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SUMMARY 

THE SYSTEM DESCRIBED HERE IS AN ATTEMPT TO CREATF A SEDUCTIVE AND 
~XTENDABLE LANGUAGE WITH SOPHISTICATED LIST-PROCESSING AND SELF• 
~EFERENC!NG FACILITIES. IT HAS FACILITIES FOR MANIP0LATING NUMRERS. 
NAMES, STRINGS, ARRAYS, LISTf, EXPRESSIONS, AND pqocpOURES IN A HIGH-
LEVEL ALGOL-LIKE LANnUAGE, IT CAN BE USfC EITHER IN 3ATCH MDDE OR 
CONVERSATIONAL MODE WITH ON-LINE EDITING FACILITIES. ALL DATA OBJECTS 
HAVE A CONVENIENT PRINTED FORM, SO INPUT/OUTPUT I" V~~y SIMPLE, 

PROVISION IS MADF FOR ADDING NEW PHEFIX OR INFIX )PERATOAS, 
TOGETHER WIT~ MACROS FOR SPECIFYING THEIR TRANSLATION INTO THE 
INTERMEDIATE LANGUAGE. 

IT IS IMPLEMENTEn IN A MIXTURE or fOPTRAN AND MLISP <A MACHINE
INDEPENDENT MACRO-LANGUAGE WMJCH IS VERY SIMILAR TO LISP, TRtNSLATED BY 
A STANDARD MACRO-ASSEMBLER>, TOGETHER WITH A FEW CRITteAL MACHINE/CODED 
ROUTINES, USERS CAN ADD THEIR OWN ROUTINES IN FORTRA~ OR MLISP, THOUGH 
I~ THEY CHOOSE FORTR4N, A CERTAIN AMOUNT CF IMPLEMENTATION KNOWLEDGE IS 
NECESSARY, 



1, OVERVIEW OF PALM FEATURES 

A BALM PROGRAM CONSISTS OF AS QUENCE OF COMMANDS SEPARATED BY 
SEMI•COLONS, EACH COMMAND WILL BE EXECUTED BE~ORE T~E NEXT ONE IS 
READ, THE USER CAN SUBMIT MIS PROGRAM EITHER AS A n~eK OF CARDS. 
OR TVPE IT IN DIRECTLY PROM A TELETYPE, WHEN SUBMITTED AS A CARD 
DECK, ANY DATA REQUIRED SY THE COMMAND SHOULD FOLLOW THE COMMAND 
IMMEDIATELY, AND ON THE OUTPUT A LISTING CF TME CARDS WILL APPPEAR. 
INTERSPERSED WITH ANV PRINTEO OUTPUT RESULTING FROM A COMMAND, WHEN 
A TELETYPE IS USED, JUST THE OUTPUT REQUESTED WILL APPEAR ■ 

VARIABLES IN BALM DO NOT HAVE A TYPE ASSOCIATED WITH THEM, SO EACH 
VARIABLE CAN BE ASSI~NEO ANY VALLIE. THE COMMAND: 

A= 1.21 
WOULD ASSIGN THE VALUE 1.2 TD A, WHILE: 

PR!r\JT(A); 
WOULD PRINT OUT THE POLLOWING: 

1.2 

ARITHMETIC OPERATIONS AR~ EXPRESSED IN THE USUAL ~AY: 
X = 2*A~3; PRINT<X)J 

. WOULD PRINT: 
5,4 

AUTOMATIC TYPE CONVERSION IS DONE WHERE NECESSARY. 

A~ SYMBOL IS USED TO ALLOW THE INPUT OF LISTS! 
A= ~CA <BC> DlJ 
PRINTCHD TL -~>; 

WOULD PRINT: 
(8 C) 

THE PR0Cl=0URES HD AND TL ARE SYr>JONYMOUS WITH CAR AND :::DR lN LISP, 
GIVING R~SPECTIVELY THE FIRST ELEMENT OF A LIST AND T45 LIST WITH, UT 
ITS fIRST ELEMENT. THE LI:P CONS OPERATOR IS AVAILA3LE EITMER 
AS A PROC~DURE, OR AS AN INFIX COLON ASSOCIATING TO TME RIGHT. THUS: 

A; ~A:~(8 C):~D:NIL; 
WOULD ALSO ASSIGN TH~ LIST ~<A CB Cl O) TO A, NOTE TMAT THE EMPTY 
LIST IS WRITTEN AS NIL. 

VFCTORS CAN BE INPUT IN A NOTATION SIMILAR TO rµif roR LISTS, RUT 
USING SQUARE BRACKETS INSTEAD OF PARENTHESES, ELEMF~TS OF VECTORS ARE 
ACCESSED BY INDEXING; 

V = :!CA (8 CJ 'DJ; PRINT(\/[2J); 
WOULD PRINT; 

<Be, 
LISTS CAN BE MEMBERS OF VECTORS, AND VICE VERSA: 

PRINTCTL~<A (8 C) D)l; 
WOULIJ PRINT: 

<CBC) 0) 
WHILE: 

PRINTC~CA CBC) DJ [ell; 
~IOULD PRINT! 

c 8 C ) 
ARRAYS CAN BE INPUT AS VECTORS OF VECTORS, SO A NON•RECTANGULAR MATRIX 
CAN BE ASSIGNED BY: 



h=~C(13(2 :5J(4 t, 6JJ; 
AND ELEMENTS CAN BE FXTRACTED BY INDEXING: 

PRINTOH2J)J 
GIVING~ 

[ 2 3 l 
WHICH MAY BE DONE REPEATEDLYt 

PRINT(W[2l [lJ); 
rnvrNG: 

2 
ASSIGNMENTS TO VECTOQ ELEMENTS ARE STRAIGHTFORWARD! 

l-d2H1Jr;~(.A B); 

A WHOLE VECTOR OR LIST CAN B6 ASSIGNEC PROM DNE V6RIABLE TO ANOTHER 
VARIABLE IN A SINGLE STATEMENT, CF COURSE, BUT THEN A~Y OPERATION WHICH 
CHAN~ES A COMPONENT OF ONE WILL CHANGE A CO~PONENT 0~ TME OTHER. IF 
THIS rs NOT DESIRED, THE VECTOR OR LIST S~OULD BE COPIED BEFOR~ THE 
ASSIGNMENT: 

Z = COPY(W)J 
SUBSEQUENT CHANGES TO Z WILL TMEN NOT AFFECT W, 

AN ARBITRARY STRUCTURE CAN BE BROKEN UP INTO ITS CONSTITUENT PARTS 
BY THE PROCEDURE BREAKUP. THIS TAKES TWO ARGUMENTS, A STRUCTURE 
WHOSE ELEMENTS ARE CONSTANTS OR VARIABLES, AND A STFWCTURE TO BE BROKEN 
Up, PARTS Of THE SECOND STRUCTURE CORRESPONDING TO VARIABLES ARE 
ASSIGNED AS THE VALUfS OF THOSE VARIAB~ES, WHILE CON~TANTS MUST MATC~. 
JF THE STRUCTURES CANNOT BE MATCMED, THE BREAKUP PROCEDURE IS 
T E R M I N A T E D A ~I D G I V E S T H E V A L U E N I L • 0 T HER W I SE I T H A S T H E V A L U E T RUE . 
roR F.XAMPLE:: 

8REAKUPC~<A 8),~(<C C) <DD))); 
WILL GIVE THE VALUE TRUE AND WILL ASSIGN ~CCC> TO A ANO ~CD 0) TO 8. 
~ITHFP STRUCTURE CAN INVOLVE VECTORS, AND CONSTANTS I~ THE FIRST 
STRUCTURE ARE SPECIFIED BY PRECEDING THEM WITH Tl-iE Ql!:'JTE MARK~. THliS: 

8REAKUP(?;[A ?;8 CJ,?;[[X XJ 8 [Y YJJ); 
WILL HAVE TM~ VALUE TRUE AND WILL ASSIGN ~[X XJ TO A AND ~[Y YJ TO B. 
THE CONVERSE OF SREA~UP IS cnNSTAUCT, WHICH IS GIVEN A SINGLE STRUCTURE 
WHOSE ELEMENTS ARE VARIABLES, AND WHICH WILL CONSTRUrT THE SAME 
STRUCTURE BUT WITH VARIABLES REPLACED BY THEIR VALLI~~. THUS; 

X=?(A 8>:Y~~[C D];PRINT!CONSTRUCTC~<X YJ)>; 
WILL PRINT C<A ) [C DJ), THESE TWO PROCEDGRES ALLOW ~ONVEN!ENT 
FORMS SUCH AS 

IF BREAKUP(~(A >• 9),Xl THEN RETURN<CONSTRUCTC~[A 8 PLUS])); 
BREAKUP AND CONSTRUCT ARE QUITE EFFICIENT, AND SHOULO BE USED IN 
PREFERENCE TO THE MORE PRIMITIVE OP~RATIONS WHENEV R ooSSIBL~. 

CHARACTER STRINGS OF ARBITRARY LENGTH CAN BE SPE~IF!ED: 
C = <EXAMPLE OF A STRINA>; 

+A -t A 6 •-
E = SUBSTRCD,9,4); PRINT(E)J 

WOULD PRINT: 
<OF A> 

THE BALM SYSTEM ALLOWS THE USER TO ASSIGN PROPERT!;S TO VARIABLES 
(NAMES), A PROPERTY CONSISTS OF A NAME AND A VALUE, ~OR EXAMPLE: 

~VAR PROP !ABCD = <STR> : 
ASSIGNS THE PROPGRTY CALLED A9CC WIT~ AN ASSOCIATED VALUE OF <5TR> 
TO T~E VARIABLE VAR, 



X:~VAR PROP ~A8CD: 
WILL SET.THE VALUE 0~ XTO TME VALUE or THE PROPERTY ARCO OF VARIABLE 
VAR, A VARIABLE CAIJ HAVE ANY NUMBER Or PROPERTIES At\li) ANY NUMBER OF 
VARIABLES CAN HAVE T~E SAME ~ROPERTY. 

THERE IS COMPLETF GARBAGE COLLECTION OF ALL INACFS~IBLE OBJECTS IN 
THE SYSTEM, so THE USER DOES NOT NEED TO KEEP TRACK nr PARTICULAR LI~TS 
OR VECTORS, PROCEDURES ARE AVAILABLE FOR CREATING I ISTS OR VFCTORS 
WJTH VALUES OF EXPRESSIONS AS THEIR ~LEME~TS, WITM STJRAGE BEING 
ALLOCATED DYNAMICALLY: 

LL; LISTCZ+Q, ABC, S ➔ <XY>)J 
VV = VECTORCX+W, ABC, S ➔ <XY>); 

A PROCEDURE IN BALM rs SIMPLY ANOTHER 
BE ASSIGNED AS THE VALUE OF A VARIABLE, 
TO INVOKE THE PROCEDURE IN TME USUAL WAY. 

SUMSQ: PROCCX,V),Xt2+Y•2 END; 

KIND OF DAT4~0RJECT WHICH r,AN 
THE VARIABLS CAN THEN BE USED 

THE STATF'1ENT: 

ASSIG~S A PROCEDURE WHICH RETURNS AS ITS VALUE TME Sil~ OF THE SQUARES 
OF ITS T~O ARGUMENTS. THE TRANSLATOR TRANSLATES TH~ PROC,,END PART 
!NTO THE APPROPRIATE INTERNAL FORM, WHICH rs ASSIGNE~ TO SUMSQ. IN 
FACT THIS IS SIMPLY A LIST, WMICM COULD EQUALLY WELL ~AVE BE~N 
CALCULATED AS THE VALUE OF AN EXPRESSION. THE PROCEnJRE CAN 
SUBSEQUENTLY BE APP~IED: 

FR]NT(5 + SUMSQC2,3) + 0.5JJ 
WOULD PRINT: 

j 8, 5 

INSTEAD OF ASSIGNING A PROCEDURE AS T~E VALUE CF A VARIAQLE, WE CAN 
SIMPLY APPLY IT, SO THAT; 

X = 5 • PROC(X,V),Xt2•Y•2 ENDC2,3) + 0,5; 
WOULD ASSIGN 5 • 13 • 0,5 = 18,5 AS TH~ 1ALUE OF X, NOTE TMAT A 
PROCEDUHE CAN ACCEPT ANY DATA-OBJECT AS ON ARGUMENT, AND CAN PRODUCE 
ANY DATA~OBJECT AS ITS RESULT, INCLUDING VECTORS, LISTS, STRINGS AND 
PROCEDURES. THUS IT rs POSSIBLE TO ~RITE: 

~ = MSUM<Mi,MPROD(M2,M3))J 
WHERE Ml, M2, M3, AND MARE MATRICES. PROCEDURES CAN BE RECURSIVE, nF 
OOURSER 

A PROCEDURE IS SIMPLY AN EXPRESSION WITH CERTAIN VARIABLFS 
SPECIFIED AS ARGUMENTS, SO TME RANGE OF PROCEDURES IS DETERMINED BY 
'T'HE RANGE ()f EXPRESS!ONS, THE MOST USEFl;L EXPRESSrn\l FOR PROCEOtJRE 
DEFINITIONS rs THE BLOCK, WHICM IS SIMILAR ~o THAT us;n IN ALGOL, BUT 
CAN HAVE A VALUE, THE STATfMENT: 

REV~RSE = PROe<L), 
BEGIN<X>, 
COMMENT <FIRST TEST FOR ATOMIC ARGUM;NT> 
IF 6TOM<L) THEN RETURN<L), 
COMMENT <OTHERW l SE ENTER REVERS I NG I '.)l".)P::. 
X : NIL. 
COMMENT <EAeH TIME ROUND REMOVE ELEM2NT 

FROM L, RFVERSE IT, ANC PUT AT BEffllNNING 0~ X> 
NXT, I~ NULLCL) TH~N RETURN <X), 

X=R~VERSECHO L):X, 
L : TL L, GO NXT 
END ENDJ 

SHOWS THE US. OF A BLOCK DELJMITEO BY BEGIN AND END T~ DFFJNING A 



PROCEDURE REVERSE WHICH REVE~SES A LIST AT AL LEVE S, THE COMMENT 
OPERATOR CAN FOLLOW ANY INFIX OPERATOR1 A~D WILL CAUS~ THE FOLLOWI~G 
DATA•ITEM TO BE IGNO~ED, 

4.S WELL AS AN If.- .•. THEN ••• STATEMEi\JT Tl-JERE rs AN r:- ... THEN ... ELSE ... 
AS WELL AS AN IF,, ,TMEN,,,ELSEir ... TMEN ... ETC. LOA~ING STATEMENTS 
lNCl.UDE A FOR ••• REPEAT. .. AS WELL AS A \~f,ILE,,.REPF.AT., .. A LABEL 
SHOULD BS REGARDED JUST A A LOCAL VARIABLE WHOSE VALJE IS TME INTERNAL 
REPRESENTATION OF TH~ STATEMENTS FOLLOWING IT, ACCOROiNGLY, ASSIGN
MENTS TO LABELS, AND TRANSFERS TO VARIABLES □ R ~XPRE~SIONS ARE LEGAL. 
AND C~N GIVE THE EFF_CT OF A SWITCH, A .OMPOUND STAT;MENT WITHOUT 
LOCAL VARIABLES OR TRAN FERS CAN BE WRITTEN DO .. , .. , .. END, OF COURSE 
ANY OF THESE STATEMENTS CAN ~E USED AS AN EXPRESSION. ~!VING THE 
APPROPRIATE VALUE. NOTE THAT A COMMA IS USED TO S"PARATE STATEMENTS 
AND LABELS WITHIN A BLOCK AND A COMPOUND STATEMENT. THE SEMICOLON TS 
INTERPRETED AS AN END-OF-COMMAND 8Y THE ~YSTEM (UNLE~; IT OCCURS WITHIN 
A STRING>, EVEN IF IT OCCURS WITMIN PARENTHESES OR BRACKETS, ANY 
UNPAIRED PARENTHESES OR BRACKETS WILL BE FAIRED AUTO~ATICALLY, WITH A 
WARNI~G MESSAGE BEING ISSUED, 



2 DAl'A.,ITEMS 
--------.i--·-----

A DATA-ITEM IN BALM IS EITHER A PRIMITIVE OR AN A3GREGATE. 
PRI~ITIVE DATA-ITEMS COMPRIS~ INTEGERS, REALS, OCTAL~, SHORT~ 
STRINGS, NAMES, OR ENTRY-POINTS, AGGREGATE DATA~IT~~S COMPRISE 
VECTORS, L.rSTS, .AND $TRJNGS. EXPRESSIONS AND PROCEOIJ~ES CAN ALSO BE 
REGARDED AS AGGREGATE DATA-ITEMS, BUT IN FACT ARE REP~ESENTED 
lNTER~ALLY AS LISTS. 

TYPES CAN BE DET~RM!NED DYNAMICALLY AT RUN TIME, ACCORDINGLY, 
THERE ARE NO TYPE DECLARATIONS. AND WHEN ~ECESSARY CO~VERSION FROM ONE 
TYPE TO ANOTHER IS DONE DYNAMICALLY, ANY DATA•ITEM C4N RE ASSIGNED 
AS T~E VALUE OF A VARIABLE, PRODUCED AS T~E VALUE 0~ AN EXPRESSION, 
USED AS AN ARGUMENT TO A PROCEDURE, OR RETURNED AS TH~ VALUE OF A 
~ROCEDURE, 

2,1 CONSTANTS AND EXPRESSIONS 

IN GENERAL A CONSTANT IS DISTINGUISH C FROM AN E~PRESSION 
(THAT rs~ SOMETHING WHICM IS TO BE EVALUATED) BY PRE~5EDING lT BY THF 
QUOTE MARK , EXPRESSIONS WILL BE TRANSLATED BY THE 3ALM TRANSLATE 
~UNCTION INTO A LIST FORM WHICH IS ESSENTIALLY InENTICAL TO THAT USED 
IN LISP 1,5, CONSTANTS WILL ALSO BE TRA~SLATED, BUT USING A DIFFERFNT 
SYNTAX. 

THE SYNTAX FOR CONSTANTS IS VERY SIMPLE, A CONSTANT IS EITHER: 
1.. Al\! INTE~ER 
2. A REAL NUM8~R 
3, AN OCTAL NUMBER 
4, A SHORT-STRING 
5. AN ~NTRY-POINT 
6, A NAME PRECEDED 8Y A QUOTE MARK 
7, A STRING 
B, A LIST CONSISTING 0~ A ~UOTS MARK, A LEFT PA~~NTHESIS, AN 

ARBITRARY NUMBER OF DATA~ITE~S S8PARAT D 8Y SPACES IF NECESSARY, 
AND A RIGHT PARENTHESIS, 

;, A VECTOR CONSISTING OF A QUOTE MARK, A LE~T SQUARE BRACKET, 
AN AABITRARY NUMBER CF DATA-ITEMS SEPARATED BY SPACES IF NECESSARY, 
AND A RIGHT SQUARE BRACKET, 

1D, TRUE, FALSE, NIL (NIL AND FALSE ARE INTERNA(LY IDENTICAL> 
tN THE ABOVE A DATA-ITEM CAN BE ANY CONSTANT, BUT IF IT TS A NAME, 
LIST1 CR VECTORJ THE LEADING QUOTE MARK MUST BE LEFT iur, 

T~E SYNTAX OF CONSTANTS rs DESCRIB-D IN 9Nr~TYPE roRM RELOW, 
ME NOTATION <ABC>[I,JJ rs USED TO INDICATE NOT LESS T~iN I AND NOT 
MORE TMAN J OCCURRENCES OF TME SYNTACTIC TYPE <ABC>. PARENT~ESE" ARF 
iSBIDGW©T~RB~eNANSS6SS~B,,As A SINGLE UNIT. WRITTEN AS ~ AND > TO AVOID 

<CONST ANT>::::: 

<INTE:GER>::;:. 
<SIGi~>: ::= 

/ <REAL> / <OCTAL> / <!NTEGER:
<SHORT.,STR!Nlh / <·NTRY~POINT> I <STRING> 

~ <LIST> I ~ <VEr.T □ R> 
<DIGIT>[l,14J 

~ <NAME> / 
<SIGN>[0,1] 
+ I 

I 

pmcjones
Sticky Note
Parentheses are used to group a sequence as a single unit, written as ( and ) to avoid ambiguity when necessary.



CREAL>::: <S!GN>[0,11 cDIGIT>[1.J . <DIGIT>t1,l 
cEXPONENT>[0,1J 

<EXPONENT>:;: E <SIGN> <DIGIT> <DIGIT> 
<OCTAL>:t= <0CTALD!GIT>[1,20) 8 
<S~ORT-STRING>::~ t <CHARACTER>t0,10J t 
<STRING>;:= < <CHARACTER>[ □,) > 
<ENTRY-POINT>::: <LETTER, <LETTER-DIGIT>[D,~l <EP-TYPE> > 
<EP•TYPE:>::: 0 / t I 2 
<NAME>::: <LETTER> <LETTER~DIGIT>(0,691 

/ <SPECIAL-CHARACTER> 
<VECTOR>;:= [ <ITEM>tO,J J 
<LIST>::= < <ITEM>[O,l I <ITEM>C1,l , <ITeM> 
<ITEM>::~ <INTEGER> I <REAL> / <OCTAL> I 

<S~ORT~STRING> / <ENTRY-POINT> I <STRING> I 
<NAME> / <LIST> / <VECTOR> 

A SPACE WILL TERMINATE AN INTEGER, REAL, CCTAL, ENTRY~POINT. OR NAME, 
BUT WILL OTHERWISE BE IGNOREQ, A SEMl-CCLON WILL HAVE THE EFFECT 
or TERMINATING ANY INCOMPLETE VECTORS OR LISTS, AND 4 WARNING 
MESSAGE WILL BE ISSUED. 
THE CHARACTER= CAN ~E USED INST&AD CF~ AS A QUnTE MARK. 

EXAMPLES Or <ITEM>S: 
CAA 15 17-3> 
(CAA 15 17,3.)CARCD> <THIS IS A STRING>)) 
[ EL 1. + <TH I RD EI_ EM EN T > j 
t [<ELEMENTS;>] [OF' TRI1~NGULARl (ARRAY 2 /] J 
CMIXED (LISTS AND )[VECTORS AND cSTRINGS>l> 
[M!XEO(LISTS)(VFCTORS AND ENTRYO> POINTSi>ll 



2,2 NUMBERS 

NUMBERS CAN 8E EXPRESSED AS INTEGER, REAL, CR OCTA~, AND ALL WILL 
BE REPRESENTED AS FULL WORDS (6D•BIT PRECISION IN THP eoc 6600). THE 
USUAL ARITHMETIC OPERATIONS ARE PERMITTED ON SUCM QUA~TITIESa WITH 
AUTOMATIC TYPE CONVERSION FROM OCTAL TO l~TEGER OR R~AL, OR PROM 
INTEGER TO REAL, IF NECESSARY, 

2.3 SHORT-eHARACTER-STRlNGS 
A CMARACTER~STRING SHORT ENOUGH TO BE CONTAIN DI~ A MACMINE WORD 

tUP TO 10 CHARACTERS OR THE CDC 6600) IS WRITTEN INT~~ FORM iA8Ct. 
THE C~ARACTERS t AND ➔ WITHIN SUOH CON~TANTS SHOULD RE WRITT9N 
AS ➔ - QR ➔➔, IN THE INTERNAL REPRESENTATION THE~ WI(L BE REMOVED, 
euT WILL 85 RE-INSERTED IF PRINTED. 

2,4 NAMES 

A NAME IS WRITTEI EITHER AS ANY SEQUE~CE OF UP Tn 70 LETTERS OR 
DIGITS STARTING WITH A LETTER, OR AS ANY SINGLE SPECJAL CHARACTER 
tXCfPT ( ) [ J < > , AND~. NAMES CAN HAVE PROPERTI~S WHICH CAN BE SET 
OR REFERRED TO, ONP IMPORTANT PROPERTY OF A NAME fq tTS VALUE, AND 
THE MOST FREQUENT USE OF A NAME WILL BE AS A VARIA8LF. WHOSE VALLIE CAN 
BE CH~NGED BY ASSIGNMENT OR USED IN AN EXPRESSION, IF THE NAME RATHER 
THAN ITS VALUE JS TO BE USED IN AN EXPRESSION IT SHOLJ~D BE PRECEDED PY 
A QUOTE MARK • NOTE THAT A SMQRT-CHARACTER-STRING TS QUITE DIFFERENT 
PROM A NAME, THOUGH IT 1S POSSIBLE TO CALCULATE ONE P~OM THE OTHER. 
THE VALUES OF THE NAMES T AND FARE INIT!~LIZED TO TRJE AND rALSE 
~ESP~CTIVELY. 

2,5 ENTRY•POINTS 

A MACHINF-CODED PROCEDUR~ IS REPRESEr~TED BY A DATA~ITEM WHICH GIVES 
THE ADDR~SS OF T~E ENTRY-POINT. BUILT-I~ PROCEDURES IN BALM SIMP!_Y 
MAVE SUCH AN ITEM AS THE VALL!E OF THE NAME USED TO INJOKE THEM. SO THAT 
THE PROCEDUR, WHICH PRINTS ITS ARGUMENT I~ THE OUTPUT ~ILE, PQR 
INSTANCE, IS REPRESENTED BY A VARIABLE WHOSE NAME IS ~RINT AND WHOSE 
VALUE JS AN ~NTRY-POINT, TMIS VALUE CAN BE CHANGED 3Y AN ASSIGNMENT 
STATE~ENT, OR CAN ~E ASSIGNED AS THE VALUE OF ANOTMER VARIABLE, WHICH 
CAN T~E~ BE REGARDED AS A SYNONYM FOR PRI~T. THREE TVPES 0~ ENTqY-POINT 
ARS AVAILABLE, A StJB-TYPE SU8R WHICH EXPECTS EVALUAT~D ARGUMENTS, 
A SUB-TYPE FSUBR WHICH EXPECTS A SINGLE ARGUMENT REPQESENTING A LIST OF 
UNEVALUATED EXPRESSinNS, AND A SUB-TYPE NSUBR WHICH FXPECTS A SINGLE 
ARGUMENT REPRESENTIN~ A LIST OP EVALUATED EXPRESSION~. THE EXTERNAL 
(PRINTED) FORM OF A ~UBR, FSUBR, OR NSU8R I~ THE NAM; or THE ENTRY
POI~T AS KNO~N TO TH~ LOAD~R rOLLOWED BY THE TWO CHARACTERS~> OR 1> 
OR 2>. 



2.6 VECTORS 

A VECTOR rs AN AGGREGATinN OF AR@ITRARY DATA-IT~M~ EACH OF WHTCH 
eAN BE REPERRED TO BY INUEXING, A CONSTANT VECTOR 1, R PRESENTED av 
A QUOTE MARK FOLLOWED BY A LEFT SQUARE BRACKET, A SFJUENCE OF CONSTANT 
DATA9 ITEMS WITH IMPLIED QUOTE MARKS, AND TERMINATED BY A RIGHT SOUARF 
BRACKET, THUS: 

~(1,1 XYZ <ABCDE>J 
IS A VECTOR WHOSE EL~MENTS ARE TME REAL Q~ANTITY 1.1. THE NAME ~XYZ, 
AND THE STRING <ABCDE>, WHILE ![[1 2] [3 4)1 IS A VE~T~R WHO~E FIRST 
ELEMENT ts ~[1 2] AND WHOSE SECOND ELEMENT rs ~[3 4], A VECTOR WHOSE 
VALU'S ARE TME VALUES OF EXPRESSIONS CAN BE CONSTRUCT~ □ RY USING THE 
PROCEDURE VECTOR, SO THAT 

VEOTORCX+Y~P<A,8)) 
!SA VECTOR OF LENGTH 2 WHOSE FIRST ELEME~T IS THE VALUE OF X•Y AND 
WMOE SECOND IS THE VALUE OF ~CA,BJ. VECTORS CAN BE INDEXED BY FOLLOW
ING THE VECTOR (OR EXPRESSION WHOSE VALU- IS A VECTOR) BY AN EXPRESSION 
SURROUNDED 8Y SQUARE BRACKETS, THUS IF THE VALUE OP A IS A VECTOR, 

, THE CI+J)TH ELEMENT IS REFERREn TO BY A(I+JJ. IF B IS A VECTOR WHOSE 
ELEMF.NTS ARE VECTORS, (WHICH CAN SE i~OUGHT OF A A TAO-DIMENSIONAL 
ARRAY, THE J TH ELEM~NT OF TME I TM ELEMENT OF 8 CAN E WRITTEN 8[Il [JJ 
SIMILARLY, IF THE VALUE OF F(A,9> IS A VECTOR. THE EXPRE-SION 

F C A , 8 ) r I J 
WILL GIVE ITS I TM ELEMENT. INSTEAD OF F(A,8) ANY ~XPRESSION COULD 
MAVE BEEN WRITTEN, ENCLOSED IN ~ARENTHESES IF NECESSA~Y. THUS TH~ 
STATEMENT 

P[I] [JJ;X+(IF A:8 THEN Y ELSE Z)tI+~J+W; 
IS QUITE LEGAL, 



2.7 LISTS 

LISTS ARE THE MOST WIDELY-USED AGGREGATE DATA-IT~~9 IN BALM,AND ARE 
SIMILAR TO THOSE OF LISP 1,5. A CONSTANT LIST IS WRITTEN AS A cunTE 
MARK FOLLOWED By A LEFT PARENTMESIS,A SEQ~ENCE OF CONSTANT DATA-ITEMS 
WITH IMPLIED QUOTE MARKS, AND A RIGHT PARENTMESIS. THUS ~(A (8 C> tD 
EJ > IS A LIST WHOSE FIRST EL~MENT IS ~A, WHOSE SECONn IS ~(8 CJ AND 
WMOSE THIRD IS ~[D EJ. THE PRIMITIVE PREFIX OPERATQRq Hu AND TL 
WILL GIVE THE FJRST ~LEMENT OF A LIST, ANC THE LIST WITHOUT ?TS FIRST 
ELEMENT RESPECTIVELY. THE INFIX OPERATOR : WILL CONSTRUCT A NEW LIST 
WHOSE MD AND TL ARE TO THE LEFT AND RIGHT OF THE : OPERATOR, THF 
EMPTY LIST IS WRITTEN AS NIL OR C) OR ~NIL OR ~CJOR >[1 , SO THAT THE 
ST A TF.t!.ENT: 

L;A:8:C:NH.; 
ASSIG~S TOLA LIST OF THREE ELEMENTS WHICH ARE THE VA~UES OP THE VA, I-
ABLES A,B,AND C, TME STATEMENTS: 

U.::.HD U 
L2=TL. U 
L3::;B:C:NIU 

WILL ASSIGN THE SAME VALUES TO L2 AND L3, ANO WILL ASSIGN ~A TO L1. 

CONSTANT CHARACTER-STRINGS or ARiITRARY LENGTH CA~ BE WRITTEN 8Y 
ENC~OSING THEM WITHIN< AND>, THE CHARACTERS> ANn ~ CAN BE WRITTFN 
AS ➔ > AND~➔ RESPECTIVELY, ALTHOUGH THE FIRST ➔ WILL ~OT BE ~EPRESENTED 
INTERNALLY, THE INTERNAL R;PRESENTATION OF A STRING IS SIMILAR 
TO A LIST OF SHORT-CHARACTER-STRINGS, WITH APPROPRIAT5 D[STINGUISHING 
PLAGS, THE SHORT-CMARACTER•STRINGS COMPRISING A STAI~G CAN BE OF ANY 
LENGTH PERMITTED FOR A SMORTeCHARACTER~STRING, BUT IT IS CONVENIENT TO 
DISTINGUISM PACKED STRINGS CMAXIUM LENGTH S~ORT-CHARA:TER•STAINGSl FROM 
UNPACKED STRINGS (1 CHARACTER SMORT-CHARACTER-STRINGS), ZERO LENGTH 
SHORT-CHARACTER-STRINGS MAY APPEAR ONLY AS THE SOLE P~eMENT IN A 
STRING, IN WHJCM CASE THE STRING IS A NULL STRING<> . ALL BUILT-IN 
STRING OPERATIONS ARE I~DEPENDeNT OF REPRESENTATION, 



2,9 EXPRESSIONS AND PROCEDURES 

~XPRESS!ONS AND PROC~DUR~S ARE STORED I~TER~ALLY 6S LISTS, AND CAN 
BE MANIPULAT~D BY THF ORDINARY LIST CP~RATORS, THE JSUAL WAY OF 
DEFINING A PROCEDURE IS SIMPLY TO ASSIGN THE LIST RFP~ESENTJNG IT TO 
THE VARIABLE WHICH WILL SUBS~QUENTLY BE USEC TO INVOK~ IT. FOR 
CONVSNIENCE, HOWEVER, AN ALGOL-LIKE NOTATIO~ IS PERMITTED, FOR 
exAMPLE: 

SUMSQ:PROC<X,Y>,XT2+YT2 END; 
SUBSEQUENTLY SUMSQ CAN BE USED TO APPLY T~IS PROCEDUR; TO ITS ARGUMENTS 
IN EXPRESSIONS SUCH AS: 

Y=Z+SUMS0CI+4,~/2)J 
THIS COULD ALSO 9E WRITTEN: 

Y=Z+PROC<X,Y),Xt2•Y•2 ENDCI+J,K/2); 
SIMILARLY, AN EXPRESSION WRITTEN IN TME FCR~: 

E=EXPR x,2+yt2 END; 
WOUL~ MAVE THE $AME ~FFECT A~: 

8:THANSLATE(~(Xt~+Yt2)); 
AND COULD SUBSEQUENTLY BE USED IN TH~ FOR~: 

V=EVALCE>J 
OR EQUIVALENTLY AS v~sE; USING TWE PREFIX EVALUATION ~PERATOR $. THE 
~ESULT WILL BE THE SAME AS If: 

v~x,2.+v,2; 
MAD BEEN WRITTEN. 



3. STATEMENTS AND EXPRESSIONS 
----~--------------------------~ 

THERE IS NO DISTINCTION IN BALM BETWEEN STAT MENTS AND 
BXPRSSSIONS, W!1AT IS USUALLY TMOUGMT OF AS A STATEM;NT IS ~IMPLY AN 
EXPR6551ON WHOSE VALL1E IS IGNOREB. ANYT~ING WHICH CAN 8E USED AS AN 
SXPRESSION CAN 8~ US~D AS A STATEMENT, AND VICE VERS&. WE WILL REFFR 
TO BOTH AS EXPRESSIONS. 

3,1 BLOCKS 

A BLOCK IS SIMILAR TO AN ALGOL BLOCK, BUT CAN BE JSEn AS AN 
BXPRESSlCN, AND SO HAS A VALUE, IT IS DEFINED as: 

<BLOCK>::= BEGIN ( <VARhlST> > <LXLIST> E 1D 
<LXblST>::: f , <LABELQREXPR> t[O,J 
<vARLISi)::: <EMPTY> I <NAME> ~ , <~AME> t[0,J 
<LABELOREXPR>::: <NAMS> I <EXPR> 
NOTE THAT WITHIN A BLOCK LABELS AND EXPR SSIONS A~E 

SEPARATED BY COMMAS, EXIT rROM A BLOCK CCCURS IF TM~ LAST EXPRFSSION 
IN T~E 8LOCK WAS EVALUATE □ AND DID NOT CA~SE A TRANsr;R. IN WHICH CASE 
THE VALUE Of THE BLOCK JS NIL, EXIT ALQQ OCCURS WHE~ THE RETURN 
PROCECURE IS EXECUTEn, THE ARGUMENT OF RETURN BEING T~E VALUE OF THE 
~LOCK. 

cVARLIST> IS A LIST OF VARIABL-s WHic~ ARE TO BE (nCAL TO THE 
QLOCK, OTHER VARIABLES REF~RRED TO WITHIN TME BLOCK WILL 8 ASSUMED 
TO BE GLOBAL. AND TO HAVE HAn VALUES ASSIGNED TO THEM PREVIOUS TO 
ENTERING THE BLOCK, SIMILARLY THE LOCAL VARIABLES n: THE BLOCK WILL 
9E ACC6SSIB~E AS GLO?AL VARIABLES TO ANY BLCCKS AND ~XPRESSIONS INVOKED 
FROM WITHIN THE BLOCK. NOTE TMAT GLOBAL VARIABLES TAKE ON VALUES 
~ETEAMINED BY THE CALLING BLOCK OR PROCEDURE, RATHER THAN THE 
SNCLOSINQ B~CCK OR PROCEDURE AS IN ALGOL 60. 

A LABEL SHOULD Bi REGARD~D A' A LOCAL VARIABLE W~1SE VALUE IS A 
LIST ~HOSE ELEMENTS •RE THE INTERNAL REPRESENTATIONS ~F THE STATEMENTS 
FOLLOWING THE LABEL. THEY CAN BE MANIPULATED JUST LT<F ANY OTHER l.OCAL 
VARIABL~S. FOR INSTANCE, THE STATEMENT: 

L~TL L, 
WHERE L IS A LABEL WILL EFFECTIVELY MOVE THE LABEL DO~N ONE 9TATFMENT. 
THIS IS A TEMPORARY CHANGE, OF COURSE, ONLY EFFECTIV~ FOR THE ONE 
INSTANCE Or THE LOCK. 

0~ EXIT FROM A BLOCK, LOCAL VARIABLES AND LABELS AILL HAVE THEIR 
VALUES RESTORED TO TME ONES THEY HAD ON E~TRY TO THE 3LOCK. 

3,2 COMPOUND ~XPRE~SIONS 

A COMPOUND BXPRE~SION IS WRITTEN: 
<COMP-OUN>::= DO <EXPR> t , <~XPR> +[O,J E~. 

tr IS EVALUATED BY EVALUATING TME SPEClFJED EXPRESSin~s FROM LEFT TO 
~IGHT, AND HAS AS ITS V~LUE TH~ VALUE OF THE LAST SLJr4 EXPRESSION. 
TRANSFER AND RETUR EXPRESSIONS WILL NOT ~AVE AN IMMPO!ATE ErFECT, 6liT 



WILL ONLV RE DETECTED AT THE END OF THE TCP LEVEL EXP~FSSION or AN 
8NCLOS I NC, BLOCK. 

THE USUAL FORM OF ASSIGNMENT rs ~ERMITTED: 
<ASSIGNM·NT>::: <LEFTHANDSIDS> = <EXPR> 
<LEFTHANDSIDE>::~ <NAM~> I <VECTORELE~ENT> I <LISTELEMENT> 

I <STRINGELEMF-NT> 
I <INDIRECTREF'ERENCE> I <t •Hs~PROC•CALL> 

THAT IS, EXPRESSIONS WHICH CAN APPEAR ON THE LFFT•HAN~•SlDE OF AN 
ASSIG~MENT STATEMENT INCLUDE VARIABLES, I~DEXED EXPRFSSIONS, AND 
~XPPE~SIONS WHOSE TOP-LEVEL OPERATOR IS HD, TL, EVA~. $, 

SURS'FR, PROP, PROPS, =, OR ~- IF 2': OR :;; IS THE TOP,,.u:vEL OPERATOR. THEN 
THE B~PRESSION )S TREATED AS A MULTIPLE ASSIGNMENT CT,E- A CALL TO 
BREAf~UP). FOR EXAMPl E: 

~(AB C)=~CW <X Y) Z>; 
WILL PERFORM TH~ SAM· ASSIGNMENTS AS 
ADDITIONAL FORMS OF FXPRESSION CAN BE 
THE APPROPRIATE MACROS ARE UEfINED BY 

3,4 CONDITIONAL EX~RESSIONS 

A=~w; Q=~{X Y)J c=~Z; 
USEC ON THE LE~T~HAND-SIDE IF 
THE USER <SEE S~CTION 5). 

THE CONDITIONAL EXPRESSJ0N IS OF THE FORM: 
ccONCEXPR>::= IF <LOGEXPR> TMEN c-xPR> 

t ELSEIF <LOG~XPR> THEN <EXPR> trD.l 
f ELSE <E~PR> ➔ C0,11 

WHERE cLCGEXPR> IS ~N EXPRESSION WHICH IS TAKEN TO BF PALSE IF ITS 
VALUE rs NIL. AND TRUE OTHERWISE, AN EXPRESSION IS N~T EVALUATED 
UNLESS ITS PRECEDIN <LOGEXPR> rs NOT NIL. THE FIRST ~LICH PAIR 
TERMI~AT~S THE VALUATION OF THE cCONDEXPR>, WHOSE VA(UE IS THAT nF 
THE CORRESPONDING <EMPR>. rr THERE IS Nr NON-NIL <LnGEXPR>~ THE VA UE 
0~ THE ELSE CLAUSE Is TAKEN IF TMERE IS n~E. AND NIL ~THFRWIIE. 
THE NAMES TRUE AND NIL ARE R~SERVEO WORDS WHICH SHOULD NOT BE USED 
AS NAMES OF VARIABLES, ANO AAE AJTUALLY REPRFSENTED J~TERNALLY AS 
CONSTANTS. THE VALt1E OF THE VAR!ABlE T IS INITIALISED TO TRUE, Afl.JD 
THE VALUE OF THE VARIABLES F AND FALSE ARE INITIAL!$E TO NIL, SO IF 
NOT USED AS VARIABLES THESE CAN BE USED I~STEAD OF TRJ~ AND NIL IN 
t!XPRESSlONS, 

3.5 TRANSFERS 

<TRANSFER>:;; GO <EXPR> 
WHFP THE< XPR> EVALUATES TD AN INT~RNAL REPRESENTAT ON OF A LIST OF 
F.XPR 'SS IONS. THE f\JORMAL FORM OF' <EXPR> 1 S SIMPLY A NAME USED AS A 
LABEL. NOTE THAT: 

L1=L2,GO L1 
IS JUST THE SAME AS GO L2, AN ARBITRARY EXPRESSION CAN BE USED AFTFR 
GO, H1CLUD I NG A VECTOR ELEMENT OR PROCEDURE CALL. SO T!t-lE EXPRESS I ON: 

GO IF AiB THEN L1CI•JJ FLSE F CX,Y) 
! S Ti-IE S.AME AS: 

Ir A;B THEN GO L1[I+J] ~LS~ GO r(~,Y) 



3,6 PROCEDURE CALL 

A PROCEDURE CALL IS WRITTEN IN THE PORM: 
<PROC~CALL>::; <PROC-EXPR> C <ARGL!ST> 
(ARGL!Si>:!: <EMPTY> I <EXPR> + , <EXPR> ➔ rn.] 

WHERE <PRQC•EXPR> IS AN EXPRESSION WMICH EVALUATES Tn A PROC~DURE. 
THIS IS USUALLY A VARIABLE T~ WHICH MAS BEE~ ASSIGNEn A SUBR, FSUBR, 
OR PROGRAMME~-DEFINED PROCEDURE WRITTEN AS PPOc ... E~n. HOWEVER, IT 
COU~D ALSO B AN AR8ITRARY EXPRESSION, OP T~E PROC,,.END EXPRESSION 
ITSELF, 

3.7 POR LOOPS 

roR LOOPS SIMILAR TO ALGOL CAN BE WRITTEN IN THE ~ORM: 
<FORLOOP>::: FDR cNAME~ - c <~XPR> t , <Ex~R> +[1,2l 

REF1EAT <EXPR> 
THE VALUES OF THE TWM OR THR~E cEXPR>S ARE EVALUATED ~NCE BEFORE 
;NTERING THE LOOP, AND WILL ~E TAKEN TO BE THE INITIA~, TERMINAL, AND 
&TEP VALUES POR THE CONTROL VARIABLE, A STEP OF 1 WT(L BE ASSUM~O IF 
LEFT CUT. TME EXPRE~SION MAY RE EVALUAT~D ZERO TIMES, THE STEP 
MAY BE NiGAT!VE, IN WHICH CASE REPETION STOPS WHEN rw; CONTROL 
VARIABLE IS LESS THEN THE TERMINAL VALUE. THE VALUE JF THE EXPRESSION 
IS THE VALUE OF THE LAST <EXPR>, 

3.8 WHILE LOOPS 

<WHILE-LOOP>::: WHIL! cLOGEXPR> REPEAT <EX~R> 
THE <EXPR> IS EVALUATED CONTINUOUSLY UNTJL THE VALLI~,~ THE cLOGGXPR> 
ts ~IL. POSSIBLY ZERO TIMES. TH6 VALUE OF THE cWHIL~•LOOP> IS THE 
VALUE OF THE LAST <EYPR> EVALUATED. 

3,9 COMMENTS 

<COMMENT>::: COMMENT <DATA-ITEM> 
A COMMENT CAN OCCUR ANYWHERE A UNARY OPERATOR COULD O~CUR, SUCH AS 
AF'TF.~ A COMMA., IT i-'i1LL BE COMPLETELY IGNORED. THE USUAL FORM OF 
<DATA•ITEM> IS A <STAING>, 

3.10 PROCEDURE DEFINITIONS 

<PROC•DEF> ::: PROC C <~ARGLIST> ) , <EXPR> ENn / 
~PROC < <NAME> ) , <EXPR> END / 
NPROC C ~NAME> ) • <EXPR> ENO 

<FARGLIST> ! !: <~MP!Y> / <NAME> +,<NA~E> ➔ [O,J 
PROC TYPE PROC6PURES TAKE A FIXED NUMBER or ARGJMENTS WHICH AR~ 

eVALU~TEO UPON ENTRY TO THE PROCEDURE. WhEN THE PRO~ rs CALLED, 
THE VALUES OF THE FORMAL PARAMETERS OF THE PROC (THE ~AMES IN 
<~ARGL!ST>) ARE SET TO THE VALUES OF THE CORRESPONDIN~ ACTUAL 
PARAMETERS, THE FOR~AL PARAMETERS ARE cn~SIDERED LO~AL TO THE PROC. 
TH~ VALUE 0r <EXPR> JS lHEN PETURNED AS T~E VALUE 0~ T~E PROC. 
EXAMPLE: 



FN=PROC(W,X.Y,Z) , x:v:z:NIL EN~; 
A~11 s~2; c~3; n=4; 
PRINT(FN(A,B,C,C))J 

WOULD PRINT OUT THE r □ LLOWING: 
(2 3 4) 

rPROC TYPE PROCEDURES TAKE A VARIABLE NUMBER OF ARGUMENTS, 
WHEN THE FPROC IS CALLED, THE VALUE CF ITS SINGLE FOA½AL PARAM~T~R 
(CONSIDERED LOCAL TO THE FPR~C) IS S~T TD A LIST o~ T~E UNEVALUATED 
ACTUAL PARAMETE~S OF THE FPROC, THE VALUE OF THE c~x~R> IS THEN 
~ETUR~ED, EXAM~LE: 

~N=~PROCCX), TL X END; 
A=lJ s~2; C=3; D=4; 
PRINTCFN<A,B,C,D>JJ 

WOULD P INT OUT THE rOLLOWINR: 
CBC D) 

NPRQC TYPE PROCEDURES TAKE A VAR!ARLE NUMBER or ARGUMENTS. 
WHE~ THE NPROC rs CALLED, TH' VALUE or ITS SINGLE FOR~AL PARAMETER 
cco~9IDERED LOCAL TO THE NPROC) IS SET To A LIST OF T~F VALUES OF 
THE ACTUAL PARAMETERS TO THE NPRCC. THE VALUE 0~ <EXOR> IS THEN 
RETU~NED, EXAMPLE: 

FN&NPROC<X), TL X ENDJ 
A~1: B=~; c~3: n~4; 
PRINT<FN<A,B,C,D>>; 

WOULD PRINT OUT THE r □ LLOWING: 
(2 3 4) 



4. INPWT ANO OUTPUT 

INPUT AND OUTPUT IN BALM ARE FILE ORIENTEC. ALL FILES ARE REAn 
AND WRITTEN IN CODED MODE, AND ARE TREATED AS IF THEY W~RE TAPES 
( I E , SE Q U EN T I A L A, C C ES S n I\J L Y ) • F I L E BU F Ff R S CA N 8 CR ·; A TE D D V N A Nl I C A L 1. Y • 
BUT CANNOT HE RELEASED ONCE THEY HAVE BEE~ CREATED, STANDARD I/0 
PR 0 CED UR ES W H I CH 0 8 E V 8 A L. M I I 0 C ON V EN T I ON S H A V E BE E ~I :;i R 0 V I DE rJ F' 0 R F' I I E 
MANIFIULATION. SPECIAL I/0 P~OCEDURES !-!AVE BEEN INCL.lJOED FOR USERS WHO 
WISH TO DO THEIR OWN INPUT O~ OUTPUT CONVERSIONS. 

4,1 CFEATION OF FILE~ 

FILES ARE REPR~SENTED WITHIN TME BALM SYSTEM AS SP;CIALLY 
PORM61TED VECTORS ~HICH CJNTAIN I/0 BUFFERS, LINF BUF~ERS, FLAGS, AND 
SYST ~ INFORMATION. FILES APE CREAT6D BY CALLING THF PROCEDURE FILE, 
WHICH RETURNS A FILE. FOR E~AMPLE, 

TAPE1=FILEC~PUNCH¢,80): 

CREATES A FILE WHOSE SCOPE NAME JS PUNCH AND WHOSE LT ✓~ LENGTH IS ao 
CHARACTERS. THE NAM~ TAPE1 CAN RE USED TO REFER TO T~IS FILB, FOR 
EXAMPLE, 

WRITE(~CA MESSAGE>,TAP~1>; 

WILL ~RITE THE LIST CA MESSAGE) DN THE SCGPE FILE PUNJH, FILES CAN RE 
ASSIG~ED AS THE VALUFS O~ VARIABLES, RETURNED BY PRoc~nuRES, MADE 
E:LEMEr TS OF LISTS OR VECTORS, ETC, FIL.E BUFFERS REST OE IN BLOCKSPACf, 
01 D 0 ~' C E T HE V A RE CR F A T E 0 T H ~ I R S T OR A G 6 C A N NOT 8 E RF. I ~ AS EfJ • 
THE VALUES CF THE VARIABLES INPUT AND OUTPUT ARE INITIALJZED TO THE 
STANDARD INPUT A.ND OUTPUT F'ILES SY THE BALM SYSTEM, 

4.2 STANDARD I/0 PROCEDURES 

ALL STANDARD I/0 PROCEDURES TAKE A FIL A ONE J~ THEIR ARGUMENTS. 
MANY OF THE ~ROCEDURfS PERMIT THE USER TO OMIT THE AR~UMFNT rILE, IN 
WHICH CASE THE STANDARD I/0 rrLES (AS DECLARED ON THF BALM CONTROL CARD) 
ARE ASSUMED, THE FOLLOWING ~ROCEDURES HftVE BEEN PROvrnEo FOR fILE 
MANIPULATION: 

READCTAPE) 
WRITE( ITEM,TA? .) 
REWJND(TAPE) 
ENOFILE<TAPE> 
BACKSPACEcTAPE) 
LINESCNUMBER,TAPE) 
EJECT(TAPE) 

THE VALUE Or TAPE IS ASSUMED TO BE A FILE IN TH; AROv; EXAMPLES, 
THE BALM 1/0 ROUTINES WILL OPTIONALLY PERFORM T~E FOLLOWING 

OPERATIONS DUR l l\1u INPUT QR OL1TPUT: 



!. ECHOING OP INPUTTFD LINES ON THE STANDARD OUTPUT PILE 
INITIALLY THIS OPTION IS ENABLED (SWITCMED ON) ;oR THE STANDARD 

INPUT FILE, UNL~SS T~E TTY PARAMBTER rs PRESENT ON TH~ BALM CONTROL 
eARD. ECHOING IS INITIALLY DISA~LED FOR FILES CREATPD BY TH_ rILE 
PROCEDURE, THE PROCEDURE ECHO CAN BE USED TO ENABLE ,R DISA LE THIS 
OPTION. 

2. AUTOMATIC INSERTION OF CHAR!AtlE C()l\liRoL C'1ARAr.TERR DURING OUTPUT 
INITIALLY THIS OPTION rs ENABLED FOR THE STANDA~D OUTPUT FILE AND 

ALL CREATED FILES, THE OPTION CAN BE SWITCHED ON OR OFF BY THE 
CARFIAGE PROCEDURE, CARRIAG~ ALSO PERMITS THE USER TJ SPECIPY WHICH 
CHARACTER IS TO BE INSERTED FOR CARRIAGE CONTROL, 

3. INDENTED OUTPUT or DATA STRUCTURES 
THIS OPTION, WMICH IS INITIALLY ENABLED FOR ALI PILES, CAN BE 

SWITCHED ON OR OFF 8¥ CALLING THE PRETTYPRINT PROCEDU~F. 

4,3 SPECIAL 1/0 PROC~DURES 

SPECIAL 1/0 PRC'JCEDlJRES HAV6 BEEN PROVIDED FOR tJSFRS WHt'.1 WISH To 
INPUT OR OUTPUT 0.ATA. .. STRUCTURES lN NCN•Si AND.ARD FORMATS, THtt PROCEDliRES 
BLANKS AND WRITENF INTRODUCE CHARACTERS ,~ro THE OUTPJT LINE BUFFERS OF 
FILES. WRITE OR FLUSH CAN TMEN BE USED TC COMPLETE T~E LINE ANO 
TRA~SfER IT TO THE OUTPUT BUrFER, IF EVE~ MORE CONTRJL OVER J/0 FORMAT 
IS DESIRED, READLINE AND WRITELINE CAN BE useo. THES; PROCEDURES 
~ERFORM INPUT 0~ A LINE DIRECTLY INTO A STRING AND OUTPUT DIRECTLY FPOM 
A STRING, THE CHARACTERS<> - ARE TREATEC AS OROINA~V CHARACT~R~ RY 
READLINE AND WR!TELINE, THE f0LLOWING ADDITIONAL PROCFDURES WILL 
SIMPLIFY CHOPEFUlLY) THE WORK or USER-FORMATTED I/0: 

OPCHARP<Cl-lAR) 
NUMCHARP(CHAR) 
ALPHCHARP(CHAR} 
MKVAR(STRNG) 
MKNUM(CHAR) 
VARNAMFCV.ti.R) 



5. EXAMPl.ES 

WE GJVE BELOW A GENERALIZED GAME-PLAYING ROUTINE SEST . USING AN 
ALPHA~BETA NINIMAX S~ARCM. WlTM TH; APPROPRIATE Rn11TINES POSSMOV~S. 
NEWPOSN, AND SC RE A DED, IT WILL PLAY TIC-TAC-TOE, ~~ECKERS, C~ESS, OR 
QC, WITH VARYING DEG~EES OF SUCCSSS, 

ARGUMENTS To BEST ARE: POSN, THE POSITION FROM WHieH THE MOVE 
MUST BE MADE; DEPTH, THE NUMeER OF MOVES THE ROUTINE S~OULD LOOK AHEAD; 
MISB AND MYB, THE RANGE BETWEEN WHICH SCORES ARE ACCF~TABLE, WITH HISB 
9EI~G THE MINIMUM AND MY8 THF MAXIMUM, LARGE SCORES R;ING GOOD, FOR 
TIC·TAC•TOE, FOR INSTANCE, POSN IS OP THE FORM: 

[ [x ...... J (-0-J (---lXl 
THE EXTRA X INDICATING IT IS X TC MOVE, 

THE FULL DECK TO PLAY A COMPLETE GAME oF· TIC-TAC-TnE AGAINST ITS~LF 
IS CONSTRUCTFD AS roLLOWS: 

A123456,CM60000. MARRISON 
Q,Altv:. 
EOR, 
COM~ENT <TEST PROGRAM - TIC-TAC-TOE PLAYER> 

8EST~PHOCCPOSN,DEPTH,HISB,MY8>, 
8EG!NCML,DM1,~ESTSC,8ESTM,TRY), 
Ir DEPTH;n THEN RETURN(-SCORE(POSM):N!L:NIL), 
ML:POSSMOVESC~OSN>, 
DM1=D~PTH-1,9FSTSC=MYB,BE5TM=NIL, 

NXT~ lf ~ML THEN RfTURN(•BESTSC:RESTM!NIL>. 
TRY~8EST(NEWP~SN(~0SN,HD ML>,DM1,-6ESTSC,•HISR), 
Ir HD TRY GT ESTSC T~EN 

DO BEsrsc~~o TRY,B~STM~H □ ML ENC, 
Ir~ 8ESTSC LT HISB TMEN RETURN(-BESTsc:SESTM:~IL), 
ML=Tl ML, GO ~XT; 

SC 1RE=PROC(P>, 
BEGINCROWSC,M,H, I,J), 

RO~Sc:PRQCCINIT,STEP), 
BEGINCNM,NH,lJ,S>, 
$INIT,NM::O,t\lH=O, 
FOR IJ=C1,3) REPEAT 

DO IF CS=PrIJ(J]):;:t,1 THeN NM::NM+1 
~LSEIF S~H THEN NH=NM+1, 

$STEP ND, 
RETURN< iF (NM*NH>EO T~EN NM•NM-NH*~H ELSE 0) 
END r:: D, 
M=Pt4],H~I~ M;?x THEN ~o .LSE ~X, 
RETURN 

(ROWSC<EXPR I=J=1 END,EXPR J:J+l END) + 
ROWSCCEXPR I=l•CJ=1> END,EXPR J=~+1 END) • 
ROW~CCEXPR I=2+(J=1) END,EXPR J~ +1 END) + 
RO~BCCEXPR I=J=1 END,EXPR I=I•l END) • 
RO~SClfXPR J=l+<I=1> END,EXPR I:I+l ENDl + 
ROWSCCEXPR J:2+(I=1) END,EXPR I=I+i END> + 



ROWSC(EXPR i.=J=1 END,EXPR I~J=J+1 END) + 

ROWSC(EXPR I=2•(J=1) ENU,EXPR DO I=I-1,J=J•~ END END) ); 

POSS~ov·s=PROC(P), 
8f;:GINCI,J,M), 
FOR I~(1,3l REPE~T 

FOR J~(1,3) REPEAT 
IF PIil tJJ;~- TMEN M:CI:JINJLJ:M, 

RETURN(M); 

NE~POSN:PROC<P,M), 
BEGrNCN), 
N=COPY<P), 
Nt(HO M)J [<HD TL M}J=P[4J, 
N[4J~IF P[4):~X THEN ~a ELSE ~x, 
R E T U R fl.i < N ) J 

PLA¥:'aPROC<), 
8EGINCP0SN,9M), 
POSN::;:?:[t- .. ·H- ~ -Jr~ - -l Xl, 

NEXT,PRINTCPOSNJ, 

~LAY( H 
EXIT OJ 
!f:OF. 

~M:HD TL EST(POSN,1,Q999,~9999), 
IF BM;NIL THEN RETUR~<POSN>, 
POSN=NEWPOSNCPOSN,BM). 
GO NEXT; 

THIS USES A LOOK~AHEAD OF ONLY ONE LEVEL, PRINTS OUT ;ACH POSITION, 
A~D TERMINAT~S WHEN ALL SQUARES ARE OCCUPIED. 



6, USER•P~FINED LANGUAGE FXTENSIONS 

THE TRANSLATE PROCEDURE USED BY BA~M TO TRANSLAT~ STATEM~NTS INTO 
THE APPROPRIATE INTERNAL FORM IS PARTICULARLY SIMPLE. CONSISTING 0~ A 
PRECEDENCE ANALY rs PASS FOLLWED BY A MACRO-EXPANSION PASS. BUILT-TN 
SYNTAX rs PROVIDED ONLY FOR PARENTHESIZED SUBEXPRESST1NS, COMMENTS. THE 
QUOT~ OPERATOR, THE UNARY OPERATOR NOOP, PROCEDURE CALLS, AND 
lNDEXING, All OTHER SYNTAX INFORMATION IS PROVIDEn IN THE fORM OF 
ThREE LISTS WHICH A ETHE VALUES OF THE VARIABLES UNa~YLIST, INFIXLIST, 
AND MACROLIST. THE USER CAN MANIPULATE THESE LISTS Ag HE WISHES, BY 
ADDING, DELETING, OR CHANGIN~ OPERATORS OR MACROS. 

OPERATORS ARE CATEGORIZED AS UNARY, BRACKET. OR ,~rix. AND HAVE 
PRECEnENCE VALUES AND A PROC~OUA~ (OR MACRO) ASSOCIAT;o WITH THEM. 
EXAMPLES Of UNARY OPERATORS ARE •(MINUS>, CAR, AND IF, WHILE INFIX 
OPE~ATOR$ INCLUDE+, THEN, AND ELSE. BRACKET OPERAT1RS ARE SIMILAR TO 
UNARY OPERATORS BUT REQUIRE A TERMINATING INFIX OPERATOR WHICH IS 
lGNORED• EXAMPLES DF BRACKETS OPERATORS ARE BEGIN A~D PROC, WHICH 
BOT~ CAN BE TERMINATFD BY THF INFIX OPERATOR END. 

NFW OPERATORS CAN BE DEFINED BY THE PROCEDURES UN~RY, BRACKET, OR 
INFIX. THES ADD APPROPRIATE ENTRIES ON1C UNARYLIST JR INFIXLfST. 
rQR EXAMPLE THE STAT MENT: 

LiNARY(~PR,150,~PRINT>; 
WOULD ESTABLISH THE UNARY OP~RATOR PR WITH PRIORITY 150 AS BEING THE 
SAME AS THE PROCEDUR~ PRINT. THUS WE COULD SUBSEQU~~TLY WRITF PR A 
INSTE~D OF PR!NT(A), SIMILARLY WE COULD DEFINE AN T~FIX OP~RATOR RY 

I~FIX(~~.49,50,~APPEND>; 
TO ALLOW AN INFIX APPEND OPERATION. THE NUMBERS 49 6ND 50 ARE THE 
PRECEDENCES ot THE OPERATOR WHEN IT IS cn~SIDERED AS AL FT-MAND AND 
RIGHT-HAND OPERATOR RESPECTIVELY, SO THAT AN EXPRESSI~N SUCH AS A ➔ B ➔ C 
WILL 8E ANALYZED AS THOUGH IT WERE A~CB ➔ C) 

THE OUTPUT OF TM~ PREC~D~NCE ANALYSIS rs A TREE FXPRFSSED AS A LTST 
IN ~HIOH THE FIRST ELEMENT or EACH LIST OR SUBLIST I~ AN OPERATOR OR 
MACRO, FOR EXAMPLE, THE STATEMENT: 

SQ:PRQC(X),X•X END; 
WOULD BE INPUT AS TH~ LIST1 

(SQ= PROC <X> , X * X END> 
AND ~ou~D BE ANALYZED INTO: 

C$ETQ SQ <PROC (COMMA X <TIMES XX)>>> 
THIS kOULD TMEN 9~ E~PANDED ~y THE MACRO-EXPANDER, GIVING: 

(SETO SQ (QUOTE CLAMRDA CX) <TIMiS X X)l)) 
THE APPROPRIATE INTERNAL FORM. TMIS WOULD THEN BE FVALUATED, 
HAVING THE SAME EFFECT AS THH STATEMENT: 

SQ: CLAMSDA(X) CTIMES X X))J 
WHICM WOULD IN FACT 8E TRANSLATED INTO THE SAME THIN~. 

THE MACR □ -EXPA~D~R IS A ~UNCTIO~ 5XPA~D WHICH TS GIVEN THE SYNTAX 
TREE AS ITS ARGUM~NT. IT I~ ACTUALLY DEFINED ~S; 

EXPAND~ PROC(TR), 
BEG!N(Y>, 



IF ATOMCTR, THEN RFTURNCTR), 
Y=LOOKUPCHD TR,MACROLIST>, 
IF ~v THEN RETURN CMAPXCEX~AND,TR>), 
RETURN<Y<T~)); 

THAT IS, IF THE TOP-LEVEL OPERATOR IS A MACRO, IT IS APPLIED TC THE 
WHOLE TREE. OTHERWISE EXPAND IS APPLIED TO EACH C~ THE SUBTREES 
RECURS?V~~Y. MOST ~FERATORS WILL NOT REQUIRE MACRO~ BECAUSE THE 
OUTPUT OP THE PRECEDENCE ANALYSIS IS IN T~E CORRECT fORM. HOWEVER, 
OPERATORS SUCH AS IF, TH~N, FOR, PR □ C ,, , ETC, REQUIR; THEIR ARGUM~NTS 
TO BE PUT IN THE CORRECT FORM FOR THE INTERPRETER. FOR INSTANCE. 
THE IF MACRO CAN BE ~EFINED: 

MI.F:PROC<TR), 
BEGii\!(X>, 
X:::HD TL TR, 
IF HD X;~THEN THEN RETURN 

(~COND:LIST<EXPAND(HD TL 
RETURN(~COND:EXPAND(X)); 

X>,EXPAND(HD TL TL X))!NIL), 

WHEP~ RECURSIVE CALL~ TO EXPAND ARE USED TO TRANSFORM SUBTREES IN THF 
APPROPRIATE WAY. THE STATEMENT: 

~1ACRO(c!F,MIF); 

WOULD ASSOCIATE THE ~AGRO MIF WITH TME OPERATOR IF, 

ONE PARTICULARLY USEFUL OUTCOME OF THIS EXPANSION PROCEDURE IS THE 
ABILITY TO WPITE PROCEDURES ON THE LEFT-HAND SIDE OF ASSIGNMENT 
STATEMENTS. THESE CAN BE HANDLED BY A MACRO ASSOCIAT~D WITH THE 
ASSIG~M~NT OPERATOR, WHICH TESTS FOR PARTICULAR EXPRFSSinNs ON THE 
LfFT•HANC SIDE AND MAKES APPROPRIATE MODIFICATIONS. rOR INSTANCE. 
THE HD OPERATOR USED ON THE LE~T ALLOWS: 

~D X:i:y 
TO eE WRITTEN INSTEAD OF: 

RPLAGAcX,Y)J 
WHICH THS SETQ MACRO WILL IN EPrECT PRODUCE, SIM[LAR~Y, w~ CAN WRITE! 

MACRO(IF>=PROCCTR) I' I : 

AS A MORE CONCISE WAY OF DEFININ~ TH6 I~ ~ACR □, AS Ln\A AS THE SETQ 
MACRO WERE PREPARED fOR THIS LErT•HAND SIDE FORM. 

TO PROVIDE THIS rLEXIBILtTY, THE MACRC FOR TME ASSIGNMENT OPCRATOR 
IS DEFINED iu BE: 

MSETO:PRCJC(X), 
BEGIN<El,E~,LMl 
E1~HD TL X, E2=HD iL TL. X, 
IF ATOM(E1) THEN Gn NOTLM, 
LM~LOOKUPCMD E1,2LMACR □ LISTl, 
lP NULL<LM> THEN GO NOTLM, 
RETURN CLMCX>), 

NOTLM,RETURN(~SETQ:EXPAND<E1>:EXPANDrE2>:NIL); 

THIS LOOKS UP TOP•LEVEL OPERATORS ON THE LEFT-HAND~SIDE nN THE LIST 
LMACROLIST, WHICH CAN BE EXTENDED BY THE LSER. THF STATEMENT; 

L~ACROCNAME,LMAC); 
ADDS MACROS TO LMACROLIST IN A WAY ANALOGOUS TO MACRn. 



?, iHE BALM COMPILER 

A BALM COMPILER WHICH WILL CHANGE A USER DEF!NPD PROCEDURE IN 
BALM INTERNAL FORM (A LlST STRUCTURE) INTO MACHINE cnDE (A VBCTOR OF 
MACHI.NE LANGUAGE INSTRUCTIONS) !S AVAI~ABLE, THE CDM~ILER IS ITSELF A 
PROCEDURE WRITTEN IN BALM AND CALLED COMPILE, IT IS ~OT A PERMANENT 
PART or THE BALM SYSTEM, AND CAN 8E INCLUCED OR ERAS~ □ AT TH~ USERS 
REQU~ST, MACHINE coneo (COMPILED) PROCS, FPRocs. ANn NPROCS ARE K~OWN 
A~ SU8RS, ~SUBR~. ANn NSUBR~ RESPECTIVELY, COMPILED P~OCEDURES EX~CUTE 
AFPRCXIMATLY 5 TIMES FASTER THAN UNCOMPILED PROCEDURFS IN BALM INT~RNAL 
r,"QRM. 

6,1 VEFININ~ THE CO~PILER 

THE BALM COMPILER IS SIMPLY AO CK OF PUNCHED nARDS CONTAINING 
THE BALM SOURCE STAT~MENTS TO cerINE THE PROCEDURE cn~PILE AND ITS 
ASSOCIATED PROCEDURES, IN ORDER TO INCLliCE THE COMPTLeR IN '!'HE BALM 
SYSTEM, THE USEP PLACES THE rOMPILER DECK BEFORE HIS JWN BALM STATEMFNTS, 
TMIS WILL CAUSE THE ~TATEMENTS IN TH~ COMPILER DECK T~ BE TRANSLATED 
AND EXECUTED FIRST, THUS ESTABLISHING THE PROPER DEFT~JTIONS. THE U~ER 
CAN MODIFY THE COMPILER SOURCE CARDS JN ORDER TO PROVIDE HIS OWN 
SPF,CIAL PURPOSE COMPILER. 

AN ALTERNATE WAY TO OBTAIN THE COMPILER IS TO R~AD ITS SOURCE 
STATEMENTS FPOM A scnPE COMMON FILE, THE COMMON ~IL~ AALMC WILL 
USUAL Y BE AVAILABLE AND WILL CONTAIN THE COMPILER DF~IN!TIONS, THE 
SCOPE CONTROL CARDS NECESSARY TO OBTAIN T~IS COMMON rILE AND TO 
EXECUTE BALM ARE: 

!D-C.Af<D 
COMM Or,, ( BALMC) 
RF.l~INDC8ALMC) 
COPYRFCBALMC,TAP~3) 
RETURl\1 ( BAL MC) 
REWIP..JD(TAPE3> 
BALM, 
E•O•fct 

BALM STATEM 'NTS 

THE BALM STATEMENT 
C0MP!LER~FILE(tTAP~3t)J 
EXECUTECOOMPILER,lUTPUT>; 

WILL TMEN READ, TRAN~LATE, AND EXECUTE THE COMPILER n;rINITIONS. [N 
ORDER TO ERASE THE COMPILER. CALL THE FUt1CTION EXCISP() • TO RE TORE 
TME COMPILER AFTER A CALL TO EXCISE CI~ T~E COMPIL R ~AS OBTAINED FROM 
A COMMON F'IL.~) -

REWINDCGOMPILERJ; 
EX~CUTBCCOMPILER.OUTPUT)J 



6,2 CALLING THE COMPILER 

TME COMPILE PROCEDURE HAS TWO ARGU~ENTS: THE NA~E 0~ THE 
PROCEDURE TO BE COMPILED ANO A SHORT STRI~G 0~ L~SS T~AN 8 CMARACTER~ 
R .pprsENTING THE ENTRY POINT NAM5 OF TME PROCEDURE, THE ENTRY PnINT 
NAME IS USED INTERNALLY BY THE SYSTEM, AND RE-APPEARS EXTERNALLY ONLY 
I, THE USER PRINTS T~E ENTRY POINT or THE COMPILED p;JeEDURE 
lEG. PRINTCIAASJJ WILL PRINT KABSO> , WHERE KASS JS T~~ ENTRY POINT 
NAME OF THE MACHINE CODED PRncEDLIRE ABS), ENTRY POINT NAM~S 0~ 
COMPILED PROCEDURES NEED NOT BE UNIQUE, 

IF THE PROCEDURE TO BE COMPILED CALLS ANY UNCOM~ILED PROCEDURES, 
THE THESE PROCEDURES WILL BE AUTOMATICALLY COMPILED. THE COMPILE~ 
WILL GIVE THEM ALL TM~ ENTRY POINT NAME COMPED. 
EXAMPLE; 
•COMMENTcREAD IN COMPILER> 
~EX:CUTE(~ILECiTAPE3¢),0UTPUT)J 
•COMMENT<DEFINE PROCF URES TO BE COMPILED> 
•REV=PRDC(X), I~ ATOM(X) THEN X 6LSE REV1CX,NIL) END1 
•REV1=PROCCX,Y), IF -X THEN Y ELSE REV1(TL X,REVCHD XliY) EN □; 
•COMMENTcNOW COMPILE 80TH PROCEDURES> 
•COMPILE(!R~V,tSREV-); 
•PRINTCIREV)J 
SREVO> 
•PRINTC$REV1); 
COMPED □ > 

6,3 SOURCE CODE RESTRICT ONS 

PROCEDURES WHICH ARE ~UBRS, FSUBRS, OR NSUBRS AT COMPILATION 
TIM ~UST NOT BE RED~FINED A~TER THE COMPILATION. 

IF AN EXPRESSION IS USED AS A FUNCTIO~, THEN IT WILL Bi EVALUATED 
AT COMPILATION TIME. IF THE VALUE IS NIL T~~N TME Fll~CTION IS ASSUMFD 
TO BE UNDEFINED, T~IS WILL NOT CAUSE AN ERROR MESSA~;~ THOUGH, AS LONG 
AS THE FUNCTION BECOMES DEFINED BEFORE THE COMPILEb rALL TO IT IS 
EXECUTED. IF TME VALUE OF AN EXPRESSION USED AS A FlJ~CTION IS A SUBR, 
FSU8R, OR NSUBR THEN A DIRECT LINKAGE TO IT WILL BE r~MPJLED. Ir THE 
VALUE IS A PROC, FPROC, OR NPROC THEN IT WILL BE CONVERTED INTO A 
SUBR. FSU8R, OR NSU8~ C!E, TME REFERENCED PROCEDURE WILL BE COMPILED>. 
THE VALUES or ALl LOCAL VARlftBLES AND FORMAL PARAMET~~~ OF PROCEDURES 
BEIN~ COMPILED ARE S~T TO NIL DURING COMPILATION AND AAE RESTORED AFTERWARDS, 

THE INTERNAL STRUCTURE OF A LA~EL I~ COMPILED ~JOE DIFFERS FROM 
THE INTERNAL STRUCTURE OF AN UNCOMPILED LABEL. STATF~eNTS SUCH AS 
GO TL LABEL ARE ILLEGAL [N SOURCE CODE TO BE COMPILEn. 

SUBRS MAY HAVE A MAXIMUM 0~ 5 ARGUMENTS, ALL P~OCS OF MORE 
THA~-5 ARGUMENTS SHOULD BE RE-WRITTEN AS ~PROCS BEFOR~ TMEY ARE 
COMPILED. 



8. CATALOGUE OF OPERATORS AND PROCEDURES 
·---~--------------------------------------

THE OPERATORS IN THE CURRENT SYSTEM, IN ORO~R OF □ EC~EASING 
P-RECEDENCE, ARE AS F~LLOW : 

OPERATOR 

COMMENT 
NOOP 
PROP 
PROPS 
HD 
T 
$ 
.,, 

I 

* 
+ 

EQ 

NE 
GT 
LT 
GE 
LE 
z 
NZ 
PL 
NG 
VAR 
NOi 
NLJLL 
... 

.... 
OR .,. 
➔ 

= 
RE-PEAT 
GO 
onTo 
FOR 
Wl·./IU~ 
RETURN 
ThEM 
ELSE 
ELSElr 

TYPE 

ur~ARY 
\.!~1ARY 
UNARY 
UNARY 
Ii' Fl X 
INFIX 
UNARY 
UNARY 
UNARY 
H,!F"IX 
UNARY 
INFIX 
![,JF IX 
IMF IX 
INFIX 
INFIX 
INFIX 
INFIX 
INFIX 
HJF IX 
INFIX 
INFIX 
UNARY 
UNARY 
UNARY 
UN.ARY 
UNARY 
u~· ARY 
Utl.ARY 
U~! ARY 
INFIX 
XNF"IX 
INFIX 
INFIX 
INFIX 
INFIX 
INFIX 
lNF IX 
UNARY 
UNARY 
Uf\lARY 
IJ1'-IARY 

UNARY 
INFIX 
I NF' IX 
INFIX 

f'."ROCEDUR!i: 

QUOTE 
~UOTE 

PROP 
PROP 
OAR 
CDR 
EVAL 
.XPT 
MINUS 
OUOiIENT 
TI MES 
PLUS 
DI FFEREi,JCE 
EQUAL 
FQUAL 
NEQUAL. 
GRE.t..TERP 
LESSP 
NLESSP 
NGREATERP 
:ZEROP 
NZEROP 

MINUSP 
MINUSP 
ATOM 
MOT 
NULL 
NULL 
AND 
HJD 
OR 
CR 
STRING 
CONS 
SETQ 

GO 
c;;o 
r."ORLOOP 
WI-< I LE 
RETURN 

LEFT PREC, RIGHT PREr,. COMMENT 

211'.JO 
2100 
2000 
2000 
HHlO 
1800 
1700 
1601 
i 6 0 1 
1501 
1501 
1400 
1400 
1400 
14 □ 0 
1400 
1400 
1400 
:t3no 
13 O 0 
1300 
j,30 0 
1300 
1200 
12 fJ 0 
1200 
1100 
1100 
1000 
1000 

900 
800 
700 
600 
500 
500 
500 
,oo 
500 
4l'l 0 
~l'lO 
300 

2101 
21 □ 1 

:t801 

1600 
1600 
15 □ !1 

1 !5 □ O 
1400 
1400 
14 (l 0 
1400 
1400 
1400 
1400 

11!'1'1 
1101 
1001 
;1 0 0 i 

901 
8 0 j_ 

7 n t 
600 

.. 
4 t'J 0 
300 
3no 

HANDLED BY TRANSLATOR 
HANDLED BY TRANSLATOR 
HANDLED SY TRANSLATOR 
HANDLED 8Y TRANSLATOR 
RIGHT•ASSOCIATIVE 
RIGHT•ASSOCIATIVE 

RIGHT~ASS8CIAT!VE 

RTGHT~ASSOCIATIVE 
RIGHT•ASSOCIATIVE 
RIGHT-ASSOCIATIVE 
RIGHT"ASSOCIATIVE 
RIGHT .. ASSOCIAl IVE 
RIGHT•ASSOC!AT!VE 
RtGHT~ASSOCIATIVE 
DETECTED BY MACROS 

DETECTED QY MACROS 
DETECTED BY MACROS 
DETECTED BY MACROS 



IF UNARY t':OND 200 
H.IFIX "' 100 100 DETECTED BY MACROS 

PROC BRCKT LAMBDA ioo 
FPROC 8RCKT F'LAM8DA 1no 
6XPR BPCKT 100 DETEC'iEtl 8Y MACROS 
8&GIN SRCKT PROG 10 0 
DO BRCKT PROG~l 100 
END HJF IX 0 (') BRACKET TERM I ~1A TOR 

iERb I NA "rOR Hff IX ... 0 0 HANDLED BY TRtiNSLATOR 



T~E PRE•DEFINED PROCEDURPS IN TH~ CURRENT SYST~M. IN ALPHABETICAL 
ORDER, ARE AS FOLLOWS: 

ABSCARG) 
RETURNS THE A SOLUTE VALUE OF ARG, 

ALPHCHARPCCHAR) 
RETURNS TRUE IF THE SHORT-STRING CHAR IS AN ALP~ABETIC CHARACTER 
CA~Z> , OTHERWISE NIL. 

ANALVZECLST) 
PERFORMS A PRECEDENCE ANALYSIS ON LIST LST ANO ~eTURNS THE 
RESULT. {SEE SEC. ✓) 

APPENDCLST1,LST2> 
RETURNS THE LI~T fORMED BY CO!\lCATEMATING LISTS L~T1 AND LST2, 
EXAMPLE: APPEND<~CA B>,~<C D>> RETURN- (ABC n> 

/i,TOH(ARG) 
R E TUR !\IS TR U E ! F' A R G I S A NAME , N U MR ER , S H M RT S T ~ ! NG , E N T R Y P O I ~! T , 

TRUE, OR NIL. NIL rs RETlJRNEP FOR ALL OTHE~ ~,R3lJMENTS, 

fflACr~SPACECTAPE) 
BACKSPACES THE PILE TA~E O~E LOGICAL RECORD. 

BLANKSCN,TAP > 

INTRODUCES N BLANK CHARACTERS INTO THE CURRENT ~INE OF OUTPUT 
FILE TAPE. IF TAPE IS OMITTED, THEN TME STANnARD OUTPUT FILE IS 
ASSUMEil. 

BLOCKC<ARG> 
R~TURNS ARG CO~VERTED TO A VECTOR. IF ARG JS A LIST, THEN THE 
RESULTING VECTOR WILL CONSIST Of THE Top LEVEL ;LEMENT9 0~ ARG. 
IF ARG IS A STRING, TH~N THE RESULT WILL BE A ViCTOR 0~ SHORT 
STRING~, EACH n~ WHICH IS A S[NG~E CHARACTER or ARG, IF ARG IS 
A VECTOR THEN IT IS RETURNED. 

f3LOCKPCARG) 
RE TUR ~JS TRUE Ir AR (1 IS A VECTOR, 0 Tl's ER W IS F NIL . 

9RACK.ET(OP,PREC,PROCNAM) 
DEFINES OP AS A BRACKET OPERATOR WITH PRECEDENCE PREC AND 
ASSOCIATED PROGEDUR~ NAME PROGNAM, (5~E SEC, S} 

BREAKUP(PATRN,ARG) 
BREAKUP PERFORMS A MULTJPLi ASSIGNMENI OF THE NAMES IN PATRN TO 
STRUCTURES IN ARG, FOR EXAMPLE 
BREAKUP<~(A (8 C (D)JJ,~C<STR> [57 CXl CYJJ) 
W!LL CAUS~ THE SA~E ASSIGNMENTS AS A;~STR>;A;57JC~?.(X)lD=?Y; 
IN GENERAL• THE N~MES IN PATRN ARE ASSIGNED VALJES W~I~H ARE THE 
ELEMENTS APP~ARIN, IN OQRReSPON ING PCSITIONS r~ ARG, IF SUCH AN 
ASSIGNMENT CANNOT RE P~RPQRMED DUE TO A OIFFER~~CE IN STRUCTURE 
B~TWEEN PATRN AND ARG THEN NIL rs RETURNED. OTH;RWJSE TRUE. IN THE 
CASE OF AN ASSIGNMENT FAILURE, ONLY THOSE NAMES ~NCOUNTERED 
BEFORE THE STRUCTURAL DISCREPANCY WILL BE ASSIG~ED VALUES, FOP 



EXAMPLE, 
BHEAKUPC~CA C C)).~CX (3 4>>> 
WILL RFTURN TRUE AND RESULT IN THE FOLLOWI~G l~gYGNMENTS: 
A=~x,s~3;ci!;4; 
8REAKUP(~(A(8 C> D>,~CY <3 4 5))) WILL RETU~N NIL AND CAUSE 
THE SAME ASSIGNMENTS AS TH~ PREVIOUS EXAMPLE, D WILL REMAIN 
UNCHANGED, CO~STANTS APPEARING IN PATRN MUST ~XACTLY MATCH THEIR 
CORRESPONDING ~LEMENTS IN ARG ~OR A SUCCESS~UL ~ATCH. 
BREAKUPC~<A 8 C <STR> ?),iC1? 3 <STR> 7)) WILL RETURN TRUE WHILE 
BREAKUP(~(A 8 C <STR> 71,~(4 5 6 <STR> 8ll WILi RETURN NIL. 
A CON-TANT N11Me: OR STRLICTURE CAN BE REPRESENTED IN PA TRN BY 
PREC~DING IT WJTH A~ , 
EXAMPLE: 
BREAKUP(~[A ~8 8 ![C D)J,~(1 8 5 [C Dl)) WILL R!TLJPN TRUE AND WILL 
PERFORM THE ASSIGNMENTS A=i;B=S: 
BREAKUPC~CA ~ C),~(1 (8) ~XYZ>)) ~Ill RETURN ~IL AND WILL 
PERFORM THE ASSIGNMENT A=11 

CAH(A.F.G) 
SAME AS HDCSEE TEXT), 

CARRIAGECFLAG,TAPE,CMAR) 
ENABLES CARRIAGE CO~TRnL ON FILE TAPE USING CHA~ AS THE 
CARRIAGE CONTROL CHARACTE~. CHAR IS A SHORT•ST~ING CONTAINING A 
SiNGLE CHARACTrR. EITHER CHAR OR C~AR AND TAPP MAY BE OMITTED. 
DEFAULT VALUES FOk CHAR AND TAPE ARE - ¢ AND THS STANDARD OUTPL1T 
Fll..E, 

ODR(ARG) 
SAME AS TLCSEF. TEXT), 

CHAP~CiER<NUM8) 
RETURNS TME NUMBER NUMA CONVERTED TC A SHORT ST~tNG, 

CHARACTERP(ARG) 
RETURNS TRUE I~ ARG IS A SHORT STRI~G, OTM~RWI~; NIL. 

eoNC(ARG1,ARG2,,, ,,ARGM,ARGN) 
CONCATFNATES ARG1,,,,,ARGN, ARG1, ... ,ARG~ ARE ~ □ DIFIED. 
ARGt, ... ,A,~GN MUST BE ITHER LISTS OR STRINGS, 

CONS ( ARGL ARG2) 

SAME AS ARG1:ARG2(SEE TEXT). 

OONSTRUC'T' ( Af~G) 
RETURNS THE STRUCTURE ARG WITH ALL i'iAMeS R~PLA!"JSD BY THEIR VALUES 
EXAMPLE: 
8REAKUPC~{(A BJ C 53),~CC(X Y) ZJ R 53)); 
PRINT(CONSTRUCTC~[(A 8) C 65))); 
WILL PRINT [C(~ Y) Z> R 65] 

OOPYfARG) 
RETURNS A COPY OF ITS ARGUMENT. 

DELF~OP(ARG1.PROP) 
DELETES T~E ~IRST OCCURENce 0~ PROPERTY PROP FR1M NAME ARG1. 

-



DELPROP RETURNS NIL IF THE PROPERTY JS NOT FOUND. 

DIVIDECNUMB1,NUM82> 
RETURN~ A LIST WHOSE FIRST ELEMENT IS NUMB1/NUM32 AND WHOSE 
SECOND EL~MENT IS THE REM~INDER, 

ECHO C FlJICi, TAPE) 
ec~o WILL ENABLE OR DI~A6LE AUTOMATIC PRINTING )F LINES INPUT FROM 
THE FILE TAPE DEPENDING U~ON WMETHER FLAG IS TRJ~ OR NIL. IF 
TAPE IS ONITTEC, THEN THE STANDARD INPUT FILE J3 ASSUM~D, 

f:JECT <TAPE) 
CAUSES A PAGE EJECT ON THE FILE TAPE, CARRIAG~ CONTROL MUST BE 
ENABLED FOR TH~ FILE TAPE BEFORE EJECT IS CALL~D. IF TAPE IS 
OMITTED, THEN THE STANDARD OUTPUT FILE IS ASSUM;D, 

E:NDFILE(iAPE> 
WRITSS AN END Of FILE MARK ON THE FILE TAPf. 

Ew<A~Gt,ARG2) 
- RETURNS TRUE IP ARG1 AND ARG2 ARE T~E SAME NAMFS~ OTHERWISE NII, 

EQUAL<ARG1,ARG2) 
RbTURNS TkUE Ir ARG1 15 TH~ SAME AS <OR A COPY ,F) ARG2. 

ERRCR(ARG) 
PRINTS ARG, T RMINATES EXECUTION OF CURRENT STATEMENT, AND 
PROCEEDS TO THE NEXT TOP-LEVEL STATEMENT. 

EVALCARG) 
S~ME AS$ (SEE TEXT) 

EVLIS(LST) 
RETURNS A LIST OF THE VALUES OQTAINED BY APPLYJ~G EVAL T □ EACH 
MEMBER 0~ LIST LST, 

EXECUTECINFILE,OUTFILE> 

SXITO 

EXECUTE TRANSLATES AND EXEOUTES BALM STAT~MENT~ ~ROM T~E FILE 
!N~ILE UNTIL A STOP STATeMENT IS REACHED. EXE~JTE WILL THEN 
RETURN NIL, TPANSLATOR ERROR MESSAGES ARE WRITTEN ON f!LE 
OUTFILE, 

TERMINATES BAL~ EXECUTION, 

EXPANDCLST) 
R ... T U R N S T H t= R E S U L T O F A M A C R O E X P A N S I O ~i O N L I S T I S T . L S T ! <; 
ASSUMED To BE IN THE SAME roRM AS T~E OUTPUT fROM THE PRECEDENCE 
ANALYZER, CS~f SEC, 5) 

VILECNAM,LINE,LBUFFER) 
PI~E CREATfS AND RETURNS A FILE, T~E SCOPE NAME OF THB FILE I~ 
SPECIFIED 8Y NAM, WHICM IS A SHORT-STRING OF L?SS THAN 8 
CHARACTERS, THF FIRST BEING ALPHAB~TIC. LINE TS A NUM9ER 
SPECIFYING THE NUMBER n~ CHARACTERS PER. LIN~- ~euFrER lS A 
NUMBER SPEOIFYTNG THE LENQTH or THE I/0 BUFFER ~oR THE FILE. 



ECHOING AND CARRIAGE CONTROL ARE INITIALLY DISA3LED, INDENTED 
PRINTING IS INITIALLY ~NA8LED, FILECNAM,LINE) AND FIL~CNAM> ARE 
ALTERNATE FORMS OF A GALL TO FILE, THE DEFAULT VALUES OF LINE 
AND L9UFFER ARE 72 AND 2DO <OCTAL> ~ESPECTIVELY, 

rrxPCNUMB) 
RETURNS NJL IF NUMB rs A R&AL NUMBER, OTHERWISB TRUE. 

F'LOA"!'P(NUM8) 
RETUR~S TRUE IF NUMB IA A REAL NUMBER, OTM~RWJq; NIL. 

li'LUSHCTA~E) 
THE CURRENT LINE OF FILE TAPE IS OUTPUTTED, RF~8ATED CALLS TO 
FLUSH WILL PRINT BLANK LINES. IF TAPE IS OMITTED THEN THE 
STANDARD OUTPUT FILE IS ASSUMED. 

(~ENSYM () 
Rt::TURNS A UNIQUE NAME EACH TIME t:ALLED. 

00 < A~G) 
IN A PROCEDURE, TRANSF~RS TO THE STATEMENT WHOSE LABEL IS ARG. 

INFIXCOP,LPRFC,RPREC,PROCNAM) 
DEFIN~S INFIX OPERATOR OP WITH LEFT PRECED~NCf ~PREC AND RIGHT 
PRECEDENCE RPRFC. PROCNAM IS THE NAME OF THE CJRRESPONDING 
PROCEDURE. CSFE SEC. 5) 

!NTEOF.R(NUM8) 
CONVERTS NUMr~ER NUMB Tn AN I NT EGER. 

LASTCLIS) 
RETURNS THE LAST TOP•L~VEL ARGUMENT OF LIST LI~. 

LEFTSHI~TCNUMB,CNT) 
RETURNS NUMB S~IFTED L~FT ONT BITS. IF CNT IS ~FGATIVB, THEN A 
RIGHT SHIFT IS PERFORM~D. 

LENGTl-iCARG) 
RETURNS TH. LENGTH OF A STRING IN CHARACTERS o; THE NUMBER OF 
TOP LEVEL ELEM~NTS IN A LIST OR VECTOR, 

L.INES<N,TAPE) 
SKIPS N LINES ON OUTPUT r1LE TAPE. CARRIAGE cn~TROL MUST BE 
ENABLED FnR THF FILE TAPE @EFORE CALLING LINES, IF TAPE IS 
OMITT~D THE STANDARD OUTPUT FILE IS ASSUMED. 

LIST(ARG1,ARG2,.,,,APGN) 
RETURNS A LIST OF ARG1,ARG2,,.,,ARGN. 
(IE, ARG1:ARG,:, ., :ARAN:NIL> 

LISTC(ARG) 
RETURNS ARG CONVERTED TO A LIST. IF ARG IS A v~~TOR,TMEN TME 
RESULTING LIST WILL CONSIST OF THE ELEMENTS OF ARG. IP ARG IS A 
STRING, HH:N T~E RESULT WILL SE A LIST OF SHO~T STRINGS, EA.Cf,l OF 
WHlCM IS A SINSLE CHAR&CTfR Of ARG, If ARG IS Q LIST, THEN JT IS 
Rf:TUR1,JED, 



LMAC~O(NAM,PROCED> 
DE~INES NAM AS A MACRO TD BE USED 0~ THE L~FT-~AND SIDE OF 
AN ASSIGNMENT STATEMENT, PROCEO IS THE ASSOCIATFO PROCEDURE. 
(SEE SEC, 5) 

LOCUiPG> 
RETURNS A POINTER TO A WORD WMICH CONTAINS A P □ tNTER TO ARG. 

LOGAND(NUM81,NUMB2,, .. ,NUMBN) 
RETURNS THE LCGIC4L PRODUCT OF NUMB1 THROUGH NU~RN, 

LOGORCNUM81,NUMA2, ... ,NUM8N> 
RETURNS TH8 LCG!C~L SU~ or NUMR1 THROUGH NU~B~. 

LOQXLlR ( NUMB1, NUM82, ... , Nl.lMBi\l, 
RETURNS THS LOGICAL DirFERENCE O NUM81 THROUGH NUMBN. 

MACRO(NAM,PROCED) 
DE~INES NAM AS A MACRO WITH ASSOCIATED PRnCEDURS PROCED, 
(SEE SEC, 5) 

MAKBLOCKCNUMB) 
RETURNS A VECTOR OF LENGTH NUMB. 

MAP<LST,PROCED) 
MAP APPLIES THF PROCEDURE PROCED To T~E LIST LST~ THEN CDR<LST>, 
THEN CDR<cDR<L~T)), AND so ON, UNTIL LST IS EXHAUSTED, NIL rs 
RETURNED, 

MAPCONCLST,PROCED) 
MAPCON APPLIES THE PROCEDURE PROCEO TO THE LIST LST, THEN CDR 
(lST), THEN CD~CCDR<LST)), ,Ne so o~. UNTIL LST IS EXHAUSTED. 
THE RESULTS Or THESE APPLICATIONS Of PROCED ARF CONCAT6NATED 
(APPENDED) AND RETURNED, NOTE THAT PROCED MUST RETURN EITHER A 
LIST OR A STRir-.lG, SINCE THESE ARE rHE ONLY snw:TURES i;'OR ~iHICH 
CONCATENATION IS D~FINED. 

MAPLISiCLST,PROCED> 
MA~LIST APPLIES THE PROrEDURE PROCEC TO TME LJqf LST, THEN CDR 
(LST), THBN CDP(CDR(LSi)), AND so 0~, UNTIL LST rs EXHAUSTED, 
A LIST CONSISTING OF T~E RESULTS OF THESE APPLICATIONS or PROCED 
JS RETURNED. 
EX/1,MPLE; 
Z=MAPLIST(>(A C D),PROC(X),LIST(CAR x.~X) ENn)J PRINT(Z)I 
WILL PRINT <<A X)CB X)(C X><D X)) 

MAPXCARG,PROCED> 
MAPX APPLIES THE PROCEDURE PROCED TC EACH OF rw; TOP LBVEL 
ELEMENTS OF AAG, RETURNING A LIST OA V~CTOR OF THE RESULTS. 
IF ARG IS A LI~T. THEN A LIST rs RETURNED. IP iqG rs A VECTOR, 
THEN A VECTOR tS RF-TURNF-P, ARO MAY ~QT BE A STRiNG, 

MAX(NUM81,NUM82, ... ,NUMBN) 
RET'URNS Tj..iE L.ARGEST OF NlJMBf;RS NLlM81 THROUGH t~U'18N, 



MEMBERCARG1,ARG2) 
If ARG1 IS A TOP LEVEL ELEMENT OF ARG2 (A LIST JR !ECTOR) T~~N 
TRUE IS RETURNFD, OTHERWIS~ Nll-

MIN(NUMB!,NUM82, ... ,NUMBN) 
RETURNS Ti,6 SMALLEST or NUMBERS NUfv481 THR lJGH NJMSN, 

MINUSPCNUMB) 
RETURNS TRUE IF NUMB IS NEGATIVE, OTHERWISE NIL. 

MKilJUM C CHAR) 
MKNUM RETURNS THE INTEGER WHOSE VALUE IS SPECIFieD BY THE SHORT 
STRING CHAR, eHAR MUST CONTAIN A SINGLE NUMERT: CHARACTER. 

MKVAR(STRNG) 
MKVAR RETURNS THE VARIABLE CSYM80L> W~OSE NAME IS SPECIPIE □ RY 
THE CHARACTERS OF STRNA. 

NULLfARG) 
RETURNS TRUE rr ARG IS NIL, OTHERWISE NIL. 

NUM8~RP(ARG) 
RETURN~ TRUE Ir ARG IS A NUMBER CREAL, INTEGER. OR OCTAL) 
OTHERWISE NIL, 

NUMCHARPCCHAR) 
RETURN~ TRUE IF THE SHORT-STRING CHAR IS A SIN~LE NUMERICAL 
CHARACTER CQ-9) , OTHFRWISE NIL1 

OCTALCNUMB) 
RETURNS THE NU~BER NUMR, CONVERTfD TO OCTAL. 

OCTAL.P(ARG> 
RETURNS TRUE Ir ARG Is A NUMBER OF TYPE OCTAL. 

OPC~AP<CHAR) 
RETURNS TRUE rr TME SHORT-STRING CHAR IS AN OPE~ATOR CHARACTER, 
OTHERWISE NIL, 
TH~ OPfRAfOR CHARACTER~ ARE 
J i / ( ) , . • - * = ~ ( ] : ¢ ~ v ~ i ~ < > < ~ ~ 

PAC; ~TRING<ARG) 
RETURNS THE PACKED STRING EQUIVALENT TO ARG.A PACKED STRING TAKES 
UP THE MINl~UM STORAGE SPACE. PACKSThING WILL ALSO CONVERT A 
LIST OF SHORT STRINGS TO A STRING, 

PRETTYPRINT,FLAG,TAPEJ 
ENABLES OR DISABLES INOENTED OUTPUT OF LINES ON rILE TAPE 
OEPENDI~G UPON WHETHER FLAG IS TRUE OR NIL, IV TAPE rs OMITTED 
THEN THE STANDARD OUTPUT FILE IS USED, 

~RINTcARG) 
ARG IS PRINTED AFTER ANYTHING IN THE PRINT eurr;P. T~E PRINT 
BUfFER IS FLUSWED, AND ARQ IS RETUR~ED. 

PH!NTNF(ARG) 



THE PRINTED REPRESENTATION OF ARG IS ENTERED JNTn THE PRINT 
BU~FEH. THE ?PINTER IS NOT SENT TO THE NEXT LT~F. AR~ IS 
RETURNfD. 

PR I f\JiPROP (NAME> 
PRINTPROP PRINTS TME PROPERTIES OF ~AME, FOLLOWEn BY A STRING 
CONTAINING THE NAME, 

READCTAP6) 
READS AND RETURNS THE NEXT LINE OF THE rrLE TA~e. IF TAPE rs 
OMITTED TH~N THE STANDARD INPUT FILE IS ASSUMED, 

RE ADLI NE CT APE) 
READS A LINE f~OM THE rJLE TAPE 
fROM IT. THE STRING CWHICM IS 
THE LINE LENGTH OF FILE TA~E. 
INPUT FILE IS ASSUMED. 

RE.AL (NUMB) 

AND PORMS AN UNOACKED STRING 
RETURNED) IS OF ~~NGTH ~QUAL TO 
IF TAPE IS OMITTED, THE STANDARD 

RETURNS NUMBER NUMR CONVERTED TO A ~UMBER OF TYPE REAL, 

RECLAIM() 
FORCES A GARBA~E COLLECTION AND RETUR~S NIL. 

QEMAINDERCNUMB1,NUMB~> 
RETURNS THE REMAINDER 0~ A DIVISION OF NUM91 BY NUM82. 

REM08(NAM) 
rREES THE SPACF OCCUPI~D BY TH8 VARIABLE CNAMEl NAM. 

FH:TL1RN ( -~RG) 

RETURNS ARG AS THE VALUE OF A BEGIN-END BLOCK, 

REVE_::RSE(LST) 
RETURNS THE LIST LST R~VER9EC ON ITS Top LEVEL. 

REHIND(TAPE> 
REWINDS TH5 FILE TAPE, 

RPLACA(LST1,ARG2) 
REPLAC~S T~E H~AD OF LIST LST1 WITH ARG2, RPLiCA RETURNS THE 
NEW LST1 (I.E. RETURNS ARG2:TL LST1>. LST1 IS ~ODIFYED, 
EXAMPI..E; 

X:.:?::(A B C DH 
PR!NT(RPLACACX,~(D ~)J)I 
PRil\!T(X); 

WOULD PRINT~ 
«D E> 6i C D) 
C CTJ E> 8 C D) 

RPLACD(LST1,ARG2) 
REPLACES T~E TAIL 0~ ~TST ~ST1 WITH ARG2, 
NEW LSTl (I,E, RETURNS (HO LST1>1ARG2>. 
EX AMPU:: 

X::~(A 8 C DH 
PRINT<RPLACDCX,~CD ~)))J 

RPLiGD RETU~NS TH~ 
LST1 rs MODIFVEB, 



PRINTCX>; 
WOULD PRINT! 

(ADE) 
(ADE) 

SETPROP(NAME,PRCP,VAL) 
GIVES THE PROPERTY PROP WITH VALUE VAL TO THE NAME NAME. THE 
PREVIOUS VALUE OF THIS PROPERTY (IF PRESENT) rs PUSHED DOWN, AND 
NOT LOST. THE NAME IS RETU~NED, 

8ETPROPDCNAME,PROP,VALJ 
GIVES THE PROPFRTY PROP WITH VALUE VAL TO THE NAME NAME, TH~ 
PREVIOUS VALUE OF THIS PROPERTY (IF PRESENT> IS DESTROYED, IF A 
PREVIOUS VALUE, PVAL, IS PAESENT, T~EN PROP:PV&L IS RETURNED, 
OTHERWISE NIL, 

STRINGCSTR1,STR2, .... STRN) 
RETURNS STR1,STR2,.,,,STRN CONCATENATED. 
STR1,STR2, •• ,,STRN MUST 8~ EITMEM STRINGS OR LISTS OF SHORT 
STRINGS. A STRING JS RETURNED, FOR EXAMPLE: 
STRJNGC<A STRING>,< AND >,<ANOTHER>) RETURNS 
<A ST~ING AND ANOTHER> 

STRINCP(ARG> 
RETURNS TRUE I~ AHG IS A STRING, NIL OTHERWISE. 

SUBSTCNEW,OLD,LST> 
RETURNS THE LIST LST WITH ALL OCCURENCES OF OLD REPLAC~D BY NEW, 
POR EXAMPLE X=SUBST(~[X YJ,~(A(B Cll,~CX Y ((A (8 CJ)) Z)J 
PHINTCX>J 
WILL PRINT CX Y <[X Y]) 2) 

SUBSTR(STR,N,LEN) 
RETURNS THE SU~STRING OF STRING STR STARTING 
CHARACTER AND CONTINUING FOR LEN CHARACTERS, 
IF N lS GREATER THAN THE LENGTH OF STR, T~EN 
rs RETURNED, IF LEN IS NEGATIVE OR IF N~LEN 
LENGTH OF STR, THEN A STRING FORMED FROM THE 
THE END OF STR rs RETURNED, 
EXAMPLfS: 
PRINT(~UBSTRC<ABCDE>,2,3J)J 
PRINT(SU8STR<<A8CDE>,2,-1)l; 
PRINTCSUBSTR(<ABCDE>,3,0))J 

PRJNTS <BCD> 
~RlNTS <BCDE> 
PRINTS<> 

rRJM THEN TH 
T~ LEN IS ZERO OR 

TME NULL STRING<> 
I~ ~REATER THAN THE 
NT~ CHARACTER UNTIL 

TERPRIC> 

TIME() 

WILL PRINT AND FLUSH THE PRINT BUFFER, AND RETU~N NIL, 

RETURNS THE ELAPSED CP TIMB IN SECONDS SINCF. T~;. START Or THE 
JOB AS A REAL NUMBER, 

f~A~SLAT~(LST) 
LST IS A LIST CONTAINING A BALM STATEMENT WITHOJT THE 
TERMINATING SEMI-COLON. TRANSLATE WILL RETURN THE STATEMENT 
TRANSLAT~D JNTO SA~M INT5RNAl FORM, SUITABLE Fn~ EVALUATION RY 
EVAL (I) , (SEE SEC. 5) 



UNARYcoP,PREC,PROCNA~) 
DEFINES OP AS A UNARY nPERATOR WIT~ PR~CED~NCE ~REC AND 
ASSOCIATED PROCEDURE NAME PROCNAM, (SEE SEC. ~) 

VAR~AME(VAR) 
RETURNS A STRING WHOSE CHARACTERS SFECirY THE NAM~ OF THE VAAIA9L~ 
VAR, 

VECTOR(ARG1,ARG2, ., .,ARGN) 
RETURNS A VECTOR CONTAINING ARG1,ARG2, ... ,ARGN. 

VEReOS<ARG) 
IF ARG IS TRUE, SUHSEQUENT GARBAGE COLLECTIONS ~ILL PRODUC~ A 
MESSAGE ON THE STANDARD OUTPUT FILE. IF ARG IS NIL, THEN THESE 
MESSAGFS ARE SUSPENDfD. T~E VALUE OF ARG IN TMS PREVIOUS CALL rs 
RETURNED, 

WRITECAHG,TAPE) 
INTRODUCES ARG 
CURRENT LINE, 
IS ASSUMED. 

WRITELINE(STRNG,TAPE) 

INTO TH· euRRENT LINE OP FILE T~PE AND WRITES THE 
IF TAPE IS OMITTED, THEN THE sr,~~ARD OUTPUT FILE 

WRITES THE CHARACTERS or STRNG ON FILE TAPE AS 4 SINGLE LINE, 
TH~ LENGTH OF STRNG MUST BE LESS THAN OR EQUAL ro THE LINE 
LENGTH OF FILE TAPE. IF TAPE IS OMITTED, THEN THE STANDARD 
OUTPUT FILE IS ASSUMED. 

WRITENFCARG,TAPE) 
ARG IS INTRODUCED INTO TM~ CURRENT LINE or FILF TAPE. THE 
C~RRENT LINE IS NOT WRITTEN, IF TAPE IS OMITT~D THEN THE STANDARD 
OUTPUT FILE IS ASSUMED. 

2EROP(NUM8) 
RETURNS TRUE I~ NUMB I~ ZERO. OTMERWISE NIL. 



9, BALM CONTRDL CARD 

THE PARAMETER LIST OF TH~ BALM CONTROL CARD IS IN A POSITION 
INDEPENDENT FORMAT SIMILAR TO TH6 COMPASS AND UPDATE CONTROL 
CARDS. !T IS AS FOLLOWS~ 

BALM(P1,P2, ... ,PN) 

WHERE THE PJ ARE ANY OF THE ~OLLOWING PARAMETERS: 

O=FNAM2 

TTY 

FNAM1 IS THE NAME OF THE FILE TO 8~ USED FOR INPUT 
OF COMMAND~. IT IS THE STANDARD JN;UT FILB. 
FNAM2 IS TME NAME OF THE FILE TO BP USED FDR BALM 
OUTPUT, IT rs THE STANCARD OUTPUT ~ILE, 
WH~RE PNAM~ IS THE NAME OF THE FIL~ TO BE USED WITHIN 
BALM AS TAPE 3. 
FNAM4 IS TME NAME OF THE FILE TO 8~ USED WITHIN AALM 
AS TAP8 4 
P1 IS AN INTEAijR REPRESENTING THE PERCENTAGE OF 
AV~ll..A8LE SP.ACE <FIELD LENGTH Mif\JlJ~ LENGTH OF' BALM 
SYSTEM) TO 9E USED AS FREE SPACF. {LIST, STRING Af\Jl) 
NUMBER STORAGE) 
P2 IS AN INTEGER R~PRESENTING THE P2RCENTAmE 0~ 
AV~ILA8LE SPACE TO BE USED AS A STA:K, 
TAPE 1 AND TAPR 2 GO To A TELETYPE. SHOULB NOT BE 
PRFSENT FOR BATCH PROCESSING. 

l=INPl.li,O:;:OUTPUT,F'S::63,ST:::20 

PARAMETERS MAY NOT BE REPEATFD. 



10, NOTES ON CURRENT STATUS 

A FL OF 60000 IS SUF~ICIENT FOR MOST BALM APPLICATION~ 

lF YOU HAVE INFALLIBLE EVIDENCE OF BUGS, REPORT THEM TO ROOM 329, 

TM5 SCOPE VERSION IS IN OV~RLAY roRM, WIT~O T LOADER T~BLES, so USE 
OF ENTRY•POINTS ON INPUT WILL NOT WORK, 

COME TO ROOM 329 IF YOU WANT THE COMPILER. 
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