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detail with a description of MOL-32, which is such Y

. a language for the Q-32.

A compiler for this lang-

uage has been implemented and is being used in our

research to write library routines for the META

compiler; the MOL-32 compiler will not be released

for general use,

1. INTRODUCTION

This document is not intended as a user's manual but rather as an explana-
tion of a part of the work done in extending META compiler techniques. 1In
a higher-level machine-oriented language, the operations and types of data
are the same as those of the machine, but the format of the language is
similar to that for a procedural compiler language, such as ALGOL or JOVIAL.

Henceforth, machine-oriented language is referred to as MOL.

Arithmetic

calculations are written in the form of assignment statements. The flow
of control is handled by Boolean expressions together with if statements,
for statements, and loop statements. Direct code is allowed to give the

user complete control over the machine,

The reason for using assembly language, as opposed to a machine-independent
language, is that (1) the efficiency of the resultant program is of prime
importance and (2) the program cannot be expressed naturally in a machine-
independent language, to wit, recursive subroutines in JOVIAL or fixed-

point arithmetic in FORTRAN.

Most of the programming which is now being done in assembly language could
be done in a higher-level MOL. At present we are using MOL-32 to write
library routines rather than entire programs. Since the purpose of these
routines is to store and retrieve information in a manner that is efficient

for the Q-32, tney could not have been implemented in a machine-independent
language. This mesns parts of the syntax of MOL-n would be changed if it

were implemented for computer m.
A-2450 4/65 :
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2.  DESCRIPTION OF MOL=32

A program written in MOL-32 consists of a declaration followed by a sequence

of procedures and ended by the word .STOP. Blanks are ignored, except within
strings. Let us get the flavor of the language by examining a sample procedure,
The purpose Of the provedure ahown in Figure 1 is o Yesd & line from teletypa
and to unpack it into an area specified as a parameter. A flow chart is given
to assist in explanation. In actual practice, flow charts are unnecessary,
because the flow of control is graphically expressed by conventions of inden-
tation,

In the procedure shown in Figure 1, there are several reserved words. These
words are listed below: ' '

»LOCAL «EXIT .FOR +THEN JIF
.FROM «END +RETURN +ELSE

All reserved words of the language begin with a period so that the user does
not have to worry if he is using a reserved word for one of his identifiers.
This is especially important because we are continually adding new reserved
words to the language.

2.1 SUBROUTINE LINKAGE

Parameters are passed to subroutines by means of a celling sequence. This
means that parameters are supplied in consecutive words after the instruction
that branches to the subroutine. Usually these parameters are addresses which
are set up at compile time. The subroutine being called uses these addresses
to obtain a value or as a location into which to store a value. Literal in-
tegers are also passed by putting them directly in the calling sequence.
Another type of parameter which is often passed to a subroutine is a string.
This consists of one word containing the number of characters in the string,
followed by the characters of the string packed eight per word. Actually, any
type of data can be put in a calling sequence so long as the routine being
called has instructions to pick it up correctly.

Now look at Figure 1. The name of this procedure is TTYIN. It has one para-
meter, which is the address of the first word of a T2-word block into which the
typed line is to be read, one character per word in the rightmost byte. A
future version of MOL-32 will allow the names of formal parameters to be writ-
ten within the parentheses which follow the name of the procedure being defined.
The current compiler requires the user to write instructions to pick up these
parameters. In Figure 1A these instructions appear in line 34,



:.RETURN

. ITYINC): .LOCAL BUF(18), AREA, Ts
ITLTY :=C'META 16TNSTATO@MOVE 66TELTYP INPUT 4 COREIX1'»

#BUF) 3

"AREA 3= [+EXITI3 <EXIT 3= EXIT+13

SPEAK(C'")3; <LDA CITLTY)Rs; BUC 202;3>
$1 := AREA3 $J := #BUF; :

- AR1 := AREA + 725 EXPLODEX(O); T := @3

OFOR SI OTO 710
VllF T=0 ) ‘ -
' .THEN «IF CAREA+SI] = 63

+ELSE [AREA+SI] 1= ° *3 END +END’

Pigure 1A. A procedure in MOL-32 which reads a line "
.. ... from the teletype and unpacks it into an’
' area speclfied as a parameter. :

«THEN T $= 13 C[AREA+SI] := °* ’s <END

996T 3sniny 2T
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Figure 1B. A flow chart of the procedure to assist in

explanation of the language. In actual

practice, flow charts are unnecessary because
the flow of control is graphically expressed
by conventions of indentation.
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2.2 THE ASSIGNMENT STATEMENT

The colon-equal (:=) is used in the assignment statement, just as in ALGOL.
JOVIAL uses a single equal sign (=) for assignment, but we are using the equal
sign for the relational operator which JOVIAL calls EQ. In line 3l of Figure
1A the word AREA is a local variable into which the parameter is stored. The
square brackets around .EXIT indicate indirect addressing. The second assign-
ment statement in line 34 adds one to the exit address so that control returns
to the first word beyond the parameter. '

In the current version of MOL-32 parentheses are not allowed within the expres-
sion on the right side of the assignment statement. All operations are performed
from left to right without regard for precedence of operators. This simplifi-
cation was made so that the compiler would not have to allocate temporary
storage. A future version of MOL-32 will allow parentheses and follow the usual
conventions for precedence of operators.

2.3 RELATIVE ADDRESSING AND INDIRECT ADDRESSING

An identifier followed by an expression enclosed in square brackets ([]) refers
to a word whose address is obtained by adding the value of the expression to the
address assigned to the identifier. For example, if AREA has been assigned the
address 4050, then -

AREA [25] := X;

means to store the contents of X into location L4075. Any iegal arithmetic
expression can occur between the square brackets.

An expression enclosed in square brackets but not preceded by an identifier
indicates indirect addressing. For example, '

X = [Y] ;

means to store the contents of the contents of location Y into location X. Any
legal arithmetic expression can occur between the square brackets. Two levels
of indirect addressing are shown in the example below: ‘

X := [[Y]] ;

2.4 THE LOCAL DECLARATION

Now consider the local declaration which begins on line 31 of Figure 1lA. The
- entries of the declaration are separated with commas (,); the declaration ends
with a semicolon (;) on line 33. The first entry reserves a block of ten words,
- where BUF is the address of the first word. The second entry reserves one word
to be called AREA, and the third reserves a word to be called T. Remember that
. we previously saw the identifier AREA in an assignment statement. The fourth
and last entry says that ITLTY is the address of the first word of a block of

/
/
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preassigned data. In a declaration, the colon-equal indicates preassigned data,
whereas in the body of a procedure it indicates an assignment statement. The
open parenthesis after the colon-equal indicates that more than one piece of
preassigned data is to be given., The first pilece of data is a long string of
characters enclosed by single quotes. This is stored eight characters per word,
and the last word is filled in with blanks on the right. The second piece of
data is an address constant, #BUF, which is a word that contains the address of
BUF in its address part. A programmer familiar with the Q-32 may recognize the
preassigned data as a move call for the teletype.

Line 35 contains a call to the subroutine SPEAK. One argument is given to the
subroutine, and this argument is a string consisting only of the single character
bell. You cannot see this character in the listing, but you can hear it as the
listing is being typed out. Usually one can see the characters inside a string,
8o it is especially unfortunate that this situation occurred in a procedure
chosen for an example., The purpose of the procedure SPEAK is to print the given
character string on the teletype or, as in this case, to ring the teletype bell,

2.5 DIRECT CODE

Direct code can be written between angle brackets (< and >). A programmer
familiar with the Q-32 may recognize the code on line 35 of Figure 1A as a call
to the system to read from the teletype.

2.6 INDEX REGISTERS

Index registers 1-6 are referred to directly as $I through $N. On lines 36 and
37 of Figure 1A, index registers 1 and 2, as well as the global variable ARl,

are initialized before entry to the subroutine EXPLODEX. This routine unpacks
the characters just read from the teletype and stores them in the block specified
as parameter for TTYIN. Then the end of message character is removed, and the
rest of the block filled with blanks.

2.7 THE FOR STATEMENT

The rest of the procedure can be understood if the for statement and the if
statement are explained. The for statement is used to specify an indexed

loop. All statements within the loop are indented. In Figure 1, the scope of

the for statement continues to the end of the procedure, so that every statement
is indented up to the reserved word .RETURN. Standard conventions for indenting
should be followed by all programmers using MOL-32 so that the flow of control
within a program can be recognized at a glance. The compiler ingores indentation,
and considers the for statement to be terminated by the reserved word .END. The
last .END on line 42 terminates the for statement. The other occurrence of .END
on line 42 terminates an if statement, which is inside the for statement. -
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The general form of the for statement is given below:

$1
$J .TO
FOR( .
. .FROM <expression>
$N

<gsequence of statements> .END

The index always ranges from 0 through the value of the expression; thus, the
number of times the program goes through the loop is one greater than the value
of the expression. When the value of the expression is 0, the loop is executed
only once; when the value is negative, the instructions within the loop are not
executed at all. Thus, index registers either start at 0 and are incremented by
1 up to the value of the expression, or start at the value of the expression and
go down to O. This is determined by the use of the words .TO and .FROM, respec-
tively. '

2.8 THE IF STATEMENT

The if statement has two basic forms, both of which are illustrated in Figure 1.
The first form allows either of two sequences of statements to be executed,
depending upon the value of a Boolean expression. Both sequences of statements
are indented. The first sequence of statements begins with the reserved word
.THEN; the second sequence begins with the reserved word .ELSE. The words

.THEN and .ELSE are written at the same level of indentation, to indicate a
parallel in the flow of control. The compiler ignores indentation, and considers
the if statement to be terminated by the reserved word .END. The next to last
.END on line &2 of Figure 1A terminates the if statement which begins on line 39.
The .END on line 41 terminates another ir statement which is inside this if
statement.

The second form of the if statement allows for the optional execution of a
sequence of statements. T It is identical to the other form except that the else
clause is omitted. The innermost if statement of the example, which begins on.
line B0, is of this form. The .END on line Kl terminates this statement. Notice

“that line 41l is indented five spaces from the beginning of line hO, and not five
spaces from the occurrence of .IF on 11ne ltO° o ¢
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The forms of the if statement may be summarized in meta-language as follows:

1. .IF <Boolean expression>
.THEN <sequence of statements>
+ELSE <sequence of statements> .END

2. JIF <Boolean expression>
+THEN <gequence of statements> .END

2.9 BOOLEAN EXPRESSIONS

Now consider what is allowed in a Boolean expression. The relational operators
are as follows:

Relation Operator S Meanin

. ma : : equal, full word
=/m unequal, full word
= -  equal, numerical
/= unequal, numerical
< less than, numerical
> greater than, numerical
<= less than or equal, numerical
>= greater than or equal, numerical

The reason for distinguishing between full word comparisons and numerical
comparisions is that on the Q-32, +0 is different from -O.

There are two Boolean operators, .A. for and and .V. for or. Unlike arithmetic
expressions, Boolean expressions may contain parentheses for grouping. The
operator .A, takes precedence over .V.

Identifiers are not allowed to teke on Boolean values; in other words, the
operators ,A., and .V. always connect relational expressions, never identifiers,
Neither do we allow the Boolean operator not, but the effect of this operator
can be cbtained by using the appropriate relstional operators,

2.10 . THE LOOP STATEMENT

The procedure EXPLODEX, which is shown in Figure 2, contains an example of a

loop statement, which was not illustrated in Figure 1. The general form of
this statement is: ' : ;

.LOOP WHILE <Boolean expression> :
<sequence of statements> .END
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176  EXPLODEX():
" «LOOP WHILE $I < AR1:
, ($I] = [($J).A3

177
178
179
189
181
182
183
184
185
186
187

Figure 2.

[$I+1]
(s1+21
($I+31]
(51+41]
[$1+5]
[$1I+46]
(51I+71]

£l = &

+RETURN

10

4 o0 o0 oo oo oo

+ 0w uun

TM-3086/001/00

[$J] 13
£8J1.23
£$J]1.33
{$J]1.43
£3J] «53
[$J)e63
[$J] 75

83 S$J = $J+13 <END

A procedure in MOL-32 to unpack characters.
Before entry to this procedure, the arguments
are set up in index registers 1 and 2 ($I and
$J) and in the global variable ARl.
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The meaning of ‘the "loop statement" is that the sequence of statements ig to
be executed as long as the Boolean expression is true. If the Boolean expression
is false to begin with, the sequence of statements is never executed.

2,11  REFERENCING PART OF A WORD

In procedure EXPLODE, you can see the way of referring to parts of words. For
example, [$J].0 on line 178 means the left-most byte of the word whose address

is in index register 2. The computer word is divided into eight character-bytes,
referred to as .0, .1, .2, ..., and .7, and into four other parts, referred to

as prefix, decrement, tag, and address, referred to as .P, .D, .T, and .A,
respectively. These may be used on either side of the colon-equal (:=) as
illustrated in the following example: v ’

A [B.D] .P:=C.5;

vhich stores the fifth character of the word whose address is C into the prefix of
the word whose address is obtained by adding the address of A to the decrement

of the word whose address is B.

2.12 DECLARATION BEGINNING A PROGRAM

Most of the features of the language that are used within procedures have been
illustrated. The declaration that begins the source program has the same form
as the local declaration within individual procedures, except that it begins
with .DECLARE instead of .LOCAL.

2.13 THE GO STATEMENT

Statement labels and go statements are included in MOL-32, although they are
seldom used. The statement label consists of an identifier followed by a colon
(:); the go statement consists of the reserved word .GO followed by an expression
(such as a statement label) which evaluates to the address of some instruction.

A future version of MOL-32 will include a case statement which will handle
situations presently requiring a computed go statement. In some cases a pro-
cedure can be made more efficient by using direct go statements, but this
practice is not recommended because the flow of control will not be indicated

by the indentation conventions.

2.1k THE ASSEMBLER

Figure 3 shows the SCAMP-like assembly langusge that is produced for the pro-
cedures shown in Figures 1 and 2. Most compilers generate statement labels

vhich the assembler puts in a symbol table along with the identifiers in the
source program. Instead of generating statement labels, the META SCAMP compiler ~
turns out the labels *A and *B as well as the pseudo-instructions PSHA, POPA,
PSHB, and POPB, which manage two stacks at assembly time. The pseudo-instructions
PSHA and POPA serve as brackets so that *A is assigned the same address within
their range. Similarly, the assignment of ¥B is done within the range of PSHB
and POPB. We have drawn lines on the listing in Figure 3 in order to clarify

this bracketing convention. :
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TTYIN
SBR
e S TP 2567517
PSHA o
‘BUC o
BUF
BLK
AREA
BLK 1
T
BLK 1
ITLTY
(BUF )R
*A
——POPA
LDAs56727
STA
LDA»S67,7
- ADD»567»72S
STA»56757
BUC
1)
')
LDA CITLTY)IR
BUC 2062
LDA
STA»567575S
LDA»S6T»75S
STA»567s,7»S
LDA
ADDs»S6T75T7»S
STA
BUC
LDA»567+7.8
STA

12 TM-3086/001/00

CEXIT

*A

19

('META 16TNSTATOOMOVE 66TELTYP .INPUT 4 COREIXI:)R

CEXITaI

AREA
EXIT
(1R
EXIT
SPEAK

AREA R
$X1 |

(BUF )R

$X2

AREA

(72)R

AR1

EXPLODEX

(@OR

T

" Figure 3. The procedures of Figures 1 and 2 are shown
e here in assembly language, Book's version -
of SCAMP. . ' ' o
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13
LDXs1 (PR
PSHA
' *A
PSHA
LDA T
SUB»567275S (AIR
BNZ o *A
PSHB
*B
POPH
PSHA
LDA AREA
"ADD»S67275S $X1
LDA AsA
SIUBs5672745 (63)R
BNZ *xA
PSHB
*B
POPB
"LDA»S6T2T2S (1)R
STA T
LDA " AREA
ADD»S567575S $X1i
LDX»7 SA
LDAsS67272S ¢* °IR
STA Ds7
*A :
POPA
PSHEBE —_
BUC . #B
*A
_—POoPA
LDA AREA
ADD 2567979 S - $X1
LDX»7 $A
LDA»56T7»72S (' *I)R
STA D7
*B
POPB
BXE»T1 $+43,1
ATX» 1 ; C1IR
BUC *A
POPA .
EXIT BUC . . .-
, . RET

Figure 3. (Continued)

TM-3086/001/00
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EXPLODEX
SBR
STP»567 27 EXIT
“PSHA
PSHB
*B . v
LDA»S67s7»S . £X1
suB AR1
BOZ *A
‘BOP *A
PSHB
*B
. POPB
LDA»7.,0 22
. STA 21
LDA»7s1 22
STA 4+l
LDA»7,2 22
STA +2s1
LDA»7,3 22 -
STA ; +3,1
LDA»7»54 2
STA +451
LDAs»T7s5 22
STA 2 +5,1
LDA»T 6 22
STA . +6s,1
LDA»7»7 22 ¢
STA +7s1
ATXs % {(+8)R
ATX.2 (+1JR
BUC *B
*A .
e P O P A
. POPB
EXIT BUC
RET

Figure 3. '(Continued);g
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3. CONCLUSION

We have eliminated a major bottle-neck in our research by writing library routines
of the META compiler in MOL-32 instead of in SCAMP assembly language. Not only
are routines easier to write and check out, but easier to modify after they get

cold.

In eemparing the library written in MOL=32 te the library written in SCAMP, ve
noticed that the MOL-32 library took about 15% more space and executed about

15% slower than the SCAMP library. This seems reasonable considering the advan-
tages gained.

The MOL~32 compiler was written in a version of META called SCAMP META. It took
one month to program and only one and one-half days to check out.

" The appendix contains (1) a specification of MOL-32 in SCAMP META and (2) the
library of the META compiler, which serves as an example of a program written

in the MOL-32.
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* APPENDIX A

Specification of MOL-32 in SCAMP META

" PP10A~+SYNTAX PROGRAM

P20 -NUM <o DGT $ DGT 3

DO210-NUML «s0¢ »'+' NUM 3

AA3AB=1D e LET SC(LET 7 DGT ) 3

PP AP0 =-STRING = QUOTE «Co'C* oL ')* /,5%C* %1 ") /) 3
20504 -DELETE = +QCISIT» CHARs 0)3 o ’
PR6AB-ANY = «QCISIT» CHAR» 1) 3.

ANTAOA~LET = «QCISIT, LETTER» 1) 3

PABAD~DGT = «QUISIT», DIGIT» 1) 3 ‘
0@9@@"@[]01‘5 P FLE BN $(_00" ANY / ...000000) *'000 3
21000 -SCAMP1 ¢ ID $* * (S1A /7 ~°'L°') 7~

71100~ 't* $° * ID $' * '1' L',1' / S1A 3

21200 ~INDX oo "SI® »*$X1° 7/ °*$J°' ,°'S$X2' / °'SK° ,'$X3° /
71300~ 'SLY ,'$XA' / 'SM' H»'SXS5' / 'SN' ,'$SX6° 37
N1800-SCAMP2 = ’oEXIT' s 'EXIT’ 3':567:7' /7 T
Nn1960~ L' YLEXIT® *1° S'EXIToI' »°5567,7° 7/

2000~ SCAMP1 PART / (CONSTI/INDX) ’ :567:705' $

A2100~S=NUM oo (+'+"' / +'=°) §°' ° NUM 3

72200 ~CONSTANT o« S=-NUM /7 NUM /7 QUOTE /

22300~ "#° ID $° ° (S-NUM / +EMPTY) 3

N240@~CONST1 oo 5°'C*' CONSTANT »°')R' 3 ‘
2250 -INDEX = *$I° 55,1° 7 °'S$Jd* »'52° /

n2609 - TEK* »'s3° /7 'SL° »'s4° /7

n2700 = TEM' L'55% / 'SNTY »'s6"' 3

B28AD=CONST2 oo S=NUM /7 *+#° ID $° °*(S-NUM 7/ EMPTY) 3
P290A-S1A = *'C°* $°* ' ( ‘

23000~ 'S $' ' (S=NUM 7/ EMPTY) »'s1° /
A3100 - TS ' ' (S=NUM 7/ EMPTY) »'s2' /
A3200 = *SK' $' ' (S5-NUM / +EMPTY) »*»3' /
A3300~ YL B ' (S~NUM 7/ JEMPTY) »'s4' ¢
Q3400 - MY $' ' (S-NUM 7/ <EMPTY) »',5"* 7/
3500~ TENT' $° ' (S=NUM 7/ <EMPTY) »',6"' /
nN36AQ~ S~NUM 7/ NUMI) $* ' ') 3 ' '
A370N=PART = '«0' »'27.0" / Yol 2'5T701' /
nagoge= e 507,58 7 Y43 557,38 7
B3390~ a4 5,754 7 V8 5',7.8% 7/

D400 - a6t 5'5756° /7 *e7? b'o?:?' /
4100~ "eP' 5%5750° v/ °oD° 2%556723°% 7/
A4200 = =" THEN® %oT° '

2T54° /7 ='efAc® "o’ 5°,56757° 7/
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PaanA-EXP = (SCAMP2 (='("') +(s'LDA' *1» *1/) /

nas500 - CID 'C'/°'C* +'0') EXP '1' PART +(s'LDA' *1, *1. 'HA'/7) ) $C
ha600 = 19 SCAMPE «Ca'ADD wi, %1/7) / ’ '

NaTnm = te! SCAMP2 +(s'SUB" %1, *1/7) /

NagON - %' SCAMP2 o (s 'MUL' *1s %1/ »°'STB's 'SA'/) 7/

7 H9 N0 = '/ SCAMP2 (s 'LDB's *SA' 7 L'SFC's YCATIR' 7/
A5900 - 2'DVD* *1s *1/) / ‘ : ' )
nS1OM= '\' SCAMP2 «Cs°'LDB's '$A' 7/ »'SFC', '(47>R’ /
AS5200 = s'DVD* *1s *1 /7 »°'STB' 'SA' 7) 7/

A5300 - '+' CONST1 «C5°'CYA's *17) ) 3

05400-ASSIGNST = SCAMP2 ‘="' EXP '3 ' +(s°'STA' %1, *1/) /
B5500- CID 'C' EXP '31* 7 *C® EXP "1' »'0") PART
5600~ ezt o, 'LDXs7  SBA°' /Y o

05700~ EXP 3" oCs*STA® *1s *1 *57' /) 3

25803-INDEXST = °"$I°' °':='

'$I* CONST1

Y39 o(s'ATX21°%s %] ()(

07800~ "$C Ve’ e(:'BUC'» *B/ *A/ =A+A) FACTOR)

07900~  oC#B /7-B) §

#5900~ '$JY ':=" *$J°' CONST1 '3°* o0, 'ATX»2'» *1 7>/

26000 - YEKY ':="' *SK' CONST1 '3°' (s 'ATX»3's *1 /)/

26100~ "SLY Ys=' "SL' CONST1 "3' «(s'ATX24', *1 7y 7/

06200~ "$M' 's=" "§M' CONST1 '3' o(s 'ATXs5% *1 73/

26300~ TEN' Y:=" "EN' CONST1 °3°' (s "ATX26's *1 73
06400~RELATION = EXP ¢ C : -

06500~ '== 9% CONSTANT (> 'BXEs "' *1» '$+2,A"' / ,°'BUC's *A /) /
P6600~ '==' SCAMP2 «(Cs'CML'*1s *1/ 5 °'BUC's *A/)/ ~

06700~ '=/="'" CONSTANT +(,'BXE»"* *1s» %A '2A' /) /

06800~ '2/=" SCAMPZ2 +(» 'CML' *i» *1/ »°'BUC™ $+2°' 7/ »°'BUC'» *A/) /
6900~ '=' SCAMP2 +(Cs 'SUB® #1s %1/ » *BNZ"'» *A/) 7 - -
#7000~ - '/2' SCAMP2 «(»'SUB' *1s *1 / »'BOZ'> *A/) /

27100~ '<¢?! SCAMP2 «Cs °"SUB' %], %1/ »'BOZ's %A / ,'BOP'» *A/) /
27200~ "> SCAMP2 oCo 'SUB' %1, %1 7 »'BOZ's »A / » "BNP? n*A/ )y /
07300~ 'en' SCAMP2 (s 'SUB' %1, %1 7/ 5'BOP's %A/) 7 -

N400= Tsa? SCAMP2 (o 'SUB" %1, *{ / o'BOZ s+a'/ o'BNP'o *A/) )3
@7500~BAS1C = RELATION / °(' BOOLEAN ")' 3 :

@7600~-FACTOR = BASIC $C(‘'.A.°’ BASIC) 3

'87700-BOOLEAN = FACTOR o (+B)
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@8000-FORST = ‘'.FOR®' INDEX ‘'.FROM' CONST1 °'t'

28100~ eCs 'LLDX® "+%2, %17 +A%A2) $ ST '<END'

28200~ eCo"BPXs 1" »%A %1/~A)/ " g

28300~ *+FOR* INDEX '-FROM' EXP ':'

98400~ s(+Bs 'BXLs=@" 2%B '5A*' 7/ »'SUB COIR'/ »°'LDX"' +%x1» °'SA‘/
98500~ +A%A /3 $ ST "<END' «(s'BPXs1's *A %1/ 7 =A%*B/ ~B)/ -
08600~ '+FOR® INDEX '"«TO' CONSTANT ':'

P8700~ o (s 'LDX"® +%2, '(@IR® ./ +A%A/) "$ ST '.END'

28800~  «Cs 'BXEs ' %15 'S$+3' +%1 / » 'ATX' *¥1» '(1IR’ /

28900~ 2 'BUC's *A/ =-A)7' - ) - B -

29000~ "~ "eFOR'INDEX *«TO' EXP '3°

29100~ 5(*8;"BXL3-0'; *B 'sA' /7 ,'SUB COIR' 7/ '
09200~ :'STA:$67a3 » ' ¥B '=3' 7 L°'LDX"' +*%1, ‘(=@)R' / +A *A/)
29300~ $ ST "eEND"® o(s 'BXEs@ "> *B +*] / )'ATX. *x1s '(I)R'./
09 400= »'BUC® » *A 7 =-A *B /7 -B) 3 CE e T
09500~LOOPST = '<LOOP' 'WHILE®' +(+A +B *B/) BOOLEAN '3’

096006~- $ ST '+END' «(»*'BUC's» %*B/ *A/ -A ~B)} -

@9700-1FST = '«IF' +(+A) BOOLEAN °'+THEN' $ ST

9800~ C'+ELSE® «(+B,'BUC's>*B 7 *A /7 -A)

09900~ §ST '+END' «(*B /7 =B) /

10000~ "WEND' «CkA / =A) ) 3

12190-ERRORST = '+ERROR' 'UNLESS' «(+A) BOOLEAN ‘s°'

10200~ «(+B» "BUC's "*B / *A, °'BUC SPEAK'/) cc

10300~ STRING '3"* «(~-A %*B /7 =-B) 3

10400~CALLST = ID '(' «(s'BUC's *1 /)

10500~ (ARG $C*»' ARGJ 7/ <EMPTY) *)°' '3°* 3

10600~-ARG = STRING 7/ CONSTANT «(»°C* %1 '5'"/) 3
10700-PUSHST = '<PUSH' INDEX '»' NUM '3°' =

10800~ «Cs 'ATX" +%2, '"(='"*i *)R' '/ »'BMXs®  PUSHER' *17) 3
10900-POPST = '.POP' INDEX °s°' NUM ';° - - o
11000~ e (s "ATX "' +%25 '(' %1 °*IR'/I +F(POP) 3

11100~GOST = '+GO* SCAMP2 «F(POPJ «(» 'BUC"'s *1/3 ;* /7

11200~ '.GO' EXP «Cs'BUC @»A'/) '3 '3 o

11300-LABEL "= ID (-':2')'f3° o(k1/)Y 3
11400-MACHINEST ¢ $C='3* ANY ) '3°' 3
11509-MACHINE~CODE = "<' $CLABEL / ="'>°

11600~ MACHINEST «(s%1/)) '>' 3
11700-ST = FORST 7/ LOOPST 7/ IFST / PUSHST 7/ POPST /
118080~ GOST 7 MACHINE-CODE / ERRORST / :

11500~ LABEL /7 INDEXST / CALLST / ASSIGNST 3
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12000-DATA = ID «(*1/7) ('C' CONSTANT ')' «(»'BLK'» %*1/) /

12100~ ':1=" (DATA1 /'C' DATA1 $C';' DATADI )" /
12200~ CEMPTY «(s'BLR ~ 1'/)) /7 ~ ~ "
12300~ '#' ID '='".(%1/) CONSTANT «(»'EQU ' *1/) 3

12400-DATAL = CONST1 +(Cs%1/)3
12500 -DECLARATION = °+DECLARE®' DATA %(',' DATA) '3* 3
12600 -PROCEDURE = 1D "()3' «(*x1/ » 'SBR' 7/ 2°'STP»56757's 'EXIT'/)

12700~ C*.LOCAL' <(+A,'BUC'5>*A/) DATA $(',' DATA) '3°°
12710 - (XA /=A) / JEMPTY) ’
12800 - $(ST 7/ =-'.RETURN' ERROR

12900 - $C='<RETURN' DELETE)).

137040 = *eRETURN' C('L* EXP *J1°' / +EMPTY)

13019- CC'EXIT® »'BUC*® 7/ »°'RET" /) 3

13102-PROGRAM ‘= (' PRIMITIVE® ID o0, 'BUC's *1/,°'BUC 195°/) 7/

13200 - EMPTY) $ (PROCEDURE/DECLARATION)

| *eSTOP® (s °'FIN®/) 3
13300 =+ END L ot FARZA
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Library of the META Compiler Written in MOL-32 .

2109~ DECLARE #STARL = 1000, STAR(#STARL),

NO230~ #STACKL = 409, STACKC#STACKL)»

20393~ . #INL1 = 73, #INL2 = 146, INBUF(#INL2),

00400~ #INPLACE = #INBUF 4+ 73, INCOUNT, INX, MAXIMUM,

ANSAN~ #0UTL1 = 73, #0UTL2 = 146, OUTBUF(#0UTL2), -

AN6AD- #OUTPLACE = #0UTBUF + 73, OUTCOUNT, OUTX,

NATAR - SIGNALs TOKENDEPTH, TKC(#INL1+1)5 '

An8nA3-  XPLBUF(#INL1), ERBUF(#INL1),

A3 7D = AR1s AR2, AR3, VL1, VL2, VL3, Tis T2s T3,

71000~ #ATOM = 1, PI1INP(512), P1OUT(512) '

21100~ BLANKS s= ° ‘s

31200~ IUNIT, OUNIT, TTY 3= °TTY )

21309~ ) FIELDs, COUNT1, COUNT2, i

21400~ SOURCEs=¢ "META 18TNSTAT@OMOVE 66SOURCE INPUT 4 NUMWDS1 ‘',
A1 500~ 512, 'DISCIX1 *»0)>» '
A1 6N~ PRGRM: =( *META 18TNSTATAOMOVE 66PRGRM OUTPUT4 NUMADSt®
730~ 2512, 'DISCIX1°'5,9)>» '
21800 - , PERM ¢=('META 17TNSTATOAINNAMEG66 INSERT66PRGRM 'y
P1909- " 'NUMWDS1 s @)» ’
22007~ OLINE, ILINE, LETTER s$= 2, DIGIT $= 12, CHAR t= 13
A2100=-SPEAK () 3 +LOCAL T» BUF(13)s, LFCR t= 03277000000000000,

22009~ MESG t=( '"META 16TNSTATAOMOVE 66TELTYP OUTPUT4 COREIX1',
2330~ #BUF)Ys . . '
A2400~ T 32 [JEXITI-1/R+1) ’

A259¢ = +FOR $I +FROM T~-113

2600~ BUFLSI) t= [JEXIT+#1+81)3 +END

N270A= BUFLT) t= LFCR) ' K

A2RAN= <LLDA (MESG)R3 BUC 2023>

A2907% = oEXIT = oJEXIT + T + 13

A3ANA - +RETURN ’

A310G-TTYINC) ¢ «LOCAL BUF(C1@)s AREA, Ts»

23320¢=- ITLTY ¢=¢ *META 16TNSTATQOMOVE G66TELTYP INPUT 4 COREIXi‘®s
73320~ #BUF )3 ’ ' )
A349G~- AREA ¢= [ JEXITIs oEXIT 8= <EXIT+1s

23500 - SPEAKC**)3 <LDA (ITLTY)R3 BUC 2023>

A3 607~ $1 s$= AREA3 $J 3= #BUFs

N3700 - AR1 3= AREA + 723 EXPLODEX¢)s T t= @3

A3ZAN = +FOR 81 .TO 7t

390 - IF T =0

049000~ ' +THEN IF [AREA+31] = 63 ”

P4100- . oTHEN T := 13 L[AREA+S$IJ] s= * 3 LEND

-

04200~ fELSE'[AREA+$I] i=

¥ %3 JEND <END" °
A4300= «RETURN IR ’

/
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N44a0A=-TTYOUT()s LOCAL BUF(!@): AREA, I,

NASAN- OTLTY 1=(¢'META 16TNSTATOOMOVE 66TELTYP OUTPUT4 GOREIX) ' s
NA6AN~ #BUF)3 '

DaT0%= = AREA t= [EXITI3 JEXIT s= +EXIT+1}

A48G7 - $1 3= 713 ’ ' .

P49~ +LOOP WHILE CAREA + $IJ = ' ' .,As $1 >= 0%

N5000= -~ 81 s= $I-13 +END T ‘ .

NS100- 1 = $I3 ‘

n5200- «IF 1 < 70

5300 - . «THENLI+AREA+1] 3= 0323

N5407- " [1+AREA+2] 3= @773 END .

NS5 7 = $1 = AREA3 $J 3= #BUFs AR1 8= AREA+725 COMPRESSX()s
AS6ARA= JIF 1 < 70 ‘ o

N5700= +THENLI+AREA+11 3= * °3

NS58307 = [I+AREA+21 = " '3 LEND

N5900 = <L.DA C(OTLTY)R3 BUC 2023>

A6AAN= +RETURN

N61AA-READC)t +LOCAL AREA, FILES -
N62 AR~ FILE := [JEXIT]3 AREA t= [JEXIT+#113 EXIT t= JEXIT+23
N63040)= oIF PLINPLILINE=11.7 /= 26 - '

N6400) = - «THEN +ERROR UNLESS PlINPCILINE-lJo7 /= 633

A65A0) = . YEOF READ'Ss ILINE := 93

N660A~- <LDA FILEs BUC 2023> i

N6TAR= + ERROR UNLESS SOURCE(11.7 =3: 'BAD READ'S

N6377 = SOURCELS] := SOURCEC8I+13 ; o

h69 70 = +LOOP WHILE P1INP[91.7 = 61

A71000- : " <LDA FILEs BUC 2023>

NT10%= + ERROR UNLESS SOURCEL13.7 = 33 'BAD READ'
27200- . SOURCEL8) t= SOURCELS81+13 +END «END -
N1300= $T $= AREA$S $J t= ILINE+#P1INP3 - :

NT400=~ ‘AR1 t= AREA+#INL1-13 EXPLODEX()S

-A1500-  ILINE t= ILINE+105
g1§@ga, oRETURN o
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A770A-NRITEC)s +LOCAL AREA, FILE» T, . ‘
MORE 1w( *META lSTNSTﬁTBGHODIFYéGPRGRM NUMWDS1 ', 40963

BTROA-
areon-
23330~
28100~
A8200-
28309~
AR 400~
ARSAP =~
AR 627~
83729~
28800~
A899R=-
2990907 =
29197~
9200 =
A930A=
A400=-
79500 -
A96A0~
N970¢=
N980A-
299030~
10090~
16199~

FILE $t= (+EXIT]S AREA $t= [+EXIT+133 oEXIT 3=
oIF OLINE = 510 ' R
’ «THEN +IF PRGRM[8I+1\8 = @
‘ «THEN MORE(3] t= (FILE+31;
MORELS] t¢= MORELS51+40963
<LDA (MORE)R3 BUC 20235>
+ERROR UNLESS MORE[13.7 = 3
'NO MORE DISC SPACE's «END
Tl t= COUNT2 * 1003 ) '
PIOUTCS510]1 3= COUNT1%100t24+T1}
PI1OUTIES111.3 = COUNT2-COUNT1+13
<LLDA FILEs BUC 20235> COUNT1 st= COUNT2 + 13
« ERROR UNLESS PRGRML1l.7 = 33 °'BAD WRITE'S
OLINE t= @23 PRGRM[(8] = PRGRMC81+1! +END
$1 t= AREAS $J 1= OLINE+#PiOUT) ' '
AR1 := AREA+#0UTL1-13 COMPRESSX()3
COUNT2 t= COUNT2 + 13 '
P1OUTCOLINE+9]+4 := COUNT2\183 T t= COUNT2/103
PIOUTCOLINE+91+3 t= T\103 T t= T/103 "
PIOUTCOLINE+9).2 t= T\10s T t= T/10;
P1OUTCOLINE+93¢1 t= T\103 -
OLINE $= OLINE + 103 o
+RETURN S

19200-1I0NAMES ()3 .LOCAL V(6)3

19309~
10400~
19500~
10600~
10700~
19800~
19900~
11090~
11106~

«FOR $I .FROM 5t

‘ VESI) t= * '3 LEND

+«ERROR UNLESS STAR[$Ml.A <= 6t 'LONG NAME'j
+FOR $I FROM STAR[SMI.A-1¢

‘ VESI] ¢= STARISM+$I+11s .END

POP¢)s VL1 $= BLANKS3

VL1+@ t= VI@I3 VLi1.1 t= V{113 VL1.2 s= V[2]s
VL1+3 8= VL3313 Vi.1.4 s= V(413 VL1.5 = VIS51;s
+RETURN ; : ' ' :

«EXIT+2)
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11200-INITIALIZEC(): +LOCAL

11300~
11409~
11500«
11600-
11700-
11809~
11900~
12000 -
12100-
12200~
12300=
12400~
12500~
12600 -
12700-
12800~
12900-
13090
13119-
13200-
13300-
13400~
13590
13600=
13790~
13800«
13900~
14000 -
14190~
1420«
1 4300
14400~
14500~
" 14600-
14709 -

ODISCFi=( 'META 19TNSTAT@AFILE 66PRGRM  UNIT ©@=',
*FORM  SCINLOC 1°', #P10UT, *NUMWDS1',4896),
IDISCFt=( 'META 17TTNSTAT@OREFILE66 ~ RENAME66 * »
"*SQURCE INLOC { ' #P1INP)} ’
.FOR $1 .FROM Ti: : .
ERBUFLSI) $= * '35 LEND

TOKENDEPTH t= A3 TK t= 03

$M 3= W#STARL3S SN t= #STACKL=-13 <LDI1,0790800 (6)R3>

-INCOUNT = 03 MAXIMUM t= @3

OUTCOUNT s= @3 OUTX s=13 SIGNAL = ,EXITs

%1 t= O3

+FOR $1 FROM #0UTL2-1:

' OUTBUFL $1] s= ° '3 END

FIELD t= 33 S ' : :
INBUFC#INL1-1] t= @773 INBUFU#INL2-1] t= 0773
IUNIT = TTY$ INBUFL[#INL2-2] t= * ‘3

INX t= #INL2=-23 SPEAK('INPUT OUTPUT'*)}

IDCYs 1IDC)S ' )

. IONAMESC)$ OUNIT t= VL13

e1IF OUNIT =/= TTY
" +THEN PERMLI3] t= OUNITS OLINE t= 03
<LLDA (ODISCF)YRs BUC 2023»
PRGRMIRBY t= 03 COUNT1 = 13 COUNTZ2 s= 03
P1OUTI 5111 s= 513 ' ‘ . :
+LOOP WHILE S$I < 510t
’ P1OUTL $1+9) := 0323
$1 ¢t= $I + 103 +END +END
P1OUTL 509] := 3763 °
IONAMES()3 IUNIT = VL1
«IF IUNIT =/= TTY ' '
«THEN IDISCFL3] s= IUNITS
<L.DA (IDISCF)RS BUC 202s3>
SOURCELS] s= @3 o
ILINE ¢t= 10A3 PI1INPL9] s= 0765 END
+RETURN , ‘ R ;
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14300-COMPLETE() ¢

1 AR - . «IF QOUTX > 0 (

15000=- . . ~ «THEN CARD()3 END

15190= . +1F7 OUTX > #0UTL1+1

1520 - ' «THEN CARD()Y3 " +END -

15300~ oIF DUNIT =/= TTY '

154740« ‘ «THEN PIOUTLOLINE=11+7 3= 633

15507= T1 $= COUNT2%10073

15607~  PIOUTLS10] t= COUNTI*100t24+T13

15797 PIOUTLS113+3 = COUNT2=-COUNT1+13

158037 <LLDA (PRGRMIR3 BUC 2023>

15920= « ERROR UNLESS PRGRML13e7 = 33 '3AD WRITE'S
167730~ PERML 7] $= PRGRMLB) + 1 % 51275 '
16177= <LLDA (PERM)R3 BUC 2023>

16270 « ERROR UNLESS PRGRML[131.7 = 3t

16370 '‘REDUNDANT OUTPUT NAME'S END

| 64RA - +ERROR UNLESS SIGNAL /= 0t 'ILLEGAL PROGRAM'3
16590 - o RETURN ‘

166AA-NATCHR( ) ¢ ,
16720~ INX g= INX+13 o
16300~ oIF INX »>= #INL2 |
16937 - ‘ +THEN FOR $1 <FROM #INLi1=2% :
(WK I INBUFL$I] := INBUFCSI+#INL1]3 <END
17109- INK ¢= #INL13 INCOUNT gt= INCOUNT+ #INL13
17297- oIF TUNIT =/= TTY .

17399- ‘ +THEN READ(#SOURCEs #INPLACE)S
17407« _ cELSE TTYINC#INPLACE)S oEND «END
1739%- +RETURN ' . o '
17690-EXPLODEXC) ¢

1772%- «LOOP WHILE $I < ARl

17397 - ($13 ¢= [($J1.03

17907 [SI+1) = [(SJle1s

12007 [$1+2] e= [5J1.23

1179= {$1+43) 2= [ $J1.33

18209~ (81441 3= [$J.4a3.

133073~ [$1+5] ¢= [($J1.53

1340G- [S1+6) 2= [$J].63

13500~ : (SI+7] ¢= [SJ)e T3

13600 $1 ¢= S+

| B3 $J t= $J+13 <END
137909~ +RETURN o o
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18907~ +LOQP WHILE $I < AR1:

19900 - [($J10 t= (5113

19100~ {5JIel 3= [(51I+113

192007~ {8J1.2 ¢t= [($I+213

19307 = {8J1e3 t= [(51+31s

19470 - ($5J1ed4 2= [($I+4]3

19500 - C5J]e5 ¢= (514513

19670~ ($J1.6 8= [514+6]3

19700~ (8Jde7 8= (B147]8 o :

198309~ $1 s= S$I+8S $J t= $J+18 SEND

{9997~ +RETURN ;

20000=-ERRQOR() ¢ +LOCAL - A3

20100= . TTYOUTC#INPLACE) s

20200~ «IF INCOUNT + INX > MAXIMUM : ’
20300~ +THEN MAXIMUM $= INCOUNT + INX3 +END
20400~ A = MAXIMUM = INCOUNT - #INL13 ‘
" 2n500 - ERBUFLA] t= 't'}3

20600 - TTYOUTC(#ERBUF )3 ERBUFL[A] := ' '3

20700 - +RETURN -

20RPA-PUSHER () ¢ .

20900 ~ +ERROR UNLESS t = @ : °'OUT OF PUSHDOWN LIST®)
21000 - +RETURN ' .
21100-18SITC() ¢ +LOCAL X» CONVERT :=¢(

. 21200~ 9s 9 9 9 95 9, 9, 9,

21304- S5 5s 33» 1 1> 33s 33s 33>

21400~ 1 35 35 3s» 3s 39 35 35

21500~ 35 3s 33 1) i» 33, 335 33

21600 - 1» 35 3s 3 3s 3» 3s 3>

21700« 3s 35 335 1 t» 335 335 33,

21800 - 17> is 3, 3s 39 3 35 3o

21900~ 3» 3, 33 ts 1s 33, 33s 33 )3 :
PP2AAN = AR1 ¢t= [L.EXITII3 AR2 t= [EXIT+113 +EXIT 8= EXIT +23
N2100 - X ¢= CONVERTUINBUF LINX3)3 <ANA AR13 STF SIGNALS3>
22200 - «IF SIGNAL /=0

2307~ oTHEN oIF AR2 /= 0§

22400 = eTHEN TK 3= TK+13 ‘

22530 = +ERROR UNLESS TK < #INL1s 'LONG TOKEN®3
22600 = TKITK] ¢= INBW [INXJI3 ' '
22720 - oIF TOKENDEPTH =9 ’ : o
22800 - «THEN MAKETOKEN()3 +END <END
22900 - NXTCHR(C)3  <END . »
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23107 ~EXPLODEC): +LOCAL T3 o
23200 - VL1 t= [AR1J3 VL2 :=VL1 - 1 7 8 + 23

23300~ §J t= 03

23400 = +0OR $I .TO VL2 - 2 3

23500« T t= [AR] + SI + 113

23607~ XPLBUF [$J] = Te23

23700~ XPLBUF [$J+1] t= Tel3

238092 - XPLBUF [$J+21 3= T.23

23990 = XPLBUF [$J+31 8= Te33

24000 = XPLBUF [$J+4] t= Te4s

24100 = XPLBUF [$J+51 t= T.53

24200 = XPLBUF [($J+6] t= Te63

24307 = XPLBUF [$J+7] t= Te7$

24400 = $J 8= $J + 83 END

24500 = *RETURN

246909 =SKIPBLANKS ()¢ ' ' : :

24700 = +LOOP WHILE INBUFLINX) = ° ' Ve INBUFLINXI = 63
24800 - NXTCHR()3 <END o .

24900 = +RETURN

25000 ~INSERT ()3

25107 = AR1 = <EXITS .

25200 - EXPLODE()3 +EXIT $= «EXIT + VL23 INSERTXC()s -
25300 = *RETURN o
25407 -INSERTXC) ¢ «

25500 = +ERROR UNLESS TK+VL1 < #INL1: *LONG TOKEN'3

25600 - FOR $I «FROM VL1=-1t% | -

25709 = TKLSI + TK + 11 = XPLBUFL[$I13 END -

25800 - - TK t= TK + VL1s :

25900 - «IF TOKENDEPTH = 0

L6007~ oTHEN MAKETOKEN()3 <END

26 100- +RETURN :

26200 -MAKETOKEN() ¢ o

2630909~  $M = §M - 1 = TK3 +ERROR UNLESS $M > @3 °FULL STACK® 3
26 400 = STARCSMIeD 3= TK + 13 ¥ SR o ' '
26 500 = STARLSM1 <A 3= TK3

26600= STARLSMI.P 3= #ATOMS;

26700 = oFOR $1 o ROM TK = 13 ' ' : :

26800~ ~ STARISM + $I + 1] 3= TKLSI + 113 <END

26900 - TK 2= a3 ST B

27000 - RETURN

27100 -COMP()s Ce ER :

27200 - ARl t= +EXITS AR2 t= 13 COMPARE()s  EXIT 3= VL23
27300 - +RETURN, . : ' '
27400 ~COMPS ()2 _ '

27590 = AR1 := <EXIT3 AR2 = 23 COMPARE()3 <EXIT 8= VL2
27600 - +RETURN ' : ’ ,

27700 =NCOMP () 3 , :

27800 - AR1 t= EXIT3 AR2 t= 33 COMPARE()3 EXIT 3= VL23

27900~ «RETURN
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28000 ~COMPARE(): «LOCAL TYPE» L3

28100~ TYPE := AR23 L = [AR113

28200~ EXPLODE()3 VL2 3= VL2 + ARI13

28300~ «IF TOKENDEPTH = 0

28400~ «THEN SKIPBLANKS()3 +END

28590 - SIGNAL 3= «EXIT3S

286090~ o OR $1 + ROM L~-t:

28700~ «IF INBUFLINX + $11 /= XPLBUF($1]
28800~ oTHEN SIGNAL 3= 03 , «END +END
28930 = oIF TYPE = 3

29000~ oTHEN o1F SIGNAL /7= 0

29190 = +THEN SIGNAL t= @3

29200~ , +ELSE SIGNAL &= JEXITS +END
29300 - eELSE «IF TYPE = 2 «Ae SIGNAL /7= @
29400~ : +THEN INSERTX()3 «END

29500~ +IF SIGNAL /= 0

29600~ oTHEN INX stz INX 4 L3J «END <END
29700~ +RETURN i I -
29800 -MARK() ¢

29900 - o IF TOKENDEPTH = @

nang - +THEN SKIPBLANKS()} «END

30100~ TOKENDEPTH := TOKENDEPTH + 13

30200 - +RETURN

30300 ~-TOKENC) ¢

30400 = TOKENDEPTH := TOKENDEPTH - {1 3

30500 - oIF TOKENDEPTH = ©® <A« SIGNAL /= @ =
30600~ «THEN MAKETOKEN(C) 3 +END

36700 - +RETURN )

30803 -SAVE()

30900~ «PUSH $N» 33

31000~ STACKLSN+1]eD ¢= INCOUNT + INX3

31100~ STACKLSN+11eA := OQUTCOUNT + OUTX3

31200~ STACKIEN+21.A 2= $M3 l

31300= . STACKLSN+2leD = TK3

31400~ STACKLSN+3] := TOKENDEPTH3S

31500 - «RETURN

31600 -BACKUP ()

31700~ «IF INCOUNT + INX > MAXIMUM ‘ .
31800~ «THEN MAXIMUM ¢= INCOUNT + INX3 . <END
31906~ INX 2= STACKILSN+1l.D - INCOUNT]

32000~ OUTX 2= STACKISN+1] A = OUTCOUNT3

32100- $M s$= STACKISN+2].A3

32206~ TK = STACKISN+21.D3 TOKENDEPTH t= STACKLSN+313
32300~ «ERROR UNLESS 9 < INX oA¢ @ < OUTX:? "EXCESSIVE BACKUP °3
32400 = +RETURN i ) ’
325003 ~-RSTOR() s

32600~ +POP $N,»33

32700 - . sRETURN
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32800 -CARD() ¢

32900 - FIELD := 03

33000 - " «IF #OUTL1 < OUTX

33100~ oTHEN «IF OUNIT =/= TTY

33200 - «THEN WRITEC(#PRGRM» #OUTBUF )3
33300~ +ELSE TTYOUT(#OUTBUF )3 +END

33400 - " OUTCOUNT := OUTCOUNT + #0UTLI13

33500 = oFOR $1 +FROM #OUTL1 - 13

33600~ OUTBUF ($1) := OUTBUFLSI + #0UTL11s
AN~ ' OUTBUF LEL + #0UTL1) s=_f ' 3 +END oEND
3300~ OUTX ¢= #0UTLI + 1} ' )

33900 = +RETURN

34000-TABCY:  «LOCAL TABCOL t= (@s, 7o 235 47)» #N = 43
34100- FIELD t= FIELD + 13

34200~ - «ERROR UNLESS FIELD < #N 8 °‘TAB ERROR® 3
34300 = T1 ¢= OUTX \ #OUTL1 3 '

34400 = OUTX ¢= TABCOL(CFIELD] + OUTX = T1 3 AR
34500 = «RETURN

34697 =-0UTSTGC) ¢

34700 - AR1 8= +EXITS EXPLODE()3 oEXIT t= EXIT + vL23
34800 - T1 := OUTX + VL1 = 1 7/ #OUTL13 o
34y A= oI QUTX « 1 7/ #0OUTL1 /= Ti

3snpA= : oTEEN CARD()3 «END

35100 = «FOR $1 +FROM VL1 = 1 .

35200 - OUTBUF L$1 + OUTX) 3= XPLBUFL$I13 <END .
35300 - . OUTX = OUTX + VL13 :

35400~ +RETURN

35560 -0UTTOKEN(): +LOCAL L3

35600 = L ¢s= [AR1].A3 '

35700 = +ERROR UNLESS [AR11«P = #ATOM: °NOT A TOKEN‘}
ISEOP = Tt ¢= OUTX +# L - 1 7/ #0UTL13  ~ ‘ ’
35900 - «IF OUTX = 1 / #0UTL1 /= T1.

36000 - «THEN CARD()Y3 - <END

36100 = o OR $1 o ROM L = 1 :
26200 - OUTBUF [($I + OUTX1 3= [AR1 + 1 + $113 END

26300 - OUTX 3= OUTX + L3
26400 - «RETURN . = =
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365AN~-LENGTH()>: <LOCAL L3

- 36600~ L t= STARI$M]I.A-23
36790~ oFOR $1I «FROM L=-1:
3600~ oIF STARLSM+2+813 = **'* v ‘
36900~ - oTHEN L = L=13 '$1 t= $1-13 +END <END
37900 - oIF L > 9
37100 = «THEN T1 := OUTX+1 7/ #0UTL1}
37200 - «IF OUTX=-1 7/ #0UTL1 /= T1
37300~ «THEN CARD()3 +END
37400 = , OUTBUF [LOUTX) = L 7/ 103
37500~ OUTBUF LOUTX+1] := L \ 103
37600 = OUTX = OUTX + 23 .
37700 - +«ELSE T1 := OUTX / #0UTL13
37600 = «IF OUTX~-1 / #0UTL1 /= TI
37500~ «THEN CARD()3 <END
384709 - OUTBLF [OUTX) 3= L \ 103
38100~ OUTX = OUTX + 13 <END
38200 - +RETURN
323NA-STARIP ()¢
38400~ ARl t= #STAR + $M3 OUTTOKENC)S
38570~ *RETURN
386N -STAR2P() ¢ :
38790 = AR1 t= #STAR + $M + STARISM1.D} OUTTOKENC) 3
38800~ +RETURN L
36900-5STAR1() ¢
39000~ STARIP()3 POPC()}
39100~ +RETURN
39200 -POP ()
39300~ $M = $M + STAR(SM1.D3
394000 = *RETURN S

39507 = «STOP
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