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A SERIES OF SUBROUTINES (READRULE, ANNOTATE, CHOOSE,
STORERULE, ADD-ONE AND SUB~ONE, DOMINATE, SUBTREE, TERMINAL,
AND EQUAL) WRITTEN UP IN THE "COMIT" PROGRAMING LANGUAGE TO
PROVIDE A CONVENIENT WAY FOR LINGUISTS TO TEST ANY SET OF
GRAMMAR RULES AND TO GENERATE SENTENCES, ARE GIVEN WITH
EXPLANATIONS FOR EACH. THIS 1S FOLLOWED BY COMPLETE LISTINGS
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DESCRIFTION OF WHAT THEY DO. THE USER OF THESE ROUTINES 1S
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SOME COMIT SUBROUTINES FOR TESTING GENERATIVE GRAMMARS

James Yang

A series of subroutines (READRULE, ANNOTATE, CHOOSE, STORERULE,
ADD-ONE and SUB-ONE, DOMINATE, SUBTREE, TERMINAL, and EQUAL) has been
written up in the COMIT programring language to provide a convenient
way for linguists to test any set of grammar rules and to gens.cate sen-
tences. The user of these routines is not required to have say bYack-
ground or experience in digital computer programming. Waen one tests
the linguistic rules, all he needs to do is merely punch the rules on
data cards and submit the data cards together with the relevant sub-
routines and a skeleton program to the computing center. Since not

all subroutines necessary for this procedure have been written up,
only certain types of testing can be done at present.
In general, we punch a linguistic rulec in the form

LEFT- CONTEXT/ LEFT-SIDE/RIGHT~-CONTEXT=RIGHT-SIDE/CONDITIONSS

where the dollar sign is used to indicate to the computer the end of
the rule. A rule may extend over several punched cards. If there is
no coatext, i.e. if the rule is context-free, then both slants to the
left of the equals sign are omitted. Similarly, if there are no con-
ditions, then the slant to the right of the equals sign is omitted.

For instance, a linguist may write a context-free rule without
conditions as follows:

;
3e) oz~ {5}

’ : (1)
K

(H 1§J) {L }
- M(N)) |
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Each letter stands for a constituent, which may actually consist of
more than one written character,

The notation has the following sig-
nificance.

(C) means: the constituent C is optional.
E* means: the constituent E ig repeatable (i.e., E, EE ,

EEE, etc., are alternatives).

{g} means: Either F or @G may be chosen, but not both of them.

(H}J} means: at least one of H v J must be used (i.e., H
J,

y
or HJ ), in the order given; similarly

HI
(H I§J) is equivalent to {J }
| HIJ

The linguist's two-dimensionsl display of the rules is compressed
to a linear expression '

S = A(B(C,)(D,)E*(F,G),(*n I,5)(K,L,M(N,)))$ (2)

which is punched on a card.
lowing way.

This compression is obtained in the fol-

A comma means "or".

A star not immediately after a left parenthesis means:

repeat the
preceding element as often as desired.

A star immediately after a left parenthesis means:
: one. element from what is included in the parentheses;

ments are chosen, they must be in the order given.,

choose at least
if several ele-~

An element may
consist of one or more constituents, and is bounded by commas or
parentheses.

A dollar sign means: the end of ihe rule,

{ - Thus, (C) in the linguist's display (1) is rewritten as (C,)
4 in (2), since the altérnatives are C and the empty string. Also,
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E* in (1) corresponds to E* ia (2), {g}'is rewritten as (F,G)
and (H I§J) is rewritten as (*H I,J) .

A rule in the form (2) can be easily punched on one or more data
cards. Constituents in a rule are separated by spaces or punctuation
i marks, and optional spaces may be used (except within single con-
i stituents. '

The first subroutine (READRULE) reads in data cards until a
dollar sign has been found, and makes the first tests for well-formedness.
This subroutine has been completed only for context-free rules without
conditions. The left side is separated from the right side.

The next subroutine (ANNOTATE) in effect puts subscripts on the
commas and parentheses on the right side of é linguistic rule, for easy

reference when the rvle is later applied. In the actual operation of

AR TR AR AT AR TET R AT T

the subroutine, however, the parentheses are replaced by commzs, and an

CTORT R VRRE T e TR T ATy A

indication of depth of parenthesis nesting is placed as a separate con-
stituent before each comma. An additional pair of parentheses is placed ,
about the whole right side. Thus each comma or parenthesis is replaced ]

by a pair of constituents (called a "marker") i where

BAIY |

i 1is the depth of parenthesis nesting,

J 1is the number of alternatives preceding this marker at this level

(and so is O if the marker replaces a left parenthesis),

and q is a special subscript, which is END if this is the last
marker of this component at this level (i.e. if the marker
corresponds to a right parenthesis); the subscript includes
USE if at least one element of this. component must be used

(i.e. if the left parenthesis for this component'is immediately
followed by a star).

Ve WETINTTT VLT T TOTA VS T A T T ART A TR g T PO R T T Ty AT e T T T

A star not after a left parenthesis becomes a special constituent
*REPEAT.

FETRT AT S

Thus the right side of (1) or (2) is annotated as
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1

A2

0821053 40%3 933 mm 3023013 95 mp & *meprar

210739093 0, m 2913 0,usET3 0y usg 3 v usEmD (3)

399830 L3y Mh (N, b4 295,80 1 1, m0

12,END > '3 END

The subroutines ADD-ONE and SUB-ONE are needed to perform the
arithmetic in constructing the markers, since the COMIT programming
language provides arithmetic only for subscripts. .

An annotated rule is then stored away by the subroutine STORERULE,
Control is then returned to READRULE, and another grammar rule is read
ine After all grammar rules have been stored, we may apply them to
generate sentences. Of course, we should specify in advance tie
number of sentences we want and the proper initial symbol (usualy S),
which is taken as the name of the rcoi node of the phrase marker,

The subroutine CHOOSE will choose an alternative from the annotated
right side of a linguistic rule. At present, the choice is made ac-
cording to the COMIT random subrule chooser. It is assumed that no
choice involves more than 36 alternatives,

The subroutine CHOOSE is used to pick a number from 1 to n, where
n is a positive integer less than 37, by using the random feature of
COMIT, An unwritten subroutine, SUBRULE, will use this choice to pick
one of the alternatives in a grammatical linguistic rule. For example,
in the rule given in (3), a choice is made from the one component at
level 1, yielding the whole rule, Then t™e constituent A is chosen
automatically, and a choice is made among the two components at the
second level, Suppose that the second component is chosen. We now
have chosen a simpler rule

A(*H I,J)(X,L,M(N,))

in the notation of (2). Then a third-level choice is made. Suppose
that we choose both H I and J. Thus we have chosen
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AHI J(K,LM,))

Again a third-level choice is made. Suppose that the third element
M(N,) of this component is chosen. Thus we have chosen

AHIJMN,)

The - constituent M is now required, and a fourth-level choice is
made between N and the empty string. Suppose that the empty string
is chosen, Thus we have chosen

AHIJM

which is our final rule since no more choices can be made,
A sequence of linguistic rule applications leads to a phrase-marker
tree, We use modified Folish notation to indicate such a tree,
Simply stated, the numerical subscript on a constituent (i.e. a node
of the tree) gives the number of nodes which are dominated directly
by this constitﬁent. For example, the tree

&//’//’i\\\\\\
//N\b
A

G H I

J
(4)

Q——w

is specified as

83 AZ Bl Cc D Ii F3 G H I J
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since the node S dominates the three nodes A s 2, and J ; the node

A dominates the two nodes B and D ; the node B dominates the one node

Cj; thenodes C , D, G, H, I, and J are terminal nodes (i.e. they
dominate no nodes); a terminal node is considered to have a zero numerical
subscript. or no numerical subscript.

Several of the subroutines are concerned with manipulation of
trees, One of them, TERMINAL, constructs the string of terminal symbols

from a given tree., Thus the result of applying TERMINAL to the tree
(4) or (5) is

C DG HIUJ

The subroutine SUBTREE divides a tree into three parts according
to a specified node occurrence. The middle part consists of this
specified node, tcgether with everything dependent on it. The left
part and the right part are the parts of the original tree which are
to the left and right of the middle part. Thus, if the subtree dominated
by the node F in (4) and (5) is wanted, the result is

left: 53 A2 B1 C D El

middle: F3 G H I

right: J

The subroutine DOMINATE determines the node which immediately

dominates a given node in a tree, A special marker *Xl is placed

before the given node. Thus the result of applying DOMINATE to the
aode D in (4) and (5) is

left: S3

: .
middle and right: AZ B1 C Xl D El F3 @ H I J

‘The subroutine EQUAL tests whether or not two strings (such as
trees) are equal,
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The complete listings of the subroutines, together with a m.re
technical description of what they do, follow.

C A TR TERAY T T R T AT T AL ONA

Foids® €7 a8
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{ SUBROUTINE READRULEe FIRST VERSIONe )
(ENTRY POINT, READRULE)
(FUNCTIONe A LINGUISTIC RULE IS GIVEM ON CARDS IN THE FORM)
(LEFT-CONTEXT / LEFT~SIDE / RIGHT~CONTEXT = RIGHT-SIDE / CONDITIONS $)
(IF NO CONTEXTs BOTH SLANTS ON LEFT ARE CMITTED.)
(IF NO CONDITIONSs THE LAST SLANT IS OMITTED.)
(A RULE IS TERMINATED BY $. ALL SYMBOLS AFTER $ ON A CARD ARE IGNORED,)
(READRULE READS IN THESE CARDS IN FORMAT C FROM THE INPUT TAPE AND)
(STORES THE LEFT SIDE AND THE RIGHT SIDE OF THE RULE ON SHELVES 111)
(AND 1124 RESPECTIVELY,)
(IN THE LEFT-SIDE AND THE RIGHT~SIDEs SPACES OR PLUS SIGNS SEPARATE)
(LINGUISTIC CONSTITUENTSs COMMAS SEPARATE ALTERNATIVESs AND PARENTHESES!
(ENCLOSE SETS OF ALTERNATIVESe A STAR AFTER A LEFT PARENTHESIS)
CINDICATES THAT AT LEAST ONE ALTERKATIVE--POSSIBLY SEVERAL ALTERNATIVES)
(IN A ROW--MUST BE CHOSENe A STAR OTHERWISE INDICATES THAT THE ITEM)
(BEFORE IT MAY BE REPEATEDe AN iNITIAL AND FINAL SET OF PARENTHESES)
(MAY BE OMITTEDe)
(EACH LINGUISTIC CONSTITUENT 1S COMPRESSED INTO A SINGLE COMIT)
(CONSTITUENT. EACH PARENTHESISs COMMAs AND STAR IS COPIED AS A SINGLE)
(COMIT CONSTITUENTe THE SPACE AND PLUS SIGN ARE REMOVEDe. SOME REMOVAL)
(OF EXTRA PARENTHESESs SPACESs AND COMMAS IS DONE IN THE LEFT-SIDE.)
(7HE RESULT OF THIS TRIMMING IS LEFT IN SHELF llle IF THE LEFT=-SIDE)
(HAS ONLY ONE LINGUISTIC CONSTITUENTs THIS IS COMPRESSED INTO A SINGLE)
(COMIT CONTITUENT.)
(AT PRESENT»THIS SUSROUTINE CAN DEAL ONLY WITH RULES HAVING NO)
(CONTEXT AND NO CONDITIONSsWITH ONLY ONE LEFT-SIDE CONSTITUENT,)
(RESTRICTIONe THE SYMBOLS + » § = ¢/ # PARENTHESES AND SPACE MAY NOT)
(BE USED WITHIN LINGUISTIC CONSTITUENTSe)
(WORKSPACEe INPUTsDESTROYEDe OUTPUTsRETURN)
(SHELVES USEDe 11150UTPUTsLEFT HALF)
( 112 s0UTPUTsRIGHT HALF)
{ 127»PUSHDOWN STORE FOR SUBROUTINES)
(EXITe le SUCCESSFULLY READ IN ONE GRAMMAR RULE)
2e¢ FAILUREe THE RULE 1S CONTEXT=SENSITIVEe)
PRINTe IN SUBROUTINE READRULEs THE RULE +WHOLERULE+ S CONTEXT~)
SENSITIVE.)
3¢ FAILUREs THE RULE IS LEFT-COMPOUND.)
PRINTe IN SUBROUTINE READRULEs THE LEFT SIDE OF THE RULE)
+WHOLE RULE+ IS COMPOUNDe)
4e FAILUREe THE RULZ HAS CONDITIONS.)
PRINTe IN SUBROUTINE READRULEs THE RULE+WHOLE RULE+HAS )
CONDITIONSe)
¢ FAILUREs THE RULE HAS NO = SIGNe)
PRINTe IN SUBROUTINE READRULEs THE RULE+WHOLE RULE+HAS NO)
EQUALS SIGN.)
6e FAILUREe THE RULE HAS NO END SYMBOL $.)
PRINTe IN SUBROUTINE READRULEs THE END OF RULE $ IS NEVER)
( FOUND IN+WHOLEDATA+e)
(IN EXITS 5 AND 69 STCRE ALL IN SHELF 111 OTHERWISEs STORE LEFT HALF)
(AND RIGHT HALF SEPARATELYe IN EXITS 1s 35 AND &» THE LEFT SIDE 1S)
(TRIMMEDs AND IN EXITS 1 AND 4» IT IS COMPRESSED. )
(SUBROUTINE READRULE HAS 36 COMIT RULESe)
READRULE % = //#A111 1,%#A112 19%A112 1,#RCK1 #
READRULE<U $+#843+%, = A+l //#A112 1 READRULE.1
®  $4%, = //#Q112 19#RCK2 READRULE.O
* 8 = //%A12 1 = X
* $ = 1+=1t =SUBROUTINE=READRULE ¢~ THE=END~OF =RULE ~#$~1 S~NEVER~FOUND~
SINto=+14#e%0 //%Q111 1,#WAM2 3 49#N127 1 *
* 81 = 1/46 $ (NO SYMBOL $+END OF FILE)
READRULEel S$+%=4$ = 143//%#Q112 2 READRULE.?2
* 3 =.-lN-SUBROUTINE-READRULEo“THE-RULE*o-+1+*$*o-HAS-NO-EQUALS-SIGN.-
e ®0+1l //%#WAML 2 3,%#N127 19%Ql11 & *
*# $1 = 1/45 $ (NO EQUALS SIGN)
READRULEe2 $+%/+$ a A+i42434% 44 //%#N127 1,%A112 6 READRULE«3

<
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® $ = #A+1+#8 READRULE»4

READRULEe3 $1+S+¥#x4$ = 1/4242+4+=IN-SUBROUTINE-READRULE 9=THE=RULE #¢=+2~

+3444%3% o~ S=CONTEXT*#=SENSITIVEe#e%#0 //%#Q111 29%*QL12 39%¥WAM4 5 6 7 8
(CONTEXT-SENSITIVE)

READRULEe4 #A4= = 1 READRULE.4

READRULE«4A #A+it+ =1 READRULEe4

READRULEe5 =+#B = 2 READRULE.S

READRULESSA #4 +%#Bs2 READRULEeS

READRULECSB #A+#(+$+#)+#B = 14345 READRULE.%

- = READRULE«6

9 = READRULE«6

#{ = READRULE«6

#) = READRULE«6

#+ = READRULE6

#% = READRULE«6

RA+S+#B = 2/7/%#K19#Q1l11 19%#A112 1 READRULE.7

READRULE«6 #A+S$+#B = A+2+%#=4B //#N127 19#All2 4 *

* $1+3+%x49 = 1/e34244+~IN-SUBROUTINE-READRULE 9=THE=LEFT=SIDE~OF ~THE~~

RULE#e=4+243+4+#5% ¢~1S=COMPOUND##0 //%#Q111 29%#Q112 39%#WAM4 5 6 7 8 §
( LEFT~-COMPOUND)

READRULES7 $+#/+43 = A+A+#=41+42+43 //%2N127 19#Alll 2 READRULE.1l

* $ = #A+]l

READRULE«8 *#A+S$S1 = //#.2 READRULE.LIS

* S+RA = //%QLl12 19%N127 2 #

* S$1 = 1/.1 $ (SUCCESS)

ek k¥ %X

=READRULE.LIS = = 0 READRULE.?
#+ = 0 READRULE«Y
#( = READRULE.10
*#) = READRULE.10
» = READRULE.1O
#% = READRULE.10

* S+R#A+S] = 14342 //%K1 2 READRULE.S

READRULES9 $+#A = //%#Q1l12 1 READRULE.S

READRULES10 $S+%#A+S] = //%Qll2 1 3 READRULE.S8

READRULEe1ll S$14$+%#2343 = 1/,44244+=IN=SUBROUTINE~READRULE 9=THE=RULE* ¢ =+~
2+3 444 %8S% ¢ ~HAS~CONDITIONS e #e#0 //%#Q1l1]1 29%Q1l12 39%#WAMG 5 6 7 8 S(CONDSe)
(END OF SUBROUTINE READRULE.)




T Ay et R T i v - o
wl P - .
: w" menenth 0 - e
R
3

DL A A A S 4 T Ta TR T PATERT TN R R TS O A AR TR e oo PV WA AT v T AN DT T T N TR TR e TR RS R TANRNT e T T Al TR T PR REAT TR AR TR TR VAR R SO ST IR LR AT

LY e

Bt

~149-

(SUBROUTINE AMNNOTATESFIRST VERSION)

(ENTRY POINTe ANNOTATE)

(FUNCTIONe FOR RIGHT SIDEs AFTER READRULEe REPLACES ALL PARENTHESESs)
(COMMASs AND STARS BY COMMA WITH SUBSCRIPTSs TOGETHER WITH AN)
(INDICATION OF DEPTH OF PARENTHESIS NESTINGe OTHER SYMBOLS=-THE)
(NODE NAMES—-~ARE LEFT UNCHANGEDe THE COMMA WITH SUBSCRIPTS)

(WILL BE USED LATER FOR RANDOM CHOICE OF ALTERNATIVE SUBRULES.)
(EACH LEFT PARENTHESIS» RIGHT PARENTHESISs OR COMMA 1S REPLACED BY)
(A MARKER #*M+9/¢N9Q WITH TWO CONSTITUENTSs WHERE M IS THE )

(DEPTH OF PARENTHESIS NESTINGs N IS THE NUMBER OF ALTERNATIVE)
(CONSTITUENT STRINGS PRECEDING THIS MARKER IN THIS COMPONENT)

(AT THIS LEVELs AND Q IS A LOGICAL SUBSCRIPT» WHICH DOES NOT)
(ALWAYS APPEARe)

(N IS O FOR A LEFT PARENTHESISe)

(Q INCLUDES END FOR RIGHT PARENTHESISe)

(EACH STAR IS REPLACED BY ##/REPEAT IF IT IS NOT IMMEDIATELY AFTER)
(A LEFT PARENTHESISe OTHERWISEs IT MEANS CHOOSE AT LEAST ONE OF)
(THE CONSTITUENT STRINGS IN THIS COMPONENTsAND IS DELETEDs)

(BUT USE IS PUT AS SUBSCRIPT ON ALL MARKERS #M+9/eNsQ IN THIS)
(COMPONENT AT THIS LEVELe)

(T4E ORIGINAL STRING IS ENCLOSED IN PARENTHESES INITIALLY,)

(ALL OTHER INPUT SYMBOLS REMAIN UNCHANGED.)

; (RESTRICTIONSe NONEo)

i {SUBROUTINE USEDe ADD-ONEes)

| (WORKSPACEe INPUTe ORIGINAL STRINGe)

e TR ARV

Ao et O L i &

( OUTPUTs RETURN FOLLOWED BY ANNOTATED STRING-)

(SHELVES USEDe 123 sTEMPORARY STORAGE FOR ORIGINAL UNANNOTATED STRING)
( 124 9y TEMPORARY STORAGE FOR UNFINISHED PART)

( 125 +TEMPORARY PUSHDOWN STORAGE FOR SUBSCRIPTING)

( 126 +sTEMPORARY STORAGE FOR FINISHED PART)

( 127 +PUSHDOWN STORE FOR SUBROUTINES)

(EXITe 1~ SUCCESSe THE WORKSPACE CONTAINS THE ANNOTATED STRING)

( PRECEDED BY THE SUBROUT INE RETURN»)

AND SHELF 123 CONTAINS THE ORIGINAL STRINGe)
2e¢ FAILUREe THE INPUT STRING IS NOT WELL FORMEDe)
SHELF 126 CONTAINS THE PORTION ALREADY ANNOTATEDe)
PRINTe IN SUBROUTINE ANNOTATEs THE STRING +WHOLE)
STRING+ IS NOT WELL FORMEDe)
3¢ FAILURE. THE INPUT STRING IS EMPTY,)
( FRJAINTe IN SUBROUTINE ANNOTATEs THE INPUT STRING 1S EMPTY,)
(IN CASE OF FAILUREsTHE ORIGINAL INPUT IS RESTORED TO THE WORK=)
(SPACEPRECE JED BY THE SUBROUTINE RETURNe)
(SUBROUTINE ANNOTATE CONTAINS 22 RULES,)
ANNOTATE $1+8 = A+R0+#{+142+%)+142 //%A123 19#AL24 19%AL125 19%#A126 1y~
HAL126 19%#5125 2+%#Q124 & 5 69%Q123 7 8y#L3 ANNOTATESL
*  $a2=IN-=-SUBROUTINE-ANNOTATE 9=~THE=INPUT-STRING=IS~EMPTYo#¢#0~
//7%#WAM] 9y #N127 1 #
# $1 = 1/¢3 $ (EMPTY WORKSPACE)
=AMNOTATE.L #(= //%#N124 1 ANNOTATE.1
9 = A+A//%#N125 19#N125 2 ANNOTATE.S
#)=  A+A//%N125 19%N125 2 ANNOTATE.7
#% = #R/REPEAT //%Q126 1 ANNOTATE.O
* $1= //%Q126 1 *
* ANNOTATE.O $=//%#N124 1 *
i * $l= //%L1 ANNOTATE.L
* $= //%A125 1 %
* $2 = ANNOTATE.S
*  S=A+A//%N12T 1-%A126 2 *
* $1=1/01 $(SUCCESS)
ANNOTATEel ## = 5/,09USE ANNOTATE.2
* S$l=l+9/e0 //%5124 1 *
ANNOTATEe2 $=ADD—=ONE/ANNOTATE«3+1//%#S127 19+%#5126 29%*N125 1 *
* $1=1+41//%#5125 1,*E2 ADD-ONE
ANNOTATEe3 $1+$22+4A //#N126 29%K1 *

o e w g g
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ANNOTATE.S S14$1=1424142/e11//%Q126 1 29%#5125 & 3 ANNOTATEeO

* ANNOTATE.S8 '

ANNOTATE.7 $1+S1=142/END //#Q126 1 2 ANNOTATE.O

ANNOTATE.8 S = //#A123 1 & . . .
* $= -lN-SUBROUTlNE~ANNOTATE.°THE-STRING*-+1+-XS'NOT-HELL'-FORMEDo*:-
¥0+1 //RWAML 9#WSM2 9 #WAM3 9#N127 1 * :

* $121/¢2 $ INOT WELL-FORMED)

{END OF SUBROUTINE ANNOTATE)
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(SUBROUTINES ADD-ONE AND SUB~ONE o)
(ENTRY POINTSe ADD-ONE AND SUB=ONE,)
(IF THE WORKSPACE CONSISTS Of A STRING OF SINGLE-DIGIT CONSTITUENTS)
(ONLYs THEN 1 IS ADDED 19 THE DECIMAL NUMBER IT REPRESENTS» FOR)
(ADD~ONEs OR 1 IS SUBTRACTED FROM THE DECIMAL NUMBER IT REPRESENTSy)
(FOR SUB-=ONE,)
(SUPERFLUOUS INITIAL ZEROS ARE ELIMINATED, )
(CONSTITUENTS RETAIN THE SUBSCRIPTS OF THE DIGITS THEY REPLACE.)
(THUSs ADD-ONE APPLIED TO ®0/A + *0/B +%9/C + %#9/,5 )
( YIELDS #1/8 +#0/C + #0/¢5 o)
{RESTRICTIONS, NONEe)
(WORKSPACEs INPUTe ORIGINAL STRING,)
( OUTPUTe RETURN FOLLOWED BY THE RESULTING STRING OF)
( ONE-DIGIT CONSTITUENTS.)
(SHELVES USEDe 127, PUSHDOWN STORE FOR SUBROUTINESe )
(EXITS 1o SUCCESSFUL ADDITION OR SUBTRACTION, )
2¢ FAILUREe THE WORKSPACE 1S INITIALLY EMPTYe)
PRINTe 1IN SUBROUTINE ADD-ONE OR SUB=ONE »)
THE WORKSPACE IS EMPTYe)
3¢ FAILUREe THE WORKSPACE CONTAINS THINGS OTHER THAN DIGITS.)
PRINTe IN SUBROUTINE ADD-ONE OR SUB=-ONEs THE WORKSPACEs)
+ STRING + DOES NOT CONTAIN ONLY DIGITSe )
" 4e FAILURE FOR SUB~ONE ONLYe THE WORKSPACE CONTAINS ZERO ONLYe)
PRINTe IN SUBROUTINE SUB~ONEs THE WORKSPACE CONTAINS )
( ZERO ONLY, )
(IN ALL FAILURE EXITSs THE WORKSPACE IS RESTOREDs PRECEDED BY THE RET.)
(SUBROUTINES ADD-ONE AND SUB-ONE HAVE 21 RULES ALTOGETHER)
ADD=~ONE §$ = ~IN~SUBROUTINE~ADD#-ONEy +1 //%5127 19ADD=-ONEs2 ADDs~-
ADD~ONEe3 ADD ADD=~ONE 0
SL3-ONE $ = ~IN-SUBROUTINE~-SUB#*~ONEs +1 //%#5127 19ADD~ONEs2 SUBs~-
ADD-ONEe3 SUB
ADD-ONEeO $1 = #2441 ADD-ONE.i
* 9 = A+A //%N127 2,%#N127 1 =
* $1+8) = 1/¢242+=THE~WORKSPACE=IS~EMPT Yoo // *WAM2 3 S(EMPTY)
ADD—=ONEel #2481 = 24%2/3%2 //#L] ADD=ONE.LIST
ADD~ONE.2 ADD S1+#2 =%2/$%14]1 //#L2 ADD=ONE¢MIST
SuUB =RZ/S%1+]1 //%L2 SUB=-ONEMIST
ADD-ONEe3 ADD #Z =#Z+%#]1 ADD-ONEe7
SuB =0 #
SUB=~ONEe4 #9+$ = 24#0/$#] SUB=~ONE o4
® 9 = A+A+] //%N127 2,%N127 1 #
* $1+8]1 = 1/04+2+'THE-NORKSPACE-CON?\lNS'ZERO-ONLYo*o //%WAM2 3 S(ZERO)
ADD-=ONEe5 S+#2+48]1 = #2+4143/$%2 *
ADD~ONEe6 #2+#04$S1 = 143 ADD-ONE.6
ADD=ONEe7 $1 = //#N127 14%N127 1 *
® $1 = 1/01 $ (SUCCESS)
ADD~ONEe8 #2431 = #242/9#] ADD~ONE. 2

" S Su S N S

=ADD~ONEoLIST *0 = ADD-ONE, 1
#] = ADD-ONEs 1
#2 = ADD~ONE. 1
#3 = ADD-ONE. 1
#4 = ADD~-ONE, 1
*#5 = ADD~-ONE.1
#6 = ADD-ONE.1
*7 = ADD~-ONE,1
*8 = ADD-QNE,.1
*®9 ADD=ONE,. 1

=

® S+RZ = AdA+] 7/7%N127 29%#N127 1 =«
# $1451+8 = 1/03+2+=THE-WORKSPACE s #¢ +3+=DOES~NOT~CONTAIN=ONLY=
~DIGITSe*e+3 //%#WAM2 3+%#WSM4o%WAMS $ (NOT ONLY DIGITS)
=ADD-ONE.MIST %0 = #1 ADD-ONE.S

*] = #2 ADD-ONE«5

*2 = #3 ADD~ONE.5

#3 = %4 ADD-ONE.5




*4
*5
*6
*7
*8
*9
=SUB=ONE.MIST #]}
. #2
*3
*4
*5
*6
*7
*3
*9
*Q
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*5
*6
*7
*8
*9

*0
*]1
*2
*3
*4
*5
*6
*7
*8
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ADD=ONE o5
ADD-ONE 5

ADD-ONE«5
ADD~ONE«5
ADD~ONE«5
#0 ADD-ONE-8
ADD-=ONE«5
ADD=ONE«5
ADD-ONEe«5
ADD-ONE«5
ADD-ONE«>5
ADD~ONE«5
ADD-ONE«5
ADD-ONE«5
ADD-ONE«5
#9 ADD-ONE.8

(END OF SUBROUTINES ADD-ONE AND SUB=~ONEs)
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(SUBROUTINE STORERULE.FIRST VERSIONe FOR CONTEXT FREE RULES ONLY,)
(ENTRY POINT.STORERULE.)

(FUNCTIONe THE LEFT SIDE OF AN ANNOTATED RULE IS GIVEN ON SHELF 1l1y)
(AND THE RIGHT SIDE ON SHELF 112, STORERULE PUTS THE RIGHT SIDE OF THE)
(RULE ON SHELF N» AND QUEUES THE LEFT SIDEs FOLLOWED BY A CONSTITUENT)
( #$/eN » ON SHELF 99 WHERE N IS THE NUMERICAL SUBSCRIPT ON THE )
(FIRST CONSTITUENT OF SHELF 99s AND IS IN THE RANGE 1 TO 98 INCLUSIVE,.)

(THIS NUMERICAL SUBSCRIPT 1S THEN INCREASED BY 1 AND THEN RESTORED 70)
(THE BEGINNING OF SHELF 99, )

(NO RESTRICTION ON INPUT CONST ITUENTS,)
(WORKSPACE « INPUT DESTROYED.OUTPUT IS SUBROUTINE RETURN,)
(SHELVES USEDe 1 TO 98s AS NEEDEDS RIGHT SIDES STORED)
( 99s STORAGE OF MARKER #$/.N»s WHERE N IS THE NEXT)
' SHELF TO BE USED IN STORING A RULE,s AND OF)
LEFT SIDES OF RULESs FOLLOWED BY MARKERS #$/.M o)
11ls INPUTe ANNOTATED LEFT SIDE)
1129 INPUTe ANNOTATED RIGHT SIDE)
1279PUSH DOWN STORE FOR SUBROUTINES)
EXITSe-1e SJUCCESSeTHE RULE IS STORED ON PROPER SHELF,)
2 FAILUREs THE FIRST CONSTITUENT OF SHELF 99 DOES NOT HAVE A)
NUMERICAL SUBSCRIPT FROM 1 TO 98 INCLUSIVE.)
PRINTe IN SUBROUTINE STORERULES THE FIRST CONSTITUENT)
+CONSTITUENT+ OF SHELF 99 DOES NOT HAVZ A NUMERICAL SuB-)
SCRIPT FROM 1 TO 99 INCLUSIVE.)
3¢ FAILUREe SHELF 99 IS EMPTY.) ‘
PRINTe 1IN SUBROUTINE STORERULES SHELF 99 IS EMPTY.)
(IN CASE- OF FAILUREs ALL SHELVES ARE RESTORED.)
(SUBROUTINE STORERULE HAS 7 RULESe)
STORERULE $ = //#N99 1 =
® $1/4L9994G0 = 1/,114%8/,%#]1 /%599 1o%A%2 19%#A112 1,%Q%2 1,%#A111 1
*#Q99 1 29%N127 1 STORERULE,.1
* $1 = 141 //%#S99 1s#N127 1 STORERULEe2
*# $= -IN-SUBROUTINE-STORERULE'-SHELF-*9*9-IS-EMPTY.*.//*NAMIO*N127 b
* $! = 1/¢3 $ (SHELF 99 IS EMPTY)
ORER 1 s8] = $ (SU )
g%O%ERStE:Z $i+$ ili}o2+—i§-gSEESUTINE-STORERULEo-THE-FIRST-CONSTITU-
ENT'*o+Z+-OF-SHELF-*9*9-DOES-NOT-HAVE-A-NUMERICAL-SUBSCRIPT-FROM-*I-TO‘-
¥SHB-INCLUSIVEe*e //¥WAM29%WSM3o*WAMG o ( IMPROPER SUBSCRIPT)
(END OF SUBROUTINE STORERULE)
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(SUBROUTINE CHOOSE )
(ENTRY POINT, CHOOSE)
(FUNCTIONe CHOOSE AN INTEGER FROM 1 TO N» WHERE N IS THE)
(NUMERICAL SUBSCRIPT ON THE FIRST CONSTITUENT OF THE WORKSPACEs)
(AND N IS IETWEEN 1 AND 36s INCLUSIVE. THIS INTEGER N WILL APPEAR)
(AS THE NUMERICAL SUBSCRIPT ON AN EXTRA FIRST CONSTITUENT #Xe)
(RESTRICTIONSe NONE. )
(WORKSPACEe INPUTs ORIGINAL STRINGe)
¢ OUTPUTs RETURN FOLLOWED BY ANSWER.)
(SHELVES USEDe 1265 TEMPORARY STORAGE.)
( 127» PUSHDOWN STORE FOR SUBROUTINESe )
(EXITSe 1o $JCCESSe A NUMERICAL SUBSCRIPT 1S SUCCESSFULLY CHOSENs)
( 2+ FAILUREes THE GIVEN INTEGER 1S ZERO.)
FRINT. IN SUBROUTINE CHOOSEs THE NUMERICAL SUBSCRIPT ON VHE)
FIRST CONSTITUENT +CONSTITUENT+ IS ZEROe)
3¢ FAILUREe. THE INTEGER IS GREATER THAN 36e)
PRINT. IN SUBROUTINE CHOOSEs THE NUMERICAL SUBSCRIPT ON THE)
FIRST CONSTITULNT +CONSTITUENT+ IS GREATER THAN 36e)
4e FAILUREe THE GIVEN CONSTITUENT HAS NO NUMERICAL SUBSCRIPT.)
PRINT. Il: SUBROUTINE CHOOSEs THE FIRST CONSTITUENT)
+CONSTITUENT+ HAS NO NUMERICAL SUBSCRIPVe)
5¢ FAILUREes THE WORKSPACE IS EMPTY,)
( PRINTe IN SUBROUTINE CHOOSEs THE WORKSPACE IS EMPTY,)
(IN ALL ERROR EXITS» THE WORKSPACE CONTAINS THE EXIT INFORMATION)
(FOLLOWED BY THE ORIGINAL WORKSPACE STRINGs)
(SUBROUTINE CHOOSE CONTAINS 18 RULESe)
CHOOSE $1+5 = A+%X/ %1+14142 //#A126 19#A126 19%Q126 3 4 5 CHOOSE.l
# $=-IN-SUBROUTINE-CHOOSE s~ THE-WORKSPACE-IS~EMPTY o* ¢ // -
#WAM19#N127 1
* $1=1/45 S(EMPTY)
CHOOSEel $1/¢GO= CHOOSE.2
# $1/.0= CHOOSEeS
# $1=-IN-SUBROUTINE-CHOOSE s=THE-FIRST—CONST ITUENT #o+A+—
~HAS=-NO-NUMERICAL=-SUBSCRIPT e #¢=//#N126 2 9¥WAM] o*WSM2 s #WAM3 s~
¥N127 1,%A126 2 +
* $1=1/.4 S$(NO NUMERICAL SUBSCRIPT)
CHOOSEe2 $1/4G636=-1N-SUBROUTINE-CHOOSE s~ THE-NUMER ICAL-SUBSCRIPT=
~ON-THE=-F IRST-CONSTITUENT* ¢ +A+~IS=GREATER-THAN-#3%6¢% o= //#N126 29~
¥WAM1 9 #WSM2 9 #WAM3,#A126 29%N127 1 CHOOSEe?
# $1=1/CHOOSE+0+1+A/CHOOSE+4//#5126 29CHOOSE.O $
CHOOSEe& $1+$1+31=2//%#D1 #
# 3$1=A/CHOOSE+O+A/CHOOSE«6 $
CHOOSEe5 $=A+A//%#N127 19#A126 2 *
# $1+4$1 = 1/¢24=IN-SUBROUTINE=CHOOSE s = THE-NUMERICAL~-SUBSCRIPT=ON~THE~.
~FIRST—CONSTITUENT *¢424-IS=ZEROe#o= //#WAM2s#WSM3s#WAM4 $(0 SUBSCRIPT)
CHOOSEe6 $2+$1=2+A//#A126 2 #
* $S1+S1+81=A+2/.%1 //#N127 1
*# $1 = 1/e1 $ (SUCCESS)
CHOOSEe7 $121/¢3 § (N IS GREATER THAN 36)
CHOOSEeO 1 $14$1=2+A/CHOOSE+0 1+A/el §

2 =2+A/CHOOSE.O0 1 2+A/.2 S

3 =2+4A/CHOOSE«D 1 2 3+A/e3 §

4 2+A/CHOOSE«O0 1 2 3 4+A/e4  §

5 =2+A/CHOOSECO0 1 2 3 &4 5+A/e5

6 =2+A/CHOOSE«O 1 2 3 4 5 6+A/¢6 $

7 z2+A/CHOOSEeD 1 2 3 &4 5 6 T+A/eT7 §

8 22+4A/CHOOSEeD 1 2 3 4 5 6 7 8+A/e8 §

9 22+A/CHOOSEeO 1 2 3 4 5 6 7 8 9+A/e9 $

10 =2+A/CHOOSE«D 1 2 3 4 5 6 7 8 9 10+A/420

11 32+A/CHOOSE«0 1 2 3 4 5 6 7 8 9 10 11+A/011 §
12 =2+A/CHOOSE«O 1 2 3 4 5 6 7 8 9 10 11 12+A/el12 §
13 =2+4A/CHOOSE«O 1 2 3 4 5 6 7 8 9 10 11 12 13+A/¢13 §
14 =2+4A/CHOOSE«O 1 2 3 4 5 6 7 8 9 10 11 12 13 14+A/e14 S
15 =24A/CHOOSE.0 1 2 3 4 56 7 8 9 10 11 12 13 14 15+A/.15 S




16
17
18
A/.18
19
A/.19
20

21

22
23
24
25

26
a7

28
29
30

32
33
34
35
36
(END
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=2+A/CHOOSE.O 1 2
=22+A/CHOOSE.O 1 2
=2+A/CHOOSE.O 1 2
s "
=2+4A/CHOOSE.O 1 2
$
2+A/CHOOSE.O~- 36
214A/:20 &
=2+A/CHO0SE«O~ 36
+A/422 S
=2+A/CHOOSE. O~ 36
=2+A/CHOOSE.O- 36
22+A/CHOOSE. O~ 36
=2+A/CHOOSE.O~- 36
22+A/CHOOSE.O~ 36
=22+A/CHOOSE.O~ 36
=2+A/CHOOSE.O~ 36
=2+A/CHOOSE.O~ 36
=2+A/CHOOSE.O~ 36
=2+A/CHOOSE.C~ 36
=2+A/CHOOSE.O~ 36
=2+A/CA00SE.O~ 36
=2+A/CHOOSELO~ 36

OF SUBROUTINE CHOOSE. )

35

35
35
35
35
35
35
35
35
35
35
35
35

34

34
34
34
34
34
34
34
34
34
34
34

33
33
33
33
33
33
33
33
33
33

32

32
32
32
32
32
32
32
32
32
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9 10 11 12 13 14 15 16+3A/¢16 $
9 10 11
9 10 11

9 10 11

31

30

30

29
29

29
29
29
29

29
29

12 13 14 15 16 17+A/.17 s
12 13 14 15 16 17 18+~

12 13 14 15 16 17 18 19+~
28 27 26 25 24 23 22 ~-
28 27 26 25 24 23 22 =

28 27 26 25 24 23 +A/e22 §
28 27 26 25 24 +A/423

28 27 26 25+A/+24 $

28 27 26+4A/¢25 S

28 27+A/¢26 $
28+A/¢27 S

29+A/.28 $
30+A/.29 §
314A/.30 s
32+A/e31
33+A/¢32 S
34+A/33
35+A/434 §
=24A/CA00SE«O~ 36+A/e35 §
=24+A/CHOOSE«O=+A/e36 S
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(SUBROUTINE SUBTREE. )
(ENTRY POINT,SUBTREE) _
(FUNCTIONe IF A TREE 1S GIVEN IN SHELVES 102+10395AND 104s AND IF A )
(NODE NAME 1S SPECIFIED AND STORED IN SHELF 1009 THEN THE SUBROUTINE)
(FINDS THE FIRST COPY OF THIS SPECIFIED NODE FROM SHELVES 103 AND 104,)
(AND DIVIDES THE TREE INTO THREE PARTSsLEFTsMIDDLE9AND RIGHT ACCORDING)
(TO THIS SPECIFIED NODE« THE MIDDLE PART CONSISTS OF THE NODE JUST)
(FOUND TOGETHER WITH ALL NODES IN THE SUBTREE DEPENDENT ON THIS)

{NODE AND 15 STORED IN SHELF 103« THE LEFT AND RIGHT PARTS ARE)

(THE REMAINDER OF THE TREE AND ARE STORED IN SHELVES 102 AND 1049 )
(RESPECTIVELYe SHELF 100 IS RESTOREDe IN THE TREE»==BUT NOT ON SHELF)
(1009~~ NODES WITHOUT NUMERICAL SUBSCRIPT AND THOSE WITH NUMERICAL)
(SUBSCRIPT ZCRO ARE CONSIDERED. EQUIVALENT ) ‘

(RESTRICTIONSNO INPUT CONSTITUENT IS #Y OR %#Z,)

(WORKSPACE« INPUTsDESTROYEDe OUTPUT » SUBROUTINE RETURNe ) -

(SHELVES USED«1009¢SPECIFIED NODE STORE)

( 1029LEFT PARY)

( 103sMIDDLF. PART AND SUBTREE)

( 1049RIGHI PKRT)

( 127+PUSH DOWN STORE FOR SUBROUTINES.)
(EXITeleSUCCESSeSUBTREE FOUND. )

( 2¢FAILURE«THE SPECIFIED NODE DOES NOT OCCUR IN THE STRING.)

PRINT<IN SUBROUTINE SUBTREEs+ THE SPECIFIED NODE+ DOES NOT)

OCCUR IN THE STRING+WHOLE STRINGe)
3eFAILURE«SHELF 100 1S EMPTYe) '

PRINTe IN SUBROUTINE SUBTREEs SHELF 100 IS EMPTY.
4eFAILURETHE STRING IS NOT WELL FORMED, )

PRINT«IN SUBROUTINE SUBTREEsTHE PORTION OF THE STRING+STRING+ )

BEGINNING WITH+NODE+IS NOT WELL FORMED. )
(THE PRINTOUT USES A CONSTITUENT #*Y AS A SEPARATOR BETWEEN SHELVES 103)
(AND 104,4)
(IN CASE OF FAILUREsSHELVES 10091029103sAND 104 ARE RESTORED )
(THE SUBROUTINE HAS 20 RULESe.)
SUBTREE 3=//%#N10U 1 #
B OS1=14%Y/e0+L+#Y/o14L/7/%AL03 39#A104 § SUBTREE O
#* $=-1N-SULROUTlNE-SUBTREEo-SHELF-*l*O*O-IS-EMPTY.*.//*HAMIo-
*N127 1 »
* $1=1/e3 3 (EMPTY)
SUBTREEeO $1/¢0+%#Y/40 = 1/=¢+2 SUBTREE.]
* SLeRY4S+] = 14%#2/4090leH4+2434+4 /7 /%5100 19%#Q102 3 44%Q103 5 SUBTREE.2
SUBTREEeOA S1+%#Y+$+%Y+$ =-IN-SUBROUTINE-SUBTREE.+1+—DOES-NOT-0CCUR-IN-
~THE-STRING-=+34+%#Y+5+ *o+1+3+5/ /% WAML o R WSM2 9 # WAM3 o~
¥WSM4 5 69#WAMT 9#S100 89#Q103 99%#Q104 10,#N127 1 #

* $1=1/42 $ (SEARCH FAILS)
SUBTREEel S1+%Y+$+1 = ,/#Q1l04 3 SUBTREE.1A
* S1+31+4S$ = 1/.0+2+A+3 //#A104 3 SUBTREE.OA
SUBTREEe1A S$S14%#Y/,0+31/.G0 = //#Q104 3 SUBTREE.1 '
* S14+%Y4S1l= 1/40+%2/ 60 +2+A+3/ /#5100 19#A104 49%#Q102 3 4,#Q103 5 »

P ST PR S g, P ey

SUBTREE2 #Z/4GU+$1=1/¢1e#294D14+2//%Q103 2 SUBTREEe2
* #7/40 =A+#2+B+¥*2 // #Al02 1+#A103 3 SUBTREE.3

* #Z =A+A+A//%N100 19%A102 2,%#A103 3

* $1+$+*Y+S+*Y+S=1+2+4+6+-IN-SUBR0UTINE‘SUBTREEQ~THE-PORTION-OF-THE-

~STRING=+4+#Y+6+~BEGINNI NG=WI TH=+14=1S=NOT<WELL~FORMED ¢ #¢~
//%*5100 19%#Q102 2+%Q103 3+#Q104 49 *WAMS 9% WSM6 7 89 #WAM9 s~
RUISM10 9o #WAML11 9 #N127 1 *

* $121/44 $ (NOT WELL FORMED)

SUBTREEe3 #Y4S+2yY = 2 &

*OSHRZ4S+%Z43514345 //#Q102 15%Q103 2+%#Q104 3o%N127 1 *

* Slvrl/e1l $ (SUBTREE FOUND} 4

(END OF SUBROUTINE SUBTREEe)
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(SUBROUTINE DOMINATE.)
(ENTRY POINT.DOMINATE)
(FUNCTION, SUPPOSE THAT A SENTENCE TREE IM MODIFIED POLISH NOTATION)
(1S GIVEN IN SHELVES 102+103sAND 104e THIS SUBROUTINE FINDS THE)
{NODE WHICH IMMEDIATELY DOMINATES THE FIRST CONSTITUENT OF SHELF)
(103+AND THEN BREAKS UP THE SENTENCE TREE INTO THREE PARTS SO THAT)
(THE NODE JLST FOUNDs TOGETHER WITH SUCCEED]NG NODES» 1S REMOVED FROM)
{SHELF 102 AND PLACED AT THE BEGINNING OF SHELF 103. A NEW CONSTITUENT)
¥X/e1 IS PLACED BEFORE THE GIVEN MODE. [F FAILUREs SHELVES)
(10251039104 ARE RESTORED.) :
(RESTRICTIONGNO INPUT CONSTITUENT IS %X,
(WORKSPACE « INPUT»DES TROYEDs OUTPUT » SUBROUT INE RETURN, )
(SHELVES USEDe 102» LEFT PART OF TREE)
( 103, MIODLE PART OF TREE)
( 104 RIGHT PART OF TREE)
( 126s TEMPORARY STORAGE )
( 127» PUSHDOWN STORE FOR SUBROUTINES)
(EXITSe 1o SUCCESS)
( 2¢ FAILURETHE NODE GIVEN IS THE INITIAL NODE.)
( PRINTe IN SUBROUTINE DOMINATE,THE NODE TESTEDs+NODE+ IS THE)
( INITIAL NODE OF THE TREE,)
( 3¢ FAILURE'SHELF 103 IS EMPTY,)
( PRINTs 1N SUBROUTINE DOMINATE»s SHELF 103 IS EMPTY,)
( 4o FAILURESTHE STRING IS NOT WELL FORMED.) ,
( PRINTs IN SUBROUTINE DOMINATEs THE NODE TESTED +NODE+ 1S)
( NOT DOMINATED BY ANY NODE IN SHELF 102, +LEFT PART+ o)
( THE SUBROUi INE CONTAINS 17 RULES.)
DOMINATE $=//%#A126 1,%#N103 1
® $1 = //%#S103 1 » #A102 1 DOMINATE,]
*  $2=IN=SUBROUTINE-DOMINATE »=SHELF =% 1 ¥0#3=] S=EMPT Yo # o
//%#WAML o #N327 1 #

* $1=1/43 $ (EMPTY 103)
DOMINATEel $1= DOMINATE.2
* $x //#N103 1 #
* 581+-IN-SUBROUTINE-DOMINATEo-THE-NODE~TESTEDo-+1+-IS-THE-INITIAL-
~NODE=OF~THE=TREE o *, //%5103 19%WAM29o%#WSM3»%WAM49#N127 1 *
* 3121/42 'S (GIVEN NODE IS ROOT)
DOMINATE«2 $1=//%#S126 1 DOMINATE.2
*  $=A+%X/.0//%N126 1 %
DOMINATE ¢ 3~

S1+8X/elo¥1 = #X/0141 //#S103 1,#A102 1,%5103 ] 29%X126 DOMINATE.&
y S1t®Xal+ 2/.115eDe#*1//%5102 19%N126 1 DOMINATE.3
¥ S5 = A+BIC //#N127 1,%#N103 2,%A102 3
% S14$145 = 1/44+2434=IN-SUBROUTINE~DOMINATE = THE=NODE=TES TED 3424~
-IS-NOT-DOMINATED-BY-ANY-NQDE-IN-SHELE-*I*O*Zo+3+*. //%5103 -29%#Q102 3.~
SWAMG 2 XWSMS 9 #WAMG» #WSM7s #WAMB  $(NOT WELL FORMED)
DOMINATE«4 $1 = //%#5102 1. DOMINATE.4
* S = //ENI2T 1 #
* $1=1/,1 $ (SUCCESS)
(END OF SUBROUTINE DOMINATE)
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(SUBROUTINE EQUAL)

(ENTRY POINT.,EQUAL)

(TEST IF THE STRINGS IN SHELVES 107 AND 108 ARE IDENTICAL.)

(RESTRICTIONe NO INPUT CONSTITUENT SYMBOL IS #Ae)

(WORKSPACE ¢ INPUT 9DESTROYEDe OUTPUTIRETURN.)

{SHELVES USEDE1ILT7 AND 108+INPUTe RESTORED IN ALL CASES,!

( 127sPUSHDOWN STORE FOR SUBROUTINESe)

(EXITSe le SUCCESS+EQUALITYe)

( 2+ FAILURE« INEQUALITY)

( PRINTe IN SUBROUTINESEQUALsT)E STRING IN SHELF 107 9+STRING*)

( 1S NOT EQUAL TO THE STRING IN SHELF 108s+ STRINGe)

(SJBROUTINE EQUAL HAS 9 RULESe)

EQUAL S$S= %A/ 1+%A//7 #Q107 19%#Q108 29#N107 19%#N108 2 *

EQUALe.1 $1+41 = 2+1 EQUAL.3

*  RASRA = A //#N12T7 1 EQUALe4

EQUALe2 S1+S1 = 14%A+2 //%#S107 19%S5108 39%#A107 1,%A108 3 *

#  SHRASLSHRALSHRALS = A+34+1¢HASTHS //%#N12T 1 #

# S14+S4%A+S = 1/242444=-IN-SUBROUTINE-EQUAL 9=~THE=STRING I N=SHELF~-

] #0#T o %o +24=]1S=NOT=EQUAL=TO~THE~STRING=IN~SHELF=#1%0#8 o % o+bt¥,e //~-
#Q107 29#Q108 39 HWAMY 9 HWSMS 9 #WAMO 9 #WSMT 9 #WAMB S (FAILURE)

EQUALe3 S1+1 = //%#Q108 19%#Q107 2o#N107 19#N108 2 EQUAL.1

# $1+81 = 241 EQUALe2

EQUALe%s S1 = 1/61 $ (SUCCESS)

(END OF SUBROUTINE EQUALe)
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(SUBROUTINE TERMINAL,) :

(ENTRY POINT, TERMINAL)

(A TREE IS GIVEN IN THE WORKSPACE IN MODIFIED PO
(DELETE FROM THE WORKSPACE ALL CONSTITUENTS WHICH ARE NOT TERMINAL)
(SYMBOLS. DELETE THE NUMERICAL SUBSCRIPT FROM ALL TERMINAL SYMBOLS,)
(A TERMINAL 5YMBOL HAS A ZERO

{A NON-TERMINAL SYMBOL HAS A NON-ZERO NUMERICAL SUBSCRIPT. )
(RESTRICTIONS, NONE )

(WORKSPACE. INPUT, ORIGINAL STRING.)
(

OUTPUTs RETURN FOLLOWED gY TERMINAL STRINGe )
(SHELVES USED, 127. PUSHDOWN STORE FOR SUBROUTINES, )

(EXITe success 1w ALL CASES. THE TREE NEED NOT BE WELL~-FORMED,)
(THE SUBROUTINE HAS 3 RULES,.) .

TERMINAL  $1/,G0 = 0O TERMINAL
TERMINAL.1 $1/.0 = 1/=¢ TERMINAL.1
* 3 = A+l //wN127 18 (EXIT)

(END OF SUBROUTINE TERMINAL )
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