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The LISP 2 Syntax Tremslator

ABSTRACT

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. SDC document, TM-2710/220/00,

dated 4 November 1965, describes the semantics of the
LISP 2 inte;-mediate 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. Briefly, the
meta compiler accepts as input a BNF-like source language and translates this
language to & 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
compllers are models of an extended push-down store automaton and use one main
stack which is the pseudo accumulator 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

“2the meta compller is presented in SDC document TM-2710/330/00, dated 2 November

2. DEVELOPMENT CYCLE
The development cycle of the translator is as follows:

- In Phase O 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 l.5 version of Meta produces compllers as LISP l.5 progreams. (4)

" During Phase 1,1the 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
program produced, called the LISP 2 syntax translator, interface with a
progrem 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 & fixed alphabet, to wit, LISP 2 tokens.

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

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

'Currently, Phase 2 is underway.
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3. SYNTAX EQUATIONS

The remainder of this document describes the syntax trenslator 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 equaetions
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

Almost 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 then 163, CONSTANT, are not illustrated because they describe
the basic tokens of LISP 2 (see SDC document TM-2710/210/00, 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
 90160030-VARIABLE = IDENTIFIER ¢*$* (IDENTIFIER ,[EXTERNAL»*Z,*IJ/
0916100~ '$' JLEXTERNALs»*11) /<EMPTY )3
Source Intermediate Comments
AB$YZ : (EXTERNAL AB YZ) Alternative 1.1
X$$ (EXTERNAL X) Alternative 1.2
EXTRA.LONG.NAME EXTRA.LONG. NAME Alternative 2.

This syntax equation shows that a variable is an identifier followed by
either a $ or empty (referred to as Alternative 1 and Alternative 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 first
identifier recognized; and the third element produced is the top construct,
namely the second identifier recognized. In Alternative 1.2, only one identi-
fier is in the star stack and a list of two elements is produced; the word
EXTERNAL and the top construct in *, In Alternative 2 the identifier, which

'+ is recognized 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

- AN15900-NAME-EXP = VARIABLE C'C*' CALL-PART *)°* (%2,-(%11-1/.EMPTY)3

AA1620%~CALL-PART = < F-EXP $ (', ' F-EXP)\<EMPTY >3

Source Intermediate Comments

| ABIE(X,Y,Z) EABLE XY 2) Alternative 1
$$() (EXTERNAL T)) Alternative 1
BAKER BAKER Alternative 2

A name expression is either a variable followed by a parenthesized call part,
referred to as Alternative 1, or empty, referred to as Alternative 2. The
definition of & call part is enclosed in angle brackets, < >, These brackets
are used to collect as & 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 mey be empty of ',' 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 -[*1]- means that the individual elements of the top construct of *
should be inserted, thus forming & 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 exemple of the input tape and star stack during processing illustrates this
process,

Input_ Tape ¥ Stack Comments
ABLE(X,Y,Z) * = (ABLE)

1 ,
ABLE(X,Y,Z) * = ( () ABLE)  The < in CALL PART causes

t ~ this.
ABLE(X,Y,Z) * = ( (X) ABLE)
. ABLE(X,Y,2) * = ((Y X) ABLE)
t
ABIE(X,Y,Z) % = ((2 YX) ABLE)
t

ABLE(X,Y,Z) % = ((X Y 2) ABLE) The > in CALL PART causes

t this.

(“\
e -

()
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The execution of .[#2,-[%1]-] follows:

.[*ﬁ,-[*ll-] . * = ((XY 2))
ABLE
-E*E,-[tl]-] | * = ()
ABILE XY Z
.[*2,-[*1]-% * = ((ABLE X Y 2))
3.3 FULL LOCATIVE EQUATIOR

715773~ FULL-LOCATIVE = NAME-EXP ( 'se' FULL-LOCATIVE +[LOCSET,%2,%11/
@71 5300~ JEMPTY )3 ‘

Source Intermediate

X «ye ~ A(Y,2) (LOCSET X (LOCSET Y (A Y 2)))

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

3.k WORD LOCATIVE EQUATION
3715300~ ORD-LOCATIVE = t*BIT’ ‘(' EXPRESSION ', ' EXPRESSION
A1 5400 - ‘s ' WORD-LOCATIVE ') ' o(%4,%3,%2,%1] /
7315500~ t*CORE' ‘(' EXPRESSION ')' .[%2,%13 /
AB1 5630~ ~ FULL-LOCATIVE3 ‘
Source Intermediate
BIT(X,Y,CORE(Z)) éBIT XY (CORE 2))
CORE(BIT(A,B,C)) CORE (BIT A B C))

The word locative has three alternatives, BIT, CORE and FULL locative. The
"up" arrow in front of the string 'BIT' causes the following to happen. If
the characters B, I, and T are next on the input tape, the atom BIT 13 pushed
into ¥ and the characters are bypassed; otherwise, both the input tape and *
remain unchanged.
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3.5 CR-EXPRESSION EQUATIQN
AB151AP=CR=-EXPee +'C*' (+'A'/+'D") $(+‘A /+°'D') +°'R°
%1 5200 = MAKEATOML 13

Source Intermediate

CAR CAR

CADDADDAAR - CADDADDAAR

This 1s the first example of a syntax equation starting with .. instead of
an =. This 1s 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 tape matches the string, the characters from the input tape are put into

¥ as character atoms. The equation
A or D followed by zero or more A's

says & CR expression is a C followed by a
or D's followed by an R. If such a com-

bination exists, it ends up as a list of character atoms. MAKEATOM makes &n
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 ' * Stack
CAR k= (())

)

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 *

t

CAR *
t

CAR *
1

Then MAKEATOM compresses
an atom.

]

( (c))
((cmw)
(('c'a'r))

i

the 1list of character atoms into

= ( AR )

N
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3.6 LIST LOCATIVE EQUATION

AA14800-LOCATIVE = LIST-LOCATIVE\N\WORD-LOCATIVE3;
AN 4900-LIST-LOCATIVE = (CR-EXP\t'PROP') (LOCATIVEN'(®' EXPRESSION "'

A3l 5000~ ) JL%2,%113

Source Intermediate
CADDDR FN(Y) (CADDDR (FN Y))
PROP CAR X (PROP (CAR X))
3.7 BASIC UNITS OF SOURCE LANGUAGE EQUATION
001 4690-UNIT = NEGATIVE/CONSTANT/ '¢(* EXPRESSION *)° /BLOCK/
A1 4TAA~ LOCATIVE ('~* F-EXP <[SET,*2,%*11/.EMPTY)3
Source Intermediate
NULL X (NULL X)
3.16 3.16
3E2 3E2
TT7Q2 ("
TRUE TRUE
(17) (17)
BEGIN Y END (BLOCK NIL Y)
X(I,J) «CAR Y (sET (X I J)(CAR Y))
MATRIX(U,V) (MATRIX U V)
3.8 PRIMARY EQUATION
A%3143030-PRIMARY = '+°' PRIMARY/ '-' PRIMARY «(MINUS,%11 /
091 4400~ t 'ATOM' PRIMARY +(%2,%1] /
@7314500~ UNIT (°'t* PRIMARY +LEXPTs*2,%1] /.EMPTY)3
Source Intermediate
+3.14 3.1k
-X MINUS X)
ATOM L ATOM L)

A 1B 12 . EXPT A (EXPT B 2))
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3.9 FACTOR1 EQUATION
#?14100-FACTOR1 = PRIMARY $C('/*' TQUOTIENT PRIMARY\ '\ ' tREMAINDER
3014200 - PRIMARY\ *~:*' tIQUOTIENT PRIMARY) [*2,%2,%1] )3

Source Intermediate

W-:X/Y\z$B (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 & sequence which may be empty
consisting of a:

. '/' substitute QUOTIENT followed by a primary

« '"\' substitute REMAINDER followed by a primary

o '-:' 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
ﬁ/B : *=(A)
A4B % = ( QUOTIENT A )

It

A/& % = ( B QUOTIENT A )

~—

(

~—

W,

N

—_.
~
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The .[%2,%2,%¥1] is executed as follows:

D2, %0 %1 ] ¥=(BA)
1
QUOTIENT
-[¥2,%2,%1 ] ¥=(B)
t
QUOTIENT A
°[*2:*2’*11 * = ( )
t
QUOTIENT A B
c[%2,%2,%1] * = ((QUOTIENT A B))
1
3.10 FACTOR EQUATION
B313907-FACTOR = FACTOR1 ('x' < FAGTOR1 $ (*#°' FACTOR1) >
AA1 4000 - «LTIMES, *2,=[{*11-1 /.EMPTY)3
Source Intermediate
SIN(X) * 5.2\z *T7Q3 ((TIMES (SIN X) (REMAINDER 5.2 Z) T7Q3))

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, meking a list of indefinite
length.

3.11 SUML EQUATION
P?3138003-SUM1 = FACTOR $ ('-* FACTOR [DIFFERENCE,*2,%11] );

Source Intermediate
| A-B$C-D$$ (DIFFERENCE (DIFFERENCE A (EXTERNAL B C)) (EXTERNAI, D))
3.12 SUM EQUATION
AP136B0-SUM = SUM1 ('+*' < SUMI $ ('+°' SUMI1) >
aN13700- JLPLUS,%2,-[*11-1 /.EMPTY)}
Source Intermediate

GSB+HHA/B +K (P1Us (EXTERNAL G B) H (QUOTIENT A B) K)
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3.13 RELATION EQUATION
AB13409-RELATION = SUM $CC'/=" tNQ/°'=' tEQ/'<=" tLQ/ <" 1LS/
ON13500~- ~ '>=* tGQ/'>°' TGRY SUM .[*2,%2,%1] )3

Source Intermediate

SIN(X) < .5 (s (s X) .5)

CORY /= CAR X éNQ CDR Y) (CAR X))

A 12 > =312 cQ

EXPT A 2) (EXPT B 2))

3.1k NEGATION/NEGATIVE EQUATION

NEGATIVE/RELATIONS

3713200-NEGATION
(t *NOT*/t°*NULL') NEGATION +(*2,%113

? M330A-NEGATIVE

non

Source Intermediate
NOT A (NoT A)
3.15 INTERSECTION EQUATION
013000~ INTERSECTION = NEGATION ¢ AND® <NEGATION $ CAND*® NEGATION>>  (
913199~ «LAND, %2, =[*11-1/EMPTY )3
Source Intermediate

HOT A <2 AND B = SIN (Y) (AND (NOT (IS A 2)) (EQ B (SIN Y)))

3.16 'UNION EQUATION i
AA128030-UNION = INTERSECTION ('OR' <INTERSECTION § (*OR* INTERSEGTION)>
AN12900~ «[OR,*2,-[*11~3/.EMPTY )3 )
Source | Intermediate
X ORY >2 OR éAND's (OR X (GR Y 2) (AND Z S))
3.17 SIMPLE EXPRESSJON EQUATION
eﬂnesww-SIMPLE-EXPREsEION = UNION ('. * SIMPLE-EXPRESSION
AN12709- -ECONS,*F,*IJ / +EMPTY )3
Source : Intermediate
X(a) . CAAADR B (coNs (X A) (CAAADR B))

]

/

VY
N
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3.18 FUNCTIONAL EQUATION
AA1183A-FUNCTIONAL = 'FUNCTIONAL® *¢' EXPRESSION '3 * FUNARG-LIST *')°*
AR11900- +[FUNCTIONAL,*2,~[%11-1 /
AN1207A0) ~ (VALUE-TYPE °*FUNCTION' (VARIABLENFALSIE) o[%1,%11/
AN12109- 'FUNCTION' (VARIABLE\NFALSIE)) PAR-NAME-LIST ('3 '/.EMPTY)
0012200~ PAR-DECL-LIST +[~[*23-,-[%11-1 PROCESSC] '(* EXPRESSION
#N12300- €'3* FUNARG-LIST JCLFUNCTION, *4,%3,%2,-[x11-1 /
00124009~ +EMPTY .[FUNCTION,*3,%2,%13 ) *)';
#712500-FUNARG-LIST = <VARIABLE $ (', ' VARIABLE)\.EMPTY>;

Source Intermediate

FUNCTIONAL (X+Y ; X,Y) (FUNCTIONAL (PIUS 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
2811300
COND-EXPRESSION = 'IF* X-CLAUSE (°'IF' <X-CLAUSE $('IF*' X-CLAUSE)>
2911400~ ( 'ELSE"' EXPRESSION «[IF»,*4,%3,-[%21=,%1] /EMPTY
AMN1500- eLIF,*3,%2,-[%1]1=-1)/'ELSE®' EXPRESSION.
AN16920- e[IFs*%3,%2,%11/ EMPTY +LIF»*2,%11)3
MA11700=-X-CLAUSE = EXPRESSION 'THEN' SIMPLE-EXPRESSION3
Source

IF A < B THEN 2 ELSE B-6

Intermediate

(zFr (1Ls A B) 2 (DIFFERENCE B 6))
Source ‘
IF A <O THEN X IF A > O THEN Y BLOE 2

Intermediate

(Ir (ISA0) X (GRAO) Y 2)
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Source
"IF A OR B THEN TRUE

Intermediate

(IF (OR A B) TRUE)
Source
"IF A <O THEN 5 IF A >0 THEN 7 IF A+B = 20 THEN 3 ELSE 21 ;

Intermediate

" (IF (1S A 0) 5 (GR A 0) T (EQ (PLUS A B) 20) 3 21)

3.20 'FOR' VARIABLE EQUATIONS

ANA3AA-FOR~-STATEMENT = °'FOR' VARIABLE ('~ *'/.EMPTY) <FOR-LIST»>
2010400~ STATEMENT +LFOR,*3,=(%2]1=,%113
AN ASAA-FOR-LIST = FOR-ELEMENT $ €°*, ' FOR-ELEMENT)3

PA1A6NN-FOR-ELEMENT = <(t*IN°'/t°'ON') EXPRESSION TERM-ELEMENT> \
M aATG9 - 'O )Y JONILI N

10860 - < (EXPRESSTION\.EMPTY) (t°*‘STEP' EXPRESSION
a%10900~ (Tt *UNTIL'®' EXPRESSION/.EMPTY) /

aN11a00- (t 'RESET' EXPRESSION/.EMPTY)) TERM=-ELEMENT> \
a1 116A- «EMPTY +L13

A%11200-TERM=-ELEMENT = (t *WHILE'/t *UNLESS"') UNION/ .EMPTY3

Source

FOR N ~ 1 STEP 1 UNTIL KL, RESET B UNLESS R > 4 DO
BEGIN A(N) «~ F(N); R-A(N)+3.5 END

Intermediate

(FOR N (1 STEP 1 UNTIL K1)
2RESET B UNLESS gGR R 4)) i
BLOCK NIL (SET (A N) (F N)) (SET R (PLUS (A N) 3.5))))

Source
FOR L IN CAR H(W) WHILE ATOM L DO M~F(L) . G(L)

Intermediate

(FOR L (I (CAR (H w)) WHILE (ATOM L))
(sET M (cons (F L)(G L))))

.DO'

C
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3.21 LABEL AND SIMPLE STATEMENT EQUATIONS

0309500 -LABLE = IDENTIFIER °*s's ‘
3 096A3-SIMPLE-STATEMENT = (°GO* NAME-EXP +[GO»%1] /

ARG TAN - 'RETURN ' EXPRESSION .[RETURN,*11 /
AAAIRAA =~ *TRY* STATEMENT '3 * FULL-LOCATIVE °*3°' STATEMENT
NANI9AA - LTRY, ¥3, %2, %1]) /
N31AAAN - 'CODE* '¢' .LCODE, +LREADI 1 *>* > N\
2219100~ LABLE SIMPLE-STATEMENT \ '
3N 3200 - SIMPLE-EXPRESSION;
Source Intermediate
Go A(T ‘ Go (A 1))
RETUéN)-(X-Y) €RETURN (MINUS (DIFFERENCE X Y)))
Sl: S2: X < X S1 s2 (SET X Y)
CARA . B (cavs (CAR A) B)
3.22 STATEMENT AND CONDITIONAL STATEMENT EQUATIONS

AM380A-STATEMENT = COND-STATEMENT\SIMPLE-STATEMENT;

a M09

COND-STATEMENT = IF-STATEMENT/FOR-STATEMENT/LABLE COND-STATEMENT3:
A9 A-1F-STATEMENT = 'IF' C-CLAUSE ('IF' <C-CLAUSE $C'IF"’
('ELSE®' STATEMENT o[IF»*4,%3,=-{*%2]-,%11 /.EMPTY
«[IFs*3,%2,-L[*%11-1)/"ELSE* STATEMENT

AN A0 -
29200~ .
BAA3AN -

elLIF,*3,%2,%1]/+.EMPTY

o[IFs,*x2,%x11)3

AAAN9 409-C~CLAUSE = EXPRESSION °*THEN® SIMPLE-STATEMENTS

Source

IF ABLE < O THEN BEGIN X<ABLE; GO SLABLE END

ELSE X(L) . Y(L)

Intermediate

(Ir (LS ABLE 0) (BLOCK NIL (SET X ABLE)(GO SLARLE))

(caws (x L) (¥ 1)))

C-CLAUSE)d

>
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3.23 SWITCH DECLARATION EQUATION

A0A85AA-SWITCH-DECL = *'SWITCH®' IDENTIFIER ‘'«~°*
ANAR 6N~ [ %2, SWITCH, ~L*13=-13

™-2710/331/00

NAME-LIST °*3°

AAA8TAN-NAME-LIST = < IDENTIFIER $ (', ' IDENTIFIER) >3

Source
SWITCH EXAMPLE < ST.LABLEl,ST.LABEL2;

Intermediate

(EXAMPLE SWITCH ST.LABEL1 ST.LABEL2)

3.24 BLOCK-DECLARATION EQUATION

ANAT3IRA-BLOCK-DECL = <BLOCK=-VAR-DECL $ BLOCK-

VAR-DECL> PROCESSCJ;

2 M743%~-BLOCK~VAR-DECL = (SWITCH- DECL\BLOCK ARRAY-DECL\

aaR7500 - BLOCK~-SIMPLE-DECL)Y °*3°* 3

A0076AA~BLOCK~-ARRAY~DECL = <ARRAY-TYPE (MODE1/. EMPTY) > HOLDEJ

anaTINGg=- ARRAY-VAR-LIST3

NANTRAN~BLOCK~SIMPLE-DECL = <TYPE (MODEI/ EMPTY)>/MODE1 TYPE-OPTION>

DANT900 - HOLDLJ BLOCK-LISTs3

A0ARNAA-BLOCK-LIST = BLOCK-VAR § ¢°', ' BLOCK- -VAR)3
2098100-BLOCK-VAR = VARIABLE ('+~*' F-EXP .[*2,-[(DECLARE)J-:*13/

AAAR20A - t "ASSIGNED' F-EXP [%3,%2,%11 /

AoAG- .EMPTY ol*1,-[(DECLAREY1~1)3

A 0A340A-MODET = *'LOC*' STORAGE- -MODE/* *FLUID"®
Source

TRANSMISSION- MODEJ

REAL X,Y*3.26,PI+-3.14159265; INTEGER A«l,B,C+762;

Intermédiate

((X REAL)
ﬁY REAL 3.26)

PI REAL 3.14159265) (A INTEGER 1) (B INTEGER) (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-

DECL

(see Syntex and Semantics of LISP IL, TM-2710/220/00) a routine called

HOLDt]'is invoked after the type of information in the declaration has 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
decleration. The routine HOLD[] stores the top element of the star stack

into a variable called DECLARE.
mation in a variable called ARRAY-T for arrays.

It also puts part of the declarative infor-
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

1list.

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

Input Tape

REAL LOC X,Y,Z;
RéAL Loc X,Y,Z;
REAL LéC X,Y,2;
REAL LOCTX,Y,Z;
REAL LOC 1x,y,z;
REAL LOC }%,Y,Z;

REAL LOC X,Y,Z;
?

REAL LOC X,Y,Z;
' t

REAL LOC X,Y,Z;
1

* Stack

*=( (REAL))
*=((LOC REAL))
*=((REAL LOC))
*=( )

*=(X)

*=((X REAL LOC))

#=(Y (X REAL LOC))

Declare

(REAL 1OC)
(REAL LOC)
(REAL LOC)

(REAL LOC)

#*=((Y REAL LOC) (X REAL LOC)) (REAL LOC)

#*=((2 REAL LOC) (Y REAL LOC)
(X REAL LOC))

(REAL LOC)

Comments

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

When varigble 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, & routine called PROCESS []

is invoked. This routine searches the top element of the star stack and combines
all the block-varisble-declarations that refer to the same variable. An example
is presented below:

O
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Source
REAL FLUID X,Y; LOC A,Y; INTEGER L,M“5; OWN L;

Intermediate

Before PROCESS L] |
((X REAL FLUID) (Y REAL FLUID) (A IoC) (Y 1oC) (L INTEGER) (M INTEGER 5) (L OWN))
After PROCESS []

((X REAL FLUID)
(Y REAL FLUID 10C) (A 10C) (L INTEGER OWN) (M INTEGER 5))

3.25 BLOCKS AND EXPRESSIONS

AOR690A-F-EXP = FUNCTIONALNEXPRESSION:}
9 MTIANA-EXPRESSION = BLOCK/COND-EXPRESSION/SIMPLE-EXPRESSIONS

AMT1A7-BLOCK = *'BEGIN' (BLOCK=-DECL/.EMPTY .(1)
naNT200 - < $C¢-'END' STATEMENT ('3 '/ .EMPTY)>) > 'END*
aANRT21 A= +[BLOCKs *2,~-[(*11-13

Source

BEGIN REAL X,Y; SWITCH ABLE-S1,S2,53; RETURN -(X-Y) END

Intermediate

(BLOCK ((X REAL) gy REAL) (ABLE SWITCH S1 S2 S3))
(RETURN (MINUS (DIFFERENCE X Y))))
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3.26

Source

BEGIN INTEGER M,N; REAL Xe3.T;
Al: IF GL(N) THEN RETURN (M+N);
M « MiX;
N « N-X;
X - @(X);
GO Al
END

Intermediate

(BLOCK ((M INTEGER) (N INTEGER) (X REAL 3.7))
AL (IF (GL N) (RETURN (PLUS M N)))
(SET M (PLUS M X)) (SET N (DIFFERENCE N X)) (SET X (G2 X)) (Go A1))

FONCTION DECLARATIONS

A 0N5TAM=-FUNCTION=DECL = (VALUE-TYPE 'FUNCTION® VARIABLE «+[%1,%1] /

AAASKAN = *‘FUNCTION® VARTABLE) PAR=-NAME-LIST ('3 '/.EMPTY)
ANAS9730 - PAR-DECL-LIST «.(-({*2]-,-[%1]~-] PROCESSC]

BAAHAG - <EXPRESSION/ ('3 '/ +EMPTY)> «LFUNCTION,*3,%2,~C%11-13
AOD6120~PAR-NAME~-LIST = *'(* <I-PAR % (',' VARIABLE e[*11)/ EMPTY>

ANR6200-1-PAR = VARIABLE (*'(*' IDENTIFIER ')' [*2,INDEF,*11/

BAN63N) =~

<EMPTY JL*11 )3

ANN64NA-PAR-DECL~LIST = <PAR-DECL $ PAR-DECL /.EMPTY> 3
A M65AA-PAR-DECL = <TYPE (MODE1/.EMPTY)/MODE1 TYPE-QOPTION>

NAN66G07 -

HOLDC1 PAR-LIST '3 * 3;

AMETAN-PAR-LIST = VARIABLE «[*1,-[(DECLAREYJ-] $ (',' VARIABLE

2006300~

o[*1,-C(DECLARE)JI-1)3

Source

FUNCTION PATH1 (WAY)
IF CAR WAY = FINISH THEN WAY ELSE
BEGIN SYMBOL X,Y; FOR X IN GRAPH DO
IF CAR X = CAR WAY
AND NOT MEMBER(CDR X,WAY) AND Y«PATH1(CDR X . WAY) THEN
RETURN Y END ;

Intermediate

(FUNCTION PATH1 (WAY)
(TF (EQ (CAR WAY) FINISH)
WAY (BIOCK ((X SYMBOL) (Y SYMBOL))
(FOR X (IN GRAPH) :
(IF (AND (EQ (CAR X) (CAR WAY))
éNOT (MEMBER (CDR X) WAY))
SET Y (PATHL (CONS (CDR X) WAY)))) (RETUIN Y))))))

*y "'
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Source

INTEGER FUNCTION SUMSQUARE(X(I))
BEGIN INTEGER Y,J; ‘
FOR J~1 STEP 1 UNTIL I DO Y~¥+X(J)t2;'
RETURN ¥ END ;

Intermediate

(FUNCTION (SUMSQUARE INTEGER)
((X INIEF I))
(BLocK ((Y INTEGER) (J INTEGER))
(FOR J (1 STEP 1 UNTIL I) (SET Y (PLUS Y (EXPT (X J) 2))))
(RETURN Y)))

Source

NOVALUE FUNCTION MATRIX.MULTIPLY(X,Y,Z,L,M,N) REAL ARRAY X,Y,Z;
INTEGER L,M,N; LOC Z;
BEGIN INTEGER I,J,K; Z-MAKEARRAY(L,N, 'REAL);
FOR I~l STEP 1 UNTIL L DO
FOR K1 STEP 1 UNTIL N DO
FOR J+~1 STEP 1 UNTIL M DO
Z(I,K) «~ 2(1,K) + x(1,3) * Y(J,K) END ;

Intermediate

(FUNCTION (MATRIX.MULTIPLY NOVALUE)
. ((X(ARRAY REAL)) (Y(ARRAY REAL))(Z(ARRAY REAL)LOC)
(L INTEGER) (M INTEGER) (N INTEGER))
- (BLocK ((I INTEGER) (J INTEGER) (K INTEGER))
gsm Z (MAKEARRAY L N (QUOTE REAL)))
FOR I (1 STEP 1 UNTIL L)
(FOR X (1 STEP 1 UNTIL N)
(FOR J (1 STEP 1 UNTIL M)
(SET (2 IK) (PLUS (ZIK) (TIMEBS (X I J) (XY TK)))N))))
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3.27 FREE DECLARATIONS

A AN140A-FREE-DECL~-LIST = <FDL1> PROCESSC] « (DECLARE,=-[*11-133
AAN150%-FDL1 = FREE-DECL (FDL1 \.EMPTY)3}

AR 6AN-FREE-DECL = (¢ 'DECLARE' (FREE-VAR-DECL/VARIABLE-LIST) /
AAATAR - FREE-VAR=-DECL) '3 ‘3

B0N1300-FREE-VAR-DECL = FREE-ARRAY-DECL\FREE-SIMPLE-DECL3
APA190G-FREE-ARRAY-DECL = <ARRAY-TYPE (MODE/.EMPTY)> HOLDC]J
A0A2340 - ARRAY -VAR=-LIST3 .
AR02100-ARRAY-VAR-LIST. = ARRAY-VAR $ (', * ARRAY-VAR)}

? AN2200-ARRAY -VAR = VARIABLE (°'[* NUM-LIST *J°*' ('+<' <ARRAY/FUNCTIONAL>

A N2300 - e(*3,-L(DECLARE)J -, [CREATE, -(*2]-, «[QUOTE> (ARRAY-T) ]
A 2400~ s=[*11-31 /

A AN2500 - «EMPTY .[%2,~[ (DECLARE)Y]-, +{CREATE,~-(*11]-»

AAN260N - «LQUOTE,» CARRAY-T>111) 7/

ANA2TAN - «EMPTY «[*1,-0L¢(DECLAREY1I=~1)3

NHN2300-NUM-LIST = <NUM $ (*'> * NUM)I>3
ANN290NA-NUM.s DGT $ DGT MAKEATOMLI3

A M3ANN-FREE-SIMPLE-DECL = <TYPE (MODE/.EMPTY)>/MODE TYPE-OPTION>

QaN3100- HOLDC] FREE-LIST:

am3200-FREE-LIST = FREE-VAR % (', ' FREE-VAR)3;

A M330A-FREE-VAR = VARIABLE ('« * F-EXP +(*2,~-[(DECLARE)I=-,%*11/
AAN3 400 - «EMPTY «(%*1,~-L(DECLAREY1~-])3

ABA3SAA-SYNONYM~DECL = VARIABLE '==* VARIABLE .[*2,MEANS,*113
AAA36AA-TYPE~-OPTION = TYPE/.EMPTY 3 4

A M3TNA-TYPE = ARRAY-TYPENFORMAL-TYPENSIMPLE-TYPES
AAA38AA-SIMPLE-TYPE = t°'REAL'/t'INTEGER'/ * *SYMBOL '/

ABA3ING~ t 'BOOLEAN'/1t 'OCTAL '3

0 RAANA-ARRAY~-TYPE = (¢t 'FORMAL'/SIMPLE-TYPE) °*ARRAY' .[(ARRAY,*11;
A MAa13A~-FORMAL-TYPE = (t *NOVALUE"*'/t *FORMAL */SIMPLE-TYPE)

A MNAL2A0 - *FORMAL ' '(* <INDEF-PAR-TYPE PAR~-TYPE-LIST> *)°
7 AAA3NA - « LFORMAL, %2, -[%11-13

A ON44n0- INDEF-PAR-TYPE = PARAMETER-TYPE ‘INDEF*' (', '/ <EMPTY)
AANDASHA - e[¥1, INDEFIN.EMPTY

ANN46AA~PAR-TYPE=-LIST = PARAMETER=-TYPE $( ‘', * PARAMETER-TYPE)/ +EMPTY;
AARATAN-PARAMETER-TYPE = F-TYPE (°'LOC' .(*1,LOC1/.EMPTY) /
AAAARGA - t'LOC' (F=-TYPE «[%x1,%11/.EMPTY)}
AAN490A-TRANSMISSION~-MODE = t'LOC"*/+EMPTY}

B oASAINA-F-TYPE = t*FORMAL '/SIMPLE-TYPES

75190 -VALUE-TYPE = t *NOVALUE'/F-TYPE3

0 M5200-FREE-STORAGE-MODE = t 'O%WN‘'/STORAGE~-MODE3}
AoAS3NA-STORAGE-MODE = t°*FLUID'/.EMPTY3

P0A5400-VARTABLE-LIST = *'C* < VARIABLE % (',' VARIABLE) > ")'3
A mss50n-MODE = t'LOC' FREE-STORAGE-MODE/

ANAS6AN - CT'OWN'/T*'FLUID"'Y TRANSMISSION-MODE}
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Source

INTEGER ARRAY P[4]; BOOLEAN W,Y~TRUE,Z-FALSE; REAL A,Bw3.1k;
SYMBOL D«CAR X . Y,E; OCTAL FLUID L,M-~T7Q3; INTEGER OWN Q-5E3;

Intermediate

(DECLARE (P (ARRAY INTEGER) (CREATE 4 (QUOTE INTEGER)))
W BOOLEAN)
Y BOOLEAN TRUE)
Z BOOLEAN FALSE)
A REAL)
B REAL 3.1k4)
D SYMBOL (CONS (CAR X) Y))
gE SYMBOL)
L OCTAL FLUID) (M OCTAL FLUID 77Q3) (Q INTEGER OWN 5E3))

Source

BOOLEAN ARRAY I[4]-[BOOLEAN TRUE FALSE NIL ()J;
REAL X,Y; INTEGER FLUID A,B; LOC X,A-L(M,N);

Intermediate N ‘ <u/

(DECLARE (I (ARRAY BOOLEAN) (CREATE 4 (QUOTE BOOLEAN) [TRUE FALSE NIL NIL]))
(X REAL LOC) ,
(Y REAL) (A INTEGER FLUID LOC (L M N)) (B INTEGER FLUID))

3.28 'SECTION DECLARATION

AAA1190-SECTION-DECL = <TYPE-OPTION> 'SECTION® SECTION-NAME
AAA1200- «[SECTION,*15,-(%11~13 ’
AN 3AB-SECTION-NAME = *°*NIL'/NAME-LIST3

Source ‘ Intermediate
REAL SECTION X,Y,Z; (SECTION (X Y 2) REAL)
SECTION A o (sECTION(A))
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3.29 THE TOP LEVEL EQUATIONS OF LISP 2

AAANAN- «METACLISPIT PROGRAM)

AANA2AN-PROGRAM = $ (-°'STOP*' (DECLARATIVENEXPRESSION) C'3 '/ LEMPTY)
AANAIA0 - COMPILEC]Y °*STOP' .[STOP] COMPILECI3

B33 40N -DECLARATIVE = SECTION-DECL\FREE~DECL-LIST\FUNCTION-DECL\
AARNSAN- MACRO-DEF\NINSTRUCTIONS-DEF\LAP-DEF\SYNONYM-DECL3
ANRN6AN-MACRO-DEF = ( *SYMBOL */.EMPTY) °MACRO' VARIABLE °'(' VARIABLE DI
NOAANTAR - EXPRESSTION ILMACRD,*3, +[*21,%1133

AnAA3AN~-INSTRUCTIONS-DEF = (¢ *NOVALUE®'/+EMPTY) °*INSTRUCTIONS' VARIABLE
200900 - EXPRESSION o[INSTIUCTIONS, .[*2,NOVALUEI,NIL,*113
AAN1ABA-LAP-DEF = °'LAP*® (' .LLAP, .(READ] 1 ") '3

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 i1s the top level syntax equation.

PROGRAM is a sequence of declaratives 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 call on (STOP) being produced that is used to terminate compilation
vhen the intermediate language is given to the compiler. The final example
shows a trivial program which finds 3! iteratively and recursively.

LISPII (TTY TIY) -
INTEGER FUNCTION FACTORIAL(N);
BEGIN INTEGER X,I « 1;
FOR X < 1 STEP 1 UNTIL N DO
I ~ I % X; RETURN I END;
1;'@):():&1:101\: (FACTORTAL INTEGER)
N
BLOCK §(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 (RFACTORIAI INTEGER)
§(N)) (IF EEQ N ¢) 1 (TIMES N (RFACTORIAL (DIFFERENCE N 1)))))
FACTORTAL(3); RFACTORIAL(3); STOP
(FACTORIAL 3)
(RFACTORIAL 3)
(sToP) '
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Throughout the syntax equations the slash is used to separate alternatives,
The careful reeder will have noticed that two types of slashes are used to
seperate 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 feils, G is tried, etc. ’

Figure 1. Controlled Backup Feature
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APPENDIX A

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

ANAA1 AA- METACLISPII PROGRAM)

ANAN20A-PROGRAM = $ (-°'STOP' (DECLARATIVENEXPRESSION) ('3 '/ .EMPTY)
AARA3IAA~ COMPILEL]Y *STOP' .LSTOPJ COMPILECL 13

AAANANN-DECLARATIVE = SECTION-DECL\FREE-DECL-LIST\FUNCTION=-DECL\
AAAASNA -~ MACRO-DEFNINSTRUCTIONS-DEF\LAP-DEF\SYNONYM-DECL 3
ANNN6AN-MACRO-DEF = ( *SYMBOL '/.EMPTY)> °'MACRO' VARTABLE '(°* VARIABLE *')'
AAAATAR - EXPRESSION I[MACRO»*3, «[*21,%113
AAAARAA~-INSTRUCTIONS-DEF = (¢ *NOVALUE'/.EMPTY) ‘'INSTRUCTIONS' VARTARLE
NAAAAN - EXPRESSTON +LINSTRUCTIONSs « (%2, NOVALUEJ>NILs*113

2031990 -LAP~-DEF = °'LAP* *¢* .L{LAP, LREAD} 1 ')>'3
ABA1190-SECTION=-DECL = <TYPE-OPTION> °*'SECTION' SECTION-NAME

ABA1200~ o[SECTION»*)5~-[*1]~133

AA300-SECTION-NAME = t *NIL'/NAME-LISTS

N AN140Q-FREE~DECL-LIST = <FDL1> PROCESS[(] .C[DECLARE,-[*1]-13
AAA153A~-FDL1 = FREE-DECL (FDL1 \.EMPTY):

A3B3160A~-FREE-DECL = ( 'DECLARE' (FREE-VAR-DECL/VARIABLE-LIST) /
2700 - FREE-VAR-DECL) '3 '3

AAA130A-FREE-VAR-DECL = FREE-ARRAY-DECL\FREE-SIMPLE-DECL3
ARA1900~-FREE-ARRAY-DECL = <ARRAY-TYPE (MODE/.EMPTY)> HOLDL]

2002307A- ARRAY-=VAR=-LIST3

ANB21A0-ARRAY-VAR-LIST = ARRAY-VAR $ (', ' ARRAY~-VAR):

7 aN2200-ARRAY-VAR = VARIABLE ('C' NUM-LIST *J]*' (°'«' <ARRAY/FUNCTIONAL>

A M230A~ o[*3,-L(DECLARE)]~5 . [CREATE, =[*2J-, .[QUOTE, (ARRAY-T) ]
0 #2400 - s=-[*11=-11 7/

0 32500 - «EMPTY [%2, ~-[ (DECLARE)J -, .ICREATE,=-(*1]-,

NAB26A% ~ +[QUOTE>, CARRAY-TY111) 7/

20227372 - « EMPTY +l%1,~C(DECLAREY1=~1)3

AAA230A-NUM=-LTIST = <NUM § €', ' NUM)>3

ANA290A0-NUM.. DGT $ DGT MAKEATOML 13

A M3ANA-FREE-SIMPLE-DECL = <TYPE (MODE/.EMPTY)/MODE TYPE-QPTION>
AAA3100=~ HOLDCJ] FREE-LISTS

A M3200-FREE-LIST = FREE~-VAR § (', * FREE-VAR)}

A MA33AA-FREE-VAR = VARIABLE ('«' F-EXP +(*2,-[(DECLARE)1-,%11/
AAA3 4NN~ «EMPTY «(%1,-[(DECLARE)]-1)} ,
APA3SAN-SYNONYM-DECL = VARIABLE '==' VARIABLE .(*2,MEANS,*11;
AAA3I60A-TYPE-OPTION = TYPE/.EMPTY 3

AM3TA0A-TYPE = ARRAY-TYPENFORMAL-~TYPE\SIMPLE-TYPE}
AAA3RAD-SIMPLE-TYPE = t'REAL '/t *INTEGER '/ 1t *SYMBOL '/

AAA3IINA- t 'BOOLEAN'/t 'OCTAL '3

A MANAN-ARRAY-TYPE = (t *FORMAL'/SIMPLE-TYPE) 'ARRAY' .[LARRAY,*11l;
N MA13A-FORMAL~-TYPE = (t '‘NOVALUE'/* *FORMAL '/SIMPLE-TYPE)

7 N 4200 - ‘FORMAL' '(' <INDEF-PAR-TYPE PAR-TYPE-LIST> ')
7 ANA3GA - +LFORMAL, %2, ~[(%11-1} '
N OR4400- INDEF=-PAR-TYPE = PARAMETER-TYPE 'INDEF' (', '/ .EMPTY)
AR ASAN - L¥1, INDEFIN.EMPTY}

AAR46NN~PAR-TYPE~LIST = PARAMETER-TYPE $¢ ', ' PARAMETER-TYPE)Y/ JFEMPTY:
AARATAN-PARAMETER=-TYPE = F=-TYPE ('LOGC* o(*1,L0C)/ EMPTY)Y /

AAA ARG - T'LOC' (F=TYPE o[%l,%11/EMPTY))
AAN490A~-TRANSMISSION-MODE = t'LOC'/.EMPTY3
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A MSANR-F-TYPE = **'FORMAL '/SIMPLE-TYPES

7 M5100-VALUE-TYPE = 7'N0VALUE'/F TYPE3

A M520A-FREE-STORAGE-MODE = t*0OWN'/STORAGE~-MODE3

3 S309-STORAGE-MODE = t'FLUID'/.EMPTY3

00054303 -VARTABLE=LIST = *C* < VARIABLE $ (', ' VARIABLE) > *)'3
@ MSSAB-MODE = t'LOC' FREE-STORAGE-MODE/ ‘

ABBS600D - (T *OWN'/t*FLUID') TRANSMISSION-MODES}

A AASTAA-FUNCTION-DECL = (VALUE-TYPE °'FUNCTION® VARIABLE ol%1,%1] /
AARS]G0 - ~ 'FUNCTION' VARIABLE)Y PAR-NAME=LIST ('3 '/ .EMPTY)

2AASAA~ PAR-DECL-LIST +[-[*2])-,~[*1]~] PROCESS(]

2OB6AGN - <EXPRESSION/C '3 '/ EMPTY)> [FUNCTION,*3,%2,~(%x11~-13
ANB6130-PAR-NAME-LIST = '(' <I~-PAR $ (', ' VARIABLE +[*11)/.EMPTY> °*)°‘s

ANA6200~-1-PAR = VARIABLE (*C¢*' IDENTIFIER ')' C#*2,INDEF,*11/
ANA63ND - «EMPTY ol¥11] )3

ARA6ANA-PAR-DECL-LIST = <PAR-DECL $ PAR-DECL /.EMPTY> 3
AM65AN-PAR-DECL = <TYPE (MODE1/.EMPTY)/MODE1 TYPE-OPTION>

ANN 66030~ HOLDC1 PAR-LIST '5°* 3
AM6TAN-PAR-LIST = VARIABLE .[*1,-[ (DECLARE)]-1 % (', ' VARIARLE
ANAEIAD ~ «[*1,-[C¢(DECLAREYJI-1)} :

AAR69DA~-F~-EXP = FUNCTIONAL\NEXPRESSIONS
AMTAAA-EXPRESSION = BLOCK/COND= FXPRESSION/SIMPLE EXPRESSTONS

AAT1AA-BLOCK = ‘BEGIN®' (BLOCK-DECL/.EMPTY .([1)
noAT200 - < $C(-'END' STATEMENT ('3 '/.EMPTY)>) > ‘'END*
ANR7210- «[BLOCK>*2,=-[%11-13

ANAT3IAN-BLOCK~DECL = <BLOCK=-VAR-DECL $%$ BLOCK- VAR DECL> PROCESS(113

A M7T4A7A-BLOCK~-VAR-DECL = (SWITCH=-DECL\BLOCK-ARRAY-DECL\

ABA7500 - BLOCK~-SIMPLE-DECL)Y '3°*' 3

ARNT60A-BLOCK-ARRAY -DECL. = <ARRAY-TYPE (MODE1/.EMPTY)>> HOLDC]
AAATTING - ARRAY-VAR-LISTs :
ANQ7300-BLOCK-SIMPLE-DECL = <TYPE (MODE1/.EMPTY)/MODEt1 TYPE-OPTION>
A0A7907 - HOLDL] BLOCK=-LISTs ‘

A0NRAAA-BLOCK-LIST = BLOCK-VAR $ (', ' BLOCK-VAR)}

ARAR103-BLOCK~VAR = VARIABLE ('~* F-EXP +(*2,~-[(DECLAREYIJ=~,%*11/
A0RR2AN~ T *ASSIGNED' F=EXP o[%3,%2,%11 /

A 3AA- e EMPTY o[%*1, [ (DECLAREY1I=1)13

A OB AAA-MODEL1 = t'LOC' STORAGE-MODE/t® 'FLUID® TRANSMISSION-MODES
AAA3SAA-SWITCH~-DECL = °*SWITCH® IDENTIFIER '~' NAME-LIST '3

BAAR6AA ~ o[L*x2,SWITCH, ~[*11-13

AAABRTAN-NAME-LIST = < IDENTIFIER $ ('s "' IDENTIFIER) >3

D ARRAN-STATEMENT = COND-STATEMENT\SIMPLE-STATEMENT3

B MEIBG :
COND=-STATEMENT = [F-STATEMENT/FOR-STATEMENT/LABLE COND-STATEMENT:
A009AAA-IF-STATEMENT = 'IF' C-CLAUSE (°*IF' <C-CLAUSE $C'IF' C-CLAUSE)Y >
2 AI1070 - ('ELSE® STATEMENT o[IF,*4,*%35-(%2]~-,%11 /.EMPTY

7 mMI207 - e[IF,*3,%2,~[%11=-1)/"ELSE* STATEMENT

AARIZANA~ eLIFs*3,%2,%13/EMPTY LIFs*2,%1])3

ANA9 4AN-C~-CLAUSE = EXPRESSION °'THEN® SIMPLE-STATEMENT}
AAASAR~-LLARLE = IDENTIFIER ': '3

o
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2 M96A7-SIMPLE-STATEMENT = ('GO*' NAME-EXP +LGO,*11 /

AAA9 T1AA - '‘RETURN®* EXPRESSION L[RETURN,*1J /

AAAIRAN - *TRY ' STATEMENT '3 ' FULL-LOCATIVE ‘3 ‘' STATEMENT
ABAI9AA~ «LTRY,»*3,%2,%1] / '

AA1A0A7~ *CODE* '(*' J(CODEs, LREAD] 1 *>*" ) N\

2210190~ LABLE SIMPLE-STATEMENT \

AN A200- SIMPLE-EXPRESSIONS

AMNB3INN-FOR-STATEMENT = *FOR' VARIABLE (°‘+~'/.EMPTY) <FOR-LIST> 'DO’
29104060~ STATEMENT «CFOR,*3,~-[%2]=-,%11]3

DM A533-FOR-LIST = FOR-ELEMENT % (', ' FOR-ELEMENT)3
72103600-FOR-ELEMENT = <(t*IN'/t'ON'Y EXPRESSION TERM-ELEMENT> \
M aTan- €' "Y' JONILD N

22138030~ < (EXPRESSTONN.EMPTY) (t'STEP' EXPRESSION
2310900~ (t'UNTIL' EXPRESSION/.EMPTY) /

an11a00- (t 'RESET' EXPRESSION/.EMPTY))> TERM-ELEMENT> \
2011100~ <EMPTY .[13

2A011200-TERM=-ELEMENT = (* *WHILE'/t *UNLESS"*) UNION/.EMPTY3
nAL 1300

COND-EXPRESSION = ‘'IF' X-CLAUSE ('IF* <X-CLAUSE $C'IF' X~CLAUSE)>>

2011400~ ('ELSE"' EXPRESSION [IF,%4,%3,-[*%2]1~,%1] /.EMPTY
A211500- eLIFs*3,%2,-[%1]J=~1)/'ELSE' EXPRESSION
AMN1660- fLIFs*35 %2, %11/ EMPTY J[IF»%2,%11)3

A211700-X-CLAUSE = EXPRESSION 'THEN' SIMPLE-EXPRESSIONS3
A3118003-FUNCTIONAL = °*FUNCTIONAL® *(*' EXPRESSION ‘3 * FUNARG-LIST ")°

23119093~ «LFUNCTIONAL,*2,~[x13-1 /

AR120074 - (VALUE-TYPE °*FUNCTION' (VARIABLENFALSIE) .[%1,%11/
2712100~ 'FUNCTION' (VARIABLENFALSIE)) PAR-NAME-LIST ('3 '/ .EMPTY)
0012220~ PAR-DECL-LIST .[-[%2]-,-[%*1]~-] PROCESSL] '(*' EXPRESSION
7012300~ ('3 " FUNARG-LIST +CFUNCTION, *4,%3,*2,-[x11-1 /

2712400 - «EMPTY JLFUNCTIONs*3,%2,%11 ) °*)';

AA12507~-FUNARG-LIST = <VARIABLE & (', ' VARIABLEI\N.EMPTY>3
aA2603-SIMPLE-EXPRESSION = UNION ('. * SIMPLE-EXPRESSION

212700 - «LCONS,*2,%11 /.EMPTY )3

AA128AA-UNION = INTERSECTION ('OR" <INTERSECTION $ ('OR' INTERSECTION)Y>
AN 2900~ e[ORs»*2, ~[*11-1/EMPTY )3

07130073~ INTERSECTION = NEGATION ¢ *AND* <NFEGATION $ ('AND® NEGATION)>
313100~ «LANDs %2, ~L%11-1/.EMPTY )3

2213200-NEGATION
A M330@-NEGATIVE
AP13409-RELATION

"NEGATIVE/RELATIONS
C**NOT*/*°'NULL ") NEGATION o(%2,%113
SUM $C(*'/="' tNQ/'="' tEQ/ '<=" t1.Q/"'<*' 1.5/

wouon

hA13500- '>=* tGR/ > TGRY SUM [ *2,%2,%1] )3
AA1363G-SUM = SUM1 ¢'+*' < SUMI $ (C'+°* SUM1)Y >
AN13700- eEPLUS, %2, ~[*11~1 /.EMPTY)3

A713R800-SUM1 = FACTOR $ (*'-* FACTOR +[DIFFERENCE,*2,%1] )3
#M1390A-FACTOR = FACTOR1 ('%' < FACTOR! $ ('x' FACTOR1) >

001 4000 - «[TIMES,%2,~[(%x11-] /.EMPTY)} '
AA14100-FACTOR1 = PRIMARY S$C¢('/' tQUOTIENT PRIMARY\'\*' tREMAINDER
a1 4250 - PRIMARY\ '~:* tIQUOTIENT PRIMARY) «[%2,%2,%1] )3

ARl 4393-PRIMARY = '+*' PRIMARY/'-' PRIMARY .[MINUS,x1] /

231 4400 - t"ATOM* PRIMARY «[(*2,%1] / _

AR 4507 - UNIT ('t ' PRIMARY +LEXPT,%2,%1] /.EMPTY)3




15 April 1966 26 TM-2710/331/00

NP1 4600-UNIT = NEGATIVE/CONSTANT/ *(* EXPRESSION *')*' /BLOCK/

oGl 4700 - LOCATIVE ('«"' F~EXP +[SET»*2,%11/.EMPTY)3
A7214800-LOCATIVE = LIST-LOCATIVENWORD-LOCATIVES

AN14900-LIST-LOCATIVE = (CR=EXP\t'PROP*) (LOCATIVEN'(' EXPRESSION *)°

a1 5000~ ) J[H2,%113

AN1510D=CR=EXPes +'C*' (+'A'/+'D") $(+ A'/+°'D')Y +°'R°’

a1 5200~ MAKEATOML 13

AA153030-NORD-LOCATIVE = **BIT' ‘(' EXPRESSION ‘', ' EXPRESSION
A015400 - s ' WORD-LOCATIVE ")*' [%4,%«3,%2,%11]1 /

0215500 - t'CORE" *'(' EXPRESSION ')*' (*2,%1] 7/

2215690~ FULL-~LOCATIVE:

AN1573@~FULL-LOCATIVE = NAME-EXP (‘'+«' FULL-LOCATIVE +[LOCSET,*2,%*11/
AA1 5800~ « EMPTY )3 4

AA15930~NAME~EXP VARIABLE ('(' CALL-PART *)°* +[%2,-[%1]1-3/.EMPTY);
n316A90A-VARTABLE IDENTIFIER ('$* (IDENTIFIER {EXTERNAL>*2,%*11/
oA16100-" *$' JLEXTERNAL,*11) /.EMPTY )3

AA1620A-CALL=-PART = < F-EXP % (', ' F-EXP)\.EMPTY >3

AN1630A-CONSTANT = SIMPLE~-ATOM/QUOTED=-EXP3

i

 O016407A-QUOTED-EXP = '**' S~-EXPRESSION [QUOTE,*1133
AN16500-S-EXPRESSION = ATOM/LI1ST3
A0166AA-L1ST = *(* < S-EXPRESSION $ S-EXPRESSION
AN 6720~ (+'s ' S-EXPRESSION/.EMPTY) > *')' 3

A7A16300-ATAM = SIMPLE-ATOM\NIDENTIFIER\NC-ATOM\<FUNCTION-SPEC>\<ARRAY>}
A1 6903-C-ATOMee +°***'* ANY MAKEATOML 13

AA1790A3-SIMPLE-ATOM = BOOLEAN\NUMBER\STRING?

A21710A-1DENTIFIER.s LET $ (LET/DGT/+°'.°') MAKEATOM[] RESERVEDL] /
7317200~ +'%Z' SIMPLE-STRING MAKEATOMC( 13

#217302-STRINGes SIMPLE-STRING $ (SIMPLE-STRING SCONSL*2,%11)
2017400~ MAKEATOML 13

AA175A-SIMPLE=STRING = +'#°* $_(?'#' (-''"" ANY/DELETEX ANY)) +'#°s
7A17683-BOOLEAN = t'TRUE'/FALSIES

0317700-FALSIE = ('FALSE'/°'NIL*'/°'C' *)>') tNIL3

N1 733A-NUMBERee C('+'/+'~'/.EMPTY) (REALNOCTAL\NINTEGER) MAKEATOM£33
AA17990-REAL = REAL-MANTISSA REAL-EXPONENT3

AP18A2A-SIGN = '+ '/+'=-*'/.EMPTY3

AA18100-REAL-MANTISSA = +'. ' UNSIGNED-DECIMAL/UNSIGNED-DECIMAL +°*+°*
7218200~ (UNSIGNED-DECIMAL/ «EMPTY) 3

?B318330-REAL-EXPONENT = +'E' SIGN UNSIGNED- DECIMAL / «EMPTY3
3718420~ INTEGER = UNSIGNED-DECIMAL DECIMAL-EXPONENT3
An1850A-DECIMAL~-EXPONENT = +'E*' (UNSIGNED-DECIMAL/+.EMPTY)/ <EMPTY3
N3186A7-UNSIGNED-DECIMAL = DGT $ DGT 3

AM18T0N-0CTAL = OCT $ OCT +'Q' (UNSIGNED-DECIMAL/ EMPTY)3

AN 8RAA-LET = ISITILETTER,TIs DGT = ISITIDIGIT,TIs

AN1890A~-0CT = ISITLR,TI}

A21903A-FUNCTION=SPEC = *'[*' 'FUNCTION® '¢* VARIARBLE

0319100~ VALUE-TYPE t')' INDEF-PAR-TYPE ﬁPARAMFTFR-TYPF
an19200 -~ t'J*

AA1930B~-ARRAY = t'[ *(NUMBER-ARRAY/BOOLEAN- ARRAY/FO%MAL ARRAY/
nB19400) ~ SYMBOL-ARRAY)Y t']1°* 3

B719500-NUMBER-TYPE = t'REAL '/t *INTEGER'/*t'0CTAL '3
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A2196AA-NUMBER-ARRAY = NUMBER-TYPE ($ NUMBER/$ NUMERIC-ROW)3
A21973A-NUMERIC~-ROW = t*[* (NUMBER $ NUMBER /

20198300~ NUMERIC~-ROW $ NUMERIC-ROW ) t°*'3°* 3
AR199AA-BOOLEAN-ARRAY = t *BOOLEAN' ($BOOLEAN/$ BOOLEAN-ROW)3
NN2AAAA-BOOLEAN~-ROW = t [ *(BOOLEAN $ BOOLEAN /

320100 - BOOLEAN-ROW $ BOOLEAN-RQW ) t*]' 3
0020200-FORMAL-ARRAY = t*'FORMAL' $ (+*'x*' FUNCTION-SPEC)

BA20307 - $ FORMAL-ROW t*1* j

2020 400-FORMAL-ROW = t*'[*(t'«x' FUNCTION-SPEC $(t'%x' FUNCTION-SPEC)
aA2G500 - /FORMAL~-ROW' $ FORMAL-ROW) t*'31°* 3
AA206AA-SYMBOL-ARRAY = t*'SYMBOL® ($ SYMBOL-ELEMENT/$ SYMBOL-ROW):
na2Zo700-SYMBOL-ELEMENT = SIMPLE-ATOM/IDENTIFIER/LI1ST

2320807~ / $ (FUNCTION=-SPEC/ARRAY) 3
N3209033-SYMBOL-ROW = ¢*[ *(SYMBOL-ELEMENT $ SYMBOL-ELEMENT /
2921000~ SYMBOL-ROW $ SYMBOL-ROW) t*1°* 3

AN21100~-.FINISH
nA2120@-.STOP









