oy

-

DIVISION DE EDUCACION CONTINUA
SHRY FACULTAD -DE INGENIERIA U.N.A.M.

nr.

ADMINISTRACION DE PROYECTOS DE SOFTWARE

HIPC

F

N, en C, MarciaL Portiea RoBemTson -

FEBRERO, 1983

i
- ;:
Palagia de Mineris  Calle de Tacuba 5 )

Dueleg. &  hta 0 W " .DF, Tab: 5214020 7 ‘o, Posual M- 228"
]



L+

o



Chapter 1: What is HIPO?

One of the major concerns in the dala processing indusiry today is the com-
plexity of the programming systems being designed, implemenied, and
subsequently modificd, As these syslems become larger and morg intricate,
problems occur not only during design and develepment, bul alvo during
mainlenance, '

Good documentation is essential 1o the eentinued sucerss of a program
development efforl. Unleriunately, documentalion is alten preparcd Lie in
the eyeie and shorlchanged when project schedules became tight. This can
lzad 1o problems when crrors are delecled in 1he implemented system or w hen
changes are necded. Additionally, since many methods af documentation are
nol logical extensions of the desiga effort, it is not easy {or the designer o
document his efforis,

Documentation of most programming systems 1oday consisls of words,

. disgrams, and flawcharts. Flowcharis are helpful and consisient, bul they are
used to tell one side of the story: program logic. Whut is lucking is Lhe
function of the sysiem. that is, what the sysiem does rather than how it does
it. Some 1M personnel believed that programming systems documentation
emphasizing function could contribute La the efficiency of the proyrram
mainignance effort by speeding the loeation in the emde of a function 1o be
modified, They developed the 1P lechrigue of documenling functien Lo
meet this objeclive. Today H1PO is being used by some groups throughoul Lhe
development cycle as a design aid and docomeniation wechpiyjue.

Hicrarchy plus [npul-Process-Oulput (HIPO} addresses the requirements of
the people who rely on documentation for many different purposes. A
manager or user, [or example, may want 10 ublain an overvicw of the syswem,
An application programmer needs the dogumentation w determine program
Tuncticns for coding purposes. Scimeone involved in a maintcnance activity
requires documentalion that quickly identilies funclions in which changes
have to be made. HIPMO meets these necds because ef ity graphical represeniu-
tion of function, its organized nesting of increasing detail, and the depiction
of input and cutput data ilems at ench level.

A HIPG package consisis of a sel of diagrams that graphically describe fune-
tion from 1he generad to the dewail level. Initially, cach major Tunciion is
identilicd and then s.uhdi.\ri.dcd inte tower-lavel funclions; Lhe summalion of
the lewer-level funclions cquates Lo Lhe hipgher-lovel Tunctions. Programs are
then developed slarting wilth the Tunctions described in the topmost Jevel of
. : .dlagrams. 16PO diagrams can be uscd from the start of 1the project 1through

) . Implementation and are uselul for program mainlenange by easing che jlenti-

fication of Lhe code 10 be changed.

HIPO’s Major Objectives
. ) The majer obkjectives of HIFO as 2 design and documentation technique
are lo .
+ Provide a structure by which the functions of a system can be vnderstoud,
The diagrams arc organized in o hierarchy structure {see Figure 1}, much
like an organization charl, where cach diagram al any leve) is a subsct of
the level above i1, Complex sysiems or proprams can Lhereby be broken
fnlo manageable pivees. FPor example copsider a praject of mapping the
Uniled States, 1 the preject tcam Jevelopedd page aller page of prose
describing the states and highways, and cach cily’s sirccts and all the



connections, it would be difficult 10 verify or usc this text even if ane had
ke lime. Even il 2ll highways in the stares and all sereets of 22 ¢jics were
shown graphically on ene diagram, it would be impossible to work with all
the information at one level of delail. Therelere, a hjerarchical seheme of
maps, some showing slates with highways, others showing cilies with
pirects. best allows a person (o view the Lotal network as required.

Figure [ A hicyarchy dingram
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) » State the funciions to be sccomplished by the prograun rather than specily
the program statements 1o be used o perform the funclions, A séciion in
the dizagrams called "Extended Descriptien” provides additional infermation
about the functians 1o reduce reliance on other documentalion and 1o
provide puidance Lo programmers.

« Provide a visual descriplion of jinput 10 be used and output produced by
each funclion lor 2ach level of diapram (see Figure 2). Typically, the most
imporiant objective in a programming sysiem is to produce oulpul ithal is
technically correct and mects users' requiréments. HIPO allows this trans-
formation of inpul data ¢ output data 10 be visible.
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Kinds of Diagrams in a HIPQ Package
Before dlscussing the specilic uses of HIPO diagrams, the basic lerminclogy
and format shoutld be defincd, A typical HIPO package contains three kinds
of diagrams: a visua! table of contenls and overviow and detail 11#¢ dia-

grams (see Figure 3).

1.

Visus! table of contenis-—This diagram centains the names and identifica-
tion numbers of all the overview and detail HIPO diagrams in Lthe package
and shows the structurs of the diagram package and relationship of the
functions in a hierarchical fashion as depicted in Figure 1. It also conlainz
a legend jndicating how symbols in the package aze to be used. With the
visual table of contents, the reader can locate a particular level of informa-
tion or a specific dizgram without thumbing through the entire package.

2. Overview diagrams—High-level HIPQ diagrams, calied overvicw diagrams,

describe the major functions and reference the detail diagrams needed 10
expand the functions to sufficient detail. The overview diagrams provide,
In general lerms, Lhe inputs, processes, and oulpuls. The process section
contsins a series of numbered steps that describe the function being per-
forrsed. The input section contains those dala items used by the process
steps. Arrows connecl the iaput data items te the process steps. The
Output section containg ithose data items that are created or modilicd by
the process steps. Arrows connect the process steps to the output data
items. An extended description area can amplify the process sieps and
input and output data items. The extended description also refers o
lower-level HIPO diagrams, non-HIPQ documentation, snd code, Figurs 2
iz an example of an overview diagram.

Detail diagrams—Lower-level HIPO diagrams contain the Tundamental
elementy of the packapge, They describe Lhe specific funclions, show
specific input and cutput items, and refer to other detail diagrams, The
detadl diegrams contain an extended deseription section that amplifies Lhe
process steps and references the code azsgelated with the process steps.
They alro reference other HIPO diagrams as well g5 pon-H1PO documenta-
tion such as lowchers or decislon tables of particularly complicalcd Jogic,
recerd layouts, and se farth. The number of levels of detail diagrams is
determined by the pumber of Tunctional subassemblies, the complexity of
the material, and the emaunt of information 1o be documented. Figure 4 is
n sample detail diagrard with an exieaded description section.
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" When is HIPO Used?

HiPC diagrams are evolving documentation. The output from one develop-
ment phase is inpul 1o the next. There are differcnt decumeatalion needs
during the various phases, which, for the purposes of this manual, are referred
1o as requirements definition ard initial design, detail design and inplementa-
tion, and mainlenance. The amount of information necded, the audicnce, and
the aclivity 1o be performed affect the use of the HirQ diagrams, asd Lhe

 status of the evolving system a2[fects their content.

1. Requirements definition and initial design—The emphasis in this phase is
on ensuring that a system’s funciions are understood clearly among the
users and designers so that the resultant system will meet their needs.
HIPO allows the desipners to get a clear picture of those needs. The de-

-stgner first lists the major functions of the system in an overview diagrand.-
Those functions requiring mere detail are expanded Lo lower-level dig-
grzms. A detailed review can then be performed 1o find any missing items
or weak links. Flaoning begins at the top of the systcm, procecding (o

* increasingly lower levels of detail.

2. Delail design and implementation—The nilial design 103 diaprams are
further subdivided into more detail aboul each process, shewing each data
interface in the input and putpul areas and the Munclicns to be implement-
¢d in the process scction. Functions specified in the HIPD diagrams arc
assigned lo medules of code. The programmers assigned can then lurther
expand the HIFO diagrams o the extenl necessary to code, and then code
the specified funclions. Reviews can ensure that functions stawved in the
initial design packege have been included and thar the code Tullills the
functions of Lthe detall design packape. Functional test ¢ases can be devel-
oped using the HIPO diaprams to determine what vutput is created based
on the input. Thess cases can be used in egnjunclion with other lools or
procedures (for example, performance evatuation), A furnther benefin is
that HIFQ diagrams can be used to inLroduce new membe:s to the projcct.

3. Mainlenance—During mainte nance of & sysiem, HIPO diagrams can by
vsed to educate new personnel. Moere impertant, a funclion (o be niedified
can be followed through the HIPO diapram hicrarchy Lo more quickly locale
the apprepriate area of code. Since the HIPQ diaprams deseribe what the
prepram i$ doing rather than how it is doing 1t, there = less diagram m::un-
tenance when program siatements change. For example, the process stcps
inciude soch information ac what the leop, branch, candition testing, cic.,
arg intcided to ncénmpl.ish {what the program is doing). The extended
description can contain Lhe actua!l field values required for detailed instruc-
tions to programmers. Frequently, when changes are made 1o the sysiem

-only Lie exlended descripiion requires medification.

Kinds of HIPO Par:kages

There are lwe major kinds of HIPO packapges—ihe initial design and the detail
design—und an opuional third kind, the maintenance packape. Lach packagpe
conlaing all three kinds of diagrams—visual table of conlents, overview, and
detail HI1rO diagrams—bul each packape has a distinel purpose, distingt
characteristics, and a dilferent avdience {see Fipure 5).

» Initlal design package—This packape, prepared by a design group at the
start ol a projeet, describes the overall functional design of the project and
is uzed as a design aid. The designers communicale and validate their idons
by using HIPO diagrams. This package is Lthen uscd lor design reviews by
management and other grovps, including users.



+ Detail desipn package—This package is prepared by a develepment group.
Using the initial design package as a base, the analysls and programmers
specily in delail, add more levets of detail 10Po diagrams, and wse the
resultant packape for implementation and comparison with Lhe initial design
package to ensure Lthat olf requirements have been included. During the
coding aclivitics, the programmers add va the extended description by lilling
in program labels and wther pertinent information regarding the mplemen-
tation. When they arc finished, Lthey have a complete, accurate, upi_—lu—-:iutc.
and casy-to-undurstand Jdocument. This package is good source material
for meinlenance groups. 1t may alsa be used Lo develop instructions for
syslem users. Fregquently this package is the final HIPO documentalion and
js used as Lthe mainlenance package.

Maintenance package—This package is used for cerrections, chanpes, or
additions 1o the system. [T it exists as a separatc entily, it is the detail
desipn packape with some of the lower-level diagrams deleted. The ones
deleted were those created Lo provide implementers with detailed inlomna-
tion from which 1o code. As a result, Tulure maintenance requirements for
the HIPG package ars Turther reduced. Before removal of these diagrams,
the HIFG package must be checked 1o ensure that proper pointers 10 the
code are provided in the remzining diagrams. -

initlal Design Package

High lavel E—> .
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Requirements :‘,’} functional . "'j
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Detail Design Package
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1ating

" Msintenance Package

) Frogram mnienknoe
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Figurc 3. The three kindy of 111PO packuges



Frequently in the application development cycle, the concern is for producing
the code with lictke regard for how things really tie topetber. AL the end af Lhe
cycle, an atternpt is made 1o document the system by analyzing listings and
reading various specilicalion maierial that was generated catlier in the
cycle—a dillicult task at best,

The 1180 approach addresses this problem by providing a framework lor
establishing and docomenting functional strugtures early in the cycle and then
developing the documentation concurrently with the design and imiplementa-
tion of Lhe system.

How HIPO Fits with Other Improved Programming Technologies
HIPO assumes that a system (a collection of related programs) will be ofgan-
ized into a hierarchical structure of functions. The sgope of Lhe Lopmosi
function encompasses all sublepciions. Those sublupctions Lthat reguaire
further clarificalion are trealed as major funclions censisting of addilional
subfonctions. This process cominues (or as many levels as requined until ol
functions are defined.

‘Ihe hierarchical structure of HIPO is well suited to a functional design made :
by starting at the top and subdividing into in¢reasingly lower levels af deail.
In lop-down development, the [unctions are implemented in the some se-
quence 35 this struciure. The top module contains the highest lesel of cantrol
lopir and decisions for each program wilhin the system, and either passes
cozttrol Lo lower-level modules or identifics lower-levet modules Tor inline
inclusion. The parts of each program are continually being inwegrated.

If structured programming is used in Lhe implementation, the funetions are
considered as single entilies. The code is written in segments, cach with 2
single cotry and single exit. These segments can be created from HiPQ

. diaprams drawn with only one entry and one cxil. Some recommended
practices to use in wriling structured code are 1o limit a segment of code 10
one page (appraximately 50 lings), and 1o indent sublunclions or substrug-
tures. These practices enhance readability and allew easy undersianding,

Cambining top-down development and strugtured programming resulls in a
program of extreme modularity both in funetion and logical sirugture. HIPO
" diagrams are a logical extension of the funclions identified in lop-down
_ development and provide the necessary documentalion from the start &f a
project through implementation, '

Another concept Lhat is being used wilh tep-down development and struc-
tured programming is the chiz f programumer team arganizaton. Team opera-
tions represend a change in approach from a loosely struclured group of
programmess to a highly structured team of programming specialists. The
nucleus of a team operation consists of a chiel pragrammaer, a backup pro-
grammer, and a libranan; other members are inchaded as required. The chivl
programumer designs the major funclions of a system and codes the 10pinast
tevels of modeles. He is assisied in these Lasks by the backpp proprammer.
The libranan is responsible for eatering all information into the develepment
support library, the principal abjective of which is 1o provide constantiy
up-to-date and visible descriprions af Lhe programs, Lest data, and exace stalus
af the system under development, The Hiro documentaliun shauld be
included in this librzry and may be maintained by the librarian. When eiher
team members are added 10 develep and program low-lcvel modules, they can
work independently dawn various paths of the hierarchy with separate 11D
diagrams.



Structured walk-throuphs, 2 gencrie name given o a serics of roviews, have
been implemented wilhin programming groups which are using top-down
devclapment, struciured programiming, and chicl programmer wams, The
reviewers are “walked”™ theough the system in a siep-by-step fashion 1o
simulate the funciion under investigation., An allempt is made 1o present the
malerial in encugh detail so that major problems can be identificd lor
subsaquent correclion. HIPD 25 a top-down design aid and documeniation
technique lends itsell well 1o the sizuctured walk-through. HIPOS graphical
representation of function gives somcthing concrele and tzngible to be
reviewed in a slep-by-siep fashion at increasing levels of delail,

The technigues described above represent a diseiplined ;‘Lppl:u:lth o applica-
tion development. For more infarmation on these improved programming
technologies, refer to the bibliography in this manual.

Alds for Preparing HIPO Diagrams

There are 1wo aids available {or drawing the HIPD diagrams. One is the HIPD
Worksheet, GX20-1970 (see Figure 6). One side contains a large grid and is
used primanily for pecliminary diagrams. The other side contains the input,
process, ouiput, and extended description areas for the final draft of the
diagram.

The other aid is the HIPG Template, GX20-1971, for vse in drawing tHPO
diagrams (see Figure 7). I is designed Lo be used with Lthe HIPQ Worksheer
and contains the symbals needed 1o produce a HIPG diagram, The template

. jacket deseribes these symbols. '

Considerations for the Initia]l HIPO Effort

(V]

It is imporiant te use HIPO as carly as possible in a project se that the design-
ers can document their thouphis concurrently with the design process and
funclions will not be lost in the code. Frequently, designars’ Lthoughls are not
preserved in any formal manner. The result can be unproductive use of time,
implementing functions that are insulTiciently undersiood, as well as a system
that js urable Lo perform the funclions Lthe designers intended.

Preparation of HIFG diagrams is a natural byproduct of the thoupht process of
design, cather than an additional task. Al some point in the development of
every system, reqmmmenls and lunctions (along with their inputs and out-
puts) must be staled. This informatian is often communicated informally in
caonversations or in the form of noles on scratch paper or blackboards. HIPO
provides 8 way of formally recording this inlormation,

Although HIPO i3 moest useful when employed from the inilial design phase
through implementation, preparing a HIFD package lor an existing application
may bt a convenicnl way to learn how {o use HIPO if the preparer is very
Familiar with Lhe funclions of the application. [l an cxisting application
cannot be used, & system in any stage of development can be documented
wilth HIrQ. The preparer should ignore the organization of the existing
application's code and concentrale on function. First he should draw the wop
levels of the visual table of conlents aleng with Lhe overview HIPO diagrams
for all major functions. Then these overview diagrams can be expanded inla
detnil diagrams and shown in the visual lable of conients. For partialiy
completed sysiems, the exiended descriptions can reference any exisling
flowceharts whilc bR diagrams can be developed Tor the remaining Tunciions.
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Summary

Mo drafting er clher drawing expericnce 15 necessary 1o slart a HIPO pachage.
The HIF worksheel and template plus 2 general knowledgee of the characier-
istics of 2 HIPQ packagpe are the only initial requirements.

Although the Mirst elfort may be difficult, a5 people are unaceustomed (o
tsolallng what is Lo be done (Tunclion) from how to do i, expericace has
shown 1hat il 1akes approximalely 30 minules o draw a HIPO diagram oace
the information to be shows is identilicd.

Afler reading this manual and apalyzing the case study, the reader should be
ready to try HIFO diugramming on his own.

HIPO, Hierarchy plus Input-Process-Oulpul, 18 a graphicat technique for
showing what a system does and what data il uses and creates. A Lypical
HIPO package contains three kinds of diaprams:

» Visual lable of contens

v Overview dizgrams

+ Detail diagrams

|
The information contained in gverview and detail HIPO diagrams is arranged

in four eategories:

+ Input

+ Process

» Ourpuit

» Extended descriplion

There are three kinds of HIPG packages:
» Inial design package
« Petail design package

* « Maintenance package (may be the same as the d:lall design package)

The aids for preparing HIPO diagrams are;
» BIPO Worksheet {GX20-1970)
» HIFO Tempiate GX20-1971)

~ Using the information pravided in the previous section, the reader should be

gbi= 10 read a HIPO diagram. The {ollowing seclions provide additicnal

. infermation on how HIPO can be used 10:

» Address the requirdments of 2 project in a sysiemalic manner using the
hierarchy structure, lhus nol distorting the relative impeortange of the
funclions .

« Eose program error detection and medification fer operational systems
because of (he hierarchy structore and visible data interfaces .

» Provide documentation that can allow both data processing and non-data
processing individuals to more ¢asily undersiand the system, therehy redue-
ing 1he likelihood of an erronecus or incomplete implementation

« Inctude the documentation as an integral part of the project from its incep-
tion Lhrough maintenance, thereby increasing the compleleness of the
documentation

+ Achieve smoother informaltion transfers and less duplication of elflort
throughoul the developmenl cyele because the same form of documentalion
can be wsed throvghout the projeet

» Simplify coding because the data interlaces are visible

v Conduct more meaningful reviews becavse the sysicm is broken down inlo
manageable picces that can be reviewed at Lhe desired leve! of delail

« Facilitate lunctional testing because test cases can be created dircetly from
the 11PD diagrams

13



Chapter 2: Requirements Definition and Initial Design Phase

Chapiery 2. 3, 2nd 4 usi: 3 case study to illustrate how HIPO diaprams can be
prepared ond used Lthroughout the three programming developrment phises of
a project. Selecled functions of the Alpha Search tnguiry Syslem, an 1hs
Program Product [program number 5736-N1E4), are used as the basis for the
cose sludy, Inidal design and derail design HIpo packages deseribing thye
selected functions appear in Appendices A and B. These HIFG packisges were
developed from Lhe requirenignls siatement shown in this chapier rathee than
frem the actual code. The Alpha Search lnquiry System was developed
hefore the widespread use of the HEMO technyue.,

At the beginning of a piojeel, the designers, in conjunclion wilth the users,
produce (reim user input;

1. A complete stutement of the reguirements

2. An ihilial deskgn HiMg package

The Flrst Step—A Statement of Requirements

14

The initial activity in deveboping a data processing sysiem is 1o make 2 com-

pleie and detailed statement of Lhe user's requirements. This initial planning

may be done by a smali group of users and analysis who will:

o Determipe availability of informalion necded 1o perform the function

« Point out the snplications regarding the amaount of effort reginred 1o odo
the job

. Fu!lyldcﬁm: the lunctivns W be performed by the sysiem and cheir
interrelationships

The [ollowing is an initial siatement of the requirerments for this case study:
A terminal-oriented sysiem is needed [or the reirieval of name records
through » phonetic (echnigque. The phonctic 1echnique allows most soutwd-
alike names, such us Klein and Cline, 1o be retrieved when utie ol them is
provided,

Specifically requined are:

I. A means of creating, maintaining, snd reorganizing a dirccel access file
contalning cuslomer nares and contract numbers

2. Retrieval and disploy of records on a 3270 laformation Display Sysiem
uxing C1C5 even though 4he exact spelling of the name is oot knawn, thus
reducing the effect of transcription errocs, partialty illepible gignatures an
cormecpondence, and sound-alike names .

Once this statement of requirements is completed, the first task is to organize
i1, sort cul any extrancous comments, and add any necessary details nol
abready included. An evaluation of the case study statement of rogquirements
by users might net the following additions:

. Superflvous informalicn in persenal names {such as Mr., Mrs., and MD}
and common business words in commercial nemes {such 25 Apency and
Cormp.) should be discarded when building the name reconl,

2. Il a name is chanped on the fike, the old name should be retained for 90
days and shockd refer to the new name.

Y} Separmic phaometic epcoding algonthms for persenal names amd commencial
nurmcs {names of husiness arganizations) shoukd be included.

4, Since the phonetic encoding moutine will not handic all possible sound-zlike
names, an allernate spelling facility shoukd be pravided 1o handie such
names as Liske and Lyk of Creighton and Crayton. This facibay shoakd

-



consist of o table of common sound-alike names to be searched when
requested by Lhe lerminal operator.

5, Birthdate and partial address for personal names, and pariial address only
for commercial names will be used as addilional data (seccondary
identifiers) 10 reduge the number of names displayed.

6. The operator should be able to select Lhe degree of fikeness, that is, how
clase the name in e file mest be to the eotered name before it is consid-
ered Lo be a match.

7. If & displayed name is selected, the operator should have the option of
passing all associated contract numbcers or selesied contract aumbers to
anolher routine.

Once the requirements statement is complete, 1he next sicp is to cancentrate
oo identilving the *lop” of the problem und the majer subsecliaons beneath it.
Once e starting poinl is selected, the visval table of conteats and Lhe HIPO
diagrains can be drawn,

Creating the Visual Table of Conients
This step in the design is 10 create a visual table of contents diagram showing
the major functions to be performed by the system and their relatienships 10
each ather (sec Figure 8). Actually, the visual table of contents and the HIPG
diagrams are usually prepared jointly until the majer functions and subfung-
Llions have been identilied. Initially, functions are specified without regard for
how they might become packaped in code.
The top bax in the visual table of contents states the overall function of the
gystem {retrieve alpha search records). The next levael breaks that funclion
down inte logical subluncliens: creating Lhe records, building the file, updat-
ing the lile, reorganizing the file, and inquiring against the file, The lower
tevels break down each of those functions inte subfunciicns as needed.
[(Usually Tour to five levels in this lop-down siruclurce are al! thar is necessary
for the initial design phast, but certain systems may requirg more.) A peneral
mile js Lo continue to lower levels until both the designer and user complelely
vnderstand the Tenctions being deseribed.

Each box In the visual table of contenls refers to a HIPO diagram whose
deseription and identilicatlon number are shown in the box. For exampie,
Diagram 2.0, cntitled "Creatd Encoded Name Reeords”, further deseribes the
create fupclion. While Lthe initial purpose in drawing the visual table of
contents is to lunctionafly define and break down the system, the ¢nid product
serves 35 a lable of contents that shows where cach diagram can be found. A
legend should be added to the visual takle of coutents to 2id the readcer; it -
should describe how the diagrams are to be read, thal is, whal Lhe varigus
symbols mcan.

The lirst visual table of contents drawn is not typically the linal version,
because many funciional siructeres may meel the design eritgria; as cach Igwet
is broken down inlo [urther subfunctions, a better siruciure may be found. 1
this ocrurs, the lopmost Block and the several) blocks uader i1 should be
reorganized. One value of using HIPO is that HIPO praphically follows a
deliberate process of stating functions, Lthus aiding 1he designers in scleciing
from o more precise ranpge of possibilities. I a low-level function 15 necded
that is not implied in & higher-leve] [unetion, the higher-level Tenction was not
chosen correctly,
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Toward the end of this phase, the programs in the sysiem will be ideatifivd.
For Lhe Alpha Scarch laguiry System, it was decided that the five Tunvtions
shown al the secend lovel of the visuval table of contents will be live separate
proprams,

Note thal the Alpha Scarch Inquiry System, like many duta processing sys-
tems today, has been developed to (it into and operate within the framework
of a larger syslem. Whilc the visual table of contents fully deseribes the
newly developed system itsell and specifics its five companent programs, it
does not indicale where i its into olher data processing syslems. A general
system chart may be used 10 show this {sce Figure 9) and can be included in
the HIPO pockape as additional documentation. Mote thut the Atpha Seareh
Inquiry System is defincd inside 1he dotied lines. No function oulside these
lines is incloded in the Alpha Search Inguiry System.

+

Overview HIPO Diagrams
The purpose of Lthe overview diagram is to give the reader peneral knowledge
of a particular funclion, The overview diagram acts as an introduclion 1o the
functicn and a direcwor 1o the lower-level dingrams. Al major input and
output items of any lower-level diagrams are tncluded in the overview dia-
gram. Although specific input and output devices need not be wWdentificd at
this 1ime, they may, if known, be noted with appropriate xymbois.

Mole that the overview dizgrem of a system consists of functions performed
. ; by multiple programs related to each other via inpul and output. The over-

view ciapram {or the case study (see Figure 10) also shows Lhe live programs
al the system. A sirict sequence of execution is not necessarily imtended in
‘such an overview diagram (a system overview diagram). In Figure 10, for
cxample, steps 1, 2, and 3 must be performed 1o create the alpha scarch file.
Siep 6 may be executed many times before sleps 4 and 5. Sequence is imphied
in the overview diagrams lor a program.

Nole thal sl but one step in Diagram 1.0 are enelosed in boxes, with a
number in the lower righi-hand cotner of each box. Thix is the identification
number ol the next lower diagram that further explains the sublunection. For
cxample, step & is a general stalement of Lthe inquiry funclion. The major
inputs arc the alpha search file and reqoests for names fram the terminal
operator; the major cutputs are the numes, displayed ap u terminal, that arc
jdentical or similar 1o mal requested. This input, output, and function is -
expanded in Diagram 6.0, the overview diagram of the inquiry funetion {see
Figure 11). Though more detailed than slep 6 in Diagram 1.0, the sublunc-
tiong, inputs, and oulputs of the inquiry function are stilt stated in somewhat
general lerms. Abbrevislions should be avoided.
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Detail HIPO Diagrams

The overview and detail diagrams are praphically similar, bul the purpose of
the detail diagram is 1o provide all die infurmalion necessary 1o undeesiand a
function specilicd in the next-higher-level diagram.

Figure 12 is one of the detail diagrams (6.3) of the inquiry Tunction, it de-
scribes the search alpha search [l subfunclion. As in the overview diagrams,
the detail diagram consists of throe bexes: inpul, process, and output. How-
ever, the informalion given is chanped. o Diagram 6.0 (the overvicw dia-
gram of the inquiry function) 1he inputs and outputs are files and terminal
displays. Note that in Diagram 6.3 the inputs and sutputs are a subser of filcs
and Lerminal displuys, piving 2 moare detailed view of eacli. The discussion of
the process steps of Diagram 6.3 below shows how the everview information
from Diapram 6.0 has been expanded,

Step 1: The function performed is to seazch lor oll reeords eonaining the
search key. The search key {created in Diagram 6.2 as ¢an be seen in Da-
gram 6.0) and the alpha search file are inpul. An alpha search record is
ouiput. I .

Slep 2: This Munction, to provide a means for limiting the duration of a [ile
search and Lo provide the operator option to conlinue or terminate processing,
is simply stated at this level of desipn. No specific formats of inpul or output
have been desipned at this time.,

Step 3: ' The lTunction performed is to compare secondary identiliers
{operator-entered vs, those on the alpha search record). The aperator-
entered 'F-:mndary identificrs were previously edited in Diagram 6.2, The lirst
twe Ticlds of the inguiry parameler 1able are the only ones used apd are
therefore the only ones noted in the box, The degree of likeness beltween the
cntered name and the name on the file is computed.

Stepd: U }hc degree of likeness meets the Eritcriu stated in the inquiry
parameier jable, informaticn from the alpha search record (name, secondary
identificrs, and contract numbers) 35 moved o a buller for display.

Step 5: After the file is searched, by vse of 1he search key, for any mutching
records, another search is performed using alternate spetlings of the eneered
name, provided this option is specilied in the inquiry parameier table, The
aliernate spelling option is Lhe only one referenced in this step and is therc-
Tore the only enc shown i the box, The datted tine arruw indicates that the
valug 15 lested 10 determine the xotion Lo be taken, This function is further
eaplained in Diagram 6.3.1.

Alter all records (or a pape of records) containing the the gencrated keys
have been retrieved, control is returned to the next step in Diagram 6.0, to

- display the records. This Tunction is cxpanded in Diagram 6.4,

In mddition ta the inpul, process, and outpiet sections on a 1UPO diagram,
there iz the optional extended description section (sae Figure 12}, which is
used Lo give the reader more defailed information than can be put in x process
step. For the initizl design HIPO package, this consisls primarily of noles on
possible implementation,
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Steps in Creating HIPO Diagrams
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The lelowing paragraphs suppest an approach te deawing both overview and

delail diagrams.

1. Use the reverse side of the HIPO Worksheel to draw the three boxes:
ynput, process, and output.

2. List any known output in the outpat box. It js a good practice Lo list
oulpul prior to filling (a2 the input and process boxes. Many of these can be
set down immediacely from the sysiem requirements. In the eveniew
diagrams, the oulpul is stawd in general lerms, that is, files. Acwal devices
need nol be shown at Lhis time.

1. Develap the conmients of the input nnd process boxes coneurrently and [ill
i any intermediste sutput aot previously specilied,

4. Nustrate only the bare necessities on the input side. I something does nol
apply, do not weite it down. If in doubt, include it; anylhing that is not
necessary can be deteted when the diagrams are telined. Again, for the
overview diagram, the input is stated in general lerms.

5. State what has 10 be done in Lhe process box. This is simply a funclonal
listing of the processes to be sccomplished. State each function in as few
words as possible.

6. Connect the corresponding inpul items and the process steps with arrows;
connect the corresponding process sleps and the output items with arrows.
Since the result is oaly a preliminary diagram {sce Figure 13}, do not be
discouraged if it seems conlusing,

7. The next step i€ Lo turn the preliminary diageam inlo a completed HIPOQ
diagram, as shawn in the /1IPO diagram in Fipure 11. This is a process of
consalidating and combining rcluled data items inte logical proupings with
boxes. Boxes wilhin boxes are cerlaindy allowed, but [or graphical und
praclical reasons wsc only wlat is neecssary. The simpler the charl, the
mare etfective it is. The last stcp i$ to draw the armows. The shaded
arrows show entry 10 and exil from the diagram.

Somc of Lhe problems that may be encountered in carly efforts are:
» Putlling ideas down concisely

. » Deciding what functions can be broken down into sublunctions

+ Trying io pul too moch into one diagram rather than creating lower-level
diagrams
» Trying 1o do low-level diagrams without first doing higher-level diagrams
« Thinking in tcrms of program logic rather than lunciicn
L

A technigue used in Lhis package in the solution of the second and third items
was 1o limit a disgram 1o one page, othierwise it was subdivided. One page
{including no mare than 7-10 steps) is easier 1o compeehend than muliiple
pages. It is nol always casy (o follow this, but it pays both in reducing review
lime and in assisling in the subsequent development phase.

Some visually importaot points in develaping HiPO diagrams are:

v Arrows generally po from lefo 1o right adjacent te the selerenced or con-
nected items, and from items higher on the page (o those lower on Lthe page.

» Where the tail of Lhe arrow sianis and where Lthe tip of the arrow cnds must
be clcar.

o Arrow types musl be be consistent with the legend.

« Boxes shoukd contain enly Tunclionally related items.

" u Abbreviations should e avoided in overview diaprams.

o Adltermy and Iabels shoull be delinegd in the exwended description when
first uscd,

o Drata in averview diagriuns should be genenlly deseribed to minimize
arrows.
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CORRECCION DEL E}ERCICIO B

» Estruciura de ks datos utilizados pera la fase de cdlculo del descuento;

'
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{1 vez)
Faca | CLIENTE
r Suma importe bruto
{1 vz}
s Esiruciura de los datos de ulida:
1 CRUPOS DE ARTICULOS RUBRICAS
FLC(E RO ARTICULDS ilineas) A
- . ' H|‘ Clients
NOMHRE (} vesd
(F ves) NOMORE
(1 v}

DIRECCION Direcelsn
{1 vex) E{ 1 vez}

Helerencia Pedide
HEFERRENCIA {1 vex)

(1 vex) Forma de Payo

(I rex)

N* Frouducio
it ves)-

Dreitnacion
{1 vouy
- CLIENTE PHNWLTO Cantjictad
.}..‘.l:"l‘-m ‘E retesd . (¥ varrg) il \'ﬂ]
’ ) e Erecia Unilano
; {1 vex}

1 n
‘ (1 oea)

SUMA BRUTO Suma de Impurte Brula
i1 ver) ik \'ﬂ}

DESCUENTO . Pe.cuento
{1 v} - {1 vex)

| TOTAL Enm
N (v} it vn;

37



v e W @mo M-l o

ES

L
/

FROICIO B : . )
Organlzacidn de dztosen curso de fratamsento ¥ de salida,

Seguimos con el gjemplo de factwracidn. E} enuncisde preciza que en fin de facturs hay que calenlsr ¢

descuento a partir de 1a suma de importe bruto.

Suma de importe bruto 4w descuento \
106

u Deycento =

Indiquese la estructura de Jos dalos wiilizados para Ia fase del clculo del descuento; después, y seghn <l

modelo de factura sguiente, la estructwa de o3 dalos de salida.

. l-'.m;:ln.impnm:

N® Clients . Nombre
Direceidn .
Referencia de Pedido Forma de¢ pago
. N°Producto Designaciia . Caotidad  Prciomnitano Importe
L L J L ] J 1 ]
L | ]l L J S
'
\ °f
o
Suma
\ Importe Bruto
' 1 } e 4
. Descuento |
Total 2 pagar

5

Ls faclura nunca sobrepass ¢l contenido de una hoja,
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. PERSONAL

4

FACTNR DE CALIFICIACION

PQCO

MUCHO

PARA USO
DEL
"ANALISTA

EXPERIENCIA EN LA APLI-
CACION ESPECIFICA DEL -
PROBLEMA '

EXPERIENCIA EN PROBLE--
MAS SIMILARES

EXPERIENCIA EN EL DESA-
RROLLO DE SOFTWARE

EXPERIENCIA CON EL S5I5-
TEMA OPERATIVO/SOPORTE
SOFTWARE

EXPERIENCTA CON EL (LOS)
LENGUAJES UTILIZADO (S)

N

RESUMEN GENERAL DE LA -
CALIDAD DEL EQUIPO
(PERSONAL)

Hastn Lines € @0 LLE‘E:




:{\éFunaaclon AITUIO TOIENBLURTH
,‘ﬂt\ Para e! Avance do la Clencia, A.C.

EVALUACION DE REQUERIMIENTOS DE SOFTWARE.

TITULO DEL PROYECTO: INUERNTARA D

FECHA
NMERQ DE PROYECTO: PROGRAMA SUBPROGRAMA I
ELABORO: _ AUTOR] 20: ;
- PeeAN e 0 OTi M D&MD,
LENGUAJE DE ESTIMACION QUASMIT B RANCPRIACIGAE R
PROGRAMACTON

LENGUAJE DE PROGRAMAC ION

NMERD DE INSTRUCCIONES
EJECUTABLES EN EI LEN--
GUAJE A SER USANG

PARA ESTE LENQIAJE HAGA DOS
ESTIMACIONES DEL NIMERD DE
INSTRUCCIONES A UTILTZAR 1INA

PARA ESTE LENGUAJE
HAGA DOS ESTIMACIO-
NES ESTREMAS UNA EL

Linens pE* OMO . Eg$;ﬁ§¢fqgf;éi ﬁﬁﬁﬁﬁﬁﬁgf NES anéﬁhiﬂfggfﬁﬁ%
MO Y OTRA MAXTMO.
n 9 'I. * ) * )
ORCAL - 169
1000 vd(s) e T - 300 e S000
& — 6 - .
_ —
200 260 5000 | 1% | a0
\ < )
?m&ur'
/




_C@-IEACIDNES . .ERENTEMEL PROBLEMA

/ FACTORES

Nt

PROBABLE -
MENTE SI

PROBABLE-

MENTE NO

PARA USO DEL ™\
ANALISTA

EXISTEN CARGAS ASINCRONAS

HAY QUE NEGOCIAR HARRDWARE/
SOFTWARE * .

DURANTE LA OPERACTION EXISTEN
CAMEBIOS DINAMICOS EN EL AM-
BIENTE O LA FUNCIONALIDAD

¥
d
e

SE REQUIERE CLAVES ESPECIA-

~

SE REQUIERE QUF EL STSTEMA- ENTRADAS/SALIDAS P

ESTE LIBRE DE FALLAS PARA: HARTWARE _
" SOF TWARE

SE REQUIERE RECUPERACION -- OPERACION BATCH T

DE ERROR PARA: TIEMPOTHEA

REQUIERE EL SISTEMA NIVELES | NDEDICAND X _

DE SEGURIDAD <
MO MTXTO 7

LES DE SEGURIDAD

EXISTEN RESTRICCICNES EN LO

TIEMPO DE RESPUESTA

TAMARD EhNT. INFOD

UTILIZACTON DE MEMORIA
DISCO O CINTA > 754

s -

QUE RESPECTA A: REC ] - )"
( EFICIENCIA ) CDNFI_BILIﬁTﬂLD N N

¥ ERRORES -

“OTRO Y

A 7=

LA IMPLEMENTACION DEL SISTE-| CPU > 75% .
MA LLEVA ALAS SIGUIENTES RES| UTILIZACION MM CORE \
TRICCIONES DE RECURSOS > 75

“APLICACIONES INDIVIDUA-

LES DEL 75% PERO EL SIS
MA TOTAL MAYOR DEL 75%




TECNOLOGIA EXISTEN' HARDWARE/SOTWARE

hR.Eﬂ - ARQUITECTURA 1 1 IA - f

/ . TECRICA e BASE DE DE / o4 ,ms
ESTADO * .- .| SEURIDAD| DATUS , .

FAR NUNCA A DESARROLLADG .

SISTBMA EXACTAMENTE COMOD

TE, SIN EMBARGO SE HAN D X

RROLLADD SISTEMAS SEMEJAN--

TES Y EXISTE AYUDA TEONICA_ |
EN LA FAR

FAR NUNCA A DESARROLLADO -
" UN SISTBMA EXACTAMENTE (O-

MO ESTE, SIN EMBARGO EXIS \Qﬁ
- TEN SISTEMAS SEMEIANTES Y

SE PUEDE OBTENER ASESCRIA
| TECNICA FUERA DE LA FAR

 FAR NUNCA A_DESARROLLADO-
| UN SISTEMA EXACTAMENTE CO
MO ESTE Y NO EXISTE ASESO lg
RIA TECNICA FUERA O DEN--

TRO DE LA FAR -

SE CREE QUE EL SISTBMA PRO
PUESTO PUEDE SER DESARRO-
LLADC, SIN EMBARGO UN SIS- 3
TEMA CON LOS REBQUISITOS -

QUE PRESENTA ESTE NUNCA -
HA SIDO DESARROLLADO

LA FACTIBILIDAD DEL DESA- \
RROLLO DE ESTE SISTEMA DE |
PENDE DE LA SOLUCION TEC-

NICA DE PUNTGS CLAVES EN
ESTA AREA

——

PARA CADA AREA TECNICA - -

ISTIME EL PORCENTAJE TO- I ) .
TAL N ALGORTTMOS PICINE- . _
'ROS

N




PREPARANDS P!

o EL TRABAJO .
N - ND - ) \:
FACTORES 1451 NO PARCIALMENTE APLICABLE
SE DEFINIERON LOS REQUISITOS DE HARDWARE Sg)
SE SELECCIONO EL PROVEEDOR -~
SE SABE DE RESTRICCIONES DE RECURSOS - - A B
HARDWARE/SOF TKARE X
SE CONOCEN LAS RESTRICCIONES DE LOS -- |
PRC RESPECTO A HARDWARE/SOFTWARE X
SE HA DISERADO LA FUNCION DE INICIALIZA- N0 -
' CION RLa..
SE HAN DESERADO PROCEDIMIENTOS DE ERROR/ MG S ¢
RECUPERACION QE-4.,,

TIENE EL CLIENTE CONFIANZA EN EL DISERO-
DEL SISTEMA _

X }.2

SE TIENE CONTRATADOS A LOS SUBCONTRATIS-
TAS DE MANERA QUE SE CUMPLAN PLAZOS

SE HAN DEFINIDO METODCLOGIAS Y TECMNICAS
( I1€. PLAN DE DESARROLLO TECNICO)

EXISTE UN JEFE QUIEN ENTIENDE:

*EL: PROBLEMA TECNICO

+EL PROBLEMA ADMINISTRATIVO/ORCANIZATIVO
*EL AMBIENTE DE DESARROLLO DEL CLIENTE

i r — e ——

1.0S JEFES DE GRUPO O JEFES TECNICOS ES-
TAN CONCIENTES DE LAS TAREAS A DESARRO-
LLAR Y SUS RESPONSABITLIDADES

\_




FACULTAD DE INGENIERIA U.N.A.M.

@*orwsmu. DE EDUCACION CONTINUA

ADMINISTRACION DE PROYECTOS DF SOFTHARE

TRANSPAPERCIAS
DE

TABLAS

FEBRERO, 1963

o gt Mineria  Calle de Tacuba 5 primer pisn  Daleg. Cysuhtemoc 06000 Méxica, D.F, Tel: 521-4D-20 Apdo. Posial M.2285
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g acTivITY (-2 [1-3 {2-4[3-613-514-3{3-5[4-7}8:7]6-7}6-8[5-3[7-9]s-9
""" [ OPTIMISTIC TIXE (o}~ {1 6.0]1 8.0l 3.0)12.0] 8.0] 0.0 6.0 6.0] 7.0 B.o} 1.0}25.d 7.0 6.0
MOST LIKELY TIME (m] 12.0|10.0]21.015.0{17.0] 0.0411,0/22.0/14.0012.9) 1.¢[30.¢ 2.d 9.0
PESSIMISTIC TIME (3] _hniplz0,0l40 ofz0,0l31, 0] 0, cis0.0/25. 0(2:, 018,01 1-0i90.g32.011.0
EXPECTED ELAPSED TIME ty) N14.0{11.3[21,215.3)17.8] @.0[15,0[13.2}14.012.3} 1.0l30.4 9.4 8.8
EXPECTED TIME(Te) . 14, 0lt1.3{35 2026.6129.1]35.2/29.0/48,4/40,2)41.3]30. 066 . q5B.d38.8
LATEST TIME {7) 14.0[17.4(35,235.2]35. 2{35.2[44. 5/56. 6] 56 . {56, pf57 . 2{68 .. 66, 0
[tacx mwws Te 0.0l 6.1} 0.0 8.6] 6.1] 0.d15.5 a.4 7.615.5]27.2] 0.9 7.627.2

COMPUTATION GF Ty AND SLACK
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Para que se comprenda, -hasta qué grado es fitil conocer el valor de
los diferentes signos de expresifin o de puntuaci6n, haremos un parénte-
sis en el curso de nuestro estudio pramatical, y ctaremos, a guisa de

informacifn, una poesia, para darmos cuenta cabal de la importancia de
este estudio. -

Soledad, Julia e Irene, tres hermanas muy hermosas y jbvenes, de -

quince a veinte afios, eran visitadas por un caballero, festivo ¥ ‘de buen
hmor, el cual frecuentaba la casa, por la mafiana ¥ por la noche.

Las tres hermanas y el padre, de esas muchachas, sospecharon que el

caballero les hacfa. las frecuentes visitas, por tener inclinacién hacia
~alguna de ellas. '

Las tres hemanas se prendaron del caballero, y éste no llegaba a
declararse a ningima.

Tanto las sefioritas como el padre de ellas, quisieron salir de la
incertidumbre en que estaban, y exigieron al caballero que manlfeﬁtara
culil de las tres era la afortunada,

El :‘]O‘Jf.t'.l‘l prometié hacerlo, y ofrecif decirlo en unma décima,- que ma.ﬂ—

d6 sin ningfm indice de puntuacitn, autorizando a cada uma de las m:c.ha
chas para que la plmtuase a su modo:

-J‘.;,I

4 X .r-ru--
- A

: .Y

: = M 4. o

. He aqui 1la décima: o . - IRRT
l.* " 1_'._-"1 ~

N

Tres bellas que bellas san Pk

me han exigido las tres : _ "

que diga de ellas cufil es’ *e,

la que ama mi corazén -

51 obedecer es Tazbn ) | Lo
digo que amo a Soledad

no a Julia cuya bandad
persona humana no tiene
no aspira mi amor a Irene
que no es paca su beldad.

4r



El padre no supo cuil era la preferida,

que la puntud de este modo:

Con lo cual dijo:

Julia resultaba la preferida.

Tres bellas, que bellas son,
me han exipido las tres,
que diga de ellas cuil es

la que ama mi corazdn.

5i obedecer es razén

digo que amo a Soledad;

no a Julia, cuya bondad
persona humana no tiene;

no aspira mi amor a Irene,
que no es poca su beldad.

"la preferida soy ya'.

Tres bellas, que bellas son,
me han exigido’ las tres, .
que diga de ellas cuil es
Ia que ama mi corazém.

51 obedecer es razbn,

digo que, ;amo a Soledad?
No. A Julia, cuya bondad
persona humana no tiene;

no aspira mi amor a Irene,

_que no és poca su beldad.

Tres beilas, que bellas som,
@e han exigido las tres,

que diga de ellas cuil es
la que ama mi corazdn,

$i obedecer es razin,

. digo que, jamo a Scoledad?

No. iA Julia, cuya bondad
persona humana no tiene?

No. Aspira mi amor a Ircne.'~ :

que Do €s poca su beldad,

-

L
i

Julia la mmh asi:

-

Z.

y dio la carta a Suiedad,

Irene 1a puntud para su interés:

- S ¥
- ..,j__'
DA 1
- -- 'Fn- . S
-y g TR
LR AR

* J'fn'**:f

ﬂ ¥

Quedaron en 1a misma duda que antes tenfan y su;nh::amn al cahallero

que fuera €1 quien puntuara la décima, a fin de evitar disputas. =~

El caballere la puntud asi:

Tres bellas, que bellas son,

me han exigido las tres,
que diga de ellas cuil es
la que ama mi corazdn.

J

woa e

- T

1
.

i

i
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£i cobhedecer es razén, °

dige que, Zamo a Soledad?...
No. iA Julia, cuya bondad
persona humana no tiene?

No, zAspira mi amor & Irene?
jQus! No! Es poca su beldad.
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- DIRECTORIO DX ALIBOUDS DEL CURSS: ADMINISTRACION DE PROYECTOS

EN EOFTWARE FERRERO 1983.

Jorga Alejandro Ardila Riviers
Cana de Bolsa Banamex, S.A. d= C.V.

I. la Catdlica ¥9-5* —
cantro

Cuauhtémoc

BESOD MExien,D.F.

564 30 18

Pon.lavier Arringa Garcia
Casa ¢ Bolsa RANARMEX H.A-
I. La Catflica 3I9-5*
Cantiao .

Cusuh o --
0EOO% MExico,D.F.

31% 13 &40

Alfredo Artesga Licona
Div. d& Est. de Posgradc
Fac. de IRg. .

CTAM

Coyoacdn -
G4510 MExice, D F.

450 52 15 Ext.4473

Madardc F. Barcwra Godinas
B, del Pequado Comareic
Joad Ma. Marroqul ¥l
Canicy

Cuaab s

Q6050 MExica,.D.F.

5§11 41 B0 Zxk,lF0

Mario A. Barlanga Ochoa
j 180§

hylforma E9-3%
Tabacalera

Cuauhtiimosc

México,D.F.

591 05 51

Yictor Cano Ochos

Consoltoria Institocionsl.B-C.

Iempoals 5923
V.MATVACLE

016040 Hixice,D.F.
512 4% 1%

Ampara del A. Catadas Carferi

dm C.V.

TeluiTtepac 172-401
Eoma Sur 7
Cuauhtilimos

. ORTAD Mdxica,D.TF.
564 30 LY

Tdhaa 12 *
Hipoclea

B.Jultal

L3810 Miixico,D.F.
521 &4 95

Flor H4

Col. B.iulirex

Céa, Betranhualeovorl
Edo. da miix.

765 4% ¥4

Av.Cusrnavacs €8

Sta. Ma. Nonoaloco Mixcoads

A Obreghs
01420 Mixico D F.
563 AT 20

¥ar dalss Tempddtadan s

Loa Dlivos
Coyoacdn

C4890 Mixico,B.F.
€77 55 11

Plataros 110 Eairf. 71-101

San Josd Insurgantas
B.JulEw:

93900 Méxice, D.TF.
£80 4% =9

19.

11.

13.

1i.

I4.

15.

Josk P.Custafeds Martiom:
Facultad da Cienclas

LR AN

Ayndants da Profmsar R
México,D.F.

Jaime Cristo Alwalral

Sur 115 Bo.2i6-13
Col. Juventing ROZAE
Ittacalco

DATOD Minico,D.F.
6537 33 4%

Autotranaportes Teua Istrellas de Ors

Ave B Esg. Ponients 114
Ragdalans dw las Salinas
Mexico 13,D0.F.

ER7 30 %5 Ext.l4d

Harce A. Cruz fmaveds
Far. da Eat. Sup-

Cusutitlin, Edo. 4 Mixico

Guillwrmo da la Fusnta Guzmin
panco dal Peguefc Comarcia

Josd Ma. lernqg! |}
Centra .
Coauhimos

06050 Mixico,D.F.
£21 43 #0 Ext.102

pavrid Escalsntm Mancillae

Conzilax Aoufa y Amoclados

BEolbein Ho. 114-6&
Mipoles

B.Jukrax
México,D.F.

563 40 44 Ext.l

Leopoldo Ferndnde: Ggarcia

ingenleria y Proyactow Elwcuo=

tives, E.C.

MErtirmm Irlandmaan 38
5.AndTia

Coyoackn

Q4040 Héxice,nr.F.

44 32 00

LArtiere N, Floxres Flata
Instituto Mex. d&l Patrdlso

Marianc Azusla 10%
Cro. Novelistas
Cda. Satédlite
Patado da Mialco
193 14 58

Isla Magdalans 47
Prado vallajo

Tlalnepantla, Edo. dw M-

467 Td %I

Czlle 13 No, ]01
Olivar dsl Conds
A . Obreqfin

21400 MEulen,D.F.

Harisno Racobedos 50
Ero. Tomis Ajusch
Tlalplin

14710 wéxiee,D.F.
549 4% 51

pragso &0

PFrado Churubusco
oacEn

04230 ®Exicn,D.TF.

542 X7 Bn )

Eje Cantral LAzarc Cirdenas 133

San Bartelo Atepehuacdn
G.A.Madarc

Q7730 Mixico,Db.T-

56T &6 00 E:t.{51l

Jaafin Fusnts FlOooed

Mandelson 34
Vallejo
C.A.Haders

o7TRYD MéExica D .F.
£17 Tl &D

Panco dal Pagquefio Cowarcio del D.F.

J. M. Marrexui Bl

Av.Ban Earnabd 206

San Barnabd OCoLeped
FROVERTA 5. A, Calx. Gkan Mateo Mopalas 521 Depto.S E:i:;:inﬂc M.Contracad
Leibnitz 10 Valle de San Matao Méuiza . D.P. 10300 Méxics D.TF.
Anzures Maucalpan.Bdo. de Kéxlcd £71 41 K0 355 6D &%
Mizico,B.F. 472 131 11

254 11 11 Exc.3ll






1&.

17.

1x.

1.

2l.

2.

5.

Jock Luis Frias Pérma
C.5ta. Twresa §90-%5-201
U.A. Sta. Tarasa
M.Coptreras

160710 México,b.F.

568 51 9%
Gerardo Caccia Castelln

CIs. fa Eral dml Moobe ¥ Fachuca,5.k.

A¥. V.Carranga 10&
Pachwsa, Ao, -
2 58 EO -

Josd F. Garcia KOfw: CRDO
Facultad da Ingwnisria
Ext. Sup. de Copactitlin
Ircalli, Bdo. de Mixlco

Josd A. Carci Rodrigues
Bance del Pequedo Comercio
dal O.F., S.Ak. d& .V,

‘JosS Ma. Marrogqui 211-4%

MExico,D.F.
521 43 BD Ext.101—

Edusrdo Gavaldéo Becndndez

Orifin 131 .
Fracc., JosfE LEpez Portillas
Pachuca, 3go0.

Patwo da Datirroiy 63

Lompg Vardes Sec.l

Eaycalpan de Jokrez,Edn, ds MEx.
272 70

Chntral dw Elsctricistas, 5.A.

Prolong. Juam Eacotfa 384-F
Portalem -

B.Julrez

031660 México,D.F.

&T2 11 29 .

Albeste GConzilex Diax
Farro Mexicans,.5.A. Oa C.V.
171 Orients 473

Aragin Ioguario

G.A . Mader

Q7430 mExico, . F.

TED &L OO

Enrique Gramell (owarrubdaw
INF

Eje Cantral L.Cirdenss 153
mix]co ©7730,0.F.,

SET6600 Exr. 2504

Baris A .Comrrwro Sobo

Mixice, Cin. Comatrortors,F-A.

Insciguntas Ser 432-10%
Roma Sar

néwxico, D.F. -

374 01 2

Cerra Hacuiltapec 3139
Laopagtre Chorebusco
Covoackn

Ga2dh Méxien . D.F.
4T 75 1%

Topacic 114

Col. Triosito
Coanht Emcc

CEA20 MEFjcor,D.F.
551 72 9%

Bia. Twcajmte 10 Esg.Rda.Carrvtas
Bda. delkosarin
Azcapatrales
03420 Réxico,D.F.
3il Y& 3%

Bonroria 10403
Partalas
N, Julrex

23300 wiwico,D.F.
233 &7 13

4.

5.

Efnarde Ete.rnlndu QLiva

Francisces Olaguibel 3-&
EE;I Luauhtmos '
Mezico,D.P. 5800 Kéxicoo,Dr.F.
' 761 15 52

Isidoro A, Léper LOper
secretarfa de Gobernacldo

- pin de la Loza 156 -

2%.

7.

24.

30.

1.

3.

Doctarel
Cuanh Lipos
MWixice,D.F.
5ETR 17 47

Rafael Luna MHalén
Consultoris Inmtitucional, B.C.
temooala 533 Aristofanan @

Cda . Ariss
:fﬁﬂ:.:'“'“' Waucalpan, EZo. de México S3IE0
§3600 Rixicno,D.F. 373 45 10
ET4 1E 24

Federico Mana Mullerrisd

ATIGA ATRINS, 5.A. da C.¥W. Malintziza 45-2

pahta d& Corrientes 77 DalCarman
Coyoucin :

:f;igigzoln:ur.t 04100 Héxico,D.F.

11300 mixico, . F. E54 77 17

250 42 11

Armando NoRtejans Aranda
Pigmentos y Productos (uiai-
oo, B.A. g8 C.V.

Hoomaro Z06-14°

poracio 513-3%
Chapultepec Morales

Morsl M.Hidalgo
E?EE::;;ﬂ‘c Tates 11570 méxico.D.F.
11570 MEsico,D,F. 254 24 43
250 40 23

Chilpancings 116 B 1

Swrgic Ocampo BUStCE
TGEA Conatrucciones, &-A.
Calx. d¢ las hguilas €57

Roma Sur
Frolongacifio loa Alpes MExico D F.
Ql74c MExico,D.F. 651 44 1%

§51 49 55

iz I dey Muboz
?:lﬁﬂz E:ru o.¥. AV.Azcapotzalen 2231
Calz. San Juan de Aragis 51& ClaverIs

- abal Axcapotzaloo
E::;:ﬂ:.:;icn,n_r_ g2090 MExica, D.F.
577 21 Q9 52T 0% 22

tarlos Persqrines Ramirss
nivarzidsd Pedagigics dal.
nidad de Informdtics

Em, D.5 Carr. al Ajusco
Torrax 44« Padlernoas

Tialpin, Wiaico.D.F.

§52 13 9% Exc.1333

Calz. Ahulzotias 135 Int_ L
gantiage Mhuizotla . .
Azcapatialeoa

2750 México, D.F.






33. Jnlﬁ A, Pérez Aguilar

M.

35.

lb.

37.

3a.

39.

40.

41l.
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U.N.A.M. FACULTAD DE INGENIERIA
DIVISION DE EDUCACION CONTINUA

PROGRAMA DOFL CURSQ ° ADMINISTRACION DE PROYECTGS DE SOFTWARE

- QUE SE IMPART!RA DEL pel 14 al 19 de Febrero DE 198,
FECHA |HORARIO T E M A PR 0o F E S 0 R
LdnEs a VIifr
Del 14 alnes de 17 kb INTRODYCCION H. en €. Marcial Portilla Robertson
19 de Feh.Z1 h.
gazaiz ie Problemas en &l Desarrolle de Programas

Necesidades de la Administracion de Sisteqs

Cas da, Softuare [(Ipncenie-$a do Safroa-pd

Estimacisan de Costos

Programacidn v Diseno Estructyurado

.

P.D.L.

Control de Calidad

Plapes v Preogremasg rfde Dvpahas

Biblioteca de Soporte de Programas

Pliticas Estructuradas

Moecn Reodnnoca —_— —n
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EVALUACION DEL CURSO

®

CONCEPTO EVALUACION
APLICACION INMEDIATA DE LOS CONCEPTOS EXPUESTOS
CLARIDAD CON GQUE SE EXPUSIERON LOS TEMAS
GRADO DE ACTUALIZACION LOGRADO CON EL CURSO
CUMPLIMIENTG OE LOS OBJETIVOS OEL CURSO
CONTINUIDAD EN LOS TEMAS DEL CURSO
CALIDAD DE LAS NOTAS DEL CURSO I
i
GRADD DE MOTIVACION LOGRADO CON EL CURSO
|
* ESCALA DE EVALUACION DE | A 1 |




1. iQué le parecid el ambiente en la Divisién de Educacién Continua?.”

| MY AGRADABLE | AGRADABLE | DESAGRADABLE

| | | .'

2. Medio de comunicacifn por ¢l que se enterd del curso:

PERIODICD EXCELSIOR PERIODICO NOVEDADES
ANUNCIC TITULADO DI ANUNCIO TITULADO DI FOLLETO DEL CURSO
VISION DE EDUCACION VISION DE EDUCACION
CONT TNUA CONTEMLA
S
CARTEL MENSUAL RADIC UNIVERSIDAD COMINICACION CARTA,
TELERONO, VERBAL,
REVISTAS TECNICAS | FOLLETO ANUAL | CARTELERA UNAM “LOS GACETA
UNIVERSITARIOS HOY" UNAM

3. Medio de transporte utilizado para venir al Palacic de Mineria:

| AUTOMOVIL METRO OTRD MEDIC
PARTICULAR

4. ;Qué cambios harfa usted en el programa para tratar de perfeccionar el
curso? :

5. iRecomendaria el curso a otras personas?

Sl NO







adhé cursos le gustaria que ofreciera la Divisifn de Educacién Continua?

r

La coordinacién académica fue:

EXCELENTE BUENA REGJLAR MALA

I

S1 estd interesado en tomar alglm curse intensivo iCufll es el horario
mis conveniente para usted?

LUNFS A VIERNES | LUNIS A CUNES, MIERCOLES | MARTES Y JUEVES -

DE9 A 13H. Y | VIERNES DE | Y VIERNES DE DE 18 A 21 H,
DE 14 A 18 H. 17A21H | 18 A 21 K,
(CON OOMIDAS)

VIERNES DE 17 A 21 HJ| VIERNES BE 17 A 2
SABADOS DE 9 A 14 H.o | SABADOS DE & A 1
DE 14 a 18 H,

1 H. OTRO
3y

iQué servicios adicionales desearia que tuviese la Divisidn de Educacidn
Continua, para los asistentes?

Otras sugerencias:




Fatacio e Mbneria  Calle de Tacub 5

DIVISION DE EDUCACION CONTINUA
FACULTAD DE INGENIERIA U.N.AM.

ADMINISTRACION DE PRU"I’EC_']'E.'IS DE SOFTWARE

PROYECTD “TITANIC"

M.en T. Marcial Portilla Robertson

EHERO, 1583

primer piso Deleg. Cusuhtamaos 06000 Méxice, DLF. Tel: 521-40-200  Apda, Postal b1.3385



L®

10.
1r.
11.
15,
14.
15.

16.
7,
1.
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ir.
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Flan de avance rlttllidﬂ+

- b e - LT T ; : .

PROYLETO  “T]

4"

yIgw oo

Fecha de¢ cntrega.

Seleccionar nombre del prurtctn.
Selecclonar jefa, ) S
ne;.r}ollu plan 4w trabajo. . ok
contratlr analistus de sistemn, )
Desarrallar e:p:clficlcinnal ]unnrllll (iilt:ll]

-Definir espt:lfl:iclunzs ds 183 entredas y nrdln ds la --

Prog rlnl cifin. .
Contrater prngrnnldur:h: ) .
Comenrsr el desarrollo da prograoay, !
Comenisar la conversién de propranas [archivos lltstrn:]
Enpezat ! disefio do lpy archivos de datos.

ActunlizaT progrunss ya slaborsdus,

Lontratar mas progrun:doruk pera cumplir plen de avance 17
‘Comentar de-pueve. s actusliaer prograoas.

ConentaT & trabajar
« Interfaces.
- Reportei,
-~ Documentos.

PAKICOD !
Contratar may projramadores (el grupo he erecido 3 tecat}
Proyacto no terminads » tiempo.

Buscar culpable.

Castigar lpocents.

Promover & loz no Iavolucrades.

Empriar nuevemente (Goto 1]. '

L]
i
PREEN 1 -

M Bl.proﬁlunl dal Software”

. Estdndsres '
T, Nuevas herramleniss Automaticst idn

k

-’

Tode ﬁr&rr:tn de Software tiene! {como todo proyectal.

. Eu:tsl de desarrodloe.
. Confiabll!dad dal producte
. Soporta

. COSTO DE SOFTWARE,

En los E.U. o 1976 3« gastan A0 billonws do délares en escri-

bir softwerwe, en 1999 B probabls que 1a cifre llegue » 190 bl

1looes d¢ dbiares ([ 11-EE procsdingy 44pt. 1571D).

iy a s

1..\" m;' -ﬂ'fg 51.1'
- S e




idcn&: la demanda [c}ucimluntu] do software ep dal leal r) S . . g%iﬁnﬁ . ' \ ) r toe

v

anuzl, sin embargo en £l melor de los cavos lan productividud, -

‘¥ al pcrsnnal aungntarfn ¢l 15% anoal, . L o _. ’, /_tm/oa—ii\‘

* LY

Fara ¢l caso da IT (Tezas Inatruments) . -

.« En 1979 gastaron 100 millones de dBIlril.en desarrollo di -

softuare. . ’ L L -

=« Para 1985 habrd 5300 persconsl Hn 1! escribiende |uftu|r£, - ) - " .
con' gasto mucho mayor al de los 400 millones de dilares, '

Bug = 096 Bug huedd

El softwars e3 ciTo primordislmente por que Tequiers =%
trabajo directo ‘(isBor) intensive.

;! . El paor
COMFIANILIDAD EN SOFTWARE, | ootel T . . cussta §4,000 ol corregit una 1lipex de céddigo en 2l
i . LI o *peruespacip’ y cuenta §73 escribirle.

r >
[ s o

. Fara :uilqular cowpefila un"BUG" nn'un'produét; tarminade

#3 un dolor de cabeza. 'FUR QURE AUMENTAN LDS COSTOS DT SW.  (Ademis de 1a Inflacitn}.

il

W ) . P

EOPOATE. ‘_. . - L N . o . = FResults diffcll disefnr, conatruir, ¥ probar th Areprana ic
i T . ! o computadora, gue satisface rotalmente al clients o al wsua-

= Casi 13 nited del 'presupuesto’ de 'software’ St-llstl &n - " * rie. )

“componer' wrrores MUGE veamos lllﬂn;l C8303 #itremcs citados- . o

per 11. T _- _ . Muy frecuenptamente el vyuarie ¥ el I.F"tall.';ti M la-

' . . dificulead del problema.

= ER G.M. 751 del presupuesto de 3w 3¢ gr3te en pentanlniento.
: x ' ‘La mayorfa da los errores ofurren antes de empezar o eacri-

£01° del ﬁre!upuultu dw CTE (de loy sistemas} 30 gasts en COMpo i bir cédipo, y este ocurre por que se tienen requerlmientos-

BT RrToTES, muy pobres, y se legran detecter muy pocos de estos crrores

- . cuando ocurren.
T4 del costo &l IMM @5 3460 3o pastd en cOmponer errores - - . .
(yourdon]. . ., _ _ . . .
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> 501 De lox prnbltlu. fe ariginen an la fase de anflisis,

Ll . 1 I
i

Camg e u un 1o flgure autarier aproxioadsaence 73% dw los --
' errores ie dutectln en ln conetruccitn o ol manteniplente, ¥ -
utn error pu=dr costar hasta 50 vetcs oas corregirle, vue lo-

- gue ?‘:uhiau costado sl se corrige 'donde 3w oripna’

Y se corrigen hanta la :unltru::idn, lo cual

quiere decir cam-
blar muchas veces xl lnlllll.lfdluﬂ.n. )

4

YEAOS CL COSTI., . N Lu:l errores. y las omisicney tienden p muiciplicarae con 2] avan
&8 del proyectu. Itaqui.:luul incompletoy, u1 ng enteader el --
pruhlen. deciziones vagus, pruebes pobrey 3on 1as meyores Can
santer d¢ 1oy problezss en dos pelabros: FPLAAEACIGN PUBRE.

™,

§ QUE ES Lk INCEHIERTA DE SOFTMAREY



fu &
Apduto
visble

-

%
' -
La "INGENICRIA' de 5% es una coleccidn de métodos y procedimien
tes pars ocloarar la calldad del softwars, "Es decir en otras -

palabres :'\:)

o BIIN T A

pader terminar upa tares de
. : .
PRESUFUESTO

e ]

TIEMPO ¥ N

bl

.
[

L L

51 definimos SNW, ENG, podriatos Jecir que son lax replas pa-
ra tener buen 5W, : :

- P
‘ : _ . Aigwra o b
- o _ { . ﬁuaJnlo_

] : '

IQue soluciones & sugerencias Elene 1o imduestria perp disminuir

los castos de Sy mejoror 1e galldad.
(] MOYILIDAD DG SOFTWARE.

- Compiladores compatibles con los nuevos sintemas,

-IITraductor¢s para los Leng. ensanbladores.

- Compatibilidad en el desarrollo de hervamientas
CIM y 5W. % . .

-  ESTANDARIZACION, . .

- Nuevos lenguajes ADA, ACTOR, ACTOR, C, DAZCAL.

L) REDUCCIGN.DE COFTOSE EN MANTENIMIBHTO ¥ DESARNOLLO,

= Mejores lenguajes de algo nivel - rASCAL
. - e
- ACTOR
c= ADA
- FORTRAN ¥7
- Maximizar la reutiliracifin de software,
* - Procurar camblar el softumrs de hoy por hedware mafians
[ en FROM, PLA'ER)..
- "“Degarrolle” de herramientas para el desarrollo ¥ mantwn
" rimiente de SY.

[) MAYDR CONTROL DE DESARROLLY,

"

- Programas verificaderes de eatfindares (l.e. CODE CUE -~
EXER). ' _
- Propramas para seguir sctividades (CPM PERT )
- tso de técnicas d "ingenieria de software"
-~ Digefio y programpcifin’ satructurnds,
T - HMejorar lax técnlems de "HANAGEMENT™.



() ENTENULR LOS SIGUILATES CUATRD PUNTOS.

- fccursos limitados.

"= Tiempe limltado. v
+ Creibilided en el” p:ure:tu!:ulu:ian,

- Avalancha sn la complejldad

“E] desarrollar 5 pars una splicecisn sspeciflca ex ung de --
1ok aspectos mas frustrantes del Kanagement”,

*Técnices ¥ Tutinas en 'otrés lpgenisrias' Tasultas lasovacjo--

aas. rad]cales en SN inganlarl
' |

. T.P. Brooky

4

"THE HTHTI{AL MAN HGNUT"

il

r ;
' SUFTWARE DE CALIDAD ' %
i I

-
Y

oL, .
= Antes d¢ continuar hablando de 1a produccién d¢ 5%, hay que

definlr que haca B LENO
. M B ONITO
B ARATO,
. L R

4

+ Dobido x que loy humancy no 3¢ pueden comunicar & 1e "por--
frcclbn” S50 ruquieren tfcpices y metodologias ¢n 4l 'menage
ment' ¥y vl contral de celidad en el 5W o producir.

i 4

CARAETERISTlﬂhS DE SOFTWARE DE CALIDAD,

ONETARLE, - Lol FTOETAMNY 5¥ COOPDTTEn Tal ¥ com0 fueron-
' disehades o ¢ ncebldos?- como sw compartan -+
i los prograass cuande ocurren v) laciones wn -
1a entradat

¥

MANTENI1H [ENTO. j .7 rued!rlltf ios ﬁrugrlnl:r existey menuales
y documrnioy en cristiano? s han aipladg --
lws funclones de un programa ep mddulos dife-
renciables, Jd¢ mapers que un pregrsmador pue-
de ficilmente 1levar & cabo =1 cambio 6 COFTE
plr el .etror.

L reri—

PORTABLE. - Sa -~ . 104 prntrlils tranyportar [dcllmen-
te » utrox slstesast yon independientes de un
M ¢ con 0.5, wipeciflcas.

PROBARSE, - Bon lox programaz de sstructure simple, de mp
ners que lox Rlgoritegs, 1 ESS pueden fECi)
mente PROMAASE.

ERICIENCTIA, - {Ecoﬁnl[l} - lox programas utllizan &n forma-
! raclapal los recursos de] sistems.



+ - .

USABLES - Interfm: hombre nfiguing,

. ._-i,:. ..h L
CICLO DL VIDA DS PRODUCTO DG SW. -,
El ciclo de vida dtil de un ﬁrug;lnl, debe de ser de varios -
. ) afics. Si como se d1je anteriorments al dasarrolls inicial eg-
- mener qua la mitsd d¢ costo total, ¥ heciendo un poco de his-
+ _".toria, zabemos que todo proyecto de 5W tendrd cambics y modifl
caclones contipuas #35 decir tendrd que sdeptarse a la dindnl-

¢

LY

ce del sistema que vivimes., -
uu[{._ :HEJ '.I.,Il"i .
wSFUERED | - . - SR .
b
Rt CUA
T + e
" L]
P
. " " PR -+ N

EL PROCESD DG DESARROLLG DE SW.

F.- ANALISIS pE LOS REQUERIMIGNTOS Y DEFINICION.

.'r-

" Entender ol problomn desde ¢l punto de vlsts del wpamario-

(2
¥ mercado.
()] Uecusgntarlo 'medular' ¥ preciaomente.
). Utilizar un lenguaje comfln con el usunrle. .
© 2.- ESPECIFICACION FUNCICHAL - )
{ Y Transfornar las especificaciones del problema w DESCRIF -
CION DE FONCTOSES IMPLEMENTABLES,
{ ) PDe fnlr "quea' so va a hacer.
[} WUtilizar una lista [CHECKDGINTJ_can el vrpeario.
[} utilizar la lists para el disefio ¥ las prurbes.
_3-- DISESOD.
. {1 Cargsr una "erquitectura del sistema’.
{} Descomponer las funciones en m&dulos implerscutables. -
N pu:untnt:r ¢l resultade en tErmines de COmo vames A imple
mentar.

s UTILIZAR.

Concepto de pruopes.

“Jefe de prngrlmudury:{

BESF
Descomposicitn jerfirquica.
Disefia 'TOP-DONN',

‘Misefio estructuredo,



4,- FROGRAMACION T CODIFJCACION.

Discfio detsllado, ]
Transforasr el dische [AS-algoritmes,

Utilhzar pricticas de!

Propramucifn estructurnda. '
- DBocusentaciSn interna y AXteTRA.
= Pliclcas estructutadas.

« Sesiones da revisibn.

.- PFROLEAS,

f ¥ Flan d¢1pru:hll. .
{} Pruebas ipdividusles y colscelvas..
() Verlflcar .

- runcinnalidld.
- - Eficlencia
- - Calidad,

. &.= IHPLEMENTACION Y ACEPTACION.

(% Pruebs final del sigtemu.

(Y VYerificar Ins wipecificacionss & los
{ ] * Decumentos. .

{]  Demc strar 41 sistens al

7.- SOPORTE.
{} Hantenimienato, .
{3} Camblox

Leer "The Hyihical Man Wonth" por F. Brock

(¥er notas) 15 min y discualédn,

Prucha individual ¥ colectiva de los u8dulos.

rogqusrimientos.

v

11
CAFlTULOD

4

——— . ———— - — -
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R i . ] - . * | serEmenres -
e - < TEL T A\DERS
Yoy = N .. o . AR
- 01 0 IO ) ' '
Antes de aprober el presupvesto, se tlene qua hacer un sndli--'
B £1% do Tequerimiantos y necestdadaa, & :
b .o : . (OHETT O
. ; . . . L L , . 0E
A - . L TR T ] N ] . ' . W - . T aw e " ™
Cutles son las necesldadast. i o T - T U . SgERh
. Qui vamos » produclrf .“_"-f: Ao . v . R - ML L Tot.
x .. GQuitn ea ¢l usunrio ¥y cudl oy o1 lurudu" _” .. BRI e ’
T ', Veatsjes y desventetas, - ¢ - . SR e e T : . W?‘;‘m‘i
Qui caracrerfstices va . t-nefr 11 pruductu :r sus efectonl . " . ‘ . Rt LuFintpts’
Lo dabemos producir? .- ., et - S S ’
+Es gconfolcaments fu:t{'hlﬂ . . - ’ - . ’ . ST WELFCA L I . IE.".-."#.LI-I:“":-'T-EE
Tenmsos ol tiempo? ’ o : ' I-ﬂ:gét”“ — o
1 . ) - L . k .- - VIR I | . I SLSTE N
* % A} terminar 1a fpse O o d¢ inicia debemos taner ! o . : r“‘
| uN DOCUMENTG | que - - ] 1 1
fivy contests B laa preguntas anteriorss, K : Lo . | wRERL 8 PRt ma Tl tood e
: - ' .. N - :
.o ] . . . l:’;g{;‘ A EritLmst
¥azos & definir-les requeriniwntos del sistems. , ) BiSTEUA
) azalizar 1mn r_oqunrili'cntu.: -t . . . . LT [ AHALISIS ::IE L0% REQUERIMIENTOS.
() -Cvalusr 'Tradecffs’, : : ) '
r r . Identificar 1a nacesidud,
* { ) Dwmarrolar las #specificaciones dul ﬂlf-ﬂl . "1t . Necesidad S concepte de shttul Einfarnﬁncu}
{1 hwru da W, - . . *. Definit requerimientos, )
. T o } . S { ) IDENTIFICAR LA RECCSIDAD.
¥ T T - . .o Lot
T . - . ; « Quien lv va hacer
* I . . « Se ha satiafacho la necesidad.
) ; . ) * + Necesitamps "algln concepto tidcnice,
. - : - Tenemos lox elementos para llevar a cabe la tares,
. - - -
']/ 1 . . [
- Ll L] L]
] “, . .
' 1 1 4 "
' N



+.; BEL CONCLPTD SISTEMA
los requeérimientos son importantes porque una definiclén pobre
r}sult: on: ’

. . + Fallas
» Dmiziones,
. Ambipucdad.
. laexaclivea.
. Sistena nor nlizable. ' ) -

. Canbilos.
17’ —_— Altos cR3teF,

. VAMOS A LIFIKIR LOS RCQUERIMIENTOS.
" Loz "roguerimientos” €stan erientados & la estructure del
pt%hlcm:,
. n:finir tnlnrln:lll.- f
- Ticeopos, )
f . Costes,
., Bnae de datos.
— Definir las interfar.

+ Usuario,
= Erujpu.
- Comunpicaciones.

* DEFINIA LO5 REQUERIMIENTDS ES DEFICIL,

Hay gque dar lugar & cambioy futuros
o Evltsr acronismos y nembnlicos
- Evitar terminologin cempleja.

Est diar last racesidades del usuarlo utilizando metodos "ES --
TRUCTURADOS™,

© CONCEPTO I CAJh MLOLURA,

CITROA > Rl sn } BAGO0

. USk DE PROTOTIFQS O STHULADORES.

. Ho ae riil fomilisrizanda con el prablema.
. El usuarise no "entiende” o1 problema,

. HAY QUE REY1SAR LDS REQUERIMILNWIOS.

+ Mpximizar afjciencis y conflabilidad s elinlmizanis
coste, memoria, equipo ER. [GUAL).

. Ho s antiende 21 ohjrtivo,

Mo s gusneifican lat metas.

. OBJETIVO DEL FROTUCTO.

{ 1 CONFIABILIDAD.
. Tiempo /2 de falla.
. 1 de fallas.

- Tolerancias.
PROTECCION DE DATODS E 63
DETECCIONS - ERRQRES.

TILHPO DE RESPUESTA.
US) DE MEMORLA ¥ PERIFERICOS.

L T B T |
Nl et b’ e
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[ ..r._v-_ B -
» Contlpuaclén obletivoy del producta, : .

' . . . .
1 . 'Y '

. . r
{ ) "CONPATINILIDAR CON,
« Sistempy anteriores.
. Lengusjes.

. Sopartes [BSP),

{ ) HANTENINIENTC. . :
{ ) SEGURIDAD Y PRIVACIA o
( ) €OSTO DEL PRODUCTOD. '

T
¢ ) TPAMSFORMAR REQUERIMIENTOS A ESPECIFICACIONES.
") PARTIEIOH&F EL SISTEMA.
{ ] PRUEBAS DE LAS ESPECIFICACIONES.
- ‘(-] Entradas

fl

4

CARACTERESTICAS DE UN BUEN SISTEMA.

+ [ ) Jerdrquico .
.. -[1 Modular .-
. { ) Rastreabls. °
()] Conslateate
() TImplementable -
(] Frobar

Le mento busans sdlo "puede” con T 2
tarers simulidnean

-—-—""'_7_... _P-r_ti:*.onlblo.

s 0], Salides,
- 1 ]. Intefases. .
' ) Estructuras,
() RBaso de datos,
[ ] ‘Decumantox. . e -

CAFITULD 3

P

COSTO",

TIDHFO*®,

CONTROLES®

— % % r——



" = 4 L]
ESTIMACION, . S Co T
La astinacién s un process continug ,:'. . ' .
" Durente La faso de aufiniciﬁn ot .

La fasc da diseho
. La fasa do integracifn
. wtc.

a4
'

Exsto es cads rez que 3¢ Cuenta con lofermacién .

Leg estipiciones se hacen mejor ¢on Ia experiencin,
pl . . . . ’ .,
Como mejorar los estimedos, e T
« Actualizande Fechas. T
v Llevando una histerla de dates [y Llhru d- litlcurl]
«» Llcvando coatral sobre lus :upcsil:i.nnu.. T
. FProyecro estructureds, - ~ "7 - - %
* Tenicas wrtndisticas, ’ - 1 L0 -
. Software C

v Limirtapdo #1 probl-nn:: ) T

Leer Putman "Getting The Scfiwars Humbers™ [ECE Computay
Julio 1900, . -

b -

} J

METODOLOGLA LTILIZADA EN LA ESTIMACION.

{ ) PRINCIPIOS.

b i i
- Dascomposlcifn del problems en blogues pequefion.
- Tstlsarlel costo ¥y "dificeleed ds cads bloaque™.
= Desnrrollar un plen del proywcto ab decalle.
- Ifcluir M.0, Equipo, Costes, Adaon, ¥Yarlas, Asssores ER,

[ T

{1 VENTAMAS.

1T * sbp,
= Nay quet}lclr un wnillisis ditlllldn.
« May qua edtimsr en detaller ¥ cop "eamctitud'.
"= La estlmacidn sv tornm en uns paTta del préyecto.
» lag faltew ¥ errores tandrdn repercucionss proveaniss.
PN .‘ F
DESVENTAIAS.

{)

- lNay que gastn tiempo ¥ dlnere en e¥timar.
= Ln mctus]litec]lin requiere de técaicay sutomitican.
- | Proyectos paquefiny ! ¥ele 1n pans.
- '
'1
51 en su plan,

1 -
FLAN FAKA EL CONTROL.

+ Coston, °}
- Calendarjos,
-~ Efjclencia, .
- Extidndares y £.C.
- Fersonal,
" - Eurl&:, Asesorias, etc.
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: v :
ELEMCXTOS DE PLAN DE UX PROYECTO.

1. Descripeibn del proyecta, be sfoers hacie ad .
. # sfuers hacin mdontre
1. Eslfu:turl de trabaio Do arriba heciz ‘wbajo
. 5. Plan dw tradaje Jde cads faze, . )
i, Entregas [Fachas y productas). P

5, Organtzacifin, . '
Asaioras

6. Personul fontrataclones
7. Financisalento (estimar). -

5. “Equipn. o
9. Tieapo ; recursos de computadora.

10. Herramientsa en 5W, )

1. Anilisis de riesgos.

12, Flan de contingancias. )

15. Procedimientos de revlyifin,

T4, Control en los cambios,

4

"+ 15, Flan de Integracldni/pruebey, . -

14, " Programa de entrsnzmience.

"17. Soportes. 2

4. Documentes y referenclas. ]
1%. :Plnn de "involucrer Al ususriov.

PFUNTO I

. ESTRUCTURA HIPOS,

ELCMENT{S OTL TLAN DLEL FROYCCTO.

{. Descripcitin del proyocte. .

*

7. ESTAUCTURA DB TRAMAJO

‘= Durpcitn,

Breve descripoidn del mismo.
"= Obletivo, molay,

ot Razfin del proyocto,

» Drpanizaclén invelocrada,

<.~ Eeneficios u obrener,

[

Breve resuman de los reguerimientosx.
+ M. 0.

= Coato,

A;pacto: particulu;cu de interEs,
- Nuavas tecnologla<.

+ Eltuncifin d= competencie
+ Noevos pétodos de implesentar.

- incaos,

Entyegas.

- Documentios,
. BN,

« 1IN,

Breve sndllsis da los riespos.
+ Tismpos,
- Co&tos..

.= Inaumos.

* - Descripcidn de cade bloque.

yagta ° -Depta. Fase Homeng lotura Descripcién
FA FROG, DISCERG DISERO 0.5, Dlsetiar el
' 05. del Sist
. . . . AT. °
5 = 0% Intorone

- . « Manual Umaria



3. PLAN DL TAADAJO DL CADA FAST.

o+ Usar diagramas de GANT o FLAT indlcando . .

-« Actividades principales.

= . Dependencias,
= Eveatas laportentes.
» Ruts critics.

= Resolucidn a nlvel

- Entregan.’

ENTREGAS.

laz "eniregas” som el pesultude.

+ Reportes,
+ LEficiancin.
-+ Flan de pruchas,
* Estudios sspeciales.
S Hinuvte.

* Documentos,

+ Manualas internos
* Hanunles usuarios

CRGANIIACION DEL PLAN,

LEtrg3 ——

b.F.D.

Disrio coL
Quincenn] :
MWensual

il

Fal . ]
Pruethay eotc.

Hermas

otros documentos i¢ ruta critice

¥ 30paT te

rd LI

" mm—  STRUCTURED CHARTS,

Codificacién - '
o o

TC.

.  DSTIMACION DE PERSOWAL,

n.n% )

{¥ar grificu]

+ Por indlvlduo,
+ Por pctivided,
* For pagquete
N FLE . -
L"}Hn:tr un ¢hlculo de
liry hombre y perfil

¢

L ]

S#larlos
Curson
¥ikticos.

-

L

D !
" ESTIMACION FINANCIERA.

E.  EOULPOS.

i
S

[ 1.|- [l
(1] PlESQPUESTO.-

i P . .
ARo anterjor
0 preLente

o fulurg,
oy frey,

E
+*
*
*

g~

() DESARROLLAR FORMATOS ESTANDARES PARA FACTLITAR ESTA

ACTIVIDAD.

* Deagloce d¢ partidar.

1y o
“

+ FRantas.
. + Capital.
* #'Desarrolie.
* Cusndo y donde ra necasice.
* Duracién de u3o. .
1

L

* aseI0TAS
(hasta 301)



'1.'._" -y PETL i.‘i . . .;* ) ._,-' '-'__* N ) A - -
< ., v - " . al
] . o . H = N
5. - TICHRO DE CﬂHPUTﬁ ¥ HECUISD! - -
- . 14, . CONTROL DL CAMBIOS,
XE E'n:ullsu'rus. - : . - . . .
() xEqu : L o : Tt P ELEMENTO CLAVE. . -
. o+ Para lflnlfﬂrlf!ﬂll al presupussto, - - L b - '
. . r r *
e T Purl utili:lrIUI on los dingranas de GANT. - . . For que el cambia.
.. N . BTN Lo + Coste de cambie.
ot l1 R 1. L : , LA :
() uTiLiaR RECURSOS nn LA CAJA ¢ nﬂmn & COMPRAR. o - ... % Canblo de calendario.
¥ ) v w4 Quisn aprueha,
' o . ' s 7 -, o+ Infermecifn pecesarla pare lIevur a calo 1 coambio.

10, ?EQJAHIENThS D! SH. ; .
. S (Yer procedimientos de Iz B.5.P.)
- Como estimenos tierpo d¢ coaputadoras, )

. + 15, 'PLAN DE INTEGRACION Y PRUEBAS.
+ Comprar herramisnts. .

« D 1ler h fenta. SRR ) T . .
) ""ru._ o MeTTERienie . ) Ll .o . { 1 PROPARAR EL FLAN DE ARPIDA-HACLA-ARAJYD.
- - .t 1' . ’ v ) B ~UP
19-12 PLAN DE CONTINGENCIAS Y RIESCOS. - 0 ;;;z;:;:’;nzfnz:‘::;;;;“ mejor que Bottom-UP_
. ’ . - LT . - [ ] SALIDAS (QUE DEBEMOS VER).
- Qu- paLa al s3tos .o . . . Alaymas
+ Muchas supasiclones suponsn riauom ] o " - P ('} 'IRTERFAZ HOMBRE-HAJUINA ‘::EE“""
, + Como prevenir rieagos. ; T . ,,r” o [ 3 RESPONSABILIDADES
15.  ¥ROCEDI!IENTOS DE REVISIONES. L , o 8.  PROGRAMAS DE ENTRENAMIENTO
. #ELEMEHTQS CLAYE DE UN FRDTHJ:.TD. . . Seminativs, cursos [lugar, costo, tiempe}
) o Autitorias . ’ o * Conferancias. '
‘ ’ * Plltl:ll nltru:turidla. ' ' .
¢ Rev e . B Lo ( ) DEFINIR UN PROGRAMA TE ENTRENAMIENTD,
. ' * Que 3¢ va a revisar. ' . " 17. PLAN LD SOFORTE.

+ Quian lo va & revisar
"+ tusendo 30 VR & llng}r !':lhﬂ 1a rerisidn.
+ Quien nzlste, . )
AEPCATAR . . v . + Hantepiajento
' + fursos. . .
+ Garantlas, etc.

« wna vezr terminadeo wn producto hay que seportarlo.
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©- DISEAD.

DOCLMESTOS ¥ REFCRENCIAS.

FLAK DE 1WWOLUCRAR AL bSUARID.

I. Aspectaos dlrectivos, | RS
2. Elcmcntaos de disefio, wE e .
3. Consplderaciones sspeciales. - '

Aszpactios Directivos.

. Disefia, : Lo
. Organitmcitn. ST
. FPersomal, . e
+ Docuncntios. T
. MRevisiones scbre el dische, - I..‘.‘ C
. Tentrpl en los cambles. o LT
1.1 Dlsche. ) P

) . . oy

lldiul’.n e inlcls una ver qu;‘fua Iprqbﬂ.’ﬂo *lo quUe A &9
s & producrl’ y «1 plan de implementacibn. Sw especifica
como sp 'tompe’ cada funclfn en partes, estes purtes serin

1?: nfdulcs a programar. i

—f A= mhLtse

Blisw o

adstena) r . o T ]
Algunis preguntas que ncs teneacn que reaponder mon:
 Que tan grandes son los midulos.. O

,» Como dividir el dise¢hs y o jmplementacidn,

. Como ¥y que vaoor & probar.

+ LImitwr an: Memoria
Disca
: Tiempo CPU

. Hay ques modeler & nimular,

k|

ot e g

Peben 'direccionar' todok les aspectos del sistema (pub--

i =

g

A) final dol'discho debemoy sabir que ¥amos # produciy, Jag-
eapeciflceciones, w3l coma un plan de pruebas.

rlI!!. .

1.2 ORGANTIACION.

1

+

o \ DR LM ACion ‘
§

|

|
LT O
ikl -

W

el DEL
LA A

W
l inill FEY.

o,

wieoh |

DANH0
YOOGS,

S
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, ' HRCCA e 1)
i [ ! - 'ELEMENTOS DE DI5SESO. {EN GENMERAL) -7
P VO B - T ; .
: - [1 fuds \ | Bw | maRereciop T [ MNUSEL | (3 LEER EL DOCUMLNTO Of LOS RCQUERIMIENTOS.
' T . -, ) () EXTRACTAR LOS REQUERIMIENTOS 'CON INFAULNCIA EN EL 5IS-
- .o oL : S : TCMA ! Eccribir van especificaclén funciomal
T ' R L ‘!, ' " .+ () DISERAR LA ARQUITECTURA DEL S1STIMA. -
S 15.“: B oAt og| [ BRwmoANeD) | ... T L ' ' :
. [ ST i e85 . L Especlficaclones del slstema,, )
. . . .  Interfases, flojo de dages, efa,-estructusa
S : . . - . *m[ ) Disehar los mddulos {"y sub-sistema ﬁ
Co . T ’ Lot ' - . - .- Especificacitn del addulo (y subsistema,
PERSONAL. = .~ ., AL FINAL DEBEMOS TENER UN DOCUMENTD
) . . I H - ’ " L& BEETRUCTLAM IH'I.'ER.‘H'. TtEL S515TEHA-SURSISTLHA™
¢+ Dissfie funcional - « Orientado al producta. .
- ' )
) , Orientndo al siztemm,, . i
e - FProgremadores . CARACTERISTICAS DE UN “AUE!" DISERO DE SISTEMAS.
- T . ) - "ConsultorTen.
) o Ce ) ) ) Hedular,
¢ Disefo de sistents » Con experiencla arcos. " Responsiva.- .E1 sistems debe responder al llamadas exteriores
L. - . . Con rxperiencle sp programacidn Eficipnte ' '
. o i . ' ] Problemas . Hodela - .i .“ﬂl'lt.ﬂﬁlblﬂq.
§intesis - - - "Modifiesble.
. . Andlisls, ) . Cemprensible. (No 3= debe requerir un Or. pare entenderilaol.
C . . Probable.y .
- DOCUMENTOS. . . - .- Transportable. t
. REVISIGNES. : ' . _ , : :
. Calendaric de revisiones .
En la revisisn se deben tener los dorumentos [sistenasx)
s revizar sntes do le sesién. ; . . - . ' ;
. Mo transforme las mesiones de Tevieién en aesicnes . - cod
de dlzello. . . . ! - . !
. Anote lns problosas. : - o '
, Asigne fechas y responsables.” ) - : g N




e

b

? UTILTZAR LN LA DESCAIPCION DEL PROMLEMA. - ]
"+ 1. DIAGRAMAS DE ESTRUCTURA. - Tee
2 - 2. HIPO'S, o .
"I .5.. DIAGRANMS DE FLUIO DE INFC,

{ Burtujas + Tourdan ) g S ’
.. 4. LENGUAJE PARA DESCRIZIR PROGRAMAS . .,  .°
. .- PO o PSEUDO. (0 Dind). -
. o

tf HT UTILLIAK. DIAGRAMAS DE FLILIOS

- .
MEJOR & EM LUGAM DE: ) . "
LI . " * 1 i
WARNIER Los vYeremos us poce sas kdelaztet
b é L o ‘..L"u."'l

——— MNASSI —— SCHNEIDERMAN _ .

' ' ' P no

LA
*

e —

* Tomado dcl curio *Dasarrnliu de Sistemas’ P.A. Rosenblueth.

i —

m i —R e
. v e

Yutilirer abtodox modernos de andllsls, disefo l.lplr.-lnt!
clén o prucha.

1 W'
_ Permits setividades ¢a peralelen, |
. ' 1
]

Permits retroslimentucitn y 1 spariunidad de repativ *al-
- punas! nctividadus.
. N

a .

w

4
ir
v
it

T

ENPLO DE POL (CASI POL)

BAUTIRA SCITA IBC
[ Y e

|
LEE Longitud dal Buffar ds sntrady an Bufant

- ' t
§ FTR+O .[r :
. LLANM &l HGR del sspacic libre para gue de un
: . T ]
Buffer igual & Longitud (BUF. Selide}
] R

:I:rl . ..i..-l -
' EI no hay Buffur ENTOHCEE regreama con + no BUFF.

ELEE HAE RASTA Lodas los caracterss dal bulfar
ds sntrads ss han converiLidd

l-!-ll?-t

LEE tos caracteres ASCIL d«l buffar e #ntrada
vh JHRUFF $FRT + 1

Conviszts’s ESCIDIC [luego decidimow 41 algo-

ritma) I
i

WAITE - ﬂ .

EFCRIRE loa carectmrap EBCIDIC and hutbfer de

.u. lide, 1

— (.
m - FINDD i

CALL  »-
- #

" LLAMA |1_-;|ﬂl del sapscic 1fbre para qua ‘deje’’
nl hu!hr“:d& entrada

Regresa el estads = termine ¥y CUTBUFFSPFTR



CONMSIDERACI(MES ESPECIALES

D) . ‘ " . v
N - LI . P - . .
+ A . . . - T r v
- .t

- a
El W fabe escribirse para al FUTURC '
La transporteabilidad requiers coneldegaciones eEpecialung "
Hay que disefar con la idea de MANTEMER T . S
: ’ | ' ' " FASE DE IMPLEMENTACION
- -
. . * ORGANTZACIN
. YeRLmow apLD .
f * ELEMENTDS DE LA IMPLEMEWTACION
'.:_.1: L . o . ) . . ‘"I
M - ’ . IE
. N
Utilizar selaments las siguientes sstructiras’ i . . v N
. g N .
i
Coatos & Dasarrello . . . . .
" L3
t -
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t . Vs ConwtediE un aistens qua funcione, G '
; e % .+ bor paeos/mtapas i o i .- oLD -
Cwb T G . o T
- - _' . L3 *.En cads etepa "hay que demostrar®™’
' * - ...L \‘ ‘." B h‘: h - o - " "t b f 1". T l. . .
FILOSCPIA PARA' THPLEMENTAR i+ PSTRUCTURADGS  Portran 7 {?) y PL/1[?!
.. TAMARO DYL PROYECTO e . T . Mol
T L. - . - LT - . Fascal
N AL »+ Loa proysctos paguaefios ae puedsn {mple— . . . - .
v T . Flea ot - ) : " '
" . - LA -_:'-, - z " ADA
e e = S NF S, mentar con wayor facllidad -, hay . .o . - - L
el . ﬂ:-f.’h “ qua rompar en modulos o e 0t Lot . )
LT S : ) - . o i T sorientados & cads mBgQuing Ensanblsdor
A H?'E" + Mejor control dal parsonal s proyescios - ~.'_" to. . o .
b . e : . - _ A -
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C% Y111 OPERACION

‘11 * DEFINICIOH

- "
Lot \ ¥

UN PROYECTO DE EW TIENE 8 PASES QUE SOM: . .-, *°

I . INICIO &

I1r DISEND
-,

v rmcmmcml;
¥ PRUEBA SISTEMA '
mnnéxm

viy msnut':iw

FALE DE INICIG.- En ;ltl [apn hay gus contastar:
= Cualay san'los reqguerimientos .
= (Uva aw hqbu froducir

= [uien &8 al unu;rio, cual «a1 al mercado
= Cualas won las vantajes/desvantajas

= Qus caragtaristicas’'y efmctom va » tmner.

~ Ea factihle .

" - Fe pusden hacer in Efampo /prasupuaske

-, DOCUHENTO QUE RESIONTA A LAS FREGUNTAS ANTERIDRES -

Ir TAIE DE CEFINICION.- Hay que contomtar

- ex Eactiblae *

= so pucda prédunir_

- puede hrnh.r' -

e Camos & raqunri} h-frumi-ntlfr-gurlo: !lptciliul
3 ‘= #e pecosits un cambie en la organizacidn

- &8 al prasupuosto aducyade

= ap acenfmico {costosbonaficin

A . . :
" 1 .-" y ! "
,PJ-EIt’ faze ta+minm cuando s# compleken loe requarimicntos

Pl 3
LT ¥ wapecilicaciones del proyectao.
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ESFRCIFICACIONLES DISEAQ

= arguitectura dal u:tkemu
= tamafio de modaloy ‘ \ . .
" - como dividir dischc s implementacifn
= CcamS k@ VAN & probar low modulon ¥ nl sistoma total
- nuallul el perlil de low pregramadoros/analimtas
= hay gua mimular o modelar?
-"j ~ 28 fattibla
Exta fasu tarmipa con UM COCUMENTO #n ol ¢unl so'delatraan'”

* {ewpoelficamantel las p:peciflcae:nnu- del dipelic ¥ un plon

ds_pruebas ' .






_de’toda el sistema integtado y we tlens une 'primera’vers

. si8n de manualps,

" Esta fasze
‘misntos funcionalws, sdengs verifics gue no se Lengan

&rroIca

v la Diblicteca,

I'l" I'ASE LE PHMAEIW

. En esta fase & tomin las dasiclones téicnicas, asl como we
_ hace un dizeho detallede da programes de coaputadora
- L Tame de p:wuu.ciﬁn pProduce modulas sedificados gua se
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£l control de #falidad dnl producto sspieza ea asts fasa
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"' 1a Biblicteca de ecporte de programas.

Zata [+:z tarmina con 1s programacisn [eacribie, godigo)

¥ FASE LT FRUERA
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1.= Lk ACTIVIDAD DE MANALISIO (inicio ¥ definticifn}
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' %) proposite da ests activided as al dasarrcllo {y hakes)

pars «l dissho, ~ ) ) DARS

- se dabe sntender al problama

ok

. , .
= g daben <oncedr los requisites

. h '
= tener on cuanta factores hisencos, ingenieris, docusenton®

. o

, herramientan squipos, sto,

1wt

Listas dw Verificacisn .

- -

L) :I..:hr‘n de 'hi..lunor.- ot : ‘ .-

{ ) tefintr law necasidades dal usuario {Hay q:n- SutAT seguro)

L I.«L‘munulr.fibn con al usuario ' .
{ ) Corocimeinta de HW ll’ll.tin.tl . e oL

{ } Analitsr Ia nacewidad de |1.-lullrfnbd¢.'lu . -
{] Inventigay proysctos sesejantes ' -

{1 I:inf-lrlj: y avaluaf alternativaa

{ ] Povisar low ;'I-:_ml‘:lm:o- de definicifn con el clients

" 2.= PLANTACION

[] hY
Ss deba dasarrollar un documenta bass que sirva da puntc da
partida entra ol clisnte T vl disahador, ' )
Calopdario
l.uun-u: . N . )
Fleicoa - ) -
Thompron

Iconomicom ¢ LI e e e

v

,‘.l-.

* .+ atandares

FLE
(L T}

. - prupbal

criterioa de ageptacitn

§ plan de implementacidn

: ' ) rﬁiu critfica {CPK,RERT]
analieis dw riesgoE

'1' puntes claves *milastanesn”

e -?-: aatimacidn du‘cu:tol

Herramientas para ol centrol de calidad

"n Documentor -

. desarrollo - .
. - programacisn " 1- ~
1 [
l dipefia
i codificacifn N .
' o manvales :
Calendario d# platicss sstructuraday '
s a b
TASLA PLANCMKCICH ?.
RESIIMIN Tener un rezusen del proyecte
on gineral
PLAN bescripeidin calendarizada por
pctividades del proyecto [(incluilr
. | costax y recursesl
ORGANIZACION Definicifn de la oryanizacifn,
y actividadea del personal
FRUERAS Definir los requurimiontos de

¢ y prucbas dc oo el proyecta
o durante cada fapa.



CONTROL DE LA CONFIGURACION

LOCUS ENTAC IO
PLAL 'DE ERTRENAKIENTO
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FEYISTCNIS, AJDITORIAS
¥ RLFORTLCS

PLI DE INSTALACICQH ¥
OPEFACION -

3.- ACTIVIDAD DE DIGERD

) Definir loa requizsitos internos

b -

LI

Definir responsabllidades ¥y
ccntrcles en vada fase y
actividad, asl como ornbrel
on low cambios.

"Dellnir que decnmsntox se van

4 plabarazr [WP, Estila, wtc)
- ]

y externoy de un plan de encra-_
nzmicoto ¥ los responsables da
llevarlo a cako

Daflnir revisionea mn lox docy-~
mentos y productoa indicando us
AYANRCA

Du;criblr la forma y raguinmiktpas
de instalaciln, asl oomo un Plan
para Llavarlos a cabc

" DISERAR BIEN = BUEN PAODUCTO

* pisaho Censcal

* Digafic Datallads

r

3.1 DISCIRD CEHCRAL

r las sctividades scny Analigis, investigecifn, estu-

t dio, simulacidén, modelado, discho de paguetesn, usna dm
T

herraminpntan, salecclén del lenguaie.
HIPOS, CAJAS NEGRAS, 0.8, ER,

Lists da verificacifn de digeio

Tndaa 1n| nlveles del gistema han xf{do Incorporados
» aa han‘definido las interfases ¥ los modalos
- pa h;n':ldul_’l.nriﬂu las utj.le::-j.a:

LI .
- s 'han'hecho consideraciones @6 tlempo (CPU} mspacic
nepcrie wto.

' ol
- ag hl.rll dotfinldo las egtructuras _du daton

= a0 tivno un procedimiento de implementecifn, praebs
du:umuntnclﬁn. eEC,
' .

) -'t

1 DIGEAO DETALLADO

. il

‘ Una ver aprobado sl disenc general se lleva & cabo wl-
dipnfio Bn -J. oan fino dotalle de cada modelo por aj. en FOL

dafinieando Cldl algoriteo, la entrada, esto.

TABLA DISERD DETALLALG -

- Con calma pero no con flojera
= {nvelucrar a los =quipos y de desarrollo

. t .
- var ¢1 = ponible todavia descomponer sl sistema
[madulo)

= grganizar lum {deas - excribiendolaw
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Al final dz ests ll;p da daban ttnir]t

= la pzuducciﬁﬂ {l¢ que as va & producir)’
- ia dll:ripciﬂﬁ detallada de omda unidad

= pruabas da inttqnclﬁn

Ti —— r omE o w g rmm i

.= prusbas dnl slptema

= parametros de cantrol de celidad

= gcalasdarig da laticaw estructuradas

v

. UMW MALUAL DI Lﬂ W= SE VA A PRODUCIA

ACTIVIDAD ﬂt CﬂﬂIFICAEIDH ‘-':. T

sa procado a4 cediffcar d' arriba hacia abaia,

mider duba taner una tarea bien dafinida dal disefio detalla

"Una waz qui: A% ha dillﬁlda an la foroa cnrrlctu ¥ .p:upiadl

Cada progra=-

do v al tervinarlo lo dsberd probar sn forma unitargia.

- ‘c_dthirln tarer sncabezadon datallados de

- ﬁlltl:lu tatruoturadan

C o= b, o e

. L
= un plan detallada de prusbas

LI

- reportas de progracda ' e

=~ peportes <o cambio
= rgportea de control
- Teportes de problesay

-'lnnuslis cuanda mends en tada ln:lhe:ndn

Al [inal se tienan MODULOS CORAIENTO ¥ MANUALES

-E.C

cada msodule

AMTIVIDAD DE PRUEDA

- - nqlluuc:do al plan dw prucbas so llevan a cabo estas,

por modulea y por elatemna, siempre da arriba hacla abajo.

ve de¢ir por nivelos da jeararquia,

ACTIVIDAD OE ACEFTACION T .

- nzﬂu-al clients

' ., = mandales

1 L]

"ACTIVIDAD DE ENTRENNMIENTO .

‘ Ruﬁlan para las pruFbal .
~ una buena prueba depcubzra los errores ocultos

~ uns busna prueba aw l;hluntivn

- cada prueba deba tenar los resultados !lplrldLl
- no haga pruehas fuers da programa p
~ haga pruehag para condicionea iﬂvalidas.y axtrenas
= inapeccione lom reaultados .

- la gente gue prucka debe do ger la maalcrautlvn

= H@ altare los programas }arn problarlos

= Jdajarrolle datos da pru!bl_

- twvige los documentos ¥y manuales .



LA HECERIDAD DE LOS DOCUMENTOS

los docusentos resvleven problemas de comunicacibn

1 tipos de documsntos) -t . . .
TECHICOS .= reglstros de ipformacidn de como trebaia el
afntema ¥y 1o que haoe
uéuhnln.- registros do.que hace sl wistema ¥y como usarleo
COHTAQL .= inforracifn acerce del dtllrrﬂliﬂ dal proyectd,
. .
i
- [] L]
FASE DOCUMENTD . T TIFD
AINIC1O espacificacicnas hu marcado
enaliein da los requerimiantows TECRICO
analinie de factibilidad . *
DEFINICICH kequerimientos funcionales

despcripcifin da loa regquarimientow
dul EW

= marcg da raferancia para al disefio
aliclencls ¥y rasteicclanan

calidad

TECHICD

I Cuadarna

R EEROD

* Plan del proyectn

= plan datallado 4o trabaje

- coflod, tiempos, metodeos de contzal COMTROL

del proyecco

» cuaderno donde se 1leva 2] conkeg) de

los sventes ¥ dociaiones que afectan ol

pProyecta XH1ROL

ESTANDARES CE DISERD

TROGRAHACTION

-

deacriptién do la srquitectura del w5
deseripeidn goneral de los medulos

Interfasen y reguerimientos da progra- '
TECHICD

macion
Flan do C.C.
+ Jeserlpeitn de las metas y prusbas
gua agequran un C.C, TECHICO
Cambios ) .
4+ Control on los cambics y hitacora
da carbics Cow'TRAL
Manual de Ususrios
+ Documenitg de comd uaadr sl sietoma USUAKID

v
Standares do codificacifin
Standarce da Uizrfio

Reportes do progress

Repotten da pruebas unitarias

Reporktes 4o raviaiohes
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- roportea de cambios

‘lintadas do progremay

| . o
FRUEDAS + raporte da pruebap e .o
. .
+ reporta O« saceptacion TECHICO
[ . . ,
PRUEBA DEL FISTEMA ] s
. ' ’ + 5TD'S Da pruabas .t ' . .
L 1 ’ .
r daacripcidn de las pruehas & .
11.\.-_3:.' & tabo an &l sintema TECHICD
!
L. ’ | '
AQPERAC LOM + Peportes dJa fallaw y prohlemaw
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Introduction

Early in this decade o et of programming practices
bepnn 1o appear Lhat seemed to offer 8 way out of
the suftware difficullies necampanying the develop-
menl of lerge svstems. These practives, doveloped
by Mtrooks’' fizker® Dijksira,® Mills,’* and others,
ingiuded strretured programming, top-down devel-
opment, chief programmer Leams, HIPO thicrarchyf
input-procesy-oulpoll documentalion, development
supporl likrary, and struetured walk-througha, But
drspile the inceeaning amount af soflware tlevelop-
ment and its rising cosl relative to the defense
budpet, corporation expenditures, and even the
groas nattonal produrt, the new programming tech.
niguex have net been odopted by ncclomation,
McClure* sorveving ihe scene at COMPCON 76
Spring, saw "the preat masses of programmers
conducting Lheir businuss exectly &5 they dud five
years apo.” Nor wua Lhere (he slightest aign in
McClure's Soyenr projection ol "strong winds aof
change.” [lis intuition was loter supported by a
survey of mejor Loa Anpelea area corporations!
which cnneluded that, far ell the fanfare, “the tech-
niguees are simply not widely used.”

Why are modern peopramming pracliced prope-
pating so slowly? In the jinlgment of some seasoned
obiservers, the reason lies (n the complexity of Lthe
technigues nnd the difficultics mansgement and
programmers face in itnplementing them, As wilh
modern manzgemenl preciiees, modern program:
ming practices are intangibles that kave 1o he dis-
seminated by “soft™ means such as education and
Lenining.

Farlunately, there are positive forces al work—
the Dlepariment of Delense, MASA, 1BM defonae
and apace contractors, softwere houses, and univer
sitics, The professional soeieties cover Lhe nrea in
their ranferences, byt osiels, and journals. The General

[-1-1

Accounting Olfice is studying the use and velue of
software development techniques. These influrnces,
topeiher with the grawing realization Chat projecled
software dovelopment cosls nre becoming, a greater
foctor than hardware rasts in deciding 1o tdevelop &
system, are litecaily farcing progress (o he made.

Tho saliware predicamant

The pencral character of the =oftware predicainent
can be ween rlearly, although consisient sumbera
with which 1o characterize it gnore precisely . are
hzrd to come by, Because ogs expensive hardware
is hringing more epplications within econamic reach,
the amount af software to be developed is infreas:
ing. Also. because mare seliware s already in
exjstenee, theee is more of it Lo e maintained. Bul
the presfurlivity of programeners i3 inproving rather
slowly, eaprelally by the standurds of hardware
price’perfermanee, with the resull that the overall
cost of software developiment is lending Lo incrrase.
Or, i thiy intrease is being limited by budpetary
consideraliens, opnottunitics te apply compuier
technolagy mote fully to both ofd and new applica-
timns are beingy passed over,

Soltware growth, Pstimaotes of the overall cnst af
software development and maintenanee in the United
States rate fram $I0 Lo 520 billion* At DOTH L iy
rienning in the £3 billion-per-vear range. 10 represents
4-5 pereent af the Air Foree budpet, 6 percent af the
WASA budgel.

Actarding le Walter R, Beam.* deputy for ad
vanced technolngy to Lhe mssisiant secretary of the
Air Force for rosearch, development. and logiatics,
the nunaber of functions—mnst of Lhem new —heing
done by suftware in grawing ol & prodigious rate
Heem, who gave the saftware technicel beynote 2t

COMPUTER

=



COMPCON 77 Fall in Washinglon, D.C., last
Loplember, estimated this rate o he & factor of 2
every three vears. The tale in prohiably ;;rmtrrr in
defense Lhan in industry, because 13003 s moving
rapidly from analog to digital weapan systems, For

rxample, recently purchased nircraft are heavily

sofiware eentrolled beeause these now systems are
rinre effective than Lhe old hardware systema,

In another area Grostic Concepts™ projecls data
prDr:l.'ssing spending, exelusive of office automatian,
to jncrease at aboul 15 percent per year, while infar
mation svstems business grows ot betler Lhan
20 p-rr:enl

Operotions-type systems lor steel mills, retail
stores, hanks, etc, are growing at about Lwice the
rate of ather applications. according 1o Jne M.
Henson, vice president for market planning at IRM s
Nete Frocessing Division, in aneiher technical
keynole address given &L COMPCON 77 Fall®
Hecause thoese systems are inherently coraplex, they
require mitre programming manhours than simpler
pyslems, Henson projected the number of anline
pyslens te praw from 95390 jn 1975 te 23,000 by
1980, %MMore systems zra coming it the area of manage
muat and technical planning. such as lorecasting,
modeling. and design, and they will demand more
data. Meeling this need Lhrough large incgrated
data bases will again add to the volume of saftware
development,

Lasl November the computer industry was re-
minded that net only do Lusiness systern manu-
Incturers not sgree on stacdurdized proprams: users
pren’t settling lor them anywny, "Wo're poing the
other way ns customers demand even more diversicy,”™
Jay R. Houler, computer systoms consultant. Lold
Interface Weat,'* Small businesy svatems are only
n part of the tota) software piclure, but they exem-
plify vne of the ways the programming workload
Erows,

Muintenance rotio. ecause a greal des! of soft.
ware ia nlready in existence, some of it of low quelity,
motr and more effort, of necessity, bas to be devoled
to mainlenance. Henson, [for l_-l:amp]e vstimated
thal up Lo BO pereent of his cotnpnny 'R application
development resources are devoled Lo maintenance,
Similar Tijures were ceporied by Fluhnf(,* who
noted that 70 pereent of Steneral Mators” enenmereial
reflware efiorl was spent op mointenance, This
ratio, secording Lo Flshoff, ia faicly typical of large-
industry Boflwure activities. As more soflware man-
power poct inlo maintensnce, ieas is available for
new developinent.

Fraduetivity. Estimates of the long-term produe.
Livily improvement rate of programmers range lrom
nlwuil 3 pereent to 3 pereent. For example. 1FIP
President Richord | Tanska estinuied the current
rate Lo be alwut 3 gereent por voar " Henaon gave
a 4 pereent o ¥ peccent ride, depending un the
wssumptiona muide, for the 80-yenr period from 1955
to | 9AS,

Fohrpary 1978

Within 1M, on lerge programming projects,
“productivity, measured in terms of the number of
linea af code produced per programmer, has improved
ot abwat 20 peecent over the yeara, due in part to the
increasing ual of higher level languages.” according
to Tod Climis of INM, addressing the keynote scasion
of COMPHAC 77" Climis, & viee-president of his
company's General Producta Division, expected
this rale to continue, but noted that productivity
data on programs of under 20,000 lines of code s
moce variable and seems 1o depend largely upon the
individuals invalved.

Tndeed. as Climia® lnst atatement spggests, meon-
uring progremmer productivity is & complicaled
undertaking, For example, one investigator, finding
tlat reported productivities ranged from one line of
code por Liour to 30 ur more, concluded that more
precise definitions of a neogram, 8 manday, and
even & ling of code itsel were necded, Using his
own definitions Johnson' found a productivity
range on 16 commercial systems-programming
products ranging lrom about 9 lines of code per
kour {average of five smaller projects) to about
3 lines of code per haur laverage of 11 larger proj-
ects). In genernl. his results were cloze to those
published earlics by Fred Brooks.!

Softwnrethardware ratin, Recause the ¢oet of
hardwnre iz dropping repidly—an orderof- magnitude
improvement in the hordware price/performance
ratio every 10 yesrs—while software productivily
improves anly wlowly, Lhe ¢ost of saftware relabive
to hardware is incrensing, This chunge has boen
noted by mnny observers, Tanaks, for cxample, saw
information processing becoming the most labor-
intensive of all industries by 1985, if Letter mnethods
were nol used. Peam characlerized it 65 a “'cottagn
industry"=hardly an image compatible with the
netion of compulers &3 typilying modern technology.

In NASA the sofiwarehardware ratio was sbout
2:1 five years ago. Writing for Pafemation in 1973,
Boehm prnjrcted Lhe ratio for the Air Force &s poing
to 10:1 by 1985, On ane exiating program, the World
Wide Military Command and Control Svetem, the
tatio won already in thet vicinity—$72% million lor
software tn $50-5100 million far hardwere. This
aystem, with 35 locations, tics the President and ihe
Pentagon with commnnds in the United States,
Europe, and the Pacilic. using airbome commind
Posts in part.

PBeliability. The cnormous aize of WWAOCS oflfera
a dramotic insipght inle enother dimension nf the
sofiware predicament —the need for correct oper-
ation. This need was hightiphted by & recent nawa
report by Oreg Bushlord, who writes oa national
security subjecta: “The reeord of military commund-
cetiona ia replete with [nifuren, slemming in no
small part from Lhe svstem’s comiplexitlos, ™% Jn
attributed (o communicetunn diflicultion st loaat
prrt af the Wame fer xuch serious fncidinks ga the
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Giulf of Tonkin cricinin the Vietnam war, the homb-
ing of A US warship off the Sinai prninaula Ly the
[aruchia, the Purtda affair afi Morth Kores,: and
others. These hreakdowns in communications oecur-
red before the new compulercontrolled syslem wan
installed, but they underseore the critical itmpor thnce
pf ils correel operation, -

Before modern programming came inlo use, pro-
grame were large, complex, neither modular ninr
porlahle, almost unreadable, and expensive 1o
meintain,

Program gquality. Whal were typical programs
like belore modern programming practices? Blsboffr
analysrd 120 PLA programs cellected from Genera)
Motors commercial computing installations in late
1973, He roncluded thal the individual proprams
were not modularized and were quite large—653 P
slalements an the average. Thoy were very come
plex, not porlable, nlmaost uarcadalie Ly others,
and cxpensive Lo maintain.* From interviews with
GM projprammera who had worked elsewhere, he
Yearned Lhat this state of aflairs reemed to be Lypical
ol other Installatinns as well—especially  Cubol
installations. Perhops this wag rooghly the siagpe
of the programming; wrt when inotlern programming
practives appearcd on Lhe scene.

Neeod lor disclpline

The nation Lthat g mare distiplined approach 1o
programming would allevinte the software prodica-
ment has ecn curront for AL least 10 years. JE was,
in Tact, the beliof that syslomatie engineering melhrds
could be applied to the aaltware priweas that bed Lo
the enining of the term “seltware engineering™ in
19GE. "

The rngineering way, The very Letm. enptineering.
implics "that the entire developmoent of 8 produel
fromm imitial conception throwph tetting And main-
tenance j organized in ap erdetly, manageable way.
The quality, performancee. and rost of the product
must be prodicteble, and oo appropriate camptomise
between cnst and relialiibity must he achicved ™

Engincering  development  penrtally  proceeds
through a series of stapes: produrt planninp, specifi-
cation, desiym, documeptation, fabricution, and test,
with ropipeering ehange contral runming thinugh
the sequencr, The development ol any pardicalnr
praduct muy pass Lhreuph this eeguence soveral
times, as model, prototvpe. pnd finally production
Enpincers are lrzined in these siapes [tom schionl
anward,

kel wgemind (nat the fand lnis wiere gy o 1937 Siker tvhen
LidT ki nady manty (LT T APT IR

LL)

3

A meries of "drapona” enforee the discipling =Lhe
machinial ar technicinn wanls an cxact print he ran
build Ln, the drafling manager inxists that deegmen.
tation fallow Lhe rulet, component enpineers tfy Lo
standatdizre the building blicks, and manufaetring
enpineera pour over Lhe drowings 1o osabilis) Lhat
they mrecnmplete,

The roliware way, The software process differs
feom the hardware process in many ways, For ane
thing the fahricatinn sbep, in the senwe of reproductng
the propram tapes, is insignificant. Also, the habig
of gojnp; thrauph the stages several times has not
cauphl on in =pite nf Yrnohs® advice: "Plan L throw
che away: you will, ony how,™

I'n addition, past prarctice has tended to start
witl instruction writingg and then work back to the
earlice stnpes of design and refuitements, This
mehhod worked well enough on the relatively small
pragrams thet characterized the carly history of
programining, but it ran out of steam an lorge
develnpiments, *

Anothor Toetar in the programming way is Lhe
bockprounds of its proctitioners. They tend Lo
come [roin mare varied seurces Lhan do the hard-
wate enyineers, who are usually Lthe products of a
systemsalic 4+ of Syenr curriculem. 'rograan ey
may have deprees o nthematics, English, history,
journalisin, or whplevor. Whalever Lhey have
lrarned—and it may be a_great deal—il probaldy
does not include enpincesing methoda, This tack of
comiman background may be port af the couse for
Brooks” complaint thol “techrigues prowven and
rouline in ather epginecring disciplines are can
sidered radieal innovalions in soltware engonoering.”

A cemporison. It seems inluilively that sves
tematic development procedures waopld lend Lo
better results, Daly® attempled te measure the
differenee in the resylts abtained by Lthe disciplined
cnginecring approach and the less diseiplined pro-
gramming approach (hefore modern programming
practicrs). For this purpose he stodied the receeced
glatisticy of p Jarge noaldime system eonsisling of
PO instructions and 170,000 logic geles inot
coitnting putes in duplicated circuitsh, He felt the
size gnd comaplexily in cach ares were about the
wame,

Heee is what be found:

* twicr ns much effort had been reguired to
develop an insliucting a5 a ingic gate:

= four Limnes as many desipn mainienance eorree-
tions had been made per instroction 45 pee gate
» fedr Lirtes B pachy cost hud Deen jncurped for
desiprh mnintenanee of software o8 hardwere.

{Yal¥ thought he recognized five underlving
[rasang, )

« popapement techniques and development pro-
codures wire mnre ndvanced in hardware than in
snflwire:

« hardwars sbesigners were moze expetienced and
vraployed a more “structured design.”

COMPUTER
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* Lhe basic beilding Blocks used in scitware de-
sign [ie., dillerent types of agurce statemcents)
were more numerous end complex than the anNp,
R, and %07 concepts vied tn hard ware;

* hardware pob 8 double dose of testing and
evelualion, one by itself and the second as »
natural byproduct of software Lealing,

Soltwars englinesring process

In ricent years the nt.ages-ul' the software process
have been pnolyred by many rescarchers and prac
tilioners.™ This work is summarized in Table 1,

Tatie 1. The soliware devalopmont process.

T

1, REGUIAENENTS ANALYSIS ASD DEFIMITIONT?
7. SPECIFICATIONS MaAS A

« CHECEPOINT FOR AGREEMENRT BY USER AND DEVELOPER
CN THE FUNCTIGHS REQUAED;

» REFERENCE POIST FOR DESIGH DIVILOPMENT:

ColiPAHISON PONT FOR PADGRAM VERIFICATION:

+ PLANNING POINT FOA PROGRAN TESTING.

3 DESIGY {15 THIS STAGE HANY OF THE NEW FROGRAMMING
PRACTICES &RE USEFLLY:

» T1EAM CONCERT. CHIEF PRAOGRAMIALR, SUPPORT L1RRATIAN.
ETC . .

o TOP-QOOWH DESIGH. OR SIRUCTURED DEMGH, COWPOSITE
DESIGK. STEF'AISE REFLVEMENT, HIERARCHICAL QR MOD-
ULAR DECORPOSITION

= FROGRAM DESIGM LANGUAZES. OR PSEUCO-CODE, QR
FDGH EXGLISH (THESE ARE HOT PROGAAMMING LAM-
GUAGESY,

* FAMECT WORvBDOK, OR 01T DEVELQPIAENT FOLDER;

* FORMAL REVILW, PLER REVIEW, ETC ;

« DOCUMENTATION —E G, HIPG

{MANY OF THESE PRACTICES CARRY THROUGH TO OH HAYE
THEIR COUNTERPART 1M THE NEXT STAGE }

4, PROGRAMMING

VARIGUS LEVELS OF PROGEAVIMLKTG LANGUAGES:
STRUCTURED PROGRAAIALIING (OR CODING):
INTERSEL OR SILF DOCURENTATION;
STRUCTURED WALK - THRAOUGH, OR CODE REVIEW,
DEBUGGING.

% YERIFICATION AND TESTIMNG:

+ CORRECTHESS (TR SPECITICE DIOHS);
« AFLIABILITY {IN USER [NVIRGN MENTY;
= 10F-LowH 108 TING.

« AUTORATED AIDS,

£ PERFDRWAKCE It

« TFRICIESCY, TIME, KMOWOAY SIZE
« QUALITY
v EDAFTASLITY, FLET'BHL Y, PCRTARILITY

1 CFERATICY BND KRINTENANCE:

» DESITN DA FAOGRAK MK [REOA CORRECTION,
v % MINORUPDATING OR EXMANCEMENT

& CONFIGUSATION WANAGFMENIT

o PASEIISG Al YAMIDUS STAGES AGAINST FURIHER °

THERTES
a PSR PO NG
o CHAWGE CANSTR FrLARTe AR PICH' L Y 5

Frhruary 1978

.

which presents an ordering of the eighl main
stapes of soflware developmuent apd s second.order
liating of seme of the management and design
praciicen charneteriatic of rach atape.

The concept of a design stepe in soflwere and its
separation from the programming stage in relalively
new, In Lhe design stage the intent is to work out

+

Managers complain that programmers resist the
new ideas, while programmers retort that man-

agers don't undersinnd the prablem.

completely and unambipuously the softwars vystem
necessary to meet Lhe speeifications, wsing English,

_pidgin English, nr & programn design lapgusge. No

inatructions or cexde are writlen in this stage,

The purpose is Lo creale a logical structure which
tan be checked back agninst the specificalions and
internally within its awn structure belore proceed-
ing to Lthe additional Ialior of writing instructions
in & high- or low-level programming language.

There may be exceptions, however, to the wrile
rerinslruclions rale. One i3 when some novet problem
must be solved al the propgramming leve! Lo nssure
that the desipm level struclure ix workable, Another
iz reiterniion, in which prolilvms oceuwering in a
later stapre have to be fod back and necossarily
cause chenpea in an earlier slage. ’

Modern progremming preclicees. Although theae
precticea have heen widely discussed in Lthe liter-
nlure, Hallon® had Lo diop ane-third of the vome-
paniea he slarted out to survey bocauge Lhey bad
nat even considered using them, At panel dis-
cussians, manogers complain from the podium that
programmers resist Lhe new ideas, while program-
mers relort from the flgor thal managers pre oo
far from Lhe nitty gritty Lo underatand the proldem,
One can only conclude that some people need
further information about inodern progratming
practices.

Table 2 delines Lhe core practices Lriefly {the
main purpose &l this orticle, alier all, i5 {o establish
the need Tor and the value ol these techuigues, not
to elucidate them in detmil), For thatl purpose the
practices wre referenced, In nddition, Freemabn and
Wasserman have annototed 10 fulllength books
on variouy espeels of soliwere desipn in Lheir
tutorial #* They nlso reprinted 24 of the more useful
PEPETS,

Several bonks are 100 new o be listed by Froeman
and Wasserman, Tausworthe's® volume, prodoced
At Lhe Jet FPropoleion Labasatery under 8 NWASA
contract, cavers Lhe developurnt stages of Teble |
and the programming provices of Table 2 Jund
nthera} in s svsiematic manner. Hoghes “wnd
Michtnm®™ vover o somewhnl narrower Tield <lop.
devwen developmient, sbuebaoed prigganeoing, siep
wites ielineeend, ) Do B wall Blough= lan
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alyo treat structured programming in three common
lanpuagea: Cobol, Fortran, and 1AL

The ROD vlow

The Department of Defense hug taken sieps Lo
vneourage mnre sffective software enginecring, For
example, & 1976 directive provided guidrlines
inlended Lo ceeate 8 discipline of software engineer-
ing.” Earlicr, in March 1974, the Army Computer
Systems Onmmand and the Air Force Rome Air
Development Center Jointly spansored 2 contract
with 1RM Foderal Systems [Division to document
everything thal was known alingt structured pro-
grimnming iechnolopy. This offort resvlted In &
15 voltme serics.”!

L.[

However, it iy difficult for DUHY 1o dictate juat
how contraciurs will po through the desipn and
devilnpnent process, [t docs net attempl Lo do 3o
for hardware. Its proper sphere % Lo estahlish
endproduct requirements.

Fartonetely, & nomber of mujor sofiware con-
traclors have peipnnded Lo the chalicnge of mdern
pragramming proclices and have errated disgiplineg
deselopment processes, taking advantage of the
now pracbices in varioes ways Mol many peaple in
the defense community disagree on the general
value of Lhose processes Loday,

Problerms romnin. There ia still the prollem of
gitlinz roniractors Lo pragress from whore they
are to the soliware cngincering system that each

. one thinks is best or, perhaps, to the system he

Table 2. Some dafllaltions of modarn grogramming praciieas.

CHIEF PAOCRAMMINR 1 AMST #4 !

Ta sectuce the rodedinalwon probfemns on Lifge proecls, kAl f
Sugfested Ihe wuk 3t leams edch headed by an espioaby capalie |
Chiel programimer, whi would be assisted by tpecilsts o #ach
funchoe nesded {0 Suppor! hem Brooks ChpiAclercred @ as 1he
aurgeal Tearn Tt CoorgRaiiot waull be 1le prowace of the chel
programmer alone, Thoe fedocing the number of munds inviived in
Ppjec! cOmmynicAleon by a Lastor o feg OF Sk,

DEVELOPMENT SUFPORT LiBRARIAN

Dne of Lhe leam membera o e Lovaran He o8 ressansibie Tor
Ihe programetung pfedugt dbedry, tenfaneg Bh machee- &od
human readanie madendd Yhus funcpgn Keips [0 raadloem program-
ming “from g privale arl 1o pudlc prachee ™

100 DEWH DEVELORMENT

Ornce requicements ate hymeg wp  Ihe devsiooment process
dechnpses [he propostd sysiemoantd 2 smoet oF leves in g heer.
dichy. beginnehg a1 Ihd 1o 330 wors g 3wn The Mghes! level o
Ihen desmphed, cootd and cabsegquestly tosied beil, wsing sbs
wilh cummy cocde 4 stand an 1o [awer-leved nmls (hat are ieeaived,
ang 50 .

MOSILAR DECORPOSITION 91 10

To wobale I pndire AySIEm nio indeDeAdent partlgns. each
module 15 conshuried |2 wock wih olhers gn Coatil sigials Jnd
dala frartfers, bail 10 be unmvohoed moine geafed wieingl Slrucfure
o clher moddtes VAathonipr-modqule indedases Carefully snegbred
Ixe retatnly independen! modules Become rasien B code, g5 and
ixier change (han mére dependizn modules

STRUCTURED DESICN Y

Stintlared ezt 1y A el o jechavgaes 106 redtating e com
ey ol Lt pew prdgeams Dy eching Them nlg oo cenden
mocintey Warking wilh Separaly porras Dmnts the pioghymmae 1o
cle, cebug tesl angd mncify & Tpariong]l mdo® wdhomunlm il
efierl gn gther ewadotns of 1he paiee Syslen regenlobing gllpn
i This way Cubances oM eweney and gualdy g redufes kugs
Ki3ieaver, 13 the melgnt 1h3F the ndnpancent mindu'®s are poriatila
IurtBer 3ySlems €20 De cbveloper wilh fess perd lor Rew EOdE

———

FROGRAM DESIGH LANGLAGEY ' 1

Intencad I be comparable 1 T eeprnl n hrdwdre  programe
ming cesqn Lingusges siive 10 commonscate 1he cotcen! of e
Soliwase drzagh oo 2 Aeredtary Sflal wsang J foeimal & siructored
wersuin of Enghsh | sometimes ¢aled pdgin EAghsh or psoudo to0e

PROJECT WORKBOOK!

fesign etiorls impwdadfy preduce fuch wodleh maleiyl— sand
randa, eeplanatns feporls The dosk B8 00 capdure 400 grgadege o
30 25 1o be sure ol reaches Al whe nee:d B3 birar 2nd 15 3eziane
for use Lafer

MIFG = HIERAACH Y AL PUT-PROCESS OUTRUT W Y

This parl docomeniinnn pan anafyhcal laghneqoe eensisls ol
Rrgrarchy eharts and 1he Corresponeng rapal poeess dutpal ciyts
The hberarchy chark 15 4 %er of blagks, sinular I an grganzzahon
eharl, shiwing cach heaclin and 15 divis@n i sutdons ons F o
fach funchion o subluncbon an wenal piocess ookpal charl 270N
Swnlds (o lhe Dlack fuageam m Kagic design, shies Ihe mruts 372
QuIPuTE A e Woletsed poing 1nem M e HIPQ Chands thes
selves are arranged i 3 hierarchy, Jhe feChmigues £dn Ge vses 10

" grasrhically doc ument [op down design or SIeuclered detign

STRUCTUAED PROGRAMING ™ ¥

To eohance readabihly afed maumanatilly . 3 peoqramoes shrochy e
50 1Rat 1he- g (fgw procreds rom Geginnem] 10 #nd widsoul
pbalrary tracching  Thes appesach 15 based af Ihe theg.em 1=
My MDGIACT Wil O PRIty 4RO GRE Fuf CAR B FOARIRCIMD 0T
enty theee conttol sirutlares SPAUIRTE | F THih EIS1, And GO oLl
N s anaingogs [0 ke lavmialon of comples logi fungins [fem aoly
w3 and KOT bultding Blagks

. STAUCTURED WAL K-THHOUGH e

TRe girugtared wi'h (hraygh  somebmes cafied PR FEvFa
{he ol dasegn de. i a walh Sgmlednl o e ateny

a The Tevpncn 1ihes 1T Jpolatoee 12 plad amal fan Ihe SPaydn
rLuiemen ) e Al ARG Shut enetonageig 1 noa Aeleoasor
AW R

o Thyy hew alesogen and peepeimomneg pr b oL e
Rl i 18 chigglore e rieiewrrs CaR ety i
thrangs *

1 The REREhdsis an he SE4000 40 D0 Exrl S 'O T 1AL A
£E 15 Aty iesoontia'e 1o pewiecinns  aich he toes later

—
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Lhinks the government would like him o pas, And
psviming mModern programming praclices an a
group are rllective. Lhere ia the lurther prohlem
of delermining just which praclices are most
suilable in particular applications. And innsmuch
gy mnoedern programuning practives cost hudget
money, Lhere is the problem of finding out which
onts pre most costuffective. There i3 the poblem—
is software enginecring sufficiently mature Lo be
repdy Tor standardizalion? Many obarrvers Lhink
there in ati! much Lo learn and organizations should
continue for snrme Lime yet Lo cxperiment with new
Lechniyues,

Soltwnare analysln. One clear need i3 for more
data nn the softwarr development process. To meet
this need. the Air Force is selting up threugh the
Tinme Air Development Cenler a soltware anslysis
center* 1L js n pather progrem development
alatistica in order o detennine Lhe faclors Lhat
influence the pradurtivity of programmers and the
coat of suflwgre dovelopment and inhinlenance. A
second lask js to wnderstand Lhe nolure, causes,
and cllects of software failures. To accomplish
these purposcs, il wppeats that some delinitions
will have Lo be hemmered out to meke data from
various organizations comparable.

Currelalinng, One woy Lo estoblish the value of
meelern programming practices ia Lo do correlation
stuchies, Such sludics atlempl Lo correlawe one or
mere progTamming practices againsl various meas-
wred Gl Lhe effectiveness of the sofbwere develop-
ment process, such as cost, enors, and programmer
Jquaductivily. LL wonld b interesling to know il
some of Lthe praclices ate more offeclive than athers.
In an attempt Lo enswer this kind of gquestion, Lhe
[tome Air Developtent Cenler commissioned a
nurmber of studics, theee of which were reported Lo
COMPCON Fall 77.

Cost relabivn, The lirst study, by Teehed Bluck
of Decing, measured the offecta of wodern proe-
pramming praclices on software development costs
far five projects el Doving Computer Services.™
ljuwever, two of the projects were very small, so
in view of Lhe tliel that productivity on small
projects i hiphly dependent un the individuals
ineelved, L rosulls from these two progects hove
been elirinated from the dela surnnerized here,

The key comparison was made belween man-
months for the projects as lorevasted by Boeing's
traditivnal cstimaltimp procedure and mapmaniha
avtunlly (ougred, The traditional procedures, said
Lok proadict vemts wathin & 1% grereent, had bot assuined
flw wse of modern progoraonning: practices. Howe
vver, Lhe projects, as eacuted, did rinploy a vanety
al hew pracljces.

I'he general ¢lecl of using mudern programming
praclices was pasitive, as shown in Figure 1. The
mvenngte itnproverent of The theme project s weiphted
B sigw, wirs Tob oopeend, This Ioone represests Che
dilfeaere e Pestween The Torewenst aisnmad s el

Coluuy VEHN

Doeing found modern programming practices
reduced actual costs aver [orccast costs by 71
percent,

the actual manmonths, divided by the forecant
manmoniha,

The practices ermployed on Lhe three projects are
listed in Table 3 in the order of Hlack’s estimate
of their wmpect an cosl. It does appear Lhal some
practices are mope elleelive than others on Lhe cost
dimension

These thrie projects, as well an the two cmaller
projects previngsly disearded, also wtilirned top-
dawn design techningues, structured propgremming,
o] programming: suppoert Lools and Nhrasiea.
Hecause the Lwo smaller projects had shown Lille
improverient -using these lechnigues, Black had
climina ted thein as captrihutoes to Lhe benetits the
theee barger projoels achioved —peabanlly viwiscly,
Huwever, bier inferviews wilh pioject perseppel
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Tatle 3. Modarn progeamming pracllcas ussd ¢n thras
Boalng pro[scls (Huied In ordar o Impacl on cosl).

PRACTICES ASSACIATED WiTH PROGRAM MAWAGEAS" MAKAGE:
MENT METHODS (USEC By AL THAEE PROJECTS)
WRITTEN Ta5k ASSIGHVMENRTS
FORMAL CUSEOWER REVIEWS
EaRLY COCUNESTATION
UHIT DEVELCFWENT FOLOERS IPROGRAMMERS" WORRAKADOX)
DESIGY Rivitw FAIDR TO CODNG (STRUCTURED ‘Walk-
THADLIGH]
FORMAL TESTING TUSED BY TWO LARSER FROJECTS QLY
CONSTAUCTION PLAKKMING fINSLUOIMG PLANYIMG FORA INTE-
GRATIDN A FLHENIDNAL TESTINDGI
CODE VEAIFICATISN (PEER CODE REVIFAS)
ACCEFTESCE TESTING (FORMAL GERDHSTRATION)
FUMETIONAL TESTING
COMTRCL CF TEST S'ATEPPALS
CONFIGHAATION SANABENENT (USED 8Y ™D LAAGER PROUECTS
QMLY}
BASELINING
PROBLEM REFDRIING
CHANGE CONTROL BIARD

revealed universal pcl‘sitive feelings about the
cffectiveness of tap-dawn desipn lchnigues:

Probably the improved costomeriprafect and
intra-praject coanpniculion cited by our inler-
viewrea as v conenquence of Lo down desipgn hias
itz primary lwnelit in establishing g sound hinsia
for formal teating, In particelur, iwe of the pro-
rTAIM manggers interviewed Teft Lhat Lheir Lest-
ing &clivilics procecded more smoeathly, and that
fewer errors wiere discovercd during testing as &
direet resoft of the top-dawn desipn Lechnigues
they employied. For lack of supporting data in
this study, we can only conclude (hal the cost
bienelits of (op down design may nop be evident
unbil & software system is in nperation and
maintenance,

On the ather hand, Lthe absence of & positive
correlalion between modern propromening practices
and cosk on Lhe tweo smaller peojects wos more
Ykely the result of Lhe idigsyncracics of small
projecla Lhan it was of the empliement ol top-down
desipn practices, The positive toreelntions fognd
an the three Jrper projects, which also uned Lop-
down desigm and the other techniques, (s more
[rsuasive,

Uinek also atleinpted Lo measure Lhe wmprel of
mediern programming: practices eb Lhe prreentnge
disiribulion of costs over the four msin project
phases used by Boeing:

+ definition (essentially requirciments snd speci-
ficalions)

* ge-siprn

» constructinn {ineludes eoding, integration, and
funclional testing)

» demonstratinn Jacveplonge Lesting unl jestall-
alion).

The results, summarized for the (hroe prrojtels
in Figure 2, showd that cosls were shifted into
eutlivr stages by Ll whe of medern propramming

4

prattices. Unfortunately far the study desipn,
Pocing included both ending and testing in the
third ntage, construclion, Consequently, the shift
to the left was loss marked than it might have been
il test costa were broken out seperetely.

Programming standsrds. [a the first of two
related studies, Brown* inLerviewed a cross seclion
of management and performer personnel on TS
very large ballistic-missile-defense proprarmining
project, s well ag key siatl personnel outside the
praoject, ‘This survey covered the impact of 1H e
tailed propremming siandards leg. structured
coding) on 20 chargeloeristics of software or the
developnent proecess {n p., cout, schedule, or pro-
gremmer productivily). That mede & matrix of 540
relationships, each of which was categorized over
some nine levels of combined inflluence end aaser-
tion sircagth from very strong positive to wvery
strong negetive, Howewer, 43 percent of the 540
intersectioms were labeled indifferent or inconchasive,
implying rvither that there really wes very litile
relationship Letween Lheae ve-iables or Lhat the
intepviewees were ignocant of them,

As & briel summary of some of Brown's {indings,
four of the more sipnificant rows [representing
various ending standerdsl and seven ol the were
menningul columns (fepresenling varioons =gl bsar
choraciecistivs) have boeon Lrought  topether in
Table 4. Nrown's retings {strong  posilive,  for
examyde, means sirong guscerlion, positive infurnee
were convettdd (o weiphled inlegers (sbrang posi-
Live = +3). both for simplicily and to permit the
velues (o Lo surumed actoss Lhe rows. Thus, rediline
size or modularity is related Lo the seven sof Lware
cherncieristics to the deprpr of 57 percent of Lthe
maximan positive rating, Tt is reluted to ol 3G
soltwnre characteristics [nobt shown o Table 4)
only Lo the Jdoygree of 28 percent, This drop ts nol
suprising, since the scven columms, wilth one
exeeplion, were selecled 10 shew the stronger
refationships. Structured coding, which was nol
slrongly correlated, was included as & matler of
interest, winee it is ohe of the core praclices,

Struecturned reding cvolod sirong feelings on Lhe
part of the interviewees. Owverall it had 18 positive
ratityrs favernpee + 170 and Seven negative roetinges
faverope —2EGL As Brown puinted oul, this was
senven oul of & Lotal of only 17 negalive rahings in
the whele survey, He felt that it “imlicates o rela.
tively aim view of structined coding on the port of
(project) personnel””

"Howewer,” he went on, “there pgre spome Jrresd
rersons for this to be the case. First the staindard
wns nol explicitly defined ond eofarced wntil elinost
Lwo yonrs nfter jihe project|Twgan, snd the seguine
ment Lo restroctore existing oxde was Tl o be
counlerproductive. Moreneer, weiting  slrurlueed
code in slapdard Portran is awbwacd snd inteolaced
aame inefiiciencies in core g esecotion {ime make
ing it efiffivult to satisly demanding requiscanents
levied on Lthe realtime sflbware. Finally, jrhe
project} has not yel resched Llw phzse during

COMPUTER

. 1-1-7

N



Q% —

CEVELOPMENT

w OF CO%T INCURRED
I% EALH PHASE OF

0% —

10% —

DEFITION DESICH

PHASES

Filgure 2. Foracasl cont dlelclbuthon shifts 19 aadier pheses who

thren projacta)

Tebla 4. Heletlonzhip ot

CONSTRUCTION
OF S0F TWARE DEVELOFLENT IBDEING

4

scloclad progr-mming stendards and

sollware chargclernstics (rss TRV siudy)

JDERDNSTRATION

n modem prngummfng precticas ara smployod faverega of

! SOF IW/RRE CHARACIERISTICS
PROGRAUMING _Coot CoDg 107405
I AYDARDS COUE  |UMGLRSTAND: | WASIAIN. | jrar oo oo [OPERANIONAL ﬁ%‘g: [ROGILAM HER g
ARUNITATULITY ) ABILITYS REMITY S ROLVABELITY FREQUENLY FOOPUCTIVITY
REAGABILIY | WSALILITY : FORT |10 30
RAQUTINE SI2E . +16 4 34
ODULARITY) ¥ +3 43 +3 1 +? o +511% | + 28%
mAANE COMMNINTARY +Y +4 +d 1 +1 +2 o +15 a4 M
+54% |+ %
n ", 3 47 + 11
STRUCTURE D €O0NG 1 +3 [ +1 +7 0 =1 AN
NAMIMG ' +11 + M
CONVENTION 12 +3 +? +1 + +e I. +2 c45% | £ 2%
L »

which L'hr_-.majur benefils ol structored programe
minige e, improvid readability and maintabodilicy)
wirre e vhected 10 be poapasd,””

£In the relatinnehips between codingg stypdiands
pivd Lhe characteristicn ol cont, sehedule, nnd pra-
pramnaer pronductivity, the study wus Uwo-thinds
meonc lusive and ooethird pogetive. Thol s, phiuat
twa-thirds of the inteesectiony {or these cofegorios
were luleled iwconclusive or indillerent, The re-
mainity ene third al the intersections were inoatly
negulive, showing Lhe loflowing nel poercenlopes:

Yroprammer

Cost Schieule Productivily

-

=33 percent =25 percent + T pereent

Frboruary 1978

Perhaps the reasena lor Lthe poor sliowing on Lthese
charecieristic’ are simitar to Lhose guored above
on siraciuted coding

I summotion, the averall weighled eptinggs for
18 prugramming slondards apuinal 30 soflwoee
ehnracteristics were 59 percenl pusilive, 33 pereent
indiflerent of incisiclusive, and & percent negative,

In sddition, two hypotheses were trested. The
firs<t in thal peagrminmeny (e documeniation 2nd
cedingl standetde, f riporoushe Jifined, systemnat-
icelly enforced, and supporied by tooly, help o
make possible the prodoction of seftware of highop
thon wson! guabity, Tw Whis proposition Yhoxe inlees
viewed agreed B) percent, disagreced § percent, and

i-1-8
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didn’t know 1 pereent. To the scond hypathesis—
i.e., Lhat these slandards help tp maeke possible
the production of softwary af lower than wisusl
coxt —Lhose interviewed agrocd only 28 pereent,
disogreed 40 percent, and didn't know 22 percent.

MPP tmpact. The svond TRW evalualion survey
geherated 8 matrix al 11 wmodern progromming
praclices fainst 12 software problems, making
132 intersections in all. In this stody personnel
were maked te respond on both an geruel and a
theareticat bocis. The theorelical responaes showed
a higher degree of relationship than the sclual by
a weighied margin of better than 3 to 2, In addi-
tion, the "indifferent” or “incanclusive’ intersec
tions dropped from 40 to wight, OF the 40 indiffer-
ent or incanclusive inlersections in the actual com-
parison, 26 were invalved in cost or schedule over-
runs or inefficient use of resources, again suppesling
the jnterviewees wrre currently dubious in these
areas. On a Ltheorelical basis, however, Lhe indiffer-
ent and inconelusive intersertinns to these (hree
software problems deopped Lo Dive, Implying: that
with more expericnge, modern programining prec.
tives would have s inore faveroble impact on these
problems. In [act, the ratings far Lhese three prob-
lems increascd from “inconclusive™ to "medium®™
or “strong posilive,”

The avernge impact of exch modern programming
practice on the twehe software problems is graphed

i3

in Fipure 3. The throretica) ratings are considerably
betler, this time by about 2 to § in weighted Lerms,
- I'n Rruwn's own words, “There i sirang ngree.
ment among (praject) personncl 8s Lo the foge MR
of prealest importance and mpact and strong
agrecment on Lheir relative ranking:

¢ Requirements annlysis and validation

* Rasclining of requirements specificolion
+ Complete praliminary design

¢ Process design

There is sirong agrecment on the impartance and
positive impact of the next three anost highly
rapkod M PP, but the relative ranking among them
18 less elear:

* Incremental development
+ taitdevelopment folidera
* Soflware development Lools

There is strong agreement on the importance and
positive impact of the four lower ronked MPP, ot
the refative ranking amony thetn is nod al ali clear:

Indesendent testing

Enloreed propramming standards

Software conficuralion managemenl

Forma) inspeciion of documentation and onde ™

" oa &

Asx to the peneral MPP hypothesis, the query
and Lhe results were as follows: Rules poverning
safltwore developiment, evalestion, and docuimenta-

DECREE OF NEGATIVE OR POSITIVE RELATIOREHIP

MODERN #ROGRAMMING FRACTICE - -3 ~2

REQLMAE MERTS ANALY SIS AND YaLIDATIDN

-1 .0 +1 +2 +1 +4

PROCESS DESICN —r— —

INCREMENTAL DEVELOPMINT

COMPMITE FRELIAINARY DESIGH

UNIT DEVEELOPMERT FOL DERS

ENFORCED PROGAAM STAKDERDS -

INDEPESDENT TESTING

SOFTWARE CONFIGLRATION WANEGELVEN]

BASELYWANG CF RECUIREMENTS SPECIFICATION —= -

FRAMAL INSPECTIDN OF DDCUMENTATION AMD CODE ——

SOFTWARL DEVELDPRENT 1Q0LS -

Flgute 3. The torreiellasships belwesn the modonin programming pracilcas end the summatlon of the twalve sofllware problims
Iy atrongar In the Ihecrolicsl ceae 1han in the ecluzl cpie by aboul iwe to cne.
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tion, if rigorously defined and applied and supporl-
ed by modirn programiming praclices {technigues
and toolsh, ke poasilide the peoduction —

True False 7

. =of higher than geyal 85 + Ll
guality software prercenl percenl percent

—of lower than usual 49 15 a6

hfe cyele cost gereent prreent pereent

Error relation. Operational reliability, documen:
tution error lrequency, and coding crror frequency
were three of the 30 software choracteristics vnploy-
vl by Brown in hia fiest study. The woiphled positive
rankings were a3 fallow a:

Operalional reliability
[ocunwnlation errgr frequency:
Coding error Theuency:

3 pwrcent
14 pereent
31 prreent
Ta his sevond study, he found @ more positive reta-
tionship wtween eleven modern programming
practices and retiability, as {ollows:

Aclual:
‘Thearcticeal;

57 pereent
T4 perrent

Relford, IManahos, snd Heard™ used software
rrror as the only criterion in their stody of 21 tech-
pical and live manapement sofbware enpineoring
technigques, In the absenee of fiem histarical recards,
datn won abtained by inlervicws with experienced
personnel. The basic data was in Lwo colrguries:

* the pereentage of lotat errors estimated to
occur in tach of seven phases of the soliware
lite exele; lwever, anly the distriliulinn of crrors
in the code and checkout phase was emplayed
in Lhis study: ;

« the prubability of detection of cach of the
twelve error types by rach of the 26 software
vaEneeringt technigues,

This interview dala was processed Lo olilain index
numbers ranping frem 0 1o 75, These nombers
indicate the i fctiveness of cach sollwate copaineer-
ing lechnigue in reducing errors, as summarized
in Table b,

The authars regzard their present method ny the
prototype nf o atill upproved precess that “van
reduce Lhe vlentificalinn and selection of optimom
suftware enginrering Lechnbques Wooa strnightfap-
wikd, welladelined procedure,”

To cany the procedune further, better historicnl
duta is needed. as well ns information on other
phases al the life cycle,

The hroador community

So. membwrs af Lhe defense indostry are making
bradwny in the e¢ffort Lo embrace soflware develop-
meat in enpginecring discipline, Tt what of the
Weoader doln processing cummunity —the banks,
Cinsprunee compinies, ond commercial establivhe
rments? Mol lenpr age. Harlan Ailly (el s01) able

Fehruary 1978

to say: ""The ides of & rigorous rather than 8
heuristie prograrm 2esipgn method (5 new, and is
still farpely unkne=o in programming ns practiced
today.”™

The 1M approaz*. Many of the improved pro-

scientisty =1ills I:~ =ae, The big computer muker
has Lven & lgadser o thelr applicalion, both within
the company &nd % its customers, One task the
industry Taces, aczz-Zing to one I enecutive, is
the need lor 2 cozeqted vffort by all clements—
the manuiacturess, the service buresus, soflwire
liuses, sehoals, e-2 wuniversities—to bring within
their own Lraining - grams or curticula instruction
in the improved pr:ramming technologies,

The incrcase—tra Zella—of propgrammers heing
added to the indese= zan then e aefdeessed Lhrogrh
the rlassical educzi:n channels. A biger probdem,
with knowledge i= t=a lield moving so capidly, ia
recyeling establist oI nrofes<ionals —bringing their
skills up Lo the lewzs levels of knowledge. In this
area 13M has iwel:ded the new propramming
practices in its ed=1aiiona] offering o custianera,
1L is also working 2 instill 8 knowledge of Lthese
practices into ils caz very exlentive programming
population,

Table 5 Elfeciye=ess ol softwere englnecring
1achnlgues in de-vsting errors (Besed on code and
chockxoul phase o=ly. Techr!gues pa llsicd in order
of eflecthienes:s w 'h manageméant iechinlguas in
carenthasla.

WEAY EFFECTIVE (+.DE: % WRER 45 10 75)
PROGESM RE 5 TNS
CHIEF PRDGFA N IES
CHIEF FROGE4M'T: TEIM
BUILDILADIA (& 1A=L 1T 0 SCIENCE CORP TEGHHIQUE A
STRUCTLRED WALKE-"- LHIGHS

EFFECTIVE 128-33)
ISDEPERDENT TEST 182 EVALUATION
EXECLTION Au2LY5:
PROGAESSIVE TESTIMG

LESS EFFECTIVE 1841
PROGRAMIANG VEC- W 2 JES
STRUCTUHRED FaTho Wil
T10P-QEWN F205355 W S ]
YERIFICATIDYN PROLIZLEES
SUFPQHI P220R NS
[TOP-LOWN CIVELD™INT)

LEAST EFFECT-VE | G241
{INSPECTIDYN TELYE
T0P-DowN C25oy
STRUCTURED GES!oN
BEALOS ¢A ©57 TEC- % T0E
(THAREADS NS AZEM 2T SYSTEM (A CSC TECHNIQUE)
FPROGRAN NG D16 T _AYGHAGE
AUTGHATED T8 2 ALY SIS
(PADILET R TWS)
{MANSGEMEST Dae ST LECTIONY
PAQGRAN AN D SUra 2" LIARARY
SOETY AAE CO%NFIR =15 0N MAaNAGEMENT
PAOGALNIAN, T LIRZAE L0S
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JPL Improves Software
Development Process

El

Al Callech's Jet Prooolsion Latoralory, about
cne-fifth of (he budge! and one-sixlh of the man-
power are devoled 10 some aspecl m_computmg.
All Lhe soliware developmen) &7ganizalions, meuc
ing the Mission Controt Cenler, Deep Space Net-
work, spacecrafl on-board compuling, spacecrafl
tesling, and the cenlralizes compuling lacililies,
have shown a kegn interest in systematic dasign
metheds and, heginning early In Lhe 1870's, in
struciured programming. ico-down developmenl,
and plhor Modern DrOJEAMMInG Maclices.

Managemeant ol JPL deliperately 1nck a low-hey
approach lo the introduction of these pragtices.
Al lirst there was a minimum of lermat gireclives
and a maximum al suggestion and gxampla, The
prograrnming librartan Igea ~as translormed by
the Deap Space Mol inle & means of assisting
programmors called the “mogramming secre-
tarial.” In Lhe last several years ihe Deep Space
Het has Issued a sel of rigerous sollware Jevel-
opment slancdards, as lisied in the accompanying
box. In addilion. 3 JPL stalf member, Aoboert ©,
Tauswotlhe, prepared a 37%page monggraph
which presents |hese practices in a lofleal,
1uerial form.*?

JI'L took n.low-key upproach to introducing
Lthe new technigues.

Flight projects and the Misslon Control Centar,
which is sharcd by the projects, have not specilied
sollware develapmenl methods to 1he same Ievel
o! delail as the Deep Space Net. The particutar
way in which these methods are implemenied s
adapiod by cach projoct organiration fo tho {pols
available on the computar useld ior cach task,
Hawever, Lhe ase 0! a prograrm desn langueage,
slruclurad programming, iop-déwn deveiopment,

cand elated methods are de tasto standards in

the projogt areas. Since moch of the program-
ming is scienlilic of enginecring in content, an
early 1askh was the development of SFTHAN,
Strucluted Programming-To-F grlran Translator.
Recenlly a nreprocessat to latihlale steeciuted
programming in assembly language has been
developod,

So, although the laboratory does not Insisl
upan Completely standardized ofganiz anon-wide
programmdng prachices, the undeflying pnnciples
are common to all zections, The diffenng gelasled
procedutes endarsnd Oy vanods program olhicos
are lha resoll of ddlarences in 1ha Sand ol oppli-
catlons, For pxampla, tha Deed Space NHolaork
devalopas snfiware 10 ba operalad al oversoas
aliss by parsannal who sra ndd JPL ermpioyes L
ars parmanant resldonls ol e coontidos In

whigh the stations are located. Conversely, 1lghl
projects ulilize the sama parsonnol wha develep
ihe sollware 10 operate, maintain, and modily H
durlng the mission, Moreover, Highl sofiware is
much marg subject to firquent maogihzation 1N
response 1o changes in the mission than is tha
spliware in \he Deep Space k11,

Parsannael. By 1975 an informal census ol A
crass sectien of programmers lound about 50
percent delinilely lavarable to the now praclices,
aboul 40 percenl rather neutral, ang about 10 per-
can!l hostile to themn. However, it was not anly
ihe modern programming  pracices that were
important in forming these attitus.cs, but aiso 1he
enviranmeanl in which tha work was dong—1ha
accessibitily of tex] aditing, interastive camputing,
and 10015 and facililies Ihat enakled the program-
mer 10 gel his job done wilh a minmum of renning
argund and standing in Hne. They bke the pro-
gramiting stentarial and suppoil cuncepts. This
environmenl made Their lives easier and more
productive.

Still there is great variability in the individual
proguctivity of programmers, perhaps by a factor
of 10 to 1, ar even mpré somelimos, The (ech-
niques of structured design do not, of Cgursa,
CoEnge dunces into brilhanl progeammers, They
do make il possible 1o break up a large projec)
in 5uch a way Iha! the more competent persooné
gan twe assigned to the dillicull eany stages and

2

.

Sofiwsre Standsrd Mractices

DEEF SPACE HETWORK STANDARD PRACTICES

B10-13 (BUGUST 15. 19750 SDFTWARE IWPLEMENTATIGN
GUICELINES A%D PRACTICES

B10-16 (GICItAHER 15, 1975y PREFARATION OF SI:IFmthE
AFIUIREMENTS DOCPMINTS

Bio-17 JULY 15 1876) PREPARATION OF SOFTWARE DUIHI*
T DHUMERTS

31019 {MARSH 1 1977} PREFARATION OF S0FTWARE SPECH-
FICATION DOLLMENTS

B10 70 (FEARUAWY 4, 1977) PREPRRATION OF SOFTWARE
OFRATOA'S MANUALS

PLC-21 [HOVEWELR 15 1576) PREPARATION OF SDFTWARE
TES] 45D TRANSFER DOCUMENTS

PROJECT DOCUMENTS .
PRGIS-58 [Npvembar T3 1974) MARINER JUPITER/FSATURN
1977 SOFTWAKE MAHAGEMENT PLAN (REVISED SEFTEMBER
7. 1976}
POGITA5 {SEFTEMBER 7, 1977) SEESAT-A ADF FROGRAMAING
STANDARDS

GEKEAAL SOFTWARE [FOCUBENTS

LASL SUF TS ARL WAL SGEMENT CLIDELINES '

JPL PUBLICATION 77-24 (4LLY 1. 1977 SOFTWARE DESIGH
ANDOMCUMERTATION LANSULAGE, BY HENAY XLEIRE

ISTEPSFFICE COMPUTING WEVORARDUM K3 237 LIULY 10,
RT3} SETAAY USER GLIDL JSTRVCTURED PRIGRANWMING:
TO-FORTRAY [RANSTATOR AY IDMY & TLYHN

COMPUTING WENHEKDUM &3 (ROVEMELH 11, 15771 FRO
CRAMMING FOR TIHTRRILITY, Ry TREQ 1 keJUGH,
CHARLES | VAWSSN AWD MICHAE! B WARNIR
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the less creative poeople can be assigned o
impigrmen) 1asks 1hat have boen tairty woll strug.
ured, The straclured meihds also gnable man-
agers to wdentily the real inCompetents soonet
Than olger melthods did.

Adwenlegas. The paycll trom 1hée adention of
modern programuming  praclices has come in
terms of srgrulicantly improve¢ Scnedule per
losmance and manpower productiviyy, Thore is
ng doubt that these yachnigues nave resulied in
dramatic improvements in cost, guality, and
schedyie. For exampie, gne of 1he prpgrams tor
e Voyager projecl—several hundicd 1Thousand
lines a! highigvel language—was recently com.
pleted with labor exponditurgs withio tusget and
computer lime &t semelhing like hall ol bodgst.
Tre teduclion in computer time itaplies 1hal the
programs were ol beller guzlity, Gecause the
ogrammes had 10 do much tess debagging and
testing, In the entin Voyager >oftware develop-
meal program, just lipished, only one “liger
leam™ had 1o be o un. Thal was in Ihe ¢ala
recorgs arga which had {o be done jin assembly
language because & nigherlavel language was
nat avaitabie,

A recenl Deep Space Nel projes!, one thal had
been bedgeled fol two years, Came in Iwo weeks
over bugdgel, bul thus overzge had bien delected
# yeur ahead and apmopriate oadjusiments had
been made. In ths Case, oo, debugoing and 1est-
ing ook hall the time onginally budguied. The
reason; very Tew ctiors. In lact, there were 330
errors, incluoing Ihese in doCuentation, o
0000 tines of code—a rata af only 20 percent
ol pioviows expenunes. Perhaps of equal impor-
lance {o these oy 100 acCuslomeg o ngrve-
wraclyng “tiger 1eam” effons {0 meet lhght
dates, this hme 1thene was ng higer 1eam. Thereg
wore nn hassles ond ng one 2ggravalied his
ulcers, I ceemed 1that soitware managernent was
comng ol age

Moreaver, the 1ol gxtenl gf the cavings (rom
the use af the ney practices will only become
ACtArCrLl S rdl yEO L anto the nk renance phise,
This phase is clearly going fo Le much mose
ellicient, The programs will be more tehiatble: 1they
will be casier to change when nNeLessary, These
improyomonts 1o/lgw rom the BxpeEnenee i fhe
mplementabion phase, Woen this phiges s com:
pleleg mote guichkly ppd with 1ewer ecrars, 1here
i mgre conligonge tha! the progiam dsell s
closer to tull cosrectness.

JPL s Hoding o Qlepic: purcentage ol the over
Al saivwarn dovelapment Mot being concentraled
al the et 2ng unidar the new Praclices Coding
15 Axner ] 1A feman 3 smzll Mrathion, even s
the orend oD o 1Cesourceds devoied 10 tostling
ATEE mntenance degchoes Toar 330 2040 peecenl
e Lo TP s o pomasgeeess eteeone detim
P el adesagng i, aned 1estog goneally
repsesen s e bty s palat e g,

I Y sty e wmrar- P T -

Feorua-y 1975
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Still, there is an clement of manacement in Lhe
problem. Thete is & need for disciplined thinking,
[tather than focus on the fact Lhat more money is
heing apent on sofutware development, the bip usors
have tended to emphasize fine tuning. Lately there
dovs seom Lo be an increasing awarépess by men-
apement of Lhe dichotomy betwien the pricerper.
formance improvement of the hardware and Lthe
lock of thot kind of improvement in software devel-
oprment, In the final anolysis the users themaelves
have gol ta be willing Lo devole rlffort and money
Lo improving Lheir software development process.

Produetivity relathon, Although Brown found
little relationship (+7 percent) belween hin 18
coding end docernentation standards and program-
mer productivity, another cpproach showed s
signilicantly high coreelation. Walston and Feliz
seL up B soliwere measurement project in the TRM
Federal Systems Divigion in 1372, One of iis
PuUrpoascs wag to nsacsa Lhe coflects of simsctured
programming, then just beginning to be wsed, on
the sofuware development process, Tate from GO
complebed projects in now in their data base, repre
senling projecls ranging from 4000 Lo 467.000
souree lines and 12 0o 11,5TH manmonthy, Source
lines were defined ns the inpul W & langusge pro-
CESSOr.

Using this data base, 68 voriables werp pnalyzed
and 29 showed a tigh correlation with productivity,

The overall judgment is:
modern progromminy proctices
are repdy for use.

The gaotn nvuilnble cnabled 8 comparisen o be
made helween delivered source lines per menmanth
and the percentage ¢! code develaped using rach
techuigue, These relubjonships, viseulizod in Fiyn e 4,
showed norote of produoclivity Iinprevement sver-
apingr 10 pereent between Ulittle wse™ of the new
twchnigues nnd “much use ™

Menitime dezign. The Advanced Technology
Center of the Armya Pallistie Missile Pefense las
bwen enmaped since 1972 0 identilving snd refining
techniques to improve the soltware desipner’s
ahility o program lorge renltime processes in
which t1w by and order of eveols are eritical.
The result of its cofloris, calivd progess design
melhodolopy, embrages strurtured programmming.
topedown develepmend, and olher methods.

Gaulding and Lawson™ analyzed a detn bas=e
cotlepted during esperimental developrnent wurk
conlnining over HLGODO fateer apd cootpeeterrun
enlfies, Two distinel advantogres ul Lhe new desgen
e Lhededogy e domventionad approscbes ciner gl

g onkprily ol osaltwnre el wees el dent

praur Do Uhes S paennend poopedd vl poanl,

Hie cqupuesate ol o entianal e opnenienee, gl

*oprwbucients o wos 3 l'IIII-H'-FIl'."' e liibe

sl an= et uetthooe, soied 1o b 7 omsiuberalsls
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EXTENT OF USE OF IMPROVED
PROGRLMMAG TECHLRLOGIES

MUCH L5E

LITTLE USE

[ CHIEF PROGRAMMER 1EAW ..

DESIGH 4D CODE INSPECTION
TOP DOWN UEVILOPMENT

STRUCTURED PAUGHAMMING

PR T L e T - p—

100 a1l Yo 100
DELIVERED SOURLE LINES 'W AN MO%TH

Flgure d, Produclicn sppesrs 1o Increaco desmaticaily with 1ha use of

M

lrmprovoed programming tedchnolaglos,

hetter™ than the results on compairnble ceal Lire
projects programmed by conventionn] methiods,

Daia manegement. Hsian' reported the develop-
menk ol & highly secure data management system
comprosed af B medules with 40K words of code,
The tetal desipen end dinplementalicn woep com-
pleted in 3 manyeurs with on elopsed vime of less
than |1 months, Using » chiel progrmmmer Leam,
strut lured propeemming, ghd The other concepls
of ivadern progugnuning practices, b folt thal the
elfort could not have lwen complelsd in such n
shorl prind of Lime without Lthe use of these Lech-
niques. In pddition, ssid Hsigo, extension of the
svateth "lhag Leen preatty facititoled v the comn
plete developmenlsappore hbrary, cleor sy stem
interfnee, high program snodularity, and welb-struc.
tured vode.”

dapie-re Tindimps, The Nippon Electric Company
has modilicd its dats bese monagenent sy stem,
programmed in Cobkol, 1o take advaniage of the
concipls of structured programmng.'t This eaperi
ence. us somoe exPetments in csing e new techs
nigued, has convineed then the the methods cen
be sueert sfelly applicd Lo the Totthcoming deelop-
ment of 8 very arpe oncline hanking system. Thewr
cxperiments indivate the [ollowing:

» pumber of sieps progremmied per warking hour
doutsled;

* number ol stepy programmed per machine
hvut uned tripled:

« nmber of dotebinse handling errars diepeasesd
A0 prereenl;

* ather types of programming errors decreased
il percent;

* nveraye lenpth of 2 bug find and fix cycle has
lwen redured to sboul onethird Lhe conyen
Linnal time.

Thrse improvements were accompanied by zmall
depredations in program geeriurmance,

Fuarly meresmanent. Bach in 1974, sfLer only a few
years of experience with the group of Lehmigues
thal were then called structured programming, the
IEEE Computer Society's Laohe Arrowhead Work.
shop found that savings of “over 50 percent had
becn achisved, relative Lo previous perlormance on
similyr projects ™ Companies providing data in-
cluded TR Federal Sxvstems THyvision (40 perceat
averupe impron et over 20 prejectst, Melonneli-
Diougles Automation Company {36 percent improve
menl on Lhree projects; b percent on a fourtht, and
Hughes Aircrall Company (50 puercentl improvement
of Lwt real-time projects).

Mew praciices judged etective

Software is in a predicament: it is too co -ly, too
error-prone, ton complex, tna hard Lo mainiain,
This predicament may delay pew applications of
compulers unless the eflvctiveness of soflware
developmont can he substanbinlly improved.

Modern programming praclices are not Lhe pnly
way, o} course. Higher-devel progpramming: languages,
improved life eyvele plinning nnd munagement,®
sutomated development wals, better  personne]
selectivn und Lraining, and, uf course, mere sophis.
ticated manapgement will undoghtedlv Lelp,

The mudies krought topether here indicate that
software cllectivencss can e gehieved) Where the
results have been reduced to numbers, they ranped
from nheut 25 pereent to shoul 75 percent an such
factorr a5 rnsl, errar reduction, and prodoetivity.

Too much weipln showld nut be placed on any
one pamber, Studies of this kind are difficult Lo
moke and are ususlly not comparable from one
organization te anolher, because deflinitions of
lerms vary, Moreover, averapmings virriows smounts
of knonwhdge —or deprees of iprance={rum inter
virpas dlias not eeessarily provide procise numbars,
And summorizing tdelailed resolts, as has been
done in Lhis article, almast inevitably olmeures the
nuanges of the original pagurs,

lather, it is the overall judinnent thatl s impres.
sive: Wiwther {rom formal studies or the impressions
of caxperienced exetutives. il seems ¢lewr Lhal
mrdern piigTarmininy practices are cfleetive in
improving the processes af soflware divelopment,
They are ready for use, 0

A wrin e my e |I|.|I| oo g s denlobal dar plee s st
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This paper tiempls to define the principles and gasls
thal affect the pracrice of soltwart enginecring. 1
intend i 1o prganize these aspects of swllware
" engineering inlo a framework chat raljonal-
izes and encourzges their proper use,
while plycing [n penapeciive the
diversity of 1echnigues, methods,
and tools tha presently comprise
the wbjeet of software
cngineering.
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SOFTWARE |

NGINEERING:

PROCESS, PRINCIPLES, AND GOALS

[*ouglas T. Ross, John D, Goodenough, C A, Indine
SofTech, Inc.

Introduction

The conferences sporsored by NATO in 196k and 1969
favt papulan impeius 1o the erm “sefltware ¢npineenng.”
Smee that ume the need for a more Sisophned and
anteprated appioach to soliwete desglopment has hren
incieasingly recagnized. Although wselu] defuutions of the
Leim reandin elisive, software englneering clearly ymiplies ot
feast the disciphned and skhifllul use Of switanle sofrwate
develupment tools and  metheds, a5 well as 3 sound
understanding of certain basic prineples. In this paper, we
stiempl to eapaund what these pranciples are, ind how
they are applicd 1n the pracie of sefrwane chfinzening.

It w perhaps best to view 1his papes ay an aliempl o
idenuly  the imponiant wnderlying issuer ol soltvere

engineering in 2 form that permuts the inleraction of these
fisues 1o be betier understood, We will discuss these isues
in feims of four Tundarental  poals: ervecdifezhdlene,
efficicney, reha iy, and wn feestandabebiee a5 well 3s seven
principles that allecn the prowess of wridinesg these poels:

® by enfulyerr prnople, which dedrmes hnw W
plructure @ sofiware sy slem wpprdpiogely

® (he ebstedction possiple, whoh helps to identily
cisehize] properlies comnan 1o superfowally dafferen
entibies;

& the Arding prnciple, whick biphlights the importance
of nol mesely abstraching Comman preperies but of
makinp nessentaal inlonazbon acccribie thidp
deals wilh definong and enforoing consiranin 4n
access Lo Inio; mation ),

I-2-1



Figure 1. Tra Buiiding Blocks o kofimers Engirming
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& the locelizaiten printiple, which highliphts methods
for bringing 1elated things together into physical
proximity;

. ® Lhe wriformity principle, which ensures consistency;

& |he completenerr pnacaple, wiich epsures  that
nothing is deld out;

® |he conrfrrmabiliey principle, which ensunes Lhat
information needed 10 welify correciness has been
eaplicilly sated,

These principles and goals are zpplied in the practice of

suftware engincenng. which deals with varnwus seltwaie
deselopment aclivilies:
Petermint reguirersrnds= Lthe provess ol adenlifying the
rrgwrements 1o be salalied by o solvwaie system; lhe
ubycclive 15 1o deline the problem e ke solsed inotcims of
Hee consttzmis a solutn musl sebisdy, wchinbing sl and
prifermenge.

Ihagn sefiveare the pravess of capsidenng edcle user
requicemenl snd crralang Ihe conceplual bawis on which the
problem s W be solved: design s the proveds ol deciding
how 1o salsly wser feguircments wiithin the allowed
constrainils

Specify implemceniaion=the process of describing the
inLcraclions belween (he designed modules of a solution,
the tesult of this acuivity 15 a2 detailed specilicativn of
conslrainiy the soilware tmplementation must salisfy, but
nol the soltware itsell.

Codejdcbug—the process of relually producing the sofiware
salislying the specdicalion, and vendying that the produced
sofiware does satisfly the user Icquirements.

Tuning=1he process of modifying 2 logically cosiect system
unld L nwels performance goals,

Mespite the ebvious differences amung these aclivities, we
believe each reflects s common pattern which we call the
Jundameniel procea This process consiis of fise batls
sieps: {1 coyclallize & purane vt ubjective; (1) formulate o
crmeeitt Tt how the purpose can be achiesed: (3} druise 2
mechanisn thal inplements the conceptual struciure; £4)
intioduce 3 yrasarion for eapiessing the capatubities of the
mechanium and invokang ils uses (5] descoibe the regge of
the nuiation in a sproific problem contexl 1o Myohke Lhe
miechanism 4o the purpoe 13 achee ved.

1-2-2



This tequence of sieps has a natural parallelio the process
ol woftware development:

parpore ~ defint the requirements {or o syslem;

coneep! - depnr the archilectute of a sofiwire sysiem

10 satisly (hewe requurements and speafy the modules

that constitute the sy siem;

Mol - mplement the $offware system (devising

the  rrechemisrn 13 obviowsly  the codefdobugftunce

activities in the development processh;

noletinn - define the command language or olher means

» user will empley to negke 1he capsbadities of Lhe

sallware sysfom;

migge — deseribe haw the suliware system is controlted

{thit decenplion may 1ake the form of 3 usel’s manual

for the sysiem).

Equally weil, the pattern deflined by the fundamenial
process could be apphed differently, 10 ughlight 2 different
Hpact of soltware development. For #vample. we could
leave the description of purpose ang concept as abaove, but
teplace mechansm, natanen, and usage with the following
descriplions: '

mochanism — the compoter on which the soflware rung;

notation = the programmeng language in which Lhe

sollware will be writlen:

Figure 2. Furpese-Conflicmabiliy -
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tirgge — the manual descebing how the languagre is used
Lo cantrol the computer.

The imierpietation of the fundamental process is clearly
highly context-dependent. 11 13 aluo intimately tied 1o the
noton af hwearchice! decompiantion—the widely recop-
nized phenamenen of panfwhole relationships, A PUrpose
i composed of suh-purposes: a niechanism has many pafts
which are 1hemelves sub-mechanisms, and in general, the
mechamism wsell it only a2 part of some super-mechanm,
£ic. The interesting phenomenon 1s That sotk the pattern of
the fuudamental process and  parifwhole  hierarchical
::Ia_liunships inust be employed in all aspects of sofiware
Engintering practice,

Given that part/whole hierarchical decamposition plays
§ pervasive rale, the fundamental process inleracts further
with the warious  prinziples and  poals of  toftware
enpinecring a8 depicted in Figure 1. Figure § i3 ouwt
framswork for discussing the nature and istues of sofiware
enpincering, Clearly an exhaustine treatment is not possible,
bul the reinatnder of (s paper i intended 1o show how
the structure of Figure | does yield insight into the theoty
and practice of suftware engineering. Iy way of itlusiranon,
consider the following examples (Figures 2-7) of how
principles, goal$, and process clements mieract:

Figuiw 3, Coneupt-Localiretion-
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COMPLETENESS

Thesr eaamples can only serve to itlustrate the sivle of
apprtach (o0 2 per-cube basis) used (o make the guoals,
principles, znd parts of the fundamenial process uselul in

des¢ribing and understanding aspeets of saltware enginees.

ing. The following sections discuss the hierzechy, goals, and
pinciples in morse specific terms before we apply them
jointly i an extended example,

Hicrarchical Decomposition

The process of developing hierarchical structure may be
viewed rop-dowa as Successively imposing increasingly
sperilic constrzints on the form of an ultimate solution. [
may alio be viewed bofiom-up 35 surcessively caploiting
the constrainis satisfied by lower levels. An understanding
of sollware enpinsering lies in understanding the coarframr
czch enginecring aclivity places on the others—e.g_ how 1hg
design coosttains  the  Gnplementation, and  how  1he
imaplere tation  possibilnies  consirain the  Jesipn, The
process of hitrarchically and iteranvely imposing cone
strainds appropriate o the #nalyss, desipn, specificatom,
and coding phases is what unifies the practice of software
eNEineening.

The process al hicrarchical decompasition invalves bath
amalysis and sSynlhesis=both taking 2part and putling
toptther, Wile one decomposts 3 subjecl by recoghizing
the different sub-patts of which 11 is composed, ofie musl

“also pause 10 eaamine e overall decomposition and lowk
for sivrddarilic s gmong the lower-devel constituents with an
ey loward recompesing collections of them inte laper
consttucts. For esample, pure decomposition would never
result in recognizing submoutines that are negded in
sparated parts of the decompontion,

For a :ren problem theie are many “correct”
decompasulions. and given a laipe callection of solutions 1o
primitise sub-ploblzms {cp.. a w1 of CPU jnstructions),
there sie many correcl compuotitipns which will tolve 2
prven probilem. Thus, whether one s enpaged i osynthess or
analysis, compesition ur Jecompasiton, the selection of 2
“conest” solution musl be hased upan some everriding
criteria, We must try 1 select the most desiratle solutjon
fronn the sel of conect salutiens. Fut this tezsan we begm
fust, i car elaboranion of the theys of thiv paper, by
wansdening 1he goals of seilwaie erpineenng.

Figurs 7. Lhags L ooshirstion.
Maddmbiliby,
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The Goals of Softwara Enginzering

The skill with which we can 2pply engineering methods
and wools will depend on the degree 1o which w= have 2
clear 2nd precue view of oup abjeclives. In the realm of
soflware engineering our obiectives will always be stated in
terms of desited properties of the resuliant soltware, Four
properties that are sufficiently peneral to be accepird as
posfs (o1 the entite discipline of soltware engineering are
modifiac dity, efficiency, relizhiliry, and undersranfabime

The poal of rmodiflabfity o5 hislarcally the meost
difficult goal to master. Modifiability imphes controlled
thange, in which some parts or aspecis remain the same
while others are altered, alt in such a way that a degired new
resull is obtained. The characterization of “sameness™ or
tpvariance may be very subile, and the effects of change
may be hard to predict. This makes the schisvemtnt of
tmodifiability  difficult, Modifiahility 15 dlso diffizult o
achieve Brcause chanpes occur Tor 0 mrany dilferent 1ypes
of 1easons. For example, in Loansferring soliwate (o a new
compuler gf operdting svstem, it is desircd 1o keep
invariant the logical cffects of the system, limiting changes
only to the necessanly machine dependent aspects. Changes
are also required o remove crrocs from seltware, 10 add
new capzbiliies, and 10 improve a sysiem’s performance. in
general, different approaches are necessary 1o satisfy these
different types of modifiabily.

bModifial, ity requires not enly the ability 1o have an
adaptable, evolutionary  desipn, rmploy  standardized
soltware buildiny blocks, tune for performance, etc., but
also the moee subtle abibity o maintain proyect schedules
and budpets by allowing dummy test modules 10 be used as
drivers before later parts of a svstem are prepared, eic. The
variety of wayvs modifiatibiy affects sullware engincering it
ont ©f the reasons for giump it 2 phmary 1ole in our
discussion of soltwiare engineenag.

A muchabwed rral is efficieney, usually because in an
exeess of zeal i1 is prematueely permitted a high priority in
enginecring  tradesdis,  Blatam  mcfficiency cinnot, of
course, he wwlerated, but wsualty efficiency questions are
best treated within the contesd of iher issues. For
example, achiewing 3, high Jepree of modiflabahty can
Tesade the basis fur meewog efficiency goals dunng the
luning phase of soliwere develnprent, bn sddihion, insights
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reflecting v more unified understanding of a problem have
far more impact eon cffinency (via absiracuon  and
uniforminy ) than any amoont of b twiddling within 2
fzulty strueture, In peneral, excepl for the hiphest
concepiual levels of a design, where gross inefficiency
questions mey play dorunani relzs, the elficienzy goal does
nal domanate the practice ol sofllware enpincering,

- Refabifiry is 2 podl much 10 vopee today. Reliabilny
must both prevent Tailuie in conception, design, and
construction, as well as reeover from failure in operation ar
performance.  Unlike efficiency, which  [reguently 15
prematurely appiied, jeliability is moe oflen considered
too late, or not at all, in most sofiware developmen
elforis. MHeliability can only be buill i from the stae; it
cannot ke added on oat the end. MHence, religbility has a
pervasive  and  crucial elfect on soliware enguneering
practices.

The {inal peal which sheuld exert a strong iuflucnce in
all aspects af sofltware cnpmerting s waferstondabiting, It
dependy, of cowrse, on the intended audience: 1echnical,
management, or user. MNole i particular that vaderstand-
ability is not merely @ properly of legibility. Much mare
imporiantly, the entwe conceplual struciwre is involved,
Also, in any given circurnstance an acceplable level of
undersiandahility either is or is not present. There 5 no
middle ground. Althouph understandability is, in a sense,
prereguisite  ta relability and modifighility, it is aiso
imporiant 23 2 poal in itsell beeauss it draws attention to an
imporiant barrier 1o ondostandabilny ~complexity, Man-
agrmenl of complexity is 2 eructal aspeet of software
engincering, methods, and the need to manage complexity
arises from the goal of undersiandability, The only way Lo
achicve the yoal of understandability with regard to zn
irherently complex svitem is 10 imposxe an appropriale
shacture and wrganization on the systemn. The structure
must be represented an 3 Clear natation that permits
mechanical translators~e.p,, conipilers, cre.=te bidge the
gtp between the actual system and ap understandable
repiesentation ol it Thus, achieving understandability
depends as inuch upan the seltware enginecring oals a3 on
the methods, For example, when compilers do not produce
acceplably efticwent code, assembly lanpusge may have to
be wsed, a1 a cost in propram undersiandability,

The Principles of
Software Engineering

The prinoples of sofiware engineering are, a5 we
mentioned esrhier, mdularity, abstraction, focalization,
hidivg, watiformine, completesess, and confirprzbility, Thesse
principfer applied in variouws combmanwn: within the
Jundmieentaf process will work ta prodece hierarclucal
deceenpositions whicle aclieve our goaly Jurimg all of the
satipus phases of software develogment. The hicrarchucal
decompasition af 1 system depizis the consituents of the
uHem otpanieed e 3 structlure by the relationships
ameng Vhese Suntlituents, The abose sesen punciples,
sngly and”in combination, are wsed 1o detenmine ang
cantiel e relationships, They are wsed essenbally 25
decsion <rifei3 G ensure that the tesulnpp decompostion
annns v goab, and thus each drals with some aspecr of
the relavionships -ie the interlaces among 1he consbitue
enls,
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i)
Modulsrity Modularity deals with properlies of hiey-
srchical software stiuctwes. 1 has been gwen various
defirtions. Sumelimes it has been defined w terms of
objechives:
| One objective of modylar programmiag it to be able
to convince oneiell] of the correciness of a program

module, wndependently of the context ol 115 wse
building larzer wnits al software,” (Reference P 12:)

“Muodularity denotes the abliy 10 combine arbylrary
program modules imdo larger modules withowt Lpowl-
edge of the ¢comiruction af the modules." { Reference %,
p. $4}

“Modulanty s not ., | simply the arbatrany division of a
large program inle smaller parls or madules. The
prieary goal, ., should be Lo decnmpese the program in
sitch o way that the modules are highly independent
from one another™ (Reference 13, p. 100)

Modulary s more frequently defined in terms of
struglural praperties possessed by “maodular” sysioms:

“A program s modular it is writien in many relatively
independent parly ar madules which have well-delined
interfaces such thal ¢ach module makes no tssumplions
about the operation of other modules except what s
conteined in the inlerface speadfications”” (Heference 4,
p. §l

“sodulitization consisls af dwiding & pregram inlo
subpiogtams (modules) which can be compiled scpa-
rately, but which have conpections wilth other modules.
... Adelinilion of “roed” modularnty musl emphesze
the iequirement thal modubes be #s disjoist ss possible.™
{Reference L1, p. 1472) '

"A modular program iz a program { having a hierarchical
structure |, [Reference 1, p. 34)

“Modulat programrmng is the siganizing of 3 complete
prepiam mia 2 nomber of small wpits , . . where 1here 15
a sel of rules winch controds the charactenstics of those
unns, LCted in Kelferener 10, p. 29

in peneral, modularity is cited a3 helping to improve
software reliability, helping Lo allow multiple wse of
comunen desipns and programs, and helping W omake 1t
easier to modily programs. Most diseussions of modularicy
focus on une or annther of these ohjectives and attempt 10
explain why cenain surwciural  constrainls tnake  the
atlzinmeni of these objectives casier.

Rather than sclegi any one objechve as the most
important onc, we proposc” a2 general unifyving definiton:

BModularity deals with how the siructure of 2n ubiect can

tnxbe the attainment of seme purpore ezsier, Modulariny

i prurrposefll Sirucfuring.

Henee, the principle of maduelasity is made concrete by
explaining how ceriain construras o the siructue of
systems c&n make | easier or harder 1o achisve some
PUIpOM.

For cwample, what T of  structural  constrainls
facilnate moedthabiloy? efficiency? reliablity? Imposing
such copslaamis on siruciures is the essence of applving the
rodulanty  principle an sofiware enpineenng.®’  For
example, goto-free propramuming foices programmers Lo
make ¢xphait the conditions undes which 2 gioen statenent
i executed, and thy can heip ensure wnderstandstolity and
present ertars,



[he prnzipke of medulants can be Turther ilusitated by
tonsidenrr modulaity ossess anunp o deading wk g
rari-wheour telanemetiipe should be considzred i Jevelopng
tuetarchacal decompasingnns,

fncveanar Machie Orpendenrs The lower the podule

R Lhe  wvelep sbrygiure, the micrs the module s

dependent on the hardware on which struas, Thae helps

18 mans wrliware morr porlable, 0y poliong maclne.

SERETT OIS,

Reftnermert of echon Hipher Iesel modules speedy

Ororcines 100 some afhon, (£, whgy 4 to te done

Lower ieserr dewlnies how ihe oieslve |5 2aang 10 b

frenaed. re o Aow SOmelfung 15 140 O dons: For evample,

wilkin a nicher bevel modoic, an enfneee ezhl spectly

RN 3 1cmperatdtd 1 10 be o adpested wntld o5 At leaw

145" A tower derel racautic wll deline how thy

adipsimend s periormecd, £ e, by 3dunung and tamphing

the temperatuft Nenmd 3t {ive mifute antervals, Tnm

SUNATrAIRY ReiTs MAk e o gy sledn oot unodrstandaile and

tasiar 10 mend iy

Scopr of cuntead Hligher leve] modules call towet Iose]

MOILier and sesdaviee el astnoteed Thes means that o

Iower teve! meduirs tnoounies some o acerian cundition

LEE., 2 :epdiian 1hatl proscnls 10t tequested aopetation

Lrom being perfarmead, tlus pus! he pepoited 1o hagher

leve) muocu'es «o they can take apyripriate astion,

1 omaey be impossible Tor a given progiam 1o satisly all
thesr oisrines simullanewudiy, A profram may have one
struzluee if moduelzs are ordzizd azeording 1o one relz, ang
a dufivient structure of 2 different rule is conndered, The
iRLh point an idenlifying these relatinnships is (o hishlizh
poskidle criteria Phul vap be’ conscmusly uesd in SIrUCIuring
the modules, Many ol thess crileria aee alieady uwmd
is-dinsticely o the adsamage of making the criena eaplieit s
thal anv programmet produces bewer rasulic of he iy
cesciously aware of creria for eviluating whal ke 15
dinng,

Absrrastion  Yaike maduolarty, abtrraction it oa very
pervisive prinatple. Tie essence of absirastion 15 1o exdragt
enfnlial proepores whibs omitied nessentnl detals, O
dueilssinn of Reractnzatl deconoposivion i the form of
vttt showed wlshiacnon i perdadps 1ty mosl prodine
funin, Eaclizvel ol e decompasitn presents an abstiact
wizw of the Toveer Tevels purely s the semse tha detaly age
subcicinted 1o the Tower lewels,

The ponople af abstracton when pembinsd v.l.th Lhe
principle of comeletencss onsures that a piven level b 3
gecimpontion 5 undsrstandabls as 3 ant withog
tegquining o1ttt hnewledas of bower fevels of detni, m
recessanly how 1L parordes n Ll 8 srem as agwed fing
3 fughier devel, Thus U princsple nozmplnyed on 1he One
tand 1o ostam 3 desteipuien af some feeel of he syvsem
whizh could beoaealized bz of severz! impinmentations,
er-t op ihe other hand to pne 2 descnpiion of onz patt of a
whizh could be uszd o omane othes syslerms
vrgainine the sRme componsnt 21 tnat jrve] of abdiraznen.

The wringiple @ a2stiaciien miefaily very stondly whk
the purposr underlving any partew!an gezemevilian The
ponazis sood Whe prasnieal salus unless sombined with
the fraapde of madabasty {runpncto] strestansg T o
chsaie 1h1T appiopniass absliallons 3ie pound. Alsires.
Hots emploned W achioae 1 ol of wndestand sty
mean (hat-ench leved of absoreclion, while pressoting haerg
angd mrare dernled vicws o e wesloon, st Gu s eting
whichy aie wndepstandanle 1o e mirnded sudizoge.

nalt,

Lecaliration Ve prneiple of Lwvelochion i concerned
wilh rhyvisal pmosamly, Thanos musl be brogphl weethes
all o oone piace, Toun lacihirstwn deals weh plisical
intrriaces, wxugl Uil memory, g1, Then the ather
cenaplzy ganonterrelate the losabied thines 1o swene
petnieular purposes. Consuber garefolly how intimate is the
LEnse 0N Erlvwersn i.'h':lll-f]u!}n D'[ | Ebﬂl’:".."l.:‘.'_'ll'i n 1
muauiz 2nd cue atinsy e n to unaentand and d2 21 with i,

Suproulines, arravs, 1erizal z2nd phssrd] recoeds, as well
2y pared memonss, it exzmizles of daliration. The
avmdance of cotp's 1 Situsigied profrimioung 15 an
apphoation of localtinor e comtmnl sifuctures which
ennances undearstandahiiny end simplifies confirmability.

Hding Ancthzr prisciple fammlir 1o many readers i
Rideop Tatnas,'® (ot exzmple, us2s 11 25 the m3jor enterion
for a decompasieon nto afodules [ related o the idea
of "pustponing bindye decisions” in lepdown problem.
solving, althouch o s ot the sime, The purpose of huling
is sinular o har of abstnaduon @ that o 1eguices making
visthle onh  Lthosr moprities of 2 modul: necded o
interfaze with other modules. Bet Liding differs from
shstraction in thai the purpose of hiding is 1o migke
mapeysreble cartan detals char should nor alfect other
parts of a systcm, Abstraclion helos Lo rdentily details that
should bz hidden. Hidiep v concerned with ofefTeinp arrd
enjorcing  socest contiramtir tha, without the hiding

ponopls, would othzrse orly be implicit in some
purpate,  concept, nechanism,  natatfon, or  usape
description,

thling, combined with ahztracvion and localiration,

foreey seppression of haw lo emphizsize whae, Suppressing
how 3 constiaimt is s3twfizd jorces the consirzinl lo be
made monr cxplicsl, therepy amuddying our understandiag
of the ernsiram sell, Daoiding what constesings are 1o be
exprested (an espect of inadulany —purposeful constrain
scicebien) 15 a matter e pendent of the blding prl ncipne
itself.

Uniformity Uniformily [the lack of incorsiziencies and
unnzoessary differences? 15 alse an unpostant princple.
When applied 1o nelzbonal matiers, uniformety yiclds 2
notativon free of confuding and perhaps €ostly inconsis
teanies. When elso comianed with the abstraction principle,
urmiformily  amphes 2 nolation that  pefroiy arbilrary
mecharrangn af the migrngl Sotadang of 3 mechaninn-the
aparznen dosy not cunstlam one's choice of implementa
won. And when the biding peemoirle i added, ahe resuli s g
Rt Lhat dads ol Bnstely permd several poaplerpeintas
ton chigees. but also endwies tiat no unnecessasy details of
3 speaific nnpirmonianen are rnveated by the polation. For
exzmnte. 10 a sumEoultne parzmsier 10 be g stack, the
rryorsemation of the stach should usez)'y be hiZden hom
the wict ©f the subroutine., Thot, the vs 1 thould b able to
alozare skencoe dor stadthd and sy thom to subroulings
withaut hawing sccess 1o e manddusl compansaly of &
s1agh, A naizuan for rers t"-"r..m. suzi atslbiast datg 1vped
wonen it kefrienses 7302 12, Anwhes :11":-\'- Bgiven in
A ICLCAL PIRcI On ASOF I I"J-‘:"Il'r snclhody o wiich 3
usifiim Balalion 1 PRGNLEd whuals s:numi:s can be
teabbred LRy sanious traditqoral methods of handing eeeor
priutns Dlom subraulines,

by ewwence. netatrm catsfeing the uniformity and
abstraction cupcente hay heen czlicd elwewhore '™ the
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Unifeum Mefercnt Principle, This ponaple, apphied 1o the
concep formation slep of the fundamental process, yields »
consistent and well-defined sel of scinannhe concepls thal
can be represented wilh 3 uniform symar. A umiform
ratational synlas 15 nol possible of there 15 NG semantic
uniformity underlying the notation.

Complretensss Compleleness is obviously an imporiant
principle. The purpose of this principls is to ensure tha all
the essentials of an absiraciion, for example. are explicn
and that nothing essential has been onunied. This does not
requite 1hat esery deigd be shown—merely that the set of
absiract cuncepls covers every detall, Applied to notational
maliers, completeness requires Lhat a noransn provides a
neans for saving everything that one wanls o gy,
Combincd with absiracvion, it imphes (B3t 3 netaion
should b concise, permitting the suppression of invariant
details 1 Favor of hiphlighting the pmemially chanpeable.
Completeness cumbined with wnifoimily and abstraction
and applied to the goal of cfficiency suggests that
proprammers should be able to select dilfeient imple.
mentation mechamisms to tune a sysiem'’s performance, bul
withou! changing the form of any subroutine call, for
example. A notation that does not perimyt this pu:pusc to
he achieved is incemplete.

Confirmability Conlirmability is a principle thar direcis
attention 1o methods lor finding out wheither staed poals
have beer achicved. Applied to desipnoissues, confinnability
refers Lo 1fie strucluring of a system so i js readily tested. h
musl be posgible 1o stomelate the constructed sysicm in g
contielled manner so s response cin be evaluated fog
correciness, Aprlicd 10 notativnzl matlers, confirmabihiy
means that a notation should require eaplicit specification
of constranis that aflec the correetness of 2 desipn or
implementation {¢ ., dada dechiations that speaily ranpe
of walues apd wvnits ol walue as well a5 mode of
representation). Applied o the practice of sufiware
engineering, conlirmabativy refers to the use of such
methods 25 siructuied walk.thioughs ol desipns, epuless
propramming.'® and other methods that help tu ensure
thai novthing has been overlooked,

The principle of confirmability can be realized in man:,
useful Jerms, botl as entirely twoual procedures and
sirongly aided by the 1oois and data base of 3 softwaie
engmeenng factita. Certain kinds of 1vpe checking and
conusiency checking refecy the pringiple of confinmalshiey
applied 1o the, desipn ol programining fanguages and
cuemputers,

Cumnplereness and confirmability are easily confused,
for caampie. in the Inroduction, we pregented esamples
ilustrating the 1n1eractinn belween notalion, complelensss,
and relipbility, In ane of these examples, we aoed that 1o
ensure corplerweness of case staterment gonerel o proe
grammiet shaoiicd b persniered by Ui sentas 1w speofy wla
should happen when o case slatement sanidble is out of
arge. Conflitmabiiny applicd 1o the yame assic would
imply 3 progammer should be regenred 10 51218 what
should happen, O counse, of hic by @it vat-olgange
values are ool poosible . los 1ao should be expressible,
petaul anphememtadiar efQoiency, Tin slov, 1 evadutian
of compdedenes 1o warisly  conbingylny egunes that
wrherne? abvue noplcatnms e wade 1o show m explich
L,
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An Example ol
the Framework’s Utility

Having discusyed 1he companents of the processfpoalf
principle framewaork a1 greater kenglh, we now antend 1o
show how the tamework canbe used to gain snd strocture
insights inte aspects of software enpinetnng. By giving an
exiended example, we hope to show that the framework is
not merely laxonemic but can actively amist in dealing wath
Lhe eusmple xities of sofiware engineeting.

Our example will show how the framewark can help 1o
organise vur understanding of the noten of 3 subroinine,
We choose this example because, although “subrounne™ is
fundamental to safiwzre, and seems well-undersioad, 0 is
abso one of the most complex concepts when conudered 1in
its totalny. Figure & shows the patiern of the lundamental
process applicd 1o (he subroutine cencept. The nalation
prapesed s essentially (hat of ALGOL 60, Chher nivationg
could have been propased egually welly The desceiption of
the subroutine cencept in Fripwie B 15 obviously very
gengral. In particular, the description of "Mechanism” is at
a high level of abstraction.

Applying hierarchical decomposiien, the mechanitm
aspeet of - subroutines can be decounposed  infg two
less-abistract mechanisms for implementing the subroutine
con¢ept—oneg Jor imline subroutinss and one for clased
subtoutines. Then, the fundamenial process can be applied
apain with respect to these mechanising, as shown in Figures
Pand 10, We have inserted pareathetiedd comments 1o thaw
how varipus pringiples andfor poals ae being served.

Contider now the ¢losed. subroutine, Figure 9, Qur
descrption holds no surprises, for we are still a1 a high
lesel. The notions of Figure 9 cowld be refined in severzl
ways, howevel, For example, there aie al 1east two disline
kinds of subtouting linkage mechanmms: 1) deeer linkage,
which is usmally suppored by 2 machine instruction thial
saves the seturn address and runsfers contrel 1o the
subroutine Mody, and 2] ndeecr fghore, 3 nweclaniam
employed in AED  implementations,'”  in which a
subroutine call is impleingnted not directly by transferring
conntinl to the subraytine, but imdiectly, by transfertimg
contiod 1w a “linkape” sebroutine. The purpose of ths is o
save space wn machings for which stack ananipulalions are
cxpeniive and tn focafize al rea-hirne all subrovtine calis sa
different limkape routines €an be sutslituled -e g, 3 Liming
linkzge that pathers informanon aboul how much time 15
sperd in rach suhroutine, a0 3 debupging finkape that
permits anlerception and tracing of calls by a debupring
packanz. Tlus appheation of the Jlacalization srinciple o
subroutine hinkage has (he advantage of makiop o casier o
satishy the elficiency poal {by pathening timing mformaticn
imporiant a0 lunng 2 o 5iem) and the rehabiliny poal (by
making 11 easies o track down baps), Funthermoe, when
camples telling sequenves are rrquined by ahe language
implementativar, the slight run-tuine cost of enter and leave
macre wperalions yields sipmeficant stgrage 1avings thyowgh
localication and shanng ol the machme inslneciions needed
lur each call.

The call return cerng e cuuld atso be explicated further
by ducussing muoie speyi (e ceamples of the conrept, in the
sivle ol Freure 90 Por esample, the use ol stack Toanes
It g, wee Releronoe 1) v the stonng of 1etn addreses
ard wihier inlonnatem related ne sphrouloe Weascalpan th
erch subrodrine’s wtorags space b he claHed by



irvoked.,

Purpose: To invake a similar paniern of sction from many places in a program.

Concept: "Similer'’ but not “the same™ implies 1thet the “same’’ paris muoat be collected in one place, bul com-
bined in each chse with the “d.dferent” parta. The ""combinstion” musl show how the “"ditfarent” and
“sErme’T paris inler . :

Machanism:  Tha "snrne"’pll'l it & iubrautine body, locsted in one place and referenced by name. The “dilerent”

i patls are the sctual parameter velues asociated in each Case with the subroutine name. The poayaere Ler-
pasting mechanism and coding o the wbroutine body implement the “cembination’™ &f 1he parameters
with the body at call Gme,

Notation: <procedute slatamany> = <procedure identifiens [{[<actual parameters——| 1]

<Riring ]
expressions>
<atiual parameier> = <arcay identifier>
<awltch identdtinr>>
<procedure idantilier’>
<procedurs declaration’> = [{<typelr] procedurs <lidentifier™ [[[<identifier>7]1).—
-+ [value <dantifiee =] —«
-+ [<apecitier> <identifier ] ~ —
-+ ylalement
Usage: The syntax and semantics of 4 programeming langueage define the conteets in which procedures can be

Faure 3, Top Leval Explicstion of tha Subroytine Cell Concept

eaplicitly expressing purpose, concepl, mechanism, nola.
tion, and utage.

ICis useful to note the difference in (he “Purpose™
components of Figures 9 and 100 Although the poals
*whented by decomposition {rom Figure B e the
ame -improve elficiency—ncle in Figure 10 that inline
subtoutinegs can improve efficiency in two ways, 1) by
chminating suliroutine ¢all ovethead and 2) by performing,
certain compulations  at comnpile-lime  rather than ag
run-time, wsing actual parameler values. For example, il al)
parameters zre contianis, il may be possible 10 coupute the
vajue of the subroutine at compile time with comequent

Purpoze: .
® Tosave 3pace by executing the same body of
codn wilh ditferent parameter values

Concept!
& Caliretorn capability {iransfer control 1o the
subrouline’s body, remembering where the
call came from}

.ﬁ-!z:cham';m.‘
& Specitic calling sequences, B,
» direct linhags
+ indirect Sinkage

Mazation:

@ Noiation for call shoold not be differant from
nolation wied wo tnvoke nline subrout .
INote that this iy prnoapplication of the uniform:
ity principle, and swerves to fosler progrem
rmodiliabiliny.)

Ussge:

Figurg 8, Drscripthan ol the Clossd Subrouting Concept

enormous savings in rundime efficiency. Weghseit'®
explores this possibilily and related ones in more detail.

For purposes of illustrating the use of our rroposed
framework, however, it it worth soting how Figuses 9 and
10 help in comparing and contrasting two related but
dilfering interpretatians {inline versus closed) of the basic

Purpose;
® Togave Lime Ly eliminating call overhead lihe
elliciency goall; .
® Tpqsave ereculion time by peimitting compile-
time simplification of 2 subroutone body fised
on zciual values of parameters

Concept:
® The subroutine body is substitured in place of
the call, with actual parameler values subsstie
tuted for formal parameter values

Mechanism;

& Macrn substitubian, followed by comDile-tim2
optimiration; ar

® Duntaciic sulnlitulion, in the whse that local
variables declared within the sutroutine wikl
hat be found to conflict with similarky.named
varizbles in ihe contest af the call, a3 might
happen with macre substilution fwhich ocows
Bt the lexical tevel of a program textl.

MNarstion:
# Should nol e dillaent from call netation used
1o invoke cloyed subroutines. [Thivis an applr-
cation of the umiormity phincicte, and servey 1o
Toster program modifiability.)

Ligags.

Figura 0. Daseriplion ol tha inline Subrowtine Concep
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tubtoutine polion. Note alko how we have spphed (he
lramewnr} fusing hierarchical deeomposition | e alienative
“"Mechansm™ and 10 alternative "Concepl™ companenty of
the patierns in Figures 9 and 10, This recursive application
of the patiern within componrents of the paitern is a
principal aturaction ol using the {framewark fur understand-
ing sollware engineenng topics in depth.

Our usiralion so far appeats lo imply thal the pracess
mpeet of the framewark 15 of paramount mporiance,
because we have orgenized our examples pnmarily wn lecng
of this patiern. Hur each of the components of the
fllmcu:'mk i of equal importance, $& an znalyys cin be
otganized equally well in (erms of poals or principles.

Depending on which dimension i used, the emphasis will
be dilfesenl, but ustng any of the (hiee componenis ws the
domunating Mpamzing concept 11 vulid inoapplying the
framewuork. Which of them should be used depends on the
purpose af the discusson,

To demonsicate the vahidiy and value of uting ene of
the other components a5 L-.c psganizing principle, we
desenbe in Figure 1) the notation aspect of subroutines,
arganired n derms of pringiples satisfied by vanous
subtoutine  call notanwens, We will discuss each briefly
below,

The purpose of canfirmabiity 33 apphed 10 nataliona!
malters i5 to ensure that importanl propertiss ol a

Confirmability;

Tao ensure errors 10 forming = call
are detecrable,

Purpoe:

Distinguish inpyt and ou1put
parameters.

Concept:

Use 3 eolon of & semicolon to
wphalate input and oulput parame-
ters, &.0., FIA B:C.0) or

Fia B:C.D).

Provice irficalion of what excep-
Lians can be rased.

M eghgnism:

Concepl:

Mechanrgrn:  See below, under Completeness,

Unlarmiry:

Aveid unnecescary diMlerences n
form of cafl.

FPurpoase:

Ensure ¢cloted and inline call; have
the tame nntatipnal form, [(This
enhances meodshipbaloy dvecdy,
and efticiency indirectly,)

Concept.

Completenai:

To ensure all properlies of subr-
rautines are reffected in the
notaglion.

Furpose:

farameters showld e both readable
and vriteable: nalations 1or ex o es-
sing Fespronse 1o exfeptions should
Le acailable Tor use.

Concegi:

Michanmm:  # For readfwrite Narameters:

Lse punctoation to s pac ate
inAut and auiLnuT Narameters.

Declare which DaramEeters gre
input and which are outpul,

Incorporate Fody of subfpuiue
in program where ol is refer-
enced sooglolal andlysis can
dilermine which patiemeters e
input and which are dutpul
fe.g-. &5 in ALGOLI.

& Kotaiiont 1o denl with the var
ous typer of guception conde-
ong.

Localization; -

Purpose: To express anly once otherwise re.
dundant information concerning
excEplion:,

Lencept: Basociate handler with farger syn-
1actic umt than the call rself,

Mectranism:  Use notation seggested in Refer-
ence B,

Hiding:

Purpote: To prohibit accen to infarmation
the! should te availebie only 1o
the sulroutina,

Caneepr: Use atytract data 1ype in declaring
an ectus! parametes’s data ype,

. but & mare derailed decteration of
the Tormal parameier's type.
Abstraction.

Purpose: To peserve pitential properties gf
call in the nolation, leaving other |
detais 1 other notaticnal devices.

Congept! The methad for Handiing eacep-
tiom should nol be clogely hnked
to itnplementation meihads; 2
chaice of & variety of implementa-
tigh technigues should mot be
foreclosed by 1the natation.

Meeframismm: Uk an imnplemeniation neotral
notdtion 1or excegtion handling.

WModul atity,

Puorposs: To rriure hal syniactic struciure
fosters dppropriate goal.

Concenlf: Examine impact of syntax on go 3
achievement.

Mechanisig: Choose the JOVIAL meltbog of

distinguishing inpulfoutput param-
etersrather than a deciarative
method | since 1he JOVIAL nota-
Linn mmpro, ks phderstandabohty.

Figura 11, Applyirg the Fremaworh 1o
Subrouling Call Nataiaas | mas
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iubroutlane’s interface ere stated explicitly In s call, 30 il 1t
clear whether they have all teen deall with cortecily. Two
aspeety af a call descrve particular mention as concepts lor
achicving Lhis purpost. The [iral is 10 distinpuish in the
notation al the call which parameters are readoply {ic.,
which are input parameters] and which are writeable (ie.,
outpul parapwiers). The steond i1 to dustinpuish in the
form of the call whal exceplion cnnm ions & subroutine can
raise.

PL/1 is deficienl in that ne indication of output
parameless i made, In thi espect JOVIAL iy superior,
since 2 gall o a JOVIAL subioutine, eg., F(AB.C.D).
shows explicitly that A and B are inpul paramcters and C
and D are culput parametess. In this case, the JOVIAL
syniax is an exzmple of 3 powational mechanism for
implementing Lhis concepl. An cqually good mechanism
{considered solely Mrom & confirmability viewpoint} would
he merely Lo require thal in (ke declaration of 2 subtoutine,
the inputfoutpul altributes of pararneters be specified
explizitly 30 the requirement can be chscked at
compile-time, Also, uniformity with mare modern program-
ming languages, as well as wedinary English, might say that
the ™" of JOVIAL might hetter be & ™" 10 lurther
improve the undristandabilily of s syntax.

The explicit indicalion of rxception conditlons is a
catflirmakility issue in that it permits oversights with
respect (o enception condilions 1o be detecied more easily.
We wil) discuss this concept further under Completeness.

As Tor uniformicy, we list merely the concepr that inline
and clossd subrouline invoestinns should have the same
[orm. This enhapces madiliabilly for wnine {efficiency)
purposes, singe changing 3 decision aboot whether 1o 1reat &
subrouline us closed ac ]:I'I|.l:I'H.' will ot then 1eguire changing
every call.

Under completeness. we aeain list the concepl that a
subroutine’s invecalion notiion should provide for dealing
with exeeption conditions. The purpese sceved here b5 not
to ensure that all conditions are dealt wath appropriately (as
for confivmahility) Dut rarner 10 ensure Lhat every
capability of the subrouting ronceptl is mapped into a
suitable natation for imvekmg 1hat capstulity . The abiluty to
conlral the roipanse Lo an exception is an impaiiant aspecl
of subiouline invocation, a2nd notation should be provided
o deal with it. The confirmability  purpose  pethaps
provades @ sbraoger arpoment for associsling exception
handhing with calis, but we cite i1 here because it also
satisfies the completeness principle as well, Similasly,

*invodosing he ability to assign W parameters is a concepl
suppested by the compleieness prnciple; distinguishing
input and tdpul paranclers e Lhe dorm of the call or in a
declzeatin 15 an appheatwn of the confirmabiliny principle,
because this make 11 easies {u delect errars al compile Lime,

The putpse of Jorahzarion as zpplied to notational
talters for dealmg with exception conditions might be
sated as, "When the same exceprion handler is 10 be
asociated  with several  calling ponts fiw the same
suhioutine, the amtation ter eaceplion hondling should
penndt the hnndler toobe wiotten oner, rathwr 1hen icgquuing
ot be o wotten as past ol each vl One concept for
satsfying this potpose s W stsoclate handlors with lager
syilactic wany of fest than the call el o g, wlih
siatements, boap bodics, ete, Ths proposs! 1y eaplored
further in Relerence b and & specelic syntan v proposed
there,

The hiding principle applied 1o subrouting call notation
meent Alowing Lthe subroutine aser access oty 1o the
absirect datn type information pecded far the semantica ol
thr call. Thus declasations of (armal paramelens (1 €., on the
inside of the subroutine jaie broken into Iwo paris, and only
the sbstiact part 18 made avalable to the user for his
declarations (e g.. ser Relerence 12).

The principle of sbsrraction combined with untfermity
sugeests that the notation for dealing with enception
condlions 1hould be weurral with respect Lo varioog
implementation techniques for handling exceplions, In
Reierence 8, 2 notation for eacephion handling is proposed
that can be implemented using statls variabies, retum
codes, subroutines passed as paratneters, or PL{T OX
conditions as implernentalion methods for dealing with
exceptions, depending on the logical censtrainds asorizled
with the cxceplion. Thr point i that the nolatien thonld
peEnut a programmee to deal with the abstracl concept of
N exception, without being ticd down Lo implementation
details until he is ready (o tune w system. This pownd is
explored in preater detail in the clted reference.

Finzliy, applying the modlarty principle 1o notational
matlers mezus exploring how Lhe structural coniraints
imposed by  syniax can help to achieve tome purpose, For
example, the poat of understandability is enhinced by
JOVIALs syntax for distinguishing input and auiput
parameters, as opposed to declaring which parameters ate
input paramelers but nod distinguishing in the strudlore of
the rudl which parameter is an inpul parzmeter. OF course,
the IOV[AL nalation deprades rnodifiability, in that should
an input parameter ever be changed te an aulput
parameter, all calls wirnld have 1o be moedified, whereas the
localization inherent inoa separale declaration of readfwrite
properties  would not  have this  dawbeck. Human
judgzmeny is used to make a radeolf décision in this case.
The paint is that by considering the effect of syouactic
structure on achieving some poal, we have shown how the
modularity ponciple applies to aotatsaal is5ues.

In shors, Figure [ shows thal it is equally possible to
arganize a discussion of aspects of the subroutine conezpt
in terms of principles as in lzrms of the (wndamental
processfpantern, {As an ¢xcrcise, Lhe reader might consider
what ptinciples are 1atisfied or depraded by the nnmmnal
concept of oponal arpuments.)

The analysis in Figures 8, 9, 10, and 11 is only the
beginming ol a complete exphcation of the subrourine
concept, but we hope our discustion has shown thal by
fecwsively applymp the framework, in conjunction with
hiciarchizal decomposition, orpapired and nsipghtlul expli-
cations cap br deveboped to zocount for the virtues and
deliciencies of wvarious seftware enginecring  puipases,
congepts, meghanisms, nolalions, and usagss.

Conclusion

Oor wment i this peper has been to consolidate and
shigluee wpfiware enpoeerng weas o 4 coheneng gnd
wseFab frpmewink dor anderstanding e rale these jdeay
play. Thy pnngiples, goals, and process sleps compriang
this [rainewish mie nnl our inventions; they have heen
recopned by canckul wheervers ol soltware engineening [
muny ycars. We have merely attempled o picsent e
ideas i1 ap orderly and well-delined way. We do not ¢lam
w have jdentified all the mpunianl principles or goals

i--2-10
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HOW DOES A PROJECT GET TO
BE A YEAR LATE? ., , .. .,
ONE DAY AT A TIME,

N SCENE FROM PREHISTORY i
guile a0 vivid av that of the maral
striggles of preat heasts in the lar pils,
b the mund™ ey ovae sees dinosan,
mvatrarmeths, pd sibher-tesbod  Dgers
struggpling apaind the prip of .the 1ar.
The fiercer the wrugple, the maie ca-
langhng the tar, and po beast iv o
srong or o skillful bul thar he wli-
Mialely sinhs.

Larpge-systom proprammeng has over
e pas decade been such a tar e, and
nubry Rreat angd paserful hrasts have
thrashed violenthy an it. %1oal have
cmerped with runming wsenu—{gw
have mel poaly, ohedules, and bBodgels,
Lagge amd simall, assive 00 wity, iedm
afler team bas becunw entargled i the
Lir, Mo oo thing scemy o cawse the
dithwuliy—any particular paw can he
pulled away. Hul the accumulating pl
simullanesus and nieracting  acions
heings slower and  slower  minlion,
Everyone seems i loave Teen surpinged
by the stickinessy of the prabien, amd
i bard 1o dicern the natire of 0. Hat
we Mk 1y Lo ukderstand il vy are
by snlee il

Slore soliwate paapect hase paone
aw s Lo lach of calendar time than fag
JHher coteses cisttbigsd Why o 1L
Cane vl disester v o ?

Fird, s wevhnigues of estumating
are poonrh doveloped AMore werimndy,
thes reflect an uosvanged  assampdinn
whi b b gante imbine, e, that afl wall
paoowell

Sevansl, air et nee hinnguys
Tallagnmnty ot cllorl with prvge-
resa, Bdinp the awvsumpton thal men
amd monthe arc mterchangrable.

Phardd, Degcause we are rezcciiarm of
A gabimales, bfiware managere odlon

I-3-1

By Frederick P Brooks, Jr,

» lack  the ¢oneicous sivhhornness 7e.

v quired 10 make people wait Tor a pood
prodoct,

v Fuurth, schedule progress is poorly
moniteied.  Teclinwgpes  proven  and
rautine in other engineening discipbines
are comadered fadical inpe calions in
lspliv.ate capincening.

I'ifth, when schedule shippage is rec-
upnirml.'lllt natral {and madomnaly
respudiee s I uddE manpoaer. ke
dowsing a fire wath gasolioe, oy makoes
muatlers worse, much warse, More fire

- tequrires mate pavoline and thus begina
a repengralive oycle which ends in dis-
aster,

Schiedule moaitaring wiil be cuvered
lafer. 1 gf us e consider olher as-
pects of the problem in muve delai.

~{Zrptimism
All programmers are oponusts Per-
hape Miis muodern sorcery espeeizdly an
Tracty thome who Beliese 0 happy end-
inps anud LatPy podmeeihers. Perhaps the
hundieds of nitty drusdration; dine
auwat all bul Lthose wha habatually .
cus o the endd poal. P'erhaps o mere-
Iy il computers @i vQURR, pOOoSTan-
MErs afe yOURRET, and the youlyg e
always opunuscs, Bod howeser the se-
bevion progcess sorks, the qesult i in-
dispasiabler “This lime o will wrely
rn,” o U1 goe e Jeund the las) g™
Sov the Nirst false awarmpiion that
vmdeiles the sehedulimg of aysicms
- poRranrny s Thal el weff e wrdl,
'[l.L'. 1Ml euch doxk waff feke omfe g
I T TN BT T R T R
Ihe  pervasiveness of  oplunesm
aRLg  PHE fammers desrhes i
than a Mip analeas, Dharalhy Savers,an
ber extoilent bhook, The AMind nf the

{© 1974 by Technical Publishing.
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THE MYTHICAL MAN-MONTH

Maker, divides treative aglivity nta
three stapes: the idea, thy implementa,
uon, and the intefaction. A Bock, then,
of & Compuler, o7 & DIDZIAM COMeY
inlo existence first as an deal con.
pirect, buill oulside time and space
but tomplele in the mind of the su-
thor. It is realized in Dme znd space
hy pen, ink, and paper, or by wire,
silicon, and flertite. The ereation i
complete when someone reads the
book. uses the compuler of runs Lhe
propram, therchy inferacting with the
mind of the maker.

This desgription, which Miss Sayers
uses to illuminate nol only human cre-
aive rctivity but alie the Chrisian
doctrine af the Trinity, will help s
aur presen! 1ask, For the homan mak-
ers af things, the incompleienesses and
incensistencies of our ideas become
Clear only during  implemeniation.
Thus i1 s thal wriling, caperimenta-
tion, “working out' are essential disci-
plines for the theoretician.

In many crcative aclivities the medi-
um of execuiion is intractable, Lumber
splits: paints smear; elecirical circuits
reng. These physical limitations of the
medium constrain the ideas that may
be cxprewed, ond they dlso create un-
expecied difliculties in the implemen-
lation.

Implementation, then, lakes time
and sweat both because of the physical
imedia and because of the inpdeeacics
Jf the underbving dees. We tend o
Flame the phyvical media far mast of
g implementation difticulties; for the
media ate ool “ourn” gpothe way the
esy are, and our pride ©o'tra aur
adgmend, )

Compuier proprawuning, bowever,
ereates with an ewcerdingly Iractable
medinm, The pragrammer binlds from
pive thoughtsldl: concepls and very
fesibbe representations  thereo!,  Jie-
cause [Me rnedium s traclahle, we ex.
pect Tew difficultics in implementation:
hence aur persasive optimism. Because
our ideas are fauly, we have hugs;
hence our opimism s unjustified.

In a single task, the as.mplion thag
all will gee well hay 2 peotuabalin: cAecy
on 1he schedule. I might imdeed povoon
planmed. [or there is 2 probabihay dis.
lnibation tar the deley thize wiil be en-
votnteted, ond o deluy™ has a Aime
prshabiling, A Larpe preyraomming el.
lort, howeser, consisy ofF many fashks,
some chained end-to-em). The proh.
atvdinv thatl rach will goowoll hecomus
vamhingly soall,

Tha mythical man-month

The ~econd Ll ma thomghn mode
woEPERoveed e e sers i of clon
vaed an st ey and sehedaling s he

man-anntle Cost dvwes deed ey s

Aomikx

RFLEY

-

:{;:."

the prosdugl of the number ¢f men and
the number of months, Progress does
nol. Henee thre man-month @ g unst
for measuring Ae iz &) a Jnf a1 a
dangerouy ord decepmve myth, 1 me-
plics thal men snd menthy are inter-
chanpeahle.

Men and monthy are interchange-
shle commodities only when &1 tmsk can
be parulioned amgng many worker
wirth ng fommunaicalion amang them
(Fiz_ |}, This is true of reaping wheat
of pitking cotton; il is ned even op-
proximately true of yysiems program-
ming.

“When a task cannot be partitioned

Ken

Fig. Y. The teim “man-morih™ implies
that il one man taxes 10 menths 1o go A
jab, t0 mencan So it i one modb. Tins
may be {rue e picking ooilon,

becaust of swequeniial comtraindy, the
application ol maore ol has no effect
an the schedule. T he bearing ol a child
takey mine ronths, nooomailer how
many women are asiponedd. sany sotl-
ware tasky hasve this characicric be.
caimse of the sequential nalure ol de-
bupging.

In tashs bt ean be partitioned b
which reguire commumcation anwng
the subtashs, the efflort of communaca-
ton musl he added (o the ampual of
wnik 1o hr dune, Therelore the besl
that can be Joane is somewhatl poores
than am even Irade of men Lor menthy
hig. 21,

The added burden of tommunica.
von is made vp of e patis, Laining
and intercommunicaton ach worker
marst be tromed in the technodepy, 1he
poads ab the eHord, the osersll sirategy,
and the plan vl wark. This traiming
vannid be pattitiencd. s this part of
the added otlert sanes ligasly wath the
mither ol sk s,

Voos Yysashy ol Bell Lebephope
I alwralores that & barge
A Lo SRV TES HT T I A WRTT LA ot Ay TYR M
up ol W per sear. Motg than thal
stiadien avnd caen mlubibs the csotulion
vl e cssertnd tetaeal stbogiure amd
il pathwys 150

ST RLIRITAT Y

CLHTRm I e
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mhondhy

Km0y

Corbatd of kT pouis out that a ong
project musl snncipatc » wroover of
w07 persear, and new poople muasl be -
both techrically ttawned and integrancd
inte the formal situciure,

Inlercommunication v wone. I[
cach part of the lash must be separate.
ly coordinated with rach olher pan,
the effori increases ot a{n-1172 Thiee
workery require three fired 23 much
pRITWiSC Iplercommunicalion 13 Iwa;
four require six Litney 3% much gy fwo,
If, morcover, there need 10 be confer-
ences amaong three, lour, etc.. workers
1o resplve things joinily, matters poi
worse yel, The added effon of com.
muaicaling may fully counteracl 1he
division of the originab resk and bring
a5 Rack Lo the situation af Fig. 3.

Since software constreclion Is inher.
ently a systermy efforl—an enercise in
momplex  interrelationshipy—commu-
nication eflort is great, and i1 quickly

Fig, 2, Even on tesks that can be nitely
partifioned amang people, (he additiong |
cummunicalan sequired adds to Lhe lo-
tal work, increating the schedule.

Singe so'lvzre conshizitan o
compler, (M commuricaliony oxerhead
s proal, Addeng miare men can lenglhen,
rAibier fhan shorten, tho schedule.

Fig 3
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domipates the decrease o pnbividual
tnk nme hrought e By pafiiben.
g Adding more men then lenglhens,
nol shoriemy, the schedule.

Systlams test
No parts of the sthedule nir 5@ thor-

oughly affecredt by seguental cén-
slraints as component deboggtnf znd
system lest. Furthermore, the (me re-
quired depends on the aumber and
subtlery of the errors enmelaieted,
Thenretically this number should be
zera. Becawst of oplimism, we wsually
expect the number of pugs to be smali-
ef than 11 turns out o be, Therelore
testing 15 usually the most psehed-
uted part of propramming.

For seme yeany | have heen SsUECESS-
lully psing the following rule of thumb
far scheduling a wplftware tash!

5 planning

o coxling

1 romponzn: leat and early $ysiem
st )

Y systern tost, all companents
hand, . .
This &ifers [rom  consentlonal
scheduling in several important Waks:
I. The fraction devated 1o planming is

larger than pnpmal, Even a0 1 13
barely enough o produse @ de-

of the schedule.

In examining convemionally sched-
wled prapects, ! have Tound that few
allowed one-half of the projecied
schedule Tor westing. bul thal most ctid
indeed spend half of the actual sched.
ule far that purpose, Many ol these
were on schedule until apd except ig
syatem teshing.

Failure ta allew enough ume for
s38ern lesd, in patlcular, 15 pesularly
dusastrous, Since 1he delay comes at the
end of the sehedule. no one 15 aware of
schedule rouble until almest the deliv-
cry date. Bad news, late and withow
warning, iy unseling 1o customers and
Lo Managers.

Furthermare. ¢clay at this point has
vnstzatlly severe Anancial, as well as
psycholegicat, repereussions. The praj-
ecl is Tully s1affed. and cast-per.day is
masimum. wore setionsly, the sofi-
wale is 1o support ather business efon
{shipping of computers. apcration of
new lacilitiss, eic.} and the secondary
cinls ol delaying these are very hiph,
for it is almust time for software ship.
ment, Indeed, Lhese sccondary costs
may lar outweigh all others. Ity there.
fore vory impoctani o allow epough
sy lem test (ine dn the original sehed-
ule.

(I 1
5 = _ | I
T
o} |
Y
e
7 A
=
? -
b programmers
for 7+ m/m
1 b .
0 | 1 d I | {1 ]
1 z 3 ) b G 7 8
Months

Fig. 4, Agddrng manpawer (e a pre o0t whecho s 1210 may nel help, In This cabe. suppose
three men o0 a 17 man.mantk o7 CCL wrie o midnith Late, Ifat takes une ol the tleere
anoeelrd mondh Lo tram fwe pew =ei 1The propegt will be jusl 35 (3fe as ol 0O ode ws

added.

Lailed and walid speeificanen. and
nat enangh 1 inchide sowatchoor
explatation w0 bally rew I0che
Al

2 The buby o1 the sehedulg govoed 1o
debapgpig of complened .80
el L per tham normal,

Vo Lhe parl that iy gasy doopa 1400,
e voding, oy given anly c-sndhb

Gutloss palimating

CHrerve (hat For the programiner, ay
Ief the chel, the urgendy of the patron
mav govern (he wheduled complenon
of the tash | bl (f canner posern the
artual Lomiple i, An apwleir, frrai.
el 1 ACn minutes, mav JfpTr e he
prorressing nucedy. Hut when ot by man
sel i Len mwinules, the cuslomer has
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; 1
twd choncds—wail or cal 1 raw. Solt-
ware cusbvimers have had the ame
chaices.

The cook has znother choize: he can
ture vp the heat. The resudt s olen an
amelenie nothing can savc—burned 10
Ofa pall, T2w in another.

Now Dde not think seflware man-
agers have less ioherent courage and
firmness than chels, nor than ather
engineeriog managers. But labv schod.
ubing 1o malch the patron’s dessred
date is much more comrmon g o
dincipline than ¢hewhere in coginces-
ing. It ix very diflicult 10 male a vipar.
ous, plausible, and job-risking dejcnse
al an csimate that 13 derived by onn
quanlitative method, supporied by -
tle dawa, and cenified chiefly by 1he
hunches of the managers.

Clearly 1woa solugiony are needed,
We need to develop and publicize pro-
doctivity figases, bug-intidence Agures.
estimating rides, and w0 on. The whole
profession cun only profit from sharing
sbieh daa,

Lntil estirnating is on & sousder ba-
sis. indivkdual manzgers wilt necd 10
Wiflen their backbones, and delend
their esripates waeh 1he | dsetrance Vhat
their pooT hunches arc belter (han
wish-derived ctlimates.

Rogenarotivo disagber

What ioes one do when ar escentiat
soltware peojest is behind scheduie?
Add maopower, aziacally, As Fips 1
Thiough 3 sugpest, this may ar negy ot
h 1.

I el wvs consider en example, Suppos
a task s eshimared a1 12 man-nmnths
and awigned o three men ler {our

monthy, gnd hat there ake measurahle

mileponts A B, [ which are sched,

whed pr Talb ol the end of cath nanth
Nuow suppae the first milepass o nt

tewd hed wnlil two months have elapsed,

Wiha are the aflerpatives Taging the

maflaper? )

1. Aswnme thatl the jash must be dene

ef lime. Asame that only the fast

part ol the bk was pasealmnied

Then % ran-puonths of ¢ffan e

Mt andd tw o muanthy, w4 : mWER

will b accded. Add 2 men i the

assrpned.

Assimrs that the 1ask s he dusine

on bme. Asauamy What the whalg

cxbimic was undlenmly lpe T hen

I man-minthe ol oIl w1 reman,

amd e mn ks, o 2 onen wall be

necded, Add F oneen b the 1o

sipned .

U Hewhedube, Iooitas case, T Like The
adsicr given by oan veprfienaed
hardware voganger. " Tale sl
shipe ™ Phat aw, allime eopph nmne
i the aew sohedude By ereure that
the wirtk  yun b carefulle and

rs



thoroughls Jdone, and that resched.
whing witl nol have 0 be done
apain,

4. Trim the task. In practice Lhis
tends 10 happen anyway, pnce the
team obvervey schedule wlippage,
Where the secondany cints of delay
are very hagh, this is the only feay.
il acrion The manaper’s vnly al-
ternatives are lo tnm it formally
and carefully, 1o reschedule, or 10
walch the tavk get sifenily trimmed
by hasty design and ingamplete
testing.

In the first Lwo Cases, indivling that
thr vnaltered task he completed in four
monlhy 5 disasiecos. Comdider the g,
gencralive effecis, (or example, for the
first alternative (1. 4 preceding papel.
The 1wa new men, howeser compelent
and hiowever quickly recruted will re.
quire training i the task by npe of the
experienced men. I this fakes o month,
3 man-manihs wilf have bren devared
fo word e n tRe original estimale,
Furthermare, the task, originally parti-
tivaed three ways, must be reparti.
ttoned into five pafts, henee some work
aircady donc will be lest and sysiem
tegding must he lenpthened, %o &t the
end of the third maonth, substanciaily
miare than 7 man-months of effon ra-
main, and 3 lrained people and ane
month are available, As Fig, 4 suppess,
the product (s just as late as if no ope
had been added,

Ta hape 1o pet done in Tour months,
onsidering anh {ruining lime and not
reparbitioning and cxtra syslems 1eal,
wrglt reepurre addimg 4 men, e 2. at
the end of the second month. To cosver
fepartioning and system wsl cfiechs,
e wauld have 10 add sill oher men.
P, howewver, ohe has ol legst a 7-
man icam, n0ota 3oman ong Hhes such
aspecly av Leam Arpganization and lash
dirvivion arc diflerent in hind, not imere-
Iy indegrec,

Motiee that by the epd of the third
month thiags sk very black. The
March | milovione  has ntt been
reached inospie o all the nuanageriat
effart, The templatam i very sipnng 1o
repeal The oyele. addmyg vel more mane-
pireer, Theremn Mes maadness

The latepeing aswumoed thal only the
firs! mrlevione w iy maseshimated. 1 an
Moargh 1 one mabkes he CUMN IV alve
waasumplion that the whole whedule
wat oplimaie v woants Lo edd o men
pist fa the atiganal 1ask Crleudanon ae
the  Gamaing.  10partitivaumg, Adem
Festing ellects is Teln ws 3 esergivg [
the reader Wilkoat o doaht, the re-
grocratine doaster wfl vell a pararer
peaduct Later, than wonld sescheduling

wilh the ongardl threr mwn, vinaeg.
menigd,
Dservimphilivizg G FIECOUly,  we

slate Hiewohs' [aw:

Adding manpawer to o late
Eoftwetrn Dropell inake s it 1@ter,

This then v the demythologizing of
the man-month. The number of
marnthy af a progect depends Lpon it
sequential comstraints. The raapmum
nuttdeer o men depends upon the
number ol independent sebtasks, ¥ rom
these (w0 guantwies onrc can derive
schoedules ming fewer men and maore
months, (The only risk 3 prodper ohe
salescence. | One cannat, however, gel
worthable schedules wing mare men
and lewer months, Mote spfiware
propeus have pone awey for lack of
calendar time than for all mher causes
combined.

Calling the shot

How tong will a system program.
ming job lake? How much elfarr will
bt required? How does onc cvimale?

| have earlicr suggesied ratips [hat
seem o apply o planning fime, cod-
ing, component test, and syslem fesi,
First, one mus say thai one does nos
eslitnale the entire tash by cslimating
the coding portion only and then ap.
plying the ratios. The coding iy only

nngsivth o o of The problem, and
CEIOts 10 it oshimalie of in lhe rangs
contld lead 1o rdicudoos resulis,

Srvond, ane mesl say thal daca [pr
boilding melated small programy age
nnd applicable to programming sy aiema
predusts For a propram aseraging
ahot 3,200 words, Tor example, Sack.
wman, Enkson, zpd Granl fepan an
arerape cosle-plus-debug Lime of ahoul
118 hours Tor a simule progeammer,
figure which would exirapolaic 1o ploe
an annual proeduetivity of 35656000 s e,
ments per yvear. A propram hali tha
size ok leas than one-foorth a lang,
and euirapplated productinily noalmaost
BO.DUD siavements per seat Vb jilag.
aing. doovmentalion, esting, svsiem
inlcgration. and raiming thmes fmypg he
gdded. The Lnear- extrapolation af
wich spring figures is meaningles, Ex-
trapotation of tioes Tor the hundred.
sard dash shows thal b man can run 3
mile in under thice minuic,

Befare damissing them, huweser, 12
sy nate thal these numbers, alhough
not for sirictly comparable prahlems,
suggesl that effarl poes as a power af
si7e evenmr when Ao communicatipn is
involved except that of & man with hig
mermeics,

B.000
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2 5000 -
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Fig. 5 As a projecl’s compleady inCicases, the nurtiber l.'.il Man-monins regquieg 1o
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FIE. 3 1efly the vad stary. T dlasdeates
resuliv reported Tronn g study done by
Nanuy and Fapet*lar S5sem Develop-
menl Corp. This shows an ¢xponeni of
1.5 that s,
elfoet = (renslant) > Inpmber ¢F it biokhions' !
Anather soc study reported by Wein-
wurmlll also shows an cxponent near
1.5

A lew studics on programmer pro-
ducuvily have been made, and weveral

eshimaling 1echmigoes have heen pro.
peoned. Monn has preparcdd nosurvey of
the publehed daial*t Here 1 shall
Five only a few nems Lthal wcem espe-
cialky ifluminating.

Fortman's date

Chades Foriman, manager of 1cL's
Soltware Div., Compuaier tquipment
Crganizaugn { Nofthwest} ot Slan-
chester, cflers annther useful personal

Pioq. Number of Man- [ Frogram Yo rds/!
units Programifmen Yaurn b yeant | words g yr.
)
Qperatinnal 0 b 4 101 £2,000 5tk
Mawitenance A6 Go d &1 51,000 6J0
Compiler 13 g i/ 17 Ag000 2240
Tiantlatar 15 11 2% n 25000 R
{0 sermbler]
|

Tabre 1, Dala e Bell Labs Iindicales produglivity diffcrences between complex
problems (the tirst two are basicatly contral pragrams with many modeles) and lecy
comples pnes. Mg oM 5 CAAain ke Much of Ihe ditlerence is due (o complesily, how

muoch Lo 1he number of pecple mvd]wed.

G0 i I |
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Fig. 6. Belt Labs’ gxpecience in predicling programming effort on one project.
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Frg. 7. Hell's prechgtions for debuggtng rates pn & tingle prolect, conbiaytr:d with

il Trgures,
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msigh. T

Hue Townd his programming 1camg
mivsng sehedules by aboul one-hall—
tach b was paking appiomirmalcly
wice s lang ax evtimaied. The e
mates were verfy carelul, done by ra.
perienced leams eslimalng man-houn
for several hundred subllusks on a FreT
chan, When the shppage pifictn ap-
peared, he ashed them 1o beep caretul
daily logs af time wsage, These showed
that the estimating crior could he en.
tirely accounied for by the Tact that his
teams were anly reakining 30% of ihe
working week as aclual programmung
and debugping tims, Machine down:
time, higher-poogty shaf unrelaled
jubs, meetings, paperwark, company
business, sichness, peronal nme, eie.
accounted Tar the rest. In shor, the
estimates made ap unsealivhic assong.
non ahout the number of technical
work hours per man-yeal. MY own
guprrience guile confirms s conclu.
AON.

An unpublished 1984 wudy by ELF.
Hardain shows progtammens realizing
emly 27% productive ime. 14

Aron's data
Toel Aron, manaper of  Svstemes
Technolopy &t tera in Ciaithershurg,
Miurytatad, has stilid  pingrammer
productivity whzn working oo ning
large syslems - (hnefty, farpoes Pikam
maie than 13 progreramers and 50.-
O deliverable instroctions). He di-
vides sech systems accarding to inser-
actions amang progiarnmers fend sy,
tem pacis) apd Bads produgtivitess ag
1ollaws:
WHIf P afiirarpnt

Lomt qplerPofaphi
Wany nlefaslinng

EQ R0 arglrar sy Fal ML.~peyf
5B
13

The man-ycars do not inchuds sup-
port pnd 4ysiem tedl aclivities. only
design and progrzmming. When those
fipures are dituted by a faclor of Two 1o
cevdy syslem tesl, they closely maigh
Florr’s dala,

Harmr'a data

Jeho Harr, manmager of program.
ming Jor the lell Tetephons Labora-
grigs' Elecrronie Swilching System,
reported his and oihers’ experience ina
paper ar the 1969 Saring Joim Com-
puter Cronference,®! These dald 2te
vhown dn Toble | and Figs tand 7.

Of qhese, Fip. & i the mmt deiailed
and the most iscful. The Bl te o joks
wte havicellv vontral programm: te sed-
vind 1w o mre basically langoage iramsta.
s Proodicneany gy staeted o reemoaf
;Ti,'lu:H.:l:LJ wapdy per Manyear, T1hisin.
wlodes programimemg, componeal fesd,
and spsiora tesl 1 oas mol wlear s
muich of the planning cfort, o rilory
W machine spport, writing: and the



like, s included.

The productivities Likewise fall fnto
bt Classifications: thme bor centrol
propramy arc aboul &S00 woardy per
man-year; those (or irandators sre
shoul X 200 words per man-year, Nole
that all four programs are of sirmlar
sire— L wariation is in size af the
woik Eroups, length of ime, and oum.
ber of modules. Which is Cause and
which s cffect? 12id the cantrol pro-
grams require more prople bhecause
1hey were mere comphicated? Qr did
they require more modules and mare
man-months becauie they were as-
signed more prople? Did they take
lonper because of the greater complea-
i1y, OF hecause MOre people were as-
sipned? One can’t be sure, The contral
PHORrams weie surely moré complex.
These unceniainties aside, the num-
bers deseribe the real productivities
wchieved on & large systein, Using pres-
ent-fay programming technigues. As
such they are & real contribution.

Figs. & and 7 show 1omt inleresting
data on programming and debugging
rates as compared to predicicd rates,

QS280 detn

1Bre psf 300 cxperienc, while oot
available in the detail of Marrs data,
confirms gt Productivities in rangs ol
tlbb 00 dehugged  indfructions  per
nun-year were eaperienced by control
program groups. Produclivities in the
2000-3 00 dehugred instrueticns per
man-year wete achieved by lnnguage

——hanslatar proupss These'inchude plans

_nirg done hy the group. cuding com.
punenl tesl, sysiem e, and some wap-
part activities, 'They are ¢comparable 1o
Harr's gdata, a0 far as L can el

Aron's Jata, Harre's dula, and the

8/ 300 data all confirm siriting differ-
ences by preductivity related 1o the
complezity and” duficulty of the 1ask
iell. My guideline in the muorass of
estimating complexity is Lhat compilers

* are three times a% bad s% normal batch
epplication programs, and operaling
sysiems are three Limes as bad 21 comne
pilers.

Corbatd'a dote
Hoth Harrs data and 58160 daty

arc [or assembly lanpuage progiam-
ming. Liltle Jaiz seem to huse been
putlished on sysiem  proOgtamming
presfuctivity  uving  higher-devel lan-
guager. Cothmid of 21’y Frojeel mar
tepora, howeve!, & moan productnity
of LMW lines of debugged ryf1 st
ments pei man-ycar on the muitis
eystern [hetween b oand 2 opunllen
wordv i [T

This pumber iv vrry caciing. 1Takr
the othep projechy, wan s e includes
control prograne and language lrenvin:

tary. Like the othen, it s producing a
system programming prsduct, aested
and documented. The datd seem 10 be
comparable in terms of bind of ctlon
included, And the productivily number
is a pood wverage beiween the conirol
program apd tratafator productivities
of oiher projects.

But Cyrhawd's number iy lings pet
man-vcar, nol worgd:' FEach statement
in his »uem corresponds 1o about
theee-lo-five  words of handwntien
code? Thiy suggests two important con.
elusicns:

« Productivity sacems contlant in Lerm
of clemenlary stalements, a conclu-
sion ihat is reasonahle in terma of
the thoght a stalyment reguaires abd
the erron il may inclade.

# Programming productivily may be
increased as much &y Ave 1imes
when a witable high-levet langusge
is wsed. To back up these cenclu-
sions, W. M. Teliaffero atso reporis
& conslant productivity ef 2,400
stalemenis? year in Asvtemnbler, roR-
tRaN, and coroL ™ E. A, Nechaon
hay shown a 2ao-) productivity ime
provement bar high-level language,
although hia standard deviations wre
wide. 171

Hatching s catastrophs

When ppe hears of disavirous sched-
ule slippape in a project, he imagines
thal a seqjes of major calamifies muw
have befgllen it. Usially, however, the
dizaster i cdue te lermifes, A torna-
does; mrd the schedule has slipped im-
perceptitly  bul inexorebly. Indeed,
majoer calamitics ore casier 10 handle,
one responds with majpor [orce, jadical
recrganizalion, the [nvention of new
apprudches, The whale team pises [
the accasion.

Bul the day-by-day slippzge is hard-
£t 1o recogrize, harder 1o prevent,
harder to make up. Yesterday a key
men was sk, and a meeting couldn®t
be held. Todoy the mechines are &l
down, becacese lighining struchk the
building’s power tramslarmer. Tomoi-
row Lhe (isg roulines won't start tesl-
ing. bechuar the Nirst disc is poweek fate
from the factory, Snow, Jury duly,
family problcros, emergency meetings
with cosiomers, cavccunive audits—the
lst gocs vn and on. Liach enc only
rostponcs sonir aclivity by & half-day
or & duy, And the schedule ships, one
dayata time.

How deey nne control s big project
on 4 uphy achedele? The il step iy 1o
have & achedule, Lach of & lin of
ewenle, Cplled mulestvives, hey p date,
I"eking the dutes Tn wn estituling prob-
len, docusscd slready and crucially
depembent on crperitnue.

tor pieking the milesiones there o
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onty one relevant rule, Milesioney most
be  comcrcie,  specfic,  mesturable
events. delined wath kife-rdpe sharp-
pesk. Coding, for v counterexample, iy
“90% bhnuwhed™ [or bali of the 1ol
coding time. Debugpeng is "¥9% com.
plete”™ most al the nume. “Planning
compleie’ s an cvent one can praclaim
almost 8t wel] 11T

Concgreir milestanes, on the other
hand, ate 100% events. “Specifications
signed by archilects and implement-
ers,” “source cading LU0% cuemplets,
keypunched, ontered into dise library,™
"debupged  wversion  passcs  mll ey
cases.” These concrete milestaney de-
matk the vagur phasrs eof planning,
coding. dehugging.

It i+ more important thal milevanes
be sharp-rdged and unambipueuy than
that they be casily verifiable by the
bass. Karely will a mae {ic abour mile-

Mone lovie

the bearer of bad news,
Ipphociey

stape progress, of the milestone is <o
sharp that he can’t deceive himsell,
But il the milesone is fuzzy, the taoss
olien undersands & diffezent repan
from ihet which the, msn giver. Jo
supplernent Sophocles, no nne eajoys
hearing had news, cither, sooq gets
cafiened withowl any real intent 1o de-
ceive.

Two intaresting sludies of estimating
behavinr by povernineni conizacton

show that;

1. Esumates aof the lengih of 8n nctiv-

ity made and revised caefuity

ovelY twi weeks belooe the petivity
slariy Jo not significantly change as
the sturl time draws near, o mat-
ter how wrong they vllimalely turn

oul 1o e,

Drurmp the activity, overcsiimates

of duration come veadily down as

the ecrivity proceeds.

1. Underestimates do not change sig-
nificanmily during the activity uni}
sbout  jhree  wreks  before  the
scheduled completion, i1

Sharp milcstones are v facl » acr-
vice [0 the team, and onc they can
properly eapect from a manaper, The

fuzzy milestane is 1he harder turden 1o

five with. 13 is in Lact w mithtone that

crinds down maorale, far it decsives ane
aboeit ki time untb f i% idtemedi-

enic. And chronic swchedule slippage i

a mozaie-Filler.

L I¥]

“The otherplace s late”

A arhredels sl g odays o what?
Who genn enciied shovlt o ine-dny ship?
We van make o up later Al the wiber
paece s filw inhe iv leie anyway,

ey larpge-seabe T develapmenl  progects =T



‘A Payehall manager recognizes a
nonphysical 1atesl, huarfe, as an es-
cential gile of great players and prean
leams. |1 s the chagacleristic al run-
ming fesfcr than necossary, maoving
soone? thin pecessary, Irying harder
than nccessary, s essential for groal
programming teams, oo, Hustle pro-
vides the cushion, Lthe foserse capacily,
that enables 2 12am 1o cope with fou-
tinc mishaps, to anugipate and forfond
minor calamities. The calewlated -
sponsg, the measured eflorl, are Lhe
wel hlanbets that dampen hustle. Ay
we have scen, oac mull gL excited
aboul » one-day ship. buch arc the ele.
mcals of calastrophe.

But nol alt one-day ships are equally
disastrens, S osome caleulation of re.
spomnse o5 necessdry, thooph bustle ke
dampened. How does onc 1cll which
slips marter? There s no substilute lor
a rer chan or o critical-path sched-
ule. Such a nerwirh shows who wails
[or what, 11 shows who s on the o
cal pith, where any slip moves 1w
end dute, 11 atwg shvws how moch an
activily an «ip helore il moves inlo
the crivical path,

The rent 1echrigue, strizly spealk.
ing, iy an clabpration ol conical-path
schetuling  in which ooe csbumaces
three limes lar every gvenl, ey coer-
respomding Lo different produbilities of
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Fig. 8 A repan showing mulestones and states 15 3 *ey docu.
ment an project fombral. This one shows some problems in 05
developmenl: spccihications approval o Ixe oA some alems
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meeling the edimated dates. 1 do nn
find this rclinement fo be worth the
extra cflorl, bul for brevity | wall csll
any chitical path networ) a ri ey charl.

The preparation of a pra7 chart is
the mast valieable pacy of il use, Lay-
ing out the newwork, Wenilying lhe
dependencies, and cstimaning 1he legs
! iu{c: & great deal of very speciic
plannang very carly in a progect- The
fryl chan iy always tegnhle, and one
insenty and invents in making the sec-
and ane,

As the projeel procecds, the PERT
chari provides the answer 1a 1the de-
moralizing excuse, "The other picce is
late aryhow.™ It shows how husile 3
necded 10 heep one's own part off the
eritical path, and it sugpests ways 1o
make up the lost dime io the olher
pall.

undar thg rug

When a first.line manager sets his
small wam slipping behind, he is rafchy
inglined 11 ran 10 the hose wath iy
wioe. The leam mepht be able (a make
il up, or he thould be abic 1o invent orf
rewrpanize to solve the problem, Then
why worry the buss with o? 4o lar, so
good. Solving such prolilems is cractly
what U Tieseline manager iy there
fere Ard e Py does hgwe enough
el worrics demanding his actien that

ETITERC RN TuwsdBr Lfaruy afeanr
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he decsn’l seel others. 50 =l the din
petvswept under the rug.

Hul cxery bosy neede two Linds of
infurmalion, exceplions far artion and
a vatuy piciuee fod cducation [ For
thal purpose he needs to kpow (he
status of all his cams. Gslting a true
prcture of that stalus is hard.

The Artdine managers  inlercsls
and those af the be .o ave an inherent
conflict here. The birsl-ling maneges
fears that i he reports his problem,
the Bowe witl sct on it Then his avion
will preempr the manager’s funcuon,
dinunish his authorilty, foul wp his
other plans. So as ling as the mun.
aper 1hinks he can sofve it alone, he
duesnl ieil the bows.

Twgr tup-lidting 1eehnigues are apen
1@ the boss, Both must be used, The
first i 10 reduce the role capfict and
imvpire sharing of slalus. The othey iy
10 yank the reg hack,

Ruducing tha rote conflict
I he Loss must fitst distingirish e

Iwech acnan information amd staiue
inlormation. He musl discipline hime
sell noe 10 azt on problems his mpanag-
try ¢an sohe, and never 10 Ecloon
problems when he v evplicily sevaew.
ing sinius, | oonce Loew a bos whis
il y pizked up the phone o gse
vraiers helore ihe cndd al the fesl para.
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preph i 2 status reporl Thal respame
wopuatanreed wosgoeloh ol disclonure.

Caonsersch,  when' the  manaper
Lnows his boss will accept walus re-
ports withoan panic of preemptien, he
Cumes Lo gy hoaest aplramaly,

Thiv whole process i helped i the
b babels mectings, reviews, conler-
CNCCs, dn SMAFH L Fevice MICCHINEL w4 f s
prodfeiresctiont meetings, and conirals
bt uccordingly, (hvioeely  nne
may call 4 problem-aciion mecling a5 4
consvguence vl a val meenng, if he
helwescy & problem s ool of hand. Bul
al leant evervhody hnows whal the
seore iy, and the hows thinks 1wige he-
luce grakhing the ball,

Yanking tho rug off

severtholess, il v necessary (a have
revicw fechnigues hy which the true
shtees v made krewn, whether CROpEr-
atively of nol, The pi&T chare with its
frequent sharp malcueney is the basis
for such review. On a lurge project one
may wanl 1o review some part of 1
vach weeh, making the rounds once 2
month of 1o,

A report showing milesinnes and ac-
luzl eomplenans is the hey document,
Fip. B ipreceding pape), shawy an cx-
cerpt from sech i reporl. This repurt
shows soune troubles, Specifications ap-
proval i pverdue on o several compo-
nends. Manal (skL 'approval s oser-
due on another, and one i late peting
rarl o the fima state talrns}) ol qle
mdependently conducted prodoct 1est.
50 such 2 repon serees as an apenda
for the meeting of 1 Fehruary, Duerye
one boows the guestivns, and (ke come
povent amanager slwnld e prepaicd 1o
explain why 1l's lafe, when it will ke
finsshed, what siepn he's 1abimg, and
what help. ! any, be needs [rom the
hass or collareral prongs,

Yoo Vywwonky ool Hell T efephone
Lahoraderies adds the tollowing ubser-
valion:

fhave found it haady 10 carey both
“refredided” wrtd Cestimated ™ duter
fhe ndfevienie report, 15 scheduled
dares are the propeety of the profece
A ges o reprelent @ cemrniaiend
woark plan for the progect as g wiode,
weid e bl 14 & poans o reasoahle
p.'r.'rl. The f"u.l'.l”lih'l'ﬂlnllr.lh'l ke r.ﬁ{ .
ertv gf the hvwregr fev el mpauager w o
it coeitifurce aner the piecr of warl
mogreestam, amd represcnts ko bey
sdgenent ot when o wilf aeneally
fieppen, piver the redoneces fie Jun
avarlable and when Be receioemd 1o b
commpniteteniy foe deliverey af1 ki e
Feguistdiy fmpuds. THE frogect ouamgger
Aur to Legp et fereery ofl the panmuored
detey, anad prl e cinpdumiot am peliing
accuetare. Hobiuord o einiges  rather

than pafuiahle optrmdyic esliigtes or
seffopradeciinve comervaim e wAey, Clace
thev sv glearhy evtapfidhed o1 puervane's
mretd, the pRgErE Hanaerd 30 der
Qialde @ waws inin the future witere he i
grocrg tu fre an froishle of he doeint’s de
eelng.

The prcparation of the pEnt charl iy

.2 lunchion of the bane and the manag-

ers reparhing 1o him, lis updating, res.
spoh, and repoting fegquires the anen.
tion wl a sm4ll (one-1othree-man}d
siall gronep which servey av an exten.
svion of 1he hosw, Such a “Plansy and
Contrals” leam if invatuakle Jor a large
projeel. 1t has noe authorily except 1o
ash aH the line managers when they
will have «ct or ¢hanped mileatones,
aod whelher mulestones have been met.
Since the Plans and Conirols group
harmdles all the paperwork, the husden
an the line mandgers is reduged 1o the
esenlials—making the decinion.

We had a skitled. enthusiastic, and
diptematic Plans and Controls group
on the 0sf360 progect, tun by AL M,
Pictrisanty, who deveted considerable
inventive lalent 1o devising cffeclive
bui ungbtrusive conirol methods, As
a restldl, | fournd bis proop 1o be widely
respected and mewe than to-rated. For
a group whowe rle is anheremily tha
of an irritant, this is quite an accom-
plinhment.

The invesmert of 2 modesl amount
of skilled effort in a Plans and (Controls
tinclon 3y very rewarching, It muahes

far more difference in progect accom-

plinhment than il these poopls worked
dueectly an builing the product pro-
grams, o the PMlans and {Ceorols
provi is the walohdug whe renders 1he
imporeeprhle delays visihle and who
pointy up the critical elements. 10 the
early warning syyiem againsl losang a
vear, ang day alu time,

Epilogus

The tar pit of saliware enginerring
will continue 1o be aticky for a long
tme 16 come. QOre can evpegt the hu-
Miah fog¢ Mo contlinee attemplng sys-
tems st witlim on qust heveind owor
reach: amd software svslems are per-
haps the mosl intricale anu compley of
man’y handworks, Vhe manapement
of this comples craft will demand our
best e of new lavpnages dnd sy stems,
our best adaplatken of prosven enpa-
accnng management methouly, likeral
drwes af commen wemc, and a2 God-
given bumilils 1o recogmze our [allibil-
Hy aeed limitations.
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In contrast to Dr. Brooks' presentation,
this portrait of fadure s for thosn

who learn best from IGoking at bad examples,

PROJECT

O%E OF THE PRIMARY caies Tor
the fndure of dara processing pruHects
i5 that such projects are often ol .
Lally defined . and therelnre may lach.
w brpinning end an oo, Qnce a projed
has hepun, nir ine seemis 10 kpow |
* hsw the progeel was slasted,
® what the salhng s, of was, al any
one Toinl g Cime:
* what aclivilics have been per-
fermed:
* when the projeet will end;
* what the project will accomplish.
Eyvwniially, becavse projects are rare-
Iy {vrmaty defined, they are parely
chr‘lﬂﬂrd T nmpktlun necurs pakiby
wpan the death—or feagnalion—ol
the tiver the project sersres, o7 when
the Myl iy e for comversinn, (o
pletiom s alye 3 prercyuisie tor wie-
cesy, bal a projeel o comvidered e
cewdIul anly 0l complered within the
otigingl linee of buadgsl elinaies, aml
by o well i sanishes the vaes s necds
An umsovcesedfal progest, hiwever,
cxn br idenlifizd during wvetal phases
af 1y hie cveler and 4 whadl here (e
peinr i dhose sery inchicarars.
Leapieally, any project can bz fime-
det weodd i bve d1sGA0 phases:
ar i'reiniliation  perjed  {snalle
TEaiured T weeks of monthy)
ht Inijation perind (mieasured on

weels )T
cl ]ln;t‘l.‘l duralion {in mmanths or
}t arsh -

d) Minject (ermirztion, pering (in
weeks o1 manths
et Do lrrmrrﬁlmn pnln* focrur-
g several months afier LTI
(ermiitalion }
In cagh of the abpve phases, crrofs of
COMIPMIA IR AT crmission can have 1ha-
it impact nmon the success of the 1ot

peogedl

Pia-inltiation periad

11 '\Ll ~.|||||.|H|.1 et lop sy
rpiting Dnow g she praget sall ke
Fhnd o, el prop o Ui teeated ay s ew
pind i el sy ateny with womie inckis ndenl
reafiinisahile lor exhimbatioe s eatiping
will b b nigaon Bes vaon ondersLamd -
g ! phe progect amd iy eks, and on
how guekly Ar can acootnplish the

WHY
FAIL

by Stuphen F, Kaider

siht sk Lt e vse s pyadde af g sy
file if wimlar progecrs amd acloal swr-
stew onprinally eslingated feies

ML IRUITTINTILT TR P Y FRVAT S 1Y
the poobalde preject deades, bo rather,
by owhowver Jappwes be be s nlalsie an
vl g Linng,

1] Lhe peroject i it adegpiateh
detfmed, Tl rogowest Toe an eslimale
irealtly takes e formy ol “Johie, we'te
planmwing 1 redes the pavradl <3 sdem,
What Jo sowu thimb a0 wdll regquae®
“Pavralt” omay teean a0 somiber ol
dillerenl hinps e aliferem peeply,
Dhewes i imveds ¢ Libor Jaslithupipn® her.
suhngct imberntien! legse arcomnne ?
wilary, homtly gt evecntine pasrol]?
Ay ol The sbiee can measinabiby e
pacl the estimbaey v the proged,

-‘-I ."”IHII Il:-li! Ijn‘n_'\ A .'q"ll“l:J
(e estinvanes, with corrrsponding mae-
LY T SUNTE WISTTI S

21 oot ssoilabaly bir The
Proqest v pnkacwin Uoiigies e
tnally prepered iln.'-upu'.llu' ol
will ok dhe wonk, Dt o amas
tele b A4 by vy b nelde, Dt
iy oy pegnn fwramew) gy e
avarlbde s e will et Thye ad i
B AlTpl the yese i prae o

oo e vt By by cseeflem, dhe
st se ol Hig progect s rabed gm Lot
of s lral v esimmated L,
deat bows the oot ey by g fadug
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fi) S1all desdves are unbanwn, A
pregecl maw be wery appealing In ane
wull member, bl fepupnant eoan-
nthet. In histh Caspy 1he actual e wid]
he allecied. Comseguendly, the Nysfems
Manager must undepstand aafl doesires
and avagn prajecis accordingly where
poshle.

Inttiation of prrojoct

M~ 1AM T Tinmenation i<
svailaule for Caisling. vmilar. ar inter-
{aging sysierme 1o provide jhe gerejecs
Ieader with 2 Jdaia base W bl epon.
iy Froject Ioader responsibility
o undefined . The lesder Yo no Wiea
what iv cepected of hin, in lepard 1o
the pengect or The personnel assipned e
wiorl on il Should be recomimond -
lerpgtive asliilions! Can be recomt-
orend fermunaling the piogecl ' Can be
rernve porsennrl Tromoa? Can e rec.
vrmnsnd dawemiant?

kY Faper Mow B hangdload peogy
fed is sapgeislent), Pscumenialien
repandag responsabulines, aocepiangs
CHLEEE, ayiem ahjechives, el iy oot
developed, Batker, decrmentation is
timitcd 1o the technical avpeds ol the
proyeel,

41 Kﬂnl'l“rlergf [ R N IT per-
forpy the projecl mone eliicientfs s
laghanp. Are there mudides, or subou-
Ty dfreaely aviifabfe which tun he
e ? I thete @ el data ponorater
availabbe? Whai abaul srslem desipn of
dncumentatinn ands?

5 Iredimiian of 1he prRygecl
vigle, maesboading, o W0lally wiong.
i The project, beisecn  jhe
nme of the angmal csimare and A
i, has changed withall a cor-
tesponding chanpee in the cstimaie,
T Litthe e pee betmag ny Apent R
rlanning the prosect. Rathes, analiss
doesipn widd o cohing v bepon n e
datele arpans the progect appausal Hwe
topee D leler ol pepmitted thee
“hogdny ™ of plooining - buve he sl at
tavk dhe ppogecr, wiod ks walfl e
o Tisnt, wevond oo thrdd; what np-
Plich be owill ose: o what saerbar
jrrojests Be will e ocazeate o 16vcw,
1] Feoblem avinidanes o ol
vrderstons]  or comsiboed. Shidlh




WHY PROJECTS FAIL

enough, * all projects begin with The
premise :Ilul evciything  will  go
smoolhly * hemy wech ay lack of teal
tme due 1o year-emd clesing 2rc npd
considered untd alter the prablem has
occurred, By then, the project has al.
ready lost seweral days, ar il s 100 lage
to provide an altzrnale source.

9] Restures requitements  are
nol scheduled for the project, Cretical
iterns, such ay beypunch, west ime, user
manual typing, secretanal, and print.
ing tegeuitemenls become a problem,
and are addpeved only afier they have
aflected the preject.

14}) The praject tearm's aclivities
are not clearly presented to the engd
wier. Only 100 afien, the rewlt is a
series of "1 thought . . . "Ll assemed
ot tlenthe T comments.

1] Froject  completion ehe-
ments aic pol defined. Thatl 15, the
projecl leader iy not aware of what
comlitutes completion of the projec,
What is the end preduc? What tesy
acceplance criteriz will 1 nsed? Whe
miust sign ofl on project lutnover?
What comslilules lurnover?

4

Quration of the profoct
1} Posning or seponting of peoy.
* el information v nol performed, re-

\

sulting in the project leader heong
unaware of whal Ve complelion pee.
cenlage v, and ke y-cr boing unaware
ol the impact of ¢hanges upon the
ongimnal sy em.

21 Prrpect resiows ate Lypicatly
eactcises in e, They coudinnte a
“How'val going, Jack? Any problems?
wWol [wwd! See you next week,” The
woab aopsiomy matager does ol oask
probing, detailed goestiony. He does
not Teguire thal i persoancl antici-
pale prablems, but by primarily con.
cerned worh identdying problems which
hiy preyect leader already hat recog.
nized,

1 Change of personnel is one
al the major reasony why prajeets 1ail.
Personnel, incloding project leader,
are remosed Trom the projecl, with no
adjuntimgnts o the swchedule Tor time
lesl due 1o the changes. Whenever 2
tcam membzr is added w3 project,
there ix 3 lcarning curve which impairy
his efliciency on the project. 1 may be
a day, or a monih, bul unforbimorely,
people movermenl i comsidered (o be
tramparenl tn the project compleiion.
4} Adhorente 10 stafdards and
specificatiuns iy cither nod dedined or, i1
defined, pov followed. More often than
nol, slandards do exitf, especiaily in

14-2

larper installavivns. They address doe-
vimentalion techriques, labching, file
names, e1c, However, once an ininial
indoctrinavion iy prosided for a pro-
grammer/ amalysy, followup iy ignored.
The mow cvpedient snlulions are Fol-
lowed, resuliing in several «teps {inod-
Ulgs) in Lhe sane propram scquence
addroaning the idenical fle wuh dofTer-
ent mnemanicy 12 resultls Tar eaample,
tn skelchy operations docomentation
witheut consderation bor reslart pro-
cedures, hainenance then broomes &
major parl of project development,
5) Resource teguirements  are
nol apticipaled. The mojor offendery in
Lhis arca arc:

s [Data erlry. Inadequaic time s
permitted  for  turraround  of
source code prepatanan and/or
test file arparation, Winse, verifica-
lion may not be perflormed, which
almost invariably adds at leatl ane
day to the program Cevelopmént
cyele.

s Compuler Test Time, The lack of
adequate lcsl lime becomes ex-
tremely critical loverd “he end of
z projecl, when onby ore of tvo
programy are being finalized, U
turnaround is averoight, rach mi-
ner change 1o 3 program ados mt
least one [ull day 1o the dutation,

n Desipn Level Reviews YWhereay
most 0} the time these are consid-
cred in project planneng, il rage
that enything lepger than a min:
wic v assumed Tor duration be-
twesn submisyien uf design speci-

+ ficalions and approval,

£) “"Hrule Force” Approach. la
this iype ol shop, everything is de-
sipned and implemented from scralch
wilh b thoughl given to the uwe ol
pasl projecty. Lools, ar waik simplihica-
tinn meihody svailable to shonen the
development oycle.

M f.ark of n project manager.
It sounds slrange, bul many prejecl
flounder throwgh o completion with-
onl o tudder. The "DP Manager™ i
normally the project Jeader and he
provides a4 much attention g+ he can
tonsidering hiv other dulies, In genet-
al, very lew ingtal'ations have one man
accountable Tor en enlire propect, bul
rather fragment the roaponsitalinies W0
the point where no one penon b
necouniable. P r
R Lack of & Project Ing A
project Ing cen he an invaluable tool in
peifotming post-morlems. Furnber, in
vompaenis which chape-back 1o the
user Lhe cott of resourees vsef, it can
he ihe mainstay in welifving such
chargpe-backs.

9] 1.at) nf 3 projeci audit (radf
Mata audit trails are comudered he hey
(s the development of eny ficangintly



tound accounling systeny. Yetaery fow
Projtc! manapoiy Dongein thenisel s
with mainterance of a projecl wuzke
book to prowvide a sirlar wuda el Lor
project develnpment.

10} l.ack af a «Killy insentury.
Many projects are pursucd wih the
project mansger complete!y nnasare
of the skilly avzilabde 10 him within his
own thap. A skills nveniory of past
accomplivhments of cach stafl member
simplifies the stafing of a project amd
ensutes that experience i recyclable.”
m Lack al project milestones.
Hecavse project milesrones are nol de-
lermined at the onset of a project,
percentape of completion is usuatly
equated (o prreemiage of hours -
pendrd, For example, a prejoet for
which 100 houry has bren estimated i4
3% complete when 60 hours have
becn etperded: when %0% of ke
haurs have been expended, it is 0%
eorplele, Thic cap hkewise be extrapn-
lated to 140% complele when 140
houts have been expended.

-12) Stall membicss are comid-
ered “univensalty eapert ™ Dwring the
edlimation slage, and again during im-
plementation, stafl members are con-
tidered to be rqually competent ana-
Iysts, desipners, programmers, {ibrar-
irns, documemiation specialisty,  elc
They ars assipgned any of these fene-
ticns v-ith Fltle consideration gives Lo
‘Iheir zhiluy. Tavariably, this results in
project delay.

13} Lhiliratinn Mhilosophy. A
most  fundamental  problem which
rlects many Lirge ¢ompanics i3 vne
which demands marimizing the ntiliza-
tion of perwnnel, aw appesed o2 proj-
eclbonicalrd  apprech, When 8 Ml
occiers in a3 panticular project, stall
memhers are reassigned, becawe U0 is
*snathema to hiave people nol peiform-
mg “psefuf” (that is, dosign or phs-°
grammingt woph, Conseruently, whirn
Ihe project redarts, the same people
may nol ke available, nr warse vel, arc
wvalalie part e This i a disasirons
epproach, hecause wiile o assures that
peaple are always assipned 1o a projed
aod unbfization s high, it placey an
Emphaiii upon eflor, ol reyslis.

Tormination of the praject
In the hist place, 0 iv puy opesion
that propcks neszr lernanaie, Rather,
they hecame hbe Mows, condemncd
o wamder ofl the erl al their davs
withnet secing the  promised  lamd,
However, for thise propecis that die
"lernnnale,” the follnwing are bey
defciencice,
1) Flistors sslglislive ate ol de-
lermined of st updaicd, For caample,
al projeel  lermination, Lhe  projest
leader should make some atiempt (0

delermyne perlormance i fighl of vcr-
Luam whpegiives, of ingasan ble orilerivg
b pLny pregrane wole wriivn?
how muany haes of code penerated?
arverdpe hines o cowde e dbay? averape
statfee stalvmehis por ;'-rngrnnnm.'ﬁ'
et 1081 imE Teguired pef prosram-
met? per piopram? All ol the atosg
can be imaluihble 1only in the estimats
ing and cxaluating of {unere projecis, I
hecomes the fiest step o [he develop-
menl of 2 “cesld rovoucce accountimg
wvpulem™ far dp projecis.

Fy] Quality Comiral, Ty pically,
when a project is camplered, i1 s never
evaloatesd [orguality, The o criteena iy
“dacy the progeam run?™ Thete are no
prades (e, a w0, 1Y of programs,
They are either "As™ oe T’ "

The manaper mav evaluate persone
nel based wpon quantity af code, pro-
grams or documenlation prodoced, bl
in fact he never even conviders evalua-
ton based upon the quality af coding
technigques used.

1 Knowtedge pained i raicly
tramslerable. {Ince 3 project v com-
pleved. it goev thraugh 4 precedurs
sitlar s “de-Stlimzation,” wherein
all vestiges of assucialion with a prajecl
are forgotten lewl one be singk with
pragram maintcnance, ‘nadeguale
timee is atlowed a1 the conglusion of the
project for stafl members 1o “dump”
the knowiedpe gained or even provide

meaninglul  smight  inte  1echnigques
used.
4] I'ersemnnct are nol evaloaied.

There is an ideal time, and only nne. o
cvalonale performance of an indiy idoal
an a peajeel amd That i imtoeedizeey 0
the concheinn ol 3 progeer, Yoo, only
Ly often, presnimel evaloatinn s bicgd
intet emplovmicnl anndversary  ales.

"Between the time an imdiidpat has

compleicd a project and kv nevy ap-
praisal, a year may baee Lapaedd, [2or-
ing thut vear he has had the o panoani.
ry 10 porpetuale minlakes indaolly made
12 monlhs zpe.
5 Lack of fermal lorneser,
Typecalle, a project 1enmtinatinn m [rs)
ke by the pppeatance ol a new
repost. Alore reahically, a0 formal
proseatafinn shonldd take place sddovss.
ing: .

aboniial ohjeetives ol 1he project

h1 perinemtance aguindg these objec-

tives
€1 teview nf the ool predoce
di designation of prisgipal cantact
for muinienance, eic,

fih Hecommendatmne for one
haitciicnt are nol docoeended, Al the
conchiaon of a posject O net canhien
the progect teann o o sleal possghian
Worggammend enbancemicms e the
siaione Hothese are nnd guannhicd ime-
medistely, they will be Ioal foreset.
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Fiost lrmination —
The key inptedunt here 4 the con-
ducting of user saislachon sirseyy six
e mine months afler the complenon of
& propecl, The sursey shoold address:
al resubls versus vhjectlive
b) integrity of daia
) freedom frem bugs
d} quarmifcation of chapges re-
laired
el wwefulness of nformation (e,
should the system be conunued?}

Summary
At o result of revicewing the devel-

opment of a number of mzajor syatems,
the above faukts £xisl mose oliten than
noi. However, the Loy problems ap-
pear in 1ailing to viderytand the char-
acieristicy of a prgjecl:

4 |1 has & beginning.

* Ilhasanend.

I ooses muolniple, Oalde fesources,

U has an objective.

Iy sucress cap ke measured ip lereig

ol lime or doilars.

It requires a leader.

It requires a stafl,

Tt muist be planped.

Pecformance against plan must be

reviewed,

# |1 cotzivs wilh ether projects buy iz

Sistnet from thean,

tisneasucabfe fauanlifiable},

i: tmay be 2 had project (irom the

standpoint of wachd=ess) I o

sy he allered, or terminated.

* Tnicrnal and exteraal forees wilt
afleel & project; they must be identi-
fied.

* A project iv 2 proup of sub-projects.
N piaject iy wmigue. .
Unless Baib anention is peid 16 cach

uf these awpects ol o project, the his-

tory of project Tailure wili be played
cul coce again.

L ovige presndent ane cenar £orsile
Lanl welhy Fesienicn, InC,, & Tlhwe-
Lamm ggriguilang Do, Rir, Hpider ioad
spEC el ad b et Al ATl R
Iy pudhiling swelh pmphpgee O
frrdperc) Fanagermenl, He held Dol
1o 4N epstery Fogincenng, dou-
Catgn mEkragemenl, Ad syslrme
IdHMAREMIENL wlull wlh IHES whiefe
e gcEnl IS yaare A o pedunE
Fedteiuta.

—— e e ———
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o whether Ihl'_\' e rl1|1|ir|':i h_\ Hi= raparnrge s frr [THLE
Far exatple, withuad software configoninim mpnage-
et - eopfigueation wlentifieation, confpnration o eal,
runlipuraiion antl wvertheation  1he
seftwpte developient necgegeer will speemd ek ol bis

wialux areouyting.
lime ~olving ||rn|1h-n|.-n that ] ot hawe ati=ch, Baft-
ware 1= enmlrolb=d throeb ool o doenimenintion
within o strnetaned sofbware diveloprpent pronses

Tharre are sesctnl wass ol analvging the ~oftwan b
selapitnent process, bt thee onne wee b ehoeein Tiguls 1
the definition of ~esven plocas, or sbepes, o boenling o s
dimerete cvent or e oo ig 1 The ~Hpe A
Temsically coquentinl, bk e praeliee (here ane eratne
Lot s am spent wteps il ey hetween ap ol e
slepe, Ths seven sl e s ok s,
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Fig. 1. Typiral custum sofiware develupment sod Lest ateps, showing seven unique dorumenty.

modules are released 1o the deslon group for assembly
otilu the naaster tapee, the Buildup of the software package
into sucerssively more comples interlsers and capelidities
can comimenee, When two or more modules pre nuscinbiled,
the first etapes of “evstem testing' ran gel underway
necording to the test plan staried at Step 2 aod wpgraded
in evel of deisil w1 Suwep 4 10 inelude Vst procedures and
quantilalive aceepiznes ctileria. The phase terininstes
when all modules have been suecessfully tested neninst the
prethtermimed neceptanee criteria wt the evsten level,

T";h‘;n F=Cerlifiration a4 ceeptance Demngiralion:
This final strp 18 devoia] o T sl Teeeence of Uie solt-
warr sysiem by subjecting iU ta previousby defined ee-
ceptanre and tesl specification precdures, whieh are
executed In mR neer an nperationg] envicomment snd host
computer configuration i poeeitile. The phase (eromnates
with surcesaful “operationa demogistration,” witnesad
By the enstanner and b apndity grstennee teain, T e
saftwnre prackagen nre then fesdy for installation, integre-
ticrn, and clpechonl e Lhe cperationg ) enovipotinent,

The finw] etepr in the sultwsne devebogiment Liin oxcle 18
the furrunner of the operations and muintenance (inse,
strictly speaking, Step 8 This phase is coneerned with
inatallation, integration, snd checkout in the full oper-

nliotial eoufiguration. The sftware rondrarlor assists in
any way requited to integrate the soflware products of the
development, or ecgusilion, phlase into ap tperational
wiftware packnge That meels the origingl {and updated)
preformenee and design requirenints, the produet of
Step boand subsequent updates, The metivities of thos
phase will als include (reining, rehwarsal supporl, zoits are
problem repurting, faull isolation and correction, forasd
proddem eloswre and dorwmentatiom update, g1l finubly,
firat misston operations support, Beenuse this is oot part
of the software development offurt, we cost it differently —
usually as & levil of offort.
PRICGING PITHFALLS

Prricing is the amulele process by which we arrive st a
price that we quale o Ahe custumer. Cont stimating 1~ n
mijor part of 1l pregess, wlthoagh it frequently e Lo
L dome wevsonl Gnies efore o sl prive s nerivisd nt
The generat promeiphe- dnvetved g priciog Inege 1881
effurts ol any kind disve been defoasd by Bevonsdge P2
gl mpply to lurge seftware develupimente as wrell
Beveridge's dincussion centers mround L proparation of
& proposal it respunse to & gevernent Hequest for
Propoas? {(RFI"), but Lis commaon-sense pinciples sre
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applicebir 10 any complex pricing exereine where meny
individunle nee invalved.

Therr in # grreral {rndeney nn the part of designers to
 gold-plate their individue! parts of any svetem, hut in the
case of saftware the Lengdeney s both stenuger and mare
difficull to rottrol that tn the case of herdware, A mujor
task ol manmagement i3 10 make rertain thot the design
Leing propoard {(and priced) does meet the customer's
nerd, anc that cach individual component design ean b
traced Lo a speeifie nesd, while et the same Lilne it does not
provide mnre {more speed, more aceuracy, Jess need lor
core, e¢te.) than the cusiomer needs or wants, Auvthing
being affered & custonur bevond what Le has nskel foe
should e clearty identified (and priced} as an option,
That i= what is meanl Ly the “fived-price attitude’:
what ir the absolute minimum I ocan dio 1o salisfy the
needs statid in the 1117172

SOUITWARE COST ESTIMATING METHODS,

The software industry 19 young, growing, and marked
Iy rapid change in teebnology and application, Tt is e
purpnising. then, Lthat the ability Lo estimate costs = stitl
relatively undevelaped. Even though many arpanizations
are irying lo deviee more seientific and objective weans
for estirnmting costs af Iarge soltwure systoms, Qoe present
elate of the &rt 19 Iereely judgmential, We will, how-
ever, discuss certaib inportant exceptious thartly, A
review of other firms and agencien confirm (het we zre
(peing v problem common to sil [27-(5]

Eatimeting the coml of prducing computer softwapes
relies heavily on the judgment of expeneaced performers.
The agltware snalysl, or esumator, normally breaks the
total job into elements that are estitoatid separately and
then surnontized ingo o chtamate for the total jol. The
eatitnating nnalysis and syntheais sy appear ns a mentsl
process of may invielve an explicil algonthin (4]

En either vase, anocmpirical datn base is weed ns an obe
jeetive reference, snd the estimator wses his Judgnent to
socount for differrnces, Pivees of informetion ueed in the
comparicons end  adjustivents for diflereners include;

“a} anabveis of initia! requirenents: by abtiention of e
guirements (o sofltwarne nondules: ¢l estimates of nonler
of nhjr\{'i nstructions pu'r mm]u'lv'_ i} 1‘\_|||]|'|L{‘1Ii|}' atil
technologiont risk ; o) veer covironiment and characteristies
of the custoner; £} computer of cholee and terchange-
ahitity ameng other wser sites: g3 Lighoer crder g
af elioice ar criteria for st of aeseihls Tenguage: b vpe
o mdtanpe o b dev loged s 0wl her selteare 15 0 b
delivermd ety opetattenal vsers 1Y teclstienl exgoeenee
on that tygwe of poles B4 copabalities of vhe vl of the
technivad wtadl sl probabiby sl sl e work s 8 by e of
foo mnd ite trerntive <raetuee, e tengthe of bovehgieny
time; n) single-medel multiplerelease vorsus e
mode] single-releass development coneept; o) perfurmnnce
record of otlor large-soale pxstems [AWAC, SAGE, ete}
in the number of instructians and development nan-

ILLE THRASRACTIONS % COWMPCTHRR, JUMHE JRTY

mrnthe; and Y manegement factors 1o do with pro-
ductivily rates, frror rates, work envisonment, avaiiabilily
of compuler time, and many ather variables,

Meost entimators use o logical sequenee in ealaldishing
Lheir retitmatea, The logie uses exchange rocficienta bee
tween mome meerurable paramneter end itk cost ang
adjustiment faciors derived {rom experiener, One of the
pitfalla in that estinating ratios should e direetly teaees
able to reeorded comt faels (ool hearsay ), and even the
lactual datn ean contain varving mnd unctated allnwances
for risk (we may have assuned a $00h work wesk, our
recards rhows we charped that eate, but aur reencds do
nol shinw that most personne] worked 43-MF werk e
more). Our long-term obicelive at THW has Tisvn ta
create m svitematie software developrment s=Umelion
svetem that een signifierntly reduee <tatisticn] variunees
botween estitmated costs and setunl coets, anel is et anly
securate in that sense byt gl siogle, fast, and ecan-
venirnt, Ve will briefly luok st estination murthods in
genernd, and iwe in parteular that bave lwen developed
and reduced too practioe st THW,

General Logic Fallowed 1n Eslimatiny

Tro:litional eoel entimating proeedures slant with
fixing the size of el nerivine, s starn date, and deiration.
When neeessary, afdjnstinents ope marde ta aeeauant for the
mlilwr ufl ]wrl’ﬂrnu-r ill'l’hﬂ'linl'l IR :r!.-‘cii;ﬁl-d, ri«k. N
plenity, uneertainties in eequirements, and sooon, Finadly,
the ammmt and Avpee of mmaeemer Do e por
motdh) amd commputing ressarees Thoaars per moadh) are
convertal to daller rosts by sppdvieg Bid eves Other
tirect rharges {dotait i mets, traved, ele} are
ﬂdd{‘d. nnd  sunmnnrivs oare maide lhr::uuh tha: |rr:.|'i.:u:
evstonn, Traditionnt nothods vany be classilied a5 one or
more of the technbgues diss ribed Tackow,

1V Top-Den Exivwating: The estimator redies an the
totol tost or the east of dnrge progUeons of previons rogerts
that Wave been camngdeted foeeatinate the vost of all o
large portions of the project o e estiatsl. History
coupled with infonmsl opition ¢or intuition) 3= used to
alioeate rosls between puchapos. S ibs many pitfalls
i e suledantind 1ish of overloking .~;1l~t']ﬂ| ur didiralt
technient problems that sy Le bosisd In the prebeet
tasks, wnd the fnek of detaite sl for cost justificsiion.

2y Nvmlanities aod DiHeconeea Kstimaiing: The et
mitor Db s the ok fo Bee o enugdished toon L)
af detgil wheere chee sdmilerit e va el dilfepenees I
v s progechs mie el eeident, Wk, gits tled conmak
T 1'urr|.1--1n-1i T EIE FUNTTRRR | “Ijl'lllllh'h. ||:|. saptins ol loer
-l

A Waetao Bttty TFhe enlinaton el o e s iaviky
eoclivbnts or escbange tatue el mee ievntmat (sithin
The woltware aliwdvet
estimantes the size o b onesdule by e nemler of algect
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wiortnelized poeriod of porformpnee s shown in g 8 for
ease bistory M0 The nurmalized cost dastribution by de-
veloprmwnt aclivity over the sofvware Hie cvele, for both

10C and 100, is shown in Fig, % o estimating the cast .

of Inrge software svstems, we inal “operstions nnd main-
topmnee” AO& MY neoa Jewe] of offort eomrneneing im-
meedintely after aellolT ol dhe sestens in its operational
covireneent. T the malvinuebel seoltwnre developrend,
UG M of Sl Best medel overinpe che purely dovelopement
avtivitios of the amfomd cdel, Toowvobd aoy misinter-
pretation of the developrpent cosday the O& M umensted
Lo b0 peereent of the tetal contraet sabuie, Cornpanisea of
cavs bisbory 4wl Home stze ol cost vinauemnonthes o,
eebidiog TRUA v given Delow -

Runler of Uhject

Traatbuet iy Seraieths Hrte
th (&) (Fid)
Care Hivtury 4 (LA i sia 180
Case Hhsluey B
100 . 1nd DO~ g4 170
Fol 15 D G 40

10 metivitien fneladrd deign atid pimloetien of & protpty e
softwnre pockage of an mhlitwnal 20 0WRkabjeel inetruclion, A
ightls rmnl.lh:ﬁ wirpn wma pincle duting, UG

] Lrli.rmni LLr ¥ i.-ln."lu.-'lllermli has bern serifbsd |J_'|r rmpiﬁtﬂ
datn miad ovntreibed tedn dm oother induiors |55 bul not sy se-
matwadly Tor The ~oftwece imelustry.

A Koftieere st Ealvmation Algenithm

THW Ly dovelopead 0oeost estinntion slgneitkm Lased
an the pesamplion thet ensts vary proportisaally with the
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vumlier of instructions, Poe caeh demtifid romdine, the
proeedure vombines an estimate of e b of object
'illu‘.rurtinnu‘ t':ltr-mlur}‘, rrr|||ti'.'|~ l'il',k'_ﬂ‘l‘ of |!|ﬂirufl}', and
histozie ddata in dollaes poer insteucsien frum the soet deta
Lo b give o triat ertimate af the total cest, The design
gromn astimabes Chee first theee softwane potametors. The
svsden et group provides the approgriate cost duts
base nsed by sl designers, ns well as the allbeation of
tesimipees 1 each phase of the enfiwar develigunent
evele, the selwxduli- for cacli milestone cvent, mond the lahor
mix, The provedoses thew spreads the Irdal cost oser thae
perice] of perforinanee poconding ta s iput paraen-
drrs, gives the mn-neaths porowenth by lihor category,
the cost associded with vaeh ch-velopment activity, and
U compater wsage by omonth for clothoat sod Gt
netivitios, The outpat oy e eoncidenad & Yirial cetimate”
i the wener that the propgesal tego must be satisficd with
the resulting extimate wihen tested agninel sy convens
tional met hiend of cost estimating,

The Br=t steps i the actlesd is Liceategorize the soflware
rotitines (hat e Ixang, crmsidered i the preliminery
dosipin. The =olvanne ealegarios have becn seleted Lased
on experoener, el wee those Toeetionally different kirds
of softwnee chdithes frr whicl o signibennt cust per ine
etruchion LT 2 expected, Categories that have stood
the Gt of wsape in several propoeal amd podiminery
tezipa activitios sres ot catrod rsutine, which contrds
execttian How and i montineecritical. C; ) input Aot put
routine, whiel tean-fer=alata into or aut of te computer,
Fiov pre- or pestadporithon processor, which meanipulates
dota for cnleaspuenl procezing or ouput, ' d elgorittan,
whirh  purforme n dlimatical  opertions,
Aoer date oevgcient rodtinge, whicls penhges Jata
trunsfer within thee compurer, 4% aned 13 tie-eriticul
Prowssar, which is o bighly opthaized iachine dependent
cudis, T

The pext step bsosze il eouplexity eslimates by
romtine, o sabhiprogranm, by the designer, 1o balanee cost

logival  wr

el risk, the ill'hib:“l'r 1155 deciche to wse soultware clenent s
that are avaibdde to b foom s sedow are librany amd weed

oy o degeee ol msdibestion or adopation. At the

other extpemie, noew techaique nuy e nequined nand e
vatimated pa p Ligh teelinebopiead rick, T seswant For
the degree of diheulty of o given Lied of Douwtioe, 1he
designer estitnates A risk or vomplesity Tactor, This s
the 1=t erueial step do the estiniating prsess, fur it
ertuldizhes the vost ol the pegtiog- with sl direet and in-
diter Tl vutdier
bcsealls aheter e Yo Gl vl vost sl B osponad e

clairges onwartized  apenioet D ~rjis
Huesalewelopunoene evele

T cosilgm = levve abndlenvnt viea= ol oo selllwnrre
puebzinnneter s slembd B cotimptotl, i permeend it borr s
] *1I||.'{!I‘ tiwa by b hisd st vstalidisbe o ”'“II'1""iI."' I“”‘“I:-
seabe VAL OLE E nnd ke o sandand cstipe”
for waeh pule Tused oz wo eomplesitg rating of sael joly;

L&

LY mwehite used; e langoage weed s arl d) estimate)
s of instruclions, Heamdon gees cguations Gind 1a
istorienl dats i get siandueds, 2ol then I sLLfrs
prfnrmaner ngainst the slandard (9.

Lacht beliewes the estiiator Slowld intervies the
therabier of the technieal =0l whe willk du the ol end
wiegitiate personal apreeni-ut on effoet, Historical oot
data reinfore thee estimatoe's Judgment wlens Smilar
jnbis can bae Jounel, The cstimnte i~ hasad nns e similerity
with prvicus modules; by pwrsen doing v Jub; e
marhine st d]l loopuape gaed; amd e stimaied
rureibser of teestrurtions Lt b does oot beebiese iw aningful
performaner stardaeds can e sel dor sftwnre 1107

The simpbest technigue for parmosing down the many
rubjective ehudees rarly in the - timation proces is Lo ask
5 the ruutine pew or old, aned is it casy, medivm, or hard?
A conplexity ratiog cocfficient can be nppdied contin.
unusly Trems bt 200 as on moultiplier, o pefeered. Fhe
imporiant considiration is alhwing suflicient degrive ol -
frecdony o acenminadute g benrning cxpeerienee and in-
dividoal difference= i performanes in the oflart (o oblsin
Botealistiee eosts For our proesend purpesies of earlyv pre
liminars bisign, v will allwe the disigner four floices
toneeaund Jor six bevels of dilliculey for each eoudinee, Fhey
i

lu-y Melinm Hnid
tH M (AN i
Mew LY R M H

Tha- vnly paraneter that #hangees a< & foro tion of degnes
al ditheulty TUE thimigls NH b eost poer instruetion,
v rnidee comnrd s nvailalsle 1ot lee dasdgaaer, Sagde dris
el wdlb b piven I s sectian an Softeade Cost Datw
LHETE

Thee st sbepris foidentify o various develepnent and
Iee? phaees Tor prsduciogg thee sdtware [roan e coneepiual
stage o delivery of the opaerationa] soltegpe to the ultie
il user o our peesesad paurpessaes, Pie seaen sheqs given
e dhe seetion entich d T Sofraane Develginent el
will e gdiopeted . Dant ey eould Tis gy othier sheps tailoed
for thas e of D paetienlar applicating, Por cach phss
anestitate is peguined Sor te frne T of 00 total aneant
toe boe allown et Je I thee vase of mapser allocatinn
for distrilaglion of K g et b oveer 1 develapnnent
evele i ws Monelionally alleented a= 424 manemontbe L
desicn aml avmlvsi-, 210 mmiemonths v eogde sid debrgg,
aid A et e v elneck, vatn amd Gimn e g 0
Tlos ahisributean ol 3221 37 pervest sl Ui level o
|!I'|.:li| L= luan Illllllr' I LIIT Fjr:"'li:'.' m \1"|.|-|:'.1| H'!ll"
bt Jere s wndi D oo popony depla ol =dartds,

1'ta- [eng 11 by b te Lar alebiee Jhr melowvitn- TTRLTIR L il

“vebepuuend prlize b soiee of o s tivits meny sl s

Ui Pl o Viv it zee g Dt than of cleveleges

cisded eneef
HTIR 1Y ||1|r|:~1' B 00 2 7 nmt i Lhat ie 35 ar Levilbes arv
bdewtitied b oceaelr of 7 pluises. o turn, suleels of the
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artivities miay Ine syl 1o “super aclivity™ leveds,
gnrt the wakeup may vary from phase to phase, A tvpiral
artivits arras sl ot ntrdx will bwe presenbed in the
weeThoyy eptid bed Thesobpes Alhenating,

The finab sl in setting up the initial eonditions for the
st pslinutinn aleortlan s e prllﬁd{' w hilude dana
higerd v 1 he cuslanep’s statement of wark, of olher mian.
pprment  onnsideratiopgs,  Schedule data are inpul oms
trwnthie freome goeahead foe each of 1o mib = poerinadg,
Hurden rutes are input {or propeeted overboad rates,
gevrrgd nod addminstracive, mid s focthe Libsor mix is des
fied and unburdened bad rates Top the lalse prades
desired fer the phase gre defined, Seleetive ensl cols sre
under mnnagement contrid Ty the gverrinde capabiliny,
Other direet charges are ingmt, whick for soltware s
tvenlly travel Bsa pereentage of direet Tabor eosts, suel;
g% A pereenl and docunentantion at 10 pereent,

Compputer usage data for a machine in the CDO 6500
class with timr-sharned eeptral processor anil based on

samphd data frem 8 programming departmwnt by month

have tween [113)

[Mesipheral
blisgrs per

Nunhee of
Prroreserr Himrs

Suipbaer o Tatal Ngndaer
of i Hesigmesger

AP Vit~ et per Ma-AMonth Men-Month
iG A 2N 1.6
35 3.0 1.27¢ 4.4
N a0 0 1.0 .0
HE 6.5 . 7.0

Alliwing T slight]y bess peswrer inoa 3700155 computer,
fuor instaner, o fgure of 3 hftoentl/progranuner man-
rnatith wortld ler reosorabiles AL an averspe proddectivity
of 1 objeer instructiandh, this s equivalenl o 130 jn-
structions fion-montl, o 1.2 man, instmaction, The datg
ite thie Ahied el e based on 132 proceesne 1
coreeepelings too Th of eonpting time, v coanpriter
hours patria in Genes of wsage B per instruction by
phase i given in the sacGon entithd Reauaree Aheation
hased on the alwnve dagn,

The summary oulyut frenn the eost cstbnalion sl
_ porithyr, SPHEAY, Sneludes: o) cosl por soutine boeed on
cither historic burden entes or peopused bmeden rates;
it aveengme cost o per Istraetion, number of instructions,
&nd cntegory: ©) total moober of Jdevelopmien eamputer
hours per routing; db simple graphic di-play of schoedule
and everds: e oot bireahdinn by devddoponent phasge
gk towrtinee o Vidal doblias ned pereents 0 cost Bk
dirwnn by owetivites by oroutine, and sgmesd over all
rerkbditneg i thae sofbwore, such ac R IIR L v,
ottt gt spves b fiones, dean coding, wad nests
ings amd fnally. g twandeasding and oo cunmery by
sepient howing Tor each mnnth the s bhieeabodasn
for wominr stnfl, ~tafl, Gechniead deneal; aleo, coanpter
Lictars by anentd, odber direet clogges, eost by nomtb, dnnd
CUpILTpt by 4 st

FIAF TRMASBACTIONE 1% .-nurl:l'n_!n. 1%, ”ﬂ‘

The aulputs Trom the roal eatimetion alponithm aee
convidered & “trial w1" for the cod estimetlion group.
Tl trial sep s gaad T coenbdnation with wbl other spurees
of data to tost thal cost posibion against e project ol
jretiviss The spproved trisl b, whicls contains the best
judgmiental and quantitative measures of cosl per soit-
ware vlenunt and per aclivity, becomes the inpot to the
ullicia? prieing compnler run. Neceseary Uranslation of the
data ot b eanctly mateh the customer's work breakdewn
strucrture TWHRY or olher appropriate eost elepets ia
sl for the tinal pricieg ron, The official ot figures are
prstoced by eest puidelines, approvid rales, and pee-
erdurrs that hasve loen etablished by the ln-hotse
pricing prougr and appruved by e government auditar,
The pesulis of the seftware rost estimation alporizhen are
rednined s= enst boekigpy data and for possihibe wse an later
cist ustification, The oflicial cost hgaees Trom the priviog
connpuler run show mantoading and costs enllirted and
apprrgaltd ggainsd the cuzlomer's WIS {see Fig 10).

This cosl estimation approach hus the following pd-
vnaitapns a) The nmount of data ritquired to obitain a
eost estimnte inominimal, B The seftware desigher ime-
mredbately sees the cost consequences of s preliminary
desigi. @ "Fo the extent that the routiee bs dinactly teaees
abile 1o & nequiement, e requirernent 8 dieecliy raoe
able o3 totzl cost, d1 Comparicous of slternzte sehedics
an rerource plloention eai b made capidly o) A roml
justification is produed that can stand the test of povern-
tend wudit

S0P TWARL CUST DATA BASE

Sepsitivity coellicirnts or exclangs ratige used Ly Lhe
eost etimation slgorithea reside i the duta base, The
olijrelive In cost estimating is too realise greater noruraey
sl preeision while anticipating risk aned s imparl on
profic, The greater the risk, for a given confidener level,
the preater the abiwancs on e part of the estimator for
this uneertainty, The wore uneertain the estimate, e
bew comnptiive i the enst propesal, Further, anoestimate
of coml Dacked In relevant enst cxperienee fpets gives
crtlislinee (o ur-gmi:nur. TR gLl aid the cuslraner,
Cust pu-tibiearion s denuoled by the enstomer, ancd i
wrually provided e the fnroe of wower level back-ap data,

Valid dats based on proven expreriense gre reguired fur
ANy st Patination proces~ Producing good operational
software 35 deperdint o the neany aetivities of good
peophe properly divected and nutivated. The process o
chilfiralt b enenge ol nppdy widely bevand e 1evh-
Illlllru}' vepter Tor which the !1r-rf||rr||nrl.rl~ I Lsures wirke
leriveall There s no universal el Applyving “averagre
produrtivig vorales” without Liveaedpe of tlil'dq_‘\'["lupilll‘nl
step that wore wsed i dediving the 1ates 1 wieng
Jverapes Dased on Luege saiples ane useinl in CuLHRIFT T
of o Loenl worigble apadnet o global variable, o 1l ali-
Imalat s Teasnnobily cerlain b b connpraritye truly ciuiv-

2-1-12



WO F RO WEVLIOPING LAROERC AL, ROFTR ANK

st o ey g g ———y

[y g _,..._4 Bhad A I
I

—
o

—

627

EDAF pp

—u

et g -
- - _ - -
rHa" e -l ARy [T TR
M g kP
[
b, _
i

4k g L AE

4 PO aail
E O e,

LY N
F TS P

Fig. 10. Simplified mtting sequence fur TR sofiwere, showing
enst exlimating algorithm daia Ruw,

FREDHET sahs il i T awt Skl Wy

L o] by 1
LB
r T EomarLtairy
T - M kb
CratdEmag
= Ermiw My 12
o o Ty
A
w O prraTolg Liag vk
Loy ENNEM
[RAL-13
up T
a WA 1t T
up- whdngapthafyt rr featl
an.
[wy —
ara W T '|__
)
cangt
LI IO W'Em"
1]- - Leuiw
LhfhT
vty = — LEEL g
] - Fap i
L i
& (LY, S SrRY .Y
LT LE
- aon WM ry
il e o i L
iIf—- Cmay gk
e LN O v m gy
= AL peel
N I W IRT DaLE
M Ak SR U P S T
1 i .y ¥ ) e
st | e D ALET b 1 L TREmL

alent mreasurea. Aetzelnnr haa studisd (he probdean of
industey-wide prafuctivity rmtes fn lerms of program size
and congpleaity, as shown in g 11 [127],

The oetivitics that productively oteupy the analvsi's
time, nalong with the plant overhead and other direet
charges, largely determine the price Lo the costomer, 1L s
in the conpany's best intercst 1o agree on measurable
pelivities that should be availolde jo the software cost
dale base fur cost jestifealjion and cstimation of new work.
B defmitions of activities that Liave Yeen iduntified
in this regard are gven below [2]).

1V Learsing and Ocientafion (L)1 Those wotians neres-
rary to gain understanding of the hardware and eaftware
to be applied in the profect, and to learn the operating re-
uircnunits, specifications, and constraints 1o e alisfed
Iy the seftware packege Leiag prosducad,

2-1-

Fig. 11, Gl estimating graph, rhowtng indystry-wide wverages.

2) Anedpsis and Desigr (A1 Al actions neerssary o
generate’ Lechinteal relitions, which nre expeected to satisfy
requirriments and specifieations within the impnsed con-
strainte. Jt includes determining aned evalualing technical
npproaches, determining and cvaluaring the efferts of
smecific perpuirements and constrnintys on patentinl tech-
nical solutions, seleeting (he bese salution, amd desenibing
1hat solulion w0 il fan be coded. This retivity ineludes the
roegh docitrnentation that is normally preduoeed tn pEhe
cratitg & lerhnical sahiation, but nol the eforts of finalizing
the documentnlion puohnge,

33 Cwting 100 The irenslation of the detriled atepa
of the techoweal solytion Intg mechime pemdable Tanguage;
the ordered et in computer eode or pretdocode, of the
ruceessive comnpailer opertions for wdving & rpecilic
probtenn, 1w nod e lade s toal i|||1|_:_.t L tae vonnller

13



524

fexerpt for time-share inputs), compiling. nor testing the
adequaey oF validily of the instraetiona,

Y Tear and Checbeart (T M aetions neecreary to
mesute that the inslructions codid bv the programmer
capse 1he marhine ta de what the proceammer intern fid
il de, Tt covers preparing the G+t data, compiling the
TR, running the tes data, reviewing the eompdler
and fur mackine ot pat, adentifving corors, carneeting the
errers, and making changes (o the progeam that inprave
it= rebiabilily and efMfigieney. I dovs not inelude verifving
that the soltware product satisfies the reeoirements and
specificationg <tated by (he custoner or =ponsorn

81 Verify/Quatty (170 Thow action: necessary Lo
assure {hat the soltware pricbuel satisfies the requices
nenls and sperifications provided Ta e costomer or
sponsal. 11 includes preparalion of qualilviog (est daie,
vertfiention runs, evaluation of computer run pesults, e
adinstments to the program 1o correet any di-fieieneies.

&) Sysiom Fatrgeatinn amd Test (7] All nelinns neeessary
1o mesure Lhat Uhe subsystiem or medole as programomed
will interfare with other solmystems or madules 1o proside
a wnlisfartory svetern, 14 includes preparing date for
evalunting the folpl Tunetioning of two or more sube-
gyRteins or modules, making the evaluntion rups, evelizal-
ing the joint operalion, :nd making neeessar inreliGea-
tions Lir the software in Arcurdanee wilh prevailing con-
figurntivn eontrol procedurca,

71 Pogumpentetion 10 Thowe actioms thal  reqoire
1oehmien] editing, teehmieal Cvping, art work, nd repeos
douction of deliversble docunienls to the ruslurner or
SEHIIMIT,

An caample of the rost per dnstruction for the -ip-
nifivaad crtegorics ol softwane po-vinosky dedined ver<us
degree of diffieulty is glven in Fig v The et figuces,
in principte, include all seven dévelopuent steyps deseribed
in the seetion wysoflware develigpanen! and hiel manage-
menl, Aetivities that are delived mmediaiels preesling
are Tnherpently neluded e the cost Bpuees ssowre ol ather
direet charges up to amd ineluding proeeal amd admings-
Lrolive rosts,

In lzte 1951, THW rompiled in-hiovse datn on 2 wide
wvariety of software developmaent ehiseaeteristivg, whiclin
turn were edependenty analyzed Ty Luleiinn nnd Agenel-
ates under contiael to the VS, Ar Foree [13}, [11]
The varinbles of particular interest for our present puar-
prses were analveed by lalejian and Associates {or B
pachage of 55 rgubines devidepsd by THW, A brie]
interpretation of Tour of the amnnlyees that benr an the
cust of developing seliware 12 presentid next.

Copsider Vg 15 TS 0 plt of cnst veesue nombeer
ol fstrurtions Tor the S moatioes, Twe conelosions ran
T drawn, either I diree! abeervation or by megressinn
rnpglysis, al There i n geeral toend v thee dote- lazger
rtines cost tueres B A Tiear lit Go the slata is oot very
geal, 10 wune nltempts lo predict costz foom noutine stize
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Fig. 13, Helstive et per podine versus unber ol in-lroctions,

mlane, ane ean expeet ereors of abmout SG peresst o the
predieted eost, The prediction is better thon usthing, bt
ol mueh Letler, Fig 13 showe the same data plotted
anclher way—cost per 10 instreetions versss number of
fstruetions, 1T (e cost of the poatine ean be estimated by
i fixedd cost per WEKY dnstruetions, one wonbll expect this
dala o show vousignt eost. LU appears Lo be conslant,
with & arge creor, ceperinily for sinall rontines. Again,
one eoncigden (et eost ean b prodieid Teom number of
instruetions providimd that one is wilking 1o accept foirly
farge vrroca.

Cosd depends on oo wwrpdeer of ather firtors, and one
wight hape booget better rost atimates Ly inchiding (lil-
hieulty, ecaperictes, ole. A eunsuleralile
numlier of fits were Seled, Thee snewers, unfortinately,
were negative, Tochisling vllor verishiles Jud oot aesnll in
nn eruation Lhit pives pny «igoifieants botter i1 o the
datn, Fig, 15 shows an evample of noe of the vuriables—
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experience of prograinmer. A glanee at the curve supgresta
thet n knowledge of thie ranalle does not help one predint
vost, The regression ar Cysig reeulls support thin sug-
gestion, Table T shows (he resaltz of & multivariele linear
regression analyveis. Adlding the remaining variables gives
a belier AL, hut not muel hetter,

" The conelusion i that there are no wimple wniversal
rules frr cowting softwire aecurately, Tt in necessary to
underetamd the nalwe of the individual program and the
individual rautines within the Frogram,

RESOURCE ALLOCATION

Verioue researchera have separately  discovermd by
einpinienl methode & rule of thumb, nanely, that anatvats
end drsign account for 40 pereens, ceding and debugging
account for 20 prreent, and cherkeout and Lest aeragnt for
0 preeent of the total resouree {eaatd Kpent far poftwane
development, the 40-00-40 rule If the eost o “menl ol ing'
of phyecal avetema is Lo be borne by the =oltweree dovilop-
ment growp, as controstidd ta modeling anelveis from mmw
ata by lechnology cenlers within the company (mich s
thertnal, attitude contppl and  pointing, prupulsing,
clectrical power, and so forth] an vxtra 30 percent typ-
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cally would be requized in addition to the saltware develop-
ment Ly itsel In other words, the deriving of equations of
mation or physieal hebavior of ather physicn] gestems fom
raw datn is not Tnelhuled fn the software developmend
resourers atlocntion. Bimilarly, the rost af coanputing me
is not rovered in the resourer alloration. Fxperience has
consislently shown that eomputer custs add an additional
20 40 20 poreent of 1he (olal eest of the progeets that is, a
&5 nllion/year goftware developnoenl eantract will cost
the povernmenl wnoarlditional 32 odllien for GFE com-
puting time Lo the developer, Boelin discusses his views
on prouree allacation in C13); his fiudings are prosented
in Table Il. The findings of no inhouse survey by
Metzeluar are presented in Talde I Inlependently
derived wloeation for the 1008 man-month
eocting example was given in Figs, 4 and 5.

The basic resourer alleestion duta thet are perpueired for
apphicntion of the et estidion algorithm ure s wwnoin
explieit form for pratposes of Bllusration sonly o this
parngraph. Table 1V shews g osineplified version ol herw
“romplesity” pight be bandled 3 a proliniinary g,
Far reample, il we are <hsigning one rouline in e large
E¥Riem thut we estimate to huve 10K rarplitnlde, of
abject, instruetions tpot Fortean TV souree instruetnns],
and that has as its promary futiwetpm setbing yp the input

resnu roe

2 -1-15



ILEE THASRAITIONA O% [OdPUTERS, JUNE 07

TARLY 1L
AVvERAGL PERCLNTAGE OF ANALTAT'S TIuL BY AcTIVITY

ACTIVITY INFORMATICE RAYTHEDW L avi
AMBALYSIE Fup Fai 8 % iy
CEsSIgM 11 Fai ol 187
COoE 13 = Pl Pl ]
TEST h+ -1 ) m1
[t FERLE ) ) b1 | 13 L) 1

100% 100 100, 'llx:"'h
Mix: SCICHTIFICG 1.7 ]] 12 L] 157 1t
DUSINLSE 101 roa L1 15 11

* Sbatantial variation Eramn projecl to projecl,

TANLE [V
Cost PER TnsTRUeTIonN a8 o Foserios oF e iee gfF FHopw ey
Ll auriE OsLy)

CATEGORY
DEGREEL OF
DEF [ HUL TY = 1 r [ 1} 1
GE 24900 4B LATOD VEDO0 FWDO SO0
ol 2700 MO FIOO rhO0 1NDD Gt
on wWph 3T JEo4 Iiod MO0 7900
¢
NI JJp0 MO FROE Mm Jed 1sm
[ AODD JXAOD MO0 WD 4 A&
MM RGO 4303 WP X W0 FEOD
L}
| L
REQUARIMEMIE anaLy T ETREETmmeer)
»
FRELIMIN AR Y Dk THEH T e T
i
INTLHIGCE [PEFIRITICN e |
i}
DUTAILT D PFYIGN 'E‘ﬂn’ﬁw ﬂzﬁ::ﬂ
! 2
R T T
i
DL w1 LOFNE T TERTING e *
11
vaunalION TG R
ANLIGIE MATHORAL
DEMONEIHATIOHN L 1 I 1
H
L 5 "0 15 e
FERCENT

1o the main ul[,:m:ithm, we firat categorize iU Bs o Fpre-
processor,’” or category 2, 1t 38 vew pod xevins 1o be of
medium difficulty {compared ta others we have seem),
therelote it s further ralcgorized as new-medium, or
SN We enter on the workshect for this reutine its name,
snv POOG, ils category PANM, and 1 nomber of ox-
ceuteble inttructions cqual to 1020, The consequence of
i« retign is that PROG, ot E34000nxruetinn, will cosl
the rustenier (e dircethy timealbsle 1o IR S0 000,
This coters the cost nf pll auetivities, inchuling nanalysis,
dosfpn, dovwneenting, coding, clwekout, mond est, Phese
welivities gre sprend into the dovelopnint plisas geeopd-
g Lo the 1y pieal sllseation of resampr shown o Fig,
v Swimmiag e Gieet froue e peior ocoeodde nnd dehing
sl we nbhoente WG pereerd of our totad didlr theerss,

Fig. 18, Typical allpestion of resources in cbom soflware de-
¥rluprenenl wnd test.

eoding ke 20 poroent, nnd the fwe iajnr prhases alter
coding lake The ronaining 43 pereent. This distritintion
has been tested againel st least Iwo other compader pro-
gram de veloprent cveles, provides aopoed fit 1o present
design teelmitues, and will e adapted ns the naminal,

The resouree di-tribution in the seven phases [steps
1)-7) previoushy definndd correspood 1o the seven phases
A-G will voary s s unction of “ratogory,” and may be
interpreted os & perturbalion about e pomsinal, o aldl
enses A, the D&MD plinse, will be Arented Jilfenenly
since it s bl elpascterizod Dy fhe snowe clajecLivis nre
netivities mr the developauent plinsi=, Tlae peneent vaniae-
tisn of oAl pesenzzer ollentiog as o lanelion ol eategory
g given in Tuble v,

Alter vhosifying e softswnre piekige ik e rontine
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level) by entegory and degree of dilfirulty, and defining
the devilnpment phises for producing the software, we
define the “aclivitice” o be performed during cach
development phese. The soltware slalement of work is
the source authority for defining activities Against which
corly will be eolleeted at an appropriate level in the work
hrenkdown structore. The 25 aclivitien fur 1asks} 1hat
colnprise the 7 develognent phiases, which in turn lewd
ta preparation of the drliverables for catr hypothetical
project, nre shawn in Talle VI,

The pssignment of resotirees 1o each of the 25 activilies
for each of the 7 develojunent phases is shawn in Table
VII. Histurical data from the cost data hase combined
with engineering judgrient gained from work on previous
simidlnr projects ore wsed inomnking e nssignment,

The remaining slep is to assign a peogeerly time-phosed
computer resoupee to b used for the development and
trat of the roftware. The rationale for surh & computer
hours matrix was given carfier. The mnerieal results mre
given in Tehle VI, tagether with an explanatory note
at interpreting the dntn areay,

An eanmpie in the application of the entire process
wonld e uselal, Within the spaee of this paper it is not
praclival; however, pireliminary desigh of a large command
and runtrel software syslem was carried nut in late 1971
that provides Lwo useful insights for our present purposes.
The first is that the cammund and eontred portion of the
roflwire system consisted of two major subisvslems, the
first comtnining 69 subprogreatns which were considered
guasirenl-time, and the secord contrining 24 subiprograma
which were considered real-time. In fael, some of the
former conlained -real-time subprogrems and the lalicr
gome nonrcal-time subprogratms, Thus, if & casusl ob-
seTver were 1o charseterite the software as solely real-time
(o7 nonitenletime), in hopes of deriving usefui cost datn
bhase parameters, he wouhl Le certain o fail in precise
interpretation ef the performance date. The respurce atlo-
celion in terms of burdened msn-months and compuater
hours Jur the effort is given in Teble 1X a1l the module
Lewel, where runtines ranke up modubes, and medules inrke
up the svetepn. of this s demy bad been carried vut inoa
comiplete developueent exede, nonew duta et would be

ulercd e the cost dete base and varisoees hetween

clual amd predicied rresourevs would be available to nid
in the nest estimsating ool

A seeond insight that seems useful is the cost estimating
relaticnships that cinerge when the softwere elerrents ere
separated into mekninglel groupings af, in this cese, real-
time, real-time plus its supporling environment {pre-
and postprocessors programmed in kgher order language,
for example), and command and control clements that
ure not tine-critical (see Fig,o 173, The data sre now
lighly correluted, and the differenecs in productiviey
rates between the groupings would he repected to range
nearly 3 to 1. The observed differences should not be
altributed 1o Jack of correlation Letween dependent
vnriatles thal are seen 10 be members of different sels,

TOPrICE FOR FURTIIRR WHRR

The topies thnt were originally idenlified for diccossion
will be seromorized | Logether with ey wsues that infuence
rort ostimating of large soflware systems end that teod
Mirther work and sludy.

1Y What fa the typieal tode producfion rale por neogram-
mer man-menth? A working standanl ey e Duferzid fram
the detn given of 1 abject instrigtion/iman-hour, wideh ja
couivalent Lo 1M instroctions/man-menth, o 3550 in-
struclions/man-yrar, or 6.4 man-months/ 1003 object in-
structions for nantime-critical soltware,

Ii & burdened man-month varivs hetween $4300 rnd
L4000 in 1972 dollars for s typieal prograinming drparet-
ment's lsbar mix, on e average this working standard
translates Lo $27.50.831.50 av the enst per instruetion.
INath ease Mistury A wnd B corrclate strongly with thege
rtantdurds. They are chnractenized as large software jobs
whose development is firmly structured and controlbed.
But what shout the R&D work, not well siructurcd and
controlled, and which (herclore does nul Jend Lself to
egtimution Ly extrupotation fromn o histoerical cost dats
hase?

The underlying question is whethier we have identified
all the right poremelers (e caplure and uantily in our
rost data base, Do we under2tand Uhe cagaal reletinnehivg,
and cun they be isolubed from their offcls or pvmploinsi
For example, is the 84 G dota peint where it isin Fig, 11
Dermuse it iz “extremely sonplex™ or beeause the reguire
trenta were punrhy defiiusd?

2y Huw durs rode prduction rate rary with problem
conplezdy? With more sophistionied  physical systeins
being brovght ynder software command ond control, &
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eters that defive e preddem coongdexity amd the cast
beoefits, A marginal utility thevey i weeded  for the
recomiies ol salbware desvloponent, Parrme-ters that are
eencinl i defindng proldem complexiity inelude depre-
st Uazee pdviesinge of Siufation, exteant of prutog e code,
parellcl development of alifferent formulations of kev
algprithms, vew enppubet handware software, assembly
Barprunge coding, roultisiee aperations atd sderchang -
alality, growth rerquicements, eritical Hiing and throuch-
pul, hardwaresofiware ntedares, fault-tolerant eome
puting,  rore verupmbey constraings,  coiabiliy,  and
snfety {_IHJ- [ F.\].

G How does Hoin cade very as a fuection sf rompaler
eiaffabifiy? Acceaabdity? Cungisecation? 'The Prosnlent’s
e bt Phefegse Paned repeoeted o Jwme 10700 b0 ity
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cutapuiler sysbims, maltiple romputers in the same greo-
praphiral prea conoresult fn eosts thet e as nuch os
five thines Ierger than would be necessary if & few large
ramipaters were used in e shared opersting iode, The
viderlving probabemn Dere s thar sf date priveey and
proteetion pseewrityl for enabling (he ise b pemote
trminals by goversment agencies for bith elasifid vnd
unclasified work, An independent evaluativn by | SO
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Fig. 17.

(hnt etbmating reletionslips, showing wide varistion

within sir 'e command and contiod seftware syaiem.

Nelsan of TR i that a dedicated computer installation
cosls three o five times o9 much 1o operatle 2= 3f L were »
- time-shared installation with proper remiste terminals,
I privaie industry can enjoy these benehits of eost of-
fegtiveneas by use of remote torminels (thoee to five times
i rxpensel, 1L would seem thet some, 1F not A large
porl, of govermmeot installations could enjov the satne
Lrsefits il the problems of data privacy anl prelection
were solved Lo everyhoels's satisTaction.

A manpgement goab is to do the dificull zarts of the
soflwere (wice—onhee to produce protolype oxle carly in
the developient eyele wsing pothiaps §-10 pozeent of the
tegourced and nn inypreviad versinn with the technological
risk eliminated for (ke upcerational version, Qne pitfoll is
that the risk iz bighest in procurements »heee n new
computer and its uperating svstem are beirs Jeveloped
congurrently with advanced applications sofiware, =0 just

Cwlarceamputer tiene §s needed the most, it 2vailubte the
leswt, More planning to reduee the computer 2ieetion and
procuremend tiine is necded.

Purtheemore, in some operatinnal syafens, the com-
puler confipuration avatlable to the user s signifieantly
different Tron the computer cenfiguration nvelable Lo the
eOInpetcr progenin assoeinte conlrnctor, Buch o working
vhivironitent requires snintegrelisg contractar to main-
1ain system-level conbgurstion control. Tlhi: may add 10
percent to the total costoand i viewed ns E3 (ngurnbce
potiey. Ta oliminale such uccurrences, »7sndards for
compmter comfigurntions are needed, and confguration
votrod b needed by the wnseeinte contenetor 2ould, equally
inportrntly, by the user,

4} What aic the pieces of  ifaimaiion vequizzd lo wrake a

reafistie predician of soffivare develapment cosl? We hnve
jdentified the setivitirs that ceenpr the snalyrt’s uime in g
25 ¥ 7 moteix (Talde VT and elspwhere, Mowever i 1s
ane Lhing te identify significant activitics for allocadion
of rescurees, pal it 33 another thing 10 hoid the tight et oi
individuals aceountalde for the expedibure of thoee e
sources for these thitga over the 1ife eyele of the softvere
development, which spans 12-23 manths or longer. The
purjkese ol nocost esthmating system ls to redure the
variance between estitnates of whal a softwere develop-
ment should rost and what it actuntly docs vost. The cost
history datn file is o key elment inoan fnproved cosl
estimaling system. Further work i needed in eapturing
and maintaining listorical estimntva, costs, and quanti-
tative facts 1o provide more FMective data for rstimrtling
future costs and sizes. Further work is needed in main-
tahing cost conlrul wyver the actun) perfurmance period
considering the Tidlowing.

a} Recording and displaying of Both ilividun! gnd )

BEETUEALE progtumier activitics, such es previously de-
feed by £,4,00 700, and £3, by cusy-to-use nutomnted
projeet control and proediction tools,

b} Past computstion of yrodeet cost- Bnd time-to-
cotaplete prodictions by current and look-olead activity
statislics, ineluding vncompensated vyvertime, g8 i3 now
fensilile through eatosinted cost condrol tuols,

£ Vrovision fur storing, setrieving, aed tracing of
projecl stateiment of wezk deliverables to their cost
eatimant and cusl crliniate to eetual cost, By hetividy,
gyer the wseful 16 of e woftwaze through cost controd
tools,

&) How shoer code prodieciion rafe tasy 23 a funchion of
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programmer qualify? Quelily  reguirementa on the final
produrt? The peint to be made here is that we lisve seen
ronvineing ovidenee of the validity of the $0-20-40 rule,
For n 25 willion projeet, 82 millinn will be spent on cheek-
nut and 1+ ta the extent the pule applics. A management
ihjeetive is to eleck out every logic path in the seftware
tn deliver an error-frer programn. This s highe-guality
final produel inenfar as being error-free is v mueasure of
quality. Achieving (his chicetive may rdd significantly
Lothr develnpunent cost Lut reduce even more sigoificantly
the operplions and maintennnes eost, VWith impraved test
1oolt end flow messurement tonls, consiileralde improve
ment in officieney of more hrznehes cheeked per eomputer
hewr beeones realizalde, Fromn (e knalvsdy given for one
safiware syslem, the guelity of the proagrammer in years
expeticner amd supervisar's roliug seemied to annke no
difference in the cost in terms of the poodness of fiL, the
aijusted index of determinztion (e given in Table i
aid Fig. 1. A= R J. Hatter says, rome of the signs exhibit
countee-intuilive behnviar,

Turhnical starwlards amd  rriterin oare
needed in the softwnre develognnent process. A wrong
gtandard is Letter than no standard beepuse at least it
giver osenze of direetion (o the offart, A techmed por-
formanees measktetnent sysiem i needed Tor applying to
tle altwere divelopanent proccss, and which s under-
stopd and apalitd st all anakagenent end perfornee levels
gver the life cyele. Sinee soltware developrmient 19 more
process oricuted than product ariented, such stnndards
Lwcorme mwaseped of group pirendue tivity 1F not idividual
prodactivity, I semae organizations it may be interpreced
to e ngainst company policy to measiure and report on a
productivily mdex of an individual mensler of the pro-
fessionn] s1afl, suel as cade production rate, ar crror rntes
fus measured, For instanee, by snflwere problem reports).
Producing qualily eustion softwere is n profit-malivabed
husiness, &ad more busioesslike procedures ure boing
aprlied ns the produet Tines inature [197.

performanee

&) Mow does cosi targ with completeness of problem
Jornulation? Using the $0-20-40 rele again, but this time
degling witly the “analyeis snd design™ 40 percent {which
for our example of Vig. 16 was 16 perecnt), we hiave
evidener Lhat analvsis and design fahes the llon's share of
the suftwars deyvelopmient dollae, & ananageament gonl Uint
bus proven effeetive in the past is to produee seperior
dorumentetion which is reviewed with a knowledgenble
techinieal s8I the customer’s complex, Thoroegh and
coptinbeus inpalvement of the custaner i the develop-
ment peocess hat been norenlity of several Iarge software
developments, Nohing tabes the place of cumpetence
and comntemnicating when i cumes to undergianding the
custutiers or spoaesot’s requiremente, Trapstuting total
ayatens renquicements, which mey not be well understood
event by The curtonier, to the soltware aystem reguitenenta
is & crugial firt step In the reguirements definition and

Lt "'_"
ai%

preliminary design phase, there is Gepically a lack nf
deta bt tots of levernge (fluence i the ultimate design
outrome), in contrast to lhe operalinnal phase whire
three are lats of dala but Little, il any, leverape, This
ripnificant errs Tor cost- amd performaneeeMective -
provemend,

7Y What 1s the rele of "dexiga-to-coal” in fAe derelopment
of large-seale software? The DOD jnint logistics com-
manders bave recestly entenad intn an agrecment enn.
cerning the arqusition and gwneeslip of major weapon
svetema based on the econvepl of "didigndocusl” {207,
The term “design-1o-cost™ i defined onn process ulilizing
it rost peals ng theesholds for managers and ax design
paramreters for engineers, {’ost paramneters (goaala) are to
be celallished that translate into "design " require
ments. I the past, the order of priorities far meador
weapon  systomn geruisition pnd owneeship s Leens
R} performance, b} Availslility, and e) cusl. Today,
utder the disipn-tieeost doetrine, the ardier 350 0 cost,
LY perforpuner, gnid o) availability, The applicabilivy
tf the destgn-to-cost concept to hardware is now beginning
to cnerge and 15 bheing reduced to peactice. The relation-
khip of e designadoiveost coae b to software jy pot Do
uhederstoend,

In the 1975-1950 era, thisx reordering of priorities lor
ranjur weapron systeins, of which software i9 generally an
pribegrnl peart, Is expected to have a sierable inflenee an
Loth hardwore and software life eyce nequisition sd
ownership, particulnrly in the sepee that the uwnie -
reyuiceinent will become s drivinsg puaeeter in the dew,
of lorgeseale software. System development will bie
continatialy evalualed against the unit cost requireraen iy
with the sarne fgoer ns now applied 1o teehnieal reguire
ments, Practival tradeofTs mast e made bebwoen system
capohifity, cost, and sehedule, ‘Craceability of eatimoates
and costing Faetars, snebrding those Tor ceononiie cscela-
thon, wiIll have o be puintained,
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Managers need an understanding of how application softyviare
behaves, vihat factors can be controlled and vihat
factors are limited by the process itself,

Reprinted with permission from

DATAMATIOY, Septiember 1979,
(© 1974 by Techaical FPublishing.

by Lavtence M. Pulnzm
2nd fnn Filzsimmans )

Few manager are abile yu predict the fime
and resaurces peeded 10 desclop leepe-
sedle sofiware spstomn, Mrogre b ofien
measored by 1he rate of evpendiure of
resources rather than by some coung of
accomplishments. Dnrealistic eslimates
oflen esult in Last minnie effarts 1 pol
code writen queckly, resuliag in ool
averrunt aod poor quality soliware,

Luliware develdpment cap be
Lrowpliy under vontegl. 1 TEQUIETY I UR-
deestancling 0! huw applicinion wliware
behases. what faclors (managomenl ean
conliul apd what Tacigr are Limiled by
the process el

e Basiv ol cllectine matpement
ts the faci thal the sof tware development
prrow st exhilnts o characierisviie behavior,
whicli¢in be eyploingd, o Lha the eapen-
wive rewlls of anrealistic approsches can
be s aided,

Praditiondly, managers mke 1no
ingorrect assumplions abowol of 1% are dc-
welepment: thay peopte and lime arg intef-
churprable and that prodocriving lewebs
are refatively constan for ull sofiware
projecis within the same ofpapization,

The first assumiplion ol desel-
nprnent effurt is simphy 1he prefuct of
Pewple and Lime aad thal the tene can be
specilied artmranly by manapement.
Thus, e manping, level 1o thie deveboups
menl o for {im man-seaes) divided by 1he
predetermined devclupnienl Lime st
Fig. 1y,

Uorr exaanphe, auppeose Thil 1hg -
gonizaion has i wark under oonad anty
it wanpomet ok gilal ¥ weie bipncad 1o
M people, e the wonld fe delermd
an I e aliveled be 2% peaple or
funr vears Dowaver, f the siaom hayd to
be Dinished i 1wn years, the ecbygn
world Lecomye: Mappseeer eguals [0
man-vedisf D years, which eguals 50 pee
ple.

Sandpers dfrene at the sevond s

9 51

Copvr.

INN)

INAY]
R
LS

suirpling by trking some overall prodie-
tivaly Mipures frum presions projecis that
they think are similar, Hlaweeer, they 4 s
aed estanne ckesely e precise charasies-
isties of fhat semilarny, An estimale o
total source staterments derived (T e
specifneations iv divided by the prostucsing.
by Tigurey S0 g 8 mar-reur gstimois
For ¢rampls. aowime thal wg hais qe
tuild u syrtem ol IV LN woupes vate
mends (8 = FOLE00] aned vur ;1r4.'!!rm'l:'- -
Ty is 10O soygce stalemicals (€4 mzo
year, by analagy with o prevasus projec:
The developinent elimn thus egquals
POTLGENT 857080, which couals 1S
[ FIY FE

Linforirnaicis,  oaf erACiw g
sharsos gl ebese pelvnjons b ore e -
ple, cavepl inuhe easz of very arnaill piz-
pramey, such s (hose of les thyn 7,560
sOUFer staledngnts, of Thal cmplay i e
poople Mof o few monihs,

Fuor Larger pastgramin we now bngu
that people wnd tme are ol interchange:
ables Freed Drowks, manpaper of e 1
IGO0 wperulicg sypstem progect, has de
wrtbed Lhis phenpomrcpon e graphically
thal o variane of it has bevanme baown g
Hrovks” Law: "Adding people 1o a0 L
propect only mubes i Jaer.” The reaswn -
clear. As the nusleer of people ona pio-
el ngieses arithmericatly, the nuwmber
af humaninieraclions increasos geomedr)-
colly. Mare wnd merr tinte must be spert
on hunan communication and lew and
s on prfueiisg work, The anly was 1
avond Lhis iagvta bk, i o reduce the
pember of poaple wlha MLar indcracd b
sbigrcheng anag 1he e,

Wealwrrm knpw thet prisdus s
v b sos . Hadier, of oo vomaplos
Pt G vl Ul o T L, behe sl ey bnodo
o Boerbs b appdied po the deschopoent
sk Yem ovam o proee prosdan e
wiltmmt cdamgng these Dactors FIs ne
vnessiead T protp ol pragenfinees b
avhigvy o prodioieany ul o ALY
sebtfer slalemicitts [T Imaf-wgaAl pn
srdl relatnel sple bness applica
v el alng vl g RN wore s

L PTELy dg 1M Ta 8



michls pCr man-yoal on a large real-Lime
patem.

Withthis kind of variation in pro-
—uctivity, 1 iy linte wonder 1hat estlimates
F-sed on the consianl produciivily .
- mplion are nol rebiable,

CIFTV:RRE  Overthe lasy five years we
“'FE have studicd the manrow-
( 'CLE er vi. time patiern of sey.
eral hundred medivm- to
ta-ge-scale sofiware development projecis
of Cilferent classes, These projects all ea.
hit- ted the same 1ife eycle panern—arise
in ‘nanpower, a peaking and a wailing off
{scr Fig. 2). Lhie of the manpower curve
ang ithe carresponding equation 2l1ows ua
1o ¢ Bermine the number of people needed
at nylime £, The time of peak ¢ fTort 13
de: sed by £ this me s very closc tothe
dov Copracnt lime for the sysiem, which s
also the 1iene swhen the systeom reaches full
op .atignalcapability. The falling part of
the eurve corresponds 1o the operzlions
and maintenance phase of the system Hfe
cycle. During this phasc the principal
worl. 15 inodification, minor enhance-
mer  and 1emedial repair (fizing bugs),
The data paints shown o the inag-
pew _t diagram indicate that there 18 3¢a-
vcr o7 noise in the dala wnderlying the
priec s Banpirical evidenge suppesis 1hal
e 1 'se eomponen! may be up (o + 35
pereets of the expected manpower value
during he rising pant of the curve. This
parl 0 thecurve contesponds 1o Lhe devel-
vrinent elforn.
The form of the cquation is:

: - KJ,I".A. L ;"‘iblh

- here:
¥ isth wanpower 3 eny timne L
Aisth irga under 1 T cupve pnd cotre-
sparzs (e the lotal Tife cycle effurt in
M- -YCars,
fd is = e development time [lime of peak
Pedl, wek],
rge saftware systems and some
small 25 3¢ va fallaw this general pat-
te:n, c.iled tke Roaleigh curve. Diher
sim='l syslems, however, seem 10 have a
oz ratangular manpower paticrn (see
1 - .., probably becavse the manposer
r  wdisdetermined By nanapemens or
b, ilratluak agreeencnis, Aany siopl]
= s are estabiished 24 level-ol-elfan
6 scls, leading le reclangular
' ading,
Kectungular mznloading pavierps
:1dom found 1n Jar -z projecis, appar-
y because manager. have so lidtle in-
e Teel for the resow oy peeded 1o 8o
el Lhan they hesinape 1o spectly the
ying palicrn. Rathe  they tend 1o re-
Los the needs wf the s e, Thio teae-
cezappiach ioandie in ug lege apd un
ciosiop i wderapplivay ool effor, bl
weerall cllcct i a 1o anble appeou.
un 1o Ruylorgh mantoading,
At we havg seonl the mERpYwe?
m allows vt Lo delermine our
r ipE—=if we bnew he iotal ellon
) he developmer  ame (17) We

- LL o
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Fig 1. The ausumatian thal 50 peozle o o years s eguivalent 1o 33 peophe 1or
threee years lurned out not to be valid tor large-scale software deve'opmend,

KRS POWER CUKULATIVE EFFCET
(PEGTLELAYIUR)Y ¥4}
I
UEY
EFFORT
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B TERAE

Ia TiHE

Fp 2.7 -e curves delmed by s equaton, engaally apnied by Lord Bodeighle
desonbr ather scientdic phenoeena, have beon lound 1o It reasonably wel (he
manpawer paltern of soltware development, o least wahn the “ugise” of the
' |dala prin's {lelthand curve} '

can find & and 7 onee we know the ea-
pocted size of the oysiem, but Nirst we
muil ohisin the best estimate of the sys-
tem dire, and do it befure development be-
Eins.

Before we begin tasice the 4ys1em,
w thowld decide what we really waznt
from a siding lechnigue. Obvioenly we
rieed an esbr nale of the gapecied pumber
of spurce stalements, We st source ylate-
menls rather than mavhine lanpuage -
siructions boeawse they are what peaople
v niie and waat people can most casil re-
late 1o, Peoale have some intoition Tar the
w2 in spue  slatements, wlicieas 10 pel
macking o cuaps estimalcs fequirtes an
mersign which inproduo s
a” Nt tanal passibilities Tor errar.

] enn eliwionzs o the meed L unoeat.-
e ul the wiegringets (ar rangg] of the
art 8 alali vent mmplsr. The s erlai.
Iy ~Vimate -Hows uy Lo propedd Lhe pisk
iy vipted v hoour spusce sluteient esli
M — some U0g cvery manager should
he . L also primins - Lo geoernaic 1ink
e+ mates Fur vl sihiee ke, and nuinpew

~

er—information we never hiod before,

At leasy theee differen: eslimaies
should be made belore development ol the
synten beging, They should be made oace
during the systems definition phas; and al
lezs) twite dupiag the funciignal design
apd specifications phase,

Moze U one estnnate should be
made because bener and benes data arc
available as we go from early syatems def-
initign imotbe functional design phase. A
[k at the systlem life ovcke (Fip 1) lelps
uy devide when these canmate can be
made,

FEASIZILITY
SHING

[ruring the early systems
definition phise ¢ nezd
troad estim, ¢svo theul-
bamale ayalcr kieg, Jevel-
upienl Hime sl vt an I1hut we e oocl-
Lablivh Basle cpommnmnie feann iy * tls
pualnt wr hnve Tarad dlato s mpmp e wae
boon we ure vuesidering Yeuagse il o0
“arly - nu devg o hae beow duns. There-
foocoollwereal, vandyis abe annicl-
Ty =t guess as Lo Dic range af sive of Lhe



- ]

syrtem, Bgsved on what we've done in the
sl and whan dinke we do bnow obaut il
IT we el @ egual the lowest ansible
number uwl source slatemepls and oy
cyual the higlest possible number of
source slatements, we can delcrming the
capecied sise and o sandard deviation
for uncer ity 1 by wing e Laws of sla-
Tidtics wnd prabability.

Let Ui dssunie thal we are we
wroks jntn Ihe syaeans delmition of a
Lirpe-~cale inventary caniiol systcm call-
od 5avF, [fawd an paw csperience and
whal we Lnowm abonol this sysiem ain this
poanl, we peipht brosdly eslimate it (g be
bolween S0 and 140,600 vaurge siate-
ments. Lhang aur siatistical cyuitions, we
ks 1har the enpecied nnanber of soures
dalemients 15

55 = (a4 )2 = 190050/ =
95000
The stand.ard desrition 5

oS5 = b — alfh = S000000 =
15,000
The evpurted size s

gE 000 = 15000

By “evperied” stalistichans mcan
that theey are 6% chances oul of T than
the Lrag size lies within one sondard
devtarion of the migan. ic.. boiween
BOMAY ot T TR IHIEY solife e stalegqemts.
Fhepe e M9 clenegs anb ol [LHD B The
e anee Eadls wotun e stambard ey -
s ol 1l wwean, v, Briween S1AHED
Jid DAY somree steiments aand luvs
thas are clnce thaet e s wulsidg 1t
L~

While thiv e thed resulis in what
seers 1 be o discomy erneply Larpe range,
# bampartant W undersiand that it is as

1P [ATALLAT IO

Funciion Suillesd  Most Tl i,..gﬁ: Fapecied S T
File Handlers 235000, 40K, A 42500 100,
Licitinies 5000, FEOWE, 26100 PS167. 1300,
System Frogs ) 2060, 600K, 50030, 34133 RETS
Tazal R:000. k22

Tabh: 1, A oollng o {he proged! Seam lor SA00 @t e tatly bone annl clestgin
phatar provided the smalest, mgs Peely, oo0] frgesl esmaies (average of
team) of the ngnber ol sowee slalements v vaen subsysiem From vacn
range 1he erpecied value gad 05 stamdatd fovialion wes calkcolated

podd a8 we can do ot ohis (ime, consider.
b Lhal we bave alinost no sulid infernma-
lion about The syuem we want Lo build,
Muanapers wh insis! on petiing heller es-
Lines Liesnipp smaller repges of gven
sbaofule numbera) must bearn instead to
work with aserages ol the quantinesand 2
incaswre of the variabilny af (he guon-
tigw, e . 1l shgrlard devialion.

Thas iv an impoetant phitosophical
piint because it medns that only.a Coain
levet of aocurecy and precision js possiblz
a1 thiy slage andd all e Mores e do betler are
funsle. A Adilotle wrotg, “Iis the muark
afarbustoneied meind 1o rewt sanisfied with
the degree of pregision which 1he nalure
wl the ~ulbyeer admdls and Aot 13 week ca-
datieas when only an apprasimatien of
the tth s prnailie.”

A wy s e s The e oycle
A leartnmy bt 4D fingd sy saen, The
habistnes wprosy b weegelainly v re-
duced. Thus, av we approach the viart of
detailed desdpn, we Cun neduce our risk o
panipes Vet are vonsideiel 1 be within
e Limaiy of engineeting accuraty 10 odh-
or branches of the engincering an, We

2-2-3

achigve Uiy resull by lieaking the sysiem
inka pivces znd evtimaning vhe preces sepa-
ralely, Then we combine Lhe pioces by
means ul vur equsilions, fetting e stais-
tics of apgregation reduce dur unceriaip:
Iy. '

Tamard 1the beginning of funceion-
Aldesipn, we Jdowld knpw what the major
submystems wikl be, A this poant, the
membwts of the projeer 1cam who hase
worked on the sysiems definnign should
estimale the sire wl each of the major sub-
sbatemn 2y follows:

et u b the smalleat passible si7e
£hn suurée spalements),

et s b 1he moa hibely size

1ot b the Lirgest passihle size.

e verages ol these dstittaigs foaf
shvi o elbecd, o Detpln potling of co-
perts pestdred Indhic bast theee cofimsps
b Talde 1

Pareonthetwaily, we mghl note
that v wert thiough this procedure with
sove i proaps vl wyslems engingeis and
they are yuite arforagbls with W, Yol
dnalysis of cagrmecrs aig eeluclant 1o ging
£ single estimale of size, When they are



Forced Lo do o they will bias it an the
kigh side. They prefer 1o give 2 range of
sizes, Berause they canmake this ranpe as
Large ar as sl s 1hey sced 1o, depend -
ing un whal they bnaw about the vpsiem
at the ume, Machologically, giving 2
ranpc i nat J 1hecalening commilment,

The estimales for Lhe three subays-
lems in 5a4% L resulied ina broad range of
prassible sires. Note thal the diviibulion
iv shewed an the high side in cach case,
This bias s typical of the beva divnbu-
tion, Ihe characteristics of »hich ate used
in PLRT exlimating. The rPLET 1¢chaique
his been wsed successfully inoother ficlds
for mere than 15 years and we adopted it
kere in prder 1o Bind the arerall gstem
size range and distribution,

Y. Eapeabed vafuwe. An oiipmate af
the evpecied value of a beta distriibution
i

L= (w4 dnr 4 M6
This Tarmela simpds bigses the revull so
that the capected 1alue falls on the side
about which we dre muoie unvergarn, The
capecied svalue for each subsysiem s
listed in the fourth column. Then the aer-
all expoeted value s Just the s of the
imelividual expected vakues.

. Srandard defarion. An esn-
mate af the wandard desiat’zn of any dis-
mbution {including (he beral imay be
found by dividing the range within which
9% of the valoes are hikely Lo oocur by
six:

of =lb - alfs
The standard devialion of cach subsysiem
it shown in the Nilth celumn. The overall
standard doviateon oo 1he rqunre roo of
the sum of the sguartes of the jadividiral
stzndaid deviationy. This vakce {urns ouy
to ke much smaller than one wonld pucss
by Just Tuakisg au the imbividual raeges.
The reasan iy that same aciual values will
ke lower than eapecied and athers will be
bigher, Such variations cancel cagh other
10 soine exlenl,

At iy phase the resulls Tor SavE

Capested value: 55 = G2 000
Standard deviation: ¢ = 10,422
6477 range B1.570 10 102,422
9T ranpe; 0073310 123,204
The chanees are [if1y-Nly thal the
aptual value il 1urn oul 19 be either
greaves than or less than 9200 source
slatements. bn cach case the chance that
the whtimate size will be in the range
shown is goaliiied by the proviso that the
npul eslimates do not change. Msate that

we hase reduced the vncentainty signifi-

cantly=—fram 15,000 o 10,432 —.yumph
by knowing enough about the svsiem 10
divide 1l into thrge major subsysiems.
FUHCTIONAL  When the Tuncijonal
DESIGH design is g Dille more
PHASE than hall complete, a Ni-

nal inveswment decision
must be made, as well as ainannieg plan,
a Life.cycle cost und a milestone sghedule.
A thiy time the prelimindry spegification
and sysrem design is neatly complered oe
At least reasonably well defined. Sysiem
analysty and engincersshould now he able
1o beeak the wysiem down inlo i majar
fupcniens and Tave o fainly good dea of
the size range of each nng.

Maw we simply repeal the slatisti-
eal process we have deseribed, yaing the
larper pumber of different funciions. fn
elicct, breaking the system down into
more functions enables us 10 redyee the
uncei 1ALy i our estirate and Lo ohiain
a betier esliinule of the expecied sire.

The results with the greater
number of Tuntlions now available are
shown In Tahle 2o Avthe lime of this anal-
yuis the project Leam bad been vwor king un
the sysiem about 12 weeks, and the key
resulis were:

Eapeoted value: 55 = 98 475

Standard devianon: o = 7081

68% ranpe; 91,394 10 105336

997 range: 1723112 119 T1E

Several properties of the sucees.
sive sets af dala may be moed, The ea-

wWErE: peeicd salue of the size has remnined
I'ert Sring
Tite: Sorrdlunctional Design T'hpnes Thale: 15:7cb=-79
{unclion Sanallent Mo Lively  Iargest Tapacied  Spd 30

1 Ylainained RETS. 13175, LE62%,  TMAY. . 165K

: Search 5577, BOsB.,  1XE2S. SI00. 124,
ukie Ytnf. Suul LA 4585, PR
Staius BAQL 1425, 295 1579 b,
Brow e . 1875, 05y, W25 4359, 1063

I Prie . [437. 2355, H125, 2897, 181,

| Lser Aids LR RS IUR2S, [6HX50 HigAL 1563,

y bnceming Aag hRRIY Hah2, 173500 9905 1ox7.
s Man QATE 1da25%, JEDON 159719, g,
TR N LRI IR M2 THh225 AU,

[ PTT LT LW NETA, 1dnl4, F41W 1454
| o o qHdTA, Tl
Talle & tulwiay Ihrnur;h L Traane foarnal ahersngr pibryses b Sawil | e peeypoct feam

had eroucgh adirmabon 1o break ol 11 tnnrluuns Al s hrvel af clolog [y
uncerlaonty fLbimwdand theveation] was ceeducsd bo less than nas) thal of g Jo-d
g pf astrnales Moneisaer ol alaonit 3 7 percesd b angertaimly i ng o wegrne
than Uil & iy GOt engen e cnng vy

within une stundard deviatiun al the pee-
viout estimales, Y ke sire of Lhe standard
devialion hay seadily declined —{rom
15000 10 10,422, and on the 1hird jiera-
lion to 1051 bn sddiian, «hat may ke
called our wnceriainly rane {standasd
desianeh divided by souree stalements, o
055 55 hay dropped from 6% o 3%,

“oreoser, the revulls of applying
this vising techniyue o savt.—Irom early
aysteans definition throvgh funclivuna de-
stpn phase-—were similar 0 our fape.
ricnces with groups of amalyss on other
prose s, ¢
(Fhitinthe firnt ina seriet of Mhree arte
e, Farr 2wl apprar in the Ocipber
i)
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lHow to convert an estitnate of system size into reasonabie
estimates of tine, effort, and cost.

by Law:ence H. Putnam and
Ann Fitzsumnians

Ty 23 P AT PO SAg 3 sallwars
sl Al Pawr and Do el sl
2ralY T TR ads e e SRS P Sed N
tmp Haoed mre g8 e B PR LEy] o] e
s e oactaare estiralng Pag
ST B A L e A S L N ¥ [ L O o
ST Tt R et Tt ket oty e
TR IR Y N Pl D PR TERT o BT R TH MY 1 A AT
Py GFar 1 2poped D e Ve e e
LT G TV RN Wl s B LG REA TS N Tl HULL Y § 1 R TS
Moo Pl TR g g &F Bl % 2% an-
| RS S T Y L1 R | PRI K 51 (e I L B S B
a2 @l gty et ndula gl
Cropect sAntron wilbiun regsooa e gl s

Lagl monlh e fl@senoad how 1o
gLl AN nbod e5hrtales 08 the St o the
5-1-5_‘.r_~m—t:--.—1{:rc oevelComen BeInsg.
This mgnth we SPow s 1D convert
tres esimale ¢l SiZ2e il esldmates ol
W, oM, anad =ast

There oo Tuodagntental relgtnushmg yn
ol [moare Aot elopent beyween 1he raanbe
vl s sEaLe R i B s s e and el
!, dorekamime nt toiwe A The st
o hilors betae applad Ly e prosegt
Pl relabimabipow as discdsesed 3o L g
Parhom panidy leam gheoey amd parh
Prorm e maper il Aol asubatanal Doy
o privduvinesy dacd The eguatwn tha
doew Dby this selarrambep s

ity

L A ::'"J where

5 0~ the number of end product =ouree
liney of codde delbvered

Bobs ahe e cvele effoen momanesedes,
1, the devetopmend tie. 1l
O, o aate al feclobogy constenl

Fig, 4 b o ponamerte erapd
this euglun Mo ave snbsntuied dovel
wpmsgnl ¢Wap (bl e Wle ool glharn
PR e Ll v repdt sitee phe e wawa. b yhe
el e A (i nedd [y
Laniinshge s arprosamaiely pep el dk ror
Liege sxaluni,

In iy 1 tke garker hne ancked
cunadramt repreaenls ke Minnmurey Liee



P e eLanliyuey vig LA yuaniiauvely come 1o grps with soilveare
cost estimating and produce reasonable engineering answers.

inowhich g wslem can be deseloped, The
-arga selow 1 Hne repeesenty 1he regian
thow bcm s el fedble 19 30empl devel-
apment of J w0its ate sdsiem. Fur cuam-
Phe.in thin #raph we canosee than in gy not
Peawble 10 dovclop g shstem of 2000000
linesal o xde 1n Jess than 2'ssvears. There
4re ather costrant carciions, depend-
ine g the Lapr ol svstem. This parucular
cumalraian afelies tw L onew standalene
shalem thal misl be desicned and coded
Irem weraich, i

While this graph shows the fupe-
tiwnta | rzbptesiep boimeen side. nime, and
cilyry far 31l sastemy, the absolute values
will differ Tur most crgantealians and
wwwn For diferant sropecis within a single
orgarasztion. The € vilue in the cqua-
titA detesmnes whal these absolate val-
ues will bestand avigalbs sepresenss the

stare of 1echnglagy 3n arpanizstion it ap-
plving 1o a svsteml. This valoe »ill be de-
termined Y 1he wie of modern pregram-
muing praglices. the fanguage used. Lhe
developrment envitonment {on line, intce-
active deselognment versus barch b, and the
avaifabiliry of the devetopment mackine,
among other factors. White | is difficuly
te deternine rom s individes] cempo-
renis because identification of these com-
poncals and thet relaive imporiznee s
not well undersioad, nevcrtheless 1his
valee cun be calibraied easily Tor an oe-
panization b loghing a1 past frojocls.
Tte contunt should remain quite consis-
lert fer simitar prajects within an erpani-
danon. The €, value wed in Fig. |

(10000 represemis anaverage S1ate ol the
ar1 development environmeny using on-
line, iteraclive develapment.
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A FERSIBLE

Last  month  we
described & real world

HEG:UH FGR eslimaling problem
DEVELOPMENT e a sastem called

Savi. Inakis cxample, analysis were |2
weshs into the funclional dosien of the
saslem gnd had estmatred ke size 1o be
GEATS, plus ar mings 1081 source sizie.
ments. W will now use this estimate and
the praph 1hown in Fig. | 1o establish a
lexsible repion Mor our develepment effon
snd deseloprment time for Ui sysiem, Ta-
ble | presents three scenarios lor Mhe dif-
lerent points of the size distribuiion cure.

Fram this table, we ¢an see 1hay
the minimudt tune o2 deselopment ol the
sastem al the evpecied size (92,473
LOUFCE sf3fCmenis) 15 arprevmanely 13
yeals, wilh 3 carresponding development
elfors of about 35 mas-ears. Howeserof
we lahe (wd voars 1o do the Job, we fan
redoce our effurp e 25 man-vears, Weeall
this the irade-off law in soltware develop-
ment, Baically, this law stzies than of »e
£anrelas out seherdule, 1aking more 1ine,
we cdn sove oo ocgnnrderable ameount of
mency. Camersely, if we cempras Lhe
sebedute, the cosl will go v pdramanicaliy,

To maqy munzpers 1his Lznde-olf
law rmay not make sensc, Howcver, the:e
15 2 logical rexzson for it. Areviee e ek
AP Y TP e e T e et Y
fralitd go EAZIRIEDY TCrCHTECTIOr T,
Lzt o OE TR M TITR Y LR TR
ctremas iyl i rewlis inomure 2nd mere
HME befne SPERE UM Budman comniunica.
bon and leis and less being (peat on pro-
ductive work, One way 1o handle Lhiy
pivhdein s 12 bemit the noimber of peopie
wurhifg Of 3 Proqecl a0 2ny one Lime, and
the only wis w do this insofiware devel-
gprment s paitretch aun vhe e s Gedule.

Irom Table T we €an dlv see whag
the nunimmn time schedule (ard mau.
mum develapment cffurt] would be for a
broad ranve of ~ires. Using the probabilis
1y lawy, we bogw there 1 Jedi than a 175
probataiins that the wre wall Be ke than
T.000 wwuree staiemenls (ax ey 34 aur
sl enput estrmanes fuonat chanet Al
thin stze, the mizimgimnnie would be 163
seals with o develarnent effary of 228
man-sears. Sinnilarly ot the W77 Jeval T
sire, the MR UIm time 15 1w ey with
g reguared elTort of 357 muaneears,

W ook hase e tmdies of (he £x-
pected te and ciTuer oy well 55 3 Y975
range aa these parameicts, How Ju we
determng the vimis !

At ul the cosds Ivamiired wiih
willware Jesclopment Jre prople visis,
LT LR TP B LRI T VIO T LT
suppHaes, ebc, can e faebodgd it che aee
enape it falg 4l swe pseanie iy rale e
be a jully Merdened rumhen, onelindieg
wverhivad, Eveey Doancrd b parinent ks
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avers pood idea af what this will beforins
particular orraniFation; in fagy, thivis Lthe
waly eeally powd 1slaefe) nuinber we have
in sl vware develupment. In mans indui.
uil crurwnmenty, this will be arpund
SEO.0000 360,000 per min-yvedr; povern-
et labar races 1y pically jun abow 197
1w JO'F less because of doderent merhods
of dccourniting fur scerbead, For sang, we
asaumied an avenige labar rave of 550,000
pef man-year.

SMudeeplyivg this vafue by e ¢sti-
M3 o ANy, we 261 R eapecied
brtad wcast o 5177 million, with the range
g Trom -3 nnllon 1o 828 anllion,
Wil this mas swein ke a discongering.
Iy Large ranee. il 14 the Best we ean do
this time, fiven the waeeibainties in our
ealirmanes ol ks Sareover, b is very im-
parlant o bnow thay this wncepiiine
ranpe caiste and b bigat iy Beoer o be
APPTEntigls righn Lty evditby wrgng!

SIMULATION  While Talle 1 gives a
AHD RISK Cairly broad eanpee vl so-
ANALYSIS tutions that answer man

“what i queilaons, the,
are Boased on e aasumeplaom that we L pow
the anpan intermd Lan ety OF ¢ourse,
we dan't. Dach npun encg the soliwire
cyain L9, Tthe eagected size o The
nal suaiem b5 94,375 sonrce srale-
meniy } imehos 1y onn degree—ualien a
hgh Jegrer—el uncertanmy, This is
where the cdemeet of riek enters the prab-
e, and o ds ia e evaloanian of (his 115k
thal the ~ufiwgre mandrer has Been skl
10 pet liethe help from curremly avadable
1ouls and techamues,

' Lot s haek, Lhen, an swhat the sult-
s mefaper eeably needs 1o bnos belare
e by an i camienl decisvian,

TP LT IR THEN R T LT TEYTE RIS
Tashlime vy |1r|.‘|: willware progeat 1 he
“ial st o e compans 'y besel
A T TTIET Y T N = I TRTT PR T

[{awerer,
there 1y ko g

F-art-4 wchormey gl the vast

1TE. LN ey

wiil be 3s hiph as 52 5 mitlien, angd 3 1-in-
4 chance that Lhe cost will be as low a3 54
million. Suppase this weee 3 small salt-
warg house and of the agiual cesl came in
at 825 milhian it wonld put 1the compane
out of business, Management wonld be
taking a 1-in-d chance al going banirup
tf only the “best estimale’™ fewjwecied
vuluet were used. 1P 2 righ analvss had
been performed. maragement mizht have
chaaen 2 saler apprgach.

Flaw, then, doet one determine this
risi} Singe :ﬂmas* cvery facigr salering
inlg our estimate of €01 znn schadule 15
sulhect o sone devree of wncertainty, the
mznager neetds 10 porteay the effeets of
the yncertgimy 2usedialed with each of
these Tuetors, Uur abjective is 10 221 3 re-
lispic piciure of 1he relative rivk and the
probatde odds of couning awt greater or
less gham thie vapecied solution.

This s peneralls nod feasible 10 do
aralviicafly bur is mcclhy hasdfed by
Sunte Carlo simuigtion, Toclery uae Lthe
amalysis fur Savl.owe perfurmed the fal-
lawing steps.

Lo Esiimate the 1anee of values far
cach af the bey input [asors=—aize of the
sialem, el of the svsicm dhandled
b the consteont comlelian described -
liery, dveraze softwate devolapinent Lybor
rate, 3nd the probabulis diartbunon of
the aedwurrence of sach v alue, '

3 Belecr a1 randurn Jeoum The dis.
tribunien of valees [ar eack Macior 4 angle
vafue. Combing cach ol these values tar
il [actars and conspule the ame. cilan,
and cosd dop thn combinanion of 1xc1erms
(i gxample. one combungtion michi he g
svalemosipe of THLDNN dwarce siaements,
¥ ozradienn comsirapnt ol s, and an oavgr-
ape Labor qare of 533000 raan-vg e,
e Ltars can be eprered, sepending
aac e oo probbert Mg oang -
lvred

I Ry ol prohlem on the comye
putce vover U seand nmies fo e fing 1the

N I_7T -

ogtcome prababiliny distiibucian. 1 grker
wards we wann 1o [ind ouL not only k3
the evpecied [awetage] Mizimem dael-
vpaenl time s L3 sears: we ufod wop o
bpow the probabiliis o veing able iy pm.
proig bz sxstem by a qonarae; deastine o
ISTEC SIS

The resulta of the ~imuision siy
Jotoh betler splimate tHan fal g urflc
Aumber amswer, Note 1hat the evpecied
develapmuent ol fort b2 gl cnene 15 the wn-
ple padal deteretnivine valos, The ow
rn‘rd e e L e Tratagtbs oy
VR s sl shautd e e s Loz pres
gavza e i hE eaPeoled (e enaPel s iy
The real vitiue of the simulanoen i 18 et
made ul the vaeiabnhos of The nitcams vl
ues—a featurs heretodore g wad inaoli-
wate sl estimaling, kit one thar b
Leen Badls sieeded inovew ol the
curaes we have evpericnced,

The resulis of the 5w simtznion
far deselepmen) tine, devclapinen ci
for1. ard development cost van be shown
in the farm of prababalay plogs e 2enat-
e the projections of sk as shownoae e
2oWe can wee Trm these plotathat there

mare than 2 $9°% rrnl: salins chanthe o

will B encepd 82 25 r'1|*||l_'m There 1o
Iv 4 1% prababilite fane vhaney i 1M
thal the ¢t will be as low 35 5125 mils
har-—pren the uReri 2inlics in Qus Sepud
infurrmanan. Ay we feeen oare and moty
bt the Tiral atslem amd doverormcnt
chviranment, we <an oreduce ke uncer.
Leinnies 0o our inpees, thereks redudny
the risks inthe 1l extimates

The sesale Tar the devclopiment
npie ioesliomeds ImpoEnt frony g o
veprudl paann of v The vonctl varabede-
Ivis Barthadcerse afd b eseme Ty any
-,'-,m Jererenme the dfovcbepen ey ey
aen ety Bt an the e o 1130l e
wp Worne el Lepprwde o ad e thig o4
l..,-l.nll-,:n-”l Ty Ter el ceangrb tiead o
Juleneats
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vuen s D6 svesis or 129 weeks: this
medas thal our 9% range &0 tiEne 0%

BEd 28y - 20 weeks,

This means thavthersislessthana
1°% 0 touace apl deselopment €an be done
it e b Than |G oseary of a little gver 19
manths 1.4 sears = 39 sedps = LA
wearsd, Thereloreal the ime schedule has
been drEatianls sel by managemient or the
customer ab, sav, 15 vears, thare 15 boss
than | change an 1080 of mecnng thin
sehedute. Semiiarly, we can be 99 cer-
L bhat the mnomam bime sehedole will
Aol encood 1uwm heaes,

Thi dues nol mean that if require-
mentychande ur Celinery of a compuler is
tane, vhe saltaare wll sull eome in at nlus
ar mans 10 weeks of the cxpedicd 1ime,
Theve are zucinal facters that will
chinee | (Ve lIpmIchg vme) apd ot
te speiiindy awcauned for,

Thi v the curse. The syaem s
very aefnelnE W enternal periurhation,
Reuunemenis chanwes and exiernal dis-
wrbancos v, g H-day delay i e bed
cotnpuier donsern ) will generally cause
Joseldrment lune ngrementy prealer
than b shiee aandard devianans,

Huoweser. manafenten can use the
wiwwledoe 9 They groad Vme sensivily
crfectn ey im plinmund and conlacung 3o
that risk vars sy accepiable. The critical
prunl s ERa1ime ook 3 free paand. Devel
apre Rl me Cinnol be specified by man-
spemenis o deieirmned Byothe susiem,
mlw e sesiems arg nberently narrow
band provesses with sharp culufl ¢harac-
et ey, dod dectvams need 19 be made
with the murimum desclopment 1me
wiown beforchand, Labl this facl iy rees
acmred are el s0lware prajects will
contirse 1 7lp” and Ceseriunp,”
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PROGRAMMING.  presciued are b

» an Cchardg-
I[EHmQU[ terisbien of the ~afi-

o sy ste i eIl Hinwewer, g prana-
cvin musl ol deal wih puenvdan
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nique that produces the best possible solu-
tion 1¢ 2 prublem bounded by an array of
camstraints, Typically, it is used on very
larpe problems, such s optimizing he
outzut of an oil refinery which is subpeet
1@ such conunines as markel demands
gnd varring leedsiock mives. In ke case
ol the solvware application. i mathe-
mptics is Ladvial, but all 1he plwer of the
lirear programming oncept is broughl 1o
bear, More important. the manager has.
for 1he first 1ime, an appactunity 10 apply
liiv oW Manigement Censiraints 1o the
prablem of Jdeveloping large scale soft-
Wware 3y 4EmS.

The linear pragramanng al-
gurithm allows os 1w enter 25 muny of
Ihede manapemen| consiraints iy » ¢ peed
g the problem, Then +¢ van solve Lhe
prablem 19 cithee taininnse ar mavimize
som# objeciin g fungtion (such as covid, In
wur case, we hase ywaobiesuve funcliony
— 081 and Liine—and viuably 4 mazager
w3l to mindmize ane of the other, For
savE, we will solve the hinear program
twice, first maminizing time and then cost,

Tuable 2 shows 1he conraints ene

tered by the manager and the 1w solu-
tigns provded by ke linear propram,
Cur Teusible developmeur regin 14
ndw identilied 1 between Lhets 1wd ahiae
twans . ln being able 10 i oke this power-
Tul beelinue. we praduce pwo cun-
strained aplimal solutione, the hest tha
vl b dope wation the constramts, and all
sther feawble ellmi-tme WNMaives, The
shing Ly Al s statciiemt sk hd e
LAy D BT L by niportance W
hasvg prapiessed Trom an s by o gyar

amez esen one feamble solution 1o the
ability e ger 31l feasible choites and o
select the beat powsible one (rom among
thase 1identificd.

Levs cxamine the range &f [casi.
ble, fime-edfor-cos sombinaticas for
san E ideatified in Table 1. This wafl el s
identify enccllent OPpSriuUNINES 1o sdie
maiey on 1he project.

Nate that we can save almeu
100,009 by taking the mavimuzm ume
and mimimum e selution, Howeser, in
doirg his we increase Qur risk expasure.
If we plan the jobandy, = LB years and 33
man-1ears 131,37 millioay, the grotatli-
1% thal it itk nor (ake us more than two
years ieda is very high, But if we cleci 1o
1ake advantage of the trade-off Taw By
planning the job at two years with M
man-veacs (51,2 millionh, =& havg res
duzed the probabiliny than it will ney ke
us mote than the contract delivers dme Lo
0.

These odds are oo low for raosl
sluations. Flowever, a 90% prabanitits
may he sery accepable. This occurs ala
plnned development weie ef 1, = L32
vears with 2% man-svears of :ﬂ'ou ar §1.2
mallien. 5o is pqwbh: to keep rick rra-
sanable {2 10% chance of evwetadieg de-
livery time) and save $300.008 compared
with the minimum nms selulion,

The managcrial gquestiorns=—"Cuan
I do ii* How mach? How long? Hpw
many people? What's the 1ish? What's
the tradeof{? —can be answered with
numbers.

With 1he applicatien Lechniques
described we have been able 1o quznnia-
vely contie L prips with e saltu sre cast
estimaling problem ad preduce rezson-
able enpineering amwers. We perd only
Liaw the stale of 1echnologs we are gaine
1o apply 1o he devglapment {0}, eth-
matcs of The number of lines of code. and
the wofiware equathen which we salve,
along with a consoraint relatonship Lo get
the smanagement parameers 1k, Ll elhe
Rasleigh/Norden eguanen, Simulinion
i node s sutahle scatistics far rsk gapimas
tien. The inear programming 3llerpanse
prosides constzained ophmal solutions
ard e ranpe af all feasible salujons.

The scunanngs of the saltware de-
welopmznl process is saciling, The indi-
catiens are clear vhas apparenily imnoen?
maragement Choeos can b made thi af -
lewh ot by muaboples of 51010 Wik (b
bnd of variation vn moltimilien Jollar
prapdts, manapers acct 10 haow ke
Chamees, wensitieiies, ard irflvences fhes
van hong o Bear, oser the whule e vs-
cle, ad i mnlen o

ooy ol vevseend o i ety den Tast
J wilf uppratr an che Naverber o |
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Understandmg the softviare In‘e cycie helps nanagers avoid mefhc:ent use of manpoveer.
Reprinted with permisegien from

DATAMATION, Hoverber 1979,

Copyright (@ 1979 Ly Techpieal

Publishing.

by Lavirence H, Puinam
and Ann Fitzsimmons

_This is the final section of a three-part
article ther began in September and con-
rinued in Oerober.

Most larpe-scale oliwase 1akes onc o
three years o develop and hay an opera-
toral Life of 59X 10 10 years, This is 2 life
cycle, We have studied the behavior of
this life cycle, just as other besinesscs
study the Te cvele af a new produet. We
have deselonped 3 moxdet af the seliware
lifecycle thatcan be used by management
o forecast and manage the schedules and
manloading requiremenis of soliwarg
proyeets. Understanding the life cycle can
help prevert managers lrom misapplica-
tioh @ incilicient mamagcment of the
available manpower,

Large-seale soltware development
can be thought af as a seres of inicreelan-
od tashs, AL The bepinning of the project
there may be only one of 1wo major tasks,
for exammple, Pefining the major sysicm
madules and the imieraciions among
them. Each of thzse majas 1ashe nbroken
inie mose and mare subtasks. There musy
crenfually come a time whep the numbar
of sebiasha remaming reacher a peak,
lewelt alf and finally bepins ta deeline,

At the bepanning of desclopmcat,
when only a lew ingjar 1aeks have heen
defined, onlv a few key people can actuals
ly do preduclive work on the projeet.
These bew peaple must become intimately
familiar with the overall funcowon and de.
En of the syutem. They are respernsible

A
oL I B
s
for beeaking the problem down into man-
apeable picces—a tash that becomes vir-
tally impossible a8 more and more peo-
ple are applizd to it. Haowever, as the
probiem booomes betier delined, addis
tiena] people can be applicd successfutly,

IT prople are applicd ws useful
wark becomes available for them we be-
£iN 1o 3c€ 3 mantpading pattern like the
one shown in Fig. I,

We haveloghaf atdaga from byn-
dreds of past software syslems 1pd no-
ticed that almest all larpe software devel
epmenl ¢fforts show a panern of
manloading sery siunilar io Fig. |, More-
over, fpr all large syv1iems, vhe peak of the
Curve peturs at approesimaicly the same
timz the ivstem reaches full operanonal
copability, {We will call Vais the develop-
ment time for the $3stem, and denote i1 as
t,]

There is 2 Togiea? rezson for ks,
Jusi before the systemaeaches full spera-
Lignal capability, the tal developmem
task his been subdivided into snany sube
vasks—testing apd Minal incpranion, an-
staltanest, wrining dotumentabion. faing
remainihg bugs, erd 115 pousdble 1o have
many 1ypes of persdnoel —proviammen,
analyss. gquality zfswrance personnel,
clencal, administralive and traning sep-
part—all uvefully emploscd, This was nol
true carler in the develapment phase.

Al th: Lme the system iy accepied
and becomes fully vperational we move
inte 1he aperanens ind mamecnance
Irhase of 1he solware tife cycle, This care
respands 10 the Fatling part af the curve,

P\

The principal work during 1his phac 5y
modification, minar enhancements, and
rerned 14k repair {Miting begsh,

The form of the carsg and the 2c-
comyanying eGuation zHew L o projel
whal Ehe manpower reobitemes and
caghflow Tor system devslopament will be
ar any given lime. The zquation repre.
senning this curve is

oKyt T here

Koae the life cycle effart aa
MInNycars.,

by 14 VR development Lime (or the
sysiem, and

{isthe independent vasabls sepre.
senling any point yn the life evele—cur-
rent clapacd tirne. .

Obvipysly, K and 1y ¢an 1abe on 2
eanpe of alues. A change 1n K or 2
change in 1 jor both) will resch n a
change in :h: shape and magniud: of :‘::
cure. Let's took i what this mears 1,
manaper [aced with the real preblem o
appising manpawer o the mal eficting
iy,

We owill avsyme char b #1030 man-
vears far 3 proen spatem. Fig, 1 othess
whal happens to the distubutian of this
cifort umply By varving Lthe tune tarzach
peak manpracr Mihe doveloprroni nfike
$35100 1y sel al lawu yeurs ThEn e wastem
would requare a refaine!y eradual apple
catica of manpower, pealiry 31 0 pecple
24 manths inta the povyesi Hos oo 8o no.
tice what leappans wign we redvae the de.
selopmieat ime Drene e 10 [a%n |r‘e (19
were fezublz)—thn woeld teguite DIInE
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and sssimilating &1 peaple in 12 months,
Wohile thas mas e poswible in some lareer
COrTaratons, mMany orpanizatians would
find the pracrical problems associated
with hiring—+nd preductively applying
—ihis many peopic in this shonl ame
acarly impessitle,

This v a good example of what
project mainagement muwst conend with
whenthe deselapment time for 2 sastemis
arfitrarndy ~et by wenior management,
Trereas apdrhe; (actor insoftware
develspment That makes it unreasonyble
10 Lry 10 comypress Sovelopment time. The
1a4ks in 3 ¥oTiw 3are project oust interagh
aith each ather: far example, 1he initias
tign of gae 12k mav depend an 1he sug-
vesslul complenun o0 2 preceding ask.
Thus the seliware sehedule can be come |
pressed anls S0 muck: siemy 10 redude
itmere widlrzvulton wasced effor, at best,
and mas-even 1ol in repative eflort—
work TRt will e 1o be redene.
DETERMIHING  F2rv 11 of thiv arucle
THE REST cosenibed 3 '5?}!; :w:rr: 5

oo L[ urmating prabfem for a
MARLOADING shsbem E;irI‘|-:l:J LAYE. W
showed that there cusis 2 Tundamearal
relytianabun Setween the sipe of the sys.
1t The offail ¢k L the desclopment Lime
11, 1ae she st of vechnology an Grganis
raten apslies to the peoject, 12sing this
Tumpdame il retatenthip, we delermingd
that the mmmum leawble scheduls lor
desclopment o1 w20 E was LRI yoars with
4 corresparmding development effernt of
Y map-vexn oad o e evele elfort (K]
af 89 2 man-seary. Because Lhere was 2
tme consdranl on the $3siem, manage:
ment giecied g devchop the system in the
minimuain bme 4 L1 vearsd,

L s10 v MTod s BT cqu;j'lil:rr:. wie
can derefmine the best manloading for
thig 4vstem aeer the 1L3) sears, 2nd even
project akzad thesuchown the Life evele.
Wer aubslitule ULt Manageuncn pIrdnie-
Loy imna bae Raslergd equalion,

{med (Lilyeg-ct HISY]

F-2. X ahows 2 plot of the expecied
MAWEIAINE 140 5L
Tae sanpe of valugy 19 either vide
wiihe cureewn Fig 3repsesenis the uncer-
tnehoaeu oanmate of how maky reople
VARt erpedicd Ly or \-f':'un_n' enthe ey
et abany time, Vo evample, aur osl gs.
nmote v that Lhere will b 22 people
workpng I PR Brdpecl ane sedl TREE b
vebapment but theee i a TR change tha
e numtur will [ g beaey, amd 2% o
Iu.-nfr-—u'ln;nh v Loresuf) ool 1 lie umser-
EOnLes 10 staf estnmnaicy af boand [
,hreay erperne ke pofiwe e inna
£ b e kHch belend it proaeta so T
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laticns in business are data that krc noy sow
precise, The sofiware development Nicld A
certainly not eacluded fram this tiluatione
infz¢1, 1he dawa m mnwarc development &
are paworiously imprecnes To (his exam-

- ple. we had estimated thar the life cycle
¢lMutt was 8% manvears with o slatistical
unterlainy of + @f — ning MaxRvears.
Similatby, the minimum Sovelopient was
1.51 sears £ or = 063 xcars, .

B¥ selving the manfeading equa-
tiun several thoysand rmes a1 each nime
intzrval, and varsing surinputs tR and )
accomding 10 thiy sasncal waceriamey,
we £1n pet 2 more realislic puciure of the
odde o having mare of fess peaple on
boerd 1lian the exjecied number a1 ans
1ime.

moow that we hase 3 eoud estimale
of the manposes requiroments ¢ach
pranth we can determins whay our cash-
baw reguirements will be thyoughout the
praject. A we need v Lhe awcrags bot-
dened Labur rmre Lincluding onerhead) far
soltware deschopmeny, Fur this ofraniza-
Lon, we beow from pasl cvperience (hal
(s faggre was B30 0RA Y. Muliiplenp
thus fipute by il manpower cach manih,
we obinn Lne istantapeovs and cumuls-
e vosty reguircments shown o Table 1.

Animicresling pailern s Lhe e
cuerenee of mapr mulesiones during ge-
velopaent can be seen. [M11s from savsra
husdred svsiemt repoatonling 2 1vpes &
drmlymyro envirominerty hare thow™
iEnd tha relctive eecurse 2 ef Lhame mi%-
wadigs W the e it olopmoathici e
Wenkely Sab0 Moy T e
Covrunmonte This partern has been nat-
ed even tn otpafizations wheie the mies
stones Bdve been arbprareds {amd often

Sunrealn il ] st by o panagemient e 8 .
“Crivcad Design Revigw wall oocun three
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ménths alter project siart,™ In alomest alf
these sitritians, Lhe agtual mulssione aeq,
complishnicnl hgs slipped 1o the demandy,
ol the system el

Table 2 shaws the imz (rom proj-
et start thar these majar milesiones
should occur,

This aralysis should be wsed not
orby 33 2 planning tool, bul can be very
helplul in measwesing agival accomplish-
ment anee 1hg prdieey has begen. Pasy da-
ta have shown that 7 2 sinele eulesione
slips, there is heile hape of carching up
later o,

Focirstance. in the Tabte 2 plan, if
we suceessfully accomplish ke Creal
Cresign Beview at 1 monihs, rather than
at nine manths, we should rewers ogr pro-
roved sehedyle rather thamirsing to vpeed
updesclopment. Ooe ef the ey metheds
n:I:]‘trncmih_g igverr \Iipp.sgc.s and I'llini:
mizing the impact of any slippape 15 Lo
tccognize them early hirte the bulles r'mh'?
then, and |mr:rdr:utr:. revise projeel

rlans.
* In the past. applicalion sofiare

derelupmeel hs bienurnecessanls chare
acierized by coll_piegniips, manpowgr
horta ges, .'.r-JJ:tl‘fuﬂ‘ sepatg. Hlow

1

| X 4

mbch will 11 cost™ How long will iv1ke?
What are 1the chances of Lhg svsiem ol
being operational on rime? Huw many
peaple will be requirea? Witk celiable
amdw ers 10 these Queslions. 3 managet
cannot expect to eflectively inanage the
software developineny process,

A provep model of Lhe valtware de-
velopment process has beca developed
and used inorhyy series of articles 10 oro-
vide Auimerical answers 1o the indmlzar's
guestions. Some of Lthe meit pnucrful
preblfemesolving techmgues bnowe todas
—uthe FIRT algorabm. lizezr program-
ming and «imulation=hive been annpl
applied 1w provwle aceurate seiv. o,
time, people. and nilestone esnimates for
compiter »afiwgre ssscems dreelefment.
Limiting constraints sad sisble alierna-
tives are Wenpfied, permuting qeal de-
sipn-td-cost amd design-taeschefulb - op-
tiens, Probabilay ik profiles can be
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THE FOLLCWING ERRORS WERE PRINTED IN THE QCTORER 1979
DATAMATICN ARTICLE "ESTIMATING SOFTWARE COSTS."
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The ccnstraint relation is Kzt = 14.7 for the example given.
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On' the Composition
of Well-Structured Programs

WIRTH 1 3

Intreduction

In the first decade of computers, say up 1o the carly
sixtics, compulers were quite limited in their power. The
task of the programimer was 1o fermulale algorithms in
the specific order codes of these machines so that they
were ulilized as effectively as possible, Primarily because
of their timitations, this task was achieved by collecting
sets of clever techniques and startling tricks, and by
finding applications for them as frequentty as possible,
Examples of such techniques were the ponrammerd self-
madification of parts of the program, such ag, for in-
stanee, the conversion of conditional jumps nto dummy
instructions and vice versa, of the sharing ol store for
funclionally indepandent, but never simultancously used
auxiliary variables.

Tricks were nacessary al Lhis time, simply bzcaupse
machines were built with limitations imposed by a tech-
nology in i1s early development stage, and because even
problems Lhat would be termed “simple'’ nowadays vould
not be handled in & straightforward way. 11 was the pro-
prammers’ very task to push computers 1o their limits by
whatever means available. We should recall that the ab-
sence of index registers {and indirect addressingd, for ex-
ample, made automatic code modiflcation a mere necessi-
ty {see also {1, 21).
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The essence of programming was understood 1o be the optimization of the
efficiency of perticular mechines execuling perticular algorithms. As compulers
grew more powerful, the problems posed to the programmers grew proporiion.
ally, and ns & result, the growing power of hardware did not ease, but rather in-
creased 1the burden. The elimination of deficiencies, errors and blunders —
called debugging — became the overwhelming problem.

Understandably, the remedy was sought in the development and use of
better tools in the form of programming langusges. The amount of resislance
and prejudices which the fersighted originators of FORTRAN had to overcome
to gain acceptance of their product is 8 memorable indicalion of the degree to
which programmers were preoccupied with efficiency, end to which trickology
had already bocome an addiction. However, once thesc adversilies and lears
had begn overcome, FORTR AN had 8 tremendous impact — an impact thal is
stifl Melt today. ALGOL 60 followed several years later; it went bevond FOR-
TRAN in several significant respects, but essentially shered the same purposs
and intention. In particular, it extended to the leve] of statements what FOR-
TRAN had introduced on the level of (arithmetic) expressions: siruciure. But
ALGOL 60 was not very successfu! when measured by its frequency of use in
technical and commercial applications, There are many reasons f[or this, one
being that it appearcd on the scene when the relevance of structure had not yel
been widely recognized, and its restricliveness against the use of clever ricks
was considered 10 be a handicap and a deficiency. The law of the “*Wild West
of Programming™ wus still held in too high esteem! The same inertio that kept
" many assembly code programmers from cdvancing to use FORTRAN is now
the principat obstacle against moving from a “FORTRAN siyie™ to a structured
siyle. T

As Lhe power ol computers on the one side, and the complexity and size
of the programmer’s ask on the othzr continued 10 grow with & speed un-
maiched by any oiher 1echnological venture, it was gradually recognized that
the true challenge does not consist in pushing computers 1o their limits by sav-
tng bits and micrescconds, but in being capable of organizing large apd complex
proarams, and assuring that Lhey specify 8 process that for all admitled inputs
produces the desired results. In short, it hecame clear that any amount of
efficiency is worthiess if we cannot provide refiahbifin [4]. But how can this reti-
ability be provided? Here structure enters Lthe scene as the one essential ool
for mastering complexity, the effective m=ans of converting a2 seemingly sense-
less mass of bils or characters intp meaninglul znd inteliigible information. We
must recopnize the strong and undeniable influence thal our lanpuage exerls on
our ways of thinking, and in fact defines and delimits the abstract space in
which we ¢an formulate — give form to — our thoughts.

But now the term serucrured prograomming has been coined, and it seems
finally 10 he zchieving whal the term “'structuered language'™ was unabie 1o sug-
gest. It wes first used by EW. Diikstra [3), and has spread with various in-
lerpretations and copnotations since then. it is the expression of a ¢convicltion
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thal the programmers’ knowiedge must not consist of & bag of tricks and trade .
seereis, bul of & peneral intellectual ability to tackie problems sysicmatically,
and that particular 1echnigues should be replaced (or augmented) by & method.
Al ils hearl lies an annude rather Lthan a recipe; the admission of the limielions
of our minds. The recognition of these Iimilations can be ussd to our adven-
tage, if we carelully restrict ourszives to wriling programs which we can manage
intellectually, where we fully undersiznd the wowality of their implications.

1. Intellectunl manageabllity of programs

Qur most imporiant mental tool for coping with complexity is ebstraction.
Therefore, a complex problem should not be reparded inmmediately in lerms of
compuler instructions, bits, and ‘'logical words,' but rather in terms and enti-
ties natural to the problem {iself, abstracied in some suitable sense. In this
process, an absiract program emerges, performing specific opesations on
abstracl data, and Tormulated in some suvitable notation — guite possibly natural
language. The operiations are then considercd as the constituenis of the pro-
gram which are further subjected 1o decomposition to the next “lower™ level of
ahsiraction. This process of refieement continues until a level is reached that
can be understood by a compuler, be it a hich-level programming langucgs,
FORTR AN, or some machine code [5, 6],

* . For the intellectual manapeability, it © - .
is crucial thal the constituent operations al
each level of absiraction are connecled at-
cording to sulliciently simple, well under- SICH S
stood  program  schemas, and  thal  cach
apcration is described as a piece of program
with one stariing point and a single terminal-
ing i, This allows defining staigs of the
computation (P, O}, ie., relations among -
the involved variables, and attaching them
1o the slarting and Ierminating points of
cach operation (S). 11 is immatenal, at this Example ~—-¥ =2
point, whether these states are delined by r
rigorous mathematica! Tarmulas (Le, by

predicates of  lopical  catcolus)  or by Ry
sufficiently clear and informative  sen-
tenees, or by a combination of both. The J-— ——xzD

important point is that the pragrammer has
the mecans to gain clarity about the inter-
face rconditions helween the  individual
building blocks out of which he composes
his program (7).



An.cxumplc muy churily the issues 8t Lhis point. The reuder should be
gware thal any cxample thal is sufliciently short o it onto v single pege cannol
be much more than s metephor, probebly uncenvincing 1o habitual skeplics.
The important thing i35 10 absirect from the cxemple and o imagine the semc
methed being applied 1o large programming problems.

Exampte I. Sequential merging

Given a set of # = 2" integer variables a, - -- a, find a recipe lo permule
their vaiues such that g = o, = - - « = g, using Lhe principle of seguential
merging. 1Thus, w¢ arc (0 sart under the assumption of strictly sequential ac-
cess. Brielly told, we shall use the following algorithm;

1} Pick individuz! components ¢ and merge them into ordered
pairs, depositing them in a variable a'*'.

2)  Pick the ordered pairs from 2 and merge them pairwise into

otdered quadruples, dzpositing them tn a variable gt

1) Ceptinue this game, cach time doubling the size of the merged
subscquences, until a singte sequence of length 7 = 2% is gen-

craled.
At the outsel, we nolice that two ; ; (7}
variables &' and a"' suffice, if the
items are alternately shutlled belween - ] l
them. We shall introduce a single array i | E i | l
variable 4 with 2» components, such

that &'V is represented by A(1) . .. Al
and @' is represented by Aln+13 . . .
Al?r). Each ol these two conceplually

independent _parls has two points of Q—I—[—I
sequential sceess, of read/write heads.

These are to be denoted by pairs of in- ] '
dex wvariables 1, J and &, { respectively. x d
We may now visualize Lhe sort process

as a repealed transfer under merging of

toples up and down the array A

The first version of our program 5 evidently a repetition of the merge
shuttle of ptuples, whete cach time around pis doubled and the direction of
thz shutile is changed. As a consequence, we need Iwo variables, one to
denote the tuple sire, one lo denote the direction. We will call them pand up
Note thal cach repetilive operation must contain a change of its {control) vari-
alles within the loop, an initinkization in front of the loop, and a termination
condition. We easily convince oursclves of the correcingss of the following pro-
gram:
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up: = true;p: = 1. A & )
repeal L “inilalize indices 4.4, &, and 17
2. 'merge ptuples from 4~ and
SSCQUENCES INID A- and
bsequences™,
Lt e osups g e Jen
unfil o = »

Statement-1 is easily expressed in terms of simple assignments depending
on the direclion of the merge pass: )

l: il upthen _ (4)

begin §: = 1, j: = a;
k= n+|; f; = 2ep

cnd

¢lne

bepfn k.= ]2 fr = g
iyt jro= 2y

cnd

Statement-2 describes the repeated merging of p-tuples: we shall control
the repetition by counting \he number st of nems merped. The sources are
designaied by Lhe indices ¢ and jf; the deslination allernales betweren indices &
and 1 Instead of introducing a new variable standing allernely los &k and /, we
use the sunple solution of imerchanging & and fafier each paupls moerge. and
letting £ denale the destination index at all tmes. Clearly, the increment of &
has then to alternate between the values -1 and —1; to denote the increment,
we introduce the auxiliary variable 1 We can easily convince oursglves thal
the following refinement is correct:

2. hepimomim oy ho= | (%)
repesl m: s m=Jep:
3 ""merpe one ptuple from
cach al iand jto &, in-
crement A aflieor each
move by B ko= — A
4. “eachanpe kand (7
gniil m =0
end

Whetcas Statement-4 iy casily expressed os a sequence of simple assign-
ments, smtement-3 invelves more carefulb planning, 11 deseribes the actual
merge aperanoen, i, the repeated comparison of the two incoming ilems. Lhe
sclection of the lesser one, and the stepping up ol the corresponding index. In
order 1o keep track of the number of items laken fram the two sources, we in-
~troduce the 1wo counter variakles ¢ and r. I must be aoted that the merge al-
ways exhiusts only one of the two sources, and leaves the other one noncmpty.
Therefore, the lefiover 1ail must subseguently be copied onlp the oulpat se-
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quence. These deliberations quickly lead 1o the following description of stale-
mcnt-3:

Y} beping: = prri=p: (6)
repeat [sclect the smaller item}
i Ali1 < Al ] then
begin Alk] = a4 i];
Kim= Kkt b=+,
gt o= g1
end
cise
begin Al = Al ];
oo ko= =1,
Fio= =l
end ’
untit (g = ) V (v = 0);
5 eopy tail of isequence’™
4: “'copy tail of jsequence’
cnd

The manner in which the il copying aparations are stated demands thal
they be desipred 1o have ne effect, o imitially their counter is zero. Use of a
repetitive construcl Llesting for termination before the first execution of the con-
trofled staiement is therelore mandatary.

5 while g # 0 do (7)
begin ALk ] 2 = al/l,
Atw bdAg
i il g o= g1
end,

fi: while:r o 0 da
begin A1k ) = 4171,
Loow kdh
Jio=g=lirr=r=1
. end

This concludes the development and presentation of this program, il a
comfpuier is avatlable 10 accept stalements of this form, i.e., il a suiable com-
piter is available,

In passing, § should like 1o siress that we should not be led o infer that
actual propram conception proceeds in such a well organized, straighilorward,
“top-down’ manner. Later refincment sieps may often show that earlier deci-
sipas are inappropoate and must be reconsidered. But this neal, nesied factori-
sation of a program serves admirably well to keep the individual budding blocks
amtellectually numnageable, to cxplam the program Lo an audience and W onesell,
to rmise the level of confidence in the propram, and 1o conduct informal, and
even farmal proals of correciness, The emerging maodularily is paclicokarly wel-
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come il programs have to be adjusted 1o changed or extended spacifications,
This is a mosl cssential advantage, sSince in practice few programs remain con-
stant for a long time. The reader s urged to rediscover this advaniage by gen-
eralizing this merge-sort program by allowing # lo be any inlcger prezter Lthan 1,

Example 2: Squares and palindromes

List ali integers between 1 and N whose squares have a decimal represen-
1ation which is a palindrome. {A palindrome is a sequence of characiers that
reads Lhe same from both ends.)

The probiem consists in finding sequences of digits thay satisfy two condi-
tions: lhey must be palindromes, and they must represent sguares, Conse-
qumtl}e, there are two ways to proceed: either gencraiz all palindromes (with
log & digits) and sclect those which represent squares, or generate alf squares
and then selecl those whose representations are palindromes. We shall pursue
the second method, becaose squares are simpler to generate {with conventionaj
programmming lecilities), and because Tar a given N there are Jewer sguares than
_palindromes. The first program draft then consists of essentially a single repeti-
live slateciment. '

n: =0 T (8}
repeat = p+ 1. poncrate square:
if decimal representation of square
i5 a palindrome
thon wrile »
until n = N

The next siep is the decomposition of the complicated, verbally deseribed slale-
menis inlo simpler parts. Obviously, befote Lesting for the palindrome proper-
ty. the decimal representalion of the square musl have been cemputed. AS 2n
interface between the individual parts we intreduce auxiliary variables. They
represent the result of one step and function as the argument of the successive
step.

Al dll)  anarray of decimal dipns
L the number of digits computed
i a Bopolean variable

(note that L = entier? lop AY + 1}

The refined version of (8) becomes
o O {9}

repeat Al o= nll o5 o= gy
¢ . = degimal representatron Gf 5
f1 o= s a palindrome;
If pihien wre (al

until n = &
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and we can proceed o specily the three component stalements in even greater
detail. The computation ol & decimal representation is naiurally formulated as
the repeated computation of individual digits starting **at the right.”

L:={ (10}
Fepeat £ ;= L41;
separate the rightmost digit of s,
cal! it dlL}
Uptj) 3 =0

The separatjon of the jeast sipnificant dipit is now easily expressed in
terms of vlementary arithmetic operations as shown in (12). Hence, the next
task is Th_t‘ decomposition of the computation of the palindrome property pof &
bu is plaiy that it also consists of the repeated, sequential comparison of
correspontiing digits. We slart by picking the first and the last digits, and then
proceed Inwards. Let iand f be the indices of the compared digits.

== L an .
Fepeat compare the digits,

fow bl g0 = j—1
Uil (v 2= ) or digits are unegual

A lasg refinement leads 1o a complete solulion entirely expressed in terms
ol a convenlipnal programming language with adequale strucluring facililies.

ny o= Q, {12)
Feppat ;= p+1; 5 = gep; L =D
cepeat & = L+ 1,
roowe odiv 10, diL) w5 = 10-r
LIl
until 3 = O
fi=hgo=1L;
repcat p; == dlil = di ).
ir= i+l io= 51
unti! (2 3 or ~p;
It pilien wedte (a)
Uniib n o= N

This ends the presentation of Example 2.

I. Simplciry of composition schemes

In tmider to achieve intelleclual manageahilily, the elemeniary composition
schames myust be simple. We have encountered most of the truly Tundamental
ones 10 this second example. They encompass Sseguencing, conditiomng, and rep-
etiries of vonstituent statements. | should like to clabone on what is meant by
SIMplicity of composition scheme. To this end, let us schecl as cxample llm re-
pelitive scheme expressed as

- while 1do § (13}
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[t specifies the repeated execution of the conslituent slatement 5. while — at
the outset of cach repelition — condition £ 15 satisfied. The simplicily consists
in the ease with which we can infler properties about the while statement from
known propertics of the constitpent statement. In particular, assume that we
know that Sleaves a2 property Flon its varizbles unchanped or isvarigal whonewv-
er Bis true initially; this may be expressed formally as

PARBIS P (14a)

according 10 the notation introduced by Hoare [B]. Then we may infer that the
while statement also leaves P invariant, repardless of the number of times S
was repeatetl. Since the repetition process terminates only aller condition # has
become lalse, we may infer that in addition to P, also =8 holds alter the execu-
tion of the while statement. This inference may be expressed formally as

P irhile Bdo S) PA -B ' (14b)

This formula contains the essence of the entire while-coustruet, 1
teaches us 1o laok for an invanant property P, and to consider the resull of the
repelition 1o be the logical combination of # and the negation of the continua-
tion condition £ A similar patiern of inference poverns the repeat-construct
used in the preceding examples. Assuming thal we can prove

OV (PA-RISF (152}
about %, thenr we may conclude thal
{3 lrepeat Suntil 8] #A 8 . [15b}

holds for the repeat-ronstruct,

There remains the queslion, whether all progiamns can be expressed in
terms of hicrarchical nestings of the few elementary composition schemes men-
tioned. Although in principle this is possible, the question is tather, whether
they can be cxpressed convenently, and whether they should be expressed in
such a mumner, The apswer must necessarily be subjeetive, a mouer ol taste,
but [ tend (o answer affirmatively. At lzast an atiempl should be made 1o stick
1o ¢clementary schemes before using more elaborale ones. Ycl. the temptation
10 1eseintd Lthis ruls 18 real, and the chance (0 succumb is particwiarly great in
lanpuares olfering a facitity like the goto statement, which otlows the instan-
tatieous inveniion of any form of composition, and which is the key 10 any kind
of structural irregularity, |

The following short exampie illustrates a typical sitvation, and the issues
involved.

' 5-1-9
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Example 3: Sclecting distiner numbers

Given is a sequence of (not necessarily different) numbers . f. oy - -
Select the first » distinct numbers and assign them scquentially to an array vari-
able @ with n clemenis; skipping any number r, thal had atready occurred. {(The
sequence r may, for instance, be oblained from a pscudo-random number gen-
eralor, ang we can rest assured that the sequence £ contains at least # different
numbers.}

An obvious formulation of a program performing this task is the {ollow-
ing:

For i = 1 to »n do . {16)
berin Lo petis);

far j: = Y10 1 da

if alj] = rihen golo L;

alil: =«

end

It cannot be dencd that this “obvious™ solution has been sunpested by
the tradition of expressing a repeaied action by a for stzicment (or 1 DO loop).
The lask of computing a vajue Tor g is decomposed into a identical steps of
computing u single number ali] for f = 1 ... 4 Another influence leading to
this Tormulation is the tacit assumption that the probabibily of two clements of
the sequence being cqual is reasonably small. Hence, the case of a candidaie -
being cqual 1o some alf ] s considered as the exception: it leads 10 a break in
the orderly course of opetations and is expressed by a jump. The elininanon
ol this break is (he subject of our further deliberations.

Of course, the goto stalement may be easity — almost mechanically — re-
placed 1t a transcription process leading 10 Lthe following gole-less version.

for v: = 110 ndo (17
begin
tepest get(s}; ok @~ teme;
Joe=
while (j<it Aok do
begin ek @ = aly)= 1 j: = j+1
chd
uplil ak;
ali]*: Ll
rnd

The transcription consists of the replacement of the for statement with 3
fixed termination condition depending on the tunning index 7 by a more flexi-
ble while siaement wlowing for more complicated, compoesite termination (or
-rather continuation} conditions.  But this selution appears quite unattractive, 11
15 admitledly less transparent than the program wsing a jump, inspite of the
fuct thar the most frequently heard obrzction to the use of jumps 5 that they
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obscure the program. The other objeclion is thal the goto-less version (17) re-
quires more comparisons and tests, and hence is less effiaent.

The crux of the matter 15 thal well-structused pregrams should not be ob-
tained merely through the formalistic process of eliminatling pote statements
from programs thal were conceived with that facility in mind, but that they
musl emerpe from a proper design process. Two allernalive solutions are
presented here as itlustrations.

In the first case, we abandon the notion that the program musl necessarily
be based on the slatement

fors: = | {p ndo (18
alil : = the nexi suilable number

and consider the basic lleration slep 1o cansisl of the generzlion of the nexl ele-
menl of the sequence r, Tollowed by Lhe test lor its acceptability.

foo=1: (149)
while i =x ndo
begin generate nexd r;
assipn it w ali l;
check whether alb alf | are different from alil,
il 50, procecd by incrementing s
cnd

This form makes it obvious that we are i trouble, i the sequence Fshoohd be
such that ¢ cannet be itneremented any longer. Writien in termis of our pro-
gramming lznguage, (19} becomes
P 1 (201
while s == ndo -
Lepin gotle),
alil = rrjo= 1
while alf] ¥ rduj: o~ j+1:
ifi= jthen i = i+l
cnd

The scciand approach to this problem retains the basic concept of the solu-
tion as shown in (18). Vrom thete, its development is characterized by the fol-
lowing wo snapshots: ’

for i: = 110 nda (21}
repeat generale the nexi 5
chech its acceplabilily
uniil accoplable

for o= 1 tandn {22}
reprat get(r);
alil i s:j: =1
while qlj] = rdoj: = j+ 1
untll i = j
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In contrast ¢ (20}, this solution consists of fhree nested repetitions in-
stcad of only two, and therefore scems inferior 8¢ first sight. {n fact, however,
solution (22} lurns oul to be even more economical. The reason is thal in (20)
the test [or conlinualion 7 == nis acivally unnecessary whenever ¢ # J, since ¢
& jin this casc implies ¢ < j, and because + has nol been allered since the last
evaluation of i == n. Of course, prozram {22) is considerably more eflicient
than the ariginal form with a jump (16).

This terminates our consideration of Example 3.

The guestion remains open, of course, whether jumps can ahvays be
avoided without disadvantage. [ shall not venture 1o answer this gquestion, par-
ticularly because the term “‘disndvantage™ is sufficiently vague o admit many
interpretations.  But there is evidence of the existence of some characleristic
and reasonably frequent sitwations which are cxpressed only with difficulty in
terms of the language construct introduced above., A particular case is the loop
with rxif{s) in the middle. Laicly it has led language designers 1o introduce
specific constructs micrgring this case {12}, It lurns out, however, that it is
most difficull Lo find 4 satisfaciory and linguisticalty sugpestive formuelation, and
that sometmes solutions are'invented that seem o merely replace the symbol |
golo by another word, such as extt or jump. For example, the construct

loop 51; (23
cxlt ifr F;
52

condd

with the paramelric statements 51, 52, and the 1ermination condition # might
bt adopied Lo express Lthe program
- LI: begln ST: {24)
if P lhen goto L2,

52, poto L1
L.2: end

in a more concise and poto-free form.

Expressing {24) in terms of the basic repetitive statement forms does,
indeed, olten lead to undesirable complicavons, such as unnecessary recvalua-
tion of conditions, or duplication of parts of the program, as is shown by the
iwo propasals (25) and (26).

repeat §1; {2%)
if ~F then 52

unlti .

s {26)

whlle =Fda
begin 52; 51 ond
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Lonp siructures

The following, and tast ‘wo, examples ol probfems are added te show Lhal
oflen the need for an exif in the middfe construet is based on a preconceived no-
nien rather than on a resl necessity, and thar sometimes an even better <olution
is Tound when sticking to the fundamental constructs.

Fxample 4! A scanner

The lask is (o construcl 2 (27}
piece of program which, cach time
it 15 aclivaled, scans an Inpul se-

quence of characters, delivering as a !
result the next characier, but skip- neslL
ping aver blanks and over so-called

comnents. A comment 15 defined
as any sequence of characlers start-
ing with a left bracker and ending
wilh a right bracket,

This scanncr could typically
ereur as part of a compiler. A com-
mon solution s indicated by the fol-
lowing Nowchart {pexs denotes the
eperation ‘of reading the next char-
acler and assiening il 1o Lhe resull
varizbhle xJ.

This prostam clearly exhibits the loop structure with exit in the maddle,
satislying the one-entry-tine-exit prevequisite. Instead of proposing a suggcstive
fotm [or this construct in sequential language, however, let me tckle the posed
pioblem in z diflerent manner. Recagnizing the main purpese of the program
as being the reading of the n2xt characler, with the zdditional request for skip-
ping over blanks and comments, I propose a first version as follows:

Arxd: (25}
while xin (L', [} do
“skip blanks and comments"

The correctness of this program s easily ¢stablished, assuming that the
staternent in quotes performs whal dosays, and nothing more. The definmtion of
the while stmemem guarantees that the resulting value of x is neither a blank
nor 2 comment, no malter in what way bianks antd comments are skipped.
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The refinement of the stalement in quotes is guided by the fact that upon
its initiation x is cither a blank or an opening brackel.

If x =" then sexfelse (29}
Yskip comment™

where the lasi statement is expressed, wilh gbyious reasoning, as

bepin repeat nosduntll x = |, {30}
Hext
tnd

Only knowledge about the expecled frequeacies af aecurrence of individual
characters can be a reason to choose another form of this program on the
grounds of clficiency. For the sake of argument. let us assume that short se-
quences of blanks are particularly frequent and that, on the ather hand, im-
mediniely adjacent commenlts are extremely rate. This leads us 1o an equally
correct aliernative form of (29, namely

“skip consccutive blanks, il any'"; (31)
*skip comment, il any™

The first of the two statements is readily expressed as

while x = ‘i do yeat (3

whereas the second 15 already elaborated in (30).

(33

Example 5: Inteper multiplication

Assume that we are 1o -~
design a program o multiply
Ilwo fofn-negative inlegers 2
and b with the use of addi-
tion, doubling, and halving 5:(
oply.,  Let the result be
represented by oa variable =

. yi= -l
A well-known and efTicient i ra

melhxl s shown by the
flowchart at right: ~

i
e
sr'lE-:
I3
L )
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This program, once again, clearly exhibils the loop siructure with gxit in
the middle, and thereflure cannnt be expressed as a single while siatement. It
is usually squeezed inlo the simple loop form by displacing the loop fermanation
test, positioning it in front of statement S, The program then obtains the
well-known form

Xi=grprom b= (34)
while ) = 0 do
berin II odd{y) then
begin ¥ = p=1;, 7! = z4x

end,
pi=ydiv2 x;m=m ey
end

This clearly dots not change the effect of the program, because il 3 = 0 at
enlry 1o 81, then 51 has no effect and, in parlicular, leaves v unchanged: and if
¥ # 0, then the only additional effect incurred by the modified version is on
lhe auxiliary variables x and yin Lhe case of y = |, But this addilional effect is
quile undesirable, not 50 much because of the additional, superfluous, and use-
less computation, hut becuuse this operation may be harmful by causing
overfllow ol the arithmelic unit. Should we therefore resort to the exit-in-the-
middle version? '

A diflerent solulion was shown 1o me by EW. Dikstra. He proposed tc
l1ackic the problem al its roots, instead of trying to remiedy 2 preconceived pro-
. posul. The most obvious muliiplication algorithm under the sialed consiraints
is the following:

Xl ogrylm b= (35)
while p 22 O do
begin > Qand xopt o = ash
yr=—lizimztx
cnd

Before we starl out trying to improve this version, we ﬂbscrvc thai at the
outsel of cach repetition wo condilions are satisficd.

1. y > 0 follows from the fact that yis 4 non-negative integer and
nel eqgual 1o rero.

- 2. amy+r = o<bis invariant under the lwo repeated assipnments,
(To verify Lhis claim, substitute 31 for y and ~+x for 2 Lhis
yields x»(=1}+(:+x) = a"p+:z = g°4 ie., the original equa-
tion.) Al entry the equation is satisfied, since : = @, x = a, y
= § ' '
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Note 1that the invariant equation combined wilh the negation of the continua-
Lon condilion yields {p = 0) and ("y+:> = &%4}, ic., lhe desired result z =
ah,

If we now inscrl any stalgmeni al the place of the invarjanl which lcaves
the preduct x+y unchanged, the result of the program will evidzntly remain the
same. Such a statemenl 5, e.g., the pait of assignmenlts

o= ydlv I x = Qex faa)

under the condition thal 3 is even. But if a relation is invariant over a slale-
menl, il remains s¢ regardless of how often the statement is execulcd. This
suggests the loliowing, guite evidenily correel, eflicient, and elegant solution.
Il contains no exil-in-the-middle ioop.
X ogryr = gz ) (37
while y & 0 do
begin ly > Oand x=p+7 = avhy
while even(y) do
begin y: = pdiv 2; x: = 2s+x
end;
b g=]s zr = 24 x
«nd

So much for examples, whose purpose was (o skcich and clusidate the
basic idvas behind the methods of structered programming and stepwise
refinement.

Conclusions

Skepties will, of course, doubt that these methods represent gany progress
over the technigues of the old days — in fact, that they are methods an all. T cun
merely say that in my own cxpericncee, the new approach has improved my atte
tudes and alilinies towards programming very considerably, and the experiences
ol others coafirm this impression {10, 1i]l. A svsiematic, orderly, and Irans-
parent approach is mandatory in any sizable preject nowadays, not anly 10 maks
it work properly, bt alse to keep (ke programming cost within reasconable
bounds. T is the very fact that computation has become very cheap in contrast
with salarics of programmers, that squeering the machinges to yield their uimaost
in speed has become muoch less naportant San relibibo, correctness, and or-
gamizational clarity. 1 is net only more urpent, but also much more costly 10
correct an elficiont, bul erroncous program, than to speed up a relatively slow,
but correel program. In the past, the debuegping phase has taken a ridicuiously
larpe percentage of the development cost in most large projects. The aim now
is 10 eliminale the necessity of debugging by creating bug-free products in the
fiest place. Docsn't this bring (10 mind the medical stofan “prevention is better
than healinpg™!
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The criticism has been voiced that the methed of siruciered programming
is in essence nothing more than propramming by painstakingly avoiding the use
of jumps (golo statements). One may, indeed, come 10 this conclusion by look-
ing al the entire issue in the reverse direction. But in (set, the method of step-
wise decomposition and refinement of the programming task automatically eads
to goto-lice programs: the absence of jumps is not the initial aim, but the final
pulcome of the exercise. The claim that structured pregramming was invenled
by proving thal all programs can be formutaied wilhoul gole statements is
thereflore based on a fundamental misunderstanding.

The question of whether jumps enter Lthe picture or not is besically a
matier of the level of decomposition or refinement to which the programming
process is carried. Ulumately ~ thal is in machine code - there can be no
doubt aboul the presence of jump instroctions. The moral of the story s that
jumps must nol be ased in the initial conception of a rencral algorithrmic stra-
tegy, and in lact should be delayed as long as possible. Wilh today's staie of
tecchnolopy, the introduction of jump instructions can be lefl to compilers of
langurges that ofler adequate, judiciously chosen, disciplined structuring facili-
ties.

One of the essential facilities lor this purpose, besides conditional and re-
petlitive staloments, is the recirsive procedure. [n many cases it cmergss as he
natural forinulation of a solution, such as, for instance, in moesl cases of back-
tracking algorithms. Hardly anywhere else can a natural, concise, and often
self-explanatery solution be made more obscure and mysiifying than by replac-
ing its recursive formulation by one in terms of repetition znd — well — jumps.
This process should definitely be 121 to a compiler, as il conceins what is called
coding sather than programming (code = sysiem of symbols used in ciphers,
secrel messages, ete. [Websier]), Modern programming sysicms, however,
offer clficient wnplementalions of recursion, and thereby make "‘programming
around recursion’ a largely unneccessary cxcrcise.

Whereas a teacher should nol and must not: pay attenlion to “‘percenl is-
sues'' as 1o eMoency while expliining and exemplilying metheds of composing
well-struclured proprams, a prefessional programmer may well be foreed 10 do
so. e may someuimes find a dopma of sticking exchusively 10 a restricled sel
of program struciuring schemas 100 much of a siraighi-jackel, and the templa-
tion 1o break oul oo powerful. This will be the case as tong as compilers are
insufficicntly sophistcated o 1ake full advantage of disciplined slructuring.
Maturally, there will always be situanions where 2 compiler is cither denied the
full information needed for successful code optimization, or where it would be
unable o infer the necessary conditions. 1t is therefore entirely possible that in
the fowire a maore interactive mode of operation between compier and pro-
prammer will emerge, al least for the very sophisticated professional. The pur-
pose of this interaction would not, however, be the devclopment of an algo-
rithm or the debugging of a program, but rather s improvement under invariance
af correriness.

"
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The Torepoing discussion also implies an answer e the question of wheth-
er structured programming in an unstructured languaze (such as FORTHRAN)
is possible. It is not. What is possible, however, is siructured progromming in
a “'‘hipher level” language and subsequent hand-ransiation inlo the unstrue-
tured language. The corollary is that whereas this approach may be practicable
with the almost superhuman discipline of a campiler, it is highly unsuited for
fraching programming. Hecognizing thai there may be valid economic reasons
lor learning coding in, say., FORTRAN. the use of an unstructured langueage to
teach provedompmme — a5 the art of systematically developing algorithms — can
no lonper be defended in the context of computer science education. The lack
of un adequate modern ool on the available computing loacility 5 the only
TCINAINING EXCuse.

The last remark concerns an aspect of “siructured programming’” that has
not been illuminaled by the lurepoing examples: structuring considerations of
program amdd data are often closely related. Hence, it is only natural to suhject
atso the specification of data te 2 process ol sicpwise refinement. Moreover,
this process is naturally carricd out simultancously with the refinement of the
program. A lappuage must, therefare, not only offer program structuring facili-
ties, but an adequate set of systematice data slructuring factlities a5 well. An ex-
winple of this direction of language development is the programming language
PASCAL {12, 13}). The imporiance of this aspect of propramming is pasticula:-
Iy evidenl, as we recognize the dalz as the ullimaie object of our inlergst; Lhey
represent the arpuments and reselis of all computing processes, Only structure
enatiles the prozrammer to recognize meaning in the computed infocmation.
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afras Lof Elebud saiiables or rusiules sereboul 39 o doanee
sel of vuriahife namesy Lan resuf in an enormens pumber of Con-
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swith athef mualules € webple oy von be redoeese By odes oy
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the module e lf e sornetbong iaside A, and 130 onowhat s Lep
send o rece sl
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the interfac e Coupling I kemer when e o gnncclion 1+ (o Lhe
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nal cempnnenl. {oupling o lower with dug corneclions Than
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CWhen Twar ot e e plos omnerha, ¢ wilh thg warht drea of siie-
s da ey e, ol dev e, They shabe o worhash €0 mmenl
| vamahes of gommen oy onawenis e,

=%y st o] dala tlemonts wath the 111 2% 4] a1l0Fuie Thal s
veraed phle B R uEy v al U 1 B3 sEarerenl Or thal
i duund Bated imeay, bl g promber of madules

Iata clerments delingd no¢ Divisme sEalgments 10 FeIRIRAN
M aduelE s

s A eenitally bagaced Tvmagrol Black™ or selof comnlml hlogk s
= A cumnon asgrly pepion ol memery,

Laluba vanabie names delmed nver 4n epTre pEORTaM OF A0C-
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The mamd ropairland st fursl ¢ baragiemag of o common envi-
fonmen i thar i wsuples exery module sharwg ot b cvery amher
wim B mad e wothout repard W therr Tone nonal relalmenship o its
abmerge Lor gvample, only the maw musdules 5% ke TR 2md
sEere gt g lwally make uve of dwta element Y inan "imclud-
od T commoen enviteament uf FTL vel ehanping the length of A
Impag s e Meelyle makmp ans use ol the gomman covaan-
richl_ el thus hoeessilates recampilatioe

Fuers element on the commen cnrnvmmenl. »hEther oved hy
rargular modules af ol consuioies s saeparate path abong
whah ¢rpors atd o hanper can propagale ach element in b
OO € v e it afds tr lke comple ity of The lulal sy s1em
W be comprehended By oan amoant represenimg Al [waibte
putrs ol mewfubes shanng thal eavronmenl RSy Do and new
Les of, The L ovmmist oy a [1-]_r[t'n!ml|:|-' Rl al mawdules noun-
prodiciable wavs [hata 1eleperees oy begcane whplnned, une
vormtredled, wnd os royoynk reseny

& mosdule intedag g wil o cpmon ERY et [ some ol
01 ntered b kP gl s 0 TG v Ta e e g il e e an
vl e s s oo s gty ol pilag s oor i Al cackt pfas
prarts Uhon s oy podule sl g oot alnon i i e 1o pare s
e1er an Calling sogiem ey 1 admes hal s Jupeaes WessaHnh .
e Al pimgag ool wopie ] o ool call of s pusdulc shee Jdata
Trewap® s v pnibnneh eAsnanmen] Yoadhabgb sialy sid of ahe
ente vet ol sl maggedes aep gareful sisang i Fexforaom af
walges, i Aew psg s Dilely o soertere wally ashed uscs af 1he
VIR C b ien g aad progapele el inia other msdules.
A e Jutene prust 1l 0 prvere ses1enm astg & the COMNITILTICN B
Made 10 COMMUNICATRNML Y3 & COmMmun ey qennlenl, 4ny ofw
mewfule will have o be phogged sl the Lamimon ensironmenl

ccompoundifg the wial compleany $ven mole O Thin ponl
Helady amd | chman’ obwerve that “a wellatroclured system.
one mowhith Lommunkalan i std passed paameiers throeph
defined inlerlaves, is bhely 10 he more prowakle sad reguue less
effast Lo ndtn Lhan wne making ealensive use of plobal or
shared vagwaliles ™" .

Thy impagt of connnusn cnviFLRMEnLs i syslem coemplesily
mab be quantihied, Amang AF pheecty iere aie 40 A - 1T oT-
arred puirs ol obarg e LOIdered mais air o inierTsl Peoess A
and H haling o Comaen eosienmenl umpheares bih_ & being
Tvwpled 10 Hoand I beane coupled T A 1 | s o cmod envl-
renmznl o N clements shared by U omuasdules 1l m N
14 = 1n Bast werder tone lovel 1 relammnsbps g paihs abunz which
o hanges and errary can prepsgste, Ths means 140 sgh palhs an
wobok IR o praersm b enly thigs modales skarng The 8t
Arca wilh gt 25 sanahles in 6.

11 15 peossatae L muminnize Bl e desedvantapes al womninen ens-
fenrenty by hoathing dcsrss oOthe aniglies] panabile cabaed al
Newlales T T bl el o potenbiaifs sharegd clements s substs-
vudiad i ks, all ol which e regaane d By e sheer ol
demntule ., e Bl dhe s2e o roke comnmen P Ao nl el
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The watemenl ol w cunntclom, ke igher the conpling Thus,
sappangnus clementy pathesant 1o the progrdamer’s wsd the
roidule s immedsale Lask g rease cowphng unnccevsaily,

¢ onnechions that sddiess ar reler taoa modole a4 & whole by 6
Aame Heaving 1y conients WNemesh afd rrekes ang ) yith} lower
vouphng 1han conney lens reteifmg o Ihe miednal Clermenis of
amgther meadule. Ioothe latier vase, o for cxample Ihe wie of w
variahte by darect refenenue Digun watbon «ome wvifies mocdule, 1he
ehime goncen Gl thal maslale may have Ta be aken inlo acounl
|4k cOrrreLt o ETOE ar amak e a g hamge S0 Lhou 1L doe s e make un
Impacl in some une kpgy e s Sodules 1Rat Can be used Euni-
Iy withuut kacaany angthing sbout thear insides make [l sem-
pler wyalems

L onseder the vase depigred o Fipure 20 G 10000 1w mxcndule
whone fungesn iv gelting 1he ne st command Dom s Lerminal 10
performing this Funghon, a0 100wy catts the modulc BE&L3T,
whaine funclion i L fead o hine from the derminul wF A0 re-
guires (he address ol the Deromnal. 18 pets Lhis v14 an ealetnally
dechared dala elemen im Lb IUosasa, called TEWMATHIM, kI ADT
passes dhe line back lo Lk DEARMb s an arpumend yalled 1IN,
Elode the areow ealetdig FOmM o monde Gop TE M T daede
BI aDr. An arrow o Lhis 1y pe v the nenation for reflerences 1o
ttemal dala clements of anether modole .

Naw, SuppEsE e wish add a medule called G Erdt s, w ke
funciian v 1o get the nesl Gata hee e, nal o command  [rovm 3
tpossibdy ) different tormenal. bt would he desirahle o whe M-
ule KEADIT a% a subypynne of GETATA ol if e rorata rmodis
hes T1RMATHW Bn 43l 16 138M befone callimg REATH 0 wll Cane
Lol 10 tndng 1o Tail winee 10 will peel™ froes the wrong e,
FEaen ff GITDATA peslores T RWA DK aller nae, the ¢lto Gl
Al e of ETIEaTa ard GO can rvey be invoked e
mutbaneoudy’ gy & FlDRIGEAMMINE  caswanmend, 20 ani
wosnld huve Been mere usable o YEevantye had beon mads nid
mpirk arpumend o g a2 martad of an calermally declared Jate
e ak shown in | goee 3, Ths l.m:f!:c caample shows how ool
Frenges oonlernal chementy of other modeies can foeve wn ad-
verae effccl on prograny muedificarson, bocho in terms af cosl aml
o] faps,

Sofules mmuosd ol deasy pass data ar they canns furtne Gz a1y e
rar! of a single sy anem s conneclivone il poss dith are nonee-
£atary minimum Lel s the comeurcatiom ol funtrek, dnjnn-
cipte, the picse e of abne i af Jequisie snpod data 1 softioent
1 define the cofwmslard et utder wihnzh o mudube Veould be ac-
hvated, that is. reagne cvrtol. Thus the coplicn pustimg of von-
trol by oae modult e whviher consttutes an addimmal. theeeen-
catly inessentad Tuim of voupling. |0 pracuice, sysfemi thac are
poreety dala-varapled reqoire special Lingitage and operating ys-
tem support bn hane nommerows aftteghans, mal The Iras wf
whieh s they vad e luadamoetally semplar Lhan g cguirealonst
sy alem w et Cuntiel Lonpteg.'"

Beyand e prachcal. (o uedt, manmem conliok £ ouplipp o
rotmal subroulne 4 alls is The prachice of gastnp ga element of
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volving one mowdnle o the nternal paosesang of wwre other
mklule, Contrgl arguments are an addiioad complialien o the
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always eainls,
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sailch rawsk Fhingph shih D b resasg mneifo b 00 biodsdsd
whether tunetuln o parved o unpwinrd command Srpatabting the
Iwsr dsdimad Tumubsons gy ok 100G 10 suil+ 4 @ WPu (nle Phat s
AR PET a4 vhats Rn Lot 5

The ness £30b0 Ngdriul iy N more Cofmplcated . where omee Foser
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Sohen the ouiput datd From an clement i the mipat for the ne il

vicmeny the module 1 seqoenially Fowmd . Scquepicl brading -

Caft resgl Fram Rowchamng the problem Tu b sobeed and then
defipng modyles b tepeesenn ang o e Blisks i ke Ao
thafl. Poar geample, “read pe el rahsagtain and gpdoe macker
Che™ s sequentally bound.

Sequential minding. altheragh kiph on the wwabe booguse of o close
retatmnshap v the pratlem sprocivee, wo gl Tar from ihe maw-
mem=tyncienal fending The reawnn i that the procedural pro
et yn 3 rropam are wiuslly dfangt flom e fam fonn 0 x
rroitam MHence, 3 soquenDglly Mepurad medule Can . ontan ategr-
af Tumepamy o wst pant of 2 fonction They utgably resulivo n
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alher parts of the Avsiem
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denl (or inpyl 1 vatigble & neo the Sependenl (o retuml »are
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& predagiable, of well-bohaved. module 1onne that, when pieen
the idemtigal mpoty, operates Wenngally each bme 11 s ealled.
Also,m will-behas ed module operares independenily of ots envi-
Tonmeni.

To shew thal dependable {free from cmorsd modules o ot be
pnprediclable, comuder an galtaior medule thal rtlurny zero
and one alemaeely snd dependably wben ot 1s catled. It mi b be
wed ta facilitale double bufenng. Shoutd m hase muliiple Jdvers.
cach wiouald B reguired 10 cabl 1t 2an £y en number of Dmey befote
relinguishing funtrpl, Shouid any of The uteds have on £eoer thar
prevemied an gven pumbet of alls, all wiher unerd will il The
cperation af ke medule given the same mpols W nol genslant.
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prediclarle. even when error-ree,
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Tradactiy ta sbructured durign

—r
Tue overhead inval od i wrihing many sunple misduley s o the
EEeCIbOn Hme and Femory space used by w parlular larzuage
1o effeet the cull 1hz designer shouwld realize the edverse cBect
on mainienknee and debogping thpt may result from sosang pisd
lor munumidn raeculn hae @nd for memary He should alin
rememinet thal piog rarmel costoes, o 18 fapsdly becdgumng, the
fapet codb of A preptamomey syslem and Wal mweeh of the
maintenand will e 11 Lhe bilate when the Lot v 1 e £aen
more promiaend However, depepdmg on e aitnaf overnead ol
the lanpuage beangp vsed, 1 18 vory possble et & sl ared d2-
vign can 1osulh i less £30Cubon and For meomary @ierhead rathe
e7 1than mane due 1o the Tellnsing ¢ oasid Eraln s’ [

For memirey, gieetAred

I. Optional {error | modules may never be ealled inle memory.

, Siruc ey desgn resuees deplicats cexde wfl Lhe Coding nec-
exary fur goplementing vantrol swelghes, thus 1€ducing 1e
amount GF phglemmel geenerated oode,

Y, Overlay wipagluting cmn I BEesd on aciial apetating chanag-

terivti x alslained Ty runtiong and ohserang the rHogram

4. Hyvng many anple funciwn modubes alhows more fend€ic,

and pdeqive, prouping. porabdy resulimg b lesy memawy
needed 41 any vne ime poder os ey of v rtusl votagpe con-
strainly

Fo

Fart g 1er abaem avng phy o

1, Same mslnles ey onde corfule 4 lEw s
COpticaal errert luncteny Mgy nescor br ¢plled, rewgliong in
Ferdne hiagd
o ede Top opmiret vwpiahes o geduced o ehmaneted | redasing
the il pmurgnt of code 1 b2 pagfyred
Heavily gupg tirkg £ can e oo piled anad calls peplaged By
Fram By
LI tde s ar Upeehurme” can b terd o plge of Calls
IHwwtver, 1T aompienals o the system will smpegse by ol
lewrd Whe culrg yoasideral i pEw essaFy b Fresenl l.]u:11||.‘,1r|1:|!
dala patigs gnd by the defw gty vl s reating the egquisaleal el
Latll paranetcts Ton g well dehiped mnigala e 1

[
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e wa e e st ootamine® o bn drlermone wheh pafis of
the spubomm will By fewind paed so Gl opdanu fing i gan by
spfil o bt parts Implemennng an smapgdly g Nured
devyn alhew s the Leshinyg 1 5 wHbng proyram o Buese Lrmi.
vl musdules tamd yiglds o wad bty pIopfam prior e ahy Bme
apenl oppmuitingt Thowe masdules can then ke opomided
weparately and romicprated sboul miomduong Moluiod ey
of errnry neo 1Re resg vl The piogram

Structured deabgn lechnigues

I povsibsle (o s ide the despr process inlo penttal program
devipn atd detatlea] despin ax talls s Gaopetal progoon dewgen iy
decnfing whd lungfomps are needed pg 1he proglaem Lot pro-
Framminy sysleml Ihcrdiled desipr e doen L ompdement 1he
funchions The comandertiems abaeee and fecknegues 1hat follow
result i an idenbiliy glegd 0F Fhe Func buons, calling raramelers,
afd he <all peLidaomshepd Jor g structore of Taeclakaly bpond,
aimnpdy fufmected mandaler The arfortmaiion thut yenejaled
Mases ol Eanier b cg b Masdurle 1w then be weparach dewagned,
whpleme Ated, amd Iosieod,

The vyestiive of penergl progeam despa o o decrmune o han
Tunciany, valliag perameters. ond call relaiwmnshaps are nepded
Stnce Muwyhardy dopct wheer p what prder and cmler o hat
Combititnn Bog by are preguied lowcharls eneecevsanly pom.
plicate the penetal program design phase. A mure usElol nesig
nuen i ghe stray tuee Lharl. ay descrhed eadlier wnd as shown a
Figuee & '

Tov cuntast w siiefinre ghaart wnd o Pewchart, consedes the Lok
Feweing fon the samer Thiee dfodules s Pignare 7= A wloch calls |
wlich caltsy € tgobony bt Boen odeded ae Lhe spugiitie Lhart b
enuble the paopg | Thsghatl ta be determined: 15' conde will e
escouled Diraf, ther 7%, then A1 To devipn A mrerfaces
PraneiFadl t neceasiny [ kpees 1700 A gy cesmmahle Tur sk -
g . Lt this 1y Lo bo delorpnng 32om the Naw chan Inoadds
fegn. the sieuclur® chazl van show $6o musdols canagcnans and
Calling parimieiers rhat arc venival 19 1he croseferaton and 1eChe
- Angues by preschlod hee .

The piner mawg diferenie that g ncally ampddies the nolas
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tran and analysiv dusing pencial Fropram e agn s (e shaznie n
shucture Chatte of The dronsen Mis b Comsdiliona! Eully gan ke
we nated. bul “deciumn devipming T can by deferred unlid derave g
mwsdyke deugn Thay v 20 2eample of w here The deben PR fan
v made simpler by havmg o conuder onty part of the Jesgn
problem Siructure charts are alsa smyll enough 1o be warked na
sll m once by the dewprers, belpang 1o precenl Subvpmiing
pars of the program i the expese of the ealre problem

A ahprreut for kimivang & Aimple 2Pociures 15 Lo k0w the gen-
eral [ntem of the fesule. Mr. Comtantine abserved that programs
al the praeral Mrueione tn Figore K resynied an the [owencest
implementations 16 mmplements ahe npul.procr sy cUlpolype of
progtam. whach applies @0 moor programs, evenf the Cmpul™ or
“oulpul’ 18 0 stuondany storege O 1o melaty.

In prattice, the $ink leg 1s.eften shorter that the source one.
Alsa. sowrce  rmodales  may  pPosducr OUIpul §C gL, Ermor
megtages b and Tk mixdvles may reques] APl (o g . AL
Lime [ormat Lommands )
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Another slrugture wselul [or impleawnting pans of § desipn 18
the Laribd bion st ol depusled on Joopure % A “lransacien™
Fere is any twonl, record, o vl £, for whch sanous asions
shouwld revull, For erample, s command processar has this sireg-
lure. The vruciure may occur wlnng or ms one of more of the
woulce (of Even vonk ) Mundules ool B0 i puE-pdon £4% ubpul sifug.
latt, Analysin of the rafunction medules foflew b thel of 1 Lfan-
Term mudute, which i faplaned ey,

The following procedure can be used to arrive st Ehe inpul-pro-
ceas-outpul penetal MERCtyre ahown pres icuily,

Step Onr. The Fesl 1120 i 1o sheich (or renlally consider) &
Tunztienal pcture of the prablem Ay an ¢1ample, consnder &
umuelaien sysizin. The Foegh structure of thiv problem v shown
in Figure 10

Figeed I B g sirectury 1 o lptian spvinm
* Lo }

[IL T 1

“cuonsert Folinh
"uning key-

dracriptin of thes Ifabaftumatmon | earhples are
furem sbabemenl Lo fuchafe [anguapr tlalemeal’ or
wortd et search ahlragt e fng mati bing absragis’

Modufe I¥4 purpose v divposng of Lhe mapar Gubpal sifcsm.
Iivamples ate “produce fepan™ ar “display resuloy of synola-

Lign

Srep For, For vach source mowdule, depuly Lhe lasl 1apsfoma.
iR mecessdry o prodace the form bemp peturned by that mend.
wie Then wlentily ke lorm of (e inpuL qusl proor 1o che b
tranvformaning Fof wne aysdules, Wennly the ik process nec
e31ary 10 pel closs 1 b desired subpwt and Lhe 16 sgling ol
put form They resulid n Uhe portisons of Lhe strsciupe shosn m
Figure 11,

ETiti] Y

wle |
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wansmt
o 11 1Y
- [ Hiporam | i
s rar || Fam

Srep Fwn dentify the erernel conceptust sitramy of data An
erecraal Strean of dala 3 ope GBIy exterpal L ghe sys1en A
ionceplualstizam of dags is & Herm o re lave d dwa [hat noade.
pendent &6f gny phy1cal 1 devic?. | o7 IDATARCE, we may fave
several copceplual siream cofming from onte LN device of ane
spream cuming Teom severad 100 deviges, T ol Seenwrl2iuen 4.
tei, the Culermin]l CunCeptund »s10ELMN ore Whe vkpsd paremeLers,
and the Tprmaticd simwlahon the (et

Sorp Fheee, Mentdy the mgpor £riemal conceptuad sneam of
data {bB0Lh gpputl eod ogipot) i the problem T hen, using the
Lcbwgpreme ol the mroblem viructule, de lemmine, or Lhas siream, the
peunts of “highest wbytoaction™ by o Fagure |,

Ihe “pesinip ob highest abstraction’ fue an inpul sirem of dala s
the poel m the prooblemy stiwctoe whete Bal gty s ferthest re -
moned Tem ds phvsical inpal lormt eer can sl by ciesoed s,
cofmnpr o Henoe, o fhe simmudaieen s stem, The el absiradr
fenm of the nput Hafsaction sikeain micht ke the ol matns
Seerulakly, wlenily B pannl where e dutd stream can st be
sigwds] ab peanye sl =i Lhe gaamily, pussibly Hie resubs Mt

Admutedie | thas 0% s Spbyelin g ey Howeter, fopri e net i
shawh heat desipiers tramed o Ibg echnque sridom difier by
e e [t ene aor fwar BEog by ol Cheit answess 1o Lhe abave

frep f ot Presapn the soogtone i bpeage 17 om the previgus,
mboimatn wilth o siig e ewsdule Tod cach Cnnerpiuad i
stresm w hact rrents al the pankd of me-d aboarazloinpol dalat de
sink masdples siulatly £ only single qource and wnk
Lranhos i necessars . The pafaitneters massed are depeadeong
on the prehlen, bl e peneral palleim s shosioin 1igule 12,

[y rebe the funchen of cxch mewdule wnh a Akor, coadie, pnd
s tf, Phease T3esgTibe w ot Irarcfprmal wis fcenr w hen that
resdule v ca¥ed, o hoa 1he mmonbale oampdemensed Eovaluang
e P relate 1o lune ohal Berding.

When musdule 3 v walled, thE plegram of wvaem caefufed
Themoe, the fonotun of munfube & 1y equisabemt W the paohiem
Feamy sttlogd 1 The pral-lem s “wpee w Dk sb, conaier,)
then Ehe byng baen ofh mmendole & s “oampale Dive e g8 plopram -

Sonfute H'y finedien gasasbs ra obtnrung (A mepr siffam of
date An evample of o Crypreal modile Boae Upet pest vubud
s e slalemend s [olish Togim ™

Wosdule € s paniputsr s G Dahsbnm e ekl sl sbieam bl
CILATTFUETIU N P IR TE RTTI RN [V S DTS PO A B F R W e s T |

LR

Repeat Siep Five on 1he new $ourct and sink modules unti. the
oripmal sodrce and hial siph mewtules are reached | The mawiules
may le wralyred moany arder, but £ach musdule s onld ke done
compleiely belors domy any of 118 swlsirdinates There are, un.
farunaitty, no deotailed guidchngs msailzble (o divading the
transfarm modufzs Use bindp and coupling vorvid -=hons,
sife lahem pne page Ul wearces, and uselulines Catg thare b
Come Tivs than walih [ tscfual ebeew hotie o 14 h Thye BCTure s
puidchnes on how Tar W glivide .

Dating thiv phese, ert on the side of dycidimg 100 feely. It n
il iy cavy g e ombane Tater o ve deagn, hut duplcate o
nons muay ol ro GArnbhed ke L.-’J'-'J'dmg 1% boe CehLervatve mi
1his poind .
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Denign guidelings

Phe fulivwiny comaepts are wseful fur achieving simple deaigns
s for amprdeany the "B pase” difutlures.

Une of the eund geeful fechmgues Tor seducing the ¢l of
thamges o the Propramo iy 1o mabe Lhe scrughuid of ghr deugn
malch the stfutiyie of 1the problem, hat s, Borm hooid Lol ow
luncirrn Fut taample, comsnder 4 maxduic thal dialy 3 rlephont
and a medute tha recerves data 1T recenanp immed el fol-
Iwas diabing, wne might araive ol desapn A as shown 1 wyre
4 Caonsider, haweser, whelher geenam o pan of talimy
Sice il o sy 0, Rave Rl Lalic? ovobe RELEIVE an
i design B

I, o ks enample, devign A were usgd, Consder the eec of a
ney regiement o iransaolb immeduichy aller dading The rag
menfule receiscs Arsd amd cannod be psed, OF 4 AwicE mosl be
pavied of atniher pial moadule Ras 19 be added

Trothe estent e the desipn serugins docs nutch the prohbem
wusmre, chanpey 1o sihgle pary of the probfem reaatt
charges 1o ungle papdule s

The e o comread ol iy pusdule s man inednle plus gl naddyles
thad are ultamatcly subetydinate 1a 1 %Bal module. Inthe paample of
Faguig 15 ihe szupe of controd ol Bis 0. 11 ams F, The e
#fcifen £ el decision iv the 1ed ol all modules thal conlaun some
canke whine esecution 1y hased upien the oulcume of the deg-
s The spsiem iy smpler when the scope of effecl of a ge.
Ciview iv o bhe scape of coenirel ul the module contaming (he
decrmn The oBowng erampde duvirales why,

M the ¢ vevuimn of some conle in A s dependent an the vale oune
of decoion X o pusdule 1 en coter Howall hase paceinn o
flag 1w A o e decomn s baer Wobe repeated m & TFLe Lamer
apprugs b resulic an wlded voding toomplement the Aay. and the
Laen resilis v some of B's Som iom vdecrsaon X usbule &,
Iil.lp-h".::lrt of e X et o dillidalies courdiniling
champes 1w bath capues whenever _|.|I.'L pvian X ol Be ko ed

The sonpe ol effegr van be brooghl within the suope of coninol
edher By ate the ey e elengnt Cup™ o the strocinre, or
by Tebamg tere nualole s that e amarhe scope ol effec) bud ol en
Lhie oy b wurnlqed gatnd g o Ehem <o thal bhe s Ladd sdilan the
s kb wrinbred

Sre v b el o g sipial Lo Lok Qe poreaded pecohlems Lok
caorciully a0 mrsdules woath bese than e or nuee Thaty K evedcul-
bl st ataements Stowdubes wilh g small number of state-
METIs My I perhorm an eptae fung ben, beawe, may ot hare
functminal Bvdmg S ey semall maadalos cane e lmmaled by
rlacing then sticancnis in the calbing awadules §odrgs modales
may include Mge 1han owie Hinsiken A covomd problem wenh
Lirge musdules i podérslamiatuliny and iesdabsbins FrRere v ean
dence b dhe Locp phat o grewp ol oot 3F sioemears s 1he wp
per l ol st cam b wasered oo nhe b rebiog of g oansdutke
Ishing ™ .

Wiign part o o muelode’s fanctonn v foopally s catler when i
wvan el petlormoly Jurctwm T his e acuvmplsbhed sibo oo relurn

crbul Pt aprc berably oy only 1S nesdule o haoosdies

sirearms of Jans ol e adde 1o siptal end-nl- D o i 1oprelerahbly

Al with g By porameter Thew patamebeis sbould fud, Bow -
eser. 0ol 1 caller whaat 1o Jdee bt the EFFor o Fam Newgrlhe-
lews, Bl wenSem can Py eade sumapten o musdole s vam by desipmed
woTHan Ak e e B enner Maegs A

e oy Aasdule s (egenn e e il ealef g mt ke olune

An otk y sty ol anlter Inom e bangdang bup sypg Hmes
e rhe stmip ek el ooy, nraewee, Feoposssgbsle b gbimm-
e By oeead o amiiahifiny S oathogt cormproamasng Chlac b bo-
Aes T TR an gt arfieart s plisfing U Lame owipulse | ar
uvamtyple, b read mandube thar Jdebey i a Felom ertar of Bie ol -
vpened lnm the gy ews methinml wid feciseds By upenang the hke
and dereadeng Flinnnates the heed Lo o ad i adaed sl lewl 1w
Lamn g AR e gl slele '
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Flimunate duphcate fyncuons bt nol dunlicate code, Whes o
funcion changes, W15 ¢ areat advantage lu wnky hase 1 chanpe
it une e Il ol 0 medule’s nesd o1 1y rwm cupy ol aen
dom ¢nllecnon of gude Chanpes shEM Iy, 41 L ot b Arccssary
s Chang e wew eral ather muodules w4 weld!

2 tmelyle w2 At ok quile, o [pd leom o secargd
Place i the system, try tsodend:ty and salale the maelal sule
funcimn The temoander of the pwsdute wIphy ke meoIpracal in
i v nal caller,

Cheeh tmodales Ul haee many calfery o L call mang ot
mudules Whele non always o problem, 11 may ndcdte mesmg
Ieve s ok pyendule s

[solate ail dependencies, on s partigular dalactype, recivd layasl,
ind e L Mruciure, eby. imoone v oo O medules 1his rome
ORrEE Ehe recesbing ae e sty sliosald ihag partscular wpegenfica-
uan change.

Fook Dot ways o reduce the pumber of pasamercrs passed he-
baefh mundules Count cvers Aem Laverd Ay g sepal sl paraioe-
ter o ahes abyechive imdependent of bow o7 widl ke emple
mented !, P mol fuss whole revands iem paedole 1o rasdule,
bl pass anfy The higld or Relds ecessaly der each Auedule na
ayvamplish ot Bingnon, {rerwine, 211 Mdaies will Rave Lo
chonpe 1 one fedd ¢ vpands. taller dhan Baly those whic b diroci-
Iy waed that Bekd Patarg only The dals g provessed by 1t
PESTTAME 43 316 walh nés Cssary ermoram! Lig ndrameless i 1he
ulinuee olyecune Check bnary swolchey (o indealwons of
scnpe sl cTect s weepe-ol-Lontiel ns ersom

Have the dripmers work lopether wrd with 1he complebe sbruc-
ture charl Bl branghes of the ghert are wiabed on separuitly,
comiien nusdades inay be osed ol oempatibahiies result
fm draign desommts made wbile orty Consenng one Fran, b

An gxemple

The foll i ing cnample it the use of srrugtured desgn:

A peliempanoneating program o regoired for 2 kospial Tach
palenl v maoroloresd 1y oan alalbep oo e sbag b it lasiary
such oy pylue, lempereigre, bloowd pigssuie, gnd sin reswance,
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The primram e wls These Lictots obf o pevhidn Fasis pspegahied

T ey B opadeend v gl slede FResa Lt~ e L R A Fogrr Ji Culme oF prakie = thmmrgey

von bopoaenl, sate Lanpes 1 e h g bor o ate specdhed e g,

b W vl leniperatnte pange s 8B e W  odepices _ ....,. ___
Fabrenber s [T Ligent Laills ogdside ala oilenl s e e, or

L .i':.ll-"t desr Lods, the porse s slalnssois mibed ) | ! |

[T 1] [ ap— Tl
o By

.
In 4 real-lie Cave, the problem statement wonrhd yontan much
absre detait Hlowesed, hes wag o ol sufw el Jetal u allow os -
W desgn the stiuc fule of ThE prggcam

Lgrma 1] Faens o bog% on ek e ks
T}cﬁm viep i o ogthing the atruciene of the prablem gy shown
M bggore -t In the sequomd slop, we NJEMIl!-"I*g_?__f_“t‘Tn.nI Cone _____ of o _
cepigl streama f dala Tn this cise, Law WLEDUTY are present, i :
Favters Trgm the analoy device and warmings e ihe bulwe Thew - { | \

wlay repicaenl the Mt inpuk Aok el pul Srcams . TR L A
2 gl e TRpRes sk Out R e

Freare P imdicates Ihe pount of huychest absbudchon of the mgput
stream, whirh s the protnd al whech 8 pateenl s [st10om3 are o the
forerm o store in ihe Jada base, The pount of leghest abaira sion of
the punppr siream o o st of unsale Tactar ey ], Y r cun now
b zin b dewigm the prugram’s siroc tare as an Digare (R,

I emals 7iap Lhe mewdule “oATALN & PRTHERT S FACTORS we

Fjura 10 Suiprowrs od she bup lemal
can deduce Troun Lhe peoblem slatemea Uhal thi uneien has

. . . L] my
three panes U1 $determing which palient 1o MAnIee pral (kased
H (O TS T T
on thet spegihed perandic invervalylo A 2F Hend the anatog de- et ! I I..-------.--..-

vice, £33 Kevord 1he (acpeny b the data fwse HEREC, we arnve

; - 3 o e [ R
2l the siructorg w |opuee 19 £a0s ot ovel 3 vabd oot ol fac- I e B LXL
ey wan Bl 3vailabile ) . i -
vn Pl mmargl ml nl"II

I yicher amalysin of “Fr 4ty 8 AL AT 4F A0 MORYT, "FISD
kbt Dot S and 7t Ir s ST ldis T LURhal Fal-
timey” wiehd e kesnlts shosvm o the compdele wis Lare € har Fogurs 18 Jniccsare almans tresl

e Fogure 20 e
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S, ot (Nal ke mmelule R AL L AL LIRS DRURE TENMIN &1 7 Cone
Latmy g degimin pnbany “did we socdesslully read Inom ghe teomee

(LR TE W

of Mo i
AT ] ke read wan mel tecfewdul, we hane Wopenfy the e T
ny-e’s slaledn and Then hnd the acul patenl 10 Pikess a4 de et ] !
rroted i Fogure I, a1

Moafales i the sqope of effect of 1his decnoen sre marked with
an X ol thot ik woope of efect w5 mar o subsel of the woape
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of contial o cenet thie poeblen, we bose fo LaEE pwan aTepe
Fait, wg wall mmivee bhe deweterr up 1 “WEagn v W0 SEF ol
Pad Beawy ™ Wl thea by mgrpeing WEafo v ac pleHY THnik] 1K
Ml oande s A alling mumdnle W Mo ke CHISI SN D ey
sl Ty = nE" a spbsapsdiiade o e gy LA s an
Pac bR s 7 HIEAce. we hasr Ihe strowiid i | e 00 Thin by
wophidy aloenrg the strogture ohd The Tingien of & Tes anulubes,
we have complelely elimanaled the priskiem

Congluding remarks
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OBJET VO

EL PROFQSITO DE ESTL DOCUMENTO EG EL PRESENTAR AL PERSOHAL DEL

DEPARTAMENTO Df ANALISIS DE REDES {(DAR}, DEL INSTITUTO DE IH---
VESTIGAC!ONES ELECTRICAS (IIE}, UNA COHVENCION PARA NOHBRAR AR-
CHIVDOS ¥ VARIABLES EXTERNAS, DE ACYUERDO A LOS PROCEDIKIENTOS -
SUGERIDOS POR LA BIBLIOTECA DE SOPCRTE DE PROGRAMAS DEL DEPAR--
THHEHTG, ASI COMO EL DAR A CONOCER LA ASIGHACIOW DE CLAVES PARA
USUARIOQS DE LA COMPUTADORA HARRIS DEL CENTRO HAEIDHALIDE COH---
TROL (CCHACE} Y LA POLITICA PARA EL RESPALDO DE ARCHIVOS DEL -

DEPARTAMERTN hH ESTA COMPUTADORA.
w-3-3
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INTRODUCCION

DEBIDO A LA GRAH CAWNTIDAD DE PROGRAMACION QUE EL JIE DESARROLLA
Y DESARROLLARA EH COMPUTADORA Y TOMANDOO EN COHRSIDERACION LA DR-
GANTZACION BEL DEPARTAMENTD, SE HA ACORDADD ADOPTAR MHEDIDAS QUE
FERMITITAR LLEVAR UHN COHTROL DPE TAL PRGFREHAEIﬂH ¥ EN ESPECIAL

DE QQUELLA GQUE SE EFECTUARA EN LA COMPUTADORA HARRIS.

LAS CONVENCIOHES AQU1 PRESERTADAS TIEHEN TAMBIEH COMO FIH --
EL ASEGURAR QUE LOS5 FROGRAMAS Y WARIABLES EXTERHAS SEAH UNILAS

ENTRE LOS PRODGRAMAS Y FACILES DE IDEHTIFICAR, CORREGIR O --

AGREGAR.



ESQuerA DE ORGANIZALION

A CONTINUACTON SE DESCRIBE LA FORBA EN LA CUAL ESTA ORGANIZADG

EL DAR Y LAS CONVENCIONES ANTES MENCIOMNADAS,

EH FL SIGUIENTE ESQUEMA, SE MUESTRA LA ORGAMIZACION DEL DAR.

-:-'-i - .
SIST eVl J\UhLiﬂlg

LE REDES

BT nrTas A

Pt Tl T M TN LY Ak iy, u\'sj‘ﬂuhlha
CoIM T Y LD ChIDAD O SISTOHAT T3

L S AT AR

—

copninToHA T I |
(WA At TY ChLOULD Dot rm::r:;uh'}
Caarsae o TE Yoz Hipoo e
WITERLA Ay T

EN ESTA SE DISTIRGUEN CUATRO GRUPOS A HIVEL 0OF SUBSISTCHA A
Y CUATRC A HIVEL SUBSISTEMA D.

3:3-5



3.

A
1 CUENTAS PARA USUARIOS DE LA COMPUTADORA HARRIS
APROVECHANDD LAS CARACTERISTICAS DE LAS CUENTAS EN LA COMPUTA-
DORA HARRIS COMPUESTAS DE LA SIGUIENTE FORHA:
CALIFICABOR USUARID -
SE HA ASIGNADO UN CALIFICADOR A CADA GRUPD DEL NIVEL DE SUBSi§-
TEMA A DE LA SIGUIENTE FORMA:
SUBSISTEMA A: CALIFICADOR
DEMOSTRACION OCHEHTA Y UNO 001 0BEMD
CONTROL BE CALIDAD GOZOCOGA
ANALISIS DE SISTEMAS (VCR +)

DESALRROLLG DE PROGRABACION . OD4CDEPD

{*) AL GRUPO DEL SUBSISTEMA DE AMNALISIS DE SISTEMA SE LE HAN -
ASIGHADO CUATRO CALIFICADORES DE ACUERDO & CADA GRUPO DEL MIVEL
DE SUBSISTEMA B,DE LA SIGUIEHNTE FORMA:

SUBSISTLMA B : CALIFICADOR
DESPACHO ECONGMICE . 0031 BEAS
CALCYLD DRE INTERCAMBIOS DO3Z2CIAS
PRONDSTICD OE CARGA 0033IPCAS
COORDBIiNACEION HIDROTERMICA BOIACHAS

A CADR USUARID SE LE HA ASIGHADD UH WUNCRO SEGUN EL CALITICADGR
DEL SUBSISTEMA EN [L QUE COILABORA, ESTE LE DARA EXCLUSIVIDAD DE
ACCESD A 5US ARCHIVOS S| AS| LO DESEA (SECCION 3.2)..EL HUMERD
ODE CADA USUARIO 5I LE DARA A CONOCCR EW FORMA PERSOUNAL,

NOTA .. DADO [AS CARACTERISTICAS DLL SISTEMA OPERATI'VD DE LA COM-
PUTADORA HABRIS, LOS USUARINS QUE TEHGAN CL M|S5HO CALIFICA--
DOR NO PUEDEN GLHERAR ARCHIVOS DIFEREKTES COM EL MISHD HOMBRE
CSTA RESTRICCIQN SE SALVARA, IHCLUYENDO E# EL HOMBRE DE LOS
ARCHEVOS, DOS JTHICIALES DEL HOMBRE DEL USUARIO A QUIEN PER --
TENECE (VER SECCION 3.2).



it

3.2 HOMBRAMIEHNTO DE ARCHIVOS

COH EL OBJETO DE QUE LOS HOMBRES DE LOS ARVHIVOS GLHERADOS EN -
LA COHMPUTADORA HARRIS SEAH UHICOS, |ODEHTIFIQULN A SU PROPIETA--
RIO Y DEN I10EA DE SU CONTENMIDG, SE HA CONVEHIDO EL USAR EL S{--
GUIENTE FORKATO:

TIPD IHICIALES COHTENIDD

-I--’rl--l- Meoal e ohoah oA LR R L
LT R T T ]

DONDE, EL TIPO CONSISTE EN WN CARACTER QUE DESCRIBERE LL TIPO DE
ARCHIYO DE QUL SE TRATA SEGUN LODS SIGUILCHTES FOSIBLES:

= FROGRAMA FUEHTE (LEMGUAJE FORTAN, COBOL, ETL.)

=  MODULD RELOLALIZABLE (RESULTANTE DE UHA COMPILACION)
= MODULO EJECUTABLE (RESULTADO DE UH EHCADENAMIEHTO)

= ARCHIVO DE COMANDOS |HOIRECTOS

PROGRAMA EMN LLENGUAJE EHSAMBLADOR

= PROGHRAMA HACRO-LUSAMBLADOR

= ARCHIVDO COH UM TEXTO (LOCUMEHTO)

= ARCHIVQ COH DATOS

= ARLCHIVO COH RESULTADOS

moD-—- X mMmOaXXEm ™M
I

LAS INICIALCS CONSISTEHR EN DOS CARACTERES QUE SO8 LA PRIMERA -
LETRA DEL PRIMER NOMBRE Y DEL APELLIDO PATERND DEL USUARIO QUE
GENERA EL ARCHIVWD {AREA).

EL COWTCHIDO CONSISTE ENH HASTA CINCO CARECTERES ALFARUNKCRICOS
QUE DAN IDEA DE LA FUHCION, OBJETO O PROPOSITO DPEL CONTEHIDO DL

EL ARCHIVO
EJEHFPLD:
HOMBRE . DESCRIPCION
THPCOPRL ARCHIVYD QUE CORTIEHE UM TEXTO (DOCUMENTO)

weaEASAR = FERTCHECEL A MARCIAL PORTILLA ROBERTSON
Y CONTIENE UH CONTROL DE PRESTAMOS

- =
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3.3 HOMBRAMIENTO DE VARIABLES EXTCRNAS

CoN EL OBJETO DE PODER IODENTIFICAR EN FDORMA UNICA Y A LA VWEZ,
EL QUE SEA REPRESENTATIVO EL HOMBRE DE LAS VARIABLES E-sTERHAS
QUE SE USEN EN LA PROGRAMACIDN DEL OAR, SE EMPLEARA LA 51-
GUIENTE CONVENCIGH EH SU FORHATO:

FUEHTE .MHEMONICO . DESITLHO
DOHDE, La FULNTE ¥ DESTINO CONSISTER DE 005 CARACTE-ES LODS -

CUALES REPRESENTAN EL SUBSISTEMA QUE GEHNERA LA WARIABLEZ Y CL -

QUE LA RECIBE RESFECTIVAMERTE, DENTRO DE LOS SIGUIERTEE IDENTI-
FICADOS -

DESPACHG ECONOMICO "

DE =

CH = CODRDIMWACION HIDROTERMILA
PC = PRONOSTICO DE- CARGA

Ll = CALCULD DE INTERCAMBIOS
OH = OPLCRADOR HACIDHNAL

08 = OIMERADDOR DE ARECA

EL  HNEHWOHICO ES UN COHJUNTO DE HASTA DPIEZ CARCCTERES -~ LFAHUKERI -
Cos, QUE IDENRTIFICAN LD OQOUE REPRESENTA LA VARIABLE.

LOZ FUNTOS SOW SEPARADORES DE LA FUEHTE Y EL DESTIKO DT L MHEMO--
HICD.

EJEMPLO:
CH.THVIA.OH = VARIABLL GEHERADA POR EL SUBSISTEMA CH ¥

RECIBIDA POR EL QFERADOQOR NACIOWAL Y JUE RE-
PRESEHTA UN 'TIEHMPO DE  VIAJE!,

3'3f3
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3.5 POLITICA DE RESPALDO Df ARCHIVOS EN LA €OMPUTADORA HARRIS

COW EL OBJETO DE CONTAR CON RESPALDD DE LC% ARCHIVOS DEL IIE -
EXISTENTES E# LA COMPUTADORA HARRIS, SE EFECTUARAN EN FOQAMA FPE-
RIGDICAH EL COPIADO A CIBTA DE ESTOS, BE'LA SIGUIENTE FORMA:

SE EFECTUARA RESPALDO DIARIQ CON CIHCQ CINTAS, RESPALDO SEMANAL
CON TRES CINTAS ¥ RESPALDO MENSUAL CON &85 CINTAS.

ESTO PERMITIRA, LN EL KEJOR DE LOS C2SDS TEMER UNA HISTORIA DE

VERSIOLES DE UN ARCHIVD Con CINCO VWERSIONEZS DE CINCO DIAS LABO-
RABLLS ATRAS, TRES VERSIOHES COM LSPACIO OF URA SEMAHA DE TRLS

SCHANAS ATRAS Y DOS VERSIONES CON ESPACIC DE UHN MES DE DOS -~

MESES ATRAS.

ESTOS RESPALOOS PERMITIRAM RECUPERAR ARCHIVGS COM VERSIONES Al-
TLRIORES. 3o3-

3-31-9
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3.5 POLITICA DE PURGA Y CONTROL DE ARCHIVOS EH DISCO

UEBIDO A QUE EL DBISCO INSTALADD EH LA LOMPUTADORA HARRIS TIENE

CAPACIDAD LIMITADA, SE SEGUIRA LA SIGUIENTE POLITICA SOBRE EL
Uso DEL ESPACIO EN DISCO:

TODA RUEVA AREA GEHERADA POR LOS USUARIOS DEBERA SER REFORTADA
AL ENCARGADD DEL SISTEMA FOR PARTE DEL §1C, LLOCHAHDO LA FORMA
QUE PARA FEL CFECTO SE WA DISPUESTO: LAS ARLAS HO BEPORTADAS SLC-
RAN ELIMIRADAS PERIODICAMENTE (PURGA DEL DISCO) .

SE COFIARAN LH CINTA CON CARACTER PERMANENTE AQUELLCS ABCHIVOS
QUE EL USUARIO DESEE CONSERYAR PERD MO USE EN TIEMPO IKMEDIATO
Y POR TANTO HO ES MECESARIO QUE ESTEM EN DISCO, DE TAL QUE EL
ESPACIO EN DISCO QUE OCUPE NO REPASE DE DIEZ MtL SECTORES --
{1120000 PALABRAS) DEHTRO DE LG PDSIBLE).

ESTAS MED!DAS DEBERAN SER SEGUIDAS POR LOS USUARIDS BEL IIE -

FARA UH MEJOR USD DEL UHICD DISCO QUE ACTUALHENTE TIERE LA COH-
PUTADORA HARAIS DEY CEHACE.,

3~ 3-/o
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WLEHNGUAJE

HOERMAS. DEL

FARA

DISERAR PROGRAMASY

PDL

MARCIAL PORTILLA ROBERTSON
ROBERTO MANDUJAND WILD
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OBJETIVD

INDERTACIOGN Y ETIQUETAS
ESTRUCTURAS DE CONTROL
CONSTRUCCIQRES

EJEMFLO

T2

LY



. OBJETIVO

EL PROPOSITO DE ESTE DOCUMEMTO E$ DEFIHIR LAS HORNAS PARA EL USD
DE UM "LENGUAJE PARA DISERAR PROGRAMASY {LDP).

EL LDP E5 FACIL BE SEGUIR ¥ HAS FALIL DE PROGRAMAR QUE LOS DIAGRARAS
DE FLUJGQS, DEBIDO A QUE “LC5 CAS}t CODIGQ'™., ESTE “PSEUDO coplGO"
DESCRIBE LA ESTRUCTURA, COHTRODL, VICRACIOMNES, FLUJO, ETC, DE UH
PROGRAMA DE COMPUTADORA, COH LA VENTAJA SOBRE L0S DIAGRAMAS ODE

FLUJO Y DTROS TIPOS DE DIAGRARAS, QUE PUEDE ACTUALIZARSE COHT{NUA-
MENTE EN UN PROCESADOR BE TEXTOS.

EL LDP DEBERA INCLUIRSE EN LOS SIGUIEHTES DOGCUHENTODS:
RPC
DPC

CoDIGeo
- 3-9-3
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Il INDENTACICGH ¥ ETIQUETAS
IMDEHTACIOHN ¥ ETIQUETAS.-LA SUBORDIDACLION SE LLEVA A CABO (NDERTANDO
LAS LINEAS DEL PSEUDD-CODIGO )
EJEMFLD

1. LINEA A
2, LENEA B

A, LINEA C
B. LINEA D
1. LIHEA E
Z. LENEA F
C. LINEA G
3. LINCA H
A. LIHEA |
1. LIHEA J
Ao LINEA K
B. LINEA L

4, CORTIHNUA CON LDP, REGRESA O TERMINA

SOLAAENTL SE UTILIZAN DOS CONJUHTOS DE CARACTERES: HUMERCS Y LETRAS
SE UTILIZAN ALTERNATIVAHENTE TH LOS HIVELES DU SUBORDMIHACEON,
¥ LA IDERTACION SE WACE LON CUATRO ESPACLOS,

13-?-—- ‘;f
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(N ES%RUETURAS DE CONTROL

LAaS UNICAS LCS5TRUCTURAS DE CONTROL 50H DE SELECCION,
¥ LLAMADAS A MODULODS.

A.- Seleccion
LAY FORMAS DE SELECCION SON

Ar s (1)
A.2 SI-ENTOHCES-SIHO {IE-THEH-PLSE}
A.3 LASO {CASE)

R.~REFETICION
LAS FOR#MAS DE REFETICIQH:

EJLCUTA-ITCMIRAS [AHIDL)

7.1
R.Z CJECUTA-BASTA (DO-UNTIL)
R.3 REPITE (BOB,N0)

C.- LLAMADBAS A MODULOS
LA FORHMA DE LLAMAR A MODULODS ES LLAMA (CALL).

3-4-5
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I'Y CONSTRUCCIDNES

A.~-SELECCION

A.l CONSTRUCCION St (1E}
EL FORHMATO DEL SI1 ES:

1. S1 coMpiclan .
A. BLOQUE YERDADERO

DOGHNDE CONDICION ES UNA EXPRESION LOGICA ¥ EL BLOQUE VERDADERD
ES UH CONJUHTO DE PROPDSICIODHES £H FSLUDO CoODIGO.

EJEMPLOD

VERDADERA

Y = 3*2

-3-4-6



A.2 CONSTRUCCIOM SI-ENTOHNCES-SINO (IE-THEN-CLSE)
EL FORMATO DEL S5|-EHTONCES-SENG ES:

1. S1 CONDICIOY EWTONCES
A. BLOGQUE VERDADERD
2. SINO
A, BLOQUE FALSO

DgHRDL COMDICTION ES UMNA EXPRESION LOGICA Y LOS BLOQUES VORDADLRD
¥ FALSD 50N PFROPOSICIQNES CH PSEUDO-CQDIGD.

EJEMPLG

1. 51 X=10 ENTOHNCES
ho Y=3%2

2. SIHD
B, y=7#2

FALGA

_’“<m/

Y = 3%2 Y = 7%2

VERDADERA

3-%-7
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A.3 CDONSTRUCCIOM CASD {CASE)
EL FORMATG DEL CASE ES:

1. cas0o {A,B,C,...)COHDECIDN
A. BLOQUE A

1. SEPARADOR DE CASO

B. BLOGUE B
1. SEMARADOR DE CASO

L. BLOQUE €
1. SEPARADOR DE CASD

DONDE COHDICIGH FPUEDE TOMAR VARIOS VARPRES ¥ LOS BLOQUES A,B,

C,¥11 SOH FROPOSICIOHES EN PSEUDO-LGDIGOD,

EJEMPLD
i. vE A {A,8,00X
A, Y=3%2
1. SCPARADOR RE CASD
B. Y=7%3
1. SEPARADOR DE CASO
C. Y=7=a:%

1.SEPARADOR DE CASO

Y = 342 ¥ = 7*%3

=

- —abmmamEm ot "

CASO X
chsoir/ ChSO B CASO C
S : e

Y = 7%2

T

in
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B.-REPETICIGN

B.1 CONSTRICLION EJECUTA MIENTRAS (WHILE}
EL FORMATO DEL MIENTRAS ES .

1. EJEZUTA MIENTRAS CONDICIOH
A. ZLOQUE

DONDE CONDICION E5 UNA EXPRESIQN LOGICA Y FL BLOQUE 4 SONM
PROPOSICICNES EN PSEUDD-CODIGO.

EN ESTE CA30 SE CHECA PRIMERD LA CORDICION, ¥ 51 SE CURPLE,
SE EJECUTA EL RLOQUE A. . '

EJEMPLOD

PALSA

ViERDADIIRA

Y = 3*2

X =%-1

3449
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B.2 CONSTRUCCION EJECUTA-HASTA LODO-UNTIL)
EL FORMATOD DEL EJECUTA-HASTA ES:

1. EJECUTA
A. BLOQUE
2. BASTA COHDICION

DONDE COMDICIDN ES UMA EXPRESION LOGICA ¥ EL BLOQUE A
S50H PROPOSICIGHES EW PSEUDG-COLIGO.

EHl ESTE CAS0C S5E EJECUTA EL BLOQUE A ¥ LUEGD SE CHECA LA
COHDICIOMN, YA SEA FARA CONTIHUARR EJECUTAHDO O SALIRSE

DEL BLOQUE, DE TAL MANERA QUE SIEMFRE SE EJECUTA AL MENOS
UHA WEZ EL BLOQUE A. :

EJEMPLG
1. EJECUTA
Ao, ¥Y=342
B. X=X+l

2., HASTA ¥=20

o,

Y = 3%*2

X X+l .

' FALSA

] '
VERDADLRA

3-4-10
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B.3 REPITE {FOR/DD)
EL FORMATO DEL REPITE (FOR) ES:

. REPITE (=N,M, ({5}
4. BLOQUE

DOMDE N Y M SOM ENTEROS: N «5 M Y EL HUMEKROD DL JTERACIOHES
SERA IGUAL A H-MN+1, § [OPCIONAL)} ES FL IMCREMENTOD. EL BLOQUE ES UHN

COHJUNTO DE PROPOSICIQHES EN PSEUDO-CODIGO.

EJEMPLOD

1. REPITE 1=1,3,1
Ao Y¥=X({1)+5

7/

|

Y“=’X[II+5I

3-4-11
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B.3 REPITE (FOR/DOD)
EL FORMATO DEL KREPITE {(roR} ES:

1. REPITE 1=H,H, (%)
A. BLOQUL

DOHDE M Y M SON EHTLCROS: N < M Y EL HUMERD DE ITERACIOHES

SERA TGUAL A M=u+1, S (DPCIONALY ES EL INLREMENTO., EL BLOQUE ES UH
CONJUNTO DE PROPOSICIONES EM PSEUDD-CODIGO.

EJEMPLO

1. REPITE Ir1,3,1
A. ya){|)1+5

3-h=11



C.-LLAMADAS A HODULGS

EL FORMATO DE LLAMA (CALL)} ES:

LLAMA HODULLD

cOHDEL MODULD ES EL MOMEBRE DC UHA RUTIHNA COMPLETA A EJECUTAR,

EJEMPLO

LLAMA RUTINA |

3-h-12
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. Software Representation and Composifion

Techniques

LAWRENCE J, PETERS

T Absiract—The Tield of sofltware development b wadergone some of
ith Mot profound chahied w the Llast 1en yrara Much of thia cthange
hyy been jn responke (0 #ver increasing demands on sofl ware gystcma
in 1ermg of Wheir complenity, reliakbility, and resiliency. Sy mplomatic
al such rapld evolutlon is the pradiferalion of methods and technigques
intended to podve “the” sofleae probiem, Heweves, real-workd soli-
ware deiign problemy olten exhibii charsgreristics that mike hem
wnigue. Thia forced the wnfiware engincer (0 3eck alicrmalive wayy of
rompoging end Jocymenting @ devign, This paper dernbes 3 nampling
of the alternatives and direcly the readér 6 poueiey of moae detalted
mlormation segaeding theit use 30 well as g loger seevey of dhie rapwdly
ananpng Deld,

[. INTRODUCTION

'n several wayt., Unlike many other fields, systems of
soflware -.:n-jll not be mass produced, This divoreer Lhe

SDFI’WARE development challenges the softwars cnpincer

Manyegtlpt troeieed March EB. 19RO ervlend May I3, 1930,

Frerinng al thiv petiche aet enqmerpled foan [ VL], pod appesr byrr with
Iht plll\'l.d.l.mn af the pubinher,

Tre puihor i with Yourdon, Eng, 113X Avcaur of the Ameriinn, Hew
Youk, HY 10336

software cngincer frem many praoblems sssocinled with masnu-
facturing, Mowever, since he is dealing with logic—the absteact
~Lhe yesults of his labor are dilficull to identifly with, Salt-
wiare oprrated on a lime scale and relerence Miame which is in-
comprehensible by human standards, These factors, and Lhe
lack (for the mast parl) of an engine¢ring batkground on the
rart of saliware developers, have led o the naive view thal
sofiware desiph 1 unique and that il prablems are exclutively
these of sollwate, The soltv-aie eapincet also has 1he lowsl
guldance of any technical field reparding the seope of ha prob-
lem or the aveeptability of his solution, For example, in nir-
cralt design, 4 3¢l of strictly adhered Lo pErameless calied a
design envelaps are eslablished early ir che desipn €fTorl, The
task af the abrcralt degign (cam is Lo ¢reale 8 design which
mcets (he requirerments and a})s within the envelope, Facton
in¢loded in Lhe epnvelape may inglede wjze, weighl (dry and
maximum takeofl), range, and othes parsmelers dictaled by
murketing and manufscturing considesationt. Insuch hard ware-
orienicd efforts, deslpn envelopes are the resnll of caperitnce,
fammon praciice, economics, and produclion capabilities. In
the case of software, 3 congept such a3 Lhe deslgpn envelope {3

0018971 9/80{D900-1085500,75 © 1980 IEKE
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Jeas pteaightforwszd-n large cxpericnce base telalcd 1o 3 par-
Licular type af scipware is nol available, economies i a matter
af "hlack mapic,” and (bere is Do Common praclice of disci-
pling, This is p2eticularly rue in Lhe case of sultware drsign
documeniatien. llenge, the yollware designer hay lillle or no
guidance in the execution of his (ask{s).

Several authers have altemptcd 1o rescuc Lhe soltware engi-
pece from this ddepma by pubibishing 1 wide varjely of Laciics
and strategies with which Lo address sallware developmend,
Lach suthar relates the elficacy of his approach to their own
experience usvally in some limited ares of applicalion. Each
ulilizes a syslem of representation technlgues designed Lo
frarmamit the aitnbules of the desipn considered imporlani
Ly such auihork. We will cxamine represeniative examples
of thesc, comment on their source and wiillly, and finally
describe current Lieadi and what they signal for future tech-
nological developmenis,

1L BACKGROUND

The emphasis in e3rly seftware development was en oblaining
y program which worked, That iy, it gave antwers which agreed
wilh accepted values or, where accepled values did not exist,
saved largr amoupts of manual labor. For example, Gustay

Mie [1} eolved Maswell's cquations for the cnse of cleciromag- .

petic waves pasfing through a ¢olloidal suspengion containing
diclectric spheres in about 1905, 1n the 1230%, uting comp-
tomelers and 8 lpt of manual labor, less than a few dozen of
these coelficients uselel in estimating informalion loss in infra-
red, microwave, pnd laser transmission had Been computed,
By the mid-1960', several thousand values could he computed
in a matter af seconds |2}, But by the 1960, other more
chaltenging protlems were being attempted, Instead of devel-
oping single programs or small sels &l programs, large assem-
blages of programs were bring stlempted, This ushered out
the agt of funitiona! programming and ushered {n the apge of
structure orienled programming.  The problems crealed by
sllempling Lo <onlrot salelliles or air raffic with these large
gystems highlighted the reed for zome sort of philosophical
witwpoint which would enable soltware desipners to croate
systems {not jest single programs) that worked: sysiems whosc
congtruction wat sided by the design and nol encumbered by
it. During thid lime many concepls were “discovered™ in
software such at the dillerence between logcel design (e,
absiract, conctptygl) and phygical design (i, bluepant, one-
far-one correspondence Lo what will e buill), philesophics of
design (e.2., top-downd, and the uic of prolatypes Tom which
to lezrn and prateclt am inveatment. Much of this ferment
peaked in the lale 1960% and early 1570 with the advent of
some specific methods and approaches to the problem of 1oft-

walt design tepicswenialions, These yeemed Lo address siyuciure -

prohlems snd some were adapted guite widely, However, they
have been found to be in need of some supporl in order 10
solsve “real world™ prablems. Thix has resulled in yet anolher
wave of appioathes. This body of help now available 10 1he
sofiware enpnerr (3 inlo 1wo classtt—melhods {stralcpits,
recommendalions, or poidelines based on a2 philasaphical view)
and 1echniques [raclics or well-adviscd "'Lricks of the trade”™).
Both clatacs are desenibed in the remainder of thit paper 1o-
gether with 2 Tock 3l where much of this may by leading,

UL RirmessHTING SovTwARE DIsicons

One af the estliest lechniques 1o be develeped 15 thal of 1ofl-
ware design psentation. The crablem b a fundamental one,

3_6.7
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That is, how docs the sollware designer depict his design o
a1 1o communricate 1 to fellow worken and the customert
Architects can use sketches and the ¢uslomer’y everyday ex-
pericnces with physical surroundings 1o capiure Lhe cverall
characleristics of & proposed building. Bul soltware is not 3
directly experienced product,

There dre peveral issues related 1o Lhe partr:rll of & Eofl-
ware design |3). These can be arganized inlo the following
catcgoriea

1] hrchllﬂ;turﬂ—The depiction of the rclationships Whll:h
caisl between major system elements and between the roftware
system and the outside world (user, terminals, etc.),

Ty Structural—The depiction of relatjionships belween dis-
linguishzble system elements, This ip 1 static view of the
systcm, '

3} Behavijoral—The depiction of inlcractions among sysiem
tlements- Thit is 3 dynamic view of 1he gystem - - -

4) Informational=The conceptual organization of the data
used by Eh: sysicm. 1

The senaitivity of project success 1o Lheye ixsues has Increnacd
25 Lhe complexity of the software system being sitempted has
increased, The role of software repreientation technigues has
shifted [rom documenting whal the design contalns te that
of playing wn zctive part in the evolution of the design, Thin
evolulion is the result of Increascd commuonication among the
desipner, uscr, customer, and program implementation per-
tonne). Some design representation Lechniques can be used to
describe system level concepls while olhers art at & more local
level, alten clasely tied 1o a specific subset af izsues, liowever,
olt are directed at reducing and cortrolling the amount of
complexity e¢xhibitcd hy Lhese absiragd models of the sysiem,
We will examine some of Lhe approaches that are available for
srchileciurat, gtructuial, and behavioral ¢lasces of information,

A Representing Archirectural Featurer

Only tecentiy has Lhis Important aspecl of saltware design
representzlion been sildressed in the Bierature [4]. Perhaps
this 15 because it is catier Lo address local, simple, and compre-
hensible aspects of an everall syzlem than to deal with Lhese
“glokal™ issucs, The prospect can be overwhelming,

The Leighton Jdisgram iz inlended to sddress Lhe problem
of depicting software sysiem architcclure in an caty o read
and undeniandable format. The spproach taken Lends 40
avord many of the problemi associaled with employing hitr-
archy diagprams while ditplaying the sources of inpuly, pro-
cessing  levely, precedenge  pelalionships, and  destinalion
of oulpuls,

Leighton diagrams were originally developed to serve o func
lion analogout o thal of the artist's concept 10 enpincecring
Thit diagrammatic form bs intended to sptisly its aulhar's per
ceptian of the need to be fullilled

1) employ some of the characteristics of Lreelike struciuies;

2} clearly depict sourcer ol inpul and Jeylinations of ovlpul;

A} be cp3y 1o preacnl and copy WEing ﬂ% % 1} in. lorm;
and allow requential presenlation to aveid repclilim
backtracking; ’

4} clearly depict 1he complexily astocisted with what 4
heing presenled and the occurrencefuse of commen
rovlines;

5} permit the incorpotalion of 1catual mfnrm:tmn.

6) beclfeclive ¢ 2 broad specirum ol sysiem ty pes,

¥ be coul effcctively sutomatable,
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Fig. 1. Ancramiple of o Leighion disgrun.

The primary goal in developing this diagrammatic technique
was (0 cnhance the commurication beiween cuslomen, uken,
software archilects, and saflware developmenl pesonnel con-
cerning desigh (and development) issues. .

This firgl ol many different woftware design represenlation
schemas lor depicting syslem srchilecture is presented inFig. 1.

.Nple how the egqeniial elements {ep., exilernal interfaces,

I+ tactiony AMGng majér soliwart camponenis, and gverall
ity or precedence relalionships) arc all that 19 depicled,
‘The Naver of what the system fa like ix relained witheut the
introduction of unnecevuary detzil. In Lhe senge that soltware
design representation began wilth descriptions of individesl
programs and only recently lumed to describing overall 1ys-
lems, this process has been bollem Uz in palure,

g ﬂrm’rﬂng Structurgl Characterittics

Partraying 1he sincture &F 2 sofiware sysicm involves The
taking of a "snapshol™ of the pelalionships beiween inlemal
iystem clements, [ is a aratic view of whal 1he sytlem is like,
We will Nirsl Jook at an approach which was common to
enginecring at lcast @ coupls of thousand years before il was
“dircovered” a3 part of wop-down structured pProgramming
approaches, The olher represeniation schemes (Mmethiwls) in
the remainder of chis article wlilize the desipn Iree concept
togeiher with some other catures.

1} The Drsign Tree: This approach 5] 10 depicting design
shuclure i dirccted at eaternatizing the camposition of &
patem. 1T 15 based on corcepls ia mathematics which have
teen wied in lop-down desgh,

Thow utilizing the design 1ree concepl employ onc of two
raul3lly caclusive concepts. The Nirsl, conlaimuent, pelers lo
the Toct thal & ¢concept includes (Or containt} other concepts.
For txamplt, the concepl of airplanc includes the concepts
of propulsion ayuem, boudy, wing, and 134, The sccond,
wseparchy, caphcitly porirays concepls as being whordinale

pne another, Thel iz, nel jual including orher lesser con-
apts, bul Being grealer or hightr on a scale in some way,

This meany of ordefing systems has been used singe the lime
of the Epypitany (and pomsibly cactier). 1t s wnhereng to the

FEDCCMAEE
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conccpl of top-down design and znalysis. Thus the design
tree supporis lop-down decompesition both conceplunlly
and graphically {Fig. ).

The decsign fee uset a sfmple Nexible notational scheme. [0
tx gimple in 1hal only two basic graphics elementy are used-a
tlraighl Jine and & node symbol. Examples of commonly used
nnde symboly include gircles, squares_and rectongles, Eath of
these will contain Lestual infermation. The user of this scheme
can employ any nade rymbol that is convenient or may choosc
nol Lo encloss the text assuciated wilth cach node, This scheme
i5 alse flexible in 1hal it ean he uwd 1o depict complex of
simple systema 1o Lhe desired level of descomposition,

2} Strucrure Charts: Struclure charly were griginally devel)-
oped by Conslaniine er ol | 6] to sprcily modular characleris.
lics of sofiware during design. They age an integral part of the
siruciured itesign melhed 17), [B). .

The kasis [or Lhe slruciure ¢hart is 2 treelite slyuciure which
depicts hierarchical relationahips, Mowever, Lhe hasic nelation
of the design 112 has been eahanced Lo exlesmalize module re-
Miionships, A module i< deflined asaset al lexically conliguous
program slatvments which can be referred ta by name. The
relationships and interaclions which ere depicled indude data
flow, aclivation, and communicslion of conttol parameten.

Male thal 1he desipn trec can relale conceply or procenies thal ©

camprise |he s¥yMem. This scheme specifically identifies mod-
uley that wijll comprise the gaflware fysiem,

Structure chapty can he drawn ih teweral dilferent ways,
The approsch propozed by Constanting ulilizes Lthree banie
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graphical forms

() the geclangle, wmed to contain 2 module or module
drunptor‘ ‘

2) (ke vector, used to highlight inleraction htlwﬂtn modulex
{usually a call); r

3] the arrow with circular tail, uszd Iu depici lht tranafer of
data and control belween madules

Together, Lhese comprise 1he simclure chap a5 shown in
Fig. 3. Tn this case, the system level is 3 master filc update
processar which hat several subordinate funclians. The maalcr
file is passed 10 the edit module which returns errors and valid
enlries and 30 on. Note thas control elemenis are identified by
having the circles on Ltheir bails flled in,

3} Structured Apolyris and Desipn Technigue: Thisapproach
it usually refeered to &5 SADT 1t was originated and 1rade-
marked by SofTech Inc, [9). It was derived [rom work done
by Hon {10], and as a eeselt of experience with compwier-
sided manufacturing studics.

This represenlation scheme utilizes two lormhy, Dnc is & free-
like stroclure {n design Lree) which acly at a yoadmap be Ihe
sysiem model, The ather Fform iz the activity chart, The eys-
.tem model can be uied to describe a single program or group
of programi. [l is composed of one or more activity charts or
more simply diagramit. The basic idea here s o provide Lhe
user of the technique with o means of graphically portraying
whatever his annlysis of an exisling system revcals or his per-
¢eplion of a sysiem under design.

This melhod alyg uscs labeled reclangular boxes and arrows.,
Several dislinclions are made bolh in whal is represenled and
how it is represented, For example, the basic Jistinction
between data Now and aclivitles i made bul dats Mows are
classified as being inpul, output, or control (Fig. 4). However,
facculion sequences are not eaplicitly shown.

C. Reprerenting Behavioral Fraturer

The issues reloted o the represcnialion of the sctual behay-
ior or “ezeculien™ of the soflware are amang thosc first ad-
diesied in the early days of woftware detign. These invalved
the detailed and explicilt documentation of preciscly what the
(eventus]) progrtam would do when it was constructed, Qne of
Ine first of these schemes, the flowehart, Iy pilicd Lhe atliiudes
and concerns of the times. MNamely, will the program work
and if 30, how?

Todsy, stlitudes have changed. The concern iz focused more
on the organizational character of the program than on the de-
tails of execulion, Problems with program maintenance and
developmenl have emphazized the need Tor some reardered
priorities.  The approaches presenicd here aee a represenia-
tive sampiing of s much larger set of schemes from which o
choote [11].

1) The Flowchart: The MNowcharl i3 probahly the most
widely used, misused, and mizunderstiood sofiware representa-
tion schemes in ust today. 11 has resulted in many decivatlves,
N wua orginally developed by won Newmann whao intended il
te Be an accurile means of documenling & progeam after it
was wrillen nol as a desipn representation scheme, The use
al the Mowchart has been somewhat standardized through the
tfforts af the American National Standerds Institute (ARSI
113Y. What i prescnted here employs the ANSE farmat.,

The ANS] Anwehart depicts the deteile ol conlint Mow,
This is sveomplivhed by walng different aymbyils for proseses,
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and ¢ntry and termination pointa, There are no
specific requirements that some specife set of construcls be
emploayed. Hence, sny iype of control {rangfer supporied by
a pPropramiming hn;u:ge or sipodlhm may be represented vin
the Nowchart.

Primarily this scheme wzes t'h.r:: 1¥ymbols: the ul:tlng]c,'lht
thombus (or diamond), and a directed line, Other symbols nre
vsed [o depict manual operations snd externalfhardware intez-
Faces. The zectangple js used 1o represenf arjlthmetric operalions
ar proccires, Examples of these include " =g 4 1,7 “x =ab "
and rescl end of file Nag, elc. The diamond shape iz used 1o
represent decision points. Examples of these Include end of
file Nag eef, "o = 0," snd "z - 8b." The direcled line indicates
the Now of controd or precedence in & Now sequence, An £a-
ample of an ANSI flowchart is presented in Fip. S,

2} Decition Tobles: The decision table has been used to
amalyie and describe determinislic $¥sternt and to sort oul
confusing decision making problems. Their we ln propram-
ming it por pew snd dates back 10 the days of wired logic and
telephone pwitching problems and beyond 112].

Drecision tables can take many different forms [13]. Thee
all atem from the tame basic nolion that for exch af the pes-
sible combinaliony of situalions that'g sysiem (or program]
can ¢ACOUntes, the system's responsc is known. These itua.
tions mic reflerred to as condilions while EyYAlEm ICSPOnIss Are
referred 10 as actinns, For every condilion or st of condition:
which €an oecur, gne and oanly one action or s¢L of acliens car
octur. The response of the sysiem i kngwn with coriainty.

The basic decision tabic comisrs of twa portions—the cond,.
tien slub and the aclion stut. Conditions are ¢ollected an?
(optienally) labeled inte (ke condition stub while actinr
arc coliecled snd (optionslly} labeled jn the sction stub. Con-
ditions and aclions ar¢ most oftern desepbed hD:I'IZD'I'I:IU}‘
Vertical columna in the condition stub are used 1o identif)
which tonditions spply in 3 given inslance, A correspondis !
column in Lhe action stub Sesrcrihes the iyitem™s mpor.:-
(Fig. &). I

J) Hamilion and Fefdin Approsch! This acheme war orig
inally devised in wpport of the National Aeronautic we::
Space Administration {NASAY specc shultle woltware develp:
ment |[14)770 i3 w " reaponse 1o the need 1o simpllfyieg axf
clatIfying the often overwhelmibng detall present In Qowshiny

decltions,
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Elz. 5. An AMSI Nowchar,

The Hamillon and Zeldin desipn zepresentalion scheme has
=en further refined and enhanced and is now supported by
4 sutamated flowcharting tool [15]. Diagramp of Lhis lype

wic called structured design diagrams {not to be confused wilh

the “struciured Jetign method ™ Section [V}

The onginal intent of thic scheme wae to supporl the use of
higher level banguages. However, it could be cmployed inother
applicalions. The objectives of this scheme jaclude

11 explicilly depicling the tevelr of nesting (and hence, com-
Flexity} inherent in the design structure;

1) depicling all processes in an slgorithmic manner {m
oppastd to employing lextual material);

3% demonsirating lhe exient or scope of conlrolfeffect af
all loops;

4} supporting and encouraging the use of (he basic consiructs
snd their atrernative forms.

The basic eflecr of thiz schemt 11 that the software desigacr
and custamer can follow sequences of equalions 1o determine
whether o not (hey are apprapiale while gaining a0 spprecia-
on for the relavionshipis) belween differenl partd of a sofl-
wail yttem,

structured desipn diagrams are composed of rectanglet, di-
reeted lines, and a pentagonal combination of a reclangle and
irpnple.  Execution is genenlty from top lo botiom an the
giagram with the exception of IF tesls and DO loops which
proteed from Jelt 10 right with £ach oceurrence. Thia clearly
shows the level of nesting. Bach of (he graphic forms contain
an tlgebraic stElement or lcst, a4 appropriate. An ¢xample of

s technique js presented in Fig. 7.

1 H.”i__md'_ﬂihne.l‘dr_rnun Approach; _This approach wa -
isiroduced 33 8 mran: of syntactically enforcing ust of three
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Fig. T, The HemHinn and Teldin design rapieseniation.

basic program congteuets: sequence, declzion and logp. Since
ity infroduciion [1G] L hes been modified {171, | 18] and haa
been jncorporated into an inleractive graphics system to aid
sollware design |19].

MNaui-Shneiderman diagrams are & deparlure from fowchart-
based techniques. They sid in the adherence to Lhe use of pro-
gramming ptructurea ather than the €0 T4 {an unconditional
transler of control). A single procens is complelely contained
within 2 rectangular box, The box is subdivided into sections.
Each aeziion denotes & specific subprogess (e g, an assignment,
decision). A hicrarchy of such digprams can be eatablished and
matntained vin 1he use of rontine cally or dummy Procesycs
which refer to oiher diagrams. The range of 8 loop, Ihe basis
andd cffeed of & decision, and the general s¢quence af the pro-
ceas flow are all explicit in this scheme,

These dipgrams contist of reclangles and triangles each.
tontatming a Hatemenl al the operajion performed and are

arranged 30 as to definc process Mow (Fig, §). .

D, Comments Regording Sofiware Derign Representation

Theit are well ovee 3 JoZon Jdillerent approaches Lo saflware
design represcnlation,  Many of these abp have derivalions
making 1he 1otal nember in usc loday much kigher 1111, In
documenting 1 software desipn, Threc istues mudt be sddreased
regardieas of whal sepresenlalion wheme is vicd

1} whal informatian should be communicated?
= 2}-wha s the sudiengeY = 7 T
31} what are the conecrnt of the sudicnce?

L =
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Fie.%. A data-Now diagram,

Since there are many different types of reviewess, it is unhikely
that » single representation scheme will satiefy the needs of all
af rhem, Rather, il is moee likely (hat selection criteria and
problem characterization paramelers could ke applied [11] in
ader o "epgneer”™ 3 represenlation system compased of
many diffcrent classes ef represenlation schemes,

V. CoMmrosiTioN OF SO TwanE

Asx challenging as the software design representation prabtem
may seem, the problem of composing or ¢reating the software
in the Nirst place 15 even more 6. Many atlicles have been pub-
lished which describe Lo the rcader how soltware may be de-
rived beginnlng with a few given piecer of information. Tach
method ylilizes a design jepresenialion scheme or syslem of
schemes in order to accemplish its goal{s)., One approach
[I1]} organizes these approaches inlo thice catepories

17 data-Now orienied rn:l.hnds
¥ dala slhructure methods
3] prescriptive methads,

The naming of these categories is relaled Lo he infarmation
they ulilize 21 being piven (¢.g., 3 dala-Now model) or 1he na-
lure af the approach (=, g, prescuiplive), Rather than describe
Hie wse of rach of the moie than e Joten major methads
[11] cuneemtly docomented in Lhe Tilerature, a 1epresentative
example of vach al the calepories witl by swnopsized here,
A. Darg: Itow thicated Methods

Bata-Now orienied methods provide the soltware enginesr
with puidance an haw 1g define software piven thel Le has
i moudel af the data Aow which will {evenlually) occur in
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the system.
design |21.

This approach ulilizes a nctmnrk orienled design représca-
tation called » data-flow djagram and structure charts (see
Section 11y, Together they form an integral part of a sys-
tem of deosign reprosentation direcled at capitalizing on these
depicted properties.  Struciured deslgn's nolalional 1¥stem
depicts strucioral zand behavioral characteristics separately and
includes ohjective evaluations of design qualily. Thest cvalua-
Ligns are ¥imed at idenlifying Lhe level of sysiem airength and
NMexibitity (coupling) as well as the level of internal strenglh
possessed by each model, These concepls can be applicd o
any saftware design and constitute whal well may be o "'natural
law" of soltwarc composition, They need not be thought of
a3 being strictly applicable Lo designs arrived at using Lhe sirue.
tured desipn method. The use of this method is complainented
by fhe cxistence of a method for defining system specifica
tions called structurcd anelysis | 20]. ..

Steuciufed design views systemisin twacoemplementary ways
Cnc iz the flow or inovement of data while the other iz the
trznsfarmation{s} which such dala Now undergocs 1o Ye frans
fotmed frem inpat ialo ouwtput. Together they Tofm & nel
work model of a systern, Dala enler as inpul, undeipd trang
farmations, converge, diverge, got slored with other data, ang
became oulpui. This view of software may sound simple ang
pérhapy dull, bul il generales several inleresting side effech
Among Ihese 2re 1he following. *

1} Absence of Lime in the data-flow rtprtstn!;lmn ~Sing
movement and lransformation of dala ai¢ the mﬂ:" charaetey.
istics represenled by the datz-flow diagram, the conctpl al iy

A widely used approach iz that of siructured
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parsage of time tlong any single or scvera! data-Now path{a) i._‘

nol present (Fig. 93, The sallware cngincer is frée Lo concen-

sratc on the establishment of » clear undenstanding of what

m,j.;;;minnr Lransformations musl occur in order for the
inpul dats Lo be mcrcmtnully and correctly {ransformed
inlo auiput.

7} Lack of clamical fonctions! decompotition=-Top-down
design has been described as showing only onc path in a (ree-
Lke structure because il assumes thut (here is only one prob-
lem 10 be solved (5], The use of the “data-Now viewpaini™
reduces Lthe cffcct{s} which the designer’s experience and
biases will have on Ihe results, This allows the “shape* or
siruciure of I syslem to be retained. Further on in the strue-
tured design process, these “natural aggregates”™ of Izansforma-
tions and data flows play & wilat role in the idemtificalion and
orpanization ol modules in the construction plan or physical
struciture of the system,

A seriouy problem for soflware engineers is Lhe conleol of
complexily. Much of this compleaily is caused by concern pyver
wliving the problem concepiually while allowing implementa-
tion issues to distort this absiract view, The sollware engineer
finds himsell pulled in’ two directions al once. Hence, hix
atiention 3 focused alternalively on high fevel, absiract prob-
lem istues end low level, detall implementation ones. This
shuttling beiween Llwo tomewhal incompslible scls of itgues
crexlcy an unstable environmenl in which mislakey will be
mrde. Some key wssue or subltle nuance regarding the problem
“:v be overdooked, $lructurcd desipn recommends a disci-
i < Uelingtion between absiract of Yogical desipn and phys-
(s -ped design. This enables Lhe soltware engineer 19
uch 2z the architect proceeds by firzt eatablishing a
coneepiual selution then adjusting it 1o Ihe inlended operating
rovironmenl [making it prectical).

The basic ploy used in siruclured design o to identify the
dsia MNow(a) apparent in 1he problem and Lo build in both de-
1ail and sroctore in an iterative lashion, 11 it sssumed that o
gystem specification exists belfore desipn beging. This specifi-
calion idenlificy inpuls, desired outpuls, and.a descriplion of
the functional aspecis of the system, The specification i vsed
1% » basis Tor the graphical depiclion of the inherent dace Nows
snd dats vanslarmalions. This graphical depiclion is called a
data-flow diagram. From the data-Now diagrams, nzlursl agpre-
prter of thewe transformationy and data Nows are ientified,
This eveniually feads 10 the definilion snd depiction of the
modules and their reletionship Lo one another and various sys-
wm clements called & structure charl, The wstem specifica-
fien i3 recxamined, s:rors and omissiong remedicd, and the
process cycled through spain. Mot all slepy ate repeated, only
those deemed nzcesaary by the wollwars enginecr. An over-
view of Lhis process is shawn in Fig. 10,

""l'ﬁft [ |

§ Dz Scruciure Ovicnied Metkeds

Data structurc anented meltheds pive the saftware designer a
meant of proceeding to a design piven that the slruciure of the
dats thal will bt procewsed By the soltware is Xnown, En this
gaie, tlrutture refen (0 the topical relatiombip{s} which £xist
between dala elemenis and not 1o the physical formal of data,
The basic premisc in Ihit Lase is 1hal che structure of the data
shd the strwuctuie of the program must be compatible, The data
ptructured appioach we will examing here ix chat of Warnier
u”"_|Llhn:;_1h;.dnu_:lrutlur:_ﬁ:w_wilh‘ln_lppm“h
authored by Jackioh [12]. They are wilely poputar in Europe
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Fig. 11. A orerview of The Warnier method.

pnd prowing it popularity io the IS5 bul ulilize lundamentally
diffcrent approaches to design representation,

Ceonceplually it i3 sssumed (hat the inherent structure of
inpul and output data is

1) discernible;
2) uscfu? e a driving force in softwsre developmend;
1) insurance that & prudently stroctored program will resulr,

Thiz method employr the Following f-:ur diflerent design rep-
renentplion schemes:

1) dals ¢rganization diagram;

2) logicat Lequence diapram;

1) instruction list;

4) pseudocode {3 design onented, codelike langusge wilh
limiled syntaclic and semantic restrictive [ 23] or ecde.

The procedure. for developing a soltware design usm; Lhis
melhod is relalively imple.

L} 1dentify all inpul dats entllics. Their farmal it s sezond-
ary issuve 1o that of the relationship Lhey have 10 one ano:lher.

2% Organite the input data into » hicrarchy,

3) Astipn s description of cach entity in the inpul fils and
nale Lhe number of Limes it occurs (c.g, | emplayes file, n
¢mploycer, exch employes record canlainy % cntries:
sccurily number, hire dale, employee aumber,
sddressflocation, and home address),

social
cor pany

4} Perlorm_the_same_proceas _as_ in 1)-3) sbove but_far

culput deta.
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5} Speclf}' rUIIL'I.IDI'LIl i:'ha:actcnsli::! ul’ the pr::g;lm by
defining the instructions (by 1ype) which will occur {n the
program, These are defined by type of instruction in the ’
following order: jend Instructions, branch {and related) in-
structions, computations, outputs, and calls 1o sul}roulincl.

6} Using * modified Nowchart, display the Jogical scqucnr.:
of instructions uging symbols Lo represent bq,m process, end
process, branching, und nesting, .

7) Humber each element of the logical sequence and expand
it {where possible) using combinations of :hr. basic ==t of in-
struclions defined in 6] abhave,

Warnies provides 3 number of other mdre detailed instrue-
lient for the campogtion of programsz uzing this method but
these aze nof germane 1o our discustion. The devclopment
ftow uxing This meihod is shown in Fig. 11. :
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This ulez,onf ‘contalns maost of Lhe soffwate composition
methods currently available [11}, These methods are based
on Lthe cxperience(s) of Their authors and lack some unilying
conceptual framework. They are the 1esull of valuable expe-
rficnce and 3 good deal of empiricism. Many ol them are a
collection of “good things ta do™ while others pul Torward ”
an overall appreach 1o solving software Jesign prohblems.
Mesl have adopled some specific sl of design r:pruznlalinn
schemes, META siepwise refinement |24] Joes not :nnuin
2 specific design represenlation scheme buol docs pravide an”
cveiall approach 1o problem selving. 1L cantias af three con-
cepls; disciplined {or  struclured] programming, problem
solving by iterzlion, snd return on invesimenifcost effective-
ners, The way in which rach af 1hese concEpls manifests
it5ell in Lhis approach is deseribed below,

1} Disciplined propramming —This refers to both lht procq:s:
of decumnpasing Lhe solulion spage In order fo identily alterna-
tive solulions and to the breaking down of 3 given solulion
into its constituent allriburze, It is nof decomposition in the
clazsaic 1enie of the word, 25 we ahall see,

2) Problem solving by iteration—Here, this refers 1o both
the process of epetitively solving a design problem and 1o ihe
riaciice of edding detail with cach ileration,

3) Retum gn investment and cosl effectiveness—The time
ind cnerky necensury booapply the other Ilwo coneepls art
trought inte sharp Togus via this one, In [hig case, Tuither re-
fincoent it unly done on the nieyt promising of the alternative
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m ot
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licnz are g:ncm[:d Esch of Ihese Is of lht. tame level of d:tll] =
a1 the othert but esch is more delailed 1Iun the' mhll.] oney K

menl, The “best™ of these solutions is “selecied, ll ir m:nl'

trealed in the zame manner 1y l|:h'l.= initinl mlulmn Thlt la, -
several cquivalent m!uﬂcns of more detai! are gcnr.rat:d |.nd
zg foerth, The process ends when 2 Ievel of r:I"n:rn:m h
reached which can be dircetly implemented lnm thl: mt:ndr.d
pm;ummmg lmgunge (F. II]I
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.D Camm.fnr: Rc;qrdm; Suﬂwarc Campw:’ﬂan N
E:c‘h ol i.'n: m:ihod: auﬂ:h]: tudly relies heavily un 3 sp:-

_ cifie, somewhat inNexlble’ model of softwart dt\‘l:Iupm:nl. :

Dl‘lcn the model Is Jocalized in character [n that it -dd::mt

Jmplcmcntltmn rather than architeclusal problems, However,

the overall cffect of the availability of methads in software de-

sign has been gquile beneficial. Discipline, organization, and

an opeoncss in development aie 8 few of the posilive Lrends ©
cxperienced thus lar,
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Saftware design is 8 branch of zolware tn:lm:l:nn; wha:h
is juzrl beginning 1o show tecognilion of i1y commonality mth’;

other design efforla daling back 1o antiquity. The lack of o,

slandardized approach to depicting’ software design can be -

both an zsset apgd & Bability, Bt is an ssset in that the means
of depicting & desipn can B failurcd to the avdience and the

“type of problems hung considered, bt fs » Hability in thal

much of this potentisl is lost due Lo loeal, fitl]ﬁﬂﬂhtcd vicws -

ar requirementy on how “bext™ 10 partray soflware-- —any galts

_ware, Hopelully, iht trend to expand local pmgr:n; oriented

lhmlm; inlo a global or syslematized app[uﬁth will :cc:!t_ult

progiess loward ntwlng soflwarc design st  syafem Of tﬂnv

“¢epis and ltthmquc: and nal a seerel,
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Onc of the increasingly significant }:mhlems facing the svstem dosignens and master
planncrs of today is the nrn-::]y and accurate definition of systewmn :lr.nn.nt interfaces and task
or aclivity mter:clalmnsmps .

" *

- The classical appmac‘.h to requirements andfor activity Jefinition and allecation consists

of the subdivision of large functions into multipk, undersiandable, discipline-oriented modules o
ar blocks. Each of these blocks is then defined or specified in terms of its inputs, outpuls and
transfer functions. The emphasis, unfortunately, is usually placed on transfer functions, while

" the inpuis and outpuls (interfaces} are all but ignored. Transfer function definitions are mare

. readily undesstood and communicated than interface definitions since these functions are
quantlrahlc struclured, close Yo the implementation design, and can be casily related to past
expericnce. A structured technique or discipline must therefore be ac:]u:rcd by the cffective
. system designer and master planner, which-places equal weight on a2ll of the definition and
allocation parameters. [nterfaces and activity relationships must be dealt with in a top-lown,
hietarchial manner which is as structured and fimely as 1oday®s transler function definition
process. The :rnp!cmr:nlnnun of an effective interface definition methodelogy has become |

essential due 1o Lthe increasing relationship compltxlty ol ludav 5 tﬂﬁks organizations and’
systuins., :

__This paper dcscrlhf;s tthNI Chart, which is un tmplemcentition too) and methodology for
the tabulation, definilion, analysis and deseription of functional interactions and interfaces.
The tool presented is not limited to any particular ficld, discipline, market area or system type.

- The N2 Chart is simple and cas:y to understand, structured and methodical, top-down in nature,

_communicative of the design, and forces a unifonn kevel of desipn consistency. The N2 Chart

is an e[fective tool for the integration of all of the prople, products. and paper that make up
-any given system, ’

An initial N2 Chart definition is provided, topeher with discussions relating to its various
usapes, formats and applications, Applicatiens covered include interface tabulation, definition.
design and analysis activities. Other non-obvious applications are zdditionally discussed which
are converned wilth desipn d-cscripliun‘ operationdl procedute unalysis and schedule analysis
aclivities. Examples wre prosented of actual M< Chart Implementations on numerous TRW
studics and proposal activitics. Two examples ate presented in delail which illostrate the xppli-
cations of the N2 Chart in'interfave pmbh—:m: solving and in top-down syslom design definition,

- 3-5-9
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6. CONCLUSIONS . _ Appendix 3, page *

The N2 Chart tzchinique has been used on over 50 individual studies and projects a1 TRW

with a great deal af success. The priniry attribute of the technique has been in its rapid.
comununication of interface and relationship data between large Aumbers of people.avith varied .
intcresis, backgrounds, and needs, Nzif'harts have been used to describe and Jefine Barge systems .
concepts, hardware component design details, software program detziled designs, organizational
and operational relationships, and tasking and schedule interfaces. A box on an N2 Chart has

been used ta define cverything from an earthfspacecraft interface down to a cannector pin of -
wire intcrface. One of the main values of the N2 Chart has been its disciplined structure which

by its nature forces the users 1o a mose consisicnt and complete tevel of detail than ather wqul
presentation techniques. Figure §-1 summarizes the major lcalures apd applications ofthc N2
Chart technigue, The following pa:agraphs provide addltlonal information on the use ofN'

Charts for the tabulation, definition, design, analym and dcscnptmn actwm:s illustrated
thmughuut this paper. .

" The tabulation task is probably the best fit for the N2 Chiart technique, Tnterface and ]
relationship definition activities are greatly enhanced with the use of NZ Charts. The interface
accountability attributes of the techfiique, together with the change simplicity and reproducibility
of the actual charct forms, make the N2 Chart an ideat tool for large and small system tabulation
tasks. This fact has been completely verificd by all projects emplaymg the N2 Chart teclinique
as the mt:rt‘ace IabuIatmn mtdlum - . .. ot

As a tool for interface and n:l:l.tmnshlp det‘mtmn tasks, the N2 C‘harl pmndes the much
needed “input™ and “oulput” partions of the énlire definition equaticn. The “transfer function™
pofﬁon of the equation, however, canm_:}t be accomplished totally with the N2 Chart technigue,

* The N2 Chart must be used in conjunction with other technigues {e.g., block diagram, flowchart,
etc.) in order to perform the total system definition task. [However, the step sequence and loop
N2 Chart variations liave aided the transfer function definition job to 2 preater extent than
onginally expecied. Many projects have empInycd the slep sequence N2 (hart in prelerence

to the flowchart for defining top level operational and datz fows. The loop chart variation

has proven very useful in defining 1lie secondary systcm flows and dependencics (control,
coordination, mﬂmtur suppoert, efg.). .

The design and analysis aclivilics invelved wilth a system are aided by the H2 Chart only
through its tabulation, definltion and description capabilities. The N? Chart technique does not
provide mathematical proef or even formulation capability 1o automatically cope with the sys-
tem design probleras. ngineering expericace, discipline, know-how, and judgment are still )
the most important ingredients in e system desipn process. The N2 Charr does, however, provide
a great tool for the description of the design process, both fur the designers and the reviewers.

3-5-/0
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THE ni CHART, WHEN APPLIED DILIGENTLY, PROVIDES & POWERFUL TOOL FOR 1HL
CE FINITION, TABUL AT ION, E!'ESIGN. ANALYSIS &%0 DESCAIPTION F FUMNCTIONAL .
AND PHYSICAL INTERFACES AND ALLATIONSHIFS

- ENCOUAAGES TOPS DOWN STAUCTURED DESIGN

" CLEAN COMMURICATION WITH EASY LFDATE

nZ CHART KEY FEATURES

MULTIPLE FIELD AND PAOBLEM APPLICATION .
¥1x£D FOAMAT - TOTAL PICTURE STAUCTURE -
ALL INTERFACES/RELATIONSHIFS 1DENTIFIED

COWPLETE, TWOWAY INTERFACES TABULATED

VALUABLE DESIGN DESCRIFTION AID

ANALYSIS TOOL FOR S¥STEMS, OPEAATIONS AND PLANMNING

A

4 ™

SYSTEM THRAOUGH UMNIT I:_JEEIGN

TALK APPLICATIONS

IMTERFACE TASULATION

w  INTEAFACE DEFINITION

i FUNCTIONS [
|
- h
SYSTEM
& |cOmPONENTS ||
oy

( PROJECT APPLICATIONS

*  FROFOSALS

®  ODEVELOPMENT PACUECTS
e SYSTEW PROJECTS ‘
- HARDWARE FROJECTS

% SOFTWARE PROJECTS

L INTEGRATWIN FROJEETS

s« Sk TDFADJECTS

& STUDY PROJECTS

- AL{sEiaRCH PRADIJECTS

L FLANMIMEG

/

MAMLGENMEMNT

\:

- INTERFACE DESIGN

L] INTERFACE ANALYSIS

DESIGH DESCRIPTION
RELAT IDH5|-11_I* ANALYSIS
CPERATIONAL ANALTSIS

PLAMMING ANALYSIS

SCHEDULE aMALYSIS

WARMING,

THE M2 CHART Can BE DANGE ADLS TO
YOUR ST 5TELM 5F USED sPRQPEALY ©

Figure 6-1. N2 Chasl Overview
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‘Measurement and Experimentation in Software

ILL CURTILS, mimeen, 1ckE

L]

Abtirecr—The contribultony of measvrement and eaperimenlation to
the stale of (he pt in goltware caginecring are reviewed. The cole of
ynesurement in developing 1Bepctical models isdiscuased, and concerns
for refizbility and ~alidity zrt sircased. Cétreni spproaches o messuring
saltware chaacleristics are presenied at examples, In partienlo, soli-
ware complexity metrics sclated 10 conirol fow, module latercon-
nectedness, and 1lattead’s Saliware Science aré dicuped, The use ol
caperimental mathndy In evalualing cause-effect 1elationihips is alsa
distussed, Eaample programy uf experimental resaarch wihilch investi-
gi1ed cunditiona] statements and conlitd Mow arc seviewed. Thie con-
clusion argues thal many advances in soltwaze engineering will be re-
lated to impigvemenis Tn the measwremenl and expearimentsl evaluation
of saflware Lechmiques il practicen

[. [HNTRORUCTION

HE MAGNITUDE of costs invalved in software develop-
l ment and maintenance mapnily the need for a scienlific

-L faundatien 1o supporl progtaniming standards and man-
zpement decisions.  The argument Tar employing a particular
software techaique iz more convincing il backed by experi-
menls demonstrating ils benelif. Rigorousseienlific procedures
musl be applied 1o studying the development ol saflwaic sys-
tems il we are lo transform programming into an cngineering
discipline. At Ihe core afl these procedures is the develepmenl
al measurement technigues and the determination of cause-
ellect relationshipa. )

A commilment 10 measuremend and capcrimentalion hope-
fully Lepins by Tocusing on the phonomenon we are trying to
explain. Rather than beginning by counting or experimentally
manipulating vaiious properlics of yoltwire, we should first
delermine what seftware-relaled tisk we wish 1o understand,
Modcling Lhe processes undeslying 3 sallware lask helps identily
properties of soltware 1hat affze! performance. Onge Ihe pro-
cess is modeled, we can dissect il wilh all manner of geicntilic
procedures, ' )

The article on reliabiliny by Musa {62] in (his izauc presenls
% rigarous approach (o modeling 3 safiwere pheagmenon. |z

' specifies 2 5ol of assumplions about software Fajlures (thal puide
his develgpment of & quantilative measure. Yel, Musa does
not slop with & description of his measure, He takes Lhe criti-
c2lly important 3tcp of validating his equalion withzclual datz.
Further, he dots aol deline his measure on the basis of & one-

shel study, but cantinues to tegl and refine his mode! against
new data scis,

Manusoipt ceceived April %, 1980; revived fune &, 1980, Thiv work
was lpparied by the Office al Navgl Ressarch, Engineering Fiychuology
Picgramg under Contiact Ko0QL4-T9-C-05%5 1o Infarmelion Syulems
Programy, Genrral Flegtric Campany, Arlingloa, YA Towtver, Bpin-
ions grprenerd heid e nel pecovandly thowe of the Depasiment of the
Havy or the Deneral Eleclsic Company.

The sdtdion w e with (he Soll waie Management Rocarch Uait, Infar.
matign Syptermy ioprams, Geaergl Pleglrie Uompany, Artingion, Wi,
He i1 ngw willi (he Telecootmunlcativey Technolagy Tvaler, Lnieenas
fignal Telephane pad Telegraph Company, Sfralford, UT Ondyy,

¥

Engineecring

+

El

Statements that a software producl has a mean lime-belween-
failure of 4B W or satisfies specificd timing comslraints are
greunded in Lhe cstablithed measurement disciplines of teli-
ability 1221, [62], and performance evaluation. Other impor-
lantl attribules of solfiware, tuch as its comprehennibility 1o
progranumery, have not bren adequatcly defined, A model of
how software characteriatics affect programmer performance
shiould underlic soltware engineering technigques which pugparl
10 make code more readable ar reduce the menlal load of the
programmer. The empitical sludy of such 3 model regquires
a disciplined applicalion of measurement dnd cxperimental

_mecthods,

Several important prineiples in measuremenl and experimen-
talion will be discussed and their application in research o0
how corlain software characteristics make a pragram difficult
for & programmes lo understand and work wilth will be re-
viewed. We will begin with a discussion af how measurement
is Fundamenlal to the develapment of a seientilic discipline.

A. _.S‘:ffnc: and Mesrurement

Margeneu [53) argucs that the various scienlific disciplines
can be classilicd by Lhe degrze 10 which their amalytical ap-
proach is theoretical 1ather than comrclational, The correla-
tional approach explains phenomena. by the degree of rela-
tionthip amonp obscivable events, The (htozetical appreach
attempls to cxplzin Lhese relationships with principles and
construcls which are often several levels of abstraclion remaoved
from relalienships among empirical date.

‘Torgersan | 88] believes that “"the sciences would grder them-
selves in largely the same way [as Margenau's ordering? if they
were classified oo the .. degree (o which satisfactory mea-
surement of their importanl varfiables has been achicved ™ {88,
p. 2]. We kaow considerably mote about measuring electricity
or spund (han we do 1houl mezsuring the comprehensibility
of soflware. Consequently, correlalional studics are mooe

characteristic af the behavioral than the physics) sclences, Ag-

cording to Lord Kelvin |458]: v

Whea you €an meamure whal you 21e speab ing abeul, and capres
ilin :m.tmbcl.s. you knos someihing stoul i bal sl you Q-
nel measuie i, when you caenot eapress iU LA pumbers, your
Lowwiedpe s of 3 meaper end unsatisfaclory dind: it may be the
beginning uf knowledge, bul you lave scateely in your (Roughls
advanced] 1o Lhe stape of wisnce. -

The development of scientific theory invelves relzling thee-
tetical conatrects lo obsemable data, Fig. I illustrales lwa
levels of theoretical modeling as discusted by Margenau and
Torgerson. In a well-developed scicnce construets ean be de
lincd in ferms of each ather and are fefated by formal =quoa-
tions g, Torce ™ mass X acccleealion), A model af relatian-
siipg among constructs becomes a theory when a1 |casl seme

G22I 19450/0900- 1.25300,75 @ 1920 1ELE
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construcls can be apcr:liumle delined 1n t:rms of observable
dala.

In & less well-developed acicnce, 1elalionthips hciwun theo-
r:tical and operationalty defined contlrucis are not necersanily

ablished on a formal mathematical basis, but are logically
,resumed to caist, Such relationships lmung npcunnnaliy de-
lired construcls are often described by corr:]:lmn orregression
coefficients, while their relalionships to nunnp:nhomlly de-
fincd theorelical constrocis src lrpu:l.lly' prtscnll:d in we¢rbal
srgumenls, - These presumed u'lntmmm;:: are dilficuly 1o test,
becouse negalive rcsull: tln I:H: i3 tui‘ly atiribuied 1o & poor
"opcrational Jefinition of 1hl|r ‘eemsliucly mt Lo mn dncorrecl
modeling af the relationships. 1n the nenl acclion, we will find
presumed relationships cxisting belween the bypathetical con-
sirucl of program comprehensibility and ils eperational defint-
licn in soflware characteristivs.

The development of an opcratianal definition {i.c., the re-
aling of 3 theorelical conalruct Lo observable date) reguires a
syslem of measurement. As described by Stevens | B4, p. 24):

. ke progess of meatuiemenl §5 the process of mapping cinpirs
ical properlict or relations inte 2 formal model, Measurement is
rouible bocawse Ihere i 8 Lindd of isomarphivn belween 1) the
empirical iclations among proporlics of objuctt and evenin and 1)

the pioperins of the formal game in which nomeraly wre the —

Tawens and sipcralors the marca.

Measurcinenl dees nol define o construel, father it quantifics a
prioperly of the construet, The “brighiness™ of light and the
“intelligence™ of programmers are rypresented with a number
iystern. Numbers are thal Tortunsle development which re-
litves us of reperting the site of 3 soflwarc syslem will severa)
hundied thauland pebbles,

The vilue of any empiricasl nudy will depend an the relizbilicy
nd walidily of thr data. Relighility cancerns the cvient to
which measwies arc sccurate and repealable |66]. The less
Fendom ertor nnociated with 8 measurement, the more seliable
it becomes. Two important factors underlying reliability arc
the internal consitl<ncy and the staliliv e of (he measure, 11 a

measure is compulad an e composile of sevesd ather mea.
suren, &% in alding qun'linrl peuivs [o whisin un ovetall tes!
seirre, then it Is [mpertenl (o demonslrale Nt 1hly compuositc
iy tntvenally eonsivicnt, Thal b, wtl of The ¢leuenlary nicasure-
menls el be assessing the same consirucl and wnst be inder-
related,  BF wnrelated clements are added inle 5 compusite,
then it bs diMficu!t Lo interpret the resalling score,

The other sspecl ol retisbility, srebifiry, implicy Yhat an
euivalen] scure would be wblained on repealed collections

« of data under similar circumslances, The ieliabilily of a mea-

pure fimils (he strength of itz relalionships 1o other measures.
tiowever, o relisble messure may not be & valid imeasure of a
construcl,

Falicdity hay many iplerpretations, and all yeem o concern
whelher. a.meagure represents whal it was desigred 1o assors.
Generally, three 1ypes of validity are identified which differ in
\keir implicalions For the measure's ullimale use. DOllen validity
will depend on the Lhorowghness wilh which a domain of in-
lerest has been covered, This concern {or conrent »alidity is
imporlant far the sofllware quality metrics to be dizcusied jn
the nexl seclion,” Conlent validity requires an inelugive delinj-
tion of Lhe domaln of intcrest, such as a delinition ef the phe-
nomens covered under goftware compleaity.
aflen said to be “face valid™ if it appears {0 broadly ample

. tht conicnt domain,

Predictive validity involves using the messure to predliet the
outcome of some evenl, Forinstance, docs knowing sumething
about software compicxily allow one ¢o predict how difficalt
a program will be o modily? Predictive validity iz determined
by = relatipnship between Lhe measurc and » criterion. A nume-
ber of predictive walidity studies will be reporied in the next
scclion.

in 1he Icss well-devéloped - scicnces the skill with which we
apetationally define constructy is critical in theory building.
Conrrruct validity concerns how closely an cperational defini-
tion yields date relsted to an absiract canstruct. Constract
validity is of immediate concern inf developing soltware mea-
surements, since many of ouwr models do nol resl on mathe-
miatical analyszis.

Messurement consists of susigning numbeas 1o repiesenl the
diffcrenl slates of a property belonging 10 the objecl under
study. Relationships among these differenl staies delcomine
the 1ype of mcasurement svule which should be emplayed in
suigning numbers. Stevens | B4 describes Tour Lypes of scales
which wic presenled in Table L. The imporiand consideration
wilh scales i Lhat we only operale ron pumbers in 3 way which
faithfully reptescnts potenlial evenls among the prapertics
they measure, Thal i, in considering jersey numbers {a nomi-
nal srale) we would not cxpeel 10 add & fullbach Trom Tenas
(#20) to a Lackle from Harva1d (#79) and cnd up with & Yugo-
slavian placckicker (#9399}, The operalion of addition is timiled
1o interval and 1atio scales.

The mo« desirsblce scales are Those which possess ratio prop-
erlies, beoause of Lhe broader range of mathemalical lransfar-
mations which can be lepilimately applizd 1o toch dala, The
type of measurement scale wlo limits the lype of atatistical
operalions thal can be semibly applied 1n analyzing data, It
makes litlle sense 1o xdd wp 41 the jerscy nembers, divide by
the tolal number of playcss, and then claim thal the average
player is a eonter {#51). Sincc statistica] lechnigues make o
assumplions about the Lype of 1cale employed, this probiem
is one jn measurenienl rather Lhan stalistical theory.

Impraved messurement will resull from concentralipn on
wha! we really ough! lo mezure rather than whal praperties

fi-1-2 :
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" arc readily countable. The more digbrous ouwsr measurement
technigues, the more Lhoroughly a thearetical model can be
tesled and culibrated,  Thues progress in a scicnlific basis Tor

software engincering depends on improved mtlsuruncnl of
the fupdamental constructs 1451,

11, MUASURLEMENRT OF EmTw;.uE CHARACTERISTICS

A, Ures for Saeftware Melries

Measureinents of soliware charzcterislics can provide valo-
able information throughout the software life cycle. TDunng
developiient measurements can be used to predict the re-
sourees which will bt required in future phaset of 1he project,
For instange, neliics developed from the detailed design can”
he used 1o predict the amount of elfort thal will be required
to implement and test the code, Metiies Jdeveloped from the
code can be used to predict the number of errors thal may be
found in subscquent lesiing or the difficeliy invelved in modi-
fying a scclion of code, Oecouse of their polential predictlive
value, software metrics can be used inat Teast Three ways,

I} Management Informatiar Tools: As 3 inanagement Lool,
melrivs provide several types of infarmalion, First, they can
be used 1o predict fulure outeemes 85 discussed above. Mea-
surcrrents can be developed Tor costing and sizing at Lhe project

level, such a5 in Lhe models proposed by F:timln_lnd Park
133}, "utnam [69], and Wolverton [93]. Other inodels have
been aleveloped For catimating productivily [321, [89]. Such
meliics allow ananapers Lo asscas progiess, Tuture prollems,
and resouree requirements, 10 these metrics can be proven re-
liable and valid indicators of development processes, they pro-
vide an excellent xsource of management visibilily into a soft-
ware projecl,

2} Measurees of Softwdre Quality: Interest grows in creating
yuanlifiable ¢riteria againsi which a software producl can be
judged 1601, An example criterion would be the minimatly
acveptable mean Lime belween Failures. These ¢riteria could
be used as either wcceptanes slandarde by a soltware xcquisition
mamager o as puidance ln-pultntial rrobloms in the code due-
g soliwaie validition and verilication [$0].

3 Feedback 1o Seftwere Persanned: Elsioll 127) has used 3
soflware t.'mtu;ﬂrx_ity melric to provide leedback to program-
micts abgud dheir code. Wihen a section giows oo comnplox
they are inalengtied 1o redesipn e code unlil The ni e valoes
zre browphit within acceptalile limfis,
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The three uses described above sugges! a difference betwern
measures of process und producl, Measures of progess would
include (he resource estimation melrics described ay polential
manugement locly, Measures of cost and productivity quaniify
altributes of the development pracess, Hawever, they convey
litlle information about the actuz! state of the software pred-
uct. Measures of The ppoduct represent software characlerislics
as they cxisl al 1 given Lime, bul do nol indicale how 1he solt-
ware has evolred into this slate. Mcasures wsed lor fecdback
to programiners g as quality eritega fall wilhin this “cand
calegpory,

Belady [5] argues that it will be difficult (o develop a meteie
which can represent both process and proeduct. Development
of such a melric or el of metrids will require 3 mode! of how
soltware cvolves from a set of requirements bnlg an aperationsl
program,  Charting the sequential phases of the saftware life
cycle will nal provide a sufficient model. Some progresa is
being made on syslem evolution by Lelman and his colleagues

*at tvperial Callege in London [71, 19], 1471, [45] and is dia-

cussed by Lehman 48] in this issue. In Lhe remainder of this

seetion, we will deal with measures of praduct rather than
process,

B Owmnibuy Approoches fo Quanrifying Saffware

There have been several attempls to guantily the efusive con-
cept of software qualily by devclopiog an arsensl of melrics
which quantify numerows faclors underlying the concept, The
most well known of (hese metric systems are those developed
by Bozhm, Brown ef af, (111, Gilb (357, and McCall er gl
[5%], The Bovhm eral, and MeCall et el, apprdaches zrc timij-
lar, although differing in some of the consirucks and mélrics
they proposc.  Doth af these systenis have been developed
fom an intuitive cluslering of software characicrislies (Fig. 2},

The higher level conatructs in each system represent 1) Lhe
currenl behasier of the software, 2) the case of changing the
soltware, and 3} the case ef converling or interfacing 1he sys-
tem, From these primary conceras Bochn et af, develap seven
tnlermediale Canstructs, while McoCall ef al. idenlily elesen
qualily Tactars, Beneath Ihis seqond Jevcl Boclim rlal create
Lwelve primitive conlrscis and MeCall of al. Jeline 23 critenia,
Far instance, at the level of 2 primitive cantlruct of ciilerion
both Dovhim er ol and Mool e al. define a conubruct labeled
“eelf-eseriptiveness™, For Bochm of of, this constegel wnder-
lies the inlermedizle constructs of estability and umberstang.

-r?d‘:



tainability. For McCall er af. sel-descriptiventss underlies a
number of Taclors inchwded under the domains of produgt re-
vision and 1ransition,

Primilive canstructs and criteria are aperationalty defined by
scils ©f melrics which provide the guidetines for collecting em-
pitical data. The MeCall or af, syslem delincs 41 meirics con-
siating of 175 specilic elemnents. Thus The melrics themselves
represen] composites of more clemenlary measures, This pro-
lifcration of measures should ultimelely be reduced 1o 3 man-
ageable set which can be auvtomated. Reducing their number
will require an empirical evaluation of which metrics carry the
mos! information and haw they clester, Therc arc & number
of mullivarizte statistical techniques available Mof such analyses
1611,

No soflware projtct can slay wilhin a reatonable budgel and
manimize all of 1he quality factors. The nature of 1the 1ystem
under develgpment will delermine the proper weighling of
quality faclors 10 be wchieved in the delivered solftware, For
instance, reliabilily was a crilical coneern Mot Apallo ipace
Might seliware where human life was constantly 211 risk. For
buginess systemy, however, maintainability js 1ypically ol prj-
mary imporlanee. [n many real-time syslems where space or
time conslrainty ®e critical, eflicitncy 1akes precedonce,
However, optimiting code ofien lowery i3 qualily as indcucd
by pther factors such as maintatnabilily and portability, Fig. 3
prescnts a {radeof! analysis among gualily laciors peiformed
by McCall efal, [55],

The omnibus approach Lo metric developmenl had its Yirth
in 1h¢ need for measuses &0 soallware quality, particularly dur-
ing system acquisition. Howewer, Lhe development of Lhese
melcics has ao1 spawned eaplanalory theory concerning the
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Fig, 7. The Bochm exal and MoCull 21 al, aollwere gquelily modeln,
atility, both of whith serve the primary use of measuring main-  procrury affected by sofiware characlenstics. The valuc of

these melzic $¥stems in Tocusing ailcnlion on quality issues is
subslantia), Howcyer, there {4 still & greater need for quandita-
tive measures which emerge from ihe modcling of software
phenemens, Much of 1the modeling of seflware characteristics
has been performed in an aitempl to understand sofiware
complexily,

. Sofiwere Complexity

The meaviemenl of sollware camplexily @ receiving in-
crcascd atlention, since acltwarc accounts for & gowing pro-
portion of |otal computer aysiem ¢osls [10). Complexity has
been 3 loeicly defincd 1erm, and ncilher Bothm of ol nor
McCall e+ af. wneluded 41 among Their construcis of solbware
quatity, Compleaity iz often considered synonymous wilh
vnderstandabilily ar mainlainability.

Two aeparale focuses have emerged in studying software
compiesity: ¢omputational and piychologicsl complexity,
Computational cemplexity reiics on the fermal mathematical
xnalysis of such problems as algonthm cfficicrcy and use. of
machine tesources, Rakin [, p, 625] defines Lhis branch of
complexity &% “(he-guanlilative aspects of the solulions (¢
computaiyanal preblems.™ In contrast to this formal wnalysis,
the empirical tludy of prychological complexity hag emerged
from Ihe underslanding thal soliware developmenl and main-
tenance #re largely human aclivilies [91). Pisychelogical com-
plezily is concerned wilh the characteriatics of soltware which
wffecl programecr performance.

The invesligalion of compulational and psychologosl com-
plezily hat Pecn carried on without a unifying definition for
the consirucl of soliware complexily. There do, however,
seem 10 be vemmon thicads running threuth The complexity
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literature §19, p. 102] which auggest the [ollowing definition:

Complexily is z characterlitic of the saltware interface which in-
Mucnees the resourcer aneller tyslem will expend of commit
while intceacting with the safiwiare. -

Sevcral importanl points are implied by this defimtion. First,
the focus of complenity }1 not merely on the seltware, but an
the sofiware's inleractions wilh other systems. Complexity
__has litlle megning in a vacuum; il requires a point of reference,

oL
. s _— :
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develop & model of proceses in the inleracting sysiem
which will effeel this crilerion;

)

G?‘

. ow
A} identifly the propelies of softwane which alfect the upers

Hian of Lhese processes; I -t o
4} yquantify thew mftware cliazacierisiien .

5) ;

valilale 15 menlel with capivical reseach,

Lo

The fsporiznee of 1his 1lag poinl cannot be o e phasiaed,
MNice thegries econe cven piver when Liey waork, Prepaning
for the ripors of empinical evaleation will probably resull in
fewer metrics and Lighter thearies. Reosults from validabion
studics make excellent report cards on the current stale of the
art. ~ . .
Belady |61 has categorized much of the existing soltware
complexity literature.  First, he distinguishes dilfcrent soft-
ware characteristics which are measurcd us an index of com-
plexity: alpasithing, control siractures, data, of composiles of
siructures and data. [n’a second dimension he describes the
type of measurement ¢employed: informal cencepl, construct
counts, probabilisticfsiatistical Lrealments, or relationshipz cx-
tracted from cmpirical dala. Most rescarch has conccrned
counts of soflware characlerislics, pariicularly control struc-
Lares znd composites of control stiuctures and date,s We will

review sone of e complexity rescarch in these lwo areas and

compare Lhem loa syslem level metrie,

D Conpeol Structures

A number of metrics having a theorclicsl base in graph theary
have heen_proposed 10 mcasure software complexity by a%

This reference takes meaning only when developed ﬁnm-omﬂ_s:ssing ihe control flow {81, 1171713617 15417 [N 1719417

systems such as machines, peaple, ather saftware packages, ete,
It is these syslems Lhat are alfecled by the “complexity™ ol a
pieee of soliware. Worrying about software characierislics in
the absence of olher systemg has mesil only in an arlisticsense,
and measores ol “artistie” software are quile aibitrary, How-
ever, when there is an exleinal reference {criterdon) against
which to compare soflware characteristics, it becomes possible
lo eperalionally deline complexity. ) .

Second, explicil crileria are ol specified. Thiz definilien al-
laws mathemalicians and prychologists to become strange bed-
[ellows since it does not specify Lhe particular phencmena to
ve studicd. Rather, this gefinilion steps back a level of ab-
straction and describes the goal of complexity research and the
refcrence apainst whicli complexity takes meaning. Camplexily
it an abstracl construcl, and Gperalional definitiony only cap-
rure specific aspects af it '

The second point supgesls Lhe third: complenily will have
different operalional definitions depending on Lhe criterion
under study, Operationat delinilians of compleaily must be

“eapressed in lerms which are refevant lo pracesses performed
in ather systems. Compleaity is delined as a propeny of Lthe
sollware interfage which affects 1he interaction bwlween Lhe
woltware and another system, To assess this intcraction, we
musl quantily sofllware characleristics whicl are relevant ol
A model of sallware complexity implies nat enly a quanlifica-
tion of software characterislics, but 2150 a theory of processes
in olker systems.  Thus the starting peint far devcloping a
mvelric is nal an ingenious parsing of sollware characlerislics,
bul an understanding of how other sysfems funclion when
they inteedcl with snliware, .

The foliawing steps shoukd be leliowed in modeling an as-
peel af software complexily:

i} define {and guantify] the crilerion the metric will be de-
weloped Lo predict;

§-1-5

Such melrics {ypically index the number of branches ar paths
created by Ihe conditional expressions within 2 program. Me-
Cabe's metric will be deseribed as ap example of Lhis approach,
since it has received the mosl empieical atlention.

MeCabe 541 defined complexity in relalion to the decision
slructure of 3 program. He allempted Lo assess complexily as
it ‘affects the lestabilily and reliabilily of 3 module. McCabe's
complexily melric G} is the ctassical graph-theory cyelo-
malic pumber indicating e number of regions in a graph, or

“in the currenl usage, the number of lincarly independent con-

trol paths comprising a program. ‘When combined these paths
generale the cvemplete control structure of the program.
MeCabe's v(€7} can be compuied as the number of predicate
nodes plus 1, where a predicate node represents @ decizion
point in Ihe program, It can alse be computed a3 the number
of scgions In » planar graph (a'graph in 1cgicnal farm) of the
conlral Jow, This latter method is demonstrated in Fiz. 4.

McCabe arpues thal fiis metric asscsses the difficully of Lest-
irg 2 program, since it is a tepresenlation of the coatrol palhs
which must e cxereised during testing, From experience he
beljewes 1hal Lesting and reliability will brrome greater Frob-
lems G a section of code whose v{GY exceeds 10,

Fasili and Reiter [4] and Hyers [64] have developed diffee-
ent counting melhods {or computing oy clumatic complesily.
These differenves involved counting rules fos CASE statements
and compound predicates. Definitive daty on the most eflce-
live younting rules hase yei lo be prescntled,  Nevertheless,
considering alternalive counling schemes Io thase orrinally
posed Uy the guthor of 2 metric is impoerlant in relining mea-
sutemcnl techiniques.

Evidence ophinucs Lo maunt thal meitics devebopsd lrom
graphs of the conirol flow sre related to imparient criteria
cuch ax e number af corors eaisting in 2 segment of code and
the time 1o find and repair such epoes (200, 1281, 173}, Chen
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indcxed the mesting of IF slatcments and relaled this to the |3 3+ Scalterpiot of H""z.‘:;:’;‘p:d :::‘;‘" devclopmenl Hime from
infarmalion-theonretic nenon of entrapy within the control ) )

flow. B¢ reporled data from cight programmers indicating
that productivity decreased as the value of biv metric com-
puted gn heir programs increased. Thus the number af cen-
trol paths appears direclly or indirectly related $o psychological
complexity.

.involved in exch, suppressed refationships between the melrics
and task performance. In fact, jt did not appear Lthat the met-
rics were any better Lhan 1he number of lines of code fo¢ pre-
dicting performance. Flowcover, in Lhe third caperiment [20)
we used loager programs, increased the number of participants
10 54, and climinated carlier procedural problems. We Tound
toth the Hialzlead and McCabe metrics superiof Lo lines of

The besl known ard most thoroughly studiéd of what Belady - code for predicting the time to Tind ‘and Mix an errar in the

$4] classifies as composile nieasures of complexity hasemerged  program.,
from Halslcad's theory of Software Scicnee (48], [421. In
1972, Halslead argued Lhad slgorilhms have peasurable chatug-
__ teristics analogous 1o physical laws._Halslead proposed thaia
Lumber of useful measures covld be derived from sim ple counts
I dislincl opcratory and eperands and the (ofal Mequencics of

E, Suftware Science

In the final experiment [ 75], we asked nine programmers to

" each creale three simple programs (e.g., find the masimum and
—minimum-of -a 1l of - aumbers) fvom 2.common specification

of cach program. The besl predictor of Lhe time required to

devclop and wecesafully run the program was Halsl:ll{'l meltic
~peratory and operands. From these four guantities Halsiead  for program volume {Fig. 5). This rclationship was slightly

develpped measures for the overall program length, potenlial  sironger tlan that for McCabe's v(7), while liney of code ex-
sinallcst volumie of an algorilhm, actual volume of an algo-  hibited almesl no relationship,

nthm in & particular Janguage, progtam level (the difficully of The data poinls rircled in Fig. % represent the data from a
understanding a program), language level (o constant fofr program whose pecificalions were less complete than those of
given lapgeage), programming cffort {nember of mental dis-  the other two programs stedied. The prediclion of develop-
criminationy requircd to gencratc a programt, prograin devel-  menl time for Ihis program was poor. We have observed in
apmenl time, and number of delivered bugs it @ sysiem, Two  other studics thal guicomes are more prediclable on projects
wf the most frequently slidied sncasures are eslevlaled a5 where o prearer discipline reganding sofiware standards and

fallows: praclices was obscrved [58], [59). This experimenl sugpests
¢ fpr {kal better prediclica of cutcomes may eccur when more disx
F={N,+ | *
My + Nadlogs iy + 1y ciphned sofllware development practices {e.g., more delailed
F- 0y Ml + M) logy (n, + ;) .o pragram specificalions) reduce the oflen dramatic performance
B 27, . differcnoes amang programmers.

In these experiments, we found Halsiead's and MeCabe's

where Vis volume, £ is effosl, and melrics 1o be volid measures of piychologica] camplexity, re-

M aumber of unigue operatorn gardless of whethel the program they were computed on was
. @y number of unique operands developed by the pmgram1mr: ur}d:r sludy of I?y r:nrnr.!:nt clse,

N, total [requency of operators - We F-:mclud:!j 1hal lh:r.c lscnn:?dfuhlc Promise IN USINg Com-

N, total lrequency of operands, plexity mclzics to predicl the difflicully programiners will ea-

pericnce in working wilh software. Similar conclusions have
lHalatead"s theory has been the subject of considerable evalun-  beep reached by Baler and Zweben |3 on an analylical rather

tive reacarch {31], Coreclations afien greater than O.90 have  than empirical evaluation of 1the Halsiead and McCake metrics.
been reporied belwcen Nalstead’s metricy and such measurcs Halslead's melrics have proven weeful in actual practice. For
a5 the number of bugs 'n 2 program [8], [ 18], |30], |34), instance, Elghofl |27] has used Lhege metrics as feedback 1o
|61}, programming time |39, [75), debugping vime | 20], pioprammers during development 1¢ indicate the complexity
1511, and stearithm puriey [14]1, | 261, | 411. of their code, When metric values for Lheir modules ¢aceed 3

We have cvaluaied the Halsicad und MeCabe melrics in & £Crtain Lnit, proprammers arce imlrucied lo consider ways of
sries of four expeiiments with professional programmers. [r reducing module complexity, Bell and Sullivan [8] sugges!
the Myt Vwr eaperimenty |27 problems in Lhe experimental  thatl a reasongble timit on 1he Halstead value Tor length s 260,
procedures, » limil on ihe size of programs tludicd, and st  since they found Lhat published slgorithms with valucs above
stantial ddlerences in perlermance among the 36 programmers  this fgure typically contained am erpef,

b-1-6



. w/

s FPHAHTEEIMMGE OF TUHE IEEE, YOLL #dp, KoL 9, SEMTEMUER YRS

Nepandiea ol e nnpn.u-;l supfedl Lo miany ol 1Tabkdead’s  weanfts than compuling s uneY vl Ihe epline peofaig
predhctions, B laectica) bass fia e mebies wepda conad [ S9], .
vralthe atlention, Halslead, paore s ol peseapelpe i, Iriesd Inlereonpectedness mehiics gy vy Wk e apprafifate pa-
o sabegrafe Dheary T bt comgpndey scwee and peyciol- poaciers e mavioleve] naodels such s thowe which peedict
opy. Unfortumancty, some of Lhe gy hological asumptions wainteoande conls and sezonns. Macroleveliaetrics may prove
underlying fig work are dilTicnll 1o pushify (o e pliennuesa beller because -Taclors 1o whivh aoroievel milrics ure g
to which he applicd them.  Tn general, computer scienlists  sensilive, goch as individual differenees among proprammers,
wuuld do well 1o immedialely purge Tiom Ltheir meomorns are balunced ool al the nacre- or projecl level. Macrelevel
. 747 . melrics are Tess peiterbed by these Mactors, increasing their
!.] the nagiv number ¥ 2 7; L benefit Lo an overall underslanding of system complenily and
2% the Stroud meiler of 18 mentsl Jdisvriminations per soc- its impact an system costs and perfarmance.
ond. Althouph we can quantify a saflware characteristic and dem-
These numbers describe cognitive processes related o the pes-  onstrate Lhat il corrclales with some crilerion, we have not
ception or cetenlion of simple stinaudi, rather than the complex [démﬂﬂﬂﬂttd thal it is a causal Factor influcncing thal crilerion,
information processing lasks involved in programaming. Bread-  An argument for causality requizes Lhe support of rigorous ex-
benl [12) argues thal Tor complicited laske (such a5 pnder-  rerimentatian, The experimenlal evaluation of sollwase char-
standing 3 piogram) lhe magic number is substantially less  3¢leristics iz a small but growing rescarch area.
than seven. These pumbers have beoen imormeclly applicdsin
too many cxplunations and are Loo frequenlly cited by peaple UL ExrcRiMENTAL EvALUATION QF
wha have neyer read the ariginal acticles | 571, | £5). Regasd- SOETWARS CHARACTERISTICS
less of (B validity of his assomplions, alstead was a plonzer A: Cause-Effect Relationshipy
in attempling 1o develop injerdisciplingry theory, and his of-

forts have pravided considerable grist for Turlher investigation, Mast of the studics reporied in the previous seclion do not
] denioasiraie causc-¢fleet relalionships between soliware char-
15 dnfercunnce todneis acteristics and progtammer porfermance, That is, there were g

. y N . number of upcenirolled Factoas in the data collectien environ-
Since the modularizalion of soliwate hay become an n- . t .
reasivgly important concepl in saftware engincering 1681 menl which could haye inMluenced the observed dan, These
hlibis | POoTiant toncepl o _SeTRwart CRs TEering =o' alternate paplona tons Jilute any. slatemenl of cause and cffect,
several migiries have been developed (o asces the comiplesily . :
. .. Although siruclural equation techniques [233), [44] allow an
of Lkt inlercogpnecicdness anong the purls comprising » soft- o . .
- . . inveslipation of whether Lhe data gre consistenl with one or
ware system |71, 156Y, 1633, 165]. [95). For instance, Myen A A |
. . more thegrelical models, 8 czesal test of theary will requijre
1631 models sysicm £omplexily by devcloping a dependsncy . - N
) s N a nigorcusly conlrolled experiment.  Acwording Lo Catle]]
matriz anong pairs of modeks based on whelther Lthere 3 an 116, p. 200
inlerface belween Lhem, Although his measure does not ap- TR )
pear to have 1cceived much empisical atlention, it Joes pressnd, An capeilinenl §s 2 recording of obscraliont .. made by de-
two impariant ceasiderations far modeling complexily 21 the Mfncd .:ndrlccpud:drnpnrniiuns ;mqi_ in dcﬁncﬁ mnduion:_fuﬂuwed
sysicom leved |65, The first consideration is the strengrh of § E’:‘{n';;::-m:tmn of e data ... Tor e cxistence af significant
madule; the natwre of Lhe relalionships among the clernenis
within 3 module. The stronger, more tightly bound a2 medule, Twn importanl characteristics of an eaperiment are that ity
the mare singular e purpoge scdved by the proecsses per- data-colleclinn pracedures are iepealable and that each exper.
Tonmed within il. The second consideralion i the couplirg . menlal cvenl ceslt in only one fiom ameng a deflined et g
tween madules; the relationship freaied belween modue’cs by posdbic oulcomes [43). An caperiment docs nol prove ag
e mature of the doba and content Lhigl is passed belweeniliom, hypoihesis, 0 docs, hawever, allow for the rejection of com.
A primary pinciple of madolar desipn is 1o achicve as much  peling slternative explanalions of o plenemenon,
independency amung modales as postible. This indepentence
helps Lo logalire 1he Iinpact of vorors or modificalions 1o within  mwenl Is Jelermined by the conlrol gver extraneous variabey
one of a few modubs, Thos the conpdlesily al Lthe imerface  exeroned in (e collection of Jata, Fer inatance, Milliman ang
belween modules may prove to be an caccllent piedicior of  Curlis 1581 reported 3 feld study in which 2 saftwaic develgp
the Jilficulty expericnced in develeping and mainlaining large  meal pieject guided by modern programming praclives pro
avlems. Myers' measnre identifics Jata Mow a¥ a crilics) fag-  duced higher qualily code with less efforl and caperienged
terin majntainablity. Nevertheless, his measure has nol been fowoer system fedl cfors when compared 10 8 sisler project de
completely eperationally defined, and its curtent value §s pri- veloping a similar system in the same covirafament which )
marily heuristie. Yau and his aviocisles [93) ars cuently ol opbierve these praclices. Although many of the enviran
working on validating 5 mode] of Ihis geneie 1ype. Unfor-  weolal fuglors were contrelled, an alleeoate explanation al
Lenetcly, litlle empinical evidence iz available Lo sssess (e pre-  the rosulls wos thal the prejecl guided by madern practice
dictive validity of such melrics. was perfonued by a programming leam with more capeby,
The lagus of il ries meazuring ile inlerconncuedness 2mong porsonnel,
parts of a aystem is quite dilferent Nam Lhose which mesture
clomcnlary pralfam conslrucls of canleol Now Mehilzs mea-
sudng Lhe 1aiter plienamena 1ake a micrevicw of 1he rrogiam,
while inlen gnnecledvess metting 3peak to o mucrolese], dAn
improved understanding of aggregating froom thie microleel 1o
the pracrolevel necds ta be achieved, Por intlapce, summing
the tlalslead measarey across madolvs Winds to vecy dilfzicn:

The confidence which can b pluced in a causc-cflec! states

A imporiem characteristie of behaviers) science ¢ perimeny,
i5 the rapdom asgsignmentl af parteipants 1o condilions [29].
By removing any systematic variation in (he ability, matjy,.
tion, cte,, of partivipanis soress expreimental conditions, gh
e thod supposedly eliminales fw hypothesis Ural experimeg.
Pobefiecls are due Lo individual differences among p:rlicipﬁ“‘
Lweigning 3 snorning class 1o one condition and an 3ftersg
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clans o another candition does not conslitale random askign-
menl, slnce studests earely chivese clask limer na 5 randnm
Tasis,  Thowewer, i clagses Bre e onll of stusly, e prubirm
cat b sudved by randomly egsipoing 8 anmbes of clases Lo
each expetimental condilion. Random as/gamend by been s

problem in tesling causzl relationahips in ficld studics onaclvat

suflware devclopinenl projecta.

There is alica ¢ canllicl between whal Coapbell and Slenley
(V5] describe az the internal wnd eaternal vatidity af o0 eaweri-
ment. Infernal e2lidity concerns the rigor with which caperis
mental controls are able to eliminate allernate explanetions of
the dala. Exiernal validity <oncerns the depree 1o which the
cxperimental situalion resembles typical condilions surfound-
ing e phepomena under study, Thus inlernal validity es-

"presses the degree of faith in causal explanstions, while cx-
ternal validity describes the gencraljzabilily of Lhe resulis 1o
atlual situations,

Ln galtware engincering restarch, rigorous eaperimenial con-
trols are difficult to achieve on sofiware projecty and laboralory
studics often seem contrived. External validity is probably a
greater problem in studying process factors such ax 1he organi-
zalion of programming leams than in stedying soliware chars
aclerisites, Thal ia, the epvironmental condilions surrousnding
soltware devclopmend whick are dilficult to replicale in the
tabaratory would probably have a grealer effect an the func-
ticning of programming leams than oh 3 PIGErammer’s cone-
prehension of code,

Revicws of 1he experimental rescarch in saftware enginecring
have been compited by Atwood ef of. [2]1 and Shoeriderman
1771 . Topics which have bzen submitied Lo experimenisl eval-
wation inglude Baleh versul inlezaclive profgramning,. program-
ming 3tyle liclon (cg,, indented lislings, mnecmonic vanable
names, and commenling), conlrel siruclures, degumentation

. [armats, code review lechniques, and programmer 1eam otganis
zalian, In ditcutsing experimental metheds, we will fovus on
the cealuation of conditiona! statemenls and contral [Tow,
These 1apics were not chosen becapse they were belicved 1o be
meorc importan? than other subjecis. Rather, Lhey were chosen

becaust geveral proprams of research have developed around '

them and becaust the conditianal stalemeni has been a focus
of argument since il was originally assailed by Dijksira [3Y] in
1968, Control slatements have been 3 concerny of the sirog-
lurcd programming movement, and the resulis reporied here
evaluale their moat effective inplementation,

The usability of contral siatements it importanl since they
account for a large proportion of the errors made by propram-
mers 591, |96). Control struciures are closely relaled to
some of (ke meirics discussed in g previous seclion, such o
McCabe's eycddomatic number. Rescarch will be descfibed here
i & [utorial fashion to demonsirate the deplh and fAgor with
which experimental programs can invesligale 3 problem,

B. Conditions! Slatementy

Sime, Green, and rheir colleaguer al Shefficld University
haxc been studying the dilliculty peoplc eaperience in working
with condilional walements. 1n their fusl expeppmenl Sime
«f al. [21} compared the abilily of roenprogrammers to de-
velop 2 umple algorithm with eiher nesled or branch-1o-tabel
conditionaly, Weiting ymplies the embedding of 3 condidional
stalement wilhin one of the branches of aneiher condilional,
Mested struciures gre desipned to make Lhis cimbedding more
vitibic and comprehensible (o & programmer, Branch-lo-labe)
struciures obicure the viability of embedded condilions, since
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1the “truc™ branch of » conditional stalement sends Lhe control
cluwhere in the program 10 & statement wilh a specilied label.

The comdjlivnal for the nested lapguage wgs an 1F-THEM-
ritkwisk constrocl simller 1o condibionats wsed In Algol,
PL.A1, mrul Puncol, This cunditlonel conslrect is wrillen

bk Jeondition) TheN Iprocess |
. YTHERWISY |process 2.

The brunch-g-label conditional was the | F-ei Tor canslrughof
Fortran snd Basic which Difkstra [23] considered harmful,
This conditiona] was writlen

)F [condition) GO Ta LI
| process 2)
L] |procsss 1))

In both cxsmples, if the condition is true, proctss 1 i5 exe-
culed; if it is not trus, process 2 s executed, A “condition™
might be an cxpresion such a3 “X > 0" while s process might
be one or more statements such as “X' =X + 1. Participants
wed one of Ihese microlanguages to build an zlgorithm which
organized 1 3zt of coaking instructions depending on the atiri-
buies of the vegetable to be cooked., -

Sime er «f. Tound that Farticipants using the GO TO construct
Ninithed fewer problems, tock longer 1o complele them, and
made more s¢maniic {e. £, logic) errors in building their algo-
tithms than patticipanis using Lhe [F-TREN-OTHERWISE con-
tlruct, They concluded Lhat the GO TO conslrukt placed &
greates cognilive load on programmens by requining thal they
bolh sct and remember the label 1o which a conditional staie-

&

ment mighl branch, Further, programmers had (O remember =

the various conditions which could branch 1o a particular label.
Theie condilions are polentially more numerous for & GO TG
Ihan for an STHERWIST: slatemenl.

In & further study »ime #F gl {82] questioned whether Lhe
superiorily of nested over branch-lo-label constructs would be
mainiained when multiple progesses were performed under 8
kinglc hranch of a condilional. For instince, piven a stalement

IF condilion THEN proccss | AND process 1,
there arc twD wayt § programmer may inlerpret {15 execulion

1) {1F conililion THEN process }) AND process 2, of
) tF condilion THEN {process 1 AND process 7).

Ia the Mirst inlecprelalion, process 2 iz performed regardiess of
the state al 1he condition, while in the second it is performed
only if the conditiom js Irue. Sime ef el believed it would be
difficull for 1 programmer to retain the scope of the proceasce
ta b performed within €ach branch ef 2 conditional statemenl.
This Jilficully would be especially acute when conditionals
were netled wilhin ¢ach other, *

Sime ¢! el's pecand caperiment investigaled diffecent iech-
aiques for marking the scope of Lhe processes subsumed under
cxch branch of ¢ conditionsl statement. 1n addition te the
{1F-C0 TO condilignal, Lhey defined 2 nested GEGIN-ERD and
a newted JF-KOT-EKD representing two different slrocluges
fa: marking the scope of cach branch in nesled conditipnals
{Table 11), The pEGIN and END stalements mark the scope of
plocesscy performed under one branch of » conditional s1a1e-
menl, whilt Ihe IF-NOT-ARD utes 3 more redunddynl wope
marker by tepcating the condition whase iruth is being lested.
In # sirict sense, JIF-HOT-ENL 35 the counlerpart of the 3F-
THEX -t LSE consirucl, while the BEGIN-END markers could
be waed under cither conatruct,
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Az in the previous experiment, nonprogrammers were asked
to oevelop an algorithm for each of five problems within 2 h
total, Sirme ¢f af Tound that more semantic (algenilimicl errors
occurred in the IF. GO 7O language, while errors in the nesting
lznguages were pimardy synlaclic {prammalical), The DEGIN.
EHD construcl prodvced more syntaclic coion and oaly half
31 many stuccessful Nl ruens as The other construcls. Eners
were debugped tep times laster in the 1F-KOT-END condition,
which proved (g be the mosl error free construct, .

Results For semanlic errors suggest thal il is easier lo keep
lragk of the cuntrgd flow in a2 nested languape. Tlowewer,
when mulliple processes are performed the use of scope
markers ofien resull in caretess syniaclic £rrars, Synlaclic
crrern zre more hkely to oceur wilh the GECIN.EMD Lhan
in the IF-KOT-EED consirucls, Lecause Lhe rodundancy of
vomditional expressions in the 1atter make e placement of
marke s mare chvigus .

DifTerential results for (he Iwao types of ¢rrors offer some
validity for the s}'nllc[ic}sclﬁuntic moulel of programmer be-
havior develgped by Shreiderman gnd Mayer [7R].  This
modle]l distinguishes between mformalion which 35 language
specific {syntactic) and language independent (semantic). The
carrecl design of 1he algorihm it a semanlic isue, while Lhe
grammatically accuiale :x'prtssiun of \hat algorithm in 3 lan-
fFuape i3 & symlaclic #ssue. The structure of 3 lanpuage nay
simplify the design of 2n algarithm, byl make its expression
more Fiffieoll. Qbvigusly, a lanpuage desipgn should ek to
siniptify balh the desipn and expression of an afgerithm,

Hased on the reswlts of Ihis second experiment, Sime ef al,
182] preposed “thal their memory load cxplanalion be re-
placed with sn explanation that infarmation is caseer o ex-
1ragt from som: lanpuages than others. They distinguished
Ivo types ol informalion: sequence and taxgn., Scgurnee
tfurmialion involves eslallishing ar (racing the Mow of controi
ferward through a program, Taxres infgrmation imvolves 1he
hierarchial arrapgement of conditions and processes within a
prgrani, Swch jeloamalion it impoaiant when (racing bucks
ward Mpotgh a progiam lo Jetermine whal condiffions must
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Le salishied for a process o be exceuled, Sime o 2f, hypoth-
csized that sequence infarmaltion is more casily obtained from
& neited languape, whilc taxean informalion is more eatily cx-
Iracicd from g nesled lanpuage which also containg the 5o lnn-
danl condilional expressions. Conceplually, lazon information
can he Jelcimiped withoul fully understanding the sequence
of processes within 3 prograwn, since naot alf branches have to
be examined in g backward tracing. .

In Iwo subsequent studies Green [3F] validated. these hy-
potheses in research wilh professianal programinens, Sequence

imformation was mere casily delermined fcom posied languages,

although no differences were olserved befween the urGIH-END
and JF-NOT-EXNT contlrucls, Backward 1racing was perforined
muth more ¢asily with the (¥ -HOT-END construct, Greenin his
article [17), cilimaled that the time required lar backward
tracing was |5 poreent less in (FP-HOT-EWD thaa Tn 1°-CO TO
conditjanals

It |5 imporianl to recognize that program comprelension is
nol a unjdimensional vopnitive process, Rnthcr,diff:rcnllirpes
of human information procesting are required by different
types of software tasks, Green demaonstrated that certain cop-
atrucls were more helpful for performing certain aoftwart tasks,
Software engincering lechnigues may differ in the benclin
they affer Lo diflerenl propramniing tasks, since they differ
in the 1ypes al human infarmation processing (hal they assist.

Since the IF-NOT-EMD construct iz npot implemented in
exisling lanpuazes Sime of ol [79] investipaled wavs Lo
improve the wse of the pHGIN-END conditignal morkess,
They developed 4 lool which would automatically build
the syntaclic portions of a cenditional stalement once the
user chose Lhe expression to be Lested, Inoa second 4aperi-
mental condilion, they developed an eaplicit wriling pro-
cedwe far helping parlicipants doxelop the sy afactic clements
af o conditiona] stalement, This procedure imvalved wriling
the synlax of the gutermeost condilians] first, and then waiting
the syniax of copditionals nested wilthin i, In ke final con-
dition parlicipanty were lefd 1@ theic own ways of uing Lhe,
conditinnal canslrucls,

T
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“Sime o ol found thal paclicipants solved mare prohlcma
watregily 0% Lheir firadl weleaony using 1hd Rulomeied (oul, but
that u wriling procedure was ol ux effective. The writlng
prucedure reduced tbhe numher of syntaclic errom, which had
been the majur problem wilh the BrGIN-FND construct in
eaclicr siwdigs.  Synlaclic crrofs weore not postlble wilh the
autemated lool. The writing procedure and aujomated 100h
helped participant dispense with rynlactic consideralions
quickly, =0 thal they could spend more lime concenirating
on the semantic porlion of 1the program {ie_, the l[ungtion
which wal o be performed). However, once an €ror was
“made, it was cqually difficull o cofrect regardless of the
condition. Thus writing progcedures and sids primarily increase
the accuracy aof the nilial implemenLagion.

Atblasier 2t of [I1] reporied on two ferthey experiments,

which extcnded Ihe resulis for writing rules (o conditions!y
uing GG TO's. Twe groups of nonproprammen, onc of which
had becn taughl ithe writing rulea, consteucted timple algo-
filhms wying the 1F-CO TO condilignal, The group trained in
the writing procedures made fewer errars, remantic and syntac-
Lic, replicating the results oblained with the nested languages.
Arblaster ef 2l repealed this experment using more sophisti-
caled participapis. They sdded rwo zdditiona] eaperimental
condilions Lo those described above, both using an IF-1F NOT
cendilional siruciure. This conditional was written . .

1¥ [conditicn L] GO TO LI IF NOT GO TO L2
L1 |process |]
L? [process 2[,

One of the two groups osing this conditianal wat afzo trained
‘n the use of writing rules. Use of the LF-IF NOT procedure
esulled in lewer syntaclic efrorr (han abserved with the
IF-GO TO conditicena). No differences were found for -
manlic £rror.

Arblasier ¢t af poinled gut that an early vemion of Forlran
had a condilional format consislenl wilh those found (o be
mast cifective in their ¢xperiments. However, thia lormal was
lost when futlher revitionz of the langusge opted lor 2n anlh-
metic 1IF condilional,

Shnciderman ]76)] compared the use of 1he acithmeric oF

tF |arithmeric condition} LI, L2, L3
L1 lprocess |}
L2 [procen 2]
L3 [procces 3]

to Ihe use of the logical 1F

1¥ {Boolcan condition] comy L)
[process 2]

L1 |;:|I'DCE5.§ 1

in Fortran, The arithmetic | F creales the possibility of » con-
ditional with three branches (i €., tests for >, = and <}, He
found that novice programmens had more diffjculty compre-
hending the arithmetic than the logieal 3F, However, nosuch
differences were obterved for more eaperienced programmers,
who Shatiderman believed had adjusted Io tranalating the
maore comples syntas of the arithmelic IF inlo their awn ze-
manlic representation of the conirel logic,

Ina recenl experiment by Richards of ol yuoted by Green

8], 1he ordinary neiling of IF-THEN-ELSE condilionals
21 compared lo the nesting.of IF-NOT.END condilignals,
and halh were compared 1o a uiyle of ncyling in which an 1¥
rever afirectly follows a THEX, This a1l conditional would
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be writen

ik [eondition 1] THEN [proces 1

ELEE HF [cundKion 21 THEW [process 2]
#r IF {condilion 3] THEN jprocesm 3]
L {1 ' 8

and has the appearance of a CASE statement. Although this
arrangemenl s contrary (o the dencls of ftructured coding
{24], some have argued that it may be casier for programmers
lo undersiand [B7]. .

Green reports that for differenl forms of comprehension
queslions, this IF-THEN+FELSE-IF conditional was “never much
better and gomctimes much worse”™ than the other forms of
nestcd condilienals, He argues that it is impariant 1o design
compuler languagss so Lhal peretptual cucs such as indenting
the levels of nesling can visually display the structure of the
code. These perceprual cocs ¢3n relieve the programmer of
searching throwgh the program text, a task which is distracting,
Lime consuming, and errof prone.

The extcraive program of research by Sime, Green, and cheir
colitagucs hat answered importan1 questjons about the st rug-
ture of conditional statements. Their conclusions should be
heeded in the dexign of future langeages. They demonsirated

-1}
2)

the supeniorily of acsied over branch-to-label canditionals,
Lhe advantage of redundant e€xprestion of controlling
conditions at the eatrance 10 ¢ach condilional branch;
that The benefits of & software practice may vary with the
"nature of the task:

thal a zlandard procedure for gencrating the synlas of
a4 condilional stalement can improve coding speed and
acCUTREY.

3}

4}

Orvernll, these resulis indicate thal the more visibie and pre-
diclablc 1the control flow of a program, the essier it is (o
work wilh_ )

Lime, Green, and their atsociales have demonstrated how g
prefercnce among conditional consliucts can be reduced 1o an
empirical queslion which provides sliernalives that were pre-
viously uncontidercd (e g, 1he IF-NOT-END construct). Their
research has investigated structured coding »i the construct
level |BD)]. The ncxy step is to cvaluale the reputed benelits
of structured coding st the modular jevel, consideting the
variowt alrociurcd consiructs intolal,

C, Comtraf Flow

_Stnrclurtd propramming hax become 3 calch-all lerm Far
proframming practices refaled (O system design, programming
Ieam miganizatinn, code reviews, confguralian management,

. rulet Tor pragram contrel Now, and myrisd olher prxcedurcs

for sollware develapment and mainlenance. This seclion will
review only captrnimenly eclated to struclured coding: Lhe
enforcement of rules for program control flow. The cantrol
strucluics pencrally sllawed ugnder siructurcd coding sre dis-
fayed in Fig. 6.

To cvalugie reputcd problems wilh (he GO TO slatement,
Lucaz and Kaplan [52]) inslructed 32 studenty 1o develop &
file update ptogram in PLIC, and half were further instrocred
ko avoid the use of GO YO's, However, proprammert in the
<o TO-less condition were pot trained in using allernale
condilional constructs. Not surprisingly then, 1he GO TO-lrn
group reyuircd mare funi lo develop their proprams, lho»
subseguent Lask, all parlicipanls were feguired 1o make a
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speeifisd modification to & structured program, Conlzary
to results on the eadier task, the group which had ealier
struggled to wrile GO TO-less code made quicker modifica-
liont which required lesa cempile lime and slorage space. .
Weissman [92] also invesligaled the comprehension of
PLA programs wrilten it venions whase conlrol flow wes
cither 1) strectured, 2} vnstrucinred but simple, or 3} uns
slruciured and complex. Parlicipants were given compre-
henglon guities and required 1e meke modilications 10 the
programs.  lligher peiformance scores were Lypically ob-
fained on the atructured rather than unstructuored ':--tr;iu::tnl.r
and  parlicipanty reporled fceling more comlforlable with
siructured code, Love [50] sulsequently found that grad-
uale sludents could comprehend progruns with a simplified
_fontrol Aow more easily than programs with 8 more complex
“control Now, . . .
Recenlly, a series of experimentls evajuating the benefilt of
structured code lor professional prograimimers was conJucted
in our sescarch unit by Sheppard er af [74]). la the Gt ex-
perimenl participanls were asked 1o study a madular-sized
Fariran program for 1 min, and lhen reconstruct it from
memoery. Thres versions af control flow perfarming idenlical
funciions were defined for cach of nine programi, One venion
was stiuctured (o be cansislenl with Lthe ponciples of sirue-
tured coding deseribed by Dijkstra {24] by allowing only Lhrce

batic conliol constructs: linear sequence, struclured selection,
.

rad struciured [leration. BHecause siroslurcd eonslrugls are
somelimes awlwsrd 10 Implement in Foglran IV [E&], 8
more natusally siruetured conlrol Mow was constructed whis by

r

- ] —
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‘nal prm.lu:t the hesl pmfurmdnc:
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slowed limited deviations from stried slrwcéiuring: mulliple

returns, judicious backward GO TO's and forward mid-leop -

was developed which included conslrucls that had ngt boen

“exilz fram 3 DL Finally, a deliberalely convoluted versfon) -

permilled jn the siruciured o naturally slructured versionz; 4
such as backward exils from DO loops, anthmetic tF", and ¢

vnictlnigted use of GO TO ™S, ;-.,;" LR - b - -

As ‘expected, control Oow did affecl pt;fnrm:nce The
convoluled control flow was the most difficelt lo compre.
hend {Fig. 7). The difference in the aversge pereeat of e
constcucled stalemeénits Tor nalurally structured and conve.
Tuled contred flows was siatistically si;ni.r'cnnt

expeciations, however, the Jstactly” struclured  version dud-

significan y) greater percent of statements were recalled from
nalurafly stractured than from strictly struclured programs,

lan a secand experiment Sheppard er of intlrucled pre.
grammers ta male specified modifications to thee pragrama,
each of which was wrilten in Uhe Lthice vertians of conlrol
Now described pr:-.musly A significanily higher p:r::nl. of
utept 1equited to :umplel: the modilicalion wan tnl‘:tu!r
implementied in Lthe siroclored programs whan~ compareqd
lo conveluled ooes (Fig, 7). There were ne differences jy
the times sequired, Na slalistically significant differences
sppeaed betwren Lhe Jwo versians of structured conbiol flow,
although perfonmance was slightly beller on i_lt'l-ctl‘f ralher
than maiwrally structured eode, These resulls suppestied thag
the prosenes of a consislent slroctured diseipline in the eode
cithicr slijel or natural, was beneficial, and minar devittiong
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frem sirict strecluring did aot adveryely affegt performance.

In & Lthird experiment Sheppard £ ol. decided to compare
the twoe vertions of siruclured Fottean 1Y 1o Foriran 77,
which conlainy Lhe IF-THEN-ELSE, DO-WHILE, and DG~
UNTIL - canstruecls, - They: meoasured how-long a- proprammer
1oouk (o find » simple ¢rror embedded in 3 program, Mo dil-
fercnces were sllributable Lo the Iype of structured conlrat
Ngw, replicaling similer results in the Grst two expetiments,
The sdvanlegr of structured coding appears to reside in the
sbility of Lthe programmer 10 develop capcclations aboul The

ow af contral-expeclations which ate nal senously violaled
oy minor deviations lrom slccl strucluring,

The sestarch reviewed here indicates thal progrims in which
1ome form of struciured coding B enforced will be casier Lo
comprehend and modify than programs in which such coding
dinciplint is nol enforced, It is nol glear thal struclured coding
:u-i.ll improve Lhe produtlivity of programmers during imple-
menlalion. Some productivity improvements may be obacrved
il less severe, mare casily corrected eppors gre made using stroc-
turcd consiructs, @5 suggesicd im the dala of Sime and his col-
leagues, However, siructured coding should reduce the costs
of mainienance since such programs are less psycholopcally
complex 1o work wilth, Experiments such a3 Lhese 30 pro-
vide valuable guidance for decisions about an aplimal mix of
sol1ware standards and praclices,

N Prabfema in Expeomicntal Berearch

ILis importanl Lo fecognize Lhe henefils and limiations of
controled luboratory research, On the poasilive side, rigorou

conirols allow expcriments e isalate the effects of capen-

mentally manipataled factors and idenlily possible causw-elfect
relatianshipy in the dala. On the other hand, the limitslions
of conlrolled reseazch resinct |he penesalizalions which can
Im' mmadde from the Jdala, Lakoarstory rescaech has an aic of
arlificiality, regardiess of hoaw  molistic  rescarchers make
Lhe lasks,

Several problems altendart to most currenl empirical vahi-
“datan sludies sewerely Limil the gencralizability of ¢onclu-
ions which can be diawn froam them [13]. For inmance,
program silcs have Jrequently been restricled boecause of
hmilabiont in Lhe sescarch gitwalion. Thi problem is char-
scterpptic of experimenial research where Lime limitations do
nol allow particlpanls to pt!_!mm cxperimental Lasks such ag
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the coding or design ol large syslems, Also, since new Tectors
came inlo play in the development of large systems (e g, leam
inleractions), the megnilude .of a technjques's effect on
projecl performance may differ markedly rons ils e[Tect in
the lahoralory.

The nature ol the applications studied are ofica limited by
the environments, from which the proprams are drawn {e..,
mililary sysems, commercial sysiems, real time, noageal time,
ele.}. Further, there is Mrequent!ly lillle gssessment of whether
results will hold up aceoss programming languages, |t is ex-
tremely dilficult to perform evaluative research over a broad
rangs of applications, especially when experimental procedurts
are used, Thus empiricel resullts should be replicaled over a
teries of sjudies on dilferenl Iypes of programs in languages
other than Foriran.,

Anolher problem nrises wilh what Sackman ef af, [72] ob-
served to be 15 or 30 to | differences in performance among
programmen.  This dramatic varialion in performance scores
can eatily disguise relationships between zoftware characier-

istics and associaled criteria, That is, differences in the Lme |

or accuracy ol performing some soflware Lask can often be
atlnbuled more easily to dilferences among programmen
than to diffecences in soflware characeeristics. Careful atten-
tion to experimental design i3 reguired Lo control this problem.
== 1f generalizations re to be made about the performance of
professional programmers, 1his i3 1he population that shauld
be studied rather than novices, As iz true in moat fields, theme
are qualitative differeaces in Ihe problem-solving procewses of
cxperts and novices [B3]. However, the advanlage of some
technigques it Lhe gaye with which Lhey arg Jearned, pnd novices
are the appropriate popuolation lor studying such benefits,
Altempte to pencralize cxperimental resolts muat alin be
tempered by an underslanding of how real-world factors aflect
outcomes, Data should be eollecied in actval propamming
environments to both walidate voanclusions drawn from Lhe
Iaboratory shd delermine Lhe inNuence of real-world Tactons.

1V. Summary .

Software wizardry becomes an engineering discipline when
wicntific methoda are applied Lo its developmenl. The firat
step in applying these melhods it modeling the important
conslrucly and processes. When these consiructs have been
idenlified, Ihe second slep js (o develop measurement tech-
niques 50 Thal the lanpuage of mathemalics can desenbe Je-
lationshipy among them, The lesting of cause-elTect relation-
ships in a throrrlical model requires the performance of
erilicat cxpeniments e chiminale aligrpalive eaplanalions
of the phenomena, Evcn when posscased of supportive ca-
perimenlal evidencs, our zerminisng should bt Qotious
unlit wc have catsblished Limits (or the peacralizability of
our dala. .

There are f