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This document presents a description of the syntax of 
the LISP 2 source language (SL) and describes its 
translation into LISP 2 intermediate language (IL). 
The interpretation of the source language in terms 
of intermediate language is referred to as the semantics 
of the source language. SIlO document, TM-27l0/220/00, 
dated 4 November 1965, describes the semantics of the 
LISP 2 intermediate language'. 
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1. INTRODUCTION 

The language presented herein. ·is described through the eyes of the syntax 
translator. The LISP 2 syntax translator translates SL to IL. The syntax 
translator is produced by feeding the syntax equations describing the syntax 
and semantics through the LISP version of the meta compiler. Brief~, the 
meta compiler accepts as input a BNF-like source language and translates this 
language to a list structure. As a matter of fact, this list structure is a 
LISP 1.5 program which is a compiler :for the language being defined. These 
compilers are ~odels of an extended push-down store automaton and use one main 
stack which is the pseudo aceumulator of this machine. The accumulator is 
called the .. star stack and is symbolized by *. At any time the star stack may 
hold a number of constructs. These may be referred to by name: to wit, *1, 
the top construct; *2, the second construct. A more complete description of 

;··the meta compiler is presented in SDC document TM-2710/330/00, dated 2 November 
1965. . . . . 

2. DEVEIDPMENT CYCLE 

The development cycle of the translator is as follows: 

In Phase 0 of the project, the meta compiler is developed as a LISP 1.5 
program. When presented with translation specifications in the form of syntax 
equations, the LISP 1.5 version of Meta produces compilers as LISP 1.5 programs. 0 
During Phase 1, the syntax translator for LISP 2 is written and run through 
the meta compiler. The resultant LISP 1.5 program (from the syntax equations) 
is checked out; these equations are described in this document. 

During Phase 2, the meta compiler is modified in two ways. The first modifi
cation causes it to produce a LISP 2 intermediate language program instead of 
a LISP 1.5 language program. The second modification makes a particular 
progr.am produced, called the LISP 2 syntax translator, interface with a 
program called the Finite State Machine (FSM), and is done to speed up trans
lation. The FSM reads and recognizes only LISP 2 tokens. However, the use 
of the FSM restricts the generality of the meta compiler since it results in 
a compiler which only understands a fixed alphabet, to wit, LISP 2 tokens. 

The official version of the meta compiler released for general use will not 
use the FSM to read the input tape. Instead, a language and procensor for 
generating FSM programs can be produced. 

In Phase 3, the LISP 2 version of the syntax. translator is checked out. 

Currently, Phase 2 is underway. 
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SYNTAX EQUATIONS 

The remainder of this document describes the syntax translator for LISP 2. 
The complete set of translation specifications is exhibited in Appendix A. 
Numbers appearing to the left of each line are not part of the syntax equations 
but merely line numbers used by an editing program. The format followed in 
explaining the correspondence between LISP 2 source language and intermediate 
language is as follows: 

• A title 

• A syntax equation or equations· 

• Some examples of source language and the corresponding 
intermediate language! 

• Further explanations when new forms appear in the meta 
language 

Almo·st all of the examples were verified by running the LISP 1.5 version of 
the LISP 2 syntax translator on the Q-32 computer. The equations on lines 
numbered higher than 163, CONSTANT, are not illustrated because they describe 
the basic tokens of LISP 2 (see SDC document TM-2710/210/OO, LISP 2 Token 
Syntax) and will be read by the Finite State Machine program in the final 
LISP 2 version. 

The equations are illustrated starting with the Simplest and proceeding 
toward the more complex. 

3.1 . VARIABLE EQUATION 

0016C100-VARIABLE = IDENTIFIER~( '-i' (IDENTIFIER .[EXTERNAL,*2,*1)/ 
0~161V10- '$' .CEXTERNAL,*l]) I.EMPTY)J 

Source 

AB$Yz 
X$$ 
EXTRA. IDNG. NAME 

Intermediate 

(EXTERNAL AB YZ) 
(EXTERNAL X) 
EXTRA. IDNG. NAME 

Comments 

Alternative 1.1 
Alternative 1.2 
Alternative 2. 

This syntax equation shows that a variable is an identifier followed by 
either a $ or empty (referred to as Alternative 1 and Alterrultive 2, respec
tively). Alternative 1 consists of two cases; Alternative 1.1 and Alternative 
1.2. Alternative 1.1 is that an identifier follows the $. Alternative 1.2 
is that another $ follows the first $. Alternative 1.1 indicates that two 

·identifiers have been recognized and pushed into the star stack (*). A list 
of three elements is produced: the first element is the word EXTERNAL; the 
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second element is the second construct in the star stack, namely the rirst 
identifier recognized; and the third element produced is the top construct, 
namely the second identirier recognized. In Alternative 1.2, only one identi
fier is in the star stack and a list or two elements is produced; the word 
EXTERNAL and the top construct in *. In Alternative 2 the identifier, which 
is recogni.zed and put into * by the IDENTIFIER syntax equation, remains 
untouched.' In the examples above, the three cases are illustrated in order. 

3.2 NAME EXPRESSION EQUATION 

. 0015900-NAME-EXP = VARIABLE ('C' CALL-PART ')' .C*2,-[*lJ-]/.EMPTY)J 
(iJ016~(iJ0-CALL-PART = < F'-EXP $ (',' F'-EXP>'.EMPTY >J 

Source Intermediate Comments 

ABLE(X,y,z) 
T$$() 
BAKER 

(ABLE X y z) 
( (EXTERNAL T» 
BAKER 

Alternative 1 
Alternative I 
Alternative 2 

A name expression is either a variable rollowed by a parenthesized call part, 
referred to as Alternative 1, or empty, referred to as Alternative 2. The 
definition or a call part is enclosed in angle brackets, < >. These brackets 
are used to collect as a list, in a first-in first-out manner, all constructs 
which are described by the equation within the brackets. That is, an F-EXP is 
followed by a sequence which may be empty of' t, t F-EXP's. A call part may be 
empty. In Alternative 1, after the ')' is recognized, there are only two 
constructs in *. The second construct is the variable; the top construct is 
a list of an indefinite number of objects. The example given above shows a 
list of two elements being constructed. The (first is the variable. The 
second -[*lJ~ means that the individual elemehts of the top construct of * 
should be inserted, thus forming a list of indefinite length whose first 
element is the variable recognized. The examples illustrate the -cases. Note 
that the second example contains an empty call part. 

An example of the input tape and star stack during processing illustrates this 
process. 

Input Tape * Stack Conunents 

ABLE(X,y,Z) * - (ABLE) 
t 

ABLE{X,y,Z) * = ( ( ) ABLE) The < in CALL PART 
t this. 

ABLE(X,y;Z) * = ( (X) ABLE) 
t 

_ ABLE(X,y, z) * = «y X) ABLE) 
t 

ABLE{X,y,Z) * = «z Y X) ABLE) 
t 

ABLE(X,y,Z) * = «X Y Z) ABLE) The > in CALL PART 
t this. 

causes 

causes 

C) 

/ \ C j 

' .. 
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The execution of .[*2,-[*1]-] follows: 

• [*2, - [*1 J- J 
t 

ABLE 

• [*2, -[*lJ- J 
t 

ABLE X Y z 

5 'lM-2710/331/00 

* = «X y z» 

* = ( ) 

."[*2,-[*lJ-J * = «(ABLE X Y Z» 
t 

3.3 FULL LOCATIVE EQUATION 

0~15700-FULL-LOCATIVE = NAME-EX? (t~~t FULL-LOCATIVE .[LOCSET,*26*lJI 
0015~00- .EMPTY ») 

Source Intermediate 

x ... ..,;y ...... A(Y, Z) . , (LOeSET X (LOCSET Y (A Y z») 

This syntax equation, which describes a full locative, is an example of right 
recursion. This equation enters i tseJ.f as long as there are 1 ...... 1 and 
produces lists of three elements by grouping from right-to-left. The example 
presented above illustrates this. 

3.4 WORD LOCATIVE EQUATION 

0015300-NORD-LOCATtVE = "RIT' 'C' EXPRESSION .,. EXPRESSION 
~1i}154OJOJ- .,. !NORD-LOCATIVE')' .[*4,*3,*2,*1] / 
OJ (iJ 1 5 500 - t • COR E' • (. EX PRES S ION .) t • ( * 2, ,Ie 1 J / 
OJ~156~~- FULL-LOCATIVEJ 

Source 

BIT{X,y,CORE{Z)} 
CORE(BIT(A,B,C)} 

Intermediate 

{BIT X Y (CORE Z» 
(CORE (BIT ABC» 

The word loca.tive has three alternatives, BIT, CORE and :F'UIJL locative. 'l'hc 
"up" arrow in front of the string 'DIT' causes the following to happen. If 
the characters B, I, and T are next on the input tape, the atom Brl' 18 pushed 
into * and the characters are bypassed; otherwise, both the input tape and * 
remain unchanged. 
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3.5 CR-EXPRESSION EQUATION 

0A15100-CR-EXP •• +'C' (+'A'/+'D') $(+'A'/+'O') +'R' 
~~15~00- MAKEATOM[)J 

Source 

CAR 
CADDADDAAR 

Intermediate 

CAR 
CADDADDAAR 

TM-2710/331/00 

This is the first example of a syntax equation starting with •• instead of 
an =. This is used to form a token out of characters in a first-in first-out, 
manner. The significance of the + sign in front of a string is that if the 
input ~ape matches the string, the characters from the input tape are put into 
* as character atoms. The equation says a CR expression is a C followed by a 
A or D followed by zero or more Als or D's followed by an R. If such a com
bination exists, it ends up as a list of character atoms. MAKEATOM makes an 
atom of this list. The example shows that the characters making up the token 
have been collected in a first-in, first-out order. 

An example of the input tape and the star stack during execution of this 
syntax equation follows: 

Input Tape 

CAR 
t 

* Stack 

* = ( ( ) ) 

The •• after CR-EXP causes leading blanks to be deleted. 
Also, blip (i.e. ( ) ) is pushed into * to collect the 
token in a first-in first-out manner. 

CAR * = ( (IC) ) 
t 

CAR * = ( ( IC 'A) ) 
t 

CAR * = ( ( IC 'A 'R) ) 
t 

Then MAKEATOM compresses the list of character atoms into 
an atom. 

* = ( CAR ) 

/ - . 
/ , 
~) 
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3.6 LIST LOCATIVE EQUATION 

00148~0-LOCATIVE = LIST-LOCATIVE'WORD-LOCATIVEJ 
0~14900-LtST-LOCATIVE = CCR-EXP"'PROP') (LOCATIVE"C' EXPRESSION I)' 

(iHi1l5C1100- ) .(*2,*1J.;· 

Source 

CADDDR FN(Y) 
PROP CAR X 

Intennediate 

(CADDDR (FN Y» 
(PROP (CAR X» 

3.7 BASIC UNITS OF SOURCE LANGUAGE EQUATION 

0014600-UNIT = NEGATIVE/CONSTANT/'C' EXPRESSION ')' /BLOCK/ 
0~147~0- LOCATIVE ('~' r-EXP ~[SET,*2,*1]/.EMPTY)J 

Source 

NULL X 
3.16 
3E2 
77~ 
TRUE 
(17) 

BEGIN Y END 
X(I,J) ... CAR Y 
MATRIX(U,V) 

3.8 PRIMARY mUATION 

Intermediate 

(NULL X) 
3.16 
3E2 
77~ 
TRUE 
(17) 

(BLOCK NIL Y) 
(SET (X I J)(CAR Y» 
(MATRIX U V) 

0014300-PRIMARY = '+' PRIMARY/'-' PRIMARY .[MINUS,*1] / 
0014400- t'ATOM' PRIMARY .(*2,*1] / 
0014500- UNIT ('t' PRIMARY .CEXPT,*2,*l] /.EMPTY)J 

Source 

+3.14 
-x 
A'roM L 
A tB 12 

Intermediate 

3.14 

~
MINUS x) 
AIDM L) 
EXPT A (EXPl' B 2» 
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3.9 FACTORl EQUATION 

(iJ(iJt4100-FACTORl = PRIMARY $(( '/" tQUOTIENT PRIMARY"" tREMAINDER 
0014200- PRIMARY"-:' tIQUOTIENT PRIMARY> .[*2,*2,*IJ )J 

Source Intermediate 

W-:X/Y\z4B (REMAINDER (QUOTIENT (IQUOTIENT W X) Y) (EXTERNAL Z B» 

A factorl is left recursive; however, the meta language expression of this uses 
the sequence operator ($) to express this. The $ is read zero or more of the 
following expressions. The example shows that these constructs are grouped 
from left-to-right in pairs. 

Factorl is defined as a primary followed by a sequence which may be empty 
consisting of a: 

• '/' substitute QUOTIENT followed by a primary 

• '\' substitute' REMAINDER followed by a primary 

• '-:' substitute IQUOTIENT followed by a primary 

Each time a pair of these primaries are recognized, a list consisting of the 
operator (*2), the first operand (*2) and the second operand (*1), is output. 
The first time *2 is performed, the second element of * was deleted, thereby 
converting the third element of * into the second element. 

An example of the input tape and the star stack clarifies this. 

Input Tape * Stack 

AlB * == ( A ) 
t 
AlB * = t 

( QUDrlENT A ) 

AlB * == ( B QUOTIENT A ) 
1 

( .~ 
_/ 

( , 
" / 
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The .[*2,*2,*1] is executed as follows: 

• [*2,*2,*lJ * = ( B A ) 
t 

QUOTIENT 
• [*2,*2,*1] * = ( B ) 

t 
QUOTIENT A 
· [*2,*2,*1J * = ( ) 

t 
QUOTIENT A B 
• [*2,*2,*lJ * = «QUOTIENT A B)) 

t 

3.10 FACIDR EQUATION 

0013900-FACTOR = FACTOR} Ct*t < FACTOR} $ Ct*t FACTOR}) > 
0014000- .(TIMES,*2,-(*l]-] /.EMPTY)J 

Source Intermediate 

SIN(X) * 5.2\Z *77Q3 «TIMES (SIN X) (REMAINDER 5.2 Z) 77Q3» 

This syntax equation shows that FACTOR's are grouped from left-to-right in 
pairs. This grouping is done to leave the decision as to the order of 
computation for multiplication in the intermediate language to the machine 
language translator, to wit, the compiler. 'The syntax equation shows that once 
the first '*' is detected, the rest of the terms in the series are collected 
and inserted in the output list individually, making a list of indefinite 
length. 

3.11 SUM! EQUATION 

0013800-SUM1 = FACTOR $ ('-' FACTOR .COIFFERENCE,*2,*lJ )J 

Source Intermediate 

A-B$C-D$$ (DIFFERENCE (DIFFJ!,-mNCE A (EXTERNAL B C» (EXTERNAL D») 

3.12 SUM EQUATION 

f1J01 3600 - SUM :: SUM 1 (. +' < SUM 1 $ (. +' SUM 1) > 

0013700- .(PLUS,*2,-(*1)-] /.EMPTY)J 

Source Intermediate 

G$B+H+A/B +K (PWS (EXTERNAL G B) H (QUOTIENT A B) K) 
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3.13 RELATION EQUATION 

00 1 3 40(.1 - R EL A T ION = SUM $ ( ( 'I =' t N Q; ':::' f E (~I '<=' t L Q I ' <' t LSI 
0013500- '>=' tGQ/'>' fGR) SUM .(*2,*2,*1] )J 

Source 

SIN(X) <'.5 
CDR Y /= CAR X 
A 12 > = B12 

Intermediate 

(LS (sm X) .5) 
(NQ (CDR Y) (CAR X» 
(GQ (EXPl' A 2) (EXPT B 2» 

3 .14 NEGATION/NEGATIVE EQUATION 
. 

0013200-NEGATION = NEGATIVE/RELATIONJ 
0013300~NEGATIVE = (f 'NOT'/f'NULL') NEGATION .(*2,*I]J 

Source Intermediate 

NOT A (NOT A) 

3.15 INTERSECTION EQUATION 
--~.- ---

0013000-INTERSECTION = NEGATION ('AND' <NEGATION $ ('AND' NEGATION» 
~013100- .[AND,*2,-(*IJ-J/.EMPTY )J 

Source Intermediate 

NOT A < 2 AND B = sm (Y) (AND (NOT (LS A 2» (EQ B (SIN Y») 

'UNION EQUATION '\ 
- -

0012R00-UNION= INTERSECTION ('OR' <INTERSECTION $ ('OR' INTERSECTION» 
00129A0- .[OR,*2,-[*1]-~/.EMPTY )J 

Source Intermediate 

XORY>20Rj!ANDS (OR X (GR Y 2) (AND Z S» 

3.17 SIMPLE EXPRESSfN EQUATION 

o 01 ~ 60'" - S I M PL E - EX PR E S ~ ION ::: UN ION ('. • SIMPLE-EXPRESSION 
0012700- .[CONS'*r,*IJ I.EMPTY )J 

Source 

X(A) • CAAADR B 

f , 

I 

Intermediate 

(CONS (X A) (CAAADR B.» 

( : 
'-... -_.-' 
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3.18 FUNCTIONAL EQUATION 

0011R00-FUNCTIONAL = 'FUNCTIONAL' '(' EXPRESSION 'J' FUNARG-LIST ')' 
0011q00- .[FUNCTIONAL.*2.-(*I)-) / 
0~1?'000- (VALUE-TYPE 'FUNCTION' (VARIABLE'FALSIE) .(*1,*1)/ 
0012100- 'FUNCTION' CVARIA8LE'FALSIE» PAR-NAME-LIST ('J '/.EMPTY) 
0Gi)1229l0- PAR-DECL-LIST .[-[*2)-,-[*1)-) PROCESS() 'C," EXPRESSION 
0012300- ('J' FUNARG-LIST .[FUNCTION.*4.*3,*2,-(*1)-1 / 
0012400- .EMPTY .[fUNCTION,*3.*2.*1) ) ')'1 
0012500-FUNARG-LIST = <VARIA8LE $ (.,. VARIA8LE)'.EMPTY>J 

Source Intermediate 

FUNCTIONAL (X+Y ; X, y) (FUNCTIONAL (PWS X Y) X Y ) 

Source 

REAL FUNCTION BLAH (A) INTEGER A; (X-Y*A;X,A) 

Intermediate 

(FUNCTION (BLAH REAL) «A INTEGER» 

(DIFFERENCE X (TIMES Y A» X A ) 

3.19 CONDITIONAL EXPRESSION EQUATION 

0011300J 

COND-EXPRESSION = 'IF' X-CLAUSE ('If' <X-CLAUSE $C'IF' X-CLAUSE» 
0011400- ('ELSE' EXPRESSION .(IF.*4.*3.-[*2)-.*I) "/.EMPTY 
0011500- .(IF,*3.*2,-(*lJ-)/'ELSE' EXPRESSION. 
0~11600- .(IF,*3.*2,*I)/.EMPTY .(IF,*2,*I)J 
CIl01170Gi)-X-CLAUSE = EXPRESSION 'THEN' SIMPLE-EXPRESSIONJ 

Source 

IF A < B THEN 2 ELSE B-6 

Intermediate 

(IF (L8 A B) 2 (DIFFERENCE B 6» 
Source 

IF A < 0 THEN X IF A ;;.. 0 rrHl!:N Y Ii~L3J~ Z 

Intermediate 

(IE (L8 A 0) X (GR A 0) Y Z) 
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Source 

'IF A OR B THEN TRUE 

Intermediate 

(IF (OR A B) TRUE) 

Source 

, IF A < 0 THEN 5 IF A > 0 THEN 7 IF A+B = 20 THEN 3 ELSE 21 ; 

Intermediate 

(IF (LS A 0) 5 (GR A 0) 7 (EQ (PLUS A B) 20) 3 21) 

3.20 'FOR t VARIABLE EQUATIONS 

o 01030(')J-FOR-STATEMENT = 'FOR' VARIABLE ('" '/. EMPTY> <FOR-L.IST> '~O' 
0010400- STATEMENT .[F'OR,*3~-[*2]-~*1]J 

,0010500-F'OR-LIST = FOR-ELEMENT $ ('~' FOR-ELEMENT)J 
0010600-F'OR-ELEMENT = «t'IN'/t'ON') EXPRESSION TERM-ELEMENT> \ 
(IJ(/) 1 Ii) 7'10 - '(" )' • [ NIL J \ 
(iJ010R0(iJ- < CEXPRESSrON\.EMPTY) (t 'STEP', EXPRESSION 
0(IJ109(IJ0- (f'UNTIL' EXPRESSION/.EMPTY) / 
0011000- (t'RESET' EXPRESSION/.EMPTY» TERM-ELEMENT> \ 
0011100- .EMPTY.eJ} 
0011200-TERM-ELEMENT = (t 'WHILE'/t 'UNLESS') UNION/.EMPTY, 

Source 

FOR N t- 1 STEP 1 UNTIL IG., RESET B UNLESS R > 4 00 
BEGIN A(N) t- F(N); R~(N)+3.5 END 

Intermediate 

(FOR N (1 STEP 1 UNTn.. lCl) 
(RESET B UNLESS (GB R 4» 
(BLOCK NIL (SET (A N) (F N» (SET R (P.LUS (A N) 3.5»» 
Source 

FOR L IN CAR It(W) WHILE ATOM L DO'Mt-F(L) • G(L) 

Intermediate 

(FOR L (m (CAR (H w» WHILE (ATOM L» 
(SET M (CONS (F L)(G L»» 

,( ') 

U 

( 
\. ) 

I \ 

~) 
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3.21 LABEL AND SIMPLE STATEMENT EQUATIONS 

00~9500-LABLE = IDENTIFIER 't 'J 
000q6~0-SIMPLE-STATEMENT = ('GO' NAME-EXP .(GO,*lJ I 
0~097~0- 'RETURN' EXPRESSION .[RETURN,-}] I 

TM-2710/331/00 

0~~9R0~- 'TRY' STATEMENT 'J' FULL-LOCATIVE 'J' STATEMENT 
~~~99~~- .CTRY,~3 •• ~,~lJ / 
~01~0l'iH1- 'CODE' '(' .(CODE, .[READ] ] '). ) , 
001010101- LA8LE SIMPLE-STATEMENT' 
~01~~~0- SIMPLE-EXPRESSIONJ 

Source 

GO A(I) . 
RETURN -(X-y) 
81: 82: X - Y 
CAR A • B 

Intermediate 

(GO (A I» . 
(RETURN (MllIDS (DIFFERENCE X y») 
81 S2 (SET X Y) 
(CCfiS (CAR A) B) 

3.22 STATEMENT AND CONDITIONAL STATEMENT EQUATIONS 

CiJ OO~8~0-STATEMENT = COND-STATEMENT'SIMPLE-STATEMENTJ 
OJ ~~90O,J 
CONO-STATEMENT = IF-STATEMENT/F"OR-STATEMENT/LABLE COND-STATEMENTJ 
0009000-IF-STATEMENT = 'IF' C-CLAUSE ('IF' <C-CLAUSE $( 'IF' C-CLAUSE) .> 

0VY.i}91~0- ('ELSE' STATEMENT .( IP,*4,*3,-[*2J-,*1 J I.EMPTY 
0l·m9~00l-· .CIF,*3,*2,-[*t]-])/'ELSE' STATEMENT 
0~0q3A0- .(IF,*3,*2,*tJ/.EMPTY .[IF,*2,*1])J 
~0~9400-C-CLAUSE = EXPRESSION 'THEN' SIMPLE-STATEMENTJ 

Source 

IF ABLE < 0 THEN BEGIN Xt-ABLE; GO SLABLE END 
ELSE X(L) • Y(L) 

Intermediate 

(IF (LS ABLE 0) (BLOCK NIL (SET X ABLE)(GO SLABLE» 
(cm~s (X L) (Y L») 
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3.23 SWITCH DECLARATION EQUATION· 

000~500-SWITCH-DECL- = 'SWITC~' IDENTIFIER ,~. NAME-LIST IJ' 
000q600- .(*2ISWITCHI-C~I]-JJ 

000~700-NAME-LIST = < IDENTIFIER $ C',' IDENTIFIER) >J 

Source 

SWITCH EXAMPLE - ST • LABLEl , ST .LABEL2; 

Intermediate 

(EXAMPLE SWITCH ST • LABELl ST .LABEL2) 

3.24 BLOCK-DECLARATION EQUATION 

0007300-BLOCK-DECL = <8LOCK-VAR-DECL $ BLOCK-VAR-DECL> PROCESSCJJ 
0~74~0-8LOCK-VAR-DECL = CSWITCH-DECL\SLOCK-ARRAY-DECL\ 
0'1075'10- 8LOCK-SIMPLE-DECL)' J' J . I '. 

00076C?J'1-8LOCK-ARRAY-DECL = <ARRAY-TYPE CMODEI/. EMPTY) > HOLDC] '-- .... ' 
0007700- ARRAY-VAR-LISTJ 
~007q00~BLOCK~SIMPLE-DECL = ~TYPE CMODE1/.EMPTY)/MODEl TYPE-OPTION> 
~(?J~7900- HOLD(] 8LOCK-LISTJ 
0(?J0R000-BLOCK-LIST = 8LOCK~VAR $ C'I' 8LOCK-VAR)J 
000~1(?J0-BLOCK-VAR = VARIABLE C'~' F-EXP .C*2,-(CDECLARE)J-.*l]/ 
000~?'0~- t'ASSIGNED' F-EXP .(*3.*2,*IJ / 
ClJrnC00(?J- .EMPTY.(*l,-(COECLARE)]-J)J 
(?J~(?JR40C1J-MODEl = f 'LOC' STORAGE-MODE/t 'FLUID' TRANSMISSION-MODEJ 

Source 

Intermediate 

«X REAL) . 
(Y REAL 3.26) . 
(PI REAL 3.14159265) (A mTEGER 1) (B lNTEGER) (C INTEGER 762» 

Calls on LISP routines may be made from syntax equations where required for 
special actions not expressible in the meta language. This mechanism is used 
in declaration processing. In both the BLOCK-ARRAY~DECL and the BLOCK-SIMPLE
DECLt (see Syntax and Semantics of LISP IL~ TM-2710/220/OO) a ~outine called 
HOLD] is invoked after. the type of information in the declaration bas been. 
recognized and is sitting on top of the star stack. This type information 
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must be associated with each variable appearing in the remainder of the 
declaration. The routine HOLD[] stores the top element of the star stack 
into a variable called DECLARE. It also puts part of the declarative infor
mation in a variable called ARRAY-T for arrays. Wherever an identifier appears 
within .[] braCkets, that identifier will appear in the corresponding position 
of the output list formed. However, if an identifier within brackets is also 
enclosed in parentheses (), the contents of the cell associated with that 
identifier will appear in the corresponding position of the resultant output 
list. 

To illustrate these points, presented below is an example of the processing 
of a BLOCK-SIMPLE-DECL equation. 

Input Tape * Stack 

REAL LOC X, Y ,Z; *=( (REAL)) 
t 

REAL LOC X, Y ,Zj *=( (LOC REAL» 
t 

REAL LOC X,Y,Z; 
t 

REAL LOC X,Y,Z; 
t 

REAL LOC X,Y,Z; 
t 

REAL LOC X,Y,Z; 
t 

REAL LOC X, Y ,Z; 
t 

*=( (REAL LOC» 

*=( ) 

*=(X) 

*=( (X REAL LOC» 

*=(Y (X REAL LOC» 

Declare 

(REAL LOC) 

(REAL LOC) 

(REAL LOC) 

(REAL LOC) 

REAL'LOC X,Y,Z; *c( (Y REAL LOC) (X REAL LOC» (REAL LOC) 
t 

REAL LOC X, Y ,Z; *c( (Z REAL LOC) (Y REAL LOC) (REAL LOC) 
t (X REAL Loo» 

Connnents 

At the·> in 
BLOCK-SIMPLE-DECL 
HOLD [ ] does this. 

When variable is 
recognized in BLOCK-VAR 
At line 83.00 note the 
-[ J- remove the ( ) 
from REAL LOC in the 
* stack. 

At the end of the definition of block-declaration, a routine called PROCESS [J 
is invoked. This routine searches the top element of the star stack and combj.nes 
all the block-varlable-declaratlons that refer to the sarne v-ariab1e. An e:L:ample 
is presented below: 
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Source 

REAL FLUID X,Y; IDC A,Yj INTEGER L,M+-5; OWN L; 

Intermediate 

Before PROCESS [] 

«X. REAL FLUID) (Y REAL FLUID) (A IDC) (Y IDC) (L INTEGER) (M mTEGER 5) (L OWN» 

After PROCESS [] 

«x REAL FLUID) 
(Y REAL ~UID WC) (A WC) (L mTEGER OWN) (M INTEGER 5» 
3.25 BWCKS AND EXPRESSIONS 

0006900-F-EXP = FUNCTIONAL\EXPRESSIONJ 
'OJ vrl7(0)0.I- EXPR ESS ION = 8LOCK/CONO- EXPR ESS IONI S I MPL E- EXPR ESS IONJ 
(i}(i)(i)7100.1-ALOCK = 'AEGIN' (ALOCK-DECL/.EMPTY .[]) 
0.1007200.1- < $(- 'END' STATEMENT ('J 'I.EMPTY» > 'END' 
0.I0)07~10- .[BLOCK.*2.-[*1]-]J 

Source 

BEGIN REAL X,Y; SWITCH ABLE~1,S2,S3; RETuRN -(X-Y) END 

Intermediate 

(BIDCK «X REAL) (Y REAL) (ABLE SWITCH Sl S2 83» 
(RETURN (MINUS (DIFFEHENCE X Y»» 

l; 
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Source 

BEGm lNTEGER M,N; REAL X"'3.7; 
AJ.: IF Gl(N) THEN RETURN (M+N); 

M ... M+X; 
N ... N-X; 
X ... (;2(X); 
GOAl 

END 

Intermediate 

(BWCK (~M mTEGER) (N JNTEGER) (X REAL 3.7» 
Al" (IF G1 N) (RETURN (PLUS M N») 
(SET M PLUS M X» (SET N (DIFFERENCE Ii X» (SET X (G2 X» (GO AI» 

3.26 FUNCTION DECLARATIONS 

~~~57~0-fUNCTION-DECL = (VALUE-TYPE 'FUNCTION' VARIABLE .(*1,~1] / 
~~~5~~~- 'fUNCTION' VARIABLE) PAR-NAME-LIST e'J '/.EMPTY) 
0~~S9~0- PAR-DECL-LIST .(-(*2]-,-[*1]-] PROCESS() 
000600~- <EXPRESSION/C'J'/.EMPTY» .[fUNCTION,*3,*~,-(*IJ-]J 
000610(i}-PAR-NAME-LIST = 'c' <I-PAR $ C ',' VARIABLE .[*1 ])(.EMPTY> ') 'J 

0006~O)(i}-I-PAR = VARIABLE C'C' IDENTIfIER ')' .C*2,INDEF,*1]/ 
0~J(i)630(iJ- .EMPTY .(*1] )} 
0006400-PAR-DECL-LIST = <PAR-DECL $ PAR-DECL /.EMPTY> J 

o (i'J!}6Sfi)(i)-PAR-DECL = <TYPE CMODE1/.EMPTY)/MODEl TYPE-OPTION> 
0006600- HOLO() PAR-LIST 'J' J 

0Cil?J67C10-PAR-LIST = VARIABLE .(*I,-(OECLARE)]-] $ (',' VARIABLE 
0006~00- .[*l,-(OECLARE)")-])J 

Source 

FUNCTION PATHJ. (WAY) 
IF CAR WAY = FlJUSH THEN WAY ELSE 
BEGIN 8YMBOL X,Y; FOR X m GRAPH 00 

IF CAR X = CAR WKY 
AND NOT MEMBER(CDR X,WAY) AND Y ... PATHl(CDR X • WIcr) THEN 

RETURN Y END ; 

Intermediate 

(FUNCTION PATH1 (WAY) 
(IF (EQ (CAR WAY) FDlISH) 

WAY (BIDCK «x SYMBOL) (YSYMOOL» 
(FOR X (m GRAPH) " 
(IF (AND (EQ (CAR X) (CAR WAY» 

(NOT (MEMBER (CDR X) WI\Y» 
(SET Y (PATIn (CONS (CDR X) HAY»» (R1~'JTUHN y»»» 
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SoUrce 

INTEGER FUNCTION SUMSQUARE(X(I» 
BEGIN mTEGER Y,J; 

FOR J ... 1 STEP 1 UNTIL I :00 Y ... Y+X(J) t2; . 
RETURN Y END ; 

Intermediate 

(FUNCTION (SUMSQUARE lliTEGER) 
({X mDEF I» 

(BLOCK ({Y DlTEGER) (J mTEGER» 

TM-2710/331/00 

(FOR J (1 STEP 1 UNTIL I) (SET Y (PLUS Y (EXPr (X J) 2»» 
(RETURN Y») . 

Source 

NOVALUE FUNCTION MATRIX.MULTIPLY(X,Y,Z,L,M,N) REAL ARRAY X,Y,Z; 
JlilTEGER L,M,N; LOC Z; 
BEGm mTEGER I,J ,K; Z+-MAKEARRAY( L,N, • REAL) ; 

FOR I"'l STEP 1 UNTIL L 00 
FOR K ... l STEP 1 UNTIL N 00 

FOR J"'l STEP 1 UNTIL M 00 
Z(I,K) ... Z(I,K) + X(I,J) * Y(J,K) END ; 

Intermediate 

(FUNCTIDN (MATRIX.MULTIPLY NOVALUE) 
. «X(ARRAY REAL» (Y(ARRAY REAL» (Z(ARRAY REAL)r.oC) 

(L mTEGER) (M mTEGER) (N INTEGER» 
(BLOCK (~I mTEGER.) (J mTEGER) (K INTEGER» 

(SET Z MAKEARRAY L N (QUOTE REAL») . 
(FOR I 1 STEP 1 UNTIL L) 

{FOR K (1 STEP 1 UNTIL N) . 
(FOR J (1 Si!EP 1 UNTIL M) 

(SET (Z I K) (PLUS (Z I K) (TIMES (X I J) (Y J K»»»») 

u 
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3.27 FREE DECLARATIONS 

~~~t400-FREE-DECL-LIST = <FOLI> PROCESS(] .[OECLARE,-(*I]-JJ 
OH~~ 1 5~~- F' DL I :2 F'R EE- OECL (F' OL I \. EMPTY) J ' 
0~~160~-FREE-DECL = ('DECLARE' (F'REE-VAR-DECL/VARIA8LE-LIST) I 
000170(i}- FREE-VAR-DECL) 'J 'J 
0~(i}l~(i)(i)-FREE-VA~-DECL = FREE-ARRAY-OECL\FREE-SIMPLE-OECLJ 
(i}0019(i)(i)-FREE-ARRAY-OECL = <ARRAY-TYPE (MODE/.EMPTY» HOLD[] 
000~~(i)(i)- ARRAY-VAR-LISTJ 
~00~1(i)(i)-ARRAY-VAR-LIST.= ARRAY-VAR $ C',' ARRAY-VAR)J 
(i}(i)0~~(i)(i)-ARRAY-VAR = VARIABLE CIC' NUM-LIST 'J' ('~' <ARRAY/FUNCTIONAL> 
(i)0(i)~30(i}- .(~3,-[(DECLARE»)-,.CCREATE,-(*2]-,.(QUOTE,(ARRAY-T») 

o (i7I)~ 400, - , - [ * 1 J - ] J I 
0f.¥}~500- .EMPTY .(*~,-(DECLARE)]-,.[CREATE.-C*I]-, 
(i)00~6(i)(i)- .[QUOTE,(ARRAY-T»)J]) I 
(i)(i)(i)~7(i)0- .EMPTY .C*l,-[(DECLARE)]-])J 
OJ00~~(lH/)-NUM-LIST = <NUM $ (',' NUM»J 
00(i}~9(i)0-NUM.. DGT $ DGT MAKEATOM[]J 
o W;'3CiHi}(i}-FR EE-S I MPLE-DECL = <TYPE (MODEl. EMPTY )/MODE TYP E-OPTION> 
~0?J31OJ0- HOLDC) FREE-LISTJ 
OJ ""'J3?(i}(i}-F'REE-LIST = FREE-VAR 5) (.,. F'REE- VAR) J 
OJOO330(i)-FREE-VAR = VARIABLE (' .. ' F'-EXP .C*2,-[COECLARE)]-,*lJI 
000340(i)- .EMPTY .[*l,-[CDECLARE)]-])J 
0003500-SYNONYM-OECL = VARIA8LE '==' VARIABLE .[*2,MEANS,*1]J 
0003600-TYPE-OPTION = TYPE/.EMPTY J 

0) VA37(i)(i}-TYPE = ARRAY-TYPE\FORMAL-TYPE\SIMPLE-TYPEJ 
(i}(i)03~00-SIMPLE-TYPE = t'REAL'/f'INTEGER'/t'SYM80L'1 
(i)(i}(i)39(i)(i)- t'ROOLEAN'/t'OCTAL'} 
0~4(i)(i)0-ARRAY-TYPE = (f 'F'ORMAL'/SIMPLE-TYPE) 'ARRAY' .(ARRAY,*l]; 
(i) ~41(i}(i)-FORMAL-TYPE = (' 'NOVALUE'/f 'FORMAL '/SIMPLE-TYPE) 
0) ~ 4~ (-1 f?j - ' r 0 R MAL' '( t < I NO E F - PAR - T Y PEP A R - T Y P E- LIS T > ')' 

'" (i)(i)43f?JC1- • [FORMAL, *~, -[ * 1) -) J 
00044OJ()J-INDEF'-PAR-TYPE = PARAMETER-TYPE tINDEF' (', '/.EMPTY) 
0004500- .[*l.INOEF]\.EMPTYJ 
0)(iWJ4600)-PAR-TYPE-LIST = PARAMETER-TYPE $( ',' PARAMETER-TYPE)/.Er.-;PTY; 
00(i)4700-PARAMETER-TYPE = F'-TYPE ('LOC' .[*l.LOC)/.EMPTY) I 
00(i}4~0OJ- f 'LOC' (r-TYPE • [* 1, * 1]/. EMPTY) J 
(i}OJ04900-TRANSMISSION-MODE = t'LOC'I.EMPTYJ 
0~5~f?j0-F-TYPE = t'FORMAL'/SIMPLE-TYPEJ 
o 005100-VALUE-TYPE = f 'NOVALUE'/F-TYPEJ 
0) 0Jil5~0OJ-FR EE-STORAGE-MODE = t 'ortlN '/STORAGE-MODEJ 
(i'J ~S3f/10-STO~AGE-MODE = t' FLUI D' I. EMPTY.J 
00(i)S4~0-VARIA8LE-LIST = '(' < VARIAALE $ (',' VARIABLE) > ')'j 
~ OH550C1-MODE = t 'LaC' FREE-STORAGE-MODEI 
~~~5A~~- (t'O~N'/t'FLUIO') TRANSMISSION-MODEl 
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Source 

INTEGER ARRAY p[4J; rooLEAN W,Yt-TRUE,z.-FALSE; REAL A,:s....3.14; 
SYMBOL ])"'cAR X • Y,E; OCTAL FWID L,l+-77Q3; mTEGER OWN Qt-5E3; 

Intermediate 

(DECLARE (p (ARRAY mTEGER) (~ 4 (QUOTE mTEGER») 
VI BOOLEAN) 
Y BOOLEAN TRUE) 
Z BOOLEAN FALSE} 
A REAL) 
B REAL 3.14) 
D SYMBOL (CONS (CAR X) y» 

(E SYM'OOL) 
(L OCTAL FLUID) (M OCTAL FLUID 77Q3) (Q INTEGER OWN 5E3» 

Source 

BOOLEAN ARRAY I [4 J.- [:BoOLEAN TRUE FALSE NIL () J; 
REAL X,Yj INTEGER FLUID A,Bj LOC X,A-L(M,N); 

Intermediate 

(DECLARE (I (ARRAY BOOLEAN) (CREATE 4 (QUarE BOOLEAN) [TRUE FALSE NIL NIL J» 
(X REAL LOC) 
(Y REAL) (A mTEGER FLUID LOC (L M N» (B INTEGER FLUID» 

3.28 . SECTION DECLARATION 

~001100-SECTION-DECL = <TYPE-OPTION> 'SECTION' SECTION-NAME 
0001200- .[SECTION,*l,-[*l]-lJ 
0~01300-SECTION-NAME = t 'NIL'/NAME-LISTJ 

Source 

REAL SECTION X,Y,Z; 
SECTION A 

Intermediate 

(SECTION (X Y Z) REAL) 
(SECTION(A) ) 

c) 



o 
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3.29 THE TOP LEVEL EQUATIONS OF LISP 2 

000~100-.META(LISPII PROGRA~) 
(I}(I}0(i}~00-PROGRAM = $ (-'STOP' (DECLARATIVE'EXPRESSION) (IJI/.EMPTY) 
OJ01i)0~OJ(i}-· COMPILEC]) 'STOP' .[STOP] COMPILE[]} 
00~0400-DECLARATIVE = SECTION-DECL'rREE-OECL-LI5T'FUNCTION-DECL' 
~00050~- MACRO-DEF'INSTRUCTIONS-DEr'LAP-DEF'SYNONYM-DECLJ 
OJ~OJ06OJ0-MAC~O- DEft =: (. SYMBOL • / • EMPTY) 'MACRO' VAR I AF3L E • (. VAR I A8LE ')' 
(11000700)- EXPR E55-I ON • [MACRO, * 3, • [*2), * 1 J J 
OJ (il(il0~00- I NS TR UCT I ONS- DEft = (. Ni) VALUE' /. EMPTY) • I NSTRUCT IONS' VAR I A8LE 
0000900- EXPRESSION .[INST~UCTIONS,.[*2,NOVALUE],NIL,*1]J 
00010(10-LAP-DEF = 'LAp l 

'(' .[LAP ... [READ] J ') 'J 

At the top level (1.00), the first identifier shows the name of the translator 
that we are producing, namely LISP II. That is, the LISP 2 syntax translator 
is called by typing LISP II (X,Y). (The X is the input file and the Y corre
sponds to the output file.) The second identifier, namely PROGRAM, indicates 
that the starting point of the translator is where the translator looks for 
PROGRAM that is the top level syntax equation. 

PROGRAM is a sequence of ~eclaratives or expressions followed by an optional,. 
After each of these declaratives or expressions are recognized, the corre
sponding intermediate language is written on the output file. The word STOP 
results in a calIon (STOP) being produced that is used to terminate compilation 
"Then the intermediate language is given to the compiler. The final example 
shows a trivial program which finds 31 iteratively and recursively. 

LISPII (TTY T.rY). 
INTEGER FUNCTION FACWRIAL(N); 

BEGIN INTEGER X,I ~ 1; 
FOR X ~ 1 STEP 1 UNTIL N DO 

I ~ I * X; RNroRN I END; 

!
:F'UNCTION (FACTORIAL INTEGER) 
(N) ) 
BIDCK «X INTEGER) (I INTEGER 1» 
FOR X (1 STEP 1 UNTIL N) (SET I (TIMES I X») (RETURN I») 

. INTEGER FUNCTION RFACTORIAL(N); 
IF N = ~ THEN 1 ELSE N*RFACTORIAL(N-1); 

(FUNCTION (RFACTORIAL mTEGER) 
«N» (IF (EQ N ¢) 1 (TIMES N (RFACIDRIAL (DIFFERENCE N 1»)) 
FACTORIAL(3); RFAm'ORIAL(3); STOP 
(FACTORIAL 3) 
(RFACTORIAL 3) 
(STOP) 
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Throughout the syntax equations the slash is used to separate alternatives. 
The careful reader Will have noticed that two types of slashes are used to 
separate alternatives: the normal slash (/) and the reverse slash (\). The 
reverse slash indicates that the state of the machine, namely the input tape 
pOinter, the star stack, etc. must be saved since backup may be required for 
a correct parse. This backup will occur when the first element or elements 
to be recognized of a number of alternatives legally start with the same 
construct. This ability to indicate when backup should take place in the 
definition of a language is called the controlled backup feature. The syntax 
equation below (Figure 1) illustrates this point. If A fails,'C is tried, if 
B fails, G is tried, etc. 

I lJ ~I ,I II l~-
X=(AB/CD/EF)\GHI\JK\LM; 
III t L-L-J L-J L... 

Figure 1. Controlled Backup Feature 

( \ 
\~.J 
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APPENDIX A 

The Complete Specifications for LISP 2 (SL) to LISP 2 (IL) 

~~0~10~-.META(LISPII PROGRA~) 
0000~00-P~OGRAM = $ (-'STOP' (DECLARATIVE\EXPRESSION) C'J '/.EMPTY) 
OJ0(iJ1Il3CiH'J- COMPILE()) 'STOP' .(STOP] COMPILE(]) 
00OJOJ400-DECLARATIVE = SECTION-DECL\FREE-OECL-LIST\FUNCTION-OECL\ 
00005~0- MACRO-DEr\INSTRUCTIONS-DEF\LAP-DEr\SYNONYM-D~CLJ 

fiJ~OJ0600-MAC~O-DEF ~ ('SYMBOL·I.EMPTY) 'MACRO' VARIARLE 'C' VARIABLE ')' 
(iH~ 0 (IJ 7 0 OJ - EX PRES S ION • [ MAC R 0 ~ * 3 , • ( * 2 1 , * 1 1 J 

0A00800-INSTRUCTIONS-DEF = ('NOVALUE'I.EMPTY) 'INSTRUCTIONS' VA~TARLE 

0000900- EXPRESSION .[INST~UCTIONS,.C~2~NOVALUEj~NIL,·1)J 

OJ001000-LAP-DEr = 'LAP' '(' .[LAP, .CREAO] 1 ')'J 
0001100-SECTION-DECL = <TYPE-OPTION> 'SECTION' SECTION-NAME 
0001~00- .(SECTION~.l,-(*ll-]J 

0001300-SECTION-NAME = t 'NIL'/NAME-LISTJ 
00OJ1400-FREE-DECL-LIST = <rOLl> PROCESSC] .(DECLARE,-[*l]-·)J 
0001500-F'DLI = F'REE-DECL CFDLI \.EMPTY), 
0001600-F'REE-DECL = ('DECLARE' (FREE-VAR-DECL/VARIA8LE-LIST) I 
0001700- FREE-VAR-DECL) 'J 'J 

0001~00-FREE-VAR~DECL = FREE-ARRAY-DECL\FREE-SIMPLE-DECLJ 
0001900-FREE-ARRAY-DECL = <ARRAY-TYPE (MODE/.EMPTY» HOLD[] 
000~000- ARRAY-VAR-LISTJ 
000210~-ARRAY-VAR-LIST = ARRAY-VAR $ C',' ARRAY-VAR)j 
000~~0()J-ARRAY-VAR = VARIABLE ('C' NUM-LIST 'J' c· .. • '<ARRAY/FUNCTIONAL> 
000~3~0~ .C*3.-e(DECLARE)]-,.(CREATE.-(*~]-,.[QUOTE,CARRAY-T)J 

()J ~~400- , - (* 1 ] -] J / 
0~~50""- .EMPTY .[*~,-[ (DECLARE)]-, .[CREATE,-(*l 1-, 
000~60A- .(QUOTE,(ARRAY-T)JJ) / 
0~0~70()J- .EMPTY .(*l,-(CDECLARE»)-])J 
"'0(1)2~C10-NUM-L 1ST = <NUM $ C',' NUM) >J 
0002900-NUM.. DGT $ OGT MAKEATOMC]J 
OJOO3000-FREE-SIMPLE-DECL = <TYPE (MODE/.EMPTY)/MODE TYPE-OPTION> 
~OO3100- HOLDe] FREE-LISTJ 
OJ ~3~0OJ-FREE-LIST = F'REE-VAR $ (.,. FREE-VAR)j 
(11 003300 - F R E E - VA R = VAR I A 8 L E ('..' F - EX P • [ * ~ , - ( ( 0 EC LA R E) ] - , * 1 ) / 
0003400- .EMPTY .C*l~-(DECLARE)]-J)J 

0003500-SYNONYM-DECL = VARIABLE '==' VARIABLE .(*2,MEANS,*lJJ 
OJ0CiJ3600-TYPE-OPTION = TYPE/.EMPTY j 

o ~37(i)0-TYPE = ARRAY-TYPE\F'ORMAL-TYPE\SIMPLE-TYPEJ 
00CiJ3800-SIMPLE-TYPE = t 'REAL'/t 'INTEGER'/t'SYM80L'/ 
ClJ0C1J390C1J- t'BOOLEAN'/t'OCTAL'; 
(ilJ(iJ)l40J00J-ARRAY-TYPE = (t 'FORMAL'/SIMPLE-TYPE) 'ARRAY' .[ARRAY,*lJ; 
o ~410~-FORMAL-TYPE = (t 'NOVALUE 'It 'rORMAL '/SIMPLE-TYPE) 
OJ 0J(il4~ OJ (IJ - , F' 0 R MAL. ' 'C' < I N 0 E F - PAR - T Y PEP A R - T Y P E - L T S T > ')' 
OJA043C1JO}- .[F'ORMAL,.~~-[*l]-JJ 

(/)(iJ0)440W}-INDEF'-PAR-TYPF. = PARAMETER-TYPF. 'TNOEF' ('. ·/.E'J)PTY) 
OJOJ045(ilJ~- .C+l,TNDEF1\.EMPTY, 
Ci'J(ilJ(ilJ46(IJC1-PA.~-TYPE-LIST ~ PAt~AM~:TER-TYPE 'bC',' PA~~AMF:T~:I~-TYP~:)/ .fr.,pT'(~ 
0)(i'J(7J47CiJ0-PARAMETER-TYPE 1:2 F-TYPE ('Lf)r;' .[*l,L.OCJ/.ErJ)PTY) / 
00(IJ4~00- "LOC' CF-TYPE .C.l,*tJ/.EMPTY)J 
A0~49~0-TRANSMISSION-MOOE = t'LOC'/.EMPTYJ 
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0~5~~0-F-TYPE = tIFORMAL'/SIMPLE-TYPEJ 
~ 0051(i}0-VALUE-TYPE = t 'NOVALUE'/F-TYPEJ 
~ or;,5~(iJ0-rREE-STORAGE-MODE = t 'arliN '/STORAGE-MODEJ 
0005300-STORAGE-MODE =' t 'FLUID'/.EMPTYJ 

TM-2710/331/00 

0005400-VARIABLE-LIST = '(' < VARIABLE $ (',' VARIABLE) >")' J 

o ~5500-MODE :: f 'LOC I FREE-STORAGE-MODE/ 
0005600- (t'OWN'/f'rLUIO') TRANSMISSION-MODEJ 
~~~5700-FUNCTION-DECL :: (VALUE-TYPE 'FUNCTION' VARIA8LE .(*1,*13 / 
A005~0(iJ- 'FUNCTION' VARIABLE) PAR-NAME-LIST ('J '/.EMPTY) 
(iJ(iJ(iJ59~0- PAR-DECL-LIST .(~[*2]-,-[*1]-] PROCESS(] 
000600~- <EXPRESSION/C'J'/.EMPTY» .(FUNCTION.*3,*2,-(*1]-]J 
0006100-PAR-NAME-LIST = 'C ' <I-PAR $ (',' VARIABLE .C*l])/.EMPTY> I)') 
0(iJ(iJ6?0l0-I-PAR :: VARIABLE C IC I IDENTIFIER I)' .(*2.INDEF,*1]/ 
o 00 63 (10- • EM P T Y '. [ • 1 J ) J 
00(iJ64(iJ0-~AR-DECL-LIST :: <PAR-DECL $ PAR-DECL /.EMPTY> J 
Q} ~650Q}-PAR- DECL :: < TYPE (MODEI/. EMPTY) /MODEI TYPE-OPT ION> 
0006600- HOLD[] PAR-LIST 'J' J 
0()I?J67C1(iJ-PAR-LIST:: VARIABLE .[*t,-[(DECLARE)]-] $ C' ,' VARIABLE 
0006800- .[*l,-[CDECLARE)]-])J 
0006900-F-EXP :: FUNCTIONAL\EXPRESSIONJ 
~~7(il0(iJ-EXPRESSION :: 8LOCK/COND~EXPRESSION/SIMPLE-EXPRESSIONJ 
o OJ0710(i}- BLOCK :: I A EGI N' (BLOCK - DECL/ • EMPTY • [ ] ) 

\. 

l) 

(iJ~72(iJ(iJ- < $C-'END' STATEMENT C'J '/.EMPTY» > 'END' 
0007~10- .(BLOCK,*2,-(*1]-]J C_: 
~00730~-BLOCK-DECL :: <8LOCK-VAR-DECL $ 8LOCK-VAR-DECL> PROCESS[JJ 
00074A0-BLOCK-VAR-DECL'= CSWITCH-DECL\8LOCK-ARRAY-DECL\ 
00075A0- 8LOCK-SIMPLE-OECLl 'J' J 
0007600-8LOCK-ARRAY-DECL :: <ARRAY-TYPE (MODE1/.EMPTY» HOLDeJ 
~007700- ARRAY-VAR-LISTJ 
0007Q00-BLOCK-SIMPLE-DECL :: <TYPE CMODE1/.EMPTY1/MODEl TYPE-OPTION> 
(iJ(iJA7900- HOLD[] 8LOCK-LISTJ 
OJOJOJROJOJ0-8LOCK-LIST::: 8LOCK-VAR $ C', I 8LOCK-"VAR)J 
000RI00-ALOCK-VAR:: VARIABLE C'~' F-EXP .(*2.-[CDECLARE1]-,*1]/ 
~~~~~0OJ- T 'ASSIGNED' F-£XP .[*3,*2,.1] I 
c;,,,,,q:'HH"- .EMPTY .[*t,-[COECLAREl]-]lJ 
OJOJAR4OJOJ-MODEI :: t 'LOC' STORAGE-MOUE/t 'FLUID' TRANSMISSION-MODEJ 
000R500-SWITCH-DECL:: 'SWITCH' IDENTIFIER I~I NAME-LIST 'J' 
0A0~6A~- .(*~,SWITCH,-(*l]-]J 

~0c;,R700-NAME-LIST ::: < IDENTIFIER $ Ct
,' IDENTIFIERl >J 

'" OOR800-STATEMENT = COND-STATEMENT\SIMPLE.;.STATEMENTJ 
OJ ~S3900 
COND-STATEMENT = IF-STATEMENT/FOR-STATEMENT/LABLE COND-STATEMENT~ 
0009OJ00-IF-STATEMENT = 'IF' C-CLAUSE ('IF' <C-CLAUSE $('IF' C-CLAUSE) > 
0009100- C 'ELSE' STATEMENT .• C IF,*4,*3,-[*2J-,*1] /.EMPTY 
0m9~0(i)- .(IF,*3,*2,-[*1]-])/'ELSE' STAT£MENT 
000qJ(i)(i)- .[IF,*3,*2,*1]/.EMPTY .[IF,*2.*lJ·)J 
0(i)0Q40OJ-C-CLAUSE :: EXPRESSION 'THEN' SIMPLE-STATEMENT' 
00095VlIiJ-LA8LE:: IDENTIFIER ':', 

( 
~l 
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0009600-SIMPLE-STATEMENT = ('GO' NAME-EXP .[GO,-I] / 
0009700- 'RETURN' EXPRESSION .(RETURN,-1) / 
00~9800- 'TRY' STATEMENT tJ' fULL-LOCATIVE 'J' STATEMENT 
00~9900- .CTRY,*3.*2,*I] / 
0010OJOJOJ- 'CODE' '(' .(CODE, .[READ] ] ')' ) \ 
0010100- LAaLE SIMPLE-STATEMENT \ 
0~1~~00- SIMPLE-EXPRESSIONJ 
00103OJ()J-fOR-STATEr~ENT = 'fOR' VARIABLE (· ... ·/.EMPTY) <fOR-LIST> '~O' 

0010400- STATEMENT .(fOR,*3,-C*2]-,*IJJ 
0010500-FOR-LIST = FOR-ELEMENT $ (',' FOR-ELEMENT») 
0010600-FOR-ELEMENT = «t 'IN'/f 'ON') EXPRESSION TERM-ELEMENT> \ 
00 1 OJ 10 OJ - '(")' • C NIL] \ 
O1010R010- < (EXPRESSTON\.EMPTY) (f'STEP' EXPRESSION 
O101109OJ01- (t 'UNTIL' EXPRESSION/.EMPTY) / 
OJOJI1OJOJ~- (t'RESET' EXPRESSION/.EMPTY» TERM-ELEMENT> \ 
OJOJII1OJVl- .EMPTY.[], 
0OJ11~OJ0-TERM-ELEMENT = (T 'WHILE'/t 'UNLESS') UNION/.EMPTY, 
OJCi111301OJ 
COND-EXPRESSION = 'If' X-CLAUSE ('IF' <X-CLAUSE $('IF' X-CLAUSE» 
00111400- ('ELSE' EXPRESSION .(IF,*4,~3,-(*2]-,*I) /.EMPTY 
0011500- .(If,*3,*2,-[*lJ-])/'ELSE' EXPRESSION 
00111600- .CIf,*3,*2,*IJ/.EMPTY .[IF,*~,*l])J 
OJ01170OJ-X-CLAUSE = EXPRESSION 'THEN' SIMPLE-EXPRESSIONJ 
0OJ11~00-FUNCTIONAL = 'FUNCTIONAL' 'C' EXPRESSION 'J' FUNARG-LIST ')' 
0011900- .[FUNCTIONAL.*2,-[*IJ-] / 
~O1l~0001- (VALUE-TYPE 'FUNCTION' (VARIA8LE\FALSIE) .[*1,*1]/ 
0012100- ~FUNCTION' (VARIA8LE\fALSIE» PAR-NAME-LIST C'J '/.EMPTY) 
0012200- PAR-DECL-LIST .(-[*2J-,-[*IJ-] PROCESS() 'C' EXPRESSION 
001~·300- C 'J' FUNARG-LIST .(FUNCTION,*4~*3,*~,-(*1 J-J / 
0012400- .EMPTY .(FUNCTrON,*3,*2,*l] ) ')'; 
0~12500-FUNARG-LIST = <VARIABLE $ C ',' VARIABLE)\.EMPTY>J 
CHi11~600-SIMPLE-EXPRESSION ::: UNION ('. ' SIMPLE-EXPRESSION 
0A12700- .(CONS,*~,*l] /.EMPTY )J 

0012R00-UNION = INTERSECTION C 'OR' <INTERSECTION $ ('OR' INTEKSECTTON» 
0012900- .(OR,*2.-(*l)-]/.EMPTY )J 

0013000-INTERSECTION = NEGATION ('AND' <N~GATION $ ('AND' NEGATION» 
~013100- .CAND,*2,-[*t]-]/.EMPTY )J 

0013200-NEGATION - NEGATIVE/RELATIONJ 
0CJJ13300-NEGATIVE = (t 'NOT'/t 'NULL') NEGATION .(*2,*l]J 
(iJ 0 1 3 400 - f~ EL A T ION = SUM $ ( ( '/:::' T N (~/ ':::' t E Q / '<::' t L Q / ' <' t L S / 
'" 0 J 3 50 (JJ - ' >:::' 'G Q / '>' T GR) S UM • ( * 2 , * 2, * t] ) ; 
00t3600-SUM :: SUMl ('+' < SUMt $ ('+' SUMl) > 
(iJ01310~- .(PLUS,*2,-[*l]-] /.EMPTY») 
0(iJ13R0(iJ-SUMl :: FACTOR $ ('-' FACTOR .[OIFFERENCE,*2,*tJ ); 
(iJ01390(iJ-fACTOR = FACTORt C'*' < fACTORt $ ('*' FACTOR1) > 
0014000- .(TIMES,*2,-(*I)-] /.EMPTY). 
(iJ014100-fACTORl = PRIMARY $«( '/' tQUOTIENT PRIMARY\'\' TREMAINDER 
0014200- PRIMARY\'-:' tIQUOTIENT PRIMARY) .[*2,*2,*1] )} 
(iJ0l14300l-PRIMARY :: '+' PRIMARY/ '-' PRIMAi~Y • Ct-1I,NUS,*l) / 
0014400- "ATOM' PRIMARY .(*2,*1] / 
(iJ()Jl.lj5()JV'!- UNIT ('T' PRIMARY .• [EXPT,*~~,*t] /.EMPTY)J 
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0014600-U~IT = NEGATIVE/CONSTANT/'C' EXPRESSION ')' /BLOCK/ 
00147~0- LOCATIVE C ,~. F-EXP ~[SET,*2,*ll/.EMPTY)J 
0014800-LOCATIVE = LIST-LOCATIVE\WORD-LOCATIVEJ 
0014900-LIST-LOCATIVE = (CR-EXP\"PROP') (LOCATIVE\'(' EXPRESSION ')' 
0015000- ) .(*2,*I]J 
0015100-CR-EXP •• +'C' (+'A'/+'O') $C+'A'/+'O') +'R' 
~~15~00- MAKEATOM(]J 
0015300-NORD-LOCATtVE = "AtT' 'e' EXPRESSION I, I EXPRESSION 
fi)OH54OJ0- ',' lNORD-LOCATIVE I)' .(*4,~3,*2,*1] / 
0015500- "CORE' IC' EXPRESSION ')' .(*2,*1) I 
0015600- FULL-LOCATIVEJ 
0015700-FULL-LOCATIVE = NAME-EXP ('~ .. , FULL-LOCATIVE .(LOCSET,*2,*l)/ 
0015800- .EMPTY )J 

001S900-NAME-EXP = VARIABLE C 'C' CALL-PART .) •• [*2,-[*lJ-]/.EMPTY)J 
0016000-VARIA8LE = IDENTIFIER'C '$' (IDENTIFIER .CEXTERNAL,*2,*l)/ 
0016100-' '$1 .(EXTERNAL,*1]) /.EMPTY ») 
0016200-CALL-PART = < F-EXP $ (I,' F-EXP)\.EMPTY >J 
0016300-CONSTANT = SIMPLE-ATOM/QUOTED-EXPJ 
0~16400-QUOTED-EXP = •••• S-EXPRESSION' .(QUOTE,*I]J 
0016500-S-EXPRESSION = AT0M/LlSTJ 
0016600-LtST = .(. < S-EXPRESSION $ S-EXPRESSION 
0016700- (+ '. ' S-EXPRESSION/.EMPTY) > '). J 
0016~00-AT0M = SIMPLE-ATOM\IDENTIFIER\C-ATOM\<FUNCTION-SPEC>\<ARRAY>J 
0016900-C-ATOM •• + •••• ANY MAKEATOM[]J 
0~17~00-SIMPLE-ATOM = BOOLEAN\NUMBER\STRINGJ 
00171(1J(i)-IDENTIFIER.,. LET $ CLET/DGT/+'. ') MAKEATOMC 1 RESERVEDCJ / 
0017~00- +'%' SIMPLE-STRING MAKEATOMClJ 
0017300-STRING •• SIMPLE-STRING $ (SIMPLE-STRING SCONSC*2,*l]) 
0017400- MAKEATOMCJJ 
0017500-SIMPLE-STRING = ~'H' $ (-'N' (-"" ANY/DE~ETEX ANY» +','J 
0017600-BboLEAN = f'TRUE'/FALSIEJ ' 
00 1 7700 - FA LSI E = C· r A L S E • / 'N I L '/ 'C' ').) "N I L J 

0017800-NUMBER •• C'+'/+'-·/.EMPTY> CREAL\OCTAL\INTEGER) MAKEATOM[]J 
0017900-REAL = REAL-MANTISSA REAL-EXPONENTJ 
0018000-SIGN = '+'/+'-·/.EMPTYJ 
001810eJ-REAL-MANTISSA ~ ~'.' UNSIGNED-DECIMAL/UNSIGNED-DECIMAL +'.' 
0018~00- (UNSIGNED-DECIMAL/.EMPTY)} 
0018300-REAL-EXPONENT = '+'E' SIGN UNSIGNED-DECIMAL /.EMPTY; 
001R400-INTEGER = UNSIGNEO-DECIMAL OECIMAL-EXPONENTJ 
0~lR500-DECIMAL-EXPONENT = +'E' CUNSIGNED-DECIMAL/.EMPTY)/.EMPTYJ 
001R600-UNSIGNED-DECIMAL = DGT $ DGT J 

001R700-0CTAL = OCT $ OCT +'Q' (UNSIGNED-DECIMAL/.EMPTY)} 
001Rq00-LET = ISIT[LETTER,TJJ DGT = IStT[OIGIT,TJJ 
001~900-0CT = ISIT[R,T1J 
001900(i}-FUNCTION-SPEC tlI t '(' 'FUNCT[ON' 'r' VA~IAliLJ£ 
001ql~0- VALUE-TYP~ t ')' INDEF-PAR-TYPE ~PARAM~TER-TYP~ 
liJr~ 1 920 CII- , ' J I J 

0019300-ARRAY = i'( 'CNUMBER-ARRAY/800LEAN-AR~A~/FO~MAL-ARRAY/ 
~019400- SYM80L-ARRAY) "J' J 

0019500-NUMBER-TYPE = f 'REAL'/t 'INTEGER'/' 'OCTAL'J 

.. 

( 

/ 
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~~196~0-NUMBER-ARRAY = NUMBER-TYPE ($ NUMBER/$ NUMERIC-ROW)J 
~~19700.1-NUMERIC-ROW :: t '[ '(NUMBER $ NUMBER / 
~019~00.1- NUMERIC-RO·W $ NUMERIC-ROW) ftJ' J 

00199A0-BOOLEAN-ARRAY :: t '800LEAN' ($800LEAN/$ BOOLEAN-ROW)J 
~~~0000-BOOLEAN-ROW = t '[ -(BOOLEAN $ BOOLEAN / 
002~1~0- BOOLEAN-ROW $ BOOLEAN-ROW) ttl' J 
0020200-FORMAL-ARRAY = t'FORMAL' $ (+'~' FUNCTION-SPEC) 
0020300- $ FORMAL-ROW t 'J' j 

0020400-FORMAL-ROW = t'['(t'.' FUNCTION-SPEC $("*' FUNCTION-SPEC) 
00205~0.I- /FORMAL-ROW'$ FORMAL-ROW) t'J' ; 
0020600-SYMBOL-ARRAY = t'SYMBOL' ($ SYMBOL-ELEMENT/$ SYMBOL-RO~)J 
0020100~SYM80L-ELEMENT ='SIMPLE-ATOM/IDENTIFIER/LIST 
0020R00- / $ (FUNCTION-SPEC/ARRAY) ; 
0020900-SYMBOL-ROW = t'['CSYMBOL-ELEMENT $ SYMBOL-ELEMENT / 
0021000.1- SYMBOL-ROW $ SYMBOL-ROW) t'J' J 
0021100-.FINISH 
00?1?'~0-.STOP 






