847 & 6
2021 £ 6 H

SRR A
ACTA AUTOMATICA SINICA

Vol. 47, No. 6
June, 2021

ETZ IR ANFIREEFRIEAFRRIREENHR
MR e B A EAS SRS = A

W OE IR B A 2 I S AR AR 2 3 R TR R I S ATV (35 S B 2 T R — AN AR A R SRR, vk SR iR 41
TS OCIDC R ¢ ZR 4 1), $ HH —Fh & SR 58 2 1 R I MO E A 2 M 4% (Contextual multi-attention independently
recurrent neural network, CMAIR) 45 /R iE ANFRACIAFRACTE AR 7325 A LU TS0 RN 05 R SE ATV SUE R IR B
PR P25, 1% 0716 R] B AT B R SCURSE, 123RIR P AU HOBIOC R, $E MR IERIE R ). [, 07 VE & 23BN, SN
0T 22 2 TR SCRFAE, AN T DU N 28 )2 TR AE AN AL, A RO AFRAGT 5 SRR AOC R, BB AR 4 B /R 18 AR 45
AR ARAT 25 Th PO UERI K 90.79 %, A IIZ Ny 83.25 %, F {H A 86.86 %. LU 4h RE W], CMAIR A A8 I B4 T4 B /R iR
(WY R

KEEIR  VERJINUE, W, MO g, SRR

SR MR, Ee, AR, - BIUR. BT 20BN RE ARARTR A AR, AR, 2021, 47(6):
1412—1421

DOI 10.16383/j.aas.c180678

1,2,3

Anaphora Resolution of Uyghur Personal Pronouns Based on

Multi-attention Mechanism

YANG Qi-Meng" %3 YU Long® 34 TIAN Sheng-Wei' %3 AISHAN Wumaier® *®

Abstract
the importance of each word in the sentence, and cannot pay attention to the continuous association and dependence of

The deep neural network model learns the semantic information of anaphora and candidate antecedent, ignores

the word sequence. This paper proposes a Uyghur personal pronoun anaphora resolution method based on contextual
multi-attention independent recurrent neural network (CMAIR). Compared with deep neural networks that rely only
on the semantic information of anaphora and candidate antecedent, this method can analyze context relations, mine
word sequence dependencies, and improve feature expression ability. At the same time, this method combines the multi-
attention mechanism, pays attention to the multi-layer semantic features to be resolved, effectively compensates for the
lack of content-level features, and effectively recognizes the relationship between personal pronouns and entities. The
precision rate of this method in the Uyghur personal pronoun anaphora resolution task is 90.79 %, the recall rate is
83.25 %, and the F value is 86.86 %. The experimental results show that the CMAIR model can significantly improve the

performance of Uyghur personal pronoun anaphora resolution.
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Fig.1 The example of Uyghur personal pronoun

anaphora resolution
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2 [ 48 HEAT A1) 7 1 R0 Wang 2548 HI 3L T )
WL LSTM A LA b (5 I /BT i 0112 Gk
D7 (A BE T 332 LR 45 T B 2% TR
R,

RS G4 =R LR CMAIR B
1) i) A 2 L 5 L B R Y B 1 S ATV (1
FIFE, 2) BEE VLR WU AR A AR A E
WAL SR BT, 3) Tk 2 WL ) R R
PRI, I, A4 4 IndRNN g 3t 15 45 4
1, X 4 FRIEARE R s, 7T LA ZAN 2
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Fig.2 The structure diagram of IndRNN
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4) IR AT G880 CNN 23200
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T S RO A R S AT A ARRARA 4R AR
A, ATCAEH 3 B i ) WL AR AN [7] J2 1 5%
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Table 1  Component labeling of words in sentences
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s b
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Sy 2 FATIE )
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1) ] Ay ST HL: PRI e Ak o
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SEARAEAT 23R i) BLE R R AR, K2 AR5 9 A X
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2) TPk R U A R SCIRRE T,
X i) [ B VE R oAb ge, TR A ) —
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w; ] )RR, ARG (3) . (4) AHA i ) AR
Bz SRR AR SRR i) T RO RAEALRE CT

e = farr (Zi—1,v;) (3)
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IndRNN model framework with multiple attention mechanisms
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Table 2 Part of speech tagger
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85 B C. i 3c
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34 REEEENNG
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TSI, By O X R AT w; AR
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Fig.4 Example of distance calculation
FRATT A 3 A Ay A5 T A R T A 228 S AT TR R R
VIR BB AF R SR ACOC R I B R XS T8 4 o
B0, BATINA <o (flb)” F1 hSbn St (7 5

PIF)” FEEFRIRE R IR R T “Olans® (T 7 0E)7
Rl b, S (B PWT ) AEA) R B “&¥ (fi)”
BT, AHAE cObamsd (BHTTE)” AL “&¥ (flh)” IEH
I FEAT V. BTRF I ) R, AR SO H — it s R0 vk
FH A AR R S A5 T A 0T A 328 S AT 18 R0 RN U (1) BR
& HOH R IR EE 1 R,

Bk 1. BRSO L.

HWIN. KB n AT s

M. PrE RN EE R L

W 1. KRNOERAE PEE R 0, I kit
SATVEIIALE E A n, n AT,

BB 2. L TAERREN p WIS (9467 & 17 /i
4

T 3. N GOEIE w; (AEEIEATIE),
WP w; IMANSES L, 7N SO& AR S5 5, A
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PR 4. HHEFNZ L ATE, % o
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A SR TR Ly A R R, o A L PR —ANEE L
MELEFLEE, num(punc) NS L P EF S5
(A

_ Zie:nl(m aX farrL;
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x min{5, num(punc)}

(9)

B 5. A LB HNITHIE 2 SR,

RN 40 P A 1  JE AT VB UG PRS2 1, 1
.

3.5 B

)1 PVRFAE B A T A I, 0T R AQ T fid
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T s= {wh Wa, W3z, , Wiy 7wn}7 :J:E*/I\ﬁj\
W w; Wk 4EmE w, € RE AR L6 B pf
228 N, AL TS RNN A1 LSTM 4%
IndRNN o] IR B K042, A B 741, 5 2
(R R Y AT S e, E A K e 71 A4 ) 78U T )
PEBEAL TA% 401K RNN A1 LSTM A2,

3.6 hand-crafted $51E

Bl B R v ANFRAR IR AT i, AN SC k& 4
HORTEE T IS MNEILRE, 3k 3 Prsikde 7 4>
hand-crafted $F4FH TV AT 55

3.7 BEBNNMHIEE

A I 28 9 2% W] LB OCSCAS JRy R RF AL, R H
UNEEE ] SEps W NITE S IS N AV E LA
& RUZ AT AR 2 5 BRI A S M AR, 2
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Table 3 The feature of hand-crafted

BN TP WM R T —% SEATIEE X FRNITEE X A E

AFRA AR 2 w2 [ 2 % K ERH ZFEHE O L g %HEE kL o2 O/

1 0 1 0 1 0 1 0 0.5 1 0.5 0 1 0.5 0 0 1
FRERAEAT BRI 1) 52 ] - A1 U(—0.01,0.01) 177 CBEHLAT 46 4 i) b A 6 ik
), R A 24 A i 8 77 AT SR AL, B2 s i

F=f(w-x+0b) (10)

sz B 3 R RERERE, w A0 AT AR
B, b A B0 X147 m AN EBUZ G R A
B HHRFAE B s T R

A= [ClchaC?n e

(11)

AL A T LARE— 20 A PR AL B, DR B S SRR AL, 9
SRR IRE. X T n DAL Z T RFE S
4E R b

A=lar,az, a3,

s Cm]

) in] (12)

BASRH] sigmoid BOE AL, Wk (13) B, Hrh
2 JB R R B
1

f(Z) = 1 + exp(—z)
AL E AT IndRNN J2 (%5 B/ 43 2
N, IAEH softmaz /> B350/ HK 4R, CNN
Al IndRNN [F454E4 6 520 J 0t (14) (15) B
7IN.

(13)

A® = Merge(Ocnn, Ornarnn) (14)
y = softmax(W,A° +b) (15)

Horb W, AR EREHE, A G I FRAERFE,
AR SCAGE P 52 10 A% i BEAT R I 50 A8 e /M A X
AR DA, A S R KA -

N
]' A ~ (12 A ~ (2
loss = N;y”logg 99+ (1 =) logy(1 - 1)

(16)
b, N S ANREAREL, o NS @ MREARSEBRAI],
g U B STE)

4 %iEE=H IndRNN 1&8

g A SR Y K T VA A R TR Boa AR AT
S, R B R U NFRACR SR A AT 5% il
TEAN A A 22 W 28 HEAT 0 LE S 56, IEW] T CMAIR B
R R, AEsciR i fe b, ASCAE ] Word2Vec
(¥ Skip-Gram SV 25 A e J01231 A — A>3 0
I iR] [ S YERE D 150 4E. 8 1 i Ak B R A T 225 )

) R R ACR. T4 R TR VR AE JC 7 e H
A7 o il AR, W HEAS BB A R AT bR, X T
2 ) VA SCR ) b S i 1 5 5K, 0 44 1
P Shlegdald puase (B 0L Gimile (MR K2 Y —),
HovhoeSes (2 3) Sy 4 E S B IA, AE BB [ I
95 T KRB R AN ., IR A8 R — A ] )
o BN SR IR 1 5 3R 7R 44 U] Jod 1 ) v 2 R O A ]
P v R R

4.1 SKIEHE

H AT, o SCRISE SCHRAR I AT 45 © 8 R i
PrRyF e R e, gE B RIEAE N /ANERD, FRARTERAR S
WEFCIELE AL D Y B, 3 A WA by 50 46 AH DG .
DR, A SR 4 R B AR P AR I AT 4533k
AT T B RAEFIbRTE.

A K SRR 1B R 4 T R SCATE AR 1
WY, G 3 B NRACTA A e B, e 4 B RE L
KNS T 58 BRI FRE TAE. FEARSZR A+, K
427 FEAREERE. LA H se ) 44571 4%, Horp
TELEFRAR L R INIEHI R 11831 4%, NFE{EIRILE R
(K645 Ky 32 740 4.

42 #BS¥

ARSCAF 3 Pl 2 Sy WL 45 G T B E 5 1 sk
By SEG PR R OB 1) 4 CNN $R B /2 K
T XCERAE, e IndRNN SREGE BS54,
H Softmazx /A as 13 B B2y R g5 L. s 45 L
WoR, 73R 4 PRS0k E R, RO . AR
K BENLI LR S O B S T B dpe Mk B AR R
#2446 N Dropout £ CNN 1 IndRNN ff]
a2 DA DRI 2 K A A )1 RN 9 1 it

2028],

R4 TRBHWE

Table 4 Hyper parameters of experiment
Parameter Parameter description Value
t Training epochs 50
b Batch 100
d Dropout rate 0.5
l IndRNN layers
k Kernel Size
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4.3 IEMIERR

AT AR AR A A A R TR, AR SOk T HAE A
# (P)s A% (R). F A (F) —FhE 2Tl
AR flf S50 25 2R, R 22 DA A T A P A B B SE B
TR L S AR IR AERA AR, A RT3 2 1F
T VPR PR 0 R 50 T AP0 B B B e AR
Mse sk, F RS AER 200 4 [ 2 (MR AP 24, T
"IN F=2xPxR/(P+R).

44 LWHERBRESH

N TR UE CMATR B AT R, A SCRASE Y
SR AR S LR T 4 R . s 4f R
W 5 Pros, WA IE H, ASCE 1 CMAIR
PRAIAS T Bl (K7 88CR (F {EH4 86.86 %), e
T HAEMBSFRES R, F i 10%, HET
PAAENS AR FHIER 3.61 %, Uik
e Rb v 4 T R v AR S5 A A ki, k]
T CMAIR B8 A7 20

#5 LUEHHFIN L (%)

Table 5 Compared with previous studies (%)
Model P R F
Tian 82.33 72.07 76.86
Li 88 80 83.81
CMAIR 90.79 83.25 86.86

T R TR L FE AR AR AN TR ABE A RN
CMAIR fEAFEOL T PERE, $&HWF 3 Bl L
S 1) 3 MR LRI A Ak 2) 1 1n) HE )
PE 1) 5 4 26 CMAIR PERERE N 3) hand-crafted
FEAE S EBREXT CMAIR G 5200,

ARSI I 3 M & ) LIS DL B A A
AR R R 4R EE AT S5

1) CONN: FEACI & B pH 28 B0 2% 25 1), B N A
hand-crafted $F#1E;

2) ATT-CNN-1: S35 ) )45 B 28 1Y 5 &5
Fa, K 3] ) B O RFERE FE 5 hand-crafted RFAE
VEARER N, TE G = L

3) ATT-CNN-2: WyFfid 5 7 1 245 R p 25 ) 2%
S K, i N A ] 1) SR R AR R R | SR R
HEHEBE AT hand-crafted $F1iE;

4) ATT-CNN-3: 2 ¥ & AL ) 2 B p 22 19
ZERIAY AN TR 3 AP R RFAERLRE 5 hand-crafted
RFAIE;

ARSCHHR N 4 1S3 e 4B R A Fadk
TR, 2 B 4 B /R v N FRAA PR AR iR 1 BE. 3% 6
g5 4 SIS AR AN RN R SR 45

M 6 S5 R AT LA, ASCHRHI 3 MdE )
BILHAE 2 5 7K T B4 A b SR B0 AR AT T AN B 19 43

HKgE . Hh ATT-CNN-3 7E4EE /R iE AR FE
R FRAT S RIS B A, /- &5 S nl 4, InA
i () By = ML ATT-CNN-1 F R in A hand-
crafted FFIER CNN #M F {EHETF 3.97 %, 1X Ui
W IE [ ONN B EE 6 R T A S 0 2 IR RS
2 BT ATV M A AR 31 S T R0k 3 2 4T TR R AR O
F.UE B T 1] ) SR R )RR AE A B A T R X
{58, ATLAEMRIA 1P SORR, fERR I ZRid fE
5 U RF T ) 1) 1 B ) T4 e AR T R R

R 6 AFBRIEMRERER L (%)

Table 6 Comparison of different model anaphora
resolution performance (%)
Model P R F
CNN 75.47 74.16 74.81
ATT-CNN-1 80.14 77.46 78.78
ATT-CNN-2 82.37 78.80 80.55
ATT-CNN-3 83.02 79.61 81.27

DR ) A PR I ALE ) AT T-CNN-2
FIEE T8 2 PRI E) ATT-CNN-1 #5i78 F {42
e 177 %, X VLI IR PRV 0 R AR BE AR R LI
Sk T vy DA HER U ARAE 2 4 ATV 1) AR ] 4 G
A I, AN T ORI SO AR N A5 BN E, i de
AR AT AR I e, It B0 R T R D WL AE 4
B IR NFRAR TR FR AT fil (0 A7 Rk

XF b ATT-CNN-3 Fl Aty — o 55 704 51 56 2
APLLE N 3 A I HLEL ) ATT-CNN-
3B = S PE DU R bR A OA B R AR, AR BT
CNN. ATT-CNN-1 fil ATT-CNN-2, H: F 1§43 5|
L 6.46 % 2.49% F10.72%, BN ZIEE )
BLH R RS 284 f58 IS [ J2 T DGy A 9 A 6 45 8., AT
AE S U RO FRAR G R, B8R T 238 = I WL 4 4
B IR NIRRT P AT AT 55 (A .

KT B LA SR H I CMATR R 78 4
H R v NFRACT F AR MRAT 55 1 23 SR, Ik
AN TR 4 E ] ) £ 53 B 1] [n) 2 4 20 3 2 45 R R .
3T 10 4k 50 4k 100 4E. 150 ZEA1 200 ZE
] ) SR B R G ) R ) SIS 25 SR ] 5
FiR.

A AN [ 24 J ] 1) - R ) 2 1) A e = oy
TIFFAE I AE CMAIR BERIPEAT 5 548 X5 IE 5L 56
MBS 5 R AT LUE h, 78S 4ERE R 0 I, BRI
AERER AU, HF A, A 10 48 &5
SRR NIRRT, T LR AR ) AR
0 B CATE X AE B, AR Gk R
SV REE IR R ERFAE . RN 50 4 ) R
JIRFAEAE A R NI, AP BRAT K BE 4T, mf
A3 B vy 4 1) 5 AT AR A SCA IR 2 s U R R
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47%

A ST ). M R YEEETE 50 3] 150 I, AR
F AT, ERTFRCRARRE, JF4E 150 4k
IR BB L. = SR B 200 4EI, 0 IRACR
ATHT I B, X UL 2 ) B TR B g B I, 257
PEANRE TR 7> RIE AR B A ISR, T3
IR IRGE R WA, A B I e R X ) S
RATHE I FE W, Fr AA SCREHC 150 24 24 1] 17)
] P ) PR 4E L.

F-score

0 10 50 100 150 200
Dimension of embedding
5  AN[RYERE A [ R 42 F-score LA
Fig.5 Comparison of different dimension word vector

classification F-score

hand-crafted 1508 AQUH > R EZAE B, X
oy e JORAE AR, A SCHE LUERIF 7T ) LAtk 1
AN T VESRERIE, 4 T 85T hand-crafted FIEESEr
HEFA R ME, 27 B2 hand-crafted FiE SR AE 5K
B, SEW A KK 7 Pron, NEB A BLE H, LBk
hand-crafted, {3 E 3 & 1 RFIE FE ST R IE 115 0
T (Vattention + Veontext) 36 F EHAHEL T CMAIR #1
TR T 5.55 %, A& A hand-crafted /& 454
YEB RIS 5 NG AE IR REAE A ) B A fid ot
FERAI IR T ) o R
7 AFEFHERBOS R R R (%)
Table 7 The effect of different feature types on the

anaphora resolution (%)

LER e P R F
Vattention + Veontest 83.29 79.43 81.31
Vhand-crafted + Vattention 86.81 80.24 83.40
CMAIR 90.79 83.25 86.86

M S B 2k B n] 40, 2Bk hand-crafted MFR1%
HEEREIT I N B, UEB] T hand-crafted [f15] AX}
PR R R E OCHER]. R 7T TPk
BREBERFAE I LI 25 . Vianderafted + Vattention P
PLAE AL T 256 hand-crafted fSZ5 F{H$E T
T 2.09%, 1X&H T AHEE T hand-crafted F#1E, 1
BRRHESAEEMN LT OESG R, fefefilil g

T A ) e Ok R AR MR O R, R R T IE S )
i E RN, A4, IndRNN A] PLER B K HHE 12,
AEBEAC PR A1) R P e A A OB MEAE . AH B
T CMAIR SR 453, EBRIESFFIER F A FFAK
3.46 %, 1X Ut B 2 v = ST HLH ERE AN R 2 1 DG
SCARRFAE, AH S SCARE LR, 7751
TE B FOAOR M 0 B R P B R T RO AR .
ASCiE N 5] hand-crafted 15 & 78 K8 T 45 /K
TG T B VERRE, WEBRA IR 5N BRG] 1 4
VRFAEAR BN, N T Ar T8 0 b JRL RS 8 AR 6 S8 AT
WIICER, IIMTHUS T S 4F (15> FR A

5 HERE

TEYEE 7K NFRACT PR AT AR A 45 R, 4K
WA I FT AR A 45 5 hand-crafted FNRJE 2% 21 1) 77
AT, XA T AR a5 AN RFAE, ANBESE A
AN ] AE A R R R RN DG ) E 2 R IR AR, A
SCHE T B LI ANE SRR RS, $e s —FRh 2
R IR 4E B 7R v NFRACR TR AT 715, 1%
AR ZE G 3 Bl = JIML, AASE W AR b (s 3k 5847
TH RN TR AN TR J2 1 0 B v SUAE L. RIS, et —
PR RN R, BeAA SOFON R AT R, R e
oo R AR B AN, AR SO DT BT SR
IOEANVEBSRAE, F T4 N8 3 51 922 X A R R — A
T R ) e SR BRI I o 2R SZIG S5 SRR, In N2 0E
B IHUHIFESTRFAE R CMAIR #7 fE 52 38 74
E R NFRACEFR AT 1 fE.
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