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Context-based Topic Evolution and Topic Relations Extraction

ZHANG Jian, LI Fang
(Department of Computer Science and Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract; Automatic extraction of semantic information and its evolution from large-scale corpus has appealed to
many experts and scholars in recent years. Topics are regarded as the latent semantic meanings underlying the docu-
ment collectionand the topic evolution describes the contents of topics changing over time. This paper proposes a no-
vel extraction method for the topics evolution and the topic relations based on the topic context. Since a topic often
co-occurs with other topics in the same document, the co-occurrence information is defined as the context of a topic.
Topics with its context are used not only to calculate the semantic relations among topics in the same period, but al-
so to identify the same topics across different time periods. The experiments on NPC& CPPCC news reports from
2008 to 2012 and NIPS scientific literature from 2007 to 2011 have shown that the method has not only improved the
results of topic evolution but also mined semantic relations among topics.

Key words: topic; topic context; topic evolution; topic relations evolution

29, No. 2

Aoy AR BRIV R e v SO IS LA
Lo A5 Bosh 25 1 A8 Al 3, R — S (B A5 € 1 A9 1) AL
H B A AT DL MORE B SR Y K B B I =R F
F4 728 A AR HC A AT AT N AT 5 3 ) £ ) AT ) K JEE
TR B A R g DG T 1 B AR R B B
RO A A e A B e I R
T ML YR, R T R A AN [ R B el LA
ARV PN s AT B 7 . 2011 A 3 BR B
“P A Lk A A AR R 2012 AR D) B AR SRy R P
AE 55 F P U7 o PG 30 RS B 2x B A I 1] 4

W HE: 2013-03-18 EFfHEHI: 2014-04-21
HEE&TH: BXRHAKRF¥I4S(60873134)

ARAK A5 5 I 1] 1% A A FL A AR B B S R
SCHISEBRIS 55 o )Xo 375 AT P ¢ 9 728 Al 1 47 48
TR A3 AT o 2 AR SO R AL BIF S H Y

73— 77 T 38 2 18] L AE A R Rl O &L A
2011 AE P Al T IR N = A SO T R A
22 J SORS P TR I 3 R IR R A AR AR T 2
ANt o 3% A FR 3 R O AR L AT LG G B AT AR SOk R
LG B AR Ok o Sk BB BE A4 35 L, LT SOOC
FAL MR o A ORI R G Al S R Y 3 B AE
BB IZAE R R S0, AR B SC. TR



180 o fE B

AR 2015 4

240 1 [ e ] B rp AN [ A ] B T SCOG R L
TR BN RE B = ]2 e SC B R . [a] i L 3% A
R 3G AT LA R A Y 4

T AL DA S EL I A T A2 Ak L T L 35 R 2 1] Y
KRB IR AR Ak, fn 2010 E B S HEF TS
CEEARATEAL S R A A Y A AR R A O
A5 2011 ARSI S NA R 5
IV BRI A O AR B o 1 LI B G AR B I 1] ) 2
b RS LR B T T2 B M R S R S S
Feo TN 2 O A O AR B I 1] 54 A8 A L R AR SCTE
5K Z AL BT 5 2 A DR A 7]

ARISCHHRLAUNT - 25— EEA G
A s 5 B8 SR I ST 5 1k B I 5 2 = i
LRI 2 DU AR R A e I

1 #xXIE

BE T R R () 15 L AL R AR B T2
N o X A s ) B 1) SCRY A A 1A T L Ak 4y
B 32 B4 45 P A A5 B L B DA A i ] BB 1) SCRY 4
A I AR R DL R A% st ) B LA A R
SR R AT SR

TR ) e BBC s B SRS A A o A i T AE 1 R X
5 W B O SR R AR, AT, A 2
TE 2B ME 2R 35 AL LT, 4 PLST A2 1, LDA #5
RUSAE e e AR R R 5L AT W AR Y R P AR
AL, EAER . IR EI SO E S A SRR R
58 TAEXT LDA BRI k479 J , DA 45 7 5 47
Hb R SRS A A e AR L A ATM B R 5] A SC Y
MFE & 5 2 DTM BRI 51 A SCRY A s 1] B A5 8
STMS #55 A1V &) i 51 A SCAY i 78 & e ) 5 4,
JST BEAIS 5] AAE AR %, SCHRk L9 ] rh Ay A 70 5] A S
R4 5] AR B 55

TR S B L BIVKE A [ B a) B rp B R R )
F18) T A X 7 R R o S IR A ) ) X6 B 56 &R, — AT
AR FH G 7 3 » — 2 A 1 A0 A ASE I 7 7 T
(] Py e b7 DG & CEIVRIT — B [B] JBE 1) 135 305 i) i — s 1]
B 1) v ) o DA T 7 T3 7800 Ay B 174 ] Bt 85 37 A8 1] ) Xof
B F 32 8 k. i DTM g #1°, CTDTM #
ARYLOT SR 11 s 2 R DG B0 R 80T 53 R[] e i
B ] 1 DGR B L 4 A 1 O IR B s A
S BB 5 A A 3 PR A T LA AR [ 58 S, Sk
[12-13], J5i— Mk s J2 , 4% A4~ B ] B ) 175 R 4 i
WA Z5URH [ L AR ] BT — — % B 1 56 R A AR

Jee P LATE B0 R 1) 3 R A 1 A ) )
JOE 5 AR 5 O 1k A A S S IBR PR BB B 4 DL B B
P8 0 A B2 R+ G e % I () B A 3 A T LA
AR SCRE B 5 B9 /N BEAT I B L R ] FeiF— X 22
ZX— LI R Z X 2R A RIR AR

R e A R O Ay IS A A L i T LR
Foe 7 30 A SR [ 14 D38 2 SO A i 504 o
S A T 2 A A ORI U R Y A TR X T R Y K
SCHR L4 0] 25 35 R0 Al B3 SO 4 45 18] 9 58 S5 1 8K
o R A BRI B AR T K

R T R AR I A (R I [ B A T R A ST
ANFEAEATATICZR . SR, S AL A 2 ) J2 A7 1
KA HEAS S e i A SR B S A AR
B ZILBUE B AT AR i A R S0, 7
eIk B TR SCfE BT LR B2 B i AE B
fifp DR BRI A — il 22 SC M) A s i 44 S A B 45 AT B
FE . bR SCfE B R LA ok R Rl — iy 44 5K
PRET i YA 44 SR B A8 AR (5 R A O S R
4 PR B I U AR fE A AR SRR 1
RSO TR AR A bR SCfE S R AT R g AR
A B BT S AT B T R A B 5T TR SCRE
13 75 [ I 1) B o 37 A 2 ] A T SO AR

2 WARAE

R BT SCfE B 2 T A B i SCER
S5 o AR AN [ B ) B e A AR AT () T S
A EATH LR SCd R BA — 7 B AR s AR 5.
RPN LT S0 R UL A e A A
TSR AT REPE R /N, 55— T Tk BB 56 B A
FB SOOC AR MR . (R Il AR SCHR A9 30 A O 1K 7 3k
AL FEPIASTE A B i A T HLB AR BT
SCMR R A BB A 1 B O 2%k (B A TR I 73
A BARARARL) - AH S BR LI A HA A R A 3 3.
1 TR B A T AL

®1 AFEEHNRANESR

IR} 8] | 375 et R R d R 10 AR i

A% WE ATE ER FSOE RO il M5
A

2010| 16

W TG R R AT NRAUR B E AT
+

2011} 6

2010 4E3HRE 16 5 Je ™ = A 37 T 2011 4R 4
6 B RV BB X A AR B O AN B



2 3 B s HE T b SR R A A0 G AR b RO Y 181

) i S, B p T s i A 3% R T B9 1) T O
AT AR By T AT R S G I A 3 A
P2 CRIFE TN B 04 43 A3 09 BE 25 25 5 1 3 WA 1
R S [) SCHERE AL, 23 B A B 38 16 9 1R 3
A ORI B TS R 6 A9 bR SO R R L AR A
ARG . % IEIE R g R SCfE B T LA )
TR PN B AR R L. 3 2 R 3 g
BB AR 16 FE R 6 f R SCfE L

Fz2 2010 FFEFI6HETX

B |35 AR AR B R 10 AN i
Lol 2 TABC BT e ST B BEG M7 B 2k
' UK

£33 2011 FFEFEHLET

I |35 R A R A Y 10 AN TR

BB AT MO B AT BB AR W R
JScl b

AN R A IE ML Uk E T B

0.259| 53 | _
=)

WA RAF e s AT BB W LG

0.241| 28
agy P55

TS A EEM AT (R D&
2 UL BT A A
F4 EAXEEFEANES

(i (SRR B>

o VR TR RSSO B I ) B

Ty | 3CHY d 11 35 PR

¢ |LDA #ER i BE AN 5 B

@ | ALY A B R R L ) 22 00 o) A

D |[Sc#idEs

o [T BT SCP RIS AN

wi, (WA G RO R AR

2.1 ERENX

TR R T SO B A T AE R UM
B RSCEBRRE=ZICH (c,9.C), Hr o %
7N TR BRI TA] @ SRR TR Y N 2 (R O A A)
L B2, C RRTEERN LT XFE.

TR bR 3C: X TR ¢ R UL B S R
(] 5 v HoAth 8 e SCRY AR A b B R BLE R RO B
B R SC BAR LR R { G s ti1) s (s sli) 5o s

(Weo s b)) Vo Fets (e st st b N5 10 F71E
LAY IE A & T {wi s @i » oo sy, b N EANTHY
RO, H v A B R, R B 5 3 R 4 1Y 3k B U8
W,

TR AIE AL R AS [R] B R] B b 5 AR [R] o S 5
RIUHEAT SCIK o T ¢ BB AT PN 2 B I 1) 1) 28 AR 1 2
it AR BB PR A T e A o A R A 1 45 2R )
PLH — 458 2 R AL B AR R0 AL B AR 1Y 2R OB
KA A (trs@) s (0.2 ) s s (T ) o

[) SR . AN [] I JR] B rp B A [R] SR §E
A, I 2 2011 AERY U B R R 2011 4F
F A B R R, AR BTN A NS A AN TR H
A BT b R 2 A B A OC By IR ot B AT B A A ] Y
W,

2.2 HEEE

LDA BRI JE—A A i BE A8 B R, [a] i i & — )2
FR A5 2 80 D0 S AR R LT e IR TR F T A MR
RAOMAIRA P A T A6 R A 1A T R B — A
2230 2o A 5 VR AR SCRY S Vs A T A ) ME R 43 A
(VR A s B o B X 055 SCRY AN Dirichlet 43 At Hp
FHRE 77 A 2 SCRY Hh B U R LA, 5 A T A ] ) A
SO A % SCRY P A — AR, FEHEFT LDA
HERLHT L T ARG SCHRT 8 A0 O B i R A
B KA Gibbs Sampling 5.3:7 % LDA #E5f1
SRIATHE S, DT A5 250 A N 25

S 4 B 1) X 43« SR S5 X AN [R) B ) B A SR
B4 T LDA A, FE X6 R [ i ) BE 1Y) SC 46 # A
Ao T A K & AT LA B O AR ] e DU [A] . #E AT
LDA #8507 DL 2219 20 4 A 05 8 N 25, BRI GE
REAE RN b iy 2300 X504, RS LY @,

2.3 & LT

T AR R v s SRS R O i R B TR 5
Ay e S S AT ey F) 34 AR S SO Y ik 2 M A
G SR A T AR B A R SO Y e 3 P
U] R 3 4 A AR A — O IE B . L B OB B
AT LU B AT SOOG AR e . X T A 15
KL &5 [ I ) B v A 3 R A S A R RO B
A B SC, IBGE R b SO LU AR B SE .

Ca) THEE 3RS Y J 35 P30

X ke SO R R ) SR # R A L AR
Je B A fie KA 3 A 3 A O SR A S 3 PR
ARSI AR AU A R 3 A A L



182 HO3CfE B i 2015 4
{miﬁ%gg*yiwﬁj{’ﬁfq‘%ﬁlio C()n[el“[Cen[er([k): E wh]. . SDt,/
() HH 0 FE A A0 36 0 € e )
Xt FAL R AN TS ¢ e, e AT SR B B onT (5

P D .
Cooccurrence (t;,t;) = 28 (t;, €T and t; €T,)

(D
1M 0 BREC] LASRIR
1, if boolVal is true
0, if boolVal is false
(o) HRANEE R FF 3
X AR BIE R ¢, H BR300 DUE Ak i %o
K CH m Sy ey BF SCHRE LA EO

Context (t,) =

0 (boolVal) =

{ Cwrr st ) s (Wras stz ) st s (Wi stiom ) )
B 6 € {tensler s slin ) s HAHE wy,; A
PR IR 25X (2) 513 2
Cooccurrence (ty 5ty )
E Cooccurrence (1, ty,;)

G € A e T

2.4 EBEL

(2

u’k,j =

T RO T 2 T S AN ] ] B ) 1 A
LA AR B 18 SC, B[R] SCPETR R, X6 T 9 A AN [A] B
5] B () 35 AL ¢, A1 e, HEBR B S = (3) s .
Distance (t;st;) = 8 » Distancer (gp,’, gy )+
(1 — )+ Distancec (Context (t;) sContext (¢;)) (3)
Hrp, gk BER F, Distancer N8B P A1 817
A 2Z R I K%, Distancee NiTEEE T
2SR ME B R B, Wk E B E v, Y
Distance (t;+t;) /NTF y B AN UG ¢, Fl ¢, 2[R S
PRV, 1 B SO IR R IR AR (D),
Distance (Context (t;) ,Context (t;)) =
Distancey (ContextCenter (t;) ,ContextCenter (¢;))

4)
Hrfr, Distancey i+ 8 WA 2 0050 1 22 5 19 15
B R ContextCenter (t,) FamByiEt, LT CH
8 JIT A W RELAE TRV L A 22 3 X A A, O R A
X=X 5 FrR,

/ﬂ\:':':' s Lo stz s stim ) TNt EFCHIIE
RUAEA s w,, A L SCH X R AL EE L T @, T
R bR SO O N T A P2 B AR SR A 22 30 5K
I3

2.5 EEXZRBHEL

F5 b [ B ) B r AN ] 3 A () A7 AE — 22 (1 1
MRFR, HEENCILE 55 LR IR L
()3 R, T SO ARk B . O AT A A R
o F ey Fl O FR R FE R R K (6)
20w W,
7w;.]+wj,; (6)
BPOC R BEH w,,; Al w,, BTEFISE B R oR , Hrp
w;,; Mw,, BIHE A AR (@),

HRAE A 20 C6) n] L350 H 4% i i) B v 345 ] Y
TG F i B AR 8 2 20 (3) W e AR A5 [A) SCHE s
A, P S5 G B AT LA B[R] SCME TR A
BRI OC AR B I TR 1 A2 Ak, BIE R OC R Y T A .

SemanticStrength (t;,t; ) =

3 RWHER

R S35 B S 56 B S R s i (AR & U
Bt 2218, 2008 ~2012 4F) (1) 3 I8 178 8} LA ) NIPS Bl
FSCik (2007 ~ 2011 4E), X 2 W R P 2 i) 45 A
NIPS B} SCilik . 18 22 36 804 1% 22 2 4 9 ie H
TR P B T AR A BROAS [ 4338 AN TR) A Y
HRHE A S50 X G2 A ) T T 4 T MG AR SR S 0
RV b 0T G 2R il O VR EA T SR IE .

X S A AT R AL B A 4 43 1) 2
e A5 FH R, 2 B R A5 GR) AN i AR OA) 4L 4R S TR
LDA BIRIXS 4 AR B P & SCE S TG B, £ 5
A1)+ S O R B T R RO . SR S =R A
DI ETE B E R SCfE B IO RS B 5 2) 2 s A
T S E AL X S B 5 3) 35 A O 2R A b OSSR DL K
I3 6

x5 BEMERRESENHLE

RS NIPS B} 4 3 ik
2008 2009 2010 2011 2012 2007 2008 2009 2010 2011
CRECH 4 340 4186 2 999 2 970 3097 201 216 244 260 286
WCECE 25785 | 22286 | 17417 | 16473 | 19580 | 17395 | 18237 | 19665 | 20890 | 21949
1 A5 60 60 60 60 60 40 40 40 40 40




2 1t TS . SR bR S T R AR R G AR A OB 5 183
‘ i TR 43 4400 1 A 35k 2 A T A A 2 5
3.1 {EE T XHEER n R WA T

TEVHS A AT A bR SCZRT . B0 R
A 5 R AT — i B . 1 e T R i R

LU 3 i v AT R 3 26 R G B AR AR 22 3R v
T CRFEAN SR . 3206 51 B N2 di s A NIPS
FHESCHR Al By bR SCsse 2

®6 BERLTXXHER

W23 i NIPS #} £ ik
2008 2009 2010 2011 2012 2007 2008 2009 2010 2011
HA LR SO s A 5 37 38 37 36 41 21 21 30 29 28
TEB A% 15 13 19 15 14 8 7 13 12 11
B4 1E W8 5L 18 20 16 18 20 11 12 14 15 16
IR 4 5 2 3 7 2 2 3 2 1

B A L SR WIS B R SCH Y A R
I AUH BAT W T OO AR GRS T B 5 7
SR IEAA I TR SO R W5 AL TSP A AR R S i
5% AT W BT SO AR T 93— R W AT 5 B

R YL SO S B BT SO A AR e
WA I LR, # T R S HIH I 435 A
2011 AR P 2 i i AN 2011 47 NIPS R4z SCH A il
YBCRY TE A B o IE A LA KR R R SO SR

R7T 2011 EFHEWER LT LA

S A il T R A R 10 A
30 HE &ZF ¥4 A% o L dbs AE %K %
i 15 AA IR KRB 28 HE 4 26 2l #17 #AR
19 HE BN RN A S5 A IR ER Bl 4L
58 Bl R R R4 Dl Rk Bl 358 Wh T
9 REIE R By KFARE & R4 i 7 K R
5 43 IE B 59 Wi vdHE RE HR AR I U R HEC R A s
8 kg Bt Lk fE mig BOR AE Em KR ER
" 34 A TR B AL dbat 3T AT R ke Rt
HbE:
7 Ak g RE BE EM  sl DERE 2R BER
F 8 2011 & NIPS Rk i £ T3 L4
S A 2 7Y i A T R B K Y 10 AR R
5 functional brain subjects regions subject fmri voxels connectivity spatial units
E 17 neurons signal network neuron neural activity spike figure input signals stimulus
8 graph graphs network matrix edges nodes distance edge random laplacian vertices
39 image scene object images objects regions annotation segmentation spatial
36 lasso sparse regularization group regression sparsity norm selection groups penalty
i IE 1 30 matrix matrices rank entries columns random gradient trace-norm error low-rank
23 policy reward state value agent action function actions features policies
10 kernel kernels motion mkl norm compact svm metric basis human
R
8 graph graphs network matrix edges nodes distance edge random laplacian
SEE 25 RAR W] BN SCUR A R A IE A 0 BT L SCRY I PR A2 DT 3 A i sk U ER dR K Y i
A5 5 3k 2 48 5 Y 35 e 7 A O BB R A O L A 3 AN TR AR A 2 R A 2 5l AR 25, (H K b



184 o B R

2015 4F

TR BN SCRE W S G R T] A T SOR G
Py 3R 7 iR 9, K BN SO R TR 59 FE
B8 AL EE 43 ) A 0. 863 A1 0. 137, I, 4R 9 52
a5 A S5 G AU TR R SCREES R A 5 i
M SRR

3.2 EEEAERE

AR SCAE AT ¥ 8 AL B 3 58T R 4 A 25
St EE B PR AL Distancer VL St 3E B R S0 F
f4 BRI B Distancen B8R ) KL FE 25 o8& 5, [A) I 1 5
Wy gty 0.7, RIBKEIME v B 2. 0 CHI P 35 AL AY
RS /NT 2.0 B IR BAT A R 838 30

VR A SCE T A X LG 1Y O vk — (] FR Bk 1
) TE TS T A A R I, AR R A R T Y
A 22 57 AN B R R BT S0 TR PR R R R
AW IUDN

Distance (t;+t; ) = Distancer (¢, s ) (7

[FlRE . JeifE—h Distancer R KL B2 o850 35 2R
I #9532k 2.0,

M Ry A S R AR EE 9 D7 vE L W oy DTM
T A AL AR R LR — B[R] B o AR S R N
J5 — I TA) Be AEZS A0 A i e . A ARG i b RS

A [ e 1) B g ) SR aE . DTMACHS 52 Bk A
Wi B,
9 JEHEME— K. DTM Jr ik AR Sy 4%
I BT R AL X LA 2R
R EHRUIBRERIL

[LESi& NIPS B4 3T ik

B — | DTM |4 3Ch 3k | B4k —| DTM |42 3 %
(:g%é 81 60 97 45 40 68
EWAEC | 72 60 92 39 40 61
R 9 0 5 6 0 7

FEREE/ %] 88.9 | 100 94.8 | 86.7 | 100 89.7

S g5 R R W], DTM #1281 45 31 (1 18 Ak 2% 45 #5
S TE A Y o G R —— X 7 o AE AN BEAR S b 22 1) 35 R N
25 Wi B ] 7 A8 Ak UL TR SO AR S o AR SCO7 i L
B — T AN ERE R B B 2 0 AL 25 L T B AR
TORGEE . i, %P 2010 4RI S{HH W 2
B NA ER IR E A FHl )l
b FEE— RS SO A 2011 4 Hh i [] SO A
W2 10 fizs.

F 10 2011 £ 5 2010 FiE 8 XEKAYIER

7 ik | R P R K I 10 A
e — Ik 19 1.636 | #H HOB KA BA 2% AT VI ¥k B LK
A3 ik 19 1513 | 80 HOT RN BEA 2% T WU SR B 4 LRE
ARk 15 1.880 | AT Hide K% R BOH FE BB L HEAT EAR
ATk 30 L.969 | BE BT ¥4 BE TRk R A E R 2y

ML TE PSS R R DUE B 2011 AR A TG A 15
S 30 #R 6 R B2 . L B AT 2010 4F 193
A8 S HLA M) o SO S T AR R . TR B
FFUE RG22 R A 9 n 55 19,
AL 15 S 30 B B AT TR/ (BEE — kb, i
=FHMBER 2 1. 636.2. 154,2.236), AL, 5]
A LR SO o A5 TR S 35 R A B A2 R [R) s ) BE
TR A 0 52 0 /)N & [R) B 52 By 9 52 AR /N

1 J2 43 B R A SOy 2 3 — 7 Al DTM
R RS 3 5 20F AH OC 1 15 8 Ak S B, DTM 85
R BN AL B AR (AT, 4T AT, AT, AT ) rh &35 15 1 —
— XN VA R SN G I s AR SO VR R — T
YRS (17, 20, 8, 19, 38} CEAEHE
T A R AL AR (17, 22, 39, 58, 44} (%

Azl R AL o AR S A AR AT 21 3 Ak AR
{17, 20, 8, 30, 47} (52EA 2340 3¢ Fn i L I 12
{17, 20, 0, 15, 16} (5 A A B FEHH &) , S B 5
EEATRE EM RS GIF X RGEEN AL E 11
52%12),

2 25 R AR SO i e fE— 5 35l DTM
A5 21 5 0 22 S0 A 56 AT U AL S )L 3 13 g
14 B8 TN EBNE . DTM 153 8] — 553 8 4
ZEARH AR, B T Ak B AR JE i — ik R PR AR B — &
WAL AR T LR W TE N 2R B A . AR SO R
FH B R SC, 8 5 37 (BB e M 22 5T) RN A3 16

HA M I8 .

@ http://code. google. com/p/princeton-statistical-learning/

downloads/detail? name=dtm_release-0. 8. tgz



2 1 TEEEAE . BT N S U R Ak R R G AR A T g 185
it 1) B
2008 (17) (47)
2009 0 @ (a7)
2010 (&) () (#7)
2011 19 (® (37)
2012 (Gs) () (47)
AIT7 HE—TTHk DTM
BT P it v A S 4
x11 BEI1PAXFEMEE—FEZFEINANE
P [ it A T A T 2R e K 10 A0
2008 17 S A BN OANA R R B AR WOl KRR ORSE
2009 20 HE A N AR FR T Bl O &% BA
2009 22 Kega kA A Gl 8538 K% #F sl 24 K6
2010 8 HE HN S NE AL KR SE AT B
2010 39 ol Bl Bl A R4 B Bl A 4k B S
2011 15 UNCECE VN Y O Gl e ol T I i R e N
2011 19 HE T R A &% A TR AR B0l 4L
2011 30 HE T %E 8% P WA b AE 2K % XK
2011 58 Bl R R KA QDL ke Sl A 558l ol T B
2012 16 BT AA BHE HoR ik K37 se 1 BHOE il JRE FH#
2012 38 HE 4 R 7T Bl A &K Hom R R KF
2012 44 RET gl 72 R HE 0 AR kRS 5530 1T A3
2012 47 % dbsl PR A T4 S i BUR BF A W
#12 E15DIMERLEZTNANE
It [ i T BE R d KR 10 A3
2008 47 R T BN BT RE B LE 5% AFW TL
2009 47 HE R BT U0 RE R LR 5% T ik
2010 47 HE 4 B K 400 FE BRILE &% F& ax
2011 47 HEH ST S4E 2K 400 JLE B RE &% T4 dk
2012 47 HE BT 4 R EH R B0 LE RE Fo @il
F13 BE2HANAFEMEBEE-—FEZEINAE
I 1) T T BE R J K 10 A 0)3E
2007 16 neurons neuron spike input firing rate network output mean stimulus
2008 7 input neurons neuron learning output synapses rule spike network figure




186 o B R 2015 4
gk
Pt 1] I Tt A R R A K Y 10 A1) 1
2008 37 spike neurons stimulus response neural disparity neuron population cells
2009 13 spike cells model neurons network cell information neuron activity figure
2010 4 neurons spike neuron network population neural stimulus input synaptic noise
2011 17 neurons signal network neuron neural activity spike figure input signals
i e B

2007 (16) (19 19

ws (@) G @ ®

2009 - © © ®

2010 O ® (19

2011 O @ (19

RIT7 HtE—J5k DTM
& 2 NIPS P8 3k v £ 55 4]
x14 E2H DIMEREZFIHAE

It [ i T BE R d KR 10 A8
2007 15 figure neurons input rate data network spike noise neuron response
2008 15 figure neurons input data spike rate network noise neuron response
2009 15 figure noise network data neurons spike input control response neural
2010 15 figure noise network neurons data neural spike input response stimulus
2011 15 Figure network signal noise neurons data input spike response neural

SCEUR TR BI AT ROC R WA R, N T B

3.3 EEXARMHMNSEALR

H 22 30 C6) TR o AR SCIh AR 2R 14 A SBUAR A T i
LR SO AR . X T R AR UL R E
A LT SCIE A - DU B 375 R OG 28 o I Af 5 2R R
SCHR A3 A L 45 B B35 AR OC AR A 2 AR A s 2R R

IS TG 2R 1) il B SR 3k BN T A R 4 I R
BRI E R A 548 T80 1.0.5 F1 0, % 15 2
T A G 2 A AR 5 2R (5 Y IE B S B = E R K+
0.5 % FB4F IEBH A0 o 375 8 0C Z il Y 55 A 1E 1 2%
1 60% LILE.

F15 FHXRMINIBRER
[ a NIPS | £ 3k
2008 | 2009 2010 2011 2012 | 2007 2008 | 2009 2010 | 2011
TS R R B 37 38 37 36 41 21 21 30 29 28
S E W R 24 23 27 24 24 13.5 13 20 19.5 19
LWIE R/ % 65 61 73 67 59 64 62 67 67 68




2 3 B s HE T b SR R A A0 G AR b RO Y 187

3 F7R A 2009 AF P 4l IS A 20 A5 OC
FE R IR IE ) R SR T ORI
SR A 6). MRIEE 3,5/ 20 [A]4E & 22,48 Y
R, 5iEM 12 45,31 B X LR &
TN A UL 16,

0.22
K3 2009 4F3E 8 20 i R A

T 2 TA) Y 5% AR L 2 B N E) e AR AR AR, 18 R
B i — ki g% 42 (17, 20, 8, 19, 38} (X
AU o3 T AT A AR A% T A T L A 5
fR 5 28 S S5 R LI 4, X B35 A N A LR 17, 2008
AELHUE S S A 50 CRUE SR 36 & A Ao
R BEAL 0. 14) 5 2009 4F . 307 3l 535 8 22 CR

x 16 3HREENAE

i A i AL A A

20 | HH R BT RN A o Wolk S 2tk

22 | REAE AR A AN B AR R HE Ak

48 | B KA R Bk #UR BN A JER

12| RET H RS wid gl Kol ik 55300

45 | HIEE kAR A W HEAT MUE ATEC I ik

31| PRE: SR fRE HE BAK A A0 B T

22 | TG A TTECE SUN BUR K R B

SR ERED R 48 CE R O O6 R R 5 2010 A,
FOB S5 A8 (A ARAT B ISR 39 (R AR
k) 36 R EE 430 R 0. 44 F 0. 37 R EE T AR 3R 1Y
KFR ., MR 17 hif 8N 2 AL 2011 AR H
A5 R 15 CNA 55 3%) G Bk, 2012 4E H0F 1 UFT i
B AT SRR ) LA GRS 16 (R A A K538 BA
P i DGk . R I, 3 A YAk R AR 0 A A
TS LR BT BT K285 E R 2 M KIE
FL I st 1) %) A8 A b B R Y — 4% 9 R AR ({17,
20, 8, 19, 38y GHEM N AW 1), v LIfL T £
MNEEE .

P4 T2 i i OG5 A 5 1A

®17 4HEBAEBRHAE

B i) o3 T R S e K 10 AN i)
2008 50 fegt mUnl 2R B MR FER Rim RS L BIE

2010 48 T AR AT GO0 B R SR B AU IR

2010 39 ol B Bl A KA Al BOIE A Ak 507 S5
2011 15 A 837 K% S0 BOF ¥4 #0006 Ll 347 =R

2011 30 HE BT ¥4 m% T 4 dust BE 2R 2

2012 47 % LR PR A T B0 S BUR B0F HE T
2012 16 Bl AA BHE EAR e 8535 66 BHF i R E




188 o fE B

AR 2015 4

[FIAE 76 NIPS %8s 4 I, dE AL 2 v i e Ak i
{16, 7, 13, 4, 17} CHRMZIO) 43 5l 5k
A T A% A [ Al 1 A G R L T LA B 2 0T
T[] Al 37 R 1 SCOC R B R A A8 AL dn ] S
B 3B 25 D28 18, 2007 4E R 28 T 1% 1 6] 375 1
SACEMG 4y #0) FiE B3 CHl A 5 Wt 75 4 B 56 &R 48

58 52008 AF , B 28 T 1 R [A] 35 B 37 (R 28 J0) R I
L1 RS 56 200 5 2009 4F , i 28 7015 3 [7] 175
3TCAZE2A LA AiE B 20 (2 T A D) ¢ R 8%
. XS SC RIRIL T A O LT B AR AR I LA &
J VL Je 5 EMG AL BB AR i {5 B A A R .

2007 2008 2010 2011
5 NIPS BbH SRk 8 5 5 3 1k 52 41
% 18 5 PESIEENNE
I 8] W T A AR R R Y 10 AR i
2007 34 image segmentation images model ica layer blur gaussian independent local
2007 3 sources source data noise components mixing mixture signals component brain
2008 37 spike neurons stimulus response neural disparity neuron population cells
2008 11 basis data natural brain sparsity images sparse fmri components stimuli
2009 31 model learning task human stimulus figure subjects stimuli memory response
2009 20 distribution spike copula independent model joint neurons data poisson
2010 14 noise model motion contrast phase figure depth visual objects spatial
2011 5 functional brain subjects regions subject fmri voxels connectivity spatial

4 HZieTREE

AR SCHR T — R R T B SO T R A A
KA T7 k. B M LDA 35 B R X 4% it
(1) B B SORS A BE AT ERAE L 25 4 W 7 0 i A L D
WA, AR E I A SO P R SR B AR L R B
R T S O S B/ P 1 B S N ¥ S
(e Fsf [ B () S0 i 3+ 5, S B s A . fe ) s
I RTINS roF (R N TR nE AR = & S i
RF 45 5 170 R A B 245 2R 3 RE AT B 3T A G A A I TE]
EryEAfL.

AR SO P22 4 R NIPS B4 SC ik o 47 52 56
SRR WA A B R SCfE BT 5 ) SO IS R AT AAR

P HO LT —T7 3 0 22 IR Wi 1 T AR 25 2R S [R] kg IR
) DR ) 3 fe P 28 G AR LA AR (R 38 SO L, T
5 DTM BERUAR HE o R AR SCT7 8 B AT 36 s AL . vl
DAA B0 0 2R 5 R S S A M X S & L HLRE
BTl e S 3 R A A R TR A AR Ak TR R
BN SCAR R BEAE 2 4[] I (] BE A [) 355 A ]
TR R ARG R AR OO T L 3 al 45 235
K FR B [B] A AL . AN SCRY B TT R

D & 7 SO AR B BSOS AR A
TR SCRY A S L TSR R R S

2) IR A b T S 1 AR PR A [ 1] B [
SOV BT AT Bt 1 3 A A 1) 45

3) P T A T SOC R R A
292 4k ] P [ B o 338 8 ] 1) 1 R AR

7



2 34

B s HE T b SR R A A0 G AR b RO Y

189

AR SCHR 7 1A AE AN AR S A0 SORY I 2 A

A B TE P AT Bl 25 B E HE— SORS Y 3 M IS
A AE T AT R b SOAE A [R] A M R A R
AR 5 o3 — 7 T & [) SCPE 3 59 D7 0 v 1 1L )
SE QIR B A 3 R AR B ) 1 SR B A R
Ay LT SO B R A R B R B L R
SR EAT U . LDA % B bR 25 el [ 2k
JI LK 2 B A 45 2R B AT R AL B A AT B T A SR H 7
ERZ I

S 2% 3k

(1]

(2]

(3]

[4]

(5]

[6]

[7]

(8]

[9]

Steyvers M, Griffiths T. Probabilistic Topic Models.
In: T. Landauer, D. S. McNamara, S. Dennis, W.
Kintsch ( Eds.), handbook of
Analysys[ M]. Hillsdale, NJ. Erlbaum. 2007,

Thomas H. Probabilistic Latent Semantic Indexing//
Proceedings of the 22" Annual International ACM SI-

Latent Semantic

GIR Conference on Research and Development in Infor-
mation Retrieval. Berkeley, CA, USA, 1999: 50-57.
David M B, Andrew Y N, Michael T J.
Dirichlet Allocation. The Journal of Machine Learning
Research, 2003, 3. 993-1022.

Bk, 225, BT LDA EBUE IR ik giadk. X
EHE A, 2010,24(6) :43-49.

Michal R Z. Thomas G, Mark S, et al. The Author
Topic Model for Authors and Documents [ C]//Pro-

ceedings of the 20" Conference on Uncertainty in Arti-

Latent

ficial Intelligence. Banff, Canada,2005.

David M B, John D L. Dynamic Topic Models[C]//
Proceedings of the 23™ International Conference on
Machine Learning, Pittsburgh, Pennsylvania, 2006
113-120.

Ali D, Li Juanzi, Zhou Lizhu, et al. A Generalized
Topic Modeling Approach for Maven Search. APWeb/
WAIM 2009, LNCS 5446, 2009. 138-149.

Chenghua Lin, Yulan He.
Model for Sentiment Analysis[ C]//Proceedings of the
CIKM’09, Hong Kong., China, 2009.

R. Nallapati, A Ahmed, E P Xing. Joint Latent Topic
Models for Text and Citations[ C]//Proceedings of the

Joint Sentiment/Topic

FH(1987—) , AL, BT U T A R
i A

E-mail: iamorchid@ hotmail. com

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

(20]

14™ ACM SIGKDD International Conference on
Knowledge Discovery and Data Mining. Las Vegas.,
Nevada, USA, 2008: 542-550.

Chong Wang, David M, David H. Continuous Time
Dynamic Topic Models[ C]//Proceedings of the 23™
Conference on Uncertainty in Artificial Intelligence,
2008.

Andre G, Alexander H. Topic evolution in a stream
of documents [ C]//Proceedings of the Ninth SIAM
International Conference on Data Mining, 2009; 859-
870.

Mei Qiaozhu, Zhai Chengxiang. Discovering Evolu-
tionary Theme Patterns from Text—An Exploration
of Temporal Text Mining [ C]//Proceedings of the
KDD’05, Chicago, Illinois, USA,2005.

HTIH, 2235, T LDA 3 8 5 B A9 i A Ak 38 K
#32.2010:11:1496-1500.

Jo Y Y, John E H, Carl L. The Web of Topics: Dis-
covering the Topology of Evolution in a Corpus[C]//
Proceedings of the WWW 2011, Hyderabad, India
2011.

Xianpei Han, Le Sun. A Generative Entity-Mention
Model for Linking Entities with Knowledge Base
[C1//Proceedings of the ACL 2011, 2011: 945-954.
Xianpei Han, Jun Zhao. Structural Semantic Related-
ness: A Knowledge-Based Method to Named Entity
Disambiguation[ C]//Proceedings of the 48th Annual
Meeting of the Association of Computational Linguis-
tics, 2010 50-59.

Blei D, Jordan M, Ng A. Hierarchical Bayesian
Models for Applications in Information Retrieval. In
Bayesian Statistics, 2003,7: 25-44.

Antoniak C. Mixtures of Dirichlet Processes with
Applications to Bayesian Nonparametric Problems.
Annals of Statistics, 1974,2(6): 1152-1174.

Thomas .. G., Mark S. Finding Scientific Topics
[C]//Proceedings of the National Academic of Sci-
ence of United States of America, 2004.

Jan P, David N, Alexander 1. Fast Collapsed Gibbs
Sampling For Latent Dirichlet Allocation. KDD”08,
Las Vegas, Nevada, USA 2008.

95 (1963 -4 B 5 B 5 0 1
O AL £ R R

E-mail: fli@sjtu. edu. cn



