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Trace sequence of calls to EXECSEM and literals
passed during graph generation.

After each parse rule has modified the graph, output
it anew.

Trace graph when generation is complete,.
Ooutput time used in each segment of translation.

print the string representation of the right-side
graph grammar as read in.

Trace thes saguence of parse rules used.




IV, THE INTERPRETER

The graphs that the TWS ganerates are amenable to

execution with a very trivial interpreter. This section will
j attempt to describe such an interpreter, even though one
N is not currently in existence.

The structure of the completed program graph is
datailed in Pratt (12); an informal dascription will lay
tha groundwork for the interpreter design here. Basically,

the program graph will consist of two main system nodes,

et P and CEP, with some less important stacks at the system

= level (E-stack, I~stack). The P nods forms a top-level

vy

[
!

instruction node with the one instruction "fetch—-instruction"

noda operating on the nodes BRANCH, Q, and CIP (current in-

[
Cusmiin st

4 struction pointexr). CIP contains the program graph and its

] - associated seguence of instruction noades.

g : All the primitive operationus, including the primitive

- " nfetch—instruction”, are dsfined as graph transformations

3 N which cnange the state of the abstract machine. The trans-

M i formation d=finitions are included in Appendix H. A careful

g - analysis of the primitive "fatoh-instruction" reveals that it
- 7 e placzes the next instruction nod= as the value of node Q.and

increments the instruction pointer. Interpretation is then

logically a two-step process: execute ths instruction in

node P (fetch the next instruction), thea execute the instructi:
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in nodz Q (execute the instruction just fetched). The above
process continues until no more instructions can be fetched.

¥ An interpreter to accowmplish the above process nead

e be no more than a set of subroutines written in GROPE which
perform the primitive graph transtormations neaded. One

main subroutine could be written as the axecutive which executed
the "fetch-instruction", checked to sse it node Q was empty,

ey A and then called the subroutine designated by the function in

L. . the instruction of node Q. The graph transforming routines

themselves are guite uncomplicated; GROPE providas many flex-
ible means of following arcs to retrieve and change the values
ot the o, B, etc. nodes mentioned in the transformation dz—

i scription.




V. EVALUATION AND DIRECTION

The TWS described in this work does not have the
benefit of extensive use at this point, nor does it approach
tha translation problem in a manner similar enough to previous
attempts to permit close comparison. The system is moving
into a user status at the University of Texas fairly rapidly,
howaver, so concrete results should be forthcoming.

In the meantime, saveral aspects of the system are
notable enough to reguire comment. The general theme in the
design of this TWS has been generality and simplicity at the
expense of speed and efficiency. It was d=stermined that an
implementation of this sort should be based on the formal
translation ot string languages to graph representations,
without the hearistics that ssem to popalate soO many TW3's
whose primary concern is an efficient +ranslation. This TW3

was da=signed to translate a large class of string languages

~ into their graph representations given the appropriate pair

grammar with a miniman Of modification. To this end, it
accomplishes its.task quite wall.

The usafulness of the TWS will becoma2 clear when more
analysis work is done on the program graph model. If such
work proves fruitful, then the TWS will surely make a sizeable
contribution to the field of progran modeling. Indead, evean

if the specific graph models are never treated formally, an
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important step forward will have bean made when it is shown

that the TW3-gensrated program model can be executed. Wnen

an interpreter is available, the capability will then exist

to model an implementation of a language. The virtual machine

E' which supports a languags can be graphically depicted simply

and quickly through ths appropriate palr gramnar definition.

E i} It seems clear that the various methods of implementing a
certain language feature could be changad at will using this

techniqae.

The use of H-graphs to represent programs is showing
quite a bit of promise in curreat correctness-proving work as
well. With the capability of now creating program nodels

wihich includsz sewmantic informaticn, porha

U
]
6]
4
O
¢}
[
@]
3
<3
]
ty
EJ
th
}.l
O
"
i

tion studies can be aided by this system. Certainly the de=-
lineation of control paths into arcs connecting instruction
nodas makes daetermination of "what happens next" in a program
clearer.

Finally, the TWS may prove useful in the field of
automata theory, since the translation produced is nothing
more than a finite-state automaton. An interpreter may be
used to drive this automaton through its various "states" in
a step-by-step fashion, stopping when an "interesting" state
has bean entered. The state diagram of a recognizer for a

particular grammar could be constructad and tested, for exanple
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In this light, then, the road ahead is clear. The
interpreter (for ALGOL 60) comes next. Once this is completed,
an extensive testing program must be begun to show whether orx
not the eatire system can effectively model the semantics
of an ALGOL program. Several choices remain after that for
further work. New pair grammars should be developed for other
programming languages; not only will they further test the TWS-
they will also test the range of applicability of pair grammars

This translator writing system will undoubtedly be
followad by many more sophisticated ones as the theory of
program semantics grows. They will be more efficient, more
general, and will handle a widsr variety of output forms than
this on=2. They will eventually take the task of translation‘
from the compiler writer's hands completely. This TW3 may
be looked upon as merely a step in the right direction--a step’
avay from the heuristically-oriented TW3's of the past and

toward the formally-defined ones of the future.




@& f
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Appeadix A: ALGOL 60 Parr Gramnar
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12%<lobel decl>i:= label <label list> &label dec] ) = Kilabel list>)
i ‘ i ll3*</o.é>6/ list>::=< fabel /isll)) </&631> = I</a~é<3/ list>

(-4

creale-/a

bel mf(/a beli )l
¢ l’ﬂS(f’ r N

s 1Hy* &label list>i:=<label> Klabel [ist>)::= lreate- ]alae/
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58

15* <Proc.. deel >z <fype>Freceolurt <Fror.— «J)(Froc. head >Zproc. ﬁ‘%’y)

or omc? c’
lerealeprost 1Gproc )]
Kgroc. deci D)= a-r <_pm; tm CEP
A-R [@or 'rea/'({varm ﬁR{J

-
(Lproc. head> )
(¢proc. iod’y) D)
‘f,+ czp

ep
CEP

116 <proc. body>::=<stmt> Rproc_body>):: =

117 <proc. bon)::: {coded> Kproc. boo/y&:: Kcode>

118 <proc. Aeacbff:('farmalParnmparf‘)j(#a/ue Fxff)(:;p@:.,f)gmf) I@Farma/ param. par? )

Kproc heady )= rafockltsl ] Pstack
Va-/

L%

(nsloll-new-a-r ar AR
ep
CEP
1
Lvalue part>
e
{spec. parl>

19 <formal Faram.}na.rf).’-‘:‘- emp fy @orma/ 'pcxram.pomf});::

120 <‘Pormc\,! aram, arf):.‘:(('Porma,/ arc;m,/iS“f)) @‘F‘orma{‘Faram.parf»-’-’:Q“F’ofh'w/paf‘am.lls'f))
F P P . / ,

12/ <Forma’f)aram. fist> :.'::(Farma/fm.mm. /¢'5f><Param,c/e/«m.)({;:rmalfaram) . {Formal gcu‘am.))
, &
C(formn,/ faram. /IS{D"Q onrma\’ param, f:"sf))

122 <7Corrpa/l0ara.m. list>:=<formal param.> @{‘;f'ma/paiqiﬂ. list )= @férmq/f)aram))
/23 <F0rmn./ FmraM.)i-‘: <ldcn'fl'1pier‘> C(ﬁ)rn'\ﬂ. /paﬁam,))‘.‘: icrea‘f&gz:am Vgl—(—jpnf:‘[:;’;

1 ‘ql
a-r otk
AR P-stack
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24 Cualuc partyii= enly
é N 125 <value Par‘!"):::‘: valuz (value 1den? L51D; (Valae part>) .= value ident. [is1>)
” 126%<vaiue dent listdi= ¢value idenT /:sf),("c(enf{ﬁcr} I@va/ue idenT st
| ((va(uc el lesfl).’.':
E o
set-value- aromt‘;rDTEHp
- ep ::’d
ay CEP i[(m/enfuf;pr) )J
il T S
i27%<value (dent. istd> = <identiFier> eve " 7d @En?‘m‘m@"
7 val 7 Q
.us QV?J»&" iolan-(L. /‘st>) L= [‘g‘rEMP L__JCI\:;LDCEP
o 1
™ {se?*va/ae~oaram]‘t:,‘DT[}1P
- ‘ ep (d
CeP 1\¢cdenfﬁer'> )J
- 4 L . x, PP 3
2z <sp€c;Farf>::= ermply <3 fi.:_]Oaf‘L)/ L= 7
) .
3 !2‘?’(5}966. Par‘f‘)::: <spaci7[;er‘><spec. ident. [is1>; [scmp [e-move I’*"JC(\,pvc‘r er2)]
) epec party) =
: T 57’5/%7

i
Uepec. ident list>)

130*<5Pcc.Pa,r'l‘>.' 1=<{spec. Fa.rf><spcciﬂ'cr><spea tb/enf list>; I

° - T ktmvk -moye, uec‘ (er> )}

U

TEMP

o ¥
CZSPCC. (dent. list D> )

T
131 <.>pec zde T st "'/5Fec Wernt, lis >)<z'c(enf«fier> C(Spfi(:‘ (dlenf'. /l'sf&

&
spec (dent isTD = lusezspecifier hd“‘iwcennﬂ»r»l
P
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TEMP CEP
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132* <spcc.¢Jent /¢'$f>:::<¢c{er\?‘«ncr> w&d@

Q§PCC (dent. lisl> ):: [iij;;ﬁp CEP

/ 33‘t<o.rr'c\)/ deo/) arroy <f‘€o./ o.rmy L st> (<arraz gcc::))::: ((rc‘o,/ Arroy /:sf))
1 34* Larray dec [ >ii=real array <realarray fist> Karray decl>):i= Kreal array /(s1>)
135" Carray decl >::zown rzal array <own real list) ::: Kown real IisT>

126" {orray decl.>::= "nTe\;ar array <infeq array [ist> G(arm’\/dec/.gf:: C((nfe?. array [isT>)

137* <array decl>:i=pun inf.-;er array <own mfé? Lst> Karray decly): = Kown in Teq list>)

138* {array decl>u=Boclean array <Bool. arcay list> @a""‘“)/ decl>):i= K Gool array lisT>)

139" {array decl »:=own Boolean array own Bool. listd (Karray decly)::= (Kown Bool 7is7>)
::= €@ segment>)
11* <@ histri= << @B list), < sc;men’b

o
real array C seqment>)
lnfe? array v

0" <<><(6 list) =< e se7menf)
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Lool, &
w Aero o(p = one op< JO-C:-, :Z'::JY
own tnTQtj
cwn Boel
r
w2 (< arroy se7mcn‘f>::: <o.rro\/-;'d>)<o( arroy Se7men'f> ‘@‘X arroy {se?menf})
v G,
(("( orroy Segmenf>)--~ {;yecfr‘.’-o."v-o}y} ‘vmarray»{dyi
fype v o
o-v AR
* . . I
J 37 {X arroy Setjrner\f).‘.":<array-gcl)[<bd.f7atr /«51'27 stac Stk E‘sfack
) val
&=t array seqmenl?) ii= pes
7 7
; . real
where o =one o inleg,
Boo/7 de Fair‘ fist> )
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X
l‘t“'}‘at {own P scamenfx::(array-tc(>,<own ‘G scgmenf) (Kown 3 ,eqmenf>)
C(cwn {£3 Sé?hgn?‘g::: Crexfc' =t arrckfj <arr~a~y '4d) ’

é]qa’sz% 0
145% <own Q se7men2">.‘::(o.rmy%d}[%f:d.f)mr /153L>] :] £-stack
val
(cown ‘,{3 seymgnT)).'::

real (¢bd. pour List> )
where ‘G = one of inTeq. e L
GODI- l('rc ale-omvn- armv’ ((»\,»r-ckz- ¥ ) I

1’?‘ V0~ dv
AR
i16 <bc{.}30~.ir~ list>::=<bound Fa.nr‘);(bc!.Fcu’r /(Jf'} C([Dc{.'pair /i5f>):22 I(<boan§ éau’))
.
C<£>c/~’pair~ /z’Sl'L) _)

147 <bJFo.4r° listD;:= <bound Fnir‘) C{ba.pa[r /‘Sf>)::: I‘ <bound éazr})
&%

i k,rea‘fe ~clopr-vo T }‘_{MM‘E'SEISL
i ST K b
-V
D-v

4% <bound pa.c'r >::=</owe" boun:b:(uPper bound > C( bound ’pa.c'rg o= I((/owcr bount/))

@,
Lupper bound >

149 Llower bound>:i=<ar, ‘H‘Lexpﬁ>

Klower bound>)::= (Carith _expr>)

150 <upper bound>::= <arith. expr.> Kupper bogmb)::: Karith. expr))
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Appendix B: Resarved Word List
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FCHINS
ENTBLK
INSNAR
EXITX
CRFRBDY
CR#RNDX
EVAL
SIMPASG
GTBRLBL
ADD
STACKX>
TSUEX
STKASGN
UNSTACK
CALY
GTPRVLN
CRNMPAR
GOTOLAB
GOTOSW

SJBT

' NEGATE

Reserved Word List

fetch~-instruction
enter~block
install=-new-a-r
exit
create-for-body
create~for-indax
eval

simple~-assign
get=branch-~labal

add

stack
test=-step~-until-exit
stack~-assign
unstack

call
get=-pros~val-nosde
create~name-parameter
go~-to~label
go~-to-switch

subt

negate

MULT
REALDIV
INTDIV
EXPON
EQUIV
IMPLIC
OR

AND

NOT

k3

RELOP

EVSBVAR

SIMPMOV

CRVAR

CROVAR

CRSW

CRLAB

CRPROC

CRPAR

STVLPAR

USESPEC

63

mult

realdiv

intdiv

expon

egquiv

implic

or

and

not

relop
eval=sub-var
simple~move
create~variable
create~own-var.
create-switch
create-label
create-proc
create~paramsterx
set—valuerparam

use=-specifier
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Appendix C: Graph Mini-Languagzs Representation
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L 11 <FROGRAM> = [#P (#FCH FCHINS) AHR+ (RRRANCH) +#FCr N1+ (#U4)
=HFCH PSS [9cIP [((#a) ¢4 <UNLABRLNCK>) 248411
S e (BCFP)  (#8R) (#0V) (#TEMP) (®ESTACK) (PLSTACK) (#PSTALK)
i 1691 <PROGRANMy = [ 4P (#FCH FCHINS) adpa (FHRANCH) «8FCH N1y (#0Q)
4 SOFCH IRZ L#CIF [(#4) ¢ <UNLARAPD> ] ¢ua¢ )

(#CEF) (®AR) (#0V) (#TEMP) (RESTACK) ({#1. 87aCK) (#PSIACK) /

t e 21 <+FLOCK> = [¢LABFL>) o4 <iLOUCK> /
% 1 <kHLNCK> = <tNLARBLCCK> /
S ey 41 <iNLagblOCKk> = [(ENTRLK) ZIP #CIPS 2EP #CEP+ LAR #ARy 441 K4
(L(oA) ¥4 <BLOCKHFEAD> ¥ [ (INQAAR) 4AR aawns FEP #CEPY)
S~ v <CMPECTAIL> vy [(EXITX) VIP #CTFe ZFEP #CEPZ]) v2AV)) /
§ G1 <HLOCKkHF AN = <DECLAW> /
L. A1 <RLNCKHEANS = <HLOCKFEAL> ¥ <DErLAK> /
71 <FECLOK> = <lYFFDEC> /
s Ry <¢CECLAKD = ¢ARNAYDFEC> /
q: <VECLak> = ¢PHUCLUFC> 7/
. 103 <DFCLAR> = <S#ITCKOFC> /
113 <DFCLAE> = <LARELCEC> 7/
- 12¢ <CPDSTMTs = (<LARFL>] 3¢ <CMPDSTHT> /
13¢ <C'PHSTMT> = <UN_ARCMPL> /
e 148 <unLubCMepsy = <CHMPLETAIL> 7/
18% <C*PLTATIL> = <STMT> /
o 161 <CPRTATLY = <QTMT> ¥ <CMFCTALL> /
178 <STMI> = ¢t HCURD> /
i - 1% <STM1> = ¢rUNU> /
187 <STHTI> = ¢rURSTMT> /
e 201 <UnCOND> = <ALCCK> /
213 <UNCORND> = <SCHEDSTM™T> /
e 224 <UriCOND> = <HaSIC> /
231 <BASTILS> = r<LAREL>]) +¥ <RASIC> /
g 24 <BASIL> = ¢UNLKHASIC> 7/
! PRI <UnLRASIOs = <ERNC>
§ e 241 «UMLASICy = <GUTC> 7/
: PRI <UHLBASICY & <ASSIGN> /
sl 30 <COND> = [eLABFL>) v <00ONE> 7/
318 <CONDY> = <¢oNTL IFCLALSE> STRLEY <FORSTMT> 4y {) AFAISF onNTla
- 32 <Covip> = <cunTl IFCLALSE> vTHLEY <UNCONU> 4y () aFALSE anmTlay
33 <COANL> = ¢anNTL IrCLALSE> +THUES <#nT2 UNCOND> o811 FALGF S
- <SIMT> e () a#nT2A
340 <FORSTMT> = [SLARFL>] 3 <FCRSTHT> /
- 367 <FORSTINT> =2 [{CRFEEDY) WAk #are 4t #CEP4+ 2R0DY
LL#a) vo <3TMI> wd [(EXITX) SFp #rFFZ L IP aCIve
T YHAL 1] vé <FORClLAUGF> /
6 <FORCLAUSE> = <VAR> ¥4 [ (ChFRNDX) JAR #ARG 41 OCN #TEMR2Y v
™3 LeInsnar) EF 9CEPy ZAR ¥ARZ] 4y <FUKLISTy /

378 <FNRILIST> SFCHLIST> Vo <FORLISTIFLM> /
IRt <FoOwLIST> <FCRLISTELMS /
3193 <FONLISTFI > = <ARFXFE> o4 [(#EV FVAL) VAL #TEMPY ZFP #rEPZ Z1PZ ()
™ : 48FV Int (FCRIMDEX) ] 4% [(SIMPASG) oLNeN #TEMPY
SSTK #ESTACKZ] o [ (#EV EVALY ZIP #CIpZ ZFM #CEPS +ValLe ()
rafv T (FCREODY) ) /
‘ 40% <FISLISTFE V> = <ahT1 AREXP> ué [ (#FV EVAL, wVYAL %TEMPY =EP #CFP=
. STHRE () MV R4 (FORINCEX) T o
[ (QIMEASEY LLOCN #TEMPY =STK #0qTACKS] 44 <CROOLFXP> ¥
(911 (eTRRLIL) HFK #BHANCHY 2STk #FSTACKZY TRUEWY
L(¥FV Fual) ZTF #2CIP= ZF¥ ®CEPZ wVALY () 2a9Fv TuA
(FORRCDYYY 3¥NTly o#[1 FALSEY () 7/
411 <FORLISTFI &> = <CaARFXF> o¥ [ (#EV EVAL) VAL #TEMBs ZEP 4rEp:S
STFS () A%EV IDA (FOHRINDEX) ) 3¢
PO (STMPASGE) LOCN #TEMPY ZSTr #FQTACKZY a4
LDy o8TK #ESTACKY Y 44 [(STACKX) aval #TFwos

[}
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i AR
4G4
ke qni
|10
il CY.A]
L 171
- 843
851
2T St
: w7
- AR}

- 5G¢

N -
-

A3
41
a5
LYY
A7
AR
AQ 1L
701
7
72t
FAcH
- T4
151
7618
778¢

781
794
api
Al

¢STK #ESTACKS) 24 [(#FV EVAL) wval #1EMpy IFP #CEPE
ZIPz () E#EV ICE (FORIADEX) ] a4 <071 ARFYM> 249
{(#gyv FVAL) ZIP #CIPE ZEP ®#CESZ 4IN* (FORAnNDY) -
JHEV VAL ()] AFALSEA [#N]1 (TSUEX) ¢HBR #BRANCHY ZSTK #ESTACKE)
AanNTla 280 T1 04 <AREXP> 24 [(STACKX) aval aTEvpe
seTK #EQTACKW®] 2#p004 Jdanl TRUEY (v /
CASSIGA> = <LEFTRART> v¢ <ASSIGM> o [ (STKASGN) +STk #_ STACKe aVal #TFmMp?t)
CASSIGA> = SLEFTPAKT> vu CAREXP> wv [ (UNSTACK) VAL #TeMmby
‘ ZqTk #ESTACKZ] ¢y [ (STRASGN) «STK #LSTACKY VAL @IEMPay /
CaSSIEN> = <LFFTEART> v <BCOLEXP> 4% [(UNSTACK) sval &lgMPe
Z6TK #ESTACKEZ) 4o [ (STKASGN) $QTK “LSTACKe 4VAL STEMPa® /
CLFFTPARTS = <VAKR> 43 [ (STACKX) VAL #TEMP4 STk ®LSTACKe] /
<POUCY> = <ACTHARPRT> w4 [(EVAL) VAL *TEMP4 ZIp ®CIPZ ZFP #CEPE
ATUA [SPENCIU>]Y v [(CALL) YAR #aRy STr #CIPS ZEP #CEPZ
2+pc0C ®#TENPA) /7 .
<F INCDESTG> = <ACTRARPRT> v [ (FVAL) VAL 8TEMPy Z1p act1Ps ZEp #CEpz
210+ [<FDO0CIE>T) ¢o [(CALL) +aR #ARy zZ1R #CIPZ
SEP #CEPZE AT0A [<pROCIC>11 4o [ (GTHFRVLN) oPROC #TEMPYY /
CArTRARPRT> = [(STACKA) +STK #PsTaCKy AVAL* ()] /
CACTRARPRT> = [(STACKX) STK #PgTaChe AVAL* ()] v¥ <cACTPARLIST> /
CACTRARLYIST> = <ACTPARLIST> 4v <ACTRARAMD>
CACTHARLIST> = <ACTRAKA 1> /
<ACTRARAMy = L(STACKX) +STK #PSTACK+ *TVAL® [(STRING) 43 [<STRING>1)Y /
<ACTRARAMS> L{CHANMPAR) STIK #paqTaCKe +EP 8CFPa *EXPRA
' ([ (2h) ¥ <EXFRESSTICHL>]) ¥#A¥1Y /
CEXHRESSTAND = CARFXP> 4o [(LNSTACK) ZSTK #FSTACRE VAL @TemMPy]
¥ [(FAITX) ZEP aCEPZ YIP #CTP¢Y /
CEARKESSTAN> = <ROCLEXP> $¢ [ (UNSTACK) ESTk ®#ESTACKZ JvAL #TFMPY
Y [(EXTTX) ZEP #CEPZ VIP #CT1PeY / :
<GNTU> = <rESIGFXRR> () /
COFSTOGEXLR> = <onT] [FCLAUSE> 4FALSEY <DESIGEXPR> e#nTi1 TRUEY <SDESTAY /
<DHESIGEAPR> = <SDFSIG> /
<HENFSIE> = <HESIGEXPR> /
CSHESIGE> = L(EVAL) VAL #TEMPY Ik #ClHZ ZEP ®CFrz 41N
[<LAHEL>I] ¥+ [(GATOLAR) +IP #CIPy vEP #crby +LAR #TEMPa] /
<LAHELY = <¢lDENT> /
<SNESIE> = <QURSEXPR> %4 [(EVAL) VAL #TEMPy Z1P #CIPZ =EP #CFPZ
AL04 [<SWITCHIL>1) 43 [ (GOTOSW) +SW #TEMPa 1P #CIP¥
vbB BCEPY ZSUBS #ESTACKZ) 7/
CARF xP> = SALXP> /7 :
<AREXP> = ¢®rill IFCLAUSE> ¢TRUFy <®#NT2 SAEXP> 4#rT1 FALSES
CAMEXPEY> 44 () 28RTLEn /
<IFCLAUSES = <ROOLEXF> ué [ (ETBRLKRL) vHKR #BRANCHY ZSTK «ESTACKZ) /

CSAFXP> = <SAEXP? Ui STERM> ¢¥ [ (ADD) +STK #FSTACKe) /
CSHLEXPY = <SAabXP> 44 <TERMD> v [(SUBT) ¢8TK #ESTACKe] /
CSAEXFY> = <¢lERMD> /

<SAEXPY = clERM> 4o [(NEGATE) ¥aTk #ESTACKYY /

<SAExP> = ¢lFRM¥> /

<TFHM> = <TERM> 4o <FACTOR> 4é¢ <MULTCOP> /
<TERM> = ¢rACICR> /

<AULTOP> = [(MULT) +STK #ESTACKeY / ’

CMULTUP> = ((=FALCIV) +STK #ESTACKY] /

CMILTUP> = LULINTDIV) $STK #ESTACKE) /

CFACTUOR> = <FACLTOR> ¥+ <PRIMARYS i [(EXPONY ¢STr opSTAnKg] /

<FACTOR> = <RrIMARY> /

C<PRIMARY> = <AREXFE> /

<BOULEXP> = <%AT}] TFCLAUSE> oTRIEG <#NT2 SIMRBNOI > 4#NTY1 FALSEY
<HOULEXP> ¢ () +8NTZ2A /

<BACLEXP> = <SIMPROCL> /

<STMEBCOLS = <STMFROCL> we <IMPLIC> ¢ [(EGHTIV) +STk #FSTACKe) /

<STHPHCOL > = <IMPLIC> /

CIMBLLICY = <IMFLICY % <AOCLTERM> wv [ (IMPLIC) 4STK #FSTACRY]) /
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A3
R4l
a5 1
EYS
A7
BR
ARG
Qr3
911

92
173:
933
94
1721
93
963
57
934
99

100
10l
102
1n3:
1063
105

106
107

]

,
c
-

109

110
111
112
113

114:

115

174

116
117
1181

119
120
121
1221
123
124
125

<IMPLIC> = <HUCLTERM> /

¢HBOOLTERMS <ROULTERM> o <ROQLFAC> ++¢ [ (") SIK @FESTACKYY 7/
<HOOLTERM> <KROQLFAC> 7/

<BNULFAC> = <vOQOLFAC> <y <BOCLSEC> w4 [ (AND) 4STr BESTALKY ) /
<BNULFAC> = <BCOLSEC> /

i

<BNULSEC> <BOOLPRIMY ¥ [(NOT) 45Tk #ESTACKS]) /
<BNGLSEC> <HOOLFRINM> /
<HOULFRIMS CROOLEXFPK> /
<BNOLPRIMy SRELATICN> /
<RFLATTIUMS CQAFXP> %% <SAEXP> 4o [ (HELUP) +STX ®EQTACK S
+0FR+ (<PELCF>1Y /
<BNOLPRIM> <yAR> ¢+ [ (STACKX) 4STr ®ESTACxs avol #TFwet) /
CLUOLPRTIMy = <FUNCDRESIA> w4 L(aTAaCKX) +STK ®#ESTACKy aval «TEMPe)} /
<HOOLPRIM> = L(STACKX) STR #ESTACKS AvAL® [(ROOLEAN) 44 [<LOAVAL>IN
<PRIMARY> = <vAR> e L (STACKX) LSTk aESTACKY AvAL #TE¥Ra) /
CORIMARY> = <FUNCIFSIC> v [(STACKX) $STK aESTALKE AVAL aTEMDr] /
<PHIMARY> = [(STaCkx) +5TK BESTACKe aValLa [ (INTFOER) o L<UNSINTEG> T 1Y
<PRIMARY> = [(]TACKX) ¥STK 2FSTACKY AVALA [ (REAL) ¥4 PIINSRFAL>)1) 7
<VAw> = [ (eVAL) eval RTEMPY ZIP #CIPs ZEP acFPz ~1IDe FCIENMTDYY 7/
<Varmd> = <CQUBSVAR> /
<SUHSVARY = [ (STACKX) +5TK 2 STACK AVALY ()Y 3 €SS IST> v
[ (EvaL) VAl #Tevky =1P aCIPZ =FP aCEPZ alra [<TOFNT> ] we
CLEVSHVAR) wAKRAY aTENMPY TSURS #ESTACK=1 7/
<SURSLIST> v+ <SURSEXPR?> /
<<tIKSLIST> <SURSEXPH> /
<SURSEXPR> CAREXP> /
CTYPELEC> = L(SIMENMCY)Y $OUT #TeMEe AINS [<TYPE> 1) 4o <TYPELIST> /
CTYPEDErRS = L{STMPMOV) $0UT ®TFvEe AINY [<TYPE> )] 4o <nuWNTYP) ISE> /
CTYPELTSTs = [(CRVaK) aTYFE #TEVHA AR #ARy 4Pt [<INFal>)]) ¥
<STYPELIST> /
<rYrELIGTS = [(CRVAR) +TYFE #TEME# AR #A3y 4102 [<INFNT>1Y 7/
Wi dYPI Tel> 2 ((#Ck CAOVAN) 2TYHE aTEMP2 LAR #aky *var s ()
‘ aacr 10A (CIDENT>)] ¥¥ <QWNTYPLTST> /
coapIyPy 12l = frsch CO0OVERY) ATYRE aTEMPA LAR #aRe AV ()
anct LA [<YLENT>T) /
<cwllCRIER> = [ (¥CR CRSW) 2P =CEP# GAR #ARe ALLIST4 [<owITOHLISI> ]
28Cp 1INt [<SWITCHIN>I) /
<swlTCHIL TeT> = <SwITCFLIST> ¥4 {{(#A) ¥ SDESIGEAPR>) yHAVY 7/
<seIterLTel> = [L(#p) ¥ CDESIGREXPH>] +#A4Y /
<j_AanbLUFC> = <LaBELLIST> /
CLAELLTET> = <LAKFLLIST> o [(#CF CRLAB) AR #aRe #FP ®CEPA
A1F wCIFa AINSTRa [#n] <LABEL>) +9CAR In ani~+l v
<LanELLTeT> = [ (#CH CHLAR) CAR #ARY MEP #CFPRa alP #CT9s A17STRA
(enl <LAREL>] taCh 1c #N12Y /
<ORNCDECS = L(#CR CHPROC) AR wakd 2EF #CFpa ATYPES [<cTYPF>]
racr 10+ [<PRCCIL>) +#CR PROCA [ (#a) v <PHRACHEAN>
4o <EHOCBCHNY> o [(FXTITX) ZEP =CEPT viP ecTPy]) $RAVIY 7
[ (#CR CRPHRNC) VAR ARV AEFP #CEPA ATYPE+ [ (wEAL)]
a#cR TOT [<FRCCID>) ruCR PROCA [[(#A) w3 CHPROCHEAD> ¢4
<PROCRONY> &% [(EXITX) ZEP ®#CEPEZ 1P ®#CIP4 1Y *HAVY)) 7/
<STvI> 7/
<CURE> /
CFRVMEARPART> ¢4 [ (1LSTACKR) Z8TK #PSTACKE VALY ()] +¢
[ (INSNAR) ZAR #ART YEP HCEPV) V¢ VAL HIFDAKT> dy
<ePFCPART> /
() /

noun

"

<QUKSLIST>

nonn

<o=CCEC>

<oROCRONYS
<puOCROOY >
<PHHUuCHREsN>

oo

<FHmPARPAD >
<k rmPARPATT> <FrRMPARLIST> 7/
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