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An Algorithm Without Backtracking for Natural Language Parsing

Feng Zhiwei

Abgract: In naturd language pardng, too much backtracking serioudy decreases the
pardng efect. The Earley dgorithm, however , can conpletely awid backtracking. In this pa
per , the author introduces the basc principlesdf Earley dgorithm and its 3 fundamental opera
tors. The pardng process of a sentence is decribed in detail as an exarmple.

Key words: hottonrup parser ;top-down parser; Earley agorithm; backtracking; left
corner table; chart ; dotted rule; Directed Acyclic Gaph (DAG
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A w : ,
(context-free grammar , CFG ,
(context-free phrase gructure grammar) , (phrase gructure gramr
mar PSG ,
, CFG ,
) ) CFG
CFG

G={Vvn, Vt, S, B

Vn={S, NP, VP, Aux, Wh-NP, Pon, PN, predet, Det, Card, Ord, Quant, AP, Nom. N. V,
Adj , Adv, Wh-Pon ,PP, GIVP, GV, RdQ , who , that , and}

Vt={the, a, that , table, leg, Jack , lacks, hits, }

S=S

P::1.S->NPVP;2. S-VP;3. S»>Aux NPVP;4, S->Wh-NP VP;5.NP—-Pron ;6. NP—-PN ;7. NP—
(Det) (Card) (Ord) (Quant) (AP) Nomind ;8.NP—Nom N ;9. Wh-NP—Wh-Pron ;10. Nom —N Nom;
11.Nom—N;12.Nom =N PP (PP) (PP) ;13. Nom —Nom GiVP;14. GiWP— GV NP (GiVP
Gerund verb phrase, GV Gerund verb) ;15. GVP- GV PP;16. GWVP— GV ;17. GiVP - GV

NP PP;18. Nom—Nom Red (Rl ) :19.Rdd swho VP ( wip )
20.RdC >that VP( that ) :21. AP—>Adv Adj ;22. AP—Ad] ;23. VP -V ;24. VP>V
NP;25.VP—-V NP PP;26.VP—>V PP:27.VP-V S;28.VP=V tha S that ) :29.

PP—Prep NP;30. NP—-NP and NP;31. VP-VP and VP;32. S-S and S;33. Pon {1, you, he,

};34.N—>{table, leg, };35.V —={lacks, hits, };36. PN —={Jack, John, };37.P—{on,
o ,a, };38. Aux—{des, has, };39.0rd—{firg, second, 1} ;40.Det —»{the, a,that, };
41. Card >{one, two, }

, CFG “ The table that lacks a leg hits
Jack” ( ),
1.1 ( bottonmrtop par ser)
: (shift) ,
(reduce) ,
“ - " (shift-reduce agprithm)

LR [ (Left) (Right) ] -
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“ The table that lacks a leg hits Jack”
? The table that lacks a leg hits Jack”.

The

Det

Det table

Det N

Det Nom

+ Det Nom that
Det Nom Det
NP Det

Det Nom that lacks

Det Nom that V

Det Nom that V a

Det Nom that V Det
Det Nom that V Det leg
Det Nom that V Det N
Det Nom that V Det Nom
Det Nom that V NP
Det Nom that VP

Det Nom ReCL

Det Nom

NP

NP hits

+ + NPV

NP VP

S

NPV Jack
NPV PN
NPV NP
NPVP

S

11

~

35

11

24
20
18

35
23

36
6
24
1

[

+]

+ +]

']

The table that lacks a leg hits jack
table that lacks a leg hits Jack
table that lacks a leg hits Jack
that lacks a leg hits Jack

that lacks a leg hits Jack

thet lacks a leg hits Jack

lacks a leg hits Jack

lacks a leg hits Jack

lacks a leg hits Jack

a leg hits Jack
a leg hits Jack
leg hits Jack
leg hits Jack
hits Jack

hits Jack

hits Jack

hits Jack

hits Jack

hits Jack

hits Jack

hits Jack

Jack

Jack

Jack

Jack

s & & & S
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, ( +) that
40 Det, tha , )
+, tha , ( + +)
NP+VP 1 S, Jack
+ +, Jack , Jack PN, NP,
1.2 ( Top-down parsr)
, S, S ,
CFG ,
) , CFG
(Ieft-corner table) CFG
, CFG , (Ieft-corner table) :
S Det, Pon, PN, Wh-Pron, Aux, Verb
NP Det, Ord, Pon, AN, N
Nom N
VP \Y
PP Prep
AP Adv, Ad
@vP €Y
R that , who
, CFG , S 4
1. SSNPVP
2. S—>VP
3. SSAuX NPVP
4. S-WhNPVP
S, 4 , . the,
Det , S—-VP, S->Aux NPVP, S->WhNPVP ,
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Det , , , , ,
D¢ S , the Det , , Det ,
7, S->VP, SSAux NPVPy S->WhNP VP
, CFG , “ The table
that lacks a leg hits Jack” ,
S The table that lacks a leg hits Jack
NP VP 1 The table that lacks a leg hits Jack
Det Nom VP 7 The. table that lacks a leg hits Jack
+Nom VP table that lacks a leg hits Jack
N Nom VP 10 table that lacks a leg hits Jack
Nom VP that lacks a leg hits Jack
[ +]
N VP 11 table that lacks a leg hits Jack
VP that lacks a leg hits Jack
[ +]
N PPVP 12 table that lacks a leg hits Jack
PPVP that lacks a leg hits Jack

Nom GV NP VP 14
N Nom Gdv NPVP 10

Nom GV NP VP

Nom RelL VP 18

N ReQ VP 11

ReQ. VP

that VP VP 20

++VPVP

V VP 23

VP

V NPVP 24

NP VP

Det Nom VP 7
+++ Nom VP

N Nom VP 10

Nom VP

[

[ +]

+++ ]

table that lacks a leg hits Jack
table that lacks a leg hits Jack
that lacks a leg hits Jack

table that lacks a leg hits Jack
table that lacks a leg hits Jack
that lacks a leg hits Jack

that lacks a leg hits Jack
lacks a leg hits Jack

lacks a leg hits Jack

a leg hits Jack

lacks a leg hits Jack
a leg hits Jack

a leg hits Jack

leg hits Jack

leg hits Jack

hits Jack
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N VP 11 leg hits Jack
++++ VP hits Jack
\Y 23 hits Jack
¢ Jack
+++ ]
V NP 24 hits Jack
NP Jack
PN 6 Jack
¢ ¢
g
: 7 +), 10  Nom N +
Nom, N ,Nom that
( +), 11 N, N VP
that +), 12 Nom N
+ PP, N ,PP thet
( +), Nom + VP 14 QN +NP+ VP,
10 Nom + @&V +NP+ VP N +Nom, N ,Nom
that ( ++) 23 VP+
VP VP Vv, \% , VP a
( +++) 10 Nom+VP Nom N
+Nom, N hits
( ++++) vV, \%
hits , Jack ,
++++ , 24 V +NP, ,
“ The table thet lacks a leg
hits Jack” , 1
, , (. Earley) ,
(Earley dgprithm) ,
( BEarley algorithm)
2.1 (Chart and dotted rule)
(chart) :
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Det

The

[0.0]" ,

Det (

Nrm ReICL\ hits P|rN
l\|l that /V\ Jack
table T /Np\
lacks D|et NTm
a leg
1
(sub-tree)
(cotted rule) ,
“ book that flight” ( )

:S—>VP;NP—-Det Nom;VP—-V NP ,
:S—.VP, [0,0] ;NP—Det. Nom, [1,2] ;VP-=V NP. , [0,3]

(edge) :
VP - VNP.

S=>.V

NP = Det. Nom

book /t;\. flight

0 1 2 3
2
(Directed Acydic QGaph, DAG)
S VP, : 0
: : S :
(active edge) “ NP-Det. Nom, [1,2]” , NP,
), that : ,
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Nom( ) : 1 , 2 ,
that , , that , , flight ,
) , flight ,
Nom, , “VP-V NP. , [0,3]"
: 0 , 3 ; :
VPV NP VP : '
, (norractive edge)
2.2 ( Three operators in Early algorithm)
, : Predictor ( ) Scanner ( ) Conr
pleter ) :
Predictor : , Predictor
Predictor ,
Predictor , , Predictor
“ S-.VP, [0,0]", “VP-.V,[0,0]” " VP-.VNP,[0,0]",
Scanner : , canner
, , “VP-.V NP, [0,0]"
vV, book “V —hbook. , [0,1]" ,book
vV, , , , “VP-V. NP,
[01]",
Gonpleter : ,
“ VP-Verb. NP, [0,1]", 1 3
“ NP—Det Nom. , [1,3]", NP “ VP-Verb. NP, [0,1]”
NP : : “ VP-Verb. NP, [0,1]” 3
“ VP-Verb NP. , [0,3]”
(Martin Kay) “ " (fundamental
rue of chart parser) Erdey
: (A -W,.BW, ,
[iJD (B -Ws., [j KkI), A B Wi, W Wi ( )
, , (A -W,B. W, ,[i ,k])
W, W, ’ ) ; W, ) )
DAG 3:
, “ thet flight” NP , that Det, flight N
NOM , “ NP—Det. Nom, [1,2]" “ Nom-N. ,
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<A>WI1B.W2, [i, k]>

<A>WILBW2, [i,j]>
<B>WS3., [j, k>

1 ] k
3 DAG
[2,3]", , * NP—Det Nom. , [1,3]”
“ NP-Det. Nom, [1,2]" ,  Nom Nom
, “ NP-Det Nom. , [1,3]", flignt  Nom, “ thaflight” NP
; , ' A =NP,B =Nom,W1 =
Det , W2 =¢ ,W3=N. DAG

<NP->Det Nom., [1, 3]>

< NP->Det.Nom, [1, 2]>
<Nom—>N., [2, 3]

1 2 3
4 thet flight DAG
, “ The table that lacks a leg hits Jack”
8 , , 9 :
e the etable e tha e lacks e a e leg e hits e jack e
0 1 2 3 4 5 6 7 8
Chanrt[0]
y -».S [0,0] Dummy dart date
S—.NPVP [0,0] Predictor
NP —.Det Nom [0,0] Predi ctor
NP—. PN [0,0] Predi ctor
S—.Aux NPVP [0,0] Predictor
S—.Wh-NP VP [0,0] Predicator
WhNP—. Wh-Pron [0,0] Predi ctor
S—.VP [0,0] Predi cator
VP-.V [0,0] Predi cator
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VP—-.V NP
VP-.V PP

Det —the.
NP—Det. Nom
Nom —. N Nom
Nom—.N

N —table.

Nom —N.
NP—Det Nom.
Nom —Nom. Rdd
Red —».who VP
Red —.that VP

That —that. .
Rdd —that. VP
VP—.V
VP—.V NP

V —lacks.
VP-V.
Red —tha VP.
Nom —Nom Red.
NP —Det Nom.

( VP
VPV. NP
NP—.Det Nom

Det —a.
NP —Det. Nom
Nom—.N

N —leg.

Nom —N.

NP —Det Nom.
VP-V NP.

Red —tha VP.
Nom—Nom Red.

[0,0]
[0,0]
Chanrt[1]
[0,1]
[0,1]
[1.,1]
[1.1]
Chanrt[2]
[1,2]
[1,2]
[0,2]
[1,2]
[2,2]
[2,2]
Chanrt[ 3]
[2,3]
[2.,3]
[3.3]
[3.3]
Chanrt[ 4]
[3.4]
[3.4]

[2 4]
[1.4]

[0 ,4]
NP, ,
[3.4]

[4 4]
Chanrt[ 5]
[4.,5]
[4,5]
[5.,5]
Chanrt[ 6]
[5.6]
[5.6]
[4.6]
[3.6]
[2,6]
[1,6]

VP

Predi cator
Predicator

Scanner
Gonpleter
Predictor
Predi ctor

Scanner
Gonpleter
Gonpleter
Gonpleter
Predi ctor
Predictor

Scanner
Gonpleter
Predictor
Predictor

Scanner
Gonpleter
Gonpleter
Gonpleter
Gonpleter
)
Gonpleter
Predictor

Scanner
Gonpleter
Predi ctor

Scanner

Gonpleter
Gonpleter
Gonpleter
Gonpleter
Gonpleter
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NP —Det Nom. [0,6] Qonpl eter
S-NP.. VP [0,6] Gonpleter
VP-.V. [6,6] Predi ctor
VP-.V NP [6,6] Predi ctor

Chanrt[ 7]
V —hits. [6,7] Scanner
VP-V, [6,7] ol eter
S—>NPVP. [0,7] Qonpleter (S 7<8)
VP-V. NP [6,7] Gonmpl eter
NP—. PN [7.,7] Predi ctor

Chanrt[ 8]
PN —Jack. [7.8] Scanner
NP—PN. [7,8] Gonmpl eter
VP-V NP. [6,8] Gonpl eter
S—>NPVP. [0,8] Gonpletr

[ '

, Predictor

Det —the. [0,1] Scanner
NP—Det. Nom [0,1] Qonpl eter
N —table. [1,2] Scanner
Nom —N. [1,2] Gonmpl eter
NP —Det Nom. [0,2] Qonpl eter
Nom —Nom. Rdd [1,2] Gonpleter
That —that. . [2,3] Scanner
Reld —that. VP [2.3] ol eter
V —lacks. [3.4] Scanner
VPV. NP [3.4] Qo eter
Det —a. [4,5] Scanner
NP—Det. Nom [4,5] Qonpl eter
N —leg. [5.6] Scanner
Nom —N. [5,6] Gonmpl eter
NP —Det Nom. [4.,6] Qonpl eter
VPV NP. [3,6] Conpleter
Red —that VP. [2,6] Gonpleter
Nom —Nom Reld. [1,6] ol eter
NP —Det Nom. [0,6] Gonpleter
S—NP.. VP [0,6] Qo eter
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V —hits. [6.,7] Scanner
VP-V. NP [6.,7] Qonpleter
PN —Jack. [7.,8] Scanner
NP—PN. [7.8] Gonpl eter
VP-V NP. [6,8] Gonpleter
S—>NPVP. [0,8] Qonmpl eter
[ 3
; 5 . ;
S > NPVP.

NP - Det Nom.

Nom - Nom RelCl.

NP - Det. Nom
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