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Undirected Graph Model for Expert Evidence Document Recognition
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Abstract:  Expert evidence document recognition is the key step for expert search. Combining specialist candidate document
independent page features and correlation among pages, this paper proposes an expert evidence document recognition method based on
undirected graph model. First, independent page features such as words, URL links and expert metadata in all kinds of expert evidence
document, and correlations such as links and content among candidate expert evidence document are analyzed. Then, independent page
features and correlation among pages are integrated into the undirected graph to construct an undirected graph model for expert evidence
document recognition. Finally, feature weights are learned in the model by using the gradient descent method and expert evidence
document recognition is achieved by utilizing Gibbs Sampling method. The effectiveness of the proposed method is verified by
comparison experiment. The experimental results show that the proposed method has a better effect.

Key words: expert evidence document; expert search; independent page feature; expert metadata; undirected graph model
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MR Z AL 38 0 P AR AR 2t T A S0 5 2 ) 3 ) PR A AR ) W 25 A A 35 T 10 2 7. B TR AE DA
S T2 ] B RIS REFAE 2 H T —FhIE T Markov 3245 W 1) & 5 3= T 7 7RO

LA ) ZAUEH SCRS PR J7 32 K 8 R 5 Ay o 5 — 2 SCRS B b AT IR L AR D B ARG B K T AR R

I HL U 2 18] B AT 55 A TR IE G A Macdonald 55 A& 1 UE I SCRS 2 Ta) B8 8 ORI K 50 A% P Y 17 3% 145
SRR 1 SRR SRS VR T 125, AT 249 % SR 2% 2R 0 SR I v U 1 108 SR UE 90 SC RS B 5 1148 L A
I SCRE S AT IR o, A 3 TR U 8 SCORS I 5 LA S ] 58 A AT DT R I, e 5 2 ) R R IO AR OK
AR AIAE T2 00 2 T O BE R R R 2 i Tl AR SO 2 (BB T AW SRR R SR A % 18 KR MR
- JSUEHE SCRS 2 17 (¥ RHE DRI G 2R BB A7 AR w2 KA R IR R o, 4 SCHE. Fang™ 1 Wul' b 34 52 3271
TR 5 5 () ek i, T A e P RS AL U Ty REARL 255 285 1 0 S U SRS A 2 7 TR 0 A B SR 2 T ) DR B
TRF P B T SRR SORE R 14 70 1) PSS 2R, S 6 5 R W% 5 6 AT B (R

ASSCE 1T SR SORY YU A 454 HH % SE 4 SCRS YR T 7] RIS 2 R HE 248 B S0 A RE 5 2 74 7y
BT ZAE IR SCRSRFAE ) AT 532 50 3 44 Hh 8 SUE A STRS UM C 17 BRSO F TR AN A AR R HE By
SR AEALT 22 2 TR 5 4 1RO IR P A U ) Hodl B B L S0 56 UE B 48 I TR AT RPE 28 5 A
SCHEAT RS E X AR TARSR .

1 EFIEYE IR T e B R AE LS

B SR SCRE IR TE 17 PR R AE 2R G ] 1 s, A4 LA R JLAS 8 23

o EUIREHR AR R 5 SR DPIBON SC B L XA BT 4R,

o L GRKIBRTHG SR il A T SR I G R 1 v S0 R SR T sty 1 e e R g B B e 1 SR SR
HEAT N 44 TH 49 3 55 A0 4 % — SRk SRS 46

o RFAE TR EL O3 A L SOMOL DU A5 R, W K gk 44 . LWL IR D73, BE55 1. LI URL
BERAR R LA [ DT 2 18] £’ 5 35 5% AR AR5 AL, G 0T T 4 A6 AT TR ORI . A A AL A5 SR R AR AL

o LGRS SO M SRR AL TG 1) PR S S R e IR s SCARS A A0 5 SO AR A 57 0 1 45 AR DR TR K AR A
et DAy S T THI e A1 AT, K~ 5 9% I SRS 22 ) R 32 e L R P9 7 S JBCHRY i A4 3 Dy SORS QIR A [, 4
TR S LA i A D A S T AR SORS G 1o 1.

o WA BB L SRUE s SCR RS R e 10 MR A< S B 11 b RS AE L0 SCRS AR B ST R A DL SO 2 1)
(K PR G 2 o I PRI 312 1, R P 8 28 190 S R 098 B0 o 8 A1 JUT SRR 02 SR A Ak 32 0E 4% SRS () d5 KT
REPEARYE.

o SR BECARYE O L bR U ISR SORS 1085 BE R T B 52T B 27 30 H 1o SRR 408 SORS U1 1) &
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o EWLTRBIHG AWML SO i B AR A R L R B0, ARG, CONKI 0t 1% 50X
4 AR SR

B GRAUEY SCR TR ¥ FL A B F

Step 1. IR ZR 5185 1 B WIAH ¢ & 5 HCHEAE T 10 K9 70 SCRS 4.

Step 2. il L 5K U AL AR FH 35 2R 207 10T 7] 44 L SR AT 11 U8, 19 31 254> L GO0T I ik SR 4.
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Step 3. A AIHFAE I 125, 23 At SORS ST BT IR A SCRS 2 T3] SC IR

Step 4. H L UL SR AT BT IR Il A ORI I ZR R Ak i 15 811G 1) 1l v A0 s Hh e AR AR SORS D0 S 1) 1.

Step 5. AT 7 A1 90 RAF T3 1230 A7 WA i TSR A9 0TI A S0 S Y, IR PR I BE FEE T B 75 2 2 23 TR F R AIE
BUE.
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T

Fig.1 Flow diagram for expert evidence document recognition
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pdf BEFE . 5 I T RCR VR A0 AF S T I A
PEMCH FRAEHE SO ST BT IHIRF AIE ¥ 6 AR AR 1 5800 DU URL kb BEAT 43 1l 2 UL URL Mhk B2
RFAIE S AR e 0T W T 2SR %% L 73 Tl R PSR DG 15 FX) 7 9 B BT I v X 1 £ 6 5 0 B30 Bl R A d S A P TR D 3%
12 SRR IR SORY v DU PR ARFALE . 7 SUE S SCRY 358 70 b 7 DO R AE L4 1.
Table 1 Examples for part of the independent characteristics of the page in expert evidence documents
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./ [
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Fig.2 Expert independent page features and page labeled graph structure
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JH A% 52 ARACK B 509K v S i T 2 1) PR AL RE 75 3 S UL IR0 4k AR AUUSE R B R, A& R ORI R SRR AR A D o
B SR SRR A0 R B P8 R o T A L ) PR 0l R 10TV i A 2l R0 B AL

© PEBEBSAITT  hip:/ www. jos. org. cn



2738 Journal of Software #4334k Vol.24, No.11, November 2013

(2) KELKRIHT
B GR 2 RIA DRI 06 AR AR BUAE UF AR SCRS 2 0] PR AH B DG IR, A 48 BT B 42 00 AR R 9 28 SR IR R AR SO & 5RAIE
PSR Z M B REE S R A BUR 3 B B, J0 i, AB SRR I R G R, C AR A R IEG .

o SR AU E SRR TUEE T F — R L SRS SO L R E AR AR BE R B K
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R A0 T S TTAE DRk, TR — % 5K A 56 TUTHD Hh SR A T TR A 4 G AR, Sk A T T g T AN [+
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Fig.3 Examples for expert evidence document link relationship
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Fig.4 Schematic diagram for undirected graph model of the expert evidence document recognition
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Step 1. for (¢ in Q)

Step 2. mg=0; j=0;

Step 3. BEHLA R — NS E=e —SUNFEA Dy;
Step 4. if (D5 0=¢ —%)

Step 5. mg=mgt+1;

Step 6. end if

Step 7. for (=2 to m)

Step 8. D=D,_i;

Step 9. for (o I EE— AN i Z)

Step 10. B Y=mb(Z),y; 7& Y 1 D; "1 ¥ 250 BUH, N P(Z)Y=y,);
Step 11. FHFE S5 SRACE D, b Z (WU
Step 12. end for

Step 13. if (D; 55 O=q —%0)

Step 14. mg=mg+1;

Step 15. end if

Step 16. end for

Step 17. P=m,/m;

Step 18. Nams

Step 19. end for

Step 20. return max(P;).
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T 1 AT A TR FH e KA AR AN T D7 VA 6 R M PR AT AT A T, SR A e R

Step 1. %2 20(9) IR M4 23 A1 U 20, 45 210 B2 PR LM AR B 2, 20 24 0 (10) T s :
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8 8
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i i
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0. Ax Y ———log”Z
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z 1 0
= o} ———¥
;Z/{xj} Zagl

(11)
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Lo L R AR H A B P AT ARATT ) SO A TS BB E AN AR 2 50H . BRI
6 W 3K L T AR AR S BRI 2 TR I R B IR — ek 44 R KA A — A i R AR AR TR R R
SR Rl A T THT 96 BB 5 2R AR P S0 0 SR 2 i s 7 AU T 9 ) — 1 RO T P A L R A R R S A R
B SG L 1 A5 B IF Hod JB B A 2R 45 AR h IR 0 0O SO, B pdf S0 word SCHF&E N T — 8L F R A D
He— R SCRIFE A 2R 51 3R R 4 R rh i B i N 5 2O & SAE R SCR AN TR R R 2 4
T R E R PR STt

Table 2  Statistics for the experimental data

x2 SR HdRgt

e LHRBH | mkA JIYIE T & A AR KIE A I B 3L KI B i a4
B 451 451 72 9
HE 445 443 14 18
CNKI 5L 523 377 218 27
THEHURR 2 600 % 108 489 29 0
HAR JAh 4473 427 31 14
Gt 6 000 - 364 68
B — AT L F A | AT L KE | DT 4 ANk L 5 S K R
487 92 132 4
U TUHAL Y A E R KIR A FIB R B SRR B IR B 3L
ET 396 422 46 13
BRI 503 394 9 25
CNKI 5L 539 364 156 40
GRS 600 %5 o1 97 452 18 0
oAy 4 465 436 28 15
&t 6 000 - 257 93
I —AMBERE T A | AR F A | DT 4 MR T & FE foNEITaY
325 103 76 4

42 XWGERLERDT
T ISR BT ) T v A RO BRATT A SCHRE T ) R A undirected graph(UG)model 538 [H] )T
logistic regression(LR)BERY . SZHFM EHL(SVMBLAY . H /R ] K184 M markov logic networks(MLN)E A E4T
X Ll AR A SCEE 2 1 8 SR 3 R AE S B 56 LU AR A5 FH AR RIS AE R 175 20 25 PO VR I sE B0 R g v T 4%
Tl 7V I HER % Precision(P)FI A [ # Recall(R) P HE bR AR IX P48 AR IO BL6ill b A FAEAE 0 5 & 48 H 1Y
TTER B AP e AR HERI R . AR FAEMARE RN T:
, ARG IEH R T FKUEE SCRS S
HEM % = 100% 12
P = G e om (12
R IEMR A 5 SR SO E

HA|Z(R) = 100% 1
HF®) Cxumckial % {3
F{E:ZZI:);RXIOO% (14)

LA RS 4 SRR T A SCHR T BURA £ KR, FARIT, ONKT U, 17 U 4 LA
SRR 17 S0 1 HEA R % A48 S A A AF L0370, 5 A 5 S0 0 SR 1
AISTH 5K 2, 9T 3 SN 4 WURAS BRI, ERHI. ONKI U, W8 B0 4 ORI — 1A, 1)
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R EFRRTIX 4 B SR (R A R 0 R S 1 SR AR A R b 2R [ T A SRS R R S 2 e 3
AN R S5 2 AN R B0 RO Bt SR 5 4.1 1 P R — AN SRR 1 B s a8 3 IR BN MR 4R O HL
PRI BB A 2 7] — A 2 RH AU IR B0 5236 4 B630F T R R R I 2R 808 R, 76 1) FEIASE 8 % SR IE 9
pa I E NI

SREE 1. 4 B EERR S L (R TE B SRS AT IR

SIS 1B LR ER. R, CNKI 0. % 50X 4 R (A0E 38 SCREIA A A2 A FL ST ) 0T 76 5 4.1
I IR B AN BRSBTS Rl S T (I 4 SRS EAT ). 2R 3 4 T LR,SVM,MLN J UG iX 4 Fhyikis
SEAETZE(P) A BIZE(R). 1T LR Al SVM 3 P Fii 28 ZEsR R AE & 07 (1, 5556 7 LR F SVM ik &L
SR SCRY (1057 0T THIRE AIE MILN R UG A5 28w A B4 Rp i 2 D) LA A Sk, 24 bk, mT Al A5 P L SR 4 S0 A
(1) 2 FIRFAE.

Table 3 Comparison of recognizing each evidence document respectively using different methods

on the computer and biology data sets

R 3 AEUHENLG YRS B AR AN TR 753 0 R AR LR SORS TR Y B R

BEEESI

ik B PRI CNKI 3 fif 25 ¢
P (%) R (%) P (%) R (%) P (%) R (%) P (%) R (%)
LR, 84.9 79.8 86.7 87.1 89.4 84.9 86.1 723
SVM, 85.2 80.3 88.5 84.6 90.3 85.2 87.7 70.5
MLN, 86.1 83.7 89.3 87.9 92.7 86.5 89.4 72.1
UGap 87.3 84.5 92.2 86.9 94.4 89.3 91.2 73.0
UGape 8.1 85.3 95.3 87.4 95.1 90.0 92.6 72.8

FEZE 3 LR, $R G & 50O T R AL (¥ 12 81 (919 7 V5, SVM, 8 il L SO U AR AL I SVM T
2L, MLN,, $5 il 5 & ZOHL GO 5 AR S SRAIE A SCR R [R] SCIRAFAIE K 2 7K ) G248 19 5 125, UGy, & & 5080
SEOUHRFAE < & SCUE S SCRGR A] SCIRAR AL ) TG 7] PR UGy FRREG & SOMSE GURIRFAE . & SR 48 SCR4 A% 1)
R M 1 9 SR IBEARFAIE 1R O 1) IR N3 3 W LAt DL B 5 B Vo6 6 K TR0 . CNKIT 50 EAT B 9 U0 3%
SRR 5 AR PR 3R B AT 0T 2 K PR 3R P T 1] AR B D5 30 e A SORS TR ) AR RIOR B
Wk s B i 7RI A CNKI BT TR0 R R dme 4, it o T W04 1A S 36 Bl K 22 0% X3 11 B TR CNKT
T, HAZ PP S8 2R 1K) T L 5% 2 [ 0 7% T 9 3B 0% 2 S D 468, i HL 3K P9 288 T A T PR b S A, T, T R 0
') URL i “baike”, CNKI GUIF JUIH URL a7 45 “CNKI 5 i, 5 ik 7 00 4 A5 R [] DR B ARe i A 1) T4
e R8O Tl T T % AR L S O HLAN T 4 5 2 T T8 % 0 A A% T S R AN B S, B abbe A R AR 2 A 0T
U5 T, T 5K OB R 1 R OISR ]2 A bR 0, 46 20 S5 5 BT GO AR (k44 . Ll BRAR
FUIT W) AR SR RIEAAT B Z LI [ RIERHAL AT 27
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Fig.5 F value on each kind of evidence document recognition with different methods
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ST G5 SR AT DA ST 0T 5% SRAIE s SCRS AT R0, 7R A R A A TR R G i) PRS2 (1 2 SR 5 S LA
JTEAR FOAS B AT B (R 2 R e v T 1) PR A TR A R e B

SR 2. (A AR SRR SORS (1 3.

B4 a3 gy T ARV SEUREE KA 2 A A BRI O R L AT E 4 SORS R PR R (P) s H [FI R (R)
Lo FAR M BB AFR 4 T DU H LR, A1 SVM 3K W B iR AR L, (FR AN BE B IV — > J7 i B BRA T i) DA Hh
FEIXI A HE SR B MLN, & UG, ORISR LR, A1 SVM, X PRI 512, U Gy, BRI AT MLNG,, UGan
ROR SR I 3K H T S 30 B 1 a8 K 2 L ST 2R A SORS, DR e T] — A e SRR 40 SORS 2 1) S B 85
SHR (K 7% A ORIBRARFAIE. TR I, 5 06 3 PSR AL AR RE A LU U Gape FATHEAF IR, 5 ML, (15 56 35 RAH UG e 1
U R S

Table 4 Comparison of expert evidence document recognition on the same subject area

R4 ARG S SO UM IR B A

. W SALF: IRE
P (%) R (%) F (%) P (%) R (%) F (%)
LR, 88.9 88.3 88.6 89.5 858 87.6
SVM, 90.4 86.1 88.2 90.2 85.7 87.9
MLN,, 91.3 88.1 89.7 91.6 85.9 88.7
UGap 92.4 88.9 90.6 923 86.3 89.2
UG 93.6 89.5 91.5% 93.1 87.5 90.2%

SRIG 3. AIE AR R S B R b SUEHE SR R
S 2 A3 EE T AR T FHLRR Y 5 AR X PN S R B 1 B B L, SR SCRS TR AR T AL
B PR AR T SR 84 00 AN [) 2 ) 2 R A sk F) e 5 Aol A1 Ay S0 B0, 5 60 20 R e 1 e Wi 2 R I 03 5 i
B4 I, S0 3 T BB B A ) 2 X T A S AU 1 5K T B VR G A R A Dk A S 1 B 4.
5 gyt TAEIR G B A L URAT IR SCRRON I HER 2 (P). A IRIFR(R) K F AR ELEL S R
Table 5 Comparison of expert evidence document recognition on the computer and biology data sets

RS OUENLE LY AR Bl R R SR ORI B

ik P (%) R (%) F (%)

LR, 88.5 81.9 85.1
SVM, 89.6 81.6 85.4
MLN,, 91.7 82.2 86.7
UG.b 92.1 83.9 87.8
UGihe 93.3 84.5 88.71

WX R 4. %5 g SR g5 R T LUA 508 3 7RO B 4R LRI 525 2 43 I AE IR — 22 B4
Sl HEAT UE 5 SRS R B0 28R A LE A B A 1K) 22 . e s vy L, AR S5 900 SRR AR SR TR ORS00 B
JITIE R G SRR A RN EE R AN K. T3 A0 0 AR 3~38 5 ISR FATAT LA 1,36 3 ol B L K A
RS SCRE U3 AR K B W] AR TR 40 3R 5 8L S Pk SCR AR D — A SR HEAT P 1 R8OR IX
HI T2 3 A RE L SR A8 SRR I SORS A A 2 A LA S PR, AN REAR e b R P AIE 9 SO B 7 P9 SR IBRARAIE. 2R 4 2% 5 0
JEFE I3 T SRR I SRS 0 75 18] S DGR ALE R A5 P S SBCARE AL, AT e 0 A 5 PR AR

SRUE 4. JC 1 VRIS AE AN [R) VI 2 B0 A 11 U 28R

N T SR FRATTHRE R T fia PR TR 0] L SRR 0 SR TR 28R 1 5 VI R B B R BRI BT AR R 56
BN B R VAL R BOX AN SR U ) Tk A B AR AT T AN IR B AR 4 SRAIE 8 SR R
S, SR A R A 6 P W 6 T ZRATTRT LU - 24 VI 800 A 3 33 D 100~200 A& I, TH P LR 27 8¢
AL 273 P A U AT IR SORS VR ) F B Tk 5 it S B VR0 ) F B A0 B VI R 880 UL e 12
WK, R BRI F) 300 A AR IR F AR AR BT K 4 % R BOE £ 400~500 A2 [ I A S ke E&
SRR SCRS U ) F B A2 BRI 5 dfs S 115 8 D A 2 1 F (AR B AR A o e m L, AR SR H PR G 1) P
TR 0ok AR B SCRS PR PR OR R BB ARUE (1.
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Fig.6  F value of the undirected graph model on different size of training data
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