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Recognition and Transformation for Complex Noun Phrases Based on Boundary Perception

LIU Xiao-die

Beijing Union University, Beijing 100101, China
Abstract This paper proposes a rules-based method for recognizing and transforming the complex Noun Phrases to improve the
translation quality of them in patent machine translation. By analyzing the semantic chunks and the structural units of Chinese and
English complex Noun Phrases,under the guide of the boundary perception, this paper extracts the feature words, builds 57 re-
cognition rules, designs combination strategies and realizes the formalization of Chinese complex Noun Phrases. By comparing
Chinese and English complex Noun Phrases, this paper summarizes the differences between them,and determines the transforma-
tion strategies based on that. At last.it applies the method to an existing machine translation system to test our work. Experimen-

tal results show that our rules and strategy are very efficient,and improve the translation quality in patent machine translation.
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Table 1  Conjunction contrast table for Chinese-English semantic
chunks(part)
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Table 2 Types and examples of Chinese structural units
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Table 3 Types and examples for complex NPs which semantic

chunks are used as modifiers
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Table 4 Types and examples for complex NPs which auxiliary chunks

are used as modifiers
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Table 5 Types and examples for complex NPs which auxiliary chunks

and semantic chunks are used as modifiers
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Table 6 Types and examples for conjunction in Chinese structural
units
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Table 7 Proportion for the English matching of Chinese complex

Noun Phrases

Wik 2 4 7 IR w1/ %%
HIEG 4 R 91.33
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T%E T ZuE A EIE . B R TEE UITE R4
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5.2.1 U Z #3045 9E 0 L3R 4 B 5 AT
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¥ 56 FORME PR IC T8 (A G BT T . FRATT AT DAL A i B
A WA A BT BUE B % 4 17 J6 0 1) 2 A AL . MBS 1
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F 8 IUE I I R I DU B 4
Table 8 Chinese-English transformation for Complex NPs with two

structural units

B4 AEE WAE & WIE 4 ES ¢ ¥
RH &R F 7l X # 77
BK MK BK BK1 MK BK2 BK1 MK BK2 BK2 MK BK1
FK BK FK BK FK BK BK FK
5.2.2 ZULA L LINFEN IR

TR g5 R F 28 = J05 A 44 ) S 3 b T A T RE B 4

F 5 ZORAME T TE B L5 BT UF . AERIE B, ot R
Ao AR S A4 R A T BK O AUR o o (A T R
Fu AT LR PG P A A R A F R AR B
IR 73BT A RO B A A . L BR A O B R 4% i 1k g
BK 548, MRIEIADT 30 & 7R 52 2% 4 3 05 A 1 00, TR
A S, AT AT BT BB 3 AN OT AL T
2 1R L TR B A AR L AR DI A TR 2 DAY 3 R O AR Ok HE B
LA Y =TT 2% 44 T AT I DU R AE B0, nk 9 T,

9 LB AR TR I DUSE R

Table 9

Chinese-English transformation for Complex NPs with three structural units

REL R4 FEER &R Wi &M T 7

N LM R R EX &M

BK MK BK MK BK

FK BK MK BK

FK FK BK FK1 FK2 BK
BK FK BK BK1 FK BK2
KU FK BK KU FK BK

BK1 MK BK2 MK BK3

FK BK1 MK BK2

(BK1 MK(BK2 MK BK3))
((BK1 MK BK2)MK BK3)
((BK1)MK(BK2)MK BK3)

BK3 of BK2 of BK1

(FK(BK1 MK BK2))
((FK BK1)MK BK2)
((FK) (BK1 MK BK2)

(FK1(FK2 BK))

BK2 of BK1 FK

BK FK2 FK1

((FK1)(FK2) BK)

(BK1(FK BK2))
BK2 FK BK1

((BK1) (FK)BK2)
KU FK BK KU BK FK

5.2.3 W, EAE KL IAIEE Rk

IR AR UL ELAS B 595 I o T 1 A2 A 44 TR O (HL 2
V4T TLIC I S5 1 6 RS 5 95 8 o, i AR ATT L e X 1
kb LAY DU T 0 5 2% 4 TR SR R AT 28 4 24 AT

(1) VU IT 5 A4 44 1) 427 1 75 451

e R (2) (9 %4 HE Cchallenge) 451 1 ¥ ) 1 4 119 22 141 (a
plot of a test set of challenge spectra of example (2))”, I
DL B 2k 44 1A S8 i 19 % 38 30U “BK1 MK BK2 MK BK3
MK BK4”. ¢ i & A 4 i) 5 if 1) 3 15 50 “BK4 of BK3 of
BK2 of BK1”,

DU K 2% 4 I8 18 19 22 35 X “BK1 MK BK2 MK BK3
MK BK4”# BK4 J& #1035 , BK1,BK2, BK3 fZ & 1 i . A
W EAMIEREMRRAELM HEET 0. = nE R4
R BT AR B R — i p i l—H G5
JCiFHESI B BK4 BK3 BK2 BK1,

(2) T B F 44 1) S v 7

AR WY L BB 2 B AR Sl T Al AR e R TR T Y
8 K (a photograph of a top surface of a fluid dynamic pres-
sure bearing device of comparative example 2 of this inven-
tion)”, LB TR B 2% 44 ) 4 15 19 22 15 2 “BK1 MK BK2
MK BK3 MK BK4 MK BK5”, 3% i & 2% 44 18 J 1 ) % ik 50k
“BK5 of BK4 of BK3 of BK2 of BK1”,

DU A2 2 4 1) 3 1 10 3R 35 20 “BK1 of BK2 of BK3 of BK4
of BK5”Ht BK5 J& H1 .0 i, BK1, BK2, BK3, BK4 J& & 1ffi iff .
MBS TR KM R A A ELM HEET 0. =0
Fe A BRI AT, AR B RA —Fhif 5 —4
£ ¥ T HES) L B BKS of BK4 of BK3 BK2 of BK1, X1
“Z 7 RS % 13 B O i B BT O 27 X N
F8 D2 15 42 2 424 16) 45 15 & “a position either higher or lower than
the center of the card path 13 in the direction Z”, I i 7%
A 4 4 1 i 1 F5 h “FK MK BK1 MK BK2 MK BK3

MK BK4”, 3% 1 &2 4% 44 i8] 58 1 1) 3 35 58 “BK4 of BK3 of
BK2 of BK1 FK”,
5.3 EXZAEENNIEERER

FATAT LA bR — o = 0 A 2 4 1) S I R B R Y
R NA AR 1 — AT B8 52 4% 44 1) 0 1 A 4 R SR s

(D AR Yers KU, W42 J5 B U P4 A 30 5

(2) A FK WAL 24 BK Hhfa], i 44 5 o0 4% i
e MG 35 )5 HE 471 5

(AN K LEVEL oA 0 B9 MK % 818 X 8t BK i |
JEUA MU F 396 % HEB L Sl B FR 6% 67 51 1S

(DO¥H LEVEL 2 —1 # MK 3% £:15 X BK 4% R A
T 1 335 7 HE 37 5

GO MIBRDLEFRIEA MK B 5“7

(61 I _F 745 3 3 of 7 M B I3 il B b e i A, i b
of 14 S 1 Al B AR 1 T A

6 EHRZIAEIELERNA

AR P S50 D0 R A 8 SR s S P B BT 9 DU E AL A B R
FGEt e R R GRS TR et B S A 2 R L
A BT % e A e e AR R 3 A B B BN B A SR
RN e NG S TR s 1 T 1 NG IS R 1 PR T BT
T o 52 A 4 B S 1 04 TR 030 R0 e 4 A 382 0 33 I 3 23 U T
GIVSATER 22 P TTRR I N R PN

[ [gasamEnn] |
FxEAK ol mia [ a7 e |
RXERXK fe] et e m T8k |e] mimsst |

[ [zxsamEss] |

K1 BIRAFEIREC A RS TR
Fig. 1 Application for the existing patent machine translation with

processing module of complex NPs
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ST R AL AR A SO B EAT T O K. T I ik
TR A NTCIR-9 PatentMT & FIHL 2% B3¢ 551 H w4 2 000
FRFIERL EAH 1469 ME KA FEIR. B TREERLHE
S VB B AL PR S B T P AR BRROR AT B A R A4
WA E AT 2 BN T AR SR R MR IN T A 44 16
R AL IS I R g iy BLUE {8, 4n3k 10 B3,

H 10 BRI 4 R H R RS 0 BLUE 4 It
Table 10 BLUE results for patent machine translation with and

without processing module of complex NPs

BLUE & 1-gram 2-gram 3-gram 4-gram
E& ARG 0.4836 0.3415 0.2644 0.1846
DURE 0.4859 0.4417 0.3605 0.2551

W& 10 0, NP 45 SR LT LB B N T HZ 2 4
WA AR RS BLUE 5 I TRARKZ M
BLUE {8, U HZE AT # 1Y 2-gram, 3-gram Fll 4-gram BLUE {H
W3 T 5 . XU SR 52 A 44 i) A v b AT DL B 2K
WA B A AT ) T AL BERCR .

R T 43 I B A 44 1) S TE XA R S R A e 1 A 2
ARSI 2000 4] L FTER Y 1469 A5 A% 44 1A S i ot
ATV R e K I Y AR v R IR A R, T 2 R AR
S N R SEL BRI R AR

P=T / N%100%

it 2 U BT A 2 5 AR SCTR I v s g AR O B 4R A
Toeeeee X REARAE T B A% 44 1) LR AR B 1 IE B R
6.1 EXZAFENRNLGEBLERESH

AR G BT S R R 11 BT, AR
B2 2R T LA B, U5 A I 5 38 93, 1706, X BRI AR SCRY
T AL I 5 5T SR I R AR A R .

R 1L DURKS 24 78R A oo iU 45 2R
Table 11  Recognition results for structural units of Chinese

complex NPs

- LA % G A % nonE % P/Y%
% ¥ 4 E % ¥4 E LWEE AHEE
Bz 38 5 1469 214 28 2
iR A 1312 209 28 2
I #R 5] 1254 168 21 2 93.17

FATXS H A WS BRHAT T AN A LU LA R R
Wi Y R A

(DA I H T W5

DU 5 i 5 0 )V =2 18] % I 6 R AR AL A%, 1 LHUR
BHHE .

DULE I — > 24 1) 0] LG B — A 36 15 1) 41, T 76 T 3% & )
SCHR Y, 44 TR VA U 0 A I 0 AT 3 . AN 5T 2 44 TR O )
LA 14 (9 %l =) A 92358 (a center part in the axial direction of
the gate member 14) 7, 3% M JE 15 % 8 3% #2190 , 3B+ F 3 4
TS {H 4 DL 4 O A, DR AR U A o
X,

DUTE Y — > Jfi H X o7 9 38 1 — A B3] . N 24 44 1) i 3B
“UN P B S R 9 % ML Cintracellular insulin signal
transduction mechanism)”, # B % 15 3% #8574 32 40) , il P A —
ANTE Y He BRIUE 3% 48 % 1), DUE RE UM T AN 1E U, B
rf I e 40 P R — A D BRI “intracellular”

DU B — > 18] X B 9 o 0 R R X &2 2% 44 0] S i

“40 HHFLI A BE 5 (the forty lactating sows) ” 1“0 ZL, 91 )
% J5 3 K (the 3 last days of lactation)”, HHp VUG “IH L1 7 2
Z 3 B REAS R 8 15 T 2, — AN 2 30 i i IAE S e KL —
A Bl i /Y & TR

(2) 1B SUH5HY

1B S AL — R P 2K 1A T R I . ) AN B A 44 1) L O
“MGE 4% 14 BT [R] 1% 343 19 X 888 (the timing of spray delivery and
the area of spray application)”, H3 #& 75 &b B 43 1] A0 2% 1) 17
e MEIR 7R A B I F 4 30 Y eSO L 5 4 T Ak B B JC
FE TR R Bl I A R A ), AN AR 2 I — A O T A e
V)T W5 e 14 DX AR 4 S — A A B 0T 5 A SRR 4 R — B
Shy WU B4 B () 7RI U ) DX R el AN 2 B TR Y

(3) 030 B % 42 1A)

T2 M EMmHE A 2R N TINS5 B A e J
T M AR A R S, ML H BE R RO S AT AR L TE AR
WA RA — AT R A B A AR L, &
A A BTN R

TG 2% 44 TR JRL A % 1 ) B JBR A A ) iy TR v K
F4A (the adhesive body in the dent at the skin contacting side
of the device)”, 1% & 2% 24 1) Ji i 1 (9 3 B2 30 17 19 58 5 )2
CE R B R Ak 0 AR A 0 43 U BT AR B U A B OR R A
PR/0 /B TR HE il 0/ b/ 0/ T IR/ v /B R A R AR X R
SCLH B R IES A, I ERAGRITEIEER, &
IFEE R (R AF) B9 B2 B Al 00 B 899 CIMDE b)) 88 Ol 3 511
7O . XIRPESCHEG BT IR R BRI N (R
P CRZ JBR 5 fal ) =) 1 CTTIRE v 1) OBl A A o 3 3 A
R Y S R B T A R EUR W
6.2 EFZRATENERSTELE

] — NI 52 A% 44 1) 4 i 1T LU O R B 3R 358 2K, 7T LA
Xof B ZR A, LT DL R A R 44 ) LR . A5 A TR LY A
SR R A SR L R 8 R IR R — A B O =, IR R
AR S B 0 DUIE A 2% 44 1) 1 1) D8 I 5T 2% 44 ) O T i
e, 0 IR h BE  PY  BHRR B 58 A 0 N SCH R AL
DR AT SR e BR 43 Br ) 45 SR AT e 4 . AR IR 52 % 44 1) 0 1 R
SR Y R B 4% 4 1) T L 0 B A 0 OE B 3 SR 12
F 1,

12 5T 2% 44 TR T DU A e A O R
Table 12 Accuracy for Chinese-English transformation for
complex NPs

LA % AR -2 - P/Y%
4 4 iE % 17 48 & % 4 iE % 4 iE ’
A 1254 168 21 2
% 1254 168 21 2
IE A 5 4 1251 163 19 2 97.33

MR 12 FT LA My AR SCHY e 4 SR W = AR A 50, TF 8 %
JE 97,3300, i B UL AN L e e 25 SR i IR A3 AT IE A A
N TR .

PUE A 45 1) a1 R0 3 R TR i R 8 &2 2% . v LLA £ Ff
FIE A, W H T JSTOF M UEW A% 10 19 2 {5 38 45 14 (the
multi-channel structure of the JSTOF-based filter 10)”“ 3%k F
MIMO #J JSTOF | #% 30 (the MIMO-based JSTOF circuit
3007, PR IC B TR B 1 0 6 1A R A S B s A
A BN TR . XTI R E AL, FATRBACE Z 3 IR K
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J B Ak B SR W

AR S BT R AR R I R, R G
TERGH o M BLAE U . 0 52 2% 44 1) JRT 3 B8 0 0] =2 i) 11 5 £
i 2 2% (the difference in crystal amount between both sides of
the film) ™, 4% B8 H 117 (4 1R 51 #0015 51 5 W, 10 & 4% 44 1)
IR ACH ECE S5 o VAR Pl VA SRR U Ve~ (/3 (Y =
R B4 7 SR W, 52 2% 44 TR R 1 45 SRR 25 of MR of B in
PO . %of B3 ST, R 500 1 20 PR o0 A R E R R Y T
“RE RPN AL K T R

GEERAE ORSCIRM T T R Y A 6 4 1R ST Y PR A
SR AL T W . S 43 BT L TE RE R 1 R SCAR T
AR TR TE R I SR, L CHO T A S RS DUIR 18 R AE
B SCRE R Y0 43 ) RE R & R A SR D 30 SR IR e ) Ay O
A TG BT S A T 57 SR I O ik
T A IR AFBIDOE K A 4 50 0 Ak 254 .l o
Fo e B 2% 4 ) S AT 1 22 5 W 8 T DUE R 2 4 R R 1Y B
B . T RN R | T SR A A e S R B — A
Mg BIRER G, WK 2 R R WL X Fh )7 i n] LUA 20 52 3L
0 e 4 VR I TR R $, B2 e R SOAS TP B 2% 44 1R
B B O

FEF — 25 1 TAE FRATDREE 1 43 7 58 2 09 38 k) IR Ak )
S e 2 VR L I TR0 R 00 R e B Y B O i — B 1B
TR 52 5 U)o 0 5A X 52 4 4 ) e 1 T XA TR R IR e 1 4 B
LSR5 A 44 1) U R 4 0 ME 1 R L i — 2B R L AR
BEERCR .
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