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A Combination Algorithm of Bi-directional Labeling in Identifying of
Maximal-length Noun Phrases with Hybrid Feature

LI Ye-Gang"? HUANG He-Yan? JIAN Ping?

Abstract Maximal-length noun phrase indentification is meaningful to machine translation and many other natural
language processing tasks. For the purpose of studying Chinese maximal-length noun phrases, on the basis of current
methods, starting from linguistics particularity in Chinese and characteristics of sequence labeling algorithm based on
support vector machine (SVM), we explore the adaptability of combination algorithm based on hybrid features. The
algorithm is effective, by theoretical analysis and experimental results, to identify Chinese maximal-length noun phrase
by applying hybrid unit with words and base chunk, and it is complementary in bi-directional labeling results. From
the above, a combination algorithm of bi-directional labeling based on “boundary fork” can discover complement of two

directions identification and achieve a high combination accuracy.
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Fig.1 Diagram of combination area based on

“boundary fork”
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Table 1 Consistency distribution of the three methods

Pattern Precision (%) Recall (%)
M1 84.25 86.32
M2 84.14 85.91
M3 80.63 81.61
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M1&M3 91.53 72.45
M2&M3 91.85 71.63
M1&M2&M3 97.63 67.14
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i L B, A2 BRbRE A VAR A 0 all ik 3

94.79 %. 91.53 % 1 91.85 %, AH Ll B AN FRyFHE
e R T 10 AN E 4 B, S ANRREE R — SR
A I B AU A 2.37 %. PR, 4R FRvE — U
FEARMA YA N G AT S AR A B, by A — U 3
AL YA I ARAR A S A By 7 vE LA T ATk

4 RWERRSH
4.1 RINRE

SEUGAT ] T R MR 5.0 TR CRAERR)
B, TE M PETE R A R AP R FE I, T T R4
(R, BTk Forh 325 ASrp 3 S5 S AT T
AT FAL TR, 4387 3849 MR T, Hb S
1000 AJ%F (2850 ~3849) —43 k-, 4 N TTF R EER
MARAE, AR g s, BT HEH —ANA
(] MNP RS R WS E, 520650 6 T 5
AN ) MNP, BTG I R SRR S 35 48 FH 7 R 45
L1 PRI R 2 V] R ] P AR

ST FH A YamCha J&3E T TinySVM 42K 2%
I H PR U (TR SRR vE 1 0L, SR 68 R ANy
) (IR IR I, AT DL s SCERBIASHRAE, 1Mo H B84
KMFT 4y, ik rh SVM i i 2 Ik sk 3, 18
128 ¢ WE A 0.01. CRF Frid #8% H FF U 1L
CRF++ Hl1 PocketCRF (H T-#Fr CRF illlZ:Y
MAR).

4.2 YHERFRE

AT IR UE IR £ SR FH AR 41 JUR ] 1R T 5 B
BTG B K A T B R AR (R PERE, 2 AL T
DAIAAE SA B v BTG R 3 A AT A R R L 1 30 101 £
BEAR A YA N bt B IC P SRR E R R, b 2 AT
YT, SR T ELEERH T S hR 4 i) dm b 45 L

1) Word-unit: PR AR FITiRa. RH
i) R ] A A ] TR BE AR A, WS IR B D WA
9, BAFFAEATH 5 JoP; AR 4R, BIZE &4 i 7
BT 4 APy R

2) Chunk-unit: BLH ST AL Pedt 5k
AbRE TG, BRI ENL 2 AN A,
S22 DL bR B0 RS R ) SRR AU 7 1 B8R
BB AT L0 5, K HEA A P22 1 0 AH SSRRALE,
BAFHEATH 4 Joly b4 .

® 2 4 T2 X BT GE MNP U
F-1{H. HH, backward £~ M bRy 45 R ; forward
FORAT I ARTESS B M1, M2 Al M3 RoRS b
FIaH R H2E T SVM ()78 brvERIR . JE T
CRF MArvERTAIZE T MEM (FFrEALR [ 87187
SIFEAR A Y.

MG 25 K, LA E B PO I AR 20 B At Dy
FryE $I0 1) chunk-unit A 1) P GEIDAE T DL /F



7 VNI ST AR IR doe K A4 R R X Ry i 50 1279

J bR # G word-unit A7, chunk-unit 7Y £
U 1 I ) O 25 R HE word-unit AR T 3.1 %,
chunk-unit A7 f 41 17 5 A P 45 5 B word-unit
B T 3.3%. i =AM chunk-unit A
AT LUt SR ) 11 3R 5l 1) 25 A 2 e (1) T Ty 2
i, B N AT RO I Pk A . R U, L
chunk-unit 75 H - iz K47 1] Fa v 11 1R 0 4 e A
AL B IR 2 02 25 VI AH O ).
*2 ZEXIHEPER (F-1 {H)

Table 2  Performance of the model participation in
contrast (F-1 value)
Model Word-unit Chunk-unit
M1 M2 M3
Backward 84.71 81.41 81.24 80.67
Forward 82.31 79.05 79.21 78.31
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Table 3 MNP identification result of combination of

different models (F-1 value)
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M1&M2&M3 87.23 85.07
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T I A BRI A S AR, #RIEAT EL RO 1 22
F-1 {EM 2GR 2 AN E . IR, A B Ioks
TR M RE AT AR A A A BT R DA TR

RS AEH BAR: Jy BRa B TG AR AR T 2 1), 22 AN
TR — SR TV I AR i T B A L R T AR HE A
R, ARSEARA PRI H PR AT PR T (MR 1), X
LI A A A bR e T SR EE B, TR bR
FATURERY [ LA A1 D b BTG BRI, i
WK, T LA HE 2 B o B A A B A A
I [0 56, QA b 570 R b A5 R £ 2k R 4
AL THREE FRIEEAS A AR Dy B B TG (R BREEAR Y,
ER AU F-1 3947 K20 2 A1 5 R 5Tt
[A].

4.3 WEFAE KR

PATTIF 5T 1) T SR FH S A 20 ] R TR B
HERITIPRER TR, BT “UR B P yIbs
TR R, MG TG ARSI, ARt —
PR PERE. Rk, Rl T S ANRA R,

1) Strategy-1: {EVIZ4E A T SCHR [5] ML
5, DA N BE A bR BT, SR HH ] )2 T R AN R AR
(I FIRIPE ), il e SR S T o B IR 2R il
A

2) Strategy-2: LA A AR .70, KH A
JRATREARAE (AT V), Rlo S R 2L T a7t
B MEE RS .

3) Strategy-3: PLia] FIFEA L P A N IEA AR
G, KR ASEAR A YR SR, fh-E SR 2
T U F B BRER G .

BT D3 SR FRE TE AN H o 2 | I IER, BiES)
AFFUEFTR I Py e brid o i 2, i itk
1 BN E, FERE R, RATESERM 2
)6 To s LARTE I b B R AR B
BTG A Rk 4 Prox. Hp, RieMZ R E
It %€ 4 1.00, HUJG S [m bz N oAl FH Dy LA

T4 DL R R EH R

Table 4 Combination result of words unit
N Backward Forward Strategy-1 Strategy-2
2 83.75 82.40 83.94 84.07
3 84.04 82.46 84.91 84.79
4 84.39 82.35 85.79 85.92
5 84.71 82.26 84.21 85.33
6 84.12 82.33 84.52 84.79

THL 3 S 6 54 1) 6 BT DO H, AR DR AR A
Py BTG Strategy-1 645 H b 40 1 5 1m) i HH
ST 1.08 %, AR MIE T “UR B 1
MG VA R P N — R, AR 1.21 %, T
OB RS FE OIS BB 0.13 %.

ZEEAEAF ] M1, M2 I M3 =AM 5 HL— 2
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AR R APRERTMBEA A ARER Y P
BRI T ORGSR DT L et Ty
AR LR TR R T AR KRR [ aera”

PERE. SEULHRWIR 5 PR,
# 5 RATICIIBOC AT RIE R 45 R

Table 5 Combination result of hybrid unit
N Backward Forward Strategy-3
2 85.67 84.85 86.12
3 86.34 85.08 87.09
4 87.21 84.91 88.12
5 87.23 85.07 87.83
6 86.69 84.59 87.35

MG S5 0T DL, 1) b G T A 3 A8
HERH 5 J0 5 S bs i Ik B0 ds i, 10 0 1) Ay RS
AR 3 Jel hs e A B B . MR &4 ROk E
B, HARRH 4 705 LARTE A 15 ) R 1) 508
HEA e B 1), BSR4 T0 07 SRy i i e o
ok B i 1, 3 150 O Rl 25 K P AN — 7 B A A )
FEEE 3 s e s, ERH 4 Jol7 LARER, BARIE
)RR RS F-1 18 (84.91 %) LI (87.21 %)
R TR 3 AN, HRARA G F-1 {5183
88.12 %0, bt B [a) By H A A 1 e 1) s v PR i 1 A
AT 0.91%, CIE R bRvEE S m i 3.21%. Xt
0, ANEAR I P BRI AT 1 S 1) By 6T 1 ) A v A AR
GF AN FE A, BRI P BB 72 1 1L 1) By R AT A
YU AR 22 % ) BRiE AN i 1A U 6 B K 44 1) J
T i S ) AR A . SZIG UG AIE T DASE A ZH B
FIA] TR A ba B TG R b v AR TR 1) 1 5 R0 ) ey &5
PATHAME, 2T AR5 (& ke o
R 45, ] A A S AR AR IR R
KIFET 2 [H].

HEAEENAFFE R 4 Jo 7 T hRvESE RN, &
eI ) AME R E € TR PEREMI Y . RN R
) kM R AL & AR BT RIRTS, R
JEFEJE 0.4~ 2.6, [AISEN 0.2. 18 2 &R 4 i
FRUEIE, I M R € xRt E ORI S A A .

MG G5 R I e dh 2k B, bR I 1) b
FERBIR, Rl Tk e S DB s R 2 S b
PERE & MELR] 1.8 I, flaTEREIA BB Ur, F-1
{ELIA 3] 88.26 %, 1Bl & 1) £ 3= R AL M4k 220 K,
Ao vERE IR MR, R AME R AR PR
VRN T 1) PRI R KE 22 AH DG, X TP ANJ7 ) b i A
FEARZEAS KNGO, EPEAMERECN 1, A ) AT
—J7, WLAFE A RAFE A HER S B AR T —A
7 T PR B[] bk 2 B B B AL T 93 A — AN 7 m i, 3
kPN R, AR A 2 A ) T P bR
BRI R 25 R, Rl PR e TR AT

S5 ¢—0—0—0—¢—¢—0—0—0—0—0—

84 [ -a-Combine —s-Backward —e—Forward|]
83

04 06 08 10 12 14 16 18 1.0 12 24 26
=R

B2 S i w2 2Ot il 25 R i R 3 4]
Fig.2 Trends graph of backward compensating

coefficient effect upon the combination performance

IR TT SR K SR W S, R A RR T
R R R AR B AR AR ] 4 Jo P LRSS R, K n]
HMERE € EHER 1.8 I Pk K44 i e v 1 031
WA T AURCR, JATAENNREE T R A B, S8
W4 RN 6 Pk,

# 6 DR L KA RAE VR 45 R (F-1 1H)

Table 6 MNP recognition result of test set (F-1 value)

3 N
1.8 4

Strategy-3
88.24

Strategy-2
86.07

Strategy-1
85.90

LEMAR ) 5206, Strategy-3 Bl& 5 H) F-1
fHik 3 88.24 %, M. Strategy-1 &l T 2.34%, tt
Strategy-2 it 2.17 %. SEIG PR IRIGAE T LAFEA A
B R A by B G (AR A IR 1 1 s R ) By 4
RIAT H AN, 5T AT R SR R
R T IX R, e T DO f K A T T R
K.

4.4  PEEFCIE

BATEREIE T SVM 177753 T CRFE (175
VEEAT T A, A B N A VA R () B ) bR &G R
mE 7 Pron. OV B LR B ER CREF %
JEHT AN DI S A AR, A TR T 2 JoksvE
PSR gs B, B LB S AE ] 2 JehsE i S SVM —
E A, WKIEZEHE, Bl: CRF MM % = SVM ;5
FryFEocEl (N) — 1. %7 CRF X F&EFrEr 75 5 R
J3, MG 2T SVM bR R G484 1E EL
efai e, FATRE S CRF bRy devt 74 = s
(RIRFAE (FEAS 2R B (g Ao d] AT HpoCy ] TR PR REAE Ak
FRACHEFAE B 1 S 3 R PR R AR (R 4 SRR ), SE86
gERNEK 7 B,

MIE bR SE Rk E, 5T CRF (bR i
UFHIRRESE R (5 BY) L T2ET SVM [ksvERLR (3
J6), WA AR LSS R F-1 A ZE 2.21 %; M)
PSS FORE, T SVM MIARERTFIEE T- CRF
bR ERE R PEREAN Y, BRI, 35T CRF HI4RTE
TR P B AE B ) bk TP AL B, MBRYE T 1) £
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FEKA, AHEL T T SVM MRSE, &R RmEET
CRF MRGIEAANTATPIAN T 7 _ER2ZERE, IER
FARERIPEREZE AN, NI EEAA AT HANGE T,
HIFJi 160 FR) i 5 R L B T B 2 A B80T 235 0
P, 4, R EANET LKL T CRE bsE
PR IRY R B e AR 5 R B T B RE T2 SVML ARV A
TRl 25 ) F-1 (81K T 0.81 %.

®TLHET CRF [MPAIbRELR I (F-1 1H)

Table 7 Comparison with the CRF results (F-1 value)
N SVM CRF

Backward Forward Combine Backward Forward Combine
2 85.67 84.85 86.12 72.32 72.28 72.35
3 86.34 85.08 87.09 83.46 83.48 83.51
4 87.21 84.91 88.12 85.29 85.32 84.62
5 87.23 85.07 87.83 86.07 86.12 85.59
6 86.69 84.59 87.35 87.18 87.29 87.31
5 #HiR

BEXT DLAR AT D bR vE AT R AEAN AL, DABEAC A SR
A by B A BRI A 32 BR T A 21 e iy i 9 AR,
AREEAE S BT IRAT TV R b, SR TR T U o)
B [ B KA R R XU P A bR R k. 125
V2 AU f K44 T L v P PR DU e A7 ] R v 031
HWFFAESS, IWEET SVM 15 S bR S R HE A
R, AT RO RFAE RS IR) F7 A0 b e i BV £
WENE. W ES 0 BRI, UEM) TR R R A
AP S ARE BT T SVM 733888 i & 1k
DR TR DU B KA 1) R A B Un AT R, I
HIX R 25 RAT 52 I AME, (EEEA EAR
RI%E T U F B OB e SRR o 524G fE
AT S ) R EL AN, JF I8 RIS e (R R B R L.

AR SCHR U AR BT AR DA S R SR RIS T
HABA U PE R JE T (LLanThRELLBR, R
FLIEAE) i, AT i X
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