht· hu.-er 
ule wloirh nuw induolt·~ ralls "' on lwr stut..<. th~n sufh•r.< wi1 h 1 hi< """'ion. r<•plo·t~ •.ti\ h 
In this manm•r an t•lHÍI~ sy><em c·an ¡,_. errm>, untillw th""'~ Íl away or ho> tht• 
gradualh- d~' <"i<>[>t•d, pro<lut·t J t•hllilt_"ll "'al¡,,. t·nhanren\t'll1 ,·an 

lf .,,~d r·n¡ofulk, tln< t<"Chm<¡ut• ''"" lw mnko- rdmilding lt·S.< ohnntic· >inct· th•·n• ¡_, 
vuluable: hom ••n•l, ti!<' "-' ,., . .,·, n>fl<'l'""'"-' . n rururin~ >."~h·m t¡uit uwo•ti ng "11 t hr' 1<'· 

is a"-<Umed, nnt l" m o•d, llnl il t lw b<t >'l ub • qllÍI'<"menL<I Parly in 111•· dt•\ l'iupmem , t'dt•. 

""""' I'I!UCl-:1>\"1<~ ol1>r>. 
/' Fmd "'·"'"""" ,.¡.,,.,, m .o lt·o 
llEl'L.\IU: "''"'""'""· '" u o uu.-...-r. 
DECI.~Itl-: l~>r h·• '" ""' ,,.,,, 

"'""'"""" ~ '""' ··lt'""'"' "' ¡,,,_ 
1><1 11 llll.l: '""'"" 'lo ""'"'' m h·r t 

"'·'"'"""' w ,_,,,., "' "''" ·"'" "'·'""""i'C-• 
!-:.> 1> 
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Th~ rhO-"<'n nl~urit hn"' nn<l <lma '""'-'""" 
h.'-'" 3 mudl ~"""lt·r intlu,•ni-t• on¡un~r:om 
pt•rlurtnnll"' 1h:uo ,.,,.¡,. o>p1intÍ7:HÍon "' ,¡,.. 
¡>ru~r:mHnirr~ lan~Ha~o·. lh·lor~ dtm>>Íng :m 
al~orithrn. tia· !""~'""'""'' · !'.,.,._. tlw.<t• 
'1 "' '" l ¡," <, .: ' ' 

• Can ( pl ~,-;,,_,1\· '"' ' i" ''" -wl "' ""' ¡,.. 
H>ed'! "''" ' . ' • 

o 11 .o IWW morlult• mn~l lot• "'rittt•n." hat 
aleoritlun> und ob!:l Hnlt'lUr<'>' ~<ill 
~¡,-~ an ,.¡¡¡,.¡,."' ,..,hui .. n"' · 
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Pro¡:rnrnmin~'bnp>a~t·~.u<ulllly indurl~ ftorm anal_,-,¡, [Cow>IJ~il- Thi, lmn•f"'"' ¡, 
Mandartl mathemMiral 'fun~IÍf,n• ''" h "' ha•<·>i <>na roni>t· ..,-¡ 1>f ¡w.int> rntlwr !han 
sine, lo¡¡arit hm,· and •qnar<· '""'. Th.-y ~¡,... un " • ""'1'¡,., inh·~r•l "),Í<·h i< ¡,,.,,¡,., '" 
the pro¡:rarnmer n·ady H\'t·t'" 1 n lil•r.1nt·• cof """i "'' ,. , J,un~u.,~t· anal."i' 1 i'""'"~' ·in n 
Mandard ,uftw~t<' por~"~'''· 1'hi" all•"' < < onop;;, r ilhNraH•> h"" t·h;,u~Íil~ dH· ')"'<'· 
the pro¡;rammE·t \<J "'~ .,.,.,¡,_ ul !"''''"'"'. ,¡¡,.,.,,.,, ean ¡wonon" "'""' t•ltit·io·nl -"'>lu­
work. In pr~parin~·¡uo~rnm" ft>t '""ular<l •. ti<"'· -~"" •>nng .,¡.Y .wrni",J" iro an arhi· 
hbrarioo, onal;•" hn'<· inthod,-d ""'"."-"1'" "'"'' ,-.. ~¡e.,-l'n·•· r.,~,;a~<- '"" ¡.,. p:n••·d 
tinns in a sioglt• pa<" kag!'. ')'lo,. , •l h·t'l ·,.,.,, t.~ in l inw of tml<·r Ut.\" • 0:1¡ 1 Y' H · .~li~ 1: 1"""" 
a large cumber.,n!He patk"gr· "hi< h ¡, -,,..¡_ ,.,.,,,, a pr<>gratnming J.¡n~•F•go• ,,.,.,¡ not in· 
fidcnt becaUs~ <>ni)· a .<mall p;~n <>1 n ;, <i<Hle all fr·ature' <>f all aohitrnr\' ,.,,texL· 
applicabh• al aroy nn<• tÍnl<·. 1'1oi• '""" 1,. lree language.,l'.l''"-~'- Í< "" ,.,n.mpl•• uf a 
avoided hy in"alling rnuhiplt• \'t·r-•i•on' of J,,(lguo¡:e 11hich can he 1'·"-'"<1 b,1· n <lett•r· 
th~ morl.,le f<>r <•nch >pcual ''"""· ~ mini>tic top-<lo" ll j).Jr<er in avt·n•p• IÍU\t' nf 

Mam' OJlJl<>rtun<tit•.< n·m~in ·lnr mM<• ·nrder Ot.YJ [.-\<triO~]- lf "'"are frt·t• '" •<·t 
packag]ng antl "''' ,¡ <·xiMillg ""h""'~- J)of- lan~u~te <pt•c!li<·ati<m>. "'' •·an l'htM>W tht· 
ficuhie, in a<·hie•in¡: thi, indudt•: lani{Ua~e an<l ¡,.. rt·""nlt-<1 with •·lfi,·i•n< 

• Jd~mif;in~ "¡,; .. ¡, <tal!danl al~<>rithm 
w pada~e. Thi' ¡, ,.,._,¡,., in m~dw· 
matical art·A• _,.,,.¡, "' ><ati•t it·;ol ,,.,.¡ i,g, 
inte~rat ion. <1 ifto·n·ulÍ.olÍtm. a nd no~<,¡, 

compu<aliorl' ti'~" <n "'''"·' nun-uu­
mHit·al art'a• ,.._,,.¡, ü' hu,im·"-' npt•li-
tAU<ms 

• Tran.,punin~ ar1<l itllt'l¡,.,-;.,g 1<Íih 

pack~g•<l "'~'"""'· s,.,,., l""g""" ha< 
h<·cn made "iLh 1""~"""·' """''1 iu 
rearl·<llll)- "'""'"'H"' wlnt h plug inL<J 
m¡cr<>llr<>t"<''-'""· or <1ith lltt•·tl""' 
pWct'.'-"'" ,,;· e<>tUp«let n<·<~<<>r~s A 
maior IJJtohleon nn·u lit·' in intt•oll«'ÍIIg 
suft,.are din••·tll· w <>lbN M>flwnre, 
since th~rc are;,, <<>mo•nlÍ<>n,_ ·"'""'~ 
help is nfftm],.,¡ by 'l!<'h ,.,.,, "!"" a.• 
th~ "pi¡wll1le" in L"IX, \\loid1 pro­
vid<·-' a ~en<·rHI cummtuút·ation• ehnn· 
nel bct,.een pro¡:tams [ltn<"7~j. 

Sonwtim~;; th~ pno~mm >)H"<"Ífio·atiun i.• · 
no\ chang<•nhl<•. ~ntl <ht· m1Rh~l '"'"' litnl 
th~ lw>< jJ<>>-Sihle· .-d~<>r11hlll . .-.;,.,,,.,;,,..,_ 
hu"'"'~'- tlw >IW<'Ífio·;otion, <'1111 ht• nht'lo·d 
w ¡>t·rtnit a "'"' , . ..tfí, ·i,·m <ohn ion_ J" ""'"" 
i"''"'"'~" Wt• cn11 ,¡,.,., tha< tlwn• aro• "" 
ai~Mi<hms ~u.mnl\t"t'd 1<> l>o• ,.¡¡¡,.¡,.,, in ;di 
<'fi-"''; lll'!'t• nppl """ "" ,. al~<>< Íl ¡.,,, t h.r 1 a r <' 

<•ffic•i••nt Ín•l!><>'l ,.,,,,., hut tH'<'d nol ~;.,. 

t•Xa<"l sulullon< ""''' ¡,,.'"'·d. 
Tht• IU.<t F,.,.¡,., t o ,,,,f, '' <n ill u.<l no¡,-, tll<• 

mnst efliei,•m fo•ron loor ,.,, "1"" r u~ tltt•_l'o•m- · 
it•r tr;!ll'fonn.-a wduoiquo• LO.•.-ILOI in,..,,, .. 

compilen-. ·• 
· .\l~m- prat·tit,.l•pnohlt·m<. >U.-h a> j<>b 
xhe<lulil!~ '""~'""'k (<>11\nl<>di\\" n.,,_ in­

' '<>h t· o·nunH·mt ;.,, <>1 a < omhÍn-'l<>rÍ~Ik 
larp· numb,., <>1 ah•·mmi""' ><<HI ><'l<·t'IÍ•><l 
<>l a be•< _,,¡.,,;.,,_In lho·.•t· td•<·' i1 "'"-" 1><· 
loet((·¡ "' re.•trÍtt Liw '!·art'h 1<>1 a "'1"'l'1Í· 
m.tl but ~,,,<] an•\lo·r_.\\",. l!·t·.,rnnJ<·nd <ht· 
papo·¡ hy \\"o·i<lo• [\\"1.11>;-;j hor ,, d"o<tu""i"'' 
<>1 11((· i""'" "od a ""lt· t>f·dlP•;r!'L '"""·'· 
,¡ al~,.nthm '"'"¡_.,¡, 

Ul•c•uncy 

ln mam l'!l•e.•,dw """'h.< <>f ai~HrÍ<ho!lÍ<' 
anai)">Í• "'" nol '""''ll>Í'<· <"nou~h to ht-1¡> 
\ h t• pro:r, " 1 r to tt· r: < hu • '"" Utt•d t o u 1 f er 1 •-.·h -
uiqu~; «itieh can lwi)J k>(al~ an<l rt·nio\~ 

'"""-~" <>t ineffi,·ieney. OnP "'" h toul ¡_,al\ 
.. ptímizin~ n•rnpikr whM-h. ¡.,, ''""~ lan· 
P'"ll~'· <·an _.;,.Jd ,¡~nir"·anl in'l""''"""~"" 
[Umuti9]. The •·lliuP <>f «Jdl ¡,,.,1~. h<>"· 
~,·~r. ¡_, lilnit.-d [1;:;-.¡-r;l] 1<11<1 ma_,. bt• ,..., 
a)Í7ec1 un]<· for p!<>~ram.' "hido nn• u ... ~l 

often t·nough tu jn"tify the '""""'"'''"' in 
op<ioniuuiou. , 

Une ol th~ moet 'l'"""'·lul aid' i• tlo<• 
[!<''-!'"'"~." hi''"~'"""·'"¡,¡,¡, ,. . ., .. ,¡- ¡,.,, 
uft<•n o•at·h ·''"'''"''''" uf" prn~""" ¡, ,.,, .. 
,.,,,.d. 11 ;, no! '"""""lit> lin<l Lh.ll 10': o>l 

tite-'""''""'"'' '"'''"Un! fm ~¡l';' nf tlt,• '""" 
t·ttt '"" ¡ ime [1(:-:¡ .-, 71]. .->. lll'<'~' a m 1 ltt•t " lrr' 
"""'''"'"'""-' 011 th<•><•-"lo.,lllo•no·<'i,," in hi< 
aiC<l!-ilhtM t".Ln ro•aliw ,¡~nillt'atll l"'l"l,.rm· 
·""'' impr<.,-,.,.,,."'' at':< <UÍuinnlllL•i<ll•'-•1• 
""' n< , Th ¡; .,;,·hait{\lt' ha' l~·t·!l LO.-.·d in "''""" 
Ílll<•tou·<i•·•• "l"'m<in¡: .,,,¡,.,.,_, __ ,,,..¡, ;<> 

··-~ ... ; ... _._,..,~ '·' '"· '" '· ·- ,.,., 
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'" .\1. V. 7.dkuu·il: 

UNIX"'"! MULTICS, 11hich "'""""out 
as hi~h-lnel lan~ua~P o¡wratin~ s_t·stt•ms. 
Holllt•nt•t'ks have bt•t•n rcplat·t•d b_,- """''"' 

bly lan~"age roulÍnos in ¡,.," than ~>tr; uf 
the •y>wm. 

Theor~ or Specificaloono 

• 

"'~curion, thc•rdo:•• rul111~ '"" n-t\,.,,,;, in a 
<lt·,i~n- Anotlwr .o~inm ~'''" '' 1 h.H no mo<l­
nl~ co n tr" ¡, " , "" n i n 1 '" 1 rl.r "' , J'H<'t' ;mri ¡_, 
th~r~f<>r<· .. ,,.,¡,¡,. uo ah"' ns in¡~u , ariahle<. 
While rlw.-..• '"imth ~re""' «onlph·tt·,th<·•· 
are a ftrM Mt•p al fonnalitin~ "fl<'<"ilicatiun> 
for syswm rh·>i~n. 

On~ aro>a nf soft\\art• r·n~inetrin~ that ¡, SUMMARY 
now undtr stud\' i< _._._,t<•m _,pt•cifoc"ti<>n'-
The ubjt•CIÍ>e is.to <W.te rhe ,;¡wcifO<"aliuns H<><ehm hos slat<·d seHn prinóples that 
eHrl~- uslng a rnetalon~uag~. Thi., pla.-.·• haH h~·lj..-<~ or~ani"• th<· ;t"<·hnique., dio· 
rcstri~tions on th• d<•<i~n anrl ma,· hdp <"U'"""d tn thl< jld[><"r IB<>t.ti•GI .. 
<-stablish whether tht• s¡wcifí~atiuÍ" ;on· _ 11 .lfrrnrrf.!<' '"'"R u "''l"r"'ird 11(<· (''' ¡,. 
tnl't. plan. Thb uwnn.' w foil<"' th<• ><of111ar.· 

. An <·arly "'"m[M <>f su<"h a 'P''' ilkat iun <l~•·•·l<>jHll<·lll 111<· <")'el~ uu<IÍ<kd <·arl it•r. 11 
wa• tlw so·o·;dltrl "~ut .. lt•.'C' pro~ranno 1in~" al! m<' fu o lo·< dl.:u·k \1 hit h up<ht L'.' prt\ im" 
[1 )1.1 t.;li.~. K.-.;1 ;·•.: lj. h i.~ l>'"l"'rl~ t·:<IIPd >l.l~d a< 1 ht· t'OH<equt•m ,._, uf ¡m•< iuu< d~· 
"strunur<·d rr.,~r.,mmin~." lt r~>tri<·t• tht• ci<Í<on.< ht·t<>nt<• un~""""· h t·n<"uura~e.< 
furno <ol ~lntement' a pr<o~ramnwr niH~· ""''· m o k"'"''"'" '" mta<nn· !""~"'"' 
bon thi< r~'trit·<icon '"""'¡,,.,;:-: 1<1 <"<m<)ll'<'• :!) l'<•rf•"m mnlin"'"'' 1<1/idrr/um Cer· 
lwtJ<iloilll)' •n,J l'nhan<'''' H ""·.,.,.""'"~ tih· eath "''" rt·flm·nwnt «f H "'"'lul~. LM• 
pr««f. ~ \\alkilm><O~h' and "'"¡,. r<'a<lm¡;. 1 li,pl.w 

,\ "~'''"',¡ >et of "'"'b rult·' errlp\n\"' tlw tlu· hi< rar<·hi<"al ,lrut'l\lt<• of the ,,,,..m 
rone<'¡lls <>f ¡,.,..¡,ni al""''"ion. inf<>rno;<· ..¡,.,.,¡,in ,,11 <im«lll<'nt:.ti<>n. 
timt loiduo~. and no•~lul•· int<·rl;uin~.t" "" :)1 .1/airtlnin ,¡¡,,.¡¡,¡i,n•rl wwlw·t "'"'' 
'lrÍ!'l at-n•.'> lo tlll• Ínl<·l\1;<1 -tr<Jl'l\m· ul Ir,[. Al\ <oUI)J\\\ of ¡¡ pmj••• 1-t!,.,j~n dt><'U•' 
data. l'arna' 1!'·"'"7~1 l<>rmali/!·d tll<'."' mc·n". """''''' <n<le, u-.·r dt~«Hl<'ll"\\inn. 
Jdl'l\., \1 h id1 « t'l ,. """'lanl prantn·' ol ,.,. antl ·"' l•ml•-.•hnuld he lunr,,l!, "1'1" '" t·<l. 
porl pr<>pamnll' ,., 11•• , do lim•, d"'" "" a Chang<·> o" d<H"\l 111<'11\' ;nul 1'"'~' a m hbruo · 
colk•·t ion "1 l<>puol ',¡,;,.,. ''· t•ach wj¡ h a -.·t ;,., «lll" ht• .t ri<"tly «l<miwro•d ;~mi audit t•<L 
of allow;~hl<· stat<•<. l'r<• ··dur<·< ,·zn then h• Cod~ rcadi«~. prnj<•l't rt'jH<rtin~ form,. li· 

. \\'<Ítl ,., w hi<le th• tCJl! "''''"'~ti(<n ,.¡ 1 ¡,,.,e hrañan~. n ol•·•·dnpnwnt lilorHf\, and a proj· 
objl't'l> ¡.,,¡~~ S<"parntJ• m<><lnl~s. Tho• u•o·r •·~\ notdlOnk nll c·ontrihut~ \<J.thi.< ~"al. 
mani¡m lu1<•o 1 1te obi<"<'l" hy caUi11~ tlw 'l"" ~) ¡:,.,. ''" hniiC<'<I IOJ'·• /.m 11 .•Ir" U lit< d 
Ónl jltmo·dL<r<',. ¡mo¡:mmmiHJ!. J'L/1 amJ f1,\><'o\l h.wo• 

S<·<'t'<ILI \an~ua~~• thal fa<"ilitall' thl' <l"' ~ood '''"""'! nnd <btn "'"'''"'''' l'rt•· 
of the"<' {'<>tt~ept>- ha\'e lw<·tt den-I"Jl''d. jl!'O<c'''"" ,.,¡"' <1hido an~m<·nt F<ll<"l't<~' 
Anmtl~ 1 h~.«.· •re Er'!'l.l\J [ ['op¡(i~ 1. ('L.\; for tht•>t• <l rto<'1U< ,.,. 1 ¡, .. ,.,;¡"~'" .,., ttnio¡<to·.• 
{L1.~1>771. aml Au·tt.\IU> [1\'n.F;fil. 'flw .... · '"'h n• ""'1"''"' rt•fínt•n~t·m. "~'"',¡ d:u.o 
lan~ua~•'' l><"nnil !>'"~'"""''"'·' '" th•fim· · nb.<t ra<·t iom<, nnd dnta ti"" '"~1"'< ~- ,¡,.,.,¡,! 
ah"'""' 1\ma \)'1"'' l,;"·in~ olw prnp,•<t.<' lo bt• o•e<l. 
'""'•'1'''"1''''' th¡• n•pn~o·nt:!(Ínn ni 1\w I<>~Í· ,'i) .\lninl«in ,.¡,.,, ,.,.,.,,.l<l«bili/1. ¡·_,,, 
n<l ,¡,;,.,.,, ll.!•l<:t,¡ 1\'lto·ll <'<lllC\lrr<'<l<')' j, md<•<t<>t«•> '" "'''""1"' !''"~''''"· :mtl a p<nÍ· 
an i.<.<uo·. ll~t• u-e,.¡ nh•trad ohjo•<·o• '""'' .en.,.,,.¡,,..,~'" nu><lÍl<'f ,.,,..¡, indi<i<lua\'., 
b~ nnllr<lllt·t\ ¡,,. ,~·ndor..,tila\inn, ((or ,.,. ~ffnrt.<. 

:unplo·, ¡.,,.~,. ·i~nal.•\: Íll thi.< ..,,,.., tht• Rb· 61 (',r !>t•ll<"r Oll(f ;,·¡¡o•r 1""1'/,·. Tlw 
,lrU<'ll)')"' mana~<'t<aT<' talle-!! IIIIJJ/1/<0T.<, ,.¡,¡,.1 ptu~rnlltmo·r '''""'·in ~>hido ,.,,.¡,in· 

,\ rt01ll "·r ~ind ni 'i"'' ;r,..:n ion con,;,,_ uf tll' idn,tl i.< ,~,11, •d and ,,.., <~Untahl,. tur hi' 
"hi~ l~t• 1 <>«lt•r '"1""" o· a \Í<lttt"" . < 11 (),0: 1 -·a;., ia[l>, a1<d ~ond l "'" lt < an· W\\ ,., do· d . .l io\<, 

. [ 11 ,\,\\1 :1 q, " ¡,¡, h "' o• a .'<'l t>l <ÍX "' ;,;"', l hat in 1 ¡,¡,·o' lfn 1 1. 
'l"''·ify .o\l,m·.,¡,¡,. inl<•r,.,·ti"n' ""'""~ i'""'· ~~ .1/nir~luw ''""''"11111<'111 /u llllJll'nl•' 
··~"'" ¡, a n•al., irrw '''·'"'"'· ¡ )[.,. ~ ,¡,,. 1""' /)l'n<'• '·'·'· :-<"1 dt• .,,¡,. t<•r tlw 1~.,.1: .-t< Í\<' ¡,, 
hihir• a 1'"''''''" lroo~t «>ntrnlhng Í1< """ i<npn>\t'lll<'!l1. [1,. "!~'" '" "''" <1~····1"1'' 

"""''"'""' '"~'"· \,[ '"··'" 1. ''"'' ,,.,, 

·,¡ 





.. 
' 

' 

• 

Pa.-¡>cclu..,, cm S<![II<'~'H. f:n~in.-~rin¡: ·:r._~. 

rncnllo in ..,ftwar~ ~n~inffrin~. hut do no\ 
lia~rifir~ ' reliahility_ for modlfiahihty · while 

Adrl,..,n·- 1\"..,.,.y ~ l'uhi.S !"o., l<rodon0. 
M .... ; 1~:~. r;.. _ 

~c.,_._¡;_ -11.: .,,, """""'" .: 1\. 
pursuing th~m-~~ "I'DI.-. ,...,¡ r.,, ><>1<••,. d< .. <n.' m 

/'""· 197,\AH/'S Sal/ C""'l'"'''' C.onf.' , 
Vol 4<, AFJI•,.; p,..._ ~Ion"' o!<. ~- ,J, ~ 
pp 271-216 >'•<...! 

Pro gres.' ha.~ bet•n made in uml~rstandillg -~~.~­
how large"·seale "'fw•are sySI cm• are huilt," "¡eo.. .. ;~¡ 
yct more needs tn • 1M. . done.~ Management ,, •. 

c.,._,", lt.' A pri,.H, M '<11-<ipl•nrd '• 
F<>~~mmm.,Ut. • Wonlhrop' J>ubli>.h<-r.. 
Combndo•-~l-..'1~7~!' aiM muot 1M. impro•·ffi nnd [unj<"Ct control"" 1 

tecltnique• de,·elnpcd. The role of soft,.·ar~ .• 1<?»-• ::¡¡ 
managemcnt; is; eoming more· {(J re.;emble 1 d.: 

Ct"•"- 1!." •~" ll"n•n~ T. ·o..,.,.. ' 
ar><l lmpl•"'"''" •~n ~~ o rl•••m,.\K rom­
pilo• lor I'IJI." ('""""""· M',\/ 16, l ;~. 
IMor<h 19<31, U'll-17\1 ~ •..: that nf cnginecri!lg managi,m~nt·in nther·•~ rC c&;J 

disciplin~s.-We can nn lon~rr a/ford rostly • ":' 
mlstak.-, .;-hen syst~ms are o.o lar~ e and we• .., 
dppe¡\d ~'m u eh on _them.i• Mn" impo_r- [DA_,711 
ts.ntly, we must he P"llern: wc ot·~d to gam.~··· -
experience. on which '[Uiure th~ories can •-,,~ 

e""'-"'· J. "'" ·~" T, . ..,.,_ J. w. "An 
ol¡onthm fO< 1M ,_hiO<' cakulo<ion oJ •• 
«>mpl<l r ........ , ......... ~ )larJo. (",.,.,..,_ " 
19, oo il\1/".'>o. 2!1'1-:JUL· 

·o., ".c. e;,·~" v~-~.c. H ''The ..,¡,. •41-
•••• _ dt·••lupm•nt- '-"''"'' IEF;f. 1 /,/, 
Tron• S,{l,., l;ng l, 1 !Jan, l~7iiJ>':o. 
~. rely., ;y. 
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ToSfrüctured·Progr?mrning 
. - . 

by E~ward Yourdon 

The best way_·to ensure that people. will resist the'change is to try te im­
pl~ment all the new techniques at ene time. 

•' Thd m<>t! comm~n obje<~on to wuc- -~-.!:§~-_ .. ::0:::: .:;:_::/": . ;·.:.~·;]]7 "'i' Ea<< of _~raininl 1loo de~enó on ti-, o, 
_lurcl p_rogrommtn¡: tün~~· fonn,·, -~·:.";:.'-:~--:;c.;,~ •progrom•mn81on~u•r•: lho I<Ó,"Q"" 
><(;o• h. 11 •ound• gteat ond we d ltkt Lo .. ..... :~~~ ,_ ore genero!! y ·••••••t tn re/!, r.a,on-
do it, but. : . :· Moro •pecific auaoh • _ ~=:¡;;; • A.;: obly <al y in coooc, and more dtfliouh 
hove b<en le,·elod •¡;ainSI the HllF':'RM \. -~~ ., .. • :tn FORTH~ and '"embly l•n~u>ge. In 
<!O!ement and olh<r lorms of <ubrou-- ~--,::_ ~ ~ ____:...:. _____ :,·; l<nero!;"e found lhot pt~¡¡'>m,,,.,.. 

~' tino c:•ll•. •g•in" ne<ted IF •~>temen!>, -· ;;·:_:-~_-;_;~~~~:..~,.:;;: ~-: uq~j" lhroe to fi•c da)• _ol d•"room 
and o¡¡oin" the dJm<no<ion of (;()IO -~·--~--. • .-luining to leorn the t<:Miqu«, a~d 
Sl•!<men"- A moro •ubtle ond pow.,. ~~.::·~:-~:e-<":;,.:; • oppro•ima:ely on< month ol p:o-
ful fo1m o! auad;. thio: ''Oh, )'OU'!< :: _ :.'.:':§::.,·'-:::.~:..-,-----: .. ·0·~~\ _itnmming (when th<) are at but '-' 

ju•t tallinJ about mo<blor pro¡ram- :::':·~~::s,.·~· ._:.~:'" pro<lu'li>e at the} "''" pre•io"•ly) lo 
ming; w<"•e been doing thot lor teo "··~~~~.:.:... ~become -cornloruhle ~<·ith the ""' 
ycan!" "ction• of code in a top-down "'"'' . teohniqueo ·The in><otment in traintn¡ 

For >lructured programming "' hile tu re~ mannor, e .g , whcn complet<ly i• lhu• rda1JHI) "nall comp"cd to the 
tht proper opporlunily to •how•tt.l now foaturet "' bcing addod toa •J•· b<nefitl thot """ di•cutled in the pr<· 
lllength• and not be «J<Citd outrighl te m at the r<quou ola U><r. «d<nE ""io~-
by an or~aniuuon. t,COo>lder><ton Thi> ptoblom ma¡- bt •ol•«< <'<n- 4_ Th< m•n•l" oh<n hu lo o..-.r-
•bould bot t"c.' to tk<o qo<.~tioni: _ !uall¡· ~<ah \he a id ol "muc:uring en- eomot<chical ol>j<etion• ""'¿by !h< 

1- Wh•! willthe •pecific obje<!lOM gines- thl! "'ill ntomaricall,- <on•en ,.,-o¡rammon: lh<"' <>~i<ction• m<:>t, 
,. ',.,_,. thore ~ny po!<n!iol diud~IO· unnru<1ured •logic _into "'"''""d fleqo<nrl¡ como hom ,.n;or pro-

' lhal ma¡- bt t<perien<ed u a form: "hilo •uch an'"engine- cannot • ·'""'"''"· m>ny of ,.·hom ore no" 
.•ult el u•ing the t<chni'l'-'«' '' magically Uon•lorm "ba~" rode into • proj<ct Icaden, ,..ho .,;11 londl) re:all 

2.'Whjch ol tl1< ¡echn;qu.,,,hould "good" cod<,11 "'ill 01 ¡,.., lo>~n•omo , .. _the "good old day>" ol the 1401 ond 
be attempt<d ftn~ """minE lhat ¡·ou 11•ndardrz>lion.'!.'-'' tire 650. Th< eommon pro¡;romm<r· • 
cannot "" thom •11? For eumple, 2- Some,mono¡en•p<!int out !h>t _wient«< ob¡ecoion• are; it ;, '"'~"·ard 
•hoold ¡-ou lllomptto_u,. •lructured lheirprogt.mmingpro¡em>f<l~p'tc•l- ond ioco,,,·enien! 11 lint; !he prt>-
pro¡umming lin.t. and.thon u-y tcp- ly too •m•ll to r<quite a leam ol pr<>- rumming hnsu~J< ;, in>dequatc lor 
do .. · o dni¡n on J !Oler projcol~ · • grommen: <herelore. lhc) atEt:<, th<) llte ,,;~ daciplint impo.cd b) muC-

3. Wlut k'tr>d of pro~r>mm'tnt don't nced any'of the new -program- !ured progromrnin¡: it i• not ob•io<a 
proiect oh<>uld ¡·ou l:>o¡in ""h u on rni.og produc~'·ity" tcchniqu<"J_ Sin<t _, lb&! thc n<w appro.ch .-;u octually 
e~!ll lo dcrno=r.t:c th.o "=<· mo" man.oren •rrarentJ¡ '" oot pr<>- ,. ·•'-'r the bencfil• d"ruuod ob<>~c. •nd 
'fiu <lf tl>e $U\Ictu=l,_p<otraiTUl'oing pored to firo moSI of thoir medto= • linolly, thore" • n>ncorn lho11he !Of>-
tochniqua? · programm<t$·ond rcplaco.th<m with down otructurcd •rrrooch ,..¡n lead lO 

4- How 1hould y<nt .-vo1uat< !he on'e highly com('t1<nl chtcl pro¡rom- ,. tremcndou•IJ tnoflicienl prortam•-
'"~" ol the nr<rim<nl? '-'' mer, "'' mu" oecrpl tl<i• objeclion '-' a _ -_. The '" ~"'>rdnno anJ in con ve-

• hirly~>lOd one-but onl¡ fot lh< chief • ..__,f>i<nct.il l>r~<l¡ • mo!ler of !raining_ 
Comrnon obje<:lio"" . programrn<r tcam conC<pt.'. The quos¡ion ol lant<'>~e •~cqua~ ~ 

- .·- ·.11 __ would· be. u~rultu>c !O;•"ume -. Theri" no re.•on "hY lh< ni•tin¡ '<J::can b< a td<>an! one, ud'onc ,,.,. . ., 
• lltat 'tlructnred '1"'0!'"-'""'inl, ctop- pt<"Sramrnen in lh< ('>tganizo1ioo. <''<n.- mi1h1 be lo convine< thc l''"'tommen 

; do"n de>ign, ehid propammer team•. _ worling by themod><•. <~uld no!"" ..:(and lhcir man¡gcn!) to bcti~ """1 
•' • •lructured walldhrourh> (ono pr<>- >!ructur«< pr~grommin~ and top-<lown .n/1 .and thc other "r.ol·He \an· 

.~ ·; ¡r¡mtru;r ~lp),_¡n$ hi. eode !O oth<r>), d .. ign .. • :' ' ' JU•gn. in ·pro ftrcnce [0 th< prtmiiÍ\'C 
·: progr-.rn lthrari>n>, ond llrÚctu r-ed, de. •: J. S!ill' olh<! rnono1< n objoct lo the ..._ ',coool-lt~ < . ·.,nd FOk Ta.N-llle , l>n­

•ign wnuld be a<«pted wi:h~ut·or¡U·t¡ ·eoSI ol tt>tninf their,pro~f'mme" ino.;_..,¡U>J"·';'•~· 
-. ;- ment tn OH) or¡•nil-ation:cHerciore <he lcchniqu.., ol.,ruc:urod progum••l;' Th< objection •bou: rflkiency can 

><lm< of the moro common obimi~ru: • ._ ming_.Thi• tnin'or.J e\<rci" ;, admit- ,,_ only be ""'""<d b~ •PJ><'>Iin~ to th< 
• 'J_ ~hn)' mona gen • and rroFram- · •· t<dl)' nontri•ial. lh<;>ugh it d<rcnd• on ·. pro~rommot"• ~"mm<>n ''""' lho b>l·. 
"''"' roin! out rh•t :he nru~turod pro- ,_•:he progrommcr'> "rorien« (Junior••" ~< for cf.i~«n<) ;, ~cncroll; "0n or 

"'m in¡ le<hniqu.-. • •re rrim•nl¡· . · programmcr> " lcorn • 1 l!e t<ohn;qu<> _..,,. ¡..,, at tloc 'l <tcm '" rrc ¡ro m dc•il'n 
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lhmugh mncopl """Id "'11 be c¡u11e ~ !he top oLth<-<1""· oi¡;ht "'"no, ir< ·,ti>< propammer --... • .,., .. ¡ miorr»«· 
U><ful). Thi• roint i• b_,_,¡,,ll)' ••lid,,.,, progr>mm<" ,..¡,~ le11 1h~n ,· ... montlu .. <'n<l or 1~<> indul¡rn¡ in a ,ut>tculln< 
lhou¡h it io Ir< u al)¡- r=rble 1~ add ne,. .__ upcn<n«.)=·~ t&!l).• 1.: 
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STRUCTURED;_::~ 
DES!GN-· 

mO<lule. lnitia!l)' the ooti•lt) ,.ri>bl< ÍL 
u:L up >< inaeli>e.·A> • module "'"' 
Ín•o~ed. the vabe o! lh< o<li"'~ •an­
able "'"' ch~ngd 10 indico« lhJI 11 
"'al acti•e. ·"' canlrol '"'" relm­
<¡Ui>hed. the ;·aria~l< .. , ''"""'d lo 
the inac•i•e <l>l< Whcn'• Jump oc­
curred." "'»<>>y"' lfO« <h< p><b al 
acli•e mo.Juio.. artivin~ al the lino] 

··-·· 

-. ' . 
"" ' ~ 

1 

do"n 01 l.uye pro~r•m• '"'" m<>Jul".' ~ 
acJ ""'"'"'"~ pr~~r>mm•n~· · 

H.< ma¡or cri•man. th>l al >p«J 
el de-.lopment. "'" «rt>inl) en­
h>nccd b) >lrucwrcd d<•ign. ñ modu­
br pror~>mn>ing opprooch o loto< v. ould 
not h>•< m>de " f'O'"~Ie to "'"" lh< 
l>~;e PIOfr>m> ne«led in th< amount. · 
al t.mo o!lo"ed. , . .-

Tho olh<r de;i~n-fo>h-no,ib;!it¡ 1 
ond n>oint>in>bih<;---<>nnol )<1 be el-.·. 
fecU>el; e>olu••ed->ince lhe L)>l<m 
h» 10moined rel>ti><ly '"~1< '" it< 

' 

F •ll- l. By "''"ll •n "'actiV<t)": ••"•b4< "' "'h module. the !low ol control lnrou¡¡n th< 
pro¡rom Un t¡e'.,conslructtd •M non-•wve modules i¡:nared in ~•~u;:¡¡•n¡. 

ont ln which a<tivil)' hod oo:;cuned 
(seeFi~-1). 

Anolhcr u•dul l«:hnique, ""' 10 

display the param<ten ol a module •• 
lhe timc ol iovocaJion. !lecou« ol daLo 
couplins. thc complete to\ of r<l..-omt 
d>!o "'"' availabl< lor doterminin1 t~ 
stat< of <he modulo. · .. 

An a~ditionolt<ehniquelhot !""'<d 
to be ""'fui ... ,. tho g>thcrint of .uti'" 
IIC> N>l«n>ll) by e><h tr>Odui<.•T)pi--­
cally, a module "DuiJ ~«P m.tl of 
h<>W m>n) 1i~ ¡, tud h<<n m•o~cd. 
lh< parometc" it hod bt"n <•lkd •ith_ 
whol typc ol interno!- '"'"1" Ll had 
renetaT.:d . ..,.c. Oo.u ol Thi• t;pe made 
recon>lrll<lt~n and onah ,;, ol pTOJ:TOLm 
ac<.ivil) on "'l '"~- T~c;· ah~ h<lpro 
10 identif¡ ""'' of coó< ti1>1 had "'"" 
b«n t<>t<d. ¡\1><>. it htl¡o..•d lo loc•t< 
arn• o/ <<>de lhat "'" .:n11<>l1n th< 
elfi<:ienl running of th.e pm¡;ram .•. 

Surmnory 
Th< mU'ot plc»in~ ·•~J ""rri•in~ 

"'P<""' ol <he proj<-::1 .,.,, <he '"""''h· 
ncu ,.;,h ,.h;ch dóu~;:n.: .nJ «>t.n~ 
wcr< oc e •mph•h'd- Thi, '""""h<><>> " 

>hort lif<Umc. The ¡,.,. ch>n¡<> made 
do point to 1 hi~h d<f<<< of maint>ÍD· 
ability. Structurcd d<'icn. U><d in COn· 
junction .,..¡,h 1he comP'I<mcntary l«h· 
niquc• of <tnoc:ured progrommin~ and 

•. wal~lhrou¡l,._ did m~~• po,.ibl< • 
le>el of >l"'<d •nd accur><)' in •)<l<m 
de•elopment not pre•iou•l• """'"'~le 
B•><d upon "'" np<ticnce "'ith dc­
'"lop<n¡¡ lh11 >)<lcm_ >1ru.:1ur<d d<"f" 
is •• P'O"<rful in pr>C1ir:c" h., \>«n 
pr<d<C<<d in 1hcm;p. . o 

'-'•· <n~on •• ~ en·•' p•<>•••m"'~' 
rcn.-c,,•d ~) 1h< hi~h P''''"r.Jmmcr pro-- '"' C";"J: "''"~"'" E'•<<•O~·C• ,.,._ 
duCtÍ•Ít) 1>1< Of· opph"im.oo~.' 11 ""'>G•<>~D·~'-'o~nu,~v.•w,C••• 
hn<> 1-"'f hour. \\'e f<ll thot ,...,,.1 : ,__.. '""""'•d on M 'i •" <m.,pul<' 

' 

f.cton cnntrobui<J 10 ·lhi> \LIOO<»- ·~·•neo '"'"' '••w '""'""''" "'"'" 
U•w. 

~~~-"'"'-ICtut<J '"~l.~gh>. ·•he ;•;•;n;·:,.-:::0::=::::-=-===--~-:::-:.~ .... 

·. • 
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• D ESIG :--.1 ·- • ;, " ''''f""''o '"'""no 01 '"' '"'"' "'''"' 
ftm<lion•. ond ;. h>ndi<U ,,.,~ '"'"" 
fufiCtionollinc>.. 

• ~al• lo on~ 1<""' O<h<r m.-...Jul<>. lh<« 

The lfodotiorul : cor,..ideuiOO~ .. of .' • , ~_::~o,,m,,.,','~~.i~•hty ana 

· >1111 ,.Úe >0tn< ~"''" lile numb<t uJ 

urdcr o! par>mct<". '"'" '"""'""'· 
IICl. ond tho" inl<r;W>Iion" o!· <!><or 
nlu<> "<«"in"""'<>><> m11undcr. 
>tood 'Anolhcr p.rOOTem·.,o., in lh< productioo run <ITocie~<~ ,.~, onl)_ol ··~ ~ ., 

ioci~·ntal impoll.>nce: 1l ,..., MI ig- Ti'>tne"bohl~oltheprc~r=>inll'>e t~ or¡:,ni>olio~ · ""'.,_..;" tor t!>< duce· 
00' ir >impl~ 1'" "'"~ 10 thc hi!h<l • 'Y"<m ""' dolf>euh to >>'<»- Ho~<><r 
prioriti"- The ;,.,¡or 'oucn"o~ '""' ~;... '"o e hu..,,.,;,;" o/ <h< 'l \le m potnt 
T«:l,.¡ '""""'"' th< builJ•n! o! • '"orl- 10 Eh<¡.., thol mu<lured de>o~n pro. 

· ,-loon o! ><•eral pcople ."'Of~in¡ en 
lhe """ """'problcm· simulll~<<><>>l;. 
~IOOub • ~or.- bcing ·d<>clopcd "' 

able •ymm. One< 1he r<qullem<n" ol duc., ·>Ome nc,ibihl). One » thot 
the »1l<m "'« met. ooo>ideuti<>n wu •chon;n in it "''" m o de "'ilh a mini­
JÍ><~ 10 run time <l~Kiency li.e .. '"h<n • mum ol •"of!. The lar¡:e>l chonr< 10· 

th<r< .... , enough lOme 10 mol.c 1ucb 1 quit<d four d>)''· •nd the nnl l>r~<<l. 
coosid<ralioo, "hich usually "" ool 'lt"11 !han • d.,._ The KCDnd char><t<r-

: the cue).- Utoc i>thc f.ci lh>t <rron '"''" ~uK~I)' > 
\ S.•cul >c:hemes "''" conlcmpl>l<d" '< locll«<>nd cortectcd. 11 appcarcd th>l 

for or~•ni<iog lhe pro¡<<l. Th< onl~ • ·lhcmajor foclorcoo111bulln~IO ·~"<m •· 
"">V decmed l<~>ible bccau~ o! <h< •• ~ .. otoluv ""' lh< i!.Oia1ion b• funeuon 
tim"e coosrr•int "" ro wrnc progr>m··" lh>t wao' achie•ed b)" muc1ufed d..sign. ·• 
opecificotiooo whilc concurrcn1ly pr<>- • .. Wi>cn'• prcblcm occuu. il io en; le 
¡rammmg >nd le.,ins cthcr pam-cl· ,climin>le man) module> frem conoid­
rhe 'Y"<m. Ob>ious pllfalls 1e thio 1¡>- •• <roti<>n sine< thcir fun~llon• ma; ho•c 
prcach ,.,,. recogni«d bdcr< pro.. oething le do with thc problem. 
ce<ding; ho'wC"<r. benu>e <>f 1.-,. lo<k -• D>~• couplint .... ntcnsi•cl;· =d 
el timo. no cther method w:u p<»sible. •· m tilo in1erlacin~ el moduln "i<h =t> 
Thist)pe ol pro¡oct otg>niutioo prot>- • • 01h<r.· (D>I> ccupling occun "hen •JI 
ably should be u<od ·MI) wh<n lh< :,. input t>nd ou1pu1 10 •nd from lh< 
<itu>llon dcmands Íl. In >U<h a ca>e. call<d module ar< pJ»cd as p>rameten 
very e lo« ~en <rol and eoordin><oon is • • or argumcn!S-i < .. •• da <o elcm<nl> l. 
an ab>olulc mu>T b..:ou" ¡>uor com... Tho iñdependencc goinod her< en­
munication> can load lo • la:ge «al< • •· h .. c<d both 1he rcu,.briJt\ o(, module 
-~·•"• o/ ef!ort.' 1nd !he isolalooo o! a modulo by !une· 

To a<tam tho d"''B" yo•h. •lllarr<· . <oon lrom oth« modub 
pro¡;nrm ""' hi;~l~ mOOularo«d .. -1.> l~ othcr wal·'- lhe modular ap-
"1" ·, as po.,.blc. a mOOulo w., d<· .proooh atctlcra«d 1he dc•clopmcnl ol 
•~ for gencral ·u••~·· w lhat il thc •Y>IOm. T!>e ph)>ical scparaucn o! 
Wo"''" bt l<u»blc in Olh<f part> of the modul~ meanl lhot mor< th•n ooo 

• >Y>l<m. In <hi; "a)· rcpetotoous codon~ · poi"!.On could >imult>ncousl)" con<nbul< 
,...., ehminal<d or 11 lea>< dr.>lically • lo a progum. In loe! 11 ene lime. fi•• 
reduccd. Each mOOulc wo> ph) socally • .. • pre~rammer> "ero >Ciivcl) "orking on 

·>cpor>te,/rom •ny other module. i.c.. modul<>ofthcume program. 
the souu:e "" ~>ohich compri><d ·1 A byprodL>Cl of using a m Mular •P.. 
m~ult"~o.., de><lop<d. compiled. aod prouh .... , 1he len.-nino o! th< lOta! 
.,or<.d ap:on irom >n) other me<lulc.• l .. ming time in~olvca ¡¡., lhc traml•· 
"The itnem <>1 tbc dc»;n ""' to rru'u· '·U.... of pro~ramming >p«ifi.:.oiÍO<I> ;,... 
m<>duln •ma1L abou1 ·foil!" p>~"' ol "lO todo. .Tloi• oc.ountd bccaust.. "" .o 
•ourrc 1<<1 per modui<.•H""'e"'· the PT"'IOmmcr comple1C"d a module. he 

<>p•dl) thar ccord•n>l1en"tof t<>Un¡. 
lin~ing. ond inl<sroton' thcm b..:>tn< • 
lar¡;c 1>>~. 

Sln.JC!ure<l wall<t11rougl"o , ; • 
One o! 1ho t<Chmqun 1na1 kd to the 

quic~ co:-n~l«ien o! lh< projeCl "" 
1ha1 of 1ht '"utturcd "•ll. <hrou~. A 
,..l~throu;h. or ,...nul "'"ulion o! 

pror<>mmin~· 
·1<am, "'"done for <>eh pro;r>m. • •· 

Alter • pro~r>rnmer had compilcd 1 

·progr>m >nd 5Crur.nil<d i1 lor cbviou> 
<rro,.,. hc scnt 111< ehief programmcr ... 
and . ..., .. .,..1 . o1hcr progr>mmcrs 'in. 
vol><d copi" cf h" so urce ""· Alter 

· IÍmc ,..., >llowcd 1"' 1hc ¡roup t~ 

cumon~ thc -,.., .(u•uall) a ¡,,. 
hoursl. 1ho tcam m<l and coli<ClÍ>el~ 
p<rform~d •·mental uccurion of 1h< 
p<Ofr3m. A l1>t ol crrors ""' made >1 

e>eh -logicol p>~h """' follo~ed. The 
in<erf..:e wr1h modules '' lh< r co\hng or ' 
collcd b) thc module bc1n¡ nammcd 
"'" c>rdull) chccked as wdl. At t!>e 
cnd ol 1hc ... l~llwu~h. th< h>1 o! 

· <non "•• oÍ•<n lo th< •u<hor .• ; 
In lhi> ·mannn mo>l crron "'"' 

coughl bdor< a,.. 1<>1Ín~ had OC· 

curre~. Al><>. U.:. tc>m membt" who 
revi...,.<d lhe I<Xl become familiar wi1h 
a pM1 of the ·~•em other than lhe~r 
.,...n. Thi• help«<lo ..s<obli•h 1 com­
"'"" b"'< el uncl......,ondin; el >11 com­

pon<n" ol thc """'"'· 
CoinciJ<nWI! ... h,Je the 1um «· 

wie•ui the iate<f""< \oÓth oth<f 

>Ízc o! • mod~\c .,. a. Ullimal<l>" d<i<r· ,..., onirnod oncther s.imilar on<. He ' comm.,nieOii""l "'"' aloo >¡>utt<"d tn 
ooher mvJule~ h .. .,. al"' not u ... min<d b)CJU lun,:<ion. ·Ea<h modulo ... >Till had lhe pro•iou> codins /rO>h in 

had • hmlled and "<11-defincd !une- • mind' o~d could 11>ere!nrc ~uidl) 
tion. and lh< en•ironmcnt··of 111< • sro•p lile new prosrammin1 opccifi<~­
module ,.~, lo~<~i>< hmi"'d 1"<1 wc\1"" · hon>.'T,...-
dcfined. Ltl tllis monn<r; tilo "''uH"!"'" · Another fnnno of odop1ins a 
functions nf a pro~ram. ""' bro~en ·• mod~la¡. opproach ocru<Tod ""'" 1 
inlo sm>llcr. i>-Olol<d function•. · PTOJf>mm« compktod o modul< ond 

E>rl)-in lhc >)>l<m d.-si!"· n •••··~ ,.., lhtn freo 10 •or~ en oth« >)">· 

mmmon "' h»·e a pregr>m or m<>dul< 
""""" <Otr«'d\ tllc forsl tome Íl ,..,. 
'"'<d. One of thc m•ior f>OIOI> in 1he 
""""'o! th ·~··= ... , th< >honoñ; 

• of 1hc umc •pcnt in tc>ling. ond the 
mo¡.,. conlflh-utm lo i1 .... ;,, >lrU<:lUr<d • 
.,.,¡~throu~hs. 

rccogni>ed that thcre "'<fe d•:fcrent l<m~ In o con•entionol >ynem. o pr<>-
k-.ls cf (uncti<>noht)•alon~ .,.hich·o•" Jtamm<r i• 1ied too pro~flm un!JI he Program testin¡¡:··,. 
program could be d~Wide~. 1\n oumplo·"~'"" fini<h<> i1: ond il o pr.,hlem in hi< o roo .. , ()oc ,.,..,... .,.b, l«Un~ ond d<· 
of le>cls o{ funClÍonohh;. •M"n by!· •·of ,,¡;....;..,·,..,.,"hile writ"'!' th< .... hm;~in~ """' smoothl) .,.,.. thc f~l 
thc difl<r<n<e ~""'"'" ,....e t:lt« upd>l· '"' P"'!";m>. """"'thin ~ mu<t >ulf.,.. Ho.,.- lhot the do<i ~n ot ti>< ') "em in:lud~d 
ing P'"~""'' Ü•Ol "'u p,ft ot the ''· ner. ilo p.r~~n.m is brnl.en on1o smoll "O"•p«>¡;r>mm'n~- >p<nfi<a<oom• tnr de· 
>)'"'"'· Bolh·p<o$<>ms "'" to rnd .. ,.mo<lul<>.·m>n) hrcüin~ p<>in,.·rc>ult hu~¡;:in~. :O.:o< onl) did ~rc·~rommin~ 
" l<IÍ<>n< anJ urdat< rho do la ba>< ""'"''ll) . .>nd the prohl<ms inwol•cd on. '·' 'P•""•Ii<olion< dofinc the lun<to<>n ol o 
• -·rding to tho ccntml> o! th< t<>no··""'· con><n<ionol mcthods 0 ¡ pro~rommins" · ,pm~r>m or mNulc.•bul <h•·• ol\0 1~· 
'"''on ... · • . · arominimiud. • qwr~d >ori>hl,-. m'bo _in...,roed_·•anJ .• .... 

Ano<h~r ,..,.. lo·>iew on uf"..•<in~ ""'· D<>PH< •d••n<>~e> in ,,.;.,g, modu· • monipub<od '<'lcl~"for 1he purp<.»e ot 
PfOE''"'" from 1hc <t•dotoono\ awon< ·•· lar >ppcu>oh. thcrc wcre >ho some ~"' ,;- d,·hu~~~"~·~•':? , ~ . 
o/ >dJ,n~. Jelwng. or · rcpl>c in¡: <Jato •• · od'>n<>r<~. OM rrohkm ><O>e in 1he ''". Thc . mo<t <llecli•~; I<Ch~iquc' .,. ~~ 
'" lh< dau b~ .... ·tn lhÍ• <1St." A> o •' inl<rf><ln¡•of modul<s. In opil< Ol· usin~an '"i•it) •»roablc• 1n· u<:h:•• 
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ArrExample ot·· 
Struotured Design 

byBilllnmon. 

Producing 11 lin8s of codG per hour through structured design and program­
ming is one of the advantages. 

Quiü •nd aocunl< de,elopmml of• ~ mg,_int<gral<d te.,ing, docu- "'uctur<d d.si~n- ,~rincipoll)'. pro-
eomput<r pro~ram• i• a lon~"andmg'"'l-: mentation .. and the buildmg gram• "'"' kcpt small ar.d'd<>Jj'n<d 
1oal _ of _!he_ d.> la_ prooe""'~-'- com=·'~c---•Dil_ mam[tooncc _o/ _a_lar¡c __ "fum:tio~all\.··_ L;,r ;< PfC~ram• "'<r< 
munoty Reomtl), programme" and .-.· datab•"'- divided inoo mod"'"· Thc cod:n~ ot 

( •¡:ram dell¡;ner; ha-. b<fUn to -'=:- 4. Total oumbcr of linos of codul¡ - programs o. a> "ructun:d. t"O GOTO 

mal:> e ><>me o! thoor pr!U:tiC<:> bJ • · -•pproximately J 1,000, • not · <!a!<m<n" ~<ere allow<d, and oohor 
u•ins cone<p" of "ructured ·pr<>·•·•·• indudmg ')'"em-•uppOrl cod- con>·ention• of •lrue<urtd· pro~ram-
¡romming and muctured de<Í~n. How --.'·~' • ; Íng. >och » Job Control ecd- mmg v.ore follo.,.ed. 
do 1heoe CO<lCepos inter01:1 . wnh "the . '~ in¡:. tm-doa g<nerator<, etc. The o>·emdtng con51raint on the >) •· 

¡o•l• of quid, and aeeurnc ptogram •·. :7"- S. L>.n~ua~e-<o•ol onterfac¡ng · te m dC'elopment '"' torno. S<''"'' of 
development? thed>tab>>ewitholl. contractual obll~allon• pmgr>rn de-

An nample uf how one 'Y"'"' was 1"' 6. M•chine-to" J70/H5, v.Lth >ign, pro~romn.on;. debuggtn~. a~d 
devdopcd "''"8 the1e 1001> in a limited --'.;.e• no. irnplement;HÍcn had to be comp!eted ill 
lmouot of time i> '"'" here. The >pe--~.· 7. Datobaseenvironment. four month>. Thc d<adline ,. . ., not 
ciftC> of the 'l'>O<m "'")' no! b< impor- . " 8. Programmer codíng ptC>ductÍ>- <"endat>l,, 
tant-il ~appenod to be 1• co>t oc- -. ity@ 200 hou,-; pcr month- The >tructunn~ of tl>e d"a ha>< re-
counting sy>tem, ncco"it•ted• by • th>t ¡._ oppro~imllcly ll lin~• flccted a mor.g ""' .,-icetotion and 
lar¡e' co•·cr~rr.ent =<1tracL ... mch :.-.:,.: ¡rr~~ur. -.;u not dc<t~ned lor "') pro~ram 
bro~e down the co<i of the flnal prod- "-· 9. l'umber of pro~ram• and mod- • • manipulation. A: thc out><t of :he proj-
uct to com ol componen! P-'" >l the -•:o 
Jowe>< tevel. fio,.·ever the probfem• '-"~ 
thol atO>< in thc developmcnl ol thi• •C.:•' 
l)'stcm, and.tho >U)' thoy ,._er¿ h>n· ; .. , 
dled, or~ impon>n~ t>.-e>-u'>C th<S<:" nmc, .. : ' 
b"'ic probl<m> usuoll) occur in de- ••· 
"lopmcnt <>f. most typc> of 'l'""''· _,, 

ul<>-50 ect, onl}' two ~ro¡:rammer> had Hten-
10 Median modulo .. .,ze- 5.4 Si'< da!> ba>< "P"''"""··In pt<pa<a-

pa~"· tion fm futme on·l,ne ton>iJ"atton•. 
ll. Typ< of appf~eation-fioanciol.' the 'l>t<m "'" to be up<l>ted b•· tram-
l ~-· T cchnical comple<il)-mild. actoon> Re pom ""' ~''""'<é dor<Ct-
13. Pto~ramming lo~ic corn¡>le~ny- 1) from th< do!> base.· In''"'" C>l 

-modent<. pro~t>mmint lo~" '·<""'i'i:l"'- the 
14. Ik;ogn con>id<tallOn>--slruc. "'""' ,.,, •trai¡:htlono.>rd ''"'P' lur 

System ovorview -.. turcd pr~~ramming. su_ucturcd • - • "'e rol Ín1<rnal relahonsnop> T eo; h-
Here" • profileol th< ,.,,.m under.·t~?"'· de>i~n. nicall~. tho com¡tln"~ or :h< 'l'"~' 

di..ruuion: · A l"""P of rr~rummon .,.. .. orp- "'"' not ~<>Ond thc aboll!> of !~< ch1d 
1. Lcn~th of S)<l<m dt•<iopm<nl .-.1nil<d Ínto a -chid prC><r>mmcr te>J"1.'0 pro¡:ramm<r ''""' 
' --4 montho. Thc chid programm<r'.,.,. rcsp.>n<tbl< 
2. ~lanpo,..er-14 m>n-m"nth> P ·. •·for !h< de>i~n of oll pro~ram•- H< diJ Dcsi¡¡ngoals 

pro~romm.<r>-2 lull ltme,nS- ,.thc oorual <<>don~ of >ome <r•t•ca] pro- Thc de<J~n EO>I> of ti>< ·~•t<m ~'<'< 
p•n time). ,. gr>nt>, ond orpni>cd and coordooo<cj .. grc.ul~ onllucno.·cl ~~ thc>< pro,ram 

) .. Scopc ol pt"Oje-ct----48!-l>' in- :.;_th<'pro~r.mm•n~ ol tho other •p•n- ->: dnch>rmcntroiN"'<•: 
cluded int<m>l d<>ion 1 o< .. the ·¡; ~ram> ir, th< >l'>lcm. Tw~ prop~m- · •. - l. Spced ol d<><iopmc~t • 
butldinf ol dct>okd prosram- •':! m<f> "'"" on thc tnm f~ll <im~ ~nJ :. r,c~ram an~ als"'"~'"'ic accu-
minc , >p<<ifocation> " f ro m · • li>< 01 her pt"l'f>mme" """"'hutcc :.1- roe) 
bro>d d<>.erip\oon of <h< prnb-•·-; thc l<am <ilnrt. J'ro~ram, "'"~ d'- }. M•ln!J1o.•nth1' ofpt"o¡:r>m• 
I~_P.'~~:~mm¡n~.·~fl_i'. 1<>1· '-":!'S"'d odhcrint~•- pn~cipi~:_ot_-:-_ ".. S;>I<m t!"t?iluy: ~ __ ~ 
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.• MAKING,·THE·MOVE .<'.2 To?.¿,..n •de1i1n. and _top-d"':"n 't..~-men!>t"'n ~~a r<l>h•d! '"'>ll.Fol· • ._.,. 
'"""t '" a;bot "'"' fcr l~e prc-1__._-«:!: lh<-«~";"" pornt,rn ru:tt•;· :,: 
rumme• cc·> .. allo..-. but '""-~•" ,;_ >ddlloon>I.P""""'"" "'"·r•~pom- .... 

"''" toa m <On«?l, SimiiÓll!-. i[ >trVt- •i:!i ••~•• ><•<r<- man>g<ment · di>n•rt';.1,- "!!. mon b} . lcr<ini 1he01 ¡~ "" 1'·' "'~- __.::: 
l»t<d ,prc'""'"''"' ¡, '!"'<l. ~o>;:-é.,.. n:.: ·~ '" "'"'' <ne<J_ T~<)' impl~. lor < ,,,:;._:.., ,.;qoÓ> .• o-n • Wl«>l • rro¡"l----<"n< 
dnirn is aloe 1>\~d:.ccn>e"cly; if<;an --'.,·pie. that t·<Omf"'l<r i> t>ail•t-1• for.:.(: ""n" l»lur< "'11 ¡,.,. d'""'''" ·~•·· · •• 

{ ·anintion deoidt\·tO·Ol< 1~;>-d""n .-- tt.,onf "·'" eorl) \!>~<in 1~< r:oi-:C.\><queneo<inrheorpniu"~" 

( 

~-·irn and top-do•n ""'"~· 11 io pe;-•:.,. "' (in coillro>! to lhe comm<>nim>n;r:._, •. :on th< oth<r hond, ,¡ ""·"~rmrnto·.; 
>ib(t U.at they mt; eltn not lo~" '!'"''"' poloc• el not oupp];inr "'': ~- o~d protro":~"'. 'F« lh>t •~•. '''"""' 1' 
•~ruct~rtd pro¡r_ommon g .. (th" """' • chtM ~m• unttl the fintl "''"" ol. :he ¡_ _u, mq~., .,~ _ ml~!ll'd) , ob• tOu> : .. ~~~ , f: 
"'t«1>11)' IN< on ·<OOOc••h~p• th01 ,,_. pro¡octl.", - focl •rtlott><l); eom:ortobl< """" .L'.t • , 
h"< bttn hroin~·o•hed_lor )<>r> to• -.-- )';one" o/, the" problem• Í>:•iniur--_: t<<hniqu<> {• mor< ond more oomm~n· ·­
O'Oid neued 11 •totcment>)>o..._ mounl>blt; .indoed, mony. orraniu: .,::,.o<:eumn«, con<iOerin~ '"" mo<t p;o·,:... ~ 

lt lo d,ffieuli'lo mJh '-")' gcneu] .. -.- tion> .n .. , ;;mplemcnt<d •11 o/ !he .b~rommen no~ ¡:radua11ng "'''' • !l S. 
•u¡geuion< lboUI•_The order in "·hieh .. '.•0 toohniques~~·imultoneou•ly_.ii;ithoul:....,in Comput<r Sc.t,;-¡:e~h"<- had 1, 
tht teehniqu<> •hou1d bo imp1emonl<d ';-'· oxpericn<tng , ony m•ior caul1rophts, ·l.". he>lth¡ • t <PO< uro t~ • !INctured ~tO· ...,·.:_ 
In o l)pic>l orroniut ton. P<rhap• the ''' Nev<rtile1m ••. th< eau1 iou• t mono~or .u·<: f!OmminJ), · :hen lh<re ohould be no . ;! 
mol-l. importonr p<Jinl'IO ree<>grm< B • ma>' wioh lo te~in with nnly or't ncw.,;¡::danEi'r._,.:' 
thot o' s~~>'P dilltnction <an be made "." idoa ata ltme: >p<cifi< oondition• ~~~h~ , Thoco i> th• e~e o/ an orr>oizatton _,. 
be"""" lhe leohnioal "oonce pu •, ol ~ · in 1h • organita1ton wtll u>ua11y, diO!atc · ~ thot , ~.. 1•«0 "ith an "•mro~<;O:e"", 
llrvctur~- • pro~ramrning; _ t<>p--dOWo •·- ', "'htch t<chnique is lo be implemented -•~· projeot >nd in de~pcration ~«0 ti » • .,. ' 
implemenlllion. ond '!l!'lJ<tured dt>ign,.:. ::. finL'1.'0-'... .• • ,.... pilo! "ructureJ pr~pammir~ · rcc¡<::. - ·:-and btl"""" !he or~>nir>Honal e<>n- ~ ¡ The Amtialbn Tua!ion De;-: t ro";~- •.• 
«pt< of chi<l-prog,.mmer '"'"''·'"Agoodp;totproject , ".._, lycqui .. Jentlo1het•<),..,ur¡;edtn 
llru<lured "'' 1~ 1 hrou!h<. •nd prO !;fUI! '"~ J n ><>me · orgonozolton>. tht rc<h·l:1 1973 . 1~ adopt otru<tu'<<l p;op a:"l· 
librari>n•. One >h~¡old · ch<>Ose th< oiqu<. o/ <lruetured pro¡;rommin' , rKI· •. • mins. ; top-do...-n · d"'ion. :~10/ prc-
combin>tion ol _ ttchniqu<"< : that ._.,¡¡ ~ to~-do" o. deoi,n. alter '""'~ •. «""·., · grammer • "'"''· · an¿ .pro~r.m !i-r r·, w _ , 
(iVt 1he great<>l imprO><mcnt lor tito cien« wi!h them. a" conoid<r.-<1-"•n·· : bnrian• lo a1<i<t in' pro¡ect ir¡•ohi~> 
lu11 enor1. tuitivcl¡- obviO\J'\" 10 mantg<r> • and , "- convo,ion of moehi~e.. mn• e:-oioc. e( •• 

lile ltbrorian conoopt can U>ua11~ be pmg~arnmcn -ahle. Once <>ro"><d 10 · lanru>i«. •rd re~«i!n of mo¡or ,,.,:. 
implemenled l>irl)- u•il)", •ince 11 ~ ;.. the con<q>u. <'<~""' begin> u;inJ lht .• inr >}Utm< ""htn a t;meft>il1< :~>: 
nor o!h~t the U>cr ond don not require te<:hniqt>« ~ "i1hout any ,;gnifi-. nt -.;_ "'ou!d oth<"'""< h•>< been ~oo.<idet<~ 
orry major «::>ining on th< par. o/ the .prod<>tne.'·'"-hn•· or~onoz>tion> ,,.,. .- impouible_ lh< mult> """ hi¡hl; 
pm¡r •mm<M (ll>ourh it don ~" t.'>< m • "' tning "nmmcd·_ prog,.mmin! with a ou<<<ul ul. 
to <hant• their aunudcs; ·-v. 'hadd~ a• · ~real deo! o/ tro~ido!ton; in mcsl <»«: _ ., 

' 
~an 1 con"t l)'I>O m) o,..n pro~ram ·-" thn 11 dOft< b) """~ lh< t«hr.iqueo oo~ Evaluatin¡t the e~penment ~ 

tho ltm<·•~arin~ 1<rminal~ So an .. .,pcrimonral" proioot. • _ Cle>tl)'. the ol-;cct of o o "f'"imec.: 
.. u il l con MI y <ype "'-o words a Thi> lcod> to, •n obvio"' qut>lioo; :~. Í< to pin inlorr.-.•uon to· i~ture rder· 

minut<T'). On th< oThor t,nd, it does ,·_whallind ~( ptni~ct ohould b< U\cd .. ~-en<cr o>tn><tured pro¡ram,;n¡: "''"'" 
r<quiro•ome >tand>rdl te"< dov~lopo<l - on experimcnt' _bpericnco .,¡¡¡-, "'· .. imen1 ohould fi"< 1he ~rf•nizaaco 
fot proper ""o/ lhe lib;o•.,n, "-..en _eral Otfoniutiort• dunn¡ the p>!t two 7".valuoblo in/ormation •bou! rhe u<dd· 
>< "'"'' uoining lor the l.or.dan; and )<>" SU~f<>'-' the follo"·in': :~ · ne" of tht toohnique> for futuro pré'J· · 
i1 don u u« somo pr.,Ole:no /or orro- J. Hr P•oiu., lhou!d b~ •ülbi<. ]/• ·«U. Fiom lh< dt!eu,.ior. in tht pre-

) 

' 

' 

niz•tion• thot ltnd th:• h"' no bud- •'•th¿ c.periment ;_, •n academic project ._, •• viou' <oetioru. "'' '" t.~ot 1h<r< or< '• 
8<1>, no "iob 1i11<1,- aed no ploce in rhe " lhat nobody will u«. thon nobnd) wi11 :;:: oeveral !!•""¡"' -th< proje<:t rnan>f<r 
nr¡;•ni.ution chan lo' lho ltbr>rion.•,_,_ .. c,TO •bouJ' 1he r<1Uit>_ Tbe ~rojc('1"•,'· •hould 1ry 10 o•~rure: mosto/ tO<>e 
f-:U..pl in JO><rn;ncnt >~ene;,· L-ul • ,. ~ho~ld t,. -.-, .. ¡· OtlC'---or>< 1h11 U><ll•o;:'-;UO be r>~hered b¡ oruwori~E the f~J. '• 
o.ome othcr hf!'< bu re• """"" or;ant-:, _ .. i11 .,,,;:, and ono "hme resull• poople ,;;-: , lo., inr question•; • 
>alion• 1 h»t •i•ited reeentl), th<.l<• -v.ill care~bouL lndecd, thio io ono o/.¡:: a. W~ 'thc proje:-1 linished <'n ·-. 
are u;uoll}' miner prob1em': the «>Sor>< th< S<"' Yotl Tom<> proj-• .. oohcdulo" He~- .O<>IT>tt '"";he e<ti-

Top-do"n d<>i~n. ,Ufu<turtd pro- e<t llo~ •uch a,profound impoct upon•:':' "'"" lor milt>tonoo durin~ '"• proi-. 
&rammin¡. >nd tho.ehid pr~gnmrner "'--!B't •nd 1he ""' of u,, induury-it:: e<l? Al nriou• mgeo duneg th< 
conorp< ttnd t~ h"' • larg<r impo<! .,.., , .. ~_,..::' _ pmi«t. "'"' it po..ibl< to <1tim•t• oc­
"!n on o.-r•niz """'· ·orrd •hcu'-! be im- .'.. L Ti:< ';ic;~~ >ho~/J ~, IIOM•i•ial, -12_ """"1)' tht amouot of <.xlong ro"'•'"· 
rl<m<nttd ... ith mÍ>r< ''"· Strucrunod . ~o::.e • of _ t.'><'l••~ron<> 0 (. rh<~·>lru~- .r .inr •~ be d~••" • - · 
programmln¡; ~<nora!:¡ imr1i« ""COTO-· • tur<d-·•rrrooc!\ ;, ;., ottemp• to bre1l ~; b. llo" "rroducú•-• "'"" rh prO­
¡..,- ,pro~ramntinr -{or 11 le~: leu ··<om;-1" .ash·into •implor one< .• B; . .:=rrammel>? In partO<ular. h<'" man)• 
Gol O prOifHf1rr.int). -. hkh ;, a jo!t 10 . ,.,-orlinf • "i:h Id< c~mplu proor •m .f.'-' dthurgrd ,tJlemrots por d.-· " "' ti><' 
m•n) <>p<rl<11:tJ prOI'fOmme" The ·'<OmP"'><o". ·<he prr-pammet, i>,lon .!;"••h1e lé''pr~du«' Aloé'. ho~ ..!td the 
<hO<I prop>mm<r • t<>m •rproach • ~ l'tl<i> to ""'' milto<e>. ond he i• mort .:."' rré';nmm<" di<tn~m< th<ir • ori<in¡ --»· 
u•u•U~· in<lt>Jt~ the <0~«~1 o/· >1ruc- :••, !ii.o)) :o poduo:< •~m<thing that ctn _ ~ ltme durinl' rbe projco: («>m< ten:>lt>< ..:!•? 
!urcd ,.,1\,lhr~u~h~·"hi<h- <Uf~<•~>•--••bo ,,,.;n;~inod. H~~""· if the"r•o. ::,c'l<>ulll fro"'.'" "rmment·at ... etno,'::.. 
111•1 .. ct. prop1mmor •hould mole • ·.,,,,;, •lre•~) qu11e tri•-ial lq: .. ¡,., [-';Uf~ li CA•u•l!; >u~~:"'' that >hfh11) _- . 
lnrrnol pr<•<nl>tion ol hi• "~'.le to o)1, L'la~ ]Col} Ion« el <odd. <he impr~••-~··,.undet 6':-< ol lho rr~E"mmor"; ttme ____,~. 

, ·•. tht pr~fromm<" ~n th< ~'"'" lor •· men< in rrc-<!uw•-it¡ •nd m•int~non<e, ~· "•' open¡ ~n o"d< "'"~-, ·~~ "'•ilo-".i,~'}'' 
.. ·~•r ""''" >nd crli!Cilm, T~" '-"'"o _ •ni: r.ot h<-.as ~bvtnu>. Th< np<ri- 4;-th•ou~h,, "htdt '''""'' l<' ""'<loh.the -J;¡. 

1011 10 the '"'•r• _. pro .. um;_mr .( a• a:..;:_ • men~>1 rroi<ct ohould t-e ar; 1<»< ;• A ~ ,_Commo-> com~l•int rhll _ ~'". thtnf' ;._•¡:,$-, 
pro~rammcr .,,!>t.cl1 Q,] i.,_l,•ndon•·-"-'!mon·m~nth,ind•"•"on"·• , __ ~ taloto'OmU:httmel.-:[•~- _ · : 
~•id, • R, •Jinr <nmr~ne elle"< pr~.-nm •cw J_ n, P'~l«' '"'', .'d ~'" "';"rri:i- ~;;..; , c. !i ''~ oiT>eirr.r '"" ,!!.< f¡,,;,hi n~ L•; 
" Me re,,J,.,~ l hrir po· r•~nal Olitl-11'> -•• caL n,,, '" en :>tt,;h ;·•~l>l<t~> in be! .• 1,_. pro~am> ~ Thi' , m>;. be donioult • t~, • ¡, 
an ir"'"ion ~r pri" •e) in' "'hi<h • en- ·"' <omt:•g' 1 '"''¡,_,, wo•~ ""' .-:o:ad ,.,¡; ¡ud ~· · un le" th<· N<'<'"'":;, , n<'-<: ·.-, '-e 
ilizeU r<<•rle •'••rlr <lo MI indul~<:¡_,_, pr~gromrn:e~· IJ'J to~..J 0,..~ ·:;,,rrc-~·· •i;?•rl ""'o" vi •n ~"""'J(Pi<>un, .. .-,_,. 
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,.,.....,.,,.,,,.""' oru::.¡vouvt:.-

obly un<irv<lur<d) ¡><Of,.m. flo,.ncJ, 
thc m>n>Eet ondlor 1~< pro¡rommcn 
ohould ~e •hle lo müe oome qualua­
ri-. judgmcn" •bouo thc P<<><n« or 
abocnce ol oubounual ovcrh<ad in <he 
fioal prog,.m. 

d. How much t"'ttimc wa. t<~uired 
for thc projc«' Sprcifio.lly, "''' rhe 
1«1 time diS!ribuocd loirly c•·cnly 

· lhroughoutthc projcct? 
c. Whot .;,, the r.<io of dt•dop­

mcnt CO>t< 10 moint<nonc. <o>to? h it 
1ignifican1ly b<H<r or "'0r>< thon other 
"unotruotured~ projecu wi1hin ihc or­
Jonizaoioo? • 

l. Ho"' dl«!i., "''" lh< "n."'"''"d 
wolkthrougho? Rou¡h!y ho"' m•n¡· 
l>up "''"' /ound pcr mon·hour ol 
walhhrou$h, ond mu¡:hl) how Ion: 
••ould it hove <okco ohc oliginol pro­
gumrncuo ~nd lhOi< bur>! .\!ore im­
portan!, ho" m•n~ o! the bus• would 
hove t<mained unll()tked until lhe 
progrom bogon runnin¡¡ in production~. 

1 find that • ""''"in¡: audienoe ean 
<a<ily OpOl fi,;c lO oi•·bu~l tn. 200 
•t•tement progrun within " minute>. 
1t J> importont to rr:<o~nite thot the 
progrommer "'ho wrote tho codo wa• 
mu;lly convincod that hi• codo wu 
<orrect, •nd hi• "" d•ta would U\uolly 
be • ootf.,.rvin¡ mempt to «>nfirm 
lhot foolin¡ 

1- How m>O)' bup ""' diocovered 
durin¡ "'" •«<pUne< teuin¡1 H"""· 
tNny !>ug• "''" d""overod ofter oev­
orol month> o! production? How doa 
lh;, comp•ro with olh<r "normal" pro­
¡ums iil the or¡oniution? O 

' 

Mr, Vourd<On, <''~'"'""' ... """'""" 
In<;;., "'• ~""'""'o""" rect~·•" on 
..-o~'".., ""''5" """ <>"·"~• ,.,..... 
puto• oy•t•..,•"' tn. U.S .. C•nodo, 
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