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SUMMARY

THE SYSTEM DESCRIBED HERE IS AN ATTEMPT TO CREATE A SEDUGTIVE AND
EXTENDABLE LANGUAGE WITH SOPHISTICATED LIST-PROCESSING AND SELF=
REFERENCING FACILITIES, IT HAS FACILITIES FOR MANIPULATING NUMBERS.
NAMES, STRINGS. ARRAYS, LISTS, EXPRESSIONS, AND PROCEOURES [N A HIGH-
LEVEL ALGOL=LIKE LANGUAGE. IT cAN BE USEL EITHER IN 3ATCH MODE OR
CONVERSATIONAL MODE WITH ON-INE EDITING FACILITIES, ALL DATA ORJECTS
HAVE A CONVENIENT PRINTED FORM, 80 INPUT/QUTPUT 1S VERY SIMPLE,

PROVISION I8 MADF FOR ADDING NEW PREFIX OR INFIX 7PERATORS,
TOGETHER WITH MACROS FOR SPEGIFYING THEIR TRANSLATION INTO THE
INTERVEDIATE LANGUAGE.

IT 18 IMPLEMENTEND IN A MIXTURE OF FORTRAN AND MLTSP (A MACHINE=
INDEPENDENT MACRO-LANGUAGE WHICH IS VERY SIMILAR TO (18P, TRANSLATED BY
A STANDARD MACRO-ASSEMBLER), TOGETHER WITK A FEW CRITIEAL MAGHINE/GODED
ROUTINES, USERS CAN ADD THEIR QWN ROUTINES IN FORTRAN OR MLISP, THOUGH
IF THEY CHOOSE FORTRAN, A CERTAIN AMOUNT CF IMPLEMENTATION KNOWLEDGE 1S
NECESSARY,



1. OVERVIEW OF BALM FEATURES

L R R R . Y,

A BALM PROGRAM CONSISTS 0OF A SFQUENCE OF COMMANDS SEPARATED RY
SEMI~COLONS, EACH COMMAND WILL BE EXECUTED BEFORE TW4E NEXT ONE 18
READ, THE USER CAN SUBMIT HIS PROGRAM EITHER A% A nEepK OF CARDS,

OR TYFE IT IN DIRECTLY FROM A TELETYPE, WHEN SUBMITTED AS A CARD
DECK, ANY DATA REQUIRED BY THE COMMAND SHOULD FOLLOW THE COMMAND
IMMEDJATELY, AND ON THE OUTPUT A LISTING OF THWE CARDS WILL APPPEAR,
INTERSPERSED WITH ANY PRINTER OUTRUT RESULTING FROM a SOMMAND, WHEN
A TELETYPE 18 USED, JUST THE QUTRUT REGUESTED WILL APPEAR.

VARIABLES IN 8ALM DO NOT HAVE A TYPE ASSOCIATED WITH THEM, $0 EACH
VARTABLE CAN BE ASSIGNED ANY VALUE. THE COMMAND:

A= 1.2
WOULD ASSIGN THE VALUE 1.2 TN A, WHILE?

PRINTC(AY:
WOULD PRINT OUT THE FOLLOWING:

1.2

ARITHMETIC OPERATIONS ARE EXPRESSED IN THE USUAL AAY:
X = 2whe33 PRINT(X);

WOULD PRINT:

B
AUTOHMAT

— g X

C TYPE CONVERSION IS DONE WHERE NECESSARY.

A 2 BYMEOL I8 USED TO ALLOW THE INPUT OF LISTS!

A =B 2(A (B C) Dy

FRINT(HD TL A);
WOULD PRINTS

(B C)
THE PROCEDURES HD AND TL ARE SYNONYMOUS WITH CAR AND DR IN LISP,
GIVING RESFECTIVELY THE FIRST ELEMENT OF A LIST AND THE LIST WITHOUT
ITS FIRST ELEMENT, THE LISP CONS OPERATOR IS AVAILAZLE EITHER
AS A PROCEDURE., OR A8 AN INFIX COLON ASSOCIATING TO THE RIGHT. THUS:

A = 2812(B Cor:azninNIL;
WOULD ALSO ASSIGN THE LIST 2¢A (B C) D) TG A. NOTE THAT THE EMPTY
LIST IS WRITTEN AS NIL.

VECTORS CAN BE [NPUT IN A NOTATION SIMILAR TO THAT FOR LISTS, RUT
USING SQUARE BRACKETS INSTEAD OF PARENTHESES. FLEMENTS OF VYECTORS ARE
ACCESSED BY INDEXING:

Vv = 204 (B C] D1 PRINT(VIZ2]):
WOULD PRINT:
(g )
LISTE CAN BE MEMBERS OF VECTORS, AND VICE VERSA:
FRINT(TL2(A (B £) D))
WOULD PRINT:
((B CY m
WHILE:S
FRINT(2LA (B ) D1121);:
WOULD PHINT:
(B C)

ARRAYE CAN BE INPUT &S VECTORS 0oF VEGTORS, S0 A NON=RE=CTANGULAR MATRIX
CAN BE ASSIGNED By:



W=2(({1)(2 31(4 B
AND ELEMENTS CAN BE F
FRINT(W[2])3

GIVING?
[2 31
WHICH MAY BE DONE REPEATEDLY:!
FRINT(WI2) (1))
GIVING?
P4
ASSIGNMENTS TO VECTOR ELEMENTS ARE STRAIGHTFORWARD!
WE21[1)=2(A B);

113
XTRACTED BY INDEXING:

A WHOLE VECTOR OR LIST CAN BE ASSIGNED FROM ONE VARIABLE TO ANOTHER
VARTIABLE IN A SINGLE STATEMENT, OF COURSE, BUT THEN ANY OPERATION WHICH
CHANGES A COMPONENT OF ONE WILL CHANGE A COMPONENT 0OF THE OTHER. IF
THI® IS NOT DESIRED, THE VECTOR 0OR LIST SkoULD RE CORPIED BEFORE THFE
ASSIGNMENT 2

Z = COPY(HW)}
SUBSEQUENT CHANGES T0O Z WILL THEN NOT AFFECT W.

AN ARBITRARY STRUCTURE CAN BE BROKEN UP INTO ITS SONSTITUENT PARTS
BY THE FROCEDURE BREAKUP., THIS TAKES TW0 ARBUMENTS, & STRUCTURE
WHOSE ELEMENTS ARE CONSTANTS OR VARIABLES, AND A STRUSTURE TO BE BROKEN
UP. FARTS OF TWE SECOND STRUCTURE CORRESFONDING TO VARIABLES ARE
ASSIGNED AS THE VALUES OF THOSE VARIABLES, WHILE CONSTANTS MUST MATCH.
IF THE STRUCTURES CANNOT BE MATCHED, THE BREAKUR PROCEDURE 18
TERMINATED AND GIVES THE VALUE NIL. OTHERWISE IT HaS THE VALUE TRUE.
FOR EXAMPLE:

BEREAKUP(2(A B),2((C C) (D NI));
WILL GIVE THE VALUE TRUE AND WILL ASSIGN 2(C €) TO A AND 2(D D) T0 B.
SITHER STRUCTURE CAN INVOLVE VEGTORS, AND CONSTANTS TV THE FIRST
STRUCTURE ARE SPECIFIED BY PRECEDING THEM WITH THE QUATE MARK 2. THUS:

BREAKUP(20A 2B £l,20IX ¥1 B (Y Y11):
WILL HAVE THE VALUE TRUE AND WILL ASSIGN 2[X X) Tn A AND 2[Y Y] T0 B.
THE CONVERSE OF BREAKUP 1S CONSTRUCT, WHICH 1S GIVEN 2 SINGLE STRUCTURE
WHOSE ELEMENTS ARE VARIABLES, AND WHICH WILL CONSTRUPT THE SAME
STRUCTURE BUT WITH VARIABLES REPLACED BY THEIR VALUES, THUS:

X=2(A B)3Y=2[C DI;PRINT(CONSTRUCTI2(X Y)));
WILL PRINT ¢(A B) [C D]). THESE TWO PROCEDURES ALLOW CONVENIENT
FORMS SUCH AS

IF BREAKUP(2(A >+ B),X) THEN RETURN(CONSTRUGT(2(4 B PLUS1)):
BREAKUP AND CONSTRUCT ARE QUITE EFFICIENT, AND SHOULD BE USEDR IN
PREFERENCE TO THE MORE PRIMITIVE OPERATIONS WHENEVER 2@8SSIRLE.

CHARACTER STRINGS OF ARBITRARY LENGTH CAN RE SPEEIFIED:
C = <EXAMPLE OF A STRING>:
+A + A B mm
E # SUBSTR(D:9,4); PRINT(E)!?
WOULD PRINT:
<0OF A>

THE BALM SYSTEM ALLOWS THE USER TO ASSIGN PROPERTIES TO VARIARLES
(NAMEE). A PROPERTY CONSISTS OF A NAME AND A VALUE, FAR EXAMPLE:
>VAR PROP 2ABCD = <8TR> ;
ASSIGNS THE PRORPERTY CALLED ARCD WITH AN ASSOGIATED VALUE OF <STR»
TO THE VARIABLE VAR,



X=2VAR PROP 2ABED :_ . ,
WILL SET THE VALUE OF X TO THE VALUE OF THE PROPERTY ARGCD OF VARIABLE
VAR, A VARIABLE CAN HAVE ANY NUMBER OF PROPERTIES AND ANY NUMBER OF
VARIABLES CAN HAVE THE SAME PROPERTY.

THERE I8 COMPLETE GARBAGF COLLEGCTION OF ALL INACESSIRBLE ORJECTS 1IN
THE SYSTEM, S0 THE USER DOES NOT NEED TO KEEP TRACK 0F PARTICULAR LISTS
OR VECTORS, PROCEDURES ARE AVAILABLE FOR CREATING | ISTS OR VECTORS
WITH VALUES OF EXPRESSIONS AS THEIR ELEMENTS, WITH STORAGE BEING
ALLOCATED DYNAMICALLY:

LL LIST(Z+Q, ABC, S = <XY>)3

vy VECTOR(X+W, ABC, 8§ =<XY>)}

un

A PROCEDURE IN BALM IS SIMPLY ANOTHER KIND OF DATA=ORJECT WHICH CAN
BE ARSIGNED AS THE VALUE OF A VARIABLE, THE VARTARLE CAN THEN RE USED
TO INVOKE THE PROCEDURE IN THE USUAL WAY. THE STATFMENT:

SUMSQ = PROC(X,¥),X*2+Ye2 END;
ASSIGNS A PROCEDURE WHICH RETURNS AS ITS VALUE THE SUYM OF THE SQUARES
OF ITS TWO ARGUMENTS. THE TRANSLATOR TRANSLATES THE PROC..END PART
INTC THE APPROPRIATE INTERNAL FORM, WHICH IS ASSIGNER TO SUMSO. TN
FACT THIS IS SIMPLY a LIST, WHICH COULD EQUALLY WELL HAVE REEN
CALCULATED A8 THE VALUE OF AN EXPRESSION. THE PROCERJRE CAN
SURSEGQUENTLY BE APPLIED:

FRINT(E + SUMSQ(2,3) + 0.8)}
WOULD PRINT!

18,5

INSTEAD OF ASSIGNING A PROCEDURE AS THE VALUE OF A VARIABLE, WE CAN
SIMPLY APPLY IT, SO THAT:

X = 5 # PROC(X,¥),Xt2+Y22 END(2,3) + 0.5;
WOULD ASSIGN 5 + 13 + 0.5 = 18.5 AS THE VALUE OF X. NOTE TWAT A
PROCEDURE CAN ACCEPT ANY DATA-OBJECT AS AN ARGUMENT, AND CAN PRODUCE
ANY DATA=OBJECT AS 1TS RESULT, INCLUDING VECTORS, LISTS, STRINGS AND
PROCEDURES. THUS IT IS POSSIBLE TO WRITE:

M E MSUM(M1,MPROD(M2,M3)) 3
WHERE M1, M2, M3, AND M ARE MATRICES. PROCEDURES CAN RE REGURSIVE, OF
COURSE,

& PROCEDURE IS SIMPLY AN EXPRESSION WITH CERTAIN VYARIABLFS
SPECIFIED AS ARGUMENTS, 80 THE RANGE OF FROCEDURES IS NETERMINED RY
THE RANGE OF EXPRESSIONS. THE MOST USEFLL EXPRESSINN FOR PROCEDURE
DEFINITIONS IS THE BLOCK, WHICH IS SIMILAR TO THAT LSED IN ALGOL. RBRUT
CAN HAVE A VALUE, THE STATEMENT:

REVERSE = PROG(L).
BEGIN(X),
COMMENT <FIRST TEST FOR ATOMIC ARGUMENT>
IF ATOMC(L) THEN RETURNCL 3,
COMMENT <OTHERWISE ENTER REVERSING | 30P>
X = NIL.
COMMENT <EACH TIME ROUND REMOVE ELEMENT
FROM L, RFVERSE IT, ANL PUT AT BEGINNING OF X»
NXT, IF NULLCL) THEN RETURN (X),
X=REVERSE(HN Ly:1X,
L 8T Ls B8 NXT
END END3:
SHOWS THE USE OF A BLOCK DELIMITED BY BEGIN AND END TS DEFINING A



PROCEDURE REVERSE WHICH REVERSES A LIST AT ALL LEVELS, THE COMMENT
OPERATOR CAN FOLLOW ANY INFIX OPERATOR, AND WILL CAUSE THE FOLLOWING

DATA=]TEM TO BE IGNORED,

AS WELL AS AN IF...THEN.,,STATEMENT THERE IS AN 17...THEN...ELSE...
AS WELL AS AN IF,..THEN,..ELSEIF...THEN... ETe. LOADING STATEMENTS
INCLUDE A FOR...REPEAT...AS WELL AS A WHILE...REPEAT... . A LABEL
SHOULD BE REGARDED JUST AS A LOCAL VARIABLE WHOSE VALJE IS THE INTERNAL
REPRESENTATION OF THFE STATEMENTS FOLLOWING IT, ACCORDINGLY, AS3IGN-
MENTS TO LABELS, AND TRANSFERS TO VARIABLES OR EXPRESSIONS ARE LFQAL.
AND CAN GIVE THE EFFECT OF A SWITCH. A COMPOUND STATEMENT WITHOUT
LOCAL VARIABLES OR TRANSFERS CAN BE WRITTEN DO..,..,..END. OF QOURSE
ANY OF THESE STATEMENTS CAN RE USED AS AN EXPRESSION, GIVING THE
APPROFPRIATE VALUE. NOTE THAT A COMMA IS USED T0O SERPARATE STATEMENTS
AND LABELS WITHIN A RLOCK AND A COMPOUND STATEMENT. THE SEMICOLON 1S
INTERPRETED AS AN ENP-OF~COMMAND BY THE SYSTEM (UNLESS [T OCEURS WITHIN
A STRING), EVEN IF IT QCCURS WITHIN PARENTHESES OR BRACKETS. ANY
UNPATRED PARENTHESES OR BRACKETS WILL BE FAIRED AUTOMATICALLY, WITH A
WARNING MESSAGE BEING ISSUED,



2 DATA-ITEMS

B om o o T o oem o T

A DATA=ITEM IN BALM IS EITHER A PRIMITIVE OR AN AGGRFGATE.
PRIMITIVE DATA-ITEMS COMPRISE INTEGERS, REALS, OCTALS, SHORT=
STRINGS, NAMES, OR ENTRY=POINTS, AGGREGATE DATA-ITEMS COMPRISE
VECTORS, LISTS. AND STRINGS. EXPRESSIONS AND PROCEDURES CAN ALSO RE
REGARDED AS AGGREGATE DATA=ITEMS, BUT IN FACT ARE REPRESENTED
INTERNALLY A8 LISTS.

TYPES CAN BE DETFRMINED BYNAMICALLY AT RUN TIME, ACCORDINGLY,
THERE AKE NO TYPRE DECLARATIONS, AND WHEN NECESSARY CONVERSION FROM ONE
TYRPE TO ANOTHER IS DONE DYNAMICALLY. ANY DATA-ITEM AN RBE ASSIGNED
AS THE VALUE OF A VARIARLE, FRODUCED AS TKHE VALUE OF AN EXPRESSION,
USED AS AN ARGUMENT TO A PROCEDURE, OR RETURNED AS THE VALUE OF A
PROCEDURE,

2.1 CONSTANTS AND EXPRESSIONS

IN GENERAL & CONSTANT IS DISTINGUISHED FROM AN EXPRESSION
(THAT 15, SOMETHING WHICH IS TO BE EVALUATED) BY PREMEZEDING IT BY THF
QUOTE MARK , EXPRESSIONS WILL BE TRANSLATED BY THE 3ALM TRANSLATE
FUNCTION INTO A LIST FORM WHICH 1S ESSENTIALLY INENTTIZAL TO THAT USED
IN LISP 1.8, CONSTANTS WILL ALS0 BE TRANSLATED, BUT USING A DIFFERENT
SYNTAY,

THE SYNTAX FOR CONSTANTS I8 VERY SIMPLE. A CONSTANT IS EITHER:

« AN INTEGER

2, A REAL NUMBER

X, AN DCTaAL NUMBER

4, A SHORT-STRING

5. AN ENTRY-POINT

&, A NAME PRECEDED BY A QUOTE MARK

T, A STRING

# A LIST CONSISTING OF A QUOTE MARK, A LEFT PARENTHESIS, AN

ARBITRARY NUMBER OF NATA-ITEMS SEPARATED BY SPACES IF NECESSARY,
AND & RIGHT PARENTHESIS.,
9, A VECTOR CONSISTING OF A QUOTE MARK, A LEFT SOUARE BRACKFT,

AN AREITRARY NUMBER OF DATA-ITEMS SEPARATED BY SPACES IF NECESSARY,
AND 4 RIGHT SQUARE BRACKET,

18, TRUE, FALSE, NIL (NIL AND FALSE ARE INTERNALLY IDENTICAL)
IN THE ABOVE A DATA-ITEM CAN BE ANY CONSTANT, BUT IF IT IS A NAME,
LIST, OR VECTOR, THE LEADING QUOTE MARK MUST BE LEFT nUT,.

THE SYNTAX OF CONSTANTS 18 DESCRIRED IN BNF-TYPE FORM BELOW.
WE NOTATION <ABC>[1,J] I8 USED TO INDICATE NOT LESS THAN I AND NOT
MORE THAN J OCCURRENCES OF THE SYNTACTIC TYPE <ARC>. PARENTHESES ARF
IBBDGUOTHRBHPNANEEEEENBE . AS A SINGLE UNIT, WRITTEN AS ¢ AND ) TO AVOID
€CONSTANT> 2 ¢ = <INTEGER» / <SRFAL> / <OCTAL> /
<SHORT-STRING> / <ENTRY-POINT> , <STRING> /
2 <NAME> s 2 <LIST» / 2 <VECTOR>

<INTEGER>::s <SIGN>»(0,1) <cDIGIT>[1.14]
CSIGN> + / =


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


SREAL>:is <SIGN>10,11 «DIGIT>[1,] . <NIGIT>t4,]
<EXPONENTS 10,11
<EXPONENT>::z E  <SIGN> <DIGIT> <DIGIT»

<OCTAL»: 1= <0CTALDIGIT»>[1.,20] B
SSHORT-STRING>: i 2  <OHARACTER>[0.10) #
SsETRING»; : = <  <CHARACTER»[D,} »
SENTRY=FOINT2::= <SLETTER> <LETTER-~DIGIT>[0,8] <EP-TYPE> >
SERP-TYRPE»: !z 0 / 1 / 2
sNAMES 11 ® <LETTER> «LETTER-DIGIT>[0,69)
/ <SPECTAL~=CHARACTER>
sVECTOR»:: = [ <ITEM>In,] 1 "
€ 18T>t1= ( <ITEM>[8,] ) / ( <ITEM>[1.1 ., <ITEM>» )
¢ TEM> 18 <INTEGER> , <REAL> / <0CTAL> s

<SHORT~3TRING> / <ENTRY=PQINT> / <STRING> /
<NAME> / «<LIST> / <VECTOR»

A SPACE WILL TERMINATE AN INTEGER, REAL, CCTAL, ENTRY=POINT, OR NAME.
BUT WILL OTHERWISE BE IGNORED. A SEMI-CCLON WILL HWAVE THE EFFEGT

OF TERMINATING ANY INCOMPLETE VECTORS OR LISTS, AND A WARNING

MESSAGE WILL BE ISSUED.

THE CHARACTER = CAN BE USED INSTEAD OF 2 AS A QUOTE MARK.

EXAMPLES OF <ITEM>S:
(AA 15 17.3)
((AA 15 17,.3)(ARCO>» <THIS I5 A STRING>))
[ELL + <THIRD ELEMENT®]
[[<ELEMENTS>)[0F TRIANGULAR)[ARRAY 2 /11
(MIXED (LISTS AND JIVECTORS AND <STRINGS»1)
[MIXEDCLISTS) [VECTORS AND ENTRYD> POINTS1>1)



2.2 NUMBERS

NUMBERS CAN BE EXPRESSED AS INTEGER, REAL, OR OCTAL, AND ALL WILL
BE REPRESENTED AS FULL WORDS (60-81T PRECISION IN THE €DC 6600).,  THE
USUAL ARITHMETIC OPERATIONS ARE PERMITTED ON SUCH QUANTITIES, WITH
AUTOMATIC TYPE CONVERSION FROM OCTAL TO INTEGER OR REAL, OR FROM
INTEGER TO REAL, IF NECESSARY,

2,3 SHORT=CHARACTER~STRINGS

A CHARACTER-STRING SHORT ENOUGH TO BE CONTAINED IV A MACHWINE WORD
(UP TCO 10 CHARACTERS OR THE €DC 8600) IS WRITTEN IN THE FORM #ARCEZ.
THE CHARACTERS # AND » WITHIN SUGH CONSTANTS SHOULD BE WRITTEN

AS = OR ==, IN THE INTERNAL REPRESENTATION THE =» WILL BE REMOVED,
BUT WILL BE RE-INSERTED IF PRINTED.

2.4 NAMES

A NAME I8 WRITTEN EITHER AS ANY SEQUENCE OF UP T@ 70 LETTERS OR
DIGITS STARTING WITH A LETTER, NR AS ANY SINGLE SPECTAL CHARACTER
EXCERT ( ) [ ) < > . AND #. NAMES CAN HAVE PROPERTIES WHICH CAN BE CET
OR REFERRED TO. ONF IMPORTANT PROPERTY OF A NAME 18 1TSS VALUE., AND
THE MOST FREQUENT USE OF A NAME WILL BE AS A VARIABLE. WHOSE VALUE CAN
BE CHANGED BY ASSIGNMENT OR USED IN AN EXPRESSION. IF THE NAME RATHER
THAN 1TS VALUE IS TO BE USED IN AN EXPRESSION IT SHOULD RE PRECEDEND RY
A QUOTE MARK . NOTE THAT A SHORT-CHARACTER-STRING 13 QUITE DIFFERENT
FROM a4 NAME, THOUGH 1T 18 POSSIBLE TO CALCULATE ONE FR0OM THE OTHER.

THE VALUES OF THE NAMES T ANP F ARE INITIALIZED TO TRJE AND FALSE
RESPECTIVELY.

2,5 ENTRY-POINTS

A MACHINE-CODED PROCEDURE 1§ REPRESENTED BY A DATA=ITEM WHIGH GIVES
THE ADDRESS OF THE ENTRY~POINT. BUILT=-IN PROCEDURES IN BALM SIMPLY
HAVE SUCH AN ITEM AS THE VALUE OF THE NAME USED TO INVOKE THEM, SO THAT
THE PROCEDURE WHICH PRINTS I1TS ARGUMENT IN THE QUTPUT FILE, FOR
INSTANCE, IS REPRESENTED BY A VARIABLE WHOSE NAMF IS SRINT AND WHOSE
VALUE IS AN ENTRY-POINT. THIS VALUE CAN BE CHANGED 3Y AN ABSIGNMENT
STATEMENT, OR CaN BE ASSIGNED AS THE VALUE OF ANDTHER VARIABLE, WHICH
CAN THEN BE REGARDED AS A SYNONYM FOR PRINT. THREE TYRES OF ENTRY=-POINT
ARE AVAILABLE. A SUB-TYPE SUBR WHICH EXPECTS EVALUATED ARGUMENTS,
A SUB-TYPE FSUBR WHICH EXPECTS A SINGLE ARGUMENT REPRESENTING A LIST OF
UNEVALUATED EXPRESSIONS, AND A SUB~TYPE NSUBR WHICH EXPECTS A SINGLE
ARGUMENT REPRESENTING A LIST QF EVALUATED EXPRESSIONS, THE EXTERNAL
(PRINTED) FORM OF A SUBR, FSUBR, OR NSUBR IS THE NAME OF THE ENTRY-
POINT AS KNOWN TO THE LOADER FOLLOWED BY THE TWO CHARAGTERS 8> OR 1>
aR 2>,



2.6 VECTORS

A VECTOR I8 AN AGGREGATION OF ARBITRARY DATA-ITEMS EACH OF WHTCOH
CAN BE REFERRED TO BY INDEXInG. A CONSTANT VECTOR 1% REPRESENTED BY
A QUOTE MARK FOLLOWED BY A LEFT SQUARE BRACKET, A SEQJUENCE OF CONSTANT
DATA=ITEMS WITH IMPLIED QUOTE MARKS, AND TERMINATED BY A RIGHT SOUARE
BRACKET, THUS 3
11,1 XYZ <ABCDE»]

18 A VECTOR WHOSE ELFMENTS ARE THE REAL QUANTITY 1.1, THE NAME 2XYZ,
AND THE STRING <ABCDE>, WHILE 2[[1 2] [3 4]) IS A VEATAR WHOSE FIRST
ELEMENT IS 211 2] AND WHOSE SECOND ELEMENT Is 213 47, A VECTOR WHOSE
VALUES ARE THE VALUES OF EXPRESSIONS CAN BE CONSTRUGTED RY USING THE
PROCEDURE VECTOR, SO THAT

VECTORCX+Y.F(A,B))
18 A VECTOR OF LENGTH 2 WHOSE FIRST ELEMENT IS THE VALUE OF X+Y AND
WHOE SECOND 1S THE VALUE OF F(A,B). VECTORS CAN BE INDEXED RY FOLLOW=
ING THE VECTOR (OR EXPRESSION WHOSE VALUE 1S & VECTORY RY AN EXPRESSION
SURFOUNDED BY SQUARE BRACKETS, THUS IF THE VALUE 0OF A IS5 A VECTOR.
THE (I+J)TH ELEMENT IS REFERRED TD BY Alt+Jd]l, IF 8 18 A VEOTOR WHASE
ELEMENTS ARE VECTORS, (WHICH CAN BE THOUGHT oF AS A TAO-DIMENSIONAL
ARRAY, THE J TH ELEMENT OF THE 1 TH ELEMENT OF B CAN RF WRITTEN RITI1d]
SIMILARLY, IF THE VALUE OF F(aAsB) IS A VECTCR, THE EXPRESSION

FCA,B)I[I]
WILL GIVE IT8 I TH ELEMENT. INSTEAD OF F(A,B) ANY FXPRESSION COULD
HAVE BEEN WRITTEN, ENCLOSED IN PARENTHESES IF NECESSAZY. THUS THR
STATEMENT

PITI[JI=X+(IF ASB THEN Y ELSE IYLI+u)+Ug
IS QUITE LEGAL.



2,7 LISTS

LISTS ARE THE MOST WIDELY-USED AGGREGATE DATA-ITEMS IN BALM,AND ARE
SIMILAR TO THOSE OF LISP 1.8, A CONSTANT LIST 18 WRITTEN AS A QUNTE
MARK FOLLOWED BY A LEFT PARENTHESIS,A SEQUENCE OF CONSTANT DATA=ITEMS
WITH IMPLIED QUOTE MARKS, AND A KIGHT PARENTHESIS. THUS (A (B )Y D
E]) IS A LIST WHOSE FIRST ELEMENT 1S 24, WHOSE SECOND IS 2(B ) AND
WHOSE THIRD IS 2(D E). THE PRIMITIVE PREFIX QPERATORS HD ANB TL
WILL GIVE THE FIRST ELEMENT 0F A LIST, AND THE LIST WITHOUT 1TS FIRST
ELEMENT RESPECTIVELY, THE INFIX OPERATOR ! WILL CONSTRUCT A NEW LIST
WHOSE WD AND TL ARE TO THE LEFT AND RIGHT OF THE : OPEZRATOR., THE
EMPTY LIST 18 WRITTEN AS NIL OR () OR ZNIL OR 2()0R 2»!1 , SO THAT THE
STATEMENT:

L=ASBICINILS
ASSIGNS TO L A LIST oF THREE ELEMENTS WHICH ARE THE VALUES OF THE VARI-
 ABLES A.B,AND C, THE STATEMENTS:

Li=HD L3

L2=TL L3

LesBiCsNIL?S
WILL ASSIGN THE SAME VALUES TO L2 AND L3, AND WILL ASSIGN 2A TO L1.

2,8 STRINGS

CONSTANT CHARACTER-STRINGBS 0F ARBITRARY LENGTH CANV BE WRITTEN RY
ENCLOSING THEM WITHIN < AND »,  THE CHARACTERS > AND = CAN BE WRITTEN
AS =2 AND =»» RESPECTIVELY, ALTHOUGH THE FIRST -» WILL \MOT BE REPRESENTED
INTERNALLY. THE INTERNAL REPRESENTATION OF A STRING 1S SIMILAR
TO A LIST OF SHORT-CHARACTER-STRINGS, WITK ARPROPRIATS DISTINGUISHING
FLAGS, THE SHORT-CHARACTER=STRINGS COMPRISING A STRING CAN BE OF ANY
LENGTH PERMITTED FOR A SHORT-CHARACTER=STRING, RUT IT 1S CONVENIENT TO
DISTINGUISH PACKED STRINGS (MAXTUM LENGTH SHORT-CHARATTER-STRINGS) FROM
UNPACKED STRINGS (1 CHARACTER SHORT-CHARACTER-STRINGS). ZERO LENGTH
SHORT~CHARACTER-STRINGS MAY APPEAR ONLY AS THE SOLE E_EMENT IN A
STRING, IN WHICH CASE THE STRING IS A NULL STRINE <> . ALL BUILT=-IN
STRING CPERATIONS ARE INDEPENDENT OF REPRESENTATION,



2.9 EXPRESSIONS AND PROCEDURES

EXPRESSIONS AND PROCEDURES ARE STORED INTERNALLY aS [ ISTS, AND CaN
BF MANIPULATED BRY THE ORDINARY LIST OPERATORS, THE JSUAL WAY OF
DEFINING A PROCEDURE IS SIMPLY TO ASSIGN THE LI1ST RERIESENTING IT TO
THE VARIABLE WHICH WILL SURSEQUENTLY RE USEL TO INVOKS IT. FOR
EiNfﬁféENCE, HOWEVER, AN ALGAL-LIKE NOTATION IS PERMITTED. FOR
AMFPLE!
SUMSQ=PROC(XaY) s X12+Y12 BND;
SURSEQUENTLY SUMSQ CaAN BE USED TN APPLY THIS PROCEDURE Tn ITE® ARGUMENTS
IN EXFRESSIONS SUCH a§:
YRZ+SUMSQ(I+4,K/2);
THIS COULD ALSC BE WRITTEN:
YSZ+PROC(X Y ), X12+Y*2 END(I+J:K/2)
BIMILARLY, AN EXPRESSION WRITTEN IN THE FORM:
ExEXPR X42+Y*t2 END:
WOULD HAVE THE SAME EFFEQT AS:
EsTRANSLATE(2(X22+Y22));
AND COULD SUBSEAQUENTLY BE USEDR N THE FORM:
VEEVAL(E)
OR EQUIVALENTLY AS V=8E: USING THE PREFIX EVALUATION OPERATOR §.  THE
RESULT WILL BE THE SaAME AS 1F:
VeXt2+Y02;
HAD BEEN WRITTEN.



34 STATEMENTS AND EXPRESSIONS
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THERE 18 NO DISTINCTION IN BALM BETWEEN STATEMENTS AND
EXPREESIONS, WHAT 15 USUALLY THOUGMT OF AS A STATEM=NT 1€ SIMPLY AN
EXPRESSION WHOSE VALUE IS IGNORED. ANYTHING WHICH cAN RE USED AS AN
EXPRESSION CAN BE USED AS A STATEMENT, AND VICE VERSA, WE WILL REFFR
TQ BEOTH AS EXPRESSIONS.

3.1 BLOCKS

A BLOCK IS SIMILAR TO AN ALGOL BLOCK, BUT CAN BE JSED AS AN
EXFRESSION, AND S0 HAS A VALUE, IT IS DEFINED AS:

<ELOCK»21= BEGIN (  <VARLIST>» ) <LXLIST> ERuD
<L XLISTry = t » <LABELOREXRR> 3[0,]

SVARLIST2::= <EMPTY» ,/ <NAME> 4 , <NAME> 3[0,]
< ABELOREXPR>::= <NAME» / <EXPR>»

NOTE THAT WITHIN A BLOCK LABELS AND EXPRESSINNS ARE
SEPARATED BY COMMAS., EXIT FROM A BLOCK CCCURS IF TwW® LAST EXPRFSSION
IN THE BLOCK WAS EVALUATED AND DID NOT CAUSE A TRANSFZR, IN WHICH CASE
THE VALUE OF THE BLOCK I8 NIL, EXIT ALSC COCCURS WHEN THE RETURN
PROCEDURE 18 EXECUTER, THE ARGUMENT OF RETURN BEING THE VALUE OF THE
BLOCK.

<VARLIST> I8 A LIST OF VARTABLES WHICK ARE TO BE _DCAL TGO THE
BLOCK, OTHER VARIABLES REFERRED TO WITHIN THE BLOCK WILL BE ASSUMEDN
TO EF GLOBAL, AND TQ HAVE HAB VaLUES ASSIGNED TO THEM RPREVIOUS TO
ENTERING THE glLnock, SIMILARLY THE LOCAL VARIARLES AP THE BLOEK WILL
BE ACCESSIBLE AS GLURAL VARIABLES TO ANY BLCCKS AND EXPRESSIONS INVOKED
FrROM WITHIN THE BLOCK. NOTE THAT GLOBAL VARIABLES TAKE ON VALUES
DETERMINED BY THE CALLING RLOCK OR PROCEDURE, RATHER THAN THE
ENCLOSING BLOCK OR PROCEDURE AS IN ALGOL &n.

A LABEL SHOULD BF REGARDED AS A LOCAL VARIABLE WHASE VALUE IS A
LIST WHOSE ELEMENTS ARE THE INTERNAL REPRESENTATIONS 3F THE STATEMENTS
FOLLOWING THE LAREL. THEY CAN BE MANIPULATED JUST LT<F ANY QTHER 1L OCAL
VARIABLES, FOR INSTANCE, THE STATEMENT:

L:TL Lo
WHERE L 18 A LABEL WILL EFFECTIVELY MOVE THE LAREL POAN ONE STATEMENT.
THIS IS A TEMPORARY CHANGE, OF COURSE, ONLY BFFEGTIVE FOR THE ONE
INSTANCE OF THE BLOCK,

ON EXIT FROM A BLOCK, LOCAL VARIABLES AND LABELS A1LL HAVE THEIR
VALUES RESTORED TO THWE ONES THEY HAD ON ENTRY TO THE 3L OCK.

3,2 COMPOUND EXPRESSIONS

A COMPOUND EXPRESSION 18 WRITTEN:
<COMPOUND>2:= DO <EXPR> ¢ , <EXPR> 3[0,] EMD
IT 18 EVALUATED BY EVALUATING THE SPECIFIED FXPRESSTAVS FROM LEFT TO

RIGHT, AND HAS AS ITs VALUF THE VALUE OF THE LAST SUaY EXPRESSION.
TRANSFER AND RETURN EXPRESSIONS WILL NOT RAVE AN IMMENIATE EFFECT. BUT



WILL ONLY BE DETECTED AT THE END OF THE TQOP LEVEL EXRRESSION OF AN
ENCLOSING BLOCK,

3.3 ASSIGNMENTS

THE USUAL FORM OF ASSIGNMENT 1S PERMITTED:

<ASSIGNMENT»::= <LEFTHANDSIDE> = <EXPR>

¢ EFTHANDSIDE»: 12 <NAME> / <VECTORELEMENT> / <LISTELEMENT>

/ <STRINGELEMENT»
/ <INDIRECTREFERENCE» / «| 48=PROC=CALL>
THAT 1S, EXPRESSIONS WHICH CAN APPEAR ON THE LEFT-HANOD=SIDE OF AN
ASSIGNMENT STATEMENT INCLUDE VARIABLES, INDEXED EXPRESSINNS, AND
EXPRESSIONS WHOSE TOP-LEVEL OQPERATOR IS HD, TL, EVAL, %,
SURSTR, PROP, PROPS, =, OR 2, IF 2 OR 5 IS THE TOP=LEVEL OPERATOR, THEN
THE EXPRESSION IS TREATED AS A MULTIPLE ASSIGNMENT (T.F. A CALL TO
BREAKUP) , FOR EXAMPLE:
204 B C)=2(W (X Y) 2);

WILL PERFORM THE SAME ASSIGNMENTS AS A=>W: B=>(X Y): £=>7:
ADDITIONAL FORMS OF EXPRESSION CAN BE USED ON THE LEFT=HAND~=SIDE IF
THE APPROPRIATE MACROS ARE DEFINED BY THE USER (SEE SEETION B),

3.4 CONDITIONAL EXPRESSIONS

THE CONDITIONAL EXPRESSIAN IS OF THE FORM:
<CONDEXPR>i15 IF <[ OGEXRR> THEN <EXPR>»
¢ ELSEIF <L OGEXPR>» THEN <EXPR> #[0,]
¢ ELSE <EX¥PR> [0,1]
WHERE <LOGEXPR> IS AN EXPRESSION WHIGH IS TAKEN TO BE FALSE IF ITS
VALUE I8 NIL, AND TRUE OTHERWISE. AN EXPRESSION 1S NOT EVALUATED
UNLESS ITS FRECEDING <LOGEXFR» IS NOT NIL., THE FIRST SUCH PAIR
TERMINATES THE EVALUATION OF THE <CONDEXPR>, WHOSE VALUE 1S THAT oF
THE CORRESPONDING <EXPR>. IF THERE IS NO NON=NIL <L O2EXPR>, THE VALUE
OF THE ELSE CLAUSE I8 TAKEN IF THERE 18 ONE, AND NIL ATHERWISE.
THE NAMES TRUE AND NIL ARE RFSERVED WORDS WHICH SHOULD NOT BE USED
AS NAMES OF VARIABLES. AND ARE ACTUALLY REPRFSENTED IVTERNALLY AS
CONSTANTS, THE VALUE OF THE VARIABLE T IS INITIALISED TO TRUE. AND
THE VALUE OF THE VARIABLES F AND FALSE ARE INITIALISER T0 NIL, SO IF
NOT USED AS VARIABLES THESE CAN BE USED INSTEAD OF TRUE AND NIL IN
EXPRESSIONS,

3.5 TRANSFERS

sTRANSFER>::5% GO <EXPR>
WHEFRE THE <EXPR> EVALUATES TO AN INTERNAL REPRESENTATION OF A LIST OF
EXPRESSIONS, THE NORMAL FORM OF <EXPR> 1S SIMPLY A NAME USED AS A
LABEL., NOTE THAT:

L1=L2,60 L1
18 JUST THE SAME AS GO L2. AN ARBITRARY EXPRESSION TAN BE USED AFTER
GO, INCLUDING A VECTOR ELEMENT OR PROCEDURE CALL, SN THE EXPRESSINN:

GO IF AEB THEN L1(I+J) BLSE F (X,Y)
Is THE SAME AS:

IF AZR THEN GO L1[I+J] ELSE GO F(X,Vv)



3,6 PROCEDURE CALL

A PROCEDURE CALL IS WRITTEN IN THE FORM:

<PROC-CALL>::= <PROC-FEXPR> { <ARGLIST> )

<ARGLIST»:t=  <EMPTY> / <EXPR> & , <EXPR> #[R,]
WHERE <PROC~EXPR> 15 AN EXPRESSION WHICH EVALUATES Tn A PROCEDURE.
THIS 15 USUALLY A VARIABLE T0 WHICH HMAS BEEN ASSIGNER A SUBR, FSURR,
OR PROGRAMMER-DEF INED PROCEDURE WRITTEN AS PROC.,..END. HOWEVER, IT
COULD ALSD BE AN ARBITRARY EXPRESSION, O THE PEOC...2ND EXPRESSION
ITSELF.

3.7 FOR LOOPS

FOR LOOPS SIMILAR TO ALGOL €AN BE WRITTEN IN THE FARM!
<FORLOOP»::= FOR <NAME» = ( <EXPR> ¢ , <EXPR> 3[1,2] )
REREAT <FXPR>»
THE VALUES OF THE TWO OR THREE <EXPR»S ARE EVALUATED INCF REFORE
ENTERING THE LOGP, AnD WILL RE TAKEN TO BE THE INITIAL, TERMINAL, AND
STEFP VALUES FOR THE CONTROL VARIABLE. A STEP OF 1 WILL BE ASSUMED IF
LEFT QUT. THE EXPRESSION MAY BE EVALUATED ZERO TIMES., THE STEP
MAY BE NEGATIVE, IN WHICH CASE REPETION STOPS WHEN THE CONTROL
VARIABELE IS LESS THEN THE TERMINAL VALUE. THE VALUF OF THE EXPRESSION
IS THE VALUE OF THE LAST <EXPR>,

3.8 WHILE LOOPS

¢hHILE-LOOKM! 1= WHILE <LOGEXPR> REPEAT <EXPR>

THE <EXPR> 18 EVALUATED CONTINUQUSLY UNTIL THE VALUE AF THE <LOGEXPR>
1§ NIL, POSSIBLY ZERD TIMES., THE VALUE OF THE <WHILE=LOOP> IS THE
VALUE OF THE LAST <E¥PR> EVALUATED.

2.9 COMMENTS

<COMMENT®:ts  COMMENT <PATA=ITEM>
A COMMENT CAN OCCUR ANYWHERE A UNARY OFERATOR COULD oocouR, SUCH AS

AFTER A COMMA. IT WILL BE COMPLETELY IGNCRED, THE USUAL FORM OF
sDATA-ITEM> IS A <STRING>,

3,10 PROCEDURE DEFIMITIONS

<FROC=DEF> 1i= PROC ( <FARGLIST> ) , <EXPR» END £
FRROC ( «NAME> !, <EXPR>» END /
MPROC ( «NAME> } , <EXPR» END
CFARGLIST> 11z <EMPTY> / <NAME> ¢, <NAME>3[0,)
PROC TYPE PROCEDURES TAKE A FIXED NUMBER OF ARQJMENTS WHICH ARE
EVALUATED UPON ENTRY TO THE PROCEDURE. WREN THE PROE 1S CALLED,
THE VALUES OF THWE FORMAL PARAMETERS OF THE FROG (THE VAMES |N
SFARGLIST>) ARE SET TO THE VALUES OF THE CORRESRPONDING ACTUAL
PARAMETERS. THE FORMAL PARAMETERS ARE CONSIDERED LOCAL TO THE PROC.

THE VALUE OF <EXPR> IS THEN RETURNED AS TFE VALUE OF TWE PROE.
ExXAMPLES



FNSPROC(W.X2Y,2) , X:Y:ZiNIL END;
Azly B=2; (=3; D=4;
- PRINT(FN(A,B,C,P)) 1
WOULD PRINT OUT THE FOLLOWING:
(2 3 4)

FPROE TYPE PROCEDURES TAKE A VARIABLE NUMBER DF ARGUMENTS,
WHEN THE FPROC IS CALLED, THE VALUE OF ITS SINGLE FORYAL PARAMETER
(CONSIDERED LOCAL TO THE FPRAE) IS SET To A LIST 0F THE UNEVALUATED
ACTUAL PARAMETERS OF THE FPROC, THE VALUE OF THE <EX2R>» IS THEN
RETURNED, EXAMPLE:

FN=FPROCC(X)Y, TL X END:
Asll Bs2: (»3; Dh=4;
FRINT(FN(A,B,C,D)):

WOULD PRINT OUT THE FOLLOWING:
(B C )

NPROC TYPE PROCEDURES TAKE A VARIARLE NUMBER OF ARGUMENTSR,
WHEN THE NPROC I8 CALLED, THE VALUE OF ITS SINGLE FORMAL PARAMETER
(CONSIDERED LOCAL TO THE NPROEG) IS SET T0 A LIST OF THE VALUES OF
THE ACTUAL PARAMETERS TO THE NPROC. THE VALUE OF <EX2R> 1S THEN
RETURNED. EXAMPLE:

FNBSNPROC(X)s TL X END:
Azlt B=2; C=3; DB=4;
PRINT(FNCA,B,CaD) )}

WOULD PRINT OUT THE FOLLOWING:
(2 X 4)



4, INPUT AND OUTPUT
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INPUT AND QUTPUT IN BALM ARE FILE ORIENTED. ALL FILES ARE REAR
AND WRITTEN IN CODED MODE. AND ARE TREATED AS [F THEY WERE TAPES

¢IE, SEQUENTIAL ACCESS ONLY). FILE BUFFFRS CAN RF CREATED DYNAMICALLY,
BUT CANNOT BE RELEASED ONCE THEY HAVE BEEN CREATED. STANDARD 1/0
PROCELURES WHICH OBEY BALM 1/0 CONVENTIONS HAVE BEEN 2ROVIDED FOR FII E
MANIFULATION, SPECIAL I/0 PROCEDURES HAVE BEEN INCLUGED FOR USERS WHO
WISH TO DO THEIR QWN INPUT OR OUTPUT CONVERSIQNS.

4.1 CFEATION OF FILES®

FILES ARE REPRESENTED WITHIN THE BALM SYSTEM AS SPECTALLY
FORMATTED VECTORS WHICH CONTAIN 1/0 BUFFERS, LINE BUFFERS, FLAGS, AND
SYSTEM INFORMATION. FILES ARE CREATED BY CALLING THE PROCEDURE FILE ,
WHICH RETURNS A FILE. FOR EXAMPLE,

TAREL=FILE(£APUNCHZ,80);

CREATES A FILE WHOSE SCOPE NAME 1S PUNCH AND WHOSE LTVE LENGTH I8 a0

CHARACTERS., THE NAME TAPE1L CAN BE USED 70 REFER TO T#18 FILE. FOR
EXAMPLE,

WRITE(=(A MESSAGE).TAPE4);

WILL WRITE THE LIST (A MESSAGE) ON THE SCCPE FILE PUNZH., FILES CAN RE
ASSIGNED AS THE VALUES OF VARIABLES, RETURNED BY PROCENURES, MADE
ELEMENTS OF LISTS OR VECTORS, ETC. FILE BUFFERS RESINE IN BLOGKSPACE,
AND ONCE THEY ARE CREATED THEIR STORAGE CANNOT RE RE| SASED.

THE VALUES OF THE VARIABLES INPUT AND OUTPUT ARE INITIALIZED TA THE
STANDARD INPUT aND QUTPUT FILES BY THE BALM SYSTEM.,

4.2 STANDARD I/0 PROCEDURES

ALL STANDARD 1/0 PROCEDURES TAKE A FILE AS ONE OF THEIR ARGUMENTS.
MANY COF THE PROCEDURFS PERMIT THE USER TO OMIT THE ARSUMENT FILE. IN
WHICH CASE THE STANDARD I/0 FILES (AS DECLARED ON THE BALM CONTROL CARD)
ARE ASSUMED, THE FOLLOWING PROCEDURES HAVE BEEN PROVIDED FOR FILE
MANIPULATION:

READ(TAPE)
WRITECITEM, TAPE)
REWIND(TARE)
ENDFILE(TAPE)
BACKSPACE(TAPE)
LINES (NUMBER, TAPE)
EJECT(TAPE)

THE VALUE OF TAPE IS ASSUMED TO BE A FILE IN THE AROVE EXAMPLES,
THE BALM 1/0 ROUTINES WILL OPTIONALLY PERFORM THE FOLLOWING
ORPERATIONS DURING INPUT OR QUTPUT:



1. ECHOING OF INPUTTED LINES ON THE STANDARD QUTPUT FILE

INITIALLY THIS OPTION IS ENABLED (SWITOHED ON) 7OR THE STANDARD
INPUT FILE, UNLESS THE TTY PARAMETER IS PRESENT ON THEZ BALM CONTROL
CARD. ECHOING IS INITIALLY nISABLED FOR FILES GREATED BY THE FILE
PROCEDURE, THE PROCEDURE ECHO CAN BE USED TO ENABLE 7R DISABLE THIS
OPTION,

2, AUTOMATIC INSERTION OF CHARIABE CONTROL CHARAGTERS PURING OUTPUT

INITIALLY THIS OPTION 18 ENABLED FOR THE STANDARD DUTRUT FILE AND
ALL CREATED FILES. THE OPTION CAN BE SWITCHED ON DR OFF BY THE
CARFIAGE PROCEDURE. CARRIAGE ALSO PERMITS THE USER T2 SPECIFY WHIGH
CHARACTER 1S TO BE INSERTED FOR CARRIAGE CONTROL.

3. INDENTED OUTPUT OF DATA STRUGCTURES
THIS OPTION, WWICH IS INITIALLY ENABLED FOR ALl FILES, CAN BE
SWITCHED ON OR OFF BY CALLING THE PRETTYPRINT PROCEDURE.

4.3 SPECIAL 1/0 PROCEDURES

SFECIAL 1,0 PROCEDURES HAVE BEEN PRCVIDED FOR USERS WHE WISH Tn
INRUT OK QUTPUT DATA=STRUCTURES IN NON=STANDARD FORMATS., THE PROCEDURES
BLANKE AND WRITENF INTRODUCE CHARACTERS INTO THE oUTPUT LINE BUFFERS OF
FILES, WRITE OR FLUSH CAN THEN BE USED TC COMPLETE THE LINE AND
TRANSFER IT TO THE OQUTPUT BUFFER., IF EVEN MORE CONTROIL OVER 1/0 FORMAT
18 DESIRED, READLINE AND WRITELINE CAN BE USEpD. THESE PROCEDURES
PERFORM INPUT OF A LINE DIREETLY INTO A STRING AND OUTRUT DIREETLY FROM
A STRING, THE CHARACTERS < > = ARE TREATEL AS ORDINARY CHARACTERS BY
READLINE AND WRITELINE. THE FOLLOWING ADDITIONAL PROSENURES WILL
SIMPLIFY (HOPEFULLY) THE WORK OF USER-FORMATTED 1/0:

OPCHARF (CHAR)
NUMCHARP (GHAR)
ALPHEHARP (CHAR)
MKVAR(STRNG)
MKNUM(CHAR)
VARNAME (VAR)



B, EXAMPLES
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WE GIVE BELOW A GENERALIZED GAME=PLAYING ROUTINE RBEST , USING AN
ALPHA=BETA MINIMAX SEARCH. WITH THE APPROPRIATE RNUTINES POSSMOVES.
NEWFOEN, AND SCORE ADDED, IT WILL PLAY TIC-TAC-TOE, CHECKERS, CHESS, OR
GG, WITH VARYING DEGREES QF SUCCESS,

ARGUMENTS TO BEST ARE! POSN, THE POSITION FROM WHIGH THE MOVE
MUST EE MADE; DEPTH, THE NUMBER OF MOVES THE ROUTINE SHOULD LOOK AHMEAD:
HISE AND MYB, THE RANGE RETWEEN WHICH SCORES ARE ACCE2TABLE, WITH HISR
BEING THE MINIMUM ANR MYB THE MAXIMUM, LARGE SCORES RZING 600D, FOR
TIC-TAC~TOE, FOR INSBTANCE:. POSN 1S OF THE FORM:

[[(Xes][=0=][-=m]1X]
THE EXTRA X INDICATING IT IS X TO MOVE,

THE FULL DECK TO PLAY A COMPLETE GAME OF TIC-TAC-TOE AGAINST ITSFLF
1§ CONSTRUCTED AS FOLLOWS:

A123456,.CM60000, HARRISON
EOR.,
COMMENT <TEST PROGRAM = TIC-TAC-TOE PLAYER>

EEST=PROC(FOSN,DEPTH,HISB,MYR),
BEGIN(ML,DM1,RESTSC,BESTH, TRY),
IF DEPTHE0 THEN RETURN(=SCORE(POSNIINIL:INIL),
MLePOSSMOVES(POSN) ,
OMy=DEPTH~-1,8ESTSC=MYR,RESTMaN]L »

NXT» IF =ML THEN RETURN(=~BESTSCIRESTMINIL).
TRY=BEST(NEWPASN(POSN, HD ML),DML1,-BESTSC, ~HISR),
[F HD TRY GT EBESTSC THEN

DO BESTSC=MD TRY,HBESTM=2HD ML END,

IF = BESTSC LT HISB THEN RETURN(-RESTSC:BESTMINTIL) »
ML=TL ML, GO NXT;

SCORE=FPROC(PR) .,

BEGIN(ROWSC,M,H,1,J),
ROWSC=PROCCINIT,STER),

BEGIN(NM,NH,1J,8),

BINIT,NM=0O,NH=0,

FOR 1J=(4,3) REPEAT

DO IF (S=P[IJ[J1)EM THEN NMzNM+1
ELSEIF S8H THEN MHsNH+1.,

ESTEF END,

RETURNCIF (NM&NH)Z0 THEN NMaNM=NH*NW ELSE 0)

END END,

MzP[4],H=1F ME2X THEN 20 ELSE 2X,

RETURN
(ROWSC(EXPR 1=J=1 END,EXPR J=J*1 END) +
ROWSC(EXPR 1=1+(J=1) END,EXPR J=y+1 END) +
ROWSC(EXPR 1=2+(J=1) END,EXPR J=J+1 END) +
ROWBC(EXPR I=J=1 END,EXPR I=I*1 END) +
ROWSC(EXPR Js1+(I%1) END,EXPFR I=I+1 END) »
ROWSC(EXPR J=2+(I=1) END,EXPR I=l+1 END) +



ROWSC(EXPR 1
ROWSC(EXPR 1

=J=1 END,EXPR I=J=J+1 END) +
22 (
POSSMOVES=PROC(P), .

EEGIN(I»JdsM),

FOR l=(1,3) REPEAT

FOR J=(1.3) REPEAT
IF PIIIEJIZE2~ THEN M=(I:1JINIL):H,
RETURN (M) 3

NEWRPOSNEPROC(P, M),
BEGIN(NY,
N=CORY(F),
NECHD M)JI(HR TL M)1=P[4],
N[4]=zIF Pl41z2X THEN 20 ELSE 2X,
RETURN(N)

PLAYEPROC(),
BEGIN(POSN,BM),
FOSN22[[= = «)[= = =]1l= = =] X],
NEXT.PRINT(RPOSN),
EM=zHD TL BEST(POSN.1,99099,~9949),
IF BMENIL THEN RETURN(POSN).,
POSN=NEWPOSN(POSN,BM),
GO NEXT:

PLAY ()3
EXIT()}
EOF,

THIS USES A LOOK=AHEAD OF ONLY OME LEVEL, PRINTS OUT
AND TERMINATES WHEN ALL SQUARES ARE 0OCCUPRIED,

J31) END,EXPR DO I=1-1,J=J+1 END END) )i

]

=ACH POSITION,



6, USER-DFFINED LANGUAGE EXTENSIONS
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THE TRANSLATE PROCEDURE USED BY BALM TO TRANSLATE STATEMENTS INTO
THE AFPROPRIATE INTERNAL FORM IS PARTICULARLY SIMPLE. CONSISTING OF A
PRECEDENCE ANALYSIS PASS FOLLWED BY A MACRO-FYPANSION PASS, BUTLT=IN
SYNTAY 18 PROVIDED ONLY FOR PARENTHESIZED SUREXPRESSTIONS, COMMENTS, THE
QUOTE OPERATCR , THE UNARY OPERATOR NOOP, PROGCEDURE CALLS, AND
INDEXING, ALL CTHER SYNTAX INFORMATION IS PROVIDED IN THE FORM OF
THREE LISTS WHICH ARF THE VALUES OF THE VARIABLES UNARYLIST, INFIXLIST,
AND MACROLIST. THE USER CAN MANIPULATE THESE LISTS A8 HE WISHES., BY
ADDING, DELETING, OR CHANGING OPERATORS 0OR MACROS.

OFERATORS ARE CATEGORIZED AS UNARY, BRACKET, OR INFIX., AND MAVE
PRECEDENCE VALUES AND A PROCFEDURE (OR MACRO) ASSOCIATED WITH THEM.
EXAMPLES OF UNARY OPERATORS ARE =(MINUS), CAR, AND IF, WHILE INFIX
OPEFATORS INCLUDE =+, THEN, AND ELSE. BRACKET OPERATNRS ARE SIMILAR TO
UNARY OPERATORS BUT REQUIRE A TERMINATING INFIX OPERATAR WHIEH IS
IGNCRED, EXAMPLES 0OF BRACKETS OPERATORS ARE BEGIN AuD PROC, WHICH
BOTH CAN BE TERMINATED BY THE INFIX ORERATOR END.

NEW OPERATURS CAN BE DEFINED BY THE PROCEDURES UNMARY, BRACKET. OR
INFIX, THESE ADD APPROPRIATE ENTRIES ONTC UNARYLIST 9B INFIXLIST.
FOR EXAMPLE THE STATEMENT:
UNARY(2PR,180,2PRINT)
WOULD ESTABLISH THE UNARY OPERATOR PR WITH PRIORITY 130 AS BEING THE
SAME AS THE PROCEDURE PRINT. THUS WE COULD SUESEQUENTLY WRITE PR A
INSTEAD OF PRINT(A), SIMILARLY WE COULD DEFINE AN INFIX OPERATOR RY
INFIX(2,49,50,2APPEND);
TO ALLOW AN INFIX APPEND OPERATION, THE NUMBERS 49 aND 50 ARE THE
PRECEDENCES OF THE OPERATOR WHEN 1T IS CONSIDERED AS & LEFT-HAND AND

RIGHT~HAND OPERATOR RESPECTIVELY, SO THAT AN EXPRESSIIN SUCH AS A+Bep
WILL BE ANALYZED AS THOUGH IT WERE A= (BeC)

THE OUTPUT OF THE PRECEDENCE ANALYSIS IS A TREE FXPRESSED AS A LIST
IN WHICH THE FIRST ELEMENT OF EAGH LIST OR SUBLIST 18 AN OPERATOR OR
MACEKO, FOR EXAMPLE, THE STATEMENT:

SC=PROCIX)» ¥X*X END;
WOULD BE INPUT AS THE LIST:

(8Q = PROC (X) , X » X END)
AND WeUuLD BE ANALYZED INTO:

(SETQ SQ (PROC (COMMA X (TIMES X X))))
THIE WOULD THEN BE EXPANDED RY THE MACRO-EXFANDER, GITVING?

(SETA SO (QUOTE CLAMBDA (X) (TIMES X X))))
THE AFPROPRIATE INTEENAL FORM, THI® WOULD THEN BE FVALUATED,
HAVING THE SAME EFFECT AS THE STATEMENT:

SO = (LAMBDA(X) (TIMES X X))

WHICH WOULD IN FACT BE TRANSLATED INTO THE SAME THING,

THE MACRO-EXPANDER IS A FUNCTION EXPAND WHIGH 15 GIVEN THE SYNTAX
TREE AS ITS ARGUMENT. IT 1% ACTUALLY DEFINED aS;

EXPAND = PROC(TR)Y,
BEBIN(Y),



IF ATOM(TR)Y THEN RETURN(TR),
Y=LOOKUP(HD TR,MACROLIST),

IF ~Y THEN RETURN (MARX(EXPAND,TR)),
RETURNIY(TE))

THAT 18, I1F THE TOP-LEVEL OFERATOR I8 A MACRO, 1T 18 ARPPLIED TO THE
WHOLE TREE. UTHERWISE EXPAND 1S APPLIED TO EACH OF THE SURBTREES
RECURSIVELY, MOST CPERATORS WILL NOT RFGUIRE MACROS BECAUSE THE
OUTPUT OF THE PRECEDENCE ANALYSIS IS IN THE CORRECT FORM. HOWEVER,
OPERATORS SUCH A8 IF, THEN, FOR, PROC +.. ETC, RFQUIRE THFIR ARGUMENTS
To BE PUT IN THE CORRECT FORM FOR THE INTERPRETER. FOR INSTANCE,

THE IF MACRO CAN BE DEFINED:

MIFEPROC(TR),
BESINCX),
XakHD TL TR,
IF MD XE>THEN THEN RETURN
(2C0ONDsLIST(EXPAND(HD TL X),EXRAND(HD TL TL X))INIL),
RETURN(ZCONDIEXPAND(X))

WHERE RECURSIVE CALLS®S TO EXPAND ARE USED TO TRANSFOREM SURTREES IN THE
APPROPRIATE WAY, THE STATEMENT:

MACRO(2IF,MIF);
WOULD ASSOCIATE THE MACRO MIF WITH THE OPERATOR 1F s

ONE PARTICULARLY USEFUL AUTCOME OF THIS EXPANSION PROCEDURE 1S THE
ABILITY TO WRITE PROCEDURES ON THE LEFT~HAND SIDE OF ASSTGNMENT
STATEMENTS, THESE AN BE HANDLED BY A MACRO ASSOCIATED WITH THE
ASSIGNMENT OPERATOR, WHICH TESTS FOR PARTIGULAR EXPRESSIONS ON THE
LEFT=HAND SIDE AND MaKES APPROPRIATE MODIFICATIONS. FOR INSTANCE,
THE HD OPERATOR USED ON THE LEFT ALLDWS:

I Xmvy
TO FE WRITTEN INSTEAD OF:

RPLACACX,Y); ‘

WHICH THE SETQ MACRO WILL IN EFFECT PRODUCE. SIMILARLY, WE CAN WRITE:

MACROCIF)=PROC(TE)Y ...

AS A MORE CONCISE WAY OF DEFINING THE IF MaCRO, AS L0OMB AS THE SFTH
MACKO WERE PREPARED FOR THIS LEFT-HAND SILE FORM.

To PROVIDE THIS FLEXIBILITY, THE MACRC FOR THE ASSIGNMENT OPERATOR
I8 DEFINED TO BE:

MEETA=PROC(X),

BEGIN(EL,Ep,LM)

El=HD TL X, E2=HD TL TL X.

IF ATOM(EL)Y THEN GO NOTLM,

LM=L OOKUP(HD E1,2LMACROLIST),

IF NULLCLMY THEN GO NOTLM.

RETURN (LMEX)).,
MGTLM;RﬁTURN(ZSETD:&XPAND(El):EXPAND(EE)!NIL)i

THIS LGQKS UP TOP=LEVEL OFPERATORS ON THE LEFT=-HAND=SI1DE ON THF LIST
LMACROLIST, WHICH CAN RE EXTENDED BY THE LSER, THE STATEMENT:
LMACRO(NAME ,LMAC)Y ;

ADDS MACROS TO [MACROLIST IN A WAY ANALOGOUS TO MaCen,



s THE BALM COMPILER
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A BALM COMPILER WHICH WILL CHANGE A USER DEFINED PROCEDURE 1IN
BALM INTERNAL FORM (A LIST STRUCTURE) INTC MACHINE CBDF (A VECTOR OF
MACHINE LANGUAGE INSTRUCTIONS) 1S AVAILABLE. THF COMPILER I8 ]TSELF A
PROCEDURE WRITTEN IN BALM AND CALLED COMPILE. 1T IS NOT A PERMANENT
PART OF THE BALM SYSTEM, AND CAN BE INCLULED OR ERASEN AT THE USE®2 §
REQUFST. MACHINE CONED (COMPILED) PROCS. FPROCS, AND NPROCS ARE KNOWN
AS SUBRS, FSUBRS, AND NSUBRS RESPECTIVELY., COMPILED PIOCEDURES EXECUTE
AFPROXIMATLY 5 TIMES FASTER THAN UNCOMPILED PROCEDURES IN BALM INTERNAL
FORM,

6,1 DEFINING THE COMPILER

THE BALM COMPILER IS SIMPLY A DFCK CF PUNCHED MARDS CONTAINING
THE BALM SOURCE STATEMENTS T0 DEFINE THE FROGEDURE COMPILE AND TS
ASSOCIATED FROCEDURES., IN ORDER TO INCLUDE THE COMPILER IN THE BALM
SYSTEM, THE USER PLACES THE rOMPILER DECK BEFORE HIS OWN BALM STATEMENTS.
THIS WILL CAUSE THE STATEMENTS IN THE COMPILER DFCK TO BE TRANSLATED
AND EXECUTED FIRST, THUS ESTABLISHING THE PROPER NEFTNITIONS. THE USER
CAN MODIFY THE COMPILER SOURRE ¢ARDS IN GRDER TO PROVINE HIS DWN
SFECIAL PURPOSE COMPILER.

AN ALTERNATE WAY TO OBTAIN THE COMPILER IS TO READ ITS SOURCE
STATEMENTS FROM 4 SCOPE COMMON FILE. THE COMMON FILE RALMC WILL
USUALLY BE AVAILABLE AND WILL CONTAIN THE COMPILER DEFINITIONS, THE
SCOPE CONTROL CARDS NECESSARY Tn OBTAIN TKIS COMMON FILE AND TO
EXECUTE BALM ARE:

IN=CARD
COMMON(BALMEC)
REWINDCEALME)
CORPYBF (BALMC, TAPEZ)
RETURNCBALME)
REWIND(TARPED)

BALM,

EmOmR

BALM STATEMENTS
E~O~F

THE BALM STATEMENT

COMPILER=FILE(ZTARPE3®);

EXECUTECCOMPILER, OUTRPUT) ;
WILL THEN READ. TRANELATE, AND EXECUTE THE COMPILER DEFINITIONS. IN
ORDER TO ERASE THE COMPILER, CALL THE FUNCTION EXAISE(Y. TO RESTORE
THE COMPILER AFTER A CALL To EXCISE ¢(IF THE GOMPILER HAS ORTAINED FROM
A COMMON FILE) -

REWINDC(COMFRILER) ;

EXECUTE(COMPILER., QUTRPUT) 3



6,2 CALLING THE COMPILER

THE COMPILE PROCEDURE HAS TWO ARGUMENTS: THE NAME OF THE
PROCEDURE TO BE COMPILED AND A SHORT STRING OF LESS THAN 8 CHARACTERS
REPRESENTING THE ENTRY ROINT NAME OF THE PROGCEDURE. THE ENTRY POINT
NAME IS USED INTERNALLY BY THE SYSTEM, AND RE-APPEARS EXTERNALLY ONLY
IF THE USER PRINTS TWE ENTRY POINT OF THE COMPILED PRACEDURE
(EG., PRINT($ABS)) WILL PRINT KABSO0> , WHERE KARS IS TWHE ENTRY POINT
NAME OF THE MACHINE £ODED PROCEDURE ABS). ENTRY POINT NAMES OF
COMPILED PRUOCEDURES NEED NOT BE UNIQUE,

IF THE PROCEDURE TO BE COMPILED CALLS ANY UNCOM®ILED PROCEDURES,
THEN THESE PROCEDURES WILL BE AUTOMATICALLY GOMPILED. THE GCOMPILER
WILL GIVE THEM aLL THE ENTRY POINT NAME COMPED.

EXAMPLE?

=COMMENT<READ IN COMRILER>
wEXECUTE(FILECETAPES ), OUTRPUT) 3

=COMMENTeDEF INE PROCFDURES TN BE COMPILED>
mREVEPROC(X), IF ATOM(X) THEN X BLSE REVIU(X,NIL) END; _
=REVi=PROC(X,Y), IF =X THEN Y ELSE REVI(TL X,REV(HD X):iY) ENDJ
»COMMENT«NOW COMPILE BOTH PROCEDURESH

eCOMPILE(2REV, Z8REVE) }

=PRINT(EREV)§

SREVO>

=FRINT(SREVL):

COMFEDO>

6,3 EOURCE CODE RESTRICTIONS

PROCEDURES WHIGH ARE SUBRS, FSUBRS, OR NSUHRS AT COMPILATION
TIME MUST NOT BE REDEFINED AFTER THE COMPILATION,

IF AN EXPRESSION IS USED AS A FUNCTION, THEN IT WILL RE EVALUATED
AT COMPILATION TIME, IF THE VALUE IS NIL THEN THE FUNETION IS ASSUMFD
TO BE UNDEFINED, THIS WILL NOT CAUSE AN ERROR MESSAGS, THOUGH, AS LONG
AS THE FUNCTION BECOMES DEFINED BEFORE THE COMPILED eall TO IT I8
EXECUTED, IF THE VALUE OF AN EXPRESSION USED AS A FUNETION 1S A SUBR,
FSUER, OR NSUBR THEN A DIRECT LINKAGE TO IT WILL RF nOMPILED. IF THE
VALUE IS A PROC, FPROC, OR NPROC THEN IT WILL BE CONVERTED INTO A
SUBR, FSUBR, OR NSUBR (IE. THE REFERENGCED PROCEDURE WILL BE COMPILED).
THE VALUES OF ALL LQCAL VARIABLES AND FORMAL PARAMETERS OF PROCEDURES
BEING COMPILED ARE SFT TO NIL DURING CUMPILATION AND ARE RESTORED AFTERWARDS.

THE INTERNAL STRUCTURE OF A LABEL IN COMPILED EIANE DIFFERS FROM
THE INTERNAL STRUCTURE OF AN UNCOMPILED LABEL., STATEMENTS SUCH AS
G0 TL LABEL ARE ILLEGAL IN SOURCE CODE T0O BE COMRILED,

SUBRS MAY HAVE A MAXIMUM OF 5 ARGUMENTS, ALL PR0CS OF MORE
THAN B ARGUMENTS SHOULD BE RE-WRITTEN AS NPROCS BREFOREZ THEY ARE
COMPILED,



8. CATALOGUE OF ORPERATORS AND PROCEDURES

W oo TR oom o oem

THE OPERATORE IN THE CURRENT SYSTEM,

ARE AS FOLLOWS:

PRECEDENCE,
ORPERATOR TYPE
> UNARY
= LMNARY
COMMENT  UNMARY
NOOFR UNARY
PROP INFI¥
PROFS INFIX
HD UNARY
TL UMARY
% UNARY
@ INFIx
- UNARY
7 INFI¥
e INFIx
* INFIX
- INFIy
EQ INFIX
= INFIX
NE INFI¥
GT INFIX
LT INFIY
GE INFI¥
Lk INFIx
ZR UNARY
NZ UNARY
PL UNARY
NG UNARY
VAR LWNARY
NGT UNARY
NULL UNARY
. UMARY
AND INFIX
& INF Iy
0k INFIX
» INFI¥
- IMNFI¥
H INFIX
= INFIX
REREAT INFIX
60 UNARY
GoTe UNARY
FOR UNARY
WHILE UNARY
RETURN LNARY
THEN INFIX
ELSE INFIx
ELSEIF INFIx

PROCEDURE

QUOTE
BUOTE

FROP
PROP

AR

CDR

EVAL
EXPT
MINUS
DUOTIENT
TIMES
PLUS
NIFFERENCE
EFQUAL
FQUAL
MNEQUAIL
GREATERP
LESSR
NLESSP
NGREATERP
ZEROP
NZEROP
MMINUSP
MINUSP
ATOM

MOT

NULL
NULL

AND

AND

ORr

ORrR
STRING
CONS
EETO

0

e
FORLOGP
WHILE
RETURN

LEFT PREC.

-
-

2100
2100
2000
2000
1900
1800
1700
1601
1601
1501
1501
1400
1400
1400
14100
1400
1400
1400
1300
1500
1300
1300
1300
1200
1200
1200
1100
1100

1000
1000

900
800
700
600
500
500
500
200
500
400
S00
300

IN ORDFR OF

2101
2101

1801

1600
1600
i5a0
1500
1400
1400
1400
14400
1400
1400
1400

4 1 31 31 3

1101
1101
1001
1001
901
801
701
600

400

300
ann

NRECREASING

RIGHT PREM, COMMENT

HANDLLED BY TRANSLATOR
HANDLED BY TRANSLATOR
HANDLED BY TRANSLATOR
HANDLED BY TRANSLATOR
RIGHT=ASSOCTIATIVE
RIGHT=ASSOCTIATIVE

RIGHT=ASSOCTIATIVE

RIGHT=ASSOCIATIVE
RIGHT=ASSOCIATIVE
RIGHT=ASSOCTATIVE
RIGHT=ASSOCIATIVE
RIGHT=ASSOCTIATIVE
RIGHT=ASSOCTATIVE
RIGHT=ASSOCIATIVE
DETECTED BY MACROS

HBETECTEDR BY MACRNS

DETECTED BY MACROS
DETECTED BY MACROS



IF

PROC
FEROC
EXPR
BEGIN
ne
END

UNARY
INFIx
BRCKT
BRCKT
BRCKT
BRCKT
BRCKT
INFIx

TERMINATOR INFIX

SOND

[ AMBDA
FLAMBDA

FROG
FROGM

-

200
140
100
100
140
100
100

DETECTED RY MACRNS

DETECTED RY MACRDS

BRACKET TERMINATOR
HANDLED BY TRANSLATOR



THE PRE=DEFINED PROCEDURES IN THE CURRENT SYSTEM, IN ALPHABETICAL
ORDER, ARE AS FOLLOWS:

ABS(ARG) |
RETURNS THE ABSOLUTE VALUE OF ARG,

ALPHOKARR(CHAR)
RETURNS TRUE IF THE SHORT=-STRING CHAR IS AN ALP-ARFETIC CHARACTER
(A=Z) , OTHERWISE NIL.,

ANALYZECLST)
PERFOREMS A PRECEDENCE ANALYSIS ON LIST LST AND RETURNS THE
RESULT. (SEE S8EC. %)

AFPEND(LSTL,LST2) .
RETURNS THE LIST FORMED BY CONCATENATING LISTS LST1 AND LST2.
EXAMRLE: APPEND(2(A B),2(c D)) RETURNS (A B8 C M)

ATOMCARG)
RETURNS TRUE IF ARG IS A NAME, NUMRER, SHART STRING, ENTRY POINT,
TRUE, OR NIL. NIL IS RETURNED FOR ALL QTHER ARZUMENTS,

BACKSPACE(TARE)
BACKSPACES THE FILE TARE ONE LOGICAL RECORD,

BLANKS(N, TAFE) '
INTRODUCES N BLANK CHARACTERS INTO THE CURRENT LINE OF OQUTRUT

FILE TAPE. IF TAPE IS OMITTED, THEN THE STANPARD QUTRUT FILE IS
ASSUMED,

BLOCKC(ARG)
RETURNS ARG COMVERTED TO A VECTOR. IF ARG 1S A LIST, THEN THE
RESULTING VECTOR WILL CONSIST OF THE Top LEVEL =LEMENTS 0OF ARG.
IF ARG IS A STRING, THEN THWE RESULT WILL BE A VEETOR OF SHORT
STRINGE, EACH oF WHICH 18 A SINGLE CHARACTER nF ARG. IF ARG IS
A VECTOR THEN IT 18 RETURNED.

RLOCKP(ARG)
RETURNS TRUE IF ARG 1S5 A VECTOR, QTRERWISF NIL.
BRACKET(OP,PREC,PROCNAM)
DEFINES Op AS A BRACKET OPERATOR WITH PRECEDENCE PREC AND
ASSQCIATED PROCEDURE NAME RROGNAM. (3EE SEC. 8)

BREAKUPC(RATRN, ARG)
BREAKUP PERFORMS A MULTIPLE ASSIGNMENT OF THE NAMES IN PATRN T0O
STRUCTURES IN ARG, FOR EXAMPLE
BREAKUR(Z(A [8 C (D))),2(<8TR> [B7 (X) (Y)In
WILL CAUSE THE SAME ASSIGNMENTS AS A=<3TR»;iRB=R7iC=2(X)jD=2Y}
IN GENERAL, THF NAMES IN PATRN ARE ASSIGNED VAL JES WHICH ARE THE
ELEMENTS APPEARING IN CORRESPONDING PCSITIONS T4 ARG, IF SUCH AN
ASSIGNMENT CANNOT BE PERFORMED DUE TO A DIFFERFNCE IN STRUCTURE
BETWEEN PATRN AND ARG THEN NIL I8 RETURNED, OTHERWISE TRUE.IN THE
CASE OF AN ASSIGNMENT FAILURE, ONLY THOSE NAMES ENCOUNTERED
BEFORE THE STRUCTURAL DISCREPANCY WILL BE ASSIGNED VALUES. FOR



EXAMPLE.,

BREAKUR(Z(A (B C)),2(X (3 4)))

WILL RETURN TRUE AND RESULT IN THE FOLLOWING ASSIGNMENTS:
A=2X1B=3:0=4;

BREAKUP(2(A(B ) D) 2(¥ (3 4 5))) WILL RETURN NIL AND CAUSFE
THE SAME ASSIGNMENTS AS THE PREVIOUS EXAMPLE., O WILL REMAIN
UNCHANGED, CONSTANTS APPEARING IN PATRN MUST EXACTLY MATCH THEIR
CURRESPONDING ELEMENTS IN ARG FOR 4 SUGCESSFUL YATCH.

BREAKURP(2(A B € <STR> 7),2(1 2 3 <STR> 7)) WILL RETURN TRUF WHILE
BEEAKUP(2(A B £ <STR» 7),2(4 5 6 <STR> 8)) WILL BETURN NIL,

A CONSTANT NAMF OR STRUCTURE CAN BE REPRESFENTEND IN PATRN BY
PRECEDING IT WITH A > ,

EXAMPLE:

BREAKUR(2(A 28 B 20C D1),2(1 B S [C DI)) WILL R=TURN TRUE AND WILL
PERFORM THE ASSIGNMENTS Az1;B=5;

BREAKUR(Z(A 2B C),2(1 (R) €XYZ»)) WILL RETURN MTIL. AND WILL
PERFORM THE ASSIGNMENT A=13

CARCARG)
SAME AS HD(SEE TEXT),

CARRIAGE(FLAG, TAPE,CMAR)
ENABLES CARRIABE CONTROL oN FILE TAPE USING CHAR AS THE
CARRIAGE CONTROL CHARACTER. CHWAR IS A SHORT=-STRING CONTAINING A
SINGLE CHARACTER, EITHER CHAR OR CHAR AND TAPE MAY BE OMITTED,
DEFAULT VALUES FOR CHAR AND TAPE ARE # # AND THE STANDARD OQUTRPUT
FILE.

CDREARG)
SAME A8 TL(SEE TEXT).

CHARACTER(NUMB)
RETURNS THE NUMBER NUMS CONVERTED TC A SHORT 8T3ING.

CHARACTERP(ARG)
RETURNS TRUE IF ARG IS A SHORT STRING. OTHERWISE NIL.

CONCCARGL, ARG2,, .+, 5 ARGM; ARGN)

CQNCATFNATES ARGL:.0..,ARGN, ARGL,...,ARGM ARE MODIFIED.
ARG, ...,ARGN MUST BE BITHER LISTS COR STRINGSE.

CONS(ARG1,ARG2)
SAME AS ARG1:ARG2(SEF TEXT).

CONSTRUCT(ARG)

RETURNS THE STRUCTURE ARG WITH ALL NAMES REPLAMZD BY THEIR VALUES
EXAMRLE:
BREAKUR(Z2([A BY C B3),2¢0(X Y) Z] R 53));

PRINT(CONSTRUCT(2((A B) € 651));
WILL PRINT [((¥ Y) ZI) R 68]

COPY(ARG)
RETURNS A COPY OF ITS ARGUMENT,

DELFROP(ARGYL.PRORP)
DELETES THE FIRST OCCURENGE OF PROPERTY PROP FRAM NAME ARG1.



DELPROP RETURNE NIL IF THE PROPERTY 1S NOT FOUND.

DIVIDE(NUMEBL,NUME2)
RETURNE A LIST WHOSE FIRST ELEMENT 18 NUMB1/NUM32 AND WHOSE
SECOND ELEMENT 1§ THE REMAINDER.

ECHOCFLAG, TAPE) , _ .
ECGHO WILL ENABLE OR DISABLE AUTOMATIC PRINTING OF LINES INPUT FROM
THE FILE TAPE DEPENDING UPON WHETHER FLAG 1S TRJE OR NIL, IF
TAPE 18 OMITTER, THEN THE STANDARD INPUT FILE 18 ASSUMED,

EJECT(TAPE) ,
CAUSES A PAGE EJECT ON THE FILE TAPE. CARRIAGE mONTROL MUST BE
ENABLED FOR THE FILE TAPE BEFORE EJECT IS CALLEDR. IF TARPE 18
OMITTED, THEN THE STANDARD QUTPUT FILE IS ASSUMED,

ENDFILE(TAPE)
WRITES AN END 6F FILE MARK ON THE FILE TAFE.

ED(ARGL, ARG2) |
RETURNS TRUE IF ARGL AND ARG2 ARE THE SAME NAMES, OTHERWISE NIL.

EQUAL (ARGY, ARGZ)
RETURNS TRUE IF ARGL I8 THE SAME AS (OR A COPY 1F) ARG2.

ERROR(ARG)

PRINTS ARG, TERMINATES EXECUTION OF CURRENT STATEMENT, AND
PROCEEDS T0O THE NEXT TAP-LEVEL STATEMENT.

EVALCARG)
SAME AS % (SEE TEXT)

EVLIB(LET)
RETURNS A LIST OF THE VALUES ORBTAINED BY APPLYTNR EVAL TO EFACH
MEMBER QF LIST LST,

EXECUTECINFILE-QUTFILE)

EXECUTE TRANSLATES AND EXECUTES BALM STATEMENTS FROM THE FILE
INFILE UNTIL A STOP STATEMENT IS REACHED. EXEGJTE WILL THEN
RETURN NIL. TRANSLATOR ERROR MESSAGES ARE WRITTEN ON FILE

OUTFILE.

EXITL)
TERMINATES BalLM EXEGUTION,

EXPAND(LET)
RETURNE THE RESULT OF A MACRO EXPANSION ON LIST 1 ST. LST 1S
ASSUMED TO BE IN THE SAME FORM AS THE QUTPUT FROM THE PRECEDENCE
ANALYZER., (SEF SEC. B)

FILE(NAM,LINE,LRUFFEM)
FILE CREATES AND RETURNS A FILE. TKE SCOPE NaMz OF THE FILE IS
SPECIFIED BY NaM, WHICK 18 A SHORT-STRING OF LESS THAN 8
CHARACTERS, THF FIRST BEING ALRHABETIC, PLINE 13 A NUMBER
SPECIFYING THE NUMBER NF OHARABTERS PER LINE. L_BUFFER I8 A
NUMBER SPECIFYING THE LENGTH OF THE 1/0 BUFFER FOR THE FILE.



ECHOING AND CARRIAGE CONTROL ARE INITIALLY DISAZLED. INDENTED
PRINTING IS INITIALLY ENABLED. FILE(NAM,LINE) aND FILE(NAM) ARE
ALTERNATE FORMS OF A CALL TO FILE. THE DEFAULT VALUES OF LINE
AND LBUFFER ARE 72 AND 200 (OCTAL) RESPECTIVELY.

FIXPINUMB)
RETURNS NIL IF NUMB IS A REAL NUMBER, OTHERWISE TRUE.

FLOATR (NUMB) }
RETURNS TRUE IF NUMB 1S A REAL NUMBER, OTHERWISE NIL.

FLUSH(TARE)
THE CURRENT LINE OF FILE TAPE IS OUTPUTTED. RESEATED CALLS TO
FLUSH WILL PRINT BLANK LINES. IF TAPE IS OMITTED THEN THE
STANDARD OUTPUT FILE 12 ASSUMED,

GENSYM()
RETURNS A UNIQUE NAME EACH TIME CALLED.

GoCARE)
IN A PROCEDURE, TRANSFERS TO THE STATEMENT WH0OSE LABEL IS ARG.

INFIX(OP,LPREC,RPREC, PROGNAM)
DEFINES INFIX OPERATOR OP WITH LEFT PRECEDENGE L_PREC AND RIGHT
PRECEDENCE RPREC, PROCNAM IS THE NAME OF THE eIRRESPONDING
PROCEDURE, (SFE SEC. ®)

INTEGER(NUME)
CONVERTS NUMBER NUMB TO AN INTEGER.

LAST(LIS)
RETURNS THE LAST TOP-LEVEL ARGUMENT OF LIST L1§g.

LEFTSHIFT(NUMB.ONT)
RETURNS NUMRB SHIFTED LEFT ONT RITS, IF ¢NT 1S VEGATIVE, THEN 4
RIGHT SHIFT I8 PERFORMED.

LENGTHCARG)

RETURNS THE LENGTH OF A STRING IN CHARACTERS 0B THE NUMBER QF
TOP LEVEL ELEMENTS IN A LIST OR VECTOR.

LINES(N»TAPE)
SKIPS N LINES ON OUTPUT FILE TAPE. CARRIAGE CONTRNOL MUST BE

ENABLED FOR THE FILE TAPE AEFORE CALLING LINES. IF TAPE IS
OMITTED THE STANDARD CUTRPUT FILE IS ASSUMED.

LIST(ARGY , ARGZ2, ..., ARGN)
RETURNS A LIST OF ARG1,ARGZ,...,ARGN
(IE, ARG1:ARG2:!,., ARBNINIL)

LISTC(ARG)
RETURNS ARG CONVERTED To A LIST. IF ARG IS A VEZTOR, THEN THE
RESULTING LIST WILL CONSIST OF THE ELEMENTS OF ARG. IF ARG IS A
STRING, THEN TWE RESULT WILL BE A LIST OF SHORT STRINGS, EACH OF
WHICH 1§ A SINBLE CHARACTER OF ARG, IF ARG IS A LIST, THEN IT IS
RETURNED.



LMACRO(NAM, FROCED)
DEFINES NAM AS A MACRO TO BE USED ON THE LEFT-HAND SIDE OF
AN ASSTGNMENT STATEMENT, PROCED IS THE ASSOCIATED PROCEDURE.
(SEE SEC. 5)

LOC(ARG)
RETURNS A POINTER TO A WORD WHICH CONTAINS A POINTER TO ARG.

LOGANDCNUMBYL , NUMB2, ..., NUMBN)
RETURNS THE LOBICAL PRODUCT OF NUMR1 THROUGH NUMBN.

LOGOR(NUMBYL , NUMRZ, .., , NUMBN)
RETURNS THE LNGICAL SUM OF NUMB1 THROUGH NUMRN.

LOGXOR (NUMBL, NUMB2, . ., , NUMBN ) ﬂ
RETURNS THE LOEICAL DIFFERENCE OF NUMBL THROUGH NUMBN.

MACRO(NAM, RROCED)
DEFINES NAM AS A MACRO WITH ASSOCIATED PROCEDURE PROCED.
(SEE SEC. %)

MAKELOCK (NUMR)
RETURNS A VECTHR OF LENGTH NUMB.

MAR(LET»PROCED)
MAP APPLIES THE PROCEDURE PROCED TO THE LIST LST, THEN GDR(LST),
THEN CDR(CDR(LST))» AND SO ON, UNTIL LST IS EXHAUSTED. NIL IS
RETURNED.

MAPCON(LST,PROCED)
MARCON APRLIES THE PROCFEDURE PROCED TC THE LIST (8T. THEN £DR
(L&T), THEN CDR(CDR(LST)), AND SO 0N, UNTIL LST 18 FEXHAUSTED.
THE RESULTS OF THESE APPLICATIONS OF PROGEN ARE CONCATENATED
(ARPPENDED) AND RETURNER, MNOTE THAT PROCED MUST RETURN EITHER A

LIST OR A STRING, SINCE THESE ARE THE ONLY STRUSTURES FOR WHICH
CONCATENATION 1S DEFINED,

MAPLISTC(LST,PROGED)
MARLIST APPLIER THE PROCEDURE PRUCED T6H THE LIST LST, THEN CODR
(LST), THEN CDR(CDR(LST)), AND S0 ON, UNTIL LST IS EXHAUSTED,
A LIST CONSISTING OF THWE RESULTS OF THESE APPLTZATIONS OF PROCED
18 RETURNED,
EXAMPLE:
ZEMAPLIST(2(A B C DM, PROC(X),LIST(CAR X,2X) ENP)$ PRINT(Z):
WILL FRINT (A XD(B X)(0 X)3(D xX))

MARPX(ARG,PROCED)
MAPX APPLIES THE PROCEDURE PROCED TG EACH OF THWE TOP LEVEL
ELEMENTS OF ARG, RETURMING A LIST 0OR VECTOR OF THE RESULTS.

IF ARG IS A& LIST, THEN A LIST 18 RETURNED. IF 426 1S A VEGTOR,
THEN & VECTOR 1S RETURNMED, ARG MAY NQT BE A STRING.

MAX (NUMBL, NUMBZ, ..., NUMBN)
RETURNS THE LARGEST OF NUMHERS NUMRE1 THROUGH NUYAN,



MEMBER (ARG1,ARG2)
IF ARG1 IS A TOP LEVEL ELEMENT OF ARGZ (A LIST OR VECTOR) THEN
TRUE 1S RETURNED, OTHERWISE NIL.

MINCNUMBL, NUMB2, ..., NUMBN)
RETURNS THE SMALLEST OF NUMBERS NUMBEY THROUGH NIMBN.

MINUSP (NUME)
RETURNS TRUE [F NUMB 18 NEGATIVEs OTHERWISE NI,

MENUM(CHAR)
MENUM RETURNS THE INTEBRER WHOSE VALUE IS SPEQIFIED RY THE SHNORT
STRING CHAR. £HAR MUST CONTAIN A SINGLE NUMERTS CHARACTER.

MKVAR(STRNG) )
MKVAR RETURNS THE VARIARLE (SYMBOL) WHOSE NAME 1S SPEGQIFIED R’Y
THE CHARAGTERS OF STRNG,

NULL €ARG)
RETURNS TRUE IF ARG IS NIL, OTHERWISE NIL.

NUMEERP(ARG)

RETURNS TRUE IF ARG I8 A NUMBER (REAL, INTEGER, OR OCTAL)
OTHERWISE NIL.

NUMCHARP(CHAR)

RETURNS TRUE IF THE SHORT-STRING CHAR IS & SINGLE NUMERICAL
CHARACTER (0-9) , OTHERWISE NIL.

OCTAL (NUMB)
RETURNS THE NUMBER NUMR, CONVERTED TO 0GTAL.

OCTALF(ARG)
RETURNS TRUE IF ARG IS 4 NUMBER OF TYPE 0CTAL,

OPCHAR(CHAR)
RETURNS TRUE IF THE SHORT-STRING CHAR IS AN ORERATOR CHARACTER,
OTHERWISE NIL,
THE OFFRATOR CWARACTERS ARE
L R L N T T A B R N T N P I S

PACKSTRING(ARG)
RETURNS THE PAGKED STRING FQUIVALENT TO ARE.A PACKED STRING TAKES
UP THE MINIMUM STORAGE SPACE. PACKSTRING WILL ALSO CONVERT A
LIST OF SHORT STRINGS TO A STRING,

PRETTYPRINT(FLAG: TAPE)
ENABLES OR DISABLES INDENTED QUTRUT OoF LINES ON FILE TAPE
DERPENDING UPON WHETHER FLAG IS TRUE OR NIL. IF TARE 18 OMITTED
THEN THE STANDARD QUTPUT FILE IS USED.

PRINT(ARG)
ARG I8 PRINTED AFTER ANYTHING IN THE FRINT RUFF=ZR., THE PRINT
BUFFER IS FLUSHED. AND ARG IS RETURNED.

PRINTNF(ARG)



THE PRINTED REPRESENTATION OF ARG IS ENTERED INTO THE PRINT
BUFFER, THE PRINTER I8 NOT SENT TO THE NEXT LINE. ARS IS
RETURNED.

RRINTPRUP (NAME)

PRINTPROP PRINTS THE PROPERTIES OF NAME, FOLLOWED RY A STRING
CONTAINING THE NAME,

REAL(TAFE)
READS AND RETURNS THE NEXT LINE OF THE FILE Tar2. IF TARE IS
OMITTED THEN THWE STANDARD INPUT FILE IS ASSUMED,

REALLINE(TAPE)
READS A LINE FROM THE FILE TAPE AND FORMS AN UNPACKED STRING
FROM 1T. THE STRING (WHIOH IS RETURNED) IS OF _ENGTH EQUAL T0O
THE LINE LENGTH OF FILE TARE. IF TAPE 18 OMITTED, THE STANDARD
INPUT FILE IS ASSUMED,

RFEAL (NUME)
RETURNS NUMBER NUMR CONVERTED TD A NUMBER OF TYRE REAL.,

RECLAIMO)
FORCES A GARBAGE COLLECTION AND RETURNS NTL.

REMAINDER(NUMBL , NUMEZ)
RETURNS THE REMAINDER 0OF A DIVISION OF NUMRY BY NUMRB2.

REMORB (NAM)
FREES THE SPACE OCCUPIED BY THE VARIABLE (NAME) NAM.

RETURN(ARG)
RETURNS ARG AS THE VALUE 0OF A BEGIN-END BLOCK,

REVERSE(LST) o
RETURNS THE LIST LST REVERSED ON ITS Top LEVEL.

REWIND(TARE)
REWINDS® THE FILE TAPE,

RPLACACLSTL,ARGZ)
REFLACES THE HEAD OF LIST LST1 WITH ARGZ, RPLAZA RETUBNS THE
NEW LET1 (1.E. RETURNS ARG2:TL LST1)., LST1 1S MODIFYED.
EXAMPLE:
X#2(A B C D);
PRINT(RFLACA(X,2(D E)))!
PRINT(X);
WOULD FRINT2
((DE) BECm)

(2 E) B £ D)

RPLACD(LRTL, ARG2)
REPLACES THE Tall, OF L18T LSTL WIlTH ARGZ., RPLAGD RETURNS THF
NEW L8T1 (I.E, RETURNS (HD LSTL)HARG2). LST1 1% MODIFYED,
EXAMPLE
X=2¢A B C 0y
PRIMT(RPLACD(X:2(D E)) )}



PRINT(¥);
WOULD PRINTZ
(A D E)

(A D E)

BETFROP(NAME,PROP,VAL)
GIVES THE PROPERTY PROP WITH YALUE VAL To THE NAME NAME., THE

PREVIOUS VALUE OF THIS PROPERTY (IF PRESENT) IS PUSHED DOWN, AND
NOT LOST. THE NAME IS RETURNER.

SETPROPD(NAME, PROP.VAL)
GIVES THE PROPERTY PROP WITH VALUE VAL TO THE N&ME NAME, THE
PREVIOUS VALUE OF THIS PROPERTY (IF PRESENT) Is RESTROYED. IF 4
PREVIOUS VALUE, PVAL, IS PRESENT, THKEN PROPIPVAL IS RETURNFD,
OTHERWISE NIL.

STRING(STR1,8TRZ2,..,.5TRN)
R&TURNS $Tpiﬁ STRZ! ¢ ® 3 qTRN CGNGATENATED-
STR1,8TRZ,..,.,8TRN MUST BE EITHER STRINGBS OR LISTS OF SHORT
STRINGS. A BTRING I8 PETURNED. FOR EXAMPLE:
STRING(<A STRING>,< AND »,<ANOTHER>) RETURNS
<A STEING AND ANOTHER>

STRINGRCARG)
RETURNE TRUE IF ARG IS A STRING, NIL CTHERWISE.

SUBST(NEW,0LD,.LST)

RETURNS THE LIST LST WITH ALL OCCURENCES 0F oOLp REPLACED RBY NEW,
FOR EXAMPLE X=SUBST(20X Y]:2(A(R CI)s2(X Y (LA (B C))) 733
PRINT(X):

WILL PRINT (X ¥ ({X Y1) Z)

SUBSTR(STR,N,LEN)
RETURNS THE SURSTRING OF STRING STR STARTING FRIM THE N TH
CHARACTER AND CONTINUING FOR LEN CHARACTERS. 17 LEN I8 7ERO ORr
IF N I8 GREATER THAN THE LENGTH OF STR, THEN THZ NULL STRING <>
1S RETURNED. IF LEN 18 NEGATIVE OR IF N+LEN 18 BREATER THAN THE
LENGTH OF STR, THEN A STRING FORMED FROM THE NTH OHARACTER UNTIL
THE END OF STR IS RETURNED.
EXAMPLES:
PRINT(SUBSTR(<ABCDE>,2,3) )1 PRINTS <RBCD»
PRINT(SUBSTR(<ABCDE>,2,-1)); PRINTS <BCDE>
PRINT(SUBRTR(<ABCDE>,3%,0))} PRINTES «<»

TERFRI()
WILL FRINT AND FLUSH THE PRINT RUFFER, AND RETURN NIL,

TIME()
RETURNS THE ELAPSED €p TIME IN SECONDS SINCE THE START OF THE
JOH A8 A REAL NUMBER,

TEANSLATEC(LST)
LST IS A LIST CONTAINING A BALM STATEMENT WITHOUT THE
TERMINATING SEMI-COLON, TRANSLATE WILL RETURN THE STATEMENT

TRANSLATED INTO BALM INTERNAL FORM, SUITABLE FnN® EVALUATION RY
EVAL (7)Y , (SEE SEC, B)



UNARY (OF,PREC,PROCNAM)
DEFINES OP AS A UNARY NPERATOR WITH PRECEDENCE 2REC AND
ABSQCIATED PROCEDURE NAME PROCNAM. (SEE 8EC, 8)

VARNAME(YAR)

RETURNS A STRING WHUSE CHARACTERS SPECIFY THE NAME OF THE VARIABLE
VAR,

VECTORCARGL , ARG, ..., ARGHN)
RETURNS A VECTOR CONTAINING ARGL:ARG2,...,ARGH.

VEREOS(ARG)
IF ARG IS TRUE. SUBSEQUENT GARBAGE COLLECTIONS ATLL PRODUCE A
MESSAGE ON THE STANDARD OUTRUT FILE, IF ARG 1S NIL, THEN THESF
MESSAGFS ARE SUSPENDED., THE VALUE OF ARG IN THZ PREVIOUS caLL 1S
RETURNED.,

WRITE(ARG, TARE)
INTRODUCES ARG INTO THE CURRENT LINE OF FILE TARE AND WRITES THE
CURRENT LINE. IF TAPE IS OMITTED, THEN THE STANDARD OUTPUT FILE
1S ASSUMED.

WRITELINE(STRNG, TAPE)
WRITES THE CHARACTERS 6F STRNG ON FILE TAPE AS 4 SINGLE LINE,
THE LENGTH OF STRNG MUST HE LESS THAN OR ENUAL To THE LINE
LENGTH OF FILE TAPE. IF TAPE IS OMITTED, THEN THE STANDARD
QUTPUT FILE 18 ASSUMED.

WRITENFCARG,TAFPE)
ARG IS5 INTRODUCED INTO THE CURRENT LINE OF FILE TAPE. THE
CURRENT LINE 18 NOT WRITTEN, IF TAPE IS OMITTRED THEN THE STANDARD
QUTPUT FILE 18 ASSUMED.
ZEROP(NUMB)
RETURNS TRUE IF NUMB |8 ZERO, OTHERWISE NIL.



2., BALM CONTROL CARD
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THE PARAMETER LIST OF THE BALM CONTROL GCARD IS IN A4 POSITION
INDEFENDENT FORMAT SIMILAR TO THE COMPASS AND UPDATE nnANTROL
CARDS, IT I8 AS FOLLOWS2

BALM(PL,P2,..,,PN)

WHEFE THE PI ARE ANY OF THE FOLLOWING PARAMETERS:

I=FNAMY FNaM1 IS THE NAME OF THE FILE TO RE USED FOR INPYT
OF COMMANDS, IT I8 THE STANDARD INRUT FILE.

OEFMNAMD FNAM2 I3 THE NAME OF THE FILF T0O RE USED FOR HBALM
QUTPUT. IT IS THE STANLARD OQUTPUT FILE.

TE=FNAM3 WHERE FNAM3 IS THE NAME OF THE FILE TO BE USED WITHIN
HALM AS TABRpE 3,

TdaFNAM4 FNAM4 15 THE NAME OF THE FILF T0O BE USED WITHIN RAIM
AS TAPE 4

FSapq P1 IS AN [NTEGER REPRESENTING THE PRRCENTAGE OF

AVAILABLE SPACE (FIELD LENGTH MINUS LENGTH OF RALM
SYSTEM) To BE USED AS FREE SPACE (L IST, STRING AND
NUMBER STORAGE)

STwp2 PZ IS5 AN INTEGER REPRESENTING THE PERCOENTAGE OF
AVa]lLABLE SPACE TU BE USED AS A STAZK,
TTY TARE 1 AND TAPE 2 GO To a TELETYPF. SHOULD NOT RE

PRESENT FOR BATCH PROCESSING.
DEFAULT VALUES ARE ASSUMED FOR MISSING PARAMETERS, THEY ARE
I=INPUT,0=0UTPUT,F8=63,8T=20

PARAMETERS MAY NOT BF REPEATED.



i0. NOTES ON CURRENT STATUS
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A FL OF ép0000 I3 SUFFICIENT FOR MOST BALM AFPLICATIONS

IF YOU HAVE INFALLIBLE EVIDENCE OF BUGS, REPORT THEM T0 ROOM 329.

THE SCOPE VERSION 1S IN OVERLAY FORM, WITHOUT LOADER TABLES, 80 USE
OF ENTRY=POINTS ON INPUT WILL NOT WORK.,

COME TO ROOM 329 IF YOU WANT THE COMPILER.
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