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Aligning English-Chinese Words Without Bilingual Dictionary
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Abstract  One of the bilingual corpus processing methods is the alignment of two languages on
each linguistic level. Much research on word alignment between Indo-European languages has
been done before, however, much less has been done on English-Chinese alignment. This paper
proposes a corpus-based model for word alignment between English and Chinese. It formalizes
natural languages into sets, and the intersection and difference of the sets to implement the word
alignment. At the same time, the effect of word order and repetition is considered. The model in-
cludes a set of sub-models: minimum intersection model, minimum difference model, hybrid
model, mono-directional model, bi-directional model, union model, and surrounding model. The
English—>Chinese mono-directional model is used to generate 1 —m parallels, and the English<
Chinese model is used to generate n — 1 parallels. The union model and surrounding model are
used to generate n—m parallels from the 1—m and n—1 parallels. The intersection of any two
generated parallels in a sentence pair is empty, and the parallels themselves are minimum. This
method can be used for alignment of both high-frequency words and low-frequency words, and is
tolerant with Chinese word segmentation errors and unknown words. The typical characteristic of
this model is that it needs few linguistic knowledge and resource. Experimental results show that

the larger is the homogeneous corpus scale, the higher precision and recall rate can be obtained.

Keywords natural language processing; bilingual corpora; word alignment; minimum intersec-

tion; minimum difference
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L 73 1) AR SRR H IR B s T I X 5 45 SR A
SRAZAE Y. X5 T A K BUE ) X 8 XU o k2 7]
ARG IE B B 5 B i, (0 3L BLJ7 08 0 HUBE
X 5 e A0 BB T XS AR A BRI TS RE D g . B X S
0 TR My — 4 ) A2 968 2 Xk oz, R RS B ] 5 HG 3R
BESCR I _E 1A 5 A i SO R L

AR SCHR 8 20 Ui 1) L 8 2 03] o 5 455 250 1 i
TRIEASEAR B S AR i SR R LT R D Sk
Bl 975 k. BAE A R R AR A i 3R R O 4R
B 8 AR G B9 322 SR 22 B8 S B R X 5 (] B
i 2 T R e MR 2T ) R R 3T 1 N AL RE X 5F
e A0 S R] T EL BE X S AR AR ) L o DT 23 TR A R
ARESRFABARAER T IR RAESEN S
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2 A FHREXMLEX

2.1 BABSAFHRRIER
EX 1. WHKRIEF L MRS (LT 4
PR A LW, L iy —AN4) F S T 3R
K LWHITTE W —DFHL B S=w, w, = w,. HH
Wy sy s w, € LWL I B EAF . I R8I PR
M S MBI ERRSIERXIEH S =w w, - w,.
X2, WSWRIHERRERXHKN S =w w, -

w,. A BRI w, M HAE p RN — DT
Cwy s iy M STTZRIR A S = (s 1) s {rn s P ) sees
(w, s p0 . WRRIEXFRA S 1 —efEa R,

AR AN TR B T L T EE N — 4k R R i b2k
(4 53 AT A )8 = 4. S i iR 5 8, AR SO A il ]
FRIEF R i

A RRIER S FIG R E S M.
RUAR PG IR T ok i oo A X Rl — ook
HIER WA R A IE L B2 F1 S° = the dog
is running after the cat. 845380 {7 & ¥ 5 1l
R IR AR RN "= ((the, 1), (dog.2),
(is,3),{running.4),(after,5), (the,6),{cat,7)}.
# O IR FRIEA R S = ((after.5) . (cat. 7).
{dog,2),(is,3),{running,4), (the,1), (the,6)},
& IC R Fie i E 4y 1 HE Y IS 15 3 09 518 17 41 B O D
1B 3 S° =the dog is running after the cat.

EX3 WSHWEHERIERXHRN S =w w, -
w,. A AN I8 AR (4 WURE , I 48 A (] 04 B R AR —
AR U A ] SRR O BRR B SR A L S T SRR
St={mysmy - m, ), Hr ST A RS SO
LAY BRI AR ). e R IE AR S iy —Ju k& &
Ay 5w

— e A RRIE X BRI S o P, A
PR 58 88 (D A REH A 538 e A DG I P T 5 (2) AN
56 4 3R H A R Bk BT X T AR R R L S i —
TEGRAEAN - RS nkaRAEAh
() —DITC R XS R X T H B, S 1 — oA RR
BRI — DR E ZIEARREXTHEZN TR
Xt ;. il S° =the dog is running after the cat,
M S' = {after, cat, dog, is, running, the}, S* =
{(the,1),{dog,2),(is,3),{running,4), (after,5),
(the,6), (cat,7)}. S' F ¥ after, cat, dog, is, run-
ning 43 51 5 S* P Cafter,5), (cat, 7), (dog, 2),
(is,3), (running.4) X} W , i S' H Y the 5 S*H
(the, 1)l (the, 6) Xf .

EASRKERBMEL T, — A1) =k
AR S, S S S R,

EX 4. SH—mELARREXMZTES
R RXGEWREERRIEA.

FIAEAFRRIEXLUE ., AT A IR kb5
AR BT, A AR TE E R R AL T AR )
H A,
2.2 AN FRIE KRB E

% BC(Bilingual Corpora)J& B 3% ¥ 4] F XF 55 19
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B RGBT RHE . A SCHE BC A AE B 3 B0 Ry 4] F EP,= .
MR EE & B EDU R N AT F (BFR A ) S |aR () /N RNE, ST 1</<k,P, 2 S Wi
HS=ES<CS,H ¥ ES #1 CS &8} iF X HEiE IINGE BN

AIF ML A F. 78 BC L S LB BR % R I U FF
ARG G RoR B AT SR S 1 oG RIRIE
KM—ToE A RRIEL

EXS5. WS=ES—CS ZaxS s ExR
EK. ¥ P=EP-CP,H "% EPCES,CPZCS,Jf
Ll AR FR P2 S B9 — X (parallel)
i N P|S.

(D) Bz EPUCP# .

(2) HEM.EP 5 CP 78S W H MBS 45 EP
M SCHE CS HARTEAE . W CP= & s 45 CP IR
1E ES WAAEAE ) EP= (.

i EP=J 8 CP= , WFR P Jyzs X, 45 0
FrAEa Xt R, % EP F &% a ©~ICE,.CP H & b 0
ZUWUFR P WICE XK a-b, i8N match (P) =
|EP|-|CP|=ab. Hp |EP|.|CP| %/ EP,CP
O R AR TR AT

AT AIL F Bl AR B X R — a2 il LR
PR SR A8 35 X6 1 L #E AN 23 A TR VR A 0 L TR RR R
Xt Rz

EX 6. W P=EP<-CP &S WX, # EP
J& CP 78 S Iy # /3 3 CP J& EP WHE S h iy
A PESC, MBR P oA o XS0 s #5 EP & CP 1ES
4B SCH. CP J& EP 78 S WY 430 13 30, ) #K
P R 58 B X

1 EP PSR B e 1R SCHE CS TANTRAE
ML SE (e} > &I S8 B XS N 5 A5 CP A A LI L] ¢
(P SCAE ES ORFEAE, WML E F < {c) 258 %
X Rz

EX 7. #% P,=EP,<CP,,P,=EP,<~CP,
& SHXTRL. W P S P,k PN P, =EP, N
EP,~CP,NCP,; P, 5 P8Ik P,UP,=EP, U
EP,~CP,UCP,,P, 5 P,J% A P,\P,=EP,\
EP,<>CP,\CP,.

ENXS. % P=EP<-CP &S WXNi, % P A
2R N PSS AS LA S8 B R 2 L W FR P2
S 1 e /N8 EERT N

EX9. HSHXMMMESRA={P .P,, -,
Py DL SR FR A S X 5F.

k k
(L5EstE. UCP,=CS, UEP,=ES, H XL

i=1 i=1
1<<i<k,1<<j<k.,i#k,H CP,(CP,=J,EP,

TR e 4 H R R AR R X S Y 4R E X
HF] S M —In A WX FE 4 R, Rk T
S 1 — e AT %t 57 W75 3 — B e 4k oy —ou sk
G, =T EBI AW R /NN P A
NG AedEZ sin, Fop RS e H 5 A% S 1 —
TCEAFRERX P — D ITCEX R, BT P Abh
ZIRER T RE R RN ST R, — A — oS
TR W Fe /N XTI P by & 85 ] ROy
iR A S Z i EERRIEXTHEZ TR
XFRE L BT LA P AR — e AR A T8 U5 T RS TR B
IINGERE XS I o T FE— 25 53 il A g /N 8RR I AR SC R
TR R SER S 1 — oA A Xt 5L A
J5 FAR I —n B A B X SRR I ot A W
Xf 5.

3 @ B

TR REZE 8 JC XU TA) B B e U] X AR AL A
i B /NSRS die /N R 22 BEAY TR A AR | B [
B X AL R G R B AR A 2 A TR A &
R v B e AR AL ) i e A RN B R
Hb HE AR BE S ) i — o R A Ron I AL
3.1 RIKZRE

EX 10. & S,,S, €BC. S, =ES, <~C(CS, =
{ei vei, s ’e",,i}H{C"l 2 Ciyatet 7C,vm’} ,S,=ES;<CS,=
{ej ve;, o e, b {c; e, e, b A PSR Y
LHENS NS, =P=E—C=/{e;.e;s e, )< {c)»
cramsCu b R SR HF ECL S, BERIRTE S,
CHFN AR JE E P IE R e e,
5 C HPBUBERIR ¢y ey oo, MR #FHEEHE BC
B o MR L E-C| S, , W FK BC 1 E—C| S,
(R 2CSCHF A . ALK Supy, (E<C[S) = .

TE S,=ES,<CS.H X T E(J CECES,).,
E the SCRR R IR A A C Tl R iR A Tk
EoC|S =
Jaggr(nsax Sup;, (E<C|S) , %’l(rg%( Sup;, (E<C[S) >0

e,

C#J C#J
IEHQIS,, M max Supy, (E~C|S) =0

C=CS

(7¢%1

LA TR AR g “ B — DL B[ SR AL em BEAL, BTN
n AN LA HY A R B AT G X R R IR Y S PR
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L ST em KR BE e AN BLR 5 om ADSDUE B
W Z [ RXS R (n=>10m=>0). 2 m.n BB H AN
BB/ INK VL L R 1] X 5 o U AN K

AT E LI <DL L] SR AE em LAY BTN
m DU B H R 4R R B AT A X R

EX 11, “BE>P7HAMKREE m A, Y
n=|E|=1M .5k S, I/NKEZLFEC|S,={e}«
{crscsseven) | S, BERANLE S, SZF T il o fe /R
A PRGE S, Y S TE R e HUUEIE )Ly,
c, XN #F RN BC AT o 4> X f /N SR 28 S F
{e} >C[S, ., W FR BC 1 {e}«>C|S, 1 He/ K283 HF
FER 218 Supminm ({e}—=>C|[S,) =x.

£ S, =ES;«>CS, "F' . ES, " iy — /4~ ¥ L L 3] e
XSRS C AT FIR AR IE .

{e} ‘_’C| S, =
argmax Supy ({e}<>C[S;),
v
i max Sup, ({e}<>C[S) >0
{e}> IS, %'l(n;?}g Sup it ({e} <> C[S) =0
C#D

ISR Ay e — 07 B[] die /N SR SE LAY, L R
H/NRAE 1-m AREARL, ] 3 e /NR A HR S, — A
W 1 B ] (X PR R DL AT A S <0 B ) e /N
KA AR e /N aR 28 -1 BEAY, AT 38 3 /N R 38
ot S, Hr— AN DU F ] (1) X PR

Bl 1. VR B LR )X A A

S, =he left Beijing>fll /B IF/ T /L 5L;

S, =he likes playing football—>Mh/ =Xk /B / R FK ;

S, =he will come here—>fil /K /% /ixX JL ;

S, =he is eating lunch«>/NE /1IEZE /17 /1R

S; =she is eating lunch with her mother< i/

EAE/ R/ BE 2R/ — /W /P

Ss =1 left Beijing>3 /& JF /T /It a5

S; =Divoc will come here—illl / F0/ &/ ¥/ /X L;

Ss = Divoc likes playing football— il /FL /% /

HW/ B/ IR,

XFF S, By LR “he” W A B /NRSE KB A
S,.8:.S,. SiNS,={he}—>{fl},S, NS;={he} >
(s}, S, NS, = {hey— . Fr LAFEZIEBHE D {he)—
(b} | Sy By Ez/INRESSCAF D 2 B Supyinin ({he ) —
(i} 1S =25 {he} > | S, M fR/INRAEZHFEA 1,
B Supjun (the) = & | S)) = 1. 4 fie /N R 52 458 780 7
Sy IR AE Ry “he (X 1R,

3.2 mMKRERE
EX12. & S,,S,€BC. S, =ES, < (CS, =
{e’l €y 0706 }H{Cll 2Ciy 270G 155, =ES;<CS;=

o, b AT AT
B S\S, = EerC{erressvomrey ) o e ncsroons
e ) JUFR SR Z X HF E-CIS,. BERRE S, LIFT
WK ZERTGE E B e ey ve, 5 C H
DB ¢y ycp s or s o, TR, HIHEHE BC HA =
AR R ZEZFF E-CIS, , FR BC ' E<~C| S, 3K
2EHFE R x. 8 A Supy (E—C|S) =x.

1 S, =ES, < CS, ', % T E(CF CEC
ES) . E HEESCHE X R E S C 7Tl iR AR

{e) vey, veene; beorley vey ae

R

E<C|S, =
argmax Supg (E<C|S)) » 24 max Supg (E<C|S)>>0
E~J|S;, %’l(r,ggz; Supg (E—~C[S) =0

C#J

BB FR A 08— 7 B[] 3R 25 em BETRL, K ABL
A RE X B B3R 22 em B,

EX 13, “W>T7HR K E pm BEAIF, Y
n=|E|=18 .5 S f/NREZFFESC|S = (e}
{cracy s ven ). BB BHE BC A « A% /bR
2T Hf (e} C| S, MFR BC Hi{e) > C| S M/ K
EXFEE N 2,88 Supmm ({e}<C|S,) =1x.

16 S,=ES,«>CS, ", ES, H ) — A>3 3 ] e
BT IR A C "]l N R AR E .

{e}>C|S,=

argmax Suppma ({e}<>C|S;) ,
CECS.

C#£D
—g{(m?z‘( Supmindif({e}HC‘ S)>0
cro ’
{6}‘_’@‘5;» %’l(rgé(lii Sllpmindif({ff}‘_’c|sz):0
CED

I AT AR Ay < — 307 B[] S /N SR 22 Y A R
B /ISR 25 1-m BEAY, 2 RUA] 28 S <30 5 o] e /)
SRZERIAY WK /N R 28 -1 BREAL,

Bl 1 X F S, R B “he” TR fR /N IR 22
AR HA S, SI\Ss = {hep— (b}, BT LATE %5 K
PErf{he} — (flh} [ S, My /oK 22 SCHFEE D 1, 1D
SupPna ({heb— i} | S)) =1, #e fe/NR AL ALAE S,
PP R B A VR D “he” BY X TR].

3.3 BREEH
S B — A e SCHLR] e BB IE I B /N 2RSS AL A
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Bl
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SEHAE S, B B Y R R B R — A
HF S, HEH e MHARE S HHBR e SN E B, S,
P — AN SC PRI e R I AR /N oR 25 B R A i HL AR
SRR B B R B DA — ) S,
HEA S R e ZANR T SR, R A 1R 5
FHZAEATE BT AT B AR AR AS A2
EX 14, {e}=C|S HEIEEE BC iYL F5
JEEAE BC W /N R 38 SRR RE S e /N oR 25 S HR
ZHLAEHN Sup({e}«>C[S), Bl Sup({e}«>C|S,) =
SuPainim ({e}>C|S;) +Supmar ({e} —>C|S)).
T S,=ES, <> CS, ", ES, H ] — A~ 3 3C i e
Xt iR A C ATl T b A ke .
{e}>C|S;=
al;%r(ljlsé’lx Sup({e}<—C|S)),
o % max Sup({e}<>C|5)>0
C#J
é’l(ngl?z( Sup({e}—C|S;)=0
C+J
ISR R Ay < B — 07 B o) B /N SR 2 (B /SR A2
TR A B, A AR« B — 07 B ] YR A AR, AT i
“HE < B ] B /N R 25 R /NSR SC TR A LR R FR
“ <L L] R A AL,
IR R AL e 5 R RORI
A C Ry R R RAG R A X A SRR
G0 0 WA Xt R, BP A X . %A L[] T R
e SR BEH 3 X 1
{e}) > O | S TESL bR b 3l 23 A BRI SCHF
JE AR BB E S A2 X R [FAE XS Rf. ) 1rp A S,
He/ R 2% T HE (hey > (/INE ) [S, BT Sup({he} <> { /)N
FHSH=1.1M S,.S, .S, /MR L (he) > O |
S, L Sup({he) > & | S,) =3, {H 244 FR IR A 1 A
AR (he) < (/NE} S, AR (he) > T | S,.
AR LA e 25 A 8 si 1) FNDUTE: 9 1) 4 15 1Y) i
F1.00 1 /S, H“Divoe” A1t FUE 7 # & A & ¢
il I FLDOE A F B A iRl A R (H S, /D
KA FE Divoey— (i, FU, &} | S, Ss /R £ X
£ {Divoc) — {3, [T, &} | S; BT LA Sup ({ Divoc} —
(G, B, %) S ) =2, 4% FRIR A 15 R fie K 36 4 { Divoc)
— (i, B &S,
3.4 MiAER
Shy {22 11 ) X il i /DN SR B8 R B /N SR 2 1
BEAA L FRATTHET 4 B 1 B AR A “ the”, “a”, “that”,
“which”, “of ” &F # %€ K WL i, Jit A I iF WF 18] £

{e}‘_’,@|siv

EDumbTable, BVFEXT 5 i F2 o 20w & AT 09 A7 7, &
) Je 3 A5 AU B R B AT DUEE TR
AR M S AN S SR AR A DU
WE i8] & CDumbTable H, & AT B2 s ) Bsf K5 g 22
W [R) B R AR AT S R e — ARSI
K L W 3] 3
3.5 WmEER

> V7 B[] TR A B TR R < 3 BA [k VR A A
AL AT 25 G O] A5 AL i) X6 v B 22 (8 B 3R] 45 31 X
Fr. W I B ) R A A AL A B X AR AN
E_CPSET, “Jt<{L7 By iR A 518115 ) 19 X 1y 4
G4 C_EPSET, W B #5 AY i %f i 4 & 4 PSET=
E_CPSETUC_EPSET.
3.6 REHER

“e— I BT TR A AR AL A LR 1o X L B
— AN SCEAAR N B m (m =>0) A DUE A, “PE <7
BRSO DISR 1 -1 XN, Bl n(n=>0) 4> 3
T BT R 1 AN ALt gk S X J) A R ) SR
T-m -1 X AHAR R R 2Z B s AR — 2 M a8,
BRI e AN i X 5 Y 58 A k. TR B X 0 AT RE S R A3
XoF R T AN 2 8 B 17 o B AT B S T AL X 57 B de /N S
Bk, A LIS AR AR 25 1 X B I S — A KR X
JOF {45 X 7 F0 38 4 Ry s, BB ] g R S8 KON . A1)
W R {er > {crscs ) |S FAXT R {ey ) —>{cssc, ) EHE
JEgs M RA NHHIR I (e) ey b—>{crvesaei ) | S &
HERELE LR EFEET mm M (n=>0,m=>0,
msn AFRIBFN 0). {eises ) —>{cisci,00) | S B—
2-3%F I B B AR R T AR X — ok AR L A AT A
XF R AS AR Ry 25
3.7 ZiEiEH

EX 5. X FAXE S W I w, A AFFE S
MAEZE XN, P=EP<—CP.fli w€ EP & w & CP., |
FK <o 45 XF 18, 75 0 AR TE X R X A %F S H A e il
i) e FDLIE B o, B AFAE S X P =EP <«
CP. i ¢e€EP HceCP,WFK e 5 ¢ XN, BN e
5 ¢ RNXFNL.

R IR AR AR rp A5 B 1 X S — oo R A T i it
VL, WA P PRI 7R ) v I A R A SR R
VE—A~ B3], I HA X 55 WA, Je 18 4558 2 B 2%
BT I | B et — T 4 A 8 2 R i ik D —
TCEEATE 2 XF 8. AR [R] B4 23w B A7 B S [ T
ANTE TG R L W) 5 3 38 o) [) A 6 . S i AR
BRI FG - (1) T A R T8 6 N ] 8, 4 45 WE
Pl 5 (2) FH T fif phe 5 52 B3] (]
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WX S WEEIEA N S', —u RGN
S CTESIEA N SN SN ITR S St
f) — A~ B 24> 0 R X

EX 16. ¥ P &SN P HITRHE
XF R S* R e R AV AR B ST R X, X — i
FERR 9 &

140, S° = the dog is running after the cat<>
AR/ 55 /%0 /IEAE /3B /8 )/ 2 /8 AR BA S Y X R
{the} > |S"Hl {dog} < {#} | S", WP J& J5 F3 5| i
A SEHRXT R { (the, 1), (the,6) } > @& | SPHI{(dog,
2) e {(H,3) 1| S

EX 17. XFFRAN S=ESCS={(e; . ep; ).
(egsepy) sy le,sep,) o {{ciscpi)slcoscps)s o0
(Cprcpud b Cegsepy) Fle, 1 vep, ) 3 MG ES
MIZE R AT Ceosepo) T Cepin s cpuir ) 53 5
RECS WERFMALF, N ST RRNKS =
ESCS = {(epseporsCerseprrssle,sep,s
Ceptrsepui1 ) 1o scpo) sCciscpr) s s {CpsCPm) s
(CpirsChpsr ) X—RRIEXIRNA S T — 04k
BRI

BAE S BYHE ™ Zou R R AN T (e vep) 5
(coscpo ) RFRE s Cenirsepnir) T emirscpoor ) XL
#ile,sep,) F e, vep, YHRICXI L WHLRE Ce, vep,) 5
(e e py) L, EATT I8 S S T ) - R DL B 1 1Y
SR — P AL

EX18. W S=ESCS= {(e,epy s (ers
epr)srrrale,sep,yslenirsep,ir <> {{coscpo)s{cis
1) st s CmsCPmY s (CrirsChmr1 )} FE S T 5T
FEAERMILA N ES 8974 ESEG = {(eivepi)s
(eirsepi 1) eiinsep,+2) s leyrepi T p))
(O=i<itp=atDMN SWEERFE. EMYT
JFIRIE X S8 7 5 eveiirveiins ot veir,. ESEG
i p=2 H A Cesvep) Rl e, o, vep,+ p) X R, H
BEICE TN, PR S (3 I 8 A Be.

AR 5 DT 7 Be AU I i B

REX19. 5 SHBEEIIE A BEESEG={(enep:) »
(ejqrsepiT1) Ceiinsepi 20,00, (einysep, T pr ) Fl
PUE e F B CSEG={{c;vcp; )+ {cip1scp, T 1),
o Ciugscp, T Cepvepy F (e yep ) X H
Ceivpsepi ) F(ciogscp, T XN, ke sep) 5
(Cjagrcp; T @O XN H Cervyrep+pry 5 Cejuep ) X
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lation theories, such as Lexical Semantic Drive Theory, Ex-
tend Chunk Theory. etc. They also developed Chinese-Eng-
lish-Korean multilingual machine translation system. With
the cooperation of Institute of Computational Linguistics, Pe-
king University and Natural Language Processing Laborato-
ry, Northeastern University, the first word alignment Chi-
nese-English corpus has been constructed.

The word alignment technology presented in this paper
has been applied in: (1) Generating translation template;
(2) Generating target language; (3) Constructing bilingual
chunk-base; (4) Constructing word alignment bilingual cor-

pus; (5) Compiling bilingual dictionary.



