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PrEfse€

- This na::uaL eontaLns pnograrnl-ng and ope:ratLng lnfornation
fo:r the SCALP systen, an squoeulng cf ALGOL l-nto a load-and-go
sJrs tsr! fon tha LGP-30" Many r:estr.ictions rbyl-cusly had to be
nade and th.ese are ]-lsted ln chapten J. But a reuerkabla
achLgvenent 1g the number of featunee of AtGOL tb.at ane LnoLud'+d o
$ueh" thlngs as nlxed exp::essLons, nested conditl-onalso uuJ.tfpl
assl-gnnents" ard fuJ-1 subscrlpt f:reedom are l.:lcludedo W€ have
found that the onl-y :really tyoubLagome res!!:lstlon ls not having
the step-nntll typ€ of for statesentc

Tbe planning, programningo oodlngo and debugglng of the systou
were.entLrely the work of two formen Dantnouth undlengnaduatee--
Anthony lf. Ktrapp and Stephen J, Garlanel . A alsse study of th6
syst€rn and the codll-ng gheets. (whlch togetlrer with the bloek dtagraus
oq the compi'ler aro aval"LsbS.e ) wt1L alnos* *ar:tainly impress oae
ditf! the superb a ndt e]"egant Jbb thss6 t$e, rnau dJ.d. Slnee SCAtp. ls
*utgro*rth.o! the earller but not coupletsd .-n.I.r-;'L-3Or we . ghould
+l-eo ackriowl-adge the contrlbutlon of tws etbep fcrm6r under-
8r:aduateg--Robetrt F. Ea::graves and .Torge L1e.*,g.r--to that offort.

tha oodlng sheets fon tbe fu11 systen ibut not the subroutinsllbrar*y) together. rith the bl.ock d lagrans sf the aonpl.Lon are
avallabLe as nemoroanda cen-BA and ccn-8Bo no! reapecllvelyo

Th:[ g raanua]- do6s not pr€tend to be an AI,GOL prlner. tneatLnc'..-- ihat language onl-y cu::so:rliy, Tlee assunptlcn La ttrat eiCOl, fi- --
elther knolrn or oan_b c. 6asl1y Learned-fro any one of an inereusi-ng
numb er of .readable texts. For lnstance,, Eee }Ic0tracken. A Guidc. -to Aqigi-lgRramrlEg, 1,{116y, Sew Yonk, 1-p62.

Thonas E. Kuntz
Hanover, New Hampsh,!.ne
i"3 Dec erub er l-963
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WHAT IS A PRCIGEAM

3 "1 Introduetion

Computers are stil-l eonsidered by many people to be ,ysterto'us
Haahines eapab3-o of aimost supernaturaL powers irn so3-vi-ny; ryast

and eonplex problene o Flost of the nefer:enees to eomputers in tbe
vanlous $ass media have done nothlng to eounter thts attLtud@"
For instanceo one i.s impressed with the almost human response of
& oomsuter prlnting its predictlve $essages on el"e etion nlghts "

In pcint of faeto a eomputen is nothing aorpe than a. device
fr*3' ggtr gsglg_lJ_ perforTning sueh eieneniary taeks as adding two

number*&s dividing twcl nurnbe::s, or3 &sG ertanlng whethor a g5-ven

aumbilr ls nssatlve otr noto
tb put it ancther w&yp a cCImputer c&n do l,lttLe more than F

s$all- chlld traj-ned in on1y elenentary 3"ogle and arlthmetien except
that a corilputer is faster by 5 cr 6 srdors of magnitude. (An

or"der of magnltude is a pswer ef teno )

Ttris huge speed ratio of i,J* ,000 or a mllLLon to one j.s tbe
i-mpei:'tant factor thqt rnakes conputers ss useful. They have no

$=m,m* te intellig enee n but very eornpLex F inteliigent-iiko 8! behavi.or
caa be sirouJ-ated by perfonnning ml}lioras of eLernefitaray 3-egLcaX
,*Fsrstl"ons in a short tlme, and this is where the eomputer I g power
l"tes. They have been dubbed by a welL-known aomputer expert as

blgft speed id lo_ts r
Refer"ring to the eleetion night perfornanees, atl the compute

is doing ls rnaking sirnpS-e calculations of odds based on a seJ-eoted

number of early returns, and prlnting out messages that have been
previousLy entered by human openatoreo The really dtffleuLt par"t
sf election forecasting--analysls of effeets of l-ooal- lssueso
4ssaS,oprnent of s iatls tlsal- teebniques fo:r eornbl"nlng datau and

rapid eclLeetio n of re sults--are Fq ! done b y the aonputetp o

In fairness, lt should be stated that eompute$s do so1ve vast
and conplex problesls, but these pnobS"ema are of a nattrre that ls
beth Elolp€ important and Leee dramatie than the pub3-t e rea:tlzosc .

ELectlon foresasttng is dr"arnatlon but aietomatie eontrol of Fro- '

ductfc.n p"Geesses j.s a vastly Horo irr:ponta"nl applieatien whloh hae
c. 'Tl P



i. orense and far-reachlng lnplloatLono
l-.2 lrlhat ie a Freeran .'

L,st ug lnagtne that we wlsb to ettack the sinple probLen of
*olving a quadratto equatlon. Except for oecasLonal ornors, each of
u6 would arrlve at esgentla3.ly tho saue answsrs, thougtr we atght
enpS.oy qulte dliffereat $ethodg.

Ttro ateps ttra t we go through aogording to oun metbodl sonstltute
e pI9@. ADd that is Yrhat a p:togra8 le--a get of st8!6 or in-
strirotlonr for. going fron data to anawo?8. the notion of a prograu
j.e uors obvlous lf, we utlllzg the servlses of oult grade scbool pupll
ilo do the aetuaL conputatlon. Whereag we take for griantsd tho
:tndlvfdiual sbepa when we do our owo coupnti.ngr we sus t spcll tbc!
c"ut i-n eonplete detall lf our pupiS- ls to a:rrlvo at ancuorgo

Furthor.#$re, thls spelllng out n:ust be done in a uay tbat tbc pupttr

;;a uRdenstgnd.
Aa an example, euppoae we aupp3-y ou:r pupl)- wlth a workcheet

oontallrLng founteen co lrrmns and ag EaDy lrows as wo haTe quadratlc
sEr:ations to solvsr Furtlrern suppose that tbc ooeffleients ao

h- and a (ax? +b:r+o -0 ) a:re llgte* ln coLunns 3-o 2, and J,
;-.€spoetiyely. fhclt a prog?aE nlght go ar follous I

s?orfo:rm tha following stepa Ln onder:
lu Paks tbls rorksbeet cor:talnlng three oolurrrs of nusbers and go

t+ your calcr:lator:.
2. Take the fLngt row and uark tt rtth a llttLe cheek.

3' Fo:: steps 14 through l-? look only at the numbers and spacea Lu

thc ch€ek6d rofl.
lS. HultlpS-y co)-unn L by col-unn 3 and wnlte tbe ansr,6r ln oolum 14.

5* SuLtlply colurm \ by the :r mber n[n and write the ansrc:? in
oolrtnn 5.
6, Mu].tlply co1rm 2 by eohmn 2 and wrLte th€ ansirer ln co}m 5.
? " Subt"rot ooLura ! fron ool"nnrr 6 and n:ri te thc anarser ln
aplvnra ?.'
$" Tf the nunbe:: Ln coLuwr I Ls negattve" skip the nert fer
irrgtructlons and prooeed, . a tartlng wlth ingtrT:ctlon 163 otheftrisc,
pribcoed rlth lngtruotlon 9+

]. faka th6 squaro noot of colum J and write tbe answer ln
ca l"umn I.
10. Ghange the slgn of ooLulor 2 and wr'lte ths anslrer ln cohmrn 9.
11" Subtract oolunrn I fron soLum 9, and wrlte the anewen Ln

-2 -
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co lusB L{).

/  12. Mutr ttpJ-y eeluxsl L by the numbe:r sAE el:.(. wr"lte the anstral3
,( Ln column ill o

13 " Di.viile eolusn 1"0 by oitiu$a 'il a*-d r:ritE the angwca ln
ecl luror 12o

th" Add coLurrnn 6 bo colunn 9 and wrlte tbe anewer Ln cof imn 13o

L5. Divlde eolunn 13 by eoXum l'1 ard write the a!5swer j.:r

oolunn Xl+"

L6. E::ase the ch€ek gtark and nark the next lower rowo

1.?. If tbc eheck-uerked row hae no eoeffieients in it, pnoceed

to step 3.89 othemlser Bo baok to stelt 3o

L8. Erlng the worksheet to neo*

*f coulser the ::eaL ltootsr lf ar4io !r-''.:.-'. ,:e found l.n oolurne 12

e.nd 3hn
If ve are nor6 fortunate, we ralgtr* ee13; upon a nore sklLLed

potrson uho knowe about quaakatle equ*tionso Sc nlght then ba
abl"e to supply hln rLth the list of coeffiaLents onil verbeJ.l"y teX.l
hl-n to :

i Bgolve tlsee quadratl-c aquatlons.B A blt l.eter ro ri3.1 get
baok th6 deglred answbrso whioh, dlth a blt of lu cko w111 be

coTnse t o

' Eelh of the above setg of dlnectlons ar€ prognams o ltrc
resulting eetg of ansraerg w111 agreeo up to noundl off, evet
though the noonputsrstr wero dlfferento Notlcc that both pnogrra !
ncr:c l-n Engllsh. Al.eo notlce thst th€ ffust p:rognam xaa glven
Ln terns of tasks that eitber peraon could ponfotm, and tbc scoond.

one ln tasks tbat on).y tbc rnone advanced person eoultt undergtaad o

Thua, though prognans for dolng the sano probleu raay dlf,fel
widely depending on tho type of co puter, tro go:nen'al oharaeteri.stios
ane soffiiolr to alL ptrogran8 I
1. tho progr.an rust be prssenteil to tbe eonputer ln a l anguage he
:sapeg.kg . tf t

?* TPr* pragram aust be pre.sented in terms of the elenentary
spsratians understood by the conputolpo

If the eomputen is eLeohronLe rather than hrmano the
corputatf.on w111 be done nore qu3.ek]-y bui the proglpam wfllrl" have tLre

saxt€ f eetlrres aE tho se above a It wli-l be a se t of dtreetf.,one glven

-3-



:, i? 'fii:el ;t';:,r-.*$S +t 'iri* ;l'Lltku Ue* ..-.C in .,9i"iilJ,

eorfiputer can perforEl e

up;:;;'S'tr i u*A 'i;h6

1.3 A }IS.ru. c4 an El e'ttegl-c_ Cgnputgt
Prosont dlay oouputers operate at rougb!.y thc levcn cf tho

flrst, longen prograno lnhat iso they ean acldo subt:ract, wuX.tlplyo
ancl dl:rldeo and they oan teEt the aLgn of the nuaboro Theref,oran
a pro grau for solving a quadratle cquatlon rnlght start somethlng
like tblsr

I
BRG ].
UPY 3srg l+
BRr h
MPY L5
sTil 5

i
Shls particn corresponds to stops h and 5 ln the progran givea
earliero and asgumes that col.ursr L! contalns th6 constant nunber
I&n 3hc program would vary conslderably frou oorputer to oo puto:!,
but uouLd rcnaLn gfunllar ln Lta essentLa]. eharao terl-etl-es o

Hon nuch hiae:r lt wouLd be to have a eonputen equlpped rlth
e- niorophono and a photo-reading nachlneo We nlght then einply
pl.aoe our coeffleeints ln the readen and speak lnto tho nlcrophonc
asol"vs those quadratic cquatlons.e Whll"c guah E system ls not yet
aval-1ab}6, work on so6nd recognltlou and eharacto:r reeognS.tlon ls
ln prcgreas" and . shcrld be avalLabLe in fl"ve o:r ten ;rean! o Tba

str:..s:.ug faot, though, 1s tbat tbo cowputer uscd witb thccc dsvl.eea
lilLL be tha saao. as those ln use todayc llbe triek. ugedl la to uab
a etanttanat oonputen act Llkctolse-resogalzlng oonputcr by eupplylng
lt rlth a spoelal oorpl.ioated progra" . lhla speolal prog:rau uakca
tho conputer act llke a dlfferent eoq)utclr capab3.e of earrylng out
eorrplex taekg.

Gettlng back to the example, tho nost ::eassnabLe type of,
hu RD aaEputer to expeot ls onc r,rho ean trnderstand standa?d aLgeb:ra
fortr:ias but gt1L1 doegrnrt know about guadratlo equat,iols o fb6
prc grasr to ths bunen oonfuter mlght be*

PPerform tb6 follor'rlng I tctrc Ln orde:: o

ln Takc these aetg of numbe?s, whl-eb we ulght call a, be and oo
and go to your ealcu3.atoro

\/
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2' Take ihe flnst of tfuge sots of nunbers"

;. t"l""r"tr t-a-gffil/e"l antl caLtr the rocuLtlng nuaber

roO tl .
4" Galcul-ate tba aaps thlng but with thc socond nlnua slgn
elranged to a pJ.uc aign andl oaLl. thc rcouLtlng nuubet root8o

5. srlto dosn the vaXuc of rootl &nd r6ote alo:rgsldc the set of
41 b, and e fPoE lithiah they rere eomputedo .

6r Saks thc.ne:rt set of ar bo and o aad rcp6&to startlng f,:on
rtop 3 sbovc..

l{bea doae, brlng ne the sor&gheot.q
Ia thc nert geslLon la pncsentsd a veraioa of tbc ProgrPas

cu!.tablc for E cc:rtaLn oomputen that trundorgtand!* aLgcb:ralo

axprcasl.oaa but not quadratlo equations' 0f oouraeo rtc ar6
teX-ktng about a couputer that has bceu *progra@ed' to aat ltkc
a apecl.eL oor4:ute:: that eaa rundlersta.Ed* thege cxlrrccsio so lfhc
language us6dl 18 a very opeoifie oae ealL ALGOL" It nas laveatcd
betr*cen 1958 and 1960 by eourlttce of, eouputer eipcrta fron
scvcral d lffc:roat eountr!.ea. llbq tdloa of an aA].gebraler

langnage for a oouputor ls Dot E€r, g6fug bask to FOR:ttsAI{ oa thc
IBfr-701t anit tsAIE-ltAftO on tho Unlvac !" Sl-lloc tbo lneeption of
thaso. languagco ln the nldldtl.o L950ts,'tbolre has glrolrn a pl6tho!.
ef alrnll.a:r langrregesn at leest onc d jlffe:rcut ona for 6aoh naJor
typo of eonpBterp. It wag thls 'beb61* of langaagc! tbat nottvatcdl
the dleveLoprncat .of, Atr GOL ag s standa?d languagc.

ll'bera ane oelrteln dtLffcreaees betwccr .AfE0t as lt 1r dlcfi.acd
apd tho l-anguagc uscd rith thc SCAI"P aysteuo Thcsc aliff,orcaoca
are j-upo sedl by thc Llultatlonc of tbc equLpucat, and rouLd bc dllfforent
for. dlffereeDt. ednputens. Therefore ,lre .filst -gl-ve au exagirirLe ln tbe
AIOOL languags, and thoa shor hov lt rouLd look aa prcpaned for
ggAT,P.

dorn
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A Bnief Lcck At Al'G0t

tha basle fcatu!'ea of AIGOL atre perhaps bost.prcaentod tbrough
es oxanplo-. 5he problcn dlgeusge(l la thc Introdllotton nlght bc

:neoupletely phnased ln AtGoL as

f.g X s= 'l gt-cp, 1 unttl, n !g
besXlx dlso tE blflfa - h*altl*etll

lf dlao < O @ gg to nonc cl.llg gg $ acrt3
nsxr: z ?= ggglg(drso)/{Zx.aIi]]g
roorl[53 r= -b[11,/{2*at1.] } - zs

root2tll !a rootl [1] + 2*st
aoao; end

grsnlnllrg this pggggr rG soe that 1t Ls conpoaed of, atatgucntg
*ach ons cndling vlth a lcrl-ooIon (nathen than a pcrlodl )"
$tatafiEats stty bo oompoundcd o ln rhlch ease thc synboLl 'bcglao'.
endlB e-yE r:sed to deaotc thc start and tbc flntsh of thc eonpound

statem€nt or nparag:rapha o (Fo" clarityn wa havc ladcated thc
ossi3cn*stg of a conltopDd statcncnto but sucb lndcntatloa Ls aot
e part of ALGOL)

fhc underlLnc'il rordg are parlt of thc AIGOL vocabuLary" as

ar.e all tho syubols guch as i;t aad. r+po. Tbo non-aadcrllncd wondr

rsfcr to data or to lsbcLs ln thc pPog"aa. For ingtanac, rdlsct
rcferg to thc nuaber.pnoduced whcn tha discrlnlnant of thc

" equatl-on l-s colrputcd g nnsxtn sarvcs to labc1 a partloular gtstcmcnt

lD tb€ prog"aE aa3 doci not ncfe:r to any datao
Stato$ontd rsay bG of gcveral ttrrllos. tlec ona in thc seoond

Ilnc Ls aa *g@g! gtatoncnt becaugc lt asstgzra to tbc data
loeation rdlso! th6 vaLuo produeed whcn thc cxprcesloa to tbc
rlght of thc 8e =n ig ovaluatedo Tbcrc arc scvcraL othcl exanplca
of aeslgnneat statenants ln the lrro gran, eDdl thoy all havc tho

E 6 e
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.(^ rgharaeteristi<y ths t the variable appearing on ihe Lef t ef the
$ *sn spnbol ls g.ssiEpred the value s.sscei.ated wi th bhe expreeeion

to the rlght of thetti=&ro Marst parts of the rlght.'hamd sJ.des s.re

seif-expLanatoryn tt4""$? stands for mu*'tipiyl "lr.,5tr for subtra*tg
ttrln fcr dlvidCI by; and s{+r'0 for add o The up-arrow stands ::' .-iIP

exponentiation or raLsing to a poirer, (Tho offieial ALGC,: symboS"

for mu3-tipli cation is *rtXo but beoause it le si-miLar to & eapita3.

X we have taken the l.ibenty of uslng 8. 8& instead" )

Squane braekets denote subscrS"pts o lxe othen wordso b [:.] ls
ths ATGOL way for wrl ti-ng t l, the g-th vslue isr a LLs t of b 0 s o

The &'s s and ct s similarly refei: to li.sts sf values with tho
eubscript *opc$-ntlng tos the partietrLar rraiue desS.tned o We assumet

af coux'see tha t the se lis ts of values are in ihe *eornputerffi wheno

tbrey san be used o rootl f i I and rool [i.l aiss ref er to lists in
+rhieh we i"r1Ll f ind our answers af ter the eomputation i s eorup3-eted "

As in al-gebran parentheses ane used when neeessary to cS"arLfy

an expressiono In the l-ine labelled Hnextst we wish to divtde
by the quantlty Zait se we enclose 2'*'a [i ] in parenthesss o Anothen
example :

af b+e s tand s f or: *b+* er { ab }+e
whll-e

at (b+c ) stand s f,on 
" 

{n+a } 
o

In the for.th llne we extract the square root of the
quantity eal"led ttdiscnn by eneloslng it in parentheses and preceding
tha t by tqfj " Otb.er s tandard funetions are lncLuded in ALGOIT* a.

partial List feLlows;

,-^

+

esrl (r )

*{E)
pgg{u )
ln{E}
eEp{E)

where E stands

squax4e r"oot of the value
sine of the va]-ue of E

coslne of the value of E

naturaL }.ogarithm of the
exponentialn base e, of
for any enpression tha t

cfE

val-ue of E,

ttre rralue of ,Eo

has a vaLue"

(57e



1[trc uon-undcr]-l-nctl ws:Eda are ealied nlderutif Lerss 3 thcy eonsict
of any l"etter f611sred by a strlng of ietters an dlg!.ts or a mlxturc
of the tno, Ir the samplc p?ogranr idcntlfl"ers &"e used ln two

Hays ? the first as naneq of variabies -- nr disoo as bo a, zo r*et1
root2; the gecsnd as nlabLoss for stateaents *- trnexts and wncr rs

ar.c uesd to iabbL thc statenents tbst feLlon thcn " NotLsc thei; a

atatettent labe]. ls separated frou 1ta etatcnent by a s:so A Etrlng
cf tSigit,s wlth no letters nay also scrv€ as a statc crt label. wc

nsxt scc why wc necd statanent Iabe1s ln thc cran:plc pFograr! o

tbe thlrd Ilnc ts a conditional staternent whoss rneani-ng 5"s

slnlrs t scXf-explanatoryi nancly, lf tho discrlmiaant of tho cquatioa
ls negailve, th€n next exeeuto {g ,tg) the statement labcl-isd
rnoncfg otherwlsa nert exeeutc(gg to) the statsnent tabeLl*d nnerrtno

The lahel fcllowlng the gq to servss to iclentlfy the statoment wa

intend to be next obeyed. Aftor allo lf udlses ls nogatLveo thc
aquation has no ncaL nootgo Thc forn of tho eondltlonal, atateacnta
Kay va"y ride].y aecordLng to ncods and taetesn but the graaHr3sa

+f ALGOL lnslsts tbat the wonde ifo !$p and g].gts bc uaedo and

be resed ln rmroh thc saoc form as in llhc cxarnpSc " Thc statosents
eongtitutlng a p?ogtran arc normglfy excoutod ln scqucnccg the
sequeneo ls brcken oniy by 99. tq statenentso

Anothcr typc of statemcnt 1g the n ompty* statelient tb,at lg sssd
prluarlly to labcl an gIlli Ia tho prograrb exaap3.e, cach tlnc dLse

la acgatiro vc go dircetly to tho cnd of the conrpcurod statcncnt that
constl.tutcs the body of the contputetionn and so lrc rust provldc a

l.abgl. Slnco no further coraputationo ls neceseary, thc statcncnt
so laboIled Ls sc*4rty$ 

o

f?rls b:rlngs us to the fo? statemdnt" An Engllsh tnanelatlon
of the f lrst etatement of thc exarq>Le isl EDo the Etatement
lwnodlatcLy fol].oulng the r'ro rdt do (itts a conporfirtl statcnant
oceupyi.ng linss two tbrough scven), flrst rtth i gst cqual to 1.n

r;ext wLth I sot cqual to 2, and so on, and fl,naLly wlth i ect
cqual to rlo After that executs tho etatenent -folJ-owlng"w

\/.

v
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(-, Tbo variablc I Ls the subao:rl-pt tf the varlablcg appear3.ng

ln tbc eanpound statemorto Tbe ooxryutatlon lg 'dona f!?st with
*1" b,l, '*o; noot3.ra and root2lo and theu with a2r bz, *?o :"oott2r
rraotZ2o and Bo on" 11ro fo_f gtatenent l"s very pewcrfuie aI"irc, wiag

us to wrlt6 5.n a very few etcps eonpu'ballonai pro6ranr ttre"ri az'c

othcrnlge very iongo llhc spcclfLeatiorl of tho for state$esit
al-lows forns othen than that on{t uged in ttrrc cxarrylo 3 for lnstancco
an cqulvalcnt for$ Ls

"ggI I saq '! ,2r3nl1 step 1 untll n dq '"os
sr, lf n ls eqaal to 1"0,

*&g t tn 1 e2r3 rLr5,-6 e7 ,8 og,.\o du o o o 
*

E.sen cther folrng are posslblco aa a mera eonpleta study of AL00t
rrouLd sholt"

Tou rl11 note that thcra are no gtatemeatE ln thc cxanplc
refarrlng to lrput or output " Ai,G0L iteclf dscs not ooneern

!.- t$soLf rclth euah stqtcnents bsoause thcy will vary fron oornputcr
to conputcr. In tbc cxarErX.c wc havo assunad tb.t thc varLablo

' rl bss bcce asel.gncd a valuG cqual- to tbs numb e:r of ql:adratlo
cq:rations to bo soLvcdu and that thc liets an bn and o. hgve bccn
glvora vaLues 6quaL to tho coefflcients of ttrG equations" ItI.

elso essurr; tbat th. ligts rootl and root2 arc avalLab16 to thc
uear after tho eorputatl-on haa been corrploted c

Sotlcc thst thc varLabLes i and n takc on only intcgcr
vaLuog whllo dllse, zo anil the otlre:: varLables oan takc on any
rcal" valuc, (Tn a eouputcr thc non-lntegens arc rcplrcecntcd. ag

floattng polnt nr:mb crs 1 ) thls f act tg 4_q-olagc-d to tb. prog?a!
bt tho d.co1anatloa statcnort, *l-nteger lrngFo Thc ncason for
thj.s dcsLaratlon is tbat digital. eouputcre arc f:rcquently
sonstructcd to haadlc lntegero or whoLc aunbere dlf,fercntly frou
genelra1 rcal nuubcng n

Bccaugc thLe generaL prograu nay bo uacd nany tlnes, wc ruust
a].so deaXare the rnl-xLrnuo nunbcr of cquatLoas that re wll"l cver r{ant

f- to soLvco {Tbls uaxlnuu nwbcr i"s aot tho sauc as nr rhlab. tcLlg

9-



tbe progran how uany cquatl.ons there Ere thLg tine. lthLg dlceS"aretLoa

*l"lowe r:s to detennSna ahead of tLrre whether or not tho prograu can

be ftt into tha sonputen nanoxryt lf not, thon soue nodlfleatLon
wl-l} be nadeo Tn AL.GOL rrc rnay deelare the maxisrm glze of thc Llsts
l-n tho form sgggly ao b, et rocttro roct2[X.41000'jm. 5ho .gtaqX
decLaration so-BaLled, states thet the l-lste {or arrays } a, bo e,
root'l o and rsot2 alL have the safi6 slzeo and each one provl.dea a
placa eorreaponding to subserlpts :nrnnlng frorn for. exarupl.on 1 t@1000o

?ha user eaa supply cornqronta and l-ngtructlons for bls ona

i"nforoaticn or: the lnforrnatlon of oth€nE by uslng the aynbo[ 9-9!0g?r:-t.-

Soob comaents do not affect the couputatlono
l,flth tbe addltlon of eorffierits, ar:ray ileolaratLonsn and va:rl-able

';ypo. docXaratlons, the exauple p"ograd appsalls bsLorao The pnogran

ttsEXf is s€t off by a hegLn-enel paL" a.$dl the vanlous dggLaratlons,
suoh ss o3g!9gg lras appoar funodiateLy after the tnltlal Lq&fuq"

tbssenS thls algorithn flnds th€ trte real rootsn
lf, they exlsto of a serLes of quad:ratle equatS-ons g

C-

Fss$e Egt;-eegg Le nt qETaJ

foF I se 1 steg 1 UE-!:l n

be*gin dtsc r=b[t]t8 = l+'*a

8,, b, @s nor.r'ht, Fosti.[191CI00]g
q9-

[r]*r-e I!.] s

eLse g !g nextgAg d-{-se <
ner;tg u 3*pgg,g (e lse }/qaxa If 3

rootl tll sr:: -bIL3/{Zxaill}
Iroote[1]sryoot1 Ill + 2"'!,zt

none a end end

\org
.BF

For a x$ore eorrpS.ete dtseussl-on of ALGCIt the resder ls referred
to ara exaeLlent exposltory books by Me0raekon [A g}le. gg, 4J,.ry r

Ji 5r,frs:qn$nlnffo W1ley, New Torkn L9621 or the teehnleaL def,tnttLon of
ALG0L fpeter l{aur { ed " ) o $Revl-sed Report on the A3"gonLthmJ.e

Language ALGCT 60ott ACM gsrlur,nunigatl-ons, Vo6(L963)o no L, pp l"-Wol
i;ia Erll"l nest Gsnslder how the above exampJ"e wouJ.d 3"ook tn $GALFo

€L0c'
v
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The SSAT,? -&eurguage

3*l- qhs gmSS
Sha SCALP )-anguage ie basl-eatr,}.y a subset of AT,G0L wlth eentaln

rnodlfleatl"ons neeessLtated by the nature of the 1,G?-30" The

]-anguage wt1l be l-nt odueed finst wlth ar: ex.gup3-e- fho exan:ple

6sed wi}). be the quadnatle-so3,ving alLgorS"thnn gS-ven earl$.er with
tw* important ehangess n-nput and output ste'iew@ri'.bs wlll be addedo

eal.S the f*r statement wiSL be el-i-rsi-neb,sri se that the pnognaw wl,l"l"

s+}"ve entry one equatlon at a timeo

ecnsentt fhis a]-gortthm f lnde the tw* :rea1

rootsn i-f they e:s:l st" of, a quadrati-o
eQua*ton I g I

begin r re&l- I I I 
" 

o tb ! o, { G o 
u n 

e dleli3 $ 
o u 

B i:**t}0 n n 
0 r:gOtz ! n o 

n % t g I

Star,te *ttreadl (laf nn!h0onoOl )t "c
*1Se!,"::rf'btAo uP0 t*{ [h! lStlgs{}9et 

$ !

if ?*f-setlts tfft t thentgototRon€reLeelgototsssf,t g 0

nestt stt|.? 3e?sqpft (ldlsct 5t /r {t tes?;xl,gs 1n it
r"$ctls o*! * v6r f r tt t 2t e{}s 6 t ) 0 - ! s ! 3 

!

nest2! get366fIr+r Ile t*t rt $t

F rlntt { t cearro t n 
" 

o & ru; tfu t, 
u / 10 n 

o o 
I rc ot}q n, ! rootZ! } t i t i

gotolsf,arf,r;t
nonet " glpr$-rtt ( !coarr rr s rr&1 o.rt?ti?,r1 l6f l t' gt

tLtLet tlc u,c;!n$c 1"eiso rea.tL rso$tso! )ei{
gcto I start t ond I

Tn addition to the l"ne}uslon of input-otrtput etatenents and the
eieSeti'*r? *f the fern etatement" severe]" r*:lnor ohanges tcl.l"l" be

noted. T?:e ynost lw:portant is tha t the flexowriter stop code is
used as a syroboS separatoxro Othere 'inelude reptesentatior,r ofI

\-,
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eharacters not on the fl-exowrl"ter keyboardo and & speeiaX way of
deslgnatlng numborso Those end others wtJ-i be deserfbed in detall
tn th.* ceeBlons that fol"l"ow"

3"8 lT*.e S-qStJ $l{gsq.q {P-qs 4I{€AI1

fn this seetl-on wtl"L be g5.ven the maJo'r ways tn whJ.oh ALriCIL

le restrictod by SSALP' ltre exarnplee i"ltluetrating the r:estri.:tion
wlll be g*"ven in AI'GOL to avotd eonfuslon with the stop eodes and

sy$belr pspresentati.ons l-n $CAT-,Po

3o2*1 BLeeks and ?rcceduree
$GALi' permlts qp bSoeks or pnoeedures" The prsgram itse)-f"

hore*vern 3.s s bl-er:k and aLL varLabiLee used ffiust be declared. $Lnce
'bhes*e &rs ::c.i bLeeks or procedures, the eoneepts of recurslve pr€'-
*e$r:re+u #!r:r ar:cays* and dSrnanle errays do $ot arise " AI'L arreys
in SSAtr3 rwst be declared uslng numerleal 5-nteger eonstants to
{ndi,+a?e the subsertpt bsunds o Th6 word g}ss. ie not a part of
SC;i.LP, and ney be used as an 3.dent3-ffern as .rilay all other ALGS&

dos-ds omLtted frcs SCALP. (See seetloil 3o3o1 and 3"3"3o)
tfhil"e procedr:re doqLarations ane not alLCIwed, pnovS.si-on hae

boen rnade far tho standard functionsL a Ltst of whieh fo3"lowsr

(:'

v

sin
g*s

aretan
Ln

exp

sqrt
abs

sign
entier
randoa

read
print
ti.tLa

Tta* defini"tione of most of thcse fwretLons .are exp3.ained ln tho
AtGsf,*50 Report [ACm Qg$npnlpat&nso May ]96,0 and ffanuany tr963,J

end wl1l not be l'neLuded herco random is a ao-argusent funetlon
rohtc?:. qa!.ren e aLLed genenatcs a fl-oatj-ng poi-nt peeudo nandom nrrmber
tre t?ie in-r;ervalL l$c n ), Ib obtaLn a pseudo raadom dlglt from tbc
s:'t {00 i t rr r,, 9i, use entLer ('!9r'raardom) o Read, pnint andl

ttti* are ir*put*output functlono explaf.nod ixr seetLons 3n3,6s
3*3'?r end 3"3"8o The laet thrce ae wel"L as the sqrt funetl-on
espea? ln the exarnp3.e prCIgteauo

6l-2*
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( 3"2o2 qqndltiqeg& EgPSPS-elsPe
CondS-tionaS- expnesef-ons are nert pern:$.tted" Ilowevero es13-

ceqronal sta'bements may be used tn ruii generaJ-ity" Thus

xr* y + ig a < b lhge 3 -qlS-e. sg

is not al-Lswedn and nr5-ght be repl-aeed 'b3r

if a < b then wg* 3 eisg wss fi; xS* y + w$

Along the s&nne }-ine, the anguraents of a ewitoh deen"aratlon cntrst

be s{rnple labe1so Thusp &h argument of a ewi"teh deel"aratton rnay

not bc a:*oihen switeb name or a eor:dltional" deslgnatlonal 8x-
pr"eesian" If lt is desLred to ernp3"ory :'len'bed sr+iehesn the seaond

swi"tehr :nust have a label"Led eall"o "bhe "t"ar;ei" appearl-ng es e.sl

argr.:r:e::t of the fir:et swlteh deeLsratj.irs:io Thus in pJ-aee of

srgtggh alpharagoof, beta [n], xtopg
g_wi,tgh beta gEloopo exl.t g

we ni.ght use somethl-ng Stke

ewlteh alpha := goofo LXn stoi:g
gljgb beta ;= 3-oop, exitg
Ll : gg ts Ueta [nJ ,

3e2.i S'cg Ltetepeqt
Or:ly a lfunitod type of for stater$*$ti is allowed in SCAI;Po

.Esth tLre steg*untiL and tbe generaL.List are omittedo Tho onl-y

type perrnrS-tted is the whlle e3"euent, whieh must be of tlre form

for <varj.abJ.c> gs €oxpressl-on> whi-l_q <r'eLation> do_ Sg

whera S is the Ltenated statemento AdmLttedlyo the step.-pqtl&
' eXeslent ls probab3.y the $ost useful. It may be imLtated as followse

lnstead of

for" ir= 1 steE 1 until- n de sg

1436

Lt =OB

fsr it= L + 1 i,rhii-e i S r qg Sg a

\J Anotb.er fonn avolds the use of {oT a}togethere

-l-3 -



4 o= 4 o;o " g

3.oop c S F

l. ?sL+
ifi<l

1f:e<
T't e ff x. 5'

U"
{o

then gqtg J"ooPg

fhls l-ast fom thougtr a blt f-noonvesf"et*t te'

*x6€rftod Ln SGALP at about the sam@ speed as the
use, 5-o aotua1...:-y

whiLc form,

-*"2"i+ Fee*te& Igggsqr. Pisggg

?he speel-a3" integer dlvidaa i.s net f-neLudcd Ln $CAL?" Tt
:ftay be ryn?h*slred as fol"lowsc for

' & €'b
r"hgG

*igm {aa%}#ent1er (abs ea,/b}}

3 "2*5 Se*3e*:*

**].ean varl"ablee and operators ane not aLLowedo Oao of the
mogt eowmon eonstruotLens whieh oalll- for theLn use 1s

Ifx€eAx*1 then sele A _c&gg eg_to. Bg

ts sGe :if x }ies f-n tb.e aLosed Lnterrral, [l oe] o Si.nec ths A (or
lte ts.ea:*S.lterated fonra eqg) Ls not pe::mlttcd ln SGAI"F, onc rntght
$sG ins**e*:

\,,

TJILI'

A
then
Effi2

1

Eoto
goto

o
I
o,

3.3 Ag"aetaElog of SCALP to the LGP-30_

H:.e restnLetlons pncsented in thc previlous seetion are vGry
g€vess, but affcet the naJorlty of pnograns eurprLsingly J"LttLco
!4any progr'ams oan be adoptod to thesc restnletloneo On the'ether
han$u *he rase af stop oodes and spocJ-a3- synboS" rcpresontations
preamnt no addltiona3. l,ogXce3. r.estristl-ono but are neeessaril,y a
pasiE sf; all Frsgrealrs pnepared for SCAI,P" They ano ltcnLacd belowu
:;:io* m*see*e,r'11y Ln ordor of, iraportancoo

3.3.1 Sgeglg :.: I

#ertaln AT"G0L syrnbo}.s are absent frorn tho fLexswrLtcn hey,board
crn* rnuet be repreeentsd b3r other syubols"

-rl+ €
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'8"

I

6

l4
o

1

Tn addJ.tior.l* 'bhe fol3-owing synrbol-s stre s:teSttdod ff13w S0ALPs

+=3VA-1€-9
step until olixt LabeL value

,A Boolean procedu::e strlng
\'----l' 

SBacee have en eff,eet ln SCALP and shoul-d be avolded exeept tm
eosnnente and tLtle etatemontso g@ to may be used wl-th or wl-thout

ttsre sBa*€ o

3"3*3 iIPPer aFd Lowcr Cpsc

Tlpper" and l"ower oase shifts shoul-d be used to ruake She

typed copy more r:eadabl-e" fhey havo no effeet on the progran

te bo Funo

3o3"3 Restnletod Wotdg

No SCALP word may be used as an ldentlfier {vartabl.c nam6.

er statoment labello These lneLudes go t8, goton i{ thenrn e}seo
roo.- don whllen corrrnent, begln, endn integero real"r arrayr swi-teb.tdvr I

sln, cos, aretene slprtr ln, expr abso slgno entisrs rendom, :reedo

ps'l-rrt, ttt1e. Othen"rison fuLL freedonr fsc" variabl-e nanes is per*
$ltted _eryeqp*g than onLy thelset fLve eharaeters are usedo Thus

sq$areroct and eubeneot wtLL 3-eek tho sane to SCAL?, etnec the
:- l-ast flrre letter"s &ro tho samo inoaeh sssco Furtberraorc, rsorde

V

+ L-J

.:: lt, t!:'

3.te
:=as

gte
gt

itnV 6t /a

,i
ten
oo

-l{a



L$ke wl'hoh that eonfLl-ct in thel-r Last ftve ;etters wt'bh off,lei"al-
SGAL? wondso 5"n this caee sr.rS"teb.o TneTr aCIt oer r.rsed as i-dentifttsFso

3 " 3 "it Sffi?.gg $ePagqler

A3l- SCALP s]nn'bo3"s, }abe3"c, and var'la.bLe naares are sepan*te.f,
hy stop eodeso the icey o:n thc flexo.crs,t-ber tabeJ""I"ed

*yade l"ike effi &16 oonsidered singJ"e sy:*bo3t"eo as aro aLL SGAT,p wonde
llk* begtn.,, gict*u and ite o $top eodes .nuet .r,rot be oxnltted or
;r;isrieedu and great sare ln prepari-rrg the sc,^r:l",ge tape mrsbt be
r.:Kere j.r':"d

' o3,'5 {wriLr-q "Bggaasenlc!3p"g -i.-q EaAif_

ifumbe:rs may be lneluded tn SGALP prsgrams o Aray J.ega1 ALGCIf,
st'wub*r is per,rmS-tted exeept that tb.e foll.Lowislg s,onventions rnrast
i,i+ joil*i^red s

Lo The nimrber uust be startod and fl-n:leh.ed n$.th am.

*xtra stop c*dao ss that a doubS"o stop sctde eoSraratee rarnnberg
from ad jac*,.n* syrnbo3-s o

f* Thena nust be a stop eodo at Least ever']r fLve
eharaetere ir: the nurnbero but eompr"ote freedon as to hos muele
cilore of'ben they might be used is al"3-owed,

3o" The letter etrl-ng lga ts used Lre plaee of the ALGOL
mubser.S.pt 1O 6

\/

b" T!:e

dtgitsu excludlng
signJ-fieant dlglte
sau#es no loss of

5" the

sj.gr.ltfieant flgure par:t must neit exeeed ej.gl,lt
sign and deel-r$aL polnto {Since only abeut To5
are avall"abl,e for eomputation, thls restrlctLon

LOcul3&Olo

dtglt 1 is rapresented by an l_o a j-ower Gase r&o

1'he f*l-Lowing examp}os are eorr.eet in SCA.T.,Fe

oilb€ V



fhore
ngme

re*.J.

3qt 3atggs e pt g t

lTat0 il l-1 o,ontie+c t4.'41 t ;I
rs I s,": t s "l I+"49 0 c+ 0 d{s

xys o /t t +o35"lr'l;1 €n* r $n !

3 *3 "6 :spgE-

I{'i.nmbere and data may be entered whes} the pr@bl"6lt 5.s ::e$.ng

run by' usLng the r.ead funetJ-on" The feillowtng forme,t is ueed l-n
ycllr pr*;s'pae8

read? { tvart ? or lvarf0, 
n 
t"at'rit i t g r

xney be any number of arguaonts, and each $ay be a variable
representLng e s5-rnpJ-e on subserl-pted variabJ.e of type eLther"

sr :glgggo For exemplitst

rea,d I i trtso tlo rp ?natC'iet io ie+! ?:t I j l"p tbl"At 1: I p r

r-eedt i tn? i 0 i f

At run tlrne the read funetlon wil,i ceus€ the systew to eanS-

for data lnput through whlehever trrput. deviee le conneoted (by
means of the tcggLe on the plrotor:eaderrlo Smal-L amounte ef data
nay be errtered vla the fl"exowrJ-ter, but ia:rge arnounts should be
evrter"ed througb. the photoneader fo:' effl*leney"

. 0n ttre data tapo nurnbers are typed exaotl-y as outl"lned ln
seetion3,3oS exeept tbe l.eadf-ng stop eodes are not neededo Thuso

a data tape fo:r readlng tho nr.mbere

2b *\92560 2'n79rc -23, 3"1h159

would be

2r r*10r 256t t2o7gr tens-23e e3on[n r!gr r o

Sotiee tbet the double stop eode ls used ts flnish a nunbero just
as sith numbers ln your SCALP program, but there are ng stop oodee

at the begl-nnlng of each nurnbero

. : ?he nunber on the data tape need nct agr,ee in type wl-th the
eGrre$pcnding arguglent ef the read funetleno Tbueo lf tha progra*
l"s

beglnr integer t s! g !

peadl{ene}t$!

FnieEl

f'-



*nd the siunbe:: -.}3.J1:i* enter:edn n t^ri"i.i. 'be assign*d the rounded
integer value -i3o
'>,3"7 !g!put

$''*::tbers are pnf-nted in SCALP by moa:*s +.1' tne print funetisrro.
As r*ltlr reado there aay i:e any number of ai"gunrents and eaeh one
.rilay be any type" Arlthme'bie expressions ruay aiso &ppeer6 as
a::gun:ents of the prlnt funetlon (whleh is not t:friie of the read
ilunction)' The foLl-owing is a correc'b use ef the prlnt funetlonc

Prlntt (xt 
" " 

!nr+t t 2? ! :1"!?r:\,\]o0
99 4t t t

f3-oating polnt l-n the fo::srSxpreesione *f type ::ee} are pn5-nted tn
*"xxxxxxx lyy ,

*r,lier* "Fo.i:"xxxx.xx stands for" the seven digit fre*i-,lcn and +yy stqnds
':'+r th* pew*:. of ten, rnteger expressione ar'+ printed lnth.e form

+nnnn33

ishe::e 3:?lnna is an integer" that may have leaaS.ng spaceso
ea.ses, ihe plus gigns are omitted, so that Lhe constant
:-1,)ale OUt

.3Ll+\592 *1

out aa

L70
is prlntedn SCALF executes a 'sab en the f,3exc-

-1 *,3 rft ,Fl"tles

Alphabettc J-nfornatisn for LabeLi-ing output data and for
rithec' parposes $ay be prlnted at nu:r tJ.me by the tttLe funetiono
This funetion trbats its argument as a letter strlng whlch tt
pnl-nts out aLmost exactLy as gl-ven" fhere ar6 b,ro excepti_onsr

3* The::e r:tust be stop oodos at Least every fJ.ve
*.krara*ters, except as indieated in exception 2o

2* Typewriter co:rtroLs are indicated by specia3. code words
s:-x *heraet*rs Long whieh must be pneceded and f,ollowed by stop

"l€J* Tiregg sodes areg

In ail"
pt wou3"d

f,"'*"nd *1? would coffe

Afteg ea*hr nursber:

asrLter*

-18-
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- sarriege retura 06&35'oo

Upper CIASe @ Uo0ot

l"6we1" ease O Lo8of

ta'b ri tab o o

baokspaee c bosol
Gsl-or shift *l oosor

stop oode c stoPt
:

. ', (ffi1* *lngJ-e space appearing in the Last elx eodes is absolute3-y

essentialoi The entire strl-ng 1s ensS,esed 3.n parentheses" The

followi":tg shsws a c*rrest use of the 'b3.tl"e funetiollt

titlet {te 1roe o!t!c l.o"ahls Lt;s a gtaod perogralsxrl }t gt

The p::i::ted r"esul-t wtl"L be

Thts Ls a good prograffio

The two typewrlter eontroLe ooarl?c and e tabo may al.s@ be

f"nserted as argume3lts ln read and prlnt s'batementso They ffiust,
( 8f aourse* be set off by cownaso Just as if tlrey were va:riabJ.o

ergtrments. The fo3"lowS-ng exampS.es ars ssrre*tt

read! tteearr.f 
"u 

ux! ) ! i t
prlntr (!gearf'0rooxt"otyt* oc tabooro ox0 ) 0 te

Atterrnpting to insert any of the other ty'pewriter centr:ols into
ra$gid or pnlnt staterrents will eause an ilX-egal. varlabl"e error
stop "

3.3"9 Sonuents

The sommerrt eonventlong of ALGOL are retalned ln fr:LL in
3CALP.

3.L At,o$hef FSgnpI"e

Te show !?sro e}early how one adapte an ALGGT progran to
SCALP* we look at A3-gonj-thra trtB [Aeiq Gomuxuriicatlons, V"5(3.962]e

. A'ugustr F b3h. J f'ne orlginaS. aLgorttim ae correetedn str:lpped af
lts erplanatory co$rment and proeedure heading, atrd with the

''; foryaaS- parameters lne3-uded ln ordlnany deeS-anatianso foJ.lowst
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lgg!3 il,Lgff,t ln n; LqS,i, x*o T"it$ .qrrgI x, yflt sl$0]t
F_oolgFp b, anawerg 

I

x flrr+tr ] r* xlt ] E yln+tr "] s= ;s;1 ,q t s= --t-q!Lqg

for: 1:= 1 s!_?p. tr ]]-qltj" n ,qc
gg (Y-o-< v ttl a Yc > vit+1 :; "&

x**x,It]*{ .yl-y,{.9", iXixI j"+-e j-xIiJ i/(y[i+tr ]-TIi j )< 0

t/

then b c**lb$
answers* *fb 

_g,F-q

Notloe that thts a).gor.ithr* contsins {t ) BoeLoan varlabS"esn {e)
BeoLean *;:erators" and (3) a g!gB-_uqr!l] eievsent, We must
ei*.mlt::e'be al-1 these festures to be abSe to liss.SCALP, whLeh tre
d* fi.s fei-i*we l

il ) tre*lare b and answer tc be typa intogen and Let
+1 be true and :1 be fane,e.

t2) RewrLte the long osndf-tioneL eteterrent lnto a

series of conditionaL statement to el"imlnate the
Bsol-ean openators 

"

t3) Replaee the qqe?-un313 el"ernent by a whLLe e1.e$ento

SI"1 th.ege changes are made in the u:odifled algorlthm beLows

Feerq inteffa lc Ep bp answert -Le3-1 xOB yoi ar,{ag
' xrY [1rlooJI

x[n+1 I ;= x[1]; y[n+t] e* y[1]; bt= 19 i s= 0g

fo4 1 r= l- + 1 wbl]"g. 1 S " 9g
beelq I€ v0 < y[1] tbsn gg-!l3 tt g

![ yo > y[t+x I thqr-gstq ryE
Llz:'r xo-x[r]-(yc-ytll ]ff{xtr+t l-x[lJ ] / (,vtt+x J-y[11 ] <0

tf€n ry !9 gkal e_Lsg flg*bq n_o g

t1 r 1€ y0> yti+1 J -!bep s9!g L2 glqe- go_!g nos

okayt b ;= -bi
ns; eggg

answer ?= -b end

v
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Fir.rallyr w6 replsee Xoy *n < by 3"to S by 3-ten > by gtn

f by !3r 1 by 3-o comna by doub3"6-6olfin&, and iaeert stop eodee

te g6t a legaL SGAL? programo

begS-nt iniege:rt 1n, 
" 

!flo 
n o 

0bt 
o n!aneWefol g trgaltX0 l r, !W! 

$ 
!

8rFay0:gto, lyc [ ! e]L! ? 3 o i ! 100! t l t "l
xl I qnt+t ln! I ] ! 3=r X! [ ! t1! s J r $t
yf [nt+l t1! r ]t 3clyr It t1l I ]t gt

Sto=ltftl;?

If3=rt$tl1!
fsntf ? r=f i!+r tLt'twhlle!Ltltetpl{6t
begisrttf ?-tsr1ttyt f tlrlrthentgo tErllrl!tt

lf !yCrgt!yr [!tt+! t].! ? lsthentgo tolnort!
LZt s: tlf e5$r-3t [!1r ] t-0 (ts n-oyu [!ir I t ) I

fi-t (txl I tir+t r1t r .i 0-8y,! [! 1t ] I ] I

l, (oyr I t 1r+ I r 1t I ] to!yt I tlt J t ] !lt? tO I I

thenrgo tolokayteLsergo t61116!; t

LLrr:tif ryOrgttyt,Ioit+1 clt i]!
thenlgotglf,lr slg6t go te!trsl 3 

I

okayt:3lbt;=t-lbltt
not:;lgn{?gt

Angj1etr: l 3=t- tb t end t

The abov€ exarrpl-e, though perhapo a bit hard to pI-ow through,
lLluetrates how t6 adJtrst ALGOL progrsas for features of ALGOL

not ineLuded ta $CALP. Thie exemple ls a sbadn one slnoe lt
Lnoludes rnost features that SCAL? €xcludesi You wtll fincl that
for most eomruon p?obl"ens the inconveni.ence w111 not be neerly
As gre&to

i
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How to Run a Pregram ln SCALP

4"4 Intrslduetiosa

We wli-L acsrtrne that the reader Ls abLe to uee a flexowniter
.sff-Xine to prepare hts souree progx"am tapeo ThLs pneparatLon
is straightforwardo but i-e ls wel"l- to nemember the input

;; - *berae:beristice, of the LGP-3So BasleaS.lyo a3l" l-etter$e dlgtts,
and' pun*v'**,tlon ean be inputtedo but ffiewri.ter eontroLs eannot

iee*e;:t fc,:. T$8, which enter:s as a bS.nany rlC0SOO when 1n 6-bLt
:iascle. J T'huer w6 have these ::uLegt

J.* ffbere 1s no distl-nctJ"on betueon uppe:: and l"orer c&s6o

3" Spaees eouctt as charaetere" so avoLd their use exeept
ln tE*}es, A3.sr, ycu stsy use ugo ton ln p)"aee of Hgoton,

3, Do no"b use baekspaee to over-bype certain eharacter"su
;k:ee the res::l-tlng hard copy is ve:y dlff isult to proofresd o

i$ntginal}.ye lt had baen intended to use the backspaee to have ttre
doubl"e scF.w& ttrrtt look l-lke a single comnta ttrtt e & *rcorr llke a
*guu a fi*y'n or t'/ezt l-lke a ttfrt and a!3 tr:retr ltko at' ncd. I[@$ever"
the sSight *-mpr:r"veruent ln readabilS-ty seens not worth the oxtra

i.
effnrt " )

li.o Yau may use tabs to inde*t por"tlons of your program,
"*ut be sure the tab does not fo11-ow any non-bf.ank eharacter: exoept
,t *t*p eode.

You tnl-3.L aJ.so want to havd your data tape prepared ahead of
timen tFor very small amounts of datao you may use the flexowrlter
keyboard" See sectlon b,rirj

h** &ge4:ps the $F$LP Sysleg

= 'If ti:.e 30ALP system ls in the momory, then you may lgnore this
ser:ti.{ina $om tirses it ls hard to tel1 whether it is or not" but
th.e best advlse le thisr Lf you are hav$-ng troubLe that yon eannot

v
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' pinpoiritn it ggg be that ths systen has been l|damagedr$ ans you
shouSd ne,'h lresttate tc re-'Load lt" Tt goes r'rSthout sey$-::g rhat

'..,,' a phc'toreader is assumedn in whi-eh Gase the system may be
j-*adeo in about four ruinutes wi'uhout eheeksums ers etx minutes

. wtth eheeksurnso If you dontt have a pho-bonead*ro you w$.;,Ltr. 'rieed

n ens6{6i }eader* i:fne S"eader that ocmes wlth the systelr r.tg6sryj/\

i00OG *rdere on)-y to iu:p'uto and thls "rrr:.r"ks on.Ly wl"th the
phote:,eader o i

Tlie $GAIP systern tape ls Ieadod by tte own S.oadern vshleh fe
brough'b l-n wl'bh a i.0000, eo003e, i.CIO00 ehort beotstrapo The

leader ie e ofi&*traek h"ex l-oader that gtses lnto track 58" th$e
loadi';tg l"e done in i1-bito in the nor"rnaL marteero Tf the IEANSFER

C01Iffi01, switeh ts rip (off )o the 3"cad3.ng 5-s done witb eheek, sTrsns

c* the snd of every traek" Tf th5"s st^rl-ush is depreesed {on}o
the elre.;k summing l-s S"gnoned and the readlng speed l-ne:reasedo

After S"eadiz:g* the loader may be ove::wr3"tten by matrS-x sboragoa

There alr€ severaL stays to lnstafi. the ehort bootstrap st th.e

bottos of mertoryo ?hey are glve beLow:

,. l,* ff the SCALP eysterrn is i.n mo'nCIr"y and :relativeS"y lntaotr-
ycu aay +btatn th.e short boetstrap aut*met5.callyo

8c 5*blt downo typawr{.te? orir 0CNS"

bo Type Pbeetstr&F" n

Go ?rese START

do toad eyoten tape upside dowm ln photoreadero set
input toggle to READER"

eo Release 6-bit swf"teh"
f". Press STABT

2* If ?o1.R, 10"h (or sinil-a:r versioni is lntaet in menoryt
yon may obtafu: the bootstr"ap by inputting this sequenees

3 Ct0O0O0gt r0O00003t iOOOOte000 J 
0 10CI00

PSaeing tlre system tape upslde dorom ln the pbotoreader, tbrning
to EEAJ}ER, and exeeuting OCffS will etart the readingo

3o If there ls nething tut Jurr}< 5"n tha memoryo you use the

manual lnrput Etode as fol"lows:
,\,
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&o 'f5Pewriter orlo

bo ${AN"$ALrrteoo$#tf r -FTLLe

cc UANUAL" ?te000l4.tr.o FTLL"

do ffiANUAL" neooo8we FTLL"

{t*aatiorrs Qo }n snd 2 slroul-d

10f:*0, re$peetLve).Y" )

.so PLee6 systexfl tape upsLd€ down in reader, turn to
nEAlER, and exeeute 0eNS"

About the onl-y colnr$emt to be Hade about this bootstnap ls
tlrat tt ls slmiLar to the o1d l"S"[S bootst:rap exoept (]] j"t goes

into lcw p:e:nory wh.er:e an 0GNS ean bo used t* roaeh ltn and {2}
the p***Ots are mf.ssingo

&".3 $gm{],ilgg
Thi* d*scripti-on of eonptJ"lng assumes the photoneaden

u.sed " If y*u prefer to use tbe raeehani.oeL reade:rn you

(je

{Je

Sr

4!a

tlflor'Joff$r, . oNE sP.q ElGcuTE"
stesoOjtfo $NE 0?" EXE0TJIB"
ori-l']{;f,tou offi 0Ps gxECUfEo

now eorrtain 3-0000o o000ln

wt&1"

may det\a

se ssl-thout, any mcdifieatl-sn to the eo:np5"ier whateoovero
I{ake srlra tire system ls in nemeny, the typewniter le turned

on and ready to Bsr and the photoreader is on and ::eady"
Bo toad the souree progr:am tape upside doma in the

pho toread er "
Set the input teggS.e to TYPEWRTTER.

Depress 6*blto
Perform CICITS '
I'ype t?conpi.l-ott and press $TART' (You are now at a

breaktrnint stopo )

$et the input toggl"e to REAIER, prees START"

Af,ter about I eesonds for resetting symbel" tabS"eso conpllation
beg{-a*" Tf an error stop ls prtnte{n you w1}1 probabS.y have to
Loeqte thre et:ror on the source tapgr eorreet ito and neeorupl3_e

from *!r* start. Error stops are llsted ln a l"eter" sectl.ono
If tiiere are no errorse the typewriter wll-L type either

o"$c&st' *sr tNl,*ad$r o If it types done, you are ready to prooeed
t*rlth the runnlng of the probJ-enn and shouLd turrr ts eeetion h"bo
Tf 1t typea tiloadtt, your prograxs has ueed @n@ c):p more of the

LY
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subi,su,6-rt-nes en the LSBRARY tapeo Tb.ese ineitlde tbe three p@werl

speratLons, and the spe€ia3. funetlons ino €xPs stl3-eotso aretant

srqrto entiero aad randosl" (ffre funetlons sign and abst and the

lnput-eutput fun*t1-ons are i-nei.uded wlthtn the main eyeteli:o )

She Sf.brarg tape irs }oaded aB ft'Ll-ovve c

$o Plaee tl:,e LTBBARY tape upsl.de dowe tn the photo-

readocr

. h.o set lnput toggle to READER tif not already thero")
l-o Rel-ease 6-bitr Press SfARf

J, After *donett is typedo depress 5-tit ane go on to
tbe vrrnnlng of Youn Pc'@btrefto

At step i the systeln gives you c&e oxtra ehanQe to reLeaee

ttte 6*blt buttono ff you had forgottono lt types n6-bltws,

wherempon you should perforrn step i again" ]f you forget after
all- thtsn yCIutve had ttl {seriouslyn you nay' have to r6@olaplJ-e

your pnogrem.)
Tlie entire llbrary tape Ls readn but on1y bhose srlbnoutines

eaLled fon are actua1ly pLaeed f.n meuoryo Those not needed are

speeded through the reader by a seeles of durmy x0000 ordere "
The l-lbna::y tape rnust be lqaded through the phetoreadero

E"lrlike eompfling, whleh ean be done thrr:ugh the fl-exowrLter,
T-eadlng of tlre llbrary tape through tbe flexowrlten requLnes

a modLfi.eation to the baslo systen tapeo '

If sonething happens to interrupt the reading of the

3.!bra:ry tape, you may reeoup wlthout tlre rxeoesslty of re-
corcpll-ing by sanually transferring to locatl-on 003? (tn trex,

O09h) . This ls tnicky" and lf you anen! t Eure of yourseX'fo

lt may be eaeier to recorap!'Ie fro:rn the starto
Ono tast r"@H&rko After any error Taessage or other Hess&ge

pplnted by the systern, tbe bseakpoint stop ts foll-owed by a

trar:sfen to Loeation OO00o Thueo prossing START wilL give you

3.oea'bian OOOCI more quiokly than wii"l OCKSo

ir
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h"l+ -Egpelqg- e 3rq"p-lgq

After' & p:rigravn has bee't 'ocmpI-i.ed and :he "Lfbrary tape ioaded
if ne*essary, the p::*gram {-e x,eady'Lri T,rJ.c,o f:F yor* have a dath
tapeu it sho'u.l,d be l-eaded lzr the ph*t'.:'r,eader"o ft-o get undemray, d,o

thJ-s:
8.o T}:z-rt j.:*p'ut tegglle to TYFEWRTTER.

b., Depress 6*bit (Lf not a3-ready.),
so ?erf"cr.m CIffl{S Xor p::ess START if a r.essage hae just

been typed 
" J;

*o Spe ssta:rtsre press START"

so Depress BREAKPCIII,{T I for l:r-.-r-;ti-'l:"rr+r-.rs runnS_ng,
f ' frrrxi togg)Le to READER if-' ;r- r' fi**;a ta;oe'j.s'theneo
fe. Pr*ss STARfp and you are .if.":,i e:itC nunnlngo

All *i" the de"'l;a 1np'ut may be 'blrrc;ugh. tl:s :'lexewrl.{5er neader"
i:r' keyboard witho',:t an}r, rnoel,fieatior, "b, tbre systemo But rather
the$ gtve detailed lnetrue*ions .ijcrrr thcse sik;CI pr"efer to uee the
ruechanieaS read*rn r^re wlll assume 'bhet ihey underetand the t'6,o

5-nput devieoe wcLi- eit*ugl: to snake the moel$.i."icatierns to tho abov,e

{nstruetlons by theusel-veso The sam6 ee:rment app3"les to ecmplllcrg
thr.ougi:. t;:"e meehanl-eaI" readero

:h el:*r:3-d be emphasJ-zed that al"i data 3".r:put is 5-bltp so that
the only time the 6-ntt buttom shoul-d be ii"f"bed is when 3.oadi-ng the
Sy:,:':;c,rs tap* er wher: 3"+e,ding the Llbrany tape o

4,5 {_t"eyEsg{g -Pnogr"sqmiqg
Tf, you wlsh ysu may eoapose your pxaograln at the keyboard and

not prepare a ssuree tapeo The sans lnstruetions are fo]-Lowed
exeept that {1} the tnput togg)-e ls kept at TYPEWRITER, aErd(p}
whe::er."er there shauld be a stop-code you must press START" Be sure
that the MANUAL INPUT button on tb.e typewrlter ls depressed o Aleo,
be sa::efuJ- not to **]qpe anythlng or press START unless the inp'ut
light {-s *81* Be espeelaS.ly carefull on data input*-6raLt fon the
i.upwt i.igi:t i;o eome on "ooforo pressing bho seaond START that
*5.gnalb the *nd of a numbeno

v
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Errer StoPs

Er:.or staps wil-l be dlvj-ded j-nto th'ree eategonies -s those

oecur:rl-ng at eonptle tj-nen thoee ereeum'ing at run tineo arrd

*thers "
In all €ases, a neaningful word otr tr*o is printed outo thue

glvtr:.g the tiesr an lndicatlon of 'bhe 'brouble evess befcrre b'cl

ao:reuSte those pesss o flte errstr s'bops ave i'isted as they mtghf

*1:*,ouy* t*gether with an ints:pretaticn arrtl sugeestione for

aorne*ting 'i;he troubleo In what ifnil-'c;t6sr xxxxx e'bands for the

*ffer:d5-ng ldentifierg that iso n'eloror v&Fo xtt snay He&31 that

variable x has not been decl"ared"

q.1 Compill-nq Errors

Trrese errorg can ooeur during eernpi..l.lng" Tn a}]. @aseg' yo1l

wil-L have to sor.reet your prCIgs8E! tape and reoomplJ'eo There Ls

n*pr*vlsj-oninSCALPfo:rrestarting-1,rr-"bhe-middlegfa
e*mpil-attono (Foir the cu::Lous, thLs ts beeause the doubie

greskr*down stack methed of cornplS.irrg de'uent t recognLne a staternent

aa $*aho sonsequentlyo r*her: En err0:i sss'urso there may be extra

or n5-selng entrj-es ln the staeks with no way to baehtrack to a

prevLous semi-colon, for instaneeo)

error stoP
#

ovflo const

e,

rneaning CFg--IgmedYi:__.-

More than 3O'Atffer.ent numerleal
eonstants used, not oountlng those
ln arraY deelarationso Treat some
eorrstants as input data, or eortbine
themo {u1tt and rrLoow are diffe::ent
eonstants " )

Svmbol- staok bas over"flowed beeause
oi too eomplieated an expraessiollo
Look for dbep nesting of par"entheseso
A*i"*:"fy, it- ls the dePth. {of
nestinpi'::ather tiran the 3'ength i:hat
eounteo Thueo x3=a + a + ooo * &$
(l-OCI tl.mes) wi:-l oompile eastlyo
tut *;* {('."" {*} ooo }} S (l-o$
times 

- tsixl- not " )

ovfio €xpr
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gr.ro? s toDs
ovflo B'bore

ovflo syrlb

ovflo terrp

array xxxxx

array bound

deeLr xxxxx

}.abe3-"xxxxx

Seap-5_FS qnd T-eqedx
Storage fer program and arl:ay
deta exoeededo 6ut down on
3-ength of pe"ogra:n, number or
el"ze of arrays, or number clf
sise of swltehes, SLnoe only
?hl+ lesatlccas are avaiL.abL* for
pregram amd erraysp you rrt&l!"

have to segnent your pregrsrm
lnte severaL subprogramse @r
go to a differ.ent cornputero

Total, number of dlfferent
].abels and va:rl-abJ.e xla$res
exoeeds eapaolty of syrnbol"
tabLe {frorn 29 to 53n de-
pending +n randon wey synrbol
table fil"le outo) ES"ininate
unneeded lerbels, p3-an rnul.tlple
use for worklng vanl"ablee,
use eonstants directS-yo or:(ae
a lest ressrPt only) replace
se\reP&l- variabLes by a slngle
sub sc::f.pted va::iabJ-e'

Temporary storage exeeededc
Replace long assignroent
statement by two shorter' 0ri€3o

Anray xxxxx appears as an
uasubscriped varlable" Make
sure al-l arrays are subserlptedo
eheek for" a stop code between
the array identifj-er arid the
left braeketn vlzoe xxxxx! [! o

Upper bound < lower boundo
Cheek aruay boundso I{ake
sure al"l. array bounds are
gl-ven as integen oonstar,rts o

I11egatr syntboS. xxxxx l-n a
declaratlon, or the oyurbol
foS.Lowlng a swf,tch identLfler
ls not a t€ r Cheek declarationg.

Synbe1 followlng a g6 to Ls not
a 3"abeLn or a label f-g defined
twiee" Cheek fon using a
variabl"e o:r ALGOL word fol3-owing
a go to, or a mul.tlply-deflned
Label"

Y,

t7
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errG33 gtop
V&FcXXXXX

V&l3o ad J "

V&:ro ??7??

E,EP{EX XASXX

'digit

lnput

qqal.jl4.g 3S, {gs-qqfl
$ynb*3. beLng l;ises as a vsri-et)Lre
Ls not a vsrJ"ablle ". Sheek for
usideellaxed'variabnase mleslng
varlab)-eeo ar p@ssi.b}"y laba3-s
belng used "ae varf-abtreso

VariabL,e (l,g' isonstant adJaee:l:
a vari"a'-hie ,lif eonetanto Le' t
nlseing e.lperat5.$n eyznb@,Lst
espee$"e}}ys slgFrs" MaY indieete
l-aok of doubie stop oode t o

f,*aliowing e numerLsaS- eonstant
earLLer l-n the progras!, or w$"er:se
of eomsent eoRventLon"

A vaniabl+ is misslng somewhere ln
the ${ru:1s4, pr3ograxao Lao}c for
adJe.cent e,peratore XLke +&Lc,o

Aotual- *r.:,L:? may be fe.r ::emsved
freru s;mb"ril oausfsg the etrrotr stopo

A syntactl*er} erroro of some sort
necognLzed ln the doubLe staek
compl-1a'b1,:ra as an inpossible
eomtrlnatio*.o fhe seoond eymbe3"
Ls the o::e Jt-rst read ino
Benbersber that a3"1 upper case
syrnbole wiiL prLnt ize l"owel" oaset
thus, 0 tnsted sf ) " Cheek use
of parenthenes, use of begS-ns and
ends, nlssing ther,r, l-neorreet
subserLpt f'.ErmatLono and lncorre,ct
for statement for,xrat {on}y the
whiLe type ls al-Lowed o )

fhe stgnifloant flgure part of a
nnrnber h.ag rnore thalr I dlgLtsn orr
the exponent has nore than I dLglto.
Round off to, I on fetren figtrres,
or soal.e so as to avotd extrerre
exponent$ u

OverfJ"ow on !"npttt; real nur*ber too
large to represent in fLoating polnto
S'umbe:r shou}d b e snaller than :

ef,28 d,/ t'+38 lb absolrrte sLzec

VariabJ.o preeeding a I has not
been deel"ared as an array, Sheck to
s6e i-f al} arrays havo been doelLhred.

to
fdr

type

dl(lo



6rror s_tgp-

'i:itl"e
ue * g I qa.*pp d_ry:.E -e_{v

?tre symbcii ft: l"iowi.r,ry tS-tle I
ie 'nc.t a ,i{ o trheek ti"t3e
s tateme,'nii "

I

\/

It shoul-d be noted that there a::e some nst unl$ke1y err€4si

,$ondi-tions that do not have etrrsra stops and ean J-rsad to troublie,o
Ttre krrow snes are listed ber.e:

1* 1$ an flrraay declaratton, the eenetante mlrst be f.r:tegeruo
Tf thry are rea3"u on l-f you LnadvertantJrp' l:re3.ude a deolma3- pe'lnto
the er.?r*y baunde wfil" be nl"dleraLous and F:e_ a-''r::31i3ig w:iiti be
fLa*he*" $:3s errov eoul-dbe deteeted at thre *xpemse of sorrr@

vai-*4"*36 ffi*rsCIx3ga

2* UndeeJ.ared left-pal"t verLabl"ee are nst deteotedo Thus,
*f you use an undeeLared variablep o? a S"abeio on the Left g5"r$,o

*f the aesi,g::arent syrnboS. t= g there wi3.1 be no warnS.nge Aga{-nn

*hl-s eouLdb e detected at a sllght eost in memoryo

The eb*ve two were the ones know at the tinre of ttrie wrlttng--
there may be others.

5*2 Sg g*q.. Brg::s
Even if a prograrn !-s gramrnatlcaS.ly correct, lt neod not

Srroduce the an$wers doslredo The ways ln whleh a program aay
be 3"oglcaLly I-noorreet are lBglen, but there are a few eonditions
thst can be detected and that nay indicate tnoubleo For instanee"
trylng to take the square root ?f r negattve numbe:: or: coming
up *rith a numben l-arger than 10tu suggest errors in prograrmlS.ng+

In al"L eases, the rernedy ls to reprogram, or to use the exeeute
or pebch f,eetu:res (eee ohapter 6) and e-ontinue o
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error stop
div S

ovflo

awtch

p6wer

ptype

ee_,? rr+grs--4E q- r"egeqT
D:lir$.s5.*n bY zerei has been
attewpued ts? a dl-vfloe 'orporatlon
or & power o3:erat5-er: rll.' tlze fos'm
.g.l6tt t wife:ye Xa = t o iS r"eaL
and g < $ 5.s &n l"Bteg*-'"

A real- ffLoati-ng pcf-il l-, pg
rnrxnber is "larger then 2*--
tn a.bsolute vatrueo Tb$.e
@an oeeur" onlY on & temPorary
rir assi-gned hond" Thus,
Je0 gerran,+0bto! 6i0 $ 

t o o" w5"th. a=
fo=s=2i2'E *l- ar$"11 not oauee &a
.,rie::.f-:.s,id'o A$,- Wtade:i:ll.Lcl.,if {a r.'ea3-

nur"'*e.r= "4 1,iJ*'-ag in e,,big.t,:!.r.;te giee )
w5,i;;. :;:.Et erE'us,e s':!xi srg's:tr s-toIlo
trarj} 'iE:l-L.i r:epSeoe the ':'ffe:nding
nulutrecn bp zerCI o

Ttie ar"g.ument of * ewiteh ealuil
$"s not 5.n r"ange" Tf thez"e are
n pr.eltiome i,.n the swiaeh
d'sb,Lsu'attono then ttre argument
ruust rs,age ft"cow 1 ttl 33r $"noLueLve"

Er::et" in e power exPrecsio:llt
I*-erk frg' *A * wln,ere w.erols ]ney
be cf any typer #Al where ie
a negative 5-nteger" er:td tl:e ear@
i.s a"type integ6r, or a {b
whiere s. € 0s or a = Li arld b <
$ f*r s'egl" a and bo

oceurs fn tSJ i-f 5- and J are
of tfpe lnteger", but $ le
nggative and thil srext terrrn Ls
not of type reaS-o RpProgralot
arr"ang5.ng for ttre tl\J to be
gxext to a r:ealt qr:antltYn
AetuaJ-ly, this errsr should not
be posslbLe e9-nee ALG0L Perr*lte
ful"l- mixed expressio&ls o ltowever,
Lrl $CAtPo the mode of the
e'*mputat$.on le detemmS-ned at
oom$.}e tiwe wnile the tYPe of
tAj is not knorom urrtf'L run ttme"
Thusn if ner-fLoat lrqstrteotiosl
has beeaa u**pgl"*C be':-low*-ng th@A

6 <l €



.-e_rtqr .stq!.

px,i$t

lnput

dlgit

ovfLo lntgr

cvflo exp

isin
eCIs

qlq-qq.&p8 gst {g-geg --
lnsts''i'le'bS-cur, ;?.:1i €trror stop meg
66e'etro Be,:l-,:-1?i' are examples where
th-{-s gaa happer.r, wh*re w and r"*

a;Pe f-l*teger and x is reail c

n:ll o:=r"o.J3OJL t,:rt g n

;g0 9;;l0'g60q" 1r1i17ft0,".0 o I

xl g.rdtstAFf +cEie+txs g f

The 6rrsr stop eannot oe.oucu 5"n any
of the f.o3.i"owing sas6sE

v8 o=0o.3A 3,,,1 o I
4,otlrtl:.,1 ll

19B os;0i.?tf .i,9ft 0.,r[;$
X! "s!trt$l itt+3., i)1tu$1i1 1gt
g:e g=8:ii 0fi1 1.4. ? ! r: of ! t ; 1l

Tnteg*r q'u*.rrtf *;'yt'?99?9 in absoSute
sl-ue t,** lia;'a* ba pri-nto Seaij-ng
lnteger" at.f.ti':nretie 1s dlffi,euit lsn
SCALP' Tn pa..r..tieu3-ar:n i.t l"s easitry
posslbi"e .tr: generate an i-nteger
numb€r" tbat c.)rr*rfiews the LGP-3S
aee'ugnul"at+r r^rJ"ttrout a r*arni-ng bei-ng
flashed* {.Lr"l'r* these r'Eith overflow
loglc be'ards, {l}rore !e no r,ra:rring !n
any caseg fc.:: wbre ee wj.th a staxrdard
maehlne, am *r'erflow sn add r33
subtract r,rl-i-1. s&use an ovey,f]"ow
stop at I,p',:s^');1.;:'n CIel+6")

Soe oo:rreBp,,1:.r*l:rig €pror" stop 5"m

se0tiCIn 5ujLo

See @orresporrdS-ng error stop
Ln sectlon 5r3-o

An lnteger_ e 32j768 has :resulted
from an lA,J ,operatl-ono or Ls
trry$ng to 'beoorne fS.oatedo

The argument of the q4ponent funotion
ts kr"[er thas: )-n* Ztr 28 H 88"?2o

Number t,ro large 
- 
to albw eonputilrg

the sineo oro cosinte, to evom 6,ms
slgnS"f 5-eant :llfgtrre o

v

o?2-
\l



(. ueatl4s qll!_ I_eue.qy

Angurnent of the squars roet
fur:eticn ls iregativeo

Number toc large in absorute
vaiue tZ 32s768) as arg- rent
e,f the entl-er functl-onu

Argurner:t of the 1n f,unetl-on € 0u

About the only eddltlonal eornnent is that integer quantltles
ean beeoge moaningJ.ess wlthout a warni.ng having been giveno Fo::

f.nstan**, work wlth factorlaLs is severe3-y l-imited Ln SGALP" Tf
you have a. p:roblem requining integer ar^s,bhnrentic w5.ttr l"arge nunbers

cf figures, you may have to program J"n maelrj-ne I-anguage 6n a
verlable trord length computen.

'"5*3 Other Error Stope

qrror sleg

sqrt

ent:'

efro:r stop

ord e::

l+-blt

1n

(,
rqqlurigF _qnd ieneqJ
.An t3-legal" eolrunand to the
system'hits been tYPeds oT
5-bit ts not downo (Gorrmands
to the slrstera mean words tYPed
af ter" perforrnlng 0CNS. )
Sheek 6-btto The on3.y 3.egaX.
eoffimasldg are mcompiLemn nstartso
trboots trapn o Hconti-nueo 

onexeoutetro and patcbrto The
fj-:rst three have been d3-senrssedg

the last th::oe wi.L1 be dlseussed
in ohapter 6, Debugging.

Forgot to Ltft tbe 6-bl"t
buttoia before Loading the S"ibrary
tape" tlft 6-bit and Pross START"
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Deb'tgglng

6 "L Txrtroduetiou

An Lmportantl and often the rnost ttrue*+e':ne*unlngo pant cf *.r:y

progrermmJ-ng task ie debuggS.ng" Thle i-s tbe proeess of deteoting
*nd remov$-ng Log1oa3- errsrs ln the py'ogralao (Grannratleair- errers
are :reraoved at eorrnpil-e tlmeo ) Even l-f no r:'uri*time err@rs are
deteeted by the oomputern the answers pradueed need not be eorreeto
.{n g*ner*i i"t is very dtfflcult to say f'er sure whether er srot

*he anskrers are correet6 but often w& sai: dl'he*t bad answers by
*he3r' .hn6GFl*istency with eaah a,ther: or wtth" a:,:€i'fsus eal-eul"atLongo

fhe s&,t:ses *f thc errors (pnograrnnlng eriac,yr,r,! ane sometimoe

aas$"ly deteetedu r:ften not so easi'J-;ro CIr ms-ji" i,:e caused by rouad-
eff *rnore' In tho l-ast case, fundamental- an* theoreti-ea& qtreeblons
&re lnvolved" and a cornplete rethinking of bhe pno,blem uay be
l'reed*d *

trobugging has two phases -* f,i-ndlng the ,s:yre,r ttfre handest
Srartl, ar:d ellnrLnattng 1"t" SCAL? Lnsl'udee t'i:.e featuti'es nsw

*Le*uese$ Es help locate the error and to ehange the program
:,qith*-*t reF.ry*grarrming or recompillng o

5 "? T.g.Le :Lng

!:i*rrna)-ly, only the prlnt and tltl"e functione can cause a
p.nintouto fracing of,fers a way to lnspeet the intermedlate

'*a3-eulatiores as well-" Traclng in scALP ie'e.ar::ied on as ].ong as
the TtsANSFEa G0NTROL swLtch is on (depnessedo) printed unde:r
these eonditlons areS

L. ALl statement l-abeLe as tLrey sscurr
2c 5'lre name of eactn variabLe appea:ring on the l"eft

.slde *f as: &$eigmslant statement together wlth its nu.y$erieal val-ue.

fr$i &rl *xemple, aonsi.der the follow5"ng prsgram segment r,rhere
:c 1e real" and :r is Lntegere ;

i
{1 I3=e tlt r; r1q? o=! !}d]"' ! c 

E 
I

J.oOps ?: sXt 3i=!;gr4ltp? g !
€?!r€/*

\\1



pll o=?nC+9llt ? ol

if tn{}tet e Je t rh€n0gotot}66p! o I

next$ : I I

t

If TRAI{SFER CONTROI ;* d&ilt} whl-1e tbis segnent 1s run,
the fclLswl-ng traee prlnt out wlltr reeultc

g

51 I
:e n1fi00000 03

Soop x '1000000 01"

.n 2
1^**4ev1, x "2000000 0X

n3
Seop x "6$0CI000 01"

trli
elext o

o

(6\- Tt shouLd be noted tb^at only the variable name of a subscrLpted
varlab].e ie prlnted g tbe subscFJ.pts themseJ.ves a::e not traeed
and mu.st be J.nferr"ed"

"eh*'i:gh traeing oan be tirne eonsurfling on a long probS.emn

l"t ts the sl,rnplest and often the most effeetive debugg5-ng too!.o

6"3 Stop and Sentinug

At any po,Le* dunl"ng the runntng of your prograu you nay
otop tt by Llfttng BREAKPOINT 8o Per:forrnlng O0NS wi.ll then
pennit you to uoe the exeeute and pateh f,eatures given in
e'p*tiorns 6.1tr aad 6o5o Or, if yeu ohange pur mlnd beforg
per"formlng OCSS9 you oan to on with your program by depresslng
BREAKPSTI{T I and presoirrg srARr" or you can step througkr your
progra*s ona indruetion at, a time by leavlng BREAKPOII{T I eff
(up) and p::Sssing START for each f"nstruetiono

-35'



Tf you wish to ecnti-nue your prlsgxas:t:, wr:rsthen or not yo6
h.ave usad the exeeute cn pateh featureee de tn:tr"s c

* 6 Per"for"r: OCIfS "
b * ?ype 11**E:'hinueiio

s o Press StAR:T.

do Depress BHEAKPOTNT I for comti::uous runningo
. so ?ress START"

The prograu th.en eontlnuee f,ron wh.ere i"b left offo

&"1+ Sgg_e3+iq

at asiy poS-r:t dunlng the :runraing elf Jrs::.q 
.*i:,ogra$ you ]ray step

3te rie.qiitr3rg a::d exeoute any scAr"P staiemenfr -;',,',i-; rsl-etro sou may
*xe*13t€ &e i?i**ny etatemente as you f.ike befr:r.::* eontj.nul_ng wtth
3"o11t" FFeb:elE ss *eseribed in the prevf-cue s***{-ono The proeednne
l.e *ii:;s:

& o i,5"ft BREAKPOISf I "
bu Perfons 0CNS"

cc 
"ype 

lroxecuteH" press STAITT turj"*eo
d * When the light eomes on, type ;r.::3r legal_ SCALP

state*':&r:ta, Be canefuL to press. START for €very stop-oode
encount'ared { the stop-s66es need not be i;;ry+c at a3-}o but it
may be easie:'to do so than to change a trebg,i-:")

se Wiren you type a 3t lndteating ttie end of the
statementu lt rilll be comptLed, exeouted, and forgotteno After
the breakpolnt stop" preasing $TART wiLl give you 3.oeatlon 0000
ttbe s&$e as thlng that 0clis aehleves) and you can then gj-ve
ancther coramand (sueh ae trcontinuotr CIr f{executeo ) to the eystenr

sose ways ln whLch the execute feature aay prove usefuL
ii?a t

3"o "Prs?glgg: After the i.tght goes on, typing printr (-e!er )!it
::,rtgl'a'eri#b *be ve.l-ue of- x to_ b,e prlntep. {f,*.aernbdq..#ri .th.e

Heybcer<i $ress START in addltion to orin piaee of eaeh stop-eodeo)
ffare coxrp}lcated expressions, l-ncLuding subser"ipted varlabLe$y ln-ay
be prtntedo

v

\r'
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2o W: Afiet' tr:e -:Lg'rrl gse$ on, typtng trge *e$ll

T"5j+44*,0rg't wtil chgng@ the vaiue"sf: vi::s \-i ,53429o x3fEstecs'Fexttrr

whl-ch di:u'ble the eurue$t :r&}ue )to iAger:e"no p346Es START f,e:' €€toh

stop*e,roe ehs+ufrteY'*d o I'

'i" *_glie.lglg.t Yc,u me;r treas:ferbe a::i.y lebel"l"ed statv.,*nt in
your3 prCIgE,e?$o Fclr l-nstame en beglntisx 3";3 t 3$ "20 

I 
F 

0 goto t3clo5i! end { i 0

wfnl shange the r"anue of x to 39,? snd bhe:n transfev eontc'l}l to tbe

states*ent 3,abe11od Xoopo Nstlee that striee we wanted te exeoute

i:wo c5-r,npl-e statemer:ts, we greuped thern wlth a begin-end paipo

.)am€ fu::threl' c$mments aboui 'us"l:l;g 5rT€*:1t63

i o F+n t t f orget the se:n*'- air ir-i':i o

?.* Tf the statememt tebe sse.c;,u.t*'1 ryal-l-e fo:n & f'unotioe or

fun*tions g"g"*$ the ij-brary iaper,, it cili.is'i 'i;e ].-'radecl " The systelTl

d,:eE rr*t renernbey that eortai:: ,:rf tite$e subrouticles lr:a:i a3-ready

be ir: mem*::yo Fur,therrnore, bhe ::reto ilnipli *f a duplj-eated

eubra::tine wij-ie in effeeto rep-jleee th.e '.:.'-;Ld Oep}io $Latee a seeond

exeeute *iiii wipe ,out the pnograrn ie:ft n;r the firsto a e:ruel-al-

eub::euti:le rnay be l-oeto To w -1'i-d th.3"*, 'unflortunate sl-'buat5-on,

ei-th.*s:'ta3 de not rtse constr';etione'bhs':.j eail- for the f-ibrary

t*pe* s3, {b} make sure t}ie l-ss'l; exe*uLed etatement utl-l-tzes al-I"

subrcu*inee used ln both the main pre',g:r'a:;r: and in at l-east one

*f t'lre previous exeouted staternentso {yn:.s l-s an unfortunate

tpap that eouLd be reneedied with ano'ther tr"ack or two of

e?enory to be taken from program and datao)
? - eFhe onlgi-naL sy:rrbo]" tabl-e *-s kept intaetn so do not use
)G rtrv

as labels any identl-f,fer ueed as a iabel- ln the maiR prsgram" Ysu

rnay deeJLars new nariabJ-es, but do not mai<e any deolarations in
eonfli-et wltb the trig{nel" dee}a:ratior:e" If you deelare new

varlabl-es, ]rou Hu$t aLs@ eneLCIse the statement in a begin---
end pairG

li. It is entirely possthJ.e fer. arl exee-uted etatemerdi to

requilre $c\:"e lremsrTr than le l"eft s'?sil-'a l{'o;w'evern after eaeh

exesrltiLlm ie oompS.eted, 'b?re avai"j-sbl-e meE?avy renerts to lte

3'I *



state at the e.rsd cf co:npl]-ationo exeept, 'bh*.t :he syrtrhe'], te.bl-es end

raatrix *torage assl.gr:nen-i:s retatn theiu" :":.is'w i:,.;atuso ?here ie al-su:

the pr,,:biem cf the strbr.outines rneirtJ-or:ei j;:t i.i:em 2 aboveo

5* Fcr rnc'st purpci;es, the poesS.b)..e preb:,-effs mentioned in
5-tems 2 and L1 oee.ur oniy rarelyn and execr"rte p*ovides a sintplr: lysy
cf p*rfcr-*in6 many debugging tasks tn the se urse progya*r J.anguage "

6* It is possf"ble ta use exeeute ts imitate the operation <lf
& desk ea}..eu1ato:r, but s".reh oper.ation is not reconrmendedo

fde",o) Ye,ECf"i

-.** O..gran :nay be per:tlanently modtS'S.*cI by patelrlngo
Fat*!:.'I.;::g rsj-3.i. a*tual}y insert the I-nputted p:l-e*e of pr"ogramo

;th3's5caliy." it goes at the end cf your existing progra$, but j.e

tled ta tt:,ritir *ransfe!"e" You speclfy wh€r.* the patctr is to go

by. E3,r.rlng a statement l-abel; if you have no l-e.bel"s in your progresqe
you sar:not paieho .A sequence cf patr*hen e*als per.imanently to ths
1"argrara in memor"yo and may exhaust xlemol,;Io

A pateh i.e a compound etatement that :-s i"nserted between a
rptatement iabe] and ti:e stateme:'rt thi-ie ls.'*e-',"is4. It must beg!-n
brl-tl: * begin and end r,rith an end, r"iheiher a st-ngJ.e statement or
s:otn e**,**n*$ not need a flnal" semi-cq:L*n as daee exeeuteo New

rrarl"ables raay be deel-aredn but they should na'ir confLiet wtth
!)r€;:'Ii:::-is deslqratl-cns nsr should defl-ned r.abies be redefl_nedo

The procedu::e f,or patching:
&o tift BREAKPOINT 8"
b. Pe:rforrc 0C11S ,

ce Type rtpathetr, pr-ess START twiee.
do Type the desined labeJ-, press START

e* TVpe the patch, starting with a begln
]?, A+ +ls$ .ii.b Lne end of the patchu after typing endo control

:'l"etui'i&s t* ,l"c*at3.cn 0000 after a breakpoint stopo
As a:: *xarnple, suppose in a shiie typo fCIr statement, you forgot

to lnitiallze the runnlng vania'bLea

v
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o

]"oop0 g3 0f6xrei$+8 ?l-t swhiletl:ite0'r:tdi1t$0 g{

'where S i-s the l-teratod statenent o You mey Borre@t by typf:rgo
starting with step do aboveo

looprbegint{l gat tCIt tendr

utrl net rSSreaS r"eeul-t will bc

l**pl t: sgototpatehll; t)^oop]-l 3:0fs:'!8-l otelis+t !1t I ooo

3
petehls f s 3l-t os! {CI0 B $0gotal0loop3c t I

rFu*o insertions can be sasiLy made, b':t they nust always bc ttedresau f

*e ].abe13"ed statements"
Sorr.eoting s,r3 er:poneous statenent ean alse be done, but not

as simply as eah l-nsertions. f f we think of the program between

,n two J-abel-s as a progrern segrrentu we r*ust repJ-ace the entire segment
\-/ co:xteining the erroneous statement or" statenents with a pateh

that ineludes the eorreeted segment. As an exarnpJ-e, suppose a

quadretlo solvlng routine atr)pears ln part thusl

;
xyz t 3 ? trootir r=r-b t /t t 2i l']|l6l-8 5l g I

g'60tAr tSf r.got3.r+l tgl tt.at eC $ |

herer;ltprlatl(fo..'

tfe qulckLy r-ecegnlze that we shouLd be dtvlding by 2a, not dlvldlng
by 2 arrd raultiplyfuig by a as shornm. That 3-s" we trave forgotten
tha panenthssss " To co!?reet the 6rror without re eoraplLi-ngr we

s&3.L for pateh. After typing ilpatehs and pressing START twl-ccn

r*e type
xystbegintrootls C=iSt /'tn lll t'p1al ) teg4t! e I

foCIt2t :=lrootLr+t I At c4Flet 3 t

go to t herb ! er:d r

i{otlee that the J-ast statement ia the pateh ts a gotoc

t--'
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$bvj-cusJ"yo patehing wouLd be eae9.e:r: 1.f c'tl:I3 p:f@gllam were

ltbereily sp:"inkled with Labels o

If the l-abei that identtfiee the pa'b*r;1;: i.S}egaio ssr @FFc';'

pa'**ir wil"l be pr'lnted o Per"fors $CN$ e.nd st*:.:'"t agaf-no

fnnre p*'inte shou,Id be enphasized r
io Do nct tSrpe a 3 s e after" thre ide*tifying 3-abelo

2o Pateh requires a begln --- errd but no seml-co3"on,

srbareag eXeeute requiree a siml-eoLos: e'ven i-f lt haS a begin-*-ohdc

-h0-



I VTT

For ExPente Ctnl"Y

Tbis shor"t cLrapter eental-ns ssme faotg that are not

neoessary to the runntng of tfuo SCALP systentmt that maSr be

S.ntorestlng to soBG readers. The titi"e ef tbe ehapte:r permits

ixs girrtng only tfte brlefest of expS-a3]-ations for theee factso

t7 -1 1,r4 .Fl{
' 6.. -L tlt SLI Refe:remee to ALGOT,

Elven tbough ehapter 3 tllustrates ernl3r very slnrple AI"GCIf,

eonstr"Ustionsn SSALP has al.l- of ATGOL exeept those featu:ree

ileted in ehapter 2, and eertain ml-::or nestnletl-ons nontloned

ln eleapter* !1 and 5 (Snteger eonstants mtrst be used in aryay

deelara'bionso and tho problera @osgee@ted wi"'bfu esPr@gl ptype")

Evon a f, b" wtrere s aeld b are l-ntegera and b<0u f"s penforned

by Z/{acso.o&) (-b tinea}u so that a eacr be 4 as woll.
E$-xe* real and lnteger expreesio Fs nested eondltionaLe, and

coruplst* subserl-pt f reedo*t &ro alLowed o Labol-s can be nuworpLet

cr othex"lfLeoo FuIl freedors wl-th the oom:edent eonventlon ie
allo*ied (edeept be caiceful to not eet off arr sndr elsou ol3i by

stop-ss6eg un].ess you ritoarl tot) I{csted arrays ane a}Lowedn

euoh as af Itg? f!it nosJt]f ,ufk!l r o Tterated asslgnnant statesents

are perrnltted 'to anY dePth"

7 *2 ryILb Bel*reage-E EQEERA{

$o111e ugers glay be famillar with FORTRAI{ rather than AtGot.

For themu these eorunents aPPIY:

1o DseLare anl varLabS"ee tn SfiALPF i: ToITRAN thogo

beglnnlng vritb Ie J, K, tr$o or IT are sssr:mod 5-nteger"

Zo $ixed expressions are net all"owed in FORfRAN, but

are in SCAT,P and ALGCIL" Fon Lnstsnce, AIIE€SUI#H' ls net aiLlowed

ln FORTRAS' but &lrer4g@r3els63fr /tstgt le okey isa ssA5P"
.'=l
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l" $CgJ"P and ALGOT* use the se:*:--)-rl-,** afi & stateraent
:*€paretcr€ fhuso there is no need for the .F,'i'RfRA}i oonti.nuatl"on
*onvent{.otr *

i+" AS,phabeti* i"abel"s are peraritted {enO eneouraged)r
:n SfiALP and ALG0L.

5o A.LGCIl, per.mits a nueh more geFrea-&i conditlonaL os"

if atatement. Despite the sinpS-iclty and usefuLnees of the
lf$ATRA$ Lf statement, oceaelonal- progr:emmers sometl"mes find 1t
bard to rerrnember r^rhere to put tha conmas, and whether tt ls
'.{pF$t:F *F }.,,*9€3

fun ALGCL has a dlfferent fcsm: foy, :be for statemeartn
.tr.ilre g+.r;e,*"i" th*n the I,-ORTBAN D0 statement o f $,;ALP pornr$-te or:]"y
ii,,: hmited *ype ef for staternent, whietl is pn+'babXy 3-ess eonvesrLont
bhan t Lrs F*RffiAli DC 

" )

?" A::rays and subserlpts ars iimSise{5 Ln F0RTHAI{ to
three*dlmens:u$ns and lnteger expresslr:ns of 'hl:re fern cl-:rtv !. s2,
:i*.e?.e tha s?s sre constaslts and the v ts 8.?: i:ntegen variabl-eo N€r

suoh reetrietions in ALG0L-SCAL? o

7,3 gffiHi;*:"*g

S*n:pi.ilng ls done with a double staek I.er,o;-lna fil'st-CIut
aLgori+;hrn ad*,pted fron SameLson end Baue:"" Ti;e spnboL tat,ite
fol"i*sss tl:"s stggestS"on of E" J" Wll"liatrso The detatle are too
'frum€Fsus to lnelude hene, although thc eoding sheets and b0.bek
diag::ams might glve some infonrnatlon,

the eompiLer wnltee the obJect prograrl dlneetl"y into menory,
and entireSy in an i-nterpretive 3-anguager Even lntcger operations
&rre f.ntorpreted. (ffns sleans that the eimplest subserlpted
vaniablo requlres about 0*5 seesnd per subsc:ript posltion at ::uza

?Lw*"] Firride*lnto and subtnaet-from inst::uations are useds B$
aaali &s f3.*at, nound, and a seriee of arith:netle oBeratlons that
-r"-Ltlat an 5-nteger quantlty as Lt comes ferm ilsmoryo Thore are two
ktnde of holds for each true of vanlabl-e, one that oan bc traced
tused fo:: sseignrnents), and onc that ean{t bs traeed (ueed forp
tear:porary hol-de. i

v

\,
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ta.-t

Thts rem&rk ebouLd g@ into ohapt*r 6 a If yor: 3-nterrnpt an

e3g@Guta to eta::t acaether executeo you wlil end up Ln en exeeute

3-eclp whesr yeu tySre meov:tl-nue9 
o

? '4 L?+ss5-Eg-

?he fnterprete:" reeogniaes 52 dgffes"e'Eat instruetJ-ons o

Besf-des the integer amd fS.oatlng po{.nt S.vrstruotionsn eas}r speef"al

frnctios has s ssrresponding instruotLono A3-1 {.ntegcr arS.thmetl'e

f"s tnterpretlve, but no preeautions for overfl"ews are takono .el"L

f3eatf-*g poixrt ls unnorrnal"Laed qgeept beferre he3.ds alrd whem

onter"ing subroutL3sssg thie speeds thtngs up wj"tl'r no 3"oss Ln

*.*seraey Lrl vlrtua3"ly alL easeeo

Hs extensiyc tlming oaXeullatl-ons heva beon ruirl, but somo

eetls:ates i:.ave been $adoo These rouet be eonsldered as aoourate

to about 1.5 slsnlftoant fLgures*

floatlng add "390 seeonde

f3.oati-ng multtP}Y '?38 
ss

subseriptsn eaeh{mL:n" } "5h0 
ffi

i.ntogon add o3.ZCI &

Lntegcr nt3-t$"ply .190 s

H* astlaates havo yet beera n:ade of the eubroutlna runni-ng tLmcs

f,or tbe spceiaL funetLonso

7,5 with &pfers:rcg*tg Agq TIf
Altbough lt roas not the intention to have this ALGOI

system eompete speed-wise with existing systerns, the u:rge to

sonpare it wlth ACT ITI le irneelstableo
For oase of useo scAtP ebould be eompilred with Ae T III'

:noda &A, a stripped-down Load-and-go vel:siono SCALP ean handLo

ianger progrags in some eabes 'than ean AeT ITT-ZAs and Ls

eacl.ertgueeo0ntbcothcrhandnA0TrTllsveryfastatrua-
t3.me, beating SCATP by ZCI po:reent or ser dependilrg on thc
partlcuSar mlx of oPeratLone"

{
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N-r
One btg dl-ffe:rcnee ts that ACT ETT eowipi3en subroutiae $urye

ln raaeh,.i"ne Senguage f,en floatS.ng pei-mtrratker then interpretLve eodon

tlg.p9*ai3y these subrc,uti.ne Jumps ane s$-x insbnustione 3.ongo Go,nsidor

{?rI(S examples g

'Hxarnpl-e l-:

Hxa:*Fr,a 2t

ACY I5]
sifirT?fi'fur r

ba
h addtemp

bb
r (add

IuL
hlo

6

at+tbt+! ct+ldg tel
b &. -.I ioota*p
bb
13 ) add

IuJ
htL
btL
b add ternp

bc
r )add

IuJ
ht2
bt2
b addtcnp
bd
r )add

I
11 J

h -9.
x8

SCALP
gt €j3 +!bs t !

bfa
afb
hf€

er galql+tbt+8 el+rd! $ 
e

bfR
afbaf*
afd
hfa

v
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( Thcso exampLes show holr (L) ACT ITT trsee up memory 1gore qui"ekLy

then does SCALP, and (?, in so dolng aoh.ieves faster run tines
by Jumping to speclaL subroutfuees only whcn needed. Ttre 3-ntegeng

subserlpt, and looplng arlthmetie Lnr ACT TTT j.s aLl done in
$aotline language q

0n tbe eoruplLe slde, scal,P r,aLns out by a factor of aimost

2 ta 1. Tbc doubLe stack oompL3.i"ng seheHc is extrenoly fast,
but tbe ehlef reason ls t}at SCAL? uso:s a syrnboS- tabLe based otl

thraadcd Llsts. Brlefly, Gaoh ineorning syrnboS' is plaeed in or'te

qf ttie 614 equival-ense ol-assesr and thcn the segrah ls nade within

the e}ses. Fiost sf the tfune ttre seareh has to go only 2 at 3

e3€ponts dowe thc subl,Lstr PraetiealS-y aL1 the scALP symbox's arc

found trmrnedlatcJ.y at the first Level of the sublist' Anothcr

feature is tt1gt the syrnboL table reset pr:oeedurc l"s part of tho

syst€n ia SCALP, but fiust be separately l-oadcd ln AGT fII (tape

T{p}.
In the axeea of debugginEr scALP both rod-ae and l-oses ' scALP

has very sinple end effectlve trace, cxeeutcr. and patoh optS'ons

that are uruEateheil{ iu othcr systegso On the doblt sldat ar1

*grroa at conpll.c tlne mcens rocqttlng tbe o@uroo tape and startlng

oyQ3'a rn ACT TII one oan oaslly swltoh to typewriter and lnsent

&hs eorreet statesent by hand, thcn adJust tbo source tape i-n

thc photqrcadcr and contj-nue tha eompllat5'onq

In tkrc arca of subnoutincs, scALP easlly and autonatlcelLy

loads only t|rosc subroutLnes noedcd, but give no f,lexibf}lty for

lncludlng nctc subroutl-nes. A0T IIT requlres that alL subroutlnce

that erG a part of a gLven system b e loaded, whcther ttrey anc

nooded or not. IIoweven, ACT IlI does pernlt tho uso!3 to prepare

with s?AR bls olrn speeial. system ineLudtng onl-y thosa eubnoutince

desfrgdo tbough tbis proecss ls vor..y eomplleated'

7 -6 Subnoutines and Librarv Tapc

Thc llbnary tape eontalns ten subnoutLnes

I

tbo
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V*"mtege:" A 5-nt*ger
4s

.LJ'

real A reai {r-rr f.nteg** A c6a}}
cxp
rean A f.r:te6ger

s ltt-oo s

aretan
sqrt
antl"er
ra*dom"

A1l, sqhr*r:tin*s eontain a r,ruLtipl"e of six l..nstnus.tlons " A eode
word et the e'tant of the s'{:broutine g5-ve s th'* srumber of instruetions,
and tit* addr'ee* j-n the interpreter t'hnough r.iLrloh th.o subroutina
ls :'eachad" Tha l,oader checks a tcn blt eede r,sord" rf thc
subr*outine 1s neededo lt l-s loaded into the ftret avaLl.ab1c spe@e
tn m*mory" rf it ls not neededo it ls b;rpaesed by a series of
slx LOCOS $r:ders, repoated unti-L tkre next sr:broutine is reaehed.

The real-dlneaL uses both r-n and expo and all three are
ioaded if r:eeded. 0n exp on ln rnay be roaded spparatel.y 3-f thay
alone as.e s:eeded. sin and eos use tho sam6 subroutine, wlth a
flag r,rord on entry to}ltng tho differenceo sqrt openates by

,9cI.1c.rari.ng a good stanting approxl_rnation witbbro Ltarations in
fix*d pointo }.'&$ldom uscs an untegted Junk eal.culatLon that secgg
to gj-va numbers having a resemb.larree to; pseudc- random.i.nrxrborsiist
bhe nango o< x41c subroutinos Ln, expr sl-n-sos, and anctsn uso
Has tings approximations-.

7 "T $grno R_oma::ks og Etgcignoy
?h* r'unning tl"rne for equlvalent prograas ean differ wldelyn

aree? {n e"ays that depond onthc pa::tlcul-ar computer o:r systerno
*s* features of scAtpn pernttting rnixed expressions and ful-l
subsenipt freedouo strouLd be sonsl-dered lf running time ls crubtal,
& t!:ind feature eoffinon to pnactlcaJ-ly all- eonnpl-l-ors should aLso
be consideredo

v
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1.. 1o Tbe sGAtP eo$pi-:Ler i-rreer"te fl"'o,at operatl-ons as

n€eded to pornrit mlxed expressi-fislsr Thuso if x 5-a reaJ-, o

sE re! tlr !+lx$31 l-s eompS-led J-ntosbl l:nteger aonstqnt 1

fl"eat
a*' x
h.f; x

A mc:re effiClont Construetion is to ruaka eonstants'real" !f tboy

aro ueed in reaJ- expressiorl$ o Thrrsn x0 3=n ! 1' ! c$t3e I t

would be c ourPl}cd s.sl

bf
af
hf

real- constant 1"S

x
X

(_,

{Tnaj.denta}}yo?l1o!ll.sa3.egal.representatlonoflooin$CALP"}
it is possib3.e to have a eompller" per-forom sueh floattng of

constants at *onrpila tlme, and this shoul'd be reeornmendod fo:: the

futuro.
?. Tire long tirna needed to eomputo subscrlpts dl-etates

that the nu$bcr of, subseripted varlables encounterod at run timc

should be rninlmtzedo Thus, lnstoad of

l4r ;arr rgt I g!el It1!r, I j t ] t cae !$.$f 1g !

for![t 3elkr+,.t I it l6[ife'!klitetne do !

cr I rir ro r il ] r 3=rc! lt lo ,, n jt .I t+!et ltil rn tk0 ] tfl-lb? [lkt r,o t i I I r ' l

ss the faml_ltar lnner ].oop of a natrix r:ultiplyr ona might use

]4t c=t rQt t 
S 

lgUm l oel lQ.Ql r o?

fort [? 3=lkt+t ? lt twhilo t kt Jter v1! ds t

gln.r :Elsun-l+! al [ ! it ,, tk! I r+itb I tkt o, n 
J 

? ] ! i f

oe It Lt r r? Jl ] t "=rgsgx:t I I

3, As is true ln most present day eonrpilers lncLudi-ng

$CALP, ttrs cornpiler does not evaLuate constant subexpressions at

eompile tirne " Therefore, if you do a3'1 your constant ealeulatlong

in a pz'eanble to youn program, the running tima w11"1 b e lowe?odo

For lnstaneen instead of uslng

i
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GP/
| | Et 1":rr I 3,1ti1 I 9g?.r,

1n the body of, your pr,$gram, repLace this b y
I twopi

whle h ls evaiuated byl twopil oa? tp" tr es,i-t 0 3"i41 | 592s \ g'.l

at tire start *f tho progFa.rlro 0n you *eu.Ld oaJ"euLate such a sj.ripJ.e
expneaslon b y h.and o It shouLd b e reeorffiendod tbat futur"e oonpiJ-ers
porform the *snstant arithretle at compiS-e tln:c le sueh obviou.e
*aSeS c

u'
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