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Event Recognition Based on Deep Belief Network

ZHANG Ya-jun,LIU Zong-tian, ZHOU Wen
(School of Computer Engineering and Science ,Shanghai University ,Shanghai 200444 , China)

Abstract: Event recognition is critical to information extraction. To overcome limitations of the exiting event recogni-
tion approaches,we proposed an event recognition model based on deep learning ( DL-ERM). Firstly, we acquired candidate
words through a word segmentation system and classified them into five categories. Then, we selected six recognition feature
layers and constructed corresponding feature representation rules to convert words into vector samples. Finally , we employed
a deep belief network (DBN) to extract deep semantic features of words,and used a back propagation neural network to i-
dentify events. The results of experiments show that the maximum F-measure is 85. 17% . Furthermore, we presented a hy-

brid-supervised DBN, which combines the unsupervised and supervised learning. The novel DBN improves the recognition

performance (89.2% F-measure) and effectively controls the training time (increased by 27.50% ).
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NSRRGSR p (v, h) (HER KRN SE 60(w,a,
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ARRMEGRIE , I HLAE AR i A4 Hinton™ 42 i Cont-
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Begin

1:load NES; // N AR ) k.

2:layerNum =6; thmNum =4; //#fi& 2 5 I 4519 FRAE 2 0f DBN [
KR,

3.train _x ; test _x; train _y; test _y; //YIZpdE 5K EE DL SO %
REHI532E.

4 .numepochs =1 ; batchsize =100 ; momentum =03 alpha =1; //#J4f
HALES 318

5:eventType =3 ; //FrifUil] H AR SEAUE 3 Fom ful K 1ml.

6 :dbn. sizes // 1% B dbn [ 2% )2 50 DL S %% J2 B9 %E N B B A B HY BT
K.

7 :dbn = dbnsetup ( dbn , train _x,opts) ; //#J 4L DBN 4%

8 :dbn = dbntrain( dbn, train _ x, train _y, opts, eventType ) ; // ¥ F§ DBN
UEREE e

9. //$47 dbntrain 5%

10:  n=numel(dbn. tbm) ; //3H|W; DBN M Z5 1R,

1l x=train_x; //QREFHIIR I ZRAEAR.

12;  dbn.tbm{1} =rbmtrain(dbn. thm{1} ,x,opts,eventType) ; //JC

W2

13. fori=2:n
4, z=i—1; /788 TR A B TR BE AR & I 45 458 1k T A 1o 40 1B
At
15: if(z<n) /7B T9UZ B ) 34 i #84> DBN P28 TUZ ) BP 5%k
Kb H.
16 nnhybrid = dbnunfoldtonnhybrid ( dbn, eventType,z); //H
DBN FH G 2% S 80, B AT I 8 i 5 1 11 BP [ 2540
IS4
17 nnhybrid. activation _ function = * sigm’ ; // 1% & BP W45 1%
18 nnhybrid = nntrainhybrid ( nnhybrid, train _ x, train _y, opts) ;
// BP XA T2 RBM #E47 6 Wil 5 00 B I 2R3k Rl 1
IR R
19: for m =12 //3 Jf I AR WCE MBI 2R )5 19 RBM 24856
20, colNum = size ( nnhybrid. W{m} ,2);
20. temp = nnhybrid. W{m/ ;
21 dbn. tbm{m|.b =temp(:,1:1);
22 dbn. thm{m|. W=temp(:,2:colNum) ;
23. end
24 . end
25. x =tbmup(dbn. tbm{i -1} ,x); //¥ RBM #i i/ F— )2
LTI
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26 dbn. tbm{i} =dbntrain (dbn. tbm{i} ,x, opts); //#fTF—Z
RBM i)l %:.
25: end

27 :nn = dbnunfoldtonn ( dbn, eventType) ; //#]4H4k BP Sz [w] ol v ]9 4%
28 :nn. activation _ function = "sigm’; // 5 B BP W25 15015 R £

29 :nn = nntrain( nn, train _x, train _y ,opts) ;// BP Sz [a]{# )4

30:[ er,bad] = nntest(nn,test _x,test_y,opts,eventType) ;

31:R=; P=; F; // IWEGR WG RGMERE.

End
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SIS TEAH R AR 2 00T, SR FIASIE] RBM 2%k, 3=
BLIGUERE N RBM 206 35 - U PR BRI 52 mi 5 27 2 4
SERGAEf ) RBMZ B0 R A1 00 R, 36 0E 51 AR ]
T SCRRAE S 42 )2 5 AR BIE RE (R RE 1
P3G 1 AL R. W T LE A —E
PRI Y3 I RBM i 2 %5, 455780 ) 0 3] R0 R AT A e A 42
T, B R AT AR A 58 48 22 J2 WS PR O PR I 2 A R AE
F R RS R B T R S5 . (R, 76 RBM 250K T
4 Z e A RO SR B B A 2 E B 0 A TR AL
LR PR B 5 RBM 280 K 22 8] 5 E e
FLSe 2R, T ASIZ B 1o oo 30 o A S 1 4t 0 3 5
AiE R RBM JZE [, 7EAR L1550, B % RBM 24K
BRI, ZR G Gkt [ A i =2 38 . D PR 2 e s
FHF 58 U ZR pi 22  28 05 s 3, LA N2 TAE =R
BRI, 0 RGO A I AR R T LR,
%3 KFE RBM EFMEH DL-ERM #EIRSIR Rtk

PR + HRAIE 2 R P F FI | FIR(%)
DBNI +L[1-6] | 80.41 | 78.51 | 79.45 | 0.00 | 0.00
DBN2 +L[1-6] | 83.20 | 78.70 | 80.89 | 1.44 1.81
DBN3 +L[1-6] | 84.70 | 82.80 | 83.74 | 2.85 3.52
DBN4 +L[1-6] | 87.32 | 83.12 | 85.17 | 1.43 1.71
DBN5 +L[1-6] | 86.13 | 83.21 | 84.64 | -0.53 | -0.62
DBN6 +L[1-6]| 85.21 | 81.21 | 83.16 | -1.48 | -1.75
DBN7 +L[1-6] | 83.13 | 81.32 | 82.22 | -0.94| -1.13
DBN8 +L[1-6] | 82.59 | 80.12 | 81.34 | -0.88 | —1.07

TE:F, 38 RBM 2800 n if FH,FIH F, 5 F,_, 22 ,FIR 24 FI
5 F,_ [

552 LR AS R ANER 4 PR, SRR Rl 5
JEB IR SRR AT AR A 59 32 71, B A A Al
S, =R P RESE AR L THIRES. (HEA
(7] B AR5 2 X R 0 P8 RE 52 T 1) BTk B O AN — R, AR
HRT LU AT R AL 2 B I A A5 R 1 RO 32 7
Hhe e fil & )AL B R XA BOR R A R

F4 TEHERLEER DL-ERM #EARI KR ITLL

P + FEAE 2 R P F FI  |FIR(%)
DBN4 + L1 78.13 | 66.32 | 71.74 0.00 0. 00
DBN4 +L[1-2]| 92.42 | 66.52 | 77.36 5.62 7.83

DBN4 +L[1 -4 83.87 78.39 81.04 0.52 0.65

]

DBN4 +L[1-3]| 83.87 | 77.42 | 80.52 | 3.16 | 4.08
]
]

DBN4 +L[1 -5 80. 01 86.32 83.05 2.01 2.48

DBN4 +L[1-6]| 87.32 83.12 85.17 2.12 2.55

T F, FRBER Oy ¢ W FAE,FIy F, 5 F,_ 22 FIR A FI 5
F._\ lLAH.

4.2 FREDEF[MIRAIZRITEL
R T A T Bl 43 AR A R R, AT T
XiF FEA B, T DB [ 45 2 50088 i DL S RS A J2 338 in
FE B0, BIRP A2 28 USSR i 22 ). () s AT T o o)
P TR B R T A R I ks Tl A8 T % B 20
%5 7FFRBM ERAMESELEN LB RBELL

kil R P F FI FIR | CFI | CFIR

DBN1 | 80.41 | 78.52 | 79.45 | 0.00 | 0.00 | 0.00 0.00

DBN2 | 84.57 | 83.31 | 83.94 | 4.49 | 5.65 | 3.05 3.77

DBN3 | 89.60 | 84.72 | 87.09 | 3.15 | 3.75 | 3.35 4.00

DBN4 |90.32 | 88.11 |89.20 | 2.11 | 2.42 | 4.03 4.73

DBN5 | 90.30 | 87.21 | 88.73 | -0.47| -0.53| 4.09 | 4.83

DBN6 | 89.71 | 84.82 |87.20 | -1.53| -1.72| 4.04 4.86

DBN7 | 89.11 | 84.23 | 86.60 | —-0.60| —0.69| 4.38 5.33

DBN8 | 87.15 | 83.41 |85.24 | -1.36| -1.57| 3.9 4.79

W F, FF, 53 BIFoRIRA B F0J0 B /22819 F (i, CF1 B
2% ,CFIR 3} CF1 5 F, .

5 IR N RBM [ 25 2 B G B0 T, TR 73 26
A PUBOR UL b Al LUR R & B 70 2648 =0
FEAR BT 208 6 AR B 10 4 f 3 2 i T I M ) 0
RA% F ARG RN E] 5. 33% . L AT LLAG 2518 1
TR A5 M = ) e ] DAAE — 5 B2 B 3R PURIAICR.

TR 6 RAIG ML Z R OL T, PR3 264 iR
BIBOR LB INSER 25 R n] LI 1 SCRFAEJZ A9 38
X i o 2 A% B B RUR RO 3R TRl ok T AR
M, A AR R Tk 2= PR SCR o e, fik 2 1) 7 B V2 1
ROR B 223 TG B 19 73 28 A OR — 2[Rl i AW
AR EE 23 A AT LA HR TR 5 M B 1 0 2R A8 UM AR 4 T
Te B oy dn , derm o LIS AR AEIA H 6. 82% .

R6 TRFERRESEESTEE S LEFIARNBRIILL

FRAE )2 R P F FI FIR | CFI | CFIR

L1 75.11 | 78.21 | 76.63 | 0.00 | 0.00 | 4.89 6. 82

L[1-2]|81.13|80.35(80.74 | 4.11 | 5.36 | 3.38 4.37

L[1-3]]83.21 |80.81 [81.99 | 1.25 | 1.55 | 1.47 1.83

L[1-4]|86.32|79.61 [82.83| 0.84 | 1.02 | 1.79 2.21

L[1-5]|91.76 | 80.28 | 85.64 | 2.81 | 3.39 | 2.59 3.12

L[1-6]]90.32 | 88.11 [89.20 | 3.56 | 4.16 | 4.03 | 4.73

TS ZPIR SRR RO E VR A X ], 3R
TIAER PR P Bl 2 2R 8 5 AR R R AR 2 B 20 T, i g A
Wi RBMJZ RO 73 P # B A€ 1k, NI hl LR
R RBMJZ 00 540 il T2 048R 22 A W ) b A%
125, JC B R > RAR U PEREIZ W B, T i BE R,
i BE AR R PR 2. TR A M B o 2R 408 R RS 1
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100 o SO R A
%0 - %8 DL-ERMiRZIHREREFEMHIRAN A ELRATLE
80 iy s e
L7 A R P F

. PR WIRE iy st
60 Bit + 18 e ST — | 8 70 73
50 —®— Hybrid Supervision TR AETH — |40 8.6 772
20 ——a— Unsupervision > T fa U ) FLTH) — | 83.1 84.0 |83.5

1 23 45 6 7 8 910111213 14 1516 17 18 19 20
The number of RBM layers

Fs5 PR st RER ETE X L
RT FSEBRINER EITLL

TME [RA R | Bk
g .
W 25 FF LT B Ll

A
FHER A (L1 -6]), 1187 | 1493 125.78%

JE1 3
1% RBM 2% 1 #mz] 8

peyingia| 9351 11709 |25.22%

— N
RBM EEUR4F AR (4 2) , 1011 1289 |27.50%

- S S J:nng
WHRAE 2 1 B 6 2

pesingia| 6015 7665 |27.43%

FT AT PR EE S 2SR S50 0 FE A (] A X
. NP AT LUF H TR A B 1 o0 2R g Ul i ] 4 K
T2 PR Ay S5 T) A o ) ok R 2 B 9 4% 1y I sk 1] R
JEIRA WB A3 2381 Ok 1 B ) 38 K AR T 30% , Fi%F
B 2R (1 TR ) 265 SR 2 in A Eb A5 SR FE T LA 35 32 1 Y [
. JE W 0 43 28 2N St ) 2, X7 5 PR RE R
B FESEBR R AT AR 8 LA 1 2R DL &
RSt He s o AT A B O 2, R U R R Bk =
AT DATERRTC W B, An % R A0 R A) DA R TR
G B
4.3 ZEXTLESH

T BuE DL-ERM B 8 R 5RO, AT AL 5
AR T LRG0, IR RS FERh
ATLAE A SCRE I IR A BB — e e 5
SR (A3 T B0 00 £ T 9 K B = I 0 4 A B 4 ) 4
T 7.22% 4. 11% ,5. 7% . AR B EEFUT
PR3 B — TR0 Ay 7 T N T SRR
SR AN ] 40K 1 STAS v ) SR T R SUAS [ R
WL AR SCHY 5 AN T BRI SO, BT DA AE Ak AN
(7] 5 4 A B AR I, 3R G AR S RICR A2 A A K.
5 BL T RN T Xk KAL) g o e SRAR L AR AT
LTI L 5K A 7 A S LI, AR TC I R UE T R AR
REAZ PR AL — SO AR 5 0 H0 00, FRT skt 22 YO0 0 o 1 1 e
PAGRIIE. A8 SC A 7 i 38 202 3 i FRAE AR B 19 S8 00 A

fAFiED: +SVMIS) | 2 HLEeE 67.2 | 7.6 |69.3

IR +SVM) | A 84.2 | 78.5 |8L3

H

Okl WENSEES) | /| 626 80.7 | 0
H
7

DBN4 +L[1-6] RS> 87.32| 83.12 |85.17

DBN4 +L[1-6] W) WE 190.32] 8.11 [89.2

ARSI A I BRI f i Y 5 T R LA =2 )
JrIEAE H, = I00RE I 4 B 2 S 4 6. 12% , 9. 61%
7.9% . FIFRTET LI =A 05 : (1) BUA B2 plas
7 I FEAR /N U R A R a1, BB A8 U AR i A9
TVARACR: | (ELR Bt 5 ) 385 00, 3ok 26 07 vk 1) s B 1)
AR BE 1 22 32 BB R B 52 ). T IR 5 o ~) fiE
FHR AL PO B v 2 B2 YRR AE A5 ., R 0k 28 48 19 U1 38
RASZREA LS A8 1R (2) BUA IR JE Pl 4
>J, L SVM Sy fiif 2 —Fh SR ) — o3 2805 1k e il Ik 2
G2 IR A7 75 RUXE , B 4R T DLd 2o 1 o — X Z 415
B — X — 2L A AR SVM Je st s B M 1 24 4%
PAR MG AN P 22 53 JE AL, {FLJE 52 B Ak BRI A 3
PRIREE i EL PR 0 A 3 AT [ P 3R 8 P ) J Ak 2. AR 3
TR B TR A5 & M 45— b 2200 648, ] LU
5E M AT 55, (3) A MRE G2 TR Z
R A B I A o, s Aot X BE A8 i v P AR,
YNGR ) 558, AR S0 3R A M 3 5 28 DU i 5 G
BRI M AR T 3 i 3R R L 7 52 BRI 1 RE 4R
THE RN, 28 8 9 I R T1 3 - A i 2 66 A BR.

5 #it

ARTCEE A TR G BAHE T FH R R . 38 5 5
FHor i CEC2. O St v 3 1 fh i 1) A9 0 SRS AR, 41 52
S22 A BT SCRFIE R 58 K 3 1F fik 2 1] 1) 3851
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TABERIRERE S RUHRCR . IAA Sl DL-ERM 47
BT T PRl B 2 A [R] Y TR o 2 - TC B B TR
JETr AR R i (HR U ROR B 22 5 IR B Y
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