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Abstract: Previous related work of tree-based models treat rules as strings and then match rules using string matching
algorithm. However, the performance of tree-based modeis is largely depended on the parsing tesults, and for some
languages, the precision of current parser is still far from state-of-the-art. So two rules with one different tag causing by
parsing errors seems 0 be unmatchable. Under exact matching strategy, the size of available rules is implicitly scarce
especially in tree-to-tree models, in which the performance is till unacceptable. In this paper, we present a tree kernel based
fuzzy matching algorithm which computes the similarity between different rules. Experimental results on NIST 2005
Chinese-to-English test set show that our system achieve an absolute improvement of 1.3% in term of BLEU score over
string matching system. Furthermore, when using the packed forest, our method still gets a relative improvement of 0.7
BLEU score.

Keywords: tree kemel, tree-to-string model, statistical machine translation, fuzzy matching

1 B8

BIEJUER, ETRNEIBERIS S| TRBREZGE, HB7oE/LFEXNISTEIFFEIS
B8 TANERIARST. IRBEARARR, ETRIEBEINT LIS AL TRER: SHAEE (Chiang,
2005; Wu, 1997; Galley et al., 2006; Marcu et al.,, 2006) i ALEEY (Lin, 2004; Ding and Palmer,
2005). AREINEEMEA FF RS SOE AN A R ER BT AR T AEE: AR

P AXZERARBEES T ATE (BAE S MRS SRR EIE IR Gt S 60736014)
DLR 863 ERAMH (MAKESHEMIREEXBREATMRY (REERS 2006AA010108) FEH.
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FIN BB AN AR Bk B ARBEEE B irm)uad .

R OBR B IS R BR B (Liu etal, 2006; Huang, 2006) RN BRI EIA%E
(Eisner, 2003; Cowan, 2006;Zhang et al., 2008) . IXFHFERIEREARRLIR A4 AR P IR: FEMT
FENE. &R ERAESHTERE AR A S TR IR, RER RS A
R BARERE. RTT TRESE SRR, b3, st ETRFRRIS AHE
(IR, FEit, RSN RRHRINE R AR ATHHRAIZ M (Quirk and Corston-Oliver,
2006). . _
R T RSN R R, TR R R AR AR AR
BACAARE AR (M et al,, 2008; Zhang et al., 2009; Liu etal, 2009)._L5& ikt E FZRM
BARTTLVRAREE SRR E. (AETE £ SRR 2 E R, UERT
VEER RN R A A S, REHERI T B LR B AR MR R PR TR . (BEEEM
MFTE R AR A IESZ, MRERAFRSLERARTEAIE, MRNERFRAELBRTR
B, B, xFa TR

(NP-B ( NR (FH) NN (3TzH) NN GEFL) NN () NN (&) )

(NP-B (NR (1) VV (FTTH) NN GEFL) NN (THE) NN (&) )
TSRS, SN G “4Td” fAHEEARERT “VV”, RRFA SR ILECEZE,
XM ETCEICAC . A EEXAM 70 LLE 3, A 75 S ILR R AR P 7 Ml
AfTCERATERNEE, BRI T S0 8 LB KRR, AER R DIICECHINE BXS3EE
.

R AR E T — TR EMITER AR, BRI 2R RE—MFERE, &
SHERUEL (Collins and Duffy, 2001) et BRI MAAEEE. B TRNEFRNEEE
K, FEHEITE RN Z AR AR LR R T AT, EHEATE Sl — LRI A — MR
8, REEESHTBETETRHL T EARLIE . ENIST 20053CERRSERRA, HRAIRY
PUEHAR BEMIRE T 1.3BLEUE, 3+ B AR sh i RO TC RO oA R EAE T 0.7
BLEUERJEF .

ASCHIES R EN GBI BEIMER, REAESE=TINBETREZLL R AR B R
WICACEAR, TEBENHACHLRANERER, BEEEL RN THITES.

2 R BT

W EBERRRA (Liu etal, 2006; Huang,2006) KEIEEARBIMNMPR: QB HTREE,
BREESEPX, BWRESRIS, RIS T MRS RPN, HPah
VEARESMOR, B AR S LU RN B BRI SO 8B 2 B I FHE B

{FFAGHKME: (Galley et al.,2004), BATATLLAE 1P Hx Fr 5 b B AR ) 25 B
W, RIAH T B FrREuE RS, RN ZEERARRHE A B (B
MREIEREER) ; L5 B NNEEREE. BTRBEANES TEENERER, Fitk
- RikEEARET FP BT OO0

T 7EY | SRR R R E BT O BRI T LAFE AL — AR, A JE B A8 e A S TR
FEHRS D PEREMES 4, MTULACHNIZR S OB, KSR B FrelE. Hi,
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/\
rP VvVPDB
/\ /\
NPB P NPB Vv AS NPB
I I I
NR WR NR
i | |
bushi yu shalong Juxing 1o buitan
; eI e
Bush held a wmlk with Sharon

1. WESEREAPNERAT, HPBBaEsTK, BirslRIER B IRRZ RN FHER

(1) IP(x4:NPB VPB(x2:PP x3VPB)) — X1X3X2

(2) NPB(NR(bushi)) — Bush

(3) PP(P(y1) x1:NPB) —with x,

(4) NPB(NR(shalong)) — Sharon

(5) VPB(VV{juxing) AS(le) x;:NPB) — held ax,
(6) NPB(NN(huitan)) — rieeting

(7) NR(shalong) — Sharon

1. AFE

WE REIREAIN B AR 2L BirR % d = argmax P(d|T) =argmaxHP(r) , Hefp r

deD deD red
RN ILECHIAR M.
FELUEARREI T A, R ARAAOFRNT) RF LA REEN, Bl 248
SAGESTERRE. HERBATATURREMNRAMEEHE BRMERN, ERBERINAICAT R
“shalong” BARERLEARIRET “Sharon” . BEIHBAHEH T —FEHICACEAR, RANREEMN T

HRHEATIAZAIRAER S . 78 FE— P BRIV BETRIZ R AR,

3 FEO ILAD

EENRGD, —FHAUAEFRRFRE, MRKEMA— M E0E, KREHEAR
AU AR . A T W EARUERANG IN T SRR, 20 BATE EHEN BETH &
RIEARS, RENBWFEETRRERARTI NI RS,

3.1 B
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REFREHHFF BT, HEFWHH (Collins and Duffy, 2001) JBiFHE M ERFR
FRIGEER. —BCR, — R UERFE R E2kFR, AR TR
F@) =(...,sti(),...) » 3T sti(t) RARBIRAERE " BPRBNORE. BT Ra8
FIFRAMETTREIEE 2, HEREEE RN, EilkCollins and Duffy (2001) #2487 A%
ARk E T E E R R R
K(tut)=(ft), f(t))= Zzl(’ﬁ) > L= > > Clm,ny)

i meN; nyeN, meN, meN,

Ho N, FON, SRR RN A, 1 (n) TR TR L AR 5,
RIS, RZH0: C(ny,ny) FoRPHREER AR R, ERART SOOFRAS, 3H
C(n,, m) FTLLE FHAR XA S TR R v R
1) NS i, F o, BHESRE, WC(m,m,)=0
2) WA, Fin, H0F T A BRARANRE, WC(y.m)=A
5) WS £, A, (HESAARIE L o, FRRIHFAA, T |

Clmyny) = AL 1+ Cchm, 1), chiny, )

Ho ne(n) FoR i EMHESTFHAME, BT M, SRR, FL
ne(n)=nc(n,), Wskchin, j) FFn SERESTHATH A 4 (0<A<]) B—1E

TIRF, FSREBE TS C(ny, n,) KNI,

3.2 HljULAd

FELMERT R, AL IUERERITERCRER, HE2AH: ReEETRRTZHMA
FER P IR R A A B . BT HTTES, BAIEIRR P RIS AT LUk A A F Rfakd
R, M PRbEENAR IR FHRBIEENEE, RARISENERNERAE T —
MM LI ETRAE  “VPB(VV(jixing) AS(le) x1:NP)”.

ERBESMHFENZR, TR FARbMENE M7 & “juxing”, “le”, “NPB” il “NP”
HIBREE AR, TERETEE “VV” f “AS” Tk, ETXANEY, RINZIBTFRIPRISE
M, UEETREOH T S AT, B TR ST, FlmE2T Fita
FIFABE “NBP” F1 “NP”. 45 SRS A LA “NNx”, RIFERE, X FAR0ZR R,
RATCECEH A EEFN R A7 8, BAR TR IERIS) A, FEXTRMMF37 508 “juxing”)
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M—-‘ g f— "
vV AS y NPB | vV AS { NP 1}
-—r- -— =t

| ! | l '

—_————a |———- | - —en [—— =" !

Ijuxing: P le | : uxingl ) le : :

——r - -._r_.l " e — -—r— i

¥ [

=" '—i—-- |—i—- _&__. '—-'—-l l—-*—ﬂ
tjiuxingl.  ( le | | NNx ! { juxing ! i 1 NNx |
- e s o | PN | [ S —_— — — [ =1 - e

B2: TR AR A DR P PR T BRSO TR A o R

“le” 1 “NP”, BT “NP” AHIELRERFLFATAE, BRATBHIZTIHA “NNx”. EHHUISTERS
ICACHIE X TEA TR EE T,

PRI TR P AR, BATRITAEREHN 7Y ARG, AR EY SR
6] (HRRF— MG TR AR AR E, MU EEES T ALK, B
X FARIMICECHN, BAMERH E— NI BRSNS SR TR B B RIR PR
ZIMHARAE, FH AR nbEAR U E A — AN IS | ABIRT B R i 2, B B MERERY
FRVGHE SEINE. 7R PBRAITE RIS ICEAE A I, Btk SAR IR
STBLEUBBRRE K

BeS E THERZAMUE R B R — e M Ee (B, 7o FAERSaRii A R IR ER Y.
BA T 1R B ARIS FETEUE, BRAMHRRSH 7 SHBRRIE R —NNMES, FRER
AR ARGET B R S A PN 18 AR, IXREAEAR PSR R AT LS R Y A FOICEC R MY
ZERARLUE, &£ T LI ERIZREE.

4.1 SERRE ,
BATEFFBISIBARL (3£2394165F4TR%) YERVISREE, FIFSRIESZER T RA(Stolcke,
2002a), 7 BAFFKneser-Ney “F#&(Chen and Goodman, 1996)#5 K7EGigaXinHua LI VIZR T —/14
TCEE A,
ST FIRRESGERT, BAUER AT 3(Xiong et al,, 2005) AR T XA ICHRE
Mo WA RITERANIST2002 WHRRREN A LR AT RE, NIST2005 I ERRRENE A TIALE,
FRKNERBRRFIBLEUME N SCR AT R . '

42 SEREER B
BT TASHITCAD, YT BRI, AR RS B AL T HRITATIE N 12%
Zoh, FFIH TR ICRCAAERITCRR R AR NS
BAWEFFRERI N H PHRUEARFET BT A SHTEETE, B3R THRE
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FRE (NIST02)

WREE (NISTOS)

FEHaULAC 1,430,979

1,624,456

BRLES 1,608,347

1,816,598

22: FHRUCEURVEE ILRCALT v fEARR A/

30.90

30.88 -
20.88
30.87 |
30.86 -
3085

BLEV

3078 |
30.77 | " 3078
2076 b /
3075 |-

3074 | 3c.75
3073
30.72 t
30.71
3070 . , \ \ , , . . \
0 61 02 03 0.4 05 68 0.7 0.8 0.9 1

3084 |- .
3083 b ' 4
3082 | :
3081 | .
30.80 |- -
3079 | /‘;o.a 3079

A

E3. RN A AT REBLEVENEW

FREE0S (BLEUD)
PHERUEERRITAT (baseline) 28.76
PHERMERHATCAC 30.06™ (p<0.01)
FRMAEEDRERAICED (baseline) 30.7
FRAMERIEIRITLA 314" (p<0.05)

R3: PHERISRMAERIERIRE FXT R ER

BLEU{ES A (&%, MEHILAE 124 1 =088t BA IS T BMHBLEUE, {BRATLEH
RO RS B BN BB RS AR R A, FERERIEXT MR F, SRAIER
EUR T2 M IERIE I BIVE R . ABR TR LU RAVC AR SRR, ARUBERHERIER SRR

Ko (ERNBIRATRATRIULH LS T S LA xT TBLEUMHEF R,

BERA TR T BT A/EN R FEMRBUR, RIS TIHEIRER, WRSFENTA
b R ERASHATCIEARR PR FRILACEE T 1 3 BLEUMERI B & 125t . RIHMB R RETE TREIFH
AR R, TI7E B AT TR R EG T, (SIS RRILAC R E

ANESHT RSN L L ACE R W -

pEah, BAWERETIRAIR SIS ER (Mietal, 2008) 5N THRICAHA, AF3FALL
E HETALHUTR MR A THREE T 0.7 BLEUEAIET . MER3M HLaE R BATAT LU R BUEA

BEHUCACE AR BetS B & HIREN SRR ROTERE
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5 ZinSEARREIIE

IR T —FETRHIZ ARSI RSA, ENISTOSHIRRES LR RRHA:
ML TESRRTRILAC T, FREHIITER R EE MR T1.3/BLEUE: Mot, ZEETHK
RIEHEEA EERIERICACEOR, BATWHREE T0.7- N BLEUERIRTF .

FERFH TAED BAT LI SR AR AL B ARTE R B B R P ARG, ARt FRIES
B, REIRHERY B aTEIR R R G RO RIS, FIRI 1A Bl RS HITACH:
ARIFTRBMR R, R AEENRE.
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