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.A3STBÄCT

A Systen ( consistJng of three prograns written fn pi,Á. )

is described. rchich serr¡es as an afui ia tJre developnent of Si"nple

Preced.ence grsrilnars o

A program is providetl which tests a given grarnÌnar to see Íf 1t

confo¡ms to the n¡les of Sinple Precedence.

Inplennentation consists of providi¡g the se¡aa¡rtics in the forn

of a PL/L exte::nal" procedure to run in conjr.mction v¿'ith a progran of

the Syston which perfo::ns the s¡mtactic analysis.

Any S'¡nple Precedence gtran¡urr which meets a few restrictions

imposed by the Systen can be inplenented. using this schene,
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CHÄPIER 1

INIR.ODUCTION

The thesis is dividecl ínto four ehapters, lhe current chapter

outlines the objectives of the thesis, and preseats a d.escriþtion of

Si.alple P¡ecedence gr4mmsrso Chapter 2 can be consialered. as a

rllserrs l{anualr and describes the details of the Systen fron the

userrs point of view. Cbapter 3 g{ves a short expl¡nation of sone

of t'he novel or difficult points in the actual progra¡ns of the System.

Finelly Chapter 4 presents some conclusions on this approacho

1"1 o&rEClrVES

The notlvatfon behind. thls approach r¿as the desire to provitle a

means by which stud.ents could design antl inplement their own conputer

languages, end. thereby galn valuable experience wlth ¿ minimum of tine

and. effort"

Àn attenpt was nede to m4rimi2s both efficiency and. versatili$

so th,at it wouJ'd not be u¡¡easonable to d.evelop conpilers using this

systen for use i¡ Iìm{tetl app}ications.

L.2 TEEORÏ

A phrase stmctt¡re grFmmâr can be d.efinecl by G = ( VrSrtoZ )

where V is the total vocabular5re whose elenents are callecl s¡rnbols and,



*¡'iLl be represented. by capital letters; S is a set of syntactic n¡les

of the fo:m.4.-¡ bwhere bla, A€v-Te b€ Væ (wherev* i" the set of

atl stringe over V ) and A is called the left part and b the riebt

part of this syntactic n¡le or production; T is tåe set of te::minal

symbols; Z is a unique s¡mboI appearÍng onJ.y on the Left side of the

set of s¡mtactic nûes.

The left-most s¡rnboJ, of b j.s referred to as a left d.orivable syrnbol

of A, and. is a member of the set l(¿). Lilcewise n(¿) represents all the

rigbt derlvabte sSrnboJ.s of A. If tbe fett/rieht derivable synbol of .4,

ia any production is a nonteruina-L therr alL the left/righ.t derivable

synbols of ft are also consid,ered Leftfy,Ldbt derÍvab1e synbols of A.

Wirth and. iteber (f) ¿efine three possible precedence reLatlons

¡strich can occ&r between s¡rnbol ¡nirs. ilsirog A + rfTy as a sample

production, the relationships can be demonstrated. as follows:

l.XgT
2.r<"Bif3€r(T)

3, yI .> S lf u€ R(X) and ( t{ is T or N€ l(y) )"

If tbere is at nost only one of these precedence relationships

between any tlro s¡mboJ.s of the s¡mtax, then the gz¡Amm¡r is referred. to

as a Simple Preced.ence grammarc

lhese relationships cen be stored in a Preced.ence l,Iatrix of size

N N N ¡vhere N is the totaL number of synbols ( UotU tetuj¡aL and.

nonteruinaL ) which appear in the vocabula:ry, llc,e relationsh:j.ps between

two s¡mbols c4n thes be found by locating the relationship correstrþndi.g

to the row of the first s¡mbol, and the colunn of the second.o A blank

indicates that no preced.ence relationship exists between the two s¡rnbols



i.n question and. therefore the eecond s¡rnbol cârl never follor" the first

accord,i-ng to the grÊmmaro

A ¡nethod of storing the precedence relations in 2 X N locatione

instead of N X N locations as w'ith the precedence n¿rtrix was first

suggested. by Robert W. Floyd (Z) tor Operator Preced.ence gr4mmarso

îhis llas extended to Sinp1e Precedenee gra¡üÞrs by 'tflrth and. Heber" flhe

nethod consists ia defining i-ateger fi¡nctioas F and. G as follolss:

If .A, å B rhen ¡,(¿) = c(s)

If Ä. < B then ¡'(¿) ¿s less tha¡ G(B)

Tf A .> B then F(¡) f" greater thau c(B).

One disadvantage to the F and G fi¡nctions is that they do not always

existo In addftÍon, if they d.o exist they vill always show a relationshÍp

between aly two s¡rnbols while in fact the Prececlence l,latrir night show

"that none exåsted. for some pairs of s¡rmbols.

1"2.1 PARSTNG TECHNTQTIE

llhe canonfcal parse proceeds fron left to right fn a sentence written

in a Slnple Preced.ence language¡ reducing left-nost reducible substriags

as it encounters then. îhe symbol before the Leftmost reducible

substring yieltts precedence to its left-nost syrnbol (i."., has relation

'k' ) o while Íts right-unost synbol has preced,ence over the s¡mbol

f,ollorring (i.e., bss relation rr¡rr )" Â11 of the symbols in the

reducibLe substring are of equal precedence. WJren the parse eneounters

the situation

A(.So*51*,nåSo)B

then the string So to So is the rigbt part of sone prod.uctloa and is
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f.<-i+l
j<- i
s.<- P.r .tc

k<-k+L

e ga
!. - - 

9.
J-T J

5 .<--LtrTPART(S . .. . Si)

Fig, I



replaced by the corresp,ondtng left part and. the parse contl¡ues l¡ntil

only the symboJ- Z, the urrique s¡rnbol appearing only on the left eide

of a production, Fen¿'ins signaìliog a successffrl conpletion of the parseo

If no two rigltt parts of proôuctions fn the gre'nmar are id.entfcal

then the parse is unique,

The parse fails if it encounters two adjaeent s¡rnbols nith uo

precedenee relation tlefined between themo or if it find.s a left-most

reducible substring which is not the right part of sone productlon" tnless

so¡oe mecha¡rism for error recovery is br¡ilt into the parse, the parse

uust terminate at th-is point with a¿ indícatfon that the string is not

a sentence i-u the grar¡¡ttare

Fig. I is a flor¿ chart of a parsing algoritbn proposeit þ Wirtb

antt lfeber (1). The input string consists of PI o . Poo k ie the index

of the last s¡mbo1 to be scanned.u [he left"aost reduci.ble substring is

S. , o S,n TIle algorithm assumes tåe s¡rnbol ! appears before and. afterJr.
the J-nput stringu where for ary synbol S€V å< S a.nd S.>t" 1Ire

fi.¡nctÍon LEFfPART l-ocates the left+ost reclucibl.e substring anong the

ri€þt parts of the productlons of the language and. returrrs tbe

corres¡nndirg left part.

L"2.2 SryrAi{TICS

To ad.d. senantics to a parser for a Sinple Precedence gra¡üü¡a:r one

can associate an interpretation nrle rrith every syntax ¡'ule or procluction

in the gratnrnaro Application of theee iaterpretatÍon n¡les i¡ the order

in which the reductions ( replacing the right part of productions by

the correspond.ing left part ) were nade r¡ihile parslng the inp¡t results



i-n a unique neani.ng of the input string beÍng d.eter¡n:j-ned.,

FÍg" 2a shows u¡ svanFLe of a Sirnple Preced.ence grarnmar which

d.efines a binary nr¡mber (i"e.u a strÍ.ng of lts ancl Oos ), The

interpretation rules shown ¡vith the productlons wiLl d.evelop the d.ecÍ.nal

equivalent of any binary n¡¡mber d.efined using this grennar if app}ied

i¡ the comect ord-ero For convenience the syuboLs B00Lo NUMBtrR, anci

DIGIÎ are replaced. by B, N and. D respectively 1n Figr.lres 2b a¡rd I,
Fig" 2b ig the Preced.ence Matrix for this SÍ-npJ.e Preced.ence gra$naro

Rig 5 denonstrates a parse of the ingrt strì'g 1001"

PROÐUCTIONS

1. BOOL ::= NIJMBER

2. NI,I{BEA, ¡:= DIGIT
5n 3 3= NIJMBER DIcIr
4" ÐIGIt 3s= Q
R ¡.- 1
Jo oi- Å

TNTffi,PRETATI"OI\T BUTES

nul1
total é* Value
TotaL <-TotalX2+Value
Value <- 0
Value <- 1

B
N
D

0
L

Fig" 2a

t-t
t{

t

N
t_t
B

Rig' 5

Fron this it can be seen that the interpretation n¡J-es should. be

appliecl i¡ the order 5r2r4r3r4r7r5r5rln lhis wiil result ía the correct

answer 9o being proôuced. in Total.

I
t-t
Ð

Lo0
r-t r-t t-¡DDD
N
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CEÀPfln, 2

TTSEA.IS GUTDE

ftlre Systen cousists of three progra¡ns w¡itten in PL/L" The flrst
of these progra¡ns, IIESTPREC, tests Sfnple Preced.encê gpmrnaTso Tlre

other two progra.nsr Ð(TRACI anð ANAï,ïSE, are used. in the iroplenentation of

newly d.efi¡etl languages, EXÎR¡.CT reads the Sf-nple Preced.ence gramar and

creates a file calletl f¿3mS containing Lufo¡matlon about the la^aguage

to be i-npJ.enented," AI'IAIYSE then uses the i¡fo:matioa ln TABLES to perform

a lexical sean a¡d. o¡mtactic analysis ou a source progran ¡rritten in the

new J.anguage" It renains the responsiblltty of the person {mllenenting

the language to provid.e the senantics" Tbis is acconplisbecl by writing

a tt'/L extemaL procedure II{fERPRET ¡¡hich is called by ANAI,TSE. Flg" 4

denonetrates the approach used.o

Fig' 4



I

lhe three prograurs of tlre Systero are presented in the ord.er

ln i+hicb they are used., and. a sa.mple langua€e is shown at varíoug

stages of d.evelopnent.

2"L TESTPREC

Purpose o€ the þæ,. fbe program is d.esignetl to deternine if a

given grgrrrma? is a Sinple Preced.ence Phrase Sttîucture gtâmme14c

.Ig&3," One production is given on each data card.o llhe s¡mbo1 oa

the left sid.e of the production nust start i¡ co}:nn 1o The blanlr is

the delimtter between s¡mboJ.s" (i"e., between the Left s¡mbot ancl tlre

rigbt-hånd sitle of the production, and between each of the s¡rnbols

on the rigbt-hand, sitte of the production. ) ¡"y nr¡nber of blanks nay

be inserted. between s¡rnbols" If the left-ha¡ci sitle of a productS-on is

tl¡e sane as that of tåe prevlous proôuction, lt may be onitted by leaving

colunn 1 þ]snk, and tåe previous J.eft part will be assr¡ned. fhe right

part uay then sta-Tt an¡nuhere fron column 2 on. Fig" 5 shoss the sanpl.e

languåge lnpnt to both TESTPREC and EXIRACT"

Output"

1. A list of the P¡oductions in readable fo::no (See fig" 6)

2" Â list of the NOM'ERMINAIT and. TIRI{il{ÀI¡ s¡mbols used i¡
the s¡mtax. (See Fie. ?)

5" A list of the precetlence vioLations ( if any ) whlch

occurred and erpla.nations of these violations.

OptÍonal. .@L.
1. A priatout of the PRECEDENCE M.trIRD(. llbe natrj.x is printed



even if precedence violations occur, but orly 3- relationshÍp

is showr. (i.e.o violations are not show! i.n the preced.ence

matrix ) Specify |MÀTRIXT i¡ the PÁRI'I list on the EXEC card.

(See Fis" B)

2. A listj¡g of tJre F and G tr\¡nctíops if they exist, lflrey

w111 not be producetl if a precedenee våolation is d.etected"

Specify otrgNCTIONSr in the PARM list on the ÐffiC card,

(See ete" 9)

limi f,¿tig¡s"

ln fhere ¡oust not be ¡aore thsn 180 s¡rnbols in the gâñmano

2. lhere nr¡st not be nore than 6 s¡rnobols on the right-hand

sid.e of arry productíon,

If either of these }irnits is exceeded an error message is

printeô and. the prograrn terninates abno::mal.1y.

5" A syubol is regtricted to L2 characters, Longer s¡rnboLs are

tn¡ncated. to 12 and. a warning given, but the progran

conti¡ues norrnally"

Expila¡atioa of tbe Precedence tr4atrix. fhe swbole are i.n the sa:ne

relatfve positions on both the horizontal and. verticàL srisn To fi:ad.

the reLationship between two synbols, locate the first s¡robol in the

listÍng at tbe left nargin. Locate the second. s¡raboJ. in this listing and,

note the ur¡mber associated with it. Proceed along the row correspondi-ng

to the first syuboI to the colunn conrespondiag to the second nr¡mtreru

TESfPREC Error Megss.ees. Hhen a relationshÍp is found between

s¡rnbols of the s¡mtaxe tåe relationship is lnserted. into the preced.enee
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IROGR.A¡{ START BTOCK FINISE
BÏOCK BEGÏN BODY END

BODY BODT-
BODY. STATIIST
STATTIST STATTIST i STATÎ'INT

STAIT{NT
SîATI@NT VAR A= CEOICE

GO TO VAR
t/o
BÏ¡CK

STAT]!ÍI{T STA$MNT
DECI
I.ASDEF' STATMNT

TF-ETSE STASMIqT

IFCT,AUSE SîATT{EI{T
T¡'CIAUSE IF RET,ATTON THEI\I

IF*EI"SE IFCIAÛSE STrrTlmNT ELSE
EXFR. ÐGA.-
EKPA.- EXPR- + TERM
F,XIR- - fEA¡[
+ TERM

- TERM

TERM

CEOIOE. EXFN.

cEoïcE cEoïcE-
RXLATÏOI{ CEOTCE

CEOTCE A= CEOICE
cEOIcE <= CE0ICE
CEOICE )= CEOICE
CHOICE = CH0ICE
CEOICE < CEOICE
cEOIcE > cEoIcE

TERM TERM-
fm.M- TERM- s FACTOR

TEFU{- / rncmn
FÁ,CTOR

FAcroR ( uxm )
ANTSTR.ING
ñIlI,tsF,R
VAR

VAR VâR-TA3LE
NUMBER NUI'ERO

r/o wnrm v¡n
READ VAR

r/o , v¡n
DECI TYFE VÁR
DECI, , VAR

ÍYPE INltsGER.
LABEL

IABDEF VAR :

Fig. 5
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PC,ODUCT ICNS
I
2
2

4
5
6
7
I
9

IO
1l
L2
l3
l4
t5
16
L1
IB
l9
?o
2L
22
23
24
25
26
27
28
29
30
31
32
33
?4
35
36
37
3B
39
40
4t
42
43
44
45
+6
47
4Íl
/+9

50

STATLTST ::= STATLISf ;
::= STATMNT

STATMENT ::= VAR

::= llO
: : = BLOCK
: : = STATME\T
::= DECL

PF.DGF.Aii
BLOCK
3 L]DY
BODY_

STATMNT

VAR
\I.JMBER
t/o

DECL

IY PE

LABDEF

::= START
::= BEGIN
::= EtlDY-
::= STÂTLIST

:: = TFRM-
: : = TERM-
: : = TERM-
::= FACTOR,

::= ANYSTRING
: : = NUI-4BER
i i= VAR
::= VAR_TAULE
::= NLJ¡IERO
::= l,lRITE
::= READ
::= llO
:;= TYPE
!3= DECL
::= INTFGER,
:: = LABEL
::= VAR

TO

BLOCK
BODY

+

TERM
TERM

*
/
EXPR

FI\ISH
EN)

STA TMN T

CHOI CE
VAR

: : = LABDEF STATM \IT
::= IF-ELSE STATMNT
: ¡= IFCLÂUSE STATMENT

IFCLAUSE ,'= IF
IF_ELSE
E XPR,

EXPR-

CHOICE-
CHOICE

r ERM

TERM-

FACTOR

RELÂÏI ON THEN
::= TFCLAUSE STÂTMENT ELSE
::= EXPR-
: : = EXPR-
::= EXPR-
::= +

: : = TERM
3:= EXPR
::= CHOICE-

TE RM
TERM

RELATION ::= CHOICE
.2= CHOICE )=
::= CHOICE (=
::= CHOICE r=
.r= CH0ICE =
::= CHOICE
::= CHOICE

CHO I CE
CHO I CE
CHO I CE
CHI] I CE
CHO ICE
CHO I CE

FAC TOR
FACTOR

t

VAR

VAR

VAR
VAR
t
VAR

t

Fig. 6
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FI

PìOGRA14
STATI.lE¡JT
I F-ELSE
CHOICF-

SÏART

:n

VAR_TAI]I. Ë

LABEL

ç

BLOCK
VAR
I TCLAUS E

TERM-

FINISH
TO

+

NUM E RO

NON TE RFl I NAL

BODY
CHOI CE
RELATTON
FÀCT OR

TERM TNAL

BEGIN
IF

HRITE

SYME OL S

BODY-
l/o
E XPR
NUM B ER

SYMBOLS

END
TH EN

(

RE AD

. VTOLATIONS

NO PRECECENCE VIOLATIONS OCCURRED

STA TL I ST
DE CL
EXPR-
TYP E

t

ELS E

)
,

STATMNT
LABNEF
T ERM

+

A I'JY STR I T.IG

I NT EGER

È-
a

q0
..1
h
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I PRoGRÂlr
2 STAII T
3 t]LCC K

4 FT¡.IISH
5 BEG IN
ó BODY
7 ENI)
8 RODY_
9 STATLIST

10 ;
I 1 STATMNT
I2 STA TiilEN T
I3 VAR
14 z=
I 5 CHOI CE
t6 GO

l7 TO
1B ÏlO
19 DECL
2O LABDEF
2L IF-ELSE
22 I FCLAUS E

23 IF
24 RELATTON
25 TIIEN
2ó ELSÊ
27 EXPR
28 EXPR-
29+
30 TERM
31 -
32 Ctl0IC[-
33 )=
34 1=
35 -=
36 =
37<
38 >
39 TERM-
40*
4L FÂCTCR
42/
43 I
44 I
45 AT'IYSÏR T NG

46 NU¡lI] FR
47 VAP.-TÂ,lLE
4 I NU¡18 RO

49 I^JR I ÏE
50 READ
51 t
5 2 TYPE
53 T NT EGEtì
54 LABEL
552

\-
t-\-
t-\-
a-
t_\-
t-\-
¿

a

Fig. 8
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Pfì FCEDÉNCf: FUNCT I0\S
f'R CG R¡1M

STAP, T
BLCCK
FINISH
BEGIN
BI) DY
END
BO DY-
STAT L IS T

STATMNT
STAT¡IENT
VÂR

CHOI CE
GO
TO
t/o
DICL
LABD EF
I F-E LSE
T FCL AUSE
IF
R ELAT I ON
THEN
FL SE
EXPR
E XPR-
+
T ERM

CHOI CE-
)=

=

TE RM-

F ACÏ OR

(

)

ANYSTR I NG

NUI.lB ER
VAR-TABLE
NtJIlÊ RO

l,JR ITE
READ
t
T YPE
INTFGER
Ll18ÊL

I
2
3
4
5
ó
7
8

FG
lt
4L
44
L4
l5
ll
5l
22
22
2. 2
32
3?
86
28
42
L4
61
44
43
23
23
33
l3
It
BI
83
53
64
46
74
46
53
24
24
24
24
24
24
75
57
B5
57
36
¡r5
8ó
B6
97
B6
64
61¡
64
63
83
B3
BB

9
l0
II
L2
13
l4
L5
l6
T7
18
l9
20
2t
22
23
24
25
26
27
28
29
30
3l
32
33
34
35
36
31
3B
39
40
4L
42
43
44
45
46
47
4B
49
50
5l
52
53
5t+
55

Fig. 9
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natrix" rf a dífferent relationship has already been stored. in the

matrix for this pair of s¡mbolsu then a¡ error message is printed. g¿ving

the relationship already in the matrir, and. the second one which 1aas to

be tnserted"

According to the dgfinif,ions of Simple Preced.ence graa'narsu tJrere are

four possible situations whicb give rise to precedence relationst one

each for å a¡d. (' a¡d two for ), If lll{Wr Xru(s fff atd. Z7.Z are s¡mbols

used ù1 the s¡mtax of tbe 1an6uage, then the fol.rowing sxampres of

error nessages d.emonstrate the four possible cases.

XU,,å> TIT N01E: - BECAUSE XÐt AÐJ¡^CENT t0 fff I$ ##
NOTE: > BECAIISE )Oü IS RÐS OF I¡,TTW & HI'IW = Yrr ü[ @æ

This says tbat Eß has equal preced.ence witbu and. preced.ence over

ÏIT" fhey are equaL in precedence because J(XX occurs ad.jacent to ffi Ín

production nunber ffi, Xffi has preced.ence over.lfT because X)e( Ís a

Right DerivabLe synbol. of lf,üll and. ltlc}I occurs ad.jacent to yTT in
production number @@"

ÏXX < > TTT NOTE: < BECÀIISE fff IS LDS 0F I{I{W & XX]t = WWIf IN ???
NOTE: > BECATISE lüX IS RDS 0F ZZZ & frr IS LÐs OF Wt{W
e. ZZZ, = WWW I$ +{+

Tlris says that rlffi ¡rlerd.s precedence to" e¡at has precedence over

lrro )rxx yieJ.ds preced.ence to rrr because rtl is a Left Derivable

S¡zobol of 'lfl'IW and. trL occurs ad.jacent to lrll{W ln production nrrmbet ???.

lffix has precedence over Tfr because loe( is a Riebt DerÍvebre s¡¡nbol

of ZZZ antl Tlf is a Left Derivable S¡¡nbo]. of W]fW and Z7,Z occurs adjacent

to ï¡llrlW in prod.uctiop number +++o

ff t'he use of the equal sign Ín the explsnatÍons of the preced.ence

violatlons is confusing, substitnte rrocsurs to the ì.eft of, and. adjacent

tott,
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2"2 Ð(TAACT

R¡rpose of the .&ggg. The progren is ciesigned to create a fil_e

caIIed. îaBtES a¡d store in it aLl of the pertinent fnfomati-on about

the grom'nay, ïABLES is declared in EXTRACT with the attributes

FILE sTREAlf OUTPUT" the JCL suppried by the user for this file nust be

consistent with these attributes, Once thÍs file has been created., it can

be read in by A¡IAI,TSE at rrra tine, and a s¡mtactic onalysis can then be

perfomed upon an input strean accordlng: to the rr¡J.es of this granma?"

-Igg¿!,, Rxactly the same input is used here as for îESTPREC" [he

grarnmar shoul-d be tested by TESTPREC first to check for precedence

vioLations"

.@!."
lu [']re fiLe TÂBLES is created on the d.evice specifÍed in the JCL.

2' A list of the produetion of the grÞmmar and. a statement

saying i¿hether TABLES was loaded successfully or not are

printed on the SYSPRINß data set, See Fig. 10 for tbe

output usi.€ tTre sanple laaguage,

Er.ror EggggÆ,. The error messages, except those for preced.ence

violationsr are the same as glven by TESTPREC. If a precedence violation

is foutld. an error message is given to this effectu but the vioLation is
not listed, and. the progtan innediately terminates.

Limitations" The limitations on the input gra¡'nar are the sane as

for TESTPREC' If a gr^r¡rmar runs successfully using TESTIREC then TABLES

should be loaded successfully using ENTBACT,
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2"1 at{Af,TSE

The program al'IÁlrsE is a freaework for a one-pass conpirer for

simpre Preced.ence grarnularso rt is general because the d.etails about

the language are read. in at nrn tine" Once TaSLES has been read i-n

.ANAI¡YSE behaves as if it has been specially written for this J.anguage

described by the tables"

The readíng of ai.I the pertinent lnfo:mation at run time is of coursee

a¡ overhead. which would not be tolerated. in a production conpiler" At

the same time a production conpÍler is designed to handle only one

language. Tolerating this lirn{ted increase Ín cost on every run results

i-n a powerful tool for experimentation i-n language design prus a not

u¡Ìreasonable tooL for the implenentation of languages on a somewhat

srnaller scale than production compi-Iersu

Al{ALïsE represents onJ'y part of the iurplenentation of a conpÍrer,

It perfo:ms the ca¿onical parse but it fs the user written pL[.

external procedure INTERPRET whieh provid.es semqntics.

l{henever aNArYsE flnd.s a left-nost reducibLe substring, it carls

II{TERPRET to apply some neaning to what it has foì¡nai" The necessarr

infomation is nade avall.able to IMIERPRET through the use of a

pa.rane.ter list" l{hen control fs retr¡noed, to aNA.LTSE a reductlon is

nade and. the parse continues,

.A,Ì{AJ,YSE can Logica1ly be divid.ed into two parts; the Sca^n a.nal

the Parse.

lhe Scan. The purpose of the Scan is to read Í¡ the Source

prograJll ¡¡'¡itten i-n the userrs lauguage and perfonn a lexica] ¡nalysis
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of it and provide this info:mation to the Parse, Árgr sor.rrce progran consists

entirely of terainal" synboJ.s as d.efined by the gra¡uraro Slre Scan must

search the input and pick out these te:minaL s¡inbols"

In ord.er to keep the scan generaln but at the sane tÍne to keep its
operation as efficient as possibleu some basic nrles were laid d.owa

( a¡d hence some restrietions were i-uposed ) as to what the scan wouLd

be required. to recogaiseo

't{ben the scan succeetis in lsolatìng and recognising a synbol í¡
the i-uput strea.mu the s¡mbol is replaced by a numler ishich thereafter

represents Ítn These s¡rnbol numbers are the ones assígned. by TESTPREC.

Exauln¿tion of tbe print-out of the preced,ence natrix gives the nu¡nber

used. to represent each of the s¡nnbols.

[Ire first dÍsti¡rction AI{AIïSE makes upon encountering a non-b}anl¡

character is between operators (i""., speciat s¡nnbols - aJây character

which is not a Letter of the alphabet or a digit ) an¿ all others. If
the character is an operatoru the scan checks to see if the nert posítion

in the input also contains an operator" If it does, the Scan checks

its list of alL the d.ouble operators (i.e., sucþ things as := andT= ) whÍch

were usecl 1n the s¡mtax. If this search is not successful, the first s¡tubol

1s cheched agpinst the List of all siagle operators. A failure on this

search indicates that an undefined s¡rnboL has been found..

If the character for¡nd. is Dot an operator, a second. dtstinction

is nade between letters of the alphabet and diglts" If it is a letter of

the alphabet it is assumed to be the start of a key-word. (i.e.u a

te¡uinal- s¡rnboj. used. fn the s¡rntax starting ¡*'Íth a letter of tbe
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alphabet - such as BEGIN or I[' ) o" "o Ídentifj-eru Both. key-¡¡or¿"

aud identífiers are assruned by ÁI{AJ,TSE to start with a letter, followed.

by a sequence of letters or ùigdtso The sca¡ therefore searches until

it fi-nd.s ¿ þlenk or operator and thus isolates the key-word. or identifier.

If the isorated. stri,:ag 1s less than or equaJ. to i2 characters in length,

th.e list of all the key-word.s used. in the s¡¡a.tax is searched, ff

ít is found then the corresponding number is sent to the parse, rf the

string is longer tha'' 12 characters, or lf it was not fôund. to be a

key-word, tåen it fs assumed. to be an iclentffier,

If the character found is a tLigit then it 1s asst¡med that a number hns

been encounteredn Tbe user has the optlon of eltlrer d.efining the nr¡mbers

used. in the syntax explicitly for exanpJ.e:

NU¡tsER ::= DIGIT
s s= NIIIIBER DIGIT

DIGIT 33= 0
3:= I

etc.

or by using a rtreserved. ¡*ord.rr (see Nunbers in 2.5.L) antt letting

ANALïSE pick out an i.nteger nr¡mber of any length on one input card.

(i.e., a string of digits not includ.ing al¡r specíal" eharaoters). If an

erplicit d.efinition was nad.e then the list of key:wgrds ls searched. to

find. the i¡te::naL n:mber correspondrng to that dieito The fLorc chart

in Fig. 11 shor,rs the basic operation of the Scano

The Parse. Tbe Parse operates in the manneT d.escribed. :i¡ (f), !¡:ith

a ¡nrsh-d.ovno Stack. l{hen a left-nost reducible substring is iso}ated at

the top of the sTAcK the externsl procedr:re TNTERPRET is carred. ancl

the production nunber and pointers to the left--nost and. right-nost symbols
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are passed.o tr{hen control is returned to aNALYSE this substring is

repLaced by the correspondlng left-part of the production and. the parse

continues by cornparíag this glth the next i¡coning s¡nnbol" This

process continues untfl the sca¡ runs out of s¡nnbols to provide the

Parse or the procedure INÎERPRET term:inates execution,

2"3"L SCAÌ{NEn CoNUENTIONS

rdentifierso lhe user is not free to define his own syntax for

identifíers. llhey uust start with a letter rchich may be folrowed by

an¡r nu.nber of J.etter€r or tiigits, with the restriction that the name

nay not be split over the end of a card, To use this definition the

user üust use one of tso possible reserved. words in his s¡mtax" This

reserved word. is then asslgned an i¡nternel synbol number, and. it is this

nt¡nber which tbe Scan substitutes for the variabl-e uaaen The procedure

INTERPRET mtrst of course knors r+hich variable occurred a¡d. not just that

a variable I{as found.u This i:rfomation fs provitled to INTERPRET in one

of two ways and hence tlre two reserved 'sord.s. These words are '|VAR_STRING"

nnd flVARJÂBI,E", Descriptions of their use follows.

VARJSTRING

The Scan isolates a variable as d.efined above, It passes the

i^ntemar synbor nl¡mber assigned to it to the Parse. rt then inserts

the cbaracter string correspondine to the ldentifier into the IIIITERPRET

parameter srRrNG' srRrNG is a character string with the varyiag

attrlbute" INTEIIPRET can then use srRrNG anti take the appropriate

action"
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VAR-TABTE

as with vARJsrRrt{G the scan lsoLates tbe id.entifj-er and send.s

the internal s¡rmbol nr¡nbei to the Parseo A¡IAI,TSE sets up aro at:ray

called. VARI¿,BLE ¡Ehich can accomodate a mqvinrm of 29¡O fdentÍfiers"

I{hen an identifier is found, t}re a:ray vaRraBtE is searched. to see Íf
it had been entered. prerriousryu rt it has then a number whÍcb

corresp,onds to that subscript of vaRraBLE is passed. to TNIERpRET, rf
it is a new identifier then a new entry is made and. the new nunber

is p'assed. This nr¡mber is assigaed. to the TNTERpRET parameter rNlO"

the array vaRrÂ3LE is elso a parameter of TNTERPRET a¡rd. INII'ER?RET can

use the nr¡nber in INFO as the subscript in VARIÄBLE to get the character

string for the identlfier. [be arrey VARIABLE only stores 12 characters

of the nâmeo Longer nanes are tn¡ncated. to 12 sigrdfleant characters.

ra the event that the user wants to use VaR_TABLE to buird up a table

of the Ídentiflers i¡stead of doing it hi.mself through VaR-STRTNG but

still wa¡ts to be abLe to access a conplete name which Ís longer than

1"2 charactersn the character string corresponding to the nane is
inserted in the lnrameter STRING the sarne as with VAR-STRING, Althougþ

the nr¡nber INFO is passed to TNIERPRET, it is sti1l up to TNTERPRET

to take care of such things as local and grobar variables of the

same nq.ne, etcu

srgÞË" As previously stated., the user has üre option of d.efining

aunbers in his syntaxo or letting AITIALTSE pick out integer nunbers"

The reserved word. in this case is trNU¡lERO'ru If th:is is used. in the

syntax then ANIJ,TSE processes iateger n¡mberso i.eo, a sequence of dlsits
on one card., and puts this sequence as a character string in the p,araneter
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STRING" INTERPRET eay then d.ecod.e th.is stri¡g of characters" The

s¡mbo1 mr¡aber correspoudtng to IIUMERO fs ¡nssed. to the Parseo and. the

correspondiag character string is passed to INÎERPRET r¡hen en integer

ås iSoLated. as a left-nost reducible substrÍ.:cg, Other conventlons of

the Scan folIow.

@gþ. If it finds the word rrC0iì$fn}ilflrr used ùß the input strea.m,

the Scan w:ill skip s¡rnbols until it finds a seni-eolonu Thus co¡oments

nay be inserted. between any pair of syubols ln tbe input streamo Scan

always sees COI'SIEIII as a key-wq¡¿, The next s¡rrnbol rûay appear

immsfli¿ts1y after the seni-colon narkíng the end of the conment. Any

s¡rnbols nay be used between the worcl COMI,ÍENt and its closing semi-colon.

This entire string does not exist as far as the Parse is concerned

because it fs ignored by the Sc¡n.

Character Strinee. A nethoct is provlded. for handlÍng ch¿racter

stringÞ. This allows tbe user to incorporate then in the language be

is d.esiguing, If the user includes the reserved. v¡ord. oÀIIfSTRfNG'r ín hÍs

syntax then AI¡IA!ïSE rfüLl process strings dsf{n{tsd by quotes" The

naximr¡n length of string Ls 256 characters. Strings Longer than this

are tnrncated on the right without a wa::ning being given" Any character

nay appear between the quotes but the guote" An exanpl-e is raq¡r ki¡d. of

stringr o llh,e s¡mbol number for ASISÍB.II{G is sent to the Parse a¡d the

character strlng between the quotes is passed to IIflIF,RPRET i¡ the

para^neter STRïNG"
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2"r.2 INTffiPRET PARAI¿ÍEIERS

The paraneter list and. declarations requÍ.red, in the user

¡vritten external procedure INIERPRET are as follons:

INTERPREî;
FROCEDI]RE ( m.OO, tæm, RIGHT, STACK, VARIABLE, Sntso!, Sln INe, II{FO,
SrufiIS);
Dct ( pB0p,LEFT,RrGHT,sracK(*) osrnms, r¡nu) rrxnD BrN( t5 ),
snmt(æ) cEAR(Iz), vÂRrÁBr,E(*) cn¡n(ra) vano
sTRIlfc 0HAR(256) VAR;

A descrlptiou of the paraneters and tbeir use is given in the

order of their appearance,

3UÐ" This is the current production nr¡mberu When AI{AIÏSE flnds

a left-most reducible substring it searehes tåe ltst of Rfgbt parts

for a natch and assÍgns that production number to PROD, The ar¡nbers

used. here are the s€une as those listed. with the productions in the

printout of both TESTPREO and EXTRACT" rf ASALYSE isolates a string

of s¡mbols which d.oes not ¡oatch the right ¡nrt of an¡r productÍ.onn then

PROD is assigned. the value O,

LEEI" RIGËÎ" fhese are poínters in the paraneter STACK" They

point respectively to the left-nost and. right-nost s¡rnbols of the

left-most reducibLe substring isolated by .AI[AL,TSE. As the STACK is nr¡mbered

fron tbe botton up, RIGtrI is greater thnn or eqr¡al to LEFT. tsing these

two pointers the user ca¡. access anJr or all of the s¡nobols i-a this

isolated Right Part"

W. llhis ls the s¡nnbol stack used by Aì.IALTSE duriag the Parse,

fhe paraneter RIGET indicates the nunber of synbols in the STACK"
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The sequeace from LEIT to RIGET is the Riebt Part of the production

PROÐ" the STACK values are the intema} nr¡mbers used to represent the

s¡nmbols in A$ÄLYSE" Althougþ the user has aceess to the entire STACK,

on1y a smalL part of it shouLd be used at an¡r call of II'ITERPRET,

II{TERPRET should never mod.ify the STÀCK,

V4R.tABIfi.. This paraneter is only of use rqhen VAR_TA3I,E appears

j-ra the syntax of the language" fhis array eontairs the character strings

( of maxi-uun length 12 ) representi-ng identiffers in the Source progag,

The actu¡-L cbaracter strings used are of littLe inportance inte:m.ally

because everything can be represented. by numbers or add¡essesn Thís

array then fs provid.ed. in case the lnplementor ¡sishes to ¡u'¡1te out

error messages such asc IEE VABIASIE _ l{A,S NO'I DECLARED, See

the explanation of ïNFO,

W" This array contafns the charaeter strings ( of maximr¡n

length 12) representtng all of the o¡rnbols ( totU Terrinal and Noute:mir:a} )

used. j-n the syntax of the languageu These are the same s¡mbo1s as those

printed dolrn the Left side of the precedence natrix by the prog:rattr TESTPREC"

By usi:rg the internal syïûbo] nr¡mbers substituted by AIrIÁIYSE as the

subscripts to tbis arrayr the original s¡rnboJ.s rnay be obtainedo

W. This is a var¡riag length character string witb a naxiuun

sLze of 256o ft is used. i¡ th¡ee cases3

I, To pass characters of an integer number i+hen NUMER0 fs used.o

2" lo pass a string of characters irhen AIIÏSTRING Íg useô.

7" To pass the cbaracters representÍng a¡ identifier when VAR_TABLE

or VARJSTA.ING fs used,
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Jgg. Its sole purpose is to lass e subscript for the array

VARIABLE when identifiers are haadled by usÍng VARIABLE,

W. This allows IMIEIìPRET to pass info:mation to ANAIYSE

concerrning the status of the present analysig. It has an initiaL

value of o set by aNArïsEo lhere are three valuee vrhich TNTERPRET

nay assiga to it¡

L - ureans to contfnue the lexlcaL scan but no longer parse or

call INTERPRET.

2 - means to eontinue both the Scan and Pa¡se but no 1onger

call- ïNTERPRET,

3 - Beans to terninate execution Ímetiiately.

ïf STATUS is set to 1 or 2, a nessage telling what action is

being taken is printed by ANAIYSE enabling the user to see the point

at which this occurred. in the Source listing.

the follow:ing declaration nay also be included ln INTERPRET:

DCL SCAN_ERR BIl(1) EXTERNAT;

By testing to see 1f this is jElg, TNTERPRET can deternine if an error

has been detected by the Scan ln AI{ALTSE, and. take sone approprlate

action"

2"1., IMPLEI{ENîAÎIoN AIDS

Value .@þ,. As the syntactic onalysis proceeds it wilt usually

be necessar¡r for the user to retain i.¡afornation about the s¡'nbols in

the sTacK. llris inforn¿tlon nay be nemory ad.dresses of identÍflers,

or parra.neters of loops etco A convenient way of retai¡ing this info¡mation

is by constructfng one or nore VÂLUE staeks of the sa¡ne size as the
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SÎACK used. during the Parse, In ÄNALYSE this is a one dj-nensior,el

array of size 50. By putting the i¡fornation in the Value stacks

in the sarne correspondÍng positions as the s¡rnbols appear in the

STACK, the user 1s able to extract thís i-nforration later by us{ng

the parameters LEFT and. RIGET. ALl data areas which are to be

retai.ned. from one call of IMIERPR.0T to the next should be declared

with the attribute STATIC.

Paraneterg Passed to AIIIA.LYSE throgelx @. Some paraneters nay

be passed to AIIALYSE by neans of the PA3tr{ list on the nXnC card" This

enables the user to specify sone options to ANAIYSE in the JCL,

I'he allowed. parameters axes

L. COIINT(@) - ftt this case @ specifies so¡ae special character such

2. 0HI=1

as a statement d.eltniter which the user wants counted

and. listed as the statement nr¡mber in the source 1.isting,

- This iltlfcates that only a lexical scan fs to be nade

on the input string, (i."., the string is not to be

parsed and II,IIßRPRET is not to be called )

- this i-ndicates that .A.¡IÂI,ïSE is to perfom a lexical

scan and a sSmtactic snalysis on the input string

but INTERPRET is not to be caLLed.

- This i-ndicates that a trace of tbe parse is to be

printed down the right-ba-nd sid.e of the source 11sf,ingo

Eacb ti¡ne the s¡mboJ. at the top of the stack is conpared.

with the synbol s6mìng in fron the scan the following

message is printed:

ffir ïfï @

1. OYI=Z

4, TR..A.CE
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lQü, is the synbol at tihe top of the STACK' YH is the

inconÍng sylobol fron the Scan, arrd. @ is the precedeace

relation betrseen tlrese two s¡robols"

If either OgtL=L or 0PÞ2 is specified a nuLl external procedure

called TI\ITERPRET must still be provÍded" It nay consist of sonething

like thÍs:

üfIERPRET;
PROCEDIIRE;
RETIiRN;
HID;

Usi.g this facilit¡r one can test oners laag¡¡ege d.esign by having ÅI{ÁI,TSE

perforn a s¡mtactfc a:calysis on a source progran vritten in the netr

la¡g¡¡¿gp without provi,ling semantic routi.nes.

2"3.4 AI{ALYSE ERRoR I{ESSAGES

AIüIIITSE d.etecte errors jrr tbe Sor¡rce progran durìng both the Scan

and. the Parseo

Emors found. duri.g the Sca¡ can be cùivided. into two groupsø

In bot'h of these cases the error is usually caused by the Scan isoLating

a s¡rnbo]. in the Source progran¡ which it is not equipped to hanùleo

ïn the fi¡st case, atr er:ror nessage is printed and. tåe offentling

s¡rnbo1 is d.eleted fron the soutceo fÏre Scan then isolates the next

i¡sqming s¡rnbol and presents this to the Parseo }lhen the Scan recovers

from atr error i¡ this way SCAN_ERR is set to tnre, info:ming INTERPRET

that an error has occurred.o In the second. case ANAIYSE finds itself in

a situatÍon fron wìrich it ean not recover and therefore prints an

error message a¡rd then terrj¡ates" A list of the enror messages printed

by AI{ALYSE is given for each caseô
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lexgigså"

EæEËE lHE 0PERq.TOR _ I'IAS USED BUT DOES NOT APPEAR II{ lgE PR0DUCTIONS - DELETED

@ TEE SII{BOT - WA,S FOTND BUT NEITHER THTS SY]USOT N-OR }IUI,ERO OCCURS IN TEE STNTAX

Terminal @.
sËÊ*æ - A VÀRIABIÆ _ lüÀ5 FOUIID BUT NEITH¡]R VÁRJSîR.IIIIC NOR VAR_TABLE

ASPE.ARS ]N TEE SÏNTAX

*EEEF - Tm ANAIYSER tlt{tT 0l{ TEE }IUirtsER 0F VARIABLES A],I0ldED EAS BEEN E]ICEEDED

ETTEER REDUCE TEE # OF VARIABI,E I\TA}IES USED OR REPLACE VAR-TÀ3LD BT VAR SIR.ING
AND EANDI,E THE VARTASI,ES IN INTERPRET

l,lhen the Parse isolates a left-most reducible substring whÍch does

not match the right-¡nrt of any production in the language, the

following error message is prlnted-:

æF*EE - ÏNVAIID STACK SIIQUENCE- Ðü Yyf ZZZ

In this example the three sSrmbols lüXr ïff end ZZZ appear in this

reducible substrÍng. llhe nr¡mber of synbols i.n this substriJrg nay

be one or ulore. INTERPRET is then cal-Led with PROD set to 0,

The error message

!€¡¡¡¡ã¡q - END 0F FILE

is printett when the Scan tries to read another s¡runbol after the end of

the input string. Execution then te::ninates at this point.

flre error message

*FGEE - PARSE TER¡1INÁ.TIID BY ST-NTÁX AN.ALTSER" SCAN CONTINUING

is printed when the parse finds tbe relatioaship.> between the s¡rnbol at

tbe top of the STACK and the inconing s¡rnbol, but the relationship 4.

does not occur between any of the synbols in the STÂCK,

Svntax EæIg. A syntax error message as gÍven by AIIAIYSE is of
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the folLorrlng fo:m:

æSfNTÐ(æsæ

lhis neans that the synbol with the $ printed under it in the source

listing'has no preced.ence relationsh:ip r*ith the s¡rmbot ANAT,YSE ls

conparing it to. This offending symbol is thendereted. and. the next

incoming s¡mbol compared.n rn this case SOAI{_ERR is set to tnre"

rf ANATYSE is ¡mrfo:ming both a scan and a parse of the input

string (i"e., STATUS has a value of zero or two ) tUen a s¡mtax

error means that this specifíed synbol has no preced.ence relationship

wltb the s¡rmbol. at the top of the STACK. Ma:ay syntax errors nay be given

ln this case lrith each offending s¡rnbot being d.eletect until a s¡rnbo1

is found v¡hich has a relationship with the s¡mbo1 at the top of the

SIIACK, At this point the Parse continues,

ff ANAIÏSE ls only perfo:ming a lexical scaa on the Ínput

(i.e., srAt'us has a value of onen or 0PI=l ) tuen a s¡mtax error neans

thet the symbol cnnnot Iogically follow the one preceeding it i¡ the

source listing according to the s¡mtax of the langrragen Again Ín flris
ease offending synbols are dèletèd. and, the uext j¡coming s¡mbor is

compared. to the last valid s¡mboI"

2.5.5 ERRoR RECoVERI

As nentioned previously, when aïALYSE flnd.s a Left-nost Reducj.bre

substring which does not natch the Right-¡rart of an¡r productionu

PROD ùs assfgned. a value of zero and. then TNTERPRET is earred"

llhen IMIERPRET retr¡næ controlo AN¡,ITSE is unable to ¡nake the reductÍon

ia the nomal wayo If error recovery fs not provid,ed., the following error



32

mescage is prÍnted:

*æ - N0 RROR RECOVERT PROVIDED - 0I{tY SCAI{ COAITINüING

If this occurs then the rest of tbe Source is not p,arsed.. Although

the Scan nay fÍ-nd adûitional enrorsr in the rest of the texto sone

errors nay be nissed on this n¡n"

In ord.er to al.lon ANAT,YSFI to perfo:m a Erore conplete error

check of the Source prograa a nethod of error recoverTr is provid.ed.o

It would be nore corect to call it Pa¡se recover1r than e:ror

recovery because it oparates by deleting sectÍons of the text ia

order to get the Parse started again. The uo:mal sequence ¡¡ould

probably be for the user to provÍd.e thig error recover1¡ and. then set

SfAfUS equal to 2 if PROD i"s passed. to it r¡ith a value of zerou

After this ANAI,YSE wiLL recover if lt can and will continue to p.rse

tlte inp{t but will no longer call INTERPREî' If STATtIS is left alone,

then IMIERPRET is caIled. again i-a tJ¡e nounal way after recovely is trad.e"

As the user ¡nay not aLways want to provide error recoveryo this

facility is provid.ed. through the use of the EXTERNALJ attribute,

The following d.eclaration is necessary:

Ðcr, (Frx_up(æ,1) FrxED BrN(15),Frxå_Fr[(50,r) Brr(t) oonr, Brr(t) )
EXTERNAI¡

B¡r settlng DEL to tnre the user í¡forus ANALTSE that error

recovery has been provided. Tbis is acconplished. by loading the two

alrrays FïX_IIP end FI{_BIT" UsÍng this i-nfonnation AÌ{AI,TSE nay d.e3-ete ¡nrt

of the STÀCK and skip synbols using the Scann The principle ls that by

deleting a section of code, the Parse is able to recovero

fhe array FILUP ind.icates the symbols ANALTSE is to Look for

in the ST¡,CK and in the inconing strean, The array FIX_BIÎ tells
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wbether these s¡rnbols are to be kept or dereted. when found, Fig. 12

sho¡*s the data loaded into FIX_UP a¡d FIX_BIT to prorid.e error

recover3r for the sarnple language. Fig, IJ shows tåe s¡mbols corresponding

to the j.nterne.l symbol numbers in Fig" L2,

These arrays have 50 rows each with J colu¡nnso For any row f

FIX-UP(I'1) indicates the synbol to be for¡nd. in the ST.ilCK" If it is

founct then ANALYSE looks ahead. in the lnconing stream for the synbol

FIX-UP(Ir2). It is trrossible to list man¡¡ syubols to 1ook for in the

inconing streas for a single synbol found. i:r the STÀCK" Itris is

acconplished. by settin€i colurnr¡ I to zero for each row after row I until

another STACK synbol 1s entered, Depending on the s¡mbol for¡nd. in

the i-nconing stream, the uger nÞy decide he wants to d.erete deeper

1n the STACK, Thls is done by specifying the new s¡mbol he wants to

look for in the STACK in coh¡¡nn 5 of ttre s¿me row as the s¡rnbol r'¡hich

was found ía the inssming strean. It is not necessary for the user to

Ioad. this entire arrayc As there is always & ûoû-zero number lncolumn

2 for any valid rowr ANAIYSE looks for a zero in this colunn to ind.icate

the enô of the varid. data" The nr¡nbers entered. in this array are the

internal synbol numbers which ANÅLTSE uses throughout. Ibe user can get

these fron the printout of IESTPREC. Co}¡nn J of FIX_UP utrst be set

to zero for all- vaU-d. rows of i¡¡fomation where the user d.oes not want

AIIÀLTSE to look deeper in the STACK. Infor:metion entered in the axrey

FIx-3rr pertains to the same relative positions in Frx_uPo I'his nust

be loaded. for every valid. row of Frx_ûP. Once aNAT,TSE has found. the

required. spnbols in the STACK a¡rd the inconing strea"no Ít looks to

FTJ(-BIT to see wbether these s¡mbo].s are to be kept or d.eletedo A tnre
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value (i.e,n uloB ) ruut* that the synbol is to be deletedn and. a false

value (i.e.o 'OoB ) tnat the synbol is to be kept" If these arrays are

carefully loaded. then the Parse shouLd. be able to recover most of the

ti.:ne,

If the situatlon occurs where both the symbol in the STACK and

the synbol in the inconi:og strea¡n are to be d.eleted r¡hen found.o then

.ANAI,ïSE assumes that there is sonetbing special about this paii.

This is useful in the case of sonething liJre Algol blocks" BEGIN and. END

could. be listecl as a rrd.eletedeleterr paÍro Whea pairs ljle thi.s occur,

ANAIïSE will uever stop the search of the input string upon finding a

s¡rnbol lt is looking foro if rþre occurrences of the first of this

pair than the second have been encountered duriug this seardh of

tbe i:nconing stream, By Íncluding a pair like this ln FIX_ÛP the user

cån prevent AMI,ïSE trying to start the Parse after d.eleting the BEGIN

and then fai11ng agaJ:r when it d.iscovers the END,

Ïlhen ANALYSE starts the search of the STACK it bee"Íns ¡Eith the

s¡nnboI i-mnediateLy before positlon LEFTe and works down fro¡n there.

If none of the s¡rnbols it is looking for are found. in the STACK then the

following exror nessage 1s prj-nted:

¡¡r¡FF Ë¡F - F,RROR RECOVIRY FAILED - ONIY SCAl'l CONÎINUING

ANAIISE sho¡ss the section of the iaput stream wbich wag deleted tturing

error recovery through the use of the folJ-owing nessages3

SCAI{ DELETED FR.OT{ EERE* )
<_TCI BERÐ

These messages û¡s.y occur on the same line in the source listing or

many lines apart depend.ing on the amount of text which was d.eleted" The

arrow heads nark this portion exactlyo
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although this text ¡rhich is skipped. is not parsed.u it is stilr given

a thorouglr check by the Scnno ArSr error ressage i.¡hi.ch the Scan no::mally

gives çril1 be given in this casea This includes the SYNTAX êTrore

ïn this case the synbols are not conpared r+ith the top of the srACK but

sith the most recent valid symbol. before it irr the inconing strea.n,

See Fig" 15 for an exanple of the operation of error recoveryc

2"3"6 T¡ARNTNGS

If the user incorporates any of the four reserved. words (UUmnO,

VARJSTRING, VAR:ÏABLE or ÀñYSTR.ING) in ¡is tanguageu it woutd be

advantageous to have these s¡mbo1s appear aloae on the Rigbt-side of

productions. As the INTERPRET ¡nrameter STRING can only hold one ite¡n

at a ti.me, the user ¡rust nake sure that his language doos not allow

any of these s¡mbols or nonte:ni¡als d.irectly red.uced. fron them to

occur adjacent to each othero

The paraneter STRII{G is loaded. by the Scsn¡ so at any tine the

info¡mation in STRING nay refer to the next inconing s¡rnbol rather

tbpn to a synbol i¡r tåe STACK.

Even if the Sca¡ d.eletes an inconing synbol because of sone error,

the paraneter STRING nay bave already been chauged" In this ease

the parse nay continue no:mally after the synbol is deleted, but the

info::nation iu SÎRING nay be for the s¡rnbol deleted. rather than a

spnbol in the STACK, The user shouLd check SCÂN_ERR in ffilERPRET,

ar¡d. if it ís true, should assu.ne that STRING 1s in errorc The sane

bold.s true of the ¡nrameter INFO,

.ANALYSE insefts the relation <. before the first synbol i-n the

source program and ) after the last to allow the progran to ¡nrse to
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conBletíono the user uust make sure that the first synbol. in the prograrn

and. therefore the first s¡rnbol in the ST¡,CK is not includeti Ín a

reduction before the program parses to conpletion as tbere w:i.11 then

be no relation betweea the synbol introduced because of this reduction

a¡d. the botton of the STACK, Violating this will result ín the Parse

being te:minated. by ANALYSE.

Fig. 14 showg a procedure INIERPRäT for the sanple language" It

d.oes not provide sem¡ntics but serves to provide error recoverT as

sho¡¿n in Fig, 13.to denonstrate thj.s facility" A sample progran written

in this la^nguage is shown in Fig" 15. Fig" 16 shows the out¡nrt of

EXTRACT for a second sample language, Fig" 17 gives the procedure

ïNfffiPREf ¡rhich is really an interpreter because it executes the

i¡structions imed,iately lnstead of geaerating obJect cod.e. Fig" 1.8

showe a sample progran written ín t-his language,
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INTErìPìl:T:

5

7
9

10
lt

I2

13

L4
l5
Ìó
l8
19
tv
2T
22

INTLÊìPì'T:
P!Ìi]:Lì:JL'T.F {PI.ì Of ,LEFT,I, IGHT,STACK,VIiRIABLE,SY}'I3NLISTiìING,INFO,
STATUS ) ;
DCL (PìCD,LEFT,RTGHT,STACK(*) ISTATUSI INFOI FIXED BTN{I5II
SY¡,lBl.lL (1.ì CHAR (l2l'VARIAßLE(*l CriAR(I2) VAR,
STRINS CHAR(256) VAR;
DCL (FIX-UP( 5OT3I FI:XEIì BIN(T5} IFIX_BIT(50'3} BIT(II'DEL BTT(III
ÊXTER\AL,ERR B!T(I) STATTC INITIAL ( IOIBI;
DCL SYSINI FILE STREATl INPUT;

/+ THE F]LLCþIING SECTION OF CODE IS OI.JLY EXECUTED ON THE FTRST
CALL ]F I ÂNALYSE I */
IF EIì THEN GO TÛ 52;

/+ rSYSI\Lr IS A CARD FILE WITH ERROR RECOVERTY INFORMÀIION *f
ON E\DFILE(SYSINl) GO TO SI;
CPEN FT LE( SYSINI };
DO I=l TO 50;
GET FILE(SYSINl) EDIT (

( X( 2) rF( 3r0) ' X( ll rF ( 3 r0
GET FILE (SYS INI I EDIT I
(x{2) rB(I),X(l) rB(l ),X(t) rB(ll};
E\ID;

SI: CLOSE FILE{ SY.SINl };
EìRr):L-rlrB;

s22 tF PRoD = 1 THEN DOi
PUT EDIT (ITHE PROGRAM PARSED TO COMPLETIONI) fA} SKIP;
S IATUS=3 Í

L '\ tJ t

RETUR\;
END I\TERPRET;

FIX-UP( t'J ) DO J=l T0 3, I
,x( l),F(3,0) );
FIX-BIf(I'Jl DO J=l 10 3ll

Fig" 14
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I Sil

I
t
I
I
I
2
3
3
3,3

r*+*SYNTAX ***+*
! *** SYNTAX *** +*
: ãr*+ S YNTAX *+t *+

SÛURCE LTSTING

5TAR,Ï
COMYENT THIS PROGRA14 IS DESIGNED TO DEIIO\STRATE ERP.OR RECOVERY AND

TO SHOW SOME OF THE ERROR I',IESSAGES GIVEN BY IANALYSE';
BEGT N

INTEGER N rÂ rBrCrDr F TXtYTTOTTAVG;
LAtIËL STISTR;
CO\,II'IENT THERE ARE 2 ERRORS IN THÉ FOLLOWING LINE:

I. MISSTNG SEMI-COLON AEFORE A
2. MISSINS: AFTER D;

Y:=0 Ai=O; B:=0; c:=0; D =0; F:=0; ToT:=o;
$

$
$

F+** - INVALID STACK SEQUENCE- STATLIST i FACTOR
SCAN DELETED FROI',I HERE-->

<_rO HEREr1(+* - DEL ETED FR]M STACK-
9 READ N;

l0 TOI:=T0T+X;
1I ST: R, EAD X;
T2 IF X > 75 THEN
L2 EEGIN
12 A:=A+1 i
13 GO TO STR
13 END
13 ELSE
i3 Cil¡il'iE\î TiìE Uiii'iATCäED !;: C/itiSÊD TäE FûLLûi/iiNG ERRJR;
T3 IF X > ó6) THEN

¡*** - INVALID STACK SEQUENCE- EXPR }
SCAN DELETED FROM HERE-->

13 BEGIN
13 B:=B+l i
L4 G0 To STR
L4 END
L4 ELSE

<--TO HEREI'(** - I,]EL ETFD FIìOI'î STACK- IF CHOICE
T4 IF X > 59 THEN
14 C!=C+l
t4 EL'SE
L4 TF X > 49 THEN
14 D:=D+L;
15 CCM¡4ENT TfIE SYNTAX ERROR HAS CAUSED BY fHE SEMI-COLON
15 BEFORE I ELSEI ;
15 ELSE

:*+*SYNT^X +**** $
15 F: =F+l i
16 STR: Y:=Y+I;
17 IF Y < N TIIEN GO TO ST;
18 I{R, ITE N;
19 WRITE A,I],C,D,F;
20
20
20 CO¡1|'IENT IHE PARSE HÀNGS AND REC0VERS Tì/rtCE IN THE F0LLO!,IING STATEMENI

Flg" f5
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20 I0TAL:= (A+B-Cl+ (SUM/RESTI +TIRMl-33+14/ ( AVc-6ó;

++>F+* - IIIVALI D STACK S EI]UENCÉ- EXPR }

SCÂ¡I DELETEO FROM HERE_->
<--ÏO HERE

***** - DELETEó FRDTI STACK-

+*+*+ - INVALI D STACK SESUENCE- ( EXPR
SCAN DELETED FROM HERE-->

<.-TO HERE
++*** - DELETED FRIM STACK- ¡ VAR := TERM- |

2L AVG: =f0f/N;
. 22 þJlìlTE ,lVG;

23 CO'4\4E\T THE FOLLfHING Il.lO STATEMENTS HAVE AN r=r INSTEAT OF r:-r;
23 ALPHAEET=TABCDEt-GIIIJKLMNOPQRSTUVWXYZT ;

È++*:: - INVALID STACK SEQUENCE- STATLIST ; FACTOR
SCAIJ DELETE} FROM IERE-->

<-_TO HERE
*+**+ - DELETED FROI.l STACK-

24 C0¡'l\4:\T I ANÀLYSET C0ULD NOT RECOVER AGAIN BECAUSE NoNE 0F THE SY\'IB0LS
24 IN THE F IRST COLUHN OF IF IX-UP I REI'IAINED TN THE I STACKI;
2+ DIGITS=| 0123456789' i'

+*++* - INVALTD STACK SEQUENCE- BEGIN FACTOR
SCAN DELETED FROII1 HERE'->

+++** - ERROR RECOYERY F,{ILED - ONLY SCAN CONTINUING
25 X := A ? Bi

*+Í(** THE OPERATOR ? llJAS USED 3UT DOES NOT APPEAR IN THE PRODUCTIONS. - DELETED
+*+**SYNTAX++++* $

26 AVG: =l I GI TSi
27 HR ITE AVG
27 END
27 FINISH

*;:+*+ - END 0F FILE

Fig, 15 cont'd
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I
2
3
4
5
6
1

8
I

lc
II
L2
li
L4
L5
lc
I7
l3
19
20
2T

23
24
25

PGrìÂÈ1

ßCDY ::=. STATLIST
STATL IST ::= STATL IST i

::= STATMENT
::= VÂR
::= ITRITE
: : = EXPR-
::= EXPR-
::= EXPR-

::= TERI\¿
:: = TFRI\,-

. ::= ïERi4-
TtrDM-

::= FACTCR
. ?= (

:: = INTECËR
::= Rt:AL

VAN

::= VÁP._TAiiLE
: : = NUI'IERC

: : = STÅRT
PRDDLCTIOhIS

BC DY

uoo

+

TERM
TER M

EXPR

F IN ISH

STA TME NT

E XPR

TERM
TERM

F AC ÏOR
FACTOR

I

S T AT14 ENT

E XPR
EX PR-

TFRM
ï E iìft-

FACTCR

VAR
Ii.JTEôER
Fq.ACT IÛN
RE AL

AIJLÉS LC.ADELJ SUCCESSFULLY

NUHERC
::= INTECER FRACTION
::= FI.T.ACTICN

FÍg. 16
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I!TEl.tP{{:T:

I I'iT E;ì, PíìE T :
PRîCFf''¡ì E ( PR0D T LEFT T R I GHT' STACK T VAR I AULE T SY"IBCL' STRIl',Gr INFOt
STATUS );

/+ II:CLNNNTTCI.I CF !J¡{TFRPRÊTt PARAVETERS
DCL ( II:I.'I¡, L F FT' R I CItT, STACK ( * } T STAT!JS, I^'F'I) FI XED BTNf I5I r
sy'1ßi L (+ ) cil 

^p 
( l2l, v^RI ô.Rt. E ( * l cHAR ( l2) vAR,

STRI¡.G CHÂR{256} VAR;

/* 'I\JTEPÞ¡ìFTT DÂTÂ AREÂS
VFI.ìiRY - STI'F.ES THF CI'qRE:.1T VlLIJE I'ìF ALL IDEò]T TFIERS

- P['SITI:ì^JS CîiìRESPI'\JD T! IVARIASLEI
VALUE - HnLDS C'.,iìrìEÀlT V^LtlES OF I)Ei"TTIFIERS Al'jD NUt'lBERS

- Pr'sITl1\S CrlRRESpl¡JD Tíì .STÂCK! '

VAI-IJE-I _ I-If..L!)S I II] FlI FOR IDE\TIFIERS
_ PISITIIi.IS CNRRESPC!'.ID TC TSTACKI

L AREt. - GIVÊS LAËrEL Tr:' .JrlIiP T! Êrì'ì tACll VALTJE ¡F !PR3D!
r\rí-ì3 - cHAP.ACTF;ì a.EPiìESEl.rTATI0tr 1F ÂLL DIGITS

t)CL (('aEr¡r-'ilYf 250) 
'VALUE( 

50l 'K) Bli'i FLIìAT(3ll;
{VALLII]-I(5O),L.GTHIJ, I) BI¡] FIXËD(15' ) STATIC,Y CHAR(I);
I]CL LAf]EL I O : 25 } I-ASEL I¡J I T I AL ( LO,LI I L-ETIDT L_ENDIL-EINJDI L5ç
L (r r L-E'!i) r [.íl r L 9 r L I 0' t- I 1 r L -E^]D r L-ENi] r L I 4 r L I 5 t L-END r L17 r L-ENDr

. L_E¡.ìi)t L_Er'tí) tL2I ¡L22,L2]¡L24 r L_END l ;
DCL f ',Brì{ 0:9) STATIC CIIAR(l I I¡'lITIAL( rOr r I I I r t Zt rt 3t r r4r r | 5r r
t 6' t t 7l t I I t ? l9l ) ;
Gí] TI L AßFL ( PRNO 

' 
;

I.O: /f LEFT-I¡[¡ST REDUCIBLE SUBSTRI¡IG DOES À.IOT I,lATCH ANY PROD" +/
3ïÂiiiS=3;
RETUP.:!;

Ll0: /* EXPR- ::= +
VALUË( L EFT I =VALUE (R IGHT ¡ ;
RETURN:

T ERM

*l

*/

(t

5

+/

*fT2

9 Ll: /* PGRÂÀ4 ::= STÂRT BnDY FIi'IISH
ST ATUS =3 ;

I{] PIJT EDf T ( ITIIE PP.OGRAV PARSED TC CC'4PLET TB\I , f A) SKTP;
11 RETUR¡J i

L5: /* ST.\ÏI.iENT ::= VAR = EXPR
luiE\iflRY ( V^l-l.JE_1 { LEF T I I = VALUE ( R I GHT I ;
RETUP.IJ;

Ló: /* STAT¡'E¡IT ::= 'rìlRlTE VAR
PUT EDIT (IAt\¡S',IER IIVALUEIRIGHTI) (A,FI12,5I¡ SKIP;
RE ÏURN;

I.I]: /* EXPR_ EXPR- + TERM
VAt.UE ( LEF Tl =VALtrE ( LEFT I +vALUE ( R IGHT I ;
RETUR¡.';

L9: /* EXPR- :: = EXPR- - TERM
vALUE( L EFï I =VALtlË ( LEFT,-VALUE( R fGHT I ;
RETUR¡I;

13

4f

*/

*/

+l

I4

l5

16

L7

l8

19

?o

7l

Fig. L7
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*l

INTFR.PRE'I:

22 LII: /+ EXPR,- ::= TERM
vALUE( LEFT l=-VALUE ( R IGHT) ;

23. RFTURN:

2.i Ll4: /* TFll'4- ::= TERV- * FACToR
VAL'J E ( LEF'r I =VAL{JF (LEFT I *VALUF (.c, iGHT } ;

Z 5 RE l.ìJp.r..l ;

25 Ll5: /* ÏFRr!- ::= TERI¡- / FACToR
\/ÂLr.JE ( LÊFT, =VALUF I LEF T ) ,/VALUE ( R f cHT I ;

?7 R.ET,J R'I i

?-3 117: ,¿* iacf nR : : = ( EXPR )

VALIJ T ( L EF'T }=VI\LI..I EI LEFT+I I ;
2:J RETUP.II;

.Ii) I-zL.. /+ VÂq, : : = VAR,-TABLE
VÀLUL-1. ( LEFT )= I¡'Fil;

ll VALU[::(LEFT]=VF54CRY( I,\FDI;
32 

'ìETUR\;
j? t-?/i /* I|{TEGEP ::= ¡IU¡4ERO

VAL,JE(l-FFT)=0:
74 .LGTII=LE:.rCTH(STR, ING);
35 DA I=1 fo LGTH;
35 Y=.c,iltJSTR(STRI\GrIrl)¡
37 3n J=0 T¡ 9:
3¡J IF Y=rjBR(J) THE\! G3 T0 C3;
40 E\]D;
+i Cì: v^Lr.jÈ ( LEFT I =VÅLUE (LEFï, *10+J;
42 EhrD;
4) RETI]P.N;

+4 L272 /+ FRACTIDN ::= . \tUf4ER0
VALtTF{LEFT)=0:

c5 L.GTll=LEi{cTH{ STP. I¡lG);
46 DO I=l T{-J LGTH;
+7 Y=SIJRSTR(STRIT'JGTLGTH+1-T,1I;
48 Dn J=0 Tn 9:
4i IF Y=IÌBR ( J ! THEri G0 Tl C4;
5 I Er.:D ;
5? C4: V^LUE( LEFTI=V¡\LUE(LEFTT*.I+J;
5 3 Ei.JD;
54 VAL'lEf LEFTI=VALIJE(LEFT)*.1;
55 C,FTURN:

5tr L24. ,/+ fì,EAL ::= INTEGER FRACTITN
V\LIJE( LEFT' =VÂLUE ( LEFT I +VÂLUE ( R IGHT I i

57 L-E\ID: /* ÀI ULL IT.iTERPqETÀTÍ ON RULE
RETI.JRN:

59 END T\TERPRET:

+/

*l

*l

*l

*/

+/

*l

4l

Fig. 17 conttd
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SDURCE LISTING

STÂR T
C']V)48í!T THI S I S A VERY S I ¡lPLE PRCGRAI,I TN DE^{T]T\!STRÀTE THAT

IHE PROCEDIJRE I I\ITERPRFTI DSFS t.lORKi

^l = 47a.3522
A2 = 9i¡l.6l7i
A3 = 100o.9ól;
Azr = 1.54369i
A5 = 3.I4¿l:
srl 4=aI+42+43+44+45;
l^r;lt TE SUf,l;

^VFlìAC'Ë'= 
StJv,/5i

l']JTITE AVERAGE;

TFST=1.1:
"¡¡ìITE TEST:

TESTI=r)001.C02;
'"lRlTE TESTI;

FRACTI ITl=.00035 i
WIìITE FRACTfOl\I ;

s I xT EET,TSQLJARED= ( 4+3+9 t i. I 20-6+ 2l + { 3I- I 5l / l3+5+11:'
l,Tì I ÏE SI XTEE\]SQLIARED
FIÀ¡ ISH

H Þ'iîGRA',1 PAIìSED TTJ COIlPLETI¡N

Figo 18
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CEAPTER 

'

PROCRÁM DESCRIPTIOI{S

A brief descriptÍon is gÍven of each of the three prograns

of the system. fhese d.iscussions are not i-atended. to be conplete

d.escriptions of the workings of the progra^ns" only those points

rshich were considered to be of vital 'rnporta¡ce or d.ifflcult to

und.ersta¡rd are covered* comprete progran l-istings can be for:nd in

the appendices.

3"L TESTPREC

Thie progra.m read.s in the data cards (i.e., the productions

of the gramar ) one at a time, fnto the string TEST a¡d then a

blank is concater¡ated. onto the right" co1r¡sn L is checked to see if
a new left-part 1s being defined and. then arl synbols d.erinited by

branks are picked. out of this stri^ng. As these s¡rnbols are found

they are loaded Ínto the array INPUT, l'r"ith INPUT(f) ¡ei¡¡e th"

left-part. All s¡rnbols are checked. fn the array srMB0r to see if
they have already been encountered., and if not are entered. The

array TERI{ is used to note the synbols ¡*hich occurred. on the left-side

of productions.

The limit of lBO s¡rnbols ln the e¡mtax r+trieh is inposed by

TESTHREC is necessarXr because of a ptll restriction on the size
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of BIT SftsII{GS" It ¡vas for¡nd. to be uuch more efficient for 1ESTpREC

to trse bit strings to store certain information, and. do its own

addressing than to use aryays with the attnlbute BIT(1), The

three bit striags used by TESTPREC are LEfll, RTGIIT a¡d EetAf,u The

nunbers used to represent symbols in accessing locations in these

strings and later in the precedence roa.trix, are the synbol 1ocations in

the array SflvIBOT,, These strings are of sirze 324@ wh:ich is j.go X lBO.

For two s¡rmbol numbers r and J the expression used to access-the

correspond.ing bit is 180*(I-1){.T" A tnre value has the foll.orving

significance in the different strings:

LEFT - me&rrs that synbol J is the left-nost symboJ. on the rÍght-hand

slde of a production in ¡chich symbol r is the reft-part,

RIGHT - ¡a€âns that synbol J 1s the rÍght-roost synbol on the right-hand

sid.e of a production in rqhich s¡rmboJ- I is the left-part.
EQUAL - ûeansr that synbol J occurs to the right of a¡¡d edjacent to

synbol I on the right-hand. side of a production.

the pertinent entries are nade in these strings for each

producti-on as it is encountered. I'his process continues t¡ntil
the entire ,'grammatr' has been read. in.

The precedenee rnatrix is declared. to be a CHARACTER srRrNG of

size N x N ¡*here N is the total nwober of synbors in the s¡mtax,

Addressing is the sane as for bit strings. The arrays NONT and.

TERI,ÍTNAL are decrared and. then road.ed. with the Nonterni¡a1 and.

Teruinal s¡rnbols respectively, rlrese are then printed. out under

the corresponding headiags.

To be useful in establishing the precedence relationships

betçveen s¡mbors, the striags LEHI and RrcET have to be changed to
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shoi+ all of the left-nost and. rightqnost s¡rnbols derivable respectÍvely.

I{arshallls a}gorithn (3) was used to perfo:m this trpnsfor¡oation on the

strings LEFT and RIGHT.

rt was considered best to use a character string (pnnc) for the

preced.ence matrix because it could. then be prÍnted. out once it
had. been loaded. without any converslon, This string Ís first
initial-ized. to blar¡ks, IoaùÍng the preced.ence natrj.x consj.sts of

insertlng the characters å, ( snd > Ín the correct places Ín this string"

sbe string EQUAI is searched HÈth J having varues fron I to N

for all I from I to N" llhenever a t¡re bit is for.ud u the s¡mbol r="

is inserted. in the correepond.i¡g position in pREc. rf J is a

nonte:minaL then the s¡runbol 'k " is èntered in pREC bet¡reen syrnbol r
and' every left derivable synbotr J ( as deteruined. frorn LEflI ),
Next r is testecl to see if it is a nonte:minar. rf it iso then

the symbol ') n ís entered i^r PREO between every rigbt derivable s¡mbor

of r ( as deterrined. fron RrcET ) ana the synbol J. Finally if both r
and J are nonter:minals then entrÍes of "¡r' êre nad.e between every right

derivable symbol of I and left derivable s¡mbol of Jn

As can be seen PREC was load.ed. þ working through the d.efÍnitions

of the preced.enee relations as given by Trlirth and l.feber (1), ff a

relation was to be entered in PÊEC antl another relation vÍas already

present in that location then a precedence vioLatÍon existsn

To make the d.efiaitions more meeningfirl, the preced.ence violations

are explained. ln the error gtessages in te¡ns of the d.efiuitionsn The

error messages consist of a printout of the two s¡mboIs between which there

is the qiolationr arrd the tno relations shich were found ( tfr" one already
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1n PREC followed. by the one which was to be inserted ). Exprana.tions

are then pri.:eted to show how the relations were derived accord.ing to

the d.eflnitions¡

It is an easy natter to explain the curent reLation to be

inserted because all of tb.e pertinent info::nation is stiu availabre.

To give an explanation of the relation which was already in the

preced.ence matrix is nore invorved., rf tll:is reration was '-' then it is

easy to give a d.escríption because the symbols obviously occur ad.jacent

to each other on the rigbt sfde of sone production. rf the reLation

was'lü or ">'then the procedure IESS or GRll-åT respectively Is called."

@, The input to this procedure consists of the two symbol

nunbers ( calIed. X a¡rd t ) g:tvfng the locatioa in pREC of the relation
t'<"" LESS begÍner a search in the strÍng LEFT to find the symbols for which

T is a left derivable s¡mbo}. lfhen it fÍnds one it checks ln the string

EQUAL to see if s¡rmbol x has equal precedence with this s¡robo}. rf

this ls the case then an error üessage is printed. describing how this

relationship was derivedo

SBE$!. lhe inputs for this procedure are the sane as those for

LESS. Âs there are trvo possibilities for the derivation of the

relationr';>" the fi¡st case is checked. conpletely firsto GREAT

beg'j¡s a search in the string RrGET to find the s¡rmbols for which x

is a right d.erivable s¡rnboI, l{hen it finds one ft checks in the string

EQUAI to see if this synbol has equal preced"ence i,r'itb r. rf this is
the case then a¡ error nesss,ge is pri.:rted." If this search is

un$rccessful in findtng the cause of this relation then a second. sea¡ch
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is begun" Once egain the string RIGHT is searched to fj¡¡d the s¡rnbols

for r'rhich x Ís a rigbt derivable s¡mbol" Ì,'lhen one Ís found., a

search is made of T¡EFT to fi¡d. the s¡mbors for which y le a left
d.erivable s¡rnbol, Ìlhen one Ís found. hereu the string EQUaI is checked.

to see lf these two s¡mbols which have been found. are of equal

preeed.ence. rf this is the case then the error nessage is printed..

The procedures LESS and. GREAT are always successful fn their searches

because if a relation is entered. in the precedence rnatrixo its cause

w:ilI be found by workitg tJrrough the definitionso

klhen ayr error message states that one synbor has equal- preced.ence

with anotheru it aLso states the production in which they appear

adjacent to each other. This infomation is stored. in the array

LINE as the productions are being read i-n at the beg.inniug of the

progl8rr" lfhe array lrNE is of slze 4oo x 2. (i.e., trNE(4oorz) )

Whenever an entry is nade 1n the string EQTAL an entry is also nade

in LE{E. LTNE(rrr) ¡rhere r is any nr¡mber fron 1 to 4o0r j.s loaded

w:lth the address of the current relation belng inserted. in EeIIAl,

(for exanpre: 1s0*(i,-1)+K where L a¡d. K are s¡mbor nunbers) trNE(rrz)

is then loaded, ¡+:ith the current production li.ne ru¡mber.

rt 1s the job of the procedure trNE_NO to retu¡r the 1i-ne number

when gfven the address in the preced.ence uatrix of the relation 'r=r u

IIIE-NO searches IINE(I'I) for all I untiL it flads one that natches the

address given" rt tJren returns trNE-No(rr2) for tbat r, tJrus giving

the production in which the tv¡o s¡mbols occurred. adjacent to each other"

tïle nethod. used to calculate the F a¡d G fiurctions is one described

by wirtb (4)" This was found. to be reasonably fast and not expensive
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of core storage. One of its strong poÍ-nts is that it can recogníze

quickly if F and G Fr¡nctions do not exist.

The standard out¡nrt of this program ís a list of the productions,

the ter:rinal' a¡d aonterminal s¡rnboJ.s and. any error messages rçhich were

generatedo The preced.ence ¡oatrÍx a¡d. F and G tr\¡¡ctions are printed.

if I{ATRIX anti trUNCTIONS respectively are specified in the pARM 1ist on

the EXEC cardn This PARM rist is a pt /r facility which all_ows a

vazying J.ength character strjng (p¡f¡Ð of rnexi.m.¡n length 100 to be

¡nssed to the prog?en at nur tÍme.

lhe ffnal version of TESTPREC 1s the result of nuch experinentation

Irith d.ifferent techniques" Á rnethod. using Boolean l{atrices to dete:mi.ne

preced.ence relations as developed. by I'fartia (5) wa" tried, but it was

found to be very expensive in core storage and. to be very slov¡n rn

this test tv¡o-di-nensional aruays w'ith the attribute BIT(1) ¡,rere used.o

Ïf bit strings were used. instead. the execution time would. probably show

sone i-nprovenent, but the storage need.ed v¡ourd. still remain high. The

nethod deveLoped by Floyd (e) ror finùing F ancl G r\rnctions was tri.ed"

rts greatest fauLt ie the tine it takes to d.eternine ürat no F and G

r\¡nctions exist for a particular gralmår. a nethod. deveroped. by gel1 (6)

for findJ'g F e-nd. G l\¡nctions I'ras tried. but it reqrrires uuch more eore

storage than illrthrs nethod which was finally used. rn acidítlon Ít
¡sas not cousidered. very useful to gtve an 'tafunost Ftr a¡rd an nalmost G.

instead" of saying that no preced.ence fi¡nctions exÍst,

A free fo¡:m of input was provided. for TESTPR-EC Ín order to neke

it easier to use through a typewriter tersi¡a1 or CRT"

1ïre progran trag coasiderably lengthened. by the inclusioa of the
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d.etatLed. error messagese These error nessages do not causa Fn

i¡crease in executÍon tirne for a correct glemmãTe rn the case of a

gt'ìarnmar which is not syntacticall¡r correct it was considered. v¡orth

the extra conputer tine for the saving in hr¡na¡ ti-ne to track d.own

the errorso lhe prograrû llsting is given in Appenðix A.

1"2 Ð(1tsACT

The p:r¡nse of this progrsm is to read. in the productions of a

sinple precedence 'grûura:n and. to create a ffle ealled. TÂBL,ES with

the attribute Frlil STREÆ{ OuTPtlT Ínto which is put aLr the pertinent

info::mation about the graunar which Al{al,TSE needs to perform a lexiæ.er

scan ar¡d s¡rntactic analysís on a source progran written i^n tiris langp^age

It troultl have been possible to nake TESTPREC perforn tbis task as

well as its present tasku but this wor¡ld. have nad.e lt nuch longer and

woul-d. have put a heaqy overhead. on every n¡n whlch was not successfnlo

0n the aesruptÍ.on thst TESTPREC nay have to be n¡¡r many tÍnes duriag

Language d.evelopnent antl TASI'ES only has to be load.eð once after a

successful runr it was decid.ed to have a separate progran for this trnupose.

Because of the sìmilarj.ty in trnrrpose of these two progromso code

was taken d.irectly fron IESIPREC wherever possible in the d.evelo¡uent of

EXttsACT' firls i¡cludes reading in the productions in free fornat and

building up tbe arnr¿iy Sf¡4BOir and. stri¡es LE¡I[, RIGBÎ a¡d EqtAL; the

conversion of LEHI antl RIGET t¡sine llarshall.rs theoren, anct the bulltling,

up of the preced.ence natrix PRECó 1,be ttetalled error Bessages $lven þ
SESTPREC ¡vere not includ.ed in this progra,n, because the grarnnar ls supposed

to be s¡mtactically correct before it is rrn using EXTRACT" For this teaaon
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the progran terminates innediately ff it finds a preced.ence yioLation.

All of the ld.entifierso anays etc. rshich are loaded. Ínto IABLES

by EXTBACT and. Later read in by aIIATYSE have the sane nanes i:r both

progranso A d.escription 1s given of all the info¡mation put into

Î.A3LES in the order in which it is loaded: (au ainensions given are

those declared. in ANAIYSE)

r0c

tï

SYMBOI

NU¡ts

PROD

- Tbis is the total number of di-fferent s¡mboIs occurrÍng in

the gremma¡.

- This is the total nurnber of s¡roboIs (cor.rnting all occurrences)

appearing on the right-hand. sides of all the productions.

- Thls is the totaL number of productions in the graüunaro

- This is a one-dinensional array of size N with the attribr¡te

CËAR(12) containing alL of the s¡rnbols in the syntax in

the ord.er of thei-r occurrenceo

- This ís a one-djmensionsl array of size LOC contaiuing

inte::naI synbol numbers for all s¡rnnbols oceurri-ng on the

right-hand. sid.e of procluctions.

- This is a ù,ro-d.l¡ensionaL amay declared. PROD(M']).

There is one row in PROD for each production in the

graümara For arly I less thsr. Ms PROD(I'L) points to the

next row fn PROD r¿hÍch refers to a production of the same

length" (i,e., tbe same number of s¡nnbols on the night-

hand sid.e) eroa(frZ) poiats to the location in the array

IIUÌ{B r*here the riebt-ha¡d sicte of production I Ís listed,

PROD(I']) is the internal synboJ. nr¡mber of the synbol on the

Left side of production I,
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LGTE-POIIüIER - Ttris is a one-crímensional array of size 6" For r
fron I to 6u tGgEJOri{TER(r) points to the flrst rov¡ in

array PR0D referring to a productiou of length I"
ANÏSTRII\IGo VAR-SIRING' VAR-TÁ3LE' Ì{U}@RO - These are alj. reserved words

in the s¡ataxn They are initially set to zero but if they

appear in the s¡mtax then they have the value of their

own internal symboL numbers,

11 - Tluis is the total nunber of terrin¿l s¡rnbols which

begin with a r.etter forlo*rcd. by a sequence of retters

or dig"itsu

fZ - Thls is the total nt¡mber of tenoi.nal s¡rnbols ¡uhich consist

of a si.:rgle special character.

ÏD - This is the total nt¡nber of tennlnal synbols which consist

of two special characterso

KEï-WORD - This is a one-d.lmensionå1. array of size 11 r¡ith the

attríbute CIIAR(12), It contains the character strings

for all te:minal s¡nnbols which beg:i-n with a letter fo1lowed.

by a sequence of letters or d.ig'its. These are loaded in
ord.er from shortest to longesto

KE-Í-WORD-NO - This is a one-dj-nensionar array of size 11. rt contains

the internal s¡mbo1 nrmbers for all of the entries ia KEy_WORD"

POTNTER - This is a one-dinensionar array of size 15. For any r fron

1 to 12, POINÎER(I) gives the 1ocatÍon in KEy 1,f0RD of the

flrst entry of length I"

OPERÂTOR - This is a one-d.lnensionar axray of size 12 ¡rith the

attribute CIIAR(I), It contai-ns the character representations

of all tbe single special charactersn
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OPEBj,T0R-NO - This is a one-rlimensional array of sj:ze IZ. It contains

the lnter¡ar s¡nnbol nr¡nbers for al-r of the entries in

OPERATOR.

DOUB],E-OP - Th:is 1s a one-dLnensionar array of size rD with the

attribute CHAR(2), ft contains the eharacter representations

of all the terninal symbols consisting of two special

characterso

ÐOUBLE_OP_NO - This is a one-dirnensional array of sfze rD. rt contains

the internal s¡rnbo3. mrmbers for aI1 of the entries Ín

DOTEIJE-OP.

PRE0 - This i.s a eharacter stri-ng of siae N'x N. rn it is stored.

the entíre precedenee matrix,

If for soÐâ reason the tables are not loaded successfully on some

run of EXlfuiCT, 'the user nust neke sure that the fiJ.e TABLES is d.eleted

before the next n¡¡¡. Failu¡e to do this w111 result in EIITR-ÀCT trying

to create a file which already exists and. vrilr cause a JCL error. The

program listing is g'iven in Append.ix B"

3"7 ANA],TSE

Ttris progran 1s d.esigned to read. in the file TaBLES which was

created by llxrRACT end contains infomation about a particular sinple

preced.ence gra¡lna:rl and then perform a rexical sca¡ and a s¡mtactic

analysis on a source progra:n written in this language. The user written

senentic routine INTERPRET is called. each tine a reduction is to be maden

[lle progran begins execution by reading in the infor"mation in IABLES

and creatlng and. initlalizing d.ata axeaso A d.escription of the info¡mation
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contained in TABtils i-s given in the *rite-up of EXIBACT.

Tl¡e source progran is read in one card at a time j:rto the string

ïN fro¡n the srsrl{ d.ata set, The card. ina€e is put in coh¡nns 1 to Bo

ttith colr¡nn 81 being set to a blank. The blank acts as a d.eli.niter

between s¡rnbols and. allows various portions of the scan to search for
the end of a ter"minal s¡roboI w'ithout having to check eontinuously if
they have run over the end. of the string rN. arthougÌr this nechanisn

saves much ti¡e during the scan it prevents the user fron splittiag
terninaL s¡mbols over the end. of cards in the source prog?arnso

a short ciescription of the logic of the scan accompanied by a

flow chart Ís g.iven in the User¡s i,lanual, (Cfrapter Z)

The progra:u listi¡g is in Appendlx C.

The array vaRraBrE is used to store the identifiers as they are

encountered in the source progreln when VaR_TABI¿E is specifÍed. in the

s¡mtax" Ìühen an identifier is found. this array is searched to see if
the id.entifier has already been entered. and. if not, a ner{ entry is nad.e.

Each ti¡ne a search is na.d.eo only those entries which are the sarne length

(fron 1 to 12 characters) are compared., tlsing the length (ress than or

equal to 12) of the new identifier as the subscript of array vaR_pr_I

efves the location in vAIìra¡IJE of the first entry of that length" rf
a natch is not fou¡d. here, then usiag the current subscript of
vaRïanLE as the subscript of vaRraBT,a_J g.ives the next position in
VARTABTE ¡i"ith an identifler this length. A value of zero returned by

VAR-PT I or vAItTABT'n I i¿dicates that the seaxch has failed. The array

VÁR-PT-2 is used. to indicate the positions in vaRrÀBl,E of the last
entries of each length. this enables the upd.ating of vARr.tBT,Fr l. ¡uhen

new identi.fiers are chained. on to the end.
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As the synbols at the top of the srACK are compared w"ith the

incomÍng s¡rnbols fron the scan duriag parsing, arl occuryences of

thereIation'kn&restoredinthearrayS.AVE''hIhenthere1atfon'>'

is foundu a check is nade of the rast entry in sAVE to find. the

correspond.ing relatlon rln and. the left-nost reducible substr.tng is
then isolated."

Once this substrÍng has been for¡nd. it is necessary to d.eternine

which production 1t represents, First the nu¡nber of s¡mbors in thls
substring is used as the subscript in the array T,GTE_P0INîER. Tl¡:is

ind,icates the first row i¡. the array pROD referring to productlons of

this length. If the value returned by LGTE_p0INIIER is I where r has a

varue frorn I to M (tue number of proctuctions) then pROD(ru2) gives

the Location in the array IVIIFIB where the internal synbol numbers for
the rfght-hand side of production I are storedo Knowing the ur¡¡ober

of s¡mbols in the substring isolated. by the parse enables a con¡rarison

to be nade between the eutries irr NUMB and. the synbols in this substring.

If the conparison does not sho¡ù Umt alL of these s¡nabols are the s¡mê¡

¡¡Ìrich would indicate that I is the correct production, then pRoD(IrI) glves

the next row in PROD ¡'¡hich refers to a production of that same lengthn

rf these comparisons ind.icate that the substri.ng found by the parse is
the right sid.e of some production f then I is passed to IN1ERpRET as the

production nunbero If there are ¡¡ore than 6 s¡rnbols i¡ the substring

found by the parse, or either IÆTH_POINTER or pRoD(rrl) gives a varue of

zer.o, then the substring d.oes not natch any of the productions of the

language and a production nr:¡nber of zero is sent to rIürERpRET"

I'lhen control 1s returned to aNALTSE by TNTERPRET the substring



57

in the STACK fs replaced by PROD(fr¡) which is the Left-side of

production I.

When control is returned. after passing a production nunber of

zeroe DEI is checked to see if error recovery has been provided.. rf
DEL is farse then AllaJ,TSE only scans the remain'ing portion of the

source prograB. M¡en DEL is tnre aad, error recovery ís being attenpted.

for the first timer a special section of coding is executed. to gather

info:mation fron the arrays Frx_uP and. Frx_Brr which heLps to speed.

up the error recover1r on this and. aII succeedi.€i attenpts"

A cletailed d.escriþtion of error recovery and the arrays Frx_up

and FIX_BIT fron the useris poi-nt of view nas gC.ven in Chapter 2.

lwo arays are loaded by tluis special section" The first

NO-POI}iIIER. contains pointers to the array FI4_IIP ind.icating the rows

in which the first colunn is not zsroo l,lhen fully loadedo NO_pOrNlER

indicates arl of the rows i-n FDL_ûP wÍtb non-zero first coLunns and

thus all of the s¡rnbols ¡ahicb Àl{arrsE is to look for in the sTAcK"

all occumeuces of "delete-del-eten pairs (i..e., cases ¡shere both the

synbol in the STACK and. the one in the incon:ing strean are to be

dereted when found) are stored. in the array ÐEL-PRS wlth DEL-pRS(rrr)

being the srACK s¡nnbol a¡d DEL-PRS(rre) bei-ug the Íncoming syubol for

the rrth 'fdeLete-derete'r pair" 0nce theee arrays are roaded. an attenpt

1s nad.e at e:ror recover¡r,

Each synbol in the STACK starting with the s¡mbol innediately

before the left-nost reducfble substsíng which ANAIYSE Last isolated,

is conpared with all of the symbols indicated by NO_P0IMER in FIX_IIP.

Once a natch has been found s¡rnbols are flushed. fron the scan until a

uatch is found with one of the syabols given in colunn t¡ao of FIX_UP fron
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the rovr given by N0_.;POIN1ffi(I) (wfrere I is the eutry for the s¡'nbol found.

in the sr¿cK) to NO-p0r{TER(r+t)*r" I{hi}e these s¡mboIs are being

flushed. all occurrences of aay of the s¡rnbols in the "d.e1ete-d.elete,' pairs

are noted.. }Jhen a correct s¡mboI fs for¡nd. a check is nad.e to see if
there have been lnore occurrences of the first synbol of arSr of the

'rd.elete-d.elete" pairs than the secondo If thÍs is the case, then

s¡rnbols are flushed, fron the Sca¡r until another natch is found. Once

a natch is maùe a¡d the "d.eLete-deleten ¡nir requirement is netu

colunn 5 of the same row of Frx_uP is checked to see if there is a

non-zero entry" rf there 1s then this iadicates that additional

s¡rmbols are to be deleted frora the sTAcK untiL this s¡rnbol is found..

0nce the desired s¡rnbols in both the STACK and. the Scan have been found.,

FIX-BIT is checked. to see whether these s¡rurbols are to be kept or d.eLeted"

a true varue indicates d.erete and. false keep. Once this is done the

parse conti¡tues.
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CEAPTF,R 4

CONCLUSIONS

llre Systen d.escribed. i-n this paper has been used. by several

gfoups of graduate stud.ents at the Uni-versity of Ì{enitoba over a

period of a few months in the design of a language and implernentation

of a conpiler for it as a ter"n project"

DurÍng this trial period no insurnountable problems were

encor¡ntered. and no progran bugs were found..

rt would be possibre to extend. the id.ea of a systen for ranguage

deveropment to include a larger set of langueges than the present

systern aIIows, a¡rd this rçould greatly add. to the versatility of the

ld.ea.

Ihe present Systen, although restrieted, ln that it can only

handLe Sinple Precedence Languages, is a verxr useful tooL and.

demonstrates some of the advantages to be gained by this approach to

lang¡rage develotrment,
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APPENDIX A

IISTIT{G OF TESÎPREC
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I[9TPììEC:

I TFSTÞ:ìII::
PRi)CET)UR,E ( PARMI OPTIONS(MAIN' ;

2 DCL P,{i{M CHAR{IOO) VAR;
3 DCL ( INPUT{ l5},SYMBOL(180},Xl CHAR(12} TCoMHA CHAR(tt;
4 f}CL {LEFT'RIGHT'EQUAL) AIT(324OO),TFR.¡I(T8OI BIT(1II(Á'3) Cl'lAR(I)'(IrJrKrLrl'lrMrNOi'lrNUlr'l TFQtZtY,LINE(400r2)'LGTHTLGTHII

FIXED BINf I5',{ERR,ERRI.,PREC-MAT,FTND-F-G) BTT (I' ;
5 DCL TEST CHAR(BI' VAR,ELEMENT CHAR(80I VARI L2 FIXED BTN(T5I;
ó DCL LINE-NO FNTP.Y (FIXTD 6IN(15',FJXED BIN(t5) t;
7 CPE\ FfLE{SYSPRINT) PRINT LINESIZEIL32I PAGESIZE(6I);
B ON ENDFILE (SYSIN) GO TO MATRIX;

/* MAJOR DATA AREAS
SYI.IBOL - STORES THE SYMEOLS USED IN THE SYNTAX
EQUAL - NOTFS SYI'1 BOLS I,IHICH OCCUR ADJÂCENT TO EACH OTHER ON

THE RIGHT-HAND SIDE OF PRODUCTIONS
LEFT - I'JOTES LEFT-I'4]ST SYI,lBOLS ON THE

R IGHT-HAND S I DE OF PRODUCT IONS
R IGHT - N0TES R IGFIT-i4OST SyMBOLS ON THE

R IGHT-HAND S IDE OF PR,ODUCTTONS
TERM - NOTES WHICH SYMBOLS ARE I'|ONTERMINAL *l

l0 C¡l4TA=r r I i
ll EQ=o;
LZ FIND-F-G¡PREC-lt4ÂT=r lrBi
L3 ERR,EI,RI-IO'B;
L4 NUM=180 i
15 N0N=0i
Ió B=r r;
17 I NPUÏ (7 I =B;
18 LEFT'R,IGHTTEQUAL=I0rB|
i9 TERI''!='LrBi
20 M=0:
2L N=0;

/* CIIECK IPARMI LIST TO SEE IF OPTIONAL OUTPUT REQUESTED *I
22 LGTI=LEI{GTH( PARM);
23 IF L3rH=o THEN G0 T0 START;
25 IF f\DEX(PARM,TFUNCTIONSTI > O THEN FIND_F_G=|OrB;
27 IF I\DEX(Pi1Rfr1 ,TMATRIXt I > O THEN PREC_MAT-r0rB;

/* REATJ IN PRODUCTIONS IN FREE FORMAT AND
LOAD MAJOR DATA AREAS *f

29 START:
PUT EDIT (IPR(II)UCTIONSI ) ( X(54I,AI ;

30 GET EDIT (TEST) (A(8OI';
3t I F SUBSTR(TESTT Ir Il=B THFN DO;
3f PUT EDIT (r*+***ERROR*{:***-THE FIRST PRODUCTION iN THE sYNrAx r,

' JJES ¡,Ii]T HAVE A LEFTPARTT ¡ (A,A} SKIP(2);
34 G] TC TERMINATE i
35 E r,tD;
36 GO T3 FIRST;
31 CARD:

GET EDIT (TESTI (A(80I);
38 T I RST:

TEST=TESTIIB;
39 Ll=2;
40 IF SIjHSTR(TËSTrlrl)=B THEN INpUT(l)=Bi
42 tLSÊ D0;
43 Ll=lNtlEXlTEST,B);
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ÏESTPIìËC:

44 IF t-l > 13 THEt'l pur tt)f r (r+++*+!i^RNtNG - THE syr'lBol rr
S.JNSTP.(TEST'IILI-I',I HAS BEEN TRUNCATED TO I2 CHAR.ACTERSI I
( A,ArA) SKIP(2);

46 I\PUT(I)=SUBSTR(TESTrtrLl-ll;
47 E\IJ;
48 L2=Li
49 ELEFIENT=. r '
50 Dl J=LI TO 8t BY I¡
5l A=STJBSTR(TESTIJIII;
52 IF A-=B THEN ELEMENT=FLEMENTI IA;54 ELS E

54 I F ELÊIIENT-=|. THEN DO;
56 L2=L2+L|
57 IF LEi\,|GTH(ELEMENT¡ > tZ THEN
58 PUT EDIT ( r ****+WARNI Nc - THE SyMBOL I r ELEMENT¡I IIAS 8EE¡i TRUNCATED TO I2 CHARACTERSI I(ÂrÂrAl SKIP{21;
59 INPUT(L2I=ELEMENT;
60 EL E¡IENT= t t '
óI END;
62 END;
63 M=Àa+l i
64 IF L2 > 7 THEN DO;
66 PJT EDIT ( r***** IN LINE I ,M, I THERE ARE . tL2-LtI SYþIBNLS ON THE RHS OF THE PRODUCTION. THE LIMIT TS ó.II

( A, F (3;0) rAr F(2,0) rA ) SK IP(21 ;
67 Eììl=rlrB;
ó8 L2=7 i
69 END;
7C PL,T 51IT lt.l ,It,tpUTltl,'::=,,lIiipUTí..! ! Do J=2 TC L2)l

' (X{51'F(3'0)'X(10)tA(Lzl,Xl4lrA(3lr(61(X(2}rA(12)l) SKIP;
7I IF I\PUT(I)=8 THEN Gil TO LÂBZ;

/+ PROCESS LEFT-SIDE OF PRODUCTION */
73 X=I|IPUI(I);
74 D0 I =I TO N; ,/+ COMPARE HITH PREVIOUS SYHBOLS +,/
75 I F X=SYMBOL ( I I THEN GO T0 LAB l;
77 END;
78 I,N=N+l: /* ADD NEW SYHBOL */
79 IF N > IBO THEN ERR-MSG: DO;
8I PUT FDJT ( t***f* .lN I¡1POSED LIMTT oF I8O UNIQUE SYT,IBOLS TN IT

I ÏHE SYNTÂX HAS BEEN EXcEEDEDI } (A,AI SKIPI2Ii
82 Gf TO TERMINATE;
83 END;
84 SYI.IB,IL( I l=X;
85 L^ß1:
Bó IF TER;,i (I) THEN NûN=NlN+i;
87 TERU(I)=rorB;
88 LÂAz:

I* PROCESS RIGHT-SIDE OF PRODUCTION */
DJ J=2 T0 L2;

89 X=INPUT(JI|
90 D0 K=l T0 N;
9l IF X=SYMBOL {K I THEN GC T0 LAfl3;
93 E\D;
94 K,¡l=N+l; //* Äl)D \lEW SYMB0L +,/
95 I F ¡.t > LBO rt-tEt't GC TO ERR_MSG;
e7 sYi480L ( N) =X;
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TESTPR,FC:

98
99

100
100
101
L02
103
104
105
106
t07
108
l09
[ 10

rlt

tt2

L A:13 :
IF J=2 THEN SLIDS Tiì ( L EFT r i'Jult* ( I-t ) +Kr I ) =r I I B '
ELSE
DO;

EQ=E8+l i
Y= I,lUÍ{* ( L_ I t +K ;
SUUSTR I EOUAL'Yr I ) =r I ! Bi
LINE(EQrl)=Y; /* ST0RES LtNE #tS FOR ALL PAIRS +./
L lt'l E( E8r2l=l'1 a /+ OF EQUAL PRECEDENCE + |

END;
L=K;

END;
SUBSTR( R I GHT, NUM* I I-1 l +Kr I I -. I I B¡
GO T] CÂRD;

MATRI X:
BEGI\i
DCL X Cll^l? ( I I 

' 
PF. EC CHÄR ( N+t{) r (NONT (NON I r K}r

TERI'1 II.I/\L( N-NON) } FIXED BIN( T5I:
/* STORAGE ARFAS

NI]NT - STORES ALL NOI.¡TERMINAL SYMBOLS
TERMINAL - STORES ALL TER14INAL SYMBOLS
PREC - PRECEDENCE MATRTX

¡rK=Ji
PREC=. I i
D0 I=l TO N;

IF TER¡4(I) THEN
J=J+1i
TERl,l INAL(Jl=l

*/
I l3
lt4
115
116
1t8
119
t20
t2L
L2L
L22
t23
L24
t25
L26
127
t28
L29
130

l3t
t33

L34
r35
136

Doi

t
E ND;
E LSE
D];

K=K+l i
l.,l0l.lT( Kl =I i

E\D;
END;
PUT EDIT ( IN,]NTERMINAL SYTIEOLSI ) (X(5OI IA) PAGE;
PUT EDIT {(SYI{BOL(Nil¡'lTlIll DO I=l T0 Kl) ((Nt(Â(l2l'X{r0)llSKIP(
PUT EDIT fITERMINAL SYMBOLSI I (X{52)IAI SKIP(4I;
L=fl-(i
PUT EDIT ((SYMBÛL(TERI,1 INÁL(II) DO t=I ÏO J}I
((L) (A(i2l'x{lo}l ) sKIP(2);
IF F1I1 THEN DO;

PJT EDIT (I+**+{. SHCRTEN THE PRODUCTIONS ì'IHICH ARE TOO LONG I
IAi{D P.UN AGAIN'-) (A,A) SKIP(4I;
G] TO TFR¡1 INATE;

ET.I D;
PUT E)IT ( 'VIOLATICNSI ) (X(55) 'A) SKTP(4Ii

2li

/+ T:-IE STRII'¡GS !LEFTI AND tRIGHTt ARE CHANGED TC INCLUDE ALL THE
LEFT-¡1CST DERIVABLË SY¡4BOLS AND RIGHT-MOST DER IVABLE SY¡lBOLS
ìESI)ECTIVELY. THIS IS ACCOIlPLISHED THROUGH THE USE OF
i.JAR SI-IALL' S ALGOR ITiIM.
sl^rì.SrlALLrS. A THEiIP,FM 0N BO0LEAN MATRICES.
J.^Cq 9 (JAN.l962lr1l-12. +l

137 I;ÂRSIIALL:
Dil I=l TU N¡
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TE STPRË C :

138
l3c
141
L42
L43
I44
146
L47
I48
t49

DC J=I T0 N;
IF SUBSTR(LEFT'NUM+lJ-ll+[rll THEN D0 K=1 TO N;

IF SUDSTR(LEFT'NUM*I I-I I+K'II THEN
SUUSTR{ LFFTrNUM+( J-II+K¡ } I=r lr Bi

EI'¡D;
fF SUBSTR(RIGHTTNUM*(J-ll+Irll THEN DO K=l TO N;

IF SUBSTR( RIGHTINUM+( I-II+K,1 I THEN
SUBSTR( RIGHT r NUf|*( J-l I +Kt I l= | I I $ ;

END;
END dARSIIALL;

/* )EVELOPMENT OF THE PRECEDENCE MATRIX USTNG THE PRECEDENCE
}EFINITIONS DEF TNED IN:
NIfìTHtN. AND WEBERTM. EULER: A GENERALIZATTON OF ALG0LT
A\D ITS FORMAL DEFINITION; PART I. CCI-IM. ACM 9 (JAN.I96óI *I

151 r^rlRTlì:
D0 I=l TO Ni

L52 D0 J=I T0 Ni
T53 IF SUBSTR{EQUALINU¡,I*( I-II+J,1¡ THEN DO;

,/* DEVELOP THE RELATIONSHIP = +/
155 X=SUtjSTR( PREC,N+( I_I I +J,1¡ ;
L56 IF X=B THEN
L57 sußsrR ( PREO' N* ( I-l I +J 

' t )- 
r= I ;

I5B ELSE DOi /* ERROR I'IESSAGES +/
I59 PUT EDIT (SYI'4BOL(I'I;XII_IISYMBOL(JII

(Â(I2l ¡X(2) rA'ÀrXf2lrA{12}) SKIP(2r;
160 IF X=t<r THEN CALL LESS(I'J!;
L62 ELS E

L62 CALL GREAT ( I 'J I ;i63 CA!-'- '-!1.t5_i.ro(f!uMü(!-:.!+Jrzl;L64. PUT EDIT (rNOTE: = BECAUSETTSYMBOLII)TTADJACENT TO"
SYI4BOL(J) rI INI rZI
(X{ 33} r Ar Xf 1l 'A( 12, r X( 1} rAr X( l) rA( 12l rX( I I rA rF(4101I
SKIP;

ló5 ERR=rl'B'
166 END;
L67 IF TERM{JI=|OIB THEN
168 S: ./* DEVEL,]P THE RELATI ONSHTP < */

D0 K=l TO N;
169 IF SUBSTR(LEFT'¡JUM*(J-I)+K'1I THEN DO;
171 X=S|JBSTR ( PREC 'N*( I-l l +Kr l l i
L12 IF X=B THFN SUBSTR,(PRECTN*(l-ll+Krlf=r(r;
L74 ELSE
I14 IF X-=r<r THEN DO; /* ERROR MESSAGES */
176 PUT FILE(SYSPRINTI EDIT (SYMBOL{TJ'

Xrr(r rSYr\lll0LlKl I
( A( f 2l ¡X ( 2l rArArX(2¡ tA( l2l I SKIP{ 2l ;

L77 lF x=r-r 
'HEN 

Do;
l?9 CALL LINE-N0(NUI'I*( I-l l+Krzl;
180 Plll EDIT ( rl'¡ ITE: = íìECAUSE! TSYMEOL( I ¡ t

I ADJACENT TÛI ,SYMECL(K), ' INI,ZI
( X ( 3 ) r A 

' 
X ( I ) ' A ( 12 ) r X { L I r A r X ( I I r A ( l2 I r X ( I I r Ar

F(410)l;
I3I END;
LBz ELSE
IB2 CALL GRFÂTÍ T'KI;
le3 c/\LL LINE_\0(NUI1*¡I-1)+JrZ';
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T[STÞiìEC:

Ii}4 Pt,T FD]T ('N[JTE: < BECAUSEI,SYMBOL(KI,
' IS LDS 0FTTSYMIJOL(J) I ttrrSYMtsOLlI) rr=r r
SY\480L(J)rrINrrZ)
f x( 33) rArX( l),Â( 12l,X( I I,A,X (l I,A( 12! rX( I I rArX( I t
,A( l2)rX( tlrArx( llrA( l2lrXf l),ÂrF(4,011 sKtp;

185 EttR=r l.B;
18ó END ¡
1 87 END S;
189 IF TERM( l )=r Or B THEN DO;
I9I S I: ,/* DEVELNP THE RELATI ONSH¡ P > */

D0 K=l TO N;
L92 IF SUBSTR(RIGHTINUM*(I-I)+K,I) THEN DOi
L9+ X= SUB STR ( PREC, N* ( K. I ) +J, I } ;
I95 IF X=B THEN SUBSTR{PRECIN*(K-II+J, TI=r)r.
I97 ELSE
191 ¡F X-= r>r THEN DO; /+ ERR0R MESSAGES +/
I99 PUT FTLE(SYSPRINT) EDIT (SYMBOLÍK),

Xrr)r 
'SYMB0L(Jl,(A{ 12, 
' 

X( 2t,A rArXl2l,A( IZt, SKIP(2t;
2oo IF X=r=r rHEN Do;
2O2 CALL LINE_NO(NIUM*(K-II+J,ZI;
2O3 PUT EDIT ( IN0TE: = BECAUSET,SYMB0L(K¡,

. IADJACENT TOI,SYMBOL(J},I INI,Z}
( X( 3) 

'A rX( ll rA( l2) rX( I I rArX(l ) rA(121r
X(llrArF{410¡l;

zo4 END;
2O5 EL SE
2O5 CALL LESS{K,J¡;
206 CALL LINE_NO(NUH*( I-tl+J,Zt;
221 PUT SDIT I rl.t --ìTE: > 8EC^USEr ¡SyyBO'_(K! ¡IIS RDS ÛFtISYI1BCL( [I IIEt ISYMBOL( I II¡=r rsYi,lBoL ( J l,r INr, Z'

(x{ 33),ArX( l' tAlL2l rX( [l rÂr
X( I ) rA(12 ) rX{ I } r Ar X ( I I, A( 12l rX( t I,4, X{ I I,
A( I2l rX( 1l rA tF(4¡O l ) SKIP;

208 ERR=. IrB;
2O9 END;
zLO END SI;
2L2 IF TERM(J!=!O|B THEN
2L3 52: ./* DEVÊL(IP THE RELATIONSHTP > */

D0 K=l TC N;
2L4 IF suisrR(RfcHrrNUrl*( I-l)+Krlt rHFN Do L=l r0 N;
2T6 IF SUBSTR(LEFT,NUM*(J-I)+LIT I THEN DO;
2I8 X=SU¡SIR. (pREC,Nt*( K-l I +L,l l;
219 IF X=B THEN SUBSTR(PRECrN*( K-ll+L, Il-t>r;
221 EL SE
22L IF X -= r>! THEN DO; /* ERROR I,|ESSAGES +./
223 PUT FILE(SYSPRÍNTI EDIT (SYÀ,IEOL(KI,

Xr')"SYMBOL(Ll l
( 1( i2) rX(2lrA,ArXl2),A(,1 2) ) SKIp(2¡;

224 IF X= r=r THEN Dgi
?26 CALL LI\E_N0(NU"1*(K-1 ,+L,Z);
227 PUI EDiT ( ¡\0f E: = BECAUSETTSYI,,|BOL(Kl,

I ADJACENT TO',SYMBOL{L), I INI,ZI
( X( 3l 'A¡ X( I I rA( 12l rX( I ) , ArXl ll rÂ( 12l r
X(l¡rArF(4r0ll;

228 E¡i D;
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TE STPI.EC:

229
229
230
231

ELSE
C,ALL LESS(K,LI;
CALL L INE_NO(NUM*( I-I I +J,Z) ;
PUT EDIT ('NOTE: > BECAUSE',SYMBOL(KI,
I IS RDS OFI,SYMBCL( I ), IEI,SY}IBOL(LI rIIS LDS OFI,SYMBÛL(JI' (X{33I,A,X{II,A(12I
X( I ) rÂrX( ll rA( 12¡ rX{ l} rArX{ I I rA( L2 I, X( 11,
A r X ( 1) , A ( l2l ¡ SK I P i
PUT EDIT ( !trrSYllB0L( I l; r=r TSYMBOLf Jl, rINr
Zl (X(33, rArX(ll'A(I2l rX(l, rArX(l)rA(l2lr'
X(llrArFl410t, sKlP;
ERR-' 1I B;

END;

( INC PRECECENCE VIOLATTONS OCCURREDI 
'

CHECK;

lt
il
ll
lt
lt
il
il
il
lt
il
lt
il
il
il
il
il
il
il
il
lt
il
il
1t
lt
il
il
lt
1t
il
¡¡
il
il
il
H
il
il
ll
ll
lt
il
tl
il
il
lt
il
lt
il
lt
il
il
il
lt
il
il
il
il
il

232

233
234
235
238
239
242

?44

246
247
249
25L
252
252
253
255
256
257
258
259
260
26L

262
263
264
265
266
267
268

269

270
27L
272
2.7 V

274
275
276
277
278

END 52;
FND;

E\D rllR.TH;
IF -rqR THEN PUT EDIr
(xf44)rAl sKIP(21;
TF PREC-MAT THEN GO TO

/* PìTNT THE PRECEDENCE HATRTX
PUT EDIT ( IPRECEDENCE I,tATRI XI I IXI52I ,AI PAGE;
IF N<=100 ÍHEN D0;

K=N/l0i KI=Ni
END;
E LSE
D3;

K=10i Kt=lo0í
END;
FUT EDIT iíri: Dû .j=Ì Tû Kìi {X(iôiríKiíXí9i,Âìi SKip(2¡¡
PUT EDIT ((r.r DO J=l T0 Kt)l {XllSlr(KllA(11, SKIp(01;
J=1-Ni
Dil I=I ï0 N;

J=J+Ni
PUT EDIT ( TISYMBOL( I I I'I t ISUBSTR(PRECIJIKII I(F(3r0)rX(l),A( I2lrX(l) rA(L rÂl SKIp;
IF N>IOO THEN
PUT EDIT (r lt TSUBSTR(PRECTJ+lOOrN-Kll) (X(l7l¡A(L)rAt SKIp;

E\D¡
PUT EDIT (('I' DO J=T TO KII IX(I8)I(KI(X(9I,A)) SKIP;
PUT E)lT ((r.r DO J=I TO Kl)) (XftSlrfKtlA(t)l SKIpt0);

CHECK:
TF ERR I FIND-F_G THEN GO TO TERMTNATE;

/* CALCULATION CF F 5 G FUNCTICNS USING ALGORI IHI'I 2ó5 OF
COLLECTED ALGIIRITFIIIS FR0H C¡lCl'l 8Y NICLAUS WIRTH i/

FUNCTIfJIIS:
BEGI\;
DCL (F(NI,G(I..I I,F},I IN,GMII.,I 

' 
FIXED BIN(I5)I(LSTEQIGRI CHAR(1I;

DCL FIXROH EtJTRy (FIXEi) BIN(t5trFIXEI-J BIN(t5trFIXED BtN(15l);
IJCL FIXCf)L ENTRY (FIXED I]IN(I5IrFIXED 8Ii\(T5I,FIXED BIN(I5I';
LS=r <r .

Ea-a -a .L {- - t

GR=r>r '
KL=Oi
FrG=0i
Dl K=l BY I TO N;

*l
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Tt sTpqtc:

?7e
28ù
2BI
282
284
284
286
2e7
288
289
290
292
?92
294
295
296
2e1
298
299
301
301
303
304
305
30ó
307
309
309
3Lt
3L2
3L3

314
3I5

316
3L7
318
319
320
322
32',\
325
325
327
3?-8
329
33()
332
332
334
335
336
J37
33E
33')
341

Fv1 IN=l;
DJ J=l BY I T0 KI;

X=SUBSTR ( PREC rN+( K-L l +J,l r;
IF X= GR E FMI\I <= G(J) THEN FMIN=GfJT+I;
ELS E

IF X = E0 t FMIN < G(J) THEN FMIN=G(Jli
END;
F ( K) =FHI N;
DD J=Kl BY -l T0 l;

X=SUBSTR(PREC'\+( K-l ) +Jr I I ;
IF x = LS E FMIN>= G(Jl IHEN CALL FIXCOL(KrJrtli
EL SE
IF X = EO t FMIN > G(J¡ THEN CALL FIXC0L{KrJr0ti

E ND;
(l=Kl+li
G l''lI N= I ;
Dl I=I BY I TO K;

X=SUßSTR ( PREC I \+( I-I I +K,1 I ;
IF X - LS t F(Il >= GMIN THEN GMIN=F(t,l+1i
ELSE
IF X = EQ 6 F(L > GI'l IN THEN GMIN=F{Il;

END;
G(K)=GMIN;
lJ3 I=K. BY -1 T0 1;

X=SUBSTR( PRFC TN*( I-1 ¡ +K, I I ;
IF X = GR 6 F(ll (= Gl''lIN THEN CÂLL FIXR0WlIrKrlli
ELSE
IF X = EQ 6 F(I) < G¡4 IN THEN CALL FIXRoi{(IIKIOIS

E\D;
tri\¡D;
PUT FILE(SYSPPIINTI EDIT (IPRECEDENCE FUNCTIONS'TIFI,tG'I
( A, X( 6 

', 
A,X( 5l,A ) P/\3E;

D0 I=1 TO N;pJf FILE(SySpRINT) ÊDIT (trSYMBOL{ IlrF(ItrG(I l}
( F( 3r0l r X( 4) rA( t2¡ r X (51 rF ( 3t 0l rX( 3l 'F 

( 3 '0t t SKIP:
E ND;

FIXR0T.J: PROCEDURE ( I rL ¡Tl RECURSIVE;
DCL (J,ITL,T' FIXED BIN(15I;
F(I!=G(Ll+T;
I F K=K I THEi\,1 DO;

x=suBSïRf PREC,N+( I_t l+K,I l;
IF X = LS t F(Il >= G(K) THEN c0
FLSE
IF x = EQ s F(Il -= G(Kl THEN Go

END:

TO NO-F-G;

TO NO-F-G;

D0 J=Kl BY -I T0 l;
X=SUrìSTR( PREC'N*( I-l l+J r I) ;
I¡ X = LS t F(Il >=G(Jl THEN CALL FIXC0L(IrJrll;
ELSE
IF X = EQ t F(l) -= G(J, IHFN CALL FIXCOL(IeJr0li

T\D;
f:ND F I XR0H;

FIXCT)L: piì0CEDURE (L,Jrf) Rr6¡iq51y¡;
L)31 (J,I,L,T} FIXED ßIN(15I;
G(J)=F(Lf+T;
l;: r'l -= Kl THEN DO;

X= SUßSTR ( PREC 
'N* 

(K-l I +J,1) ;

il
il
ll
lt
il
il
il
il
il
il
il
lt
il
il
il
il
lt
il
il
lt
ll
il
il
il
il
il
lt
il
ll
tt
il
il
il
il
il
il
il
¡l
lt
il
il
il
ilil
il
il
il
il
il
lt
il
ilil
il
il
il
il

;
I
I

I

I

I

I

I
I

I
I

I

I

I
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TE STPiiEC:

3tr z
344
344
346
347
348
349
351
35L
353
354
35'
356
357

358
359

3ó0
361
362

363
365
367
368

369
37D
373

374

375
376
377

378
380
382
383

3,14
345
398

3S9

TF X = G;T I F(K)
ÈLSE
IFX=EQtF(K)-=

END;
lll I=K BY -1 T0 1;

X= St,BSTR ( PRÊC rN* ( I-l
IFX=GRtF(I)(=
ELSE
lFx=EQEF(I)-=

E\D;
END FTXCOLi
END f-U¡¡CTIONS;
G] T] TERMTNATE;

NO-F -G 
:

PUT E]IT ( INO F AND G FUNCTIONS EXISTI ) (X(48 },AI SKIP;
GC TO TERI'tTNATE;
END ÈtATRIX;

/* PROCEDURE ILESST IS USED TO GIVE ERRT]R MESSAGES FOR PRECEDENCE
VIOLATIONS.
IT DETFRI'{INES TI-IE ORIGIN OF THE RELATTONSHIP < IN IPRECI +f

LESS: PR]CEDURE (X,Y);
DCL (X,Y,I) FIXED BIN{15I;

LI:
Dt) I=I T0 N;

IF SUBSTR(LEFTINUI4*( I-II+YII) THEN DO;
IF SUBSTR( ÊQUAL,NUI-,1*( X-I I+I],II THEN DO¡

CALL L TNE-IJî(\UM*(X-I I+I IZ I ipuT ED IT ( | NOTE: < BECAUSE' ,SytlBOL(y I , I IS LDS OF.,
sYMRI:lt. I I l: t I r. SYÌ",IRÎL ( X) . r= t. SYMBCL ( I L. INr rZ]
( X(3 t rArX ( I I 'A( l2l rX ( I ) r ArX ( I l' Â( 12l r X( I I r ArX( ll r A( LZl ¡

' X( l) rArX{ l) 'A( 12) rX( l) rArF{4101) í
GO ïO L2;

END L1;
L2z

RETURN;
END LESS;

/,1 lHE PROCEDURF IGREATI IS USED TO
P ìECEDENCE VI I.-]LATI ONS.
IT I)ETER¡4INÊS THE ORIGIN OF THE

GREÀT: PROCEDURE (X,Y' ;'
DCL (X,Y,IIJI' FIXED 8IN(I5) ;

L3:
Dl I=l TO N;

IF SUI]STR(RIGIJTINUII*{I-I}+X,I) THEN DO;
IF SUBSTR([OUAL,NUI.1+( I-II+Y,1I THEN DO;

cALL LI NF_N0(NUr,r* ( I_l ) +Y, Z) ;
PUT EDIT (INI]TE: > BECAUSEI ISYMI]OL(X) rI IS RDS OFI 'syMBoL ( I l, r E' r syl"tBol ( I I, r- r r syflBOL ( y l r r IN r rZ )
( X( 3) 'A'X( 1) rA(12l rX(l I rArX( I ) rA{ 12l rX(l ) rA'X( l) r A( 12lr
X(llrArX( l)rA( 12l rX( lt rArF{4101 ) ;
GO TO L5;

Ê:'¡D L3;
L4t

I)rl I=l TO Ní
IF SUBSTíì(RIGHfTNUT'l*ll-ll+Xrll THEN D0 J=l T0 N;

G(J) ÏHEN GC TI] NO-F-G;

G{JI TÌIEN GO TO NO-F-G;

l+Jtll;
G(J, THEN CALL FIXR0WlIrJrlli

G(J} THEN CALL FIXROI.I ( [TJIOT i

ilt
lil
ilt
ilt
ilt
ill
ill
ilt
ilt
ilt
ilt
-il
lt
il
il
il
-l

I

I
I
I

-lil
lt
il
lt
lt
ll
il
lt
il
il
ll
il
lt
ll
-l

I
I
I
I

-l
il
lt
il
il
il
il
ll
il
ll
il
il
lt
ll
lt
lt

GIVE ERROR MESSAGES FOR

RELATIONSIITP > IN I PRECT */
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TF STPiì,EC:

3qI
393
395
v96

397

398
399
403

404

405
40ó
407

408
410
4tl
4t2
4L4

4L5
416

IF SUt]STR(Lf.FT'\lUi'1*( J-1,+Yrt ¡ THEN DO;
I F SUI]STR ( EQUAL, NUÀl*( I- I I +J, T I THEN Do;

CALL LINE_NO(NU¡4*( t-t I +JrZ l i
PUT EDIT (rN0tE: > flEc,\usErrsyMEoL(xtrrls RDS 0F.r
SYMßOLf II,IEI,SY]'.IBOL{ YI r' IS LDS OF',SYI{BOLIJI ¡lx(3l rArx(l ) rA(12) rX( I ) r^rx{ I IrA(12}rX( ll rArX{ llr
A ( 12 I , X ( I ) , A , X ( I I , A ( 12 ) ) ;
PUT EDIT (rErrSyi,l8ill{ I lr r=!rSyl4BOL(J}, rINrrZ)
(X ( 331 

'AtX 
( I ) ' A( t2 l r X( I I r Âr X ( I I tÃ(L2 ) rX ( L t rA¡F( 4r0l I

SKIP;
GO TO L5;

END L4;
L5:

RE TURN;
END TR,EAT;

,/* PRI]CEDURE ILINE-NOI GIVES THE LINE IN THE PRODUCTTONS INr,lllCH THE RELATION = l,l^S DEVELOPED +/
L INE-NO: PROCEDURE{ XI Y I i

tjcL (XrYrf ) FIxED BIN(15r;
L7:

D0 I=l To E8;
lF LINE( trl l=X THEN DO;

Y=LINE(l¡Zli
GO TO L8;

E\D L7;
L8:

RETURI.¡;
END LI NE-NO;

TERI.lII'JATE:
END TESTPREC;

lt
lt
lt
ltilililil
lt
ltilil
ilil
-l

I

I

I

-lil
ilililil
lr
il
il
il
-t

I
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APPENÐIX B

TISTINC OF EXTR.ACT



7L

t: XTRACT:

2
3

EXTRACT:
PR,(JCEDLJP. E OPT IOI.IS ( MA IN ) ;
DCL (INPUT(t5,'SyMFtJL(180) rAl CHAR(l2l VARTERRl BITfll;
DCL (LEFT,RIGHTTECUÂLl t3IT(324OOl rTFRr'1( 1801 BIT( l) r
( XròLA¡lK l CHAR( I l r ( I r Jr KrI r l\r Mr NLJl.lrl,lON'LOC] FIXED B IN f I5 I ;
DCL TEST CHÂR(8I' VAR,ELEMEI{T CHAR(BO} VAR, L2 FIXED BIN(15I;
DCL TABLES FILF STREAM OUTPUTi I* INFORMATION FOR IANALYSE' +/
NPTN FILE(SYSPRINT) PRINT LINESIZE(L32' PAGESIZE(6I);
OPEN FILE(TABLESI L INESIZE( IOOI;

MAJCR DÂTA AREAS
SYMI]OL - STORES TiiE SYMBOLS USED IN THE SYNTAX
EOUAL - NOTES SYMBOLS I,IHICH OCCUR ADJACENT TO EACH OTHER ON

ÏIJE R TGIIT-HAND S I DE OF PRODUCT If NS
LEFT - NOTES LEFT-MOST SYMBOLS ON THE

RIGHT-HAND STDE OF PRODUCTTONS
R I GHT - NOTE S R, I GHT- f4OST SY MBOL S ON THE

RIGHT-HÂND SIDE OF PRODUCTIONS
TFRM - NOTES l^JHICH SYI'IBCLS ARE \ONTERMTNAL

NUltl= 180 i
NlN ¡ l[Ç=Q;
BLANK=r I i
L E FT' R TGHT, EQUAL=I O!..8 i
TEIìI1=rlrB.
M=0;
N=0i
EF.RI=r0r Bi

START I:
BEGI\;
DCL íiiUäõí5ü0¡,pRûDí3û0r3¡,LGT¡ì_Fûîi'iTER_i{óìrLGTi-i_P0iiiTER._z(ó¡¡
FIXED 8IN(15';
L GTI{-PO I NT ER-I I LGT H-PO INTER-2=O ;
/+

I
I
I
I
I
I
I

I
I
I
I

I

I
I
I

I

I

I
I
I

I
I

I

I
I
I

I

I

4
5
6
7

*l
I
9

l0
1l
L2
l3
l4
l5

[ó

L7

l8

NUTlB

P ROD

DATA AREAS
- STORE S I NTERNAL SYMtsOL I'{UMBERS FOR ALL SYMBOLS

OCCURRING ON THE RHS OF PRODUCTIONS
- FOR I FROM I TO M:
PROD (

PRCD (

PROD (

III) - POINÏS TO THE NEXT ROI{ IN IPRODI FOR
A PROL)UCTION 3F THE SAME LENGÏH

II2I - POINfS TO THE LOCATION IN INIUMBI dHERE THE
RIGIIT SIOE OF PRODUCTION I IS STORED

II3I - INTERNAL SYMBI]L NUMBER FOR LEFT STDE
*l

MAJOIÌ DAÏA AREÂS */

19
2L

22
23
25

26
27
28

z9

30

OF PRODUCTION I.
ON ENDFILE ( SYSIN) G] TO t.lRITE;
PUT EDIT (!PRODUCTIONSI ) (X(54I,AI:
/+ IEAI) IN PRODI.'CTIONS IN FREE FORI",IÂT ÂND LOAD
GET EI)IT (TEST' (A(80I';
IF SUFISTR(TElSTrl rl l=lllANK THEN DO;

PJT EDIT ( I*+*,:+FRROR*ìt***-THE FTRST PRODUCTION IN THE SYNTAX I,
rDSqs rìoT HAVE A LEFTpART') lArAl SKIp(21;
GJ TO THE_END;

E\D;
G3 TO F TRST;

C I\R I):
GET EI)IT (TÊST¡ (A(80I);

FIRST:
TEST=TFST I IBL¿1NK;
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TXTRACT:

tl LL=Z|
32 IF SUBSTR(TESTrlrl)=aL^NK Tl-lEN INPUÏ(I)=ilLANK;
34 EL SE DO;
35 LL=II'IDEX(TEST'81ÁNK);
36 IF Ll > 13 THEN PJT EDIT (|++**+HARNING - THF SYMBOL rr

SUSSTR(TEST'IrI.I-I}IT HÀS BEEN TRUNC/\IED fO I2 CHARACTERSII
f ArAtA) SKIP;

38 INPUT(l)=SUBSTR(TEST'l'Ll-ll;
39 E \D ;

40 L2=1;
4L ELEI"IENT=| r;
42 DO J=Ll TO Bl BY li
43 X=SUBSTR(TESTTJT 1);
44 IF Xr=$ltifi¡K THEN ELEMENT=ELEMENTIIX;
46 ELSE
46 IF ELEMENT-=I| THEN DO;

4g LZ=LZ+Li
49 IF LENGTH(ELEMENT} > 12 THEN

50 PUT EDIT ( r *+***WARNING - THE SYI'|BOL I TELEMENTI
I HAS BEEN TRUNCATED TO I2 CHARACTERSII
(ArArAl SKIP(2)i

5l I NPUT ( L2 l = EL EMENT ;

52 ELEMENT=| | i
53 E\D;
54 END;
55 M=tt+ l;
56 IF L2 > 7 THEN DO;
58 pJT EDIT ( r***** IN LINE I '¡4r 

I THËRE ARE I rLz-lr
I SYMI]OLS ON THE RHS OF THE PRODUCTION. TFIE LIMIT I,S 6.I I -

{ 
^, 

F ( 3;0 ) r.A? Ft ?-:o ! r Â I sK lpl2l I
59 ERRI=. l¡B'
60 LZ=1 i
6t El'¡D;
62 PUT EDIT ( M?II'IPUT( 1l r'::=r ' IINPUT(J I DO J=2 T0 LZI I

{ X( 5l rF( 3r0} rX( lO)'Â{ 12l rX{4} rA( 3l I {61 lXlZ, tA( lZl I I SKIP;
63 IF INPUT(II=BLANK THEN Gtì TO LEFT-BLÀNK;

/+ PR]CESS LEFT-SIDE OF PRODUCTION +I
65 A=I\pUT(tl;
66 DO I=1 TO N;' /* COMPARE HÍTH PREVIOUS SYMBOLS +/
67 IF A=SYMßOL(I! THEN GO T0 OLD-SYMIIOL-I;
69 Ê\D;
?0 I 'N=¡¡+l;7L IF \ > 180 THFN
72 ERR-I,ISG:

DD;
73 PJT EDIT (t**++* AN IMPOSED LIMIT 0F t8O UNIQUE SYMBOLS IN rr

rTHE SYI,ITAX HAS BEFN EXCEEDEDT I (A}ÂI SKIF(2};
1+ G3 fO THE_END;
75 F\ D;
76 SYt4BoL(Il=Ai
77 0LD_SYI4BCL_I:
78 IF TECÀ4( I ) T[{EN NON=NlN+li
79 TEkìv(Il=rorB'
80 I EFT_ßLA\K:

L GIH=L 2- 1 i
81 IF LGTI{-POINTER-I(LGTIJ)=0 THÊN

82 LGTiI-POINTER-1(LGTtll'LGTH-POINTER-2(LGTHI=i'ti
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EXTR.ACT:

B3
83
84
B5

B6
B7
88
89
9t
92
93
95
96

97
98

lo0
I00
101
L02
I03
104

lo5
l0ó
t07
108
I09
l tfl

lll

Lt2
It3
lL4
ll5

lló
1I /

lI8

I t9
L2l

L22

r21
L24
I25
t26
t27
L28

l2q

E L SE
Pìtl ) ( L GTH_Po INTER_2 { LGTH ) r I I rLGTH_PUI NTER_2 ( LGTH I =M;
PíìOD(il'2)=LOC+l;
PP.OD(i\4r31=Ii
,/+ PR,]CESS RTGHT-SIDF OF PRODUCTION
f)0 J=2 IO L2i /s C0MP^RE t¡ITH PREVI0US SYMBOLS +/

A=INPUT(Jl i
D0 K.= l T0 N;

IF A=SYMEOL(K) TFiEN G0 TO OLD_SYMBOL-2;
E\¡Di
K t I'l=N+l ;
TF N > I8O THEN GO TO ERR-MSG;
SY\4ùOL( Nl=Ai

OL D- SY M BOL-2 :
LoC=LOC+l i
NUi,'l 3(LoCl=Ki
lF J=2 THEN SUBSTR(LËFTTNUM*( I-ll+Kr ll-r lrB;
ELSE
SUBSTR ( EQUAL r NU14*{ L-1}+Kr I l= ' I I B;
L=K i

END;
SUßSIR( RIGHTTNUM+¡ I-l ¡+Kr l)=r Ir B'
GO TO CARD;

t^lR ITE:
IF ERRI THEN GO TO END-STARÍI;
DC LSTH=I TO ó;

I F L GTH_P0INTER_2(LGIHI -=0 THEN
PROD ( LGf H_POI NTER_2 ( LGTH) c t I =0 ;

ENIñ.

/* /ìl RITE fNF0Rl.'lATIUN IN rTÀBLES.
PUT FTLE(TAßLESI EDIT fNILOCTMI
(F(3,01 rX( Il rF(3,01 rX( ll rF(3r0) t ;
PUT FILE(T^BLES) EDIT ((SYi'lll0l(Il D0 I=l TO N!) ((NlAll2lli
PUr FtLE(TABLES) EDIr ((Nul'lB(Il Do I=I To LOct, ilLOc)F(3'orl¡
Dl I=l T0 Mi

puT FtLE(TABLES) EDIT (pR0D(IrltrpRoD( tr2lrpRoD(Ir3tt
( F( 3,0) ¡ X( 2l rF (3,0) , xl2 ) ¡F(3 r0l l;

END;
PtJT FILE(TABLES) EDIT {(LGTH_pOINTFR_IlIl DO I=l T0 6tl((6)(F(310trx(21));

END-START I :
END STARTI;
J F E ìR, I TÌIEN GO TO T{E-END ;

SÏART2:
ßEGI \;
ilCL <FY-l40RD(N-N0Nl CHAR( l2l'OPERAToR(N-NlNl CHAR(l I,
( I D, I 1 r I2 I KEy_trr-ltìD_Nn( N-¡JC¡,t), iIpERATOR_N0 ( N-N0N I I F I xED B IN ( t 5 I
DcL luu8LE-oP(N-NoN) cHAR(2t 'DouBLE-oP-No(N-NONl FIXED BI\( l5l
1)CL (ÄNYSÏRINGIVÂR-TAßLE,VAR_STRINGINUI4ERO) FIXED BIN(I5t ;
DCL TF-i'l P(IBOI FIXED BIN( I5I,POINTER¡ T3I FTXED 8IN( I5I;
Il'12'ID=0;
Â \Y S T Íì. I !,1G, VAR_T /1 BL E, VÂR_SrR I NG r NUMER O=0 i
TFMP=l;

[.CAD:
l)ri I=l TO N;

+l

*f
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FXTRACT:

1lo
L32
r33
135
135
136
138
13e
r40
141
L42
t42
L43
I44
t45
L46

148
L49
t50

L52

L57
L54
L55
L51
t58
159

160
t62
164
t6ó
168
171

tl2

L73
L1 4

175
17ó

L77
178

179
180
181

LB2
183

184

IF TERir(Il THEI'l D0;
A=SYMP,OL( I );
IF A>= rAr THEN TEMP(I )=LENGTH(Al;
ELSE
DO; /* DFTERMTNE ALL SINGL5 AND DOUBLE OPERATORS */

IF LENGTH(Al=1 THEN D0;
y2= ll+I i

. 0PERATOR( I2)=Ai
0PERAToR-NO ( I2l= l;

END;
ELSE
DO;

ID=ID+li'
DOUBLE-OP(lDl=A;
D0UBLE-0P-NO( iD)=I;
IF LENGTH(A) > 2 TIIEN PUT EDtT
(r*+*** - THF SYMBCL trArr HAS EEEN TRUNCATED T0 rr
r2 CHARACÍERST ) fA'AtAtA) SKIP(21;

END;
END;

END L]AD;
/î ST]ìE ALL THE KEY WORDS IN ORDER FROM SHORTEST TO LONGEST

IN-ORDER:
Do J=l To 12;

PSIf\TER( J)=I I+I;
Do I=l T0 N;

IF TE¡lP(I)=J THEN DO;
I I= I l+l;
KEY-l.rORD( I I )=SYMBOL I I I ;
KEY_t^,nRn_NO( t 1l =I :
/* DETERI'I INE THE RESERVED I.IORI}S USED IN THE SYNTAX
IF SYMBOL( I l=rVAR-TAtìLEr THEN VAR-TABLE=I;
IF SYI'1BOL{ Ii)='NUMER0T THEN NUMERO=f i
IF SYMB0L( I )=TANYSTRINGT IHEN ANYSTR ING=I;
IF SYMU0L{ I)=rVAR-STRINGT THEN VAR-SfRING=I;

END IN-ORDER;
P0INTER{131=Il+l;
/* WIITE INFOR]qÂTION IN TTABLESI */
PUT FILE(TABLES} EDIT (ANYSTP.ING,VAR-STRTNG,VAR-TABLETNUMERO'
I I rI2 r ID) ( (71(F(3 r0) I l;
D0 I=l TO Il;

PJI FILE(T^BLES I EDIT (KEY_wORDf Il 
'KEY-'v,l0RD-NO( 

I ll
(A(t2)rX(2lrF(3r01);

E\ D;
PUT FILE(TABLES) EDI.T ( (P0INTER(I) D0 I=t T0 l3l I
({13)(F(3,0}'X{Z)¡);
DÎ I=1 TO I2;

PJT F ILE (TARLFS ) EDIT (OPEP.ÂTORI I I'OPERATOR-NO( I I 
'(A( ll rX(2) rF(3r0));

ÊND;
D0 I=l T0 ID;

PrJr FILE(TAULES, EnlT (DOUBLE_OPl t I 
'D0UBLE-OP-NO( 

I I I
(¡1 (21'X(2)rF(310ll;

EN D;
FND STAR T2;

¡4ATRI X:

+l

+f

il
il
il
il
il
il
ll
il
lt
il
lt
il
ll
il
il
il
il
il
il
il
il
ll
il
lt
il
il
il
il
il
il
il
lt
il
il
ll
t¡
ll
il
il
il
1t
il
lt
il
il
il
il
il
il
il
il
il
¡t
ll
-l

I
I



75

tXTRÂCT:

DEGI\I ;

I85 DCL 2I.ìEC CHAR (N:IN) ; /* PRECEDENCE MATRIX */
186 PREC=| r;

/* TlE STRINGS ILEFTT AND TRIGHT¡ ARE CHANôED TO INCLUDE ALL THE
LEFT-I'1OST DERIVABLE SYitBOLS A¡'] D RIGHT-MOST DERIVABLE SYMBOLS
RESPECTIVELY. THTS IS ACCCMPLISHED THROUGH THE USE OF

: 
w Aì sHALL t s' aLGoR I THM.
.'./ARSHALL'S. A THEOREI'I ON BOOLEAN MATRICES.
J.ACM 9 tJAl'l.L962ltll-t2. tl

187 l,,l ARSHAL L:
D0 I=I TO N;

188 D0 J=l Trl Ni
I89 tF SUBSTR( LEFT'NUl"l+{ J-l)+I I tl THEN D0 K;l T0 N;
I91 IF SUBSTR(LEFT'NUM*(I_I)+K'I) THEN

LgZ SUBSTR(LEFTTNUM+IJ-I)+Kt[I=| trBi
193 END;
ls4 IF SUBSTF'(RIGHTTNUMT'(J-l)+Itll THEN DO K=l T0 N;
196 IF SUBSTR(RIGHTINUM*(I_I)+KIIi THEN

197 SUBSTR{RIGHÍ rNUl'i*{J-1)+K'll=¡1rU
r98 E¡lD;
I99 E\D hARSHALL;

/* DEVEI.OPMENI OF THE PRECEDENCE ÈIATR IX US TNG THE PR'ECEDE\CE
DõFINITIONS DEFINED IN:
l'JIRTH'N. AND t¡JEEER'M. EULER: A GENERALTZATION OF ALGOLT
AND ITS FORMAL DEFINfTION; PART I. COMM. ACM 9 (JAN.19ó6I +f

zOL W I RTIii
D0 I=1 T0 Ní

2OZ D0 J=l T0 N;
2O3 IF SUBSTR(EQUÂL'NUM*(I-II+J'I) THEN DO;

2O5 IF SUBSTR(PRECTN*(I-tl+Jrll=r I THEN

206 SUßSTR( PREC' N* ( I-l I +J t l r=¡ -' ;
2o7 ELSE
2O7 GO TO ERROR|
208 TF TERM(J¡-IOIB THEN

209 s:
DO K=l TO N;

2LO IF SUBSTR(LEFT'NUM*{J-1I+K'I) THEN DO;

212 X=SUBSTR(PREC'I'I*( I-ll+Ktl);
2I3 IF X=BLANK TIIEN SUBSTRfPRECTN*(I-lr+Krlt=t<r;
2I5 EL SE

215 IF x-=r<! THEN Go ro ERRoRi
2I7 END S;
2lg IF TERI'I { I )=r 0r B THEN DO;
22L Sl:

DO K=l TO Ni
222 IF SUßSTR(RIGHÍTNUM+( I-I) +K'I. I THEN DO;

224 X=SUSSTR ( PRECTN*( K- L l +J r I l;
ZZ5 IF X=BLANK THEN SUBSTR(PRECTN*(K-I)+Jr[)=|)!i
227 ELSE
227 IF x-= r>r 

'HEN 
Go Ïo ERR'R;

?29 END SI;
2JT IF TERI.I(JI=IOIB THEN 52: DO K=I TO Ni
Z3j IF SUBSTR(RIGiITTNUM*(I-tl+Krll THEN D0 L=l T0 N;
235 IF SI.J8.STR(LEÊT'I'JUM+(J-I}+L'II THEN DO;

Zl7 X= St,iìSTR ( PREC 'N* { K- I ) +Lr [ ] ;
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EXTRACT:

Z)B IF X=BLÄlrlK TIIEN SUBSTI.(PREC'N+(K-l¡+LrLl=r)r;
21¡) EL S F

24C IF X '= r¡t THEN G0 T0 ERROR;

242 END 52 ¡

245 END;
246 E\D dIRTH;

/+ i{RITE THE PRECEDENCE MATRIX IN ITABLES'- */
249 J=l-\i.
25o Do I=1 TO N;
25L ¡=J+Ni
252 PJT FILE(TABLESI EDIT (SUBSTR(PREC'J'N)l (A(N¡l;

. 253 EhlD;
254 PUT EDIT ('TABLES LOADED SUCCESSFULLYT) {Al SKIP(41;
255 GO T] FI N I SH;
256 ERROR:

PUT EDIT (rA PRECEDET'ICE VI0LATI0N OCCURREDTT {Al SKIP(4);
257 ERRl=r IrB'
?58 FINISIJ:

END i'tATR I X;
259 THE_END:

IF ER,RI THEN
260 PUTFDIT (.USETHE PcMT ES T PRECT0TEST Y0URLANGUAGE tr

I BEF]ìE ATTEMPTING TO LOAD THE TABLESI ¡ (A'A} SKIP(4);
26L CLÛSE FILE(TABLESIi
262 END EXÍRACT;
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ITSTING OF Aì{AJ,TSE
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lN/\LYSF:

z
3
4
5

,A I.JAT, Y S¡ :
PAOCãJiJR.E ( PARMI fìPTI'I¡JS(t4ÂIN) ;
DCL P4R14 CHAR(100t vAR;
DCL {N'L'LOCrMrl rJ;K¡ PT¡PTl'LGTI-ItLfNEl FIXED BIN( l5l;
I)CL CNUNT CIIAR ( I) VAR;
0cL (ERRI rFRRz,ERR3rERR4rERR5rERR6, ERRTTTRACEI 8IT( l),
{ DEL,SCAN_ERRI 8IT( II EXTERNAL;
DCL (FIX_UP(50'3} FI'XED BIN{ 15)IFIX-BTT(50'3I BIT(1I) EXTERNAL;
DCL f DEL_pRs_cT{20),DEL_pRS (20r2)rNO_pOINTER(20¡,
DEL-)TrNO-PT'NOI FIXED BIN( I5};
DCL TASLES FILE STREAI'I INPUT¡
Ntj'Nl_PTTDEL-PT=o;
DEL_PRS_CT=0 i
DE L r ERRt I ERR2 r ERR3 t ERR4' FRR5 ¡ ERRó r ERRTt TRACEr SCAN-ERR=0;
OPEN FILE(TABLES); /* II!FORHATION ABOUT LANGUAGE FROM IEXTRACTI */
LINE=l;
/* C+ECK IPAR¡4¡ FOR PARAMETERS BEING PASSED TO IANALYSEI +I
I F LE\3TH( PARM) = 0 THEN GO T0 STÂRT1;
I= INDEX ( PARM' rOPT= I ¡ ;
IF I > O ÏHEN DC};

IF SUBSTR(PARMri+4rl)=r Ir THEN ERR[=r1rB'
ELS E

E1R.2=¡ IrBi
E\ D;
IF I\DEX{P,11ìM?TCOUNT(rl > 0 THEN
Ctltl\T=SUBSIR(PÂRM' I NDEX ( PARMr I COUNT( | t+ór 1l;
IF I\DEX(PARMTTTRACE' l>0 THEN TRACE=rlrB;
CET FILE(TABLES) EDIT {N'LOC'MI
( F ( 3r 0) rX( l) rF{ 3r0) rX( l) tF (3r0} I i
/* F]R A DESCRIPTICN OF ALL THE INFORMATION IN ITABLESI

SEE CHAPTER 3' SECTION 2

START I:
BEGf\;
DCL SY14ßoL ( Nl CH 

^R 
( t 2 ) r ( NU MB I L 0C ) r PROD (ì\l r 3 I r VAR-STR INGr VAR-TABLET

NJIlEìl r ÂNYSTRING' S I ZE t I I r I2r I Dr LGTH-POINTER( ó¡ ) FI XED B IN ( l'51;
D0 I=l TO Nt

GTT FILE(TABLESI EDIT (SYMBOL(I)I (A(12II¡
E\D;
D0 I=I T0 LOC;

3ET FILE(TABLESI FDIT (NUMB(III (F(3'O)';
E\ D;
Df-r I=l TO M;

3-T FILE(TAiILES) EDIT (PROD(I' I I'PROD( Ir2lrPR0D( Ir3l I
( F ( I 

' 
0 ) 

' 
X ( 2 ) r F ( 3 r 0 l ' X ( 2 ) r F ( 3 r 0 ) I i

END;
GET iIt-F(TÂBLESI El, I:T tILGTH-POINTER(Il D0 I=I T0 óll
f{6}(F(3,OlrX(2llti
GFT FILE(TABLES' EDIT (ANYSTRINGIVAR_STRfNGIVAR-TAßLE'NU¡IERO'
I tr I2r I {)) ( ( 7l ( F(3rO) I l;

IF VAq-TAIìLE > 0 THEN SIZE=Z5Oi
tL SE

SIZE=l;

START2:
RIGI\i
DCL ([y_h{)RD(Itt c;{Ait(1¿lrûPERAT0R{ I2l CHAR(ll'

6
7

I
9

l0
II
L2
L3

L4
I6
17
l9
2l
2L
22
23
24
25
27

28

29

30
31
32
33
34
35
36
37

38
39

40

/¡L
43
43

44

45

*l

;
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

I

-Iil
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A'IALYSE:

{ r(Ey_^"0Íìf)_Nc( I I ),upERATCtì_No ( I2 ), pù INT tR f 13 I ) F I XFD B I N ( l5¡ ;46 r):L t)CrJßLE_0p(ID! Ctl^R(Z)TD0UBLE_CP_NO(ID) FIxED BIN(15¡;
41 DCL PREC CHAR (TI*N I ;
48 DCL (VARTABLF_I(SIZE},VAF.-PT_I(12I,VAR-PT_21L2),PGRAH,

PT3,STÂCK( 5O),SAVE(30I, I3II4TTOTl} FIXED BIN(I5I r
VARIASLE(SIZE¡ CIIAR(I2I VAR;

49 DCL IN CHAR(81) VAR, STRING CiIAR(25óI VAR,ERROR CHAR(80II
X CHAì (.I2 I VAR r ( Y,¡4,qUOTE, BLANK ¡ CHAR( I I I ( COM^{ENT,STR) B IT( T ) ;

50 DCL {INI-O,STÁTUSI FIXED BINI(15I,2 CFiAR(2¡;

5l DC t=l TO Il;
52 GÉT FILE(TABI.ESI EDIT (KEY_WORD(I¡,KEY-WORD-NO(I)T

{ À( I2' ¡Xl2l t F(3rO) l;
53 END;
54 cET FILF(TABLESI EDIT ( (PoINTER( L Do t=t T0 l3),t

((13)lF(3r0)rx(2D¡;
55 D0 I=I TO 12;
56 GET FILE(TABLES) EDIT (OPERATOR( t),OPERATOR-NOfII'

57 E*o: 
o, t¡ 

' 
x( 2) rF(3r0) I i

58 Do I=t TO ID;
59 GEI FILE(T^ßI-ESl EDIT (DOUBLE_OPII )TD0UBLE_OP_N0(ll 

'(A(2),X(2lrF(3r0ll;
óO END;

J = l-\;
DC I=l To Ni

J=J+Ni
GET FILE(TABLESI EDIT (SUBSTR(PREC,JTN) I (A(NI ¡ ?

ÊNln.

CLOSE F ILE( TABLES ) ;
OPEN F ILE(SYSPRII.IT ) PRINT L INES T.ZEII32'i
ÛN E\DFILE(SYSINI GO TO EOF;
PUT EDIT {IISNt,ISOURCE LISTING') (X(2IIA,X{48),A} SKI:P;
PtJT SKIP(2'Ii
STATiJS'INFO=0;
V AR I ABL E-I=O i
VAR_PT-I=0;
STR,COi4MENT-IOIB;
QJoTE=rrr!'
T0T1=0;
BLA¡J(= I r;
ERII 3ì=BLANK;
PT3,PTl-l;
SAVE(ll=0;
,z': IiVErìYTHI NG UP TU IHIS POINT IS IN It IAL IZATION F0R THE RUN.

FFI])4 HERE ON THE SOURCE PRI)GRAM TS BEING PROCESSED
CYCLE:

GET EDTT ( INI (A(8OI ); /* CARD OF SOURCE PROGRAM */
PUT EDIT (IN) (X(25),A(BOII SKIP;
IF CIJNT-= rr THEN PJT EDIT (LINEI (X(2lrF(3r0ll SKIP{0t;
I 

^J 
=I \I IBLANK;

PT=0;
T F CI]!1:,1 E¡.IT THEI'I GC TO FLUSH-COI,tMENT;
IF STì THf:N GO TO CHAR-STRINGS¡

scÂ\r :
PT=PT+l i

+/

ól
62
63
64
Aç

6ó
67
ó8
70
7L
7Z
73
74
75
76
11
7B
79
s0
8l

B2

33
B4
B6
87
38
e0
92
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A\ALYSE:

93
ç5
96
98

100
LO2
103
105
10ó
107
10e

' ll0
Itl
Lt2
Il3
I t4
1r5

lló
1r7
119
L20
L2t
t22
L2f
L24
126

L27
t28
L29
130
l3r
L32
L34
L35
L36
137
138
L79
t40
L4L
L42

L+3

144
L45

" ltt6
111
148

l/+9

t50

IÍ: PT>BO THEI.I GN TC CYCLF-i I* R,EAI) ÂNOTHÉR CARD T/
Y= SUIISTP, ( I r{ rPT rl ) ;
IF Y=IJLANK THEN 3il T.] SCÄN; /* REPÉAT UNT[L N tl'{-BLANK SYMBOL */
IF Y>= rAr TtiEN GC T0 LETTERSi /+ EITHER LETTER 0R DIGIT +/
IF Y=C0UNT THEN LINE=LINE+l; /+ INCREMENTING fSN +/
l,J=SUBSTR( INrPT+Irll i
IF H < | Ar E l,J -=BLANK THEN DOi / + CHECK ALL DOUBLE OPERATORS */

Z=SUSSTR( INrPTr2r;
Dl I=1 T0 ID;

IF I-TOUBLE-6P([t = Z THEN DO;
PGRAH= DoUB LE-0P-N0 ( I I ;
I3=PT;
PT=PT+L i
GO TO PARSE;

EN D;
E ND;

E\ D;
,/* CHECK ALL SfNtiLE 0PERATORS */
DO I=l TO I2;

IF 0PERATOR( I l=Y THEN DOí
PGRÂM=OPERAToR-NO { I ) ;
I3=PTi
GO TO PARSE;

ENDi
E\D;
IF Y.=QUOTÊ THEN G0 T0 ERR-MSG;
STRI NG=r t i
/* PIJCESS STRINGS WITHIN QUOTES. _ IANYSTRINGI USED IN SYNTAX +f

CHAR-STRTNGS:
IF A\YSTRING=O THEN GO T0 ERR-MSG;
I3=PTi
PT=PT+l i
I =INDEX{ SUBSTRI I N'PTt rQUOÏ El i
IF I=0 THEN DO;

STRI NG=Sf RINGI I SUESTR ( IN, PT, 8I-PT I ¡
sTR=rlrB'
GO TO CYCLE;

END;
STRI \3=STRING I I SUASTN( I N,PTI I-1 I i
pT= I +pT_l;
STR=r0rBi
PGRA\i=ANYSTRING;
G] TO PARSE;
./i I \VALI D OPERAT0R +/

ERR-\ISG:
PUT EDIT I r*Ë**+ THE 0PER¡1 TORtrYr
I;.JAS I'SED BUT DOES NIT APPEAR IN THE PRODUCTTONS. - DELETEDI}
{ Â,x( I },Â( I ), X( I IrAl SKIP;
scAN_ERR=r lrB'
GO T] SCAN;

L ETT ERS :
IF Y>= r0r THEN GU T0 DIGITS;
I3=PTi
,/* KEY-HOP.D OR f DENTIFIER +,/

NFXT-LETTER:
f)T=PT+li
IF SJßSTP.( INrPTrl))= ¡Ar THEN G0 TO ¡lÉXT-LETTER;
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A\ALYS::

152. X=SJDSI:I( IN'I3'PT-I3);
153 LGTir=LENGTH(X);
L54 IF L3TIJ > 12 IHEN GO TO VAR;

/* CHECK KEY_WORDS *,/
15ó JF ;)illslrER(LGTHI=P0INTER(LGTH+I , THEN c0 TC NONE_THAT_LENSTH;
158 D] I= Pt]INTER(LGTII} TO POINTER(LGTH+I)-I;
159 IF KEY_l.loRD( I )=X THEN D0;
151 PGRAM=KEY_HORD_N0( Il;
162 PT=PT- I i
Ió3 GO TO PARSE;
L64 E\D;

. L65 E\ D;
166 NONI_THAT-LENGTH:

,/+ PìOCESS COMMENTS */
167 IF X-= TCOMI4ENTT THEN G0 TO VAR;
168 Ct¡1i!'iEN¡T-. lr B'
1ó9 PT=PT-li
170 FLUSH_CIil|4ENT:

PT=Pï+ I i
171 IF INDEX(SUBSTR(IN,PT)rrirl=O THEN GO TO CYCLE;
L13 PT= I \i]EX ( SUBSTR( IN, PT ¡, I; I I +PT- I;
174 Cùl4l4ENT=r 0r Bi
L75 GJ Tl SCANT

./* PROCESS TDENTIFTERS +/
L76 VAR:

STRI \G=SUBSTRI IN, l3 rPT- I 3l t
171 PT=PI-l;
178 IF VAR-STRING > O THEN DO; /* IVAR-STRING USED IN SYNTAX +I
180 PGìAÌ''1=VÂR_STR, ING í
181 cl To P.4P.SE;
L82 END;
lB3 IF VAA_TABLE=O THEN D0;
185 puT EDIT (r****+ _ A VARIABLE TTSTRING, r HAS FOUND rrI3UT NEITHER VAR_STRING NOR VAR-TABLE APPEARS IN THE SYNfAXII(AIATAIA} SKIP(4I;
IBó GC TO THE-END;
I87 E\D;

/* I V/\R-TABLEI USED IN THE SYNTAX */
l8B PGRAI',1=VAR_IABLE;
l8e I=VAì_P[_1(LGTH);
I9O GO T] TEST-VAR;

/* CIECK HITH IDENTIFIERS ALREADY FOUND */
I9I NEXT-VÁì:

I=VARIABLF_1(I);
L92 TESI_VAì:
193 Ir I=0 TI{EN GO T0 VAR,_NCT_F0UND;
194 It VAìlÂuLE( I)=X THEN G0 TC VAR_FOUND;
19ó. G] T] I.IEXT-VAR;

/* ADD NSl,l IDENTIFIER TO 'VARIABLEI */T97 VA R _I.i I] T 
-F 

,] U ¡JD :
ITTJTI=TOTI+li

I98 IF T]TT > SIZE THE¡J DO;
2OO PUT FDIT ( I***ìt+ - THF ANÂLYSER LIÀ1IT I]N THE NU|,IEER oF Ir

!VARIAFLES ALLOWED, HÂS ßEEN EXCFEDED' I (i\,A' SKIP(4);
?.:)I PJT EI)IT ( I EITI]FR REIJTJCE TIIE # OF VAR IAI]LE NAMFS USED OR IT! IEPLACT VAR-TABI.E tìY VAR_STfìING IN THE SYNTAX AND HANDLE I,

'IIIE VARIATILES IN INTËRP,.{ETI ) (AIATA) SKIP(2);
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A\ALYSE:

202
203
204
205
207
207
208
209

210
2LL

2L2
2I4
215
2L6
2L8
219
22L
222
223
224
225

226
227
228

2?9

230
232
233
234
235

236
237
238
2t9
240
24L
242
243
244

245
246
2/+7

248

249

250

3] TO THF-EI'ID;
E ND;
VARI ABLE ( T0TII =X;
IF úAR-PT-1(LGTH,=0 THEN VAR-PT-I(LGTH¡=TOTI;
ELSE
V^R I AßL E-l { VAP-PT-2 ( LGTHI I =T0Tl ¡

VAR-PT-2(LGrH)=T0TI;
VAR-FOUND: .

INFI=I;
GO TO PARSË;

DIGITS:
I3=PIi
lF Ndl'lERO=O THEN DOi /4 CHECK DIGITS AGÁ tNST KEY-l'¿0RDS +/

X=SUIISTR( INTPTT l);
LGTH=1;
IF PoINTER (LGTHt=POINTERILGTH+tt THEN G0 T0 ERR-MSG-l;
D] I=POIIiTER(LGTH) TO POINTER(LGTH+II-I;

IF KEY-l.JORD(I)=X THEN D0;
PGRAM=KEY-I^IORD-N0 ( I I i
GC TO PARSE;

END;
E¡ID¡

ERR_!SG-}:
PUT EDIT (!+I++* THE SYMBOLITXTIHAS FOUND BUT NEITHER THIS I
I syf4Bol NOR NUMERS OCCURS tN THE SYNTAXT I (ArÄ( lltArA) sKIP;
SCAN-ERR=rlrBi
GC TO SCAN¡

E \D;
/* INUMEROI USED - PICKS OUT ENTIRE INTEGER +/

NFXT-íIIGfT:
PT=PT+1i
IF SJBSTR( INTPTT ll)= r0t THEN
S TRI \G=SU BSTR ( f N, I3 , PT- I3 I ;
P G RA 14= t,lU ME R0 i
PT=PT-l i
GO TO PARSE;

EO F:
I F ERR3 I ERRI I ERR6 THEN DO;

PJT EDIT ( I***** - END OF F

Gf, TO THE-END;
E ND;
ERR3=rIrB'
GO TO JUMP;

PARSE:

GO TO NEXT-DIGIT;

TLEI) (ÂI SKTP(2';

IF Eì,R.4 THEN GO TO RELATION;
/I L]ÀD F TRST SYI,I8OL INTO ISTACKI */
tRR4=r 1r Bi
STACK( ll=PGR'AMi
GO T3 SCÂN;
/* FIND RELATIONSHIP BETI,]EEN TOP OF ISTÂCKT AND INCOMING SYMBOL +/

RELAT IO\ :
I =N* ( S T^CK ( PT I ) -l ) +PGRAM;
Y=SJ3STh(PRECrIrl)i
/* IF REOUISTED THEN PR INT TRACE OF PARSE +/
IF TIACE TIIEN PUT EI]IT (SYi'4BCLISTACK(PTI¡ I'SYMBOL (PGRAM}'YI
f x ( I 0 5 ) | A ( L 2 ) r X ( I I 

' 
A ( t 2 

' 
r X ( I I r A ( I ) I S K I P ;



e5

A\,1 LYS::

252 I F Y=tlL^l'lK TllEt'l Df ; /* ¡{0 RELATI OI'ISHI P - SYNTAX ERROR */
254 SU3STR(ERRORtI3rl)=r$ri
255 pUT EtllT ( r++*+*SY\TÂX*****!,ERRORI (ArX(9lrA(80) ISKtP;
256 SUBSTP ( ERROP r I3r I!=BLANK;
257 scAÀl-ERP'=trrB;
258 I F ERP.6 THEN GO TO SET;
260 Gl T0 scAN;
26L END;
262 TF EììI THEN DO; /+ ONLY SCAN CONTINUING +/
264 STACK(PTI)=PGRAM;
265 co To scaN;, 266 E \D;
267 IF Eìì6 TTIEN GC TO DUMP-SCAN; /+ ERR,OR RECOVERY IN PROGRESS */
269 IF Y=r>r rHEN
27O JU¡4P:

DOi /* LFFT-MOSï REDUCIBLE SUBSïRING HAS BEEN ISCTLATED */
271 L3TH=PTI-SAVE(PT3I;
272 I F LGTH > ó TIJEN DO; /* LONGER THAN ANY PRODUCT TON *,/
214 I =0;
275 GO TO FAIL;
276 END;

/* DETERMINE l^¿HICH PRODUCTION HAS BEEN FOUND */
277 I =LGTH-P0INTERILGIHI;
278 3l T0 TEST;
279 NEXÍ :

I=PR0D(I'1);
280 TEST:
2Bl I F I=o THEN G0 TO FÂ I:L;
282 D0 J=t T0 LGTH;
283 IÈ NUI'IIJ(PRI'IJi I12I+J-IIr= SIACKISAVÈ(PT3I+J) THÉN GO TU NEXT;
285 E\D;

/* DOES NOT MÂICH ANY PRODUCTION OF THE LANGUAGE *I
286 FÀ IL !

J=SAVÊ(PT3l+l;287 llri;Srliii.i|Li'Jå,l:l.iã-oì,TNVALID 
sr^cK SEQUEN.E-.'

(A,X (51,{PTt-J+ll (^( L2l'X( l) ¡ } SKIP(21 ;
289 I F ERP.z THEN GO TO BY_PASS; /+ DCJNIT CALL ' INTERPRETI *,/
29L CALL INTERPRET{IIJIPTIISTACKIVARIABLEISYMBOL,STRING,INFO,

S IATI.JS } ;
292 IF STATUS > O IHEÀ¡ DO; /* IJNTEFPRETT HÀS ALTERED ISTATUSI */
294 IF ST¡1TUS=3 TH.ÊN GO T0 THE_FND; /+ TERMINATE *./
2e6 IF STATUS=I THEN DO; /+ CONTINUE SCAN ONLY */
298 ERiìl=r Ir8'
299 PIJT EDIT ( I****+ - ONLY SCAN CONTINUINGI I (Â¡ SKIP{z};
3OO G(] TO SCAN;
30 I END;
3O2 ELSE
302 Do;

/* SCAN AND PARSE BUT DONIT CALL !INTERPRETI +,/
303 ERRZ=. Ir Bi304 il,l^,åP,1"lllË;ii i^:îi'5-îBi]ii'rNc BUr TNTERPRET No .'
305 EÌtD ¡

30ó t \D;
307 BY-PASS:

pIl=Ji
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ANALYSE:

3CE I F I > O TI-]EI( I)O; /* I.IÂKF THE REDUCTION +/
310 STACK( J) =PROD ( I '31;311 I=N+(STÂCK(J-1 )-1 }+STACK(J' ;
3L2 IF SUBSTR(PREC'I.rII = I<I THEN GO TO RELATION|
3I4 PT3=PT3- I ;
3I5 IF PT3 > O THEN GO TO RELATION;
1L7 PUT EDIT {I*+*+* - PARSE TERMINATED BY SYNTAX ANALYSER. tI

I.SCAN CONTINUTNGI ) {AIAI SKTP(2I;
318 ERRl=ri'B'
3I9 STACK( PTI I=PGRAM;
320 G0 T0 SCAN;

' 32L E\Di
.322 IF -DEL THEN GO T0 NO-REC; /* NO ERROR REC0VERY *./

324 IF -ERR5 THEN GO IO LOAD-TÂBi /* FIR,ST ATTEMPT AT ERROR REC" +I
326 E RR-ì ECO VERY:

EìRó=rlrBi
327 PÚT EDIÏ IISCAN DELETED FROM HERE-->T I (X( T3-II,A¡ SKIP;
328 K=PT I i

. 329 DECREASE: /'+ SEARCH FOR SYMBOLS IN THE I STACKT *./
K=K-I;

330 IF K(=0 THEN G0 T0 ERR-MSG-z;
332 D3 I4=l T0 NO-PT;
333 IF STACK(K)=FIX-UP(N0-POÍNTER( I4l ' ll THEN GO T0 DUMP-SCAN;
335 E\D;
336 GO TO DECREASE;
337 SET:

ERRT='lrB'
338 DUIIP_SCAN:

/* KEEP TRACK OF DELETE-DELETE PAIRS +/
D3 ¡4= I TO DEL_PT í

339 IF DEL-PRS(14'¡¡=P6P4M THEN DEL_PRS-CT(¡,I )=DEL-PRS-CTIMI+I;
34L IF DEL-PRS(l't¡2¡=p6q4l4 ÍHEN DEL-PRS-CT(Ml=DEL_PRS_CTlHl-l;
343 E\D;

/* CHECK SYI'lBOLS FROM SCAN */
3t+4 )l L=IJ0-POINTER{ 14) TO NO_POINTER( I4+I}-l ¡
345 IF PGRAM=F IX-UP ( L' 2l THEN G0 TO FOUND;
347 E ND;
348 L l:
349 IF ERRT THEN ERRT=rOrBi
350 ELSE
3 50 S TACK ( PT I I =PGRAH ;
35I GO TO SCAN;
352 FOU\)| /+ CI'IECK THAT DËLEIE-DELEÏE PAIRS ARE MATCHED */

D0 v=l T0 DEL_PT í
353 IF DEL-PRS-CT(1.I) > O THEN GO TO Lli
355 É\l;
356 IF FIX-BIT(L'Z) TIjEN f3=PT+li
358 PUT EDIT (r<--TO HERETI (XlZt++I3lrAl SKIP;
359 IF FIX-UP(Lr3l-=0 THEN D0; /+ DELETE DËEPER IN TSTACKI +/
36L L2.

K=K_l i
362 IF K(=0 THE¡J Gl TO ERR_MSG-2;
354 IF STACK(KI-=FIX_UP(Lr3I THEN G0 T0 L2;
366 E\);
367 IF FIX-ßIT(L,3} IFIX-I]TT{L,I) TIIEN K=K-Ii,
3l¡9 IF K<=0 THFN Gn TO FÍìR-¡{SG-2;
37L PUT Ett¡T { r*+*':+ - DELETED FRoM STACK-| I
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{ SYr'1iÌnL(STACK(i¡} } CO 11=K+l TO PTl-l) I
( 

^ 
, x ( 5 ) , ( P T I + K + I ) ( A ( I 2 ) , x ( I ) ) , S K I P ;

312 ERR6=ro!B;
373 PTI=K;

/ * ADJUST I SAVE ' AFTER DELETIONS FF.OH I STACK! +/
314 Dll I=l TO PT3;
315 IF SAVE(II)=PTI THEN DO;
377 . PT3=I-li
378 IF PT3<=0 THEN G0 To ERR_MSG_z;
380 G0 TO L3;
38I END;

. 382 E \D;
383 133

DEL_PR.S_CT=0 i
384 IF FIX_BIT(L,2) THEN GO TO SCAN;
386 G] TO RELATION;

/T LÙÄD THE ARRAYS tNO-POINTERI AND IDEL-PRSI !.JHEN ERRSR
RECOVERY IS ATTEHPTED FOR THE FIRST TIME

387 LOAD TAB:
Nõ=N0+ I ;

388 IF FIX_UP(NO,2I=0 Tl.tEN DO;
390 NO-PO tNT FR ( NO-P T+ 1 I =NO ;
391 ERR5=!lrB;
392 GO TO ERR-RECOVERY;
39V END;
394 IF FIX_UP(N0'I!-= 0 THEN DO;
39ó N0_PT=NO_PT+1 i
391 N0_P0 tNT ER ( No_PT I =N0 i
398 END;
?99 TF FIX-RIT(NN.2) THFN NO:
4OL IF FIX_BIT(NO,1)I FIX-BIT(N0,3} THEN DO¡
403 DEL_PT=DE L_PI+ l;
4O4 DEL-PRS(DEL-PT T2I=F IX-UP(N8,z¡;
405 IF F IX_BIT lNO, I I THEN
406 DEL_PRS(DEL_PTrIt=FIX_UP(No_pOINTER(NO_PTlrtr;
4O7 ELSE
407 DEL_PRS(DEL_PTrll=FIX_UP(N0r3t;
408 END;
4O9 E\D;
41O GO Ttì LOÂD-TAB;
4LL EÀR-qSG-2. /+ COULD NOT FIND REQUIRED SYMBOL IN ISTACKI +/

PiJT. 5¡IT ( I **+** - ERPOÍì RECOVERY FAILED - ONLY I I
I scAN coNTINUINGT ) (ArAt SKIP(21;

412 Elql=r1t''
4r? ERR6=rorB'
4L4 S TACK { PTI ) =PGR¡IM í
4L5 Gl T0 SCiIN i
416 N0_RECi /t'USER DID NOT PRoVIDE ERP.OR REC0\,ERY */

Eìll=r lrB'
4L7 PJT EDIT ( I**+++ . NO ERROR RECOVERY PROVTDED - ONLY IT

ISCAN CONTTI.JJINGI ) (A,AI SKIPI2I;
4LB STACK(PII)=PGP.AM|
4I9 G3 TO SCAN;
42O F r,lD;
r+21 lF Y=t<r THËN DOi /* THE RELAÍIONSHIP IS < */
4?.3 PT3=PT3+I i
424 SAVE ( P.T3 ) =PTl;

*/
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A¡JALYSE:

425 E t,;n:
426 PTI=PTI+I;
427 STAC((PTI )=PGRAlili
4?8 GO T] SCAN;
429 THF-END:

END ANAI-YSE;
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