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The PDP-11 has evolved quite differently from the other computers discussed 
in this book and, as a resuh, provides an independent and interesting story. Like 
the other computers, the factors that have created the various PDP-11 machines 

. ha ve been market and technology based, but they ha ve generated a large number 
of implementations (ten) over a relatively shon (eight-year) lifetime. Because 
there are ,-,u:,iple implementations ;panning a performance range al the same 

·lime, the PDP-11 pro vides problems and insight which ¡lid not occur in the evolu
tions of the traditional mini (PDP-8 Family), the optimal pricefperformance ma
chines (18-bit), and the high performance timesh:e-ing machines (the DECsystem 
10). The PDP-11 designs covcr a range of 500:1 in system price ($500 to $250.000) 
and 500:1 in memory size (4 Kwords to 2 Mwords). 

Rather than attempt to summarize the goals of designers, sentiment> uf users, 
or the thoughts of researchers, the discussion of the PDP-11 is divided into chap
ters which, in most cases, consist of papers wri'nen contemporaneously with vari
ous importan! PDP-11 developments. The chapters are arranged in tive 
categories: introduction to the PDP-11, conceptual basis for PDP-11 models, im
plementations of the PDP-11, evaluation ofthe PDP-11, and the virtual address 
extension of the PDP-11. 

INTRODUCTION TO THE PDP-11 

Chapter 9, tirst published when the PDP-11 was announced, introduce~ the 
PDP-11 architecture, gives its goals, arid predicts how it might evolve. The con
cept of a family of machines is quite strong, but the actual development of that 
family has differed a good deal from the projections in this chapter. The major 
re~sons (discussed in Chapter 16) for the disparity between the predicted and 
'actual evolution are: 

l. The notion of designing with improved technology, especially for a family 
of machines, was not understood in 1970. This understanding carne later 
and was presented in a paper in 1972 [Bell et al .. 1972b]. 

2. The Unibus proved unacceptable for intercommunications at the véry high 
and low-end designs. Although Chapter 9 suggests a muhiprocessor and 
muhiplo Unibuses for high-end design>. such a structure did not evolve as 
a standard. 

3. The address space for both physical and virtual memory was too small. 

231 
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4. · Severa! data-type extcnsions werc not pcedictcd.·Ailhough noating-point 
arithmetic was envisioncd, thc character string and decimal opcrations 
were not cnvisioned. or al kast wcrc not dcscribcd. These data-types 
evolved in response to market nceds that did not exist in 1970. 

C<;lNCEPTU~L BAS!S FOR THE PDP-11 MODELS 

Chapters 10 and 11 consist of two papers that form sorne of the conceptual 
basis for the various PDP-11 models. Chaptcr 10 by Strecker is an exposition of 
cache mcmory structure and its design parametcrs. The cache memory concepl is 

· the basis of three PDP-11 models, the PDP-ll/34A, the PDP-lij60, and the 
PDP-11 j70, in addition to the cache-S (Chapter 7) and the K LlO processor forthe 
PDP-10 (Chapter 21).· 

Strecker gives the performance evaluation in terms of cache miss ratios, 
whereas the readcr is probably interested in performance or speedup. These two 
rr:~us~res. shown in Fi:ure 1, are related [Lee, 1969] in the following way (assum
ing an infinitely fast processor): 

f' 

"' 
r.c 
r.p 
R 

= 
= 

= 

= 

Total number of memory acccsses by the processor Pe 
Numbcr of memory accesses that are missed by the cache and 
have to be referred to the primary memory Mp 
Cyck time of cac"he m<:-:-~ry M: 
Cyclc time of pnmar) ¡:;emury ~lp 
r.pjr.c (ratio of memory speeds), where R is typically 3 toJO 

The relative execution speeds are: 

r (no cache) = pR 
r Ira cache) = p + mR 

Thefefore: 

speedup = pR/(p + mRJ = R/(1 + (m/pJ R) 
a = miss ratio = m/ p 

speedup = R/(1 + aR) = Jj(a + 1/R) 

Note that: 

lf a = O (100% hit), the speedup is R 
lf a = 1 (lOO% miss), the speedup is Rj(J + RJ. i.e., the speedup is 

less than 1 (i.e., time to reference both memories) 

Chapter 11 contains a unique discussion of buses - the communications link 
between two or more computer system components. Although buses are a stand· 
ard of interconnection, they are the least understood element of computer design 
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uecause their implementation is distributed in various cornponcnts. Their behJV· 
ior is difficult to express in a state diagram or other conventional repre~er.t:.!liHr. 
(except a timing diagram) beca use the operation of buses is inherently pipelmcd: 
hence. desig:n principies and underst~nding. are minimal. 

.1 n Chapter 11, Levy lirst characterizes lhe intercommunication problem into 
the constituent dialogues that must take place between pairs of components. A fter 

. giving a general model of interconnection, Levy provides examples of PDP-11 
buses that characterize the general design space. Finaily, he discusses the various 
intcrcommunications (model) aspccts: arbitration (deciding which components 
Can intercommunicate), data transmission, and error control. 

IMPLEMENTATIONS OF THE POP-11 

Chapter 12 is a descriptive narra ti ve about the design ofthe LSI-11 at the chip, 
board, and backplane levels. Since it was written from the viewpoint of a knowl
edgeable user, it lacks sorne of the detail that the designers ut Western Digital 
(Robens, Soha, Pohlman) or at DEC (Dickhut, Dickman, Olsen, Titelbaum) 
might have provided. A de¡¡iiled account of the chip-leve! design is available, 
however [Soha and Pohlman, 1974]. 

Two design levels are described: the three chip set microprogrammed computer 
used to interpret the PDP-11 instruction set, and the particular PMS-Ievel com-

. ponents that are integrated into a backplane to forma hardware system. Chapter 
12 a !so provides a discussion of the m Jcroprogramming trudeoff that too k place 
between the chip and module levels. This tradeoff w·as neccssary to carry out the 
clock, console, refresh, and power-fail functions "hich are normall)· in hardware. 

Since the time that the Sebern paper (Chapter 12) was written. packaging fo'r 
LSI-11 systems has moved in two dircc1ions: toward the single boa_rd micro
comp:Her and toward modularity. The single board microcomputer concept is 
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the highcst performance machine of thc family, and thus has to ha ve the righl 
balance offeatU(CS, price,.and performance against criteria that are usually vague. 
· Four intercsting aspects of compuier engineering are shown in the PDP-11 /60: 

the cache to reduce Unibus traffic: trace-driven design of noating-point arith
metic processors: writable cont'rol store: and special featurcs for rcliability, avail- · 
ability, and maintainability. 

The Unibus was found lo be inadequaícfor handling allthc data Íraflíc in higli 
performance systems, bui by using a cache, most:processor rcferences do not use 
the Ünibus and so Jeaveit free for 1/0 iraffic. In the PDP-1 1/60 work described 
in this chapter, Mudge uses Strecker's (Chapter 10) program traces and method
ology. The cache design process is implicll in the way in which the work iscarried 
out lo determine the structure parameters. Scnsitivity plots are used to determine 
the effects of varying each para meter of the design. The time between changes of 
context is an importan! parameter becau'e all real-time and multiprogrammcd 
sYStems h(jve iTiany COJltC\t )~AÍlchc~. lh.· .·.""l.!) ;.,; .. J..·~ ... tl1t .:..:-~cl:':lif ~ 1·· 

block s;lc ;s also given. 
Microprogramming is used lo provide both increased user-Jevel capability and· 

increased reliability, availability,and maintainability. The writable control 'tor< 
option is describcd together with its novel use for data storagc. This option\J; 
been recently used for emulating the PDP-S atthe OS/8 o¡:ierating system le•·cl. 

Chapter'l4 jnesents a comprehensive com¡íarison ofthe eight proc'essor implc
mcntations used in the ten PDP-1 1 models. The work was carried out to invest:. 
igate various design styles for a given próbi<m. namely, the interpretation of thc 
PDP- 1 1 instruction set. The tables provtdc valuablc insight into processor implc
mentations, and the data is particularly use fui beca use it comes from Snow and 
Siewiorek, non-DEC observers e~amining the PDP-1 1: machines. · 

The tables include: 

l. A set of instruction frequencies, by Strecker, for a set often different appli
cations. (The frequencies do not renect all uses, e.g., there are no Ooating
point instructions, nor has operating system code been anolyLed .. ) 

2. lmplementation cost (modules, 'integrated circuits, control store widths) 
and performance (micro- ·and macroinstruction times) for each inodel. 

3. A canonical data path foral! PDP-1 1 implementations against.which ea eh 
processor is compared. · 

With this background data, a top-do" n model is built which explains the per
formance (macroinstruction time) of the 1 artous implementations in terms of the 
microinstruction execution and primary memory cycle time. Because these two 
parameters do not fully explain (m-odel) performance, a bottom-up approach is 

· also used, including various design techniques and the degree of processor over
lap. This analys's of a·constrained problem should provide use fui insightto both 
computcr and gener:.1l digital systcms dc~ignt.!rs. 

·' 
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t\<mplified by thc bounded systcm shown in Figuro 2. This imegralcd systcm 
comains an LSI-11 chip set. 32 Kwords of. mcmory. conncctors for six commu
nication line interfaces, and a controller for two noppy disk drives. ll uses 175 
circuits (lo implemenl the same functionolity using standard LSI-11 modules 
"ould require 375 integrated circuils). The modularity direction is exemplified by 
the LSI-11/2. for which lypical option ·modules are shown in Figure 3. 

Lnlike the reporls from an architect's or rcponer's viewpoint, Chaplcr 13 is a 
direcl account of. the design process from thc project viewpoint. A mid-range 
machine is an inherently difficull design beca use il is ncither (he lowesl cost nor 
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F1gure 2. A baunded LSI-11 based system. 
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KD11-HA MSV1 1-D 
LSI· 1'112 m•crocomputer Dynam1c MOS RAM memocy 
processor 

IBV11·A MRV11·BA 
IEEE •nstrumentbus interface' 4K UV PROM boürd with 

2 56 ·word RAM 

DLV11·J 
Four-line serial interface 

•e::ntl•l:l:l::9•~~- ... ,~ 

• ·~ ote::::::J• a;a:J u,.~IUiil 

~ ~-~·~r-~· 

MRV1 1·AA 
4K PROM board 

F1gure 3. The double-height modules form1ng the LSI-1 l/2 {par1 1 of 2). 



DRV11 , 
l6-b1t para llel•n te rface 

REV11-A 
Refresh/ bootstrap/ 
diagnost1cl term.nator 
module 

l. i, 8 

DCK11-AC 
Interface foundation k1t 

KPV11-A 
Power sequencer/ ltne e loe k 
module 

THE PDP-11 FAMILV' ~37 

RXV11 
Interface mOdule for RXOl 
floppy disk 

DLV11 
Single-line serial interface 

Figure 3. The double·height modules formmg the LSI-1 1/2 (part 2 of 2). 
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EVALUATION OF THE PDP-11 

Chapter 15 cvaluates the PDP-11 as a machine for executing FORTRAN. Be
cause FORTRAN is the most oftcn executed language for the PDI'-1 J, it is im
portan! !O observe !he PDP-11 architecture as seen by !he Janguage processor- its 
user. The lirst FORTRAN compiler and object (run) time system are dcscribcd, 
togelher with the evolutionary cxtensions lo impruve performance. The FOR
TRAN IV-PLUS (optimizing) compiler is only brieny discussed bccause ils im
provements. largely duelo compiler optimization technology, are lcss relevan! to 
!he PDP-11 architecture. 

The chapter tille, "Turning Cousins into Sisters," ovcrstatcs thc compatibility 
problem sincc the live variations of the PDP-11 instwction sct for noating-point. 
arithmetic are made compatible by essentially providing livc separa te objcct (run) 
time systems anda single compiler. This transparcncy is provided quite easily by 
"threaded "code." a conccpt l!iscuss:d in :-, c·h.1;J::r 

The IOrst vcrsion of the FORTRAN m achine was a "m pie ,;ack machrnc. _,, 
such. the execution times turned out to be quite 1ong. In thc second vcrsion. the 
recognition of the special high-frequency-of-use cases (c.g., A ~O, A~ A + 1) and 
the improved conventions for three-addrcss opcrations (lo and from the sta.o~) 
allowed spcedup factors of 1.3 and 2.0 for noating-poin! and integers. 

lt is interesting to compare Brenders idealizcd FORTRAN IV-PLUS machme _' 
with the Floating-Point Processors (on the PDP-11/34, 11/45, 11/55, 11/60, and 
11/70). lf thc FORTRA'I machine descrihcd in the paper is implcmcnted in mi-
crocode and made to operate at Floating-Poinl Processor speeds, !he resulting 
_ma~hines operate al roughly the same spced and programs occupy roughly the 
samc program space. 

The basis for Chapter 16, "What Have We Learned Frorñ the PDP-11?" [Bell 
and Strecker, 1976] was wrillen to critique the original expository paper on the 
PDP-11 (Chapter 9) and to compare the actual with !he predicted evolution. Four 
critica) technological evolutions ~bus bandwidth, PMS structure, address space, 
and data-type- are examined, along with various human organizational aspects 
of the design. 

The lirst section of Chapter 16 compares the original goals of thc PDP-11 
(Chapter 9) with the goals of possible future models from the original design 
documents. N ex t. the ISP and PMS evolutions, including the VAX extension,-are 
described. The Unibus characteristics are especially interesting .as the bus turns 
out lo be more cost-effective over a widcr range than would be expected. 

The section of the chapter which dcals with multiprocessors and multi
computers gives the rationale behind the slow evolulion of these structures. Be
cause a number of these computer structures have been built (cspccially al 
Carnegie-Mellon University), they are describcd in detail. 

The final section of the chapter interrelates technology with the various imple
mentatiors (including YAX-11/780) that have occurred. Table 6 gives the per
formance characteristics for thc various ntodels with the relevan! technology, 
contributions, and implementation techniques required to span !he range. 
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VIRTUAL ADORESS EXTENSION OF THE PDP·11 

The la test membcr of the I'DI'·II family, the Virtual Addrc>~ Extcnsion llur 
VAX-11, is dcs~ribed in Chapter !7. This papcr, hy thc archilcct of YAX·ll. 
discusses thc new archilccture and its llrsl implemcntatiun, thc VAX·II f?HO. : 

VAX·II extends the PDP·II to' pro vide a large, )~·bit virtual uddrcss fur cach 
·user process. The nrchitecture includes a compatibility modc thal allows I'DP·II_ 
programs wrillen ·ror the RSX-11 M program environmentto run unchangcd. In 
this wuy, PDP-11 progra'ms can b.e moved among VAX and PDP-ll_compulcrs, 

. depending on the user's address size and computational and gcnerality _nc~ds. . 
1 

Chapter 17 provides a clean, somewhatlerse, yel comprchcnSJvc ~escnpt1on u\ 
the Y AX-11 architecture. Beca use the V AX pan of the arch1lccture 1s so complete 
in terms of data·lypes, ,opcrators, addressing and memory managemenl, ir can 
also serve as a textb.ook model and case study for ar.,hitecture in general. Goal>, 
constraints, and various design eh o ices are given, although explunalions of "'hal 
was traded away in the design choices are not detailed. · 

A New Architecture 
for Minicomputers 
-:- The DEG PDP-11 

'11 C. GORDON BELL. ROGER CADY. HARO!..D McFARLAND, 
BRUCE A. DELAGI. JAMES F. O'LOUGHLIN. 
RONALD NOONAN. and WILLIAM A. WULF 

INTRODUCTJON 

The minicoinputer• has a wide variety of 
. uses: communications controller, instrument 
· controllei, large-system preprocessor. real-time 
data acquisition systems, ... desk calculator. 
His·orically, Digitgl Equipment C'oiporation's 
(DEC) PDP-8 family, with 6000 installations 
has been the archetype of these minicomputers. 

In sorne applications current minicomputers 
have limitations. These limitations show up 
when the scope of their initial task is increased 
(~.g., using a higher levellanguage. or process· 
i.1g more variables). lncreasing the scope of the 

task generally requires the use of more com· 
prchcnsive executiVes and system con'tról pro· 
grams, hence larger memories and more 
processing. This larger system tends to be at the 
limit of curren! minicomputer capability, thus 
the user recei'ves diminishing returns with re· 
spect to memory, speed efficiency, and progrom 
development time. This limitation is not sur· 
prising sin ce the basic architectural concepts for 
current minicomputers wcre formcd in tht early 
1960s. First, the design was constrained by cast, · 
resulting in rather simple processor logic and 

•Thc PDP-11 dc!\ip;rr is predic;;.~ted on bcin~ a mcmber Of one (or mon:).~fth'( micro. mídi. mini. ... m;xi (compuh:r·n:lnh:) 
m:•rkch. \\'l!' \\Íll define thc::\c namcs ato hdongin{!: 10 computers ofthe third ¡!Cneration (intcgr~tc:-d circuit to mc:dium-'-4..:a1c 
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flhll.:t."''m "'ith intt:rrurts and u.~uall) Jpplied 10 do!ni " pan•cul~r l;nl (t., .. ;;.-fttruLnF ll :nc=.. '~'.' ot .;:.r'\o .,.,...__ .... ,~ 
linc ... rrcrrnct.·,,·in_go for a l;np:cr ~ystcm. procct.!o control). Thc !-pcc:ializcd namcto <~.re dcfln(d .J\ fotlow•. 
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registor configurations. Sccond. application ex
pcricncc wa.< ncll available. For e\amplc, the 
early con>traints ofteri created computing de
sig.ns with what \ve·now considcr weaknesscs: 

1. limitcd addressing capability. particu
Jarly of larger core sizes. 

2. · Few registers. general registers, accu
mulators. index registers, base registers. 

3. No hardware stack facilities. 
4. Limited priority intcrrupt structures, · 

and thus slow contcxt switching among 
·· multiple programs (tasks). 

5. No· byte string handling. 
6. No reaC. 0.1:) memory (ROM) 'acilities. 
7 Very elementary 1/0 processing. 
8. No larger model computer, once a user 

outgrows a particular model. 
9. High programming costs because users 

progrqm in machine language. 

' In developing a new computer. the archi-
tecture should at Jeast salve the above prob
Jems. Fortunately, in thc late J960s, integrated 
circuit semiconductor technology beca me avail
able so that newer computers coúld be designed 
that solve these problems at low cost. Also, by 
1970, application experience was available to 
influence the design. The new aréhitecture 
should thus Jower programming cost while 
maintaining the low hardware cost of mini
competers. 

The DEC PDP- 1 1 Model 20 is the first com
puter of a computer family designed to span a 
range of functions and performance: The 
Model 20 is specifically discussed. although de
sign guidelines are presented for other members 
of the family. The Model 20 would nominally 
be classilied as a third generation (integrated 
circuits), 16-bit word, one central processor 
with eight 1 6-bit general registers, using two's 
complement arithm.etic and addressing up to 2" 
S-bit bytes of primary memory (core). Though 
classified as a general registerprocessor, the op-

12 

t:rand ac~,;~ssing mc~.:homism allu'-'\ i~ :l, ;-'l.·r: 1 -. 

cqually wcll '"a 0- ('l:l(:k), J. (gencr•l rc~i>:cr '· 
and 2- (memory-to-mcmory) address computcr. 
The computcr's componcnts (proccssor. mcrno~ 
ries. controls, tcrminals) are connected via a 
single switch, called the Unihus. 

The machine is describcd using the proccssor
memory-switch (PMS) notation of Bcll and 
Ncwell [1971] at diffcrcnt levels. The foll .. wing 
dcscriptive sections correspond to the levcls: ex
terna! design constraints leve!: thc PMS lc<cl -
the way components are intcrconnected and al
low information to now: the program lcvcl- the 
abstract machine that interprets programs: and 
í:nally, the logical design leve!. (We omit a d:s
cussion of the circuit leve!, the PDP- 1 1 being 
.constructcd from TTL integrated circuits.) 

DESIGN CONSTRAINTS 

The principal design objective is yet '" be 
tcsted: namcly, do·uscrs like·the machinc'? This· 
will be tcsted both in the marketplace and hy 
the features that are emulated in newer ma
chines: it will be tested indirectly by the life sp;n 
of the PDP-11 and any offspring. 

Word Length 

The most critica! constraint, word ltngth (de
fined by IBM), was chosen to be a multiple ofg 
bits. The memory word length for the Modcl·20 
is 16 bits, although there are 32-.and 48-bit -in
structions and 8-. and 1 6-bit data. Other mem
bers of the family might have up to 80-hit 
instructions with 8-, 16-, 32- and 48-bit d:ua. 
The interna!, and preferred externa! character 
set, was chosen to be S-bit ASCII. 

Range and Performance 

Performance and function · range ·(c•ten
dability) wcre the main design constraint<: in 
fact, they were the m a in reasons to build a ncw 
computcr. DEC alrcady has four computer 
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fa.milic!S th;.lt span a range• but oHe in· 
comp:nible. In addition to the range, the initial 
machine was consLrained Lo fall wiLhin the 
small-compuLer product line. which means Lo 
have abouL Lhe same performance as a PDP-8. 
The iniLial machine ouLperforms Lhe PDP-5, 
LINC. and PDP-4 based families. Performance, 

.of cour>e, is both a function of the instruction 
sel and the technology. Here, we are fundamen-' . 
tally only concerned with the instruction sel 
performance because faster hardware will al
ways increase performance for any family. Un
like the earlier DEC families, Lhe PDP-11 had 
to be designcd so that new modcls with signili
cantly more per'~ .. t.a.tce can be aédeu lo the 
famil~·. 

A rather obvious goal is maximum perfor
mance for a given model. Désigns were pro
grammed using. benchmarks. and the results 
were compared '~ith boLh DEC an·d poLentially 
competiti\'e machines. Although the selling 
price was constrained to lie in the $5,000 to 
$10,000 range, it was realized thaL the decreas
ing cost of logic would allow a more complex 
organization than that of earlier DEC com
puters. A design that could .take advantage of 
medium-and eventually large-scale integration 
was an importan! consideration. First, il could 
make the computer perform well; second, it 
would extend the computer family's life. For 
these reasons, a general register organization 
.was chosen. 

lnterrupt Response. Since the PDP-11 will 
be used for real-time control applications, it is 
important that devices can communicate with 
one another quickly (i.e .. the response time ofa 
request should be short). A multiple priority 
leve!, nestcd interrupt mechanism was selected; 
additional priority levels are pro"ided by the 
physical posiiion of a device on the Unibus. 

·---~----------
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Sllrt\'-i.lrC pollinp Js unnc!.:cssary bccau"c ca~:h 
th:\"il.:c intcrrupt l:l)rr~..- .. ronJ"' tu u uni~~u: .~...t
drcss. 

Software 

The total system including software is. of 
coursc. the main objcctive of the design. Two 
tcchniques were used to aid programmahility. 
First. bcnchmarks gavc a continuousi~dication 
as 10 how well the mochine interpreted. pro
grams: second, systems programmcrs coritin
ually evaluated the dcsign. Their evaluation 
considered: what code the compiler would pro
duce: how ·vould the lo•der work; e ase of pro
gram relocatability: the use of a debugging 
program: how the compiler, assembler, and edi
tor would be coded - in effect, other bench
marks: how real-time monitors would be 
wriuen lo use the various facilities and presenta 
clean interface to the users: linally, the caso uf 
coding a program. 

Modularity 

Structural Oexibility (sometimes called mod
ubrityl for a particular model was désir<d. A 
nexible and straightforward method for intcr
connecting components had to be used beca use 
of vary ing u ser needs (among u ser classes and 
ovcr time). Users should have the ability to 
configure an optimum system based on cost, 
performance, and reliability, both by intcr
conncction and. when nc:cessary, constructing 
new compónents. Since users build speci;¡l 
hardware, a computer should be interfaced cas
ily. As a by-product of modularity, computcr 
componcnLs can be produced and stockcd. 
rathcr than tailor-made on order. The physical 
structure is almost identical to the PMS struc
tur< discusscd in the following section; thus. 

• fJOP--1. "!. Y. 1 ~ fa mil~: JlDP-~. M. K/5. ~ ·r. K/l family: UN C. PDP-h L1 :--:c. PDP-11 fa mil~: ;md PDP-h. lfl f:unil~. rhl· 
iniliOJII,OP-1 J1J nlH :u.:hJcl·c family )r.!:.Uu~. r 
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re:tS<Hl:thly largo huilding hlocks. are '"·ailablc 
to th~ user. 

Microprogramming 

A note on microprogramming is in arder be
cause of curren1 ínterest in the .. firmware .. · con
cept. \\.e bdieve microprogram ming, as we 
unders1and it (Wilkes and Stringer, 1953]. can 
be a \\Orthwhile technique as it applies to pro-

. cessor dosign. For example. microprogramming 
can probably be used in larger computers when 
Ooating-point data operators are needed. The 
1 8~1 S: stem 360 has m a de use of thc tcchnique 
for defining processors that interpret both the 
System .160 instruction set and earlier f¡¡r.'oily in
structi,,n sets (e.g .. I~Oi. 1620, 7090). In the 
PDP-11. the basic instruction set is quite 
straightforward and does not necessitate micro
programmed in~erpretation. The processor
men~ory connection is asynchronous: therefore, 
memory of any speed can be connected. The in
struction set encouragl!s the user lo write ~ecn

.trant programs. Thus, read-only memory can 
be used as part ·of primary memory to gain the 
pcrmanency and performance normally attri
buted to microprogramming. In fact,the Model 
10 computer, which will not be funher dis
cussed. has a 1024-word read-only memory, 
and a 128-word read-write memory. 

Understandability 

Understandability was perhaps the most fun
damental constraint (or goal) although it is now 
somewhat less importan! to have a machine 
that can be understood quickly by a novice 
computer user than it was a few ycars ago. 
DEC's early success has been predicated on sell
ing toan intelligent but inexperienced user. Un
dersta<.dability, though hard to measure, is an 

14 

imp\Hiotnl g.oal h~.·causc all (pnll'nti~d) U!oeh 

must undcrsto1nJ thc "·umpiHcr \ .. tr;¡i;h~
forward th:sign ,¡hlllld ~o.impll(v th.: ': .. [;:1~·~ r ·~· 
gramming l<tsk; in thc case of .~ ~..·mpdc: ... -
should rnake lranslation (partic:ul.rrl: coJe gcn
cr<~IÍlln) casicr. 

PDP-1 1 STRUCTURE AT THE PMS 
LEVEL • 

lntroduction 

PDP-11 has the same organjzational struc
ture as ncarly al! prcscnt-day computcrs (Figure 
1 ). Thc rrirnitÍ\'C PMS componcnts are:_ the 
rrir.wr_, memory Mp "hich holds 1he programs 
while thc central processor Pe intcrpms them; 
1/0 controls Kio which manage data transfcrs 
hct \\!!en tcrminr.ils T or secondury mcmories Ms 
to prim:uy mcmory Mp; the componl!nts out
sidc 1hc computer at periphery X eithcr humans 
H or somc externa! proccss (e.g., another com
puicr): the processor console (T.console) by 
which humans communicate with thc computer 
and observe its behavior and affcct changes in 
its state: and a S\\ itch S with its control K which 
allows al! thc other components 10 commu
nicate with one another. In t.hc case of PDP-11, 
the cenlral logical switch structure is imple
memed using a bus or chained switch· S called 
the Unihus. as shown in Figure 2. Each physical 
componen! has a switch for placing messages 
on the bus or wking messages off the bus. The 
central control decides the next component to 
use thc bus for a mcssage (cal!). The S (Unibus) 
différs from most switches because any com
ponen! can communicate with <tny other com
ponen!. 

The 1ypes of messages in the PDP-11 are 
along 1he lines of the hi~rarchical structure 
cornmon to rresent-day computers. The single 

• .. \ J~,_r;¡..,tl\1.' (hllh.:i..-Jiagr;unl lc\'d fRdl :tnd :'\'e\~ el l. 19701 hl dc~u•hl.' thc rdation~hir of thc b\lllflut~·r I.'Prllfl•llH:nh: 
rr••.:~.: .. ~.•r ... mcmori~.: ..... \,ih.:hc'. ~.·ontwls. links. tcrrninal~. and d;H;t u~~.·r,llllf,, P\IS ¡, <ks..-dhc<.l in ,\pp..-nt..li\ ]. 
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Figure 1. Convent1onat block diagram and PMS 
daagram of PDP: 1 1. 
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F•gure 2 POP-1 i physical structure PMS diagram: 
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hus m;.tlr.:t::-. convcntion~l and tHhc:r !.tructurcs 
possihlc. Thc mcssage pr~.lccs.~;cs in thc structure 

·that utilizo S (Unibus) ar~: 

l. Thc central processor Pe requests that 
data he read or wrilten from or to 
primary mcmory Mp for instructions 
and data. The processor calls a particu
lar memory module by concurrently 
'pecifying the module's address. and the 
address within the modules. Depending 
on whcther the processor requests read
ing or writing, data is transmitted either 
from the memory to the processor or 
vice versa. 

2. Thc central processor Pe controls the in
itialization of secondary memory Ms 

.and terminal T activity. The processor 
:o;l!ts statu~ bits in the control associated 
with a ;.ln.-.·ulur ~ls .. r:- T. JIIC ~..: jn .:e 
pro..:ccds with the spe;.:iflcd a~o..1ton (e~ .. 
rcading a card or punching a ..::haractCr 
into papcr tape). Sincc \nJr.c devi .. 4"'~ 
tr;wsfcr d~1ta vc~tors dirc.;tly : ..... jH 1tn i:". 

mcmory. thc vectvr cuntr.o:.IJ:.:urmaL . .r. 
(i.e .. thc memory \ocation Jnd length¡ ¡, 
given as initialization information. 

3. e ontrols request the processor's atten
tion in the form of intcrrupts. An inter
rupt request to the processor has the 
cffcct of changing the s.tate of the preces
sor; thus. the processor begins executing 
a program associated with the inter
rupting process. Note that the interrupt 
proccss is only a signaling method. and 
"hen the processor.interrupt occurs. the 
interrupter specifies a unique address 
va\ue to the processor. The address is a 
starting address for a program. 

4. The central processor can control the 
transmission of data between a control 
(for T or Ms) and cithcr the proccssor or 
a primary memory for program con
trollcd data transfers. The device signals 
for attcntion using the interrupt dialogue 
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a11J !he cculral pruccssor tcspuuJs by 
managing the dat;¡ trnnsmission in a 
fashion similar tu transmitting in
itialization information. 

5. Sorne device controls (for T or Ms) 
transfer data dircctly tojfrom primary 
memory \Vithout central processor intcr· 
vcntion. In this modc: thc dcvice behavcs 
simílarly to 3 proccssor; a memory ad· 
dress is specificd, and the d~ta is trans
mitted bctween the device and primary 
memory. 

6. The transfer of data between two con
trols. e.g., a secondary IT'e:nc:y (disk) 
and say a term;nai/T. display is not pre
cluded, provided the two use compatible 
message formats. 

As we show more detail in t he structure there 
are, ·or course. more mcssage> (and more simul
taneous activity). Thc above does not describe 
the shared control and its as.ociated switching 

' which is typical of a magnetic tape and mag
netic disk secondary mcmory systems. A con
trol for a DECtapc mcmory (Figure 3) has an S 
('DECtape bus) for transmitting data between a 
single •tape unit and the DECtape transport. 
The existence of this kind of structure is based 
on the rdatively high cost of thc control relative 
to. the cost of the tape and thc value of being 
able to run concurrently '>"ith other tapes. There 
is also a dialogue at thc ¡:.criphery between X-T 

UNIDUI 

Figure 3 DECtape control switching PMS diagram. 
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HIJU X- Ms thal duc.1 u ni u.1c thc Unihu.1. ( h>r 
t.:\:tmplt:, tht: rcmov;.¡,J of a magnetic tape.: r..:d 
from a tape unit ora human user 11 strikin~ a 
typcwriter key are typical dialogues.) 

AJI of thcse dialooucs Jcad to the hierarchl" of 
prcsent computers {Figure 4). In ·this hicrar"chy · 
~<e «1n <ce the path.s by which the above mcs
sagcs are passed: Pe-Mp; Pe-K; K-Pe; Kio-T 
and Kio-Ms; and Kio-Mp; and, ut the pcr
iphcry, T·X and T-M.s: and T. ,·Clnsole-H. 

Model 20 lmplerne:~tatl..>ll 

Figure 5 shows tne dct;ulcJ -:.~:oJctur:: '-'· ~~ 

uniproccssor Model20 PDI'-11 "ith its variu~s 
componcnts (options). In Figure 5, the Unibus 
characteristics aré supprcsscd. (The dctaiktl 
propcrties of the switch·arc dcscribed in thc lng
ical design section.) 

Extensions to lncrease Performance 

The reader should note (Figure 5) thut the 
importan! limitations of the bus are: a con
currency of one, namely, only one dialogue c·an 
occur at a given time, und a inaximum transfcr 
rate of one 16-bit word per 0.75 microsecond. 
giving a transfer rate of 21.3 megabitsjsccond. 
\\"hile the bus is· not a limit fora uniproce""r 
structure. it is a iimit for mÚltiprocessor stru~.:
tures. The bus also imposes an .lrtificiallim.~ .. w 
the system performance when high-specd de
vices (e.g., TV cameras, ilisks) are transferring 

Frgure 4 Conventional hier,archy computer strucluro 
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dauq!l multiple primary memories. On a larger 
system with multiple independeni memories, 
thc:¡supply of memory' cycles is 17 mega
bitsjsecond times the number of modules. Since 
there is such a large supply of memory cyclcs 
per · sec'?nd and sin ce the central processor can 
absorb only approximately 16 mega

. bits/second, the simple onc-Unibus .structurc 
musl be modified Lo make the memory cycles 
available. Two changes are necessary. First, 
each.of the memory modules has lo be changed 

¡;,. so.t~al multiple units can access each module 
• o~ an independent basis. Second, there must be 

independenl control accessing mechanisms. 
Figure 6 shows how a single memory is modi-

1 

•' 
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Figure 5 POP-11 structure and characteristics 

PMS d•agram 
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ficd 10 ha ve more acce~s ports (i.e., connccl-to 
four U nibuses). 

Figure 7 shows a syslcm with threc: indqlcnd
enl memory module> lhat ¡¡re a.xesocd b) lv.o 
indepcndent Unibuses. Note tbat two of thc 
sccondary memories and one ofthe transduccrs 
are connecled to bolh Unibuses. lt should be 
nolcd lhal dcvic~ thal can polentially inlcrfcrc 
with Pc-Mp accesses are conslructed with 1wo 
ports: for simple systems, bo1h ports are con
necled to lhe same bus, bul for syslems with 
more buses, lhe second connec1ion is toan inde
pendenl bus. 

Figure 8 shows a multiprocessor system wilh 
1wo cenlrol p.ocessors and 1hree Uniouses. Two 
of 1he Unibus controls are included within the 
1wo processors, and the third bus is conlrolled 
by an independent control unit. Thc structure 
also has a second switch to allow either of two 
proccssors (Unibuses) to acccss common shared 
devices. The interrupl mechanism allo"s cither 

1 

z 
(al 1·pon. 

lbl 4·pon. 

. Figure 6. 1- ond 4·pO<t me<N~rv mc~~u¡.., 1'1:!$ 
diagram. 
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Figure 7. Three ~p. two S !'Unrbus) structuro 
PMS diagram. 

1 k!"U,.•t>utl 
2 k("Un•llvl mu!T•Pl• buo lo l!niJIO bu1 coupl.,: 

l<om 2 Un•but. 10. 1 Un.bull 
J IU'PooctOIO<•IO·poUC.UO< co ........ l 
4 M1ICiupLul 

F1gure 8. Dual Pe multiprocossi.Jr systom PMS dwgrum. 

processor to respond to an interrupt. and sim
ilarly eithcr processor mJy issue initialization 
inform:Jtion on an anonymous basis. A control 
unit is necded so that two proccssors can com
municate with one another: _shared primary 
memory is n'Ofmally used to c:~rry the body of 
the message. A control·conncctcd to two Pc's 
(figure 8) can be used for reliahility: either pro
cessor or Unibus could fail, and the shared Ms 
would still be accessible. 

Higher Performance Processors. 
lncreasing the bus width has the grea:,·,: 

cffccl on performance .. ·\ single bus limits data 
transmission lo 21.4 mcgahitsjsecond, and 
though Model 20 mcmorics are 16 mega
hitsjsccond, fastcr (or wider) data path width 
moiulcs will be limitcd h) 1hc bus. The Modcl 
~O" not restricted, but for highcr performance 
proccssors operating on double-word (fixed
pointl or triple-word (nnatin~-point) data, l\\O 
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or three accesses are rc<¡uircd for a single data
type. Thc dircct method to imprové the per
formance is lo doublc or triple the primary 
mcmory and ·central proccssor data path 
widths. Thus. the bus data rate is automatically 
llPHill'll or rrirl~l!. 

·. liut j1. ot 48-hit mcmories, a coupling con
trol unit is nceded so that devices of either 
:¡_.idth appear isomorphic lo. one anothcr. The 
coupler maps a data request of a given width 
into a higher- o·r lower-width request for the bus 
.~being coupled to, as shown in Figure 9. (The 
rbus is limited to a fixed number of devices for 

Figure 9. Computer.wlth 48-bit Pe. Mp with 16-bit 

Ms. T.PMS diagram. • 

electrical reasons: thus, to extend the bus, a bus
repeating unit is needed. The bus-repeating con
trol unit is almos! identicalto the bus coupler.) 
A computer with a 48-bit primary memory ·and · 
proccssor and_ 16-bit secondary memory and 
terminals (transducers) is shown in Figure 9. 

In summary, the design goal was to have a 
modular structure providing the final user with 

1 i; 
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freedom and nexibility to match his nccds. A 
secondary goal of thc U ni bus is open-endcdness 
by providing multiplc buses and defining widcr 
path buses. Finally, and most importan!. the 
Unibus is straightfprward. · 

THE INSTRUCTION SE'f PROCESSOR 
(ISP) LEVEL-ARCHITECTURE• 

lntroduction. Background. and Design 
Constrairlts · 

The lnstruction Sct Processor (ISP) 'is thc 
machnc defined by thc hardware and;or soit
wJrc that intcrpret5 pros rama: Al •uch. ao ISP 
is in dependen! of tcchnology and spccific implc
mentations. 

The instruction sel'is onc of \he leas! undcr
stood aspccts of computcr dCliign; currcntly. it 
is an art. Thcrc is currently no thcory of inmu~
tion sets, although there have bcen attempts to 
construct them (Maurcr; 1966], and thcrc has 
also been an attempl lo havc a computcr pro
gram dcsign an instruction scl (Haney. 196!1}. 
Wc ha ve used the conventional approach in this 
design. First, a basic ISP was adopted and then 
incremental design modifications were madc 
(based on the results of thc bcnchmarks). t 

Although the approach to thc dcsign \\as 
conventional, thc resulling machioc is not. A 
common classification of proccuon is as()., 1-. 
2-. 3-, or 3-plus·l-address machines. Thi• 
scheme has the form: 

op /1, 12, /3, 14 

·· •Thc \\Md .... r~hitccture" has hc!:n upl!r;uionally defincd [Amdah\ t'/ tJ/.. 1964] u~ ''the uttributes of u system ;.¡, ~clo!n h) ;¡ 

programmcr. i.c .. thc concepiUal structurc and functional hchavior. as distinct from thc orpunintti~m.of thc data tltm :tnJ 
control'. the ¡,,giL·:.! design: .:md the phys:ical implc:mcntJtion." 

t A prc:dc..:c,,or muhirl!gistc:r computcr \\aS proposcd thatuscd a similar dc~ign process. Bt:nl;'hmark prnprums ~ere cn,kd un 
cach \lf ten ''úlmpctiti,·e~· machines. and the uhject·of thc dc)ol):!n \\:1~ to g:ct a mil~hint: thal1l:l\'t: thc: bdt o;con: m1 thc 
t*nchm.1rk '· Thi.'i apprl>a.:h had severa! fallacies: Thc nwchin~: had lll· hu si.: char:t~h:r nf ih ü\~ n: th..: inachine \lo U )o Jí.ff¡~·¡¡l¡ 
·tu phl~t:lnt ,¡n.,·c the muhiplc reiistc:rs \\Cfl! a~signcd to spccii1c fun"·tiun,. ;JOd h:1d inhcrcnt idiosym;uu~ic:~o to ... c~~rc "dl11n 
thc hcn .. ·hmarl.s: thc: m~.:hine did not pcrform w\.'11 for pr>Jgral\l)o olthcr than thO!<t: uscd in thc hl:nchmurk tc!l.t: ;1nd f1nodl~. 
~umpikr ... th.u hWk ;Hh:Jntagc ,,r thc mal.'hinc appc:trc:d tu ht: difli"·ult tll \\ ritc. Sin~·c a\1 .. .;,,mpelitivt: muchint;:'l" h;¡,J hc~.:n 
h¡Jnd·ú'"kJ frtlfll a L:tlllln1llll ntH\Chart r;¡ther than s¡;p;tratc 00\lo\.'h:trh for each 111>1\.'hint:. lht: UfJI'tUrCn~ hi~h perforlllO!Ih.l.: 
ma) h:nc hccn duc to thc: Oll\\Chartorg~mi_t.ation. 

. 
l 
'· . ' 
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whcre /1 specifies the location (address) in 
which to store the result of the binary operation 
(op) of the contents of operand locations 12 arid 
/3, and 14 specifies the location of the next in-· 
struction. 

The action of the instruction is of the form: 

11 - 12 op /3; goto 14 

The other addressing schemes assumespecitic 
values for one or more of these locations. Thus, 
the one-address von Neumann [Burks el al .. 
1962) machines assume 11 = 12 = the accu
mulator and 14 is the location fo!lowing that of 
the curren! instruction. The two-address ma
chine assumes 11 = 12; 14 is the next address. 

Historically, the trend in machine design has 
been to move from a J. or 2-word accumulator 
structure as in the von Neumann machine to-· 
ward a machine with accumulator and index 
register(s).• As the number of registers is in
creased, the assignment of the registers to spe
cilic functions becomes more ·undesirable and 
inflexible; ·thus, the general register con"cept has 
developed. The use of an arra y of general regis
ters in the processor was apparently first used in 
the first generation, vacuum-tube machine, 
PEGASUS [EIIiott el al., 1956] and appears to 
be an outgrowth of both 1- and 2-address struc
tures. (Two alternativo structures --the early 2-
and 3-address-per-instruction computers may 
be disregarded, since they tend to always access 
primary memory for results as well as tempo
rai-y storage and thus are wasteful of time and 
memory cycles and require a long instruction.) 
The stack concept (0-address) provides the most 
·efficient access method for specifying al
gorithms, since very little space, only the access 
addresses and the operators, needs to be given . 

. 1 n this se heme the operands of an opcrinor are 
always assumed to be on the "top of the stack." 

1 The stack has the additional advantage that 
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arithmclic cxprcssion evaluation and compiler 
stalcmcnt p:.trsing ha ve becn dcvclopcd to use a 
s1ack• cffcctivcly. ,Thc disadvanta~c of 1he sta.:k 
'i~ dUe. in part. tb ihe n~turc of ciJrntnt nH:r:-t~1:')' 
1cchnology. That is. <tack mcntc,ri<> ha'c 'J t< 
simulatcd with randüm-;.~cCe!!.S. nu:::-a.Jfle~: !:1...1-
lipk stacks are usually rcquircd: and e>cn 
1hough small stack mcmories e\ist. as 1he sla.:k 
ovcrflows, 1hc primary memory (corc) has 10 be 
u sed. 

Evcn though thc trend has becn toward lhe 
general rcgisler co.nccpt (which, of course. is 
similar lo a 2-address scheme in which one of ' 
thc addrcsscs is limitcd to smull valucs). it is im
portan! to recógnize that any dcsign is a com
promiso, There are situations for which any of 
thcsc schemes can be shown to be "bcst." The 
1 BM Syslem <!>O series uses a general regist<r 
struclure, and their designers [Ar:>dahl e1 al .. 
1964) claim the following ad,·antages for the 
s.:heme. 

l. Rcgislcrs can be assigned lo ."various 
f:mctions: base ade\ressing. addrcss cal
culation, fixcd'point arilhmetic, and in, 
dexing. 

2. Availability of technology makes lhe 
general register structure attraclive. 

The System 360 designers also claim 1ha1 a 
stack organizcd machine such as 1he English 
Elec1ric KDF9 [Ailmark and Lucking, 1962) or 
the Burroughs B5000 [Lonergan and King, 
1961) has the foUowing disadvantages. 

.. Pcrformar>cc is dcrivcd from fa<t regiS: 
tcrs, not thc way thcy are uscd. 

2. Stack organization is too limiting and re
quires many copy and swap operations. 

3. Th:: J"otr>rall ··:.;~:agc of ;~.:1:::-· . .:: rcf -.·e:-; 
and sla~~ machines Jrc thc ~r.~c. c..:: .. ~.·;· 
ering point 2. 

:"Oue,"in part. to needs, but mainly tO tcchm_'logy that dicta tes how large thc stru~turc: ¡;;n be .. 
_., 
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4. 'lñe lluck has a bouom, and when 
plac.d in slower memory, there i.s a per: 
formance loss. · ' · · · . ·_·. 

5. · Subroutine transparency is not easily ¡~.' 
alized with one stack. · · 

6. Variable length data is awkward with a 
stack. 

. ·\Ve gene~ally concur with points 1, 2, and 4. 
Poi o¡ 5 is an erroneous conclusion', and point 6 
is ir¡elevant (that is, general register machines 
have the same problem). The general register 
scheme also allows processor implementations 

1 with a hjgh degree of parallelism since all in
structions of a local block can operate on sev- . 
eral · registcrs concurrently. A set of truly 
general purpose registers should also ha ve addi
tional uses. For example, in the DEC PDP-10, 
g~neral registers are used.for addressintegers, 
indexing, floating point, Boolean vectors (bits), 
or program flags and stack pointers. The gen
eral rcgisters are also addressable as primary 

· memory, and thus, short program loops can re-
_./ side within them and be interpreted faster. 1t 

was observcd in operation that PDP-10 stack 
operations wcre very powerful and often used 
(accounting for as many as 20 percent of the . 
exe.~uted :nstructions in sorne programs, e.g., 
the compilers). 
. The basic design decision that sets the PDP· 
'¡ 1 apart was based on the observation that by 
using truly general registers and by suitable ad
dressing mechanisms, ·it · was possible to con
sider the machine as a 0-address (st:ick), J. 
addrcss (general register), or 2-a,ddress (mem
ory:to-memory) computer. Thus, it is possible 
to use whichever addressing scheme, or mixture 
of schemes, is most appropriate. 

Another importan! design decision for the in
struction set was to ha ve only a few data-types 
in tpe basic machine, and to ha ve a rather com
plete set of operations for each data-typc. (Al· 
ternative designs might have more data-types 
witli few operations. oí few data-types with few 
operations.) In part, this was dictated by the 

.,. 
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machine size. The conversion between data· 
types must be accomplished easily cithcr auto
matically or with one or two instructions. The 
data-types should also be sufficiently primitive 
10 allow othc_r d~ta-typcs lO be defined by soft· . 
ware (and by hardware in more powerful ver· 
sions of the machinc). The basic data-type of 
thc machine is the 16-bit integcr which uses thc 
two's complcmcnt convention for sign. This 
data-type is also icjcntical to an address. 

PDP-11 Model 20 lnstruction Sot (Basie 
Jnstruction Set) 

A formal description of th¿ basic instruction 
sct is given in thc ori~inul puper [Bell "·al., 
1 970] u;:ng thc ISPL notation [Bell und Newell, 
1 970]. The remainder of this section will discuss 
the machine in a convcntional manner. 

Primary Memory. The primary memory 
lcore) is addressed as either ·i16 bytes or 2" 
words using a., 6-bit number. The linear address 
space is al so u sed to acccss the input/output de· 
vices. The device statc, data and control rcgis
ters are rcad or writtcn likc normal mcmory 
locations. 

General· Register. Thc gen~al registers are 
named: R[0:7]< 15:0>; th:it is, thcre are eight 
registers each ••ith 16 bits. The naming is done 
staning at thc lcft witb bia IS (tilo 6ip b:it} 110 

thc lcast signilicant bit O. Thcrc a ... synony1111 
for R(6] and R[7]: 

l. Stack Pointcr\SP< JS:O> 
:= R[6]<@15:0> 
Used to access a special 'stack that is 
used to store the state of interrupts, 
traps, and subroutinc calls. 

2. Program Counter\PC< 1 5:0> · 
:= R[7]<@15:0> 
Points to the curren! instruction being 
interpreted. Jt will t>e seen ·that 'the fact 
that PC is one of the general registers is 
crucial to the desig11, 

:. 
¡ 



252 THE POP·ll FAMILY 

Any general rcgistcr, Rf0:7], can be used as a 
. stack pointer. The special Stack Pointcr SP has 
additional properties that force it to be used for 
~h;1nging proccssor statc intcrrupts, traps, and 
subroutine ca lis. (lt also can be used to control 
dynamic temporary storage subroutines.) 

In addition to the abovc registcrs there are g 
bits uscd (frorn a possible 16) for processor sta
tus, called PS< 15:0> register. Four bits are the 
Condition Codes\CC associated with arith
metic results; the T-bit controls tracing; ·and 3 
bits control the priority of running programs 
Priority < 2:0>. 1 ndividual bits are mappcd in 
PS as shown in the appendix. 

Data-Types and Primitiva Operations. 
There are two data lengths in the basic machine: 
bytes and words, which are 8 and 16 bits, re
spectively. The nontrivial data-lypes are word-

. lenglh integers (w.i.): byte-lcngth integers (hy.i): 
word-length Boolean vectors (w.bv); i.e., 16 in
dependen! bits ( Booleans) in a !-dimensional 
array; and byte-length Boolean vcctors (by.bv). 
The operations on byte and word Boolean vec
tors are idenlical. Sin ce a common use of a byte 
is lo hold severa! Oag bits (Booleans), the oper
ations can be combined to form the complete 
sel of 16 operations. The logical operations are: 
.. clear," .. cornplement," ''inclusive or," · and 
"implication" (x :J y or-, ·' V y). 

There is a complete set of arithmelic oper
atíons for the word integers in thc basic instruc. 
tion set. The arithmetic operations are: "add," 
"subtract," "multiply" (optional), "divide" 
(optional), "compare," "add onc," "subtract 
one," "clear," "negate," and "multiply and di
vide" by powers oftwo (shift). Sin ce the address 
integer size is 16 bits, these data-types are most 
importan t. Byte-length integers are operated on 
as words py moving them lo the general regis
ters "he re they takc on thevalue of word in
tegers. Word-length-integer opcrations. are 
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carrit:d out and the rcsuhs are rcturncd to m..:m
ory (lruncated). 

The Ooating-püint instructions ddincd by 
software (illll part of the basic instruction set) 
rcquirc thc definition of two additional data· 
typcs (of kngth two and thrcc), i.c .. d,>Ublc 
words (d.w.) and triple words (t.w.). T"o addi
tional data-lypcs. double integer (d.i.J and tripl< 
noating-point (t.f. or 1) are provided for •rith· 
mctic. Thc~c dJIJ·typc:s impt: cert<.~in Jddi· 
tional ppcratiuns .and thc ~,":únn:rswn to tht: 
more primitivl! Uata-typcs. 

Address (Oo~rand)¡ Calculation. Thc gen· 
eral methods providcd for accessing operimds 
are the must inleresting (perhaps uniquc) part 
of the machinc's structurc. By oefining scveral 
acccss rnethods to a sct of general registers. to 
memory, or to a stack (contrüllcd by a general 
rcgister), th:; computer is ablc lo be a 0., 1-, and 
2-addrcss machinc. The cncoding ofthe inslruc
tion sourcc (S) ficlds and dcstination (D) lields 
are givcn in Figure 10 togclhcr with a list uf thc 
various acccss modcs that are possible. (Thc ap
pcndix givcs ;¡ formal description of the cffc.:· 
tive uddrc's calculation process.) 

ll should he noted from Figure 10 that all ihe 
common acccss modes are·· included (direct . 
indirect. immcdiate. rehttive. inde.xed, and in· 
dc.\cd ln.;:: ... ;l) r:.~) SC'-C'Lli rc.-~ .. dy .. ; .... J.":-: 

mon unes. Rdati\"e (to 1~.:: 1 ~a.:.:D.) is ..;~l ~ ••' 

simplity pr .. )gr¡¡m loading, ''hile imm-.:.1:;¡:¡; 
mode spccds up C\I!'CUtion. Th: rel;.:ti~.ci~ un· 
common accc~s· mlHks. :1~to-.:1.:r~·m::1: J: .• i 
auto-d~.·t:rcnh:nt, are .U!-t;J fll~ l\~ ~· f'•.Hp.:!'ot:· ,1,· 

ccss to a stack unJer control cf thc rc:;1·::r' *' 
and acccss to brtes or words organiud J.S 

strings or vcctors. Thc indircct access mode al
lows a stack to hold addrcsscs of dala (imtc~d 
of data). This mode is dcsirahle· when manipu
lating longer and variablc-lcngth data-typos 
(C.g., strings, double IÍXed, and1 triple Ooating. 

•l'\oll.: thal. h) ~:onlcntillO, :1 SIJ..:k huilds hlward rc~istcr O. ;1nd "'hcn thc ~lad ~.:ro,,.:~ .wo .. ;¡.;¡ad: li\CrOnw o~,.·¡,;u¡,_ 
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F•gure 1 O. Address calculat,on formats. 

point). Tho register auto-increment mode may 
be u>ed to access a byte string; thus, for ex
ample, after each access, the register can be 
made to poin't to the next data item. This is used 
for moúng data blocks, searching for particular 
elements of a vector, and byte-string operations 

\ .. (e.g .• mo,·ement, comparisons, editing). 
' This addressing structure provides fiexibility 

1 

while retaining the same, or beller, éoding effi
ciency than classical machines. As un example 
of the nexibility possible, con>ider the varia
tion> possible with the most trivial word in
struction :".10VE (Table 1). The MOVE instruc
tion is coded in conventional 2-address, ·1-ad-

·. dress (general register) ·and 0-ad.dress (stack) 
. computers. The 2-address formal is particularly 

nice for :-!OVE, beca use it providcs anefficient 

¡ __ . 
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cncoding for the common opcration: A - B 
· (note thatthe stack and sencral r~~isters an DOI 

in volved). The vector mo~s Afl)- 8(1) is abo 
efficiently encodcd. For thc general rcgisla 
(and 1 -address format), then: are about ll 
.MOVE operutions that arl' commonl)' u¡cd. Six 
moves can be encodcd for thc stuck (ubout the 
same number found in stack muchines) . 

lnstruction Formats. Therc ure. severa! in
struction decoding formats depending on 
whether zero, one, or two operands ha veto be 
explicitly referenced. When two opcrands are 
required. they are identilied as source S and 
destination D anJ the result is pluced at destina
tion D. For sinBic opcrand lnatructions (unijry 
operators). th~ instruction action is D ,_ u D; 
and for 1 wo orcrand instructlona (binary oper· 
ators), the action ia O - D b S (wbcre u and b 
are únary and ·binary operators, e.g .. -,.- and 
+. -. X.¡, resrectively. lnstruc;tions are spcá
f~ed by a 1 ~bi1 "•>rd. Tht: 1110$1 coaun"n binM)r. 
operator form•t (lhat for <lporatl=• •eQun~ 
two addre.-e>) uses biu IS:Iltospecif~ thcop
cration codc. bits 11:6 to spel:ify thc destlrut.ioe 
D, and bits ~:0 to spcclfy thc no;~r.c S. Tbl 
other instruction forrnau aro gi"'!n izl F•su:s ll. 

' 
lnstruction lntorpretetlon Paoc:eoo. 11llc 

instruction interpretation pr01:ess is given ID· 
Figure 12, and follows the common fetch
execute cycle. Ther~ are three major states: (1) 
interrupting- the PC and PS are placed on Lhc 
stack acccssed by thc Stack Pointer/SP; and thc 
new statc is taken from an address spocificd by 
the source requesting the trap or interrupt; (2) 
trace (controlled by T-bit)- esscntially one in
struction al a time is executed as a trace trap 
occurs after each instruction, and (3) normal in
struction intcr¡>retation. The fivc (lo"er) states 
in the diagram are concerned with instruction 
felching. orcrand fetching; executing the oper
alion srccificd by_¡he instruction and storing 
1he resuh. The nontrivial details for fetching 
and storing thc operands are not shu"' n in the 
diagram but can be constructed from the effec
tive uddr.ss c"h:ulation proce•s (u¡>pcndix). The 
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sta1c diaoram. though simplificd, is similar lO 2-
and 3-address computcrs. but is dislinctly dif
fercnl than a 1-address (1-accumulator) com
puter. 

The ISP description (appcndix) gives 1he op
eralion ofeach oflhc inslructions, and the more 
convemionaf diagram (Figure 11) shows 1he de
codine of instruclion classes. The ISP descrip
lion i~ somewhal incomplete: for example, the 
add inslruction is defined as: 

ADD (:= bop = 00101) ~ (CC,D- D + S) 

AddiÚIJII docs no1 exactly describe thc changes 
to thc Condition Codcs CC (which means 
whene,·er a binary o¡xode [bop] of00101 occurs 

F1gure 12 PDP-11 instruction in1e!pretat1on prot:ess 

thc ADD ins1ruction is cxccutcd with !he al><" e 
dTecl). In general, 1he CC ure based on lhe rc
sult. 1ha1 is. Z is sct if thc n·sul1 ¡, tero. S tf 
lll.'l.!ali\ e:, e if '-' carrv nccurs. and V if ln o\cr~. 
llo .. w \\~~~ lktc~t~d a~ u rcsuh of the op.:r.•tldn. 
Condi1ional branch instructi<>ns may thu> fol
lo" thc a~iihmctic instr!...:tio:-- te ::s: th:: h."~.; ... d:~ 
of !he ce !'>;¡,, 

Examples ~~ Atfdres•ing Schemu 

Uso as a Stac:k (Zar u· MfJr~·u.J M~ ch.-:•• 
Tablt: 1 lists typii.:<JI O~addJé~~ m .. u..:nm~: _;¡,,: ..... · 

tiuns tngether with the PDI'wl) in~tru¡,;tivn' ttlo1t 

perform the same funcliun, 11 should he th>led 
thal translation (compilalion) from norm:tl in· 
fix c!.\pressions to rcvcrsc: Poti··;t¡ is a Ct>m· 
paralis·ely trivialtask. Thu.>, one ofthc prunary 
n::Json:; for usir.g stucks is for th~ evi.tlualitm of 
cxprósions in '"""''" Polish form. 

(c.)nsider an assignmcnl .statcmcnt or th~ 

form: 

D-A+ B(C 
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Tabla 1. Coding for the MOVE lnstruction To Compare with Conventional Machines 

Assembler Format 

2-Address M achine 
Format 

. MOVE B. A• 
MOVE #N. A 
MOVE BIRZI. AIRZ) 
MOVE IR3J+. {R4)+ 

Generai-Rogister 
Mt~chine Format 
MOVE A. R1 
MOVE Al. A 
MOVE !!<A. Rl 
MOVE AL R3 
MOVE Al. AIR11 
MOVE C!!AIROI. R1 
MOVE IRl). R3 
MOVE IR11+. R3 

Stack Machina format 
MOVE #N. -IRO) 
MOVE A. -IROI 
MOVE fu IROI+. -IROI 
MOVE {ROl+. A 
MOVE !ROl+. fu IROI+ 
MOVE IRO). -IROI 

*Assembler Format 

Effect 

A-B 
A-N 
Alll- Blll 
Alll- 8111: 

1-1 + 1 

R1- A 
A- A1 
R1- MIAI 
R1 - R3 
Alll- R1 
R 1 - MIAIIII 
R1- MIR21 
R3 -Mili 

s-N 
S-A 
S- MI SI 
A-s 
MIS,I- s, 
s-s 

( 1 Denotes coments ol memory addressed by 
Oecremem reg•ster fnst 

T tncrement •eg•ster alter 
{" lndHeCI 

l•teral 

which has the reverse Polish form: 

DABej + ~ 

Oe~criPtion 

Replace A with contents of B 
Aeplace A wnh number 8 

Replace element o! a connoctor 
Re place element of a vector. move 10 ue~o 1 elt:- .v.· t 

Load regíster 
Store regrster 
Load or store induer• v•a elemont A 
Register·to-regtster transler 
Store indexed (load mdeJo:edl (or 1tore) 
Load (or store) mdexed tnduect 
Load indirect via register 

,· 

Load (or store) element tndtrect via registor. move 10 next elt;~rncnt 

load stack wtth ;.:eral 
Load stack Wllh contents of A 
Load stack w1th memory specificd by top of stack 
Store stack in A 
Store. stack top in memofy addruss.ed by stack top -1 
Duplicate toP of stack 

and would normally be encoded on a stack rna
.chine as follows: 

coding and run time, whik not losing the stack 
concept. A n encoding improvement is mude by 
doing an operation to thc top of the stack fwm 
a direct-memory location (while loading). Thus, 
the prcvious cxample could he codcd as: 

Load stack address of D 
Load stack A 

Load s1ack 8 
Load stack e 
1 
+ 
Sto re. 

Howcver. with lhe PDP-11. there is an ad· 
dress mcthod for improving the program en-· 

Load stack B 
Divide stuck by e 
Add A to stuck 
Storc s1ack D 

Use ·as a 1-Address (General Registcr) 
Machina. The PD P-11 is u ger.eral regí 'l<r 
.:omput.:r ..!fh! !-hou!.:! h\!" .ucr:-<J . ;--, :-...;11 -~.._ ·· 
HcnL:hmarb h,J\1: tx:-en L:uJ~ll ¡,1 .. ,:;:,p.1·c • ·e 
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transactions operate ind<pendcntly of the bus 
lcngth and response tim\! of thc master and 
slave. Since thc bus is bidirectional and is used 
by all devices: any device can communicate with 
any ot!Íer devj~e. Thc controlling device is the 
master, and the dcvice to which the master is 
communicating. is the slave. For example, a 
data transfer from processor (master) to mem
ory (always a slave) uses the Data Out dialogue 
facility for writing anda transfer from memory 
to processor uses the Data In dialogue facility 
for reading. 

Bus Control. Most of the time_the processor 
is bus master fetching instructions and oper
ands from memory and storing resulls in mcm
ory. Bus mastcrship is determined by the 
current processor priority and the priority Jine 
upon which a bus rcquest is made and the·phys
ical placement of a requesting device on the 
linked bus. The assignment of bus mastership is 
done concurrent ,-,ith normal communication 
(dialogues). 

U nibus O ialogues 

Three types of dialogues use the Unibus. All 
the di.alogues ha ve a common protocolthat first 
consists of obtaining the bus mastership (which 
is done concurrent with a previous transaction) 
followed by a data exchange with the requested 
device. The dialogues are: lnterrupt; Data In 
and Data In Pause: and Data Out and Data Out 
Byte. 

lnterrupt. lnterrupt can be initiated by a 
master immediately after receiving bus master
ship. An address is transmitted from the master 
to the slave on lnterrupt. Normally, subordi
nate control devices use this method lo transmit 
an interrupt signa! to the processor. 

Data In and Data In Pause. These two bus 
· operations transmit s\¡t,·c's data (whose addrcss 

is specifiod by tho master) to the master. For the 
Data In P~use opt:r;.llil)n, dnta is rend into the 
master and the master rcsponds wilh data 
which is to be re" ritten in the slave. 

Data Out and Data Out Byte. Thcsc two 
nrc.:rations transfcr dal;t from thc master to thc 
;lave al the addrcss specilied.by the master: For 
Data Out, a word al lhe addrc'' ,pecilicd by thc 
addrcss lincs is transfcrr.:d frum n~o.1:<,;r t,l -.L-..: 
D<lli.l Out Byte allov.) ;.a !<>infk ~.Jt.- h~¡o,; ¡,, l·..;
transmitted. 

Processor Logical Desi¡¡n 

The Pe is dcsigncd using TTI. lugical dc>i¡:n 
componenis and occupies appro,imatci) eight 
S inch X 12 inch printed circuit t>oards. The Pe 
is physically connectcd to l"•i olhcr com· 
poncnts, thc console and th~ l;n1hus. Thc cnro· 
trol for the Unibus is houscd in thc l'c and 
occupies one of thc printed circuit boa rus. The 
most regular part of the Pe is the arithmetic and 
st;!le section. Thc 1 &-word scratchpad mcmory 
and combinational logic data c;:¡er;,tor;, D 
(shift) and D (addcr, Jogical opsl. fc:m the·most 
regular part of thc pr<Jceswr's ,t,acturc. The 
16~word mcmory holds mo:,ll)f the .S-~Aord pro-
cessor state found in the !SI', •nd ll".e 8 bits th;u 
form the Status word are storcd 1n an H-bir reg· 
ister. The input lo the addcr·sh1ft nctw<Hk has 
t wo latchcs which are either mcmorics or gates. 
Thc oulput of the adder-shift nctwork can be 
read to either the data or address parts of the 
Unibus, or back ·to the scra.tchpad array. 

The instruction decoding and arithmctic con
trol are Jess regular than thc abovo data and 
Slatc and thcsc are shown ir thc IO\\Cr Jl"rl of 
the figure. Therc are two major ;c.:tions: thc in
struction fctching and decoding C<lntrol cmd the 
instruclion sct intcrprctcr (w)tidl. in cilc¡;t, llC:· 

fines the ISP). Thc la ter contr~.ll -.c\.·c¡orl up~:r:.ttc\ 

on, hcncc control~. 1hc ;lrithiiiC:tll.: .11UJ :\tone 

parts of thc Pe. 1\ final control " C•liJCcrncd 
with the intcrlitcc to thc Unibu., IJi,unct irom 
thc Unih1..:~ l"\Jnlr,)l Lh:..il i~ h.~L..~cC ... :hc Pe}. 

CONCLUSJONS 

In this r~rcr w(: ha ve Cfh.h;.¡\ l .. -.:O l\) .;:\.e J 

complete dc"riptior. of tht I'UI'·. 1 \\"""' :11 
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.;~ :-:-7 -:•~ ~: ·rour descripth·e levels. Thrse pre
~•~: :~ -~_¡:nbiguous specification all\1(0 levels 
• :~~ ?:-.! ~ ;:ruCI\!re and the ISP), and, in addi· 
::~ r:. ;;:-~;.':· the constraints for the design althe · 
::;:- -:·.:c. ~:od give !he reader so me idea -of the 
:::-:;· :::::~:~tion althe bonom leve! logical de· 
'-~-- \\: have· also presented guidelines for 
:~,.~ :~" "_:jitional modcls that would belong lo 
:::~ ~~~ f.:.miJy~··._.: .· · . · · :. ' 
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AF'?EI\DIX. pec PDP~11 INSTRUCTION SET PROCESSOR DESC,RIP,TION (INISPL) 

-:'"e: :::·~wing description gives a cursory description ofthe instructions in thc ISPL, thc initial 
::v:_¡ :'~ ~ : f ~ell and Newcll [1971]. Only !he processor stale and á brief description of the insuuc· 

. . . 
::~ :":';:. .:.:: ftven. 

P7.:-:-.:?.r:· ~lemory State 

'·l :'--! ~ ~1cmory [0:2"- 1]<7.:0> 
'·l~~o::--: '-1]<15:0> := M[0:2"-1]<7:0> 

P:-~·~a;;.: ~ Sta te {9 words) 

¡;_ ~_;::.Hers [0:7].<15:0> 
Sí'< :5:0> := R[6]<15:0> 
PC < 15:0> := R[7]< 15:0> 

?:-i~ :-:::· ·.P<2:0> :=. PS<7:5> 

:e C :ndition-eodes<3:0> := PS<3:0> 

C:-:-: .e := ee<O;> 

'·:;;:.tivc .N:= ee<3> · 

Z:· :· Z := ee<2> 

Byte memory 
Word memory mapping 

· Word general rc¡¡istcn 
Stack pointer 
Program counter 

Proccssor statc registcr 

Undcr program control: priority leve! of 
the process ·currcntly being interprctcd: a .._ 
higher lcvcl process may interrupt or trap 
this process. · 

A resuh condition code indicating an arith
metic carry from bit ¡s of the last oper- • 
ation. · · t 

A resull condition code indicating lasl re-
sult was nq¡ath·o. ' · 

1 

A rne~h .:on4ition codo: indo::.&tln¡: tu• •c-
iUll \Oij. lCCO. . , 

. ' 
' 

1· .. 

\ 
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01•erOow\\' := CC<I> 

ftuce\ t := S't<4> 

Undefincd<7:0> := PS<I5:8> 

Run. 
Wait 

lnstruction Set 

28 

A rcsult ~omlilion en.!!: indi~ating an anlh· 
me tic overflow of 1 he lust oreration. 

Denotes whct her inst ruction trace trap is t•> 
occur aftcr 01101th instructK111 i• cu:cuu:d. 

Unused 

Denotes normul coccution. 
Dcnlltcs wuitine for an hu.:rr..pt. 

Thc following inslruction <el will be define! briefly and is incompleto. lt is inlendcd to give thc 
· reader a simple understanding of the machine operation. 

MOV (:= bop = 0001) ~ (CC,D ~S); 
MOVB (:= bop = 1001).:.. (CC,Db ~ Sb); 

Binary Arithmetic: D ~ D b S; 
·· ADD (:= bop = 0110)- (CC,D .... D +S); 

SUB(:= bop = 1110) ~ (CC,D ~ D- S); 
CMP (:= bop = 0010)- (CC .... D- S); 
CMPB (:= bop = 1010)- (CC .... Db- Sb); 
MUL (:= bop = 0111)- (CC, D .... D X S) 

DIV (:= bop = 1111)- (CC, D .... 0/S); 

UnQry Arithmetic: D .... uS; 

CLR (:= uop = 050,)- (CC,D .... O); 
CLRB (:= uop = 1050,)- (CC,Db .... 0); 
COM (:= uop = 051,)- (CC,D .... -,O); 
Cür1-IB (:= uop = 1051.) ~ (CC,Db .... -,Db); 
INC (:= uop = 052,)-+ (CC,D .... D + ll: 
INCB (:= uop = 1052,) ~ (CC,Db .... Db + 1); 
DEC (:= uop = 053,)-+ (CC,D .... D- 1): 
DECB (:= uop = 1053,).:.. (CC,Db .... Db- 1): 
NEG (:= uop = 054,)- (CC,D .... - D): 
NEGB (:= uop = 1054,)- (CC.Db .... - Db) 
ADC (:= uop = 055,)- (CC,D .... D + C); 
ADCB (:= uop = 1055,)- (CC.Db .... Db + C): 
SBC (: = uop = 056,) ... (CC,D .... D - C); 

Move word 
Move byte 

Add 
Subtract 
Word compare 
Byte compare 
Multiply, ifD is a register·then 
a double length operator 
Divide, if D is a rcgister, then a 
remaindcr is saved 

Clcar .word 
Clear byte 
Complemelll word 
e omplcment byte 
lncrement word 
1 ncremen t byte 
Decrement word 
Decrement byte 
Negate 
Negatc byte -
Add thc carry 
Add to byte the carry 
Subtract the carry 
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SBCB (:= u,op = 1056,) ~ (Ce.Ob- Ob- e¡: 
TST (:= uop = 057,) ~ (ee - 0):. 
TST (:= uop = 1057,¡ ~ 1ee- Db); 

Shift Operations: O -.O X 211 ; 

ROR (:= sop = 060,) ~(e O D-e O 0/2/rotate¡); 
RORB (:=. sop = 1060,) ~ (C O Ob- e O Db/2/rotai</J: 
ROL(:= sop = 061,) ~ce O b-e O O x 2 ¡rotate¡J: 
ROLB (:= sop = 1061,) ~ (C O Ob- e O Ob X 2 ¡rota te/): 
ASR (:= sop = 062,) ~ ¡ee.o- O X 2); 
ASRB (:= sop = 1062.1 ~ ¡ee.Ob- Db/2); 
ASL (:= sop = 063,) ~ 1ee.o- O X 2); 
ASLB (:= sop = 1063,)- (eC,Db- Ob X 2); 
ROT (:= sop = 064,)- (e O D - O X 25); 

ROTB(:~ sop = 1064<)- (C O Db- O X 25); 

LSH (:= sop = 06.i,)- (eC,O- D X.25{1ogical¡); 
LSHB (:= sop = 10650)- ¡ee.Ob- Ob X 25¡/ogical¡); 
ASH (:= sop = 066,) ~ ¡ee,o- O X 25); 

ASHB (:= sop = 1066.) ~ (ee.Db- Ob X 2 5); 

NOR (;= sop = 067,~(CI:::,o- normalize (O)); 
(R[r']- normalize._,exponent (0)); 

NORD (:= sop = 1067, ~ (Db -normalize (Od)); 
· (R[r']- normalizc._,cxporient (0)); 

S\\'AB (:= sop = 3)- ¡ee,o- 0<7:0, 15:8>) 

Logica) Operations 

Bie (:= bop = 0100)- (ee,D- O- D 1\ -,S¡; 
BICB (:= bop = 1100)- (ee,Ob- Ob V -,Sb); 
BIS(:= bop = 0101)- cee,o- D V S); 
BISB (;= bop = 1101 - (CC.Ob- Db V Sb); 
BIT(:= bop = 0011)- (ee- O 1\ S); 
BITB (:= bop = 1011)- (ee- Ob 1\ Sb);' 

Branches and Subroutines Calling; PC- f; 

JMP (:= sop = 0001,)- (Pe- O'); 
BR (:= brop = 0/ ,.) -(Pe •- Pe + offset); 
llEQ (: = brop = 03 ") - (Z - (Pe - Pe + offset)); 
BNE (:= brop = 02,,)- (-,Z- (Pe- Pe + ofhct)): 
BLT (:= brop = 05,,)- (N(±) V~ (PC- re+ offset!•: 
BGE (:= brop = 04")- (N " V- (Pe- re+ offsct1.: 
BLE(:= brop = 07~o)-·(Z V (N (±)V )-(Pe- Pe+ offcc·.,¡:, 

Subtract frum hytc the carry 
Test 
Test byte 

Rotale righl 
Byte rotule right 
Rotate lcft 
Byte rotate ldt 
Arithmetic 'hlll r ;hl' · 
Byte •rilh~:,·:¡~ ,¡-__ ,-, ngh: 
Arithmcti.;; ,híft le:·¡ 
Bylc arithmrt1c ·,h:il left 
Rota te 
Byte rolate 
Logica/ shift 
Byte logical shift 
Arithmetic shift 
Byte arithmetic shift 
1\ ormalize 

1\ ormalize do'ublc 

Swap bytes 

Bit clear 
Byte bit cleur 
li i t """ 
lt11c bit set 
lln test undcr mask 
U.\ll! bit tes: undcr r.1a!l-k 

Jurnp uncondilional 
llranch unconditll>nal 
Equal to zcro 

1\ol cqual 111 '"''' 
l.c\S than (ter<>) 
(jrealer th>ln "' n¡uJI (L<ro) 
Le\\ than o: C<jUJI (loro) 
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BGT (:= brop = 06") .,. (I(Z V (N $ V)).,. (PC ~ PC + 
offset)); 

BCSJBHIS (:= brop = 87").,. (C.,. (PC- PC + offset)); 

BCC/,BLO (:= brop = 86,.).,. (oC ... (PC- PC +offset)); 
BLOS (:= brop = 83 16).,. (C /1 Z ... (PC- PC + offset)); 
BHI (:= brop = 82").,. ((oC V Z).,. (PC- PC +offset)); 
BVS (:= brop = 85,.).,. (V ... (PC ~ PC + offset)); 
BVC (:= brop = 84").,. (o V.,. (PC- PC + offset)); 
BMT (:7 brop = 81 ,,) ... (N .,. (PC .. PC + offset)); 
BPL (:= brop =SO,.).,. (o N ... (PC- PC +offset)); 
JSR (:= sop .= 0040,) ... 

(3P ~ SP- 2; next 
M[SP] .. R[sr]: 
R[sr]- PC; PC - D); 

R TS(: = i = 000200,).,. (PC- R[dr]: 
R[dr] .. M[SP]: SP .. SP + 2); 

Misccllaneous Processur State Modification: 

RTI (: = i = 2,) ... (PC ~ M[SP]: 
SP - SP + 2; next 
PS- M[SP]: 
SP .. SP + 2); 

HALT (: = i = 0) ... (Run .. 0); 
WAIT (: = i = 1).,. (Wait- !); 
TRAP(: = i = 3) ... (SP .... SP + 2; next 

M[SP] .. PS; 
SP ~ SP + 2; next 
M[SP] .... PC; 
PC- M[34,]; 
ps .... M[l2]): 

EMT (: = brop - 82 16)-+ (SP ~ SP + 2: next 
M[SP] ~ PS; 
SP ~ SP + 2: next 
M[SP]- PC; 
PC- M[30,]: 
PS .... M[32,]): 

IOT (: = i = 4).,. (see TRAP) 
RESET (: = .i = 5) ... (not des.:ribed) 
OPERA TE(:= i<5:15> = 5).,. 

(i<4>.,. (CC- CC V i<3:0>): 
•i<4>.,. ¡ce- ce 11 -,i<3:0>Jl: 

end lnstruuiun~ C:\rcution 

l.css grc<~ter than (lcru) 
Ci!rry sct: higher or Sil me (un
signcd) 
Carry clear; lo.wer (unsigncd) 
Lowcr or same (unsigncd) 
Highcr than (¡¡nsigned) 
Ovcrnow 
No overflow 
Minus 

.Plus 
Jump to subroutine by puuing 
R[sr], PC on stack and loading 
R[sr] with PC, and going to 
subroutine at D) 
Rcturn from subroutinc 

Rctllrn fru~l .ctcrrup: 

Trap l<l M [3·h] storc 'tatus 
and PC 

Enter new proccss 
Emulator trap 

1/0 trap to M [20,) 
Rc!>.l.'l 1tn c:>.lc:nal dc,i..:~,.·, 

( LII\Cdwl• ;.v-.:...: . ;•~r.:r:...c 

Set codes 
Clcar codcs 
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The Evolution of the PDP-11 

A computer is not solely determined by ita 
architecture; it renects the technological, eco • 

.nomic, and or~anizational aspccts of thc envi· 
ronment in which it was designed and built. In 
the introductory chapters the nonarchitectural 
design factors were discussed: the avaiiability · 
and price ofthe basic electronic technology, the · 
various government and industry rules and 
standards, the current and future market condi· 
tions, and the manufacturing process. 

In this chapter one can see the result of the 
interaction of these various forces in the evoJu. 
tion of the PDP-1 l.· Twelve distinct models 
(LSI-11, PDP-II/Ó4, 11/05, 11/20. 11/34, 
11/34C, 11/40. 11/45,11/55,11/60. 11/70, and 
V AX-11 /780) e.xist in 1978. 

The PDP·Il has been successful in the mar· 
ketplace: over 50,000 were sold in the first eight 
years that it was on. t)le market ( 1970-1977). !t 
is not clear how rigorous a test (aside from the 
marketplace) the design has been given, since a 
large and aggressive marketing organization, ·· 
armed with software to corree! architectural in; 
consistencies and omissions, can save almost 
any design, 

..• 

C. GOROON BELL and J. CRA1G II.IUOGE 

Many idc~• from the PD!"·II ba~e llllgTaJ.ed 

_to olhcr computen with newcr designs .. -\1-
though somc of ihc feawres of thc: PDI'·II •ro 
patentcd, mu~hlnn huvc btcn 11l41de wuh ~un· 

·ilar bus and instruction set proccssor structurcs. 
Many computer dcsigners have adoptcd u uni· 
fied data and addrcss bus similar to the U ni bu> 
as their fundamental architcctural component. 
Many microprocessor desisn• incorporatc thc 
PDP-11 Unibus notion of muppinu l/0 and 
control rcgistcra into thc mcmory addrcu 
space, eliminating thc neetl for 1;0 instructions 
without complicuting thc 1 jO control logic. 

lt is the nature of computcr cngioccring to be 
goal-oriemed, witb. prcsourc 10 produ'"' dei:i,_ 
erable products. lt i• thcrcfore diffJCUh 10 pla.a 
for an extcnsiv~ 1if~timo. N""cnhcleu. thc 
PDP-11 evolvcd rapidly OYCJ' a mucb •ldct 
range than cxrccled. An outliac of a fami1~ 
plan was sct forth in a memo oo Aprill. l'llb9. 
by Rogcr Cady, h_cad of thc I'DP-11 cngioccr· 
ing group atthe time (Tablc 1). The actuale>o
lution is shown in tree farm in Figure 1 and is 
rriapped anta a casi/performance represcnta
tian in Figure 2. 
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Table 1. PDP-11 Family Projection as ol April 3. 1969 w 

"' o 
logic Arithmetic Sp..d Price Software 

Model Processor Power Pow"' (~si ISKI Configu~aÜon Paper Tape Disk .... 
:t 
m 

t 1/1 o 0.7 0.7 2-3 4 Tcchnologically 

" cost rcduccd o 
111:20 with Mos 7' .-11/20 KA11 2.2 5.2 · Pc,.t-Kbyte ROM, 

~ 

128 byte A/W )> 

tur11key consola ~ ,... 
11/30 KA11 2.2 9.3 Pe, 8-Kbyte core, Asscmbler, edito~ 8-like monitor -< 

co'nsole, TTY math utility hvuem builder 
FOCAL, BASIC, w/OOT, OOT, PIP)1 

ASA BASIC; 
FORTRAN) 

11/40 KB11 2" 1!'-=:~ 1.2 13 Adds • .• 1, normal- PoWble 16-Kbvte FORTRAN IV 
izc, etc. poniblc FORTRAN IV 
micr-,programmcd improved 

proceswr, no E AE ~"'~ 
s.aves $1,000 

11/45 KB11 2" 10-20 1.2 15 11/45 with mcmory Super monitor • • 

• protectlrclocate 65-Kbyte virtual w disk maximum core 262 memory/us.er for 
Kbyte, ma><imum either small or t'-2 
phy$it:~tl memorv 1Bt9"' fti$1<; 
lustng Qiskt222 

hvt•n 

11150 KC11 2" 50 100 '·' 20 Adds hardw<Jte 

floating point 
32-bitptOCH$01', 

16·bit~ory 

t1E «;byte) 

, 1/55 KC11 2" &0-100 , 
" With f"oemory 

protect/reloate 
di$1t. 

11165 K011 4 10V 200 l . .i 4> 32'-b.t~aM 
)2 f>•T ~bu1o,:J'1~ 

dt1oi< "'oceuo< -----· 
NOTES: 
;u rnicroprogrammed. then logkol ~ ~ovkt b4 tbü•,.. .. t to user ~VOta 2CI-SO. 4CI-100 fO# ,,,.,.~. 

8u$ínen languege $VStem under e~ •• -....,. 

1 Pouible by-product of FOCAL. 

•• •Supo• me1i1itor for 11/45, 1 11~!> 11 ... ~. ·~ ,... ........ ! -··''' ....... ,. ..... ,_ .-.rpr..-.._ 
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figure 1. The POP-11 Family tree. 

Figure 2. PO P-11 models price versus time with lines 
of con&tant performance. 
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THE EVOLUTION Of ~¡.¡~ POP·ll 

EVALUATION AGAII\jtlT 1UIIf OlliiiGINAI. 
GOALS 

In the origin~l 1970 POP·ll papcr (Ch;i~a 
9), ~ icl of l!a,lyn IIOUI• und can&uulnu V.«rc 
given, bcginnin11 with a dlscunlon of the weak• 
ncsses frequently found in minlcomputer6. Thc 
designers of the PDP·II fucad cach of thc'c 
known minicomputcr weukncsscs. und thcir 
goals included a solution lo cuch one. Thla r.ec· 
tion reviews tho orlainul goill&, commcntins on 
the succcss or faillllC of thc PI>P·Il In meeting 
each of them. 

The weaknesscs of prior dcsigns that v.cre 
notcd wcrc limitcd addrcssability, a small num
bcr of rcgistcfi. abscaceofbatd...:;uc uadl [a.;¡¡. 
ities. limitcd interrupt ltrlltiUra. ~b~oa~QI f1f 
byte string handlins and re;~d-onl)' mcn>Or) f.o
cilities, clcmcntary 1/0 proceuins. abiCtlOC oi 
growth-path family mcmbc:n, ..nd hi¡ll pro
gramming com. 

The first weakncss o( minlcomputcn "h 

their limitcd addrcssing capability. Thc biggN 
(and mosl common) mistake that can be madc. 
in a computer design is that of not providing 
enough address bits for mernory addressing and: 
management. The PDP-11 followed this hal
lowcd tradition of skimping on ·at¡dress bits. but 
it was saved by the principie that a good dcsign 
can evolve through al leas! one majar change. 

For thc PDP-11, thc limited address problcm 
was solvcd for thc 'short ruri, but nol .. ith 
cnough fincsse to support a large family oi 
minicomputers. That was indced a costly o•·er
sight. resulting in both redundan! dcvelopmcllt 
and losl sales. h is exlrcmely cmbarassing that 
the PDP-11 had lo be redesigned with memory 
managemcnt' only two years after writing the 
papcr that outlined thc goal of providing in· 
creased address spacc. All carlier DEC deJigns 
suffered fri>m the samc problcm. and only the· 

•Thc: mcmor) manag.e:mc:nt ic:r\'c:d two other functions bc:!iidc:s c:xpandin¡ thc 16-bit proa::uor-gcPeracd ~~¡a. iato 1.._ 
bil L'nihus addre~ses: program relocation and protc:ction. 

l 
1 

.¡. 
1 
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PDP-10 evoh.:d ovcr a long period (15 ycars) 
befare a chang~ occurrcd to increase its address 
space. In retr\'<pect, it is clear that another ad
dress bit is r~quired evcry two or three years. 
since mcmor~ prices decline about 30 percent 
yearly. and users tend to bu y constan! price suc
cessor systems. 

A sc:'cond weakness of minicomputers was 
their tendency to skimp on registers. This was 

-corrected for ¡he PDP-1 1 by providing eight 16-
bit registers. ; La ter, si., 64-bit registers were 
added as the acc'umulators for noating-point 
arithmetic. Thís number stems to be adequate: 
there are enough registers to allocotc two or 
three registers (beyond those already dedicated 
lo· prograin counter and stack pointer) for pro
gram global purj>Oses and still ha ve iegísters for 
local statement computation.• More registers 
would increase the contt .. t S\\,itch time and wor
sen the register allocation problem for the user. 

A third· "eakness of minicomputers was their 
lack of hardware stack capability. In the PDP-
11, this was solved with the autoincre
mentjautodecrement addressing mechanism. 
Thís solution is unique lo the PDP-11, has pro
ved to be exceptionally useful, and has been 
copied by other designers. The stack limit 
check, however, has not been widely used by 
DEC operating systems. 

A fourth weakness, limited interrupt e apabil
ity and slow context switching, was essentially 
solved by the Unibus interrupt vector design. 
The basic mechanism is very_fast. requiríng only 
four memory cycles from the time an interrupt 
request is issued until the first instruction of the 
interrupt routine begins execution. lmplemen
tations coúld go further and save the general 
registers. for example, in memory or in special 
registers. This was not specified in the archi
tecture and has not becn done in any of the im-

. plementations to date. V.-\X-1 1 provides 
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explicít load and save process context instruc
tiof\S. 

A fifth weakncss of earlier minicomput'crs. 
inadequate character hand!ing capability. was 
mct in the PDP-11 by providing direct byte ud
dressing capability. String instructions werc not 
provided in the hardware, but the. common 
string o'perations (m ove, compare, concatcnate) 
could be program med with very short loops. 
Early benchmarks showed that this mechanism 
was adequate. However, as COBOL compilers 
have improved and as more understanding of 
uperating systems string handling has been ob
tained, a need for a strítig instruction set was 
fclt, and in 1977 such a set was added. 

A sixth weakness, the inability lo use read
only memories as primary memory. was 
avoided in the PDP- 1 l. Most code written for 
the PDP-11 tends to be reentrant without spe
cial effort by the programmer, allowing a read~ 
only memory (ROM) to be used directly. Read· 
only memories are used extensively for boot
strap loaders, program debuggers, and for· 
simple functions. Beca use large read-only mem~
orics were not available at thc time of the origi
nal design. there are no architectural' 
components designed specilically with large· 
ROMs in mind. 

A seventh weakness. one,common to many 
minicomputers, was primitive 1/0 capabilitíes. 
The PDP-11 answers this ·lo a certain extent 
with íts improved interrupt structure, but the
completely general solution of 1/0 compute,s 
has not yet been implemcnted. The 1/0 proces
sor concept is used extensively in display pro
ccssors, in communication processors, and in 
signa! processing. Having a single machine in>
struction that iransmits a block of data at the 
interrJpt Je,·el would decrease the central pro
cessor overhead per character by a factor of 3: it 

• S mee ded1cttcd rcgistcrs are u~c:d for ea eh Commerdal lnstruction Set (CIS) instruclion. lhis was no lor.gcr true whcn CIS 
was added 
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should ha ve been added to the PDP-1 1 instruc
tion. set. fo¡ implcmentation on all machines. 

· Provision was made in the JI /60 for invocation 
of a micro-leve!" interrupt service routinc in 

1
writable control store (WCS). but the family ar
éhitecture is yct to be extended in this dircction. 

Another common minicomputcr weakness 
wás the Jack of systc~ range. 1 f a u ser had a 
system running on á minicomputer and wanted 
to cxpand it or produce a cheaper turnkey ver
sien, he frcquently had·no recourse, since there 
were often n.o lurgcr and smaller models with 
the same architecture, The PDP-11 has been 

... very successful in meeting this goal. 
A riinth weakness of minicomputers was the 

high cost of programming causc:d by progrum
ming in Jower levellanguagcs. Many uscrs pro
grammed in assembly language, without thc 
comfortable environment of high-level Jan• 
guages. editors, file systems, and debuggers 
available on bigger systems. The PDP-11 does 
not seem to have overcome this weakness, al-

. though it appears that more complcx systems 
are being successfully built with the PDP-11 
than with its predecessors, the PDP-8 and the 
PDP-15. Sorne systenÍs prógramming is done 
using higher levellanguages; however, the opti· 
mizing compilcr for BLJSS-11 at first ran only 
ori the PDP-10. The use of BLISS has bcen 
slowly gaining acceptancc. lt was first used in 
implementing the FORTRAN-IV PLUS (op¡¡. 
o:nizing) compiler. lts use in PDP-10 and VAX-

... JI.systems programming has been more wide-
spread. · · . 

Onc design constraint that turned out lo be 
. cxpensive. but worth it in the long run, was thc 

necessit)' for the word Jength lO be a muJtipJe of 
eight bits. Previous DEC designs were oriented 

· ioward 6-bit characters, and DEC had a large 
investment in 12-, 18-, and 36-bit systems. as de
scribed In Parts 11 and V. 

Microprogrammability was not an explicit 
design goal. partially beca use fast, large, and in
expensive read-onJy. memories wcre not avail
able at the time of the first implementation. All 
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subsequent machines h!Íve been micro
programmed, but with sorne difficuhy brc<~use 
some parts ofthi: instruction set proccssor. such 
as condition code setting and instruction rcgis-

' ter decoding, are not ideally matchcd to micro- . 
programmcd control. 

The design goal of undcrslandability s.:cms to 
have rcceived liule attention. Thc PDP-11 v•as 
initially a hard machine to understand and was 
marketable only to those with extensivc com
putor c•pcricncc. The first programmers' 1tand
book "'"' not very hclpful. h is •till unclcar 
whcther a uscr '"'ithout programminJ1 expe
rioncc can learn the mucninc solely from lhe 
handbook. Fortunalcl)', ancrnl compUJer .... ;.. 
encc tc:ubuuLb IGeár.· 197of; Ed.ilou..e. ¡'115. 
Stone and Sicwiorck, 1975] and other training; 
books ha•c hcen writtcn based on thc POP-11. 

Strucllllul nc~ibility (modlllarily) íor b;ud
warc conliNurulions ,.·ua an import•nt s••ul. 
This succccdcd bcyond cxpc,ctations and 1> di•· 
cussed extcnsivdy in thc Unibus Cost und l'cr· 
formance section. 

EVOLUTION OF THE IN&TRUCTION SET 
PROCESSOR 

Designing thc inslruction su proccssor '"' et' . 
of a m achine- that i:olleclion of charactcri.aiu 
such as the sct or diUa opcrmon;, addrc:ssa~ ' 
m o des, tnp and intcrrupt. ICSI'=':Qi. n:¡¡Dola' 
organization, and otbcr fcaiUIC$ viwblc "' a 
programmcr of thc bare nu1dlinc - ~ &n c~
tremelv difflcuh problcm. Ope bas ~~~ coo>tdcr 
the pe~formancc (and pric:c) AOgCs o! tbc ma
chinc family as well liS l~c intcodcd ~l't'ti
cations. and uifficult tradcolfs muu be ·m~. 
For cxamplc, u widc performance rungc ar~u:s 
for differcnt encodings ovcr the rangc: for small 
systems a byte-oriented approach with smalt 
addresses is optimal, whereas larger systems re. 
quire more operation codes, more registcrs. and 
larger addresses. Thus, for larger machines. in
struction coding efficiency can be tradcd for~ 
performance. 

---·-· ···-· 
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The PDP-11 was originally conceived as a 

small machíne, but over time its range was 
gradually extended so that there is now a factor 
of SOO in price ($500 to 5250,000) and memory 
size (8 Kbytes to 4 Mbytes•) between the small
est and largesl models. This range compares fa- · 
vorubly with the runge of the IBM System 360 
family (16 Kbytes to 4 Mbytes). Needless to 
say, a number of problems have.arisen as the 
basic design was extended.· 

Chronotogy of the EKtensíons 

A chronology · of the extensions is given in 
Table 2. Two major extensions, the memory 
mana~ement and the floating point, occurred 
with the 11/45. The most recent extension is the 

. Commercial lnstruction Set, which was defined 
to enhance performance for the character string 
and decimal arithmetic data-types of the com
mercial languages (e.g., COBOL). lt introduced 
thc following to the PDP-11 architecturo: 

l.. Data-types representing character· sets, 
· character strings. packed decimal 
strings, and zoned decimal strings. 

2. Strings of variable length up to 65 Kcha
racters. 

3. 1 nstructions for processing charactcr 
stríngs in each data-type (movc, add, 
subtract, multiply, divide). 

4. lnstructions for converting among 
binary integers, packed decimal strings, 
and zoned decimal strings. 

5. lnstructions to move the descriptors for 
· the v'ariable length strings. · 

The initial design did not ha ve enough oper
ation code space to accommodate instnictions 
for new data-types: ldeally, the complete set of 
operation codes should have been specified at 
initial design time so that extensions would fit. 

With this approach, the uninterpreted opcr
ation codcs could have been used to callthe var
ious opcrution functio.ns, such as a Ooating
point addition. This would have avoided the 
proliferation of run-time support systems for 

. the various hardwarejsoftware floating.point 
arithmetic mcthods (Extended Arithmetic Elc
ment. Extended lnstruaion 5ct.. Floatiag In· 
struction Sct. Floating-Point Processot). Thc: 
extracode tcchniquc was uscd in tbe Atlas and 
Scientilic Data Systcms tSDSI dcsigns, but 
these techniques are ovcrlookcd by most com
puter designen. Bccausc the complete in¡truc· 
tion set processor (or at least an cxtcnsion · 
framework) was unspccilied In ti>• initial de
sigo, completeness and orthogonality havc becn 
sacrificed. · 

At the time thc PDP-11/45 was designed. sev
era! operation codc extension schemes werc ex- . 
amined: an escape mode to adcl the floating
point opr.rations, brinBing thc PDP-11 back to 
being a more conventional general rcgister ma
chine by rcducin¡¡ the number of addressing 
modos, and linally, typing the data by adding a 
global mode that could be switched to sclcct 
Ooating point inatcad of byte operations for thc 
same. operation c:odcs. 1Thc floating-point in· 
struction .ct, iniloduccd wnh élc 11/.U: lll ;¡. 

vcrsion of thc sccond alternativc. 
lt alw bccame necessary to do somcthia¡ 

about thc amall a!Sdress.ipace oftbc pro;;cuor. 
The IJnlbua limita thc ph>·t~Inl memo!'} to thc 
262.144 bytes addrcssablc by iS-bits. In th~ 
PDP-11/70, thc physical addrcss was eAtcnded 
to 4 M bytes by provldlng a Unibus map so that 
deviccs in a 256 K byte Unlbus spacc ~ould 
transfer into thc 4·Mbytc spucc vía mapping. 
registers. Wpilc the ph),icnl uddrcss limita are 
ucceptable for botb thc Unlbus and lar:er S)~· 
tems, the addrcss for a alnglo program u s.tlll 
confined to an instantaneous space of 16 biu. 
the user virtual addreu •. Tbc rnain mctl\od cf 

~Ahhough 22 bits are u!oed, onl}' 2 mega bytes can be utilizcd in thc 11 {10. 
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Tablo 2 .. Chronology of PDP-11 lnstruction 
Sat Processor (ISP) Evolution 

Modef)a) 

11 20 

11 20 

11.-45 
111 '55.11170. 
11 80.11/341 

11 -45' 
111 '.55. 111701 

11."45 
( 11 '55. 111701. 

11/40 
(.11 ."34, 11/601 

11170 

11103 
111..-04. 11/34) 

11103 

11!60 

VAX-111780 

J1103 

11170mP 

Evolution 

Base ISP 1 16-bit"virtual addressl and 
PMS (16-bit processOr physical 
memory address) Unibus 'with lB·bit 
addressing 

Extended Arithmetic Element (hard
ware multiply/divide) 

Floating-point instruction. set with 6 
additional registor& 146 instructiona) 
In the Floating-Point Processor 

· · Memory management (KT11C). ·3 
modes · of protection (Kernel. Super
·.'isor. U ser): 1 S-bit processor phys
ical addressing: 16-bit' virtual 
addressing in 8 segments · for both 
instruction and data spaces 

Extonsions for second set of general 
registers and prograf!l interrupt 
requeat . 

Extended lnstruction Set for multi· · 
ply/divide; floating-point instruction 
set {4 instructions) 

Memory Management (KT11 DI. 2 
modes of protection {Kernel. UserL 
18-bit processor physical address
ing: 16-bit virtual add~es~ing in 8 
segments 

22-bit processor physical· address
ing: Unibus map for peripheral con· 
troller 22-bit addressing 

Error regia ter acceuibilltv for on·llnt 
diagnosis and retry (e.g .. cache pari1• 
error) 

Program accoss to proceaoor statua 
register via expl1cit instruction {VOf• 

sus Unibus addressl 

One leve! program interrupt 

Extended Function Coda for in
vocation ·af user-written microcode 

VAX architectural e:ctensions for 32· 
bit vinual addressing;· VAX ISP 

Commercial lnstruction Set ICISJ 

lnterprocessor lnterrupt and System 
T1mers for multiprocessor · 

·-·-·· --·-·------¡' '\ 
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do"ling with rclatively small addrcsses is vía 
process-orientcd opcrating syst~ms that lundle 
many small tasks. This is a trend in opcra1ing 
systems, especially .for process control and 
transaction processing. lt does, howcver, en
force a structuring discipline in (user) program 
organization. Thc RSX-11 series of operating 
systems for the PDP-11 are organizcd this way, 
and the need for large addresses is lesscned. 

The initial mcmory mana11emcnt proposalto · 
cxtend thc vinual mcmory v.as prcdic>ltcd 011 

dynamic; ralhcr thaJt static. asslpuDalt oi 
mcmory scgmc;nt n:gistcn.ln tbe cum:atmem
ory managemc;nt scheme, the addrcss rc.-gistcn; 

are usually considcrcd to 1>.: auotic for a luk (aJ.. 
thoush some operating systcms providc func:
tions tO gct additionaJ se¡¡menls dynamicaJiy). 

With dynamic assignment, a uscr CaJl addrcss 
a number of segment namcs, via a tablc, and 
directly load the appropriate segment registen. 
The segmen1 rcgisters act 10 concatenate addi· 
tional address bits in 11 basé addrcss fashion. 
There have bcen other schcmes proposcd that 
extend the addrcsscs by extending the lcngth of 
the general registers ~ of coursc, extended ad
dresscs propagatc throughout the design and in· 
elude double.length addrcss variables. In cJTect, 
tho extended part is loadcd witb a base addrcss. 

With largcr machines and procc~tcd 
opcrntinB systems. thc contut switcbir-1 time 
becomes un lmponant' ilcrlor1!>4o.;o c-. e, 
pro,idjn¡¡ addiliooal regiSicrs for more ~ 
ces ses, thc lime (overbead) to · s-.itch coatcxt 
from onc prOi:css (task) 10 ano1bcr caa be re- · 
duccd. This option has not bcett used Ílllhc Of'" 
eratins syslcm lmplcmcntulions ofthe PDP·lla 
10 date. although the 11/4~ cxtensions included 
a sccond set of general re¡¡isters. Various alter·· 
natives ha ve becn suggcstcd, ond to accompiiah 
this effectivciy requires udditlonal 'operatou to 
handle the manynapects or pral: m schcdulins. 
This cxtension appcars 10 b' n:lallvdy IIJIÍfll· 
portant slncc the ranse oh:omputcrs c:ouplcd 
with networkJ tmds to allcviatc thc nccd by ia
creasing 1hc real parallelism (us opposcd lo tbc 

~ .. - ~ ... ~·-· 
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apparent p~rallelism) by having various inde
p~ndent processors work on 'lhe separate pro
cesses in parallel. The extensions of the PDP-11 
for better control of 1/0 devices is clearly more 
important in terms of improved performance. 

Architecture Management 

1 n retrospect, many of the problems associ
ated with PDP-11 evolution were due to the 
Jack of an ongoing architecture management 
function. As can be seen from Table 1, th~ no
tion of planned evolution was very strong at the 
beginning. However, a formal architecture con
trol function was not set up until early in 1974. 
In sorne sensc this was already too late - the 
four PDP-11 models designed by that date 
(JI /20, JI /05, JI /40, 11 /45) had in
compatibilities between them. The architecture 
control function since then has ensured that no 
further divergence (except in the LSI-11) took 
place in subsequent models, and in fact resulted 
in sorne convergence, Al the time the Com
mercial lnstruction Set was added, an archi· 
tecture extension fram~work was adopted. 
lnsuflicient encodings existed to provide a large 
number of additional instructions using the 
same encoding style (in the same space) as the 
basic PDP-11, i.e., the operation code and oper: 
and specifier addressing .mode speciliers within 
a single 16-bit word. An instruction extension 
framework was adopted which utilized a full 
word as the opcode, with operand addressing 
mode specifiers in succeeding instruction 
stream words along the lines of VAX-11. This 
architectural extension permits 512 additional 
opcodes, and imtructions may have an unlim
ited number of operand addressing mode spcci
fiers. The architecture control function also had 
to deal with the Unibus address spacc problem. 

With VAX-11, architecture management has 
been in place since the beginning. A definition 
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of the architecture was plac~d under formal 
change control well befo re the V AX-11 /780 
was quilt, and both hardware and software en
gineering groups worked with the samc docu
mcnt. Another significan! dilferencc is that an 
extcnsion framework was dcfincd in thc original 
architecture. 

An Evaluation 

The criteria uscd to decide whether or not to 
include a particular capability in an instruction 
set are highly variable and border on ihe anís
tic. • Critics ask that the m achine appear elc
gant. whcre clegoncc i~ a 'ombincd quality nf 
instruction formal5 rclatind to mncmonic w¡
nincance, O)Jerator/data·t) pe cumpletcncu ¿nd 
orthogonality, , and addrcswnr consistcncy. 
Having completely gcner-41 facilities (c.¡., rcgi5-
ters) which are not context dependen! assitu in 
minimizing the numbcr of inmuction typci and 
in incrcasing understandability (and uscful
ness). The authors fccl that the PDP-11 has pro
vidcd this. 

At thc time the Unibus was designed, it was 
felt that allowing 4 Kb)·tes of the addrcss space 
for lfO control registers was more than enough. 
Howevcr, so many different devices havc bcen 
interfaced to the bus o,·er thc ycars that it is no 
longer possible to assign uniquc addrcsscs to 
every device. The architectural group hanhus 
been saddled with the chorc of dcvica addrcss 
bookkeeping. Many solutions ha ve bccn, pro
posed. but none was soon cnough; as a rcsuh. 
they are all so costly that it Í5 chcapcr justto b'c 
with the prohlem and tbo aucndant incoa•cn
iencc. 

Techniqun ror Jcncrating code by the human 
and compilcr irary widcly and thus afTcct i.n
&truction 5Ct pr~ dnisn. Tbc PDP-11 pzv
vidcs more ulldrauing mudo4 than ncarf) on) 
other computer. The eight morles for source 

•Today one "ould use thc S. Al. and R mcasures and mcthodology dcfincd in Appcndlx J. 
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and destination with dyadic operators providc 
what amounts lo 64 possible ADD instructions. 
By associating thc Program Counter and Stack 
Pointer registers with the modes, even more 
data accessing methods are provided. For ex
ample, 18 varieties of the MOV!O instruction 
can be distinguished as the machine is used in 
two-address, general register, and stack ma
chine program forms. (There is a price for this 
generality- namely, fewer bits could ha ve been 
used to encode the address modes that are ac
tually used most of the time.) . 

How the PDP-11 ls Usad 

In general, the PDP-11 has bcen used mostly 
·as a general register (i.e., memory to registers) 
m achine. This can be seen by observing thc use 
frequency from Strecker's data(Chaptcr 14). In 
one. case, it was observed that a uscr who pre
viously used a one'eccumulator computcr (c.g., 

. PDP-8), continued to do so. A general register 
ma.chine provides the greatest performance, and 
the cost (in terms of bits) is the same as when 
used as a stack machine. Sorne compilers, par
ticularly the early ones, are stack oriented since 
the code production is easier. In principie. and 
with much care, a fast stack machine could be 
constructed. However, since most stack ma
chines use primary memory fonhe stack. there 
is a loss of performance even Ir thc top of the 
stack. is cached. While_ a stack· is the natural 
(and necessary) structure to interpretthe nested 
block structurc languuges, it does not neccs
sarily follow that the interpretation of all state-

. ments should occur in the context of the stack. 
In particular, the predominance of register 
transfer statements are of the simple 2- and 3-
address forms: 

o-s 

. · and 

D 1 (index 1)- f(S2(index 2) .. S3(index 3)). 
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Thesc do not rcquirc thc: •tack organiutioa. 
In effcct, appropriate a'"isnmc:nt allo"'s a gen
eral regisler machinc to be used as u stad mu· 
chine for most .cases of expression cvaluation. 
This has thc advantagc ofproviding tcmporary, 
random access to common subexpressions, a 
capubility thal is usually hard to exploit in stack 
architectures. 

THE EVDLUTION OF THE PMS 
(MODULAR) STRUCTURE 

The end product of thc PDP-11 dcsign is tbc 
computer itse~f. and in thc cvolution of tbc ar
chitecture one can sec ima¡!e& of thc t:'l<olution 
of ideas. In this ~>«tion~ lile ar•ililccturd ••ohi· 
tion is oulliniU.I, ,.-itb a spccial c:mpilas.s on Ulc 
Unibus. 

The Unibus is tlle architectural comJ)OSimt 
thal connects to;ethcr ull of tnc othcr maj« 
componcnts. lt is lho vohlclc over ~·liich data 
now between puir& of componen !S tu k es placc. 
lts structurc is dcscribed in Chapter 11. 

In general, the Unlbus has met ull cxpe<:tu· 
tions. Severul hundrcd types of memorics und 
peripherals ha ve bccn inlcrfaccd lo iJ; il has be
come a titundard archilecturul componcnt or 
systems in lhe SJK to SIOOK.pricc rangc(I!IH). 
The Unibus docs limlt lhc performance of thc 
fustes! machines and penalizes the Jo,.c:r per
formance machines wilb a bi¡¡ha- cost.llcoend~ 
it has bc:o::omc clcar th~t IM U ni-bus is adeq¡.a.sc 
for -largc, high performanm &,-.temo "'- a 
cache struclurc is uscd bc:cause thc adlc ~ 
duces thc trame bctw«n primary mcmor> aftli 
the central proccuor s.inc;c about onc-1cnt.b af 
the memor)' rcfcrenccs are •11n5Ídc thc ~iiCbrl. 
For still largcr S)"Stcms, supplcmc:nlaf) txucs 
were added for central pr~essor to pnmary 
memory and primary me'l'ory to secondary 
nerriory. traffic. For very small systems like the 
LSI-11, a nurrower bus was designed . 

The Unibus, as a standard, has providcd an· 
architectural componen! for ea~ily configuring 
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systems. Any comp~ny, not just DEC, caneas
ily build components that inierface to the bus. 
Good buses make good enginecring neighbors. 
since people can concentrate on structured de
sigo. lndeed, the Unibus has created a second· 
ary ind\lstry providing alternativo sources of 
supply for memories and peripherals. With the 
exception of the lBM 360 MultiplexerfSelector 
Bus, the Unibus is the most widely used com· 
puter interconnection standard. 

The Unibus has also turned out to be in
valuable as an "umbilical cord" for factory di· 
agnostic and checkout procedures. Although 
such a capability was no! part of the original 
design, the Unibus is almost capable of con
trolling the system components (e.g., processor 
and memory) during factory checkout. ldeally, 

·the acherne would let all rcgisters be accessed 
during full oneration. This is possib!e for all de
vices except the processor. By having all central 
processor registers available for reading and 

· writing in the same way that they are available 
from the console switches, a second system can 
fully monitor the computer under test. 

In most recent PDP-11 models, a serial com· 
munications line, called the ASCII Console, is 
connected to the console, so that 8 program 
may remotely examine or change any informa-

: tion that 8 human operator could exami~e or 
change from the front panel, even when the'sys· 
tem is not running. In thi; way computers can 
be diagnos~d from a remcite si te. 

Difficultles with the Design 

The Unibus design is not without problems. 
Although two of the bus bits were set aside in 
thc original de>ign as parity bits, they have not 

· been widely used as such. Memory parity wua 
implemented directly in the memory; this phe· 
nomenon is a good example of the sort; of 

·;~- ·· problems encountered in cngineering optimiza .. 
·,;;; ·<lion. The trading of bus parily for memory par· ,• 

ily exchanged higher hardware cost and 
decreased performance for decreased service 

cosl and bettcr data integrity. Beca use cnginccrs 
are usually judgcd on how well they achic\'e 
production cost goals, parity trarismission is an 
obvious choice lo pare from a design, since it 
increases the cost and decreases the pcrform· 
ance. As logic co>ts decrease and pressure to in· 
elude warranty costs as part oi the product 
design cost increases, the dedsion to transmit 
parity may be reconsidered. 

Early auempts to build tightly coupled muhi
processor or muhicomputer stnJctures (b} map
ping the. address space of one Unibus onto the 
memory of anottier). called Unibus windows. 
were be.et with a logic deadlock problem. The 
Unibus design does not allow more than onc 
master at a time. Successful multiprocessor< re· 
quired much more sophistiC<~ted sharins me,·ha
nisms such as shared primary nwnory. 

Unibus Cost and ParfMmGAco 

Although performance is ah,•ays a lbtjD 

goal, so is low cost: thc two goals ronllict 
direclly. The Unibus has turned out to be nearl~ 
optimum over a widc range of producu. h 
served as an adequate rnemory-processor imer· 
connect for six of the len models. Howevr:1'. in 
the smallest system, DEC introduced the LSI· 
11 Bus, which uses about half the numbcr of 
conductors. For the largest systems. a separatc 
32-bit data palh is used betwcen proc~ and 
memory, although the Unibus is still u..:d far 
communication with .the majority of thc 1/0 
controllers (the slowcr onea). Figure 1 summa· 
rizes the evolution of memory-proces•"r iater· 
connections in the LSI·ll Family. Le•·~ 

(Chapter 11) discusscs !he ;volution in more d::
tail. 

Thc ban.:lwidlb Gf thc Unibm " "'''¡m>A• 
imately 1.7 megabytes per second or M50: K 
transfcn/sccond, On1y for tl1e lar{!,<'St ..-.n
figuratlons. u'lng many l/0 devi~u wi..>h- ,..,~ 
high duta rutes, is lhio cuputll)' cxceedal. Fur 
most contigurutiuns. lhe dcmand put un"" 1¡0 
bus is limitcd by the rotational delay und head 

• 



,----·····---
' 

positioning of disks and the rute at which pro
gr~ms (u ser and system) issue 1 JO reques¡s. 

An experirnent to further the understanding 
of Unibus capacity and the demand pl:íced 
ugainst it was carried out. The experiment used 

· a synthetic workload: like all synthetic work
!oads, it can be challenged as not being repre
sentative. However, il was generally agreed that 

. it was a heavy 1/0 load. The load simulated 
transaction processing, swapping, and back· 
ground computing in the configuration shown 
in Figure 3. The load was run on live systems, 
each placing a different demand on the Unibus. .. 

Each run produced two numbers: ( 1) the time 
to complete 2.000 transactions, and (2) the 
number of "iterations of a ;Jrogram called •· 
HANOI that were completed. 
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Figure 3. Tha svnthetic worldoad uaed to meuauro 
Unibus capací~. 

System 

1 1/60 cache on 
11/60 cache off 
11/40 
llf70MBCBUS 
11 J70 U ni bus 

( minute~)• lterations 

15 12 
15 2 
15 3 
15 23 
26 38 

•2.000 transactions plus swapping plus HANOJ. 

The results were interpreted as foUows: 

l. 1/0 throughput. For this workload <he 
Unibus bandwidth was adequate. For 
systems 1 through 4 the 1/0 activity 
too k the same amount of time. · 

2. ll/70 l"nibus. The run on this system 
(no use was m a de of the 32-bit wide pro
cessorfmemory bus) took longer be
cause of the retries caused by data lates 
(approximately ·19,000) on the moving 
head disk (RP04) .. The extra time taken 
for the benchmark allowed more itera
tions of HANOI to occur. The PDP-

• 

11/70 U ni bus hada band~~oidth ofabout 
1 megabyte. lt was less than thc usual 
Unibus (about 1.7 mc:¡labytc) because of 
the map dclay (100 nanoseconds). lhc 
cache cyc1c (240 nano~llds), alld thc: 
main memory bus rcdrhing and syn
chronization. 

3. ll/60 Cad~e. SyJ~¡:ma 1 lUid 2 dcarty 
show IM elTcWvvetsn el a ~. MDI!l 
mcmory refm:nccs for HANOI wcre to 
thc GaGhO and did not involve tbc 
Unibua, whídJ was thc P'DI'·II/6051/0 
Bua. S~llama 2 und J wcre csacntlall, 
equivulcnt, ns expectcd. Th~rc are 1'11'0 

reasons for thc 11/40 huving slightly 
more compute bandwidth lhun un 11/60 
with its cache off. First, the 11/40 mom· 
ory ls raster than thc 11/60 backinl! 
store, und sc~nd, tho 11 /40 progq¡¡or 
rcllnquiahca !.he Unibua for 11 4irut · 
mc'llory acccl3 cyclll; 1t1c ·11/60 p~ 
sor musl requcst thc Unibus for a ~~>
cessor cycle. 

¡ 
- i 
' ' 

1 

1 
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- There are severa! auributes ·of a bus that af
fect its cost and performance. One factor affcct· 
ing performance is simply the data rate of a 
single conductor. There is a direct tradeoff in-

. \'Ol.ving cost, performance, and reliability. 
Shannon H 948] gives a relationship between the 

1 - · · fundamental signa! bandwidth of a link and the ¡· 
¡ ... error rate (signal-to-noise ratio) and data rate. 
J · Tbe performance and cost of a bus are also af· 

1

'· fected by its length. Longer cables cost propor-
tionately more, since they require more 

1 complex circuitry to drive' the bus. 

1 '. 

.. • 1 -.. 
i 

Since a single-conductor link has a fixed data 
rate, the n-umber of conductors affects the net · 
speed of a bus. Ho,_;e.,er, the cost of a bus is 
_directly proportional lo the n~mber of con-
ductors. For a given number of wires, time do
main multiplexing and data encoding can be 
used lo trade performance and logic com
plexity. Since Jogic technology is advancing fas-
ter than wiring tecroology, it seems lihly that 
fcwer conductors will be used in all futurc sys-
tems, except where the performance penalty of 
time• domain multiplexing is unacceptab!y 
great. . . 

lf, during the original design of the U ni bus, 
DEC designers could have foreseen the wide 
range of applications to which it would be ap
plied, its design would ha ve been different. lndi
\'idual controllers might ha ve been reduced in 
complexity by more central control. For the 
largest and smallest systems, it would ha ve been 
useful to ha ve a bus that could be contracted or 
expanded by multiplexing or expanding the 
number of conductors. 

The cost-effectiveness of the Unibus is due in 
large part to the high correlation bctween mem· 

· ory size, number of address bits, 1/0 traffic, 
and processor speed. Gene Amdahl's rule of 
thumb for 1!3M computers is that 1 byte of 

· memory and 1 byte/sec of 1/0 are required for 
each instruction/sec. For traditional DEC ap

¡, .. plications. with cmphasis in thc scientific and _¡.-
' - control applici!lions, there is more computatiC?n 

required per memory word. Further, the PDP-
11 instruction sets do not contain the extensive 

', 

---------- - - ----

1. 

commercial instructions (character strinl!-'lt)·p
ical of 1 BM comrutcl'l. iO a lv~er numbcr oC 
instructions must be CUI:IIto:d to accornpb.Jo lbe 
samc task. Hcnce. for DEC C>Ornputcrs. it "bcl· 
ter to assumc 1 b)te of mc:mol'} for c;adl 2 in· 
structionsfsec. and th;al 1 ~tc/...:c of ljO 1 

occurs for each instruction¡,cc. ; · 
In the J>DP-11, an. average in,tru•'tion -

cesses 3-5 bytes of memory, >O a»uming 1 b)tc 
of 1/0 .for each inmuctlon/lcc. thcrc are 4-6 
bytes of memory acccssed on the a\'eragc for 
cach instructionjsec. Thereforc. a .bu• that can 
support 2 megabytesjscc of traffic rermiu ia
struction cxccution ratcs of 0.33-0.5 mep-ia
structions/sec This implics mcmory siz.:s of 
0.16-0.25 megab}tes, which matches wcll •·ith 
the maximum allowable memory ofO.Oó4-0.lS6 
megabytes. By using a cucho memor¡; 011 thc 
processor, the eiTective mernory processor ratc 
can be increased to _l!aJancc the system funbcr. 
lf fast noatin¡r-poinl instruclions .. ere ...:ldcd"' 
thc instrucli••n M. tbc IL.Io.O« CJ~ht up;~~a..;t¡ · 
that used by lOM and thercby ra¡uirc moN 
memory (an cffect seen in thc PDP-11 (70). 

The lask of 1/0 is to pro vide for the trtinlifcr 
of data from pcriphcral lo pnmal'}· 11Km01')' 

wherc it can be operatcd on by a program ia 11. 

processor. Thc pcriphcruls are t~cnerally alow, 
inherently asynchronous, und more érror-prono• 
than thc proccssors 10 which lhey u re utta~ho:d. 

Historically. 1/0 trunsfcr mechanismt have 
evolved through thc following· four stn¡¡n; 

l. Dlrecl <Wquealial 1/0 uncia' ccnlraA ~ 
cessor controL An lnstruction in tbc pw
ccssor ca USO$ a ·data transfer to talle 
place .. -ith a é:vla:. ~ proca•wd=l 
not resume opcrut.icmllntil thc 1ru111fcr i• 
comrletc. Tn•icully, thc ónice c-."Dtcol 
may sharc thc loiJiC ofthe pro..-.:ssor; De 
first input/output uana;fer IIOTI iDitrut· 
tion in thc PDP·I i&anc~amrlc;tbi:WT 
eiTects tranlfer betwcen tbc .-\.;cwnW,.,... 
tor _ and a sclccto:d dC">"Icc. Di re,, 1¡0 
simplifies progrumming bccause every 
operation is sequential. 



) . 
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· 2. Fixedbuffer, 1-instruction controllers. An 
· instruction in the central_ processor 
causes a data transfer (of a·word or vec· 
tor), but io this case. it is to a buffer of 
thc simple controller and thus ata spced 

·' · matching that of the processor. After thc 
high speed transfer has occurred, thc 
processor continues while an asynchro· 
nous, slower transfer occurs betwcen the 
buffer and the device. Communication 
back to the processor is vía the program 
interrupt mechanism. A single instruc
tion toa simple controller can also cause 
a complete block (vector) of data to be 
transmitted between memory and the pe· 
ripheral. In this case, the transfer takes 
place via thc direct memory access 
(DMA) link. 

3. Separate 1/0 processors - the channel. 
An independent 1/0 proces~or with a 
unique ISP controls the flow of data be
tween primary memory and the periph· 
eral. The structure is that of the 
multiprocessor, an·d the 1/Ó control pro· 
gram for the qevice is held in primary 
mcmory. The central processor informs 
the 1/0 processor about the 1/0 pro· 
gram location. 

4. 1/0 computer. This mechanism is also 
asynchronous with the central processor, 
but 'the 1/0 computer has a private 
memory which holds the IJO program. 
Recently, DEC communications options 
ha ve ·been built wiih Cll]bedded control 
programs. The first example of an 1/0 
computer was in the CDC 6600 (1964). 

The authors believe that the single-instruc
tion controller is superior to thc 1/0 processor 
as embodied in the 1 BM Channel mainly be· 
cause the latter concept has not gone far 
enough. Channels are costly to implement, suf· 
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flciently complex to require their own program· l 
ming environmem. and yct not quite po"'crful 
enough to assume thc proccssing, such :~s file 
management, that ene wou1d like to offload 
from the procc5Sor. Allhough tbe 1/0 uaffic 
does requirc ~nlral prooC:a~oar rnourcc~.th; .ad
dition of ;a ~nd. J!.'C'lCral purposc C%fllnll pro
cessor is morecost-cffeclive than using acenual 
processor-1/0 proccssor or cenual processor
multiplc 1/0 proceuor muctuK. Futu.s-c l.iO 
systems will be mcnagc-oricntcd. and tha ~ari· 
ous 1/0 control funclions (including diasnos· 
tics and file maOBJ!emcnt) will migrutc 10 1hc 
subsystem. Whcn thc 1/0 compulcr is an cuct 
duplicate oi tha central proccasor, nol only is 
there an economy from thc rcduccd numbcr of 
part typei bul ulso lile aamc plll¡pamnting e n• i
ronmenl can be uscd for 1/0 1o0ftware dc•cl
opment and main pro¡¡ram devclopmenl. 
Notice that thc 1/0 compulcr musl implemcnt 
precisely thc $ólmC lid of ~ncli.a~~& a. thc ;>roo:n
sor doins ·dirccl 1/0.• 

MULTIPROCESSORS 

1 t is not surprlsins 1bat myJtipnK-an "11: 

used only in highly speciolh.rcd app1icuor~u 
such as lhose rcquiring high rcli;abilily or lu¡¡b 
availability. Onc way to utend thc rangc of a 
family and also provide more performance al- · 
1erna1ives with fewer basic components is lo 
build multiprocessors. In lhis seciion sorne fac
tors affecting the design and imp1ementalion of 

• 1 

multiprocessors, and their effect on thc PDP-
11, are cxamincd. 

1t is the nature of enginccring to be conserva
ti ve. Given that thcrc are alrcady a numbcr of 
risks in volved in.bringing a product to thc rtUI'· 

ket, it is not clear why onc should build a high" 
risk slructure that may rcquirc a new wa~· of 
programming. Whal has rcsultcd is a son of 
deadlock siluation: pcople canno\ Jearn ho" to 
program multiproccssors and employ them in a 

•Thc 1/0 ,omputer is )CI anothcr cunlplc of thc whccl of rcincarnation or dit.plu)l proca1urt (acc Chllf'a' ,._ 

\ 
' 
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single task until such machines exist, but manu
facturers wiff not build the machinc untit they 
are sure that there wifl be a demand for it, i.e., 
thatthe programs will be ready. 

There is little or no market for multi
processors even though there is a need for in
creased reliability and availability of machines. 
IBM has not promoted muftiprocessors in the 
marketplace, and hence the market has lagged. 

One reason that there is so little demund for 
multiprocessors is the widespread acceptance of 
the phifosophy that a better singfe-processor 
system can always be built. This approach 
achicves performance at the considerable ex
pense of spare parts, training, reliability, ""d 
Oexibility·. Although a multiprocessor archi
tecture provides a measure of reliability, 
backup, and system tunability unreachable on a 
conventionaf'system, the biggest and fastest ma
chines are uniprocessors- ex~ept in the case of 
th~ Befl Laboratories Safeguard Computer [Bell 
Laboratories, 1975], 

Multiprocessor systems have been built out 
of PDP-1 1s. Figure 4 summarizes the design 
and performance of sorne of these machines. 
The topmost structure was built using 11/05 
processoi-s, but beca use of inadequate . arbi
tration techniques in the processor, the ex
pected performance did not materialize. Table 3 
shows the expected resu1ts for multiplc 11/05 

. processors sharing a single Unibus and com
pares them with the PDP-11 /40. 
' 

From the results ofTable 3 one would expect 
to use as many as three 1 1 jOS processors to 
achieve the performance of a model 11/40. 

· More tha·n three processors will increase the 
. performance al the expense of ·the cost-effec
!iveness. This basic structure has been applied 
on a production basis in the GT40 series of 
graphics proces'sors for the PDP-1 1. In this 

·: scheme, a second display processor is added to 
" the Unibus for display picture maintenance. A 
· similar structure is used for connecting special 

. . .. qJb SJ CfJ EJJ ... !f ... ~ .. -g:L 
lol Multi- Pe wucturo 1101ng o l!lfl¡¡lt Un~•· 

~ Q--· --

ibl Pe wrth P.d .. ptov '""''9 o oinglo U•rbu!o. 

le) Multiprocessor using muJtipCNt Up. · 

ldl C.mmp CMU mulli-,;,.;proceeGC> Ce>mputOI 
suucture. 

F'gure 4. PDP·II multi¡><ocoiiSOI PM6 Slluctur.,._ 

signal-processing computers 10 the Unibus al
though these structures are tc~hnically couplcd 
computers rather than multiproccssors. 

As an independent check on thc ''a1iility of 
this approach, a multiprocessor S) stem ha:; 

. ··.·-
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i 
Tabla 3. Multiple PDP-11/05 Processors Sharing a Single Unibw 

Numberand Procoasor 
Processor Porformanco Processor Syetom 
Modal (Relativa) Prica Price"/Performanco Prlto 

1-11/05 1.00 
2-11/05 1.85 
3-11105 2.4 
1-11/40 2.25 

· •Processor cost only. 

1.00 1.00 
1.23 0.66 
1.47 0.61 
1.35 0.60 

3.00 
3.23 
3.47 
3.36 

1.00 
0.58 
0.48 . 
0.49 

tTotal system cost assum.ng one·third of system is proceasor cost . 

been built, based on the Lockheed SUE[Orns
tein eral., 1972]. This machine, Used as a high 
speed communications processor; is a hybrid 
design: it has seven dual-processor computers 
with each pair sharing a· common bus as ou1-
lined abovc. The seven pairs sharc two multi
port meniories. 

The second type of structure given in Figure 4 
· is a conventional, tightly coupled multi

proccssor using muhiple-porl mcmories. A 
number of these systems ha ve been installed, 
arid they operate quite effectively. However, 
they have only been used for specialized appli
cations beca use there has been no operating sys
tem support for the structure. 

PDP-11 Based Multiprocessor: Carnegie
Mellon University Research Computers 

The PDP-11 architecture has becn employed 
to pioneer new ideas in the area of multi
processors. The three multiprocessors built at 
Carnegie-Mellon University (CMU) are dis
cussed: C.mmp [Wulf and Bell, 1972], a 16-pro
cessor multiprocessor: C.v¡np [Siewiorek eral.. 
1976]. a triplicatcd, voting multiprocessor com
puter for high reliability; and Cm* (Chaptcr 
20), a set of computer modules based on LSI· 
11. 

The three CM U multiprocessors are good ex
amples of multiprocessor devclopment dire~:· 

tions becausc it is quite likcly Lhat tcchool"!n 
will force thc evolution of computing suu.:turcs 
to converge into thrce styles of muhiprocessor 
computers: (1) C.mmp Myle. forhigh perform
ance, incremental performance, and availability 
(maintainability); (2) C.vmp style for very hi~h 
availabil.ity motivated by increasing mainte- . 
nance costs, and (3) looscly coupled computen 
like Cm* to handlc spccialized prooc¡,¡inr. •·8-
fronl cnd, file, und sisn;¡l processing.ThÍ) Ul!llr 

ment is bascd an history, prcscot tcchll~. 
and resulting pricc cxtrapolations: 

l. MOS technology appcan to be in.;rc;a~o
ing in both speed and dcnsity (alter tlwl 
the tcchnology (such as ECL) from 
which high performance machines are: 
usually built. · 

2. Standards in the semiconductor indumy 
tend to form more quickly for high •·ol
ume products. For example, in tbc 8-bil 
microcomputer market., one typc su~ 
plies about SO pcrcent of the markct and 
three types supply ov :r 90 pe roen t. 

3. The price per chip of the single MOS 
chip pfQCC!ison de~:reascs at a sub
stantially grcatcr rate Lhan for thc lo"' 
volume, high performance spccial dc
signs. Chips In, both tlesigns ba•11 hi¡Jll 
d~gn ~. bül lbc f!lill8k·D&OS-~ 
prC~JCssors bavc a mucb higher H>bunc. 

1 '. ,. 
1 

¡ 
1 
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4. Severa! 16-bit proccssor-on-a-chip pro
ccssors, with an-address space matching 
and appiopriate data-types matching the 
perfop~ance. exist in 1978. Such a com· 
modity can form the basis for nearly all 
future computer designs. 

5. The performance (instructions per sec
ond) per chip, which is already greater 
for MOS processor chips than for any 
other kind, is improving more rapi dly 
than for !arge scale computers. This will 
pull us~ge more rapidly into large arrays 
of proce'ssors beca use of the essentially 
"free cost" of processors (especially rela· 
tivc to large, low volume custom-built 

· mactiines). 

Therefore, most subsequent computers will 
be based on 5\andard. high volume parts. For 
high performance machines. since processing 
power is availahle at essentially zero cost from 
processor-on-a-chip-based processors, large 
scale computing will come fr_om arrays of pro
cessors, just ·as memory subsystems are buill 
from arrays of 64 Kbit integrated circuits. 
' The m~lliprocessor research projects at 

CMU have emphasiLed synthesis and measure· 
ment. Operating systems have been buill for 
ihem. and the cxecutions of user programs ha ve 
been carefully analy¿ed. Allthe muhiprocessor. 
interferences, overheads. and synchronization 

. problems have been faced for severa! appli· 
cations: the resullant performance helps to pul 
their actual costs in perspectivo. Figure 5 shows 
the HARPY speech recognition program and 
compares the performance ofC.mmp and Cm* 
with three DEC uniprocessors (PDP-10 with 
KA 10 processor. PO P-10 with KLIO processor, 
and PDP-11 /40). . 

C.mmp 
C.mmp (Figure 6) a 16 processor ( il/40s and 

11 f20s) system has 2.5 mi ilion words of sharcd 
primary memory. h was builtlo investiga te the 
programming (and resulting performance) 
qucstions associated "ith having a large num-

" 

•L--~-+--~~--~~,--~.~~~.~.~ .. 1 • . • • 

IIIIMM. Df ••oct. .. Oft 

F1gure S A performanc;e compar,son of two tnuAfo.. 
processors. C.mmp and Cm•. W&lh tRree un1proce~at 
Carneg1e-Mellon Unnters.íty .. The apphca110n used. 11 
HARPY. a speech recognition program Th•s grapt\.1 as 
based on work dona bV Pelar Olain~Q (19781 anc:t P8tCf 
Fe1ler al CMU 

ber of proccssurs, Síncc thc time thal tb.: fu:u 
paper [Wulf and Bcll., 197J) ""' ..riucn, 
C.mmp h4> hccn lhc obj«l of •omc mtc:'C.UDf 
•tudics..thc r~•ultl! ofwhich are summarin:d:b:t> 
low. 

C.mmp w~• muli\·atcd by lhe need for muiC 

computing fk•wer 10 solvc 1!1'-'Cdl rc~<>~nation 
and signa! proccRsing problomfi and to umlcr• 
stand the multipro~"CUOr !Oftware [lroblem. 
Until C.mmp. only onc lurgc, tightl)' couplcd 
multiproccssor hud bcen bullt • thc Uell Labo
ratories Safeguard Computar (lkll Lllhura• 
tories. 19,). · · 

Thc ori¡¡lnal ¡lilpcr [Wulr ttnd Bdl. 11172) f.lt>. 
scribcs thc ccoMmic und tc,hnic.ll f¡¡cwn ,,.. 
nuencin¡¡ ntultiproccssor fCllsibilit~ ami a'l'uc:l
for.thcotimdiness uf the rcsca"h- Various prol>-
lems to be rcséard•cd and a di"l"'"'''"·"f pu
ticular dcsien aApcd• are gl~~>~n. t:ur .,...~~t¡!jc. 
sincc e .mmp is prc:dicut:d on u ~ ... nmoa "l'QQ• 
ating systcms. thcrc are ,,..o wu=• uf Úl:".,p.da· 
tion: mcm<~ry cnntcntion ~od lod ~unta~t.u¡¡¡. 
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The'. machines theoretical performance as a 
function of memory-processor interferencc is 
based on Strecker's [1970] work. In practice, 
beca use the memory was not built with low-or
der address interleaving. memory interferencc 
was greater than expected. This problem was 
solved by having severa! copies of the program 

· ·segments .. · 
As !he number of memory modules and pro

cessors becomes very large, the theoretical per
formance (as measured by the number of 
accesses to the memory by the processors) ap
proaches half the memory bandwidth (i.e., the 
number of memory modules mcmory cyclc 
time) [B;.~keu and Smith, 1976]. Thus, with in· 
linite proccssors, there is no maximum limit on 
performánce, provided all proccs~ors are not 
contending for the same memory. 

Although there is a discussion in the original 
paper outlining the design direction ofthe oper· 
ating system, HY ORA, la ter descriptions 
should be read [W~If er al .. 1975]. Sincc the 

. small address of the PDP-11 necessitated fre· 
quent map changes, PDP-1 l/40s with writable 
control stores were u sed to implement the oper
ating systems calls which change the segment 
base regis¡ers. 

There are three basic approaches to the effec· 
tive application of multiprocessors: , 

l. · System level workload decomposition. lf 
a workload contains a lo! of inherently 
independent activities, e.g., compilation, 
editing, file processing, and numerical 
computation, it ·will naturally decom
pose. 

2. Program decomposition by a program
mer. lntimate knowledge of the appli· 
cation is required for this time· 
consuming approach. 

3. Program decomposition by the com· 
piler. This is the ideal approach. How· 
ever, rcsults to date havc not been 
espec¡ally noteworthy. 

C.mmp !"as predicated on the first two ap· 
proaches. ALGOL 68. a language with facilities 
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for expressing p;u•il•li•m In prosram'- h"' 
sincc beco implcm:ntcd. lt ba~ 45Wll~ src::.u!~ 
with program decomposition and looks li~c a 
promising general ~pproach. lt is impcrati•c. 
howcvcr, to cxtcnd thc standard lang~cs t<> 
h•ndlc vc~cura und llrrays. 

The contentlon for sharcd rcsourccs in u mul· 
tiprocessor system occurs ut severa! kvch>. At 
the lowcst levcl, pro~es~o~ contend at thc 
cross-point switch leve! for mcmory. On u 
higher lcvcl thcrc i8 contcntion for sharcd data 
in the opcrutins system kernel; proccs~e• con• 
tcnd for lfO devlca und for >Oft,.·arc procc"""'· 
e.g., for mcmory manu~cment. At thc l.l>CI' k•d 
shared data implies funher wntention. T ;aUic 4 
points to modcls on experimental data at th<><: 
differcnt lcvcls. 

Marathc's data t.how th.u thc tbarcd lbuof 
HYDRA ia orgunilcd into cnough SCJIUl!ilc ob· 

. jects so that a vor)' smull dcgrndati<>n (leu than 
1 percent) rcsults from contcntioa for tbc.oc ob· 
jccts. llc al•o l>uilt u queucing modcl .. bi;:h 
projcctcd that thc contcntion lc•cl w-14 ~ . 
about 5 percent in a 48 proccssor systcm. 

Oleinick [1978] has used C.mmp to conduct 
an experimental, as opposcd to theoretical, 
study of the implementation of parallel al· 
gorithms on a multiprocessor. He studied the 
operation of Rootlinder, a program that is an 

Tabla 4. References for EKperimental O ata on 
Contention at Each el Thrue Lovels in the 
C.mmp System 

Contention 
Levet 

User-program 

HYDRA kernel 
obiects 

Cross-potnl 
· swi1ch 

Rafetonce 

Oieinick 119781 
Fuller end 0/einick p9761 

Maratho and Fu/lar J1977¡" 

8a...,n ond6malh(197G¡ 
Fullcr l\8701 
Stroct.efjlt1701 
Wulf end BGII 119721 

,· . 
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exlension of the biseclion method for finding 
lhe roots of an equalion. 
. A natural decomposition of the binary search 
for a roo\ into n parallel processes is to evaluate 
the function simultaneously at n points. Under 
ideal conditions. al! processes would finish the 
function evaluation (required at each step) al 
the same time, and then sorne brief book
keeping would take place to determine the next 
subinterval for the n processes to work on. 
However, beca use the time lo evaluate the func-

. tion is data dependen!, sorne processes are com
pleted · before others. Moreover, if the 
bookkeeping ta~': is time consuming relative to 
the time lo evaluate the function, the speedup 
ratio will suffer. Oleinick systematically studied 
each source of nuctuation in performance and 
found the dominant one to be the mechanism 
used for process synchronization. 

Four different locks for process synchro
nization, called: (1) spin lock, (:!) kernel sema
phore, (3) PMO, and (4) PM l. are availablc lo 
the C.mmp user. The spin lock, the mosl rudi
mentary, does nol cause an entry to the 
HYDRA operating system. 1t is a short se-

. quence of instructions which continually test a 
semaphore until it can be set successfully. The 
process of testing for the availability of a re
source, and seizing the resource if availahle, 
could be called TEST-AND-LOCK. When the 

. resource is no ionger needed, il is released by an 
UNLOCK process. These two processes are 
called the P operation and the V operation re
spcctively, as originally named by Edgar Dij
kstra. The P and V operations in the C.mmp 

. spin lock are in factthe following PDP-11 code 
sequences: 

P: CMP SEMAPHORE. 
ll 
BNE P 
DEC SEMAPHORE 
BNE P 

:SEMAPHORE•I? 
:loop until it is 1 
:Oecremcnl SE~IAPHOH L 
:lf not equal O ¡oto P 

V: MOV fl, SEMAPHORE ;Rc:scl SEMAPHORE to 1 

Ahhough this repeating polling is extremcly 
fas!, it has two major drawbacks: first. the pro· 
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cessor is not free todo u'scful work; second. thc 
polling proccss tOII$IlnlC~ mcmory cyc~ ofthc 
memory bank thut contain• t~ scmaphorc:. 

The ke.rncl acmaphorc; implcmcnted in 
HY ORA; is thc low lc~cl •)nchronization 
mechanism intended to be uscd by sy51em pro
cesses. When a proccss block• or v•akcs 11p. a 
state chan~e for that proccu is made insidc thc 
kernel of H Y DRA. Ir a procelo5 blocks (fails to 
obtain a needed rc:sourcc) "hile trying 10 P (test 
and lock) a semaphore, the kernel swaps thc 
process from thc processor, and the pagcs bc
longing lo that proccss are kept in pri~v 
memory. The othc:r semapborc mechaniYns 
(PMO and PM 1) take proportionately 1110rc 
time (> 1 millisecond). 

C.vmp 

C. vmp. is a triplicatcd, votins multiprocO,.,r 
designed to unde~nd tha dilflculty (or cai41 
of using saandanl. o«-thc-shdf LSJ-1 h 11> pro
vide grcatly incrc~ .reliability. Tbere is coo
cern for incrcased neJiabiJity because S)illCIIIi 

are bccominu more complu, are used for more 
critica! upplicution•. und bcgausc malnlcn•nco 
costs for all systcms urc incruaaln¡¡. Because the 
designers themselves curry out end analyte lhc 
work. this section providc• tirst-hand insl¡¡hl 
into high rcliahilily designa und tbc dc~ign pro
cess - especiully i\5 cvaluation. 

Severa! dcaiBO BOuh woro MI and thc Wl)lk 

hus bcen carricd out. Thc C.vmp i)"51Cnl 1141011" 
cratcd sincc late 1977, whcri \he fim ph41C ol 
\\'ork was complcted. · 

The goal of ~oft..-arc and hardware tranS· 

parency turncd out lo be: C<IÁCr 10 áuam lluul 
cxpcctcd. bc~uuac of un 14iOl)'~asy ol Lile 
floppy disk controller. Bccotuac tllc coDUotln · 
cffects a word-ut-a-timc bu& traasfcr from ., 
onc-scctor buffer, v04in~ can bol arried out al a 
\'cry low lcvcl, 11 ~ unc:lcar· h- thc -t)'otem 
would ha ve bccn dAi¡¡ned willloal tbi1 l) ptt ol 
controller; al a mínimum, sorne put ofthc so4\
ware transparcncy goal would not have been 

, 



! 
1 

-----,--______ ··--·-

398 THE POP-11 FA MI LV 
~~ 
~ 
'" 

· met, and a significan! controller inodification 
woulq have been, necessary. 

A number of models are given by which the 
design is evaluated. From the discussion of 
componen! reliabilities the reader should get 
sorne insight into the factors contributing lo re
liability. lt should be noted that a custom-de
signed LSI voter is needed to get a sufficiently 
low cost for a marketable C.vmp. While the in
tcnt of C.vmp development was not a product, 
it does provide much of the insig~l for such a 
product, 

Cm• 

Cm* is describ~d in Chapter 20; however, be
cause it is orie of the three CMU machines 

·. pointing to future technology-driven trends in 
multiprocessor use of LSI-11 architecture, it is 
given sorne mention here. The Cm* work, 
sponsored by the National Science F oundation 
(NSF) and the Advanced Research Projects 

· Agency (ARPA), is an cxlension of earlier 
NSF-sponsored research [Bell e¡ al., 1973) on 
register transfer level modules. As Jarge-scale 
integration and very large-scale integration en
able construction of the processor-on-a-chip, it 
is apparent that Jow leve! register transfer mod
ules are obsolctc for the construction of ?JI but 
low volume computers. Although the research 
is predicated on structures employing a hun
dred or so processors, Chapter 10 describes the 

· culmination of the first (10-processor) phase. 
In Chapter 20 the authors base their work on 

discconomy-of-scalc argumcnts. To provide ad
ditional context for their rescarch, computer 
modules (Cm*), multiprocessors (C.mmp), and. 
computer networks are described in terms of 
performance and problem suitability. Thcy give 

· a description of the modules structure, together 
with ¡¡, associated limitations and po.tential re
search problems. 

The grouping of processor and memory into 
modules and the hierarchy of bus structure; -
LSI-! 1 Bus, Map Bus, and lntercluster bus, 
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radical deparlures from convcntipnal computer 
systems - is given. The fina~ most importan! 
part ofthe chapter cvaluatcs thc performance of 
Cm• for five diffcrent problcms. 

Since the time that Chaptcr ::0 was written. 
construction of a SO computer. modules Cm • 
has begun and wlll be operational by thc end of 
1978 for cvaluation in 1979. The extcnsioo of 
Cm• is known as Cm 0 j50and isshown in Fig
ure 7. 1t will be used to test p:ttallel processing 
methods, fault tolerance, modularity, and the 
extensibility of the Cm• mucturc. 

The PDP-11/70mP Expetlmeatel 
Multiprocessor Comp&Dtor 

The PDP·Il/70mP aims to extcnd tbe rdia
bility, availability, maint¡¡inability und per· 
formance rangc of the PDP-11 Family. lt uses 
11/70 processor hardware and the RSX-IIM. 
software as basic buildins t-''-"'ks. 

The systems can have up to four processors 
which ha ve access to common central memorics 
as shown in Figure 8. Each ~lOS primary mcni
ory contains 256 Kbyte to 1 Mbyte and a pon 
(switch) by which up to four procxssors mayac· 
cess it. A failed mcmory may be isolated for re
pair. Usually two processors sharc (ha ve aca:ss 
to) each of thc 1/0 de\'iccs through a Unibus 
switch or dual poned disk memoiies. 

Failure of a high speed mass storagc bus con
troller, a processor, or one port of a devic< ~;u 
no.t preclude use of that devicc througb thc 
other port. These dcviccs cllll lllso be iwlatcd 
from thcir rcspc:cti\'C buks 110 tbal failll<'ll: cí" 
tlevice will not prcdude ~cess to other dcvrcos. 

Each of thc processor units has a wri!e
through cachet memory. Through norm.1l ~-¡;. 
tem operation, data witllln thc><t laca! cado:•· 
m ay bccomc lncomitlent with ~ola clsc" he re In · 
the system. To cllminulc thia problem, Jhc o¡1cr~ 
ating systcm and 1hc hurdwurc componanll· 
h~vc been modllied. Thc RSX·IIM sy&tem ci .. 
lher clcars the cache o( lnconsistent data m 
avoids using lho cache for apccilic aituati•m~. 
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figure 8. Four-processor mul1iprocessor based oo POP-11170 prOCOIGOf" 

The software to manipulate the cache is con· 
tained .in the executive and is transparent to 

· user programs. 
An lnterprocessor Interrupt and Sanity 

Timer (IIST) provides ihe executive software 
with a mechanism to interrupt processors for 
rescheduling. The 1.1 ST includes a timer for ea eh 
processor which is periodically refreshed by 
software after execution of diagnostic check 
routines. lf the refresh commands do not occur 
within a prcscribed interval, the IIST will issue 
an interprocessor interrupt to inform the other 

. processors of faulty operation. The IIST also 
contains a mechanism for in.itially loading the 
multiprocessor system. 

The system design results in an extension to 
the PDP-1 1 that is transparent to user programs 
and yields increases in performa'nce over a 
single processor 11/70 system. This perform
ance increase is due lo the symmetry, such that 
nearly any resource can be accessed by any pro-

----------- . 

cess with minimum ovcrhead. Also, unh&e m ¡¡J. 

tiple computer S)'itcml thal communicazc ,.. 
high speed links, thc lu¡:ge primal)· mcmort ~ 
be combined and used by a single proccu, 
Moreover. dynamic assignment of processes to 
specific computer systems (Fig,ure 9) can b• 
m a de. 

The system has been designed to increase tbec 
availability by reducing the impact of failurn 
on system performance through the use of mtd
tiple redundan! components. In this way, failed 
elements can be isolated for repair. The dcsign 
is such thut the S)'Stem ma)· be casily rc:c;,.mfi. 
gured so that systcm opcration can be rcsllllled 
and the failed corñponent repaired off-linc:: 

Extensions to thc dia¡¡nostic soft~<·are and 
hardware error detection mechanisms facililatt 
quick location of faults. Uscr-mode diagnostics. 
are run concurrently with thc application sofl· 
ware; this permils ¡n¡¡intcnan" of th~ disk ami 
tape units to b~ done on·iine. 
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tration mechanism. lnterfucing between these 
independenl mechanisms is by means of queues. 

There are sorne operatiuns that re4uire more 
thun one access to the same resource in the 
pipeline. Thc:10e operations are cffectively han- · 
dled as two transactions. Examplcs ofsuch op· 
erations are memory writcs and interna! lfO 
page (memory-management registcr) accesses: 
A memory wrile may need a second access to 
lhe cache for update. while the Interna! 1/0 · 
Page m ay need another access to thc map array. 

There are other operations in which the tim
ing does not permil the use of a particular re
source in the specific intervalthat is allocated to 
that transaction. This happens, for instance, 
when a read operatiÓn results in a cache miss. 
The dala is nol available in time. in this case a 
second transaction takes place, initiated when 
backing store data becomes available. 

Cost projections indicate that a multi
processor will have un increase in parls count 
over each possible equivalen! performance 
uniprocessor in the range. This will range from 
a 20 percent increase for a two-processor, multi
processor system to O perce.nt at the top of the
range. The 20 percent premium can be reduccd 
if no provision is .made for expansibility ovcr 
the en tire range. Clearly, a separate single pro
cessor structure can be cost-effective (since thia 
is Íhe LSI-11 ). The premium is based on parli 
count only and excludes considerations of cost 
benefits due to production lea'rning, common 
spares and manuals, lower engineering costs, 
etc. 

A number of computer systems have been 
built based on multiple processors in systems 
ranging from independent computers (with no 
interconnection) through tightly coupled com
puter networks which communicate by. passing 
messages. to multiprocessor computers -with 
shared memory. Table 5 gives a comparison of 
the various compulers. Although n independent 
computers is a highly reliable slructu•e. il is 
hard to give an example where there is no inter
connection among the computers. The standard 
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computei nctwurk intcrcunnccted via standard 
Clllllmunications Jinks is uol givcn. 

lt is int~rcsting to compare the muhi
processor and the tightly coupled muhi
computer configuration> 1 ht'Uic ll and 91a.h.:rc 
the conliguratiun~ are drawn in cual¡ th.: 

·. same wa}· and \\ith the '"'"W peripbcro~l .. In tha. 
way. columns 2 and 6 of Table S can be mure 
easily compared. Thc tradcoff bct,.ecn th.: ¡.,.,, 

. struclures i> bet -.ccn lu,.u cósl and potcnu .. ll¡ . 
higher performance for thc multiproc~ lun· 
less tasks can be statically us>igned lo the \illi· 
ous computers in the nctwork) versus somc,.hat 
higher reliabilil), availabillt)', and maint¡ina· 

.bility for the network computer (because thcre 
is more independence among software and 
hardware). Varying the dcgrcc of coupling in 
the processon; throu¡¡h thc amounl of sbarcd 
memory determines which structure will muh. 
The cost and the resultan! rcliability diffen:n
tials for th<: two systems are determined b¡· thc 
size and thc reliability of lhe software. 

TÉCHNOLOGY: COMPONENTS OF THE 
DESIGN 

In Ch.lptcr 2. it ,.as noted that comJ"'t.:H óltc 
strongly inllucnccd by the basic clectronic ~
nology of thcir componcnts. T~ POP-11 Fam
ily provide11 un eMcn~i"e c~<amplc of óc~iJ111n& 
with improl'~d la,hnoloyial. Bc.;au•o ÓCiiSn rr
sources huvc bacn uvallublc to do tonturrct\1· 
implementutions 1punnins u tmt/pcrfolln<~n~:~~ 
range, PDP·Iqs offcr a rl~h uourcc of c-urn¡tllll 
of the thrce diffcrent dc~l~n il)•lcs: con•tant cosl 
with increasing functionulllr. comtant fun.:
tionalily "il h dccrusln~ ~L\$l. aAd 11rutoth path 

Memory lcchnolog) ha! llad a mudlstnl.:t 
impacl on PDP·ll U\'<llution than logi.: tc-ch
nology. Excepl for the LSI-11. the one lo¡¡..: 
family (7~00 s.;riG TTL) l&ls c!cmimw:ci PDP.. 
11 implcmcntu\ioni ~in.:c ~ bqinn!O¡J. E-oc:pt 
for a small incrQK uftcr tbc POP· U /!O. 4'1"' 

density ha• not imrro~cd markedl)·. S~ 1111-

pro,·emcnt has. takun place in thc ~b:ott~~ o 
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Table 5. Characteristie> of Various PDP-11 Based Multiprocessor and Multicomputen 

C.mmp 11nomP Pulsar cm• C.vmp 11nomc n Computers 

Coupling Multiprocessor Multlprocessor Multiprocessor Tightly coupled 
network 

Triple modular Tightly coupled .Jndependent 

Page/figure 

Processor type 

Reliabílity, 

Availabil ity ~ 

Maintainability 

Performance 
range himet 
base processor) ---

39518 40018 402110 

20,40 70 LSI-11 

Medium High Medium 
Medio m High Low - High Low 

1 - 16 1-4 2- 16 

AU •cscuut c:a. oporate on any task(s}; 
targe &ldOOh.,S oc:cupying afl Mp can be run 

Single 
.... tch 

Single 

memorv end 
potlphorols 

399n 

LSI-11 

Medium 
Medium 

Low 

1- 100 

Range 

Sta tic 
aslignment 

"'tasks 

rcdundant 
voting 

compu~r 

Notshown 

LSI-11 

Very high 

Very high 
Very high 

Very high 

R. A, M 

1Pc 
performance 

computer 
network 

401/9 

70 

High 

High 
High 

1-4 

Notshown 

70 

High 

High 
H;gh 

1 - 12 

Backup of tasks Complete 
to ah. computer; lndrpendence 
fast inter.C 
translen 

Static euignment of t=ks to 
computers 

.• 
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. :I: 

m , 
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TIL, und a speed,lpower improvement has oc
curred in the low power Schottky (lS) series. 
Departures from medium-scale integrated tran
sistor-transistor logic, in terms of gate density, 
have been few, but effective. Examples are the 
bit-slice in the PDP-11/34 Floating-Point Pro
cessor, the use of programmable logic arrays in 

: the · PDP-11/04 and PDP-11/34 control units, 
and the use of emitter-coupled logic in sorne 
clock circuitry. 

Memory densities and costs have improved 
rapidly since 1969 and have thus had the most 
impact. Read-write memory chips have gone 
from 16 bits to 4.096 bits in density and read
only memories from 16 bits to the 8 or 16 Kbits 
widely available in 1978. Various semi
_conductor memory size availabilities at: given 
in Chapter 2 using the model of semiconductor 
density doubling each year since 1962. 

The mémory technology óf 19.69 imposed 
severa! constraints. First, core memory was 
cost:effective for the primary (program) mem
ory. but a clear trend toward semiconductor 
primary memory "as visible. Second, since the 
largést high speed read-write memories avail
able were just 16 w ords. the number of preces
sor registers had to be kept small. Third, there 
were no large high speed read-only memories 
that would ha ve permitted a microprogrammed 

· approach to the processor design. 
These constraints established four design alti

tudes toward the PDP-II'sarchitecture. First, it · 
should be asynchronGus, and thereb)· capable 
of accepting different configurations of memory 
that operate at different speeds. Second, it 
should be expandable to take eventual advan
tage of a larger number of registers, both user 
registers for new data-types and interna! regis
ters for improved contcxt switching. memory 
mapping, and protected multiprogramming. 
Third, it could be relatively complex, so ihat a · 
microcode o~pproach could eventually be used 
to advantage: new data-types could be added to 
the. instruction set to increase performance, 
evcn though they might add complexity. 
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Fourth, the Unibus width ~hould be rclati•cl) 
large, to gel as much performance as ¡»>wblc. 
since the amounl of compul>ltion po,..¡bJc PCf 
mernory cyclc WIIS rclativcly ~man. 

As semiconductor memol'} of varying ·prin 
and performance becamc a\'ailablc.. it was .,.e<! 
to trade cost for performance across a r~on
ably wide range of PDP·II modcls. Difkr~nt 
techniques wcre used on diffcrcnt modcl• to 
provide · thc rangc. Thcse tcchniques includc: 
microprogramming for all modcls except thc 
JI /20 to lower cost and enhance perfol'llUncc 
with more data-types (for example, faster float• 
ing point); use of faster progr¡¡m memories for 
brute-force speed improvcments (e.g., 11/45 
with MOS primal')· memory.II/SS with bipolar 
primary mcmory, and thc ll/60 with a brtzc 
writable control store); use of caches (ll/70, 
11/60, and 11/3-IC); and c~panded UK of fa!il 
registcrs inside the prtx:enor (thc: 11/~ and 
abovc). Thc use or~tc~nducton veniA'~ 

, for primar)' mcrnOf) is a pur:l)' C.:ODonuc ,...,. 
.'siderution. as dis~sKd in Chaptcr 2. 

Tablc 6 shows charactcristics of cach of lhc 
PDP-11 modcl~ ulonrJ wilh thc techniques u>Cd 
to span a cost and purformancc ransc. Sno~,. 

· and Siewiorck (Chaptcr 14) gi•·e a detalled 'om· 
parison of the proccssors. 

VAX·11 

Enlarging th~ l'lriiiiiiBddrcn ipaoe or Ull &(• 

chitectur: hus rar more hnpliclllio!l$ Jhoa11 ~ 
targing the physlca! addrcu sp!IQl. The wmplc 
device of rclocating pro¡¡ram·gcneratcd ad
drcsses can sol ve tbe laucr problcm. The ph~·s. 
ical address spacc. lhc amoum ol ptt)¡,ic¡d 

mcmory that can be uddrc.scd. has beeD • 
creased in two Jtcps In thc PDP-11 fiUTUI) 
(Table 2). · 

The virtual address spate. or namc spa.;c. ~ a 
much more funoamental parl or an atdJ¡. 
tecture: Such addresses are programmcr gcos:t
ated: to name data objccts, their aggresarn 
(whether they be vectors, matrices, lists, or 

. 
' 
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' ' Tabla f>. Charac1erinics of PDP·11 Modeh wi1h Techniquo1 Usad 10 Spen Co't •nd Performance Rango 

Performance 

Buic floating-Point 

. lnltruc:liont Arilhmotlc RongH_Tt_.,.. 
. Per SICOnd (whetstone Memory 

Fim lrelative to in1truction1 Ronge Fa. Hi¡tt ........ ,.....el ShiprNnt POP·11/03l por Mc:ondl IKbytHI Perform&nc:e FDr L0i:1:t Cc;a A..,..._ 

11/03 6175 26 8-56 8 btt wodt cbfapc;t.; LSI-<4 ~- 001; 
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PI..A c;ontrol os.wcs.-. ... 
k•c:k~r• 
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ASCII C:OI'\$0 ... toli• 
d!.lQnOI!I 
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bt .... hc:e FPP ... 

• 
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tength 

11/60 6177 27 592 32-2!16 Fetc:howrl~; ... Nvity lnttvflll t~....-
dUallttltCh· mictcapr"Q9r.-nrnod po.nt; WCitor toQJ 
pod1; TTL/l aor•:AAMP 

11/45 6172 Ccre: 13 -260 8-266 lnJtruc:tion p, IPGIIO lO metda 
MOS: 23 -335 prefetcll; dual 300 "' lii6-MJ..,. high 
Bipolar; 41 -362 tcrotc:hpadt; tPOed m1n6CO~t9f 

Fastbua; FPP; montar., 
autonomoua mtn.¡¡omont 

FPP; TT~/S 

11/55 6176 41 725 16 .... 64 Allbl ..... 
10-192 momory 
coro) 

¡ 11/70 3/75 36 671 64·2048 32-bit-wido e--ne; modt'lol5e t:R.ot~ 

1 DMA bul; R.Al4P, FY11..C ~ 

1 lerg:eQ'IOimOf'y &lcUI'; fii!QICZSII .a~cte-3 

. -~· . ·.70mP l./h;11.pr~ ~ 

ISC"tur•i -·urRPaftt: QaL 

> ; . bM rn.c~arnct~l..,, 

' ' perfor~;~t:;.~ 

renge: ranga: ror 1f1: 
41-1 56-1 256-1 
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6hüfld duiU Mll!Hietltli) u111l ÍI1Atru¡;tíon& (sub, 
roulíne ~ddrcsscs, for ex~mple), N~mes seen by 
un índividu~J programare part of a la rger na me 
space - that rnanaged by an operating systern 
and its associated language translators and ob
ject-time systems. An operating system.provides 
program sharing and protection among pro
grams using thc na me space ofthe urchitecture. 

As the PDP-11/70 design progressed, it was 
realized that for sorne large applications there 
would soon be abad mismatch between the 64-
Kbyte name space and 4-Mbyte memory space. 
Two trends could be clearly seen: (1) mini
computer users would be processing large ar
rays of data, particularly in FORTRAN 
programs (only 8,096 double precision noating
point numbers are needed to fill a 16-bit name 
spacc), and (2) ~pplications programs wcre 
growing rupidly in size, particularly large CO
BOL programs. Moreover. anticipated memory 
price declines made the problem worse. The 
need for a 32-bit integer data-type was felt, but 

. this was.far less important' than the necd for 32-
bit addressing of a name space. 
· Thus, in 1974, architectural work began on 

cxtending the virtual address space of the PDP- · 
: jl. Severa! proposals were m a de. The principal 
goal was compatibility with the PDP-11. In the 
·final proposed architecture each of the Clght 
general registers was extended to 32 bits. The. 
addrcssing modes (hence, address arithmetic) · 
inherent in the PDP-11 allowed this to be a nat
ural, easy extension. 

The design of the structure to be placed o'n· a 
32-bit virtual address presented the most diffi
culty. The most PDP-11 compatible structure 
would view a 32-bit address as 2" 16-bit PDP-
11 scgmcnts, cach having the substructurc of 
the memory management architecture presently 
bcing used. This segmented address space, al-

.. : though PD P-11 compatible, was ill-suited to 
· ¡ · " FORTRAN and most other languages, which 

·, cxpect a linear address space. 
·: A severe design constraint was that existing 
PDP-11 subroutines must be callable from pro-

grums which ran in thc Extended Addrcu 
modc. The main problem ureas werc in cstab
li•hing u protocol for communicating addrcsscs 
(bctwccn programs bctween thc operating sys
tcms and programs on the occurr~nce of intcr
rupts). Saving stiÚC (the progr~m counter and 
its extcnsion) on thc stack was straightforward. 
However, the acccssing of linkage addrcssc:s on 
the swck· aftcr a subroutine ca.ll instructioa or 
interrupt evcnt was 1101 straighlfo,.ard. Com
plicated sequcnces u.crc necc•sary to ensurc tbat. 
the corree! number of bytes (rcprcscnting a 32-
bit or 16-bit addrcss) wcrc popped from thc 
stack. 

The solution was hampered by the fact that 
DEC customers programmed the PDP-11 at all 
levels - thtrc wu no clcar u~cr leve!, bcl.,,. 
which DEC had complc:tc control. as is thc cuc 
with the IBM Systcm 360 or tbc PDP-10 uWD¡¡ 
the TOPS-10 or TOPS-20 monitors. 

The proposcd architccturc wus thc rcs.ult of 
work by enginccrs. a"hitects, opcratins systcm 
designcrs ~nd compilcr designen. Morco,·cr. 11 
wils subjected to el ose scrutiny by a wider gri>up 
of engineers and programmcrs. Much ,.as 
learned about thc conscquenccs of strict PDP-
11 compatibility, thc notions of dcgree of com
patibility, and thc software costs .;.hich would 
be incurred by an extended PDP-11 ardli. 
tecture. 

Fortunately, thc projcct was discontinucd. 
There were many rcservations· about its via
bility. lt was felt thatthe PDP-11 compatibility 
constraint causcd too much compromisc. Any 
new architecture would requlrc a largc software 
investment: a quantum jump ovcr the PDP-11 
was necded to justlfy thc effurt. 

1 
In April 197~. wod; on •• J!-bil architac:wrc 

"'as stancd on VAX-11, u.ith the goal ofbuil~ 
1ng a machine which was culturally compatible 
wJth PDP-11. Thc initialgroup, called VAXA. 
consisted of Gordon Bcll. Pet~:r Conllin, Da .-e 
Cutler, Bill Dcmmcr. Tom Hustings, Richy 
Lary, Davc Rodgera. Stevc Rothman, und 11111 
Strccker as thc principal u"hilect. As a rcsult t1f 

\ 
' 
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lhe experience with the extended I'DP-11 de· 
signs. it was decided to drop lhe conslraint of 
the PO P-1 r instruction formal in designing !he 
extended virtual address space, or Native mbde, 
of the VAX-11 architecture. However, in order 
lo run existing PQP-11 programs; VAX-11 in
eludes PDP·ll Compatibility mod~. This mode 
provides ihe basic PDP-11 instruction set with· 
out privileged instructions (as defined by the 
RSX-11 M operating system) and floating-point 
instructions. Nor is the former memory man· 
agement architecture (K T -11) preserved in this 
mode. 

Preserving the existing PDP-11 instruction 
formats with V AX-11 would have required too 

· high a price in dynamic bit efficiency. Whereas 
the PDP-11 has a high leve! of efficienc;• in this 

·arca. adding the new operation cedes for the 
anticipated data-types. access modes, and dif
ferent length addresses would ha ve lowered the 

. instruction stream bit efficiency. An operation 
cede extension field would ha ve been required. 
1t was also felt that data stream bit efticiency 
could be improved. For examp\e, measure· 
ments showed that 98 percent of allliterals were . 
6 bits or less in length. 

Besides the desire to add the data-types -for 
string, 32- and 64-bit integers, and decimal 
Jrithmetic, there were many other extensions 
proposed. These inc\uded a common procedure 
CALL instruction, demand paging, true in
dexing, context-sensitive indexing, and more 
1 ¡o addressing. 

Along the way, sorne major perturbations to 
the PPP-11 style were considered and rejected, 
often beca use they violated the notion of com
patibility with PDP-11. Typed data and descrip-

,. 
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tor addressing were rejcct~d on thc grounds of 
dynamic bit efficiency. Although systcm soft· 
ware costs may be lower with such ar~hi· 

tectures, il was not po>.~ible to quantify the gain 
convincingly. A\so, such an architecture de· 
stroyed any compatibility, cultur.ll or othcr
wise. with PDP-11. 

The experience witb PDP-11 (lloaling point. 
in particu\ar)\ed the 11 AX lklioner• to rcjca ~ 
soft-machine a"hltcctl.lrc. J.~ .• 01111 .,.¡¡b lln in
&truction set (and highly microprogrammed 1111· 

rtcmcntalionsl ror genera·\ purpose emu1alion. 
Their PDP-11 c~rerlcnce showed thal embcdd
ing a data-type (once it is und~llood) in thc 
urchitecture give& u hlghcr performance s;¡in 
than embcdding lho higher lcvellunsuagc con· . 
trol conolructs. There was ultio u aoncral objc:c· 
!ion to soft machines: ihe problcm Óf 
conlrol\ing a prolifcratlon oflnstruction sets in· 
vcnted by many smu\1 •ofl ware sroup& wus MI 
lo be unmunascablc. \l.lurCO\'Cf, hlg!.Br lc-vcl in· 
struction seis jcopardizc !he ubllily to conunu· 
nicate between prosrams 1h111 are .,.ri11cn in 
different languages. This compatibility is ama
jor goal of VAX. 

A capabiliti~:bas~ archíte~11re '"'" rcjo:ted 
beca use it was not full)· undcmood lUid be~
there was no performance or Nl~bility d:lla 
available from the r .... cxpcrimeni.AI maclurw$ 
which had becn. bulh. 
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SYSTE MS PR.OGRAMMING 
JO !-IN J. OONOV AN 

background 
' 

This book has tWG majar objectives: to teach procedures for the design of soft
ware systems and to provide a basis forjudgement in the design of software. To 
facilitate our task, we have token specinc examples from systems programs. We 
discuss the design and implementation of the majar system components. 

What is systems programming? You may visualize a computer as sorne sort of 
beast that obeys all conunands. lt has been said that computers are basically 
people made out of metal or, converscly, people are computers made out of 
flesh and blood. However, once we gel clase to computers, we see that ihey are 
basically machines that follow very specific and primitive instructions. 

tn the early days of computers, people communicatcd with them by on and 
off ~wilches dcnoting primitive instructions. Soon pcoplc wantcd to give more 
complcx instn.ictions. For example, they wanted to ·be able to say X = 30 • Y; 

· givcn that Y = lO, what is X"! Present day computers cannot understand such 
language without the aid of systems programs. Systems programs (e.g., com
pilcrs, loaders, macro processors, opcrating systems) were developed to make 
computers better adapted lo the needs of their users. Further, people wanted 
more assistance in'the mechanics of prcparing their programs. 

Compi\ers are systems programs that accept people·like languages and translate 
them into machine langu~ge. Loaders are systems programs that prepare machine 
language programs for execulion. Macro processors a\low programmers to use 
abbreviations. Operating systems and file systems allow flexible storing a'nd 
retrieval of information (Fig. 1.1) .. 

There are over 100,000 computers in use now in virtually every application. 
The productivity of each computer is heavily dependen! upon the effectiveness, 
efficiency, and sophistication of the systems programs. 

In this chapte; w.e introduce sorne terminology and outline machine s\ructure 
and the basic ~asks of-an operating system. 

·" 
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MACHINE STRUCTURE 

Foundations of systems programming 

1.1 MACHINE STRUCTURE 

We begin by sketchin th · 
(Fig. 1.2). g e general hardware organization of a computer 'Y>Iem 

Disk 
or drum 

FIGURE 1.:Z. Gen:rat hardware organization of a computer syrtem 

• • 

Mcmory is the device where informa tion ís ~tored 
th:H opera te on this information One ma v· . . Pro~e~sors are the devices 
the form of ones and zeros E h. y te~ anformatJOn as being stored in 

. . ac one or zero JS a separat b" d .. 
btt. Dits are typically grouped ·n .1 h e mary lgJt called a 1 un1 s t atare called w d h 
Memory locations are specified by dd or s. e aracters, or bytes. 

. · a resses where each dd 'd . 
spectfic byte, word, or character. • a ress 1 enhfies a 

,. 

DACKC.ROUNO. 3 

The contents of • word may be interpreted as dat• (values to be operated on) 
or butructions (operations to be performed). A processor is a device that per· 
forms a seé¡Uence of operations specified by instructions in memory. A program 
(or procedure) is a sequence of instructions. 

Memory may be thought of as mailboxes containing gJDups of enes and zeros. 
Below we depict • ll!ries of memory locations whose addresses are 10,000 
through 10,002. ' 

Address 

10,000 
10,001 
10.002 

Content1 

{ 

An 1BM 1130 processor treating 1ocation 10,001 asan instruction would inter
prei its contents as a "'hall" insttuction. Treating the same location as numerical 
data, the processor woUld interpret its contents as the binary number 0011 0000 
0000 0000 (decimal 12,288). Thus instructions and data share the same storage 
inedium. 

1nformation in memory is coded into groups of bits that may be interpreted 
as characters, instructions, or numbers. A cqde is a set or rules for interpreting 
groups of bits, e.g., codes for representa\ ion of decimal digils (BCD), for char
acters (EBCDIC, or ASOI), or for instructions {specific processor operation 
codes). We have depicted two lypes ofprocessors: /npurfOurpur(l/0) processors 
and Central f'rocessing Units (CPUs). The 1/0 processors are concerned with the 
transfe1 of data between memory and peripheral devices such as disks, dru~ •. 
printers, ~d typewr~ters. The CPUs are concerned with manipulations of data 
stored in memory. The 1/0 processors ex.ecute 1/0 instructions that are stored in 
memory; they are generally activated by a command from the CPU. Typically, 
this consi~ts of an "ex.ecute 1/0" instruction whOse argument is the address of 
the start of the 1/0 program. The CPU interprets tlús inslruction and passes \he 
argumenl tolhe 1/0 processor (common!y ca\led 1/0 channels). 

The 1/0 instruction set may. be entirely different from that of the CPU and 
may be executed osynchronously' (simultáneously) with CPU operation. Asyn
chronous operation of 1/0 channe1s and CPUs was. one of .. fl:l,e earliest forms of 
multiprocessing. Multiprocessiog means having more than ·ane processor oper

ating on the same memory simultaneously. 

Since instructions. like data, are stored in meiJlory and cañ be treated as data, 

by changing the bit configuration of an instruction- adding a r\umber to it- we 
rnay change it to a different instruction. Procedures that modify ·themselves are 
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·. cal!ed impur~ prOcedures. \Vriting such procedures is o . . . 
Othcr programmcrs find them difficult to read ~ or programmtng practice. 
s_h;~:cd. by multiple proccsso E h ' an moreover they -cannot be 

. . rs. ac processor execut'n · 
- '"· mod¡fics its contents Another p. 1 g an lmpure procedure 

· . rocessor. attempling to 1 h 
' ccdure may cncountcr diffcrent instructions· exe~u e t e sam~ pro· 

are not readily reusable Apure d d or data. Thus, tmpure procedures 
. proce u re oes not mod ·r 't lf T . 

the instructions are the satne ea h ¡· I y 1 se . o ensure that 
· · . e une a program · ~ 
(rc-cmran~ code) are employcd. _ · 15 usep, pure. procedures 

1.2 EVOLUTIO~ OF THE COMPONENTS OF A PROGRAMMING SYSTEM 

1.2.1 Assemblers 

Lct us revicw sorne aspccts of the dcvelo ment 6f . 
·tnin,; systcm. - _ P the_components of a program. 

·Al one 1· 1 · · · · 
uue, t le computcr prograrnnier had at h" d' . 

that int"erprctcd 'through 1 d - . IS lsposal a baste machine • 1ar ware, certam fund t 1 . Pro&:-am· this computer by writ"tng a ser· f amen a mstructions. He would 
1es o enes and ze 0 ( h · ~ 

place them:into the mcffiory of the m 1 . d r s mac me language), 

com¡:¡uter would start to Jnterprct the~~;~~:~t;:ct:~:.s a button, whereupon the 

Picpammcrs found it difficult to write or read r . . . 
In tflcir ·qucst fo . P ograms m machme language; 

r a more conven1cnt Janguage they b 
~symbol) for each m.:ichine instruction, which th.ey w t:anbt~ use a mnemonic 
uno machine language Such . . ou su sequently translate 

· · · a mnemon1c machine Iang · 
asscmb/y kinguage Programs k . uage JS now called an 

· nown as assemblers we e ·1 tramlatio .. n of assembly language . t h' r wn ten to automate the 
m o mac me language The · 

sembler program is called the so · · · mput to an as-
translation (object program).. urce program; the output is a machine language 

1.2.2 Loaders 

Once the asscmblcr produces an ob"ect ro .r .. 
into rncmory and exccutcd lt . 1 ~- . p g am, that program must be placcd 
·. • JS t le purpose of the loade t 
propJms are placcd in mcmory in ;m executable C . r o assl:lre lhat object 

Th• as bl 1 orm. 
_. scm er ~ou d place the objcct program directl . 

control to il, thcrCby ·causinil, the h. 1 .. y m memory and transfer 
mac me anguage progr.am to be execu~d. 

.. ; 

,, 

. . 

.. --•. --.· .•. " • ' 1-.· .• ·. ' 

' 
' 
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However, Útis would waste cÓrel. by l~aving the-assembler in mcmory while the 
user'~ program was·being execÚted.' Also the programmer would h~ve to rehans, · 
late his.prqgram With each execution, thus wa.sling trans1ation time. To ove reame 
lhe problems of wasted lranslation time-and wasted.memory, systems program· 
mers devetoped another componen!, catted the toader. 

A loader is a program that ptaces p;ograms into memory and prepares them for 
-execulion. In a. simple loading scheme, the assembler outputs the machine 
language translat_ion of a program on a secondary storage device and a loader is 
placed in core. 1he loa~er places into rriemory the machine language vcrsion of 
the user·s program and trat}sfers control to il. Since the loadcr program is much 
smaller than the asSembler, this m:i.kes more core available to the uscr's prognim. 

The realizatio11; that many users wCre writing virtually the same program"s led · 
to the development of "ready-made" programs (packages). These packages were 
written by the computer m·anufacturers or the users. As the programmer becamé 
more sophist¡Ca:ted, he.wan.ted to mix and combine ready·made programs with 
bis own. In re'sPonse. to this demand, a faci1ity was provided whercby .the user 
could write a ~ain pro'gram lhat used severa! other Programs or subroutines. A 

subrouune is a body of computcr inst_ruC:tions designed to'be used by other 
routine~s to acc~mp1ish ·a task. There are two types of subro~tínes: clÜsed and 
open subroutines~ An open subroutin~ or macro definilion_ is one whose code is 
inserted Ífi:lO, the m a in program {flow continues). Thus if the same open Sub·. 
routine were called four timeS, ít would appcar in four different places in the 

. calling program. A closed subroutine can be stor~d ~utside thC main ioutine, 
··and control transfers to the subroutine. Associated with the closed subroutine 
are two tasks the main program must perform: transfer of control and transfer · 
of data. 

lnitially, closcd subroutines.had lo be toaded into meniory ata specitic ad· 
dress. Fof example, if a user wished to employ a square root subroutine, he 
would have to write his main program so \hat it wo'utd·transfcr to lhe location 
assigned to· the square root routine (SQRT). His prog'rani and the subroutine 
"Yould be assembled together. lf a second u ser wished to use the samé subroutin~ 
he al so would assemble jt a long with hiS own program, and the complete maChine 
lang~age trans\atian· would be loaded i~lO memory. An.·exa~ple of core aBoca~ 
tio~ undér this infle.xible loading scheme is depicted in Figure 1.3, where core is 

.. depiCte? as a linear array of locations with the program areas shaded. 

. (. 

, · lt.bin memory is typiolly imptcmerltcd ns magnetlc cores: hence mcmory nnd 'ou ·are used 
synony~ously. . -'· · ,, 

. ··-··. 
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· SORT. • 
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Note that program• 1 has ."ho!es'~-i~ cor~: Program 2,overl 
destroys par!· of the SQRT subroutine. . . . -. ays,,a!'d ,1hereby 

Program_ mers wished ~o use subroutines thatre_fe_ rred toe. ach o !y d d d .ther. 'Y,1;J•bolical-
: an ' -no! want to be concerned with t~e ad_d_ress.ofp·a· r .. ts--o·f The d 

1 
th~ir .p_rograms. 

Y expecte "tle•cornputensystem._to,assign locationS.-to~th.cir subrouúnes anj, 
. ~-~ substitute.addresses.for:their.symbolic r~f~renc.es. . .. ,;_ .. "~ .. 
. Systems· p_rog¡ammers;.noted;.that· it•would be m_ ore -err,·c,·en co Jd b ¡ ~-- if1 sUbroutims 

u. . e -trans ated· into an·OIJject -form,that the loader coul·d· .; , 
behmd·the·user"sp Th . . . . --~~~~cate':' directf¡ 

. . . . rogram. e.task of adjustmg programs so they may be placed 
·tn ar~Jtrary core Jocations is called relocation. Relocating lo d functlons: a ers perfo.rm four 

l. A!locate space in memory for the programs (al/ocarion) 
2. Re~lv~ symbolic rcfcrences.between object decks (linking) 
3. Ad¡ust a!l address-dependent- !ocations such as add d h · • ress constants, to co:-

respon -to t e'a!locate~ space (re/ocation) . 
4. PhySica!ly place the machine instructioll$ and data ·rnto mem ory (loading) . 

. 
·'. The vadous types of loaders that. we wi!l discuss ("compile-and 

relocal!ng d 
1

¡- k- d . . - -go," absolute, 

• 
. ' ue_c. m_ mg, ynamtc·loading, and dynam,·c-lm· k·,·n ) d ff n ti g i er pri~arL:· 

• 1 . H~ man.ner m·.wluch•.t1.1es~.four basic functjons are accomplished 
The penod of,lexecutlon of a user's program is·called . 

period of t . 1 . ' - - executJOn rime. Th 

. 
rans a!lng.a u ser s so urce program is· called ass•mb/•u o' r Lo d r .. 'J compile tim!. 

a '.'me re ers to the period of loa~ing aod preparing .an obiec 
execut1on. . ;.~ t program fcf 

1.2,3 Macros 

To relieve .. programmers of the peed to ~;tpeat identical parts o·f. th --• •· . e ir. prograr~ 

7 
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o.peratinS systems ptovide. a macro processing facility, which pennits.the pro

grammei to define ari abbreviation for a part of bis program and ~o use the ab

breviation in-his-program. The macro.processor treats the identical parts-of<the 

.. program odefined by the abbreviation as a macro dejinition and saves tbe defini

.lion. The .macro proússor substitutes the definition·fot-all .. occurrences of.the 

abbreviation (macro cal!) in the program. 
ln.additioñ to helping programmers abbreviate their programs, maero facilities 

have bcen uSed as general text handlers andior specializing opt!ratiilg systerris to 

individual. computcr inSta1lations.. In ·speci2lizlng operating systems (systems 

gencration), the entire operalhm systcm is written as a. series of macro defini· 
tions. To spec¡aliz.e the operating system, a·series of macro calls aie wrftten. 
These are processcd by the macro processor .by substituting the appropriate 

definitions, thereby producing all the programs for an opcrating system. 

1.2.4 CompUers 

As the user's problems bccame more categ9riz.ed into arcas such as scientific, 
business, and statistical problems, spccialized languages (l!igh leve/ languages) 
were devCl_oped that·állowcd the user to cxpress certain prob1ems concisely and 

easily _ These high leve! !anguáges- namples are FORTRAN, COBOL, ALGOL, 
and PL/1 - are processcd by compilers and interprelcrs. Acompiler is a program 
that acccpts a p'rogram writtcn in a hig,h lcvel languagc and produces an ob~ecl 
program. An interpreta is a program that appe:us to~cxecute a source program 

as if it were rrlachine language. The sal)le name (FORTRAN. COBOL, etc.) is 

oftcn used to dE:Signate both a compilcr and its associated language.-
Modern compilcrs must be able to provide the complex facilities that pro

grammcrs are now demanding. The compilcr rriust furnish complex accessing 

methods for pointer variables and data "Structures used in languages like:PL/1, 

COBOL, and ALGOL 68. Modern compilers mus! interact closely with the oper

ating sy_stem to hand!e statements concerning the hardware interrupts of a com· 

puter (e.g. conditional statements in PL/1). 

1.2.5 Formal Systems 

A formal systcm is an uninterpreted calcu1us. 1 t consists of an:atphabet, a set of 
words·called axioms, ·and a finite set Or relations calted ru,e·s.·or infereqce. Ex· 

amples Of formal systems are: set theory. boolean a1gebra 1 Post systerns. and 
Backus Normal Form. Formal systems are becoming· importan-t ·in ~the detign, 

imp!cmcntation, and study or programmins:·!anguages: s¡jecmcally. they can be 
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used to specify the syntax (form) and the e . . . . 
lan&uages. They ha ve been Úsed ,·n sy· ¡· ~.' mantlcs (meaning) of programmirig. 
· · n ax ... uected comp·¡ 1• . llon, and complexity·stud¡'e f 1 t a ton, compder verifica· . . so anguages. 

1.3 EVOLUTIQN OF OPERATING SYSTEMS 

Juit a few years ago a FORTRAN . t--
. 1 ¡ · programmer would a h h 

Wlll IJS source deck in hiS left h d pproac 1 e computer 
FORT an and a green deck of d h 

RAN compilcr in his right hand. He would: car s t at would be a . 

l. Place the FORTRAN compil.er (. ee · • · · 
. the load button. The compute~ w n 1;c~) ~n the card hopper and'press 

2. Place his source language deck into ~~~ car~~o the FORTRAN compiler. 
. pder would ¡iroceed lo translate it into pper. The FORTRAN com • 

. was punched onto red cards.- a machme language_deck, which 
3. Reach into the card library for a 'nk 
. place them in the card hopper rK~ deck of ca-rds marked .. loader.'' and 

its memory. · · computer ,would load the loader inro 

4. Place his newly translated object ~eck i . 
would load it into the machine. n the card hopper. The Jqader 

S. Place in the card hopper the deck r . 
callcd. The loader would load lile s obany _subroutines which his Program 

6 F' se su routmes · 
. t_nally' the loadcr would transfer execution . • 

mlglll require the reading of data cards. to the user s program, which 

,This systcm of multicolored decks was somewh . . 
strong moti val ion for rnoving lo a n . at unsatJsfactory, and there was· 

1 more ex1ble syste 0 . · 
va uabJe computer time was be" d m. ne reason was that 
h . mg waste as the mach· t d. 

andling activities and between ¡'obs (A . b . . mes oo idle during card. 
bl . ¡o IS a UOII of spec ·r· d k asscm y of. a program) To el· . 1 ,, . . ' le wor 'e.g. an 

. lfl1J03 e uHS Waste th f: T ' 
provided, permitting a numberofjobs 1 b 1 • e aciJty lo batch jobs was 
lo be reail. A batch operating s t o fe p aced together into the card hopper 
example !he batch system wou~s ::~ per ormed the task of batching jobs. For 
FORTRAN compiler and loader f r orm steps l through 6 above retrieving the 

A h rom secondary storage 
s t e demands for computer time memor . . 

efficient management of th ' y, dev¡ces, and files increased the 
. ese resources becarne . . 1 • 

· dtscuss various rnethods of . · more cnt1ca . In Chapter 9 we 
managmg them These . 

efficient m:magement of them· b . r~sources are valuable, and in· 
h . . can· e costly The man f 

as evolved as the cost and soph. r . f: agement o each resource 
1 . 1S tcatiOn o lts use increased 

, n Simple batchcd systems the · 
• ' memory resource was allocated totally to a 

' 
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single program. Thus, if_a program did not need the entire memory, a PortiOn or 
that resource. waS wasted. Multiprogramming operating systemSwith partitioned 
rore memory were developed to circumvent this problem. Multiprogramming al· 
lows multiple programs to reside in separa te areas of core al the same time. Pro
gra.;,s were given a fixed portion of core (Mu/tiprogramming .;ith Fixed Tasia 
(MFT)) or a varying·siz• portien of core (Mu/tiprogramming with VariDble.Tasla 
(MVT)) . 

Often in such partitioned memory systems sonle portian coUld not b_e used 
since it was too small 'to contain a program. The problem of "hales" Or ~nUstd 
portions of core is caUed fragmentation. Fragmentation has been mirtimlzed by 
the technique of relocatable partitions (Burrou_ghs 6500) and by paging QOJS 
940, HIS 645). Re/acatable partition'ed rore allows the unus~d portiqns lo be 
canden sed into one continuous part of core. . . 

Paging is a method of memory allocation by which the program is •ubdivided 
· into equal portions or pages, and core is subdivided into equal p·ortions or blocks . 
The pages are loaded into blocks. · 
· There are two paging techniques: simple and demand. In simple paging al! the 
pages of a program must _be in core for execution. In demand pagÚig a_ prOgram 
can be executed without all pages being in core, i.e., pages aie fetched into core 
as they are needed ( demanded). ' · 

The- reader wilJ recall from se~tion 1.1 that a system w·ith sevefal process~ns is. 
termed a multlprocessing system. The tra[fic controllei- coordina tes the piOcér 
sors and the processes. The re so urce of processor time is allocated by a .progiafu 
known as the scheduler. The proces~r concerned with 1/0 is referred to a:s the. "". 
1/0 processor, and programming this processor is called 1/0 programming ... 

The resource of Hles of information is allocated by thefile system. A segment 
• is a group of inforr.nation that a user wishes to tteat asan entity. Fi/es.are seg-

ments. There are two types of fU es: (1) directorios and (2) data or programs. 
Directories contain the 1ocations of other file_s. In a hierarchical nle system, · 
directories may point 1? other directories, which in turn may point to dir~ctories 
.or mes. 

Time·sharing is one method of al1ocating processor qme. It is typically char- · 
acterized by interactive proctssing and time·slidng or the CPU's ti.rile to ~l_low 
quick response to each user. 

A virtual memory (name space. ÍJddre_ss space) consists of f!tose addresses that 
may be gene1ated by, a·processor dur!ng execution of3 computation .. The mem- · 
ory space consists or the set ·ar addresses that correspond to phys.ica1 niemory 
l~tions. The technique of segmenta/ion provides a large name space aÍld a good 
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protection mechanism. Protection and shar' . 
access lo segments. . . . . ltl&are method~ of allowmg controlled 

1.4 OPERATING SVSTEM USER VIEWPOINT: ·FUNCTIONS 

From !he user's point of vicw the u . 
to assist him in U!e mechani;s of ~1 r~ose ofb~n opcrating syslem (monitor) is 
functions are performed by the syste;:ng pro ems. Speeifieally • lhe foiiQWing 

l. Job sequencing se! d )' · 
2 1 1 • le u mg, and traffic controUer operation 
· nput output programming · 

3: Protecting itse!f from u1e u . . ' 
4. Secondary storage manageni~~trotectmg the user from other users 
S. Error hondling 

Consider the situaUon in ·wh.ich one · ha . -
another user has a job that take ' user s a job that takes four hours, and 
. s •OUr seconds lf both · b 
SimuhaneousJy~ it would seem to be more a . . JO s were submitted 
lo hav; his run.go .frrst B~sed' o 'd ppropnale for the four·second user 

. n cOnSI era taons such as lhis . b h d 
automatically performed by ihe 0 • • JO se e uling is 
and output while simultaneously pera~ng system. 1~ it is-possible lo do inp.ut 

. executmg a program as i th 
computer systems all these funcr • s e·case with rnany 

As we ha ve s?Jd' the 1/0 eh 101 ns are schcduled by !he traffie eontrollcr 
' anne may be thought of • 

with its own specialized set of instr t' M as a separate computer 
to program it (in ~any casesn.ll'te uc IOns .. ost users do_not want to learn how 
. 1 ~-• a compheated task) The sunp Y say in his prooram "Re d., . · user would like to 

o • a • causmg the manito 
gram to the 1/0 channel for exceution Sueh ~ . . ~ system to supply a pro. 
systems. In many cases the program s. r da acility IS provided by operating 
sequence 'of closcly interwOven interruupp IC _to the 1/0 channel consists of a 
this way: "Hey, Mr. 1/0 Ch~nnel did pt routmes that handle !he situation in 
ceived it .. "A , you rece¡ve that charactcr?" "Y es 1 

. re you sure you received it?" "Y 1' . • re-
anothcr one." "Fine serid it,. uy • .· .. es, m sur e." "Okay, 1'11 send 
"Send it!" • . : ou re_ sur e you want fue to send another one?" 

An extrcmely important funCtion of ano erar . . 
frorh bcing burt either maliciou 1 p mg system.Js lo protect the user 

1 . ' s Y or aceidentally by othe h 
tect tun when other users are executing or chan . ' . r users; t at is, pro-
bases. The operating system mu t . . gmg theiT programs, files, or data 

s msure lDVJOiability A 11 
users from each other the operat· · s w•e as protecting 

h • mg system must also p t · 
w o, whether maJiciously or accidentall . h ro ect Jtself from users 

St d y' mJg t "crash" the system . 
u ents are great eha!lengcrs of proteetion 'mech . . '" . . .. 

- anJsms. n'hen the, systems 

1 
1 

1 

1 

BACKQROUND , 
programming eourse is given al MJ.T.,'we find that' dueto the large immber ()f 
students partieipating it is very difficult lo personally grade every program run 
on the machine probleins. So for the very simple problems- eertainly the f1fsl 
prob!em wlúch may be to eount the number of A's in a régister and leave 
the answer in ano!her .register- wc have wrilten a grading program that is in· 
cluded as past of the operating system. The grading program calls the student's 
program and transfers control lo it. In thls simple problem the studenl's program 
processes the contents of !he register,l:aves his ~nswer in another register,and 
returns to the grading program. The latte; checks to find out if !he corree! 
number has been left in the answer régister. Afterwards, !he uading pr~gram 
prinls out a listing of all the studentsin the c!ass and their grades. For exaniple: 

VlTAKOHN 
RACHEL BUXBAUM 
JOE LEVtN 
LOFTI ZAOEH 

CORRECT 
CORRECT 
lNCORRECT 
CORRECT. 

On last yeas's ruo, thc computer listing began as follows: 

JAMES ARCHE!I 
EOMCCARTHV 
ELLEN NANGLE 
JOHN SCHWARTZ 

CORRECT 
CORRECT 
lNCORRECT 
MAYBE 

(We are not sure bow John Schwarlz did this; we gave him an A in the course.) 
· Secondary storage management is a task performed by an opcrating system in 

c?njunction with the use of disks. ta¡)es, and other secondary storage for a user's 
programs and data. 

An operating sy_stem mu•t respond to errors. For example, if the programmer 
. -•ho4ld overflow i register, il is not economieal for the computer to simply stop 

and wait for an operator tO intervene. Whcn an error-occurs, the operating systein 
must take appropriate action_. · 

1.5 OPERATING SYSTEM USER VIEWPOINT: 
BATéH CONTROL LANGUAGE ;'-1 

,&.t,.·?-~-

Many users view an operating system only through. !he'>batth system control 
cards by which they musl preface their programs. In Ibis scction we will discuss 
a simple monitor system and the control cards associated with it. Other more 
complex monitors are discussed in Chapter 9. ' 
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•• . Monito; is a lerm thal refers lo the control programs of an operaling systcm; 
Typically, in a batch system lhe jobs are stacked in a card reader, and lile 
monitor system sequentially processes each job. A job may consist of severa! 

:·separa te e prograrns. to be • executed sequenliaUy;_-each .individual: prograrn.·bei~g 
ealled a job step. In a batch monitor l)lstem the user communicales wilh the 

· systeryl by way of a conlrollanguage. In a simple batch monitor system we have 
· lwo 'classes of control cards: execution cards and definilion cards. For example, 
· an execution card may be in lhe following fonnat: 

·lf dep rwme EXEC tu~m~of progr.m ro be 111tecumd,Argurrumt I,Argument;2 

The job control card, a definition card, may Uke on the foUowing formal: 

11 Job name JOB (User name. ldentifiéation, e~epected time use, lines to 
b8 pri.nted Out, expeeted number of cards to be printed 
out. 

·Usually there is an end-of.file ·card, whose formal might consist of f•, signifying 
the termination of acollection of data. Let us Uke the foUowiñg example of a 
FORTRAN job. · 

. 1/EXAMPLE 'JOB · • DONOVAN, T168,1,100.0 
· //STEP1 • EXEC·: 'FORTRAN, NOPUNCH 

. ·, READ 9100,N · 
_00 100¡·. 1,N. 
12 ,¡, J•J 
13 •l•I•I 

100 PRINT9100,!,12,13 
'9100 FORMAT (31101. 

;· '' ' oNO 
1' . 
//STEP2 , . 

. . 1/STEPJ ., 
10' 

. ,. _: 

EXEC.t.OAO 

The flrst Control c.ird is an:'example Óf a definition· card: We h;ive defined the 
uS:er to be Donovan. The systCm must ·set up an acéounting file for the user, 
noting that h{expects to_use one minute of time, to output a hundred lines of 

. output, and· lo punch no cards. The next control card, EXEC FORTRAN, 
NOPUNCH, is an example of an execution card; that is, the system is .. to-execute 

:the:prograrn FORTRAN,,given.one:argument- NOPUNCH. This argumental· 
lows the monitor systefu·to pefform more tfficiently; since nO·cards are to .. be 
punched, it nced not utilize Lhe_punch routines. Th~ data to the compiler is the 
FORTRAN p;~gram sh'own, ierminated by an end-of·fil~ card f• . . 

The ·next control caed is another example of an executioÍl card and in·this 

¡, '> 

1 

. ' 

' BACKGROUND 

. . oader. The program that hasjust been compiled 
case cali~s the executton of the 1 . for its execution, wherc· 

. • .• d .• d. . ttiefwith al! lhe routiRes necessary .... , . ·#'· ·- '' • IÍ te'p ... ·.•· 
wUI be loa e • toge b t'nes to the main program. ThiS ¡o s 

'11 "b' d" the su rou ' . . 
. upon the loader Wl IR h EXEC OBJECT card is another exeeu· 

is.lerminated by ·an end-of·file card. T ~~ execute the object program jusi com
tion card, causing the·momtor systemh m an·d t's'followed by the end-of· 

. · t to 1 e progra · 
piled. The data card, 10, 1S ¡npu . 

d . o e ·mplementa· file car . . . 1 4 resents an ovo:rview o an ' . 
The Simple loop shown IR f¡gure . p 't ystem musl read in the first card, 

. tmThemomors • 
tion of a batch momtor sys .=_. . . , b d !he monitor saves the u ser s - . 

P
resumably a job card. In processmg a ¡od car ¡' lt·m·,¡ and line print hmil. lf 

all d rme car pune 1 • . 1 name account number, otte 1 • t'on card then the monitor wll 
• dh tobeaoexecu1 • . 

the next control car app~ns d torage and prot1:SS the ¡ob slep 
d. o ram from secon ary s , . . d . 

load the correspon mg pr g bl - m lf there is an error unng 
ol t the execula e progra . . b 

by transferring contr o d oes back to process the next¡o 
. the system notes the error an g . . . . 

processmg, 
stop. 

.: 

. .•. ·····. • M' ¡n'l P of"á·slm"ple baieh monitoi sYstem 
FIGURE lA. ' 00 
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'1.6 OPERAnNG SYSTEM USER VIEWPOINT: FACIUnES 

For lhe appUcations-otlented user, lhe function of the operating systern 1s tO 
provide facilities to help solve problems. The questions of si:heduUng or proteo
tion are of no lnterest lo him; whathe ls concomed wilh ls lhe available software. 
The. followlng facilities are typically provided by modern operatlng systems: 

1. AssembieD 
2. Compilers; such as FORTRAN, COBOL, and PL/1 

· 3. Subroutlne librarles, such as SINE, COSINB; SQUARB ROOT 
4. Unkage editors and program Joaders that blnd subroutlnes togelher and 

prepare programs for execution 
S. Utility routlnes, such as SORT/MERGB and TAPE COPY 
6. Application packages, such_ as circuit analysls or simulation 
7. Oebugglng facilities; such as program traclng and "ODie dwnps" 
8. -Datunanagement and file processlng 
9. Managernent of system hardware 

Altho;¡gh lhis "facilities;' aspect of an operating system may be of great 
lnterest to the user, we Jeel that lhe answer lo the question, "How many com
pDers does lhat operating system have?" may tell more about lhe orientation of 
lhe manufacturer's marketing force than-lt does about the structure and er
fectiveness oLihé operating system. 

'-

1.7- SUMMARY . 
.; 

The major components of a programmlng system are: 
.-·· ·. : , . 

1. Assembler 

Input to ·¡;¡ '~S.embler ¡; an assembry ia;;;.,Oge program. Output b ~ object pre>
grm~ plus informa !ion lhat enables lhe loader to prepare lhe object program for 
exec~tion. 

2:_ .M.~ó·p¡O.,,;,;or 

A-miZcro cal/ is:an abbr~~iation ( or name) for sorne eode. A TTliZCTO de{lliÍtibn isa · 
sequence of code lhat has-a name (macro call). A TTJIZCroprocessor is a prograni 
that substitutos and specializes macro dermitioris for macro calls. 

,_,., .. : ~ -· .. 
' ~- . 

Aloadcr is a routlne th~t !oads an obj<ct prograrn and prepares it for execution. 

, 

,.¡ 
' 

.. 

i 
1 
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There .are various lo~ding sche~es: absolute, ~locatin~ .. and direct·hnking. In 

general, the loader mus! load, relocate, and link lhe ob¡ect -~~~¡_:~_:.,~ 
. . :··.:.-,. .. . · 

-:?;"f..-;:· 
.. ;~~--

4 Compilara ~~--
. · · "in a high-levellanguage" 

A compiler is a program that accepts a source program . 
. - and produces a corresponding object program. . . 

&. Operating Systems . 
. h the allocation of resources and serv¡ces, 

An operating system is concerned _w¡t d . formation. The operating system 
. such as memory' processors, deVJces, an m these resources such as a rra[fic 

correspondingly includcs programs to manage mod le 1/0 pr~grams, and a file 
controller' a schcduler' memory management u ' 

system. 

.-
. ~! 

··.··-· : .• ,-;·: 

-. 

.. ' ..... 
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lnput-Output 
··oevices 

il® 
DIGITAL PR!NCIPLES ANO 

APPLICAT!ONS 

MALVIO/LEACH 
In any digital systcm it is necessary to h,we a link of conlrnunic.llion betwcl'n n1,1n 
and machine. This cc,~·nmunie&ltion link is Oftcn ~.lllt•d the "m,ln-machint• intcr~ 
rae~" and it presen\1¡. ,, numbt•r' of prob!cnn. DiKIIoll \IY\h~!ll~ ·~ft! (;lp.l!JIP ái 
opera!lng on infurmJ\IOn at .,pecds mucl' greJter th.111 in,lJl\, .1nd th1s. is ont• ol !li('ir 
m¿·;, importan! ¡;ttribull'\1. fnr example, ,, IM~c-scaiL' d1¡.;1t,11 compulcr is c,Jp~lilil! of 

peiform1ng more than 500.000 aclditiÜn\1 per ~ecorlcl. 
fhl'¡uublcm hcre is to rmvlí.lc data 1nput to tl~c sy.~tcm at thc higlll'st· poc.sible 

rate. At thc> samc tinle,• thl're 1S the proh:ern of JCCf'pting d,,,;, output irom thc 

sysiYm ,¡¡t- the hi¡.:hcst pos.~ilJie rJ!e. Thl' pmlJiern is.. funhcr m,1gni_fied .. inn• mm\ 
di~lt~ll s.ystem\ do not -"PC,lk En•~hs.h, or .1ny other lan~u.1gc íÜr th;1t m.1t1er, .md 
SOr"f\~ s.ylj,!<'m of symbols. mus.t thert'forc !)(• usPd for communic,11ion ttlwr~· is .11 
pres.ent ,1 comiclcrahlc amount of rt'sc.uch in this iHt.'.l. and !lome sysH•n¡s hJvc 
be~n devcloped which will Jcccpt spokcn comm.1nUs Jnd J.:lvc orJI rc~punH'S on a 
limite,! bas.isl. 

Sine e d1¡.;ital systems opera te in a bm.uy mode, a numbcr o( cudc sy ... tL'lll\ which 
are bl!l.Hy rr.prescntations h,we becn dcvelo¡wd Jnd .ue lll~tnK u .... Pd ~1s thc J,,ngu,,~t· 

o' cornmunJCatiun lll'IWL·en m,tn Mld n¡.¡chml'. In th1s rh.lplt•r wc dbcm!i ,, nund~t.•r 

of :thesc cedes and, at the s.ame time, consider thc ncccss:Hy inpu't-output equ1p· 
ment. 

.'Jhe primary objcctive of this c;:hapter is-ta.·acquire the abiiÚy to 

1 •. Explain how Hollerith ·code and ASCII code are u sed in input/output mPcii,l. 

2. D1~Cu!.S tcchniques for magnetic re<.:orthn~ of di~ital information, inch.JdinK R.Z, 

KZI. ,1nrl NRZI. 
J. Dc!lcrdlC th~ limitations of a numher of diffcrcnt digital inpul/Ol!tput ur1iis.. 
4. Draw thl' lo~ic diJgrams for a simple trec decoder ami •l balanced muhiplici\· 

tivC' c.Jecodcr. 
( 
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10-1 PUNCHED CAROS 

One of the most widely used mL-dia for entering data into a machine, or for ob.. 
tainin~ output delta from a machinc, is. the punched card. So~ common exa~ples 
oí these cards are co!lcge registrat1on carcis, ~overnment chccks, monrhly oil com· 
pany st.ltcments, and bank statemcnh. \t.is quite simple to use this medium to rt•p· 
re~nt!Jinary inform.ltion, since on\y two cunditions are required. Typically, a hole 
in the card represents .1 1 anO the abscnce of a hule reprcscnts a o. Thus. the carel 
provides the means of prcsenting information in binary form, and it is only neccs
sary to cit>velop tht..• ende. 

The typical puncht>cl card uscd in lar~c-scale data-proccssing systems is 73!1 in 
long. .l 1

/• in·widl.', .md 0.007 in thick. Each card h¡1s 80 vertical columns and 
there are 11 horizontott rows, as shown in Fig. 10·1. -The columns are num~red 1 
through 80 along thc I?Ottom ed~ the card. Bcginning at the top of the card, the 
rows are designatL-d 12, 11, O, 1, 2, 3, 4, S, 6, 7, 8, and 9. The lx,ttom edge of the 
card is the 'J ed¡;e, and thc top edt-;e is the 12 eclge. -Hales in the \2, 11, ando rows 
are calk:od zune punches, and hules in the O through 9 rows are called digif 
punches. Notice that row O is both a zone-and a digit·punch row. Any numbcr, any 
tener in the alphabet, or any oí scver;ll spcci.::11 char~tcters can be represented on thf! 
card by punching onc or n1ore hales in any onc column. Thus, the card has the 
capacity of 80 number~. letters, or comUinations. 

Proh.lbly the most wiclcly used system for recording information on a punched 
card is the Hufleri!h code. In this code the numbl.'rs O through 9 are rl.-presented bY 
a single punch in a vertical column. For ex.1mp\e, a hule punched in the fifth row 
of column ll rcpresents a S in that column. The letters of the alphabet are 
represented by two punches in any one column. The letters A through 1 are 
represented by a zone punch in row 12 and a punch in rows 1 throug.h 9. The 
ll•tters ! through R are reprcsented by a zone punch in row 1 J and a punch in rows 
1 through 9. The letters S through Z are represented by a zone punch in row o and 
a punch in rows 2 through 9. Thus, any of the 10 decimal digits and any of the 26 
letters of the alphabet can be rcprt•sented in a binary fashion by punching the 
proper holes 1n the card. In addition, a numbcr of special characters can be 
repre~ented by punching combinations of hales in a column which are not used for 
the numbers or letters of the alphabet. These characters are. shown with the proper 
punche; in Fig. \0. 1. · . · - · 

·· An easy device for remembering the alphabetic characters is the phrase "JR. ¡5 
11.:· Notice that the letters J through R have an 11 punch, those before have a 12 
punch, and those after have a O punch. lt is also necessary to reme~ber that s 
l>t>gins ~n a 2 and not a 1. 

Example 10-1 

Dc'<'ode the information punched in the card in Fig. 10-2. 

Solution 
Column 1 has a 7 

l. Co!Umn 2 he.. 
punch in row O and a punch in row 3. lt is therefore the letter 
Lone punch in row 12 and ·another punch in row 6. 1t is 

; 
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Fig. 10.1. Standard punched card using Hollerith code. 
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1 , o 
1 n O 
l"'• : ~ 

therefore the iettcr H. Continuing in this fashion, you oshould ·see that thc complete 
message reads, "THE QU\CK BROWN FOX JUMI"EO OVER"lHE LA.ZY OOGS RACK." 

With this card code, any alphanumeric talphabetic and numcric) infornhHion cc1.n 
be uscd as input to a digital system. On the other hand, the syslem ¡., C<lf><lhlc o! 
delivering alphanurrteric output information to the u ser. In scientific discipluws, the 
information might.be missile flight number, location, or guidance inform.ltion such 
·as pitch rate, rOil rate, and yaw rate. ln business disciplines, the infornl.ll!On cuuld 
tJe account numbl•rs, names, addresscs, monthly sta!ements, etc. In .1ny Cd:-sC, the 
information is punChed on the card .with one characler pcr column, and the card is 
then capable of cOntaining a maximum of 60 charac!ers. 

fach card is considered as oné block or unit of in:ormatioh. Since the machine 
·operates on one. card at a time, the punched card is oflen referred to as a "unit 
record/' Moréover, the· digital equipment used to p;.zn(h cards~ read cards into a 
systcm, sort cards, etc.; is referred to as "unit.recoré·equipment.". 

Occasionally, the informal ion u sed w:th a digital system is entirely numcric; that 
• is, no alphabetic or special characters are requireC: In this case, it is possible to 
input the information to the system by pun~hing the cards in .a straight binary 
fashion. In this system, the absence of a punch- is a· binary O, 'and a pune h. is a 

Fig. 10-2. · ·Example 10.1. 

u u 1 u n 1 a· 111 ;¡;..~.-;..- ~ 
1'. IIIIIIIUII 1.1-.1-:"·"";.?:.-w.-'. q, 
! ~:: ~ ~~ ~ ~:! ~ .1 ·.~ ~ ~. !~ ~-~!~ ~ ~ ~~ ~ ~: ~ ~~! 1 ~~ 1' ~ ~ ~ ,,, ~ ~ !!1 .. ! ~ ~- ~ ~ ~! :!:~! ~!!~~ !~~ 1 !~ ~: ~ ~ ~ :: 
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: :~ ~ ~ !~ ~::•q 1 il· .. ,~~~!~" ~ '.' lt 1 ~!:•' ·~: ~·· ~!~~ ·.~ 1 ~!!~ !~ !!!.,. !!!~!!!~!~ ~ :! 1 :·~ 



2&4 
Dig!tal Principlesand Applications 

bin.Jry l. 11 is then possible to punch 80 X 1 - . . 
one card. . 2 - 960 btts of bmary information on 

Many larg"e~scale data-processing s ste b' . 
bit>. Ea eh block o( 36 b·,ts ·,s e 11 d Y .. ms use mary ,nformation in blocks of 36 

a e a word " Y ·11 
chapter that a registef capable of t • • .• ou Wl recal/ from the previous 
Th . . s or~ng a 36-bl! word t . 

ere IS nothing magical about the 36-h' d mus conta1n 36 flip-flops. 
which opera le with other word le th ltEwor ' and there are in fact other sy~tems 

ed · · · ng s. ven so let's see 1 b · 
arrang In words of 36 bits might lx• unched , lOW tnary '':'formation 

Th~Ht• are two methods. Tht• fir~t !e!h . J on cards .. 
horizontally by punching across th d f 0( stores the mformation on the card 
punched in row 9 in co/umns 1 th e e~~ rom feft to right. The first 36-bit word is 
columns 37 through 72 The th.rd rougd . 3~. The second word is also in row 9 in 

· · 1 wor !S rn ro e ¡ ' 
on. Thus a. tOtal of twenty-four 36 b"t d w ' ca umns 1 through 36 and so 
b. - ' wor s can bE> h d - ' 

mary form. lt is then possible.to store 864 b. {.pune e_ In the card in straight 
The second method in vol h. rts o rnformatron on "the card 
1 ves pune rng the info t" . . • 

rat 1er tha_n rows. BPginning in row 12 of e 1 rma ~on vert_rcally in columns 
punched rn rows 12, 1 1, 0: ... J 9 Theo :1ue:n 1, t~e f~rst 12 brts of the word are 
and the .rernaining 1 "l bits ·are pu 1 .d . . 1 t 12 brts are punched in column 2 

h d . ... nc 1C m co umn 3 Th s 36 b' ' pune e rn every three colurnns Th d . h · u • a ~ rt word can be 
36-bit words. · e car !S 1 en capable of containing twenty-six 

The most common method o( en ter in in~ r . . 
by means of.t!le_.key-punch machirle Th~s m o ~-atron roto punched cards initially is 
a typewriter, and the Sl)eed and . a e rne opera tes very much the same as 

· accuracy of the operar d d 
operator .. The information on the h d ron epen entirely on the 

b :· pune e cards can the b d · 
system y mean3 of a card reader Th . ( n e rea rnto the digital 
at the rate of 100 to 1 000 ca d . e_rn ormation can be entered into the system 
_used.. , , . r s per m mute, depending _on the type o{ card reader 

. The ~asic meÍhoú for changing the une he . . . . 
Irreal srgnals is shown in Fig 1 O 3 T~ d rnformatron rnto the necessary e lec~ 
are dra\vn from it one at a tir~e ~ . h e ~ards are stacked in the rea~ hopper and 
either brushes or photocel!. Th. ~1~ car passes under the read heads, which are 

d h 3. ere ts one read head ( h 1 
an w en a .h91e appears under the r d h d o_r e~c co umn on the card, 

. ea ea an electncal signa/ iS generated. 

Fig. 10·3. Ca d d' r -rea mg operation. 

1 

...... 
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Thus. e.ach signa/ from the ret1d headS. represents a binar y 1, and.thi~ i_r:¡forma1ion 
can be used to set flip-flops which .form the input storage regiSte~ .. The -(ard., th~n 
pass o ver other rollers and are pJaced in the stacker. There is q~ite:·oíten a· secoñd 
read head which reads the data. a second time to provide a valiNf~-check on the 

. ~~ 

rcading proce!>S. · ,.. · 
. ..r,· 

Example 10-2 
Suppose a deck of cards .has binary data punched in them. Ea eh card has twenty~ 
four 36-bit words. 1f the cards are read at a rate of 600 cards per minute, what ¡., the 
rate at which data are entering thc system? 

Soluti'on 

Since each card contairis 24 words, the data rate is 24 X 600 = 14,400 words pcr 
minute. This is equivalent to 36 X 14,400 = 518,400 bits per minute, or 
51 8,400/bO = 8,640 bits per second. 

Punched cards·can also be used as a medium for ac.cepting dc1ta output from J 

digita: system. In this case, a stack of blank cards (having no hales punched in 
them) are held in a ho~per in a card punch which is controlled by the digital 
system. The .blank cards are drawri from the hopper one at a time and puncl)ed 
with t 1le proper information. They are then passed under read he,1ds, which che< l.;. 
the .. alidity of the punching operation. and stacked in an output hoppPr. c~rd 
punche~ are capable of operating at 100 to 250 cards per minUte, dt..•pending on i.l-¡t• 
system used. 

Punched cards prf.sent a numt>er of importan! advantages, the first of which .·is ... 
the íact that the cards represen! a means of storing informal ion permaflently. SinCl' 
the information is in machine code,· and since this information can be printt•d.on·.·; 
the top edge of the card, this is a very convenient means of communica!ion. 
bet"'een man and machine, and between.machine and machine. Thcre is als.o_,, 
wide variety of peripheral equipment" whiCh can ·be u sed to process iníorma:ion 
stored on cards. The most common are sorters, collators, calculating punches, 
reproducing punches, and accounting machines. Mor"eover, ii is very:casy to cor~ 
rect or change the information Stored, Since it·is only neceSSary 'to rl:'mOV~ !h~ 
desired card(s) and replace it (them) with th~ corrected one(s). Finalliy, the~e car,d~ 
are quite inexpensive . 

10·2 PAPER TAPE 
. - ..... : 

..... '.;-j~~-~-
Another widely used input-output medium is punched papd~tape.-.lt is Used in 
much the same way as punched cards. Paper tape was devé"fbped i~híai"!y for the 
purpose of transmitting telegraph messages over wires. lt.·i_S,: ~bw u sed eXténsi.,.·ely 
for storing information and for trans~iiting information from machine to mÚ.hi~e. 
Paper tape differs from cards i~. thcit it is ·a con.tinuous rall· of paper; thus; .:tny 
amount or information can be punchcd ínto a roll. lt is possible to· reéOr'd ·any 
-alphabetic or numeric character. as well as a number of special characters; on 
papei tape by punching hales in the tape in t~e proper places. 
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Fig. 10-4. Punched paper tape. (a) Eight-hole code. (b) -Example 10-3. 

. The~e are a. n_umber of code~ for punching data in paper tape, bL·· on~ of the 
mosl Wideh u sed is the eighr-hofe c:ode in Fig. 1 0-4a. Hales, represen: -.g :.iTa, .lte 

pun(:hl"d in eigh~ parallel channc!s which run thc lcngth of thc ldp.e. r: ··~ ~~.mm·b 
it(e.IJbcleC 1 •. ~.-4, 8, pdr.ity, O, X, and end of line.) Each characte· -~<mcric, 
alphabctic. or spccial, -occupics onc column of eighq>Ositions acros~ -;e •·idth of 
~~~~ . 

Numbers are; represenlcd by punches in one or more channels le":~e!~ O, 1, 
,. 2, 4, and 8, clfld ea eh number is !he su m of the punch positions. For ea.am;le, O ü~ 
repre_scntcd by a single punch in the O channel; 1 is represented by a ~ng1t punch 
in the) channel;) is a single punch in channcl 2;' 3 iS a punch in charr,c: ! and a 
punch.in channel 2,.etc. Alphabetic charai::ters are represented by a co:-::,in¡lion of 
punches in channels X, O, 1, 2, 4, and B. Channels X and O are u sed !".uc' as lhe 
zone.punches in punched cards. For cxample, the tener A is designa\~ oy ~unchcs 
in cha.nnels X, O, and 1. The special characters are represented by corr::in.a.ons of 
punches in a!l channels which are not used to designa te either numbe·J o: lettt'f\, 

A Punch in t~e end-of-linc channel signifies the end of a block of inb·.,a·.on, or 
the end of rt:eord. This is the only time a punch appears in this channt:. .. 

A':> a means of (ht>cking the validity of the information punched on :-e tme, the -• 
Parity chan.,el is u~ed to ensure that each character is representeC :>y in odd 

.number oi '~0\es. For example, the letter e is represented by punches in .:~a· neis X, 
O, 1,~andil. ')rncf~·-an odd number.of,holes is required for each -charac:.r, t~~-code 
for the leuer e also hJ~ a pune~ in ihe'parity channel, and thus a·uta~ of five 
punches is used for this letter. 

Exampie 10-3 
What information ls lield in the perforated tape i~ Fig. 10-4bl 

-~ 

~-

lb/ 

.lnput:Output Devices .. 

Solution . 1 O 1 . d 2 and this is the lener T .. The 
· -· h nch~s m channe s , • an • · 1 u 

The first_ character as·pu . . . there are ¡)une hes in channcls X, O, ,,m . 
c;econd character is the lener 11, smce . . th SJ.me as that punched on the 
Continuing, you should see that the message IS e ~ - - . 

,,card·in. Example 10-1. 

. n channe\s•4-'and -S~ are g~ide ho\es, USL->ti tO 
The row of sma\ler hales betwee . . The ·information on the t., pe can 

"uide and drive thc tape under the read postll~nsf .. ' 1 O-S The method for re.uling 
" h 1 t ce\ls as shown tn tg. . . . 
be sensed by brus es or P·'O o . .1 . lo the dioital system i':> very stmr-

1 pe and inputung r m f'l 1 information from the paper a 
0 

d. g 00 trie typc of rc<lder u._,t.•( ... 
· d. ched cards epen m 

lar to that used for rea .rng pun . · f 15o to 1 000 character._, per 
be d ·nto the system ata rateo _ .. • . . 1 . 

informatíon can rea • . . 1 r htl {aster than· reading m ormat•un 
d Vou will notice that thts IS on Y s •g Y 

~econ . 
from punched cards. · f . 'nformation output from-a .digital 

· be ed s a means o acceptmg 1 . . l 

Paper tape-can us a · 1 wh¡'ch enter._, the d~•ta on t11e d · es a tape pune' . 
system. ln this case the system nv . alta e punches are Glpable of op~.·r,,t_•~H. 
tape by punching the proper _hales. Typ~ h ~ ta are punchc'd with 10 ch.u<lCtt•r-, 
at rates of 1 5 characters per second, an t. e ha. referred to as thc "elata dcmity ... 

lo the inch. The number of characters per tnc IS ·nch Recording density is one of 
d · · 10 characters per 1 • • 

.. nd in this case the enslty IS • d" which wi\1 be discu..,~ed rn the 
the irrÍportant {eatures of magnetlc-tape recor rng 

next session. b. a manual tape punch. This unit is very sin_,;. 
Paper tape can al so be perforated dy d . e caseS -electric typewriter._, wllh 

· · ·ter and in ee 111 som h. h d 
lar to an electnc ty~ewn . , ed .The accuracy and spt!ed of t IS m_et o 
special punching un•ts attached ~re us . Qne .advantage of this method rs thJt 

·n a function of the mach•ne operator. -., 
are agat · . 

Fig. 10-5. Paper-tape drive. and reading mech~nism. 
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the ty¡)Cwrite'r proyideS a ~ritten Copy of wryat.is' ~un~_~c.d, ¡;':1,19) th~,tape. T~i~ ~opy 
can be used fbr verification of the pun~hed inf<;umatirin. · 

'· 
10-3 MAGNETIC TAPE 

Magnetic tape has become one of the most important methods for storing large 
quantitiPs .of informal ion. Magnetic ·tape offers a number of advantages over 
puncl~f'd C<Hrls and punched paper tape. One of the most importan! is the _fact that 
m.lgnctiC tilpc ca~ be era sed and u sed over and over. Rcading 'and rf.cording are 
much (aster than with cither cards or paper tape. However, they require thc use of 
a tape-clrive unit which is much more expensíve than the equipment used with 
carde; and paper tape. On the other hand, it is poSsih;e ro store up to 20 million 
ch.1racters on one 2,400-ft reel of magnetic tape, and if a high vol u me of data is 
one o( the system requirements, the use of magnetic tape is well.justified. Most 
commonly, m~i~nrtic tape is supplied on 2,400-ft reels. The tape itself is a 112-in
wide strip o( plastic wilh a magnetic oxide coating on one side. 

Data are record e<{ on the tilpe in seven para I/ el channels along.the length of the 
tape. The channe/s are labeled 1, 2. 4; 8, A, 8, ande as shqwn in Fig. 10-6. Since 
the informal ion recorded on rhe tape must be digital in form, that is, there must be 
two statcs. it is record<>d by magnetizing spots on the tape in one of two directions. 

A simplified present,1tion of the write and read oper.1tions is shown in Fig. 10-7. 
The m~1gnetic spots are recorded on the tape as it pasc.es over the writC' hcad as 
shown in Fig. 10-7.1. tf a pm•tive pulse o( curre>nt is ap¡Jlied to the write-head coi!. 
.1~ shown in the figure. ,1 magnctic flux is set up in a clockwise direction a'round the 
write head. A~ this flux p.1ssE"s through the record gap, it spreads slightly and passes 
rhrough lhc oxide coating on the magnctic tape. This causes a smal/ area on. the 
lc'lpe to be magnetizcd with the polarity shown in the f,gure. /{a current pulse of the 
opposite polarity is applied, the flux is set up in the opposite direction, anda spot 
magnetized in the opposite direction is recorded on the tape. Thus, it is possible tó 
record data on the ·tape in a digital fashion. The spots shown in the figure are 
greatly exaggerated in size to show the direction of magnetization clearly. 

In the read operation shown in Fig. 10-76, a magnetized spot on the tape sets up 
a (/ux in the read he.1d as the tape passes over the re~d gap. This flux induces a 
Sm;¡/J vo/tage in the redr/-head coi/ which can be amp/ified and used lo scl or re~et 
a f:ip-flop. Spors of opposile polarities on the tape induce voltages of opposite 

Fig. 10-6. Magnetic·tape code. 
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"1 ''S poi \· 

Tape 

Rcad head 

Writc hcad 

__f\_ 
1 

O "l''and"O" 
V voltage pul~es 

r:- "l"and"O"· __,.,_ ~or-
l:J current pul~cs (b) 

Fig. 10·7. 

(o} 

.. recording and r~ading: (a) 
MagnP·.c-,.;;Je 

Write operation. (b) Rcad opera-

tion. d There is onc 
d Qc; can be sen~e . . 

. . . the -=;e:: coil, and thus bo)h 1~ ~n .the tape. Typically. readfwn!e 
polapt•e~ '" . -· h f the c;cvcn.ch;~nmls on . h. .," operatlon can 
. · h ao ·.-:~~.-se 0 · . · 10~0· Thus. 1 e..,...,.<. . 
read/wnle e c;~~-r:~~= tn pJirs as sh(_lwn 1n F•g.' . recorded on tape are '"~~e- . 
heads are con- .· : ... c.eck1ng operat1on. Th.1t 1S, data be checked for va11d1ty . 
be set up as a ~ ss over the rcad gap and can ds ic:. used to record· 
diately read a~ ::-e· .. ~~\ar to that used to punch data· O~ ca~ne ~olumn·of seven 

A coding .sv~:~:. ;~ti~n on tape. Ea eh c~aracter o~cu~•e~ 0-6. There are two in-
alphanumenc ,, ~·~·~ f the tape. The code •s shown. '" F g .. , n s'tored on the tape. 
bits across the v..c.- o hecking the validity of the ,~form.a\10 hannel e or the tape. 
dependen\ syst.r.-s.~r ~ertical parity bit which ~s wr~tlen In ~el e to ensure that all 

The first syste-:"· l. a h k bit'' and is wntten m chan 1 the letter A is 
Th

. ·s called a ··cr.::acter-c. ec ber of bits. For examp e, 
1S 1 . 1 d by an even num . 

characters are reore:en ~ - -

F'f.. 10~. MagOetic-tape 

reodfwrite hcads. 

Read gap 
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repre!.ented by spots in channcJs 1, A, and B. Since this 1s oni~ .. three sPots, an addi
tibndl ~pot is rccorded in channel C to maintain even pat"ity for -thts character. 

The !.eCond syst(>m is the horizontal parily-check bit. This is sometimes referred 
to el~ the longitudinal parity hit. and ir is wrillen. when needed, at_the end o( a 
block of inform,11ion or record. The total numher of bits recorded in each channel 
i_} mon1tored, and at the end of a record, a parity bit ts writlen if necessary to keep 

'"'rhe total numbPr of bits an even number. These rwo· system~ form an even-parity 
system. They could, of coursc. justas casi/y he implemented to form a"n odd-parity 
systerri.trrformation can ;d~o be recorded on.the tape in straight binary form. In this 
c,a~e. a 3h·hit word is wrillen across the width of the tape in groups of six bits. Thus 
•t rcqu.res six columns to record one 36-bit word. 

The, vC'rtiGII ~f).King between the recorded spot~ on the tape is fixed by lhe posi
tions of the reild/wrilc heads. The horizontal spacing is a function o( the tape speed· 
and the recordmg speed. Tape speeds vary from SO to 200 in/s, but 7S and 112.5 
in/s are quite common. 

The maximum numlx•r of characters recorded in 1 in of tape is called the 
"rccording dPnsity," and it is a function o( the tape speed and the rate al which 
d.1ta are suppltPd lo tht> wrilP head. Typical recording densities are 200. 556, and 
600 bits per inch. Thus il can be seen that a total of 800 X 2.400 X 12 = 
23.02 X 1011 characters can be ~tored on one 2,400-ft reel o( tape. This would 
mf!'.'ln that the d.11a would have lo be stored with no ga¡)s between characters or 
groups of characters. 

For purposes Of loc.11ing informJtion on tape, it is most common to record infor. 
,,<11ion m groups or blocks called "records." In betwef'n records there is a blank 
~pace of tape calll•d the "interrecord gap." Th•s gap is typicaliy a 0.7S·in space o( 

b!ank tape, and it is positioned over the readfwrire heads w~wn the tape s.~ops. The 
·~ntPrrecord gap prov•des the space necessary for the tape to come up to the proper 
speed befo~e rf'cording or reading of informar ion can take place. The total number 
o( characters recorded on a tape is then ·a!so a function of the record length (or the 
total number of interrécord gaps. since they represen! blank space on the tape). 

The data as recorded on the tape, induding records (actual data) and interrecord 
¡:!aps,.-can be represented as shown in Fig. ·10~9. lf there were no interrecord gaps, 
:he total number of characters recorded could be found by multiplying the lenglh of 
:he tape in inches by the. recording density in characters per inch. lf the record_ 
were exactly the same length as the interrecord gap, the total storage would be cut 
,r¡ half. Thus, it is de~irable to keep the records as long as possible in arder to use• 
ihe tc1pe most efficiently. 

Fig. 10·9. Recording data on magnetic tape. 
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h recordEng densliY. lt '"a {¡,¡mple mattN to de
Given any one tape s.-,·stem and 1 e f h tape Cons•der the len~th or tape com-

term•ne the actual slo!ag-e capaclty o t e h Ft" 10-9 This lt-ngth of tape 
' rd gilp as e; own m n· · 

poscd ol one re<:ord and one reco , e f the ta~ The total numhP< of 
d down the lengtn o , ... 

is rcpcated over -an over 1 th of ta~>e IS the sum or th!; characterc:. m 
characters thal could be stored •n thtS ~ng Id be stored m the record gap. The 
the record R and the characters whiC st~r~ m th(' gap •s equal to the recordmg 
number of characters whiCh could be h G Th s the total number oí characters 

denStiY O multtplted bv the S•1 P lengl · . u by R + CD The ratto of the 
1 th of tape " gtven . 

whiCh could be stored '" th•s eng l...l Id be called a tape-uhllzatlon 
11 ~arded R lo the total posSt"'e cou 

characters actua Y r ...... 
factor f and iS: given by 

R ' 
f= R+CD 

(t0-1) 

. . - ilization factor shows that if lhe total number of 
Exa1n•natlon of the tape ut - h 1 f characlers which could be stored 

. d · ¡ to 1 e num 1er o ed 
characters •'l thc recor •s cqua ed 1 O S This utilization factor can be .us 

h .1. t. n factor r uces o · · . d ·1 in the gap, t e ut• ¡za lO • f gn"l.tC tape if the recordmg ensl y 
1 e capac1ty o a ma '" ed ro determine the tola storag h 1 mber of characters stor on a 

and the record length are known. Thus t e tola nu 

tapé CHAR is given by -

CHAR = LOF 
(10-2) 

where L = length of tape, in . 
D =record in& density, characters per mch. 

. d ap the formula in Eq. 
For a standard 2,400-ft reel of tape hav·lng a Q.75~m recor g , 

(10-2) reduces to 

2.400 X 12 X OR 
CHAR = R + 0.7SO 

( l 0-3) 

Example 1 0·4 O r reel of magnetic tape if data are 
Whal is the total storage capacily of a 2,40 -.1 h d the record length is tOO 

d d a dens.tty of 556 characters per me an 
recor e at 
charactersf 

Solution · 
The total number of characters can be found using Eq. (10-3). 

CHAR 
2,400 X 12 X SS6 X 100 = 3.10 X lO' 

100 + (0.7S X S56) . 

. . . be ti ked by calculati~& the tape-utiliz~t!~" (actor. 
Th1s.result can e ec . 
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F = 100 
100 +(0.75 X 556) 

1 
5.17."'0.19. 

The m~.,dmum number o( charactC'rs that can be stored on the tape is 2,400 x 12 x 
556 = 16.0128 X 1 0'. Multiplying this by the utilization factor gives 

1 
CHAR = 16.0128 X 10' X--= 3.10 X 10' 

. 5.17 

10-4 DIGITAL RECORDING METHODS 

There ·are a number of mcthod~ for record1ng data on a magnctic surface. The 
methods fall into two general categorics, called "return-to-zero" and "non-return
to-zero," a~d thev apply to magneti_c-tape recording as wen as recording on mag
netic disk and drum sur faces {magnetic-disk ar,d magnetic-drum storage will be dis
cus5ed -in a later chaptc~r). 

In thc previous section, it was statcd that digital information could be recorded 
on ma_gnetic tape by magnetizing spots on the tape .with opposite polarities. This 
type of recording is known as rPturn-10-zero, or RZ for short, recording. The tech
niquc- for reco_rding d~Ía on 1.1pe usiñg this method i~ to apply a series of current 
pul~c~ to thc wri/P-head winding a~ shown il1 Fig. 10-10. The current pulses sct up 
corrcspnnding fluxP~ in t~e write heacl, as shovvn in the figure. The spots magne
IILL'd o.t:~.tb_c~ t.1JH.' l~.1VP polaritiC'S correspond1:-.g to thc direction of the flux wave
furm, .ln(f it 1s only nc•cec;s~ry tn change the ·c,rection of the input curren! to write 
1 sor 0~- Nntiu• th.11 tlw inpu_t currC'nl and the ilux waveform return toa zero refer
ence lcvcl l.x-twPen individual bits. Thus the tcrm "rcturn to zcro." 

When 11 is desired tu read the recorded in:'orm~tion from the tape, the tape ¡5 
pa~sed over the read heads and the magnetized spots indUce voltages in the read
coil winding as showrT in_ the figufe. Notice that there is somewhat of a problem 
here, sine e all the pulses have both positive a:1d negative portions. One inethod of 
detectihg these levels properly is to strobe the output waveform. That is, the output- -

o o o 1 o 
Record ~ __ _n _n_ _ . n 

current pulses ~ -·~ .- ----ul..J .u-
Record flux 

Rcad 
windm&: out pUl 

Strobc pulses 
1 o .. q 1 o 

R"d gate _ll~.-__ ¡¡_j¡'"'. ___ _,n,.._ __ 
out pul 

Fig. 10-10. Retúrn-to-zero 
recording and reading. 

. . ::, '. ' ;~· . ' ~ . ·' . 

1 

¡ 
1 

i 

1 

t'Ul-: __ ,;;ut Devices · 
' '.' . . 

, Record 
current pulses -/ 

.Record flux 

Read 
winding output 

o o 

o o 

Fig. 1o-· · Biased return-to-zero recording and reading. 
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voltag~ .. ;vcform is applied to one input of an ANO ~ate {after being amp;ified}. and 
a c\oc. :· s~roGe· pulse is arplied to the other inrut to the gate. The s:•obe pulse 
must t~ -~"rv carefully timed to ensure that it samples the output wavcform at the 
prope;"¡:-e. This is one of the major difficullies of this type of recording., and it is 
theref:~ ~ldom used eXcept on magnetic drums. On a mJgnetic drum, the strobe 
wavei:~ can be resorded _on one trae k of the drum, and thus the proper timing is 
a eh i e'-"!C. 

As~.::::. ~d difficulty with this type of recording is the fact that bctwe.~.n. bits thCrc is 
no rec:r: curren!, and thus between the spots on the tape the magnetic surfá"ce is 
randü-¡·. oriented. This means that if a new recording is to be made over old data, 
the n~ ... :.Ha have to be recorded precisely on top of the old data. lf they a~e not, 
the 01: co:a will not be erased, and the tape will canta in a conglomeration of infor
maúo~. -\e tape .. could be era sed by installing another set o.f era .se head~. bUt this is 

"-..<:osth ... -: unneC€-ssary. · 
A --~-;.--,Jrl for Curing·these problems is to bias the record head Wil'"l a curren! 

whic- .,. · 5aturate the tape in either one direction or the othcr. In th1!> ~vstem. a 
curre-¡ :uise of positive polarity is applied only when it is desired lo wr¡tt>a 1 on 
the ta:..: iS shown in Fig. 10-11. At al\ other times the flux in the wrile hPads is suf
ficie:--. ;.: magnetize the entire track in thc O dircction. N~w, rccording dilta over_ 
old ene is ñot a j,roblem since the tape is effectively_eras~ a"s it Pas~es iover ·the· ~-
reco~: :-e3ds. Moreover, the ti-ming is not so critical·since it is not necessary to record . 
exac;·; :ver the previous data. When data are recorded in this fash.io~ and then 
playe: :ack, a pulse appears at the output of the read winding only when a 1 has. 
be-e:-. -=sJrded on the tape. This makes reading the in.fo(r:nation.from the tape much . 

~e ... ·. . 
T~ -on-relurn-to-zero, or NRZ, recording techn!que is .a. variation Qf' the RZ 

tech-.c.e where the write current pulses do not return to ~om.e .referen_ce leve! 
betw~- bits. The NRZ recording technique can be best explained bY examining. 
the -::e~rd-current waveform shown in Fig. 10-12. No¡ ice that the curren\ is at +1 
wh,,= -':'..:ording 1s ai"ld at -1 whi\e recording Os. Since the curr_ent leveis are always' ... 
at e;:~e· +1 Or -1, the recording prOblems of thc. fi.rst RZ system do not exist here: C..' 

~=~ ~ that the voltage at the read-wiñding output has a .pulse only when the' 
,·reco-..:-:..: .. data~éhange:Jr9m: <:'-:.1.~ to a.O.-<?~·'!¡.~~ .• ~~~sa. Thcrefore, sorne mean.s of 
sen:;r: the recorded data ís nei:::essary· for the i'eaci operation. lf the read-winding 
,yo:~.~)s af!1pJifi~d and used to set or fe!>et a flip-flop as shown in the figure, the A 
si~~é; .. ~h~· fliP-fl<?p·¡'S h1gh durir¡g each time that a 1 is being rcad. lt is low during 
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Fig. 10-12. NRZ recording and reading. 
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Clock 
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any time wi1en ;~e data being read is a O. Thus if thl' A output of the fn:--tk.p is 
uscd a~ a control !>ignal .11 one input of an ANO gate, while the other i:-out is a 
clac_ k. the o¡,.~tp~..;: o{ the ANO gate is an exact replica of the digital data be;;g read. 
Not1ce thai rhe ciock must be carefully synchronized with the data train :-or.:. the 
read-hcad \vinG.ng. Notice also that the maximum ratP of flux change occurs 
when reco•otng -or readingl alternate 1 s and Os. 

ln comra~•ng ;h1~ with the RZ recording rnethods,. you Can see that :-.e ""RZ 
mcthod ofíe,...s_ tho: di5tinct ~dvantage that the maximum rate of flux change; is only 
one-h.1lf th;;: lar ~z rC'cordmg. Thus the readfwrile heads and associated e.~trc-,ics 
can have_ rMuCE-J requirements for operation at the samc rates, or' they are c.a;-:!ble 
o( operatzn.;: al ;.·.ice thP r,1te for the san1e specifications. 

A \:anat.rJ,, o· th1s basir form. of NRZ recording is shown in Fig. 1 [..- 3. 7his 
!('("hntqu(' ·~ qu :~ ohen ca!leci "non-return-to-zero-inverted," NRZl. sincE Oo·~ 15 
,,n_d Os .He 'E'C~:::~ed at_ both the high and low saturation-current levei!'. T~ k.~y to 
lh1s met~o·? ot ·e:?rdmg ic; th~t a 1 is sensed whenever there is a flu). cfii.,ge, 
whcther Jt CE pos•t•ve or ncgatlv~. l( the read-winding output voltage is a71p;.fied 
and pr~ser::e_d lo ~h_e OR gate as shown in the figure, the output oí the gai~ wi:i be 
the_de~~reo cata tram. The uprer Schrnitt trigger is sensitive only to positiv~ pr..'ses, 
w_h1le the lower one is sensitive only to negative pulses .. 8oth outputs of the Sdmitt 
trtgg~s are fow <!nlil a pulse arrives. At this time the output goes positive ro- a .:;~xed 
durat•o~ and ge:-.erates the desired output pulse. 

Fig. 10·13. "'RZi recording and reading. 
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10.5 OTHER PfRIPHERAL EQUIPMENT 

A wide variety of peripheral equiprnent has been developed for use with digital 
systems. Only a cursory description of sorne of the various equiprnent.will be given 
here, and the reader is encouraged to study equipment of particular interest by con
sulting the data manuals of the various manufacturers. 

One of the simples! rne~ns of inputting information into a digital system is by the 
use of switches. These switches could be push·button, toggle, etc., but the irnpor:.. 
lant thing is the fact that they are capable of representing binary information. A row 
of lO switches could, for example, be switched to represent the 10 binary bits in a 
10-bit word. 

Sirnilarly, one of the simplest means of reading data out of a digital system is to 
put lights on the outputs of the flip-flops in a storage register. Admit1edly, 1his is a 
rather s\ow means of cornmunication, since thc operator must convert the dis
played binary data into sornething more meaningful. Nevertheless, this represents 
an inexpensive and practica\ means of communication between rnan and machine. 

A much more Sophisticated method for reading data out of a digital system i~ by 
means of a· cathode.ray tube. One type of cathode-ray tu be u sed is very ~imilar to 
the tube used in oscilloscopes, and the operation of the tube is nearly the se:srne. 
The unit is generally used to display curves representing information which has 
been processed by the systern, and a camera can be attached to sorne units to pho
tograph the display for a permanent record. The information displayed might be the 
transient response of an electr•cal network ora guided-missile traJ.eCtory. 

A second type of cathode-ray tu be for display is called a "charactron." lt has 
the ability to display alphanumeric characters on the facc of the screen. This tube 

. operates by shooting an electron beam through a matrix (mask) which has each of 
the characters cut in it. As the bearn passes through the matrix it is shaped in the 
form of the character through which it passes, and this shaped beam is then 
focuSed on the face of the screen. Since the operation of the electron beam is very 
fas!, ·it is possible to write in,formation on the face of the tu be, and the operator can 
then read the display. 

Sorne tu bes of this type which are used in large r~dar systems have matrices with 
the proper characters to display map coordinates, friendly aircraft, unfriendly 
aircraft, etc. The operator thus sees a display of the surrounding area complete with 
al\ aircraft, properly designated, in the vicinity. These systerns usually ha vean addi· 
tional accessory called a "light pen" which enahles the operator 10 input informa
tion into the digital system by placing the light pen on the surface of the 1-!Jbe and 
activating it. The operator can do such things as expand an arca of interest, request 
information on an unidentified flying object, and designate certain aircraft as 
targets . 

A sornewhat more cornmon piece of equipment, but nevertheless useful when 
large quantities of data are being h~ndled, is the printer. Printers are available 
which will print the output data in ~traight binary form, octal form, or aH the 
alphanumeric charactcr.s. The typical printer has the ability to print inforrnation on 
a 120-s.pace fine at Jiltes from a ÍC'w hundred lines up to ovcr 1.200 line~ per 
minute. The simples! prinlcr~ Me Lonvcrh.'fi. o"r spP(l,llly made. clf;.,;.. -.·;:~f lypcwritcrs 

. . ,,, 

l
O, 
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knmvn .H "character-at-a-tin1e printers."' They are relatively slow and operate 01t 

spf'eds of 10 lo 30 charactcrs per sCcond. 
A mor<• sophisticared printcr is known as the "line-at-a·-'time printer" since an en

tirf' linc of 120 characters is printed in onc operation. This type of printer is capable 
of opefation al r.1tes o( around 2:,0 lincs per minute. 

Somewhat !aster operation is ¡:>o!.sible with machines which use a print wheel. 
The pnnt-\-vl;t•cl printer is composed o(120 wheels, one for each position on the 
line to he l)rinted. Thcst• wheels rota te continuously, and when the prorer charactC'r 
~~ undcr the print position a ha:nmer strikes iln 1nked ribbon-againsl the paper, 
which contacts thc raic;ed characier on thc Pririt whecl. Wheel printers are capable 
o( oper.ltion at the filie of 1,250 !mes per minute and have a maximum capacity of 
1 &O char,,ctcr~ pcr 1 in e. 

One other very importan! picce of peripheral equipment is the digital plottcr. 
Theo;.e units are bcing u sed more and more in a wide variety of tasks, including a u
toma tic draCting. numcrical control, production artwork masters (used to manufac
ture integrated circuits), charts and graphs for management information, maps and 
contours, biorriedical information, and traffic analy~is, as well as a host of other 
applications. A somewhat hybrid form of digital plotting is used when the digital 
output of .1 systcm is convt;rted to analog form {digital-to-analog conversion is the 
subjcct oi the ncxt chaptcr) lo drive servomotors which poSition a cursor or pen. A 
piecc of graph papcr is positíonf'd on .1 f1.11 plotting surf.1ce, and the pen is caused 
lo move ,Krn .... s th(' papcr in rcspono;.c lo numbers received from. the digital system. 

Anoliwr dig1tJ.t rtntting syqc>m, which is more truly a digital plotter, makes use of 
hidiret·tional 'tepping motors lo position the pen and thus plot the information on 

. gr.1ph ¡MpN. In this system. which rs known as a "digital incremental plotter," the 
nt•n· ... ~ity íor digital·to-an.llog conversion is eliminated, and these systems are 

. U3Uidly less expemive and smaller in size. Digital incremental plotters are capable 
of plotting incrcments as small as 0.0025 in and offer much greater accuracies than 
the hybrid ·modcl. Furthermorc, these plotters are capable of plotting at the rate of 
4 1/2 in/s flnd providing a complete system of annotation and labeling. 

10-6 TELETYPEWRITER. TERMINALS 

The tPil'typwriter (TTYJ is presently one o( the most popular inpul/oulpul units. A 
TTY ¡._ rtn importan! .1nd vr.rsatiie link between man and computer, whcther the 
computpr is of thP smJII-sc,1lc gcneral-purpose type, ora large-scale model u sed on 
a tinw-<..hilf(~ basis. lt i!- common practice to use a ITY as a remole terminal con
nech·d to a l.ugc-scale general-purpose computer via telephone fines. The tw"a 
l>in.1rv logic k•vels {1 and 0} u sed in the TTY and the computer can be represented 
as two distinct .1udio frequencies which are then transmitted over telephone lines. 
An acouslic: 10ne CCHJpf~r is u sed in c-onjunction with the TTY. to translate d.::lta from 
audio irequcncie~ to logic levcl~. and vice versa. The central cómputer can be 
plaet•d in .1 cmwcnient site, and access to the computer via a TTY tern1inal is 
limited only hy the rPc.¡uirement lar a telephone line. · . 
~ A TTY cono;nle con,i<-1<; of ,1 ha !:ore keyboard (or lyping in inform.úiori., and 3 r}rint!. 
ing n)echanic;m for printing in(ormation output írom the..com¡lutcr. M.lny ·TTYs are 

\ 
1 
j 

1 

1 

:nput-Output Devices 
2--
" 

1 
·pp-..J with a ¡>apcr-tape pune h. and thus t•ithcr mput d~ta or output dJt,l 

a~ equr "-"'-• . . 
can be recorded on punched paper tare. 

d nYs use an eight-hole punchf'd p.1per tape. Therc h.1s hecn an·.li-
Most mo ern d h A · SI d d C< riP 

d · d. e on an alphanumeric code an 1 e mer!Can ~ an ar 1
• 

tempt to stan ar 1z • ~ f 
for lnformation lnterchange (ASCm is widely used. An eight-holc code has 2 = 25' 

b
. ,. rr·,c·,cnl to provide for both uppercase and lowercasC' alph.lh('l". 

com rna 1ons, su · . h 
tÍ1e 10 numerals, and a numher of special characters and control s1gnals. T e 

ASCII code is shown in Table 10-1. 

10-7 ENCODING ANO DECODING MATRICES 

. · EncodinP, ;-¡nd decoding matrices are often used to alter the form of the data be1~g 
· d · '

1 1,ken out of a s)•c;tem A dccoding matr.ix is used lo decode tnc 
entere 1n o or u - • ¡ b 
binary informal ion in a digital system by changing il mto sorne ot 1cr_ num N 

system For example, in a previous chapter the binary output of a regt!'ter wa~ 
decod~d into decimal form by mearls of ANO gates, and the decoded outpul was 
used lo drive nixie tubes .. Encoding information is j.ust the .reverse ~roces~ and 

· could, for example, involve changing decimal signals mto eqUivalent btnary s1gnals 

for entry into a digital system. . . . h . 
The.most straightforward way of decoding informatron LS SL~ply_ to c~nstru~t t .e 

necessary AND gates, as was done for the nixie tu bes. DecodtnR tn th1s fash1~n LS 
·te ._;mple and is most easily accomplished by using thc truth tahlc or wavetor~s. 

:rr th~ signals involved. The decoding of a four-flip-Oop counte_r would, for c:
ple require 16 four-input ANO ga!CS, since there clfC 16 ¡JQ't!'tble !>tates ~ele -

:ned, by the four flip-flops. This type of decocling then r:r¡uires n x 2" d1odes, 
where n ¡5 the number of flip-flops, for the comple~e decodtng netWl"'rk. 

Example 10-5 
Oraw the 16 gates necessa~ lo decode a four-flip-flop counter. 

Solution 
The necessary gates can best be implemented by usi~g a. truth table to determine 
the necessary gate connections. The gates are shown 1n F•g. 10-14. }--

"" · There is a second method of decoding which can be used lo reali~e a savings. in · 
diodes. Thi!> method ¡5 referred 10 as "tree decoding," and it results rn a red~ct1_on 
of the number of required diode~ by grouping the stat~s to be decoded. Decod,ng 
of the four-flip-flop counter discussed in the prevrouc; example can be ac~ 
complished by separating. the counts into four groups. Th_ese groups are O. 1,2,_3. 

56
7· 8910 11· and 12,13.14,15.· Notice that the ftrst group ~·lll he d.ts-

4' ' ' ' ' ' ' ' - - h d 1 OC the th¡rd tinguishcd by an ANO gate whose· output is OC t e 5f.'Con group 'Y ., . -

b De- and the last group by OC. Each of these .four groups can then bP 
group y ' be r h d" d d 
divided in half by using B or 8. Thesc eight subgroups can. then urt. er 1v

1 ~ 
into lhe 16 counts by using A an? _A. Th~ complete derodrng network 1S shown rn 

Fig. 10-15. 
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Table 10-1 
THÉ AMERICAN STANDARD CODE FOR INFORMATION EXCHANGE• 

000 001 010 011 -100 j 101 ;;,;': ; 1 1 o;· :111t' 

0000 NULL m oc, 1 b o @ p 

0001 SOM oc, 1 .• 1 A Q 

0010 EOA oc, " 2 8 R 

0011 EOM oc, 1 # .· -3 e S 
1 ' 

0100 EOT oc, 1 . 4. 1 o T ! (S lO D) 

_UlOl WRU E RR % .·5,. t u 1 

0110 RU SYNC &. L-2'6c • F y 1 

1 

0111 BELL LEM 1<< ·.} , ... G w 1 
1 

1000 FE0 s. ( 1/.< .• .. · •. _.,• H X Una.ssigned 1 
1 

1001 .!:f.I---<: S 1 1 l'iF: (9. ::y 1 Y. ' ! 
' 1010 LF s, 1•:{•:···-t.¡::;:;•;¡. ' 1 z ! 

1011 Vr~o..u s, -Ui.22 ; K 1 \ 
1100 FF s, •, .. < L \ ACK \ 

1101 CR s, :·- ·;;-:·, = 

1110 so ' s, . • > 
J 1111 SI 1 s, 1 ' 

Eumple 100 0001 A 

1 NULL 
1 50M 
¡ EOA 
IEOM 

1 
1 EOT 
i IVRU 
1 R·u 
( IJ[LL 
• FE 
~ HT 
; 

i SK 
LF 
V/TAB 
FF 

The abbre...;ations used in the figure mean: 

Nu11 idle CR 
Start of mcss.J.he 50 
End of .J.ddres~ Sf 
End of mcs~ge DC0 

End of transmission 
"Who are yo u?" 
"Are you ... ?" 
Audible signa\ 
Formal cffector 
Horizontal ubulation 

Skip {punched card) 
Une feCd 
Verticoal tabu\¡tion 
Form feed . 

OC,- DC1 
ERR 
SYNC 
LEM 
500 .S0l 

ACK 
(1) 

ESC 
DEL 

M 

N 

o 

1 
1 -

C.J.rri.J.ge return 
Shift out 
Shift in 
Device control G) 
Reserved for data. 
Link escape 
Device control 
Error 
Synchronous id le 
Logic.J.I end of media 
Separator {informdtion) 
Word sep.J.rator {blank, 
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. Fig. 10~14. Four-flip--flop counter decoding. 

¡..... 

A saving of 8 diodes has been achieved, since the previous dccoding ~chC'mcOJ 
required 64 diodes and this method only requires 56. The saving in diodcs here is 
not very spectacular, but the construction of a matri-.: in this manner to dc-code five 

flip·flops would rcsuh in a saving of 40 diodes. As the number of flip.flops to be 
decoded increases, the saving in diodes increasco;. very rapidly. 

This type of decoding niatrix does have the disadv.:uitage that the decoded 
signals must pass through more th'an one leve\ of g;,tcs Or the previqus method the 
signa\ passes through only one gatc). The outpul signa\ leve\ may;~~·~refore suffer 
considerable reduction in amplilude. Fmthermore. there may be a•s¡Jeed limitation 
due lo the number of gates through which the ciecoded signals must pass. 

A third type of decoding network is known a'> a "balanced multiplic~tivé 
decoder." This always results in thc minimum number of diodes required for the 
decoding process. The idea is much the samc as a trce decoder, since the counts to 
be decoded are divid~d into groups. However, in thi!' systC'm thP flip.flops lo be 
decoded are divided into groups oí two, and the resulls ~re then comhined lo give 
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Fig. 10..15. Tree decoding matrix. 

Fig. 10-16. Ba!anced multiplicative decoder. 
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the dcsired output signals. To decodc the four (ljp.flops di~cu~sed previously, four 
<.; groups are formed by combining flip-flops C and D justas before. In addition, flip

flops 8 and A are combined in a similar arrangement. The outputs of these eight 
gates are then combiried in 16 ANO gateS ·to form the· 16 output signals. The resuli~ 
are shown in Fig. 10-16. lt can be seen that a total of 48 diodes are recuired; a 
saving of 16 diodes is then realized over the first method, while a saving of 6 
diodes ls realized over the tree mcthod. This schemé again has the same disadvan
tages of signa l-leve\ degradation and speed limitation as the tree decoder. 

Encoding a number is jusl the reverse of decoding. One Üf the simplest example~ 
of encoding would be the use of a thumb-wheel switch (a 10-posilion switch) 
which is used to enter data into a digital system. The operator can set the switch to 
any one of 10 positions which represen! decimal numbers. The output of the switch 
is then transformed ·by a proper encoding matríx whichr:hanges the decimal 
number to an equivalen! binary number. 

An encoding matrix which changes a decimal number lo an equivalen! binary 
number and stores it in a register is shown in Fig. 10-17. Setting the switch to a 

Fig. 10·17. Decimal encoding matrix. 

+V 
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_ fig. 10.18. Another decimal encoOing matrix. 

i)OSition places a positive voltage on the line connected to that position. Notice that 
thC' R and 5 input to each flip-flop is essenti.1lly the output of an OR gate. 

For e~ampk•, •f the switch is ~1:'1 to position 1. the diodes connected lo that Hne 
:--,ave a positive voltage on their plates (thcy are therefore forward-biased). Thus the 
)e¡ mput to fiip-flop A goes high while the reset inputs to flip-flops B, C and D go 
;u~:~. This sets the binary number 0001 in the flip-flops, where A is the least signifi
car:t bit. Notice thal this encoding matrix requires 40 diodes. As might be expected, 
•t is possible to reduce the number of diodes required by combining the input func
tio;"JS as was done with decoding matrices. One method of doing this is shown in 
Fig. 10-18; it represents a saving of 7 diodes, since this scheme requires only 33 
diodes. 

1 
1. 

.. . 
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Any encoder or ck.'Coder c..1n he constructed from h.v,ic gates as shown in thi~ 
seclion, and when only one or two funetions are ll{"'('(it~d lhis may provide -thel1c~t 
technique. However, as shown in Chap. 3. many _of thc more common dccoding 
functions are available as MSJ ICs. EMmples are 1~ 7441 (or 74141) ·BCD-lo
decimal decoder driver, the 7443 excess-3·IO·decimal deroder, the 7446 BCD-to
seven-segment decoder driver, and th·e 74145 1-of-10 clecodN driver. There are 
numerous others, and you are urged to consult manufacturers' d.1ta shcets for spe
cificjnformation. 

There are also a·few encoders avai\,,b\e as MSI ICs-for cxamplt:', the Fairchild 
9318 eight-input priority encoder. Thi~ unit accc>pts eight inputs and produces d 

bin.1ry weighted code of the highest-ordcr outpuL Ag~in, you should consult spe
cific manuf.acturers' data si'-.eets for detailed inform<!lion on encoders. 

STUpY AIDS 

Summ.ary · 

Punched cards provide one oí thc most u~e(u\ and Wiclely u sed ·media for storing 
binary informalion. Each card is considered as . .1. block or unit of information and is 
therefore referred lo as a "unit r{'C'ord." Furthermore, punchc-d-card equipment 
{punches, sorters, rc<~ders. etc.) is commonly caBed "uniHecord pquipmcnl." 

Alphanumeric inform.:~:·'}n. as wc>ll as special characters, can be punched into 
cards by means of a cone. ThC mnst common codc in use is the Holll·rith codf>. 

A similar medium fur 1r:ormation slorage is punchcd paper tape. Alphanumcric 
and special characters are rl?"corded hy pcrforating the tape ac:cording to a code. 
There are a number of codes, but the onc most commonly used is thc eight-hole 
code. A perforated role o:' paper tape is a continuous record and is thus distinct 
from the unit record (punchcd card). 

For handling large quar.tities of information, magnetic tape is a rhost convcnient 
recording medium. Ma~r.e~ic tape offers thc ;¡dvantages of much higher processing 
rate and much greater recording densities. Moreover, magnetic tape can be erased 
and used over and over. 

The threc most common methods for rccording on magnetic t.1pe are the return
to-zero (RZ), the non-re:urn-to-zero (NRZ), and thc non-return-to-zero-inverted 
(NRZI). The NRZ and r-.;;:z¡ methods effcctively erase or clcan the tape automa
tically during the record operation and thus eliminate one oí the problems of RZ 
re<:;ording. These two ~e<,ods illso lend themselves to highcr recording rates. 

Encoding and decoo1:-.; matrices form an important part of input-outrut equip
ment. These ,matrices dr~ genera JI y u sed to change informalion_fr.om one form to 
another, for example. b ·.ary to octal, or binary to decimal, or decimal to binary. 

There is ·a wide varie:v of digit,1\ pcripheral equipment in_cluding unit-record 
equipment, printers, c.at!-ode-ray-tube displays, ilnd plotters. The choice of pl:'riph
eral equipment to ~ u~ with any system is a majar enginecring dccision. The 
decision involves es.:at ishing the system requircments, studying the avai\able 
equipment, meeting wi:n the equipment manufacturers, and then making the 
decision based on o;>erational characteristics, delivery time, and cost. 
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Glossary 

alphanumeric informalion -lnformation 'composed of the letters of the alphabet, 
the numbers, and spec•al éharacters. 

hil One binary d igit. 
character A number, let1er, or symbol represented by a combination cf bits. 
dC'coding matrix A matrix used to alter the format of information taken from the 

outrut of a system. . 
encoding matrix A matrix used to alter the format"of information being entered 

inlO a system. 
Hollerilh ende The syste-., for representing information by punching hales in a 

prescrihed m;,nncr in a punchcd card. 1 

;nterrecord gap A blank ¡:;:ece of tape between recorded information. 
\JRZ Non-return-to-zero recording. 
\JRZI Non-return-to-zero i:werted recording. 
Jarily The. method. or u~ing an additional punched hale (or magnetic spot for 

magnet•c record•ngl to ensure that the total number of hales (or spots) for each 
character is even or odd. 

'C'Cordi~lf d~nsity The nu:nbe: of characters recorded per inch of tape. 
ape-u1ilual1?n f,Ktor The raiJO of the number of c~aracters actually recorded to 

thc max•mum number o( characters that could be recorded. 
mit record A punched card represents a unit record since each card contains a 

unit or block of information. 

lcview Questions 

l. Describe sorne of the problems of the man-machine interface. 

2.. Describe a typical punched card (size, nu~ber ,of columns, number of rows). 

3. Which rows are the zone punches on a punched card? 

4. Which rows are the.digit punches on a punched card? 

S. What is the Hollerith code/ What does ")R. is 11" signify/ 

6. How is binary information represented on a card; i.e., what does a hale rep
resen!, and what does the absence of a hole represent? 

7. What is the meaning of unit re~::ord? 

8. Name three pieces of unil-record peripheral equipment, and give a brief 
_ descriptíon of how they are used. 

9. Describe the eight-hole code used to punch information into paper tape. 

o. 

1. 

2. 

3. 

Dc~cribe how 1 s and Os are recorded on magnetic tape by means of a 
netiC record head. . 

How is alphanumeric information recorded on magnetic tapel 

How is binary information recorded on magnetic tape? 

Explain the dual-parity system used in magnetic-tape recording. 1 

mag-

.·-S' 
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14. What is the purpose of an intcrrecord gap on IT!agnetic t~nel 

15. How can the tape-utilization factor be used lo detrrmine the total number of 

characters stored on a magnetic tapel 

1 (,, Describe the operation of the RZ recording method. What are sorne of the dif
ficulties with this systeml 

17. Describe the operation of the NRZ recording method. What advantages does 
this method offer over RZ recording/ 

18. Describe the NRZI recording technique. 

19. Why is a digital incremental plotter a true digital p\otting systeml 

20. What is the difference between an encoding and 'a decoding matrixl 

Problems 

10-1. Make a sketch of a Punched card and code your name, address, and social 
security number using the Hollerith code. Use a dark spot to represent a hale. 

10-2. Change your social security number to the equivalent binary number. Make 
-1 sketch of a punched card, and record this number on the card in the horizontal 

binary fashion. 

10-3. Repeat Prob. 10-2, but record the number on the card in the vertical 

fashion. 

10-4. Assuffie that alphanumeric information is being punched into cards at the 
rate of 750 cards per minute. lf the cards have an average of 65 characters each, at 
what rate in characters per second is the information being processed? 

10-5. Make ·a sketch of a \ength of paper tape. Using the eight-hole code, record 
your na me, address, and social security number on the tapé. Use a dark spot to rep

. resent a hole. 

10-6. What \ength of paper tape is required forthe storage of 60,000 characters of 
alphanumeric information using the eight-hole code? Assume no 'record ~aps. 

10·7. What \ength of magnetic tape would be rcquircd lo store the information in 
Prob. 10-6 if the recording density is 500 bits per mch/ Assume no record gaps. 

10-8. As sume that data are recorded on magnetic tape ata den5ity of 200 bits per 
inch. lf the record \ength is 200 characters, and the interrecord gap is 0.75 in, what 
is Jhe tape-utilization factor? Using this scheme, how many characters can b~ 
stored in 1,000 fi o( tape/ 

10-9. Verify the solution to Prob, 10-8 above by using Eq: (10-3). Noticc.thot the 
2,400 in the equation must be replaced by 1,000, since this is the tape length. 

10-10. Repeat Probs. 10-8 and 10·9 for a density of 800 bits per inch. 

10-11. What length of magnetic tape is required lo store 101 characters recorded 
at a density of 800 bit• per inch wi.th a record \ength of 500 characters/ · 
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l1~3. Vcrify the vo!io3:ge-output levels for the network of Fig. 11-5 u"sing Miliman's 

theorem. Draw the ecuivalent circuits. 

11-4. Assume the dov1der in Prob. 11-2 has+ 10 V full-scale output, and f1nd the · 

following: ·· · . . 
(al The change in output vollage due to a change m the l~B. 
(b) The output voltage for an input of 110110. 

11·5. A 10-bit res·~~~ve dividcr ~~ constr~cted ~uch that the ~urrent.through the 
LSB resistor ¡5 100 JJ.A. Determine the max1mum curren! that w11l flow th~oup,h the 

MSB resistor. 

11-6. What is the fe .. scale output voltage of a si x-bit binary ladder if O= O V and 
1 = +10 Vl What i< ,, for an eight-bit ladder? 

11·7, Find the output vohdge of a six-bit binary ladder with the following inputs: 

(a) 101001. 
(b) 111011. 
(e) 110001. 

11-8. Check the re~ults of Prob. 11-7 by adding the individual bit contributions. 

11-9. Wh;1t ¡5 the· resolution of a 12-bit D_IA converte~ w~ich uses a binary 
ladder? lf the full-~ale output is +10 V, what •s the resolut10n m voltsl 

11-10. How many bits are required in a binary ladder to achiE've a resolution of 

1 m V if fu\1 sea le is "T5 V? 

11-11. How many comparators are required to .build a five-~it simultaneous A/0 

con verter? 

11-12. Redesign the encodíng matrix and read gates -of Fig. 11-20 using NAND 

gates. 

11-13. Find the foiiowing for a 12-bit counter-type A/0 converter using a 1-MHz 

el oc k: 
(al Maximurf'l conversion time. 
(b) Average conversion time. 
(e) Maximum conversion rate. 

11-14. What.dock ircqucncy must be used with a 10-bit coun~er-type A/0 con
verter jf it must be capable of making at least 7,000 convers•ons per secondl 

11·15. What is the conversion time of a 12-bit successive-approximation-type 

A/0 convcrter ur;int. a 1_-MHz dock? 

11-1 e,, What ¡5 the conversion time of a 1 2-bit section-counter-type A/D con
verter using a 1-MHz clockl The counter is divided into thre.e equal sections. 

11-17. What overall accuracy could you reasonably expect from a 12-bit A/D 

converter? 

11-18. What degree of resolution can be obtained using a 12-bit optical encoder? 

11-19. Redesign the Gray-to~binary encoder in Fig. 1 1-32 using NANO gates. 

' 11-20. Redesign the Gray-to-binary encoder in Fig. '11·32 using exclusive-OR 

gates. 

1 
1 

1 

1 

Magnetic Devices 
and -Memories 

There is a large class of devices and systems which are useful as digit<ll elcments 
because of their magnetic behavior. A ferromagnctic material can be magnct1zed in 
a particular direction by the application of a suitable magnetizing force fa magnetic 
flux resulting from a curren! flow). The material remains magnetized in that dirrc
tion after the rcmoval of the excitJtion. Application of a magnetizing force of the 
opposite polarity will switch the material, and it will rema in magnetized in the op· 
posite direction aftcr removal of the excita! ion. Thus !he ability to ~tore informal ion 
in two different states is av<Jil~ble, and a largc class of binary elcment~ h."ls been 
devised using these principies. In this chapter we investigate a numhe>r of these 
devices and systems that make use of them. 

After studying this chápter you should be ablc to 

1. lllustrate how m;~gnetic corés are usPd to store binary information. 
2. Explain the fundamental principies of a coincident-current memory. 
3. Describe the qperation of a semiconductor memory using either bipolar or 

MOS devices. 

12-1 MAGNETIC CORES 

One of the most widely used magnetic elements is the magnetic core. The typical 
core is toroidal (doughnut-shaped). as shown in Fig. 12-1, and is usually constructed 
in one of two _ways .. The metal-ribbon core is constructed by winding a very thin 
melailic ribbon on a ccramic-core form. A popular ribbon is 1/e-mil~thick 4-79 
molybdenum-permaloy (known as ultrathin ribbon), and a typical core might con
sist of 20· turns of this ribbon wound on a 0.2-in-diametcr ceramic form. 

Fer'rite cores are constructed from a finely powdered mixture of magnetite, 
various bivalent metals such as magncsium or inagancse, and a binder material. 
The powder is pressed i~to the desired shape and fired. During firing. the powder is 
fu sed into a so lid, homogeneous, polycry.<>tallinc forin. Fcrrite core!- such as this are 
commonly constructed with 50 mil outside diameters and 30 mil inside diameters. 

327 
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Fig. 12-1. Magnetic core~ 

Ferrite cores can be constructed in smaller dimensions than metal-ribbon cores 
and usually have bettcr unifo~:-nity and lower cost. Furthermore, ferrite cores 
typically have .resistivities greater than 105 O-cm, which means ecldy-current losses 
are negiigible and thus core heating is reduced. For these rcasons, they are widely 
usC'd as the principal memory or storage elements in largc-scale digital computers. 

Metal-riblxm cores, on the other hand, have very good magnetic characteristics 
and g('nCrally rcquire a smetller driving current for switching. They are somewhat 

better íor thE> construction of logic circuits and shift registers. 
Tht" binary charactcristicc. oi a rore can be most easily seen by examining the 

h}'51f'resi~ curve for a typic11l core. Hysteresis cOmes from the Greek word hysterein, 
whu:h means to lag bchind. A m.1gnetic core exhibits a lag·behind characteristic in 
the hysteresis curve shown in Fig. 12·2a. In this figure, th~ magnelic flux density 8 
is ploucd as a .function of the rr.agneric force H. Howev.er, since the flux density 8 
is directly proportiona~ to the fiux </J, and ~ince the magnetic field H is directly 
propottional to the current 1 producing it, a plot of cP versus f is a curve of the same 

Fig. 12·2 fcrrile·core hysteresis curves. {a) Magnetic flux dcnsity 8 versus magnetic 
field H. (b) Magnetic flux~ versus current /, 
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g<'neral shape. A plot of flult in the coreó versus dm;ing curumt J 1s shown in Fip.. 
12·2b. We shall base our di!icussion on this curve sincc it is generaily easier to talk 
in tCrms of these quantitics. 

Now. suppose that a ·current source .-is..attached to thc windings on thr rore 
shown in Fig. 12·1, and a positive current ·is .• 1p¡}licd (current ·nows into thr llpppr 
terminal of the winding). This crcatcs a flux in the core in the clockwi!-C direction 
shown in the figure {remember the right·hand rule). 1( the drivP currt?'nl is ju~l 

slightly greater than ''" shown in Fig. 12·2. the oreratmg point of thc corc ¡~ ~omr· 
where between points b ande on the cM curve. The magnitude of the fiux Can tlwn 
be read from the rb axis in this figure. 

lf the drive currcnt is now removed, the operating point movcs along th<" c}t/ 

curve through point b to point eJ. Thc corE' is now storing rnergy with no input 
signa! .. since there is a rC'maining or rerr.anenl flux in the core al this po1nt: This 
property is known as remanencc, and this point is known as .1 remanen/ poinl. 

The repcated application of positive curren! pulses simply causes the opcr<~ting 
point to move between points d and e on the 411 curve. Notice that thc opcrating 
point always comes to rest at point d when all drive current is removed. 

lf a negJtive drive current somewhat greater than - f,. is now applif'd to thE" 
winding (in a direction opposite to that shown in Fig. 12-1). thc operatmg point 
moves !rom d down through e and stops at a point somewhcrc bctween f ,1nd g on 
the cjJ/ curve. At this point the flux has switched in the core and is now dircctc>d in a 
counlerclockwise direction in Fig. 12·1. lf the Orive curren! is no\.v rrmovt>d. the 
operating point comes to rest al point h on the rf¡f curve of Fig .. 12·2. Noticp that the 
flux has approximately the same magnitude but is the nrgative of whilt it was 
previousiy. This indicates that the core has been magnetized in the oppo~itC' dHCC· 

tion. 
Repeated application of ncgativc drive currents will simply cause the operating 

point to move between points g and h on the r;/Jf curve, but the final re~ting place 
with no applied current will be point h. Point h then repiesents a second remanent 
point on the q,l curve. 

By way of summary, a core has two remanent states: point d after the applicatic;m 
of one or more positive curren! pulses, point h a(ter the application of one or more 
negative current pulses. For the core in Fig. 12·1, point d corresponds to thc core 
mag~elized with flux in a clockwise direction, and poinl h cOrresponds to magne
tization with flux in the countcrclockwise direction. 

Example 12-1 

Cores can be magnetized by utilizing the magnetic field surrounding a current·car
rying wire by simply threading thc cores on the wire. for the two possible current 
directions in the wire shown in Fig. 12-3, what·are the corresponding directions of 
magnetization for the core? · 

Solution 
According _to the right·hand rule, a current of +f magnetizes the ·core -with the flux 

-in a-do~k':Vis~, ?ir.ec.t!~n ~round the core. A curren! of -1 magnetizes the core with; 
flux in a counterclockwise direction around the core. ' 
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Fig. 12·3. 

. 11 is n?w quite easy to see how a magnet_ic core is u sed as a binary storage device 
1n a d1g1ti1l system. The·core has two ~tat.es •. and we can si_mply define one of the 
~tates él_!-. a 1 and the othcr state as a _ü .. lt i.s perfectly arbiti-ary' which ¡5 which b 
for discus~i_on purposes ~et us define point_d as a .1 a,n·d p~int has a o. This m'ea~: 
that a POSI!IV~ current wdl ,~ecor~:i: a J .. af!d result i_n cl<:>ckWi~e flux in the core in Fig. 
12·1. A negallve·current W1ll record ~.O.and result in a co'unterclockwise flux in th 
core: ' . .. .. ! • •• . " . • • • . . e 

W.e novii, ha ve the means for recordi~g or ~ri:-~ng J 1 ora O in the e ore but we do 
n_ot as yet nave any means of detecting ti1e ir.iorma:tion stored iri lhe core. A ver . 
Simple technique for accomplishing this i_~ to a;)p!y a·current to the Corc which wi~ 
switc_h, it to a known state anO detect wr.~ther or not a large flux change occurs. 
Cons1oer the core shown in Fig. 12-4. Application of a drive current of -1 will 
!.Witch the core to the O state. lf the cofe has a O stored in it, the operating point will 
n~ove between- points g· and h on the $1 curve (fig. 12-2}, and a very small flux 
c_nange will.oc~ur. This_small change in Cux will induce a very small vóltage across 
tne sense-wmdmg termmals. On thc other hand, if the core has a 1 stored in it the 
opcrating point will movc from point d to point h on the cbl curve, resulting.'in a 
much la~ger fl~x chan~e i_n the core. This change in flux will induce a much larger 
voltage m the scnsc w1ndmg, and We tan thus detect the presence of a 1. 
~o summarize, we can detect the contents of a core by applying a read pulse 

wl·uch resets the core to the· O state. The output voltage at the sense winding ¡5 

Fig. 12-4. Sensing the contents of a cor~.." 
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Fig. 12-S. Magnetic-core. switching time 
characteristics. 
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much ·greater when the core contains a 1 than when it contains a O. We can 
therefore detect a 1 by distinguishing bctween the two output-voltage ~ignals. No
tice that we could set the core by applying a read current of +1 and detect the 
larger output voltage at the sense winding as a O. 

The output vohage appearing at the !;ense winding for a typical core is al~o 
shown in Fig. 12-4. Notice that there is a difference of about 3 to l in output-vol
tage amplitude between a 1 and a O output. Thus a 1 can be de1ected hy using· 
simple amplitude discrimination in an amplifier. In large systems w!-icre many cores 
are used on common windings (such as the largc memOry system~ in digital com
puters) the O output voltage may become con.siderably larger becaus"e of additive 
effects. In this case, amplitude discrimination is quite oftcn u5ed in combination 
with a strobing technique. Even though the amplitude of the O ou:;>ut voltage may 
increase becau!'>e of additive effects, the width of the output wil\ not increase 
appreciably. This means that the O output-vohagc signa\ wi\1 have decayed and wdl 
be very small befare the 1 output voltagc has decayed. Thus if we strobe the read 
amplifiers sorne time ahcr the application. of the TC'.Jd pulse (for example, between 
0.5 and 1.0 p.s in Fig. 12-4), this should improve our dctection ability. 

The switching time of the core is commonly defined as the time required for the 
output voltage to go from 1 O percent up through its maximum value and back 
down to 10 percent again (see Fig. 12-4). The switchin~ ti~1e for any orle core is a 
function of the drive current as shown in Fig. 12-5. lt is evident from this curve that 
an increased drive curren\ resuhs in a decrcascd switching time. In ~eneral, the 

switching time for a core dcpends on thc physical size of the e ore. the· type of e ore, 
and the materia\s used in its construction, as we\1 as the manner i:1 which it is used. 
lt will be sufficient for our purposes to know that cores are availahie with switching 
ti~1es from around O.lJ.LS up to millis.:conds, with drive currents of 100 mAto 1 A. 

·.-. 
12-2 MAGNETIC-CORE LOGIC 

Since a magnetic .core is a basic binary element, it can be uscd in a number of 
ways to implement logical functions. Beca use of its inherent ruggcdness, the e ore is 
a particular_\ y useful logical element in applicatioOs where env.ironmental extremes 
are experienced, for example, the temperature extremes and radiation exposure ex
perienced by space v.ehicles. 

Since the core is essentially a stor<1ge device and its content i~ -:tcd·by reset-· 
ting the core to the O state, any· logic sys(em using cores mu~, .:essarily bt> a 
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Input (set) 
winding 

Advance (reset) . 
winding 

1 ¡ 

Input~ 

Advance __n_=._rt___ 

Output Fig .. 12-6. .Basic magnetic-core logíc element. 

dynamic system. The basis for using the coreas a logical elerhent is shown in ·fig. 
12-6. A 1 input to the core is represented by a current of +1 at the input winding¡ 
this sets a 1 in the core (magnetizes it in a c!ockwise direction). An "advance pulse 
occurs sometime after the input .pulse has disappeared. logical operations are 
carried out during fhe time the advance pulse appears at the advance (reset) 
winding. At this time the core is forced into the O state and a pulse appears at the 
output wirlding only if the core previous!y ston ... >d a 1. The current in the output 
winding can then be used as the input for o~her cores or other logical elements. 

There is sorne energy Joss in the core C:.~ring switching. For this reason, the 
output winding normally has more turns than either the input or advance windings, 
so that the output will be capable of driving one or more cores. 

Notice that a O can be set in the core by app!ication of a current of -1 at the input 
winding. Alternatively, a O could be stored by a curren! of +1 into the undotted side 
of the input wiflding. ·rhe important thing to notice is that either a 1 or a O can be 
stored in the core by application of a current to the proper terminal of the input 
winding .. 

To simplify our discussion and thc logic diagrams, we shall adopt the symbols for 
the core and its windincs shown in Fig. 12-7. A pulse at the 1 input sets a 1 in the 
core; a pulse at the O input sets a O in the co~e; during the advance pulse, a pulse 
appears at the-óutput only if the core pre;;!ously held a 1. let us now consider 
some of the basic logic functions using the symbo! shown in Fig. 12-7b. 

A method for implementing- the OR functil')n is shown in Fig. 12-Ba. A current 
pulse at either the X or Y -inputs sets a 1 !:1 the core. Sometime after the ·input 
pulse(s) have been terminated, an advancc p:.::se occurs. lf the core has been set to 
the 1 !lt~!le, a pulse .appears at the output w:nding. Notice that this is truly an OR 

lunction since a pulse at either the X or Y ·input or both sets a 1 in the core. 
The method shown in Fig. 12-Bb provides the means for obtaining the comple

~ent of a variable. The sel input winding to t~e core has a 1 input. This means that 
during the input pulse time this winding always has a .set input current. lf there is 
nu cum~nt at the X input (signifying X= O.l, the core is set. Then,·when the advance 
pul~e occur~. a 1 appcars at the output, s!gn::ying that 'X= 1. On the other hand, if 

. . 

Magnetic Devices and Merr_1orles: 
···::~~-:'•':·;· : "< ·.-;\·;~ ~ :_;· ~~.::<: t 

Advance 

· Output 

'.• 

' ' '. 
333 

Advance 

1 

1 input y.! 
·.o--O~tput 

O input/ 

(b) 

Fig. 12-7; Magnetic-core logic element. (a) Core wiódings. (b) logic symbo!. 

X= 1, a current appear~ at the X input during the set time, and the effects of the X 
input current and the 1 input current cancel one another. The core then remains in 

the reset state (recall that the core is reset during the advance pul~e). In this case no 
pulse appears at the output during the advance pulse since th~ core previously COt'l·· 

tained a O. Thus the output represents X =.0. 
The ANO function can be implemented using a core as shown in Fig. 12-Bc. The 

two inputs to the core are X and Y, and there are four possi!J!e combinations of 
these two inputs. Let's examine these input combinations in detail. 

Fig. 12-6. Basic core logic functions. (a} OR. {b) Complement. {e) A.NO. (d) Exdusive-OR. 
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1. . ~ -= O. Y= O. Since X= O, the .core cannot tx.• set. Since Y= O. 7 = 1 and lhe 
e ore will then be reset. Thus this input combination resets th!- ce-:: and it stores 

• o. 
2. .1 =O, Y= 1. Siflce X= O, the core still cannot he set. \'=' lnd therefore 

i" =O. In this inpul combination, therf" is no input curren· ·r. .:-~!'ler windin~ 
;:;¡d the core.cannol change state. Thu, ihe corc remains in :·e: :itate because 
o~ the previous advance pulse. 

3. .\ = 1. y= O. The curren! in tht> X windtng will attempt to ~ 2 • in the core. 
Howevcr, Y= 1 ancl this curren! will allempt fo reSet the cT=. ---t'le two cur
rt:nts off:,el one another, and the corc dt>eS not change sta!e:. !! -::mains in the 

e state bccause of the prtvious advancc pulse. 
4. \ = 1, y= l. The current in the X winding wíll seta 1 in~~~; co-: since Y= O 

C;"td there is no current in the Y winding. Thus this combi:.¡t:o:- stores a 1 in 
t,e core. 

In sc:!lmary, the input X ANO Y is the only comhination which ..-=¡,;':.!in a 1 being 
~torf'C in the core. Thus this is truly an ANO funl·tion. 

Att e~clusíve-OR function can be implementeci a~ shown in F~. ~:-8d by ORing 
the outputs of two ANO-function cores. 

Example 12-2 
~-\ake a truth tabte for the exclusive-OR function shown in Fig. ~:-Be 

' Solution . ' 

X y XY XY ri'+iiY 

o o o o o 
o o 1 

o 1 o 1 
o o o 

Qne of the majar problems of (Ore logic becomes apparent :-: th-t operation of 
the e•clusive-oR shown in Fig. 12-Bd. This is the problem of th:- :;:"!""<: required for 
the information to shift down the líl1e from- one c~re to lhe r-'5:-t:. '"or rhe exclu
sive-oR, the inputs .X and Y appe..u at time r1, and the ANO cor~ ;He ;et or reset at 
this time. At time 11 an advance pulse is applied to lhe ANO cor~ an: their outputs 
c1re used to set the OR coie. Then at tim<.• r, an advance p~lse i! ao~·:€d to the OR 

core Jnd the final output appears. 1t should be obvious from :·is e- scussion that 
the operouion tí me for morl·· complicdted logic functions may h:\:o;~ excessively 

lun~. 
A *'"ond diffículty with .thitii type of logic is the facl that the ih=ur túlses must 1~ 

ol '-''Jl"t!y tht~ ~~1me width. Thís is p.uticulariy true for funCor.:: such as thc 
ro~\f'~EMtNT and the ANO, since thc input ~ign.1ls are at times ~:.:-.-ed to cancel 
ont> .mother. 1t ¡., apparent that. if one of the input signals is wi.:er ::..~m the other, · 
üw cnrc may con1.1in crroneous dc1ta after th<.• inpul pulses -J .. ·e di!lJppeared. 

.. 
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You w111 r~l that in order to switch a core from one state to another a coertain 
minimum current 1. is required. This is sometimes referred to as the selecr cutrenf. 
The ·core arrangement shown in Fig. 12-Ba can be used to implementan ANO func~. 
tion if the X and Y inputs are each limited to one-half the select curren! 11>1 •. In this 
way, ·the only time the core can be set is when both X and Y are present, since this 
is the only time the core receives· a full select current 1 •• Core logic functions cc1n 
be constructed using the half-select current idea. This idea is quite important; i! 
forms the basis.of one type of large-scale memory system which we discLKs la ter in 
tliis chapte;. 

12-3 MAGNETIC-CORE SHIFT REGISTER 

A review of the previous section will reveal that a magnetic core· exhibits at least 
two of the majar characteristics of a flip-Oop: fírst it is a binary dC"vice cap.tbiE' oí 
storing binary information; second, it is capable of being set or resct. Thu~ ti would 
seem reasonable to exped that the core could be used to construct a shift register 
ora ring counter. Cores are indeed frequently used for these purposes, and in this 
section we consider sorne o( the necessary precautions and techniques. 

The main idea involves co.nnecting the output of each core to the input of the 
next core. \Vhen a core is reset (or set), the signa! appearing at the output of thc.t 
core is used to set (or re~t) the next core. Such a connection between two COJe'i, 
called a "single-diode transfer loop," is shown in Fig. 12-9. 

There are three majar problems to overcome when using the single-diode 
transfer loop. The first prob!em is the gain through the core. This is similar to the 
problem discussed previously, and the solution is the same. That is, the losses in 
signa! through the core can be overcome by constructing the output winding with 
more turns than the input winding. This en·sures that the output signa! will have suf
(icient amp!¡tude to switch the next core. 

The second problem concernS: the polarity of the output signa!. A signa! appears 
at t~e output when the core is Set or when the core is reset. These two signals have · 
opposíte po!arities, and either is capable of switching the next core. In general, it is 

·desirable that onry one of the two output signals be effective, and this can be 
achieved by the use of the diode shown in Fig. 12-9. In this figure, 1he curren! 
produced in the output winding will go through the diode in the forward direction 
(arld thus set the next core) when the core is reset from the 1 state to ·the O state. On 

Fig. 1.2~9"' Single-diode transfer loop. (a) Circuit. (b) Symbolic representation. 

Advance Or rCset winding 

1 2 
(b} 
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(o) 

Fig .. 12-10. f . (a) Symbolic circuit..(b) Waveforms. four-core shi t regtster. 

h h d 
hen the cpre is being 5€1 to the 1 state, the diode will preven! cur-

the ot er an • w b · h d Not"ce that the 
· ·1 · the output and thus the ne).t core cannot e sw1tC e . 1 

rcnt t ow tn 1 · h d' de 
t ton could be realized by simp Y reversmg t e to . 

op~~;~~~i:~ u~r~blem arises from the fact that resettmg core 2 md~ces_ a curr~n~ 10 

• 
10 

N whtch wdl pass through the d10de in the forward d.trec~ton an t us 
wmd g 1 1 1 This constitutes the transfer of informat10n m the reverse 
tend to set a tn core · h (' t problem 

. on and ¡5 highly .undesirable. Fortunately, the solution to t e trs 
d~ectL f atn) resuhs in a solution for this problem as we\1. That is, since. Nd has 
\t at o ~ d h N this reverse stgnal will not have suffctent amplltu e to 
fewerl wtn tn1gWs t,¡",~hts ~~nderstandtng of the basíc single-dlode transfer loop, let us 
'iWLtc1 core . 1 ' • • 
: . sti ate the operatíon of a simple core shlft regtster. . . m; bagstc magnetíc-core shift register in symboli.c fo.rm IS sh~wn m F1g. ~ 2-1~~~ T;:~ f advance wmdings are necessary for shlftmg mformatton down t e · 

1 - sets ? e ulses occur ;¡lternately as shown in the ftgure. Al 15 connected ~o cores. 
advanc p Id b 1 d to a\1 orld-numbered cores for a larger regtster. At 15 

d 3 and wou e connec e .... b d lf 
an 2 and 4 and would be connected to aH even-num ere cores. 

con:~~~:et~h~~r=l~ cores are reset wu:-. the exception of core 1, it is ~lear. that. the 
wde 1 es wd! shtft thLS 1 down ,,e reglster from core to core untd 11 tS shtfted 
~. va~ce p~; .. when cor<· 4 ~~ reset. :•,e operatton is as fol!o.__..,s_: ~~: first Al -~ulse 
, out the .. e ... . .. _. : . 1 rn·· ·s fo\lowed by an A pulse which resets-core 

ets con• 1 and thus sets core . h 1 2 
· . . d h 

res . 3 The n'ext A pulse resets core 3 and sets core 4, an t e 
2 and thus se!<:. core · 1 4 N · that the 

· · ¡· h'ft the 1 "out t"le end" by resetting core . ottce 
fol\owh•ng As ,opfu·~~·asn~c spulses are required, si rice. it is not Possible to set .a. ~ore 
two p ase " . -
while an advancc (or _reset) pulse IS present. . . to an amplifier to 

The output of t"ach c'ore winding can be used as an mput 

1 
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p.~uce the waveforms shown in Fig. 12·10b. Notice that after four advance pulses 
tc.e 1 has been shifted compleiely through the regiSier, and the outpul lines all 
renain low ·after thís time. 

The need for a tWo-phase dock or advance pulse system could-be eliminaied if 
s,co;te delay were introdu~ed between the output of each core and the input of the 
.-~-..t core. Suppose that a de!ay greater than the width of the advance pulses were 
~ ··oduced between ea eh pair of cores. In this case, it w~w1d be possib!c to drive 

f:·,>::ry core with the same advance pulse since the output of any core could not·ar· 
· .-:: at the input to the next core until after the advance pulse had disappeared. 

'Jne method íor introducing a de!ay between cores is shown in Fig. 1 2·11. The 
.::.ance-pu!se amp!itude is sev~ral times the mínimum required to switch the cores 
.2,-.j will reset all cores to the O state. 1f a core previously contained a O, no 
s.-. :tching occurs and thus no signa! appears at the output winding. On the other 
h¿~d, íf a core previously contained a 1, current flows in the oútput w.inding and 
c:.. . .arges the capacitar. So me current flows through the set wínding of the next core~ 
o.~: it is small because of the presence of the res!stor; íurthermore, it is overridden 
b-.- the magnítude of the advance pulse. However, at the cessation of the advance 
p:.;!se, e remains charged. Thus e discharges through the input winding and R, 
e--e! sets core 2 to the 1 state. 

!n this system, the amplítude of the advance pulses is not too crítica!, b'ut ·the 
v. . .:th must Ue matched to the Re time constan! of the loop. lf the advance pulses 
2·~ too long, or ahernatively íf the Re time constan! is too short, the capacitor will 
e ;charge too much during the advance pulse time and wi!l .be incap.1ble of setting 
:-~ core at the cessation of the advance pulse. The RC time constan! may limit the 
:... :aer frequency of operation; it should be noted, however, that re~elting a e ore in
e-ces a curren! in its input winding in a direction which tends to discharge the 
ce:_:¡acitor. 

The arrangements we have discussed here are"ca!led one-core-per-bic. registers. 
T:-~ere are númerous other methods (too many to discuss her~) for imp\ementing 

F¡g. 12-11. Core shift register using a capacitar for delay between cores. 
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rt>gistcrs and counters, and the rc~ulcr i~ referred to the re(ercnce~ cr -ore ad
VclncM techniques. Some ol the othcr methods include two-core-pt:··-v,: systems, 
modified-advancc-pu·I~C' syo:.l<'m~. modified-winding-core systems, :;;/i¡-..vinding
core systems. arid current-routing-trdnsfer_systems. · 

Example 12-3 

Usmg corr 5ymbols and the capacitor-delay technique, draw the c. Jg~.<.-íl (or a 
iour-51,1~e ring counter. Show the expected wavefQrms. 

Solution 

A ring cO~nter r:an bC' form(!d from a simple shift register by using tht: :~...;.:-~! of the 
:a5t Core as thc inpul for ·the first core. Such a system, along with -:·e t.,pected 
wavcforms, is shown in Fig. 12-12. 

12-4 COINCIDENT-CURRENT MEMORY 

lhl' corc ... hifl rcgister-discussed in thc previous section suggests the ;05:--bility of 
· u'm•: an array of magnctic cores for storing words of binary inforrr.c :or. For ex
ample, a iO-bit corl? shiit register could be userl to store a 10-bit wo~: ";"~~ op.era
t.ion would be serial in form, much like the 1 O-bit flip-rlop shift regt;;·er c. ;cussed 
earltcr. lt would, hmvPver, bP ~uhjcct to the !'ame speed limitations o~-:.~rv~ in the 
!IC'rial flip-fiop regi~IC'r. That is, ~inr:e r.1ch hit mus!' travcl down thE' -::~.:·:-r irom 
cort!' to cm~:'. •1 n•qLmec; n clock rwriods to shift an n-bit word into or c1.: e·· :i1e rcg
;\tN. This shdt ltnw may hcconw f')r,Ct~'sively long in Sorne case~. ;:oc a fastcr 
:11e1ilod muq tht•n be deveioped. Much fa!'tcr oreration can be achi~·~ · thc in~ 
:'orm.'ltion i~ writll .. n tnlo r:~nd rC"ad out ol thc core5- in a pJrallel mar.-~r. S:nce al/ 
tne btts are p'ro~e~!'ed simultaneously an entire word can be transferre: in only one 

ftg. 12-12. Four-stagE" ring countcr for Example 12-3. 
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Fig. 12-13. Magnetic·core coincident-current memory. 

clock period. A straight parallel sy!'tem would, however, require one input wirc and 
one output wire for each core. For a large nUmber of cores the total number oí 
wires makes this arrang'ement impractical, and sorne oth~r form of core selection 
musl be developcd. · 

The most popular method for storing binary information .in parallel form using 
magnetic co'res is the coincident-currcnt dr'ive system. Such memory · sy5tems are 
widely used in all types of digital systems from small-scale special-purpose ma
chines up to large-scale digital computers. The basic ided i11volves arranging corE"s 
in a matrix and·using !WO half-selecl currents; the method is shown in Fig. 12-13. 

The matrix consists or two sets of drive wires: the X drive wires {verticál) and the 
Y drive wires (horizontal). Notice thal each core in thc matrix is threaded by one X 
wire and one Y wire. Suppose one half-select current V2/,. is applif'd to linc X, Jnd 

one half-select current 1/21,. is applied to line Y1• Then the core which is thrcadPCI 
by boih lines X, and Y1 will have a total of 1/21 .. + 1/2/, = 1,. passing through it, and 
it will switch states. The remaining cores which are threaded by X, or Y, will e.1ch 
receive only 1/21,.. and they will therefore not switch states. ThUs we have suc
ceeded in switching one or thc 16 cores by selecting two of the iñí}Ut·lines (onc of 

th"e X lines and One of the Y lines). \Ve designate the core that swiíchcd in this Ca !<Ir 
as core X, Y,, since it was switched by selecting lines X, and Y,.' ThP. dcsiKn.1tion ti 
x.Y, is called the address of the core since it sPccifies its locat.ion .. Wc can then O 
switch any core x. Y6 locaied at address X. Y, by applying 'hl. lo lino• X, and Y, . 
For example, the core located in the lower right-hand corncr o( the matri• is at thr 
address X, Y, and can be switched by applying 'hl. lo lines X, an( 
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In arder tllat tht> !<-clected core wi\1 !.witch. the diret; ·?:-·: ot the half-~<';cct cur
rents t!'lrough thc X line 01nd the Y line must be addilive 1n ·-.e core. In F1~. 11-13, 
the X:· sclcct currPnl~ mu~t flow thro'ugh the X lines from ::1e i?p toward the bottom, 
while the Y select curren!~ flow thrOugh the Y lines from left lo righl. Application of 
the rir;ht-h.1nrl1ule will dcmonstrate that currents in this d1:-ection switch the core 
such thatthc core fiux is in a clockwise direction (looki::g ir:m the top). \\'e define 
~n1'\ .1s switch1ng the core to thc 1 st.11e. 11 is obvious, the:"'', :·at reversing the direc

::on!:> of both the X Jnd Y line currents will switch the co·e te> ::1e O state. f'.;otice that 
¡¡" the X .1nd Y linc currents are in a ~ubtractivc directio;- tht· c;elected core receives 
1h.l 111 - 1hlm =O and the core does not change statc. 

With this syslcm we now have the ability 19 switc- a.-. one of 16 corcs by 
~eiecting a"ny two of ei~hl wires. This is a saving of 50 P"=:ce~: over a direct parallel 
~eiection system. This s.wing in input wires becomes e.-en ;;,ore impressive if we 
enl.trgc the existing m,1trix to 100 cores (a square ma¡·ix "'•ith 10 cores on each. 
sroe). In this case, \4.·e Jrc able to switch any One of 100 core; by selecting any two 
of only 20 wires. This rcprcsents a·reduction of 5 to 1 o·•er a straight paratlel selec
tion system. 

At this point we need 10 develop a method of sensing :1e contents of a core. This 
can he Vf!ry Pasily accom¡llis.hed by threading one sensP wirf through cvcry co.re in 
:he miltrix. Since only one core is selected (switched) a· a t·--ne. any output on the 
sense wirc will he duc lo tlw changing of state of the -!-elf':~~d core, and we will 
Know which corc it ¡,. sincc the core address is prerequi~ ·e 1: c;election. No11ce that 
Ú•c !it'nS(" wire pa~~E.'!' through ha!f the core.s in one drrec:I(F .1nd through the other 
!-·'1.1;¡ in thC' oppm.ite direction. Thus the output signa! rr.~·( b-; either a po.;itivE" or a 
r.('g,111V<' pul<..e. For this rea.son, the output from the sen~ v. ·e is usually ~1mplified 
Jnd rectified to produce an output pulse which alwc•s i:Jpears with the same 
polarily. 

Example 12-4 

From the standpnirlt .of construction1 the ,core matrix ~~. Fi~. 12-14 is more con
vpnicnt. Explain the necessary directions of half-se!ect C.Jrre::ts in the X and Y lines 
fvr propcr Operation o(th<> matrix. 

Solution 
(ore X, Y, is exartiy similar to the previously discusscd natrlx in Fig. 12-1 ~· Thus a 
curren! p.1.ssing down through X, and to the right throug.-. Y1 ·will set e ore X1 Y, to the 
~ st.11e. To set core X1Y1 to the 1 state, curren! must pa~: do·"·"" through line X1, but 
curren! mu~t p;ls<> irom the right to the left through ltr-:- Y: tcheck with the right
nJnd rule). Prou•t·dnlg in this lashion, we ?Ce that n:e ! 1Y3 is similar to X1Y1• 

lherefore, curren! must p.1ss through line Y~ from left to -¡~~· Similarly. core X1 Y~ is 
<.,tmdar w corf' X1Y1 and current múst therefore pass t··ou~.1 line Y" from right to 
ic(L In generai, rurrc>nl must pass from left to right tf-·.:;¡u~~. the odd-numbered Y 
i1ncs. and from right to left through ev'.."n·numbered Y: -:e!:.. 

Now, sine(> cur;e.nt must pass from left to right thro_·,h :1e Y1, it is easily seen 
th<ll curren! mus1 p.1ss upward through line X: in orc~r jJ set core X1Y1. By an 
argument simdar lo that given for rhe Y lines .• curreñt rr . .Jst ;ass downward thro.ugh 
th~ odc/~numhcred X lin~s and upward thro~&h the. evf"i-nt_ • .,be'red X. Ji lÍes. 

•. 
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Fig. 12-14. Coincident·cu'rrent memory matrix (one plane). 

The matrix shown in Fig. 12-14 has one extra winding whi~h we havl' no1 yet 
discussed. This is the inhibit wire. In arder lo lll'ldersland its operation ,1m! íuncllon, 
Jet us examine the methods for writing informal ion into the matrix .and r('ading in
formation from the matrix. 

To·write a 1 in an)' corc (that is, to set the core to the 1 slate), il is only necessary 
to apply 1/2frn to the X and Y lincs selecting that core address. U we desircd 10 write 
a O in any core (that is, set the core to the O state), we could simply apply a current 
of - 1/2lrn to the X and Y lines selecting that core address. We can al so write a O in 
any core by. making use of thc inhibir wire shown in Fig .. 1 2-14. (We assume thar 
all cores are initially in the O state.} Notice that the application o( lfll.,. to this wire 
in the direction shown on the figure results in a complete cancell-1tion of the Y line 
select current (it al so tends to cancel an X linc curren!). Thus 10 write a O in any 
e ore, it ís only necessary to select the e ore in the same manner as if writing i'l, and 
at the same time apply an inhibir current to the inhibil wire .. The majar rcason for 
writing a O in this fashion will become clear when we use these matrix planes to 
form a complete memory. 

To summarize, we write a 1 in any core X0 Y,., by applying 1/2/m to the select lines 
Xa and Y,.,. A O can be written in the same fashion by simply applying '12/..., to the 
inhibil line at the same time iif all cores are initially resel). 

To re>:ad the information stored in any core, we simply apply - 1/2(., to the proper X 
and Y lines and detect the output on th~ sense wire .. The sel~t currents of -,-1/-;/ote 
re.set the co~e. and· if the· core ·prevKJusly ·held a, 1, an, outpul. pulse qccurs. li the 
core previously held a O, it does not switch, and no output pulse appcars. 

.This. t~en •.. is the complete coincident-current selcction systcm for one plane. 
Notice th.lt i-ea'é!ing the .inforrhatiOn dut of the memory results in a complete loss:of' 

l 
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Fig. 12·15. Complete coincident-current memory system. 

information from the memory, since all cores are reset during lhe read opera:.on. 
This is rcferred toas a destruccive readout or ORO system. This matrlx plane is used 
to store one bit in a word, ~nd it is necessary to use n of these planes lo store an 
n-bit word. 

A comrh~te paralle• coincident-current memory sy!'tem can be constructeG by 
!>l.ao .. mg the basic memory p!ant·s in the manner shown in Fig. 12-15. All 1~e X 
drive iines are connccted in series from plane to plane as are all the Y drive J•;-¡es. 
lilU~ the application of 112/.,. to lines X., and Yb results in a selection of core Xart in 
evcry plane. ln this fJshion we can simultaneously switch n cores, where n is the 
numbcr o{ planes. Thcse n cores represen! one word of n bits. For example, the top 
;li.H'If~ m1ght be the LSB, the next to the tor> plane would then be the second LSB, 
o mi so on; the bonom plone would then hold the MSB. 

To read information irom the mcmory. we simply apply - 1h.l.,. to the proper 

address and sense the outputs on the n sense lines. Remember that readout r€'5-ults 
in re~etting all cores to the O stil.te. and thus that word position in the memory is 
c;t.'MCd to all Os. 

io write information into thr mPmory, we simply apply 1/2!.,. to·thc proper X and 
Y seicct lines. This will, howcvcr, write a 1 in cvcry core. So for the cores in w~ich 
we desire a O, we simultan<>ously apply 1/2/," to thc "inhibil lin~?. Fqr example. to 
\vrite 1001 in the· upper four pl.me!' in Fig. 12-15, we apply 1/2/m to the proper X 
and Y lincs and al the same time apply 1/2fm lo the inhibil lines of the second and 

third pianes. 
This method of writing assumes that all cores were previously in the O state. For 

ihis reason it is corñmon to define a memory cycle. One memory cycle is dekaed 
.<t\ a rearl Oper.11íon lo;lowed by a wrile Operation. This serves two purposes: k•;.t il 
cnsures that all thf' cores are m thE" O state dudng the write opcration; second, it 
provides the ba~i!-- for designing a nondestructiVe readoul {NDRO) syslem. 
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11 is quite inconvenient to lose the data stored in thc mE"mory every time they are 
read out. For this reason, the NORO has bccn developed. One method lor ac
complishing this function is to read the information out oí the me~ory into a t('m
porary storage register (nip-flops perhaps). The outputs of thc flop_-flops are thcn 
used to drive the inhibit lines during the write opcration which foli~ws (inhJbJt to 
write a o and do not inhibit to·write a .1 ). Thus the basic mcmory cycle allows us to 

form an NDRO memory from a ORO memory. 

Example 12-5 
Descuoe how a coincident-current memory 
capable of storing 1,024 twenty-bit words. 

Solution 

might be t:onstructed if it must be 

Since there are 20 bits in each word, there must be 20 planes in the memory (there 
is one plane for each bit). In arder to store 1 ,02~ words, we coul~ make the planes 
Square. In this case, each plane would contam 1,024 cores; 1t would be co~
structed with 32 rows and 32 cólumns since 0024) 112 = {2 10

)
112 = 2~ = 32. Th1s 

memory is then capable of storing 1,024 X 20 = 20A80 bits of information._ Typ~
cally, a memory of this size might be constructed in a 3-in cube. Not1ce that_m th1s 
memory,we have the ability to switch any one or 20,480 cores by controll1ng _th_e 
current levels on only 84 wires (32 X lines, 32 Y lines, and 20 inhibit lines). Th1s •s 

indeed a modest number of control lines. 

Example 12-6 
Devise a means for making the memory system in the previous example a NDRO 

system. 

Solution 
One method for accomplishing this is shown in Fig. 12-16. The basic ~ore array 

· consists of twenty 32-by-32 core planes. For convcnience, only the three LSB 
planes and the MSB core plane are shown in the diagram. The wiri~g and op_era
tion for the other planes are the same. For clarity, the X and Y se/ectlones have al so 
been omined. The output sense line of each plane is fed into a bipolar amplifier 
which rectifies and amplifies the outplll so that a positive pulse oppe.m any time a 
set core is reset to the o state. A complete memory cycle consists of a c/ear pulse 
followed by i read ~pulse followed by a write pulse. The proper waveforms are 
shown in Fig. 12-17. The c/ear pulse fiist sets all flip-flops lo the O state Cthos c/ear 
pulse can be generated from the trailing edge of the write pulse). When the rcad 
line goes high, all the ANO gates droven by the bipolar amplif~~~s are enabled. · 
Shortly after the rise of the read pulse, -'hJ. is applied to the Xrand Y Iones de51g· 
natíng the address of the word to be read out. This resets all cores in th(' selec~ed 
word to the O state, and any core which contained·a 1 will swilch. Any core wh1ch 
switches generates a pulse .on the sensc line. v.:hich is amplified and appears as a, 
positive pulse at the output of one ofthe.bipolar amplifiers:· Since the read ANO 

gates are enabled, a positive pulse atthe output of any amplofoer passes through the 
ANO gate and sets the flip--flop. Shortly thereafter the half-select currents drsappear, 
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Wrí1~ pulse Re.1d pulse Cle.ar 

Fig. 12-16. NDRO sys.tem fOr Example 12--6. 

thc read line gocs low, and the flip-flops r.:~w contain the di\ta which wer~ 
previously in thc sclccted cores. Shortly after th:o read line goes low. thc wrile line 
gm.·s high, and ihí~ cnablcs the wrile ANO gctes (connected to the inhibir line 
drivers¡. The O sidc of any flip-flop which ha~ a O stored in it is high, and this 
Pnilblc!> the writf' ANO g.11e to which it is connP:ted. In this manner an inhibir cur
ren\ is ~1pplied to any core which previously hE-:d a O. Shortly after the rise of the 
wrifC' pulse, positive half-seiPCI currents are a:;:>licd 10 the same X and y lines. 
l;lL'~e sPicct currcnts. sct a 1 in any core whic~ does not have an inhibit current. 
Thu~ the inform<llion stored in the flip-flops is •·-ritten directly back into the cores 
(rom v.·hich it C<lme. The hali-se!cct currents are :,1en reduce~ lo zero. and the wrire 
line gocs low. T~C' fa!! of the wrile line is used te reset the flip-flops, and the system 
is now ready for another read/write cycle. · . . 

The NDRO memory system di~cussed in th': preceding example provides the 
means for reat.ling in(ormation from the syster.; without losing· the Individual" bits · 
!l.torcd in the cores. To have a complete mE"Tiory system, wc must have the 

1 

Magnetic Devices and Memories 

Clear 

Re.W 

.Write 

1 mcmory c:yc.lc-----

+lñ,/2" 

Hall rx./m/2°----,__ .._ ____ ,-J \ 

345 

selcct ~ +lm/2 -- __J,-----~, 
c:urrents Y O----,_ ¡-- '----

. -lm/2 - 1... ___ -.-.) 

Fig. 12-17. NORO Waveforms for Fig. 12-16 Cread from memory). 

cap~bility to writc information.into thc cores from sorne e~lernal source (e.g., input 
data). The write operation can be realized by making use of the exact same NDRO 
waveforms shown in Fig. 12-17. We must, however, add so me additional gatcs to 
the system such that during the read pulse the data set into the flip-flops will be the 
externa! data we wish stored in thc cores. This could ea~ily be accomplished by add
ing a second set of ANO gates which can be u~cd to sct thc' flip~flops. The logic 

·..:. diagram (or the complete mcmory system is shown in Fig. 12-16. For simplicity, 
only the LSB is shown since the logic (or eve;y bit is identical. 

For the complete memory system we rccognize that there are two ÓIS!IOCI opera
tions. They are wrile ínto mcmory (i.c., storc externa! data in thc core!>) ttnd read 
from n)(>mory {l.e., extra<.:! data from the corcs to be u sed elscwhcre). For these two 

opcrations we must'neccc;~.lfily gcrieratc two c.listinct scts of control wavrforms. The 
waveforms for read from memory are exactly those shown in Fig. 12-17, and the 
events are .s-ummarized as follows: 

1. The clrar pulse rc'Sets all flip-flops. 
2. During the read pulse, all cores al the selected ac.ldress are reset to O, .1nd the 

data storéd in them are transfcrrcd to the flip-flops by meam of the read ANO 

gates. 
3. During !he .wrile pulse, the dala held in thc' flip-flops are stored back in the · 

Lores by applying positive half-sclect currcnts {thc inhibir currents are con
trolled by th~ O sides of the flip-flops and provide ihe means of storing Os in the 
e ores). 

The wri:e into memory wavC'forms are exactly the ·!-ame as shown in Fig. 12~ 17 
with one exception: thal is. the read pulse is rcplaccd wilh the enter data pulse. W 
The evenls for write inlo memor)' are shown in Fig. 12-19, and are summarized as .,_ 
follows: 

1. The c:ear pulse n:sets all ilip-flops. 
12. During the enter dala rulse, the neg~tive half-select curren! S ·resét all coree; at 

the se:ected addrC"SS. The C"ore outputs are no! uc;~d. howcvrr, sinre the r~ad 
A~D. gates are not .. c.n~liJII~d: lr]qead, C!xternal data cire set 1nto the flip-flops 
thrÜ~g:, the en ter' AND, gatcs.' . 
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Fig. 12-18. Complete NDRO memory system {LS6 ¡:>lane only). 

Clur 

3. During the wrile pulse, data held in the flip-f.:~ps are stored in the cores exact/y 
as befare. 

In conclusion, we see that ·wrile in lo memorr.: -:d read frorñ memory are exactly 
the !ti"lm~ operations with the exception of the -:ata stored in the flip-flops. The 
waveform!- are exactly the same when the rfa: and enter data pulses are used 
appropnately, and thc same total cycle time is rE-::;uired for either operation. 

U should be pointed out that a number of di:·:-..:ulties are encountered with this 
type of system. First of al!, since the sense wire i; each plane threads every core in 
that plane, a nurnhcr of undesired signals will :-e on the sense wire. These un
desired signals are .1 result of the fact that many e: the cores in the plane receive a 
half-select curren! anc! thus exhibit a slight flux c~ange. 

The geometricc1l pattern o{ corc arrangement ard wi.ring shown. in Fig. 12-13 rep
resents an attcmpt to minimize the sense-line no~se by cancellation. For example, 
the signals induced in the sen~e line by the X and Y drive currerits would hopefully 

Fig. 12-19. NDR.O waveforms for Fig. 12-18 (write i:;to memory). 
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be c.anceled out since the sense line crosses the!te lincs in the<>ppo!-ite d•r<'<hon the 
s.ame number of times. Furthermore, the sense line is .1lways ata 45• angle to the X · 
and Y select lines. Similarly, the noise signals induced in the sense line by the par

tia! switching of cores receiving half-select currents should caricel onE" another. 
This, howev·er, assumes that all corPs are identical, which is h'iu(ily f'ver trueJ 

Another method for eliminating noise due to cores rect>iving haif~selcct currents 
would be to have a ·core which exhibits a_n absolutely rectangular BH curve as 
s~.own in Fig. 12-20a. In this case, a half-select current would movr the operating 
point of the core perhaps from point a to point b on the curve. However, since the 
_top of the curve is horizontal, no flux change would ·occur, and therefore no un
desired signal could be induced in the sense wire. This is an ideal curve, however, 
and cannot be realized in actual practice. A measure of core quality is given by the 
squareness ratio. which is defined as 

S 
. 8, 

quareness ratiO = 8 
m 

This is the ratio of the flux density at the remanent point 8,. to the flúx density at the 
switching point Bm and. is shown graphically in Fig. 12-20b. The ideal value is, of 
course, 1.0, but values between 0.9 and 1.0 are the bes! obtainable. 

' 

12-5 MEMORY ADDRESSING 

In .this section we investiga te thc means for activating the X and Y selection linPs 
which supply the half-sE"Icct currcnts for switching the cores in thP memory. F•rst of 
all, since it typically requires 100 to 500 mA in each select line Hhat is, /.,. is 
typicaiiY betwecn 100 and sao mA). each sclcct line must be driven by a currcnt 
amplifiei-. A spccial-class of transistors h11s bcen devcloped for this purpo(,c; thPy 
are referred to as core drivers in data sheets. What is then necdc>d is the mcans ior 
activating the proper. core-driver amplifier. 

·• 

Up lo this point, we have designated thc X lines as X1, X1 , X3 , ••• ,X,., and thr Y 

Fig. 12-20. Hrsleresis curves. (a) Ideal. (b) Practica! (realizable). 
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1rne~ as Y,. Y2 , V:. .... ' , Yn. For a ~quare matrix. n r~ the numbcr of core~ in each 
row or column, and therc are thcn n 2 corcs in a r!ianc. When the pl.1ncs are ar
r;mgL•ri in a st.Kk of M planes. where M is the numbcr ui bits in a word, we have a 
memnry capable of storing n2, M-bit words. Any two select lines can then be used 
to re,1d or wrrtP ,1 word in mcmory. and the address of that word is X" Yb. ·where a 
,lflrl h Can i)(' t1llY number from 1 lo n. For exampie, X2 Y:~ represents the column of 
( tlrt'" .1t ;i,e rnlt'r"L'Clron of thc X2 anci V3 select lincs. and wc can thcn say that the 
,H:tin·sr. oi thi.-.. wn;d is 23. Notice thatthe first digit in thc address is the X line and. 

llll' ~('cond drgn rs tlw Y linc. This rs arbitrary and could be reversed. 
Thi" method o! ,lfldrcs.o::. de~ignation entai!s hui one problcm: in a d1gital syo::.tcrn 

we C:<ln usP only the numbers 1 and O. The prob;em ~~ easily resolved, however, 
$incc> th€" oHlOrc·~c. 2.1, for PX<lmplc>, c;,n be represented by 010 011 in binary form. lf 
we use thrce h1t~ i'úr !he> X linp rositmn anci three bits for the Y liñe position, we can 
then dc<.i~natc t!w ;¡cJdre<.s of ;~ny word in a mcmory havii'lg a capacity uf 64 words 
or ln<.. Thi~ ¡~ f',l"Y to sre, srnce w1th threc bits we c.ln represen! eigt)t decimal. 
numlwrs, which nwan" we can define an 8 X 6 = 64 word memory. lf we chose an 
cignt-bit addrec;s, four bits for thc X line and four bits for the Y line, we could define 
a mcmory. having 24 X 24 ·= 16 X 16 = 256 words. In general. an address o( 8 bits 
can IX' used to define a square memory of 28 words, whcre there are 8/2 bits for 
thc X lineo::, aml B/2 hits for the Y lines. From this discussion it is easy lo see why 
;.ut,:t>-scale coincident-current memory systems usually have a capacity which is an 
~~ven power of 2. 

.:xam¡)'e 12-7 

Whrtl wol;.c: ht> :he structure of the binary address for a memory system having a 
C.)JJ~lCII)' of 1,024 words? 

Solution 

'imce 2'n = 1,024. therc would have to be 10 bits in the adóresS v·mrd. The first five 
: ... could be u~cd lo designa te onc o( the required 32 X lines, and lhe second five 
:~ could be uscd to designa te one of the 32 Y li'nes. 

E;.;:•mple 12-B 

For :he memory system describcd in the previous example, what is the decimal 
adclress for the foliowing binary addresses? 

( .. \ 10110 00101 

11001 01010 
icl 11110000ü1 

Soiution· · 

ia) The i1r~1 f1ve bits are the X line and correspond to the decimal number 22. 
The sccond five bit~ represen\ the Y line and correspond to the decimal number s~ 

'L-:us the> .1dciress is X22 Y~. 

\b) 11001 1 = 25\tl .1ml 01010~: = 1010• Therefore, the address is XuY10• 

(e) The address is X30Y1, 

tC B bits of the· address in a typical digital sy5tem are stored in a series of fi1p~ 

- . 
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Fig. 12-21. Coincident-current memOry addressing. 
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flops called thc ",1ddress register." The address in hinary form mus: thpn hC' 
decoded into decimal form in arder to drive one or the X line drivers and rJnC of the 
Y line driver amplifiers as shown in Fig. 12-21. The X and Y decod1nf. m.1trices 
shown in tlw fi~ure can he identical and are essentially binary-tr.J-decimal 
decoders. Bin"ry~to-decimal decoding and appropriate matrices werc d1<-cusscd m 
Cha~. 10. 

12-6 SEMICONDUCTOR. MEMORIES- BIPOLAR 

Reduced cost and size, improved reliability and speed of operation, and increased 
packing dcnsity are among thc technological advtmces which ha ve made semicon
ductor memories a ·rcality in modern digital systems. A bipolar memo~ is con
structed using the famifiar bipolar transistor, while the MOS rncmory múcs use of 
the MOSFET. In this scclion we consider thP characteristics of bipolar 5emicon
ductor memories; MOS memo_ries are considered in the next scction. 

A "mcmory cell" is a unit capable of storing binary information; the hasic memory 
unit in a bipolar semiconductor memory is the flip-flop rlatch) shown in Fig. 12-22. 
The cr:•ll i~ J.C'f('c/cd by r.1ismg the X select line and thc Y scfect J¡ne; the 5en5e lines 
are boih returnecl through low-resistance sen se amplifiers to ground. if the cell con
tains a 1, current is present in !he 1 sense line. On the other hand, if the cell con~ 
tains a O. curren! is present in the O sense line. 

To write information in lo thc cell, the X and Y sefect lines are held higi-.; holding 
the O !>eme line high f+V('cl while the 1 sense Jine is groundf'd writes a 1 into the · 
cell. Ahernatively, holding the 1 sense line high (+Vc~)-and the O sense line at 
ground during a select writes a O into the cell. The basic bipolar memo;y cell in 
Fig. 12-22 can be used to store one binary digit (bit), and thus many·such cells are 
required' to form a memory. 

s'ixleen of the R's fÍip~fiOp cells in Fig. 12·22 have be~~n arranged in a 4-by-4 m a-
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!fl).; to form a 1 ú-word hy one-bit memory in Fig. 12-23. lt is referred to as a 
r,1ndom acce~s mcmory {RAM) since each bit is individually addressablr hy se
.,·cling one X line ,1nrl one Y line. H is alsá a nondestructable readout since the read 
(J¡Jl'ration dül'S nol ailt'r the state of the selected flip-flop. This memory comes on a 
.... r.~Jc semiconductor chip {in a single package) as shown in Fig. 12-24a. To con
:-liud a 16-word memory with more tOan one bit per word require5 stacking these 
h.t.,lt: units. For example, six of these chips can be us-ed to construct a 16-word by 
!.ll•.:-llit memory as shown in Fig. 12-24b. The X and Y address lines are al! con
m•cted in parallel. The units shown in Figs. 12-23 and 12-24 are essentially 
"quivalent lo the Texas lnstrumenls 9033 and Fairchild 93407 15033 or 9033). 

Example U-9 
u .. inK a 9033, exp!ain how to con~truct a 16-word by 12-bit memory. What 
afldres~ would select the 12-bit word for.med by the bits in column 1 and row 1 of 

e.Jch planel 

Solution 
C:onnPct twelvl' 16-worct by one-b1t memory planes in parallel. The address 
X

0
X1X2

X:\ Y
0
Y1 \'2 Y3 = l 0001000 select!' :he bit in the first column and the first row of 

each p\ane (a 12-bit word repré;cnted by the vertical column o( 12 bits). 

For larger nwmories, the appropriate address decoding, driver amplifiers, and 
rec1d/write logic ~ue all constructed iO a single package. Such a unit, for example, is 

thc Fairchild 93415-this is a 1,024-word by one-bit read/wrile RAM. The logic 
di.1~ram ir, shown in Fig. 12-25. An address o( 10 bits is required 

(AoA 1A2A3A4A~A6A7A8A1) lo obtain 1,02~ words. Thal is, x bits prov~de 2"' word 
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locations. In this case, the 10-bit address is dividcd into two groups of íive hits 
each. The first five tAo. A,, A2, A3, A4l select a unique group of 32 lines from thc 
32-by-32 array. The second five lA,, A,, A,. A,, A,) select exactly one of lhe 32 
presclected lines for reading or writing. These basic tmits Me thcn st.Kkcd in par al
le! as shown previously; n units providc a mcmory having 1,024 worrls by n bit!'. 

Another interesting and useful type of ~emiconductor mcmory ,is ~howr\ 111 Fig. 
12-26. This is a bipolar TTL rct1d-oniy memory (ROM). The infor~.1tion stored ¡11 a 
ROM Ciln be read out, but new information cannot be writtl'n into it. Thus. the in
form.l.tion stored is permanent in nature. ROMs can be used to store ffiathem.ltical 
tables. code trans!ations, and other fixed data. The logic ·required for a ROM ¡~ 
generally simpler than that required for a read{wrile memOry, .md the unit shm'l:n in 
Fig. 12-26 (equivalentto a TI 90.14 or Fairchild 93434) provido< an oighl-hol oulpul 
word for each five-bit !nput addres<>. There· are, o( <:ourse, 32 words. !'ince an 
address o_( five bits provides 32 words (2~ = 32). 
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Fig. 12-24. (a) logic diagram. (b) Six chips 
stacked to get a 16·word X &-bit memory. 
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Example 12-10 

How many address bits are required for a 123·word by four·bit ROM constructed 
similarly to the unit in Fig. 12·26l How many rr.emory cells are there in such a 
unill 

Solution 
lt requires seven address bits, sínce 27 = 128. There would be _]28 x 4 = 512 
memory cells. 

12-7 SEMICONDUCTOR MEMORIES-MOS 

The basic device used in the construction o( an MOS semiconductor memory is the 
MOSFET. 8oth p-channel and n-channel devices are available. The n-channel 
memories have simpler power requirements, usuai:y only +Ver• and are quite com
patible with TTL sin ce they are. usual! y referenced to ground and ha ve positive 
signa! levels up to +Vrr· The p-channel devices generally rcquire two power-supply 
voltages and may require signa! inversion in arder to be compatible with TTL. MOS 
devices are somewhat simpler than bipolar devices: as a result, MOS me morí es can 
be constructed with more bits on a chip, and they are generally les~ expensive than 
bipolar memories. The intrínsic capacitance associated with an MOS device gen
erally means that MbS mcmories are slower tha:1 bipolar units, but this capaci~ .· 
tance can be used to.good acivantage, as we shali see. 

Fig. 12-26. is6-bit (32-word x 8-bitl ROM. 

• •! • 

32x8bit 
Programmable ¡¡rray 
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Fig. 12-27. 

An.RS flip-flor consl<ccted using MOSFETs is shown in Fig. 12-27. lt is astan
dard bistable circuit, v.<·.• Q. and Q2 as the two active devices, and Q3 and Q. 
JC\ing as active pull:u;'): iesscntia!ly resistances). Q!o and Q6 couple the flip-flo;:' 
outputs to the two bil 1:-:-s. This cell is constructed using n-channel devices, anc. 
\l•lccÚon i~ accompiisiH:-: by holdtng both the word line and the bit selecc line hig:-
H-Vccl. The pOl.rtivC' vo.-~..!e on the word line turns on Q~. and Q 6 , and the positivc 
voit.1gc in the btl _\l'/(>c/ -:e turno:; on Q, and Q8. Under this condilion. the flip-flor 
outputs are couri{'(, drrt<Liy to the bit oulpul amplifier {one input side /s high, ano 
üre o'ti1er must lw tOW~. ú:1 the other hand, data can be stored in the' cell when it is 
,r:ectod Ir; applying 1 <·O (+V" orO V del al the data inpul terminal. The basic 
Fremory cell in Fig. 12-2i is u sed to construct a 1 ,024-bit RAM having a logic 
cJ¡Jgram similar lo Fig. 1¿·25. This particular unit is a 1602 as manufactured by Sig
ne:ics Corp. 

A memQry cell using ;:-channel MOSFETs is shown in Fig. 12-18. Q 1 and Q 1 are 
thC' two active devices ·":<rming the flip-flop, while Q3 and Q4 actas active load 
re~istors. The ceil is se.=--.:tcd by a low logic level at the bit selecl input. Thi!i 
(ot;ples the rontC'nls oí :-e fllp-flop out lo appropriate aniplifiers (as in Fig. 11-27) 
:~.r(•uch Qli and ~.)¡;. · · 

A sla!ic mrrnorv ¡<. cc--·íJO<.t:d oi rC'Ilc; C.:ilpabk of storing hinary iniormation in
defmitely. For <•:...lm¡>le. :-~ bipolclf or MOSfET Íllp-iiop remains sct or reset as long 

1 
! 
1 
' f 
' 

.-. 
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V00 = ·9 VDC 

• 

i T 
1 . 

~o, :1 -

1 
L--~r-_...J ! 

Vcc-= + S VDC 

Bit select 

as power is applied tO the circuitAiso, a m.13netic core remains set ~r reset, even if 
power ¡

5 
removed. These basic memory ce:;s are used to forma stat1c memory. On 

the other hand. a dynamic memory is corr:;:>osed of memory cells whose conten~s ..... 
tend to decay over a period of time (perha;lS milliseconds or secondc;); thus. the1r 
contents must be ·restored (refreshed) pe~iodically. The leaky capacnan~e as
sociated with a MOSFET can be used to sto~e charge, and this "1s then the bas1c un11 
used 

10 
forma dynamic memory. (Th~re are ~o dynamic bipolar memones because 

there ¡
5 

no suitable intrinsic capacitance for charge storage.) The need for extra 

Fig. 12-29. Basic dynamic memory c.ell. 
Read 
bus 

¡---. i,~ : '":""" 
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Fig. 12-30. 1103 Dynamic RAM logic diagram. 

Memory matrix 
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(1024 bil<) 

}64 

Refresh amp!ifiers 
read/writc column 

gating 

32 

1 of 32 
Column selector 

Da~ 

Dili out 

iom1;1g "•gnals. and logic lo periodically refresh the dynamic mcmory is a disadvan
ta¡..:C', !)ut the higlwr spceds and !ower power dissip¡¡tion, and therefore the in
r.;e,1:-.cci CPII density, outweighs the disadvantagcs. Note that a dynamic memory 
c!l<.~;;:¡,lle~ energy only \'·:h('n reading, writ1:-.g, or refreshing cells. A typical.dynamic 
ml'morv n•ll is ~nown in Fig. 12-29. 

Thl' dvn.1mic memory cell in Fig. 12·29 ·~ constructed from P·Channel MOSFETs. 
Tlw g,1te C.lf>JCJ!ann' (~hown as a dotteG capacitar} is used as the basic storage 
~lemf'nt. To write into. the cell require~ ho.ding the \vrite bus ata low logic leve!; 
tncr. a low leve! at thc ~.,·rile data input ch.::rges the gate capacitance (stores a 1 in 
thc cell). With th~ write bus held low, anda high logic level (+V,.,.) at the write data 
input. thc gc~te c.lptl.Cil,Mcc i~ disch.lrged (.;O is stored in the cell). · 

To rcad from the ceil rcquires holding t~,e read bus input at a low logic leve!. 1( 

t~e. gatc capac~tancc is charged (cell conta:ns a 1), the read data line goes to +V,; 
ii tt1c cell contains a O. the read dat.rlinc remains low. 

Thc memnry ccll in Fig. 12-29 is used by a number of manufacturers to construct 
thc widely used 1103 1,024-bit dynamic RAM. The logic diagram is shown in Fig. 
ll-30. Rcfer to manufacturers' data ~heets (or more detailed operating information. 

12-8 MAGNETIC-DRUM STORAGE 

fv',.¡gnPtíc corcs anu ~emiconductor devices arranged in three·dimensional form 
oifer great advant;¡ges as memory systemS. By far the most important advantage is 
tr.e S¡Jeed with which data can be written into or read from the memory system. 
This is called the ac-ceH lime, and for core memory systen)s it is simply the time of 
one read/writC' rycie. Thus the access time is directly related to the clock, and typi
C.li valucs .ut• from less than 1 lo ·a few microseconds. These types of memory 
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systcms are said to be random-access since any word in thc memory can tx! 
sclected at random. The primarv disadvantage of thi~ type of mcmory system is thc 
cost of construction for the amount of storage available. As an cxample, recall th.lt 
a magnetic tape is capable·of storing large quantitics·of data at.a relatively low cost 
per bil of storage. A typical tape might be capable of storing up to 20 million 
characters, which corresponds to 120 million bits (Chap. 10}. To construct s.uch a 
memory with magnetic cores requires about 3 million cores per plane, assuming 
we use a ~tack of 36 planes corresponding toa 36·bit word. lt is quite easy to un
derstand the impracticality of construcling Such a system. What is ncedcd, then, is 
a systcm capable of storing information with less cost per bit but having a grcatcr 
capacity. 

Such a system is the magnetic-drum storage system. The bao;is of a magnetic 
drum is a cylindrical.shaped drum, the surface of which has hcen co.1ted with a 
magnetic material. The drum is rotated on its a~is as ~hown in Fig. 12-31. and the 
read/write heads are used to record information on the drum or read inform.11ion 
from the drum. Since the surface of thc drum is magnctic, it exhihits a rectangÍJiar
hysteresis-loop propcrty and can thus be magnetized. Th~ process of recording on 
the drum is much the same as for recording on magnetic tape, as discusscd in 
Chap. 10. and the same methods for recording are commonly used (i.e., RZ, NRZ, 
and NRZI). The data are recordcd in tracks around the circumference of the drum, 
.md therc is one read/write head for each track. There are three maior methods for 
storing informa.tion on the drum surface; they are biL·serial, bil-parallef, and bit-

seriaf.paraflcl. .. . 
In bit-serial recording, a!l the bits in onc word are stored sec;uentially, sidc hy 

side, in one track of the drum. Bit-serial storJge is shown in Fig. 12·32a. Storage 
densities of 200 to 1,000 bits per in are typical for magnetic drums. A typic<1! drum 
might be 6 in in diameter and t~us have the capacity to store r. x 6 in X 200 bits 
per in = 5,024 b1ts in each track. Drums ha ve becn constructed with anywhere 
frClm 1 S to 400 tracks, and a spacing of 20 tr¡¡cks to the inch is typical. lf we as· 
sume this particular drum is 8 in wide and has a totod of 100 tracks, we sce im
mediately that it has a storage capacity of 5,02_4 bits per trae k X 100 tracks = 

Fig. 12-31. Magnetic-drum storage. 
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1 w· .. rd or 36 bits 

(o) Track 1 Trcck 2 Track 3 

H1t 1 Bit 2 ·Hit 3·-ctc. Bit JS 

Track l· Track 2 etc. Track 35 Track 36 

(b) 

(e) 

Word 1 
Word 2 
Word 3 

etc. 

1 BCD word of 
36 characters 

fli). 12·32. Magnetit-drum organization (a) a·t · 1 
1CI ilit-serial-parallel storage. · 1 -sena storage. (b) Bit-parallel storage. 

~:.~:~~ ~~¡~~ ii~f~r;~~~n. Compa_re. this ~apacity \vith that of a co~incide~t core 
, . . es on a Slde (quite a large core system) with &4 e r 

• planes. Th" co~e memory has a capacity of 2' X 2' x 2' = 262 144 b"t Th d o e 
de5cr:bed above IS actual/y considered small, and much large'r d 1 s.h e berum 
constructed a.nd are now in use. rums ave en 

Example 12-11 

A certain magnetic drum is 12 in in dia.meter and 12 in long Wh t · th 
capacity of th d ·r h . a " e storage 

e rum 1 t ere are 200 tracks and data are reCorded i d . f 
500 bits·per inl a a enstty o 

Solution 

Each trae k has a cap.lcity of -rr X 12 in X 500 bits per in " 18 840 b·• s· · h 
r 200 k h • hS. mee t ere 

a e trae s, t e drum has a total capacity of 18,840 x 200 = 3, 768,000 bits. 

In the preceding cxample, each track has the ability to store about 18 540 b"t lf 
· we use a 36-bit wo:d, we can store about 523 words in ea eh trae k. Sine~ the ~~;ds 
are stored sequent1ally around the drum, and since there ¡5 only one read/write 

• 
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hcad for the track, it is Cdsy to see that \H:O may have to watt toread any on(' WOIII 

That is, the drum is rotating. and the word wc want to recld may not be undcr thc 
redd head at the time we choose toread it. lt m ay in fact have just passed'under thc 
head, and we will have to wait until the drum completes nearly a full revoiution 
befare it is undcr the head again. This points out one of thc major disadvantages of 

· ... the drum compared with the core storage. That is the prob\em of ~~cess time. On 
the average, we can assume that we will have to wait the time required for the 
drum to complete one-half a revolution. A drum is thus said to have restricted 
access. 

Example 12-12 
lf the drum in Example 12-1 1 rotales at a speed of 3,000 rpm, what is the average 
access time for the drum? 

Solution 

3,000 rpm = 50 rps. Thus the time for one revolut,on is 1 /(50 rps) = 20 ms. Thus, 
the ~verage access time is one~half the time of one revolution, which is fo ms. 
Contrast this with a coincident~current core memory which has a direct ~ccess time 
of a few microseconds. · · · 

Notice in.the previous example that it require~ a short period of time to read the 
36.bits of the word, since they appear under ~he read head one bit ata time in a 
serial fashion. The actual time required is small compared with the access time and 
is found to be (20 ms/r)/1523 words per trae k) "'40 p.s. This reod t'me can be 
reduced by storing the data on the drum in a parallel manner, as shown m Fig. 
1 2·32b. 

The average access time for bit-parallel storage is the same as for bit-serial 
storage, but it is possible to read and record information at a much faster rate with 
the bit-parallel system. Let us use the drum in Example 12~ 11 once more. Sine e 
there are 523 words around each trae k, and since the drum rota tes at SO rps, we 
can read (or write) 523 words per revolution•x 50 rps = 26,150 words per second. 
lf the data were stored in parallel fashion, we could read (or write) at 36 times this 
rate, or ata rate of 18,840 words per revolution x 50 rps = 942,000 words per sec
ond. We would, of course, arrange to ha ve the number" of tracks ori the. drum an 
even multiple of the number of bits in a word. For ex.ample, with a :i6-bit word we 
might use a drum having 36 or 72 or 108 tracks. 

A lhird method for recording data on a drum is called ·:bit-serial-parallel." The 
method is shown in Fig. 12:32c and is commoniy used for storing BCD informa
tion. The access and read (or write) times are a combination of the s·erial and paral
lel ttmes. One BCD character occupies one bit in each of fouf! -.:d)acent tracks. 
Thus. every four tracks might be called a "band," and each BCD character OC· 

cupies one space in the band. lf there are 36 BCD characterS in a word, we can 
store 523 .words on the drum of Example 12-1 1. . · • 

·Quite often !he access time is speed~d up by the addition of extra read/write e 
heads around the drum. For example, we might use two sets of heads placed on (1 

opposite sides of the drum. This wouid obviously cut the access time in halL Alter-
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natively, we might use three sets of he.ads arranged around the drum at 120° angles. 
This wou!d r~:ducc the access time by one·third. 

Sincc writing on and rcJding from the drum must be very carefully timed, one 
uack in the drum is ·usua!ly re'!lc:rved JS a timing trae k. On this track, a series of 
timing pubes is permanently r(!-corded and is used lo synchronize the write .and 
read operations. For the drum discu~sed in Example 12-11, there are 523 words in 
each trae k around the circumfcrencc of tlw drum. We might then record a series of 
523 equa!!y spaccd timing mJrk!> .nound the circumference of the timing track. 
Each pulse would then db1gn.He lht· n•¡¡tJ or wnfe position for a word on the drum. 

STUDY AIDS 

Summary 

A wide variety o( magnetic devices can be used as binary devices in digital 
systems. By far the most widely used is the magnetic core. (ores can be used to 
implement v.uiou~ logic functions such as ANO, OR, and NOT, and more compli
cated function!> C.1n he formed from combinations of these basic circuits. Magnetic
core shift regisH.'r!> and ring counters can be constructed by using the single-diode 
transfer loop betwl'en cores. Magnetic.core logic is p.:Htkularly useful in applica
tions experiencing enviran menta~ extremes: 

Direct-access memories with very fast access times can be conveniently con
structed using either magnetic cores or transis!Ors. The most popular method for 
construc!ing these memories is the coincident-current technique. Memories con
slructed using cores are inherent!y DRO-type memories but can be transformed 
into NDKO memories by the .1ddition of eXterna! logic. 

Semiconductor memories constructed from bipolar transistors or MOSFETs are 
available. Bipolar memories are static memories, but are available as random
access ROMs, oras complete readtwrile units. MOS memories can be either static 
or dynamic, and are availab!c as RAMs .• 

Magnetic drums and disks provide IMger storage.capacities .it a lower cost per bit 
than Core-:-type mcmories. They do, however, offer the disadvantage of increased 
acceSs time. 

Glossary 

access time For a coincident-currcn! memory, it is the time required for one 
read/wrife cycle. In general, it is thc time required to write one word into 
memory orto read onc word from memory. 

address A series of binary digits used to specify the location of a word stored in a 
memory. 

coinc.:idenr-current .~efection The technique of app!ying 1hf,,. on each of two !ines 
pa~sinJ; through .1 magnetic device in such a way that the net curren! of 1m wil! 
swi!ch t!w dl•vicc. 

DRO Ocstructivl' rE"adout. 
dvnamic nwmorr A memory whose contents must be restored periOdicaiiY. 
h~swre:.is Ot•rived from the Creek word hyswrein, which means to lag behind. 
l!v~rert'_~i:. cutYP Gt>ncra!!y a p!ot of magnetic flux density B versus ~agnetic force 

•. 
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. H. Can also refer to the plot of ma neti fl 
memory cycle In a coincident-current g .. e ux ~ vtrsus magnetizing curren! f. 

by a wrire operation. memory system, a read operation fo!lowed 

NDRO Nondestructive readout 
RAM Random-access memory. · 
ROM Read-on !y memory. 
select current 1m The minimum curren! re . d . . 
!iin¡.:le-diode u~lnsfer loop A method of cou q~~~r~ h to 'iWitch a magnettc ~evice. 

to the input of the next . p mg t e output of one magnetJC core 
. magnetJC core. 

squareness rauo A me..1sure o( co e 1. F 
ratio Br!B,.. r qua Jty. rom the hysteresis curve, it is the 

static memory A memor bl f 
Y capa e o storing binary information indefinitcly. 

.Review Questions 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

N ame one advantage of a ferrite core over a meta!-ribbon ~ore. 

N ame one advantage of a metal-ribbon core over a ferrite core. 

Describe the method for detecting a stored 1 in a core. 

Why is a strobing technique often used to detect the outp t f 
core? u o a switched 

How is core switching time t affected by the s .t h. 
' Wl e mg current? 

Explain why more complicated logic func . . 
sive operating times. ttons usmg Cores can lead to exces-

What is the purpose of the diode in the sing!e-diode transfer loop? 

Why is a de!~y in signa! transfer between cores desired? 

Explain how the R and C in Fig 12·11 . t .d d . 
between· cores. · · 10 ro uce a elay tr1 signa! tr.ms(er 

.Explain the operation of the sense wire in . . 
IS lt possible to thread every core in th al mag~ehtJC-core matn.x plane. Why 

e P anc wtt the same w 1re? 
Explain how it is rossible to store a O . 
usmg the inhibit lin~. m a coincident-current memory core 

Why is p baslc. coincident-current core memorv 
system? , inherently a DRO-type 

13. In the basic memory cycle for a coincident-
must the read operation come befare ti c~rrent co:e memory system, why .... ' 

· 1e wnte operallon? ~ 

14. What is the difference between the write into d C.: 
memoiy cyclcs f · ·d memory an the re.1d from 

. or a COHKI ent-current core memory system? 

15,. Exp!ain the meaning of'the title "6A-word·b· . h e· . 
Y e1g t-..,~¡t slattc RAM " 

16. Why are there no dynamic bipolar memories? . 

17:-' What doeS it mean to ''nifresh" a d . ynam1c memory? 
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18 .. De~n•lx· ¡-e rldference between random-access and restricted-acce!-: -ne~
orie~. 

l'J. Ot•.-.c~thc u.e advantage!o of u~ing a magnetic-drum storage system. 

l,rohlcms 

11-1. Oraw a 1".-i)ical hysteresis curve for a core, and show the two rei':".mer.r 
po¡n\s. 

~ 2-2. Shnw J.:r.J:,."Jic,JIIy ón .1 cM curve the path of the opcrating poinr as thf -:ore 
•s ~witchcd írom ,; 1 lo a O. Rcpc,lt for switching from a O to a 1. 

11-3. Draw thC' '-':mbol for a magnetic-core logic element, and explain thf' ·_:-,e
¡,, Hl of P.lc h winc. .1g. 

'11-4. f)r,Jw ,1 ~-~; of w.wcforms showing how the exclusive-OR circuit C· ¡:¡g_ 
; 2-Hd muq oper;::c (not.ce il requires only two clocks which are spaced 18:-" OL:~ 
(¡) pll.t ... ('i. 

1 '2-.1). Dr.1w ,l sz:-_;.:IC"-diode transfer loop betwecn two cores, and explain its o: era· 
:ion ¡u~e w.wclor.":".~ if needed). 

12-6. Oro~w .1 ~cilcmatic and the waveforms (ora core ring counter whici- pro--
vides seven outp;..:; pulses. · 

12-7. Oraw a sketch and explain how a core can be switdied by the coinc·:~nt
.current method. , 

12-A. Mak~;> a ~etch similar to Fíg. 12-15 showing a three-dimensiona. :orE: 
mcnmry capabie of storing 100 ten-bit words. Show all input and outpu: r.e~ 
clt•,lrly. 

12-9. Dr:>'>cnbe :.-.e geometry .of ¡¡ cuincident-current core memory ca pat.-: e· 
~.~)ring 4.096 thir.·~·-six-bit words (Le., how many planes, how many core!- pe' 
pi.1ne. etc.). 

12-10. How mar:;.· bits can be stored in the memory in Prob. 12-9? 

12-11. How.mao.y control lines are required for the memory in Prob. "i2·9~ 

12-12. Show grap:1ically the meaning of squareness ratio for a magnctic e ore. anO 
explain its importance for magnetic-core memories. 

12-13. De~cribe a structure (or the address which could be used for the me-or,· 
of Prob. 12-9. 

12-14. lf ¡¡ cenai:--. éore memory is composed o( square matrices, what is the w)rci 
Célf).Kity i( the ado:ess is 12 binary digits? 

12.;5, How m,1r·: bits are required in the address o( a 256-word by om-b.: 
read/write bipolar i\A.~? 

12w16. Draw the ;>olarity of the stored charge on the gat~ capacitance shov.- in 
the basic dynámic memory cell in Fig. 12-29. 

1 
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12
_17 • What is the bit·storaF!e c.1paci1y of a_m~l~nctic drum 10m in diamclt'r 11 

data are stored with a density oi 200 bits per 1n m 20 tracksl 

12
_
18 

What would be the diameter oC a magnc~ic drum capa~le or. sioring 3.140 
thirty-~ix-bit words if there are 10 tracks and data are stored b•t-scnal at 300 b1ts 

~rin? ~ 

12·19. What is the average access time for the drum in Pmb. ll-18 if/' rotat7 ~~ 
36,000 rpml What could be done to reduce this access. !<me by a actor o 

12
_
20

. F~r the drum_ in Prob. 12-18, at what bi~ rate must data be moved (i.e., 

read or write) if the drum rotates at 36,000 rpml 

r. ... 
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1]4] 
The digital principies discussed in th(' previom rh,lpters h.we been utilized tn 
devise a great many different digital systems. The «pplic,JtJons are many and vM1ed. 
They includc simple systems such as counters ancl digit,JI clocks, and rnort• com
ple~ applications such as digital voltmeters, A/D ronverters, frequency counters, 

\ .. · and time-period measuring systems. Am6ng thc mo~t sophisticated digital systcms 
devised are digital computers, includir.g special-purpose machines, sma!l gencrai
Purpose computers (such c1s the Digittd Equipment Corp. PDP·O/Ei, <1nd ltHge 
general-purpose computers (such as the IBM 360 ,1nd J70 systems). In this chapter 
We consider sorne of .the basic principies common to digital computer systems. 

After studying this chopter you should be able to 

1. State the difference between a special purpose and J gener.tl purpose digital 
computer. 

2. Discuss the 4 main blocks in ~1 general r>llrposc comrutPr. 
3. Writc ;1 !timple cornputer pru¡{r;un U!.ing mrwmonic cude . 

. 14-1 BASIC CLOCKS 

The operation· or control of a digital system c.1n be classificd in two general cJI· 
egories -, synchronous and asynchronous. In a syncluonous systcm thc flip-(Jops 
·are controlled by the system clock and can thcreforr char1ge qates only when thr 
~lock cha'lges state. Therefore, all thc ilip-flops and logic g.1tes change lcvel~ in 
time (or in synchronism) with the clock. An example of such a synchronous ~~·sh•m 
is the parallel counter constructed using the mJqf'f/slave clockcd flip-flops. In thr\ 
counter, the flip-flops can change state only · when the el oc k gocs Jow ,ulCi .11 rlo 
othcr tinw (noticc that a systcm could he constructc>d '\u eh th.lt thc flip-flop~ 1\·Puld 
ch.tngc !!tate when the clock gocs high). On lhe other hand, in ,tn clWilf·hron'h1 ' 

systcm the flip-flops rHe controlled by cvl'rlf~ whirh occur ill ritndom !H11t''· lt·~~ 

...:n 
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-¡ ¡-- Cluclo. cyc;:k lime :---C. :>'-k, e y etc li1nc 

JLJLfLJLJL 
(v) 

fi~. 14-1. Hasic ~Y!-Iem clock. 
{b} 

!tw (i ip-i!op<. m ay change stafc!> at random and are not in ~ynchronism ~ith any 
tun,ng <.1gn.11 o;uch as a dock. An example of such a system might be the operation 

Qf a r>ush hu non by <1 human operato~. Ocpression oi the push butlon would cause 
.1 iiip-flop to ch.mgt• ~l<lle. ~:lince tile O;Jerator can depress !he button al any time he 
or ..,Jw dP~in.>s. tlw liip-flup would cr.ange states al sorne ranoom time, and this i:t , 
:llt·n·íor(' an il<,ynchronous operation. Most large-scale digital systems operate in 

tlw synchronous mode; if you givc a litt!e thought to the checkout and mainte
n.11KP oi such .1 sy<.tcm. it is easy to see why. 

Since .111 logic oper.11ions in a synchronous mae:hine occur in synchronism wit"h a 
cíock, thc system clock becomes the basic timing unil. The system clock must 
providP ,, periodic wavefonn which can be use:d as a synchronizing signal. The 

~quJre w.we shown in Fig. 14-la is a typical dock waveform useá in a digital 

~ystcm. H should be noted that the clock need not be a perfectly symmetrical 
"fjLI.lrc wavc él S shown. lf could simp!y be a series of positive pulses (or negéltive 
pui ... cs) as shown in Fig. 14-lb. This waveform could, of course, be considered as 
.1n ,\',ymmC'triC<ll square wavc, Thc rr.ain requirement i~ simply that thc clork be 
¡writ'ctiy pcr~odic. Noticc that the c;ock defines a basic timing interval durmg 
\\."11(h lo~ic oper.llion" mus! be pwformed. This basic timing interval is defined as·a 
1.,o( Á ere/" limp ,1nc.J is Cflu.JI to one period o( the clac k wavefon_n. Thus al/ logic 
v:,·nwnts, thp-fiops, counters, gates, etc., must complete their transitions in less 
:h.u1 one claC k cyclc time. 

Example 14-1 

Wha1 i• lhe e loe k q•cle lime for a sy•lem which uses a 500-kHz clock? A 2-M Hz 
e loe k! 

Solution 

A rlork cych• time i.s equal :o onc pcriod of the clac k. Therefore, the clock cycle 
lnne for ,, 500-kH¿ clock is 1/(SOO,x 10') = 2 p.s. For a 2-MHz clock, the clock 
cycle tum~ is 1/(2 x 1 0 11) = 0.5 J-LS. 

Example 14-2 

!he IOIJI prop.1gation delay through a master/slave clocked flip-flop is given as 100 
n~. What i.s the maximum clock frequency that can be used with this flip-flop? 

Soluti'on 

A¡1 ,lltern.Jtive way of exruessing thC' question is, how (a!;{ can the flip-flop opera te? 

Thl• f!ip-flop mu 'mnlctc it.s transition in le.ss than one clock cycle lime. Tnere-
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1 loo So l. nnximum dock f . · · m clork cyclc time nllJ.,t )(' ns. · ne • r1u•, thc mtntmu 
frequency must be 1/000 X 10-") = 10 MHz. 

J' ital systems thc dock is uscd as the ha sic standard for mea~urement. 
f _In many ~ tg the accuracy o( thc digital dock discusscd in Chilp. 9 IS relatt•d 
or examp e, f th clac k u~ed to drivP tht• countr•r lf the clock chaJ:'gl~s 

directly lo the frcquency ~ cd d F.or lh·,._ r"lSOn it ¡~ nf"<.f'~~.Jry to cn~tm• th.lt ' the accuracy IS re uce . - .... • 
.requ~nct . 1 ins a stable and prcdictahle frNtuenc.y. In m,,ny dlgit;¡l wstl'm~ 
the e oc mama b"l· ·. . d of thc ciock. Thi~ wuuld ~~· the r.1~,. m;¡ ~Y"Il'm 
fJn]y <;,hort-term Sta 1 ¡ty IS TCQUITC . . . . l .:. •<:.\ m 

. 1 k Id be manito red ;'l"ñd vdju5ted pcnorliC·'"Y· For suc' ,\ '. C' • where thc e oc cou ' . .: 1 ,·nf'-
. 1 k . ht b derivcO from a frce-running mult1VIIl~.ltnr or" •llnp <' ·' 

!he bas•c e oc m•gh e . f' 14 2a and b For thc frcp-runn;ng multivihr;ltor thf' wave oscillator as s own m •g. - · 
e loe k frequency f is given by 

1 

l "' 2RC In (1 + V,.¡v nl 
(14-l) 

· multivibrator. (bl Wien-bridgP os-Basic dock circuits. (a) Free-runnmg Fig. 14-2. 
cillator. 

e 

R c. 

(o) 

High gain amplifier 

(b) 

Ve-/l. fl 
v .... J U· L 

o 
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t.-C = ... 6 
o 

~RFC-

---!:--
Fig. 14·3. Cry~tal oscillator. 

' 
1 

-L 
QXTL 

1 lmHz 

39K 

- IOK 

22K 

From Eq ·'4·11 -
• ' 11 t .:m be secn that the b · · 

~upp/y voi:,lgC'!> <lS wel/ as the values f lh asrc_ clock frequency is .:-~ci~·: by tllP 
-· 1 ° e reststors R ande p ·1 - -ts possrn <';o con<>truct mtJit' .1 h · a actor~"-· t··.:n so it · -· rvtlrators suc as th' h' h _. · 

,l fl•w part~ in 1 o:r per da y. The fr rs _w •_e ha ve stabdn -:s b-:r:cr than 
ci!lator is ~iven by equency o( oscdlatron f for the V\'-en-b·:dge os-

f=-2_ 
2-r.RC t14-2) 

Ago~in it jo:. rot diffr<"ult lo construcr thcse s . . ... 
;>.HI'-tn l(Jlpcrd,w lfgrc l l k. o.clllatorsw,thstabdttrcsbc::~rú· . .:-,aiew 
uliator o,ue;- • ., ¡·,,,1· ··ho' a er 1~ oc accuracy is dcsircd, .1 crystai-c :-"lt:r. ed os: 

- . '. n '" \'0 In ·rg 14 '3 . h • . 
quite oftpn :'lou~ed in an C'ncl . . . •. _m_lg t be USPd. This type e· o~.:- .Jfor is 
1 . o~urp conta1nmg a heat"ng 1 h . 

llc crystar JI .1 con<.llnt IP - r e ement w .:-n i7.~intalm 
h . · ' mpcrillure. Such oscillato h 

1 .1n .1 tew parts in 10" r>er day. rs can ave accL·aci~ better 

Example i4-3 

The multi~ibr.1tor in Fig 14 1 , -. b . d 
r · · - • "' erng use as a sy 1 1 k requency o:·¡ 00 k Hz lf -1 . · se m e oc and C:JCr<l:-:>d di d 

• •• 1 s accuracy rs bctter than +2 . . 
the maxlmu;,¡ and minimum f - parts rn _1 o:~ per W)-', "·•at Jre 

requcncres o( the multívibratori 
Solution 

Ünf' p.ln in . o~ C.ln he thoughl o(.,~ 1 e vele . 
be thou;.:ht o:' .... 2 q•c-lec; in 1 000 l . . m 1,000 cycles. Two par.~ in y can 
two Jl<lrl_ .. in iQ:I 1<. C'(JUI\:.,Ient,l 20cüyc es./ SlfiCt:' the multivibrator nms .;: JCi:. kHz 

· " o cyc es Thu th · · 
be l(lO 1..~17.:- 2nn cvc/e-. = 100 _

7 
k · e; e mJxrmum freqL-:.•n· ··vou:d 

1 • • • -- Hz, ilnd the m·n· ,- . 
... 1-r.·- .. \1111 {·o~_ ll·~ = qq_H kHz. 1 rmum rC'quency \h1UicJ :->::' 100 

-1 

1 
1 
! 

1 
1 

1 
1 
' 1 

·._: 
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Fig. 14-4. Oscillator 
and output amplifier. 

O.Cil\,uor 
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Sctvn1tt Sü 
tr1gger Clock 

None of the oscillators shown in Figs. 14-2 and 14-3 has a squ;ue-wave output 
waveíorm, and it is therefore nece~sary to convert the basic {requency into a ~quare 
wave ·befare Use in the system. The simplest way of accomplishing this is to us.e a 
Schmitt trigger on the output of the basic·oscillator as shown in Fig. 14-4. This 
provideS two advantages: 

1. lt provides a sqUare wave of the basic clac k frcquency as desired. 
2. 1t ensurcs that the clock-output amplificr {the Schmitt triggcr in this c.1se) has 

enough power to drive aH the necessary circuits without loading the ha sic os
cillator and thus changing the oscillating frcquency. 

14-2 CLOCK SYSTEMS 

Quite often it is desirable to have clocks of more than one frequency in a system. 
Alternatively, it might be desirable to have the ability to operate a system at dif· 
fercnt dock frequencies. We might thcn -hegin with a basic dock which is thc 
highest frcquency desired and dcvclop other basic clocks by simple frequency 

division using counlers. As. an examplc of this, suppose we desire a syst<'m whiCh 
will provide basic clock frequencie; of 3, 1.5, and l ... MHz. Thi!:. coulci be ac
complíshed by using the e loe k system shown in Fig. 14·5. We begin with a 3-M Hz 
oscillator followcd by a Schry1itt trigger to provide !he 3-MHz dock. Thc 3-MHz 
signal i!:. then fed through one flip-nop which divides the signa! by 2 to provide the 
1.5-MHz clock. The 3 MHz signa: is also ferl through a divide.by·3 counter, which 
provides the 1-MHz clock. Systems having multiple clock frequencies can be 
provided by using this basic method. ' 

3 MH¡ -Ptr-- Schmitt 
osc'illator triggcr 

Fig. 14-5. Basic doCk system. 

._G3/_ 
~ 

1 
-
T 

or-
Q 

L___ 

3 M lit 

JIJ1f 
1 MH.r 

1.5 MHt 
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2 MH1 
O)cillator 

Fig. 14·6. 

~ Schmill 
trigger 

Clock system. 

Example 14-4 

JlJl.f 
2 MHz 

Digital Principies and Applicalions 

o 

JlJlJ 
1 MHt 

+5 
counter 

.JlJlj"""" _n__ru-
500kHz 100kHz 

Show a dock system \vhich will prov.ide clock frequencies of 2 M Hz, 1 MHz, 500 
kHz, and 100 kHz. 

Solution 

-:-he de_~ired systcm is 5hown in Fig. 14-6. Beginning 'with a 2-M Hz oscillator and a 
Schmirt trigger, thc 2-MHz clock appears at the output of the Schmitt trigger. The' 
i;rst i!ip-ílop d1vides the 2 M Hz signa! by 2 to provide the 1 MHz clock. The sec
ood filp-flop divide< the 1-MHz clock by 2 to provide the 500-kHz clock. Dividing 
thc 500-kHz clock br 5 provides the 100-kHz clock. 

lt is· sometimcs de~irable to ha ve a two-phase dock in a digital system. A two

phase clock simply means we ha ve two clock signa/s of the same frequency whiCh 
are· 180° out of phase with one another. This can be accomplished with the 
outputs of a (!jp.flop. The Q output is one phase of the dock and the Q output is 
!!·.(' úlher phase. Thcse two signals are clearly 180° out of phase with one another, 
!:.ihce one is the comp!ement of the other. A system for developing a two-phase 
clock.of 1 MHz.is shown in Fig. 14-7. For distinction, the two clocks are sometimes 
referred lo as phase A "and phase B. You wi/1 recall that one use for a two-phase 
clock system is to drive the magnetic-core shift register discussed in Chap. 12 (Fig. 
12-10). 11 is interesting to note thatthe two-phase clock system can be used to over

come the race prob!em encountered with the basic parallel counter discussed in 
Chop. B (Fig. 8-5). The race problem is solved by driving the odd flip-flops (i.e., 
ilip-flops A. C. E. etc.) with phi! se A of the clock, and the even flip-flops (i.e .. flip
flo¡JS B. D. F, etc.) with phasc 8 of the clock (see Prob. 14-121. 

The r.1ce problem as initially discussed in Chap. 8 can occur any time two or 
r:nor'-' signals al the inputs of a gate are undergoing changes al the same time. The 

Fig. 14-7. 1·MHz two-phase dock. 

• 12MH' n ! 2 MHI ~ j Schmitt : JUl.j T Q Jl..JU 1 M Hz, Phase A 
~scillato tnggcr 1 ' 

1 i Qf---.-- L.fUl_. 1M Hz, Phase 8 '-----' '----' 

1 

1 
1 

1 
1. 

1 

1 

1 

·.:.. 
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8 D AD---
Stro~ 
pulse 

(a) 

A 

8 

e 
D 

40'! 

(b) 

f b 1 (a) Three-input ANO interrogated by a strobe Fig. 14-6. The use o a stro e pu se. 
pulse. (b) Waveforms fo~ the ANO gate. 

~roblem is therefo.re not unique in counters and can occu.r anywher:· in a digit~l 
system. For this reason, a strobe pulse is quite oftcn deve\opcd u~tng _the baste 
clock. This strobe pulse is used to interrogate the condition of a gate at ,1 lime w~e_n 
the input 1evels to the gate are nol changing. lf the gate lcvels render the gate tn a 
true condition, a pulse appears al the output of the gate when the ~trob~ pulse 
¡5 applied. lf the. gate ¡5 false, no pulse appears. In Fig. 14-8, a strobc pulse 1s used 
to .interrogate the simple three-input ANO gatc.-The waveforms cl~arl~ show t~at 
outputs dppear"only when the.three inputlcvels to the gate are true. lt ts also qutte 
clear that no racing can possibly occur smce the strobe pul!<>es are placed exact!y 

· midway between the input-leve! traL'lsitiom.. Thc strobe s~g0al can bE' developed m 
a number of ways. One way is to diHerentiate the complement of th~ clac k~ clac k, 
and use only the positive pulses. A second method would be to ddferent1ate the 
clock and feed it into an "off" transistor as shown in Fig. 14-9. .. 
14-3 MPG COM~UTER 

Up to this point we ha ve covered quite a wide variety o( the tapies ge~erally e~
countered in the study of digital systems. Some of the tapies have been d•scussed m 

Fig. 14-9. Developing ~ strobe pulse~ 

+Ve 

v,-=ru-L~ 
O Clock 100pf 

(1 MHz) 
.v,lL' 

Strobe 
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grl·,Jt dctail, whi;e others ha ve bf.."cn tre;¡ted in ' mo 1 · ll • .. re gencrJ w.1y In any e 
~~ou < ~ow have :he necessMy background to study any digital ;ystem W<:.oseg= 

mprc cmron ar.d a mmrmum o( e:'fort Even so yo , __ 1 h ·· · · u ma.y uc somewhat ~ ":"' 1 e overail organization of a digital system. In an effort to overco~:·l~e 
cr rng and lo atl~mpt to ti e togethcr many of the tapies discusscd in h " . rs 

ch.tptf'fs, we sha:: al this time Consider the imple t . f t e p:evrous po~e digital compu:cr. men atJOn o a small speCial-pur-

~he ·spcci.'ll-pu~;:>ose computcr we shall consider will be u sed toe le ... h 
."TliiC'!l per gallon 0:' a motor vehicle thu" thc na me MPG-co 1 1 ~ ur.He 1 e ' - mpu er. t rs a ~-r:>C·a/ 

_purpose compute~ ~mee this is the only use (or which it is in tended A -.~~~- J -

PD!>e c_ompu~c_r WG-Jld be a more complicated machine which might b!e::::. four
number of ddtere;-,: .1pplications. , · r a 

m·~he. first stcp ir. ;;-¡e design of {he MPG computer must necessarily be the deter-
1 atlon of the !:tystem performance requirements The f 1 . . . that th. be · Ir~ requ1rement rr.;;sr.t be 

. • e system capable of operating írom a supply voltage of +6 o +" 2 Vd 
smce the machine wil! .be operated in a motor veh ·el T~ - r - ~. e 

':'ig~l be that !he readout of the compuler be in decin~alefor~e ~~~i~n~~~=~~~:~e;~ 
~~o~o for the readoot. but they reqU<re an additional power supply 0 ¡ around 

0

+ lOO 
de~ opleratedthe !L.: bes. Digital modules are commercially available which p:-ovide 

crma rea out, "'"d they opera te on +6 or + 12 V de Th , re~~lulirc the +lOO V, and might be a belter choice in this.cas;.s;;:;of~nualelsa·~- ~ot 
w1r )C one of e · TI . · ~ .... tsron ., cor.omtcs. 1e th1rd requirement is"that h , . m;¡e~ per gallon u.;cd by the h. 1 1 e computer calcu;c,e the 
, · · ve re e toan accuracy of +1 mil 11 ·~ur:h requiremen; we ;hall impose is that the computer -;;error e per ~a loe .. The 
ltJ~t oncp pvery 1) s when the f'h.cl . 1 ¡· m a ca cu a.~on at v 1 e ts rave 1ng ata speed gr 1 th •0 
.a v:hpr_ words, \\'(' would like toe,,¡ m le th il ea er an 1 , mph. 
ÍP<l~l onc~ , ~ ( . . p e m eage performance of the ver.:c;e at 
. e\ery 1.) ~(,aster samplrng rates are acceptable) Th ffth . 

tn.11 the ca 
1 

. bl . · e J reqUiren-enl 
1
s 

JO and 40 ~~~:~e~eg~~:~. J.,~fc~~~at:~g in vehicles "'ing fuel at rates be:wee~ 
the MPG computer as fo!lows: . O\ summanze the f¡ve basrc requirements or 

1. ~ower:supply volt.lge is either ::!:::6 or ± 12 V de. 
2. 1 he .computer must provide a decimal readout in miles per gall . 
3. The computf'r must provide the rcadout toan accuracy of + 1 onl. " 
4. The comn t .d • - m1 e per ga,10n 

• t-'"u er mus! provJ e a readout of miles per gallon at 1 t . . ·S s wt n th ¡ · 1 · eas once e\ery 
~·- 1e e ve liC e rs travelinR ata speed greater than 10 mph 

S. ~~.n~ cofmputer :11ust be ca[)able of~cakulating miles per gallon betwee- th 
Jn_liiS o 10 ano 40 miles per grtlion. .. e 

it :hou;d ~ no!erl :~al the sysfem ~equirements for the computer under st d,. 
ar< QUite !-lmple ana somewhat Jess stringent than in the usu u ) n.ere 

~~~~~~:~~~·~:~~~~~~.~.:~.~:~~~~;E~r~~~~~:s~r~~;~~ :~:rii;~ ~~~h~i~~~~~~;~~: 
We as~ume that we have available two transdu r h" h 

integral part of the MPG computer. The íirst tr~nsdce s ~ JCedare to be use~ ~san ucer rs us to measure th~ vol-
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Pul-.:·. from 
flo"~Ao :r¡nsduccr 

Pui>'.from J l l l' l l l l l l l l 
disu:1ce transduccr 

Fig. 14-10. Transducer pulses for the MPG computer whcn the rate is 10 miles per 

gallon. 

ume of fuel flowing into the engine. This f!ow tranduccr provides an elcctrical 

pulse each time 1hooo of a gallon of fue: passes through it. The second transducer is 
used lO measure the distance traveleG and is driven by the speedom{'l_cr cahlc. 
This distance transducer provides an electrical pulse each time the vehicle has 

traveled a distance of 1hooo of a mile. 
Now in order to implcment the necess.1ry logic for the computer, let us examine 

the outputs of the flow and distance trdnsducers. Let us bcgin by assuming that Wf? 

ha ve a flow transducer which gives an :>utput pulse each time 1 gallon is used, and 
we have a distance transducer which gives an output pulse ei1ch time the vehicle 
has traveled 1 mile. lf our vchicle is obtaining a mileage slightly bcner than 10 
miles per gallon, the transducer wave:orms appear as shown in Fig. 14-1 O. N atice 
that the number of distance pulses ap¡:>earing between two flow pulses is exactly 
equal to the miles per gallon we dcsire. Thus we can cafcu/afc thc miles per gallon 

by _simply counting the number of c:stance pulse~ occurring betwPen tv~·o How 
pulses. We can cheé:k this by noting ·~~.at, if the vPhicle wen· orwrating al 20 miles 
.per gallon, there would b~ 20 distance pulse~ bctwcen two flow pulses. N atice that 
if the flow transducer supf)licd 10 puses pcr gallon, and at the same ltmP thc dis~ 
tance tr2nsducer provided lO pulse~ per mi!e, the basic waveform in Fig. 14-10 
would remain unchangecJ. That is, ::-.e number of distance pul!'e~ appt•arin~ be
tween two flow pulses would still be equill to the number of m1\cs per v,allon. 
From this it should be cl€ar that we can choose any number of pulses per gallon 
from the flow transducer so long as v.e choose the same numbcr oi pulse~ per mile 
from the distance transducer. The trarsducers we are going to use in the MPG COf!l

puter provide 1,000 pulses per gaiiG• oí flow and 1,000 pUlses per mi!e of dis
tance. Therefore, the number of mile~ pcr gallon can_be obtained by simp!y count~ 
ing the number of ·distance pulses be:ween consecutive flow pulses. 

The reason for using these....tra.n!':iuccrs can be seen by examining the time 
between flow pulses. let us first cor.::dcr the flow transducer'having one pulse per 
gallon and the disiance transdt1cer hving one pulse per mile. lf the vehicle were 
obtaining arate of 10 miles per gallo-•. one flow pulse would occur every lO miles. 
lf the vehicle were traveling ata speed of 10 mph, the flow pulses would occur ata 
rate of one per hour. Th~s is clearly nota fast enough sampling rate. On the othe1 
hand, with the specified transducer~. the flow pulses occur at a rate of 1,000 pulse~ 
per gallon and at the rate of 1,000 pJses pcr hour.under the same conditions. Thui 
the flow pulses occur every 1 hr/lOCO = 3.6 s. This ·sampling time is dearly withir. 
the specifled rate. The worst case o:curs when the vehicle obtains the maximurT 

. mileS per galJon. At 40 miles per gallon a_l}d 10 mph the flow pulses occur eve~ 
3.6 X 4 = 14.4 s. We have therefore mel the minimum~sampling-time require 

nlénts: ·' ~ 
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The logic di~gram for the f'.v"PG computer can 'now be drawn; it ¡5 shown. in Fig. 
1_4- ~ 1 along .':"h the complete waveforms. The flow pulses are fed into a é:ondi-
ttonmg amphfter and then into a one-shot to deve!op the waveform OS d OS 
Th d' t 1 1 f . . . 'an •· e tS ance puses are.a so ed mto a conditioning amplifier. Since we desire lO 

c'?unt the number of ?tstance pulses occuring between two pulses, we use the 
dtsta~ce pulses a~ ~ne tnput to the count ANO gare. lf OS, ¡5 used as the other input 
10 ~hts ANO gate, tt ts enabled between flow pulses. and the distance pulses appear 

at .''s output. We .use the pul~es appearing at the output of the counr ANO gate to 
dnve a counter. Smce we destre to display the miles per gallon between the limits 

Fig. 1~11. Complete MPG computer. 
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of 10 and 40, we use a five-f\ip-Oop shift counter for the units digitS, anda three
flip-Oop shift counter for the tens digits of miles per ga.Hon. 

One conversion time is the time between two flow pulses, ané" w~ want to shift 
the accumulated count into the display flip-flops at the end of ~-a-eh conversion 
cycle. Notice first of-all that, when m, is low, the 'count ANO ga~~: is disabled .Jnd 
therefore the units and rens counters cannot change states. lt iS: du~i-ng this time th~11 
wf?. must shift thc contents of these counters into th.~ display flip·"'ups. Wc U!IC the 
\eading edge of 05 1 to trigger the shi(t one-shot and develoP t~.e shift wavcform 
052. The falling edge of 052 is applied to di.e shift gates, and at 11is time the coun! 
stored in the units and reos counters is shifted into the display fli:>-ilops. Thc falling 
edge of 05 1 is then used to reset all flip-flops in the units and :~ns coum~r~. The 
contents of the display flip-flops are then decoded and used to i!lumin.llc the in
dicator lights. In this system, the distance pulses can be considt>!ed to be the basic 
sys.tem clock. The flow pulses forma variable control gate by mrans of the conlrol 
one-shot which determines the period of time that the count A!oo;O gate is enabled 
and therefore the number of distance pulses counted. The outp:..:~ of the shifr one
shot 052 can be considered as a strobe pulse which shifts data from the counters 
into the display flip-flops in such a way that racing is avoided. The system clear\y 
has an accuracy of ± one count, which corresponds to ±1 mile pcr gallon. 

14-4 GENERAL-PURPOSE COMPUTER 

The MPG C:omputer discussed in the previous section is consiCered a special-pur:.. 
pose computer since it is designed and constructed to perform 2 single func11on; to 
alter it so that it could perform another function .would require a m.1jor change in 
design. On the other hand, a general-purpose computer is des:gned so that it can 
perform a number of fundamental operations-addition, sub··action, multiplica
tion, division, comparison, etc. The.computer ·can then be u~t-..~ in <~ny number of 
diifererit applications by simply instructing it to perform the ap:-ropri.tte operations 
in an orderly fashion. The functions to be performed, listr-d in the order in which 
they are to be accomplished, is known as a program (instructio:1 sel). This list of in
structions, or program, is normally stored in the computer merrory; whcn the com· 
puter is started, it simply performs these instructions in the order stored. Herein 
\ies the difference between an electronic calculator and a ge~eral-purpose digitaf 
computer- the calculatOr performs a function (add, subtract, etc.) ea eh time an 
operator depresses a button, but the stored-program compute"# oerforms the. com· 
plete list of stored instructions without human intervention. Fcrthermore, the com 
puter is capable of completing the instruction set in a very short period of timt 
(addition in perhaps a few microseconds), and the operation :s virtual\ y error fret.: 

The simplified block diagram in Fig. 14-12 shows the basic units to be found it 
any general-purpose COf!lputer system. The input/ou!put block repr.esents the ínter· 
face between man arid machine. lt could·simply be a teletype unit, where input in 
formation is typed in on the keyboard and output information is printed on paper. 1 
could also represen! any of the other input/output media prev'ously discussed, sud 
as-Punched paPei- tape, punched unit-record car~s, and magnetic tape. In any cas~ 
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r------~~¡------~ 
! 

' ' ' lnpul t-
Memory Arithmctic 

Ou~put ¡--- Fig. 14-12. Basic computer 
unit block diagram. 

input data are taken intó the system and stored in the memory according to the 
appropriate signals as generatcd by the control block. Similarly, the control unit gen
erales the appropriate signals to read data from the memory and move it to the 
output block. 

The arithmetic unit cÜnsists of the registers, counters, and logic required for the 
basic operations, including addition, subtraction, complementatio~, shifting right or 
left, comparison, etc. Since the manipulation of data is accomplished in this unit, it 
is sometimes referred toas the central processing unit (CPU). The tapies previously 
covered (number systems, digital arithmetic, etc.) provide an insight into the logic 
circuits and configurations rcquired in a CPU. Again, the control unit provides the 
necessary signals to move data from the mernory unit to the arithmetic unit, per~ 
frirm the desircd data manipulation, and movc the resulting data back into memory. 

The memory block represents the area used to store the two types of information 
present in the cor:npuler; namely, the list of instructions (program) and the data to 
be operated on as well as the resulting output data. The memory itself could be 
<·onstructed using any of the devices previously discussed- magnetic cores, mag
netic drums or disks, semico.nductor memory units, magnetic tapes, and so on. 
Readlng data from or writing data into thc meffiory is again under the guidance of 
the control unit. 

The control unit general! y contains the counters, register~. and logic necessary to 
develop the control signa!s required for moving data into anrl out o:f the memory, 
and for performing the necessary data manipulations in the arithmetic unit. The 
!>ystem clock is a .part of the control unit, and it is usually the starting point for 
generating the proper control signals as discussed in the first part of this chapter. 

lt is interesting to consider an actual general~purpose digital computer in Jight of 
the above discussion. For this purpose, a block diagram of"the Digital Equipment 
Corp. PDP-8/E is shown in Fig. 14-13. 1 Note how the system diagram can be 
broken into the four basic blocks previously discussed- input/output, arithmetic, 
memory, and control. A table~model POP-8/E is shown in Fig. 14~ 14, ·and 'the 

.··fóllowing:excerpt gives·.a genera!.description of the system. 2 

The PDP-8/E is specially designed as·a ·general perpose computer. 1t is fast, 
compact, inexpensiv'e, and easy to interface. ~he PDP~BtE is designed to meet 

1 "Small Computer Handbook," chap. 1, Digital Equípment Corporation, Maynard, Mass., 
I'J7 1. 
1 \bid. 
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-

Fr,;. 14-14 .. PDP-8/E programmed data processor. 

li"a~ nceds o: the a~.c_rage user and is capable of modular .expansion to ac
comodatc mo~t md_rvrclual rcquirements for a user's specific applications. 

Tho• PDP-8/E baSic procossor is a síngle-address, fJxed word length, parallel
t~amfer computcr U5rng 12-hit. 2's complement arithmetic. The cycle time of 
tne 4096-word .rand<)m addre5s ma~nctíc core memory · 1 2 · d f f · · .. r • ts . miCrosecon s 
~r etcn ano uerc.r cycles wíthout autoindex; and 1.4 mícrosccond~ for all 
o,her.cycle~. Stanaard featurcs inciude indiret addressing and facilities for in
~~ruc~·~n skrp and progra~ interrupt as a function ·o( the input/output device 
condnwn. . · . ' · · 

FivP. 12-bil- rcgi.stcrs are lJS<'d to control computer operations, address 

~~~n~ory, ope'r',llc un data_ and ~\ore data. A Programmer's console provides 
~.\.,Jtche!> to a''o~· ,1ddress1ng and loading f'!lemory añd indicators 10 observe 

~~~.< re~ults. Tht• f DP-8/E ~-ay al so be programmed using the console Tcletype 
\\.'th d reade.r/punch facllny. Thus, programs can he Joadcd into m('mory 

~" 1 ng lht! !>wllchcs on the Progr.~mmer's console, the T eietype keyboard, or 
.!.~~-.pape~ tapl" f('.lder. Processor operation·, includes •. addressing me 
stonno dat 1. d . . .. . mory .. ., 
· o . a, re flcvmg ata, receivir.g and tranSinitting data and ~aÍherTia.tic 1 · · 
computa! •ons. a 

! 
.i 
i. 
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The 1.2!1.4' microsecond cyc\c time oí thc 1n.whme pm·.-,dcs a comput.J· 
tion ratc or 385.000 additions per sccond. Ea< h Mid,tum rt·<;uires 2.6 nH\fO<>f'· 
conds (with one number in the accumulatorl .wd sublr.lCIIOn rC'quirl'~ S.O 
microseconds (with the subtrahcnd in thc accumul¡¡tor¡, Mu~tiplicat1on 1s Pl~r
formed in 256.5 microseconds or lcss by a s.ubroutinc tha; opt•rall'!-:on two 
signed 12-bit numbers lo produce a 24-bit prucluct, le.wing tflc 1 2·most si~nd
icant- bits in the accumu\ator. Division of two ~igncd 12-b:t nun~GC:rs i; pcr
formed in 34 2.4 micro~econds or less by a subroutine that produc<>s a 12-h•t 
quotient in the .lCcumul<ltor and a 12-bit remaindcr in rore memory. Simil.u 
signed multip\ication and division Ofler<ltions ;u e pcrformed in ilpproximclll'ly 
40 microscconds, utilizing the optional Extended Arithmctic Elemcnl. 

The flexible, high-capacily input/outplll cap.1hilitie{, of t;-,e con1puh·r allo\\ 
it to operate. a large variety of pcrirhNal. m.,chinPc.. Bro'-1dec, thc q,1nd.ud 

. keyboard and papcr-tapc punch and reacler equipnwnt, the~e computers .-úr 
capable of operating in conjunction with a numbcr of optional dcvices tsuch 
as high-speed perforated-tape punch and re¡¡der equipment, card re.1rler 
equipment, line printers, analog-to-digital COn\'crtf!rs, cathode ray tube ((Rl) 

displays, magnetic tape equipment, a 32,764-word random-access disk úlc, a 
2&2, 112-word random-access disk file, etc.). 

14-5 COMPUTER ORGANIZATION. 
ANO CONTROL 

In this short chapter devoted· lo digital computers, we cannot possibly ~ive an 
exhaustive treatment of a·\1 machines; however, we can discuss in general tNm<> 
those aspects oí computer organization and operation which are common to many 
diifcrent types of digital compUters. 

The information stored in the computer memory is of two types-either data 
words (numericinformation) or instruclion words. In Sec. 13-1. we comidered in 
sorne detail the various formats av~ilable for storing numbcrs, inciuding both fixed
point and floating-point numbers. We must now consideran appropriate lórmat for 
a computer instruction word. 

In general, a computer instructiori word will have two distinct sections .. as ~hown 

in Fig. 14~ 15. In this case the word length is 12 bits; however, the. number of bits in 
a word varies from machine to machino le.g., 3& in the IBM 7090/7094, 32 ín the 
IBM 3&0, 3& ín the GE &35, and 12 in the PDP-8/E). The first section (thc three bits 
on the left in this case) areus~d for the operation code (op-code) of th~ instruction 
to be performed. The op-codes ·are defined by the comPu:er desi~ner when the 
machine is initially designed. ror example, the op-code ior addition might be 
defined as 001 2 • In this case, thcre r:~re only three bits reser\'ed r'~P·codes, anda 
computer using thi5 formal would therefore be limited to 2' = 8 op·codcs. 

The remaining bits in the instruction word shown in Fig. 14-15 are usC>d to spcc
ify the addr-ess in memory to which the instruction applies. In this case, the ninf' 
bits (:afi.:t)e.us-ecfto.'specify"·any one' of:211 =:=51 2 iocatiom in memory. As an Cll.· 

ample, the instn.iction word ~01 000001100 means add i001) the contents of thP. 

-~ ~--·-··-~-·. ·•' " 
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Op code Address 

j 1 1 1· 
Fig. 14-15. lnstructión word rormat. 

memory locatcd al address 12 10 (000001100) lo the conteniS of the accumulator 
register in the c1rithmetic unit. 

Fr~quently the men:ory is broken up inlo sectíons called "pages" in order to 
prov1de for more efkient addressing. For example, the PDP-8/E has a basic 
memory o{ 4,096 twelve-bit words. The memory is·broken up into 32 .pages of 128 
words o~ eac

1

h page. Thus a~y word on a page can be addressed by means of only 
scven ~1ts ~2 = 128). The 1nstruction word for the PDP-8/E is then arranged as 
shown 1n F1g. 14-16. lf the address mode bit (bH 3) is.O, the op-code simply refers 
to on~ of the 128 page addresses given by .the last seven bits in the word. However. 
d the .uidress-n1ode bit is 1, indirecl addressing is indicated. This means the controÍ · 
Ul_oit ~~~~ go eilher to page.O or rema in on the current page (depending on whether 
brt 4 rs 1 or 0), take the contents of the given address, and tieat H as another 
address. The first five bits of this new address specify which of the 32 P.ages 
(2' = 32). and the remaining seven biiS give the address on that page (2' = 128) 
containing the dat.1 to which the op-code applies. · 

in this way. the instruction word format need only have seven bits devoted to an. 
¡¡fidrt>ss. Jnd onlv an occasional 12-bit address word is needed to reference data on 
,i:ly one of the other 31 available pages. Clearly this word format is more efficient 
rh.1n srmply carrying 12 {2 12 = 4,096) bits for address locations in memory. 

As an example oi indirect addressing, suppose the data being ope.rated on are 
~ton .. >d on page 1 S of the memory- in order to get to another page, ~ne must use in
direcl addressing. The instruction word 001 10 0001110 means add (001) the con
ten!> of lhe data located in address 14 10 (0001110) on page O lo the éontents of the 
accuinulator register in the arithmetic unit. Note that the 1 in the fourth bit position 
specifi~s indirect addressing, and the O in the fifth bit position refers to page O. 
Now, 1f the content~ o( memory locati~n 14 10 on page O is 00101 0001111, the 
data lO be added to the accumulalor wi/1 be found on page S,. (00101) in location 
15,. (0001111). 

Fig. 14-16. PDP-8/E in~truction word formal . 
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Op 
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fig. 14-17. Basic computer operating cycles. (,¡¡)Fetch. (b) ~xecute. 

The instructions to be executed by the computer are normally stored in the 
memory in the arder in which they are to be perlormed. To begin an operation, the 
address in the memory of the first instruction to be executed is entcrcd into the 
machine by an operator. The control unit then (etc hes this ins_tructio~ from men_'· 
ory execuces the proper operation, and proceeds to the next mstructron stored '" 
the

1
memory. This basic two-cyde process continues until all the instructions have 

been completed and the machine stops. Thus the operation of a comput~r can be 
expláined in terms of two fundamental cycles- fetch an? exrcute. Let's examin~ 

·;._ these two cycles and determine the tasks to be accompllshed by the control umt 

during each cycle. 
The computer units involved during a fetch cycle are shown in Fig. 14·17a. 

Ouring a fetch cycle, the following operations are performed: '~ 

,_ 

.2.·. 

J. 

4-

The address in memory of the first instruction to be executed is placed in the 
instruction counter. This address is read inlo th~ memory address register ~ 
(MAR) and a read/write·cyéle is initiated in the memory. CJ: 
The.instruction stored •at·. the given address in~·memory :is.read. ínto t~e memory 

buffer register (MBR). . 
The op-codc portian of the instruction in the MBR is then stored in t,he op-code 
register, and the address portion is placed in the MAR (in place of- the .previous 

address} in prepar;Jition for the following execute cycle. 
The instruction counter is increased by one in arder 10 be re.sdy for the next 

fetch cyc/e. 
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r;-.e computer units active during an execute cyéle are shov.-:-, in Fig. 14-l?b, and 
Ulc iollowing oper.lt•qns are performed: · 

, • The addrcss m memory containing data to be read out. e· where data is to be 
.. rorC'd. •s ront;~ined in the MAR as a result Of the previo.;5 fetch cycle. Simi
l.¡rly, the op-c:ode is contained in the op-code register. 

2. 7he contcnt~ o:· the op-code regisTer are decoded and the control unit provides 
tm• necessary control sip,nals' to pcrform the operation colled for-e.g. rcad 
d.11,1 from an input TTY, into the MBR and store it at the a-:~~ess in memory ac
nntiing to thc contf'nts of the MAR; or, read data from tn-= address in mcmory 
.~~ givel)- Uy the MAR, and move it to the arithmetic unit v..a the MBR; or, read 
data irom the n1f•mory via the MBR and print the data or:.: TIY: or, read data 
irom the ~rithmctic unit via the MBR and store it in the rr.E."'!'lory at the address 
specified by lh<' MAR. 

J. ~~ the. completion of the execute cycle, return to the next .:erch cycle.-

The fetch/exe>cuU! method af operation is quite common to rr:osl general·purpo~e 
Jit;i:.li computcrs. C'ven though the twO states might be ref~red to by diHerent 
.1ames. When an ~¡wration is begun, the control únit first pla::~s the computer in 
·:~•-' irrch mode, .111d thereafter c1ltern,11es execute and fetch mo::-es until the desired 
• ; 1w•~!llun is 'c-omPiC'IC. A series of el oc k pulses (perhaps four or five, or cven tenJ 
.. u~,:l~_ c.Jc-h Íl'lch C\'( lC' is u~ed lo tzme the various operations. A similar sequence 
.:)i··clock pulses;._ uidiLed'during tlw execute cycle. 

~4-ó COMPUTER INSTRUCTIONS 

~verv gencraJ.purpqse computer must ha\·e an instruction set. 71ere may be only a
:'ew {10 or sol for a sma!! computer, while a large computer rr.~·/ ha ve hundreds of 
:n~ii"1.1ctions. The se! oi instructions used with any particular cc-~puter is of caurse 
,;,~\:i(,ed di.Jring thc initial dcsign phascs, ;md anyone who use~ :hat computer must 
.>ecome intim<1tcly f,1mdiar with its instruction set. lncident;y, an individual who 
~pecializes.in efiic;iently arranging computer instructions for the purpose of salving 
.)roblem·s is known as a computer prowammer. 

:m.ide the comi)ufer, every 1nstruction must be represented as a group of 'binary 
:umherS (e.g., 001 lar addition), Out to-case the burden of the :J·ogrammer, the op· 
·olie~ are.frequently assigned mnefnonic tilles. For example. t:--e op·code for addi
.,¡~ might be 001, but we couid code itas AOD. The prograr..":1er could then use 
\.J;J in arranging his list of instructions, and when the alpha~:Jmeric input ADD 

.ip;Jeared at the coniputer input, it would simply be encoded a5- :;,e instruction 001. 
:n general, there are four different t'{pes Of instructioñs~arit~"Tletic, data manip

·•iJtion, transfer, and input/output. L~t's lista ficticious set af i:-;tructions and then 
·<!e ~ow they might be arranged as a program to salve a prob:e-:'1. Even though this 
;~stru(tion set is ficticious, it is quite similar to those found .:1 actua4 computer 
.y ... ~l'll'ls. Each instruc:tinn is given in mnemonic form, with its b'::;ary code in paren; 
·:ll'~J._, and a dcscri~,lion of the operation it requires. 

i 
1 

1 

1 
1 

\ 
1 
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HL T (OOODl Halts compu;er opPration. Opcraior ""'Y restar! by deprc~s~n~ the 

~tart button. . X · lded to the canten! of the 
ADDX (0001) The conlent of mem?ry \~catlon IS ac . - . -

accumulator regi!.ter ·,n thr arithme-IIC ulmt. . X"<. ~ubtracted {r~Jhe content 
5UBX (0010) The contcnt of memo_ry oc~tlon. l. . ·p~ 

af the accumuléltor r('¡.l,i!ot~r in the anth7ei1C. unt~ i<. multip\iecl h'y~'lhe conte'nt of 

MPYX (001~) T.he ~ont~nht of ~lcm~;y ~~~~~~roduct is stored in the MQ regís~ 
thc MQ reg1ster m tr.e ant mct1C um • a , 

ter. · · 1 . 'X · tlividccl into the content of 
DIVX 0100) The cont{'nl of mC'mory acallan IS . . 

' . . d ·n lhe MQ rog.sler 
the MQ rcgister, ar.:; thP quottcnt IS store t . d .. m~mory location X, 
DCAX (0101) The contcnt of the accumulator IS store m 

and the accumulatcr is clcared lo all zeros._ . red in memary locat'lon X, 
OCQX (0110) The contenl of the MQ reg•Sier " 510 

and the MQ register is clearcd to all zeros. . 1 t' X 
. . taken from mcmory oca •on . 

}MPX (0111) The next instrucliOil ts d . h MQ regis-
f ¡ cation X is entere mto t e 

LDQX (1000) The conlenl o memory 0 

One word of data is réad at the input device and stored in ter. 
REDX (1001) 

memory at addres~ X. . . at address x and prlnted 
PRTX (1010) One word of dala "read from memory 

oñ the 'output dev1ce . 

: . . 1 ~ n u h to allow every po<.sible 
This list of instructions 15 of _coursc n71 c?mp ct~·e ~a~,_¡:uage programming. No· 

operatiqn. hui it a11o''·.S u~ to. dJu:;;~~t~ '.~~~;~~¡:~: neccssary since we want .lo 
tice that thcre are r~ ... r bitS In ca ~ 16 instructions. Further, suppose thc~e 111· 

include more thJ.n e:,;nt but fewer tha ter having only 128 memory 
struction~ are used ir. a small general·purpose compu , 

Table 14-1 
Memory ln~lruction as 

lnstruction location storcd in memory 
-Gper¿¡-:on 

RED SO o 1001 01Hl010 
Read R and -.tpre at r.-~mory address 50. 

RED 51 
1001 0110011 

Read A .Jnd slore at remory address 51. 
RED 52 2 1001 Ol 10100 

Read y and "tare al r-·emory address 52. 
DCQ 127 3 0110 (111111 

(\ear MQ re~ister 
DCA 127 4 0101 (111111 

Clear accumulator 
LDQ 51 5 ·- ··-. '(()()() 0110011 

PutA in MQ 
MPY 52 6 0011 OliOIOO 

Muhiply A by Y 
DCQ 53 

1 

7 

1 

0110 0110101 

Store AY in 53 ADD 50 B {)(X} 1 O IHXJlO 

·Pul R in accumulato-
ADD 53 9 0001 OIIOIOI 

Add AY to R in acc~.::-nulator 1 0101 (l\10110 
DCA 54 

1 

10 1 
Store Z in~ PRT 54 11 10\U OilOl 10 

Prinl out Z HLT 1 12 
OCOJ ().). )..H JI 

Hah 
' 
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locations so that an instruction ~ord is composed of 11 10 bits-fc.ur bits of op-code 
• ·md seven bits for memory address. 

Now, let's utilize the instructions for our fictitious computer to ~lve tlle problem 
Z·= R·+ AY. The program.will rcad the values of R.·A.-and Y, ~erio:m the neces
sary calculatiuns, and print out thc value of l. The complete pro~~r:., as written in 
m.lChine language (mnernonic codc) and <ts stored in memory, t..v:u'c appear JS in 
Table 14-1. 

To initiate the program, the oper.Jtor sets the instruction ::::u-:er at O and 
dcpresses the st.1rt bunon. Tfw computer initiates a fetch cycle a·c: C..:Jtains the first 
instnJction {RED 50) lrom menwry <.Jddrcss O. This is followed b~ .::n t-(ecure cyc!e. 
The next fptch cyclt~ obtain:. tht• instructirm in memory addrcss •. a~,d so on. The 
program t:nd~ JftL'r thf' cornputed v;llue for Z is printcd out .and t'r:- r.~ T instruclion 
is obtaint>d in nwmory Jddrt·'>:. 12 111 • 

' STUDY AIDS 

Summary 

There are basically two types of digital computers- special pu~m-e and general 
purPose. Spt--ciaJ.purpose computcrs are clesigncd for J single p:...----;oc:.E only, while 
p,cneral-purpose machin~s can bc_used in .1ny number of rliffert-·r a:·o!ications. A 
general~purpose machine is designed with J basic set of instrul.Oi.S, and a pro
grammer can use such a comput~r to sol ve specific prublcms. Tht co"!"lputer sol ves 
woblems by exccuting a sct of instructions which ha ve bccn orCt-·::C .and placed in 
the computer memory by a progranlmer. Most computcrs oper2::: in· a bas.ic two
cycle íelchtexecure modc, and thc appropriate control signals arr ger.erated in the 
control unit in synchronism with thc system clock. 

Glossary 

asynchronous system A system in which !ogk operations and le-.o.:~ c-..,anges o~cur 
at r.mdom times. 

c/ock cycle time One clac k period; the reciproca! o( clock freo . .:ncv. 
compu!L'f program A !ist of specific instructions which a corr.:...:te~ executes to 

soive a given problcrn. 
ferchtexe<:ull' Thc two éllternating modes of operation in a gene<i~~p;.~rpose com

puter. 
gener~1l-purpose compurer A computer designed to accomplish i- number-of taSks. 

For ~x.1mp!e, all ·thc .arithmetic .opcrations. as well as deci~.on making (i.e., 
cqua! to, greatcr than, less than, go, no go). 

in:.uucciun word A computer, \voá::J"havinwtwo ·sections, the op-:ode section and 
the ~1ddress section. 

mnemoh~c· (ntt~ndCd to aSsist the mcmory.': 
op-éodt·-Opcration code. The code which defines. a specific co:-:puter operation. 
o:.(i/!Jror srahifif~' The stability of thc frcqucncy of oscill~ltion; ~~üa':y expressed 

in pu1~ per thousand or parts per mi Ilion for a p~riod of tim:-. 
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secondary clac k A clock of frcquency !owcr than the basic systt·m clcKk whírh ¡ .. 

derived from-the basic system 'dock . 
special·purpose compuler A computer designed to <-~Ccomplish ~n!y om~ t.1sk, for 

. examp!e,.the MPG-computer·in this.chapter. . 
strobe pulse A pube developed to interroga te gates orto shift data at .1 tirne such 

that racing is • .wuidt:d. -
synchronous s\·swm A system in which logic operations and leve! c~1angcs o<...cur 

in synchronism with ;:¡ systcm clock. . 
two-phase clac k The use oi two c!ock waveforms of the same fn:qucncy whtch 

are 180° out of phase with onc anothcr, íor examplc, the 1 anO O outputs of a 

flip-tlop. 

Review Questions 

1. Explain why a dock must be perfectly periodic. 

2. How can the dock cy~le time be found from the clock frequency? 

J. Why must f!ip-flops ha ve a de!ay time less than one clac k cyclc .time? 

4. What factors affect the oscillating frequency of the multivibr;~tor in rig. 14-2i' 

S. What is the purpose of the Schmitt trigger in Fig. 14-4? 

6. Exp!ain one method for obtaining a two·phasc clock. 

7. What is t~e main purpose for deve!oping a strobe pulse? 

8. VVhy is it advantageous to develop the strobé pulse in Fig. 14-Y by turning !he 
transistor on rather than off? 

9. Explain the difference between special- and gcnera!-purpose compu!Pr~. 

10. What is a computer program? 

11. Explain what is mean! by fetch and execute in tcrms of computer opcration. 

rroblems 

14-1. Beginning with a symmetrical square wave, s~ow a-meth?d for developing 
a dock consisting of a series of positive pulses. A senes of ncgat1ve pulses. 

14-2. What is the dock cycle time for a systerTI using a l~MHz-clock? A 250-kHz 

el oc k? 

14-3. What is the maximum delay time for a·flip-flop· if it is·to be uscd in .1 system 
having an 8-MHz clock? · 

14-4. Al what frequency will.the multivibrator ·¡n Fig. H-2a ÓSci!!atc if R = 100 
kn, e= lOO.pF, V,= 20 V de, and v. = 10 V de? 

14-S. What will be the frequency of the rTiu!tivibrator in Prob. 14-4 -if Vo is 

changcd to 20 V de? 
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1-1-í.. V.'r..11 . ~;.:., •.• of ~- is re<¡u1rt.>d f~r the ·n~UhiViiiratt~r in fig. ·. 14-2~ if 
i/., ~ V,.. R ~ ~:- l(.it. and the-desirC'Cf ir~Uency is 100 kHz? 

1"-7. Wh .. l is :::<" oscill.ttinl! frl'•quC'ncy ofthe Wien-bridge oscillator in Fig. 14-2b 
¡, 1\ = 47 kll. a.1<i C= tOO pfl 

14-U. lf in·c.c., ,:,,: "'•ci/Lalor in Fi~. 14-3 has a stahi.lity of ±3 parts in 107 per dáy, 
wn.11 Ml' lhe ño.;,;mun¡ and minimum frcquencies of the oscilla~or? 

·,.,¡~•J. Show th.: .Qg1c nccess.uy to <i~v<>lop dock frequencies of S MHz, 2.5 MHz, 
¡ .\:, lL, itnd l~iv· ;.Hl. 

¡.¡._iO. Thc 5-\'.H7 o~cillator.in Prob. 14-9·has a stahility of±t part in 10f; ncr 
do~y. Who~t w·¡¡¡ _oc üw m.1ximum and minimum frequency of the 1-MHz cloc;kl 

14-11. \ViiJI \':oui,; be the maximum and minimum !requency o! the 200-KHz 
cloü: in Prou. ¡.;._ ilH 

14·12. Dr,1w lr.e w.-wplorms for a paral/el binary counter being driven by a two
¡m.lsc~ e loe k: Sh(Jw ti1.1t thi~ will result in a Solution to the race problem. Reinerr.ber 
lh.H C'.Kh llip-ilo;l hi1S a finite del ay time. 

. "14-1 ~. How cou!d the MPG computer _be modified to give a solution .to. the 
ilcárc;t l/10 mile per gallon? ' 

-·14-14. · ·or.1w a·Olock diag1.1m showing the four ·majar blocks in a generál-purPose 
e• m1putcr systerr .. · 

: 14-15. 
H0w manv op-code l>its would be required in a machine having 35 in-

_;.¡.;.lü. How rr.o;-¡y address bits wouid be required lo handle 1,000 words of 
memory? 

_, 14;.17.. How. rr..1.1y p.1ge adciress bits would be required lo form a 16-page 
-~Ípn)o~y having 64 wurds per page? 

14-18. Write a machine-la_nguage program to salve the problem Z = JR/iA + 8). 

;". ··. 

Appendix A 

States ancl Resolution 
for Binary Nuinbers 

.,._ .--., .• _. 

··:~::~ .•. (:"". : 
~.J:"...-. . .,.-_, 

--<7 
j·r'~>-.: : 

Word lcngth Max number of \ Rec;olution of a 

~---'-"_nb_i_l'---t---c-o--mb_~~--'''""' 1 •~o::OOo 

2 000. 
3 8 1 125 000. 
4 . 16 (,2 500. 
5. 32 31 250. 

¡ 1 

l 

1 

1 
i 
1 

i 
1 

10 1 

1 1 1 
12 
13 i 
14 .¡. 
tS 

1(, 

17 
18. 
19 
20 

. 21 

2i 
23 

! 24 
• ~:.:-·-~·-___ 1 __ _ 

(>4 

128 
256 
512 

1 024 

2 046 
4 ()Cj(, 

8 192 
.1& 384 

32 76~ 

6S S3f, 
131 072 
262 144 
524 268. 

t 048 S76 

2 097 tS2 
4194304· 
8 388 608 

16 777 216 

15 r,2s. 
7 812.5 
J Y06.25 
1 C)S"i.lJ 

976.Sil 

,. 

4811.26 
244.14 
122.07 
61.04 

30.S2 · 1 

1S.26 ! 

7.63 1 
3.81. 
\';'q 1~:-~ 1 

'"····hl 
"', ... o.9s· ··¡,:' 

0.48 
0.24 
0.12 
0.06 
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2.1 UNIBUS 

CHAPTER 2 

. "SYSTEM ¡ARCHITECTURE 

Most computer system components and peripherals connect to and com
municate with, each other on a single high-speed bus known as the 
UNIBU~ a key to the PDP-ll's many strengths. Addresses; data. and 
control informal ion are sent a long the 56 lines of the bus. . C 

Figure 2·1 POP·ll System Simplified Block Oiagram 

The form of communication is the same for every device on the UNIBUS. 
The processor uses the same set of sig.nals to communicate with mem
ory as with peripheral devices. Penpheral devices also use \)lis set of 
signals when communicatmg with the processor, memory or other pe
ripheral . devices. Eách dev•ce, includmg _ memory locations, proc'essor 
registers, and peripheral device registers, 15 assigned an address on the 
UNJBUS. Th.us. peripheral device registers may be manipulated as flex
ibly as core memory by the central processor. All the instructions that 
can be applied to data in core memory can be applied equally well to 
data in peripheral device reg•sters. This is an especially powérful feature, · 
consider!ng the special capability of PDP·ll instructions to process data 
In any memorv Jocation as thoWlh lt were an accumulator. 

2.1.1 Bldlrectional Unes 
With bidirectional and asynchronous communications ory the UNIBUS, 
devices can send, receive, ahd exchange· data- índependently without 
processor intervention. For example, a cathode ray tube (CRD display 
can refresh itself from a disk file while the central processor unit (CPU) 
attends to other tasks. Beca use ·it-ls aSynchronous. the UN IBUS ls com
patible with devices operating over a wide range of speeds • 

. 2.1.2 Master·Siave Relation · 
Communication between two devices on. the·, bus .is In !.the~ form of a 

~ ·; master-slave relationship>At ·any.point·in -time,-:.there is one device that 
has control of the bus. This controlling deviCe is termed the "bus mas
ter." The master device controls the bus when communicating with 
another dt;!'!_ice. on th.e bus, termed .the .. slave!"···A" typical example of 
this relationship is the processor, as master, fetching an instruction from 
memory (which ls always a slave).-.Another. example ls the disk, as 
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master, transferring data to memOry, as slave. Master-slave r'elation
ships are dynamic. The processor, for example, may pass bus contrOl 
to a disk. The disk, as master, could then communicate with a slave 
memory bank. · ·· 

Since the UNIBUS is used by .the,processor and ail 1/0 devices, there ls 
a priority structure to determine which. device gets control of the bus. 
Every device on the UNIB~S which is capeble of becoming bus nlaster 
is assigriéd a priority. When. two devices, which ere capable of becoming 
a bus master, requesj: use of the bus simultaneously, the device with 
the higher priority will receive control. 

2.1.3 lnterlocked Commu·nication 
Communication on the UNIBUS is interlocked so that for each control 
signal issued by the master device, there must be a response from the 
slave in arder to complete the transfer. Therefore, communication is 
independent of the physical bus length (as far as timing is concerned) 
and the timing of each transfer is dependent only upon the response 

. time of the master and slave devices. The asynchronous operation pre
cludes the need for synchronizing with, and waiting for, clock impulses. 
Thus, each system is allowed to operate at its maximum possible speed. 

lnput/output devices transferring directly to or fmm memory are given 
highest priority and ~ay request bus mastership and steal bus and mem· 
O!"J cycles during instruction operations. The processor resumes opera· 
tion immediately atter the memory transfer. Multip!e devices can operate 
simultaneously at maximum direct memory access (DMA) rates by 
"stealing" bus cycles. 

Full 16·bit words or S·bit bytes of inform~t0n can be transferred on the 
bus between a master and a slave. The infcrmation can be instructions, 
addresses, or data. This·type of operation occurs when the' processor, as 
master, is fetching instructio-ns, operands. and data from memory, and 
storing the results into memory after execution of instructions. Oirect 
data tranSfers occur between a peripheral device control and memory. 

2.2 CENTRAL PROCESSOR 
The central processor,. connected to the UNIBUS as a subsystem, con· 

· trols the time allocation of the UNIBUS for peripherals and .pertorms 
arithmetic and logic operations and instruction decoding. lt. contains 
multiple high·speed general-purpose registe:-s which can be used as accu· 
mulators, address pointers, index registers. and other specialized func· 
tions. The proCessor -can perform data trc:1sfers directly between 1/0 
devices and memory without disturbing t;,e processor registers; does 
both single- and double-operand address.i:-:g and handles both 16-bit 
word and 8-bit byte data. 

2.2.1 General Registers 
The central processor contains 8 general registers which can be used 
for a variety of purposes.(The PDP·ll/55.11/45 contains 16 general 
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registers.) The .registers can be used as accumulators, index registers. 
autoincrement registers, autodecrement registers, or as stack pointers 
for temporary storage of da,a. Chapter 3 on Addressing describes these 
uses of the general registers .in more detail. Arithmetic operations can 
be from one general register· to another, from one memory or deviCe 
register to another; oi-br:tween me_mory or a-device register aild a gen· 
eral register~ · Refer to Figure 2·2. · · · . . . 
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The General Registers 

R7 is used as the machine's, · program counter (PC) and contains the 
address of the next instruction to be. executed. lt is a general register 
normally used only for addressing purposes and not as a'n accumulator 
for arithmetic operations. 

The RG register is normally used as the Stack Pointer indic8ting the last 
entry in the appropri'ate stack (a common temporary storage area with 
"Last-in First·Out" characteristics). 

2.2.2 ,lnstruction Set 
The instruction complement uses the flexibility of the general·purpose 
registers to provide over 400 powerful. hard·wired instructions-the most. 
comprehensive and ·powerful instruction repertoire of any computer in 

-the 16-bit .,class. Unlike conventional 16-bit computers, which usually 
have three classes ol instructions (memory reference instructions, oper
ate or AC control instructions and 1/0 instructions) all operations in the 
POP-11 8re accomplished with one set of instructions. Since peripheral 
device registers can be manipulated as flexibly as core memory by the 
central processor, lnstructions that are u'sed to manipulate data in core 
memory may be used equally well for data in peripheral device registers. 

. For example, data in an externa! device register can be tested or modified 
directly by the CPU, without 'bringing it into memory or disturbing the 
general registers. One can add data dii'ectly to a peripheral d~vice reg
ister, or compare logically or arithmetically. Thus all POP·ll instructions 
can be used to create a new dimension in the treatment of computer 
1/0 and the need for a special class of 1/0 instru~~!i~. is eliminated. 

The basl~ arder code of the POP·11 uses both single and double operand 
· address instructions for words or bytes. The PDP·ll therefore perfonns 
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very efficiently in one step, such operations as adding or subtracting two 
operands, or ~oving an. operand from on.e location to anothe~. 

1 

• • 

ADD A,B 

LDAA 

ADD B 

STA B 

Addressing 

·' ·. •;POI',ll:Approach 

;add ·contentS .of locatíon A to loca· 
tion B, ·store· reSults at location B ~ . 

. Conventional APproach 

;load contents of memory location A 
into AC 

;add contents of memory location B to 
AC 

;store result at location 8 

Much of the power of the PDP-11 is derived from its wide range of ad· 
dressing capabilities. PDP·ll addressing modes include sequential 
addressing forwards or backwards, addressing indexing, indirect address· 
ing, 16·bit word addressing, -s-bit ~yte addressin~, ~nd stack addressi~g. 
Variable length instruction formatmg allows a m1mmum number of b1ts 
to be used for each addressing mode. This res4Jts in efficient use of 
program storage space. 

2.2.3 Processor Status Word 

" .. " " " • 1 ' • 3 ' o 

1 ~ 1 N 1 l 1 V 1 e 

' ' 
f ~IENT MOOE • _j ¡ l ,REVIOU$ MQ()E• . 

.N:IOlllTY 
CONOITION C006 

• ••ooE ) USED ONLY ON PDP·ll/55, & 11/45 WITH 
m MEMORY MANACEMENT 1 

F.igure 2·3 Processor Status Word 

The Processor Status word (PS), at location 777776, contains infor· 
mation on the current status of the PDP-11. This information includes 
the current processor priority: _curre~t and previous ope_rational. modes; 
the condition cedes describing the results of the las~ mstruct1on; and 
an indicator for detecting the execution of an instruct1on to be trapped 
during program·debugging. 

Processor Priority . . . . 
The Central Processor operates at any one of e1ght levels of pnonty, 0·7. 
When the CPU -is operating at.level 7 an externa! device cannot interr~pt 
it with a request for service. The Central· Processor must be operatmg 
at a lower priority than the externa! device's .req~est i~ o~der '?' the 
ini-erruption to take effect. The current prionty 15 mamtatned m the 
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processor status word (bits 5·7). The 8 processor levels provide an 
effective · interruPt mask. 

: "'-~ Condition !Codes 
.. ~The condition .cedes, contain information on the result of the last CPU 

operation • 

The bits are set as follows: 

Trap 

Z = 1, if the result was zero 
N = 1, if the result was negative 
C = 1, if the operation resu_lted in a carry from the MSB 
V = 1, if the operation resulted in an arithmetic overflow 

The trap bit (T) can be set or cleared under program control. When set, 
a processor trap will occur through location 14 on completíon of instruc
tíon execution and a new Processor Status Word will be loaded. This bit 
is especially useful for debugging programs as it provides an efficient 
·method of installing breakpoints. 

2.2.4 Stacks' W 
In the PDP-11, a stack is a temporary data storage area which allows a 
program to make efficient use of frequently accessed data. A program 
can add or delete words or bytes within the stack. The stack uses the 
'.'last·in, first-out" concept; that is, various items may be added to a 
stack in sequential arder and retrieved or deleted from the stack in 
reverse arder. On the PDP·ll, a stack starts at the highest location re· 
served for· it and expands Jinearly downward to the \owest address as 
items are added. The stack is used automatically by program interrupts, 
subroutine ca lis, and trap instructions. When the processor is inter-
rupted, the central processor status word and the program counter are 
saved (pushed) onto the stack area, while the processor services the 
interrupting device. A new status word is then automatically acquired 
from an area in core memory 'which is reserved for interrupt instruc
tions (vector area). A r_eturn from the interrupt instruction restores the 
original processor status end returns to the interrupted piogram without 
software intervention. · 
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2.3 MEMORY 

Memory Organlzation 
A memory can be viewed as a series of locations, with a number. (ad· 
dress) 8ssigneQ to eac:h.location: Thus an 8,192-word PDP·ll memory 
coUld .be shown as in Figure 2·4 .. 

t0CA110NS 

ooooclo 
000001 

,. 

oo00o2 

000003 

ooooo• 

• 
OCTAl • ~ 

ADOIESSf'S • 
• 
• 
• 

037774 

037'775 

037776 

037777 

Figure 2-4 Memory Addresses 

t . 

, . •. 
Because PDP-11 memories are designed to accommodate both 16;bit · 
words and 8-bit bytes, the total nurnber of addresses does not_ corre· 
spond to the number of words. An Sf<:·word memory can contam 16K 
bytes and consist of 037777 octal locattons. Words al_ways start at even· 
numbered locations. · 

A PDP·ll word is divided into a high byte and a low byte as shown in 

Figure 2·5: 

" HIGH BYTE • 
1 

• 1 
LO~ 8YTE .. 

Figure 2·5 High & Low Byte 

o 

Low bytes are stored at even~numbered mem~ry_ location~ and h_igh 
bytes at odd-nur:nbered memory locations. Thus 1t 1s conve01ent to. v1ew 
the PDP·ll memory as shown in Figure 2·6. 
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Figure 2·6 Word and Byte Addresses 

Certain memory locations have been reserved by the system for inter· 
· rupt and trap handling, processor stacks,- general registers, and periph· 
eral devíce registers. · Addresses from O to 3701 are always reserved and 
those to777 1 are reserved on large system configurations for traps 'and 
interrupt handling. 

A.l6·bit word used for byte addressing can address a maximum of 32K 
words. However, the top 4,096 word locations are reserved for peripheral 
and register addresses and the user therefore has 28K of core to pro· 
gram. With the PDP·ll/55 and 11/45, the user can expand above 
28K with t11e Memory Management. This device provides Rn 18·bit 
effective memory address which permits addressing up to 124K words 
of actual memory . 

lf the Memory Management option is not used. an octal address be· 
tween 160 000 and 177 777 is interpreted as 760 000 to 777 777. That 
is, if bit 15, 14 and 13 are 1's, then bits 17 and 16 (the extended ad· 
dres·s bits) are considered to be 1's, which relocates the last 4K words 
(8K bytes) to become the highest locations accessed by the UNIBUS. 

2.4 AUTOMATIC PRIORITY INTERRUPTS 
The multi-level automatic priórity interrupt system permits the processor 
to respond automaticatly to conditions outside the system. Any number 
~f separate device~ can. be attached to each level.. 
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Figure 2·7 UNIBUS Priority 

Each peripheral device in the PDP·ll system has a pointer to its own 
pair of memory words (one po1nts to the devices's service routine, and 
the 'other contains the new processor status information). This unique 
identification eliminates the need for polling of devices to identify an 
interrupt, since the interrupt service hardWare selects and begins ex· 
ecúting the appropriate service routine after having automatically saved 
the status of the interrupted program segment. 

The devices' interrupt priority and service roi.Jti_ne priority are indepen
dent. This allows adjustment of system behavior in response to real-time 
conditions, by dynamically changing the priority level of the service 
routine. 

The interrupt system allows the processor to cont~nually c?mpare. its 
own programmable priority with the priority of any mterruptmg dev1ces 
and to acknowledge the device with the .highest level above the proc~s· 
sor's priority level. The servicing of an interrupt for a device can be In· 
terrupted in arder to service an interrupt of a higher priority. Ser~•ce to 
the Jower priority device is resumed automatically upon complet•on of 
the higher Jevel servicing. Such a process, -called nested interrupt ser· 
vicing, can be carried out to any leve! without requiring the software to 
save and restare processor status at each level. 

When a device (other than the central processor) is capable of becom· 
ing bus master and· requests use of the bus, it is generBIIy for one of 
two purposes: •. . 

1. To make a non·processor transfer of data directly to or from 
memory 
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2. ·ro interrupt a program execution and force the processor to 
gO to a specific address where an interrupt service routine 
is located. 

Oirect Memory ·Access 
All POP·ll's provide for direct access to memory. Any number of DMA 
~devices may be attached to the UNIBUS. Maximuin priority is given to 
DMA devices. thus allowing memory data storage or retrieval at memory 
cycle speeds. Response-time is minimized by the organization and ·logic-
of the UNIBUS, which samples requests and priorities in parallel with 
data transfers. 

Direct memory or direct data transfers can be accomplished between 
any two peripherals without processor supervision. These non·processor 
request transfers, caJ!ed NPR level data transfers, are usually made for 
Direct Memory Access (memory to/from ¡;nass storage) or direct device 
transfers (disk refreshing a CRT display). 

Bus Requests 
Bus requests from externa! devices can be made on one of five request 
lines. Highest priority is assigned to non·processor request (NPR). These 
are direct memory access type transfers, .and are honored by the pro· 
cessor.between bus cycles of an instruction execution. 

The processor's priority can be set under program control to one of eight 
levels using bits 7, 6, and 5 in the processor status register. These bits 
set a priority level that inhibits granting of bus requests on lower levels 
or on the same leve!. When the processor's priority is set to a leve!, for 
example PS6, al\ bus requests on BR6 and below a~e ignored. 

When more than ,one device is connected to the same bus request (BR) 
line, a device nearer the. central processor has a higher priority than a 
device farther away. Any number of devices can be connected to a given 
BR or NPR line. 

Thus the priority system is two·dimensional and provides each device 
with a unique priority. Each device may be dynamically, selectively 
enabled or disabled under program control. 

·Once a device other than the prÓ~essor has control of the bus, lt m ay 
do one of two types of operations: data transfers or interrupt operations. 

NPR Data Transfers 
NPR data transfers can be made between any two peripheral devices 
without the supervision of the processor. Normal/y, NPR transfers are 
between a mass storage device, such as a disk, and core memory. The ' 
structure of ·the ·bus .. also permits .device·to·device transfers, allowing 

.. customer-designed •peripheral controHers to access other devices. such 
as disks, directly .. 

A.n NPR device has very fast access to the bus and can transfer at high 
data rates once it has control. The proce-ssor state is not affected by 
the trBnsfer:. therefore the. processor can relinquish cóntrol while an in· 
struction is in progress. This can occur at the end of. any· bus cycles· 
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except in between a read·modify-write sequence. An NPR device in con· 
trol cf the bus may transfer 16-bit words from memory at memory speed. 

BR Transfers 
Devices that gain bus control with one Of the Bus Request lineS (BR 7· 
BR4) can take fui! advantage of the·central Proc;essor by requesting an 
intEirrupt. In this way, the .entire ·instruction set is available for manipu· 
lating data and status registers •. 

When a servke routine is to be run, the current task being performed 
by the central processor is interrupted, and the device service routine 
is initiated. Once the request has been satisfied, the Processor returns 
to its former task. 

lnterrupt Procedure 
lnterrupt handling is automatic in the PDP·ll. No device polling. is .re· 
quired to determine which service routine to execute. · The opetations 
required to service an interruPt are as follows: . 

l. Processor relinquishes control of the bus, priorities permitting. 

2. When a master gains control, it sends the processor an interrupt 
command and an unique memory address which contains the ad· 
dress of the device's service routine, called the interrupt vector 

·address. lmmediately following this pointer address is. a word (lo· 
cated at vector address +2) which is to be used as· a new Processor 
Status Word. 

3. The processor st~res the current Processor ·status Ü'S) and ·the ·c~r- · 
rent Program Counter (PC) into CPU temporary registers. 

4. ·rhe new PC and PS (interrupt vector) are taken from the specified 
address. The old PS and PC are then pushed onto the current stack. 
The service routine is then initiated. 

5. The device service routine can cause the processor to resume the · 
interrupted process by executirlg the Return from lnterrupt instruc· 
tion, described in Chapter 4, · which pops the two top words from 
the current processor stack and. uses them to load the PC and PS 

· registers. 

A device routine can be interrupted by a higher prioritY bus request any 
time after the new PC and PS have been loaded. lf such an interrupt · 
occurs, the PC and .PS of the service routine are automatically stored 
in the temporary registers and then pushed onto the .new .current .stack, 
and the new device routine is initiated. 

lnterrupt Serviclng . 
Every hardware device capable of interrupting tl:le _processor has a unique 
set of locations (2 words) reserved- for its interrupt vector. The first word 
contalns the location of the device's service routine. and the second, the 
Processor _,Status Word that is 1o be used by the service routine. Through . 
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!. 
p,:oper use ot the. PS, the programmer can switch the operational mode 
of the processor, and modify the Processor's Priority leve! to mask out 
lower level int~rrupts. · 

Reentrant Code 
8oth the interrupt handling hardware and the subroutine. call hardware 
faci.litate writing reentrant code for the PDP-11. This type·of.code allows 
a s1ngle copy of a glven subroutlne or program to be ·sha~red- by more 
than one process or task. T~is reduces the.amount of core~"needed for 
multi-ta~k applications such as the concurre;nt servicing of ·rñany periph· 
eral devtces. · · · '$y . 

Power Fall and Restart 

Whene~<er AC .power drops below 95 voJts ·ror llOv power (190 volts for 
220v) or outside a limit of 47 to 63 Hz, as measured by OC power, the 

-power fail seque.nce .ls initiated. The Central Processor automatically 
traps to locatlon 24 and the power fall program has 2 msec. to save all· 
volatile informatlon (data In registers), and to condition peripherals for 
power fall. 1 ' 

.. When power is resto red the processor traps to location 24 and executes 
the power up routine to restare the machina to its state prior to power 
fallure. -
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CHAPTER 8 

PDP-11/34 MEMORY MANAGEMENT 

8.1 GENERAL 

8.1.1 Memory Management 

This chapter describes the Memory Management unit of the 11/34 
Central Processor. The PDP·ll/34 provides the hardware facilities neces· 
sary for complete memory management and protection. 1t is designed to· 
lut n ruttmury flliii1J~coJont tacllity for systcrns whera the memory sizo is 
greater than 28K words and for multi·use;, multi-programming systems 
where protection and relocation facilities are necessary. · 

8.1.2 Programming 
The Memory Management hardware has been optimized towards a multi· 
programming environment and. the processor can operate i.n two modes, 
Kernel and User. When in Kernel mode, the program has complete 
control and can execute all instructions. Monitors and supervisory pro-
grams would be executed in this mode. ' 

When in User Mode, the program is prevented from executing certain 
instructions that could: 

a) cause the modification of the Kernel program. 
b) hall the computer. 
e) use memory space assigned to the Kernel or other users. 

In a multi·programming environment severa! user programs would be 
resident in memory at any given time. The task of the supervisory pro· 
gram would be: control the e)lecution of the various user programs, 
manage the allocation of memory and peripheral dev1ce resources, and 
safeguard the integrity of the system as a whole by careful control of 
each uSer program. 
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In a multi-programming system, the Management Unit provides the 
means for assigning pages (relocatable memory segments) to a user 
program and preventing that user from making any unauthorized access 
to those pages outside ·his assigned area. Thus, a user can effectively 
be prevented from accidental or willful destruction of any other user 
program~r. the system executive prograrri. . 

Hardware implemented featÚres enable the operating system to dy· 
namicarly allocate memory upon de.mand while a progra~ is being run. 
These features are particularly useful when running higher-level language 
programs, where, for example, arrays are constructed at execution time. 
No fixed space is reserved "for them by the compiler. Lacking dynamic 
memory allocat•on capability, the program would have to calculate and 
allow sufficient memory space to accommodate the worst case. Memory 
Management elimiriates this time-consuming and wasteful prOcedure. 

8.1.3 Basic Addressing 
The addresses generate.d by all PDP-11 Family Central Processor Units 
(CPUs) are 18·bit direct byte addresses. Although the PDP·11 Family ward 
length is 16 bits, the UNIBUS and CPU addressing logic actually is 18 · 
bits. ·rhus, while the POP-11 word can only contain address references 
up to 32K words (64K bytes) the CPU and UNIBUS can reference ad· 
dresses up to 128K words.(256K bytes). These extra two bits of address· 
mg logic provide the basic framework for expanding memory references. 

In addition to the word length constraint on basic memory addressing 
space, the uppermost 4K words of address space is atways reserved for 
UNIBUS 110 device registers. In a basic PDP·ll memory configuration 
(without Management) all address references to the uppermost 4K words 
of 16·bit address space (160000·177777) are converted to full 18·bit 
references with bits 17 and 16 always set to l. Thus, a 16-bit reference 
to the 1/0 device register at address 173224 is automatically internally 
converted to a full 18·bit reference to the register at address 773224. 
Accordingly, the basic POP-11 configuration can directly address up to 
28Kwords of true memory, and 4K words.of UNIBUS 1/D device registers. 

8.1.4 Active Page Registers 
The Memory Management Unit uses two sets of eight 32-bit Active Page 
Registers. An APR is actuall}t a pair of 16·bit registers: a Page Address 
Register (PAR) and a Page Descriptor Register (POR). These registers 
are always used as a pair and contain all the information needed to 
describe and relocate the currently active memory pages. 

One set of APR's is used in Kernel mode, and the other in User mode. 
The choice of which set to be used is determined by the current CPU 
mode contained in the ProcessOr Status word. 
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Figure 8·1 Active Page Registers 

8.1.5 Capabilitíes Provlded by Memory Mancigement 
Memory Size (words): 124K, max (plus 4K for 1/0 & registers) 

Address Space: 

Modes of Operation: 

Stack Pointers: 

Memory Relocation: 
Number of Pases: 
Page Length: 

Memory Protection: 

8.2 RELOCATIDN 

8.2.1 Virtual Addresslng 

Virtual (16 bits) 
Physical (18 bits) 

Kernel & User 

2 (ene for each mode) 

16 (8 for each nlode) 
32 to 4,096 words 

no access 
read only 
read/write 

When the Memory Management Unit is operating, the normal. 16-bit 
direct byte address is no longer interpreted as a direct Physi·tal Address 
(PA) but as a Virtual Address (VA) containing information to be used in 
constructing a new 18·bit physical address. The information contained 
in the Virtual Address (VA) is combined with relocation and description 
information contained in the Active Page Register (APR) te yield an 
18·bit .Physical Address (PA). 

Because addresses are aufomatically relocated, the computer may be 
considered to be operating in virtual address space. This means tnat no 
niatter where a program is loaded into physical memory, it will not ·have 
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to be "re-linked''; it always appears to be at the same virtual location in 
memory. 

The virtual address SJ:laCe ·is divided into eight 4K·word pages. Each ·page 
is relocated separately. This is a ~seful feature in multi·programmed 
timesharing systems. lt Rermits a new ·large program to be loaded into 
discontinuous blocks of physic"l memory. 

A page .m.ay be as smaiL as 32 words, so that short procedures or data 
areas need occupy only as much· memory as required. This is a useful 
feciture in real·time control systems that contain many separate small 
tasks. lt is also a useful feature for stack and buffer control. 

A basic function is to perform memory relocation and provide extended 
memory addressing capability for systems with more than 28K of phys· 

"'ical memory. Two sets of page address registers are used to relocate 
virtual addresses to physical addresses in memory1 These sets are used 
as hardware relocation registers that permit severa! user's programs, 
each starting at virtual address O, to reside simultaneously in physical 
memory. 

8.2.2 Program Relocation 

The page address registers are used to determine the startinR: address 
of each relocated program in physical memory. Figure 8·2 shows a sim· 
plified example of the relocation concept. 

Program A starting address O is relocated by a conStant t"o provide 
physical address 64001 • 

VIITUAL 
AOOIE~S 
{\lA)• 0 

RE\.OCATIQN 
CON~TANT 

A • 6.&00 
a. 100000 

PHYSICAl A.ODRESS PROGRAMA 

006.&00 

Figure 8·2 Simplified Memory Relocation Concept 
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lf the next proces~or virtual address is 2, the relocation constant will then 
.cause physical address 6402 8 , which.is the second item,of. ProgramA, to 
be:- accessed. When Program B is running, "the relocation .constant ís 
changed~to 1000001 • Then, Program 8 virtual addresses.starting atO, are 
n:!located to access physical addresses starting at 100000,. Using the ac· 
tive page address registers to provide relocation elimil"!ates the need to "re
link" a progra"m each time it is loaded into a different physical memory 
location. The progr;am always appears to start at the same address. 

A program is relocated in pages consisting of froin 1 to 128 blocks. 
Each block is 32 words in Jength. Thus, the maximum length of a page 
is 4096 (128 x 32) words. Using a11 of the eight .. available active page .... 
registers in a set, a maximum program length of 32,768 words can be 
accommodated. Each of the eight pages can be relocated an}owhere in 
the physical memorY. as long as each relocated page begins on a 
boundary that is a multiple of 32 words. However, for pages that are 
smaller then 4K wOrds, only the memory actually allocated to the page 
may be acceSSed. 

The relocation example shown. in Figure 8·3 illustrates severa! points 
about memory·relocation .. 

a) Although the program appears :to be in contiguous address space to 
the processor, the 32K·word physical address space is actually scat· 
tered through severa! separate .areas of physical memory. As long 
as the total available physical·memory space is adequate, a program 
can be loaded. The physical memory ·space need not be contiguous. · 

b) Pages may be relocated to higher or lower· physical addresses, with 
respect to their virtual address ranges. In the example Figure 8·3, 
page.l is relocated to a higher range of physical addresses, page 4 
is relocated to a ·tower range, ·and page 3 is not relocated at all 
(even though its relocation constant is non·zero). 

e) All of the pages shown .In the example start on 32-word boundari.es. 

d) Each page is relocated independently. There ls no reason why two or 
more pages could not be relocated· to the same physical memory 
space. Using more than one page address register. in the set to 
access the same space would be one way of providing different 
memory access·rights to the same. data, depending u pon ~hich part ~
.of a·Progrem was referencing that data. (" 

Memory- Units 

Block: 
Page: 
No. of pages: 
Size of relocatable 
memory: 

32 words 
1 lo 128 blocks (32 lo 4,096 words) 
8 per mode 
27,768 words: max (8 x 4,096) · 
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VIRTUAL ADDRES5 PAGE . RElOCATION I'HYSICAL MEMOII"( 

'""'*' 
.., ~TANJ' 5PACE 

160000- 177776 

••oooo- \57776 

110000- 137 7 76 

·' 15000U 

r---7 
3•oooo- 357776 

• 000000 ")30000- )U776 

' ·100000 ~ / 310000: 327n6 

100000- , 17776 

060000-077176 

o•oooo- osnu 
010000-037776 

000000-017776 

• 020000 

~ 210000- 23777& 

l 060000 V' '-- . ••oooo- •.sn76 

' 2.50000 120000- 137776 

1 320000 

~ 
040ooo- o.snu · 

o •ooooo 

Figure 8-3 Relocation of a 32K Word Program into 
124K Word Physical Memory · 

8.3 PROTECTION 
A timesharing system performs multiprogramming; it allows several 
programs to reside in memory simultaneously, and to operate sequen
tialiy. Access to these programs, and the memory space they occupy, 
must be strictly defined and c_ontrolled. Severa! types of memory pro
tection must be afforded a timesharing system. For example: 

a) User programs must not be ~llowed to expand beyond allocated 
space, unless authorized by the system. 

b) Users must be prevented from modifying common subroutines and 
algorithms that are resident for all.use'rs. · ... 

e) Users must be· prevented from gaining control of or modifying the 
operating system software .. 

The Memory Management option p.rovides the hardware facilities to im
plement aH of the above types of memory protection. 

8.3.1 lnaccessib!e Memory 

Each p.3ge has a 2-bit access contr"ol key associated with it. The key is 
assigned under program control. When the key is set to O, the page is 
defined as non-resident. Any attempt by a usel' program to access a 
non-re"sident page is prevented by an immediate ábort. ·using this fea
ture to provide memory protection, only those pages asociated with the 
current program are set to legal access keys. The access control keys 
of all other program pages are set to O, which prevents illegal memory 
references. 

8.3.2 Read·Only Memory 
The access control key for a .page can be set to 2, which allows read 
(fetch) memory references to the page, but immediately aborts any at
tempt t~ write into that page. This read·only type of memory protection 
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can be afforded to pages that contain common data, subroutines, or 
shared algorithm~. This type of memory protection allows the access 
rights to a given information module to be user-dependent. That is, the 
a·ccess right to a given information module may be varied for different 
users by altering the access control key . 

·A page-address register in ·each of the sets (Kernel and User modes) 
m ay be set üp to reference the Same · physical page in memory and 
each may be keyed for ditferent access rights. For exañlple,-,!ll,e: User 
access control key might be 2 (reacf-.only access), and the Kerrier·access 
control key might be 6 (allowing complete read/write access).~;:: 

8.3.3 Multiple AddresS Space 
There are tw~ Complete separate PAR/POR sets provided: ene ·set for 
Kernel mode and one set for User mode. This affords the timesharing 
system with another type of memory protection capability. The mode of 
operation is specified by the Processor Status Word current mode field, 
or previous mode field, as determined by the current instruction. 

Assuming the current mode PS bits are va lid, the active page _register 
sets are enabled as follows: 

PS(bits15,14) 
00 
01 
10 
11 

} 

PAR/ POR Set Enabled 
Kernel mode 

!Ilegal (all references aborted on access) 

User mode 

Thus, a U ser mode program is relocated by its own PAR/ PDR set. as are 
Kernel programs. This makes it impossible for a program running in 
ene mode to accidentally reference space allocated to another mode 
when the active page registers are set correcily. For example, a user can· 
not transfer to Kernel space. The Kernel mode address space may be re
served for resident :;ystem monitor functions, such as the basic Input/ 
Output Control routines, memory management trap handlers, and time
sharing scheduling modules. By dividing the types of timesharing system 
programs functiqnally between the Kernel and User modcs, a mínimum 
amount of. space control housekeeping is required as the timeshared 
operating system sequences from one user program to the next. For 
examp.le, only the User PAR/POR set needs to be updated as each new 
user program is serviced. The two PAR/POR sets implemented in the 
Memory Management Unit are shown in Figure B·l. ... -

8.4 . ACTIVE PAGE REGISTERS 
The Memory Management Unit provides twa· sets of éight Active Page 
Registers (APR). Each APR consists of a Page Address Register (AAR) 
and a Page Descriptor Register (POR). These· registers are always used 
as a pair and contain al! the information required to locate an_d describe 
the current active pages for each mode of operation.· One PAR/POR set 
is used in Kernel mode and the other is used in User mode . .--The cur· 
rent mode bits (or in sorne cases, .the previous mode bits) of .. Ul~~roces
sor Status Word determine which set will be referenced~~fo.r..:. .. ea eh 
memory access. A program operating in one mode cannot·uSe::f_he·-PAR/ 
POR sets of the other mode to access memory. Thus, th~ two sets are 
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a key feature in providing a fully protected environment .for a time
shared multi-programming system. 

A specific processor 1/0 address is assigned ·to each PAR and POR of 
each set. Table 7·1 is a complete list ot ~ddress asslgnment. 

. :NOTE· 
UNIBUS de~ices cannot_access PARs or PORs 

In a· fu11y·protected muttí-programming environment, the implication is 
that only a progiam.operating in the Kernel mode would be allowed to 
write into the PAR and POR locations for the purpose of mapping user's 
programs. However, there are no restraints imposed by the logic that 
will prevent User mode programs from ·writing into these registers. The 
option of implementing S_!JCh a feature in the operating system, and thu~ 
explicitly protecting these Jocations from user's programs, is available 
to the system software desig':ler. 

Table 8·1 PAR/POR Address Asslgnments 

Kernel Active Page Registers User Active Page Registers 

No. PAR POR No. PAR POR 

o 772340 772300 o 777640 777600 

1 772342 772302 1 777642 777602 

2 772344 772304 2 777644 777604 

3 772346 772306 3 777646 777606 

4 772350 772310 4 777650 777610 

5 772352 772312 5 777652 777612 
772354 

. 
772314 6 777654 777614 6 ' 

7 772356 772316 ' 7 777656 777616 
. 

8.4.1 Page Address Registers (PAR) 
The Page Address Register (PAR), shown in Figure 8·4, contains the 
12·bit Page Address field (PAF) that specilies llie base address ot !he 
page. 

15 1) 11 .. o 

Figure 8·4 · Page Address Register 

Bits 15-12 are unused and reserved for possible future use. 

The ·page Address Register ma·y be alternativeíy thought of as a relo· 
cation constant, or as a base register containing a base address. Either 
interpretation indicates the basic function of the Page Address Register 
(PAR) in the r~location scheme. 

8.4.2 Page Descriptor Registers (POR) 
The Page Descriptor Register (POR), shown in Figure 8-5, contains in· 
formation relative to page expansion, ·page len¡th, and access control. 
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figure. S· S :Page Descriptor. Register 

Access Control Field (ACF) 
This 2-bit field. bits 2·and l, of the POR describes the access rights to 
this particular page. The access cedes or '"keys" specify the manner 
in which a page may be accessed and whether or not a given access 
should result in an abort of the current operation. A memory reference 
that causes, an abort is not completed and is terminated immediately. 

Aborts are caused by attempts to access non-resident pages, page 
length errors, or access violations, such as attempting to write into a 
read·only page. Traps are used as an aid in gathering memory manage· 
ment information. . 

In the context ot" access control, the term "write" is used to indicate 
the actíon of any instruction which modifies the contents of any ad· 
dressable word. A "write" is synonvmous with what is usuallv r:~llPrl ~ 
"store" or "modify" in many computer systems. Table 8-2 lists the ACF 
keys and their functiOf1S. The ACF is written Jnto the POR under program 
control. 

Table 8·2 Access Control Field Keys 

AFC Key Oescription Funct1on 

00 o Non·resident Abort any attempt to access this 
non·resident page 

01 2 Resident read·only Abort any attempt to write into 
this page. 

10 4 (unused) Abort all Accesses. 
11 6 Resident readJ .. write Read or Write allowed. No trap 

or abort occurs. 

Expansion Direction (ED) 
The ED bit located in POR bit position 3 indicates the authorized direc
tion in which the page can expand. A logic O in this bit (ED = 0) indi· 
cates the page can expand upward from relative zero. A logic 1 in this 
bit (ED = 1) indicates the page can expand downward toward relative 
zero. The ED bit is written into the POR undi!r program control. When 
the ·expansion direction is upward (EO = 0). the page lengtlt-is increased 
by adding blocks with higher relative eddresses. Upward expa~sion is 
usually· specified for prograr:n or data .pages to add more program or 

. table space. An example of page expansion upward is shown in Figure·8-6. 

"Yhen the .expansion direction is downward (ED = 1), the page length is 
incr:eased by adding blocks with lower reiative a"ddresses. Downward 
expansion is specified .for stack pages so that more stack space can tie 
added. An example of page ~xpansicin downward is shown in Figure 8-7. 

8·9 

·¡ 



••• POR 

jo o o o o' ,., ···1 [• ' o l o 1 o o 1 o o o o o ·, 1 o 1 
'. ..______., '--.----' 

PAJ oQ170 ----~_J 1 
P\1 • .S\1 ••110 •NUMBf~~O'~O<.~O<~<~S~======='==~===~-J EO •O ou"PWAAO fXPANStON 
AC,.•ó•IIEAO/WRITf 

NOTE: 
To specify a block length of 42 for an upward expandable page, wri!e 
highest authorized block no. directly into high byte of PO~. Bit 15 rs 

· not used beca use the highest allowable block number is 177 ,. 
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Figure 8-6 Example of an Upward Expandable Page 
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Written lnto (W), . 
The W bit located in POR bit position 6 indicates whether the page has 
been written into since it was loaded into memory.' W = 1 is affirmá· 
tive. The W bit is automatically cleared when the PAR or POR of that 
page is written into. Jt can- only be set by the c~ntrol logic. 

In disk swapping and memory overlay applications, the W bit (bi~-16)Fcan 
be used to determine which pages in memory have been modifi'éO"tby a 
user. Those that have been written into mu-st, be saved in their·;·éÚ-rrent 
form. Those that have not been written into (W = 0), need not bé~saved 
and can be overlayed with new pages, i! necessary .. 

l'age Length Field (PLF) 
The 7-bit PLF located in POR (bits 14-8) specifies the authorized length 
of the page, in 32-word blocks. The PLF holds block numbers from O to 
1771 : thuS allowing any ·page length from 1 to 128,

0 
blocks. The Plf 

is written in the POR under program control. 

PLF for an Upward Expandable Page 
When the page expands upward, the 'PLF must be set to one less than 
the intended number of. blocks authorized for that page. For example, 
if 52 1 (42 10) blocks are authorized, the PLF is set to 51, (41,

0
)" (Figure 

8-6). The hardware compares the virtual address block number, VA (bits 
12·6) with the PLF to determine if the virtual address is within the au· 
thorized page length. 

When the virtual address block number is less than or equal to the PLF, 
the virt•Jal address is within the authorized page length. lf the virtual ad
dreSs is greater than the PLF. a page length fault (address too high) 
is detected by the harc!ware and an abort occurs. In this case, the vir· 
tual address space legal to the program is non-contiguous because the 
three most significant bits of the virtual addres·s are used to select the 
PAR/ POR se!. . 

PLF for a Oownward Expandable Page 
The capability of providing downward expansion. for a page is intended 
specifically for those pages that are to be used a.s stacks. In the PDP-11, 
a stack starts at the highest location reserved for it and expands down· 
ward toward. the lowest address as items are added to the stack. 

When the page is to be downwa~d exPandable, the PLF must be set to 
authorize a page jength, in blocks, that starts at the highe;st address of 
the page. That is always Block 1771 • Refer to Figure 8-7, which shoWS 
an example of a downward expandable page. A page length of 42 10 <. 

blocks is arbitrarily chosen so that the example can be compared with. 
the upward expandable example shown in Figure 8·6. 

NOTE 
The same PAF is used in both examples.' This is 
.done to emphasize that the· PAF, as the base 
address, always determines the lowest address 
of the page, whether it is upward or doWnward · 
expandable, 
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To specify page length for a downward expandable page, write comple· 
ment of blocks required into high_ byte of POR. 

In this example, a 42·block page is required. 
PLF is derived as follows: 

42, 0 =52,; two's complement::: 1,26,. 

036770 
BLOCK 117t 

036700 

036676 
BLOCK176¡ 

OlóbOO 

036576 
&lOCK1751'" 

0)6500 

Figure 8·7 ~Example of"'a Oownward Expandable Page • 
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The calculations for complementing the number of blocks required to 
obtain the PLF is as follows: · 

MAXIMUM BLOCK NO. MINUS REQUIREO LENGTH EQUALS PLF 
177, 52, = 
_1?710 4210 = 

8.5 VIRTUAL & PHYSICAL ADORESSES 
The Memory Management Unit is.located betweeri the Central Processor 
Unit and the UNIBUS address lines. When Memory Management is 
enabled, the Processor ceases to supply address intOrmation to the U ni· 
bus. ln-stead, addresses are sent to the Memory Management Unit where 
they are relocated by various constants computed within the Memory 
Management Unit. 

8.5.1 Construction of a Physical Address 
The basic information rleeded for the construction of a Physical Address 
(PA) comes from the" Virtual Address (VA), which is illustrated in Figure 
8·8, and the appropriate APR set. 

" o 

" 

Figure 8·8 lnterpretation of a Virtual Address 

The Virtual Address (VA) consists of: 

l. The Active Page Field (APF). This 3·bit f:etd determines which of 
eight Active Page Registers (APRO·APR7} will be used to form the 
Physical Address (PA). 

2. The Oisplacement Field (DF). This 13·bit field contains an address 
relative to the beginning of a page. This permits page lengths up to 
4K words (2 13 = BK bytes). The DF is further subdivided into two 
fields a5: shown in Figure 8-9. 

" • o 

'" 
, .. 

Ffgure 8·9 Displacement Field of Virtual Address 

The .Oisl?lacement field (OF} consists of: 

l. The Block Number (BN). This 7·bit field is interpreted as the block 
number within the current page. 

2. The Oisplacement in Block (018). This 6·bit field contains the dis· 
placement within the block referred to by the Block Number. · 
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The remainder of the information needed to construct the Physical Ad· 
dress comes from the 12·bit Page Address Field (PAF) (part of the Active 
Page Register) and specifies the_ starting address of the memory wh_ich 
that APR describes. The PAF is actually a block number In the P.hYSJcal 
memory, e.g. PAF = 3 indicates a starting a_ddress ol 96, (3 X 32 = 96) 
words in physical memory. · · • • 

-The for~atío~· of the !hysic81. Add~ess is _illustrated in Figuré .S-lO. 

·. L¡_"_·:.."_:·_·.J¡L'_' _ __:"::"'::;:..:~=--,-·.J¡..:' ___ .," __ __JI =~ 

" ., .. . .¡ 
LI~,--~1~~-----~~~~-N"~·-.~ 

? . f ...... ,'"''--.'-.. --'-,1 =~ 
Dlof\~Hil.Otlll 

• 

Figure 8·10 Construction of a Physical Address 

The logical Sequence involved in constructing a Physical Address is as 
follows: 

1. Select a set of Active Page Registers ,pepending on current mode. · . . 
2. The Active Page Field of the Virtual Address is used to select an 

Active Page Register (APRO-APR7). 

3. The Pae:e Address Field of the selected Active Page Register con· 
tains the starting address of the currently act¡ve page as a block 
number in physical memory. 

4. The Block Number ·trom the Virtual Address is· added · to the block 
number from the Page Address Field to yield the .number of the 
block in physical memory which will. contain the Physical Address 
being constructed. 

S. The Oisplacernent in Block from the Displacement Field of the Virtual 
Address is joined to the Physical Block Number to yield a true 18-bit 
Physical Address. 

8.5.2 D~tennining the Program Physicai Address ·p 

A 16·bit v'1rtual address can specify up to 32K words, in the range from 
O to 177776. (word boundaries are even octal nu~bers). Tne three 
most signific.int virtual address bits designate the PAR/POR set to be 
referenced during page address relocation. Table 8-3 lists the virtual 
address ranges that specify each of the PAR/POR sets. 
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Tabla, 6·3 Relatlng Virtual Address to PAR/POR Set 

Virtual Address Range 

000000-17776 
020000-37776 . 
040000-57776 
060000-77776 
100000-117776 
120000-137776 
140000-157776 
160000-177776 

NOTE 

. PAR/ POR Set 

o 
1 
2 
3 
4 
5 
6 
7 

Any use of page Jengths less than 4K words 
causes hales to be /eft in thé virtual address 
space. 

8.6 STATUS REGISTERS 
Abo~s generated by the protection hardware are vectored through Kernel 
virtual location 250. Status Registers #0 and # 2 are u sed to determine 
why the abort occurred. Note that an abort to a location which is itselt 
an invalid address will cause .another abort. Thus the Kernel program 
must insure that Kernel Virtual Address 250 is mapped into a va/id ad· 
~ress, otherwise a loop, will occur which will require console intervention. 

8.6.1 Status Register O (SRO) 

SRO contains abort error flags, memory mailagement enable, plus other 
essential information required by an operating system to recover from 
an abort or service a memory management trap. The SRO format is 
shown in Figure 8-11. lts address is 777 572. 

" .. 1) ,, • ' 
1 1 l 1 A \:{j l 

' ' 
Ab:)I!T-"'C>N·ItfSIDf+ll _j __j ¡ '------"' 
A!QCI·~ lENGIH fi:RQI ¡ At0t:T-IfAO OMl 

· ACCfSS VIOLAII()N 
' .. AINTENANCf MQO( 

"""' _j rA(jf NIJM!fl 
ENARtE -~AGlMEm 

Figure 8·11 Formal ol Status Register #0 (SRO) 

Bits 15-13 are the abort flags. They may be considered to be in ~ 

"priority queue" in that "flags to the right" are less significant and 
should be ignored. For example, a "non-resident"' abort s_ervice .routine 
wou\d ignore page length and access coritrol flags. A "page length." 
abort service r~utine would ignore an access control fault. 

NOTE -~~t:: 

Bit 15, 14, or 13, when set (abort conditions) 
cause the logic to freeze the contents of 'SRO 
bits 1 to 6 and status register: SR2. This is done 

. to facilitate recovery from the abort. 
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Protection is enabled when an address is being relocated. This implies 
that either SRO, bit O is equal lo 1 (Memory Management enabled) or · 
that SRO, bit 8, is equal to 1 and the memory ref.eámce is the final one 
of a destination calculation (maintenance/destination mode). · . . - - . . 
Note that SRO bits O aÍ1d .8 ·can be- set under program control to pro· 
vide meaningful memory management control information. However, 
information Written into ail other bits is not meaningful. Only ttiat in· 
formation which- is automatically _written into these remaining bits as a 
resulf of ·hardware actións is useful as- a monitor of the status of the 
memory management unit. Setting bits 15·13 under- program control 
will not cause trap~ to occur. These bits, however, must .be reset to O 
after an abort or trap tias occurred in arder to resume monitoring 
memory management. 

Abort-Nonresident 
Bit 15 is the "Abort·Nonres¡dent" bit. lt is set by attempting to access 
a page with an access control field (ACF) key equal to O or 4 or by en· 
abling relo"cation with an illegal 'mode in the PS. · 

. Abort-Page Length 
Bit 14 is the "Abort-Pag·e Length" bit. lt is .set by attempting to access 
a location in a page with a block number (virtual address bits 12·6) that 
is outside the area authorized by the Page Length Field (PFL) of the 
POR for that page. 

' Abort-Read Only 
Bit 13 is the "Abort·Read Only" bit. lt is set by attempting to write in a 
''Read-Only" page having an access key of 2. 

NOTE' 
There are no restrictions that any abort bits 
could not be set simultaneously by the same 
access attempt. 

Maintenance/ Destination Mode 
Bit 8 specifies maintenance use of the Memory Management Unit. lt is 
used for diagnostic purposes. For the instructions used ·in the initial 
diagnostic program, bit 8 iS set so that only the final destination refer· 
ence is relocated. lt is useful to prove the· capability of relocating 
addresses. 

Mode of Operation 
Bits 5 and 6 indic~te the CPU móde (User or Kernel) associated with 
the page l:a_usin·g the abort. (Kernel= 00, User = 11). 

Page Number 
Bits 3-1 contain the page number of reference. Pages, like blocks, are 
numbered from O upwards. The page number bit is uscd by the error 
recovery routine to identify the page being accessed if an abort occurs. 

Enable Relocation and Protection 
Bit O is the "Enable" bit. When it is SP.t to 1, a/1 addresses are reiOcated 
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and protected ;by the memory management unit. When bit O ¡5 set to o 
the memory management unit is disabled and addresses are neither re: 
located nor protected. 

8.6.2 Status Reglster 2 (SR2) 

SR2 is loaded with the i6-bll Virtual Addr~ss (VA) al the b~ginning of 
ea eh . 1nstruct1on fetch ~ut IS not updated 1f thc instruction fetch fails. 
SR2 '.s read only; a wnte attempt will not modify its contents. SR2 ¡5 
t~e Vtrtual Address ~rogram Counter. Upon an abort, the result of SRO 
btts 15, 14, or 13 bemg set. will freeze SR2 until the SRO abort flags ate 

-c!eared. The address or SR2 is 777 576. 

" o 

l _____ :._ __ ,.~-~··-' _v·_~:._"'_:'_•_:o::"':::'::":.._. ________ j"""'as 717)1:. 

Figure 8·12 Formal o! Status .Register 2 (SR2)) 

8.7 INSTRUCTIONS 

Memory Managem~nt provides the ability to communicate between two 
spaces, as determ1ned by th~ current and previous modes of the Pro· 
cessor Status word (PS). 

Mnemonic 
MFPI 
MTPI 
MFPO 
MTPO 

lnstruction 
move from previous instruction space 
move to previous instruction space 
move from previous data space 
move....!_o previous data space 

Op Code 
006555 

, 006600 
106555 
106600 

These instructions are directly compatible with the larger 11 computers. 

The "PDP-~1/45 ~emory Management tmit, the KTll~C, implements ,_. 
~epara~e rost~uc~1on and da~ address s_pace. 1n the PDP-11/34, there 
ts no d1fferenttatton between mstruction or data space. The 2 instructions 
~F.PD and MTPD (Move to and frorn previous data space) execute iden
!lcally to MFPI and MTPI. 
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MFPD 
MFPI 

move from previous data space 

move from previous instruction space 

106555 

0065SS 

" o o o o· o 

Operation: (temp) +-(src) 
l (5P) <-(temp) 

o 

Condition Cedes: N; Set if the Source-<O; otherwise cleared 
Z: set if the .source =0; otherwise ele a red 
V: cleared 
C: unaffected 

o 

Description: This instruction pushes a word onto the current stack 
from an address in .. previc.us space, Processor Status 
(bits 13, 12). The source address is computed using 
the current registers and memoty map. 

Example: MFPI@ (R2) 
R2 = 1000 
1000 = 37526 

The execution of this inStruction causes the- contents of (relative) 
37526 of the previous address space to be pushed onto the current 
stack as determined by the P5 (bits 15, 14). 
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MTPD 
MTPI 

• 

move to previous data space 

move to ~revious instruction space 

106600 

006600 

" o 
o o o ,. o • • 1 

Operation: (temp) <-(SP) 1 
(dst)<-(temp) 

Condition Codes: N: set if the sourse <o: otherwise cleared 
Z: set if the source =O; otherwise c\eared 
V: cleared 

Description: 

Example: 

C: unaffected 

This instruction pops a word off the current stack 
determined by PS (bits 15, 14} and stores that word 
into an address in previous space PS (bits 13, 12). 
The' destination address is computed using the cur· 
rent registers and memory map. An example is as 
follows: · 

MTPI@ (R2) R2 = 1000 
1000 = 37526 

The execution of this instruction causes the top word of the current 
stack to get stored into the (relative) · 3752~ of the previous address 
space. _. 
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MTPI ANO· MFPI, MOOE O, REGISTER 6 ARE UNIQUE IN THAT THESE 
INSTRUCTIONS ENABLE cOMMUNICATIONS TO ANO FROM THE PRE· 
VIOUS USER STACK. 

; MFPI, MOOE O, NOT REGISTE'R 6 

MOV 
MOV 
CLR 
INC 
MFPI 

:t KM+PUM, PSW 
il-1. -2(6) . 
%0 
@#SRO 
%0 

; KMODE," PREV USER 
; MOVE -1 on kernel stack -2 

; .ENABLE MEM MGT 
; -(KSP) ~RO CONTENT~ 

The ....;..¡ in the kernel stack is now r_eplaced by the content of. RO which ... 

is O. 

; MFPI, MODE O, REGISTER 6 

MOV 
CLR 
MOV 
MOV 
INC 
MFPI 

' 

#UM+PUM, PSW 
o/o6 
#KM+PUM, PSW 
#-l. -2 (6) 
@#SRO 
%6 

: SET R16=0 
; K MODE, PREV USER 

; E,NABL:E MEM MGT 
: -(KSP) ~R16 CONTENTS 

The -1 in the kernel stack is now replaced by the contents of Rl6 
(user stack pointer which is 0). 

To obtain info from the~ user stack if the status is set to kernel mode, 
prev user, two steps are needed. 

MFPI %6 
MFPI @(6)+ 

; get contents of Rl6=user pointer 
; get user pointer from kernel stack 
; use address obtained to get data 
; from user mode using the prev 
; mode 

The desired data-from th~ user_stack is now in the kernel stack and has 
replaced the user stack address. 

8·20 

; MTPI, MODE O , NOT REGISTER 6 

MOV 
MOV 
INC 
MTPI 
HLT 

TA6X:CLR 

# KM+PUM, PSW 
#TAGX, (6) 
@#SRO 
%7-

@#SRO 

; KERNEL MODE, PREV USES 
; PUT NEW PC ON STACK 
; ENABLE KT 
; %7~ (6)+ 
;ERROR 
; DISABLE MEM MGT 

The -ne:-v PC is popped_ off _the current stack and since this is mode O and 
not reg1ster 6 the destmat•on is register 7. 

; MTPI, MODE O, REGISTER 6 

MOV 
CLR 
MOV 
MOV 
INC 
MTPI 

#UM+PUM, PSW 
%6 
#KM+PUM, PSW 
#-1, -(6) 
@#SRO 
o/o6 

; user mode, Prev User 
; set user SP=D (R16) 
: Kernel mode, prev user 
; MOVE -1 into K stack (R6) 
; Enable MEM MGT 
; %16 <-(6)+ 

The O in Rl6 is .now replaced with -1 from the contents of the kernel 
stack. 

To plaée info on the uSer stack if the status is set to kernel mode, prev 
user mode, 3 separate steps are needed. 

MFPI 
MOV 
MTPI 

%6 
#DATA, -(6) 
@(6)+ 

; Get content of R16=user pointer 
; put data on current stack 
; @(6)+ [final address relocated] ~ 
(R6)+ . 

The data desired is obtained from the kernel stack then the destinat:on 
a~dress is obtained from the kernel stack and relocated through the pre
v•ous mode. 
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Mode Description 
In Kernehmode the operating program has unrestricted· use of the 
machine. The program can map users' programs anywhere in core and 
thus explicitly protect key areas (including the device registers and the 
Processor Status word) from the User operating environment. 

In U ser modo a progr,:Hn ls lnhibitcd from executing a HAL T instruction 
and the processor will trap through location 10 if an attempt is made 
to execute this instruction. A RESET instruction results in execution of 
a NOP (no-operation) instruction. 

' . 

There are two stacks called the Kernel Stack and the User Stack, used 
by the central processor when operating in either the Kernel or User 
mode, respectively. 

Stack Umit vio/ations are disabled in User mode. Stack protection is 
provided by memory protect teatures. 

lnterrupt Conditions 
T11e Memory Management Unit re/acates a!l addresses. Thus, when Man· 
agement is enab/ed, al/ trap, abort, and interrupt vectors are considered 
te be in Kernel mode Virtual Address Space. When a vectored transfer 
occurs, control is transferred according to a new Program Counter (PC) 
and Processor Status Word (PS) contained in a two·word vector relocated 
through the Kernel Active Page Register Set. 

When a trap, abort, or interrupt occurs the "push" of the old PC, o/d PS 
'¡s to the User/ Kernel R6 stack specified by CPU mode bits 15, 14 of the 
new PS in the vector (00 = Kernel, 11 = U ser). The CPU mode bits 
also determine the new APR set. In this manner it is possible for a 
Kernel mode program to have complete control over service assignments 
for aH interrupt conditions, since the interrupt vector is /ocated in tqernel 
space. The Kernel program may assign the service of some of these con· 
ditions to a User mode program by simply settin~ the CPU mode bits 
ot the new PS in the vector te return control to the appropriate mode. 

User Processor Status (PS) operates as follows: 

U ser Traps, Explicit 
PS Bits User RTI, RTI lnterrupts PS Access 

Cond. Codes (3·0) loaded from loaded from • 
stack vector 

Trap (4) loaded from loaded from cannot be 
stack vector changed 

Pt~ority (7~5) cannot be loaded from • 
• changed vector 

Previous (13·12) cannot be copied from • 
changed PS(l5,14) 

Current (15·14) cannot be loaded frOm • 
changed vector 

·• E ,pJicit operations can be made if the Procéssor Status is mapped in 
Use~ space. · 
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141 SIMPLE INTERRL1PT-S\'STEM OPERATIONS 

11\'TEn.-UPT SYSTEMS 

5-9. Simple Interrupt-systcrn Opcrations. In an intcrrupt systcrn, · a 
device-flag level (INTERRUPT REQUEST) intcrrupts the cornputcr 
prograrn on cornjJiction of thc curren! instruction. Proccssor hardware then 

· causes a .subroutine jurnp (Sec. 4-12): 

l. Contents of the incrementcd program counter and of other sclected 
processor registers (if any) are automatically saved in specific memory 
locations or in spare registers. 

2. The program counter is reset to start a ncw instruction sequcnce 
(interrupt-scrvicc subroutine) from a spccific mcmory location ("trap 
location ") associated with thc intcrrupl. The interrupt thus acted 
upon is disahledso that it cannot interrupt its own scrvice routine. 

Minicomputer interrupt-service routines must usually first save the con
tenis of processor registers (such as accumulators) which are needed by the 
main program, but which are not saved automatica/ly by the hardware. We 
might also have to save (and latcr restare) sorne pcripheral-device control 
registers. Only then can the actual interrupt scrvice proceed: the service 
routine can transfer data after an ADC-convcrsion-completed interrupt, 
implement emergency-shutdown proccdures after a power-supply failure, 
etc. Either the service routine or the interrupt-system hardware must then 
clear the interrupt-causing flag lo prepare it for new interrupts. The service 
routine ends by restoring registers and program counter to return to the original 
program, like any subroutine (Sec. 4-12). As the service routine completes 
its job, it must al so reenable the interrupt. 

EXAMPLE: Consider a simple minicomputer which stores only the 
program counter automatically after an interrupl. The interrupt-service 
routine is" to read an ADC after its conversion-complete interrupt. 

Location Label Instruction or Word Data 
(main program) 

Cornments 

1713 current instruction 1 lnterrupt occurs here 

0000 1714 / lncrcmentcd program 
/ . counter (1714) will be 
/ stored here.by hard-
/ ware 

0001 JUMP TO SRVICE / Trap location, contains 
/ jump lo relocatable 

3600 SRVICE STORE ACCUMULATOR IN SAVAC / service routi.ne 

·• 



1600 
1601 

3602 
3603 

3604 

3605 

1714 
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SRVICE STO RE ACCUMULATOR IN SAVAC 

READ ADC 

STO RE ACCUMULATOR IN X 

LOAD ACCUMULATOR ·. · SAVAC 

INTERRUPT ON 
JUMP IN.DIRECT VIA 0000 

(main program) 

1 Save accumulator 
1 Read ADC into 
/. accumulator and 

·1 clear ADC flag 
i Store ADC reading 
{Restare accumulator 
1 Tum interpipt back on 
1 Return jump 

1 lnterrupted program 
1 continues 

NOTE: lnterrupts do not work when the computer is HALTed, so we 
cannottest interrupts when srepping a program manual/y. 

S-10. Multiple lnterrupts. lnterrupt-system operation would be simple if 
there "were only one possible source of interrupts, but this is practically 
never true. Even a stand-alone digital computer usually has severnl 
interrupts corresponding to peripheral malfunctions (tape unit out of tape, 
printer out of paper). and ftight simulators, space-vehicle controllers, and 
process-control systems may have hundreds of different interrupts. 

A practica! multiple-interrupt system will have ta: 

1. "Trap" the program to different memory locations corresponding to · 

specific individual interrupts 
2. Assign priorities to simultaneous or successive interrupts 
3. Store lower-priority interrupt requests to be serviced after higher

priority routines are completed 
4. Permit higher-priority interrupts lo interrupt lower-priority service 

routines -as soon as the return address and any automatically saved 

registers are safely stored 

Note that programs andlor hardware must carefully save successive 
Ievels of program-counter and register contents, which will have to be 
recovered as needed. Interrupt-system programming · will be further 

discussed in Sec. 5-16. 
More sophisticated systems will be able to reassign new priorities through 

proyrammed instructiom as the needs of a process or program change (see 

also Secs. 5-12.5-14. and 5-16). 

S-11. Skip-chain Identification of lnterrupts. The most primitive multiple
interrupt systems simply OR al! interrupt ftags onto a single interrupt fine. 
The interrupt·serl'ice routine then employs senselskip instructions (Sec, 5-8) 
to test succes.dtle device flags in order o.f descending prioríty. 
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Suppose that the simple interrupt system discussed in Sec. 5-9 was 
connected not only to the ADC requesting service but also to .. cmergcn¡:y .. 
interrupts from a·fire alarm and from the computer power supply (Scc. 2-15). 

. A skip-chain service routine with appropriate branches for firc ¡¡\arm, 
emergency shutdown, and ADC might look like this·(only thc ADC servicc 
routine is actually shown): ··•f':r: ·.-

SRVICE 

AOC 

SKIP IF FIRE-ALARM FLAG LOW 
JUMP TO FIRE 

SKIP IF POWER FLAG LOW 

.JUMP TO LOWPWR 

SKIP IF ADC DONE FLAG LOW 

JUMP TO AOC 
JUMP TO ERROR 

STORE ACCUMULATOR IN SAVAC 
READ ADC 
STORE ACCUMULATOR IN X 

LOAD ACCUMULATOR SAVAC 
INTERRUPT ON 

JUMP INDIRECT VIA 0000 

1 Fire alarm? 
1 Ves, go to servi¡:e 
1 routinc 
1 No; power-supply 
1 troublc'' 
1 Ves, go to service 
1 routine 
1 No; ADC service 
1 request'? 
1 Ves, service it 
1 No; spurious 
f interrupt·· ·print 
/ error message 
1 ADC scrvice routine. 

1 Restore accumulator 
1 Turn interrupts baci..N 
1 on C: 
1 Return jump 

The skip-chain system requires only simple elecironics and disposes of 
the priority problem, but the tlag-sensing program is time-consuming. 
(n devices may require log2 n successive decisions even if the flag scnsing 
is done by successive binary decisions ). A somewhat faster method is to 
employ a flag status word (Sec. 5-8), which can be tested bit by bit or used 
for indirect addressing of different service routines (Sec. 4-lla). 

Note also that our primitive ORed-interrupt system must automatically 
disable al/ interrupts as soon and as long as any interrupt is. recognil.cd .. 
We cannot interrupt even low-priority interrupt-service routines. 

5-12. Program-controlled Jnterrupt Masking. lt is ortel."'ti-~c"rul to enablc 
(arm) or disable (disarm) individual interrupts under progiam control to 
meet special conditions. lmproved multiple-interrupt sy.stcins gatc indi
vidual interrupt-request lines with mask flip-ftops which can be sct :md rcsct · · 
bY. programmed instructions. The ordercd set of mask ftip-ftops is usually 
treated as a control register (interrupt mask rogistcr) which• is loaded. with 
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appropriate Os and ¡ s from an accumul~tor through a program~ed 1/0 
instruction. Groups of interrupts qu1te oflen have a common mask fhp-

fiop(scealso Scc. S-14). ' . . . . 
A ,·cry importan! application of· programmcd maskmg mstru.cllons 1.s to 

¡:i\·c sclcctcd portio.ns of main programs (as well. as irit~rrupt-serVICC routmes) 
grcatcr or lesscr protcction .from interrupts. · ·. · . ·. · · . · 

Note that wc will ha veto resto re the mask_reg1ster on returmng from any 
intcrrupt-scrvice ~outine which has changed the mask, so program or 
hardware must keep track "0 [ mask changes. We must also stlll prov1de 
programmed instructions to en a ble and disablc the enllre mterrupt system 

without changing the mask. 

EXAMPLE: A skip-clwi11 system with mask flip-flops. Addition of mask· 
llip-fiops lo our simple skip-chain interrupt systcm (F1g. 5-9) makes. 11 
practica! to intcrrupt lower-prionty servtce routmes. Each such routme 

11111 ~¡ IIO\\' hare its O\\'lllllt'mory location to sat·e rile program counter, and l_he 
mask must be resto red befo re the interrupt is dismissed. The ADC serv1c~ 
routinc 0 ¡ Sec. S-11 is modified as follows (allmterrupts are mltlally d1sabled). 

ADC STO RE ACCUMULATOR IN SAVAC 

LOAD ACCUMULATOR 0000 ¡ Save program 

STORE ACCUMULATOR IN SAVPC 1 counter 
/ Save LOAD ACCUMULATOR MASK 

STORE ACCUMULATOR IN SVMSK 1 curren! mask 

LOAD ACCUMULATOR MASK 1 ¡ Arm higher-

LOAD MASK REGISTER 1 priority interrupts 

INTERRUPT ON 1 Enable intcrrupt system 

READ ADC 
STORE ACCUMULATOR IN X 

INTERRUPT OFF 
LOAD ACCUMULATOR _,SVMSK 1 Restare 

LOAD MASK REGISTER 1 previous 

STO RE ACCUMULATOR MASK 1 mask, and 

LOAD ACCUMULATOR SAVAC 1 rcstore accumu1ator 

iNTERRUPT ON 
JUMP INDIRECT VIA SVPC Return jump 

Sin ce most minicomputer mask registers cannol be read by the program. 
the mask setting is duplicated in the memory locatlon M_ASK. Sorne 

· · l (e g PDP-9 PDP-lS Ráy" theon 706) allow only a restncted mmtcompu crs . .. . , . . . . . 
set 

0
¡ masks and provide speeial instrucuons wh1ch S1mphfy mas k savmg and 

· ( ¡ See s lS) Machines havmg two or more accumulators rcstonng sec a so . · . · 
Of them. to store the mask and thus save memory references. can reserve one 

·• 
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ORed mte,uo's 
to processor 

MASK 
fhp-flops 

DE VICE -FLAG 
thp-hops 

Fi~. ~-9. lnterrupt masking. The mas k nip-Oops are trcntcd as a control register (1T".a.~k regiMal. 
which can he cleared and loaded by 1/0 instructions. 

5-13. Priority-intcrrupt Systems: Rcqucst/Grant Logic. We couid replace 
the skip-chain system of Sec. S-Il with hardware for polling successive 
interrupt lines in order of descending priority, but this is still rclatively slow 
if there are many interrupts. We prcfer the priority-request logic of Figs. 
S-1 O or S-Il, which can be loeatcd in the processor, on special interface cards, 
and/or on individual device-controllcr cards. 

Referto Fig. S-lOa. lfthc inlcrrupt is not disablcd by thc masó: flip-flop 
or by the PRIORITY IN line, a service request (devicé-flag levcl) will set the 
REQUEST flip-llop, which is clockcd by pcriodic proccssor paises (i/0 
SYNC) to fit the proccssor cyclc and to time the priority decision. The 
resulting timed PRIORITY REQUEST step has three jobs: 

l. lt prcenables thc "ACfiVE" llip-flop bclonging to !he same interrupt 
circuit. 

2. lt blocks lower-priority interrupts. 
3. It informs the processor that an intcrrupt is wanted. 

If the interrupt system is on (and if there are no direct-memory·access 
requests pending, Sec. S-17). thc proccssor answers with an li\TERRUPT 
ACKNOWLEDGE pulse just befare .thc curren\ instruction is completed 
(Fig. S-13). This seis the preenablcd "ACTIVE" fiip-flop, which now gates 
the corree! trap address onto a sct of bus lines-thc interrupt is active. 
INTERRUPT ACKNOWLEDGE also resets al/ REQUEST flip-fiops to 
ready them for repeated or new priority rcqucsts. 

Each interrupt has three states: inactive, waiting (dcvice-flag fii;rfló'p set). 
and active. Waiting intcrrupts will be scrviccd as soon as possible .. Unless 
reset by program or hardware, the dcvice fiag maintainsthe "wai:ing" si ate 
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-- Processor Oevice ---'--

r---;0)1.----~A:f!R:>!M'-."'in~te•rrupt MASK fhp·flop 
· uoadect by 

1/0 instruc11onl 

{Other f1med 
pnonty reque~ts) 

MASTER OLtAR 

Timed 
priority request 

ACKNOWLEDGE 
:PRtORITY GRANT) pulse 

...r1.. 
{common to otl 
intenupts on 
cnoinl 

JO 3 reset pulse from 
proces.sor, or !JO sync 

Memory 
· oddress 

to 
processor 
{common to aH 
interruph) 

MASTER CLEAR 

------- 1 
Address : 

gates 

LJ:;==:==: 
Service request 
from de vice flag 

.Choin priority in 
{ 1 it no higher
priority device on 
chain is woiting) 

Choin priority out 
(to lower ·prionty 
devices l 

Resct flag 
tif desiredl 

Fig. S. lOa. Priority-ch:lin timing/qucuing logic for one device (see also the timing diagram of 
Fig. 5-1~)- The ACK NOWLEDGE line is common to all intcrrupts on the chain. Note how 
thc flip-nops are timet.l hy the proccssor-supplicJ I/0 SYNC pulses. MASTER CLEAR is 
issu~,."'.! hy thc procc::.::.or whcncver powcr is turneJ on, anJ thi"ough a conso\e pushhutton, to 
reset flip-fhtps initi<.tlly. Many Ji!Tcrcnt mnditications ofthis circuit exist (see ulso Fig. 5-t !). 
Similar logic is used-fM dircct-memcHy-ac~.:I!SS requcsts. 

while higher-priority service routines run and even while its interrupt is 
disarmed or while the en tire interrupt system is turned off. 

5-14. Priority Propagation and Priority Changes. There are two basic 
mcthods for supprcssing lower-priority interrupts. The first is the wired
priority-chain mcthod illustratcd in Fig. 5-10. Referring to Fig. 5-!0a, the 
PRIORJTY IN terminal of the lowest-priority device is wired to the 
PRIORITY OUT terminal of thc device with the next-higher priority, and 
so on. Thus the tiíned requests from higher-priority devices block lower,· 
priority renuests. The PRIORITY IN te"rminal of the highest-priority 

-. 
1~7 

Choin 
priority in 

"-.... 
From ::---"-

MASK 
loo 

'J. ASTER 
flip-f 

(usuo!l 
preces ''" sor) 

PRIORITY PROPAGATION ANO I"NIORITV CIIANGES 

tnterrupt 

1 

(Htghest 

pnonty) 

Chain 
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/ 
In 

lnterrupt tcM-
2 

(b) 

------;-
lnterrupt 

4 

·. 
!Co ... :es, 
¡),'7Q,·,,y¡ 

S-1-1 

~~-From ---
MASTER MASK ...... ~~ ~] 

(el 

Fig. ~IOb ·~~ c. Wircd-chain priority-propagation circuits. Since each suhsn!em tantl its 
asso:tat~d Wlr~ng) dc.lays the propagated R EQUEST ftip-tlop steps (Fig. 5- !0(1) h). !O 111 ;\0 ns!!c, 

lhc Simple c~t\1~ o~ F•~- _5~!0h ::.hou\J m11 ho1ve more than four \ll ~•x linb; thc cir.:uir,1ffig. 5-!0t: 
bypasses pnomy-lnhlbl\tng steps for raster propagíliÍon lh~tsed-OIJ Rtf 10). 

(Pre-enotlle 
t of 3 other ACTIVE 

fl•p-tlopS) 
_......-......_ 

\ l \ Timed Winnmg 
PRIOR!TY 
REOuEST 
to pracessor 

i ! pn0r1ty requests 

,.---~~·=:::;--'l------~-'--'"::.m.:._4 ... mlrrupls 

ACKNOWLEDGE 
tPRIORJTY GRANTl pulse 
(common to all interruptsl 

Prior1ty- orbitrotion 
gotes 

{Pre-enables ACTIVE lllp-tlopl 

10 3 reset pulSe,. or. 
I /0 sync 

REG..:::ST 

Fig. >11; This modified version of the priorit);!intcrrupt \~gic in Fig .. 5-ltl. . .- h .• ) priurity
propag~t¡~n g~tes .at th~ output rather than at the inpu_t of thc REQUEST Tiir-:\1p. A~:tin. 
many s•mtlar c!rcu!ls ex 1st. · · 
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device (usually a power-failure, parity-error, or real-time-clo~k interrupt 
in the processor itself) connects to a processor flip-flop ("master-mask" 
flip-flop), which can thus arm or disarm the entire chain (Fig. 5-!0b ande). 

· The computer program .can .load mask-register flip-flops (Fig. 5-!0a) to 
disarm selccted ioterrupts in such a wired.chain-, biü the relative priorities 
of a11 armed interrupts are determined by their positions in the chain. 1t is 
possible, though, to assign two or morc.¡li!Terent priorities toa given device 
flag: we connect it to tw_o or more·separate priority circuits in the chaiñ and 

· arm one of them undcr pcogram or device control. 
Ficure 5-11 illustrates the second type of priority-propagation logic, 

which permits every armed interrupt to set its REQUEST flip-flop. The 
timed PRIORITY REQUEST steps from difTerent interrupts are combined 
in a "priority-arbitration" gate circuit, which lets only the highest-priority 
REQUEST stcp pass to precnable its "ACTIVE" flip-flop .. Sorne larger 
digital computers implement dynamic priority rea11ocation by modifying 
their· priority-arbitration logic undcr program control, but most mtm
computers are content with programmed masking. . . 

The two priority-propagation schemes can be comhined. Severa! m•m
computer systems (e.g., PDP-9, PDP-1 5) employ four separa te wired
priority chains, each armed or disarmed by a common "master-m~sk" 
flip-flop in the processor. lnterrupts from the four chams are combmed 
through a priority-arbitration network which, together with the program
controlled "master-mask" flip-flops, establishes the_ relative priorities of the 

four chains. 

· 5-15. Complete Priority-interrupt Systems. (a) Program-contro11ed Ad
dress Transfer. The "ACTIVE" flip-flop in Fig. 5-!0a or 5-11 places the 
starting addrcss of the corree! interrupt-service routine on a set of address 
lines common to al1 interrupts. Automatic or "hardware" priority
interrupt systems will then immediately trap to the desired address (Sec. 
5-!Sh). But in many sma11 computers (e.g., PDP-8 series, SUPER NOVA), 
the priority logic is only an add-on card for a basic single-leve! (0Red) 
interrupt system. Such systems cannot access different trap addresses 
directly. With the interrupt system on, every PRIORITY REQUEST 
disables Jurther interrupts and causes the program to trap to the ·sume 
memory Iocation, say 0000, and to store the program counter,just as in Sec. 
5-9. The trap·Iocation contains a jump to the service routine 

SRVICE STORE ACCUMULATDR IN SAVAC 

READ INTERRUPT AODRESS·· 
STORE ACCUMULATDR IN PTR 
JUMP tNDtRECT VIA PTR 

/ Unless we ha ve 

1 
1 

a spare 
accumulator 
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READ INTERRUPT ADDRESS is an ordinary 1/0 instruc!:on. which employs 
a device selector to read the interrupt-address lines in!o the accumulator 
(Sec. 5-9). The 102 pulse from the .device selecto' :can serve '"' thc 

· ACKNOWLEDGE· pulse in. Fig. 5-!0a or 5-11 (in f•c.. the "ACTIVE" 
"flip-flop can be omitted in this simple system). The program then transfcrs 
the address word to a pointer location PTR in memo:}, and an indircct 
jump lands us wherc we want to be. 

Unfortunately, the service routine for each individua! device, say· for 
an ADC, must save and restare program counter. ma~i. and ¡tccunn.: .... tvr 
(see al so Sec. 5-12): 

ADC LOAD ACCUMULATOR 0000 

STORE ACCUMULATDR IN SAVPC 
LOAD ACCUMULATDR SAVAC 
STDRE ACCUMULATDR IN SAVAC2 
LOAD ACCUMULATOR MASK 
STORE ACCUMULATOR IN SVMSK 
LOAD ACCUMULATOR MASK 1 
STORE ACCUMULATDR MASK 
LOAD MASK REGISTER 
INTERRUPT ON 
READ ADC ¡ Cscful work 
STORE ACCUMULATOR IN X 1 done only here 1 

INTERRUPT OFF 
LOAD ACCUMULATOR SVMSK 
STORE ACCUMULATDR MASK l\:1 
LOAD MASK REGISTER w 
LOAD ACCUMULATOR SAVAC 2 
INTERRUPT ON 
JUMP INDIRECT VtA SAVPC 

Note that most of the time and memory use'd u11_ by this routine is ovcrhcad. 
devoted to storing and saving registers. 

(b) A· Fu11y Automatic·("Hardwarc") Priority-intcrrupt Systcm. In· an 
automatic or "hardware" priority-interrupt systcm, the "ACTIVE" flip-flop 
in Fig. 5-10a 01· 5-11 gates the trap address of the active interrupt into the 
processor memory ·address register as -soon as the current instruction is 

·completed (Fig. 5-12). This requires special address lincs in the input/ 
output bus anda little extra processor logic. · This hardwor< buys improved 
response time and simplifies programming: ~ 

·l. The program traps immediatcly to a differcnt írap location for each 
interrupi; there is'no•need for the program to idenéy thc interrupt. 

2. There is no need to save program courlter·· and rc:g:sterS twi~e as in 
Secs. 5-ll, 5-12, and 5-15a. 
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1 memory cycle 

!lO SYNC 
JOL ____ JLJLJlJLIL_ . 

1 1 1 1 

_____s¡---, ____ ---1 - - - -(Reset by hordwore or proc;¡ram) 
SERVICE _ 1 .J 1 
REOUEST . · 1 - • .1 .. ··1 1 
toEVICE FLAG} - 1 . 1 1 . 1 

_____¡.-- .. ! !~ ! 
ACKNOWLEDGE . ~ \) \ 

PULSE FROM ~'<-.;_:-_E""n..;o_:-,c:-, ,-,-rrent tnslructum 

REOUE~T 
FUP· FLOP 

PROCESSOR 
Reset by 10 p~.~lse trom 

ACTIVE ---- processor or by I/0 sync 
FUP·FLOP 

NOTE, worst case is shown. ACKNOWLEDGE pulse could end 
1_ cycle eor!ier. 

1!'0 

Fig. S-12. Timing di:.1gram for the priority-interrupt Jogic_ of Figs. 5-10_ and_ 5-11.. The 
ACKNOWLEDGE pulse rcmains ON until thc trap address ts transferred {e1thcr lmmedtately 
O\"er special address lines or by a progrummcJ instruction). 

In a typical system, each hardwarc-designated trap location is loaded with 
a modifietl JUMP ANO SAVE instruction (Sec. 2-11). lts effecuve address, 
say SRVICE. will storc the interrupt rcturn address (plus sorne status bits); 
this is followed hy the interrupt-service routine, which can be relocatable: 

SRVICE XXXX 

STORE ACCUMULATOR IN SAVAC 

LOAD ACCUMULATOR MASK 

STORE ACCUMULATOR IN SVMSK 

LOAD ACCUMULATOR MASK 1 

STORE ACCUMULATOR IN MASK 

LOAD MASK REGISTER 

INTERRUPT ON 

READ ADC 

¡ Incremented program· 
/ , counter reading 
/ (return address) 
/ saved here 
¡ Save accumulator 

/ Save curren! 
f · mask 

1 Get 
I. new 
/ mask 

f Actual work begins here 

Saving (and la ter restoring) the interrupt mask in this program is the same 
as in Secs. 5-12 and 5-!Sa and is seen to be quite a cumbersome operation. 
A Jittle extra processor hardware can simplify this job: 

l. \Ve can combine the LOÁD MASK .REGISTER and INTERRUPTION 

instructions into a single l/0 instruction. 

ISI DISCl 'SSIO~ "OF INTERRlWT-S\'STE!\1 FL\Tt!UES ANU API'I.I( "ATJONS 

2. We can use only masks dis~r.rming al/ interrupts with priorities ht.'low 
leve! !, 2, 3,... . Such simple masks are easier to store a.uto
matically. 

In the more sophisticated interrupt systems, the intcrrupt rcturn-jump 
instruction is replaced by a special instruction (RETURN FROM INTERRUPTJ. 

which automatically restares the program-counter rea(:f¡ffg: and all auto
matically saved registers. Be sure to consult the interfac~:'i\ianual for your 
own minicomputer to determine which hardware features and software 
techniques are available. 

5-16. Discussion of Interrupt-system Fea tu res and Applications. I nterrupts 
are the basic mechanism for sharing a digital computer bctwecn di!Tercnt, 
often time-critica!, tasks. Thc practica! effectivcness of a minicomputer 
interrupt system will depend on: 

l. The time needed to service possibly critica! situations 
2. The total time and program overhead imposcd by saving, restoring, and 

masking operations associated with interfupts 
3. The number of priority levels needed versus thc number which can be 

readily implemented 
4. Programming flexibility and convenience 

The mínimum time needed to obtain service will include: 

l. The "raw" latency time, i.e., the time needed to complete the longest 
possible processor instruction (including any indirect addressing); 
most minicomputers are also designed so that the proccssor will 
always execute the instruction following any 1/0 READ or SENSE/ 

SKIP instruction. We are su re yo u will be able to te!! why! Check 
your inteñace manual. 

2. The time needed for any necessary saving and/or masking operation. 

A look at the interrupt-service programs of Secs. 5·11, 5-12; 5-!5a, and 
5-!5b will illustrate how successively more sophisticated priority-intcrrupt 
systems provide faster service with Jess overhead. You should, however. 
take a hard·nosed attitude to establish whether you really nccd the more 
advanced features in your specific application. 
· 1t is useful at this point to list the princi¡nrl applications of interrupts. 
Many interrupts are associated with I/0 routincs for relativcly slow devices 
such as teletypewriters and tape reader/punches, and tlfous\iñds of mini
computers service these happily with simple skip-chairi'·~]ft'éms. Things 
become more critica! in instrumentation and cqntrol systcms, which p1t1st 
not miss real·timé-clock interrupts in tended to log time, toread instruments, 
orto perforin control operations. Time-critica! jobs requirefást re.<pomes: 
If there are many time-critica! operations or any tinie-sharing computations, 
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rhe com¡mtiny lime was1ed ·in overhead operations becomes interesting. 
Sorne real-time systems may ha ve periods of peak loads when it becomes 

.aclually impossible to service al/ interrupt requests. At this point, the 
desiener mus! decide whcther to •buy.amimproved·system or which interrupt. 
req~ests are ai leas! temporarily cxpendaqle. lt is 'i.n th_e latter connection 
that dvnamic priori/y allocation bec.omcs usefur: it m ay. for instance, be 
expedioot 'lo mm·k certain intcrrupts dt!ring peak-load period<. In .other 
situatioñs we -might, instcad, lower tire relative priority of tire main computer 
program hy rmmasking adc!itional interrupl.\' during peak real-time load<. 

If two or more interrupt-scrvice routines employ the same library sub· 
routine, we are faced, as in Sec. 4-16, with the problem of reentrall/ 
programming. Temporary-storage locations used by the conimon sub· 
routine may be wipcd out unless we either duplicate the subroutine program 
in memory for ea eh intcrrupt or unless we provide true rcentrant subroutines. 
This is not usually the case for FORTRAN-compiler-supplied library 
routines. Only a fcw minicomputer manufacturers and software houses 
provide rcentrant FORTRAN (somctimes called "real-time" FORTRAN). 
The best way to store saved registers and temporary intermedia te results is 
in a s1:1ck (Sec. 4-16): a st:lck pointcr is advanced whenever a new interrupt is 
recoenized and retracted when an interrupt is dismissed. Tlw h•·•t mini· 
comPur,•r intt·rrupl systt•m.\· lwr,e hardware for au10maticu/ly aúvancing und 
retracting suclr t1 sttlck pointer (Sec. 6-10). 

lf very fast interrupt service is not a paramount consideration, we can get 
arormd reentrant cading hy programming interrupt masks wlticlr simply 
prererll ifue;ruprion of critica/ sen,ice routines. · 

In conclusion, remember that the chief purpose of interrupt systems is lo 
initiale computer operations more complicated than simple dala lransfers. 
The best method for time-critica! reading and writing as such is notlhrough 
interrupt-service routines with their awkward programming overhead but 
with a direct_·memory-access system, which has no such problems at a!L _ 

DIRECT MEMORY ACCESS AJ'IID 
AUT0!\1ATIC BLOCK TRANSFERS 

5-17. Cycle Stealing. Step-by·step program-controlled data transfers· 
timit. data-transmission rates and use valuable processor time for alterna te 
instruction fetches and execution: programming is also tedious. lt is often 
preferable to use additional hardware for intcrfacing a parallel data bus 
dir<ctlv with thc digital-computer memory data register and to requesl and 
grant i-cycle pauses in proces¿or operation for direct transfer or dala to 
or from memorv (interlace or cycle-slealing operation). In larger digital 
machines, and ¿ptionally in a fcw minicomputers (PDP-15), a data bus can. 
evcn access one memory bank without stopping processor interaction with 
othcr memory banks at al!.-

· D\fA I'ITERt"ACt: UJC.IC S·IH 

• 
Note that cycle stealing in no way dislurbs the pro¡:ram S<•quence. Even 

thougli smaller digital computers must stop computation during memory 
transfers, the program simply skips a cycle atlhe end ofthe curren! memorv 

: cycle (no need lo complete· the curren! instructinn) and la ter resumes ju;! 
where it left off. One does no! havc lo save register contents or other 
information, a~ with program interrupts. 

1 DMA data bvs 
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loddress 
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To 
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coMrol 
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timinq 1 
SYNC IOijliC CLEAR 

for one OEVICE 
ceofiCe Ft.;AG l N 

c.n 
Fig. ~13. A direct-memory-access (DMAI interface. 

5-18. DMA Interface Logic. To make direcl memory access (DMA) 
practica!, the interface must be able_ to: 

l. Address desired locations in memory 
2. Synchronize cycle slealing wilh processor operation 
3. lnitiate transfcrs by device requests (this includes clock-timed transfers) 

or by the computer program 
4. Deal with priorities and queuing of service rcquests if two or more -

devices request data transfers 

DMA priority/queuing logic is essentially the same as thc priorily·interrupl 
logic of Figs. 5·10 and 5-11; indeed, identical logic cards oftcn serve both 
-purposes. ·.O :\ItA service r~qucsts are alwªys gh·cn priori~y ovt'r concurrt'nt 
interrupt requests. 

Jusi as in Fig. 5-11, a D!\1A service request (caused by a device-flag leve]) 
produces a cycle-steal requesl_ tinless it is inhibited by a higher-priority 
request: the processor answers with an aeknowlcdge (priorii)··grant) pulse. 
This signa] then sets a processor-clocked- "ACTIVE" flip,llop, which 
strobes a suitable. m~mory addrcss into the pmcessor memory addrcss 
register and then causes memory and device .logic lo lransfer-dala from.cir 
to the DMA data bus (Fig. 5-13). 
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In sorne computer systems (e.g., Digital Equipment Corporation PDP-1 5), 
the DMA data lines are identical with the programmed-transfer data lines. 
This simplifies interconnections at the expense•of processor hardw~re.. In, 
other systems, ·the DMA .data )ines are al.so useD-.:to. transmit the DMA 
address to the p'rocessor before data·are·t'ransferf~d·. This further reduces 
1hc nui)lber ofbus lines, but com'plicátes )lardware and.timing. 

o o 
bMA dotéi bus ., Doto . ~ .. 

Memory REAO OR WRITE 
TRANSFER .. 

SERVICE AEOUEST 
.. 

CYCLE-STEAL REOUEST DMA-
tDEVICE FCAG).. . REr 

PRIORITY GRANT 
.. 

' control .· ' Memory logic 
ddress TRANSFER DATA ANO '. 

T1ming 111 RESET·DEVICE FLAG 

+ ENABLE INCREMENT · + DECREMENT 

Address 1..1--"-- Current- Word 1--='-. Multiple~er cr 
gotes 

A:!ss. 

oddress counter, 1-:-,-..; sequence 
counter RESET f-'-7 control·tit onyl 

TO 
~ INlTIAL 

ADORE SS 

1 PRESET • 
INTERRUPT AFTER LAST WORO .. 
WORD (TRANSFER 

ll r 
COUNT 

COMPLETEOl 

De .. ice 
Oigitol selector TURN DE VICE. O hice 

computer Progrommed 110 bus 1 ON ANO OFF . ;. on chormel 
\Oo .. o,oddress, ond 
control lines) 

1'. 

Fig·. 5-14. A simple data channel for ¡uitomatic block transfers. 

5-19. Autom.atic Block Transfcrs. ·As· we· described it; the DMA data 
transfer is device-initiated. A program-dependent decision to transfer data, 
even directly from or to memory, still requires a prÓgrammed instruction to 
cause a DMA service request. This is hardly worth the trouble for a 
.<iugle-word tninsfer. Most DMA transfers, whether device or program 
initiated, involve hot single words but blocks of tens, hundreds, or even 
thousands of data words. 

Figure 5-14 shows how the simple DMA system-·of Fig .. 5-13 may be 
expanded into .an automatic data channeHor block transfers .. Data for a 
block can arrive or depart asynchronously, and the DMA controller will 
steal·cycles as needed and permit the program.¡o go on between cycles. A 
block of words to be transferred will, in general, océupy a corresponding 
block of adjacent memory registers. Successive memory addresses can be 

-· 
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gated into the memory address registered by ·a counter, the current-addres' 
counter. ·Befare_ any data tfansfet- ·t'akes place, a programmed instruction 
sets th~ current-address counter to _the desired initial addrcss: the dcsircd 
.number ohyords (b-lock length) is set into a secÓnd counte.r; thé';.ord countcr. 
which ~'·!11 ~ount down with each data transfer until O is ·re<tched aftcr the 
desired, number of transfers. As service requests a(!:.t\i~~.from, s<~y, an 
analog;!o-digital converter or data link, the DM~ contr'iít}tgTé implement; 
successi\;e cy~le-s\eal requests and gates successive curre"rt't' addresses into 
the memory' address register as the current-address couri't~r: counts up (scC 
also Fig. 5-5a). 

The word·counter is similar! y decremented once per data word. When a 
block transfer is completed, the word counter can stop the devicc from 
requesting further data transfers. The word-counter carry pulse can also 
cause an interrupt so that_a new block ofdata can be processcd. The: worG 
countcr _may, if dcsircd, also serve for. sequencing devicc functions (c.g .. 
for selecting successive ADC multiplexer addresses). 

Sorne computers replace the word counter with a program-loaded final
sddress iegister, whose contents are- compared with the curreilt-addrcss 
counter to determine the end ofthe block. 

A DVIA system.often involves severa! data channels, each with a DMA 
control, 3ddress gates, a current-address counter, and a.word counter, with 
different priorities assigned to different ~hannels. : For e.fflcient handling or 
randomly timed requests from multiple devices (arid to preven\ loss of data 
words), data-channel systems may incorpora te buffer registers in the interface 
or in devices such as ADCs or DA Cs. 

5-20. Advantages of DMA Systems (see Ref. 6). Direct-memory~access 

systems can transfer data blo~ks at ·very high rates (106 wordsfsec is readily 
· possible) without claborate 1/0 programming. The processor.essentially 
deals •niainly with buffer are as in its own memory, and only a few JjO 
instructions are needed to initialize.or reinitialize transfers. 

Automatic data channels are especially suitable for servicing peripherals 
with high data rates, such as disks, drums, and fast ADCs and DACs. 
But fast data transfer with minimal program overhead is extremely valuable 
in many other applications, especially if there are manv devices to be 
serviceq .. To indicate the remarkable efficiency of cycl~-stealing direct 
memory access with multi'ple block-transfér data channels, co11sider the 
operation of a training-type digiial flight simulator; w~:iéh ·salves aircraf: 
a~d ergine equaíións and services ari el abaraté coékpiti'fiióh-up with many 
controls and instrument displays. During each 160-m~-é·c time increment. 
the interface not o~ly performs 174 analog-to~digiiah:oñversións reqtiiring 
a total conversion ti¡ne of7 .7'mséc but also430digítal~to-analog conversions, 

· and handles 540 eight-bit bytes of discrete control informaiimL The actua' 
.,1-¡ 
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Fig. 5-1 Sa. Memory-incremenl technique or measuring amplitude distrihi.lli~ns (bast!d on Rt{ 6). 

time required to transfer a JI this information in and out of the ~ata channels 
is 143 msec per time increment, but because of the fast direct memory 
transfers,cycle-stealing subtracts only 3.2 msec foreach 160 msec ofprocessor 
time (Ref. 2). 

5-21. Memory-increment Technique for Amplitude-distribution Measure
ments. In many minicom¡:iuters, a special pulse input will increment the 
contents of a memory Jocation addressed by the DMA address Jines; an 
interrupt can be generated when onc ofthe memorycells is full. When ADC 
outputs representing successive samples of a random voltage are applied 
to the DMA address -1-ines, the memory-increment feature will effectively 
genera te a model of the input-•·oltage amplitude distribution in !he computer 

1 ! 1 t 1 t 

Fi~. 5·15b. An amplitude-dislrihution display ohtained hy the method of Fig. S-1Sa. (Digiral 

E,¡w'rm~·nl Corporu/ion.) 
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memory: Each memory address corresponds to a voltage class interval, 
and the contents of the memory register represen! the number of samples 
falling into that class intcrval. Data taking ·¡s tcnt:~inatcd aftcr a p~csct 

-number of.samples or when the first memory register overloads (Fig. 5-15a). 
The empirical amplitude distribution thus creatcd in memory may be dis
played or plotted by a display routine (Fig. 5-JSb), and statistics such as 

X'=! I Xr 
n ".:, ...... 

are readily computed after the distribution is complete. This technique 
has been extensively applied to the analysis of pulse-energy spectra from 
nuclear-physics experiments . 

Joint disrributions of lwu rundvm variuh/es X, Yqm be similarly compiled. 
lt is only necessary to apply, say, a 12-bit word X, Y composed of two 6-bit 
bytes corresponding to two ADC outputs X and Yto thc mernory address 
register. Now each addressed memory location will correspond to the 
region X;~ X< X;+•• Y,~ Y< Y,.+, in XYspace. 

5-22. Add-to-memory Technique ofSignal Averagfng. Another command
pulse input to sorne DMA interfaces will add a data word on the 1/0-bus · 
data lines to the memory Jocation addressed by the DMA address Jines 
without ever bothering the digital-computer arithmetic unit or the program. 
This "add-to-memory" feature permits useful linear operations on data 
obtaincd from various instruments; the only application well known at this 
time is in data avcraging~ 

Figure 5-16a and b illustrates an especially_interesting application of data
averaging, which has been very fruitful in biological-data reduction (e.g., -
electroencephalogram analysis). Periodically applied stimuli produce the 
same system response after each stimulus so that one obtains an analog 
waveform periodic with the period T of the applied stimuli. To pull the 
desired function X(!) out of additive zero-mean random noise, ene adds 
X(!), X(! + T), X(r + 2T), . .. during succcssive pcriods to cnhancc thc 
signa), while the noise will tend to average out. Figure 5-16c shows the 
extraction of a signalfrom ·additive noisé in successive data-averaging. runs. 

5-23. lmp1ementing Current~address and \Vord Countcrs in thc Proccssor 
Mcmory. Sorne miniconiputers (in particular, PDP-9, PDP-15, and the 
PDP-8 series) ha ve, in addition lo their regular DMA facilities, a set of fixed 
core-memory locations to be used as data-channel address and word 
counters. Ordinary processor instructions (not 1/0 instructions) load 
these Jocations, respectively, with the block starting address .and with 
minus the block count. The data-channel interface card (Fig. 5-17) supplies 
the address of one ofthe four to eight address-counter Jocations availablein 
the processor; the word counter is the location following the riddress counter. 
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lll.- MODOS DE DIRECCIONAMIENTO ·:::.- -

1.- ESQUEMAS DE DIRECCION ~MIENTO. 

La unidad central de proceso (CPU) en las computadoras debe . 

re¡¡Hzar las siguientes funciones: 

- Obtener y traer de memoria primaria al CPU la siguiente 
instrucción a ejecutar. 

- Entender los operandos, esto es, definir la localización de 
los operandos necesarios para ejecutar la instrucción y 

·traerlos al CPU. 

Ejecutar la instrucción • 

. Para llevar a cabo las funciones anteriores el CPU debe con-
' 

. tár. con la sigu,iente información: 
,_,. 

'- El código de operación de la instrucción a ejecutar. 

•·- Las direcciones de los operandos y la del resultado. 

La dirección de la siguiente instrucción a· ejecutar. 

·.Existen diferentes soluciones que satisfacen los requerimientos 

· ·. ~nteriores, los cuales determinan 'la arquitectura· de los proc~ 

, s~dores que las utilizan. 
' .. '. 
" .se· supondrAn operaciones aritméticas en las que Sfi:! tienen dos 

· · op¡;::ra,ndos y un . resultado ya que son las que proporcionan el 

caso mAs general. 
- '.' . ' 

a) MAquinas. de "3+1" direcciones 

El formato. de instrucción en este esqyema de direcciona--
1 

· • · miento contiene todos los elementos necesitados por el CPU 

. .; 

: .. ,\ 

. ,:! . 

. ; .• 



. - 2 -

para realizar sus funciones. 
' 

~t> 

'' · Un posible formato de instrucciOn se muestra en la 

III.l 

¡::o OIGO DIREeeiON DIREeeiON DIREeeiON DIREeeiON DE 
DE PRIMER SEGUNDO RESULTADO LA SIGUIENTE 

OPERAe. OPERANDO OPERANDO INSTRUeeiON 
FIG. III.l 

2 

·Palabra 
n de 

memoria 

En este caso se tienen cinco campos en el formato de instrucción: Upo 

para el cód~go de operación que sirve para indicar el tipo de opera---
. . 

ción a realizar (suma, resta, multiplicacióq, etc.), tres campos para 

las direcciones de los operandos .Y resultado de las operaciones, un 

campo para indicar la dirección de la sigui~nte instrucci(m a ejecutar. 

Las instrucciones p¡¡,ra ésta máquina podrían ser escritas en forma 

simbólica en la siguiente forma: ADD A, B, e,. D donde ADD representa· 

el 'código de operación suma y A, B, e y D son nombres simbólicos 

asignados .a localidades de memoria. 

SuP,OniEm'do que existen las instrucciones suma (ADD), substracción---
• • 1 

(S~B) y multiplicación (MUL), entonces una posible traducción de la 

expresión A=(B*e)-(D*E) en FORTRAN a lenguaje simbólico en la má-

quina ·de· 3+1 direcciones serra: 
' ' . 

Ll: MUL B, e, Tl, L3 

L3: MUL D, E, T2, L7 

L7: SUB T2, Tl, A, LB 

. '. LB: Siguiente instrucción 

. 1 

' i 

1 

i 
r 
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donde Tl y T2 representan localidades temporales usadas para guardar ·• 

resultados aritméticos intermedios. 

Las conc~usiones miis importantes en este esquema son: 

Los programas no necesitan estar almacenados en memoria en forma 

secuencial ya que el campo de dirección de la siguiente instrucción per . -
. mi te. cqpocer donde fueron· almacenados. 

Debido !1 que. cada instrucción contiene en forma explfcita tres dire~--
• 1 

ciones, no es necesario tener en el CPU hardware para guardar los re· 

sultados de las operaciones • 
. · 

b} M 1i quin as de "3" di r e e e ion es 

Con~iderando que,Jos programas se escriben secuencialmente y que 

por consiguiente es muy lógico almacenarlos en este mismo orden, 

.se llega a un nuevo esquema de direccionamiento en el cual se sus 

tituyen todos los campos de direcci6n de la siguiente instrucci6n 

~or un solo registro dentro del procesador que lleva en forrm se

cuencial y automiiticamente la dirección de. la siguiente instrucci~n 
•: . . '• 

·a ejeCÚtar. Un posible formato de instrucción se inuestra en la . . . 

.. fig; '111. 2' • 

~egJ.stro 

en el' 
procesador 

IL.:ódigo Direcci6n 
de primer 

ooerac. operando 
FlG. lll. 2 

Dirección Dirección 
segundo resultado 
!operando 

Palabra 
n de 

·memoria 
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Utilizando este esquema de direccionamiento la expresión A=(B*C)-(l:~*E) 
¡ .. 

en· FORTRANJquedarfa expresada como: 

MUL B,C, T1 

MUL D, E, T2 

SUB T2, Tl, A 

Siguiente instrucción 

Donde se ha suprimido la dirección de la siguiente instrucción ya que 

ésta .es llevada en forma secuencial y automática por un registro del 

p;rocesactor conocido como contador del programa (PC). 

Con el esquema de 3 direcciones se logra aprovechar la memoria en 

forma 1nás eficiente y reducir la longitud de palabra lo que redunda . 

directa~en'ce · en los· costos de la misma. ·.> 

e) · Máquinas de "2" di r e e e ion es. 

'En las operaciones aritméticas no siempre es necesario guardar . 
,, 
el resultado en una localidad de memoria y preservar los operan

dos,_ por lo que se puede pensar en utilizar uno de ellos· para----
·' .. 
. guarcla;r el resultado una vez que la operación se· ha efectuado. Las . . 

éonsi~eraciones anteriores llevan a presentar un posible formato de 

iristru<?Ción en esta máquina, mostrado en la figu:r¡a III. 3 

IR. DE LA . REG •. 
IG. · INST. A EN EL 

... ECUT p;R · PROC. 
1':=.!..:==-=-~=-..J 

¡:::o o. 

OP. 

FIG. III.3 

DIR. 
P. 
OP. 

DIR. 
OP. 

SEG. Palabra · 
n de 

memori¡1 

!· . '•. 
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...... ,• ..1 

En este esquema se usará la dirección del segundo operando com~ la 

dlrecc!On del resultado una vez que la operación se haya efectl.lado, 

por lo qqe el segundo operando será destrufdo. Así pues la expresión 
1 

A=(B*C)-(D*E) en FORTRAN, quedaría: 

MUL B,C 

MUL D, E 

SUB E,C 

ADD A,C 

La eliminación del campo de dirección del resultado permite reducir la 

longitud de la palabra de memoria y los costos de la misma, lo que 

permite .usar este esquema en máquinas medianas y chicas. 

d) Máquinas de "1" dirección 

'Es.te esquema de direccionamiento permite eliminar de todas las ins 

trucciones el campo de dirección de uno de los operando y sustitu--
·~ ' .. ,· 

irlo por un registro dentro del procesador, el cual contendrá a uno 

de'los operandos •. A este registro se le conoce como acumul,ador,

Eiformato de instrucción para la máqi:IIÍna de 1 dirección se mues-. . . ' 

' . tra .en ¡a figura lll. 4 

• · .... 

Reg. en el 
.procesador 

Reg~ en el 
procesador 

FIG. Ill.4 

COD. 

OP. 

DIR. 
P; 
OPERANDO 

5 

, . 

. 
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Lo anterior implica la creación de instrucciones que permitan ~rgar 
1 ,,. ·• - .! 

el acumuládor· con el segundo operando (LAC) y depositar el contenido 

del acumuiador en memoria (DAC). 

·,, 
' Es importante hacer notar que todas las ·operaciones se llevan a cabo 

implícitamente contra el acumulador y que éste contendd el resultado 

de la.operaci6n efectuada. La expresión A=(B*C)-(D*E) en FORTRAN; 

podría. traducirse a: 

LAC D 
.. 

MUL E 

DAC Tl 

LAC B 

MUL e '> 

SUB Tl 

DAC A 

,· 

Este esquema· de direccionamiento ha sido ampliamente implementado en 

una gtan rriayoría de las· minicomputadoras, como por ejemplo: PDP-8, --

PDP-15, IBM-1130, IBM-7090 y COC 3600. 

' . 

e) Máquinas de "O" direcciones 

E;ste e'Squema de direccionamiento solo utiliza el campo de c6digo 
.. ·,· 

de ciperac:i6n, por lo que es necesario contar con ·algún mecanismo 
. ' .. 

que implícitamente permita conocer los operandos. 

El mecanismo anterior se implementa usando una pila ó stack, el 

cual, '¡¡e puede pensar como un conjunto de localidades contiguas de 

6 
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.memoria accesadas usando una disciplina UEPS (últimas entrada~! pri- .. 

meras salidas), Do lo anterior se concluye que en cada momento se 

tendrá disponible el elemento que se encuentre en el tope del stack. 
. 1 

El formato de instrucción para este esquema de direccionamiento se 

encuentra, en la figura III.S 

de la 
inst. 

puntador al 
o e del stac 

Re g. en el 
CPU 

Reg. en el 
CPU 

fCOi5i001 
~ 

FIG. III.S 

Palabra de 
memoria 

:Es necesario contar con instrucciones que permitan meter elementos 

de memoria al stack (PUSH) y sacar elementos del stack a memoria-

(POP). 

La expresión 

PUSH D 
'. 

PUSH E 

MUL 

PUSH B 

PUSH C 

MUL.· 

SUB 

'¡ 

• '• . 

POP A 

A=(B*C)-(D*E) en FORTRAN,podrfa 
..ELG~_lll~.L .w=f ____ _ 

CJT. 
~ 

~T 

~T 

expresarse como: 

(Apuntador al tope 
del stack). 

~-----'T 

7 

• 
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En la fig. 111.6 se ilustra el estado del stack después de cada u11a de 

las inst• ;¡,mteriores. 

Se puede concluir que el conjunto de instrucciones de la mAquina no 
\ 

estA formado solamente por instrucciones de cero 'direcciones ya que 

también se requieren instrucciones de una direcci6n para meter y sa-

car· elementos al stack. 

Se requiere un registro en el procesador que apunte al tope del stack 

y se elimine el acumulador ya que el resultado de las operaciones 

también quedarA en el stack. 

8 
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2.- M E TODOS DE DIR ECCION AM 1 ENTO. 

En las máquinas de una sola dirección el formato de las instruccio-

nes que hace referencia a memoria consta de dos campos: el campo 

de código de operación y el campo de dirección del operando. Si s~ 

ponemos que el campo de dirección consta de n bits, entonces la 

máldma capacidad de me¡:noria direccionable será 2n localidades. Lo 

anterior puede resultar bastante drástico en el caso de las minicom

putadoras ya qu~ por lo general tienen palabras de 12 ó 16 bits y si 

se asignan cuatro de ellos al campo de código de operación solo se 

pueden direccionar 28 = 256 localidades de memoria en el caso de p~ 

labras de 12 bits· ó 212 
= 4096 localidades de memoria en el caso de 

1 

palabras ·de 16 bits, lo cual resulta insuficiente para la gran mwo--

ría de las aplicaciones. 

Lo' anterior ha ocasionado diferentes modos de direccionamiento, en 

los .cuales el campo de dirección sirve para calcular la dirección 

efectiva del operando, logrando uria mayor capacidad de memoria di

reccionable. . . . 

' . 
a) .. Inmediato . . 

. , En este caso el operando puede estar contenido directamente en 
.. ,. 

el ·~ampo de dirección ó en la localidad de memoria siguiente a 
' 
la instrucción. 

Será necesario dedicar un bit de la palabra para saber como se 
'¡ 

d~ interpretar la instrucción. 

9 
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b) Directo 
' 

Existe .direccionamiento directo cuando el campo de dirección de: .; 
,, ·..: 

la instrucción contiene la dirección del operando ó cuando éste 

'>campo combinado con algún registro ó palabra de memoria gene 

ran la dirección del operando. 

b,l) Usando página cero 

Uno de los esquemas más comunes de organización de m~ 

moria, divide ésta en n páginas de longitud fija, donde n 

dependerá del tamaño de la rre moria y del tamaño de las 

páginas. 

Las máquinas .que usan estos esquemas generalmente usan 

la página cero con propósitos especiales, como son: mane-

jo de interrupciones, traps, localidades autoincrementables, 

etc. 

La forma de indicar si el contenido del campo de dirección 

10 

se refiere a la página cero, .es usando un bit para este pr_9 

pósito, ·p. ej. si este· bit es cero el campo de dirección 
' ' 

.apunta a una localidad en la página cero. 

b.2) ·U san do página actual 
"· 
Si el bit de página está en uno, se asume que el,campo de 

dirección apunta a una localidad en la página en la que se 

, , encuentra la instrucción. A esta página se le conoce como 
• ·. ', 
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página a~tual. 

La dirección del operando se determina sumando los bits 

de orden superior del PC al campo de dirección de la ins 

trucción. 

b. 3) Re 1 a ti V o a 1 pe 

En este modo de direccionamiento el contenido del campo 

de dirección de la instrucción, interpretado como un ente-

ro con signo, se suma al PC para obtene~ la dirección del 

operando. 

b.4) Re la ti vo a un registro fnd ice 

;~) 

El contenido del campo de dirección de la instrucción, in-

terpretado como un entero con signo, se suma al conteni-

do de un rECgistro índice para obtener la dirección del op~ 

rando. En caso de existir más de un registro índice es 

·. preciso asignar los bits necesarios para su identificación. 

e) l n di re e t o 

"En 'el· direccionamiento indirecto el campo de dirección de la ins

trucciém · contiene un apuntador a la dir~cción del operanqo 6 este 

ca.mpo · ~ombinado con algún registro 6 palabra de memOria genera 

un apuntador a la dirección del operando. 

·Mediante un bit en la instrucción se puede saber si el direcciona-

míento usado es directo ó indirecto. 

· .. 
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c. 1) U san d o p á g in a e ero 

· 1..\1 C<llllpU Je dlrt.!CC1011 de: lu lii:JLI'LICCICII U['lllll<i u lliill ]nc,;~ 

lidad en la página cero. A su vez ésta localidad contiene 
1 

la dirección del operando. 

c. 2) U san do página a e tu a 1 

El campo de dirección de la instrucci6n apunta a una loca--

lidad en la página actual. Esta localidad contiene la direc--

ción del operando. 

c. 3) Re 1 a ti V o a 1 pe 

El contenido del campo de direcci6n de la instrucci6n, inter 

pretado como un entero con signo, se suma al PC para ob-

tener la direcci6n del apuntador al operando. 

c •. 4) ' El contenido del campo de direcci6n de la instrucci6n, . inter-

pretado como un entero con signo, se suma al contenido de 

un registro índice para obtener la dirección del apuntador al 

.operando. 

La combinaci6n de todos los métodos de direccionamiento anteriores 

con. registros de prop6sito general, permiten lograr modos de direccio

namiento .bastante poderosos. Cuando se usan los registros de propósito 
. . . . 

12 

general, el campo· de direcci6n de la instrucción específica que regi¡¡tr() . 

se usa y como se interpreta la informaci6n que contiene. 

· .. 

1 
1 

1 
¡ 
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3.:- DIRECCIONAMIENTO EN PDP-11 

Los . ' 
Los 
~ ', . 
. 
Los 

a) Con dos operandos 

La computadora PDP-11 es una máquina de dos direcciones por. 

lo que su formato de instrucción tiene campos para código de 

operación y operandos. Lo anterior se observa en la fjg. III.7 

15 1211 9 8 6 5 3 2 o 
1 Modo 1 Registro 1 Modo 1 Registro 1 

Código op. dir. fuente dir. destin9· 

FIG. III.7 

bits 12-15 contienen el código de operación 

bits 6-11 contienen la dir. fuente 

bits O- 5 coriti.enen la dir. destino 

.. 
Las direcciones fuente y destino serán utilizadas para el cálcu-

lo de la dirección efectiva de los operandos, interpreta_ndo el 

modo y el registro usados. 

La dirección fuente contiene dos subcampos de· 3 bits cada uno, 

de esta forma es posible indicar. cual de los ocho registros de 

propósito general será usado, asf como la interpretación que se 

le .·dará de acuerdo a los ocho modos de direccionamiento. 

El.rhodo y registro en la dir destino se entienden en la misma 

forma que en la dir fuente. La dir destino también será usada 

para almacenar el resultado de la operación una vez qu~ esta . . 
'• . 

se haya efectuado. · 
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operando en cuyo caso se utiliza un formato de instrucción con • . 1 
. ' . 

'•. 

c~mpos de código de operación y dirección destino, según se . 

muestra en la fig. III. 8 

15 65 o 
1 MODO ! REGISTRO l 

Código op. Oir. destino 

FIG. III.8 

La interprelacióu dada a la dirección fuente es la misma que en el 

caso de dos operandos. 

Para poder ejemplificnr lm; modoH <11· di 1'1'\'l'ÍIIIIIIIItlt·tllll :1" llllilt•1 1·l 

siguiente cunjuutu ue instrucci-ones; así mismo se asumirá que todos 

los números están en octal: 

Mnemonico 

CLR 

INC 
INCB 

-COM 
_COMB 

· ADO 

Código Octal 

005000 
105000 

005200 
105200 

005100 
105100 

065500 

e) Direccionamiento directo 

·.• 

Oescripc ión 

Limpia (pone a ceros el de~ 
tino), 

Incremento (suma uno al con 
tenido del destino) 

Complementa lógicamente el 
destino 

Suma 

·Existen cuatro modos usados en direccionamiento directo, los cua 

les se explican a continuación: 

·. 
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15 
c.l) Registro 

Forma general: OPR Rn 

Descripc i6n: El registro especificado contiene el operando 

rcquc •·ido por la instrucción. 

_ OPR representa un c6digo de operaci6n en form'a general. 

·Modo: O 

Ejemplos: 1 

c.~) · Autoincremento . ' 
'"-' 

Forma general: OPR (Rn)+ 

.Descripci6n: El contenido del registro es increrrentado des-

pués de ser usado como apuntador al operando. Si la instrucci6n 
... 

es de palabra se. autoincremente en dos y si es de byte en uno. 

Modo: 2 

·Ejemplos: 2 

c.~)· Autodecremento 
.,, . 

· ·Forma general: OPR -(Rn) 

· ·o~·s e r i pe i 6 n: El contenido del registro es decrementado antes 

de S(á·.usado como apuntador al operando. Si la instrucción es 

·de palabra se autodecrementa en dos y si es de byte en uno. 

Modo: 4 

Ej~mplos: 3. 

· .. 
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c. 4) In dice 

Forrpa general: OPR X(Rn) 

De se ri pe i ón: Ln suma de X y el contenido del regiHtJ:o. se 

utiliza como la dirección del operando. 

Modo: 6 

Ejemplos: 4 

d) Direccionamiento indirecto 

Existen 4 modos de direccionar en forma indirecta, los cuales 

utilizan los modos básicos (direccionamiento directo) en forma 

·diferida. 

d. 1) Registro diferido 

Forma general: OPR 18 Rn . 

Descripción: El registro contiene la dirección del operando. 

Modo: 1 

Ejemplos: 5 

d. 2) Autoincremento diferido 

·Form¡t general: OPR @(Rn)+ 

De sc.ripc ión: El contenido del registro es incrementado des

pués. de .ser usado como apuntador a la dirección del operando.-. . . 

El autoincremento será en dos, tanto para instrüc;ciones de byte 

como de palabra . 

• 
'• ·1 

16 

• ¡ 



Mudu: 3 

Ejemplos: 6 

d. 3) Autodecremento diferido 
. ; 4 

- 17 -

Forma general: OPR §-(Rn) 

17 

Des e r i pe i 6 n: El contenido del registro es decrementado antes 

de se~ usado como apuntador a la dirección del operando. El 

autodecremento será en dos, tanto para instrucciones de byte 

como de palabra; 

Modo: 5 

·Ejemplos: 7 

d. 4~ Indice diferido 
. ' 

· Forma general: OPR @X(Rn) 

.Descripción: La suma de X y el contenido del registro se uti 

·liza como apuntador a la dirección del operando. La palabra de 

fndice X está almacenada en la localidad de memoria sigu~ente a 

.la instrucción . 

. E~ valor de Rn y X no se modifica. 

Modo~ 7 

Ej einplos: .s 

e) Usb del PC en direccionamiento 

· El registro siete, tiene el propósito específico de servir como con 

taelor de programa (PC), por lo cual cada vez que el procesador 
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usa el R7 para traer una palabra de memoria, el R7 se incremen 

~a;·,automáticamente en dos de tal forma que siempre apunta.¡a:?a 

siguiente instrucción a ejecutar ó a la siguiente palabra de la ins .. 

trucción que actualmente se está ejecutando. 

Lo anterior permite usar el PC con propósitos de direccionamien-

to, permitiendo lograr ventajas cuando se utiliza con alguno de 

lQ~. modos 2, 3, 6 6 7. 

e.l) Inmediato 

. Forma general: OPR#n, DD 

Des e r i pe i ó n: El operando está en la localidad de memoria si 

guiente a la instrucción. 
-~ 

Modo: 2 usando R7 

Ejemplos: 9 

e. 2) Absoluto 

Forma general: OPR @#A. 

Descripción: La localidad de memoria siguiente a la instruc 
. ' 

· ·· ción contiene la dirección absoluta del operando. 

·. Modo: 3 usando R7 

Ejen:plos: 10 

e. 3) Relativo 

FQrma ·general: OPR A 
'• . 
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Descripción: La localidad de memoria siguiente a la ins-

trucción, sumada al PC proporcionan la dirección del operan~

do. 

Modo: 6 usando R7 

Ejemplos: 11 

e. 4) Relativo diferido 

Forma general: OPR @A 

Descripción: La localidad de memoria sigiliente a la ins-

trucción sumada al PC proporciona el apuntador a la direcc~ón 

del operando. 

Modo: 7 usartdo R7 

Ejemplos: 12 

l!J 

LUIS CORDERO BQ~BOA 

• 1 



·• 1 
., :1 J 

005200. 

J.Z 

105102 

1. 3 

060103 

EJEMPLOS 

INC RO 
; 
;SUMA UNO AL CONTENIDO DE RO. 

Antes-

001202/005200 
_$0/000000 
_$7/001202 
_$5/000000 

COMB R2 

Des-oues-• 

001202/005200 
_$0/000001 
_$7/001204 
_$5/170020 

20 

;COMPLEMENTO LOGICO DEL BYTE BAJO<BITS 0-71 EN R2, 
;LAS INSTRUCCIONES DE BYTE USADAS SOBRE LOS 
;REGISTROS GENEf\M.ES SOLO OPERAN EN LOS BITS 0-7, 

Antes 

001206/105102 
_$2/103252 
_$7/001206 
_$5/170020 

ADD R1,R3 

· Desi?ues: 

001206/105102 
_$2/103125 
_$7/001210 
_$5/170021 

;suMA EL CONTENIDO DE R1 AL CONTENIDO DE R3. 
¡ 

Antes 

001204/060103 
_$1/000005 
_$3/000007 
_$7/001204 
_$5/170020 

001204/060103 
_$1/000005 
_$3/000014 
_$7/001206 
_$5/170020 

• 
1 ., 
1 

. ' 
~ 
t 
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., 

/. • 1 
OO~i024 

2.2 
105024 

~ 2. 3 

060022 

21 -

21 

CLR ( 1~4) + 
; 
;uSA EL CONTENIDO DE R4 COMO LA DIRECCION DEL 
;oPERANDO. PONE A CEROS EL OPERANDO<PALABRAI E· 
;INCREMENTA EL CONTENIDO DE R4 EN DOS, 

Antes -

001210/005024 
_$4/000010 
_000010/174216 
_$7/001210 
_$S/170021. 

Antes 

001212/105024 
_$4/000006 
_000006/173215 
_$7/001212 
_$8/170024 

; 

CLI~E< 

Des pues 

001210/005024 
_$4/000012 
-000010/000QOO 

._$7/001212 
_$8/170024 

< F\4 > + 

;USA EL CONTENIDO DE R4 COMO LA DIRECCION DEL 
;oPERANDO. PONE A CEROS EL OPERANDOCBYTE> E. 
;INCREMENTA EL CONTENIDO DE R4 EN UNO, 

ADD 

Despues 

001212/105024 
_$4/000007 
_000006/173000 
_$7/001214 
_$S/170024 

RO, C R2 > t 

.;EL CONTENIDO DE RO SERA SUMADO AL OPERANDO 
;CUYA DIRECCION ESTA CONTENIDA EN R2, DESPUES 
;sE INCREMENTA R2 EN DOS, 

¡\ntes 

001214/060022 
_$0/000007 
_$2/000024 
-'000024/000007 
_$7/001214 
_$S/170024 

001214/060022 
_$0/000007 
_$2/000026 
_000024/000016 
_$7/001216 
_tSi170020 

. 1 



3.] . 

005245 

3 •. 2 

105245 

IJ 

3,3 . 

064401 

22 

INC -<R5> 
; 
iEL CONTENIDO DE R5 SE DECREMENTA EN DOS Y 
iDESPUES SE USA COMO LA DIRECCION DEL OPERANDO, 
iEL OPERANDO<PALABRAI SE INCREMENTA EN UNO. 
; 

Antes 

001216/005245 
_$5/000020 
_000016/002222 
_$7/001216 
_$S/170020 

; 
INCB 

Despues 

001216/005245 
_$5/000016 
_000016/002223 
_$7/001220 
_$S/170020 

-<R5> 

iEL CONTENIDO DE R5 SE DECREMENT~ EN UNO Y 
iDESPUES SE USA COMO LA DIRECCION DEL OPERANDO, 
iEL OPERANDO<BYTE> SE INCREMENTA EN UNO, 

. ; 

Antes 

001220/105245 
_$5/000347 
_000346/043721 
_$7/001220 
._$S/170020 

; 
ADD 

.Despues· · 

-~g;-558~~~5245 
_000346/043722 
_$7/001222 
._$S/170030 

-(R4) •R1 

iEL CONTENIDO DE R4 SE DECREMENTA EN DOS Y 
iDESPUES SE UTILIZA COMO LA DIRECCION DEL 
;OPERANDO QUE SERA SUMADO AL CONTENIDO DE R1, 
; 

Antes 

001222/064401 
_$1/000017 
_$4/000032 
_000030/000045 
_$7/001222 
_$5/170000 

Despues. 

001222/064401 
_$1/000064 
_$4/000030 
_000030/000045 
_$7/001224 
_$8/170020 



4 . .1 

005063 000100 ., 

4,2 

105164 ' 000200 

4~3' 

• 

An.te~ 

,• 

CLR' 100CR3l 
; 
1 r;r;: r"ONF A r:rrwr.; 1.1'\ l. O CAL! 1'11'\[1 ( 1''1'\1. 
;DIRECCIONAI'IA POR LA SUMA DE 100 
IDE R3, LL CONlLNIUO DE R3 NO 

n.e~ue.<¡ 

001:2241005063 
_001226/000100 
_$3/000004 
_000104/177333 
_$7/001224 
~$S/170020 

oo1224/'oo5o63 
_001226/000100 
_$3/000004 
_000104/000000 
_$7/001230 
_$S/170024 

·.> 

COMB 200CR4l 

;cOMPLEMENTA LOGICAMENTE EL CONTENID6"DE LA 
;LOCALIDADCBYTEl DIRECCIONADA POR-LA SUMA DE 
;200 Y R4, EL CONTENIDO DE R4 NO SE ALTERA, 
¡ 

/vJt~ 
O(l:l :>'30/ 105164 

_001232/000200 
_$4/000002 
_000202/174562 
_$7/001230 
_$S/170000 

,De~¡¡me~: 

001236/id5164 
_001232/000200 
_$4/000002' 
_0()0~!02/174615' 
_$7/001234 
_$S/170031 

066360' ·000010 000020 ADD 10CR3lr20CROl 

;SUMA EL tONTENIDO DE LA LOCALIDAD DIRECCIONADA 
;POR LA SUMA DE 10 Y R3r AL CONTENIDO DE LA 
;LOCALIDAD DIRECCIONADO.POR LA SUMA DE 20 Y RO, 

Antes 
', 

001234/066360 
_001236/000010 
_001240/000020 
_$0/000030 
_$3/000050 
_000050/000037 
_000060/000075 
_$7/001234 
_$S/170031 

Despues 

001-234/066360 
_001236/000010 
_001240/000020 
_$0/000030 
_$3/000050 
_000050/000134 
_000060/000075 
_$7/001242' 
_$S/170020 
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005234 

. - 24 -

24 
CLR @R1 

; 
; EL CONTENIDO Ir E R 1 APUNTA AL OPEF~-ANI\i:( QUE. 
iBERA PUESTO A CEROS, 
; 

/(:, 
ljl 

.r¡; 
·'o Jltes Des pues 

.{~~·"/005011 
¡lli>ol>o~4 

:000044/035240 
_$7/001242 
_$8/170020 

; 

00 l :!'l :YOO:"iO 11 
... ~·1/0000'1'1 
_00004'1/000000 
_$7/001244 
_$5/170024 

INCB @R2 

iEL CONTENIIrO IrE R2 APUNTA 
iBERA INCREMENTAirO EN UNO. 

AL OPERANDO QUE 

; 

Antes 

001244/105212 
.. $2/000070 
_000070/000000 
_$7/001244 
_$8/170024 

Despties 

001244/105212 
-~•21000070 
_000070/000001 
_$7/001246 
_$8/170020 

INC @(R4)t 
iEL CONTENIDO DE R4 APUNTA. A LA DIRECCION 
iDEL OPERANDO QUE SERA INCREMENTADO EN UNO, 
iDESPUES DE LO CUAL R4 SE INCREMENTA EN DOS, 

Antes 

00.1246/005234 
_$4/000036 
_000036/000054 
_000054/000007 
_$7/001246 
~$S/170020 

Despues 

001246/005234 
_$4/000040 
_000036/000054 
_oooo~; 'l/oooo 1 o 
_$7/001250 
.. $5/170020 

·.)-



7 

005155 

8 
067300 000200 

25 • 

COM @-(R5l 
; 
1EL CONTENIDO DE R5 SE DECREMENTA EN DOS• 
1 liUir'lJI.:D fiE 1-.0 CUAl .. APUNTA A LA DIRECCION 
;DEL OPERANDO QUE SERA COMPLEMENTADO 
1LOGICAMENTE, 

Antes 
001250/005155 

_$5/000040 
_000036/000020 --
_000020/000000 
_$7/001250 
_$5/170020 

·.:> 

ADD 

Despues. 

001250/005155 
_$5/000036 
_000036/000020 
_000020/177777 
_$7/001252 
_$S/170031 

@200 < R3 l , RO 

;LA SUMA DE.200 Y R3 DETERMINA EL APUNTADOR A 
ILA DIRECCION DE LA LOCALIDAD QUE SERA SUMADA A RO. 

¡ 

¡\nte.s. 

001252/067300 
~001254/000200 
_$0/000015 
_$3/000010 
_-ooo210/000012 
_000012/000016 
_$7/001252 
_$5/170031 

Despues 

001252/067300 
_001254/000200 
_$0/000033 
_$3/000010 
_000210/000G-.12 
_000012/000016 
_$7/001256 
_$S/170020 
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o MOV t10rR4 
; 

·;MUEVE A R4 EL NUMERO 10 

Antes 

001256/012704 
_001260/000010 
_$4/000000 
_$7/001256 
_$5/170000 

063701 . 000100 ADD 

Despues 

001256/012'704 
_001260/000010 
_$4/000010 
_$7/001262 
_$5/170020 

@tlOO, R1 

26 

;SUMA EL CONTENIDO DE LA LOCALIDAD 100 A Rl, 

Antes 

001266/063701 
_001270/000100 
_$1/000033 
_000100/000073 
~$7/001266 
_$5/170000 

Des¡;me~ 

001266/063701 
_001270/000100 
_$1/000126 
_000100/009073 
_$7/001272 
_$5/170020 
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11 

005267 000044 . INC z 

12 

; 
iiNCREMENTA EL CONTENIDO DE LA LOCALIDAD 
iSIMBOLICA Z EN UNO, EL CONTENIDO DE LA PALABRA 
;SIGUIENTE A LA INSTRUCCION SE SUMA AL PC PARA 

Antes 

001272/005267 
_001274/000044 
_001342/000000 
_$7/001272 
_$S/170020 

Despues 

001272/005267 
_001274/000044 ' 
_001342/000001 
_$7/001276 
_$S/170020 

; . t_ -

005077 000040 CLR @Z 
; ' 

iLA LOCALIDAD SIMBOLICA Z APUNTA A LA 
iDIRECCION DEL OPERANDO QUE SERA PUESTO A CEROS, 
iEL CONTENIDO DE LA PALABRA SIGUIENTE A LA 
iiNSTRUCCION SE SUMA AL PC PARA OBTENER LA 
iDIRECCION DE z. 

Antes 

001276/005077 
_001300/000040 

,_001342/000100 
_000100/000073 
_$7/001276 
_$S/170020 

Des pues 

001276/005077 
_001300/000040 
_001342/000100 
_000100/000000 
_$7/001302 
_$5/170024 

LUIS CORDERO BORBOA 
1 
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. PROCESSOR 

HANDBOQK 

. 4.1 INTRODUCTION 

CHAPTER 4 

INSTRUCTION SET 

The specification for each instruction includes the mnemonic, octal code, 
'binary cede, a diagram showirig the format of the instruction, a symbolic 
nótation' describing its :execution and the effect on the condition cedes, 

. a .description, speclal comments, and examples. 

MNEMONIC: Thls is indicated at the top cerner of each page. When the 
word instruction·has a byte equivalent, the.byte mnemonic is also shown. 

INSTRUCTION FORMAT: A diagram ·accompanying each instruction 
shows the octal op code, the binary op code, :and bit assignments. (Note 
that in byte instructions the most significan! bit (bit 15) is always a 1.) 

SYMBOLS: 

., . 

( ) = contents of 

SS or src = so urce address 

DO or dst. = destination address 

loe = location 

.,._ = becomes · 

t :::: "is po~ped from stack" 

· + = "is pushed onto staCk" 

A = boolean ANO 

v = boolean OR 

.Jtl-= exclusive OR 

- = boolean not 

Reg or R = register 

B =Byte 

' 

for word 

tor byte 

.4·1 

. ' 

e 
e 

.... 



4.2 INSTRUCTION FORMATS 
The major instruction formats a_re: 

1 
15 

Single Operand Group 

,. 
OP Code 

1 

Oouble Operand Group 

OP Cede 
1 

t5 12 , 

s.c 
1 

Register·Source or Destinatio:-: 

OPCcde 
., 1 

15 9 e 

Branch 

dsl 

6 5 

6 5. 

6 5 

1 

d&l 

1 

Sre/dst 
1 

·• 

o 

o 

O· 

L__J~-L--~--JI~B_a_••~--CaL'-d-•JI __ _i __ ~f~-L--~~·~'--a-t~~·-•1~~_.-:~) ' 
e 1 o 15 

4-2 

1 

Byte lnstructiQns 
The POP-11 ptocessor includes a full complement of instructions t~at 
manipulate byte operands. Since all PDP·ll. addressing is byte·orient~. 
byte manipulation addressing is straightforward. Byte instructions w.~h· 
autoincrement, or autodecrement direct addressing cause .fhe specif.ed 
register to be modified by one to point to the next byte of data. Bote 
operations in register mode access the low·order byte of the specii~ 
register. These provisions enable the PDP·ll to perfOrm as either a wc"'d 
or byte. processor. The numbering .scheme for word and byte address.e'S 
in core memory is: 

.HIGH BYTE 
ADORES S 

002001 

002003 

BYTE 1 

BYTE 3 

BYTE O 

BYTE 2 

V.URO OA BYTE 
ADORES S 

002000 

002002 

The most significant bit (Bit 15) of the instruction word is set to indicate 
a .byte instruction. 

Example: ,· 

Symbolic 

CLR 
CLRB 

Octal 

005000 
105000 

NOTE 

Clear Word 
Clear Byte 

-The term PC (Program Counter) .in the Opera· N 
tion explanation of the ínStructions refers to the 
updaled PC. 

4·3 



4.3 LIST OF INSTRUCTIOI'IS . . . . 
. tnstructions are shown in the followang sequence. Other lnstructaons are 

. found in Chapters 9, 11. a_nd 12. 

·Ao.'--The ·sxr, ·xoR,e MARK. ·soB; alld :Rn·:instruetions:are i.mplemented 
in the POP·11/34, l1/45 and 11/55., . · · · . 

•-The SPL instruction is iníplemented only in the POP·ll/45 and POP· 
· 11/55. The MFPS •nd MTPS instructions are implemented only in the 

POP·11/34. 

SINGLE OPERANO 

. Mn.emonic 

General 
~ CLR(B) 
· COM(B) 

!NC(B) 
OEC(B) 
NEG(B) 
TST(B) 

Shift & Rotate 

Jnstruction 

clear destination ................................. . 

~~::~~~~~~~~-:::::::::::::::::::~::::~:~~:::::::: 
decrement dst ..................................... . 
negate dst ........ : .......................... : ....... . 
test dst .............................................. . 

ASR(B) arithmetic shift right ............. . 
ASL(B) arithmetic shift left ................ . 
ROR(B) rotate right .................... . 
ROL(B) rotate left ............................................ . 
SWAB . swap bytes ......................................... . 

Multlple Precision 
AOC(B) add carry ··································-········· 
SBC(B) subtract carry ··························-········· 

.&. SXT sigo extend ......................................... . 
MFPS move byte from processor status ...... .. 
MTPS move byte to processor status _ 

•OOUBLE OPERANO 

General 
· MOV(B) 
CMP(B) 
AOO 
SUB 

'Logical 
BIT(B) 
BIC(B) 
BIS(B) 

<>xoR 

move source to destination ................ . 
compare src to dst ·················---- ...... . 
add src to dst ......................... -.......... . 
subtract src from dst .............. __ _ 

bit test .................................... _ ......... . 
bit clear .................................. _ ......... . 
bit set ............................... _____ ......... . 

exclusive OR 

4-4 

Op Code Page 

a05000 4'·6 
•05100 4-7 
•05200 4·8 
s05300 4·9 
a054DO 4-10 
s05700 4·11 

IÍ06200 4·13 
a06300 4·14 
•06000 4·15 
•06100 4-16 
000300 4·17 

·; 
a055DO 4-19 
o056DD 4·20 
006700 4·21 
a106700 4·22 
a1064SS 4·23 

a1SSOO 4·25 
•2SSOD 4·26 
06SSDO 4·27 
16SSOO 4-28 

a3SSOD 4-30 
•4SSDO 4·31 
a5SSOO 4·32 

074ROO 4-33 

' 

'•. 
' 

PROGRAM COI'ITROL 

.Mnemonlc ...• ·lnstNctlon .Op,Code 
- or 

l 

' Basa Code Page 

Branch 
BR 
BNE 
BEQ· 
BPL. 
BMI 
BVC 

, BVS. 
BCC · 
BCS 

branch (unconditional) ....................... . 
liranch lf not equal (lo zero) .........•...... 
branch if equal (lo zero) ..................... . 
branch lf plus ....................................... . 
branch if minus .................................. .. 
branch if overflow is clear· .................... . 
branch if overflow is set .................... .. 
branch if carry is clear ........................ , 
branch if carry ls set .......... \ ............... .. 

Slgned Condltlonal Branc!J 
~GE branch if greater than or equal 

· BLT 
BGT 
BLE 

(to zero) .......................................... .. 
· branch if. leSs than (zero) ................. : .. 
branch if greater than (zero) .............. .. 
branch ifJess than or equal (to zeí-o) .. .. 

Unslgned Conditional Branch. 
BHI branch if higher .................................. .. 
BLOS branch if lower or same ...................... .. 
BHIS branch !f higher or same ............ : ...... . 
BLO branch if lower .................................... .. 

Jump & Subroutine 
JMP jump ................................................... . 
JSR jump to subroutine ............................. . 
RTS .-eturn from subroutine .: .................... .. 

6 MARK . r'park ................................................... . 
6 SOB' · subtract one and branch (if ;X O) ....... . 
• SPL set priority level .................................. .. 

Trap & lnterrupt 

000400 
001000 
001400 
100000 
100400 
102000 
1024ÓO· 
103000 
103400 

002000 
002400 
003000 
003400 

101000 
101400 
103000 
103400 

000100 
004ROO 
00020R 
006400 
077ROO 
00023N 

EMT emulator trap .........................• 104000-104377 
TRAP trap ...............................• : ....... 104400-104777 
BPT breakpoint trap .................................... 000003 
IOT inpul/oulput trap ................... ;............ 000004 
RTI return from interrupt .: ................ : ........ · 000002 

A RTT return from interrupt ............................ 000006 

MISCELLANEOUS 
HAL T hall ...............................••.• T ............... . 
WAIT wail lar interrupt ..............•................... 
RESET reset externa! bus ............................... . 

Condition Coda Operation 
CLC. CLV, CLZ. CLN, CCC 
SEC, SEV, SEZ, SEN, SCC 

clear ....................... . 
set .......................... . 

4·5 

000000 
000001 
oooóo5· 

'. . .- ._ t~ .· 

000240 
000260 

4·35 
4·36 
4·37 
4-38 
4-39 
4·40 
4·41 
4-42 
4-43 

4·45 
4·46 
4-47 
4-48 

4·50 
4·51 
4·52 
4·53 

4·54 
4·56 
4·58 
4·59 
4·61 
4·62 

4·63 
4·64 
4·65 
4·66 
4·67 
4·68 

4·72 
4-73 
4·74 

4·75 
·4·75 



4.4 SINGLE OPERANO INSTRUCTIONS 

CLR 
CLRB. 

clear destination 

¡:.-• 1 o ,. o 

15 . 

· Opention: 

Condition Codes: 

o o 

(dst)4Q 

N: cleared 
Z: set 
V: c\eared 
C: cleared 

•05000 

' ' ' ' ' 1 
6 5 o 

.-

DescriptK>n: Word: Cont~nts of Specified des1ination are replaced with ze
roes. 

Eumple: 

Byte: Same · 

Befare 
(R1)- 177777 

NZVC 
1 1 1 1 

4·6 

CLR R1 

lrner 
(R 1)- 000000 

NZVC 
0100 

.. 

'; 

' 

complement dst 

o o o 
1 1 ' 
6 • 

Opontion: (dst)4 -(dst) 

' ' 

COM 
COMB 

. '•05!00 

' ' ' 1 
o 

Conditioft Codes: N: set if mOst significant bit of result is set cleared otherwise 
Z: set if result is O; deared otherwise 
V: cleared 
C: set 

Description: Replaces the contentsof the destination address by their log
ical comp\ement (each bit equal toO is set and each bit equal 
to 1 is cleared) 
Byte: Same 

EKample: ·.coM RO 

Befare 
(RO) -013333 

\ 

NZVC 
O! 1 O 

4·7 

Alter 
(RO)- 164444 

NZVC 
1001 

~~t>-. 
-·~--.~~~-·. 



..• 

- . 
INC --,:: ··.: 

··••INCB.· ... - -~ 

.... 

.-

·.• . 

··'· 

· increnÍeht dst . •05200 
.·. 

¡~" .. . o . o o .. , o 
.. ·.! 1 ,. "·] ·-~ 

, .o : 1 
1 • o J• 

1. 
él 1 .d.-, d_ -1 • • 

15 • • .o 

. . Coñdition eodes:.: :-N;.~t it result ,s-.<o:-cleared 'otherw_ise. 
· ."z: .set if.r~lt is 0;-cleared atherwisk' . 
· .. ¡.;. set tÍ:(d") .hdd •D7l7i7 (word) .Q.r 117 (byte) 

· ,· ~ct_e.ared d..herwise··. · · · · · · · • 

·.t:;: .. not affOC:ed , ·,, • .. . . 
. OescrlpHon{ 

·. . . ' . . . . :. ~ ~ . ""· 
: .Word: ~~ene :to.cont~ts:o{.~e~tina_ti.on.' 
.;Byte: ·Sa~ . . . . ... .-

· ... ·. 
~ ... 

-Example:. 

., 

....... 

, Before· 
~(R2)...-D00333 

fiZVC 
OOOD 

4·8 

Aftl!f 
.(R2) • 000334 . 

·NZ ve 
.. oooo 

... ' 

• • 

DEC 
:OECB 

decrement dst •·:5300 

o o o < 1 1 1 • • • .. • 5 

Operation: (dsf).(dst)-1 

CondiUon Codes: N: set if result is <O; cleared otherwise 
Z: set il result is O; cleared otherwise 

• ' 

V: se! if (dsf) was 100000 (word) or 200 (b]te'· 
cleared otherwise ~ 

C: not affected 

o 

Descriptio"n: Word: Subtract 1 from the contents of the destiration 
Byte: Same 

Eumple: 

Befare 
(RS) • 000001 

NZVC 
1000 

• . 

4·9 

OEC RS 

Afte
(RS) • 000000 

N Z I'C 
OICG 

( 



• 

NEG 
NEG6 

negate dst 

¡o",oro 
•• 

Opontioti: 

Condition Cedes: 

Oescription: 

E.xample: 

o o o 1• • • • • 1 ~ 1 

6 .• 

(dst). -(dst) 

N; set if the result is <0: cleared otherwiSe 
Z: set if result is 0: cleared otherwise 

• 
o 

V: set if the resull is 100000 (word) or 200 (byte) 
cleared otherwise 

C: cleared if the result is O; set otherwise 

... 

' Word: Replaces the contents of the destination address by its 
t'No's complement. Note that 100000 is replaced by itsetf -(in 
two·s complement notation the most negative number has 
no positive counterpart). 
Byte: Same 

Befare 
(RO)- 000010 

NZVC 
0000 

4·10 

NEGRO 

After 
(RO) - 177770 · 

NZVC 
1 00 1 

·• 

.• 

/ 

'. 
. . 

test dst 

o 

15 

Operalion: 

Condltion Cedes: 

Oescription: 

Example: 

o o ' : ' ' 1• 
6 • 

(dst)..(dst) 

• 

TST 
''TSTB 

• • 1 

•05700 

• 
o 

N: set if the result is <O: cleared otherwise 
Z: set if result is O; cleared otherwise 
V: cleared · 
C: cleared 

Word: Sets the condition codes N and Z according to the con· 
tents of the destination adPress 
Byte: Same 

Befare 
(RI)- 012340 

NZVC 
00 11 

. 4·11 

TST Rl 

Afler 
(RI)- 012340 

NZVC 
0000 

~---: ·..r:;.i;,;..~_ 

~. ' 

1 • 



Shitts 
Scaling data by factors of two is accomplished by t~e shift instructi~ns: · 

ASR . Arithmetic shift right 

ASL . Arithmetic shift left 

The sign bit (bit 15) Ot the operand is rephcated in shifts to the righ~. The low 
order bit is filled with O in shifts to the left. Bits shifted out of the C b1t, as shown 
in the following examples. are lost. 

Rotates · 
The rotate instructions operate on the ~estination word and the C bit as though 
they_formed a 17-bit "circular buffer'. These instructions facilitate sequential bit 

· ·testing and detailed bit manipulation. 

4-12 

-

·• 
~ .. ,. ' '' .. , . 

' .•. ASR ·• .. ., .. ' .·.• ASRB .. -. 
.. . 

· arlthinetic. •"ift rlght 
; . •06200 ,. 

jot' 
1 

o o o ,. ·o o o d • d . • d d d 
1 •'¡· 

' ' 
. 1 .. • S o 

· .. 
(dst)..,.(dst) 1 shifted . .Qhe p_l~ce t?· the. rig~t . 

. C.OIId~ion COdos:· •N: se!·¡¡_ !he_ Í.gh-orner bit.'cl!he resu;; is sei (result <: O): 
·cleared other:wise · -
' Zt~set lf the ·r.esult:~O: Cteúed otherwise .... . 

·.:V: loaded-from the .. E~clusive OR of .the· N-bit and C-bit (as set 
·:bY the comple"tion of the shift operatron) 
. 'C: loaded 1rom .. tOW-ord~·bit o.f the d~stination • · 

···Wo[d: Shifts a11 ~its-ot·the d~stiñation.r'ight.óne plate. Bit 15 
:-is teplicateci.'The C:bit is loaded .from· bit O of"the desHnation. 
· ASR-performs·Signed diviSion of the·destination by two. 

Wórd: .· ·'. . · 

·ayte: 

·.ci:.JI __ -.-!:Q,.,=...,.~' =:.J):-:,.:-'-:-"-·.;•J! . .,·,;:J."·I-B cL~·'-J.,,v;;cE"t;-' .,.....,~•;;:· ;;,!-!~'---'-'-,o.JJ--0 

.... 

. . 
. ,. 



ASL 
ASL~ 

arithmetic. shift .left •06300 

1
011 .o o 

• 1 • .. 
Operation: 

CondiUoi'l Codes: 

~riptton: 

o oo:''{ddd 
6 • 

(dst)<l(dst) shilted one place to- the left 

d d d 

o 

N: set if high·order bit ot the result is set (result < 0); clearei::l 
otherwise · 
Z: set if the result -O: el ea red otherwise 
V: toaded with the exclusive OR of the N-bit and C·bit (as set 
by the completion of the shift operation) 
C: loaded with the high-order bit of the destination 

Word: Shifts a11 bits ot the destination lett one place. Bit O is 
loaded with anO. The C-bit of the status word is loaded from 
the most significan\ bit of the destination. ASl performs a 
signed multiplication of the destination by 2 with overflow in· 
dication. 
WOI'd: 

.o 

·'": 
Byte: 

4·14 . 

. -

ROR. 
RORB 

rotate right •06000 

{o11 1 o .. 

Dest:ri pt ion: 

Example: 

\ 

o 

Word: 

o 1· • d 1 d. d • . ' o 

N: set if the high-order bit of the result is set (result < 0): 
cleared otherwise 
Z: set if a11 bits of result • O: clea~ed otherwise 
V: loaded with the Exclusive OR of the N-bit and C-bit (as set 
by the completion of the rotate o;.eration) 
C: loaded .with the low-order bit o! the destination 

Rotates all bits of the destination right one place. Bit O is 
loaded into the C-bit and the pret10us contents of the C-bit 
are loaded into bit 15 of the des1nation. 
Byte: Same 

~l-1, 1 
¡o 

Byte: 

1 .! 1 1 1 1 ' ' 1 1 

"1..._____,81-------'. 1' ~ '~___,1° 

4·15 



,. 

ROL 
RO LB" 

rotato left 

o. o 1 o o 

• • 

m06100 

• • • • 1 • 1 
o 

Condltlon Co;!les: N: set if the high-order bit o! the destination is set 
(result < O):.cleared otherw•se 4 

z: set if a\1 bits of the destination -O; cleared otherwise 

Descrlptlon: 

lxamplo: 

V: loaded with the Exclusive OR' of the N-bit and C·bit (as set 
b}' the completion ot the rotate_ operation) . . 
C: loaded with the high-order b1t ot the dest.nataon 

Word: Rotate all bits of the destination left one place. Bit 15 · 
is Joaded into the Cbit ot the status word and the previous 
contents of the C-bit are toaded into Bit O ot the destination. 
Byte: Same 

Word: 

•• 8-1· . .. ' 1 #0 

·Byte•:-

-¡ -,--, ""o""r-, -.-, -¡ ~.,1 _._....~.-._._' ..... "'_" ..1-.J.-._,;JI 
"IL-t~__j' '.___L _ 0,--'-"'---'r 

4-16 

SWAB 

swap bytes 000300 
.• 

' 
1 o 1 o o o 1 o o o 1 o • d 1 d ' ' 1 • o 

Operation: · Byte !/Byte O _.Byte OIByte 1 

Conditton Codes: N: set if high·order bit of low-order. byte (bit 7) of result is set; 
cleared otherwise 

Descriptlon; 

Example: 

Z: set il.low·order byte of result •O; cleared otherwise 
V: cleared 
C: cleared 

Exchanges high-order byte and low-order byte of the destina
tion word (destination must be a word address). 

Before 
(RI)- 017777 

NZVC 
1 1 1 1 

4-17 

SWAB Rl 

Alter 
(RI)-177577 

NZVC 
0000 

'' 

r 



¡. 

Mu~lplo Preclslon 
lt is sometimes necessary to do arithmetic on operands considered as multiple 
words or bytes. The POP-ll.makes special provision tor such operations with the 
instructions ADC (Add Carry) arid SBC (Subtract Carry) and their byte equiva· 
lents. · · 

For exa~ two 16-bit words may be combined into a 32-bit double precision 
word a.nd .. added or subtract~ as shown below: · 

'SZ 81T WORD 

;.._¡ •• •• .. e 
" .... -¡ .•. •• ,, "" • e 

"'""' 
" 

.. e 

The addltion of -1 and -1 could be performed as follows: 

-1 - 37777777777 

o · . 
o 

o 

(RI) • 177777 (R2) - 177777 (R3) • 177777 (R4) • 177777 

AOO RI.R2 
ADC R3 
ADD R4.R3 

1. After (RI) and (R2) are added. 1 is loaded into the C bit 

2. ADC .,.truction addsC bit to (R3); (R3) • O 

3. (R3) ond (R4) are added 

4. Resu~ is 37777777776 or -2 

4·18 

1 
• 1 

. 1 

add carry 

10/t 1 o o 

.. 
Openstion: 

·CoRdition ·Codes: 

Description: 

Example: 

.. 

o o ·1 ' : o 1 1 d 
1 

•• • 
(dst).(dst) .¡. (C) 

d d d 

1 

ADC 
ADCB. 

•05500 

• • 1 
o 

N: set if result <O; cleared otherwise 
. Z: set if result -O; cleared otherwise 

V: set if (dst) was077777 (word) or 200 (byte) 
and (C) was -1; cleared otherwise · 

C: set if (dst)was 177777 (word) or 377 (byte) 
imd (C) was 1; el ea red otherwise : 

Adds the contents of the C·bit into the destination. This oer· 
mits the carry from the addition of the low-order words to be 
carried into the high-order result. 
Byte: Same 

Double precision addition may be done with the following in
struction sequence: 
AOO -AO,BO 
ADC Bl 

. AOO Al,Bl 

4·19 

; add low-order parts 
; add carry into high-order 
; add high order parts 



·SBC 
SBCB. 

subtract carry •05600 

o o o o • • • • • • • 
15 

Operation: 

Condition Codes: 

Oescription: 

Example: · 

6 5 

(dst).(dst)·(C) 

N: set if result O; cleared otherwise 
Z: set if result Ó; cleared o_therwiSe 

o 

V: set if (dst) was. 1000,00 (word) or 200 (byte) 
cleared otherwise 

e: ·set if (dst)"·Was O and C wa~·¡; cleared Oth~tiJ.H~'é! 

Word: Subtr~cts the contents ot the C-bit from the destina· 
tion. This permits the carry from the subtraction of two low· 
arder words to be subtracted from the high order part of the 
result. 
Byte: Same 

Oouble precision subtraction is done by: 

SUB · AO,BO 
·SBC Bl 
SUB Al.Bl 

4·20 

, . . 

'· 

. Usad in·.tlie· POP·ll/34, 'U/45 and 11/55 

sign extend 

SXT 

006700 

1 o 1 o o 

Operation: 

Condition Codes: 

Deocrlption: 

•. 

o o • ' 
1 . ' 

(dst) ..¡. O if N bit is cleár 
{dst) ..¡. ·1 N bit is set 

N: unattected 
~: set H N bit clear 
V: cleared 

· · C: unaffected 

• • 1 • • • 
o 

lf the condition ~ode bit N is set .then a -1 is placed in the 
destination operand: if N bit is dear, then a O is placed in the 
destination operand. This inst!".JCtion is particularly useful in 
multiple precision arithmetic t:«ause rt peimits the sign to 
be extended through multiple •ords. 

• 

. 4-21 



·~ 

Used in the PDP·ll/34 MFPS 

move .byte frorñ processor status .wo~ 

Operatlon: 

Condition Cede 
Bits:· 

Descrlption: 

Example: 

(dst) ·..- P5 <0:7> 
dst lawer 8 bits 

N= set if PS bit 7 = 1; cleared otherwise 
z = set if PS <0:7> =O; cleared otherwise 
V= cleared · 

. e = not affeCted 

·rhe•S bit ·cont8ilts Of the'PS''are'·rribved to the effec
tive destinatlon·. ~u deStination··lsimode O, PS bit 7 is 
~sign~ extended 1:hrough··the .upper:bYte of the register. 
The destination operand address is treated as a byte 
address. 

MFP5 RO 

befare 

RO [O) 
P5 [000014) 

4·22 

after 

RO [000014) 
P5 [000014) 

MTPS 
.. ,. 
' U sed In the PDP·ll 134 

moYe·byte t~ processorstatus word~ 106455 

o o. o o O O• t. 

· Operation: PS <0:7> +- (SRC) 

Condltlon Codes: 5et oa:ording to effective 5FlC operand bits 0-3. 

Descriptlon: The 8 bits of the effective operand _replaces the cur· 
.r_ent contents of the PS <0:7>. The source operand 
address ls treated as a byte address. 
Note that.the:Tcbit•(PS,bit 4) cannot be set with .this, 

.instruction •. -.The.· SRC1:·operand· remains unchanged. 
· This instructlon can be used to -change the priority bits 
·(PS <5:7>) in the PS. 

4·23 
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4.5 DOUBLE OPERAHD IHSTRUCTIONS 

Oouble operand 1nstruct1ons prov1de an instruct10n ·(and time) saving facility 
since they ehminate the need for "load"and "save"· sequences such as those 
used in eccumulator-oriented machines. 

4-24 

MOV 
MOVB 

moVe source to destination •ISSDD 

• 1 : • • 
~~ 12 11 6 • 

• • • 
1 

o 

Operation: 

Cond~iop Codes: . 

Description: 

Example: · 

(dst)~src) 

N: set if ·(src} <:: 0: cleared 
Z: set if (src) .. O: ele a red 
V: cleared 

. C; not affected , 

Wor.d: Mo~es th~ source operand te the deslination location. 
The previous contents of the dest":""~ation are lost. The con· 
tents of the source address are nc: affected. 
Byte: Same as MOV. The MOVB toa reg1ster (un1que among 
byte instructions) extends the mos~ Slgrllhcant bit of the tow 
arder byte (sign extension). Otr.e--..,se MOVB operates on 
bytes exactly as MOV operates on words. 

MOV XXX,Rl ; toao:s Reg1ster 1 with the con
lents of memory location; XXX re:nsents a programmer-de
fined mnemonic used to represen: a memory locat1on 

MOV # 20,RO : loads the number 20 mto 
Register O; "# "indicates that the value 20 is the operand 

MOV @ # 20,-(R6) ; pus hes the operand con-
tained in location 20 onto the sta:k 

MOV (R6) + ,@ # 177566 ; pops the operand off the stack 
and moves it into nlemory locatico 177566 (terminal print 
buffer) · 

MOV Rl.R3 : performs an inter 
regís ter transfer 

MOVB @ # 177562,@ # 17756E : moves a characte< 
from tern1ij,al keyboard buffer to terminal printer buffer 

4·25 



CMP 
CMPB ' 

compare src to dst · m2SSOO ·. 

·lo''' o 

Operation: 

Condition Codes: 

\ 

Description: 

• • • • • • • • • 1 
tz 11 6 • o 

(src)-(dst) 

N· set if ~2sult <0: cleared otherwise 
Z:. set if result -O; el ea red otherwise . 
V: set if there was arithmetic overfloW; that ts. o~rands were 
of opposite signs. and the sign of the desbn~~ton was th~ 
same as the sign of the result; cleared otherwtse . 
e: cleared if there was a carry from the most signiftcant btt of 
the result; set otherwise 

Compares the source and destination operands _and s~ts the 
condition cedes. which may then be used for anthmettc and 
togical conditional branches. Bot~. operands are -unaffecte~ . 

. The only action is to set the condtlton·codes. The com~are ts 
customarily followed by a conditional branch instructton. 
Note that unlike the subtract instruction the order of oper· 
ation is (src}-(dst), not (dst}-(src). ' 

4-26 

/ 

add src 

1 o .. 
Operation: 

,.,. 
' 

to dst 

o 

. 12 

1 • 
11 

(dst).(src) + (dst) 

Condition Codes: N·:~ set if result <0; cteared o!ierw~se 
·z: set if result ·- O: cleared c:nerwise 

Oescription: 

Eumples: 

V: set if there was arithmetic 01erllow as a result of the oper· 
ation: that is both operands ...ere of the same sign and the 
result was of the opposite sign: cleared otherwise 
C: set íf th~re was a carry from the most significant bit of the 
resutt: cleared otherwise 

Adds the source operand to t-¡e destmation operand and 
stores the result at the destina:<On address. The original con· 
tents of the destmation are 1~ The contents of the source 
are not affecteO .. Two's comple-nent add1hon is perfonned. 

Add to regi5:ter: 

Add to memory: 

Add"register. to registe;

Add menióry_ to memory: 

•oo 20.Ro 

ADO Rl.XXX 

ADO RI.R2 

ADD@ # 17750,XXX 

XXX is a programmer·defined mnemonic for a memory loca· 
tion. 

·¡..... 
~· 

4-27 



SUB 

subtract src from dst 16SSDD 

1 ' 
io 

t;)peratiqn: 

Condition Codes: 

Description: 

Eumple: 

·o 1 • . . • • • d d 

" " . " 
(dst)..(dst)-(src) 

N: set if resu!t <0: cleared otherwise 
Z: set it result ""'0: e lea red otherwise 

d d d 
1 

o 

V: set it there was arithmetic overflow as a result of the oper
ation. that is if operands were of opposite signs and the sign 
of the source was the same as the sign of the result: clea'red 
otherwise 

· C: cleared if there was a carry from the most significan\ bit of 
the result: set otherwise 

Subtracts the source operand trom the destination operand 
and leaves the result at the destination address. The orignial 
contents of the destinat•on are lost. The contents of the 
source are not affected. In double-precision arithmetic the c. 
bit. when set. indica tes a "borrow". 

Befare 
(R1) •011111 
(R2) • O 12345 

NZVC 
1 1 1 1 

4·28 

SUB RI.R2 

Atter 
(R1)•0111ll 
(R2) • 001234 

NZVC 
000 o 

\ 

Logical 
These instr.uctions ~ave the same format as the double operand arithmetic ro 
They perm1t operattons on data at the bit level. g up. 

' 

4'29 
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BIT 
BITS 

·bit teSt 

1 0/t. o 
• 1 ' • • 

12 ,, 6 

•3SSDD 

1 
• 

. r 
• . d 

1 . 1 

d d a 1 
o 

· Operation: · (src) /'o. (dst) 

Concfitton Codes: N: set if high-order bit of result set: deared otherwise· 
Z: set if result -O; el ea red otherwise 

Desc:ripttor\: 

úomple: 

V: clear~ 
C: not affected 

Perfoi-mS lógiCal""and"compariSon of the source áné(Ch~Sfl~ 
natíon operands and modifies condition codes accordingly. 
Neither the source nor destination operands are a ffected. 
The BIT instruction may be used to test whether any of the 

. corresponding bits that are set in the destínation are also set 
in the source or whether all corresponding bits set in the de~· 
tination are clear ¡·n the source. 

BIT #30.R3 :test bits 3 and _4 of R3 to see 

: it both are off 

.(30).=0 000 000 000 011 000 

·• 
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BIC 
BICB 

bit clear •4ssoo· 

l0/1 1 t o o • • • • :- • 1 • • • d d d ., .. · IZ lt 6 ' o 

Operotion: (dst) .. -(src).\(dst) 

CondiHon Codes:- N: set it high ordf!\'r bit of result set: cleared otherwise 
Z: set if result • O; el ea red otherwise 

Oescriptlon: 

V: cleared 
C: not affected 

.C.Ie~rs each bit in the destination that corresponds toa set 
btt '" the source. The original contents of the destination are 
lost. The contents of the source are unaffected. 

Before 
(R3)- 001234 

(R4)-001111 1 

Befare: 

NZVC 
1 1 1 1 

BIC R3,R4 

After 
(R3)- 001234 

(R4)- 000101 

NZVC 
0001 

(R3)=0 000 001 010 011 100 
(R4)=0 000 001 001 001 001 

Alter: _ (R4)=0 000 000 001 000 001 

• 
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BIS 
BISB < 

bit set 

l 011 o 
• 1 ... 

Operation: 

Condition Codes: 

Description: 

Exampt_e: 

•55500. 

' 1 ' ' : '·,.' • • • • • • 
1Z " • • o 

(dst).-(src) v (dst) 

N: set if hig'"!-order b1t of result set. cleared oth~rwise 
Z: set if res:;!! -.o: cleared otherwise 
V: cleared 
C: not affected 

Performs ''i'1CIUSJVe OR .. operation ~tween the Soúlc::e and 
destinafión coerands and lea ves the result at the destlnatiori 
address: tha! tS. corresponding bits set in the source are set 
in the dest:"''atlon The CO'.'ltents of the destination are lost.· · 

9ef0fe 
(RO)- 001234 
(RI)-001!11 

Befare: 

Atter: 

NZVC 
0000 

BIS RO.RI 

Alter 
(RO) -001234 •. 
(R1) -001335 

NZVC 
0000 

(RO)=O 000 001 010 011 100 
(R1)=0 000 001 001 001·001 

(R1)=0 000 001 011 011 101 

4·32 

Used in.the:POP,ll/34, Ú/45·and'll/55 
XOR 

exclusive OR 074RDO 

•• 

Operation; . 

Condition Codes: 

.Oescriction: 

· Example: 

9 • 6 

o o . l • d 1 d • • '. 
• o 

(dst).R•(dst) . 

N: set if the result <O; cleared otherwise 
Z: set if result • 0: cleared otherwiSe 
V: cleared 
C: unaffected 

.T~ e~r:~l_usi~e .OR ~f t~e_ register an.d destination operand ¡5 
stored. •n.the destmaho~ address. Co':ltents of regiSte; are 
unaffected. Assembler format is: XOR'R.D 

Before 
(RO) ~001234 · 
(R2)- OOilll 

Befare: 

After: 

XOR RO.R2 

After • • 
(RO)- 001234 •· 
(R2) - 000325 

(R0)=0 000 001 010 011 100 
(R2)=0 000 001 001 001 001 

(R2)=0 000 000 011 010 101 
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4.6 PROGRAM CONTROL INSTRUCTIONS 
· Br"'!'ches 

The instruction ·causes a. branch to a location defined by the su m of the offsei 
(multiplied by 2) and the current contents of the Program Counter if: 

a) .the branch .instructio_n is unconditi~nal 

b) it is conditional and the conditions are met after testing the conclition 
codes (status word). 

the offset is the number of words irom the current contents ot the PC. Note t:-.at 
the current contents"Of the PC point to the word following the branch instruction. 

Although the PC expresses a byte address. the ·offset is expressed in WOI'ds. The 
offset is automatically mult1plied by two to express bytes befare it is added to the 
PC. 81t 7 is the sign of the offset. 11 it is set. the offset is negative and the branch 
is done in the backward direction. Simllarly if it is not set, the offset is positive 
and the branch is done in the forWard direct•on. 

The S· bit offset allows branching in ·the backward direction by 200. words (400. 
bytes) from the current PC, ·and in the forward direction by 177. wor'is (376. 
bytes) from the current PC. . . · · • 

The PDP·ll assembler handles address arithmetic for the Úser and computes ai"'ld 
assembles the proper offset tield for ·branch instructions in the form: 

Bxx loe 

Where "Bxx" is the· branch instruction and "loe'' is the address to which the 
branch is to be made. The a_ssembltr gives an error indication in the instruction if 
the permissable branch range is exceeded. Branch instructions have no effect on 
condition codes. 
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branch (unconditional) 

BR 

000400 Plus offset 

IL@·O~-o~-o~_o-Á_o~-o~_o-Á~~~--L--OF~F-.S-ET~-l--¿_~~Jl· 
e e 1 o 

Opention: 

Description: 

PC ,. PC + (2 x offsel) 

· Provides a way ot transferring program control within a 
range of -128 to + 127 words with a one word instruction. 

New PC address = updated pe+ (2 X offset) .. · 

Updat"ed PC = a?dress of branch instructian T-·2 

Example: With the Branch instruction at location 500, the following off· 
sets apply. 

New PC Address 
474 
476 
500 
502 
504 
506 

Offset Code 
375 
376 
377 
000 1
001 
002 

4·35 

Offset (decimal) 

-3 
-2 

/ -1 
o 

+1 
+2 

1 

1 

' 



BNE 

- br~nch ¡_( not ~qual· (to zero) 001000 Plus offset 

(o· 
1 

o o o o o o OfFSET 

•• 
Op_eration: 

Condition Codes: 

Description: 

Example: 

8 1 o 

PC • Pe + (2 x offset) if Z o 
Unaffected 

Tests the state of the Z-bit and causes a branch if the Z-bit is 
;lear.·BNE is·the·cómplefnerltary operation to BEQ. lt is used 
td tesf i'nequal(ty" fo'll~ing _a CMP_. t_O test that sorne bits set 
in 1he tlesbn.ltion · wére· ·al so-¡~ the sOurce. following a BIT.- · 
. ~nd generally, to test that the result of the previous oper· 
ation was not zero. 

eMP A.B 
BNE e 

will branch toe if.A fe B 

and the sequence 

ADD A.B 
BNE e 

:compare A and B 
: branch if they are not eqUal 

; add Ato B 
: Branch it the result is not 

equal to O 

will branch to e if A + B :f O 
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BEQ 

branch 11 equal (to zero) 001400 Pl"s offset 

Jo o o 

. Operatioó; 

Condition Codes: 

Descriptio"t: 

Example: 

o. o 
1 

o 

8 1 

Pe • PC + (2 x offs~t) if 

Unaffected .. 

OFFSET 

o 

z - 1 

Tests the sta~e _of the Z·bit and causes a branch 1f z ,5 se t. As 
a~ example, •t IS used to test equa1ity following a CMP oper. 
.~t•on, to test that no bits set in the destination were al so set 
~~ the source foll~ing a BIT operation, end ger-e-ally, to test 
. ~t the result of the previous operation was Z!f'O • 

eMP -A.B 
BEQ e 

will branch to C if A • 8 
and the sequence 

ADO A,B 
BEQ e 

; compare A andE 
; branch if they a·~ e<¡ual 

(A-B-0) 

; add Ato B 
: branch if the res.dt. O 

will branch to e if A + B - O. 
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BPL 

. b~anch ~f plus 

,, 1 o o 

Operation: 

Descri pt ion: 

BVC 

o o 
1 

o o o 

• 1 

100000 PI us offset 

OFFSET 
1 

o 
J 

PC • PC + (2 x otfse~; i1 N•O 

Tests the state of the N·bit and causes a branch il N is · · 
clear, (positive result). · • · 

branch if overflow is clear 102000 Plus offset 

1 1 1 o o 

()peration: 

Desctiption: 

1 OFFSET 
! 1 . ' o 

PC .. PC + (2 X of~t) if v-o 

Tests the state of the \'bit and causes a branch if the V bit is 
clear. BVC is comple~ntari operation to BVS. 

.. 

1-
-, 
' 

BMI 

branch if mlnus .... 
100400 Plus offset 

1 t 1 o o o 1 o. o o 1 1 OFFSET. -. 
• 1 o 

Opetation: PC .. PC + (2 x offset) if N -1 

CondiUon Codes: Unaf1ected 

Desctiption: 

. , 
' 

Tests the state of the N·bit and causes a branch if N is 
set. lt is used to test the sign (most significan\ bit) of 
th~ result of the previous operation), branching lf !':ég· }.S 
~ttve. - C::,. 

.. 

-
BVS 

branch if Overflow is set 102400 Plus offset 

j ' 1 °. 
15 

Operation: 

DescriptiOn: 

o. o o 
1 

o_ 
1 1 OFFSET . ' 

-pe .. PC + (2 x offsét) if Val 

o 

Tests the state of V bit (overflow) and causes a branch it the 
V bit is,set. evs is used to detect arithmetic overflow In the 
previous operation . 

. -
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BCC 

branch if ·carry is clear 103000 Plus offset· 

o 

Operation: 

Description: 

OFFSET ,· o ,o o 
• 7 o 

PC • PC- + (2 ' offset) if C- O 

Tests the state of the C·bit and causes a branch if C is clear. 
BCC is the complemeniary operation to BCS 

4-42" 
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BCS 

branch lf carry is set 
103400 Plus offset 

o 

Operation: 

Description: 

o o o OFFSET 

8. 7. o 

PC • PC. + (2 ' offset) if C- 1 

!ests the state ot the C-bit and causes a branch if e ¡5 set. u 
IS _us~ to test for a carry in the result of a previous oper- 9-:J 

. ahon. Q...) 

443 

N 
N 

1 
1 ¡ .. 



Signed Conditional Branches 
Particular cortlbinations o_f .the condition code bits are tested with the signed con·· 

· ditional branc;hes. These instructions are used to test the results ot instructions in. · 
which the operands. were considered as signed (two's complement) values .. 

Note that the sense ot signed comparisons differs hom that of unsigned com· 
. parisons irr that in signed 16·bit, two's complement arithmetic the sequence of 
va\ues is ·as follo~: 

léirgest 

positive 

negative 

smallest 

077777 
077776 

000001 
000000 
177777 
177776 

100001 
100000 

whereas in unsigned 16-bit arithmetic the sequence is considered te be 

highest 

lowest 

177777 

000002 
000001 
000000 

·~ 

/ 
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BGE 

branch if greater than or e:;ual 
(to zero) . 002000 Plus offset 

Jo 1 oooo e 
1 

o OFFSET 

<l:Peratlon: 

Descriptlon: . 

1 

8 T o 

. PC 4 Pe + (2 x offset) if N y. V • O 

Caus~ a brardl if N and V are either both clear or both set. 
:,GE ts t""e CO""':plementary operation t~ BLT. Thus BGE will 

ways Ci!Use a branch w_hen it follows an operation that 
caused CKdltiCY'" of two posltive numbers. éGE will also cause 
a branct; en a zero retult. 
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BtT 

~ranch if. less than (zero) · 002400 Plus offset 

o o o 

Oporation: 

Description:. 

BLE 

o 1 ' OFFSET 
1 

o 1 o 

• T o 

.. PC•PC + (2xoflset)ifNYV • 1 

·': Causes a branch it the "Exclusive Or"ot the N and V bits are 
l. Thus BL T will always branch following an operation that 
added two negative numbers, even if overlk>w occurred. 
In particular. BLT will always cause a branch if it follows a 
CMP instruction operating on a negative source and a pos¡. 
tive destination (even if overflow occurred). Further, BLT will 
never cause a branch when it follows a CMP instruction oper
ating on a positive source and negative destination. BL T will 
not cause a branch if the result of the prevktus operation was 
zero (without overtklw). 

branch if less than or equal (to zero)· 003400 Plus offset 

Op~atlon: 

o o OFFSET 

8 T o 

PC .. PC + (2 x offset) if Z v(N Y V)•l 

Operation is similar to BLT but in addition will cause a 
bran~h if the result of the prevlous operatio~ was zero. 

1" 

~BGT 

branch i.f greater than (zero) 003000 Plus offset 

o o o 

Opention: 

Descriplion: 

o o o OFFSET 
1 • T 

o 

PC .. PC + (2 x offset) if Z v(N y V) • O 

()peration of .BGT .is simHcr. to BGE, except BGT will not cause 
a branch on ~ zero resuiL 

Unsigneci.CondiUonal Brañches . 
The Unsigned ConditionBI Branches provide · · · 
comparison operations iO Which the oper d a mean~ for testlng the· result of 

. an s are cons•dered as unsigned values. 

~ i 

1 

¡/ 

)..:l 

V¡ 

i 
1 
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8HI 

bra~ch if _highl!r 101000 Plus offset-· 

l , 1 o·. o ... 
()per;ltion: 

DescripUon:_ 

BHIS 

o o o o OFFSET 

• 7 o 

.PC ... Pe + (2 x offset) if C•O and Z•O 

causes a branch if the previous operation caused neither a 
carry nora zero result. This will happen in comparison {CMP) 
operations as long as the source has a higher unsip-ned value 
than the destination. · 

branch if higher ór same 103000 Plus offset 

,, o o o o o OFFSET 
1. 

• 7 

Operation: Pe ... Pe ... (2 X offsel) if e - o 
Oescriptton: BHIS is the same instruction as BCC. This mnemonic; is in-.· 

cluded only for conveniente. . 

' ' 

BLos· 

branch if lowei-or same • ~-~-- 4 
101400 Plus offSet 

1 1 o o 

•• 
Operation: 

Description: 

.. r" 

o o o OFFSET 

• 7 o 

PC ... Pe + (2 X offset) if e V z - 1 

Causes a branch if the previous operation caused eíther a 
.carrY ora z_ero result. BLOS is the complementary operation 
to BHI. .The branch will occur .in comparison operations as 
long as the source is equal to, or has·a tower unsigned value 
than the destination. · 

BLO 
bran.ch · if ~ower 103400 Plus oifse~ 

-~ 0 O 0 0 OFFSET -, 

Operation: 

[)e,criptlon: 

PC .,. Pe + (2 x offsel) if C- J 

BLO is same ins¡ruction as 8CS. This mnemonic is included 
onty for convenien!=e. 

.. ",..... 

.::::=-::....:. 
1 

'i 

i 



_JMP 

jU!'TlP. 

.. 
Operation: 

C~ndition Codes: 

Description: 

-, 

000!00 

o o o o 1 d 
d d d d d 

1 o- o. 
1 1 

6 ·• o 

PC.(dst) 

not a ffected 

JMP pro_videS more fle)(ible program branching ~~~'ñ provided · 
with the branc.h instruct•ons. Control may be transferred to 
any Jocation in memory (no range limitation) and_ can be ac
complished with the fu\1 flexibility of the addr~ssmg m~es, 
with the exception of register mode O. Execut•on of .a 1~mp 
with mode O will cause ari "illegal. instructio~"cond•t•o_n. 
(Program control cannot be tran~ferred toa regrster .) Reg1s· 
ter deferred mode is legal and 'W!II cause progra~ contr_ol to 
be transferred to the address held in the speCif•ed reg1ster. 
Note that.ínstructions are word data and must therefore be 
tetched from an even-numbered address. A 'boundary er· 
ror"trap cond1tion will result when the processor attempts to 
fetch 'an instruchon from an odd address. 

()eferred index mode JMP instructions permit transfer of 
control to the address contained in a setectable element of a_ 
table of dispatch vectors. 

4·54 

Subroutine lnstructions 

The subroutine cal! in the POP-1_1 provides for automatic nesting of subroutines. 
reentrancy, and multiple entry points. Subrou{ines may call other subroutines (o" 
indeed themselves) to any level of nesting without making special provision for 
storage or return addresses at each level of subroutine call. The subroutine call
ing mechanism does not modify any fixed location in memory. thus providing fO" 
reentrancy. This allows one copy of a subroutine to be shared among severa! in
terrupting processes. For more detailed description of subroutine programmin¡ 
see Chapter 5. 

1. 
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JSR 

jump to .subroutine 004RD0 

j_o 1 o o .. 

Operation: 

Deseription: 

' 

o o 

. t(SP)4reg 

reg..rPC 

o 1' : ' i • • • • • • 1 
9 • • • o 

(pustl ~ contents onto proCessor st.:}ck) 

(PC h~los locatíon following JSR; this address 
now pul "' reg) 

~•(dst) (PC now ;;oints to subrou~ine destination) 

In execution of the JSR. ~e old contents of the specified reg· 
' ister (the "LINKAGE PJI'"fTER") are automatically pushed 

onto the processor stac- ano new linkage informatiOn placed 
in the register. Thus s....er:~:~·nes nested within subroutines 
to any depth may aH be :al:.eo Mth the same linkage register. 
There is no need e1the- -o Di~~. the maximum depth at which 
any particular subrout.--"! w;;i be called or to include instruc· 
tions in each routine tesa~ znd restare the linkage pointer. 
Further, since all linka~s are saved in a reentrant manner 
on the processor stac~ ·~e::vtion of a subroutine may be 1n· 
terrupted, the same su~ti,e reenterecl and executed by an 

· interrupt servic;e rouh'"'t!. Execution of the initial subroutine 
can then be resumed ...... er~ otner reQuests are satisfied. This 
process (called nestint.· ca~ proceed to any level. 

A subroutine called W'l~ a~ reg.dst instrUction can access 
the arguments followi-~ tne ca\1 with either autoincrement 
addréssing, (reg) +, (i1 arg'J"Tl'!nts are accessed sequentially) 
or by indexed addressi-:g. X(reg), (if accessed in random 'or· 
der). These address!--:g modes may also be deferred. 
@(reg) + and @X(r~) it tt"le parameters are operand ad· 
dresses rather than ~ OQerands t~mselves. 
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Example: 

Befare: 

Alter: 

~~i~a=~· ~: iss~~=:~~~~~:~ ,•~:t ~~~~s!,~~br~~~ine call . 
thr~ugh the general registers. The SP and the PC !e ~=~~~s 
regtsters that may be moditied by this eall. . . Y 

~~~~e)r spe~ial ,;~e ot the JSR instruction is JSR PC 
+ wht~h exchanges the top element of the processo; 

~tack a~d the contents of the program counter Use of this 
mstructton allo.ws two routines to swap · 
res program control and 

t
. ume operal!on when recalled where they left off Such rou 
tnes are called "co-routines." . . 

~~t~~~~~~ea ~~~;o~tine1 is do~ e by t~e RTS instruction. RTS 
1 en s o reg mto the PC and pops the to 

e ement o~ the proc~sor stack into the specified register. P 

(PC) R7 

(SP) R6 

R5 

R7 

R5 

R5 

JSR R5, SBR 

PC Stack 

1 n 
1 DATA O 

1 #1 1 

SBR 

~-n---2--~~~r--D~AT~A--0-4 
#1 
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. . 

RTS 
.. : 

-

.. 
return from subroutine 00020R . 

o· 
1 

o .·o ... 
. Operation: .. 

Description: 

Example: 

Befare: 

Alter. 

o 1 o o 

PC.reg 
r~ (SP)& 

o o : 1 o 1 o o 
' ' 

-

( 
o 1 ' ' ' 1 . 1 1 

) z o 

of reg into PC and pops the toP element Of Loacls contents 
the processor s 
Return from a 
through the sam 
subroutine called 
a subroutine ca 
meters with ad 
and finally exit 

tack into the specifted register. 
non-reentrant subroutine is typically made 
e register that ~as used in its cal!. Thus, a 
w1th a JSR PC. dst exits with a RTS PC and 

lled with a JSR RS. dst, may pick up para· 
dressing modes (R5) +. X(RS). or @X(RS) 
s with an RTS RS 

R TS RS 

(PC) R7 1 SBR 1' Sta e k 

(SP) R6 
1 

n 1---.._ DATA O 

#1 

RS 
1 

PC 
1 

R7 1 PC 
1 

R6 
1 

n+2 1 DATA o -. 

·R5 1 #l 1 

1' 

l 
1 . ,. 
' 
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· mark 

15 

f'j . 

' 

,,used:in-the;P.DP•ll'/34, ll/45:and 'll/55 
\ 

O O O n n n ! n 

8 7 6 5 

MARK 

" " 
o 

Operation: · SP.,. PC + 2 n n 
PC•RS 
RS.(SP)& 

n n = number .of para mete~ 

Condition Codes: unaffected 

Oe$Cription: · 

Exampe: 

Used as part of the standard PDP·ll subroutine return o:;¡n. 

vention. MARK facititah:s the stack clean up procedure .,. 
volved in subroutine exit. Assemblf!r format is: MARK h 

MOV RS.-(SP) ;place old RS on stack 
MOV Pi.-(SP) :place N parameters 
rv~ov P2.-(SP) ;on the stack to be 

;used there by the 
:subroutine 

MOV PN.-(SP) 
MOV # MARKN.-(SP) ;places the mstruction 

:MARK N on the stack 
MOV SP.RS ;set up address at Mark h lfl· 

struction 
JSR PC.SUB :jump to subroutine 

At this point the stack is as foÚows: 

- OLO R5 

PI 

PN 
. 

-~K·N 

01..0 f:'C 
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And the program 
of the subroutine. 
SUB: 

is at the address sUB .which is the beg1nning 

RTSRS 

;execution of the subroutine it· 

sell 

:the return begins: this causes· 

the contblts of R5 to be placed '" the Pe which then resutts 
in the execu\ion of the mstruct_ion MARK N. The contents Of 

old PC. are plac~ in R~ . 

MARK N causes: ( l)Jhe stack pointer to be adjusted lo point 
lo the old Rs value; (2) the value now in RS (the old PC) to be 
placed '" the PC; and (3) contents of the the old RS t_o be 
popped •nto RS thus completing the return from subrouhne. 

' 
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used In the PDP·ll/34, 11/45 and U/55 

SOB 

subtract one and branch (il * 0) 

o 

15 • • • • o 

Operation: · R. R -1 il this result ,. O then PC • "C -{2 • ollset) 

Condition Codes: unaffected 

Description: The register is decremented. lf it is not e::¡uai toO. twice the 
offset is subtracted from the PC (now pjnting to the follow
ing word). The offset is interpreted as a sixbft positive num
ber. This instruction provides .a fast, effi:ient me·thod of loop 
control. Assembler syntax is:. · 

SOB R.A 

Where A is lhe address to which transte·--1·to be made if the 
dec'remented R is not equaf toO. Note t>-.at the SOB instruc
tion can not be used to transfer control r. t~ torward direc· 
tion. 

::w 
·~$:.. 
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SPL 
'Usedin,the PDP·ll/45 and H/55 

~et Prioriíy Leve! 00023N 

o o 1'1 n n 1 ~·o o o o. o o o 
1 1. 1 1 

Operation: . 

Condition Codes: 

· Oe~cription 

Traps 

' 2 o 

PS (bits 7·5) -Priority (priority = n n n) 

not affected 

The least significant three bits of the instruction 
are loaded into the Program Status Word (PS) bitS. 
7-5 thus causing a changed priority. The old p"riority 
is lost. 
Ass_embler syntax is: SPL N 

Note: This instruction is a no op in User and 
Supervisor modes. 

Trap instructions provide for calls to emulators. l/0 monitors. debugging pack· 
ages, and user-defined interpreters. A trap is effectivety an interrupt generated by 
software. When a trap occurs the contents of the current Program Counter (PC) 
and Program Status Word {PS) are pushed onto the processor stack and re· 
placee! by the contents of a two·word trap vector r:ontaining a new PC and new 
PS. The return sequence from a trap involves executing an RTI or RTT instruc· 
tion which restares the old PC and old PS by popping them from the stack. Trap 
vectors are located at permanently assi&ned fixed addresses: 

4·62 

emulator trap 

e o o 

Ope<at;on: • (SP}4 PS 
•CSP}4PC 

PC.(30) 
.. PS-.(32) 

• 7 

Conditlon Codes: N: loaded from trap vector 
Z: loaded from trap vector 
V: loaded from trap vector 
C: loaded from trap vector 

EMT 

104000-104377 

o 

Oescription: All operation codes from·104000 to 104377 are EMT instrvc· 
tions and m ay be u sed to transmit information to the emulaf· 
ing routine (e.g., function to be performed). The trap vector 
for EMT is at address 30. The new PC IS taken from the word 
at address 30; the new central processor status (PS) is taken 
from the word at address 32. 

Befare: 

Alter: 

Caution: EMT is used frequently by DEC systemsoftware and 
is therefore not recommended for gen~ral use. 

PS PS 1 Stack 

R7, PC PC 1 DATA 1 

R6, SP n 

PS (32) 

• 
PC 

1 1 

.. 
(30) ' DATA 1 

PS 1 

SP 1 n 4 1 PC 1 
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TRAP 

trap· 

1 1 o 
15 

Operatlor1: 

o o 
1 

o 

f (SP}4PS 
9 (SP}4PC 

f'C4(34) 
PS4(36) 

o 
e 7 

c·ondltion Codes: N: Joaded 1rom trap vector 
Z: loaded from trap vector 
V: loade~: from trap vector 
C: loadeci: fron!- t.rélp vector 

104400-104777 

·• 

Deseriptton: Operatior. cod~ from 104400 to 104777 are TRAP instruc· · 
tiC!n!i. TRAPs and EMTs Dre identical in operation, ·except 
that thc trap vector íor TRAP is at address 34. 

IOT 

Note: S~ roce- DEC ~oftware makes frequent use of EMT. the 
TR/l_P in:;.~ruction. ir. recommended for general use. 

input/ output trap 000004. 

o o o ,. o 1 o o 
15 

Openttion: f (SP}4PS 
f(SP}4PC 

f'C4(20) 
f'S4(22) 

o o o 

Condition Codes: N:loaded from trap vector 
Z:loaded from trap vector 
V:loaded from tiop vector 
C:loaded from trap vector 

o o o o o . o 
o 

Oescription: Performs a trap sequence w1th a trap vector address of 20. 
Used to call the 1/0 Executive routine IOX in the paper tape 
software system, and for error reporting in the Disk Oper· · 
ating System. 
(no information is transmitted in the low byte) 

.. ,. 

b·reakpoint trap 

o o o o o o 

t(SP}4PS 
f(SP}4PC 

PC 4 (14) 
PS 4 (16) 

o 1 o o o 

Condition Codes: .}11: loaded from trap vector 
Z: loaded from trap vector 
V: lóaded from trap vector 
C: loaded from trap vector 

BPT 

000003 

··,:.::·. 
o o o o 

o 

Description: Performs a trap sequence w•th a trap vector address of 14. 
Used to catl debugging aids. The user is cautioned against 
employing code 000003 in programs run under these de
bugg•ng aids. 

·(no information is transmitted in the low byte.) 

.... 
¡ 

return from interrupt 

o o o o o o 
,. 

15 

Operation: · J>C.(SP1l 
PS•(SP)• 

o o o o 1 o 

Condition Codes: · N: loaded from processor stack 
Z: loaded from processor stack 

. V: loaded from processor stack 
C:_ Joaded from processor stack 

o o o 
1 

RTi 

000002 

o 

Oescriptton: -.,; Used to exit from an interruptor TRAP service:rOutine. The 
PC and PS are restored (popped) lrom the próce"ssor stack. 

-~-~ 

Úl. 
0J 
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_¡ '· ·-~--

.... _. •. 

·~RTT '·Ujéd'inithe PI;>P'll/34,.11/45 añd;'IT/55. 

return from_ interrupt 000006 

Operation: 

Condrtion Codes: 

Oescription: • 

'" 

f'C..o.(SPI< 
PS•(SP) • 

o o o o o 

N: loaded from processor stack 
Z: loaded from processor st~ck 
V: loaded from processor stack 
C: loaded from processor stack 

e 

o 

· This is the same as the RTI instruction except that it inhibtts 
. a trace trap. while RTI permits a trace trap. lf _a trace trap is 
pending, the first instruction after the RTI w1ll be execu~ed 
prior to the next "T"'trap. In the case of _the RTI instruchon 
the "T" trap wi\1 occur imme.diately atter the RTI. 
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Reserved lr.strtittion Traps · Thl!se are caused by•attempts to execute instructton 
codes reservad fbr future preces sor" expansion (reserved instructions) or ,·nstruc

. tions with illegal.addressing mOC1es (illegal instructiOns). Order cedes .,ot torre 
· ~ !.pondlng to 2ny of .-the -instructions described are considered to,be.reserved 1n· 

; ~ ts tructio ns.. FJM P.~ a ·oo ~JSR ~:.wi thf r:e¡;ster ·mode-destiná tions ~are -illega 1· i nst ruch on s. 
.. ~--• -~Re5etVed ·and 'íllegal:instruttion .. traps·occur;as;descritted"under;·EMT.:but trap 

through vectors at addresses 10 and 4 respectively. 

Stack Overfl- Trop 
Bus Erro~ Traps: Bus Error· Traps are: 

1: -·Boundary Errors · attempts to referente instructiOns or word 
operands at odd addresses. 

2. Time-Out Errors · atfempts to. reference addresses on the bus 
that made no response within a certain length of time. In general, 
these are c"aused by attempts to reference non·existent memory, 
Elrtd. attempts to ~eferente non·existent peripheral devices. 

Bus error traps cause processor traps through the trap vector address 4. 

Trace lrap - Trace Trap enables bi\ 4 of the PS and causes processor traps at 
the end of instruction executions. The instruction that is executed after the in
struction that set the T-bit will proceed to completion and then cause a processor 
tra·p through the trap vector at address 14. Note thal the trace trap is a system 
debugging aid and is transparent to the general programmer. 

The following are special cas~s 11nd_are detailed in subsequent paragraphs. 

1.- The traced instruction cleared the T-bit. 

2. The traced instruction set the T-bit. 

3._The traced ins~ruction ccuseé an instruct!on trap. 

~- Ti1a trnéed instruction c;~used a bus error trap. 

5. The-traced instruction causect a, stack overflow-trap. 

6. The proces~ was interruplcci between the time the T ·bit was set and u-.e 
fetching of the instruction thil\ was to be traced. 

7. ·Tha 'traced instruction w¡::s ;, WAIT. 

8. Th(; traced instructior. VlúS a HAL T. 

9. The traeed inst.-uctión was: a Return from Trap 

' 

N~te:·The ttaced instruction.(s the instruction af~r the~one,;haCsets the~it. · ' 

' _- :. a tAn :instructioO:th..-t.eleared-the T-bh. · Upon -fetching,lhe tracechinstruction an irl-
ternal f!ag. -~he trace: f;ag. was se t. The trap will still occur at the end of execution 
o: this in~nruction. The stacked status word, however.- will have a clear T·bit. 

An.lnstruction that ·se~ the T -bit • ·S1nce the T -bit was already stt. s~tting it again 
has no e~tect. The tri:~_p w•ll ~ccur. · 
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An instruction that caused an lnsiruction Trrap. The instruction trap is 
sprung and the entire roUtine for the serw¡ce trap is executed. lf ttíe 
service routine exits with an RTI or in any oUfler way restares the stacked. 
status word, the T·bit is set again, the insttruction foiiOwing the "traced . 
instruction is executed and, unless it is onee of the special case·s .noted _ 
above, a trace trap occurs~ 

An instru .. ction that caused a Bus· Error TraJ.o. This is. treated as an In· 
struction Trap. The only difference is that the error service is not as 
likely to exit with an RTI. so that the trace tltap may not occur. 

An instructjon that .caused a stack overflo-w •. The instruct1on completes 
execution as usual-the Stack Overflow d<.oes not cause a trap. The 
Trace Trap VeCtOr is loaded into the PC and, PS, and the old PC and PS 
are pushed anta the stack. Stack ·Overflow LOccurs again, and this time 
th~ trap is made. · 

An interr~pt between setting of the T-bit an\d ·tetch of the t~aced intruc
tion. The entire interrupt service routine is ·executed and then the T·bit 
is set again by the exiting RTI. The traceo-1 instruction is executed (if 
there have been no other interruptS) and, unless it is a speciat case 
noted above, causes a trace trap. · 

Note that interrupts may be acknowledged irmmediately after the Joading 
of the new PC and PS at the trap vector lo~ation. To lock out all ínter· 

. rupts, the PS at the ·trap vector should rai::se the processor .priority to 
level 7. 

o 

A WAIT. The trap occurs immediately. 

A HALT. The processor halts. When the con1tinue key on the console is 
pressed, the instruction following th_e ... HAL 1 is fetched and executed. 
Unless it is one of the exceptions noted al:-.ove, the trap occurs irilme· 
diately following execu~ion. 

A Return from Trap. The. return from trap ins.;truction either clears or sets· .. 
the T·bit. lt inhibits the trace trap. lf the T ·bit was set and RTI is the 
traced ~instruction· the trap is delayed until, completion of the next in· 
structich. - . · . 

Power faiiUre Trap. is a standard PDP·ll fe<1lture. Trap occurs whenever 
the AC: power drops below 95 volts or outsiCte 47 to 63 Hertz. Two mil ti· 
second,s are then allowed for power down ·processing. T.rap vector for 
power failure is at lbcations 24 and 26. 
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.. Trap ·priorities.: in case multlple procesSor trap conditions occu; simul· 
'taneously the fOIIowing on!er of priorities io observed (from high .lo low): 

11/04 
l. Odd Address 
2. TiiTieout 
3. Trap lnstructions 
4. Trace Trap 
5. Power Failure 

11/34 
l. Odd Address . 
2. Memory Management Violation 
3. Timeout · · 
4. Parity Error 
5. Trap lnstructicin 
6. Trace Trap . 
7. Stack Overflow 
8. Power Fail 
9. ·lnterrupt · 

10. HALT From Console 

. 11/45, 11/55 
l. Odd Address 
2. Fatal Stack Violation 
3. Segment Violation 
4. nmeout 
5. Parity Error 
6. Console Flag 
7. Segment Management Trap 
8. Warning Stack- Violation 
9 .• -Power Failure · 

The. details on the tr8ce trap proé:ess have been described in the trace 
trap operational description which includes cases in which an instruc· 
tion being traced causes a bus error, instruction trap, or a stack over· 
flow trap .. 

lf a bus error is caused by the trap proceSs handling instruction traps, 
trace traps, stack overflow traps, or a previous bus error the processor 
~~b~ ' 
lf a stack Overflow is caused by the trap process in .handling bus errors 
instruction traps, or trace traps. the process ls completed and lhen th~ 
stack overflow trap is sprung. · 

·.';'•." ... 
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4.7 MISCELLANEOUS 

HALT 

hait ' 000000 

1 o ; o 1 o o 1'0 o o o :- o e o o o o o 1 .. 1 
o 

CondHion Codes: no! affected 

Description: 

,_ 

Causes the · processor operation to cea se. The console is· 
given control of the bus. lh<! coosole data lights display the 
contents of RO; the, console addres~ lights display the ad· 
dress after the hall instructi'XI. Transfers on the UNIBUS are 
terminated immediately. Th! PC points to the ne~t instruc· 
tion to be executed. Pressing the continue key on the console 
causes processor operation to resume. No INJT signaJ·.is 
given. 

Note: A halt issued in a trap. 
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WAIT 

wait for interrupt 000001 

.. 
Condition Codes: 

Oescrlption: 

o 1 o o o o o o o 1 o o 1 1 
o 

not affected 

Provides a way for the processor to relinQuish use of 
the bus while it waits for an externa! interrupt. 
Having been given· a WAIT command, the processor 
will not compete for bus use by fetching instructions 
or operands frorj, · memory. This permits higher trans
fer rates between a device and memory, since no 
processor·induced latenCies will be encoun~ered ~Y 
bus requests from the device. In WAIT, as 1n all m
structions the PC points to the next instruction fol
lowing th~ WAIT operation. Thus when an interrupt 
causes the PC and PS to be pushed anta the pro· 
cessor stack, the address of the next instruction 
following the WAIT is saved. The exit from the in· 
terrupt routine (i.e. execution of an RTI instruction) 
will cause resumption of the interrupted process at 
the instruction following the WAIT. 
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RESET 

reset externa! bus 

1 o 1 o ,. o 1 o o o 1 o 1 o : o ! o 1 o 1 o o .. 
Condltlon Codes: not affected 

000005 

o ' 1 
o 

Oescription: Sends INIT on the UNIBUS. Al\ devices on the U NI· 
BUS 8re reset to their state at power up. 
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Condftlon Code Operoton 
ClN 
CLZ 
CLV 
CLC 
ccc 

., 
• 

condition cod~ operators 

•• 

SEN 
SEZ 
SEV 
SEC 
se e 

0002)0( 

o 1 t jo't j " j z ¡ v j e 
' • 3 z o 

DescripUon: Set and clear condition code bits. Selectable corrbinations of 
these bits may be cleared or set together. Condihon code bits 
corresponding to bits in the condition code operator (Bits Q. 
3) are modified according to the sense of bit 4, ne settclea• 
bit of the operator. i.e. set the bit s~cified by bit o. 1. 2 or 3. 
if bit 4 is a l. Clear corresponding bits if bit 4. o. 

Mnemonic 
Operation 

CLC Clear C 

CLV Clear V 

CLZ Clear Z 

CLN Clear N 

SEC SetC 

SEV SetV 

SEZ SetZ 

SEN.· Set N 

se~ Set all CC's 

ccc Clear all CC"s 

ClearV and C 

NOP No Opercltion 

OP Code 

000241 

000242 

000244. 

(' 000250 

000261 

000262 

000264 

000270 ~ 
<r 

000277 

000257 

000243 
000240 

Combinations of the above set or clear operations m ay be' ORed together: to form 
combined instructions . 

. . 
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• 
• 

f) Se comPila el Prosrama. 

FOR ----------=-----------

sl Se lisa el Prosrama. 

Se reauiere 
esPeciales. Con el 
comando indirecto. 

de alsunas bibliotecas w esPecificaciones 
obJeto de facilitar la lisa utilizamos un 

hl Se invoca al maneJador de la base. 

TOTAL 

TOT> --------------- ;se da el nombre de la base. 

TOT)/ ;termin~ la llamada w el maneJador esta listo. 

i) Se corre el Prosrama de aPli~acióno 

RUN -----~------ ;nombre del Prosrama. 

J) Para desactivar el maneJador. 

ENDTOT 

ENTER-DATA-BASE-NAMEl 
Password de la base. 

-------------/PW ;nombre 

---¡ 
--

:. V. 

1 

reo 

~tlán 

.•·· 

11 
1 

1' 
! 
¡1 
¡, 

i 
" 

'i 
,1 
1 
11 

1 
1' 
!l 

¡: 
'1 
11 
11 

11 

1 

1: 

1¡ 

l¡ 

1 ;¡ 

¡: 

1 

" 
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L ~· J 

vr.- Qperación> 
! ·= '·f··. ,'i¡:,:a) Con el editor de texto se constru~e el esauema de 

acuerdo 
d a·t·o's' ¡"\· 

a las instrucciones del lensuaJe de maniPulación de 
El · archivo· se recomienda aue tensa como eNtensión 

',dbs'. 

EDIT -------,DBG <RET>, 

b) Con el Prosr~ma DBG se comPila el esauema. Este 
Prosrama verifica el esauema ~ deJa como salida dos archivos 
uno en lerosuaJe ensamblador cu~a extensión es ,MAC ~ otro 
resultado de la comPilación llamado LSTFILoDBG' el cual 
contiene uro listado del .. es.auel!!_a_ fuente ~ los Posibles 

' errores. 

. ~- -· 
DBG 

1 1 

--------=----~---¡ • ' 1 , 
f 1 ¡ 

1 
' . ·'. 

..... 
_r ,' 

1 ¡ .- .... ~- ......... "- -.-~ ,_ 

' < • 

e) ~e eniambla el modulo MAC 
lensuaJe. de maauiroa con extensión 

~ deJa un archivo 'Ci5j(;!to ··en 
OBJ, ·i. -· '' 

MAC -------=---------

1 . 

' 1 
d)-Con el Pros~ama FMT se c~ean los archivos de la base. 
' i ¡ ! 1 y i 

: ...... - j !. . f 
FMT! ( RET> .:,~·:,¡- l ; 

,¡... ! 'f:-1:;~:;¡ •.' ' 1 
j . ., . 

FMT> Í•BMOD:=;-= . ...:+!----";nombre del archivo 
t 1.. • " esauema. t ~ J , 

¡ i ~ ¡ J•• "- t 
( • _ j . r 

F;MT> FILES=AL[;-- ;cr·ea todos los archivos del esauema. 

~ ' . ~ 

i ¡ 
~ue contiene el 

FMT> LOGFILEs·· ·¡ c,rea· .los archivos 
1 1 

de lossiro; 

FMT> CTRL/z-;termiroJ ~MT, 
- ~' 

1'.· \.i 

• • •• •1 

e> Se escriben los Prosramas aue operan sobre las 
estructuras definid~s. Para hacerlos en FORTRAN se . ~. 
introducen los Prosramas con editor con e)<tensión FTN. Estos 1<..t' 
Prosramas deben contener llamadas a DATBAS, 

EDIT ~-~~-~----,FTN 

-

1'' 

il' 

d.• 

-
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FIGURE 2-14: DELETE A VARIABLE 

• 

, . .. ' 

Blank 
·Deleted Record 

Original 
4th Reocrd 

A delete function is used to delete the third variable record in 
.the chain.. The third record must be retrieved by the execution 
·of the Read function before a detetion can occur. After deletion 
the original fourth recoid becomes the thiTd. The deleted record 
will be blanked and is available for immediate reuse. 
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A master record is chained to a group of variable records with re
spect to control key· K . 

. ~ 'i 
First 

Master '. Variable 
K Record Record 

Last 

! •. 

·1 

'( : 

.. FIGURE 2-12: A SINGULAR RECORD CHAIN 

An Add-Continue function will· add.a variable record to the bottom 
of the chain. 

K 

. " 
· .. 

Add-Continue ~~~~~ 

FIGURE 2-13 ADD CONTINUE. 
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Original Last 
Recora in Chain 

Added Record 
(Becomes Last in Chain) 

.. · 

' •• •t 

l. 
1 
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APLICACIONES 

Introduccion a la PDP~llr 
de I. UNAM. Jorse I Euan 

I,- Arauitectura de las Bases de Datos. 
'. 

Los sistema de bases de datos• evolucio~aron en ·Una 
Primera etaPa de simPles maneJadores de archivos a 
maneJadores aue Permitieran lisar ~rchivos w· Poder tener 
acceso a la información desde otras aPlicaciones. En esta 
Primera etaPa el diseno de una 'base de datos fue considerado 
como la especificacioh de los resistr6s w su orsani~acion en 
los disPositivos de almacenamiento secundario. Con el obJeto 
de meJorar la indePendencia de los datos w estructurar el 
Proceso de diseno de una base da datos en 1971 CODASYL/DBTG 
ProPuso una arauitectura de dos niveles <Esauema-Subesauema)r 
la cual fue sesuida en 1975 Por una arauitectura de tres 
niveles <Externo-ConcePtual-Interno) ProPuesto Por 
ANSI/X3/SPARC. 

!,1- CODASYL/DBTG,- La ProPuesta de este SrUPO fue un 
Primer intento Por estandarizar el diseno de las bases de 
datos w de asrupar los aspectos relacionados con el usuario 
en varios 'subesauemas'r mientras aue la vista total w los 
asPectos relacionados con el almacenamiento fueron 
especificados en el 'esauema', La seParacion sin embarso no 
fue comPletar como puede ser evidente en alaunas 
instrucciones del lensuaJe de maniPulacion de datos w del 
lensuaJe de definición de datos. Esta estructura aunaue es 
la base de sistemas comerciales Presenta ciertos Problemas: 

a) El diseno de la base no es transParente al usuario wa 
aue tiene aue estar enterado de los mecanismos de acceso. 

1 

bl Cambios en las estraiesias de almacenamiento afectan 
al '.Jsuario. 

el Los sistemas estan restrinsidos al modelo de red. 

dl Su operación resulta mu~ eficiente a exPensas de ser 
flexible en el diseno ló~ico de la base. 

I.2- ANSI/X3/SPARC,- Este sruPor formuló una 
arauitectura aue permitiera una indePendencia comPleta de los 
datos. Esto seria losrado usando tres esauemas : un esauema 
externo aue Presentarla al usuario una vista Parcial de los 
datos similar al subesauema de codaswl• un esauema concePtual 
aue es slobal el cual ProPorciona una vista imParcial de todo 
el sistema w aue es indePendiente de las vistas de los 
us~ariosr asi como del alamcenamiento fisicoi w un esauema 
interno el cual es un Plan detallado de la estructura de 
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TRSDOS kept in nwmory is unusually sma!l, thus in
creasing t~e amount of disk 110. Th compcns:~te, TRS
DOS U>I!S a hashing algorithm tu spcerl up st>arches of 
it.s file dií-cctm'y. In cffect, the hashing algurithm breaks 
thc file directory up into neighborhoocls and tells the 
opero~ting system in which neighborhood irúurmation on 
ll nte is to be found. This speeds up the disk 110 some
whut, by cutting the time neederl to find the parts of 
a file on the disk. But because so much of TRSDOS is 
on the disk, the disk containing the operating system 
must b~ kcpt in thc fir,;t rlrivc all the time: This is 
notice'ably less convcnicnt than M S-DOS systems with 
large memories that allnw the disk to be removed. 

Pcrhaps the biggL•st rlisaclvantage nfT}{SDOS is that 
il is confined toa single makc of machinc (plus a couple 
uf clones). Given thc smallcr nurnh<'r uf machines out 
there, there is lcss software availablc for TRSDOS ma
chines than ther~• is fur gt>ncric CPIM- or MS-DOS-baserl 
computen;. · · 

This is not to say that TRS·llO users suffer a software 
drought; the TRS-80 software market has always been 

D he Macintosh and Lisa operating systcms havc 
little in common with any other microcomputer 
operating systems. They are large, yuitc complex, 

ancl work thc computer's microprocessor hard. But the 
reason for all that complexity is to make life easy for· 
the u ser. Therc are no long lists uf commanrls lo memo
rize or elahorate syn\acticalrequirements to follow. ln
~ll·ad, the uscr m:wipul:~tes the opcraling syslem by 
u~ing- a mou~e tu point at irons. 

Apple's aclvance<lnperJting ~ystems are built un \\'nr·k 
done in the l!J70s at Xcr<JX Corp.'s Palo Alto RioS<•an·h 
Cenler (PA RC). During thalJll'rincl, thc tcams at Xemx 
PA HC w"re dL·velnping nnd refining a rat!it·ally tliffl!rent 
appmach to computcr-s. In cssence, thcy were. trying tu 
aclapt a· compu ter lt> t he ll>'l'l' instcatl uf forcing thc u ser 
to :ulapt tn the machinl'. 

Apple applit!ll thP PA RC app11>:1l'h in "'"i¡.,o1ing- its 
ncw «.'ompult>rs that u:-;t~ a JH'\\' gt•nPration t)f rnil·rupru· 
tl!S>"~~'· tlw Motomla l>~lMMI. Tht• lirsl l'l'HU!t "'""ti"' Li>'a, 
a$ lO, lXIII husir""" •·ompnl"r Applt• introdue"d eal'ly in 
HIH:I. Lisa cln•w ra\'l' revi .. ws from th~ \t•chnical Jll'o· 
plt!,mix.,]r'l'Vi<•.ws f"11n tire finandal :uul husint!ss pr~·ss, 

a livcly one. A lot uf gond progTallls an• avaibble for 
the TRS-80, mHI mosl uf \he pupular CPi~l applications 
software is eventually hrought over tn TRSDOS. 

Rut we may be ~ceing lht• bcginning- of lhP end of 
TRSDOS. La;t year, HacHo Shack replacecl the Model 
111 with thc CI'/M-cumpatiblc Modcl4. {However, little 
CP/M software is available on the Model 4 formatted 
disks.) Although a new proprietary operating systein,
TRSDOS 6.0, comes with the Model 4, it is one that 
Radio Shack <lid nol develop. TRSDOS fl.O is in fact only 
a new implcnwntation of Logit·al Systems' LOO& Many . 
imlustry watchers see this nlovc as a slrategically 
plannetl phasing- out of T}{SDOS. 

For now, the future of THSDOS is somewhat clourly.' 
lt is unlikely that TRSDOS is going to go away any time· 
~oon; a large number t>f TRS-80 Morlel Js and llls re
main in use, and good applicatioris software for TRS-. 
DOS is abundan t. Supporter" argue that ·THSDOS is . 
superior tu CPIM; however, the availability of C'P/M on · 
thc Mocle14 removes a majar incentive for companies 
to lr-.tnslate their CPIM prograins into TRSDOS. 

1/ 
and a lukcwarm response frnm c•msumers. Althoug~ · 
most agrcerllhe Lisa was neat, it was al so very expeÍl 
si ve for a single-u ser computer. What's more, Lisa· was . · 
slow. · · . 

Apple wcnt back to the clr-awing board and applied 
the lessons lcarncrl lo the M acintosh. When the Mac 
carne out early this year the technical people raved, 'the':- .. 
business and financia! press was enthusiastic, and con- . 
sumers began ordering Macs like Satw-day night at the ·. 
Golden Arches. · 

The most striking feature uf the operating systems · . 
on the new Apple computers is their user interface
the way you make them do things. The interface is non
pmcedur-.tl and ubject-oriented -in other words, the user 
concenlmtes un the job, not how todo it, and gives com
mands by manipulating objects on the screen. 1b open 
a file, for instance, you "pull nown" a mcnu and select · 
options and icons, su eh as a file folder, using a muuse
rlir:!cterl pointer· anrl a single button on top of thc· mouse. 

This $\rategy makcs the Mac anrl Li~a v'ery easy to . 
lcam. With a mininmm of instruciion, nearly anyone can 
~tart dnin¡: uscful work on these machines in a matter 
uf minutes. Sorne Mac owners cvcn brag that they have 
ncvt•r unwrap¡wrl their instruction manuals. That may 
be a poor way to gel the best out of your computer, but 
it is a puwt>rful testimony to the systcm's case of use. 

Applications prn¡.,rram,; for thc machin'"' are eXpt!cle'' 
to u:-;c thc opt'rating- syHtem':-; u:-;l·J·-interfacc J'Outitw~ , 
communieatc with th" u~t!r: lf thc software companics 
writin¡: the application~ gn along, it will make applit-a
tions a lnl ea>'it·r for ust!rs to lt•arn. So far, most of thc 
eomp:init!s that havt• ·aHnouncccl softwar<! for tlw Mac · 

., 
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the p-Systcm providcs utilities called native code 
generators which can be used to insert small portions 
of machine language into a p-System progr.1m. 

1 
, ,,More .intercsting is the reason the p-System cannot 

· o!Ícr total software portability. Thls problem stems from 
··· 'düferences among computers it can't paper over. 

l"or example, mostcomputers produce a display of at 
least 24 lines of 80 characters per line. However, the 
Apple I1 has fewer lines and only 40 charactcrs per line. 

· As a result, there tend lo be two kinds of p-System pro· 
· . gran:s: the ones for the Apple Il and thc one8 for other 

.. , , . computers. 
· · The plethora of disk fommts u sed on microcomputers 
.also hinders portability. There are about four dozen of 

·' tliem and they are all incompatible. Softcch has tried 
-. O• . ·., . 

D RSDO~ (for Thndy Radio Shack Disk Opemting 
System) is decidedly plain vanilla. lt is a simple, 
uncomplicated disk operating system designed 

for home and small business users. lt may not be elegant 
but it is functional. 

TRSDOS was spaWiled by the TRS'SO-ModeJ.I; the 
fírst of the all-in-one computers to make a major:impact. 

· The Model 1 was released in.1977. as. a cassette'system 
with its operating system in read-only memory (ROM). 

· Radio Shack soon off e red an optional floppy-disk drive 
for the Model 1, and in 1979, the company.rclea~ed, i~s 
flrSt full-featured disk operating ~ystem; TRSOOS 2.0 ... 

Radio Shack decided to•write its.own oper.1ting sys-. 
tem partly out of necessity and partly as a mal ter of. 
policy. Although the Model 1 was based on the Z80 mi· 
cmpi'ocessor, it could not use CP/M .. CP/M ,Jcmands that 
the first 256 bytes of memo!)' be random-at·ces.< memo!)' 
and available to CP/M, while the Model 1 used the first 
12K bytes of memory for ROM (containing the cassette 
operating system and BASIC). Resides, Radio Shack's 
policy was to proquce as much as possiblc in-house. 

Rut TRSDOS 2.0 was rather limited ·and definitely 
slow; to make matters worsc, carly versions hada num· 
bcr of bugs. Radio Shack clelaycd hrin¡,>ing out improved 

1 · versions, su other devclopcrs leapccl into the breach, 
causing·a prolifcration of operating syHtem variations 
like nothin¡.: the microcomputcr irlustry ha., seen, before 
or sincc. The mo~t notable offerings wcre NEWDOS. . . .·· . . 

. ;,· 
1<~•1 Aul("'l"~ l!l:•H l'u;,;~i .• r·~•·m¡;uli~JC .... . ' 

, . 

to dcal with this situation by defining a•disk formal 
called thc Universal Medium for p-System pr~g-rams. 
There are translation programs lo convert the Univer
sal Medium into the native disk fonnat for computers 
that can't handle the Universal Medium directly .. 

Applications software may not be totally portable 
under the p-System, but it probably comes closer to the 
ideal than any other microcomputer operating system, 
with the possible exception of Pick. 

Certainly, the idea of total program portability is al· 
tractive, particularly lo a user who has just had lo lay 
out a bundle to replace his or her entire software library . 
As users become accustomed to having more than one 
operating system for their machines, the p-System may 
beco!lle increasingly popular. 

DOSPLUS, and LDOS. Sorne of the new operaling sys
tems were merely patched-up versions of TRSDOS. 
Others were complete rewrites. 

One thing they all had in common was fhe ability lo 
read and write to TRSDOS disks. Most of them coilld 
also run programs written for the others although they 
were not all mutually compatible. As it tuined out, this 
proliferation of "I:RSDOS variations ,had a couple of 
beneficia! effects. Qne was ~hat developers competed to 
build the most feature~ and utilitjes into their operating 
systcms. DOSI'LUS, for examplé, hus 30 commands, 15 
utility programs, two BASIC interpreters, a program 
editor, ami a macliine·language sor't routine you can cal! 
from BASIC.. General.ly speaking; the TBS-80 operating 
systems tend lo be richer in commands and utilities than 
CPIM or other, similar operating systems. :F'urthermore, 
the commands are generally easier to Jearn. 

The excellent docume~tatio~ on most 6f these oper· 
ating systcms is another benefit. Radio Shack learned 
long ago that a good instmction manual is important. · 
(Sorne say that the documcntation for TRSDOS is bet· 
ter than the systcm.) · 

One of TRSDOS's idiusyncrasics is that only a small . 
part rcsirlcs in RAM nll the time. Like most operating 
systcms, TRSDOS is ovt•rlairl-pm·t is in RAM and the ' 

, rest swappcd in anrl out as neederl. Rut hecau:;e the 
TRS.HO doesn't have a lot of RAM (a fully expanderl 
Modcl 1 ur 111 h.:1s only 4HK bytes) the amuunt of 

. ' 

' 
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As it ,:tancls now, Pick is full ofrigidities For instancc, 
the only availablc pl'llb'l".J.mming language is Pie k BASIC. 
It muy be lig~t-yc\'¡:;,~p~a1 Rf,!J.l~croc~m¡;m~er.B~S~(;s 
but if programmer.; want ?aScaJ or. Gto develup apphca
tions software, thcy're out of luck. Another example is 
thc !ack of floating-point arithmetic. Pick Systems suys 
ll Will remedy most of these prob!ems with a new ver
sien caBed Pick Open Architecture, which thc company 
hopes to have in a year or so. 

Of all the operating systems we ha ve looked at, Pick's 
future is probably the hardest lo predict. lt has enor-

lllllll 

Ún~~-~ci~evcr,' IIÍ'c not part of the p-machinc emulator. 
Th~y a're in :ir\olher sectlon of m achine eorle called the 
BIOS. for ba.~ic input-output system. (A new BIOS must 
be written fur evcry k,ind of computer running the p-
System.) . . · . . '· · 

P-sys,tem programs are u,sually distributed in p-code, 
which communicate or~ly \'(ith lhe p-machine emulator 
as if, it were a real compúter.'The ·BIOS and the func
tioning ofthc p-machiiie "erhuiator' are norm~lly invisi
ble to,¡¡pplicatiorisprq!P:'.¡iliS.:~·", ·· , . · ::i ·. ·,, .. :, ' .. 
. From.,a. uscr's st.l!ndp!)i!"lt, ~ tlie ·p:Syste¡h "is menu 
oriented .. U sers give the. systerri com111ai)ds by selecting 
from ménus. The mcnus are ti-ee-stí-üctiu-ért;· Witli rimlti
ple levds_of sÍ1hmcnus to let'tlie Úscr' ~¡íi:cify deúlils of i 
commanrls. Becau~e everyt!\ing,' is clorie \\·it!hilenus, ; 
commai11ls are e-<~)led \vith.sirigl~'key;<lnlK""--')n'addition,; 
lhe menus serve as reminder.;"of what commands1 are. 
available. A usur caÍ! (¡uickly'Ieam to niari,:Úvcr tl\rough 
lhe mcnu' trce lo rln the neccssary johR ' '• '' ' . 

jn'the ¡i-Sy~te!ll, files ánd l/0 rlevices"arci hanrllcd as! 
"volumc11." A voluriw' is'aíiythin'g that·can output, input,· 
or _Htorc infor·mation. A printcr is a vol u me and so is a 
floppy disk Huwcvur a clisk rlrive is not. Rathcr than 
having the "A-ch·ivc:· "B-drivc" convcntion of most 
opcrating sy•tcms, thc p-Syst~m makc• ellch disk a 
scpa.m\l• volunw. The U>cr ca_lls for thc vol u me hy na me 
ancl thc• systcm chwks !he ddves to lincl it, climinnting
tlw nccd tu alway" rt•cl.,>ignate a primary disk clrive lo 
u:-;t· unulht•J' disk. · , · 
· Nol,s~l'lJrj~ingl.v.llw p·Sy~·l,~m inchul<!~ a Pascal t·om· 
pilc•l" :unung il> ul.i!il.ic·ll. lt alsu "inl'iuclc·> hui.h a linP
urio·ntcdancl a '''"'''11-llri<•nte•l edit.ur ancl facilities fur 

--··----- -----·------·------· 

mous advant<lg-es in businPss and data mallagem~nt .. But 
it. is relati,·cly unknown and it is coming-to th~ market 
at a time when AT&T is spending miliions of dollars to. · 
promete Unix. · ' 

But Pick has an intangible advantage. The peoplewho 
use it generally like it. They like it so much they tend 
to bccome fanatics. lt is an article of faith Y.ith Pick. 
uscrs that lo expcrience Pick is to learn to !ove it. This 
kind of gr.J.Ssroots enthusiasm-the same kind of enthu
siasm that Unix inspired in users during its early days
may make Pick a tremendous success. 

cre¡¡ting and compilin¡r 
large programs. The p
System helps program- · 
mers write software in · 
stand-a!one modules (called · 
"unils") which can 'be · · 
stored in system librarles 
and linkeu together at run 
time. 

One of the nice features 
about p-System uii.its is 
that the section declaring 

. · · the servic~.s provided .by 
the .. unit is separ«te from 
the rest of the u'nlt. This 

lets the programmer make changes to the "implémen
tation" section of the unit without creallng unwanted 
side effccts in the programs thal use the unit .. 

On' balance, the p-System has a lot of advantages. · 
Jt is concurrent-meaning a u ser can do severa! things · 
at once. In addition, Softech Microsystems, which mar
kets the p-System, offers facilities for communication·, 
over a local network. It is easy to learn, functional, and .· 
has' a•;good reputation am.ol)g programmers. There· is· . 
also·a fair.amount·óf.software available for it, and de·· 
velopei-s ha ve installed Íl¡ on compilters, ranging from . 
Apples to multiusér systems like the Sagé. 
· Tl\e p-System's biggest disadval)tages are that it is 

slilw and that applications are not totally portable. Thc 
spccd problem is a direct rcsult br the way the p-System 
works. Although programs are compilerl into p-code, the · · 
p-code is interpreted, like most, BASIC programa. By· 
their natw-e interprct~d progr.im~ are slower than those 
ful!y compilccl or w1itten in nativc machine code. Al
though p-System prÚgrams arerrt as slow as interprcted 

· BASIC: beca use p-cocle is more efficient than BASIC. 
thcre is stil! a spccd penalty, ' . 

Those who support the p-Systern claim that for most 
progmms this speed penalty is negligiblc. 1 n most cases, 
thcy say, a microcomputt>r's spced is affected more by 
110 spced than its prol'essing spced. That is, a computer 
spends most of its time reaclin~ anu writing to disk or 
waitinl{ for inpur. from the kcyhoard. Sincc p-System 1/0 
is fast, thc use•· on a typical :~pplicat.ion isn't likely to 
notil:c thc'spc••cl cliffcrcnce, thc•y claim. In fact, they say, · 
a p-Syst"m pro¡.;ram will in somo cases actual!y run 
fast.cr than a machinc-lanh'll:l¡¡e pro¡¡ram. [n ~cldition; 
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Oike "pica"•"), or evén translating to a foreign language. 
Access is supportcd by a very sophi;ticatcd joh con

trol language called Proc. Access commands can be put 
together, called, and executcd by name. The job control 
language also contains commands for a number of 
"peciali.zed functions; su eh as crealing menus. In prac
ti~, Access, Proc, the tenninal control language, and 
Pie k BASIC all tend to blend together. You can mix com
mands from al! of them to do the job:; you necd done. 

'fhe Pick file structure is <pecifically dcRigned for in
formation management. The file" are organizcd hicmr
chically, Rimilar lo lhQ mcthor! userl in Unix. lnforma
tiun is storen in data fil<•s, but it is rl<'fincol and format
ted by it .. ms (records) in thc data clictionary files that 
poirit to those data files. 
·¡ nfonnation in a Pick data file is Rlorcd as strings of 

ASC 11 chara<·tcr.< llt•p:u·uted by sp!!cial characlc1~ é:illcd 
délimiters. The fields h!'tWccn the delimiters automali
cally- grO\\· ami shrink as needed lo accommorlatc the 
dáta enle1·col into thcm. In fact, you rlo nol specify the 
size of a field al all. Pie k has sorne elaborate commands 
for checking lhe sizc and fonnat of data as it is entered 
¡,¡. calculaten, but they do not control the s_ize of a field 
in the data file. This built-in flexibilily avoids a number 

. of subtle and extremely annoying problems which can 
plague other databasc systems, such as clianging lo 
9-digit zip codes when the system is only set up ·ror 
5-rligit zip cocles. · 
· There are no comma.'l, do llar signs, or anything else 

in the data field. That infonnation is supplicd by the 
associated entry in the data rlictionary. With the ap
pr-opriate dict!onary entry, 10 can be displaycd as $10, 
10.00, $10.00 or any of a number of uther formats. That 
seems like a minor matter until you consider that other
wise severa! software routines are needed tu properly 
fonnat numerical data. · • . • 

The part of Pick that most computer.users.will find 
familiar is Pick BASIC. E ven here, though, there;are 
Considerable differences compared to Microsoft BASIC, 
which is used on most micros. Pick BASIC is a compiled 
language and contains the commanrls neerlcrl for struc
tured programming lo facilitate program development. 
lt also has a COMMON statement and other featurcs 
that éilcouráge programmersc to writc thl'ir programs 
in morlules anrl link lhem together. . .. 

Ove.rall, Pick's fealures make il a vcry powcrful oper
ating SYJ:~Cm for a business envin1nment, especially onc 
in which'a lot of pm1ple who havc little ,-omputcr ex
pe.-iencc ncetl to get infm:mation. Sim·e Pick has hcen 
around fu¡· more than a deca•le; it is wcll d<•vclop~rl ami 
has an pvcr-¡,rrowing ~nlhusiastie gruup of supporiCl""-

A numhcr of analysts prcdict that Pick will he a "tnmg 
numher two in opt>rating systcms for muhiust~r micro· 
computl·~ Ont~ or two daring analysts havt• ev,!n 
pn•di<-ll·<l it will suqJ:tss Unix in busin<·,;s use. 

\Vhill' Pie k is gooci at what it was dt·:·dJ...'11t'd for, infor
mali•m nwnaJ.{t'lllcnl, it is Pmphalieally n11l a dtH~very· 

· thing systl'm·. Oth,!r optorating sy:-olt!ms an• much helt(•r 
for sdentific anrl t!n¡,.-jneering work or julos involving 1 

real-time opcratipn>~. . · • 

. Likc olher minicomputer opcrating systl'_rñ,;, l'kk 
assumes a considerable gap in knuwleug~ loetwe~n the 
user and the person who keeps the sy;tem ¡'unning. 
While beginners can use Pick comfortaoly, Pick is not 
a beiiri'rier's "system to maintain. · 

This is also true of Unix, but a would-be Unix user 
can at least consult someone with Unix experience or 
buy a book on Unix. People with Pick experience, on 
the other hand, are relatively rare, and there are few 
if any books thal will help a beginner understand the 
system. 

·, 

[l1 he p-System aims to achieve the highest leve! of 
program portability among other operating sys
tems. Its rlesigners intended that any p-Syslem 

program would run as-is on any p-System machine. In 
theory, you just take the disk containing a p-System ap
plications progr.1m out of, say, a compuler based on the 
Intel8086 microprocessor, insert it in one b11sed on the · · 
Motorola 68000, and run the program. · 

General! y speaking, when someone refers lo software 
portability on most:o¡iei-ating systems, they mean souree 
code portability. The high-levellanguage version oC the 
program is the same, but it must be compiled into native 
machine code for each 'computer. This is a big help to 
lhe software houses, hut it means little to the compuler 
owner sincc software companies almosl never provide 
the source cocle. For the user, tmding computers means 
making al! his or hcr software obsolete. 

Nicklaus Wirth acknowledged this problem when he 
inventcrl the P-ascal compuler language. Wir~h did not 
want lo be lierllo any one computer, so he spesifitld that 
Pascal would compile programs tll an intennediate code 
callerl pseudo.code, or "p-code," which would bº the same 
for any computer mnning P-.1scal. Then a machine
specific part of the Pascal compiler -woulrl turn the · 
p·cocle into machine-language instructions the com¡¡uter 
eoulcl cxccute. 

!la.;ecl on this philosophy, the Universily of Califor
nia al San Diego {UCSDl deVl'lopecl thc Pascal-hased 
o¡X"ratinJ.{ sy~lt•m. 'J1J J.:'l\t thc p-Syslem nmning un a ncw 
mil'I"'Jprc•ct·s~nr, a p·m:u:hinc emulator i~ writtCn fur thut 
c<moput.,r. It <"an ll"nslalt! p-code into the cnmpulel"'s 
machÍO!! lan¡,rua¡¡e for !•X<!cution. Th!• input-output ruu· 

1 
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pmgr:un. Su eh an automatic connection is caBed a "pipe'' 
in Unix. Along thc \vay, the file can be run through other 
progr.tms or utilitii!,s;called filters. All of this is easy to 
specify "4th shell,"éomiD:~nd~ l,n,(!'c.t,,an, ex,pe~ien.c~d. 
Uni.x user can do agrcat deal ofprogrnmmmg usmgJust · 
the shell commanrls. , ., · 

Uhl,, files are arr,mged hier.1rehica1ly. The topmost 
nte In the systcm is called the "root node'' a01l all other 
nleu Lr¡¡nch t¡ff or lt, cithcr dircclly or throu¡:h a Mcrics 
of olher files. Sorne of the files are directorics, which 
link to other co1lections of files. This structurc makes 
keeping trae k of evcn very large collections of informa· 
tion easy, a necessity given the amount of information 
a Unix system can bundle. 

Unix's strengths are outstant!ing. Jt is wid<.!ly taught 
in schoob anrl colleges, is prefcrred by a large ami gmw· 
ing haml of programmers, and is availahle on many com· 
puters. lt abo has AT&I' plastering the worlrl with full
page arls prodaimin¡.¡ Unix as the new stan<laru. 

llut nll is not heaven with Unix. Its most obvious 
disadvantage is that there are many different versions
nune uf which are completely compatible. In the decade 
or so since Unix was first released, AT&I' has had 
seve¡·dl vcrsions: Sixth Edition, Version 7, PWB/U nix 
(which isn't always counted as a separ.1te version), Unix 
System lll, anrl Unix System V. 'Th make matters worse, 
most of the licensed commereial versions are based on 
System Ill, but AT&I' ls prumoting System V. 

Most AT&I' versiuns uf Unix were designed primar
ily as teaching and scientific systems. They are weak 
in area~ that are importunt for business use, notably file 
anrl record locking, ·a fealure businesses demand on 
multiuser systeins to keep users from interfering with 
cach other's files. So the manufacturers ami software 
houses wilh commerciullicenses for Unix have arlded 
their own cxtensions to provide these)mRortant fea-
tures for business use. ·· 

Altllough the Unix kernel, the heart of the Unix 
oper.1ting system, is much thc same on all versions of 
Unix, the utilities and extensions can be considerahly 
cliffcn•nt. Another problem is that Unix is nut an easy 
system to master. Like most minicomputer opcrating 
systems, it is compliCated; it was developed with the 
assumption that a resident expert would be around lo 
m;~iutnin it. As a practica! matter, this is less •Jf a prob· 

·i<'m than it might sound. Almost all Unix implemcnta
tions on micrucomputers ron on expensive multiuser 
syslems, the kind that are typically bought with thc aid 
or ;¡ consultant or thrnugh a system~ housc. 

Applicatiuns software fur Unix is relatively scarce. 
Packages are availahle for many seientific and engineer· 
Ílll! applicatinns, but •>lhcrwisc choici'S are limitcd. 

<h'cmll, Unix h:is a bri¡.¡ht fulw'C. &'1.-cnt sw·wys haVl' 
shnwn tlmt tlw demand fnr Unix pl1lgrammers excce<ls 
tlll' snpply, a trend that will pl'llhably hol<l fur lhe near 
fnlure. Unix's plll·tahility lets users take :ulvantag-e of 
t lu• fea tu res of IIL'\\' W'llPratillllS uf compulcr~ without 
1ll;1king tht!Ír t'Xistin~ software ohsok•lt•. AJHI with 
AH11"s t'ull w••ight hl'hind. it, Unix will cloul,tlo•ss spawn 
an t!Xplosion 11f application~ soft~are sm!l.\.,. ..... 

. ' 
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he Pick opemting system i"- in most ways, closer . 
to Unix than any of the others we ha ve discu>sed. 
Like Unix, Pick is a big, complicatcd multiuser 

operating syst~m that is rich in utilities and featnres. · 
However, where -Unix was designed as a softwa<e 

devclopmenl too!, Pick was designed asan information 
management system. In fact, a relational dalabase is an 
integral part of Pick. Al so included is an E nglish-like 
query language, a greatly extended version of BASI C, ' 
a print spooler, text formatter, and many other utilities 
for handling data. · 

Pick started in the 1960s as a govemment project to 
develop a sophisticated information management sys- · 
tem. The programmers started out by designing the 
best information management too! they coulcl con~eive 
of without worrying about the limits of existing hard· 
ware. ~at they carne up with was an imaginary com
puter, one that was carefully optimized for handling in
formation. The next step in the project was to write a 
progmm to emulate this computer on a real machine~ ... 
in the original case, an IBM mainfr.1me. · 

Dick Pick wás one of the progr.1mmers on the contrae( · . 
When the govemment lost interest and the project 
became available, Pick boughtthe rights lo it and·set 
out lo further develop the concept. · 

In 1973, Pick fl!'>1t appeared commercially on a mini
computcr. In 1979, Applied Digital Data Systems offcred 
Pick on a microcomputer. Since then, Pick has been· 
moved to a numb<•r of other micrus, such as Pertec, 
Altos, and General Automation. Pie k Systems Inc. now · 
sells Pick to end users for the IBM PC XT. Like all Pick 
implementations. PC Pick is the full Pick openiting sys
tem. Programs that conform to the Pick standard>·will 
ron on any computer with Pick. · 

In spite of its complexity and power, Pick is easy to 
·use. Access, the query language, is simple lo learn and 
lets even a casual user conduct elaborate searchcs and 
produce reports easily. 

Like other nonprocerlur~llanguages, Acccss enables 
the user to concentra te mi what he or she want~ don.,, 
leaving how it is clone tn the cnmputer. Th<• U'<•t· te lis 
the computer what infnrmation is lll.'e<l.,d, and tite com· 
puter han<lles t. he husinesH of n¡Hming- files or searchin¡.¡ 
recorcls. It is '''"Y to l'llstomil.<.' th<• command dktionat·y 
hy giving thin¡.¡s <liffl.'l"l'nt narn"s, dcfinin¡¡ Lhrowa:-<·ay~ 

,. 
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SPECIAL REPORT: OPERATING SYSTEMS 

trate a numher of JX'Ople is its incompatibility with sorne 
of the higher-capacity rlisk drives sold for thc Apple by 
third parties. Generally speaking, look-alike drives or 
drives that use the Apple Córitroller caro can han die Pro
. DOS with no troublc, but the ones that require their 
own controller cards or which offer extra storage may 
nol. Severa! of the manufacturel'1! of lúgh-capacity drives 
l!lly they intend to offer software patches so ProDOS 
will work with their systems. 

On the positive side, ProDOS has a command that 
automatically checks the contents of the slots and tells 
you what cards are in which slots. ProDOS also supports 

m m o El· 

. m nix is a large multiuser multitasking operating 
systern developcd by_B~ll Laboraturies and pro
moled by AT&'I'. Umx IS cornplex, loaded Wlth 

features, and--arguably-the wave of the future for 
business applications. 

The Unix story starts at Bell Labs in the late 1960s. 
!<en Thompson, a programrner there, wrote the first ver
sion of Unix in assembly language for a PDP-7 minicom
put.u. In 1971, Thompson moved Unix to the popular 
PDP-11 minicomputer. He also translated parts of it 
frum assembly language into a language called B. This 
version caught the eye of Dennis Ritchie, another Bell 
Labs programmer, who redid the B language and called 
the result C. Then all of Unix was rewritten in C. 

By the early 1970s, Unix was commonly used inside 
Bell Labs, and it was attracting a lot of attention out
sirle as well. For legal reasuns, AT&'I' could not rnarket 
computer product.<;, so it decidcd to prdctically give away 
Unix to schools and collcgc,;. For a srnall fee, a collegc 
received a licen.se and a reel of magnetic tape contain
ing- Unix. But AT&'I' did nut suppurt the product. 

The results were twofold. First, nearly every recent 
computcr science graduate has had at least sorne ex
posure to Unix. Because it is so well suited to cornputer 
science erlucatinn, alrnost all those stutlents likc Unix. 

The uth"r rc•ult is less favordhl<•. Until very recently, 
thcre was no watchdog- over Unix, and h~>caUl"\P it can 
be easily extended, many Vl!rsion~ or Unix havl' hecn 
rlevelop<•tl. 

In l!l7H, thc fírst cnrnmcrdal implt!nwntation of !Jnix 
app<•aretl un a microcumputer. Otht·rs fnllml'"cl quickly. 

):\li AutCV•l 1tlX4 l'upUIIU' C:ump_utin¡ 

installable device tlrivers-shurt prograrn§ that Jé you 
hook periphemls to the operating systei!Í with a míni
mum of modific.:ation to thc opemting systeih. While Pro
. DOS is not the most advanced operating system around, 
it is unquestionably modern. 

Good tlúng, too, because Apple seems to be commit
ted to perpetuating the Apple II family, as the recent 
introduction of the Apple Ilc has demonstrated. As long 
as people keep buying and using Apple lls-and accord
ing to Apple's latest quarterly report, the machine is 
selling weli-AppleDOS and Pro DOS will have a place 
in the uperating-system rnainstrcarn. 

With thc breakup of the 
Bell System this year, 
AT&T has started market
ing Unix Version V agres
sivcly. Many analysts and 
manufacturera predict 
that Unix will be the stan
dard operati~g system on 
rnicrocomputei's (át least 
the larger imes) in the 
years to come. . 

As a standard operáting 
system, UniX has severa! 
things going for it. Most 
important, Urúx is easy to 

move to new computers. Unlike CP/M or MS-DOS, Unix 
is writtcn in a high-levellanguag'e and not built around 
a sin~le family of microprocessors. Computers ranging 
frorn micras to mainframes can run the system with 
ease, and Unix can be implemented on a new computer· 
in only a matter of weeks. In a world where a new brand · 
of computer appears every week, a new chip every 
month, and a new family of supcrchips every couple of 
years, that kind of portability is indeed ·an asset. ' 

Unix offers many features, too. Because it is multitask
ing, a user can do severa! jobs al one time from the same 
terminal. And Unix is attractive to softwáre developers 
in that it contains more than 200 utility programs that 
perform_ useful programrning tasks. For instance, there 
are eight utilities for comparing the contents of files. 
Thcy tell the prograrnmer where two files diffcr, what 
needs to be done to make them idcnticaJ,,and what lines 
are common to both. This richness extends to nearly 
every conceivable job performed by the.::operating sys· 
tem. Ifyou need a programming-utility,-Unix can prob
ably offer you severa! choices. 

Although Unix isn't particularly easy to learn, the 
part of the system that comrnunicates .,Yith the user is 
designed to be custornized. This part of Unix i~ called 
the "shcll;' and it can he rnoclitied to make the system 
rnuch more user-f.-icntlly. 

AnolhN source of Unix's power is its'tile structure. 
1 n Unix, cvcrything is a file anrl all ti!C>s are handlccl 
rnuch thl' sarnc way. On!' r.,sult of this rcgularity in 
struetur~ is that thc cnntrnts of a file cir the output nf 
a pro¡,rr:un can bl! sent :mtnmatically to UJ1olhcr lile or 
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tieu lo a ,pccific hardware farnily. Mi,-m,oft chll"n'L ,;ce 
this as a prublcm ancl ao,umes lhal thc usen; uf lhc hi~· 
ger, more po\n•rflil machines ";11 wanl a more powcr· 
fui opcrotidjfs~'titCin; 'such :is ·Xenix (although.the fact 
thatthcv are claiming Xenix compalibility for MS· DOS 

1 

:l.O inclicatcs a cum¡ll'titivc inl<'rt<sl in tr.at rnarlwt). 
MS·DOS is so firmly Psta!Jli'h"cl, thuug-h, that C\'en 

the purveyors of so-called aclvancccl op<Or.lting ~ystems 
ar~ .eithe~. offcring ways lo run MS- DOS applkations on 
their systems or busy figuring out how to do it. 
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simple operating system mth a mini· 
mum of utilities. It is, howcver, e as y 
to learn and fairly easy to use. In 
sorne cases, BASIC commands take 
the place of operating system utili
lies. AppleDOS has lts peculiarities, 
sorne of which approach the status of bugs, but by and 
large it serve8 nicely for what it was designed for-a 
home or hobby system. 

Although AppleDOS seNes well enough on a machine 
with on~ or two Oqppies, it strains its limits when used 
11'ith a hard disk. 'lb use AppleDOS 3.3 mth a hard disk, 
you have to partition the disk into "lob>ical" floppy disks. 

. The systcm then treats your 5-megabyte hard clisk like 
40 or 50 Ooppies. This works, but it is unwieldy. Among 
other things, illimils the size of files on the hard disk, 
and it leaves wasted space scattered all over the disk. 

A relaled problem occurs when yaur disk is nearly full. 
AppleDOS provides only a single directory that can be 
at the must two screens long. lf your files tend to be 
short, you can fill up the directory befare the disk. 

Pl'ODOS avoids both of these problems. Pro DOS can 
hanclle up to 32 megabytes of disk storage as a single 
logical unit. lt also allows hierarchical diructoties
mcaning you can have a master directory that refers lo 
subclireclorie;; for each ¡,'Toup of files. Pro DOS also lets 
you establish pathways that automatically takc you 

·wlwre you wanl lo go in thc directory hicmrc·hy. 
In adtlition, ProDOS cleans u¡¡ sume uthcr featurcs 

uf AppleDOS. For instance, it spceds u¡¡ disk access by 
about 8 times. lt also allows you to use Apple's 1>1K-bytc 
RO-cnlumn carel as a virtual disk for C\'Cll mure speccl. 

PruDOS b notjust an updatccl versionnf ApplelJOS. 
Mnst nf the commancls are the same, hut th<· file strlic· 
tures are clifferent. Although il cannnt rt•acl Ap¡¡leDOS 
fii.,s clin·t·tly, PraDOS comes with a utility that ll'ls you 
cnnv<•rt ApplcDOS files lo Pro DOS. l!oW<'V<'I', the util· 
ity works only on the newcr, version ;¡_;¡ Ji]Ps. Tlw olcl«r 

version 3.2 files have lo be converted . 
to 3.3 with AppleDOS's Muffin cori
version utility befare they can be 
converted to PraDOS. . .· 

One of t he autstanding character· . · 
istics of AppleDOS and (to a less_er 

extent) ProDOS is simplicity. AppleDOS is siJ11¡ile · 
enough that a bright eight-year-old can master it. 
Although PraDOS is more c,omplex, it -too, is easy to 
master. Hawever, simplicity is a virtue that cuts both .·. 
ways. Compared lo their contemporaries, such as CPIM .. 
ar MS-DOS, both AppleDOS and ProDOS are limited 
in what they can do. , 

There are sorne quirks, especially in AppleDOS, that · 
can trip the unwary. For example, it is possible lo give 
an already existing naine ta a new file. The systein · ·· 
doesn't warn you, but when you write to your "riew". · 
file, you mpe out what was previously stored und~r that 
na me. 

One pet peeve is the way AppleDOS handles disk
drive numbering. In AppleDOS, your rnost recently used 
drive is the disk accessed unless you specify othern;se. 
On a two-disk system this method can cause a great deal · 
of unnecessary confusion. 

In thc case of Pro DOS, the biggcst pt·oblem is likely 
to be that it isn't fully compatible with AppleDOS. Sorne 
programs are not going to work even after they- have 
been converled. Progt·ams that call operating system 
functiuns by thcir ROM addrL•ss, or oncs that du· clever 
tticks with "unoccupied" bits of RAM are particular can-· 
didalcs for lruuble. 

Since AppleDOS has bcen a stable product for sorne 
time, a ¡;ood many programs ha ve been designed to ac· 
cummoclate thcse operating-system peculiarities. That 
means that uscrs mlh a cullection of such progmms may 
hl' fm·c"d to stick with ApplcDOS whdher they like it 
or not. · 

Onc f«alure of PmDOS which will unclouhtL•rlly fi'IJS· · · 
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MS-DOS also brcaks disk files inlo larger chunkR Al· 
though this means that sorne spacc inside itM lileM is 
wastei:l, it allows faster disk access. 

The most rccent version of MS· DOS, Version 2, al so 
features installable device drivers. -lnstead of having a 
monolithic B lOS (bagic input-out system) like CPIM, M S
DOS 2.0 has separate modules inside the BIOS for each 
IIIMce. This means that the individual device drivers can 
be customized for·whatever disks or other hardware a 
user wants to add to the system. 1 nstallable device 
drivers are a godsend to someone adding a hard disk 
to a system or to a software house that wants to sell 
a hard-disk version of a program. · . 

MS-DOS 2.0 a!so includes severa! other features to 
make !lfe eusy for hard·disk uscrs. One of them is a 
hierarchical file structurc, a la Unix. Rather than hav· 
ing files for 10 megabytes of progmms and data in one 
gigantic directory, MS-DOS 2.0 lets you crcate subdirec· 
tories that can be called from the central directory. MS· 
DOS 2.0 also includes the Unix concept of redirected 
output, which Iet.~ you feed the contents of one file to 
another aulomatically, and batch commands, which let 
you write ''scripts" to apply severa! utility progmms to 
the contents of a file with a single command. 

In writing MS· DOS 2.0, Microsoft's avowed intention 
was to provide an easy upward path to Xenix. In fact, 
MS-DOS program.s written using only MS-DOS 2.0 com· 
mands and utilitles are claimed to be Xenix compatible. 
MS.DOS 3.0, the latest update, which is scheduled to 
be out this summer, is said to be even more closely com· 

.. patible with Xenlx. 
. For now, MS-DOS is clearly the standard for 16-bit 
operating systems. There are over 100 computers using 
it, and the number of applications grows daily. In power 
and ease of use it representa a considerable improve
ment over the 8-bit versions of CP/M. The commands 
are somewhat more logical and strnightforward, and the 
error handling is usually better. The quality of the 
documentation varíes with each irnplementation, but like 
CP/M, there are a lot ofbooks on the market to explain 
it better. 

Al! these advantages are relative, however. Although 
MS-DOS is easier to use, it is still nota particularly easy 
system for a novice. H takes a goodly amount of famil· 
iarity with the system befutc you can realize the full 
power of MS- DOS. 

Lik~> CP/M, M S-DOSis notan "invisible" opcrating 
system, and most users have to cica! with the command 
leve! of thc operating systcm to instruct it for many 
necessary tasks. Also like CP/M, it is oricntcrl toward 
the needs of the computer and not the needs of the com· 
puter user; the user must know the comnwnds ancl how 
to apply them. This is in contmst to the approach of lhe 
Macintosh/Lisa systems, whcre the systcm a~comrno· 
dates itsclfto the user, or Pick or Unix, wh~rc thc casual 

~ user can be protectcd frurn the commanrl leve! uf thc 
·"upcratln¡¡ system loy using mcnus. 

MS-OOS is al~" !,.m!warc dcpcncl.,nt. ll is clcsi¡.;m"l 
to run on thn 16-hil HOll8/808G family of mitroprllc<·ssors 

. ancl is not wcll ad:opted for machines b:"'-'d 11n olhcr 

- ·-----·---

microprocessors. This is one reason thal MS-DOS's 
dominancc hasn't extendcil to the computei's has.~tl on 
the Motorola 68000 or other advanced microprocessor 
families. Those computers tend to offer Unix, Pick, the 
p-System, or sorne other opemting system that is not 
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m ppleDOS 3.3 is the standard disk ~p~rating sys_. 
tem for the Apple JI and its family. Pro DOS is 
an updated expanded version that works with 

Apple's hard disk. Neither is spectacular in the 'W'ay the 
Macintosh's operating system is, but both do their job 
in a straightforward manner. . 

AppleDOS originated when Apple introduced floppy 
disks for ita computer. Since the Apple was buUt around 
the 6502 microprocessor, CPIM (based on the Intel 8080 
or Zilog ZSO chip) was out. So the company brought out 
AppleDOS in 1978 as a simple, rudimentary disk oper
ating system. 

Although AppléDOS wasn't fancy, hundreds of thou
sands of Apple owners used it happily for years. How
ever when hard disks became available for Apples, 
AppleDOS showed signs of strain. lt had been designed 
for single-sided, single-density floppy disks, and Apple
DOS really wasn't capable of organizing thé volume oC 
information stored on a hard disk. 

Apple's answer to the problem was Pro DOS, an Óper· 
ating system featuring a better directo!')' structure, 
fa.~ter disk inpul-tmd output, ancl a host of other featw-es 
not available on AppleDOS. Apple says that Pro DOSis 
nota replacement for AppleDOS and that the company 
plans to support both oper.1ting systems. 

Applc DOS is a "basic" opt•rating system hi hoth 
sen.-es of the word. Apple cho~e tp tightly iiltegrate its 
operating system with its version of the BASIC com
puter lan¡,'1lagc. The retiult is that AppleDOS works with 
Apple BASIC (both lnteger and Applesoft) very closely. 
Th initialize (format) a disk under AppleDOS. for in· 
stance, you must ha ve a BASI C program in memory. 
The BASIC also controls devices connected to the ex
pansion slots with the commands IN# and PR#. These 
are normally job~ that would be handle<l by the opcr
ating system. 

Like Radio Shack's TRSDOS, AppleDOS was de· 
signed for hobbyi~ts, not l'Omputer scientistS:· lt i~ a very 

:j 

1 
• • 



·--------
SPECIAL REPORT: OPERAT ING SY'3TEMS 

CONIINUlD fROM PAGr 114 lhe application,_'Á "o~<'·SiZe-fitS·all'' OJ.Í~·rating.'sY:<te'm 
successful!'CP/M·86 is·runñing a rlistant secoúrl to MS-· would be a hlcssing for users.f>ecause they wou!rl have 
IJ<?s ,Í!\~9~;;~rlí'it~\\'i!~psf:ákes•árHl::is a¡result has fe}"er much morefre~rlom of c~oi~tJ 'in buYing applieations Sót\· . 
ap¡Jlicatlpns'pr'ti'grnms•Wr!ttcn•for-lt: Rlicuntly, however, ware. It would also nullify the advantage that ¡¡'Oes to 
Digital¡ Reseáfé!Fiiilliolinced ·a p'riiduci. that may tti"rn · · the ·company with the most popular operating system. 
the game around.: .. Concurrent DOS is an advanced Although Concurr.ent DOSis exciting, there is a fun· . 
operating system that ·ofrers windows, the ability to run damentallimit facing the CP/M family. The systems are. 
severa! programa at once, and the ability to run pro- highly processor-dependent. Originally, CP/M worked 
grams written for MS-DOS and the 8-bit version of only on 8-bit 8080/8085 or Z80 microprocessors; like· 
CP/M as well as CP/M-86. Reportedly, Digital Research wise, CP/M-86 and Concurrent DOS are limited to the 
iá·working on·á'•vérsióil'of,Concurrent,pos which will 16-bit 80!l8/8086 family ofprocessors. There is a version 
·aJso riin't:Jíiix' progr.im~ '!u """''~¡ : ~ .. :';;"· .\:: forjthe Motorola 68000, but it hasn't proven very popular. 
''.'Or\koftlié'·basié:pru:arloxes'ofioper-d.tirig}):.<tems is that Ne,w micropn1cessors appearing from other companies 
lio"ó\ie~ llúf u1e moi<t'lcr.lierl :•sóftware:··l_¡a,C!Ú!r wants cou}d diminL~h the CP/M family's popularity. But no mat· • 
th~irj!~v.:!!at/~hii:rest><?fo'nsiw;.<ri~_,are .~i@~~~S!"~" pro· tcrjW,h~t ne:-v ':ivals it may e!'lcounter, CP/M in _its vari
¡¡T;!.ms,' anorwe'pul'up;wlth·the-operalm¡; •ystem to•get- ·ous·guiS!!S 18' hkely to be W1th us for a long lime. 
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S-DOS~~ 16-bit mi~~mputers what CP/M-80 were packaged and shipped in August 1980. · · : · · 
isfor lhe•8·bitmicn1~omputers-a defacto stan· At the end of lhe year, Seattle Computer provided a .... 
dard·operating,_~ysl!!ITI: More 16-bit computers refincd version of the system to Microsoft, a company · 

offer MS.DOS;asthéiJ;.op~rd.t\ng,sys~~rq.tl_¡;¡(l_any,pth,<:r previously better known for its BASIC than its oper- · · 
syslem, and the amountw(,soft~·are.'Jor:M~PQ!?.;rol!· ;)!ti¡>~,~Yl\tef!l: I'!,MY_l981, Microsoft !'<'ught the system 
chines'is·beginnir\g to.rival ~hat is,!'-y;Ul~!)!l!'for.,G~/14. ,o.utr~ght. Microsoft did,some .work on 1t, renamed 1t MS. 

· · MS.DOS was an outgrowt)l•,ofcC~t;M;¡_a¡;¡,!!1 .con~eptu· DOS.and liceii5ed it to, ámongothers,IBM. JBM offered 
ally at least,the systcms !íaye:mliny,,sJIJl!lari~ie.Si.~I>:-Y· .MS·D.OS' (christeíii!d PC-riOSl as tlie standard oper

·ever Micrn~on, thl•·<:um!ÍanY ~li¡¡ir,Q.áí:k.~l¡l;\l.t§·P.Q~.há,~ :~linK syste111 on it~ Personal C<Jmputer,:Urid when sales 
··hegun arlrling Unix·like.f(•atur,e~,tp 1tlj'e,sy~.~qm 1 ))!i~h,t,h.e: .!'fthe PC took off, so did MS-DOS. · · · 
avowed intentjon of making ,latt!_r, Y.I~T.S.Í9.n,\\ ~!JIJlJW.i.~,l,e! .. The,close,relationship betw<.>en MS·DOS and CP/M is 
with Xenix;·Microsoft's implemel'.t;¡ti_o,l)¡o{¡,Q,I;l\X:.,,,,¡¡ l ,,9,bvio~;;, Eve11 the comman~ prompl (A>) is the same 

Although MS.DOS-stan.ls.(ortlrt!~J;9,S9f\1R!il,S.1 ~~ei~Y.~·; 1 9.n.bot~ systems .. The commanrl~ ate much'lhe same, and 
tem actually:g<it its·sf.;lrt·;fl',\lm ·.a:s!"(l!~ll· ~?r~"'-a];e, ~01)1· · the systems have lhe same gener.il "feel." Anyonu who 
pany.called Sc:ittle Com¡~ute.r:¡P.r,~rl¡¡~!;<;,.ll),~f?YfffilJ~r: . is faf!Iili~(~i~h ,CP/M has little trouble l~arning MS· 
1979, S<'attlc C~mputer <levcln¡wl ~n·§O~n P¡f.'/1'!!\'~~r/ DOS.., ,; \ .~ . 

·board for- S-HlO¡computers¡ ~n<l;<l'.e.~<)~Q¡ar,,,!J,P~~t.\ng¡ .... ·l;l,~~c.v,e,r~,J'1~·[)PS IR not a carbon copy ofCP/M. 
system for it. Diboital Rescarch was pn.\m..i~j~g-~, yeryijjn j , .Whéte lhcy cqi!ld;thc system's developcrs ,improved on 
of CP/~1. but the projc~~ 'fllH.dChiyc~.jS9.)ri ,J\p_Ijl ;)?HO,! _tp~ ,.CfiMJ~~.9jq~ <?f. doing things. Sine~· CP/M was 
S~altle 'Compu~l',iie~Idcrl•to~de~cl!lp'al~\q¡>¡;~pdlP~F'/ -1r.Ightly ~o.n~trd.meil by a smaHamount of '!',emory when 
utmg sy~tem;> S mee, Il·.,w;I~¡ ass_u_med ¡ .~~at:JIJ1?:'iL u~c.~¡ .. ,lh"!as, ~tt~~~. there ~as a lo~ of ~om for 1mproycment. 
woulil want to·convert W CP/M:86:,whcn'll b.eclfrl)C .JIY1'11-¡ For onc thmg, thc me handhng m M S-DOS 1s di1Terent. 
abl~ .. t~c· ~o~npany .. \i·as icarcful'·torkeep¡;<~: i:n\'.c~,.~<!f11·[ ,!n M~:J:l9~ a,c!JPY pf.the _<li~k's File Alloration Table 

· patiillhty: with ·CP/M ·a,s .possible! . ¡ .,;l .. ' : 1,,¡ ,.¡., ;, ,,, , .,(F,¡\T)_S\>,IY~.m .. RAM at.~ll time<. (The'FAT tells thc ma· 
· · The nt!\v.opc'talihg:systcin,took•a!l •.tf 1 t':'i!!l!]l"J1lh.~,!'fl ,~hinn.o,~c.t~,to fin<l.the <\isk scc.tor,s cont~ining a filP..) 

pro¡:ramming.(hiw:til dc':!'lup and wa;. duhh<'<.l (/Df:>S.. ;T/l.is .. ,i)le:Íiis \hal tlie rornpuit•r :ca!' fine! information 
for Quick mi<J:[)irty Operüting·Syst<:m.11'h.":fir.;t <~>Jlies ~tored on ·,¡¡~k quickly. · · · 
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~. PIM was the first popular nonp.t·opriet.ary 
~' operating systPm, anrl inany of its coneepts und 
'-'· f¡•allll''~ ar<' nft<'n ropied. F,wn today, despiu• thc 
~pread of H>-bil mmpul••rs. CP/M is still thc• most v.;dely 
u"cd opc1·ating- systc•m in the micro world. 

All.hough Cl'/M dates back lo the dawn of micn>com
puter history, it has bt•en continually up¡.,,radccl and new 
vcrsions issucn. The most recent, Concur.t·enl DOS 
(forrnerly Concurrcnt CP/~!). evt•n lets the u~er run pro
gr.tms writtcn for ot he1· operating systcm~ ancl providcs 
a number of aclvanred fr,atures. 

CP/M wag a hy-pn~~luct of the first attempt to offer 
a high-levellan¡,'llag-c nn n micn1pmce~sor. In 1973, lntcl, 
which had cleveloped the tirst micrup.t-oc•~sor, wantecl 
to impll•mPnt a vcrsinn of PUl (a lan¡.,'llage t.hat com
bines sorne of thc featurcs of Fortran and COBOL) 
called PL/1\1 nn it~ m•w mic·.t-oproccssnr chip, t.he HOXO. 
The joh of writing- PLIM wcnt tu Gary KilnalL 

Ry modcrn standard,;, Kildall's dcvclopmcnl s_vstem 
was pretty crude. He had a very limiten arnount of 
ranclom-acces,; memory (RAM) ann only one of the tirst 
8-inch floppies ¡¡roduccd for microcomputers. Before he 
could get PIJM running, Kilclall found he harl to write 
an operating system lo tie his machine together. 

Ml•mu.t-y was so tight that Ki!rlall wrote an operating 
system that userl only about 4K hytes of RAM. Because 
he• was llying to su¡¡po1·t a software dcvelupment pruj
ect, the sysl<'m contain<'d thl' routines that a.t·e par
ticulal"iy neerlecl hy a pro¡.,'11<mmer. Ami. hl'cau"e he w:c• 
a computt·r scientist, Kilclall's upt!rating- ~ystcm was 
naturally "l'it•nted towanl thc expt•rt u,.,,._ 

Whcn Kilclall tini"h'"l the projl'ct, h!! off<!l"ed his 
operaling syslcm, which he t·aiiP<l CP/M tCunl.t-ol Pro
gram for Microprocc,;sors, also called CP/M-HO), lo !u
tel. Intellooked at the pruduct, cleciclecl thcre was no 
markct for it, and refused. By this time Kildall was g-et
ting reqlwsts from othcr mic.t·o¡·omputcr hohhyists for 
rnpit•,;. In Hl75, he sct up a cnmpany ealled Digital Hc
searrh tn sell his brainchilcl. 

The market for CP/l\1 bonrnl'cl, in part i>l't'ausc of mu• 
nf Kilcl:~ll's innovation,;. He had ""J>'II'alt•d all tlu, m:t
l·hilll'·:-iJII'CÍfic parts of thl' systc!m ancllunlJII'd thP!ll in 
OIU! mcu\ult•, l'alh•d lht• BIOS 01asit: input·output s,v:-:lc•rtJ). 
ThP rttsl of tiH' sysh•m was tht' ~auu• no mat.lt•r what 
t'OillfHilc•J' it was J111llliii,L! on. Thi:-~ rn:ult• it c•:u-ty lo rnudify 

111 ''""' _, '""' ¡•.,,.,,l..r 1 ·.,,.,.,,, ""' 

the ~ystem for mm· machine:; •.or ti~·~\ 
hardware uptions. A corripauy th:.t 
decideclto offer noublc-siderl OupJ•.I" 
rli~k d.tives, for C.'(llii1Jl](', coulrl ~imply 
changc onc scction of the BIOS in
stead of having to scout through thc 
entire operating system looking for 
piccPs of codc that would be affected 
by the change. 

Conccptually, CP/M is more a col
lectioo of ulillty pro¡rrams lhan an 
integrated operating- systcm. In ad
rlition to lhc B!OS-the hardw:u-e in
terfat·e, it consists of a u•er inte.tíat·e 
called the Console Command Pro

cessor (CCP), and thc ~asic Disk Opemting S~·stem 
(BDOS), which supervises applications program execu-
tion ami input ami output. , . 

Yct onc of lhc most striking thingg ahout CP/?1! is h<iw 
littlc it actually does. In version 2.2, for instance, th~ 
BDOS performs only 40 functions and 27 of them are 
related lo disk opcrations. Th ronserve spacé, the CCP 
has only six .t•e•i<lent •·ommands: ERA, DIR. REN. 
SAVE, TYPE, and USER. There are about a dozen 
other CCP comrnancls stored as utility programs ori the 
disk, ann they must be loaclecl when they are called. 
Comparen lo Unix with its mure than 200 utility pl'O-
grams, CI'/M 8ccms small incleed. . 

But ht•causc those commands and utilltles were 
choscn carefully, CP/M is quite powerful. Allhu'ugh it 
requires that the programmer know a good deal about 
what is going un, and both the programmer and thc use.t· 
have to work a littlc to memorize command ~yntax. 
CPIM offcrs an amazing performance. 

CP/M has existed in thrce major versionR: 1.4, 2.2 ancl 
:l. O (or CP/M + ). 1 n addition lhere is a multiuser version 
called MP/M, a 16-bit version called CP/l\1-86, andCon
current DOS, which is an ad.-anced 16-bit version. 

Computerists have had a love-hate relatiorship with 
CP/M since its beginning. They like the standardization 
it offers and thcy appreciate its power. but almost no 
une claims it is e as y for a noviee to use. Pmt óf the prob
lem is CP/M's 'ize. An ope.-ating gystern that occupie; 
less than SK bytes of nwmm-y cluesn't haw róom for fail
saf<~ ~hccking routines and elah01·ate eJTor mc~sage:;. 
~'u.t1.hel"llllll1!, there isn'l a lot of conside1-ati~h gi\"en thc 
pcM>r soul who just wants to gct an applit·ations progmm 
J"Unning. ~'inally, Digital, Res<'lll'rh's docunlbnt:ition i~ 
notoriougJy bar!. Somc in fal't daim that it is~'l IITitten, 
it is encryptcd. . · 

All of tlll'se thing,; ha ve impn>Yed with sucécecling wr
sions of CPr..L Version 2.2 was easier anrl f.tier~ellier than 
1.4; :mil :l.O, which takPs up ahout IGK bytes:of nwmory. 
is bctt('r yet. Tht•quality ofthe clocumentation has alsu 
imwoved ancl thc market for hooks writtcn ;\hout CP/:11 
is thriving. In fact, thPre are pmhahly 100 bouks m·ail
ahl" explaining CP/M ancl ab .. ut l!i,OOOCP/1\1 applicn· 
tions proJ.,'l'am:; that tPstify to CP/M's ~UC(.~Cs:-:. 

The lli-hit vc•rsinn nf CI'/M, CI'/M-Hii, has\l't heen a,; 
cu~¡:·'~IH-P ur; •'(·'d. )~'.• 

! 
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hop un th~ CP/M hand· 
wagon. -.· .. 

Rut not',fivei-yiln~ w~nt 
to CP/M.:Some c'um~iitéi-S .J 

· coulcln't use it.,-and sume 
. '11'"' 

companirR. alrcady hall 
nrl'nly entrenched pro
prlotary opcrating sys
tems thnt were suppo1·tcd 

· witp a la•·gc numbe1· uf up· 
plication~ pl\lgrum!\. Ap-

n---¡ . . ' fers from mo,;t utht•r upt•r-
-ating systt>m!<, whl'l'c .the 
manufacturcr typically. 
brings out 11 slightly dif
ferent version for each 
micñipi'Ocessor. This pl'llC· 
i.ire means u persun bu\'· 
in¡¡ a new com puter \\·In 
al:<o have to buy new ver· 
sions of all his- programs. · 

ple, for in:<tancP, hail built \ 1 

its tumpuwrs around the 1 

li.'\0:2 micn>¡.>ni!'Pssor, ami a 1 

stol·k Apple couldn't han· ·1_ 
elle CI'/M. Although tht• 1 

mmp:u1y oll'cred un a<blptcr 1 

cal'll that gavc -thc mn
¡·hinc CP/M capability, 

on )niQrócomputers 

The new Hi-hit mÍCI'Il' 
pro(·e~sors not only m~ces-· 
sit:~ted atlaptations uf ex· 
isting npemting sy::tems, 
but al~o b•·•mght ahnut a 
whole ncw class of upcr
ating ~ystems for the mi· 
crocompiltct· worlcl. Be
cause thesé chips pack the - · 
puwe1· of a minicomputer 
sorne minicotnput~r oper· 
ating system~ are no\\' run-

mosl Appll' suflwm" 11·u~ 
\Hittcn in AppleDOS. Ol' 
later, ProDOS. (DOS, by 
the way, stands for disk 

.··"' ... . . . ~ \ . .. ~· .. ·~ .. 

operaling sy8tcm.) R:ulio Shuck'~ popular Mude! [ an1l 
~ludollll compulerll couldn't run CP/M beca U SI' uf hal'!l
ware incumpatibility. Both the Moclel 1 antl thc Molle! 
111 hml ROM in the mcmory locations that CP/M ncecled 
for I'Uildom-access mcmory (RAM). So R:1clio Shuck 
$layecl with it.R TRSDOS, which, like AppleDOS, h:ul 
a hnmtl ,;oft ware hast! hy the time CP/M gainecl witle 
8CI'C!ilallt'~. 

· ENTER 11>-BIT COMPIJ'n:RS 

ET CP/M hutl 1t particular. clrawback-its hard
ware requh-ement.<. The new, mm·c powerful 
16-bit micn>procestiors' such a~· the lntel· 

BOliAIXOSti family coulcln't use the ole! version of CP/M. 
lnstc11d, new operating systems bacilo be devclopecl for 
th~m. 

Natumlly, Digital Rerearch cleveloped a 16-bit version 
o( CP/M, cullecl CP/M·Bfi. Howe,·er, whcn lB M went 
shuppinl! fur an ope1-ating system fur il$ Personal Cmn· 
¡mlt'l', it t•huse lo go with a system from MicJ'Ilsoft, a 
•·ompany that hacl been bcst kliown fm· il~ vt'l'l'iun nf 
th11 IIA!';IC l:mi{U:I¡:c. IRM l'ulletl the opcl~Jting sysll!m 
l'C-DOS. ~licmsnft calle•! it MS-DOS, :uul wlum thc 
1 BM l'C ht•<·amr u runuway lwst-S!!llcl', PC-DOS/MS· 
!)()S h"<'HIIll! e~lnbli,;hecl as !he ll)nslpopular npHI~lling 
syslt•m for Hi-bit micmrnmputet-,:. 

~II•WI'\'1'1', ju:<t as thl'l'll h:ul hl't!ll nth"r npl'l'ating sys
l<'nts thut ··n¡np¡•l•·•l with thl' m·i¡:in:1l CPir.f, MS-IlOS 
hti>l 11 lnuulll'l'nf t"llli'Plltnt":< CP/M -Hü is alh·c a111l Wl•ll, 
r.w lii:<lnli•~'- ~~ ls :uillth,•r u¡n_,l~\tinl! syst"m fmm ()jl{ital 
Ht•sHlli'li t'hili•;l c:'uht'ill''""t tl'IM ni' Ctiht·ut·i·cnt DOS. 
ll'liÜ·Ii ilild\\'~ ;j¡l\'i'hllliiil¡:t,llllS l•i l'iih ill lllll'C. 

Ktili iilioillii'l' •ili<'i111 ii¡i s~·><lclil thal hu.< j.(ili1wrl mlil'h 
atlt·nlloiu ls lilt' p-~.Vo<lt•lh flilnt ~h(t<•<"h Mi<'""'YNl!!IM 
'1'1 L'' 

0 0 11' ' ' 1 '1 11' p .-'1,\'.•il'lll-IIHIJHI' SI' 111¡: pnlllllS Jll11¡{r:Jnl p111'la 11 • 
1l,\'. -t11sl aln111t a11,1' p-S,v.•h•tn¡u"~''iltn-will runa~-i~ 1111 

11•w ,,.s,l'"''''ll "'"''''i•w.-:r~,, p·~>'*"ts ,~,.~;1!!.i!i~y M· 

•·! .. :. l.',. "·'· 
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ning on microcomputerS. . 
The two best·known · examplcs are Unix and .Pick. 

Ruth are big, multiuser opemting ~y~tt•ms that have 
been arountl for sume time un minicomputers. They are 
more t'llmplicatecl and m01-e poweriultban tbe other op
erating systems we have discussecl. Unix was originally 
clcveloped un minicomputers at Bell Labomtorie11. lt is · 
usetl witlcly in colleges ancl universities, and most coin
puter scient-c graduales have had at least sorne e¡¡pÓsure . · 
lo Unix. . - -

Pie k is·less well known. lt grew out of a govemmeilt · 
informatiun-management projéct in the 1960s and has 
hccn used on minicomputers for about a· decade; -- ::, 

FinaUy, not everycine decided lo use the power of'the· _
new microprocessors for minicomputer·like functions, ·
Apple chose instead lo use the more powerful Mol(lrola · · 

. 68000 microprocessor lo develup operating systems tliat. · . 
at-e much easie1· to use. These user-frienclly operating 
syst ems are U$ecl on the Lisa ancl Macintosh comput· 
l'l'S. They cmplo~· nume1-ous icon,;, ¡mil-clown menus, and 
u pointing cle,·ice callee! a mouw. Although the oper.lling 
systcms use<! on the Macintosh ancl Lisa are verv com· -
plcx, th<!Y l"t a hcb.;nncr learn tu use the compu"tcr ef· -_ 
f¡•ctiv<•ly in just a t~luple uf hours. · 

]] 

LOOKING AT OPERATIN~ SYSTEMS -- • 

N THF; articlcs that fullow, we examine eight 
opPt'aling sysll•ms n~ famili~s of opcrating 
systems: thc CP/M fam1l~, MS·DOS, AppleDOSI 

i'!'ll00S, Unix, Pick, the p-System, TRSOOS, ancl the 
Macinlo~h/Lisa operatin){ sy:it.l:m. Sint-e thl!i-e 111'1! uhout 
100 micnn:umpulcr npcraling Rystem~ in tisc ltl41ay, \\"l• 

harlto ht! snnícwhat scll't'Live. WlJ sllit'lctl ity (llltninaLittJt 
the n¡le1~1ting sy~teitlN Lhut ut'<.! prlm1trlly 1\llll•tll~k· 
basl'tl. Ullillmll'ly, Wl! n•sltil'lcll OUI'Sl<!Vt•N to disk·ha,..~l · 
"lll'l'aling ~y:<ll'lliS tlr!si¡{llf'rl (nt' l(l!lll'l';llll,;t! whj,-h iln! 

f'•tplii:U' 111' IIJnSI ljlli'I,V ~nllfel'l!~ ~h!! f!I~Uil! 11( JnÍt'nl~'llll• 

'
IU~jn¡c. - ' ' ' ' . ..... .. 



. 
í 

¡ 
l 

. ···. 

~;. ... '. 

funcl:un~ntally, an opcrating system i~ a collection of izecl for a particular mak~ and modcl nf corr¡put~r.' The 
Jli'Ob'l<lms that handlcs a witle variety of tasks. Sperifi· idea of running the same operating system·on a main· 
t'ally,:an opcmtin¡r ~yst~m supervises the processing of frame or minicomputer from I BM ami onc from Digital 
:1j:Jpli,cáU¡m~ IJ''?I!?i".~-W,'\!\<1 a)L\nPlt,~·~n~'~\l.tH!4h::'YL!)l:í .,¡;;_quip!llen~ Corporalion (DEC), or even on t1~p clüferent 
out an oper:'\tmg systell1.,any computer rs only a col)ec.. ínodeis from the ~ame company, was, to say the lt>ast, 
Úori of. ~igh·tccli ga<lget_ry that does nothing. considered farfetched. Yet it happens frequently in the 

Cdriglder what lia!)pen's when yo u press a key un the micro world. In fact, we often expec'l a great deai of com· 
Ji<ivbJ!Jd: BY it.Self, a computar i~n't capable of recogniz· patibility and are mightily disappointed if, say, a DEC 
\ngtliat'a k&)ihas been pn•sKecl, much less deddinl{ what Rainhow won't run programs written for an IBM PC. 
j[ me.ÚJ\1~ Jiu't'thu 'operaÜng syHtem ÍllslrUcls lhe CIJin· 

puter:'t0, periodically check"to .~e e if a key has been. -~· .. , . · _ PROPRIETARY CLAIMS , 
prcsse\l-aiH!.tells the computer what to rlo ahout. it. Thl• ¡11\ PERATING-SYSTEMS portability is only a re· 
oper.1ting. ~ystem routint' wi!l instruct lhe machine on V" cent developmcnt in the history of microcomput· 
how to decode. the signa! prorluced hy thc ke,I'J>~'<'"" and, ' · · ing, und it is far from universaltoday. Original· 

,¡nustruf the· timl', tell thc computer tu displ;~y the ap· ly, just aboul l!yery computer company had its own 
propriate rharacteq¡p, the video scrccn. 7. . opcl'llling system; when you bought your máchine, you 
.. , . ,. ' ., were locked into the operating system thal caine with it. 
-~e '\ '.,,_·;. . PIONEER OAYS .. - ·' This Wa.~Íl'l SÓ had On the inexpensive home·cul]lpUte~ 
,:, f-:.' HE IH~ WAS a time, back al the dawn of mici'O· that had the uperating system completely'' in' ROM. 
t L <;<!nlputing (1warly JO years ugo), when al! com· These computel'l! typicall~· huu limited mcmory capac· 
·. · putelo_. carne withuut operating systems. These ity, and having a propl'ictary operating syst!'!m for eacli 

early computers were housed in boxes that had ruws of model meant that it Cl)Uld make the besl possible use 
switchcs-huilt on the same principie a.~ common tog· of that machine's features in the memory avail~ble. Since 
gle s~·itchcs useu tu turn on and off electric lights and it takes severa! minutes to loarl an operdti)'lg ·_system 

appl,ianc,es-:~nrl, lig-ht·. from.tape,'anrl since it would consume as muchas half 
emitting 'diodes ori thein. ,of the comput~r's memory space, swi~chin'g'opero~ting 
Those switches weni use<! · systmns isn't at al! popular on those compulers. Under· 
to enter the data anrl· pn1· stanclably, then, almost al! of these inex¡íensive ma· 

' 'granis in binary fu1·m, a chines still use their own special oper.1ting systems. 
byte at a time. On larger machines, howev~r. this proliferation ofpro-

This design was short· prietary operating systems proved cost!y. First, of 
liv~cl. for obvious rcasun,;, course, is lhe expenMe of writing the operating system. 
Keyhoar·ds and monitors A computar cumpany has to invest a lot ofprogramming 
were added to thc I:iasic · man-hours into devcloping a competitive operating sys
boxes with the blinking tem. Moving applications programs over to the pro· 
,lig!),ts, and mass storage prietary operating systems requires even mbre expen- . 
wa's.:vast!y irripr'IIVCd dur· .. -si ve programmer time. Ancl beca use most applications •. 

,ji~. iry)s:)ie~oa <if:Cxi>I,;¡-~i1ye ¡ .'~r,óg:r~ms:;~ere ~r!tJen,_by :ompanies oth~r th~n uie · · 
m1crocom(luter develop·, ''computer manufacturer, 1t mrght be a long lime, if ever, 

· ; , .· ', .... !n~eni::'Mi,~~Jbqnl'¡i~lcr'pr'o·l befor!l a popular program became available for n par
h'l'llmmen; quickly learned how tó pul sir:npl,e' o'p~rating: ', ticular machirie; Yet · this situation coulcl be easily 
syi;t<•ms in l'e:ul-nnlv memory (ROM). 'l:hosl:· ROM ·sys· · "rénwilied on these larger machines-if most of their 
t;•ms enaqlt•t!Jh•: c~mJn'Jtl:.·-';t!Uf~¡f.i~'ii"r\l.bi:i}:rompl<~\:! ;opPrating,s.vstem was stored on a floppy •!isk. (There 
operating. ~yst('m fron1 fpunche_él ;plÍJler tap~"or :án: ',' is u~ually only enough ROM to instruct the computer 
:llldiucas~ettc. During tll<ii<il'lfai·Iy .'da.Y,<.':Jini¡{r;ih\m~h,l 'lo: ln:ul in the uper·ating system.) 
ma<le two impol'tan~.~isé~~edé',;,J)fst; wJ\iJ,;_\t !n~.Y'Hc' '''· Clearly,the answer was a pnrtable operating system. 
ehalll'nging to wr·ite a 'kbybo~i·iiilecúdiliJ r'-liutiné 'orich, J'he piqn~cr in this arca wa.' Digital Re~earch with its 
writing nne for·_evl·r·y .~pplicatin!"s p¡·og¡·am bccom,es-a· CPIM (Cm\trol· Progrüm fnr Microl;'rocessl)rs). CPIM is 
pain in the n'Pcli. Th wi·ite,such ~ 'nrutiile'únce and makc wdttcn· to rnake existing applications prog¡~ms easy lo 
it part of tlw o¡iemting system is much easi<!l'. Sccon<l, movc lo new computero-provi<lcd that tlie new ma
if ·many pcnpl<' u,,,,.¡ th'e same nJil'rating ~ysl<•m, p11r· chinc.~ confonn lo certain hal'<lwar(' standar;rls inclurling 
gl,tnlllll'n< ,·ould .1\Titc'applications software thal wnul<l using the Intel 8080·or 8085 or· Zilog Z80 8-bil micro· 
run tlll a lnt uf machines withoul mndification. Thus proc('ssor. · . ' . · · 
(mure m· lt·s~) tlw softwal'c in<lu~try was lrorn. Manufacturcrs could license CPIM· from Dibrilal 

Thi' id<•;¡ ,,f pu1·tahility ha~ evnlvcd, m· al il'ast I'C· lli•sear·ch fnr less than th<·y could write th<;ir· nwn npcr· 
t<t•in·~l il:-; widt•:.;t t'XJH't..·:-o~ion, mlmicrm:om¡natt·r~ li1 the ating- system:-~. a11cl a lot of them dicl. C~m~equently 
wurld of. lllillit·ompulPI':-i und mainfranw:" t'\'Cr\'IHH' CPtM•:-~ wiclcspt'L'HII UsP t•ncotli'Hg't'tl pro~t;ammt!t"S to 
:l!-'l'\lll.il1'(1 th;ll tlw:o¡u·i·ating' syslt!lll,W~IUicllu· (:li:o.;.IOIII· WrilP 'ap"plit .. ations pr·ogr·ams fw· it.' Tti(! m~ailahility ur 

· · ' '' • ·'' : 
1 

·• • ;·, 'e·, du·il·tY üf:..;pftwar·e·iuadt~ CI'/M syste~s tlopular: with 
u .. :k·¡:;::k ~ .. a r .... ,.¡;~;~,7"""~~~~~l~,;:r.·:¡.,j~ l'hu1·ni~·:. ~;;.~; .. ,:;~ huyt•rs, whic~ l'llCtllii"UJ,tetl l'V••n rno1·~·rnamífactun•i-s tu 
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HETHER y~u lrnow it or ~ot, the operating system is the first program · 
executed when you turn your computer on and the last program shut down 
when you turn your computer off. Computer ~ooks and magazines tend 

to wax metaphorical when they describe operating systems and what they do. 
Operating systems have been call~d "traffic copS:' "majordomoS:' "virtualized in· 
terfaces" or even the "personality" of your computer. They give it a "soul" or 
handle the "housekeeping." The reason behind these metaphorical outbursts is 
that an operating system does too many jobs for one simple explanation; it is, 
in fact, easily the most important software a computer has. 
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Since the RN's and NP's would each be assigned a permanent 
exam room, the original planned staff size was really a reflec
tion of present maximum exam room count. When simulation 
forced an increase in these providers, the present faCilities were 
instantly rendered inadequate for combining the current pa
tient load (not to mentían any future volume increase). 

The size of the waiting room was not even considered until 
the simulations provided a maximum queue length for that area. 
When this maximum was t.aken from a model with one pro
vider absent and enlarged 40% for persons accompanying the 
patient, neither facility had the required waiting space. 

Despite the disappointment at beihg unable to combine clinics 
immediately, two positive consequences resulted: 

{ 1) An extraordinarily detailed space requirement was 
generated, backed· by a leve\ of documented justiftcations 
not normally seen for this size of" request. The forecasted 
vol u me in creases related dir~ctly to incremental space cost 
as well as staff cost. 

(2) The wait to get the new space (approximately one year) 
would allow time for more detailed simulations and the 
small-scale actual testing of many of the majar operational 
changes. The GYN scheduling methodology has already 
been modified with documented improvements in patient 
early/late arrival. Addition of Nurse Practitioners to the pres
ent (splitl clinics is planned for fiscal year 1985. Observa
tion and logging have begun again in GYN clinic in prepara
tion for a known increase in near·future patient volume. 

SUMMARY 
lhe most important resuli of the simulation process was the 
education of the department personnel. E ven if no simulation 
runs had occurred, the knowledge gained from gathering the 

. inforrnation required to build the models provided a quantum 
increase in management understanding and cooperation. The 
non-threatening, inanimate information requirement of the 
model allowed freer communication for the diverse study group 
(Physicians, Head Nurse, Administrator, Financia! Coordinator, 
Engineer, Assistant Professor). 

The model u sed he re is relatively trivial. and is not presented 
with the intent of demonstrating simulation prowess. Rather, 
the focus is on the application of simulation to real-time, highly 
deadlined, management decision making. Though numerous 
assumptiom in the model could be improved, no degre of fur
ther sophistication could ha ve preserved the original plan un
changed. Now, not only is more time available, but also the 
goal has widened from providing a specific go/no-go decision 
to locating the optimum configuration for clinic operation. 
Many of the assumptiom presented here will not be adequate 
for this more rigorous effort. 

Other results include: 

(1) Original planned staff size was increased by three providers .. 

(2) The new provider type (Nurse Practitioner) was shown to 
ha ve a markedly lower unit costas well as higher volume 

capacity (compared to MD's) dueto their assured presence 
when the clinic starts. 

(31 Both current clinic facilities were shown to be inadequate . 
for a combined operation. A detailed space requirenient 
was documented based upon the simulations. · 

(4) Front-loading of each OB session with at least five new 
history/physical exam patients minimizes disruption of 
return visits and optimizes use of providers. 

(5) The modeled staff utilizations were maximized against pre
determined upper limits for direct patient care tasks. 

(61 The effect of the MD's delayed arrivals was documented 
showing the negative results on clinic stop tirñe, patient 
visit stay, unit cost, and RN utilization. 

(71 When the average patient stay time dropped below one 
hour, unacceptable staff non-utilization occurred. 

(8) The modeled direct labor unit costs for eai:h patierit tYPe 
were found to be most sensitive to prÓvider iearil i'atio and . 
MD arrival time, This data may also support later changes 
in clinic charging mechanisms. 

The simulation technique proved its value and is now undér
way in severa! other clinics. The developrhent of an •in·hoi.lse" 
programming capability and the use of a rapid turnaióund com
puter, supported by acceptance at middle- and senior-. 
management levels, assures that simulation will becOm·e astan
dard tool for grappling with rapid change in the ~ealth care 
system. 
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' Exit time of 
. MD; a.r.ri_v~!, Phy~ician (A.M.) Avt>ragt' patient las! palien! RN 
alternatwes A B e time in clinic (P.M.} utilization 

Worst recen! 
actual times 9:50 10:30 11:00 2 h 52 min 2:0& 59% 

Be:.! recent 
JCIU.JI \1me~ 9:45 IU:UO 10:15 lhJJmin 1:4ú úJ% 

Ideal time~ 8:30 8:30 8:30 1 ·h 12 min 12:20 81°k 

Simulation parameters 

Morning clinic, starting al 8:00 A.M. tfirst PI. arrives) 
P.ltient load (for morning clinic) -35 OB regular return visits 

1 Average physician ex~m time - 11 min 
Staff size: MD's - '3 1 

RN's -5 .. 
·' 

Figure 6. Simula\Cd effcct uf phy~ician arrivJI timl's. 
' 
' i 

the sessions ran seven hours! This was unwelcome news since 
combining the clinic> had been premi>ed u pon a con>iderable · 
redUctiOi1 ¡¡, current staff. The model validity wa? certainly ques- 1 

tioried, but no one could designate an assumptiOn' Or par'aniete~ ·\ 
which realiStic.ally could' ·be !in error enough to ignore •. the 
results. Though this simulation ·result was accepted grudgingly, 
relief that it was discovered now (and not at actual clinic start-
up) was evident. · · :• 

New planned staff size 

Aher additional >imulation>, the total planned >talf wa> in
crea>ed by three: one MD, one RN·, and one NP. Thi> proce» 
w.Js nicely structured bY the mod€1 resült categories in the 
following priority: · 

1 ' • • 
' . ~' . . 

l1) Sessioh·:mu·sr stop Wiinin ~4 V.i lhbur.s':''' ....... 
• •• •• .._J :tn l~í.:JJ .• ·,ilQ .. :,¡U.tl< 
1 ·'" · · · • .. ¡ Jo¡ •· ,¡ ·-~ :T"" ,..,~~~ 

(2) Patient >lay time >hould average appioximaiely one hour. . ·- .... 
··•i \.,·;;,,d¡ 

(Jl Utilization> >hould not exceed 65% for MD'> and 80% for 
, RN'> to allow time for unmodeled dutie>. 

The modeled unil co>l> >howed th.~ "::D.I~;:¡-_¡¡-~ii~ñ~~.~-~,co>t. ,, 
more than the N PINA patient>. The plan envi>ioned the MD/RN · ' 
patient> generally to be tho>e at higher ri>k or with complica· 
t1ons, while the N PINA p3tients Would be,routine:~o·¡ ,'j ~'' 

' .• .· . ¡; • ~). ~· 11{ ¡t .r/it¡; v~;,¡ qf) ' .. ll·J',. ..: ~ rl 

. '· :, ' j; !"\•r,¡J ,'._Ú·! ~,.-!! , . ( f l..i ' '' 
..... /-. Original. patient.volum~/mix 01p_l;!l)_.,,,. r: 1, 

·· , \ .. •··· ·• '-Lit'f ,·¡, ·l.l• .. ,·¡ .J ¡¡-j n· , h!• 'Jr! r 
The original planned pat_i_e~lt¡ygl_~m~~n;~~~'!Y~:s).';~!~~P~·~s1i,~g--~he 

• new. >taff·>ize. Since thi> plan wa> ba>ea loo>ely or\ a >ubjec
tive reqUiremeilt tó seé 40 new pa_~ients p·er '!~./e~k, it w:as not 
surpri>ing .lhat il overwhelmed even the largér planne'd >taff 
~ize. The >leadptate patient vi>ilload is rigidly conneded tu 
the new patient intake rate (a fact not fully appreciated until 

Final patient volume 
The final patient volume> were in fact average >e»ion loads. 
To see-what wóuld occur when an individual session load was 
higher than average, the pa>t four months of >eS>ion ioad> by 

' patient type were compiled. Though the cau>e> of load varia-
. tion among sessions was not fully known, there were no plans 

which might influence this fluctuation so it was assumed to con
tinue. lt wa> felt that a >taffing plan >hould routinely com
prehend patient load> up to one >tandard deviation above the · · 
average load. The re>ulting model> >howed the wor>t ca>e> tO 
be the OB MD/RN and GYN NP/NA >e»ions running an hour 
longer at "Avg + I" patient load. The>e two >eS>ion types are 
candidates for morning clinics so that their overruns won't oc
cur at clo>e-of-bu>ine». Plan> have already been defin~d 
de>ignating >pecifié personnel who will provide lunch break> 
for an overrunning clinic. · 

Sch'eduling new patients . ... 
A new OB patien(> first vi>ii ¡, very.long compared to all others • 
Since they take >ucn a liuge >egment of re>ource>, the fir>t in· · 
clination WaS tO spread them OlJt evenJy during á se»ion lO 
minimize their dominance of MD time. The Head Nurse >ug
ge>ted >cheduling them fir>t in a >e»ion (front load) and del;iy 
>cheduling the fir>t return patient for 75 minute>. Both method> 
were >imulated with the latter method proving clearly the bet-

: ter.(reduce~ ~atient >tay and earlier ~linic >top time). Not only 
· was better use made of the non-MD resources but the reponed 
tend~ncx. ,?,f the long (new-patient) exam to get out. of 
chronology wa> effectively blocked. · ' 

,,! . •.. •. 'l;,_,. ' ' ., ' . ', 
/1 { ·~>llli ·~•·•1 1;)1¡· r:, ! 

•1 "" • .,,, ¡,," .. ,Ciinic 'space requirement, 
. Throughout the >tudy, the quickne» of actually combining the 
'clif)iC> was'ba>ed upon the a»umption that one of the lwo 
· f•cililies would handle the combined patienlload. The simula· 

tions preved this to be unworkable far two reasons: 

(t) The required number of ex a m room> needed exceeded 
tho>e available at either location. · 

it wa> to be modeled). Aher reáiÍ>tic ad)u>tment, the palient 
mix 1Per sesSion became'a concern. 'Apparently valid.fee/ings 
abqul how to >plit the load between MD and NP proxe.d to 
need adju>tmentwhen modeled. The >ubjective eq~ivale~cy ,¡ (2) _The req~ired waitlng room capacity exceeded thal available 
of vi>it> by different patient type> al>o received adju>tment. at eitherlocation. 
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3HD r 

0 PT ,AVC.· • Ohr 40min 
RN • 60% 

SRN HD • 44% 
OLUC • $18.22 
STOP • ll:27a.m. 

PT.AVG. • Ohr 43min 
0 RN • 71% 

4RN HD • 44% 

DLUC • $15.65 
0 STOP • ll:26a.tn, 

T E C H N 1 C A.:._:Lc___:N-'-'0"--'T_.:_E...:S~--------,.-------' 

IDEAL PHYSICIAN ARRIVAL A:30;8:30;~:30; 

2HD 

PT,AVG. • Ohr 4lmin 
RN • 59% 
HO • 63% 
DLUC • $16.79 
STOP • 11:27a,m. 

lHD 

PT,AVG. • lhr l2min 
RN • 46% 
HTl • 96% 
DLUC • $18.38 
STOP • !2:07p.m. 

PT.AVG. • Ohr 43min PT,AVG. • lhr 2lmin 
RNa74% RN•S7% 
HO • 67% 0 Hfl • 96% 

0 DLUC • $14.31 DLUC • $16.68 
STOP • ll:27a.m, STOP • !2:27p.m. 

BEST RECENT ACTUAL PHYSICIAN ARRIVAL 9:45;10:00¡10:15 
3HD 

PT.AVG. • lhr 48min 
RN • 49% 

SRN HD • 59% 
DLUC • $19.77 

<:>STOP • !2:08p.m. 

PT.AVG. • 2hr Olmin 
0 RN • 61% 

4RN HD • 47% 
DLUC .. $19.86 
STOP • 12 :46p.m. 

2HD 1 lHD 

O PT .Ave. • lhr 48rdn 
RN • 48% 
Mil • 78% 
DLliC • 519.46 
STOP • !2:15p.m. 

PT.AVG. • 2hr 29min 
RN • 36% 
HD • 94% 
DLUC • $24.69 
STOP • l:J9p.m. 

PT.AVG. • 2hr 04min PT.AVG. • 2hr 37min 
RN•SS% RN•45% 
HO • 73% 0 HO • 96% 

<:) OLUC • $18.25 DLUC • $20.90 
STOP • 12:4lp.m. STOP • l:43p.m. 

3Hn 
WORST RECENT ACTUAL PHYSICIAN ARRIV AL 9:50; 10: 30; 11 :00 

2HD lHO 
PT.AVG. • 2hr 2Rmin 
RN · .. 35% 

~ PT.AVG. • Zhr 03min 
RN .. 44% 

PT.AVG. • 2hr 04min 
RN • 46% 

SRN Hn • 59% MD • 83% HD • 97% 
DLUC • $21.43 

0 STOP • 12: 33p.m. 
DLUC • $20.78 
STOP • 12:34p.m. 

DLUC • $24.00 
STOP • 1:30p.111, 

P'LAVG. • 2hr 

<> RN • 52% 
12mi.n PT.AVG. • 2hr l2min 

RN • 49% 
PT.AVG. • 2hr 37m~~ 
RN • 44% 

4RN HD • 48% HO • 69% HD • 95% 
DLUC • $20.18 
STOP • 12: 58p.m. 

<:) OLUC • $19.43 
ST?P • 1:02p.m. 

DLUC • $21.18 
STOP • 1:48p.m. 

ASSUHPTIONS 
HORNING CLINIC, PIRST PATIENT ARRIVES 8:00am 
PATIF.NT LOAD • 20 OB REGULAR REtURN VISITS 
AVERAGE REGISTRATION • 3+1 min. 
AVP.RAGF. WEIGHT/RH PREP ·-6+1 min. 
AVERAGE RN PRE-ElAM • 5+2 itn. 
AVERAGE HD EXAH • 11mtn7 Poisaon 
AVERAGE RN EXIT • Smin, Poiaaon 
AVERAGE NEW APPOINTMENT • 3+1 mtn. 
PAl'IENT ARRIVAL INTERVAL • 9!_0 min. 

DEFINITIONS 
~~vg time patient la in clinic 
RN • XX%-Avg RN uti11zation for exam on1y, 
MD • XX%-Avg MD utilization for exam only. 
DLUC • Direct Labor Unit Coat (per patient) 
STOP • Time 1aat pt. leaves ~orning aeSaton 
O - Optimum va1ue for each arrival 

alternatlve. 

figurt S. Cornputer simulo~tion of proposed OB phy$idan clinic with 20 patients. 

Eighty·lwo models (out of the severa! hundred possible) were 
aclually run with the non-selected models being eilher "boxed 
oul" of feasibility range by previous model resulls or having 
unrea\istic parameter combinations. Each model was run three 
separate times identically except for the portian of random 
number tables used. This was necessary beca use of the small 
vol u me of transactions and the non·steady state character of 
the four-hour cljnic session. The three results were averaged; 
more than lhree runs would have been desirable, bul cost and 
deadline overruled. 

Effect of MD arrivals 
The first simulatiuns deah solely with MD arrival effects. Using 
J. fixed patient volume, a single patient type, and a fixed staff 

size, three arrival patterns were tested. The most dramatic ef· 
fects were on RN utilization and patient stay time (see Fig~ 
ure 6). This was the firsl 'time that such effecls had been 
documenled lo supportthe long·held feelings of,ihe clinic staff. 
The dala in Figure 6 was immedialely passed lo lhe Depart· 
ment Managers since addressing this issue waS\onsidered a 
long lead·time process. The issue of physician leadership and 
conlrol is now being examined more widely in the lighl of this 
dala. · • 

Original planned staff size 
The staff size planned for the combined clinic was tested with 
average curren! patient volumes. The resulls clearly showed 
the staff was inadequate for even current patieht volumes -

AUGUST 1984 S_IMU~TION 9? 
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empirically derived distribution of event durations. Nine 
al the sixteen duration types had sufficient data to be ap
proximated in this manner. The other seven were for pa
tient type:s so rarely seen that a Poisson distribution assump
tion leven if grossly non-representinive) would have little 
impact on the outcome. 

(2) Patient pre-exams were estimated by the Head Nurse since 
pan of this procedure did not yet exist. As this procedure 
would be highly structured it would evidence less varia
tion around the mean so a uniform distribution was 
"'lected. 

{3) The Nurse Practitioner procedure durations were assumed 
to be identical to the corresponding Physician procedures. 
(Since NP's were not yet present, sorne guidance was pro
vided from previously obtained midwife procedure·tiffies.), 

{4) Since no direct change in clinical practice was envisioned, 
all process durations for the future combined clinic were 
modeled upon present practice. 

(5) Patient arrival was assumed to be similar to the present OB 
experience: uniform hourly patient arrivals durinS the first 
thrce hours of a session. In a combined setting, the GYN 
.chcduln~ method would bo identical to OB. 

(ó} For any one model, the ínterval between al\ patient arriva\s 
would be consta ni. Most of the plans to be tested did not 
involve changes to patient arrival patterns. Keeping arrivals 
uniform and consistent would clarify cause and effect of 
other changes. later models could test more n·early realistic 
arrival patterns. 

(7) Only direct patient contact tasks would be modeled. Al this 
point, these were the only measured tasks. lndirect labor 
tasks were estimated and would require adequate (and ap
parontly non-utilizcdl time in the modeled results. 

(8) Each clinical session lasts four hours (8:00 A.M.-12:00 noon 
or 12:30 P.M.-4:30 P.M.). No personal breaks or lunclies 
are simulated; registrars, RN's, and NP's are present at start 
of session. MO's arrive at various times after session start; 
first patient arrives at session start; model will run each ses
sien untillast patientleaves; model wi\1 si m u late only one 
st-~sion during a run. 

(9) All MD exams are already chaperoned by the correspond· 
ing RN. The NP exams would be modeled at 40%, 60%, 
and"80% chaperoned (by NA's). · 

Model parameters 
The planned volumes lar each type of patient were provided, 
by the depanment managers. The planned staff sizes for each 
personnel type were provided by the Head Nurse. MD arrival 
times were drawn from logged, ideal,- and practicál best. Pro
cedure duralion times are shown in Table 1. 

RESULTS 
A typical 18-model output summary is shown in Figure 5. 
Table 2 lists all the parameter values tested in specific models. 

Table t. Procedure time~ for combined 08/GVN model (in minule~). 

All registration~ • 3 ::t 1 minutes. 

All weigh station/room preparation - 6 ± 1 minutes. 

All new appointments - 3 :t: 1 minutes. 

Pre-exam 
MD patients (minutes) Exam• hit' 
OB 
New 30 ± 10 30P 12P 
High risk S ± 2 13P 12P. 
En do S ± 2 23P 9P 
Post partum 1 ± 2 9P tOP 
Regular S ± 2 t lP BP 

GYN 
Regular 4 ± 21P BP 
Endo 4 ± 2SP 13P 
STO 4 ± 17P BP 

NP patients 
08 
Post partum 7 ± 2 9P tOP 
R~gular S ± 2 ttP BP 

GYN 
Regular 4 ± 21P BP 
STO 4 ± t7P BP: .. 

"12P - Poisson distribulion wilh average value of 12 mlnules. 

._·,.:· 

bble l. Pa~ameter vatues modeled. 

MD staH 
sizt!-

J 
1 
1 

RN ~laff 
size 

5 

• 
08 patient mix.' 

20 regular 
35 regular 
5 new J 20 regular 
7 nt'W 1 24 regular 
5 new 1 \5 hi~h ri'k 
5 new 1 \0 regul.u 1 \0 pos!partum 

GVN palient mix 

20 regular 
15 e':ldo 

Nur~ praclitioner ex,1m Oow 

NP !JI.af( NA )laff 08 patient mi:.. 
~ze ~ize lall arriv.l\~ uniforml 

4 20 reguiJr 
) 25 regular 
2 JO regular 

, t5 regular 1 10 po)lp<~rlum 
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GYN patienl mill 
(olll .mival) uniforml 

20 regulo1r 
25 regular 
20 S.l.O. 

MD 
anival 

Worst actual 
8esl ·actual 
Ideal 
Practica! best 

Palitonl 
anival schedule 

Uniform 
Front-\oad new patienb: 
al First regular ¡n 9:15 
b) First rqul.u al 9:45 

'- of e.ams 
l·h,¡pt'roned 

40"1o 
bO"'o 
SO "'o 

'· 
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Figure 2. Typical patient flow log sheet. 
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' 
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Note: 
Average • 7.8 minutes 
459 samples 

8 

EX1T 1NTERV1EW DURAT10N 
08STETR1CS CLIN1C 
REGULAR PAT1ENT 
RETURN V151T 

.¡ P01SSON: MEAN "' 7.8 MINUTES 

1 ' 

10 12 14 16 18 

Minutes duration 

figure 3. hit inlerview durations. 

Morning patient leave time MO órrivai/Qeparture 

Date Earliest La test 
(1\M.) (P.M.) #lA liD #2A #lO #JA #JO #4A #40 

416 Wed. 10:00 1:02 9•J0 11 :OS 9:JS 11:40 11:00 11 :4S 11:JO 11:45 
4/7 Thurs. 9:44 2:07 9:2S 11:10 9:JO 12:JO 11:1S 12:40 1 !iJO 12:40 
4/6 Fri. 10:12 1:40 9:20 12:10 10:20 12:,10 10:20 12:15 

4/11 Mon. 9:S5 2:10 9:20 12:50 10:00 1:00 
4/12 Tues. 9:J5 1:52 9:15 11:15 10:00 12:00 11:JO 12:00 11:45 12:10 
411J Wed. 10:J1 1:40 9:JO 11:35 !>:45 11 :J5 9:50 12:JO 11:10 12:JO 
4/14 Thurs. 9•40 1:J5 9:2S 12:JO 9:J5 12:J5 
4/15 Fri. 10:48 2:10 9:45 1:00 10:50 1:00 

Averages 10:03 1:47 

Figure 4. Actu.JI ·MD arrivals/departurt!s (08). 

::-("• . • · •.. .:.. .-.:::..$'· 

" 

Total MO-hóurs 
pat. 

.. 
per P,ffl. 

26 O.lll 
42 oJ! 
J7 0.1~ 

44 o. 1s 
28 o. 1 il 
JO 0.26 
41 oJs 
J7 o. 1S 

J6 o. 17 
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~----------------------------T~E_C~H~N~I_C~A~L~~N_O~T~E~S------------------------~--~ 

• " 1 :'>~ ·' 
NURSE' ·' 

PRAC1JTIONER 
FLOW 

Note: 
MD - Physician 

PHYSICJAN 
flOW 

NP - Nurse Practitioner 
NA -- Nursing Assistant 
RG - Regislrar · 
PT - P•tlcnl 

Figure 1. Combined OB/CYN clinic. 
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The firsl four items were collected on a form !Figure 2) issued 
as each palient regislered and which Jhen accompanied the 
patient's chart. The physician's presence in the clinics was 
logged by clinic staff. Extensive interviews with individual clinic 
employees anda patient survey questionnaire provided unex
pecied but important modeling data (the chronology of cer
tain types of patients is consistently disrupted; patients are 
accompanied 40% o( al\ visits). Since physician recording of 
individual patient exam start/stop times was scant, direct exam 
timing was done by three nurse~ Registration and weigh sta
tion dúration carne from ob~ervations during a previous study. 

DATA ANALYSIS 
The histograms of exam and exit interview procedure durations 

e u , generally resembled the example shown in Figure 3. The OB 
'patient arrival intervals, early/late distribution, and uniform 
scheduling of patients all demonstrated an on-time and uniform 
arrival pattern for the first thtee hours of all sessions. GYN 
showed a disorganized palient arrival pattern with a polar. 
distribution of early/late and front-end scheduling of patierits. 
The physician arrive/depart log (Figure 4) documenied the varia
tion in MD availability and also gave an MD-hour per patienf 
similar to the observed exam times (0.17h versus O.Blh), 

MODEL STRUCTURE 

The simulation system, GESIM (General Simulation) is a yer
sion of GPSS offered by General Electric lnformation Services 
Company. The resulting flow chart of statement blocks :'is 
understandable to non·programmer participants who can then· 
assist with evaluating the realism of the model. · 

Assumptions 
The model of the combined clinics would ha ve features which 
did not currently exist. Also, some features were simplified to 
reduce confusion about cause and effect between different ··· 
models. The following assumptions were used throughout this 
study: . 

11) Patient ex a m and exit interview durations are modeled as 
Poisson shaped distributions with means resulting from··io& 
sheet values. Figure 3 shows a Poisson with equivalen!. 
mean superimposed on the logged data. Though the 
goodriess-of-fit is poor, the Poisson shape was selected. 
nonetheless for the following reasons: 

• Entering the actual distribution was time consuming and 
error prone while working against a tight deadline lthe 
program had a built-in Poisson function). 

• Modeling was started while data was still being collected 
and analyzed in order to expedite the process. As more 
data was gained the mean was'expected to change while 
the shape was not. Frequent changes to custom disiribu· 
tions was not an attractive process. 

• Using a modeled mean identical to the logged mean was 
expected t.o minimize dynamic distortion while preserv
ing the overall labor content. 

This use of the Poisson distribution is nor the conventional 
one. While the Poisson is usually u sed for variables con· 
cerning the number of events happening during an inter
val, we are borrowing · its shape to approximate an 
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Computer simulation of patient flow 
in obstetricalf!wnecology · clinics 

Arnold R. Mahachek and Terry L. Knabe 
Management Engineering GYN/OB Department 

The /ohns Hopkins Hospital 
600 North Wolfe Street 

Baltimore. Maryland 21205 

Keywords= administrarían, ambulatory care facilitieS, 
decision-making, hospital.. organization, out
patient c/inics, simulation 

ABSTRACT 

Managemen(s planto combine two clinics is analyzed by com· 
puter simulation based upon present patient llow data and 
specific planned operational changes. The specific areas ex

. amined or tested are provider staff sizelratio, effect of new pro
v,der type, facility size/composition requirement, patient sched· 
uling methodo/ogy, personnel utilization, staff arrivalldeparture 
effect.s. patient waiting time, and direct labor unit costs. Pro
cedure duration and patient arrival time are gathered using Jog 
sheel5 for 2,000 patienl5; direct observation supplemen15logged 
data loss. The simulation system is GPSS. Model results con· 
tribute substantially to a/1 eight target areas. The planned com· 
bining of the two clinics is postponed until adequate space is 
available. 

INTRODUCTION 
The )ohns Hopkins Hospital (a 1,000 bed, acute-care, non· 
profit, teaching hospital) has 75 clinics with 300,000 visits per 
year. Hospital charges are now controlled by a state rate com· 
mission. The outpatient clinics' revenue fa lis short of their cost, 
yet they provide a valuable so urce of inpatient business. Con
siderable pressure was placed on clinics (to improve their fiscal 
and management effectivfnessl by decentralizing their respon
sibility back to the correspof1ding inpatient service. 

In February 1983, an OB/GYN Clinic study group was formed 
with a primary goal of evaluating the departmenrs plan to 
physically (and organizationally) combine the OB and GYN out· 
patient clinics. The committee was composed of 1he following 
individuals: 

• MD - Office ol Medical Practice 

• MD - OB lnpatient 

• RN - Nursing Director, OB/~YN 

• RN - Head Nurse, OB/GYN Clinics 

• Administrator - OB/GYN 

• Financia! Coordinator - OB/GYN 

• Management Engineer - Central St~ff 

• Assistant Professor - Health Services Admi11istration 

This group could bring to bear a wide variety of backgrounds 
and insights on management analysis. · 

Computer simulation was proposed as the central device for 
the analysis process, because the implementaJion of severa! 
policies which individually may mak~ sense (~tatistically ra· 
tional) may lead to less than optimum performance (dynami· 
cally irrational). Since the target date for combi~ing the clinics 
was July 1, 1983, thorough and detailed simulations would not 
be possible. Sin ce .data collection and analysis .would not be 
completed until May, little (if any) model validation or verifica· 
tion would be available befare an initial g~/rÍ~go decision on 
combining the clinics would occur. An estima.fe of feasibility 
will be considered sufficient at this point. Despi.te the inherent 
ri>ks of such a process, computer simulation was felt to be the 
best mechanism with which to pretest the ne~ policies and 
plans. "'· 

DMA COLLECTION 
Using direct observation and staff interviews, ;a flow chart of 
the planned combined clinic is given in Figui.e 1. As can be 
seen, the planned clinic is really two simultaneo~s but indepen
dent flows: Physician patients and Nurse Practiiioner patíents. 
This, in turn, directly specified the data needeH for modeling: 

. . 1~ 

(1) Patient and visit type 

(2) Date/time óf patient arrival 

(3) Patient appóirltment time 

(4) Protedure duratióri tiffléi 

(5) Provider arrivalldeparture times, 
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e 

DO 80 I=1r1022 
ICONT=1 
CALL AO<INMriCONTriNFER<IlriSBl 
ICONT=O 
CALL AO<INMriCONTriVOLTC1023-IlriSBl · 

C Retraso de tiemPo Para adecuar el tiempo de respue~ta 
C de el ~raficador con el de la maauina. 
e 

DO 80 L=1r10 
DO 80 M=1r10 

80 CONTINUE 
ICONT=l 
CALL AO<INMriCONTriGENOriSBl 
RETURN 

>FOR CIRCULO=CIRCULO 

>TKB <cr> 

TKB>CIRCULO=CIRCULO 

TKB>I 

EN TER OF'TIONS: 

TKB>COMMON=UDCOMlRW 

TKB>/1 

>RUN CIRCULO 
BIBLIOGRAFIA 

---------------

- RSX-11M 
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- IAS/RSX-11 
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I/0 Drivers Reference Manual 
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e 

e 
e 
e 

e 

CALL AO<INM,ICONT,IGENO,ISBl 
'VOLTS=O, 
I~O~!,=O 

S~ ~es~laza el canal O a el radio especificado 

CALL AO<INM,ICONT,IDESP,ISB) 

C Calcula los P~ntos ~e ia'circuferencia 
e 

e 

DO 60 1=1•511 
Y=SQRT<RADI0**2-VOLTS**2l 

C Puntos SUPeriores 
e 

e 

IDATA<512-Il=Y*1023./10.+IREST 
IDATA(511+I>•IDATA<512-Il 

C Puntos inferiores 
e 

e 

INFE~<512~I>=IREST-Y*1023,/10, 
INFER<511+I>=INFER<512-I) 

C Desplazamiento horizontal 
e 

60 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 

e 

.. " ~ . 
IVOLT(Il=VOLTS*1023~/10.tiDESP 
IVOLT(511+I>=IVOLT<I>+IREST-IDESP 

VOLTS=VOLTStCREMEN 

.Los Puntos calculados son Puestos en los convertidores D/A 
mediante la subrutina eALL AO<INM,ICONTriDATA•ISBl en donde:· 

INM - t de canales aue tendran salida simultanea de. 
acuerdo a el dato de entrada. 

IeONT - Son los canales a los aue se hace referencia. 
IDATA - Es el dato de entrada , 

ISB - Es un camPo aue indica si hubo error o no en 
la oPeracion efectuada. 

DO 70 !=1•1022 
ICONT=l 
CALL AO<INM,ICONT,IDATA<I>,ISB) 
feONT=O 
eALL AO<INM,IeONT,IVOLT(IlriSBl 

e Retraso de tiemPo para adecuar el tiemPo de resPuesta 
e de el ~raficador con el.de la maauin~. 
e 

DO 70 L=1,10 
DO 70 M=1•10 

70 eONTINUE 



-. 

>EDI CIRCULO.FTN 

e 

e 

e 
e 
e 
e 
e 
e 
e 

10 

20 
e 

30 
e 

e 
e 
e 
e 
e 

e 

40 
50· 

55 

e 
e 
e 
e 
e 
e 
e 
e 
e 
1 

e 
e 

PROGRAMA QUE EJERCITA LOS CONVERTIDORES D/A 

·Este elabora una serie de circ•Jnfe.rencias de radio variable 
mediante la utilizacion de los convertidores D/A ~un srafi-. 
cador rr.ecanico, 

TYF'E 10 
FORMAT<' CUAL ES EL NUMERO DE CIRCULOS A GRAFICAR ') 
ACCEF'T 20,NUMVE 
FORMATCIU 

DO 30 I=l,NUMVE 
CALL EJER 

CONTINUE 

CALL EXIT 
END 

SUBRUTINA EJERCITADORA DEL UDC <CONVERTIDORES D/A) 
.;. • .. ! \ 1, . ·: •. '. ' 

SUBfWUTINE EJER 

DIMENSION IVOLT<1022>riSB<21riDATA<1022),,¡NFER(10~2) 
TYPE 40 
FORMAT<5X•'***F'RUEBA 

TYPE *•'ESPECIFICA 
TYPE *•' 0.05 

,•,\f:i,CCEP.1J,; 55' RADIO 

DE LOS CONVERTIDORES 
EL RADIO EN UN RANGO 

<= RADIO <= 5.0 

¡ ·ú.>r·.EQ.Rf:1.A;r <F,5. 2 > 
. ;b IF;,~r~~~~ I.Q,i,:t::.r :.;9.·1o!i ~Go:,:W. s~. " 

A VOLTAJE***',////) 
DE' 

• 

.. IF<RA~IQ,GT o5•,~)J 1 G,t?,.}:P ,,~,0 c,.;c: 1 (·. "' , .• 
·-h.l'"', ,·,·¡r, ;')'1 ';J'J::.fi q:• ,.Jj_l;1 .... ¡( f' ,¡ - ' 

Calculo de tod6~ los Pu~to~·aue seran·sraficados 
... l:l.L\t,'l "1' ' ' 

, •. _ ·_¿ ~ 'r: c1 ·¡ {1·1 '"¡ I_,CQf',ufP~ ·-:C9:17~~7.J,\i d.~.r.eTp-~ _ 

Niveles de referencia. 

INM=l 
IGEN0=1023.*5,/10, 
IREST=1023,*RADI0/10, 
I DESF',= I,Gf;.NO;- I REST 
IREST=IREST+IDESP r . 

• '1.1 

CREMEN=2,*RADI0/1022, 
ICONT=l 

( ) r;! r . · -~ 

DesPlaza el canal 1 a un nivel 5V de referencia 

.:~ . 



F'ROGF~AMA i 8 

>EDI CONVDA.MAC 

F'rosrama en ensamblador MACR0-11 Para la utilizacion de los 
convertidores D/A del susbsistema UDC11. 

; Este prosrama mueve una Palabra de control a la direccion 
efectiva del modulo A633CD/A), 
Com6 entrada se tiene un dato disital, aue es carSado atraves 
de la palabra de control• ~ como salida se tendra un voltaJe 

; analoSico eauivalente al dato. 

; 
FORMATO DE LA PALABRA DE-CONTROL-

; 

' ' 

i ----------------------------------------------------------------------- . 
; l 15 : 14 1 13 l 12 : 11 l 1 O l 9 l 8 l 7 l 6 l 5 : 4 l 3 l 2 l 1 l .O l ...... ' --------------------------------------------------------------------~--,___ _ __ ¡ '-------------------- ___________________ ¡ ,______ _ _____ ¡ 

V V V 
; selector de canal 
; 

datos 10 bits no usados • 

; 
.MCALL EXIT$5 directiva aue nos Permit~ usar la funcioh de 

de biblioteca EXIT, 
IS ind~ca aue se crea dinamicamente en ~~ •tack 

; al momento de la ~Jecucion 
ETI: MOV i37777,@i171004 ; 37777 es el contenido de la Palabra de ~6ntf~ 

EXIHS 

,END ETI 

>MAC CONVDA=CONVDA 

>TKB CONVDA/AC=CONVDA 

>RUN CONVDA 

; ~ 171004 es la direccion del Primer modulo A633 
; <contiene. los canales 0,1,2 ~ 3), 

la instruccion p·6ne 10 volts al canal O. 
; directiva ~ara aue el sistema operativo 
; 'termine la eJecucion _de la tarea 
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>EDl LECTM.MAC 

Este pros~ama en MACR0-11 muestra un metodo de Prosramar a la lectora 
de tarJetas CR-11• Para efectuar la lectura de tarJetas Perforadas 
Este Prosrama sera lisado a LECTF,FTN 

CUENTA: , WORD O CUENTA=O 
LEE:: 

CRS=17.7160 ; resistro de status de la lectora de tarJetas 
CRB=177162 ; buffer de datos <12bitsl 
MOV iO,CUENTA ; CUENTA <-- o 
MOV 2<R5l,R4 ' mueve el aPuntador a la direccion del elemento 
MOV tCRS,R1 ; R1 contiene 1a direccion de CRS 
MOV t-CRB•R2 ; R2 contiene la direccion de CRB 
MOV i80 .• , R3 R3 ·(-- 80. , numero de col~Jmnas a leer 

ETI1: BIT @R1,U400 ; checa si la lectora esta en lir.ea 
BNE ETI1 ; en caso de no estar se va a ETI1 !.! rePite esté 

; hasta GUe se encuentre en linea 
ETI2: MOV $1,@R1 ; lee una tarJeta 

H< 1). 

c~clo 

ETI3: BIT @Rl •*140000 ; checa si ha\l condicion esPecial o si· esta encendido 

BGT ETI2 

BEQ ETI4 
BR ETI5 

ETI4J CMP CUENTA,R3 
BEQ ETI5 
TSTB @Rl 
BPL ETI3 
MOV @R2,(R4lt 
INC CUENTA 
BR ETI4 

ETI5: RTS PC 
.END 

>FOR LECTF=LECTF 

>MAC LECTM=LECTM 

el bit 'card done' 
; condicion esP~cial aPaSada, Pero 'card done' esta 
; encendido 
; ambas condiciones estan apasadas 
; en caso contrario ve a fin 

si cuenta=SO. 
; ve a ETI5 
; checa la sisuiente columna 
; si no esta lista se va • ETI3 
; se suarda la informacion leida 
; se incrementa cuenta, contador de columnas leidas· 
; ve a ETI4 
; resresa al Prosrama en FORTRAN 

>TKB LECTF/AC=LECTF,LECTM 

El switch /AC hace a. la tarea Privilesiada 

>RUN LECTF 
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PROGRAMA $ 7 

>EDI LEeTF. F.TN 

e 
e 
e 
e 
e 

e 

Prosrama en FORTRAN Para realizar la oPeracion de escritura del .. ,. 
prosrama LECTM.MACr ~1 ¿ual reali*ara una lectura de tarJetas 

< '. ! perforadas sobre la lectora CR-11. Posteriormente escribira el 
contenido d~ estas en la terminal. 

INTEGER RC64Jret641rHC801rBC801 
INTEGER eONTA 

e conJunto de caracteres 
e 

e 

DATA C/' 'r'1',.'2'r'3'r'4'r'5'r'6'r'7'r'8 1 r'9'r'O'r 
l. ':JI:' r '@' r'; 'r '>' r '?' r 'A' r 'B' r 'C' r 'D' r 'E' r 'F' r 'G' r 'H' r 'I' r 
2 '&'r'.'r'J'r'('r'<'r'\'r'['r'""'r'J'r'K~r'L'r'M'r'N'r'O'r 
3 
4 

'P'r'G'r'R'r'-'r'$'·•-'*'•')'r'l'•'-'r'+'r.'/'r'S'r'T'r'U'r 
'V'' 'W' ''X'' 'Y'' 'Z'''' '''' 'r 'X'''='', •,'' 1'/ 

e codiSo hollerith de los caracteres 
e 

DATA R/Or256r128r64r32r16r8r4r2r1r512r66r34r130r522r518r2304~2176r 
1 2112r2080r2064r2056r2052r2050r2049r2048r2114r1154r2066r 
2 2082r2054r2178r1536r1280r1152i1088~1056r1040r10~2r1028i. 

e 
e .. 
" e 

3 1026r1025r1024r1090r1058r1042r1034r1030r2058r768r640r 
4 576r544r528r5~0r516r514r5i3r642r578r546r10r6r1154/ 

eALL LEECHI ! llamada a la subrutina en MACR0-11 

e checa •i la tarJeta leida contiene 5 unos 
e 

DO 15 I=1r5 
IF CHCII.NE.ll GOTO 15 
CONTA=eONTA+1 

15 CONTINUE 
e 
C se almacena la informacion leida en el vector B 
e 

20 
30 
e 
e 
e 

DO 30 I=lr80 
DO 20 J=1r64 

IF CHCIJ,NE,RCJII GOTO 20 
B < I) =e< J 1 
,J=64 

eONTINUE 
eONTINUE 

se escribe la informacion de la tarJeta leida 

TYPE 35rCBCIIri=lr801 
FORMATC80A11 35 

e 
e 
e 
e 

si la tarJeta leida contiene 5 unosr se toma como $enal d• aua ~· 
no halol mas tarJetas Para leer ·lol termina _el Prosramar en caso 
contrario-Prosisue la lectura. ~4 

e 
IF (CONTA.NE.5l GOTO 5 
eALL EXIT 
END 

' 

-~ ... 

.·· .. 



2. Resistros de datos. 

Cada pefif¡¡ir1co t'Jiefie''ul'lo.fa.'omas'•resistros ·de control \,j de estado 
CCSR>• abS ~6A~i~R¡~tB~i¿Ta~iMf6~micio~-~ecesaria Para la comunica-
cion con este disPositivo. Muchos. disPositivos reGuierem menos 
de 16 bits de estado.Otros disPositivos reaueririan mas de 16 bits.\,j 
Por lo tanto necesitaran resistros adicionales. de estado \,J controlo 
Ca da diPositivo tiene al menos un relistro buffer• ademas de los 
resistros CSR, Para el almacenamiento temPoral de datos aue han de 
ser transferidos desde o hacia el·~omPutador, 

OBJETIVO: 

El alu·mnb 'ar>~endera ·a rr.ane'Uar dlsPos:iti.vos ·perifericos tales como 
lectora de tarJetas" ·c·R-'f1' ·\,j· 'Í.JDC'H' •(c·aiwert.idores D/A)' atraves de 
Prosramas escritos en lensuaJe FORTRAN w ensamblador MACR0-11, 

DESARROLLO! 

Realizar los siluie~tes Prolramas: 

Prolrama ~ 7 - Prosramacion de la lectora de tarJetas CR-11, 
Prolrama * 8 ~ Prosramacion en ensamblador MACR0-1.1 de los convertidores 

Disital/Analolico. ' 
Prolrama 1 ' - Prolramacion'~ri FORTRAN de los convertidores D/A Para 

la utiliza~ion de un lraficador mecanice. 

1 
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P R A C T I C A i 3 

PROGRAMACION DE ENTRADA/SALIDA 

INTRODUCCIONl 

La capacidad de Prosramar un co~Putador para hacer calculas seria 
de Poco uso si no existiera la forma de meter los 'datos a la m~auina 
Y consesuir los resultados de calculas realizados por ella. Por 
consisuienter un Prosramador debe estar Provisto ·de los medios para 
transferir informacion entre el computador Y los disPositivos 
Perifericos aue suministran la entrada o aue sirven como medio de 
salida. 

Con el fin de realizar una funcion de E/S, el Prosramador debe 
esPecificar cuales son los datosr a donde deben ir .o de donde vienen 
w como debe ser controlado ~1 disPositivo de E/S, DePendiendo del 
t.iPo de comPutador aue se utilice, la funcion de E/S Puede reaueri'·r 
aue el CPU esPere hasta aue la oPeracion de E/S se hawa completado 
o la funcion de E/S Puede permitir aue el CPU continue procesa~d~ 
otras funciones mientras la oPeracion esta siendo realizada. Cuando 
la funcion E/S retiene el CPU decimos aue la oPeracion de E/S esta 
entrecruzada con el CPU. Cuando ambas Pueden ser realizadas 
simultaneamenter decimos aue la E/S es concurrente con el Proces~ 
de comPutaci·On. 

En otra forma• la funcion de E/S OPera directamente entre la 
memoria w la unidad de E/S, Este modo de oPeracion reauiere un 
camino seParado C llamado camino de acceso de memoria directoiDMAll 
entre la memoria w la unidad de E/S, El DMA permite aue se realice 
la fun¿ion de E/S con un minimo de dePendencia del CPU. 

La Prosramacion de E/S dePende de la maa,Jina. La con,PreJil.:!ad del 
sistema de E/S determina la comPleJ~dad de la prosramacion de E/S, .·· 
En el PDPr la Prosran,acion de los disPositivos de E/S ·e.s 
extremadamente simPle w no se reauieren instrucciones nuevas de E/S 
Para maneJar las operaciones de E/S. ., 

La clave de la simPlicidad Para la Prosramacion de E/S es. el 
UNIBUS. El UNIBUS Permite una estructura de direccionamiento 
unificada en la cual el controli el estado w los resistros de datos 
Para los dispositivos Perifericos son directamente direccionados. 
comti Posiciones de . memoria. Por consisuiente.todas las operacio~es 
en los resistrosr como la transferencia de informacion hacia o .fuera 

de ellos o la maniPulacion de datos con ellos• son realizados por 
instrucciones normales de referencia a la memoria. 

Todos los dispositivos Perifericos estan esPecificados Por un 
SruPo de resistros aue son direccionados como la memoria Y 
la maniPulados con lexibilidad de un acumulador.Con cada disPositivo 
estan asociados dos tiPos de resistros: 

1. Resistros de control Y estado. 

.. ·. 
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>EDI BUSCAM.MAC 

Prosra~a en MACR0-11 aue busca la Posicion de un dato en un vector 
; por el ~etodo de busaueda binaria. 

Este Prosra~a sera liSado a BUSCAF.FTN 
; 
Y: .WORD O 
N: • WORD O 
DI ,WOFW O 
BUSCA:: 

MOV 1!!2<R5),N 
MOV @4(R5),D 

ETill MOV 12(R5l,R2 
MOV t-2,R1 
MOV y,RO 
ADD N,RO 
CALL $DIV 
MOV F<O,R3 
CLC 
ROL RO 
SUB t2,RO 
ADD RO,R2 
CMP <R2l ,D 
BNE ETI3 

ETI2l CMP <R2>•D 
BEQ ETI5 
CMF' N,R3 
BEQ ETI5 
BR ETI1 

ETI3l BMI ETI4 
MOV R3,R4 
SUB U .R3 
MOV R3,N 
MOV R4,R3 
BF< ETI2 

ETI4l MOV R3,R4 
ADD U ,R3 
MOV R3,Y 
MOV R4,R3 
BR ETI2 

ETI5l CMP <R2l•D 
BNE ETI6 
MOV R3,@6(R5) 
MOV i1 ,&10(R5) 
BR ETI7 

ETI6l MOV t0r@10<R5l 
ETI 7: RTS F'C 

.END 

>FOR BUSCAF=BUSCAF 

>MAC BUSCAM~BUSCAM 

; y <-- o 
N <-- O 
[1 <:"""" () 

; no~bre de la subrutina en MACR0-11 
N <-- NELE, se carsa el nu~ero de ele~entos 

¡ D <-- DATO, se carsa el dato a buscar 
; R2 contiene la direccion del ele~ento A(l) 
; R1 <-- 1 
; RO <-- Y 
; RO <-- RO+N 
; subrutina Para efectuar divisiones enteras 
; R3 <-- RO , indice actual del vector 

' ; se li~Pia bandera de carr~ 
realiza una rotacion a la izauierda<multiPlicacion X 2) 

; RO <-- R0-2 
; R2 <-- R2+RO , direccion del elemento con indice R3 
; si <R2l<>DATO 
; ve a ETI3 
; si <R2l=DATO 

ve a ETI5 
; si N=R3 

ve a ETI5 
en caso contrario ve a ETI1 
si <R2l<DATO ve a ETI3 
R4 <-- R3 , salvamos indice actual 
R3 <-- R3 -1 
N <-- F<3 

; R3 <-- R4 , res ta•J ramos indice actual 
¡ ve a ETI2 
; R4 <-- R3 , salva111os indice actual 
; R3 <-- R3+1 

y <RH- R3 
; R3 <-- R4 , restauramos indice actual 
; ve a ETI2 
; si <R2l<>DATO 
; ve a ETI6 

del 
1 

POSICION <-- R3 , Posicion dato 
; BANDERA <-- 1 
; ve a ETI7 
; BANDERA <-- o 
; resresa al pros rama en FORTRAN 

>TKB BUSCAF=BUSCAF,BUSCAM 

>RUN BUSCAF 
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PROGRAMA # 6 

>EDI BUSCAF.FTN 

C Prosrama en FORTRAN Para realizar las oP•raciones de lect~ra ~ escritura 
e del ProSrama BUSCAM.MAC 
C Este Prosrama encuentra la Posicion de un dato dentro de un vector con 
e un maximo de 10 elementos. 
e 

10 

15 
20 
~~ 
~~ 

INTEGER AC10>,DATO,POSieiON,BANDERA 
TYPE *•'DAME EL NUMERO DE DATOS DEL VECTOR• MAXIMO 10' 
ACCEPT *•NELE 
TYPE *•'DAME LOS ELEMENTOS ORDENADOS DE MENOR A MAYOR' 
TYPE *•'UNO POR RENGLON, CON FORMATO ENTERO' 
ACCEPT *•<A<I>,I=1,NELE> 
TYPE *•'DAME EL NUMERO A BUSCAR, CON FORMATO ENTERO' 
ACCEPT *•DATO 
CALL BUSCACNELE,DATO,POSICION,BANDERA,A> subrutina •n MACR0-11 
IF CBANDERA,EQ,O) GOTO 15 
TYPE 10,DATO,POSICION 
FORMATC1X,'EL NUMERO',I6•' OCUPA LA POSICION',I3> 
GOTO 25 
TYPE 20,DATO 
FORMATC1X,'EL NUMERO',I6•' NO SE ENCUENTRA EN EL VECTOR') 
CALL EXIT 
END 



>EDI ORDENAM.MAC 
; Prosrama en MACR0-11 GUe realiza el ordenamiento de letras o numeres 
; en orden ascendente por el metodo de la burbuJa. 
¡ Este prosrama sera liSado a ORDENAF.FTN 
¡ 
J: , WORD O 
I: , WORD O 
ORDENA:: 

MOV @2(R5>,R1 
ETI1: MOV 4(R5>•R2 

MOV liO,J 
MOV Ud 

ETI2: CMP R1 ,¡ 

; J <-- o 
; I <-- O 

\ 

nombre de la subrutina en MACR0-11 
R1 <-- N , numero de elementos a ordenar 

; R2 contiene la direccion del elemento A<1> 
J <-- o 

; I <-- 1 
; mientras N<>I sisue 

BEQ ETI4 en 
CMP <R2> •2<R2> ; si 

caso contrario 
A<I><A<It1> 

ve a ETI4 

BMI ETI3 ; ve a ETI3· 
MOV <R2> ,F~3 
MOV 2<R2), <R2> ; 
MOV R3,2<R2> 

en caso contrario 
A ( I >=A ( I +1 > 
A<I+l>=AUX 

INC J ¡ J <-- Jt1 
ETI3: INC I I <-- I+1 

AUX=A<I> 

ADD i2•R2 
BR ETI2 

; se mueve el 
; ve a ETI2 

si J·(>o 

aPuntador al siSuiente elemento 

ETI4: TST J 
BNE ETI1 
RTS PC 
,END 

>FOR ORDENAF=ORDENAF 

>MAC ORDENAM=ORDENAM 

; ve a ETI1 
en caso contrario resresa al Prosrama en FORTRAN 

>TKB ORDENAF=ORDENAF,ORDENAM 

>RUN ORDENAF 



PfWGRAMA t 5 

>EDI ORDENAF.FTN 

~~ Pro~rama en FORTRAN Para realizar las oPeraciones de lectura w es~ritura 
del Pro~rama ORDENAM.MAC 

C Este ?ro~rama ordena letras o numeras en orden ascendente. 
C C solo es Permitido un maximo de 10 elementos ) 
e 

INTEGER AC10I,OPT,RES 
1 TYPE *•'TECLEA OPCION DE ORDENAMIENTO' 

TYPE *•'LETRAS --> 1 NUMEROS --> 2' 
ACCEPT *•OPT 
IF COPT.LT.1,0R.OPT.GT.2> GOTO 55 
GOTOC5,20),0PT 

5 TYPE *•'DAME EL NUMERO DE LETRAS A ORDENAR• MAXIMO 10' 
ACCEF'T *•N 
TYF'E *•'DAME LAS LETRAS, SIN BLANCOS INTERMEDIOS' 
ACCEF'T 10,CACI>•I=1•N> 

iO FORMATC10A11 
TYPE *•'ESTE ES EL VECTOR DESORDENADO' 
TYPE 15,CAC!),I=1•N> 

15 FORMATC1X,10CA1,2X>> 
GOTO 30 

20 TYF'E *•'DAME EL NUMERO DE DATOS A ORDENAR, MAXIMO 10' 
ACCEF'T *•N 
TYF'E *•'DAME LOS DATOS, UNO POR RENGLON CON FORMATO ENTERO' 
TYF'E *•'Y UN MAXIMO DE 4 DIGITOS' 
ACCEF'T *•<ACI>,I=1•N> . 
TYPE *•'ESTE ES EL VECTOR DESORDENADO' 
TYPE 25,CACI>·I~1•N> 

25 FORMATC1X,10CI5,2X>> 
30 CALL ORDENACN,AC1)) ! subrutina en MACR0-11 ' 

TYPE * 
TYPE *•'ESTE ES EL VECTOR ORDENADO' 
GOTOC35,40),0PT 

35 TYPE 15,CACI>•I=1•N> 
GOTO 45 

40 TYPE 25,CACI>•I=1,N> 
45 TYF'E * 

TYPE *•'DESEAS HACER OTRO ORDENAMIENTO CY/NJ ?' 
ACCEPT 50,RES 

50 FORMATCA1> 
IF CRES,EQ. 'Y'> GOTO 1 
GOTO 60 

55 TYPE *•'ERROR EN LA OPCION' 
GOTO 1 

60 CALL EXIT 
END 
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PROGRAMA i 4 

>EDI MULTF.FTN 

C Prosrama en FORTRAN Para realizar las.operaciones de lectura~ escritura 
C del prosrama MULTM,MAC 
C Simulacion de una muitiPlicacion Por sumas sucesivas. 
e 

INTEGER A,B,C 
1 TYF'E *•'DAME LOS FACTORES A Y B• CON FORMATO ENTERO' 

ACCEF'T *•A•B 
CALL MULT<A•B•Cl ! llamada a la subrutina en MACR0-11 
TYF'E lO,A,B,C 

10 FORMATC1X,I4•' X 'ri4•' = 'ri6l 
TYF'E *•'DESEAS REALIZAR OTRA MULTIPLICACION CY/NJ ?' 
ACCEPT 15,IR 

15 FORMATCA1l 
IF IIR.EQ,'Y') .GOTO 1 
CALL EXIT 
END 

>EDI MULTM.MAC 

Prosrama en MACR0-11 QUe simula una multiPlicacion de 2 factores• 
; realizando el menor numero de sumas posible• los factores se en-
¡ cuentran en los resistros RO ~ Ri ~ el resultado en R3. 

Este Prosrama sera liSado a MULTF.FTN 
¡ 
MUL Tl: ¡ nombre de la subrutina en MACR0-11 

MOV @2CR5),RO RO <-- A 
MOV @41R5l ,R1 ¡ R1 <-- B 
MOV <1fO,R3 R3 <-- o 
TST RO si RO=O 
BEQ ETI3 ¡ ve a ETI3 
TST Rl si Rl=O 
BEQ ETI3 ¡ ve a ETI3 
CMP RO,Rl si RO<Rl 
BMI ETI2 ve a ETI2 
MOV Rl•R2 ¡ R2 contiene el i de sumas a ejecutar• RO>Rl 
MOV RO,R4 ¡ R4 contiene el t a sumar R2 veces 

ETI1: ADD R4•R3 R3 <-- R3+R4 se efectuan las sumas sucesivas 
SOB R2•ETI1 ¡ R2 <-- R2-1 , si R2<>0 ve a ETil 
BR ETI3 ; en caso contrario ve a ETI3 

ETI2: .MOV RO,R2 R2 contiene el i de sumas a ejecutar, RO<Rl 
MOV R1,R4 R4 contiene el i a sumar R2 veces 
BR ETI1 ; ve a ETil 

ETI3: MOV R3,@6(R5l ¡ e <-- R3 , contiene el resultado 
RTS PC ¡ resresa al Pros rama en FORTRAN 
oEND 

>FOR MULTF=MULTF 
>MAC MULTM=MULTM 

>TKB MULTF=MULTF,MULTM 

>RUN MULTF 
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----'--------------------

>FOR VECTF=VECTF 

>MAC VECTM=VECTM 

>TKB VECTF=VECTF,VECTM 

>RUN VECTF 

;¡.O 



PROGRAMA i 3 

>EDI VEeTF.FTN 

e ProSrama en FORTRAN Para realizar la operacion de escritura del 
e proi:ir,arrla VEeTM, MAe 

'''·' ·.¡,·' e En este Prosrama se compartira un blo~ue comun de datos entre 
e el Prosrama de FORTRAN ~ la subrutina de MAeR0-11• se usara para 
e ·ello la declaracion eOMMON de FORTRAN ~ 1~ directiva oPSEeT de 
e MAeR0-11. 
e 

eOMMON/AREA/IAC10I,IBI10),Iel101 
DO 5 I=b10 
IAIII=I 
IBIII=10 
IeCII=O 

5 eONTINUE 
eALL SUMA llamada a la subrutina de MAeR0-11 

e vease Gue la llamada no contiene arsumentos 
e ~a Gue se hara uso de variables Slobales 

TYPE 10,IC 
10 FORMATI1012X•I41l 

eALL EXIT 
END 

>EDI VEeTM.MAe 

; Prodrama en MAeR0-11 Para realizar la suma de dos vectores 
; ICIIl=IAIIl+IBCI>• haciendo uso de variables Slobales. 

Este Prosrama sera liaado a VECTF.FTN 

; AREA 
RW 

¡ D 

nombre Para identificar el bloGue comun 
se tiene acceso Para leer/escribir 
indica la clase de informacion a maneJar ( b=datosl 

; GBL 
; REL 
; · OVR 

como el bloGue contiene datos, se define al bloG•Je como !'Jlobal 
se establece ~ue el bloGue es relocalizable' 

¡ 
define los reGuirimientos de memoria asi!'Jnada al bloGue. 
las secciones de datos son 'overlaiadas', 

; 
!Al .BLKW 12 
IBl .BLKW 12 
re: .BLKW 12 
SUMA: : 

MOV i12,RO 
MOV UA,R4 
MOV UB,R3 
MOV u e, R2 

ETill MOV IR3lt•Rl 
ADD 1 R4lt' R i 
MOV R1, IR2H 
SOB RO,ETI1 
RTS PC 
oEND 

; 

; 
¡ 
; 
¡ 
¡ 
; 
• , 
¡ 
¡ 
; 

se reservan 10 Palabras Para el vector· IA 
se reservan 10 Palabras Para el vector IB 
se reservan 10 Palabras Para el vector re 
nombre de la s•Jbrutina en MAeR0-11 
RO <-- 10. se inicializa un contador 
R4 contiene la direccion de IAI 1> 
R2 contiene la direccion de IBI1l 
R2 contiene la direccion de re e 1> 
R1 "<-- 1 F~3 l 
R1 <-- Rl+IR4l 
IR2l <-- R1 , se alrroacenan. las sumas 
RO <-- R0-1 , si RO·OO ve a ETI1 
en caso contrario' resresa al Pros rarroa en FORTRAN 
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PROGRAMA t 2 

>EDI SUMAP.PAS 

~·Prosrama en lensuaJe PAsCAL aue realiza las operacion•s d• lectura~ 
escriturar Para obtener la suma de dos numeras enterosr rejlizando 
esta en ensamblador MACR0-11 *' 

{ Para crear lineas en lensuaJe ensamblador dentro de un ProsPama en PASCAL } 
{ se hace uso del concepto Para un comentario } <* este es u~ comentario *' '* Para insertar lineas en ensamblador deberemos colocar la o~cion $C desPues 

de los caracteres ' <* • aue indican inicio de un comentario. 
El comPilador examina el macro fuente Para encontrar las riferencias a va
riables en el Prosrama en PASCAL. Para accesar una variabll a nivel slobal 
llamada VAR1r se usa VAR1CZ51r ~Para accesar una variable local o un arsu
mento de un Procedure llamada VAR2, usamos VAR2CZ61 *' 

PROGRAM SUMACINPUT,OUTPUTI; 
VAR 
IA,!B,ICliNTEGER; 
RESlCHAR; 
BEGIN 

RES:='Y'; 
WHILE RES<>'N' DO 

BEGIN 
WRITELNC'DAME LOS DATOS A Y Br CON FORMATO ENTERO'); 
READLNCIA,IB); 
C*$C 

*> 

MOV IACZ51,RO 
ADD IBCZ5l,RO 
MOV RO,ICC%51 

; 
¡ 

RO <-- IA 
RO <-- IA+IB 
IC <-- RO 

WRITELNCIAl5,' + •,IB:5,' = '•ICl6); 
WRITELNC'DESEAS REALIZAR OTRA SUMA CY/NJ T')i 
READLNCRESI 

END 
END. 

>PAS SUMAP=SUMAP 

>MAC SUMAP=SUMAP 

>TKB SUMAP=SUMAPrClrlJPASLIB/LB 

>RUN SUMAP 
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PROGRAMA i 1 

>EDI SUMAF.FTN 

e Prosrama en FORTRAN Para realizar las operaciones de l'ctura w escritu~r 
C del ~~osrama SUMAM,MAC 
C Suma de dos.numeros enteros. 
e 
C NOTAl 
e E~ este Prosrama• como en los demas se hara uso de las instrucciones · 
C ACCEPT * w TYPE * Para las OPeraciones de lectura w escritura .con · 
e formato libre, resPectivamerite. 
e ·: . 
5 TYPE *•'DAME LOS DATOS A Y B, CON FORMATO ENTERO' 

ACCEPT *•IA,JB 
CALL SUM<JA,JB,IC> llamada a la subrutina en MACR0-11 
TYPE 10,IA,JB,IC 

10 FORMATC1X,I5•' + •,¡5,• = '•!6) 
TYPE *•'DESEAS REALIZAR OTRA SUMA CY/NJ ?' 
ACCEPT 15,IR 

15 FORMAT<A1l 
IF <IR.EQ,'Y'l GOTO 5 
CALL EXIT 
END 

>EDI SUMAM,MAC 

Prosrama an MACR0-11 Para realizar la suma de dos numeres enteros 
Este Prosrama sera liSado a SUMAF.FTN 

SUM:: 
MOV @2(R5l,RO 
MOV @4CR5J,R1 
ADD RO,R1 
MOV R1,@6CR5l 
RTS PC 
.END 

>FOR SUMAF=SUMAF 

>MAC SUMAM=SUMAM 

>TKB SUMAF=SUMAF,SUMAM 

>RUN SUMAF 

nombre de la subrutina en MACR0-11 
¡ RO <-- IA 

Rl <-- IB 
¡ R1 <-- Rl~RO 
¡ IC <-- Rl 
; resresa al Prosram~ en FORTRAN 

.. 

.67 



LIGADO DE PROGRAMAS ESCRITOS EN FORTRAN CON PROGRAMAS E~ MACRQ~~~' 
PASANDO PARAMETROS, 

Como el lensuaJe ensamblador no tiene instrucciones ex~licitas 
de lectura o escritura de datos del o al exterior• es necesar~o usar un 
prosrama en FORTRAN aue realize estas oPeraciones, 

-Nuestro Prosrama en ensamblador va a s~r.maneJado como una sub
rutina en el Prosrama FORTRAN Y los parametros en la llamada seran los 
de entrada y salida al Pro•rama ensamblador. 

Si el compilador FORTRAN encuentra una ProPosicion como la siSuiente: 

CALL RUTINA<A1•A2•A3,,,,,ANl 

crea un bloaue con las siauientes caracteristicas: 

R5 -----> : No. de ar•umentos : 

direccion de Al· 

direccion de A2 

• • 

direccion de AN 

colocando un aPuntador a dicho bfoaue en el reSistro R5. 
Si una subrutina en MACR0-11 desea obtener el numero de ar•umentos, lo 
puede hacer mediante la instruccion: 

MOV <R5)+,RO 

y ahora RO contendra dicho numero. Y R5 estara apuntando a 1' direccion· 
del Primer arsumento. · 

: No, de arsu~entos : 

R5 -----> direccion de Al 

direccion de A2 

: 

direccion de AN 

Para obtener el resreso al Prosrama escrito en FORTRAN se u~jlizan sub
la subrutina de MACR0-11 las instrucciones: 

RTS PC 
oEND 
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PRACTICA i 2 

USO DEL LENGUAJE FORTRAN PARA EL PASO DE PARAMETROS A SUBRUTIN~S EN MACR0~11 
Y PROGRAMACION EN ENSAMBLADOR MACR0-11. 

··-:-·· 

P R A C T I C A i 2 

USO DEL LENGUAJE FORTRAN PARA EL PASO DE PARAMETROS A SUBRUjJNAS EN MACR0-11 
Y PROGRAMACION EN ENSAMBLADOR MACR0-11. · ~ 

OBJETIVO: 

El alumno aPrendera la tecnica emPleada Para realizar Prosramas en MACR0-11 
utilizando.al lensuaJe FORTRAN Para eJecutar las oPeraciones de lectura ~ 
escritura. Ademas reafirmara los conocimientos del ensamblador MACR0~11 
obtenidos en la clase de teoria. 

DESARROLLO: 

Para losrar nuestro obJetivo realizaremos diferentes Prosramas. 

Pros rama i 1 - Suma de dos numeras enteros. 
Pros rarr,a i 2 - Suma de dos nunaeros enteros. <PASCAL> 
Pros rama i 3 - Surr,a de dos vectores. 
Pros rama i 4 - Simulacion de una mul tiPl icacicm POr sumas SI.Jces i vas. 
F'rosrarr,a i 5 - Ordenamiento de letras ~ rii.JRae ros • 

Pros rama t 6 - Busc¡ueda de un dato dentro de un vector. 
.G5 
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>EDI EJEMPLO,FTN 
(00018 LINES READ INJ 
CPAGE lJ 
*SC/FORNAT/FORMAT 
20 FORMATClXr'ESTE ES EL ~ROMEDIO'r2Xrl5) 
*ED 
CEXITJ 

>FOR EJEMPLO=EJEMPLO 
.MAIN, 

1 Como ~a no tenemos error•es Podemos pasar al liSado 

>TKB EJEMPLO=EJEMPLO 
> 

;.La fase del li~ado no tuvo errores POr tantor pasamos a la eJecudion· 

>RUN EJEMPLO 
DAME 5 DATOS ENTEROSr UNO POR RENGLON 
1 
2 
3 
4 
5 
ESTE ES EL PROMEDIO 3 
> 
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>FOR ,TII=EJEMPLO/LI:1 

FORTRAN IV V02,04 
CORE=14K, UIC=C206•11J 

TUE 09-0CT-84 10:01:13 PAGE 001 
,TII=EJEMPLO/LI11 

0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 

***** 0012 
.)013 

.MAIN, 

e 
e 
e 
e 

15 

10 
20 
u 

PROGRAMA PARA CALCULAR EL PROMEDIO DE 5 DATOS 
ESTE EJEMPLO SOLO NOS NUESTRA ALGUNOS COMANDOS, 
RECOMENDAMOS AL ALUMNO LA PRACTICA Y USO DE TODOS 
LOS COMANDOS QUE SE MUESTRAN EN EL SUMARIO. 

DIMENSION I(51 
TYPE 10 
ACCEPT *•<I<J>,J=1•5l 
ISUMA=O 
DO 15 J=1•5 
ISUMA=ISUMA+I<J> 
CONTINUE 
I PFWM= I SUMA/5 
TYPE 20,IPROM 
FORM~T<1X•'DAME 5 DATOS ENTEROS, UNO POR RENGLON'I 
FORNAT<1X•'ESTE ES EL PROMEDI0'•2X•I51 

CALL EXIT 
END 

FORTRAN IV DIAGNOSTICS FOR PROGRAM UNIT .MAIN, 

IN LINE 0009, ERROR: 
IN LINE 0011, ERROR: 

INVALID FORMAT SPECIFIER 
CSEE SOURCE LISTINGJ 

FOR -- [,MAIN,J ERRORS: 2• WARNINGS: O 

Para corresir el error debemos entrar n~evamente al editor 

61 



EJemplo de la eJecucion de un Prosrama 

>EDI EJEMPLO.FTN 
[00018 LINES. READ INJ 
CPAGE ll 
*LI 

C PROGRAMA PARA CALCULAR EL PROMEDIO DE 5 DATOS 
C ESTE EJEMPLO SOLO NOS NUESTRA ALGUNOS COMANDOS• 
C RECOMENDAMOS AL ALUMNO LA PRACTICA Y USO DE TODOS 
C LOS COMANDOS QUE SE MUtSTRAN"EN EL SUMARIO, 

DIMENSION !(5) 
TYPE 10 
ACCEPT *•<I<JlrJ=lr5) 

" !:'ISUMA=O 
'·no 15 J=l··s · 

ISUMA=ISUMA+I<Jl 
15 CCJNTINUE 

IPROM=ISUMA/5 
TYPE 20 rlf'ROM 

10 FORMAT<1Xr'DAME 5 DATOS ENTEROS, UNO POR RENGLON'l 
20 FORNAT<1Xr'ESTE ES EL PROMEDIO'r2Xr!5) 

CALL EXIT 

*ED 'ó. 

CEXITl 

END 

>FOR EJEMPLO=EJEMPLO 
.MAIN. 

FORTRAN IV DIAGNOSTICS FOR PROGRAM UNIT ,MAIN. 

IN LINE 0009r ERROR: 
IN LINE OOllr ERROR: 

INVALID FORMAT SPECIFIER 
[SEE SOURCE LISTINGJ 

FOR ~~ C.MAIN,J ERRORS: 2r WARNINGS: O 
> '. 

' • . ; 

Para saber donde esta esPecificamente el error vamos a comPilar de 
nuevo con otra oPcion 



e> >TKB SALIDA=ENTRADAlrENTRADA2retc 

Con este comando se crea una 
SALIDA.TSKr aue esta comPuesta de 
archivos ENTRADAlr ENTRADA2r etc. 

tarea eJecutable llamada 
los modules obJetos de los 

1 :. l \i 

Tambien es valido el sisuiente comando: 

d) >TKB SALIDArTII=ENTRADA 

~on este comando creamos una tarea eJecutable• ~· ademas 
se desPliesa informacion soqr~ estadísticas del Prosrama. 

41 EJecucion de la tarea. 

En esta fase estamos listos Para eJecutar el Prosrama. 

EJemPlos: 

a) >RUN SALIDA4 

bl >RUN SALIDA 

e) etc. 

Es mu~ usual aue todos los archivos tensan el mismo 
nombre Para facilitar el maneJo de los mismos( en el Pursador 
borrador etc), Por eJemplo la sisuiente secuencia es valida: 

J 
>EDI CORRE.FTN 

--·-····-------

>FOR CORRE=CORRE 

>TKB CORRE=CORRE 

>RUN CORRE 

NOTAI Los comados EDir FORr TKBr RUN Pueden ser 
utilizados en dos formas: modo inmediato ~ modo PromPt (en 
forma analosa como se exPlico el sos, solo aue Para resresar 
el control a MCR se deben oPrimir simultaneamente las teclas 
CTRL/Z), 

' EJECUCION DE UN PROGRAMA ' sq 



. ' 
el >FOR SALIDA2.0BJ,SALIDA1.LST=ENTRADA.FTN 

Comando similar al eJemPlo al• solo Gue ahora se creara 
un archivo mas, SALIDA1,LSTr el cual contendra informacion 
adicional, usada Para un analisis del mismo. 

di >FOR SALIDA2rSALIDAl=ENTRADA 

Comando identico al anterior. 

el >FOR rTI:=ENTRADA 

Este comando Produce el archivo del listado (,LSTI POr 
la Pantalla del usuario• w ademas no sera creado un archivo 
con codiso obJeto. Este caso es muw usado cuando se tiene un 
Prosrama con erroresr wa Gue POr medio de este comando 16s 
errores apareceran en la linea donde ocurranr asi como el 
tiPo de error. Si se usara Por eJemPlo el comando del inciso 
blr al final de la comPilacion solo se mostraría el numero de 
linea donde ocurrio el error w una descriPcion del mismo. 

Existen otras oPciones Para la comPilacion• Para mawor 
informacion consultar el manual: 

FORTRAN IV USER's GUIDE 

31 Construccion de una tarea eJecutable. 

En esta fase el Task Builder CTKB> es el encarsado de 
Producir una tarea eJecutable, 

Los sisuientes tiPos de archivos son los acePtados w 
Producidos Por el TKB, 

ARCHIVO DE EXTENSION 

mapa <----
biblioteca 
archivo.obJ 
tarea ima~en 
tabla de símbolos 

MAP 
OLB 
OBJ 
TSK 
STB 

>-- estos dos archivos son 
<---1 Producidos Por el TKB 

EJemPlos: 

al >TKB SALIDA4.TSK,SALIDA3.MAP=SALIDA2,0BJ 

En este comando se da como archivo de entrada el 
ProSrama wa comPilador es decir• el codiso obJeto. La salida 
consiste de dos archivos: SALIDA4.TSK en donde se encuentra 
la tarea imasen Gue va a ser eJecutada w SALIDA3,MAP Gue e* 
el maPa de la tarea imasen. Con TKB estamos llamando al Task 
Builder. 

bl >TKB SALIDA4rSALIDA3=SALIDA2 

Comando eGuivalente al anterior. 
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PASOS PARA LA EJECUCION DE UN PROGRAMA 
----------------------------------------

1) Edicion del archivo fuente. 

Este Paso se losra haciendo un uso eficiente del editor 
~ suJetandose a las reslas Gue marGue cada lensuaJe, Para la 
estructuracion del Prosrama. 

EJemPlos: 

a> >EDI EJl,FTN ; archivo Para el COIIIPilador fortran 

b) >EDI EJ2,PAS ; archivo Para el comPilador Pascal 

e> >EDI EJ3,MAC ; archivo para el ensamblador macro-11 

d) >EDI EJ4.C ; archivo Para el comPilador e 

e) >EDI EJ5,TXT ; archivo GUe contiene solo texto• no es 
Procesable 

f) >EDI EJ6,DAT ; archivo de datos 

s> Etc. 

2) ComPilacion del archivo fuente. 

En esta fase se lleva a cabo la traduccion de prosramas 
escritos en lensuaJe fuente ClensuaJe de alto' nivel o 
lensuaJe ensamblador> a sus eGuivalentes en len,uaJe maGuina 
( sistema octal Para nuestro caso PDPll/40), 

Daremos alsunos 
sin embarso, el 
comPiladores. 

eJemplos usando el comPilador 
resultado es analoso para 

a) >FOR SALIDA.OBJ=ENTRADA.FTN 

fortran• 
los otros 

Dado el archivo fuente ENTRADA.FTN el comPilador 
Producira un archivo de salida llamado SALIDA.OBJ conteniendo 
el codiso obJeto senerado POr el comPiladorJ Con FOR estamos 
llamando al comPilador fortran. 

b) >FOR SALIDA=ENTRADA 

Tiene el mismo efecto Gue el eJemplo anterior, ~a Gue si 
no se escriben los tiPos de los archivos el comPilador FOR 
asume Por default GUe el archivo a la derecha del sisno isual 
tiene una extension FTN ~ el archivo de salida Ca la 
izGuierda del sisno isual) se le asisnara la extension OBJ. 
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' SECUENCIA A SEGUIR PARA LA EJECUCION DE UN PROGRAMA ~ 5~ 
-------·------- ·-· - -----------------

l 

Diasrama de fluJo para la eJecucion de un Prosrama. 55 

PROGRAMA &----
FUEI'tTE EJEMPLO , FTN 

> L~I~ST~A=OO~----~ 

MODULO 
OBJETO 

TAREA 
IMAGEN 

. COMPILAOOR 

EJEMPLO, OBJ 

>TKB 

CONSTRUCTOR 
DE 

TAREAS 

>RUN 

TAREA 

EJECUTABLE 

1-------\ EJEMPLO , LST 

LIBRERI AS 
DEL SiSTEMA 



>PIP *•OBJ;*ILI ¡ lista todas las versiones de todos los archivos del tiPo 
OBJ 

DIRECTORY DMO:C206,11l 
9-0CT-84 09:51 

EJEMPLO.OBJ;3 
EJEMPLO.OBJ;4 

3. 
3, 

14-SEP-84 14:57 
09-0CT-84 09:43 

TOTAL OF 6,/8, BLOCKS IN 2. FILES 

• 
>PIP EJEMPLO.*;*/LI ¡ lista todos los tiPos w versiones del archivo EJEMPLO 

DIRECTORY DMO:C206,11J 
9-0CT-84 09l52 

E.JEMPLO, FTN; 3 
EJEMPLO, OBJ; :~ 
EJEMPLO,OBJ;4 

3. 
3. 

14-SEF'-84 13l2l 
14-SEF'-84 14:57 
09-DCT-84 09l43 

TOTAL OF 8,/10, BLOCKS IN 3, FILES 

>PIP *·*IPU ; deJa las ultimas versiones de todos 
>PIP /U ; checamos el corr,r.mdo antl~rior' 

[llRECTORY DMO:C206,11J 
9-0CT-84 09:54 

EJEMPLO.FTN;3 2. 14-SEP-84 13121 
EJEMPLO.OBJ;4 3. 09-0CT:-84 09143 
DATOS, TXH 1 o. 14-SEP-84 13:22 

TOTAL OF 5,/7, BLOCKS IN 3, FILES 

los archivos 

>PIF' TI:=EJEMPLO.FTN ¡ listamos POr la terminal el archivo EJEMPLO.FTN 
C PROGRAMA PARA CALCULAR EL PROMEDIO DE 5 DATOS 
C ESTE EJEMPLO SOLO NOS NUESTRA ALGUNOS COMANDOS, 
C RECOMENDAMOS AL ALUMNO LA PRACTICA Y USO DE TODOS 
C LOS COMANDOS QUE SE MUESTRAN EN EL SUMARIO, 

DIMENSION !(5) 
TYPE 10 
ACCEPT *•<I<J>•J=1•5> 
ISUMA=O 
DO 15 J=1.,5 
ISUMA=ISUMA+I (J) 

15 CONTINUE 

lO 
20 

> 

IPROM=ISLJMA/5 
TYPE 20,IPRDM 
FORMAT(1X,'DAME 
FORNAT<1X,'ESTE 
CALL EXIT 
END 

5 DATOS ENTEROS, UNO POR RENGLON') 
ES EL PROMEDID'•2X•I5) 

' 
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·' 

EJemPlos usando el Prosrama PIP 

>PI~ /LI ; nos muestra el directorio 

DIRECTORY DMOIC206•11J 
9-DCT-84 09:46 

EJEMPLO,FTN;3 2. 
EJEMPLO,OB.J;3 3. 
EJEMPLO,OBJ;4 3. 
DATOS, TXH 1 o. 

TOTAL OF 8./10. .BLOCKS 

14-SEP-84 
14-SEP-84 
09-0CT-84 
14-SEF'-84 

IN 4. FILES 

13:21 
l.4: 57 
09143 
13!22 

>PIP /FU ; nos muestra el directorio en una forma mas completa 

DIRECTORY DMO:C206•11J 
9-0CT-84 09147 

EJEMPLO,FTN;3 12474,711 
[6,1J CRWEDrRWED,RWED,RJ 

EJEMPLO,OBJ;3 13434,561 
. C206•11J CRWED,RWED,RWED,RJ 

EJEMPLO,OBJ;4 13463,63) 
C206,11J CRWED,RWED,RWED,RJ 

DATOS,TXT;1 13263,741 
C206r11J CRWED,RWED,RWEDrRJ 

2.12. 
04--0CT-84 

3./3. 
04-0CT-El4 

3./5. 
09-0CT-84 

o.;o. 
04-0CT-84 

TOTAL OF 8./10, BLOCKS IN 4, FILES 

09:1213.) 

0911214.) 

09:4312,) 

09:1213.)' 

>PIP /BR ; nos muestra el directorio en form~ breve 

DIRECTORY DMO:C206,11J 

EJEMPLO,FTN;3 
EJEMPLO,OBJ;3 
EJEMPLO,OBJ;4 
DATOS.TXT;l 

>PIP /FR ; nos indica la cantidad de memoria libre 

14-SEP-84 

14-SEP-84 

09-0CT-84 

14-SEP-84 

DMO: HAS 3524, BLOCKS FREE• 50266, BLOCKS USED OUT OF 53790, 

> 

13:21 

14:57 . 

09:43 
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Nota: Como el listado se efectua en forma mu~ raPidar es 
necesario detener la transmisionr esto se losra oPrimiendo 
simultaneamente las teclas de CTRL ~ s; Para restaurar la 
transmision se oPrime CTRL ~ Q, 

>PIP TTn:= esPecificacion del archivo 

DesPliesa el contenido del archivo es~ecificado Por la 
terminal •n•. 

Ver eJemPlos anexos. 

RESUMEN DE LOS SWITCHES IMPORTANTES DE PIP 

SWITCH FUNCION 

/AP 
/BR 
/CO 

Asresa archivos al final de un archivo ~a exist~nte; 

/DE 
/DF 
/EN 
/FI 
/FR 

/FU 
/ID 
/LI 
/PR 
/PU 
/RE 
/TB 

/UN 

Lista el directorio en forma breve. 
Especifica aue el archivo de salida debe ser 
contisuo. 
Borra uno o mas archivos. 
Cambia la cuenta o disPositivo de dafault. 
Entra un sinonimo Para un archivo del directorio. 
Accesa un archivo Por su numero de identificacion. 
DesPliesa el total de espacio libre sobre un volumen 
esPecifico. 
Lista el directorio en un formato mas comPleto. 
Identifica la version aue ha sido usada. 
Lista el directorio. 
Cambia las Protecciones de un archivo. 
Borra iodas las versionesr deJando solo la ultima. 
Cambia el nombre de un archivo. 
Proporciona el tamano del directorio• dandb el total 
de lineas en el. 
Abre un archivo. 
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PURGE SWITCH /PU 

Borra un ranso esPecifico de archivosr cu~as versiones 
~a resultan obsoletas. EJemplos: 

>PIP *·FTN/PU 
• J ~ ·• 

Borra todas las versionesr excePto la ultima de todos 
los archivo• cu~o tipo es FTN 

>PIP *•*IPU 

Nos deJa solo las ultimas 
archivos con cualauier tipo, 

RENAME SWITCH /RE 

versiones de 
1 

Cambia el nombre de un archivo. EJemPlo: 

>PIP DESPUES.PAS=ANTES,PAS/RE 

todos 

El archivo ANTES.PAS es renombrado como DESPUES.PAS 

LIST SWITCH /LI 

los 

Lista el contenido del directorio del dispositivo ~· 
cuenta de default. EJemPlo: 

>PIP /LI 

Si ademas de la informacion proPorcionada Por la oPcion 
/LI se desea conocer la Proteccion de cada archivo, la fecha'· 
~ la hora de la ultima actualfzacionr asi como el numero ct'e' · 
revisiones• se utiliza el switch /FU Cfull), EJemPlo: 

>PIP /FU 

La oPcion /DRibrief)r es una forma breve 1~ mas raPidi> 
de 'LI', EJemPlo: 

>nr tflR 

NOTA: Existen otros switchesr para su consulta ver el 
manual: 

El Prosrama PIP tambien Permite listar el contenido de 
un archivo• esto se losra mediante los sisuientes comandos: 

>PIP TII= esPecificaci~n del archivo 

DesPliesa el contenido del archivo esPecificado Por el 
usuario en 1~ Pantalla de su terminal. 
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PROTECTION SWITCH /PR 
---------------------
SUBSWITCHES /SY /OW /GR /WO 

Proteccion de archivos ~ Privile~ios 

CMdm mrchivo tiene asociada una Palabra de 16 bi\s cu~o 
formato es el si~uiente: 

15 12 11 8 7 4 3 o 
world 

sroup 
owner 

s~stem 

Es a traves de esta Palabra Clue se asi~nan Privil!,"~ios ~ 
Protecciones sobre un archivo. 

Los bits al estar Prendidos si~nifican Clue no ha~ a,cceso 
Permitido• en cada campo ha~ 4 bits Clue si~nifica~: 

D E w R 

dele te 
eHtend 

write 
read 

donde: 

S~stem l ~rUPOS ~ miembros (= 10 (base 8) 

Owner : el de la cuenta 

GrouP : los del mis~o ~ruPo 

World : todos los demas 

EJemPlos: 

>PIP PRUEBA.FTN13/PR/OWlRWE/GRlRWE/Wd: 

Se ssisnan Privile~ios al owner 
escritura• lectura ~ extensiones Cno 
no tiene Privile~ios ~ los del 
cambios •. 

~ al ~ruPo Para realizar 
Pueden borr~r>• eJ worla 
sistema Permanec~n sin 

~¡¡¡ iilliiÍiilrtFIP lPS privile~ios Cluitados al archivo .. 
PRUEBA.I"TN13 
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APPEND SWITCH /AP 

Para asresar archiyos a un archiYo ~a 

·;, 1 EJemPlo: 
;~~-~;~-~·,~· 

existente. 

>PIP DK1:DIA1,FTN91=DIA2,FTN;lrDIA3,FTNI1/AP 

Al archiYo existente DIAl.FTN en el disco DKl le asresa 
los archiYOS DIA2,FTN11 ~ DIA3,FTNI1 

DELETE SWITCH /DE 

Para borrar archiYos de disco, EJemPlos: 

PIP>DATOS,FTN;n/DE 

Aaui borra la Yersion n-esima del archiYo DATOS.FTN 

PIP>DATOS.FTN;-1/DE 

.Borra la ultima version del archiYo DATOS.FTN 

>PIP *·DBJ;*!DE 

Borra todas las Yersiones de todos los archiYos de un 
tiPo determinado<OBJ) 

Borra todas las Yersiones de todos los tiPos del archiYo 
FIBO 

Borra todas las· yersiones de todos los archivos de 
cualauier tiPo de la cuenta actual 

DEFAULT SWITCH /DF 

Cambia el dispositiYo o el UFD de default. EJemplos: 

>PIP (100•100J/DF 

Cambia el UFD de default a la cuenta (lOO,lOOJ 

>PIP DKU/DF 
1 

Cambia el dispositiYo de default al disPositiYo DK1 



CONVENCIONES DEL USO DEL ASTERISCO 

CASO(eJemPlol SIGNIFICADO 

*·*1* todas las versiones ,de todos los archivos 
de cualauier tipo, 

*·TXT;* todas las versiones de todos los archivos 
de'tiPo TXT, 

FIBo.*;* todas las versiones ~ todos los tiPos de 
archivo• cu~o nombre sea FIBO. 

FIBO.PAS;* todas las versiones del archivo FIB~~PAS , 

*·FTN 

FACT,* 

FACT.MAC 

las mas recientes versiones de todo.s los 
archivos. 
las mas recientes versiones de los archivos . 
cu~o tiPo es FTN. 
las mas recientes versiones de to.dos los 
tiPos de archivos cu~o n6mbre es FACT. 
las mas recientes versiones de FACT;MAC 

COMANDOS MAS UTI(IZADOS DE PIP 

Para copiar 
especificar los 
resPectivamente. 

·En seneral: 

un archivo basta con 
archivos de entrada 

invocar a PIP ~ 
~ , de salida 

>PIP archivo de salida = archivo de entrada 

EJemPlo: 

>PIP DK1:PRUEBA2.FTN=DKO:PRUEBA1.FTN 

CoPia la ultima version del archivo PRUEBA1.FTN del 
disco DKO al disco DK1 con el nombre PRUEBA2.FTN 

Copia todos los archivos de todos los miembros del sruPo 
11 del dispositivo de default a DK1 Preservando el uic 

MERGE SWITCH /ME 

Para efectuar la concatenacion de dos o mas archivos. 
EJemPlo: 

>PIP TRES.DAT=UNO,DAT,DOS.DAT13/ME 

Crea un archivo llamado TRES,DAT aue contiene la 
concatenacion de UNO.DAT ~ DOS.DAT 
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EJemplo: 

UIC=t30r2J 

el nombre del archivo UFD seria - 030002.DIR;1 

Estos UFD's se encuentran en la cuenta tOOOrOOOJ del 
sistema. 

Nombres comunes de disPositivos; 

Cinta de PaPel 
Cinta masnetica 
Disco 

DisPositivo del 

DTn: 
MMn: 
DBn: 
DKn: 
DMn: 
DPn: 
DXn: 

sitema SY:. 
ImPresora LPnl 
Lectora de 
TarJetas CRl 
Pseudo terminal TI: 
Terminal TTn: 

Cuando se omite alsuna Parte de la esPecificacion del 
archivar PIP asume lo sisuientel 

* devl - la unidad en donde el sistema es montado o . la 
unidad esPecificada Por el switch /DF (default> 
o la ultima esPecificacion hecha. (Para nuestro 
caso el default es DMOl) 

* tuicJ la cuenta donde el usuario inicio su sesion o 
la cuenta de la ultima esPecificacion hecha. 

* nombre - no haY default Para la primera esPecificacion ~ 

los subsecuentes toman la esPecificacion 
anterior < Puede llesar a aparecer un 
asterisco) 

* extension - isual ~ue Para 'nombre' 

* version - por default se tiene la version mas reciente 
en caso de ser una copia del archivar el 
numero sisuiente de la ultima versionr si se 
desea borrarr si se re~uiere de una version 
exPlicita(puede aceptar un asterisco> 
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P I P < PeriPherical Interchanse Prosram ) 
--------------------------------------------

< Prosrama de intercambio Periferico ) 

PIP es un Prosrama de utileria aue P~rmite realizar 
funciones como: 

- CoPiar archivos de un disPositivo a otro. 

- Borrar archivos. 

- Pursar archivos. 

- Renombrar archivos. 

- Listar los contenidos de los directorios. 

- Etc. 

Existen dos maneras de invocar a PIP: 

1) En un solo comando: 
. . . . 

EJ: 
>PIP linea de comandorlinea de comandoretc/switch(cr> 

Se eJecuta el comando ~ el control de la terminal 
resresa al MCR. 

2) Comandos multiPles: 

E .• ~. >PIP <cr> 
PIP>linea de comando/switch <cr> 
PIP>linea de comando1/switch <cr> 

PIP>CTRL/Z 

Para esPecificar comPletamente un archivo se deben 
indicar las sisuientes Partes: 

dev:ruicJnombre.extension;version 

EJemPlo: 

User File Director~ -- UFD 
User Identification Code UIC 

Un disco esta orsanizado en la PDP11'baJo directorio~ 
<nombre de archivo) contenida en cada 

resistrada en un archivo'llamado UFDr cu~o 
la informacion 
directorio. esta 
nombre esta formado Por el UIC sesuido de .DIR ~ version 1. 

' ' 
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C ESTE EJEMPLO SOLO NOS MUESTRA ALGUNOS COMANDOS, 
C RECOMENDAMOS AL ALUMNO LA PRACTICA Y USO DE TODOS 
C LOS COMANDOS QUE SE MUESTRAN EN EL RESUMEN, 

DIMENSJON !(5) 
TYPE 10 ¡ TYPE es una instruccion Para escribir 
ACCEPT *•<I<J>rJ=1r5) ¡ ACCEPT es una instruccion para leer 
ISUMA=O 
DO 15 J=1r5 
JSUMA=JSUMA+I<J> 

15 CONTINUE 
JPROM=ISUMA/5 
TYPE 20riPROM 

10 FORMAT(lX,'DAME 5 DATOS ENTEROS• UNO POR.RENGLON'> 
20 FORNAT<1Xr'ESTE ES EL PROMEDI0',2Xri5> 

CALL EXIT 
END 

*ED ¡ comando· Para salvar el archívo \,1 resresar el control a MCR '-1.3 
CEXITJ 

> 

• MANEJO DEL PROGRAMA DE INTERCAMBIO PERIFERICO PIP ' 
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*T ¡ mandamos el aPuntador al inicio del blo~ue actual * <cr> 
C PROGRAMA PARA CALCULAR EL PROMEDIO DE 5 DATOS 

<CR> 
DIMENSION !(5) 

* <CR> 
TYPE 10 ¡ TYPE es una instruccion para escribir 

* <cr> 
ACCEPT *•<t<J),J=l,5) ¡ ACCEPT es una instruccion Para leer 

* <ese> ¡ se oPrime la tecla ESC Para re~resar una posicion el apuntador 
TYPE 10 ¡ TYfE es una instruccion Para escribir 

*P ¡ ahora damos este comando para corroborar ~ue esta es la linea actual 
TYPE lb ¡ TYPE es una instruccion para escribir 

*NP A ¡ a~ui Probamos un comando incorrecto 
CILL CMDJ 
*NP 3 ¡ Posicionamos al aPuAtador 3 lineas despues de la actual 

DO 15 J=1,5 
*C/0/0 ¡ cambiamos el OCcero) por la letra O 

DO 15 J=1,15 
*BO ; Posiciohamos el aPuntador en li ultima linea del blo~ue actual 

END * (cr) 
C*EOB*J * 1 End Of Buffer nos indica ~ue ~a no ha~ mas lineas en este blo~ue 
[*EOB*J 

1 *REN ¡ este comando traera un nuevo blo~ue, ~ue sera ahora el actual 
C*EOF*J 
CPAGE 2J 

¡ estos avisos nos indican ~ue ~a no ha~ mas lineas en el archivo 
¡ EOF si~nifica End Of File(fin de archivo) 
¡ en se~uida damos un ~amando para tener el apuntador al inicio del archivo 

*TOF ¡ Top Of File 
[00015 LINES READ INJ 
[PAGE lJ * <cr> 
C PROGRAMA PARA CALCULAR EL PROMEDIO DE 5 DATOS 
*I <CR> 1 entramos a modo inPut, Para insertar nuevas lineas 
C ESTE EJEMPLO SOLO NOS M~ESTRA ALGUNOS COMANDOS, <cr> 
C RECOMENDAMOS AL ALUMNO LA PRACTICA Y USO DE TODOS <cr) 
C LOS COMANDOS QUE SE MUESTRAN EN EL RESUMEN, <cr> 

*T <cr> 
*TY 4 <cr> ¡ desPle~amos las 4 Primeras lineas, sin mover el aPuntador 

C PROGRAMA PARA CALCULAR EL PROMEDIO DE 5 DATOS 
C ESTE EJEMPLO SOLO NOS MUESTRA ALGUNOS COMANDOS, 
C RECOMENDAMOS AL ALUMNO LA PARCTICA Y USO DE TODOS 
C*BOB*J ¡ nos indica el inicio de blo~ue * <cr> 
C PROGRAMA PARA CALCULAR EL PROMEDIO DE 5 DATOS 
*T <cr> 
*LI <cr>ilista las lineas del blo~ue actual• d~Jando el aPuntador al inicio 
~ PROGRAMA PARA CALCULAR EL PROMEDIO DE 5 DATOS 
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Para eJemPlificar el uso del editor elaboraremos un Prosrama en FORTRAN, 

>EDI~·EJEMPLO,FTN 

CCREATING NEW FILEJ 
INPUT , 
C PROGRAMA PARA CALCULAR EL PROMEDIO DE 5 DATOS 

DIMENSION 1(5) ~ 
TYPE 10 ; TYPE es una instruccion para escribir 
ACCEPT *•<ICJirJ=1r51 ¡ ACCEPT es una instruccion Para leer 
DAt0=1 . 
ISUMA=O 
DO 15 J=1r5 
ISUMA=ISUMA+I<J> 

15 CONTINUE 

10 
20 

*ED 
CEXITJ 

> 

IPROM=ISUMA/5 
TYPE 20riPROM 
FORMATClXr'DAME 5 DATOS ENTEROSr UNO POR RENGLON'I 
FORNATC1Xr'ESTE ES EL PROMEDIO'r2Xrl51 
CAII EXIT 
END 

Como se Podra aPreciar en el Prosrama existen alsunos er~oresr para 
corresirlos volveremos a editar el Prosrama EJEMPLO.FTN 
La informacion aue viene desPues de un •¡• son comentarios. 

>EDI EJEMPLO,FTN 
C00016 ~INES READ INJ 
CPAGE 1J 
* <cr> ; el asterisco nos indica aue estamos en modo editor 
C PROGRAMA PARA CALCULAR EL PROMEDIO DE 5 DATOS 
* <cr> ¡ cr = return (para avanzar un renslonl 

DIMENSION !(51 
* <CR> 

TYPE 10 ; TYPE esuna instruccion Para escribir 
* <CR> 

ACCEPT *•<ICJirJ=1r51 ; ACCEPT es una instruccioM para leer 
*'<CR> 

DAT0=1 
*DP ; borramos esta linea aue no tiene ninsuna funcion 

ISUMA=O 
*L CAII ; localizamos la palabra CAII 

CAII EXIT 
*2C/II/LL ; cambiamos las dos I Por dos L 

CALL EXIT 
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MACRO X 
MACRO EXECUTE 
NEXT 

NEXT PRINT 

OPEN SECUNDARY 
OUTPUT ON/OFF 

OVERLAY 

PAGE 

PAGE FIND 

PAGE LOCATE 
PASTE 

PRINT 

READ 

RENEW 

RETURN 

RETYPE 
SAVE 

SELECT PRIMAR Y 

SELECT SECO N DAR Y 

SEARCH 

SIZE 

TAB 

TOP 

TOP of FILE 

TYPE 

UNSAVE 

VERIFY ON/OFF 

WRITE 

MACRO X 
CnJMX 
N CnJ 
N C-nJ 
NP CnJ 
NP r-nJ 
OP archivo 
OU ON 

O CnJ 

PAGE CnJ 
PAGE C-nJ 

CnJPF cadena 

CnJPL cadena 
PA/cadenal/ 
cadena2 
p CnJ 

REA CnJ 

REN CnJ 

<cr> 

RE cadena 
SACnJarchivo 

SP 

SS 

SC/cadenal/ 
cadena2 
SIZE CnJ 

TA ON/OFF 

T 

TOF 

UNS CarchivoJ 

V ON/OFF 

w 

Define el macro x<1•2,3) 
EJecuta el macro X n veces 
Establece una nueva linea actual 'n' 
lineas despues de la linea actual 
Isual aue NEXT• solo aue ahora se 
imPrime la linea actual 
Abre un archivo secundario esPecifico 
Continua o descontinua la traniferen
cia al archivo de salida 
Borra 'n' lineas, ~ entra en modo 
editor . 
Lee el n-esimo bloaue del archivo de 
entrada• el cual sera ahora el nuevo 
bloaue actual 1 

Busca en bloaues sucesivos la n-esima 
ocurrencia de cadena 
Isual aue PAGE FIND 
RemPlaza cadenal Por cadena2 a Partir 
de la linea actual en el bloaue actual 
ImPrime 'n' lineas ~ la ultima es 
ahora la linea actual• a Partir de la 
linea actual 
Lee los sisuierotes 'n' bloaues dentro 
del bloaue actual 
Escribe el bloaue actual al archiyo de 
salida ~ lee el sisuiente bloaue. Esta 
oPeracion se rePite 'ro' vetes 
I-Priee la sisu>e.te linea• -haciendo a 
esta la linea actual 
RemPlaza la linea actual Por la cadena 
Salva la linea actual ~ l~s n-1 lineas 
siSuierotes en el archivo esPecificado 
Restablece al archivo Primario como 
archivo de entrada -
Selecciona al archivo secundario 
abierto como archivo de entrada 
Localiza la caderoal ~ la sustitu~e Por• 
la cadena2 
EsPecifica el numero maximo de lineas 
Para ser leid¿s dentro del archivo de 
blo·aues 
TA/ON habilita 8 esPacios al Princi-io 
de la linea de entrada, el default es 
TA/OFF 
Coloca el aPuntador al inicio del 
bloaue acttJal. 
Coloca el aPuntador al inicio del 
del archivo 
Isual a PRINT• Pero el aPuntador 
no es modificado 
Inserta todas las lineas del archivo 
esPecificado despues de la linea 
actual 
Controla la imPresion de la linea 
actual en los comandos L ~ ~ 
Escribe el bloaue actual al archivo 
de salida ~ borra el bloaue actual 
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RESUMEN DE COMANDOS DE EDI 

COMANDO 
-------
ADD 

ADD and PRINT 
BLOCK ON/OFF 

BOTTOM 

CLOSE 

CLOSE 

CLOSE SECONDARY 
CHANGE 

CONCATENATION 
CHARACTER 
CTRL/Z 

DELETE 

DELETE and PRINT 

EXIT 
EXIT DELETE 

FILE 

INSERT 

KILL 

LINE CHANGE 

LIST ON TERMINAL 

LOCA TE 

FORMATO 
-------
A cadena 

AP cadena 
BL ON 
BL OFF· 
BO 

CL CarchivoJ 

CD CarchivoJ 

CLOSES 
CnJC/cadenal/ 
cadena2 
ce CletraJ 

z 

D CnJ 
D C-nJ 

DP.CnJ 
DP c-nJ 
EX 
ED 

FIL CarchivoJ 

I cadena 

KILL 

CnJLC/cadenal/ 
cadena2 
LI 

L cadena 

DESCRIPCION 
·-----------
Asresa la ~adena al final de la linea 
actual ·, 
Isual ~ue ADDr ~ ademas imPrime~ 
Switch de modos de acceso de -teixt_o·s • 
modo de blo~ue ~ modo de lineas 
Mueve el aPuntador al final del 
blo~ue actual 
Transfiere el blo~ue actual ~ el 
archivo de entrada al archivo de 
sa[idar cerrando ambos archivos, El 
archivo de salida es renombrado con 
el nombre •archivo• 
Isual ~ue CLOSEr solo ~ue el 
archivo de entrada es borrado 
Cierra un archivo secundario 
RemPlaza la cadenal con la caden~2 
'n' veces en la 1 in ea actual ... · ., 
Cambia la concatenacion de caracteres 
a un caracter especifico 
Cierra los archivos ~ termina· •la 
sesion de edicion. El blo~ue actual 
es salvado 
Borra la linea actual ~ las n~l 
sisuientes si 'n' es positiva.· Borra 
las 'n' anteriores a li linea actual 
si 'n' es nesativa 
Isual ~ue DELETE solo ~ue ahora 
imPrimira la linea actual . 
ISual ~ue CTRL/Z 
Isual ~ue EXITr solo ~ue ahora se. 
borra el archivo de entrada, es decir• 
no crea otra version 
Transfiere lineas del archivo de 
entrada al de salida, ~ al archivo 
especifico 
Inserta la cadena en la siSuieint• 
linea despues de la linea actual, 
Entra en modo de texto si la cadena 
es omitida 
Cierra los archivos de entrada ~ 
salida. Y ademas borra el archivo de 
salida 
Cambia la cadenal POr la cadena2 a 
partir de la linea actual 'n' lineas 
Lista todas las lineas restantes del 
blo~ue actual 
Isual a FINDr aPartir de la line~ 
actual 
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VERIFY ON/OFF 

Controla el desPliesue de lineas Para los comandos de 
LOCATE ~ CHANGEr si: 

*V ON.<cr> 

es tecleado LOCATE ~ CHANGE despliesan la linea localizada 
o la linea cambiada respectivamente. 
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UNSAYE 

RecuPera todas las lineas 
SAVE.TMP o el oue se esPecifioue 
linea actual. EJemPlos: 

suardadas en el · ·archivo 
~ las coPia desPues de la 

*UN <cr> ; inserta despues de la linea actual el 
contenido de SAVE.TMP 

*UN TEMPORAL.DAT <cr> ; inserta despues de la linea 
actual el contenido del archivo TEMPORAL.DAT 

READ 

Lee n blooues al buffer, si ~a existe un blooue. en el 
buffer le asresa los n especificados. EJemPlo: 

*READ 2 <cr> ; lee 2 blooues al buffer 

PRINT 

Escribe o desPliesa desde la linea actual hasta la linea 
n-1• la ultima linea desPleSada se convierte en la linea 
actual. EJemplo: 

*P5 <cr> 

UPPER CASE ON/OFF 

Es. Posible con esta oPcion escribir en el· archivo· 
editado con letras ma~uscu~as o minusculas. EJe,Plos: 

*UC OFF <cr> 

Los caracteres son aceptados tal ~ como son tecleados• 
minusculas o ma~usculas• ~ se escriben en el archivo de 
salida. 

*UC ON <cr> 

Los caracteres son aceptados• ~a sean 
minusculas, pero son escritos en ma~usculas al 
salida. 

ma~usculas o 
archivo de 

J 
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TOP 

Coloca el aPuntador al inicio del bloaue. Cuando se usa 
TOP se Pueden asresar lineas aue Precedan a la Primera del. 
bloaue. EJemPlo: 

*T <cr> ; coloca el apuntador al inicio del bloaue . 

PASTE 

Busca en todo el bloaue a··partir de la linea actual la. 
CADENA1 ~ la remPlaza Por la CADENA2. EJemPlo: 

*PA/CADENA1/CADENA2 <cr> 

MACRO 

Este comando es usado Para definir macros, 
espacio Para definir 3 macro~• llamadas 1r 2 ~ 3r ~ 

contener cualauier comando lesal del editor. 

Definicion de una macro: 

*MACRO 1 PA/ABC/XYZ/&REN <cr> 

existe 
Pu•den. 

Con esto estamos definiendo una macro aue cambie en todo 
el bloaue ABC Por XYZ ~ traisa un nuevo bloaue. 

Llamada a la macro: 

*2M1 <cr> ; realiza la funcion macro 1 en dos bloaues 

SAVE 

Con este comando se escriben a un archivo n lineas a 
Partir de la linea actual• el archivo ~ el numero de lineas 
se esPecifican en el comando. EJemPlo: 

1 

*SAVE 3 TEMPORAL.DAT <cr> 

Escribe en el archivo TEMPORAL.DAT 3 lineas a Partir de 
la linea actualr Permaneciendo las lineas en el buffer. Si 
no se especifica el archivo se crea .un archivo llamado 
SAVEoTMP • 
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NEXT 

Este comando mueve el··apuntadó'r hacia arriba' '¿¡···:·hacia 
abaJo dentro del blo~ue.< no se considera la linea actual>~ 
EJemPlos: 

*N-S <cr> ; mueve el aPuntador S lineas hacia arrib~ 

*NS <cr> ; mueve el aPuntador S lineas hacia abaJo 

NEXT and PRINT 

Mueve el aPuntador e imPrime la nueva linea actual.( si 
considera la linea actual >.EJemP~o: 

*NP3 <cr> ; imPrime la tercera linea<despues de la 
actual> como actual 

TYPE 

Escribe desde la linea actualr 
mover el apuntadorr o sea ~ue 

siendo la misma despues de ~ue se 
lineas. EJemPlo: 

. RENEW 

hasta la linea n-1, sin 
la linea actual Permanece 
han desPlesado· las n-1 

Este comando 
archivo de salidar ~ 
entrada. EJemPlos: 

nos Permite escribir el blo~ue actual al 
leer un nuevo- blo~ue del archivo de 

*REN <cr> ; salva el blo~ue actual ~ lee uno nuevo 

*REN 3 <cr> ~ salva el blo~ue actual ~ lee 3 blo~ues del 
archivo de entrada, deJando en el buffer el ultimo leido. 

RETYPE 

RemPlaza 
EjemPlosi 

la linea actual Por una nueva linea. 

*R NUEVA LÍNEA <cr> 1 escribe linéa nueva en la linea 
actual 

*R <cr> 1 borra la linea actual 



DELETE and PRINT 

Realiza 
linea actual. 

la misma funcion aue .DEL.f;TE. ~.er,o ,imP.ri.me l.a 
• . . í • . ' 

*DP-5 ; borra las 5 lineas anteriores a la actualr 
Permaneciendo esta. 

*DP3 ; borra la linea actual ~ las dos sisuientes;· 
auedando la sisuiente como la actual · 

*DP ; borra la 1 in ea actual e imPrime la sisuient"e, esta 
es ahora la actual 

EXIT 

,•: ., ·Es.te con:al-ido·: t.'~ans;fi'e~e todo eÍ" ''resto de lineas aue 
existen en el buffer r.,.¡,¡· '''el 'resto' de lineas del archivo de 
entradar al archivo de salidal cierra los archivosr ~ nombra 
al archivo de salida con una nueva version ~ termina la 
sesion de edicion. EJemPlos: 

*EXIT no.mb;re _<~r>.; renombra al archivo de salidar este 
., -· .•. ' . es. el' aúe contiene las modi ficcteiones hechas. 

· '· *EXIT <cr> ";' deJa 'er· mismo nómbre con otra version 

INSERT 

Con este comando se insertan lineas inmediatamente 
despues de la linea actual. La linea insertada se vuelve la 
linea. actua.l •... EJemPlo~:."-... 

. . -: -· .. . j .• ' . .!, -·' ' ! • ; '- -. 1 • 

,_... *z; cADENA 'ilE: cARI:ictliREs <e~> 
* ; inserta la linea ~ resresa a 
*I <cr> 1 Pone al editor en modo 
CADENíf 1''''' ., .. , . !• 

, ,,: CADEf'!A .. 2 . . , . , , ._ , 
··"-· -~TC<~i~~~?; ·· -~ -; :'. 

<cr> 

LOCA TE 

modo de edicion 
de entrada 

Localiz~ una cadena dentro del bufferr empezando la 
busaueda en la linea sisuiente a la actual.. El aPuntador es 
colocado en la linea aue contiene a la cadena ~ la desPliesa 
éf VERIFY O~ ~sta activo, EJemPlo: 

*L CADENA <cr> 

' . 
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( 

CHANGE 

~(tr)~-·~~r> ~b ~~-~P~ ,:·-p , .~' 

, Cambia la CADENA! Por la CADENA2 en una line~~:·si la 
CADENA! aParece en la linea. Si la CADENA! es nular la 
CADENA2 es insertada al inicio.de la linea. Si la CADENA2 es 

· nula!l~(CADENAl e~ borrada de la linea. Para localizar la 
CADENA! se barre la linea desde el Princ_iPior hasta 
encontrarla. 

Los caracter~s ·•~ara ·delimitar las cadenas son 
normalmente caracteres esPeciales aue no aParecen en la 
linea. Es mu~ usual aue se use una diasonal como 
delimitador. EJemplos: 

* hola como estas 
*C/hola/aue <cr> 
aue como estas 

* 

.. 

Es Posible realizar 'n' cambios sobr• una lin~a con: 

*nC/CADENA1/CADENA2 

EJemPlo: 

* auee Pasar auee te ocurre 
*2C/auee/aue 
~aue Pasar aue te ocurre 

* 
DELE TE ' . 

Elimina lineas de texto de la sisuiente manera! 

a) Si damos Dnr la linea actual ~ las sisuientes n-1 son 
borradas del textor siendo la linea nuevar la sisuiente de la 
ultima borrada. 

b> Si damos D-nr la linea actual no es borrada.r Pero si 
las n lineas aue le Preceden. La linea actual es la misma. 

e> Si n es nulo la linea actual es borrada ~ la linea 
sisuiente se vuelve la actual. EJemPlos! 

*D-5 1 borra las 5 lineas anteriores a la actual 

*D2 1 borra la linea actual. ~ la sisuiente 

*D 1 borra la linea actual 
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Como incrementar la lonsitud del buffer 1 

Basta con teclear el comando sisuienter desPues del 
asteri~cci en ~odo de edicion: 
:;; .t;.~ '!.·,of~.~f ~~·J-1 ;;4~ ·'. 
f; 1. ·.lf:*SI·ZEo¡;n!'~~< ~.~~.~-\~ :.f. 

: ,_·:;·¡-.,~-¡ t 

donde •n• es el numero de lineas aue se deseá c~ntensa 
el buffer. 

·.1X :··F-:.1 ~·!.:~~: ./: _,-.,~ 
•'JtHt::-·] ADQ..~)·,t:-S:~'-.. :.ll .. ~~· . 

'u ' .• ' '; ,. '•) > J ,¡; ' 'l 

Este comando asresa al final de la linea una cadena de 
caracteres• eJemPlo: 

* linea de Prueba 
*A del editor. <cr> 

esta linea auedara coino: linea 'de,:·,,_;Prueb.a.:u.dE!.l:IC.edi tor 
"Pero no sera desPlesada" 

-~ f) i ·:..¡,., 1¡;.\_.:- ~ i. 

ADD and PRINT " .. 
,. ,. ", 

La funcion -es la misma aue la del ADD eKcePto aue la_. 
linea resultante si es desPlesadar eJemPlo! 

* linea de Prueba 
*AP del editor. <cr> 
linea de Prueba del editor. 

* 
not; ,\BO.TTOH·n-r~J:L'f:(i,c· .;-;r,i ti r~-::~~~.j·k1t! • .."IS11k-I c.r ·lí1~1 -;!Ott·f:i:-> ~~: (::: 

':.._~ 't···U-~;.':~'T·7:;1~~·ii~K-ci t5t if-,;.'I..J:tl!t.H"l t.:\ 4;:-;:nl.t ~!.d ~,1-,:·l·J; __ -;. ~n:' -.,J _r·-1, 

Mueve el apuntador al final del bloaue. 
l-~) r.:~;.....:.,·-~ ·¡.-;:il:lf.~·,,.od 2'~ un J:CL13':Jc t>\r;-Lt l al 'lil .. U .Jd,~:t,·.-•. •. 

.. rn:*BO.; <c:r>.l·~~ .rcu~+:J.J -G~7!t1i! t~.J -~n .. )b~.;;.~~:;'!·' 1l, ::;,¡~_-, , : 

' -~ 

hé'.·''-' jSi ,~¡la ,,oPc;Ao.nJ'·,t!Eit V.~!Uf,J,"O~. •ts!C! ¡ac~_iva_~, se desPlesan el 
~ontenido de la ultim•~~ine~ del ,bloaue. 

·' 

•. ' '' 1 ~ -· ,, ·' 
. ! .. 



2) OPrimir simultsneamente las.teclas CTRL w Z 

Funciona en forma isual a EXIT 

~~ EbW 6 bie~ ED -- EXIT DELETE 

Funciona en la misma forma aue EXIT w CTRL/Z solo aue la 
version anterior es borrada. 

- Como recorrer las lineas de texto Para localizar una en 
esPecial w hacer correcciones ? 

Caso 1> Si se esta editando un nuevo texto w se desea. 
resresar una o mas lineas. 

Primero Pasar a modo de edicion<dar ? <cr>>• desPues Por 
cada vez aue se oPrima la tecla <ese> se retrocedera una 
linea de texto w POr cada vez aue se oPrima la tecla de <cr> 
se avanzara una linea de texto. 

notal el comando END Posiciona el apuntador en la ultima 
linea de textor aue se encuentra en el buffer. 

Caso 2) Teniendose un archivo wa creado se desea 
localizar una linea esPecifica. 

Primero verificar aue se este en modo de· edicion. 
DesPues teclear el comando PL CADENA' donde PL <PAGE LOCATE> 
es el comando Para localizar Por PaSina o bloauer w CADENA es 
el conJunto de caracteres aue se desea localizar. DesPues de 
esto el aPuntador se ha Po•itionado en el bloaue en donde se 
encuentra la linea• ~~~nd~ elia 1a a~iutil• soi ~~~o el blo~ue 
en el buffer es el actual. 

~ due ha~e~ ~U~hdd •s Paetbs a1 ~ensaJe de aue sé h~ 
llenado el buffer EOB 1 

- Cuando este ocurre es necesario pasar el contenido del 
buffer al archivo de salidar Para aue auede listo Para 
re&ibir mas textor Para lo cual basta COn teclear el Comando 
f, !lit. ' fl • ' . ; 1 ¡: 11 • 
sisuiénte en modo de edicionl 

*RENEW o bien REN 

notal cuándo se trata de un archivo nuevo se recibe el 
~lnsaJe de au~ ~o haw archivo de entrada abierto. wa aue el 
eOmihdOr una vez limPio el buffer buses un archivo de entrada 
~lf4 ifliP el ·bloaue sisuiente. 
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Los tiPos comunmente usados son: 

FTN - fortran 
MAC - macro o ensamblador 

.DBG - Para definí r esauemas a la bas_!)d~,,d.!ltesl!¡!;~, { ~ 
PAS - Pascal 
TXT- archivo-de t~~tOJ·t 
DAT - archivo de datos ··• •·. 

Sin embarso Podemos tener cualauier extension aue 
conten·sa~de l.a-3 caracteres alfanumericos. 

version es un numero aue le asisna el sistema• si se 
crea Por vez Primera· se le_as~sna el numero 1 
~ lueso este se ira incrementando en forma 
octal• si el archivo es editado. 

!f. 

Las Partes entre {} son opciona;~es,-
. . ~·- ,, .. ·;: .~ ·:~ .. ,.~.. .. .. ~ . 

Si el archivo esPecificado e·s';:,n· nuevo archivo<es de'C:'i~.-, 
el archivo no fue encontrado en el disPositivo especificado>• 
el editor asumira aue se auiere crear un archivo con ese 
nombre ~ entonces EDI imPrimiral 

CCREATING NEW FILEJ 
INPUT 

con lo cual estaremos en modo de entrada. 

Si se especifica un nombre .de archivo ~a existente• 
entonces EDI resPondera .de.·.l•a sisuientet-for.ma:. ···" ·.or' ·' ,_.,;. 

''"!'·' t•OOOnn. LINES READ INJ 
I:PAGE pJ 

* 
• ~ ' ' 1 1 ' ¡ ' ' ' ' ' ' 

El asterisco _indica.aue:estamos en modo editor• ,en· el 
cual se Podran usar los comandos de· . EDI .• ·Estas line_as, 

' . 1' , ••. 

indican aue automaticamente EDI le~o un bloaue del archivo de 
entrada colocandolo en el buffer. 

Las • nn • nos indican el numero de 1 ineas leidas ~ la ·., P' 
el numero de PaSina en aue se encuentra. . 11' 

. '. 

- Como salir del editor ~ salvar el Prosrama ? 

Existen 3 formas de llevar a cabo esto: 
' . ,. 

Estando en modo de edicion en sesuida del.,ast.'erilsco 
teclear: 1 

1) EXIT o bien EX 

Con lo cual se cierran los archivos de entrada ~ salidar 
salvando el bloaue actualJ se termina la sesion de edicioñ ~ 
se crea una nueva version con las modificaciones hechas. 
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2> El editor tiene dos modos de accesar textosr ~stos 
son: 

a) Por lineas • 

•• b) Por bloaues • . -
De estos dos metodos es mas conveniente trabaJar con un 

buffer aue almacena un cierto numero de lineasr sobre las 
cuales se Pueden hacer modificaciones ~ en caso de ser un 
nuevo archivar asresar las lineas aue este contendrar por 
default el buffer contiene 38 lineasr 1Pero puede ser 
modificado. Se entra automatic•mente al modo Por bloaues al 
editar cualauier archivo. 

3) El editor trabaJa con archivos de entrada ~ archivo• 
de salida. 

El archivo 
fuente de textor 
buffer. 

de entrada es aauel aue toma el editor como 
Pasando un numero de lineas de este al 

El archivo de salida es aauel aue usa el editor Para 
almacenar el contenido del buffer ~.este Pueda ser utilizado 
nuevamente al finalizar una sesion de edicion r este 
archivo es el mismo aue el de entrada ~ contiene todas las 
modificaciones hechas a estel es suardado como una nueva 
versionr Por lo cual es imPortante eliminarla con 'KILL' al 
finalizar la edicionr o bienr dePurar aauellas versiones aue 
~a no sean utiles. 

- Como llamar al editor 1 

Existen dos forma~ de llamar al editorl 

1> Modo Prompt, 
2) Modo inmediato. 

Para editar un Prosrama deberemos hacerlo 
sisuiente forma: 

>EDI {deVI(uicJ}nombre.extension<lversion} 

donde: 

de ia 

devl - es el disPositivo donde se encuentra el archivo. 
ruicJ - es el directorio del usuario. 
nombre es el nombre con el cual llamaremos a nuestro 

archivor ~ debera estar formado Por caracteres 
alfanumericos( de 1 hasta 9), 

extension esta comPuesta Por 3 ca~acteres 
alfanumericos ~ rePresenta·el tiPo de alsun archivo, 
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EDITOR DE TEXTOS POR LINEA ( EDI ) 

. El editor de textos es un Prosrama del sistema operativo 
aue tiene POr obJeto la creacion ~/o modificacion de archivos 
de caracteres alfanumericos. 

Esto se losra mediante comandos aue el. usuario introduce 
desde su terminal• Permitiendo insertar, borrar o corresir a 
dicho archivo, 

Los comandos de EDI actuan·sobre un aPuntador aue .se 
mueve Por lineas. dePendiendo de los comandos aue se 
introduzcan. 

Con el editor EDI se lee un bloaue del archivo de 
entrada en un buffer<area de almacenamiento temPoral) ~ el 
apuntador se mueve en las lineas de dicho bloaue, 

Cuando se termina la sesion de edicion o se lee 
bloaue del archivo de entrada• se lleva 
automaticamente la escritura al archivo de salida. 

a 
otro 
cabo 

Un bloaue contiene 38 lineas• Para referirse a otro 
bloaue se tiene aue leer este del archivo de entrada con 
alsun comando del editor. 

A la linea donde se encuentra el aPuntador se le llama 
'linea actual', analosamente' al bloaue en el ,cual estamos· 
trabaJando se le llama 'bloaue actual', 

Caracteristicas Para el uso eficiente del editor: 

1) El editor trabaJa·en dos modos de oPeracion: 

a) Modo de entrada (inPut mode), En este modo se puede 
escribir el texto aue debera contener el archivo. Este modo 
se establece automaticamente al solicitar un archivo aue no 
existe. 

b) Modo de edicion (edit mode), En este modo se Pueden 
dar comandos de control al editor ~ se identifica Por un 
asterisco aue aParece en la Pantalla solicitando un comando. 
Este modo se establece automaticamente al editar un archivo 
aue ~a existe. 

Para Pasar del modo de entrada al modo de edicion se 
oPrime dos veces la tecla <cr>. 

Para Pasar del modo de edicion al modo de entrada se 
teclea en sesuida del asterisco una letra 'I' (Para inser·tar> 
~ se da un <cr> • 

• • :'_ •. '1 '~)' i. " ' ' . t ' -, •. 1 1 ';'> •• -·· 1 ¡ .. ' . 
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EJemplos del sistema SOS 

>SOS; 1 
sos 
MCR 
TOOLS 
NOT 
AYUDATOT 
sos> 
> 

>SOS EDI 1 

>SOS NOT 

ADD 
EXIT 
RENEW 
MACRO 
READ 
VERIFY 

PIF' 
QIO 
TOT 
PASCAL 
ce 

BOTTOM 
INSERT 
RETYPE 
SAVE 
PRINT 
------

CHANGE 
LOCA TE 
TOP 
UNSAVE 
TYPE 
------

e 
EDI 
MAC 
FORTF(AN 

DELE TE 
NEXT 
PASTE 
SIZE 
UPPER 

La persona aue hasa uso del eauiPo ~ no se anote en la listar 
aue Para tal efecto se encuentra en el laboratorior

1
le sera 

suspendido el servicio. 
ATTE. Lab, de ComPutacion ••• 

---------------------------------------------------------------------
> 

>SOS MCR RUN 

RUN - Permite la eJecucion de una tarea 

> 

' MANEJO DEL PROGRAMA EDITOR DE LINEAS EDI ' ~ ? 

' ., 

. . 
. < . ' . 



SISTEMA DE AYUDA EN LINEA 'SOS' 

SOS es un sistema de a~uda en linea• oue Permite al 
usuario investisar el funcionamiento. usor sintaxisr etc. De 
alsunos comandos ~ subsistemas del sistema oPerativo RSX-llM, 

Existen dos modos de oPeracion del sos: 
1> Modo P romPt, 

2) Modo Inmediato. 

1) El modo PromPt se establece cuando se ProPorciona el 
sisuiente comando: 

SOS <cr> 

Donde <cr> sisnifica oPrimir la tecla de RETURN, 
Inmediatamente el sistema resPondera con SOS>• en esPera de 
alsun comando. Una vez eJecutado el comandar resresa a Pedir 
otro. Si ~a no se desea consultar alsuna otra informacion .se 
da un <cr> como comandar Para resresar el control al MCR, 

2> El modo inmediato se establece de la sisuiente forma: 

SOS comando <cr> 

SOS resresa el control al MCR cuando termina de eJecutar 
el comando. 

Un comando esta comPuesto de: 

TOPICO SUBTOPICO 

Donde cualoui~ra de los dos PUede sustituirse POr un 
sisno de interrosacion, Por eJemPlo: 

>SOS 1 

En este casor se desPleSara una lista de los toPico• oue 
Pueden ser consultados. 

>SOS MCR 1 

En este casor MCR es el toPico ~ la interrosacion 
Permite ver la lista de los subtoPicos de MCR. 

)SOS MCR RUN 

En este casor se desPliesa la informacion del subto'Pico 
RUN del comando MCR, Ver eJemPlos anexos. 
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>TIM ¡ des?liesa el diar la hor~. minutos ~ sesundos 
09115131 09-0CT-84 
> 

>SET /UIC ¡ nos indica en Gue clave estamos 
UIC=C6r1J 

>SET /BUF=TT61132. ¡ asisna un buffer de 132 caracteres a la terminil tt6 
> 

>LOA CRI ¡ CARGA LA LECTORA DE TARJETAS 
LOA -- SYNTAX ERROR 
) 

>LOA Cf~ 1 

>INS [6,6JGREP/TASK=,,,GRP ¡ instala la tarea GREP en la cuenta [6r6l con 
el nombre GRP<nombre de eJecucion)r Para ~ue 
todos los usuarios la utilicen, 

> 

>BYE ¡ comando para salir de sesion 
> 
HAVE A GOOD MORNING 
09-0CT-84 09122 TT11: LOGGED OFF 
> 

• MANEJO DEL SISTEMA DE. AYUDA EN LINEA SOS • 2 Lf 



>DEV 1 comando para listar los dispositivos del sisteiT.a '' •. 1 ' 

UDOI 
CROI UNLOADED 
DKOI MOUNTED 
DK11 MOUNTED 
DMOI MOUNTED LOADED 
DXOI l.OADED 
DX1: LOAIIEII 
TTOI C6,1J - LOGGED ON 
TTll 
TT21 C6,1J - LOGGED ON 
TT3: 
TT41 
TT51 
TT61 
TT7: 
TT10 1 
TT11: C6,1J - LOGGED ON 
NLOI 
no: 

-coo: TTOI 
CLOI TTOI 
LBOI IIKO 1 
svo: IIKOI 
> 

>PAR • comando Para listar las particiones de rr,emoria en el sistema. ' LDR 000000 000000 MAIN TASK 
DRVPAR 100000 010000 MAIN SYS 

100000 002700 SUB !if(IVER -DMI 
102700 001200 SUB DRIVER -DXI 

FCPPAR 110000 030000 MAIN SYS 
110000 030000 SUB <F11ACP> 

SYSPAR 140000 010000 MAIN TASK 
TKTPAR 150000 ()1 0000 MAIN l'ASK 
SHFPAR 160000 010000 MAIN TASK 
FCSRES 170000 020000 MAIN COM 
PAR20K 210000 100000 MAIN TASK 
SAVPAR 210000 040000 SUB TASK 
PAR4K 250000 020000 SUB TASK 
PAR2K 270000 010000 SLJ!I TASK 
TOTCOM 310000 020000 MAIN. SYS 
GEN 330000 310000 MAIN SYS 

330000 012000 SU El ( ••• SYS> 
UDCOM 771000 001000 MAIN DEV 
> 

. • ! . 
·• • 1 • o.',/,,. 



EJemPlos de comandos de MCR 

>HELLO ; comando Para entrar en sesion 
ACCOUNT OR NAME: 6/1 ; esta es la clave 
PASSWORD: 

MULTI-UBER BYBTEM 

GOOD MORNING 
09-0CT-84 09:03 LOGGED ON TERMINAL TT111 

>ACT ; comando Para listar las tareas activas en la terminal 
,,,MCR 
••• SYS r 

> 

>TAS ; COMANDO PARA LISTAR LAS TAREAS ACTIVAS DEL SISTEMA 

, LDR, 
TKTN 03.7 
,,,DMO 03.1 
, , , MCR 02 
,,,MOU 03,02 
,,,SYS 01 
F11ACP M0235 
SHF,,, 03 
.. , !NI 03 
.. , INS 03 
,,,UFD V0407 

·.,,AT, 04.17 
,,,EDI M11 
,,,SAV 03,9 
, , .ERF 01 
, , ,ACS 01 
,,,BOO 03.2 
,,,LOA 03 
,,,UNL 02 
... HEL 01.15 
,,,BRO V02.3 
, , .MAC M1110 
, , , TKB M29 
,,,p¡p M1331 
, , , FOR M03 
,,,SAT 0736 
••• sos 0736 
1 1 1 TTY o¡;u, 
... ltYE 01.6 

:::[A§ UldF 
I::RR U13 oi 
> 

LDR 
TKTPAR 
GEN 
SYSPAR 
GEN 
GEN 
FCF'PAR 
SHFPAR 
GEN 
GEN 
GEN 
GEN 
GEN 
SAVPAR 
GEN 
GEN 
GEN 
GEN 
GEN 
GEN 
GEN 
GEN 
GEN 
GEN 
GEN 
GEN 
GEN 
fl!' ti 
GEN 

OFN 
SAV~·AR 

248, 
248. 
160. 
160. 
160. 
160. 
149. 
105. 
100. 
100. 
100. 
6S. 
65. 
64. 
61. 
so. 
so. 
so. 
50. 
so. 
50. 
50. 
so. 
50. 
so. 
so. 
50. 
ti() 1 

50, 
qo: 
40. 

oooooo LBO:-oooooooo FIXED 
010000 LB0:-00003561 
040000 LB0:-00006334 
010000 LB0:-00006537 
040000 LB0:-00006045 
012000 LB0:-00006561 
030000 LB0!-00006373 
014000 LB0!-00006233 
040000 LB0:-00006435 
040000 LB0:-00006472 
040000 LB0:~00006073 
040000 LB0:-00005751 
040000 LB0:-00004662 
040000 LBOI-00006736 
040000 LB0:-00007152 
040000 LB0!-00006205 
040000 LBOI~00006310 
040000 LBOI-00006767 
040000 LB0!-00007023 
040000 LB0:-00006111 
o4oooo LBo:~ooo06144 
070000 LB0:-00004330 
070000 LB0:-00004437 
040000 LBOI-00005174 
070000 DM0:-00113771 
126000 DM0:-00123676 
020400 DMOI-00066110 
0144()() llMOI··()()()1()066 
040000 DKOI-00006102 
f2l100 n~of-OOOJP1é1 
040000 LBOI-00007i~6 

· ..... 
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REMOVE - borra del directorio de tareas el nombre de la 
tarea Para hacerla desconocida al sistema. 

RUN - Permite la eJecucion de una tarea. 

SET - este comando Permite alterar alsunas condiciones 
del sistema ~ ademas las características locales 
de una terminal. 

TASK-LIST - desPliesa el 
instaladas en 

nombre de 
el sistema. 

todas las tareas 

UFD - Este comando crea un User File Director~ en un 
volumen de files-11 e introduce su nombre en el 
directorio maestro de archivos. 

UNLOAD - Descarsa el maneJador de un disPositivo. 

Todos los comandos descritos• a exePcion de HELP Pueden 
ser invocados escribiendo solo sus 3 Primeros caracteres. 

Ademas se tienen alsunas teclas de control• estas son: 
( Para las teclas de control es necesario oPrimir la tleca de 

la letra al mismo tiempo aue la tecla 'CTRL' l 

CTRL/C - Se obtiene la atencion del MCR• el cual es el -
encarsado de interPretar los comandos al sistema 
oPerativo• resPonde al CTRL/C de la sisuiente 
n.ane ra: MCR> 

CTRL/0 

CTRL/Q 
CTRLIS 

- Descarta las salidas aue se envian a la terminal• 
el sistema descarta dichas salidas hasta aue se de 
CTRL/0 Por sesunda vez. 

- Cuando en la terminal se desea detener alsun 
listado(salida) momentaneamente se da CTRl/S. El 
listado Prosesuira al dar CTRL/Q. 

CTRL/R - EJecuta el retorno de carro ~ reimPrime la ultima 
linea Para verificar si las correcciones hechas con 
DELETE estuvieron bien hechas. 

CTRL/U - Borra la linea actual (donde se esta trabaJando) ~ 
se eJecuta un <cr>. 

CTRL/Z - Se usa en Prosramas para resresarle el control a 
MCR. 

Vease los eJemPlos anexos. 
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INTERFASE MCR < MONITOR CONTROL ROUTINE> 
------------------------------------------

La interfase MCR es la aue permite la comunicacion con 
el sistema oPerativo RSX-11Mr el usuario a traves de la 
terminal intro~uce los comandos aue seran interPr~tados ~ 
eJecutados por el MCR, 

Funciones aue Permite el MCR: 

- Inicializar el sistema. 

- ManeJo de dispositivos Perifericos. 

- Control de eJecucion de tareas 

- Obtener informacion del sistema ~ de las tareas. 

- Etc. 

Alsunos de los comandos mas usados ,de MCR son los 
sisuientes: 

ABORT Permite abortar una tarea ~ terminar con la 
eJecucion de esta. 

ACTIVE - desPliesa los nombres de las tareas activas en 
la termin~l del usuario. 

BROADCAST Por ~edio de este comando Podemos enviar. 
mensaJes a una o mas terminales. 

BOOT - Permite. caráar el sistema w transferirle el 
control. 

BYE - termina la sesion con el usuario. 

DEVICES - desPliesa los nombres simbolices de todos los 
disPositivos reconocidos POr el sistema. 

HELLO - Permite iniciar una sesion con el usuario. 

HELP - desPlieSa ·el contenido del archivo HELP.TXT~ 
Resularmente es una awuda Para el usuario, 

INSTALL - hace aue una tarea sea conocida Por el sistema 
w la Pone en estado "dormat• ~asta aue el 
eJecutivo reciba una peticion Para eJecutar 
ests. 

LOAD = Permite carsar el manejador de un disPósitivd na 
ruidente. 

PARTITIONS desPUeSitll ~tn 1a hrn,iné!!l del L.IIIU<~rto t.mil 
des~rirclon de Qilda una de.la~ Par\l~iones 
de mem~ria en el sistemet 

' 1: 



Para salir~ terminar una sesion se da el comando BYE. /~ 

>BYE 
~ la comPutadora responde: 
HAVE A GOOD AFTERNOON 
21-SEP-84 16l48 TT3: LOGGED OFF 

NOTA: Existe un comando oue es acePtado sin 
sesionr. este esr HELPr con el oue se ProPorciona 
Para oue el usuario PUeda entrar en sesion. 

1 • 

' INTERFASE DE COMUNICACION MCR • 

< MoNITOR CONTROL RDUTINE > 

entrar en 
informacion 



\ . 

1 

' FORMAS DE ENTRAR Y SALIR DE SESION • /5 

Para entrar en sesion en la computadora PDPll/40 se 16 
debera hacer lo sisuiente: 

1) Dar: 

>HELLO <cr> ; tambien se acePta la forma abreviada HEL 
la comPutadora resPonde: 

ACCOUNT OR NAME: XXX <cr> ; contestamos xxx ~ <cr> 
ahora la comPutadora nos Pide una contrasena 

PASSWORD: ~~~ <cr> ; se contesta la contrasena<esta no 
aparece en la terminal) ~ se da <cr> 

jj 1 •• '_., •• , 1 ·, ' 1' ' 1 

Por ultimo la comPutadora responde con 
··J lj ,¡ ..... ' ' • , .• , '- 1' 

,,indic¡m9o':'os :a:u.e ·~,$,t-",a ,-.1 1ist~a para acePtar 
·comando de MCR, 

un PromPt 
cualauier 

xxx representa la cuenta<clave>• o bien un nombre. 
formas validas de xxx son: 

a) C006•001J o C6,1J ; el uso de los Parentesis es 
oPcional 

b) 6.1 o 6/1 
e) un nombre valido(como clave> de 1·• 9 caracteres 

~~~ rePresenta un password o contrasenaCvalida en la 
comPutadora> comPuesta de 1 a 6 caracteres. . . . 
Generalmente cada cuenta o clave tiene asociados uno o 

dos nombresCPuede no tenerlos>• aue Permiten la misma 
Posibilidad de acceso. ~ una sola contrasena, 

2> O bien en forma abreviada dar: 

>HELLO xxx/~·~~ '. 1 

,_. •.· 

o bien 

donde XXX aceptan las formas exPlicadas 
anteriormente. 

La diferencia entre las formas 6•1 ~ 6/1 es la 
sisuiente: con 6r1 se entra en sesion ~ se desPliesa en la 
terminal del usuarto el archi~o LOGIN.TXT• aue contiene 
normalmente alsuna .informacion util ~ari el usuario; con· 6/1 
se entra en sesion ~ el archivo LOGIN.TXT no es desPleSado. 
Esta forma es utilizada Para abreviar el tiemPo de entrada a 
una sesion de comPutadora •. 

' ¡. 
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GRAFICADOR VT11 

Instalaciones de este tiPo tienen un sran ranso de 
aPlicacione~• entre las cuales se inclu~en estudios de 
simulaciono diseno con a~uda de comPutadora ~ adauisicion de 
datos en tiemPo real. 

Consiste de un Procesador de desplesados. El procesador 
Puede estar conectado al UNIBUS ~ funcionar como un 
Procesador autonomo Para maneJar las instrucciones de 
sraficacion. Otra alternativa es usar este subsistema como· 
una terminal intelisente en un sistema de sraficacion con 
multiProcesamiento, La Primera forma es llamada Stand-Alone 
~ la sesunda Host-Satellite. 

Se Pueden desPlesar diferentes tiPos de elementos: 
Puntoso sesmentos de lineas. caracteres ~ sraficos. Estos 
elementos estan normalmente definidos en posiciones de 
coordenadas relativas a la Posicion actual del cursor• aunaue 
tambien Pueden ser definidos en Posiciones absolutas. Los 
sesmentos de lineas o vectores Pueden ser dibuJados en 
cualauiera de los sisuientes formatos: 

linea continua 

- linea larsa discontinua 

- linea corta discontinua 

- linea discontinua con Punto 

La caPacidad del area PrinciPal de desPlesados es de 73 
caracteres de tamano normal Por linea ~ 31 lineas Por 
Pantalla, 

Esta area PrinciPal es de 9 1/4'x9 1/4' ~ direcciona 
1024x1024 Puntos identificados cada uno Por sus resPectivas 
coordenas <x.~>. 

Se PUede variar la brillantes de los dibuJos o Parte de 
estoso Para lo cual existen 8 niveles de intensidad. Tambien 
PUede esPecificarse aue un desPleSado o parte de este 
flashee. 

El conJunto de caracteres disPonibles son 96 caracteres 
ASCII convencionales ~ ademas otros 31 caracteres aue 
inclu~en letras del alfabeto Srieso ~ simbolos matematicos. 
Estos Pueden desplesarse con el tiPo normal o en tiPo 
italico. 

Uno de 
sraficacion 
interactuar 
oPciones de 
movidas. o 

los . PrinciPales soPortes del sistema de 
es la Pluma electronicao la cual Permite 

con el Procesador de desPlesados Para seleccionar 
un menu determinado• identificar imagenes a ser 

maniPular desPleSados en la Pantalla. Ademas de 
estas caracteristicas existen otras aue hacen mu~ Potente al 
sraficador. 14 



SISTEMA DE ENTRADAS ANALOGICAS ADU01 

< convertidores analosico/disital ) 

EsPecificaciones funcionales 

- Resolucion 11 bits + sisno 

- Canales 
multiPlexados 

se Pueden seleccionar 8 canales 

- Ancho de banda 
del canal 

1.5 Hz 

- Promedio de muestreo 
inclu~endo conversion 
A/D 

4K muestras/s {maximo> 
20 mustras/s en el ·mismo canal 

Rechazo modo comun DC a 60 Hz, 100 dB mínimo 

- Rechazo modo normal 50 dB a 60 Hz 

- Exactitud total del Peor caso <+-<0.117. de la escala comPleta 
sistema + 15 v> 

- Ransos de las senales 
de entrada analosica 

sen al de entrada sanancia Pros ramada 

VoltaJe maximo de 
entrada 

- Salida· disital 

InterruPcion 

- Reauerimientos de 
Potencia 

+-1 mA o +-10 .mV 
+-5 m A o +-50 MV 
+-10 m A o +-100 m V 
+-20 m A o +-200 m V 
+-50 m A o +-500 m V 
+-62 m A o +-1.0 V 

+-62 m A o +-5.0v 
+-62 m A o +-10v 

senal +-10v + modo comun t-12v 

o.ov= oooo 
escala completa + = 71760 
escala comPleta - = 100000 

1000 
200 
100 

50 
20 
10 

2 
1 

inmediata. diferida, o sin interruPcion 

t5v con 1.75A 

13 



CONVERTIDORES DIGITAL/ANALOGICO - A633 

EsPecificaciones funcionales 

- Resolucion 

- Entrada disital 

- Salida analosica 

- Exactitud de la 
sanancia 

- Zero offset 

- TiemPo de 
asentamiento 

- Linealidad 

- Potencia 

- Numero de DAC's 

1 Parte en 1024 de la escala comPleta 

000000=0 salida 
020000=1/2 salida en escala comPleta 
037760=salida en escala comPleta <-LSB> 

Ov a -10v con 3 mA maximo 

aJustable dentro de +-0.05% de la escala comPleta 
a 25 srados centisrados 

aJustable a traves del cero 

35 s maximo dentro de +-0.05% del valor final con 
una carsa de 150 PF. 50 s con el modulo de 
acondicionamiento de senales 

+-1/2 LSB(bit menos sisnificativo) 

+5v +-0.25v con 450 mA maximo 
+18v +-0,01v con 147 mA maximo 
-18v +-0.01v con 30 mA maximo 1 

La Potencia es suministrada desde una fuente externa 
H738A ~ aPlicada i traves de los tornillos terminaleE 
Una fuente H738A suministrara la Potencia necesaria 
Para 4 DAC's A633 ~ su modulo de acondicionamiento de 
sena les 

cada modulo A633 contiene 4 DAC's de 10 bits c/u 

12 



SISTEMA UDC 

INTRÓDUCCION 

El uso de las comPutado~as diSitales ha Permitido ~a 
automatizacion de los Procesos industriales• en ma~or o menor 
escalar dePendiendo de las necesidades ~ los recursos de cada 
usuario. 

La familia de comPutadoras PDP11 Presenta un sistema 
Periferico cwe se encarsa de interconec.tar los dispositivos 
de las instalaciones con la comPutadoral este sistema 
Periferico recibe el nombre de subsistema de control diSital 
universal de caPtura de·datos industriales <UDC), 

: ; ··ll.!: ·: h.-, .. '_. .¡ 1 

El UDC tiene una construccion modular aue Permite la 
raPida reacomodacion o reconfisuracion de todo el sistema •. 

e 

Basicamente el UDC es un control de trafico aue Permite· 
la utilizacion de Prosramas de control o de monitoreor. 
instalados en la memoria de la comPutadora, 

El UDC tiene la caPacidad de tene~ entradas combinadas 
~a sean disitales o bien analosicasr debido a la construccion 
de los modules aue constitu~en el subsistema• Presenta una 
alta inmunidad al ruidor las conexiones aue hacen falta se 
basan PrinciPalmente en conectores de dos terminalesr lb cual 
Puede facilitar el cableadol Posee ademas la característica 
de tener niveles de resPuesta inmediatos• o bien diferidos. 
Ademas Posee un soPorte de software aue Permite la raPi_da, _____ _ 
jml".lementacion-de-todos-1-os-prosran¡a·s aue se reauieran Para 
las actividades a aue se tensan destinadas las oPeraciones 
del sistema. 

Otra de las · caracteris~icas aue .se ,consideran 
imPortantes es la de suPrecion d~ circuitos esPeciales de 
tierra de los aParatos de camPo con la comPutadora• 
estacaracteristica da mas flexibilidad a el.eauiPo instalado •. 

Como en alsunas Practicas haremos uso de los 
convertidores A/D ~ D/Ar a continuacion daremos alsunas de 
sus caracteristicas. Sin embarso no son los unicos 
comPonentes del sistema UDC, 

11 



CARACTERISTICAS DE LA TERMINAL HAZELTINE 1421 
-----------------------------------------------

- Tamano de la Pantalla 
diasonal de 30.5cmr es de fosforo 

CaPacidad 
80 caracteres/linea x 24 lineas <1920 caracteres> 

- Formato del caracter 
Matriz de Puntos de 5x8 en una ventana de puntos de 7x10 

- ConJunto de caracteres 
95 caracteres ASCII desPlesables. 
Los 128 caracteres ASCII Pueden ser tecleados~ transmitidos•: 

- DisPla~ 
Blanco sobre fondo nesror dos intensidades 

- PorcentaJe de refresco 
60 Hz 

- Standard TV 
260 lineas/marcor 240 lineas desplesadas 

- Memoria 
Memoria de acceso aleatorio<RAM> de 2048x8 

- Interfase 
EIA RS-232C. 

- Modos de transmision 
half duPlex ~ full duPlex 

- TemPeratura de oPeracion 
de 10 a 40 arados centisrados 



CARACTERISTICAS DEL DECWRITER LA36 
-----------------------~------------

- ImPresion 
Se tienen switches seleccionables Para 10r15ro 30 caracteres/ses 

- Lonsi tud de fa linea 
132 caracteres maxfmo 

- EsPaciamiento 
10 caracteres/Pulsada <horizontal) 

6 lineas/Pulsada <vertical> 

- Caracteres 
96 caracteres ASCII 
Matriz de Puntos de 

- Teclado 
Standard ANSI 

- Interfase 
EIA/CCITT 

~ ; 

7x5 <0.07x0.10')(1,77x2.54m~> 
. .. f . .,~i .J . ' ' i :' .. .' . . 

- Modos de transmision 
halfduPlex o full duPlex 

PorcentaJe de transmision ~ recePcion de caracteres 

SWITCH PORCENTAJE DE CARACTERES 

110 
300 
110 ~ 300 

- TemPeratura ambiente 

10 <caracteres/sesundo> 
30 <caracteres/sesundo> 
15 <caracteres/sesundo> 

De 10 a 40 srados centisrados 

CARACTERISTICAS DE LA LECTORA DE TARJETAS CR-11 

- Medio de entrada 
TarJetas Perforadas de 80 columnas 

- Velocidad 
285 tarJetas/minuto 

- CaPacidad del 'hopper' 
550 tarJetas 

- TemPeratura ambiente 
15 a 32 arados centisrados 

.. 



CARACTERISTICAS DEL FLOPPY DISK RX01 
--------------------------------------

CARACTERISTICAS ESPECIFICACIONES 

CaPacidad 8-bit<b~:~te> 12-bits(palabra> 

Por diskette 
Por Pista 
Por sector 

256256 
3328 

128 

Promedio de transferencia de datos 

De diskette a buffer del ~~ntrolad6r 
De buffer a interfase del CPU 
Interfase del CPU al bus de I/0 

Movimiento Pista a Pista 
Tiempo de asentamiento de la cabeza 
Velocidad rotacional 
Grabado de suPerficies PO~ disco 
Pistas Por disc~ 
Sectores Por Pista 
Tecnica de srabado 
Densidad en bits 
Densidad en Pistas 
Tiempo Promedio de acceso 

busaueda asentamiento 
<77Pistas/2> x 10ms + 20ms + 

' ' 

128128 
1664 

64 

4 )As/data bit(250KbPs>.: 
2 As/bit < 500KbPs > • 

18 ).\S/b~:~te ()50Kb~:~tes/s > 

10ms/Pis~a maxima 
20ms maximo 
360 rPm+-2.5~1166ms/rev nom •. 
1 
77 (0-76) 
26 (1-26> 
doble frecuencia 
3200 bpi 
48Pistas/Pu1Sada 
488 msrcalculado como sisuel 

rotacion 
< 166ms/2 >= 488ms 

TemPeratura ambiente de 15 a 32 srados centisrados 



CARACTERISTICAS DEL DISCO RK07 

CARACTERISTICAS 

Cabezas masneticas 

CaPacidad de srabado 
(formateado> 

Cilindros/Cartucho 
Pistas/Cilindro 
Pfstas/Cartucho ., ~~·- ·' 
Sectores/Pista \•: t·p-. 

Palabras/Sector 
Bits/Palabra 
Bits/Sector 
Bits/SuPerficie 
Bits/Pack 
Bits/Pulsada 
Pistas/Pulsada 

ESPECIFICACIONES 
----------¡-------

3 de lectura;:'escritura "' una·· 
de servo. 

Palabra de 18bits 

815 
3 

2445 
20 

256 
18 

4608 
73,43M 

220.32M 
4040 

384.6 

Palabra de 16bits 

815 
3 

2445 
22 

256 
16 

4096 
75.11M 

225.33M 
4040 

384.6 

Promedio de transferencia de bits 
Bit cell width · 

4.30 M/s 
232.5 ns 

Frecuencia rotacional 
Valor Promedio 

.Valor maximo 

TiemPo de busaueda 

Valor Promedio 
Valor maximo 

TemPeratura ambiente 

2400 rPmt-2.5/. 
12,5ms(rotacion medialt-2.5/. 
25.0ms 

36,5 ms 
71.0 ms 

De 16 a 49 srados centisrados 

'1 

·' 

7 
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CARACTERISTICAS DEL DISCO RK05 

CARACTERISTICAS 

Cabezas masneticas 

Densidad de srabado ~ formateo 

Densidad 
Pistas 
Cilindr!Js 
Sectores (resistros) 

ESPECIFICACIONES 

2 

2200 bPi maximo 
406 
203<de 2 Pistas c/u) 
4872<12 por revolucion)/ 
6496(16 Por revolucion> 

CaPacidades en bits<no formateado> 

Por disco 
Por Pulsada 
Por cilindro 
Por Pista 
Por sector 

Tiempo de acceso 

Rotacion del disco 
Retardo Promedio 
Posicionamiento de la cabeza 
(inclu~endo tiemPo de asen-
tamiento> 

Transferencia de bits 

Codiso de transferencia 
Promedio de transferencia 

TemPeratura ambiente 

25 millones 
2040 
115200 
57600 
4800/3844 

1500+-30 rPm 
20ms<rotacion media> 
10ms-para Pistas ad~acente• 
50ms-Promedio 
85ms-Para el movimiento de · 
200 Pistas 

doble frecuencia(codiSo NRZ> 
1.44Mbits Por sesundo 

De 10 a 43 srados centisrados 

6 



Procesador central 
-------~------------

Mercado PrinciPal 

- Memoria 

- Transferencia re~istro 
a re~istro 

Tamano maximo de memoria 
(palabras> 

- EsPacio maximo de 
direccionamiento 

- Re~istros de ProPosito 
~eneral 

Procesamiento de stack 

MicroPro~ramado 

- Instrucciones 

- Aritmetica extendida· 
(hardware) 

- Punto flotante 

- Direccionamiento limite 
del stack 

Administrador de memoria 

- Modos 

- Prioridad de interruPcion 
automat.fca 

- Autorestauracion del . 
sistema cuando ocurre una 
falla de alimentacion 

PDP11/10 

Usuario final 

Ferritas 

2aK 

32K 

a 

si 

si· 
ConJunto basico 

OPcional (externa) 

PDPÜ/40 

Usuario final 

Ferritas 

124K 

12aK 

a 

si 

si 

ConJunto basico + 
.. XOR, SO B., MARK r SXTr RTT 

OPcional <interna) 
MULrDIVrASHrASHC 

Unicamente software Opcion de hardware 
Palabras de 32 bits 

400 <fiJo) 

No disPonible 

1 

4-lineas 
multi-nivel 

standard 

400 o Pro~r~mable 
(oPcion> 

0Pcion MFPir MTPI 

1 std, 2 opt 

4-lineas 
multi-nivel 

standard 

5 



DEC 

TTY 

LT 

M 

UDC 

D1•D2 

D3 

LISTA DE DISPOSITIVOS 

- Decwriter LA36 

- Terminal de video Hazeltine 1421 

- Lectora de TarJetas CR-1i 

- Memoria PrinciPal 

- Controlador Universal disital UDC11 

- Discos RK05, unidad dual 

- Disco RK07 

FD1,FD2 - FloPP~ Disk, unidad dual RXOl 

CO - Consola del operador, decwriter LA36 

G - Graficador de Pantalla VT11 

4 
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OBJETIVO: 

P R A e T I e A t 1 

INTRODUeeiON A LA PDP11/40 

i ' 

El alumno conocera de manera seneral el diasrama de 
blooues basico de la confiSuracion de la PDP11/40r asi como 
alsunas caracteristicas del eauiPo en forma individual. 

Ademas el alumno conocera ~ aPrendera a maneJar alsunos 
Prosramas imPortantes del sistema• como son: el sistema. de 
a~uda en linea sos, el editor de lineas EDI, el Prosrama de 
intercambio Periferico p¡p, la interfase Para comunicacion 
con el sistema oPerativo MeR, ~ la secuencia a sesuir Para la 
eJecucion de un_,~rosrama en la PDP11/40 baJo el sistema 
oPerativo RSX-11M<sistema en tiemPo real multiusuario). 

DESARROLLO: 

1) ExPlicacion del eauipo a launas de sus 
caracteristicas. 

2) Formas de entrar ~ salir de sesion. 
3) Introduccion a la interfase de comunicacon HeR. 
4) ExPlicacion ~ maneJo del sistema de a~uda en linea 

sos. o o • 

5> ~xPlicacion ~-maneJo del' Prosrama editor de line~s 
:EDI. · 

6) ' ExPlicacion· ~ maneJo : del Prosrama de intercambio 
Periferico PIPo 

7) ExPlicacion de la secuencia a sesuir Para la 
eJecucion de un Prosrama. 

8> EJecucion de un Prosrama. 

• EQUIPO Y eARAeTERISTieAS ' i 

.1. 



DIV/S/ON DE EDUCACION CONTINUA 
FACULTAD DE INGENIERIA U.N.A.M. 

INTRODUCCION A LAS MINICOMPUTADORAS PDP-11 

'" PRACTICAS PARA EL LABORATORIO 

ELABORADAS POR: 
ALBERTO TEI1PLOS CARBAJAL 

OCTUBRE, 1985 

Palacio ele Mlnerfa Calla da Tacuba 5 primer piso Deleg. Cua~hl.lfi9C ~ M~~. !M', T!!:; §!1*-1!! ~ P.!!!!!l "''~ 
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32. 

JJ. 

tnterrupta from tho device at UNIBUS addreaa 177546 (lina tr~ 
vill trap to-vhat low menozy addresa? 

f (J -.. 

Line 21 will 

' A. 

a. 

c. 
D. 

enable clock interrupt. 

disable clock interrupt. 

reset the line clock to time 000000. 
' 

cause a line clock to occur. 

If a clock intu:rupt request 111 c¡ranb!d br the CPU and an interrupt 
sequen~a is executed after the instruction at line' 28, then what are 
the contents of 

341. PC • __ ..JIC!I'-"1''-'t'l;¿ ___ _ 

lS. .SP a ...,..,d 
36. PSW = --~·"'.c-~(·;.">-'-----...8 

37. ~elst item on the stacJt• ---''c:'.:.·:.'.:'c:.·------1 
- (:r-') 

38-. Wben an interrupt se(¡uence occura, causing a vector t.o t.he 
LJCINT (line IC2) i.nt.ern:pt. se.rvice. rout.ine (I.s.a.J 1 a new 
PSW vUl be suppUec! ·from Absoluta memory location 102. What 
level vill the processor prioritr b:'& raised to during t:he I.S.R.? 

39. The clock interrupt (line f41J aubroutine will ou~t-vhicb 
character once each aecond? 

A. TPB 
B.. TIC& 
c. Da 

A!. BELL 

• 
. ram has been started fr~ the be9innin9 and 

Provided this pr~ 0010 . 0n·the console keyboard, indicate vhich of 
the operat?r typ T True or Y-False. 
the tol!ov1n9 are • ' 

1 at.1ocation 1076 (immediately E.... The computer haltB iJJm¡ediate y 
40. • within 1 millisecond). 

· t ce per secon4. '1· ~ The clock handler execu es on 
h lts at location l076q alter 10 seconds. 

42 • ~ The cOftlputer a 

-/ The terminal beeps cvery second for 10 seconda .. 
·n. v 

'' l. bta (11/~S-70) appear to rotate ieft aLter· 
44. ~ Tbe data 19 

every clock tick. · . 

-~Tbe elapsed time ia printed when any key ia atruck on tho 
45. ~ ~-·-d conaole·key~ • 

D-10 . 
·1 



21. 

zz. 

ZJ. 

The return from 'subroutine instruction on line 57 will 

... trap through location 4 • 

a. return to J!lain proqram •• line 15. 

c. return to m~ in program •• line 16. 

p1). return to rnain proqram •• Une 17. 

Civen that line 63 has just been exeeuted and nothing Us 
been typed on the terminal, which Une will be: exec,ute=! aut2 

A. 63 

>1!. 61 

c. 65 

D. 66 

•'. 

Darin9 program initializatio_n,- a decimal numbe-r lo acce:ted 
by tbe •zNPOT"' subroutint::. How many argurnents are pas~ 
when the subroutine la calle47 

.A. none 

B. one 

c. ""' 
o. four 

24. 1D the subroutine to input a decimal number, GPR R3 h aed u 

A. an accumulator (operand regia ter). 

,(. a couoter. 

c. an index. 

n. a pointer. 

D-7 

V 

25. In the subroutine to input a decimal number ,_ R4 ia u sed as 

1 A. an accwnulator. 
-~· ... 

a. a counter. 

c. an ind.:;x. 

D. a pointer. 

26. After the 
and linea 
contain? 

nuneral l has been tYped on the consola keybcard 
71 through 73 have been executed, what vill R2 

__ ......_ 

u 

¡A. 0000018 

B. 0000618 

~- 0002_618 

D. 1777618' 

A!ter the numeral 1 has been typed on the console keybo·-~ an• 
linea 61-76 have been exec t d h i -.w ~ u e , w at w 11 be the contenta -f the 
followinq reqisters: ~ 

27. R2 --L----'8 
28. Rl 

29. :R4 :----'-'----'8 
30. ·If R4 • 000001 and the numeral p has been typed, what vi11 

be the contenta of R4 aft 1i er nes 63-76 have been axecuted7 

R4 __ _,_1 ...e?~. ----8 

31. LJCCSR (line 113} "is the ·16 bit register f --'-1 
option or CPU function? or •u eh devic:a, 

W·~ 

D-8 
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CHALLENGZ PPOCRAM 12, 

'This:-proqr_am will~ recoqnize ,two ASCII· characters within the 

·context of simple operation inter~ction. The proqram will 

request the· operatot to type a '"Y':' on a "N"_·. ~If •y•, the 

program vill print '"Es•. if '"N•, the proqram will print •o!• 

lf oth~-r tb4n •u" or •y• the proqran. will respond "TRY AGAir. 

CHALLEUGE PROGRAM 13 

Five lines·of -text ·are :to·be printed out on the console·_terminal. 
\ 

Each line of text is a different lenqth. The proqram should use 

6 subrouiine to· ·do the data transfera. If one line of text 

exceeds 64 éharacters, the subroutine will insert a "CR'" carriaqe 

rcturn and '"LF'" line feed. 

Each liae of text should be a sentence, tvo of whicb exceed 64 

SAMPLE RUN charac~rs to test the CF/LF specification. 

'fRY AGAIN 

PLEASE 'l'YPE A • '1''" OR • tr' 

.. 

. ~; 

-- '--'~ _._ ___ _ 
-------.-·-.--,. 

-------.--------· ------- ----



LOAOING 'YOUR BINARY TAPE 

The pe;per tape output of the PAL-llA Assemblr.:- is in .l.bsolute 
binary format and ia there!ore loaded by the ABSO~ LOA:ER. 
14!ference the .handout entitled LOADIN9 W'ITH THE ABs:::rJ]T[ LOADER. 

· RUNNING YOUR PROGRAH 

After you have loaded your program ·into memo~ usibg' the 
ABSOLUTE IDADER, you are ready to run i t. The. pr~e i.s 
u follovss · 

1 •. Set the ENABLE/HALT switch to HAL!. 

2. Set switch register to the atarti~ adL.--es1 of 
your pr.oqran~. 

3. Press LOAD ADDRÉSS. 

4. Set the ENABU.:/HALT switch to ENARlZ. 

S~ Presa START. 

WHERE DIO l GO WRONG? 

Bope!ully, you will have no need to referenee ~s section! 
But occasionallY prograrns do not run as intended--h~ltin~ vithout 
g:ivinq the des1.red result or f-ailing to halt at all. If thia haa 
happened to you, take the·following remedia! stepa: 

1. Repeat the above sequence (try LOA!'t!'iG TOOR BINARY 
TAPE and RUNNING YOUR PROGRAM aqai~J. 

2. EXAMINE your program in memoryr ccmpare it vith 
the assembly listing. · 

3. Check your proqram THOROUGHLY r dete..-...ine vhether 
or not the correct inatructiona hawt beeA used. 

_ :4. CALL FOR ·RELP frc:m your instructor:::! 

B-10 

CHALLENGE PROG~4 01 

TWo tables of nurnerical data is created 
.tasks are to be perfor~ed on this data. 
be left in General Purpose Registera. 

in memory. Thr~!,e•t--n~~~·. 
The results are.o;..t~·r_ 

-... k-" 

RJ • the number of negative values (16 bit, uiqned, tWos 
compliment) in both tablea. 

R4 • the n~~er of correspondinq-matches between entries of 
both tablea. 

R5 • the number of total matches between all entries of each 
table. 

TABLE A 

035353 
001436 
165004 
165005 
071332 
176332 
000424 
010001 
100001 
171753 
117776 
035353 
.060076 
164551 

Notes 

TABLE B 

100001 
0077 36 
055561 
10000.1 
071332 
060075 
060076 
060071 
100001 
177776 
000424 
035353 
077776 
164550 

each taak should be códed sepa~ately. 

w 
e 

• 
_¡ 

·¡ 
) 



Charact.er 

form feed 

line feed 

earriage retum 

' 
tal> 

Gpaee 

o 
@ 

+ 

• 
• 

•. 

PAL-llA SPECIAL CHARACTERS 

FunctJon 

T·enninates a line of source eode. 

Termlnates a line of souree coda. 

Terreinatcs the aource statement. 

Label terminator. 

Oirect assignment indicator. 

Aegiater te.cn. indicator. 

Terminales an item or field. 

Term.inates An item or field .. 

Itnmediate expression lndicator (mode Z1) 

Ceferred addressinq indicator. 

Initial register indicator. 

Terminal register indicator• 

Ope~and field separator. 

Comment field indieator. 

Arithmatic addition opera~r. 

Arithmetic subtraction operator. 

Loqical AND operator. 

Logical INCLUStVE.OR operator. 

Oouble ASCII charaeter indicator. 

Single ASCII eh&ractor indicator .. 

Asaembly· -~urrent locaUon count.er .. 

PAL - llA ERA COCES 

The error cedes printcd beside the octal and symbolie cede in the 
assembly listinq have the following_meanings¡ 

Error Cede 

A 

B 

D 

I 

L 

H 

" 
p 

Q 

R 

S 

T 

D 

Heaning 

ACóressing error. An address within Che.instruetion 
rs inccrrect. 

Bounding error. Instructions or word data are beinq 
assembled at an odd address in rnernory. The location 
counter is upC~ted by +1. 

ooubly-defined s~bol referenced.· Referenee vas rnade 
to a syrnbol which is defined ~ore than on~e. 

lllegal charac!.er detected. Jllegal characters which 
4re alno ñon-printing are replaced by a ? on the list
ing. 

Line buffer overflov. Extra ·chacters en a line (more 
fhan 72¡pl are _ignored. 

Multiple definition of a label. A label was encoun
tered which was egulvalent (in the first six charac~ 
ters) to a previously encountered label. 

~umber containlng 8 or 9 has no decirnal point. 

Phase error. A label's' definition or value va'fi.es 
lrom one pass to another. 

Questionable syntax. There are missing argurnents or 
the instruction sean was not completed or a carriage 
return was not i~mediately followed by a ~ine feed 
or form feed. 

Register-type error. An invalid use of or refer.~nce 
to a reqister has been made, 

~bol table overflow. When the quantity of user
Oefined symbols exceeds the allocated space available 
in the user's symbol table, the ass~bler outputs the 
current source line with thc S error cede, thcn returmJ 
to the initial dialogue. · 

Truncation error. A number generate9 more than 16 
bits of significance or an expression. qenerated more 
·than 8 bits of significance during the use of the 
.BYTE cHrectiv'e. _ . 

GnCefined symbol. An undefinedw€ymbol vas encountered 
.i!"uring·.the: eva.luation;of a.n expression~, :Relative to 
;the--expression,-~tbe.•wlde"fined:symbol:·is .·a.ssi_9ned o 
value of a-ero.. · 
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USIIIG THE TBT EDITOR 

The te~t edito~ fs used to generatr source tapes of the user's program. 
_The edttor 1s. loaded ustng tbe A~UTE lOAOER end h self-startfng. 

To input tf'.J:t, type:-

vhere: 

XXX C{T TEJT LINE 

XXX • ocul 1 tne number 
C/T • COlClliOI. TAll 
,J • RETURN 

To change 1 lfne of text, nt)1lf t.\e Hne correctly usfng the same,ltne 
nur.~ber. 

To delete 1 lf~e, type the ltne nunber, CONTROL TAB, then RETURN. 

tcr.rr .. l'lds have the fonnat: 

X o2 

whe.-e: X • L, R, or P 

The R cor.r.rand reads 1 tape fr011 LSK or HSR 
the read. ·' lt clears _the buffer before. 

The P c~nd punches the Wt tn tité buffer to LSP or HSP, Jt does not 
clear the buffer. · 

V 

An L COt:'l'lland 11sts the enttre bcJffEr on the TIY. 

To clear the buffer, t,ype R vith no Upe 1n the reader. 

To resequenq a prograta, Purcb ·the progra~a, clear the buffer, and then _Read 
the progru back 1nto the-tvffer •. 

Nner use lfn1 feect ,. rubort.. 

USlNG THE 1\SSEI·UH.ER (PI\L-ll.A) 

Fr\L-llA is used "to assemblc symbolic cede into binary code-.-to cn~ah.· 
from the symbolic tape of your program a binary tape of your prvgram which 
can subsequently be loaded into core mernory and executed. 

This is normally accOmplished in two passes, with an optior.al third 
pass for a listing of your program (the latest version of th8 Br. assembler 
will give both binary tape and listing on the second pass). 

·After you have loaded the P~-llA program (using the ABSOLUTE LOADF.Rl, 
it will start itself automatically and begin th~ INITlAL OlALOGVE---

PAL-ll.A tyPeS you respond this indicates 

•s Bl or L,) 

•• BJ or L.! 

*L 

•T 

V 

~olic tape to be 
read from I;SR or !:.SR 

Binary tape to be 
Output on !!,!;P ·.:r !:.SP 

Listing to be output 
On !_eleprinter 

user symhol Table to 
~e output on -!eleprinter 
7\-~e certain your sym

boli~ tape is in the 
proper reader befor~ 
you respor.d ~ 

ASSEMBLY DIALOGUE 

(symbolic tape read in and symbol tabla output on t~leprinter) 

END? pass 1 over: put sym
bolic tape hack in HSR 
and type CR for pasa 2 

(symbolic tape read i~ en~ binary tape output on HSP) 

END? pass 2 over: put sym
bolie tape back in HSR 
and type CR for pass 3 

Pass 3: (syrnbolic tape read "in and assembly listing output on teleprintexo) 

•s ignore PAL-lLA rea~y for 
another as~ly 

Push the feed button to generate some TRAILER for the binary iape of 
your proqram, and rernove it from the HSP. 

Note: The respon•e to EOF7 is E .2, indicating e llissino .EMD stat~~S~at. 

·-· •, 

¡' 

1:) 
tl 

.. 
i 
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LOAI>ING WITH THt BooTSTAAP LO>.Ill!:ll 

~ soars~ LCAD~ proqram la das1qned to load ~ tape in bootatrap 
fo~~ d1roct1y beneath ttoalf (aee allocation dlaqraa on 6-12). Preaently, 
only tho ABSCLUI'E LOADER proqrlll!l ard the core dump proqrarno (DUKP'M'/DUMPAD) 
ere pravtdec! in tht.o f:ortt.at.--ao they are ehort enough to t:lt ln the spsce 
Dllotted.., . 

Ccnually, t.ho Absolut.e formatted core dun~p proqrama are user1, and the 
polc ME!?De of th! BOOTSTRAP l.OAD!l\ 1s to load the ABSOLUTE LCAD'Dl. 

.. 

8-4 

etartlnq addre•• of 
BOOTSTRAP l.()I>.DER 

posltlon tape 
(uslnc¡ tape teed butt.on) 
ao that the •opectal 
leador• (35) cQde) 11 
over the aen»ora 

cvul .. J .¡1., 
IIÑ,~ ,._ Q 

JIOI>/ 

ABSOLM'E LCAJ)ER vill bG 
ree4 lnto ftleJIIOry -~qlnni.ng 
at aódreos !!!5J,. 

: 

toADING WITH nrE MSOt.un LOA.DER 

'ftle A!ISOLUT'E LOADO; proqra.a h desiqned t::o load ~ t.lpo 1n absolute 
forma~ ·- the aajority of the aystea aoftv•r• (PAL• liS; ED- 11. LI~- lls. 
OD1'- 11, IOJt, PAL- 1 U., etc.) and your user proqr &111& vbieh ha vil be en auemblri 
and proeeased by PAlo- 111 on4 LINit- 115 or aueabled by tha absoluta osselllbhl' 
PAL- ll.A. 

tn coot. cases, tbl lo.a.4 ad4r0sa lo on the binuy tapa. Raalla.a. 
however. \:hat the fn'Oip'&a NY ha writtan in Poaitlcm Jndepctndent Coda (PIC, 
an4 thot. 1a th!a case tho uaer •Y oxpreaa an:r deoir.S 1oa4 a44rooa ot loo& 
u... 

1 ¡ ..... onM -] 

S:t.art1n9 oddreas of' 
.. SOW'l'E I:.OADEil 

Dlank tape poaltioned 
D"'U aen.ars 

B.o+ rl ot fl .f noraal 
SR • ~-1 ~ continuous 
SR • N cf load biao 

BinU? tope· vill be read 
into cou mei:IOey" be9illllin9 

l\j 

--.1 

ata addreaa OQ tApQ (nco-PlC1 
oc!dreea lA SR (PIC) 

a-s 
.-~· 

/ 
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(SK Sr.;te...~---Hiqh Speedo 

r· Loo•tion 

Paper Tapo Roctior~ 

~ _Lll744 ~1€7~1 
pJ7746 trt~26 
,63775$! "127$!2 
,631752 p;.~352 
~37754 P~S2ll 
j!3 7156 l J!S 711 
j!37761J 1J?IJ376 
J'3 7762 116162 
¡!37754 IJIJ~IJIJ2 
¡!37766 ~4j!IJ 
IJ31771J j!j!5267 
p37772 177756 
¡!37774 j!IJIJ765 
j!37776 1775Sj! 

Cor.t.ent 

,..-----. 

"" 

·-· 



J!OPUT-o:7PUT H.AHDLER 
PROVJDIJC lNTERRliPT 
DRIV!ll :ATA XFERS AT 

"".READ-VI.I'l'E•· LEVEL 

G)J'o 

UTit.In PROGRAM PRO
VIDltiG •cmAMIC ON
L!NE M.i'JGGUtG• CA
PMILif¡I:S 

COR!: ~'IJRY Dli'MP 
PROG~ ALLOWING 
•s!iAPSHOT"' DUHPS OF 
SELECTED AREAS OF 
CORE CINTO PERIPHER
AL DEVICES 

NO 

2 

I:XECUTE 
PROGP.AM 

ODT-11 

0Uf-1PTT 
OUMPAB 

··~ 

V 

CONSOLE OPERATlON 

TO EXAMHfE H.E~ORY: 

l. HALT the prDcessor. 
2. Set SR for the deSired adCresa. 
). Press the LOAD ADDRESS key. 
4. Press the EXAMINE key. 

TO OEPOSIT IN ~~~ORY: 

1. HALT t~e processor. 
2.· Set SR for the desired address; 
3. Presa the LOAD ADORE.SS key. 
4. Set SR for the desired content. 
S. Raise the DEPOSIT ~ey. 

TO RUN A PROGRAM: 

l. HALT the processor. 
2. Set SR for starting addresa of·Program. 
3. Presa the LOAD ADDRESS key. 
4. Set ENABLE/HALT swi t.ch to ENABLE. 
5! _Presa the START·key. 

B•l 
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: EM.A.'i:PLE OF WTERRUPT L.EVEL ·I/0 
:TAPE DUPLICATOR PROGRAK (HSR/HSP) 
;POSITION rNDrPENDENT CODE 

· INIT: 

ACl: 

AC2' 

AC3, 

J!ACKG: 

CK• 

P.l•U 
Rb\1 
R2•\2 
S?,..\6 
pc .. ,7 
PP.S .. l77SSJf 
PP..E.•PP.S+2 
PPS,.,PRB+2 
Pre=?rs+2 
'r?S•l7'i564 
TPa:?P5+2 
.•le~~ 

MO'J PC,SP. 
TST -(S?) 
MOV PC,Rl 
ADü fB~FFER-ACl-2,Rl 
MOV F.l,R2 
MOY PC,RII 
ADD JHS?5RV-AC2-2,RI 
1-:0Y RjJ,U7P 
CI..R @t72 
~OV PC,RP . . 
ADD tP.SPSRV-ACl-2.RI 
MOV RJf .@t 74 . 
CLR @176 

BIS tltll,@tPRS 

INC ·RJ 
:ttt BACKG 
'I'S!B ~tTPS 
BPL CK 
t'JOVB t7,@'TPB 
BR EACKG 

BSRSRV: TST @tPRS 
E.:-!1 EO~ . 
M0'/3. UPRB, (Rl.)+ 
I?lC UPRS 
R'II 

EOM: BIC tlSS,@IPRS 
BIS tlii.J,@IPPS 
RTI 

BSPSRV: TST @tPPS 
BMI STOP 
HOVB (R2)+,@tPP8 
CMP R2,Rl 
2EO CLRTN 
RTI 

CLRTN: BIC tlJJ,~éPPS 
R'rl 

STOP: BALT 

BUITER: D 

.E:ND 

;SET UP STACK FOR 
; PIC PROGRAM 
; CALCULA TE BUFFER ADORES S PJIN'lnl. FOR 
;PIC Pf\OGP.AM 
;SA OF BUFFER TO Rl (INPU7j-R2 (OUTPUT) 
;CALCULATE SA. OF 
;HSR SERVICE ROUTINE 
;LOAD IH VECTOR ADDRESS 
JNO NEEO TO SPECIFY NEW P~~ LEVEL 
;CALCULAT.E SA OF . 
JHSP SERVICE ROUTINE 
; LOAD IN VECTOR ADORES S 
; NO NEED TO SPECIP.Y NEW PR::IRIT! lEVEL 

; S&T READER tNABLE , INTE~T DABLE 

; EXAMPLE BACKGROUND PROGRA!!!. 
;CONTINUOUSLY RING·TTYP B~ 

;CHECK ERROR BIT (15) 
: EOM MENlS INPUT DONE 
; STO RE 'CHARACTER 
; SET REJ.OER EUA.BLE Brr 
; RETURN TO BACKGROUND PROGJ..\M 
; INPUT DONE--CLEAR HSR INT!31UJP: 
; SET INTERRUPT ENABLE FOR lSP 
; RETURN TO ~ACKGROUNI;J PROGl.lM 

; CHECK ER."q,QR BIT ( 15) 
;PHYS ERROR--STOP.PROGRAM 
; Pli'NCH CHARACTER 
;DONE? 
; YES--cLEAR INTERRUPT· ANO iETURJ 
;NO--KEEP lNTERRUPT ANO m::".:RN 

;ERROR CONOITION--HALT· ~ 

; R.EST OF CORE IS BUFFER AP.!A 

A-43 . 
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UTI~ITY PMOGRAH PRO• 
VIOING ON-LINE SOC~c& 
t::)l '!'ING /\NO t'PDA'!'ING 

SOURCE P~GRAM IS AS· 
SEH.Bi..ED INTO OBJ'ECT 
fORI".AT (KA.CHINE LA.N
GUAG'C CODET 

V 

fLOA.TING·POINT MI-.TH 
PACKAGE PROVIDIUG. 
2/4 WORO ARITHMETIC 
ANO CONVE:RSION CA
PA.BILITIES 

SYSTEM PROGRAM 
THA.T A.SSIGNS LINK-llS 
• t~RESOL~o· LINKER 

· AtORESSES; ANO 
LIN1CS MA.IN PRO
GRAMS TO EXTERNM. 
S!.:BROUTINES 

~ODEO 
P:'l.Oi;l.[M 

~--(1 
tOIT-11 
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;EXAMPLE OF INTERRUPT LEVEL I/0 
; TAPE DUPLICATOR PROGRAM (HSR/HSP) 

R,=U 
· Rl=\l 
R2s\2 
SP=\6 
PF.5=17755S 
PF.B=P~S+2 
PPS,..??..B+2 
ppa .. PPS+2 
TPS•l77554' 
'IPB=':I'PS+2 
.·mP · 

mrr" MOV f.,SP 
MCV fSUFFER.,Rl. 
MOV Rl,R2 
MOV tESRSRV ,@t7f 
CIJl ~t12 
MOV tHSPSRV,@f74 
CLR U76 

B!S tlJl,UPRS 

BACXG: INC R.fJ 
B!-t"'E BACXG 

CX: TSTB @ ITPS 
BPL CY. 
MOV'li t7, @fTPB 
SR BAcrG 

HSRSKV: TST UPRS 
BM.l EOM 
HOVB @fPRB,(Rl)+ 
nrc @tPRS 
RTL 

EOH: SIC tlSJ,@tPRS 
BIS 111.0", @IPPS 
RXI 

BSPSRV: TST @IPPS 
. B.'U STOP 
.MQVB (R2)+,@1PPB 
. CMP R2,Rl 
BEQ CLR'l'N 
RTI 

CLRTNz aiC II.IIJl,UPPS 
RTI 

STOP: 8AL'l' 

. BOFFEJl'S J 

.END 

;SZ':' UP STACK 
. ; BtriTER ADORES S POINTER TO Rl (INPUT) 

: BtriTER 1\DDRESS PO"WTER TO R2 (OUT?UT) 
i SA HSR SERVICE ROUTINE TO VECTOR 
;NO NEEO TO SPECIFY NEW PRIORlTY LEVEL 
;SA HSP SERVICE ROUTINE TO VECTOR 
JHO NEED TO SPECIFY NEW PRIORlTY LEVEL 

JSE": READER ENABLE, IN'lE:AAUPT ENABLE 

; ED--I.IPLE SACJtGROUND PROGR.AM T0 
:COO't'llWOUSLY R_ING TTYP BELL 

;Ct:=:CK ERROR BIT (15) 
¡_EC!"t MEANS INPUT DONE 
:S'!":! RE CHARACTER 
: SI:'I' READER ruABr.E BIT 
; PErURN TO BACKG:RQUND PROGRAM 
; Ihí?UT DOh.'"E--cLEAR HSR mTERRUPT 
; SL1' INTERRUPT EN"ABLE FOR HSP 
; Z!:r~R.."i' TO BAC}(GROUND PROG~ 

;C~CK ERROK BIT (15) 
tP!:."YS ERROR--STOP PROGRAM 
;Pt:NCH CHARACTER 
¡DCNE1 
t r:..S--cLEAR INTERRUPT ANO RETURN 
;NO-KEEP ~ERRUPT AND RETWUl 

;DROR CONDITION--HALT 

J EZST OF CORE IS BUFFER AR!!A 
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&X.At'..PLE 

TRAP t-'.AUDLER. 

THND!.Rz >!C •11~~17,2(SP) 
I':CV a5,-(SF) . 

't';OV i4,-(SP) 
I".CY RJ,-(SF) 
MOV R2,-(SF) 
f".OY al,-(SF) 
t"::V RJ!!,-(SP). 
ti.C\' lo4 (SP) ,R;! 
HCY -{Rfl) ,Rl 
!IIC •1777~~ ,Rl 
J.'iL Rl 
.Jlo'.P JT'I'ABLE(Rl) 

RETURNt EIIS ~FS,l6(SP) 
MCV (SP)+,R~ 
MOV .(SP)+ ,;u 
~V (SP)+ ,R2 
l10"J (SP)+ ,R3 
r.oV (SP)+ ,R4 
~V (5P)+,R5 
lr.I 

TTABLEt TASY..I 
usn 
't'ASJQ 

TASr.77 

TASKJf 1 . CI'R 

.Jlo'..P ltEI'URN 
TASKle CPR 

..lMP art'URN 
'l'ASK2r CPR 

JMP i.ETURN 

TASK77t tPR 

JCLEAR llSER · PS CC BIT& 
¡SAYE 
1ALL 
;GPR 
¡ON 
¡T!-!E 
;STACK 

J PICK UP COPY CF l"AIN FROGR.A.H PC 
;USE IT TO GET TRAp INSTRUCTION 
: EXTRACT USER CODE 
;TO BE ADDRESS VALUE--t'ARE IT EVEN 
rGO TO INDICATED RCUTINE 

1 S E1' USER PS CC BITS TO REl'LECT ROUTn.-1~ 
1RESTORE 
;ALL 
1Gi'R 
;FRCt-1 
J'!'HE 
:S':"ACK 
o RE'l't..'RN TO I'!AIN f'ROGRAK 

;OISPATCH 
;1'ABLE 
JCONI'AINING 
¡ALL 
IROUTINE 
tADDRESSi.:s 
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STAI!rs 

CJ:: 

'n'I<SVC: 

'l"IXSRT: 
TI'PSVCs 

TTPSR'1': 
.HLTFLG: 
NBUP's 

EY.hMPLE OF INTERRUP7 L.E\.LL 1/0 
eAC!tCROL"ND RWGS TT1' BELI. 
FOREGROUND ACCEPTS · otARACTERS UNT lL A LINE FEED 
THEN PRIN'TS ENTIRE KESSI.G:E 

1 
. 2 

l 
4 

6 

TPS-=177564 
TPB .. l77566 
TKS•l7756J 
TKB•l775fi2 
.•6P 

· .1-IOPD TI'!I:SVC,.S,TTPSVC •• 
.-sae 
MOV ... ,SP 
HOV f HBtJF, Rl 
MOV Rl,R2 
CLR R ... 
CLR JI.L'!'FLG 
BIS tl.S;I,@IT~S 
INC RS 
BNE BT..CP: 
TSTB @tTPS 
BPL CJt 
MOVB 17, @fTPB 
TS'l' KL TFLG 
BEQ BACJ: 
l!ALT 

BR START 

n1c RS · 
MOY"B U1'lCB, Rl 
SIC t2.BS, RJ 
1-'.0VB RJ, (Rl)+ 
C'J'B R3,f,lJ12 
B~"'E 'ITKSRT 
BIC !lPP,~ITKS 
BIS U1HT,@tTPS 
RTI 
MOVB (R2}+,@1TPB 
C."LP R2, Rl . 
B.'lE TTPSRT 

·BIC ll,, @ITPS 
INC !ILTFLG 
RTI 
.WORD 1 
.• .. +16S. 
.. END STAR'I' 

1 SET !":ACK POINTER 
1 I/0 Rl'FFE?. ADDRESS 

J FLAG TO TE!.L WHEN TO HALT 
1 SET !..E.AilEi!. ENABLE + INTERR. ENABLE 
;CELA! CDL"!.":ER 
; NOT E M> Y TO SE.'~O BELL YET 
o IS P!.DlTO REAOY 
: NOT !'E'I' 
;HOVE EELL COOE TO PRINT BUFFER 
;TIME TO FJ.:.t? 
;Nor !F ZEP:!J 
; STOP. NOW • • • R}T CONTJ\.INS HBR. OF 
;CHAP.S IN JlA.'iE 
;TO PLSTAR:r 

; BLl-!P CHAR COtmT 
; HOVE CHAR JUST TYPEO TO Rl 
; CLEAf. BIT 2 
; MOVE CEAR 'rO KY BUFFER 
;WAS lT A L~E FEED TERM.INATOR? 
JNO oe• COliTINUE 
;CLEA!. KEr-.c:um INTERRUPT ENABLE 
; SET fRI]fl'Ell. INTERRUPT ENABLE 
; RETUi!i 
;HOVE BYTE FROH BUFFER TO PR:INTER BUFF 
¡ SLNT ALL YET? 
;NOT !ET 
JCLEAI. PR]li'¡'ER INTERRUPT ENABLE 
1 SET EU.T FLAG NOW 

l BUFFla FOlt 16,1 CHARACTERS 

A·l! 

: EXAMPLE OF INTERRUPT LEVEL 1/0 
~BACKGROUND RINGS TTY BELL 
1 FOREGROUND ACCEPTS CHARACTERS FROM READER \lll'fll. 
tA LlNE FEED TREN PRINTS ENTIRE KESSAGE 

RJ•IJ 
Rl•U 
R2•12 
RJ:\3 
R4=U 
RS=\5 
SP=\6 
PS=l77776 
TF.S:zl77 56 .S 
TYJ3a=TY.S+2 
.TPS=7KB+2 
TPBaTPS+2 
.•511 

INIT: HOV t.,SP 
HOV t BUFFER, Rl 
HOV Rl,R2 
HOV tTKYSUB,@t6-
CLR @162 
HOV ITPRSUB,@U4 
CLR @166 
CLR Ra 
BIS llPl,@ITKS 

BACKiiD 1 INC R3 
BNE 21..t.'KGD 
BIS f34fl,@fPS 

WAIT: TSTB ~HPS 
BP!. hAIT 
MOVB t7 ,@tn'B 
BIC f34S,@tPS 
BR SAr:KGD 

TlaSUBz: CMP t 212, @ITKB 
BEO EOM 
HOVB @fTKB, (Rl)+ 
INC Rl 
INC @ITKS 
RTI 

· EOHz SIC .U.IHJ',@ITKS 
BIS tl.lf.if,@fTPS 
RTI 

TPRSUB: 

STOP1 
FINISB: 
BOFFEIIs 

HOVB (R2)+,@tTPB 
CMP R2,Rl 
SEO FINISH 
RTI 
HALT 
HALT • .END INit' 

¡ SIT STACK POINTER 
¡ 1/0 BUFFER AOORESS 

¡ SIT UP VECTORS 

; CAAP.ACTER COUNTER 
; SET TTY rnPtrr ENABLE; INTERRUPT ESlt.SI.& 
¡ DEL.AY LOOP 

¡ RAISE CP PRICRITY TO PREVEfiT lfiTERRUPT 
; lEST no REACY STATUS 

¡ OUTPUT BELL 
¡ LOWER CP PR 1 OR ITY TO ALLOW INTERRUPT 

;TEST FOR LF 
;YES. PREPARE FOR OUTPUT 
¡ HO, PUT CAARACTER IN BUFFER 
; COUNTER 
:SEr TTY ENABLE 

1CLEAR I:JBO INTERRUPT EIIABLE 
¡- SIT no lliTERRUPT ENABLE 

;OUTPTJT A ·cRARACTER 
· • DONE? 

; HO 
; YE!i 
;ERROR HALT 
; CORRECT HALT 
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;. 

INPUT: 

IN: 

OUT: 

SU6ROUTIIIE TO INPIIT TEN VALUES 

f10V lllUFfER,R, ; SET UP·SA OF STORAGE BUFFER 
MOV 1-U. ,RI ; SET UP COUNTER 
TSTB @IT~S ; TEST KYBO REAOY STATUS 
BPL lH 
Tsa @HPS 
BPL OUT 
110VB @ITKB,QITPB 
HOVB.@ITKB, (RP)+ 
lfiC Rl 
BNE IN 
RTS PC 

; TEST TTO REAOY STATUS 

; ECHO CHARACTER 
; STORE CHAAACTER 
; IHC COUHTER 

; EXIT 

; SUBROUT INE TO SORT TEN VALUES 
SORT: · HOV l-ID. ,R4 
REXT: HOY COUilT ,RJ 

· ~DV #BUFFER+9 •• Rit 
AOD RJ,RD 
e.ove (RDj+,RI 

.. LOOP: CePa (RD +,RI 
BGE GT 

LT: eove -(RD),RZ 
tKlVB Rl,(RD)+ 
IIOV RZ ,RI 

GT: lfiC RJ 
B!IE LOOP 

IRSERT: "OVB RI,BUFFER+Ip. (R4) 
INC R4 · 
INC COUNT 
BllE IIEXT 
HOV 1-9. ,COUHT ; RESTDRE LOCATION COUHT 
RTS PC ; EXIT 

COUHT: 
LINEI: 

LIHEZ: 
IIJFFER: 

.lollRO -9. 

.ASCII /lfiPUT AIIY TEN SlflGLE OIGIT VALU.ES (~-9); I'LL/ 

.ASCII /SORT ANO OUTPUT THEM IN/ 

.ASCII /SHALLEST TO LARGEST OROER./ 

.•.+11. . 

-EMl INITSP ; F.IHtsÑED!:: 

S":'A...CtT: 

tn:svc: 

1EXAMPLE OF ltrrERRUPT LEVl:L I/0 
· JBACKGROUND RINGS TTY BELL 
· ·rFOREGROUND ACCEPTS CKARACTERS UNTIL A LINE FEED 
~'l'HEN PRINTS ENTIRE M&SSAGE 

RP•lP 
Rl=U 
R2=\2 
RJ=\3 
R4~\4 

RS=\5 
SP=\6 
PC•\7 
TPS=l77564 
TPB=l77566 
TKScl7756Jf 
TK.Bal17562 

. ,a6p 
.~iORD 'l'TKSVC,J,TIPSVC.tJ 
,aspe 
MOV f.,SP 
MOV INBUF,Rl 
HOV Rl,R2 
CLR RJ 
CLR HLTFLG 
BIS tlBIJ,ftTKS 
INC RS 
BNE BACK 
TSTB @ITPS 
BPL CK 
HOVB 17 ,@I'IPB 
TST lfi.,TFLG 
BEO BACK 
BALT 

BR START 

INC R~ 
MOVB @tTKB,R3 
BIC 12j!,0',R3 
MOVB Rl, (Rl)+ 
C.~B Rl,Ufl2 
BNE 'I'TKSRT 
SIC flj!,0' 1 @ITKS 
BIS ll~S, @ITPS. 
RTI 
MOVB (R2)+,@tTPB 
C.'lP RZ,Rl 
BNE TTPSRT 
SIC U~ S ,@ITPS 
INC .HLTFLG 

.RTI 
.!lORD ~ 
.•.+16Jf. 
• END START 

1 SET S'rACK POINTER 
1 I/0 BUFFER ADDRESS 

;FLAG TO TELL WHEN TO HALT 
1 SET READER ENABLE + INTERR. ENABLB 
;DELA.Y COL"NTER 
;NOT READY TO. SENO BELL YET 
; 15 PRINTER READY 
;NOT YET 
;MOVE BELL CODE TO PRINT BUFFER 
¡TIME TO P.ALT? 
;NOT IF ZERO 
;STOP NOW ••• R~ CONTArNS NBR OF 
1 CHARS IN NAM.E 
;TO RESTART 

1 BUMP CHA.R COUNT 
; MOVE CHAR JU.ST TYPED TO Rl 
1CLEAR DIT 8 
;MOVE CHAR TO MY BUFFER 
;WAS IT A LINE FEED TERMINATOR? 
:NO • • • CON"T INUE 
;CLEAR KEYBOARD INTERRUPT ENABLE 
; SET PRINTER DfTERRUPT ENABLE 
;RETURN 
rMOVE BYTE FRQM.BUFFER TO PRINTER BUFP 
ISENT ALL YET? 
JNOT YET 
rCLEAR PRINTER INTERRUPT EHABLE 
1SET HALT FLAG NOW 

J BUFFER FOR 16Jf CHAPJ\.C'rERS . 
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l. 

2. 

3. 

4. 

AutolncrcEI'Iant MOV (RS)+,R, 

To accesa sequent:l.al argumenta as operanda. 
JSR RS,SUB 
18~. 
1,t~ 
6pg~ 

Autoincrement D~!erred MOV @(ltS)+,RI 

To aceesa seque~·ial argumenta aa effective addressaa. 
JSR R!,SUB 
FLD1 
FLD2 

Indexed 1-'.:0V 4(R5),R,e 

To access arguo-...nts random.ly as cperanda. 
JSR RS,SUB 
1,~. 
2/,. 
675. 
345. 

Inde.xed Deferred. MOV @4 (ltS) ,!lj 

' ~o accesa arq~ta randamly as effective addresaes. 
JSR IS,SUB 
FLDA 
FLOB 
FLDC · 
FLDO 

A-36 

; SUEROUl INE EXAI<PLE 
; JIIPlfT TEH VALUES, SORT, AHD 
; OUTPUT THE/1 IN SliALLEST TD LARGEST ORllER 

R!l .. ~21 
R1::1 
R2•'!2 
R3='!3 
R4R:4 
RS:r:'!S 
SP•%6 
PC•'!7 
TKS•17756~ 
TKI!•TKS+Z 
TPS.,TrJJ+2 
TPB•TPS+Z 

.·3~~~ 

IN ITSP: HOV l. ,SP 
JSR PC ,CRI.F 
JSR R5, OUTPUT 
LlNE) • 
69. 
JSR PC,CRtF 
JSR R5 ,OUTPUT 
LlNE2 
Z6. 
JSR PC,CRLF 
JSR PC,INPUT 
JSR Pc,sor.r 
JSR PC,CRLF 
JSR RS,OUlPUT 
BUFFER 
1~. 
~SR PC,CRLF 
1\ALT 

·; INI11ALIZE STACK POINTER 
; GO TO CRLF SOEROUTINE 
; GO TO OUTPUT SUBROUTIHE 
: SA OF LltiE 1 BUFFER 
; NUMBER Of OUTPUTS . 
¡ GO TO CRLF SUBROUTiNE 
; GO TO OUTPUT SUBROUTINE 
; SA OF LlflE Z BUFFER 
; NUM6ER OF OUTPUTS 
; GO TO CRLF SUBROUTINE 
; GO TO INPUT SUSROliTIHE 
; GO TO SORT SUBROUTINE 
: GO TO CRLF SUBROUllr!E 
: GO TO OUTPUT SUBROUTIHE 
; IHPUT BUFFER AREA 
¡ N~ER OF OUTFDTS 

¡ lHE ENO!!:! 

. ; SUBROUTUIE TD OUTPUT A CR 1 LF 

CRLF: TSTB @ITPS 
BPL CRLF 
MOVB 115,@1TPB 

LNFO: TSTB @!TPS 
BPL LNFD 
KlVB 11Z,91TPB 
RJS PC 

; TEST no REAOY STATUS 

: DUlPUT .CARRTAGE R(TURN 
: TEST no REAOY STATUS 

: OUTPUT LIME FEEO 
; EXIT 

: SUEROUTINE TO OUTPUT A VARIABLE WlGTH MESSAGE 
OUTPUT: ~.OV (R5l+,RD. ; PICKUP SA OF DATA BLOCK 

• HOV (RS +,RI : P!CK UP NUHBER Of OUlPUTS 
NEG R1 ; NEGATE IT 

AGAIH: TSTB 9/TPS ; TEST no REAOY STATUS 
BPL AGAIN 
KlVB (RD)+,91TPB ; OUlPUT CHAAACTER 
IHC Rl ; BJHP tOUNTER 
BNE AGAm 
RTS R5 
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The STACK 

D~!inition 

The STAC~ ia an area of me~Dry reserved by the programmer for 
subroutir.e/i~~err~pt linXage or te~porary atorage. 

lt is a dy~amtc: 1nvertel5 table uat.nq· thé •::.a~t t.n, "tt.rat cut• 
concept Yhich advancea. do'IJn..,ard as lt.e:r~s .. are added and retreat• 
upward at !tema ar~ r~~oved • 

Init.ial!utton 

General Purpose Regtater 6 serves as the system STACK pointert 
lt Wtll automatically keep track of ·~here you are• in the STACK. 
Hence. the firat instruct1on 1n a program is usually that whtch 1n-
1tial1rea the STACK pointer • 

Although.the pcogra~er may begin the STACK at any addresa, t.t 
la cuato'116r1ly bequn :.t USER PROGRAM START ADDRESS-2 ancS vlll advance 
tovard addreas 4~~ (advanct"9 below addreas 4~~ vtll-cauae a STACK 
overflow error trap to occur). 

SETSTK• fotO\' ft. ,&p 
SETSTKi 
V 

Uaage 

SP="6 
PC .. "7 .. ~ 
HOV PC,Sp 
TST -(SP) 

Any of the condt.tions belov wt.ll cau•e data to be eutomatt.cally 
.added (•pushed•) onto the STACK by the aystem1 

~ump t~ ~ubRo~~ine tnstruction 
devtce 1nterrupt 
so!tvace interrupt (any trap instructtonJ 
hard~re 1nterrupt (any error trap cond1tton) 

Elther o! the 1r:structtons below vUl cause data to be automati
cally re=oved (•popped•) !rom~the STACK by ~he aystem, 

ReTurn !rom Subrouttne tnstructton 
!e!urn from !nterrupt 1n~tructt.on 

"The pr09rammer may also use the STACK for storaqe and retriaval 
ot data ~ at.mulatlng the automatic •yatem operatt.ons abova. 

t'DV DsT.-(SP) MOV (SP)+ .DST 
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TF.Ll:T\"PE 1\ND CONTROL, lU.OCk DI AGRAK 

INPUT 

"' " .. 
z 
" 

PICEIVE 

FAF.ALLE~ 
DATA, . ~ 

DLll 

T~.;..tiSMIT 

STATUS REGISTER. 

INPUT BUFFER 

.. 

EXAKPLE INPU'I' (TTYJ 

READ: INC 'ITKS 
LOOP: TSTB fiTICS 

BPL LOOP 
MOVB "U8,R,8 

L<_ ~INPUT 

er~ .. ~ TELETYPE 

DATA 
Ol:'fPUT ~~· 

7 6 5 • J 

~ 1 1 1 

DATA 

.. 

;SET RDR ENB 
;LOOIC FOR DONE 
: WAIT IF DONE • il. · 
J READ CRARACTER. 

LT33 

2 1 , 

1 1 1 1 

\ 

OUTPUT STATJS REGISTER 

15 

OUTPUT BUFFER 

EXAMPLE OUTPUT (TTY) 

. PUNCB: 'l'STB l\IITPS 
BPL PUNCH 
MOVB ~ ,fiTPB 

;TEST FOR Rl:ADY 
;WAIT IF READT • , 
;PUNCH CHARACTER 

A-ll. 

• 

.. 
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&8U18 ¡...-..¡.~:e 

J1l7744 

,Cil7"i5JII 

Jl77St 
117756 
,111776,11 
Jll7762 

Jlll'717J 

1117774 
11177'76 

The l'ootat.np Loadu Proqram (11.SDUiiiiCI!2 loading into a <Gil.' cyates::) 

Oc-t.Dl 

~ 

~~J!JPl 
· ~i;!Ul 

$5174,11.111 

1117744 
Jll67¡fl 
,111~JZ6 

Jll21lll 
II.Ul52 
jt~52ll 

1,1!15711 
1J!JJ76 
116162 

'"'';J2 J11174JJII 
J'J!IS167 
1777S6 
,, .. 765. 
,~,,. 

~ 

STARTt 

LOOP 

.,...,., 
ta.IT1 

l!RHCRO 
DEVICZI 

J 

1\ssr-~ly 

Codo 

Rl•t.l 
Rl•'l . 
LOAI>-17oiJ!.I 

,-;.17744 
HOY Df:VIC!., JU 

MOY l. -LOAD+1,Jl2 

INC 'Rl 
TSTB @Rl 

BPL ~rt' 
I40va 2 (JU.),UWJ(Rl) 

IJC IAJOPd 

Bll ....,. , 
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ttlSED !"'R THE Dt:VICE ~DDPESS 
1 t!Sm FOR nil: LOI'D ~!:'P~S DibtACDt!:tn' 

tUTA YJ..Y BE LCMJI:D NO LCWEJI. 

1 'l1i1.N TI! IS 
1 ST"-RT ADDR!:SS 01": THE BOOTSTRAP LO.t.DErt . 
1 PICJ: UP DEVlCE lo.DDR.ESS, 

: PUt.CE IN !U 
JPIO: UP I'DOPZSS DISPLA.CE."CDDT, 
1PU.CE Ilf R2 
:ESAI!LE TI-~E PA.PEJ. ~r; IIEADER 

¡W<\IT UNTIL FJI»>: 

1 IS AVJ.lLAEL!. 
: STORE FRA..'1E F.l:AD 
1FROH'TAPE lH KEMORt BTTE 

1 tNCl\EMENT LOAD ADDJtESS 
rDISPU.CD1DIT 
100 BACJt. ANO J\EAD I'!OJU: DI\U 
JADDRESS or INPUT DEYICE snnrs· 
rllEGtS'I'Eit. 

r 

¡..... 
.._::¡ 

•. 

¡ 

1 
' : 1 

1 ¡ 
' ¡ 
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. I. 

pW,:~:?P.M."HNG EXAHPLES 

PROGEV'\.."1 TO COUNT NEC'.A::'IVE !ICMBERS IN A TABIZ 
. . s2_0. SIGNED WORDS 

tBEGINfliNG ·AT L0C V~S.-
;COUNT HOW HANY Al.!: lSAT-l":E IN RJ 

Rg•\J 
Rl•\1 
R2 .. \2 
SP .. \6 
PC•\7 

STAR'l" a KOV 1 • , SP 
HOV fVALUES,Rl 
MOV. tVALUES+4,.,Bl 
CLR Rg 

CHEC'X1 T"sT (Rl ).+ 
BPL UEXT 
INC RJ 

IIEXTa CMP Rl, R2 
BIW. CHECK 
BALT 

VALtJES¡ 1 
• E!lD START 

:~ UP STACit 
; S!'T UP POINTER. 
¡ S!T UP COUNTER 

; '!'IST NUMBE R 
J~SITIVE? 
1ro, lNCREMENT COUNTER 
J'I!S~ FINISHED? 
1 In , GO BA.CJt 
1 r.:.S , STOP 

11. PllDGAAM TO COUNT ABOV! A'T"~E QUIZ SCOitES 
JLIST OF 16. QUil SCO~S 
tBEGINNING lt!t LOC SCOE!S 
~ IINOWU AVERAGE IN ).OC I.VRAGE . 
J COll':lT IN nJf SCORES A!CVE AVERAGE 

ag=•1 
Rl•\1 
R2::~\2 
RJ .. \3 
SP .. \6 
PC•17 

STAR'l': . MOV t., SP 
HOV tl6. ,Rl 
MOV ISCORES,RZ 
HOV fAVRAGE,Rl 
CLR Rg 

CHECK: CMP (R2) +, (Rl) 
BLE NO 
INC Rg 

ROl DEC Rl 
BNE CKEé:K 
HALT 

AVRAGE: 65. 

r!Z'I' UP .::K 
1 S::T UP L nER 
; ~T UP PO lNTER 

;CJ!.WARE SCORE ANO AVRAGE . 
; U: SS THAN OR EOUAL '1'0 AVRAGE? 
;ro, COUNT 
J IES, DECREMENT COUNTER 
tllNISHED? NO, CHECK 

. ¡n;s~ STOP 

SCORES: 25.,7J.,lJJ.,6f.,&S.,I1.,81.;4J. 
55., 75. ,liJI. ,65 •• u. ,11. ,65., 7fl • 

• l!llo START A·Z9 

~ .. ., ... ~J" 
-~:;I).Hi{ie·~· 

• ~:H·~~a.; 

~t -~~&~~~7 ~~ -~~~~~ 
-~~) ---····=k~0"(1~-Ei~-----, .• -·-·····;,;;0(i~~ 
$7~~! ~~0~0~ !~n1 ~~~~ 
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810588 . *508 . 
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80€1508 

dddSQ4 •1~1~1 KvY ·~~a.~I 
0007&8• 
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. 63a712 
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Pr09ram LIGHT 2 

l. 

2. 

This progra.-:.. moves one liqht (starting with bit jJ) 
trom riqht to left .up thiough bit 15 or to ju&t 
below a single bit set in the SR and then back 
aqain to bit '· The procedure continues (one can 
change the upper limit on ~ove~ent simply by 
changin9 the sin9le console switch set) 
back and forth until ••• 

Proc¡ram halts vhe_ll a one i&· placed in .the SR. 

U•IO 
Rl•ll 
fCa\7" 
SRt:fl7757J 

S"Uit:ts KOV tl,RS 
KOV tl,Rl 

:START WITH RS•l 
rHHEN SR~l, HALT 

LPls 

LP2• 

FIN• 

CMP SR.,ftl 
BEO FIN 
RESET 
RESET 
RESET 
RESET 
ROL RJ1 
CMP Rj;"!',SR 
BEQ LP2 
BR LPl 

RORRJI 
RESET 
RESET 
RESET 
ru;SET 
CMP RJ!,Rl. 
BEQ LP1 

BR LP2 
HAL"t 

.EllO START 

1 RO'l'ATE R,6 "1'0 LEF'l: 
;OOES Rj! EOUAL LIMIT SET BY SR 
¡YES--START RIGHT ROTATES 
¡NO--CHECK FOR HALT OR ~ISPLAY 

1 ROTA TE Rs;f TO RIGitt 
;DISPLAY RSf 

J HAS RjJ RO'l'AT&D BACK TO •, 11 
; YES-START MOVEMEN't TO LEFT 
1AGA1N 
tNa-coNTINUE RIGHT ROTATES 

PÍ'ogrU.llGH13 

1. Thts program st~ts wtth th~ two middle 11ghts 11t 
(bits -7 and 8) •nd then rooves these 11ghts out 1n oppos1te 
dinettons to tt>e extreme lights {bits 15 and 1') and then 

-b&ct agatn to the center, so on and so forth unt11 ••• 

2. A non-zero value 1s placed 1n the tonsole swttchei. 

; PROGIWIHOYES CONSOlE liGHIS FROfl CENTEJI 
; OUT TO ·ENOS. BACK TO CENTER. OUT AGAIH. ETt. 

Rll•:p ' 
Rl•~l 
RZ•IZ 
SWR•11757' 

.·2~P~ 

STAAT.: I()V 120".Rl 
MOY f4i}B,RZ 

.tclm: 'HOV Rl.Rll 
ADD RZ,RJ 

· Olli'LT: RESET 
RESET 
RESET 
RESET 
TST SI.R 
BEQ llKlT 
IW.: 

; PlACE LlGKrS 
; IN CENTER 

; R9 BUlLT FROH Rl ANO RZ 
; COUlD USE XDR ANO I'IJY JNSTEAD 

; OJSPL.AT 

IF IION-.ZERO IH SII!TCHES. HAlT 

I.DUT: TST RZ HAS R2 BEEN RDTATIJJ All THE NAT lEFTl 
BKl AGA!H 

ICTATE: ROR Rl 
ROl RZ 
BR HOVZRJ 

• Jr.l.lll: lilV 11 .R2 
HOY ll~"~~P.Rl 
JKP I'IJVZRJ 

.• ENo STAAT 

; HO. ROT~.TE Rl RIGHT ANO R2 lEfT 

; SET UP OUTSIOE· COHOITJOHS 

; OJSPLAT.ANO ROTATE 

A-28 
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¡ 
1 
1 

1 • 

to:?ItlG TECHNIQUES 

PROGAAH SEGMENTS BELC"' USED TO CLEAR A Sllf. WORD TABLE 

l. AtrrOINC~"''ENT (POIN'IE.P. ADDRESS IN GPR) 

LOOP: 

.... ., 
KOV tTBL, F.l 
CLR (U)+ 
CMP RI,IT~+lJ,. 
eru: LOOP 

2. ADTODECREKmT (POU.i'TEi. 1\ND LIMIT VALOES %N GPR) ..... , 
JU•\1 
M~/ ITBL,F.I 
MOV ITBL+lll· ,Rl 

LOOP: CLR - (Rl) 
. CHP IU,RI 
. BNE LOOP" 

3 •. Cotnrn;a (DECREMEin'ING A GPR CONTAINING COUN't') 

.,.,, 
LOOP• 

Rlsrll 
MOV tTBL,EI 
MOV tSf.,R.l 
CLR (RII+ 
DEC Rl 
BNE LOOP 

4. INDEX REGISTER MODIFIO..TION (INDEXED HODEJ KODIFYIHG INDEX VALUE) 

5. 

LOOP• 

RP•\1 
CLR Rl 
CLR TBL(f'J). 
AOD U,RJ' 
CMP RI,UJI. 
8:-t""E LOOP 

l'AStER mDEX JU:GISTEJ\ MODIPICATION (STOJUNG VALUES ·IN ciPR.) 

LOOP• 

Rl•\l 
R.l•\1 
R.2•\2" 
HOV U,lll 
HOY tlDO~ ,JU 
CLR Rf 
CLR TBL (R.f) 
AOO Rl,RI 
CMP R,,R2 
BNE LOOP 

6. ADDRESS MDOlFlCATION (INDEXED ttODEJ KOOU'YING BASE ADOaESSt 

LOOP o 

.,.,.,, 
MOV OTBL,RI 
CLR t!Ril 
ADO U,LOOP-o-2 
C1P LOOP<-2, 016(,, 
~~___,.., .. _ 

lilPG~~. . '• 

Proc¡ram LlGIITl 

1. This proqram moves a series of four liqhta throu9h 
the data li9hts from dght. to left. · 

2. At. some poir,ta, only three liqhta will show due to 
the use of "he C bit in the ROL instruction. (Note 
the usf" of he MOV SWR,Rl ihstruction instead · 
of TST SWR.) 

PROGRAH HOVES S• OF 4 LIGHTS THROUGH THE DATA 
LIGHTS.. AAKES \;SE OF THE RESET 1 NSTRUCTION WHICB 
CAUSES THE CONTENTS OF RJJ '1'0 BE DISPLAYED IN TBB 
DATA LIGHTS (NOT SO ON THZ 11/fS). .,.,, 

R3=\3 
SWR<;l7757l ... ,,, 

START: HOV t17,R.If • INITIALIZE ltJ 
~ROTATE VALUE IN RS 
¡TWO RESETS OK FOP ll/2S 

• 

MOVEr ROL RJ . 
.RESET 
RESET rMORE NEF.DED FOR ll/4J AND 11/4 

r~k~ T0 CONTINUE? 
MOV SWR,R3 

BE0 HOVE 
IIALT 

.END START 

A-Zi 

rCRECK THE SWJ\ 
rCSE HOV INSTRUCTION BECAUSE 
rtT SETS lo BIT WHEREA.S TST 
: SETS THE Z BIT BUT CLEA RS 
1THE C BIT--VALUE IM RJf WOULD 
JIHSAPPEAR 
J CONTINUZ I.F ZERO 
rRALT IP NOR-ZERO 



!RANCH ISSTROCTIO~S 

l~ ]4 !:! l2 ll l~ ·• o 1 7 

:so 

e • ! • A T 1 e " c·c D E Off.S.~T 

C¡.ERA7:C:: 
(+127 h""ORDS TO -128 WORDS) 

&> '""'~¡.., ,¡,. ~-
'r.tS":" "!'~ CC~~lTIC:-1 CeDE i:IIT(S) 

ill!n 

:t cc:;DITlC!-..(S) 't:k."""!', ~ TC EfFE;CTIVE AO!)RESS D~FINED S;y OFFSET 
:: C'-.::I!ITlC:\.(~) ~CT }:E'!' 1 [.'{!.CU!'E N"O:.T SEQUEl>o'TIAL lt."STRUt"Tiotl 

SI~ (T,:c•s 
::~ :::.:.~3Z":l 

CC:".T: i!-:~f<:T} O!SHAC1:!'.Ef:-:' WITP.:IN 
cF ~. f~C!'l TME l'FCAT!D FC TC 

P BITS SPECIFYING 
THE EFfECTIVE. ADDRESS 

CAtC!.':A-=::::: 

T~ re ·s ~¡.R:;:SSil:G A E.'f:'E ADCRESS, Bl."'T T!iE CFFSET IS EXPRESSED Ui !!.2!!E! 
·---~.==-e"- n-re-RE !1El.'":G ArJ[J&D TC _THE pe TO OETE.R!'UNE. THE EFFECTIVE . 
~~~s·, ~-i·P.!..L. CFFSI:T Y-t:ST AL5C DE EXP~ESS!D IN BY'l'ES• 

T~::t :=.AY)~.AJH: ACCCJ-!PLlSP.ES THis· BY SH!t""rl~ THE OFFSE'1' C~CE TO THE LEfT 
fi'".':7HtY EY 2} Ai."C sic;:: D.T~~IKG (BIT 7 TO BITS 8-lS) TC f'CP.M A 
:e :::· ::L:::s::?_ 

-5 
_, 
_, 
-2 

-l 

1 

+l 

+2 

.1 .. 3 

.J ••• 
e ., 

•J 77 

' 

CFFS!":' 
{I.C~TS) 

373 1 
374 1 
375 

376 

377 

)?7 J 

EFFEC'l'lVE ADDRESS• 

(CFFSET 0 2) + (• + 2) 

OFFSET e 

EFFECTIVE ADDJtESS ·-e .f.. 2) 

2 

V 

.¡ 

~ Ol" tiJWiot IMS1li.UCTJ0HS 

BR EFFADR p~~4~,·~ 
TRAIISTER co:rrnoL TO ErrADR \.'"NCO!I!>lTlotO.Ur 

CONDtTIONAL BRANCHES 

• 
1 

• 
• 
L 

• 

o 
a 
" 1 
e 
• • 
D 

• 
1 

G 

• 
-·· 

D 

DAANCH "IF Mnros 
· rr· N•l,. "EFFADA-i' PC 

BM.UCR U' PLOS 

U' H•.P, DTADR~ PC 

BM!I"CB 1F EQOU ZI:R0 
Ir z.-1, !:FFADR"+PC 

BRANCH Il' NOT EQUAL %!:RO 
IF z-j, EFFADR~ PC 

BMNCB U' OVE.llrLOW SET 
U V•l, O'FADJ;.-f PC 

BRAHCH Il' CAAAl' SE:T 

IF C:Wl,. EFFADR-i'PC' 

BRANCJI D' BICBER OR ~ 
IF c-J, !l"l"ADR-+PC 

B"MNCII: U' LOWEll OR &AXB 
U' CyZ-1, D'YADR+PC 

BRARCII ll' BICB!ll 
Il' CyZ-,111 0 D'FAIIR-fPC 

r;RANCB Ir L!:SS TH1tH ZERO 
rz HyY•l, EFFADR+ PC 

BP.AHCB IF GJU:A.TER. OR EQ'IJAL ZERD 
U 1\,Y•JI, r.:r:z'ADP.-+ PC 

(N VJ•i,:. Ef"PADR~PC .. . 
... NCll Il' LESS OR EOOAL :U.RO . 

BMNC:B IF GREAtta 'ftWC" %DO 
u lytYI•J, 127AD!l .. I'C 

'- A-24 

BHI "D"FJ>.CR "l.J'.IJ49.3+xx 
T TJ>J\H:Sl"ER CONT.:OL '1"0 DTADR U' M B I'l' lS SET 

BPL EFnDR 1~~~1i!•XJ:X 
TR.\NSP'ER CO~L TO .D"'FADR IF N 1!1\' l:!:l: Cll:l 

IIEQ D"l'ADR jJ.IJl4~lJ-tr.J::~~: 

'I'RANSTER CONTJ!OL TO ll"FADR U Z 811 I!.i'Sf:T 

IlHE ElTADR tPH'f~h·x.u 
'l'RANSFEP. CONTP.OL TO EITADR Ir Z Brl' tu 02.1 

BV'S ETTAOR lP249.3+~ 

TP.IJfSn:R. CONTROL TO D'l.-.DR. lY V BIT JS S!:f 

SVC Er'FADR Ul2fíHI+u:z. 
TJUUfSFER C'Otrn:OL 1'0 ETPAIIR Il' V ·BIT U Cl..E. 

BC3 El"'FADR Ul l4~$kJCU.: 
'I'RA!lsrEA CCHn:CL TO EFFADR Ir C BTT IS SE'f' 

BC."C DTADR Ull,.i~xx::r. 

TRANSFER COH"TI!!lt. TO E:l'FA.OR Il' C BlT lS C.L 

BtD EFFADR l.IU4t~+:c::z:.: 
TRANSFElt CONTI!OL 1'0 EFYADR IF C BIT ts: Sl"l" 

BHIS ETTADR lSJtp;+~ t 

'lRANSFER. CONTroL 1'0 E:PTA.OR Ir C BIT IS az. 

. BLCS D'l"ADR lPHi;+x:a: 
TRANS:rER CO!iTroL 'I'O Erl"MR 11" TRI: P.ESOI.'!' .Q 
C BI'I' 101\ed WTm Z BIT EQUAL."i Ola 

BHl" EPTADR lpltt;HJCa: 
. 'r'RAHsrER COHTJI!IL t'O D'TAOk Il' '1m RESMY ~ 
C BI'I' IOR.sd VI":'H Z I!IT !'Q:T.U.S :ERO 

BL:I' ElTADR PJiJ24~$J+II':l!:2 
1'RANSFER CONTPDL T0 Ul"ADP I7 'illE ltt.St¡¡.'!' C 

H BIT XORed WITB V srr·· E:QtiALS _CtlE • 

SGE EFTADlt tJ2'-'t!'-+r.ar. 
'!'RANSFER COHTP!')L 'I'O DTAOR IF TUE ,_I!SUL't ( 

B BIT XORed WI""IB V BIT EQOALS-~ 

BU: EPTMR ~U4tJI+lCCII: 
·-~SFER .C'ONT1'!:)L TO !:rr.ADR. IT TBZ REStn.T i 
. .__z Btt.:J0Ra:4,Wini:··II:.XOP..eti.Wl'n! V) EQO.LS 

"BCT En'ADR JJJIJtfM-:a::a 
TRAJISFER c:otn'ROL 'J'O !71'AOR 17 T8J! RJ:SULT 1 

Z BIT JOJted VI'IB 1• XOPad WlTB ~ .t:QOIILS; 

·-----o---·----·------., 
....... 
w 
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; PROGR.AH SL'HZ 
¡ YARli!.TlO!i 0!1 AlfTOINCR04EfO" ADORESSING 

START: 

J!IJRE: 

DOME: 

~t·:6 
R1·~1 

. R2•:2 . 
R3-=U-
A•1UI 
B·2~ll 
C•J~~B 

MOV 1-S,RJ 
· .MQV· IA,RB 

MOV IB,~l 
MOV lt,R2 

MO'I ¡Re),(R2) 
ADD Rl),(R2) 
ltiC RJ 
BEQ DOIIE . 

TST r~r TST Rl + 
1ST R2 + 
eR l-':ORE 
HALT ., 

.EHO START 

¡ PROGRAH SUHJ 

• 

: SET UP COU!ITER 
; SET UP START!NG ADORESSES 
; OF TABlES 

; GET EtiTRY FROH TABLE A 
: ADD EtiTRY FROH B, STORE IN C 

; FIHISHEO! 
; HO-- IH'";EHENT REGISTERS 

; GO BACK 
; YES, STOP 

¡ THIS VERSIOII IMPLEMENTS IHOEX{O ADORESSIHG 

START: 
lllRE: 

Rt·:e 
• A·lt¡e 

B-1812 
C•Zi~D 

.•4J:~B 

CLR RB 
HOY A¡Re¡,C(RBl 
ADD B RB ,C(RB 
CMP R!,IB-A-Z 

BEQ DOHE 
. TST (Re)+ 

BR llORE 

DONE: RALT 

,[liD START 

; SET UP RB 
¡ GET ENTRY FROH TABLE A 
; ADD EtiTRY fROII TAet.E B 
: FOR THIS FORHUI.A TO I«JRK, TABLE B 
; HUST WJIEOIATELY fOLLOW TABLE A 

• ; FIHISHEO! 
; HO, IHCIIEHEHT RB BY 2 
; THEN GO BACK TO HORE NOT START 

~ . . : 

: PRoGRAH Str.<4 
JTHIS VERSION USES P.ELATIVE KOD&, INCREiofENTING THE 
rOFFSET TO ACCESS THZ TABLES Of' DATA 

STARTI 
AA: 
881 

.DONE• 

Rl=\1 
A•l~~~ 
B•2~gg 
C•J~BI ... ,, 
MOV 1-S.Rl 
MOV A,C 
ADD B,C 
INC Rl 
BEQ DONE 
ADD 12,AA+2 
ADD 12.AA+4 
ADD t2.BB+2 
ADD 12,88+4 
BR AA 
HALT 

.EHO START 

. . . 

. A-22 

rSET UP COUNTER 
;GET ENTRY FROM TABLE A 
¡ ADD Eh"TRY FROM TABLE B 

¡E"Df!SHED? 
;K'l, ADD 2 TO THE OFPSETS TO. 
JACCESS NEXT ENTRIES IH TABU: 
JA, B, AHU C. 

1GO BA.Clt 

./ 

,-_ . 
"·:·;::;:;._:-

• 



IHSTJIUCTtotl FOIUV<TS 

15 65 • 

1 
V 

· Ope:rat.loa Co!o DS't' ADR Piol4 

o· • • o. 
IXlUIIUI: OP....., 

1 [ 
1 

1 

1 -- - IIODE 1 ""' 1 
1 

,; 
Opu'otioe. SSC A%Ul PD:I.D on' ADR PI'I!UJ 

"""• 

15 • 1 o ....... 

1 1 
V 'V 

OpcaiaUon codo offoat. 

A-19 · 

! 
( 

'l 
1 
1 
! . 

i 

·.! 
! 
,, 

J 

SUK GROUP 

There are four proqrams. 1n this series. 'fhey offer solu
tiona (each usinc¡ a dif-ferent addressinq rnode) to the sarne 
problem: 

• 1 

Tables A, Br and e each contain fiva one word entriea. 
Add corre·sponding entriea: frem A and ·s and atore the 
result in-the correspondin9 entry of C. ·oo this with
out modifying tnbles A and Gl i.e •• A(I) +"B(I} ~ C(I). 
rtote: The progr~ ·~-~-~_!_o~-~-~~--~--~ _o_: ~."- · 

; PROGlWI SUII 
THIS VERSJON USES AUTOINCR.EMENT ADORESSING 

START: 

MOREs 

----"t...-' 

DONB1 

·~-·, Rl•U 
R2=tl 
A•l,P1 .. ,,, 
C•Jl!l!, ... ,,~ 
HCJV tA,Rp- ·. 
MOV tB,Rl ¡· 
MOV IC, R2 --. 

-MOV (Rj!) +,'(Rh 
ACD (Rl)+, {R2)+ 
CMP R2, IC.+l2 . 
BEO ooNJi ~ 
BR MORE 
IIALT 

(. -;r,sr STAAT 

ro=i. 
'-"' 'L 
e_'L ... 3 

A-20 

;SET UP STARTING ADDRESSES 
;OF TAELES ' 

;GET ENTRY FROM TABL& A 
J ADO Eh""TRY FROK B r S'l'ORB lB C 

JFINISHED? 
JNO, GO BACK 
Jt"ES, STOP 

• 



... c:cr • PC A(GIST[R AOOR(SSrNG 

\ ........ ~"'' 
. ooOTt$ 

1 ., r ,., .. ~ . 
.• l _ _:::::::=--

1 
1. 

--------==·--_ _l_ ---

0 ... ()-1111 

1 ----

-- :;,~----.-- -;;;.-;;.:- -'~r = .~=:.:.----
,e( .. ~·RvCTIO• ] 

•r ( ~oc•us a 
·•. 1 4 QI'(IIANO 

,. --------------
-------------

"'cot • 

-------------------:------
--- .,:¡•R OA 

UOOIE 1 

S00t(\.11•1Tl1 ,,..,_ ,.,.,,~ ,..n •• l'dto~l ~-
;g!~~ ...... ~. -···· ........... ~ 
~M.I4T •. .J;.., 
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Addrusin¡ Modrs (sh~l l of 3) Addreuin¡~todutsh~ll of l) 
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REClSTER 

REGISTER .OEFERJU:D 

AUTO INC RE.".ENT 

AUTOINCRF..'i.OIT DE:FE.RRED 

AU'T'OOECRF..'il:NT 

IIIDEXED 

J:NOEXE.O CEFERRED 

• 

OCTAL 

1 

2 

l 

4 

S 

6 

7 

CDttAAL REGJSTD AD~PJ:SS tl<G 

SYHBOLIC 

R 

IR) 

(R)+ 

@IR)+ 

-IR) 

@-IR) 

X IR) 

@X IR) 

OPE~.A'!ZON -----
SPECIFIED RI:GIS':'!::R CONT~INS OPEP.AND1 

REGISTE.R ~DRESS IS ':'HE ETFEC"TIVE ADDR.ESS 

SPECIFIEO PLGIST!R CONT~ISS EFFECTTVE ADDR!SS 

SP&::IFlED F!"G:STEJ\ .CO:fTAI!IS UFEC'TIVE ADORO: S, 
(POST-INC~~NT) 

SPD:IFIED REG!ST'ER COh"!'.\INS TH!: ADtRESS OF 'THE 
EITECTIVE kDD~S {PDST-IUCRE.'i!:NT) 

SPECIFIED REGIS~-R CONTAI~S tFTECTrvt ~~RtSS 
( P RE -OEC RE.w.EHT) 

SPECIFIED REGISTEA CONTAINS THL ~DR!SS OF ~ 
EITECTIVE ADDRE.SS (PRE-DEX:RntDn') 

SPD:IFIED RECISTt:R CON'I'AINS INDEX VAUJE: 
SEQUClTu..L WORD LOCATIC.'f C'Oh.'Ti\IHS M.SZ 
ADDP.E:SSI SUM IS EFFEC'TIVE ADDRESS 

SPECIFIED RECISTER CC'~INS INOEX VAWE1 
SEQUENT~ .WORD LOCATICN CO~INS B~SE 
ADDRESS r SUM IS ADDRE:SS OF EFFEC'l'IVI: ADDPLSS 

PC REGISTER A.DDUSSIHC 

V 
27 lll 

l7 itA 

67 A 

77 

A-15 

SEQUENTUL WOP.I'J LOCATION CONTAINS OPEP..AJft) (R) 

SEQUEN'l'IAL WORD LOCATION CONTAINS THE ETFEC'Ttv!: 
ADDRESS--A 

A IS EFFECTIVE: J\DDRESS r OITSET VALUE (ENABZ.ING 
ACCESS OF .A FRü~ PRESENT LOCATJON) 
CON'IAINm IN SEQUENTIAL WORD LCCATION 

A 15 ADCRESS OF 'l"HE EFFECTIVE ADD~SS1 OFfSET 
VJ.LUE (ENABLIHG Acc:ESS Ol' A rROH· PRESDIT . 
LOCA'i'IOH) COKTAINED IN SEQOEHTIAL WORD 
l.DCATION 

1¡100[ o 

______________ L _________ _ 
IÍ~O[ 1 

-------------- --------~ 

______ ......;, ______ _ 
--:--------·-..... 

4001'1US 

< ..... 

• ~ ·-·-.. "·"-f. 

Add~Wna Modcs (shn:l 1 of J) . 

A-16 



• 

8 
r ' . SUPPORT FEJ\TURF.S . ..,.. 

Hl::~~K'i MM • 

··~~~ 
BL< ADORt;SS 

CONS~;f~·~t r~ DUS 
•. IWtGt:S TYPE OF. '11 rSYSTEH MGT. • El S ... MEHORY SUB 

-: ."/·'' . (WORDD) LJHIT 
ROM ' . ' .1 1 ll"l LSI · FlS 28K 16 bit 'mulator/ot LSI DUS 

NA OPT OPT MOS ¡,cara NO Kcy P~d (No unibut 

' 

16 bit: 
;mu1,utor/or 

Unibua U/~~ OEM NA 28K NO 
MOS ' CORE Kev P<'ld 

::nd User O.'i" 
16 bit """ UnibUS-ll/1P • un5 NA 2BK NO ••• core 

0r1g1n.1~. systenu 
28x NO 16 bit Y•• Unibus 11/lP ' ll/lS NA 
Coro 

(OPT) 124X Eithe ROK 
Y ea Yea · 18 bit ·muh.tor/o Unibuo ll/H ••• core or HOS NO KcvPad 

End_ user O.EM 
••• Yo a FIS 124K OPT 18 bit Yo& Unibu8 ll/49 ' ll/35 

(Ol1T) (OPT) ONLY e ore 
l~nu Uscr OEH 

lB bit ••• Unibua 11/45+11/50+11/55 Y ea Y ea ••• 124K OPT • 
(OPT) Bipolar 

HOS 
Ce re . ' 

end uaer 
1~l<K OPT 22 ,..bit Y ea Masabu• · 11/70 Y es Yo& ••• (OP'f) Core. 

OV&RVIEW 

.PDP-11 FAMILY OF C011PUTBR9 

ll/~5 ll/11 11/15 11/2P ll/35 11/U 11/45 u¡sp· 

'T bit trap will not T bit trap will sequen ce S ame 118 11/21 S ame .. ll/.65 sequence out of WAl'l'. out of WAIT. 

Explicit references to . Same as 11/SS T bit can· be set or Sorne •• ll/4 • the PSW can Aet or clear clearod only implicitly tho T bit. (CLR PSW IPSW•l77776) (CLR PSW(PSW•l7776) will will not aftect T.) · clear the T bit alonv 
with the roat ot the P&W. 

1 

RES&T doca not clear RUN RESET cleara RUN light, Sama as ll/2. Sama as ll/PS 
ligh~. e.g. program loops that 

m a k e frequent use of RESET .. may not appear to be 1 
~ runnin9. A 

... 

Vower fail imruediately Power fail during RESCT i• s .... •• ll/2. Sama as ll/$5 onda RSS.CT and trapa. not recognizcd until after 
instructiQ.n is finished 
(too late) • 

• 

. 

···~~. ···- .. --· 



! 

• 11/SP ll/OS ll/1P ll/15 11/>P ll/!5 11/40 11/IS ·-·----
' 1natr clear v. &WAD i.natr doea 

atCout Yo 
not Gamo •• 11/PS &amo M& 11/PS 7 

1 

' 

Stack limit boundary S ame •• 11/PS Optional variable stack .Sa.mo •• ll/41 
!ixcd at 4~g8 . Violatiopo 1 imi t boundary. Use ot 
servic~d by VFL t~~~· red or yellow zOnea on 

either baaic or variable 
boundary. 

' ' . 

No red z.one on ata e~ ~wer- SAUIO o& ll/15 . Red zone trap occura if Red zone trap occurs 
!low. stock is ) 16 words be- if utack is 16 worda 

low boundary .· .This trap beyond limit. Savea ... aoves PCT2 and PS on new a ame •• 11/41 • 
~ stock at loca. J and 2. •• 

Read reference to stock Read reference to stock Sama as '11/PS Sama aa 11/PS 
will ~cause over~low can cause overflow trap. 
trap. 

Fitdt i.n1tr in an in ter- Firat inatr in an inter- s .... · •• 11/15 Sama aa ll/15 
·a. routiuo wlll not be rupt oervico routino ia .. 
cute4 if another· gu.aranteed to be exocuted. 

.cerrupt with highar 
'priority occurs. 

11/U 11/15 ll/2S ll/35 11/4. 11/45 11/SJ 

NPRs are not servicad in Sama aa 11/,5 S ame •• ll/,5 tiPRs aro se'rvice~ in Hl\LT state. IIALT state. 

uus REOUESTS are serviced BUS REQUESTS are not ser- Same as 11/P5 Same aa 11/Z~ in single instr ~~de. viced in single instr mode • 

.. 

-If RTI ·sets T bit, T bit Sama as 1l/g5 It RTI seta T bit, T Sama aa 11/4-· 
Lrap is acknowledged after bit trap is. acknowledged 
instruction fo:powing RTI. immediatcly following RTI. ,. tUae RTT to accompliah 
' sama as un-..-~ ... 

-----'-
No arr· iilatruction. Same A& ll/Jf5 lf RTT sct~ T bit, T bit 

trap occura after inatruc~ 
SAPIO OS ll/4S 

tion following RTT • 

. 

If. an intorrupt occura s...., oa 11/SS \samo ll/15 
If on interrupt.occura 

~urinq an inatruction a o durinq an instruct:l.on 
that has thO'T.bit aat, thi\t has the T bit aet 
T bit trap-~s acknowled9ed tho .intr:r.rupt is ac-
bef~re tho ~nterrupt. knowloaqod baforo T bi 

t.rap. ·' ... 

. 



---~---···----·---

PDP-11 DlFFERENC& LIST 

tll•s 
. 

11/11 

OEK ; "·;.' -~ ..... Epd U ser 
.¿. J 

•. 1. :~ •. -~ .. ' 
,_:; •• !..1\·-
!("'' 'i· 

lHLsic lnsl.:ruction ••• 

JMP/JitS. (k)+ ua·ca (reqia-
t.cr) ~ autoincr. 

JMP/JSR '" traps to loe. 
4 Cillu9al inatruction). ,. 

1 ... 
o 

-
OPA \R; (RI+ or - (R) or 

@ (R):+" or @•(R) 
uses R befare autoincr.¡ 
autodoc:---

HOV PC,LOC storea PC of 
ir.struction + 2 in LOC. 

l l/SS 11/U 

lpon pco']ram IJALT, PC of 
·nslruction just.past ' HA LT is óisplayecl. 

. 
OAO L 

d 
1 
S 
l 
e 
e 

AflDR is not rnodi f ied 
uring exCcutiOñ, To start 

:lrogram aqain, depress 
'i'/l.RT. LOA~ ADOR is req. 
7 and can be addr by the 
PU 3S 171117., so a. program 
an set"up ~-new atart 

• ddr • 

ttcmpts to EXAH/DEP odd 
dJru (exccpt GPRs 1 will 

11/15 11/2¡1 

OEK End Uaer 

' 
8asic lnstruction set 

S ame •• ll/95 

....... •• 111g5 

OPR \R, (R) + or - (R) or 
@(R)+ or @- (R) uses • ~ autoincr./autodec. 

HOV PC,LOC atores PC of 
instruction + 4 in LOe. 

11/15 11/2J 

U pon Pro<Jram UALT, PC of 
thc HALT instruction is 
displayed.. 

LOAD ADDR value is modified 
once START is pressed. To 
start. again, firat LOAD 
ADOR. 

Attempts to·EXAH/DEP odd 
addrs (except GPRs) wil1 

A 

• 
e 
d 
w 

~uso bit ~ of addr to be · hanq the Cl,U. To unhang 1 

ia.ruqardc~ (i.e. IPP1 dcpress STAll.T with HALT · 
ill result in 1~~,). ~w i tch enabled. ,. 

1 ... ... 
.. .. 

o ull .l1.hJr or noncxlstent 
rcferChccs usinq the SP 

lsai.e aa .1.1/IS 

CílUGO íl llAI..T (i.e. double 
UuM error occnring in ~rap 
aarvico of tirat error). 

' 
Uyto o¡u!rations to odd byt nyto oporationa· tO odd 
of PS do not tl"a11. Not byte or PS cauac odd 
•11 bita aa¡ay eJciat. addr trapa." 

.. 

: 
.. --· 

11/35 11/U 11/45 11/SJ 

OEII End Usar OEM End user 
..• :' . .".,1 ~' •' 

;~ :,~:;~:.rr 
B.1sic instruct:.ion ••• • S.tmo as ll/4~ ,-'Hüx;(/o¡v; xon, SOü, HARK, SXT, RTT ASII, ASUC, SPL ·, ,..... . ' 

' ,. 

JMP/JSR (R)+ uses (req- S amo as -ll/4J5 ister) ~ autoincr. 
.. 

. 
S ame •• 11/95 JHP/JSR •• (rcsorvod 

traps tó 1J 
instruction). 

S ame •• 11/2J ..... •• 11/S5 

-
S ame •• 11.f2J S ame •• 11/JS 

1 . 

11/lS 11/4S 11/4~ 11/5g 

&ame as 11/15 S~me •• 11/PS 

.• 

same as ll/JS exóept can- Sama as ll/2J 
not be addr by program. 

.. 

. 

~amo ~-a 11/JS. ADDR ctr liqht. COIROG 
on • To unhan9, depresa 
START with llALT switch 
enabled. 

. 
Odd addr.or nonexist. re- Odd addr or none~iot. 
fcrences using SP cause a rcforencos cau.so t. rol? 
f.:atAl trap. On bus err in to lOe. •• Bua c:yclé 
trap oorvico, o now atack abortad durinv buG 
is croated at loes. 1 o.nd pause of· that. in~tl. 
;¡.. and somo Da 11/48; 

s ..... AO ll/-~ S ame •• tl/·~ 

. 

6 

. . 
-

·-
.. 



··--··-··-- ·- -------·--····-

' - : 
11/t5 11/11 11/15 11/21 ' 11/35 11/41 11/45 ,,.. 

' 
. 5 

J;aMrA1 .Purpoao 
,a.::¡tl&an · 8 8 a !1 

. 
. 

i 

-t10110r.r ~nav~' NO NO optlona1 ' optlon11 

• 

~ 
' .. .. 

5tac;k lOvarfl~ •u ttta..s) 4~ (flxod) ...... progrollllllbla 
Pl!tec.tUtn progrlaldlble ·~ ;. ' ,._, ~ . (opcton) 

'· .. 
• ~ • 0:4 

\; 

, 
·:üter.cled;Ar1U.t1c optton (externa~) optton :(eaternal) opUon .{1nterul) .standard (tnce .... i) _, ........... ,.:·· .. tiJL, .DI V, ASH, ASIC .. ¡, .. 

' < 

' 

¡floaU~ ~Potnt softwlre .only ·loftware on\y .harchf&re optton. 'hardwar.t optton 
32 btt word 32 .or 64 bt! '!'"rd 

l1/J5 '11/U. '11/.15 -11/21 11/35 .11/4' 11/45 . ·11/51 
. . . 

,' 

Raaiaaa,fteeor~ ' 
.. Siu ·(word.~ 2BK ,28K ' 124K 124~ 

. ,, 

. 

' 
MiXIIIUII-AddrUI i --· Spcco l2K. 321 ' 128K 1281 ' . 

. 

... ,, . 
' .... 

" 

' 
' . 
' -

" . 
' : 

i 

--

. -· .. i 
' 



.. 

.., 
'· 2. 
J. 

•• •• 

"'-JOR snn:s 

Purpcse: t.o cb~in .an i.r:st.ruction frcm" mt100ry. 
CP vUl ent.er F!:"TCH u.,cn cocpletion of prevlous 1ns"t.r8:tic:a. 
PC spe:iHu from <where instrucdnn vUl come. and h 
incre:ented by tvo after uae. 
Jnatrur:tion (oc:ul coCiel delinr.d t.o ln•~tion reg-...ftn" • 
tnst.nc~lo~ ~eeoded.: U a nature ~etenúnes next ..,,or r-...au. 

SCil:R:E (SRC) 
l. ~se1 ob~ln soorc~: opeu.nd. . 

771 716 

76, .,, 
XX7 716 

z. O vill entu SRC U ·the instruction l.s 4o\lble o¡ier&JIII! XX1 5JI 
.am! sow:ce ac!d.ress rode ~ JJ. 

l. J,ddreu calculated1 <!ate obt.ained and st.ored in SRC ~
·4. CP e..ote.rs CESTita.TICN or EX.l:CU'J1; ~~~a1r.r atete. 

DEriJGTlOH (DST) 
1. Purpos1u to obU.ln dest.inetion operan4. 
2. CP =ay enter DST froz~~ either Fn'CI or stt. 
J. Add.re .. · calcv.lated: ü.ta obtained. a.nd broaqht. ta aridi.W 

Ul\it. 
4. CP entor_• z:::u::c:tTrZ -1or-.state. - . 1. Purposer exeeute the inst.ruction and atoro t.ho resol t.. 
2. CP ~~~ay eater EXECUTE !re= dther rETC:B. SAC ar DST. 

PJIIOC:Essoa STATtls woRD 

tl' ~ ,, .~. u r 1 <.. ~ '1 .J l. s. ti> ~"~~-, .. • ~ 

1 e."' 1 PM 1 · ·lfh•,;~ lrHzjvjc.j ••&•·'1. 

. · 
~mON COO&S 

e blt {bit Jl - set lf carry froa .ost s19Qiflcant bit. 
V bit (bit 1) - set 1! arlthaetic owarflow. 
1 bit (bit 2) - .. t. if ruult • J. 
• blt (bit )J - aet U r .. "Glt. ls 111ec¡athe. 

"""" TIW' 

• 

T blt (bit 4) - U set, u ases ptoc:euor trap tused by ~ .. 

o=run 
(blts 5. 6, 7) SpecU:y current. prlodty lnd of P~"'sscc-. 

....,.,..,. ...,. 
(biU 12, ll) Modo pdor ta tht: la•t lntettvpt or trap. 
l.eruel • JIJ, D•cr • 11. 

OOQIDIT ...,. 

(bltll 14, 15) Pr••ant soc!•. Jtemel • IJIJ, o .. r • 11. 
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• PDP-11 FtiliDAMENTALS A::D U."S'TRUCTIONS 

This eourse prcsents the orqanization·and features 
of the PDP-lL It is applicable to all processors in the 
POP-11 family, 'cnd ic designed to prepare the student· 
for fu~er training in POP-11 harévare or software ot a 
machine or assemhly lanquage leve!. 

Lenq~: S daya 

Prerequisites; The studént ahould ~ familiar with binary 
and octal n~~erinq systerns, conversion~, and arithmetic 
and logic operations in these bases. Prior experience with 
machine or assembly Ianguage· instru:tions is required. Ex
perience with •hiqher.level• lan9u~;~s such as Fortran, 
Basic, Cobol, etc. does not ~enerally prepare the student 
for this course. Attend&nce of the Introduction to Mini
computers course is recommended for those not meeting the 
above prerequisites. · 

Content: The follOwing majar tapies are presented: Featurea 
co~on to all POP-lls, memory orgaoization, register&, operan4 

"addressin9r instruction set, stack cperations, subrout;.:ses, 
decision ~akinq, co~unication with peripherals, priority 
interrupt. st..ructur"e, traps, and pa.pe.r tape loaders. 

The course also presenta an overview ofa cen
tral proce.ssor organization Md operation, onibus trans
a~tions, standard software, and additional featurea of 
larger PDP-lls. A pOrtioñ of the c:ourse will be devote4 
to oupervbed l~atory sesaiono .. 
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LLA11A:;A 

G O S U 13 

GOSUBS· 

GOSUBS NOMBRE,<LISTA> 
EFECTO 

11 

LLAMA A LA RUTINA NOMBRE CON LOS PARAMETR.OS OE LA LISTA 
EN EL STACK CON FORMATO 

V 1 E .JO R 5 
ARG. O · 

ARG. N 
R5->SP-> ~ DE ARGS . ¡ 
. MACRO 

. MOV 
GOSUB1=0 

GOSUBS NAME.LISTA 
R 5, - ( SP l i 

LLAMA A FORTRAN 

. IRP 
·. MDV 

GDSUBl='GDSUBl+l 
. ENDM 
MOV 
MOV 
.JSR 
ADD 
MOV 
. ENDM 

X, <LISTA> 
X.-CSP> 1 

1 
#GDSUB1. -< SP l \ 
SP,R5 : 
PC.NAME i 
#2<>GOSUB1+2,5f 
CSPl+,R5 . l 

M A C R O G O S U a: R 

LLAMADA 
GOSUBR NOMBRE.AO,Al.A2,A3.A4,A!l 

EFECTO. 
SE CARGAN LOS ARGUMENTOS NO NULOS AO, ... , A:l EN. LOS REGS. 
RO, ... ,R5 Y SE HACE UN .JSR PC,NOMBRE 

NOTA 
NO SE SALVAN PREVIAMENTE LOS REGISTROS 
LOS REGS. NO USADOS NO SE MODIFICAN 
AO, ...• A5 DEBEN SER ~RGUMENTOS VALIDOS PARA MOV 

. MACRO 

. MCALL 
GGOSU!l 
GCDSU!l 
GGOSU!l 
GGDSUB 
GGDSUB 
GGDSUB 
.JSR 

GOSUBR 
GGDSUB 
<AO>.RO 

NAME,AO,At.A2,A3,A4.A5 ¡ LLAMA CON LOS. REGS . 

. ENDM 

. MACRO 

. 1 IF 

. ENDM. 
' 

(Al), Rl 
(A2>,R2 
<A3),R3 
<A4>.R4 
<A5),R5 
PC.NAME 

GGOSUB A.R 
NB.<A>,MOV A,R 

M A C R O cosu·BF 
LLAMADA 

GOSUBF NDMilRE, <LISTA> 
EFECTO 

.... 

LLAMA A LA RUTINA NOMBRE . LOS PARAMETROS SE PASAN 
EN EL FORMATO DE FORTRAN 

NOTA 
FORTRAN ESPERA ARGUMENTOS CALL BY NAME,I.E. HAY QUE PONER 
~ A LOS ARGS. 

; 
. MACRO GOSUBF' NAME, LISTA 
.MCALL PUSH,POP 
GOSUBl=O 
. !RP X. <LISTA> 
GOSUBlaGOSUil1+1 
. ENDM. 
PUSH <RO.R1.R2,R3,R4,R!l> 
SUB ~2*GDSUB1+2,SP 
MDV SP,R5 
MOV #GOSUB1. CR5l+ 
. IRP X·, <LISTA> 
MOV x, CR5l+ 
. ENDM 
MDV SP, R5 . 
.JSR PC.NAME 
ADD ~2•GDSUB1+2,SP 
POP <R5.R4,R3,R2,RloRO> 
. ENDM 

.234567890123456789 
w1234567890123456789 
01234567890123456789 

** RSX-11M V3. 1 ** 
:: ~~~=tt~ ~5: f :: 

24-.JAN-80 
24-.JAN-80 
24-.JAN-80 

20 50:46 
20 50:46 
20 50:46 

• 

DKO [2.2JPU5HPDP. MAC 
DKO [2,2JPUSHPOP.MAC 
DKO .r2, 2lPUSHPOP. MAC 

.... 5CSSSGSS HH (\0[1000 PPPPPPPP ...................... nnnnn1000 



11 A C R O C A S E S 

; LLAMADA 
CASES 

DONDE 
X, <LISTA;> 

X ES UN INDICE 
LISTA ES UNA LISTA DE SUBRUTINAS 

EFECTO 

10 

. SE HACE UN JSR PC, .A DONDE A ES LA X-AVA SUBRUTINA DE 
LA LISTA 

- .MACRO CASES X.LISTA 
. PSECT CASES 
CASES!= . 

. ENDM 

. WORD LISTA 

. PSECT 
MOV X,-(SP> 
ASL <SP> 
ADD #CASES!, <SPl 
MOV @0 ( SP ) , ( SP) 
JSR PC,@!SP)+ 



EDITOR! 

LOOP! 

USERMAX=1 
USERM!N=! 

JSR 
JSR 

JSP. 
JSP. 
,SPND 

/ 
F'C, !N!STR · 
F'C, ABF:CNS 
' 

F'C,D.!GAME 
PC, P.DF:E:D 

09 

INICIALIZA ESTRIJCTIJR~S 
ABF: IR CANALES! 

O CONSOLA 
1-10 TERM!N~LES 
11 ARCHIVO CUENTAS 
12 AF:éH!I.JQ !'!RECTORIA-. 

!'AF: IJN F:EAD. A LAS TERM_!NALfFS 
; !'AF: F:C'.JD AL FG. 
~--A DORMIR--

F ; ; ; ~ F ~ ; F ~ ? F' ? ; ? ~ ' ~ ~ ? ? ? ? ?.F ? ? ? ? ~? F ;.F F F F F; F ~ ~ F f: 
ABRCNS! 

GOSIJBS LOOK•JP '<~CONSOLA dlCONSLA>. ; A_;iRIR CANAL A. CONSOLA 
GOSIJBS LOO!'<:!JP, <~ARC!CTA; !CÜENTA> ; ABRIR AF:CH!l.J(! CIJE_NTAS 
GOSIJBS LIJIJKUP' <~!'!RARC!' ~DIP.ECT> ; ABRIR DIRECTORIO ARCHIIlQ.S 
MOV ~IJSERMIN,P.2 
!)Q 

GOSIJBS LOIJKIJP,<R2,HEP.MNL)o 
IJNT !L GT :- <<!NC R2~·~CMP F:2 :- >!' 1JSEF:HA~;-,.~ ··· 

. PRINT <<CR><kF>"CANALES ABIERTOS,.> 
P.TS - PC 



oc ' 

3. 1 AlWA' DE PARAMETROS EN LINEA (LA DIR BASE AHORA ES LA 
. . ·• ·~·t;'.t •:.-: . 

' ":~ ·'-+. ·C .• ·• ·" .. 
;,'1· 

DIRECCION. DE REGRESO) 

'· . 

LABEL CODE OPERAND COMHENTS 

1. POINI' = \6 

2. RET "' 
. .. \5 

3.• MJV ARG2, - (POINr) Push down second param-
eter. 

4. MJV ARG1,- (.POINr) Push down first parameter. 

S. JSR RET,Y ; Call Y with return address 
in 

. . . R.EG{ RET] . 

6. Y: MJV lPOINI)+,TIMP Entry to Y. Save old value 
of 
REG(RET], now on top of 
stack, in TFMP. 

.. . ... ... 
7. MJV O(POINr) ,HOLD ; Load first parameter 

8. MJV 2lPOINT) ;HOLDi ; Load second parameter 
1 

... ... ... 
9. ADD H4,POINT ; To return, first pop param~ 

ters from stack. 

.10. TEMP, -lPOINI) Place old value. of REQRET] · 
on stack. 

: .11. !U' S Rb'T . . Exit from Y. 

4o. USO DEL STACK (MENOS MEMORIA) 

.·.• 



" 3Q. AREA DE PARAHETROS (LA DIR SE PASA EN ALGUN R) .: ' . \ 

. , .. 

1. PARAM . . . 

z. FET 
' 

3. 

4. 

s. 
6. 

7. 

8. PAREA:. 

9 • !'ffiXI' : 

• 

... 
. •. 

10. Y¡ 

.11. 

... 
1 2. 

13. 

14. PNAME: 

15. FlGHTEEN: 

CODE 

.. 

.. 

MJV 

M)V 

MJV 

JSR 

. . .. . 

... 

.. . 
ADD 

RTS 

• 

OPERAN O 

\S 

\S 

PNAHc, PARAM 

AAG1 , (PARAMJ + 

ARGZ,LPARAM)+ 

ARG9,LPARAMJ+ 

RET,Y 

• +18 •. 

Z,T 

.. . 

4(Bm'),mn' 

... 
EIGHTEEN; RET 

RET 

PAREA 

18. 

COMHENTS 

REG[ P.ARA!>D holds the 
address of parameter 
are a 

Transmit first parameter 

Second parameter 

Last parameter 

, Cal! Y wi th return 
, address in REG[ RET] • · 

Parameter are follows 
JSR. 

First instruction execu
ted 
after return from Y . 

.. . 

Load third paraineter 
into TIMP, REG[ RET] · 
contains the startin ad
dress of the parameter 
area, and the third 
paramctcr i5 four bytes 
bcyond thc base of the 
arca . 

. .. 
. , Calculate actual return 

address, nine words 
beyond address in 

; REG[ RET] . 

Exit from Y. 

!' 

' ! 
·¡ 



6 ENVIJI,R.,OPERANDOS A LA SUBRUTINA Y RECIBIR LOS RESULTADOS· ~-S· 
·, ,. ;. ':•: 

LO. QUE SE CONOCE COMO PASAR PARAHETROS. 

Cuando transmitimos parámetros lo que pretendemos es minimizar. 
. . . 

. . 
el tiempo de ejecución r los requerimientos de memoria. 

- Cciatro maneras básicas d~ pas~~ parámetros. 

lo. AREA DE DArOS COMUN lGLOBAL) 

+.P. J?. y SB TIENEN ACCESO A ELLA 

+LA DISTANCIA-EN EL DIRECCIONAMIENTO (128, -127) 

2o, U$AR LOS REGIST~OS 

+ SON POCOS REGISTROS (R1 ) 

+ USAR MEHORIA PARA PRESERVAL LOS REGISTROS. 

LABEL 

1, PAAAM 

2. 

3, 

4. 

s. 
6. 

. . . 
7. PNA!>IE; 

8. -PAR,EA:. 

' -· ~. 
CODE OPERAND COMMENTS 

MJV 

JSR 

. %1 

PNAME, PARAH 

MG1, (pAJWI)+ 

ARG:l , (P ARAM) + 

ARG!l, (PARAM) + 

.. . 

. . . 
PAREA 

,+18. 
.? 

¡ REG( PARAH] holds thc ad
; dress of parameter area. 

Transmit first parametcr .· 

Sécond parameter. 

. .. 
' 

, Last parametcr. 

Enter subroutine 
• .1 • 

; · Parameter arca 



,. 
j . 

:Las .instTucc1ones etique.tadas 'con ~B1 y BZ pasa control :a .la 
' ' 

.instr.ucci6n 'etlq1.1etada con '1SUB", cuando la. etiqueta "RETURN" 

-es <encontrada, ·e1 .contr-ol re,gresa a ,C,1 y CZ dependiendo de 

.culil fue la llamada. 

.EHQUJ:TA CODlGO 'OPERANDOS 'COMENTARIOS 

·• _., ' • • • . ..... . ... 
·1 ,·- ,Bl: .JER '\'5.,, ;suB LLMtADA .A !LA SUBRUHNA 

2 ,·- e 1: MOV X, AC REGRESO 

.. ,, .. • • • . ·-· ••• 

'3 .... :Bz: JSR t·s,, SUB LLAMADA A SUB 

4 ,·- .cz: MOV y •. AC REGRESO 

.. . .. . .. -~ ,,., .. • •• 

S,, p SUB: INC AC lera. lNSTRUCCION DE SUB i 
1 

.... . ·• . .... • • • 

RETORNO: RTS '\S DE R[ S] SE QBTIENE EL 

REGRESO. 

·, 



.. 

''-··: .. 

REGISTROS DE 
MAQUINA 

f.IAR 1-------1 

MDR +------1 
1MP 

.-
04 

. ·REGISTROS 

Rf O) 
+-------1 

R( 11 
~-----:--1 

R( 2) 
+-------t 

Bf;;J +-------1 
Rt 4) 1--------1 

R[ S) +------~ 

R[ 6) 1--------1 

R[ 7) 1-------' 

MFJ.!JRIA 
' 1000000 1-----~-. 



03 

RETURN 1'1\0M SUBROUTINES LRTS) 

RTS \S el efecto de esta instrucción es de reemplazar él PC ·· 

por el con.tenido de REG (S] y reemplazar REG (S] por el conte- · 

nido que se encuentra en el TOP del stack. 

F;CH DE RTS 

1 ' 
1\1 1 

o 

pe R [S] 
!1 

r-iAR R [ 6] 

MDR MEMORIA [Linf., .r.iAR] '.' RESTAURA EL PC •. , 
.. •. 

' ' R. ~ S] MDR RESTAURA R ( S) 

R ( 6] R ( 6] + z . . RESTAURA EL SP 
' i 

• 



' 
;,_,;~.> 4.:: . 

. En-\P~P,~l.l la instrucción _qu~ permi:te el manejo de 

JSR R1 '· det 
128 byts 

1S 98 65 o 
r o p -1 Rt 1 d .. t 1 

ALGORITMO 

1.• Preservar el valor de Registro involucrado 

2,- Preservar el pC.en el Registro involucrado 

.3.-·Se carga el "PC" con la dirección de la subrutina 

111JCll l.ALUUIU'INüj J!:iR 

f.fAR PC 
i! 

PC PC + 2 

MDR --MEMORIA [ Linf ••. MARI OFFSET 
= ..••• 

TMP ·-- MDR + PC 

R [ 6] -2 

MAR 41--- R { 6] 

MEMORIA [ Linf .. MAR] .,__ 

R (S] PC 

l'C ~--TMP 

• 

¡ U DE PALABRAS A· SALTAR' 

TOP + 2 

APUNTA AL SP 

R [ S] ; SALVA EL R [ S] 

1 
1 

¡ PC SALVADO 

DlRECCION 



01 

CUANDO SE TlENE Q.ÍE PRACTICAR UN CONJUNTO DE INSTRUCCIONES 
' '·~~ . ' . ; : 

S9BRE DIFERENTES VALORES, 

'" ACOMODAR UNA LISTA DE VALORES EN ORDEN CRECEINTE O I)ECRE

CIENTE, (N: COMPARACIONES)• . 

Existen dos formas para solucionar esto: 

., !:opiar el cód·igo tantas veces como se necesite 

r Agrtipar las insirucciones y usar algGn mecanismo para lle

gar a este lugar 

r Ejecutar las instrucciones y regresar, 

E~ mecanismo utilizado para brincar el conjJnto de instrucciones 

s~ le conoce como "llamada" y al conjunto de instrucciones se 

l.e conoce como "subrutina". 

El·mecanismo para manejar subrutinas cpnsiste de dos p~sos: 

lo. Preservar la direcci6n de regreso 

2o. Cargar al PC. con 1~ direcci6n de la ~ubrutina y se usan 

dos técnicas en ayda de esto 

Liga o apuntador (una 1ocalid~d) * 
Anidación. (stack) 
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SEC. 4.3 SUIIHOUTINES 22 107 

When the calling program· makes a cal\ to a subroutine, it suspends itself 
and transfers control to the subroutine. The subroutine is ~ntered at its 
beginning, performs its function, and terminales by passing control back to 
the calling progrrun, which is lhereupon resumed. 
· In passing control from one coroutine to another, execution begins in 
the newly activated routine where it last left off-not at the en trance to the 
routine. The flow of control passes back and forth between coroutines, and 
each time a coroutine gains control, its computational pro~<ress is advanc<·d 
unt~ it passes control on to another coroutine. 

The PDP-11, with _its hardware stack féature, can be easily pro~ranimed 
to implement a coroutine relationship bPtwecn two intt•ractin~ ruutin•"· 
Using a special case of the JSR inslruction [ i.e., JSR PC,rii'( RG)+ ], ,\•hich 
exchanges the top elcmerit of the register G processor slack ami thl' con lt·nts 
o! the program counter (PC), the two routincs may be pcrmitted to swap 
program control and resume operation where. they stopped, wlwn recalled. 
This control swapping is illustrated in Fig. 4-11. 

Routine # 1 is op.:rating, it tlh.'O 
ex~cutes: 

JSR re. (•' (R6) + 

with the following results: 

( 1) JlC2 is popp!!d rrom th.: stack 
and th.: SP autoin.:renu:nted 

(2) SP is autodl!,,:remenh:d and th.: 
old PC (i.e., PC'I) is pushed 

(3) conlrol i.o;; transferred to th.: 
location PC2 {i.e., routine. # 2) 

Routine # 2 is operating, it thl.'n 
executes: 

JSR Pe. f•' (R6) + 

with the result that PC::! is exchan(!~·tl 
for PCI on thc st:.1ck and ~..·on1rol is 
transfcrred b:.1ck to routin~: # l. 

Fig. 4·11 Coroutine inleruclion. 

The power of a coroutine structure is to be found in modern operating 
systems,. a tapie beyond the scope of this bool<. 1 lowever, in Chnpler G it is 
possible to dcmonstrnte the use of coroutiJws for tlw douhle buff,•ring of 1/0 
while overlappiñg compulation. 'I'hc cxnmp1l• )Hl'Sl'lit~d in lhnL t..•hnpll•r .ls 

. elegant in its seeming simplicity, and yet it represents one of the most bas1c 
1/0 operations to be performed in most operating systems. 
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a stack capable oí mainlaining bolh lhe current values of FACT and the 
return pointers either to the function itself or its calling program. However, 
the function m ay be coded in PDP·ll assembly language in a simple fashion 
by taking advantage of its stack mechanism. Assuming that the value of N is 
in RO and the value of N! is to be left in R1, the function F ACT could be 
coded recursive\y as shown in Fig. 4·10. 

FACT: T5T R0 ; 1 S ~:(1.=0'? 

~EQ EXIT ; \'ES 
MOV RC1, -<SP> ; SA'v'E N 
DEC ~:O ; T~l' N-1 
JSR PC:.FffCT ; G011F'UTE <N-i)! 

RET: 110V <SF')+. Ri ;FETCH FRÜI1 STAC:K 
JS~ fC, 11LIL ; !1LILT 1 PL 1' VALUES 

EXIT: 1\:TS PC ; RETLIRN 

Fig. 4·10 Recursive codinc of factorial function. 

The program of Fig. 4-10 calls itself recursively by executing the JSR 
· · PC,FACT instruction. Each time it does so, it places both the current value 

of N and the return address (label RET) in the stack. When N = O, the R TS 
instruction causes the return address to be popped off the stack. Next an N 
value is placed in R1, anda nonrecursive call is made lo the MUL subroutine. 

The subroutine multiply (MUL) uses lhe value of R1 to perform a multi
plication of R1 by the value of an interna! number (initially 1), held in MUL, 
which represents the partial product. This partial product is also left in R1. 

Upon returning from the multiply subroutine, the program next en
counters the RTS (J¡struction again. Either the stack contains the retum 
nddress of the calling program for F ACT, or el se another address-data pair of 
words gencrated by a rec.ursive call on F ACT. In the latter case, R1 is again 
loaded wilh an N value that is to be multiplied by the partial product being 
held locally in the MUL subroutine, and the above process is again repeated. 
Otherwise, the return to the calling program is performed, wilh N! held in R1. 

4.3.7. Coroutines 

In sorne situations it happens that severa! program segments or routines 
are highly interactive. Control is passed back and forth between the routines, 

'and each goes through a period oí suspension befare being resumed. Beca use 
the routines rnaintain a symmetric relationship to each other, tl;ey are called 
coro u tines. 

. . . 1 

Basically., the coroutine idea is an extension of the subroutine concept. 
The difference between them is that a subroutine is subordinate to a larger 
calling program while the coroutine is not. Consequently, passing control is 
different for the two concepts. . 
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· 3. Task B starts processing in the same copy of reentrant routine Q. 

4. Task B relinquishes control of reentrant rou_tine Q at sorne point in 
its processing. 

5. Task A regains control of reentrant routine Q and resumes processing 
from where it stopped. 

The use of reentrant programming allo~s many tasks to share frequently 
used routines such as device service routines and ASCII-Binary conversion 
routines. In fact, in a multiuser system it is possible, for insbnce, to con
struct a reentrant FORTRAN cómpiler that c'Ul be uscd as a single copy by 
many user prograrns. 

4.3.6. Recursion 

lt is often meaningful for a program sc¡:mcnt tó cal! iL~elf. The ahility to 
nest subroutine calls to the same subroutine is called self-rec•llrancy or 
recursion. The use of a stack organization permits ·easy unrunbiguous re
cursion. The technique of recursion is of great use to the mnlhemntical 
analyst, as it also permits the evaluation of somc otherwise noncomputable 
mathematical functions. This technique often permits very significant mem
ory and speed economics in the linguistic opcrations of compilers ru1d other 
higher-level software programs, as wc shall illustrate; 

A classical example of the technique of recursion can be found in com
puting N factorial (N!). Although 

it is also true that 

N!= N* (N 1) • (N -· 2)• ··· •1 

N' = N • (N - 1)! 

1! = 1 

Written in "pseudo-FORTRAN,"· a function for calculating N! would look 
like: 

JNTEGER FUNtTJON FRtTINI 
IF (N NE 1J GO TO 1 
FRCT=1 
RETURN 

1 FRCT=NoFRCIN-1) 
RE Tli~:N 
END 

This code is pseudo-FORTRAN becausc it cnnnot nctually be translated 
by most FORTRAN compilers; the problcm is thnt thc recursive call requires 
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Progr:Jm'l 
Pro~r~11n ~ Suhroutin~ A 
Prot;ram) 

Rc-~ntr~nt approach 

Programs 1.:! and 3 can 
!~h:lfl: suhroutine A 

Fig. 4·8 

Memory 

Program l Suhroutine A 
•. 

Program 2 [,~~lbroutine A 

Pro¡;ram 3 Suhroutine A 

COnv.:nliona\;~pproach 

A sepárate copy o( suhroutin·e A 
. . must be provided for each program 

Reentranl routines. 

CHA~. ~ 

The chief pro¡:ramming distinction between a nonshareable routine anda 
reentrant routine is that the reentrant .ro~tine is composed solely of pu're 
"code; that is, it conlains .only inslructions and constants. ,Thus a sectio'n o! 
pro¡:rarn code is reentrant (shareable) if and only if il is non-self-modifying; 
that is, no informalion within it is subject to modification. The philoso¡:ihy 
behind pure code is actual!y_ not,limited to reentrant routines. Any nor~ 
modifying pro¡:ram segment lhal has no temporary storage or data associated 
with it ~ill be · · ·. · 

l. Simpler to debug. 

2. Read-only protectable (i.e., :.t can be kept in read-only memory). 

3. Interruptable and restartable, besides being reentrant. 

Using reentrant routines, control of a given routine may 
illustrated in Fig. 4-9. 

ltc-l!nt¡anl 

Q 

Fig. 4·9 Reenlrant rouline sharing. 

L Task A has requested processing by reentrant routine Q. 

be shared as ,,.,, ~; 

2. Task A iemporarily relinquishes control of reentrani routine Q {i.~, is 
interrupted) before it finishes processing. · 
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restare all registcrs used. On the PDP-11 lhe save anu r¡,store rouline is 
greally simplified by the use of a stack, as was illustra-ted in Fi¡.:. ~-6. 

As pointed out previously, stacks ~-:row downward in memory and are 
lraditionapy defined lo occupy the memory space immedintPly preceding · 
the program(s) that use them. One of the first things thal any pro¡:ram 
which uses a stack (in particular- one lhat exceut<'s a JSR) must do is to sct 
the slack pointer u p. For exarnple, if SP (i.e., RG) is lo be u sed, thc program 
should begin wilh 

BEG: HOV 
TST 

ro· c.; SP 
-<S.P> 

;8EG 15 THE FIRST 
; INSTI\:U(:TJC•N (IF THE F·J;:(IGJ;·fH'1 .. 
; SF·=t=tCCR E:EG+Z 
;DECkEMENT SP 8\' 2 
;A,PUSH ONTO THE STAC~ ~ILL 
;STORE THE ~ATA AT 8EG-~. 

This initialization routine is wrillen in PlC form, and had il hcPn assemhlcd 
beginning at location O (.= 0), the program could be eltsily rt'loeatt•d. Tlw 

· routine uses a programming trick lo clecremenlthe slale: Itus¡•s the test in
struction in aulodecrement mode and ignores lhe setting of the condition 
codes. The allernative i.o using lhe TST inslruction would ill' lo SUB L2,Sl', 
but lhis would require an extra inslruclion word. 

4.3.5. Reentrancy 

Further advantages of slack organization become- apparent in complex 
situations which can arise in program systems lhat are engaged in the concur
rent handling of several tasks. Such multitask program environmenls may 
range from relatively simple single-user applicalions which must manage an 
intermix of 1/0 service and baCkground comput.ation to };u·gc: comrdl'X mult.i· 
programming systems that manag-e a v<->ry inlricatP mixlurt• of t•xt•c.:u.tive and 
multiuscr programming situatiorls. In all llll':·a• :1pplic.:ations llwn· is a rwl•d 
for flexibility and timefmernory economy. Thc USl' of tlw stac.:k providt•s 
this economy and flexibility by providin~ a nwthod for allowing many tasks 
to use· a single copy _ of the san1e routinP and a simplt•, unamhi¡.:uous method 
for keeping track of complex pro¡::ram Iinlwges. 

The ability to share a single copy of a givl~n program among usPrs or tasks 
is called reentrai1cy. Reentranl proh'l'am routines differ from ordinary suh
routines in that it is unncccssary for rPentrant routines tofin\sh _proccsstng 
a given task befare they can be ust'd by anotlwr task. l\htltiplt• tasks can be 
in various stages of completion in the same routint• al any time. Thus lhe 
situation shown in Fig. 4-8 may .occur. 

' 
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f·H•G•·RH H:JC~\' 

R=1. 
E:=2. 
f'•·JtH. R-B 
Ci1LL ~.Wfif'(1., 2. ) 
R=1. 
E•=2. 
f'RINT, R-E• 
Etlv 

'$U8~0LITINE SWAP<X,Y). 
T(f1F'=X 

,,:=\'' 
I'=TEMF' 
RETU-·N 
END 

CHAP. 4 

lf the real constants are passed in by value, both print statements will print 
out a -l. This occurs because subroutine SWAP interchanges the values that 
ithas received, not the aetual contents of the arguments themselves. 
'· However,' if the real constants are passed in by address, the two print 
statements will produce -1; and 1., respectively. ln this case the subroutine 
SWAP references to real constants themselves, interchanging the actual argu-
rrieht val u es. . 

· Higher-level lánguage, such as FORTRAN, can pass parameters both by 
value and by address. Often the normal. mode is by address, but when the 
argument is an expression, the address represents the location of the 'evaluated 
expression. Therefore, ·if one wished to cal! SWAP by value, it could be 
performed as 

CFILL Sh!flf'<1. ,.,1 .• 2. -0. ) 

causing the contents of the expressions, but not the constahts themselves, 
~~-i~h~. 1 

Th.ese techniques for passing parameters ·are easy to understand at the 
assem bly language leve! because the programmer can seé exacCy what meth
od is beingused. In higher-level languages, however, where the.technique is 
not so transparent, interesting results can occur. Thus the knowledgeable 
higher-level language programmer must be aware of the techniques used if he 
is to avoid un usual or unexpected results. 

4.3.4. Subroutine Register Usage 

A subroutine, like any other program, will use the registers during its 
execution. As a result, the contents of the registers at the time that the 
subroutine is invoked m ay not be the same as when the subroutine returns. 
The sharing of these commonresources (e.g., the registers) therefore dictates 
that on entry to lhe subroutine. the registers be saved and, on exit, restoréd. 

The r<•sponsibility for performing the save and reslore function falls 
either on lhe calling routine or the called routine. Although arguments exist 
for making the calling program save the registers (since it need save only the 
ones in current use), it is more common for the subroutine itself to ~ave and 
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Calling program: 

MOV 
JSR 

Subroutine: 

or 

AOD 

lf'(IINTER, Ri 
f'C,SLIE:R 

(Ri)+, <R1l 

<U>, 2<R1) 

SUDttOUTINES 

; SET Llf' F'OI NTER 
,CALL SUBROUTINE 

16 

;ADD ITEM 11 TO ITEM 12 
;f'LACE ~ESULT IN JTEM 12. ~1 
;POINTS TO JTEM #2 NO~. 

;SAME EFFECT liS ABOVE EXtEPT 
;THAT Ri STILL POINTS ~O 
;!TE/1 i1 

101 

Given these many ways to pass arguments to a subroutine; it is worth
while to ask, why have so many been presented and what is the rationale 
for presenting them al!? The answer is that each method was presented as 
being somewhat "better" than the last, in that 

L Few registers were used to transmit arguments. 

2. The number of parameters passed could be quite large. 

3. The linkage mechanism was simplified to the point where only the 
address of the subroutine was needed to trnnsfer control and pass parameters. 

Point 3 requires sorne additional explanation. Since subrou tines, like 
any other prograrns, may be written in position-independent code, it is pos
sible to write and assemble them independently from the main pro¡;rarn that 
uses them. The problem is filling in the appropriate adclrcss for the JSR 
instruction. · 

Filling in the address field in the JSR instruction is the job of the !in king 
loader, since it can not only relocate PIC prograrns but also fill in subroutine 
addresses, i.e., lin/1 them together. The result is that a rcloentablc subroutine 
may be loaded anywhere in memory and be linked wiU1 one or more calling 
prograrns and/or subprograrns. There will be only ·one copy of the routine, 
bt¡t it m ay be used. in a repetitive manner by other pro¡;r<uns located any
)'o'here else in memory. 

Another point not to be overlooked in rccapping argument passing is the 
significant dit'rerence in the methods used. The first tcchnic¡ues pr~sented 
used the sim'ple method of passing a va/u e to the subroutine. The later tech
niques passed the address of the value. The clifference in these two tech
niques, cal/ by value and· cal/ b~· address, can be quite imporlant, as illus
trated by the following FORTR/\N-like program example: 
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linkage register of the JSR instruction. ·Since this register points to the first 
word following the JSR instruction, it m ay be u sed as a pointer to the first 
word of a vector of arguments or argument addresses. 

Considering the first case where the arguments foilow the JSR instruc- -
tion, the subroutine linkage would be of the form: 

JS~ ~e.MUL 
. WORD XVftLUE, VVALLIE 

1CftLL MLILTIF'L'r' 
; ftRGUMENTS 

These arguments could be accessed using autoincrement mode: 

MUL: MOV 
110V 

RTS 

<R0)+,R1 
<RBl+, R2 

R0 

; GET MLILTlf'LIER 
; GE T MUL T 1 f'Ll CfiND 

; RETURN 

At the time of return, the value (address pointer) in RO will have been incre
mented by 4 so that RO contains the. address of the next executable instruc
tion· following the JSR. 

In the second case, where the addresses of the arguments follow the 
subroutine cal!, the linkage looks like 

JSR RO,MUL 
. WORD XftDDR, l'fiDDR 

;CftLL MULT!f'LI' 
; fiRGUMENTS 

For this case, the values to be manipulated are fetched indirectly:. 

11UL: MOV 
MOV 

RTS 

li'(R0)+,R1 
@(R0H, R2 

. ;FETCH MULTIPLIER 
~FETCH MULTIPLICft~D 

; RETURN 

. ... 

Another method of transmitting arguments is to transmit only the ad
dress of the flrst ítem by placing this address in a general:purpose register. 
lt is not necessary to have the actual argument list in the same general area as 
the subroutine cal!. Thus a subroutine can be called·to work on data located 
anywhere in memory. In fact, in many cases, the operations performed by 
the subroutine can be applied directly. to the data located on or pointed to 
by a stack (Fig. 4-7) without ever actually needing to move these data intc
the su broutine are a. 

IIC111 # ~ 

lll!m # 1 - R 1 PoiniS 10 itl!m # 1 

Fir:. 4·? Tran~Jmitling slacká u argument.s. 
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The second routine uses two fewer words .per re¡¡ister save/restore and · 
allows another routine to use the temporary stack storagc nt a latlcr point 
rather than perrnanently tying sorne memory locations (TEMPS) to á partic
ular routine. This ability to share temporury storuge in the form of a stack is 
a very economical way to save on memory usa~e. cspccially whcn lhe total 
arnount of memory is Jimited. · 

The reader .should note that the subroutine call JSR PC,SUBR is a Jegili· 
mate form for a subroutine jump. The instruclion do~s nol ulilize or stack 
any registers but the PC. On the other hand, lhe inslntction JSR SP,SUBR, 
where SP = R6, is not nomially considered a meaningful combination. 
Later, however, utilizing register 6 will be considcrPd (sc•c St•clion 4.3.7). 

4.3.3. Argument Transmi;sion 

The JSR and RTS instructions handle the linkagé problem for lransfer· 
ring control.· \Vhat remains is thc problem of passing argumcnls buck and 
forth to the subroutine during its invocation. As it tums out, this is a fairly 

· · · straightforward problem, and the real queslion bccomes one of choosing ene 
solution from the Jarge number of ways for passing values. 

A very simple-minded approach for argument lransmission would be to 
agree ahead of time on the Jocations that might b_e used. For example, sup
pose that there exists a subroutine MUL which multiplies two 16-bit words 
together, producing a 32-bit result. The subroutine expects the multiplier 

·.and multiplicand to be placed in symbolic locations ARG1
1
and ARG2 re

'qpectively, and upon completion, the subroutine willleave the result.ant in 
the sarne locations. 

The subroutine linkage needed to set up, call, and save the g<>nerated 
results might look like: 

MOY 
Mov· 
JSR 
MOV 
MCIY 

X,ARG1 
Y.ARG2 
F"C,MUL 
ARG1.RSLT 
ARG2, ó:SL T+2 

; MLILT!PLIER 
; MUL T! F'L! C:AND 
; CfiLL MLIL T 1 F'L~· 
; Sfl\o'E THE TWO 

~C>RD RE$1JL T 

As an alternative to this linkage, ene coLÍld use the r<>gisters for thc subrou
tine arguments and write: 

MOY 
MOY 
JSR 

x;R1 
~:~ R2 
F"C,MUL 

; MUL T! F"Ll ER 
; MLIL T! f'L! CAND 
; C:ALL 11UL T !.f'L\' 

This last ·inethod, although acceptable, is somewhat.rcstric.i:..•d in that a 
maximum of 'six arguments could be trnnsmitted, corrPsponding lo the num
ber of general registers available. As a result ·ar th is rcstriction, anolhcr aJ. 
ternative is used which makes use of the memory locations poinlcd to by the ... 
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In order to rcturn from a subroutine1 the RTS instruction is executed. lt 
performs the inverse operation of the JSR, the unstacking and restoring oí 
the" saved register value, and the return of control to the instruction follow· 
ing the JSR instruction. The equivalent of an RTS is a concurrent MOV 
instruction pair: 

RTS REG MOV REG.PC ;RESTORE PC 
MOV ISPJ+,REG ;RESTDRE REG!STER 

The use of a stack mechanism for subroutine calls and returns is particu
larly advantageous for two reasons. First, many JSR instruction's can be 
executed without the need to provide any saving procedure for the linkage 
information, since all linkage information is automatically pushed into the 
stack in sequential order. Returns can simply be made by automatically 
popping this information from the stack in opposite .order.•. Such linkage 
address bookkeeping is calle<.l automatic nesting ot subroutine calls. This 
feature enables the programmer to construct fast, efficient linkages in an 

· easy, flexible manner. It even permits a routine to be recalled orto cal! 
. itself in those ·cases where this is meaningful (Sections 4.3.5 and 4.3.6). 
Other ramifications will appear after we examine the interrupt mechanism 
for the PDP-11 (Section 6.4). 

The second advantage of the stack mechanism is found in its ease of use 
· for saving and restoring registers. This case arises when a subroutine wants 
to use the general registers, but these registers were already in use by the 
calling program and must therefore be returned to it with their contents 
intact. The called subroutine (JSRPC, SUBR) could be written, then, as 
shown in Fig. 4·6. 

SUBR: MOV k1. TEMF'S ; SAVE Ri 
MOV R2,TEMPS+2 ; ~·11\o'E R2 

MOV TEMF'S+2,R2 ; RES TCIRE R2 
11c•v TEMf'$,R1 ; RESTORE Ri 
RTS PC ¡ RETLII':N 

TEMpS: . WORD e. &. e. e. e. e.·e ; SHVE AREA 

or using the slack as 

SUBR: MOV R1, -0.~6) ; f'LISH Ri 
MOV R2, -IR6l ; f'LISH R2 

MOV (R6)+, R2 ·' POP R2 
MOV (R6)+, Ri 1 F"OP IÜ 
I<TS PC 1 RETVRN/ . 

Fig. 4-6 Saving and restoring regi&ier~ using the stack. · 
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To' remove an item from stack lhe autoincrement addressing m o de with 
the appropriate SP is employed. This is accomplished in the following 
manner: 

HOV <SP>+, DEST ;MDYE DESTJNRTlDN WDRD OFF STRCK 

or 

HDVB ;MDYE DESTJNRTION BYTE OFF STRCK 

Removingan item from a stack is called apop, for "popping from the stack." 
Aft~r an item has been popped, its stack location is considered fre'e and 
available for other use. The stack pointer poinls to lhe last-used location, 
implying that the next (lower) location is free. Thus a stack may n•pi·cscnt 
a pool of shareable tem¡:iorary stornge locations. 

4.3.2. Subroutine Calls and Returns 

When a JSR is executed, the contents of the linknge register are saved on 
the system R6 stack as if a MOV reg,-(SP) has been performed. Then the 
san1e register is loaded with the memory address following the JSR instruc· 
·tion (the contents of the current PC) ;md a jump -is mnde to the entry loca
tion specified. The effect, then, of executing one JSR inslruction is the 
same as simultaneously executing two MOVs and a J:V1P; for cxnmple, 

JSR REG, SLIBR 
".) 

MOV REG,- < SF' > 
MOY.f'C,REG 
JMP SUBR 

;f'USH REGJSTER INTO THE STACK 
;f'U~ RETURN f'C lNTD REGJSTER 
;JUMP TO SUB~OUTINE 

Figure 4-5 gives the "befare" and after conditions when executing the sub
routine instruction JSR R5,1064. 

Befare 

(R5) = 0001 3~ 
(R6) = 001776 

(PC) = (R7J = 001000 

' 
,001772 

001774 

Afll.'r 

lll>t = 001004 
1111>1 = UUI774 

• II'Cl = IIDI"' 0010h4 

00177~ 

uu 1774 OOO!J~ -sl•l 

001776 mm mm -srl 00177h 
1 

UUJ77CJ 

00~000 nnnnnn 00~000 

Fig. 4-5 JSR inslruction. 

001774 
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organized in full-word units only. Byte stacks (Fig. 4-4) req1¡1ire instructions 
capable of operating en bytes rather than full words (byte handling is dis
cussed in Seétion 4.6 ). 

0070(>6 

007070 

007072 

007074 

007076 

007100 

00710~ 

WorJ lltack 

ltcm #4 ~ SP 1 00707~ 
ltcm # 3 

hcm #:! 

lum# 1 

8yte stack 

007075 llcm # 4 - SJl 007075 

ltem# 3 007076 
f------j 

007077 lh:m # 2 
f-----1 

007100 ltcm # 1 

L_.._ _ __....J 

Note: Bytes are 
arrangcd in words 
as following: 

Byte J Byte 2 

Bytt 1 Byte O 

Fig. 4·4 Word and byte stacks. 

Items are added to a stack using the autodecrement addressing mode witl) 
the appropriate pointer register. (See Chapter 2 for a description of the 
autoincrementjdecrement modes.) 

This operation is accomplished as follows: 

ti OY · SOURCE. -<Sf'> ;MúVE SOURCE WORD ONTO THE STACK 

or 

IIOYB SOUI<:CE.-<SP> ;IIOYE SOURCE BYTE ONTO THE STRCK 

This is c;.lle.¡j a "push" because data ~e"pushed onto the staé"K." 

tsee Section 4.6 for a discussion of byt.e instructions. 
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Rn 

1 1 1 1 1 1 1 

1 S ~ ~ o 
~-----~r-----~~ 
Op co.d.: -----' Link:!~.: poinh:r 

Both instructions make use of a "slack" mechanism similar lo lhe slack 
mechanism described for zero-address machines in Seclion 1.2.8.6. 

4.3.1. Stack 

A stach is an area of memory set aside by lhe programmer for lemporary 
storage or subroutinejinterrupt service linkage. The insln1clions lhal facili

•tate stack handling (e.g., autoincrement and autodecrement) ar~ u5eful ¡ea
tures that may be found in low-cost compulers. They allow a program to 
dym¡.mically establish, modify, or dele te a stack and ilems on il. The stack 
uses lhe /ast-in, first-out or LJFO concept; thal is, various ilems may be 
added to a stack in sequential order and relrieved or deleled·from the stack 
in reverse order (Fig. 4-3). On lhe PDP-11, a stack slarls allhe highest•loca
tion reserved for it and expands linearly rlownward lo the lowesl aildress as 
items are added to the stack. 

Low addn:ss.:s 

ltigh addn:ss~:"s 

Fig. 4·3 Stnck addresses. 

The programmer does not need lo keep track of lhe actual localions his 
data are being stacked into. This is done aulomalicnlly lhrou¡:h a <tach 
pointer: To keep track of the lasl.ilem added lo the slack (or "where we 
are"· in the stack), a general regisler always conlnins lhe memory address 
where the last ítem is stored iri lhe stack. Jn the PDP-11 any regisler except 
register 7 (the PC) may be used as a slack poinler under program control; 
however, inslrt\Ctions associated wilh subrouline linkage and interrupt ser
vice aulomatically use register 6 (R6) as a hardware slack pointer. For this 
reason R6 is fn!quently referred lo as the syslem SP. 

Slacks in the PDP-11 m ay be maintained in l'ither. full-word or byte units. 
This is true for a stack pointed to by any register except RG, ,\·hich must be 
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3. The val u e of index is do u bled to· lake care of the fact lhat labels in 
the lable are slored in even addresses; i.e., full words; 

4. The address for lhe JMP inslruction is utilized both 3',; indexed and 
indirect, such lhat il points to an address to be jumped to in the table. 
' . . 

Allhough the jump instruction transfers control to the cdrrect program 
label, it does not specify any way to come back. In the next section, where 
we shall consider subroutining, we shall see that a slight modification of the 
jump instructions allows for an orderly transfer of control, and a return, 
from one section of code to anolher. 

4.3. SUBROUTINES 

A good programming practice to get into is to separate large programs 
into smaller subprograms, which are easier to manage. These subprograms 
are activated either by a main program or by each other, allowing for the 
sharing of routines among the different programs and subprograms. 

The saving in memory space resulting from having only one copy of the 
needed routine is a definite advantage. Equally important is the saving in 
time for the programmer, \vho needs to code the routine only once. How· 
ever, in order to share common subprograms, there must be a mechanism to 

l. Allow the transfer of control from one routine lo another. 

2. Pass val u es among the various ro u tines. 

The mechanism that accomplishes these requirements is called the subroutine 
linlwge and is, in general, a combination of hardware features and software 
conven tions. 

, The hardware features on lhe PDP-11 which assist in performing the 
subroutine linkage are the instruclions JSR and RTS. These instructions are 
in the subroutine cal! and return group and have the following assembler 
form and instruclion formatt: · 

JSR rc~islcr,ll,:slinalion 

Rn 

J 1 1 1 1 1 
4 3 ~ o !S ,1 8 6 , S 

o¡, ,·od, ~ '----r" '----v-L--.... · 
Link a~\!' poinlcr -.---_j Dcstinalion addrcss 

toepending on lhe mode of nddressing, one or lwo words nre used for lhe JSR 
instruclion. 

' 
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memory to another, a jump instruction must be aparto! the instruction set 
and must allow full-word addressing. 

The jump instruction is indeed a part of the PDP-11 instruction set and 
belongs to the single-operand group. As a result, jumps may be relative, 
absolute, indirect, and indexed. This flexibility in determining the effective 
jump address is quite useful in solving a particular class o! problems that 
occur in programming. This class is. best illustrated by example. 

4.2. 1. Jump T~ble Problem 

A common type of pr9blem is one in which the input data represent a 
code for an action to be performed. For each code, the program is to take a 
certain action by executing a specified block of code. Such a problem would 
be coded in FORTRAN as 

READ, 1 NDEX 
GO TO 110.1e0,J7,11~e •... ,7), INDEX 

. 
In other words, based on the value of index, the program will go to the 
statement labeled 10, 100, 37, and so on. 

The "computed GO TO" in FORTRAN must eventually be translated into 
machine Janguage. One possibility in the Janguage of the PDP-11 would be 

1 ' -j. 

READ 
MOV 
DEC 
ADD 
JMP 

JABLE: . WORD 

1 NDEX ; A P5El!DO-I NSH:UCT 1 ON 
1 NDEX, R1 ; f'lfiCE 1 T 1 N R1 

··R1 ; ~(= 1 NDO:<=~A>:-1 
R1,R1 ;FORM 2•1NDEX 
@TABLEIR1). ; INDIRECT JUMP 
L1e. L1eo. u7; L11~e •.. :. L7 

The method used- is called thejump table metllod, s1nce it uses atable of 
addresses to jump to. The method works asfo.llo;,.s: ·· . .. 

l. The value of ÍNDEX is obtained. 

2. Sin ce the range of INDEX is 1 .;;; INDEX < mnximum val u e, 1 is sub
tracted from the index so that its range is O < INDEX < max - l. 

.. 
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ADD · <R01+,R1 '7 
\' t' 

The pointer to the list, list L, m ay be calculated at execution time as follows: . . ' ' ' 

H: HOY 
ADD 

PC,R0 
IL-11-2,1<0 

; úET CLIR~'ENT f'C 
; ADD OFFSET 

Anot.her variation is to gather al! pointers · into a table. The relocation 
factor may be calculated once and then applied to al! pointers in the table fu 
a loop. The program in Fig. 4-2 is an example of this technique. The ~~~d~r 
should verify (Exercise 1 at the end of lhis chapter) that if this program . .is 
relocated so lhat if it begins in localion 10000, the values in lhe pointer 
table, PTRTBL, will be 10000, 10020, and 10030. 

. 000000 
(100(<(11 
00(ti)(t2 

606007 . 
it107(t0 X: 
1~:!7('1(1 

(lü(1tl(l2 

01<:701 
60Ctt.13:0 
(~60001 
0127(12 
(1 (1 El (t(13: 

(1¿;(1(1;:'1 LOOP: 
(105302 
0(<1:i7~ 
(1 ~) (1 (t (1 0 
(1(1(1€1(13' 
(1(1€1(1('1€1 PTRTBL: 
(t(1(102tt 
(1 (1{1 ti]: o 
(1(16601 

~,o.¡;o 

~:1=/:1 
R2=i':Z 
f'C=i-:7 
110~· F'C, RO 
SLIE: 1>:+2, R0 

ADD R·o, R1 
110~' ITE:LLEN, R2 

ADD 
C•EC 
BNE 
HALT 
TE:LLEN•l 

REo, <R1)+ 
RZ 
L(IOP 

; DEFINE RO 
; C•EFINE R1 
; DEF 1 ti E R2 
; DEFINE f·C 
;RELDCATE ALL EHTRIES IN PTRTBL 
JCALCLILATE ~ELOCATION FACTOR 

;úET AND RELOCATE A POitiTER 

¡ TD f'TRTBL 
;GET LEtiGTH OF TABLE 

;RELOCATE AN ENTRY 
; COLINT CoO~N 

;BRAtiCH !F NOT DONE 
; STOP ~HEN DONE 
;LENGTH OF TABLE 

. ~ORD X.LOOP,PTRTBL 

. END 

Fig. 4·2 

Care must be exercised when restarting a program that relocates atable 
of pointers. The restart procedure must not include the relocating agaih 
(i.e., the table must be relocated exac'Uy once after each load). " ·· ;. 

4.2. JUMP INSTRUCTION 

Although mentioned •earlier, t.he JMP instruction has been overlooked 
somewhat up to now. The astute reader will, no doubt, nicognize that th~ 
necessity · of a jump instruction is dictated by the fact· that t.he branch 'in· 
structions, although :relative, are incapable of branching more than 200 worqs 
in either a positive or a negative .direction. Thus to brnnch from ·one end o{ 
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000000 
E!(1ft6(17 

000000 €11€'17(1(1 S: 
(J(1(1(j(t2 (l€~7(1€1 

(1(11776 
0(1(!(1(16 01€1067 

(!(1(t7f.6 

000012 (1(15077 
(11)(1762 

(1(1(1(116 (1(1(1(1(:10 

etlH (1(1€'1 

c~e1ooe (1(1:::(10(1 X: 

oo;,ooo 
00~000 OúOOOO R: 

(1(1€1001 

.. 
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F:0=%6 
F'C:==:~7 
11(1\o' 

f<N• 

11(1\o' 

CLF: 

Hf<LT 

. =. +7f.tt 

f'C, F:O 
t~H-~.-z. ~<·e. 

t!:•: 

. WC•RD Fl 

=. +77t. 
. WOF.·D 0 
. ENL• 

Fig. 4·1 

.. 

; vEF ItiE F·o 
; DEF 1 NE f•C 
; ~121 = (FI(:IV~ (IF 5)+2 
; Hr•r.) 1 tl LrFF SE T 

;~1CoVE f•CoJNTH TO X 

;CLEAR VALUE INPI~ECTLY 

• ST(IF' 

; f'(IINTE"' TC• A 

• 

;VALUE TD 8E CLEAPED 

Now if this prograrn is loaded into locations 1000 and hi~her, it should 
be c\ear that nene of the program values is changed. This point could be 
shown pictorially by taking the Fig. 4-1 material, recopying it, but changing 
only the values in the leftmost column, the addrcss column. Thus if one 
were lo look in, say, location 4010, the contcnts would be 766 and the value 
found in location 5000 would be 2000 (i.e., neilher value is chan~ed). 

Given that the program data ha ve not chan~t·tl, the question is: llow does 
it work? The answer is that the offset A-S-2 is equivalent lo A-(S+~ arid 
S+ 2 is the val u e of PC which is placed in RO by tlw statemcnl \lO V PC,RO. 
At assembly time the offset value is A-PC0 , whcre PC0 =S+2 and PC0 is 
the PC that was assumed for the program when assembled beginning al 
location O. 

Later, after the program has been relocated, the move instruction will no 
longer store PC0 in RO, but a new value, PCn, which is thc currcnt valile of 
PC for the executing program. However, th~ add instruction still nc!ds in the 
immediate value A-PC0 , proclucing lhe final result in RO: 

PCn+(A-PC0 ) = A+(PC.,-PCo) 

which is the desired value, since it yields the new absolute location of A 
[e.g., the assembled value of A plus the relocntion factor (PC.-PC0 )). 

4.1.6. Relocating:Pointers 

Jf pointers must be u sed, they m ay be relocated as we have just shown. 
For example, assume that a list of data is lo be accl•ssed with the instn1ction 

.' 
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4.1.3. Writing Automatic PIC 

Automatic PJC is code that requires no alteration of addresses or pointers. 
Thus memory references are limited to relative modes unless the location 
referenced is fixed., In addition to the above rules, the following must be 

. observed: 

l. Start the program with .=0 to allow easy relocation using the absolute 
loader (see Chapter 7). 

2. All location-setting statements must be of the form .=.:!"X or .= func
tion of symbols within the PIC. For example, .=A+ 10, whére A is a local. 
label. 

3. There must not be any absolute location-setting statements. This 
means that a block of PIC cannot set up specified core areas at load time 
with statements such as 

. =3:4EI 

. WORO TRAF'H,:l40 ;PRE-LOAD J40.l42 

The absoluta loader, when it is relocating PIC, relocates al! data by the load 
bias (see Chapter 7). Thus the data for the absolute location would be 
relocated to sorne other place. Such areas must be set at execution time: 

MOV 
11011 

ttTRfiF'H, @tt3:4(<4 
113.4~. l!'t13"42 

4.1.4. Wrltinu NorH1utumutlc ._.IC 

"" 

;F'UT ADDR IN ABS LOC J•e 
;AND·fi8S LOCATJON 142 

Often it is not possible or economical to write totally automated PIC. 
In these cases sorne relocation m ay be easily performed ·at execution time. 
Sorne of the required methods of solution are presented below. Basically, 
the methods operate by examining the PC to determine where the PIC is 
actually located. Then a relocation factor can be easily computed. In al! 
examples it is assumed that the code. is assembled at zero and has been re
located somewhere else by the absolute loader. 

4:1 .5. Setting Up Fixed Core Locations 

Consider first the previous example to clear the contents of A indirectly. 
The pointer to A, contained in symbolic location X, must be changed if the 
code is to· be .relocated. The prOb'l"am· segment in Fig. 4·1 recomputes the 
pointer value each time that it is executed. Thus the pointer value no longer 
depends on the value of the location counter at the time the program was 
assembled, but on the value of the PC where it is loaded. 
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mode, since it is the quantity fetched that is being used rather than its form 
of addressing. 

4.1.2. Absolute Modes 

Any time a memory location or registar is u sed as a pointar to data, th.e 
reference is absoluta. lf lhe referenced data remain always fixed in memory 

. (e.g., an absoluta memory location) independent of the position of the PlC, 
the absoluta modes must be used.t Alternatively, if the data are relative to 
the position of the code, the absolute modes must not be used unless the 
pointers involved are modified. Restating this poinl in different words, if 
uddrl'!>sinu is din•ct. und r'•lnlivt~, il is pn~dtinn-indi'JlPIHit•nt; if i~ is i11dirt>t'L 
and eilher relative or absoluta, il is no e posilion-intl<'pendt•nl. For cxample, 
the instruction 

MOV @UX,HERE 

"m ove the contenta of the word pointed lo (indirectly referenced by) lhe PC 
(in this case absolute location X) ~o the word indexed relative to lhe PC 
(symbolically called HERE)" contains one operand that is referenced indi· 
rectly (X) and one operand that is referenced relalively (HERE). This in
struction can be moved anywhere in memory as long as absolute localion X 
stays the same, that is, it does not move with the instruction or program; 
otherwise it may not be . 

. The absolute modes are: 

@X 
@#X 
(R} 
(R)+ and (R} 
@(R)+ and @-(R} 
X(ll) R'>'-6 or 7· 
@X(R} 

Location X is a pointer. 
The immediate word is a poinler. 
The register is a pointer. 
The rcgister is a pointer. 
The register points to n pointer. 
Thc hn ... c, X, mmlifit•d lly (H); j¡¡ lhf' nddr,•u. o( thf' npt•rnncl. 
Thc bn¡:;c.>, modifil•d by ( H), ili n poinlcr. 

The nondeferred index modes require a little clarification. As described 
in Chapter 3, the form X(7)it is the normal mode in which lo reference 
memory and is a relative mode. lndex mode, llSinr. a register, is also a rela· 
tive mode and may be used conveniently in PJC. Basically, lhe r~gisler 
pointer points to a dynamic storage area, and the index mode is used lo 
access data relative to the pointer. Once the pointar is set up, all data are 
referenced relative to the pointer. 

' twhen PIC is nOt being wrilten, refercnces lo fixed locnlions may be performed wilh 
either the absolute or relative forms. 

1 

ttRecall that X(7) is equivalen\ to X(R7), whichis eq"ivnlent lo X(PC) where PC·R7. 



~88 PROGRAMMING TE:CIJNlQUES t: 3 CHAP. 4 

------
Line Symllulic 

Number Address Conlents Label Inslruction Comment& 

1 001000 005077 S: CLR @X ;CLEAR LOCATION A 
000774 

2. 002000 003000 X: .WORDA . ;POINTER TO A 

3. 003000 000000 A: .WORD O 

The contents of location X are used as the address of the operand, which is 
symbolically labeled A. Thc value stored at location X is the absolute address 
of the symbolic location A rather than the relative address or offset between 
location X and A. Thus, ·¡f all the cede is relocated after assembly, the con
tents of location X must be altered lo reflect the fact that loc:ltion A now 
stands for a new absolute address.t lf A, however; was the name associated 
with a fi.xed, ·absolute location, statements S and X could be relocated bé
cause now il is imporlnnt for A lo rema in fixed. Thus thc following cede is 
position-independent: 

Line Symbolic 
Number Address Contents Label lnstruclion Comments 

1 000036 A= 36 ;FIXED ADDRESS OF 36 
2 001000 00).077 S: CLR@X ;CLEAR LOCATION A 

000774 

3 002000 000036 X: .WORDA ;PO IN TER TO A 

3. lmmediate opérands: the assembler addressing form #X specifies irrt
mediate data; that is, the operand is in the instruction. Immediate data that 
are not addrcsscs are position-indepcndent, sin ce they are a part of the instruc
tion and are moved with the instruction. Consequently, a SUB #2,HERE is 
position-indcpcndcnt (since #2 is not an address), while MOV # A,ADRPTR 
is position-depcndent if A is a symbolic address. This is so even though 
the operand .is fetched, in both cases, using the PC in the autoincrement 

tTo verify lhis poinl thc rcader is ~ncouragcd to rclocute Lhe code, aflcr u~scmbly, 
into localions 4000, 5000, and 6000. By doing so he will discover that the conlent¡ of 
thcse localions are the same as for lhe originil.l code s.nd Lhat lhe conlenls of location 
5000 do nol poinl lo locat.ion 6000. 
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preferable. lt generally is net ecenemical te have a pregram rclecate itself, 
since hundreds er theusands ef addresses m ay need adjustmcnt. · Wriling 
pesilien·independen~ cede is usually nel pessible because ef the struclure ef 
the addressing ef lhe ebject ·machine. Hewever, en the PDP·ll, pesitien· 
independent cede (PIC) is possible. 

PIC is achieved on the PDP-11 by using addressing modes which form an 
effective memory address relative to the program counter (PC). Thus, if an 
instruction and its object(s) are moved in such a way that lhe rclative dis· 
tan ce between them is not altered, the same offset relative te the PC can be 
used in al! positions in memory. Thus PIC usual! y references locations re la· 
tive to the current locatien. PIC programs m ay makc absolute rcfen•nccs as 
long as the locations referenced stay in lhe samc place while th1e PJC ¡>rOh'l'am 
is relocated. 

4.1. 1. Position·l ndependent _l'ylodes 

There are three position-independent modes or forms of instructions. 
They are: 

l. Branclles: the conditional branches, as well as the unconditional 
branch, BR, are position-independent, since the branch address is computed 
as an offset to the PC. 

2 . . Relative memery re{erences: any relative memory reforence of the 
form 

CL~· X 
11CtV >:. '-' 
l:J.• :-: 

is position-independent because the assemblcr assembles it as an offset in· 
dexed by the PC. The offset is the difference between the referenced loca· 
tion and the PC. For example, assume that the inslruction CLR 200 is at 
address 100: 

Line Symbolic 
Number Address Contents Jnstruction Commcnls 

'1 000100 005067 CLI1 200 ;FIHST WORD OF INSTRUCT!ON 
000074 ;OFPSET•200-! o.: 

The offset is added to the PC. The PC contains 10~. which is the address of 
the word following the offset (the second word of th;s two-word instruclion). 
Note that although the form CLR X is position-ind<•penclent, thc form CL!l 
@X is no t.· \Ve .m ay see this when we consider thc follewing: 

.. 
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MINICOMPUTER SYSTEMS 

R.H. ECKHOUSE, JR. 

PROGRAMMING TECHNIQUES 

Mastery of a basic instruction set is the first step in learning to program. 
The next step is to learn to use the instruction set to obtain correct results 
and to obtain them efficiently. This is best done by studying the following 
programming techniques. Exarnples, which should further familiarize the 
reader with the total instruction set and its use, are given to illustr~te each 
technique. 

4.1 •. POSITION·INDEPENDENT PROGRAMMING 

Most progran1s written to run on a computer are written so as to occupy 
specified memory locations (e.g., the current location counter is used to 
~efine the location of the first instruction). Such programs are said to be 
absolute or position·dependent programs. However, it is sometimesdesirable 
to have a standard program which is available to many different users. Since 
it will not be known a priori where the standard programs are to .be loaded, 
it js necessary to be able to load the program into different areas of e ore and 
to run it there. There are severa! ways lo do this: 

l. Reassemble the program at the desired location. 

2. Use a relocating loader which accepts specially coded binary from a 
relocatable assembler. 

3. Have the program relocate itself after it is loaded. --~ 

4. Write a program that is position-indepen.dent. 

On small machines, reassembly is oflen performed. Whe:'l the required 
core is available, a relocating loader (usually called a linhing /oader) is 

86 
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La Hnea de datos de DMA funcionalmente consiste en 

el Bus de datos Massbus, la memoria SILO y la 16gica de NPR del -

U ni bus. 

La figura 2 presenta un diagrama de bloques simpli~ 

cado de la l(nea de DMA con un s6lo Unibus. 

Los 3 comando de transferencia de datos que pueden 

ser llevados a cabo por el RH 11 son escritura, lectura y checado de 

escritura. 

Antes que cualquiera de estas operaciones 'ocurra, el 

programa especifica una .direcci6n en memoria (MA), una direcci6n 

de cilindro (CA), una direcci6n deseada de sector y pista (DA) y el 

número de palabras. La direcci6n de Memoria representa la locali

dad de memoria donde se iniciara lalectura o escritura. La direc

ci6n de cilindro deseada es la posici6n en la que la cabeza deberá -

·posicionarse. 

El sector y pista deseado representa la direcci6n de 

inicio en la superficie del disco donde los datos serán escritos o -

le (dos •. 

. El número de palabras a ser transfericfas a o del dis 

co. 
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un total de 4 registros en el RH 11, 15 registros en cada drive y 1 

. registro compartido que es parcialmente compartido en el RH 11 y 

en el Drive. seleccionado. 

La Hnea de DMA funcionalmente consiste en una me-

moria FIFO de 66 palabras por 18 bits y su 16gica de control. 

La funci6n primordial de 'esta memoria, que de aquí 

en adelante llamaremos SILO es el de buffer de datos para compe_!! 

sar fluctuaciones de ·retardo en el Unibus al solicitar el DMA. 

Cuando una instrucci6n en la PDP 11 direcciona el -

RH 11· para leer. o escribir cualquier. registro en el RH 11 o en algún 

Drive, se inicia un ciclo de Unibus y los datos son dirigidos al o de 

' el RH 11. Si el registro a s~r direccionado es local (se encuentra 

1 

en. el RH 11), la 16gica de control de registros permite el acceso al 

registro apropiado. Si el registro direccionado es remoto (conten!_ 

do en uno de los drives, la 16gica de control de los registros inicia 

{Jn ciclo de control de Masa bus. El acceso a los re'gistros en el -

Drive por medio de la lógica de control del bus no interfiere con la 

transferencia DMA la que puede llevarse a cabo simultáneamente. 

Los registros locales del RH 11 especifican parámetros tales como 

direcci6n del Bus y contador de palabras, mientras que los regís-

tros del Drive. especifican parámetros como direcci6n deseada en el 

dico, informaci6n de estado, etc. 



RJPQI4 

El RJPQI4 es un subsistema de disco de cabeza m6-

vil el cual consiste en un controlador RH ll y de uno a ocho drivers 

de disco RP{j4. 

El Unibus provee la interfase entre el procesador la 

memoria, y el controlador RH.ll. Todas las transferencias efec-

tuadas entre la memoria y el RH 11 por medio de la facilidad de 

DMA del Unibus. 
'. 

El.RH 11 contiene dospuertos en el Unibus: uno de-

signado como un ¡merto de .control y el segundo como un puerto de 

datos .. 

1 

Los datos pueden ser transferidos a través· de ambos 

re~istros. Para operad6n normal con memoria conectad¡;t a· Unibus 

A como se muestr·a en la figura l·s6lamehte es usado .el puerto de .-

c·ontrol, el puerto de datos no se usa. 

ol , ._¡ _ 

El RH 11 se encuentra dividido en dos grupos funciona-
. ,- ' 

les; Hnea de registro y control_ y línea de DMA. 

La lfnea de registro y control permite al programa 

leer y/o escribir en cualquier registro contenido en el·RH 11. ·Hay 
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CR- ll .•. " 'k< 

. ~~>~.:~j.··: . 

La lectora de tarjetas CR-11, lee tarjetas perfora-

das de 80 columnas. La lectora está: disefiada para leer secuencia_! 
';· 

mente, los datos en 80 columnas empezando con la columna 1. Ca 

da columna tiene 12 zonas o renglones, una perforación es inter-

pretada como un uno binario y la ausencia de perforación como un -

cero. Los datos soti,le(dos de la tarjeta una columna a la vez. Los 

datos son presentados en dos formatos para entrada a la computa~ 

ra. 

Modo Comprimido.- Las 12 zonas de la tarjeta son 

codificadas en un byte (8bits}. permitiendo un almaqenanüento m.is 

eficiente de la información. 

Modo no comprimido.- Un bit es empleado para pr~ 

sentar el estado de cada zona en la tarjeta, 

La Lectora CR 11 consta de 3 registros para comuni 

,cars·e con la computadora. Estos · t d t d d son reg1s ro e es a o y os re-

gistros de datos. Uno de los cuales presenta los datos no. comprimJ. 

dos ·Y la· _oúa comprimidos. La selección de fo.rmatos se lleva a ca 
' : ' 

bo s'eleccionan<lo el registro apropiado. Los datos en ambas formas 

se encuentran siempre presentes. A continuación se presenta la es-

tr~ctura de dichos registros. 



El caracter completo es formado en el UART y es -

transferido al registro buffer de recepción {RBUF) en el momento en ,, ~ ' 

que "el centro del primer bit es muestreado. En ese momento el bit 

de recepción efectúa el registro de entrada y control es prendido si 

el bit de Interrupt Enable se encontraba prendido se genera una señal 

de solicitud de interrupción. Los bits no usados son Üenados con ce 

ros y los bits 12-15 contienen información acerca del caracter inte-, ,- ' 

grado por el UART. Note ce que el programa tiene un caracter com 

pl~to de tiempo para retirar el caracter completo del buffer de da-

tos antes de que el nuevo caracter sea colocado en el registro de re 
• 1 -

cepcióil. por el UART. En el caso de que el progra~a falle en leer 

este caracter anterior, se pierde y el bit de exceso y error son pren 
. -

didos {bit 14-15) en'el registro buffer de recepción. En el caso de 

que. no se presente normalmente el bit de paro el UART presenta lo 

que supuestamente recibió, más el bit error 13y15 prendidos. 

Programaci6n 

La interfase entré el programa corriendo en el procc 

' sador PDP-11 y el DL-11 se lleva a cabo mediante 4 registros. Es-

tos s.on registros de estado de recepción {RCSR); 2) registro buffer 

de recepéión {RBUF); 3) registro buffer de estado de transmición 

{XCSR); y 4) Registro buffer de transmisión {XBUF). La función de 

cada uno de estos bits se da a continuación. 
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Descripci6n DLll Teletype Control 

Transmisión 

Cuando el CfUbus direcciona el Unibus, la interfase DL 11 

decodi9ca la direcci6n para determinar si el teletipo es el dispositi-

vo externo seleccionado y si es el seleccionado qué funci6n debe dese!!! 
• 

pefíar, entrada o salida. Si por ejemplo el teletipo ha sido selecciona~ 

do para aceptar informaci6n a imprimir' datos en paralelo proven_ien-

tes del unibus son cargados en el buffer de transmici6n del D 11, En 

este punto la bandera de XMIT RDY baja debido a que la 16gica del -

~ransmisor ha sido activado (la bandera vuelve a estar baja una frac-

'ci6n·de bit despué·s si el transmisor no se encuentra activo en ese -
' 

momentor La interfase genera el bit de arranque y transmite bit por 
1 

bit en serie al teletipo, de nuevo pone la bandera XMIT RDY (tan -

pronto como el registro de buffer se encuentra vado aún cuando el' 

registro de corrimiento se encuentre activo. Después transmite -

el número requerido de bits de STOP. 

Recepci6n 

La sección de receptar la longitud del caracter es S!:. 

leccionable por medio de un selector. El caracter recibido aparece 

justificac,lo a la derecho en el registro buffer recepci6n eliminando -

los bits de arranque y par'p. 



DL 11 

t: 
u 

La interfase para Hnea asíncrona DL 11 es una int~ 

f~!le para comunicaciones designada para convertir datos de serie a 

p~ralelo. La interfase cuenta con 2 unidades independientes, (recEÍE. 

t~r y transmisor), capaces de establecer comunicaci6n simultánea 

en ambos sentidos. 

La interfase DL1l lleva a cabo básicamente 2. opera-

~iones: recepci6n y transmici6n de datos asíncronos. Cuando reci-

be datos, la interfase convierte un caracter serie asíncrono preve--

ri.iente de un dispositivo externo en un caracter en paralelo requerido. 

para una transferencia al unibus. Este caracter puede ser mandado 

por el bus a 1~ memoria, o un registro en el procesador a algún otro 

ui¡¡po¡¡itlvo. Cuando BC transmiten datos en paralelo desde el bus son 

convertidos a serie para su transmisi6n a un dispositivo externo. 

Debido a que las 2 unidades son independientes, es posible estable-

cer comunicaci6n de manera simultánea en ambos sentidos. El re 

ceptor y el transmisor operan por medio de 2 registros: el regís-

tro. de control y estado, para comando y monitor e o de funciones y -

el buffer de datos para guardár los datos antes de transferirlos al 

bus o·a un dispositivo externo. 
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1. Slave (esclava) - Esta interfase no está prevista ·, 
' . : ; .~~J~i-::·" 

. c~·.\1 • 
para ser Master. Ella sólamente puede transferir datos a o desde 

el unibus por comando de un dispositivo Maestro. 

2. lnterrupt (interruptor) - Esta interfase tiene la h~ 

bilidad de ganar el control del bus en el orden de dar al procesador 

la dirección de la subrutina, lo cual es usada para atender la soli-

citud del periférico. 

DMA. Esta interfase tiene la habilidad de ganar el 

control del bus de manera de transferir información entre ella y a_! 

gún 'otro per ifér ice. 

Un sola interfase puede emplear los 3 tipos anterior-

res. 



ngmipulados ·con la flexibilidad de un acumulador. Para cada disp()-

s !~ivo hay 2 tipos de registros asociados: 

1. Registros de control y estado 

2. Registros de Datos 

Cada periférico puede constar de uno o más registrgs 

de control y estado (CSR) que contienen toda la informaci6n necesa- · 
' f ,. 

ria para comunicarse con dicho dispositivo. 

El unibus es una vfa común que interconecta el pro~ 

c~s¡>.C:Ior, memoria y periféricos. Debido a la arquitectura de la má 
.-~ ·.-:::-

<JIIina s6lo pncrlc haber un diApmlitivo controlando el unibus en cual-

d~f!pos itivos pueden solicitar ser Masters, ya sea haciendo una solici 

tu~ de Bus o una solicitud de no procesador a la 16gica de arbitr~jll de 

prioridades del procesador. 

La solicitud es atendida si es la de mayor prioridad. 

El nuevo ma-ster asume el control del bus cuando el actual mas~er ;-

libera !ll control del bus. El nuevo maestro puede solicitar que el 

procesador atienda el periférico o puede iniciar una transferencia -

rlc datos Hin iotcrvenci6n del procesador. 

Las interfases en la PDP-11 pueden clasificarse e~ 

3 tipos: 



ricos de manera directa como localidades de memoria. Por lo tan 

to, las operaciones en dichos registros como es' la transferencia 

de informaci6n a o de ellos asr como, 1<.~ n1anipulaci6n de dato~ dun-

tro de ellos es llevada a cabo con instrucciones normales de refe-

rencia a memoria. 

El uso de todas las instrucciones de referencia a m;_ 

mor!a en los registros de los periféricos incrementa gradualmente 

·la flexibilidad de la programaci6n de entrada salida. Todos los re-

gistros de periféricos pueden ser tratados como acumuladores. 

Actualmente en la PDP-11; las direcciones corres-

pt)rullcu.lcl:l '-J. la~;; 4 k p¿,¡,la.Lra.t:~ t:Hlpcrivrct:~, e~tán reservadas para -

los registros internos del procesador y para registros externos de 

entrada salida, por lo tanto, en caso de tratarse de una máquina chJ. 

ca, la memoria se verá limitada a 28 k palabras de memoria física 

y 4 k de localidades reservadas para los registros del procesador y 

'dispositivos de entrada salida. En caso de contar con "Memory 

Management" lo que provee bits extra de direccionamiento 2 en el 

cascrde la PDP 11/40 tendremos una capacidad total de 1~4 k pala

bras· de memoria física aparte de los 4 k del área. de registros an-

tes. mencionada. 

Todos los dispositivos periféricos son especificados 

1 

p.or· un juego de·registros que son direccionados como memoria y 



1 

Para efectuar úna funci6n de entrada salida,' el progr~ 

mador debe especificar donde se encuentran los datos, de donde llie

nen o van y como el dispositivo de entrada salida debe ser manejado. 

A esto se le denomina programación de entrada salida. 

Dependiendo de la funci6n de entrada salida se puede 

requerir que el procesador espere hasta que la función de I/0 sea .: 

completada o por otro lado el procesador puede continuar ejecutan

·do .ta;reas simultáneamente con la ejecución de la función de I/0. 

El poder programar una computadora para realizar cál 

C\llos es de poca aplicación si.no hubiera manera de obtener result~ 

dos· de la máquina.' De la misma manera se hace necesario proveer 

.a la computadora con información a ser procesada. Por lo tanto, el 

programador deberá contar ,con medios para transferir informaci6n 

tHl~i'v lú LUlllpl~tudut.'a y lud dlt:qHJtdl.lvuo pnJ•i1'6J•i~.-~Uil 'Jllf'l pnt·ndf.f'lll 

, cargar datos de entrada y obtener los de salida. 

Para la familia PDP 11, la programación de los pert

f~ricos és extremadamente simple, ya que una instrucci6n especial 

para la entrada salida es innecesaria. La arquitectura de la máqui-. 

mi. permite direccionar los registros de estado y datos de los perif.§_ 


