
A Gi]ì.iERAI. PARSING,'rLGORIllill{

F0 Iì CONT lì)i I-FRE Il GR/rl.íl,l/rl?.S

A Thesis

Pres ent ed tc¡

the Faculty of Graduate StuCies and Research

The IJniversÍty of l"lanÍËoba

Ïn Parti-al llulfilment

of the reqlrirei,ients for the

lulast.er of ScLence

in Èhe Institute for Computer

Degree

Studies

b)'

Rainer I(os smann

Fel¡ruaiy L97 L

ir,t U Nrl¡dìX
t ./^ ,,,

.() ,/.\r'^'--- / /,/
ÍÇ
,ð --^ 't It1r. =-'-È\
:'l?rt 

^';.{ô¡¡v

t.Il1ii"i,

@ Rainer Kossman L972

;{ôi



AB S TRACT

Tire r.¡ork presen,te<1 in ttrls:thesis arose otl t of

an j.nvestigation concerníng the compj-1atíon of' a ne\'/

progra-ntting language, namely z\1go1-68 " A ra<1ically ne\r

synf:ax represent ation used in the def inition of Èhis

language malies the syntax analys1s of this language a

inajor ?roblern. one prolnislng lnetirod of han'c1ing thÍs

problem is the tïansformation of mosË of Ë1're A1gol-68

syntaxtoacontexË-freegrammarrvhichisreadily

handleC b:'' r'¡el"l--1'-nor¿n and exísr-ing mcl-ho11 s ' A 1¡rief

cl escríption of tiris gramlnâr transfornatíon ís given in

chapEer 5 of thj-s thesls.

A firrther result of. the prelirninarY

lnvesf-igaEíon \,Jas that iL tJas found to be extremely

useful and possibly necessary to have available a

general parsing llgorithm for conLext-free grammars'

This algorithm 
- 

ror" developed by the t,rriter ancl forms

Ëhe maj or sub j ect of Ëhis thesis ' The Lheory of Ël-rís

al.goritlrmispresentedinchaptersl'1.'rough4.l\

listing r.or a PL/L program, f u1ly r.rorlting but sË'111-

under developmenÈ, plus a fet+ examples are appended'
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Chaìr Lei: 1

INTRODU CT Ï OIi

}Ianyparsingalgorlthmsî.orcontext-free

grammarf; reciuire Lhe grammal: Èo be reritrlcËecl to some

proper subseL ol: context-f ree gîanTiìars. Indeerl o

general parsing algoríthms for context-free grammars

are rather scarce. This is fiot by accídenÈ since a

gSeneral parsing algoriËhn Ëends to be of a raËher

Lnefficient naËure. By placing a fer¿ res trictions on

the tyPe of contexE-free grammar that a parsing

algorÍthm r.ri11 rvork f or, iË is of ten Posslble to derive

greatly increased efficíency in the parsíng algorithm

f or srrch grammars.

oneexamplervhichdemonstratesËhisc1.early

consfsts of the \,lirth-I'leber plecedence grammars (1).

Effícient parsÍng algorithms for tirese grammars exist



and a îecent paper: by A"

demonstrâl-es an a.J-gorJ-thn

context-"free gramHel: inl-o

precederice gramÍr1ay (2) 
"

Learncr and A" L o Lim

that r¿ill trans f orm any

an equivalenL l{irth-I,leber

A sirnll-ar srat e af af f a:Lrs exists f or other

classes of contexi-f ree gralnlnat:s rvhich are sub j ect to

some restríct. l-on " f t is of ten possii¡1e to f incì a

gramma.r satisfyltrg a gfven set of resLrl-ctions buE

r¿hich is at the same time equÌ-valent to a given

context*free grammar 
"

The obvíc¡us qu-estion l-hat one must aslc no\ù 1s

rvhether 1E is rrrorthr¿hile Lo desilSn a general parsÍng

algoriÉhm f or context-f ree grafltmars, even tirough such

parsing algoríthns nay prove t:oo inefficient co 1¡e

feasfble as a. parsing algorithm for a production

compílerp oÍ Ínterpreter"

The ans\,Jer

f ol1or¡ing reason:

is an emphatíc tty"" tt for the

The language designer is not as concerned



lnitial-1y t¡ith the type of grammar he must

provide as r+Lih Éhe type of problein the grammar

must solve" The design of- the grammar ís thus

hf s maj or problern a.ncl wil-1 require the bullc ot'

his ef f orÈ. Ile should thus be expecf-ed to have

at his dísposal- the 1-argest possible set of

grammars. lurthermoïer he should expecË to do

a minimal amount of re\tritíng of a granmar he

has designed in order to test the grammar under

some systemr A general parsl-ng algorithm for

context-fi:ee gfamnars fulfi-11s these

requíremenLs ver)¡ nícely as the language

designer 1s provided r'¡ith a tool Ëhat v¡i1l

parse any context-free gralnmar. Once a granmar

for a parLicular applÍc¿ttion has been designed,

Lhe language designer may then of course

consíder the problen of transforminþ hls

grammar,.tnto one wh.ich r¡ill conform to the

resËricËions lmposed by a parÈicular parsing

algorlthm rvhich he r¡fshes to use l-n a

production compller or interpreËer'

The reason Just iitedo and the facü that no



general top-clo!¡r1 p left-*::ight parsÍng algorithms for

ConLeXt-free grarnmAliS \"Jere l:nor,rn to Ëhe r'rrltert I'Jere

corrsic1 ered su'.r-"ficLent jr-rstification for the developrnent

of such an a1-goritlln

TLre¡--erira.l.nde::ofthischapterr"illbededicated

Ëo providin 7, t-Je ba si c f taruer,rork of def initions ltithin

ruhl.ctr the '¿hesís isil-l- be presertted"

1" 1 B/iSIC DiIFIIJITTONS

A coÍ].\-¡e,nÍ:l.on acl opted throughout the thesis is

that síng1e, underl-i-rredo capitat letters represent sets

whereassinglecapital].ertersgindexedorunindexe'dn

represent single elements of a set' Thus, ttlL:'

represents a Sei and both trBrt ancl ttU 
ttt represent singl-e

elenents of sone set. Addítionally the notation rrat'"rr

ís meant to represent Èhe set of all strings that can

be llormed r,rith elenents of Èhe set A'

syntex of a context-free phrase structure

expressed wfth the aid of a finite aJ-phabet

tliesis A: 9. U È r^rhere

The

grammar Ís

Á," Ín Èhis



g = {an b, c, ..., xt yr "\ ís t'le seË of

ns¡oÈact.ic sarkstt, gxce:'t, x:ere cti.eräise s--tec

is the set of

DefÍne $ ". the sat of (nrner:ptv) strings over !' The

elenents o: -S,Í are tern€ d nproÊonoticns. " Def iae a

context-free phrase sÈructure grannar (c'f'P's'g') as a

4-tup I e

(!, P., syrbcl, Z)'.¡here

Vcg* is a finiÈe set' knoï'n as tie set of

ttno t Íotr s 
tt 

,

Z € Î is a Particular noiion knor"n as the

ttteaitt,

R is a Íi:iie s5-È of rules of tie for¡

l= {t' i' " '}
tto-.her syntactic ¡arksr.

1) Å: . called the enPÈ5 rule, or



2) A: Br , ßL e ôóoo Btt. nÞ I

rvhere B:€.L" i=i-u2, o""e.n and A€N r,¡here N =l.

y, - I. T. Ís the subset of \¡- cor-rslsting of those

elemenËs of V rohích end rulth Èhe particular

pi:otonotlon rrsymboltto Elements of ! are called

(termína1-) symbols " Elements of N are cal-l-ed

non-Ë ermfnals 
"

Adciitionally, any set of rules of & rvÍth Ídentical- lef t

hand sldes, say rrA: B., A:C., o o o o ÃzZo" are rer,¡ritten

as ttA: B; C; " " o j 2." o Further¡rore, there must not be

any rules A: B.é B such that A€, T.

A few furËher deffnítions are requíred " Let

mem.bers of Ëhe set ['t r.rr\^rrxryrzJ be elemenEs of V*. I,le

say that tt\.7 clirectly produces v (written tr,r---)vt ) by

êpplicatíon of the rule U:u." Íf there are (possibl-y

empty) strings rrvrr and rryrr such that t'w=xUyt' and

t'v=xuytt 
n

o' åv) ÍrI{e say thar ttrn¡ produces vtt (writt.en



1. ?= v or

2. "åo aud u=+y, ahere u¿'f

T'ie rrJ.arguage generated'cv a gra=sar G' (uritten

t(c)) is Cefined as

L(c¡= {rlr+z and r e l* vhere, as before, ttzÌt

is Èhe head of the grannar G and rrTrr is the set

of "sy:rbo1s" of the graraar G.

To explain these definitions a 1ittle aore

c1ear1y, a srort exa=pLe is::o'¡ in order. Consider the

. coutext-free, phrase structure grattrar defined bv the

4-tuple (!, R, sv=boI , 3 ) r.reere

R is the sei of rules

I= {faentifier, 1eÈter, digit, asvnbol, 5syebol,

onesymbol] r

f:.Celtiíie::1e:ter; iCertifier, letrer;

iiertifier, digit



letter: asymbol; bsymbol 
"

ttsymboltt is the protonotion ttsymboltt, and Z Ls the

no t:'-on ttidentif ier¡' .

Then Lhe protonotions such as ttidenËif ierfr,
ttle.tterlf , ancl ttasymboJ-rt are al-so notions by vlrtue of

the f acË cl'ra Ë they are f n V,

ttf s cl ef ined to betr f or tt: tt,

l¡orrt f or tt; tt, and

"f ol-lor,¡ed bytt f or tt 
utt u

The of:her syntacËic marlc rr. rr ís noË read but serves

merely to indfcaËe the end of a rule.

diglc: onesymbol "J

The set of ruJ-es å corrs j_sf:s of three rul-es " To

aid ín Èhe reacling of Êhese rules o the other: syntactic
..-ì.marlis lt, ir êe I may be read as fol-loïrs:



Thus, tire rule¡; l-¡'. S mair l:ÌoI'I be reacl as

t'(an) ilclentifj-e:i: ls defined to be (a) letter or

(an) iclen-Lifier follor+ed by (a) letEer or (an)

identíf l-er f ollor¿ed by (a) digit.'r

."(a) 1etËer is defíned Ëo be (att) asymbol or

(a) bsyniboL""

" (a) ciigÍL is deiinecl co be (a) onesymbol " "

Quairlitíes in bracliets ( ) have been ad<1ecl to improve

readabillty"

IÈ si-roul-d noru be not.eci that the members of ! are

noË furtTrer defined by .&. The inpl-ication is that the

definition of symbols is to be provided by the

lmptemenËor of a language define,l by the afore

nenüiorred. syntáx. The ímplemenfor is Ëhus free to

choose hls oL711 representation for a symbol, be iÈ an

English alphabeËic character, a Greek one, or possibly

several different characters for Èhe sar.ne symbol.



The symbols rùay Ëhus be regarded as undefined

noËlons and it may be consl-cle-rec1 thaC an impl-enlentor of

a language rn'i1l provicle his oÞ7n cl éfinítíons such as fot

example i

asymbol I äo

asymbol : rtr..,

routine that rvil1 be use<1 lnor: el-se rvil-1

çãõ^o¡1e'ino
¿!-!vi-,1''1-4--Ò

provÍcle

syrnbols"

Ifembers of T may thus be regarded just as any

of:hef notions and t'heir use effectivel-y removes frorn

Ëhe syntax cl ef inítf ons any Ëerntína1- symbols.

I.2 T]TE TRE]Ì STIìIJCTIIRE FOIì}f OF SYNTÀX DET'INITT-ONS

Occasionallyr a

easil"y unde.rstood if

represented in the form

conventfon thaË w111

lar exampl-e ¡v1l-1 be more

syntax definitions are

tree structure. The

pËed here 1s thaË the

particu

the

of a

be aclo

10



l-efthand sÍde of a rule r+111 l¡e a node of the tree and

Ëhere r"i11 be one branch emanatíng clor+nr¿ard from Ëhís

node for each alternaËlve of the rule. Thus, Ëhe rule

A s B; C. ttould have Ëhe foltowing apPearânce in a Ëree

st ructure :

c

alternative consisËs

these are represented on

a coinma" Thus, A å B, C;

B,C

In the latter case, there r,¡il-l be a seL of

branches emanating from each such no<1 e of. alt

a1ËernatÍve ruith multipl-e nodes. Thus, the set of rules

A ! Bo C; Do

If an

noËion, then

separated by

appearance

of more than one

the tree as nodes

D. r+ould have the

11



rj

B 3 C, f ; G.

C : 11; In

D : K.

r¿ould åppear as

tr--t.
C,F

It may now happen that a node such as C in the

rule B ! C, F; G. has been previously def ineci in the

tree.InËhatcasegítwtl].notbenecessaryto

geneïate a nevi subtree for this e C" InsLeadt a

doËted line to the previously deflned c I'rlL1 indlcate

.r^¡here Ehe ctefinition for node C nay be found ln the

Ëree.

If the syntax Lree for a context-free, Phrase

st rucËure grammar is drav¡n uP ¡ there r¡i11 b e ËIro types

of nodes in the tree:

Kh{

L2



a) ti.ose siÍch have

fro¡ Ëbe noCe

bra¡ches eEalatins doau¡ard

do not have do'¡nward enanatin g

end nodes. There exist t¡ o

b) aad those shich rlo not have branches e:ranatíng

dor¡lçard fro¡a tb.ea.

The nodes that

branches ray be calLei

types of end nodes:

those t'lat refer back into the tree because

previous iefini.tion for the noCe exisÈs

those nodes shiclì are svibolé and for çhich

def initiou existr;.

io coaclude the discussion on the definitior

tree for co:text-free gra!:ârs, one i=portant poinÈ

!usÈ -be s:resseê. ihis poilt is tie Cistirctior Èhai

esÍsts 're:çee: notiols aai cedes. A "noÈio¡i' is a

ner5er o: ! r.'Lj.ch çav hoçever occur as Eore thaa ole

t'aode' of the ôefinition tree for a contexÈ-free

grartrar. T!ese nnoCestt are quite distilct fro¡ each

a)

nob)

13



oeher.

In further

rsfll- be extended to

Thusu ín Ëhe syntax

discussions, the concept of ttr¿odett

cover Lhe ttnode of a syntax ::ulett.

rul-e

B, C; B, I). ,

the rt¡rotfons" A, B, C, and D are ttnodestrwithin that

syntax rule. Note f urther that Ëhe f írst node rtlìtt of

the syntax ruLe 1s quíÈe dl-stj-nct. from the second nocie

rrgtt of that syncax ruleo IÈ is evj-dent that, if. a

de'f l-nition Lree ís drar.¡n up f or a slyntax ru1e, each

nocle of the synËax rule r,¡i11 be represented as a node

on the definfËion tree and Ëo each nocle of. the

definiËÍon there corresponds a node of Lhe syntax rul-e.

The basic defÍnltÍons rüfthin r.rhich the thesl-s

will be presented have no\^r been covered " The f ollor^'1ng

chapËer rvil-1 be devoted to presentfng a parsíng

algorithm due to Floyd r,¡hich r¿il1 f orm the mal or parË

of Èhe general algorithm presenËed ln this t,hesls.

14"ð_



CHÄPTER 2

I¡LOYD 1 S ALGORITFI]:f

The parslng aLgorithm presented in this chapter

is a modified versÍon of an algorithm due to F1-o1,d (3)"

IÉ fs a top-do\r'n, left-rtght parsínq algorithm v¡hích

include s l:achtracking 
"

In ciris cirapter, a shorf- sect j-on on terrninology

r'¡i11 be f o1l owed by a descriptlon of Lhe tvro ma j or data

areas used by the parsing algoríthrui Ëhe syntax table

and the analysis record. FollorrÍng this, the operation

of Ëhe parsing algoriËhm r¡Í11 be discussed along rvith

an example that demonstTates lts operation.

2 .1 TIIE SYi'f TAX TABLE

In Ëhis

cable wilL be

Ëermínology used

sectiono the

explained.

must ffrst be

structure

Hor'rever,

deffned.

of Ëhe syntax

some of the

t4 "b



2. .I . L TEI?.UTNOLOGY

Íiuppose f:he follovring t-s rule o f

cont ext.-f ree gramrùar .

A:B;C,D.

Then B 1s cal-l-ecl a ttsontt of A, A is cal_lecl a ttf athertt

of B, and D 1s caLl-ed the t'next component'r or simply
ttcomponenttf of Co Infreqr:entlyn C may be referre<1 to

as the ttprev:ri-ous conponentr!of Do Note that A. Ís also

the faËhet of C and D and that C and D are sons of Ao

C f s f urther called tire ttbrothertt of B 
"

2"I.2 THE T¿.BLII

The approach used here is for the syntax

definit.ions to be sËored in a lisË structure form

insEead of a étrfrrg of synÉax definÍtÍons as used by

F1-oyd ( 3 ). The advantage of using a Iist structure

derLves from the nact thaË fast parsJ-ng algorithns may

be consËructed for granmars specifíed ín this form,

especially tf Ëhe parsing algorlthm is r+rl-Eten in a lorv

15



level language such

Ëhe parsing algorlthm

specified Ln Llst struc

as Assembler. Â't

remafns simPle

Eure form(see also

the same time,

for grammars

ö)o

The l-lsr structure form of the

definitions as used here consl-sts of one four

line in a syntax tabl-e f or each def inition ' Th

has the f ollovrLng conf iguration:

synËax

element

ís line

The flelds

son con.tain Pol-n

syntax tabl-e for

rule A¡ B; Ca I).e

tabl- e f or Ëhe no t

Á. rsill conËtírt'

f:he s)zntax table=

given 
"

for the brother, comPonenË; and the

Ëers to Lhe respective rule within the

these quantities. For example, in Ëhe

there r,rfl-l be a line in Ëhe synËax

fon Ao The ttsotltt field for the notÍon

a pointer rshl-ch points to the i-ine l-n

in rshich the deflnLtion for B is

Ëhere is a brother Ëo the notlon B and

16

I.lor,rever o



tirj-s 1-¡rothr::,: consJ.s;is of- f-:he notlon C fol-lovrecl by the

notion D. To note tliis iact, tìrere r.ri11 be a poínËer in

tþe "lrorhei " f j-eJ-c.l of B thaL polnts to Ehe line in the

s,vnLax tabie itr rtl-rich the notion C is def ined ' The

"componenf:" field of the rrotlon C r'¡i'11 contain a

poÍnter to the line Ln r'¡hích the notíon D ís def ined'

Ai:sence of a brotl'rer or a component is noted by

a zeîo in the corï espon<ilrrg f :leld '

. .A.s f et r no reason has been given f'or the

exl-sÈence of the cocie fieIcl and this situation r+í11 now

be rectl-fir¿ci. It. \,ra.s mentioned prevíous1-y Ë1-rat no

terminals exis f: r¡ltirln tire syntax def initíons but there

ate ,'r;yr,boLstt f or rvhl-ch no f urther def inlËions exíst.

The pal:ser mtl sE lie abLe to reco 7'n7-ze the occurrence of

syrnbo ls and thís is rlone by means of placing a terrnl-nal

syrnboJ- cocle in the eocle l:iel-rl of a notlon l¡hích ís a

s yrnbo 1 .

RecognitÍon of terminals r¿Í11

recognizer routine rvhich ls activaterl

ffeld contains a cerminal symbol- .codeu

be done bY a

r,¡henever a code

The subordinaËe

L7



fieid oî. the L

contain a jroin

l-rLst ":d r¿hích

to reco gn1-ze a

ine- in the syntax tabl

ter r+hich points into

i¡ill- be used by tlr e r

s ymi;o 1 .

e for a syrnbol r.¡i11

a terminal symbol

ecogni-zet in trying

Employing Ëhe scheme of

f or Ëhe recogní t.f on of terminal-s

to consLruct a recognl-zer r,rhich

single charac Ëers but also

consist of the concaEenatíon of.

a terminal syrnbol- 11st

, it is rel-atively eas),

not on1-y recognizes

syntactic unÍts rvhich

l-r,ro or more characters

dlfferent characteror r+h 1c h have severaL

repres eÐ.tatÍons o

The parser must notr tes t the code of every

notÍon consídered during a parse to determine r.¡hether

or noË the notíon is a syrnbol, GreaË gains ín

generality carl notu be real Lzed. by malcing ttre cod.e f ield

a poincer r¿hich rvÍ11 point to a routlne; Ëhe reco gnLzex

ín the case of symUols"

Á.s ruíth 
. 
many other t.opícs, Lheory and practice

do not always go hand in hand Ln the parsing of

grammars, The difflculty in parsing of grammars of

1B



course is tha.t ít is possíb1e to consËruct contexE-free

grammars Ín theory but that Ln practice the programming

languages are general.fV basecl_ on syntax defÍnitions

rnrhich are not entireJ-1, context-f tee " It is thus

necessal:y Ëo be a1¡1e to c¿1rry out special actions for

some nr¡tions other than symbols. This is f acil-itated

fn the approach used above at no extrâ cost to the

parsing algorithrn by simply placing pointers to a

special- handling routíne into the code fíeld of

noÈions requirÍng such special handling. The need for

recognizing symbols of course is the reason rvhy other

special handling rouËines can be incorporated at no

e?rtra cosE to Èhe parsing algorithrn"

Às an exampleo the follor+ing grammar previously

used in Chapter 1 wf11 be encoded into a syntax table.

Let ! be the set of rules

identf-f J.er, letter;f¡aentifier: leËter;

fdentifier, digÍt.

letters asynbol-; bsymbol

diglt: onesymbol.]

t9



Then, the f o1-lor+ing

gr ammaT :

li " Not ion

i : fdentif ier.

2. 1-etcer ¡

3" fdentÍ-fíert

4. 1-etter;

5" ldentifj-er,

6 " digit.

7 . asYmbol;

B. bsymbol"

I . one symbo 1- u

tabl-e is the sYntax table for Ëhis

SYI.ITAX TABLE

Broth ComP Son Code

0

J

5

5

0

0

B

0

0

0

0

4

0

6

0

0

0

0

2

7

2

7

2

9

I

2

3

0

0

0

0

0

0

t

Ë

t

Thus o lfne 1 sËates that the son for

"idenËifier" is to be found 1n line 2; 1.e. the syntax

def inf tion f or rrident,if ier'r beglns in Line 2. Line 2

state.s thaË Lhe- 'tldentifler'i of line I may be possibly

a l-eÈËer ç,hich fs defined in line 7 (pointed at by

,,son") or alternatfvely may be defined in lfne 3

(pointed at bY "brotherr').

20



It may therefore be said that an alternative

def ínition f or "idenËif ierrr is Lo be f ouncl in line 3.

Tlrf s' aLternatlve def ínl-tion consists of, tire trvo

componenÈs tridenË1f ie::, letter"o

The rr4rr in the "componerrttr field of line 3

pol-nt,s out the fact chat the fou::th 1Íne, a defínitlon

for 1etÈer, is the "next component" of line 3. Thus,

lines 3 and 4 are Just one of the definitions of tI're

ttidenËif ieru of Lfne 1.

Of interest no\? Ls the ttso11 tt f íe1d of. 1i_ne 3.

Slnce l-fne 3 musÈ def lne an "ldenttf iêTt'o Ehe f act Èhat

t'identÍfier¡r has been previottsl-y defined in J-íne 1ís

noted" In l-ine I, one ffnds thaË ttÍdentifÍertt is

defined sËartíng at line 2 (see Ëhe "sonrr fl-e1d of line

1) and Lhus, thÍs 2 f s merely copied in Ëo tl-re "sontt

field of'line 3o T.ine 3 Èherefore states Ehat tta

<iefinition for Ídentifier may be found starf:ing at line

ztt "

On1-y ttre ttsymbolstr of lines 7, B, ancl 9 remain

unexpl-aíned " The rrt¡r ín the code f ield of these 1ínes

2T



is a code rvhich indicates Ëhat these are terminals and

require a recognÍzexa Tf. any of these 1fnes is made a

goal of the parslng algorithm, the recognízer v¡il-1 use

the ttsont'of these lines as an lncltcation of what

trsyml:ol" 'must. be recognLzecl . For example, in this

case, the 1, 2, or 3 mlght índícate Ëhe first, second,

or' thírd symbol in some terminal synibol 1Íst r¡hlch ís

used by the recognl-zet,

2.2 THE ANALYSTS RECORD

. The anaLysis record is an area in r,¡hich detail-s

of a partlcul-ar parse are recorded. Thls analysis

record r¡ill normall-y be sËored and passed to a semantic

routlne at a 1aËer stage for the purpose of code

generaËion. Before going into details about Ëhe

structure of t9u anal-ysls record, it fs again helpful

to first define a few terms.
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2"2 " 1 TER}.fINOI,OGY

Each llne l-n the analysis record rvílL be of form

and tsill- have a ll-ne number

within the analysis record.

denoting its position

AË any sËage duríng the parse, the parsing

algorÍtirm ¡uil1 I¡e consider'ing a goal and there r¡111 be

one 11ne in the analysis record corresponding to this

goal-" tuPoinÈert'in Ëhe above analysis record serves as

a link to the syntax definitions r,rhÍch ties the line in

Ëhe analysis rec.ord to the specific goal 1n the syntax

tables. TÌrís goal under consideration rvill- in general

have a father, a sonr and a prevíous componetìt and

there r¿111 generally be llnes 1n the analysis record

for each of these quântitfes. In the above diagram,

superior, s,rt ordlnate, and predecessor are llnlcs which

hol-d the line number wÍthin Ëhe analysis record of an

pointe eTl-or predecessor

23



outpuL line f.o'r the f a1-her, son, and the previous

component tespectÍve1y" Absence of one of these

quanCities is denoËed by a zero Ln the respective

f ield, The terms rrpoinËer", tt"rperíortt, ttsubordlnatett,

and Itpredecessor" have nor^/ been defined and the

operations carríed ouL vrfth the analysis record are

discussed next.

2.2 "2 T]I]] AI.JALTSIS RI]CORD ORGA}trTZATTOIi

.Slnce a goal rnay have nore than one subordinate,

the suborclinate ín the analysis record will contafn a

pointer to {:he lasË suborclinate consídered. Consider

f or exanple tire rule A.: B, Co During the parse, a 11ne

v¡il1 exist i-n the anal-ysis recorcl for Ehe goal A. I{hen

the goal B is considered as a subgoa1, the subordinaËe

fteld of the line for A r¡fl-l- conËain a pointer to the

1íne for goaJ- B as shor.¡n bel-ow:

pointer s.uperlo-r subord-inate predecessor

24



Once B has

subordinate of

the analysis

re ar ran g enren f,

been reco gni-ze.d,

Ao This ls done

record for

oî. polnters 3

C must be made

by generating

C r.'Í th th e

Ëhe next

a line in

fol1or.,'fng

1) the subordlnate of

preclecessor fíeld of C

lt AS placed in the

lÍne for

of Ao

l_s2) a pointer pointing to the nekT

placed in the subordinate field

Thus, 1t is possfble to reconstituË

by Locatfng the last subordinate of a goal

by the subo rd l-na t e po int er for Èha Ë

chainf.ng back Ëhrough the predêu-îsors Ëo

e an analysís

as indicatecl

goal- and then

l-ocate al-1

25



suborclinaEes of the goaL.

The foltor¿Ín g enalysts recorcl constitutes the

analysis of Ëhe identifíer "ab 1 t'. The grammar used ís

the s¿ne grammar definingtticJ.enÈiflerrtchat \.¡as used

previously. The syntax table for this grammar \r¡âs

previously given on page 20 
"

AI{AI,YSIS RECORD

/l type,

I ldenË1f1er

2 i.denÉlfler

3 idenËifier

4 Letter

5 asymbol

6 LeËter

7 bsynrbol

8 digi- t

9 onesymbol

pofnt

1

5

3

4

7

4

B

6

9

SUP

0

I

2

J

4

2

6

I

B

sub

o
O

6

4

5

0

7

0

9

0

pred

0

0

0

0

0

J

0

2

0

The reader may have notíced in the discussion of

the syntax table and the analysis record that the

quantÍties'tfathert' and t'sont' of the synËax Ëab1e

appear to be identical to the quantitiesttsuperiortt and

26



ttsubordinatert

quite correct "

of the analysís record. This is not

The quantities rtfaÈÌrerrrand ttsontt are

1Ínks which connect the synt¿r-x definitions rvithin the

syntax tab1e" Quanrltf es t'superiortr o ttsubordinatett,

and ttpredeces sortr on the oÈher hand are links rqithin

the analysfs

component,s of an analysls.

disËinctÍon between Ëhese t\,/o sets of. poí-nters and Co

avofd po ss ible confus ion betr¿een them, they have

purposely been given dífferent names. Thus, whenever

reference ís made to Éhe ttf athêf tt o ttsontt, ttprevious

compone Dt" , or rrnext coTnpone-nt ft, it is imrnediately

obv j-ous that a llne of the syntax Ëabl-es l-s 1nËended.

Reference to ""nperiorrr, tlsubordinatert, or
trpredecessortt on the oËirer hand lmmedlately makes íË

knov¡n that a line of. Ëhe analysis record ís belng

referred Ëo.

The connecËion bet\deen these two tables is of

course vÍa the rrpoinEerrf of the anaLysf s record " It

índicates the line of the syncax Ëable to rvhích the

Llne of the analysis record corresponcls "

record r¿hích connect Ehe various

To emphasíze thls
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2"3 TIIJJ PARSING ALGORITIl}{

To explain Lhe 1-ogic of- the parsing algorithm, a

metapl'ror due Ëo F1-oyd is reproduced here(E),O"fy the

sLatement of syntactic rules has been changed to

conform Ëo Ëhe conventíon adoptecl Ín thís Lhesis.

tt Suppose a man is ass i gned the goal o f anaT.yzing

a sentence ln a pl-rrase structure language of known

grammar" Ile has the porùer to hire sul:orcl inates, asslgn

them taslcs u and f ire Ëhem if they f ail- ! they ín turn

have Lhe same porrer. The conventíon r¡i11 be adhered to

that each man r,rill be told onl.y once tttty to ftnd a G"

rvhere G is a notion oî. Ëhe language, and may thereaf ter

be repeatedty told t Ëry again I if the particular

instance of a G r,¡hich he finds proves unsat.isfactory Èo

hls superiors. Dependíng on the form of Ëhe definition

of G, each subordinate (e" g. e S) should adopË an

appropriaÈe strategy:

Tf G ís a termÍnal character, and ff it is the

next character of the sentence, S must. cover

1"
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,)

the character, ancl report succes s to his

superioro If it 1s rroE the next character of

the sentencer..s must rePort failure' After

successe if told by l-ris superíot to try again,

S musE report faílure and uncover the

character.

If G:G1., S rnusË appolnt a subordinate S1 r'rith

Ëhe cornmanclo ttry to fincl a G1r. S repeats

Slrs report to his suPperior, firing Sl on a

report of failure. If told to Ëry again, S

must te11 S1 to Ëry again, again transmitting

the report to hís superÍor and firing St on

faÍ lure

If G:Gl , GZr o o. r Gno, S musË aPPoint

successively one subordinate Si for each Git

r¡ith the command o t tty to f ind a Gi ' 
I If Si

succeedáo i is f-ncreased by ol1ee a nerr

subordfnate hired and the process repeated

until i is greater than n r r+hen S reporËs

successo If Si fails Sl is fired ' i ís

decreased by one and if i is greater tlian zeto?

3.

29



4.

the ner,¡ Sl (predecessor of he r'¡ho failed) Lol-cl

to try again. Îf i = 0r S reports faflure,

hav j-ng exhausted all. ruays of f índing a G" If

after successr S is told to try again, he sets

i = ns tel1s Si to try agaín, and proceeds as

before on Sils rePort"

If G: G1-; G2 ; o. e Gn., S must apPoint

successively one subordínate Si for each Gf'

ruf th Ëhe pommand , I try to f índ a Gi ' 
r Tf S

f aíl-s he is f ired o i is increased by one, a ne\'¡

subordinate hired, and the Process repeated

unEiJ- i is greater than 11r r+hen S reporËs

faflure. If Si succeeds r. S reporËs success '

Tf af.ter succes s S i.s told Ëo Ery again, he

telLs Sl (who succeeded) to try again, and

proceeds as before on Slrs rePorE'

5"
/'

All more

regarded as

types. rl

definítions can be

from the firsË four
compl icated

bull- t up

the backÈracking featureIt ís evident ËhaË

30
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the algorithm ls Ëhe tËry againt fa

operatÍon of Ehis feature may I¡e diff

l-s advantageous tg visu aLíze

dfagramatlcally. Suppose a goal

successor G has the follovring

assocíaËed ¡vith iL:

/\?q

ci1-ity. Since the

icult t.o grasp, it

Eh is operat ion

A r,zhich has a

definltion tree

Then ¡ supposing

vl-a the no t ions

It may be that

fs told to try

dotrn¡+ard along

Ëhe tree rvith

processÍon along

Definitions for
Gu Bu and D not
shov¡n

arbitrary and
unspecified
aLternatl-ves

Ëhat success had been reported for A

lying along the path from A to asymbol,

a G can not be found. In that case, A

again and tl're parser rvil-1 proceecl

tire previously recognízed branches of

try agaln commands. This dor*rnrvard

Ëhe branches of the tree is of course

D1

31



pos:ible by chaíníng through the subordínates.sEored íu

tlre ana. lysis record o

As soot'r as this process learls to the lastmost

recognlzed terminal, ioê.¡ asymbol- in thís case, the

sËring poinÈer is reset so as to uncover asymbol and

f ailure Ís reported to asymbol- t s superl-or (notion E in

this case). At Lhis poinE, Ëhe parsing algorithm exi_ts

from the Ery agaÍn mode ancl continues parsing normally

(in other lTords, ah,u next alLernative to asymbol is

tried in an atternpt to satl-sfy goa:- E etc").

Thusu using Ehe try again feature, Ëhe entire

".tbtr.. defining A ls scannecl before failure ís

reported for ¿,. (This conÈrasts Ëo normal parsing

a1-goriEhms rvhfch, afËer havlng met rvlth success for the

goaL Á., r¿il1 try the next al_ternatíve of ttAo Go" if G

shoul-d happen to failo Thus, normal parsing algorithms

may leave pa-iL of tl-re defÍniËion tree for A

unexamíned " )

The complete parsing aJ-goríthm is presented on

next page as a flo¡rchart. A short description ofthe
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the r; Ë e rmino 1o gy used in the f lor.rchart f ol-lorEs:

1. ttar tt represents the

record" It 1s implicí

subscripË ís given"

"Tf indlcaËes the first

analysis record.

line in the analys 1s

subscr:ípterl by lF f t no

emp Ëy l-ine in the

r âs

fng.

itF"

Ely

2. trpoint.!r¡r tt"tpïtto ttsub.itto and ttPred 
{t represent

respectívely the pointer, superior,

subordinate, and predecessor flelds of the 1tl'r

. line of the analysis record. These quantities

are always irnplicitly subscripted b)')u íf no

subscripE is givenc

rl)(r lndicates Èhe currenL 1íne Ln the analysÍs

record on r,¡hich the parsing a1-gorithm is

operaÊlng.

3.

4o

5. rrJ rr indicates the locatlon of the nexE

unrecognized character in the J.nput str

33
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trbroÈh¡t, ttcompto, and ttsontt are respectively Éhe

brother, next component, and son of the

syntactl-e goal eurrentl¡r under consideration.

l{oËe tirat t1-re syntactic goal currentl-y under

consideration is recorded in pointO . Thus,

ttbrothtru ttconptt, and ttson" *ty be ob taíned by

uslng the llnlc stored in pointT to Índex tl-re

synËax tabl-e, It shoul-d also be noted that

access to the code fÍel<i of the syntax tabl-e is

possible in the same manner. This code fle1d

musE of course be accessLble in orde:: that a

decfsion as to rrrhether or not the goal ls a

terminal- can be made.

7. ttsave" is a t.enporaty sa.ve areâ

The meanlng of the fl-or.¡chart statement rrsub";;p::ed

r¡11-l- thus be:

6"

1"

,

Determine the conLent

an ind ex rtlcrr 
Ë o sub .

s of sup¡ and use this as

Carry ouË the operation subU+ pred^ ; f .e.

move the contents of pred^ t,o subO 
"
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, The meaning of the fl-or,¡chart shoulcl no'.+ be

self-exp1-anatory"

To c.onelude thJ-s chapter o a complete exarnple

demc¡nsLrating how a typical grammar is handled ancl

parsed ivill be presenËed. LeË G = (9, 3.n symbol, Z) be

a c"f"p.s"g. where

& i" tl"re follorvíng set of rules:

^A.ssurnf ng the asymbol- is repres ente,1 by tt"t', Ëhe bsymbol

by ttlrtt, and the plussymbol by t'*tt, then clearly

[ = fu*ptession, l-dentf fíer, asymboL, bsymbol,

lussymbofJ,,

fl= expression,

ldentifíer: asynrboL; ldentffier, asymbol-;
afdentlfier ¡ plussynbol.J

{e"Oression: identifier, plus syrnbol, bsyrnbol.

L(c ) = {a"*{l lr}r, "e&,*J oJ.
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116i,rs1rê!', i.or qÞi, the first q-l plussymbols are pârt

of. the' icientifl-er r,¡irereas the last plussymbol is an

operato::.

Clea;:1y, tirere Ís some l¡rca1 ambiguity here even

thougLr 1-1-re grammar on the l¡ho1e is rrnamb iguous .

Consider the problem of. the top-down parsing aLgoriËhrn

rvhích h¿.s as

ttexpressi-ontt. It

its subgoal the ¡ridentifiertt of

must clecJ <1 e hor¿ many of- the

p1-ussyrrbols a-fter the lniËia1 rrasrr are part of the

identiJìj.e::. (Itrote that it fs lrot correcc Ln this case

to search for Ëhe longest iclentif ier. ) The

backt):acL-ing f eature of Fl-ovd I s a1-goríthrrr al-1o¡rs this

local ambiguity to be resolved because, if an

ídenLifíer has been recognized incorrectly, í"e. the

l-dentif Ler is -.not, of the right length, then the

algoríthm wilL ttcry againrr at a later stage to fínd

anoLher idenËiffer until- al-1 possibilitíes have been

exhausted.

Tire fol-1or,¡ing analysís of the expression 'raf*brl
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is provided as an íl-lustratlon.

// Typ e

1 express ion o 0

2 ldentifier, 0

3 plussymbo 1. 0

4 bsymbol" 0

5 asymbol; 6

6 ldentl-fl-ere B

7 pLussymbol. B

B. identifier, 0

9 asymbol 0

SY}ITA.X TABL]I

Broth Comp Son Code

0

3

4

0

0

7

0

9

0

2

5

3

2

I

5

3

5

I

g

0

t

f

e

t

0

t

IË is assumed that for terminals (lines 3r4r5r7r9)? the
ttsontt field contains a poÍnter into some Ëermína1

symbol l-isL. 
-Thr", 

Ëhe first el-ement of this list

rvould. contain "a", the second el-ement rtbrr, and the

third a r'+rr 
e
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ANALYSIS RECORD

t]NE ¡I PO]NT SUP SUB PRED

L

2
1

3
2

1000

2100
2

t21 lnitia.l1za.t1on
entry (fina "expression")

sub <i-),'-

entry (ffna n'id.entifier")

gUþ.¿- )f

entr¡' (find. "a")
succeËs ( "asyrnbol" found )
save"å- 0

suecess ( "ld.entlf ier" f oun<l)
save4-. 3

sub"¿- ?-

entry (rtna "+'")

success ( o'+'o found. )
SaVe,:l.- 4

"t 
¡ æ- '!-

entry (find. "b")
failure ('nb" not found)
sub*,rn<* Pred.

¿r,r)r a.galn (ffna another 'o*o')

failure (uncover "+")
sub e* Ðred.sup

try a.gain (fina another
t'ldentifier" )
Àæ-- sub

try agai-n (ffn¿ another n'a")

failure (uncover 'oa")
point "a- broth
entry (fina "ld.entifler")

sub æ- 2l-

entry (ftnd. "a")

success ("a" found.)

""o's 
Æ- 0

5200
3

3102
l+

4
T

4L0Lt'
5

23

34

45

4
Å

56

t+5

24

?

t'l
H
E4 l+

3

I+

3

6

5300
4

38
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ANALYSTS RECORN CONTED

LTNE II POINT SUP SUB PRED COl,ll'1E'l'lT

success ( "id.ent3.f ier" f ound )
save.a- '7

sub-+- )f

entry (fin¿ n'+r' for "identifier'o)

suecess ("t-" found)
save'+- O

success (iOentifier" found)
save *¡- 3

sub.ø- V

entry (find. "+o')

success ('0."'found)

"r's 
* 4

"u¡ 
q- )¡

entry (fl.nd. n'b")

success ("b" found.)
saVe "qi'- 0
sentence

?203
5

5
2

3102
6

4to6
7

3

?

2

L

56

6?trl
H
Fr l+

L

I

5

3e



The fin¿1 analysis record. nor¡ has the following a'ppearance:

tn'rE # Porl'lr suP stlB PRED

t
2

3

l+

5

6

7

I0?

IIL5

vr3tþ
v30

vrr2o
ITTlO
rv10

0

0

0

0

)
2

6

. Hereu the Roman numer¿ls are pointers lnto the syntax

tabler.¡hereastbeArablcnumera}sarellnksr¡lthlnthe

analysisrecord"Iftheselin]tsareplaced.onatreesimllar

tothed.efinitiontreeuthenone¡+ould'obtalnthefollowingl

x- 1 6 2-1

3?5

L/I

4
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Replacing the Arabic nunerals by the notions for çrhj.ch the

Ro¡ian numerals of the co¡1respond-ing line of the analysis record

stand r¡j,ll then glve a description of tire analyzed sentenceo

This ne¡+ tree r¡ould. appear as follotts ¡

expresstcn

identifler o plus synbol u bsynbol

identifier , plu" sJ'mbol

asymbol

þ0b



ChapËer 3

RECURSÏOìT

The prlnclpal- dlffÍculty vrith the parsing

aLgo::íthnruptoËhispointisítsinabÍ1-itytohandlea

cerËainsetofproductionrulesr+hichareknor''rì.as

fecursive Productfon rules"

In

t e rm s i.ri l-.1-

discussion

top-down t

this, âû

algorithm

this chapËerr recursÍon and some assocíated

be def ined. Thf s t'¡il-l be f ol-lor'¡ecl by a

of the dlf ficul-ties Èhese rules Present to a

left to right parsing algorithm' Folloiuing

al-gorithm that r¡ill enable the parsing

Ëo handl-e t,hese rul-es r'rill be Presented '

3. I BASTC DEIIT}JITIONS

and a

no E lon

Flrst

nocle

lsa

, r.ecall

for Ëhe

member of

the difference bet\ùeen a

grammar G = (n, Rr sYmbol,

V whereas a node 1s a node

noË ion

z)" A

of the
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deffnitfon tree for Go Thus, A is

Lhe set V. If Ëhe productíon
ttD : Ao E. " âre in .&, then A is

produótion rule. Furthermore,

prodrrcËion rule "B:ArC." is quite

node A of the production rule ttD:A

a notion

rules ItB

a node

tlu node

dis tinct
.t?ll

9u'

1f it is 1n

:ArC.tt and

within each

A of Ëhe

from the

Thi s

should be lcep

disË lnction

Ë in mind 1n

between not

the f ol lorving

ions and nocles

discussions,

For the remainder of. thfs chapter

w11l again be adhered to. Capital

subscripled or unsubscripted, rvil1 a

notions. Underlfned capital 1eËËers

sets " AdditÍ-ona11-y, any lor.rer case

subscripred or unsubscripted, frorn the s

! t zj r¿il-l represent some member of L't.

represent notLons separat,ed by commâs.

for example represent. the sequence

second notion, third notiontt.

, a conventlon

let.Ëers, either

gain represent

r+Í11 represenË

letter, either

et t", v, ltr¡ x,

They 1n fact

Thus, ttatt may

rrfirsË notion,
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The ordered set of noËÍorr" {Oo, At, A¿, ¡o' , n,',,J

where n ? 0 u is sald Èo be a ttcyclett if there exlst

rules ín B which are of the form

Ac : Aa r \rr "

At t A2r or1.

A.Z t Ag' \'I'e

It shoul-d be noted that a certain orderíng of

noLions exfsts in a cycle. Thus, in the above

definiËíon, foo, At, ÃL, ôcc AJ is a cycle uutfAo, LL'
ì

At, Ago c.. , A,*J fs noË necessaril-y a cycle'

Def lnition 3 t-L

A noÈion A in V.is saíd to be a ttrecursive

notion" if the rel-ation n å> ¡ r ir' ho1<1s '

Definitlon 3.2

Ar", Ào, rro"
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rf {oo, A¡o Ge . , A.r} is a cycle, thenfAir Ai.r'

..o, Art, Ao, ôôo , oirfl is a cycle"

Note further that a cycl-e xcay possibl-y contaín

only one notÍon A as is Ëhe case when one of t.he

productlon rules f.n B Íu of the f orm ttA:Ar\,/. ". Thís

type of product ion rule is usuallv ca1led a lef t

recursive productíon ru1e.

Lemma 3.1

Proof : By def ínition, Ëhere exis t rules in -8. of the

fo rm

t'i. t Ai*l ,'i+X"
Ai*t t Ai+¿' wi+Z'

,,

An¡Aorwoc

A0 , At ,.0! .
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L-l

i"lerr c e o

cycle 1l

Delinitíon 3.3

The c'/c l es

^^r\V\t "O t ""

t'r'ro cycles are

tlre other by a

Ai, , toL

r
tAL, Ål+r , ... e

'I dej- iirítion.

,\ 
h.,

Ao' ^ 
( i^

"ù-n ) 'o

f 
n ,, A¿, , A^J anrl Àü, Al+r ,

? "ta "¿'i 
ri to llc tteci rrivalcnt".

J

ivalent" if one can be obtaÍnecl

ic parlnutation of íts el-etnents.

u-t
tte qrr

ci¡c1

Tiru s ,

fror'r

)efinition 3.k

If

notion" if

false for

ll¡. ¡
l)..'lrlY.

,1. is in

all such

tt is in R. tl,rcrn ,'\
@

a cycle and the

J).

i-s call-e11 an ttentr','

rel-ation Âå;rBrr.r. is

tiris parti'cul.ar nod.e

A is an entr-v no tion

the recrrrsive noCc Ä

an enLr.,'

))ef íni ti on 3.5

I! t'B:Arrí.tt is in !, then

i\ is cal1ed a "recursive norlettif

anrf AåpBrrr. is fal-se. IJe sa:/ that

ttin../oliestttlle cycle itr t¡hich ¡\ is
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notion.

DefinitÍon 3,6

If t'A,a :Ao rwo ott ís in À tlien this particul-ar

occurrence of A is call-ed a ttcycle node" if A is an

entry notion and A¿å>n,.r, \'I" is true. l^le say that the

cycle node A ttreinvokes tt Lhe cycle to rvhich A is an

entry notLon 1f the f ol-1or,il-ng conditions are met:

During the parse by the top-dorvn, left-rtght

parsing a1-gorithrn e the parse has proceeded

along Ëhe lines

går* Ao, u¿. i+ vt, Air,, lrr vL.
*
=èlvllAo'.\'ro2w, vL.

wheru ,r*$ tr. and ,r"5.rr"

The prodúction rule that vras applled 1n the

direcÈ productlon of. t! o Aor rügr wr uz from

vt, Ar.-n \{r vZ is obviously ttÂ,a, Âo, r'16¡.rr and Ao

will therefore reinvolce the cycle to which Ao

is an entry notion.
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apply a

the nnS

Examp 1e

It shoulcl be notecl that tt is quite possíb1e Ëo

production rule r¿hÍch conLains a cycle node on

r¡íthout that ., cycle. nocle. reínvolcing a cycle.

3. I illusl-rates this Point.

Theorem 3 " I

If an input string u satisfies Ëhe nth parËl-tion

of a recursive node À, t.iren the ith partition of A t¿i11

be satisf ie<l in u f or all 04. j-ç.n.

Proof : By n stlccessive applicatíons of sequences

of production rules to 
^.r 

we have nJ$nr'or. i$4,
X*\ü¿e\\7,. +... i¡A, \,rn rt{n-l r a c. e\{l . + o¡!t+f ,t{ru

r o e o ¡rnr1 . 
5> 

". by statement of ttre theorem.

But, nån,ro*. $4,\ü3 n\'I¿ . 5¡... å4, \16 r"n-l

,. o. r * L. åtolt+L ¡\ü¡,,r c.. rvr". is theref ore also

satisffed in u and this is clearly ín the- nt'h-1

partition of A. Thís Proves the theorem by

índuction.
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Example 3 " I

Suppose a parse had procu"aud along the lines

Z=+81, Ai, B¿" -ë=-> Bt, A¡x¡ \rr ß¿.

*Bf o Aoo wo, \{¡ B,-. r+here i > 1. Suppose

further that f:he grammar conËains a cycle of tl-re formfAo
ì

, A ¿ , c o. , AarÍ and thaË Aois an entry notion to Ëhe

cycfe. Then in the above parse, the last production

rule appl-led ' r{as again Â n : Ao, \ro. IIor.¡ever o thÍ_" Ao

does'not refnvohe Ëhe cycle for r¿hich Ao is an entry

notion since the parse has not proceeded al-ong the

required f-ines; ie. the cycl-e has noË been previousl_y

invoked via the entry notion Ao.

To state matt.ers ín sinpler languãEe¡ a cycle

node A" only reinvokes the cycl-e to rvhfch Ao is .an

enËry noËion íf the parser has previously entered tire

cycLe by making Ao lts goa1. In tryfng to sarisfy tl-rl-s

goal Ao, 1Ë may then apply a ".i,r"rr"e of productions

whích rviLl Iead the parser to conslder A,.as a goal

r+1 thouË any ttsymbolstt being recognized Ín the meantÍme.

If the rule A lr : Ao, wo. í.s then applied, Ëhe parser

rvll-l- agaÍn consider L o ns its goal and it f s aË thls
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stage that Éhe cycle

It ís nor,J easy

pr ocee d along th es e

rvhích r,¡j-11 make A u

infinltum" Thus, the

from whíc1'r 1t can not

provis ions are macle Ëo

is said to be reinvoked.

to see that should the

llnes, f t wtl-1 rnake Ao u

a subgoal rvhich r'¡i1l-

parser r¿í11 be carrght in

extrÍcate ltself unless

s top this 1-oop ing.

parseï

sub goal

ad

a loop

speci fic

Tiris infinite l.ooping is precisely Ëhe probl-em

that recursive production rules presenË to top-dorvn

left-righË parsing aLgorÍthms.

Definition 3.7

If Ao l-s a recursive node in the rule B : tù t, Ao

, w¿. and ao'ë>u. r.rhere ttutt is a string of syurbols,

then r,¡e say that, rrurr is in Ëhe rrth partl-tion of this

particul-ar recurslve node A.ê if

anå> ar, ., , . å¡ Ao , u,¿, vl .

*,É.--)A¿r V3t u2-, \t1o:)...

-5-:rr ,+

-/.,ce 
Vt1 o tn-. , cc. , vt. å> ur .is true, and
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Au , vn, vrr-{ r c o o VI o oe vn+to V!î,s . û o 9 Vlt

is 1n the ,,ft partition of.

l-n cl e termíning an inPut

to be made the subgoal of

t1y n times before any

in the input s tring toolc

zeto of Ao "

the production

)ê'\ 
^

-**Ju' is false.

In slmpler terms, t'ttt

the recursfve node Ao íf,

'sLrfng to saEÍsfY AO, Ao had

Ëlre parsing algotitl-rm exac

recognit ion of characters

p1-ace.

NoËe Ëhat rturt may be 1n Parcition

This occurs r¿hen & for exampl-e contains

rules

A: B, Aoo C.

Ao, Ao, D; Eo

and, fn recognízing an Á.o , the rule rfAo :Eott \{as

applied.

Fol-1or'¡Lng wi1-1 be some examples that will

consoliclate the definítions presented so far'
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Example 3 " 2

Let R be tire seË

Then,

ttprgg: Íd.tt , t'id: Ído letter; lettêr.tr ,

ttletter 3 asymbol. tt

the noEfon ilidrr is a recursive notion.

the notion rrldrr is an entry notion.

in t'id : id, letÉer; lettêr o 
rr, the node rrldrt on

the RHS iá a cycle node which may reinvoke the

cycLe ttul dependfng on the .hlstory of a

parËicular parseo In the above example, this

cycle node v¡Í11- a1-r+ays reinvoke the cycle {tU}

irregardless of Llre his Èory of the parse.

Ëhe set {tuJ ls a cycle.

in ttprog: Ld. tt, tt1.1 tt is a recursive node which

invokes the cycle {tuJ o
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E:lamrrLe 3.3

Let R be the seË

ttprog:fd"tt

l-eLter. tt 
t

, ttfd: irlI.rr ,

ttletter; asYmbol.

ttldL: ici, letteri

Then,

the set {tu, ldlJ is a cYcle.

the set

e qu iv alen t

ln ttprog: id

Lnvolces tire

Itid I idl o.tt e

the noLion rtidrr

noL"

I,

the

n 
tt 

o 
.id*

cycle
tt id lrr is

i4 a cYcle

cycle {tu, tdrJ

{ra
I

EO

which Ls

1s an entrY notlon buL ttÍd1t' is

the no t ion tt 1d rt is a recursive noË1on'

Ël-re noElon ttidltt ls a recursive noÉion'

is a recursive nocle r¿hich

"l
{tu, idlJ . Note ÈhaÈ ln

not a recursive node'
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in ttldl: id, letter; letter.tt, Ëhe node rridr is

a cycle node r¿hich may reinvoke the cycl" {ia,
ìídU dependíng -on the hlscory of a pârticular

parse c In Ëhi s exarnple, this cycle node r.lil-l

aLruays reinvoke the cycle ftu, idlJ

irregardless of the hl-story of the parse"

a1: a2, xsyrnbol.

aZ z 40, ysymbol.

bl : a2, zsymbol.f

the notions rra0rr, tt"ltt, and ttaztt are recursive

noLfons"

Exanple 3 " 4

let & b" the set of rules
a

{nroe: a0 '

a0: a1; rvsymbolo b1.

Then,

tirer " .ru'3 cycles all equívalent to ["n, ?1,
IazJ .
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t.he notlons tra0rr and ttaztt al'e entry notions but

rralrr is iroË;

1n ttbl: a2,

ruhich involces

zsymbolott

the cycle

in t'prog: a0. tto a0

ínvokes the cycle

node r¿hich

no de

node rqhich

dependíng

node r¡1'rich

depend lng

has proceeded along

is a recursi-ve
eì{a0" a1^ a2lL"¿

, aZ is a tecursive

{tr, a0, "tJ c

tta22 a0, ysynbolntr, aC fs a cYcle

reinvoke the cycle {a0 , ãI, "2J
the hlstorl' of a partlcular parseô

aZz âo¡ ysymbol,tto a?- is a cycl-e

reinvoke Ëhe cycl e {a2, 40, "tJ
the history of a partfcular parse.

Ín

may

on

ín

nay

on

Suppose

Ehe line

a parEícular parse

prog-€>a0. :.) al. 
-) 

a2, xsymbol-.

In Ëh1s'case, Ëhe last

effected uslng Ëhe rule

ciirect production \üas

fral : a2 rxsymbol- o 
tt rvhere
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"a2" is a cycle node. Hor.rever, in this case,

!h. cycle node a2_ does not reÍnr¡ojte Lhe c,vcle

þ2, a0o 
"Û because it \.ras rìot invol<ecl

' prevlous-ly by applfcation of the rule
"bI ta2, zsymbol. " I,le also say that the cycle
node a2 is 'rnot active rr.

Suppose the parse had proceeded

Prog-'\a0. -+Þ\.rsymbo1, b t .
*èr¿symbolo a2, zsyrnbol.

=Swsymbo 1, a0, ysymbol , zs ymbo 1_.

ärvsymbol-, al, ysymbol, zsymbol.

-Þv¡symbo1, a2, xs1,mbo1, ysymbol, zsymbol.

Tlren Ín. ttr.rsymbol, bl:+wsynrbo.l , a2, zsyrnbo1.,,,
the productf on rule ttbl: a2, zsymbol,,,, rroulcJ
have been applfecl ancl r,üe ¡^¡oulcl say that the
recursf ve node n a2n r,¡ou1d have Ínrroke<1 the
cycl-e {ut, a0, 

"4 . We al_so say in rhis case
that the cycl-e node a2 is Iactive,, 

o
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-In¡:

r,rsymbol-, 41, YsYmboL rzsYmbol.

==+r,Isyurbol, a2, xsymbol, ysymbol, zsymbol,

1.tt r+ould have

say that the

1e l^r, a0, ttJ,yc

Èhe production rule "alia2rxsYm

been applied and !¡e woul<1 then

cycle node tt aLtt reinvoked the c

bo

Example 3.5

Let & be the set of rules

{tt b, semicolon sYmbol.

b: b j-, asyrnbol; c r asYmbol; asYmbol '

blt b, bsymbol-.

c : b, c sYmbol .

Then,



there are two cycles r¿hich âre not equivalento

Tlre.se are [u, orJ arrcl f¡, *

' the notíons ttbtt, ttlrttt, and ttcrr are recursive

no t lons 
"

the notion rrbtr is an entry notion.

in ttb 
i : b, bsymbol, tr rrbrr is a cycle node which

may reinr¡oke the cyc 1e

Of partLcular importance in this case Ís the

intta:b, semicolonsyrnbol. tt, rrbrt is a recursÍve

node r¡hÍch invokes one of the cycle"{U, trJ ot

{t, "J . In facË, b may Lnvoke both cycl-es ar

the same tirne as r"¡f l1 be sho,.+n belor¿.

in ttc:b, c.symbol. tt, ttbtt is a cycle node rvhich

may reinvoke the cyete{u, .} or the cy.t.fl,
or3'

It, oJ'l tire "y"r" {u, "J
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f.act thaE only one entry notion exists for both

cycles and that both c)'c1es are eutered through

this en'try.notion. In facto ín'fa:brsemícolon

symbolott, the recursÍve node b may be

' considered as invoicing both cycles {U, OrJ and

{rr, "} a t the same t ime 
"

¡.rh a

in

In

Ëh

mes

on

siv

arises

ng t'u

ode b

tt rev

rJ rritt

re-co g

the r

que s t ion

te rminal

re curs iv

nth parËi

he "rc r. [u
tt Ëimes l-n

part l-t lon

A furt

when t.re say Ëh

partit lon of

definition fo

parser Ëravers

cycl. lb, .]
rrur¡ is ln the

where n=f*J.

t is meant

the nth

fact the

atr Íf Ëhe

and the

of b e then

e node b

norl

stri

en

tíon

,b

the

of

becomes useful to

3 different types.

classify cycles

These are the

l-n

tt is

eals

ri
ni ti

e cur

her

ata

the

rll

es t
ttj

nth

Tl-re reason f or thÍs ís of course that, f n liavlng

the recurslve node b as its goal, the parser may malce

the sequence of notions ttb 
! , btt and tt c , btt its

subgoaLs ín any random fashion.

n ovr

to

IT

according

f oi-Lorving;
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Type 1:

Type 2z

rf{Aon Ag, o.o, 1,,^Jts a eYcle, then

only entry notl-on to it. Also, {ou,

Ís the only cycle with- entry notion

/\ 1, ,. . . o A 

^]f 
s a cYcle, Ëhen Ëhere are

tr'ro entry notions Ai, Ai. Also[on, A¡

AnJfs the onLy cycle v¡íth entry notions

{o" ,

least

rr loo, 4,,

only entry

are other

their onLY

Ao is

At, "
Ao'

.c., arJis a cYcl-e then Ào is

notion to the cYcl-e. Ilorvevert

disEinct cYcles rvith At also

entry not lon.

the

o, o^3

rf.

at

, ae c t

. Ai, A3.

Type 3:

the

there

being

All oËher more complicate<1 cycles not of these

Ëypes may be constructed from these first 3 types'
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This conpl-etes Ëhe d

discussíon of recursion.

productíon rul-es Present Ëo

parsing algorlthrn have been

v¡l1l- norv be sEaÉed exPlicit

efinitíons requírerl for the

The problem that recursive

a top-dovn left Èo righË

touche<1 ' upon Previous lY and

ty.

If AOis an entry notíon in the grammar G = (Vo&,

syrnbol-, z) then a cofiventional top-down lef t to right

parsing algorirhm may be caug,ht ín a never ending loop

if it shoul-d have Aoas its goal. This problem '.vill

occur tf the subgoals of the parsíng algorithm are

successively the recursive notions of a cycl-e l-n whj-ch

Aois an enËry notlon. Thus, if I^c, ,/r1r ...' anSis such

a cyclen the parsing algorithm may have successive

subgoals of Ai, Lr, c.. r Á.u. and applicatf on of the rule

A,t ¡ Ac, \roc r¿il1 Ëhen cause tjre parsing algorithm Eo

agaítt se1-ect Aras a goal. Thus , the parser wil-1 be

ttËrappedtt ln this cycle of subgoals '

3.2 AN ALGORITHÌI FO]ì HAÌ.IDLI}[G R.ECUT S ION

meËhod for stopping Ë1'ris 1-ooping rvfl-1 no\l be
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I

,l

presellted.RecallthefornraEofLlreSyntax]-Ístrvhl.clr

contai¡ s the s;yntax def initions f or the grammar ' Each

node of Lhe P-.T1'S' of a productíon rule \ras entered as

a line in Llij-s syntax l-isL and each such node had a

code fie.Ld aval-lable to it"

I'Ie r'¡i1l no\'I acl opt the convention of placlng a

specíal "recursJ-ve codetr into the co<1 e fÍel-d of a

recursíve node of. Ëhe gran¡ìar r and a 'rcyc1-e code" into

the code field of a eycle node of the grammar' As v¡as

nenticnecl pretrj-otrs1y, these code fiel-ds rnay be poinËers

rvhich poínt to ro1!tines that carry out special- actfons

f or Ëhe distincl- codes.

Suppose lle have

fol-1or'¡ing seË of

the grammar of exanple 1 where & i-s the

produc tions :

{ntoe t trr:.

id ¡ 1d n let ter; letter "

as ynbo I .]1et ter 3
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Thf

{'uJ
aPp

s grammar

" The syn

ear as fo1

obviously

tax table

l-ov¡s:

contains only the

for this grammar

Eype L cyc1e

vro rr l- d nor^r

1. prog

2" id.

3. Íd,

4. 1-etter;

5. l'etter"

6. asymbol"

bro th

0

0

5

5

0

0

SYNTAX

c omp

0

0

4

0

0

0

TABLB

son

2

3

J

6

6

I

code

0

r

c

0

0

Ë

The codes ttrtt andttctt stand for ttÌ:ecursivett and ttcyclett

respectively. IË should be noted that Ëhe entry notLon
rrld ¡t Ís def íned in 1íne 3. Furthernore e the sons of

both the lines for the recursive node and the cycle

node indicate line 3. This sEate of affalrs is Ërue

f or any general cycle i the son of the 1l-ne f or tire

recurslve node r,¡il-1 always be the same as the son of

the l-ine f or the cycle node. The line that is

indicaËed by these sons ruil-1 alruays be the l-ine rshere
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the entry notlon to the cycl-e is def íned "

.This 
extremely useful property r'rilL nor't be

exploiËed. During a parse e l-r" a recursive rrode Ís macle

a goal- of the parsing a1-gorÍthm, a seven element daËa

area is created, This area ivill be tagged r¿ith Èhe son

of Lhe recursíve node, in this exampl-e this son r.roulcì.

be 3" The cycle node can tiren refer to this stack also

through iËs sorr, namel-y 3. Th j-s e f f ectively allows

some means of counting how many times a cycle has been

traverse<1 o It 1s on1-y necessary to coDlmunicaËe wf th

tile stack el-ernenË created for the recursive nocle

whenever the corresponding cycle node is made a goa1"

IÈ 1s al-so possíb1e at this stage Ëo catty out cert.ain

specíaL actions e such as f or instance disal-i-oiting

reinvocation of the cycle Èo prevenE ínfinite looping.

3.2.1 Recgjrsion IlandlLng Deta Areas

There are tI'7o data areas

re cur s f on hand tìrrg .

requÍrecl for the
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1.. A ltst conslsËing of seven elements per Líne"

Each Line has the f ol-lotrzing f ormât:

ttrsuptt, ttrsubtt, and ttrpredtt are pointers

internal to Ëh1s recursion 1íst. Tirey are

similar to , Ëhe superior, subordinate , ancl

predecessor of the analysis record ín that Èhey

are responsLble for maintaining the sËructure

of tlie 1fst.

tttj tt Ís an area which contains a sËoreC val-ue

of the input srrfng pointer t'J",

/'ttparttt is a location r,¡hich stores a partition

value, and

"succtt ancl ttl-evelttare t\,¡o srvÍtches whicit hold

the val-ue tttI.uett dr rrf alsett o

rsup r sub rpred part succ l- eve I rj
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z"
^ 

List knorun as

of È\,/o point,ers

the ttrecursÍon Pointer 1ísttt,

of Ëhe f o1lor¿ing f ormat:

ttstptt is a syntax tab le polnter ' It

corresponds exactly Lo a line oÍ. Ëhe syntax

table vrhere an entry notion is def lned '

ttrlptt ís a poÍnter into Ëhe recursion list

r¡hich Índicates Èhe last line in the recursLon

list rvith rvhich the particular enËry notlon

indlcated by "stptr Lras associated"

Recal-l- cliat o in Ëhe syntax tab1e, the son of a

recursÍve node and the son of the corresPonding cycle

node rüel:e idenLfcal to the line number where the

deflniEion for an enEry noËion began" It is exactly

Ëhls number rvhlch is recorcled in ttstprr above ' The

corresponding ttrlptt points to Ëhe seven element entry

in Ëhe recursion 1fst which I{as created when that

6S



patticular enÊry node rvas macle a goal- o f the pars er.

Since âny partícular cycle nay be lnvolied many

times duri.n g a' parxícul-ar parse e it may be necessary to

have more Ëhan one line entered in the recursion l-íst.

Thus o since ttrlprr r,¡i1J- always point only at t1-re last

such 1íne, the f íetds rrrsupttu ttrsubtt, and ttrpredtt are

used to chain a1l Ëhe lines for a par:ticular recursive

node togeËirer in much the same way in ¡¡hlch the l-lnes

of the analysis record are cilained Èogelher b1' the
ttsuperior", ttsubordínaËett o and ttpr"clecessortt f ields of

the anal-ysis record 
"

It fs necessary at this sËage to expl-aín the use

of rtparttt,ttsucctt, and ttlevelrt of the recursion List.

Recall the definfËion of the rrnth parÈÍtíon of a

recursive node 4". By Ëhis is meant tire number of

tÍmes a cycle, Ëo which A is an entry noEion, is

relnvoked during a parse. Being an irnportanË quantlty,

thls number 1s kept in Ëhe ttparttt or Itpartitlontt fÍeId

of the recursion 1fst.

The "p"rÊftÍon" field is fnitlally set to zet o,

the ttsuccess" iieLd Ëo Itfalsêtt, and the ttlevel-tt f tei-d

to true. The meaning of the contents of. these ffelds
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Ís as f.aLLol,/s:

'| "p.rttj.i:ion" ín:itÍa11y incticates the partitíon

of the recursirze-_ node- that is to be examíned.

Thus, Lf. Lhe f iel-d contains f:he val-ue rrnrt when

the correspondiirg recursíve no<1e Ls made a goal

(eÍther directly or r+itl-r a try agaín command) o

then thís fn<1 Ícates thaË a report of success j-s

to be accepted only from the nth part,ition of

the uecursive node. The partition field also

doubles up as a ccunter ¡øhen the cycle is

Ëråversed" Every tine the cycl-e is reinvoked

the pa-:rt ition f ield is decremented by one o

Therefore,

fndícates

íf Ëhis f1el-d reaches zeto, 1t

Êhat the nÈh partl-tion of the

recursive node is being scanned. 0n the other

hand, if success or failure is reporÉed for a

cycle nodee Êhe partitl-on fíe1d 1s lncremenËed

by one iir order Lo retain the integrity of thís

fieLd.
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tosuccesstt is initiall-y set to "f alsettn If

success is reported for Lhe recursive node from

tire nth parËiLion, tt=uccesstt is set to "truett

indÍcatíng thaË success may possibly be found

f or t,he recursive node f n the nth + I pos iËf on.

ttlevel-tt is 1nÍtia1-1y set to ttfalset' if the

partltion field is greater than zero. The

1evel fieLU l" 
set to tntL'uett when success is

reported for a cycl-e node whose partitíon

contafns zetoo It thus serves as ån indicator

rshen. success is reported for a recursíve node

r.rhether or not the report of success comes from

the nth partitionc

This gives a broad description of the use of the

data areas of the re cursion l-is t n A beË ter

understandíng of-these areas and their function can be

obËafned from the foll-orvlng discussions on Ëhe

modlf ication of Floyd I s algorl-thm that ruill provide

Ëhis algorithm r.¡1th recursion handling capabilities.

.!

tJo
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this end, Floydrs algorithm must be modlfied

in f our Locatíons: af Ëer Itentfytt, af ter rrsuccesst'n

af.tet t'f aí1uret', and af ter .tttry againrt r+here the

quanfiËies indicatecl represenE labels of the floivchart

gf ven on pa ge 32-,b. It is assumed that. these

modificaËions will be in the form of insertions of code

or flowcharË sections immediately after Ëhe respective

Iabels, wfth the exception of the secËion of Ëhe

f lorqchart deai-ing rvl-th success. The reason is that

success is not reported ttfortt a node l¡ut rrtorr a

"superior" node. Any next components of the l:eco gnízed

node must thus be recognizerl before success can be

reporËed ttf ortt the ttsuperiortt 
Ì1 ode. A modif ie<1

fi-owchart is given on page /pb . Discussion of each

nrodÍf Ícatíon ¡viLl be subdivided uncler t\rro subheadíngs:

a) action taken when the goal is a recursÍve node

action taken r¡hen the goal is a cycle nocleo

To

b)
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3.2.2 l\fodificatÍons to I'entryrl

a) The goal fs a recursive node.

The action is slmp1y to generate a ner,r lLne in

the recursion l-1st ancl associate Ít wíth this

recursive node. The data elements of the line

are init íaLízed as prevíous 1y 1n<licated.

b) The goal is a cycl-e node 
"

f) The "prrtition" corresponding to

node is decremented by one.

the cycle

1i) The ".pârËitionrf field is checked" If ir is

less than zeto, then Ëhe cycle should noË have

been reiníoked and failure is reportedo If rhe
ttprrtitionrr field is greater than or equal to

zeîo, then execuËion continues norrnally.
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3"2"3 Ilocllfications co rr sLlc.cesstt

The goal for

recursíve node '

wl'rich success \das rePorÈed is a

f) The "level" field of the recursion list line

associated r'¡íth the recursi've norle is checlced'

If it. is "truett, then success has been reported

f.or the nth partitíon an<1 Lhe rePor t of success

.Ls accepËed o Itl thís case, Ëhe rtsuccessrr f iel-d

of the recursion list line ís set Lo tttruett 
'

The recursion list J-ine corresponding to the

is disassociated from the

vía !he ttrsuPtt, trrsubtt, and

of the recursion l-ist line'

operaË1on aÍe Presented l-ater'

a)

li
13

i;
ir"

ti
E

I
ii
Þ
s;
t:.r
t
I
ll
I'
l:

recursive node

recursive node

ttrpredtt fields

Details of this

if ) rf -the "1evel" f ield i

nth partition of the recurs

been reached. The report

be accepÈed and a ttËry

i.s sued o I t is thls device

s ttf alsett, then the

ive node had not

of success rqill noË

a gaÍntt commancl is

thaË ensufes that

7T



l_sb)

the only reports of success that l¡il1 l¡e

accepËed for a recursÍve node rvill be rePorLs

of success in- th9 nth Partitíon.

The goal f or which succes s r'Jâs reported

cycle node.

i) The ttp"rtl-tion" field corresponding Èo Ëhe

cycl-e node is checked. Tf- 1E is zero, then the

report of success 1s fn Lhe nth parLiËlon of

the corresponding recursive node. To

communicate this f.act to the recursive node to

rnrhl-ch success l¡i1L (poterttialty) be reported at

a l-ater stage, the ttl-eveltt f ield of the

recursion lise line is set to "Ëruet" The

ttprrÈiEiontt field 1s incremented by one and the

parse t ".," 
no rmal1-Y .

if) If the t'partltionil fÍeld is not zero, the

"level-" field 1s checked. If the "level-t' fíeld

1s tttruett, then the report o f succes s ls

accepted and the partÍtÍon field ís incremented
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i:y one before continuing r1ol'ma1ly. If tl're

"1evel" f ielcl is f alse, then ol¡vlously the ntll

partj.t:ion of tl:r,e recursive.node has not been

reâcned " rhe reporË of success is thus

re jecteci and a "tty agaÍntt command is issued.

3r.Z-4 .i:fodif íce!ions Ëo rrfgj-l-ltre"

The goal for r.rl-rich fail-ure is

recursive node "

repor ted Ls

A reporË of failure at Ëhis stage indicates

that the enEÍre ntil partition of Ëhe recursive

node has been scanned rvithout success. Howevert

it is posslbte thaË success had prevíously been

report,ed in the nth partition of Èl-re recursive

node ancl'that the current report of failure is

the result of a tttry againtt commancl to Ëhe

recursive node. In that case, there 1s a

possibÍ-J-Íry of. satisfying Ehe recursÍve node in

the nth + I partitíon ' Thus r one of the

a)
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fo11ov¡ing t\,Io grouPS

out 3

of actions are carried

i) If the ttsuccess ri f ield is tttrue" o tl-re

ttp"rtiEiontt fíe1d is incremenËed by onet the

"successtt fletd and the ttleveltf field are seL

to ttfa1sê", and the parser continues normally

asÍftherecursivenodelradbeenmadeagoal

fot Lhe firsË time" These acrions effectively

lnltlar:e th'e païser for an attempt to satisfy

the recursive node ín fts nth + 1 partition'

ii) If the ttsuecesst' field is ttfalse", Ëhen

this l-ndicates Ëhat the entire nth partition o f

the recursive node had been scanned rvithout a

reporÈ of success. There is therefore no

posslbil-ity that success for the recursive node

r¿il-l O..tound 1n the nth + I or a higher

parÈit1on. The reporË of fa:Ll-ure for the

recursive node rvll-I Ëhus be accepted '

AddiËfona1-ly, the corresponding recursion lfst

line l.s no longer required for the recursive

node and iL f; thus returned to a ttfree
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recursl-on line listrr.

The goal for ruhich failure

cyc le node.

is reportecì is

The report of failure Ls acceptecl ancl the

partitlon f ield is íncremented 1¡y one.

3.2.5 l'foclÍficatf-ons to t'tty againt'

a) The goal r¿hich

recursive node.

is tol<l to try again is a

b)

The recursion l-ís

assoclatecl rviËh

reestablished "

L line r¿hich \.¡as prevíously

the recursíve node is

For thÍs purpose, the "rsupt',
ttrsubtt, 

.and 
ttrprecltt f ields of the recursion

lisE line are provided. Again, the details of

thelr use rvÍll be explalned at a Later stage

(see !+"2). Anotlter try a_gairr command ís then

is sued "
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b) The goal which fs

nod e.

Eol-d to try again is a cycle

The on1¡' actions here are that the partition

ffeld ís decreniented by one and that the

il1eveltt f ielcl is set to ttf alsêrr u The reason

for setËing the "leveltt fieldttfalsert at this

stage ís as f ollorvs."

I.lhen a recui:s f ve node is told to tttry againrt ,

the ttleveLtt ftel-d is still trtruett from Èhe

prevlous report of success for the recursíve

nodeo If the t'partLtionrr fleld happens to be

zeto, Ëhen the r'level-tt field shoul-d contain

tt true tt

than

seË to

ze

il

If the field happens Ëo be greaËer

ro t hor¿ever, Èhe level f ield should be

f alserr " This r^¡ill automaticai-1y be

done by the ttËry againt'command to Ehe first

cycle node ruhich is Ëo1d Ëo tttty againtr.

A second Ínstance r+here the rtleveltt field musË
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be reset t.o ttfalsett on atttty agalntr command to

a cycle node occurs rvhen the nth partlÈion of a

recursive nocle has been reactrecl r¿ith sone

parLial success being rePorted in tl-tis

parLition. The r'1eve1t' f ield rvii I thus be set

to ,,truet'. However e it may rvell- happen that

thf-s partl-al report of success is later found

to be unsuitable because 6ome component could

noË be recognized. ttTry againrt commands wíl-l-

thus be issued. These comrnands shoul-d then

reseÈ the ttleveltr field to ttfalseot r'lhen a cycle

node is told Eo tttry againtt ' Otherr'rise ' there

is a distincË possibtlity that a report of

success in the nth 1 partition woul-d be

accepËed since the ttleveltt field incorrectly

remained "truett. This could quite possibly

cause Ëhe parser to go into an infinite loop

because a "try againrt command for the nth

partítion l,¡111 return a report of success for

the nth t partftÍon r¡hich r¡il1 subsequently

be found unsuitable and result 1n attËry againtt

cornmand for Ëhe nth Partitlon "o eËc"" ad

I

I
I,
I

L

Ínfinitumo
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It . fs

modificaËions

'r¿eIl to summarl-ze the effects of these

in order co bring theír purPose back into

basícall-y ca:rry out three disËinctfocus.

actlons.

The y

1.

2"

3.

A reporË of success for a

one time is accepted only

of that recursfve node.

recursive node at any

for the nth partítion

The entire nt,h parËítíon of a recursive node is

trled bef.ore f-he rrth + L partition is tried.

The nth + 1 partition of a recursive node is

trted only 1f success had been previously

reported in the nËh partition and a subsequenË

try agaln command Ëo Ëhe recursive node failed

Ëo produce success 1n the rernainder of Ëhe nËh

partlË j.on of Ëhe recurslve node.

It ís obvious that the meËhod of handling

recursion predented so tar l¡i1l- easily han<11e all type

I cycles of a grammar as long as these type I cycles
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are noË fnt,erconnecËeci in s ome \ray ,

The re ar.

r¡itlr type 2 cyc

way. These rvÍL

e hor,¡ever some

les and cyc 1-es Ëha

1 be discLlsse<1 in

diffl-cultles

t intercon.nect

Ëhe fol-lovring

invo l-ve d

fn some

chap t.er .

To

algoriËhm

chapter fo

comple

with

l l or.¡s 
"

te Lhís chapteru a

Lhe modifications

f 1or¡chart of Floyd I s

menLfoned in this
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Cl-rapËer 4

A GBI{ERAL RECIIRSION HAì1ÐLIl'rG ALGOJuTlllf

\,le have seen 1n the previous chapcer lror¿ sirnple

type 1 cycl-es may l:e handled ' In this cl-rapter ' tþe

handling of type 2 anð' type 3 cycles rvll-l be discussed '

This rvil-l- be fol-l-owed by a descrlpÈio'of some routínes

thaË a:.e necessary to do Proper houselcee'ping of the

ree-r.i'rsíonlistllnes'Follorvingthís'í'-nervflowchart

incl-uding these modificatíons witl be presenËed and

Èhls wIL1 then ín effect be Èhe compleEe' general-

parsing a1-gorithm for conËext-free grammars '

4 . 1 HA}iDLTNG T\¡T, T ? À\T) TYPE 3 CTCLES

The

handlíng ËYPe

cycles and

llgorithm
1 cycles

needs no

presented in ChaPter

ls also sufficient for

modificatíon to handle

3 for

type 3

thes e

BO



cycl-es. TYPe

dlscuss ed.

^L-r

cycJ-es r+:L1l tirerefore not be further

slÍght

rÍ thm ,

entry

íon of

of the

o,''"J is

there

r

han

re

on

nY

nd

' Typ e 2 cYcles hoi'¡eve

modi ficaË i on o f Ehe recurs

Recal-l rhat tYPe 2 cYcles hav

noËion and Ëhereiore have more

r,¡hÍch onlY one is active

cyc1e. For example, suPPoou{a.o

a cycle r+lth enËrY notíons

exisl production ruLes

r do

lon

emo

than

for a

Ar "te

Aoa

equire a

d1íng algo

tiran one

e cycle not

invocatíon

c r Aïo

ai . Thus,

^n' Ao, wo. rvhere Ao is a cycle node and

, Ai' toi. ruireru A,ï is a cYsls node.

suppose further that the cYcle \.7as initially involced

via enLry notion Ao. Thusu Aå is not an acËive cycle

nodeo Í " e. 1t does not reinvolce a c)¡c le since no such

cycle rn'âs l-nitiaLly ínvolced via entry notion Aî'

I{or,¡ever, in attempting Lo sâtlsf y the recursíve

node Ac, Ëhe procluction rule Ai-t t A i, wi o may well- be

ot(J¡



applied at some stage and the parser ís noht faced with

the probl-en of reco gnLzing that A i is not an acËive

cycle node" If thÍs is not recognizedo then it is

possible that scme daËa a:ceas of the recursíon lisL

line associated r,¡ith some ptutious Írrvocatíon of the

cycl-e via Èhe entry not ion A¡ rvi1l be incorrect ly

aIËered "

FortunatelY, lË is a relatively simple maËter to

determlne whether a given cycl-e node is actÍve or not.

I^Ihen a cycle rrode As is made a goal, it is flrst of all

determined if there is some recursion list l-ine

associaËed t¡iÈh the entry notion A:. If noit Êìren \'re

can immediately say that the cycle node AÍ ís not

actfve. If there is a recursion list line for Ëhe

entry notíon Ai, tire stored inpuË sErtng pointer value

trrJ t', sËored r^riren a recursive node Af rvas prevíous ly

made a goaL, Ls compared ¡vith tl're current val-ue of the

fnput sËring polnLer n j rt o If Èhese t*'o are equal-, then

obvlously the parser has proceeded along a parse

olå Ai r w. and thus the cycle no<1e is active sfnce

Ëhe cycle Ís reinvoked. If the tr,¡o pointer val-ues are

not the same, then the parser has obviousl-y proceeded

a pars" Ai$ ,0, , Ai, *2. and the Ai of the

ïohos. obvÍous1y does noÈ reínvoke Èire cyclee i"eo it
along
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ls noË acËive.

It is nor/t necessary to r"ecord r'shether or nof a

gf ven cycle node is actíve ' This r'¡ill be done by

extendlngtheanalyslsrecorclt'oincl'udeafiftirenLry

f or each líne o ca1-1ed Ëhe rractive" f ie1d. This rví11 be

set Ëo tttrue" if an actLve- cycle no<1 e l-s made a goal

¿nd to ttfalsett íf an inactive cycle node is made a

goal. 
^11 

goals other than cycle nodes ignore Lhe

ilactiverr field. To demonstrate the need for Èhis

fiel-de corlsíder the follorving sítuation:

,4, cycle node 1s macle a goal and subsequently

success is reported f or it. If the cycl-e node

was origínally active vrhen made a goal-, then

lts ttprrtitionil field rnust be incremenLed' If

it \{as not active originally, then no special

acËion musË be carried out and lt must be

handled 'just as an oiclinary node " Theref ore it

must be knor¡n whether or not the cycle node l-s

active. This can no longer be determined by

comparing an ttrj tt value r'¡ith a curre-nt input

string polnter value because the lnput sËring

poinËer r¿ill have a different value than it had
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when the cy.cle node \trâs originally made a goal-'

The fact tl'rat success has been. reporËed for the

' cycl e node inclicates Llrat some recognition took

place in the input string and Ëhe input sËring

poínter r^lil-l- thus have been advanced '

ithe above exampl-e demonstrates the necessity for

storing an activity lndÍcator for a cycle node r+hen it

is first made a goa1.

'There are Êhere

f lorvchart of Page 79b in

handle tYPe 2 grammars.

îote a fel¡ ninor changes to the

order to a11or¡ the algorithm to

Thes e are

1. In Ëhe entry Portlon of

to deËermine whether

active gust be ínserte<l

decísion thaË Ëhe goal- Í

cycle node is act ir¡e ¡

of the. analYsís record

if the cYcle \{as nof ac

set to ttfalsett.

the florucharË, a test

or not a cYcle no<l e ís

imruêdiatel-Y afËer the

s a cycle nocle " If the

then Ëhe tractívetr field

must be seÈ to tttruett;

B4
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2" The decisions of- r¿hethe

\1ras a cycle node shoul-d

ilactive clclsfrr'' instea<l

ttsuccessttr tlfail-uretto and

of the f l-or^lcharË.

r or no t. a goal is or

be changecl Lo rearl

o f tt"y" 1e ? t' ín the

ttËry againtt Portion

4.2 ADì'IINrSTRATroll oF TIIE ¡IICURSTON LLlT
1-Æ

TheÏemainingpoÏtíonoftherecursionlrandlirrg

a1-goriLhm r+hich has as yet noË been explained is the

adrnlnlstf ation of Ëhe recursion list l-ines. A short

descriptlon of Ëhe organiz-ati-on of Ëhe recursion list

and the recursfon pointer list is requíred'

poÍnÈer

grammar

fleld

curren t

.As vlas mentioned previously, the recursion

lisÈ is a list of all recursive notíons of' a

" For each recurslve noti-on, there is a pointer

ttrlptt rvhich points to the recursion list -line

1-y associat,ed rvith Ëhe recursive notion'
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Initía11y, there r.¡111 be one recursion llst l-ine

associated r,rith each recursive noËion ancl t'rlpr r¿í11

contafn a 1ínk to this line" The "rsupt' field of all

tlrese 1lnes is lnitial-1y set to zero to denote th¿rt

thls partfcular line is merely a dummy entry require<1

for admínisËration purposes.

The unused lines of

chained together vla the

variable contains a poínLer

chained . llnes. Ob taining

rrsed 1ínes from and to Èh1s

easily carried out.

the recursion l-is t are

t'rsubtt field and a globa1-

to the first of these

unusecl lines and returning
trempty listtt is therefore

The ttrlptt fiel-d of the Itrecursion pointer listrl

rvl1l always conËain a polnter to the recursion l-ist

l-ine associated' r¡ith a currentl-y actÍve cycl-e. Since

there may be other entrfes in the recursion list for a

particular recu.rsive notÍon, these entríes are chained

togeËher via. Ë1're ttrsuptt u trrsubt', and ttrpredtt f ietcl of

Ehe recursl-on lis t Lines 
"

ofAdml-nístration
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recurslon polnt.er list may nor.l

logical gùoupings:

be divided lnt o four

1 " Pushdoürn.

Thls operatÍon is carried ouE r¿henever a nes¡

recursÍve node is made a goal of Èhe parserû

tfPushdo\+ntt consísts of obtainíng a ner,I

recursion l-1st 1f ne f rom Ëhe trempty lisËrr,

proper Ínitialf zatLon of this Ll-ne, and the

carryfng out of administrat.ive functions.

2. Popup.

This operaË1on J-s carried out when fallure is

reported for a reeursive node throughout atì

ent,ire parLiÈion. The recursion l-ist line is

returned to the tf empty lis t tt and adminístrat ive

functions are carried ouc"
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Setdor+n"

This operation Ís calrierl out rqhen a recursfve

no.de is told to "try againtt" Setdorun rvill- f ind

t.he recuïsion 1ís t line previously associated

with ËhÍs recursive nocle and place a pointer Èo

thts 1íne 1n the proper "r1pt'fÍeIil of the

recursfon pointer 11st"

4" Setup.

Thls operation 1s carrled out r.¡hen success Ís

reported for a recursive node" It causes Èhe

recursfon líst line to be saved so thaË fË may

be found again by a subsequent t'setdortnrr

op er at íon .

. The detaíled operation of these routines is

given ln t,he f lorvchart that f o1l-oivs. The Ëerminology

is as f o1lor+s:

J"
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l"Ip *- ''\¿
rt¿'e- r^sub

rsL(b',{- r{¿
r [p*- r sqp
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ofl. ttrlptrstands for the content

fiel-d of the entry of t'he

list associated rvlth the

currently under consideratÍon

recut:s

recur s

by the

the t'rl¡rtt

ion pointer

lve notior:r

parser.

2. ttrlett contains a

empty lÍne of the

pointer iud

recursion 1

the nexticating

ist.

3" QuantiËies ttrsup

ttsucctt, tt1-eveltt,

are always ímp1

unless expl-icltly

tt n ttrsubtt, ttrpredtt, ttparttt 
o

and trrjrr of the recursÍon Ilst

lcitly subscripteci by "r1p"

subs crlpted o therr+is e.

4. rrJ rr is the input string poÍnLer.o

. The simiÍarity be

recursLon list and Ëhe

record fs qulte evident.

an example demonsEratlng

the recursion list

Erveen the adninis tratÍon of the

admínistration of the analysis

It ís useful nor..¡ to go through

how these operations v¡ork ín
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Consider a gremmar r+íth

notion. is A. Suppose further that

exists j-n the grammar:

a cycl-e r+hose entrY

the fol-loling ru1-e

t{l , Arrvr. where *5, Ar toq.

Then, r,rhen Z Is made â goal' of the parser and after lol

has been recognizedo Êhe recursive node A of thís rule

r,rt11 be made a goa1. lnlhen thi s happens r a trpuslidowntt

is executed and the recursion l-ist l-ine for rrArt fs

recorded as a suborclinate in the ttrsubrr field of the

prevlouS recursf on l-ist line f or ttAtt. Af ter an rrArr has

been recognlzed, a ItseËup" op"ration is execuËed rvhich

ruil-1 cause t'rlptt Ëo be reseË t.o t.his previous recursion

1íst 1ine.

Durlng al. subsequent recognition of \o2 ' the

node rrArr in ,'r-r' ¡o rvr¿. rr will agaf n reinvolce a cycLe

and a ne\ü "pushdotrntt operation r¡llL occur ' The I'rsubtt

field of the í.nltia1 recursion list l-ine r-¡ill- be seË to

poinË Ëo Ëhfs nen recursion lisÈ line' The "rpredtt

fieLd of thls net{ recursl0n llst l-ine r'r111 Ëhus be set

ìê
\tt¿ ==+
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to point to

created by t

the prevíous recursíon

he recursÍve node A ín

f line r¿hich \{as

, 
^ 

,\¡I L,tt o

1is
tt to!

If subsecluent tttry againtt commands are gíven,

then the recurslon list llnes rvll-l- be reestabl-ished in

exacË1y the opposl-te order in i+hich they r.rere createcl;

an order which exactl-y parallels the order in which the

goals of the parser are reesEablishecl. It is obvious

that the f our routines ttpushdowntt, ttpoprptt, ttsetdowntt,

and rrset,uptt are exactly r+hat, Ls needed to ensure that

the correcE recursion 1isË line ís always avallab1e.
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Chapter 5

?A.RSING OIJ ALGOL-6 8

In thls chapter the. two-level syntax notaËion

used in A1gol-68 (4) r,ri11 be expiained ' Thls r'ri11 be

fol-lorvecl by a <iescripËion of how t\,Io-1eve1 s¡rntax may

be partialJ-y transformed into one-1e.ie1- syntax and what

the'l-imitations of this process are. Occasíonal1y,

, procluctíon rules of A1go1--6 8 rvil-l- be ref erre<1 to by

Ëheír number. ín the report (4 ) . lfhe notaË1on used ¡vil-1

be (/lrule number) " Thus, ( ltg "2 '?- ' a) ref ers to rul-e

number ItB 
" 2 o2. atr of the Algol-6 S report (4 ) '

5" 1 BASIC DlìFI1'lITIOl'lS

Recal1 from chapter I horv the syntax of a

context-free grammar was expressed' There \üas a finite

aLphabet å= SUg r¡here

g: lt, b, c' ..c' "\ rvas the set of 'tsyntactfc
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P= lr, i ¡ o, ¡ tá" the set of "other syntactic

marks tt .

In the case of truo-1eve1 sYntaxr A is e>ltencled to

4=! u D u I,o r,rhere lf {L, Be c' .. o ' ':! 
is knot"n as the

seË of ttlarge sYntactíc markstt u

mailcstt or ttsnall syntacEic ma:: ltstt u ancl

. Ìrlor¿ def ine a rtmeËanotíon" as a nonempty sequence

of large syntactic ¡rarks (recall that a t'notiontt Ì'¡as a

sequence of smal-I syntactic narlcs) 
"

Trvo-].evelsyntaxmaynortbesaÍdEoconslsËof

three quÍte distlncE comPonents:

1. an ttuncler1-ylng context-f ree granìmarrr and

/'

Z. a trsuperimposed context-f ree grammartt and

3. a ttsubsËitution meciranismtt.
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rammar

' The underlYlng'

c. f. p o s. g " in the usual

r¿1th Ëhe excePt lon

sequences of both ttsmall

syntactic marlcsrr. In

embedded wiËhln them one

"vírtual- t'lODE declarer

mode indlcation. tt r,rould

the underlyÍng context-f

context-free gramlnar is a

sense as defíned PreviouslY

thaE notlons maY consfst of

syntactic markstt and "large

oÈher rvords, notions may have

or more metanotions. Thus,

: virtual- IIODE decl- arator ; l'f 0ÐB

be a val-í<1 product ion rule of

ree gra-mmar.

Two

rvith the

conÈ ext -f ree

other Ëerms

product ion

grammar ntts

Ë,trat rqill- be

rules of

t be deflned.

used l-n connecl-ion

Ëhe underlying

Def inltion 5 " 1

pr oduc t

product

fs Ëermed

It occurs

not in the

a ttfree

onl5r in

l.h.s"

metanotion

the l.hos"

of tl-re rule

of a

of the

A metanotíon
/

lon rulettlf

ion rule and

Definition 5.2

A metanotíon 1s Èerrned A ttconsÊraíned metanotion
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of a productf on rulett f f 1t occurs in the l-'h"s ' of the

production ru1e.

5"1"2 The suPerimposed context-free grammar

The superl-mposed conEext-free gramntar

c.f"pnso8' defined as foLl-or'rs:

as

D Z) r¡here Y,* ["1" 1SG= (Irt '
me tano t

!r,
ronJ ,

Yî= [tlt is a sequence of smal1 sYntactic

= fr l t=* t r. ruhere x ê !,ur
I

z e (Y¡uYr)'*J ,

and Z Ls any x € !rç, Z rvii-l- in f act usually be a

<1 Ífferent met,anotl-on every Ëime the

superimposed grammar is used. The funcËion of

thls grammar consists of recurning a string of

terminals produced for any particular

metanoÈíon Z upon requestr vlhere Z ís a

metanotion ttraL is supPlÍed at the Ëfme of

reguest and may be a different meÈanotÍon for

*ark= \

?
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.4

ll

It 1s furLher

= t* zz1. r xiz

,Zi ooo i ZyL'

Elpulaced

9 .o.9 X

rvherea s a

grammar is

synË acEic,

suPerimPo sed

met.anot.ion "

seguences of notions

conËexË-free grammar

any subset I of P r^rhere Q

may be rePl'aced bY "xt z 
Y3

Ëhat
.L

'"l1o)

This definÍËion of the superimposed context-free

grammar ls l-n f act very sirnil-ar to the def lnltion of

context-f ree grammars gLven in c'hapter 1' The

follor+ing differences should be noted:

v¡hereas a (terminal) "symbo1" of a conLext-free

gïafiìinaË is a notion ending with the protonotion

nsymbol,,o a (terminal) ttsymboltt of the

superirnposed conEexL-free grammar ls a sequence

of sma1l syntactíc marks'

1.

20
rrrlon-terminaltt of a context-free

a notlon consisËing of smal-1

marks, a ttnon-terminaltt of tire

context-free gÏammar is a

in production rules of

are seParated bY commas

a

Ëo
3"
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rake ?ossible t:,e iCentiíicatior of the elC of

one lotioa and the starÈ of the aezt. In the

superieposed cortext-free grarrtrer, blarks serve

to sef,arate the ter=ina1s anC noa-ter:rinals.

Blanks enbeCCed çithin a secueace of s:1a11

syûtactlc eari..s do not tal:e part i¡ this rule

as they ^r? considered as beloaging to the

seque:,ce of saal1 syntactic sarks. Thus, ia
nYICIÀL :eference to ìÍ0)i declarator" aocearins

on the r.h. s. of so;e Ðroductfoa ruLe of the

superinposed cortext-free gratrtrar, there are

f ôrrr epDerrf e qOif (rneAtS:--c'----

a) a non-terci¡aL "\,'ICï;-L" foLloçed bs

b) a teriqinal t'refereace to" folloseC by

c) a nontersiaal "::c):t'fol1oçed by

d) a teri:inaI "declarator".

4. îhe superÍcposed context-free gra:.:lar ioes not

have a slngie head ir tie sense .of a noreal

cofÈ3st-: r3e sre::er.

\ote'riat iÈ is icpcssible

occuring tcgeÈier in a rule

context-free g:aanar sicce aas

synÈacÈic sarks i.s consiCered as a

to have tço ter=i:als

of the superi:losed

sequence of seall

s inele ter=inal.



Ilou'ever, non-terminals of

grammar nay occur together

r¿hen they do.

t,he superimposed contex

and are.sepaîated bY a

t-free

b J- ank

5.1,3 The subsËltution mec[anísJn

. Ide now consider a t\'7o-1eve1 grarnmar a

geneïator of sentences o This 
-r¿i11 be done by producing

sentential forms conslstl-rrg of (ternfnal) syrnbols from

the head of the l-anguage . This head r+111 be s ome

non-Ëerminal of the ,underlying contexE-free grammar.

The producËions ate thern-seJves talcen onl.y from the

underl-yf ng contexL-f ree grammar " If , <1 urin$ the

appJ-ication of a production rule, free metanotions

occuru then lfe invoke a mechanísm w]ìíchr uslng tl-re

superimpo sed context-f ree Brammar, rsl-l1 delÍve]r a

sequence of smal1- s)'ntacËic marks generated fron the

free meËanotion of the underlying contexL-free grammâr.

The product ion rule of Ëhe underlylng context-free

grammar is then ípp1ie.1 l-n order Ëo produee another

senËential form" FurËherlnore, lf the free metanotion

occurs more than once ln the production ru1e, it must

be subst it.uted

producËíon rule.

for consistently througltouË that
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The siEuation may nor'r arise Lhat Ëhe mechanism

d.escriþed rvill gelÌerate a notion (consis ting of course

of small syntactic marlcs) which does not appear as Èhe

l-. h. s c of any production rule of' Ëhe underlying

context-free grammar. Hor+ever, there may be production

rules r¡f th a 1.h.so containing constrained metanotions'

suclrthat,rulrentheseconstrainedmetanotionsare

repLaced by small syntactj-c marlcs (obtained according

Ëo the ProducÈÍon rules of the suPerimPoserl

conte:{t.-f.to-e granmar), then the lohoso so obËained is

idenËÍcal to the notion of small syntactic marlcs

lndicaÈed above.

Il or example, suppose Lhe superimPose<l

cont,exË -f.tee grammar contal-ns the ruLe rrl'foDE: real;

int,eger. ,t and the underl_ytng cont.ext-f ree grammar

eontains the rule t'reference Lo MOÐE: reference symboln

l"16DB symbol " " b; cloes not contaín a rul-e having a

l- oh o s o of ttref erence to real.tt ' Assume nor.r that f or

some senÈential form the notion ttreference Ëo realtt \das

generated " There is no rul-e of Ëhe underlying

contexË-free grammar having Ëhis notion as a 1.h.so but
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rrreference Èo rêalttr"y be obËalned from ttreference to

ì,lODEtt by subst.ituÈlng itrealtt for tire const.rafned

meËanotlon ttl'IoDEtt rvhere Itrealtt tüas produced from rrMODFtr

using. the superimposed contexË-free grammar.

ïn
rrreference

se nËent i al

meË:

such a case,

to MODE" tnry be

form provld Ín

the ruJ-e with the 1. h. s .

applied to produce Ëhe next

g the follorqing conditfon Ís

all occurrences of constrained metanotions

within Ëhe producËion rule beíng applied are

first replaeed by the sequences of srnall

syntacËic marks ¡vhÍch \{ere generated from the

consÈrained netanotions. ThÍs substituÈion

must be consLstenL throughout the entire

production rule " Thus, in the previous

exampLe, the producËion rule that rvoul-d be

applied is not ttreference to reaL: reference

symbol, I'f-OÐE symbol.tr but is insËea<1 Itref erence

to real: reference symbol-, real symbolotto

Thfs completeLy deflnes Ehe operatlon of

tr+o-1eve1 synÊax Ínsofar as generation of sentences Ís

concerned. These operatÍons may of. course al-so form
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t:

't

the b¿rsls of a recognLzer of sentences'

several problems''have been c'onveni-ently ignorerl

ín this discussj.on such as for exampl-e rvhích production

rule of. the underlying conte>rt-free grammar Ís a

Possiblecandiclateforaproclrrcf-ionto]:eapp1-ieclto

some nol:ion. These problems are horuever of no further

lmportancehere"TheínLeresteclre-arlerisreferredto

the l.íasteïr s ti-resis of B. i,liebe r¿ho is studying Lhese

problems o1. truo-leve1 syntax analysís (5 ) '

\de may consider trvo-leve1 syntax as a device

describedbyafinite¡rumberofË\^Io-levelsyntaxrules.

Tl-rls device has the capabi1ity of' generating an

inf inite number of one-1eve1 syntax rules " \^le may also

say that t1'ris Ër+o-level syntax devíce defínes an

inf ínite nutnber of context-f ree gl:ammars '

For any parÈicular programt on1-y one of Ëhese

ínfinite number of conËext-.free grammars rvhictr descrlbe

chatprogramneed.beconsÍclered.Ilowever"t}rís

coniext-free grammar musL first be generated by the

trvo-leveI syntâx device" Thís process may involve the
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Thus, the tr^ro-leve1 syntax riay be consiclered as

being a generator of one-level syntax' con'text-free

grammars rvhlch descrlbe certain senËences being parsed.

This mechanlsm malces ít reLatively easy to enforce

contexËdependencysuchasforexantpl.erestrictingËlte

use of real identifíers to those that have been

prevíous1y <ieclare<i as real identíf iers " This context

dependency may be completely described syntactl-cal1y

generaÈ1on .of a.l- atge number

before a suitable grammar

found.'

uslng trvo-l-evel synLax ' The

d.emonsËrates this ProPertY"

Example 5.1

Suoerfmposed

1. COUNT: x;

2u LETTER: a;

of concext-free grammal:s

degcribíng Ehe ProE!ram is

fo11-otuing grammar

a) conËext-free Elrammar

COUNT xc

b; co

context.-free gramnìar

COUNT a' COUNT be COUNT

Underl-Ying

I) program: c.
b)
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II) COUNT x LETTER: x

lIIj x LETTER: LIiTTER

The head of the grâmma

LETTER, C0Ul.IT

symbol 
"

r Ís the noti

L]1TTER.

on ttprogramtt 
u

This two=level synËax

sentences v¡hich are of the form

exanple o ttaabbcctt is gene::ated as

grammar

trafl b n

follows:

norü defines

a rI tt. For

prograrü=Þ xxa, xxb,

1. ) by application of

xxc c (since CoUl'{Tå** by

r).

For each of xxa,

r,¡ith COIINT= x

and co Thus, fo

xxa: xâr xâ.rl is

xxb, and xxc apply rule II)

and LBTTER= respecËively at b'

r xxa, the product.ion rule ttII)

appJ-íed.

AppllcaË1on of

asymbolott, since

III) rufll
ttLETTER==)arr

then yield |txa;

bY 2o c

The re ls horvever

tr+o-1eve1 generaLor as

amount of time may

generaLLon of one-leveL

one serlous diffículty r^rith the

íË has been described. A large

conceivably be spent Ín Ëhe

synËax gramnars r'¡hich must t.hen
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be fo1lor+ed by che parsing mechanísm for parsing the

input se'nt.ur,". accordlng to Ël-re one-leve1 syntax

grammar generated " Failure rvoulri then cause Ëhe

trvo-1eve1 syntax mechanism to generace new one-level

grammars ruhl-ch r¡l-11 be used Ëo parse the input

sentence o It 1s evidenË that this r¿ho1e meciranÍsn wÍ11-

tend tor¡ards a rather tlmeconsumíng parsíng process and

1L r+ou1d be preferable if some device for fncreasing

the parsfng efficiency could be eroployed.

alÈernaËive approach ruoul-d be to attempt the

reductÍon of a tt'¡o-level grammar to an equlvalent

one-1evel granmar. Such a process ancl its 1imÍLations

are dfs cuss ed next .

5 "2 REDUCTION OF T\,]O-LEVEI, SYNiAX TO Oi{II-LEVET, SYNTAX

Let us take for exampl-e the Algol--68 producËíon

rule (li2.L"d)"particular program; Label sequence

opËion, strong CLOSBD void clausêotto The productÍon

rule for ttCLbSEDrt in the superímposed conte.xt-free

grammar of A1go1-68 sËates that "CL0SED: closed;
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collateral-; condÍtiona1. " (/,¡1 .?-.i,d) . I.le no\^r retvrite the

rule f or ]tport'icu1-ar program" as "pattícular program:

label sequence option, f irst ne\ü not j-on. " and add to

the un<1 er1-ying context-free gr:anmar for A1-gol--(r8 the

ne\d rule "f irst ne\ü notion: strong closeci voicl clause;

strong collateral- voíd clause; stl:ong cond j,tional voicl

clause * ". The language gene::ated bv this ne\r grammar

is of course exactly the same as the language generated

by the ol-d grammar. l¡lotlce hor.¡ever that the metanotion

ttCLoSllDrr has been removerl from this particular seL of

production rules anrl that r¿hat remains are ttlo

one-level- syntax ru1es. Furthermore, there nee<1 nct be

any dlffÍcu1ty wlth semantic actions assocíated r^rith

the new production rules si-nce all ínformatfon that

exlsted in the two-1evel- syntax may stil-1 be deduced

from the corresponding one-level syntax.

Tlre mechanism Just explained r¡i11 worh for all

meLanotions rqhich produce a finite number of sequences

of small syntactic marlts. For exam¡r1e, metanotíons such

as ttcLosEDrr, "ADJIISTEDti, ttTIIllT.SE", ttNrNE" of Â1go1-68

are such metanotíorrs(41.tr, .In fact, a major

proportíon of meLanotions of A1go1-6.q are of this ltind.
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5.2.1 !tf ini.te" and "ínf iniLe'f rnetanotions

The meLanotlons producing a finite number of

sequences rvill be referred to simply as "finlte

metanotlons'r o lfetanotions f rom ¡shÍc1-r an inf inite

number of sequences of smal1 syntactic marks may be

generaËed wf l-1 be termed ttlnf lnite meLano tíons ' tt

t'couNTtt oÍ. example 5.1 \ùas such an ttinf inite

metanoËion. tl

Thepropertytlratmal..'eSnetanotionsinfinltel.s

of. course the fact that producEions of Ëhe form "tttå'0,

, ï1 2,, \;t2o 5t1 , \rJ, \1 L, *4, \t7c c (rvhere M"=å r+u I }f¿r

t4. ) ate possible. In oEher \forc1 s, some f orm oÍ'

recursion ists (in this case If, å+to= , l12t lrq ' ) ' For

example, one ",rån lnfinite metanotion in Algol--68 is

ttMODEtr r.rhlch AmOngst ttf eal-tt, rtlntegertt, and others also

produces "ref .tá"u Ëo l'foDlIrt. Thus, "ìIODE" may procluce

for example ,,(reference to)n tealtt r.¡here n àO and may

therefore cLearly produce an infinÍte number of

sequences of smal1 syntactic marlcs ' Soni.e other such

inf inite meLanotions l-n Algol-68 are "LOì{GSETY",
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ttNoTIOl{rr e and other meE

ïfODE" AË thls Pointo

set of. Productj-on rules

a-notions r'¡hich are

It ls ínstructive

from the A1-go1-68

related to

to consider a

report.

Bxample 5.2

a) superirnposed context-free grammar

The grammar contains

possíble Ëo derive ttreal-t'

to I'IODErr from the metanot

rules which mal<e it

and also ttreference

l-on "l'IoÐE" (J* t,z-L. o) 
"

b) underl-ying context-f ree grammar 
'¡

The grammar

similar to

1" (ll7.L.1ob) virtual-

Ì'f0DE deel-arator.

contains amongst others t\^to rules

ì{OÐE decl axe:r: virËua1

2. (/l7..1.L

decl-araËor

declarer.

" 1) virtual

3 re ference

re ference

t o symbol,

r o ì'10 DE

virtual- lfODE
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Rule 1" may be changed to reacl ttvÍrtua1 I'fODE

declaTeT: virtuaL real decl-arator; ... otl-rer rvirtual

ì,f oDE declarators r rvíth some substitution f or Ì'{0DEtt o o o !

vlrtual. reference to t'foDE decla1¡ator.rru Ilere \.7e have

merel-y subsËituËed forItl'fODllttsome of the Ëhings that

ttl.foDBtt produces. In the last, al-ternative above,

trref erence to ì.fODErt \tas substituted f or ttLfODB". Rule

2 " norT def ines a ttvirtual ref erence to )f 0DE declaratort'

and applicatfon of the producl-ion rule during a parse

v¡il-I then ntalce a ttreference to symbol-'r a goal and rvil-1

subsequently require Ëhe recognitíon of attvirtual i'fODE

decl-ârer o 
rr Note hor'¡ever that Ëhe rule 1. has been

alterecl and does indeed already define completely t+hat

a ttvirËual- MODE declarertt Ís. It ís obvíous that Ëtris

mechanism has agaLn produced one-l-eve1- synËax rules

which are equ.ivalent to the previous t,\ro-1evel syntax

ru1es. (one rnay for example subsËiËuEe ttmodett for

ttl.l6DEtt and thé grammar rvould remain the s ame in Ëhis

particular instance. ) Surprisíng1v enough, thls

mechanism agaln ruorks for the majority of ínfinite

meLanotion" itt Algol--68. Irì. f act; a thorough str.rdy of

tlre 2BB producËion rules of Algol--68 revealed only L\,/o
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productlon rules conLainlng lnfinÍte metanotions for

r¿hlch this process does not rrrorli (ll B.?-. L.1. a) and

(t|8"2..2.I.a) o It is possibl-e that there nay be one or

two more cases where the mechanism r*'Í11- rÌot r¡ork anrl

tha Ë these LTere no t found in the p rellminary

ÍnvesEÍgation because of the conplexíty of Lhe grammar.

Any such cases wil-1 be díscovered later r.rhen a complete

reducËLon of the Lwo-level syntax of Algol-68 to

one-leveL syntax wll-I be completed. At any rate, lË

may be safely sËated that the percentage of rule of

ItLgoL-68 v¡hlch nlay be 'crartsformed fron trvo-level syntax

Lo one-1evel syntax is approximatel-y 99"Å. Thfs

transformaËion however does creat,e additional problems

r¡hich r+iL1 be covered sl-rorË1y (see 5.3) "

The lnfinite metanotions for which the above

procedure aoes not work are of the f oLl-orving lcÍnd:

/'

1u a lnetanotion rrArr is def ined as ttA: ai

and

bAo rt,

)

ín

there exists a production trrtu "cÄ: x; cbA. tt

the underlying conEext-free grammarc
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The problem in this case occurs because- \^Ie may

have "c¡\ -*þ cbA::ÞcbbA -å . . o =+ cbnA:+. . ' 
It and no f inite

number of one-leve1 syntax .rules can <1 escribe thís

lnfinite seL of notíons ttcbtlAtt. IortunatelYo as has

been rnentioned, on1-y tT¡ro of ÈTrese rules (/J8.2.1.1. a)

and 8.2 "2.L.a) have been found in the syntax of

Algol-63. These rul-es may be circumvente'1 as will be

tndicated latero

5 .3 TIlE COÌ{TEXT PRORLzu

oneseriousproblemarisesrvlrentr.To-levelsyntax

rules are changed to one-level syntax rules ' If a

metanotion occuïs more than once in some al-ternative of

a productlon trri., the t\lo-1eve1 syntax dema'ds that lt

be subsLituted . 
for consistently' IË Ls this device

whÍch assured tút the grammar of Example 5.1 generated

only sentences of Ëhe f orm rr^rl bn "tr 
tto Duríng

translat lon f rom Èwo -l-evel syntax to one-level- s]'ntax t

c Example 5.3

of Bxample 5.1
ttris confexf

demonstrates hor¿ the trso-1evel gramt:lar

dependencY Ls lost
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1s changed to a one-1evel- grammar r*ith trrÍs context
pr ob 1em.

lxarnple 5,3

1" program: C0Ui.lT a, COiIi{T b, COIINT c c

2. COUNT a: xa; COUüT x a.

3. COUNT b: xb; COUNT x b.

l¡o COUNT c! xc; COUì.IT x cc

5. xa: asymbol.

6 " xb: bsymbol.

7 . xc: csymbol 
"

B. COUNT x a. Xâ¡ COUNT âo

9. COUNT x b: xb, COUNT b o

10. COUNT x c: xc¡ COUNT co

This grammar is a one-1evel syntax grammar sínce

no special sígnf f ícance is attached to t'COUNTt'; ín

f act e it may be replaced by ,,count,t o It is obvious

though that thÍs'grammar r¡i11 not only generaËe "J 6n

cntt but will generate sentences of Ëhe f orm ttaX bY " 
z *

for any xrysz 2 1. This is so because rule l. as a

two-1evel syntax rule ensured tirat the number of â t s,

b t ", and c t s generaËed will alr,rays be equal. Holever,
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this condit.ion is nol- net

above.

Lhe one-level grammar

A't f ir st 81al:rce iË r¿cu1cl appear that this is a

se rious pr obl- em iri reduc:Ln g tr'ro-leve I syntax Ëo

one*leveI syntax " Ilor'rer'rer, an examinatlon of the 28B

produccj.on rtrles of Algol-68 reveals that only 19 rules

r+iil- glve rise to Ëhis problem' A closer exarninatÍon

of these rures shor+s thern co be generally in one of t\'to

broad categories:

I, One caËegory of rules ensures that certain

classes of used' identifÍers are identical- to

those that have Previously been declared to be

in that class of identifiers' and

by

?-o the second class of

changes of tYPe (or
/

Á,1gol*6.8) j-n saY an

rules concerns itself rvi th

t'nodet'as it is call-ec1 ín

ass l-gnment statemenË'

been

Inst ead

Tradítí.ona11Y, the rlse of

connecËed bY sYntax to

o tables are general-1Y liuilt

Ídentif

their

up for

Íers has not

declaration.

iden{:Ífiers
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and there is no reason why the tradltional aPproach in

ËhÍs case shoul-d not be use<1 f or AIgol-6 3 . I,f e may ti'tus

assune. that rules giving conte.xÈ problems fnsofar as

decl-araLion and use of identíf1ers ís concerned, may be

ignored Ín the reduction of tiso-l-evel syntax Lo

one-leve1 synËax and that tradiÊiona1 methods of

handllng thfs problem exisË 
"

The second fnstance rvhere thfs conEext problem

occurs is not so easil-y disposed of. other Languages

such as. A1goL-60 have cases rvhere type changes occur

such as for example the assÍgnaËion of an ttintegertt to

a trrealrt. Hor'rever, in these oÈiter languaBes r the basic

types or modes have generally been finite r'rhereas

Algol--68 a1l-or'¡s an ínfinite number of modes. An

lnffnite variet,y of Eype changes must therefore be

al-Lorved f or in A1gol-68. Thus, the lùay in ç¡hlch modes

ate changed from some a priorí mode to a mode required

Ín some cerLain áontext has been rigtdly defined by

t,wo-1eve1 syntax in Algo1-68. These changes of mode

are knorr¡n as ttcoercÍonstt ín AlgoL-61o Re<1uctíon of the

tr^¡o-leveI syntax to one-levei- syntax câuses the

ínf ormatlon of r¡hat coerclons are neces sary in any one-
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case Ëo 1¡e lost 
"

One posslble solutíoq to this problem t¿ould be

to conpletely remove the rules Soverning coercions from

the syntax of Algol--68 ancl shift Ëhe burden of

deterillng the type oÍ. coerci ons requirecl to the

semanÈic routines. At any rate, 'the one-1eveJ- syntax

deríved from the two-level syntax r'¡l-l-1 alr'rays be abl-e

to pass on Ëo tlre semantic routj-ne the a prl-orl mode

found in some conLext and the a posEeriori mode that is

required Ln that conËexË. The semantlc routines will

then have Lo ensure that the coercions are carrled out

properly.

5.3.1 Rewritingjlgol--68 sYntax

It musL be obvlous aË thÍs stage that re\ùritíng

tlie Ër^¡o-1evel synËax of Algol-6fl r'rí11 result in a

one-1eve1 syntex of A1-go1--68 containing a sízeable

number of produátlon ruLes. A partíal re\ùrltl-ng of

Algol--68 as a one-level grammar clone by the vrriter has

resulËed Ln B0O one-1evel syntax rules rvitl-r the end of

the Ëranslatlon noE yet ín si-ght. A reasonable

esËímate v¡ould place the

r 1.4
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syntax rules for Algol-68 at about 1500, It must also

be apprecia'ted that Èhe one-level grammar generated

r¡tll by no means be a final one but may be expected to

undergo considerai¡le change during the \.Iritin g o f an

A1-go1-68 compil-er o Df f f iculties r.rith context problems

prevlously discussed should malce ít clear Ëhat charrges

to the synt,ax should be expected.

As

grammâr s

precedence

changes to

ln other

fafr amount

conform Ëo

about 1500

f ixup tt Ë íme

anyone t.1'rat has rvorked r¡ith restricted

(such as for example the I'lirth-I^Ieber

grammars previously mentioned) lcnor'rs,

a grammar rvill- generally cause dis turbances

parts of the grammar and can often require a

of work in ttfixíng uPtt Ëhe grammar to

given restrictions. I'lith a large grammar of

producËlon rules, the amount of "grammar

and ef f ort may ruell become prohÍbitÍve.

5 "4 REI,EVANCE OT TH]1 GH}IEIìAL PARSING ALGORTTI'TI'I

The need

a1-gorithrn that

or useful-ness of a

\.ras developed in the

general parsing

previous chapters
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i

1s of course appa-rent norf. The redrrcËíon of A1-go1-69

into one-level syntax rvill generate well- in excess of. a

thous.ancl productfon rul-es v¡hich may be expectecl Èo

. .,-:.

undergo changes during thc lnitial compil-er-rvriting

attempts.

Inorderthateffortsmâybeconcentratedontlre

semantic actions and administraËion of data areas

during the initial comÞiler-r¿ritíng stages, it will be

necessary to keep grammar "fixupstt to a reasonable

mínimum. Once Ëhe s emanL i c routines ancl

representatl.onS of data areas have been t'debttggedttand

ttf rozentt f or some comPiler, ef f orts may then be

concenËrated on the comparativel-y sfrnple probl-em of

designing an efficient parsing meËho<1 for the compiler.

Tlregeneralparsingalgoritirmdevel.opedÍntlris

Ëhesís fulfills these requirements si¡ce it rvlll- accept

any context-free grammar" It has the added advanüage

that syntax rules do not have eo be transformed and

this r.ri1I make the ttdebuggíngtt of the senantic routines

somer'¡hat easier o
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Chap ter 6

coNCi.Ilsroì{

In conclusion, the general parsing algorithm

presented here 1s not very suitable to productÍon

compilers. Due Co iËs generality ancl backtraclcing

abtlity, Ít entalls a certain amount of inefficle-ncy

which sl-rould not be built into a prorluction compí1e:: íf

tc caq be avoicled. l'Ior'¡ever, j't is a verv useful

algorlthm for the development of a compiler since it

requfres littl-e effort to be expenrled on the parsl.ng

aspect of the compiler and allor¿s the major efforË to

be direcEed to soi-ving the semantic asPects of Ëhe

compiler.

A second topic touchecl on in chapter

reduction of ín. tr'ro-1eve1 syntax of

one-level syntax. Tt can be concluded

generally not possible to reduce two-l-evel

one-l-evel "rrrra*. Ilor'lever, tf one res trict

actual two-level gramÍnars usecl J-n

5 r+as the

4.1-go1-68 to

that it is

syn tax to

s oneself to

describing

tt7



programming languages (specíf1ca1ly A1gol-68) r then the

problem of ::educing ËI.7o-leve1 syntax to one-l-eve1

syntax Ís generally solv4ble ¡víth only a fer,¡

dífficultÍes. The conclusíon is that Ëhe reductlon of

the grammar of Ai-go1-68 to one-1eve1 syntax is a

promising exercise and should be carriecl ouL.

Horvever, trlÌen this grammar trans f ormation is

applied to the syntax of A1-go1-58 r a rather Large

contexË-free Brammar estfmated at al¡out 1500 production

rules results. Furthermore r Ëhís granmar may be

expected to unde::go considerable modification during

the compiler-rn'riting process. This necessÍtaËes tl-re

exÍstence of as general a parsing algoríthn as possÍb1e

in order ËhaË the main efforts of ti're compller writing

process may be concentratecl on the sernantic aspecÈs of

Ëhe compl1er. Once Ëhe semantíc problems have been

sol-ved, efforts can be concentrated on providing an

efficíent parsing algoriÈhm base<1 on the grammar

fÍna11-y obËained

Cirapter 5 in fact denonstraÈes the utflity of

the general parsing algsritirrn developed in this thesís
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and cons titutes

clevelopfleût of tiiis

the rna j or

algorítirm"

motivatíon for tÌre

AsÍcie f ron thís ¡ ro general

parsing algorithrn for corÌtelit-free

to Ëhe r¡riter al.rri the c1 er¡cloprnent

is 1-hus a val-:'.ci ac¡rclemic exercise.

It is airpropriate

briefly.some rvorl'- <1 one on

knorvledge lry the reader

grammars Ís assur;ìccl here.

LR(ic) graiÌinars is referre<1

them 
"

at this poínt to lrentíon

parsing of LR(lc) gramnrars. A.

as to t!re nature of i,R(lc)

The reade:: not fanil.iar rn'i-Ëh

to (6) for a descrÍption of

top-do\.¡11 ,

gralnfnars

of such an

Ief.t-ríght

\,ras knor'¡n

algorithm

Trvo algorithms for parsing LR(lc) grarnnars r+hich

lnay be corrsiderecl as being rcpresentatirre of Ëhe trr¡orl¡-

on LR(li) gramrrars are dj-scussecl here. The first is

basicall¡,'¿r bottom-up algo::ítìrrn by De lìemer (9) an'1 the

seconcl is a top..hoor,r al.goritirin by llarl-e'.¡ (10)" Both ar:e

quite ¡¡ene,4al iu tiieir aT'¡ility to handl.e L3.(k) granìnars

r.¡hich f orm a lar¿¡e subset of the contrj.;:it-f ree grirlrmars.

Incleed, tire bullc of the granlrnars Ces crib ing exis t ing

1r9



languages are es sentía11y LR. (1',)

reasons in (9) riìat a ,language des

design LR(11 ) granmars ct-uíte natura

developcd to date appear to suppor

. De lìemer ín fact

ígner tri1l nornally

11y and the languages

t this contentiorr "

Both algorit.irms, liowever, á.re not conpletely

general because h must be specifieC. Ðe Remer in (9)

seËs a. maxir¡um value on k, (usually l(=3) and then

proceecls to accept a gramnar. IIis al,gorfthm initially

assunes k to be zero ancl clevel.ops a sirnple ancl

efficíenË parser for the gramr,'rar. If it is found that

the grammar is not LR(0), k ís increased an<i so is the

coTnplexity of the parscr generatecl. This process

cont inues up to the maximum va J-ue o f k. 'ï f at tha l:

point, the gramnar i-s stÍ11 not LR(}c), it is assume<l

that the grammar is aml-¡:'-guous ancl the algorithm st-ops

(see for examplc (i) rqhere iË is shorvn that Llì(lc)

gramrnars are u!ranbiguous).

Earleyi s a"lgorithnl carries o11 t a s j-r:rilar process

aJ-tlrr:ugir in Ìris a-1-gorithm l< apÞears to be fj-xer1. at its

maxir'.tum va1ue" IE nust therefore l¡e eflsurê¡l that alìy

given grammar is indeecl Ll'. (k) bef orc his aJ-goriËhcr is

r20



used.

lrre thus see that both tl-res e a1-gori thms are not

general for context-free Ílranrnars since thev are

restrictecl Eo LP,(k) gramrnars rrhere some value for l',

must be specifíed. 
^ 

further comnlicatj-on thaL arise-s

ís that tlte denancls of. the algorithrns on computcr

resources (Ëine and soace) 'incr:case r.¡ith li and that

Ëirese r¿i11 place some f inite upper 1ínit on k.

The algorit'i-rm developed in this thesis irorsever

Ís per-fectly gene::al lor all conLeliL-free €jramnars and

índeed r'¡il1 accept an Llì(lÇ) grarlrrai; r'rhere [--¡ a-o. The

algorithn is furthernore inciependent of k.

It shouJ-11 of course be noted that the algorithms

due to De Rener and Eal:1ey are ver.v efficient comparerì

to the algori-thn presentecl herer esfiecía11v for LR(1()

grarnrìars r.,¡ith a lor¡ va1,ue for lc. Ifo\,rever:, their

conparative ef f iciency ciininÍshes as k increa.ses. .4

f inite upper bclLnci f or il exísts in bot'h De Remer I s a:rr'l

Earle-.r'r s algoritlrn if these algorithms al:e to bc

ímplementecl on rìlocle-rn êompute-r:s. This dif f iculty cloes

not cxist- iøíth or.ir algorj-thm.
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SUGGEST]Oì{S EO]ì ]T'iITJi?]I IJOIì.K

Since this thesis arose orrt of- a Íilrort

prelirninary investi5¡ation of Algo1-61 ancl its

compi-lation, the scope for frrtur:e r,ror:l: reaaíns 1arge.

It is sugße.ste<1 tTrat the gerreral parsing

algoríthn developerl llere be macle rrore efficient by for

exanple re\./riting it in a 1or.¡ l-eve1 language. Se.¡cral

features may al-so be acl de<1 to the parsing a1-goritlrm to

í.mprove its efficiency. One s'rch featrrre rvoul-d i¡e Lo

prevent baclctraching ßeirerall-y rld allor.r bachtracking

only r'rhen it is specífica11y a1lo'.¡e11 for some notj-on.

The algorithm is srrfl=icientl-y open--ended to ä11or" this

to be clone r¿ith ease b.¡ inserting s¡recial codes inLo

tlre code fielrf of the svntax defi¡ritíons ancl providing

l:rinor alteration to talce non-baclct raclting in t o

ac count 
"

There shoúld also be l:outines that translate

syntax rul-es from sone llorm easil.¡ readable to the. user

Ëo the svntax table r','hi.ch is'usecl inte::nall-v. Thís is

es sentially a trívial problem.
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Another nore involved,

that should be rleveloped ís

syntax table generate<1 in or<1 er

recrrrsive nodes, and cycle rrorìes

take a considerable amor-rnL

but Þossible, trorrtine

one r.¡iric1,"r ¡.¡oulrl rrse the

Lo ide-ntif ¡i cvcles,

sincc this process may

of time manuall.¡ for

Ínvolved grammars.

Tl-re major pr:oject that rnust l:e perl-orxle(1 r and it

is iroped rhat this riitt be complete,:l by the srrmmer of

L97L, is the re\rríting of A,1go1-68 as a one-level

syntax ancl a thorougir exar:rínation of the gl:anmar thus

obt aine<1 "
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APPBIDIX

Thr.is append.ix conslsts of a listlr,g or- a PL7l1 pro8ram

for the general parsirr6ç algorlthni plus a few examples demonstratin6 \:,

its operation" Tl're proSra¡r fisted here v¡as v¡ritten in or'der to s

test t,he general trnrsing algorlthín and. as su.ch contains many

s'catements that. r¡ere used to pror"ide trace output so that t'he

oper-aàion of the program could be easily nonltÖÏed. A further

clesÍ.gn phiJ-osoph)' ï{as tc rnake lt a.s ea.sy as posstble to debug the

prog):an 'bltor"lgh the use bf modu-l-a:: d-esi5n"

The p::ogram listetl here is thus nol-' intended to be an 
'

effj.cient encoclin6 of i.he general pa.rsing alSoritirm but ls merely

a test progTaìno I'b has been lnclud-ed. in': this thesis along with

a fel+ exanpi-es in order to d.e¡ncnstra.'Le the operatl-on of the

general pa.rsing algorlttur, r'sith actual examples" It shculd. also

Ì:e noted-,that some mlnor d.ifferences exlst l,'etween the progra"nt

and. the algo::ithrn d.ei'el-opecl 1n the text of the thesis"



Example 1

prog : id, serricolon syrribolu

ld : ldu letter; letter"

let1;er : asyntbol; bsyntbol"

ilofi-nition tr:eel

"\

P''.5

I

)

I

I

i c'\

5¿ç""ico\o"t s5u,*\xll

i¿Úùtr=*_ 1¿ tettac

,/\
,/\

,/\
,/\

asy r,*bu.L 'tc 
s ¡ia"Jo"¡



Example ?

progs aOo senicolon s¡'mbolo

a"O ¿ aL; r+synbol , t'l u

aL s a2; xsyni'lrol 
"

aZza) n ¡'symb'ol u

bLz aZu zsynbol"

Definitio¡1 rr,¡e;ê

*iu
I

lr, o't 2 Se.ltiicc[eu, syn'"bol

-, 
-t 

///-"-

../ "" ---

,/ /a\
' AX \\ rtsy'"v.bc L

^0 , ysyønrb"L

viSyi,*boì , bt

--- -oL, ðn) 
n'obol



E"?ruI" :

progs idu senicclon syrnbc] ,

id. ¡ idl 
"

idl a i.d, l.e'uter; letter"

letter¡ a.syrnbol"

Defiiiitic,n tï-er=

P 
n,"t

t"\ çt¿,ui*co('evr S/ ii^,t"ot

i"c\'1
l--\.l. .--..-----_
| ----"--""*

. 'ld , (e'K¿r (ctta-t^
i ts< ,/

| --- /

I

Asywt[r e \



e*e¡lels--t

a c 'Ìru

becLu

dsbu

f;bu

senlcolon

esynbol;

hsynbol n

esymbol u

Defin:itl-<)n 'cree

syrrbol 
"

fu gsyrnbol"

b; esyn'ibol n

* -..iy-h , 5etv,.i(clo',t s¡,".b.L

(,

¿P' 
-7'ì---.--,/ 

-t 

--./"',/ .-/ / '\ =\-\_

*\-, e syr,rtbo[ ,/ 
tt 

P

I-=a/
q :.1 tv'bc,lI -l/

/
I

b
)

I Þ=- t.. 
I

lrsy urtb.L ) b1 qs/tr,Lb-*[ \ b'., esyv.,.be[



Exa"rnple 5

arbe

b ; blo

bl!bu

crbe

semicolon

asyinbol;

bsyirrbol 
"

csy;rrbo1 
"

synbol"

e, a"symbol ;..asyirrbol,

Definition tvee

.- * is'È

i bt¡. , cisyurnbn I

È

tl . Stivr,rico[c,,i Syr,*b"LNtr -ìì.---:.-
tr. 

ÇrotY*^lo"l þ''*bol

tb 
, bsyt,u.bul

t 
b , e9yu"tþal



Bamplq _6

azbp

bcb,

ctbu

bsynbol.

c ; asytil'boì- 
"

csynbclo bo

Defi.nltlon tree

tu

\
\
\
b

tb
I

\

)\ aSyr,*boL

t b , esy"'*bù,

bs5'"*\:oL



Lkanple _7

a.sb,

b; co

ccbu

d, a cu

bsyrr:bol 
"

'csynbol;

gsynbol;

es;yrubol ¡

asymboJ-u

d, dsyrilbol .

fs¡.¡16.1.

Definltir"r¡n iree

0_

/'/
/r/t./

c
ià

\

, t s5'""'"bsl

[:. o,s..¡t'r',!eì. \' d,,,}.:,yu"b"L,\), \ /\
' \ /. 

-\-\-_
\'// - \
C , øS5'nr'b"l {sy*lr"L

,=t-b
,é'L!'



L

2
j

5
9

10
16
L1

t3

¡^AT¡t : ?¡.CCEt)r-JtE (P¡Fi'1 ) CfiT0.\S (l,1,],jN]
DCL P^iìI-1 CH¡1,1.C'IEË ( IOI} V¿ËYII.JG;

qEGIf.t ;
f)cL ()lGîÀLr I'tiìSr NpL, i'.1 Afì

'.li'l [*'DFILÊ (SYSlf] ] BEGII'l¡
GEï-041'!ì:

t.iGn^,L=12; rrr)s=2c; ¡jÊL=I0;
çET D:,T1;
CEGI T'I:

tf \'tt)Llli

DCL ( pi-li¡lTr SIJÞ' SUB' Pq.EDr SLlTHEP, C0.À/P r SiNl C¡DE, ARPr liî,PÉr
fìl-f,' 1.SP' aSPE, J, L, +rAS,ïr._c, 1VE, FfllÅL_SlZ!) 9il'; FIXED,

(ills(r.:g,.-qt 117 r1L(¡lFLt 2\, ¡:ii.(i\: 4,iì, ilr SL(t.l SL,4.))B!i'l FIXED,

TL(i"jrL) cH¡.r,1ci Ef. (3 ) v^FyING,
STÌ.!\lG CHI'PÂCTEfì (¡l STtI|\rG) VlnYIi\lGr
(crpY_1, tuTPr..J'r' ) cH,\?¡,cTEÊ( Lc9),

r lrTLr \SL r t¡S'f F I¡lG) ts1rt FiXE0:
Gf Tr:i :î l-l P ; FtlD i

I'taÊ=5C; i\iTL=30; llSL=-û; j-tsi.e.1lrlG=300C:

19
20
2l
22
?.3
?4

GîlL ( 0: i\lcntt ) L¡.,qEL,

( pl.t_1 rìD:ìr¡l I'j I Fipt.tpr sE-!-ll{_r,/rl,i r .sE-'l-r..j p,
P ENIfì.Y {BII'] FÌXED) REïUÂ:I.iS (¡]IT(
sET E.: TFY (CiÀi FIXEÙ, BIi\ì FIXED,puï_/\Íì tht-l-fìY (rt I¡t FixFÐ),
;îEl?cf-r Ê¡i-l-?Y (Pihl FIXED) fìETuiì,¡Js
aÊ9ET iNIÊ\' tìË'r:J?5i S (3i\' F jXSD),

25
26
21
LÔ

31
7t¡
35
36
v-7
3A
a)
4rl
4l
¿¡2
¿:3

44

(ß, ?ECr CYC¡ ¡CT, SUCC,. TEIì!r LEVEL) 81T(1);

P: PRlT¡¡;I,¡^[ (I) RETIJíìNS (FI¡.(I});
tlcL I AIt,! FIXEi)i
iF SEàeCH (I)=ar
îHE^l iìFïLJtìt\t ( t0rt) ;
il-sE F.ÉÍuliN (r1¡8);

El f) Þ

Pr.prrir : 3¡ |ìcE[tr.t" ;.
aEGl¡l ;
DCL (SI-JÞI PIìED} SII.) FIXED;
-q¡ Vt=i 5P ;
SlJp= iìs (R:_îPr i ) ; PÍ.FD=R.S(pSP,3) ;
iF pfr i:D=C iHFr{ ircD=SUp; EL5Ë RSC=pnEDi
fS(!ÌJor2)= PíìEf);
c.S(SlVit 2l= t¡SPE;
FSPE= SAVE;
FL(cLPr2)= RSP;
IF q

Trt: "t t).1 ;
a.nLL Ptj-r_;)5;
ùUI FI LE (-rtACF) EDIT( ' PnPUP t ) (C/_ìLUMl.r ( I0ç), ¿\) ;
t ì.tD;

c\tñ.

E ì.ì D PIIPU P ;

PtlS iltr.lUrJ : PF, lC E Dl,i E ;
SÀVE=Í..5(F(SPE,2);

SET-âUX, PiJT-F5} E\]TË.Y,
l)),
SIhi FIXED, 3Ii't FIXED),

(1IN F:XID],

1,q

+6

l-/.Ul:

.



47
50
52
53
a. Lt

55
1ó
57
58
59
ó0
6l
F?
ó3
64

65

66

61
i¿-, g

ó9

70
?l
12
13
1¿t
1q

t\
19

80
8l

iì3
8+
f} Êt

oo
9t
.e¿,

ç5
ç8
ç9

100
lCt

102
t03

t_c(.lspEr L)= ÊsPl fìs(RsPLJ, 3) = ÍrS(FSPr2); qS,l:.tp5r 5) =L;
ß1(tre.i'8t21 ¡ D S(RSPET /r)r i4S(RSPET 5) =0; FS(aSOEr 7)=J;
tr 5 ( r sD I 2 ) = Ê lìDt: i
îL(lìl-Pr2)= i-ìSP[;
rl$Þ=o!Þ['
F'SPË=SÂ\/E;

THF¡{ DN;
C¡LL ÞUT-RS;
PUT FILE (TRÀCE) EDIT (rPUSl-DDr¡lNt) (C0Ll.J¡'l¡l{LOç)' A};
E¡ID;

EI,Ji] PIJSHD'JT{[I ;

or.;_rrl: Pi.ì0CEDlJÊÊ ( iPP) ;
DCL ¿,;ìP RiN! FIXED;
PI.'T FTLE (T1.dCF) EDIT
(AßP, rlr, Àíì(/f'PrI)r rlrt /it.(AP.D;2), rlrt -lrR(i\P.Pr3lr tlrr

Af,(Àn,P'rr) ' 'l') (CCLrJl'i¡,J( l) r 5 (F(5'0) r l'(I) ) );
píJT FiLE (1i.Âf,[) F0IT (tlt;'ltrtltrtltrtl ttrl'r'l')

(c0lrj\iii(ál), (7) (x(3), ¡(11 ) ) ;
E¡r D Pì.JT_4q;

PIJT-RS: P?TJCEDUT.F;
PUT FILE (T!;\CEl EDIÍ {tl'rtltrtltrrlrrrl r}

(cnt-rJ\'lrì(t), (q) (x(5), I l1) ) ) ;
nUT Fl LE ( ï':ì:,),CE ) FDIT
(t,Spr rir, F<1r.(fr1ì.)r ;irr ÂS(aSpr2)r rlr, Ê-c(;ìSPr3)rtit,

i.t5(35.Þrr.)r'l') (cllLljf.{l.i{6I}, 5 (F(5t0)' Â(1)));
:F 1S(1SP' C) =1
THtj't F,JT FlLE (T2ìiCE) EIJIT (' Tl') (À);
FLSI: PIJ'l'FiLF (:i!'rCE) EDIT (r Flt) (/\);
If- c,S(î.SP"6) =I
TilE:l plJT FiLE ('I Îi..CE) ÉDlT (! Tlr) {ltli
ÉLSË PUT f.TLE (T;:¡CF) ËDiT ( I FI'} (À);

E¡rf) pUr_1 S :

FESET: D.rlìCEì-)i.,r¡e 1E'l'l,n¡iS (ÊIli FIXED) ;
FEîiJr:.¡,] (J * LEiiGrH (TL(S{-r[l)]];

F¡rD r, Fq FT;

t'å:1-i ;îitF?ï?8,''' 
REïij'rNs (aïN FjxED);

-¡:()r"t

DCL (TIJTKTL) ts].I' FiXED;
IF f.t¡L=0 fl.ti.ì FFTtlÈht (o );
I=i; J=f.t!it-; K=(I+Jl /2; t_=PL(Kr1) ;
f)O r,,HILE (L-=À);

IF t.),t' Tl=EN J=K-l; ELSE i=K+li
K=( I+J).,/2;
ïF L=31(Krl) Tl-1[l'l kETl.Jii'i (C]; EL5E L=Fr.L(K'I);
f:l:0;

F.E-itjFfi (K);
EIID;

Er'rt) s iÀÊ 1.fr;

sET: PînCEDL]t?E (ì,i r Xr Yr 7-li
DCL (rt , X, Y,7l SIll FlxFu;

€-J++

t)llrt:



r04
tc5
I07
I0<)
1t0
I r2
111
I t+
tt5
117
118
I Iq
120
L2l

t22
L23

L2¿¡
t25
L21

129
131

¡¡.¿ t r..i : DcaltlËùiJiì.8 (t).r\rlll) rlf,'l-ilii'r S (l'rÁf l'l );

.4il(ÀFÞr 3) = ÀrPE: {

i;r.(\çpEr ì) =N; ¡_í:(¿,ÊPEr 2)=X;
¡i({llPEr 3) =Y;,1 P(¡F,.PÊt t'\ =7-;
àî(lliDEr l)=.J¡
.\t F =.i.; P [; ¡ n DF=À'ìÞ Ê+ I ;

cÄLL sEi_ôuxi
iF ¡
THFI'I D];

i F Sr-JP-=0 l't'E¡! Dt';
c,1LL Pt'T_^e ( SIJP) ;
PUT FILE (TFÀCE) FDIT(.'SUP UPDAIE' } (CCLUI"J¡] ( I09I '
EIID;
clLL ÞuT-Åtì( f,io);
DIJT FlLE (TI'!CF) EDIT {¡.F.P'I,îPE}

(sKIp(0I, Cr":LL'¡rN(37) r (2lF(r'0) ) ;
ENID;

F¡!D SET;

SET-;'¡'.JX: PÍì.f'C EDLJitF I
PîÌi,.lT = dri(¡ìpr1): SUP= irF'(liìPr2);
StjB = 1ì!ì(iipìÞ?ll; Pi-FD = iri'.(ÀrìP14) i

9?CTHEF. = SL(PnlhlT' l); c[iÈtP=SL (P0l\iTr 2)i
!!ri= SL{p0lhlT, 3)i ccDE=sL(PCiNT' r"¡;

7,r; lirDÊS liPE: -iEìl'1 il'.tAL=10 */
/., cYCLF=il ':'/
/i' " r-^ECU!'{SiVE=l 2 *'/

iF CDIIE =I0 Tl-t!': TEFII=r1'ß; ELSE îfR!='Qrl;
IF CtlDÊ =tI TirENi CYC.=t1iF; ELSE CYC= rCrrB;

1F CtìUÊ=12'illEl': cEC=rlrB; FLSE F: [:C=t0'Êi
133
136
13ç

L42
L41
I4¿,
l¿¡5
I46
I ¿.9

L52
155
158

L6C

ló I
I U.a

I5¿|

Ió6
L67
1f,8

l$9
I70

iF lEC I CYC
T l-tE,\.t t)î ;

i,l-P=S5\iCH(SCN);
?|P=?l-(iìt-D'2);
lF íS(lSPrl)=0 TLEi'ì.qCT=r0'B; ÉLSE íCî= rlr"iì'
IF i"|.'i-ll-'Fl'! IF r'l-c(PSPli')-= 

^rr({,F'P'5) 
il-E\l ACT = r0r3;

1F 1S(FSPr5)=C THÊl'l SI'JCC='0r?; 6¡i[ $llCC=rl.r3;
IF rì,i(Þ.SP'i )=O Tl-EN LEVFL=!C¡'ìi ELSE LEVËL-'1r3;
Orr;,i¡=rì5(RSPr¿r);
C^rIì.

Ei\iD SET_¡.rJXi

SFTDC'¡II'i: PNNC EDIJiI E ;

IF -I TI.I Ei'ì PUT FiLF (TC.ÀCE) EOÏT
. (r lr r,lr rt l,ot lt rt lr, t l¡,r lt rt ltrr lr rl lt rr lr rt lr )

(CíìLr.l'4r"ì(l)' (i) (X(tIr t\( I) ) r l.CLLJ¡ìl'!(f:ll r (7) (X(5)' .^(1 ) ) );
iF a, THEr.,t pUl FiLÉ (Te.ir:,Fl ËD:l' {rìSç', I 5E-iDa'/\i 10rr RS(F:S!rtZ)

(Cilll)Tri( IùÕ) r F(¿ir0) r ô.r F(1it0));
F SP=FS (aSP 

' 2 ) :
iìL{Rt-Pr 2) = ÊSPi

El.tD S.ETf)Xr¡l¡,J ;

st llJP : Pr '-ìC F0rJr I i

TF B îI.ìEN PUT FII.E (TFÂCE) EDTT

AI;

'H#

i.'t: l-: il

-



PÂl tr: P¡.CCE0r.JaE (P/).1r'rl npT ICi'ìS (i'1AI¡l) ;

t1 2

t74
1?5
t76

L-t7

t78
I79
L?2
re4
13ó
Its1
188

189

190

t9l

Ie2
lo3

1Ç¿r

lc5

l9ó
1q7
I ç3
1c9
200
20I

203
204
2C5
2C6
2C7
,^ a

?ôc
2lc
2Il
213
2L4
215

2Lô
2Ll

2tB

( r lr, t ltr,ltrt ltrt lt, ¡'lr,r lrrt itrr lt rr ltrtltr'l')
(Cft..'Ji1tl( L)' (5) {X(t )' ¿r(I } } r CILIJ\¡I(51 )' (7) ( X( f ) 1 a( I) ) ) ;

IF B'rttErl ÞtJr FiLE {TqAcE) EDIT (!ìS.P, t SEÏ 1Jp ÏCr, ks(ÞsPrI))
(cntu.4ll( 10c), F(r.rc), i, F(árc) );

FlP=fS(lSp,I);
Ê. 1(RLP'2.l = RSP;

EI.JD SETUP;

I r''l rI .\t. I Z \T I {lf.l :
GET LIST ((1r SLIIr-;') l)í"1 J=l T0 NSL)l;
PT'T P AG E;
IF PÅRl.l=rT[ìACE' Tl-EN B=rIrB; ELSE rJ=rC'B'
rF ts rl'1 E\l nPE¡l FiLE (TrlACE) pÊ11''jT LIiìESIZE(130) P,à{iESI¿F{öC};
]F B THEN I]I,JT FII,F (1F.{CF) PAEE;
iF B

THE¡.I DN;
PIJT FILE (Tf:ACE) EDIT

(X(7)r ,ó,' cnlullNi {?r
ptJr FIt.E (îf:i.AcE) ËDiT

PIJT FlLE (TF r'CÉ ) EDï1
( , r'ic" I PcT Nî | SUÞ I

I'iíl.l st.JPl SUP,I PFEDI pA?Tl
PUT FILE (rfil\CE) EDIT ('

I

(

EÌ\If);
PIJT EDi

DY DEFiIJ
or i-Í n: :

Pi.,T EÙ ]
(sK {

2UT EDI
GET I-1S
p[J-r E0 i
PLI-i ED I
pu:r I i) I
J=1; Nt

;ñãîîî;-ð¡LU;ñ¡tl t à(z¿¡), c{'LUt1Í'r{ É-.7) I r\(3ói ) ;

(tA[!ALYSIS
) ' A) ;

T ( ITI'E
LT:I) (

ir (¡t 
^P,T (ISytJ

P(3)' '\
T ((I,
T (TLr
T ( ITEI
ï ((ir
T (rIr.lp

(r

FiILL¡hlINIG ¡.flF,AY SCrJllllS l1AVE gEE:-l SPECIFIED CF AiìE USEl)
À);

i'.tcí,r,Lr 1lF.Lr ¡.,ÊS? ¡.iSt_, l'.r'ì't_r ¡JSl'51,I\G) SKÏPì
TÂX LISTTT t fj0o BFaTH CC|'IP Si¡l Cl-rÐEr)

r ',qKIPr A);
SL(I'i) Dfl I=I T0 f'lSL)) (SKIPT i;) F(é'0));
sirìIi']G);

F EC0fì.Dr r I ¡'.ECU|: SIiIN ST¡.CKS t )

st,3l PfEDI \îe
sljccILEVELl' ) (CÛLlJ¡1lt( I

-----_;t------

D0 I=l TO NSL;
lF SL(Ir¿r)=Ll
TIlÉiI D¡¡

i F -p (.sL ( I,3 ) )
TJC^r nn.

í-^,L(J'l)=SL(Ir3);
R L ( J ' 2 ) =J ;

. RS(Jt:;r¡=¡'
J =J+1 ì l\íì.L=T!Ê.L+l ;
EII i);

E\1D;
EI,]D:

rll I=I Ï¡ i(rL;
iln t(=1 -il ¡JÈ!.--I;

IF âL (KrI) > RL(K+lrll

i\l1fll,L LISTr ) (SKIP(2
I L ( i ) DC I=I Ttl i'l-l-l. )

Ul' -.qTF f t]G ' , çTFr i t':G )

P¡UI:

ll

ÀF1 PË l SP

)r À);
I

t

, r\) i -(5f.iPr F(+r0); X(l)r ¡1.);
SKIF(2)r År Î,K1P, .1);



21-9
220
223
2?4
225

225

221
228
22q
230

23L
232

233
236

231
233
239
2LL

212
2¿'3

2!¡4

vÂTrt: P?aa':Dr.Jrt (P¡r,.^i.À4) iÌPrI(ii'is (l'¿¡ill) ;

THFrl.Drl [.=I Tn 2; 
ì

i TEl,lÞ=R L ( K, L ); f.lt- ( K' L) =Ê.L { K+1 r L ) i !:'L ( K+1" r L } = l-iEilP;
Él'rD ;

CllL/ r

Ei'lD;

PIJT EDTT ('lECUP,Sìlf,N LISTtT (Ie(irL(1,-l ) DC 'J=1 Tlì 2) DD i=l'fÙ N?'1.')

(sKIt'(2), À,(t'lF.L) (sK'tPr (3) F(6r0),);

FSPE=i.trìL+l;
DC t=ÊsÞF Tt ¡,rRS*1;

Íì-c(Ir2)=I+l;
cr'li"

cîÀL(I0) = GCAL-lO;
c¡^L(ll)' GCAL(I2ì' G(-ìAl-(o) = GC,qL-o;

¡iìP5=l; J=l; .¡eP=1i
C.rpy_l= t I I I

llll
lti Et'|.)Þ\GE (TâôcE)
BEGI¡I ;

1¡ 9, -i¡i[r,t DÎ;
PIJT FiLF (TIìáCF} ËDTT (T

245

245
2+8
2¿'9
2ro

251
2t2

253
L.'l

2t5
256
257

25n
250

DU'i FiLF {TtÌ ¡CF) p4,GE:

PIJT FILE (Tii\CF) EDÏÏ (I
_______ r )

(Ctt.ijtli': 11 l1 !l21tl ¡ lt)l.tJÀl¡i({57)' .'!(3ô) };
Pl..tr Fit.E (îtr^f.Ê) EDÏr
(r i.,jr.lâlDOi¡jll SUPI SUSl P2FDlrrr lrfp ,!.'¡iDE
, frtol sr..lpl surl pßEDl P^fìTl ir;cclLEVELl')
(.¡Liji.1¡.r( I)' .4' 1.CLU4\'(37)' Âr Cl--LUÑ]t''(ó1) t À);
puT FItE (TiìÂcE) E0IT (r--------
r r)
(C-rÌ..Ur1I.(7) r A(21;')r COLUvhl(ó7)t À(3i:) ) ;
citñ. ct cc.

t LI I .

c¡rlL sÉ'i(1,0r0r0);
Grl -ir,-r E"lTíìY:

!,;

F¡'TNY:
ÌF B-lHEr'J PIJT FILF(-!'RhCE)
(rlrrrltrtlrrt l,r,lt, rlt
(Cfl Lir!¡i (lÞr (:)(X(5)t A(1
ccLU:lil(l0c)rÅl;
lf- ?Ec
T.ÞìE:,1 ilr¡ ;

c ô LL Dt.l9HDrlHl'l;
Gl Tr Gtril ( cnDE ) ;
E¡ID;

ÌF -r:YC -ll1Fi'l G¡ Tr:i Gn¡L(Cflt)E);
IF - l,Cr Tti'trlj G0 T..l GCiL(Cf:lDE);

tt

It

'F D 1'l'
, o lt r r l, r, l, rt l, ,r ìr, r l¡, i:; :'r.EÌ\rTQYiril

) )' CnLUril.:(áI)? t?) ( X(i) rl.(1) ) r

lt

i.r )



i);GE

I F P¡iT=0 $

Tl-'E'l D'.1;
IF BP,rlTflFP.=0 TFE¡r Gi I¡ F,iILUc-E;

Ar,( \norI) = t?CI-HEF.i
CALL SET_..^.UX;
ÏF D

THEì! DC.J ;
c3LL, PUT_A'(.AFPl;
PUT FILE (T¡'ACE) EDIT (I81.CTI'88') (C1-.JLUM\I (IO9
E\ID ;

GO T¡ ENTiìY;
E nl[) ;

ELSE D1 ;
RS(ÊSÞr¿.1 =PÂfìl*I;
IF B TFE\! C¡LL PUT-RS;
GT T'I GNÂL(C.CDE};
ETID;

cn.ô.t-_ 10 :
L=l-EllCl'H (rL(SCN) ) ;
L1:
fF SUBSTa (STRiNGT Jr 1) = | |
-l'HE'.1 Dlr ;

3=J+l;
Gí,ì T,:] LI:
ÉtÚ\'L ¡ irl t

)r A);

llprTlñs (f1¡IrJ);

'IF St,BSTR(STF"[IlGr Jr L] ='TL(SOltl ]

THEN DÎ;
J=J+L i
IF B

Tl-rËlt Dt;
PUT FiLÊ (TF.i\CEl EDiT (tlrr tltr tlt, tl'r tl', J, tlt, tlt.r

rlr, rlrr tlt, ,1,, ,lt, .FilìJ\itl r, ïL(Sili.l ))
lftl-rlFN(1)r (5) (X(5)' A(I))' C1'Lt.J|-li'l(:¡9)r F(6'0)'
CtrLtJ\¡i (ét), (7) {X(5)r A(l))r C0LUf4i'.1 (iCç}r Àr A);

EI'ID;
FIl.t 4L_*ç¡ 7¡=ôlìPi
GI-I T1 SUCC ES S ;

E ÌI I);
Cl CC lll.(,LJr- r/,r

1F il îtlÊ^l 2tjT FII t (TP,:LCE) EDIr
(r Ir r,l,,r lrr t lt rt lr, t l, rt lt r t lorr lrr I lr, t lr r t lr)
(c0LlJrr't( I), (5) (x(i}'À(l) ) r cLrLU\4|'l(åt) r {?} (x(5)ra(I) } );
TF B THE¡] PIJT FILE (TIì¡CE) EDIT (TL(SCN), I I{C'T FC'J\ID' }

(ctLr.,r¡t,i(1c9) r Ar Al i
. c:l Tî F.r. f LUFIF;

Gf'! I.L_0 : Gr'1,ì L_l I : Gc.,rL_12 :
CAI-L Sf:T (-ctiN' ÂÊP' 0' SUE);
GtJ TO E\!T1Y;

St)CCEtli
iF e rHEi'.r ptJT FIt-E (-l-P¡,CF) 801Ï

( r lr r, lr ro l, r'lt r, ì,, ,ltrt lr,t lr,r lt ? tll rt 1,, I lrr l:ir)i|"SUCCESS-¡'¡¡'I )

2t2
2ô,3
It4
266,
a L1

268
269
210
27L
21 2
?13

215
27.5
217
?.1 q

280

28r

282

2F_3

28t'
2t5
?q6

2F7
288
?AQ

200
29 1

29?

?93
2q4
2c5
2ç5
2q1
2c3

300

3A2
303

304

3C5

3C6
3C7



3)2,
3Co
310
31r
3L2
3ti

3t4
315
3I6
317
318
3?O
3?T

322
3?!¡
325
3?..5
aa1

3Z:3
33r)
331
332
333
331
335
2a^

337
313

339

3/tl

342
3¿¡ I
34ó
3+A
3/,9
351

3t2

3i3

354
1ÉÉ

tÊ(

357
358

I'r4.t ¡,: ö;..)cEf)rlf,t: (pr\.ì'¡l l:,pf Tci,i: (i: 11ÏÀl l;

(cr-rLt-l rîi'] ( l) , (5) (x(5l, A)"
! {t/ r= f'.fìrlP ;
¡rilP=S,1JÞ:
c'\Ll- tEÌ_¡rlx;
IF ?,

TIJEI..I D:];
ÞtJT Fìl-E (-fFl.,C[] Etl1'f (I

,lt, rltr tlt, llrr I

(cîLilr.r¡t (I), (5) (X(5)
CILIJñ11'l (ó1) 

' 
(7) (X(5)

Et,ttt;
.lF SAVE -=0
i-HF\ Di];

c.ôt_L sET (sAVE, ÀRÞr 0r 5LiB);
TF B l'tiEt\r prj'f FILE (r¡ÀCE) EDIT ( r(UB_C,li'lPr ) {C1-LUl4í'i ( 109} ' A) i
GíI 1I F¡JTTìY;
EiID;

IF îUP=0 THËN GC TÍ.1 SEI'ITENCE;
IF D,EC

TtI FI'.J iF LEVEL
-!-f.r['1 D'l;

c{llur.ii.l(á1 }, {7) {X(.i} rÁ) r¿;.;¡l_rljí'.: ( l-c-j ), \) ;

P.S(ÀSPr5) =l;
IF 31.1-'El't çr¡¡ PUT-Î'S;
CAI-L STTIJP;
Gí]"iII S,UCCESS;
El'.lD;

ELSE D'];
{i l- - ì J¡) r

c¡.1t. s [T_Àr.JX ;

. ÏF ?,
f ttfjrt ¡ìa\.

PUi FiLE (TirÀCF) EDi'i ('l
,lrr tl,r rltr tl,, ¡l
(C'll-Ur-lÀl (ll' (5) (X(i)t
C.lLl.l'¡i'l (ól)r {7) {X(l¡}r

. [r]D;
cn l'1 Tf¿Y_{G^ll';

. fr'll);

ïF -CYC ït-.til GC Tn SLTCCESS;
I F -AC'i TIJEi\I GN TO SIJCCESS;
lF ')¡1ï=0 THEi:i f;S(FlSPr5)=L;
ÈS(1.SPrL) =P^R1.+l;
IF 'ò iHE!'l c4LL fru-r -FS;Gr:l TC SIJCCESS;

,r ti,r rlt, tl,, rlrr ¡,Fpr rlrr tlrr
,? rç.tJÞr )

È(I))r cffLut'riÌ(31 i, F((rOlr
A(t)l' CCrLiJll l: (lùq)' A);

FÀIt_LlrìÊ:
I f- B TilErl
PUT FIt,E (TP.ÉCEIEDÌ.T (rl I'rl Itr
t lr,t)ritFt, ILlJfiE:;rilj'r I (CCLUÞì¡: (l)
C0LrJ¡1\r ( 109 ) rir l i
]F AEC

Tl-lE i.J Dll ;
IF SI.JCC
'!'llEN Dfl i

FS(tiSPr5)=O;

t, 'l', tltr tltt rl
| ¡ rsLJEr )

A(I) ), CCLU¡1 I'i (3-l) t
,À( 1) !, CCLLJMì\ì(lt9) t

r, i),i.p, ,lt, lltr

F(É r0) r

,x);

,rrltrrl t, rlrrr ltrt ltrr lrrr lt rr ll
(5 ) (X(5 ), Aì'CCLIJM\I( ÉI )' (7) ( X{ ã) rr\)



3ic
350
3Ê,r
3t3
3i4
366
361

3s8
369

370
31 L

31 2

313
315
376
317

3'l B

379
380
3qI
382
333
394

38'
20(

387
3t8

389
390
391
3e2
3)j
3c4
395
3c6
391

398
39.9

4C0
¿¡C2
¿rC3

404
rrC 5
446
4C7
4AB

.409

P/rlfi : Pi.';CIDr.liE (f,,4.â.\1 ] DPTl0¡rS (rl¡. I¡l );

Ê: S(r,SÞró)=0: -

í?.s(:sPr4) = oÀiiT+lì
1F I'rFENl C;tLt- P!.Jf-Fr!i
c^t-L -cEÏ (st j'l, AiìP, c', stj?);
IF ll Tl-'E¡.r PIJì- FILE (TR,','CE) Ef)TT (ISC¡ìr) (Cill-!l''i!(10ç)' A);
G3 ÏC EilTiìY;
Ei.! D i

C^LL PTPt'P;
E¡'I D;

lF PtIED-=0
THEI',1 l).;

ói(slJPr3)= oF.EÐ;

1F g -ir1El'i D(l;
C,{LL PIJT-ÀN ( SUP );
PUT FILE (TTÀCEI EDI'I ( ISUP UPD/"TEI } (CCLU!I\ ( lOq) ' Á} ;
E 1-lD i

LnPE=\i.PE-l:
¡1.iP=cti¡:¡'
CALL SET-AUX;
iF B
TUEÀì ñîI rrL { tr'rt

cÀLL PU'!-_Â!(.r,FP);
PIJT FILE (îI^C[) EDi
! lrrr lo rt llrt ìt rtlt,
1¡¡¡rJrt:{.l ( 1} r (5 } ( X (5 )

(7)(X(¡),4));
PIJT FT L E ('I'F.À,CE )

Ei'] D;

GC 'i1 rRY_,AcAJ t'! i
E¡Jt);

IF FFtrTl-lE?'-=0
T HEì'! DN i

iil ( À',ìÞ ¡ 1 ) = BRCTHÊR;
CI\LL SET-AUX;
ÌF B

THEN! D3;
C4LL PIJÌ-ÂR(åFP};
PIJT FILE. (TA,A.CE} EDIT ('BFC'1'I-Eíì.I)
Ciln.Lr rl"

G'I TO E\TRY;
EfllJ;

tF Sr)p=o'i-HE\l GO -iC NC¡,lSE¡1 IE\rCE;
'1 iì(',LJP'3) =PREll;
.\l?P=StJD;

^2,P8=l,RPE-liCirlL SET-Àt,X;
IF B

THE¡J DiI;
cA.LL 2UT_/.F(¡Êp);
PtlT Flt-E (TtAf.S) EDIT f rltr rlrr rlr

T(
fll

, i.l

l rrr l, rt.l tr, I t r, I tr ;ìF.Pr Aiì.ÞEr
! lr)

CúLUrtN( 37), ( 2)F(í¡rO), COLU¡lN(61),

EDiT ( TPREDT ) (CCLUlr$l(13?1, Â);

Pt(il:

rl,, rlt, r:F.2, ¡iìpE, rlrrrlrr



410

4lt
4L3
415
4L6
+L7
419

420

421

422
423
174
42'
426
427

429
¿+29

¿¡3O

43L
432
433
t',3tr
436
¿,11
4 3tl
134
¿¡ 4O
441
4!+2
q.: )

4!+5
¿t4¿)
rr 47
448
¿.49
450
L5l.

L52
¿yi3

454

Þ¿i,Cf:C!lJti: ( o \:ìr¿l ilPT

t lt, I ll t I

(cnlUlrfj (l)r
frllllt'!t\l(61) r

Ctr¡r t

iF -CYC 'lHEI'.I CO:I'C FÀILIJÊE;
IF -:',.CT TtslF¡i G11 Tt-ì FAILt.,RE;
Þ;\itl =P:\1f +l:
PS(ÍìSD'I.)- PIQT;
]F B TI.JE¡} CÀLL PU'T-RS:
GO Tq FAÏLUCE;

TF Y-¡,G¡, I II :
jF 3 T!{Eil
PllT FiLE (T?.¡.CF) EÐiT (rlr'tlr'
r lrrr,i ir*TpY_^G¡Il\ì:j,r:'4 I ) (cilLUl4l'f (

(7)(X(5),4), COLtJr,'t,i(lOslr A) ;
I F T EF.14
'f FFr'.J itn;

t-a ¡:t trT .
'tF s
-illEl'.1 DÎ ;

lt, oltr t'l',
(11 ) (x(5), A(
(?) (x(5), ô(

îEStï TL! SLIÞr )

)), cntiJMt(3?), (2)F(ár0lr
))r CîLUi'rl.l(10c)' 4.!;

PtJT FfLE ('ilìr¡.CE) EDIT { t

tlrr rlrr.¡lt, ,lt, I

tclLrJuN(l), (5) (x(5)
rr,-llljr4irj (óllr (71 (X(5)

EI'JD;
GN T,I F'.]LUlE;
EJ\.!D;

iF rEa
TH'Èlt Dn;

c,4LL SE-1'0Cl^'l',!;
'iF B -l-HEl'i cALL pu'i_3.s;
Ei.JD:

ELST I]:I;
.IF CYC
Tt.ttrr.i îË taî

THE\l Dil;
' fì S ( Ê S P 

' 
ó ) =0;

¡S (ÊSP,ri) = P/rF'T *l;
I: F B THEI.; CÉLL PUT-RS;
f\l D;

Ê¡jD;
Àrô-CllO.i\-.í-:rrLrr

CALL 5ET-^IJX;
lc n

ThEl.l Í)n;
ÞtJT Fi:LE (-ilìÀc5) EDIT ('l

,ltr rit, ,lrr tl,r rl
(CljLtJilH(1), (1) (X(5),
c0LUvr'i (ót), (7) {X(5),

EhID;
G':I T 1 ] I-' Y-A G.{ I Ii ;

Sfr^l ÍE!'1CE:
PIJi PÂ.GE;

ltrtltr'l t, rlrtrl'rtltrtltr'lt,
)r (5)(X(5)'À)' CÜLUl'l¡J (6I)'

, t l',
)

A(1))r
A(1)));

t l t, 'lt t

CßLU|4N(491' F(6'0! '

t lr,

It

J; lrIt lt t

rr ,lr, ,ln, tlt, l¡r,l.ÊPr
| ¡ rsljSr )

è(l) ) r anlrjr,lNl37\ I F1;r0)r
Â{I) ), CCLU¡'¡I( L0î) I ¿r) i

,l,



455
4r6
457

453
4 5'l
460

46t
462
443
¿,54
¿¡65

4(,'t
457
468

469

Þ¡Ilr: Pr-.ricFDr.rtE (P,\tìr'1 ) fip'li':¡is (¡iAIt'l !;

PUT Ef)TT ('SEI'J]Ef.:CE }.IÀS FIIJI{DI}(A);
1¡ rn L2;

I.rr'ì¡ (F¡lTFtlaE:
PUT P¡GT;
ptJ-r ËDTT ( ri,tû :..Et.'rE¡,cE r,ß s Fltjr.l 0r)(. );
GÜ T3 L2;
I ?.

PIir El-)IT(rrllE FI].,1^L AflÀLYSIS nECCn'D FlìLLaÌr.iSr ) tSKlP' l!) ;
ptJT FDTT (r ')(SKiP(2), X(å), r\(2r. l);
PUT EDIT( r \trl"lPnII'lTl SUPI sUBl PaEt)lr ){<'r¿'i er A};
pUT FDTT (r --__-'l (sKiP(01r x(É)t A(24));
D0 ¡,rìP=1 Tf, FIir,ô'L-5IZE;

PIJT EI)iT (i\r:: nrrltr Å.F.(¡.1ìPr1)r I

¡'rit.(lDPr3) r I I t r /'F,(/liìPt/!) t t

(crllrjr'tN{1), (î) (F(5r0), Ä(1
Ej''tD;

PU'i EDIT (

GO TC GET-DATA;

STnP : El',iD f,îÁ I I\i;

i t
r)
));

ÀF.(/rrlPr2)r rl

rl (sKIp(c),cîLul'1N(71r .ò) ;

i' r. l, L' IT
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