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Abstract: With the rapid development of the movie industry in recent years, information extraction and intelligence
analysis technologies have received more and more attention, especially for the intelligence analysis of the movie main
characters. As the important feedback from the audience, movie reviews are of great value for intelligent reports, and
there is a lot of information concerning movie characters.Therefore, how to automatically extract the related person
name from the movie reviews has become the industry's needs. However, names of characters in reviews are always
complex, like abbreviations.In addition, neologisms often occur among reviews in a new movie, which leads traditional
methods (like CRF) to unsatisfied performance. Based on these characteristics of movie reviews, we propose a novel
person name recognition method, called Multi-Feature Bi-LSTM-CRF Model. This model extracts relevant
character-level features by using external corpora and unlabeled reviews; Then, a framework of Bi-LSTM-CRF is
applied to mark the sequence of person names. The experimental results show that our model can effectively identify
different forms of person names in the movie reviews as well as the unregistered word for a new person name, and thus

shows a strong ability for name entity extraction from movie reviews.
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N, 43t Bi-LSTM #EEUE B EARE he ha. b o FELLAE Y CRE E %I, CRF X E T ks
LA B4R )G, T AT R v Y. Y.



U e |

Fa@# nREEE A

Ba-g) [e-g |ee-g

il

X, X, X3, .. X,

Xy, -
\
éf}u&

(.\'l‘xll.xl"), (xl.le.x;)‘ (x,,,x,:,x,;')

|

[ Bidirectional-LSTM layer ]

1
hy, hy, .. h,

CRF layer

Vi Vi, o ¥,

1 Z4HE Bi-LSTM-CRF & BIE%2

Xy, Xg, . X, Xy, 2

2.1 FHE

BRI E B T & G SRR AR . XSRS A FAF N, T IRVE4NHS
R = EFAE (AL I RO ) AL
(—) FHA

FMAEHRFR R, BN CAES R SEHFMMAFR, FHEEER RN
BXEE. FrERSE TR R, St R iRkt 0 — N R R R/ — m s g,
T 795 AN ) SR B 2 f g i B 22 ) P O B S Rl BN R e gz a3,
i 3 44 1) & Mikolov ™ Hi ¥ word2vec FlI Jeffrey Pennington # H 117 Glovel™,

Skip-gram /& word2vec A, HSF I — N S RZ A MNLE, BT S TR i —
SE B NI BRI, B IZR H AR A2 3R B RME 3 7 A 24 1 S1DU S 1) BEOE ) S 4. T
GloVe J& —Fh i ¥ i JE T- 3L AERE  (co-occurrence matrix) A [ EAR AL . GloVe 38 it 4 /) i
(7738, AMUFRES] word2vee B 1) ERSUER, WHEER2)FHEE, Fit Glove fg5¥E 4
FIKA B FFFIIE L. R GloVe X KU PEEHR T s I, (515 A4 2 (8 AT LUdkAT
FEREE, B XETS5OA NGRS FIAER S0, Amies A2 IR0 H
[H] 2

GloVe B il 8 20 & A4 1A 51 [a] () L BAE R 58 3 Xi,j, Rowinl j A i 3L [E I
NI E X Xi=2X Xk, FoRER | & HNEBREERE K E DR EE. E X
Pio=Xi/ Xi | Foria K AL | & H AR . 52 3L ration, j« - Pik/ Pi, ratioi j « #{E
R TiEb Kk Z ARk

2 ratio, j« IR, WHE T KAHSG, j KA Hratios, jx B/, W j o KAESE, i
KK SR MLL, ratioi, j,« B85 LF R IRAH IR 5 A GG % . Glove #5775k
Ji e 2R R 50 F (Wa, Wi, W) 5 A LA R HE R 0L A& SE R i ration, jx « LA, wie wi o Wik 43331
Foriai j o kKXERNAAEE. 2 F (Wi, W, We) SEARTLE P/ Pi ok IR, B T 1) &
AU R B — 30k, B ) AR R R SR IV PR R 4E

F S IR T, AR TR ) S TEME R BT, 5] N R 2
f(OXi, i) SERRHA A (1) Frs:



<

J =) (X i) (w Wi +bi+bj —log Xi, j)? @)
=l

-
Il

b, X FoRi L i | SRR MIER ARG W | R R, i e E
P d B TR SC W E  R R R, G AR o b D, 4k W W R
VIR E g (x) RR(Q):

1:(X):{(x/x,mx)a if X< Xmax

) (2)
1 otherwise

@, wa=0.75, Xmx =100,

() A FHFHIE

SN — B 1 TR B e B PTG R AR S N R AT (R B . AR G
I A TR DA E S N4 o AHTER F P AR AR BT, —MeHE AR e — N A B K
AL OAR NBAE RFIFn, TERAREERH T B TR0, & 15157 AL LT
AT BB o

®1 L TARFH

(v} ®x # % N B H £ @ T =l # W 0N

75 22 28 32 35 41 42 51 73 74 80 91 101 111 121 126

o o®R o ox X X # X # K ¥ #® £ W M
Fr 22 25 27 27 3 3 33 3 3 36 37 38 114 118 340

Giit KB, LRI 2601 FORFEITAF, BT 15 FhERE G T EARE 26.2%, NIARNA
2633 FIAN[F A5, B 15 M b 7 BSIR R 22.1%. Horr, <, <@, <@, 4. T K.
AR EATL R AP I SR . AN I R R AR A R E R R 2 n
NZIXGREST. 2 BRI R A R ARTE R IS B, sk 1. 2 R pgefly <[5, ASCRH
DARTAE FEAE s FURRAE i b, ol A5 B2 e L a(3):

log€i+1)
|Og\(\lm+1)

A, G FRIIGERR IS | AR, fo FoRFR BN B3 CF30 sz, We
R CAEARBRIETER A A v TRRAERR AR 257, 3 P(Ci) #EATARiEAL AT B it Ak
H, JRRENLA A, AR R . I (4):

P(c) = ©)

P(Ci) — P min
F(ci) =round( —%—-k 4
(6) = round( =" k) @
A, round BRECNDY S ANTHEL, kKON UIEME, 3861 B EUL S RREE . BEUb S il 5t
FHIE ] 2 R m R s 2 |23 (8 25 . B A 2SR .

(=) JHFHRHLE
TEFRSCNZARBIER, PSP AE — R LA R B SR 5 B HEAT A 5 2% A SCHE IRt 4T T



BR . ASCEAITHRAE S N6, BRERT . 547 MEET. LR BYET. ¥
Yy BRRTE. RERMATAOOS FSCNAAE SN L RRAA R, KZHNLIRIE
WA -ERM T, Flinefr e R4, Koy Ry s iy BT, R UZ
o AEMTREFFALENS, XM SN A A E SN AT P AP g, SIS IE—
B, BRI S REALIGS B RS, RGN . FI T RAE A THE A U R
K (5):

|Og(fc- fmin+1) )k) (5)

Ve = round((
|Og ( fnax - fmin+1)

oo R, VO ¢ MRER, 1O ¢ i, eonmism e, iy
T B, K T ETEIE, ) B S

2.2 Bi-LSTM

LSTM W2 LA b — B Z1 (1 B2t 1) S A0 2 i 455 ) A R Ml An i i = A5 8, T
b IR B BRI 2 FT AR RSN« LSTM I 2% BRAS AT (142 145 2 K 4 H S S AT DR AF, 7E LSTM
MZETTH, REFIRASEF AT S0 VR e . BN 36 NS B kL
AT DAMRAEZPRES h, d T P SRS IR AR R, s 14500 S8 37 5 AR ik 843 B
itk . LSTM B AR TAEFAE W= (6)(7)(8)(9)(10).

It = o(Winht -1+ Wi X;, X', X' ]+ bi) (6)

fr = o (Wk - he -1+ We Xt, Xt', X" ]+ br) (7

0t = o (Wo- ht —1+Wox Xt, X", Xt'"]+ Do) (8)

Ci= fi-Ci-1+it- tanh (We - he - 14+Wo X, X', X' ']+ bc) )
ht = ot - tanh(C) (10)

K, i fiv 0 Co RIS t IS ZIRR T AN]SR ]s B T TR BIRES o xe v X'
xi'' RN t S ZIR AR WA REMHTFRE. heg Rom t1 B2 FEEZRE, W A b 5
BT TR ERERE L S m B 8. o Fon sigmoid FIEEREL, tanh 7 tanhyperbolic #4E B& %L
WO RO AR 2 I 28 e o AR LR BT, DLIE TR AR 1 25 (8] 3 A

R A AT HCIZ N 45 (Bi-LSTM)TE LSTM W2 [ 2284tk Bt AT T4 & . Bi-LSTM L& E R
1 1) LSTM 4% . St 7 i) LSTM J2 %8 $545 B [V ARAE Be , S35 101 LSTM 343 SR IA0HHAE B o
Bi-LSTM i HHERTE W LSTM HIRHIE AR F A, he=[h, hi] - BI-LSTM AIELT 81 )
LSTM, RS 7 & B R SCHOBiE B .

2.3 Bi-LSTM-CRF

Bi-LSTM-CRF 7£ Bi-LSTM [JJERl E3" % 7 CRF /2, HZEM K 2. CRFYMIRILE 5k
TEAT S5 v AR B O 2 RBRAIE . 7F Bi-LSTM-CRF #%rh, CRF ) 3= Bk & — 1
HIEARERAR, BERAGVEMIFPREELHE I, WHRZE“B-nr 5 [H AR “E-nr” G 0L X T
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CRF JE #RA1=K(11):



[Tw(yi-1 yih)
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eS| S By
A4 UG+ LA Wi
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PEER WAEHLE
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RYEA DIVIN
BRI T+ T N R
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R+ T | ER B N
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FEIRFR KR N

®3 BWEENAZIHER

GRS RS e S
R ES EEZ P i Bt L& =2 i it RS
A 1363 355 810 2528 321 76 183 576 81
B 1312 343 811 2469 372 88 182 640 199
3.2 BT

IR R AR (P) o ARE (R) M MY FLE () 1EATEHTERF.
P & IEFA RN N4 b SR A B 23 B, R F8 IEBRR AN S IR e A& E
sy, FO P RIR MIARISFIME, 6% EEA R,

3.3 KWERS S

155 LL Bi-LSTM-CRF N3Gl HIAH RN (E) s A FEHE (B) « R4S AE (U) ZR4REit
AT, MATEREAE A HPEAT . SEIGEEZRONIE T Bi-LSTM-CRF BEAY, BRI FEALAE A
A B AR N FAFRAE . TR BIMRNT EE T skip-gram LA 2% GloVe; 12 FHRFAE RN FH 48R A0E i
OB BRI K AE, DO ERRFE AT R 25 . SEah et R (3R 4) R, M%T skip-gram, GloVe
M RN FOR RO, MR SRR 2R 7T, 4 ke=2 Al ky=5 B, FRAEGTAEAL 5ok
(3 2k B b e o 2 K A ARSI KN, RRIEZ AL RE 0055, FL BT T % . 45 & HEE (EBU)
i R )27 A FLEIEE] 89.8%, T T SRR . J5 8sei I e REIE S B AR I I 1 R it
7o

ACHE— B0 T CRF. CRRMP!, Bi-GRU-CRF. Bi-LSTM-CRF. Bi-GRU-CRF (EBU) .
Bi-LSTM-CRF (EBU) 7E##fi4E A. B LRI (R 5) . CRRM TEAEGUHLAY CRF [ 2& A
N T A P RN 1 77 . GRUPHHSE RNN A1 [ —Fh 9 4584, AHEL LSTM, 25K 5 &
B A, GRU REWANT, 2 AAEHT] (update gate) F1H & [ (reset gate). 14114544



R EE SR ER, ([ERKEE EAS R T REENEHEm TS E R, LRERER,
Bi-LSTM-CRF(EBUDTELR & Fabr HR I A, fE 555 A F1 B L1 F1E 53704 89.8%71 81.9%
8 = TAE 4 7717 CRF A CRRM, #4128 [ 28 45180 %) LU 5 1T, 7 — M IE 00 F (B 48 ADBi-LSTM-CRF
(EBU) 1 F1 {5 Bi-GRU-CRF (EBU) #H4, {5t 0.3%. 1M1 7£ [0 A 6 35 1) 35 22 B 540 (3K
JE4E B) FKIHEE, b Bi-GRU-CRF (EBU) i 0.8%.

R 4 BHEXHRAREF M0

FFAIE fE A4 EIPINE = FFERFR At
P R F P R F P R F P R F

Char random 789 910 845|718 737 727|778 739 758 | 829 834 832
E skip-gram,dim 899 910 904|801 779 790|768 729 748 | 847 837 841
GloVe 921 941 931 | 744 842 790 | 787 761 774 | 856 872 864
k=2 884 938 910|838 750 792803 772 788 | 857 859 858
B ks=5 90.0 923 911 | 775 724 748 | 847 717 777 | 869 844 856
ks=8 894 913 904 | 797 776 787 | 784 767 775 | 849 850 849
ky=2 917 960 938 | 792 803 797|814 756 784|869 874 872
U ku=5 933 948 940 | 763 803 782 | 797 827 812|867 891 879
ku=8 928 96.0 944 | 747 816 780 | 785 789 787 | 860 888 874
ku=20 928 960 944 | 747 816 780 | 785 789 787 | 830 885 856
EBU | Glove,dim=200,kg=2,ky=5 | 946 969 957 | 788 829 808 | 857 80.0 828 | 89.7 899 898

=5 BRAAAFHR

Hd sk A (%) B (%)
fihr P R F P R F
CRF 8.4 767 813 | 7.7 636 684
crrmZY 889 877 87.7 | 763 745 754
Bi-GRU-CRF 841 808 824 | 753 674 712
Bi-LSTM-CRF 829 834 832|755 704 728

Bi-GRU-CRF (EBU) | 887 905 895 | 830 792 811

Bi-LSTM-CRF(EBU) | 89.7 899 898 | 831 808 819

N T B IRAE IR L RN . I RFE . 3 FURRAELE AR B R A (3 s, AR SO HdE
£ B T T XTSI . SEIRE SRR (3R 6) , FRAMIL SRR S ARG v A R AR T AN
K, (HEEMBAFBIANR T 2 RS i, HAEZSRE T 7.4%. 2.7%. MHET =%, H7F
TR A A SR T SRR, A BRI T A 16.8%, AT ULIE I AR UM 2% F 7 40 iR RE
A R TR N 2B IR BE 7T

TRAT T 0 45 TR 1) 225 B SRt b A SO A CRF ZE 328 A 08 ERIRAZE R (R 7). 245
fiE Bi-LSTM-CRF fe e Bt “FAREFEF” , T CRFE AL “FRARER” 5 W ILA SR AL B
LT I S RS R I B R . teAh, ASCERLE ME R 2] 3 “RE” | CONFE”
KRUL “F7 R RFREHR, TR GERF 0 IE B A FRIE R 2 Tt
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FHIE P(%) R(%)
None 55.7 48.1
E 535 (-2.2) | 555 (+7.4)
B 55.7 (+0.0) | 50.8 (+2.7)
u 59.0 (33) | 64.9(+16.8)
EBU 586 (29) | 67.4(+19.3)
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N/} Bi-LSTM-CRF (EBU) CRF

R | N s R R REL UL RA | DL ZBRD REL UL R
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ENGl R, Bl ZEX X Hft
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BEXTRCVP PRI R 20, AN REFIAG IAA AL, ASCHR M — MR & 2 RF L
Bi-LSTM-CRF #74, 7 ik A HI AN N AR BIAURPRIE PR U7 0 . 3R fiE s 34 FHFAE
5, PR IR NG AT R OV R . SKIR 45 RR D], Bi-LSTM-CRF
RN T4 )75 Bi-GRU-CRF, BT AL RBINCR . 1 H 7. HTHRAE. a5
FFOER) ST NA R iy 1 AR N 44 R G SAm AN FRB IR A RE S . SRTMT, AR SCRERL 0 5
AR SRR AR REAT SERG A (7 S AR o WX X e A R AR REAT AT 2 572 2T K 2 e L
TR E o RIS FATE XS SEH At — b hdhs, Sz uRess, JFRIH MU
ATHEARSCA A, DASR R X X AR SCA ) N 44 SR ) g
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