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CHARTRE= 1

INTRODOCTIGN

1.1 GEMERAL

DECsysbem=10420 ATGOL in an implemontaticn of ALGUL-20F alecn iz an
at:brevialion eof Anscithmic Langaage,  @3d 1960 is Ehe year 1L was
Cefined. The avlbhorilaliswe definition o2f BLCOL-60 i1n conbtaingl i Lhe
"Rewised  Repork  an bke Algerithois pangquage ALCCL—40", 401 heresthes
refarred to gy the "Rewised Aeparl”.  Thia rvepart leaves o numbcr of
ALZL-80  features wndcfinpd, —obally lopebfookpal, and permits the
imglernnker of the language =ome  latitude in inteepreling  cther
foatures. Many of Lthese features hawve been discusscd oxtengively
since the publicatlan ol bhe Revised Report; 5OLE n4ave hroon giwven
rigorous  ictorprobationa Ln wvarlous weraicns of ALGDL, pacticolarly
the ALGUL-GE Lancuage. [Z)

Whore theore ls nesd oc lokerprelzlion in kEfe  MHewvised Repert, ach
interpretations a% secm coascnable haen beon nade it light of cuccant
ALOL ppinion. Where ne guidelines =xisk, ALGCL-84 1z used as a
basiz. These Doints are discusszcd in Chaptor 190

1.2 DPECBYSTEM-10,/20 ALGOL

The porpese of this manual i85 ko keach  the ose ol DECsystem—10/20
B GOL . The manaal is wrlsten baekb Lor BEkle user who 1z faziliar with
RLGOL implemectations and far theo uscr whre hes na knowledos  of ALGOL
suL 1s reasomably fluent in & high-lewel scienkific pragrammlne
languagr auck az  FOETRAN 1YW, This manual is nek a primer an
high-Trwel lancuagea. ()

Headers oot thoraughly fazmiliar wish  ALGOL  shouold  eead Lhe eobire
manpal. Feaders already familior Witz ATGGE—6D  Shand:d reasd all
shapgtuers escepnk Chaplevs 5, a, ¥, B, 9, 10, 1L, 12, and 14, which noed
be reforred ta anly briolly.

1.3 THE ALGOL COMBILER

The DECsvstem-l0/20 ALG0OL Compilec is that wvart oF the TECeyalem-_JU EG
ARLGEOL Swvsblem bthat reads programs written in DPECsvyEtem-10420 ALGOL and
caumyerts thew inta oa Loem {celocalak.e binsey| that iz acceptables to
Ehe DCECsystem-10 or OECsytem—2Z0 Linking Toador.  Tae corpiler 15 aise
respangible for findiat errcres in the wser's woucsc prograsoann
ceepnrtdny thnem ko Lhe usee.

Slight goaskealnie are lmposec on the way the user weites his acogram.

Thene consbraink=g,  meds Lo gain Lhe oot aesicable festurs of a
single—pans aompling, conoern ke ardec Lo which the ussr declares the

1-1



INTRODTCTION

ideabklllars 1a  Lhe program and the use of ferwacd declarchtians woder
CeCkzin sproial aclroumskances.

Such & oompiler can  procoss ALGOL peoyrsesws  rapldly and  does oot

reguicte the wse of acy beeckipy store.  Tho miner regbripticrs inpoaed
wtll mol normally affect the user.

1.2.1 Compiler Extensions
The L[ollowing AZGOL-&60 exlensiona are allewed by the conpiler:
I. " TOWE IR fypo, ogoleaient bo FORTREAY's  doulls precizion,
iz mdded that giscs Bhe wurr pawer ko andle :i-::lu|1'|,-:1—|_':-r'|:'.l::iF:i-:|r'|
real numbecs.

2. An EXTERHAL zrocedure Cacility allows Lhe user bto compile
procedaras scunrately fcon thre main prodr an-

A, & WOILE etalLemsenl, anc an  aborevialed form of the FOR
srtatomenT, allow the useor greoater Fficxibility f iteratioon.

4, k nes k¥ope STRING allows Lhéa veet ko mabloolate aktlnge of
varinus sizae oytog.  In oadditien, the wscr can individually
manipulats the bytes within o =tring by m=ans cf a bLbyte
suascripting Lacility.

3. “n integer romainder Fonction RER, is presided.

5. ASSignments are petmitted within exzreszions.

0. Dexd i Eer weae s mey e rrprescnten in either reosaryed ward
Foarmat or a5 Goeo-Coscorves words onzlased in single guatos
(PTimes).

8. Cekrskante ol Lype AL may ke edpressed ag oan lnweger  partk
and & decimal part cnly as in FORTEAE.

Thre comzilor ccocpts rescrved word delimiters in narmal meds . bot an

also accept scograms  using noen—tceserved delimiter words enclesed in
rrimes., Lkefer to Chapter 18.

1.2,z Compiler Restricrianae
Theo compiler imposes the Following cestrictions oo ALSOL—4G0:
1. Muzerie Tabnls sra fnnt pesrmi theas
2. BLL lormal parsmebkzss musk e apecllicr.
A. Tdentificrs arc cestrictes bto 44 choracters in lecgth,

4, Arrays anc scalars oAl be declade:d] belars awlboehes  and
Procadures.

5. Forwacd references Jor precedares and labkels mopet be given
nnder certsin clrcumslancesa.

ter deliniticrs 2l the sorms wacd, roler ta Scckion 1.5 ond  toe the
Hewrized Repoyl.



INTRODUCTION

1.4 'THE ALEOL OPERATING BNWIRONMENT

Froqrams garpiled by the ALGOL carp:ler ore cun in a 2pecial rcporacting
envlirctment  that nrovidez spelal  services, inclading tnputfoutpot
Facilities for the object program,

Ihe ALZCL cpetaking cpvicomnment consizhe af:

1. The ALGOL Librzry, knuwe zs ALSLIS - a 2ek al routines, soma
9f whien are  ingorperated  inle thne user s program sy Loe
linking loader.

é&. The ALGIL dbject Time HRystem, knowsn as ALGOTE -  rezponsible
for orgaszlxing the saocoth conndng of the program  and
providing srovices such ag coce management, perivheral duwvise
#1lacacian, anol faulk monitoring 1in case  ehe  progeom
BNCOUNE2rE an eccar gpnditiaon at econ Lime.

Hefer ko “hapbtets 17 ard 10 far a descripion of STGGLE and BLOOTS.

1.3 TERMINOLOGY

Sore ol khe folleowing worda, used in Ehis macual, may 2&  new ke the
rogder . Many hawvwe a FORTRAK copivalent, and wasce such sn oquivalent
r¥ists, thiz iz @ncloscd in parencheses.

Deliniter Word - 2 single, Englieh lsnguace word Emak -z oan
inhzent parr of the Btrociure of the ALGGL language.  Soch words
cannat normally be uzsed For otbher purposes. Ixazples:  ARGTH TF
ARRELY ,

ldenLifie: - 3 npame, establizned by user declaraticsh, chat
ropresents some guantity wikhln & program.

Lakel [Btatezent Mumber) - an identifi=zr used =a mark @ certain
staterent in a progran. Contrzl ol proyram osccution can be
transfesrrec ka thr staktszent foliawlae  the  lakal. L nuTerie
label which is  =imilar ko 3 TCRTRAN statemenz numbers, L& not
avallalle in WRCEyatem-10/20 ALGOTL.

Frocedure (Bubroutine, Fanoticn) - parl ol o progran,  which  may
e imwvoksed by 'oalling", In genetal, oarazeters ars supplied aco
orqumerks and oo cesnit may be returned.

Facarctor qPormal Pacamcbor — Dummy Yariable, Avtual Pacameter -
accum=nl)  San Procedure. = Formel Parameter 2z an identilier
Lied within The procedure bhatk ropresents the argumest  supplied
whon the procedure l: pallod.

[
1
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?.1 BABIC SYMBOLS

CECzyerer—-14/20 ALGOL progqrams combish of o eeguence al
bhi DECsyatem=10720

chacackers qivcn in Tabkle

languageas.

AniIl

CHEPTRR 2

PROGEAM STRUCTURE

aymbcls  from
chardactec set. The meaning of indlwviduzl
i-l, i3 meek -“he game a5 in other High-Trovel

Takle Z-L

DECsystem-10/20 ALCOM Symbolsn

Meanlng or Use

Used to construck ldcnkifFilicors and delimliler words.

Lower
lattera

Lecimal digits;
and identifiers.

Lrithmetic
Arithmekls
Arithmekle:
Aritbmetiz

Arlk=mekls

Parentheges;
parameber s

[l K
czlls.

Suare rackels;
array degleraklonz, end array sunscriprt lists,

©omma; qencral separagar,  placed  bBetween arcay
gubscripts, wprocedure aparamctor:s, izems 12 switch
lizrz, ate.

Decimal puirkr ugs:d is nomecic canstantks  and Byt

mansIripting.
identifiers.

case
BRCERL
and RELTI cansheanks.

ceeated 45 uBpeEr case
when Lhey sopear in stcing combtanhks

letters; aIE

Jucd trr conSbkcucs numecls  conEtankes

additicon aperator.

gublracLion cperLakbor.

melklollicalion operatcor.

divismian nprrakar

exncnantiation operator,

us=d in arithretic exproessinneg and Lo

12 pracedure soegificaticns and

used to enclose subkscript bounds e

flne, used as & readability symaol in




FROGEMNE STRCCTIIRE

Table 2-1 [(Cont.)
DECEyeten—1N/20 ALGHT, Symbole

Svmbal Mzaning or sa i
- — —_—

H camloslon; uwsed to tecminare zhketemantio.

! Calon:  uwaed ka indicate lakels, and soparchks Llawer
and upper hoands i oarcay Jdeclarsbions.

= Equality; used in acichzotin and skclng comaarisons,

1 Aonogqueliky .

g Less Lhaxn, greater EKZan.

[ Ilntroduces sgnancnt in llaaling-oo0int numbers.

r Prima, ot single gquobts; used to zsoclosSe delimiter
words when the nun—regarded word inplementatian 1a
sgay,

" Duoning amd claging steing Juctes,

L Conzent.

i Inkeaduees an actal constant.

b Incecoduces an AECII conatank.

.o Elternative to 1= (refor fo Tanlae 2=2).
I ) - — ;
2.2 CONFOOND SYMB0OLS
Compaand  symools  conslat of bwa  adjacent  basic uyrbals. ALy
intervenincg sxascs or  Tabs Ao nat affect their use. The compadnd
symbais are shown iz Tabls 2-A
Tanl= 2-2
Lompaand Evmbols
Syrmtac] veage |

= annicnaent i

- ' Less than or egual to

= . Sreeter Than r egqual Le
4.4 DELIMITEPR WORDS
Certhein letinr comalnaticks are reserwed as part of shre skraclors of
“he lapaoanas  and may ek b osed] as ldenlifiers unless the oowpilec
aptick to ascept delimiter words in mingln guebkss ie in 2se.  Such an
opticn iz s2lected by uwEing o sprcial switch opllon |refer to Chapteor

2=




PROGRAM STROCTORE

lj. The standacc mechod of deliniter ward repraganbkation, that L=,
rezerved words, s assumed thoauwghvut this mansal.  For axarple, the
delimikber word

AEGTH
will alwaws anpear in the Lexk of this  @manosl 32 abhows  ahave  and
2annzt be z3ed as  an  identifier im & vragram. IF the alrTernative
methed ef reptesenlallon iz uncd, it weould appeac as

'BE=IL:’
e

SZEGZN

could b= used as an LdwnkiFier, Tsble 2-31 eonkabne & list of all  the
Adulimjber wards nned in the languago.

Taale 2-3
Aelimiter Worde Used in DREOsysben-10/20 ALGEDL
. .
Breenrvyved Word Chapter Referencs

AND F.E.1
MEERY q
SRCTI 10
SOCLEAR L, 2

] CEECEQEE le
CEECECH le
CUOMMENT |
DIV 3.1
Mo ;|
Bl.5¢ 7.3
EXC 1
B 5.2.1
CXTEAKAL 11.4
SAaLbE i, 2
=R E
FOnrgLLD l11. B
] 7.2
Heg L RN T.2
LE 7.1
Liir 1.2.1
LHTEZZER 4.2
LAGEL Ll
LINE 106
TTAETOFE 1B
LLSTGH 1k
Liapais i,z
KOT 5.2
IR .40 1
o la
SROCEDURE 11
RREAT, 1.7

, HEM 5.1

’ STE= o
STRILHS i3
SHITCI 12

l TIITLE 7.3




PROGRAM STRUCTLRE

Takle 2-3 [Cant.)
Dalimitnr Words lsed i DeC sy ntem-10,/20 ALGCOL

Fmgaerved Word Chaptoar Relrronoes .
THUE 4,2
MUTTI. i
RALLF 11 !
W=ZLLE 4

2.4 USE OF SPeCLING AHD CONMENTARY

The reacsoility of alLblL programe can be enhanced by the judicicus use
ui o gpacing, tab lorrakling, and commentary. Spaces, btabs, and fo-m
Ezeds [page throws) may be waed freovly Lnoa Boaros Grogram subiecl 1o
Lae following consbtolints:

1. Suacry, tahus, Jine Coed, ar Fazm feed vharacl&bs may not
spzear within delimiter words.

2. Whesre fwey Aol :plher wardin  arsa dLi.jEl:'.'lEll'_l. or whare an
identifier folleows a delimiter word, tioese muust e scpareboed
by o 0r omore Spaces andfor kabs,

3, Ypsaces, tabs eto., are significant within steing consbants,

Commenke are lntrcduced by eilher the word COHMENT or the synmbol o

[awailabls  in CGECwwaAkem-10720  ALGDL, ook nobk neceagacilvy in cther
izplementaticns of 2LGOL) . Such a camment aay apzoar @nwwhobae 1R &
BroqIam; Llke comment text is cerminsted by & sexicelon. Refor ko

Beclicn 11.12 far additional means to add oorzents bo a proqram.



CHAZTZE 3

IGENTIFIEERS AND DRCTLARATIONS

3.7 TILEWTIFITLRS
ap identifier moE:s begin wilbh asn oppec—case Ivtter and  epkiona’liy  be
Lod oo Doy o2e X wGre pper—gese Totters andfor decimal digics.  an
ldentifior pay nok cnontain more than 94 charoczere.

HOTE

l. Uelic<o FORTRAH, chere is no implied type
attacted to an identifier.

., Al jeewmtifiera in a progcam  loxoept
Lalele) hawve ko oo "irclarcd®, thaz LE,
the use to which identifisre are ta  be
out musk ke speciflecd, pricr ke ehp
2ozual usada.
Examples:
The [ollewing ate Ldenkitlecs:
T
ALIHL
Ed 4
JAES
HEGOS w0l PE S L L aGdHAaL L TaL LK
Lhe followlng are wol ldentiflers:
ip does not begin wikz letler

CGOOLERK urnleas the NCoo-LesErvec wird delimilLer
representation iz used

DHCH AGALE apace nat allowead
DECayelem-LU 2] ATLGCL aluo pocmits the use of o decimal peoizt as 2
"readakility svmbol" in the alphabetic portlon ol ideneilfinrs.  Those
ceadakility eymbkcls can appea: Lebkwean twn aluhabeotic characters: of az
ldentiline and are ignorted by the compiler. Thoa:

UHCE .AGELH

3=-1



IDEKTIFIERS AMD DECLARATIONS

BT HY 0w

hawe exactly the zame effeclL as
ORCTERGATH

and
PTRY T WO

Legpectively,

Weaker =hat

aL1PHAD, G

HRTNOLL

are nob identifiecs, =ince the decimsl poipt &oes nobk Appear batween
Lwix alohalelkls characlera.

1.2 GCALAH DECLAEALTIONS

& declaraticn reserves =n  identiZier ko represent 2 warticular
QUEHtlty ugeed i o« Drdigr A Guch deglarasions oo mandatiry in ALGOL.
At anv particular point during program sxecuticn, the form of the
variable ar guantity associated with the idenlifier depends on btha
Eype ol wvarZalle. Tha type of variable ls detecwined Ly Ehe Eype  of
idontificr whicgh represents it,

Thare are five types of scalar variables, +that 1z, wasiables whilch
cantain 2 zlngle walie:

Tnteger
Beal

Lzng Haal
Soclean
Hiring

I!".t&f_i'&f. rezl, ahd LCII'I-:I real variablen = l;,:.':l[ll.&h'ln:"‘.- al '.".I:'E-'ll:i].r'lg
numetdca? walucs ofF ke agproepriabke typc (and anly ef that $vpc).  The
rapge af walucs @b 1T Falliowss intcgrrs =4 ,.0539, TAE 36§ ticaugh
44,350,730, 167 rrzl and leong cenl:  spneoximately —-L1.7&38 throough
1.78368;: walues less ELhan appLoximately 1.4&-39 in magnitude  are
represapntker oy =Zora.

Hepolean warishles [similar to FOSTREAN"s Logical wariables) can hold a
Boolean gquanliiy, wkick fa uwacally one of tEhe states TROE or TALESE
Lut, in grener&l e an b oany pattoern af J6 bk,

atring wariahles arc somawhat more cooplicsbed. The umer lg referred
to Chapler L3 Lor s Del! descripkion of the sukject.

A11 af the ahaowr wariakbles gan be deolared far n2e by preceding a liset
of the ifentifiers +o L2 ased by thee appropriate dolimiter word for
thelr type. Thooughoet this maswal, o "list of Ztems" oonsista  of
Lhage items arranged seqeentially and separaled by coomss.



IDENTIFIERS AKD DECLARATIOHNS

Exarples:
INTEGCE I,.J,R;
LOWE RRAL DOUSLE,.E,D,CLERNAKNT;
S00LEAN ISITRERLLYTRLT

STRING 3,7;






CHAETER 4

COMNETANTYS

4.1 NUMERIC COMETANTS

There &ce three formz al rumeric constants:
Ia Inkteger uhnshtanbs

2. PBral constants

T, Long Real canstants

4,1.1 Integer Canstants
Inb2ger uvanfitants conEisl al & rumpber  of  adjacesk  decimal  digits,
subdjest o Lhe canstraint that the number popresentsd susl oo in the
range 0 throuyh 34,359,715, 347,
HWTE
Py precedivg slon that zppears  in £l
acagram is ook oonsldered park of cthe
constanl.
Examples:
3
24
#2754l

Zee alac Seckian 4,1

41.1.2 Beal Canstants

Eeal canttazros congisl of @ decizal =uassr  (containing  eilher  sn
Leteyr=l  aart or a freckicnal paet, ar ookl followed by an aopeinnal
@xponent, 0 Lie walue of o decimal number is upity, then kbl nay oe
amitted. znd the real conztant aclely cepresented b b pmprononb 'see
the last exarple in this secticn). The exponent  corsists of sither
the & or 8 sembol followed Ly an optionally slgned int=qer. Thiz haw
Lher offFect of 2ullidlying the decimal numkrr By the 2ower  of  ten

!.:FETifiEE Ln thre ecxaanent. IL ni: decion” oumbes Appears, i wralius af
Unlty L8 agsued.



CONSTEMNTS

The range of e2ol eeonckents 1 saproaximebely SedE-19 ke 1.783E;
—umbory leas Ehnan 1.45-3% are represcnted by Zeed,  Real muomberss acs
srored ko a sienificange of approximateoly rmaiykl and  ane-hal® daecimal
Gigish.

bxanplrs:

Eeprchenkasian Valoae
F,1415926535997493 1.14L159202
LG Joubbl
4.3755 T IT
bg ] Gadich
-1 J.550001

4_1.3% Lang Eeal Constante

Lang real censhants  are waod w4 Lepbesent Dumeris guaklibtiss  te
appronimately  twics the precision avallable Witk ceal numbnrs:  about
Gowenksan decimal digqits. Leng real constants are Larmed by wriking &
vazl eoaonstact Lo floating—aaint Lotm, oz replacing the & o B by 58
ar i%. The raswe al izng real sonstasnks la Lhe zame as that af real
conakanals, excepht  numbers  belaw  apuroaxipately S00kE-30 can anly be
ropresen=ed to single precislon due to nordwsre coanslderaticons.

Examnla:
Heproonenteblon aloe:

1, 141539745 05R9TUI248448550 3.1415%26535d9794:
lisw=3 .12

5,1.3.1 Austomatic Convecsion of Constants te Leng Eeal Constants -

The  caspiler  keeps  all  real oonstants insnrnally Lo ths procisian
availakln wilh leng real  wariables and  desermines Lhe  precision
rempired by the centexs in whies the constont iu efed. This iz Eo
avoid Lass of precision in arithmeblo expreseians inwvelving long  t=al
Jariabk_es amd ruval constants, thus maklng sasier the oanwercelen of
prograns bo uwse lory ceal variablss,  Ag e resuoll cof this, o Juny Eeal
constank only neods  tn be specified ewplicikly 1f it Is dexirod te
Farce 4 cilaglation o ko done Lo lang real preocizlos lrrespectively.

Tar pxample, L LK 15 o Inog real varishls and % is s real  wariable.
Lhe following twa  azaiguments would  produce (slightlyy Siflerenl
coxnulte:

1, LRE==I.1+4

wonlc perform the addirtian, kaen cenvect the resdll 2 loog
coal and asaign this Do TR,

2. LAi=0.TEEGHX

s=sule Lake thke walue al X and  cznwveck 1o Tery  real, Eoen
perfotz  the addition  ho long rezl zrecisicr aond agaign kne
reacll To LE. Lf X was o4 long veal wariable, Sowower, Lhers
wanld be no wisisrence, as bhe addliklan woold be pecfarmed La
loneg rea? proeclslan in botz znson,

1-2



CUONSTANTS

4.2 O0CTAL AND LOCLERW COHNSTANTS

Cohal constants contint of the symbol % CLollowsd be 5 panber of  aoctzl
digika.  Up ke bwelwer significant digite may agprar (leading zecos ace
ignezred] ;. theouo digits are riaght Juaelliprh.

Eeamplos:

Oc:kal coanstants oy coly be usec in Dooledn CXprossions.

Hoolean canskaxnls vonelst of the worde THUE  ani  FALSE. Thov  ace
requivalent to the ocbtzl  somstenks RI7777777779T7 and wA0Sippuudsnn,
crspectivaly.

4.3 ASCII CONSTAWTS

Uo ka Tiwc RECTT uymbelz can be pazked cight  Jastified Lbto give  an
intcgec-tyme constanl. The lTormat iz a dollar sien [($5F, Eollowed oy
up to Five ASCIL symbcl:z encluscd withizn & delimitlng  swabol  paic.
The leading delimiter symool immediately Lallows the 5, and may be 3
Erarable character a9 an invieible oo such as a4 space. Traz, koo
BEer Can  Jeneriste a  ainale ASCTT gharacter corslan: Ly placing poe
space on each aice 01 L+, and nroceding the triplek by a doilar sign.

TaAamplne:

Texl Ockbal Val.e
5 A oodagon aonldl
FA12347 100713 5LBAT4

4.4 STRING CONSTANTS

String constants ailow kEie: USer to ostore any ceasonable lesach  skring
af ASCII chacsckors within a prograr. The lesokh af such a constanc
ig teskricked only by the armourt of core Stacage available kEo the user
'ar  the precution cof the procea-. Siring constant:s mey be usod,
Eypically, to CULFUT & MeESayse dwring the sxecution of iLhe proacam  or
an o walues assigined o 2krlog warianles.

The atring of symbels iz enclagec within queotos: "), Theras ars
tefzr ictions on the ayvnbols Lhazs wey appcar within Lasa girinyg.

o [ I % ani " woy not appear zlone.

. | arnd | may appesr if Lhey ace proascrly paired.

F. Single occureences oF |0 ; and " oace represesbked by [ ]
Fiooand M"Y orempeatively.

4. where a sZring bkas tn be Sroken norcsEs Lwa or moce  lines  of
source, khe cerriage retioen dod line Leod chartacters con ne
iencred hy proceding kthem  wils d contra_—back ar Loy

claractor.

i



COMNSTANTS

HOTR

LTt and 1] &re stared as such in the byte
skcing Agenccated by the compilec. HH
and """ are stored as a single @ oL U,
cesnectivaly, The restricticn on the
tentagentation of ; is wade Lo arolecl
Lie user ayainst cuaklng the waols
progran by misnsipg vut oa o

-

Sgiabe Atacketa are a5od to o onclaSe Symaals thet hiawn
oFFcet when tho string is owubput,  These are discassed in
Bl T

Exanples:

"ABCDEFGHIJELMEOPCRSTUWW R YI "
"REHEMRAZRE THAT ApoCES FEND.  hRE STER[2L1Caqs’?
" PRI INEOT DATH: | SC|M

IFF!'II'!.[I.I]] = I:l.l==lllll'l

-2

spaiikic
Haragranh



CHAZTER o

EXPRESSIODNS

3.1 MARITRHETIC BaFRESSIONS

DECsyslem~10/20 RLGOL arithmetic exprasaisns ats  welkksn in @ form
elixilar  kEa  that used in ZORTEAN asd amany okbher high-level scienkific
varpnter lanquages. The usoal algebraic rules concecning  precedance
of aperators and bracketz are fallowcd {(see rahle G-13.

Taola i-1
dpecvakor Procedenod

Fricrisy —|
Dperakar tdecressing;
aarenthezes 1
expansntialbion 2
milliplication and Sivisizo E:
Aautilbiaon and spheraction d

There arz two additional osacaters, DTV oo kEM, that indiczle integer
divizion and vremeinder, rospoctivelw, and  these have kne  same
precedence as ordisary division. Within the geaceidcoos  scheme,  the
otdar of cvaluaticn is alwavs from lelt tn richb. For examples

XY 7 L Eeang (K 7YY T
anid
I GIv T RAM K means (I DIV J| EEM K

Cnlive PORCEAN, whan croinacy divisiaon of one integee by anocher g
perfocmed, thwe real cosult 5 net counded Lo oan izkeger welac,

The di77erenso between the vwarisus Lypos of Jiviszon is clarified by
the fellowing examolzes

701 vleldns oa oresalt ef L7959, whereas
T NIV 4 yields o rzeull ol 1, and

TORER 1 yienldy & orogsult ol 3

Lr
|
—_



EXPRESSIONG

The: interpcetasicn oF Llnteger diwisian Lee negabive intrgees L[ollows:
Twet M, Wri, than

-5 OLY A o= K JIV [=H) = —3M DIV R

-k OI% i-k) = M LRIV W

The integer zopalsder opecatar, EEE, 13 dcefined uee Lhat Sor all
intogral e H:

K, S0M X = K = #=([® OTY H)

1.1.1 ldentifiesfs And Constants

srithmr-kic expressians consist of opecands, than 12, ildentifiecs  ann
~onstackts, =l Loz threes eypns, ikkeger, real and long rteal, together
wlth tke arithmokic cpetands + — * F TIV R2M and ~ and =arentheses
WwhiEle RECSEEArY-

Sonpr aubkasatic conversion takes place aa CecesSAry whon an eXpression
is ewalomsed, Lp=e usec 3oy lroely six tae threc &ifFerenk Lynes of
identifiers ond constanls, leefer to section 4.1.3.1 far the oflect of
mixing real or long eal constants and varlanlea).

InLeger guantitics may hawve mare precisizn than cac be rapresented i

4 reasl wariaznle. Tie: WwEer masz bewars nfF passible loss  of
vignilivance in incegral vuantzlies used in mixed type nxpre2slons.

5.1.¢ Special Functicos
Three suacarial  Fanchichls are  provided for LER in arithmetic
EXPressions. Twe  I'irgl im the trangfeor  Funcklen, ERLTIZER, whichk
conweels a real or long roal guanlily inko an fnteger guanlily defined
a5 thr lacggeel integer walur nek excseding Lhe argqumoent.
Thua

EWMTIER} 3.5 = 3
and

ENTIRRE [=3.51 = -1
Clu: special funstion ARE ylnlds Lie abaclute yalue {aLue enown ag  Lhe
modulus] ol 1lbs arqument.  The acdumecl ray be any integer. rtoal. oF
long real querkity;  Lhe result iz alwayes o!  Lhe =ame  kEype  as the

apgumeenl.

1 g

ETIH

“he special funeorion SIGN iz Lie signum Zanctics whase 2efonsnt Can hr
inteqer, rTesl. wor long real, The resalc is always inkegeal, being
airge ona Grosata or plos one, dcucnding on whebksee  the  acqument  is
neqakbive, reco, or groesksyr Lkan zers, cesnectiwsly.

S-4



EXPRESSTONG

Thue
RTICH[-3.5%) = -1
SLEH D) = 2

SIGHI3.3y - 1

HEDTE
EETIRE, BEES, and SLEN arve nar  doelimikgnr
wards. They may bk uwzed  For  other

pUrpDeEsS ‘0 4 pPLocsrol.

Fuarplez of simpie srithmelic eaprsesgians: ol law:

J + TNTTRR ‘2-3)
SIGMIENLLELJAKY 1 1)

I S A ]

3.% EJOJLEAK EAPEESSIOHE
Goolrean cxpressions Znvelve Sonleanr idenLiflers, Doelesn gnd octol

canalanls, EFitimﬂtLE conditiany, and Heclean operaleors intessper sed
1n an obder simileér o thek of g-ithmetic expressiona.

2-2.1 PRoolean Cperators

-

Therry are Fivo Hoglean aweraktors lisled seco i+ decroating oroder of
proasdence.,

2. MLT [anacy pperakiinrd
2. Ak

3. GE

4,  Lds (imolizataics)

L. ROV J(eyguivoLionoe)

AGT i & anory specabar Lkal cosplewmenes a Roolsan auankizy io —he
Tame way¥ Lthal a unscy wmimes nign negakes al arithmelilc guanioly 1o an
stithrotic cxpression, L[ bthis casge, PALME is  aonanged  Eo oy Hlie, o

ViIT VEILEL.



EXFEESSIONS

Tuab:l 53—i ylves Lhe resclt of &4 21 8 where UP stands For oann ol the
goolzon epecators BKD, OR, TME, or EQV, Eor all wvalues of & and B.

Table 6-2
Fancklan ol Doolean Jpetalors

& FalLlE THLr

H TRLLE JIROE PaLsE TE.IE
A &AHIDD B ThATGE FALSE FALSE TiUE
& dR B TaLib LHL & TRIR TRIT
A THE N TRI'D JRUZ FALEE TH.IE
EEZV R TRUOTL FALEE FALSE TEJE

Iz addiTinn, the Following shoearems nal:d Lroe:d

& IMF B i5 equivalent T2 RODT A ORI,

iEQY D i cgulivalenk Lo 4 AHD 5 CR KDY & AND B2 B,

Jez. 2 Bvaluation ©f Boclean Variables:

Autoelly, Doolean vasialdes may havwe & walue ccksisting of any pattoon
af ik, raticer than b canfines ko =“he wal-es THEUE snd P&LEF, The
'_c{_rig.;_]_ -CIFEI'EI.tiL'l:IE urerate an oo hi"‘.—':J"r'—t:'.t kil dl.:l.:l.'f-l‘.'ui.l'.lg LG Lha
Freceding tules,

Thr  acgtua”  tesk arplagei ko geteemine the teuth ef =3 Boeclean
cRprossian such an

B LML

is to evaluate it and cogard it oas brae A0 Ene wvaloe 12 nongsrc, that
is, at least cne Dit is =set, oChorwing rogarid g Falwe.

This 12 patticulacly inportant when octal consbonts are when in
Bog_oan cxaressions, For exanple, 1f the wser wishes to test a
garticular hit i= . Bagleosn wetlabkle, @n  appropriakte cctsl constant
can be vsed, for cEamplo:

B ARD L1

i=z a Boolean expression that is trwe if and enly if the bBottor  [Toask
slgniligank| Lik ol 3 L3 a okhe,

L,2.3 Arithmetie Conditicna

arithpetic ganditions arr nsod an Spocands in Doalsan exyreaaic:a.
Thney consist of two arithmetic cxprossion: cpupled with e calgacalat.
Ine csmparator, which decides the porticular tye of Rese B b
peelarmed on Lhe Lwo sxpreesicns, 12 coe of the followings

l=a= than

o

<= less than ac zqual o



EXPREGSTONE

= egquels

X grratoer Ehan

= areatcr thoan ur oraal te

d net egoal to
Such an arithmetic  condition can o2 regeardsd  ag  Leae or lalze
aecording Lo frelaser Lhe condicsier soocilied oy the comosrater s mot
shim Bre azithmekie sspoesalons on cach side are evaluarTed. Re
vesulting sonditicos may form pact of 3 Goclesn sxpressicn,
The fellowing =xamales ab Doolean vxprestshing, slownr ic Talle 5-1,

glzs invelwe arilbmelisc conuillons.

Tazle b-3
Boclvan Baproddians

Bxsreaaics . Feaming

[N L [ b ]

B AED 0T i n RET KOT D)

A COFE G AMT 2 AOoO% LR RHD O

L ROV XdF I H OB (EdY;

Xrven AR & CH S=1) VXY <2 RHD 31 CR L P=0)

.4 IWTEGEE AND BOOLTAH CONVERSIONE

an inteqger quantity <an be conswerted Lo oa Doclean gquankiky by meaas al
Loz dummy Zonclzon BOOL. Siwmilary, the Aummy Fonpztion THT sanverts a
RBoaloan sroantity o an integqer guanticy.

The value pass=ed by brzezz functioma is 2nchanged:  £he LosckElans acns
inrlod=d for sexantic correctness,  This:

=10 L I
mav be raganded &3 a El.‘:-l.‘:-.'I-:'-Hrl Gprrend, and
IAT O
TAT &G DEDDNONNDG
a5 inlegsr cperands.
SO0L &nd IR Ere nal resertyad merds oand o=n o oouurs Sor ather HNSpPOGES

wy "Arclaring® thez oy cequired,  However, this preclice sooald be
awvaidesd to prevert confusica,
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CTAETEMENTS £MD ASSIGWKENTS

6.1 SIATEMENTE

The skab=ment 15 khe hauic operariznal onit in ALGOL-60 and descripes
an nperetian, such 2s an assigemenl, ko a¢ performed o7 run bims.

B.2 ASEIGHMEHTS

hsnignpents  conwvey  the wvalue soaoduucel by the execotion cof am
expression to a destivalion wariseble of the anproprizte type. Tals iz

done oy wrilieg kEhe nstinacion  identifier, follawed fFirnz by zho
s¥mbols ¢ akd = and chon by the expression to 22 avalugked.  Thus
X = ¥V + 5

zangez toe resulit of “he acuikian nof the walees conbkeised in Eoc
variables ¥ and I +o Yw placed in the wzeiabis X.

When an ansignoent iz made Lo 2 varlable bype diffecing from  Lhal ol
the result o Lhe expressios, a type conversion i3 periazmed.
Intaegar, reasal 2nd iong real expressiang may be aszioned 9 yzriables
of =iy of these three types, bubk now to cay akher tyoes,  Heoclean and
gbring cxprorsions ran ezly be assicned . s variable of the same
TN .

TF a real or Zong eeal walae 1o ausnigoed teo an integer Lvbe  wvariable,
1 Tounding Tracess OCCurs.

—_

i= X

tegu’te 1n an intrgral walue equal Llc
EETI=R{N & 0,5

being azaigned co T,

When an inkeger  ecxpression iz aggigred <o & kes?  ar o lons real
warialbic, & conversic: Lo thal Lype 1= porlurmed.  Roal te leng real
conversion &imaly ccnslsis ol zoeralng the low-arder nresision word of
the lang real resulk alter  sssianment of  the eezal resull Lo Lhe
high=ardar part af the long real warisbla., Losy  esal ko oroal
aggignments  fruncanr  beo low-oréer part of Lhe lobkg E€al BxOrehfb.hn,
Alfker appropriate rourcing,

b1



ETATEMEMTS AND ASSIGHMENTS

£.31 MOLTIFLE ASSIGHMMENTS

& walone zay be auvigoed sipeltabeonsly ko geversl wvarisbles ef  the
game L¥re by a zuitiple asusignmenk, This btakea a2 farn auch as

P =5 1= 5 1= X+ ¥ - 4§ 3

wheee Rl rescle gl addlng ¥ Lo X oand subteacting & 15 assigoned tz Fy
B, and 5 simultancously.

221 deenwifiers on Lhe lefi-hand side of a3 multiple assiqoment must bBo
af tho same e, TF £Fes ghes wizhes =a a&sign a waloue Lo Lwo 9f mota
different Eypeoz af warianles, thi Tausignment wikthin uxgtﬂﬂgiﬁh"
rambedded assigqoment! fedture anst be ased, as kEelioy.

r omarontbkesleqd azzlonecenl wmay be gabsElisutes iar any apsrand in an
[RR 35T ot HEER I 1 Far cezmulo,

L oi= ¥ = FIQNSE
This counon tEe orbrdacd assignmont te Be madc afteor +thr inner
oARCEsRsiaon Y is ewgluarted.  Whore @ typc cenversion in porfurmeed as

markt of an embedd=d aszignzent, the aperand type is the samse a5 tharv
gggigned ko the wvazlable in the cobedded asslgnmeck.  Thus

a 1= {1 3= 3.4} 3

4] A H 1 oand ¥ cohaal ko 300

i-
-
1=
H
—_
r

.41 ECEVALDATION OF EXPHRHESEIONS

211 supressions iz DECEwEtem—-10s20 &LGOL are evaloated aobserving the
noeranal algebrais rales zf precedsnce, including bracieting.

WLLELn fhe preacpdence g=vpelira, axpresslaons ace always eva uated from

1aTE ke riy=kE. Tor nsmample, LI X ls a scalac, amd F oa Lunclich
aracedars [sree Chapter 1100 fthat alkbors X,
L

mzy bave a dilieranl ebfiseck Lhark
oi= [F-X r
Tals i knmown an oA "sice offegt".
fanshve alno:
alll = 11 = Itly ;

T-c subscrcipt | 13 olways evaluated befeore L i= incrarented, as it is

te the 1lefz cE Lhe embeddsad sasignmant, within Lae gLalement. Thus
Lhe abawvr oxgioszion is ccaivalont ke

J 1= 'I_: - o= J_"':';; .':!.[I\.I] HE
ardet of evalualicn al arn =xpcsesa

i The user car always predict Ens
croand van cauknk on Such khlngs as

oz P 1= FHO) A EET)



STATEMEWTE AND ASEI1GHMENTS

being evaluated correclLl¥, thus giving the same reselt as

-

= FS[P+R);

B.3 COMPOUND STATEMEHTE

& compound slakemont consiste ol & aumbeor of statersnta, aroguuled by
BSGIM, separated by aemicolans,  and  termizaked Ly ERD, ALGUL
atetoments, unlixe those in FORTHAN, are termizsated 3y o semicolon nob
kv the end of a line af teoxt,

Per examples

RECTH
T = 3; J - 4;
Ei= I+ I
K := K

EHD

1z a pempound s-atemenl, Sericclons do ook haws to dappeat after  Lhe
BEGIN or befors the ENDr WEGTH and ENC ack as @ type of onrackel.

The usefulnesa of pampound statemenls wiil becoms  appareck  in Tater
chant=are.






CHNAETER

CONTROT. TRANRFERE, LABRLE,. AND CONDITIONAL STATEMENTS

7.1 L&BELA

& label ie a retrod of marking a place it a Zeagram fa thebk coankrol
can b trandberroe o that point Srem elsewners in the program,

LECsystem—Ll0520 ALLRL nses identifiers 3g labels. These idexblller:z
are m@mlaced onefore stalemenls  and are Lollowed by o colan.  Komeric
Tate:15 are poermitted is che Z2cvised 3eporcs, but ace net imzlarented in
NECsyscen-10/70  ALGOL., Mast implermentactions of BLGUL=-60 do not 21Llow
integer lakela.
Far cxamzle:

COM P L =X 1Y ;
iz & scatcmens labelod oy GORP.

More than ooe lakel can oe attached to o statement 1if reguired; Lhua,

Lagl:s Lag2: ¥ =0 :

7.2 MNCOATTTTONAL CONTROL 1TRAMSEHRS

hotranaler of gnonkral, ar "joma™, to a3 statemant iz & prograr is
el lesccbedd by a E0TO statemenk, This statement consEists of the word
FATO Tatlewed by thre name nf rthz2 labhel attachead te the relevant
gLabkanant. Thir kwo o wardds GO DY ¢can ke vused instead o the word GOLD
in any statemant shere GOTY can ke ased. Thos:
EEG 1 INTZEER I,J.K;
Lass L := Jd - 35
K = 1 + Jd;
GOTC LD

IFr]

iz an examole ol a sonouhebk Lodioos prugram. Olearly, t2 woisze ATIY
reafsanable drogram, ik Ly neoossary T2 be abla tz jump conditiomallw.



CONTROL THARWSFERS, bLABELS, AND CONDITIOWAL STATEMENTS

7.1 CONDITIONAL STATEMEHT

Candltional szartements pravide & method ke cake Lhe  execution  of
alther a slLztement or & cappeund skatorenk degoendsenl on 2ope copdition
Ln the pregram, sach =5 the waluc of a warianla. The sisplsal fotr cof
a ¢oendalierz]l statemernt is

TF B THERY 5
whare B is soms Boelean eapressioen, and & is s skatspent., For
coaamp]

Lk 3 <« 0 THAER T 2= T =+ 1

derer, ¥ ¢ U 15 kEhe Boolasn expression and 1 := 1T + 1 in ehe ehetexsenl
woizh is cheved if and only iL the Soolean condition is Eeue, that i
if ¥ i85 neqative,.

Aomore gonersl Fara al oa condliisral scatement is
LF B THzM =1 EILS5E 22

T= rthis gase, tae stalement 5L is obeyed 1if and onlvy if the BRooloean
crpcossian 0bois bErue, and 852 i2 cheved if and only if it is falme. Tn
praer to elimisate Ehe "dengling ELSE amalguily™  |a  consttucticn in
which an ELSg could be paired with oikhes of bBwe THEMsS) . 81 must not
be conditional, POR, or WHETLRE statement which ends in 2n ELYE  clauzse.
[Real v bk ChaplLer 14 for move complete infeormation.:

A control tranafer, a kype ol staktement, capn speear in 3 conditienal
setatement. Thuas:

GLOGIW IMNTEGE=S It
T 2= 0
L&S: 1 += 1+ 1;

IF I « 104G THEW 010 LAE
kL

ia a simple wavy of coucting <o ooe hundroc. Mure  sophisticated
rerbheariy aroe ghows 1o Chapler 14.
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KR AND WHILE STATEMENTES

d.l TOR STRTEMENTS
The for statemenl enalifps the user to iterate s pertien of the program
in a fashioan eilwilar, to bot more sophisticatad than, FORTRAMN"S DO
loos.
The aeneral Eormatr i=

'OR WV == PDRLIST Do 5

where ¥ is a variablc and 5 ie a etatemens [compound or obhecwise) .

FORLIST car oonsiet of eny pumber of FOR elemcnts (separated by
commas] . A FOR element bakes one of the follawiry farms:

1. An expreszinn:
E
2. L SIEF-CKTIL element tokiong the Larm:
EL 3TEF Ti UNTIT. H3
1. A wWHILE elemenlL kaking the form:
£ WHILE H
where H iz some Ooolean oxpression.

Amy number of FOR elemenzs nay anpear in a FOE skatoment znd  execuls:d
getlally. Consider the Lnllowing examples:

FOR I 5= 5,5,10 07 ,, ...
TOR ¥ 3= 2,0, 5.0,16.0 NG .. ...

EOE J -~ 1,3%,5 STEZ & UNTIL 36 N0 ...,

d.1.1 4HTEP=UNRTIL Element

Thiz partlicular form dezerwes closcer irppection. Consgideor

L]

OFR T 3= 1 S1TEF I UKTIL W D &
Tre statement 5 ie oheyed with L Laking an iritial walze al L1, and

Being incremented by I untll  the  Final weluoe M ia achinwpd.  The
question iz , “Tu the | after the STEP recalculated durizg  cach  born

B-1



POE AWI WHILE STATEMENTS
around the 1lpoo, ar dees it have a ¢onstant wzlue egqual to Lhe initial
valee of I2M
The gnewer is Slightly more complicatsd. Coneider the goneral case
FOR ¥ := EL STEP EZ2 Uv¥rIC E3 DO 5
This iz defined te have exactly bke sama effeck as=
Y 3= Elr

T ZF (% - E3}*8IGK(EEX) » o THEN ©0MD Lig

Worm W o 2i:
GOTO LIg
T2t
Clazrlv, khe welee af 1 following the STEE ln the praviaun niample is
mualuated, 1if necessary, twice during each turs stoond the loen, ance
in the alen test at N1, acd wsuain ts update ¥W. &ALGOL allows the usor
o moiily W, =1, B2, and E3 Lreely threoghowt Bhe focp, and tokes
account of all taese changes in thro evaluaticn of the lacp.
L H

DECaysbem—10,20 ALGOL allews the wuser
Lhe abbreviacead frorm

TOR W :t= =1 UMTLIL E3 10 2
lnetesd of

FOR W :— £1 BlHP 1 LKTTT, BE DC 5

4.1.2 WHTLE Elemenk
& FOR statement wikt: & single wHITR pirmenk takez the foex
FOR ¥ - E WHILE B 02 &
Thin ia latarpreted an Followss
T.]: Woi= Ef
IF ¥2T B TZEN Gord L1
=
GOTe Ll
lzr

Chee again, the zomplexiky of the lcor may e alleezed by chanjing ¥
and T wlthin thas loop.

k-2



POR AHD WHILE STRTEMENWTE

8.2 WHLLE STATEMEHT

The WILLE statement 3is an =nhancesenl ol ALGDL-BEU  pravided iIn
DECeye bem-1020 ALGGL. The e neral farm o che 2tatement 1s

wHILE B DG 5

and |2 inkercretied az falleows:

rl: TZ KOT R THREH GOTO L7
H
G Ll

Li:

k.41 GEHEEMNL HOTES

1. within a roR statement af 2oy kicd, she uger can ghéaoge the
coabealling  variable or aay gathor wariaghle apucaring wichiz
Lhe ackige af She 1. Sugh ghanges predictably offect the
cacackian oF bhe loop by the cules gqiven abkowe.

2., Qo exit from & FPUR atatement elther by juaglng ook al zhe
lgop or by exsapelikg  the TFOR clemenzf, the gontzulling
variable hag a well-duafized valyee pqusl te che last  ossiconed
value  ©F  the gonscolling warianle, This may nct be true of
athor ALCGE -4 implegentatians. Secticr 4.6.4 cf Lhe Rewvilsed
Rernort snould ke stondied carafully in Lhila conneerioes:.






CHATRTERER 9

ARRAYS

3.1 GEHERAL

Arrays ate eesenklally collections of wariables of the =zame  Eype,
allowing  kEhe wier bo address each wvariaole Lndiviccally by means of g
cumiean mame and 0 unique subscripk ar  aabsoeiptks. Tn thc sizplest
cose, 4r ZEray 13 a veclor and in known a2 one-dimensional atray. &
matrix is & two=dimenelcaal arreyr ofo-

Toete ls ne Timik =u the ouzber of suobacriplzs  allewed, ather than
Shose inpepted by the ability of the cosputer Eo score thc @accav.

9.¢ RAERMNY DECTARLTICGHS

hrrays may ke of Lype integet, real, long real, Hoolsan, orf skeing znd
theae ate declaced simiiacly ©o scalar variables, axcepk Las slan o
Eher mrrew nmout be  staced. Far each s=ubneript that the arrav
pusnensen, &0 lower  end  an upper bound, pallod the “bound naic® for
thot subscript, musL 2= glwen.

For example, to deglare twa ope-dimensicnal integer akrays R oand D
wit> lower bound 1 and upner boung b

INTEGER ARRAY A,N|1:%]

wOTT
Thee lower  and  arper  bhoonda musk ke

one e ic SUATE hracketa ancl
Srparaked by 5 caolaon.

¥Wkhen there ace mwt or marc suhscripts, the daclaration L zimilar, =cd
tiee haynd paics ore sepacated by cormas.  Thoas
TOKG RRAL ABEAY I' Q. R{-3:2,.0:L0]

declsezs three long real arcays, P, o and B, with the fFirzl susscripl
Boeunded by =L and 2 and £he sooond subscrinpt boonded by U oand LD, -

frrays of the same type bl ol dilicrant =iscs zoy be declared iz the
same sLazerenb.

ADART, ARRAYT B[ e00], RB,C 121w ,1:12)



AERRYE

KOOIz

n Lte case of ceol arravs, the REATL mavw
i omlilied i the declscation; and s
ausuncd Ly delagll, ithus:

AREAY &[1:10], B.C[1210.1:12])
Tre aonnds iz an array noed nok 28 g2lalkie, a2 in cthe examples aboyver,
buk may be any arittmetic expressians, whigh are evalialed Lo give an
ictecral walue a2 khe lndiviges bound FEairs. The = af  =2aan

dveemic array  declaratians will hecome apparenl later. Ho bound may
excesd 231,072 in magoitcnde.

9.3 ARBELY ELEMENTS

An dirdividoal elemaenl o an array can be cefarred to By fellowing Bl
nooe of Ehe  array by oa 1lst ol saascripls in &guatre brackebs.  Lhe
mamber of subkscrints moust oo identical a0 khe powber in Lke  arrawv
declaration, Trmus, a tyniecal elexent of A& umaed  in kne last
cleec:laration mlghl ae

B3] wac A9] or greneerally, AlIN

waers I is s03e integer expression or, in gencral,  any  oRpeesgicn
whassnrwer, wllLkh Lhe limika-ian ERak  its  walue when  uZed a2 &

avbsaript @and cwalusabked as an Integer 1z in Lhe range 1 threuch 10,
tbke Tounds of thr array K.

R& oan vxample al bhe ofe ol arraye, congider the declsrstcian
REAZ EBRRAY OL,E.F [1:10,.1:1

ard suppnse bBho opecaklan regoleed, was Lo ek F oegqual b0 the makrix

prodact =£ 0 and F:

FOR I = L [(KTIL LU Do

FUUE J 1= 1 UKTTT. 10 1%

BEGLH 1= 0
FUOR E - 1 DETIL 10 B2 X := 2% + D[T,E]*R|E.JT];
F'I,Jl :- %

THT

NFLE
1. ln the abave ewxample X Im gAacd

arcumulicse the imner proodoct o7 the
pulsiplicaticn for all welues of 1 and
J. The vazxalle X wag ased lnstezd of =

to facilitate thr casputetlan.

2. &n element zf ac acray of o pactizular

Eyge  may ke uged anywhere “hat 5 acalal
variable af thr Same Lype may e 08ed,
evan iz such plices azs the oproobrolling

waslable in a4 FOR zlatemenk.

R



CIAPTER L0

BLOCE STROCTURE

10.1 GEWEHRAL

ALGOL wragtam  Shrocture  is aomewhat  mere  complicatsd  than  asher
high-1cvel longuages, sach as FORTRAN, &n ALGOL program cantiszts of a
aumber ¢f "hlocks" arranged nicrarchically. & EBlack consists of  the
wards HEZGIN and EMC wneclasing the declzratlans  and iapTicoally)
Etatensnta.

Thus:
BEGIN
BEE=1M
ENL
BREGLH
LEGZHK
EME
EED
EED

i on ALGDL program, agsumisy aupropriste declaratians and  statements
In the blecks,

The block stracture cliers the user maay  inkercscing Features =0t
available ip non-klock structuced languagses. Tor instance. the usee
nay ceclare an  ldentitler that appears kta cocflicos  with  anotkee
tdeatifier in 2n anclcegling bBlock., '“hus:

BEGLN INTEGER 1;
BrlIN LHTEGER Iy
EED
[h)
In fazt, trere is oo oonflict as Lhere are two different ls. The anly
Z that stateaants in the ououker block cac "ses®, 12 L anr im rhe

upter kZock. Sizilarly. any skakoment in the inner blocs will  zlwoys
Eh= 1 im that =lask. 8Sush a declaratics in an isoerc Block is

usa
knewt: 88 a "loeal? warighle and takes peecednrnos  aver declarations
accurcing at an cuter ar  more "glutial™  lawel, In gqensra’, all
variehles can be "seen" LroX any polnt in a program Lhat i1e vikhe:  in

1:-1



BLOCE STROCTUERE

=l game nlupk 4% the declerasizn or in a wlock that is cnclosed by
“hz Elne< in whick bne deelaration ol bhe wscianie  occurred. Hote
Ehat a more -cczl  warialble 15 always  Laken  in uraference ko oa
relativaly wlabkal wariakln.  Consider theo Lollowins examgle;

BE:ZL1M TETEGEE 1,.0:
Ml
BHEGIN IRTRGRE 3, ¥
]
O N
BEGTH INTEGEH T.¥
[3]
FRIE
Bl

Ary slatements oaveorelng at peoint (1) can see the oo arations wf L
anf  J, which acz Jural, bot canoek soe Loe declarzstions ob J and K in
che Firss innet blzck, or the declaraticns al I and K in ke sacond
cwper kBluck. AL [2], khe -oeal variables O end K ocan Be soone a2 <an
the global warialle I inm the pnker Blocd.  Lho glonal variahles 3 1=
nret.  sesn  begousr kke Local variahle J kakes precedoncn Vet it: Ene
wariablzg 1 and B iw khe deccnd inncr block are nob sccn 2b ail. A
zimilas sibtzatison ooourd at [3];  hece bath Tecal variahles T end K,
as wall g5 tho glcokal wariable T, afe Se2n.

Boke Lhat the "scope" of a wariable is khe ger of 0ll plazes in a
prograc  whera It gan be Seen and tleroforo caad, This kteorcm willl Be
uzed Srogusabtly thoouahuut bxiz fext,

In general, laual wariables are sare =2fficient  fo  use han clalal

OnEE . Trin  skabement iz also true ol most ALGCIL-&0 lmplementstians.
Wrors a glozwal warialle ia uzsed fregquentiy, s local wariable ghosld be
gunianed a3 havizng the game dalue acd osed insktead.  for cxample:
DESIM IHTECRER T7;
T 1= Lo.an
BEGTH INTEGEL 11y}
[r == 13

I O B

EnD
TH
Cete, in toe inner alack, a looal wariabkle II iz used.  and assigned
tre value ol the global wariable I for use throughaur boe lozal block.



BLOCYK STROCTURE

lg.:i ARBATE WITH DYMRMIC BOUHDS

The coeccok aF fhe soope af oa wariahie gpm o applicd most vsafally to
AECaY. Tn nLECHystem-10/20 0 ALGAONL, all arrawys are congtruck=sd at
executicn tize [that is, no Zixed space is reserved daring
corpile—time}, Iirresgaective of whether their Dbounds are alatlc or
dynmamic, WMWhen a declacation cf an array 1= encounsbescod wikhin &
black, Lhe ggace regulted ko conasbroct ik 18 alkkaincd and che arcay iu
laid vuk. When thoe o=d oF the blosk cnelesing the accay 15 ceached,
that iz, +the array wariakle iz no looger within scops, the szace
uwtiilized by the array is rtecovered and can o2 ueed laker tor alhers
arrays.

Comsider ke gany of o acoblem in which the size of an areoy £o he
uned  In a ealpulaticn is dependent on the doco to be processed,  “he
proavammer has the chcoice of naking the arvsy Llargse erogh Lo cape
wikih the ®orsl zags, of constzucklng fthe arcay with Aynemic Looaods k0
sitle Ehn 2ilzeo rexjuaren by thin Furhiﬁu?ﬂr fita. The Ficst wothod Frines
the disadvantaqs 9f wasting apace an many accasicrs. The lakber
method only nas the wincr dlgadwanbtage of bthe averhead needed a0
conskeucl  Lhe  array. Soch  overnsal 12 very Small commgmcen Bo o che
running time of most proqrams, thecerfore, the second method i= more
teslrakie.

Comaider thre Following cxammale:
EEGLH INTEGELR K;

| Moo= ...

ELLY:
EUOTD L
E®D
A ovalur For B in paleulated in this pxample, possibly dependent on

some dots ceod  inte the  program, and osed to declace the scocay A,
whicn is used to pracess tihe data in the inner Glock. When the end of
the inner block is reacked, Lhe apace czed By A la recovared and
canLrol passes Lo L, where another waloe for 8 is calculaled, and  tha
Provess repesled,

-3






CHazlER 11

FROCEDUERES

Prowedores are aimllar in eonceal ba Lhe FORTRAE scarouiine, nuk  &Gilk
moare uuphiuticatuﬁ amd aenera]l mpplications.

A Yprocedure" 15 a porkblon of an BLGUL prograrn Lhat is given & name
tor  ldentlficakian  and  can e "ealled" fEas any park al A peoefbaim
whkich i4 in khe seopre of bhe body of the procodoare. . praogerdurc oan
2xecnuts a oumber af statements, and in the caue af fucetion procedaces
ran return a value to the zorocedare body. UIn additisn, it ;aay cr  may
Tl havae paramebars,

In JECsystem=1020 ALGEL, 5 9razedure gan be one af  the fallowinag

typest inteqec, rceal, long ceal, RBoaolean, string ar typeless.  1The
focrmal parameters of @ procedore  know =& "donzy  wvatciaklez" in
FOETEEM) » cacr be Qe of BN Lellowing hypoen:z integer; real s Tong
real, Roolean eor stcing, as scalars, arcoys or progsdure=s, or lakel,

There are rcightcoen different tyoes of parometers. Ln oddition, all of
these parcam=ters may appear In itwe Glfferenl modes and  slelngs,
neither of which 1= Lhe same ag TUORTAAK'a weknod ol candling
Farareters,

11.0.1 PARAMEYERS CALLED BY "vwaLJg"

Calling pacameters by “walpe" 1=z the mest cemmon  and, wila  ihe
excention of arraye and slricgs, the wmost elliclent way b gass a
Facameser ke oa praverdure. Thir selae af the oxpreossior peosonted in a
grogedure call: knewn as thre actuaal paramecse, is5 evaluated oo enkry
Lo the praocedare and assigned to o formal parameber  withie the
Arocedure. Triz formal wparameter acta as 3 iocal waklakle ik Lhe
procedore which 1 inltialleed, the lnbtisel walows beoanyg chac ol TEH
2o=ual pacanmpkor RJyp1inﬂ in Ehey all ka the proasedurece

Sitecze, in the cansc of arcars ar strings, 5 new caopy of the  artsy  ar

skriza 15 made, thie type of parametar-passing for arrays and airinga
should oe avolded cnless specllically cegqulred.

11.1 PARAMETEERS CALLED BY "MAME™

LAalling aarameters by "name" is a usefal metrod of passing = parameksyr
to  ar &4LGGL nrocedurse. Whenevar the formal paransier associated wikh

the actual parameler in & procedore body appeacs in the body of  Eoo
procedufpe, the ackoal paramncter s re—ewalusted as LF it anueared in
Lhe procedocs  boiy  ak thet  paint, Far o¥emaleo, if th2 actual

Earamatner ween gan @rray ploment such as

111



PROCECURES

tha element would ke re-evaluakred wslng kke wvalvoe af I avsilakle earch
Lime the Formal parametec in wsed, nos the walos ol T at Lome time the

pracedure bofy is enteced.
Tuhle 11-1 asowd the @ifferant types of formal paramecoeres, wlch walid
actual peramgkazs thal can b= substitoted in & procedure call.

Table 11-1
Parzmeber in & Pragerers Call

Teirral Pacamobars | Permigzibnle Actuzl
TwRE i Faramesbore
Tnseqer
liesl Any arithmekic cxprezslon
Loong Real
; Boolean 4my Boolean capressian
I Etcina Aoy fserinyg cspzeselos drefer Lo Chanbsxr 130
Lasnel 2 latel ar switeh element [m2fer ko Chaphece

1% and Paragraph 14.4)
Switch Loswlkech
Integer AITAY an arcay ef tyoe inhogor®

Beal Brray (or Brray) | Ar array cof type real¥®

Livzy Real Areey Ar array of type leng r=al®

Boolean Array Aroarrcay ol bypr Boolaan

Strine Array noaccoy of typre stroing

Drowaedos s & Non~L¥pe procedure

Tntecer Frncodares

Heal l'roseduce | & peagedure of type inkege:, real, or lcocog
Long Teal Frocedure real

Brmleen Proavedicee A& procadure of type Boolsan

String Pragedure A neocadure of Lype sLkring

*In Lne <afe whoere the accay parameter is callesd by walue,  apy
aritbhmcbic  type  |integer, real ot lang real) arrav is allowed as
an actual narametor. A twow canvecalon tekes place during  the
CopY¥ing orocess.

11.2 DEOCEQURE HEABEIHGS

Frocedate headings identify the type of procedurs, tho numbr and che
type of paramebets,
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PROCTRIRES

fooprocedars heading consigts of:

1. Toe bkyus of procsdure  daritted in the  case ol typeless
Brogedrres).

Z. Tha weord PROLECURE Fallawed oy the nane al the pracedace.
J. A seizcloc IY the procedure has ne paragecers, otherwize

4. A llse ol tire formal pararslers, cngloced in parentheaes, and
el lowed by 3 zemicclor.

5. Specillcacians of the formal paramesers.
Ozitting forsal parancier sgpecificzlbions, this lacks like
LOkD Aual BERGOZDIRE LE;
EGGLEA PROCEDCR- BOCGLEAN (T,J,K1r
PROCEN 4+ CaLl | THZTE X ;

the Lormal parameter specitleatinr thot Followe cchalaes ofF o list of
dengriptions of Lo [nrpel porametecs, apdeacing i- ooy ordec, and =
value specificaliosn 10 any of the patacckers are te oe  called oy
value. [(IL thizx is opiktbted, the paorameters, by delaoit, will be
called by nare-) For examsle, the specificalian ofF thr farmal
Farauwcters for the zecond sxemale abowre night ae:

YALUE 1,J; TINWTEGLR T,3,E;

meacing  khat w11 three formal paramebzes are of  type inteocor
i2calars), axd T and J are to o called by walue, while ¥ oin to be
ca_led by name. & Typical  Lleswal  parametsr  mpecliicazice Far o the
Lbled pxamnle mighl Lwu:

BREAL FROZEZDORD THElA; RERAY X:

Hal=

Peaceaurs noeadings oust Deacede L nody
ol =he procedure.

11.3 PHOCEDURE BODIES

Thr oody ¢f a procedsre is that parl which  follows the o$rocedurs
heading, and cousiuts ol o zingle stetenont, 5 coIpouno sLatesmesk, or
a bleed,  Tr bhe last-mentianed ¢ase, there may o2 dcelarations of
local wariablos within Exe bBlowk, and alsa other blocke or orouedarey.
Tenusider the following neamples of realislic procedurcs:

1. & real progedure, SUUANEROCT, to calculate the sguate recl ol
a  roal  cuantily. Thr Ficst parameter is Ll Suencizy, Ehe
second iz &2 lalel that iz uszd 2z zn escape i tho  gquantity
iz feuwnd ko kn ncoabive. The cesllk of the wuracedire iz Lie
griare rook of the maantity.  Hoke  bow  the  pesolit of  Lhe
calecalation is aszignaed Lo Lae procedurs By placing Loe name
L bhe procedars on Bze Zell-hand side of an azsignme=l.
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PROCFOTEES

FEAL PROCEDIRE SoUESHREOGOT (X, L1
ValUe #: REAL X; LAAEL Lp
AaROIN REAL ,%;

I £ < 7 TIER EOTC Lp

v o-= (1 + ElFL:
s No1= (XS O+ YLz
I7 BBSif - Y» ¥ Lk=6 THER LoT0 CRa

Ok e SONARERGT 1= 2
s
The previous exanple  vEes  the Kewkon-Rapheson method ol
firfing the sgquare rook of & number Ly Lading an izifial
approxizusic: (L F X /F a-d ismwcaling wontll She dibltecence
betwesn successive aporoxinenicss iz less than le-t, Lhe
procedore ix again described below, with  the ool ol S0nE
R 1T o= T T CECEyEbem-_07%0 ALGOL asteranative mohbod aof
coemmgatary (cefor ta Chapler 2 inm o uaned lar brevitys
REAL PADCENUHEE SJCARTRCCT(R (L) ¢
YaLllS Ay [EkAL R} [ANAEL Ly
SEZIL | CALDULARTDS THE WelUH OF SORY(X)
ASIHE TH= M-wror-xRPIESON HETHD,
L TS5 ST FCR AN -2CAPE T X < 0y
RELlL Y,.4:

TP W < 0 TEEX Ui T | RXIT IT X < 0

¥ or= [14W)72: | F45) AFPROYIMATION;
TT:
Poe= [XSY P XENSE; i TTELRTT

LE RRRIF-Y 4 la-h

THEA GO0 D ! TEET FOE SOBRVERCGEHIR;
¥ == Fr Q0T IT: ] DTHEARPWETARE COHNTINUE;
[
BLOLARBROO 1= 7 I TIAaL HESLLYG:
FH

Tnis furction vwaluzbes the sum of the waloea of  any  real
arocedare G ower the Integera 1 o....- K (ehat &, lkerating A
Elmegd whers o iz alsoe o paramsebler b bfo urocedans,
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PRGCEDORES

REAT. PROCEANRE SCMIC, Hig
YALUE h; BEAL TROCEDURE 5; INTEGER o

NMEGIN IKTEGER Z; REAL X:

FOs I == 1 JHTIL K DO W == 3 + GiH];

THI

KOTE
In this example, the forzmal paramster O

iz invoked so0 thal tke acrual oroceduce
nubsblbused For O 036G celled.

11.4 PERUCEDVRE {CALLS

In <he grevedlog osample, the prosedure § wos "called®. Since 5 is @

[unctian  procedurs, it is only nesessacy for ite naze teo appear inm an

expression for the procedore to be entered with the actual paramelers

specified subsLlilobted Loe Ehe Lermal paramebaoe .

ke procedure GOOAREROOT can ke called io & similar way, for sxzomple:
F i= SQUASEROGTI|Z | D.5,.ERE)

nauzenr the sgquare oot of 3 - 0.5 ko EBe caleoculazed.

A example alf Lhe =2 al Lk Prnuedacae 508 ¢an ke shed top galoulate
Ehe smumm of the wwguars roets of the first J integers, with the reault
aguared, as fallows:

¥ o= SUM[RQUAREROCT,J) "2y
dere i3 a Zurther exampls of o procedurse and Lae cailas

FROZEDIRE MATSINMILT (A0, 0. H!

VALIF My ARRRY A3 ,0 TALEGES M}

DEGIN  THIEGER T,J,K; KLOAL X3
COMMERT T-T3 FRDCHEDUEE PHRPOEAS THE MATHIX
MAOLTZFLICATICH OF I AHD O AMNE BTORNE THR ESOLT
T A, I'HE ppH2WE AKE ASSUMED TO BE SQUARE
EHD OF DOUNDS 2:W, L:W;
FOET == 1 UWNTT., K M

Els J x= 1 UM1Ly B oo

11
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PROCEDIIRES

Bt ¥ o= L UKLLIL N DO X = X +
SILLEI*C (K] ¢
AT, T] 1= X
ERD
Eb Ly
a typical call Loar bzis zracedure mlghl be
ARTSTAMULY [k ,F,G M)
0
MATRISKULT{E,F,.E, M) ¢

e Tl Ehie AT CAYL are callica hy oams A cell vich A
HATSTAMULY (=, 8, H23  woeld give ratzer interesting cesults,

Phis coall could ke rade bto work by calling B and © of  KETHLEMULD  (a,

B, T, M1 by walus., Towewer, =hia wolold inceease Lhe overhead af Lie
pravedurs ocansiderably.

1l.- ADVANCED USE OF FROCEDURES

11.%.1 Jengen's Devlce

Thie mokhad of uning a procedore pxpleibks the power and Eleslallity of
the call-khy-name eonzent.  Coosider the follewing exanple:

KEAL VFROCEUURE SUMII, G XK): WALLE M7 IKTEGER L, H; ZaL Ef

DESIH REAL ¥r
FUR I +— L UMTIL K 200 ¥ == ¥ ¢ X;

EHL

Un the gurtace, the procedure zpoears bo calculale Lae wvalue of M4,
Bowewver , conglder the call

I = BCHIC,1C,ATTI1]:
ard rememiier that J oand ALJ] are parameters coooed By nane. Simer 1
acd conssquerktly ] taxe new values, sach X in the leoop is evaluated amn
4 patLicolar wvaluwe ol E[d], vuBing Lae wvalue ol J juet zssigned. Zence
the abowe call calioolakes

all] + A[Z] + ..... + &110],
Bimilaely, tbke call

Tor= ANM{E A BT, K]*S0H,J]:



PROCELNTHER

guolecuelaties the (LeJith inner produclh aob & osnd Lo

I1.5.% FRecursion
ALGUL procedursed are tecordiwve, chat is, they may call chamselves,
diceakiy 1$34 indircctly, to  any  eesanable  depth. (The  ozly
resbriztion is the ameunt 2f core storage avallahle to the chiest
crogran.y  hAn ofton-ruoted and very ivefficient mekhaod of caloulating
the factarial Eanctlan of a emall pasitkive intoger W ois:

INTEGENR PROCEDORE TRCTCRIAT[H) » WATUE H: IETEGER b;

I B = 1 THEEY pATELIaL := 1

ELEE PAl MELEL = HYEACTORLAL [H-L):

This procedurs has oxly a single statement, bubk no local  varishlou,
arad oan thercfare b owristen iz oa compack Loom. & 811 sagh as

J o= ZRECTUORLALTH)
agaes khs procedurs to be entered with B egua? o 6. The  <all to
PARCTORIAL inuide  FALTORIAL enters the procedurny & snecand time with ©
egqual te 5, but kthis M iz diflezent Fram the one te  the [previcos K,
which retainz its waloe ol &, and is stored in o different apace. In

thia particolar ease, FACTORIAL i5 enctered six ctimea, khe  laztk  tipe
Wwikh W rgual -ao 1.

S1.F LAYODT o DECLARATIONS WITHIN BLOCES
Declacaklans wmeose always oe rade ab the sead of 4 alock, pefore 20y
asuignments, procedure calle, T in the follewing ordet:
1] scalars and aceays anc 2) procedorss and switches (see Chapler 12).
Brouveilure badivs thab ozcur in 3 BElock shoule lalicw Ehe  declacations
at. the ™egd ef the bleck, altboogh £:is Is  only enferced when
J3CE550rY. Congider Lha Ll 1éww i ng Et;mple:

BECGC

PROCEDORE P (X);: VATLIE 1 ERal 23

ARCTH I BGER J;

KL
TNTRGRR T:

The assignment of 1 ko O witkkls el body 2f P gtilizes Lhe T Lhak o=
declaced L[ollowing the 2ody of I', rather thasn zome global T. However,
Lhe congller haf not yet "seen" cthis 1 and, therelare, cannot tokxe any
raticaal action. In a gaaw  such s this, the aser misk declare =
hefocre the boey al Pa

11-=-7



PRGCEDORES

BRELGTYN TWTELER T
PROCEDURE B (i) WaLUE X3 HEA&L A
DESIN LATEEZ N J )

FEED
If Lhe geer nreglapia Lo declare I befzre P, the canpiler ran easily
lirkeck  zhe weswliticn, becaggs eiktner I is anknown al Lhe Zime of the
.:::::i-'__'n:u-:_'-rlt ke Te ar nluinn Bascn L6 & macn gloiAal T avairlablae, mhecrsusan
an ercar resszaoe Wwill  aoonr when the Aeclaration o T oae Cawnd
focllowing the body of 1,

11.7  PORWARLD EEFEREBHCES
Alekhougk nazl ALGOL-6GU compilers aperzls in Lwo or 2Jare Dasgas,  bhe
LEC:wutem=107210 A TGE0T Unmpl1¢r dprrabkey o oopoe pmss, Conseguently .
50T£ NTinor restrictions hawvwe to oe made Ko ALLDL—G0G in order not ko
regtrivct khe wesr lp alhar wavs,
A Fforwarcd coforonge For o procedare bas ko e gisens when 4 graceddure
iz ralled {=ither Gicectly, or Lndirectly, by paszsing the procedurs
name a= an scktwual parsmebter in & orocedures ¢ail) before ita  body  is
encoanlered oy kEhe corpiler. In mosk casse Lhe user can avoid this
sltuaticn by a monor ce-osdeciog ol the Deogroanm. [owewer, 1n rare
crgBed Tikee  ETwe Fre1Tlexwring. whrere Srocedure F ogalls: prosedoure &, anc
yioo versa, & fzmriward ceference, as shown, aust be given.

SEGIE

FCRWAEZD REAL PROCZOUERE o;

FHOZEDLERS IV 2 VoL K LY

SEGIN REAL ¥;

BE&L ZROAZOURE <133y YALUE 4; [REAL &;
ARGTH aFAL Fp

EXD;
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PROCEDURES

In genoral, a forwetd roference conalats of che word FORWARD, followed

by the kype of the procedate [omitted if Lhe fraceduce i3 typeleasa),

the word PROCEDGEHE, and khe mame of the progedure.  bKer exanpler
FORWARD LONG REAL PROCECLEE INTEGEATE

ar

EQENART FROCEOURE PROBLEM

HNZTE
Tre forward coforence nuel ooour in  tke
sdme black as the procedure body,
B forward reforcnee has to be given for s label in  either of the

followlng rare casea:

1. The label i5 used ag an ackual parametsr in g uroceduare call,
and has net yet appearcd ic the program.

2. A variable of idcntical name tas appeared in the pragram and
iz in the scope of the peacedure call.

For example:
BEGIN REAL I:

BHEGIN FPORWUAED L:

Li  eeven
EMD;

Tn triz cazge, z forward reference For L migs: be given.

1l.4 EXTERRAL PROCEDURES

IF o proceducs i te De  complled indepandently of a program (see
Faragraph 14.1.11, ab DXTEAKAL declaretion must he zade in the program
inatead of the peovedure, The Eoer of this iz Ehe Same a5 —hat of a
PORWARD  devlaration, buk with the werd FORWARD replacea oy EXTERRAL.
Yor examuleo:

CATERMAL IKTEGER FROCEGURE CRLC
Suck an EXTERHAL declzraticn zgn be mads I any block wlkhin the

Tecgram, and haa the sane scope az 1f the procedors spucgared at chat
aalint,
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PROCEDORES

At pregent nll EXTEENAL praceaurle Tamre teferencnd 1o 0 prograc or
cscanned  inm oo library noet differ in kheir firut glx charactacs, as
only the flest six characteore age awvailable to TTHE.

11.% ADDITIONAL METHODS OF COMMENTARY

Twa Turther waye of wriking commenkbazy are available Lo tha uaer in
additinn Lo COMMENT snd ! deggribed in Scclbilon 2.4.

11.494.1 Commant BRfter EMHD

vollawing he delimlber word END,  the uset zay  edd commontaty,
tetminated by o pemicolon, with the lfollowing resbrictivna:

1. The cozmerbaty Toy only contain 1eLbers and digits.

2. TF khe rescrwed delimiter woréd omade  of coppllaticon s
emplayci, any woods gopearlag  inm  the  coRTent mey not be
celigiteor words.

Far examplz:

END g @E0C IRVERT;

11.9.2 Cemmants Within Procedure Beadlngs
Thig method of commentary &llews the user to commenk formal paransfers
in a progedure hDeading. Taiz is dopne by enclesing the commentary,
which may comsist of Lletters only, betwecn the symbols ) oand = ard
omitticg Lhe comoa on the Tofk of the fazmal paramekrr. This cannob
apply tn khe firse [ormal paramoter.
The exsmple in Sectien 1L.6.1 which isc

EEAL FEOCRCLAE SO 1, H, Xig
can thuy be cewritton ag

FE&L PROCECUERL SuUM Iy CoUNT: k) INCREMEWT: (X}

Tn = 2imilsr fasklen, a call to such & peacedure  can be copmonbed,
The followlng example nEes the call to SM in Hection l1l.E.L:

7 - OOUK (K, W, AJL, E1TB[K.T]I1;
t0o o= commentod ass

ye=fLMIE! COUNTRE: (K] CROSS PRODOCT S 1a[T, K] *E K, ]}
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CIWVPTER 12

SWITCHES

12.1 GEMEEAL

Gwitchey enabls the wuer o0 juamp te one cf & nomber of labels,
depending on the value of an acichmetic sxpression, ard in addition,
provide antomstis detection whewr =zoch an eypreasien iz ot afF  Fange
Lar Ehe Swikech.

L2.i SWITCO DECLARNTIDNS
hoswitch declaration takes the form of the word SWITCOH Lallowed ny the
rame of Lhe awiken, an assigneenlk (=], acd a list f labkels. These
are ¢called awliitch elesenta, and zuatk be in the  Scope of the switch
trclaratior. Fur cwamplso:

SWI'lTH SW := L&S,L1,L2 0K, 3TOZ;

L awlkeash name mougst [ollew the ataml rules nf LooDe and, therafore,
mugt makt cenflloe wikh: any lecal variakle of the same namae,

“n addiktian to the erample abawe, a awltbter elomeik may #1%e he une  of
the labeles in the awitch declaratian.

12.7 O&R OF SWITCHES

& jump to & partlealar label 1n & switch  Joclaration iz made by
IolTawing the word GCTS with the came 9f the switch and =n arilhnetic
CERE2S51ic0n 1in square brackets,  Thusi

GOTS SW[I
Thiz capnaez canlrol ba pa2s f0 the T'th lakel in the switch
declaration, anless T 35 negatise or  zefo, ab ie legcger than the
nambher 2f switches in the switck declaratian. In elther  gase, there
is no transfer of control. I the edpreeelon Lln Sausre bracseks is

not imkegral, ik bs eyeluaterd &nd reanded o= usual. Congider the
rallewing mare complicated sxamzle:

SMITUH EW :=- LAR,LL,LY,0H,STOB;
SHTTCN TH = LI,8W[J],Td:

GOTO TWH|I|
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SWITCHES
IL I has Ehe walue 3, 3 Jump ke T4 sgours,. IE T nas che value 2 and J
haz the walis 1, & Jjuna =a LAD oecars, wia BW.

Kore snphiasticansed switoh olements ace desccibed in Chanter 14,
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CHEPTER 13

ETRINGS

1%.1 GEHEEAL

JzCeyabkem=L0 80 BLOGOL=60 ipcledes a malar  eibkansiaon bo khe skedcc
Features defined iao the Aevized heporc. Users wishing o rum their
Frograns on mathines other thas the D2Csyetem=10 should ckheck whelher
~he conpiler thev will aee cffers eimllar facilitlee. Scalar, acray
ur procedure warlal:lus mey ke cwf type STRING, and zcc declaced bg the
Gelimiter word ETRTUMG,  The bwte size, lengrth and contents of =tring
variables ore defined via the varicos assignment stitenents  described
Felow.

Typliaal skeing declarabtians mighk be:
SURING 5.0 STELING AHIRAEY S4811:10];

STRING PEOCEGCOEE D(X)r WALODT ¥X; REAL X;

13.2 SUTRING EXFEESHIONS AND ASSIGHMENTS

Stcking npxpeessions aco limiksd te A single wariable, & szring

grogedure oail o pr @ string constant. tFor a full description of
string consbonts sec Serticn 4.4.) The only string cperalara  ace  khe
COmpariscn aperatocs and bhe assignmetk aperatoc. M1 asher

operallana are achilewved wla Lhe s=rizg librery arageduercs desScrioed ic
Scction 11,7,

Biring expressions can a2 agalgeesd ooly 0 &bkrlng  wariahles. For
corample:

5:1=T¢:
SR[L]-BL[3] ¢
cafdli=Bz);

T:="a2Y ""OLn"' 250"

13.3 BYTE STRTNCS

The waliue azsocisted with 4 sering yaciaklec is a Byte string, & brre
gtring 1% a uruocpnoe of kyzez af a unifarm size between ane and
thirky-aix, which can e efficiently hondled by the LECavebtem-=10/2%
hardware. 1ln some wars, bwvte sctrings can be Lhooght of ae arrays, but
the most impartant difference iz that the aize ot a byks atrlha cen
vArY  conbtintoosly. Tohué wheen g byhe string is created by means of a

13-1



STRINGE

HEAI statnmenk, Lhe pregrammer nemnd ool know hew long she sleing will
ke, The roullne starts soonps=ing characters after encountering the
open quataticn matke and centinues uskil the clese guekzbion macks
have Deen read.

Whem ane ebring is ausigned ks ancthec, e-49-.
B:=Ta

then a copy of T ig made to which & will vefer. Any previeus value of
E ig deztroved [&z@ the mamocy space oocupied  is inleased;.
Subigegquent changos ko Ene value oI T will not allect &5, oL wicr weLSa,
unless a [orkbker agsignment i mede Stk one to Che athoc.

MOTE

This la an  important ohangs  Eram  the
inplemenbakian of strings priar Lo
Vergicn b.

13-4 BYTE SUBACRIPILNG

Swte strings can be sodified oy means af  the Byetr sunsctipting
machanism. Trdivideal bytes in a string are relerenced by fallnwing
khe akring wariablec name by & decimal point  and  kRen  Lhe  subscript
number enclaged ic sguarre brackets,. o esomelo

. [L!

referz to che I'kh Evte of ustring 5. The subsccipt may be  any
aritzmetis eaxpreossian asd is evaluated in oxeckly the same way 25 an
array sohacripk,

Hyte-sobscripted string wariobles are regardsed as heing ol Rype
irtager, having on ipteaec walue eguivalent to the byle to which they
refor . Thetafare, to change khe value of o particulsac byke in &
stcing, & Giycs-gubacript mast  appeac on the left—nand Side of an
arithretic astatorent wlkh the spacopriate new walue cn the righb-hanc
alde. 17 rthe new walae L8 too large to be held ie bae byte, tThius i
glmply truncated. Ho warning iz gleen.

13.5 NOLL STHINGE

Until a walse is assigned to & steing by the program, the skeing taxes
m3l1l  walue. Thal 1=, it is z2ssumed ko contais no Dytes.  hny atlem?b
ta refercnaye the Skeing by @ hyse-submoaript will  resalt in & cratal
can-time ecrar, +asagh it ean beouned o the vight-hand side of oa
string assianment, in which case the warlable Lo which it is  aseigned
gimilarly booomes nall.

Li.& STRING COMPAHIEONE

Twe byte skrlngs can be comparcd winh  esch other asing  Ehe uzual
cemoatlsen gpoeratnors. For example

IF & o ‘I 'IHFR GO TC L;
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STRIWGE

waste 4 apd T arn shring warianles, sbeing wreimkants or Etring
Bl ar e The  coffect  of the cozgacizen is fy comnare the stri=ngs
yte-by=2vto, the "lesser" stting bweling that wicth the firsL lower
ra_ue  byte, workizg lram 1elh to oright.  This “aBECD* la ioss Ehan
"RECEY ar "BRBUIE'. Khere thre strings to o= cocmErared arse of  different
byte slzus, then the 2mzaller bytes are regarded as heinyg extendsd on
Fhe left &y npuil bits,

Tn the zperial case of ASCIL sirings dskricgs of byte eize 7, like
gtring wconstanle), teailing nolls and trailine blanks, ar any mix-ure
Lhaconl, are wraated as equal.  Similaely ASTIT skrings of  diffeesnl
Tengthy will zorpare equally if the exbca Tongth cozprizes only apaces
and nulls. In all cther caaes zbrings of gnequal lenglh can anly  be
regatded ag eguial Ll kne oaxtre lepath consists erblesiy of noll bytes.

e
]
o

131.7 LIBERARY PROCEDIREE

Bection 1.6 deals wilbh ke Lopet and  oukpot  preceddres Ehak s
arplicanle o atrings.

The procoedorsas ZTRE, LTeE: and TaIL that weros lnsludsé in the likbrarw
until Vroryion 3R have been Slszensed wlsh.

li.& CORCATERARTTIOH

Aostring can e assligned Ehe gurcatenated walue of  Lwso gkrings  with
Lhe procedacs ZIHCAT.  For oxample

L= A, )

Ha=C0HSAT IS, T
21y in the Ticst examal=a, T nad a dillerant byee size from O, Ehes the
size of Lze 1irsk ssr:ing onzauntered (T inm thiz case), would be

aumgted b 5. The bybtos copied frem 2 wowld bBe  sruncated or filled
Wwiks null biks as appooariate,

li.i_1 Teongth bhnd Size

The primzev altrisales ol & Szring, that iz, length in aytes and  Evte
size iz bite, are re-urned Ly the intener procedures LENETI a8 ATAR,
reapeciively,

'Eas

wold cotorn the pomber of bvles Lo skring 5 iz T, and the  nomber  oF
bite in =ach uavlke in J.

12.4.2 Capylng

fionew byte string can be gensaraied Frar an oxisting ooe by meana  of
the Etrine procedcre CUZY, This procedurc can have one, Lwo of Ehrec
TelaTaters.

-
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STRINGS

1. "Theo cffeck of J0PY wikh ane patazeler is peecigely Lhe =zame
iF & =imple =tripg assignment, but Enls lealute hae been
tebained Lor the sake of contimaity-

2. Whkere there are Lsc paramscers, =.9.;
Se=Cory .M

where A is =n oarithmetic sxpreousion, thom 5 in ansigeoed  fhe
value ol Lhe firvrst through M"th bytes of 1.

3. IFf tterco are ERreo gardancbEscE, 0aga .
Sr-CURY (T M H| ¢

where aoth ¥ snd M ars aribkhastie expesegs:ana, khen & i3
ggzigned “he walus of the M'th throwsh 3'th betes af To

13.3.3 Hewstring

Although oytes in 3 nwll string mav oot be refocrced te (a0o SPRTiom
13.5 aboswe], a ztring containing nulls of any annropriate Dyte siees
van b preaksd be 3s5lng f£hil2 skelng procedors. WEWSTHIKE ktakss  Ewo
noraneters, the Firgk keing the noroer &L noll bwkes B0 Le aaaigned Lo
the stricg, and thke secand their sixe.

Far ndanple
Si=RERSTRLHG (IR, T ¢

caunsts a null shrizg of 200 RECII nalla Lo ke assighed ta 5. Elthough
& is 00 bytes loong at cthis poeint fand thas byteo subsocipts up ba oand
loacloding 2.[100) are walid:, any subseguentc assiqnment of anokher
gbkrlng Ea 2 wmay wary both £he lendeh and byke=-gize cf 5.

li. 5.4 DelelLe

In Sechkion 13,5 :b was explaines knat i€ 5 nall alrivg iz assigred  to
anot=er stwing, ther Elias ntring also bedcosag pall, and the walus
previouglv held is5 2o=t, hny space Bz khe presioons yalos Duc:pied
iz returned to Zemsrv, as with aoy ordinpary secing ausignrmeont. The
typeless procedire CELETE has the same =ffect on the string pasuscd o
Lt 48 & gSarameksar, 45 Lhe aagigement f 53 nall string would have.
Ciloting a null skeilng has no elfeclh, beyond asing compuler time.



CHAPTEE 14

CONDITIOAAL EXFRESSIONS AND STATEMENWNTS

11.1 GEHERAL

ALGOL-G0 allows great Elexlbiliby in bthe canstroeckiaon of  cxpreossions
and conditicrs.

Cangier, fnr sxamule, a variokle | which could be =el equal ko O or L
aceneding to the valus 2f a Sooleanr wariable Br:  khia cauld be w:Lliten

ECh

IF B HeM L 2= 1;

alee, comusideor tie cose whiers a uset wakhks 1o pecfars  some  ackion,
dedarnding wn the value cf B:

IF B THEEW %1 := ¥; IF ROT B TAEN X2 1= ¥r

14.7 CONDITIONAL OFPERAMDS
ALGOT—ED allews the user bto subalitute & canditiconal apecand feor  any
operand 1n  ax expreadaicn by the use of & construction inweclvilng
LF wawwa THEE ..... ELSE.
Foro inutaneo, the ficst examnle abowve can be rewelbbken

L t= 1F B THEN O ELSE 1
Cleacly, thils 1s coce copusct and cf great use in cases such as;

J = Jd + (TF E <« 1 1THEH 1 -¥X ELYSE E=1];

Hote that the conditicnal operand aust oo bracketed, and may cnly ke
unbracietad when e toems Ehe ponplote cxpression itself.

Ln genersl, a aomditionel operacd JDay  teplace an nperand Lo any
aclthmckic or Roolean expression. In acditian, a conditional cperand

may alse cealace & lakel and scl 22 an elemont in o switch list,  foe
BREmDLea;

SWZTIN 5w = L1, LF H THEN L2 ELSE Li, L4:

1t iz alsc pecaltted, in an arcay  subscript  dand  alsa in & kyke
gubecrlpkl, far cxomple:

¥ r= A[T, L¥ L = { THEM J EIL3E J+L]:
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Eloee a vendlelanal omersnd may rveplace any operand in an eIpression,
cperands may  alsu beoreplacsd do candltineal -:::-l:l.."l'.'r.'EEil.‘:-‘."‘.E-. fonaldar
the following exazpl=:

IF IF B THEY El ELSE BZ THEH 1 := L = 1;

Thia Tooks complloeabtsg bul ie eeally gqulte simple 1if brackeTts ace
inserted Far clarlkey. Thue:

T= (TF R TNEH |1 RLAR Ri) THERN 1T = I = 1:

14.3 COMDITIONAL STRTEMENTS
Thne reader was introdooed e conditiaonal stcabonmentys of the Form
IF B TEEM 51 =ZLSE 52

in Chagzev 7. The Lull pawes ol bhls Lype ol slalement can now  be
Armpnstrated.

First, 51 and 52 can be compound stoatements or BRlocks. FPor szampale:

IF I « [ THENW

HREGTH T 3= -T; H®H 2= FALSAE
EXD ELEZ

GhiLH 1 :=1+ 1y GOud L2
THI

Seccnd, the whole structure of the TP .. ... TEEN ..... ELZ% statement
can Le madse more powerful by using conditional atatements within
Lhemzelves, Fobf eXaaple:
I X < 0 TELRM A c= (1 ELSE IF 0O THEX S0OTD L
This is eguivalent to the fcollowing secuence of staterants:
IF HOT X < U THEK GOTO L1;
L GOTR T2y
Ll: IF ACYT B THbN GOUS L2:
S0TO L;
L2:

Cicacly the formar method of ewproession s bath bricfor o and moce
clezant, Londitianal stabezonty take the gonoral Foom

IF E THZM 5 ELSE 52
where 31 ard 32 aay beth: Lee comdlibtlanal stakacanks. Nowewer, 1t there
is awmy ambiguity, bEracksting 2sing REGTY apnd =M znst booubsed ko
clarlty zhis. Considet Lae following examples

TF R TN TF & = 0 TIER ¥ :— Z ELEE r= [;
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Thiz eould be inlerpreted as

IF A TOEW
BEIH
TF X = [0 TNEK ¥ 1= 3

£4n

ELSE P = 1)

IF B 1I'AEN

HEGIR

[}
=
=
C
LI
(RN
L=

I
)

TF 4 = 0 THER ¥
EHL
The first case iz interpreted as:
TP HOT B TSEN GO LL:
I 30T ¥ = o TIEW GOTO [L2g

Woi= K LD LE;

The gecckd caae iz Interpreted as:
IF HOT B TERW SO [L2:
1 ML X - O THEW GOTD Llj

¥ o= I EoTO T.Zr

T2

LLGOL -8 faclklaof s:oh anbiguities by forbidding  the  sequence  TAEW
I¥ ... TAEA ..... ELSE,

149.4 DERIGHATIOHAL EXPRESSIOHS
A orApwignaticonal expraszion is somethirg khat acta af an argument in a
GOT uTatement, either directly, ar iacleectly via a formal procedors

paramelbar sl Lyoe label. This may simply be a Llabel or & swikoh
elémerk. Thusn the fellowing are designational espressianss

L
I7 G TOEW L1 ELSE T.A

YFOX o) TH2W MWL) ELSE IF XK+Y k= E THEN TW|J] ELSRK L
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These dAenignational pxaresgiong weeld br uzed in the Fallowing mannpr:
GO0 L;

GOTG LE B OCTHEN L1 ZLEE LZf
GOTO IF K « o THEM SW[L] EL3EE 17 X+¥ >= % THEM TW[J] ELSE L



CUOARPTERER 15

OWH VARTARELES

153.1 GEHERAT

O variables ace a soocial kind of BLGOL wariable, and may bo of Sype
inkeger, real,  inng real, Heolean orf slring, olbhe: soalar or arcay.
Trr variakles howse the Zolloswing oraperkics:

1. actheugh follawlszy =he rormal scope rules, Lne vatlanles arc
nol  secuesler;  Ehe some copy of each warlaals beizy yued in
all asceurcenuns of g precedurs or olack.

4. When guntrel passes oukt of 2 black, Ebe walucs g2 retained
and are still availasnle whes bhe block is re—enkared.

3. The Inltial walas iz et te zeko  Lefoke  wmxipeotion of  che
PICOLEM, (PRLSE i ke uvage of Boolean OWh variakblsa.) OWW
FLAINGE are initlalized ka pooszess no byte string,

UWE warlablee are devlarced by writing the Zsuval declacation with  the
ward ORE procedine i, Por azample:

ORE LWLEGES 1.J E;

WM LTZAL ARGAY THETHA [ 1:2M]:

1.2 OHH ARRAYVE

WK arcays  are  Iplemented i a  comaletely dynamic  tashicn in
NeCeyebem-10 /20 ALGUL. Th: drelaration proceeds  aceording t bhe
followlng rnles.

L. TF thiz is the First Lime Lh& array  is dcolored, space iz
oktained and Lken the array laid ouc. LS the arcey has been
lald vut helare, zuroceed to Step 2.

2. I'm= bounds ke examlned to ensurc Enac theze ars icenLical ko
Eze  anes of zhe previows construction of this acray, and the
aceay 12 lelk unaltered iF found te pe of Lhe Saco dimension:
oLascwliae, aragrrs ko Atep 3,

d. A omew artay i: ronsteuckted and the commaon plements 12 any,
are copied Leol Lke ald srrayy  the cezolning elemenks are

Zrroedd.  Thre wld array is  then d=leted: and kse allocaged
space 15 recoverad For Caluce oS

For examzle, 2 an OWh scray hoix decliared as Ecllows:

OWE REM. LAgaY o[l:E,M:N];



OWN VARIAELES

where K = 2 gl 0 = 3 tke firss time, and M = 1 and & = 4 the second
Time, the elemenzs [1,%], [1,3] &nd [1,4] are copied over, and the
razaining elaments of the new array ate zeroaed,
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DATAR TRAWSMNTESLON

lt6.1 GEWERAL

Deba Eransmizsion encompagzas theo iopuat add oulpok afF dats De-ween Eoe
uscr's program and periphoral davices, soch as disk, DFCtape, magneble
tape, catd reacet, ward punck, and lize printer. The LECsyaban-10 k0
ALGOL  object-tlme  system,  in conjuncklan with  the ALGODL 1lhcary,
provides Ehe uspr with o set of nasic uracedures ot hariling data
fron rmoat CRCuystem—-10 or DECavskan—20 devires in 2 vnlln:wm Fas=ian.
The  ageor may  alac petlarr  inpatsoutput  operatices with wirtual
aecipherals that appear 2u byte strings isn Loe usor's FCOACan.

#11 paripheral devives are ander the 2guer's ooncrol complebaly and oan
be slloacated ot released at any time thrcughoul whe exccation of the
program-  The usetr zan hanéle up  to sisgteen aewloses simeltaneously
tioventeen, 1L one af them is che terminal atkaehed ta the jokl, any
nurkber of which way ke File dewvices [disx, NECtape) &nd  hawe
independent Liles apen.

16,2 JALLOCATION OF PERIPNERAL DEVICES

Feriphkeral dewlces aze allooatsd to the user's progcon Ey czlls Lo thr
library peocedurps THRUT or JULPUT. & ¢all o one of these proceduorps
asually has two paramezera. The Lirst is  the channel =umber, &0
Lokeger in che range 0 wo 15, on which the device iz ka aprorate, Only
oo Jeyice ab a time may Le operatead en s channel. A channel providee
cither  ipput  ar oculpok Tacilities, excent in the case of a terminal,
witer the iznput and oulpak functions are perfatrnnd simalbanesusly  an
thr same channel. The seoand pacameter is elbhor a string 2r a string
constant.  The text cockained in the Blring is the legical name of she
davice ko be allacated to this channel.

The JECsystom-10 or DECayskes-20 Cacrs Handbeok should ke consulted,
arn appropriate,  lar  an expianation of  what constitutes a lagical
device name. Tn the sipplest cade, kke nameo may be the aclzal namn of
ths poriphoral  device. Device oames shown in Table 16-1  are
reangnized as standaed.
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~able 16-1
SLandard Devicse Hames
Javlice Hame bPeritheral
LSHE olzk
LTA AECEaRs
UTh Bagn=tic taps
LR Card teadar
S Card panah
LET Liwe: polniar
=TA Paper—tade readet
R A H Pap-r—t=oe punch
LT Fletter
TTY Terminzl

For example, Lo allecate the rard ceader for use a5 an input dcvico on
cheanel 3, toe ager wollle o2 Lhe skatemenk

LHEUL LS  "CEH" ) ;

cgr, 11 8 were a 2tring wDossessing a aoykcs string that ~ad  the
cherpckars COR in it,

LHpur (s, 57;

Bimilacly, it khe Alsk wete Lo ke used an 23 oulpot device on chaones
9:

OUTPUT (%, "DYE" ;5

HOTR

With the exception of terminzls, all
deyloss  are allocabed Lo cperzste in one
clegabklan onlyr Lhus, Lf the user wanis
inpuk  and  pukoob Ecom  khe eglak, ewao
sepafaba chazmnoels rusk e useni.

Tarminals are always allecated bi-dircckionelly, irrespeccive of
whether the user uses IWFUT o GUTPDT, For example.

THPIT {0, "TTY" ] 5

allocales the nser's terminal for icput and cutpat on channel 0.

l6.2.1 Device Modas

Hatmally, a device is5 alloceated in ASCIT mcile, khakt ks, when Lhe user
[ends a crharocter frono the deviers, the ceadablc texkt, snuch as g shocoed
source orogram or dakba iE rencesented oy a V-hit kyte. Taa  wallogabs
Lhe dewles in 2 different mode, a third parameker is specified in Ehe
it o Bl IWRZOT ar SOTECT poocadure. Thua, ko allacale a disk o
chanzel 9 in Dinary  image  made Rl omede wSed {or bRe gbkcrage of
oinary data on & disk:, the wser can wse

QOTFUT[Y,"D3K" 111 ;
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Trd: BECSyStem—10 or DECnystem—I0 Assembly Language Eandbook shoold be
cprsaleed, as anpropriate, fer = full explanatick af the different
modes ws=d with peripheral devices. The INPUT amd OOTRPUT procedures
allow the user Eto allocate any Btandatd periphecal device in any
buffered mode.

le6.2.2 Buffering

The IWKDOT and COTPOT proceduces normally allocate two buffers Lor =ach
xllocated dewice (terminals are alloceted two bulleres Far input and
two for outputi. The user mey deelre ba use eitiecr one o more  than
one bufler Lat a devlee. For gxanple, in g oen-compute bound job that
gt g 1ok of disk trapsfers at odd interwvala, four or evan elght
ayffers may be desircable to increaze khe apeed af oxecatlan of che
FLOCL M,

The nuaber of hullers to 5o used oan be contralled by adding a  Ecuekh
parameter to the araoceduare call. Thue, ko allacate a Jdlsk e channel
12 in mode 0 with eighe buffers, bhe ¢all =

QUTPUT {14, "DEL" Q0,8

HE'E

The mode muAk slways b sSpecified when
allocating bBLEFer Space, otherwise there
wanld be an ambiguity in  the Lhicd
parameter.

la. 2. % Errocr Eekurna

Rarmally, i[ the device allocation Eails (for example 1f the davice 1z
in ume by anether jab), a suitable measage 13 typed and the prageam
terminated., The user can peevent thls by woroviding, a5 the fifth
Paranatet ko INECT o QOTPLT, a lakel to which conteol is b0 be pagsed
lm the ewvenkt af an error.  For example:

CUTEOT (14, "MTA" , 0,0, RRROK. LABEL) :

Il Ehe mactual label parameter i=s & switch whoae svheceipt 1la put  of
Lange, the procedurez behawe as  thapgh the label pacameter were
dbaank .

RHOTE

The third and feurth parametera muak e
specified in Ebils LI to  avoid
embloguity. Huowewer, if EEercH are
specified, then defanlt walues wilill ae
taken. The defanlt helng ASCIT moude and
2 buffere far the hird and Fourth
patameter respecsively.
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la.3 SBELECTIRG LHFUTMOTRIT CHANMNELS

Apfore a Jfnr ufes a deviss o transfer dats, sssuming that the device
han  already beoen allocaled Lo z2ome chanoel, the appLopriate input or
output channel maSk e "seleckedt Lot wee =25 the inpob or pubput
onarnel. 8l el | inpak  amd cdlpouz alwaws ofZura on thea currentl?
galafted inFu: channcl a—d ousput channel, rosaccklivels, The Ls&ar may
change Lae 8gelection of oiiannels &b any bime, swibkching Froom ane
channe? too anazhetr withoul loss of  data, ircespecctive of whether
comslatr lines  [(orf beccrda) of dabkzs have been read or nok. 1o fagt,
the FFonwvntem-10/4L0 inputfuutput SyYyebkem e pel assdme any gLructbure
in the Zata: all imout and outpont channely are regarded as pipellnszs
Lhevaogh wklclh he user pulla or pushes data.

Tip me-loct a= ingnt channel, a call te Rbe pracedice SELECTIHEFUT  must
be mada. Tris has cwe pmarameter, which is the channel oumber . Thoudb

ERLERCTTHRITIS] 2
causes input channel & ko bBe selected.

FBitilarly, thr grauvedurse SELECTOOTPUOT ia uwsed bo =selegcl =0 sutzak
zhannel.

1.4 FILE DPEVICHS

Sase perloheral devicee, soeh ag disk and DECkape, reguire the opening
of a spocifigally nazed file aeforc any input or autput aprrations can
a2 performed. 2his gopticnally mawv e performed oo spaoaled  dewicen
itelfer to Lthe sporopriate Operating Syvstem Conmands manual for &
peser tpkick: al spoollingl. Tae apeniay of this file is perfermed by
meeans G Eher proccedacs JPLATILE, wilech is called afler the device has
EBoen gliurabed $65o# channnel. Ther procedusae all has bwnn  paramekers:
the channel mazker oo which the device has boon 2llocated and s skring
srarishle possessing 2 hyte string ar & scring ceostant,  the teek af
whieh iz Lthe namps sf the file.

Tl dSer cab alea apecify 2 aratection andfor projech-pragrammes
number of a  Filo by seans of agtional bhicsd and [ouckk Soolean ot
intoger aarametor s Dor oxanple, ka Gcpen 3 file witka prcLecLiﬂn 177
an dizsk area [L11,.50] the user could write

DPEAFTIE (8, "TEST, UAT" 3177 50000711 p0Rad; ;

Whitn a waes has Fintohed with & Yile e akoold e closad. B Llie 1=
cloged oy using Lhe procedore CLOSEFIL-, with o parameter that is the
chanae] naglboo on which Lhe [ile is gpen. Thus,

CLUSEFZLE (3] :
clases kre LLle Bhat 1s open an channal #,
The wuore may alsao coname ar Jolote peisting Filing: L & Iloe i=
cloceady omen, usc 9f OPEAPTLE couses the File ta ke copamed with tho
new name supplied., Thus the sequencsa

CEEWZILE [&,"TEST1.DRT")

CEEWTILE | 3. "TEST2.DART"];

canzgez the tlle wilk nass TESTL.DAT Lo be renamec TESTZ.DAT. I the
stkring pnnkaining the new rame 13 null, she origlnal 2lle 13 delebed.
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Thizs
OFENFLLE (43,"TEST3.LAT");
LFENTILE (4,""))

ceuases the file TESTI.DAT to be delakbed.

1¢,.4,1 EBrror Eeturns

termally, if the appreation cequested faile [for ewample an inpot  file
deea wob  exist), a spitable mesasage is  typed and  the  proaram
terminated. The user can prevent this by providing e label and  an
opticnal integer warlabkde as the fifth and =ixth parameters to
OPENFILE. In kha event of an error, control wlll ke passed te khe
label, with an errec-code set inkg the integer wariable 1f prescnc.
The error-codes are thoae returncd by the ENTEE snd LOJRUF DDO'S
(cefer ta Appendlx E of rthe DECaystem-10 Monltar £alls Manval ot
Appendlx A of the BECsystem-20 Manlter Calls Manial, as apptopelakeo).

HOTE

The third and L[ourth parameters mast be
Present 1f khe error return parameter ia
gpecifled, Tefaults will be Ekaken 1€
both paremetors are specified as aera.

If the ackual label parameter ie a awlbch whose suhscript i2  auk  of
range, the procedure behaves a5 though the label parsmekeor were
absent., The integer error-gods parameter is called by name.

le.5 RELEASING DEVICES

The procedure EELEASE 12 usied to release a4 devlice FErom @ channel.
Thus,

RELEASE [5) ;

releazes the devicoe allecated ko channal 5. IF the device 1 a  FElle
device, and a file i sklll cpen on the devige, this will ke
antomatically cloaed. Relpasing a device on & channel causes &
channel ta  becomes  free; if thia channel is currently selected foc
lnput or output cperations, it 12 desclectsd.

Lf an atkempt i% made to allocate a device to a channel that alreads
has a7 dovice allecated, the allegated device is first relsagcd and, if
& File is open cn the device 1t |5 closed before Lhe telaase.

Tf & wuser terminatez hls progran witkout relesalpg devices an
channela, bthese are aukomakically eeleased.
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la.s BASIC INFUTSOUTFIT PROCEDMRES

16.6,1 Byke FProceselng Frocedureas

whe following prooadurea mey ae pgged with any devios to Sendlo Lyptes
af aky standacd si=e (1 ko d4d alts). However, because They are
narmally vsed with devices zuwnlying or accepting A3CII bvktes, they
arc "ovmba 17 nrienktad.

1. INSYMBUOLIS1: - (where 3 is Gsaally  &cme  lokeger variable)
caasea  khe next byke bto be ceod from the curconbly Selested
inpus gheaanal aed skoeed in 5,

2. OurSempOT Tl - [wheore J i Lsually gome inleger expression)
razseg Lhe waloe of J to k& cutnot as a byte to The currennly
sclooered wekaguk chanhel, IL J iz vwoo Zarge for the Eyte size

of rthe devige in une, it ls truncated to gize.

3. HEXTSEMBULI(S1: - arcts in edactly the same way  au IKEYMGOL
excent that khe byte Tmointer for the input Shannel s nat
afvancixd o khe newxk availakle byle, This gives the wuwser o
lopx—ohead faciliey af opne ayte.

d. SKIPSYMBUL; = causs=s the next byte fronm the selecsoed  iapak
vharnel Sn be resd and lypnoeed.

BHEAKDUZLUDY; - oouses all aytes in bhe huffer of  an o oukook
device to be senk immediakely ko it. This prosedure is
normally uwaed Lo conduct a guestion-and-answer Alia_ggue o @
termlnal, wWilkh khe gueallon asd  answer cn bhe same line,
Wormally, a block of data 15 Sonk ko a8 Jdavloe oily  when Lhe
buffer is full +ithe exceprsion hoing the koominal, wheres a
braak 1= Bent =L the &nd of =ach line].

L
.

l6.6.,2 String Qukput

A bEyte string may hawe lbks cantecks trawsferted Lo Ehe oarreatly
selected output channel oy meand of bhe procedore WRITE, whoze aingle
parameber i either a4 stcing conmtant or @ &tring  waclalkle Laak
noggesses the string te be oubtput. Parc examule:

WRITE|Z)
ar

WRITE | "THE MO 15 MALDE OF SKESHN CHEZER");
Hith crxoeoptinns oxplalaed In Lhe Collaowitg pacagraphe, all of the
byvten  in thp  skelng  ake  aukput  litervally, with the exceorian, of

coursa, of the cuares im & sering econseant, Wi lon are sk in L &=l
sbtaored in the byvies string ac all.

KOTE

Unlike scme obner Al&DL izplementakbions,
zpacag and okher nan=ptloting symbols in
b L strinhgs ar meaninglul In
DG sy ueem=10 20 ATGOL.
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Epeeial oditing charmcters arc permibteod within sguarce hrackoets wikhin
the text of a byte string. These have a special function:

= Page Ehraw
Soor M Hew line { stande for carriage ceturn, line feed)
T Tata
H Bpace
A Break cutpat
apy  cazbinatleon ol kEaege charackere, with apripngel preceding

roepebition  oeunts, can appoar wikhin sguare kracketcs in & byte string
and ace output e their special interpretation demanda. For example:

WRITE ["ABCD{D2CEE | BFGATY ;
caunses the following to oe output:
1. Ehe sarminal s RBCD Lal Lowed Dy & page throw
2. two pnew lines and five spaces
J. the symbols EFGH.
o output the aymbola
[ 1 " ar;
these must appear in tha form
L1 " ar s
cespectively. Thus
WRITE("""A[[I]] z= 3r:™"")r
caunses the text
"A[Li = 3"

to be culpol.

16,46, Miscellanegus Symbol Frocedures
The procedores 3PACE, TeEB, BMAGE, and WEWLIWE gecsc thoe approprlate
rumber of Speces, tabs, dage theowis, or new lines to be output. This
number is specified by 2 single integer parameter. If the paramecer
is omitted & wvalue of one i5 assumed. Thus

SPRCE 14
cauged Elve gpaces ta be oukpu=, whereas

SPACE :
ar

SEACE{l) T

J@ige chne apdce Lo ke cutouk.
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16.6.4 Humeric and Stelnyg Procedures

Kamerip procedurss are ugsed ta rosd and prial nodsric guantitics, The
procedurss will normally  boe uped with 2 devlice that iz operating in
BECIT zade, =nd are capable of prooossing inkeder, real, or leng  roal
quankities in tlwed=point ond fleating-poist representation.

lh.6. 4.1 MNumeric Input Data - Nureric daka for input A Fae
represanted  in any  Eoroat  that  would  oe acceptable as a numeric
constant in o prugram, ittespeclive of the type of warisble  involwed.
Wheir a number is read,. an aukopatic Lype conversiecn is perbactned,
giving & reszlt of the same typr a® L[ a&n  assigoment of the data
roprescented as 8 conatant in the progeam had ozen executed.

There is o minor restriction in that oo spaces, tebs, or olher
nan=petinting &yrFhaols moy  appeac ln soch cumecic dota exccpr bebwesn
the exponent =ign (& or & Ffor seal, ek ar i Zor long real) ace the
nEprenenk . Ctheewise, &any symbol  that 12 oot & part of a cumecic
quantiky raw ack ag a terminator for such a waankizy. Ik is stronaly
recemmendsd  thas =Spaces, tkabe, or new lines ke uimi as geparsbors.
Fer examnle:

.4 -9.48 l.3a -52

0n14.9

HOTE

Tn readicy & mnometle  guantitcy, the
ceczinatiry  fywhal, tkhat la, Lhe fiest
gvyrbol that is not nack oF  Eie nupber,
ig 1ast.

DECsvebem=10/30 ALGOL alse allaws the  user ko inpot  floating-peint
data writbten in FORTEAW Format, that is, using B fae & ot o, and D far
LE Of 97, Howewer, nir othaet apecisl effects inherenk  in FORTRAN
farrmalting are intcoduced-

The procedure REAN is used to iepol nomeric data  and  olse  skcinga.
Thia pProcedursa may hawe any nomber of parameters (WP ba g
inetallakticr-dependent masipum), =i type 1nkeger, real, leng ceal,
Boolesn, or string.

Thp «fFfeops 15 as Lollows:
1. For integer, rcal and long real wariables, & nomber is fead
and conwerted ko the bype aporapriste Lo Lhe paramster and

trhen agslgred o the variable.

2. For Heolean, & nomber is reac as Lf Eor am integer  wariable,
and agsigned to the waciokle,

al
'

For a strlog variable, khe data text is seanned unkll a quote
(""" i= found, and the testk Eollewing Lhis ap o byt sok
including the next free gueote 15 :1pad ic and a bybe string
genasated, which ia tkhen possessed by the strhng wariable.

1f the sequence "" isn faupd, a =2lngle " le Blored, and reading aF  Ehe
gtring continues.
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DATA TRANSMISSION

la.6.4.2 Wymeric Output Data - Humecic data iz ccksuk by mozns of the
pErncedace PRl This oprocsdure way have ope, twe, of Lhree
parametera, Lkhe Eiral ol whleh is the wacioble toe be  prinbed. Thin
variable may bo 2z ointegec, ceal, or long real. The szcond sand chirg
farameters determize the feormab Lo be  uand a-a are integer
CcHpIeEsions. If omitted, bkebh pacarckers are assumed bo ke zero,  The
eEfect ol the vacicua gomuinations of the forma:z integers, M and ¥, is
=22 lallows:

Wad, M0z Pilxed=-poink orlnkting, M places hefore the decimal
peizt, W places after. & sign, apace 1L positive,
- if negatiwve appears betoare chir cambco. Seros

before the decl=wal 2oink are replaced by spaces
and the slan mewved gp to the pamboer.

This format alwavs aurpuks M4+3+2 Gyembaeels,

Hal, H=03 The same as  the  greeeding excent  that (1) 2o
Etacktickal part appears, and (2) the decimal poizt
1z soopreascd.

Thix farmat always octpota H+1 asymbals.

M=0, K:xp: Floating-pei=zt farmat, consissing of o sigon, &
dacimal digilL, a decimal paint, W Dare decimal
diqite, and ar cxpanenkt coensisting of & fer real,
Lk for long rrel fallowed oy the exponent aign and
W twp—GSiciy Exponent, IeLo  SOppreased  From ghe
1=Ft.

This Llormabk putpats W=7 zvmbols for veal and HEb
fwmiwalys For long ceal guoantilies.

It anly two purameters aprear, formal MU0 i5  gasemed  for inteqec
vaciakles, and Lormat DA [or real and long real guantiliea, whare M
and d take, cespeetively, che walue of btie B2zand patamaser.

IF gnly one pacamecer appeats, Lhe fofmat is incerpreted as 9,0 which
assumes  eBtanéacd prinling  sodes of 11,0 for integer guantities, 0,9
for rezl qguantities, and 4,L7 fur long real auantities.

TEf the uzer requeszslks mare Aigity to 22 printed than are zlgnllicast in
teal ot lang  real numbccs, the appropriate nomder ol zoeas Eollow &
aroperly tounded prlnting of the numoer to the waxlwmsn pregisian
Eveilablce,

la. 6. 4.3 0Ogkal Input/Cutput - The Fracecirces RERTDOCTAL, and
FRINTCOTAL, respectively, allaw Lie uspr ke input  and  cutputb
Jquanktisies in ogial forLmak.

on inpuot, Eor slngln procisico varZables, up ke lE actal diagizs  ace
rearl,  pgrecoded by the syabel =, the Lerwmlnater boing any nom-numeric
gymhnl . Ko lnng vwal wariables, twe:  =unh potal numbecs muast he
rresented for inpuz, each preceded by the symbal i,

On putpat, 13 octal digits, preceded by the symkol 3, are printed foe
single oprecislen wariables, Tor long real variables, two quantihics
each with 12 octal digity ace printed sepatated by a 2puauve.

The Llocegolng proocdares dave one scalar pacaratnr whnich may be of
tyoe Inlessr, resl, lang real ar dool=an.
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OATHh TEANEMISSION

1.7 DREFALCLT IHECT/OUTEUT

If th= pser docs nek =clecs any lnpul o oolpul  channela, inpout and
cukpuk  accut  via anm "inwvizible”  chameel From o oand Bo Lhe ggerfg
torminal.  Thus, Lor siazls proqoons whers the wuer wifihes ko Loput a3
few nurhers and nriak & low resclis, he simply uses RTAD, tyoes in the
Ceka on iine taroswuqh nis terminal. ani yeks  back  che cesultes  fro=
TRTAT.

1.8 LOGICAL THPUT/DUOTPOT

In ecdition te the 14 chapnels wzcd €0 commanicate with wperipheral
deviees, an additienal 16 channelsh, numbersed Freoo la ko 32, are
provided., These are inmpab or cutpat channels that ooe hyke akelnge as
A mcens all ghorage,

Ly means of the proceduces THRCT or GOTPUT, she udser  wan ELbach 2
chazrhel Lo a byke strizg aassesced by o string warieble, and can reac
and wrike hytes irvam akc Lo thia bybs strinmg, either ko and  Scom &
reriphecal dewice, ac ko and Liom another byka atring.

IRPOT (20,4
ar
SCTPAT 20,50 ¢

agans thr hyso sholng pogsgessed by Lhe siring variakbkle 5 Lo ke wsed s
logical channel 20; thisn ghannel @ay fubsaequoenkly be selected fer
inzut or cutmot, s anpropriate,

Trc puor is Aeill frewe, ol ooocse, Lo manipulste the individoal bytes
within the ‘Tovyte skring by means oF She byte—zvobsceipbine Lacilities
zvailatle. =uch facilities encales the user to reapd o Tlle Lrom a
porigharal devlice izko a strizng, process it io any way whabsacweor, and
cotpub Lt ageln.

1. % SPECIAL OPEREATIONS

Thesze proceduces are ased on channols essigned ke magoetic bages, and
rerform operations of BACHSFALE, EWNDEITR gnd REWTHND.  Each Sravediabs
“akes one patameier, Lthat is, the ctannel Dumber on o owhich  kne
aperetlon La ko be perlfornad.

Sicce kthere is no  immlicit stcussurs an A magnatic Lapse, Loege
procecores enable the user to build up forzate in any wavy ke choooons.

ib.lv L/ CHAMMEL STATUS

The =tabas sl any inpul or aotpub channel can be dstermined at  any
ciep by mcans of the Doolean procedore LOCEaN, wkhickh takes an integer
rhannel norker as paramchsr. The Sitakus retdroes 1s bail caded 35
Zallowst
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DATE THANSMISSTON

Bik Tl Mzaning 1if Set
& B40G 000 Device 1 phyalical [i.c., noc lsgicall
19 2004500 Directocy device
26 2100050 Termiral davice
£1 040G A5C1T mode
21 =020004 dagqnekls bape
23 shloddd Placter
24 004000 et far defaul:r TTY an channel -1
25 FLL20D00 Deyicr is mpaalaed
26 021000 Device <can do inpol
27 2380400 Device ip initlalized far input
| FUAL LD File is apen for input
29 2000150 End of file encountered
ad LRI N ) Input =takus ok
i1 #000024d Device can da ountpuk
32 000010 Device is lpnitialized for ecutpuk
33 000004 File is epen for cutpnt
34 20000032 Device guota exceeded
ih 004001 Dubkpuk statua ak

Zarma ol thesa Rlte are af 1ittles nse o the user, hut, for examp:e, il
& Jevicer is allecated; and the user does not kpnow whether ot nok Lhe
device is file-gtructueed, 10CHEMN can be uped bo debkermline thils. Thues
nits opf particulacr use to the wuser are Ehe lnpot  pod gutput
cnd-af-file.

HNOGAE

An end-of-file oo oukbput iz a logleal
atatua lndicating +that, far cxampleo, a
Absk guaka js cxoceded or &4 DECtape 1S
full, or in the gase of a logical
dewice, the byte string 1a full.

When 10CHAN is ueed, the end-ol-£lle [lagsn are always cleared, if set,
g0 khat the wusor may proceed ko read a magoebic tape afker ap
end-af-File marker iz found.

The folleowing example snows how khe uweer wiowld  bBendle an ankpuwn
device whose name Ia given Lo the pragcam via the user's cerminal:
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DATH TRAWNSMIGSICN

STXTHG RRVISE, FTLE; TETLGRE COAKNEL:
WREDTS ("CofMMEL BED: ") 2 BREAE.GUTEUT;
READ (CIEAHMEL] ;

WRELLE ("[C]DEVLCE MAMHE: ") SEESE.OUTEUT:
ROAL [DEVICE)

QUTREOT [SNAMNEL., LEVICE];

IT IOUHAM [CHAEEMEL| AKD %2008C50 THEN

LG LA

WATTT (" 0IFTLE WAME: ") REEAE.QUTPUT:
BEAD (FLLEI;

OPRNFTLE (CEMINEL, TTLE)

ENL}

KD

EOTE

Whoeen ufing Pooloan peyareSSinns inwalwing
1NC=aH, the cules for =valustion in this
implementatice srowuld be bBarne in mind.
Bee Sagkion 5.2.1.

14,11 TRAWNSFERARTHNG FPILES

once devices nave been ollozated bto an input and an oonkbput ckannel, &
complete file of informaticnm may ke ftransferred between  them
automatically oy calling the parameter-less procedure TRAKSPILE. Thie
procedurs  cobisg  bybtes from ohe devilces ko ancther fcam BkRe currenkly
Selechoed inpubk chanoel BEo ehe currently Soeleooctod oukput channel, apgil
an ené-of-file status is roised on 2itker the input or outpab channel.

16.1% CNRRENTLY SELECTED CHAWNWNEL HIUMBEERS

Tha nomber of tre channel corrently selecled Lor iepal aor o2Rpoh ey
b abzalped by aze ol bhe Inkeger procederes TRDNAW or OOTCOTADN.
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CEERPTER 17

THE DECSYSTEM-10/20 QOPERATING EMVIRONMENT

The operating environment of DECsystem—Ll0s20 ALGOL  peogcams  consists
of  thoee  gravrdurcs in che pECavatem-l0 20 ALGOL Libracy required by
Lbw: ufer's wrogrcom, and the DECaysbem—-14020 ALGOL Object Time Svelen.

ke farmer ace those  proceducsns  dezailed in Chapters 13 and 16,
togqetner  wikk bhose descriocd below. These peocedoros can 28 thoughe
of a@ caisiting in o bleck surroundlng tho usec's program, and,
therefore, are available wien pallcd. The namez of these procedurss,
howewer, are in 20 zense rescrved oz ave werde aich as BEGIH,

Aote thetb chese progoduees are only peesent in the usec's prLogram when
tedulznei.  They are loaded by the DECayaben-10 or LDelsysten-20 Linkiny
Loador when so directed ay Lhe DECuystem—10/20 ALGIL Complice. Thre
user 15 mob required Lo kake any actien £ incliude khese proccdures,
ut=er thao mzke & call o bherm. A complete list al library proceduces
iz given Lbelow,

l¥.l MATHEMATICAL FEOCEDURES

The folleowing procedutes gxpret ope arguaent, of esal byvue, acd yiald
a ceal Lvpe resulth.

Prooedurs Mame Fanction
&IN &ine
taynl Cosine
AECTAN " Archangent
SOHT Syuare ook
EXE Kxpenenkial
4 Lagarikhm {ta baze &)
b Tangenl
ARCST R hrosine
BRCCOS Aroooaine
L | Binh
COSIE Coeh
THAEH Taroii
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THE DECSYSTEM-10,/20 OFERATING ENVIROHNMENT

The tollowlng procedures expect one argument, of lurs real bkype, and
vield a lang real typa result. Hoba that Ehey are Lorred by adding an
T. Eefare “he eguivalent single precisian procedurn.

Frococure Hame Tuwackion
L5IN 3ine
nCOs Cosine
LAICTAN L&cotcangent
TEORT Sgoars root
LEXF Exponential
LLH Logacithm [to base o)

The funetlons ENTEIRR, ARE aml SIGHM are alsa available, aa degeribed in
Seoticn 3.1.%,

HCTE

12 avquments of ftyne integer oar long
real are qgiven in an ALSOL call ta theseo
ptocedurss, +he vcomgiler planzs Lhe
aparouer fake convecsion code.

17.d STEING FROCEDULRES

For dotails of ke gracmiuces CORECET, LERKGTH, SIIE, OCOFY, MNBEW3THING
dar.d LELETEH, see Paragraph 11.7.

17.31 TTILITY PRDCEDURES

7.3.1 Array Dimension Procedares

“he intener =aracocurs GIM, wivlioh bekoes an per smebi b=>e rname al  an
array ab any Lype, yieldes & cesult that is the numheor of dimcrnionn of
thr arcray. This iz moszt useisl when The user 2a558e5 4T ar L&y a5 a
rarameter cnd withes ka pghecs tF R las, Loo CAENELe, & matrix.

The 1nweger procedures LB z2nd UH 3lso take as  first  paramchers ke
namys @l oan array; Lhe second parametsr is the subscrist number . The
rosglt in o bihe loawer of agper oound, tespectively, of the sikseript
surcifiod by mhe gecond parameler. Tne fcllowing precedure wses thesco

o clear toal manricoes,
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THE DECEYSTEM-104,/20 OPERATING EHVIROHMEMNT

PROCTDNRE ZEED (&) ; ARRAY Ay
BELTH
LHTEGER L,J:
TF OQIMian) = & THAERW
BEG1A
TATEGERE L1,T.2,011,[T2;

Ll = LE[Aa,LY: U1l := US{a,1):

| =

L]

am
I}

LBy, 2Z); 02 5= U54A,.2;,;

FUL L := L1 JUWTti- Ul pu
TOR .T e+ L2 OWTIL O DO XTI, J] z= D
= H

ERT

L7.3.,¢ HMinima and Mexima Frocedures

The intogoer procedeces IMIW amd IHAK, kEhe real ptecedures RATLH and
RMAX, an<l the lomg eedal ardcedueres LCHIW and  LEAX ace ofedr
cespectively, to detecmine the minimum o maximam of a8 nampber ofF
argqumenkts of the aprropriate btypa. These procedures nermally accepk
Lz to tenm parameters {this Figure mav be chanjed by re—as=embling the
RLEOL library wikth 2 different parameter].

Faor examplec:
I ;= IMIH(J,HK);

Moi= RMAMN (V4R BRMTHY-Z,010

1v.3.3 Fileld Hanipulatione

The procedur=2a SEIELD and SF1ELL enable the ozer to manipulate o field
within  any inteyger, real, long real, Bool=an or slcing wariaaole. 1The
intrger paramoteeg2 I oand J apeclty a4 hyke al lepgkh J 0 bils whoae
leftmost hit is  the T'th hit [counbking From =cra at ki lelb-handg
side). The byte specified may be frem 1 to 346 in lenath and may be ok
any poalkloan in Lhe wariabkle.

tor single word sariables [integer, real, Heelesm), I may cangse From O
Lo 3%, with the wconstraint 1 + J €£=36. FPFer dGoubkle word voriables
lang real and atrivg), I may tangse from 0 ta 71, with the constraint
I = O3 J=yd,

Tase Phtkegar procedurs GFIELO waes I soe J  aa  the #econd and  thicd
saranohors: the ficst parameber is bhe earlable.  The resolk be Las
value of the byte (right jonstified: specified by [, J.

1Thas

B oi= LGRIELD(E, 3, 0]

gqives the volue of the byte consisting of Bits 3 theough 7 of A
17-14
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The procedure S¥1ALE sots & ayle epecifised by the secend and ehled
paramelbets I, J ta  the yalus apeciiled by the feurth poramekber, ol
“ype inteser. s

EFIZLL{A,3.5,.00;

zoran the hyie specllied ir the first sxanple.

IT.2 DATA TEANSMISSION FPROCELMIERES

Far deteils uf tRese procecutes refer to Jhapter 16

17.5 PFORTEMAH IKTERFACE PREOCEDUEES

=10 or =40 PFORTRAN sybkroptincs Tay be locorporated in BLGOL  objsck
ptoctazs by loading these subroutines wikh the RLGOL wein program f
amv nhhizr ggpataie ELOOL Frocedites).

Such  PGATRAN  subkrouklnes ghecld  be  specified oy A7 EXTERNML
declzraktion in  tho  ARLGOL pregtiss anc, dJdepending on the FOARTRAR
compiler oEed, the appronriate preocdurcs Soaelid be called.

Tabkla 17-1
FORTRAN Trnterface Procedurss L
TYEE I N P E LHTEGE® REXZ. LOKGE REAL BOOLEAN 1
FOETRAN [MODRT.E FPHL) ELEGIE&L”
F-1n TLOCATLL FPLUIZALL FLlORCALL EliDdanl FLULLCATT
F-40 calLl LY RCALL DCELL LCasl ,
'

The firsnt paramckss 1n bness procedure calls most be the nams af  khke
PORTEEL sacrautine, which muse b odeclared ag an externa’l proceduare cf
Lhe appreopriate bt¥ype (o7 non-Evpe). Bubscavent pacamekscs are  taken
a5 the argusonta to the procedores.
CaALL amd PLOCELL are uscd &% single fsgtomenks, Lol exanpled

CBLL {FOBET . &.X0
l= egquivalant ko

CRLL POHL (X Y
in a PORTRAY progEaz.

[CaLL eto. wmust gupear in the appranetlate contesl iw an expressizr,
thus

Iy

i= L ¢ ICALL{EZ]

EOTT

The pararebter of CaLL,  1LALL,  etc.,

mavwe oF o mmy sypw, including arrave of
any dimenshics,  with  Ehe: epkecollian of
string.
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17.6 GENERAL IMFORMATION ROTTINE

Ine intager peocedurs TNFO desending on the  value of the varamecher
gpecified, provides  infocmstian abanr waricus  aspectks of  the
BEfvIFonment.

Paramcter Ratorne integer walue of
0 core BLEe in wacds
1 Aate {15-bit forzak;
& time (ticke since onladnight)
1 Elrn [(milliseconds since mickighk)
4 tuntire (milligeconcs)
3 processar tyne [1=K&, 2=KEI, 4=XL)
b number of BlLack =hifts so fare
7 cakpller versioco wored

For nxamale
FRINLTCINFO (401

might produce
11346440

- the Jub's rantime op to now in milliseconda.

L7.7 DATE AND TIME IN RSCII FORMAT

Tacee routines a:e provided for returning khe gurrent time and dake i
gtring format  suitable for prinkting without nodificabion. Toe ewn
date routines, FPDATE and VLDATE, giwve the odbtion of & etsodecd
three=chacacter abhreviation Lor thr month (FDALTE] , o 4
varizble-length skcing with the name of the moench in full {¥CATZ). In
otk ecages the wear is given in Lull.  String orocedore TIME giwes an
eight-charactor string with the curcent time as HH:AM: S8,

Far pxample
WEITE(VDATE)r MNEWLINE; WRITE|TIMI);
might protuce

27-JaRUaEY-1975 0
12:14:05

1i=x
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17.8%8 RANGDW WOMRER ROOTIMNE

Three roatines hoawe becn ingloded  fe peovlds a  random numbec
canabiliky. Tze number cenerator 15 zimilac ke khat ueed in Lhe
TORT=EH libkrary, which iz dosumentoed in the Sclence Library  Tanual.
The ALGOT werslon Ls, boweswer, iritialized candamiw. Tf o repoacabele
gequence of peewdo-random -umases 1s segquired  Lhen peocedure  SETRAR
shouic ae callad befeore Ehiz First cell ko RAKD, wl-h the required
initial walue. Tar =<Lample, Eo generate Lthe same  soquonos ag &
TORTRAK Trogram asing the dofoulk startiog value cuceently ased by
TORTEMAR, SETEAK(-l); ahoulé be included io khe ALGDL prngram, The
thicd preccdure is SAVRARE walch reluene bthe swalue of the Last candem
rumber withoont iovoexking tho —umber ygonaerator.

ELEZ and SRVEAH are INTEGER procedures}  SETSAM is non—twpee .

17.% ONTRACE BND OFFIRLCE

Theoe bwa Lypeless parametarless procedices turn the  dynamic Eracing
GYf o procodure entey  eand Llabels on and off respectively. Meither thc
entcy of trcaec jseon labke Bhe trace bulfer (Wwhich is printed by us2 of
the T's&lH cemmand to the REREHTER dialeoyg.ec] ac khe Il_:ll'l"lu'dl'l'lil.": Ilé.-.:lu-g-gi:'.g
Byaker 12 affecled by the procsdures,

17.1d PADSE

Tiiiss typclens parameterleons pracedure pocely ewxle3s to khe Mohitbor, ir
Euch & way 35 to allow execution to be cockbinesd by tyoing the Manitboe
command CUWNTIHWCE, This is provided to allow,. for examqple, a éevioe to
e asslgnod,

17_11 CIME

Thizs Lypeless procedure has ons integer pacametsc: cthe npumber Ll
Llce:s—1nwerlsn ponkalnlng  the preaent one Lo ke dumped. AR iz
idenkical to Bl Debweodlng Swslem cemmand OCWMP {gee seckion 20,750,

with the fellowing excocption:k:

1. Qutuauk i dircesed to Bhe gurrontly selecbd oakput ekanneld
(iqnoces NDebugaing Systern R0OTRRIT command:)

2., Aarrays are zlwovs dumped

i, & hilsbory Lrace {sisnilae to Lke one produaced when o run—tine
crrieer Qs Tourd] always precedes BEhe dump.

The _nbeger patamnseier pecrfsims the same funckbion o= the numecis

argomenk %o Lie DURP codnabd: a walue cf zero has the effect of
"AT.T.Y.

1'-&
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BUNKELING AND DERTSEING PROGHAMS

18.1 COMPILATION OF ALGOL FPROGRAMS
EECsyutem-10,/20 ALGOUL Poagrams are compiled be  kne  ALGIT. compilec
under  tie  Btandard DDCosystom—-10 or DECsyeran—20 timesharing moniter.
The compilet 1s callced by cyping

I ALGOT
fr ofor the DECzyeken-20)

LLGOL
ak ranitor pomnand lewel.
Toe LECEYsELem=20 80 RTLOONL Compiler responds by typing an  asterisk  on
this cEerf'e  kercminal. The waec ther bynes a cemmand sbrlayg wo the
compllor, specifying the zource filefs) From which khe Drogram iz to
b coapiled, and  the oukpot filse for listing anpd  ocutoak al
relocalainle bi-ary. ‘The commend akrlng takes the farm:

COTRIT—FILE  LISTING-FILL=20MNRI F-PLLES

Followed b¥ 3 carciggo-cotorn (ALTMUDE cannat be used ©o0 tecminale a
compand akring! .

A flle bakes o-e of the forme

DEVICE :FTLE-YAME..FILZ-EXTENEI0N

DEVICE:FTT.F | KaME
Lot directory devices (disk and BECtape)
=1y
FITE—NaME . FILE—EXTEAS TON
Cr
PILE-MEKE
where D3K L2 essuned to be o defacll dewice.
In thr case of non-dirzcicey Jewices, the formabk is simply

LEY ICE:

14-1



ROHNNING AND DERETGGING PEOGRAMS

In aSee sbkete no PILE-SXTSY310MS sce sTecificd, Ehno snandscd Jdeladlbes
AFL For the relacakable Linsey aolpal file, L850 for the listing £ile.s
acd ATG Frr Rne ganzce Lile are assomed.

SOUHCE—FLLES
gonnint af opne Ylle 5r 2 lise al files aeparated Ly commas. I£ @
LuylCE is specified For Bbwe licst Flle, and nol Cor goccesding files,
the zecond and Zollawing files are taken lrem Bhe sace dewvlos  aa Lhe
Lirek.
Exampls:

ICLER,TTIY: —EULEIL

[cerad  focrer loean DOSR:ECLER.RLG, wWritke relacatanle oinary (=]l
DAY :ENTLER.RETL and lisking on Ebe uswer'a Letalnalil.

MIAC DEE:SIAZE=STMAG , BARAN  T5T

[E=ad soutrce Lrcm DSEiSIM29.ALE, DOSE.PRESA.LST, wrlizte rTelocatable
Dinary an dewvice MTACS, and ilablng File oo DEKSIM26.L5T].

Lertain swiktrcnes may be st by the wser io the coammdrd fSzring. Theae
afe:

BUFFERS D et nuzber of bufEee= in cozfFiler's 170
Lulfer—cing &0 n.

CHECEDN “ompile Tun—tima AL Caw—ocaned aicoking Tk
18.5.1.11,

CHECKCEE Do kol corpile run=Lime ateay-boand checking,
segardlass L oany CHECKOW sStakemenia in  che
EH I R4

HELP:n et the initial size of Lae dwynamic core  acsa
twhicck: Lo u=ed  Lar TI00 ouflecs, zkeings ard OWH
AT rays]l ko on words. Thiz acfea 15 dynamically
cxpandrd &b run-time LT nouessary: les Llmal aize
in typod aue at the ond of cxecakion 06 she objeck

meEaqram is loaded wich DNOT,

HELP =Iwpe nelnful text,

Zeln Produace code Lo con on the X8l0 processor.

ET1N Fradouer cade o ran an the XITD processor .

EL1O Produce code Lo cun on the ELLD processor.

LIET *Ligl Ehe aouros Eragram 1daefscle if 4
listing—ceyize in gpucllied in Lhe

conzTancé—-stringl.

HOETIROLY Do nocl bype srror-~mesgages on bhe terminal.
HELTET Do nat 115t chye s roe ETHYTHN.
NOELUMBZRS The azsurce program So=s not kEave line s2quence

sonaeid in colurns 73 o 85U [(Aclaaltd.

AQCUOTES Dellalzer words are nok 1n guetes delacll].
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EUHHING AND DEBUGGING PEOGRRME

RUSYMEOL Foepgress output of expanded symiol table to the
AR Ffile,
NUARR S Zhe zourece program has 1lne srcouence  mumbers  in

columns 73 ko BD.

PROCUCTION a nek wompile trace information or autpuk
caranded symkcl-takle te the (REL flla,

QOTED ) Fhelimiber wWards aceae in ouobos.
SYMBEDL In:lude symbol taple infermztion in (KEL Lile,
TEMPZONE: R get length of TEWMPCOLE wsrre in compiler to n

W this is exnly necessary if the campller
privduce:s o message  bo that effect, whlch  may
happen for Sanme wety vocmplicated scatement
conELLucks.

TRLCE Coantrel tcocing,

HNOTH

Singe only one procesacs Lwvpe, the KAZQ
iz available Luor zhrr DICsysTeam—240, na
gwlteh eptianz are cherefore  available
(uzlike  the OGFECevsbtem-10 which canm run
un pooc of the theee procesaces, KR,
k117 z2nd KLLD, and thecefore has three
opticns).

Ewitches Zay be shartoncd to a unigue abbreviaticr: <theso macked with
2n  asterisk () in the abave 1ist may also be given as @ 3ingle
character. Walues !n] are in dogimal.

Switrhes after a File-spzuaticabian zce set by a preceding .
For exanple:
FRUD, PROL=FRED AT, PROG2 ANOLHEAF: 2000

cauaes 11le PRODT ty be compiled wikh a liaking, PRONRZ to he compiled
wizhout  listing, and ke initial size of the run=-time dynesoly core
araed oo be set to 2000 words |the deFault s=ize is Z21 worde).

Thie ALGDL cozpiler ceparts all  souros preoqram errofs bath an bhe
nEet*s  Letmlnal ard in the listing dewvice il it iz acher than the
“@rminal. Afcear compiling & Erogram, thr  coppiler  returme  with
ancther astsrisk, wheteupos Ele user may compile ancther program, o
vpe U bt Eelucn ko menitar level.

1£2.1.1 Compilatlian of Pree-Standing Procedutaes

QDCayntem-T0 R0 ALGOL allowe ke wscr to  compile provedures
indcpendent of programs  khaz gall chem.  Such procedures may oither
Fepllow Lre main progran in the source file of way be in an indeoendent
soutce file elther @ingly or together., The user wkes exactly the same
process ke compi le nsocn files.
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RUNHING RWMD DERDGGING PROGRALMS

NOTE
Free—=skanding proceduzee mast nobk abocar
btefere the main grogram. If thke uwicr
enguless +a call tzoze procedures  feom
shz malm ALEDL progearn, khae apprLoptliate
RETERNAT, declarstians west 123 meda
{refar ko Laragraph 11.9),

13.2 LOAPING BLGOL PROGHAME

ALGOL  mragrama  are loeded by meanz of the OBECsystem—10/20 G
Lilsysten-20 Tinpkirg Taadere i sxactkly the =sz2me way as proarams
genecated by WRCRG-1Q/20 and FORTRAN are loaded (Eor Getails, tzfer to
the DECsyzwen—l0/20 Assembly Languaos Handooak) .

LTHE=10 ar [IWNE-20 avteomwsbli;ally caasee all procecures remuiced from
the ALGOL Libracy [ALGLTRI o be inoorporabked lotoe Lhe weer's program,

Tor pxample, cocslder the z2aoece Zile RAIN. AL which coertains fhe
LHLEODL main progras and thoe [iles SO81.ALG and SCBL, ELG which contain
frae-standing procedures.

The wser may comolls these fllee Lo give ore relocatailes binacy fale
by typing che Follawing oowesand skelng o Lhe ALGOL coZpller,

AL MALE=MRLY SUBL,SLEZ
and lgacing khe rvesolting peogram by siving the command soring

ARTH GO
Lo LIKE-L10 or LINE-20. &lternotiswely, theo coraee sooreoe Folez can be
comsiied Dndapeadaently by typing Lhree copzond strings to bhe ALGOL
campilnr, For vekamdles

WRIR, ML [H=FAT™

Suel , 20sl=20BL

SUE2 EUS2-EULBE
At giving LIAE-10 o LIWE=20 the command stcina.

MALL, ST, SUREA00

AlLer a progbal has oeen 1caded, it may Ee execubodd.

14.3 HUKKING ALGOL PROGRAME

ARLGCL porogramz are sgscogted oy typing che coosale commeand

START
o any of its walid abzreviatioms. I: <whe Prodran EHElUTeE
successfully, a message will B oprinmed on <he ugec's Lerminal, and

Lthe orogram will cekbuen tc monizar commaond Tewvel .
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14.4 CONC15E COMMAND LAWGORGE

The Comecize Ccmmasd Tanguage (CCL) festur=e 1o khe DECsystem—T0 or
DECeyatem-20 rmanikor may br used te facilitale the cappilation and
executicn ol ALEDL Brourazs. These featutes are dsed in exactly the
same way a8 lur procrams wWritkcen 1o DECsystom—-10 or DeSavebez=24
TORIEMN. Tor Jdotails, refer tao Lhe CECayabem-T10 or LzCsvsbem=20 Jgers
Oandhaak -

Switches Lo kne ALEOT. goapiler ate  enclosed in parentheses  and
gepatak:u] by slashes, bPor exazple:

BRECULE BOL(COOTEL AOERP :2000,HT)

1.5 RUN=TIME DIAGHOETICS AKD DEBUGSING
IFf a run—-time ecror cocurs durinhy tie cxecation of an ALGCL  chijcot
PEQTCEM, alt @EEar  peSssage is prodoced, detalling she tvwae aof error,
ard itz address within the user's program. Soct ercary Fall into Ewa
calegqotiaes - Fatal and non—fatal.
A mechanisr has been pravided by which DRECsystem=1D users oan  trap
non-fatzl errars, and when they accut, transfer conteal te = lakel
within khe aser's program.  Each soch ercor has a ucdizae nomber, and a
bal:ler of  rthese appezrs  Lbelaw. The Lipcaey procedote TRAP, used to
trap nan—-fatzl errore has kthe Lnllowing specification:

PROCEDURE TRAP [W,20;  VALUE M, L;:

IHTEGE= W: T.AARI L:

Where K iz the numbeor of the ercor to be krappred, and L is a lasel  fo
which ceorkcal is requiced ta be passsd wicn tho error occure.

Unce such @ tecap L5 set 20 By 4 call fo TRal, it remalns in  Ffaorce
urkdl  another call to TRRP &Sots a btrap to o different label, er ountil
Fho tcop iz btakned afl by

TERE K

Ehat is, ezpitting the label paesmoceor in o trap call.
HOLE
l., TRAF i= awvziloble camly an JEChysten-14.

2. The trap lzbel is a Foraal patameker by

wal e The npunker o!  thre kran chat
caused che Jjumg ko khe Label mav ke
chlzined by  2alling  the lokeger

Brovcedare TRALFMHG,

[
=
1
Ln



BUMMING AND DNEBEJGGING FROGRAME

id.5.1 Facdlities to &id in Program Debugging

Ta.5.1.1

CHAECKDON
wher olared anvwheore
frzm  Lhiz poinct
Lolng in Zacge,

CEKCKOE &

fireray Doend Checking - The dicscrive

The diceckive

nullitles thiz ac-ice.

1=

SUT O RANLGE

Table 12-1
Freur Trag Wumbers
TENE KD. Ex[ls
. FLORTING POCINZ OVERFLOW
L9 FIXZL POLHNL JVERSLOW
32 TRELCT JF OJTPUT DEVICE LELWAILAHLF
i3 ILLE2RED KOLE KOs L[HPUDr Oi O0OTPO0T DEVICE
id LhgEl™ OFR GAITEOT D UHCEFIWED CHARBRZL
35 ATTEMPT TO HEAD DR WR_OLIZ O CTRECTORY LEVICE
WITODOUT FILE UI'ER
37 Fiok WO avaTlABRLE GR RERAME FAZLCLRE
3 MTTEMPT TO REALD 2% WHRITE OvER EHU-D7-PTLE
ig RRROR COHNDITICW JM LAFCT DR OUZFLT
10 LiupkZal, CHRERACTER TH HNEMERIZ CATA
11 OVERE LW 14 MUAE:RLC CATS
12 ERRCE CONDITICH O CLLGHING FLLE
13 ILZEGEL LA 00 aT SrRRATTON
dd I/ CHREEWNEL HUMBELR CUL 2z HaNCE
48 SCRT ARGIMTAT KEGRTIVE
q4 LH ANGUMENT SERD DE HELATTYE
S0 Ry AROUMZINT TCC LARGE
L1 LAVEHSE EAYAS PUNCTTOGH ARGIMEHT
52 TaH ARSUOMEAT 200 LARGE

in g user'a grogram cadgges 2l arrsvy sobkscrints
anwald in the program Lo Lo checked at run-ztime for



RUNNIN{: AMD CEAFSEING PROGRAMS

The compiler switvhues fCHRCEON and ACHECKOTF moy also oo oged:  kEhey
averride any CHECEON pr CRECKOFE sbakercnts in the scurce poogram.

HOTTE

1. The CHECECH, CHETHKDFFE lacility coaseEs
Loe wconcrated 2regram  ta be slighcly
largerc, and ko cun S1ower .

2. Meet inexnlicable evrers zrising  durine
the  executich ol  an ALGUL program aceo
cauged by an array sobscripl  being oot
al range. Whetewver such crrooares aceour,
the program shoeuld be recompiled with
tha array thagnd check fealkire on, and
LE-~Eun.

15.5.1.2 <Contrelling Lisking of the Saurce Program - WKormally, =
Linting of the eourve prooran is oulpub with the ebject pragram during
cocpilaticn. Tho uucr can BUpPtess this liscing enlicely by moors  of
the WOLISET zompiler awilch. However, if bthe UsSoar wishes to EuDpEE3a
vrly part of the lieting azd then continue lizklng, he can contrel Lhe
Tisting frem within hls prosrom by means ol Eic stotements

LISTGEE
LLISTOH

:he LIETOFF statrment osusea listlng to oo soppresaed feam  khe  npoint
in  the proacom where LISTOFF wos encounkterad 4 egither the and of the
gragram oC antil a LISTOH  statsment 12 encountored. The LISTOE
skabensnt cacese liaticy to continue atker 1k had beer suppressed Ly a
LIGTOFF aLakemcnt. The LISTOM awd LISTOFF statenents have no  of foor
if the AWOLIET switch iE inclodsd in cshe compiler cammesrd string.

:8.5.1.3 SBetting Line Numbers Iin Eistings - <rdieatliy, the lines in
] listing file =2te humberod seguentially aterting ot 10 and
lnerezenting By 1. Tie :ser can, howewet, changs the line numberz by
nlazing Beguance  numbers  in columns 74 throngh BY of Lhe souzce
Proceam and comdlling with che AKOMSERS switoh, another way in whigh
the uger =En shango  tZe  line  nucbers is by means  al khe LTHE
statement. The scatement

LINE n
cansrees the next lime nusher ko Be =6t ta n, whizch i= a decimal
integer. The 1ine nunberz  <hak follow are increxenked iy 1 unkil

eicher enather TLINE statemesk  in cnooontered Ir the pIogram
Latrinatos,

13.06 OCROSE REFEREWCE LISTING

The JCREF swibkoh hos  heen  implemcoted,  cousing ALGOL  —a  geoerate
oulplk far CREF, Dotpul bzkes the Eollowing focaaks.
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EOBEING AND DEBDGGING FROMSEAMS

varizblez and Labels: Fach moousrence of & variable ar Tabel  name
ia recorded, witn & § whenever a drfinlng
reference iz macde. Ln the case aof labels che
line refzrence iz 10 the line which ocounes
cide Ter =he lake:l ko ope gewnstated.  This zay
Furllnnw  the line wnete the laagzl appedrs.  He
distinction in mescdes Amizg Gk diflerent
incarnations cf 4 variokle at wvaoinus Llock
lewala., :

Blocks: Lha messagey THRTART OF GLOCR " a&nd  "EKD OF

' GLUCE =" are suppressed in the CREF _isking.
Mowerwrrr, theere 12 a sepatale “HEP of bBlecks
o The ficst page following the pragean. &A=
wicth Zabels, the Lipe—-rnumiers referc ta thowe
cacslng code Lo ke genersled, net necsssoarily
togene an whlelh GEGIW or EAL appest  in the
RE - ol e I

18.7 &SToCE AMALYSIS

The stack analyais Lakaes bwe Locms — 10 & program =2Loos with zn 2ry
Eae atack 13 seanned o giwe thee nasee of Bl At ive araiedUces., Th
a2 twvmical ercor messagqe now recds:

TREON-TIME RREOR AT ANLAFER DONT1GZ

In procedods SFERTILE

called from procedace SRQEETOUWRYYS

Calied from pracedures THISPROCEDURE 1SHEXTTILHEE SKOST

Called Lroo pr:--:edl_'te THISUNELSHEARLYTEZEQUTERM ST

Called Foos provedacs THISISTINECQUTEREOSTERGIEDDORE

Callud Ffrom MATH PROGREMM

Fila DEEAMOSUCH.FLe mob arailakle or renzme folluce on chanmel § 1

The asbowe type ol analyals iz aptemalic mbebewver an error iz dalecled,
T e vt ned Ty e i dimyroked L B Oothogyiny Syokor comnand 230TTLE.
Thiz ecouses a4 list of all the preoccdures,  lakels and libracy
reocedares refercenced  in the preccom to bBo prinsed, togocheor with oo
conrk of the actual nomber af times each wais rcefsrenced  lar  passed
through  in Lae £ade ol Llabkela). &s willh Lhe Leace peint, labelz can
ke distinguished by a trailing colon (i) amd liorary procedorea oy a
Erailing saLevizk (%), oot diffarant procedores Wils LRe Samne Rame
Tual a2 ldaenlLified Lrem bhe soder in which Lhey agpear, which  ig2  khe
Same &g the Teadling acder,

Tn the special ease of everlaid proccozs conly the rect searent is
scanned, for examole:

> PROT

FECFTILE 1PRTHT.

TOORT Frk A0
1l Cwal TV A
1 TH1SZSDCEIUKE LS =TI LB E SM0EL

L=l



RUMMINMG AMD DEEDGGING FROGRANS

1 TH1SONEISHEARLYTHEQUTERNOST
1 THISISTHECUTERMOSTERICENIRE
1] REMD*

Z LHPLT*

U (LIT R T*

1 OPOMFTLE*

lE.3 TRACE

li.¢.1l Dynamic Trace
Two typeE of Trace are svallable:  dynamic and pest-mortem.

The uaer who is 2t a rorminal ond wishes Lo sec a Lull  dynamic
0l his program sheuld type the fallowing command sejguenoe:

CLiZALR LETST

SLGOL:  TRTET
LINE: LohTAG

EXTT

« BEE

LLGGL DIBGHCITICZ SYSTEH
TROTLTITTES (H PGB REELE| 2

#EONTHACE

*»ETRRET

trace

Tnls producss (at leaet) one liae far each trace reference, aa

Lonl Lotweiz

FadaakJET) 10N

LEET -

ﬁﬁ*lbbbi?ﬂhE:
EEERANNERRREPRITES PHAESE
EEEENANEEEEA P YT g
dEREEANLLEF L LT TTES - THREETH

wkdAAAREDHAGE
TEERANNNNREREETPRE ERD

AEREEECROY [ OH
AEERDT

********ﬂﬂﬂjﬂ

Albwdad dddd*LITE* P1IASE
hhrwdd Rk KX XPRTIKT* T

LR EERERS S RTINS TR L EEGIHN
Rk rR ORCE

ttt#####pHAEE

ttkk#i#twtllwnITEf EH:
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RUMNING AHMDE DERDGGING PROGEAMI

Cyhamic Leade cutpat alwavs clears the tormizal  oaukpob buffer and
bicging @ nmgrw Zine,  The curceal dynamic BElack lewel i copreSnobed by

Ewa asiterisks FTor each level, peinted slong the Line. Hore  khas &
notizpal  wlack  sorcaunds Ree spLia pragram oand each pracedurce. A
maxizum of s5ikty asSerissy are wepintod belore the line I8 Eoldeds

folding is shows Ey & —umbwor in kW Frrek ewa Zoliomns replesenzing
mileiples o thirty dynamic klozsk Zewels.

The name o she procedace o laosl apoesra at the end o the line of
askerisks. e wikh the prefile, library procedorse ate distingeiahed
bv w fralllng aatecizk, and lakels by o trailizg calnn.

Frazedures arn traged az enkey auk nel awils howeyer, g pr&ceﬂure
exit ran be inferred fram thre block lewels.

HTE

Grdicery TV pukpus i Tyhamic Trace
aade may kn o inkersperscd amongsl Trace
autput  fan in Eme srampln At
Gynamic traze may also e Sornen oooand
off dvwamically by use of the liacary
pracedires URIRACE and LPPUHACE,

1a. 4.2 PFost-Martem Traoc

A posk-martem Lrace will be pricted outomosically if a bakoed job gives
@ run—-klue wortac. Cnder Limessaring, afrer typing csut the locatian
ans tyns af crroar, and the stack snatyis, the Debocelnyg Sysles abfers
“he user various apticons. Che TRACE comman:d prodaces @ Lraoce similar
La Lhe one describked andsr  Uwnamic  VYrace  akowve,  but with upeocch
innteel of asteclsks Lo tesresanl olock lewels, and witheout, any other
™Y putauk. T punek-mecksr  trace  enlriea are  ZaiInksined ic oo
cicculacr kuffer in the Fean, The Acfault length ol Bher bulier iz 100
(decimall Bot Lkis gan be slesred oy using khe SrsaLRE switeh o Rhe
corpilor . wikih  an apptoantiate walce. Tracing i= the default option:
Asars cen aarpile eheic prograns wilhout Lrace  information by using
e AEFQNDCTTON  switch  tee Bl goapiler. Namewet, 1he ITzce anbry
mechanizm is muite efficient, and occys are srged nebt o crelade 1L,
a3z Lhig zlsz has the effect of making the skack analysin Tess uselul,
Li~tary procedures atrs alwsys troced.

15.9 PERFOBMAKCE ANALYSIS

Wariaus Foabture: are provided which afe desiconed Lo hely wsers wishing
ta evaluats tThe poeerfFarmaros oF their ooy smd.

15.9.1 Heap Space

DEC2yekem-L0 20 ALGUL is wery fleninla in iks use of memory: HVET-E
for arrays, strings,  I/0 0 aclloecs and 2o on is allofcated in an arex
cilled thke Heap, which lies oebtween the progran oacle and Rhe s5ztack,
Tiw:  «lelaullb  inilial Heap sizge iz %21 Idecimal) words. 1E & pragram
needs care Jeap kkhan Lo ocoereslly peaillak’e, L2 sblesz-time syYEtem
maves the stack vy in memcry to moes Toree roo—, cvhhasinonyg more core
Lrom Lhe Eonitsr &5 necessary isubject to ower-ridipa ocnrskraonhs
Appli=d by Lza aveElem) .
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DUMNIWG AND DEBUCGING EROGRAMS

For meak proagrams khin provides 5 reasonable Balaooe hetwoon oore Lse
and  ceanoukation. However, Ehe stack asliting mcchanism coan be wery
cxpcnEive 1f vsed ocften and Lor zZmall exunansianp.  The user can Fined
out hew the Heap is aeing used oy typing thea SUATISTICS command [woo
Chapter 20, secktian 2L.E.6] to the LebugTing Svatem aikar the  pragram
hag  exectked  for sipuly typing COMTIKUE immediatbely alfor the RBpd of
exepution messoge)r. Inis produces aurtput of bhe following format:

EXEC LY TIME:

ELAFSED TIME:

MAXTMEM HEML S24E: 4 UF STECE SOIFTE:
MAXIKDM 3 COF USED WORLDY IW THE NIRAF TARLT:

[The laat item 1s & wmrazure of the fragmentation of Lhe lree Space  in
the [Leap ecd is anly produced if the oplickal Heap Inkecrisy vhooker
g pregent in the aobject-time 2yskew, i.r., wnen aseembly s=swilch
TEPGETCHE is5 turnec on. )

If the zumder of stazck shifts iz larger kEfan, say, teon, an improvemsnlk
In performance  could  be expeckod From re-pompilicg the pregram silk
Ehe FHERP ewitch value set ko tiie zoaximum  heap size  given oy Lhe
Stobtistice Eypa-anw.

léi B, 2 Cpde CUtilizakian

By Jjuéiciaua pleacement 9f lazels and  subgeguent  printing of the
srojram’s  prefile, the frequency wikh which 3 wrggram executes

Sarticular secticns of code can L meriboared.  The likrary procecate
TAFG carn pe vded ke odLaln pare deortailed tining iznformatian.
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CHAFTER 1%

TECHHICAL WOTES

These nobkes rcangerc the suthora' oDarticulac interpresaticon of  the

"Keviped

Degart L the Algoricthmic Languege ALGOT-607 apd iLs

implementatlon.

1.

&t all times, strict Ipft-to-right ewaluatios ol 2tatenonts  is
eNFloyed, Bection  3.4.06 of Ethe Revised TFRepert has  been
canstrugd Dy some experts Lo mean khak ioft—to-right evaluztion
af expressions iE nok ceguired. Howewer, thete are undaobteodly

many ALGOL-ED programe in exigience kzak eely an this feature,

Section 4.3.5 of the EReowvised Hepert requires that g 80T
dtatemaent with a designaticnal expression whkich is a switch
Witk m suhuecript oot of range be cegardes as o dummy statement.
Hebther DECsyEtem=10,20 ALGEOT, nag a0y chLaet  ALBOL-6I

inplemertatione, to chre wpowledge of che auksazs, fallaw  this
rule; thete Lls g side—effect invelved in kbe sealyakion of che

suhecript.
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CHaELER 20

THE ALGUOL DYHRMIC LEBLGGEING SYSTEM

0.5 S[HMARY OF FEATURED
I BLGDLET, thk« ATGCL programzer has facilities ko
1. Interrupl BrEagram oxoonzion
2. Eek pauses and 2lrar bhes
I. Exzmine and albter ALZOL varaableos in tcope
4, Exmamine warlauy nysTon paramekbers
5. Automaticallvy type &LGEN variahlee abbker a paosce

9. Qontinue progbar caece:blan Trom wheore it halzoed

T. Contlnue program exccution frem an apprepriate label

20,2 GENERARL REMASHES

2.2.1 Symbal f.52M) File

ALLDDYN requires accesda ab tuntine ko & Filr  gcalled  Moogoramname. sS:H
that  is produced by LINE. IL it ganrok aooess the Fille (pechaps
because it has anathuer nape, or  c2sides under anclhes FPPH) an
agguertani =y in aiven to  supply Lbs pare, ele. ALGDOT alan cacds a
tree I 0 chamncl: LF there is none, iz will ask ithe cser o nomlnate
ane for it to releass and uss.

T Ry Entcring MEASDOOT

Ta enterc HLGLDY Erom a Lerminal rucsing A ALGONL  prograo,  type 0.

When thiz iz debzcted, the ALGOT Dynomic Nebogaer will attemph o

corplele execullng Ehe vurrenk ALDDL staterent befzre pzssing  ceabeol

Lo ALGDOT. Drogram  esrcution will oe haited and, urless ALZODT was

upable £ Fimd o J5EVM file, the following Tessage will be Lypod:
*Stopazd ot line nnn [,elkakenont o]

AIber a roin-tize crror, ALSDOYT will he =2ntered dexceplt in & balon

Joa]| .

Hoveczeerr , £herp are cases where Lne currenk statemenkt nover  oosplabes.

20-1



THE ALGOL DYHAMIC DESNGGTHG SYETEM

For casmgle, € 70 is typed ducing the sgecuticon of 5 statement which
reacd; deta From the teerinal, no data will ke foolheomling aa Lie oz2et
will be waizing &t the cther erd for Lhe syslem ke enxbar ALGIDT wade.
Ta evercome this, = second "0 12 ereguired,

BLGDDT masy ales be enlersd elors oxecubkian aF a pripgragn by wse of the

REEnter Tacilite. Ther proegram <an khen be started with thke S2asH
comm.and . In this «ase, the effectiwve “"gurresmt sSkaktscenl ., Loc
geketalning  soaprr of  identiFices, iz immediaotely bhefarz the ficst

RECTY of the main procrac.

20.2, 3 ALLDDT Cammatul Formak

The mynkax of the ALGODT commands Eas been designed -—o resembla ALGHL
COZEMAT0E all af whick are Larxinaled Dy a  2emloolan  (oe
carriage—return], znd the Lizkz  associated  wikk  AUTG copmands; ore
mracketed by & BEZIN-LCMD Eair. Huwrcyer  Fhe rvomrmblanoc i
gaperliclal, and For zhe most psact oanly siople commands can be  given
in w si=gle "statemenz”. When the debogger is peady Lo z2ecspl &
command, ":EY in promated,. A1l cozmands and splicne may be  skoriened
trp o uniTae abkbrevization rexcepl whecos noksd)l Blanks and tohs arre
iqrored between elemenks al & comwand, g¢  are Creadability svmools"
[periode) in BLGCL idenskiFinrs, A oonpand mayvy be ceontinued on amother
line by typizy x control-backarrow or control-under”ipe. Conments aay
TE Izmbraduced hy a preceding ! and Lhe rest of Lhe Line will b=
anoresd.

20.2.4 Line Kumbers

Gewaral BLGDOT commandy royuire line muzzera.  1ne conpiler only  pils
lime numbers into the symbel table accesssd by ALGDDT Lor knosae lices
wiiro opde 15 genecated |including BEGIA and  ZHD ssatcwenks of 0 oo
block, but not foE Elank 1inmes, reclaranoans, ok ). TF the ascre
gives an "unknown" line nugher, ALGIDY will sran forward tz Eke  next
Enown linr numier ané %2 thaty this wscally has Lhe desired eliact,

In a program LLINEed Lrom mobs thas ane (BEL Tile: {"redule"l, the wuser
can gqualify a line numbere wlcsh @ medalc—name procoded by "TH™:

»» ERUEE iV IW FCO

The woricle-name is the Zame of the external procsdure  fkEoncalen  £3
nix  rcharackers), or the wmain pregras-name (JREL-TiTr neine] Tero Rl
main pregqram. IS the moduile-nasze iz noe speeificed, the Sefaultc iz tne

cutrenl modole (Lhas in wihich gsrootion was stonned Ev PAJSE, T2 or an
ettos, or kElhe main uragram befocrs cxeountian iz staczed). &lthoogh, 2
prograr can have more than one zodule with the samnse name, BLGLLT will
uzs the one that iz @lsc the main peogtar, il 2myr athorwite &@n rrrar
message will ke Lypad.

Acditlanally, in Ehe CBIFST command, zn octal zédeess may oo specified
Ly a Sorpeding numtxcr—5igqn (Bl
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26.3 TYPEQIT COMMANDGS

The command TYPE iz wvsed ta diaplay bhe galpe of ar BLGOL varlshle ok

atray elemsnt oan the terminal. The keyward is followed by a ligt of
one or omers variable names, scparased by copmas.  The whale lisk is
terninated by  a semicalan.  IF mare then ane fname 1% given, then all

the names arces repeated oy the debugger.
Exanglea:
1.2345

A 2EPE REALCYAHIABLEL

¥p IPPE RELL.YARIARBLZ, I[HTEGER.VALIABLI
REEAL.VARIRGLE = 1.2345
TATEGER. VARIAHLE = 11345
D
i0,.1.1 gtring Typecut
when Btrisg bypesul ia tegueated, the lengkh and decimal beke slan of
Lhe swring ate oowtpul [lesk, in pacenthescs, thon
. Tn the <ose of ASCLI or S5IxXB1Y strings, the characker
representation of the string Ia typed in gquctes,
ayample!
»» TYPE STRIKG.VAER: (0.7 " string<ChR><LF>"
#F I PH SLAH1T.VAK: [(L5.6] "& S3IXSLT STHIMNG
£, #opr sTtrings with a byte gige oLher tLhan =1l cr  seven, an

c-Lal reprea&nta:inn ob the byke waluea, oach Scparabed by oz
oy, P8 hyped.
example:

»» TYEE WOWRGCTISTRIHG:
10,17,17,17,22,1,10,0

(4.5

Extra bBits ok the ends of words are ignored.

20.3.2 Arcay Typeout

*f the 22p2 coazand 1s wvsed wilkh aw  accay  neme, then Ehe eptice
cankents of @n array  is typed. The formatk of the bypeout will
carrespaond to the structues of the arcay:

23 TYEDPE BLLLATHAMI;

|3eld] 1.7 2.1 5.4 1.312

| L.11] i.1 1.7 5.4 4.1

l2.0] 3.4 N o
The contents cf a =single locaklan may be Eyord by specifying  the

locazion of

A I'YPE ELEMENT[1,4,5,200):

whre rrloement:

O
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MOTE

ALEIL wariskle: may net oe used as
subscrlaks. All suobecrlats aopst be
sizple conskants. Arccay boumd  chiocaoking
is dnpossd on  RLLGDODT  commands  wharte
appropriale,

Rockangular pac=Llang ol straye may b= aeleclively yped oy speciiving
the celevant ranack:
Ax TEPE AREAYHAME [D:l . 2:23]:
0,2 E.4 1.32
"1,37] . #H_1
The whole of & marticular dimensizo can ke representod by oan autoriszk,
e,T., A[la22,%,.1:5].

KOTE

Tners ZnsEt e a specification for everw
dimension of a mulii-cdimensional arccav,

20.%. % Displarvying Carcent Aceay Dimensions

The cuarrent dimensions of an arravy  can be disolaved by wusing the
DIMENSIOW commed:

FFLLA R lGe1 7, 153]

20.3.,4 rypeoat of Poolean Variobles

Boalean watiables (or acrawvws) can be Lyped using the above coznands.
Singr PALAE 16 roprescnsod by Zeca, 2oco alessnke or vazzables will be
diyplaved au 'FATELR'r  non—ecro wvariables having walaea of -1 {Lhe
valur ufsed in direckly  yencratnml esslgnoenbkal, ace eilkzer Lyoed z2:
"TRLE" or oobkal For aobkhor walucs.

Far rxamalis:

== TYEE Bl RZr
El= Falge
L= N12Ad5E¥LA34{Trued

20,53, % General Pointe On Typeout

A1 ATGOL wariambles Lo Soeope: will booavallalile Sar Lypeccl,  including
Faormalzs,  butk kae gossibiliby al side—allocte skoald ke boene In mind.
The anly exceptian 5 a swariakle thot is declarcd hus never oo lecernoeed
in the pgragram.  TForo fnterasal reasons, she deboegyer cannek accega suon
variaoslsu,

lono. unwasted tvpe-outs (of oeravs, =bo.: may oo abarked by Eyping

=t R - Decagionally Lhis wmay  reiurn conbeal b the Zanitor., in
whicn case CONULMUE or AREENLVEE mav e typed to c2turn o alQinT,

Zo—d
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20.3.6 Typeout of Ghiectk Cade

The user may royuesk a typeoak af toe Macre code for the carrent aLCliL
Statement, uking the capmand

»r OBEJELT
Altor g PRUSE thiz tynes cut rhe coée for the staktament =hat will be
cxecyted nexl. after a  rcon=time etbor, kEhe cods gensrated fot the
correnk skazenchk 1z Lygnd ook Lnstead and the instrockion where  the
orrar oooarced is macksed witn an astecvisk. The uzer can examine akher
sbazemenks by ueing kEhe ODIZOT vammasd wish khe relevark line mazher
cand skeakement maaber 1T nogessary) . Tar oxample:

r DRJZCT 23:
of an octal addeess:

2 ORIECT F275:

“n thisz rase if no "IH mocdul=" 12 a:.:l:-e;_'E_L;m::, Bl adiress i Al uher
thus the following would domn the zecusulators:

> OBRIROT [146) #0;
the decimal nuzker of BLGOL sLaeksppnbks fwnidng iT an ao2cnl afdreoun
tebhas  khan g Tine ngmher) Lo be cutunt zay be specified by tyoing &

muracr i parontheses:

Pr O URBJECT (ATE 22y

FroOBIECL (13

thr tyagaut in naczally in occtal, and symbolic  instruclbions. Jbkner
Faormats oy be snecified by ueing Lhe MUDES opticns

»» QEJELT linme=nuomber MOTES a,3,d...3

Whare Ene a's are chason Froe:

T oor b ECTT

] S1EBIT

= Ejz'ull.'pl.:-'l.i-:: Cnsthreakians

T or 11 acimal Lntegec

i dozal

T &or = Rerm” FMumbwor

L Long ezl jeach wocd ane BEhe next).

Lirv-zuzhoar may e qualified by 13 module-pame 12 Lhe drogram  has
exrernal nrocedures., A complele exarple ls choerelore:

dx ORJIRCT (18] 27,3 1M EXTZHG MOCES B, 6,5;
Tuin will Auzp 18 ALGOGL sbkateponls 2tarcking at the faurth  scotement

ch lipe 27 In Lze  ewtetnal procodure ZETPRG. Tac dJump will be in
BRCLY andé SIEBZJ characters, and aymoolic inzicuckioondg.
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i, 3.7 Syaten Paramekern

ELOLUT zpintains a tohle of cortgin symbeliz warizbles umcd in Rhe
awvskem. Tre oantents of these aystem variables distircgquished by o
preceding & can be digplayed in Lie usual way. Mozl ol Lee ayatem
variabilon, g8 dobined in ALEPRE, wil171 boe avallabde. B Frw are Lisked
kelow as examales.

=LG curErnl dala-lase r&gister
e stack pointer

% COMDL conkbext “"OL™

%o, pPriabTr Tt ocurrent dinplay

LWESSHN version b word of compiler paec

ALGODT dores nos permle alzereblon al 2vakos paramcboz s,

20.4 CHANWGING ALGOL VERRIAELEER

The walust oF an ALGIOL yvariable may ke alterced Ly nLsing A uimple
assiqnment statement:

»r LATVASIARILE:=-- 1Z£45¢

Tyne conversion will take place, 2oL cnly & eingle conelent is
petritted an Lhe right-hane side ol kae agaigaaanl:

i BOOL i=lhilw;

A BODL s= O0A007;
¥n IKT:=L;

= IRT 2=7_1;

*» BEMNT.:=0 234585
o A01,3]:=1R.4:

ax ET1.,71.[3) := B4:

Note, however, Lhat the following ake nal legal:
ar A=
»C[L
F [1

Einen Fl‘l:l'ing:’: Are estentisl ly dynamic in i1 ATI AR e I O rxtre rulres

HEELy - Mnless & paw byte size andfocr lenach are specified in the
type-in, then the cotrent walase are aged. Type-in consisle of  actal
Lybees suparabkol] by ocoowmag. TU <o comiierr s Evped arse koa laiyge [or the
Lot Bxs =i L2 inm fareo, Fihemnm they are brenoated, and & warsing Sonnsos iy

onged, L siring enclased by single or deukls queotes 15 olEe allowed
if Lze Lyle-zize ig =iy or sewen regpecliveldv., B guobke may e enlered
Ly kvalng bwd guoles, AL enacacksrs, drelading carelags cobkzeng,
ALT=mexcder S, wemisclena, '8, dacd 540 6n, o are efnkerod owachkly AL R LN
The crly excentians are santrel-tackacoow, whick ases az asual: and o
quate, which kercminates the strina. 1S aonre bytes than kthe specified
lengtt. are typed, than the length is extenced, IE fewsr, then the
=itra bytes ace zerced, The sLring may be conkinosed cun another line
8y kyping verbkeol-undeoline.



THE ALGOT. DYNAMIC DERUGGING SYSTEM

B E
Sguare brackebs neve a4 apooial  meaning

ir ELEingE Lhak are ke he output (sce
Bection La.6.4),

2bh.5 PADSES

Ry scbting ['AUSES, Lhe oeer  maw  gouse PLograr.  execukion to be
intercupted automaktically when spocific points ace reached.

20.5.1 Sekting FRDERs

Paises may po applied before any executable ALGOL =tatemeant by the
ALGONT cemmand:

¥r BPAOEE 1ine: na |,stateaent ne] [L[H modole-name):
ar

»> PAISF lobel: [IH module-nare])
or

3% PAROSE PRCGIELGCHEE name [IK modula—nams]:
Whoen this point is reached kbhe inessage

"Pause at llme nnnn |, stotement n] in modele name”
iz iypec.
Ther gause remains in effect, =0 Lhat subsoguent  activations of thie
picze 9f ocode will alzo cause bhis message ©o be printed.  Woke bhas
the porticns of the ocommand in brackets ace cpblenal. IF Ekha
Etatement numoec 1S abment, then the first [or only]l statcment
beginning an tiak line iz assumed. If madule rAame iz obsent, Ethe
corronk module is  assumed; Lhke main program is the cuccent module
befoce pragram exesotion starta. 1! the stekement specified deoes  not
exi12t, war haz: mno Jeneraked uvode, the PRDERE is placed on the nexk
suitable statement, if any. Labels and preceduces musk, like all
ather dideontifiers, ka2 in ecooe.
There is no reetrichion an the number of pavsee a umer can cstablish.

If o number {n} iz Lyped in parcntheses after a PAUSE  whekruackian,
then the tesultant pavse will be bypassed n-1 tines before ncogroom
perakian in halted,

An upper Iimit may alse qe specified for & PAUSE in bhe Laem nf

»» BANRE (rmcm]:
Thiy will rcausze the break Lo Lo taken from the n'th Lime oo fc  and
including Lhe wm'kh  <Simc tha%t the program  reaches the sceakpoint
locatzoe.  On complebion of the break  acklon after the m'th  pass,
PRISE will br Killed autcmatically.
PRISE:; wikh no lioe number ot lahrl specified, sets a FACSE ak  the

cverank akaknpent (after @ "C 5Zasg Leen kvood! .
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“0.3.1 Raesetting OFf PaUSE Froceed Connt
When & pouse is estabklished ping thoe ALCEROT condand:

a» PROBE [w):

*3 PEOSE [=:inl):

Thiz pause will eooac an the nfsh klme aftes Bbe pragram teachezs  che
wreakpoint location. Once the Breax haus sugurced, it will repezl sach
Lime Lhe praqram reaches Lhis point. Ta stop sahsoquenk unnouesidazy
mouses, the sount can b oresck by Speclliying bhe coZmand

Fr CONTLNUE m;
Thiz wlll result la Lhe pause to be taken ooly om the w'th  sobseguont

dgny arc ther v 't oschisogquent dass o arkee that anc za an “nkil the FALUSE
iz ETLLed.

L
Thisz corzand may be given o a4 direct
ATLADNT cammasd, ar 1aoan AUTG-1isL,

20.59.3 Clearing RAUSES

A XILL cemmand is prowvided  for cleacing  paosens, Thréds poesaiinle
vatietles are availasnle. After a Faus=,

»o BETLLy
i1ty b cEzrent peoaso .

Pa XTLL line-semaer [ alatemenrl-noper] [IK aadale] !
e

#7 RILL _abels;
oI

*x ETLL PROCEGIRS pLacnems:
It loast FE owrass bree by

kills the sgecilic pacss relertved Lo, of b=80lts i the message "Fause
Gpcei Timd docs nakt eckise,

A RELL AL ] aldbe sk e fypet in 'oile

kills 0ll cuccantly S2b LOUSES.

KOTH

1f throre ore ital2kg st on Twi D mare
lakelz ov procedares with the some JamE
in “he zame zadule, a blec<-noslcer  [(Lae
ang given  1n listange in <ne BTAST OF
FTOCK romessages, o in Lke alaock  {REF)
mass ke qiven, thuas:

=0
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»» KILL TARRETy 1 |Ld module]l: 1 2 ig Block-nuzacr:
Ehuere:hy remplying the zmboiguity.

¥ KI1LL Rj Tkilla ANTC-1isk &

ZU0.%.4 Listing FAUSE=2

The zucreatly seb PATJSEa, and thelr ADTO-Llists, may be listed by Las
of the LIZT command, whigk nas the Eollowing Lermals:

#r LILET;
lizLs all BANSE: 2nd the names of all DEFIMCGY AITO-Tints,
»r L1ST lipe-nemoet [, 2tabowent-nombacp] ¢
ar
22 TTET lakel:zi: 1 ato.g
Tigts the PAUSE apecliled woycther with its AUTO-lial, LL anw.
#r LI&ET Ao
lisks RYTO-1ist &,
#¥ LIZT ALL:! ALL rmoust be typed in full;
liaks all FAUSFys and all CETIWED ANTI-Lllansa,

Tor caznpileos

xx LIST

Frocesd-gangnt sutalist ahere

19 rivate 27,3 in Too

0 = LABELLl: 1n MOMALE
1] 283 in FOO

1] BROCL in Fob

defined Butolista: A, C-0,.T,L,2-0

rx LICT 20,3,

Prouvert count = 153, private hoekallaz:
i1l 41 IZype Lze dageosiaons of srray 4
TVRE L[,J,H; '
COET LAUE §

aa

Eee note in Sectien 20.5.0Y abwgk arhkiqueouws labela and pracedare—nancs,
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20.%.% Aantomatic Execution of Commande ALter PANSE

4% JOUER CAN RAVE an associated AUTO-liet, Lhat iz a lisl al cammards
that are execakbted whetneyer Lhe  gausse 2% rpached,  BCTO-lists cao
cenbaln almoesnt #sny alOrnT comaanis, e s ray  Sither he Lyged in
Lemediarely  afber declaring a 2aLSE, ac they moy be identified by a
girgle lotter and referred to indirecrly. The fellowing Lwo =xanples
would nove the sama effecl:

[ediromet)
## FRAUSE 17 DEGIA:
F T¥PR T, «, K71
e Ebla;

[iréiceck]
== LEFIHE Ej
i ™ER T, T, H:
aa EMLD:
a2 PROSE LT ARCTO D

HOTE

Tas oromphk iz Eoallowed by oa  Tabk whon
raading are RCTO-Llizt in #ishor oo,

The advantagec of the indireckt metheod iz tnat the zaze lizl <can be
teleerred o from Eifferent paases. TIi bae direcl mekhcd 1a uwaed, the
ALTO-1lizr is destrovad when Lie conbrodlloe paane s RTLLocd, LYRHITHE
dacs noet sheck AUTI-liz+wa Lor conglatenay, Bhus

}# PRUSE LT DEGIK ; T¥FE A; FERILLp  =hD

woul:l woly ke abeyed once, since the EILL insttociicr waould :111 posh
pause and ligw. MANT2-Llisss are, howewer, ohoeoked for syntax (legalizy
of commands, vt ), buk not For sermantics (acuye nf identifiers, ektzo.]
ag thilz gZepgonds en the coptext of Ehe PRUSE from which thev are
lewaked, AUTN-lists are fermicated by zn SHD and slements in the liss
are separakbed by aemlcolons or carsiaygre retuarnes,

Trhe actice on detecting an ortor during cxcoution aof an aUrn-list  can
be cantrelled By mezns of & awitch o Loe AUTO ot BLOGTY keyward,
Howeves, thift switch oaly controls the acticn Eor invecation ol Rhos
MITO=1ist Fram che PARUEE .

LGHOHE o eccor Segazade, oantinue b next elzTent af
nMTO-1187,
CORETTANE Tvpe SCCOE Messare, continue Ba noexk  olosants of

AITI- 11l ak

ETT.T. Tyme ercor measage, XILL  celacqance ks zhi.;
AOTO-1lak Leaw this PACSH. L this iz a "privoze"”
AITO=11=2k (AaFined @y BoGLY] it itself iz KilLLed.

SToE Tyyr crror messaqe, Jo¢ Lo dsbugget commatd levsl
tdefanlty.

Tt is semetizes usefil Lo suppress the "Zaune atb..."  wessaye  when a
I'asE iz veached lespecially iF the ausociztied avio-list ends wiktn a
CORTINIE comman:d]y this aay be done by using khe  SEILENT  =wlich  an
“he  aADT0 o BEGIA s2vwoatrd. Hoko, heawoeeer, Ehat orror acssoges will
%ti]ll ke tyoed unless FIGHORE iz alss usew. Dod esmamzlo, sopposc bhat

Aur-Lll
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a progras was Failivg hecauvse a variable (1) was not inlbiallzed ak
the atack af 4 Toog [(on 1ine 2303 the followlng would he a temparary
tand inefficientl)] cure:

A I'BUOSE 26 BEGIM/SILEMT:

Al Ii=d;

El) CORETTHIE
e EHD:

Fr SUTREL;

20.5, 6 DEFINE Compand

Thiz command 25 provided ko enablc bBhe useor to define an AUTU=lict [ok
uge in & subsegquent BAUSE or AUTD conmand. The formal is:

¥x HRPIME & 10r any walld AMTI-1is5e nome:

ks (ALEDOT aanrands:]
= ERL:;
o

20.%,7 EXTEKD Conmand

EXTEHD enables additional commanda Lo Le appondcd to @ previoosly
DEFINEA AlNTO-list. *The formak is:

*ro BEATHHD A:

- (AL EOOT camiands]
rr CHL::
»n

This command can alsn be used Lo define anm ADTO-list, and  can
Lhereloos hg used instead of the IJEFINE cummand.

Lo
If an ACTO=liabk endlng with =a CONTLHCE

cozrand is  EXTLATcd, +the new commande
wili pot ke execubk=d. Ko ¢orreaor will be

printed.

Z0.3.3 BUTO Comnmand

Aovoanrand is prowvided to icwoks & ORFINEG  ADI0-liat  cdirectly. The
Format iz, foar example:

A AUTO My

HNOFLE
LOTC may appRear witnin aankher

ROTO-Zist. JIp to 26 $decimal)]l lewsls of
neskting oL Ehls kind are pecmittced.
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A0.6h  RYXECDTRE COMMANDSG

AG_E.1  CONTIMUE

The zimzlesl siscule  coananog iz CORTIAUE. Tola vonkinces nocmal
axpciblaon ol bhe presyras ankil i terminatos, mecks g peobe, or kBhe
NsEC types L.
20.8.2 GOTC
GOLD (er G0 T0) can take ktwo farma,

% G0 TO LADEL:;
L

G0 TC line munlirar | ynkaresent no—her]

Tn sither case, the command is only walid if Lhe destiinztion Ia within
goops, otherwize Lhe messags

"Igddeent i Ficr dory ook oxist, or is ot aof scope"
ifn printed. Mo ALGOTN. code 15 executed, acd the status of the progran
is  uanchanged. Unless 4 break-point has 2esn Bel bo the destinakicr,
acogranm executicr will procesd aa il COWNTIMUE had beeen specitled.

FoEnals may Le Rpﬂcirinﬂ a4 labe,g.

20.6.3 START

=L Bl debugging system wan cobeced by oway of  the dinikial =35nsecr
SEIUETSR, RPIOCCon execsbion may be stacked by azing the 2Tak_. command.

20-4.4 ERETRY Command
This command ecanless ar ALGOL progran te be entered and execuked  from
the bEeqinming sf the statement in which an errar kas ocoureed,
LOTR
ELVTRY differs frem COETIMUE as Ehe
latbk=e  vecklnues progran ceeocasian Crox

the paint within the statcoment where the
ercor hos ocoogcred.

2U0.6.5 WEXT

The HMHEL commznd allows the user to step through a program  staksrment

by =statenent, Typing HEWLT nas the zzme effect am sekbting a PAUSE cn
Lhe "pext" sabazkegenbk and the: byolng CORTIKOLD (except Ehaz bkhe  PAUEZ
ELile 1ESu1l when rerscsesd) . Fven i oocatuird wheere the curcraont stateTont

Eramufors conbeol  te gny 2o0int other than the next sequential
seatement  (either explicitly by & GU_C eor implicitly a= park of a
aonditiconal TP or iterative =DHESWH LE statemenb) . WEXT  remains  in
operation onkil bhe KILL cammacd La izaosd,
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THE ALGDOL DYMEMIC wEBOGGIHG SYSTEM

MUTE

IF an ALGOL fstasecmerk inoludars  anheddoen
asflgnmenks,  extra line rnumbaacs may b
qenerated. This will cause EEXL to stcp
aZter complebing Like aesignmert cather
Exan ax the @nd al kEhee stalemanl. A
secend  HERY command  will roctify this
and =nahla pauses o be btaken betwes=n
all adnsequenk skabtzmenls.

20.7 DOMP

Thne RIOEP command aay be wsed to coutput the walues of  all currencly
active warizbles., The cutput of arcays may be suppressad oy uaing the
S CALARY heyword, Thia coemmand haa an aplicttal parameler. ITL thia L=
Lltery only Lhe watiables declac=l o bhe cocreont bDlock will L

dbaent,
dumped. IL[L & wumecle paramckser, n, is spepificd, chean all  wvariabkles
daeclated in the » ocnclating nlocks will alse be Sumped. IS "pudr ALTY

le specliled, then Ehe warianles declared in all the surtently arctiwve
Elock: will be dumped.

MCTE

DUME 12 =tasic in nakurp, toak in, ATy
variables enclcsed in vlocke iz
tecurEively=aceivakbed procedarss will
only b anwee the  gpal.aae ol Ere: "latrnst"
pocurronco duapod.

20.7%.1 EEDIRECT Devige:filename.ext [proi.preg]

ALGunl'  gotput from DUMP commands  bto be
Lhe dewvice is a diak and the
ey ehat

Thin command causes  sll
dicecied to Lhe device designated. I
filename iz specified, Lthen the resuitank ootpubt iz appended

file.

The command REDIRELT wlkn no  arcunenhks causss DOMP putput to bhe

dleaskmi we Bl TV

HOTE
The FIKNTEE  command should ha nsed
inst=nd of "U to erib from ALGDDT when a

REDIRECT is in farce, walae  khe aotpuk
Tile will Aok Le oo loded.

20 .8 MIGCELLANEOUS COMMANDS

dl=_3
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I2.E,1 hepessing "hidden" warlablea = UNWIND and BACE
15 meany <ages, there are warlablea L:ial  cankrot  2e  afcessed  kEouocne
kvey  are Fhidden” ip the zuereceh gantnxdh, oilsee becauszs there is a
wariaale of tbke 2ane name in an iccec bBlock or iz caetes ol cocursion.
Tre dNWLHEL command (8 provided o allow access (for displey or change]
ko Lhege wariznles. Tt refors too bee dynamic alock Zewels that  ars
typed  in khe hlsgtorvy Lrace produced on eccor or T0, ne Dy <ha WRELE
commend} . It =au throp Lotmacs:

*» CHWWIRI nj;
mowas ALZDNT's zantext Lo sariable accessing bo level my

= CEWIAD -ng

movss the co-hkeas n Zovels: “aus" Leom Lhe Erue conkbsst [(thab ot w™ich
proccan execution wan shodDod];

Fno o LChEIMD [
mowc: —hr oookexs ocul Lo Las agtermoss Blocs.
elso, the command

s CHRWIND;

»r BACK

telLurng Lhe context to the Frur combesh.

2bh.8.2 EXPERT and wWOVICE

11 sercr mesgages have 3 full s-E€ an abbrrewialex] Puooee Jatrally Zhe

Spll Somm 34 bEyoe:d, bul Lhe EXCISHELY cazmand cosisen the shock Locom Lo e
uzed. Tho MOVICE command cadses ALGLELLY bo cevers Toa the ol Lacli,
Im additic-, Fhee user  cay Lype 3 7 afterc o sharrt mesnsgs, s2o0 kBhe
full megsage wWill ke Lvoad,

The RETFRT mode alzoe agavents ALGLEL Ercm typina the oroondoce Lisoory
ftafier "0 or svrerd owhilan can be obzaized oy using the WIERE coamand.

Il a line
ALGRAT FEXFIRT

appests in the File SWTTCN.IAI Lhe -sar’s ares, ALGEET will Lz owenleted
with DEPEET mode in foreoe funti1 changrel by s HOVIZE command) -

£0.5.3  WHLEREE

Tae WHERE ocom=and ozunes the syabes b0 relyge Lhe stack Trace Thab wan
prodoced  when the ettot (LF as7) occucced,  vhin in innondec Lo be of
particoler age Loc wusers of wizaal dizsplsy terninal:z::

Py lmeer o

Sn lime F o1z memdnle d
I mrazedore PROCL JTewl 2

2u-14
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Called Frarm line 12 in procedoare IREOX [lewel 1)
Called Eroo lime 1k in main pragoam
na

(Toe: "lerwe 16" are For usme in the UNWLHLD cocmmand, aee seclict 20.43.1.)

di.#.4 THRHACE

The TRECE cormatd causes ALGETT +n tvpr the oontents of the crace
baller. Thin consists of the =am=s ef the most recentk labels and
araprdures encountered, with the moskb eecenk firvab. [(The hypooct  may
o5 nsual ne ghorted by “ypding bwa Ca, ar oa "0L) The: numbwer af entcies
in “he buffar isg 140 i(ecimal) ny delaalt. This value may be changed
by givicg khe SMTRACE awitch te che ¢ommiler. Labels are distinguished
by a s and Mladary procedure: by o %, The indecktztian of  Lhe nanes
glwves the dynemisz block lovel (two spaces per lewel and eacs proceduruy
isn crclaned by on extra notaticnal lewel):
#r THALE
LALGORL postmercecs trace [lotest firstc)
CRELIET
LAEEL1:
LAGEL2:
TAHE[ 1=
P
OFIHELLE®
reB=RLL:
AL, PROGHESY

=

.85 PROFILE
This command tvpes the history of Libe progrem in norms of  the  nunker
of times each label and procedure has beon edcountered)  typecub ie in
Lhe same otdet ag kke acuurrence of the objdects in the program, As
for TRACE, lakels are marked hy a 3 and likracy proceduares by a *.
Fear mxamplie:

P PROMLLE

Frollile arant

count nans

3 LASHL]:

1 LAYEL2:

U LSRG :

1 ¥ o

2 =N [

1 PRINT*

1 SPLHPLLE®

] BHLECTONZEL
b

2u-1%
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0.8, STATIBTICS

Thiz eammand Lvpas Lhe esecoiion Blas, elapfed fime, and oore fixe ol
Thr program.

200.A.7 FINIEGH

This command canses the aystem o exll o Lhe Manibkor, Llat  claging

all Filry and releasing gll dcovices,
HCTE
Thiys munt e used, rather than "G, 1f a

EENHELT iz in forcs 1a aveld Lagisg kEhe
oaknt Levan TOMFP comman:ds.

20.8.8 UNTEACE anmd OFFTEACE

Tigese wwir comeands gre aravided —o cestcal the dynamic ctrace facility
[0z Chaptec 1A . Eokbs in this ccnszection thiab traciag is suppresssasd
while exscuting ALl comaands (Lhie is signilicant &2 acoeSsisoy o
farmal oy name  =ay e8uSe CREIUT I o pinces af code thaot woald
alherwlze e fracod) .

20.48.9 HELF

A ARLP  gormmacd is  previded whleh  Lypez  the  cantentks of File
SYSIALGDIL, ZLE oL ALE:ALGDDT . HLEP.

LD BT RORCE
This corrand types any &5C21 file. The forrat 1s:
Fr B0OUACE device:filename ., axt [pro], proqgl;

The defanlts are § DHX+BLGCLT.ALG; PRIJ, PRCE, oc bath may be anithed
when Lzoze ol Eas gdser will bre ousced. S P.0.s are pot .-_'.,cce-?l;ed.

20 4,11 Tnpdircet Command Piles

In rezponse Lo & peompl Leos ALDGDIDT, +he whes wmay  wse an indirect
coczand File Ly specifyizng the Filerone with o preceding €. This will
cnakls comnands to ke read frem that Zile. 1Z no filemans is

snanified then askealSpRT, CME will ke Laken ag defaoslt. Trhls Lwature
iz particulacly <z=eliol For inputting froquently used suod-lizks,

20-1a
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20.9 SUMMARY OF ALGODT COMMANDS

AUTD 4
BACE
LEEAE
CCHTITHEE
CTFIME
LIMENSINE
LO¥E
Bih *
EXPED™
FINIEI *
GOTox *
(OR S0 T
HELF u
XTI,
L1551
HEXLT
NOWICE
URJECT
OFFTRACE
DHTRALCE
FAI'SE *
PEROPILE
HEDIREDT *
SOURCE
STHAT ¥
STAT'ISTICS
TRLZE
TYPE *
UHRIND *
WITERE: ]

+ 3+ =

L I N

The commands marecd with an askegisk (*] in the shawve list may alsc be
abbreviated £a a single charactcr, thus 5 oeans START, not STRTISTICS.

-1






CHAPTER 21

MLCRO SUBEOOTINES

21.1 GEMERAL

The subtookines w-igh may be calind From an ALUOL  progran  must  have
codr b fihe Soliowing slberlbubos:

L. The routine mast cboy  the PORTERLE calling interfaoe
specificalion, and ko czlled by way ofF the FURTEAN inkorface
nracedures,  fer exampls, TFlICALL, PLOICALL and  so G
Fourther infFarmatbicn <an be found in Chaprer 17, sestien 17.5.

2. Prue ALGOUL-like routices soal acqin with  inabrucklans: o
call the ©OTR  rontine PARAM: bto set up the envirenment and
abrails #ny porameters; ke prowvide an exik  for  PASAM Lo
cerburn any cesulie (in the cazse of a TYPE proceduars).

Thia chagter deals wilh 2pecific dekails of =he ALGOT.  irplemenbtakicn.
Relvrccce shewld o2& pade to flles ALZEYS and ALSPEN for delinikions
e, and ko ALGLTR fer  exasples of corceckly wrlezen MAC RO
muhronzines.

Z1.7 THE PRCCEDDREF HEADINIG
SEARIMN ALCIUEA ALGETS

mast b included al Lhe beginning of a KECES procedare if the test  of
Bier —aterial uses zyshnlic nomes.

Thee first execolable instruction in bae procedurs shocld s oa ccll  to
the oI5 rookine ®e54K, Thiz is Followsd By 2 Ses of GEZTripior wocds
Wwhich descrize the type of the procedure and the Eyoe of ezch of  the
Lurmzl paramelbscs.

Bramnplo:

TETHGEE EROCZOIRE »(%,5,¢); WELIE &7 LNTEGER &5
HEAL B; GTRING O

would hawve = header simllas ke the following:

RRELT==

Jh==3

BE==

=

JoF HE, ESap

LXE [R%. I

XKWL 0,11

A A FERCIATIGETH &

21-1



HECRO SUBROUTIHES

XWo FVRRIGTLATON L b
XHD EVARISR!IATLN, .5
HWE EVARTSEISFON, . O

An eynlanaticr fallows:

1. The tlest word mus:t noecmally be  J50 A, PAzA [RX LS
accumelakar 1h+ BEiaEdM la a racro cefi=ned in BLGSYS, by bhe
ALGDLE masea, and whizh expands to ZRALGLDEF., 1,20 24oull
which cantaing Lhe addrezs of Zhe I8 roatine TARAM.

2. The second word is the sdédcess cof trhe oosb--ackem Boscd ol
zavc 11 naned. Tas poal mortem Block is usec by vhe TRACR

Featurcsn, and is 1laid ouwt as Lalliscwa2, in Lhe “ow seqgnents

EME: u : TH:= PEIOPLLE ki<
LA nRDG  CHARE 7 Ik THE NAHE
STaATT ARAEE S :  PRIMTLCD 5% THACE ETL.

Ry W
Tk OT3  expechks Lthe Maie Lo ha
terminased byooa =ere ayse [FTEIXRBILZ ).
1f tze poame ix oo wzlbieTo owuwl sl

charact=srs in  l=ngth., an cxtra word af
Zeroes zay have Lo be zonplied,

A. Ther thilrd word L2 Lke Lenglh of the Eixed stack easgquirco.
there must ko cmogab space Lo khe:  @all Loelal and kas
rorametorn, ser boelow,  Moere sogsce cec be reguesled, ana may
e psed for ony pucpose an loecal o sterage by the pracaduore,

Length ol figed stacs needed:

e obho nxik o inabructioo {alwavs aeeded); 1 worid

For & tyoed procedore with -word resclh 1 wora
(Intoager, Real, Boolzan!

For = tyurd procedore wllh 2-werd cesoltc 7 wordzn
tLong Resl, Striog)

rof eath parapcesr el led b neme 1 wards
tAny byoe]

Tarn @ach patameter c2lled by value:
Tnkeyer (Baal,Boolean,nebel  Pracedures T ward
rrey eserlng,Loss Real 2 owared

4. The fourth word describes vhe procedore in bhe Lall nzlf, and
tke aczber of azranaters <1 in the right half.  Thee lefk aall
mUsk alwava bLe

NETRGIZZIMITYZE"
where Ttypc" in oane cf:

HoE-TTIE
B R
RREME

LSRG RIAT,
ATRTHG
Bl Le s

P Pl Cr i o el By |
(R J 0 SR - )
T

IC i
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3. The renoininog worde desctibe the Lormal parapekers, acd cell
rapsam  where Lo our  kiem.  The left half is & hit pattecn,
giwing the kied, kEype ané status of the parametec:

Kind i% one of:

SRR Tarialle
*REE Arcay
IPRO Pracedure

Type is ane of %1, 55, SLHE, 55 or SB a3 deacribed abiawe,
ur oo af:

1R Lzpel

SWW Anw Eyor

ShE Aritkmetic or Boolean

1B ILotegetr Or Brolean

SoF  Heal or Long Roewl

FHE Arithmctic [Integer, Heal or Long Rezl)

Stabus mMUsSE De ane oL

F0M TFocsal by "namge”
POV Locwal by "waloe"

HUTE

511 three fieldce wmust bBre Lpoclyded.

The cighs half of each descriplor word L= the aFfset in the
fixed stack whete EARMM i5 to store the eloborated parameter.
Cobwentlonally, thase are in  ascending order of parameler
position, bot this is oot neceasary, and gaps may be IpFt i f
drsired,  PAHRRM ooeyse Lhese allsets ipplicitly (bo check them
wonld be inefficient]. T€ insuFfigiont wards ace allecated,
ot inaufficient Lixed stack is rogueosted for each parameter,
Farametets will oyerwrite each cther azd Le losl, ar worse,
The space rogquized for each parameter iz as descrlaed abowve.

It iy croventional to use symbolic names fac Ehe ofls=t3, a5
in the example abewve,
WOTZ
werd 1 is always the exlk instruckion,
and word 2 (l-waed cescelh] oo words 2

and 1 [Z-word rosglt) must be reserved
Lav the result of o typed procedure.

21,3 ACCEESING FOHMAL PARBMETERS

Farameterz may be called by “pame" or by "wzlee". Ik Lae by  “wvaloe®
cdase, FARAM plzocas the actual walue on the Eixed skack in zhe Tpcekian
gpugifiied by g right half of the desceiptor  woards: tnus te loaod

paramekter & in the exarple lnza A,
MOVE Al . RILL)

Will neffice.  Chyicusly, Lwe ward  pacamctords pooauy twe  words  of
stack. 0L jaccomalalot L5 12 xlwayy the base of the fixed skack.

2i-3
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Accessing  fermal marametses b "name" is maLe complicated.
Eesentizlly, PEEAM pgtores inatructions on the fixed stack, whick the
provoedare ®CT's. The bheese lacabklons are  &nown as Fld]l, FIL] apc
Fl2]-

Fd! contzaing an instzuction which, when execukced, will Cfeteorn the
parameter inte AazaTulator n| [azd 2 For & bBEwo woord waluan). Sa, ko
load parameter B's waloe into accumuilator 0, in the exanople, writes:

e B (DOL)

WO TE

The ixsteuciick In FlU] (JB{DLY in  khis
vaged) may b anykhing  lras a "MOYVEZ
A walue" fer a canstant actual
nagrameter, t2 & 'USHI to & complicated
LS routine which may in turn call cther
narts of Lhe user program ('thonka" .,
Lll accumzlalkars edcepk CL, DE  and 5P
mass [HE cesbhrayed, @ad chr akack pay be
shifred.

The varicuz name pErameters most be ewvaloaled exacklly oncs  each, and
in order left ko clght, to abey Bhe Blga?! reles.  Therefors skoclng
lnka & Mermal by pame I5 8 twe—stop process.  nt the corceot poizt in
the  ewaluwation z2f Aarameters In the left bto right sequence, an
Acrs 4EIT 1) of FIL] iz written, This elaborales Lhe acdesess of  Lhe
Faramekbar  inko A2, which muslk naw e Sawed.  Waen LE 12 teguoired ko
Btore & walue (Leawm AC and pecheaps RV iste che parameneor, 0T F 1] is
wrikken, wiki A2 ek wp ax it was aftec the FIO].  (In wvecy simple
cases of actual Jarameters, Al has no meaning and P 1] conkains  an
instruckion Lbto stare  Lhe waluwe direckly, oog. & MOVEML) Thuos, Lo
glore Ehe cankenks al A3 Lt paraaczer Boin ther cxampls, wrike:

I'"OSE P &3 i THE XCT& MAY CLOGSER ARY A1
HKCTR SO{LL| i SET [P A2
roz EF. &l
HCT D+LICL:; ; STORE A ZHTOD B.
ML H

The XUTA moslk be xn Lze goapet glace 1n
the Tex 'k to rlqht ze-quenore bzt the XCOT
FlLl] rmewed not he.

F[Z] i never referenced direccly by Lhe procedarse aa it ia used by

AN o Skacs lelmernation et e k&l aaknr the pazametsEs. A

simple zcasc wonld ber suppose the cxamnle procedore T weee calleod B
I:= PI:IrlZEJ-']bb.'HB,".FLBL‘":I.-

Then the three wards ifor B on bier Lixed sbkack woalod b

JEADLY T|o; MOVE A, H+2 (DT
LB+ AR FL1] ATSEHS 11,
BRI FLZ] “nlai45a7ad
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(The SYETR1 UID produces an erroc-mettage, beosause 2 fornal cannek  bo
s8] an oa sbore when thke actual 12 a panstank. |

Inm more coemplicatad cases, FU2] iz ased Lo sbkare the goobexr [in Ethe
lefl half, = drlocaced vL), and adoeese [right halfl of a tnank.

Zpecial conaidetatlons apply for formal arrava, lancls, acocedures a20d
alringss,

The code to go Lo a tocmal lonel iss

X Lol R 1
JIIEEA a2, 1al;

A2 will be mera if t:e aztuasl is 3 swilch whass subsmeripe is out  of
ooands.

Baor farmal arraya, the header word Doir (see secLion il.B) it mtorad
iz TI0]  apd FILl fae arravs gre always stabtic): XOT': stoald oot oe
used for arrawvs.

For skringn, XCT P[0] will relirn with AD and &1 comtaininy the skring
herader  and Al contzinlng the address:  XUTA and HOT Fl1] are used to

stare 4 pew Etring headec, but oot to stoce a byke dlnso an existing
string. In =2ame vircgmstances a2 will point to &0, that is, the
Etring heacer wili ke in &0 and &L, and nowhere elae, Thiz anly

happens  when  the actual parswmcber is o Gvnonic expression, i.r.  a
call @ o Etring oroceduor:.

6 ohey a Formal srocedure,. an XOT of  FIG] is  coded, lallawnd oy
autual parameter descriptor wards, just as thoogh a nocwel urazsdure
were being called, wWikh the POSHJ replaced by Lhe HOT F|3]. The first
degripkeot 1s  ¥WD tyne of procedore wacked, rumboer of actuzlsrl.  The
temaining words, one Sor sach ackual, arc coded with bite 1 ko Ll ax
de:geribed  shove  for  [ocmals. Bit 0 is sat if dvnaslc, thet is, a
Farnal actual, or a thank.  Rits 1EB-33 are khe walte for an immediate
constant  (simole etatic czpression|, Lhe addrees Lor a non—immedis-e
conskant (regular &Static expression] or a akakl:s [r.g. ownl wvariaole,
cr  the Q address for dynaziec wvwariahbhleg. The O address is the offzet
in Lke fixed steck of the actwual wzriable, =nd kits 12-17, the B
addreas, arc  the appropriate procedure lowel, that iz, the allset In
Che cuctent display of the contexk DL af thr wacioble. Fob 3 “hunz !a
dynamic  expressicon),  the tlghs 2al® is  the addreas of kEhe thunk.
Zelore using dyvnamic variables and cxpacessions as actual peramosecs to
farmal procedures, the repder iz advised Lo insgnot some gonezated
code [wikh BLEDDT) aimilar te the case 1in guestion, az thece are
conpl ipetions.

21.4 BETDENIWG RESULTS FROM TYPED FPROCEDNIRES

The profedure etorea the walue izato the second word fand third worcd in
the case sf 2 btwa-word result) of the flreeo skack, thus:

MOYTEM &7,.EXIT~1!DL) twhare .ZHIT = 1

in the exaaple.
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2i.% PROCEDUBRE EXITS

Ther Tirsk ward i Fie lweal skack cunkxing  an Spprogziate jump i
cetura to the call-sikbs [wia PakEM:  che stock muzt e “unweound", and
Lha resitllL may nead it=s “¥pe copwarieds], =o the DrocecyEs e¥iLs oy uEe
afr

JREET LELZT(DL) fWhers= LEXIT - 1

il b  EFORMATS OF VARIABLES

Toteastr ané Real varichless are chyiows, Lwens rea- wariaales arc Lo
the forrmat sonrapriate bo the CPJ Type in use (KA or A1 KLY . Rooclean
variables are zera for "false", and wen-zzoo [including  negative
values| for "Lrouoe'.

Strlog variables ace paszoed an 4 bwe wand headoee. The Locomak D9z
n 504 11 12 17 14 3
- f o T Al e e e B e e o ol [ ko ke o T = = = - = .
!4 ! o H I ! T LH S5 L
—————— +- F-——- -4 -— _——— -
| flaas | iengtn in Eytes !
e pmm———— e ——— T A

The firsk word ls2 i byte peicker o the sktring (such that an [LEE will
et ihe first byle)., Thia wore is zero for a woll sLeing.

Tier fruened wadd Iz montiy taken wu By R

lzngth in bhykss  (odd hytes
in che last word may be rabbish). The Slsgs

area:

BEit 1 = Jdynamic {(mal a cocnalanl}
Ail 2 = tesull ol a3 string—-kEyoue procedocs

Wher & meve walue i85 assigned o oa sering, any ald string masts First ke
I35 FL IR TS Thr safest way o dir this tg to oxall she 078 rcoonkipc 3TRRARS
intring ghsigrl,  which  takeys  the neceunary rore oot To deleks
canskeabks and 50 oan, thoas:

PLIR= R ward-i—of-new—string's-hecéec
PUEE P oword-l-cf-new-atring's-headerc
POEE EP  ward—d-ot —ald-2Lreing'a-heacer
FI1:1: GFRrwird=l=of=ald=utr ing 's=hador
TLE T SU'.5THaSE

i kespli i=n &0,31

e
ETRASYE will copy Lhe sbring coless Lic 2
isa o net o in bhe new tripats hescécre,

hrcavs Sre also passed as 4 bwo word neader, LKhus:



MaCED SUBROOTINES

n 17 1a 34
e Em A e e i e ——————
1 kY e [ origin !
——— e e T EE A R A
| - % sukscripts ! OV addecss L
_____——--—--————-.-..___.l.____ _——
where:
1. "cype" is integar che.  (coded as in  descriprar  wards,  see

abowe).

2. "prigin™ is the addreasz af the (possibly imaginary) E&ra'thk
element in the accay (if ane-dimensional), ot in the ¥-1-th
T11icfe sector [LE A-dizenzionali: sSees helaw.

3. 'CW adrhress” is the addiezs of the Dope Vootbor, which is used
tae subscript  checking  [and Iy the Debugging System|:  Ewa
words per dimenzion, conktaining the lew and high @ound  of
cach.

Tris applies bto a weotor. However, foc a4 makrix  [two dimenzicnals,
the ctlght helf of word ¢ is =he acdccss of bthe zero'th elemenl of Ehe

I1ifFfe weotor, wnlch iz as fol lows:

——————————————n=== -—- -- [dimenzian ash)

r

I crigln of row a r

—_——mTraasa - ————m W N E R - —

! nrigin af row arl !

[ arigin of raw b 1

e e o B B e R J— —_————— ==

wnere the orilginz are addressez of the (passibly  imaginary) zero 'tk
elemente. Faor mare than two dimenziane, a hicrarchy of Iliffe wvectors
exists. [The purpase o9f this ia Lo allnw addresses of elements o be
cdlerlakrd  withoot moltiplicatiens), Arcavs and atrings [excopt for
conalank strings) are allecatsd in Ehe Aeap, and occurescon lagal tooa
block are deleted &t block pxit. Strings ste inktislised te "mall-
tthe First word of the heesder is zero) at block entey.

£1.7 PROCHEDURES WITH A VARIARLE MOMBER OF PARANETERS

Tris facillky is oot provided Ly the Algol-60  Llanguage  Luk Qs
avegilahle in che DEUsyales-l0/E0 ALGOL run-time ayekem. Tt iz needed
for some libraty procedurcs [THAXR etec., RERD, BREINT, eta.]

The procaedurc must have a special heading, vizd

XWo Dh,offest
ERLC JEFP L%, PRED
BtC,

where "offuce” is a locaklan oo the fixed etagk where [Fak0  [an
afFsboot of PARAMY 2turcs the number ol ackuals.  The saximum number
aF actuals allowad i2 dActcroined by the aumber of fermal deacrizlaorse.
IL wild types were used in the formal descriphors, the actual Lyoes

21-T
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gan unly be abkiaized by picking wp Ewe  aclualzs' descripter warda
IEHGTRE (TIT cenkalne Lhke call-site addreas, sdvanced owver  the
actrals. ]

21.& [ACLUDIWE THE PROCEDURE IN TEE LIBRARY

Thp pracedure may simply be added ta the livrcary  (ALELIDLRELD  with
FUDGRE ar MARLID.

If tke mracedurc hag a different wersion for KR oand KLAKL  PLOSESHGrES.
the LIBENT macro Shrold he osed (eefer to File RLESYS.MAY).  an enkry
wTUEE alzo bBe made in a tahle Lo ALGHTE (in the campiloecd, Bo aEACcisbe
thr wane witk the alias: thisz is done by vusing the LIB macto, which
iz Eosoriban in conments in ALGETE MR

Al.8 URILTTY ROUTIWES AVAILABLE

o notaer of tre waptines in bhe 0TS are awvailakle Jar 2se by Eacco
progoewigreg.,

:l.9.1 Getting Crore

Core may be obtained in the Heap by calling SGEIOWH:  any arauck may be
kad, and ORICWK will expand the poagram, zshilt the stack ete. 22
necessary. Coalls are:

T gers cares:

HOVTI &L zmount wantad
FORHT 2P GETC¥E ; o GETCTER Q0 F wmarkad Zero'd
s on oretuarrn, BL - oacdress of coco.

™y reekden cocred

o Lo AL LD
HOWE gl addrezs of picco
PLORINT CF  GETUFE nat GETCLEE

®l.9.4i TInput/OuLpuk

Gulleted mode izmabsoutpet wmay wob bBe  Gone dircchly, becagse the
monitor wiill allocate the buffers abowe the Etack, which —ay laler
have to expand or Lo shifted Le allow  the hoap Lo expand. Diireos
accoas =a Lhe 0TS rautines ta koewever sllowed, & fal lows.

21. 9.3 pevige Opro

MCVE B0, [STABTT sdurwri i

TELI Bi,f-buffees-touaired 7 0 will gqiwe deFaguls
NREI al,channel-numt:er

AOVELI A2, made r U oia BSLCLL

LFLERET SEL,IRET » ar QlCTET

il-B
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on robucn, Al is zero if swccess
lmetruckion which if ¥0T'd w
rtc.

F:l., If unsucceegselul, Al conktaine an
ill

11 qive the standard failure message.

o cotain a free channel nusber, scan the LA difeckary (16 words
gtarklng at LIONR{NBE)) for a zero ward.

21.%.2,2 Pile Qpen

MOVEI Al ohannel oumber

KOVE A, [BLEBIT/ELLenann /]
MIvH a3, [BIXEIT/Extonsiaons]
KOVE ad, [fprakapticorBE9]

MOWE 45, [pIoject, ptodcarmer |

FLEEY SF,C=>CILE
On Eeture, AN is zero if sueeessFul. Lf nat, 1k cantains the monitcr
crear cede JaB rebarneod from LAOKDP o ERTER] plus LO0 actal.  The
channel numbet is etl11 in Al, and the standard error  zesgaye and
action rcay be obtained by abeving:

IOERRE %, (A1)

2l.9.2.3 Flle Clpse

MOVEI 41 chacnmel number
POSMI &l CLEFILE ; May give etca: messaged.

21.9.2.4 Channel Eelease
HOVET &1 .chawasl namber
PlISHI SP  RELEEE

mon=8Lip 1 error (channel nak in use|
sekip return if Gk

21.5.&.3 Channel Gelect
Far lnput:

MOVEL B2 channel—¢§
oaLM A, R2CHLAN DB

For Oukpols

MOVE 1 A? . channel=#
JIEEN BT, $CHAN (D)

21.9.2.8 Read Byte
BIISHT 5P, IKDYTE + UBEE ELDL-AT 3

rnon—s5xip 1f =2nd of fite
ihere with byke in R1Z

21=4
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21.9.2.7 Write Byte

EOVE &1, nrrTe

s Y T o U5ESF MDD - A3
jiron-skip if end of file

;ekiz 1f L,

Z2L.49.2.4 Ereak ODueput

SCRILT SF,DEELYT r USES R10D - AZ3Z
incn-skip Lf end of file
;akip 1f GKE

21.%. 2.9 Kead Nomber
MOVEI  ME.Eypw Far inbeget

Far =ral

for long real

1 far any Lyp=

nokte the period !

LEns: alwast all Al's.

fere, numbker is in AD (and Rl if Lunyg Feoall

type 15 iz A2 1f "aoy" was used,

M = 03

PUOSHJ 5= ,RELD.

E R N N T

[l
L
a
L

al.%.2.10 Print Gumber

MOVE I L2,tvpe ; ae abowve (0,1, or 2)

r homber 1n AU Tane A1 3§l Lt Real)

r 3 = 2 digits before dogimal gpoint

a4 = ¢ dicirts after deoeimal naint

: a3 = A4 = 0 for "stazndard mede"

FUEHJ B, PRANT. i note the periced,

I nEeg mosl Alla
;i on rekoen, A3 = § charackers culopol,

Ta wurint 2n integer in Stafiard e,

t integqec in AG
Fus8s 5P IERIKT

21.%,2.11 g2tring Terminal Outpuk

tpegarnless af gurrent channel sebhingsg]

MOWEZ 2l address of string {0 bvte ends)
POSHS EF  MOHIT ;i if no bBreak reguired, or
MONTI T ; if areak reguirved, ar
MOHSIE ; 1L skeing is sixolr (oo break)
cr TUSH] 5 CRLE ¢ to tvpe o newline
MOTE

us t2 tke boffering actisn of the D05
using QUTSTR ITILALL 5,0 UL 's pay cause
ouLlpul Lo apcear ic Lhe wrokg obdear,

11-1lu
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Z1.10 GEMERAL NOTES

i,

any tegleter may Le rdezbcayed by g procedoece, excent fors
N==14 pPointer to database
CL=13 Pointer to currenl disgplay
SP=17 EBtracgk poninter
LI K

ITrese three regislets muak always e
cCorEecl, elnecea sy OTE cautioes

[paramcker Foooning, stack overflow
hacdlerc, error handlec, etec.) depend oan
them.

Bo teglster iz safe pwer X0T'zs bto accezsz fermals by “name”.

The stagck mey be Bhifled by any OT3 rautine, irclading HCT's
toe  aceess Locmals by "nape®.  Thoerefore ony stack addresses
zuat e Mdelnpehked? [Lae SUEl A, (DS befoEa, e
"colocated  Juse ALLL Rn (LB alter every such oell.  This
alse applies to Btting hezsdetr addeesges [rekurned i A2 by
EOLU W[4] - s=2e abose, |

&ny amauek of =Stack and heep may e ased by a procedure
[zuhject ke oxkbernal constraints). The 008 will axtend kheswo
Arcas as nooded.

Thio OTS will trap all arithmelic errore including averflows.

The 0TS will iskercept "C [(this zauses entryr to Lhae Dynanic
Drebwgying System [ALGLLYT) in wersion 14).

Bl1 Lotmals by “rneme™ mouskt always be accessed, zrd in ELtrict
laft £ right orderc, and conce each only. “hocega" here means
HOT or RCTR an F[O0]. Ewen formals LY rname whigh  pare net
wanted in certain casee mest s£i11 he aceessed, if the algel
alda-aflects ruleps arc ta be abeved. [For more detail o
Ehese rogquicements consult the revised repork].

i1-11






A%, alksolakbe valas, b-2, 5-3,
Li=2

Actuat parsreoos, 21-1, 11-2,
11-%

Aaddiliesn, 2-L

Adedtlen, omeratocr crocedonoco,
=1

ARLGDDT, 20-1

ALGHIR, 21-2

ALGLTH, 1-3, 17-1, 17-3, 1l&-4,
21-1, 21-%&

ALCOD=0, -1, G-1, 7-—

ALET-ER . 2-1

ALDCH, gwphcla, 2-1

ELamE, l-3, 1e-1, 17-1, 1i-17,
21-1, El=d, d1-11

ATGRRER, 25-5, 21-1

apfsre, 21-8

Aanizsd¥nR, d1-1, 21-2, A1-%5

ol LY-A

ALT-edes, ZU-EB

A7, Dodlear Ssdesahos, 3-3, 5-4
b, do_imiter wowd, 2-G

RESCDE, L7-1

ARCETR, 17-1

AMCTAEE, ZT-1

Brithme=is concltlons, 5-4, 5-%

rzitbwesic prprossicns, G-3

acray bocpel checxivsg, Zde&,
la_?r :U_'q

Araay Ceslarabions, é-3, 2-I,
n-1

BORRY, derlimitor word, 2-3

Irray stleronts, 9-2

hozay subsoripl, 14-~1

ATTay Lyoecuotk, 20-1

Arraye, 4%-1, 1IE-10

Arrafu, cuorailer restric ions,
1-3

ATTAVS, TR, L5+l

,F'.ql;_.'lj_r :'.':_J..a ].E\_Er lﬁ_ﬁ.l 15_3.-
le=-21, 17-3%, z0-5, 2%-10G

ASCIT conustants, -2, 4-12

83T sorings, l:-3, 20-3

Assambly gwitcl: PTERETCHY, 18-31

Asaiqnrent atatemcnz, 20-6

Leaiqgnmuants, 1-21, 4-2, 6-1

NITC, rmoarmands, 20-E, 20-11,
2n-17

hord=lists, 20-4, 20-3, 2N-13,
Z0-1%

mulacakic convorsi o, -2

Adtowawio conversion of
comnstacls, 4-2

Automatic Lygse conwersinn, 26-2

ILDEX

DAacx, 2o-14, 20- L7

PRCEREANE,, Ta=-13

Batch, 18-_0

BEGIN, F=3, fd-1, 20-2, #b=ln

DEEIM, delimiter weoerd, -3

BELTH—=HI:, 20-7

Dlnary Lggoe aunie, G-2

H_anks, =0—-23

Bilccks, 18-8

Dk =tcachurss, 10-=-1

RCCL, durry fFureoticon, O-:

Ezcz_ean taad scoLzl)l zanatznlz,
g=1

HOGLERA,, dolimibter word, 2-0

Heo_ean, extrassions, -3, -3,
Wl

Jactean, soeler wvearianlaos, -2,
-1

Hoo_ean varianles, 20-4

Bound, array dlsension
proedres, 17-2

Sooandg, 9-Z2

aognas, Wb srrays, LE-L

Bracxeta, A-53, d-a, @-1

GhZAR, 20=17

ORAAECITEL -, 15-0

dreak sutput, special editing
cnaracler, Lle-7, le=_2,
cl-_0

=ulfinring, 1éa-3

Buffars, 170, 1:-_0

BUCET2RS en, 13=2

Dok manipulations, 17-3

Byto, Eeae, 21-3

Byte size, slriv<g, 20

Byte sbkxings, 171-1, 1

Byt suoecripbinzg, 2-
l4-1, _e-1%

- -

So(Dantred 2y, 20-2, 2h-4,
-7, -1, 20-14, 20-15,
J-_b

ChLLy 17-4

Aol =Y aamMe, 11-1, 11-=, 21-3
CALL BY WRIUE, Ll-2, 1ll=3, 2.-
cord ponsch, 16-1, 16-2
Card recdor, 16-1, 1a-2
carriaco raturkn, 1-3, =5
oM edees Loy &, LB=2
CZh, dmvias nans:, 16H—2
Channe:l, relezsa, £1-%
hannzl nomber, le-L, 16-3
Chann=la, Ll&a-3, 1&-3, 1G-14G

P i
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Coghnes8, cocelined, li—& atz., _7-0
Chasracter consktani, RECII, 4-3 Wb, £0-b6
CHACEOTTY . 132-2 JChALL, 13-4
JOHECEORE , cumpilor swilen, 18-7 Dbuucing proarams, 19-1, 18-5
CESCROEF, dellmler word, 2-3 Lehuogsing, svelen, dynacic,
CIIDOROFTF,, dircosive, 1E=E 17-6, 20-1
CEZCHGN, 18-2 Melarasion ol an ATTAY L0-3
JUBECEDH, comziler mwitelh, 187 Leclarcticns, 2-2, 10-1
CEECKCH, delimiter word, -3 LE Lape, l&-1, l&-%, 18-1
FHECEOY, ALicpoc=ive, li-& Tafa:le Inpu‘l'._-"'-.':l.ﬂz‘gu:_. 2a=11
CLOSRFILE, 16G-4 LEFTEHE, =0-1_, 20-17
SOMMENr, 2-1 Lelste, Ziles, l=-4
Comments, 2=, A-4, 20-2 CELEL=Z, —ypeless procedire,
Commerk aftner BN, 11-10 13-4, -37-2
COMHCET » deiimiter word, 2-3 Celimiter words, 1-2, _-23, 2-3,
Counmgntery, 11-10 d=5, L—4, li-ZF
Comparison oneratorz, 23-1 i.'-::'_:_-;_;;rl.-_'i'.i.-::n:-ﬁ nwprastLoong, 14-3
Compllation, indepescdeant, 13=3 Pavioce alloea=ion, 16-1
l_"-:m[_.u'.'l.:ti-:::'u.. procroTs, -1 Dewice moEes, 15-2
Compiler oxtonuings, 1-2 Teoficmes, 1G-1
Coopriler restrickions, 1-2 IM, 17-2
Cazxppller awizchoa, LE-2 isk, le-1, _6-%, _&8-1
Campiler worsion warss, 17-3 LIMEREION, 20-4
Compourd skhatements, 6—23, 14-:Z CIMEESION, 2n-17
Compesart: syowols, -2 LIV, -1, 5-2
COMChRT, 17=-2 iV, Aclizdtnr wews, 2-3
Conontenation, 13-1 Livigion, 2-2
Conditional oparands, Z4-1 Livialon, Tperalblor [recedendes,
Condilional s<iaemenls, 7-2, =-1

la=2 L., A9-%
AL, A0 iz, 3-1
onstants, 4-1, 4-2, 4-1, -1 ac, delimiter worc, 2-32
Constants,. HEAL, cosmiler LEX, Adgwino pame, LA-2

exlansion, 1-2 ¥k, devioce nome, _E-2
Constraints, ceompller, 2-1 amr Saneotions, BOGL and LET.
CoNTINCE, 1E-51, £22-4,. 20-173, ==

20-12, 25-17 Fammeyry wariaklecs, 17-1
Control-hackarrmae,, 20-2, 20-= rem:, 17-6, 20-15, 20-17
Contiol &, ("0, 20-&, 20-4, Jyaamic bognds, 10=3

20-7, A2-13, 25-14, 20-13, Cynmamic Zoboggdog Syetem, L7-6,

20-15 A-1
Conlrsl transfers, 7-1, 7-2 Cvecamic Trase, 17-6, 18-0, ZG-18
Controal-momderiine, an—2, 20-%
Unntrol-hazk arrcow, 4-3
Contrsllive ligting o che

gorar oy, LE=7 Elzased Lime prcoyram, Z0-1A
Convarsion tyun, 17-2 ELSZ, 7-2, 14-Z
cofs, 13-3, 13-4, 1%-2 FoGF, celiziter word, -3
Core Sixe, L'-5 Embedied assiguments, £-:&, 20-11
LaE, 17-1 ExO, &3, 1d~1, zn-2, 20-17
IaH, 17-1 E¥D, dolimditer wozd, 2-31. 11-1n0
OFZF,. 13-%, 20-3 Enc-of-Lize, 14-17, 1¢6-132
fCRET, 18-7 FEANT LNy ~B-10
Turrant dote-nasg rociunor, 20-4 E4TeH, tranzsfer functlon, -2,

=3, B=-1, L1l1-2
EL%, ZJoalean opoerator, 5-30 5-d4
BV, dali—iter word, #-13

I:'a-.:'.x]'_"_ng' ELED aitaigniky, -2 Error retorna, le-3, Z6-%
Daka, nwneric oatpot, 26-9 Error wrap numbers, 1dH-4
Data wzansmimzion, 16-1 Evralnalicn, of sLate-ents, 19-1

ndexe
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Executlon tioe prodram, Z0-1E

EXF, 27-1, 1lB-&

EXFERT, 20-14, 20-17

Fxponent, ooticnal {real coo-
stantal , 4-1

Bxponentiatlan, 2-1

Exponantiation, operator pra-
cadanes, k=1

Exponanta, 2=32, LB-3

Bxpressiong, evealaasion of, £-2

CXTERD, 20-11

LETEREAL, oompller extensinn,
1-2

EXTEZNAL, declaration, 11-%,
1?--‘1| ].E_i.

CETEREAL, delimilLer word, 2-3

Fxtarnal procedures, 11-9, 11-10,
an=2

T-1l0, TORTREM subroctine, 17-4,
21-1

liacars, 17-4

=1incant, 17-d

T10LCATO, 17=4

F1JRCATL, 1.7-4

T13IcAzL . 17-4, 21-1

V—4d . FORTEAY suaroutine, 17-2

FALSE, 5-2, 5-2, &5-4, 24-1

Faloo, BFoolean coms<ant, 1-3

FALSE, Toolear OWH variableo,
15-1

TATSE, deliciter word,

TuaTE, 17-%

field manipulations, 17-1

Tile dewices, 16-1, le-4

Tiles, 1§-4, 16-11, 13-1,
#.-9

FTWZ5H, 24-13%, 20-14, 20-17

Fixad-point, printing, l6-9

Flostloy-peint dota, l6-8

Floszing-print, format, la-~3

FoR, V-2, 3-1, d=2, BEe3, 9-2

FOR, delimiter word, Z-3

Form Loods, Z-4

Formsl parameters, 1-3, 11-1,
11-2, 11-3, ll-5, Ll=10,
21-3

Focrmal peracaters, .:&:11;-_1_1.:_—_‘
reslrisiions, 1-2

PAOHEZ#AE, 3=-1, 3=1, 1lG-3,
21-=1

TOARTEAN doukls procidiinn
compiler extensicn, 1=2

TARTORAN , interface w-ocedertes,
17-4

TORTAAN logical wariavles, 32

FORTEAY, Zerminolocy oyunivalants
Lz AZGOL, 1i-1

2=3

lE=6,

17=-0,

[CORT. )

MIFMBED, 11-%

Torward doclarations, eompilar,
1-2

MIRWEARL, delimizer word,

Forward references, 1l-8

Forward references, aomuiler
rastrictions, 1-IZ

CTGRTCAR, agzembly switeh, 12-11

FLUCEZ, 21-3

Faneltica procedared, 11-1

2-1

CETCHE , 21l=3
SFITLN, 17-13
Glebal wsrialkles, _0-2
GO, deldzdcor woegd, 2w3

GO o, V=1, 20-1Z, 20-17

ooml, -1, Z2-1, 14-3, 149-1.
an-12, 2n-17

EF0T0, Arliml=ser word, 2-3

nEAE, 1B-10, 1E6-11, 21-g, 21-11

HE&L i, _8-2

HELJ, 1lB-2, 239-1fH, 2Z0]-17

ILP:LRLGOTUT . HIE, 20-1%

ICALL, 17-4

[centifiors, 1-3, 2-2, 3-1, G-2

Téentifiers, compiler restric=
tions, l-2

IF, 7=2, 14-%

IF, deliriter wWword,

SICMOHE, 2d9-10

lnax, _7-2

IMTEH, 1L7-3

IME . Booleosn operator, -3,

TME, delimiter word, =3

IMOERN, la-1Z2

Indepesdent compilation, 13-73

Indlireas sommand files, 20-16

2-1

a—4

TP, 17-5, la-l1
Inpubt, LE—=1, l&-2, 14-0, 20-0,
1a-15

npnt channel, lé-4

M, lincarcy orocedoare, 1G6-1
INPTT, =atatoument, 16-3
Input/oatant, 21-8
LASTMEOL, _6-6

IHT, dAursy Louncktlon, 5-3
INTRGER, delimiter word,
Inteoger constants, 4-1
TzTeqer convergiona, H=5
lrceger remainder, 5<5
Trbtejer, wmoslar wariabhlas,
Iny, .a-g

2-13

i=2

Incex-3
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T/0 channe:l sgatus, LE—10 Long real, sealar variables, -2
S directory, 21-9 Loy real varlables, 4-2
LaHad, 1E-10, la-11, 1e-12 LM, devigo namg, 1&5-2
LIOLCR, 21-E L3IH, 17-:
L30T, 17=4

Jergaen'ag Devlse, ll-&
Macne, lE-4, 24-3, 21-t

wagquetic tape, 1l&#-1, l6-3, 16-1T
MhRTIO, Z21-3

Enla, 1da-2 Matbrunakioal prooedures, 17-1
wlld, C&8-2 Matrix, B-1

E1LL, 20-3, 20-1o, 20-17 Ades, devise, 1£-2, l6-3, l8-&
ILlc, Zg=2 MCCES, 2D-5

H1'a, dgviog name:, LE-2
MILTIFLE RSSICHMMELTS , b6=2
Hultipliestian, 2-1
Labesls, 1-3, #-2, 7=1, 1l-1, Multipliratiaon, pporsatas pre-
11-3, 11-%,; 12-1, 14-3, cedence, b5-1
le-3, 1l5-5, 1&8-4, Z0-7
Tabels, qonpliler realriciicona,
1-2
LeRHL, delimitar word, 2-0
LAROTAR, 17-2

Mame, calling paraceters by, 1l=1
Mew line, gpecial adiling
character, 1£-7

EE?DF; gf declarations, 1--7 MW ENE, symbe: pragedurs, 16-7

—lty - T o o ——— -

LozLL, 17-4 Ndnbiifzb,lﬁfélnq nrogednura,
s — )

Lfﬁfﬁ Li-2 S ewton—Raphessh Method, 11-4
LERGIH, 13-3, 17-2 MERT, 205-12, 20-17

EEEELEI,EEri“ﬂ’ <0-3 MR RSYMAOL, 16-8§
fn FOEERCRS, 1E~2
TIRFET, 21-8 . KOLIST, l&-2
Librery procedures, li-3, LE-10 AHOLIST, compiler ewitah, 18-7
Lz3E, LbE-=3, 15-% MOMUXEERS, 1E-2
LINE, derlimiter wormd, 2-3 EOOUGTES, 1E=2
hinc Zeed, -3 KOSY¥ECL, 18-1

Line nurhera, li=7, 20-5

Line prlntoes, 16-1, 16-2

LI\\']E{| ]_]._].l:l.. 13_3| -_E_J;.l Eﬂ_lr
20-2

Linking loader, 1-3, 1A-4

LINKR, 13-3

LI, 1B-2, 24-9, 20-17

Listing of Lhe sovrce procras:,
1i=7

LISTZET, LE-7

LISTGEP, colimiter wood, 2-12

LIS GH, 1E-7

DTEION, delicilLer word, 2-13

=Lk, L1%-2

o, 17-1, LE-G

Zoadinyg pooagrams, LE-4

Lweal vworicoles, 10-:E

Socicnl devwice noame, le-1

Zoical 150, Le=14

oG, deliwlter woodl, 2-71

LoWe REAL, ocompiler axtension,
1-2

long real copslatlta, d-1, &4-2

WOT, Boolesn opera<or, D=3
wOT, dellmlter wore, 2-3
FOUTCE, 20-14, 20-17

¥all atringe, 13-2
SHUMERAS, 1E-7

temaric constants, 2-1, 4-1
tFumeric data, le-2

Fumesis labelsz, 1-3, T-1

koamosin lebels, compller restrio-—

Ligps, l=32
Humerizs procedures, 1&-3

OBJECT, 20-2, 25-5, 20-17

Objoct aade, 29-5

oLject Time System, LV-1

Dotal addrnsses, 20-2, 20-5

oocal (and Rosclean)] cangtanls,
2=2, 3=1

nokal ingok/autpet, LE6-9

Oetal repbesehtation of strings,

20-13

Tndex-4
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QFFTRACE, 17=f, l89=1D, 20-1%,
2h=1%

OMTIMCE, 17-6, 14-10, Z0=L&,
20-17

OZENTILE 16—4, 15-5, 1R-12

Omerating ehvirosment, 1-3

ogerator proccicnco, 5-1

Ok, Boolean operator, &5-1, 3-4

oi, delimitar wored, I-3

ordeyr of evaluation, S=1

Cutput, le-1, le-2, 18-3,
lG-6, 1=8, 16-=-110

Cutput channal, 1E=d4

COTTFUT, Library wrocedure, lE-1

CUOTEFOT, atatement, LAH-2

CUTSYMOAL . 14—

OWH arrays, 15-1

O, delimiter word, 2-3

oW warlables, 15-1

verflow, 18-%

BAZE, eyvmbal proceddire, Le=7

Fage throw, special editing
character, l&-7

Ea3ad, 21-1, 21-2, 21-1, Zl=4,
21-§

Farameters, 1-31, 2-1, 11-1, 21=7

Papear—-tape punah, lLA=2

Papar-taps raader, la-2

raram=ter, 1-1, 11-1

PRUSE, 17-&, z0-2Z, 20-5, 14-7,
iN-B, 20-%, 20=17

Brarinharal devices, le-1

Dlotter, le=2, 185-11

PLT, dewlce wname, 162

Poat—maortem tosoco, 18-10

Frecedeance, S-1, -2

Precedence, Boolean oparatnes,
5-3

Precialon, 4-2, 3-2

PRINT, 16-=-5, l&=14

FRIMNT, umbher, 21=10

FIIMNT °OCTRL, L6-39

Frocedures, 1-%, 11-1, 11-4

Procedurc hodies, 11=3

Procpdure: calls, Li=F

Prooedurcs, gonRiler restric-
tions, l1=2

PRACCEDURE, delimiter word, 2-3

Procedure headings, 12-2, 11=3

Propossar type, L7=0

SPRODOCTICY, ewitch, 18-10

Prograr etruetirs, -2

PROPTLS, 19-8, 20=15, 20=17

Project—-projgrammsr milber,
flle, 16-4

Droteetien, file, lE=-4

TP, dewige came, le-2

PUR, devige name, le—2

(BT, )

Duohy, la=11
2uokeg, 4-3

BAND, 17-a

Bandom huombers, 17-0G

Banyge, rral constants, t=2

RoaTs,, 17-4

EEAl, LlA=-E, I16~17, 16-71

Bead, namker, 21-10

Breadability symbnl, 2=1, 3=1,;
Q=2

KEADSCTARL, la-3

Beal conatants, 4-1

FEAL, vonstants, compiler exten-
sion, l=2

REAL, AdelimilLer word, 2-3

fieal, acalar vwarliables, 3.2

Aueurvsion, 11=7, 20=14

Hooursive, wariakles, 15-1

FEDIESCT, 17-B, 20-13, :zD-1lE,
20=17

BEENTER, Z7-6, 20-2, 10=4

AETFARES, “h=3

BEelocatskle binary, 1-1

PEM, G=1, 5-2

REX, compller extension, 1=2

EEX, dglimitor word, 2=3

Rennoe, files, 1&-4

Pegerved wards, 2-3, 2-4

Rornprver woed mode, LL=-10

Begerved word quotes, oompiler
extension, 1-2

Festrictions, 11=-3, ll=10, 1E-4

Geptrictlions, compliler, 1-2

EETEY, 20-12

Revisml roport ("Hevised Report
an the Rlgaritimic Language
ALECT-&D%), -1, 1-2, 13-1,
18-1

FEWIANG, 16-10

SMRX, 17-3

BMIW, 17=3

Founding, 4=1

Bus—time diagnosting, 1#3-=5

Bilza—t Liur: rrror, LE=1(

Fun-time general information,
17=5

Funning programs, Z8=1

SQarAsE, 2013

Scalars, compiler reatrictions,
1-2

Zoplar variak_es, 1=32

Soope, 1b-2, 12-9, 20-4, 24-7

Soape, Switch decle-ations, 12-7

SRLBOTIHEID , lE6=4

SELECTOLTZ20T, l6-4

Iricex-5
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Semd-aalons, 20-8

Setting line pumbera in List-
ings, 18-T

SETEAE, 1T7=0

SFIELD, 17-3, 17-4

SZide-elifects, avaluatisn af
exnressicons, L-7

side=effecta, evaluaticn aof
eusseripte, 13-1

fidp-nffoots, bypoout,

SIGH, signam fucction,
17=-2

Significancao, promision, =2

Significanooe, real nonkors, 4-2

FRILENT, X2=10

Srw, 17=1

Bingle-paas corpiler, 1-1

SIHO, 7-1

STXRIT, 20-%

SILXBIT, @tringe, #d0=3

5IZz, 17-2

EETFSYMAAL., 1k-h

SOUBRCR, 20=1¢, Z0=17

3SF, ZD-n

Spaces, 2-2, 2-4, 4-3%, lé-&,
1%—8

fuann, spoadal aditing charags=
ter, le-7

52RCE, =symbol procedure, le-=7

SORT, 17-1; lE-%

Stack, 19=10, 21=-2, 21-11

Btack analyeiz, l3-EB

Stack polater, 2I-bB

Stack ehlft=, 17-5

Stanck trare:, 20-14

START, 20-2, 20-12, 20-17

Stacemenkts, §-1

STATIETICS, 20-160, 20-17

STEP, delimiver ware, 2-3

STEF-UNT-L, 3-1

ST0O, 20-13

BTring assignments, s|Xpresaions,
13-1

Etriny carparisans, 3-2, 13l
13=1

STEIAG, ccopiler extenslon, 1-2

String conutachks, =1, Z=4, 4-3,
1%-1, 1%=3; 1lE-=1, 18-t

Ztring declarations, 13-1

oTRIKNG, delimlter wocd, 2-3

ftring cxprossions, assigimenta,
13=]

atring, lencth ard bwks gize,
2o-1

String aperata-s, 13-1

Etrlnyg autpek, 16-5

Ztring mrosedures, 1.0=1, _B=3,
T2

String escalar wvarlsbles, 3-2

String wariablas, 3=3, il=h

Jtring typeculk, 20-3

-1
2, b3,

ag
G-

[o0MNT .

String wvariables, 13=1, Ig=2

Strings, 1-2, Ll3-1, 1i-2, 13-10,
16-6, 1a-#, 20-4%

BLrince, concatenated, 11-=3

Suaroutine, TORJEAW, 11-1

Subhseripting, hytr, £-1, Ll3-2

Subscripka, Z=-1, 9=1

Subtrastiarn, Z-1

Subtraction, rporatzr acoecedencse,
-1

Fwiten feclarationa, 1i-1

EWITCH, delimiter word, Z-3

Switckh elsment, 11-3

Ewitoh pation, 2-2

Switohes, l=2, 1X=1, 14-1, 1li-3,
la=Lt, 1E=2, 1%=1, 283a=%,
IB-19, l9-1

SWITCH.IMI, 20-14

JBYM File, 20-1

symbkel fila, 2¢=1

Zymbkol procedures, la=7

Symbol tahls, 18-3

Symbils, compeund, Z=2

BYBALLGLDT . ELP, 30=18

SYSEZIR1 TLD, 2l«4

Syetam paramsters, 20-6

—ah, special editing character,
10-7

Tabs, =2, Z2=4  16=3, 20=2

TAIL, l3a«3

T, 17-1, la-©6

TaHH, 17-1

Terminal cutpat buffer, LE-10

Tarmlnals, 15-2, L&-13

Terminology, 1=l

THEE, 7-2, 1l4-:Z

THEW, delielter word, -3

TIKE, 17=0

TRACE, L17T-6, 1la-4, 14-3, Llk-1q,
20-15, 20-1V, 2.-2

STRRCR, switelk, LE-10

TRANSFCLE, L4=13

TELF, 18-5

TRAPHD, 1d-5

THEON, 3-X, S5-3, F=4, 20=4

TROZ, Boolean coostant, 4-=1

TROZ, delimleer word, 2-4

T2, dewiee pame, l6-2

TYEDZ oommanl, 20=53, 20=27

Iype gapvertsion, =1, lLo=7, 10=h

Typaelegs procedures, L1-5, 13-4

o, 17-2

J4T=L, E=1, #-=2

NTIL, dalimiteor word, 2-4
UMHIND, Z0=14, 20=17

Index=-&
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VALDR, 12-1 WHOFEFE, 20=14, 2p-17

VALLE, delimiter word, 2-d WHIZE, T-2, H-l, =@, f-=3
Variables, labels, 14-E WHILE, compiler exteneicn, 1-2
TDATE, 17=5 WHILE, delimfter wocd, 2-4
TVERSHE , Z0=8 WRITE, 1&=-7, LG-12%, 17=5

Virtual perlipherals, 16£-1

HoTa, 21-4

Index-T
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