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ThÍs thesis describes a conpiler Ëo translate the progr¡rnrning

language PASCAL inÈo OS-conpatible object modules for the IBM 360/370.

The compiler employs an unusual design sÈrategy and is rare among

PASCAL compilers in ttrat it is not a direct descendent of the

original compiler developed for CDC machines. the compiler is

intended for use in a producËion environ¡rent and therefore stresses

the areas of fast compilation, cornpile-tjme error checlcing, run-t-ime

error deÈection and the production of efficient object code.

compílation st,rategy, internal organization and code generatior are

d.íscussed in detail. Exarnples demonstraËing the features â.rrd.

performance of the compiler are included.
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chapt,er presenËs a brief history of the development of the language

PASCAL' and the orÍginal Í:rplementation for iË. The objectives of

the thesis are Ëhen indicaÈed. Chapter 2 d.escribes Èhe related. work

ín the area. Particular emphasis is given Ëo the other ímplemenËations

which have been atternpted, and the burgeoning literature on the

subject. Chapter 3 describes Ëhe implenent.ation meÈhods rqhich r¡¡ere.

consid,ered and the one which was ad.opted., and d.escribes the results

achieved in the light of similar aËtempts. Exa:nples are given

demonsËrating compil-e-tine and run-tine error checks, and a Large

sxemple ís included which demonstrates many of the features of the

1-anguage. ChapËer 4 serves as a Userts Manual and descri-bes language

constructs with reference Ëo Ëhis ímplementaÈion. Chapter 5 details

the internal organization of the compiler, wiÈh particular emphasis

on the design and use of the symbol table and other internal tables.

The rua-Ëime organízation and regist,er usage are also described.

ChapËer 6 demonsËrat.es Ëhe code generated for most construct,s of Ëhe

language. Run-t,ine checking code and code optinizaËion techniques

are included in the exampl-es. chapËer 7 presents conclusions on Ëhe

project, and outlines areas vrhere furÈher rvork is considered to be

necessary.

This thesis is divided into seven chapters. The current

CTIAPTER 1

INTRODUCTIOI{



The format of the thesÍs is inËended to provide suitable break

points for readers of varying degrees of inËerest.. Reading to Ëhe end

of ChapËer 3 gives Ëhe hÍsËorical background, an insighÈ into the

literature, a description of the approach used and the resulËs achíeved

demonstrared r.'ith sample prograrns. If the reader is interested in using

the compiler, continuing to the end of Chapter 4 provides Ëhe necessary

information about language consËructs. A reader r+ho desires nore

detailed informaËion about the internal organizaËion of the compíler

and the code which is generated should read to Èhe end of Chapter 6.

1. 1 HISTORICAI BACI(GROI]ND

Colorado has undertaken the task of ediÈing Lhe "Pascal llervsleËterrr;

hereafter referred t.o as the l{ei+sletter. To date, three ltrer+sleËters

have been íssued; No. 1 in January L974 (Ric74a), Ìdo. 2 in IIay L974

(Ric74b) and No. 3 in February 1-975 (Ric75). The express purpose of

Ëhe Newsletter is "t.o keep the. PASCAL cor.munity i-nf orned abouË the

efforËs of individuals to ímplement PASCAL on different computers and

to report exLensions rnade t.o the languagett. In Newsletter No. 3,

RÍclunond presents a history of PASCAL. The history of the development

of PASCAL and Ëhe implementaËions on Ëhe original CDC r¿achines is

therefore presenËed r¿ith suiLable excerpts from this source.

ttPascal- is an outgrowth of ühe early effort.s of Dr. Niklaus
Wirth Ëo define a successor to A1go1 60 by extension inËo Ëhe
area of data defínitíon facil-ities. In 1965, a proposal for such
a successor r.ras presented to an IFIP llorking Group. It rvas

In recent years, George H. Richmond, of the University of



deemed not to be a sufficient. advance over Algo1 60 and was
released for r^¡ider publication and appeared in the CornnunicaÈions
of the AssocÍation f or Conputing I'lachinery (l{ir66) . Some of
the aims of Lhis proposal 'nrere to define a language that could be
compiled quickly by a reliable translaËor, exÈend Ëhe utility
of Ëhe language beyond strictly algebraic and ntmreríc applicaËions
inËo areas such as information retrieval and syr,rbol manipulation,
and Èo oblige the progranner to express hirnself clearly without
subverting Ëhe language Ëo accomplish his task.

ttThese goals ïeappear in the original definítion of the
language Pascal (iJir7la). There \ì/as a desire to provide a
language well suited to teaching programming as a systemaËic
diseipline based on fundamenÈal concepts that were visibly
reflected in the language. And Dr. i'Iirth r.¡anted to demonstrat,e
Èhrough an acËual implemenLation that a significant and useful
language can be reaLízed in a reliable fast compiler.

"The first v¡ork on Pascal began in 1968 at Eidgenossische
Technische liochschule (ETËI) in Zurich, SrviËzerland on a CDC 6000
system wíËh the const,ruction of a Pascal conpiler r¡ritten in
Fortran (I,Jír7lb). Although the compiler was compleËed, the
result \^/as an int,eriral daËa structure and program contorËed Ëo
fit Lhe rules of Fortran. This compiler ryas unsuiËable for
Ëranslat.ing at the source leve1 inÈo Pascal and a nelr compiler
was starËed. It was entirely wrítten in Pascal_.

"Once the proj ecË had progressed to the poínt that the paper
compiler could theoretically Ëranslate i-tself, the compiler rvas
translated by hand inËo a 1or¿ leve1 language and an e:<ecuËable
compiler was produced. This hand Ëranslation only took one
man-month of effort. AdrnitËedly, only enough of the language
facilities to a11ow self-conpilation had been implemented, but
60 percent of the final version r.¡as already there. Ahnost 3000
lines of code were produced before tesËing could begi-n. The
fu11 compiler was available ín 1970 and this version is call_ed
PASCALO.

tt....The origi-nal reporÈ on Pascal- provided a rigorous
definition of Ëhe syntax of the language but only a verbal
descripËion of the semanËics. The semanËics were províded
ín L972 by Ëhe publicaËion of an axíonatic definition of
Pascal (Hoa73). As part of this project, the syntax of the
language was revised slightly and the revised reporË on Pascal
was issued (Wir72a). To bring the existing compiler up to date,
the necessary cosmetic changes, excepÈ for class variables ryhich
r,rere retained from the previous version, r{ere made and a nev7
compiler was released. This version is refered to as pASCAl,l
and vas first available in late L972. IË is also knorm as
PASCAL 6000-3.2.



ttHowever, the decísion was rnade Ëo rewrit.e the compiler
completely. The changes included replacemenÈ of class variables
with pointer variables to conform with the revised reporË,
relocatable binary obj ect code compatible wiËh the standard
CDC loader instead of a special absolute loader, inËroduction
of a facility for separately compiled procedures and exËernal-
ForËran subrouËines, and ne\,/ transpuË procedures f or eliriribating
Ëhe need for a line conËrol characËer and Ëo acconodaËe CDC

disk file sËrucËures. The new Pascal compiler rvas released in
June 1974 and is called PASCAL2. It is also knor^m as
PASCAT, 6000-3.4. "

]-. 2 OBJECTIVES

languages in wide use. IË has a simple, straightforr'rard syntax which

does not requíre corrplex and Èime-consumíng parsíng sche¡nes. The

staËements offered by the language are easy to use and al-Loiv the

wriËing of programs in a sËrucËured manner. The data Ëypes are

especially appealing, all-owing the definiËion of complex data

structures, along wiÈh the introduction of scalar types and sets.

The language is designed to be reasonably transportable between maehines,

and this is considered to be a great advanËage.

The language r¡/as originall-y ircpleraented on a CDC nachine. For

Ëhe la;guagê to gain vride acceptance, especially ín NorËh America,

a compiler for IBM machines !Ías a necèssity.

IË was Ëherefore decided Ëo write a PASCAL compiler for Lhe

IBlf 360, whíèh would not uerely be an academíc exercise, but would

be usable in a production manner. It r,¡as decided Ëo implemenË Ëhe

language as define<l in tire Report (líir71-a, and later \:Iir7la), in the

ínt,erests of portability. The ËempËation to intro<iuce improvements

The language PASCAL offers many advantages over the other



and nodificat.ions was therefore resisted in al-l buË a few cases.

Once the decision was made Èo implemenË PASCAL, several

consÍderations had to be Ëaken into account before deciding on Èhe

implemenËat,ion rouÈe.

It seemed thet Ëhe prineipal users of PASCAL in the foreseeable

fut,ure would be acade¡ric insËitutions. For a language and compiler to

be used rvidely in a student environment., expecially aÈ the

undergraduaËe 1eve1, special condit.ions had to be meË.

The compiler had Ëo perform well ruhen presented r.¡iÈh souree

prograrrs containing errors, and had Ëo produce meaningful error

messages. Errors in program logic, which do noË become apparent, unËil-

run time, had to bþ deLected as soon as possible so that an indication

of the problen could be given.

AnoËher consideration in r¿heËher or not to use a language (and

compiler) is the cost. This is principally a function of Ëhe mei¡.oïy

size required by the compíler and compile speed. If the memory

requirement is unusually hígh, Ëhis consideration alone can l-Ímit. iËs

use at some Ínstallations

It was therefore decided to make the major design objecLives

the foLlowing:

1 - to perform exhaust.íve compile-Ëine checks, Ëaking fulJ-

advanËage of the red.und.ancy of the language.

2 - Eo recover from syntax errors in t.he source as soon as

possible so that meaningful error checlcing of the remainder

of the source can be perforned.



J- t,o generaËe run-time checking code so thaË

run-time error nessages can be given, but,

a1low Èhis checking code to be suppressed

increased efficiency in production runs.

Ëo malce the compiler as fast as possible,

Ëhe previous design objectives.

to keep the memory requirements as low as

meet the oËher design objectives.

4-

5-

rneani-ngful

at the same LÍme

if desired for

and still rneet

possible, and still



2.1 T}ÍPLNÍENTATIONS

series, the language has T.¡een irnplemented on almosË every major

machine. The i{ewsletter report,s that írnpJ-ementaËj-ons have been

accomplished on at least Ëhe follor.ring: CII IRIS 80, CII 10070,

XDS SIGT.íA 7, DEC SYSTEM 10, IB}I 360/370, IJNIVAC 1108, ICL 19OO

series and MULTII{. In addition projects are underway for: TI ASC,

Data General 840, Raytheon 704, Univac A}I/VYK-2O, Hone¡rwel-l- G635,

Burroughs 4700 and 6700 and the PDP-IL/45.

The first transfer of PASCAL to another machine \¡¡as acconplished

by Drs. J. I,ielsh and C. Quinn of Quennfs UniversiËy in lelfast,

NorËh lreland, who transported PASCAL l:o the ICL l-900 Series Computers

(!te172) . Their method \¡ras t,o change the code generation seguent of

the original compiler so thaË it produced ICL 1900 object cod.e. A

simul-ator for the ICL 1900 was writ,Ëen ín PASCAL and run on the

CDC 6000 aË Zurich to Ëest the resulËing code. Careful preparation

of the source programs plus an int,ensive short-ter¡n effort in Èhe

strtnmer of 1971 resulËed in the successful transfer of the compil-er.

A compíler for IBM 360/370 computers has been produced at

Grenoble, France. No documenËatíon on this project seems to be

avail-able but it is believed that the techníque used is the

Since the origínal implenentation of PASCAL on the CDC 6000

CTIAPTER 2
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followíng (Tas). The CDC cornpil-er, vrritten in PASCAL, was

translated inÈo PL/L, and Lhe code generation port,ions r.¡ere nodified

so that, 360 Assembler is produced. A second compiler, r¡rritËen in

PASCAL, was Èhen compiled using the conþiler written in PL/l, thus

bootstrapping the language onto the IBlf 360.

Mr. D. Russel-l and I'fr. J. Sue have completed the bootstrap of

a PASCAL compÍ.ler rvritten in PASCAL on Ëhe IBII 360/370. The language

implemented is a subset with just enough features Èo al1ow Èhe

compiler to compile itself. This implemenËation is based on the

CDC 6600 cornpiler of January L972 (Ric75).

AnoËher meËhod, besides the bootsËrap technique, of transporting

PASCAI to other machines, became available, and since has come into

wide usage. This is Èhe ínterpretíve approach. Richmond in NewsletËer

No. 3 describes Ëhis developmenL as fol-lows:

ttDuring the past tTi,ro years, anoËher meËhod f or implementing
PASCAL on computers other Ëhan the CDC 6000 seríes has been
available from ETH. A portable Pascal compiler was released
in early 1973 for this purpose. This firsË version is cal-led
PASCAL-PI. IË was r,¡ritËen t.o generate in an absËract language
called P-code. By conpiling the compiler, a P-code Pascal
compiler is obtained. Thus, one only need provide an
interpreËer for P-code in order to obtain a Pascal compiler.
Iiowever, Ëhe PASCAL-PI compiler followecl the original definitícn
of Pascal (PASCAL0 compiler) and did not ímplenenr all- the
features avai-1ab1e in the CDC 6000 version.

ttTo remedy Ëhis problem, the portable Pascal compiler
rvas rewritten and released in Noveurber L974. It is called
PASCAL-P2. Tl're new compiler can be tailored Ëo the targeË
machine by specifying several pararneters...."

Thís approach is being used by many people Ëo accompl-ísh a rapid

implementation of PASCAL on other machines.



Mr. Alfred C. FlarËrnann and Robert S. Deveril-l, of the California

InsËiËuÈe of Technology have implemented a subset of PASCAL using

PASCAL-PI (Dev74). At the present Ëime, Ëhis system seens to be the

one in rvidest use on IBlf nachines.

OËher interpretive PASCAL projects for IBll machines have

been reported by Dr. John Larmouth aË Cambridge, Bngland, and

Dr. S. V. Rangaswamy at Bangal-ore, India (Ric75).

2.2 LITEMTURE

amount, of literaËure has been r¡ritten on the subject. Further language

speeifications followed: the Revised Report (I'Iir72), an axiomaËic-

deseríption of the language (Hoa73), and finally a userts manual (Jen74).

The Pascal l.trewsletter (Ric74a, P.ic74b and Ric75) is ptrayíng

an invaluable role in distributing information abouÈ further

implementations of the language.

The language has been criticízed by some people and praised

by others. The most direct assault on the J-anguage was by A. N"

I-Iabenaann (Ha¡7-l) r¿ho atternpted to d.emonstrate that Ëhere are

features ín PASCAL which can cause problems if used in certain hrays.

This criticism was countered by Olivier Lecarme and Pierre Desjardins

(Lec74b) rvho demonstrate ËhaË most of the problems indicated by

tlabermann were through poor programming practiee, and state Ëhat

iË is possible to r.rriËe poor programs in any language.

Since PASCAL rvas originally defined (hiir71a), a considerable



Many people consider PASCAI, an ideal introducËory language.

llirËh uses PASCAL for his exampl-es in his book on systemat,ic

prograunning (l^lir73). Lecarme makes the case that PASCAI, is an

ideal language for teaching structured programming (Lec74a). This work

incl-udes an excellenË bibliography with over a Ïrundred references

r¡hich serves as a very compleËe literature survey on these topics.

10



3.1 W

As indicated in Chapter 2, several impleinentation strategies

are possible. When work on this project was begun, Èhe PASCAL-P

approach \./as noÈ avail-able. It is doubtful that Lhis approach would

have been adopted ín any event, as the resultanË high core requirement

and slor¿ compile speed are inconsisËent r¡ith the desígn objecËives.

Under the heading "PASCAL and Portability" in Newsletter No. 2 (Ric74b),

l.liklaus llirth, the designer of the PASCAL language, states on this-

subj ecÈ:

t'The Pascal-P approach ís quíËe adequate and convenienË,
if effíciency of program e:lecution is of no great signifícance.
However, if Ëhe development of a high-quality compiler is the
objective, a booËstrapping process on the basis of an
inËerpretive Pascal-P syst.en ís very costly, and involves a
large amount of reprograruning. It is clear that a different
approach to the transportaËion of compilers thernselves should
be invest.igated.rr

The ruethod of Welsh and Quinn (\IeL72) \¡ras very attractive from

the point of view of the Ëime necessary to accomplish the Ëransfer.

The prine reason for not, adopting Èhis approach rvas the lack of

availability of a CDC machine.

The method used at Grenoble (Tas) of translating the CDC

PASCAL compiler inÈo PL/l v¡as considered, but it was felt that the

resulting compiler r.¡ould not be as fast as it. could be if it was

writÈen in a lower-level language.

CTIAPTER 3

I1'ÍPLN'ÍENTAT]OI{ STRATEGY
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The architecËure of Èhe CDC and IBÌ,I machines differs considerably

and it was felt that any attempt to t.ransporÈ the compiler from the

CDC Èo IBM ¡oachines, by either of the sËrategies discussed above, would

lead to problems and in particular inefficiencÍes. If this approach rvas

taken, Ëhe conpile-t.ime checking and error recovery would be dictated by

that performed on the CDC compiler. In addition, rnodifying the code

generat,ors for another machine would not a1low object code optimízatíon

t,o be accomplished as readíly as if the conpiler was designed from

scratch for the t.argeË machine.

Fof these reasons iE rzas decided to adopt an entirely different

approach and write the conpiler completely independently of the

oríginal PASCAL conpiler for CDC machines.

3.2 STRATEGY ADOPTED

AË the tíme the decision to r^¡riÈe a PASCAL compiler was made,

Rainer Kossnann was developing a TranslaÈor-Ilriting Systen called

SYNTICS (fos72), which he intended to use as a Ëoo1 ín the development

of an ALGOL6B compiler. SYNTICS was the successor of an earlier

system called RSYN (Kos72), rvhich was PL/1 based. The RSYN system

had been used by Ëhe author in the joinË developnent, r+iËh l(ossmann,

of an inËerpreter for a logic language called DECLAB (Fou72).

SYNTICS is a Pl360-based (l'fa171 and tr'Iir68) Translator-Ifriting

SysËem using a left to right, top-down parsing strategy. It accepts

a modified BNF description of the syntax of a prograrnming language,

and opt,ionally produees tables for a PL360 table-driven parser, or
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generates an Assembler language parser. A scan routine ís provided to

read the source and present it to Ëhe parser in an acceptable form.

Built-in phrases (¡fps) are pre-defined and al1ow the user to speci-fy

often used semanÈic acÈions, such as "look for an identifier", by

siroply usíng the name of the BIP. SYIITICS allorvs the user Èo specify

points in the parse aL which semantic acËions are Lo take place. The

nanes of procedures which are to perforn the semantic acËions

(referred to as control phrases) are included in the desired places

in the synËax descripËion. These routines are then called when Ëhe

indicated locations in the parse are reached. A facility for producing

an anal-ysis record of the parse is provided for mul-ti-pass compilers.

This analysis record consists of a tree-structured trace of the Parse

and can serve as the intermediate form between conpiler passes. At

presenË this feature is available only with the Ëable-driven parser.

It was decided Ëo use the SYI{TICS syst,em for the following

reasons. The feature of being able to specify semantic actions aË

any desíred place during Èhe parse is very useful for early error

detection during compilation. ' This al-1or.rs an error nessage Ëo be

speeified aL precisely the poinË in the parse at 'çuhich the error

is detected"

The separaLion of synt,ax and senantics allov/s recovery for

programs containing syntax erïors to be handled ahnost entirely wiËh

syntax specifications. This means ËhaÈ changes can be nade to

the syntactic error recovery scheme rvithout having to l^/orry about

possible side effecEs in Ëhe semantj-c rouËines.
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Many Ërace features were provided, such as a11ov¿ing a conplete

Ërace of the parse, which proved very useful especially during the

design of the syntactic error recovery"

A compiler can be \,ùrritten in an extremely modular manner

with differenË procedures called to handle the sernantic actions

at different places during the parse. This enables the semantic

actions to take place aË any tine, to be r,rell defined, and allows

many serDantic routines Ëo be t,esËed independently of other parts

of Ëhe compiler.

Many of the BIPs ancl scan routine, eLc. are contrnon to any

compÍler and iÈ seened that much duplication of effort, could l¡e

eliminaËed by using those routines which had already been developed.

AnoËher major consideration rvas that Ëhe SYNTICS system was at

a very early staËe of development and the possibility existed to

influence the desÍgn t.o provide a nore rounded system, whi-ch would

have a wider applicabilíËy Ëhan if it was just designed to handle

ALGOL6B

As Algo1 ll (I,Iir66 and Bau63a) has many sirnilarj-ties to pASCAL,

and was arso inplemenËed (Bau68b) using PL36o, this compiler was

investigated for comrnon areas. Some ideas and code were actually

adopted in the areas of code generation, arithmetic functions

and input/output rouËines.

D. Moir wrote routines to allow formatted inpuÈ/ouËput in

A1go1 I^I (Ifoi71), and some eode was borrorved fron this source.
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3.2,1 FOPJ{ OF TIIE SYNTAX

The SYNTICS system requires that the syntacËic descripËíon of

the graümar be provided usì-ng the following notatíon. Terminals,

nont.erminals, BIPs and control phrases are all enclosed in angular

brackets. Terminals are preceded by the symbol G while BIPs are

indicated with $ and control phrases are preceded by an *.

The main BIPs used in the PASCAL system are the following:

$rDElt'r

$rNT

$DENOTATroN

identifier

a check is nade to ensure Èhat. iÈ is noË a reserved

word in the language.

integer

any of integer, real, string, TRUE, FALSE,

hexadecimal constant etc.

integer treated as a character strÍng.$INTLABEL

When one of the above BIPs is specified, a system-provided

semantic routine is called which looks in the source for the required

construcË. If it is found, Ëhe enËry is hashed and SUCCESS is

reported to Ëhe parser. If the construcË is not found, Ëhe BIP

reports FAILURE.

Control phrases also return either SUCCESS or FAILIIRE to the

parseï. Most conÈrol phrases jusË perform some operation, such as

making an enËry on Ëhe syarbol Èab1e or generat.ing code for some

consËruct and therefore ret.urn SUCCESS when complete. A fer.¡ rouËines

are used Ëo make decisions, such as r¡hether or not an identifier is

defíned; these return SUCCESS or FAILURE depending on Ëhe test and thus

have an effecË on the direct.ion tal¡.en by the parser.
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Exanple:

The BIP $IDENT is called which searches in the source startÍng aË

the current pointer for an j-denüifier. An identifier, as ímplemenËed

in PASCAL, starËs with a letter, followed by a sequence of letters,

digiËs or underscores. If whaË appears to be an identifier is found,

it is hashed to deterrnine if it is in fact an identifier or a reserved

r¿ord in the language. $TDENT returns SUCCESS only if the required

Èoken is found and is not a reserved word. The bracllets after $fl¡tlt

indicate alternaËives. The first alternative begins rqit,h a cal-l- on

Èhe control phrase DEFINED. This PL360 procedure uses Ëhe hash

address provided by $IDElru to check if Ëhe identifier is currenËly'

defined. If it is, DEFIT{ED reports SUCCESS and the parser proceeds

to look for OPTIOI{I. If DEFINED reports FAILURE the parser skips

to Ëhe next alternative and l-ooiis for 0PTI0N2.

Several other BIPs are used Ëo control tire syntactic error

recovery. The recovery mecha4isr'r consists of a search for reserved

words or other terminal- synbol-s luhich nark dísËinctly recognizable

poinËs at which the parser can be reasonably sure of recovering. Thi.s

parse recovery nechanism is highly recursive and the parser can get

nested Ëo many 1eve1s in Ëhe recovery parË of the syntax. This

nechanism was originally used on the SYI{TICS systera for looliahead when

parsing AIG0L6B programs buË proved useful for syntactic error

recovery as wel1.

- - <$TDENT> ( <*DEFrltrED> <oPTroNl> | <oPTroN2> )
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The

$SETLT

$SETLF

$rFL

following BIPs are used in the

- sets lookahead flag and

- sets lookalread flag and

- int,errogates loolcahead

if it is currently seË;

- inËerrogaËes lookahead

if it is not currenËly

$rFNoTL

Both $IFL and $IFNOTL reset Ëhe lookahead flag after interrogaÈing ít.

Example of Recovery SynÈax:

synËactic error recovery:

reports SUCCESS.

reports FAILURE.

fJ-ag and reports SUCCESS

( <CONSTRUCT> | <ERROR<Or*rt );
<ERROR> := <$IFNOTL> <LOOKFOR>;

<L00KF0R> := ( <GTERMIt | <GTERlt2> I <GTERM3> ) <$SEtLp>

I <grFL> <gSETLT>

I .SC¿¡TONEXTSYMBOL>;

otherwise it reports FAILIIRE.

flag and reporËs SUCCESS

set; oËherwise iË reporËs FAILURE.

The <Or*t neans any number of occurrences incl-uding none.

<ERROR> is looked for repeatedly until ir returns FAILURE. <$SETLF>

is used Ëo set Ëhe lookahead flag and by reporting FAILIIP.E causes the

Parser Ëo backtrack Ëhe pointer before the Ëerninal which was found.

<$IFL> tests the lookahead flag. If set, <$SETLT> set,s the flag again

and reporËs SUCCESS for <ERROR>. <$IFNOTL> returns FAILIJRE on the

nexË attempt ending Ëhe recovery sequence. If none of the terminal-s

specified is found, <SCANTOI{EXTSY¡fB0L> skips the inpuË pointer Ëo

t,he next. terminal in Ëhe source and the pïocess is repeated..
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3.3 DETAILS OF PASCAL CO}TPILER

The PASCAL compiler ís one-pass. Another pass would have made

compÍle-time checking and code generat.ion a l-ittle easier and might

have decreased the core requíremenËs, but r+ould have had an adverse

effect on eonpile speed, rvit,h the necessary production of an

intermediate represent,at ion.

The table-driven parser was used during the early phases of

compiler design. This provides many Ërace facilities and is

inexpensive to cornpÍle. The generated Asser¡bler parser takes a

minute of CPU time to assemble and this is too cosË1y to use when

the syntax is changing often. These changes Ëo the syntax were not

in the form of modifications Ëo the l-anguage, but merely changes to

the description given to the SYI{TICS system. Control phrases were

inserted as the semantic routines were v¡ritten and additional

specifications were included to control the syntacLic error recovery.

The Assembler parser is nuch faster than the equival-ent

table-driven parser and for this reason it was decided very early

to use this parser in the final production version. The compiler

with *-he Assembler parser is approximately 15K larger than, but, runs

aü 3 times the speed of, a version rvít.h the table-driven parser.

The fact that an analysis record. is noË available with the Assembler

version of the parser rvas also a considerat,ion in the decision t,o

perforn the analysis in one pass.

The syntacËic error recovery mechanism used provides many levels

of recovery from coarse to extremely fine. Its inclusion doubled the
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length of the original syntax r'rith a corresponding íncrease in the

size of the final generated Asse¡cbler parser.

All of the semanËic rouËines are r^rritt,en in PL360. These consíst

of procedures r^¡hich have no expensive entry and exit, code and therefore

very little overhead. Registers are saved only when necessary, as

several registers are always free for use by the semantic routÍnes.

In all, 194 control phrases (procedures) are specífied ín the

syntax' rvhil-e other routines are called only from Ëhese conËrol phrases,

giving a total of approximately 250 PL360 procedures for the pASCAL

compiler, noÈ counting Èhose provided by the SYI{TICS system.

The hash eneoding scheme and syrnbol table mechanism (Fou73)

described in detail ín chapter 5 were designed for use in the PASCAL

compiler but nov¡ play an imporËant. role in the operation of syNTrcs.

In addiËion, several of the BIPs described previously hTere added to

SYI{TICS because of needs which became apparenË during the PASCAL efforË.

The compiler performs exhaust,ive compile-time checks and

produces approxiuately 130 different error and ryarning messages. Many

eïrors are detected aL compile tíme rvhich although syntacticalLy

correct, would cause errors if allor.¡ed to proceed to execution.

Run-time checking code is optionally produced to check error-

prone areas such as array subscrj-pts, subrange assignments, values

read int,o subranges or passed to then as parameters, values returned

by SUCC and PRED, set assignmenLs eËc. These checks nay be Èurned on

or off on a line-by-line basis allowing checking code to be produeed

only for those rouËines which are undergoing Ëesting and not impose

this overhead on all routines included in the same compilation.
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All run-time errors produce an error message detailing Ëhe probJ_em,

Ëhe locaËion in the current segment, Èhe invalid value if appropriat,e

(i.e., in a case such as an array subscript out of bounds), and a

traceback of all segments invoked.

Output from the compiler consists of sÈandard IBll objecË modules.

The format of Êhe objecË module cards is given in (IBlfb) r^¡hÍ1e

(Gri7l-) gives a descripËion of Ëheir functions. Only IBI{ SysËen 360

instrucÈions (IBMe) are generated, alloviing Ëhe compiler to be used

on both IBM System 360rs and 370rs.

Linkage is noË compJ-etely standard between PASCAL segmenËs to

increase the efficiency of accessing global variables, but appears

to follow sËandard IBI'{ convent.ions to any exËernal segnenËs, allorving

linkage to routines writ.ten in oËher languages. It was considered t,o

be very importanË Ël-rat linkage to ext,ernal routines be standard if

PASCAL is Ëo be used vridely and noË merely be a stand alone system"

The compiler, including all code and static data areas, is 112K

bytes in lengËh. The default Ëable size in Ëhe version to be rel-eased

is 40F. bytes for a total lengËh of l-l-2 -l- 40 = 152K bytes. Due to

system overhead, the compiler requires about 16BK to run under VS2.

The 112K of code and static data areas can be broken inËo 3 main

divísions. The generaËed assembler parser is 24K v¡hile parser support

tables are anoËher 6K for a ËoËal of 30il bytes. SYNTICS system routines

including Èhe scanner, symbol table and block control routines, hash

rouËine, error messages, BIPs and conpiler initialization routines

occupy 14K. This leaves 112 - 30 - 14 = 6BK bytes for the rnain body of the

PASCAL compiler and includes control phrases (semantic routi-nes called
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by Ëhe parser), and al-l routines for conpile-Ëime checlting, code

generaËion and table maint.enance. The code generation is too heavily

integraËed with other routines to give a figure for this function al-one.

Ilowever, the register allocation routínes and those Ínvolved in

outputËing Ëhe objecË modules require approxinately 4ti bytes"

The size of the compiler is larger than rvas originally planned

buË grevr to its present size r¡ith modifications and improvements. lfost

large IBì.f installations have program regions of several- hundred I( bytes

available and core is becoming less of a resËriction wiÈh the passage

of time. IBI'{rs Fortran H compiler (IBild) has been in use for many

years and yet, requires a region of at least 1B4Ii bytes. The size of

the PASCAL compiler sirould only be a problem for very smal1 installaËions"

All of the compiler Ëab1es are controlled Èhrough the use of

displays (discussed in Chapter 5). This allows table sizes to be

easily modified and makes checking for Ëable overflows straightforward.

The rnaln Ëable sizes may be nodified by passíng parâmeËers on the

EXEC card. The sÍze limiËs of all Ëables, and all defaulÈs for

compíJ-er flags (such as r+hether run-tirne checking code should be

produced) are collecËed inËo an initializatÍon rouÈine cal-l-ed

SETLIMIT, al-l-owing the compiler to be readily modified Ëo suit

various needs

At run time, the Input/Output routines and builË-in functions

are automaËically included. A null program therefore requires a

region of 14K bytes due to this overhead.

2l

Courpile speed for test prograns has been in the range L25 - 200

l-Ínes per second on an IBlf 370/158. This compares very favorably



with most production compilers which produce object modules. The

set-up time for the compÍler is approximately 0.4 sec.

The language PASCAL has changed several t,imes since work on the

project was begun. Initially, the original specification of the

language (I,lir7la) r¡as used. Several consÈrucËs in the language changed

wiÈh the Revised Report (Ivir72). Hoarers axíonatic definition of the

language (Iioa73) helped to define the senantj-cs. Finally, Ëhe userts

n¡nual (Jen74) brought a fern' additi-onal changes and helped to clatify

some poinËs. An aËËenpt has been nade to change rsith the revisions in

Ëhe language to achieve cornpaËibility with other impJ-ernent,ations.

The only staËement rvhich can be made concerning the correctness

of the compiler, is thaÈ it is written according to the auÈhorrs

interpretation of the semantics and. its operaËion has been verifiei

through running tesËs. There are certain to be sone differences in

Ëhe semanËics between implementations in the areas which are not

expliciË.ly described buË are left up to the implementor" The value

of a FOR statemenË control variable after nornal exit from Ëhe loop

Ís not specified other than saying íË is considered to be undefined.

Some implementors (including Ëhis one) may make a decísion as to the

result of a logical expression without evaluating all of the operands

and this might have an effect on the the overall logic due Ëo síde

effects. There aïe several oËher vague areas of a similar naËure where

differences might occur, although this type of discrepancy should noË

affecË most users.

There are some omissions and resËrictions in this version of the

compiler, and some ex*Lensions rvhich are naËural considering the
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archiËecture of Ëhe target machíne.

The omissions and resËrictions are discussed in detail in Chapter 4

under the heading "LIMITATIONS II.ÍPOSED BY TitE COMPILERTT. The most

importanË of these are the following:

- Only Ëhe standard inpuË and output files SYSIN and SYSPRINT are

supported. Atl f/O is aecoroplished through the use of READ, READLN,

l,,rRITE, triRITELI{, EOLi{ and EOF. The program header is not used.

SYSIN and SYSPRINT must be provided.

- Paclced arrays and records are noË supported.

- Only the sinple forms of procedures NEI.I and DISPOSE are allor'¡ed.

No garbage col-lect,ion is performed.

- Branches Ëo global 1abels are not supported.

- Subranges of characËers ar'e not allowed.

- The maximr:m nest allorn'ed f or procedure and function declarations is 5.

- All program segmenËs are restricted to 4l( byÈes of code.

The rnajor resËríetíon in Ëhis version of the compiler is the limited

file capability. The main reason for Èhis omission r¡ras a lack of time.

The compiLer took 3 calendar years, working full-time during the

sunmers and parË-time during the rvinters for a ËoËal of approximaËely

24 man-months of work, t.o reach the present stage of development. It

is estimated Ëhat an additional 6 to 12 man-nonths of work would be

requíred to implement the eoroplet.e file system.

The restricted file capabilíty is considered Lo be adequate for

most undergraduate needs, and the conpiler can be used and evaluated

while rvork on the files cont,inues. Algol i'i (I.lir66) also limiÈs the
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files to the standard Input and Output files and yet has enjoyed

considerable usage. The areas in which Ëhis inítial version of

PASCAL ís used are likely to be sisrilar to those of A1go1 !I.

Some extensions Ëo Ëhe basic language are implemenLed, noË with

Ëhe aim of making the language supported incompatible wiËh other

PÄ,SCAL implementaËions, but because they are natural exÈensions for

any implementation on an IBI1 machine:

- Three new standard scalar types are allowed. They are

SHORT II{TEGER, LONG P.IAL and STRING(n) where 1<=n<=256.

These types are very natural and indeed have an equivalent j-n

almosÈ any language ímplemenËed. on IBM machines.

- The Input/Output is not exactly sËandard. The I/O as described

seemed too resËrictive, especially in noE allowing formatting

on input. An aËËenpt rvas therefore made to allow format

specifications on input Ëo parallel those of output. as

closely as possible. The result is Ëhat the I/0 package is

much closer to what, peopl-e using IBll machines are accust,omed

than are the original siecificatíons.
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BuilÊ-in funcËions include: ABS, SQRT, EXP, LN, LOG, SIN, COS,

ARCTAT\, SQR, SUCC, PRED,ODD, ROUND, TRUÀIC, ORD, CIIR, CARD and CPUTIMB.

3.4 COMPARISO}IS I^IITII OTI,IER ]MPLBMENTATIONS

Stastics on the features and performance of the PASCAL compiler

have been presented. To put the results in perspecËíve, a comparison

is necessary with Ëhe other implementations r,¡hich have been atËenpted

for IBl"l machines. The approaches used by each were discussed in



Chapter 2. The rnain areas to be considered are Ëhe follorvíng:

- Irrhether or not the full language is supported, and if not, then

whaË features have been omit,ted.

- The core requirement,s of Ëhe compiler or ínterpreÈer.

- The compile speed.

- I,lhether the proj ecËs are conplete or in progress.

The PASCAL cornpiler / interpreter which seems Èo be the most widely

used at Ëhe presenË time is Ëhe ínterpretive sysËem developed aË

Caltech (Oev74). This system has been distributed Ëo over 50

insÈa11atÍons worldwide. It restricts the files to the standard

input and out,put fi1es. As weJ-l, formal paraneter procedures and

functíons are not supported. Performance fígures on an IBI{ 370/1-58. are

avaílable so that direct comparisons are possible. Figures on the

core required by this system seen to vary rvídely, buË the authors sËate

that the compiler requires 2701( bytes to compile itself. The compÍle

speed is given as 13 lines of PASCAL source cornpiled per CPU-second.

HarËmann (Har75) has stated thaÈ this system T¡ras used primarily for

bootst,rap purposes, and iË is not intended to be naintained índefinitely.

A subset, of PASCAL has been implenenËed at SËanford (nus74, Gua75).

The inplenentation is for the language described in the origínal

definition of PASCAL (IJir7la). The major omissions are lisLed as Ëhe

following (Rus74):

- ttprocedures and functions as formal parameters are noË implementedtl

- "real arithmetic is noË cornpletely impl-ementedrl

- tfnoL all ariËhmetic functions (SIIT, COS, etc.) are implementedrt

- ttpacked records are not Í-roplernented"
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In the inÈroduction (Rus74), the follor,'ing sËatenent is made:

"The current version is neit.her complete nor thoroughly
Ëested. It is liOT suitable for normal use by students or other
users. IË should be vier^red only as Ëhe f irst step in creating a
usable implementation. rr

The following performance figures are available (Gua75). The compÍler

consists of. 4700 lines of PASCAL source and compiles itself in l-7

seconds on an IBM 370/168 in a region of L92 K bytes (the default at

SLAC). The SËanford compiler Ís presently being disËributed.

Although the Grenoble conpiler project $ras underrvay l¡hen Ëhe presenË

project was begun, little informatíon about it has become avail-ab1e.

A descripÈion has noÈ been given in the llewsleÈter although the

compiler is believed to be ccimpleËe and distributed. At this tíme, no

figured are available as Èo its core requirernents or compil. "p..a.
A copy of the Grenoble compiler r+as obtained, but no efforÈ was made

to deËermine it.s characterísËics because of the inadequate documentation

which accompanied it.

A little information is available for the Carnbridge inËerpreter

(i,ar75). The compile module cornpiles a null program in about 9OK and

a large one ín abouË 120K at abouË 30 lines a second on an IBlf 370/l-65.

The run module runs a snall program in about 40K. This system is

presently being disLributed.
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In Septernber I974, Richnond

on the Nervsletter mailing l-ist.
tttrr'l:rich version of Pascal are you

mailed a questíonaire to the people

The answer Ëo the question

using?tt is very interesËing.



The folLowing is

Version

ilirth, PASCAL2

ilirth, PASCAL1

HarËmann, IBÌ'l 370

Nagel-, DEC 10

I'Iirth, PASCAL0

tr'Ielsh, ICL 1900

Thibaulr, cII IRIS

Amb1e, Univac 1100

Burger, CDC 6000

taken f rom Ner.¡sletter ltro.

a gÅ_n."fg""..

4L.6

25.7

9.7

8.0

6.2

5.3

4.4

3.5

3.5

3 (Ric75):

At the tirne of this survey iË appears that the only

used on IBl,f machin€,s, trv'âs the ínterpreter developed

This percentage figure is very lov¡ rn'hen compared t.o

of machines which are fBì4. It see¡rs that although

is available, iÈ is too expensive Ëo use on a large

Itrurnber/To ta1 Responses

47 /LL3

29 /LL3

11/113

9 /LL3

7 /LL3

6/Lt3

5/LL3

4/LL3

4/TL3

version being

aÈ CalÈech.

Ëhe percenÈage

Ëhe Caltech system

scale"
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Brian hlichmann, of Ëhe ìTational Physieal Laboratory, TeddingËon,

Middlesex, U.K. requested that Ackernannrs Funct,ion be run on this

PASCAL compil-er. Ackermannrs Funct,ion is a highly recursÍve function

used to test the efficiency of calling procedures. This ís the

only PASCAL compiler for IBM machines for r'rhich figures are avaílable.

Table 1 gives the performance figures for all of Èhe compilers

tested on IBlf machines. BrackeËs indicate that. the figures are

estimates.



Language/
CompuËer

Algol 60
360/7s F

A1go1 60
370/].65 Delft

A1go1 I.i

360/7s

Algol I.i

360 /67 þß.2

PL/1 F
360/75 v4.3

PL/L F
360/65 v5.4

Pl-ll oPT
360/65 vL,2.2

PASCAL
370lLsB

Time per call
(microseconds)

TABLE 1

IBM COMPILERS

870

43.8

103

L2L

270-550

351

101

39

InsËructions
per call

(820)

(L42)

( e7)

(74)

(2s0-s20)

(2r2)

(61)

42.s

28

Ilords
per cal-L

Fron Ëhis it can be seen .that the PASCAL compiler compares

very favourably r,rith Algo1 60, A1go1 i'i, PL/l F and PL/l OPT conpilers

as far as efficiency of procedure calls is concerned.

(-)

?

(16-4s)

(16-4s)

(32-90)

(70)

68

30



Tabl-e 2 gives Ëhe performance figures for the PASCAL

compilers which have been tested on various machines.

Language/
Computer

PASCAL
CDC 6400

PASCAL
370/ls8

PASCAL
1906S

PASCAI.
1906A

Tirae per call
(microseconds)

TABLE 2

PASCAL COMPILERS

34

39

19.1

31.5

It is much harder Ëo draw conclusions from

because of the widely different architecture of

fígures all seem to be approximately in Èhe same

as widely as those quoted ín Tabl-e 1.

fnstructions
per call

29

38. 5

42.5

32.5

32.5

\{ords
per call

30

11

these figures

the machínes. The

range and do not, vary

1t-



3.5 SAI"ÍPLE PROGRAMS

Three sample programs are included to demonsËraÈe the workings

of the compiler and Ëhe resulËant code. Program l/ demonstïates

some of Ëhe error and rn'arning messages produced by Ëhe conpiler.

Program 2/ denonstrates some of the run-time errors r¡hich are

detecËed by the run-time checkíng code. Tire same progran is executed

6 Ëimes, each Ëime with a different, input value, resulting in a

different run-Ëime error. The run-time error messages are all shown

on the page following.

Progr¡r¡ 3/ conrprises seveïal procedures, each designed to

demonstrate some particular feat.ure of the language. The nain program

consist.s entirely of procedure calls. Eaeh line of Ëhe main program

produces a page of ouËput. To increase readabílity, the ouËput is

included inmediately follorving Ëhe procedure producing iÈ, rather than

aË the end of the program.

30



Program Lf

ñÀïrloBÀ PAscÀf,

0 0000 00001
0 0034 00002
0 003r¡ 00003
0 00 3¿¡ 00 00¡r
. . . TARNTNG (02 1)
***ERROR (0211
0 0034 00005
0 0034 00006
***ERRoR (0 1 5ì
0 003¡ 00001
**TERROR (0 16t
0 003r¡ 00008
0 003 4 00 009
0 0034 0001 0
0 003r¡ 00011
0 0034 00012
*r*ERROR (021)
***ERROR (020t
0 0034 00013
0 003¿¡ 00014
1 0000 00015
1 0066 00016
1 0065 000 17
1 0068 00 01 8
1 00À6 00019
1 00À6 00020
0 0034 00021
0 0034 00022
+**ERROR (086)
***ERROR (096)
0 0038 00023
***ERR0R (096)
**rERR0R (088)
0 003e 0002q
***ERROn (0rt8)
++*ERROR (0r¡8ì
**+ERROR (048)
.. . sÀRNItG (024)
0 0054 00025
>>>ERROR (0001
*+*ERROR (0061
0 006c 00026
>>>ER8OR (0001
0 0004 00027
>>>ERRoR (000)
>>>ERROR (000)

YBRSTOT r (JUHE 1975ì'

LTBEL 10,20:
coNsl Pr = 3.10159¡ ¡=10¡
TYPE COLOT R = (RED, GREEN, BLI'E,ORÀNGE, PINK, BR0¡H' BLICKI ;

DÀY : (ST'I¡,IION,TUES,TED,TED,lHURS,FBI,SÀ1) ¡
3

3
gKDÀY = ÌIOH..FRT¡
5t 8=PI rX. . RED¡

s
s¡tB1=nED.. FRf¡

$
VÀR C:COLOI'R3 D: DÀY: TD:CTDAY;.

B: BnOI.îÀN: s:STRfNG(10ì : r:CHIR¡
X:ÀRPÀY(HKDÀT,1..Nì OF TNTESER¡
f,J:fNTEGER: K:SHnTIù1: L:1..10:
1: INTEGER ¡ R_3 3: YECToRi

3
3

HI'E:SET OP COLOI'R3 T:REÀL;
FUNCTIO!¡ TEST (YÀR X,T: REÀL; N:THTEGER) :REÀL;
VAR f:INTBcIF: Z:REtL;

BEGIf,
Z:=0.0;
POR I:=1 10 !¡ DO Z:Z + l+lì
TEsl: - z

ETD ¡
BEGIII

C:=SItF; L:=-10¡
$

¡
nD:=sÀÎ; S:=10.31¡t3.s

s
¡99;= (. BEDe BLtE,CaDrBrLl :

3
s ts;

I:=I J +?K;
g

.3
I 3 = (T+ (r+l¡ *¿¡ ¡ .

s
J: =I +-J- +L;

3
c

UNIVCRSITf OT EANf'IOBA t)"2'tú d I9: t¡t PAGE 1

31

: IN5ÎEÀD OF =
Dt, PLICÀ18 TDE¡¡T

ÌlIN > ËÀX

CONSI FRON DTFF SCÀLÀFS

DUPLTCÀTE IDENT
I'NDEFINED TDENT

rNV ÀSSIGF: DTFF SCALÀR
INV ÀSSIGN: OOT OF RANGE

INV ASSI!N: OUT CF RÀ¡¡GE
TNY ASSIîN: NOT CfIÀR OF SlRlNG

INY SET IIEIfBPR
INV SEl üEËBER
rNV SET ñE¡IBER
I ÀSSUüED .l

SYNTAX
TNVALID SYIIBOL

SY NTÀX

STNTAX
SY NTAX



NTFTîOBÀ PASCTL YEBSIOI{ f (JT'ÜE 19?5I

O OO9II OOO28 URILE B BEGIT
... tÀBrr[c (007) t
0 0098 00029 HUE: =tlltE + L:
+**ERROR 1032ì 3
*TTERROR (0891 3
0 0098 00030 Pon l:=1 1o 10 Do BEGrx
0 00C2 00031 X (SAT,-31 :=X (llox,4l ¡
***EBROR (0731 $
***EBROR (0?3) i
0 00DÀ 00032 co 10 20;
0 00DE 00033 10: r:=TESI (3.7E-2'|+PI,H) ;
**+EnROR (074ì 3
ü**BRROR (0741 s
0 011c 0003q I:=I+4;
**+EBRoR (08il 3
0 0128 00035 silo:
0 012c 00036 co To 10;
***ERROR (079ì g

0 0130 00037 Er¡D;
0 013q 00038 cÀsB tD oF
0 0134 00039 sAT: Y:=SII(I) ;
**TERROR (055) s
0 0165 000t¡0 FED: Y:=cos(Yl;
0 01?t 00041 nED: Y:=SQBI (I) :
*,!*ERBOR (0551 s
0 01 8E 00042 END¡
. . . frAR Nrrlc (018] f
0 0198 0001¡3 Ia:=J: B(f,Jl:=10¡ I:=I.À¡
***ÎRROR 1071ì 3
*+*ERROR (0291 s
r**tRRoR (087) $
***ERRoR (0671 S

s***ERROR (0951
O OlAO OOOII4 10: IP T = 10 TEEN Y:=SQRT(T); EtSE Ï:=SOR(Yì
***ERROR (0591 $
. . . qÀRNrnG l0 1?) ¡
0 01cÀ 00 045 BrD;
***ERROR (061) t l

...qARNrrc(013) S

coilPrLE TrlrE: 0.262 SECOI{D (S)
PANSED SIICCESSFI¡LLI

6 FARFTHG (S) DETECTED
34 ERROR(SI DETECÎBD

REII'RF CODE OO12

UH TY ER S ITY 0P nÀNIToBt 75.218 ô 19:ît¡ PAGE 2

ÀSSÛIIED DO

INV OPERÀI¡D CÎTH +
. IÙV ÀSSIGN: NOT SET OF IìTPP SEl

ARFAY SUBSCRTPT OUT OF RqNGE
ÀRRÀY SUBSCRIPT OUT OF RÀNT;E

ÀCTI'AL PARII IIIIST 8E À VÀRTÂ8LE
ACTUAI PÀRü ñUST BE À VÀRIIBLE

üCDTFIED CONTROL VÀR

BRÀNCH INTO STRf'ClIJPED STÀT

TNV CÀ58 LABEL

II¡V CASE LABEL

; BEFONE EÙD

NOT POiNTER-A?
NOT ARRAY-STBSCRIPl?
INv ASS13N: NoT BO0LPÀN
NOT RECORD-FTIiLD?
rTV ÀSSIGN: I!'¡CCI{PÀTTFLE TYPES

DUP LAB EI. DEP
¡ BEFCRE ELSE

, I'ISSING LÀBEL:20
ASSUIED.

JZ



üÀllrloBÀ PASCAL VERSTOil 1 (JUWE 1975t

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

000 0
000 0
000 0
000 0
000 0
000 0
000 0
0000
0000

Progran 2l

00001
00 002
00003
00004
00005
00006
00 007
00 008
00 009

0000 00010

/* PROGRII{ TO DEIONSTRÀÎE
/+ THE PROG 8À H TS RITIF

/*1
/*2
/*3
/|4
/* JOHIÍ BROIF
/+ -1

0034
00 3l¡
0034
003 t¡

0034
0034
0034

00011
00012
00 013
00 014
00015
00016
000 17
00 018
10 019
00020
0002 1

00022
00023
00 024
00 025
00 026
00027
00028
00029
00030
00031
00032
00 033
00 034
00 035
00 036

000 0
0048
0048
005 4

ÎYPE COLOIIR = IRBDTGREBI¡,BLûE,YELL3E,PffK,BLÀCK) ¡
VÀR l,J: INTEGERS

E: COLOTR;
s : SET oF 1""10;
A : -10."20:
x : ÀR R AY ( 1. " 1 0) oF II{IEGBR;

FIII{CTTON SÛ! (J: TNTEGER) : ITSTEGEES
VÀR X:TI{lEGER;
B BG ITI

X:=0;
FORÀ:=lTOJDOX:=f+À;
Sllll: =Í

EII D:

BEGTF
FRITELI{ ( r 1r :1) ;
J:=23: 11 :=BLÀCKi
S:= (. 1.. 3. I ;
FEADLN IT) :
HFITELN ( TfNDEX=¡ 

'f) I
CÈ.SE I OP

1: X(J):= X(J) + 13
2: tl: = SUCC (lt) i
3: S: =S + (.9rJ" I 3

4: I:=SfIll(J)
FND:

1 0098
1 0098
0 0034
0 003rt
0 0034
0 0046
0 0056
0 006À
0 007c
0 00A0
0 00À0
0 010À
0 0126
0 0158
0 0160

TITTgERSTTÍ OP ¡{ÀNTTOBA

RTB-ÎTüE ERROBS
6 ÎTüES TITE EHE FOLLOCÍ¡IG T!{PUT

0 018c 00037 END.
coüPILE TruE: 0.133 SECOnD(Sl
PÀRSED SUCCESSTNI,LY

NO I{ÀRNIN3 (S) DETECTED
NO SRROR IS} DETECÎED

JJ

cÀRDS3
4/
+/
*/
*/
*/
*/
4/
*'/



IiDEr' I

.tt R0r PRROR: ÀRRlt S0BSCBIPT Otl Of BÀnGE
REtúRr coDE 0016

IIDEX' 2

IIT RrfI ERROR: SCTLÀR YÀLI'E fTNDEPIRED(RESI'Lî OF Pt'NglION St'CCI
RETnRt¡ CODE 0016

rf,DEr= 3

.tT RUN ERROR: INYÀLID SEI f,EilBEN
REIURr¡ CODE 0016

rF DEX-

rt. RUF PFRoR: FoB

EX9CUll rG
REîORN CODE OO16

.*. Rt,¡¡ ERROB: Ì¡f'üEBIC IiPÚI - TIYTLTD CHÀRAClER

IIPÛ! RECORD: --> JOHN BEO¡II
I

REITRN CODE OO16

rt

STÀTEñEIIÎ LIñIT OI'1 OP RÀIIGE

TT OFPSEî O1?2 Ilr SEGESNT PÀSCÀL

f¡DEI= -1

tTI RUI¡ EFROR: CÀSE T[DEf IIEGÀIIYE
RETI'RN CODE OO16

À1 OPPSET OOEE IN SEGIIENI PÀ'CIL

À1 OPFSEl O11E ÌI¡ SEGITENT PAS:TL

34

À1 CFPSET O15O II¡ SEGI'ENI PÀS:ÀL

Àî oFFSEt 0060 IN sEcltEllt sol

vÀLttE=

rT OPPSEI OO74 II¡ SEGITETT PÀ':ÀL

I

V ÀLU?=

ÀT CFFSET OOB6 III SEGíS¡¡I PÀS:À[

v ÀLt 9=

vÀL0:=



üÀlÍrÎoBt P Às cal v ERs lol¡ 1 lJUr¡E 1 9751

0 0000 00001
0 003 4 00 002
0 0034 00003
0 0034 00004
0 003 4 00005
0 00 34 00006
0 003 4 00007
0 0034 00008
0 0034 00009
o 0034 00010
0 00-3q 00011
0 0034 00012
0 0034 00013
0 0034 00014
0 0034 00015
0 0034 00016
0 0034 00017
0 0034 00 01 I
0 0034 000?9
0 0034 00020
0 0034 00021
0 00_34 00022
0 0014 00023
0 0034 00024
0 0034 00025
0 0034 00026
0 0034 00027
0 0034 00028
0 0034 00029
1 0000 00030
1 0056 0003 1

1 0056 000 32
1 0056 00033
1 0062 0003fi
1 0086 00035
1 0006 00036
1 00DÀ 00037
0 0034 00038
0 .0034 00039
0 0034 00040
0 00.3 4 00 041
1 0000 00042
1 0048 000113
1 0086 00 044
0 0034 00045
0 0034 00046
0 0034 00047
0 0034 00048
t 0000 0rì049
1 005À 00050
1 00e2 00051

Program 3/

TYPE
COLO IIR= ( t{ HITE, YELL0lf , ORANG E, PI NK, R ED, BL U E, PttP PLE n B F Oltt{, Bt ÀCK} ¡
IIEE K= (5TT NDÀY, Î'ONDÀT, TU ES DAY, fl EDN ES DÀI, T HUR SDÀY, FF ID ÀY. S ÀTURDAYI ;
DÀTE=REEORD

üO : IJAN, FEB, ü ÀR, APR, llAy, JUNE, JULY, Àftc, SEPTe OCIrNOV, DEC| ¡
DÀY:1,.31;
YEÀR: f lll EGER

END3 /* DÀ18 t/
NÀltE=STRf Nc (30):
S1ÀTIrS= ( ü ARRIED, I{IDOIIED, DMRCED, SINGLE) i
VECTOn=ÀRRÀY { 1.. 1 00) OF REÀL;
PERSON=RECORD

N: RECORD
FIRST, LÀST: NAIT E

END;
STNNBR:TNTEGER;
SEï: (l{ÀT.E,FEUÀLE):
BIRTH: DÀ1E;
DEPENDENTS: TNTEGER:
CÀSE I,lS:STÀTUS OF

l{ÀRRIBD, Hf DOSED: (l,lDÀTE: DÀTEl ¡
DTVORCED: ( DD ATE: DAlE;

FTRSTD:BoOLEÀN);
Sf NGLE: (TNDEPENDENTRES : B0OL EÀN)

El{D; /* PERSOW *,/

/*-----.--
/* HAXII.tUI{ VALI'E IN FTRST N EI,EIIENTS CF VEETOR À */

FUNCIrOÌÍ ilÀX (VAR A:YECTOR; N:INIEcER): REAL;
VAF T: TIITEGER;
X: REAL;

BEGiN
T:=A (1);
I.OR f:=2 TO N DO

IF X < À(Il TEEII X:=À(Il;
II ÀX: =X

END3 /* ltp.Í. t/

/*'------- -----ç /
/* COIIPT'TE N FACTORIAL }/

FUNCTION PÀCT (N:llflEGER) : fNTEGER;
BEGTF

IF (N = 0) | (ll = 1) THEN FÀCl:='l ELSE FÀCÎ:=N+FÀCT (N-11
END; /+ F\CI +/

/*------- -----+ /
/* GREATEST COITI{ON DIVTSOR OP II ÀND I¡ +/

FûNCTION GeD (ü,N: fNÎEGEE) : IIITEGER;
BEGTN

IF N = O lHE[ GCD: =I'! ELSB GCD: =GCD (N , ¡1 HOD Nì
END: /.* GCÐ */

UNIVERSITY OT HÀHTTOBA

35



tt¡tllToBl PÀscÀL

0 00 34 000s2
1 000 0 00053
1 003c 00054
1 003C 00055
1 003c 00056
1 0072 0005?
0 0034 00058
0 0034 00059
0 0034 00060
1 000 0 00061
1 00 3e 00062
1 003c 00063
1 00À6 00068
1 01'10 00065't 017À 00066
1 0198 00067

vERSIOil 1 (Jnr{E 19?51

PROCEDTTRE TESTl;
eONST lt=10 ¡
VÀR T: TIIÎEGER:
BEGÏ N

FOR r:=0 TO t{
EilD; /* TESTl

PROCEDttRE TESI2¡
VÀR f,J:IüTEGER;
BEGIN

wBTTELN 15,25,1
f{FITEL}r¡ (36'84'
HRrrEtr{ (99, 33,
FRTTELN IO, 1 O, I

E!¡D: /* TES!2

/* CÀLLS RBCI'RSIVE FI'NCTION FÀCT */

DO
*/

36

ÎESI OF RECURSIVE FI'NCÎION CALLS

TRITBLN (I9 O PACTORIÀL= T IPÀCT (II I :

GCD= | 
" 

ceD (5 ,2511 ¡I GCD= r , GCD (36r 841 ) ¡. cCD=r , ceD (99r 33ì I ¡
GCD= | , GCD (0, 101 ! i

4/



TESIl
0
1

?.

3
4
5
6
7
B

9
10

PÀCTOB fÀL=
FÀCTORfÀL=
PÀCTOBIÀL=
FÀ CTOR IÀL=
FACTOR T AL=
FÀ CTOF I AL=
FÀCTOFTÀL=
FÀCTOR TÀL=
FÀElOR T AL=
FÀCTOFIÀL=
FÀCTOR rAL=

25
84
33
10

TESl2

I
I
2
6

2U
120
720

504 0
40320

362880
3628800

5
36
99

o

GCD=
GCD=
GCD=
GCD=

37
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33
10



üÀNrtoBt PlscÀL

0 0034 00068
1 0000 00069
1 003c 00070
1 003c 00071
1 003c 00072
1 003c 00073
1 003c 00074
2 0000 00075
2 0048 00076
2 Cr06çr 00077
2 0078 00078
1 0044 00079
1 0044 00080
1 00rrc 00081
1 0082 00082
1 011C 00083
1 0172 00084

vERSTON 1 (Jtt{E 19751

PROCEDURE ÎEST3;
CONST N=25:
V AR T, X: IIIT EGER;

A: VECTOR:
/* DEPIHE R ÀNDOIf NIIIIBER GEI¡ERÀ1OR GIVII¡G VÀLI'ES

0. 0 (= RÀNDOI{ (= 1000.0
FUNCTION RÀNDOI' (VÀR X: INTEGER} : REÀL¡
BEGI Ì{

Xz=128*rHoD8963:
RANDOI:=X,/ 8963.0 t 1000"0

END; /* RÀNDOll */
BEGTN /* TEST3 */

T:=3142:
FoR T: =1 TO l¡ DO A (It : =RÀNDOü (Xl :
FoR I:=1 TO N DO flRfTELN(r ',À(I):1C:3):
I{FTTELN (I- T:1,ILARGESl VÀLUE=I ' I,1 AX (A,N) : 1O:3) ¡

END; /* TES!3 */

GENERÀTE RÀNDOII NUÌtBERS ÀND FIND LABSBST

-)()

*/



TESI 3
870.690
448.399
395.068
56 8. 783
80r¡.195
936.963
931.273
202.945
911.016
58.128

440.366
366. 841
955 .7 07
330.470
3 00. 1 2-3
415.709
210"755
976.682

15. 2 85
956.488
430.rr36

95.838
261.i21
211.115
790"695

LÀRGESf VÃI,lIE=

39

977"016



IIANIlOBÀ P ÀS CTL

0 0034 00085
1 0000 00086
1 003C 00087
1 005c 00088
1 005c 00089
1 0074 00090
1 0098 00091
1 00Be 00092
1 0126 00093
1 012A 0009r¡
1 01r¡ E 00 095
1 0172 000e6
1 01 7E 00 097
1 023À 00098
1 024 2 00 0ee
1 0242 00 1 00
1 0266 00101
1 0278 00 1 02
1 028À 00 1 03
1 02î8 00104
1 02FC 001 05
1 02FC 00 1 06
1 030r¡ 00107
1 0i?.8 001 08
1 0346 00109
1 .0i52 00110
1 0368 00111
1 0372 00112
1 03E4 Ð0113
1 03P2 0011t|
1 0.3F6 001 15

VERSTON 1 (JûrE 19751 PÀSCALTS IRTANGLE

PROCEDURE PTRIÀIGLE;
CONST N=10;
VÀR X:ÀRRÀT(1..N'1..111 Of fXTEGBRS

I,J, K: INTEGERS
B EGI}I

ÍIRITBLN(tOI: 1, IPÀSCÀLC TS TRTANGLET :72I ;
FOR I:=1 TO N DO BEGIN /t INITIÀLIZE IABLE +/

T (In 1):=1; X (f 'I+1) :=0;
FND:
rOR T:=2 TO N DO /* DETERI'INE IIIS ÎRTANGLB

FoR J:=2 TO I DO BEGIü
K: =f- 1;

X(f 'J):=T(KrJ-11 
+:((K,J) ¡

END¡
/* WNITE THE TRTANGLE IN THE USI]AL IIAN¡¡ER */
FOR f:=1 TO N DO BEGIN

HRITE(r0r:1);
, FOR J:=1 TO f DO FRITE (X lIrJ) :101 ;
HRITEI.N¡

END;
,/* $FITE TFE TRIÀNGLE ÀS À TRIANGLE CENIER ED OI{

K:=12;
FOR T:=1 TO N D0 BEGfil

J:=K-I: rRITE(r0r:11 i
pHILE J -= 0 DO BEGIN

I{RITE(r':51 : J:=PRED(J) ;
ÌND;
FOR J:=1 TO f DO I¡BITE (X (f ,Jl : 101 ¡
ïR TTELIÍ;

ENDi
END; ./* PÀSCÀL|S lRIÀllGLE */

40
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PlRT IH GLE

1

I

1

1

1

I

1

1

1

1

1

2

3

rt

5

6

7

I

9

1

3

6

10

15

21

28

36

1

q

10

20

35

56

84

PASCÀL! S TRIÀHGLE

I

5

15

35

70

726

1

6

21

56

126

1

3

10

35

126

4L

1

7

28

84

I

3

10

35

12636

1

I
36

28

21

15

84

56

20

70

t5

56

21

8tt

2g

36



üaNrtoBÀ PAscÀL vERsroH 1 (JItNE 19751

0034 00116
0034 00 1 17
0000 00118
003c 00119
005c 00 120
006c 00121.
007c 00 1 22
007c 0012j
007c 0012t¡
0000 00 1 25
0048 00126
0066 00127
0082 00 1 28
0084 00129
0084 00r30
00c8 00131
0oBc 00 1 32
0110 00133
0176 00134
017A 00135
017Â 00136
0198 00137
01c2 00138
020À c01 1c
0286 00140
028À 00141
ozÀE 00142
028À 00 1 43
02DE 00 1 44
o32E 00145
03cA 001 46
03cÀ 00147
03D2 00148
03F0 00 1 49
0428 00150
0428 00151
044C 00152
04BC 00 I 53
04C0 00 1 54
04P6 00 1 55
0s1À 00156
05ÀÀ 00 1 57
05cR 00 1 58
0616 00159
0688 00160
0696 00161
069À 00 1 62
068E 00163
0682 00164
0?6c 00165
07Ec 00 1 66
083À 001 67
0858 00168
08cÀ 00169
o924 00 170
095À 00171
0c78 00172
0988 00 173

/* RISK I{ÀR GÀIIE - ÀTTÀCKEF THROTS 3 DICE ÀND DEFENDER ÎHROIIS
PROCEDIJRE RISKGÀfIE;
CoNST N=1000i START=5161 ¡
VÀR T¡BLE:ÀRRAY(1..5,1..6) OF INTEGER¡

lOT: ÀRRÀY (1. . 6) OF TNlEGER;
B: ÀRRAY f 1. . 5) OF It{TEGER;
f ,J, K, L' ll'x' ArD: INTEGER;
TESTl,PP:EBAL¡

FUNCTTON DTCEROT,L(VÀR X:INTEGERI :INlEGER;
B EGTII

X:=128 * X tlOD 8963:
DICEROLL:=6 t X DfV 8963 + 1¡

EIID:
BEGTN

X:=STARl; t:=0; D:=0;
FOR J:=1 TO 6 ÐO BEGIN

TOT (Jl :=0¡
FOR I:=1 TO 5 DO TÀBLE(f'J):=0;

END;
,/* S II.IULÀTE N CONFRONTATTONS BETTIEEN COI'IBATÀNTS I//
FOR f :=1 TO l¡ DO BEGfN

FOR J:=1 TO 5 DO BEGIN /* GENERÀÎE 5 DICE VALUES */
K:=DfCERoLt(x) : B(Jf 3=¡ç'
TABLE (J,K) :=TÀBLE (J' K) +1;

FND;
FOR J:=1 TO 2 DO BEGIN /* tSE BUBBLE SORT ON ATTACKER¡S

L: =3 -J;
FOR K:=1 TO L DO

IF B (K) < B (K+1) THEII BEGÏN
H:=B(Kl ; B(l() :=B(K+11 ; B(K+1):=l{3

sIüuLAlE HÀR GÀüE ***RISK*+*

END i
END:
TF B(4} < B(5) THEN BEGTN

l{: =B (4ì ; B (4) : =B (5) ;
END;
POF J:=1 TO 2 DO /* ETGflr - DEFENDER EÍNS DRÀïS *,/

IF B(JI > B(J+3) THRN À:-A+1 ELSE D:=D+1i
EI{D:' r¡RITELN(r0t:1"RfSKr:65) ; FRIÎELN(¡0¡:1) :
I,¡RITELN (r-r' 1' rDTCE VÀLttEr :68) ;
FRITELN (r 0f : 1, r DICE * | : 45" I 1 | :8 o' 2o Z8n ¡ 3r : 8? ! 4' : 8"', 5r : 8" e 6 f : 8l ;
FOR J:=1 TO 5 DO BEGIN

FRITEf r0r.1,.! r:41nJ:1nr 0:51 
3

FOR K:=1 1O 6 Ðo sRfTE(TÀBLE(JoK):8ì ¡
TRfTELHi

END:
FOR J:=1 TO 6 DO

FOF K:=1 1O 5 DC
lOT (J) :=1Or (J) + TÀBLE(K'J) ;

t.¡RTTELN lr 0 r:'l , rloTALS r:43" I | :4,1Ol ( 1l :8 
"1OT 

( 2l :8'TO1 (3) 3 8,
TOT (4) :8"TOT (5) :8,ToT (6) :8) ;

I{FITELN (r -t :1, c r:40r r ÀFTER 1000 CONFRCNTÀlfONS: f } :
!¡FITELNlr-r'1'¡ r:50'rTHE ÀTÎÀCKER LCSIT,D:8" I l¡lENel :
I{RITELN(r-r.1,c r:50rtTHE DEFENDER LCSTr'À:8"r t{ENr);
llPfTE(r-r'1'r r:20'TTBEREFORE IT IS BETTER TOt):
IF A < D THEN I{RTTELN(IDEFEND THAN ÀÎTÀCKI)
ELSE ERITELN fI ÀTTÀCK THÀN DEFENDI } ;

END: /* RISK G^ÚE 4/

/* DîCE VÀLI'E FRoll 1 TO 6 */

1

1

1

1

1

1

1

1

1

1

1

1

*/

/+ SORT DEFENDERS DIEE * /
B (5) : =tl;

DICE +/



rSKGIãE

DrcE+ 'l 2 3 f¡ 5 6

1

2

3

4

5

n lsK

DTCE YÀLI'E

lHE AÎÎACKER LOSÎ 919 HE{

THE DEFE}¡DER LOST 1081 HEII

TEEçSFÛRE TT T5 RETTI'R TO ÀTTÀCK THAI{ DEPEIID

165 151 165 182 191 105

162 168 163 17't 168 1!5

188 13rl 157 166 187 16ll

157 167 1 64 1 66 172 1 64

167 115 175 152 16r¡ 167

rorELs 849 . 195 824 840 882 810

ÀFPSR lOOO COÌ¡FRONTÀTTONS:

43



nÀ[r10BA PÀSCÀI'

0 0034
1 0000
1 003c
1 00.3c
1 004C
1 005C
1 00A8
1 00À8
1 00F0
1 0114
1 0126
1 014A
1 0168
1 O1BTÌ
1 01c2
1 0100
1 0104
1 01F8
1 021C
1 0222
I 0i00
1 0i72

00174 PROCEDITRE TCHAR:
00175 VÀR N'f'J:INTEGER;
00176 TESTCHR:CFÀRi
001?? NRRCHR:ÀRRAY(1".255) OF SHRlINTB
00178 BEGTN
001?9 FoR I:=1 TO 255 DO NBRCHR (r):=0;
OOl8O FRITELN(t-T:1'TSÀIIPLE TEXT TO BE ÀNÀtYSENI:52); iTRITELN(C-I'1' "

00181 FEÀDLN fNl ¡
00182 FOR l:=l To l{ DO BEGIII
00183 I{RITE(r r:26f ;
00184 FOR J:=1 To 80 Do BEGIÌ¡
00185 REÀD(rEsrCHR:11 : I{RITE(TESTCER:11 ;
O0 1 86 NBRCHR (oRD (TESTCHRì ì : =NBRCHR (cRD (TEsÍcHR) ) + 1 :
OO 1 g? END;
00 1 88 HRTTELN:
00 1 89 END:
00190 FFfTELN(r0r:1'rTÀBLE Of LETTER FRE0TENCIES¡:30"
001c1 TLETTERT:15,'OcCrtRRENcESr:20):
00192 FOR f:=oRD(rAt) TO ORD(rTr) DO HRIÎELN(CHR(f) :44'NBRCHR(Il:20ì :
00193 FOR r:=ORD(r,Ir) TO ORD(rRr) DO IIRIÎELN(CHR(T):4a,NBPCHR(Il:201 ;
C01c4 FoR I:=ORD(rSr) To oFulr2tl DO I{RTTELN (CHR (r):44'NBRCHR (If :201 ;
001c5 END; /+ ÎCHÈR t/

vERSfON 1 (Jtr¡E t9751 DETERI{INE LETTEF FREOI'ENCTES TN SAIIPLE
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TCfltn

Tf,BIE OF LETÎER FREQTRÙCTBS

SÀIIPLE ÎEXT TO BE ÀNTLTSED

ÀND EVERY III'E THET FOUND OUl IIHÀT SFEIIED TO BE A PURPOSE 3F THEI'SEtVES, TIE
PI'RPOSE SEEIIED SO LOf' ÎHÀT THE CREÀTURES IIERE FIILED TITH DISCUST ÀND 5HÀ¡I1.
AND, RÀTHER ÎHÀN SERVE SUCH À LOI{ PURPOSE, T{E CREÀÎÍJRFS I{OULD 5ÀKE À

IIÀCHTNE TO SERVE TT. THIS LEFl THE CREÀÎI'RES PREE TO SERVE HI3HER PIJRPCSES.

LBTTEN
t
B
c
D
E
F
G

ñï
J
K,
L
t
ll
o
P
a
R

s
T
t
Y
c
I
t
z
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OCCU R R ENCES
16

1

5
I

45
5
2

17
I
0
1

1
1
6

14
I
0' 

19
21
24
12

5
6
0
2
0



üAilrIOBÀ P âS CAL

0 0034 00 1 96
0 003 4 001 e7
0 003q 001e8
1 0000 00199
1 0072 00200
7 0012 0020 1

1 0072 00202
1 0082 00 203
1 010À 00204
1 0126 00205
1 0126 00206
1 0160 00207
1 018A 00208
1 019A 00209
1 019À 00210
1 0'rEA 00211
1 01EE 00212
1 0214 00213
1 022C 002',t 4
1 022c 00215
0 00_3rr 00216
0 0034 00217
0 0034 00218
1 0000 00219
1 0l 4E 0022ô
1 005A 0022',1
0 0034 00222
0 0034 00223
0 0034 00224
1 0000 00225
1 0048 00226
1 005c 00221
0 0034 00228
0 003¡¡ 0022c
0 0034 002-10
1 0000 00231
1 003c 00232
1 003c 00233
1 006 0 c0234
1 00cc 00235
1 01 0E 00236
1 017 À 00231
1 01BC 00238

vERSTON 1 (JrtrB 1975)

/* oPTIüIZED SrüPSONT S */
FIINCTION FX (X:LONGREAL) : LONGREÀL: FORHARD;
FUNCTION ST{PIÀ,8;EPS:LONGÈEÀL; FTNCTION FX:LONGREAL} : LONGREAL;

vÀF T1,!2,41,À2rF:LoNG REAL¡
rnH: INTEGER¡

BEGT N

N:=2; H:=(B-!.l /2.01
T1:=FX(Àl + FX(B) i T2:=q"0*FN(À+H) ;
A2z=H,/3,0+ (11+T2) i
REPEÀT

À1:=À2: N:=2*N¡ ¡;=(B-À)/Ni
T1:=T1 + T2/2.0i T2:=0,0; f:=1¡
ÏTHILE f (= r¡- 1 DO BEGf N

/* Sf]'t POINTS INTRODÛCED lHIS ITERATTON */
12:=T2 + FX (A+I+H) ; r: =I+2i

ENI,:
T2:=4.0*f2: ¡22=11/3.0* (T1+IZ)

ItNTTL ÀBS (À2-À11 ( EPS¡
SfüP:=À2

END; /* SfiP 4/

46

SIIIPSCN ¡ S IIETHOD FCR FTNDTNS ÀREA

/+------- -----* /
FUNCTToN SII{PD1 (X:LONGRE ÀL) : LOHGREÀL¡
BEGI N

sfüPD1:=X*LN(1.0+Xl
END; /* ST I{PDI */

/*------- -----t /
FITNCTION SfUPD2(X :LONGREÀL) : LOI¡GREÀL;
BEGI N

SIllPD2:=Sf N (X/2.0)
END; /* SItlPDz +/

/*------- -----t /
PROCEDÛRE TESTSTüP;
vAR ATBTEPS:I,ONGREÀL;
BEGIN

À:=0.0: B:=1.0: BPS:=1.08-7:
ITRITELN(r-r:1,rÀBEÀ UNDER X+LN(1+X) BETHEENTaA:10:5"c.qNDreB:10:5or=r,

SIttP (À, B, EPS,SIItPDl ) :'l 0: 5) ;
IIRTT¡:LN (I -I :1, ' ÀREÀ Ì' NDEB SIN (X/2) BETFEEN I, À: .I O: 5" T ANDg 9 B:.I O: 5oI =, ,

Sf l'tP (À, B,EPSc SIüPD2) :1 0: 5) ;
END: /* TESISrilP */



lESTSIIIP

ÀREÀ Í'NDER

ÀREÀ UNDER

xrLtf (1+x) BRIIEEH

SlN (X/2I BETIIEEN

0.00000 AND 1"00000

0.00000 ÀND 1" 00000

0" 25000

0.24r¡83
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r{ÀllrTo8A PÀSCÀL vERSION 1 (JUNE 19751

0
1

1

1

1

1

1

1

1

1

f
1

1

1

1

1

1

1

0034 00239
00 00 002 40
003c 00241
003c 00242
003c 00243
005c 00244
007c 00245
00c2 00246
00À2 00247
00BA 00248
00cE 00249
00DE 00250
00EE 00 251
00FE 00252
01 12 00253
0126 002 54
01 l6 002s5
01 46 00256
01 56 00257
0156 10258
01't 2 Q025e
018À 00260
0198 00261
01 ÀE 0ù262
01BE 00263
01cA 00264
010À 00265
01E A t\o266
01 FÀ 00267
020 A 00 268
02 1 Â 00269
o22E 00270
0242 00211
0252 00272
0252 00273
02a2 00274
0278 00275
0288 00276
02Àc oo21'l
0284 00278
02c4 00279' 02FE 00280'0332 00281
0382 00282
03EC 00283
03FE 00281¡
0402 00285
0418 00286
0 41e 0028'l

PROCEDURE TPERSOIf 1E
VÀF P,O: PERSOII;
!lsP, l'l S0: SlATttS;
CS: ÀRR ÀY (STÀTI'SI OF STRING (8) B

BEGIN
CS(t1 ÀRRf EDl:=rllARRIEDr; CS (I{f DCHED) ¡=r gTDOttEDri

CS (DIVORCED) ;=r DMRCEDT ; eS (SINGLE) : = I SINGLE"
/* LOAD AtL PT¡:LDS OF RECOR D FC R P ERSCI{ P */

P. N. LAST:=r Ì{OODYÀRDr i
P. N. FIRST:=r EDfaÀ8Dr'
P. ST NNBR: =61204-3795 ¡
P. SEX: =1'!ÀtE;
P.BTRTH. HO:=ÀUG;
P. BIRTH. DÀY: =30i
P. BIFTH. YEAR:=1941:
P. DEPENDENTS: =1 ;
P. tlS:=Sf NGLE:
P. INDEPENDEI¡TBES : =TRTI E i

,/* LOÀD À],L FIELDS OF RECORD FCR P ERSCII C */
I¡TTH Q,N,BIRTH DO BEGIN

LÀST:=rBROflNri
FfFST: =r SUSANT i
sTl¡NBR: =2141326542
SEX:=FXllÀLEi
llo:=JUNEi
DAY:=15;
YEÀR: = 1943;
DEPENDENTS:=1 i
HS: =DfVORCED;
DDATE. IíO: =SEPT;

, DDÀTE. DÀY:=10:
DDATE. YEÀR: = 1 9?1 i
F I RSTD: =TRUE;

END;
,/* CIIECK !IAFRTAGE COI,IPÀTTBTLT.TY */

FoR üSP:=¡tÀRRfED TO SINGTE D0 BECIN
P, t'lS:=tlSP¡

1

1

1

1

1

1

1

1

1

1

1

1
,|

1

1

1

1

1

1

1

1

1

1

1

ÎEST OF RECORDS ÀND

4B

IIITH STATEI'IET¡TS

' FOR t{SQ;=5fNGLE DOIINTO
FTTH Q DO BEGIN

tlS: = t1S0;
lIFrlE ( c Ì'lÀRRrÀGE
{ (r,cs (P.lls) , r)
'(t,cslïls) rrl rs
fF (P.SEX-=SEX) E (

TBFN !IRTTELN ( t
ELSE !IRITELN ( I

ETID:
END;

END¡,/+ TPERSOHI t/

!'ARRIED DO

BEfHEEN I 
" 
p. N. FIRST: 9 , P" N. LAST: I,

ÀND I,N.FIRST:9'N"LAS1:9'
t):
(P. !!S-=IlÀRRIEDI F' (llS-=l'l ÀRRIEDI )
A POSSIBILITÏr )
FOR BIDDENI ) ;



rPER SOìI1
!!ÀRRIÀGE
il ÀRRTIGE

''IÀRRÌÀGE
It ÀRRI ÀGE'

I' ÀRR I ÀGE
IIÀRRIÀGE
üÀRRTAGE
!IÀRRIÀGE
!IÀRRTÀGT
rARRTÀGE
!IÀRRIÀGE
!lÀRRIÀGE
ËÀRRTAçE
IIÀR4IÀGE
I'ÀRRIÀGE
IIÀRRIÀGE

BEÎTEEF EDT¡ÈED
B F?IIEEII PDBÈED
B É1I'EE N EDTÀRD
B ETT9PÙ EDFÈRT}
B ElI{ EEN gDITÈRD

B ETTNSÌ| ED!¡ÈRD
B ETEEEI{ EDFÌRT
BETIT:EN EDFÈBD
B ETI{EET EDFÀRD
B E'IFEEN BDFÀRD
B ETI{EE N EDI'ÈRD
B ETgEEI¡ EDFÈBD
B EîIIEEN EDF*RD
BETFEEH EDFÈED
BEIgEEN EDlrÈFD
B ET¡ERU PDFÀ.BD

FOOI}TÀFD
l¡OODlÈFRD
FOODYFED
FOODYEPT}
I'OOT'YFFD
cooDynED
COODTERD
SOODEE.FD
FOODTÈFD'
mODFÃRD
FOODTA.FD
ÍOODTFFD
l'OODTÀFD
I¡OODYÀRD
cootltÈFD
FOODEÀ.EI'

( EARRISD
( ilÀRRTED
( I' APB IBD
( HÀRRTED
r nrD09ED
( FIDsIED
( crDorED
I ETDCTBD
I DTVCRCED
f DTVCRCED
( DIVCRCED
I DrVCB:ED
I SfflGLE
( STFGLE
I STFGLE
( SITGLE

ånD
Àt{Í)
ÀND
ÀND
AND
ÀND
ÀNr'
Àl{D
AND
ÀND
AND
À!{D
ÀnD
ÀND
AI¡D
AHD

stsÄï
strsÀN
srtsAH
sttsÀ il
sfts ÀN
SIISÀN
STISÀH
SUSI\N
sttsÀ il
SUSAN
SI'SÀN
SNSÀN
sttsÀ N

SUSAN
SUSÀN
SUSÀN

BROEX
B RO9T
q Rncf,
BROTT
BROF}¡
BRC¡ ll
BROF !I
B R 09lt
BBO¡ll
BROFI{
Ð ROrli
BRO¡ t¡
BNON E

BROPN
BROFN
BR OF ]I

49

SIN3LE
DI V f, E:ED
tID)tEt)
ItÀRBIED
SII¡3LE
DI93R:ED
I¡ID]¡JED
¡IÀRRIED
5IN3LE
DIV]R3ETI
I{ID]IED
ÉÀRRTED
SI}¡ !LE
DIU]RCEN
IJID]TED
üÀÀRIED

T5
rs
TS
rs
IS
IS
rs
IS
TS
IS
r5
IS
IS
IS
rS
TS

FO RBTDI'4N
POTBTDDEtr
FC Iì BÏDf'EìT
PDRBTDDE'If
À P'lSSrBr['rTr
À POS9rgr[,rTr
À POSSIBILTTT
F? R BTÐq EN
À ÞcssrBILrTr
À PISSTBTLfTY-
À DOSSTBTLTTY
FO ? BrrrD r.{
A T'OSçTBTT,TTY
À POSSrBrtrlY
À PCSSrBrtrtY
F' qBTDDFII



üÀNTIOBÀ P ÀSCAL

0 0034 00288
1 0000 0028e
1 004rr 00290
1 0044 0029 1

1 005c 00292
1 005C 00293
1 005e 00294
1 006c 002 95
2 0000 002e6
2 0048 00297
2 0048 00298
2 008À 00299
1 007C 00300
1 00?e 00301
1 00c8 00302
1 0108 00.103
1 015 0 0030t¡
1 0172 00305
1 0192 00306
1 01C0 00307
1 01EB 00-i08
1 0228 00 -3 09
1 026,2 00310
1 Cr27E 10311
1 02AC 003 1 2

1 02DA 00313
1 031 0 00.314
1 0310 00315
1 034À 00316
t 0384 00-317
1 03BE 00318
1 03F I 0031 9
1 04 26 00 -320
1 043 I 0032 1

1 046e 00322
1 0494 00323
1 04A6 00 324

YERSTON 1 (JLNE 1975)

PROCEDURE TBSTSF,TS;
TYPE COLOûRSET=SET OP COLOUR¡
VÀR HUE1,HUE2, HTlE3: COLOURSET;

NBR1,NBR2,NBR3:5Et oF 0,"313
C1 ,C2: CoLOIIR¡
c: ÀFRAY (COLOIIR) OF STRrt¡G (101 ;
r:0,.31¡

PRoCEDttRE ItEI'OFSET (X:COLOURSEI) Ë

VAR M:COLOÌ'R;
BEGIH

FoR il:=FHITE To BLÀeK Do IF ü IN X THEN trRfTE (c(¡'t) :111 ¡ ïRITELN;
El¡D; /* llElloFSEf +/
B EGfN

C(f{HTTE) :=IflHJlEg; C(YEtLOII) ¡=IYELLOHI ¡ C(ORANSE) :-IORANGEI;
C (pfNK):=rPINKr. C (RED) :-rFEDr: C(BLUEI:=rBLUEr i
C lptRpLEl :=rpUFpLEr - C (BROt{N):=rBROflNt ¡ C(BLACI().-rg¿¡ç6t.
C1:=BLACK: FIIE1.=(.RED.. BROWN,!¡HIIE.) i
HUE2:= (. C1,YELLOIí. . BLnE.) ;
ITRTTEf ISET HI'81 CONTATNS: I): I{EHCFSET (HI'81}:
FBTTÍÌ(ISEl I{T'82 CONTATNS: I} : I'I EIiIOFSEl(HUE2);
Í{RIlE(IUNION OF SETS: I}; I.!EüOFSET (HTE1 + HUF2);
FRTTE f I TNTERSECTION OF 5Ef S: | ) ; l'lEtloFSET (IíTJEl * HttE2) ;
HrlE3:=HItE1 - IIÛ82;
eFllE(tSET DIFFERENCE(llltEl - HUE2) :r) : l{E!'l0FSFÌT(flrtn3) ;
nRfTE (rSET HItE3 CoNTÀINS: r) ; MElf CFSET lHItE3) i
WRfTELN ( rHUEl IS EQUÀL TO HItE2: I 

'HUE1=HÛE2l;/* TEST SET INCLT'STOìI */
FRITELN ('HltE1 (= HIIE3: r 

'HItF1 
(= H0E3) ;

I{RrTrÌLN I I HIJE3 )= HIIEl ¡ r, FI'E3 >= HIIEl ) ;
ERITETN(rHTtEl )= HUE3: I'HtrE1 )= HUE3);
gRf TELN I I HrJE3 (= HIIEl : I ' HIIE3 <= BUEl ) i
l{BR1 := (. 0s3..7 110.) ;
HFITE(rsET coNfÀlNS: r) i
FoR f:=0 TO 31 DO

IF I IN IIBRl THEN IIRITE (I:5I ¡
trFITELN¡

END; /* TESTSETS */

50

DEIIONSlRAIIO}¡ OF SET OPERATTOHS



lESTSElS
SEl HT'81 COI¡TAINS: ÍñÎTE RED BLOE
SEl HI'E2 COT{îÀINS: TEf,LOE ORÀFGE PTIIK
ÛBTON OP SEIS: THTTE TELLO¡ ORÀNGE
IICTERSECTTON OF SETS: RED BLI'E
sET DIFFERENCE(RUE1 - HttE2): SETTB PITRPLE
SET HUE3 COHTÀTNS: HHTTE PURPLE BRO¡'N
HnEl rs EO0ÀL T0 Ht12: FTLSE
HtEl <= HUE3: BTLSE
Ht E3 >= HtlBl: PÀLSE
BnEl >= HUE3: lRtlB
RUE3 <= f, ttE 1: lnUE
sBTcoHTÀIHs: 0 3 4 5 6 7 10

PURPLE BROTT
RED BLOE

PTiK RED

B8O¡N

51

BL ACñ
B[,I'E PURPLE BiCHN BLACK



¡IÀNIlOBÀ P ÀS CÂL

0
1

1

1

1

1

1

1

1

1

0034 00325
000 0 003 26
003c 00327
003c 00328
003e 00329
003c 00330
003c 00331
003c 00332
003c 00333
003c 0033q
003c 00 335
004c 00 336
004c 003.37
005c 00338
0084 00339
0cÀ4 003r¡0
00Bc 0034 1

01 1 0 00342
0120 00343
0174 00344
0184 00345
01e0 00346
01c0 00347
01 e 0 00348
01c0 00349
01C0 00350
01D8 00351
023A 00352
025À 00353
0282 00354
0284 00355
0346 00356

vERSTON 1 (JUNE 19751

PROCEDURE TPOINTT:
TTPE SEX= (lrÀLE,FEËÀLBl ;

P ER SON= R ECORD

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

NÀt{8, ffRsl[AllE: STRING ( I 5l ;
ÀGE: TNTEGER ¡
IIÀRRIED: BOOL EÀTI i
FÀTHER, CHTLD : ôPBRSOf, ¡
CÀSE S:SEX OF

I',I ÀLE: (ENLI STED, BOLD: BOOLEAIII
FE¡lÀLE: (PR EGN ÀNT : BCCL EAlr :

SIzE: ARFAY ( 1. .3ì 0F
EI¡D:

vÀR x:ÀRRÀYl-10..5rCOLOU8,sEEK) OP aPERSOI¡¡
BEGIN

NE!¡ (X (-4,BLÎtE,IrONDÀÍl I ;
s rrH x (- 4 , BLt E, lloND ÀY) A DO BEGIN

NÀt¡lE:= TBROIINT: Ff RSTNÀl{E:=r ÀLEXr ; ÀGE:=24; NEf{
I{ITH FATHERA DO BEGTIT

FAIIILf lREE

NÀqE:=IBROIINI. PIRSTNÀI{E:=TLIONELT :
END:

ENDi
END i

./+ FÀ H rL T ÎFEE t/ \

NÀüE:=r BROENT i FIRSTNAIIE:=r RCBERTT;
HTTH FÀTHERA DO BEGIN

TO TEST POIITIERS

ï rrH x (-4 , BLU E, 1''ONDÀYl a Do
I{FfTFLN (PIRSTNÀlfE, l{AÌ'lE' rfSr, ÀGE:5, I IEÀRS OLDrI ¡

HTTH XI-4,BLUE,T'ONDÀY) ô.FAÎI{ERA DO /* FATHER */
çRIIELNIFfRSTNAt'lE, NÀl'lÐ?'ISt' ÀGE:5' TYEARS oLDrl ¡

ïrTH X(-t¡nBLftE,LTONDÀY) A.FÀ1HEBa. FÀTHERò DO /* GRÀNDr'È1H'ER */
nRTTELN (FIRSTNÀl{8, NAI'lE, tlsr, ÀGE:5¡ | YEÀRS oLDtl ;

END: ,/* TPOINT1 */
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TNTEGERI

AGE:=56i

(FATnERI 3

NEH (FATHERI;

AGE: =80¡



TPOrllt1
ÀLBX
ROBERI
LTOÙEL

BROFF
BROFF
BBOFIç

IS 24
rs 56
rs 80

YEARS OLD
YEÀRS CLD
YEÀRS CLD
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IIAIIITOBÀ PÀSCAL

0
1

1

1

1

1

1

2
2
2
1

2
2
2
1

1

003 4 00357
0000 00358
004c 00359
00t¡c 00360
004e 00361
004c 0ç362
004c 00363
000 0 003 64
0048 00365
0078 00366
00 5e 00367
0000 00368
0048 00369
0078 00370
005c 0037 1

005c 00372
0088 00373
0082 00374
00cÀ 00375
00cÀ 00376
00cÀ 00377
o124 00378
01 6À 00379
01c4 00380
01cc 00381
0224 00 382
o22c 00383
0282 00384
0282 00.r 85
029c 003q6
02À8 00387
02c(t 00388
02D8 00389
o2Ê2 00390
02FE 003e1
0330 003c2
03r¡6 00393
0346 00394
0348 00395
0360 00396
0378 00397
0398 00398
0 382 0039C
0382 00400
0388 00401
0402 00402
0402 00403
040À 00tr04
042E 00405
044 0 00406
044 0 00 407
0482 00408
0506 00409
0506 00q10
05À6 004 1 1

05c0 00 41 2
05cE 0041 3
o5D2 00414

VERSrOil 1 (JtmE 1975)

PROCEDT'RE TEST4:
lYPN CKFEEK=IIOIDAY. " FRTDÀI3
VÀR x: REÀLi

!l 
' 
N, O: tl KtIEEK:

HK: ÀRRÀY (!lKllEEKì oF STRIWG (10) ¡
T: TNTEGER:

PI'NCTTON F(VÀR I:INTEGERI :BOOLEAH¡
BEGI N

I:-I+1¡ TIRITE(I,FÀLSE:2I i F:=FALSE
END 3

FüNCTION I lVÀR f:INTEGER) : BOOLEÀN¡
BEGTN

I-=r+1: ITRTTE(r,TRUE:21; T:=IRUE
BND:
BEGIN

IrK (HONDAYI :=r ITONDÀYr; I{K (TUESDÀY) :=r TUBSDÀYr :
NK IIIEDNESDÀY} :=TI{EDNESDÀYI ; IiK (THURSDAYì := TTHURSDAY I.
HK (FRIDÀY1 ;= t PRIDAYT ;

/* FOF STATEIIEHTS */
I{RITE (r t:11 ;
FoR r:=-10 TO 5 DO sRITE(I:10) ; Î|RITELN:
FoR r: =- 10 DOf.rNTo -20 DO rlR ITE (I: 10) : IiRf TELN:
FOR r{:=l'itoNDAy TO THURSDÀy Do ERITE (lf K (H) :15) : tIRITELN;

1

1

1

1

1

1

1

1

1

1

1

1
,|

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

I
1

1

DEIIO OF FCR, ïflTLE, REPEÀT A¡ID CA SE STAl

N : =T tI ESDÀ Y;
FOR I'I:=FRIDÀY DOFNTO N DO WFTTE (¡{K (ü} :15) ;
ll:=THURSDAY;
FOR o: =ü DOTNTO N DO I{RITE { wK ( O¡ : 1 5) ; tlF ÌTELN:

/+ I{HILE STÀTEI{ENTS I,/
X:=-2.0; I{RITE(r t:1) i
HEILE T (= 5.0 DO BEGIIq

FRITE fX); 1ç;=¡+0" 25i
END; wrfTELN:
It:=FRTDÀY: gRfTE(r t :1) :
I.]HlLE ¡I>I{ONDÀY DO BEGIN

HRITE (FK(ltl :15) ; l,l:=PRED(!{) ;
END: HRITqIN;

/* REPE¡TT STÀÎEMENTS *,/
l:=-2.0i gRfTEf¡ t:1li

. 
R EPEÀT

¡{RITE lX} : N:=X+0.25¡
ttNTIL X>5.0; flFITELN:
II:=FRÌDAY: IIRTTP(I I:1) i
R EPEAT

WRIIE f I{l( (ll) : 15) ; H:=PRED(ll} ;
UNTIL t'l=¡|ONDAY; trRITETN;

,/* CÀSE STATE¡IENTS */
X:=1.246:
FoR r:=0 TO 10 DO BEGIN

HRrTE (Il :
CASE I OP

3: flRfTE(tsIN oFr'x rt=' nsIN(xll ;' '7 ,22 FRITE ( I COS OF'r , X ,'=' , COS (X) ) :
5r1: gRTfD(iEXP OFrrXrr=t,EXP(Xl I ¡
9: IiRITE(rSQR OFr'Xrt=' nS0R(X) )

EIID;
HRTTELN:

BITD;
FoR Il:=FRIDAT DOSNTO HONDÀY D0 BEGIN
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ñA!¡TTOBÀ PÀS CAL

I 05F6 004 15
1 061 I 004 16
t 061 I 00417
1 0668 00418
I 06À2 00419
1 0684 00420
I 06C2 00421
1 06c6 00422
1 0 6C6 00423
1 0 6DE 00 424
1 0762 00425
1 0768 00426
1 07Ee 00427
1 0'tF2 00428
1 08eÀ 00429
1 08À0 00430
1 0e48 00431

vERSTON 1 (JûlfE 1975)'

ïRrTE (ïK (trì :11) ¡
CÀSE U OF

I{EDNEST}ÀY, FRIÍJÀY: HRITE (C FIRSI I
ilOFDÀY,THURSDÀY: FRITE( ISECONDI

EIT':
H RITELN:

E[D:
/* DEI.IONSTRÀTE LOGICAL OPEFÀTC8S T/

BRTTELN ( r-r :1) : I:=0;
I¿RITEtN (I (Iì ÀND F(II AIID T (II ) ;
f:=0:
HRITELN
I:=0;
I{FITELN
f:=0;
I{RITELN (- (F (I} 6T (Il Frr (rf (I) I F (I) } ) } :

END; /+ TESÎq */

(- (F (rl lT(Tl ) | -F(T) ) i

(- (T (lì ET (I) E- (-T (I) lF (I) ) ) ):

DEITO OF FOR, IIHILE, REPEÀT

:15"HK(¡l|:111 :
:15"t{K(l1l:11)
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AND CÀSE STAT



18S14
-10 -9

30
-10 -1t

iO IIDÀY
PRID Àf
îH I' R SDÀY
-2.000000E 00 -1.7500008 00
-2.5000008-01 0.000000E-01

1.500000E 00 1. ?500008 00
3.2500008 00 3.5000008 00
5.0000008 00

FPIDÀY îHNFSDÀY IIEDI¡ESDÀY TUESDÀÍ
-2.0000008 00 -1.?50000E 0q -1.500000E 00
-2.5010008-01 0.0000008-01 2.5000008-01

1.50r)0008 00 1.750000E 00 2.0000008 00
3.250000E 00 3.5000008 00 3.7500008 00
5.000000E 00

ltt Es D Àt
T EÛFS DÀY
FE D I¡FSDÀI

-8 -1
5

-12 -r3

PRT DT T
0
t
t

3
t¡

5
6
7
I
g

t0

9EDNESDÀI
IIEDIIE SD A Y
TII ESDÀY

EXP OF 1.245999E 00
cos oP 1.2459998 00
sIÈ oP 1. 24599 9E 00

EXP OP 1.2r¡5999E 00

-6 -5 -ô

-14 -15 -16
lgU RS DÀT
10 ES DÀY

lHIIRSDÀt

rDIY
ÛNS DÀY
DfESDÀ Y
ESDÀI
NDI T

-r.5000008 00 -1.2500008 00
2.500000E-01 5.0000008-01
2.0000008 00 2.2500008 00
3.750000E 00 q.0000008 00

cos oF

soR oF r.245999E 00

PTRSÎ PRTDÀI
SECOND lNORSDÀI
FIFSl ¡EDIIESDÀT

sEcot¡D HoñDål

11
1F
11
1 P IBI'E

ETECOIrO¡ lrttE 1.0196

9EDNESDÀY II'ESDÀI

l. 245999E 00

3.4761¡07E 00
3.'19116r¡E-01
9. 477 1568-01

3.476407E 00

3. l9 1 1648-0 I

1. 552 51 ¡rE 00

-1.2500008 00
5.000000E-01
2.2500008 00
4.0000008 00
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-18

2?
2T
21

-1.0000008 cc
7.s0D30cE-31
2.5000008 00
¿t.250000E cc

-1.0000008 00
7. 5000 00 E- c 1

2. s000 008 cJ
4.250000E ct

PIISE

-1

-19

3P
31

-7.5)0t008-0 1

1.0100008 00
2.7100008 00
r¡.510c008 00

-7.500c008-01
1.010000E 00
2.7500008 00
4.5101008 10

În tE
4P

-5. 0000 00c-0 I
1.25000ôE o0j. 00c0 008 00
4.75000ôF n0

_5.0000f,rìP-11
1. 25000nF o0
l.ooc000E o1
4. ?s00 00E 10

PIISE



EÀr¡rroBA PASCAL VBRSTOT 1 (JUl¡B 1975)

0 0034 00432 BBGIN /* HAr¡¡ PROGRAI{ */
0 0034 00433 IíRITELNIT 1r:1,rTESÎ1r) i TESTl; HRITELN(r-':1'rTESÎ2c): TEST2i
0 0066 00434 gRfTcLN (r 1 t : 1, I TEST3T l ; TEST3;
O OOCÀ 00435 I{FTTELN({1I:1'IPTRTÀNGLE!): PTFIÀNGLE¡
0 00Fe 00416 I¡RITELN(r1r:1,rFISKGÀüEr): RISKGÀllE;
0 0128 00437 TiRITELN(r1f:1'rTCHÀR!); ÎCHÀR¡
O O16O OOII 38 I{RITEtN(T1T:l,ITESTSII'PI); TESTSIüP;
0 0192 004-39 IIRITELN lr 1r :1, r TPERSoNI T I ; lPERsoNl;
0 01C4 00440 I,¡RITELN (r 1r:1' TTESTSETST) : TESTSETS¡
0 01F6 00441 HRTTEL:¡(¡1i:1,rTPOrNÎ1r); TPOINT1;
O 0228 00442 I¡RITELN (r 1 r:1 

' 
rTEST4r ) : TESÎ4;

0 023À 00443 wRfTELN (t-r: 1'TEXECIIÎION TII'!Er,3PUTIt{E: 10:4or SECSTI i
0 02À8 00444 BND. /* llÀrN PROGRAÈ| +/
cOilPILE TfRE: 2,454 SECOND(S)
PÀRSED SÜCCESSFUTLY

NO I{ÀRNING (SI DETECTED
NO ERROR(S) DETECTED

IIÀIN PROGRAIT CONSTSTS OF PBOCEDf'RE CALTS
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Standard PASCAL is consídered

Niklaus Wirth and Kathleen Jensen

(Jen74).

This chapter is not intended

the language PASCAL. It describes

particular implementation, and is

discussed by l^lirth and Jensen.

CHAPTER 4

USER I'IANUAL

4.1- IDENTTFIERS

to be the language presented by

in ttPASCAL User l{anual and Reportrt,

Identifiers must begin with a letter followed by any nr:¡nber of

letËers, digits and underscores (J. The underscore was all-owed to

make long identifiers more readable. The length of ídentifier is

restrict,ed only by the length of line because the end of line acLs as

a delimiter. IdenËifiers are significant for the first 32 characters,

so that, characÈers beyond this poinË do not conËribuËe to identifier

uniqueness.

Examples:

58

to be a cornplete descriptíon of

details relating Ëo this

an expansion of the Èopics

(Va1-id Identifiers)

X

279P23L7W

RATE_OF_PAY

P .K_L

(Invalid

$XY

P79,23

7XY

X

IdenÈifiers)



(Long ldentifiers) 
32

1 THrS-rS-A-VERY-VERY-LONG-NAÌ"ÍE 
I

2 TIII S-I S-A-VEP.Y-VERY-LONG-NAÌfE-A+

3 THrS-rS-A VERy-VERy-LoNG-NAlfr--À
I

1 and 2 are dífferent.
1 and 3 are different.

A procedure or function name EusË be distincË from all- other

procedure and funct,ion names in the first B characters, or Ëhe wrong

subprogran nay be called at run time.

2 ar^d 3 are Lhe same idenËifier.

4.2 COì.ÍMENTS

CoumenËs are delimited by Èhe sequence /* on the lefË and by */

on the right. The comment, itself may contain any character sequence

(except of course */ r,ihich would terminate the cornnent), and may be

spJ-it over several cards. Connrsnts act as separaÈors and therefore

should noË be placed in the uiddle of kelnrords, identifiers or constanËs.

The /* start.ing ¿ qsnmsnl musÈ not, begin in colurnn 1 as iË would then

be Ëalcen as an end-of-file indicaËor by the Systern.

Exampl-es:

0

O IS IT NOT

59

/* THTS IS A HEADING

/x rnrs rs A HEADTNc

SPLIT OVER MORE TITÆ{ 1

IF A > B/*HER.E*/T}1EN X :=

x/

LINE */

X*Y;



4. 3 NIDIBERS

The syntax for numbers is standard. Two different precisions

are provided for integers (SIIORT INTEGER and INTEGER) and for reaLs

(REAL and LONG REAL).

A constant without a decimal point or exponent ís consídereá

to be a ful-l-word integer (fNf¡Cen). If this constant j-s ímrnedíately

followed by the leËter S, a half-word integer (SiioRT INTEGER) is

establ-ished.

A constant conËaining a decimal point and/or exponent is taken as

a single preeísion floating-point nunber (REAL) unless it is foll-owed

by the IeËter L, in which case a doubl-e precisíon floating-point

nu¡rber (LONG REAL) is consËrucËed.

Exarupl-es:

(slroRT TNTEGER)

-B5S

OS

327 67 S

60

4. 4 }IEXADECIMAL CONSTA}ITS

The hexadecimal constanËs are indicated by tire syr,rbol /i

by a sequence of hexadecímal digits. The hexadecimal number

treated as an INTEGER unless it is followed by a qualifier.

val-id qualífiers are:

(INTXGBR)

-87()53142

0

97

(RBAL)

-0.5
9. BE-31_

1_0E1_0

S-
R

L

X

SHORT INTEGER

(LOIïG RnAr,)

-0.5L
9. BE-31L

10El-0L

REAL

LONG REAL

CHÄR (singl-e character)

followed

is

The



Examples:

(srIoRT rI{TBGER)

/100s

i/1-00s

i/1FFFS

4.5 STRINGS

(INTEGER)

i¡oF

ll4tB0D254

i/TFFFFFFF

Variables of Ëype STRING are designated by STRIIIG(n) rvhere

1 <= n <= 256. CharacÈer strings are delinited by single quote marks

and a quote within Ëhe sÈring is indicated by trvo quotes. The naxinun

length allowed for any character string is 256 characÈers. They nay

be split over several cards if necessary.

Examples:

ITHIS IS A STRINGI

lll¡lll

(RnAr)

/i 411_00000R

(LONG REAL) (cirAR)

//ol, //crx

//cE00000080000000L

6r.

ITHIS IS A VERY LoNG STRING A}TD EVEI{ HAS A I

'AT TTIE END oF THE LINE AND START OF TIIB

I{EXT IÌ'TDICATING A QUOTE tr.]ITI{Ii{ TIIB STRII.IGI

CHAR and STRING Variables

V"riables of type CHAR occupy a single byte. Operations are

usually performed on the conËenËs using registers (IC and STC

instructions). STRING values are never placed ín regisËers (I[VC

and CLC instructions are used). CHAR and STRII'IG r,'ariables are

compatíble and may be compared with, or assigned Ëo, each oËher.



Assignment

If the sËring on Ëhe left is longer than Ëhe one on the

right, the sÈring is padded ouË to full size with blanks.

If Ëhe sËring on the left is too short to hold the string

on Èhe righÈ, it is truncated on the right.

Example:

VARA: CHÄR; R., S: STRING(IO); T: STRING(15);

BEGIN

A := ITIORSEI;

R := ICAR';

S := IiIIIS IS A TEST CASEI;

T:= S

END.

ContenÈs of variables:

AH
R c¡Ñ.wvüwv

S T}IISüISUAU

T THISUISÉAUWWV

Conparison
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If the CIT,AR or STRING operands to be

the same length, they are compared to the

buÈ a conpil-e-time warning is given.

Exampl-es:

Comparison

ITHIS IS A TESTI

rABC t

rABc t

compared are not of

lengËh of the shorter

I TIIIS I

rArI
rABA!

Result



If a user desires a comparison to be to the lengËh of the

longer, then Ëhe shorter can be moved int,o a dr-nnrny variable of

Ëhe correct length (causing padding on the ríght with blanks)

before the comparison is made.

4.6 SCALARS

Scalar variables use a full-word of memory. The ordinal- number

of the firsÈ constant listed is 0, vrhile the second is 1 and the

Nth i" N-1.

Complete compíle-time checking is performed to ensure that all

uses of scalar variables and scalar constant.s are va]-id.

Example: Assune the declarations:

TYPE COLOUR = (RED, GREEN, BLüE, BROI,û"N);

WEEK = (SUN, MON, TUES, I"trED, TiiURS, FRI, SAT);

i^IORK_I{EEK = l,fON. .FRI;

VAR A : COLOTIR;

B : WEEK;

C : I^IORK I{EEK;

63

The assignments

' A := RBD; B := MONi B := C;

are valid because the assigned values are of compatibi-e types and

Lie within the required ranges.

The assignment,s

A:=MoN; A:=B; C:=A;

are invalid because Ëhe values being assigned are not of the same

scalar type.



4.7 SUBRANGES

The associated scalar Ëype of a subrange may be any user-defined

scalar as well as SIIORT INTEGER, INTEGER, REAL, LONG RE¡-L or BOOLEAN.

A subrange of type CIIAR or STRING is not allowed. No specÍal action

is Eaken for subranges of real values. The limits rrerely serve as

comments.

The use of a subrange does noË imply any saving in memory, but

subranges of user-defined scalars ftnply exhausËive cornpí1e-time

compaÈibility checks.

Conpil-e-time checks for subranges of int,egers are nade only

in cases invol-ving a consLanË. The l-inits of the subrange are used

Ëo check ranges at run time if the checking option is specified.

Example: Assume the declarat,ions:

TYPE T_tr{EEK = (SUI, }fON, TUES, I,IED, TllURS, FRI, SAT);

T_SUNJIIURS = SIIN..THURS; TLUES_SAT = TUES..SAT;

T_MON_I'IED = MON..IIED; TJIIURS SAT = TtiURS..SAT;

VAR A'l 10 : 1..10; 80_30 : 0..30; C20_30: 20".30;

D_I{EEK : T_WEEK; D SUI{ THURS : T_STINJHIJRS;

nJUES_SAT : TLIiES_SAT; D_l'tot'l IIED : T_MON_WED;

. DJHURS_SAT : TLIiIIRS_SAT;

The followíng assigrutrents are allowed:

64

A1_10 ¡= 3; A1!10 := 80_30; C20_30 := 80_30;

B0_30 := C20_30; A1 ,10 := -100 + A1_10;

D_trüEEK := tr{ED; D_SIIN_T}IIIRS := DJON_I,IED;

D_WEEK := D_SIJN_TIIURS;



The assignaents

D_MON_WED := DJHTIRS_SAT; DJUES_SAT := SIIN;

are flagged as cornpile-Ëiue èrrors.

The assignments

A1 10 := -3; B0_30 := 31; C20_3O := 19;

resulË in compile-time error messages if the checking option is specífied.

If run-time checking code is produced

41 10 := -100 + A1-1-0;

results ín a run-time error while Ëhe assignnent,s

A1 10:= B0_30; C20_30:= 80_30;

produce errors only if Ëhe value being assigned is outside Ëhe

allowed range.

The assignments

D_SUN_TIIURS := D_IIEEK; DJUES SAT := D_MON_I,,ED;

DJHIIRS_SAT := DIUES_SAT;

are given warnings aÈ conpile time indícaÈing that it is possible for

an out,-of-range value to be assigned at. run time. Run-time checking

code Ís produced if Ëhe ehecking option is in effecË. This is Èhe

only case where the compiler allows the potentially dangerous use

of a user-defined scalar or subrange of a user-defined scalar. This

exception was made for the folloruing reason. If the declaration

X : ARRAY (T_SUN 'IHilRS, T_SIINJIIURS) OF INTEGER;

is added Ëo Ëhe example above, then

X(D_SUN_THURS, D_MON_IüED) z= 2i

is a1l-or.¡ed ¡¿hi1e

65



results in a compile-time error for each subscript because lt is

possible for the subscript to have a value which is out, of range

aÈ run tirne. If Èhe variable D_l,iEEK conËains a value which Ëhe user

wishes Ëo use as a subscript of X, it ís almost impossible (wiËhout

equivalencing varíables of type T_I^IEEK and T_SiIlI THURS using variant

parts of records) Èo do Ëhis withouÈ this one excepËion mentioned

above. It is for this reason that the assignments:

D_SIJNJHURS := D_IIEEK; D_TUES_SAT := DIION_LED;

DJHURS_SAT := DJUES_SAT;

are allowed Ëo proceed wiÈh only a warning being given. This type of

assignmenË ís checked at run Ëime if the checking option ís specified.

In sr:rnmary, the language provides information for compile-time

checking of assigrunents involving user-defined scalars and subranges

of scalars. This ínforrnaËion is used Ëo elíminaËe run-tÍme checks

where Ëhese Ëypes are used. Run-time checks on PRED, SUCC and the

assignmenËs described in the last paragraph constitute the only cases

that cannot be ehecked at compile Èime.

4.8 SETS

X(D_IIEEK, DJUES SAT) ¿= 2i
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A seË is allocated a ful-l--word of memory. Each member of the

seË is represenLed by one biÈ position, resËrict.ing the nr¡mber of

element.s in a set, to 32.

The base Ëype of a set, must be one of the follorving:

a) User-defined scalar conËaining at nost 32 consËants.

b) Subrange (If..N) of a user-defined scalar where ORD(N) <= 31.

c) Subrange (¡1..N) of integers where If >= 0 and N <= 31.



Conpile-Ëime checking is performed for seË operations. This

cheeking consists of a conparison of the base types of Ëhe sets to

see if they are compatible. It is possible for some set members to

escape detection by the conpiler because they are of the correcË

base type, even though they may be out of the allowed range. Á, check

for invalid set members is made on assignment at run time if the

checking option is specified.

Example: Assume Ëhe declaratíons:

TYPE TOY = (BALL, BAT, CAR, PLANE);

ItrEEK = (SIIN, MON, TUES, I{ED, THIIRS, FRI, SAT);

I^IKI^IEEK = l.{ON. .FRI;

VAR AJOY : TOY; B_IIEEK : I^IEEK; C_I,IKI^IEEK : $IKI,IEEK;

Jl 10:1"10; K:INTEGER;

SET_L'IKIüEEI( : SET OF l{lïtrEEK;

SET1 l-0 : SET OF 1..10;

The synbols (. and .) enclose sets. The statenents

SET_WKI.IEEK := (. . ) ;

SET_WKI^IEEK := SET_trùKI'JEEK + (.C_IüI[,IEEK, TUES.);

SETI:]0 := (..11-lg, 3.¡t

compÍl-e correetly and do not cause run-Ëi:ne errors.

The sÈatements

SET_I^IKI^IEEK := (.MON, SAT, B_I{EEK.);

SET1_1O := (.Jl 10, K, 85.);

compile correctly but will both cause errors at run Ëime.

The statemenÈ

SET_I.IKI{EEK := SET] 10;

is invalid because the base types of the sets are not compatible"
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If a set is constructed by specifying Ëhe set nembers, the

type of the first member is considered to be the base type of the

se! and Èhe oËher members are checked for coupatibility vrith ít.

The statement,

SET_VIIOTIEEK := (.TUES, B_tr^IEEK, C_hrKtrlEEK, A_TOY, CAR, J1r.10, K, 10);

causes error messages for members AJOY, CAR, Ji l0, K and 10 because

Ëhey are incompatibl-e r¿ith Ëhe scalar of rvhich TUES is a constant.

If sets conËaining a single ¡oerirber as in

SET_WKI^IEEK := (.I'IED.); SET_WKI\rEEK := SET_tr{KIJEEK + (.C_Iü{üEEK.);

are índicated without the set brackets, as in

ET_I.JKÌ,IEEK := IED; SET_I{KIIEEIi. := SET_tr,JKI.IEEK + C_Iilil'IEEK;

the compiler construcËs Ëhe required sets and issues the warning

S]NGLETOII SET.

4. 9 POI}ITERS

Pointers occupy a ful-l-word of memory. Only the sinple forms

of procedures l{EIf and DISPOSE are allor¿ed. The tagfield values

for a record with variant parËs may not be specified. In this case,

the space allocated is large enough to accomodate Èhe largest

alternative. Procedure DISPOSE is símp1y ígnored, as no garbage

coll-ection is done

The symbol @ is used to indicate a pointer raLher Ëhan the

sËandard 1.
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4.10 ARRAYS

Arrays are specified by giving the index Ëype and componenË

Ëype. The allowed index Ëypes are user-defined scalars, subranges

of inÈegers or user-defined scalars, or BOOLEAN. The component type

may be any definable type. The numt¡er of dimensions is noË liníted.

The following:

CONST N = 10;

TYPB VECTOR = ARMY(1..N) OF II'IIEGER;

IIATRIX = ARRAY(I..N) OF VECTOR;

VAR X : MATRIX;

Y : ARRAY(1..N,1..N) 0F IIITEGER;

Z : ARRAY(I..N) OF ARRAY(I..N) OF TNTEGER;

shows the decl-aration of three N by lI arrays X, Y and Z. AJ-though 
-

these declaratíons are equJ-valerrË, the compiler does not. consider

them to be of exactly Ëhe sarne type. The assignments

X := Y; Y(3) z= Z(5)3

are not al-lowed because Ëhe component types do not. have Èhe snme

type <ÍescripËors

If the declaraËions are of the form:

CONST N = l-0;
' 

TYPE I"ÍATRIX = ARRAY(I..N,1..N) OF INTEGER;

VAR X,Y : MATRIX; Z : MATRIX;

or of the form
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VAR X,Y,Z : ARRAY(1..t'I,1..N)

then the type descriptors for X, Y and

assignmenËs are allowed. In the case

V ¡- V.
^ 

.- It

the entire 100 elements of Y are sËored in the corresponding

0

L

F INTEGER;

are i<ienËical and the



locations of X while

Y(3) z= Z(5)¡
. _rhcauses Ëhe 5 ror"r of Z to be assigned Ëo the 3rd row of Y.

Example:

COI{ST N = 10;
TYPE VECTOR = ARRAY(1..N) oF INTEGER;
VAR X : ARRAY (1..20) oF VECTOR;

FUI,ICTION SiM (VAR Y : VECTOR) : INTEGER;
VAR I, VSUM : INTEGER;
BEGIN

VSUM := 0;
FOR I := 1T0 N DO VSIIM := VSIM + Y(I);
SIIM := VSIM

END;
BEGIN

wRrrELÌ.i (suM (x (3) ) )
END.

This program passes X(3) whose component Ëype is VECTOR to SIIM for

sr:nmaËion of the element.s in this rov¡ of X. Similar Ëo assÍgnment,

this Èechnique ean only be used when the fonnal and act.ual parameters

have Ëhe same type descrípt.ors.

A vect.or of CIIAR is t.reaËed in the same nanner as a character

string for assignmenËs, I/O and comparisons.

Example: Assume the declaraËions:

TYPE BUFFER = ARRAY(I..80) 0F CIIAR;
VAR LINE : BUFFER; I : I}ITEGER;

LINE can be read one characËer aË a Èime by

FOR I := 1T0 B0 D0 READ(LINE(r));

or it can be read as one characÈer st.ring by

READ (LINE);

which makes only one request to the input routine raËher B0 requests"

70



LINE can be tested Ëo see if it contains $JOB startíng in

col-u¡nn 1 simply by saying

IF LINE = rgJOB' THEN

which compares a string of length 80 with a sËring of length 4

and compares Ëo Ëhe lengËh of the shorter. A subsËring functÍon is

not. available so Èhis technique cannot be used. to test a sequence

of characÈers in the middle of a string.

4.11 RECORDS

Variant parts may be specified r¿iLh or without tagfiel-ds. Each

alternative mapping in a variant starts on a double-word boundary so

Èhat the effect of equivalencing variables of different types can be

achieved.

Sinilar to arrays, record assigruoent i-s allowed if the types

are idenÉical-.

Exampl-e: Assume Ëhe declaraËions:

TYPE OPT = 1..3;
T'JEEK = (STIN, MON, TUES, trNJED, TIIURS, FRI, SAT);
EQUIV = RECORD

CASE OPT OF

l-: (l¡t : IilEK; r : TNTEGER);
2z (II2 : MON. . FRI; J : 1-. . 10) ;
3: (K : INTEGER; S : STRING(4))

END;
VAR A,B:EQUIV;

It is possible Ëo circurnvent compile-tine and run-tirne checks and

cause assignrnenË of values which are ouL of range or of an invalid type

by using variants.

7L



A.I^11 := SAT; A.I := ilcacls3s2;
I,'iRrrELN (A.KrA. S) ;

cause

6 CATS

to be prínted. Tf , horvever, A.II2 or A.J are

values rvhich are out of range, although this

use of variant.s is noË recoumended and should

caution.

The statemenËs

4.12 STATEME}I]S

4.L2,1 IF SËaËement

The Ëwo forms of the Il' statement

IF expression TIIEN stat.ement

and
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referred. to, they contaín

goes undetected. ThÍs

be used with extreme

IF expressíon THEN sËatement ELSE sËatement

are allowed. According Èo the language descriptíon, a semi-colon

is never valid before Èhe ELSE. If the conpiler d.etects a serni-col-on

before'an ELSE, it issues a warning and continues as if ít had not

been presenË.

4.]-2.2 i,mILB SËatement

The trüIIILE sËatement has the form:

IJHILE expression DO stateme¡rË

expression is evaluaÈed prior to each iteration. The statement is



repeatedly

expression

execuÈed at

executed unËil the expression becomes FALSB.

is FALSE on entry Ëo Èhe ItrFlILE, the statement

all.

4.I2.3 REPEAT StaEement

REPEAT statement I t statement J *ttt expression(, J

The statements between REPEAT and U1{TIL are executed repeatedly

until the expression becomes TRUE. The statemenLs are always

execuËed at least once.

The REPEAT statement has the form:

4.12.4 Assienment StatemenË

The assi-gnmerit restricËions are indicaËed at the appropríate

places in the preceding discussion of the various types.

In general, assignmenË is allowed íf the types are compatible.

AssigrunenË of sËrucÈured types is allowed on1-y if both have the

sâme Ëype descriptor.

If

is

the

not
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4.I2.5 GOTO StatemenË

Branching to labels outside of the current, procedure or function

is not permí-tËed. All labels used in the progr¡m musË be declared.

Labels longer than 4 digits are given warnings. Branches into

sLructured statements are deËecËed by the compiler, and are not

a11orved.



4.I2.6 FOR StatemenË

The FOR statement has Ërvo forms:

1) FOR conËrol varíable := initial value TO final value DO S

2) FOR conËrol variable := initial value DOtriliTO final value DO

The control variable must be predefined (i.e., it is not local to

the FOR statement).

The initial and final value are evaluated only once on entry to

the FOR staLement. If the initial val-ue exceeds the final val-ue in

forn 1 or is less than the final value in form 2, Ëhe statement in

the range of the FOR is not, executed. In Ëhis case the control

variable reËains its previous value.

Upon normal exit from a FOR staËement (i.e., the loop has been

performed the required number of tÍmes), the control variable, raÈher

Ëhan being undefined, remains at the 1asË valid value assigned to iL

(i.e., the final value).

If an exít is taken from a FOR statement via a jr:mp, the control

variable remains at the most recent value assigned to Ít in Èhe Ioop.

If Ëhe type of the control variable is a user-defined scalar or

subrang.e Ëhereof , compleÈe compile-Ëime checking for cornpatibil-ity

r'riËh the initial and final values is performed. An error message is

given if it is possible for an invalid value Ëo be assÍgned.

If Èhe control variable is a subrange of inËegers and the checking

option is specified, run-tíme range checks are performed on entry to

Ëhe FOR statement by comparing the initial and fínal values againsË

the range limits of the control variable.
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If a sËatement in the range of the FoR sËaËement alters the initial-

or final value, it has no effect on the number of iteraËions ín the

loop and is not considered to be an error. If an assignment is mad,e

to the conËrol variable, or if the conÈrol variable is an actual

parameter in a call by reference within the range of the FOR, it

is an error.

It is possible for a procedure or functíon, called \,ríthin the

range of the FOR, to raodify the control- variable by makíng an

assignnenË Ëo a global variable. This is not detect,ed and should be

avoided.

4.L2.7 CASE Statement

A CASE selector may be of type INTEGER, BOOLEAN, user-defined

scalar, or a subrange of any of Èhese.

It is not necessary for the CASE labels to be specified in any

particular order or for all the alternaÈives Èo be íncluded.

If the CASE select.or has a negaËive value, a run-Ëime error

message is given. If Ëhe CASE selector value is higher Ëhan the

highesÈ label used or is a value not. covered by a J-abe1, processing

continues with the next stat,ement. If Ëhe CASE sel_ecËor value

mat,ches a CASE 1abe1, a braneh is Ëaken Ëo that. alËernative. Once this

has been executed, processing continues r,¡ith the statemenË following

Èhe CASE sËat,ement.
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Care should be taken to avoid CASE stateuents vrith vridely

different labels.



For example:

CASE I OF

1:X:=SIN(X)i
l-00:X:=COS(X)i

1000:X:=EXP(X)
END;

r^¡ould cause branch addresses to be established for all possible

CASE index values between 0 and 1000. This would require approximately

2000 bytes of the program segment to be used for this purpose.

4.L2.8 I^IITH Statement

The tr^IITH statement serves to open the scope to a record

variable, enabling the record fields to be accessed direcËly, withouË

preceding them ¡'¡ith the name of the record variable.

Example: Assr¡me the decl-arations

VAR A : INTEGER;
B : RECORD

A : REAL;
B : BOOLEAN
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END;

The variable A is

by qualifying the

statemenÈ

I,{ITH B DO S

the REAL variable

as in

known directly while Ëhe record fields are accessed

record variable as in B.A and B.B . Inside the

buË the record variable B is no longer known.

can therefore not be specified as

B.A:= 10.5i B.B:= TRUE;

inside the I^IITH sËatement,

A and BOOLEAN variable B can be accessed directly

The record fiel-ds



4.13 FORIJARD Declaration

Procedures and funct.ions may be used before they are decl-ared

if Ëhey are "preannounced" by a FORIüARD declaraËion. This facil-ity

allows muËually recursive procedures.

The FORiJARD declaration also serves t\,¡o other purposes. A check

is not made to see that a procedure or function name, announced by a

FORWARD decl-aration, is later included. Therefore, a FORI,IAPTD declaration

can be used Ëo make the name of a segment, which is to be included

in the link-edit step, knor¿n to the compiler. This serves a similar

purpose to Ëhe EXTERNAL declaraÈion in other languages. Not only is

the nane available for linkage, buÈ parameLer number and type

checking is performed on any eal] s of the exLernal segmerrÈ

ParaneËer number and Èype checking cannot normally be performed

v¡hen a procedure or funcËion v¡hich is passed int.o a rouÊine as a

parameËer ís later called. The FORIIARD declaration can be used Ëo

enable parameter checking Ëo be performed in this case, if desired.

i.trhen a formal parameËer procedure or function is called, the

compiler checks to see if Ëhe formal paraneter name has been announced

vrith a FORI.IARD declaration. If it has, and is of the correct type

(procedure or function) and has the same result type (if a functÍon),

then parameËer checking is performed using the information given in Ëhe

FORI,IARD declaratíon.
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Exampl-e:

In Ëhe program segment

PROCEDIIRE TEST (VAR X : INTEGER; FUI{CTION

VAR Y : REAI,;

BEGIN

parameËer checking is not performed j-n the call of FX and this is

indicated r*'iËh a warning. If the above code sequence is preceded by

FUNCTIOII FX (A,B : REAL) : REAL; FORI'IARD;

t.hen parameter number and Èype checking is performed, anrl in this

exampl-e would detect that the actual parameter X ís invalid because

a REAL argument is required.

If a formal paraneter procedure or functíon is call-ed and the

name is noË announced by a FORIIARD declaration, space is allocated

for a maxímum of 10 paramet.ers.

Y := FX(Y'X);
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FX : REAI);

4.14 FUNCTION Resul-r Types

The result

T}]IIEGER, REAf,,

or pointer. It

ret,urned by a funct,ion inay be any of SHORT II{TEGER,

L01{G RBAL, BOOLEAN, CHAR, SET, scalar, subrange

may not be of type STRIÌ.IG, ARRAY or RECORD.



4.15 INPUT / OUTPUT

Only the standard Ínput file SYSIN and outpuË fil-e SYSPRII{T are

supported. For this reason READ, RBADLN, EOLN and EOF a1-ways refer Ëo

SYSIN whíle IIP.ITE and I.,TRITELI{ always refer to SYSPRI}IT. The fil-e nâmes

arenot' incl-uded when using these procedures and funct,ions.

The I/0 package implemented is not standard PASCAL. The changes

and extensions were rnade to increase flexibilíty and to make I/O

easier to use. For this reason programs written using standard I/0

might require rnodification to have the desired effects when run using

this compiler.

f/0 is supported for seven differenË scalar types. These are:

SHORT INTEGER (SHRTINT)

INTEGER

REAI

LONG REA],

BOOLEÆI (FALSE,TRUE)

CHAR - single character

STRING(n) (1<=n<=256) character sËring
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4.15.I OUTPUT

There are Ër'7o output procedures:

I.IRITE(..-...) adds Ëhe elements in Ëhe

leaves the buffer pointer so

moved into ihe buffer r.rith a

staËement.

list to the output buffer and

that ad.ditional- items can be

subsequent 'IIRITE or Ir]RITELI{



BO

ITRITELN(,...) adds the elenenËs ín the List to the outpuË buffer

and then causes the buffer to be prinËed. Subsequent

I'IRITE or ITTRITELN statements st,art to fill a new buffer.

I^IRITELN v¡ithout pararnet.ers causes the current output

buffer to be printed.

The elements in Ëhe output lists are of one of the following for:ns:

e

e:f

e:f:d

where e is an expression and L and d, if specified, are unsigned

integers.

If the forn used Ís e it vri1l be referred to as format-free Tf.O,

while if the form ís e:f or e:f:d ít will- be called forrnatted i/0.

The fol-lowing prinÈer control characters are recognized:

Ë (blank) - singl-e space

0 - double space

- tríptr-e space

+ - no space - overprinË same line

1 - skip to ner,r page

If a character other Ëhan Èhese five is useci as prinËer cont.rol, 1Ë is

changed to a blank causing single spacing.

Format-Free Output

Each element in

right-jusËified in a

that the item printed

the ouËput list is moved inËo the ouËput buffer

field of defaulË r.iidth. The defaulË widËh insures

is preceded by a minimum of 2 blanks. Thus the first



position of the buffer (printer control character) is ahvays a blank

causing single spacing

The foll-owÍng Ëable gives the defaul-t

number of elements of this type which wil-l-

Type

S}IORT INTEGER

II,ITEGER

REAL

LONG REAT,

BOOLEAN

CIIAR

STRING (n)

R[A]. and LONG REAL values are printed in floaËíng-point form t,o

mæcimum precision. BOOLEAI.I values are printed as TRUE or FAISE.

If Ëhere is insuffícÍent room in the ouËpuË buffer Èo accomnodate

an item in the output 1isË, the buffer is printed and the it,en is noved

Ín at Ëhe start of the new buffer. A long STRIIIG (such as 256 charact,ers)

is prinËed at Èhe beginning of a nev¡ line and ís allor¡ed Ëo overflow inËo

the next line.

Example: Format-Free OuËpuË

Default I,IÍdth

fiel-d v¡idths used and al-so Ëhe

fit on one line of outpuL.

/l per Line

l_6

L0

7

5

18

44

B

L3

LB

26

7

3

n*2
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CONST PI=3.L4L59; N=10;
VAR X:LONG REAI; T:SHRTINT;

A: CIIAR; S: STRING (10) ; B: BOOLEAì{;
BEGI}T

/* lnt¡erR vAr,uES */
I:=-23S;
I.I?.rrE (r,I+N) ;
IIRITELN( 165,#TFFFFFFF,#TOS,TNUTC (PI) ) ;

/* ng¿r, VAIUES 't/
Xz=897 .6L354823L;
I,J'RITE(X);
riRrrE (^7 . 2E-3, ü41100000R) ;
I,JRITELN;

/* ¡ooI.E¿rTS, CIIAP,ACTERS Aj,ID SÏRINGS */
A:=tAr ; s:=tlioRSIt I ?sr ; B:=TRUE;
IRTTELN (4, B, S r 

t SUM= r, r>Ilr-8, #UgX)
END.



This program produces 3 lines

1st Líne

-23

2nd Line

8.976r3s40000008 25

Jrd Lane

A TRUE HORSE I S STJM=

blank was taken from the firsÈ

of output with

-13

Formatted OutpuË

L6

The form e:f can be used for any type of expression. The f

indicates the field rridth to be used when printing the expression

This field width is used in place of the default width whích would

used for thís type of expression in format-free output.

All elements are moved into the output buffer ríght-justified

the specífied fÍelds.

REAL values are printed to ful1 precísion in floating-point

notation.

2L47 483647

single spacing:

-7.1999998-03

FA].SE FA].SE Z

posiËion of each line for prínËer control.

16
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1.000000E 00

BOOLEAN values are prinËed as TRUE and FALSE if the field width is

at leasË 5, otherwise they are printed as T and F.

The form e:f:d is only allowed for REAL expressions. The value

is prÍnted in a field of width f with ci dígiËs to the right of the decimal

poínt in fíxed-point notatíon. When this specification is used the

last digit is rounded.

If rhe fíeld width f is not large enough to hold an INTEGER or

REAL value, the fíeld is filled with asterisks.

a.

be

1n



If rhe field widrh specifÍed

size, the STRIIIG is truncaËed on

Bxample: Format,Ëed OuËput

VAR I:INTEGER; K:SHRTIM;
X:REAL; Z:LOI'{G REAI;
A:CHAR; S:STRIItrG(10) ; B:BOOLEAN;

BEGIN
/* TNINCSR VALTMS */
T:=-23; i(:=10S;
I^IìITE ( I ? :1,Il5,ll:3r 697 t5rABS (I).13);
riR.rrELN (ü 100 :4, i/l's : 3, r: 2) ;

/* n¡ar, VALUES */
X : =-73 . 4966 ; Z :=987 . 3L459 678-2L3
I,fP.ITELtl ( t 0 t : 1, X : 14, X : 10 rX : 10 : 3 rZ z-20, Z t 8,2 : 6 z 2) ;

/* IOOT,TAT{S,CTIARACTERS A],TD STRII{GS */
A:=rCt ; S :=f JOHI.{SOI{t ; B:=FALSEi
Iß-ITELN ( I - ? : 1,Á,: 5 rA : 1-, S : 1-2, S : 3, B : 10, B : 2)

END.

for a STRIIIG is l-ess than the STRING

the righË.

This program produces 3 lines of output. PrinËer control characters

have been specified giving single, double and tríp1e spacíng respecËíveLy.

lst Line (single space)

-23 L0 697 23 256 15***

2nd Line (double space)

-7 .34966011 0l********** -73.497 9.973L459670000q pg *:k****** g.g7
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3rd Line (triple
' CC JOINSON

4.L5.2 I}TPUT

There are

READ( ....)

space)

JOH FAISE

tr+o input procedures:

Reads from the input buffer and l-eaves Ëhe buffer pointer

so that reading can continue frorn Ëhe same buffer with a

subsequent READ or READLII sËetement"



READLN(..*. ) P.eads from the input buffer and then discards the

rer¡ainder of the buffer. A subsequent READ or

READLI{ would start reading from the nexË buffer.

PGADLì{ without. paraneËers causes the rernainder of

the current, buffer t,o be discarded.

There are two functions available to aid in processi-ng input:

EOLN - lias the value TP.UE if the input l¡uffer poinËer ís

at the end of the currenË buifer, oËhenvise Ít has

Ëhe val-ue FAI,SE.

EoF - Has Ëhe value TRIIE only Íf the file sysrN is enpry.

OÈherwise iË has the value FALSE.

PJADLN ahvays sets EOLI{ to FALSE and attempts to geË Ëhe next-inpuÈ

record so that EOF can be correcÈly set.

llhen e>recution begíns EOLN is FALSE and EoF is TRUB or FALSE

depending on whether the SYSIN file is enpty or not.

Input-líst specificaËions were designed to para11e1 thoæof outpuË

as closely as Possibl-e to provide a more fl-exible input capabil-ity than

all-owed in sËandard PASCAL.

SirnÍlar to ouËput, elerients of the input l_ists are of one of the

following for¡ns:

e

e:f

e:f:d

rvhere e specifÍes Ëhe variable which Ís Ëo be assigned the valueread,

and f and d are unsigned inÈegers specifying format informaËion.
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FormaË-Free Input

The inpuË li-st elenenË is of the form e. The informaËion

can be placed i-n any columns of Lhe inpuÈ record.

The ínput rout,ine scans the inpuË reeord unËi1 it finds a non-

blank character and then aÈtenpts Èo read a value of the requíred

type.

INTEGER or REAL values must conform to Ëhe accepted specÍ"fication.

A blankr end-of-1ine or a characËer not valid in a nr-rmber serves t,o

delinit the number on Ëhe righË. rf a nurnber of Ëhe correct type

Ís not found, a run-Ëime error message is given.

If Ëhe variable is of type BOOLEAN, Ëhe characÈer T is read

as TRUE whil-e an F is tal:en as FALSE. An¡r other character is

invalid and results in a run-time error message.

Character strings are delimited by quote marks (t). A quote

wiËhin a string is represented by two quotes (tt), If necessary,

a sËring may be split over more than one record. If the input

string is shorter than the declared string síze, the string is
padded on Ëhe ríght wj-Ëh blanks. rf the input sËring ís t,oo long

or the first non-blank character is not a quote, a ïun-time error

message is given.
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Exanple: Forrnat-Free Input

VAR I:IMEGER; K:SFIRTINT;
X:REA].; Z:LONG REAI,;
A:CHAR; S : STRII.IG(10) ; B:BOOLEAlrl:

BEGIN
READ (rrKrArX) ;
READLU(S rBrZ)

END.

Three different but equÍvalent ways of providing Ëhe input are

demonsËrated:

lst (blanks delÍmir all fields)

23 63 'A' -7.3L48+3 tJOIiIÌl rSr .T g..3

2nd (unnecessary blanks removed)

23 631 At -7. 3l-4E+3tJoIîNr rs:i9. 3

3rd (sp1-it over several records

nl
63 rAr -73L4.0 '.iOt¡g' Irs' T +9.3E+oo I

I

Formatted Input

The form e:f can be used for any type of variable. The f

indicaËes that the requíred value ís to lie in the next f posítÍons from

the current buffer pointer

Nr:rnbers must be right-justified in the fÍel-ds or they wí1l be padded

out with zeros. An illegal characLer in the field causes a run-time

erïor message.

If the variable is of Ëype BOOLEAN, Ëhe fiel-d of r^ridrh Í_ is

scanned from lefÈ to right unËil the first T oï F is found causing

assignmenË of TRUE or FALSE respecËiveiy. If neither a T nor F is

found in the field a run-time error message is given.
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Single characters and strings are not encLosed in quotes as the

field r,¡idth and buffer pointer indicate the locaËion of the string.

A]-l characters are considered valid.

The form e:f :d can be used for REAL variables on1-y. This r,¡il-l

cause a decinal point to be assumed d digits from the righË roargin

of the fiel-d or if the nr:mber is specified with an exponent then d

digits Èo the left of the E . If a decimal point ís used ín the

number then it overrides Ëhis specification.

Exampl-e: FormaÈted Input

VAR I: INTEGER.; II: SHRTINT;
X:RLAL; Z:LO}IG REAL;
A: CI'.AR; S : STRING (10) ; B: BOOLEAN;

BEGIN
READ (I : 4;K: 4,4: lrX : 10, S zL2 rß: 5, Z : 6 : 1)

END.

If the f ollor,rirng inpuË record was read:

lóU 2 3UV Lþ Züúü - I . 5 3 9 1IIORS E' S þHOO FX YTTZW 7 9 6 5

it would be equivalent Ëo the fol-lowÍng assignnentss

Tz=23
K:=10 zero ínserÈed
Aa=:'Zr

87

Xz=-7.5391
S := IIIORSE I 'S HOOF I

B:=FALSE' Zz=796.5

4.15.3 I/C in General

The choice

for each elernenË

at r¿ill in boLh

Ëruncated to IIoRSETS HO

of format-free or formatËed

in the I/0 lists. ihe Èr.ro

input and outpuË to suit the

input and ouËput can be made

meËhods can be interm:ixed

userts needs.



Example: Output

VAR N:INTEGER; K:SHRTINT; X:RXAL;
B:BOOLEAN; C:STRING(3) ;

BEGIN
K:=123; N:=4; Xz=72.833 B:=TRUE; C:='ABC';
I^TRITELN (' 0' : l,K,N : 3, X, X : 13, X : B z 2,8, B : 5, B : 2,C rC z 2)

END

The following output line is produced:

I23 4 7.283000E 01 7.283000E 01 . 72.83 TRUE TRUE T ABCA3
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4.16 Built-In Procedures

Input/OutpuÈ

These procedures are used vrithouË specífyíng the fil-e names.

READ
READLN
I.IRITE
T.IRTTELN

Dynamic _Al-l-ocation

Tagfield values may noË be specified.

NEI^I(X) - al-l-ocates a ner¡r variable of the type associated
v¡ith X and assigns the address to the poínÈer
variable X.

DISPOSE(X) - frees dynamic variable referenced by X.
- actually accomplishes nothing.

4.17 Built-In Functíons

Eoolean

89

EOL}T

EOF

oDD (x)

used without arguments.
TRUE if the input pointer is currentl-y aË Ëhe
end of a line; oËherwise FALSE.

used wíthout argument,s.
TRUE if end-of-file has been reached on the
inpuü file; otherwise FALSE.

X musË be j-nt,eger.
TRUE if X is odcl; other\"rise FALSE.

Arithrnet.ic

Functions

INTEGER, REAL

A3s (x)

sQR(x)

r¿hich accept an argument

or LONG REAL and return a

- absoluËe value

- square (X * X)

of type SHORT I}ÛIEGER,

result of the same type:



The fol-lowing funcËions accept an argunenÈ of Ëype SHORT II{TEGER,

IMEGER or REAL and produce a RBAL resulÈ, or an argument of type

LONG RIrAL and produce a LOIJG REAI, result.

srN(x)

cos (x)

ARCTAN(X)

EXP (x)

LN(X)

Loc (x)

sQRr (x)

Transfer

natural logarithm

1-ogaríthm base l-0

oRD (x)

cHR(x)

ROUND (X)

TRUNC (X)

90

ordinal number of character or scal-ar constant..

the ciraracter v¡hose ordinal number is X (integer).

real value X is converted to an integer and
is rounded.

real value X is converËed to an integer by
Ëruncating the fracËíonal part.

Other

succ (x)

PRED (x)

X is of type integer, user-defined
subrange Ëhereof.
result is the successor value of X

X is of t.ype inËeger, user-defíned
subrange thereof.
result is Ëhe predecessor value of

X nust be a set.CARD (x)

CPUT]ME

result is the cardinality (i.e., the number of
members) of Ëhe set.

used v¡ithouË argumenËs.
returns the elapsed time in seconds as a real- val-ue.

scalar or

if it exists.

scalar or

X if it exists.



4.18 Tabl-e of SËandard ldentifiers

ConsÈant,s

FALSE, TRUE, MÆ(INT

Types

SHORT TMEGER (SHRTTNT), TNTEGER, REAT., LONG REA].,

BOOLEAN, CHAR, STRII'IG(n) where 1<=n<=256

Procedures

ffiÆ, READLN,

Funct.ions

EOLN, EOF, ODD, ABS, SQR, SrN, COS, ARCTAN, HP,

LN, LOG, SQRT, OÐ, CHP., RO1IND, TRUNC, SUCC, PRBD,

CARD, CPUTTI{E

I{RITE, tr^iRITEL}T, NEi{, DISPOSE

Reserved tr^lords (in aCdition to

9L

AND
ARRAY

BEGIN
CASE
CONST

DIV
DO

DOIII\ïI0
ELSE

ET{D

FOR
FORIIARD
FUNCTIOI{
GO

GOTO

IF
rItr
LABEL

Alternate Synbols

Èhe standard identifiers)

Standard Allowed

MOD

NIL
NOT

OF

OR

PROCEDTTRE

RECORD

REPEAT
SET

t{oT
OR

AND

-
I

&
f=

TIIEN
TO
TYPE
UNTIL
VAR.
I^II{ILE
I'lITIl



4.19 LT-\ÍITATIONS T}ÍPOSED BY TI]E COIîPILER

A. LÍmits imposed by compiler design whictr can rrot Þe-gltggg{

The user must bear these linits in mind when writing his Programs.

l-. The maxímrn nesË of procedure and funcËion declarations is 5.

2. 4096 Byte Línits

2.L - The code generated for any segment (main programr procedure

or funcÈion) must noË exceed 4096 bytes.

- All- branches are direct and all consËants are stored

elser¿here, so Ëhat this 4096 bytes is almosË entirely code.

2.2 - A constanË area is set up for each progrâm segmenË.

All constanËs, strings and address constants are stored here.

This constan! area for any segment may not exceed 4096 bytes.

2.3 - Each progråm segment has a data segment associated with ít.

The daËa segment rnay be of any size as long as the following

' fít in Ëhe first,4096 bYtes.

a register save area

- a run-time save area:

- stores t.emporary resulËs

- FOR staËenenË linits
- I,lITll sLetement addresses

- paraneter lisËs

- storage for all simple variables

- base adrlresses for arrays and records
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- array dope vecËors

- subrange bounds

- constants declared in COllST decLarations

3. Record Limi-tation

3.1 - No record field may exceed 321767 bytes in size"

-4.2 - No record field may start more tham 321767 bytes

from Ëhe beginning of the record.

4. Array LimÍÈation

4.L - The componenÈ size of any array must not exceed

32,767 bytes.

5. Packed arrays and records are noË supported and procedures

PACIi and lllIPAC[l are not inplemented.

6. Only Ëhe simple f orms of procedures ltrEI,I and DISPOSE are

allowed. TagfÍeld values aay not be specified.

No garbage collection is done.

7. Only the files SYSIN and SYSPRINT are supported.

7 .L - The program heading is not required or all-or¿ed"

- SYSIN and SYSPRII{T must be provided.

7.2 - The only I/0 routines supported are:

- READ, REAÐLli, I,IRITE, I.IRITELI{, EOF andOLN.

- as P.EAD, READLN, EOF, and EOLN always refer to

SYSII,I while I,T.ITE and I^IRITELN alvrays refer to

SYSPRIII'I; Ëhe file nârnes are noË specified"
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B. Branching to global labels is noË permitted.

9. Subranges of characters are not al-l-owed.

B. LimiËs imposed by the default sizes of tables in Ëhe sglrg4e!

- Terminal error messages are issued for all- table overflows.

- Table sizes can be nodified in two Ì,Iays:

- Some table sizes can be set r^rith a ParameLer on the

EXEC card.

- The Ëab1e sÍze can be rnodified in Ëhe PL360 procedure

SETLIÍIT provided with the compiler. SETLil'IIT can then

be re-compiled r¿Íth the o1d version of the PÀSCAL compiler

included in Ëhe l-ink-edit sËeP to create a ne\¡I PASCAI

compiler r'¡ith increased default table sizes.
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4. 2O SYNTICS SYSTEM TERMINAI ERRORS

Hash BuckeË Overflow

The defaulL ís 700 bucli.eËs, each of 4 byËes for a total of

2800 bytes.

the number of bucket,s is the nraximum number of entries which the

hashing rouËiíre can make in Ëhe hash string.

All idenËifiers, constants, stríngs arid labels requíred

a buclcet enËry.

The size can be urodified by using the llB paraneLer on the

EXEC card or by changing BUCKETSIZE in SETLII'ÍIT.

Hash String Overfl-ow

Default size is 8000 bytes.

The hash sÈring contains the characËer rePresenËation of all

ldentifiers, labels, strings, and Ëhe inÈernal represent-

ations of constanËs. Each entry is also appended r.rith a length

field and a poinËer fiel-d to the symbol- table.

The size can be nodífied by using the IIS parameter on the EXEC

card or by cbanging STRINGSIZE in SETLÏ]ÍIT.

End-of-Fi1e Before <Program> Found

95

the parser sLill had noË

the source r¡Ias reached.

Some possíb1e causes are

symbols (*/) . or closine

recognized a <progr¡m> when Ëhe end of

missing ENDfs,

quotes around

close comment

sËríngs ( r) .



8. Card Index Overflow

- If the source is extremely sparse, the table maintainíng

card índex information for error messages may overflow. The

solution to the problem is to wriËe denser code.

Backtracked Past Avaílable Text9.

- If Ëhere are severe synt.ax errors, the parser may attempt to

backtrack furËher than Ëhe information maintained for this

purpose. Correct Ëhe errors already indÍcated and re-submit

the progrem.
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4.21 PASCAL CO}ÍPILER TERI'III{AL EPG.ORS

These errors are produced when a compiler restricËion is

exceeded. CourpilaËion immediately ceases wiËh the recogniÈion of

one of these conditíons. If the error is caused by a restriction

imposed by cornpiler desígn, the source program must be ¡nodified to

conform to this configuration. If the error is caused by a compiler

table overflo\^r, three possibilities exist:

- increase the Ëable síze by passing a Parameter on Ëhe

EXEC card.

- modífy the source program to avoid the error'

-increasethetablesizebymodífyingSETLII"IITand

creaËe a neT¡I version of the eompiler'

106 Program Segment > 499!-f,Ylee

If run-time checking code is currently being produced for

this segmenË, ít can be suppressed with $cIlECK-. The problem

can also be overcome by breaking up this segment up into

several smaller ones.

114 Constant Segment > 4096 BYËes

97

The current program segmenË can be broken up into smaller

segmentsr ê-âch of which is allowed a constafit area of. 4096 bytes.

117 Sesnent Data Area Overflow

The declarations for the current segment can be broken up

so Ëhat one level of declaration is nested within the oËher.

121 Nest of Procedures and FuncËions > 5

Reduce the nesËing level by rnoving some declarations to higher

levels and wríte the segments at the same level rather than nested

one within the other.



E
R

R
O

R
 #

r0
0

T
A

B
LE

S
Y

M
B

O
L

10
r

)E
F

A
U

LT
 S

IZ
E

IR
Y

T
E

S
)

P
A

S
C

A
L 

T
A

B
LE

 O
V

E
R

F
IO

I^
I 

T
E

R
M

IN
A

L 
E

R
R

O
R

S

T
Y

P
E

LO
2

12
00

0

P
O

IN
T

E
N

T
R

Y
 S

IZ
E

(B
Y

T
E

S
)

24
0

r0
3

2¿
+

R
E

C
U

R
S

IO
N

#o
r

E
N

T
R

IE
S

10
4

24
0

L2

50
0

B
LO

C
K

E
X

E
C

 C
A

R
D

pa
na

lm
ru

n

10
5

10
80

I 4

E
S

D

20

S
T

LO
7

20
0

S
E

T
LI

M
IT

V
A

R
IA

B
T

E

30 60

T
X

T

S
Y

M
L

72

60
0

B

C
O

M
M

E
N

T
S

T
Y

P
E

L

-t
ab

le
 b

lo
ck

 s
tr

uc
tu

re
d

-c
on

Ë
ai

ns
 i

de
nt

ifí
er

s,
 

la
be

l
co

ns
ta

nt
s,

 P
ar

am
et

er
sr

 t
Y

P
e

de
sc

rip
tio

ns
, 

et
c.

50
00

I5

P
J

L2

25

P
O

IN
T

L

-m
ax

ím
um

 n
es

t 
of

 t
yP

e 
de

cs
.

(U
se

 T
Y

P
E

 d
ec

la
ra

tio
ns

)
(s

am
e 

ta
bl

e 
as

 ll
2)

-m
ax

im
um

 #
 o

f 
po

in
È

er
fo

rw
ar

d 
re

fe
re

nc
es

-m
ax

im
um

 #
 o

f. 
ar

ra
ys

 a
nd

re
co

rd
s 

pe
r 

se
gm

en
t

(s
am

e 
ta

bl
e 

as
 e

rr
or

 1
10

)

50

R
S

T
A

C
K

L

B
LO

C
K

L

E
S

-u
se

d 
to

 p
ro

ce
ss

 n
es

te
d

ty
pe

 d
ec

la
ra

tio
ns

E
S

D
S

T
L

-t
ab

le
 b

l-o
ck

 s
tr

uc
tu

re
d

-e
nt

rie
s 

fo
r 

ea
ch

 s
eg

m
en

t'
R

E
C

O
R

D
 d

ec
la

ra
tio

n 
or

I^
IIT

H
 r

ec
or

d 
va

rla
bl

e

P
R

O
G

LG
T

H

-#
 o

f. 
un

iq
ue

 p
ro

ce
du

re
s 

an
d

fu
nc

tL
on

s 
w

hi
ch

 c
an

 b
e

ca
lle

d 
fr

om
 a

ny
 s

eg
m

en
È

.

-t
ot

al
 

ar
ea

 f
.o

r 
co

de
 o

f
cu

rr
en

t 
se

gm
en

t, 
P

lu
s 

en
Ë

ry
co

de
 o

f 
g1

-o
ba

l s
eg

m
en

ts
\o @



E
R

R
O

R
 #

10
8

T
A

B
LE

R
LD

10
9

P
A

S
C

A
L 

T
A

B
LE

 O
V

E
R

F
LO

I^
I 

T
E

R
M

IN
A

L 
E

R
R

O
R

S
 (

co
nt

rd
)

D
E

F
A

U
LT

 S
IZ

E
(B

Y
T

E
S

)

LA
B

E
L

11
0

48
0

E
N

T
R

Y
 S

IZ
E

(B
Y

T
E

S
)

JT
]M

P

20
0

11
1

B

24
0

LT
z

#o
r

E
N

T
R

T
E

S

C
H

A
IN

4

C
A

S
E

60

B
X

E
C

 C
A

R
D

P
Â

R
 A

M
E

T
H

R
S

11
3

80

50

C
O

N
S

T
A

N
T

R
D

24
0

S
E

T
LI

M
IT

\T
A

D
T

A
R

T
T

T

11
5

60

P
R

O
C

E
D

U
R

E

C
A

IL

R
LD

S
T

L

LS

4

50
00

L6

LA
B

E
LL

P
J

# 
of

 p
ro

ce
du

re
s 

an
d 

fu
nc

ti
ca

lle
d 

fr
om

 a
ny

 s
eg

m
en

t.
en

Ë
rie

s-
20

=
 #

 o
f 

ar
ra

ys
an

d 
re

co
rd

s 
al

lo
w

ed
 í

n
m

aí
n 

pr
og

ra
m

.

20

24
0

C
O

M
M

E
N

T
S

15

P
O

IN
T

L

-m
ax

im
um

 #
 o

f 
1a

be
1s

 k
no

w
n

at
 a

ny
 t

ím
e.

l-6

-e
nt

ry
 

fo
r 

ea
ch

 a
dd

re
ss

 t
o

be
 f

íl1
ed

 
in

 f
or

 
IF

, 
F

O
R

,
I4

T
H

IL
E

 a
nd

 R
E

P
E

A
T

 s
ta

ts
.

(s
am

e 
ta

bl
e 

as
 e

rr
or

 
10

2)

C
H

A
IN

L

T
Y

P
E

L

C
L

t5

-m
ax

im
um

 n
es

t 
al

lo
w

ed
 f

or
C

A
S

E
 s

ta
te

m
en

ts
.

(s
am

e 
ta

bl
e 

as
 e

rr
or

 1
01

)

C
O

N
S

T
LG

T
H

-m
ax

ím
um

 n
es

t 
al

lo
w

ed
 f

or
C

A
S

E
 s

ta
te

m
en

ts
.

(s
am

e 
ta

bl
e 

as
 e

rr
or

 1
01

)

P
R

O
C

L

-t
ot

al
 

ar
ea

 f
or

 c
on

st
an

ts
of

 c
ur

re
nt

 s
eg

m
en

t 
an

d
gl

ob
a1

 s
eg

m
en

ts

-m
ax

im
um

 d
ep

th
 t

o 
w

hi
ch

pr
oc

ed
ur

e 
ra

nd
 f

un
ct

io
n

ca
lls

 m
ay

 b
e 

ne
st

ed
'a

s
ac

tu
al

 p
ar

am
et

er
s.

\o \o



E
R

R
O

R
 #

11
8

T
A

B
LE

L2
0

W
IT

H

t2
2

T
JS

!'A
U

L.
I 

S
IZ

E
(n

vr
ns

)P
A

S
C

A
L 

T
A

B
LE

 O
V

E
R

I'L
O

I,I
 
T

E
B

M
IN

A
I 

nn
ttO

ns
 (

co
nr

rd
)

F
O

R

l,2
3

20
0

A
S

S
IG

N

E
N

IK
Y

 S
IZ

¡J
T

R
Y

T
E

S
\

R
I]N

-T
IM

E
T

E
M

P
 S

A
V

E

B
O

B

B
O

f 
u!

'
E

À
'fT

F
Þ

T
rf

4

25
6

4

25

E
X

E
C

 C
A

R
D

P
Ä

R
A

M
F

T
T

'R
,C

20 20

sE
 L

IM
IT

V
A

R
T

A
B

T
.E

I4
T

IT
H

L

F
O

R
L

-m
ax

im
um

 n
es

t 
al

lo
w

ed
 f

or
tr

IIT
H

 s
ta

te
m

en
ts

A
S

S
T

G
N

L

C
O

M
M

E
N

T
S

-m
ax

ím
um

 n
es

t 
al

lo
w

ed
 f

or
F

O
R

 s
ta

te
m

en
ts

.

R
U

N
S

A
V

E
S

IZ
E

-lÍ
m

its
 

th
e 

ço
m

pl
ex

ity
al

lo
w

ed
 f

or
 

ex
pr

es
si

on
s

-s
Íz

e 
of

 t
em

po
r 

ar
y 

ar
ea

f 
or

 I^
IIT

H
 a

dd
re

ss
es

, 
F

O
R

lir
nÍ

ts
, 

Ë
em

po
ra

ry
 r

es
ul

ts
an

d 
pa

ra
m

eL
er

 l
is

ts
 

at
ru

n-
tim

e

H O o



4.22 EXEC CARD PARA}IETERS

A. PARM. PASCAI

4.1 Standard

* LIST

ìTOLIST

* LOAD

I{OLOAD

* DECK

ITODECK

options (default *¡

produce source listÍng
suppress source listing

produce object code on SYSGO

suppress objecË code

punch objecË deck

do not punch object deck

A,.2 Par:meËers

B tables

Form: XX
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to rnodify size of conpiler tabl-es

can be ¡nodÍfÍed.

= n where XX represents a two-letter code

indicating Èhe table to be rnodifíed and n

is the new table size in byËes.

- Codes:

ST

HS

symbol table (terminal error l-00)

default = 500x24 = 12000 byËes (sT = L2000)

hash string (terrninal error 5)

default = 8000 byres (HS = 8000)

hash buckets (terminal error 4)

default = 700x4 = 2800 byres (ttB = 2800)

RLD table (terminal error J-08)

defaulr = 60*3 = 480 byres (RD = 480)

constant, area (terminal error 113)

default = 5000 bytes (CL = 5000)

H3

RD

CL



PJ

also

poinË stack (terninal- error 102)

default = 30*B = 240 bytes
jump stack (terninal error 110)

default = 60x4 = 240 byÈes (PJ = 240)

1abel sËack (terminal error 109)

defaulr = 50*4 = 200 byÈes (LS = 200)

ESD stack (termÍnal- error 105)

defaulr = 50*l-2 = 600 byres (ES = 600)

LS

ES

4.3 Parameters to adjusË several- tables aË once

SÌ'IALL reduces síze of major compiler Ëab1es.

reduces core requirement for compile step by

approxÍ:naËely 10K.

equivalenË to:

sr 6000

HS = 6000

HB = 2000

CL = 4000

PJ = 240

ES = 24O

L02

BIG increases size of major eompíler_ tables.

increases core requirement for compile step by

approxÍmately 12K.

equivalenË to:

ST=
lfd
.f!ù

I13 =

RD=
CL=
PJ=

18000

12000

4800

800

6000

400



Pararneters are processed in sequence from left to righË, so

it is possible for a parameter to rnodify Lhe effect of a

previous parameËer

Example:

PAPùÍ . PASCAL= T US= 3OOO, BIG g ST=IOOOO I

The size of the hash sËring would be changed to 3000 bytes.

Pararneter BIG vrould change several Ëabl-es including the hash

string and r¡ould actually nullify the effect of the äS

parâmeÈer. Finally the synbol table size r¿ould be nodified by

BIG and Ëhen it would be rnodified again by the ST parameter.

This is a useful Ëechnique as BIG r¿ould sti11 h"v" tt" required

effect on several other tables.

B. PARI'Í . GO

llorrnally a fixed-point overfl-ow is considered as an error and

execution is halted rvith an appropriate error message.

PARM . GO= I I,ÍASKOFLOW I

masks the fixed-point overflow exception at run tÍme.

103



4.23 $ COÞOÍANDS IN TIIE SOURCE DECK

The comnênds begin with a $ in column I and uray be placed at any

desired place in the source deck.

Cornpiler defaulËs are indicaËed by *

* $f.fSt+ produce source listing

$LIST- suppress source listing

$COOE+ lÍst generaËed machine code

* $CODE- suppress lísting of code

* $CHgCf+ gerierate run-time checking code

$CHECK- do not generaËe checking code

* $wen¡l+ list warning messages

$I^IARN- suppress warnings

$Sf¿ntC n - índicaÈes first significanË card coluum

- defaulr $sraRTc I

$mlnc n - Índícates last significant card column

- defaulr $ENDC 72

$PAGE continue source listing aË a nernr Page

$TTTLE - replaces "uNrvERSrrY oF MANTToBA" in

page header r¿ith 40 characÈers startíng

in column 10

- continues source listing at a ner^t page

The $ cornmands normally appear in the program listing. To provide

the facílity of using some $ conn¡rands and still be able to produce a

clean source lisËíng, two oËher corunands are included.

* $LIsr$+ - lisË the $ cormands

- this corunand is always listed in tha source

$LIST$- - suppress listing of $ conmands

- this coumand is never listed in the source.
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organization. TopÍcs covered include the run-Èine organization and

register usage, the block sËructuring of the syrnbol table with particular

reference Lo Èhe hash-encoding scheme, a conplete description of all

possi-b1-e symbol table entries, descriptions of all inËernal tables

with their dÍsplays, and the register allocation mechanism in relation

to the operand sËack

Tiris chapEer derrronsErates boËh compile-time and run-time

ciraprsn

ORGAI{IZATIOI{

The run-time organization ís presented first because the infomation

Ís essential to undersËand the operaËion of some of the compiler tables.
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5. 1 RUN-TIME ORGANIZATION

The run-time organization is deËermined primarily by two

considerations. The first is to make the accessing of global

variables as efficient as thaË for local variables. The second is

the faciliËy for recursive calls in the language. The size of the

data area for each program seglrent is determined aË compile time, but

because of Ëhe possibilíty of recursive calls, a static data area is

established only for the main prograr¿ (PASCAIDS). The data areas for

procedures and funcËions are acquired dynamically on entry and

released on exit.

Eaeh program segment is restricte<i to 4K bytes of code so that

all branches are direct. A separaLe consËanÈ area of up to 4K bytes

is associaÈed r"ith each program segnent. The prime purpose of thís

consËanÈ area is Ëo store all constanÈs and sËrings which are used

in the associaLed program segxoent.

Ifain Program
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All consËanËs declared in COIIST <leclarationsr array and record

base addresses, arxay dope veetors, as r¿ell as subrange upper and

lor¡er bounds, are sÈored directly in the main program daËa area

(PASCALDS). The base addresses of the arrays and records are

established using entries in Èhe relocation dictionary.

Procedure or Function

All constanÈs declared ín COl'lST declaraËions, the of f seËs

of arrays and records from the start of the data segmentr array dope

vectors, as well as subrange upper and lower boundsr are sËored by



the compiler ín the constant area associated with the prograrn segment.

This Ínforrnation is needed by not only the current progran

segmenÈ but also by oÈher segnents for which this segment is g1oba1-.

This information is therefore nioved into Lhe segnent data area r,¡hen

it is acquired at entry time. The array and record base addresses

are computed aË run Èime by using the offseÈ frorn the starË of the

daÈa area. Recursive calls imply that this initialization Ís

perforrned for each invocation. For this reason, loca1 arrays and

subranges in recursively called segments add a consíderable overhead.

Run-Time RegisÈer Usage

Three base regisËers are employed for every ínvocation of a

progrâm segmenË. Register 15 always poínts Ëo Ëhe sËart of the

current program segment. All branches in the code are done as

displacements froro this register.

The registers used to poinË to the segnent data area and

constanË area depend on the nest level aÈ r¿hich the current segment

is defined. The main prograxo is considered to be at level- 0

while procedures and functions defined within the main program

declaraËions are level 1, and procedures and functions defined v¡ithin

them are 1evel 2, etc"

L07

The regisËer used for the daËa area is deterníned by

(13 - nesË level). For the main program this is 13. Thus PASCALDS

always has register 13 as its base. In a similar manner, (L2 - nest Ievel)

indicates the register used to point to the constant area for any

segment. Registers (11 - nesË level) down Ëo 2 axe r,rork registers.



The naximr:m nest level allowed by the compiler is 5. For a

procedure or function aË this 1eve1, register 13 - 5 = B points to

the data area ¡¡hile registet L2 - 5 = 7 points to the constant atea.

This leaves registers 11 - J = 6 to 2 for ryork registers, while

registers 9, 10, 11, L2 and 13 point to the data areas of all the

global segmenËs.

Example: Run-Time RegisÈer Usage

COì{ST N = 10;
TYPE INDEX = 1..N;

VECTOR = ARRAY (II\TDEX) OF INTEGER;
VAR A : VECTOR;

I : INTEGER;
PROCEDURE LEVEL1;
VAR J : I}ITEGER;

PR.OCEDIIRE LEVEL2;
TYPE SUB = 1..10;
VAR X : ARRAY (SUß) OF II'ITEGER;

K : SUB;
BEGIN

v .- 1.\ .- / t
X(K):=J*I+A(K)+N+25

END;
BEGIN

T .= ??.-¿,
LEVEL2

ETTD;

BEGIN
I := 85;
A(7) := N;
LEVELl

END.
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For the main program,

INDEX, the dope vector for

PASCALDS.

For procedure LEVEL2,

dope vector for X and base

are stored in the constanË

enËry tÍme.

Ëhe consËant N, Èhe high and

VECTOR and base address for

the high and l-ow bounds for SUB, the

address and offset information for X

area and are rnoved into the data area

lorq bounds for

A are all ín

at



The

X(K)

LEVEL2

x(K)

an

line

:=J+I+A(K)+N+25

is discussed from Èhe left:

- K and X are both local to LEVEL2. The base address

of X, the dope vector for X and value of K, are all

available from LEVEL2Ts daËa area poínted to by

regíster 13 -

- J is global to

register 13 -

daËa area

2=Ll

A(K)

I is global Èo LEVEL2 and is available from PASCALDS

which is poínted to by register 13 - 0 = 13-

K is local to LEVEL2 and is available from the

data area using register 11. The array A is global to

LEVEL2, buË Ëhe base address and dope vecËor are

available in PASCALDS pointed to by register 13

N is global Ëo LEVEL2 and is available ín PASCALDS

This constant is stored in the constant area for

LEVEL2 and is availäble through register L2 - 2 = IO

LEVEL2 and is available Ëhrough

L = L2, which poinÈs to LEVELI|S
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N

25

Inlork registers LL - 2 = 9 to 2 are available for expression

evaluation. Register 15 is the base register for the code of LEVEL2.

Registers 0 and 1 are universal work registers and are used for

intermediate calculations. They are never left holding an address

or value.
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- Base of current segmenË

- ReËurn register - work regisËer

- Base register of I/0 routines

- Ease of main program data segment (PASCALDS)

- contains save area

12ì
I
IIII
I

10 > Base of data segments for procedures and functíons
Iel
I

B)

13 - nest 1eve1 - Ease of data segment, for procedure or function

12 - nesË level - Ease of constant area for procedure or funcÈion

11 - nest, leveL

1't
. f 

llork registers on stack

I

,)

l- - Parameter lisË address 
I 

Universal

0 - ReËurns funcËÍon value J Work Registers

Floating-Poínt Registers

5.2 REGISTER USAGE

General Registers

15

L4

l_3

trlork RegisËers

- Returns function value0

2

4

6



5.3 CO}ÍPILER ORGAIIIZAÏION

The syrnbol table plays Ëhe cenEral role in the entire compiler.

Approximately a third of the rouËines in the compil-er are concerned

wíth Ëhe eonst.ruction and maintenance of Èirís table rnrhile most other

rouËines refer to íË.

The basic operation of the syrebol table has been discussed

elsewhere (Fou73), but ís repeated here for conpleËeness.

5.3.1 liash Encoding Scheme

All identifiers, labelsr constants and sÈrings are hashed. The

hashing rouËine returns a displacemenË into Ëhe IIASIISTRING which then

serves as the rnt,ernal representation of the hashed iten. Each entry

in the IIASIISTRING is preceded by a pointer field. This is initial-ly

set to the base address of t,he symbol Èable (SnfB) , but is later updated

'.rrhen Ëiie itern is entered on the syrnbol table.

Chains are maintained in the first fíei-d (POINT) of the syrnbol

Ëab1e connecting items which hashed to the same eritry in IìASIISTRING.

The second field (HASHAD) stores the d.isplacement of the iten in

ILASIISTRING. The third field (BLOCKNO) gives the block nest level-.

Figures 1(a) to 1(e) show the enÈries in IIASIISTRTNG and on the

symbol table aË various times for the follor+ing program:

ó-+
: VARX: INTEGER;

PRCCEDLT-E P;^.Æ: -vARX:rl'lrEGER;d-'nncrN

1Ll-

END:ê-Þ- ]]EGIÌ.I

END.



þ Inítíal State

I
HASHP

lb Declare ldentifier X
. HASH X

- Enler

+
ITASHP

X on Syurbol Table

B

HL
PAO
OSC
IHK
NAN
TDO

lc Enter Procedure P

ld Declare Identifier X

LL2

1e

_____J

Exit

I
t__*

Procedure P

X

SYMP

iiASHP - pointer
SYMP - pointer

SYMP

to

to

, >SYI,IP

the rnost recenËly

nosË recenf entTy

Figures 1(a)

hashed item in IfASIISTRING

on Èhe symbol table

to 1(e)



ThÍs rnethod allows the most recent of several declaraËíons to

be chosen. If the poinËer field of the hash entry points to the

base of the symbol Ëable (SY¡.ÍB), then Èhe entry has jusË been rnade by

the hash routine but has not yet been enËered on the symbol Ëable.

A check Ëo deËermine if an identifier has been declared before

in a block is rnade by eonparing the block number of the synbol table

entry, pointed to by Ëhe poi-nter field in Ëhe hash entry, Ëo the currenË

block number. If they are the s¡me, then Ëhe identifier is a duplícaËe.

This scheme is independenË of Ëhe part.icular hashing scheme

used and Èhe method of dealing wiËh collisíons.

-..i

5 .3.2 Bl-oclc Control

A separaËe blocir table is used Ëo control the block structuring

of the sycnbol table. An entry is made on the block table whenever a

nevÍ segment (procedure or funcËion) is encountered and is removed when

the segmenË is closed. There are tvro field.s in each entry on the

block table. The first (FEMRY) contains Ëhe synnbol table poÍnter

(SYMP) value at the tine Èhe segmenË is entered. The second field

(FDEC) contains Ëhe value of SYÌ"ÍP after the par¡meËer lisË has been

enËered on Èhe symbol table.

Figures 1(f) to 1(j) demonstrate the mechanism for block conËrol.

Three phases of block control are discussed.
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Block Entry ( 1f)

l) Block entry action Ëakes place AFTER the procedure name has been

entered on the symbol Ëable. (The procedure name belongs to Ëhe outer block)

2) The block number is incremented by one and FENTRY is set equal to

the symbol Ëable Pointer.

Mark ParameÈers ( 1g)

1) The field FDEC is seË equal Ëo Ëhe syrobol Èable pointer after all-

(if any) of the paraneters have been entered on Ëhe symbol table ( l-h).

Block Exit ( l-i)

1) The poinÈer fiel-ds in the hashsÈring are reseL from the POINT fields

in the symbol tab1e. HASHAD contains the displacemenËs of these pointers

fíelds in ., HASHSTRING and is used to calculaËe the correcË addresses.

2) The block number is decremented by 1.

3) The symbol table poínter is reset to the value stored in FDEC-

(parameter ínformation is ret.ained so that parameter types can be checked

on subsequent procedure and function calls).

4> An entry ís removed from the block table ( 1j).

LL4

vAR P,Q z mrllen)t/Block Entry 
hç,K

PROCEDURE X I 
.-g 

(VAR A,B : INTEGER); \ 'Hark Parameters
VAR I,J : INTEGER;

BEGIN

END;

irf i
Blàck Exit



1f SEate Before Bloek EnËrY

BLOCKP .>

FENTRY FDEC

'l o After Block EnÈry

BLOCKP ->

FENTRY FDEC

1¡¡ After Mark Parameters

BLOCKP ->

FENTRY

sYlfP _->

SYÌßOL TABLE
SYMB

P

a
X

FDEC

1i Before Block Exit
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BNBR = 0

FENTRY

SYMP---------+

SYI{BOL TABLE.
SYI.fB

P

a
X

FDEC

BNBR

1j

SY}IBOL TABLE

-1

After Block ExiÈ

SYMB

P

a
X
A
B

FENTITY

BNBR = 1

FDEC

SYMB

P

a
X
A,

B

I
JsYtfP->

BNBR = 1

SYIfBO

SYI'{B

P

a
X
A I - Names
Bj-on1ySYMP ------'+

Figures 1(f) to l(j)

BNBR = 0

ltro Longer
Information

I(nown
Retaíned



5.4 SYI"ÍBOL / BLOCK T¿1.BLE. DIS?LAY

BoÈh Ëhe syrnbol table and block table are conËrol-led by one

display. This display contains all the information necessary to manage

the symbol table in a block structured manner. Every table in the

compiler is managed through the use of displays to standardize tabLe

operation and to make modification easy to accomplish.

The SYMBOL/BLOCK table display consists of 10 integer fields.

S

Y
M

B

B
L
o
C
K
B

SYMB - base address of the symbol tabl-e

BLOCKB - base address of the block table

CBLOCKB - syurbol table pointer índicating the base of Ëhe current block

SYMP - syrnbol Ëable pointer

- address of most recent entry on the symbol table

SYME - size of symbol table entry

- in PASCAL each entry is',24 bytes

SYML - length of synbol table

(default = 1200 bytes)

B
L
o
c
K
R

S

Y
M

P

S

Y
M

E

S

Y
M

L
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B
L
o
C
K
P

B
L
0
C
K
E

- after space for the symbol table is acquired

set to the address of the top of the symbol

can be checked against it to detect a symbol

BLOCKP - block table pointer
\

- address of mosÈ recerit entry on the block

B
L
o
c
K
L

B

N

B

R

inrith a GETMAIN i,t is

table so that SYMP

table overflow.

table



LL7

BLOCKE - síze of block table ent,ry (8 bytes)

BLOCKL - length of block table (200 bytes)

- afÈer space for the block Lable is acquired wíth a GETI4AIN iË

is set to Èhe address of the top of the block table so Èhat

BLOCK? can be checked againsË it to deÈecÈ a block table overflow.

BNBR - block number (ínitially 0)

- nest 1evel in procedure/function declarations.

The example demonsËrating block control If to 1-j í,s

repeated showing how the whole operation is conËrolled by the symbol/bl-ock

table dÍsp1ay. IniÈially all fields in Ëhe display are demonstrated wiËh

the further stages only showing the fields necessary to demonstrate the

acËíons being taken.

DemonsËraÈion Program:

VAR P,Q : INTEGER ; Block EntrY

f. s. .--. -PROCEDI]RE X

VAR I,J: INTEGER;

BEGIN

END;

5.5 USE OF T}IE SYMBOL TABLE

(vAR A,B

i
A

I

Block

Every idenLifier, label and constant used in a PASCAL progr¡m

is entered on the symbol table. In addition informatiott ot subrange

limiÈs, atray descriptors and record fields also resides here.

j

Exit

INTEGER);
\

Mark Parameters



lf State Before Block Entry

B

L
o
C

K
B

B

L
o
c
K
P

B

L
D

C

K
E.

B

L
o
C

K
L

1g After Block Entry

SYMBOL TABLE

l_l-8

C

B

L
o
C

K
P

B

L
o
C

K
P

FENTRY FDEC

Figures 1(f) to 1(g)



th After Mark ParameËers

S

Y
M

P

B

L
0

K
P

FENTRY FDEC

li Before Block Exit

C

B

L
o
c
K
B

B

L
o
C

K
P
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1j After Block Exit

C

B

L
0
C

K
B

SYMB

P

a
X
A
B

I
J

ln
lL
lo
lc
iv

FENTRY FDEC

S

P

a
X

YI,IB

A)l Nanes
B)J only

Figures 1(h) ro 1(j)

No Longer
Information

Knov¡n
RetaÍnr



The block structuring

have been described. A complete

of symbol table entry.

Internal Codes

All first-level identifiers (i.e., excluding record fields, etc.)

are divided ínto 5 categories referred Ëo as the ITYPE.

ITYPE Codes Identifier Class

scheme and symbol/block table display

description is now given for each type

CCONST 1

CTYPE 2

CVAR 3

CPROC 4

CFUNC 5

In addition, the code CLABEL (0) is used for labels.

constant identifier - declared in CONST declaraËion

type identifier - declared in TYPE declaration

variable - declared in VAR declaraËion

PROCEDURE identifier

I'UNCTION ídentifier

The compiler ín additíon has 17 Ëype classifications which

be associated with any identifier.

L20

Type Codes

CSHRTINT 1

CINTEGER 2

CREA]. 3

CLONGREAL 4

CBOOLEAN 5

CCHAR 6

CSTRING 7

CRADIX 8

Description

half-word inËeger

full-word ínteger

single precision real

double precision real

BOOLEAN

CHÄR - a single character

STRING - character string

not supported



CSET 9

CSCALAR 10

CSCLEMENT 11

CSUBR-ANGE 12

CPOINTER 13

CARRAY 14

CRECORD 15

CFILE 16

CTYPEIDENT 17

set (powerset)

user defined scalar type

constant of user defined scalar

subrange of some scalar type

poinËer

array

record

not supported

Every entry on the symbol table is Ëhe same size. This is specified by

SYME and in the case of PASCAL is 24 bytes. These entries are put to

rnany different uses through the use of different templaÈes.

5.5.1 S'uandard Syrnbol Table Entry

type of varíable ís descríbed by a TYPE identifier.

The fÍrst 3 fields POINT, HASHAD and BLOCKNO are used to control the

block structuring of Ëhe symbol table and therefore their usage is simílar

for most entries.

L2L

B
L
0

fi
ð

POINT - points Ëo previous ent,ry wiÈh saue name (i.e., backehaín)

- upon block exit this value is copied back into the

associated poínter field in HAS1ISTRING restoring Èhe

old scope.

HASHAD - displacement of the associated hash entry in HASHSTRING.

- used to determine Ëhe address of the pointer fíeld

in HASHSTRING so Ehat POINT can be copied back.

I
T
Y
P

E



BLOCKNO - contains the value of BNBR when the entry was made

(i. e. the nest level)

DLOC - contains base dísplacemenË informaÈion of the form BD

,l
where B ís a register (pointing to a segment data area

if Ëhe enËry is an identifier or to the constant area

of the currenE segmenË if the entry is a constanË or

stríng) and D ís the displacement of Èhe item from

register B.

TYPE - the type associated r^rith the identifier (one of the 17

Ëype codes)

TLOC - pointer to the symbol Ëable entry describing the ËyPe.

This ís unused for sËandard. scalar types such as

INTEGER or CHAR. The types requiring Ëhis enÈry are

CSET, CSCALAR, CSIIBRANGE' CPOINTER' CARRAY' CRECORD and

CTYPEIDENT.

STZE - the run-time core requirement in bytes for a varíable

of this type.

ITYPE - ITYPE code indicating the category of identifier

(CTYPE, CVAR eËc.)

HSIZE - the run-tine core requiremenË in byËes for a variable

of this type. This field is used in place of SIZE

when the variable type is CPOINTER, CARRAY or CRECORD"

The standard entry is used for type identifiers (ITYPE is CTYPE) and

variables (ITYPE ís CVAR). It is used with minor modificatÍon for constant

identifiers, procedure and function n¿rmes (ITYPE is CCONST, CPROC and

CI'UNC respectively). Ifhen these standard entries are added to the

symbol table all fields except DLOC and SIZE are filled in. If the

identifíer TYPE is a simple typg such as INTEGER or REAIå the SIZE field

L22



ís fíl1ed in r¿hen the entry is made. DLOC and the SIZE field for

structured types such as ARRAYS and RECORDS musÈ wait until all CONST'

TYPE and VAR declarations have been completed before they can be resolved.

The procedure FINDSIZE ís called after the VAR declarations

are complete. This procedure has Ër¡o prinary functions. The first is

to fill in the SIZE for all type identifiers and variables which are of

a structured type. The second is to allocate run-time locaËions in the

segment data area to all variables in the segment. This location is

stored in DLOC as base displacement. Ï'INDSIZE calls a recursÍve procedure

XSIZE to walk down chains of type declarations for structured types to

determine the Eotal run-time space required. Other functions performed

by FINDSIZE arrd XSIZE will be discussed later.

5.5.2 Syrnbol Table Type DescripËors

For Ëhe sËandard sirnple Ëypes, no type descriptors are necessary

and therefore TLOC ís empty. These simple types are SHRTINT' IIITEGER' REAL'

LONGREAL, BOOLEAII, CHAR and STRING. All other data types require

descriptors.

L23

SET

POINT

HASHAD - seÈ to 0 indieating to the block

table entry has no corresPonding

H^ qf{ 
^T

ö
L
0
C
K
N
o

DLOC TYPE TLOC SIZE

exit routine

entry ín the

Ehat Ëhís symbol

hashstríng.



DLOC - run-tíme address (base displacement) of a uask for the set. The

mask is a fu11-word and contaíns a 1 in every positíon representing

a valid set element and Ofs elsewhere. The mask is used by run-

Ëime checking code. The mask is located in the data area for

the segmenÈ in r¡hich the set was defined.

TYPE - type of the set. There are only two possíbilities. Either iË

is a set of some scalar (CSCAIAR) or it is a SUBRAI{GE (CSUBRANGE)

of integers or a sealar.

TLOC - pointer Èo the symbol table enËry for the type description. If the

TYPE is CSCALAR Lhen it points to the first scalar consËanË

(scelement) in the scalar. If Ëhe type is CSUBRANGE Ëhen it

points to the subrange descriptor.

SIZE - a set always occupies a full-word so the size is 4.

SCAT-AR

A separaËe entry is not made

const.ant of the scalar (scelement) is

CSCALAR then TLOC points to the entry

Ëhe list
Entry For Scalar ConstanË (Scelernent)

L24

POINT

0

POTNT,

POSNBR

ËTAqHAD

HASHÄD and BLOCIO{O have sËandard usage.

- the position of the scalar consËant in

the second 1 etc. This is the ordinal

consËariË.

for a scalar. Instead, each

entered . If. a variable ís of type

for the first scalar constant in

B
L
o
C

ñ
rì

6810L2

POSNBR TYPE LAST SIZE

I
T

L6

Y

P
E

the list. The first

number (ORD) of Ëhe

1B L9

NEXT

20

ís 0,

scalar



TYPE - always CSCELEMENT

LAST - backward chain to imrnediately preceeding scalar constant. It

is 0 for the first scalar constanË

SIZE - scalar sLze. It is the ordinal number of the last scalar

consfant

ITYPE - set to CCONST because a scalar constant is used in a similar

manner to a constant idenËifier

NEXT - forward chain to iuunediately following scalar constant. It

is 0 for the last scalar const,ant

SUBRÁNGE

POINT

POINT - for subranges of type CSHRTINT, CINTEGER, CBOOLEAN or CSCALAR,

POINT is set equal to the index size (i.e., maximum # -

minimum # + 1)

HASHAD - set to 0 for block äxit routine (this prevenËs íË from trying

to re-establish the scope of the item indicated by the POINT

field)

DLOC - run-time address (base displacement) r,rhere the subrange upper

bound is stored (í.e., the constant indicated by MAX). IË

is stored in the daËa area for the segment ín which the set

was defined

TYPE - the subrange type (CINTEGER, CSCALAR, etc.)

HASIIAD

46810l-2

L25

DLOC TYPE MAX STZE

MI
N

b
c

L6 18 20

MIN



MAX Íf it ís a subrange of consËants or constant identifiers then

MAX is the address of the hashstring enËry for the constanÈ

which is the upper bound. If iË is a subrange of a scalar

then MAX is the address of the symbol table entry for the scalar

constant (scelement) which is the upper bound

the # of byËes needed Èo hold an value of the kínd specífied

by TYPE

run-Èime address (base dísplacement) r,Ihere Ëhe subrange lower

bound is stored (í.e., the consËarit indicated by IfIN). IË

is st,ored in the same segment as the upper bound

if it is a subrange of constanËs or constant identifíers then

MIN is Ëhe address of the hashstring entry for the constanË

which is the lower bound. If it is a subrange of a scalar

then MIN is the symbol table entry for the scalar consÈant

(scelement) which is the lower bound

STZE

MINDLOC

MIN

POINTER

L26

A separaËe entry is noE made for a pointer. Instead, the necessary

informaËion is incorporated direcËly in the standard enËry for the

variable which is a POINTER.

POINT

0

DLOC

TYPE

TLOC

HASI{A[

B
L
0
C

ñ
^

run-time address (base displacement) of the pointer variable

CPOINTER

address in the symbol Ëable of type identifier r¿hich this

variable is a poínter to

DLOC TYPE

10

TLOC

L2

STZE

I
T
Y

P
E X

L6 1B

HSIZE

19 20



SIZE

A problem arises with pointers because a variable can be designated

as a pointer Ëo a type ídentifier which has not yet been identífied. In

this case the routíne FINDSIZE cannot determine the size needed to allocate

an íËem of this type without making another pass. Instead, the size is

found at code generation tíme by using the HSIZE field of the type

identifier entry indicated by TLOC.

ARRAY

- a POINTER is an address so a full-word is allocated. The

SIZE is 4 bytes

0

HASHAD

ADLOC

HÆEAI X
46810L2L61820

set Ëo 0 so Ëhat the entry is ignored at block exit Ëirne

run-time address (base displacement) of the component size

of the array

Ëhe component type of the array (i.e., CINTEGER, CSET' CARRAY'

etc. )

address in the symbol table of the entry describing the

component type. It is empty if the component tlpe ís one

of the standard scalar Ëypes (e.g. CINTEGER)

Ëhe componenË size. The size of one array component of the

kind specified by ACTYPE and ACLOC

the index type of the array. The allowed index types are

CBOOLEAN, CSCALAR and CSUBRANGE

pointer to the symbol table of the enEry describing the index

rype if ir is CSCAI-AR or CSUBRÁNGE

ACTYPE

ADLOC

ACLOC

IfIYPE

L27

ACLOC

ASIZE

AITYPE

ASIZE

Á\I
T
Y
P
E

AlLOC

AILOC

RECORD

Symbol

types. In

tagfields,

table entries for records are more complex than for other

particular, different entries are made for record fields'

and variant case labels.



RECORD FIELDS

0

PoTNT,

HASHAD

BLOCKNO TYPE, TLOC and SIZE are standard

- seË to 0 for block exit routine. The record field names are not

known by thernselves. The displacement Ín HASHSTRING nornally

stored in HASHÄD is stored in RFNAIIE instead.

stoïes the displacement. of this record field from the start of

the record.

- sËores the displacement of the record field name entry ín

HASHSTRING (norurally in HASHAD)

- address of the symbol table entry of the next fíeld in the

record (0 if the last)

DLOC -

RTI{AME

RFAIT

F
N
A
ì,1

E

TAGFIELDS

L28

If a variant part is specífied without a tagfield'

a durmy field of the type indicated by the type identifier is created.

All fields excePt

RFAIT - address of

6B

RFALT have

the symbol

10 L2

Ehe same use

table entry

16 18 20

as those for record fields.

for the first variant case labe1.



The size of the largest varianË is stored ín the SIZE field of an extra

synbol table entry ímmediately following the tagfield entry. This is Ëhe

size used when the procedure NEI,tr is called.

There is nothing ín the Lagfield entry to distínguish it from any other

record field. Instead, a flag is set in the high order byte of the

address fíe1d pointing to the tagfield entry. This is the RFALT fíeld

of the inmediately preceeding record field if the record contains a

fixed parË, or the TLOC field of the record varÍable if Èhe record only

contains a variant Part.

VARTANT CASE LABELS

POINT

468L2

POINT, HASHAD, BLOCKNO and RtrNAME have the same

L29

TASHAD

record fields

PFIELDL - address of the syrnbol table entry for the first

variant..

B
L
o
C
K
N

STZE - toËal run-time space required for all the fields of that variant.

pCASEL - address of Ëhe symbol table entry for the nexË varíant case 1abe1

(0 if the last).

The fields for each variant are chaíned together in the usual manner using

the RFALT fields. Each variant ís considered as a complete record.

PFIELDL STZE

R
Ì
N
A
M
E

16

functíon as

t8

PCASEL

20

those for

field in that



To facilitaLe searchÍng through all the fields in a record when the body

of a segment is being processed, XSIZE alters some of the links beÈween

entries. Intermediate línks Ëo variant case labels are removed and all

record fields from the first t.o the last field in the last varianË are

linked Ëhrough the RFALT field. RFALT is 0 only for the last field in

the entire record description.

CONSTANT IDENTIFIERS (ITYPE is CCONST)

POINT

POINT, HASHAD, BLOCKNO, DLOC, TYPE and SIZE are standard

CONSTLOC - absolute address of the constant (sËored in the hashstring)

r¡hich this constant identifier no\¡r rePresents.

The constant ¡¿hose run-time address is stored in DLOC (base displacement)

is located in PASCALDS in the main program or in the constant area for

a procedure or function.

HASHAI

-ó
L
o
c
K
N
o

DLOC

l-30

TYPE

10

CONSTLOC

Assuning

can have

A=10; A

L2

A and B are defined as constant identifiers, the decl-aration

one of the f ollowíng forrns:

ne\,Í constanË ( 10 ) is creaËed in PASCALDS or in a procedure or

function data area. The constant l0 is noÈ entered inthe symbol

table. Therefore, if the constant l0 is used in the body of the

segment a nelr constant is creaÈed in the segment constant area.

SIZE

I
T
Y
P

E

16 18 L9



A=B; If B is defíned ín the main progr¿rm or in the current block'

then the srme copy of the constant is used (DLOC, TYPE' CONSTLOC

and SIZE are copied from Bfs synrbol table enËry Ëo Ats); oÈtrerwise

a neqr consLan! is esËablished in Ëhe current segmenËrs consËanÈ

area.

A = -10; The complemenL of the constanÈ

constant (-10) is hashed; after

sÍmilarly Lo Ëhe case A = l-0.

A = -B; The complement of the constant

and a new consËant is creaËed.

CONSTANTS - (used in segment bodies)

The in¿ernal representaËions of all consÈants are hashed and

entries are entered on the symbol table. The consËants are sËored

in Ëhe segrnent consËant area. 0n1y one copy of each constant ís

sËored per segment no ruatËer how oft.en it is used.

llith one exception, Ëhe symbol Ëab1e entry for consËants is the

same as thaÈ used for const"rrt i¿..ttif iers. IIASHAD norv is Èhe

displacement of the hashed constanË in IiASHSTRING, whereas with a

constant identifier it is Ëhe displacement of the hashed constanË

identifier.

131

10 is computed and the new

which it is handled

referred to by B is hashed

TYPE IDENTIFIERS

trlhen the TYPE is CTYPBIDENT and TLOC points to the symbol table

enËry for the type identifier, FII'IDSIZE elininates this unnecessary

extra link by copying TYPE, TLOC and SIZE frorn the Ëype idenËifier

entry to the oËher entry..



PROCEDI]RE

POINT

0468

POINT, HASHAD and BLOCKNO are standard.

FORBYTE - normally RESET. SET only if

in a forward declaration.

HAS]TAD

-ú
L
I
K
N
o

PARMNO - Ëhe number of formal parameters.

FT]NCTION

ITYPE is CPROC.

the procedure name

POINI, HASHAD and BLOCKNO are standard. FORBYTE

as for a procedure. ITYPE ís CFIINC. TYPE' TLOC

but refer Ëo Ëhe resulË returned by the function.

I
T
Y
P

E

!'
0
R
B
Y
T
F
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46810L2

18 19

v
A
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FORMAL PARAMETERS

TYPE I TLOC

is declared

22

and use 3 different

Formal parameters fall inËo 4

ternplaËes. POINT IIASHAD and

F
o
R
B
Y

l6

and

and

POINT

18 19 20 22

PARMNO are the same

STZE are standard

VALUE AND REFEP.NNCE PARA}IBTERS

ìASHAD

b
L
o
c
K
N
^

DLOC

differenË categories

BLOCKNO are sËandard.

TYPE

10

TLOC

L2

SIZE
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DLOC - run-time address assigned Ëo this parameter.

TYPE, TLOC and SIZE are sÈandard.

ITYPE - CVAR

REFVAL - the flag is SET if it is a call by reference and RBSET if iË

is a call by value.

STOHASHAD - this field is used only if the parameters are declared

as part of a FORI^IARD declaration. The value ín HASHAD

is stored in STOHASHAD for recovery later when the procedure

body is encountered.

PROCEDURE PARAMETER

POINT

DLOC - run-time locatíon where the procedure address is stored.

ITYPE - CPROC

ITASHAI

r-33

l)
L
o
C
v,

ð

FORBYTE - RESET (not announced.in a FORI^IARD declaration)

STOHASHAD - same use as for value and reference Parameters.

PARMNO - set Ëo -1. IndicaLes that parameter number and type checking

cannot be performed if this procedure is called.

DLOC

10

FUNCTION PARAMETER

I
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POINT

t
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TLOC
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DLOC, FORBYTE,

Parameter.

ITYPE - CFI]NC

TYPE, TLOC and

STOHASHAD and PARMNO are the same as for a procedure

T-ABELS

SIZE refer to the function resulË type.

and symbol table

The character representaËions of all labels are hashed

entries are made

POINT

0

POINT, HASHAD and BLOCKNO are standard

DLQC - address (base displacement) of the label in the Program segment.

ITYPE - CLABEL

LABELFLAG - indicates wheËher or not the label has been encountered

in the segment. It is SET when the labe1 is declared and

RESET when the 1abel is found

NEXT - contains label accessibility information.

ITASHÆ

It
L
o
C
K
N
o

DLOC
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5. 6 INTERI{AL TABLES

As demonstrated in ChapËer 4, compiler table sizes may be

modified by passing parameËers on the EXEC card or by modifying

the rout,ine SETLTI'ÍIT. This is possible because space for all the

t.ables is'acquired at cornpiler-initialization Ëime. The ËoÈal

memory required for all- the tables is computed, a GETI"ÍAIN is

issued and then the space is allocaËed to each table according

to ÍËs specified size.

ThÍs method is feasible because all the internal tables are

controlled through the use of displays. The displays vary from

Ëable to Ëable buÈ Ëhe basic form is the following:

Example:

Imaginary SAMPLE TABLE

l_35

SAì'IPLE}]

SÆ,IPLEP

SAMPLEE

The last IeËters of the field names (i.e., B, P, B and L) are

sËandard for most tables. Initially SAIÍPLEL is the size of the tabl-e

in bytes (set by SETLIMIT) and SAÌ{PLEE is Ëhe size in bytes of a

single entry in Ëhe table. At conpiler-initialization Ëine, SAI{PLBL

is used in the computation of the toÈa1 compiler table requiremenËs.

Once space is acquire,d, it is allocat.ed as follor'¡s. SÁuYPLEB and

SAIÍPLEP are set equal to the address of Lhe block of memory. SAI{PLEL

SA}fPLEL



is then added to this address to give the address of Ëhe top of the

table and this is assigned to SAIÍPLEL. This sarne address is Ëhen

used as the base address of the next table. This process conËinues

until space is allocated Èo al-l the internal tables.

An entry is raade in Ëhe table by adding the entry size (SAI"îPLEE)

to the entry pointer (SAI{PLEP) and updating the pointer. Likewise an

entry is removed by subtracting Ëhe enË,ry síze from the pointer. A

table overflow is detecÈed by comparing SAMPLEP to SAI,IPLtsL. The

entri-es are accessed by loading the pointer value into a register

and then aecessing fields of Ëhe entry using a template, simíl-ar

to the technique used v¡íth Ëhe synbol table.

The terns TABLE and STACK are useC int,erchangeably and do not

denoËe a different organization.

Table Usage Sunmary

ESD TABLE

136

P¿D TASLE

TXT AREA

- stores external symbol dicËionary entríes for

Ëhe currenË segment.

- stores ràl-ocation clictionary entries for Ëhe

currenË segment.

- stores generated code for progrâm segments

prior to creaËion of object modules.

- stores constanLs in program consËanË areas

prior Ëo creatíon of object modules.

SAVE AREA - compile-time display controls use of

the run-time save atea.

- used to detect assignmenËs Lo FOR statement

control variables.

CONSTANT AREA

RUN-TI}ÍE TBfPORARY

FOR STACK



lJITii STACK - controls accessibility of record fíe1ds on

the symbol table when inside I,IITH statements.

CASE STACK - aids in code producËion for CASE statemenËs and

enables all branches to be direct.

PROCEDURE CALL STACI( - controls procedure and function palameter

processing including parameter nuraber and type

checking and the creation of parameter lists.

LABEL STACK - rnaintains pointers to labe1 entries in the symbol

table all-or,ring checks for undefined labels at

block exit.

TYPE TABLE - controls the processing of structured Ëype

descriptors.

RECURSION STACK - provides save area for sinulaËed recursive cal-ls.

ASSIGN STACT( - conËrols the decision as Lo wheÈher values or

addresses are to be used during code generation

of ariËhmetic expressions.

POINr STACK - maintains information necessary Ëo resolve pointer

forward r"fatarr"a".

L37

JlJl"fP STACK - mainËains Ëhe necessary code offset informaLion

Ëo enable all branches to be direct.

CHAIN STACK - maintains TRUE/FALSE branching information for

logical expressions.



ESD Table Display

ESD TASLE

l<_ L2

ESD Table

138

Bytes

ESDSTB - base address of ESD table

ESDSTP - first free location in ESD table

ESDSTL - iniËia11y the length of ESD table in byÈes

- later the address of the end of the ESD table

SEGNTLEN - total lengËh of the segment for which an object module is

to be Produced

Each entry is L2 bytes long. The name ís stored in the first B bytes

and the last 4 bytes conËain the address (base displacenent) of the

corresponding RLD entry. Only one address constant is established for

each unique ESD enËry ín any segment.

RLD Address



RLD Table Display

RLDSTB

RLD TABLE

RLDSTP

RLDSTL

RLD Table

139

RLDSTB - base address of RtD table

RLDSTP - fírsÈ free location in RLD table

RLDSTL - initially the length of the RLÐ Ëable ín bytes

- later the address of the end of the RLD table:

Each entry is B bytes long, and is in the form of an RLD item ready

to be included in the object module.

Bytes123456-8

Relocation
ESDID

Position
ESDID

Flag
(#oc)

Position
Offset RLD Entry



TXT Area Display

Base for BNBR

P

R
o
G

B

A
S

E

TXT AREA

0

ø

possible state when BNBR = 2

TXT Area

1

)

ø

ø.

PROGRA},i

3

I}ISCOUNÏER

4

5

TXTCOI]NTER

PROGLGTH

t-
I

displacement I
-- --,>{

difference

Entry code eËc.

for main Þrogram

140

Entry code, parameter
processing, etc.
for Droc or func at 1

PROGBASE - indexed by 4 * nn'nn

- base address of TXT area for each block

PROGRAM - base address of TKI area for current block

INSCOIINTER - displacement of first free location in TKI area from

PROGRAM in current block

TflCOIINTER - initially PROGLGTII - PROGRAM for any block

- decrements as TKI entries are adde<i for initiaLízation

(not currently used)

PROGLGTH - initíally the length of TXT area in bytes

- later Ëhe address of the end of the TXT area

-t

Entry code, parameter
processing, eËc.
and code generated for the
body of procedure or func
at level 2

TXT entries for
VALUE (not implèrnented)



CONSTAIìII Area Display

Base for BNBR

C
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E

CONSTANT AREA

I

0

ø

possible staÈe when BNBR = 2

CONSTAI{I Area

\

I

ø

2

ø

CONSTAREA

3

4

5

CONSTPOINT

CONSTLGTIl

l---_--

CONSTLÏMIT

I

!s glqcq¡re¡r L po;!n!e L I

Constants from main
program declaraËions

CONSTBASE - indexed by 4 * nnnn

- base address of CONSTANT area for each block

CONSTAREA - base address of CONSTANT area for current block

CONSTPOINT - #OOOOn¡DD where R = 12 - BNBR and DDD is the displacement

of the first free localion io the constant area from

CONSTAREA in current block

CONSTLGTH - initially the length of CONSTAìflI area in byËes

- later the address of the end of Ëhe constant area

CONSTLII4IT - í/0000RFFF where R = 12 - BNBR

- marks the 4K byte lirnit for CONSTPOINI

T4L

g-is-n1-agegelË -líLnil - -l

Constants from declaraËions
in proc or func at level 1

- --Ð
I

I

ConsËants from declarations
and body of procedure or
funcÈion at 1eve1 2

I
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RUN-TNIE TÐ'ÍPORARY SAVE AREA

BNBR
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PDSAVEBASE

PDFORI.IITHPT
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PDSAVEPT
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PDSAVETOP

PDSBASE

RUI.ISAVESIZB

BNBR

RI]N-TI}ÍE SAVE AREA

\

FOR sËatement finai val-ues

tr,lITII sÈatemeriË record
variable base addresses

Parameter 1isËs,
tenporary storage for
parameters, register dump

I'NUSED
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E
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E



PDSBSAVE - indexed by 4 * BNBR.

- sËores PDSBASE for each block

RIINSAVEBASE - indexed bY 4 * BNBR.

- base address of run-time save area for each block

RIINSAVETOP - indexed bY 4 * BNBR

- address of the end of the run-tlme save area for each block

PDSAVEBASE - base address of run-time save area for current block

PDFORI"IITIIpT - first free address in the run-Ëime save area at. whích to

store FOR statement final values, and I^IITH staÈement

record variable base addresses.

PDSAVEPT - firsÈ free address in the run-Ë:i¡e save area at which Èo f;tore

parageter lisËs, acLual parameËers and values dr:mped from regÍsters

PDSAVETOP - address of the end of Ëhe current run-time save area.

PDSBASE - #OOOORDDD where R = 13 - BNBR and is the base regisËer of'the

current data area, and DDD is the displacemenË of the first

free location in Ëhe data area.

- iÈ is rhis value which is assigned to the DLOC field in the

syrnbol table for simple variables.

RIINSAVESIZE - maximum size allor¡ed for the run-tíme save area' A

run-time save area of maximum size (RIINSAVESIZE) is allocaËed

in the consÈant area for Èhe main program. To allor¡ recursion,

Ëhe run-time save area must be ín the data area for pro-

cedures and functions. This area is allocated after the

space allotted to simple variables and sËrucËured variable

base addresses. The routine FINDSIZE checks to see íf

the sËructured types (arrays and records) and run-ti¡e save

area will all fit into 4K. If they will then the run-ti-me

save area is allocated at the end. In this case' every

tíne pDSAVEPT is incremenËed it is compared to Ëhe maximum
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so far and only the exact síze required for Èhe save area

is allocated at run-t,ime. If the data area is greaËer

than 4K then a run-time save area of maximum size is

allocaËed before the space for the sËrucËured types.
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FOR Stack Display

FORB

FOR STACK

FORP

FORE

FORL

FORB - base address of FOR sËack

FORP - pointer to most recent entry

FORE - entry size (4 bytes)

FORL - initially the length of the FOR stack

- later the address of the end of the FOR stack

Each enËry is 4 bytes long and is of the form:

FOR SËack

145

where DLOC is the address (base displacement) of a FOR staËement control

variable.

When an assignment is made wiËhin a FOR statement and the left

operand is a simple variable, a check is made to see if a FOR loop

control variable is being nodified by comparing Ëhe varíablers address

to all the entries in Ëhe FOR stack.

-*f

0l DLoc

4 Bytes



I^IITH Stack DisPl-aY

I^IITIT STACK

I^IITI1B

WITHP

I,TITHE

I^IITT{L

- base address of I^IITH stack

- poinËer to most recent entry

trüITH Stack

L46

- entry síze (B bYtes)

- iniËially the length of the I'tITIl stack

- later Ëhe address of the end of the l'trITII stack

Each entry is 8 byËes and is of the form

DLOC

-signbit-1-

0-

address (base

containing the

first record

oËher record

displacement)

base address

variable in líst

variable in lisË

in the run-tíme Save area

of the record variable

B Bytes



SYMBP - currenË symbol table poínËer (SYMP) when the I¡iITH statemenË

is encountered. Allows the symbol table to be restored when

the I.trITH is exited

e.g. I^IITH X, A, B. D0- âYlrfirst other
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CASE Stack Display

CASE STACK

CASEB

CASEP

CASEE

CASEL

CASEB (TYPEB) - base address of CASE stack

CASEP - (TYPEP) - pointer to mosÈ recent entry

CASEE - entry síze (L6 bytes)

CASEL - (TYPEL) inítially the length of the CASE stack

later the address of the end of the CASE stack

148

CASE Stack

An entry is made on the CASE stack when a CASE statemenË is

encountered. Each enËry is of Ëhe following form:

SEE

MAXLABEL CASECHAIN CASETYPE CASEILOC

L2 L6 Bytes



MAIGABEL is the

f orm:

address of an entry on the JIIMP

where MAXL is the value of the híghest case labe1 encounÈered so far

(ínitialiy o) and CINS is the location of the address part of a cH

instructíon (thís address parË is later set to the address of a sËorage

locatíon conËainíng Ëhe maximum case label used) in the CASE selection

code.

MAXL I CINS

CASECHAIN is a backward chain to Èhe address part of B NEXT instructíons

aË the end of each alternative. Each address parË indícates the previous

locatíon in the chain with Èhe first being zero.

stack. This entry is of

CASETYPE is rhe type (CINTEGER, CSCALAR, etc.) associáted with the case

selector.

Bytes
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CASETLOC is Ëhe address of the case selector entry on the symbol table.

Both CASETYPE and CASEILOC are used Ëo check that case labels are

compatible with the case selector.

the

An additional jump stack entry is creaËed for each case 1abel used.

This is of the form:

CLABVAI I TNSCI,

4 ByËes



where:

CLABVAL is the labe1 value (0-32767). This is an integer or Èhe

ordinal number of a scalar elenenL.

INSCL is the value of IÌ{SCOUì{TER (i.e., Ëhe offset in the current

program segment) of Ëhe start of the code for that alternative.

The address of Èhe branch instructions at the end. of each

alËernative are resolved at the end of tile CASE st.aËement and a

table of offsets for each al-Ëernative is constructed.
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PROCEDURE CALL Stack DisPlaY

PROCEDURE CALL STACK

PROCB

PROCP

PROCE

PROCL

PROCB - base address of PROCEDIIRE CALL stack

PROCP - pointer to most recent entry

PROCE - enËry size (16 bYtes)

PROCL - iniËially the length qf PROCEDURE CAIL stack

- later the address of the end of the PROCEDIIRE CALL stack

An entry is made on the PROCEDURE CALL sÈack when a procedure or

function call is encountered.

Each entry is of the form:

PROCEDIIRE CALL Stack

1_51

-PRocE __rl

SyMpROCp - pointer to procedure or function enËry on the symbol table

16 ByËes



SYMPARMP - pointer to symbol table entry of parameter currenËly being

processed. (ff the procedure or function is a formal parameter

and is not announced with a FORtr^iARD declaration Ëhen there is

no parameter checkíng and SYIPROCP is set to 0).

PROCRLD - address (base displacement) of the location contaíning Ëhe

base address of the procedure or funcËion being called.

PARMDLOC - address (base displacement) of the start of the parameter

list.

CPARMP - address (base displacement) of the location (in the parameËer

list) r¿here the parameter indicated by SYMPARMP j-s Ëo be stored.

CNPARM - PARMNO (number of parameters) from symbol table.

If the number of parameters is not known (procedure or function is fornnal

parameter and noË announced by FORI^IARD declaration) then space ís allocated

for up to 10 parameLers.

The parameter lists are allocated in the run-time save area sËarting at

the location indicated by PDSAVEPT.
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LABEL Table Display

Base for BNBR

L
A
B

E
L
B

A
S

E

LABEL TABLE

0

possible staËe when BIiBR = 2

LABEL Table

ø

1

ø

2

ø

3

4

LABELB

LABELP

-5

LABELE

LABELL

L53

LABELBASE - índexed by 4 * BNBR giving the value of LABELP when each

block is entered

LABELB base of LABEL table for currenË block

LABELP - current Pointer

LABELE - entry síze (4 bYtes)

LABELL - initially the length of the LABEL table ín byËes

- later the address of the end of the LABEL table

At block entry, LABELP is stored in LABELBASE (4 * BNBR) and

LABELB ís set equal to LABELP. At block exít LABELP is set equal to

LABELB and LABELB is .Eesto.red from LABELBASE (4 * BNBR).

þtouutu J



Each label table entry is 4 bytes long and stores the address of

a label entry on the sYmbol table'
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TYPE Table Display

TYPE TABLE

L55

TYPEB

TYPEP

TYPEE

TYPEL

base address of TYPE Èable

pointer to most recent entry

CEP

entry size (I2 bytes)

inítially the length of the TYPE Lable

later the address of the end of Ëhe TYPE table

current entry point ín the symbol table (absolute address)

the entry whose type is being determined

FIRSTRNCORD TAGFIELD



FIRSTRECORD - symbol table pointer to the first entry in a list.

e. g.

T, J, K: INTEGER;
AA
I lcup
I
I

FIRSTRECORD

allor^rs the type INTEGER to be stored ín I through K on

the synbol tabl-e.

TAGFIELD - symbol table poínter to a tagfield so Èhat varíant case

labels can be checked to see thaË they are compatible.

Type specifícaËíons can be very long and complicated. The type table

maintains Ëhe necessary pointers Ëo the symbol table so thaË all the TYPE

and TLOC fields can be filled in.

The operaËion of the type table in conjunction with the symbol table is

explained by indícating Ëhe actions taken at indicated points durÍng the

processing of a single símple declaration.

TYPE COLOUR = (RED, GREEN, BLIIE, YELLOI^I);

.,* -i"i,i ^-* ,[[.,,il,,--f or smio, colouRi

a - X is enËered on Ëhe symbol table and an enËry is made on the type

table with CEP and FIRSTRECORD both poinËing to X.

b - Y is entered on the symbol table,

- CEP of the currenË type table entry is updated to point to Y.

c - Z is entered on the symbol Ëable.
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d- rspace for an array entqy Ís acquired on the symbol table.

the TYPE and TLOC fields of the symbol table entry (Z) indicated

by CEP of the current type table entry, are set to CARRAY and the

address of the array entry on the symbol.table respectively.

a new entry is made on the Ëype table with CEP pointing to the array

entry on the syrnbol table.

space for a subrange entry is acquired on the symbol table.

the TYPE and TLOC fields of the symbol table entry indicated by

CEP of the currenÈ Ëype table entry (array entry) are set Lo

CSIIBRANGE and the address of the subrange enËry respectively.

TYPE, DLOC and MAX fíelds of the subrange enËry are filled in.

DLOC, and ìlAX fields of the subrange entry are moved Ëo MINDLOC and

MIN, DLOC and l[AX are filled ín. The constanËs of the subrange '

are checked for compaÈibility and Ëo ensure that the minimum val-ue

e-

Í.-

is less than the maximum value.

g - the array entry available through the CEP field of the current type

table enÈry is checked to see Èhat Ëhe index type specífied ís

valid.

- the fiPE and TLOC fields are moved to AITYPE and AILOC respectÍvely

so thaÈ the component type and locaÈion can be entered.

- space for a ner¡r array entry is acquired on the synbol table.

- Ëhe TYPE and TLOC fields (componenÈ type and location of firsË attay

entry) are set to CARRAY and Ëhe address of the nelr"array entry

respectively.

- the currenË type table entry (pointing to first atray entry) ís

nodifíed (CEP field) to poínÈ to Éhe nevr array entry.
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h - Èhe TYPE field of the ner^r array entry is set to CBOOLEAN.

- Ëhe index type is checked !o see if it is va1íd"

- the TYPE and TLOC fields are moved to AITYPE and AILOC respectively

so that the component type and location can be entered.

í - space for a set entry is acquired on the symbol table.

- the TYPE and TLOC fÍe1ds of the second array enËry (CEP fron type

table) are seË to CSET and the address of the set enËry respecËível-y.

- a new enËry is made on the type table with CEP pointing to the set

entry on the symbol table.

j - the TYPE and TLOC fields of the set entry are filled in as CTYPEIDENT

and the symbol table location of COLOUR respectively.

- Ëhe acÈual scalar is found through the TLoC field of COLOUR and is

checked to ensure Ëhat POSNBR < = 31.

- the set entry and then the array enËry are removed from the type

table as these types are resolved.

- Ëhe TYPE and TI,OC fields of Z are copied to Ëhose of X and Y Èhrough

the use of the rCEP and FIRSTRECORD fields of the first type table

entry.

The SIZE and DLOC fíelds are resolved later when the rouËine FINDSIZE

is called aË the end of the declaraËions.

15B

The use of Èhe type table gets

wiËh variant parts are nested.

The TYPE Ëable is required only when processing

a greater utilization of this space, it is used

processing segment bodies.

considerably more involved when records

declaratíons. To achíeve

for the CASE stack r,rhen



RECURSION Stack DisPlaY

RECURSION STACK

RSTACKB

RSTACKP

RSTACKL

- base address of R-ECIIRSION stack

RECIIRSION Stack

1-59

address of firsË free location in RECURSION stack

iniËially rhe length of the RECURSIoN stack

later the address of Ëhe end of the RECURSION stack.

The RECURSION sËack provides regisËer save areas so thaÈ recursive calls

of PL360 procedures can be simulated, as this feature is not supported

in the language. it is used only by XSIZB in processing declarations of

structured types.



ASSIGN Stack DisPlaY

ASSIGNB

ASSIGN STACK

ASSIGNP

ASSIGNE

ASSIGNL

E

ASSIGN Stack

ASSIGNB - base address of ASSIGN stack

ASSIGNP - poínËer to the most. recent enËry

ASSIGNE - entry size (4 bYtes)

ASSIGNL - initially the length'of the ASSIGN stack

160

- later the address of Ëhe end of the ASSIGN stack

ASSIGî.ILO - byte flag controllÍng whether or not values are Èo be loaded

ínto registers.

Each enËry on the ASSIGN stack is of the form

þrssrcrlu*l

where ASFL is Èhe current value of

value of VARSTP (the oPerand stack

ASSIGNLO and

pointer) when

Bytes

VARST?V is the currenË

the entry is made.



Usually when operands such as A(I) or X.B are encountered, the address

of the array elemenË or record field ís computed and the corresponding

value is loaded into a register. In certain circumstances iÈ is the

address rather than the value which is of interest. An entry is stacked

when a procedure or function call is encountered and is removed when the

paramet,er list has been processed.

Examples: Assume A and B are arrays:

READLN (A(B (r) ) ) ;

value

161

If SIIM ís a function and X

I{RITELN

address

(A(B(r)))

, value

. addressL_^;

value

is'a record

X. B;
\.-

value

address

The currenË

the current

seËting of ASSIGNLO and the differenc.e between VARSTP and

VARSTPV control the address/value decisions.



POINT Stack DisplaY

POINT STACK

POINTB

POINTP

POINTE

POINTL

POINTB - base address of POINT stack

POINTP - pointer to most recent ent.ry

POINTE - entry size (8 byËes) .

POINTL - iníÈially the length of the POINT sÈack

.- later the address of the end of the POINT stack

Each enËry is 8 bytes and is of the form:

POINI Stack

L62

[-Por*,E-l

where

PSYMB I PT]ASI{

8 Bytes



PSYMB - is the address of the symbol table enËry r'rhich is declared as

a Pointer,

pHASH - is rhe address of the Ëype identifier in HASHSTRING to which

the varíable indicated by PSYMB is pointing'

EnÈríes of this form are only made on the PoINT stack if

identifier is not yet knornm (i.e., a forward reference).

resolved aÈ the end of Ëhe TYPE declarations by checkíng

identifier indicated by PHASH has been defined and is a

once the type declarations are compleËe, the PoINT stack in the above form

is no longer used.

The routíne FINDSIZE uses the POINT stack with entries of

163

where SYMB? ís the address of'a symbol table entry for an atTay or

record. Space is allocated first for all símple variables' This use of

the POINT sËack allows space to then be allocaÈed Èo the strucËured

varíables without having to search Èhrough al-l the symbol table entríes'

Èhe type

These links are

to see if the

TYPE idenËifíer.

0

SYMBP

The POINT stack is required only when processing

achieve a gleater uËilizaËion of this space, it

stack when processing segmenË bodies'

the forro:

Bytes

declarations. To

is used for the JIJMP



JIJl.fP Stack Display

JIMPB

JT]MP STACK

JIMPP

JÌ]MPE

JUMPL

JIN,IPB

JI]MPP

JI]MPE

JI]MPL

- (POINTB) - base address of JIIMP stack

(POINTP) - pointer to most recenÈ entry

- enËry síze (4 byËes)

JiDfP Stack

L64

The J1IMP stack is used Ëo enable all branches ín the objecË code

to be direct. It ís used in generating code for statements such as:

IF, FOR, IIIHILE, REPEAT and CASE, although the way the stack is used

depends upon the particular cÍrcumstances. Statements FOR, I^II{ILE

and REPEAT require backward branches while IF, FOR' I,ffiILE' and CASE

require forward branches.

- (POINTL) - initially Ëhe length of the JIIMP stack

- later the address of the end of the JIIMP sÈack

i<*¡1¡1Ps-d



Backr,¡ard Branches

A statement like I^IIIILE or FOR requires control to

be passed back to the start for a tesÈ. The address which must later be

used ín a branch ínstruction must therefore be retained until the end

of the statement. An entry of the form

where OFFSET is the value

segment) is constructed.

sËatement in the address

from register 15.

OFFSET

Forward Branches

Often r¿ith forward branches, a whole chain of branch

addresses must be filled in rather than the address for jusË a single

branch instrucÈion. This is especially true with complex BOOLEAN

expressions and CASE statemenËs.

, i\rhen the address of the object of these bran.:h chaíns

is discovered the address portions of previously generated branch

instructíons are fil1ed in. OFFSET gives the location of the address

part of the most recent of these branch instructíons ' A

back chain is mai-nËained with the address part of this branch ínstruction

conËaining the location of the address part of the previous branch

instrucÈion in this chain. The chain ends when the address part of a

branch instruction contains zero.

of INSCOIINTER (current displacement in the

This OFFSET ís used at the end of the

part of a branch instruction as the displacement

165

Bytes



CHAIN SËack Display

CHAINB

CHAIN STACK

CHAINP

CHAINE

CHAINL

CHAINB - base address of CHÁ.IN stack

CHAINP - poinËer to first free enËry

CHAINE - entry size (4 bYtes)

CI1AINL - iniÈially the length of the CHAIN stack

- later the address of the end of the CHAIN stack

CHAIN

CHAIN Stack

TCIIAIN FCHAIN

].66

CHAIN - currenË backchain information

- when an open parenthesis is encountered in an expression,

, the value of CHAIN is stored on the chain stack and CIIAIN

is zeroed. CHAIN is restored from the CHAIN stack when the

close parenthesis is reached.

CHALN is of the forn:

p--.HArNE 
---{

TCHAIN I FCHAIN

4 ByÈes



ïhe informaËion maintained in CIIAIN and Èhe CIIAIÌtr stack al-l-ows

Èhe address part of branch instrucËions Ëo be resolved. TCIIAIN and

FCHAIN indicate the locations in the code of the address Parts of

Ëhe nosË recent branch instructions if the BOOLEAN expression is

TRUE or FALSE respectively. TCHAII{ therefore indicates the chain of

branch instructions, one of which is executed if the BOOLEAN

expression is TRUE, vrhile FCIIAIN indicates Èhe branch instructíons

to be taken if the expression is FALSE.

This use of the CLAIN stack al1ows the TP*UE/IALSE decÍsion to

be made at the first possible poinË (eval-uatíng from left to right),

r¡ithouË any unnecessary operands being evaluated.
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5. 7 REGISTER ALLOCATION

The register allocation mechanism and operand stack format

are based on those used in the Algol II cornpiler (Bau68b). This

scheme, wiÈh some modifications and improvements, seems ideal-ly

suited for one-pass code generation. ì,Iany of the procedure names

used are the sarne as the corresponding rout.ines in Ëhe A1go1 l{

compiler. The operation of the operand stack and regisËer allocatiort

mechanism is described in detail noting the major changes to the

Algol I'tr scheme.

The primary function of the operand sËack and regisËer

allocation rouËines is to conËrol code generatíon for the evaluaËion

of expressíons.

The operand stack is extended Èo 3 parall-el stacks a1lorvÍ-ng

raore informat,ion to be maintained for compile-t.ime checks.

1-68

I

I

I

I

I

I

I

I

t

I

I

I

VENTRYPl

All entries are full-words. VARSTP is the operand

pointer. Iühen loaded into a regisËer (say R7) and used

the 3 fields associated wiËh any operand are accessibleu

vEirTRY(R7) and VADDR(R7) .

VADDRPl.

l----r
I

rlIr
tl
tl
ll
rl
r1
li
ll
rl-rj

stack

as an index,

9. g. VARST (R7 ) ,



There are Lwo formats for VARST entries:

( 1) 11 OlR

The sign bit is 1 indícating

specifies the register number

register or a floating Point

01 t2

(2)

0

31

The sign bit is 0 índicating that the operand is not in a register.

ADDR is in base-displacement form and is usually entered ín the

operand sËack from the DLOC field of a symbol table entry.

VENTRY part of the operand stack contains the type of Èhe entry in

corresponding VARST entry. The form is:

01

that the

and may

regís ter.

O I ADDR

The

the

16

operand is in a register. R

be either a general PuTPose

L69

31

0

TY?E is. one of

entered in the

O I TYPE

The VADDR part of the operand stack has several forms'

the following:

rhe internal type codes (CSHRTINT - CRECORD) and is usually

operand stack from the TYPE field of a symbol table enËry"

16 31

01

SY}ÍBTAB

31

The Lasi-c format is



\nrhere SYIfIAB is the address of the symbol table entry corresponding to

VARST. This entry is only used if VENTRY is one of the following:

CSET, CSCALAR, CSCELEMENT, CSUBRANGE, CPOINTER, CARRAY OT CRECORD.

S is the sign bit and is I if the VARST entry is an address and is 0

íf it is a value.

If the operand is a STRING the following form ís used:

LGTH is Èhe lengÈh - I of the string. This is useful as the length part

of a character instruction.

01

If VENTRY is CSET Ëhen a different form again is used:

O I LGTH

24

L70

31

S and SYMBTAB are as above whiie STYPE is the base type of the set.

(e.e. CINTEGER, CSCALAR). Thisis used to check that set members are

cornpatible when sets are constructed.

STYPE I SYMBTAB

01

Operands are added to the stack when they are encountered and are removed

or rnodified as required when operations are performed on them.

31

Nonnally the top oPerand on

position of the three whích

Ëhe

aTe

stack is at the middle (or VARST)

accessible at any Ëime. Unary operatíons



are therefore performed on Ëhe VARST entry while binary operations are

performed on the VARSTM1 and VARST entries. The operand stack poinËer,

VARSTP is adjusted up when an operand is added to Ëhe stack and down when

one is removed. The only tíme the three positions VARSTMI, VARST and

VARSTPT are requíied is r+hen compatibility checks are made in FOR

statements Ëo see that the iniËial value and limit are both compaËíble r¡ith

the control variable. In any segment, general Purpose registers 2

to (11 - BNBR) and all four floating poínt registers are available as

work registers.

The allocation mechanÍsm is more cornplicated than thaÈ used for ALGOLW

but allows more flexibility. In particular, the register allocatíon

routines update the operand stack enÈry which is to use the registe.r. If.

a fLag called POSITION is SET the register is allocated Ëo the VARSTM1

location whíle if it is RESET the allocation is made to the VARST

location. In addítion, it is possible Èo release any register back to

the free pool rather than just the last one allocated.

A vector GPR has one word tot .""t, general Purpose register. This

word co¡tains a zero if the regíster is free and a pointer to the operand

stack if íË is allocated.

L7L

A single general purpose register is requested by a call on GENREG with

POSITION and the current value of VARSTP indicating Ëhe operand stack

location to be assigned the regisËer. GENREG searches the vecËor GPR

frorn high to low and allocates the first free regíster. Similarily pairs



of general registers are requesËed by a call on PRGENREG whÍch searches

GpR from 1ow to hígh. A DMDE and a REMAINDER flag indicate rnrhich

register of a pair is to be enËered on the operand stack.

A procedure FORCEPAIR accepts an operand stack enËry (register or

address) and with the aid of DIVIDE and REMAINDER flags forces the

operand into a pair of registers and enters the required regisËer on the

operand stack.

I,rrhen a general register is al,located an entry is made on a pushdoum sÈack

called GSTACK. hlhen a register is requested Ëhrough a call on GENREG'

pRGENREG or FORCEPAIR and none is available, the procedure DIIMPGENREG

ís called. The oldest register (botËom of GSTACK) is freed by storíng

its contefits in the run-time save area and GSTACK is compressed.

GSTACK entries are displacements in GPR (i.e. register number * 4)

bo that r,¡hen a regisËer is freed the GSTACK value gives the location of

the register in GPR.

A vector EPR and pushdown stack FSTACK are used to control floating-

point regisrers. Similarily FPREG and DUMPEPREG correspond to GENREG

and DIIMPGENREG.
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procedures DALLGREG and DALLFPREG are avaílable to store the conËents of

all allocated registers. ADJSTACKS decrements the top entry of GSTACK or

FSTACK Ëo point to the top entÏy on the operand stack after a binary

operatíon. ALLOCFO and DGENR2 serve to free floating-point regisËer 0



or general regíster 2, if occupied, to make them available to hold values

returned by calls on functions. RELEASE frees floating-point and general

registers which are no longer needed on the operand stack by setting the

corresponding entry on FPR or GPR to zero and removing the entry from

FSTACK OT GSTACK.
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V

REGISTER ALLOCATION },IECHANISM

(Reg /i)

VARSTP

11
10

9
B

7

6

(Dísplacement)

0
0
0
0
0
0

4

44
40
36
32
28
24
20
I6
T2
I
4
0><r

lisplacements
.n VARSTP I
rr0
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GSTACK

(Ree /i

6
4

(Di
FPR

This demonstrates a

registers 2, 3 and

currenËly allocated

Displacement.s
in GPR
(neg # * a)

splacement)

Displacements
in VARSTPI
or0

0
0

GSTACKP

L2
I
4
0

possible register allocation situation. General

5 as well as floating point registers 0 and 2 are

to operands.

FSTACK

Displacements
ín FPR
(nee // * z)

FSTACKP



As the register allocation routines overwrite the operand

stack r¿ith the regisËer allocaËed, it is necessary to keep a

copy of t.he previous cont.enËs of the operand stack so thaL the

information is available for code generaÈion. This is accomplished

by loading the VARST or VARSTII1 entry (address form) into a safe

register (one not roodified by the al-locaËion routine) before the

routine is call-ed.

Procedure ASSII"ÍBLE accepts two VARST type entries (one of

whÍch must be a register), type ínformation (CSHRTINT, CINTEGER,

CREAI or CLONGREAL) and a code representing the type of ínstruction

be generated. It wÍll generate P.R and RX inst.ructions for at least

the following: store, Load, compare, add, subtract, multíply and

divide.

Compiler routines can eiËher generate machine code dírectly

or they can pass information to ASSEI,fBLE for code construcËion. In

either case a routine EMIT is called which moves the ínsËructÍon

inËo the 4K program area.
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mosË consüructs of the language. The examples are given in

Assembler (IBbla), alËhough the compiler generates r¿achine code.

Initially the entry / exit code is given for both tlte maín program

and subprograms. fË should be noÈed that the constant areas folLor¡

Ëhe program segments directly. A description of PASCALDS (the nain

program data area) follows, which shows the locations of the save

areas, sysLem consËants, run-Lime checliÍng code, etc. The run-time.

checking code is then lisËed ín detail-. IÈ should be noted that Ëhe

labels (such as ARRAYERR) are used as branch addresses in the checkíng

code of the examples which follow. The save area portion of the

subprogram data areas is then shown.

The examples include the code generaLed for builË-in functions,

arithrneËic conversions and opeiaÈions, set operations, logical- and

relaÈional expressions, statemenËs (including IF, I'[IILE, REPEAT'

FOR and CASE), input/ouÈpuÈ, procedure and function cal1sr arrays

and records (including operation of Ëhe I'IITH statemenË), pointers

and fj-nally assignments.

hlhere appropriaÈe, the examples are demonstrated with and r¿ithout

run-time checking code.

This chapter demonstraLes the code whích is generaÈed for

CIIAPTER 6

CODE GENERATED
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6.1 I,fAIN PROGRAM ENTRY / NXrr CO¡U

Register 15

9PASCAIUÉü

ST}f

LR

L

SR

ST}I

LA

ST

L

BA],R

L

}4VI

START

14 r]-z,12 (r3)

2rL3

13 , disp (15 )

3'3

2,3176(L3)

12, CONST

13,8 (2)

15,APASCL000

L4,L5

15,0 (12)

136 (13) , xrFFr

branch around segment n¡ms

length/name 10 bytes

save registers

system save area

PA.SCALDS - main program
daËa area

nesË level

back chain / block nest l/

consËant area for main program

PASCAL save area

initialize l/ O rout,ines,
open SYSIN,SYSPRINT,
GETIÍ.AIN, SPIE, TII"IER

PASCAL - main segmenË addr

no subprograms invoked

]-77

ExiË
Code

BODY OF },ÍATN

Register 121
CONST èIC

[:.

DS

PROGIìÁI"Í

15,APASCLOo1

15

OF

V (PASCAIDS)

OD

v (PASCAL)

DS

DC

close files, SPIETTïMER

reËurns to System

Full-word align

address of main data segment

Double-word align

address of main program

MAIN PROGRA}Í CONSTANT AREA



6.2 pROCEDTTRE / FINcrroN ETITRY / nxrr co¡n

Register 15\*

I

n - register for procedure daËa area = 13 - BNBR

STAR

9NAþTEÉüÉUU

ST}I

L

LR

A

c

BNH

LA

BAI

LA

STM

LA

I'fVI

PARAMETER

PROCEDURE

L

L

Llf

M\¡I

BR

DS

START

Entry
Code

3, 15 , L2 (2)

n, B (2)

4rn

4, LENGTH

4,72(L3)

OK

0rL6

1, ERRMSG

3, BÌ{BR

2,4,0 (n)

n-l, CONST

60(n),xrFFr

LIST DECODII{G

/ '¡'uncrroi't 
BoDY

branch around segment name

length/narne 10 bytes

Reg 2 - data area of
calling segment
Procedure daËa area
current core free point.er

length of procedure data area

free core Ëop limit
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available region exceeded

error message

nesË Ieve1 - block number

back chain/block ll/f.xee poínter

reg for consLanL area

no subprograus invoked

ExiË
Code

LENGTH DC

Register n-! DS
(tz - BNBR) \

CONST \NC

0r-

2,0 (n)

3,L4,L2(2)

60(2),)rrFFr

L4

OF

F

OD

v(NAlfE)

/ rultcrron

funcËion result

backward chain

restore regisËers

control returned

returri

Full-word al-Ígn

length of data area

Double-rvord align

PROCEDURE

address of procedure/function

CONSTAI{T AREA



6.3 MAIN PROGRA},I DATA AREA (PASCALDS)

- displacements given in hexadecimal

Register 13"+0
4
B

c
10
L4
t-8
1C
20
24
2B
2C

30
34
JO
3C
40
44
4B

4c
50
54
5B
5C
60
64
6B
6C
70
74
7B
7C
BO

B4
BB

R14
15

0
1_

2

3
4
5
6
7

I
9

10
1L

Rl2
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Free Core Top Limit
Backward Chain
Current. block
Current Free Pointer
R3

4
5
6
7

I
9

10

Save area for

External- RouËines

Save area for

PASCAL Routines



6.3.1 SYSTB'I CONSTAITTS (in PASCALDS)

- displacemenLs given in hexadecimal

SETBASE(TRUE) Þ 90
9B
AO

AB
BO

Þ<)

CO

UO

DO

DB

EO

EB
FO

FB
100
108

PRUNCONST+110
118
L20
L2B
130
138
140
148
150
158

t**-o**tuo
168
l.70
178
180
18B
190
r9B
1A0
1A8

00000001
00ci 00004
00000010
00000040
00000100
00000400
00001000
00004000
00010000
00040000
00100000
00400000
01000000
04000000
t_0000000
40000000

BC

00000000
00000002
00000008
00000020
00000080
00000200
00000800
00002000
00c08000
00020000
00080000
00200000
00800000
02000000
08000000
20000000
80000000
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4E00000000000000
cE00000080000000
4E00000000000000

FALSE

Page liniË
T,ínes /Paøe

I 0 0 012 0 0 0
5 0 0 016 0 0 0
PASERROR
PASCTER}f
PASI{RITE
PASCDOOO

PASCLO].1
PASCLOl3
PASCLOl4
PASCTI}fE
PASCCARD

32 Set

Patterns

Time 1ímit
P.etrrrn Code

i o 0 0t4 01) c

7000
PASCINIT
PASCREAD

PASCLOOO
PASCLOlO
PASCLO].2
PASCLOO9
PASCLOOB
PASC}fOVE
PASCLOOl

FCONI- ,r"L¿ in
FC0ì{2 number
FCON3 conversion

OuËput l-imits

'rlo f1-ags
4I( constants

EOLNtrOF

TFFF

Addresses of

PASCAL

Run-time routines



PRU}TI^IORK lBO
1BB
1C0
1CB
lD0
lDB
l_80
1EB
1F0
lFB
200
208

RUNCIIECK zLO
2L8
220
228
230
238
240
248
250
258
260
268
270
278
280
2BB
290

SYSCONSTTOP 298

PASCALDS conËrd

Run-time RouËine

I,,lork Area

( B0 Bytes )

SEGBASE
INIADDR

181

Run-time

Error Checking Code

( ß2 Bytes )

ERRCODE

I}JDEXVAL

Information passed
tO PASERROR

- Simple Variables

- Array and Record
Base Addresses

- Àrray Dope Vect.ors

- Subrange LirniËs

- Arrays and Records

efc.



6.3.2 RUN-TT}fE CIIECKING CODE IN PASCA],DS

The run-time

RUI'ICHECK ( offseË

checking code occupíes 1-32

ll2L0 ) in PASCALDS.

ARRAYERR BNIIR

I.IAINERR LR

I,A

ERRMSG STM

L

BR

SUBERR BNHR

SUB}IERR LR

LA

B

PREDERR BNLR

LR

r^l:a

B

SUCCERR BNI{R

LR

LA

B

SETERR BER

LA

B

1

2ro

0,35

bytes and starts at

L5,2, SEGBASE

15,APASERROR

15

1

2r0

0, 36

BRRMSG

1

2r0

0r38

Éruuuse

1

2r0

O 13.7

ERRMSG

1

0,34

ERRMSG
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run-time array bounds check(hÍgh?)

(1or¿) - invalíd value

error message nunber

store error information

run-Ëime error rouÈine

terminate r'rith error

subrange bounds check (high?)

(1ow) - invalíd value

error message number

issue error message

PRED value undefined?

undefÍned value

error message nurnber

issue error message

SUCC value undefined?

undefined value

error message number

issue error message

invalid set member?

error message number

issue error message



SUBHRD BNHR

SUBLRD LR

LA

B

SUBHPARM BI.IHR

SUBLPARM LA

B

SUBLFUP BNHR

LR

LA

B

SUBIFOR LR

LA

B

SUBLFDN BNLR

LR'

IA

B

CASENEG SRA

LA

B

1

2r0

o,40

ERRMSG

l-

0,39

ERRMSG

1

2rO

0,42

ERRMSG

2r0

0r4L

ERRMSG

1

2r0

o,42

ERRMSG

2rL

0,43

ERR}ÍSG

subrange value on READ (high?)

(lorv) - invalid val-ue

error message number

issue error message

subrange paraneter (high?)

(low) - error message nunber
regíster 2 contains invalid value
issue error nessage

FOR control variable is subrange
final value (T0) (hieh?)
invalid v_al-ue

error message number

issue error message

FOR conËrol variable ís subrange
initial value out of range
error message number

issue error message

FOR control variable ís subrange
final value (DOIJÌ{TO) (l-ow?)
invalid value

error message nunber

Íssue error message

CASE index negative
get undefíned value
error message number

issue error message
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6.4 PRoCEDURE / TwcTToN DATA AREA

- displacements given in hexadecimal

Register
(13 - BNBR)+o

4
B

c
10
L4
1B
1C
20
24
28
2C

30
34
3B
3C
40

Current block //
CurrenË Free Pointer
R3

4
5
6
7

I
9

10
11
t2
13
L4

Rl5

L84

Parameters

Simple Variables

Array and Record
Base Addresses

Subrange Lirnits

Run-tiqe Save Area

Arrays and Records



6.5 BUILT-IN FIn{CTIONS

The arithmeËic functions are evaluated by passing an argumenË

and funcËion selector to a run-time library routine. These routines

are borrowed frorn the Algol Li run-Ëime library. The routine PASCL012

accepËs a REAL argument and produces a REAL result, while PASCL013

accepËs a LONG REAL argumenË and produces a LONG REAL resulL.

The actual parameter used when calling t,hese arithmeËic functions

nay be of any ariËhmetic type. A SHRTINT or INTEGER argr:ment is

converted Ëo a REAL value before PASCLOI-2 is called and produces a

REAJ, result.

Arithmetic FuncËion Function SelecËor

185

SQRT

EXP
L}I
LOG
SIN
c0s
ARCTAN

Arithmetic
Function

Arqurnement, Type Function ResulË Type

( sHRrrNr ) I(rlrrEcER ) I REA],
(REAI)J
( LONG RBAL ) LONG REAL

1
2
J

4
5
6
7



Example:

VAR X : REAL;
BEGIN

x := SQRT(X)i

The code produced for

LE

L

BAIR

DC

STE

thi-s sËatement is:

0rx

14,APASCLO12

L"L4

Hrl_r

orX

Register 14 is used as the base register of Èhe arithmetic

functions, so LhaË the segment base register (15) does not need to

be restored after every call of these rouÈines. The function accesåes

t,he selector code using regisËer 1 and reËurns to the point irnmediatel-y

after the seleetor code.

BUILT-I}I FINICTIONS HANDLED I.JITH IN-LINE CODB

r_86

The regisËers used in Lhe.exanples are those which are used in

the main program if no registers are currently allocated"

address of PASCL012

function selection code

ABS - Absolute value of argument

SHRTINT ]NIEGER

Load register
if necessary

Load posÍtive

LH 11r-

LPR 11,11

L 11,-

LPR 1lnl-1

REAL

LB 6,-

LPER 616

LONG REAL

LD 6r-

LPDR 6,6



SQR - Square of argument

Load register
if necessary LE 3r- L 3r- LE 6r- D 6r-

MulÈiply IlR. 2,3 IfR 2,3 llER 6,6 MDR 6,6

If an integer value is already in a regisÈer, it may have to be moved

to the odd regisÈer of a free even/odd pair.

SERTII{T INTEGER REAL LONG REAT

ODD - TRUE if inÈeger arguIflent is odd

- Resul-È: Argument MOD 2 = L

SERTINT INIEGER

Load regisÈer
if necessary LH llr- L 1l-r-

Mask righÈmost bit l{ llr=pr1r N llr=pr1r

The resulÈ ís 1 if the argumenÈ is odd and 0 if iË is even. This

vâ1ue is direcÈly used as the bool-ean result, corresponding exactly

Èo Lhe inÈeraal representafions for TRIIE and FALSE respeetively"
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ORD - Ordinal nr¡¡cber

- Argr:menÈ of Ëype CHAR or user-defiaed scaJ-ar

ExamFle: In the declaraËion

COLOIIR is a user-defined scalar whiae BLIIE is a scalar constaaÈ.

vAR CoLOI]R ! (Rm, GREEU, BLIIE);



Code generated if

noË in register

If Èhe argument is already in a register, no code is generated-

In Èhis ease, Lhe Èype inforrnation on the operand stack is nerely

changed Ëo Iì{[EGER.

CHAR

SR

IC

11,11

11r-

Scalar

CER - Argr:ment must be an integer

- Resul-t is Èhe characËer whose

argumenÈ value

L 11,-

Scalar Constant

Code generated Íf
not in regisËer

LA ll,ordinal number

If Èhe argtment. is already in a registert

generated. The operand type is merely changed

1-BB

SERTINT

REAL TO IIIIEGER COI{VERSION

LE LLr-

A rul-Èinre library rouÈine PASCI009 converts real to integer values"

The real value is passed in general register 0 and the reqrrired

integer value is returned in register 2. A function selecÈor of 1

is used for TRUNC and 2 for ROIII{D. This is stored in the code after

the BALR instrucËion in the same tlanner as w:iÈh the arithmetic functions"

ordinal number is the

II{TEGM.

L 11"-

DO

Èo

additional code is

CEAR.



Example:

VAR I : IIfIEGER; X : REAI;
BEGIN

produces the following code:

I : = ROIIND (X) ;

L OrX load real val-ue

L 14,APASCL009 address of PASCL009

_ BAIR LrL4 branch to library routine

DC flt 2t function selector

ST 2rT store integer resulË

If the statement had been

I : = TRUNC (X) ;

the only difference would be in the function selector.

If Èhe real argunenË happens Ëo be in a register, it is stored

and then loaded into general register 0.
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CARDINALITY OF SETS

The function CARD (PASCCARD) is a run-time library routine which

determines the cardinali-ty (the nunber of members) of a set. It

accomplishes this by repeated left shifts, counËing Ëhe nunber of

times the sign bit is 1. The funcËíon accepts the set in general

register 0 and reËurns the cardinalíty (an integer value) in registet 2.



Example:

VAR I : IMEGER;

BEGIN

produces the following code:

I := CARD(S);

S ¡ SHf OF 1".3I-;

L

L

BALR

ST

CPT TT}IER

The builÈ-in function CPUTIIÍE

is starËed when execution begias.

elapsed time in seconds as a real

Example:

0rS

14,APASCCAPJ)

l,l-4

?,7

190

seÈ

address of PASCC,ARÐ

VAR. X : REIAL;

BEGIN

X := CPUTIME;

produces the following eode:

card.inal i ty

is used wiËhouL argrm.ents. A tfuner

A cal-l of CPUTtr'îE returns Ëhe

vãlue i¡. floating point regisËer 0.

of seÈ

L

BALR

L

STE

15,aPASCrrlG

14"15

15r-

0rX

addrese of CPUII}ÍE routíne

ínterrogaÈe Ëimer

restore base regisËer

elapsed time in secou¿s



6.6 ARITI{.{ETIC COIWERSION

Real to inËeger conversion is handled through the use of

functions ROIJND and TRUNC. All other arithmeÈic conversion is handLed

with in-line code.

VARI: I}TTEGER; K: SHRTINT; X: REAL; Z: LONGRBAI;

SHORT INTEGER / f¡¡ffCfn Conversion

The following declarations are assumed in the examples:

A SHORT INTEGER is changed Ëo an IIITEGER by nrerely loading iË into

a regisËer:

I := I(;

l_91_

The only tíme an INTEGER musÈ be changed to SIIORT IIITEGER is on

assignment:

1/ .- T.N .- !t

LH l-1rü

sr 11rr

sTÌt 11,K

V ¡- 2¡L t' L¡

A LOi,iG REAL is converted to REAL by just considering the left 32

bits of Ëhe LOi{G REAL operand:

LE 612

sTE 6,X

11, I



A .- !¿
L t- L9

A RBAL value is converted t,o LONG REAL by loadíng a doubl-e llord

const,anÈ inËo a floaÈing poinË regisËer and then 1-oading Èhe REAI

value inËo the same register¡

LD 6,FCOI{3

LE 6rX

STD 6,2

FCOt'i3 DC X I 4E00000000000000 |

If the real value is already in a regist.er as in Ëhe staËemenË

Z := SQR(X);

Èhe code is

LE 6rX

MBR 6 16

srE 6,FCOll3

LD 6rFCoN3

:': - 
6'2

FCON3 DC Xr4800000000000000f

L92

The left f4rord of FCON3 does get, rnodified duríng execution but

the righË liord is a1-r+ays 0.

INTEGER Ëo REAL / I,OUE REAL ConveTSiON

The II{TEGER is converted to double precision floating poinË

so Ëhe value can be used as either a REAL or LONG REAL operand'

square x

convert to long real



Four possibilities exist:

X:=I; X:=K; Z 3=I; Z::K;

The follor+ing code dernonsÈrates all casesî

L 11rr

LD 6,FCOt{l

AD 6,FCOII2

STE 6,X

sr 1]-,FCON1+4

XI FCON1+4,X!BOI I convert i:rteger

X

FCOIIl DC Xt4800000000000000r

FCONz DC XfCi00000080000000r
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LE I-I-'K

K

to real-

sTD 6rZ



6. 7 SUCC / PRED FI]NCTIONS

The functions SUCC and PRED are handled with in-line code. The

valid argum.enË types are integers, user-defined scalars (including

scalar constants) and subranges of either integers or user-defi-ned

scalars.

IË is possibl-e for Ëhese fuucËions to produce undefined resul-Ës

in the case of user-defined seal-ars or subranges. For this reasont

run-tine checking code is optionally available Ëhrough tire use of

the $CHECç¡ g6nrm¿nd.

I.lithouÈ Run-Time Checking Code ($Clmcf.-)

Integers

SHRTTNT rNTIGER _SIIRTiNT___INTEGER
Load register
if necessary Lii 11'- L 11'- LIi 11'- L l1'-

A 11r=¡t1t A llr=pt1t BCTR 11'0 BCTR 11-'0

User-Defined Scalars

L94

Assr¡me Lhe declarat,ion:

VAR TOY = (CAR, BALL, BOAT, BAT);

The following demonstrates Ëhe code when the argument is a scalar:

succ(ToY) PREp(TOY)

L llrTOY L 11'TOY

LA 11,1(11-) BCTR 11,0

The LA instructíon can be used for SUCC because a scalar value

is ahvays positive"

SUCC



If the argunenË is a scalar constant, a compile-tine check Ís

made to see if the result is undefined, in r¿hich case an error message

is given. The function resul-t is produced direcLly.

SUCC(BAT) and PRED(cAR)

would resulË j-n error messages. The statements

TOY := SUCC(BALL); and TOY := BOAT

produce ídentj-cal code:

LA LLrz ordinal number

sr l1,TOY

Likewj.se,

TOY := PRED(BALL) and TOY := CAR

are Ëhe same:

195

Subranges

If run-time checking ís noÈ perforrned, then Èhe code generated

for subranges of int.egers and user-defined scalars is identical to

tirac produced for íntegers and scalars discussed above.

L¡. 1110 ordinal nurnber

sT 11,T0Y

trIith Run-Time Cheeking Code ($CilECK+)

InËegers

The code is the same as \dith $CilECI(-. All resul-Ës are considered

val-id. A check is not rnade Ëo see if IÍAXIIIT is exceeded.



The function results are conputed nornally, but Èhen a cheek is

made Èo see if PRED prod.uces a negaËive value (the ordinal mm.ber of

the firsÈ scalar consËânt is 0 ), or if SUCC produces a result higher

than tire ordinal mnber of the last scalar consÈant.

Assuming Ëhe s.âr¡e declarations as above,

TOY := SUCC(TOY);

generaÈes:

User-Defined Scalars

L

LA

LR

LA

CR

BAL

An additional 4 instruetions are generaÈed in-line and a toËal

of 5 exËra insËrucËions are execuÈed to checl-- if the resulÈ is vaAid.

TOY := PRtrD(TOY);

generaÈes:

L96

lI_,TOY

r1,1(11)

0rI

lrhighesÊ ord.inal

0rl

I,SUCCERR

Aû addiËional 2 insÈrucÈions are generaÈed in-line and 3

instrucËions are executed to check the resultant value"

t

BCTR

LTR

BAI

$SEECK+

1l-olOY

11r0

0,11 I
| $amcr+

1,PRtrDERP. J



Subranges

The function results are conpuËed and Ëhen are compared Ëo the

lower bound of the subrange for PP.EÐ or to ühe upper bound for SUCC.

Assume the declaraËions:

TYPE COLOUR = (RED, GREEl,l, BLUE, YELLOII' BLACK);

VAR M : GREEi'l..YELLOII;

I : 1..10;

The following code is generaËed for SUCC:

succ (r"r)

L ll_rlt

LA l_1,l_ (11)

L97

The follor+ing code is generated for PRED:

.PREp.E)_

L Ll,l'f

succ (r)

L 1l_rr

A 1l-r=Frl-f

These four cases require 3 exËra instructions in-line, and

the execuËion of 4 extra instructions Ëo perforn the required checks.

BCTR l_1,0

LR 0,11 I
I

C o,lower | $cHucr+

BAr, I,PREDERR J

succ (r)

L llrr



6. 8 ARITH}IETIC OPERATIONS

Before code is generated for any binary arith¡retic operationt

a routine is cai-led which checks operand tyPe conpaËibiliËy. Thís

rouËine performs any necessary type conversions and sets Ëhe condiEion

code Lo indicaËe whether or not the arithneÈic operation can proeeed.

The four sËandard numeric Ëypes' SHRTII{T' INTEGER, RBAL and

LONG REAL are handled. The binary operations are divided ínto four

categories according to the following table:

Category

I

2

3

4

A conversion t,able, when indexed with the numeric Ëypes of the

left and right operands, along r.¡íth Ëhe caEegory coder returns a

conversion code r,¡hich indicaËes the action to be taken.

CONVERSION TABLE

Operator

/.*
l+l_t/
( Drv
1 MoD
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Category Codes

SHRTINT

INTEGER

REAL

LONG REAL

LO
ep
fe
Ër

a
fI
d

S]IRTINT
L234

02L20 0

02111 0

L2 12 LO 12

l-3 13 10 13

Right Operand

I}JTEGER
1234

02L I 0

02L 0 0

L4 L4 10 14

15 15 10 15

REAL
L234

2 2L0l-0

4 41010

0 010 0

L7 17 10 17

LONG

r234
3 310 1-0

5 5l-0 10

7 7L0L9

0 0l-0 0

Conversion

Codes



Operand

Neither

Left
tl

tt

It

CO}TVERSION CODES

Code

0

1

2

3

4

5

6

7

B

9

10

1l-

L2

t_3

,L4

L5

16

L7

1B

19

zo

2L

1t

r

No conversion necessary

SIIRTI}TT ËO I}TIEGER

tt to REAL

" Èo LoNG REAL

IIfltEGER to REAL

" to L0I{G REAL

REAL ËO I}.TTEGER

" Lo Lol{G REAL

LONG REAI, to II'ITEGER

to REA],

Illegal operation (ERROR)

SbIRTIITT to Il{IEGm.

" Ëo REAI

" Lo LONG REAL

IlttEGER TO REAL

'' To LO}TG RIAL

REA], ÈO INTEGER

" Lo Lol{G REAL

LONG REAL Èo IÌ{TBGER

t¡

tt

Left

Neither

Right

il

It

Actíon

199

It

tt

It

It

Right

Both

BoËb

(r¡nused)

(uuused^)

(unused)'

ll

Convert fro¡r SHRTINT to INTEGER

Convert from SHRTINT or IIffEGER to REAL

EO PJAL

(uuused)

(unused)

(unused)



In the examples R2 indicates general register 2, while F2 indicates

floating-point register 2 conËaining a singl-e precision value' and F23

indicates floating-poinÈ register 2 conËaining a double precision va1ue.

If an operand is in memory (i.e., not in a register), it is represented

by íts name.

ADDITION

AddiÈion is corrmutative. If Èhe left operand is in a regisËert

a RR or RX add inst.ruction is generated depending on whether or noL

the right operand ís in a register.

If Ëhe left operand is not in a register, but, the right operand

is in a regisËer, the suitable RX add insËrucÈion is generated.

If neither operand is in a regísËer, the left operand is

loaded into a register and Ëhe suiËable RX add instruction is generated.

A+B

Both Operands in RegisËers

200

Location of: A

B

Code generaËed:

INTEGER

R11

R10

AR 11,10

REAI

F6

F4

AER 6,4

LONG REAL

867

F45

ADR 6,4



Left 0perand ín Regíster

LocaËion of : A Rll Rl-l F6 867

BBBBB

Code generated: Æl 11rB A llrB AE 6,8 AD 618

RiehË Operand in ReeísËer

SHRTINT INTBGER REAI LOI{G REAL

Locationof:A A A A A

B Rll Rll F6 F67

Code generated: AH l1-rA A 11rA AE 6rA AD 6rA

Neither Operand in Regist.ers

SHRTINT INTEGER REA]. LONG RBAL

Locatíonof:A A A A A

BBBBB

Code generated: Ll-l 11-rA L 11rA LE 6rA LD 6rA

Æ1 li-rB A il-,B An 6rB AD 6,8

SUBTRJ,CTION

20L

STIRT]NT INTEGER REAL LONG REAL

Subtraction is not commutaËive. For Ëhis reason ít is necessary

for the lefË operand to be in a register before the operatíon can

proeeed.

A-B



Both Operands in Registers

Location of: A

B

Code generaËed:

Left Operand in RegísËer

Location of: A Rl1 Rll- F6 I.67

BBBBB

Code generaËed: SII 11rB S 11'B SE 6rB SD 6'B

Rieht Operand in RegisËer

INTEGER REAI LONG REAI

Rll F6 F67

R10 F4 F45

sR 11110 SER 614 SDR 6,4

SHRTINT I}]TEGBR REAI LONG REAL

Locationof:A A A A A

B R11 Rll F6 F67

Code generated: LII 10rA L lC'A LE 4'A LD 4'A

sR 10,11- sR 10,11 SER 4,6 SDR 4,6

Neither Operand in RegísÈers
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SIIRTII{T II.ITEGER REA]. LONG REAI

SHRTTTI'I INTEGER REAL - LONG REAL

Locationof:A A A A A

BBBBB

Code generaÈed: Lll 11rA L 11'A LE 6,4 LD 6'A

sH 11rB S 11,8 SE 6rB SD 6rB



MULTIPLICATION

IÍul-tiplication is conmutatíve, and therefore can proceed if eiËher

operand is in a register. Integer nultiplÍcation requires an even/odd

pair of registers and is Ëherefore a special case. The MII instrucËion

is used if either or boÈh of the operands is of type SHRTINT.

A*B

BoËh Operands in Registels-

LocaËÍon of: A

B

Code generated:

LefË Operand ín Register-

203

Location of : A Rl-l F6 F67

BBBB

Code generated: MIl 11rB ME 6'B ì'fD 618

RiehË Operand in Register

REAL LONG RBAI

F6 p67

F4 F45

MER 614 MDR 614

S]{RTINT REAI LONG REA].

Locatíonof:A A A A

B R1]. F6 867

Code generated: MH 11,4 I'fE 6'A MD 6'A

SHRTINT REAL LONG REA],



Neither Operand in Registers

Locationof:A À A A

BBBB

Code generaÈed: tH 11'A LE 6,4 LD 6'A

IfIl 11,8 IfE 618 Ì'ID 6rB

II']TEGER IfIILTIPLICATIOI{

SIIP*TII'{T REAI LOI{G REAT

The multiplicand. must be forced inËo the odd regisÈer of ¡n

even/odd pair. If the lefÈ operand is in a register, or fei'ling

that, if the right operand is in a register' an- atÈenPt is rnade to

use the even/odd pair of rvhich this register is a parÈ. If the

necessary register is occupied, a pair of regisÈers is allocated' and

the value is moved into the odd register of this pair.

Ooerand in Odd Register and Even Register Free

204

Location of: A R].l- RAn

BBR1IR9

Cod.e generated: M 10'B M 10'A MR 10'9

Operand in Even Register and Odd RegasleE-lree

LoeaËion of: A R10 A RLO

BBR]-OR9

Code geuerated: SRDA 10'32 SR.DA LO,32 SRDA l-0'32

If 10rB M 10"4 MR 1019



Operand in ResisËer but Pair }trot Free

Location of: A

B

Code generaËed:

R10

B

LR 3,10

M 2rB

Neither Operand in Registers

Locat.ion of: A

B

Code generated:

A

Rll_

LR 3111

11 2rA

Rl-0

R11

LR 3110

MR 2,11

A

B

L 3rA

M 2rB

Integer mulÈiplicaËion is al-ways fol1-owed by

SLDA R,32

where R is the even register of Ëhe producÈ even/odd pair. This is

done Ëo detect an overfl-oh7 orr integer roultiplication. An overflor¿

is not detected if the MH instrucLion is used because of a SHRTINT

operand.

205

DIVISION

There are three division opêrators. The "f" aLways produces a

real- result. If one or more of the operands is of Ëype integer, iË

is converted to real before Ëhe operaLion takes place. For Èhis

reason the eode sequences are shovm for real operands.



REAL Operands

Location of: A F6 A F6 A

BBF6F4B

Code generated: DE 6,8 LE 4rA DER 6'4 LE 6'A

DER 416 DE 618

LONG REAL Operands

A/B

Location of: A F67 A 867 A

BBF67F45B

Code generated: DD 6rB LD 4rA DDR 6'4 LD 6'A

DDR 416 DD 6rB

INTEGER DIVISION

206

The operators DIV and MOD are used for division of inÈeger

operands. The resulÈ of DIV Ís the quoËient, while MOD gives the

remainder. The code sequences are the same in boËh cases. The

result of DIV is in the odd regisLer, while Ëhe result of MOD is in

the even regisËer of the even/odd pair.

The code sequences t.o prepare for inËeger division are sj-mil-at to

Ëhose for integer multiplication, ¡^rith the added requiremenË Ëhat the

dividend nusË be a 64 bjrt number in the even/odd pair. As division is

not conmutaËive, the lefL operand must be loaded into Èhe even/odd pair.



Left Operand in Odd Register and Even RegisLer Free

Location of : A R1l Rl-].

BBR9

Code generated: LR 10'11 LR 10,1-l

sRA l-0,31 sRA 10,3I-

D 10rB DR 1019

^{ilåN}'

Left Operand in Even RegisËer and Odd Register Free

LocaÈion of: A R10 R10

BBRg

Code generaÈed: SRDA' LOr32 SRDA 10'32

D 10rB DR 1019

Left Operand in Register but Pair i{q!-Iggq

207

LocaÈion of: A R10 Rl-L

BBRLO

Code generated: LR 2'10 LR 2'11

sRÐA 2,32 SRDA 2,32

D 2rB DR 2rl-0



Left Operand Not in Register

LocaÈion of: A A

BB

Code generatedz L 2rA' L 2rA'

sR¡A 2,32 SRDA 2,32

D 2rB DR 2n1l-

INARY I"IINI]S

If Ëhe operand is a consÈant (SHRTINI, INIEGER, REAL or LONG REAL)'

lhe constant value is complemented and a new'coÊstariË is created at,

compil-e time.

The statemenÈs:

A ¡= 10;

B := -10;

A

R11

208

Èherefore have the same code sequence at run Ëime"

The complenenling is performed at run tíme if the operand is a

variable or e)q)ressíon.

Load regisÈer
if necessary

S}IRTINT IITTEGER REAL LONG REAL

-A

LH l-1rA L l1,A LE 6,4 LD 6,A'

LCR 1l-,11 LCR 11,11 LCER 6,6 LSDR 6,6



6.9 SETS

Each set member is represented by one bit. The bits are allocated

frorn right to left rvith the ríght-rnost bit representing the inËeger 0t

or a scalar constanË r¿iËh ordinal number 0. The data area for Ëhe

main prograrn (PASCALDS) contains the 32 possible seË member

represenËaËions starËing at locaËíon SETBASE. These are used direcËly

rvhen seË members are consËanLsr or are accessed by cornputing the

address aË run time when a seË member is a variable.

Assume the following declarations:

TYPE COLOUR = (MD, GREEN' BLUE' PIIRPLE' PIIIK' SLACK);

VAR C : COLOUR;

HUEI, HUE2 : SET DF COLOIIR;

The code generated for

(. RED, BLUE, BLACK .)

is:

L II,SETBASE (.RED.)

o l-1, SETBASE+2*4 ( . RBD , BLUE. )

o ll,SETBASE+5'Í4 (.RED,BLUE,BLACK.)

The code generated for

(. RED, C .)

is:

L II,SETBASE (.RED.)

L l-Orc

sLL L0,2

. L 10'SETBASE(10) (.c.)

oR 1l-, 10 (.nnn, c. ¡

209



The scalar value is rnultiplied by 4 (shifted left 2) and then

Ë,his value is used as an index (displacement from SETBASE) to selecË

the required set mask'.

The representation M..N indicaËes

Itr inclusive. If M is greater Ëhan N,

both M and N are consËantsr the set is

and is stored in Ëhe constanL area of

The code generated for

(. RED .. PURPLE .)

is:
L

If either, or both,

construcËed at run time.

The code generated for

(. RED .. c .)

is:

all of Ëhe members from If to

the null- seË is produced. If

determíned at compile time

the current seguent.

2L0

1-1rset corisÈant (.RED'GREEN'BLUE'PURPLE. )

of M and N are variables, the seË is

LA

L

SR

SLL

SLL

CR

BH

o

LA

B

LOOP

11,0

10rc

919

LLr2

LO 12

11,10

LEND

LEND

Register 9 contains

RED

9, SETBASE (11)

11,4 (11)

LOOP

(..)

the required set.

set mâSkS



SET OPERATIONS

Before code i-s generated for any seË operaËion, a routine is

called to ensure ËhaÈ the operands are both seËs, pnd of eompatible

types. Singleton seÈs are eonsËructed if necessary"

TINION

Set union is conrmutative. The code sequences are símilar to

those for inÈeger addiÈion.

sl_ + s2

Location of : S1- Rtl S1- RIt 51

s2 sz R1l R10 52

Code generated: L 11'Sl

o 11,52 O ll-,S1 oR 11,10 O 11,52

I}ITER.SECTION

aLL

Set inËersectioa is conrmutative. Ihe code sequences are

símilar Ëo those for set union"

51*52

Location of : Sl- R1l Sl- R]-l S]-

52 S2 R]-]. Rl-O 32

Code geueraËed: L 11'Sl

N l-1,S2 N IL,SI NR 11,10 N 1l-,S2



SET DIFFERETJCE

Set difference is noL eonrmutaËive. If Ëhe left operand is

in a register, it must noL be destroyed until the operation

is complete.

51-32

Location of: Sl RLl- 51 R].l 31

s2 s2 R]-l R10 52

Code generated: L 10rS2 L IL'SZ

NR 10111 N 11rS1 NP' 10111 N 11,51

n 10,11- x 11,s1- )G. l-0,11 x al,sl

SET }M'ßERSITIP

A test is mede to see if Èhe firsË operand is a menber of Èhe

second. The result is a boolean value; TRUE if it is presenÈt

and FALSE if it is not." The boolean value is not constructed. A

branch instruction ís generated r,¡hich causes a branch to be tatriea

if the first operand is aot presenÈ in the set (i"e", result is FÁISE)"

XnIS

2L2

Location of: X R1l X R].l X

SSRITR]-OS

Code generaÈed: L llrx

N 11rS N 11,X IIR 11"10 N ll-rs

P'Z faLse BZ false BZ false BZ false



SET INCLUSION

A tesË is made to see if one set is entirel-y contained within

Ëhe other. Sinilar to set membership, Èhe result is a boolean

value. Thís boolean value is not constructed buE is reflected in

a branch instruction. The branch is taken íf one set is not

included in Ëhe other (í.e., result is FALSE).

Sl- <= 52

LocatÍon of : 51 Rl-1

32 32

Code generated: L J-rS2 L 1'S2

NR 1,11 N 1l-,S1 NR 10,1-l- N l,sl-

cR 1,1-1 C 1l-,S1 CR 10,11 C 1,Sl-

BNE false BNE false Bì{E false Bl{E fal-se

Sl- >= 52

213

LocaLion of: Sl- Rll 51 R1l S1-

s2 Rl-1 R1-0 s2

Coóe g;nerated: L 1rS1 L 1'Sl-

N 1L,S2 NR 1,1-l- I{R l-l-,10 N 1,s2

c 11,52 CR 1,11 CR 1l-,1-0 c l,sz

BltrE false BNE false BIIE false BlìE false

S1

R11

Rl1

Rl0

S1

S2



SET ASSIGNMENT ($CHECK+)

A mask containing a biL to represent every valid set member is

created. at conpile Èime for every set which is declared" This mesk

is used at run time to deÈecÈ invalid set members on assignnent.

The assignmeat

Sl := set

generaÈes3

LR 0,11

2L4

11r-

An additional 4 instructions aïe generated in-line and a Èotal-

of 5 extra ínstructions are executed to eûsure that the seÈ cottaírrs

only members which are valid"

cR 11,0

BAT, I,SETRR

sr 11,s1

0rnask

I 
gcEEcK+

if necessary



6.1-0 LOGTCAL (BOoLEAÌ{) EX!8E!ËIONS

Logical expressions are evaluated fron lefL to ríght. The

TRUE/FALSE decision is made as soon as possible and therefore no

unnecessaïy operands are evaluated.

A BOOLEAN value is not normally consËÏucËed, but is reflected

in Ëhe branch ínstructions r¿hich are generated. If the BO0LEAN

result is needed, in a case such as assignment, iÈ is construcËed

wiÈh additional code.

The sËatements IF, WÍIILE and REPEAT are designed in such a

way that a branch is Ëaken if the expression is FALSE. The code

for the logical expressíons is therefore generated so that executíon

cont.inues with the next statement if the expression is TRUE but

takes a branch if the expression is IALSE. The operator I'ioT (-)

does not cause any additional code to be generated. Its effect

is reflected in the condit,ions in the branch instrucËions.

BOOLEAN values are alLocated a full-rvord of memory. FAISE ís

represented by //00000000, while TRUE is represented by //00000001'

These correspond to the ordinal numbers of FALSE and TRUE in the

predefined scalar:

TYPE BOOLEAN = ( FAI,SE, TRUE );

2]-5



vAP* A¡ B, C :

AORBAND

AIB&C

EOOLEAN;

c

L

LTR

BNZ

L

LTR

BZ

L

LTR

ßz

TRUE

The T and F chains are

branches are resol-ved.

If a BOOLEAN result is

0'A

0'0

TRUE

0'B

0'0

FATSE

0'C

0r0

FALSE

2L6

A:=A0RBAl{DC;

the fol-lowing additional code is

filled in v¡hen the objects of the

requÍred as in:

TRUE

generaËed:

0r1

STORE

0'0

0'A

FALSE

STORE

LA

B

SR

ST



AANDBANDCORNOTD

A & B & C l-'¡

VAR A, t, C, D : BOOLEAN;

L

LTR

BZ

L

LTR

BZ

L

LTR

BNZ

L

LTR

BNZ

0rA

0'0

F1-

0rB

0r0

F1

0'C

0'0

TRUE

0'D

0'0

FALSE

NOT ( A AND B Al{D C OR }IOT D )

-(A&B&C l-D)

Fl_

2r7

TRUE

L

LTR

BZ

L

LTR

BZ

L

LTR

BNZ

L

LTR

BZ

FAI,SE

0'A

0'0

F1

0'B

0r0

F1

0'C

0ro

FALSB

0'D

0'0

FAISE

F1-

TRUE

FALSE



VAR A, B, C, D : BOOLEAN;

NOT(A

-r(A&
AND B AND }{OT ( NOT

B &-(-c lD ) )

L

LTR

BZ

L

LTR

BZ

L

LTR

ÍaÐa

L

LTR

BZ

coRD))

0'A

0'0

TRUE

0'B

0'0

TRUE

0'C

0'0

TRUE

0'D

0'0

FA].SE

2L8

I

only A

when A

f A is FALSE, it Ís the only operand evaluated. If B

TRUE

and B are evaluated. AJ-l four oPerands are e-valuated

B and C are all TRUE.

FATSE

,

is FAï.SE,

onlY



6.11 RELATIONAL EXPRESSIONS

The result of a relatíonal operation ís a logical value. Sirsilar

to logícal expressions, the BOOLEAN value is generated only if

necessary. The result is normally reflecÈed in Èhe condition of

a branch insËructíon.

Relational operations are normally not conxnutative" In the

case of SHORT INTEGER' IMEGER' REAL' LONG REAL' BOOLEAN'

scalar and subrange operands, the comparison is switched if the

second operand is ín a register and the first is not. In Ëhis caset

the condition in the branch instruction is r^rodified to reflect the

new ordering in the comparison. The operator IN fal1s into the

caËegory of a relational- operator, buË is discussed with SETs.

AriËhmetic Operands

2L9

A sample of the code sequences ís shown for II{TEGER operands.

A<=B

Location of: A

B

Code ge-nerated:

RI1

B

If Ëhe BOOLEAN result

TRUE

¿\

R11

c 11,8

BH FAISE

RI1

Rl0

c 1l-rA

BL FA].SE

is required, Ëhese sequences are followed by:

FALSE

}IEXT

LA

B

SR

CR

BH

A

B

L 11,A

c 11rB

BH FALSE

1l-,10

FAISE

0'1

NEXT

0'0



The code sequences for operands of type BOOLEAN, user-defined

scalars or pointers are similar to those for IItrTEGERs, alLhough

pointers may only be coropared for equality. The comparisons for

operands of Ëype SIIPJINT, REAI, and LO}{G REAL are sinilar if the

following conversions are mede:

I}TIEGER SHRTIM REAL LONG REAL

LLHLELD

CCHCECD

CR CR CER CDR

CHAR and STRING Operands

Comparisons are always made to Ëhe J-engËh of the shorter operand.

All character sËrings are of fixed lengths which are known at compile

t,ime. The maxirnun size allowed is 256 characËers, allowing all

comparisons t,o be made wiËh a single CLC ínstrucÈion.

VAR S : STRING(IO); T : .STRING(5);

220

S=T

c],c s (5) ,T

BNE FALSE



VAR X,Y:
ålD

S' T :

COLOI]R

REAI,;

BOOLEAN;

srRrNc (5) ;

: (RED, GREEN, BLUE, YELLOIJ);

(x.Y ) AND (A < B ) OR ( S'T ) AITD (

LE

CE

BNL

L

C

BL

CLC

BNH

LA

c

BH

6rx

6rY

Fl-

0'A

0'B

TRUE

s (5) ,T

FALSE

Ll12

11, COLOITR

FALSE

22L

F1

COLOUR >= BLUE )

TRUE

FAJ,SE

BLUE



6. 12 STATEÍENTS

6.L2.1 IF Statenerrt

The IF staÈement has two for¡as:

L/ LF expression Ti{B{ sËateaen't

and

Zl TE expressíon THE{ stateuentl ELSE sÈaËement2

VAR A : BOOLEAN;

L/ TF A TIIEN STaIEtxEl]'È;
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L 0rÀ

LTR 0rÛ

tsZ FALSE

TRUE sËatemenÈ

FALSE

Z/ TF staÈemenÈl ELSE sÈateneÊËz;

t 0rA

LTR 0rÛ

BZ FÁLSE

TRIIE sËaËenenÈI.

B NtrT

FALSE statemenË2

NffiT



6.L2.2 IIIIILE StatemenË

The I.]HILE statenent causes a staËenent to be repeaËedly executed

as long as a condition holds TRUE.

VAR A : BOOLEAN;

I^IIIILE A D0 staËement;

L00P L 0,4

LTR 0,0

BZ FA],SE

TRUE statemenf

B LOOP

FALSB

If the expression is FALSE on entry to the I^IHILBT the statenenË

Ín the range of the I'IHILE is noË executed at all.
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6.L2.3 REPEAT StaËement

The REPEAT statenent causes a sequence of sËatements to be

repeatedly executed unLil a condition becomes TRUE.

VAR A : BOOLEAN;

REPEAT

statemenËl;

sËatement2

IINTIL A;
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FALSE statementl-

staËement2

L 0rA

LTR 0r0

BZ FAISE

The sËatements in the range of the REPEAT are always executed at

least once because the Ëest condition is aË the end of the statement'

If Ël-re expression in Lhe IF, trlHILE and REPEAT staterÌents ís a

logical expression rather than a simple variable, the BOOLEAN resulË

ís noL consËruct.ed. IÈs value is reflected in the branches which

are Èaken. All three statements are designed in such a \tay that the

branch is taken if the expression is FALSE and execution continues

with the next staËeileni if the expression is TRUE

TRUE



6.l-2.4 FOR SËatement

The FOR statemerit has two forms:

l-/ FOR conËrol variable :: initial value TO final value DO sËaÈement

and

2/ FOR control varíable :: initial- value D0I{I{TO fiual value DO stateuenÈ

The valid types for the control variabie, initial value and

final value are SI-IRTINI, INTEGER, BOOIEAN, user-defined scal-ar or

a subrange of any of these.

If the control variable is declared Èo be a subrange of ínËegerst

run-time checking code is produced if $CHECK+ is specified. This code

compares Èhe initial and final values r+iÈh the range lirriÈs of the

subrange on entry to the FOR staËement. Subranges of user-defined

scalars are checked aÈ compile tÍme.

L/ VAR I, J, K : IMEGER;
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FOR I := J TO K D0 stateu.ent;

L 0"K

ST OTLFIIT in rr¡n-time save area

L orJ

B COMPARE

LOOP L 0rr

A Qr:Fllr

COMPARE C O,Lr¡{rr

BE NffiT

sr 0,r

statelneD.t

B LOOP

NEKT



2/ TYPE COLOUR = (P.ED, GREEN, BLUE, YELLO!i,

VAR A, B, C : COLOIIR;

FORA:=BDOI,INTO C DO statemenË;

BRO\,N, BLACK);

LOOP

0'C

0,Ln'lrT

0'B

CO}ÍPARE

0'A
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COI"IPARE

BCTR 0r0

in run-Ëine save area

C

BL

ST

0,LtMrT

NEXT

0rA

NEXT

sËatement

LOOP



3/ VAR I, J : INTEGER;

DAY : 1..31;

FOR DAY := I T0 J D0 statenent;

Checking Code

$cHEcK+

$CHECK+

$cnncr+

$CHECK+

L OrJ

C 0r=Fr31t

BAL l,SUBLFUP

ST O'LIMIT in run-time save area

L 0,r

C Qr=Frl-I

BL SUBIFOR

B COMPARE

LOoP L 0'DAY

A Qr=Fr 1l

COMPARE C 0, Lrlfrr

BH NEXT

sT 0'DAY

stat.ement

B LOOP

NEXT
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4/ VAR I, J : SHRTINT;

DAY : 15..31S;

FOR DAY := I DOI'INTO J DO sËaËement;

Checking Code

$cHEcK+

$csrcr+

$crrEcK+

$cliECK+

LE orJ

CH 0r=Ilr1r

BAL l,SUBLFDN

LH 0rr

Cll 0 r=Ilr 31r

BH SUBIFOR

B CO}ÍPARE

LOOP LH O,DAY

BCTR 0r0

COMPARE C O,LlMrT

BL NBXT

STII 0'DAY

statemenL

B LOOP

NEXT
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ST 0TLIMIT in run-Ëime save area



6.12.5 CASE SËatemenË

The CASE staËement allo¡nrs one of several possible sËater¿ents to

be selecËed and execuÈed depending on the value of an expression. The

expression may be of type SHRTIÌ{I, INTEGER, BOOLEAN' user-defined

scalar, or a subrange of any of these. A particular statement is

selecËed for execution when the value of the expression matches the

case label associated with Ëhe statement. IË is noË necessary for

t,he aIËernatives to be specifÍed in any part.icular order' or even

for all possibilities to be covered.

The CASE statement is of Ëhe form:

CASE expression 0F

case label list
case label list
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If the expression i" negative, a run-titne error ntessage is gíven.

If the value of the expression ís greaËer than the value (or ordinal-

posiËion ) of the largesË (ordinally) case label, or if the expression

does not rnatch any of the case labels specífied, execuËion conLinues

with the statemenË iu¡nedíately foJ-lowing the CASE statêæent.

case label list : statementN

END;

: statementl;
: statenenË2;



L/ VAR I : II{TEGER;

CASE I
0:
1:
2.

END;

OF

statemenË0;

sËaËementl;

st.atement2

L

CIi

BH

AR

BMf

BAL

LH
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2rT

2,MAXLABEL

NEXT

Z;L

SELECT

1, CASENEG

2,CASEBASE (2)

0(2,15)

SELECT

IO

I1

sËaÈement0

T2

statenentl

B

I'{Æ(LABEL DC

CASEBASE DC

DC

DC

NEXT

error message

statemenË2

NEXT

index ivíth
segment base

NEXT

III2I

i.Ir of f set

IIr of f set

ilfoffset

of

of

of

IC:

11t

T2l

r:0)

(1)

(2)



2/ VAR DAY : (SUll, MON' TUES, llED, THIIRS, FRI' SAT );

CASB DAY OF

MONTTIIURS : statementl;

FRI,TUES : stater¡ent2

END;

L

CH

BH

AR

BN}T

BAL

SELECT LTi

B

2'DAY

2TI"IAXLABEL

NEXT
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SELBCT

1,CASENEG

2, CASEBASE (2)

0 (2,15)

23L

òr-

S2

statementl

B

MAXLABEL DC

CASEBASE DC

DC

DC

DC

DC

DC

statement2

NEXT

error message

NEXT

Iir5r

Ilroffset

Ilroffset

H t offset

Hr offset

Hr offset

IIloffset

index with
segment base

of NEXT!

of S1f

of S2r

of ItrEXT:

of S1r

of S2r

oRD (FRr)

(srrN)

(MoN)

(TUES)

(rrED)

(TuuRS)

(FRr)



6.13 rNPIrT / ourPut

f/O is defined f.or 7 scalar types: SIIRTINT, INTBGER' REAL'

LONG REAL, BOOLEAI{, C}IAR and STRING. Values or addresses are passed

to run-Ëine library routines in a register, and additional information

is provided with paramet.ers stored ín-line (i.e., wiÈh the code).

This information is available to the library rouËines Èhrough Ëhe

return address.

6.13.1 OUTPUT

The same output rouËine is cal-lecl for forr¡.atËed and formaË-free

ouËpuË. With formaE-free ouËput a default field vlidÈh is used

while if a field width is specified, iË replaces this default value.

232

In-line ParameLers

TYPBCODE

FIELDI{IDTH

DECPI,ACE

Bytes

2

2

2

I,IRITELNFLAG

EFFLAG

Function

Índicates operand Ëype

v¡idth of field for operand

for reals: d in for¡n e:f :d
(digits to right of decimal point)
length of character string

/IOO - I^IRITE
iiT ' - I¡P.ITELN

for reals only - i/00 - B formaË
/iI!' - F formaË



Def aul-t
TypEgODE TYPE I_IryIüIDTH RegisËer Vglue/Address

2 SHRTINT B

INTEGER 13

3 REAL 18

4 I,ONG REAL 26

5 BOOLEAII 7

6 CHAR 3

7 STRING(n) n*2

A TYPECODE of I indicates I'IRITELI{ without paraneters. The current

record is printed as it is.

VAR I : INTEGER; X : REAL; S : STRING(IO); C : CIIAR; B : I3OOLEAI{;

R2 value

R2 value

F0 value

FOl value

R2 value
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r{RrTE (r) ;

R2 value(characËer)

R2 address

L 2rT

L. 14'APASCLOI1- address of
ouLput routíne

BALR L,L4

PARMI DC HI2I TYPECODE

DC HI13I FIELDtr.IIDTH
DC IiI OI DECPLACE

DC XIOOI IJRITELNFLAG
DC XIOOI EFFLAG

NEXT



I^IRITELI'{ (X: 10: 3, S : 20, C,

LE

B:2);

PAR}Ð(

BALR

0'X

14,APASCLOl1

L,14

Hr 3r
iIr10r
Hr3r
xf00r
XIFF'

2rS

14,APASCL011

1,14

LTITI
Hr20r
Iir10f
xr00r
xr00r

2rC

14,APASCL011

1, 14

Hf 6l
Ilr3f
Iir0r
xf00r
xr00r

2rß

14,APASCL0Il-

l-,14

llr5r
Ht 2l
lIr0r
X'FFI
xr00r

DC

DC

DC

DC

DC

NEXTl
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LA

PARI"ÍS

BA].R

DC

DC

DC

DC

DC

TYPECODE
FIELDI^IIDTH
DECPLACE
I.]RITELNFLAG
EFFLAG

NEXT2 IC

PARMC

BA],R

DC

DC

DC

DC

DC

TYPECODE
FIELDI{IDTH
DECPLACE
iJRITELNFIAG
EFFLAG

NEXT3

PARI"IB

BALR

DC

DC

DC

DC

DC

TYPECODE
FIELDITIDTH
DECPLACE
I']RITELNFLAG
EF¡LAG

I.IEXT4

TYPECODE
FIELDI^IIDTH
DECPLACE
I.]?.ITELNFLAG
EFFLAG



6.L3.2 rNPin

DifferenË input rouËines are called depending on whether the

input is formaËted or formaÈ-free. An in-line pararneter list sÍnílar

Ëo Ëhe one for output is also used.

In-line Pararrtet.ers

TYPECODE

FIELD\.IIDTIi

DECPLACE

Bytes

2

2

READLNFI.AG

unused

Function

- indícates operand tYPe
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TYPECODE

- width of field for formatted input
- 0 for format-free inPut

- for reals: d in form e:f:d
(digits to righË of decimal Point)

- length-l of CIIAR or STRII{G operand

- #oo - RBAD

//rr - READLN

- unused

0

1

2

3

4

5

6

7

TYPE

SHRTINT

INTEGER

REAL

LONG REAL

BOOLEAN

CHAR

STRING

RegisËer R0 is used to pass the address of the operand r¿hích is

to receive the value read. A TYPECODE of 0 indicaËes READLN wiËhout

pararqeËers. In this case the rernainder of Ëhe currenË record is disgarded.



VAR I : INIEGER; X : REAL; S : STRTNG(l0);

READ (I: 10, X: 1-2 : 4 ' S) ;

READLNi

LA

PARMI

0'I

14,A?ASCL014

1,14

Hr 2r
Hr10r
ilr0r
xr00l
xr00r

0'X

14,APASCLO14

]-rL4

lIr3r
IIr 12 r

Hr 4r
xr00f
xr00l

0'S

14,APASCL010

LrL4

lIrTf
Hr0r
Hrgr
xr00t
xf00r

14,APASCL010

I,L4

Ilr0l
Hf 0r
Ilr 01
XIFFI
xr00r

DC

DC

DC

DC

DC

NEXTl
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PAR},D(

formatted read

DC

DC

DC

DC

DC

TYPECODE
FIELDIfIDTH
DECPLACE

READLNFI,AG
unused

NEXT2 LA

BALR

PAR}fS

formatted read

DC

DC

DC

DC

TYPECODE
FIELDtr,,?IDTH
DECPLACE
READLNFLAG
unused

NEXT3

format-free read

DC

DC

DC

DC

DC

TYPECODE
FIELDI'IIDTH
DECPLACIÌ
READLì{FLAG
unused

format.-free read

TYPECODE
FIELDT,TIDTH
DECPLACE
READLNFLAG
unused



If t,he variable in the inpuL list is a m:meric subrange

(SHRTINI or INTEGER) and $CHeCr+ is specÍfied, Èhe value read

is checked to ensure ËhaÈ it is in the colrect range. The input

routine assigns Ëhe value to Èhe variable buË on return to the

calling program, makes Ëhe assigned value avail-able in R0. This

a11ows in-line code to be generaËed to perform the necessary

bounds checks.

VAR I : 20..30;

READLI{ (I: l-0) ;
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LA

L

BALR

DC

DC

DC

DC

DC

C

BAL

C

BL

PARMT

0'I

l4,APASCL0l-4

LrL4

iir2r
Hr10f
Ïlr 0 |

XIFFI
xr00r

or=Fr30l

1, SUBI{RD

0r=Fr20r

SU]]LRD

I{EXT

formatted read

NEXTl

TYPECODB
FIBLDI'¡IDTH
DBCPLACE
READLI{FLAG
unused

high bound

check for high val-ue

low bound

error message (low)



6.14 PROCEDURE / FI]NCTION CALLS

The calling sequences for procedures and functions are identical-.

Upon return a funcËion reËurns a quantity (value or address) in a

register which is Ëhen used in the subsequent code.

The sirnplesË subprogram call is for a procedure without Parameters

as in:

SIM

If parameters are passed Èo a subprogram, a list of addresses

is esrablished and Rl is l0aded wiËh Ëhe address of this 1ist"

The Ínformation passed is ídentical for t'call by referencett and

rrcal-l- by value" paraneters. The only dif ference is in the way the

called rout,ine uses the infornation passed to it.
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L l5rbase address

BAIR 1-4,15

L l5rbase address

Formal Paramet,er

STIRTINT
INTEGER
REAI
LONG REAL
BOOLEAN
CTIAR

STRING
SET
SCALAP, (user-def ined)
SUBRANGB (of scalar tYPe)
POTNTER

ARRAY
RECORD

PROCEDURE

FUNCTION

of SIIII

of current segment

Parameter LisË Entry

{ 
^..r""s 

of 
'ocation 

contaíning vatue

{

T

I

)

Base address of array or record

Address of location containing
address of procedure or function



All sinple variables which are Passed "by referencett are moved

into locations in the current data segment on enËry' and this copy ís

used in all references to the variable. This is done to eliminate

an overhead which would otherwise be imposed in accessing these

variables. The final values of these variables passed "by referencerl

are copied back Lo Ëhe original variable locaËions on exiÈ from

the subprogram. These parameters are really handled i¿ith a

ttcall by resultt' rather than a ttcall by referencett mechanisrn.

Arrays and records passed ttby referencerr are accessed directly.

If strucËured types are passed "by valuett, space for a copy is

acquired aÈ enËry and Ëhe entire strucËured type is copied into

this block of memory. This copying is accomplished by a library

rouËine (PASCMOVE), whích accepËs the address of the origínal in

R3, the address of Ëhe new location in R2, and tire length Ëo

be moved as an in-line ParaneÈer. The entire sËrucEured type is

copÍed wiËh MVCs rather Lhan element by elenent.

If a procedure or functiol i" passed as a parameterr then Ëhe

address in the parameËer list is used in any subsequent calls of

this subprogram, rather than setting up an BSD and RLD entry to

get Ëhe address.
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Function result values are returned to the callíng program

in a regísÈer according to Ëhe following table:

Result TYpe Re8ÍsÈer

SHRTINT RO

INTEGER RO

REA], FO

LONS REAL F01

BOOLEAN RO

CHAR R0

SET RO

SCALAR (user-defined) R0

SUBRANGE (of scal-ar tYPe) R0

POINTBR RO

R0 is used Ëo return all but real val-ues Ëo conform to IBM

convenLions. R0 and R1 are universal work registers and Èherefore

are never left holding a value whieh is entered on the operand stack'

For Ëhis reason, Ëhe code for a funcÈion cal-1 returning a value

in R0 ís imnediately followed with the instrucËion:
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and an entry wiLh R2 is made on the operand sLack'

LR 2r0



TYPE VECTOR = ARP.AY(I ..1-0) Of

VARY,Z: REAJ,; I: IMEGER;

PROCEDURE TEST;

BEGIN_--END;

FIJNCTION SUM (VAR A : VBCTOR;

BEGIN---END;

BEGIN

REAL;

Y z= Z + SW(X, I' TEST);

VECTOR;

J : INTEGER; PROCEDI]RE P) : REA.L;

24r

L lrbase address of arraY X

ST lrPARMl- in run-Ëime save area

LA 1rr

ST l-rPARM2 j-n run-time save area

LA lracldress of address of TEST

o l,=xf80000000r sígn bit(l-ast parrn)

ST lrPARlf3 in run-time save area

t4 2rsave area in PASCALDS

LA lrPARMl address of Parrn 1-íst

L l5rbase address of SUM

BArR L4,L5

L lsrbase address of maín Program

AE OrZ

srE 0,Y



If SUM Ís called from anoËher

main program, then the statenent.

LA

is replaeed by

where n is Ëhe base register of Lhe current segment data area. Thís

data area contains a save area for any oËher PASCAL routines ;"liich

are cal1ed from this subprogram. The called routirre has no rvay

of knowing Lhe declaration level- of the calling rouËine (each l-evel

uses a different register as the base of the daËa area) r and therefore

is passed Ëhe necessary address in R2.

subprogram raËher than frorn the

2rsave area in PASCALDS

LR
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6.15 ARRAYS

Arrays are sLored by rows. The declaration

is equivalent Èo:

VAR X : ARRAY(I..10,10..2O'B0OLEAN) OF INTEGER;

Dope vecËor ínformation for arrays is not necessarily grouped

together inËo a comnon table because the information may be processed

at widely varying Ëimes due Ëo TYPE declarations. The following

information is available at run ti-me:

vAR X : ARMY(I..10) OF ARR¡Y(IO..20) 0F ARRAY(BOoLEAN) 0F IIITEGER;

base address of the entire

Ëhe component size of each

Ëhe upper and lorver bounds

The eomponent sizes are restricËed to a naximum of.32767 bytes so

thaË the MII instruction can be used. The size of Èhe entire array

is not restricËed.
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Example:

VAR X : ARRAY (1. . 10 
'L. 

.7 5 
' 
l-. . 100) 0F INTEGBR;

The component size of:

X(1r1,1) is 4 byËes (i.e., size of II'ITEGER)

X(1r1) is 100 * 4 (i.e., síze of X(1r1,1) ) =

X(1) is 75 * 400 (í.e. , size of X(1,1) ) =

none of which ís greater than 32767 bytes. The size

axray X is 10 * 30000 (i.e., size of X(1) ) = 300000

axTay

dimension of the array

of each index, if íË is a subrange.

400 bytes

30000 bytes

of the entire

byËes.



If an artay componenË type is a simpl-e type, then shifËs are

performed insËead of rnultiplications where possible:

Shift Left (bits)

1

2

A subtract ínstruction is saved on an index calcul-aËion if

Èhe índex is of type BOOLEAì{, user-defined scalar or a subrange

of i-ntegers where Ëhe lower bound ís 0. If a constant is used as

an array subscript,, it is checked for validity at cornpile time.

If the constant value, minus Ëhe lor'¡er bound for Lhis parËicul-ar

subscript, times the component size, is less than 4096, a LA

instruction is used Ëo update the accumulaÈing address raËher than

Ëhe normal subscriPËíng.

Run-time checking code Ís generated t.o check at¡ay subscripts

r,rhen Ëhe index type is a subraige of íntegers' if $CHECK+ is specifíed'

Indexes of type BOOLEAI{ or user-defined scalar are checked for

validity at conpile time, elirninat.ing the need for run-time checks

in these cases.

some examples are shov¡n \^7ith $cttECI(* specified. The extra

instructions which are generated to perform the checkíng are

indicaËed. If these indicaËed insËructions are removed, the

resulËing code sequence is r,rhat is generaLed wiËh $CHECK-.

Simpl_e Type

SHRTINT

INTEGËR, REAL, BOOLEAN, SET, SCALAR'

POINTER

LONG REAI
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L/ VAR I : IT{TEGER; J : SIiORT II{TEGER; Z : REAL;

X : ARRAY(I..10,1..5) 0F REAL;

Z z= X(I, J) ;

Checking Code

L llrbase address of X

L 1,r

$cuncr+ C 1r=Fr10' upper bound

$CIIECK+ BAL I-'ARRAYERR check high bound

S lr=Frl-r lor+er bound

$cäncr+ Blr IIATNERR error message (1ow)

¡trI 1r=Ilt20t component, size of X(I)

AR 1111 update address

LH lrJ

$CHECK+ C 1r=Fr5r uPPer bound

$cu¡cf+ BAL I,ARRAYERR check high bound

S. lr=Frl-r lower bound

$cuucr+ BtI I4AINEPJì error message (low)

SLA Lr2 r'rultiPlY bY 4 (nEAf,)

AR 1111 uPdate address

LE 0,0(111) P.-EALvalueX(I,J)

STE O,Z

24s



2/ VAR I
¡¡

: INTEGER; J : SIIORT II'{TEGER;

: ARRAY(O..10'0..5) oF REAI;

Z := X(I,J);

Z : REAL;

L

L

I"IH

AR

LH

SLA

AR

LB

STE

llrbase address

1'I

Lr=Ht 241

11,1

1'J

Lr2

1l-r1

o, o (,11)

0rz

This is the same example as L/ with two changes. $cHBcK- I,las

specified which eliminaLed the bounds checks on the subscripts. Also,

the lower bounds of the array subscrÍpts v/ere set to zeto, eliminating

a subLract insËruction.

If Ëhe axxay subscripts are constants, further savings in code

are achieved.
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ofX

component size of X(I)

updaËe address

3/ DeclaraËíons as above

z := X(3r0) i

mulriply by 4 (REAL)

update address

REAL value X(I'J)

L

LA

LE

STE

llrbase address

LL,72(LL)

0,0 (,11)

O,Z

ofX

address of X(3)
also of X(3r0)



4/ TYPE kEEK = (SUl{, }fol{, TUBS, I,IED, TiiURS, FRI' SAT);

TOY = (CÆ, BOAT, PLANE);

h'I{ijEEK = MON..FRI;

VAI{ i,i1( : I'IKI{EEK;

B : BOOLEAN;

S : STRII{G(5);

MAT : ARRAY(TOY, BOOLEAN, III{^IEEK) OF STRrì'{G(1O);

S := MAT(BOAT, B, lü();
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L

LA

L

t'fii

AR

L

S

t"fiI

AR

}fVC

1-lrbase address of MAT

11,100(,11) address of I'ÍAT(BOAT)

The code generaËed for Èhis statemenË is

and $CllECK- as all the required range checks

compile time.

1'B

1r=Er50r

11,I

l_rltrK

1r=Fr1l

1,=Ht10I

1l_r1

s (s) ,0 (1-1)

component size of
IÍAT (BOAT,B)
updaËe address

oRD(MON)

size of STRING(10)

update address

assign t,run:¿ted string

the same for $ctitrcx+

are performed at



6.16 RECORDS

The only informaLion needed at run Èime is the base address

of the record. InformaËion on the size of record fields, and Ëhe

locations of fields r¿ithin records ís processed aÈ cornpile time

and is incorporated in Ëhe code v¡Trich is generated. The compiler

imposes the resËricËÍon that no record field can starË more than

32767 bytes from the start of the record.

If a record field is specified by qualifying the record naEle'

the base address of the record is loaded into a register, and then

the address is updated to indicate the particular fíeld with a

LA ínsÈruction (using an index regisËer if necessaly). PASCALDS

conËains a table of constants of xnultíples of 4K r.'hich are used

for Ëhese index values if necessary.

Ll VARX: RECORD

N : RECORD

A, B : REAL;

END;

A : ARRAY(I..1-50'1..1-0) OF REAL;

B : REAL

END;

Y : REAL;
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Ia/ Y := X.N.A;

L

LE

STB

llrbase address of X (also X.l{.A)

o, o ( ,1-l-)

0'Y



Lbl X.N.B := X.B;

StrucËured tYPes maY be

remains exactly the same as

L

LA

L

Lll

LE

STE

llrbase address of X

1lr4(,11) address of X.N.B

lOrbase address of X

2/ VAR X : ARRAY(1..10) 0F

l,=IIt 40961

6 ,L9L2 (1,10)

6, 0 (,11)

nested. The addressing mechanism

for simpler structured tYPes.
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RECORD

I:

A:

value of

location

INTEGER;

RECORD

R : LOTJG REAL;

B : ARRAY(BOOLEAN) 0I RECORD

X:

Y:

END

X.B

of X.N.B

END;

Il : INTEGER; P : BOOLEAlii;

END

LOI{G REAI;

INTEGER



2a/ X(1).1 ¡= X(K).4.8(P).Y;

L

L

L

S

i"lii

AR

LA

LA

L

M-lI

AR

L

ST

llrbase address

l0rbase address

1'K

1r=Ff1l

of

of
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Ircomponent size

10,l_

10, 4 ( ,1-0)

10, B (,10)

1'P

1r=Hr12r

l0r1

10,4 (,10)

10,0 (,11)

X (also X(1).I)

X

I^IITH Stalement

The I,IITH statement opens Lhe scope to a record so that the

record fields can be accessecl di::ectly, r¿ithout having to qualify

Ëhe record variable n¿ìne. The address of the record variable Ín the

WITH sËatemenË is compuËed and then stored in the run-tirne save area.

Ithen a record field is specified inside Ëhe IJITH statement, this address

is recovered and then the field address is determined in the usual

mariner as an offset from this record base address.

1o¡ver bound

address of X(K)

address of X(K).4

address of )í(K).4.8

componenË síze

address of X(K).4.8(P)

value of X(K).4.8(P).Y

location X(1).I



L/ VAR X : ARRAY(1..10) 0F RECORD

X : LONG RBAÏ,;
N : RECORD

NAì'IE, FIRST : STRING(IO);
K : INTEGER;
BIRTII : RECORD

DAY : 1..31-;
lfOt{TH z L..L23
YEAR : 1850..2000

END

EN])

END;

I : INTEGER;

I'JITH X(I).N DO BEGIN

25r

L

L

S

Ißt

AR

LA

ST

WITH BIRTH DO BEGIN

llrbase address

1'I

1r=Fl1l

lrcomponent size

11,I

11, 8 ( ,11)

11, TfirTIIl

ofX

K := YEAR;

1ow bound

L.

LA

ST

address of X(I)

address of X(I).N

in run-time save area

11, TI{rTHl

rL,24 (,11)

11,TtrürrH2

L

LA

L

L

ST

address of X(I).N

address of X(I) .N.BIRTII

in run-timc saYe area

11, TI^lrrill

LL,20 (,11)

10,iwrrHz

10,8(,1-o)

10,0 (, 11)

address of X(I).N

address of X(I) .N.K

address of X(I).N.BIRTH

value of X(I) .N.BIRTH.YEAR

location X(I).N.K



6 " 17 POIì{TERS

Poínt,ers occupy a full-word of memory. Each pointer varÍable ís

associaËed wiËh a TYPE identifier. The value of a pointer variable is

Ëhe address of an occurrence of the associated typer or I'IIL

if the pointer variable is not currently associaËed r,¡iËh an occurrence.

The dynaroic variable indicaLed by a pointer is referenced

by qual-ifying the pointer variable with an G synbol-.

Variables are allocated dynamically through the use of the

procedure ìIEI.I. The address of the pointer variable is passed

Ëo NEtr'l and the size of the dynamic variable to be generated is

passed as an in-line parametel. Procedure NEtr{ allocaËes a bl-ock

of memory of the required size and stores the memory address in the

pointer variable.
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L/ TYPE DATE = RECORD

DAY :

}fONTH

YEAR

A-D :

END;

VARP, Q: GlatU;

I : IMEGER;

l-. .31_;

z L..L23

: INTEGER;

BOOLEAN

NEn(P);
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LA 2rP

L Orcurrent free
allorts

L 14,APASCL00B

BAt R 1114

DC Frl6l

Q:=P;

I := QG.YEAR;

core poinËer for proc/func
check with core toP 1ír,riË

dynauric core routine

stores address ín P

size of DATE in bytes
l{OT full-word a1-igned

L

ST

l,g

1'Q

L

L

ST

11' Q

11r B (,11)

11, r

address of occurrence
of DATE

value QG.YEAR



6.18 ASSIGIüIENTS

Most possible assignnents have been dernonstraLed in the

preceding examples. The following describes the cases which

have not been discussed.

Strings

If Èhe string on the left is shorter

the assignment is made by truncating Lhe

If Ëhe string on the left is longer Ëhan

the string is padded out Ëo the required

VAR S

T

: STRING(10);

: STRING(20);

Q.=

2s4

than the string on the right,

long string on Ëhe right.

tLre string on Lhe right,

size with blanks on the righË.

T

Subranges

Run-tine ehecking code for numeric subranges has been demonstrated

for mosÈ cases. I.Ihen the variable being assigned a value ís a subrange

of inËegers and $CnfCf+ is specified, run-time checking code is produced

to guarantee thaÈ the assigned value is r¡ithin the accepted limits.

r,Nc s (10) ,T

I'tVI

iwc

MVC

T+10,Cr I

T+11(9),T+10

T(10),S



VAR I : INTEGER;

K : -10..10;

K:=T;

L 0rr

$CtlBcK+ c 0,=Ff10r upper bound

$CIïECK+ EAL I'SUtsERR check upPer bound

$CHUCK+ C 0r=Fr-10 I lo¡n'er bound

$cuecr+ BL suBlfERR error message (low)

sr 0,K

The check requires 4 extra instructions in-line and the execuÈion

of 5 exËra insËructions to ensure that the assignrnent is valid.

The compiler perfonns range checks when constants are assigned to

subranges if $CliECK+ is specified. For this reason, the following

optimizatíons are possÍbl-e,

K:=3;

i,A 1r3

sT 1rK

K:=0;

sR 1r1

sT 1rK

Checking Code
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Structured Types

Assigrunent of structured types is allor¿ed if the Ëype descripËors

are identícal. The same run-time library routine (PASCMOVE) is used Ëo

copy ¡he information as is used rn'hen sËructured types are passed

"by value" inËo subprograms. The copying is accomplished r'¡ith IIVC

inst,ructj-ons, rather than elenent by element, or field by field.

L/ VAR X, Y : ARRAY(I..10,1..10) OF TNTEGER;

If, N : RECORD

A : INTEGER;

B : REAJ,;

C : ARRAY(1..10) 0F REAL

END;

La/ X := Y;

2s6

L 2rbase address of X

'L 3rbase address of Y

L I5'APASCMOVE address of copy rouEine

BALR l-4,15

DC Fr400r size in bYtes
IJOT full-word aligned

L lSrbase address of current segmenÈ



tb/ M:=Ni

Lc/

L 2rbase address of M

L 3rbase address of ÌI

L I5'APASGÍOVE address of copy rouËíne

ßALR 14,15

DC Ft4Br size in bytes
l{0T fu1l-word aligned

L l5rbase address of currenË segmenË

x (3) := Y(5);
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L llrbase address

LA 11,80(,11)

L l0rbase address

LA 10,16C(,10)

LR z,LL

LR 3,10

L 15, APASCITOVE

BAIR 14,15

DC Fr40r

L l5,base address

ofX

address of X(3)

ofY

address of Y(5)

address of copy rouËine

size in bytes
I'IOT fu11-r,rord aligned

of current. segnent



7.1 CONCLUSIONS

The principal- resulË of the work is that a production compiler

for PASCAL, implemented on iB}Î 360/370 machines, has been produced.

This compiler, compleËed at Ëhis time, seems to be in a position Ëo

have a major impact. on Ëhe widespread use and acceptance of the

language PASCAL. Lecarme in his article ItstrucËured Progran¡ming,

Prograrmring Teaching and The Language Pascal" (tec74a) in July 1974,

staËed ttNo useful- implemenLation is presently available on an

IBlf machine'r. It is hoped that this compiler will fil-l this need.

Besides producing a working PASCAL cornpiler, several other

points have been demonstraËed. The approacir used is novel- in two

lrays. This is the only PASCAL conrpiler for IBM nachines which is not

based on Ëhe original Zurich conpiler for CDC machines, and is one

of the fer+ compil-ers wriËten wiËh a general purpose translator-vrríËing

syste'n" The resulËs show ËhaË Èhis approach is enËire1y feasible, if

the language meet.s the requirenents of having a sËraightforv¡ard and

well-defined syntax. The nost notable other example of the use of

a translaËor-writing system on IBlf machines is XPL(McK70).

It has been shov¡n ËhaË it is possible Ëo take advantage of the

redundancy of the language, especially in the definitíon of user-

defined scalars and subranges thereof, to perform most necessary

COI{CLUSIONS AND

CHAPTER 7

DTRECTIO}TS FOR FURTHER I.JORK
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checks at conpile time and thus eliminaLe the need for expensive

run-Ëine checking code. The compiler demonsÈraLes Èhat it is possiblet

in one pass, to produce code for complex logical expressions which is

as efficienË as that produced by many mult.i-pass compílers. This

opËímization, and the approach of making all branches dírect' are

greaËly aided by the decision Lo restricË al-l segments to 4K bytes,

and demonst,rates a strong reason for keeping segmenÈs small and

manageable, especially on a machíne of this architecture.

In the area of compiler organization, Èhe technique of running

all the internal tables from dísplays, greatly eases the work necessary

Ëo make minor changes, such as adding an exËra field Ëo an enËry.

This approach allows simple adjustnent of table sizes, as ís done

wiËh tire SETLII{IT rout,ine or parameters passed on the EXEC card. The

idea of a ccmpiler iniÈialízation rouËíne, of which SETLIIÍIT is a

primitive exanple, offers the advantage of tailoring a compiler to

suit the needs of an instal-l-ation wi¡hout searching through the

source of the compiler in an attempt to find the declarations which

need. modifying

The compiler demonstrates a forgiving aPproach to sinnplet

often-made syntax errors. Such things as an equal sign (=) afÊer VAR

or a colon (:) aft,er TYPE are accepËed rvith a suitable warning message.

A semi-colon (;) before an EltrD in a RECORD or CASE statement' are

likewise handled. Other cortrnon eïrors such as a semi-col-on (;) before

ELSE, or after Èhe final END of the program, are not sufficient to

prevent successful compilation. Reserved r¿ords which are actually
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Ëwo v¡ords are allor,red as either one or two words (eg. LONGREAI

or LONG REAL and GOTO or GO TO). The points denonstrated are errors

r,¡hich are of Ëen made even by experienced prograûmers. As long as

the compiler can deËermine l¡hat is required withouE arnbiguity, the

efforË should be nade. The top-dovrn approach is v¡el1 suited to

this task.

trDocumentation for Pascal is sparse, particuJ-arly concerning
the internal construction of the compíler. The only published
internal documentation on the compiler are Ëhe original papers
on the design of the compiler (IJir7lb) and on code generaÈion
(tr{ir72b) .rt

This Ëhesis therefore represents one of the rnost compleÈe descriptions

of the design strategy and internal workings of any PASCAL compiler,

and in particular, any for IBlf machines.

Richnond (nic75) states:

7.2 EVALUATION OF TIIE APPROACII

260

The SYNTICS sysËem performed rvel1-, although when work on Ëhe

compiler was begun, j-Ë was in.a primitive staËe. Many of the SYNTICS

support routines \,Iere heavily modified fcr Ëhe PASCAL compiler. The

main dravrback to SYMICS at this Ëime is Ëhe sparse documenËatíon (Kcs72)

although further docurnentaËion may becone available (Kos75).

The PASCAL compiler is presenËly t,he only compiler completed using

the SYMICS system and is Ëherefore the only demonstration that Ëhe

approach is feasible. The SYMICS systen could become a widely used

general purpose translator-r,rríting system wiËh beEter docunentation

and some furËher work. fts use by oLhers is not recommended aË Ëhís



Ëíme unless Ëhey have access to the source code and can consult with

one of the two people familiar with the sysËem.

SYI{IICS is a PL360 based sysËem and this makes Ëhe use of PL360

Ëhe natural choice for the compiler. The modular nature of the

compiler, rnrith approxinately 250 procedures, is feasible wiËh PL360

because of the lorv overhead on procedure calls, although this roight

become very expensíve in a high-level language. The prirniËive data

structures and lack of dynamic arrays did not cause any problems.

lrlo array subscripfing was perforraed in the compiler. Access Ëo

tables was with direcË, pointers or through the use of an index register.

The most frustraÈing feature of PL360 was the small symbol- table

size in the version of the compíler which ¡,ras availabl-e. PL360 does

not check for table overflows and the additÍon of a single declaration

can cause meaningless error nessages. The body of the PASCAL

compiler had to be broken into four segments to be compiled and then

later linked together. The restricÈion Èhat procedure names had to

be declared before they were used caused considerable otganízaLíonal-

problems when performíng split conpilations"

Overall the approach used was highly successful. Considering the

vasË library of routines which has been developed, and the experience

which has been gained with this stïaËegy' this approach woul-d be the

authorts firsL choice in any future projecËs of a similar nature.

26L



7.3 TURTIIER I'IORK

The most obvious area for further work is the impl-enentafion

of a complete file-handling system' rather tÏran just resËricting

f/O to the sÈandard input and out,put files. This would greatly

extend the versatility and appeal of the compiler. This conplete

file-handling system'hras not included in Èhe initial version, to keep

the amounË of vrork, and time invol-ved, within reasonable limits.

AË present Ëhe cornpiler is neither reusable noI reentrant.

PL360 does not lend iËself to writing reenËrant Programs, buË ÍË is

intended to make the compiler reusable in the future.

At present, no garbage coll-ectíon is performed. This remaíns

a low priority project because in the foreseeable future, the time-

could be better spent irnplementing the consËructs described above.

A method of allowing conpíle-time inítialízation, at least for

the main program, is being considered. This iniËLaLízatLon is not

currently defined in the language, although several ímplementaÈions

have accomplished this with a -separaËe VALUE part in the declarations

for the main program.

l.lcrk on the proj ect has helped to point out solte def iciencies

in PASCAL. Several constructs in Èhe language are very error pronet

and in future languages, or in a'later version of PASCAL, some of

Ëhese deficiencies should be corrected.

Procedures and functions as formal parameters are a source of

problems because parameter nr¡mber and type checlling cannot be

performed af compile time on aïLy subsequent calls of these rouËines'
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One obvious soluËion is Ëo require that the proiedure or funcËion

paraueters be specified irnmediately after Ëhe name in the formal-

parameËer i-ist. An aËtempË has been ntade t,o provide a soluËion to

this problem by allovring the FORI'IABJ declaratíon Ëo announce the

parameters of procedures and functions whieh are used as formal

parameËers.

Pointers al1ow a great deal of power in manipulaËing complex

daËa strucLures, buL Ëhis is at Ëhe expense of side-sËepPing compile-

time checks. Even if a daËa sËTucture is passed into a routine

ttby value", Ëhere is no ruay of prevenËing the modification of

ttsupposedl-y inaccessible" consLrucËs through Ëhe use of pointers.

A garbage collecLor, if irnplemenËed, mirst be non-trivial to detecË 
-

that allocaÈions are no longer accessible, if parÈs of complex chains

are releaseC using DISPOSE.

Global labels complicate the language and the whole handling

of l-abels, and therefore are noL supported ín this implementation.

If gJ-obal- labels were eliminaËed from Ëhe language, Ëhe requirement

Ëhat al-l labels musË be declaied could be removed.

Tire variant part of records are error-prone unless a run-Ëime

check on the tagfield value ís nade every tine a field in the

variant, part is accessed. This variant part is the only means of

accomplishing equivalencing, and Ëhis feature would be destroyed if

run-time checks rvere performed.

Although there are some deficiencies and drarvbacks in PASCAJ,t

iË is still a najor step in a new direction. It provides power wíth
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a simple design. It introduces ner¡r data types and a straighËforward

means of defining eomplex daLa strucËures. The number of maehines on

which iË has been implement,ed demonstrates Ëhat iË is not tied Èoo

strongly to the architecture of any parÈicular machine. The massive

efforË to implement, the language on all these rnaehines índicates

the widespread appeal of Ëhe language. InËeresË in the language is

steadily growing and indicatíons are Èhat it will become one of the

najor prograrnming languages in the near fuËure. IË is hoped that

this thesis will further that end.
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