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Abstract 
Tomi ta's parsing method, or generalized LR parsing, was designed to parse am-

b1guous grammars efficiently Tomita uses specific lmear-t1me LR parsing techniques 

as long as possible, falling back on more expensive general techniques when necessary 

Yluch research has addressed speeding up LR parsers, ,n th is thes.1s, we argue that, 

this previous work 1s not transferable to Tomita parsers To speed up LR parsers, 

we reduce LR parsing overhead two ways grammar transformations unroll recursion , 

and larger firnte automata rn the parser trade spa.ce for time 

We have devised a variant of Tom1ta's algorithm which mcorporates our low­

overhead LR parsers Our t1mrngs show that our Tomita variant gives a11 order 

of magmtude improvement for the worst case ambiguous grammar on most mputs, 

several orders of magnitude improvement are seen on larger grammars 
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Chapter 1 

Introduction 

She saw the boy with the telescope 

Does the boy have the telescope. 01 not? The a11-,,,e1 Ires 111 the<;( rue! t11c· of the 

-,entence, and whethe1 '·,,·1th the t<-lescope · rnod1fie-, · saw · 01 "bo_,· ·· Th<' p1 oce-,-, of 

deter 111111111g the sti uctu1e of an rnput - ltke Lhc abmt' 5t'ntenc0 - 1s called pa1 sing 

!\ corn puter p1ogia.rn \\'h1ch pa1scs input 1s called a patse1 

Parsmg 1s a fundamental topic Ill computer science because IL lias so 1lla11.v r1ppl1-

cation ateas Prog1amrnmg language compilers. natu1al brng11agcs. daLaba-,(' qu<'IY 

languag<"s, and document rna1kup languages like HT\JL al l 1equ11e pa1•w1s. Lo ua111e 

but a few e"'amples 

To guide a pa1se1 111 c!Pte1 mm111g an tll[Hll "~t,1 uct lit<' . 1L ha-, a '>< t of I ulc-, 1, lt1ch 



l, 

desc 11 be a.II possible val1cl 111puts Th is 5C't of 1ules 1s 1cfc-11ccl to a<; a g1a1n 1n<1 1 

L1nfo1tunately. gramma1s ate not a lways ab!<' to clesettbe a unique, 1111a.mb1guous way 

to 1nle1p1cL cve1y input As with the Eng]1::,h g1amma1 that 1111 po::,cs a -;t1udu1e 011 

the above sentence, some guunma1s ate ambiguous 

Like hurnans, pa1sers have an casw1 t1111e underslancl111g 1npuL wh1c!t !ta::, on lv a 

::,111gle 111tc1 pretat1on i\1101 e 1mporta.ntly. pat <;et s which deal slt tdly with unamb1guou-, 

g1amma15 can ope1ate much faster than pa1se1s fo1 ambiguous g1a1111na15 Tlw, 1-; 

n uc1al "hen one cons1de1s that. Lite speed of 1npul 1ccognn1on 1s h1ghlv v1-,1bl<' to 

u<;e1s .,.\.5 a 1csult. most a1t.1fic1a l languages (such <1::, t.!10-,e 1'01 p1ogu-1rn11ll11g language-;) 

have unambiguous g1amma1s by dcs1gn, and much 1c-,ca1ch 11<1'> add1e::,-,0d -,p('cd 1ng 

up pa.rse1s fo1 unambiguous gram mats I-lO\\CVCt , appl1cat.1om, like 1iaL111al l,,nguag<' 

unde1sta.ncl111g a.re rarely able to choose a conve111ent g1arnma1. so Uw1e 15 stil l a 1wed 

f'ot fast pa1se1s for ambiguous grarnma1s 

In his PhD thesis [38], Tomita presented a method fo1 pa1s111g wh ich comblllecl 

the best of both wotlds A Tom1La pa1se1 employs techn ique:, used f'o1 unamb1guo11-, 

g1arnrnars as long as possible, then falls bacl, on mo.1 c e,pens1v0 technique-. to handle 

amb1gu1ty when necessa1y Besides natutal language':>. To1111ta pa15c1s a1e \1C'II -,u1t<'d 

Lo pa1se a11y g1arnma1 \\'htch contarns a1eas or arnb1gu1t1 

Om 1C'sea1ch has focused on speed111g up Tomita pa1sc1s Rctu111111g, t.o fi1-;t p1.111c1-
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pies. ,,e p1esenL a d1ffe1ent way to cousLtuct these pars<>ts. and show that ou1 nwt.liod 

results 1n faster Tomita parsers 

This thesis 1s a1ranged 111 the follo\\"JI1g manne1 \\e 1nlLOducc' g1am111a1s l,rn-

guages, and pa1s1ng fo1mallv 111 Chaptc1 2, ('ltapt<>1 3 1s a 1cv1ew of LH pa1!->C'I'> th<' 

5pec1fic class of parse1s that we use 111 out wot k Chapte1 -I clcsc1 ilws ou1 1m tliocl fo1 

budding fastet LR pa1se1s In Cha.pl.et :'5. wc> apply !lial method Lo a '['ol!l1La pa1~c1, a 

pa1s1ng technique which can effic1enLly handle amb1gu!l.) C'hapl.<>1 6 d1scus .... c•s 1rnple-

111entat1on details Finally, Clrnpte1 T p1ese11ls avc1111cs fo1 futu1c \\OI k and conclude-, 

thC' thC'SIS 
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Chapter 2 

Languages, Grammars, and 

Parsing 

Since parsing has a large numbe, of cl1ve1se appl1ca.t1ons. ,t 1s not 5u1 pt 1c;111g l hat I hC'1e 

,s a la ,ge body of theo1etical work to suppo1L ,t In this cbapt.01. we pre:,ent 50111<? or 

this rnatenal as ,t 1elaLes to our v-101 k 

2 .1 Languages 

Formally, a language 1s a sd of st11ngs o\·e1 an alphabet [29] An alphabet 1s a f1111tc '><-'I 

of symbols, and a st11ng 1s a11y firnte sequence of alphabC't '>ymbols. a language 1helf 



may be either fin ite 01 rnfirnie Fo1 e"<a.mple. Lake the alµlia.bei :S = {a . l.,} 'l'ltc11 

o. aba, and abbbbb \,·ould all be e'\amples of st1111g:,. the languages ove1 :S Jll(ludc 

{a . ab.ba} and~* 13y :s· we mean tlw f,lccne closu1e of :S, the :,ct, fo1lllcd th1ouglt 

co11ca.tenai10n of zero 01 mote sit 1ngs 111 ~ [29] 

( 5111g the noia.t1on of [1], ihe symbol c denotes an f'mpty sL1 111g \Y1ih 110 sy111bols. 

ancl $ 1s a symbol that acts as a end-of-1npui sent111el at t lw end of '>l t 111g5 Lowe1 <-<1-.c 

kLt.e1s late 111 the English alphabet , such a5 w. a1e used lo 1cprcsrnt, a1 b1t1 a1 v ':>t,1111g5 

Chomsky [1 -1. 12] cla%1fied language:, 111lo fou1 t, pf'-, Of tlto-.f' lang,uag<' c!a..,'>e5 

onl.r two a1e known to be 1ccogn1zed b.v efficient pa1<;111g method-;. -;o \\(' t('',(1 1ct out 

a.ttent1on t.o them regula1 languages and contc'\t-f1ec· languages (CPL.,) Fo1tu11atcly 

llla.ny '·111te1estmg" languages for p1act1cal pu1pose5, :,uch as p1og1ant11llng lc111guagc5, 

belong Lo these t.wo classes These classes of languages may be d1.,t. 111gu1shccl by one 

of the means used to clesc11be Lhern - g1am111a.u, 

2.2 Gran1mars 

A g1ammar consists of a finite set of 1uks By appl_\ 111g lhe-,(' 1ulc.,,, a g1arn111a1 

aciua.ll_v behaves as a generative dencc fo1 a language. a11cl t'> able to p1o<lu( c all 

si11ngs Lhat belong to 1t [l2] So to pa1se an 1npui ~! 1111g cllld d1v111c 1V, st1uctu1c', a 
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pa1ser must ope1aLe backwards 111 the sense that tL needs Lo dete1rn111e which 1ulc'> 

\\Pte used, and 111 what 01cler. to c1eate a pa t1 1cula 1 1J1put A pa1!->c1 rnusl abo b<' abl<­

to dPLect 1nval1d inputs Lha.t a te not pa i l of the language defin('cl by Lite g1arn 1n,u 

G1amma1 1 ules themselves a1e comp11secl of t \\ O cl1ffr1P11L t_ypPs of -;v tnbol.:, 

L Tei rnrnal symbols T he'>e a te JUsL symbols f1orn a language's alphabet, a11d w,11 

be WL1tten usrng lowe1ca5e English lette1s like b [l] D<"pendtng 011 t he pat f.1cula1 

grarnma1, other symbols like pa1enthe~es may be used a<; L<"tmmal symlJols fo1 

cla1 1ly 

2 Xonterm111al symbols These ate symbols may lw thought of as ·,·c11 1a blcs'· 

that may be subslttutecl with sequences of t<"t m1nals and nontet m1nah [-12] 

The g1amrna1 's 1ulf's define all valid subsl1LuL1011s l'pp<>tca'>C al pliabeltl lct tc, ., 

ea tly 1n the alphabet such as 13 ate u-,c,cl Lo t<'pt<"-.<' ttt 11011t.<'t tn1 11 al'> [J] 

Lowe1case G1eek lettc1s 1ep1c:,c11L st11ngs of ternunal and nonte11rn11a l -,_vrnlJo l.., 111-

clud1ng the empty stnng, uppercase Engl15h lette15 late 111 tlw alphabet (<' g .\') 

stand for a smglc te1rn1nal or nonte1rn111al [l ] 

Hetu1111ng to Llie analogy of nonteurnnals as vat ,able-;, a gt arnrnc1 1 1 ul<' !\ ~ c1 

tlldtcaLes that Lhe nonLe11rnnal .4 may be substitut.<"cl \\'Jlh o whe1ev<' t .-1 appea1c, 

\\"hen th t5 happens. A 1s said to elem e o . \I ntten .-l ==} o R<"JWa.lf'd cleLJval 1011-. 
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nH1) occu1. A~ o means that -\ dc11,·e'>C1111 zc1001 11101<':,t<'p<; I f a <,1lu,1l 1on 

auses whe1e the1e a1e several nonte11111na]5 that could be subsL1tuL<'cl Cot, <;ub-,titut111g 

the L1ghtmost nonterminal y1e[d5 a 11ghtrno<;t. dcuvat1011 . denoted A ~ n 

In the gramma1 of F1gu1e 2 1, \\C' ha,c the tcrrnrnals {a.b,c. d} a11d the nonte1-

1111nals {S', .-\,B} The language defined by this giarn111a1 1s the finite i:ieL {c.aulb} 

Some of the statements we can make about Lh1s g1amma1 arc 

S ~ aABb ~ ai\db ~ acdb 

w 

S ~ acdb 

NoL1ce that ou1 de11vat1ons above all began with S' G1amrna15 h,1, ea d,~t 111gu,..,hccl 

sta1t symbol f1orn which deL1 vat1ons beg111 - cot1vent1onallv. the sta1L svrnboJ 1., Lite 

nontermma.l on the left-hand side of the first g1alllma1 1 ule In p1act1ce, g1am!llats 

will sometirnes be augmented with a new start <;_yrnbol S' and a I ule S' ➔ S S 

Us111g an augmented grammar s1mpl1 fies spcc1ficat1on and 1mplemenlat10n of some 

a lgon thrns [10] 

Now let us be more ptcc1se A gramma1 1s a four-tuple G = (N, ~- R. S) . whc1e 

:\" 1s a fi111te 8et. of nonte1 rnmal symbols. 

~ 1~ a fin ite sci of lei m1nal 5ymbols ~ n .\' = 0. and 



s -+ a A B b 
s -+ C 

1\ -+ (" 

B -+ cl 

P1gure 2 l A simple g1arnma 1 

S E N 1s a sta, t symbol [2, 29] 

R ,., a seL of I ule::. who5e cornpo'>1t1on depend-, on the Lypc or g , amrna1 bc111g de-

fined Rerncrnbe1 that we a,e onl.v 1nte1estecl 111 1egula1 la.11gu<1ge'> and cont<·,t-f1<'C' 

languages, and that classes of languages a,e dcfin<'d b.v cla~::.c::. of g1a111111at'> Heg­

ula1 l,1nguages a1e defined by 1egula1 gia.mma1s, fo1 whom R 1s d f1111tc subset of" 

1\ ' x (~ U (~ x !V))1 ConLc,t-fice g1arnma1s (CFCs) define conte,t-ft<'f' language'>. 

be1e R 1s a. fin ite subseL of N x (Nu_,)· Fo1 e,amplc. the g1amma1 u-;ecl 111 F1gu1c 2 1 

was a. CFC 

The language defined by a g1amrna1 G 1s denoted L(G) C,' ,., a111b1guou-, 1f" a11d 

only 1f two 0 1 more d1sL1nct 11ghtmost cleuvat1011s e\1-;l fo, a g1,·<'11 rnpuL -;L1111g 

1 There ate other equl\·alent defirnt1on'l, but th1~ one i,, con, e111ent fo1 di'>( 11-,-,1on pu1 po--,t ,-
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2.3 Parsing 

No\\' that we have defined what \\e nwan bv languages and g1a.mma1s, ,,e can talk 

about the rnachrne1y used 111 pa1s111g As \\f' 1mpl1ed. lhc .1ob of a pa1-.;c1 1-, to check 

the val1cl1ty of an 111put st1111g acco1cl111g to a g1amnia1 IL does so by clele11n1111ng 

a sequence of de11vat1ons ftom the g1amma1 's sta1i symbol thaL ,rnuld 1esul t 111 t lw 

p1ocluct1on of the 111put stung D1ffe1ent types of pa1sc1 go about, this La.sk 111 cl1ffe1enl 

ways. a.nd the method a. parser uses cleterrn1nes t.he class of languages 1L ca n 1ecog111zC', 

some classes a te larger tha.n others Given Lh1s fact. we l1<'al the pa1':i1ng of 1cgula1 

gramma1 s and CFCs sepa1ately 

2.3 .1 Parsing R egular Granunars 

To pa1-;e tcgular grammars. one makes use of the fact lha t tegul<u g1<1111111.-11-, a1e 

equ ivalent rn e\.p1essl\e power to ft111te automata [14] ·\ fin ite automaton ( l,'.1\ ) 1s c1 

state mach111e 1t 1s comp11secl of a firn te set of staies. and the trans1L1ons lwtween 

them Begrnnmg 111 a unique sta.1 t state. a F/\ will make one 01 11101c t1an':>1t1om 

bcl.,•\een stat.es fo1 eve1y rnput symbol 1t 1eads At the end of the input . t lw f :\ 

accepts the input as valid 1f the FA 1s 111 one of a set of final sta tes 

/\ d irect conve1s1on 1s possible from a regula r gramma1 lo a FA [.5. 7] 
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b 

a 

s ➔ a A D 1\ ➔ b J3 
A ➔ C 

B ➔ a. A 

C1<'ate a FA 5tate fo1 eve1y nontc11111nal 111 Lhe g1 am111a1. plu'> a f111al -,tat<" F 

:2 Fo1 eve1y g1amrna1 1ule A ➔ a I3, acid a cl11ect.ed edge f'1orn :,La.tf' l to -.latC' B 

labeled a 

:3 F01 every I ule A ➔ a, add an edge f10111 slate -l to :,Lale F 

11 The state co11espondrng to Lhe g1amrna1 ·s stan symbol 1s the 5ta1 t state 

To illustrate, F1gu1c 2 2 shows a 1cgula1 g1amrna1 and 1h as5ociatccl FA FA sLc\l<''> 

ate dia.wn as cu cles, the shaded c11cle 111d1cates the sta1t slate . and the double-ntcle 

1s a final state 

'J'he set of 1egula1 languages 1s a p10pe1 subset of the 'i<'L of ('FL".> [14] vVhv would 

one not eschew pa1s111g Leclrn1quc:, fo1 1egula1 g1a111111,u:, 111 f'a\'01 of 11101e powet!ul 
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ones used fo1 parsing CF'Gs? While this would ce1 tc11nly be possible. 1( t. 111 ns out that 

finite automata have much lower ovc1head than the co11 cspond1ng pa1se1:, f"o1 C'F'C:s 

usrng a CFG par!>er f'o1 anything but CFCs would b<' ov<'1 kill 

2 3.2 Parsing Context-Free Granunars 

Ho\\ then can CfGs b<' pa1sed? ( nfo1 tu natcl.v thc1e a1e 0 111 v a f'ew ge11e1 al lllC'Lbod.., 

known . such as Ead ey's algo11th111 [9. :31] Even the To1111le1 algo11tlirn \\'<' use 111 th 1'> 

thesis 1s unable to handle ce1ta111 ambiguous g1a111111a1s [12] In a11.v C<l'>C. g<'ne1al 

CFC pa1s1ng methods tend to have high ovcil1ead. and can have po01 \\'0tst-Ca':i<' 

p e1fo1mancc O(n3
) fo1 Carley on ambiguous gramma1s [9], and Tomita can be e,po­

ncnt1a.lly slowe1 than Ead ey [19] (On unamb1guo11s g1amma1s, Earley has an O(n'l) 

wo1sl case) In p1act1cc, often parsers a1e used fo1 CF'Gs \rh1ch accept, only a '>U b':i<'L 

of CFLs 

One of' t he mo1e 1mpo1 tant CFL -,ub':iets 1~ the LH c]a<;s 111l 1od11c<:'d b_v r--: 11111 h [2- 1] 

The LR c lass consists of those CFLs wbo-,e g1amma1s 111<1_1· I)(' 1<'rng111 z(•d by LH 

pa1 '>Cl s, these g1 amma1s a1e unambiguous by cle f1111 t1on f\ot only a1 e 1nanv g1am­

ma1s - Id.,<~ those fo1 p1og1amrrung languages - tecogrnzable ll'>tt1g LH pa1 sc1 '> . but 

clete1 mm1sL1c parsing methods are kno\\ n \\ h1ch c, ccute 1n l1t1C'a1 Lime [ L] l3cu1 u:,< 

of 1Ls 1mpo1 tance. and because Tomita pat 1ng 1clws upon 1t. LR pa1s1ng 1s t hC' t.op1c 
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of Lhe nc,t chaptei 



Chapter 3 

Review of LR Parsing 

By cldin1t1on. a LR pa1se1 1eacls 1Ls rnput f1orn left to 11ght. and pi oducco.; a 11ght;11Jo.:;(. 

dc11vat1on 111 1eve1se fo1 a. va.l1d 1n puL sL1 ing [l] 

LR parsers belong to the class of "sh1ft-1educe'· pa1 sets. so named becau..,c of 

liow t hey opeta.Lc They '·sh ift" t heJr input onto a ::,tack and. al. appropu ate t1111cs, 

"1 educe)) Lhe stack by recognizing the use of a particula r g1 amrna1 ru le A I eduction 

causes the stack symbols coirespondmg Lo the i ule':, 11ght-hand side Lo be popped off 

the stack. a11d 1eplaced by t hat tule·s left-hand ::,1u<' 

Fo1 e\.a.rnple, cons1de1 the CFC 111 F1gu1e .3 I TllC' bcliav101 of a Ln p<11:,e1 ro, 

t.lw, g1a.mnrn1 on the input aacbb 1s shown 111 F1gu1 e .3 2 Looi-mg at the 1educt1on-, 



Stack 
% 
$ a 
$aa 
$aa.c 
$aa.S 
8aaSb 
$a.a.SB 
$aS 
)aSb 
Sa.SB 
ss 

S -+ aS13 
S -+ C 

B -+ b 

l npul Action 
aacbb~ sh ift a 

acbb$ shift a 
ebb.'' sh1f'L c 

bb$ 1educe by S -+ c 
bb$ slu f"t b 

b$ 1ecluce by B -+ b 
b~ 1educe by S -+ a S B 
bS shift b 
8 1educe by B -+ b 
s 1cduce by S-+ a S B 
) accept 

F'1gu1e:} 2 A Ln pa t SCl ltaC<" 

made by the pa1se1, one ca.n confirm Lhal ti has d 1~covf'1<>d Lhc dcuval.1011 

5, => -.8 => S'b => -.Bb => -.bb => bb , nu (I/:) ,·m a, nn CUL..) ,·m (l(I,'-, , m (l(IC 

1 n 1 eve, se order 

llow does a LR pa,ser dec1de whal actions to tak0 1 LR pa1sc1<; actually look 

fo1 ha11cllcs - a handle can be thought of as the right-hand !:>1de of a g, arnrnc11 1 ule. 



Rule Left Conte,b 
S ➔ a S B c, a . aa. aaa . 
S ➔ c t, a, aa . aaa, 
B ➔ b aS . aaS, aaaS 

ca. aS. a<:>13, aa , aaS . aaSl3. 
cc. a. ac . aa. aac, 

c.. a. a'::i. aSb, a<1 . aaS, <1aSb. 

but only when reduction to the I ule's left-hand side \\oulcl co1 H",pond lo a 11ghtmo-,1 

cler1vaL1on step of the input [1] [n Llie grarnma1 of F1g11 1e .3 L c 15 a handle of the 

1 n put ac. but b is not a ha.lid le of ab fo1 ma lly, 1f t\ ➔ o 1s a gram mat t ulc a ncl 

-
S ~ BAw ~ /3ou.: . then a 1s a handle at fJ Un<le1 LI IC'SC c11cum:;tann° ..... /j I'> 1d<'11ed 

lo a5 a left conte'\t of A ➔ o. and any p1efi, of (3o 15 called a ,·,able p1Pfi, Tabk ! I 

~how<; ':>OlllC left conte,ts aud viab.lc ptdl\C'':i fo1 t.lw g1arnma1 of f1gu1<' .3 I 

Notice that the LR pa1se1 males extensive u-se of 1t-s stack as tempo1a1 Y nw1 1101 v 

to ,ecall what symbols 1t ha5 seen and the 01clc1 lhe>' occut tcd 111 Ju (.c·1 ni-, of 

compuiat1onal powet. LR pa1sers may be modeled by pu5li-cl0\rn auto1rn-1ia. finite· 

automata augmented with a stack Using the above te11111nology. a LH pa1se1 employ,:; 

an au Lorna.Lon to find handles, and keeps t1 ack of vrnble ptPfi,e..., on the stack 

i\1ost ct111ent LR pa1se1s are table-cluvcn The automaton -s t1a11s1L1ons c111d pa15e1 

actions are cllcodecl 111Lo tables, Llius a sho1t algo11 thm <:>uch a.-, t lw one 111 F1gu1e 3 .3 I'> 

-sufficient to cl1 1vc the pa1-ser F1gl!Le 3 2 notw1th'>tand1ng, Lh1s <1 lgon l h111 1dkct<; the 

fact that LR parse1s actually ma111ta111 a stacl,, of state' numbet~ 1athe1 than gram111a1 
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symbols. this difference does not affect pa1sc1 ope1at1on 111 any matc11al way Tlrn, 

1s because · pa1se states encode I.he symbol that has been shifted and the hand les 

t hat a1e cutrently bcmg matched ' [10. page 1:39] 

As with most types of parsc1. a LR pa1se1 can be made to accept a latg<'t s<'l 

of languages by allowrng 1t to look ahead at symbols rn the input [12], 111tu1ll\<'l_,·. 

this a llows the pa, set to look 111Lo the rutute and choo.,c pa1 :;1ng actions basrd on 

this fo1eknow lcdge A LR patse1 us111g I, S\ ntbol& of lookalwacl 1~ a Ll1 (I.,) p,11..,er 

Unle% stated othe1w1se. onlv LR pa1s<'1s and pa tse table5 \\'Jthout. lookahead will be 

co11s1dc1ecl 111 the 1e111a111de1 of th is thesis - 111 othc1 ,,01cls. LH (O) pat'><'tc; 

See [l] for a mo1e t hotough t reatment of LR pa1smg and pa1 s111g 111 ge11e1a l 



function action ( inputSymbol, state) { 

} 

Based on its parameters, r eturns one of 
SHIFT n 
REDUCE A ➔ o 
ACCEPT 
ERROR 

This would typically be a simple table lookup 

function goto(nonterminalSymbol, state) { 

} 

Based on its parameters, returns a state number to 
go to Again, this is typically a table lookup 

initialize stack to contain the start state 

while (true) { 
input= lookAtNextinputSymbol () 
switch (action ( input, topDfStack)) { 

case SHIFT n 

} 
} 

push n 
consumeinputSymbol () 

case REDUCE A ➔ a 
pop lal states from stack 
push goto(A, newTopOfStack) 

case ACCEPT 
accept input 

default 
error 

F igure :3 3 Table-dmen LR pa1s1ng a lgon t hm 

l'i 



Chapter 4 

Reducing LR Parsing Overhead 

To achieve ou1 goal of buildrng fast.et Tomita pa1se15. \\'e lx·g1n by I f'ciurn ,g thr 

d.mounL of ove1head consumed by then JlllH!L w01k111g:, - LH pat'><'L'> 

4.1 P revious Work 

i\Iuch atienL1on has been devoted to speedrng up LIT pa1sc1s. and Lhe ma.Jot 1t.,· oft his 

1csca1ch pc1ta111s to 1mplementat1on tech111qucs Tbr a1gu111enl ,.., that 1111<.'1p1<"tcd. 

tab le-duve11 p1og1ams are inherently slO\\et than ha1clcoded. d11ecll_)-e\<'cutable p10-

g1am5, given that, the best way to 5peed up a Labk·-d11,·cn LI~ pat'><'t 1<; Lo co11,c1t 1t 

into a d11ectly-cxccu t.able fo1m that needs no labl0s 

['32. 18. :3-L 4] all sLa1t with a LR pa1se1 ·s handle-fincl111g aulornc1Lon and L1a11<;l,1 I<' 



1() 

it d11ectly into source code - th is source code can t lwn lw compiled 2 to c,ea.te an 

C\.<"cuLa.ble LR parse, Bas1cally. each state of the automaton 1s d itectly t r,rnsla.ted 

int o :::;ou1ce fo1111 using boilerplate code This p1oces'> tC'nd.., t.o ptoduc<' 1J1eff1c1<'11l 

code, so these pa.pe1s expend effo1 t opt11111zrng the sourc<" code output 

Seve1al other pape1s [:3.5, .36, 27', 28] have taken a slightly d1fff'tf'11t a.pp1oacl1, 1nt10-

duc111g a technique called 1ecurs1ve ascent patsmg He1e. a LR pai,;;ei i:,, 1rnpk-111cntf'd 

with a set of mutually 1ecu1s1ve funct,011s .. one fo1 each staLc3 111 a. table-clu ven LH 

pa1!->e1's handle-finclrng automaton To quote C:runc and Jacob5 [12. page 22l]. 

'The key idea 1s to have the recu1s1on stack nurn1c Uw LR pa1s111g 
stack To Lh1s encl, Lhc1e 15 a procedu1e fo1 rach state, ,, h<"'11 a token ts to 
be shifted to the stack, the procedure correspondrng to Llw 1esult1ng stat<' 
1s called instead · 

U nfo1 t una.tely, all of the above work 1s of lurnt.ccl u5e when appl1ccl to a To1111La 

patset LR pa1se1s p1oduce a sm.9/c de, 1vation fo1 an input sL1111g In tc, ms of 

1mplementat1on . a LR parser only needs Lo keep t , ack of a single -,ct, of 1nfo1111aL1011 

the cuuent pa1sc1 state - what the patse1 1, doing 11gltt now. a11d ,rhal ,t.'.., done 111 

the past In a table-driven LR pa.rser. th15 1nfo1 mat1on 1s kept 011 an C'\[) IJ<:it ..,tack . 

111 a cl ircctly-e'<ecuta.ble LR parse1, the 111fo1mat1on e\. 15(s t.h1ough a comb1nat.1on or 

the CPU's e'Cecut1on stack and p1ogiam cou11te1 

2Or as-,cmblcd, as 1:, !he ca:;e 111 [32] 
3 '1\rn funct.1011:, per state are 1eputccl to be requ11 ecl 111 (:Z8] 
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lu cont1 ast. a Tomita. pa1se1 p1ocluce::, all cle11val 1011s fo1 an input. -;t 1111g 'flit'> 

nwans that a Tomita pa1se1 may need to 1-eep t1 ack of rnult1ple p;-u set ::,Late~ co11cu 1-

1ently To const1 uct a cl11ectly-e'\ecutable Tom1la pats< 1. 011c would need Lo 111,t1nLa111 

multiple CPU sta.cks and pwgram counte1::., Ce1La1nl_v this 1s possible , but tlw ove1-

h<'acl 111 clorng so and sw1tch111g between them frequently would be proh161L1ve, at lea'>! 

on a u111p1ocesso t arch1tectu1e 

Once d11 ect e'\ecution of Tomita patsets 1s ruled out. the obv1ou::, lrnc of 111qu11y 

1s to 1nvest1gatc spced1ng up table-d11ven LH (and the1eby Tomita) pa1s<0 1::, Look 111g 

at the LR pa1stng algo11 thm and its ope1at1on, one sou1ce of 1mp10,ern<'11t ,,cHtld lw 

to I educe the 1el1 ance on the stack Fewe1 stack opetat1on~ ,,oulcl mea11 le-,s ov<'J head 

and ~houlcl 1esult 111 a faste1 pa, scr 

If stact-rclated ove1head 1s to be ,educed. then the 1clca.l ':i1tuat1011 ,.., to h,we no 

stack at a ll So 111stead of pa1srng with push-clowu automata, 11 c would b<' u-;111g f1111 Lc 

automata 

4.2 Parsing with Finite Automata 

Theoret1cally, rt rs 1mposs1ble to paise Cf Ls U'>tng f1n 1te automata For e\ample. 

cons1cle1 t he language L = { anbn, n > 0} Given a constant I.. > 0, one can east!_,· 
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a b 

b 

b 

F1gmc 4 1 FA a.ccept rng ci'-li- . 0 < /, s; .l 

construct a FA to 1ecogn1 ze c/bl., such as the one 1n F1gu1c tj l fo t O < /, s; J 

l info1tunately. such a l:A doesn't accept the lllput a1.+ib1.+i . d<'~p1Lc the fact that 

that 111put 1s Ill L 

[n cont1 ast . L 1s 1ecogn1zable by a PDA each a 1s pw,hed onto th<' .,1 ack a-; 1t J<; 

1ca cl , the stad. 1s popped once ro1 each b tead, and an crnplj '>lack rnu':it co11 e~poncl 

to the encl of rnput Effectively, t he stacl, 1s used to count th<' 11urnbf'1 of a sy1nboJ., 

Sf'C l1 

When patsrng CFLs m t h a PDA. the stack 1s used to 1C'JJ1ernbe1 1nfo1mat1on In 

tlw ptev1ous e , am ple. 1t 1etamcd a smgle number, 1no1e ge11('1allv. 1t can 1cLa1 n the 

entue left conte'<t of a hand!<> Ha.vrng no e,pl1c1t 111c·a11s of -,to1 age, l~A., ( an not do 

tlus - thei r compa.1at1ve lack of c,press1v<' powet 15 colloqu 1ally stc1Lcd a-; ·· firnle 

automata. can ·t count'' 

In p1act1ce, howcve1, often a &ubsct of a (TL I'> 5uff1c1ent Int li e above e,arnpl0, 



1f we could determrne that the1e was an upper bound u on 'II, then Lhe language' \\f' 

aw actual ly rnLeresLecl 111 1s anbn, 0 < 11 ~ 11 Th1':i Jl('W language 1-, 1ccogn1zable ll'tth 

a I·'·\ hav111g 2u + l state5 

The :c,ame p1111c1ple holds t1 ue fo1 p1og1 arnm1ng languages ( 'omp1le1 w1 1te1 ':i of Len 

'->et l11111t!> on a p1og1ammmg language fo1 11nplementa l1on 1U:1':i0l1'> So111c e,arnplcs 

l11111 t111g the cornple>.ity of a11thmet1c e>-.p1cs<,1ons, 1. est11ctrng Lhe d('pth that block-, 01 

funct ions can nest , l1m1t1ng the number of labels I ll a case statement The net effect 

of 1mpos111g such rcst11ct1ons 111 a cornpde1 15 that the cornptle1 no longe1 accept5 

the full language as specified by the language's g1a.mma1 That bc111g Lhc ca5c. 1t 15 

1easonable to cons1cle1 el1m111at111g a LR pa1se1 15 stack. and 1115teacl co11<;l1 uct111g a 

la1ge FA to pa1se the restncted language 

S1m1.l a1 ideas have been e,plotecl rn the natu1al language community [.33] u-,es a 

PA to 1ccogn1ze an app10,1mat1on of a ere. by cl('!, lgn. the11 FA accepts a ',Uj)<'l'iet 

of t he 011g111al language Howevet , srnce we ate t1y1ng lo speed up LH pau,1ng. 1t 15 

1rnpo1tant not to accept any mputs not accepted by tlie 011g1na l pa1 sc1 C:1vcn this 

and the fact t hat language subsets a11se natu1ally Ill p1act1ce, ou t wo tl, only con!>1dc1 s 

us111g FAs to accept subsets of CF'Gs 



4 .3 R ecursion in Gramn1ars 

Ho\r do we construct out pa1s1ng FAs' A cl1scu5s1on of the C'\act method 15 defr-1 tee! 

to Section 4 -5 As 1t turns out, some g1amma1 t1a115fo1rnat1on 1s ncf'dccl lwfote the F·\ 

can be built ln this section and t he nc'(t. we mot.1vat.e the need fo, this t1ansfo1 n1at1on 

and descu be 1t 111 detail 

The p1oblem rn const1uctmg pa1s1ng FAs (PFA,.;) con1e::. f10111 1ecu1s1on 1n the 

g1ammar A g1arnma1 1s 1ecms1ve 1f, for any 11onte1mrnal -\ , A ~ {J .+-y Left 

1ecu1s1on 1s t he case \\"he1e A~ A,, 11ght 1ccurs1on 1s whe1e .-l ⇒ j .\ 

\.\"e will e'Camrne three cases left 1ecurs1on. ugl1t 1C'cu1s1011 and · othe1 · tecu,.,1011 

(1ccu1s1on wluch is ne1the1 e\(clus1vely left 1101 11ghL) It 1<; ,1-,-;u1ned .. \\ 1thout !0.,5 of 

gene1a li ty, t hat t IJv1al 1ecu1s1on of the fo1111 -\ ⇒ . I 1-, not ptf",ent 111 the g1a111111a1 

4.3 1 Left Recursion and PFAs 

Left recu1swn 1s tuvrnl to handle In a Lll par::,er. left 1ecu1s1on y1eld5 a shallow 

stack - a handle 1s accumulatccl atop the stad. and 1s 1educecl away 1mmed1atcl~· A 

s1 mda1 process happens with PFAs With a PFA . the handle of a lcft-1<'cu1s1vc- ,ul<' 

1s 1ccogn1zed, and a 1educt1on cau':ies a simple state t1a11-,1t1011 

To dlust1ate, the grammar 111 F1gu1e -! :2 conta111s the left-1ecu1::,1\ e I ulf' ~ '"""1 S 

a This g1ammat. which generates the language ba· . 15 ea5y to 1ep1c-,enl \\"Ith a PFA 



b 

S ➔ Sa 
S ➔ b 

Figure 4 2 A left-1ccu1s1ve g1arnmar 

reduce 2 

Figure 4 3 PFA for a left-recu1s1ve g1 arn111a1 

:2 I 

lwca.usc ,t only needs to 1emernber a small. firnLe amount of' 1nl"o1 ma.L1011 ltas a 6 been 

seen? was an a Just seen? have we JUSL seen the encl of input' The 1C>ducL1ons ate 

st ra1ghtforwa1d too If ab 1s seen, the PF'A can 1111111ed1aLely 1cclucc by S ➔ b, 1f an 

a 1s ~cen, the PFA can ,educe by S-+ Sa 11nmccl1at<'I\' The PF1\ fo1 th is g1a1n111a1 

1s shown 111 F1gu1e 4 3 

Compa.1cd to a FA. lhc1e a1e two unusual as1wcts Lo Lhc l)F'!\ \\'lt1ch "a11ant 

e, pla nation 

• The end-of-1nput symbol,$, 1s e,plic1tly 1Pp1csc11tccl 111 lhP PF."\. c,·cn though 
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1t was not 111 the grammar This 1s becau5e the PP.A 1<; bas<'d on an augn1e11ted 

g, arnma1 having a new sta1 t symbol S'' and a ne\\' gtamrna, L uie ~' -, S S 

• Ldgc::, a1e labeled \\1th 1educl1on actions \lc1klllg d tt an-,1l 1011 ano'>::, 01w o! 

Lbe::,e 1educt1011 edges does not nw::,<' an.v input lo be con5umed. b11L 11 doe-, 

1lld1cate that the PFA 1s pe1fotm111g a reduction by a g1amma1 rule C1a111ma1 

rules are referred to by number, so I edttce 2 means a reduction by t lie second I ulc 

111 the grammar F1gu1e 4 4 shows the augme11tcd g1 amrna1 co1npl<"te with I uk 

11umbe1s - fu1ther gramma1s will be 5hown 111 this rnannc1 \\·hen app1op11atc 

Fo1mally. a PFA mhents much f1orn the defi111t10u of a FA [29] ,\ pl"_,..\ 1:-. a fin·-tup!C' 

J\I = (Q,B,~ . s,I), whe1e 

Q 1s a finite set of states, 

:S 1::, the rnput, alphabet, 

:; E Q 1s the start state. 

f E Q ,s the accept111g state, 

and D. 1s a trans1 t1on 1elat1on . a fintte set \,·hose membe1 s a1 e 111 Q x ( ~U RU { ..L}) x Q 

R is a fi111te set of symbols that rcp1esent 1educt1on by gram mat Ltde5 - t,here 1s one 

d1st1nct symbol 111 /( pet 1L1lc, and Rn_, = 0 (The symbol5 111 H, a1e the f"o1 mal 

equ1Yalcnt of ,educe ,i) The pu1posc of the s)mbol ..L 1s C\pla1necl 111 SPct,on if 4. fo1 



o S' -+ S S 
1 S -+ Sa. 
2 S -+ b 

Figure 4 4 An augmented lefl-1ccu1s1vc g1amma.1 
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now, 1t 1s enough to l...now that J_ tJ. (RU~) The,e ,s 011ly a. s111gle acccpt111g stat<' 

a.s a 1esult of augmenirng the g1arnrna.r t here ,s a. unique way Lo make a. t1am,1t1on 

on the end-of-input symbol 

4.3.2 Right Recursion 

Now cons1 de1 a 11ght-1ecurs1ve g1amma1 . such as Lhc one 111 F1gu1e -1 :j _ and a val1cl 

input. st rmg such a<; aaab The cleuvat1on or that mpui st , ,ng ,~ 

S' ~ 5'$ ~ aS$ ~ cwS$ ~ aaaSt ~ aaabS 

wh ich the PFA must p1oduce 111 1everse - herem lies Lhe p1oblem 

As<;ume for the moment t hat we can consl,rud a, PF!\ fo1 this gr arnrna.1 F1gu1e -I(> 

<;hO\\ S the ad1ons talen by t.l1JS hypothetical PFA (Cmpty a<.t1on r,elclc; 1nca11 thaL 

noth111g happens aside f1om a PFA state l1an<;1t1on) The ..,C'qucnc<' of co11<,u111111g, 

mput and perfo1rn111g reduct1ons must occu1 111 t his 01dc1 fo1 the PF':\ to r111d t liC' 



0 S' ➔ s s 
l s ➔ a S 
2 s ➔ b 

co11ect dcnvat1on \Vhy? Fo1 th is g1amma1, a. PFA must s<"e tlw cnL11c 111puL bcf"o1e 

a1111ounc1ng any 1educt1ons, and when 1( doe5. 1t mu-;( have one rulucc 1 101 <'\('I_\· a 1t 

tead In many respects, this 1s the same p1oblern as 1ccogu1z111g a"b" with a. F;\ 111 tlw 

p1 ev1ous sect ion - 1L can 'L be done The key hete 1s Lha.L the PFA mw,1 , e111embc1 

what 1t has seen 

In pa1stng terms. our hypothetical PFA 1s lookrng 1'01 the handle b, and Lhe P FA 

must recognize a.nd remember b's entire left conte'\t rn 01de1 to find Lbe uglil 1e-

clucttons Unfortunately. for Lhe full language. the set of' lel't conLe'\ts 1::; 1t1r1n1le 

{(,a,aa,aaa. } Compate Lh1s to the lel't-1ecuts1ve e'\ample. wlicte the set or left. 

contc'\t5 was always {t} 

4.3.3 Other Recursion 

Fo1 completeness. g1amma.1s that conia.111 ot het types of 1ecun,1on mu-,\ lw co11 ~1de1<'cl 

These' types of recursion ate sometimes una.vo1clablc, as 111 the a t 1thrne\.tc c'\p1e5s1on 

gtarnrna.r of Ftgu1e 4 7, Lhe Dyck languages [26], or Lhe if- then- else con'lttuct 
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[npuL Action 
aaab'. 

aabS 
abS 

b':i 
s 1cduce 2 
s 1educe l 
s . 1educe l 
~ reduce J 

a.ccepL 

F1gme 4 G A Pl-'A trace of aaab 

Stmt -t 1f E'\p1 then Strnt cl~e Stmt 

ln actual fact . the p1oblem that other form& of gtamrna1 1ccu1s1011 pos<' 1s e'\-

act.ly the same one p1escntccl by 11ght-1ecu1s1ve gI a.Inma1!) To p1oduce Ll1e co1I ect 

dc11va.t1011, the PFA would have to 1emcmbc1 an 111fin1te seL of left conLe'\L-, 

Fo1 example. 111 the g1a.mma1 of Figure 4 7. a PFA \\ould 1J('ed to keep count of 

the numbe1 of left pa.1entheses seeu Otl1c1 wise, 1t would not be able to look fot 

the collect number of ma.tchmg nght parentheses Again. 11 c ate back Lo Lltc a11 bn 

problem 



0 S' ➔ 8$ 
l E ➔ C+F 
2 E ' ➔ f 
:3 r ➔ ( E ) 
4 F ➔ 11 

Figure 4 7 A grarnma1 fo1 simple a11t.hrnet1c e'<:prcss1ow, 

4.4 Grammar Expansion 

To ,;olve the p1oblerns posed by non-left-1ecu1s1ve g1 arnma1s. \\e <1pply the idea-; f'1orn 

Section 4 2 What we want to do 1s to mate finite the set of left contc\lS Lhat the Pl•'.1\ 

must 1ecogn1ze and rcmembe1 In terms of the grammar. we \\ant to l11111L its dcpLli of 

1ecu151on for C'(ample. one can imagine a g1anuna1 fo1 a11thmet1c ('\p1 csc.;1ons \\'he1e 

parenthesized expressions may not be nested greater than ten deep 

A st1a1ghtfonvard app1oach to lim1trng grammars [15] 1s to essentially ·· u111011'" Llw 

recms1on 111 the gramma1 An e>.ample 1s shown 111 r1gu1c 4 ' \Ve use the not.at1011 

.41n to 111d1cate Lha.t the nonterminal A should be C\pancl0d II t 1111<·s The po111l 1u 

tlte g1amma.r whe1e e\pans1011 occurs 1s called a 111111! po111l 

When a gramma1 has been fully e'\panclccl, the nonte1 m1naJ at th<' l11111L po1nl 1-, 

1cplaced by ihe special symbol J_ L'pon encounterrng 1- 111 the t1ans1t.1011 rclat 1011. 

the PFA outputs an error message and reJects the 111put A PFA fo1 the f'\pa11dcd 

g1 amma1 of F1gu1e 4 8 would accept rnputs b. ab. and aab. but ouLpul an e t 101 f'o1 
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¢ S' ➔ s ~ ¢ 0 S' -+ s ~ s ➔ a S2 
1 s -+ a S12 s --, b 
2 s -+ b Si -+ a S1 l 

S2 -+ b 

S' -+ s s ')' ➔ s i 

¢ s ➔ a S2 ¢ ~ ➔ a S2 
s -+ b s ➔ b 
S2 ➔ a. S1 S2 ➔ a S1 
S2 -+ b ~2 ➔ b 
S1 ➔ a S10 S1 ➔ a l. 

s, ➔ b S1 ➔ b 

Figure 4 8 Gram mat e'q)ans1011 

aaab 

\Ne clev1sed the followmg algorithm to expand tlw grammat 

I Choose a tule 1 5 =A-+ o J31n J 

2 If 11 = 0, 1eplace rs with A -+ o l. j 

:3 lf' n > 0 

( a) For each I ule 1 = C ➔ 1 such that 13 ::::::::;, (C '7 ( tills 111cl ude::i the casc-

whe1e JJ = C) . add a new 1ule r' To map, into,' . 1eplace all 11onte1m1nal 

symbols D 111 1 ,nth Dn If 1 = r 5 , t hen the l1m1t poml /]111 should be 



mapped 111to B1(n - L) 111 ,' 1m,leacl 

(b) Replace rs with A ➔ a fl ,, .-J 

4 Repeal sLeps J- :3 until Lhe1c ate no mote l1m1t potnts to c,pand 

For 1educt1on purposes, a rule a.clclecl th1ough expans10n should 1ctarn 1t.s pa tent.., 

rule numbe1 This 1s so reduct1ons 1epo1 Led by a P FA maJe sense rn te1 ms of tltc 

011g111al g1a.mma1 

4.5 Constructing the PFA 

O nce the g1 amma1 has been augmented and necessa ry g1 amma1 c,pan">1on-; ha, c !wen 

pe1fo1med, the PFA can be built. 

4.5.1 Background 

The theo1etical basis fo1 PFAs comes f1om some eady \\ Otk 111 LH pa1smg I n [(11u t.h ''> 

scm1na.l pape1 on LH pa1s1ng [24], he p,oposed two wa: s to detc, rn111c 1f a g1 arnma1 

G' was LH.(k) fo1 some 111tegc1 k ~ 0 

1 Successfully construct a hanclle-findrng automaton fo , C: Tlw, met hod dtH'Ct l) 

,\'leld!> a met.hod fo1 pa1srng Lhe g1amma1 (ti t he g1arnma1 I'> 1udc<'d LH(/, )) LI{ 

pa,1se1s and 1esea1ch 111 LR pa.1smg a,c almost C'\clusl\eh ba..,cd 011 Liu-, 111clhod 
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2 OcL1ve a new grammat F fwm G, then test Lhe language gene1ated by F' fo1 a 

specific cond1t1on Only a few 1esea1chc1s [·J. 1-3] have c, plo1ed tlrn, method 

Fo1 out pu1poses, we ate not concctncd \\'1th \\'hethet 01 not G 1s LH(h ). JU'>! 

with the const1 uction method itself l"5tng the second method abO\,c. the f'ollow111g 

sections de:,c11bc our technique fo1 1ccluc111g LR pat':>tng o,·c, t11cad 

4.5 2 The Derived Granunar 

As menltoned, ,, e need lo de11ve a new g1amma1 F from C [.3] 13olh tern1111als and 

11ontc1 m111als 111 G' a1e tieated as terminal symbols 111 F' F' ha'> a cl1ffc1cnt :,ct of 

nouk1m1nals, which are deLtved from the nontermmals of G' The nolat1011 [A] I'> 

used to refer lo a nonte11nrnal 111 Ji' which was derived f1om the nontc1m1nal I 111 G 

Iu1t1ally, F consists of t he s111gle rule 

[S'] -+ C 

Then. one I ule 

[A] -+ [B] a 

1s added to F fo1 every I ule B -+ a A J m G Final I_\". \\e delete d11ect c_vcks !'to111 

F' (cg [A] ➔ [A]), which does not change L(F) [ll] . but makes F' eas1e1 to handle 

f'rom an 1mplementat1on po111t of view 



[S'] -+ t 

[E] ➔ [S'] 
[r] -+ [E] E + 
[C] ➔ Wl ( 

F1gu1e 4 9 t\ elem eel gia.mrni::u 

.3 3 

Figure 4 9 shows F fo1 the g1amma1 lll F1gu1e 4 7 (page 2~ ) T ltc I ulc [1~] ➔ [F:] 

has been clelet.ecl 

4 .5.3 Properties of the D erived Gra1nn1ar 

/•' has one e\t1crnely useful prope1ty Take Lr([A]) to mca11 L( F) \\ he10 [•\ ] ,.., m<'d 

as the -,t,a.1 t syrn bol Then the set of left contc\.t s 1'01 a I u le .·\ ➔ n 111 ( ,' 15 Lr( [ \ ]) [3] 

\Ne will 1efc1 t.o t hi s set of left contexts as LC' ( A) 

To uncle1 ·tand why. recall t,he clefini t1on of a handle 111 Chaple t .3 If 

-
S ' ~ 3 .4 w ~ /3o w 

then a ,s a handle at /3 Corng back a step further, .1\ rnusL al-;o lw pall of a liandl<' 

Say /J = /3dh, w = w1 w2 . and B ➔ 132 •\ w 1 1s a. 1 ule 111 G' Then we hav<' 

-
S' ~ 8,Bw2 ~ d1J2.-l u•1w2 ~ 31J2ow1a'2 



T l11S means that LC( B) ~ LC(A) \l01e specifically, b<'cause B ➔ d2 i-\ w 1 , 11c- can 

5Ltcngthen 1t to say LC(B) /32 ~ LC'(A) (LC(B) ,32 15 \r11Ltcn as sho,thand fo, 

r s111g a grammar as a gene1 at1ve device, 11e can P\.press thr n bovc I elat ion bet ween 

L('(IJ) and LC(J\) \\'1th the rule [A] ➔ [D] /32 111 F The 1ule [S'] ➔ E 1s added lo F 

because the left conte,t of C/"s sta1t symbol mu~t be c 

G1v<'n that Lp([Aj) = LC(A), the handle of J\ -r o can be found by look111g 1'01 

LF([.4]) o from the start of the 111puL stung, call this set LRC( ,\ ➔ o) T l11S abd1L_v 

to find handles gives us a means to parse 111puL BuL can 1t be clone 1\·1t h a 1-'J\ 7 

'"\ 110Lhe1 p1ope1ty of F 15 that 1t 1s a 1eg11la1 g1amma1 b_\. consl1uct1011°1 ['3] 

1\ s a 1esulL, Lp([.-1]) 1s 1egula1 fo1 all nonte,mmals [.--1] The 11gltt-hand sides of 

G's grammar rules, as str111gs, form a 1egular language as \\C'II So the '><-'l <I> 

{ u A-+ 0.EG LRC(A-+ o.)} of all G's handles and thell left contcxt,s I '; 1egula1 due 

to closure p1opert1es of 1egula1 languages [14] IL 1s the1efo1e sufficient Lo use a FA 

to find handles and theu left contexts - not a surp115111g I esul L1 

As we 1eal1zcd, 1\ hat 1s d1ffe1ent 1s that J,' give-, 11s a ~v-;tc-mat1c method f'o , 

gene1a.trng all left cont.e\.tS of a handle Tlll5 wav. all handle-, and a ll t!tc11 left 

co11(e\.ts can be enumerated 111 lhe PFA (due lo g1au11na1 C'\pa11-;1011, Lhe1c will b<' a 

4To be precbe , F 1,:, lcftl111ea1 (l4, 3] 



An1tc nurnbe1 of them) lf we did not have a separate pat h 111 the P I ◄'A f'o1 cac.h, then 

the PFA ,, otild have no idea what handles to slait looking f'o1 follow1ng a 1ecluct 1011 

4 .5.4 PFA Constructio n A lgontlun 

Now that we have a theo1et1ca l basis fo1 t he P FA . ,,e cau d<-'!:>C J 1bc our alg,011Lli111 f'o1 

1V; consLruct1on Stai t111g with an augmented . c•, pandecl C'FC C. c1Patc llw clc1 1, <,cl 

g1amma r P, and the set <P Then, the algo1nh111 1s 

1 Choose a urnque sla1 t states for the PFA Fo1 all rnc111be15 X 1 .\'.2 .\ ,, E <I> , 

add Lo the PF4.. the mmnnal nu111be1 of t.1a.ns1L1ons needed 50 that tlw1c I'> a. 

path .Y1X2 

t he PPA 

X,. 111 the PFA startrng at .s Ko l1ans1i1ons on c ate adckd lo 

For t hee,pa,ndecl g1amma1 m F1gu1e ~ ". <P = {cS~. rn.52• <.b, aaS'i . ab, aaa..L . aab} . 

and 1Ls PFA would look like F1gu1e -I 10 afte1 th is '>t.cp The tC!:>LLlt of t. lus -.Lcp 

15 a Lue data !:>lt uct ULe [25] 

2 l\ow the 1educt1on t1 ans1t10ns can be added to the PF:\ Tak<' all 11 wnilwh 

Xn 1s a handle of the I ule 

A -t X m+l 

Let q0 IJe the state at the end of the path X1 X2 XmXm+1 X ,i -;Lai ting with 
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X ,,, ..\ . al-,o -,tatting w1Lh .~ :\ s:,urn1ng 

the 1 ulc :--\ ------t X rn+l X n 1s numlw1ecl "- then add a t1a.n:,1L1011 f1orn (fu to q1 

labeled ,educ£ I., As a special case. the final st.ate F rot the PF'·\ I'> the '>late- at 

the encl of lhe palh 5'~ 

F1gu1e 4 11 shows the PFA from F1gu1e -1. lO with 1(c:; rcduct.1011 edges added 

:3 Delete Lransrt rons 111 the PFA that a1e labeled 11·1th a nonte1m1nal symbol from 

C,' 'f'he.v ate supcdluous, since the PFA can never ic'acl nonLc11111nal'> from dll 

input sL1111g The final PF'A fo r our runnrng e,arnplc 15 shown 111 l◄' 1 gu 1 e -I 12 

4 .6 Choosing Limit Points Automatically 

Af'tc1 JJnplementrng ou1 algo1 1Lhm f10m the ptevrou'> sect 1011 11c I I red to con.,t1 uct 

PF.As for 111oea.s1ngly la1ger g1ammars As 11e did '>O. 1L bccarnc 111C1C'<lS1JLgly diffi­

cult to sel<:'ct app1opt1ate l1m1t po111Ls by rnspect1on Some 11ay to havf' l1m1L po1ut-; 

'luggested automat1cally was needed 

Smee the goal of l11111t pornts 1s to <"nsure t.hat <f) 1s finite . the fi15( step 11a.., to 

deLc1 mine •.vhat could make <l> 's c,1ze 111fin1te to bcgrn wrth Tl11s 1'> qu it<" ca:-.y thc1c 

ate a finite numbci of giammai 1 ulcs 111 G' . so the scl of handle., ll1U'>L be fm1tc' 

The1cfo1e, 1f <I> 1s infinite Ill srze, 1t must be becauc,e of the wl of k-fl conLf'\Ls 
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J_ 

figure 4 10 PF1\ aft.e , Step l 



38 

b 

b a 

s S2 

reduce 2 ,educe 2 

,educe I 

F1gu1e 4 11 PF·\ aftc1 St,ep 2 
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a h 

reduce 2 

F1gme 4 12 PF.\ afLet St.ep .3 
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8 

Figure 4 13 Deri ved g1 amma.1 ·s equ1valem F:\ 

Smee the left conte'<Ls are gene1ated usmg the clc11v<"cl g1arnrna1 F, a11aly-,1-, or 

1t should yield a set of l1m1t po111ts Ideally, we would also like a 1111 1111nal <;Ct of 

lim it points - tb1s would allow the PPA to accept the la1gc'lt ~ubsf't or the 011g111al 

( une>.pa.nded) grarnmar·s language 

Beca,usc F 1s a regulat grammar, 1t 15 equivalent to a FA [ 14] - call tL F'p,1 The 

FA fo1 the cleu ved g1amma1 of F1gu1e 4 9 15 shown 111 f.'1gu1e I H 

We also ],now that a FA \ t1ans1t1on diagram conta1n5 a (11011-c: ) cycle 1f" and 0111: 

if. Llie FA accepts an mfin1te language [1 1] So 1f we 1e1110,e a ~<'l or L1an'i1t1011-, f101n 

FF,! 'l UCh that 1t no longe1 conta111s any cycles, then tlw language a.cccptecl/gene1atC'cl 

b_v tl must be firnte This set would p10v1de us with the l1m1l points 

The problem of rcmovrng a rn1111mal set of edge~ f1om a d11 cctccl g1 aph so that 
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Ada -12 

ANSI C' .38 
.Java 23 
l\Joclula-2 23 

Table 4 l Limit point:, det1ved heu11!>t 1udl v 

the re5ultrng graph has no cycles 1s wel1-1'nown 111 gtaph Ll1eo1 y t he fC'ecl back ;-n<. :,d 

(FAS) p1oblem [37] Unfo t tuna.tely, the FAS dec1s1on p1oblem is NP-complete [22], 

and t he co11espond111g opt1m1~at.1on problem - f'ind111g the m1111111al F1\ S - t5 NP-

lia1 cl [LL ] T here ate, however, beunstic algon t.hms fo1 the p1oble111 \Ve have cho:,eu 

Lo 1111plernent the algouthm f1om [8] d ue to 1t:, re lat ive s1mpl1c1ty 

The numbe1 of limit points ob Larned for , arious p1og1amrn1ng language gt a1111mH.., 

1:, shown 1n Table 4 1 It 1s important to 1cmcmbe1 that these nu111bc1-, may be 

lowe1 , clepencl1ng on FFA and the heuL1st1c algo11 t hrn Fo1 C'\<1111ple. starting wi th Lh<' 

computed J1m1L points. band e'\pe11rnentat1on tcvealecl l hat 110 u101c t.l1an t.wC'lvc lmut 

points are needed fo r t he Moclula-2 g1amma1 

Cleat ly, t he work 111 this thesis \VI II cl1rectly benefit f1om fut Lhc1 WOI k 011 LliC' f •\S 

problem 
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4. 7 Incorporating a Stack 

One obvious d1 aw back to the P FA so fat 1s that 1t only 1 ccogn1ze:, a ... ub-..el of l he 

01 1g1nal unexpanded g1amrna1 To tell10\'C ll11s 1est11ct1011 . a stack ts add<'d to the 

PF:-\ to fo1m a parsmg pushdown automaton (PPA) 

How can a stack be 1nco1potatecl into a PFA? lntu1tl\·ely. the place-, whetc' a 

g1amma1 G' 1s e'\pancled ate the !latu1al places Lo push 111fo1mat1on onto a -.Lack [IG] . 

• wlwn a J_ trans1t1011 appears, essential[~, Lhe PFA 1:, stating that 1t 110 lo11ge1 ha-., a 

-,uff1c1cnt numbet of states to temembet auy mo1e 13.v puslt111g 1nf'o1111at 1011 at. Llio'><' 

point.·. a PP:--\ 1s able to temember that which the PF:--\ cannot 

.'\ PPA 1s a sunple e:--tens1on of a PFA To construct a PPA f'ot C. \\C fusl build 

c1 PFA f'o1 G. PF'Ac . 111 the usual manne1 Then, while t.he1e ate .l t1ans1t.1ons 1n 

PPAc, choose one and do the following 

Frnd the nonterm111al S'.1 that was 1111Lially expanded and wli1ch caused .l to bf' 

placed 111 PFAc In F1gllle 4 12 . .l appears as a 1esult of the 1rnt1al e'\pa11c;1on 

or S (see F1gu1e 11 8) 

2 ( '1eaLe a 11ew g1amrnar G.L f1om C In1t1ally. c1ll 1ulc':, 111 (; a t e' plctc<'cl 111 C,' .L 

Then, 5et the statt symbol fot G1. to be 81.. and 1cmo\·e all tulcs f101n (,'.1 

that ate not teachable from this ne\\ start symbol :--\ugrnent (,' 1. with lhe 1ule 



S~ --+ S.1 pop Due Lo Lhc s1mpl1c1Ly of the gta.rnmat 111 F1gu1e 4 8. Lhe neL e ffect 

of th,s step IS lo I epla.ce S' --+ S ) 111 C:1. w1Lh s~ -+ S.1 f)Of) 

.3 C'o11-;L1ucl a PFA for G'.1, call 1L PFA.1 The state5 of PP:lc. and PI ',\ .1 lllll'>l 

be d1SJOJ11l PFA .1 will act. a~ a ·'s11b1out1ne·· fo, PF'Ar. 111 the S<'ll'>C lli,11 \\hc11 

PJ,';lr, teaches the J_ t1ans1l1on, 1t will pu<;h a · 1et u111 -,tat0·· 011t.o <1 sl <1ck l.ltc:11 

go to PPA.1 ,s 5ta1L 5tate When PF1l1. 1cache::, a pop l,1a11s1t.10 11 (wh ich lllll '> l be 

un ique clue lo G 1. 's a.ugmentat10n) . 1l goes Lo a stale \\'h1ch 1s popped of! I he 

stack 

-1 Say that t.he t i ans1t1on on J_ Ill PFAc was rnade f, om state q0 t.o state (f1 Dclel<' 

that Lrans1t1on f1om PFAc . replace 1L with a t, ans1t 1ou f1orn q0 to the sla1 l state 

of PFA1., and label the new trans1t1on push q1 

5 l\forge PFA1. into PFAc Smee these PPA co1l'>tt uct.1011 '>l<'ps rnnl111uc wl11le 

theie a.1e J_ symbols m PF4c . tllJS means that a.II J_ symbols 111 PFA.1 cvf'11Lually 

get I cplaced 

The te-;ult of Lhe above steps 1s t he PPA fot C,' f\::, al l t.h<" PF1-l .1 ··,,ub1oul 111<_-, ,11< 

bu il t 111clependcntly of any left conte'.t seen by t he11 ··call<'1 .'' they can be te-w,ed 

111 othet conte'\ts So the maximum numbet of PFA 1. tltat. WIil b<' c1ea ted fot (,' ,.., 

bounded by t he nurnbf'r of limit points .\lso, noLJCc that the const, ud,1011 of" ( ,'.1 
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pteset ve5 any gtammat e'\pans1on that ha5 occut reel 111 C,' 

The final PPA for the g1am111a1 111 F1gu1e 4 ' 1s :-:,hO\rn rn Figure~ ,j l~- 4 15. com­

plete with state nurnbe1s A ttace of the PPA 011 111put aaaaab 15 shown 111 F1gut<' -I 16 

The fo1rnal defi111t1on of a PPA resembles that of a pushclo\\ 11 automaton [10] A 

PPA IS a SJ'\-tup]e J\[ = (Q,~, r,6.,s,f), whctc 

Q 1s a fin ite set of states, 

~ 1s the 111put alphabd, 

r 1<; the stack alphabet (L' = Q), 

., E Q 1s the st.art state, 

f E Q is the accepting :-:,tate, 

and ~ 1s a trans1t1on relation, a finite set \\'hose membe1 '> a, c 1n Q x (~UR U P) x Q 

R has the same clefirnt1on as 1t did for a PFA P 1s a fin ite 5CL d1s.10111L f1orn ~ a.ucl 

R, wbose membets ate ll1 ( Q U 0) x ( Q U 0) P models stack op<'t at 10115 fot e'\amplc. 

(c, 12) 1s a push and (34 . c:) 1s a pop 

Ta.ble 4 2 shows some PPA sizes and the 1cla.t1vely small 11u111bc1 of <,lack op­

c1 a.t1ons 111 each The a11thmet1c cxp1ess1on grammar u5ed 15 f10111 Pfah le1 [-3-1] . l11s 

automaton fo1 the same g1ammar had t,,ehc states The \ lodula-2 g1a1111mu ,,·(• u-;ed 

1-, t<'cogn1zable using .386 states, accotd111g to the LA Ll1( J ) pa1-;c1 ge11ciaLot yacc [20] 

In both gta.mmats. the e '\pans1on factots at the lllrnt points 11c1<" all "ct Lo z<·10 :\-, a 



a 

a h 

,educe 2 reduce 2 

(ro .5lale 12) 

,educe I 

redua I 

F1gu1e 4 14 .\n e'\ample PPA 
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a b 

b a push 17 

,educe 2 

pop 

(ro popped stare) 

F1gu1 e 415 An e,ample PP.A. (cont111uecl ) 
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Stael- StaLe lnput Action 
$ 0 aaaaab$ 
$ l aaaab$ 
~ 2 aaab$ 
$ 5 aab$ pu-;h 6 
$6 12 aab~ 
$6 l.3 ab~ 
~G LG b~ 
$6 18 $ 1educe 2 
$6 20 $ reduce I 
$6 21 $ reduce I 
~6 22 $ pop 
$ 6 $ 1 educe I 
$ 8 $ 1 educe l 
$ 9 $ 1 educe I 
$ 10 $ 
s JL accept 

Figure 4 16 PPA Lrace of aaaaab 



IJ 

Total Stael, 

Pushes Pop5 States Op<"1at1on-:; 

\Iodula-2 192S s 1 ' 2,9 10 6% 
Exp1ess1011 l 5G LG L% 

Table 4 2 i\umbe1 of PPA -;Lates and stack opernL1on:, 

PP1\ 111u-,L 1ecogn1ze mote Lha 11 a hancl le-rrnclrng a utomaton. 1t lrns 111a11_\' 11101c' -,tatC'-, 

\.\ihdc t he PPAs may seem la1ge, 1emembe1 that we a1e t1ad111g c,pace fo t Ll!lH' W,th 

Llic p1ol1fe rat1on of large, 1ne"pens1ve memo1y 111 rnoclctn comp uLe1 s, Lile l.)P:\ -,1ze 

:,)wulcl not t~'p1ca lly be a concctn 

4.8 Modified LR Parsing Algorithm 

The LR pa1s111g a lgou thrn, rnod1ried to use a PPA. 15 shom1 Ill F1g,u1c 4 J'i" ( 1"01 

compa11son, t he ougmal table-driven LR pa1s111g alg,011thrn appea1ecl 111 F1gut <' .l l ) 



function action(inputSymbol, state) { 

} 

Based on its parameters, returns one of 
SHIFT n 
REDUCE A-----+ o , GOTO n 
PUSH m, GOTO n 
POP 
ACCEPT 
ERROR 

This can be implemented as a simple table lookup 

initialize stack to be empty 
currentState = start state 

while (true) { 

} 

input= lookAtNextinputSymbol() 
switch (action(input, currentState)) { 

case SHIFT n 

} 

currentState = n 
consumelnputSymbol() 

case REDUCE A-----+ a , GOTO n 
currentState = n 

case PUSH m, GOTO n 
push m 
currentState = n 

case POP 
currentState = state popped off stack 

case ACCEPT 
accept input 

default 
error 

F'1gu1e -I J7 Table-cl11ven LR parsrng algoL1lhm ll'>ll1g a PP.►\ 

19 
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Chapter 5 

Application to Tomita's Algorithm 

5 .1 Background 

Tomita,s paising algorithm, also 1'nown as genera lized LH (C:LH) paisrng, was ckvcl-

01wd to parse natu1al languages efficiently [-38] T'om1ta obse1 ved Lhat g1 anJ1na1::, fo1 

11at.uraJ languages were mostly LR, \~1th occasional ambiguit ies 

W,t.h t hat 1n mrnd, Torrnta's algonthm behaves a<; a nouna l L l1 pa1 c,e1 unt il 1( 

1<'ac-!1c-; a LH pa1se1 c,tate whe1e the1e 1s a co11f11ct. - t lw LH [Ml ~<'1 ha.., a ..,f't or 

co11A1ct111g actions 1t could pe1fo1rn, and is unable to choo5e lwt\\C'en Lhc111 .·\ Torn1t.a 

pa1se1 1s not able to choose the co11ect action eithe1, and 111sl<'ad simulate-; nondet,e1 -

n111usm by clo111g a b1eaclth-fitst sea1ch o,cr all the poss1bd1t1es [12] Conc<'pt.uall_:-. 



one c;:w t hink of the Tomita patsei rea.ch1Hg a confl1ct. and -,tatt ing up all<'\\ p,1 1::.('1 

1u1111111g Ill parallel fo1 eveiy possible act ion, each new p,u,w1 .. IHOcc-;..,· \\·otild ha,<' 

a cop_v of the 011gmal stack .'\ patsc1 p1 occss that fi 11cl5 what '><'em., to b<' e i1 oiwou-, 

input. rna.v assume that the actwn 1L took f10111 t he co11f11cL po111t wa -; the \\·1O11g 011<' 

a11cl can teL1nrnate 

Th 1s cycle of a pa1 scr p1occss stat tmg 0Lhe1 s y1clcls a wholly I rnpi acLica I algoi 1 t lm1 

The tune spent rnalrng copies of parser stacks could be cno1 rnous. 11ot t.o rne11L1O11 

the potentially C'\poncnt1al gwwt.h of the numbe1 of p1oce<;<;es [-10] To adcl1css this, 

Tomita made two important opL1m1;.-:aL1ons 

A new ptocess need not have a. copy of its patent's stack .\" p1oc<''-'><''> c,rn -;/ia,r 

a. common ptefi, of a. stack l"1om an 1mplementat1011 pe1'>pc<.t.1,·c, c lc11H 11h 

of t he stack can all conta111 po111te1s to porn!. to 1 he p1 c,·1oth C'lc'1ncnt of Llw 

5Lad, Then. multiple stack elements can po111( to a common p1cfh l-'1gu1<' 5 I 

1llusl1a.tes what happens Lo lhe -;ta.cl, \,·hen a con01ct. lwtwcC'11 Lh1ee act1O11 -, 

an 5es in state 56. the top of the stack 1s on the left side 

2 T be1c are a. finite number of automaton sta.te5 the pa1se1 can be 111 Scn'1,tl p1O­

ccsses may be m the same state. albeit they 111ay have d1ffe1c11t ::.tack content~ 

:\ set of p1ocesses that arc m the same state can rne1ge then !>Lacks togethe r. 

lc·dnng one 1esulL111g p1ocess This places ,:111 uppe1 bou11d 0 11 t.he 11u1nlw1 of 



pa1s1ng p1ocesses that can e'\1st 

rn a LR pa1ser, its cu rrent state 1s t he topmost ~Late on the -;tack (see l•'1gu1c 3 :l 

011 page 17) So to merge .\i stacks. one would 1emove the Lop node f1om each 

- they must all have the same state number.:; - and c1ea.tc one node \1·1th 

state s that points to the rema.mder of the N stacks In Figure .5 2, two <;tack:,, 

ate merged togethe1 s111ce the11 processes a1e both 111 stale 17 

Th<' 1csult of these opt11111zaL1ons is called a. g1a.ph-.,t1uct.u1ccl -,lack (:-\ :,, light rn.1s­

no111<'1 . since the stacks actually foun a dncctcd acyclic g1aph ) The gtaph--;t.1 ucl utccl 

stack 111 F1gu1c 5 :3, [01 rnsLance, co1 responds to fou t p1occ:,,~c:,, and five co11c0pl ual 

stacks 

'T'o now unde1stand bow we have app lied our PPAs lo To1111La's \\Otk. \\C f11 st. 

<"xarn 1nc what constitutes a state conflid tn a. PPA 

5.2 Characterization of PPA State Conflicts 

:fo1mal LR(O ) pa1se1s a1e subJect to b\o types of conf11cls [10] 

Shift/reduce confltcts, whc1e both a shift action and a I educe act1011 a1 c po-,~1 bl<' 

f1om a smgle parse1 state 



F1gu1e .5 1 Stacks sha11ng a common p1eh'\ 



F1gu1e .5 :J A g1aph-st1uctu 1ccl -,tack 



shifl t eel uce push pop 
shift \ \ \ 
1educe X \ \: \ 
push X \ \. \: 
pop \ \ X 

Table 5 1 PPA state conf11cts 

2 Red uce/reduce conflicts, where t,,\o ot more distinct 1cd uct1on action'> cue po..,-

s1ble hom a :,rngle pa1::ier .-,ta.Le 

Tlw 0Lhe1 combinat1on. sh1ft/sh1fl, cannot C\1Sl as a co11rl 1cl lwcau'.i<' t.lie1c can lw 

only one shift.. edge fo1 a given 111 put symbol from a single state 

Recall t..ha.t our PPAs are also LR(O) pa1sers, but we have 11101 e types of actions 

possible and hence more types of conn1d that. can ar1 sc In fa.ct. 1f' a. P PA stale lrn'.i a11v 

cornbmat..1011 of two or more edges leavmg it , the1c 1s a conrlict unless all the eclg,c'.i arc 

a ll '·sl11ft'' actions labeled with te1mmal symbols. all pop ad1ons (.,\ ct,ual ly. 111ult1ple 

pop edges f1orn a PPA stale cannot occu1 1f Lhc PP1\ 1s built us111g the algollthrn 

1n S<'d1on 4 7 ) Table 5 1 shows the vauous cornbrnations, a. '\ ., 111 the tab le en Lt\ 

rn<l1caLes a conflict 

S111ce a 'Iom1ta. parse1 starts a new pa1sing pwcess wheneve1 1L ic'acl1es an Ll l(0) 

confl1ct, a PP A-based Tomita pa1se1 also does so wlw11eve1 1l cl1scov<"1 s 011e of t ltc 

above PPA confl.1cts \Vh1le this may seem like a g1eat deal mote' ,,01k. 1<'11wmbc1 



that '>Lack actions 111 a PPA ate 1nf1equent, 111 pu-1ct1c<". 1110:-.t P P.~\ s a1C' u11 l1 k<·l.v to b<' 

11ddled mth confl1cts 

5 .3 PPA-Based Tomita P arsing 

To us<> a PPA as the engine fo1 a Tomita pa1se1, we have dev1$(d an algo11tl11n \\'h1<'h 

1s tl1c comb111aL1011 of ou1 mocl1fiecl LH parsing algo11 thrn rn Section LJ 8 and tile ,,·ot k 

of Tomita [:38. :39, '10] Its pseudocode 1s sho\\'n 111 r 1gu1es :5 5- :j 6 

Some cl1scuss1011 of the data structures WC' used 1s app1op11ctte The1e a1e (\\'o 

rnaJ01 types of st1 udu1es one fo1 p1ocesses. the othc1 fo1 stack node!> 

P1 ocesses 8ach p1occss st1 udu1c ha'::i a PPA state numbf'1 and a po111l<'1 to a 

stack Lop associated with 1t l lnlike Ll1 pa1 sets. a P PA ·5 rn 11 c11t slate 11u!lll)('1 

1s sto10cl sepa1a.tely f1om the stack. so C'ach p1occs-. must marnlalll a PP 1\ state 

nu mbc1 

P1ocess structu1es a1e l111 kecl 111to one of two lists The cu11 ent p1 occss list 

contains the ptocesses that still 1equ11e p1occss1ng fo1 the cu11ent 111pul -..vrnbol. 

the penclmg p10cess !1st conLarns p1ocesses Lhat W!II need p1oc<'s-;111g wlwn the 

11c\.t 111put symbol 1s read Every tune a new input s_nnbol 1s 1cad, the peud111g 

ptoccss I 1st becomes the cuHent p1ocess list 



5, 

2 Stack nodes There a1e two types of :,lack node!:> 

(a) Data nodes 'rh1s type of node contains the actual data or a pion's!:> 

stack Each data node holds a s111gle PP:\ state number, aucl a po111te1 to 

a previous stack node (1 c porntrng away f1 om the stack top) lf W<' used 

only this type of stack node, then we would have a tree-st.1 uctu1ed stack 

(b) Fan-111 nodes These nodes are used lo make the g1aph-slructu1ecl !ilack, 

each one cont.ams a set of po1nte1:, to p1ev1ous '>lack node-, \VIH'11 two 

p rocess' stacks a1c me1ged, a fan-111 node 1s c1eatcd wh 1cli hold., po111Le1., 

to both stacks fn om 1mplementat1on, to bound the amount of cffo1t. 

1cqu1recl to find a data node, \\e add the constrain( that a fa11-1n node ma\ 

only point to data nodes 

Figure 5 4 illustra.tcs a sample pa1sc1 configurat1on (the pend ing p1oc<'.,., ]1'-.L ,., not 

shown) Ha, 111g now <lescnbed the rnccharncs of out algo11th 111, the natuia.l que-;t.1on 

1s how docs it pcrfo1m7 

5.4 Empirical Results 

\ \ ·e pet fo1 med some t11111ng e,pe11111ents to com pate a s,Landa I d To1111 ta pa1 ',<'L ,,·1th out 

P PA-based Tomita parset In the 1ema111der of this S<'ct1011 ,,e cl1scu'iS ou1 c,pu 1111cnt~ 



Current 
Process 

Ltst 

23 

42 

3 

17 ----

S8 

Graph-Srrucrured Sracf.. 
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function process(?, input) { 

} 

foreach a E action(input, P state) { 
switch (a) { 

} 

case SHIFT n 
rnergeintoPending(n, P stack) 

case REDUCE A-+ a , GOTO n 
rnergeintoCurrent(n, P stack) 

case PUSH rn, GOTO n 
rnergeintoCurrent(n, push(rn, P stack)) 

case POP 

} 

let S be the set of stack data nodes atop P stack 
foreach node (state, stack) E ~ { 

mergeintoCurrent(state, stack) 
} 

initialize pending process list to be empty 
initialize current process list to be a single process, 

at the PPA's start state with an empty stack 

while (current process list is nonempty) { 
input= getNextinputSymbol() 
while (current process list is nonempty) { 

remove a process P from the list 
process(?, input) 

} 
exchange the current and pending process lists 
if (input== EDF) { 

} 
} 

if (process in current process list is in accept state) 
accept input 

else 
reJect input 

reJect input 

F1gu1 e ;) 5 PPA-based Tomi ta pa.1-;mg algot 1Lhrn 



function mergelnt oPending(state, stack) { 

} 

Looks in the pending process list for a process with 
a matching state as that passed in If it finds such 
a process, it simply merges its stack with the one 
passed in, if not, 1t creates a new process structure 
with the given state number and stack pointer, and adds 
it to the pending pr ocess list 

function mergelntoCurrent(state, stack) { 

} 

The same as rnergelntoPending() , but using the current 
process list instead 

function push(state, stack) { 

} 

Returns a new stack data node containing the given 
state and stack pointer 

function action(1nputSymbol, state) { 

} 

Based on its parameters, returns a set containing 
zero or more of 

SHIFT n 
REDUCE A ➔ a , GOTO n 
PUSH m, GOTO n 
POP 

This can be i mplemented as a s imple t able l ookup 

f igme 5 6 PPA-ba&ed Tomita pa1srng algo1 1thrn (co11trnuecl) 

GO 



and !.he tesults 

5 4.1 Tinung Particulars 

As a basis fo1 compan son, we used ihe public domain Tonuta pa ts<'! a,·adablc f10111 

i he comp c ompilers Usenet newsg1oup a.1ch1ves It u~e!> LH (O) pa, ..,e tab le-, 111!< 1-

na lly which are computed at startup Bot h it a1Jd ou , PPA-based Tomi ta pa1se1 di<' 

1mplf'mented 111 C 

To ensure Lhat the t1rn111gs reflect only parsmg speed . we havC' e'\Lt1caLecl Lh<' 

le , ,cal ana l:,zct and t he LR (O) parse table compuiaL,on code ft om Lhe public cloma111 

pat 5f'I and used 1t 111 our PPA-based parse, In 0Lhe1 ,, 01cl5 . ou1 pa1s01 1ncu1':i t he 

same 5(.a1 tup penalty and lex,cal analysis ove, bead as t lw public do111a111 p,11 '>f'I T IH 

only change we have made to t he public doma.m pa1se1 ·s 5ou1 ce code 1!> Lo 111et<w,c 

the size of a 5Lnng table used by the le'\1cal analyzer , th is 1s ~o t he lc" cal analyzct (a'> 

uc;f'cl 111 both pa1se1s) would be able Lo handle ou1 t.est5 mvolvtng lo1lg 111puL st11ng'> 

All tests we1e tun on a Sun SPARCsystem :JOO mth J2i\ l of R:\\ l 130t h pat~c-1-, 

were compiled usmg gee wi t h comp1le1 opt1m1zaL1011 ( - 0) enabled To I t ) and n11l ,gal<· 

Lhe efff'ct of unprecl1ctable system cond1t1ons on our t1mrngs. ,,e I an t lte Le~Ls five l 1111c", 

on ea.ch rnpu t, t he r<'stdts we report are the al!tbmet,c mean of those t,1111e-; 

5http //www 1ecc com as of t.!11s w11t111g 
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Our results a1e shown m Figures 5 7- 5 11 a long with t he g rammars u<,Pd 1◄'01 

convenience of reference, we have nurnbc1ecl the g1arnma.1s 1 tl11ough 5 The gramrnais 

ba.ve t he lnn1 t points shown that were used foi the P PA . they we1 e of cou tse 110! neeck'd 

fot the public domarn patser 
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5.4.2 Discussion of the R esults 

C1a111rna1s 1 and 2 a1e unambiguous. and \\Cle sekcted to illu-;L1aLe :,cvctal po111t:-. 

about PPA operation P1rst, since these t\\O g1 am mats a1e unambiguous . an_v To1lllta 

par':Wt should e'\h1b1t run Luncs that ate l1 nca1 with the 1npuL size, a-; out 1csulh 

show (The public dorna1n Tomita parser 1an out of merno1y on sampl<'s la1gc1 t.ha11 

about 2500 symbols fo1 boLlt g1arnma1s ,1ftc1 about tlrnty 5cco11cls, so 011ly patl.ia l 

tcsult s ate> :,hown fo1 1t ) 

Second. C1 ammat l 1s one of t.he best poss1 ble cases fo, a PP:\ 13C'caw,c- 1L I'> 

left 1 <"cu1s1w·. the sel of left conLe'<L5 1s €. the PPA I cqu1t<''> 110 stack ope, aL1011s and 

c-;s011t1a lly spends its Lllne s1LL111g 111 a tight loop 1cad1ng input and rnak111g L, all',1L101h 

betw0en two states 

Thud, the limit pomt 111 C1 amma1 2 fo1ces the PPA to pcrfot 111 a pan of:,( ack 

operations fo1 eve1y handle or S-+ a Sb 1L sees The PPA -,til ls beb,wes lrnea, ly, but. 

wit h a greater overhead than Lhe PPA for Gramrna1 l had 

Crarnrnar :3 1s an ambiguous grarnma1 used 111 [2:3] 1l 1s one of tlw ,\01st ca-.,es fo, 

a PP•\-ba.secl Tomita pa1se1., 1equinng 1t to pe1fo1m numc1ous -.,tack ope1at1011s 011 

lllull ,pie slacks The 111tc1est111g fcaLu,e \\C '>ee 111 Lh1-., '><'l of l<''>h I':> a c1ossove1 po1111 

that occu1<, betwf'en input st1111gs of length 93 to 100 \\'e -.,pf'etdate t l,at tlt,s 1na~, lw 

111 pail due to ou1 alg,011th111's use or memorr Look111g at the a111ou11t of ·s\''il<'rn · 
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time out p,use1 spends in Lhe ope1at1ng sysLf'rn ketnel, 1t '>pends no 1110asmable l.1 11w 

the1e uni d an 111put, ]C'ngth of 60 Tltc amou11L of s_,·ste,n L1111e then slays -,tc.-1ch · uni ii 

a IC'ngth of about 80-8.5 whe1e 1l Jumps by a facto1 of 2- 5. al length 100 ,t Jt1111p-, I)\ 

a facto, of -1 In contiast, the public domain pa1c;e1 's system t.1me te11d~ Lo ,amp up 

g1acluall_v w1tb the input length S111cc there 1<, no 1/0 o,·c, head for thc<,c -;ho1 l ,npuh 

to s peak of, the system time 1c; most likely clue to the memo1 ,· a. \locato, t('quest1n~ 

heap pagcc; from t he kernel That being the case, ,f the me11101y u<,agc of the l.)PA­

basf'd Tom ita patscr ,s tuned, it may improve its pc1 fo1rnancf' on this g1 amm,11 To 

Lest this hypothesis, v,e modified both pa1se1s so that all 111crno1y was p1eallocatccl, 

a ftC' t stat Lu p, no f ult he1 rcq uests to the opet a.Ltng c;ystem f 01 hca p c;pace "c1 e nm elf' 

F'oi a fan companson. we ptea.llocated Lhe same amount fo1 both pa1se1s, and made 

no fu1 t her rne11101y opt11111iat1orn, 111 the PPA-basecl pa1~e1 The p1cal locat1011 1e~ult,-, 

fo1 pars111g G1ammar 3 are shown 111 F'1gute '.) 12 

111 add1t1on, p1ofilrng of our pa1c;et bas c;hown that over 40% or total 1.un L111w 

can be '>pent doing me11101 y a.l locat1on and clea l loca.t1011 w ltc11 pa I s111g arnb1guo11<, 

g1amrna.1s F1gu1e .5 L3 shows the 1esults obtamed for C:tamma.t 3 when \\C added a 

custom-built rnemo1y alloca.to1 to our parse1 

G1arnmar 4, another ambiguous g1amma1, ,s derived r1om 011c m [2J] 1◄'01 1Pa»on-; 

d,scussed 111 Sect.1011 7 l :J, reductions m ambiguous gta.rnmais by t ulcs with longe1 
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and longc, right-hand •mies a te e '<: pone11tia.lly mote C", 1wn-;1,<> to pats<' 0 11 t.lie olhc1 

hand . a PPA a.h,ays takes ncgl,g,ble lime ro, tcduct1011s . a.., 1eflecLC'd 111 the 1<",ulh 

C t am mat 5 1s 111cluded to show the effect of g1a111111a1 e,pc111..,10 11 011 pa, s111g t 1111c 

the case- wheie n = 0 1s the same as C:urnunai r., PP:\ :--\-., 1111ght bf' e,pected 1no1( 

gi amniar e'Cpans,on - and thctef"0te fcwei slack opci at io1i':i and sliallow<:'1 '>Lack:, -

l1 anslaLcs 1J1to faste1 parsing t ime'> The 11 > 0 <',pan-;1ons t<'qu11e le:,-., 1nemo1 ."· and 

l hell' t immg curves are substantially d1ffe1enl lh<1n the one fo1 n = 0, l<>11cl1ng to 

suppoi t the h~·pothesis that memory usage patte1ns may ,nflucnce the PPA 1<'5ulL fot 

Ct a111111a1 .3 



Chapter 6 

Implementation 

6 .1 PPA Generation 

The code to gene1ate PPAs 1s comp11secl of apptO'{Jtnatc ly 1400 l111es of Python [.rn] . 

an obJect-01icnted sc11pt111g language The p1ogram 1::; cl1v1cled 111to a ftonL end a11cl a 

back end, as follows 

The f1ont encl takes as mput a file conta1n111g a Cl; C: and builds the PP!\ fo1 the 

g1 arn111a1 Ii then -- pickles" the result by sto11ng the PPA obJecL and c1s:,oc1atc0 d 

111f0Lmal1011 111to a file fo1 late1 consumpt.1011 

2 :-\ back end tea.els the pickled PP:-\ and p1oces<,es 1t 111 some \\,W C'u 11cntly t.hc1c 

ate Lh1cc d1ffetent back end p1og1ams print. wh1cl1 pt 111t 5 Lhc PPA, stats. 



which gene1ates stat1st1cs about Lhc P PJ\ (e g the numbe1 of -,t,atc'>), table. 

which outputs the PPA as a set of Lablrs su1tablP for 1nclus1011 111 a t.ablc-clr1vrn 

pat 5et 

111 the p1esenL 1mpleme11Lat1on, t.he usf'1 1s 1e5pon-;1ble [01 -;et.t111g l1 rn1t point-, 111 

Llic gt a.rnmat HowPve1. the p1og1am doc., compute a F1\ S and the1eby 1~ <1bJc., to 

suggest a set of limit points, a PPA 1s not gene1ated uulc<,s the <,et ol le f'L conte\h 1..., 

firn Le 

The front end 1s capable of performing a connect1 v1t_v check on the 1nte1mecl1ak 

P FAs t hat a1e built I n other words. 1t can verify that evP1~1 PFA 5lat<> 1s 1cadrnblc> 

f1orn the start state and tha.t each state has a path to the final slate Fo1 la1g<' PP:-\s. 

t his check Lakes a g1ea.t deal of t ime and 1a1ely find5 u5cks;-; states, -,o 1L 1s u5ua ll ,· 

cl1sabled We conJectu te that the p1esence of useles-; states 111 the PPA 1c5ults f1orn a 

flaw tn the rn put grammat 

6.2 PPA-Driven Recognition 

vVe hav<"' 1mplementecl t,luce 1ecogn1zers, all of wl11ch use the ~ame tablc>s as ge1w1 atcd 

by the table ha.cl~ end 

l l rO , a LR(O) recogrnzer usrng the algorithm frolll Sect 1011 4 8 



2 tree. a Tomita. tccogn1ze1 with a. t1ee-%1uctu1C·d ~lack - common .,tack ptPri,e-, 

a t e pteserved du1111g parsing Tree \\'a5 a pt otot~·pc f'o1 graph, l)('low 

.3 graph. a Torn1ta 1ccog111zet with a g,1aph-.,t1udu1C'cl -,tack Thi'> 1mplenie11h 

tlw a lgonihm f1om Section 5 :J, and 1~ the ptogtarn used Ill the t1mrng lc"t.-. 

or Scct10n 5 4 It uses a. refe1ence-countrng gat bage collect.1011 schc11w [21] to 

tecla1111 umeferencecl nodes 111 the g1aph-st1uctu1Pd slack 

Al l the 1ecogn1ze1s a1e w11tten 111 C. and together consist of app10'<1nrnicly LOOO l1n<"-; 

of code (c,clud111g the PPA tables) 

Tbc PPAs genetated for most g1arnrna1s tend Lo be <"'<ltcnwh· 5J>cllS<'. and have <l 

la1ge 11umber of states To conserve memo1y at pa t s<> t.1rnC' . \IC' ll'>C an aclJ<lC( nc.v-li.,l 

rep1C'se11tat1on fo1 the PPA table~ [6] These ,HlJaccncy l1sh ate sl01Pd comecut1vcl_v 

111 an a.1 ray A11othe1 a1 1ay, 111cle'<ecl by PP1\ state numbct. liold5 po111te1~ lo cac lt 

PP.A state's 11st If a PP.A has u vertices and e edges 111 tis l 1ans1L1011 d1ag1am . the11 

1L has O(ve) space 1equ11cmcnts 



Chapter 7 

Conclusions and Future Work 

7.1 Future Work 

7.1.1 Adding Lookahead 

To agam quote Grune and Jacobs [12, page 205] 

·Our 1111t1al enLl1u51asrn about the clcvet a11cl efficwnt LR(O) pat:,111g 
1.cch111que Will soon be damped cons1cletably when \\'(' rrncl oul Lhat , c'1 ,. 

few g1arnrna1s a1c rn fact LH (O) · 
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Cons1cle1 Lhe gramma1 in F1gL1Le 7 l. its PPA 15 shown 111 F1~u1c, 2 Th<· g,1 arn!llaI 

1-, not LR(O). which rna.111fcsts itself as the tcduce/tcducc co11fl1cl al lhC' t>P!\ -;lc1tc 

rna11-ed ··X. '' By look111g at the PPA, one can see that 1f one lookahead symbol \\('H' 



0 S' -, s 
l s -, :-\ a 
2 s -, H b 
.J A -, a 
-I 13 -, a 

P1gure 7 l A 11011-LH(O) g1amma1 

F1gu1e 7 2 PPA fo, a 11011-Ll1(0) g1a111ma1 

u5ed at '·X ," ,t would be easy fo1 the PPA to clec1cle which ,ulucc edge to t1a.,C'1sc 

i-\:-:, we have p1esented aud 1rnplernented them, PP.·h lake no lookahead into ac-

count and ate therefore LR(O) pa1sc1s llo,1Pve1. tl1c_v can be cha11ged 111to LI{( I ) 

pa1se1s with 1ela.t1vely little effo1 t Lookahf'ad symbols al(' only 11C'eded on edge-; 

wh1cl1 ate not alteacly labeled with a te1mmal c,ymbol ,rclurr. pu.~h . and pop 

The bac,1c idea 1s as follow5 Stai t at the encl of the edge c which 1lC'<'cl'> <l '>el 

of lookahead symbol- F1om that pornt 111 the PPA. follow all paths until <1n edge 

,s found lalwlcd with a te1 m111a.l syrnbol ( this 111clucks al I cad~·-corn pu tecl lookahead 

symbols aclo111mg edges too) The collect1on of all such l<'11111nal '>ymbob con..,t.1Lul,<''> 

th<' set of' lookahead symbol:, fo1 c 



I I 

In computing lool,ahead sets for a PPA, pop edges acid a 5ligltt m111kle 'l'h1s I'> 

because aL 1un t ime. trave1s1ng a pop edge ca.uses the PPA to go to one of' a ~ct of 

5tates Fo1 tunatcly, the set of states Ta pop can go to 1s clet.e1 nnna.ble at pa1 '>Ct bu ild 

time This leaves several approaches as Lo how Lo find the lookahead ac ,o'>s a pop 

edge 

1311ncl luck As a special case, some g1a111ma1s will h,wC' PPJ\s wh<'1e Lhe looka­

head set for a pop f'dge 15 the same no rnaLLe1 wlllch s,la(C' 111 T 1<; 1 et,111 nccl lo 

This ca5e can be checked fo1 at pa1 se1 build L1111e 

2 :-\lmosL LR( l) At pat sci build t ime. an 1ne\acl lookahead c;ct can IJe compu tC'cl 

by takmg the union of all lookahead sets for sta tes 111 7' !\ !though f'uit lic1 ':>Ludv 

1s needed, Lh1s may be sui table fo1 mosL pract1Cal g1c1mma15 

.J Full LR (l ) At 1u11 Lune, Lhe C'\aci lookahead set fo1 a pop edge <.an lw known 1f 

push actions place the app1opL1ate lookahead set onto the 5Lacl, a.long w1t.h t he 

state they push Of course, this method would rncu1 a slight run-lime penalty 

Given Lhat the pllmary appl1cat1on of om work 1s Tonuta 's algo11th 111, a LR ( I) 

PPA may seem po111tless Aftc1 all, Tom1ta·s alg01 1thm 1s cles1gnecl to deal wil,h LH 

co11 fl1cts1 Ir even a s111gle lookahead 1s used. hO\revet. 1t I educ<'~ the' amount of wo, k 

a Tomita pa1se1 must do - t he1e a1e fe\\et cleacl-encl paths to follow du1111g pa1 -,111g, 
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A PP/\ may be fu1thc1 extended to be LR(!.:) b_v annotating edge:, w1Lh Is symbol'> 

of lookahead [17], but tl1 1s 1s not necessary 111 111ost ca':lf'5 The numbP1 of lookahead 

:,yrnbols J:, a t1acleoff between space (to sto1e /, > 0 lookahead symbols) and the cl<l'>'> 

of g,ammat that. can be 1ecog111zecl LR(l ) 1<,; a good cho1cP lx·causc 1t. onl_v 1<qu11e-., 

a :,mall amount of e\t1a space over LR(O), yet the LR( 1) clas:, of languages cnco111-

pa:,scs 111ost '·1 rn po1 Lant·' ones such a':l p1 og1 amrn Ing language-, In add1t1on. lookahead 

analysis fo1 a PPA \1oul<l become mo1e e.>.pens1ve fOl 111ote than one lookahead 

7.1 2 R ecognition vs. P arsing 

Thc1e ,s a diffe1ence between 1ecogn1t1 011 and p,us111g !\ 1ccogrnze1 1eads an input 

st, , ,ng and will simply sa.y '·yes" 01 '·no,"' dcpendrng on wheLhe1 01 not Lhe 111put. 1:, 111 

the language Lhat the recog111ze1 accepts A pa1se1 also doest.he Job of a 1ccog1uze1. 

but, 111 acld1tion will output at least one cle11vat1on 1f g1vPn a val1cl mput :-;t1 111g [2] 

Om work has p11ma11ly focused on 1ecogn1L1on \1\ilule PPAs know wlwn 1ccluct.1011'> 

a,<' pe1 founf'cl, they make no attempt lo 1eco1 cl th1 ':l 1nfo1 ma Lion In the ca-;e of 

unambiguous g1amma1s, thcte can be only one deL1 vat1011 !01 a 1·al1cl 111puL -.,t , 1ng. 

and mauy LR patsers defer the wo1k of 1ememberrng this de11 vat1011 Lo the u5e1 lh 

pr1m1tt111g semantic actions to be attached to ted uct1ons. a LR patse1 allows Lltc u5et 

to supply code to store all 01 pa1 t of a denvat1on (as nredC'd) E-....t.<'ndmg thr PP1\ 



111odcl to 1nclucle semantic acl!on':i ,,oulcl be st I a1ghtfot watd 

Ambiguous g1arnma1s pose a g1C'atC'1 challenge lle1f' c111 111p11t, <;t,1 ,ng ma, ha, e 

lllUlt ,plc de11vat1ons Tomita [38. :39. 40] soh ed the p1oble111 of 1Pco1drng tlw'>c det ,va-

l1011'i by ··sub-t1ee sha11ng ,. Basically. Tomita took advantage of t.lw 11oclf' -,ha, 1ng 111 

Lhc g1aph-stiucLured stack to con5t1uct a d11ecLecl acyclic gtaph (DAC:) 011 lite fl_v . 

this DAC 1eprcsents all possible dc11vat1ons of the input It 1s p1e.,e11Lly uuclca1 d 

P PJ\s. with their diffe1ent method of usmg the stack, can employ a s1md a1 technique 

7 1.3 Even Faster To1n1ta Parsing 

We '>CC Lwo app1oachcs to buddrng even fa-;tc1 PPJ\ -based Tomita p<11':i<'I'> 

Out 1mplementation or the pa1 '>el e '\l e11 <; 1vcly u':ies dynamic nw11101 y a llocat.1011 

Study of the pa1se1's 111erno1y u'3agc patte1ns. along with the tun ing or ou, 

custom-built mcmo1y al locaL01, should furthe, dec1ea5f' out pa1'><>1 ·" 1 un t1111e 

2 The w01st-ca::;e pet formance bound for Tom1ta's 011grnal algo11thm ,., k11ow11 Lo 

be O(nP+1 ). where p 1s the length of the longest L1ght- lta11d '>1dc or <111y I ul<' 111 

the g1ammar [2.3] This bound was ,educed Lo 0(11 3
) with a 1cfo1 rnulal 1011 of' 

Tom1ta's a lgoL1thm by J...:1 pps [2.3] 

1\ dom111a11t. fact.01 111 the time comple'\1ty of Tom1la's 011g!llal a lg,011lhm l'-
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that, upon reduct10n by a 1 ule A ➔ Cl, all paths of length !al ftom a stack 

top have to be found 111 the g1aph-structurcd <;tack To obta111 his bou11cl of 

O(n3 ) . I( 1pps 1educed Lhc an10unL of wo1k necessary dur111g this step by caching 

prev1ously-cornputecl paths In ou1 PPA-basecl pa1sN. teduct1011s do not 1cqu11e 

any stack operations Aud, when a PPA does need to access Lhc stack, 1L ,son!_,. 

ever access mg the topmost entry m the stack Thc1cfo1 e , we suspect that by 

combrnmg out w01 1' with 1'1pps·. we may be able to 1u,p1ovC' the uppc1 time 

bound of Torn1ta's a.lgo11thm beyoud O(n3
) 

7 .2 Conclusions 

Pa.1s1ng 1s a l-..ey topic 111 computer science because of its \\1cle vauety of app l1cal10n 

a.1 ca.s In part1cula.1, parsrng use1 mput qu1cUy 1s 1mpo1 tant because or its l11gJ1 dcg1ee 

of usc1 v 1s1 bility 

The class of conte">-t- f1ee g1ammars 1s suffic.1ent to clcsc11bc manv p1ogu,rn1nwg 

languages and pa1 ts of natu 1 al language Fo1 a huge subc;et of co11Le'<L-f1ee g,1a11nna 1 s 

- the LR class - dete11nrn1st1c l1near-L1me methods ate known Pa.1sc1s fo1 gene t al 

conLe,t-ftee g1amma.1s tend lo be slo,,e1 on unamb,guou'i g,1arnrnc1.1s not 111 Ll1 a.ncl 

slowf't st tll on ambiguous grarnma.1s Tomita s pa1srng method was cles tgned f"o1 U'>f' 
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111 pa1srng natu1al languages, and handles mnbiguous g1 amma1 s effic1ently 

Unfor tunately, \-,bile much wo1 k has been cl11cct<>cl at. speed111g up LR pa1<,e15. 1101 

much of this 1s applicable to the 11101e gene1al ca~c of Tomita pa1sc1s 111 I Ji,., the-,1-, 

we have taken steps to ,ernecl_v this gap rn knowledge ou1 \\'Olk has 1e-,ultf'cl 1n tll<' 

spf'eclup or Tomita parse1s 

Ikv1s1t rng ea tly iesea1ch on LR pa1se1s. we developed a11 011grnal a lgo11t.hrn to 

const1 ucl PPAs. a vanant of pushdown automata. These PP:\ s 1ccogn1zc more than 

the hancl le-fincl111g automata. used rn stanclatd LR pa1se1s, and as a 1c$u lL pc1f'o1111 

much fewet stack operations than Lhe11 counterparts; 

Then, \Ve devised a method Lo combrne ou1 PPA~ w1Lh Tonula's pa1se1s Ou1 

IJPA-basecl Tomita parsc-1 typica lly takes substantia lly les<.; Lime t,o pat se than a 1eg­

ula1 Tomita pa.rse1, even for highly ambiguous g1arnmai s ln the \\OI st ca-.<' . an 

1m p1ovement by a facto1 of ten ,~ shown to occu1 on mo<;t rnpul-; 

0111 conclusion is that by L1ad1ng space fo1 t ime - a la1ge1 LH pa1!:>e1 111 e,clic1ngc 

fo1 faster execution times - we a1e able to build Tomita pat$ets wh ich ,uc fa.,tC'1 and 

belt<"1 ;:.u1Lecl to mote w1clespreacl application outs ide t.he 11atu1al language' do111a 111 

WC' believe that further 1esea1ch will maJ...e them fasiei -,till 
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