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Number Type Recognition of Chinese Personal Noun Phrase
LANG Jun' QIN Bing? LIU Ting' LI Zheng-Hua' LI Sheng'
Abstract Number type is absolutely a necessary feature for co-reference resolution. Different from English, Chinese,

belonging to Sino-Tibetan language family, cannot reflect number information directly by nouns themselves. However, the
problem can be tackled by virtue of noun phrase. This paper presents two methods of number type recognition of Chinese
personal noun phrase and their tests on ACE 2005 corpus. The first one is rule-based, which defines the template rules
based on some knowledge resources, employing some slots and slot values. The other one is machine learning method, with
maximum entropy model on features of word, pos, word sense, and quantitative relation. The two methods reached total
accuracies of 48.24 % and 87.48 %, respectively. Experimental results showed that the rule based method could ensure the

precision but the recall, while the machine learning method managed the number type recognition task.
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1) 845 M4, s,

2) BT N4

3) FRE-IL —SepiRinliE, sk “ Mg 5,

4) FAL-TIL — 2R/ G P AR A s (X | P
| % B ) + ] &) + X+ AFR4;

5) oAt AR BN A ZHL

oAU, A= [ R A A SR TR TR O vk
BT IR BN 02 b S R R B s, K
BRI JC B =28, X — JE AR 0 I ) B AT A
PR ST R, Blans A . — KB 2.
TEA 5, RoRIHHIR R 4 BLE I T HER 0,
FEARTE VO SN TG B 52 200, dn <R R 2
EUNIY N (NI B SRR 20 il = G /SR A S ]
H TG ER.

ASCAE ST B AR, B TTHESE T Wl v e
R4 il B 0B EAT S ST B AL B B R . T
3C, HE — Le P AR BB Aff 2 — i AU (1) R ST A
58, &G 2 PR B T R 5 78 40 (R A A B AN
AR B A, 76 ACE 2005 $EIE R} Hh B 453
BT A BRI TERNE. AR IX TR I SE AL
SR VLR 22 2T I 775, ¥ 0 8 B T ) 5 ik
S R 43 ) B G5 4 R E IR T . P 3
X\ BE K REZPRE, B R HER AR
. I SERR HREI, N TR S5 AR e R
WU 56 25 1, T ML 27 20 1R V2 e 8 SR A 5 v 19 1
.

RICAFHALUT: 51 AR AR 1] R
ARG BIANOE X, PRI T R RS B3R
TFIH WAB DL 58 2 TG AR 22 R AR s
RV 58 A ) B A BB UM B 28 3 T PRI 4H A
SR A SR AR & 2% ST HESR DU 75 2225 FE 1)
BRRAL; 28 4 SRS DLLL R S5 R A2
LR FI .

1 BEREX

ACE {F45 2 — B Skl 5 30 (Entity de-
tection and recognition, EDR) #5224 H S Frh
(R SR S 2R A G B R s ISt 5 [F]— <R 1)
SEARG IR, SR (Entity) 8w XOhILSEHH S
SR RINPOE EEIROE S IIE S S S [ e ]
LR wFERi 4 (Facility, FAC) . /TEX X (Geo-
political entity, GPE). A% (Person, PER) %. %}
TR AR TR EEUUN AT 1)1 280, 3t PER 1)
T MM ACE2005 JF46 4 #1551 (Individ-
ual, Indiv), 2% (Group), A (Indeterminate,
Indet). ACE [ E X H &AL E T 43w
Z LI o | — S ) I (Mention), &>
Mention ¥ 1% Extent Al Head, ' Extent £/R
A, Head 7 1T 44 Wl B E I A% 0], FRATT
8 PER XA Entity R 454 Mention #%  AFK
AR, IR 1 R, S AFRSAR TP 5 AN TR
] Mention.

ACE 2005 5 R 85 B4t N ThsTE
(1), 3¢ 2 J&—Sebryd . A e 1.

#£1 ACE "5kl

Table 1

An example of ACE entity

<entity ID=“CBS20001006.1000.0874-E6” TYPE=“PER” SUBTYPE=“Individual” CLASS=“SPC” >
<entity_mention ID=“CBS20001006.1000.0874-E6-30” TYPE=“NAM” LDCTYPE=“NAM” LDCATR=“FALSE” >
<extent><charseq START=342" END=%343">¥J{ < /charseq></extent>
<head><charseq START=%342" END=%343" >3 < /charseq>< /head>

< /entity_mention>

<entity_mention ID=“CBS20001006.1000.0874-E6-31” TYPE=“NOM” LDCTYPE=“NOM” LDCATR=“TRUE” >
<extent><charseq START=%337" END=“341" > %'}t &4 4 < /charseq>< /extent >
<head><charseq START=340" END=%341" > & %< /charseq></head>

< /entity_mention>
<entity_attributes>

<name NAME="“¥3{"><charseq START=342" END=%343" >¥3{< /charseq></name>

< /entity_attributes>
< /entity>

'http://www.nist.gov/speech/tests/ace/ace07/doc/ace07-evalplan.vl.3a.pdf H1H V£ 1]
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Table 2 Examples of ACE number types
K Head Extent
o o
LIRS SRR
LE o -
QifE —& AR
fib fib
WF 52405 i LA S R el e Ak
S Al HE 11 Ak
53 /3
fibAr] fibAr]
A EEPN
G T 440
T " LEuE
AN+t AN L
1PN A

2 HERMARR

fE AR F A B R, R 2 R G R B T
Jrid. R EURN T, SRR AR A
Rk BRI DR 2. BAIEZ w12
(FEA b, 222% T AH DG ORI R R B g 310 SR A
PR ) vk S e T 9 4% R R U, Wk 3
Pion (b« ()7 s B —ANBEIR] T 7 s L
o B, ]} RORHE).

3 BRI 9 &LHN

Table 3  Nine rules for number type recognition
i H AR
1 i Head A& ({Z MWK {—F {FHdd})+
[{MAR ]
2 2H Head ifu&: {#& R}
3 SH Head Aifuf: {& _ £}, { K&}
4 2H Head fif)a—MHdi KT —
5 i Head #2&: {#MA#}
6 LK 3 Head f&: { R Al b 3 S FRA_AFR}
7 2H Head W {fi]_55 3 AT}45R
8 AWsE Head f&: {AX}
9 e Il

X3 THIHET 4 4% RS S A %% Extent
Head HTHIB >IN, BG4 £ MN2% %€ Head
gy, BeJa 1 452 AEHT 8 2 IUIAS BE ) Ut (1) A7 o 0 2R
WA E R, 9 45 KR HEAT 50 5 550k W i 2
MRPAT Y, B SRR AR T, A BT

]
2 3 s B A SR T
G M K =k gk AR W B B % K
TS NNy
()= % 1. £
(PG} = o6, . . B B Sk K
W Hk T b B T+ ().
(MR =4 £ Ris By 5

pini

N E =N

=0

(A =W BE 2. 5T KL e BE. 2%,
BB VR B HES B EL 0 B 2K A K R
B 3. L A NI BA. .

(%) =, %

(RREy =R AN, Hofl, e, HoAbi,
OB, A Ak, Yl BT A K B,
o R Kl ERL TR SR R B IR
T EJT ARy R BT BT WEOR D RTE
DR AR

(R bk AT A HRR) =
oo W A AN A R B s i Bt G B
A HES AR BAJL. BE. B, B, B3, i
WA WAL TN [ TR e ML A
BN N TR A AL R

(-4 38 A7) =fi1. 25, 34T 20 2

#.
{AF} = AR B AL AL A
3 HERFSIMESR AR AR RHFIE I AR

N TS S5 RN ) 7 A8 FOH I B AR E 5 b B
32 T RN, — AN 28 (141 1 55 2 WL A Bl
{HRSLPR AR & R BATT, N LS M0 2&— R
ZH N, FFEREM A IR, 17 Hs g5 ok
(PRI 25 2 B AH L p JE IR S, (RIS R TR AN
(] PRI T Gt 2% 2 2 3850 R AN ) 4 ) B 5 SR

TEN ThRE TR R B AR R B, ar L2k
KWL 2 Ik A 8 2 IR 2%, R
PO — AN B 23 2 ) 3w LR I HL 3 27 2
BRI IR %, i an DLk3r L fh e 2% L P S . SVML.
R, BT SR B SRR S AL BT 5%, IAE I i
AR A 3% A5 AR v 2 B B U B 2 SVML A KA.
T AR ) RTRRAE 25 (1], 80 2 RS23RN [H] 11
Kernel p&E0A1IH AL S H0% S, SVM 41 GEW0 3815
S IR AR T S R A U, ARk FH o
KRR F B T DU P 5 1

1) e KB R AR R, MERAER
UEFIB B, AL fay B, B 1 PR S i 16

2) R EIE RS AT TATT S 22 M oGy AR S0 R ik
H S FIAFFFIE 4L A b, TS SEA L
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Xt FHE4 Mention ) Extent Al Head, 4~ 3K
HE S HRY 15 (Language technology platform,
LTP)2 4k #AG AN K 70 3] o 3] PEARE 0] SO B
WAF AL TR g5 . LTP 22— &5 T XML I
A SCE F A &, H AT T RS AL
X Ak 1B R E T A 10 Trp SO BRAZ O
AR, nT ULy (b6 SCASEAT # R B AR A HE 0T
FET XL PGS AL ARSI TR FRAE, TR ]
wnr.

B RFAE: T B RS L 1]
HIEAEAT G IR I G, — LSRR BRI, B b R
( {EEE &I} {KE P T LA TR b BB T
H92 b b SO R 3] R R AR 22 A A
[F]ER), wT EUID NGl PR 7 55 5T 22 3] . 3] SN
W Extent 44 ial 5 i b 25 AN ) 15 EAT 1) SO 5 19
B IR S ARy B8) whfrg ] SO, Nk 4 iR
S

4 Extent i SUHEE KRR

Table 4 The example of Extent’s word sense
disambiguation result
ke ] SRR ] SRR
30 Null RA
% Dn05 e M AT
fir Dn08 K AT
% Ed61 AN A T _EA Al AT
IR Dil0 A1 IR 73]
AT Ae02 TA

Head FFE: A2 /0l7E R G HOR M P pei 2] —
E BIAE AR 22 I8 fige 142 40 i A 00 1) gk B8 15 28 AH .
(P ALECI . I “FATT7 R Al L “Alfi”
&, gt geit &KL, ACE R 92.5% 1 Head 3
B AN, 98.3% ) Head AL{ — Aol AN 1
W N T RS 785G Head "4 K2 40 1iAE, 1X Bk
HY Head (015 PH AN EITEAE 9 AHSRHAIE, X T A7 —
ANE ) Head, ¥R 5 —ANHEER “2%7 (Null).
A ) T SR EDURH Y (1) ) TR R AR

Extent Fffl: /&2 K ) Mention H, fr %
Head, Extent % ¥ €0 7 — S84 7k 1) 250w B AR 1Y 1]
I, Wik 3 iy 4 MM PTR. givl ACE rhii #|
FI PR BOERE, &I 39.3% # Mention H' Head 2
IS . B ERER 3 s I B R I 5
PN BCR AN A, X BLIEE Extent FHTPYAS
TEAE N RFIE S IR 4.

Qun FHiE: ARG BEE R RS EE

2http://ir.hit.edu.cn/demo/ltp/

SVRTE D RE, 288 7 SR B Lo S5 ok R AT
AL, 7E Extent Han 568 1% B 5l B H AH Y. 1 £k
HRRM B, SLReHE R 7 g AT B HUE 5
PO POEMAF 13853 A i) LAY A 1 13EAT VR0 1 40
Frisl s A 33 E R (Quantitive relation,
Qun), 1 H 2 ¢ & 1R R F A )58,
SRNIEENT 96.17 % M 94.75 %. PIASHARKIB R
RWE 1 s,

ATT—
QUN ATT
AN o
T TN
it 30 % A

55
(b) s 2
(b) Example 2

(a) 54 1
(a) Example 1
K1 B R R b
Fig.1 The examples of Qun dependency relation

Len #¢fiE: 7ZEWEEH, ZEih K Extent 117
B AR A/D I Mention A7 I B 505 EAN B R ).
XA 0] O T AN s R LR, il (Head =
N, Extent = A); Mia4U5 £ 1) Mention (1) #5324
TR 2 S BN, ik, SIN Extent KRR
(Length, Len), Bl Extent €7 i iE~ 4.

IR R AE T AR I AE — A = 4 RS () v,
2 PR, Horp oy y B By AT 1 AMRHE,
RIG» A7 7 FRRFAEAE A5 2 B b Len I 5%
Byaf. pred, EREANRHE A P LT 7 < 7T x 2 = 98
T 5.

Extent <& (Len)

A
z

x
> ] THIEHE

: / /’/ (Head, Extent, Qun)

W R AE
(Word, Pos, Wsd)

2 LA SIHEZE P ) = YRR S )
Fig.2 Three dimensions of feature space for machine

learning framework
1 RBEHRERAH
4.1 FERNEARIEMNER

ACE 2005 il ZeiEkl 3t 6501 4~ PER
SEAR, B Entity R ) Mention #BXS N T 2417 BT e
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Entity SR HE B, e simsel, /45428 7wk
5 BT ) 2 B EE k), Horp s AR B oy LA
K, 157 61.44 %.

®5 ACE LfillG2Ip0iEE i

Table 5  The distribution of ACE number type corpus
Indiv Group Indet Total
8 895 4 691 891 14 477

X BRI A SR A5 R, AR SOR T AR IE
ffi% (Total accuracy, TA) A& S AR #SE50RACR,
KA % (Precision) M [H[# (Recall) KA &
BEFP S B LLRRE A N R PO SOR . =Rl
g SCan R

PRSI A IR0 ) Mention M 4Y

TA = 438 Mention 4N (1)

FAAT B IE AU ) Mention /M4L
P A2 A ) Mention M4

Precision =

(2)

Recall PRI IE AR A Mention M4
ecall = N ey . Sz
TERF RO R A ) Mention M4

4.2 HEFREHNEAE

BATRAEE 2 15l e BRI B R AH R s
AT TN SLEG, 4Rk 6 fIR 7 . £ 6 H
KB R 7R T 5 MR R B e iR . 3L

“r-7 RORSER AW B S5 R “o-” RoRbrIEE
B B W 6V ) Recall 78 2RT4T % W
SHCEAI N H A%, Precision 278 2417 41X} W ] 5
RPN %, 4 F MM TA R EARIE .
T T, BT R AR AE BT IR 2 ) 5
1) SEAGI AN Hi E5His H TR Y 7 2R 1 A ) ) B BR
PN ERESTHIN

R 6 FET RN T 8RR S (1 SE IR 45 R

Table 6  The experimental result of all kinds of number
types by rule-based method
r-Indiv r-Group r-Indet Recall
g-Indiv 4402 223 4270 49.49%
g-Group 166 1744 2781 37.18%
g-Indet 27 27 837 93.94 %
Precision 95.80 % 87.46 % 10.61 % TA =48.24%

3http://homepages.inf.ed.ac.uk/s0450736 /maxent_toolkit.html

MR 6 FTLLE 9 4 FUII R A 11 1E A 2%
48.24 %, PR, SBUCORS R  m, AH A BRI
() I AN e S R I A [P 38 vy o RS IR, DA 9
SN T AN R AL (P W RE D IR S, FEVEAN St
THE AN 55 Ae 2 7 R, B/ 7 40T RS
AR Ry, (HE P Y 56 ) SE B CR HT R D R 8
R B A I 1 R T AN ik 2R R ), R R R
K, IR BLIE L], BT 8 40 MIAS B K i)
TEOL, FRBEEIN O W R AHf . MEE AR, XFE
IR E AN S 10, BUTH 8 4% U 78 o5 1) S 9] 5 i
HETEAT R,

BT IETHUIR 759525 2 FUU e 40 45 21

Table 7 The detailed experimental results of each rule

Rule r-Indiv r-Group r-Indet Precision
1 *410 131 12 74.14%
2 33 *60 4 61.86 %
3 30 *234 87.64%
4 152 *855 84.24%
5 *3320 24 5 99.13%
6 *672 11 10 96.97 %
7 8 *595 12 96.75 %
8 50 160 *112 34.78 %
9 4220 2621 *725 9.58%

4.3 ETHNRFINTE

SEEGPE ] T Zhang Le M8 KM T HS3, R T
P RBAS B, S8R T 5-Fold A2 X
E [ 77 VK0 B 25 P RF AR 2H . S50 vl A IR R AIE
A RLGy by =ANERE: i K% $¢ (Head 75 . Extent
Wi Qun i), W TERFIEREEE (B 17 16
X)), Extent oAk £E. R 8 Fon T =AYERE N %
FURFIE L5 IR PEAN 45 2R . A vh B4 #52 5-Fold 1)
SR A, R EIORS B AN E s o) 2
AKH Len FRAEAEK A Len FRAEMISLEE 45 4. Len
gain R HTAT B 2 FT 8 AE ] Len $FALAT 2 H)
PR IER AR R ah. R A B R R A R 4
& T Len RrAEA3 2T B9 75
4.3.1 BAEZHRERBES N

* 8 (WT W) Bor, Haifii ] Head B AL
Re e 15 2 I IE A 2602 79.98 %. A2 1 SC AR
24 ) R (R A% O ] RE RS AL — i ) PR R HCR AR
HIRX G B A IAERHE B GE vt ) L.

8 WA I (1) 87.48 %o, W .S
A 72 Head 4+ Extent + Qun/Word + Pos + Wsd /No
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Table 8

The experimental result of 98 kinds of features combinations

No len/with len

Head only Extent only Qun only Head+ Extent Head + Qun Extent + Qun Head + Extent + Qun Len gain

79.98 % 83.95 % 68.18 % 85.84 %
Word only
83.89% 84.46 % 68.43 % 85.96 %
66.73 % 69.93 % 65.77% 70.65 %
Pos only
66.98 % 70.12% 65.91 % 71.15%
76.47 % 75.24 % 66.73 % 75.91%
Wsd only
76.55 % 75.10 % 67.02 % 76.60 %
84.13% 85.77 % 68.34 % 86.62 %
Word + Pos
83.92% 85.85% 68.40 % 87.10%
84.20 % 84.95 % 68.32 % 86.25 %
Word + Wsd
84.24 % 84.60 % 68.41 % 86.16 %
77.23% 77.16 % 66.86 % 78.12%
Pos + Wsd
77.02% 77.14 % 67.07% 78.26 %
84.43 % 85.92 % 68.34 % 86.95 %
Word + Pos + Wsd
84.26 % 86.04 % 68.34 % 86.92 %
Len gain 0.53% 0.06 % 0.15% 0.26 %

86.45 % 84.77 % 86.03 %

0.74%
86.20 % 85.20 % 86.24 %
66.94 % 70.10 % 70.91%

0.70 %
70.28 % 70.30 % 71.22%
77.42 % 75.20 % 76.10 %

0.38%
77.14 % 76.36 % 76.96 %
86.60 % 86.28 % 87.16 %

0.00 %
86.45 % 85.74 % 87.44%
86.66 % 85.27% 86.94 %

-0.02%
86.52 % 85.40 % 87.08 %
77.77 % 7727 % 78.11%

0.23%
78.39 % 77.59% 78.61%
86.79 % 85.89 % 87.48%

-0.11%
86.41 % 85.90 % 87.15%
0.40 % 0.25 % 0.28 % 0.27%

len. XS HBEUI, W K BIH 450, I
FLAEAN ] T35 P 4 788 (R R AL 7T LA A e F) S 36 2
BRI 2 ER B SR Len REAEH B A X 5 b (152
Uy & N eSS R

4.3.2 FFEZ R =ANHEFBIEX O

FEIEREAE 7 1 (R 8 T ANIFIAT) A LUK IR,
WG P T SO ANRRAE S AL B R AL T iR
X, A0 AT . = AMRRIEIR A A IR TR+ 3]
PRI, WPE + i SCRIVE AN, = ANRFE A fR 48
FHI R LEAE R TE + Sl PR i — 2.

BT A7 Bl 17 100 2 BRI R v ST e F 1) )
WHREA LA, itk A LA, W A 20 X
A — T2 B AT LU, 68 36 S, itk =
FRRAIE R ks Rk B oK. A F ML A 2% > 5 vk
DTN 208 Rk AT R BOERAR I, F AR 2 b
| RN L S o VS €/ = A T | AN T K SN T
RS T 1] VB A A S AN RO ), DRI TR A A =
AMEFAE IS R € A FRANREAE R 0 R

7E ) 5 Bk BT (R 8 I AN [\ A1),
Head. Extent. Qun —FHEE B AAE I Extent
LT Head, Head 8T Qun. = AMFFAETR A Ad H I
Head + Extent fil Head + Qun HJ3EAARCR BT,
AL T Extent + Qun. — PR AE A H B 20 Lk 2|

et FRATT AT H LA A 100 4D D DRI G P

1) EREATRAAE B UE I, 2B T Extent §i [l ¥
PYAN1A] i, Head i M1 09 P AN 1 3, Qun 175 A4
. Es2 F60.7% 1 Mention H Extent 584451
Head, 1M Qun X RAEFEAMERH HHILT 1655 X,
IV 5 Mention ST 11.43 %.  BIr PAH 30 PA 46
I Extent fif, Qun fxZ. W&, BRI
f 11.43% 1) Mention i Qun K &R, {YH Qun
FEAE R S 560 1E A 2R v LUA B 68.18 %, i T BRIA N
AR IR R 61.44 % (35 FoR). X e i
KBRS AEWH Qun XA 11.43 % 1) Mention
FEERH Qun FRE KRR = e 5, 7EF T
1 88.57 % A A Qun KAK Mention 4K
FH BRI S BRI Ab B 73, NS 2136 8 i
NIAH Qun 5¢ R ML IEI 2 68.18 %.

2) BT Qun W R 1A T 2 E0H L ILAE Extent
PIRTHS, PR 7R Al =/ MEFIE RS, Extent + Qun
L ICAt R G 3R A 1R B2 D, WS s e, &
T Head + Extent fil Head + Qun MIRURZEANZ,
Ui ZESA Head MHTEE T, Extent 1 Qun ZF5¢
ELEANZT.

7EiE H Extent K FEERFETT 1, M 8 rmf LA
F i, SOk UAE A Len fig T ¥4 iy B4R IE 1 %
0.27%. X TAFE M AEEILEE, M Len & 2753
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IEE RS, 6T AR Bl VB R I 4%, 240 ks
FEW) Len GEUS U IEAE IO 25, 4 B VR A RFAE I
Len AN REMS A4 25 T, HE R LE(EH A3
TTERF LI LT —0.11 % MB35, B3N Len 45
TS T A R E . X ULE, TR B BER T,
AN REAE 2 R FR AT, AE IR S0 B0 i o 1
DR, 3 F T 22 (R REAE 5t 2 P 2 TR (R AR 25 ), A
T AE A LA 27 3 7 VR 238 I AN 78 40 I AR DL
ik, KT, FEAEGE B N 1% RE I )

4.3.3 —ASLIGEIBE DT

AT VEGN 53 BT 25 ol B 2 S IR S 36 R, X
RS T IR R R i 4R T ) Fold 1 1
PR (I SE B 25 2R, Wk 9 Frons.

®9IERRRE K 419503 Fold 1

Table 9 The Fold 1 detailed to the highest accuracy
Fold 1 r-Indiv r-Group r-Indet Recall
g-Indiv 1673 83 23 94.04%
g-Group 113 799 26 85.18%
g-Indet 47 55 76 42.70%

Precision  91.27% 85.27% 60.80% TA =88.01%
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