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L INTRODUCTION

Context~Free #@Srammars have severasl Testures which mske them
suiteble for defining programming langusdes. For dinstancer such
drsmmars sre! "recursiver have relativels simele znd well wunderstood
recognizersy  ardd & resdable notztion®[%1. Howevery no Context-Free
srammar can comeletely define & languasge such as  ALGOL  &0. In the
REVTSED REPORT ON THE ALGORITHHIC LANGUADBE alLGOL &0L61 the landusde is
detined by g Context-Free grammar az2nd a set of restricting conditions.
e main oharazoteristic of all these restrictions is shown in Arrencdix
Y oto e thet ftwo substrings in 8 sentence in the langussHe must be
pither dderntical or differerdt.

Bu  defining  an Extended Context-Free Grammsr based on the
sontext-Free gremmavr  of  [&1y gnd having additionally g facilite for
suribactically expressing this olass of restricting conditionsy we
mgdesvour Lo comrletely define a srogramming languassie bw the Extended
ontext-Free Grammar. We Lake Lthe view sresernhed bw Stracheullld that
it is the business of bthe suntax .. To detervmine if any rerticular
dece of  text dis & erogram  in the langusse ... And that of the
semantics Lo s e fetermine what the outcome of anuw well-formed
rrosran should  be.t, We believe +thet our Extended Context-Free
iragmmar fullwy defines the swuntax of ALGOL &0,

The basis of the Externdded Context-Free drammar remains  the
riginael  Context-Free grammar, Thus manw slgoritims develored for
areing Context-Free lansusges csn be used 25 the basis of anw  earser

ur g Extended Context-Free lansusdge.
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[ BACKLGROUND

The Hackus Naur Form meltalansuasge has become widelw used for
Jetining and desoribing the syntax of rrogvamming lensuasges. Howevers
AaNF ds restricted to exerressing the colass of Chomskwy Context-Free
Lansuadges  snd it seems wnlikelw that ang nornetrivel erogreamning
Langusse would hw definable comrletely by g Context-Free drammzsr. For
sameles Flowdl4d showed meny wears zso thalt it was not  sossible to
state  zLll the "formation rules® of aLGDL 40 zs a Fhrase Structure (ie

somtbext-free) drammare "so that there must necessarile be suntactic

wles stated in oblher waws", These "rules® are normallye diven bu
ievformalls stated restrictions®, Shartly afters Carvscciolo di

orinol2] roted that in the ALGOL 60 Rerort "...many syntscticzl rules
ivieh remain unformalised ... .have been given in the exrlanations and
omments gccomraneing Lhe metasuntzoticsl formulas®  (ie  ENF rules).
Il modnted out  the “strong context derendent character imrosed {(on
WEOL 600 bw the unformzlised restricting conditions?,

Flowdl8l later suwibdgested "any rule reguiring that two or more
ranstituent  shrases  of g construction be identicasl (or different) is
tlmost certainly bewond the score of  Phrase Structure definition®,
‘oah‘s Dorrespondence Problemll] shows thal the cuestion of whether a
wring Meachine cen say thaelt two  random  secuences in & string are
Hdentical idis  recursivelw wunsolvsble. ALGOL A0 has exzetly  the
pauirement Lthat an identifer must be declared before it is useds and
L seems  likelw that no findte Phrase-Structure dgrammar could be
mritben for aLGOL &0.

Attemrts have been made rreviously Lo define comslebtelwy the
grbax af  srogramming lengussesy in eavticulary ALGOL 60, The first
wamele disy of courses ALGOL 80 whose authors defined a Context-Free

rammay and sdded Further restrictions Lo it to comerletely defime the



b
Lansguadge. In this swstem valid ALGOL srograms form 38 subsel of the
Languase defined by the BNF rules.

i 1963y Cavracciolo di Forinol2l susisested a2 method far
durmamically defining  ALGOL. He considered “an ALl srodgram as a
slock (or more zocuratels g nest of bhlocks) which are 3 mixture of two
bures of stringse declarstive strimgs  (including  lasbhel attschments)
ich  resresent  local  linguistic cormventions dgiving rise to a8 locsl
st of eproductions snd sententizl strinss belonging Lo locallw defined
onbext~Free lengusges®, Thus entry to & blook sdds 8 new selt of
spocductions for defining iderntifiers and the statements of the blochk
orm & Context-Free lsnsusse whose drammar is the set of rroductions
oeslle valid Tor that block.

ther researchers have develored swustems comrletely distinet from

N, For esvamrlers & Canonice Suastemi3l *haes the carabilite to crosge
et Eranoce betwaen elements of +the senternce structure +that it

tenerates” sanond e Swstems define Context-Sensitive landusdgesy  but
Jew are so powerful that thew iotroduce undecidsbility eroblems.
Recognising the limitations of Context-Free grammars: the zuthors
i ALGOL &8 heve dintroduced  the concest af two~level gSrammars ang
letine bthe rnew lansusse ALGOL 48 bw this melthod,
Other exameles of swntactic descristion langusses can be found in

LET.
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The aim of this research was to develor an extension to BNF that
wotld ensble it Lo exeress suntactic relstionshirs currently bewond
its power. The langusse ALEOL 40 ardd sentax-directed and Lable-driven
sovd lers sugsested one characteristic reazson for the insdeeuaciess of
Dontext-Frese #@rammsrs. Thig dis the inghilits of such 2 grammar Lo
surress Lhe necessitse thet two shrases in 2 sentence should bhe either
identical or different. We exsmined +the restricting conditions
imwméed uron the Context-Free dgrammsr wused to define ALGBUOL 40 in L[4
o test the wvaliditws of this srorosition. The restrictions are all
statad 23 semantics: comments or  restrictions asrd are detsiled in
Ypemarwliv B sart 1

All the restricting conditions aerlied +to the Context-Free
gramuar are bhased on comparing two or more shrases of the sentence
(eyrogram) and the context in which thew arresr. For examrles auobins
Prom L&Y "The seme identifier cannot be used to denote two different
aantities  excert when these euantities have disdoint scores zs
defined bw the declarstions®y can be exeressed 3s! Esch identifier
ieclared maw nol be ddentical to zrw other identifier declared in the
same Dlock nead. &1 restrictions can be similarily expressedy and
are cdebtailed in Aspendix A ravt I1.

We can  sugment  sn oautomstic rarser wilth 2 rrocedure to comrare
W rhrases of 8 sentence (erogramd), With the swntax of the lLansgusse
Juticesting which restrictions must bhe asrrliedy  and  wheny to the
semvbencesy we can develor gutomatic rersing  srocedures thet do not
waulre manw  tests of swntactic festures to be  included in the
wemantic routines, :

Two concarts rrove useful in the develorment of the Extended

arhext-Free sirammari
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Li The occurance of 2 eroduction in & rarse indicstes when z
zgvbicular twre of event has occured in the srodsram (ef 3 declaratiorn)
ara

28 program or oa subset of 3 srogram ls undauely defined by the
seauence  of rFroduction mumbers  that  result from 2 esrse of the
ragram.  In rarticuwlarey & non-terminsl is wundeuelwy defined bw  botn
e seauence  of  terminegl  swmbols  and the secuence of sroduction
WIIG TS .

‘ar avamrday Sidentifiers’s can be defimed by  the Tfollowing

spoductions’

i

1 <identifierrili=z=Jdidentifierr<letter:>

4

2 widentifierrii=dletters

i1

[T S - T

-
S

Eedeb, s, “letlters

s oan Sdldentifiers> such as ABC is sarsed ~  Fe2¢491:591  ~  a3nd o
bhier ddentifier has this earse sequence. Further 3 ron-termins] maw
e yniauely defined by only 2 subset of the sroduction rumbers  from

Jie raree. o8 30455,
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L THE EXTENDIED CONTEXT-FREE GRAMMAR

par Ares ns gere sore O sore TiFe phr v . R e ok e P

et & Context-Free dvammar bhe defined as follows!

WEFINITION 1
a8 Context-Free grammary Gy is 8 4-turle

Ga(NeVeb e H)

N is & finite set of nonterminzl swmbols
Vodis o findite set of terminsl sumbolsy disdoint from N
Fois g finite set of sroductions of the form
At i=Ay AENs B E(NUVF
5 ds the start sgmbol.
We also define s set of restrictions over the rroductions of a
ortext~Free drammar.

HEFINITION 2

Har rrre aahe pwne tvas 423y 1T AWRY or

Let L? pe s Tinite set of labels stisched to the sroductions of &
antext-Free drammasry so that g rroduction has the form
E1ATi=Ly & él..pv AENy A &{ NUY)Y*
Let L. be & finmite set of labels which shall be sttsched 1o  the
estrictions
let T be 5 finite set of “tures’ of groductions. We shall class
sroduction as one of three twusess ie declarstionss statementss and
lock ends.
We define Ry a Tinite set of restrictions of the formd
& 1A &;} KA tySeELry AEN CE(L&%(NUU))*; LETsy
here

4 r, 24
!"«/I\':s:
L

& i the ‘restriction label’

B dis  an element from the right hand side of 3 rroductions the
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%ﬂw&”fiﬁite gsot of ‘Comerarision Elements’y cormnmected by a8 losiical
orarator {(Axv). Each element of ¢ consists of 3 ‘Lookfor Label’
and & ‘Comrsring BElement’ s The ‘Comraring Element’ is an element
From the rizght hand side of & eroduction (the ‘Comraring
PFroduction’) with the label=’Lookfor Label’,

Is the ‘relationshir’ hetween the ‘Arrlicsct Production’ and  the
Comrgring Produstionisy

With = the ‘eauivslent’ relationships

aneg # the ‘not ecuivalent’ relationshir,

is Lhe tuee of the arrlicant sroduction.

mete 4938 S5k edn BonY ALR AIY SEE SEAS SrER nea WERR S1AY SINA Hedw wre rae MRV SRG AN HOSE SPEV

We carn mow define our Extended Context-Free drammar

Given &2 GContext-Free dgrammarveGr arnd 2 set of restrictindg

onditions on G which gan he gurressed as a8 set of RESTRICTIONS (as

fefined in Definition 2 abovel)s we define our Extended Context-Free

framusry G v oas a8 4-turle

G =(NsVsFr &)

here

N dg &z Finite set of norterminal symbols

Vois a finite set of terminal sumbolse disdoint from N
5

Fois & finite set of formation rules B ;;Zwﬁ’ ' /%

Fe=(FUR) T
e

e
o

<L=Free rroductions of the FTorm

AT o O T ) .
T in tmBy AENy CLBECL R (LU, Be(NUV)F

Arsch R is 8 finite set of restrictions over P of the form

Sia i;} LCEE by S€L_y AENs (L x (NUUIY*» teT
Lo
IS

+ , . ®
& is the emelw sumbol 7

8 is the start swmbol.
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The Externded Context-Free grammar distinguishes & set of Comtext-
“rae eroduetions srgd o8 set of restrictions in a8 Torm 88 similar as
rousible to that in which 8 Context-Free drammar 15 eXPressad. The
et of  Context-Free sroductions remains essentiallw identical to the
spociuctions of the Combext-Free gdrammar. We add  lzsbels which are
sracifically defimed din the sHrammar 8 a8 imrortant rert of the
syt i ong .

The sreatest difference bebtweern 32 Context-Free dHrammasr andd  an
sebended  Context-Free grammar  is the set of restrictions, The need
*or # restriction to arrly is recodsinised zs a8 resull of a8 rarticular
rroduction being  agrelied during 2 rarse of 3 sentence. It maw be
woeessary Lo sdd  monterminagls sared some single  productions to an
wiisting Comtext-Free dremmar so that the need for 2 restriction can
we gndauely asng sccourately defined,

‘or instancey the srammar of Arrendix B has the sroductions

11 <esll statementrii= cegll <ddemtifier:

28 ervocedure heading>l iz procedure <identifier:
here 1is a2lso 3 restbricting condition asrrlwing Lo errocedure cozslls that
sawst AR identifier used in 8 osll statement must be declared 8
rocadure’ . Productions 11 & 28 zre related bw this restriction.

It de the task of the restriction to express the relationshis
wtween the bLwo svoductions, We let the vestriction have g lshel "3°
in  keering with Arrendix E)  and indicate din eroduction 11 that
rentriction 3 must agrerle by dincluding this label in the eroduction  in
He following manmer, ' c

11738 <call statementriis call <identifier: (?).ﬁ
watriction 3 states that the ddentifier which has been Toundr on
arainge Lo ocour in Froduction 11 must be identical to an  ddentifier
ioh had beern fourd to ocour in sroduetion 28,

le wueress bthis in the formi
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I wddentifier> = o 28i<identifier>

antriction 2 recuires that the two didermtifiers bhe identical. if a

estriction recuires that the element of the asrlicant erodueotion be

ifferent From ang  other (as occurs on g declaratiorn) then the

elationshis would be "not eauivalent to" (). A restriction masy arrly
o more bhan one  eroduction  srovided that the element from each
e licant  rroduction s the ssme, A restriction maw comPrare an
Felicant element Lo several comrarison elemenls. We wlace 2ll the
omeparison  elements dnsicde the swmbols <4 22" AR elemsnt may need
o bhe comegred aszinst one or z2ll of the elements thus enclosed in the
rackebing sumbols »  We use the boolesn orerators andia) & or{v)  to
how this. wameles of bthese events are dgiven in Arrendix B

It hes been observedr: howevers that if the relationshis is
geuivalent to" (=) the ‘or’ (v) orerator invarisbly arrlies and dif
he  relstionshir dis "ot ecuivalent to® (#£) the ‘and’ (A) orervator
nvariasbly arplies. Since no evidence can be dgiven to show that this
i1l he true for  ell restrictions on 2ll grammars the altermnatives
pmain exvressed in the general form of the restrictions.

The "tuee’ of & restriction is s wuseful dindicstion for avoiding
nrecessary comrledity din the rarser.  AlLL sroductions that arresr as
omrarision elements of 3 restriction sre of ture ‘declaration’s
roductions  which make certain ‘declarations’ unsvailsble for further

s are of ture "bhlock end’ and 211 others zre “statements’.
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We believe that an Extended Comtext-Free srammar will comrletelw
fopdt, HH

efine th&{ Isrguage ALGOL 60, This landusge cannot be comrletelw

i

efined bw z Context-Free drammar and no rroof hes welt been #iven as
o whether ALGOL 460 carn or carmot be defired by z Comtext-Sensitive
rammar or an Unrestricted grammar. We therefore have difficulte in
:1aain§ the Extended Context-Free drammar in relztion to the Chomskw
Lerareh,

are Exvtended Comtewt-Free dSrammar without anw  restrictions  is
auivalent +to & Context-Free sdrammar. Thus the Context-Free srammars
re o subset of Lhe Extended Conlext-Free dremmars. We  sudgest  thst
whended Context-8ensitive dHrasmmarse: BExtended Unrestricted sgrammars
nod Extended Regular grammars could aleso exist, The get of extended
rammaryg  being  related to the Chomshky grammars by Deindg basad on the
e resrective Chomshky grammar s dneluwding 8 set  of reﬁtrictimng*
te  Chowsky  dgrammar would be 3 subset of Lhe resrective Extended
TERRm3T angd  the Extended drommsrs would he a3 hiararé@ withinm

hemselves.,

T
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FARSING STRINGS OF LANGUAGES DEFINED BY AN EXTENDED  CONTEXT-FREE

Sove oar aers sren ware enes sare . e - WOn Voks FavE  pmea wes biks sere base bake aMeE bits Nair mebe pavw - s 1o R

RaMMaR

The definition of the BExtended Context~Free drammar has severasl
meelications Lo 8 rarsing alsgorithm for  landguases defined by a2n
Htended Context-Free sdrammar. Obviously some mechanism is reaudred
or  comearing  two strings  in the  grsemayr  and some method  for
dentifwing the strindgs that need Lo be compared,. It iz a3t this stase
Hat  the second concert mentioned in Section 111 becomes useful. IF
o dventifier csn be unieuelw defimed Dy the eproduction mnumbers outsut
wmoa result of rarvrsing ity then the outrut of the earser can he used
oy ocomearisons & successfualle as  could  the terminzsl sumbals
omegaing  the identifier. Furthery the owutrut of Lhe sarser is
dyveacdy stored bw the comeiler for the generation of meachine or
saembly codes Howevery for any non-trival srogramming larngusdge the
aamber of rules sernersted bw & warser is edeeedindgly  lardge. To
wercoms this sroblem we introduce the concert of the dugmented
wabrictions. Audgmented Resbrictions are +fthose which include  an
Hbray "dummw® restriction.  This *dumms” restriction serves to define
fose  rrocductions whose occourrence would rmot  otherwise oazll F
esteiction but which are recuired bw obther restrictions during some
OmPEPLSON ataﬁé¢

For eramrles in Arrandix E rroductions number
IrlAaviBylébp 17,1819 c8ll the "dummwe® restriction. 1t 5hquld be noted
Mat these rroduetions 11 define Tidentifierr’s arnd that it is onlw
fhe identifier®’s  that sre compared in the restrictions of this

irammar,.  The wuse of the *dummus” restrictions avoids unnecessary

4 ;
L{b% gzv,f; vugi f,}{,,', hace ;// ‘:é:‘, [N

omelexity in the rarser for the srammar.

%ﬁ { 5‘;! s
/ \ W & ewfe

Concestusllyy  Lhe sarser Tunctions mn@/tWW’levelQQ- The fisrst
evel can bhe anw of the automatic bottom-ur rsrsers for a Context-Free

anduade .. The second level is a8 restrictions ravser. The slgorithms
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or  tabhle denervation snd rearsing sussested pelow are for an Externded
Rik) =arser, Thew give onlw an outline of & reossible method for
meelementing 2 rarser and do not encomrases the Full sotentizsl of an

wt.ended Context-Free grammar.

stile-Generation

We have not imrlementedy o 8 comrutery  the table dseneration
rocedures diven below. The hand seneration of the btables in Arrendix
y Tor the grammar of Arrendix Br sudgdsested Algorithm 1.

We assume an LRI table dgenerator slready exists and is based on
lgovithms 5.8y 5.9 S5.00 of aho & Ullmanlll. We modifw the exdisting
aghle Heneralor Lo create two extra Lables. The v tabley the
eglating tabler contains in Lhe i% element the restriction lashel
tteched Lo the rroduetion which has  the eroduction  label i, For
sanrle see Leble 1| dArrendix G, We zlso creste a tables the ‘a8’ table
T arelied restrictions for the restrictions rarser by Alsgorithm 1
elow, For exsmerle see Taeble 2y Arrendix

We have altered the definition of LR tLables asssociated with
he items of & srammer G to bed (ref. Aho & Ullman s 392)

EFINITION 4

Let G be an Extended Context-Free dgrammar and let 5 be a
ollection of sets of LR ditems for G, T(e)y  the LR tLable
seocigted with Lthe sel of items ¢ in S is 8 4-turle of funcltions
Tosgsryar, 7 ds called the "rarsing sctiom function®y fﬁ’ the "Ho
o fumction'y ‘v the T"relating Tunction': and ‘8¢ the "arrlied
petriction function®,

1 detines the “f7 functiorn as i (1) in Aho & Ullman 392

2 defines the ‘& fumction as in (27 in Aho & Ullman ge 392

3 ‘7 the relating function srecifies the restrictions that
et  eerlw to the sroductions. v(i)= the restriction thalt must srelu

3 erocuction T oin the sHrammar if & restriction exists otherwise
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4 B’ vy bhe arrlied restriction function is a table of datsa
or the resbtrictions sarser. ‘g’ srecifies the slements that have Lo
& eomerared  ang bhe scbion to be  takern on Tinding s successful
OmFRTSL0M,

We extend the table gemneration srocedure of aAho & Ullmar Lo
polude  teble  #@enerstiorn for  the resbtrictions of  the STrammar.
Lgovithm L given helow would be arrlied +to  the drammar uron
omerletion of the sldorithm S.11.

Lgoavithm 1

sabtrictions table dgensrator

meitd Restreiction

whnt t Table of ‘&’ functions

atho?

} For everw restriction in the sremmar do 2 o & below,

2  scan fTor "restriction label® (rlabel)’ N
oo

IR R T R e

3y sean for element of the serrlicant rFroductiony , enter it in
table a/n a8t a/nlrizsbel 0]
4y  aean for relatiornshis
(g2 ds it "="F Yes! successirlabell=correct
faillrlabhell=arror
erndofstackirlabel I=error
(h) dis it "A'? Yes! successlhrlabell=errvror
faillrlabell=rlsbel
egndofestacklrlabell=correct
) while comrzring  sroductions still exist enter label in
aflookforlOryrlabel s X1 and element in a/lookforllsrlabelyx]
&Y scan Tor sroduction "ture”

53
{3y ds it . declarstion®™? Yes! storelrlabell=save
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(h) is it:"atat@ment”? Yes: storelrlshel I=remove

() is itf”ﬁluwk gnd®?  Yes! storelrlabell=unstack

(oY if non of these then storelrlabell=stachk
7y for everw distincet pnontermingl in a/n and aslookfor rarse the
nonterminsl *tos-down® entering each rarse sepuence in & Lable
earee seuence  gnd dndexing Lo the sarse seauence it a/n and
a/lookfor,

Farasins

As stated i the introduoctions @ rarser for an Extended Context-
ree lansusse  reeuires g procedure for comraring Lwo subsebts of its
wteut strinsg,. We distinguish the rarser s two  #aris,. A Context-
reg  LROLY  rarser which ig 2 slightly modified version of asldgorithm

7 0f aAho & Ullmany snd 3 restrictions rarser.

acditicstion of &lgorithm 5.7

Rk Parsing Aldgorithm
ettt o= dneut of aldgorithm 5.7
whbenatd = oubrut of zldoritnm 5.7
ethod? verform sters 1 & 2 until zccertance ooocurs or  an error is
neouwntered,. 1T accertsnce occurse the stiring im the outyul bhuffer dis
e right rarse of =,
(1Y = (1) of algorithm 5.7 }ﬁ“{?) the rarsing action function 7
dﬁé the tLable on toéy of  the sushdown list is awwlied to the
lookshead string o
(a) = 2{3) of sldgorithm 5.7

(hy if FOpd= redguee i then

if v(iy is mot eeuzl to o srrelw the restriction (a2ldgorithnm
2 pelow can e wused here)
if RESULT is not error Lhen

if eroduction i is A->A then 2121 swmbols are removed Tromw
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&
the tor of the rushdown List snd sroduction number ¥ is elasced in
e outeut buffer, & mew table T ds then exwosed 38  the Lop
table of +the rushdown  Lists  ang  the doto function of T7 ig
arelied to O to determine the next Lable to e rlsoed hﬁ Lo of
the eusndowrn list, We slace A agnd this new table om tor of the
syshdown list sng return Lo stes (1),
(o) = ey of sldovitihm $.7
ety = 20 of algorithm 5.7
The restrictions rarser works on the oubteut of the context-free
THPEET By using sugmented restrictions we can select the rarticulasr
roduction the t© are involved in restrictions and therefore simerlifw
Resher throng 7
il accelerate the rarser.  We sresent here a rarser whioch orervates on
stack structure. Alsiovithm 3 dis 2 procedure for comeaving two sels
F stack elements and Aldorithm 2 ds the restrictions sarsery thatl is

mhered From 2403 above,

Lgorittm 2

gatrictions sarser

rieh . Table of 27 Tuncltionsy sroduction  label of the asrrlicaent
rOGUDLLON,

wlent i Correct or Error

athod!

;o

@ .,
: @"»v;e 1 £, ot :’j;»f

y If rdid) = 0 do

"
g;’ DT

2y dnitislise 8 stack rointer o to the tor of stack sesdbior

ot

3y While RESULTY is rmot (corrvect or erron andg stack rointer o Is

ot the last stack elewmernt o
o
(1 A gel the next stack element
Gl ®Y is this element in a/lookforl/Zsr(i)sX]

(uesi  comeare  stack rointer o and stack rointer 38 (using
]
aligorithm 3)

ot decrement stack rointer o,

L
£
b
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if storelr(i)l=save then increment rointer s snd  stack iy resetl
Lo of shack rointer to sointer g,
1T storelr (i) I=remove Lhen decrement wointer 3 to tor of stack
FoLmter
if storelvr (i) I=uynstack then decrement roioter 2 srd Lor  of  staelk
soidnter Lo rointer o
it storelr i) I=stack thern increment rointer & and staok i,

returrn RESULT . to main rarser
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Pthm 3

vigdor Aldorithm

$ Restrictions stack and two sointers

18 RESULT

(o B

While stack rointer s d¢ sn element of the rparse seauence of the
arrlicant elemernt and stack rointer o e a2n element of the sarse
seauence of bLhe comrsving element srg 4f bhe geelicant element =
the comearing element then sointer 3 = gointer ¢ then  decremernt

both rointers,

it meither stack sointer o 4 din bLhe savrse seouence of the

comraring element mor stack rointer dis din the rarse gseauenrnce of
th arerlicant element then RESULT= success obherwise RESULT = »{1)

= o Fails
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X COMCLUSTONS
We  sresented the Extended Context-Free drammars as o warticulse
alution to  bhe svoblems  thatlt asrise from defining  srogvasoming
sigfusstes by Dontedb-Free srammars.  The extended Cormtext-Free dgrammar
3 ouite simrly & Context-Free sremmar that has  bthe facilite of
prassind restricting conditions in & vigorous nobtation. The dgrammar

2 notation sresented here can exeress Lhe restricting cornditions on

LAO0L &0 Tt will noby dn o dtes sresent form handle s condition such ss
HERBTE i BASIC (that stebtement numbers mwmust bhe seauentiszsllw
wreasing throughout the svodgramde however Lhe method is  edstendible.

A Extended Context-Free d@rammar  could comeletelw define Lhe
sivtax of MLGOL $0.  The srammar thus defines lansguasges thalt cannot bhe
afined bhw Comtedst-Free d@rammars. The Context-Free sSrammars form &
Jheset  of the Extended Comntesxt-Free grammsrs. Because an BExtended
anterxt-Free srammer with no restrichbions dis 2 Context-Free sramumasr it
sems Likely that Extended grammars could be defined over the entire
wmekw hierarchu.

No  sutomatic srocess  is  sgiven TFor srecifwing Lthe swrtax of a
rogramming lansuasge in an Extended Corntext-Free seamnmar, Howeavear
irce  there is rno undversallw serlicable methodil] for srecifuing Lhe
garnbax of 2 wrogramming languadge dn sy geammary bhis  should  mot
stract from the usefulness of Lhe Extended Context-Free sSrammsrs.

adding 8 resbtrictions  table denerstor Lo the slreads existin
(kY table deneratory will cause Lhe table gernervation sroicess Toar  an
whended Context-Free sdsrammar Lo bhe slower than the Lable gerneration
FOCEEE for & Context-Free fSrammar. Howevery Lhe  mumber  of
patrictions should usualls be sufficiently smally and the sreed of
he  restrictions  teble senevator sufficierntlw fFasty to mske the
verall effect of the restrictions insignificant in compavison wibth

For amn LY S$rammsr.

e motoriously slow table genevation srocess
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We nave dmrlemented a earser based on the rarsing sldgorithms of
4

ection V., Tests have shown  that the addition of & restrictions

arser  bo  an LEOLY  marser  cause 3 veduction  din the sweed of s

e

shended LROLY waveer as comeared with an LROL)Y sarser. This i nmot
no dinsignificant  Tfector » bub it is small comrsved Lo bthe total tiwme
eaudred Lo rarase o wshring. Considering & wearser ss rart of =2
omeilery  we  exerect  bhnat sn Exterded ssrser will reduce comedlation
imey Decauss Loe swnbax anslusis 18 comyleted b bthe parser and  does
ol reasire ad hoo checking in the semasntics routines. The sarticular
gae  of on-line dnterzctive compilstion of ireul srosrams should he
reatly enhanced bw the use of an Extended rarser, Suntactio errovs
gr be detected almost immediztelw thew ocour ardgd mot aftter the entire
rogram has heen ineul.

We heve dgiven glgorithms for drcluding the restrictions in an
Rik) marsers bul any bottom—us parser for Conbext-Free dgrammars could

& altered by gnalogous methods.
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SRENDTIX A

ART

RESTRICTING CONDITIONS ON ALGOL 40

POVRISSAN . Sy = - - - P ey e -

1 3 Exsamrles of Suntactic Restrictions an ALGOL. 80 Mot Exerressen

o obhe Suntawlael

"The sasme idenbtiftier cannot be wsed +to denote two differvent
aguantities excert when these auantities have disdoint scores as
defined by the declsrations.? (2,4,3 ppe W)
Certain identifiers stoula be  reserved  for  bthe standard
Functions of arnalusis.” (324 py &)
The ture of the value of s rarvbiculsar variasble is defimed in the
declaration for the variable itself of for the corresronding
arraw identifier.” {Jed.3 gy 53
Uzriables and function designators entered as boolean erimaries
must be declared BOOLEAN 7 (3.4:.4 wp 8)
"The ture gssociated with 21l varisbles and syrocedure identifiers
of & left rart list must bhe the same,” (4,2:4 pr 100
1P the ture (of left rarbed ds  BOOLEAM:  Lhe exeression mustht
Likewise he BOOLEAN,® (Q,2:.4 wp 10)
I the tyre (of left s=arts) is REAL or INTEGER, the exrression
must be arithmetic.” (4.2:4 wpp 10D
"Arart from the boolesn exeression of if glauses the constitusnts
of simrele arvithmelic exeressions wist  bhe of  tures REAL or
INTEGER. " (3.3:4 wp 7
"Aesigmment to 8 srocedure ddentifier mar only ocour within bthe
pocy of g erocedure defining the value of  the Tunction
desidgnastor.” (4,23 py 10D
"The actuzal sarameter list of z srocedure statement must have Lhe

same mamber of srbries s bthe Tormal list of the srocedurs



L
.\:). o

declarvation heading, (4.7 .4 wp 13
"Tive  kind  ar tuse of each actuzl ssrsmeter must be comestible
with the kind and tyre of the corresronding Tormal rarameler,”

(4, 7:% we 13D
A go to statement defimes ite successor exelicitely bw the value
of a desigrnational expression.® (4,33 we 10D
"N so to statement can lead From oulside into g block.®

(4.3:4 wyw 103
"Easch arithmetic exerression of the subscrist  list OCouUrles one
subscriet rosition of the subscrirted variable.'

(F.1e451 #r &)
Yaeart  from  lsbels el Formsl rargmeters of srocedure
gaclarations....all identifiers of 3 rrogram must be declared.?

(5w 130
& declsration of amn ddentifier dis valid for ome bhlock:”

(5 wre 13D

e ) ¢
e

! BExeressing Restricting Conditions o ALGOL &0 zg Comrarisions

etueen Two Strings

Each  ddentifier declared maw not bhe ddermticsl Lo ang obher
identifier declared in the same block head. &é@%f&“13%%W”W%‘q

Each identifier declsred maw not be igerbicsl to  arw  iderntifier

>

reserved for the standard functions of amalusis.

ﬁﬁ;yw
Fach ddentifier used a8 2 boolean primaru mist he iﬁentical Lo an
identifier that has been declasred RBOOLEAM,
Fach ddentifier a8 & left rard list must be declsred to be the
samne Lure as every obher identifier in the left sarh list.
If an ddentifier in & left rart list hss  been declaved boolsan
Lhe exeression must be boolean.
It  an ddertifier in 2 left sart list bhes been declared resl or

integer the exrression must be arithmetic,



-

W~

2
fArgrt from ddentifiers in LT clauses srw ddentifier in &n
arithmeltic exrression must be identical to an didentifier that has
teen declared real or intedger. -

It +the ddentifier of 3 left rart has bheen declsred g srocedurs

wh
the statement must oocour in an unmgwlet@d racedure declaration.
Y

The cumber of ssrameters of &8 serocedure statemert oust he

e £

identicsl Lo tLhe rumier of  earameters of bhe srocedure
£ . i ’ B
Dt ng : 5169 ¢ e Cllp gt

The identifer in an a2ctusl esrameter list must have heen declsred

oo e A - e
declavation. h }?iiwmg“%wf 7 lelin,
to have 8 tuwre comratible with the declaration for the
corrvesronding ddentifier in the formal sarameter list.
The identifier in a8 #0 to statement must be identical desdiesd Lo
the label of & statement or s switcoh identifier.
The lahel of 2 statement or bthe desisnetional exrressions i 2
switoh list of & switch ddentifier rveTerenced in 8 Ho Lo
statement must be identical to s label theat is locsl to the zZo to
statement . Aé&ug @&%%wd“ﬁ' /E)
The nﬁmbev of subscrirts of the subscerist list of & subscorirted
variabhle must be identical to the mnumber of subscrirts in Lhe
declaration of the arraw identifier.
Ary ddentifier used in g statement must be identical to  an
identifier in @ declaration.
arny  ddentifier wsed in 8 stetement wmust bhe identical Lo an
identifier in a declsration thset is in & block tq’ which the

current block is local.



PENDIX B

s

AN EXAMPLE GRAMMAR

..... B T T .

1 3 Context-Free Productions

-3 Sl r OSSP Em

Trrogransi i=dhlock> .

hlocks? f=ddeclarations: <ststementr

wdeclarationsrii=dvariabler <erocedures | derocedurel

Serocedurerd izderooedure>leroceniure headingrdrvroredure

Sidentifier listrili=Jdidentifiers> ! <identifier

“atatements>d i=Iaseidgrment statement> | Jeall

ceall statement> i= call <iderntifiers

hoous |

a7

7

listrvdidentifiers

“assigrment statements>ii=dJeft rertrisJexprressions

Serprrestsionsii=<identifier:

Tidgentifiersii=didentifier: Jletters> | Slaeltbers

“lettersii= g ! 5 | o o g

“expressionsils Jdinteder:

Sirbegerxdi=Jlintegers> Soigits | deisits

wodgitEdds 0 QL 4 1 2

cvariablerit= variable <identifier listx §

“proceditre heading>il= procedure <identiftiers:

serodecure bodwllls dhlook> §

“left gartr»ii=Jdidentifier:

2 1 Restricting Condilions

an ddentifier may bhe declared only onee.

All ddentifiers used in assidgrment statemsnts

‘variable’ .

A ddentifiser wsed in 2 czll stabement

‘rrocodure’ .

-1

must  be

musst

statements

fagy

declar

veclared

el

&



Identifiers are local to the hlocks in which thewy are

*
¥

AT 3 Ay Eauivalent Externdesd Context-Free Grammar

rocuetions

o

g

SE PO ENE

e

*,

“wrodgrams? f=dhlocks

<
wetatement>

“oeclarations»iiz=dvarishler <yprocedure | <rrocedurel

Trrocedurer tederoceduresiprocedure. hesding drrocedure

o

L4
L]

2 rane
pg=s

A1 Zddentifier lists identifiers

1 Sddentifier listrilds=didentifier listredidentifiers

Satatemnsnt>i isdassigrment statement> | <eall statement

Seall statemerts

%
%

173 call <iderntifiers

% e
§ =

Saassigrmment sbetement>d fxllefl sartri=dewrressionr

Kyt geionsii=didentifier:

LM P

]
4

470 Sddentifiers!i=didentifievsiletiers

G570 fimdletters

Sidentifier?

¥

60 <letlter>iis a
270 Cletterxii= g
B0 Zletter>ils o
/0 Cletter®dis g

4] Teurressionslis Jintedgers

Simhbedersl i=dintedgery <digit> | Jdisgitr

7 wvarisblexii= variable <identifier lists & ~

?
*

htd

B/1 <egrocedure headings:dis procedure <identifier>

&

/4 <erodecure boodw) iz Jhlock>

072 <left eartrii=didentifier>

potrictions

-

Cidentifiers # U7 idddentifiers,

28

declared.

bodus 7

",
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Bididentifivers,
281 ddentifier> B odeclarvation

sndventitiers = << Pididentitiersd

Biciderntifiers statemert

s,

voidentifiers = o< 281didentifiers 3k statement

i » = 28 o bhlock end



FENDIX C
TARLES

N

GENERATED FOR THE EXAMPLE GRAMMAR

ble 11 the r Tunction

achuction/restriction sroduction/restriction sroduction/restriction
O - 11 3 21
1 - 12 o 22

2 - 13 2 23

&
o
~d
L]
o
g

¥ - 20 - 30 2
10
ale 2 1 the s funchtion
CULE MONTERM LOOKFOR STORE SUCCESS Fall ENDDFSTACK
0 stack \
1 Cidentifiers BHEVE error 1 correct
identifiers 7
Sidentifiers £
Sihdentifier> 28
2 widentitTiers remove correct 2 error
sidentifiers 7

<ddentifiers ]

3 Sidentifiers remove correct 3 Srror e —
~ .

cidentifier> 28

4 29 unstack correct error EPPOr

“grse Seaquence{didentifier>)=l4y18s 1417918219 o
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