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AR R U - 2 2 S0 A PR R ME A A M
H, A SCUARMIT N B3 18 305 1 99 4 O S 4 R fif,
WFFT I - 22 A 50 AR R 7 k. AR 1R S0 A1 M 2%
SRR IR Sl 2 S I A, TS
Ui R AR R S R 2B 2 AR kA4 I AR 5
R R SO IR R LT A A IR R R S i 2
TR R HCR AR AR IX SR 4 9 45 B R
5 B AR AR AL, B I T d R A B AR A
£+ (maximum entropy model with feature selection,
MEM-FES) 3Ili - 24250 R UM, S50k ) 45
R 78 MEM-ES [ #EffE - L 95%. 594 MEM-
FS (R iR 1T LAY Jig B AT 9 2% o 1) 5 AR AR,
SFFALAS 9 45 1A A4 101 Fn 5T e 4 o
() GRS A V) ) A RS

2 A A

MM G = (E,A,P) Knig A EM %
(FE B 30, 8 S0 A E M 45 B BTE A 1E N 48),
Kb A={a, ay. -, ap} WS PTAAEE
45, P={p1, p2 -, pu} RITHLEMNES,
E={egl1<i<n 1 <k<m, a & p WIEH } 2
LS. FEME G H, {E# 2 AR, H
VEE Z MBS T AR KRR, Lhin 300 - 24
TRREE, AT AR T B UK S S A R A
P IR I - 2GR,

EX1 BRESR={r1<i<n 1<j<n}
RAEH Z MM ERR, By RRAEE a; A
a;j ZIAMKR.

EMX 2 ZIUERES TMPY = {y;|1<i<n,
1< j<n} BRER 2R L S0 - 220 R, 1
Hy; X ryj, HOGR TR

13- 2GR
Yij = . (D
0 7
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R, TFUR I [A] A 27 45 N 2] ), 261 i 1) Ay 27 2 e
IR TR DA YR 2t 153 2 o B ] BE A £ 300 - 22
KR, PR 2 Wi — oA ol — A = ool
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stij, etij}. % BUAT DURE SCh— A e K s BB 1)
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Hor 9 = {§n;, enj, 91}
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AP,

Yt [Pfy|
1 St
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SR, A el 5 R AR IR SCAN T8 T il 44
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UG — Rt A S P, U SO il R R
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3.3 ETHAMREENSIN - ZEXR

HER I - 22 SR AR AR O AR, S Al
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FCT R AR s AR T A R K8 SO,
FERDRAVEEE. MR P AN LR =4
A I, (2) A T - 2 2R O AR RN i) AT LR
WA

P(yij|G) = P(yij|G};), 4)

Hor G RS2 AR a; Rl a; S ARG
SCEEPITAR I — 5 .

S - AR O R HEI 45 L2 2 R R,
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A ) LU AR, T X S Rl O RS
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TR7R BRE f SRR AL BR B, TRIPR O A, A8 B K0
R eh, 25 b DA Z0S N 22 ANRFAE. R S R A 7
NI - 22 AR AR, (4) ST B 2 A T

pOIG) =Zy (x)exp (), Aifi(x.y)), (6)

Zi) =1/ exp (L Afixy), (D)

Hrp, Zy, H—AH T, 4 AT, RORRHE f;
(R

SEMHEDN UM - 27242 5 R I B R AT 20 o R
25 VEEUFAE (author features) FIOC R FFIE (relation-
ship features).

VEZRFAE fu (x,y) EFEFIRERE b S h— R A
HA I 46 S Oy 1 nl fet, 05 SRAMEE A K.

Bn = A8 R MR SRR A>T 5 06
# BAT I IR AR,

RAFFL fr(x,y) T8 AL KR SRR
MERER, RAMEN TN - 2242 0 R I SR, T
an, PIALAEF R RSSO B, JEIR R Rl SO &
5% B R SCHU HEE S

B R PIAMRFIE I E X, (6) AT AiE— 25
eV

plylx) =

K(A)
=7 (x CXP{ Z Aifai(x,y)

I, ZAE

p(y|G)

K(R)
+ Z AifRi(xa)’)}a (8)

Hb K(A) REEFFIEECE, K(R) /22X REHIE
IR

ez IR E A {(21, 1), (22, ¥2)s ooy (T, Y0) }
P(x,y) FRoRFEAR (x,y) LMK, REAE SR 5L F A
DA 25 x (2 HNE R 50 A1 433 A

P =), (0 () - f(xy), 9)
=) p(xy). (10)

ZHEASA={ A i=1,2,--, K(A)+K(R)}
AIE 2 S A REARE S K. e,

B 1 Hood I 2, G D SR AN ek
IIA, AR AT 3 A1 2 v 3
N (Ai—u)?

A MBS (K(A)+
SIS IE R AR e 2k

L(2) =Y {p'(x,y)-logp(ylx)}
Xy

K(R)) i H k,

Zlogp
K(A
= Z{p'(x,y)( Z Aifai(x,y)
xy i=1
K(R)
+ Z Aifri(x,y) —logZy (x)>}

_Zl 1
SR PRI L(X) 2

—klogx/ﬁ& (12)
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H a7 1 &k 2 B9 2 29 W Broyden-Fletcher-
Goldfarb-Shanno (L-BFGS) %y [13].

3.4 HiXiAR

BT B KRB R U - 2 A S - 2 b
R A T

WA NGk 7)) BiitE. EERE fu(x,y)
ISR RFFE fr(x,y)

WH FIERBRESEN={A i=1,
2, k}

PR NWINGEPAERPINAEE, a; M aj, HE
DUFFUR I 8] st 5

B2 HMH 3 X5 a; Al a; H41) Kule
ZH, AR Kule REGEN er;;

SE3 i etjj —stjj > 1, l{=P0) (ai, aj) JRN
BERABIES Q T

T4 HEDE 13 HENEEH A E
RIS IR

BTSN QW —XMEH (a;, aj), 1Y
TERREL fu (x,y) B fr(x,y) HIE XMAERE a; Ml a; K
FARSCHN R A RO N IR AR A, U5 p/(x,y);

PBe EHEILESHE QM

FTRT PRPRIEE {1, y), (2, y2), -,
(X, yn) } S HAH Y ) 28 SRR p/ (x,y) AR (12) FI
(13) =\, R L-BFGS SR A= { A, i= 1,
2, k}.

BB EN={ N, i=1,2,---, k}a, T
o RJRABE 2R (1) 5 T - 2 A O AR HE DA B I 255 B,
A THE 00 - 270G AR (8) A nT AN, HEMI &Y
R MR, WERAEH a; 1 aj 2300 - 722
KA MMEZ R T8 € BAE, WIHEN S a; 72 a;
() UM, S IS TB) 2300 K sty R ety 75 0, AR g
Ml a; REERRMAZ I - #AKR.

4 S %iE
BL 1990—2011 4F ) DBLP ¥#5 4 il 42, ¥4

RIS AE M 4%, £ 5 MEM-FS [F7ERE. A/ 73
REE IR 23 18], $a Sk i PERE, 7 I AR
AT PIALBE. 1558 ERUR R SCHEEE DT 3 RfE
e, DA RIS R N B8 5 AR AR X v A R )
X LEAE 10 ST FLIR, an R P AE & A kRl S
I 18] EANFEAEATER, WARAN AT REE T AR G R, 1X
PRRLAE 26 Z At Mg 5 b o 8. il i vt
RINGE I H s TR 3, WA DG R IR AR A /N A
JEKR 2 10%. 1 38 ) i B 460055 996427 £ Af:
1 1656588 it SC. hyar 56 Sk B HERA P, LA SC
ik [6] ") MAN, MathGP 1 AIGP — ™% 4 £E (1)
FHARAE Ik Bdhs 4R, b MAN Hfs 4530 1o 25 i)
SIS N TN LAY Y, MathGP F1 AIGP I
53 ) 52 18 1L T HY Mathematics Genealogy 1 Al Ge-
nealogy A TLIHIZRTS. MAN H 48— A
=15 4E: Teacher, PhD Al Colleague. Teacher
LS TR OSSR R4, SN
AL EEN VI ) PhD A A 35 0 B2 2 A AR T A5
K; Colleague J& N 1 5t 5, & A 1EFH R HE A,
AL I - AR,

h EUYLHE EEAS AN 25 3R, AN SOR H 43 R B0
P 8 e 3230 R AE T 4 (ROC) It e 1)
FLRH M (true positive rate, TPR) FIEFH % (false
positive rate, FPR) DL K K5fif& (accuracy, ACC) =4
FRPr.

MEM-FS S5 R LR AR AR LR 1.

4.1 AEHFEEEITE RSN

UM - ARG RN A5 R 2 R R, H
AR A Z R R IR DB AN R BAR 1 Hp i
DIZ B, X 7 BiAS Ry RS2 24T 4R 51, Se 1 56
EAN [ DSR4 R 50, 7 FlAS R R AL HES
W 2 pros. ENGER, AEE o £¥E, o 27
il 2 F R AR HE 21 o 5 K B B, HEDAE A g
KT RN a; .

Rl FHLSIR

FRHAIE

FFAER 4

|pnil, |pn;]
|pnil/|pnjl, |pn;l/|pnil
|pni 0 pnj|/|pnjl, |pni 0 pnjl /| pnil

st — Stj, st; — st;

Y R ARSI KR
PR AR R A SO R P A

WAL AR AR 1R SCREE 5 2% R ORI B
WA 7 8 — i S LTINS ] Y 220
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%2 RIFHEHSIIIE

' FEIEFEF
1 lpnil, lpnjl, lpnil /|pnjl, 1pni O prgl /| pmil, [ pmi O prjl /|, st — st
2 \pral, [pnyls \pmil /| pngl, om0 prjl /|l | pn 0 prg /oy
3 |pril/|pnjl, |pri O prjl/lpmil, [pri 0 pnyl /| pnyl, st — st;
4 lpnil /lpnjl, |pni 0 pujl /| pril, |pni 0 prjl /| pm|
5 |pnil /|pnjl, |pni 0 pnj| /| pnil
6 |pnil /1pnjl. |pni 0 pugl /1 pnj|
7 |pni 0 prjl /| pril

BT ASFERFAEFEZ I 25 5 W46 3. A ACC
U, HEBE R P R R 2, A . R
fEHEZ 1 1) ACC e, MARFAEHES 6 F11 7 1) ACC
BIARBIL 90%. ML, FRAEHEY 2 A 5 FrA
AL, A LEEEAEHES 1 D THFAE (st; — st;), (A I
X I PR HE I 4 R LLREAEHE S 1 AR 2, AT LRRAE
(st; — sty) FEHENS R BAT R ZEAI/ER]. A FPR L
WAl LA, FEAEHESY 2 1) FPR LLEFAEHES 1 3 T
10% 2, 15 B HE 25 5 v S 491 1 58 40 23 LU REAE 41
IBSIVAIELT =R " EA

3 ANFIHFEHESRT R 4 5 2R

FEAEHES G5 TPR/% FPR/% ACC/%
1 97.99 19.08 95.51
2 96.31 29.61 92.54
3 97.76 19.74 95.22
4 98.55 2237 95.51
5 99.44 32.89 94.74
6 90.49 81.58 80.02
7 1 1 85.47

FEEHED 5 R 6 #ANEL S BEANRRAE, 22 S5 T
FRIEHES) 5 T A SRR AE (| pni 0 pnj| /| pril), SEP B
RSP AE B LR R RIS B R 525 A R 3R
W SO 0 EU A, TR AEHES 6 15 IR AR A2
PR LA R R SR 3k R 18 SO
(17 LU AR 1733 9 ol 4R 20 HE 510565 1. (1 4 0 & 51 22 S
K, I TPR, FPR #1 ACC =AM&r &, F5EHE
515 AR THRAEHES 6, BEHIHRFE (| pni N pnjl /| pnil)
FEHEM LR LG (|pry 0 pjl /[ png]) BIPEFTK. T4
3B BN, —HEAE (|pn; N pnj| /| pra|) 3R H 2602
100%, i B RIS AR o 2 (R AR i, SRt T4 ot 72
H AN AT AT ).

FPR B 45 45 1E 2508 1) k2D 25 39, Bt

HhFH 1) R D] 25 20> 48 SR v (A 2R A s TR
T TPR, 7 F TPR BEA 7 AE 2505 1) o 1T & i
o, B 25 SR v A 4 A B A T, {H TPR (138
& LA FPR R34 0 9 AQH . wT L i g 4 FPR X
TPR IR AMEPEM LRI PERE. B 1 4500 T 7 FhAS Ay
HEHEZF M [ TPR F1 FPR 78 ROC 4% i) v 4o .
ML A R] U, SRR HES 1R R s, 4
HEHER 7 R e 2=, B 1 B4 RS ACC
HEZ 1 25 R

1.0

1574 545 =
6°
0.8
0.6
~
=
0.4
0.2
0k - - - -
0 0.2 0.4 0.6 0.8 1.0
FPR

1 ARFREFAEHRF R HERN 45 2R EL R

SEVEAE 25 R AERA VIS AR IUAE s1;; A1 er;j 1)
HERES R, WRTTI se;; (K9 SE BRI TR AERAS, A
SCALPET ety HIHED R er;j HEI S5 R343R %2
& 1.39, FELE 1. AR 72 AT UARRE A 18 3058 R
AR FRT IS T

4.2 sE KRNI E RN

M LSRR ORISR 20 lidr, (H B3 I 2k
SRR, VI ZRI (A B A2, BEARKPIR DL, ZEFF
ARG IE RIS, FERERAR AR MU ZRACR.
R4 TR/ NS L, S5 MEM-FS (1)
FERRCR. AEHEN P, R AR IR 2 P IS AR HES
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1, a5 900 45 IEBIFT 150 4% [, 18 4 ik
Bl AL I, 1R S A5 a4 HL A 4 .

= N N EIP NN IMIEA % ST YNAIE RIEAE S

ELRe LIEE NN TPR/% FPR/% ACC/%
1 AtE 97.99 19.08 95.51
2 ALY 8/10 97.54 26.97 93.98
3 A4EH) 6/10 98.88 29.61 94.74
4 A4EH 4110 98.77 34.87 93.88
5 SR 2/10 98.10 31.58 93.79
6 44K 1710 96.09 44.08 90.25

M 4 thal LLE H, B 200 SR 4 9, ACC [%
1%, 1M1 TPR B& 4% . FPR AH% T TPR FI ACC 4%
1 f A B ek, 32 DR e A9 A AR B gk 0, 4 sk A
Ja e A SRR, 1S ACC R, PR 471
IR ANANAR, AR A IE B AR IR/, BF O B R
NN 45 BRI e, S 25 A3 5 s,

5 ANFR/N R IE A SRR e ) £ SR

ETRS EIETTE NG TPR/% FPR/% ACC/%
1 NREES 97.99 19.08 95.51
2 EHI 8/10 97.54 19.74 95.03
3 EBIH 6/10 96.87 20.39 94.36
4 EHI 4/10 95.41 19.08 93.31
5 1ERI1 2/10 93.40 15.79 92.07
6 1EBI 1710 84.68 9.87 85.47
1.0 2 5§u5u4 5
5 o R4
0.8 5 %5
0.6
jae
&
0.4
0.2
0 I I I 1
0 0.2 0.4 0.6 0.8 1.0

FPR
2 ISR EL A A £ SR )

N 5 T LUE Y, 78 ORRE R AN A 1 1
LR, BEAE IE B4 /IS, TPR R ACC # B AR, 1
FPR R HLREAG A J4b, LhiRR 4 F1k 5 RII,
TEIE B LE 1 AH RS &L, & 4 ACC it 5
. b ET DL B 2R S IR R e

RRBIEEEIE AR B2 G TR 4 ME S K
TPR F1 FPR 7t ROC “% [a] T 1467 &, MK 2 vha] L
UL HD LU A R O 4 45 3. 3% 4 ) TPR
— R TR 5 RN AR, 1R 5 FPR ZR T
R 4 PR RNAR. 7238 4 % B Il grde v, 1E AN
S LE B AR, T2 5 6 Y. 1) LU D) A2 20 ik
/N, BT L FPR 323 P&

4.3 SRXEZXRIMLLER

F 6 FIH T DY PAS [ S B A g R, ok
TPFGO) J2 3L A 7 B [ HEM 573, C-SVM S At
T R AL S, HoA% ek $CR B RBF, Base-
line S/t H T MREHER L, AR =AM E VLN
4y, AEHEM P P AR I OC B L A, A
BT e IR RS VE IR B 2 (A E VN S,

% 6 L Baseline, TPFG [{E &5 S5} He

Bk TPR/% FPR/% ACC/%
MEM-FS 97.99 19.08 95.51
C-SVM 88.37 25.00 86.42
Baseline 74.19 3.93 71.37
TPFG 67.09 1.08 71.69

% 6 Ix, MEM-FS f£ = Jifabx L3R T C-
SVM %%, 1fif 55 Baseline fil TPFG 55 4 th, 4
TPR Fl ACC I H. A7 k%, {H FPR Lt Baseline
TPFG #1: 3 W] B 5. MEM-FS ) ACC /& L
(1) FPR A AT, ARl A2 FH 48 v ) i ) 5 deke M 7
P % 6 IR AU W] MEM-FS Eb HoAth 19 b 45925 1) 4
WRAF. 2y 7 S 4F W] MEM-FS [ PE RE, 17 %
MEM-FS [P W B, 1115 FPR W52 1% 4247, 7
L5 TPFG 5% b, A3 )5 1t 45 5 W4 7.

%7 5 TPFG fEfLl FPR UL N [HENI 45 5t e

Hik TPR/% FPR/% ACC/%
MEM-FS 71.47 1.31 75.43
TPFG 67.09 1.08 71.69

MW 7 A LA H, 7RI B FPR B4 30 F,
MEM-FS [ 4 Wl %% 5 0% 47 T TPFG. — 3% Z [A] [
75 SRR B JE R AN, AT g i BLR R 51k
1) MEM-FS #1 TPFG #.3:2R F 1)1 25 52 Fil ik 2
WA AN ], ] e 23 5 e B BE R, 2) MEM-FS %
MR 152 4> =i, 24 FPR 24 1.31%M,
A RGIANECR 2, BAHARTE.
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MEM-FS 1 TPFG SyEAEHEN I - 2248 R
i, PE AR IAE AR 5 1 : A H MEM-FS A] DL7E HE
M L A3 s 32 1) 2688 vy A PR A 26 PN 5 26, T A S A9 7
A AT B s I A% 1 TPRG A ) 7 TR AT
B IR 2  22, ELAE T A5 U7 T H A AR ) 1 A
TPFG {EHEN T - 274 5¢ R 7 1 b MEM-FS AH%
#H. )\ ACC if, MEM-FS B @48 T TPFG 5.

5 % &

ARICWIFL TR SCE A2 30T - 22450 R
(R332 ) LA 53 DR A O AR BT AR I
[l 2% 0B I E) DA K 5G R SRR = A7 il . #6118
AR R, SR R RN SO 2 i ik
K, RN, I B 52, SR IT AR [RIHEN

IR 2 AR R R AR e SCEE [P I () S SR 2
AEBRAE R R SCEUR T BRI Kule R AL 4R
B4 Kule Z2 30010728 b A0 5C 2R 11 26 1k 1 18] J8 3ok
X MRG0 25 R A, SRICH BB A% I i T -
2 R AR PRRAE, Sl T3 T B K IR A TR IR I I
(1) 0% R DR B AR, HEM B3 & 7R iR SC A E M 4 (1 &
Jii - 22 A &R, FIH DBLP 50 42 33047 52491 56
UE, SEHR M 1) 2 R IR P34 258 1.39
F, R ZE 7 AR DR PR A 1 S H R R] R Y

I 1] 2) 5¢ R AR 45 F M HERf 28 1 95%, B
BAR T R .

TR 5 [ B R o 7 DR 22 AR 43 AL (University of Illinois
at Urbana-Champaign, UTUC) ] Chi ZHANG 3}t = TPFG &
VR &5 RN I6AIE B 4.
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Abstract

Research collaboration network has become an essential part in our academic activities. We can keep or develop collaboration
relationships with other researchers or share research results with them within the research collaboration network. It is well generally
accepted that different relationships have essentially different influences on the collaboration of researchers. Such a scenario also hap-
pens in our daily life. The advisor-advisee relationship plays an important role in the research collaboration network, so identification
of advisor-advisee relationship can benefit the collaboration of researchers. In this paper, we aim to conduct a systematic investiga-
tion of the problem of indentifying the social relationship types from publication networks, and try to propose an easily computed
and effective solution to this problem. Based on the common knowledge that graduate student always co-authors his papers with his
advisor and not vice versa, our study starts with an analysis on publication network, and retrieves these features that can represent the
advisor-advisee relationship. According to these features, an advisor-advisee relationship identification algorithm based on maximum
entropy model with feature selection is proposed in this paper. We employ the DBLP dataset to test the proposed algorithm. The results
show that 1) the mean of deviation of estimated end year to graduation year is 1.39; 2) the accuracy of advisor-advisee relationship
identification results is more than 95%, and it is better than those of other algorithms obviously. Finally, the proposed algorithm can be

extended to the relationship identification in online social network.
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