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THE ALOERRAIG CODIMG LANGUAGE, O QATE

Vo EOHETANTS ANDG VARGABLES
To | COMSTANTS
e, MAMERICAL COMSTANTS

EZAMPLE Be
1 534,
=y 5 & 3.0
282 (28 » 10° & 2500)
=40 {.a% 1077

DESTR 1T i0N:

A COMSTAMT (S A RCAL MUVBER CONTAINIAG OME OR MORE
GHEITS AMD, POSSISLY, A DECIMAL POINT, ".", WRICH MAY APPCAR
ANVWHERE AMONG THC DIGITS. TO A CONSTANT MAY BE AVTACKID AN
EXFORENT SIBNALLED BY THE MARK %,° FOLLOWED BY THE
MAERICAL FMER OF 10 WHICH 1S THE ACTUAL EXPONENT. THIS
CAPSNENT |5 AN INTEGER WITH, (F DESIRED, A SIGM.

THE YALME, X, OF A CONSTANT MUST BE ZERO OR SATISFY
L 274 ERRGA0T,-5T <[ X< 3,4508731 7338969

STNTARS

BRI goms 0f1{2]3l415]6]7]818

CINTRSERS 1= <DIBIT> | <INFEGER> <DIGIT>

LG IMAL NUMBER> 2:= <INTEGER> | <INTEGER>. | <INTEGER: |
SUNTERERD . <INTEGER>

CEXPOMENT PART> 28m »<INTEGER> | w<ADDING OPERATOR> <IMIEGER: |
“EUPTE>

CHEMBER 4 e <DECIMAL NUMBER> <EXFORENT PART>

MORE EXAMPLES:
i) CORRECT
£0100,00 106
Gt T 4ok

_ "‘15&;9‘“‘2
¢) INCORRECT

1opl2l Tp=90
Fa=1 3.0

LU ALPHABLTIC CONSTANTS

£4BCDE gmm!&
HACS 5T%
e i-aa
Fit=13 A B



DESCRIPTION:

IN ADDITION TO MAERIC CONSTANTS, ALPHABETIC CONSTANTS MAY
ALSO BE EMPLOYED. ANY GROUP OF AT MOST FOUR CHARACTERS
ENCLOSED BY $' SYMBOLS (S AN ALPHABETIC COMSTANT. THUS, $DIGH
IS AN ALPHABETIC CONSTANT OF THREE CHARACTERS.

IN THE CONTEXT OF ALPHABETIC CONSTANTS A BLANK SPACE IS
COUBTED AS A CHARACTER. NOTE THAT ANWMERE ELSE N A STATEMENT
A BLANK SPACE S (GNORED.

ALPHABETIC COMSTANTS OF LESS THAN FOUR CHARACTERS WILL BE
RIGHT JUSTIFIED.

FOR AN ALPHABETIC COMSTANT ANY CHARACTER ACCEFTABLE TO THE
G=-20 1S ALLOWED WITH THE EXCEPTION OF THE CHARACTER '$°, WHICH
IS USED ONLY TO ENCLOSE THE ALPHABETIC CONSTANT. THE
CHARACTERS OF AN ALPHABETIC CONSTAWT ARE TRANSLATED INTO THE
CORRESPOND (NG G-20 8-BIT INVERMAL CHARACTER CODE.

(SEE PART 088 FOR A TASLE OF ALLOWABLE G-20 CHARACTERS, THEIR
CARD PUNCH REPRESENTATION AND THEIR G-20 IMTERNAL CHARACTER
CODE.) THEN, AFTER TRANSLATION AN ALFMABETIC CONSTAMY §S
TREATED EXACTLY LIKE ANY OTHER CONSTANT.

ALPHABETIC CONSTANTS SHOULD BE ASSIGNED TO FLOATING POINT
YARIABLES SINCE FIXED POINT VARIABLES DO NOT CONTAIN SUFFICIENT
INFORMATION TO REPRESENT FOUR CHARACTERS.

THUS, V1 o $GATES 1S CORRECT, BUT J1 & $GATES WILL NOT STORE
THE CONSTANT FROPERLY.

SYMTAX:
QLETTER> s3m A|B|CIDIEIF|G|H] lJ]KILIMINIOIPIQIR]S|TIV]
VI\-J|xnf|z
<BAS ACTER> 2= a.mml»:memlnl-l lols 14| =]%]

/leak|<l$|>‘ B OInE l vI[13]s]

<DIGIT> 1= 0]1]2]3}4|5]6]7]8

<ALPHABETIC CONSTANT> $sm <ANY annc CHARACTER OTHER THAN & |
<ALPHABETIC COMSTANT> <ALPHABETIC CONSTANT>

CONSTANT> 11m <QAMBER> | $<ALPHABETIC CONSTANT>$

MORE, EXAMPLES:
" cogﬁzc'r $ v
A vV
C5=$ASHUS
B) INCORRECT
%S!-E'Gm +F &-%
ABCD) J3-$ABCDS
1.2 YARJABLES
EXAMPLES 3
X1 %29
10 Ji
i2 Ci5
DESCR I FT10Ns

THERE ARE TWO CLASSES OF VARGABLES, INTEGER AKD FLOATIRG
FOINT.



e

FLOATING POINT: A NOTATION IN WHICH ANY REAL NUMBER CAN BE
REPRESENTED AS A PRODUCT OF A MRDER AND AN EXPOMNENT TO SOME
BASE. (IN THIS MAMUAL THE NUMBER WILL ALWAYS BE DECIMAL AND
THE EXPONENT WILL ALWAYS BE TO THE BASE 10 UMLESS STATED
OTHERWISE. )

EXAMPLES: 4000,, -30, AND .O00D02 CAN BE EQUIVALEWTLY WRITTEN
AS 4%10°, ~3%10', AMD 2#10"® RESPECTIVELY.

P.2.1. INTEGER VARIABLES

AN INTEGER VARIABLE 1S DENOTED BY ONE OF THE LETTERS

lﬂl' ldl’ m IKI

FOLLOWED BY A SUBSCRIFT ¥,  (THE FORM OF ALLOWABLE
SUBSCRIPTS IS GIVEN N SECTION 2; HERE, ¥ REPRESENTS
ANY ALLOWABLE SUBSCRIPT.)  THUS, 1%, JX, KV ARE INFEGER
VAR | ABLES.

INTEGER VARIABLES MAY TAKE CN INTEGER VALUES X, VWHERE
«2,007,151 < X < 2,097,151,

IF A} INTEGER VARIABLE HAS A MUWERIC VALUE j, THEN ITS VALUE,
X, IN THE COMPUTER SATISFIES  |X| = |l (MoD 2°°),

1.2.2. FLOATING POINT VARIABLES

A FLOATING FOINT VARIABLE (S DENOTED BY ONE OF THE

LETTERS
llcﬂ" IDI, 'IIGF‘ IHE’ lx!’ l\f‘l’ !Zl; QR lBF
FOLLOWED BY AN ALLOWABLE SIUBSCRIPT ¥,

FLOATING POINT VARIABLES MAY TAKE ON ONLY THE RANGE OF
VALUES ALLOWVED MMERIC CONSTANTS. (SEE SECTION 1.1.1.)

THE CLASS 'BY ' DEMOTES A SPECIAL VARIABLE CLASS USED
PRINCIPALLY AS SUBRCUTINE PARAMETERS. THE ®B8 ¥ ! CLASS CAN NOT
BE MENTIONED IN THE DIMENSION STATEMENT AND DOES WOT POSSESS A
MATRIX REFRESENTATION. (SEE SECTION 2)

SYNTAX:
SINTEGER MNAME TYPE> s3m [ |J]K
<NAME. TYPE> i3m C|D|G|M]|X|Y|Z|<INTEGER NAME TYPE>
<SIMPLE SUBSCRIPT> :3m <VARIABLE> | <INTEGER> | (<EXPRESSICN>)
<SUBSCRIPT> ::= <SIMPLE SUBSCRIPT>|(<EXPRESSION>,<EXFRESSION>)
<VARIABLE> ::= <MAME TYPE> <SUBSCRIPT> | BLSIMPLE SUBSCRIPY>

MORE EXAMPLES:
A) CORRECT
€5 28
@50 110
B) (NCORRECT
12 P15

3A



4,

2. SIBSCRIPTS

EXAMPLES:
2, 48, 11, (J2=5) ARE ALL ADMISSIBLE SUBSCRIFTS;
HENCE, Y2, 248, 1001, C(J2=5) ARE ALL ADMISSIBLE
VARIABLES.

DESCR{ FT{ONs

A SUBSCRIPT MAY BE ANY OFs
1} A NON-NEGATIVE (KTEGER
2) AN INTEGER VARIABLE
3) AN EXPRESSION OF THE FORM '(@ )', WHERE £ 0S5 AN
EXPRESSION. ({SEE SECTiOM 3.2}
4} A UNARY OPERATOR FOLLOWED BY A PRIMARY (SEE SECTION 3).

IN ALL CASES THE VALUE OF THE SUBSCRIPT MUST BE A HON=~
MEGATIVE INTEGER LESS THAN 16,384.

SINCE VARIABLES WITH THE SAME INITIAL LETFER AND
CONSECUTIVE SUBSCRIPTS ARE LOCATED CONSECUTIVELY |N STORAGE,
THE VARIABLES X1, X2, X3 MIGHT REPRESENT THE COMPONENMTS OF A
VECTOR OF LENGTH THREE.

A CONSECUTIVE BLOCK OF STORAGE CAN BE DESIGNATED AS A
RECTANGULAR MATRIX STORED BY ROWS.

EXAMPLE :
THE MATRIX,
A, Aya A,z
bz, Az,2 Az
A3, Az A3,3

MAY BE STORED IN Y1 THROUGH Y9, WMERE THE FIRST ROW
(A0 A,y Ajg ) IS STORED IN ¥1, Y2, AND ¥3; THE SECOND ROW

{Ay1 Aap A3 ) 1S STORED IN Y4, Y5, AND Y6; AND THE THIRD ROW
(ag; Aya Az,3) 1S STORED 1N Y7, Y8, AW Y9.

)

IF INFORMATION AS TO THE LOCATION AND SIZE OF A MATRIX 15
GIVEN THE TRANSLATOR IN THE 'DIMENSION STATEMENT'  (SEE
SECTION 11.1), THEN THE FOLLOWING MATRIX NOTATION MAY BE USED
TO REFER TO THE ELEMENTS OF THE MATRIX.

AN ELEMENT 1S REFERRED TO BY WRITING

W(ct,@ )'

WHERE ¥ S THE PROPER LETTER (C,D,G,H,10,,K,%Y, OR Z)
IDENTIFYING THE ARRAY, CL IS THE ROW MMMBER OF THE ELEMENT, AMD
& 1S THE COLLMM MUMBER OF THE ELEMENT. o AND £ MAY BE ANY OF
THE SUBSCRIPT TYPES DEFINED ABOVE, ALTHOUGH AN EXPRESSION MEED
BOT BE ENCLOSED BY PARENTMESES.  THUS, ¥{12+J3, J4«2}

1S CORRECT.
. mm‘ra THAT THE LETTER *B® CAN NOT BE USED (N DENOTING A
ATRIX.



5,
SYNTAX:
<VARIABLE> 33= <NAME TYPE> <SUBSCRIPT> | B<SIMPLE SUBSCRIFT>
<SIMPLE SUBSCRIPT> 3:= <VARIABLE> | <INVEGER> | (<EXPRESSION>! |
<ISARY OPERATOR> <PRIMARYT>
<SUBSCRIPT> 23w <SIMPLE SUBSCRIPT>]{<EXPRESSION>,<EXERESSION)

MORE EXAMPLESS

A) CORRECT

0, ICK5, (KB#J45=167), §(KB,J1%5), AND JI(KS,J1+5)
ARE ALL ADMISSIBLE SUBSCRIPTS. MENCE THE VAR(ABLES
¥0, YICKS, G{KB#JA5=(67), JI(KS8,H1%5), AND ZJI{KS,J145),
ARE ALL ADM(SSIBLE.

IN THE MATRIX EXAMPLE ABOVE Y(1,2) OR Y2 REFERS
TO Ay,2 A Y(3,1) OR Y7 REFERS TO Agp o

B) INCORRECT
CS5 AND =4 ARE |NCORRECT SUBSCRIPTS; HEMCE THE
VARIABLES ZC5 AND J#4 ARE [NCORRECT.

NOTE THAT DIVISION ALWAVS YIELDS A FLOATING POINT RESULT;
THEREFORE, X({11=1)/2) 1S INCORRECT.  HOWEVER, THE UNARY
OPERATION "¢7 MAY BE USED TO TRUNCATE AM ARITHMETIC
EXPRESSION, AS EXPLAINED N SECTIOK 3.1.2.

THUS, C4Z5 1S WELL DEFINED WHILE CZ5 1S NOT.



3. ARITHMETIC STATEMENTS
3.1 ARITHMETIC OPERATIONS

EXAMFLESS
75448 01147
X4/¥17 B8#C9
K8%3 (K8 CUBED)
Al4 [ABSOLUTE VALYUE OF (4)
~j2 (NEGATION OF (2)
$+Z3  (TRUKCATION OF Z3)

DESCRIPTION:
3.1.1. BINARY OPERAT(ONS

THE USUAL BINARY OPERATION OF ADDITION (WRITTEN AS +},
SUBTRACTION (=), MULTIPLICATION (%), AN DIVISIoN (/) aARe
FROVIDED, AND WORK AS MIGHT BE EXPECTED. MULTIPLICATION MAY
NOT BE DENOTED BY JUXTAPOSITION. THUS, 4X5, Z4¢3, AND
(Xt + 1)(%2 + 2} ARE NOT LEGAL, BUT MUST BE WRITTEN 4#X5,
744¢3, AN (X1 + 1)#(%2 + 2), RESPECTIVELY.

THE RESULT CF DIVISION 1S ALWAYS A FLOATING POINT MeBEER.
THUS AN EXPRESSION CONTAINING DIVISION WILL [N GEAERAL KOT
PRODUCE CORRECT RESULTS (F 0T 1S USED AS A SUBSCRIPT, UNLESS
THE VALUE OF THE EXPRESSION (S TRUNCATED BY THE '4' OPERATOR.

THE OPERATION EXPOMENTIATION (WRITTEH AS o) IS ALSO
FROVIDED. THUS, XPA MEANS X RAISED TO THE POWER A. {F A (S A
MON-ZERO INVEGER AND |A|<11, THE OPERATION (S DOME BY |A|
MULTIPLICATIONS. FOR THIS CASE THME ROUTIME (S VERY FAST. IF
A<O0, THE RECIPROCAL OF THE RESULT S TAKEM. [F A=0, THE RESULT
IS OMC, REGARDLESS OF X. THUS, 090 = 1. IF X=0 AMD A>0 THE
RESULT (S 0. FOR ALL OTHER LEGAL CASES X®A 1S TAKEN AS
EXP. (A = LOB.(X))}. THE CASE O0%A WHERE A<O S AN ERROR AMD
STOPS THE PROGRAM.

3:102. UNARY OPERATIONS

ALSO AVAILABLE ARE FIVE UMARY OPERATIONS:

+  PLUS (UNNECESSARY)

~  NEGATION

A ABSOLUTE VALUE

¢ TRBKATION

L LOCATION.
EACH OF THESE OPERATIONS OPERATES OM THE PRIMARY IMMEDIATELY TO
ITS RIGHT. THE FIRST THREE OPERATIONS OPERATE AS EXPECTED.
¢ CONJERTS FLOATING POINT VALUES TO INTEGER FORM. THE
OPERATION 1S ONE OF TRUNDATION AMD REDUCTION MODULO 2432,
{2922 » 4294967296)

THE OPERATOR L%, WHICH MAY ONLY BE APPLIED TO A VARIABLE

OR A CONSTANT, REFERS TO THME LOCATION OF THE VARIABLE OR
CONSTANT. THUS LX3 (S THE LOCATION g.z-:., MACHINE ADDRESS)
WHERE %3 1S STORED. L3, LZI1, OR LC(I11 + 1, 3) ARE
PERMITTED. 'L0 1S USUALLY USED CHLY IN FINCTION PARAMETERS.
{SEE SECTION 4)



MORE EXAMPLES:
A} CORRECT
HigZ2 [ 10=K0
X5/ %3
Y4928 (¥4 RAISED TO THE POWER 28)
Z19=.5 (THE RECIPROCAL OF THE SQUARE ROOT OF Z1)

B} INCORRECT

1125 ¥3A
D24/C9

2.2 ARITHMETIC EXPRESSIONS

EXAMPLES 2

c{J2+i1} A(14-20}+@3

02/ (C1~x4)

144 (=i 1 74K MEANS  (((144-18)~i2)+17}+49
DESCRIPTION:

AN ARITHMETIC EXPRESSION 1S A RULE FOR COMPUTING A
MAMERICAL VALUE. THIS VALUE 1S OBTAINED BY EXECUTING THE
INDICATED ARITHMETIC OFERATIONS ON THE ACTUAL NUMERICAL VALUES
OF THE YARIABLES AND CONSTANTS OF THE EXPRESSION. (FOR
VARIABLES THE ACTUAL MMERICAL VALUE IS THE CURRENT VALUE.)

WITHIN AN ARITHMETIC EXPRESSION THE RESULTS OF ALL
OPERATIONS (EXCEPT $) ARE OBTAINED 1N FLOATING POINT; INTEGER
ARITHMETIC 1S OMLY USED FOR STORAGE OF THE RESULT OF A
CALCULATION INTO AN INTEGER VARIABLE. THUS, THE EXPRESSION
11 o= Z6#2.4J10 1S CALCULATED [N FLOATING FOINT ARITHMETIC;
THEN THE RESULT IS TRUNCATED TO AN INTEGER AMD S SVORED (M i1.

THE SEQUENCE OF CPERATIONS WITHIN ONE EXPRESSIGN 1S
GENERALLY FROM LEFT TO RIGHY, CONTROLLED BY THE FOLLOWING
GENERAL RULES OF PRECEDEMCE:

’f; SUBSCRIPTION AND FURCTION EVALUATION; BEFORE

2) ABSOLUTE YALUE, NEGATION, AND TRUNCATION; BEFORE
3} EXPCNENTIATION; BEFORE

4} MULTIPLICATION AND DIVISION; BEFORE

S) ADDITION AMD SUBTRACTION; BEFORE

6) STORING.

THE DESIRED ORDER OF EXECUTION OF OPERATIONS WITHIN AN
EXPRESSION CAN ALVWAYS BE ARRANGED BY APPROPRIATE POSITIONING
OF PARENTHESES, AS IN USUAL ALGEBRAIC NOTATION. WHEN AN
ARITHMETIC EXPRESSION 1S ENCLOSED [N PARENTHESES (TS VALUE 15
OBTAINED THROUGH A RECURSIVE ANALYSIS; THUS, THE EXPRESSION
BETWEEN A LEFT PARENTHES(S AND THE MATCHING RIGHT PARENTHESIS
1S EVALUATED BY ITSELF AND THIS VALUE 1S THEN USED N
SUBSEQUENT CALCULATIONS.

A SUBSTITUTICN STATEMENT (N PARENTHESES MAY BE USED AS AN
ELEMENT OF AN EXFRESSION. N THIS CASE, THE SUBSTITUTION WILL
BE PERFORMED AMD THE VALUEZ OF THE PARENTHESIZED SUBSTITUTION
STATEMENT WiLl BE THE SAME AS THE EXPRESSION TO THE RIGHT OF
1”='E !a.ﬂu



THUS, THE STATEMENT
Z1 e Z1 ® 21 # {21 « SiN. (1))
WILL STORE [N Z1 THE CUBE OF SIM.{X1). HOWEVER, IT WILL RUM 0N
LESS TIME THAN THE STATEMENT
Z1 ¢ SON. (X1)43.
IN A STATEMENT SUCH AS
21 ¢ (11 e 3.5}
Z1 WILL BE SET 70 3.5, NOT TO 3.
THE STATEMENT
X1 = X2 ¢= X3 = 0
1S ILLEGAL, AND WILL HOT WORK SINCE THE SUBSTITUTION STATEMENTS
ARE NOT IN PARENTHESES. THE DESIRED EFFECT MAY BE ACHIEVED BY
X1 e (X2 o= (X3 ¢ 0})

SYNTAX:

<PRIMARY> 2im <MBSER> | <VARIABLE> | <FUMCTION DESIGNATOR> |
L <VARIABLE>|L. <CONSTANT>|(<SUBSTITUTION STATEMENT>) |
(<EXPRESSIOIE) |<UNARY OPERATOR> <PRIMARY>

<FACTOR> sam <PRIMARY> | <FACTOR>H<PRIMARY>

<TERD> 11 <FACTOR> | <TERD> <MULTIPLYING OPERATOR> <FACTOR>

<EXFRESSION> ::m <TERM> | <EXPRESSION> <ADDING OPERATOR> <TERM>

<UNARYT OFERATOR> 3=+ | - | A | ¢

<ADD NG OPERATOR> 3@ + | -

QHLTIPLYING OPERATOR> s3=s % | /

VORE EXAMPLES:
A) CORRECT
1) 17¢02%624J1 MEANS 5(071-112)««2)4-41

He/C2-74 MEANS (H2 czg-m
Aldwd2#l  MEANS |14 |+(J2=K1)
17442224/ C24 1900  MEANS §I7+€(H2*Z4}/CE})+W9M0§
D24D7/K4/25+y2 MEANS (({D24D7)/H4)/25)#y2
16+82528¢ 14/C3-K29-J2#K4+ 18  HEANS

5(ls+&gxa*gzan})/cs))-((m-dz}*am?)wa
73 ((81425))+D1

B} INCORRECT
J{[5+16
{i26C0)wIT7=11))
D14D2+D3 MEANINZ (D1+D2)«D3
=l2+04  MEANING -{02+04)
AX1 &1 MEANING  [X1sy1]

@ U1 S o N

3.3 SUBSTITUTION STATEMENTS

EARMPLES:
K7 o= J4#|5 Y4 & 124+Z4+5.96

DESCRIPT 10Ms
THE FORM OF A SUBSTITUTION STATEMENT (S

T P B 1
WHERE VY 1S ANV YARIABLE ARD £ ANY ARITHMETIC EXPRESS (0.

AFTER THE EXECUTION OF TIHIS STATEMENT THE VALUE OF Vi BECOMES
THE YALLE OF 0"5 .



9.

3.8.1. ARITHMETIC OF SUBSTITUTION STATEMENTS

A YARTABLE NEVER CHANGES ARITHMET(C. THEREFORE, WHEN A
VARIABLE 1S TO TAKE ON A NEW VALUE AS A RESULT COF A
SUBSTHTUTION STATEMENT, THE VALUE OF THE EXPRESSION TO THE
RIGHT OF THE ‘' SYMBOL (S COMPUTED (N FLOATING POINT
ARITHMETIC AND 1S CONVERTED, IF NECESSARY, TO THE ARITIMETIC OF
THE VARIABLE TO THE LEFT OF THE ‘"e-' BEFORE SUBSTITUTION.

081 A STATEMENT SUCH AS 12 ¢« K248, THE QUANTITY K2+Z8
iS COMPUTED IN FLOATING POINT ARITHMETIC BUT 1S CONVERTED TO AN
ENTEGER BEFORE TS VALUE (S ASSIGNED TO 2.

THiS COMVERSION TO AN INTEGER 0[S ONE OF TRUMNCATION, AMD
MOT OF ROUNDING. THUS, THE CONVERTED VALUE OF THE EXPRESSION,

B, 18
sah{p) * [1p |}uop 2022)

THES §S BEST (LLUSTRATED BY THE FCLLOWENG TABLE OF VALUES
CF 11 STORED BY THE STATEMENT fle-Y1, WHERE ¥1 (S AS |NDICATED.

¥1 i1

1.9 1

=11.8 -11

13,1 13
4294967257 1

SYNIAXs
<SUBSTITUTION STATEMENT> 13e <VAR(ABLES<EXPRESSiON>

MORE EXAMPLES?
A) CORRECT
CY s= (V4+01)%Y10=.4

B} (NCORRECT
11 ¢= J2uZ5 o= YO&J2
€1 o= 2 ¢= 23 &= O,



4. SUBROUTINES

EXAMPLES:
€0S. (Y4) REFERS TO THE VALUE OF THE COSINE OF V4.
SORT. (X1) REFERS TO THE VALUE OF THE SQUARE ROOY OF

IF XGCD IS THE NAME OF A GREATEST COMMON DIVISOR
SUBROUTONE, THEN XGCD. {11,J1) REFERS 7O THE VALUE OF THE
GREATEST COMMON DIVISOR OF 1 AND Ji.

ESCRIPTIOM:

SUBROUTENES ARE PRECODED SUBPROGRAMS WHICH COMPUTE
FREQUENTLY USED FUNCTIONS (E.G., SQUARE ROOT, SINE, COSIRE,
ARCTAMBENT}  OR ACCOMPLISH OTHER FREQUENTLY NEEDED ROUTINES.

THE CODER MAY CALL FOR ANY OF THE SUBROUTIMES FOUMD 1N THE
LIBRARY (SEE APPENDIX B} BY EMPLOYING THE FORM

YNAME. (P. Fl p:,? --'aPa)'

(THE COMMAS AND THE PERIOD FOLLOWING TMAME' MUST BE WRITTEN)
WHERE MAME IS THE ENTRY TO THE SUBROUTINE AND CONTAINS UP TO
FIVE ALPHAMUMERIC CHARACTERS, K [S THE MUMBER OF ARGUMENTS
RECUIRED BY THE SUBROUTINE, AMD (THE SEQUENCE) Brs Paseess P
ARE THE ARGUMENTS.

MOTE FROM THE SYNTAX THAT A FUNCTION MAME MUST BE BOWDED
O THE LEFT BY SOME CHARACTER WHICH 1S NOT A LETTER OR A DIGIT.

WE EXFRESSM}N 'm! (fl Ql, ---,@K ]' ﬂS A S'WHAND
HOTATION FOR 'THE RESULT OF SUBROUTIMNE MAME! AND (S TREATED N
THE SAME WAY AS A VARIABLE. THEREFORE, THE TERM "ARITHMETIC
EXFRESSION INCLUDES SUBROUTINES AS WELL AS CONSTANTS AND
VAR ABLES.

SOME SUBROUTENE EXPRESSIONS, SUCH AS THOSE THAT FRODUCE
MORE THAN ONE RESULT, (E.G., MATRIX INVERSION, INTEGRATIONM
BY SIMPSON'S RULE) MAY COMPRISE A COMPLETE STATEMENT. THIS
TYPE OF SUBROUTINE SOMETIMES HAS FOR ONE OF TS ARGUMENTS THE
LOCAT(ON OF SOME VARIABLE (INSTEAD OF THE VALUE OF THE
VARTABLE}. TO REFER TO THE LOCATION OF A VARIABLE, PREFIX THE
VARIABLE NAME BY THE LETTER 'L°%.

SYHNTAXS
<FUNGCTION DESIGNATOR> 3= <FUNCTION NAME>. (<PARAMETER PART>)
<PIRAVETER PART> :3w <EXPRESSION>|<PARAMETER PART>,<EXPRESSI0S
<FUNCTION HAME> 23 LETTERS|<DIGIT>|<FLNCTION NAME> <LETTVER>]
TUNCTION NAME> DIGIT
SSUBROUTINE STATEMENT> 2:= <FINCTION DESIGNATOR>

X,
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MORE EXAMPLES:

A) CORRECT

xa e 1033 X4 e 9 IF (SIN(Yi]) < ,5

= STATEMCMT VADD. (3,LY2,LY5,127) MIGHT BE A

VECTOR DDITION RVTIIE VITH TE TOLLOVIG MEIS:

3 = THE MMBER OF ELEMENTS (N THE VECTORS

LY2 = Y2 13 THE FIRST ELEMENT OF YECTOR Ae(Y2,Y3,V4)

LX5 = X5 IS THE FIRST ELEMENT OF VECTOR Be{X5,X6, 7}

L27 = Z7 1S THE LOCATION IN WHICH THE FIRST ELEMENT
OF THE SUM IS TO BE STORED,  0.E., THE VECTOR
AB = (Y24X5, Y3:X8, YA+X7) 1S STORED 1N (27, 28, 22).

B) INCORRECT

Siw{x3) (N0 PERIOD FOLLOWS PSIR?)

VADD. (3,LX1,LY1) (WHERE VADD IS AS ABOVE; THIS
EXAMPLE CONTAINS THE WRON:Z NUMBER OF ARGUMENTS.)

GOTOS IF SART.(V1) > 7 {THIS WILL RESWLT
il A CALL FOR A SUBROUTINE MAMED €O TO 8.)
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S. CONTROL STATEMENTS

STATEMENTS WHICH REFER VO OTHER STATEMENTS (BY THEIR
STATEMENT MBBER) ARE CALLED CONTROL STATEMENTS. EVERY
STATEMENT THAT 1S REFERRED TO MUST HAVE A UNIQUE FOSITIVE
INTEGER  (<1000) WHICH IDENTIFIES IT. THESE MAUMBERS NEED HOT
8C [N ORDER, NOR DO ALL INTEGERS BELOW A GIVEN IAMBER HAVE TO
BE USED. STATEMENTS WHICH ARE NOT REFERRED TO DIRECTLY NEED
NOT BE NUMBERED.

5.1 TRAWNSFER STATEMENTS

EXAMPLES:

GO T0 4

GO T0 J3

G0 TO 164313
DESCRIPT 10Ns

THE MORMAL SEQUENCE OF COMPUTATION 1S FROM OMNE STATEMEWT
TO THE KEXT STATEMENT IN THE ORDER IN WHICH THEY ARE WRITTEN.
TO VARY THiS SEQUENTIAL EXECUTION OF STATEMENTS THE FOLLOWING
STATEMENT MAY BE WRITTEN:

tmm\?ﬂ

WHERE ‘P 1S AN ARITIBETIC EXPRESSION WHOSE VALUE 1S FOSITIVE
AND LESS THAN 1000 IN VALLE.

THE EXPRESSION 1S ALWAYS CONVERTED TO INTEGER VALUE.

THE EXECUTION OF THE STATEMENT ‘G0 TOW ® MEANS CEXECUTE
WEXT THE STATEMENT WHOSE NMUMBER (S EQUAL TO THE YALUE oF P 1,
THUS, A STATEMENT SUCH AS 'GO TO M5! MEANS "EXECUTE NEXT THE
STATEMENT WHOSE IASMBER 1S EQUAL TO THE (CURRENT) VALUE OF K67.
(THE VALUE OF ¥6 MAY BE CHANGED DURING THE EXECUTION OF THE
PROGRAM; HENCE, WHENEVER THE STATEMENT !GO0 TO 48! (S
EXECUTED, THE SEQUENCE OF COMPUTATION MAY PROCEED TO ONE OF
SEVERAL DIFFERENT PLACES IN THE PROGRAM DEFEMDING ON THE
CURRENT YALUE OF K8.  =-- THIS STRUCTURE SERVES AS A VARIASLE
SEQUENCING *SWITCH®. )

SYHTAX s
<G0 TO STATEMENT> ::= GO TO <EXPRESS 10N>
HORE EXAMPLES:

A) CORRECT
GO TO K349

B8) INCORRECT
€0 TO 1900



5.2, (TERATION STATEMENTS

EXAMFLESS

2, 11, 0, 1, 20,
2: 13«13+ 11 = 20
THIS 1S EQUIVALENT TO:

BESCRIPTION:

1N MOST PROGRAMS TMERE ARE USUALLY GROUPS OF STATEMENTS
WICH ARE TO BE REPEATED MANY TIMES (ITERATED). USUALLY SOME
VARIABLE 1S TD BE REGULARLY MCDIFIED FOR EACH IVERATION, AMD
THE ITERATION (S TO BE TERMINATED AFTER THE VARIABLE REACHES A
CERATAIN VALUE. AN ITERATION STATEMENT HAS THE FORM

M: K, ¥, A, B, C;

(ALL FIVE COMMAS MUST BE WRITTEM.] M 1S THE LABEL OF THE
ITERATION STATEMENT. K IS THE LABEL OF THE LAST STATEMENT

OF THE BLOCK CONTROLLED BY THE (TERATION STATEMENT;

¢ MUST BE AN INFEGER. V¥ IS THE VARJIABLE WHMOSE VALUE S TO BE
SYSTEMATICALLY ALTERED BY THE (TERATION STATEMENT; AND A, B,
A C ARE ALL EXPRESSIONS. A 1S THE IMITIAL VALUE; 1.E., THE
YALUE TO BE ASS(GNED TO V BEFCRE THE CONTROLLED STATEMENTS ARC
EXFCUTED THE FIRST TIME. B 1S THE (NCREMENT: BETWEEN ANY TWO
REPETITIONS OF THE CONVRCLLED STATEMENTS V 1S (NCREMENTED BY B.
G 1S THE FIMAL VALWE. THE BODY S EXCCUTED AS LOWG AS V (S
MOT GREATER THAN C. WHEHR THIS CONDITION NO LONGER HOLDS THE
W'ERA‘E'I&?I;E STATEMENY TERMIMATES. THIS MAY BEST BE DESCRIBED BY
J’iN EMM ®

CONSIDER THE FOLLOWING STATEMENT SEQUENCE:
M3 H, V, A,p 8’ G;

e STATEMENT K
P: STATEMENT P

THIS SEQUENCE 1S EQUIVALENT TO THE FOLLOWING SEQUENCE, WHERE N
S A LABEL NOT USED ELSEWHERE IMN THE PROGRANM:

Mi Ve A
N: GO TO P IF V2C
He STATEMENT K
YelW+bB
GO TO M
P: STATEMENT P



THERE ARE SEVERAL POINTS TO NOTE MHERE:

1} IF AC, THE BODY 1S NOT EXECUTED AT ALL, SONCE THE
TEST 11 STATEMENT N 1S SATISFIED THE FIRST TIME IV 1S MADE.
THIS 1S A CHANGE FROM 650-GATE, N WHICH THE CONTROLLED
STATEMENTS WERE ALVWAYS EXECUTED AT LEAST ONZE.

¢} AFTER THE COMPLETION OF THE (TERATION STATEMENT V WiLL
HAVE A VALUE OME INCREMENT BEVOND THE VALUE (T MAD THE LAST
TIME THE BODY WAS EXECUTED. THUS, 0N THE EXAMPLE AT THE
BEGINNING OF THIS SECTION §1 WILL BE 21 AT CCMPLETION.

3} IF C-A 1S AN INTEGRAL MULTIPLE OF B, THE BODY WILL,
[N GENERAL, BE EXECUTED EXACTLY ({C-A)/B + 1 TIMES. THIS WILL
WORK SATISFACTORILY AS LONG AS A, B, AND C ARE [MTEGER
VALUED. THERE ARE, MOWEVER, EXCEPTIONS.

CONSIDER THE STATEMENT

2 ¥, O WOF; 1

THE MMBER .01 CAN ONLY BE APPROXIMATED (NTERMALLY IN A BIMARY
MACHINE SUCH AS THE G-20. THUS, BECAUSE OF ROUMDOFF ERROR,
[T 1S POSSIBLE THAT THE MUMSER STORED N THE 8<20 EXCEEDS .01,
(INDEED, THIS WILL BE THE CASE FOR ABOUT MALF OF ALL POSSIBLE
COMSTANTS. ) M THAT CASE THE BCDY WOULD BE EXECUTED OMLY 1CO
TIMES, [NSTEAD OF THE 101 TIMES EXPECTED.

THE EASIEST WAY TO AVOID THIS DIFFICULTY (N FLOATING
POLKT ITERATIONS (S TO INCREASE € BY B/2. THUS, THE ABOVE
STATEMENT MIGHT WELL BE REPLACED BY

2’ x]; o, !01’ 1im5,
TO (MSURE PROPER OPERATION.

4) THE CASE K=M S ALLOWED, WHERE THE FINAL STATEMENT
{7 THE BODY 1S THE (TERATION STATEMENT ITSELF. N THAT CASE,
THE INCREMENTING AND TESTING CONTAIPED 0N THE (TERATION
STATEMZNT ITSELF CONSTITUTE THE SCOPE OF ITERATION.

5) IT 1S CLEAR THAT THE SCHEME DESCRIBED ABOVE WILL NOT
WORK IF B<O, SINCE 1M THIS CASE € WILL BE LESS THAN &4 MAD
THE BODY WiLL, ACCORDING TO (1) ABOVE, BE EXECUTED ZERO TIMES.
HOWEVER, THIS POSSIBILITY 1S PROVIDED FOR. [F THE FIRST
CHARACTER OF THE INCREMENT 1S - (MOMUS SIGM), THEM THE TEST
¥ STATEBENT #  (SEE PAGE 12) IS V<C INSTEAD OF \DC.

IT 1S THUS CLEAR THAT IF AN ACTUAL DECREMENT IS TO
CCCUR AT RUN TIME, B AT COMPILE TIME MUST START WITH A
MIMUS SIGN. N SUSMARY, THEN, THE TEST PRODUCED BY THE
ITERATION STATEMENT IS ALWAYS

G TOP IF (v=C) = s@(B) >0
WHZRE SCH(B) 1S DETERMINED AT TRANSLATE TIME AND 1S +1 UNLESS
THE FIRST CHARACTER OF B 1S MINUS, IN WHICH CASE IT 1S -1,
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5.2.1. NESTING OF (TERATION STATEMENTS
THE BLOCK OF STATEMEWTS SPECIFIED BY AN ITERATION

STATEMENT FOR REPEATED EXECUTION 1S CALLED THE SCOPE OF
ITERAT 10M.

4 K, V, A, B C, ITERATION STATEMENT
28 STATEMENT 2
s SCOPE OF ITERATION
K: STATEMENT K
mw,us:
:
3; K, {ITERATION STATEMENT A)
2: e — b
5: M, {ITERATION STATEMENT B)
Ry e SCOFE OF B | SCOPE OF A
NESTING AESTIING
DEPTH = 1 DEPTH O
Ms STATEMENT )
ks STATEMENT K )
2)
5 K, (ITERATION STATERENT A)
’ rese—"
23 K, (ITERATION STATEMENT B)
i SCOPE OF B | SCOPE OF A
NESTING RESTING
K STATEMENT K DEPTH w 1 DEFTH = O
BESCRIPTION:

SOME OF THE STATEMENTS WITHIN THE SCGPE OF ITERATION MAY
£ ITERATION STATEMENTS. HOWEVER, IF THE (TERATION STAYEMENT B
{AS N THE PEXAMPLES® ABOYE) (S I THE SCOPE OF ANOTHER
ITERATION STATEMENT A, THEN THE SCOPE OF B MUST BE ENTIRELY
VITHIN THE SCOFE OF A.

I8 EXAMPLE 2), EVEN THOUGH THE SCOPES OF A AND B BOTH END
CN STATEMENT K, THE [TERATION OF 8 S INCREMEMYED AND TESTED
“IRSY: HENCE, THE ITERATION OF B IS COMPLEFTED BEFORE THE
ITERATION OF A 1S INCREMENTED AND THE EXAMPLE 1S CORREGT.

WHEN ITERATION STATEWENTS OCCUR M THE SCOPE OF OTHER
ITERATION STATEMENTS THEY ARE SAID TO BDE  “RESTED?. THE
ESTIMG DEPTH? OF AN UTERATION STATEMEMT (S THE BMBER OF
{TERATION STATEMENTS 1N WHOSE SCOPE IT APPEARS. THIS DEFTH
WAY NOT EXCEED EIGHT.
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MORE EXAMFLES:
A) CORRECT

S: K, (ITERATION STATEMENT A)
B3 e N

1}

4z W, (ITERATION STATEMENT B)
kc PRn— SCOPE OF B SCOPE OF A
NESTING MESTING
Mz STATEMENT M DEPTH = 1 DEFTH = O
2: N, {ITERATI ATEMENT C)
anaen SCOPE OF C
NESTING
N: STATEMENT N DEFTH = 1

K: STATEMENT K J

2}
23 #, (ITERATION STATEMENT A)

5= arereih ™

M, (ITERATICN STATEMENT B)

4; STATEMENT 4 )

Bs N, (ITERATION STATEMENT C)

Jg e SCOPE OF €
LB Mw’m

fi: STATEMENT DEFTH e 2
"o s EOE O'F B
Ssen STam

M: STATEMENT M - DEPTH = 1
LR - SCOPE W A
STING

K: STATEMENT K berTH = ©

8} INCORRECT
2t K, {ITERATION STATEMENT A

G T S

LN

bt W, { ITERATION STATEMENT B) SCOPE OF A

F i 4 sy

LR

Ks  STATEMENT K .
o SCOPE OF
M:  STATEMENT M
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SYNTAN:

ZITERATION> 33m <LABEL> VA<INTEGER>,<ITERATION PART>
<STATEMENT SEQUENCE> A1z <SIMPLE STATEMENT> |
2 <IMFEGER>: ~2 , <ITERATION PART>

ZITERATION PART> 3= <VARDABLE>,<EXPRESSION>,<EXPRESS{ON>,
<EXFRESS 10N>,

<STATEMENT SEQUENCE> 3= <CS>|<STATEMENT SEQUENCE> <STATEMENT>

MORE EXAMPLES:
1)  THE PROGRAM SEGMENT,

Zl &= 0,
224-1-
4, ®l, 1, 1, Ke,
Z1 e= 21 + XKI

4y 22 « Z2 # YKI

ACCW-ATES M SWQFM KE WERS X1, XE, -u,m

AMD THE FRODUCT OF THE K2 WAMBERS V1, Y2, ..., YK2.

2) GIVEN A VECTOR X1, X2, «o., XKI THE FOLLOWING PROGRAM
SECMENT COMPUTES THE SQUARE ROOT OF THE SUM OF THE LAST
J1 ELEMENTS.
4: X0+ 0O
2,81, Ki=d1+1, 1, K1,
2z X0+ XO + X1
X0 a- SQRT. (X0)

N-t
3)  EVALUAYE THE POLYNOMIAL € X™+ G X +.eun +CX +C,
USING THE FORMILA

(ooo ({CX +€yoy IX 400X + cus 4€, )X 4C,.

LETTING ¥1 = VALUE OF THE POLYNOMIAL, X1 = X, K1 = N, AND
cﬂ rﬂﬂlﬂ, CR..“C{H‘l”‘)’noo’c BChc,ﬂﬂCO, M
FOLLOWING PROGRAM SEGMENT WILL &VALUATE THIS POLYNOMIAL:
¥l o= O
2, “2’ K‘, -1' 0}
2: Y1 e Xt %Y1 4+ CK2

4) A NEWTON®S METHOD SOLUTION OF THE EQUATION
F{X) = X3+ X «1=0
COULD BE WRITTEN AS A SINGLE STATEMENT IF THE CRITERION
FOR STOPPING THE (TERATION IS |F(X)] <€ s

2: 1, X1, X0, =(X193:)X1=1.}/(3. #X192¢1.),
Kl={X1234:01 1. }4¥1,

WHERE X0 1S THE INITIAL GUESS AND Y1 =€ .
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6, COMMENT STATEMENT

ANY STATEMENT WHOSE FINAL CHARACTER IS THE LETTER "C° WILL
BE TREATED AS A COMMENTS STATEMENT. SUCH A STATEMENT PRODUCES
N0 CODE. MOWEVER, (F 1T 1S KUMBERED IT CAN BE USED TO TERMINATE
AN ITERATICH LOGP.

SYNTAK:
COMIENT STATEMERT> s:m= C|<BASIC CMARACTER> <COMMENT STATEMENT>

EXAMPLES:
COMIIFYI =0 C

e
COMMENT C
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7. COMPOUND STATEMENTS

EYXAMPLES:
H: 12e5; C3«D5; X8«0,
THIS 1S COMPILED AS IF THE PROGRAMMER HAD WRITTEN

Mz XB e= O,
€32 05
[2e 5

DESCRIPYIONs
SEVERAL STATEMENTS MAY BE COMBINED TO FORM A SINGLE
STATEMENT BY THE USE OF THE COMBINATION SYWBOL 150 (WHICH MAY
BE READ AS YAKD').

WARNIIG: THE ORDER OF STATEMENT CXECUTION 1S FROM THE RIGHTMOST
LISTED OME TO THE LEFTMOST LISTED ONE.

IT 1S POSSIBLE TO COMBINE A COMMEMTS STATEMENT WITH ANY
OTHER STATEMENT. THUS, THE EFFECT OF A STATEMENT SUCH AS

B: 01 ISNEC ; READ IF 01 >0 ; [lle=fisl IF Cleli
1S AS FOLLOWS:

(¥ C1 DIFFERS FROM Xi, CONTROL PASSES TO TME MEXT LISTED
STATEMENT. IF ®OT, 11 IS EWWED BY ONE AND THEN COMPARED
T0 ZERO. (F 1150, THE READ SUBROUTINE 1S ENTERED; |IF NOT,
CONTROL PASSES TO THE MEXT STATEMENT.

SYRTTAX:

<BASIC STATEMENT> s:= <GB0 TO STATEMENT>|<GIALT STATRMENT>]
<COMMENT STATEMENT>|<CONTINUABLE STATEMENT>

<CONTINAMBLE STATEMENT> s:= <SUBSTITUTION STATRMEND |
<SUSROUTINE STATEMENT> | <INPUT-OUTPUT STATEMEWT>

<SIMPLE STATEMENT> :3e <BASIC STATEMENT> |<COMPOUND STATEMENMT]
<CONDITIONAL STATEMENT>

<COMPOUND STATEMENT> 22m <SIMPLE STATRMENT> |
<COMPOBD STATEMENT> ; <CONTHQMBLE STATEMENTS

MORE EXAMPLES:
A} CORRECT
01 e 1
2 GOTO2IF 11 €5 ;3 017 ¢ 0141 ; CI1 &= {1

THIS 1S EQUIVALENT TO THE STATEMENTS
2y, 11, 1, 1, 5,

2s Gl e N

8) INCORRECT

Me 01 e 041 ; GOTO 4

(THIS WILL WOT CAUSE 11 TO BE INCREMEMTED. OMLY THE
TRAMSTER TO STATEMENT 4 WILL BE EXECUTED. )
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8. IRFUT-QUTPUT STATEMENTS

8.1 [NPUT STATEMENTS

TO READ [WTO STORAGE EITHER BUMERIC CR ALPHABETIC DATA
THE STATEMENT ‘READ' S WRITVEM. THIS STATEMEMT WILL CAUSE
THE KEXT 'READ GROUP® OF CARDS IN THE READ HOPPER OF THE
E-20 70 BE READ INTO STORAGE. THE TYPC OF DATA 1S [NDICATED
ON THE CARD AND EACH VALUE (S ACCOMPANIED BY ITS MAME;
THEREFORE, ®0 OTHER [NFORMATION |S NEEDED [N THE INAUT
STATEMENT.

FOR DATA CARD FORMAT SEE

"HOW TO USE THE SYSTEM®.

SYNTAX:
<INPUT STATEMENT> z3:= READ

8.2. QUTPUT STATEMENTS

CONSTANTS AND COMPUTED VALUES OF VARIABLES ARE AVA(LABLE
TO THE PROGRAMER AS PRINTED OUTPUT.

THE CCCURREDCE OF AW OUTPUT STATEMENT (N THE PROGRAM WILL
CAUSE THE PRINTING OF DESIGMATED YARIABLES AND CONSTANTS ALONG
WITH THEIR CORRESPONDIMS CURRENT VALLES.

IT SHOULD BE ROTED THAT PRINTING OUTPUT GREATLY LESSENS
THE SPEED OF COMPUTATION OF A FROGRAM. THEREFORE, PROGRAMMERS
SHOULD TAKE CARE TO HAVE OMLY MECESSARY QUTFUT PRINTED.

(SEE °HOW TO USE THE SYSTEM' FOR SOME SAMPLE OUTPUT.)

SYMVAYN:

<OUTPUT STATEMENT> :3= <ALPHABETIC OUTPUT STATEMERT> |
<NBERIC OUTPUT STATEMENT>

<ALPHABETIC OUTPUT STATEMENT> ::m ARERIC CUTREUT STATEMENT>

CUMERIC OUTPUT STATEMENTD> 2= <OUTPUT ELEMENT> |
<MWERIC OUTPUT STATEMENT> <OUTPUT ELEMENT>

<DUTPUT ELEMENT> 3= T<CONSTANT> | TVARIABLE> |
T<VARABLES. . . <VAR | ABLE>

8.2.1. NUERIC OUTPUT STATEMENTS

TO PRINT NUMERIC DATA THE STATEMENT
'Tﬂ, Tﬂg sce TGM_'

ﬁs hﬁﬂﬂEMﬂ! MRE W Emms m'- WE SEMME ql, aa‘p--', au

MAY BE ANY VARIABLES (WITH ANY TYPES OF SUBSCRIPTS) OR ANY
PUFERIC CONSTANTS, BUT NOT GENERAL EXPRESSIONS. K, WHICH (&
THE IRMBER OF VARIABLES AND/OR CONSTANTS SPECIFIED (N THE
STATEMENT, MUST BE LESS THAN 25.
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SYNTAX:
THUMEREC OUTPUT STATEMENT> ::e T<OUTPUT URIT> | T<OUTRAUT UNIT>
<MUEER(IC QUTPUT STATEMENT>

EXAMPLES:
A) CORRECT
Tvd TR{11,12) T4
(THIS WILL CAUSE TME PRINTING OF THE VALUES OF Y3,
K(11, 12), AND THE CONSTANT 4, ALONG WITH THE NAMES OF THE
VARIABLES. THE NAME OF K(11, 12) WILL BE K WiTH THE
CORRESPONDING SINGLE MAMERIC SUBSCRIPT.)

TZH8
(THIS STATEMENT, WITH K8=4, WILL CAUSE TME COMPUTER TO
FRINT THE VALUE OF 24 AND THE NAME 'Z4°.)

B) INCORRECT
T 11+i2
T (&1 = x3)

8.2.2. ALFHABETIC OUTFUT STATEMENTS

TO FRINT ALPHMABETIC DATA THE STATEMENT
'ATB, T8, +..TA,?*
IS WRITTEN. HERE ELEMENTS OF THE SEQUENCE B, , 8,000, 8,
MAY BE AWY FLOATING FOINT VARDABLES OR ALPHABETIC CONSTANTS,
AND THE MUMBER K MUST BE LESS THAM 25.

SYNTAX:
<ALPHABETIC OUTPUT STATEMENT> 1:= ACNIMERIC OUTPUT STATEMENT>

EXMPLES:
A} CORRECT
AT ¥4 TELIFTS
(T40S STATEMENT WILL PRINT THE VALUE OF ¥4 AS A FOUR~
'c‘:%rga ALPHABETIC CONSTANT AND THE ALPHABETIC CONSTANT
LIFT?,

ATY4 TH3 T20
ATY1...¥10
AT $DIG$ T $GATES TCS

B) INCORRECT
ATJ1 TH3 TI8
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8.2.3. REGIONAL CUTPUT

EITHER OF THE ALPHABETIC OR NMUBMERIC OUTPUT STATEMENTS MAY
SPECIFY A REGION TO BE PRIMIED RATHER THAR A SINGLE VARIABLE.
WRITING v o

TV
(THE THREE DOTS BE WRITTEN,) WILL PRINT THE VALUES

v, VY, +1), YW, 42)5...,¥. N SEQUENCE. HERE ', AND
9, ug BE ANY INFEGER EXPRESSION, BUT ‘P, MUST BE GREATER

REGIONAL DESIGNATIONS, SINBLE VARJABLES, AND CONSTANTS MAY
BE MIXED; BUT M42N MUST BE LESS THAN 25, WHERE M« THE
PARBER OF SINGLE VARIABLES AMD M= THE NUMBER CF RCGIONS.
EACH REGIONAL DESIGMATION COUNTS AS TWO SINGLE VARIABLES;
HENCE, NO MORE THAN 12 REGIONS MAY BE SPECIFIED N ONE
QUTPUT STATEMENT.

EXAMPLES:
T®t ...X20
ms nhoDT
mlt.hw‘
(01,1} o..¥{01,K1)
'l')ﬂ Q-vm 'E‘ZO

B) [NCORRECT
?xa L] iim
TC1e..D10
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9. CORDITIONAL STATEMENTS

EXAMPLESS
N:e GOTO 7 IF Y1 m O,
Mz HALT IF 012 > N1
M: ¥ISed4. (F 116

DESCREPT 10M:
ANY ACTION MAY BE MADE CONDITIONAL UPON A GIVEN RELAT|ON.
PRDEED, RELATION STATEMENYS MAY BE MADE CONDITIONAL, WITH THE
CRDER OF DETERMINATICN BEING FROM RIGHT TO LEFT.

FOR THE STATEMENT
"{STATEMENT) IF AR Bf
A AND B MAY BE ANY EXPRESSIONS, AND £ IS A RELATION WRITTEN
AS ONE OF THE FOLLOWIMG CARD CODES:

RELATION CARD CODE

VVIWAS B
AV{,A\LH

IF THE RELATION HOLDS, THEN THE NORMAL SEQUENCE OF
COMPUTATION 1S ALTERED; AND, IF THE RELATION 1S WOT SATISFIED
THEN COMPUTATION FROCEEDS TO THE NEXT STATEMENT (N THE ORDER
[N WHICH THEY WERE WRITTEM.

IN A STATEMENT SUCH AS

Mi Ted IFC2<K<O0 IFJ3=5
THE PROGRAM WILL PERFORM THE SUBSTITUTION ONLY (F BOTH OF THE
CONDITIONS ARE MET; OTHERWISE COWTROL WILL PASS 7D THME MNEXT
STATEMENT.

SYNTAX:
<COMDITIONAL STATEMENT> s3= <SIMPLE STATEMENT> (F <RELATION>
<SIMPLE STATEMENT> ::m <BASIC STATEMENT>|<COMPOMD STATEMENT>|
<COMDIT IONAL STATEMENT>
<RELATION> 13m <EXPRESSION> <RELATION OPERATOR> <EXPRESSICN>
<RELATION OPERATOR> st > [ < | < | > |#] @

VORE EXAMPLES:
A} CORRECT
He READ IF KI =< 3
GOTO7IFKI<3 [FK2<4 (F K3= K4
Tz1 IF (014Y1)#213 > Xi19Y2
N: GOTOTIF Il =5 ; J5¢25 IF X1 # 3.5

B) INCORRECT

Ne IFY2w Yl GO TO2

(THE TRANSFER 'GO TO 2' WILL BE EXECUTED FIRST AND THE
CONDITIONAL STATEMENT WILL NEVER BE EXECUTED.)
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(0. MALT STATEMENT

[ XAMPLES g
HALT

[ESCRIPTION:

THE EXECUTION OF A “HALT' STATEMENT WILL CAUSE COMIFRCL
TO PASS QUT OF THE COMPILED PROGRAM TO THE SUPERVISORY MONITOR
PROGRAM OR TO THE MACMINE OPERATOR. SUCH A STATEMENT TS
TERMIMATES THE RUNNING PROGRAM.

A PROGRAM MUST HAVE AT LEAST ONE AND 1T MAY HAVE ANY
MABER OF SHALT' STATEMENTS. WMOWEVER, ONE AMD QILY QME BUST
BE EXECUTED TO TERMIMATE FROGRAM OPERATIONM. (ABSEMCE OF A
READ GROUP OR SOME OTHER ERROR CONDITION MUST HOT BE USED T
TERMIMATE OPERATION. )

£ VWTAX:
<HALT STATEMENT> :3= HALY
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SYSTE4 STATEMENTS

THE STATEMENTS DESCRIBED 1N THIS SECTION ARE NOT PART OF
THE COMPUTATION BUT MERELY PROVIDE (WFORMATION TO THE
TRAMSLATOR.

THESE STATEMEMTS MUST BE THE FIRST STATEMENTS OF ANY
FROGRAM.

11,1 STATEMENTS
A} STATEMENT DICTIONARY

EVERY STATEMENT WITH A NON-ZERO MUMBER CREATES AN ENTRY

IM THE *STATEMENT DICTIOMARY'. THE STATEMENT
*N 1S HIGHEST STATEMENT WUMBER®

WILL CAUSE THE TRANSLATOR TO SET UP A DICTICMARY OF N ENTRIES
CORRESPONDING TO THE STATEMENT MUMBERS 1, 2,..., M HERE
M MUST BE AN INTEGER =< THE LARGEST STATEMENT NUMBER
APPEARING (N THE PROGRAM; HOWEVER, EVERY MIBMBER -> N MEED
NOT ACTUALLY BE USED.

MTAX s

<STATEMENT-}MBER STATEMENT> s:= <INFEGER> 1S RIGHEST STATEMENT
MAMBER <C>

B) ABSOLUTE CONSTANTS

HORMALLY, STORAGE SPACE (S PROVIDED FOR 100 ABSOLUTE
CONSTANTS  (ABCONS). (F THE FROGRAMMER KNOWS THAT MORE OR
LESS THAN 100 ABCONS WILL BE GENERATED, THE STATEMENT

'K ABCONS®

WILL SIGNAL THE TRANSLATOR TG SAYE STORAGE LCCATIONS FOR
FRECISELY K ABCONS.

HERE K MUST BE AN INTEGER =< THE ACTUAL NUBER OF
ABCONS GENERATED.

EACH DISTIKCT CONSTANT WRITTEN (N A STATEMENT GEMNERATES AM
ABCON. (HOWEVER, 4 AMD -4 GENERATE THE SAME CONSTANT.)
EACH QUTPUT STATEMENT GEMERATES (M420N4+1) ABCONS, WHERE ™
IS THE MMBER OF SINGLE VARIABLES AMD N 1S THE MOBER OF
REGIONS. FURTHER, EACH USE OF THE 'L" MOTATION GENERATES AM
ABCON. OTHERS ARE GENERATED WHEN MATRIX NOTATION 1S USED.

THE STATEMEMT ' ABCONS!, NEED MOT APPEAR IN THE
FROGRAM.

SUHTAK:

<ABCON STATEMENT> ;3= <INVEGER> ABCONS <CS>



¢) PRINT OFF

THE OQUTPUT OF A PROGRAM WELL ALWAYS BE PRINTED, AND THE
FROGRAM (TSELF WILL ALSO BE LISTED AS IT IS COMPILED UMLESS THE
PROGRAMMER HAS (NCLUDED A 'PRINT OFF' STATEMENTY.

S [ITAX:
<PRINT-OFF STATEMENT> ::= FRINT OFF <LS>

11.2. VARJABLE STORAGE

£’ (MPLESS
1) DiMeEnsion J{2) x{15) D(200)
2) DiMeENsION x(100,K8, J2) {40, 5, 15) Z(50)

Di SCRIPTHON:

IMMEDIATELY FOLLOWING THE STATEMENTS ON 11.1 MUST BE THE

STATEMENT
'DIMENSION Vy (M), Ry, 8,) ... VMg, Ry, By)?

(THE COMMAS MUST BE WRITTEN BUT NOT THE DOTS.) EACH vy IS
ONE OF THE VARIABLE LETTERS (C, D, G, H, [, 4, K, X, ¥, AND Z).

EACH YARIABLE LETTER USED (N THE PROGRAM MUST APPEAR IN
THE DIMENSION STATEMENT. HOWEVER, NOTE THAT THE LETTER 'B°
IS NOT PERMITTED. FOR EACH &, Ng MUST BE ~< THE LARGEST
SUBSCRIPT EVER USED IN THE PROGRAM FOR VL . A VI-REGION WiLL
BE RESERVED FOR EACH VAR{ABLE CLASS APPEARING [N THIS
STATEMENT.

IF PART OF THE VL-REGION 1S TO BE USED AS A MATRIX, THEN
Rt 1S THE NUMBER OF COLUMNS OF THE MATRIX AND BL S THE
SUBSCRIPT OF THE BASE ELEMENT. THE Ry AMD By MAY BE EITHER
INTEGERS OR BWTEGER VARJABLES WiTH CONSTANT SUBSCRIPTS.
{E.G., ®1 BUT NOT KJ1).

FOR EACH OF THE VL NOT USED AS A MATRIX THE MUMBERS R
Am‘ga SHOULD BE OMITTED. 8-E., ‘*Ve{Ng)' IS ALL THAT 1S
WRITTEN.

THE NUMBER N MUST BE A POSITIVE INTEGER <16, 384.
(EN A LONG PROGRAM, Mg SHOULD MOT BE MUCH LARGER THAR THE
ACTUAL NUMBER OF Vi VARIABLES USED, SINCE THERE MAY NOT BE
ENOUGH UNRESERVED SPACE LEFT FOR THE PROGRAM ITSELF.)

S 'TAXs
<DIMENSIOR STATEMENT> 2:= DIMENSION <DIMENSION ELEMENTS |
<DIMENSION STATEMENT> <DIMENS(ON ELEMENT
<DIMENSION ELEMENT> 3:m= <NAME YYPES(<INTEGER>) |
<NAME TYPE>(<INTEGER>,<B OR C>,<B OR C>)
<B OR C> 3:= <INTEGER> | <INTEGER NAME TYPE> <INTEGER>

M TE EXAMPLES:
A} CORRECT
DIMENSION Z(50) J(40,5,15) X({100,46,J2)
(THIS SPECIFIES THAT THE MAXIMUM Z SUBSCRIPT WHICH WILL
OCCUR [N THE COMPUTATION 1S => 50, AMD Z §S NOT USED AS A
MATRIX DESIGNATOR. THE MAXIMM J SUBSCRIPT 1S <> 140,
AND THE MAXIMUM X SUBSCRIPT 1S =-> 100.
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THERE ARE NO OTHER YARIABLES USED !N THE PROGRAM WITH THE
POSSIBLE EXCEFTION OF 'BY. THE J MATRIX HAS 5 COLLMNS
AND J{1,1] = J15, THE .X. MATRIX HAS J6 COLUMNS AND
X(1,1) = XJ2.

NOTE: N THIS CASE THE VALUES OF J6 {NUMBER OF
COLUMNS) AND J2 (BASE SUBSCRIPT) MUST BE SET BY THE
PROGRAM. (THEY MUST EITHER BE COMPUTED N A SUBSTITUTION
STATEMENT OR BE READ AS INPUT DATA. THEY MAY ALSO BE
CHANGED DURING THE PROGRAM, SO THE PROGRAMMER CAN CHANGE
BOTH THE LOCATION AND SIZE OF YHE MATRIX DURING
EXECUT 10N. )

B} INCORRECT
DIMENSION Z{J1) J(K1+2,5,15)

12. M-STATEMENTS

EXAMPLES:
STUDENT PROGRAM
| HOPE THIS WORKS M
57 ™

DESCRIPTION:
A STATEMENT WHOSE RIGHTMOST CHARACTER tS '™M" WilL BE
PRINTED BUT WiLL BE OTHERWISE IGNORED. ALTHOUGH A COMMENT
STATEMENT MAY BE LABELLED AND HENCE SERVE AS A TRANSFER POINT,
THESE STATEMENTS MAY NOT BE SO TREATED, SINCE EVEN THE LABEL 1S
IGNORED.
M~STATEMENTS MAY OCCUR ANYWHERE IN THE PROGRAM.

SYNTAX:
<M-STATEMENT> s5= M | <BASIC CHARACTER> <M-STATEMENT>

13. EMD STATEMENT

EXAMPLES:
PROGRAM END

DESCRIPT (ONa
VHE LAST STATEMENT OF EACH PROGRAM MUST BE AN END
STATEMENT .
EVERY PROGRAM MUST CONTAIN ONE AND ONLY ONE END STATEMENT.

BYNTAX:
<END STATEMENT> 2:= PROGRAM END <CS>



HOW TO USE THE SYSTEM

t. PREPARATION OF STATEMENT CARDS

FROGRAM STATEMENT CARDS FOR THE G-20 MUST BE FUNCHED
i THE FOLLOWING FORMAT:
STATEMENT NUMBER o COLUMNS 9-11
STATEMENT - COLUMNS 15<67
IDENTIFJCATION (OR BLANK) = COLUMNS 59-80
ALL OTHER CARD COLLMNS MUST BE BLANK.

EACH STATEMENT MAY CONTAIN UP 7O 159 CHARACTERS ON AS
MANY CARDS AS DESIRED. 1N COUNTING CHARACTERS, 20-GATE WILL
IGHORE ALL DLANK COLAMNS (EXCEPT (M ALPHABETIC CONSTANTS).

IF A STATEMENT CAN NOT FIT ENFIRELY OM ONE CARD, IT MAY
BE CONTINUED OM SUCCEED(NG CARDS OF THE SAME FORMAT. THE
SEGNAL THAT A GIVEN CARD IS NOT THE LAST OF A STATEMENT'S
CARDS (S THE PUNCHING OF THE LETTER 'M®  (MEXT) AS THE
RIGHTMOST CHARACTER ON THAT CARD. 'W' DOES NOT HAVE 70 BE
FUNCHED (N ANY PARTICULAR COLUMN. :

THE LAST CARD OF EACH STATEMENT CARRIES NO SPECIAL
DESIGNAT § ON.

STATEMENT MBMBERS MUST BE PUNCHED AS THREE-DIGIT ﬂMﬁ'EGERS;‘
HOWEVER, LEADING ZEROS MAY BE OMITTED. 'THE STATEMENT RUMIER
MEED ONLY BE PUNCHED ON THE FIRST CARD OF A STAVEMENT.

EXCEPT WHEN APPEARING IN AN ALPHABETIC CONSTANT, BLANKS
ARE ALWAYS IGNORED (N STATEMENTS. THCREFORE, THEY MAY BE USED
AS DESIRED FOR EASIER READING OF PUNCHED CARDS.

THE LAST STATEMENT CARD MUST CARRY THE STATEMENT,
TFROGRAM ENDT

iF COMPILATION OF A 20-GATE PROGRAM (S SUCCESSFULLY
COMPLETED, EXECUTION OF THE COMPILED PROGRAM WILL BE BEGUN,
STARTIMG WITH THE STATEMEWT WHOSE NUMBER S 1.

MANY SPECIAL CHARACTERS APPEAR W THIS MANUAL WHICH ARE
NOT AVAILABLE ON THE KEYPUNCHES. THESE CHARACTERS CAM BE
PLACHED (MOT TOO (NCORVENIEMTLY) BY USING THE MULTIPLE-PUNCH
FACILITY OF THE KEYPUNCH. (T 0S EXPECTED THAT ARRANGEMENTS
WiLL S00M BE MADE TO PUNCH THESE CMARACTERS DIRECTLY. UNTIL
THIS 15 DONE, HOWEVER, USERS MAY USE CERTAIN ALFIMBETIC
CHARACTERS (AS IN GS0-GATE) INSTEAD OF THE SPECIAL
CHARACTERS. THIS WILL BE OMLY A TEMPORARY SITUATION, BECAUSE AS
SO0N AS THERE 1S A MEAWS OF PUNCHING THE SPECIAL CHARACTERS
DIRECTLY, THE ALPHABETIC CHARACTERS WILL MO LOMGER BE
INTERCHANGEABLE. THIS WILL MAKE THE LANGUAGE MORE FLEXIBLE,
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HOWEVER, SINCE THESE LETTERS WILL BE USED TO PROVIDE MORE
VARIABLE CLASSES. THE SPECIAL CHARACTERS AND THEIR
CORRESPONDING ALPHABETIC EQUIVALENTS ARE LISTED BELOW.

POWER OF TEN (N ABCONS AND DATA CARDS
COMPOUND STATEMENT SEPARATOR

EXPONENT |AT|ON OPERATOR

LESS THAN

LESS THAN OR EQUAL TO

NOT EQUAL 70

EQUAL TO, AS [N A RELATION (BUV SEE BELOW)
GREATER THAN

GREATER THAN OR EQUAL TO

SUBSTITUTION STATEMENT

¥ ;\Vz-*.bf\-bv-ﬁ
I LCcTYVOVEM

THE ‘=" SIGN IS AN UNUSUAL CASE. CURRENTLY ALL
OCCURRENCES OF "=' WILL BE |NTERPRETED AS MEANING
SUBSTITUTION, AND RELATIONAL EQUALITY WILL HAVE TO BE PUNMCHED
"W, FOR ALL OTHER CASES EITHER OPTION LISTED ABOVE MAY BE
USED. THE SPECIAL CHARACTERS ARE RECCMMENDED, SINCE PROGRAMS
50 PUNCHED WILL COMTIMUE TO WORK ({EXCEPT, POSSIBLY, FOR =j.
PROGRAMS FUNCHED USIMG THE ALPHABETIC REPRESENTATION WILL
PROBABLY HAVE TO BE REPUNCHED EVENTUALLY -~ PROBABLY BY
SEFTEMBER.
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G-20 ALPHABET = 63 CHARACTER
STME0L INTERMAL CARD CODE SYMBOL (NTERMAL CARD CODE
SPACE 00 NO PUNCH 0 40 0

A 01 12 1 1 41 1
B 02 12 2 2 42 2
c 03 12 3 3 43 3
D 04 i2 4 4 44 4
E 05 12 8 9 45 <]
F 06 12 6 ] 46 6
G 07 12 7 7 a4F T
H 10 i2 8 8 50 B
i 1 12 9 9 51 9
o 12 111 o Se Q76 »
® 13 1t 3 53 1238
L 14 11 3 + 54 12
M 15 i1 4 - 56 1
M 1€ 115 * 56 11 4 &
4} 17 116 ! 57 01
P 20 17 = 60 38
@ 21 i1 8 v 61 1278 =
] 22 11 8 % 82 1128w
5 23 0z ~ 63 126 8 =
1} 24 03 < 64 1158 =
U 25 04 $ 85 11 38
¥ 26 05 > 66 1168 #
W 27 086 H 67 488 »w
b 4 30 07 70 G 48
¥ 3 08 7 058 =
L 32 068 2 063+«
| 33 28 i+ 73 i2 4 8
= 34 68 = ) 74 78 =
-5 35 1178 = ? 75 1228 =
- 38 1258 # H 76 D24a=»
’ 37 038 ' 77 58 =«

THE, INTERNAL REPRESENTATIONS ABOVE ARE OCTAL INVEGERS.

ks WUST BE PUNCHED BY USING MULTIPLE-PUNCH BUTTON.
ok PURCHED BY ' ON MEW REV-PUNCHES OR EXTRA MIMUS SIGN ONW
OLD KEY-PUNCHES.
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o
IPUF DATA CARDS

A SET OF DATA CARDS, READ BY THE TRANSLATED PROGRAM UFON
THE. EXECUTION OF A SIMGLE P'READY STATEMENT, 1S CALLED A
'READ GROUP?.

THE PROGRAM WEILL SEQUENTIALLY READ THE INPUT CARDS [N
SUCH A READ GROUP, EACH CARD OF WHICH HAS THE (NFORMAT(ON
CHARACTERS N COLUMNS 1=72; AND WILL STORE THE (NFORMATION
ENDICATED ON EACH CARD UNTIL THE END-OF-GROUP CHARACTER, fu!,
1S ENCOUNTERED. THIS CHARACTER MAY APPEAR (N ANY OF COLUMNS
1=73. AFTER THE CONTENTS OF THE CARD CONTAINING THIS CHARACTER
ARE STORED, THE PROGRAM CONTIMUES OM TD THE NEXT STATEMENT (N
PROGRAM SEQUENCE. ,

THE FIRST APPEARANCE OF THE CHARACTER /!, ANYWHERE [N
COLLBNS 1=72, MAY BE USED TO TERMINATE READ INFORMATEON ON ANY
CARD BUT THE LAST CARD IN A READ GROUP. ALL CHARACTERS PROM
‘ifm;a” COLUMM O TO THE RIGHT WILL BE [GNORED AND THE NEXT CARD

ILL BE READ.

IMPUT DATA CARDS FOR 20-GATE MUST BE PUNCHED IN THE
FORMAT DEFIMED BY THE FOLLOWING SYNTAXs

<iGEIT> 1= 0l1]2]3]4l5i6]7]8]9

<INTEGER> 3:m <DIBIT> | <INTEGER> DIGIT>

<DEG IMAL MBBER> sis SINTECER> | <INTEGER>. | <INTEGER> |
ZIMTEGER>. <INTEGER>

<EXPRENT PART> tim o<INTEGER> | «<ADDING OPERATOR> <INVEGER> |

<HBMBER> 33 <DECIMAL MMBER> <EXPONENT PART>

MRERIC VALUE> 33 <MIMBER>[<ADDING OPERATOR> <GRABER>

CALBHABETIC CONSTANT> s3e <ANY BASIC CHARACTER OTHER THAN & |
CALFHABETIC CONSTANT> <ALPMABETIC CONSTANT>

CYALUED 23s <HUMERIC VALUE>|$<ALFHABETIC CONSTANT>S

<QWME LETTER> 2:= BCIDIGIM|I |SIK]X]Y]Z

<AED> 33 <NANE LETTER> <INFEGER>

FIM 13m <L)/

HHPUE> 8 2e <HAMED=CYALUES |<NAME> <ADDING OPERATOR> <NBBER>|
<NAMEDS$CALFHARETIC CONSTANT>$ |<INPUT>, <VALUE>

<IMPUT CARDD 3o <INFUT> <FIN>

“FILE> 13m <INPUT CARDS|<INPUT CARDD <FILE>

READ GROUP> :3m <INFUT>= |<FILE> <READ GROUP>

EACH ‘READ® CALL IN 20=8GATE WILL READ (NVO MEMORY
QHE READ GROUP.

THE INPUT DATA CARDS FOR A PROGRAM ARE PLACED IMMEDIATELY
AFTER 1TS STATEMENT CARDS. THUS THE FIRST CARD OF THE FIRST
READ GROUP O BE READ BY A PROGRAM MUST BE THE CARD FOLLOWING
THE PROGRAMS END STATEMENT.
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THE CHARACTER ¢ (MNOTE <INPUT>) S USED TO
REFRESENT THE LAST VARIABLE ENCOUNTERED WITH THE SUBSCRIFT
INCREASED BY 1.
THUS, *C1=10,,-3,7 STORES +10 IN CI A =3 [N C2.

AN ALPHABETIC COMSTANT USED IN A READ GROUP MAY HAVE MORE
THAN FOUR CMARACTERS. IF SUCH S THE CASE, THE CONSTANT WILL
BE STORED IN SUCCESSIVE FLOATING POINT LOCATIONS, FOUR
CHARACTERS PER WORD (COUNTING FROM LEFT TO RIGHT).

iF THE NUMBER OF CHARACTERS 1S NOT A MILTIPLE OF FOUR, THE
LAST VARJABLE STORED WILL HAVE (TS CHMARACTERS RIGHT=-JUSTIFIED.

THE LETTER °E? MAY BE USED (NSTEAD OF ‘', (F DES(RED.
THE %' [S PREFERRED, HOWEVER.

SPACES MAY BE USED FREELY; THEY WILL BE IGNORZD (EXCEPT,
OF COURSE, N ALPHABETIC (NFORMATION).



Ca2

EXAMPLES
THE READ GROUP
Cl=123., 78.395 E 5,-.005 / READ ALPMA, BETA, GAMMA
,1.36=8  [79=-39J144./ READ ZETA, I, J
(491-123456. 78901 23,438,475  # READ G AND GI

WILL STORE THE FOLLOWING VALUES INTO THE GIVEN LOCATIONS:

€1 +123

g2 +78395,2

€3 =53

G4 +13p=9

179 =39

J1 +4

491 =1 2345678901 23#,.31
(492 +75

THE RCAD GROUP

X1 §THIS 1S RUN 5 OF PROBLEM 123. §,
$DATA SET 39 =~  X20 = $JULY 23,1951$ #*

WiLlL STORE THE FOLLOWING VALUES
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3. PRIMVED OUTPUT

IF THE TWO READ GROUPS USED M THE EXAMPLES ABOVE (WMDER
INPUT DATA CARDS) ARE READ [WTO STORAGE, THE OUTRUT
STATEMENTS

TieeoCd TI79 TJI TGA91 TGAGZ2
AT Xlo.oX24
Wikl PRODUCE THE FOLLOWING PRINTED OUTPUT:

C1 +.12299999999%9 403 €2 +. 7839500000001 5407

c3 -, 4998999999398 ,-02 c4 +.1299999999989 =07

I78 -, 3300000000000 o+02 Ji +.400C000000001  4+01

G491 -.1234567890121 +44 G492  +.73C00000000C0 402
THIS 1S RUN 5 OF PROBLEM 123, DATA SET 39 =

JULY 28,1961

NOTE THAT SOME OF THESE VALUES ARE MNOT EXACT. FOR
NON--] NTEGRAL VALUES, THIS §S A NORMAL RESULT OF THE NECESSARY
DECIMAL-BINARY AND BINARY-DEC(MAL COMVERSIOMS. FOR VALUES
WHICH CAN BE EXPRESSED AS [NVEGERS, HOWEVER, THE ERRORS ARE
- SOLELY A RESULT OF THE BINARY-DECIMAL OUTPUT CONVERSION.
TUS, FOR THE ABOVE CASE, J1 (S EXACTLY 4 AMD C1 IS
EXACTLY 123 [N STORAGE.



APPEADIX A - ERROR CODES

MANY ERRORS IN THE USE OF Wiff LANGIMGE ARE DETECTED BY T
TRAMSLATOR. EACH ERROR TYPE 1S CIVI¥ 3V A MUBER, AS LISTED
BELOW, AMD THE MUOMBER (S PRINTED ON THZ QUTPUT LISTING WITH AN
APPROPRIATE MTSSAGE. §F AM ERROF 13 DITECTED (N A SYSTEM
STATEMENT, TRANSLATION COMES TO /N 1«IGIATE HALT.

HOWEVER, ANY ERRORS FOURD (W STATINZITS AFTER THE DIMINSION
STATEMENT ARE MERELY LISTED, AMD TRAUGLATION CONTIMUES. AD
MORE, THAN ONE ERROR WiLL BE FOUND N A STATEMENT. IF ANY
CRRORS ARE DETECTED N THE STATEEINTS W A PROGRAM, THE
RESULTING CODE WiLL BE INCOMPLETE AWD JiLL NOT BE RiM.

IF AT RUN TIME AN [LLEGAL YALUE 3 USED AS A SUBROUT NG
ARGUMENT, THE PROGRAM WiLL MALT AND /sl ERROR IMDECATION &F THE

FORM
RUN ERROR READ R
FiN ERROR LOG

£i6. WILL BE PRINTED. (F AN ERROR OCCURS DURING EXPOMENTIATION

R ERROR X¢A
WiLl BE PRINTED.

TRANGLAT fOM ERROR CIDUS, -0-GATE

5 F3ETY ¥ O R APPE AR a0
o S A b umuc SUBSCRIFT MAS BICEN
usm mnm us LARGER THAN TH. NBBER OF VARIABLES or
BESERVED 1N THE W TATEMENT S,

SET) L )

3. THE ACTUAL {OR (MPLIED) PAIERTH SIS NESTING HAS

EXCEEDED 9.

4. THE SUBROUTINE ENTRY TABLE CAPACITY OF 40 HAS BEEW
£ RCEEDED,

5. THE ASSENBLED PROGRAM HAS EXCEIDEY THE AVAILABLE STORAGE.
7o A STATEMEMT HAS A MISSING OR Al EXTRA '$' SIGN.
Jo A STATEMENT CONTAINS WORE THAH 139 CHARACTERS.

10, A STATEHMENT MUMIER IS LARGER THAN THE OME M THE SYSTEM
STATEMIHT .

11, HHL S4ME STATEMENT MUNDER HAS Pc d USED TWICE.

TE,  TOO MANY THRED~ADURESS CODES MAVE BIEN GINERATED FROR A
STATEMENT

gy iviT, MES,
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14.
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THE STATEMENT CONTAINS MORE LEFT PARENTHESES THAN RIGNT.

MORE THAN 100 ABCONS HAVE BEEN GENERATED, OR MORE THAM
SPECIFIED 1M AN "ABCON® SYSTEM STATEMENT.

THE STATEMENT 1S IMPROPERLY FORMED; MISSING OPERATION,
PARENTHES!S, ETC.

THE STATEMENT HAS AN [MPROPER COMBINATION OF OPERATION
SYMBOLS, E.G., +/.

THE STATEMENT HAS AN IMPROPER MATRIX SUBSCRIPT, TYPE
VARJABLE, OR USE OF ‘L%,

AN ITERATION STATEMENT CONTAINS LESS THAN FIVE CoMMAS,

THE ITERATION RESTING DEPTH HAS EXCCEDED EIGHT, OR THE
HESTING (15 [MPROPER.

MORE THAN 24 ARCGAMEWNTS HAVE BEEN USED (N A TYPE
STATEMENT OR MORE THAN 25 ARGUMENTS WAVE BEEN USED
(N A SUBROUTINE CALL.

THE STATEMENT HAS MORE RIGHT PARENTHESES THAM LEFT.

THE "PROGRAM END" STATEMENT MAS OCCURRED BEFORE ALL
(TERATION LOOPS HAYE BEEN TERMINATED.

THE _PROZRAM-DOES-NOT- CONTAIN A= "HALTS - STATEMENT.

A CHARACTER HAS BEEN USED WHICH 1S (LLEGAL N THE GATE
LANGUAGE .

A CHARACTER LEGAL TO GATE HAS BEEN USED N AN [MPROPER
PLACE IN A STATEMENT.



SYSTEM STATEMENT ERROR CODES

52. THE LAST CHARACTER OF A SYSTEM STATEMEWT IS MOT %° OR
M OR °F', AND THE FIRST CHARACTER (S NOT AN
INTEGER OR 'D° OR 'P'.

53. THE FIRST CHARACTER OF A SYSTEM STATEMENT (S AN (NTEGER
WHICH 1S HOT FOLLOWED BY 'A! OR 1)7,

56. THE 'DIMENSION® STATEMENT IS (NCORREGTLY FORMED.

57, A SUBSCRIFTED SUBSCRIPT HAS BEEN USED IM A "DIMENSIONS
STATEMENT  (AS  C€(100,041,1)).

58. AN IMDEX USED N °*DIMENSION® STATEMENT 1, J, AMD K
: VARIABLES S TOO LARGE.
{€.G., DivENSION ©{100,05,7) 1(3)}

39. TOO MUCH SPACE HAS BEEN RESERVED BY SYSTEM STATEMENTS.

BACHINE ERRORS

80, COMPUTER FAJLURE.

61, CARD READER FAQLURE.
62, PRINTER FAILURE.

563. MAGETIC TAPE FAILURE.

RELOCATION ERRORS

81, A SUBROUTINE HAS BEEN CALLED WHICH 1S NOT [N THE LIBRARY.

f2. THERE 05 NO LONGER ENOUGH SPACE FOR THE REQUIRED
SUBROUT =S,

84, INDIRECT REFERENCES HAVE CAUSED MORE THAN 40 SUBROUTINES
TO BE CALLED.
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APPERDIX B

SUBROUTINES CURRENTLY AVAILABLE TO THE PROGRAMMER ARE
THE FOLLOWNG:

READ

SiN SINE OF AN ANGLE IN RADIANS)
€08 COSINE OF AN AMGLE 1M RADIANS)
LOG LOGARITHEY TO THE BASE E)

EXP EXPOMENTIAL - BASE E)

SORT SQUARE ROOT

ARTN ARCTANGENS - RESULT (N RADIANS)

(THERS WiLL BE AVAILABLE SOON.



APFENDIX € ~ DIFFERENCES BETWEEN 20-GATE AMD B50-BATE

1.  THE CARD FORMAT FOR STATEMENT CARDS HAS BEEN CHANGED,
ALTHOUGH CARDS PREPARED FOR THE 650 MAY BE USED IF THEY ARE
PUNCHED WITH SOME INFORMATION IN COLUMMS 1 TO 4. SEE
PART (08, SECTION 1. AFTER SEPTEMBER 1961 (T IS UNLIKELY THAT
THE OLD FORMAT WILL CONTINUE TO BE PERM(TTED.

2o MANY CHARACTERS HAVE BEEN CHANGED, FOR EXAMPLE, 4?9
IS T0O BE USED INSTEAD OF T'P'. ALL OLD CMARACTERS ARE STILL
ACCEFTABLE, HOWEVER, ALTHOUGH BY SEPTEMBER T IS LIKELY THAT
THEY WILL NOT BE. SEE PART 0§01, SECTION 1 FOR FURTHER DETALLS.

3.  THE FORMAT FOR DATA CARDS 1S CHANGED COMPLETELY.
SEE PART 0100, SECTION 2, FOR DISCUSSiON,

4, THE SYSTEM STATEMENT °K USED (M SUBROUTIRES'! IS
KO LONGER REQUIRED. [OMDEED, IT [S MO LONGER LEGAL.

S. THE TRANSLATIOM OF (TERATION STATEMENTS HAS BEEN
CHANGED SO THAT THE BODY WILL BE EXECUTED ZERO TIMES IF THE
TEST FAILS WITH THE INITIAL VALUE OF THE CONTROLLED VARJABLE.
O THE 650, THE BODY WAS ALWAYS EXECUTED AT LEAST OMCE.

8. THE USE OF ALPHABETIC CONSTANTS HAS CHAMBED. OMLY
FOUR CHARACTERS MAY CCCUR N A CONSTANT. (IF MORE THAM FOIR
ARE USED, THE RIGHTMOST FOUR WILL BE USED.) FURTHER,
ALFHABETIC IWFORMATION MUST BE STORED [N FLOATING POINT
VARIABLES, AS [NTEGER VARIABLES WILL NOT CONTAIN ENOUGH
1NFORMAT | ON-

7.  STATEMENT MABERS NCED NOT APPEAR ON TYPE STATEMERTS.
THERE 1S NOTHING OM THE G-20 COMPARABLE TO THE STORAGE
ENTRY SWITCHES ON THE 650, AND ALL OUTPUT STATEMENTS ARE
ALWAYS EXECUTED, REGARDLESS OF THEIR STATEMENT MIMBER.

8. [T {S AN ERROR, DETECTED BY THE TRAHSLATOR, IF THE
SAME NUMBER (S USED MORE THAN OWCE AS A STATEMENT LABEL. OR
THE 650, THIS COMDITION WAS NOT DETECTED.

9. CALLS FOR OUTPUT WILL ALWAYS PRODUCE FRINTED OUTPUT
OM THE PRINTER. THMERE IS, AT PRESENT, ND PROVISION FOR
FUNCHING CARDS. SINCE WE HAVE NOIWAY OF PRINTING CARDS ONCE
THEY ARE PUMCHED, THIS 1S MO HARDSHIP.

10.  THE LIMITS OM THE POSSIBLE VALUES OF VAR(ABLES ARE
CHANGED. FOR FLOATING POINT VARIABLES GREATER TOLERANCE 1S
PERMITTED, BUT INTEGER VARIABLES ARE LIMITED TO BEINS LESS
THAN 2921 (2,097,152).

€l



APPERDIX D = SYNTAK

<
<PROGRAM> ;o= <NAME HEAD> <SYSTEM STATEMENTS>
<DIMENS[ON STATEMENT> <C5> <PROGRAM END STATEMENT>
<NAME HEAD> ::m <M-STATEMENT SPECIFYING MGER'S NAES <S>
<SYSTEM STATEMENTS> ::e <PRINT-OFF STATEMENTSABCON STATEMEND>|

STATEMENT MABER STATEMENT>|<M-STATEMENT>|
<COMMENT STATEMENT>|<SYSTEM STATEMENTS> <SYSTEM STATEMENTS>
<PRINT-OFF STATEMENT> 3:= PRINT OFF <C>
<ABCON STATEMEND 2:s <INTEGER> ABCONS <US>
<STATDMENT-JMBER STATEMENT> :sw <INTEGER> 1S MIGHEST STATEMENT
MBBER 5>
<D IMENS (0N STATEMENT> :3= DIMENSION <DIMENSIOM ELEMENT> |
<DIMENS(ON STATEMENT> <DIMENSION ELEMENT>
<DIMENSION ELEMENT> 3:= QWME TYPE(<INTEGERS) |
<MAME TYPE>{<INTEGER>,<8 OR {,<B (R )
<B OR > 13w <INTEGER> | <INTEGER NAME TYPE> <IWTEGER>
<I'ROGRAM BODY> 3= <STATEMENT> | <STATEMENT> <PROGRAM BODT>
<END STATEMENT® 3:= FROGRAM END <C5>
<BASIC STATEMENT> si= <00 10 STATEMENT|<WALT STATEMENT>!
<COMMENT STATEMENT> [<CONTINUABLE STATEMENT>
<CONT I MUABLE STATEMENT> 2:= <SUBSTITUTION STATEMENT> |
<S\BROUTIME STATEMENT> | <IMPUT-QUTPUT STATEMENT>
<COMPOUND STATEMENT> :3e <SIMPLE STATEMENT> |
<COMPOUND STATEMENT> ; <CONTINUABLE STATEMEND>
<COMDITIONAL STATEMENT> ::= <SIMPLE STATEMENT> IF <RELATION>
<5 IMPLE STATEMENT> :3m <BASIC STATEMENT>|<COMPOUND STATEMENT>:]
<TOND I TIONAL STATEMENT>
<STATEMENT> 53= <LABEL™ <SIMPLE STATEMENT> <CS> |
<ITERATION> <C> | Qe-STATEMENT> <>
LABEL> z3m <UNSIGMNED INTEGER> : | <EMPTY>
<ITERATIONS :3m <LABEL> VI<IMTEGER>,<ITERATION PART>
<STATEMENT SEQUENCE> ~lg <SIMPLE STATEMENT> |
vz SINTEGER>: ~2 , <ITERATION PART>
<ITERATION PART> 2:e <VARIABLE>,<EXPRESS |00, <EXFRESS 0N,
<EXFRESS 100>,
<STATEMENT SEQUENCE> :3m <OS>|<STATEMENT SEQUENCE> <STATEMENT>
<SUBSTITUTION STATEMENTY 3= <VARIASLESs<EXPRESS 0>
SSUBROUTINE STATEMENTD> 15e <FUNCTION DESIGNATOR>
<BO TO STATEMENT> §:= GO TO <EXPRESSION>
<HALT STATEMENT> saer MALT -
TOMMENT STATEMENT> siw Cl<BASIC CHARACTER> <COMMENT STATEME
<H--STATEMENT> 33= M | <BASIC CHARACTER> <i-STATEMENT>
<INTEGER MAME TYPE> 2im ||Jln
<NAME TYPE> 23= C|D|G|H|X|V|Z|<INTEGER NAME TYPE>
<YARIABLE> 2:= <NAME TYPE> <SIBSCRIPT> | B<SIMPLE SUBSCRIPT>
<SIMPLE SUBSCRIFT> fse <YARIABLE> | <INTEGER> | [<EXPRESSION>) !
<AMARY OPERATOR> <FRIMARY>
<EUBSCRIPT> 3w <SIMPLE SUBSCRIFT>| (<EXFRESS 100>, <EXPRESS [0S}
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<DIGIT> 2= 0}1}2]3]4]8]6]7]8]9

ZINTEGER> ::= DIGIT> | <IKTEGER> DIGIT>

<DECIMAL NBBER> g3 <INFEGER | <INTEGER>. | <INTEGER> |
<ENTEGER> . <INTEGER>

<EXFONENT PART> tto o<INTEGER> | +<ADDING OPERATOR> <INTEGER> |
EMPTY>

CARBER> 31e <DECIMAL NUMBER> <EXPONENT PART>

<PRIMARY> 138 <NUMBER> | <VAR[ASLE> | <FBECTION DESIGNATOR> |
L <VARIABLE>|L <COMSTANT>|(<SUBSTITUTION STATEMINT>] |
{<EXPRESS 1010) |<IRURY OPERATOR> <FRIMARYT>

<FACTOR> gim <FRIMARY> | <FACTORCAPRIMARY>

<TERD> 13= <FACTOR> | <TERS SWATIPLYING OPERATOR> <FACTOR>

<EXFRESSION> ;3= <TERD | <EXPRESSION> <ADDING OPERATOR> <TERM>

UMARY OPERATOR> st 4+ | ~ | A ] ¢

<ADD(NG OPERATOR> :im + | -

SRILTIPLYING OPERATOR> 23w » | [

<RELATION> 3i= <EXPRESSION> <RELATION OPERATOR> <EXPRESSION>

<RELATION OPERATOR> t3a> |2 [ ¢ | & | 2 | =

<FUNCTION DESIGHATOR> 23m <FUNCTION NAME>. (SPARAMETER PART>)

<PARMETER PART> 23= <EXPRESSION|<PARAMETER PART>,<EXFRESS|OND

<FUNCTION NAME> :tw <LETTCR>|<DIGIT> |<FUNCTION NMAME> <LETTER>|
<FURCTION HAME> <DIGIT>

<INPUT-OUTPUT STATEMENT> ¢ 2= <INPUT STATEMENT> |
<OUTPUT STATEMENT>

<INPUT STATEMENT> 23w READ

<OUTPUT STATEMENT> $:= <ALPHABETIC QUTPUT STATEMENT> |
<IRMERIC OUTPUT STATEMENT>

<ALPHABETIC OUTPUT STATEMENT> ::= ASMUMERIC OUTPUT STATEMENT>

<HMERIC OUTPUT STATEMENT> s <OUTPUT ELEHENT> |
<MMERIC OUTFUT STATEMENT> <OUTPUT ELEMENT>

<OUTPUT ELEMENT> 530 T<CONSTANT> | T<VARIABLE> |
T<YARIABLES. . .<VAR | ABLE>

<CONSTANT> 30 MBBER> | $<ALFHABETIC COMSTANTS

<ALPHABETIC CONSTANT> ::2 <ANY BASIC CHARACTER OTHER THAN & |
<ALPHABETIC CONSTANT> <ALPHABETIC CONSTANT>
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<BASIC CHARACTER> 1ie <LETTERSDIGIT les|=|, lnle [4]=]a]
[=lgl<|§>1: 1013112 |=l~AL 1D ]

<CS> 13m <CARD SHIFT>
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APPERDIX E. DESCRIPTION ON SYNTAX USED I MANUAL

BACIUS NORMAL FORM

A DESCRIPTIVE NANUAL FOR AN ARTIFICIAL LANGUAGE SUCH AS GATE OR
ALGOL MUST ACCOMPLISH TWO OBJECTIVES: (1) IT MUST SPECIFY, GIVEM
A STRING OF CHARACTERS, WHETHER CR NOT THAT STRING 1S A LEGAL
STATEMENT 0N THE LANGLVGE; AMD (2) T MUST SPECIFY PRECISELY THE
MEANING OF ANY STATEMENT RECOBHIZED AS BEING LEGAL. (N THE PAST,
MANUALS HAVE FULFILLED TMESE OBJECTIVES BY GIVING DESCRIPTIONS, (N
ENGLISH, OF THE LANGUIMGE SMD ITS MEAMING. AS COMPUTER LANGUAGES
HAVE BECOME MORE COMPLEX, NOWEVER, SUCK DESCRIPTIONS MAVE BECOME
LESS AMD LESS ADEQUATE. EVCN WELL WRITTEN DESCRIPTIONS HAVE FRE~
QUEWTLY BEEN FOUND, ON CLOSE SXAMINATION, TO LEAVE AMBIGUDUS CER-
TAIK POINTS ABOUT THE LANGUAGE BEING DEFINED.

THE DEFINITION OF A LAMGUAGE' MUST FIRST SPECIFY {BY LISTING IT)
THE ALPHABET OF THE LANGUAGE. [ MUST THEN SHOW HOW THE LARGER
ELEMENTS OF THE LANGUAGE ARE MADE UP FROM THE ALPHABET. [T 1S HERE
THAT THE DIFFICULTY ARISES, SINCE THME ALPHABET OF THE LANGUAGE
BEING DEFINED, CALLED THE 'OSJECT LANGUAGE', OVERLAPS THE ALPHABET
OF THE LANGUAGE IN WHICH THE DEFINITION 1S WRITTEW, REFERRED TO AS
THE 'META-LANGUABE®. THUS THE READER FREQUENTLY CAMNOT TELL WHE-
THER A GIVEN PIECE OF TEXT 1S AN EXAMFLE OF THE OBJECT LANGUAGE OR
1S A PART OF THE DESCRIPTIVE META-LANGUAGE.

WITH THESE CONSIDERATIONS (AMD OTHERS) 101 MIMND, J. W. BACKUS
[1] HAS DEVISED A TECHNIQUE FOR ACCOMPLISHING OBJECTIVE (1) OF THE
FIRST PARAGRAFH. HE MAS DEFIMED A LANGUAGE, WHICH HAS COME TO BE
CALLED BACKUS NORMAL FORM AND 1S WERE ABBREVIATED BWF, TO BE USED
AS A META-LANGUAGE FOR THE CLEAR AN UNAKSIGUOUS DEFINITION OF
OBJECT LANGUAGES. IMDEED, BNF WAS DEVISED SPECIFICALLY FOR THE
PURFOSE OF DESCRIBIKG THE LANGUAGE ALGOL 60, AND THE MOST COMSPIC-
WOUS USE OF BNF (S 0N THE ALGOL 60 REPORT [2]. THE FOLLOWING PARA-
GRAFHS OF THIS PAPER CONTAIN A DESCRIPTION OF BIF WITH SOME EXAM-
FLES OF ITS USE. SINCE A MOWLEDGE OF BIF WILL BE ASSLICD (N
MANY FUTURE FUBLICATIONS OF THE CARNEGIE YECM COMPUTATION CENTER,
THIS PAFER IS RECOMMENDED READING FOR USERS OF THIS FACILIYY.

QI.BEgN BNF THE FOLLOWING FOUR META-L IMRUISTIC SYMBOLS ARE (NTRC-
H

< > | =

THESE ARE CALLED TMETA-L [NGUISTIC SYMBOLS® SINCE THEY MUST NOT I3E
INCLUDED (M THE ALPHABET OF THE OBJECT LANGUAGE. [T IS IN THE UEE
OF THESE META-LINGUISTIC SYIBOLS THAT BNF 1S CAPABLE OF PFROVIDIN:
CLEAR DEFINITIONS OF AN OBJECT LANGUAGE. :

STRINGS OF CHARACTERS ENCLOSED [N THE BRACKETS < > ARE
CALLED META-L. INGUISTIC VARIABLES. A META-LINGUISTIC VARJABLE (S
THE MAME GIVEM TO A CLASS OF OBJECTS 0N THE OBJECT LANGUAGE. THE
MARK | MAY BE READ AS *OR", AMD THE MARK 3:= (VO BE REGARDED AS
A SIMGLE SYMBOL) MAY BE READ AS °{S DEFNED AS". ‘'JHME USE OF THESE



SYMBOLS [S BEST JLLUSTRATED BY ExaMPLE,
EXAMPLE 13 CONSIDER:
DIGIT> 3= 0]1]2]3]4[5]617]8]9

THE ABOVE META=LIKGUISTIC FORMULA MAY BE READ AS ¢
'A MEMBER OF THE META-L INGUISTIC CLASS DIGIT 08
DEFIND ASOOR 1 CR2OR3OCRAORSORGOR T R &
OR 9.0

THUS THE OCCURRENCE OF <DIGIT> IN A META-L[HGUISTIC FORMULA STANDS

FOR ANY OME DECIMAL DIGIT.

AN ESPECIALLY USEFUL FEATURE OF BMF - INDEED, TS REASON FORE
EXISTANCE - 1S THAT A DEFINITION MADE USING THIS META-LANGUAGE MAY
BE RECURSIVE. A RECURS[VE DEFIRITION, FOR OUR FURPOSES, MAY BE
THOUGHT OF AS ONE IN WHICH THE OBJECT BEING DEFIMNED S (MCLUDED,
EITHER DIRECTLY OR [MDIRECTLY, [N (TS DEFINITION. HERE ABAIN,
ILLUSTRATIVE EXAMPLES BEST SET FORTH THE POIMT.

EXAMPLE 28 AGAIMN LET US CONSIDER:
ZINTEGER> 232 <DIGIT>I<IMIEGER> <DIGIT>

THE META-LINGUISTIC FORMULA IN THIS EXAMPLE MAY BE READ ASs
TA MEMBER OF THE META=LINGUISTIC CLASS INTEGER 1S Di-
FIMNED AS A MEMBER OF THE META-LINBUISTIC CLASS DIBIT
OR A MEMBER OF THE META LIKGUISTIC CLASS INTERER
F?Ll#@ 8Y A MEMBER OF THE META-LIHGUISTIC CLASS
DIGIT.?
MORE DRIEFLY, ONE MIGHT SAY:
':N gﬁ&:ﬂ IS EITHER A DIGIT OR AN IMTEGER FOLLOWED BY
DIGIT. ?
THE RECURSIVE MATURE OF THE DEFIMITION OF INTEGER (S SEEMN 1K 0B~
SERVING THAT THE META-LINGUISTIC VAR{ABLE (NTEGER OUCURS C) BOTH
THE LEFT SIDE AND THE RIGHT SIDE OF THE FORMULA.

EXAMPLE 33 LET US MOW CONSIDER A MORE COMPLEX CASE.
B> 1= (][ |<AB>(|<AB> DIGIT>

THE META-LINGUISTIC FORMULA ABOVE DEFINES THE CLASS AB. TH:Z
READER SHOULD SATISFY HIMSELF THAT THE FOLLOWIMG ARE MEMBERS OF AB

({1 (37¢
12345(

((
86

AND THAT THE FOLLOWING ARE NOT MIMBERS OF AB
213

H'

EXAMPLE 4: THE FOLLOWING EXAMPLE (S EVEN MORE COMPLEX,



ALTHOUGH ND MNEW RECURSIVENESS 15 ENTRODUCED.

DIGIT> 232 0]1]2]3]4]5]6[7]8]9

ZIMTEGER> s3= <DIGIT>{<INTEGER> <DIGIT>

<DECIMAL MBMBER> 3se <INTEGER>|<INTEGER>. | . <INTEGER>|
< NTEGER>. <INTEGER>

<EXPORENT PART> 33= <EMPTV>|w<INTEGER>|
~<AUDING OPERATOR> <INTEGER>

SMMBER> 3= <DECIMAL MIMBER> <EXPONENT PART>

<ADD MG OPERATOR> 23w +|=

<EMPTY> 3:=

THE META-LINGUISTIC CLASS ‘EMPTY' REFERS TO THE STRING CONTAINING
NO CHARACTERS —~ THE EMPTY STRING.

THIS LAST EXAMPLE (LLUSTRATES THE APPLICATION OF BN TO THE
DEFIMITION OF MMBER. AN EXAMINATION OF THE EXAMPLE WILL SHOW
THAT THE CLASS 'MUMBER® [NCLUDES ALL STRINGS OF SYMBOLS USUALLY
REGARDED AS BEING UNSIGNED DECIMAL PMUMBERS.

FOR USE IN THIS MANUAL, A MODIFICATION OF "BNFY HAS
BEEN MADE FOR THE FURPOSE OF DESCRIBING [TERATION STATEMENTS.
THE NOTATION

v <OBJECT>
iN A IE‘FA—L;]W!STI!C DEFINITION AND THE NOTATION
APPEARING SUBSEQUENTLY REFER TO THE SAME VALLE OF THE
META-L INGUISTIC VARIABLE <0BJECT>. THE INTEGER "1t
IDENTIFIES ONE OF (POSSIBLY) SEVERAL SUCH CORRESPONDENCES. [N
THE DEFINITION OF <ITERATION> THIS ARVIFICE (S USED TO INDICATE
THAT THE END OF THE SCOPE OF AN [TERATION STATEMENT OCCURS
WHEN THE SAME INTEGER OCCURS AS A STATEMENT LABEL AS WAS USED

IN THE ITERATION STATEMENT. THERE IS NO WAY TO DO THIS (RN
IBACKUS HORMAL FORM'.

(¥ SOME OF THE META-LINGUISTIC FORMULAE THE VARIABLE
<CS>, STANDIMG FOR "CARD SHIFT', AND THE PUNCTUATION ‘s°f
ARE USED. THESE ARE ALSO ARTICIFICES. ‘BNF® 1S CAPABLE OF
DESCRIBING OMLY STRINGS OF CHARACTERS. IN GATE, HOWEVER, 1T
1S NOT ENOUGH TO DESCRIBE STRINGS. THE FACT THAT SOME
I HFORMAT 0K MUST GO INTO CERTAIN SFECIFIED CARD COLLMNS GIVES
THE TRANSLATOR IMPLICIT (NFORMATION. THUS (N THE SYNTAX A
COLOM (MDICATES THAT THE CBJECT TO ITS LEFT 1S A STATEMENT
LABEL AMD THAT THE OBJECT TO 175 RIGHT IS A STATEMENT BCDY.
SIMILARLY, 'CS' (NDICATES THE END OF A PHYSICAL STATEMENT, AS
ﬁI'DiGA'g'ED BY THE END OF A CARD (WITHOUT AN W' CONTIMIATION



E‘?e
BI6L IOGRAFHY

1] J. W. BACKUS, THE SYNTAX AMD SEMAWTICS OF THE PROFOSED
IMTERNATICNAL LANGUAGE OF THE ZURICH ACM-GAMM CONFERERGE. (00P
PERES, JLBE 1959,

f2] J. W. BACKUS, ET AL, REPORT O THE ALGCRITMMIC LAMGUAGE
ALECL 60, COMANMICATIONS OF THE ASSOCIATION FOR COMPUTING MACHIN-
EHY, VOL. 3, MO. 5, MAY 1960. (COPEES OF THIS REPORT ARE AVAILABLE
AT THE COMPUTATION CENTER.)



20-GATE Subroutine: RAWD Rerdom Number

A call for this subroutine will produce the next of o segusuce
of {pusudo-) reudom numbers. The soguencse is defined by the recwvencs
relation

ey = Fy ¥ 5? (mea 1)
whare ench x; satisfles

0 < x < &
and = is any odd integer. The user will get as outpub random mumbars
Iinearly distributed on the range [0, W-1], where W is the sscend
parameter of the subroutine,

i call for the subroutine bas the form RAND.{LA, W) .
Hare A 18 to ke any varisble and is to contain the enrrent Xge W
Ry be any expression whose value is positive. 'The routine will
reploecs A by 8 new value, and the valus of the routine will be an
integer in [0, W-1].

7o use this reutine the programsmer should initialize A (ow
sach A he is using) to sy odd posgitive Integere Then he msed naver
vafer bo £ agein except in the calls for RAND,

Exanmple: The folloring statements will store inte X0 to XI3
& set of random awrbers which are liusarly distributed on the rangs
X1 to I2. I% is dssumed that JL has been set eppropristely.

3, d2, 0, 1; I3,
32 KJZ“E"R-W&(LEE; XE-Z].)-—II



