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. In order· to; distinguish between; what ,the .. user types and 

what ·the'computertypeS ;I;'sball".underlinethe output· fromtbe : 

C0inPut:;er.< I" shall, alSO.·;n~eedttr;refer to j;;:b.ree no~.,.printing 

keys on the teletype.; T,n:eyarei::tbe (eScapeli".,;'(linefeed), and 

the. (return)keys~ The' (line . feed) arid (returnl ' .. keys are 

located on the.:right .... hand side of the ~keyboard ... '. The (escape) 

key is on theleft:·side.;;t 

Pressing the . (returnl, key signals, the computer that you are 

. tbrough with that lins·'Qi';i,:t.ypinq·and: want ·to start anew one; 

the'" print.· drum will rettllm to'the'left.marginand the paper 

will space.;. Cline' feed),· continues the st;atement you are 

typing onto the next line.;< (escape).·is-llsedto say "forget 

';.' what; has been typed andstart:'t;he':TiRe'again .. --

Now let us get on· the' machine... The first·· step . is to 

connect the teletype toac;,computer port.;;. The steps for this 

are: 1) Press the : originate .. : button, 1aneile-d ORG, which is 

; below. ·the<di.al~·andtothe.:left.~;""it<;should light- up. 2) After 

you hear the dial tone on· the speaker under the bUttons, use: 

the'· dial< ..• on the teletype' to:dial tnecowpllter", Dial 2 on 

.... teletypes-which are' exteilS'i(,)~s:·.,' of··· the <Sar,vard . switch and 

491.,..&900·, on .. those·. connected t~outsi.de1ines ... A small: knob 

'3 
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controls the volume of ·the speaker buti"Donnally it should not 

need adjustment; 3lYousbould hear the teletype ringing the 

port· and then a beep when theportcanswers.. 4) Tbe computer 

will-then type: 

HAR\lARD;TIME·:stiAR·ING; SYS'ElSti'L(;DOO .... g05J:. 6-12-67' .;( return) _______ -_;.e ________ "-_______ ~' .... ,--........... --------------'-----___ _ 

We must· now convince the c0inPuterthatwearehonesthill 

paying customers" To do this wel1lUS1:-;havean account number, 

a password and ,a user nam.e. Forth€! purposes of illustration 

let,us\suppose that our account,;nuber is 123. our password is 

ABCDEFj and our name is LEGION.. 'rhe>letters of the password 

will . not be printed .. What is.shown below is what must be 

typed.. A . correct login. would go as follows : 

HAVARD . TIME .SHARING> SYSTEM ' •. ( . OO--.H05};·:6;';; 12 ... 67·" ·· .. C'return ) ---------------------------------... -~--------.... ------'---'-
Q:Y~!lLl~L!2.§L~:58e.:;M~..;._ (r~t!!~l . 

~£gQy!!~j123!!:~~llr!!1· 

PASSWORD: ,······ABCDEFlr eturn) -,------'--..... --------

Note that; the cOlltPuter providedalltne (returnsL If you 

make a mistake in t.his process the, computer will type out 

4 
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"INVALID USER" and tben'staz:t,tbe: process of identification 

all,; .. over again .. When you ····.···have, successfully entered the 

computer will type a a s;ign ... ·· .This character is ,the trademark 

of the executive" program;. The EXEC has a number of subsys­

tems,that'it can prov.ide .. , "Wewishthe:one called CAL so we 

aSk fQr i.t.. CAL will 'want Some info·rmation and the dialogue 

should go 'like:this,:,' 

~CAL.;l~gt!!!:nl 

.... CAL;>t,';.;69 Number .. OE:,:.S'J1:A~mMBNf.CS';N:BEnED,=:, 20 (return) __ . __ ... _____ .. ____ ..,..aI ____ ._ ... __ ~~-................ ~_ .... _ .... __ :~ ....... 

!!~lm1N2.cL~m!~l.!~E;~!~g!:Bm!· 

. DEMONSTRATION PROGRAM (return) 

Note that "when CAL-lasks fOJ; the'ntlIllberof ,statements: you must 

give' a number and .then proyide.the·· (return) tGtell'CAL that 

you arethroogh.typing.. l'nesame istrueof·the' title. CAL 

starts you off with a new page 'conlplcete wit.h title 'and, page ." 

,number and then givesyo~ a;.linesti;trtinqwi~h >.. ,. is the 

trademark. of CAL .. l!oucan always te:ll> who you are'talking to 

by the ,symbol starting each line .. ,' Donat ask for too many 

statements or you will nOi:;have any r'OOll!· for data! 
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Let us assume that you are tir:edo.t CAL, or have even 

. finished a problem and want> out... The procedure' for logging 

out properly is as follows: firstgetback.tothe EXEC; this 

is done by pushing (escape) several tiImes" You can tell when 

you have succeeded becansethe-computer will type @., Second 

you type. LOG ,for LOGQUT"LEGlON and then a perioQo 

look like this: 

::2: {return} 

2: (return) 

GlLOGOUTLEGION ... hreturrd . - . --.--------- ,.-, ---~-.... -..-.. ..... 

~!!~~g.§L_!2§1~~~~1i~2..;;.R~£!.!.,~_1!~!:Y!'D1. 

I~_J!§~Q~!~~!!ml 

_;g!!l~.QQ~QQiQL!~!:1!!;!!l 

£Q~9T5;...;.Q.Q!.Q£_!!:~!!y!!!1. 

!.n~;....£QmE!!tg£_t.!!~,;;:.Q!!..;;!;hgL!2§!~m~.:2: 

SUMt'4ARY : ENl'ERING AND LOGGING .'. OUT 

It should 

Let us review this process by entering.:doingnQthing, and 

logging out again .. 

You press (originate) to get dial. tone: 

dial 2 or 491-5900 ., as appropriate.; 

HARVARD TIME SBARINGSYSTEM (DOO-·B05J:6--1.2-67(return) ------------------------.-.---.-.----.----------- ..... -----.-------

QQ~Lg.§.i~~:f~Q..;..!!~M~ (return) 

~~C0ill:!!:123_!!:~!:!!!1!1 
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. NAME: :LEGION.;(returnl· ----..- ----

,.~ C~i3!;:;§2idi!!MB~R,Q!~~j!mB~~EmJmL::~2Q. (retUrn) 

!!EAQ~9;j]LE~~~~~Yill ,.~ 

:, DEMQNSTRATli0N;,PROGRAM (return) 

;DE~O~§!RA~Q~!sf!Q2g!jl!!!~Jt~!, 

;2 (escapel 

;2(escapel·· 

, aLOGOU'l' :;LEGION~(retiu'rn); " - '." ----'-"--- ... -~ ......... --...... . 

;gONt!Et£l!i;~gg19~~;!;.iY;1i!!L': 

iTbe .. comEY!ir-.t;;urns:;joff;~;ft;be~l;'.tieletvB= 
--~-~-- ~------~~--~~~-~---~, 

You can t.'el1::~;t'hat;;''yoll:'bav:e,:109qed out'successfully by :tbe: 

time'usedmessaqe.:which rer(i!r$.,,:to}the.··time used.;by ·~ecentral 

: pro<;essor ; andthe:a~ount~f' time:you bavebeen cOlinected., If 

·youbave loggedoutcorreotlythe;'cGl1lP1Jt~r'will turn off your 

.teletype, £·or you~ Ifi<L~OU'r;does"not?e:work try EXIT .... l;f;t-hat. 

: does 'Dot· work call-the Computing Center !,ext~:3272 On a·· 

1 
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. telephotle~ 
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I shall now assume that 'you haV'eentered and got to CAL· as 

out1ined in Chapter 1.; In panicula.r I hope that you are 

lookinga:b a 'greater-than sign .. 

CAL has two modes of operating .. , ' One oft.bese, called the 

direct mode, acts like a deskcalcnlator.. The other, called 

indirect, utiLizes more. oftbe .' co~puter"Sfacili;hies..Almo$t 

all . CAL commands can be;used in e.it:.her ItQdeexceptfor a few 

which only makie:senseizl one..: We ShalT start o:t1tin the 

. direct; or·deskcalculatqJ;,mode,. but all the commands I will 

ment:iGn can· be used in either lilOde.4·, A distmctd,ve cbaEac ..... 

teristic of the direct· . tn6de=is :that as soon as you have 

~inished typing aC0111tl\ClJid and type <return>,. the computer wii11 

execiltet-hecommand. when it has finished . it will start· a 

fresh line with a > sign. 

The first· command you·;wi1.1 need is the command TYPE 

followedbywhat:ever you would liket.yped and then a .. (return} ... 

Here are' some examples: 

9 
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~YPE 34/2 (return) 

,.·,34/,2',= ··.IT (retul1h.Ji 
------.... -------'-------___ ·_-___ ·iiIIIOIOi_ ...... 

,?TYPE 4*6",,3/4' tr:eturn) 

·4*6·=, , ..•....• 24 ". (retu~l --------------..... --'--_._-.... _----
" ., .. ' .,3/4'=·, •• ,;.,().;7500QnOo,·(retnrn); -----------------------... ,--... -------..... ~ 

> 

. The arithmetic operators are' + g-" *.. /j;and t • They stand 

for addition" subtraction.. muH:ipli cati on " division, and 

exponentiation (raising to apowerl respectively., ,In evaluat-

ingan arithmetic expression; CAL ,will do the exponentiations 

first, then the mU1.tiplicaiiitonsandd.i.vi;sions (workin9from 

left to rightlifand finaL~ytbej,a.ddi1!:i:oiJs and subtractions. 

I·f' this is not the order desired, or if·there is some doubt, 

parentheses (. lsnouid be.llsed to make the expression unambig-+ 

nous..· The·· .. , foll~ing . eKEimp1.:es.·,i.ll.ustrra:t.e.some(of ;~eserules. 

10 
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These~ examples'illtistratie:'t.tie'pi:ece<len:eeof operat.ors: 

, ~,., 

> TYPE :'(4'+3)t2 

( >; _ ... 

i > TYPE ' 4.*(,3t2)~ '" - ) 

";"'!~f2:!~li),fi:;:ii:=~~~b!! ,: 
,TYP,E (4*3) 12 

· _J,i!~2!.!~~..;.~..;;L!!!' 
;. mllese ,.il-,1.:us.tratte '_ tbat ., f;" :i~,!' dOlle;';hef~%"e;: ,. 

; >-

> 

" > 

11. '" 



; ~SETA = 3 (return) 

, ? SET ~ B =4 ' (return)! .. 

~ SET'C:;A*B· (r.et·urn) 

•... ~:TYPEC-2 (return) 

"C~ 2 =·l.?O:(;:rettirnl 
---------~---~- .," 

June,: 1967 

'The' ~1ue of ,t)le·:numbez: orphe,;···ezept;e$sioll··on ·the:::rignt.:band 

side;of .the . equal ,sign is ·st.ored.ror later: r~fereDce .... by ··tne: 

machine :·as tbe, value:o~ ,the::jvar;iable'on·t:be:l:efit;~'\hands'iae:;;·< 

:,' Variables can ,only have single:', letters or a Single letter 

followed by a.' single:': digiti·'·. in ,thei); !,lames -:but:hbey can be 

sllbscripteq. with great:abanson .. :Thesubscripts are placed in 

' •. parentheses and separated with commaS .. :,' A, A{,Ol.A1. A(1l, and 

," A(B(CjDl,,,E,4)'are<a;tl dic£ferent: and· aq():~pt:ablevariabl.es. The 
. , . . . . . 

' •• last:4fiU;;haVe,:imeanin9"onl.yif·(J:;he;":1la~1ables'C.;D""'SfC2,,Dl, and 

E'" have ,aliready been'SE~';·Lt ;is,iUlportiant';~to':Eealize,tihat;the . 

SE1'command does not: represent tau; equa1Zion",,:.<':'Fprexample:' '. 

,. ~; SET ;A= A," 1': 

•.... is aii:pe'rfectlygood and legal st.atj·ement,' meaning . replace the 

old value of A,by: anew valueonegreaeer. ' 'What: a SET command 

. does is to '. instruct the" computer to first ". evaluate the 

expression on the.right'oftheegnal sign and then to store 

12 



'. value'o~thevariable: iSt 3i081:.;;) T:otne ',; computer a variable is 

: ~.'. SETA '=B ' ... c- (return.)·, 

is ". a,"' way of saying ,-to ··the::numtier Sf:;oEsiLinLB add tliEI'Dumber 

stored in ·0 >ana, ,store ytlb$:'JtesUilt!,,;:im AW',where.AI/::B.;and C ilEe 

names for actuaIS1:.or.age;locatioDS"j;n: tliegjcOlifpJltiers lltemqEy. 

'The';· command sE'r:2.a;i l=; B +;C':has n(j:jRlsning to CAL because' 

,itPQoes;,nOt;i,:, Mve:a·;vcariabl e : 2*A'; in ,whiento' store - the reSll~~:, 

or:~adain9jp·he:c~tent:.s of '. B to ,. tbat ;of ' c. 

2t!!g~! 

Al1tbe<:co.and,·,wprds". or reserved' words" ,s1:fu.li as, SBT. need 

to be' separated',.frqmtbeir surrounding-shy a ispaee..;.;., The only 

exceptioq . to this,jjs;,~hat·tbey don-tneed a) space ·at ..... the 

, beginning' of·a ,line"wiientl'ley are ;Dext;: to ~ •. : Aside;::fromthis 

j CALisj,quibeindifferent,t,oIspaces and they can be·. used as 

desi:Eed. 

Tbe .'. word '. SET 'can be'Jjef:fo~;'o~' a,:; SET .. command. Thus Ii= B 

is identical:to;:SET ··A = Bo: 

By now you may be wondering 'hoW to]oorrect:' a tU.-suke;:in 

typing a .. commando. If you: push (escape) the 'computer Will 

13 



igno~ewhat >,yoQ,\have'typed and $t~rt;you otlt'·on a ,fresh· line; 

where' yoU can" t'ry ag.~ino. ,IfyoU'pusb{returnltbe:computer 

will· try to;'execilte.~what:yC:)1;t bave:typed and·· i£',iti:' doesn!'f. 

. succeed·,. itt;· wili"type :a~snide:.·rema~k ... and,.t;tf,lrt.;¥ouout:rWL'th a···· 

fresh line.;' ". Inadtlition to .the'se:t'Wo·courses .' of action ..• CAL 

provides .. ,' a j whole: series of, .. ,: editing. ·co_anas:>.:h~it:.:;;for: tile 

mO.Jllenti I .' will·: discuss o~ly i;two ·:of ,these .. ,' AiII· editing 

commands are _ given by ho;lding>the' (contl!o),} key· down while" 

: typing;ano~ber k~y.; :'fhe;feG~t:i,7Q~l: key: is located on the . left·· 

; side: of the; keybo;?ra~.:;;: $one}:·tw();c~"lIlands ~re-;{colltrol) A and 

(coot rol)W.. 

(controllAisgiven . by holding ;the-(cont:coll key dOllf"Il while 

typing:A., The -effect-loi· <t;bis·is,·to:pr:iintf .. and to-':delete" the' 

last· cbaractertyped ••• ·This, deleteilcliaracter could .of coarse 

. bave ~ .'. been a< blank.~,..TO ~ del:ete:; several charaij~e.rs' hold 

(control) .. down a'n(i'.,type:as·many, A~'sas;:t.n~£.e-;altechal1aeters.;to· 

" be.· deleted; the~compttter;' .. i;ll' pEa;,n't',a); t:fer·each cbat'act'er 

deleted:· These" t as are' only printed and they do not become 

part .of,the statement being formed d.n~hecomputer. 

(controlJW acts· like, (controllA except2-·tbat-:i1:i<de]'etes ····t'be 

preceding word, and the •• blank<inf'ront'ofl't,j: To indicate 



t'~at,it;has: .... ddlle'\~i1is'itc'p:rfnt·s'.;; , 

E§ca:Q!t 

'. One c' word" ocf'~ catltii~J1;." (,if·,' yo~ "·.··pnsh (esoapel twice in 

succession you 'Will find yo~rself"ta,lk£ng to t:he:·'EXEC(wi·:tb a 

a instead ',of a:»"" .. To . geb1bac)t, :eo: ieALdiwi:'tbo:ut"losmqi'~ati::'j(jt1 

have.,done u tune 'CONTTNtJS.;;<OI:L.;> note::tnat ·'.you tvpe the period -.z r:' .:.= __ ~ __ ........ _' ., .. .z 

to confirm that 'you wish to do'wbatwastyped .. You can tell 

i:f~biShas ;s:ucceeded by ""whetber' . or not' you get ',' a" line 

starting with a >0 ' 
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In the: indirect·; lUode: a·jnumber of, commands are :organized 

into' a 'program" which.isthen.n . as'C a unitjy rat!her th~n 

having each cGmmand ~xecu.ted ,as' iiiJ'·is~!ped.I:n Yord~r to 

write -a program 'one:. mast.',. not;; 1 on}.:? speoixy ··the ::~ndi,v.idual 

cOI1llIlands butalsotbe order inwbiGb they are to-be executed ... ' 

·c To make this possible ea.ch command. or s1:.atement,:.is, given a 

'. STEP, number.'Inde~l1i CAL determmes' for every statement 

whether' ;iti,·is to be~exec"ted iniinediiatielyfdiJNeCti"mbdel or is 

to' be' incorporated int.oa.,-program: {indirect \mQdE!l;hy'lfbet:her 

ornot·it'beginswitb a,STBPnumber., 

. 3.1 Numbe:rin5tStf!hg. ------ -- --~- " 

To help in organizing the program;statementsar-e:; numnered 

on : two levels by a pair of numbers -separated, :.by. a::decimal 

pOint .. The integer {to-the. left. 'of the ·paint} "is tne)'PART 

number. 

order sta tement.S within' eacb PART.; ; As ,';numbered st:atiements are· 

. typed into: the compu terCAL order.s;~llelll by~eir: S'n.:P numbers .. 

considered ,as decimal.f, numbers.,,: For ex .. ple •. c· STEP . 1..:2 . is 

before STEP 1~24S ' whieb is. before ·Sg:EP2 .... 001-, no'matter in 

what.~order theprograID.!ller 'typed:t.hem~· .'. The filtsttwo:wQuld be~ 

'.' in ' .. PART' 1 while: the :tbiI!'Q ' .. is.,m'l?l'-RT' 2. .' This sys-:tem 'Qf ... 

".16 
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:nambering ·ialf~\fs':;y(!)~"to\:)ills·en'''aD.domlnandr ~tween two .. which 

have" already· been·· typed.:' Fa!;, exampl:e. "if( r'o3and: l~ .. ·q'are 

already used, you might' insert 1. 35 .. : 

In theansence .~'. of: anYfdfrect.ions -. to the co~trary ·'tibe 

c()mput~r w!:U:.;ex.E!cute'the.: stauetnerd:s of a program' in.tbej,r 

numerieal' o~d~r ."r,rbe proqrammer . can;. however, direct ····the .' 

cOlRPuterto; dev,ia'b'e.'frolll JiJ:;nis O~~\ in,: a variety of ways •. 

• Let '.uslookat'·an example: 

~lo1 SET J = 1 . (return) 

··~1 •. 2 TYPE. J t 2 (return) 

?lo 3 SETJ = J + 1 . (return) . 

?1.4 ~TOSTEP 1 ... 2 (return) 

'.·This ex.ample contains two ': '. new things co 1)· the' steps are 

.' numbered and we :seethat . allicf'o.lJ£ stepsbetonq>tio:"PART'.t .. ~: .. Zn 

. add1tdon the;:compttberwH:t. trceattneat1as being 'ordered in the" 

order shown. 2}STEP 1-.4 :contains··,t.he<:new eGa_no: TQ ... 'Tills 

, has- . the effect:. of sending the,:pz;ogram .,to. the·step specif ied, 

heret.;2"whiohit·-,wi1IexeciJte oand.t:benproceed ·to the steps 

following, this new startill~ppOint~;} Tile?' pr:og1t~~aoo.e wi11 go 

arOUnd and around f crever qcaught"in·an inf':inttte, lo-cp, because 

every time it. gets to STEP· 1 .. 4> it.'vi-ll; be sent .; 1:::~ck t.o STEP 

'.' 1_20.. Suppose: we:. had startedtbis program running by typing 

'. thediEecli~'command 3:TO<STEP 1 .. 1 fret.urn)-'; What'could we do 

',.17 
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to stop the unending sequence of squares which this program 

would produce? The answer· is !:!l!$; __ i!!:l __ n'(Qg!:2:m __ £!D~_~ 

!!!!~I!YE!~~_E:'l_E!!!b!ng..;.!n!_..!~!£!!E!l.-!!:'l. It may take a second 

for the machine to stop in some programs but never disconnect 

your teletype in this sl.tuation! If you hit (escape) too many 

times the worst that can happen is that you· will end up 

talking to the EXEC and you can type CON±l!iY:g_£~. to get 

back to your program. Donie forget the period~ 

Clearly,. it 'w~ld beco~venient 'if .there were some-way to 

tell" the program 'wben ·it.'sbou'l<1 stop typing cut more squares 

and proceed to the next part of'J;be:program.. One way to do 

this is the IF modifier. I shall add it to the above example. 

18 
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~1.1 SET J = 1 (return) 

~1. 2 TYPE Jt 2 

~1. 3 SETJ = J, + 1 (return) 

~1.4TO STEP 1.2 IF J < 5 (return) 

~1.5 TYPE "DONE- (return) 

~TO STEP 1~1 (return) 

,J12= 1. -....--- -_ ..... --
__ .i!!L=-_!. 

____ ~!L=-_.2 

Jt2 = 1.6 -----------------

June, 1961 

The effect of the IF is;toexecute the command in front of 

the IF if and only iftbe:colJdition <,after the IF is ,true. If 

tbecondit.ion is not ·tEUet'ne, COlH'uter; ignores the part before 

the. IF and goes on to thenext:sta.tetllent ~of '.the program.. In 

this example the computer jumps back:t:o·STEP, 1 .. 2 as long as J 

is less then 5.: When J becomes equal to 5 the ,condition is no 

longer true and the computer ignores the command "To STEP 1.2-

and goes on to STEP 1.5." ¥bleh is to type the literal DONE .. 

Note· the .useof ·"S". Since there "are nc mare commands to be 

executed after this-onethe computer stops, printing out ~ as 

a 8i9ft that'it'ls ready: for; more input. 

19 
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This example illustrates a program loop or iteration~ 

Since much of the power of the computer comes from its ability 

to perform many such iterations in a short time it is 

important to understand clearly how these loops work. Let us 

discuss the above example in detail~ First notice the role 

played by the variable Je Let us call it the variable of 

iteration. Second, STEP, 1.1 is only executed once when it 

initializes the variable of iteration i ... e. starts it off, with 

the value 1. Third" STEP 1.1 increments J by a fixed amount, 

1 in this case" every time aroundo Fourtb, STEP 1.4 tests 

whether J has gotten so ". big that tbe computer should go on to 

the next part of the program •. ' I bavenot said anything about 

STEP 1 •. 2 because it does not bave anything to do with 

determining the iterationa Any statement or statements could 

have been put in its place and they would have been done for 

J = 1, 2, 3, and 4. The four quantities which determine this 

type of iteration are the variable of iteration, its initial 

value" the amount it is incremented byll and the final value of 

J for which the iteration should be donee 

The form of iteration illustEated in the precedin9 example 

occurs so often' in writing ' .. pJ:'ograms that CAL has a special 

command for setting up this type of loop. I will do the same 

problem using this specialeommand, wbieh like the IF acts by 

modifying another command. 

20 
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~201 TYPE Jt2 FOR ,J = 1 BY ITO 4 (return) 

?2c2 TYPE "DONE" (return) 

~TO STEP 201 (return) 

_____ ~!~-= __ _1 

-----~!~-=---! 

-----~!~-=---~ 
-----~!£_=--!~ 

QQH.m 

? 

When the computer comes to the word -FOR" it sets up a loop 

to operate on the preceding part of the statementc To be able 

to do this it must have the four things which specify an 

iterationc These are given to it by what follows the FOR in 

the form "variable of iteration = initial value BY increment 

TO final value"~ The last three quantities do not have to be 

numbers; they can be variables, which have been previously 

set, or even arithmetic expressions which the computer will 

evaluate when it comes to themo Because 1 is so often used as 

an increment the BY 1 may be omitted from a FOR clause and 1 

will be assumed ,as the increment by CALa 
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" Somec 'elt~mp1'es\nsi:ngFOR g, .... 

;;~PE<JlLEOR; J;:=3TQ<1 

.' _~~~.;.=-___ 2 ." 

·~TYPE:J,K.":FOR J>= l'BY"2 TO:4 Foa i{.:= :rooTO Ii .. 

.• J== ... 1: ---.------ ....... - .. 

_____ !S..;.;=___!!! .~. 

~...;.~ J...;.=_...;. .... _2-

____ ... !S~=--__ !Q .•. 

'.' .• ' ·K= ..... ···-11;: - .... __ ._-----
____ ~~= ____ 1 

____ ...;.!S.;5_:..:.-... 11·· 

-----~-~...;...;;-! 
_____ !S:::::~_:.,;;12 ...• 

____ :...f!.;.= ____ ~ 

L~~;..;;iJs2:L_:J~g ,'. 

There aresevera·1 po~ntsto' not;iee . aboU!i·tihis:·<East!::example .. 

.. 1) For eacb val.ue 'of K:i"twent' ;througb theenthe loop on J .. 

22-
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by twos from one sotbat i1:.wenti1;~35 butS was too large 

so it· stopped" 

The following shows bow this could be used to evaluate a. 

function of two variables,; namely;JtK ... 

~TYPEJ ,K;JtK FOR J=1 BY 2 TO 4 FOR K~10 TO 12 

J ='. "':": .' ···.···.·1 
--------------~ ..... ,-
_...:,.;;;,.;;;_J~l= ,.;;;_..;.;:...~.:,;;:;; .. ;;1d!! 

,'Jt,1{::::;;,< ' ...... > .' .. ·.··1; 
------:--~----.... --

J:::::: 3 -----------------..... -
_____ 1£1.= _______ 12. . 

__ ~!!11= ______ §.2Q!£2 

_..;.; ... ....:;..J!l=,,;;;;,;; .. , .. ,L.;;';';;;,.;;;:..±,;! . 

_ .... l...;...;~l= ___ ..... ..;.; ..... ~ .• L . ..:I:i!; 

__ ;...~.!!S..;.;S ..... :.,;...; ..... _____ ! 

____ ....:;~..;.;S,.;;;..;.;..;. ___ ;... ___ l . 

_____ !S,.;;;= ________ 11 

___ i!~1::,.;;; ___ J.l1!!!1 
_____ f! ..... = __________ ! 
-...;...:.....:-!~::..:....;--...;...;. ..... -..;.;!g 
____ ~1!S...::L __ . ______ ! 

.: .. J= '. 3 _.'_._------------------
_____ !S...:=..;.;,.;;; ____ ...;._...;.l~ 

J'K<= ·.·531441 ------------------ . 
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At- this' point-we . have the basiotools necessa:r;y to solve a 

wlde:,variety of ... proqramming" problems .. > We':ean" ente.r 'data· by 

uSing' the,:SE'r:'command-;in··~heduect;;mo4e.;:· .. ' we.- can, compute the 

value '.of'complicated,aigebraic·'expressionsu' and weare able to 

do thesecalcti1atiQl}sit~a:tive:ly!ttsin9the'FOR constrnct.iGn. 

We .•. can transferco~EoJy\ f:rO$;OneFpaft ·of .. a program to' anOther if 

USing TO.. The IF ' {condifd;onl·const~ttcl!ion ,allows tlst.<ldo 

thesetnings sometimes and to skip them -·at-others.. Finally' we 

can have the results of these computations typed out .. 

We do not, as yet~ have much experience in how to Use these 

tools to accomplish our aims.:and until we do,,·· we cannot. 

appreciate how much can' beacGOD;Ipi':ished- with these commands .. 

For the:mostpart . the rest, of··· the - commands in CAL simply 

.' provide:: easier ormore:e1.e9antt'waystoachiev,e:~resu];lts.'wbieb 

could have 'been obtained with :blle,:0o1;mtands·~'~have .. : Int:his 

chapter I: sball,introduce some~of-theselabor saving-devices 

and illustrate some common calculatiGQso 

Let us consider the ... problenEt of,' add.in:g-; tip a series of 

numbers",Ir<tbere.· were~()nly a few we:cGuld write 'a' p:EOgram 

which> wou1d SET', Aequali' tid? the,first',number "B eqaal to .. ··the 
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'.' numbers. 

and we need a ,better way to ;' handle '>it'ORce ;'1t: is in.,,' A 

sOl.utciou," t.o: t'h~, f,1ESt:: problemi·:ls.: pro'fided by tJle:DEMRND 

, command (we shalL find an even better ·-waya .... li:'ti.tle' la.ter) .. : 

'mhEL·command DEMAN!'):'X;':caiises,"bhe>'~G1l\P\1ter to type oo1:1{"= and 

.then' wait. foryou;toi.1tb¥pe.:a;\m~r:'·iif,qll.owed by,; ai (return) ... ·, 

;, 'rhe: computerwil1:thenSET. !XeqUa1 to 't.benumber and, proceed 

to· the;,mextist~p.of,.,{;the~' pi.:Qgram..,i;·,Qne,,$n·(,put. a·; list. of 

variables '. separated by c9llii1aS.' after . DEMAND and the 'comtniter 

;;; w,ill ask ,for them·oneat'a:t:-ime ... '. F9'! example::; 

25 

.', 
'. 



>1 .. 2· SET,X·.= (); 

>1~,3';;S:Err.,s'= S' +X\ 

>1 ... 4 :DEMANl) X'" 

.' >11 .. 5 TO STEP 10 3IFX <99.99 

>1 .. 6 "TYPE s 

. TO.S'lEPt:~;l1: 

____ : . .1L.= 56.~,89"(rettlrnl, 

_::;,:U~ .. J!:';'= 33 .. ·.65,/ h:etu;En)' .. 

____ ~:..= 18~93 .' (return) 

~:":':'L...:~-i;=·4S,:~25·, (return) 

_~....;:.JL;.S99'9999 (return) 

.......... ,.s= ,. " 157,,12000' ------.. -_ ... _-_ .... ...-.--- "-

> 

June,; 1967 

'. large number to terminarte: 

reading 

Intbis'examples" is·,·tlte·;cu~u~~:ei;ve>: S1lm.,;:.·, Each n$ll'.valu e of 

X ••• replaces ", the.' old ,ona:"wili!ch :is' then lost..;· · .• ·:Thisis an 

advantage.,,!f weare: short • of· spacEki.n the co.p1lt:erandif we 

have. no further need.; for the~!·indiv.i..dual:valueso We; Use an 

; abnormally large value 'o£·Xii();s;i9nal.d~hat>we have enter:ed all 

the'llumilerS"· we~wish to; SWR~:,Su~$e;W'enad·, wisbedto save 

*From :;nowon I" wilT,' not indicatetbe ,. rio~-printing . characters 
'. such as' ·(return)· and· ('escape); except'in '. special cases and I ' 

stial:1:a1So} only underline ·phe: c~D;!puter output· when it ,is 
necessary tio;clarify a.ipill:it'i;cul;ar po.~;~ 
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these' numbers,;' for somef~rther ca1culation .. " Thebest'wayt'o 

do this is to :put, ,them int.o· an arr,ayo., 

Here is 'one 'way this could, be;:doneo;; 

>1';1~,DEMAND , N 

>1 .. 2 DEMAND ,DU:1FGR I::= l~:~TOi:N' 

'>:r.i,4,;SET;S' = 0: 

,,'>l{ .. Il'SEm'$'= S" D'{'J)' FOR .1,)=' 1:TON 

>1'05 TYPE s' 

N- 4' 

"" 0 (1)1 ' - 5~":;:8~\ 

" D (2) =33.,.65 

, O(3),· == 118;':19'3 

" D (4l = 48.,25 

S 157.,.72000· 

':> 

,This program f'il;staslt'$"how, many numbl9-rs' it is to read and 

"then proceeds to 'put:these numb~rs, intoD{11l':iD(2):r:~';i.;.i"'D(N) .. 

step 1 .. 2 clears tout, any:olld -va1u6,>'Whieh might.' have, been ; in s 

and ' 1 .. 3 ;, does 'the '" actual: '" ,a.ddi'tiion.,',: af, t11e: prograntwere 

interrupted dnthe,:tniddle;;;Qf:.;~his'; loop ,. S would "contain the sum 

of theD(J)~s'Whichhad'De~nindexed·beforetbe interruptiibn .. 
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,Note .... that ····.it makes no . differencewhieh let:ter we.useas ;the 

index variable~ WbenJ= 1 s D:1Jl. is: exaotly> the :same as D(:Il 

'. when I = 70 Thispoint·often·cau$es confuSion' and: you should 

remember that, it:'is.tbe 'n~meric ,,:v.aJilie" Q~'" ~he <index :which 

determin~s ···which Din; .ehE:.;a;y:ayis int.ended s·no~the letter 

used..; 

...• 4 .. .2 .·SUM ·oneration 
--------~~-------

Adding numberS:' i$.:~uch· aJcommoD;oecupatilonthat"CAL .. has a·.' 

specialh;,¢ommand for it.;: Thes~at'_entt 

has exactly. the same'~' effectii·1 as . steps 1;, 3 and. 1 .. 4 in the­

preceding. example.;; .~Therea-l:re<'fotlrfunct.ions of ,this type: and 

I will discuss·tb.em>later.[nthis·c:hapter ... 

". We: will; o~teafi-nd that·we.woul:dl;iJteto)iII<:::lude:mpreftha;a 

one;-progralQ<st,epin a 'FOR· 199PJ>: We might 'wish to sumno1;' onl y 

". thequantibies .. DCI) in the exampl'e, above but .~ also' tbeir 

',' squares .. One:: way ;to ; accoBlplii;sbthis ,is to ~ put all the steps 

" to be 'in'cluded'.in ~theloqp.j,ilto aspe<:ial i?ART; and then use 

. the DO .•. command .. : I wi:1.1rj;11nst;ratte:assumi;ngtbat'thearray 

, DlIl-bas already been:enteredand $iat;-'N has'neen SE'£;;;, d.ln 

particular I. usethevaluesfromt:he:'previous examJil;.e~. 
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>l.<.,lJ.SET~S ':: s'~ .'ll{'I:) 

>1;,,2 SETQ = Q: + D·(.t) t2 

> 

>2~1: :SET<S - Q ;; .... ;(}, 

>2 .. 2 DO :PART,l'FOR I ·=·1<.TO 'N 

>2-;" 3TY.P~;S:tNtitN*Q";;St2)/N 

S/N' 39 .. 4300000-

836 .. 30240' 

In· step 2 .. 1. I have" intro4uced the, replacentent'(irJ:'ow -., 

This··causes:the'valueof Q',to'be;;SET to" zero and·· then the: 

value' of, S to be ·SET,·to'zero.;;, .• ' l:t"dul bensed. instead of ",jihe 

equal·sigm in any SET command., , 

The effect 'of· ,titie~DQis, li~e:;t;bat< Qftne: TO with .. one' 

importane di£ference..· when the computer has fini$bedtbe step 

or PART ;specified i~' does; n()~,,;cQl.1~iuue:'oIi"'fromthat ,point but 

ratberitl";go$'back totbestep"whiob contained the 00 . and 

",. proceeds from that point.;!:> ~hus,srEP 202 causes ,the ,two steps 

in· PART'!" to';be;'do~eJ'foreach ,:vai'Ue,;.df;;1c l···andt whentheilot)p, has 

" been Satiisffedthe:computergoes on to,S'TEP 2:..3 .. ·· If I had 
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used TO, instead ,of";tbeDO .'. the :co~ut.er Would'bavEr done STEPS 

2'..1\ .. , .202/1: PART l1u 201 again.. 2 .. 2 again., PART 1 etc.. In 

addit.ion each time it-came to STEll 2'~,2 ilt>'lwould' have tried to 

dd irt h~l.l over aqainfrom thebeginnin9' ;with 1= 1 ... Note that 

'westa,rted the:program .atSTEP2 .. 1not '1:~1o .. The DO makes ,it' 

possible: to' writle programs as a'seri.es of PARTS and then to 

have _amast~r, P!AR"-n;?thiiQn,t:~~1=~qlsih:tbeorder and the number of 

times . :thes ePART$;' are :t.:o; bEif . ~~e';":>Tl1e':'DO' ,doeS'';'Dot;':,:bave'to . be' 

usea.in'coi)junctio~wit.h aiFORclanse:instiead'it'c.an be ·,.used 

alone or ." wibh any, of,: {tDe·:q~~~4:1f:iersCl '" You can DO a, STEP 

as well as' a PARr land when yaDDO :aPART'the ·.·number "of/tbe 

PART' can be ::speqim'fed by a/;var:iJa~le:or, anexpressio,n ... 

In· order to" labeL': .Q~r ' 'O,~putl>,andto:tPut;mQlfe·::tban one" 

"Dumber ona line we use FORMs., .', A FORM Hirllows us to specify 

just··, what. will', occupy each space on a.line';w1ien:;~th:is ,typed 

out.. In order to distinguish between different-FOaMS·.·. in ' the 

, Sante:, program ea(!h" 'is given a,;)unique:number .. ,''l'he'F(;}IUI ,isnsEi;d 

: .. in,'corijUnctiOll wit;h:tile:T~PE/lN-"FoB'M,t:~oil1iand.:wh1:ch $p~icifies 

both' which FORM':isto .be:suSed"bY, 9;i¥iJl9i§'in~. ,andwnat: ". 

quantit.ies· are :tobe:typed.,<, The ' .. FORM ". specifies how these 

gUant±tiiesare; ·to,appe?\r .. ,, Itsbal:t;irgiYe:some examples and theIl 

; discuss them ... 
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>FORM: 1 :.' (line':feedl 

X .IN: FIXED FORM;= 2l(';6'() , 

> 

>FORM: 2 .' l:' tline:;f~edl 

> :t ~ 2 3 

5, 6 7 

9 ' .. 10 ; > 

June, 1. 96 7: 

11 

B 

Notice that 'the ::' :isfel1'o:w,'edby a'·/1ine<feed and n01;:a;:return .. 

The :com,puter .. prav.ides a:I: nw: l,ine:' so 't:ibat6,,(t:be:FQRM • can he' 

When ", using I to 

def;~ne: a, ,field·, be :S11re -to :useancel§~a;t()ne :ro.rr the Sign of <the .. 

number even' i~ •.... yell: km...,. ·thati;~.bhenumber> will be f po$3!f;i.iw.;:,; 

When using'# to'specify a;;field for n11mbem . in£10at1n9 potnt 

notation one. must use ;;;five'more.#s'thansignificantdigits 

desired to' provide room:for ai.gn"decimal'>pointg,aridexpcment '. 

tw'1licb may henegati veL ··NuInbe1i$i ,~tll.'. be"rolinded·:,on;theright' 

to' fit.,tbe: spaceprovide~ci' 'If;~"~:liE!re'i:s nOi:;:'enougn room;:oo', tHle .: 

left, of, the" decimal: in the .... ' field - defined by"s anerr91i 



message~will ,be':printedwhentheprogram:comes,to'that' point~': 

If not: al1 "the" numbeJts> which a~F()!U.;~iwas expecting. "are>~ip3;Qltided 

by the,:TYPE,~IN"FORM'\co~m<l,nd itJ'\'will~·;iZype:wbat,~i~'can iind,.tllEnl 

•. waitfortbemi'SSirig':number .. ,; ·If; ,aiinew TYPE' IN>JF'ORM: is then 

. eXec'uted,this new: fo;rmiwi,l..lLstatt:where :t.heother left off 

, ratherthari tOD'a;,rlew;, liit:le;;k; ,mneJnUmb~r oftheFQRMin the TYPE 

IN FORM' COIllIllaft<l·, can'; be:': ~~(::iJ~a;~ .by a· valtiahle or an 

expression>;as we:tl::as by a:'pla,riinteger .. 

'Aispecial use:of DEMAND; uses a;FORM1to greatly simplify the 

". problem· of' entering large.:am,oijnts of,d;atia .. : ,< Let me. illustrate 

the way this workS';;··; 
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>l~Ji.DEMANI)'"IN> FORM 1 : ,XCIl FOR I:';'; t'.TO 6 

>1:"2 TYPEX€I}}·FOR r<= 1)':;'rQ6' 

>FORM 1 :: .. 

:> 

•• ··123· 

> 

X{11= 

X{2l·= 

X;(3l'= 

X{41 

.. ' xtS):' = 

X{6l-

3lJ~56 . 

1~3 

····234 ' 

34 .. .56CfOOO ., 

•..• 45~;j)10000 .. 

42350, 

4.,2350'000-02 

42····?.§v""'? Ct·:~. _.,1;1.: ... oJ 

Each number is 'termirnii1il4iQ' pj ci:~space;:;'~c:epttbe :last. 'which 

gets ahfeturnllrtiostart' 'a new line;.;': 

406 FloatihfLBointhUillbers' ------..--- - ... ,..,.--...-... - .......... -.... _ .. 

'. As" thi.s· exalDp.te :l5'hows, 'we "can input·· a number in any 

combination 'of ,.three .' forma,tis-.... integet:" < deciltlal" "or ·.·fI~tin9 

point.; 

exponent -which fo11.o'lls,the Eindicates;bow many places ella 

decimal, point· should be, DlOYeQ t.'dJ~J?tam,the·correct.'Value«>' 
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The decimal' point is moved .. to the' lef:te; . if the exponent is 

negative .. and to the right if ,tbedecimal isposH:ive.. Thus 

4.,OE..;.10 is a.very small· number whi.l.e4"OE10·· is alargenumber u 

There .are a . number ofmatl'1ematLical fUnct. ion s which are 

buil t into CAL" These fUnctions can appear as partfof an 

expression and their argumentscan~l.so be" expressions ~ In 

addit.ion a funct.ion can. be 'used as an argument of a function., 

When the argument of a' function is an expression it must < be 

enclosed in parent.hesis" It. <is probably' just. ,as well to' get 

intothehabit'of always using pa.renthesisc The built--in 

functions are:: 

4 .. 7 . BUHiP4INFONCTIONS 
-.-----~-~-'---~------..... -----

ABS gives ,the valueof'J:::he'argumenttaken aspositiv€" 

ABS(-98)= 98 

SIN is the ··trigonometric' sine functiGn ll where the 

argument· is the 'angle measured in radians.* 

cos is the cosine with theargumeht in,radians .. * 

TAN is tbe<tangentargument again in radians., * 
SXP is the exponential function L,·cE!" e raised t.o t.he 

power· .of the argument ., 

*Radianmeasure is away of measuring angles in terms of the 
1ength of the arc compared with the radius .. 2tpilradians= 
360 = " To convert" front degrees to radians multiply by pi" and 
divide by 1.800'" 
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LOG. ist'he:natura:l, logaritnmo#"'f$:::heargument..;c, 

". LOG1{}· is: the :' 1 og?tr'i:t<nm.ftd.';·the.·,ba,se:·,;(t.en .. ,. 

SQRT :ist:he:squareroqt of (:;the .!~9timen,t;.;, : 

IP is :the~integer part of ·',the:arg:ument"i~.;' 

IP (3 4~:S6'Y'; =34:' 

FP is the )fractiol)al~part :t.hus FP(3.4t.(S'61 = 0.;56 .. 

To facili taiie';wo~kingLwith radians~L;: has the" speciJal 

constant 

In addition" to thebuia't~~1l'f"PCt!:i()~s,,;'which bave already 

been, mentioned:· ,there 'are ':four'raea~lt ~niqt1e~(ftlncti'ons'···in CAL;···· 

these .. ' are. StJM~ ' .. PROD a MAX"and.BNo,:LTIle':argument:s of,~hese 

functions '. contain a FOR, dlA:lttSeqr:i(1bhe~:wcl'td FOR. does' .()~.app~pr, 

however) 0: and an expression ... '. ID'o::fjj]"l_~':ra1lie:'the<iform of the'se 

.' functiGns' suppose: that< we: aLready··.·· haveiutbe'coqiputer an 

, arx:ay Q,i;.·numbersiD(Ilwhere' I:. runs •. f'l!Qm 1, to 1'1:' and· we 

executedthefol1owii1gpro9ram':ist.~ps: 

3 .. 1.:SE'TS =: SI1M·U>'= 1Tc ·N·, :'·!ft:fll 

3 .. 2 SETT=PRO!)(I= 1 TON :'J),tI:)'J 

. 3~3.SET;U"= MAXfI .= 1 TO·:N; :;~D':('$)J,' 

3o~4SET'V"=: MIN €I - '1;;,' TO'::a : ,Of 11) 
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would equalo,.tbe<product.: ,;of, alit-heDs. U . wonldequall',Ef;.he ' 

largest. of <t.he::Dsan.d V'.would e'qualth.e::smal;i,est;;of,.,them.;} Tbe 

clause' before: the: l:'bas,thesame:;:rul-esas;;thatifo1l1o"ing a 

lfdesi£edo : Any exprass.ioncan follow the : .... 

To show off,onr new powers Ietri:,tl$;;,q~·r:-i'be,:a<pro9ram.to" find 

the 'meanqvarianceii' ·'and;~e- stiMl~"t~;,deviation of a set'. o~ 

numbers;;:< Although .. we~'don lI·t;,;neea;:,tio'1;f~J;,~,this; program let·us 

save the data in ·an array:.calledO u ' ·'.£o;t, dat!a~.·· 'Ra~bert.han 

figuring out· jl.ist"bow., we . are9o:~ng, ,'u:rtQOj e1ferYtbing: before' we 

write " the :program let.ltis$ee;if:;L~,*:c~ix()X'ga;nizethinq$ as,' we 

go alonge, 

First' let ',us,wri1;.e apa.'rt;to}readthe::£t:h; oat ... a,ndad4 it! " 

to the .. cumulati\J':e:sum andthe)cumullatiive"sum',of ,squares_ This 

'whole part. will bedoneo,,~r:<;and' o"er,j'dncE:hfpr eactf va'1ue' of 

I .. '· ' 

>1 .. :2 SgT"S' = S. + D (I ) 

the sum of Ii· obser:vation in S and '. of .,'" tihe!); . sqUares in 
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compube' theil'S mean q variance fl ana st.andard deviati.an as 

required., Wemight:aswe1il.'pr:i!nt·tbes6oub:,:while we are at 

it.; 

>2.1 SET,MJ= SIN 

>2.2 SET V = (T - M*Sl/N 

>2,,3 SETW= SQRTlV) 

>204 TYPE 'IN FORM 2 :: M~V~'W,lN 

Finally we write apartwhieh sets up the initial values 

and does the other parts in the correct sequence .. 

3 .. 1 DEMANDN 

3 .. 2 SET·S .... T-Q· 

3,,3 DO PART 1 FOR I 

304 DO PART 2 

We must not forget to specify the two; forms ! . 

FORM 1 : 

# * ft: # if #: 

FORM 2 : 

MEAN - %%%%.;%%% VAR:: %%%%%%.,%% SIGMA- %%%.,%%%% N = %%%% 
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We are now" I hope 0 ready toruntbe:program" 

>DOPART3 

N =10·· {MachinetypedN=; you typed 10} 

1.2 3.4 5 67 8 910· (You typed ·t;hesennmbers) 

MEAN = 50500 - VAR = 8.,'25 SIGMA = 2.,8123 N = 10 

Suppose now that 'we <are:reading"an article in' which' the' 

sumo the sum. ofsquaresq : and tbe number of observations are. 

given and we wish to check theiatercaicnlationse We don Itt 

want to change.whatwehave so we add an additional part .. 

>401 DEMAND NoSoT 

>4.,2 DO PART 2 

>DOPART 4 

.N = 20 

S 1234 .. 

T = 2345678 

MEAN = 61.,70' VAR=113477.,01 SIGMA = 336,;863.5 N;: 20" 

> 

This is a modest example of the great flexibility' which can 

be. gained· by dividing a problem 'into separate tasks each of 

Which is done by a-different-part 'under the direction of a 
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control! programo: Indeedo,.breakinq :aJlarge,:problem:,down: into 

subprobleIliS' is'~ one of the '" most ~.impo~ant' techniques of 

programming .. 
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we have seen17 in the case of ,the FOR and the IF modifiers 

that the execution of a ,statement can be made to depend upon a 

modifying clause.;' Iwi11now giveatid then ,describe a list of 

examples which will include all the modifiers in CAL.. ,The 

statement numbers are given for reference.; This is not a 

programa 

1. .. 1 SET AU)=I FOR 1=2 BY 2 TO 14 

1 .. 2 SET AU)=I "FOR 1=2 BY 2 UNTIL 1:::=14 

1.,3 SET A(I)=I FOR 1=2 BY 2 WHILE 1<15 

104 SET X = Y/{N-11 WHERE .N=16 

1 .. 5 SET S = SQRT(X) IF X > 0 

1 .. 6 SET S ::: SQRT('X) . UNLESS X < 0 

Steps 1 .. 1, lo2eand 1,,3 all have the same effect.. In each ll 

the wBY" part 'can be 'left~outTwhen ~BY 1» is intended.. The' 

terminalconditdons in 1..:2 and 103 (that 'is the 1=14 and I<15) 

can be quite complicated logical expressions., They need not 

involve the' variable of iteration {I' in these examples} 

directly., A word·of caution about~HILE., Many right sounding 

statements II meaningful in Bnglishu can be made which use the 
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word WHILE. without· using FOR., CAL will not do these 

statements! Every WBILEmust have a FOR part preceding it! 

step 104 illustrates theVt~ERE .. modifier., It allows •. us to 

make a SET type· of statement as a modifier and is a handy way 

of slipping in;avariablellhereN q which we had forgotten to 

define earlier in the program., 

Step 105 is the aireadyfallliliar IF modifier and 1 .. 6 is 

similar except that. the statement is executed only ·when the 

condition following the 'UNLESS is false; thus the two examples 

will have the same effedexcept for t.he case when X is equal 

to zero., 

CAL has no fixed limit to the number of modifiers that can 

follow a single statement. but the Size of the.· input buffer It 

which holds the statement as you 'type i1:.in q does set a limit 

of 300 : characters to the length of a CAL statement.. Whenmore 

than one modifier follows a statement these are interpreted 

from right to lefto For example: 

1 .. 7 SET A (Il::::;:I FOR I=lTONWHERE N::::;:6 

will SET the first six Anls" no matter· what the previous 
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value" of, N wasoas ·it'wi1.1do ,tbe:w'"HEllEbeforethe:FOR .. ' .. 'fhe 

use of ,several : modifiers makes it pOSSible 'tox'pack.qultea lot 

of program into aSi.ngle statement.;t: This is not ;. '. particula.rly 

good programming practice,,' asit.:maltesitha.rder to 'understand 

theprqgram. It is also harder to change..; . CommaSd,an be used 

toseparaiie·thestatementfrom it.s mOdifi;ers and themodiiiers 

. fr·om each othero This' may, 'maketbe 'statement easier to reado 

An example :of a ;statement.using 'severalf1modifiers is: 

2 .. 1 SET A={A+N/A)/2 g FORI=! UNTIL ABS (A~N/A)<Dg WHERE 

D=N/I0E7I1WHERE~A=N/2 

This will ,: co~pute .. ' the' square' roqt', of N (by successive 

approximations .. using; NIl as 'the Finitt.ial,estimate'of 'j::.he square 

root) and call it. Ao 

So far when we have referred to ;expressiGns' we' have ,.been 

thinking.' about 'arit.hmetio, expressions .. ,; CAL also: uses: log:ica1 

eXpressions.; , CAL considers 0 ,to be:falseand any other v.alue 

to be true.; : Forexample~2';3 TYPE AU!) Ii IF A(Il" FOR 1=1 TO 10 

will type only those:AtIls· which are:notequaI tozeroo . 

. 5 .. 7 Logical nnerators .. _________ ::::..t:::: _____ .. 

The logical operators are ANDa OR g an~ NOT., .. By USing t.beSe 

operators quite .'. complicated logiaal expressions· can be-built 

up and uSed as· conditions afterUNTIL,,''WHILE II UNLESS, and IF .. 
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If· A is false 0 that ··is·to :say(Jbasthevalu~ zero then NOTA 

is true and will be'giventhevalne'one..;' 

Usually logieal: variables are:derived from. relations... The 

six relations used in CAL are =" ,*' (not equall ll <Il<-Il'>1l and 

>=., A simple'. example •. of { how the: relations and logical 

operators can bensed is: ' 

2 .. 4 'SET B = B ... ACOoFOR I' - 1.UNT1L Af!) - opa I>20,WHERE 

B = 0' 

Theprogz:am will continue to put the ~partial sum of ,the" AtIIs 

into B until ; one artne :other of ,these :conditions ,istrne-­

then it 'will ,go on' to, the" next; stat.ement.;: CAL' will ;, not 

complain if you 'wish to mix logical ~and arithmetic ,opeRtions 

and variables in the : same expression so you .,. could have 

2 .. 5 SET ACI}'- SCI) -.(NOT' (Clll -tHI}), FOR 1= 1 TO 20 

Thee·ffect ·of,~t.hisistoSETA(I): =>,8(1) .' when - en:> waS. not 

equal to- DU} . and .. , zerowheriit,waSc,: The'logical' operators 

have an order. of 'precedence .•.. just ',as ;the: arithI&-etic operators 

do", First:. the OR and the. NOT are dOIJe atidthen the: A..JID... In 

an expression which contains . arithmetic·· operators. co~pari­

sons g and logical' operators they are~done in that order .. : Orie 

must'becar-eful abo~t ~thisufor ex~ple,;in the .. expres'sion A 

OR B= 4 :CAL will fiEst -see if '.' B equals: four and then OR the' 

result of ,;this wiish AoThus it:will not bathe same. as A=q·OR 
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B=4 even thotlghwe : often say the ... first' when we: mean, the' 

secondo, 

5..-9 ·Edit:ing·· .Commands:· -------- -------

In order tG" asethe ~'editin9con.manas of CAL- wemust:Jmow 

'. how CALhandles·theinput'frol{l'our teletypewriter .. ·· CAL has a 

temporary sto.l';age :areatwberethe 'cbaracters from the teletype 

are :stored .asthey J·comeino· (Such an area' is ,usually called 

an input buffer by programmers) .. :' When ,;CAL receives a. (return) 

it·. then tries" to' interpret ,the<string,of;charact.ers, which 

came.beforethe';·{return)" If it 'succeeds i"t"lets us know" by 

typing a >u if not; :it;gives a? o~ an.,e~pz; message •. In any 

case the line we havetyped.stays in the input;buffer.. If CAL 

accepted tbestatementu' 'a,copy o~it' will" also be in. the 

program storage: area .. :As we type :O\1r next····commandllwe-:will 

replace :character by··. character our last:' input . with our new 

input.;:: The': (return)· at' the :end,off,t.he<new, line' causes any 

remaining,;~part.of,the .old line :to be thrown away in addition 

to its effects mentioned a nove ... ' " 

All. the: editing! commands are:madeby:' holding t:he'co~trol 

key down while:typing the : specified co~and key ... 

continue •... to indiGate this by (e).·, in front'off;he command 

letter 0 I now give a ,list ',of all the :'editing commands with a 

briefdescription.oftheir actiGn .. : 
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(clA 

{cHi 

{c)Q 

(clC: 

(c)Z& 

(c}D 

(clF· 

(c)S 

{c)X& 

Tbis'deletes;the:;previoas character or space 
and ,t.ypes a it ... , It.: can be.tlsed severa]; times 
to '. delete as many ch~ract.ers., 
This deletes: the:precedingword" . including 
the blank in infr~t 'of ito and .types ,.;.: 
This deletes everything up to the last· line 
feedand'prints -",. 

Copies.the·next'character of,tbe:old line to 
tnenew line.artd·types it.; 
This copies .. up' to' and· including J:the'·first,; 
time the: letter f()~lowing.the (c)Z occurs in 
tneold lineo:' Here l:·haveused, to stand 
for any character.,' You do' not;bold the' 
control key down Jiben yon type it.;: 
This'commandcopiestherest:of°the 01o..1ine· 
into the.: new one 'including the' (returnlo' 
This 'hasex~ct]yt.he:same'·'effedt as Cel' D 
except' that' the. text copied, from th901o. 
lioe:to· the new one is not. 'typed out, onttie . 
teletype.;: Either Qf,these' two' commands can 
be used to cause:a 'di:rect ". statiement· to be 
executed several: times., . 

Skips . over acnaracter in the old line 'and 
prints %~ •. Thisisllsefu1:-when used with the. 
repeat key .. 
This acts like .• ' (c)Z& except" the. characters 
are skippedt) including j::he one typed ,after 
the (c}X.;.: It; will·· print·· a " for every 
character skipped",. Both Ic)Z& and {elX' 
will ring the: bell iOI\the' teletype.. if the ... 
character indicated is not 'found in the old 
line.;' 
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(clE, 

(clY 

(c)T, 

,Prints and starts inserting whatever' is 
typed next.,>: A': second (c) Estops ,theinser­
tion,and types >ci 

This types therest'o£~heo.td line and then 
on a new line :tbenew line so far.. You ",can 
then contmue:ediiiing the' 1 ine.; : 
This, has ';muchthe "same effect '~'as (e) Y except 
that italignsthe<two lines exactly.,' These 
two commands iUie:nsedwhen·one-is confused 
about- just';what'bas been done/in the 'editing 
of aline.;::' 

S-..15ED.ITSTEP<XoY, --------------..... --

Tliisis a CAL statement ,and', it: ; will calise' the statement 

numbered Xo~y to ,he : typed oat..:. This StateIt.-ent ; then De comes .the 

old line ,'. for editing purposes .. : This does not ',remOve; it,. from 

the program 'so that if 'it:gets;a 'new statement'num,ber in, the 

edit ,',t.he ~ original step will remain as partof~e program as 

well as tbe new 'step' generate-dby the edit.,: ,', 

The following example i11ustrates the use of these co18-

mandso 
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Suppose :tha twe : have a Jstatement . 

1 .. 5 SET ,U= A + B*X*Y +C*Y t 2 

which we wQuldllke·to chaIigeso~t.bat-it read 

lo5,SETU= A*Xf2 +s*x*y +.C*Yt2 

We can type" 

> EDIT STEP 105, (return) 

1.5 SETU= A~+ B*X*Y +C,.Yt 2 

We next type : (c)ZA 'and ,the computer' wili type" 

1 .. 5 SE'TU = A 

(e)E ,willmake:t.he'linelook.like' 

185 SET 'U = A< 

we now ~type*X;t2(clE to obtain 

1.;:5SET,U'=A<*Xt2> 

(clD will 'add on: the rest :;ofthe line .. ' 

1 .. 5 SET;U= A<*Xf2>: +s*X>a:Y"+C*Yt2 

Tocheckwecarit.ype{c);D again to get'; 

1 .. 5 SETU= A*Xt2 + B*X*Y +C-'Yt 2 

Note" t.hat." theuse;of ,the' ('clE : to;i.nsert 'the extracnaracters 

kept . the rest 'oft'he:line,'from :being changed 'so that. we could 

add it; ·'on dater with the; (clDo" : 
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CHAP~R .6fFUNCTIONS ... -.-~~- .. - -----~ 

We: have' already' discussedtbebuilt-in functions.af,CALc 

We w111-.:now· explain,' how a programmer can·· define '.' his own 

functions.. Inmost'\cases 'a •. function bas a single value. which 

is determined by one.or more:arguments l1 or inputs., For the 

moment!' will discuss onlyt.his'type :Ofi function ... ~" A specific 

examp1eof,such a<function is: 

fCXiY) = 3X2+ 2xy -Sy2 .. 

We .. define this,function in·CALby typing tbedirect:. ';statement·· 

DEFINE 

For tbosewithout 'second sight ,the fis'an<uppercaseK •. and thel 

is anuppercase'M on the teletype .. C There is no>indication of· 

these: brackets on' the keyboard ... ·• 

Now that we have defined a_functtio~'hereare~some:~xamp1es 

illustrating its :use: (In·· computer lingo ·'these are known· as 

function calls c J . 
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>TYPE :F [1, 3} 

F[1~3J' = -36' 

>TYPE ::F [34 ~24] 

F[34~24J·= 2220' 

Janei 1.961 

Once a :·letter has been used to 'denote a: function· it cannot 

be used as a variable, nameo : 

When afunct.iol1 is catlenl/asin the first ; TYPE. statement 

above,; CAL saves the values . of,~he "vaz;iables used as arguments 

in the. definH:ion .. : .Inour example.tbese are the variables X 

and Yo It then sets these < variables to have the 'values of ,the 

arguments in the'functroncall .. " in our egaJi1pleit 'will. SET 

X=l.· and Y=3". It ., .. ' Will, tben ;findt.be valueof·t.he function 

according to the 'definitdon"arid ~~'i finall.y it .. , will' put the 

origina1. values o~ X and Y back. as the" value of,t.hese 

variables.. Thustbe:variablesX and Y tised,in the: defini1don 

are protected from· beiilg changedwhen,tbe-function is called .. ' 

The only time :thisarrangement;.can, cause trouble is when .. the 

function is called with the 'same :let-ters,:, used as arguments. 

as were 'used in the'definit.ion but.;in a;different erde·r.. Thus 

in our example P[YIIX] wiii:not'have:the'correctvalue' when X 

is different from Y .. 
'-

OccasiGnally wewi11 wish to:define:a,funckion tnatis ;too 
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complicated to be~:definedin one statement.; . CAL provides a ~ 

second "way of defining functions to alIowforthis 0 

An example is: 

DEFINE G. rX~,Y] : TO' STEP ,,1..:1 

1..:2 SETB= B .. X t I FOR I:= -lBY -lJJNTIL X "t I 0.;0001, 

103 RETURN SQRTCB/Y), 

Note:again the.oEl?INE :statemen1rJ(is d~ecti unnnmberedc 

When this functiolJ ~ is called it. 'will' save X and Y and, put 

the values ' of ~the : arguments ',' into' xartd "y. exactly as outlined 

above.;' CAL" will then go, to the : step indicated IT STEP 1;;1 in 

our example 'and'continueuntildtbe :program;;camesto· the ": word 

RETURN.;: CAL then' assigriS to )the:fllnctiGn the value of ·;t.be " 

expression follOwing the word RETURN" "'It ·,will then ,restore 

the: old values to· X" and Y and continue":wftb the' statement 

which called the: function" The: statement" following the 

semicolon' in the' define' statement 'does not'haveto,be aTG 

STEP statement .. ,~ If, any other statement", is;;, used CAL' will 

execute it'and RETURN,O:asthevalueof~the'fnnction .. ' 

CAL functions can be:defined,recursively .. This means that' 

a ~ function "can be :used 'as "part :0£ its own' definition.; " The,: 

following, definition of (the. product:, of tbefirst'N 
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integers) -illustrates "this clearlYoalthoug:t.Li~'is nota,' very 

good way to calcul.ateN!'. in CAL.,;' 

DEFINE:F (N) ~'TO STEP 201, 

201 RETuRN 1 IF (N<2) 

2 .. 2 RETURNN*FIN-11 

To see how this works, let 'us go through the'steps needed to 

evaluateF 1310 : Since :the : argument -;isno1: ,less than two we ,,' 

must" evaluate" 3*F{2J 0 ",' according ,to STEP 2 .. 2 .. 'To-do this we' 

must ':evaluateF[21.. Here again the :argmnent'is not 'less than 

two' 50- again we_ go)to:STBP2 .. 2 and try to evaluate2*FI11' .. 

FIITbas· ,an arg1iment-which".islessthan,tl«>· and so it. RETURNs 

the value loF£21 cannowbeevalaUted" as 2"and finally we 

see thatF(31 =3*2 or 6 and this wilL be :tbe vaIue returned 

by thefunctioD" It is clear from this example :that CAL must· 

set:upquite 'a ' ,lot of" machinery to - handle' this type of 

function definition so" that- a -' direct definition is usally 

superior .. ' Some functions -are:: much easier to define' using, 

recussiOll Ii however.. The' Fibonacci·-numbers are an example of ,. 

thiso 

Fibonacci·numbers have-been investigat.ed by mathematicians 

for over 700: years" .They are:aefinedbythe;rules FC!:) = 
loF(2) = 1: and F{n) - ,FCn-i) ... Ffn-2l g when n>2 ... The" 

following" cat program.cOiltpute&the·;first ,10 of;~esenumbers ... 
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DEFINE F[N] : TO STEP 20.1 

20 .. 1 RETURN 1 IF N<3 
20 .. 2 RETURN F[N-l]+F(N-21 
> 

>TYPE F[Il FOR I = 1 TO 10 

F(J] = 1 
F(I] = 1 
FlJ] = 2 
F[ Il = 3 
F[I] = 5 
F(I] = 8 
F(I] = 13 
F1Il = 21 
F(IJ = 34 
FlJ] = 55 

> 
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CHAPTER 1: SAVINGiPROGRAMS AND DATA ON FILES ---.-----------------------------.------.----------

The Harvard time : sharing system has provision for saving 

both programs and data from one, login to the next.; To save a 

program we use the DUMP command as follows: 

>DIlMP (return) 

The name of the file (in this caSe NAME) can be any set of up 

to nine characters.. Some of these can be non-printing control 

characters if desired" If you already have a file with the 

name specified the program.will print OLD FILE to remind you 

that you will lose what was on the file if you put 'new 

material into ito DUMP will only save indirect program steps, 

forms D and function definitions" If does not save" variables 

or direct statements" 

TO recover a>program which has previously been saved on a 

file named lABel by using, the" DUMP command we" use the 

following CAL command~ 

>LOAD (return) 

FRQ~_JABCI 0 

Notice'that both the 'LOAD and the 'DUMP commands need a final 
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period., The name' of the·:filemllstbe enclosed by /. marks .. 

Both of these commands are used as direct commands only. 

In order to write data on a file' we must'use three 

statements as follows: 

>OPEN /}""YZI FOR OUTPUT AS FILE 3 

>WRITE . ON 3 IN' FORM 1. :iX (Xl .. FOR I ,= 1. TO 10 

>CLOSE.3 

These commands will write the ten values of XCI) onto a file 

names XYZ in the format specified by form 1.. Ifithephrase 

GIN FORM 1" 'is omitted the.numbers will be put on the file in 

the same .format as theTYFE' commartduseso 

To read. data from a file weuse:theprocesses: 
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>OPEN /XYZ/" FOR INPUT AS 'FILE 5 

>READ FROM 5 : 'X(I1FOR 1:= 1 ,TotO' 

>CLOSE 3 

When CAL ... ' reads ... from -a; fileall;alpbaheticcharacters are 

ignored and· only the :numeric ,ones are;picited, up", : If'; we" write •• 

an array without -,using a, FORM tbe :valueof ;~he-index as well 

as the-value of 'the 'variable will ,be :on the file.; , When we :ask 

CAL' to read -this-file it will take :tbe value '.' of· the index as 

the. flEst ';number land thevalueof".t:he<~va.tiableasthesecondo 

Thus if we writ.ea file using 

>WRITEON 3 : X fIl ,FOR I 

the 'record will be' 

XC1} = 17 

X{2l- 88' 

1:TO,2 

and sathe 'record consists of ;the:four numbers 1~1', 2, and 88.,' 

We :.canavoid this problem by using a fo+m-,foJ; our output ... 
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This appendix lists all, the:CAL statements known to exist; 

on the Harvard system at 'the :moment.;:' When' more ,are added. this 

list" will ibeupdated and distributedo';Tbrouqhout'the discus­

sion e : and e(ildenote : CAL 1 expressi;ons!' t..'1lile,v ". and v( i) stand 

for CAL· variables .. Since' an expressioll ,can, consist. 'of a 

single variable : the , class·of e"s'includes that of Vo s ,but .. not' 

, vice~versao .' CAL expresSions include : logical as ' well as 

algebraic'expressions and tbeymay!n1iOlve: both built .... in 

functuinsandfunctians def ined {bythe:'programmer. 
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l:Y12~..:.2B!~~mgnt§l; " 

TYPE :e:i;u:'eao 'ea" ----

TYPE: IN ',FORM e£_~.4:";;~~.L.;;.~:a~:..;;t:::== 

This statement. g wit.h a null expression list; can be used 

to: print'headings antI captions usingsuit.ableforms., ", 

TYPE'STEP (Statement NOol· 

TYPE PART e 

TYPE, ALL, STEPS 

TYPE -ALL ' FORMS 

TYPE ~L i VALUES " 

TYPE : ALL 

TYPE ,-FORM "e" 

TYPE Wimrnediabe ~st.rin9 :'0£' co~ent:."" ~ 

Tnisstatement'can i be:- lised to '. print headings and 

captions .. -

§;gs:..;§!:~£~!i!!!nt~:. 

SET:v=e 

SET'vco-e 

SET'v:i<>;va-c, 

Q~le!:g_§tstg~n~: 

DELETE v· 
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DELETE ALL 

DELETE FORM e 

DELETE PART e 

DELETE STEP (stat.; NOo) 

DELETE ALL VALUES 

IQ_§~~§!!!m~~ ~ 

TO STEP (Stato Noo) 

TO PART e 

QQ_§!:s~~!!!:~: 

DO STEP (Stat~ Noo) 

DO PART e 

June, 1961 

!!Q_Q!_Q~!:~_!:Q_Ql:_fI:Qm_!:i!~!A.~!:c!!:!:!!l!m!:§: 

OPEN "filenamew FOR INPUT AS FILE e 

OPEN wfilename- FOR OUTPUT AS FILE e 

Filename is an arbitrary string of characters not 

bracketed by slashes or single quoteso 

READ FROM e: V10 V20 V30 

WRITE ON e1 IN FORM e2 : e3, e , e 

WRITE ON e1 g e30 e 0 e 
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CLOSE.e 

To I/O . data to and from files is necessary to use three 

. statements~ 

Open statement 

I/O Statement· 

Close statement 

EDIT STEP (Stat.; No"l· 

EDIT FORMe 

DEFINE vfv.1o V2 ==·-]=e 

DEFINE V[V2oV2 -=-] ~statement (the statement is 

usuallY17 TO STEP e) 

DEMAND IN FORMe~· V1.t1V217 V30 ~-... ,"" workS only wit-hit type 

forms 

DEMAND Vi" v;a "0.",· 

PAUSE 

GO 

DU~lP {return} 

TO Jfilename/ . 

LOAD (return) 
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FROM /filename/' 

PAGE'" 

.. LI.NE: 

CANCEL 

DONE .• 

RETURN e 

STEP 

.. £~:.H1Qgi£i~!:§8 ' 

Any number of modifiers can be;attached to a CAL statement 

. according to the formats: 

Statement i Modif·ier 10 Modifier 2-..:-'-' 

Statement'Modifier 1 Modifier 2-":":-

WHERE ,v-e" 

WHERE v-e 

IF e (is· no~ zero) .. 

UNLESS e (ls-equal;to:zero) 

BYez 

FOR v-ei;·.. 1 :if·empty 

BY ea 

FOR v...-ei;., 1. if . empty 

TOea-
'WHILE eg' .is greater than' zero 
Uft'lL e:3" as long as Sa is 

TOea' 
WHILE .ea 
UNT'lL Sa ... 
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