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Abstract: Sentiment analysis in micro-blogging is an important task in mining social media, and has important theoretical and
application value in personalized recommendation and public opinion analysis. Topic sentiment models have attracted much attention due
to their good performance and ability of synchronized topic and the sentiment analysis in micro-blogs. However, most existing models
simply assume that topic sentiment distributions of different micro-blogs are independent, which is contrary to the realistic status in
micro-blogging and thus further leads to unsatisfactory modeling of micro-blogger’s true sentiment. To address the issues, a probabilistic
model, SRTSM (social relation topic sentiment model) is proposed. The new model introduces sentiment and micro-blogger social relation
into LDA inference framework and achieves synchronized detection of sentiment and topic in micro-blogging. Extensive experiments on
Sina Weibo show that SRTSM outperforms state-of-the-art unsupervised approaches including JST, SLDA and DPLDA significantly in
terms of sentiment classification accuracy.

Key words: sentiment analysis; microblog sentiment analysis; topic sentiment model; social relation; social media processing
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I 45 225 5 A AL G R A R BT R Al e 0 A 15 SO P, 365 2 16 SRR R o A 15 S P S 56 2 M i
A 20 g AT ol A 155 S0 A 4 PR 3 2 DX - SRTSM. 25 18 T 4ol 18 1D 5% 308 0] Aol A7 8 20 W A A = 110 S i, 7
RS U P T A o R I o N P 9 2R 2 i, P A S e 20 el ) ) 3 U IEOG R

AL DTRR AT
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BP0 G I & AT AR G 3 th MAS BRI IR EAT S 45 MAS B BR PR 06 G &4 5 T 2 7
P83 VE Y P DT I, AR T35 ) B S PP SCAR B 4 R Ui S AN S B ). Dasgupta 25 AP — R P R A
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Table 1 Symbols and notations
F1 MRS

s VL 7 [
«  WI-LEA M Dir BH 0 (O TR Dir 35
B CEELAGE)-RE0 Dir 5% | 2 KRB H
4 - 43 A 8 R 16)- 03 1
H (P )18 10 1 G LIRS VR
‘ Ll w i
! i u B
w e i L s
r ERLp v L P B B

TR ST AR AR T SORY S pR AN TR 32 R A 1 — A 2 S 3 4R A M o A AR IR
R SORY SRLGA] [R7= A D TEERT DAy A AN B 1 5, A SO - T A A I R — AN T AR TR AR A B AL B I T
A2 - B A 3 A PO R LA,

22 [ (B2 HE Rl R I B 1 A0 45 58 A28 B RS LDA 78 SCAS 2SS HRAIT 5T b o A (B JER 2 1) Bk
JAdi13 LDA JEi 58 ST RS B0 BT 8 T, A 16 LDA BT it il i 76 LDA ik AN B2, JFE S B2
RN OGRS G R P R RSB HAAE SRTSM. H A5 AR B AN 55 SOR 32 UM GG, IfT FLads S5 it i Y
FLAE R A A1 A DK

W TR C={d\,dy,....dp}, 31 M R TR AR (O 2, 5 A A © X IR SN vt d, o w7, A
AR 4R R d = {w i, W, Wi b SRTSM P2 AEBIBEAR € (W03 72 AT ) B 45 0 W R AN AP 3R,

D

2)

WAL SRTSM BLHY () 53 41 ©={A,B,H} B AR, AB 5 H 53 WIRMNIKFI 575 234 Dir(e),Dir(f)5
Dir(n), o, SRR BRI C H LR Se 30 B, i FR 15 BARZE | EIE d, I SR 56 K
ot 18 ¢ FETUO d, DR S 56 KB

AL AR AR © v B b A el AR T R SRR G R 1 S, W 3 A A A TP — AN A e R
N Mul(A) 53 A5 (Mul(*) 3R 78 2 T05 A7 ); 656 AR 7= 26 00 280 ¢, (B, 2 8045 A A | i — A
T BARZE LI R Mul(H) 53 A 7 B2 AR WA ] P R R0 AT G 3 m,G o4 BRI o0 R A
AR G AT E S A P XER T X5 Y BAISCE, N Gyy=1,E W Gy y=0,"4 Gyy A 1 B,
FY (R AR AL B BT A S T X EAE G R T 15 IR I AL 8 T 7 R R S A e i AR A
M0 T ¢ RIS IO B LN )R B 43 A B BB — AN wow RN Mul(B) 43 #i %A ik
AR B A A I WA 1

B3 1. SRTSM il A= il 72,

1
2
3
4:
5:
6
7
8
9

10:
11:
12:
13:

for each re{1,2,...,T}
for each /e {1,2,...,L}
for each ve {1,2,....V}
choose B, ,~Dir(f)
for each document d,,
choose 4,, ~Dir(a)
for each re{1,2,...,T}
choose H,, , ~Dir(1)
for each document d,,
for each word in d,,
choose i~Mul(4,,)
choose I~Mul(H,, )
choose w~Mul(B, )
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22 REES
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F(TU)T x H t=1 (4)
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Horh {n)y, FORER T 200 5, I 8 B w [N E T A ¢ R AR A 1 BIEL {n, ) RO BR T AW B
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¢ WIBEG {(nyy i RN TURE d, 0B T A B 8 T R A ¢ I IR A8 AL () RRBR T A B A P
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B — 25 F F S KRR AL 11 7 106 S U= {4, B,Hy BEAT i o1, T 204kl 24 K (6)~2 K (8).

w_ Math
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A5 AU A4 38 5 B S 5010 B Tomp Vee= 157m ioPoms e 1o 1) -

TG C={d\,ds,....d )},

o EG S EELIEIE d={wi,wa,...,w,} T IRAEAS B w BRI BE S R M 1 32 A ¢, I WY A Tmp Vec,
BRI C RIS d 18 BT A A 8 O o0 BO 1% Bk 1 5 /o

o AREMEHPATI N LR MAX IR(MAX 25 & IG5 8250 0 s s @ F A 3] w, o
plz=z =zl ,w), I BT 0 B Tmp Vee, 457 AT AR EOR T3 — A48 8 1 X(A SCHL X=1000), 014 Y
R(Y=10)E# 7 1i A,.B 5 H;

o IR H,,, UE SR A R A O T AU I N 3 O T AT T I 1R K 1 R (B
Hy, > H), , 0 SRR 1,1 b ARG Ja%), D0 ) 7 2% Bl e ) A bl P Dl R s e 2 U s i sk ol

1155 IR AR A Y .

PAT KL T SRTSM LAY ) ad #2 7% 204k 24 5592 SRTSM_Miner.

&% 2. SRTSM_Miner.

WNAIEE C,G,a,Bn,L,T;

S AR TR

1 WA AT A,B N H XIS C b ik 13 AT 1 305 15 B B B 46 1k

2: Count=1;

3:  while Count<=MAX

4: for each d,,eC do

5: for each word w in d,, do

6: M TmpVec 1 Ex 2 1A T w T (01 Bbn 25 5 3 4

7: M 22 3K (4) BB 4 w I — N TR 25 R 8L 15 IR 25 2 B ] 7 % R S AR S 3l T 7 ok
RO G BRSO AR HLOCTE I A P IE LU EE BT A,

8: A B TmpVec;

9: end for

10:  end for

11: 3 Count>1000,%F 10 K AEIHARYE 22 30(6)~ 2 (&) TmpVec T 7341 A,B,H,
12: Count=Count+1;

13: end while

14: for each d,eC do

15 if H,, >H,, thend,.I=0elsed,.I=1;

16: end for
3 XBESH

T 5 fu by AT RN LA AS [RIASE IR B R, FRATIAE 3 ANAS IR ) B0 S Al 9 50 i AR R AT S 36 2R )5 43 7 A1 ek
FRUEN A P 5% ZOR R 2 1) S I  32 AR )R] 2808 4 AN T T EAT 43 A R LG A SE B8 PR 9 :CPU 2 Intel
Core i7-2600M@3.4GHz, N 17 8G,0S 4 Windows 7.
3.1 HuR&E

BT At A R AT T T AT IR AL T A 2 RS, TN R OB | Twitter Z BRI & 4 TR 24
e 0] F BRI 1) R IR 45 n DA b AN () B A 2% A4, AN T 3 B RME AR DA A TS0 560 LA i b v B 4. AR
B DE YN TE I SCAE 203 B 52 30 B0 4, 18 v T R S5 PR IR B (FB R PEIR . Amazon B S PRIR) 5 AR AS BEAA
47 (Sentiment 140), {H 3 £6 5 Him AN AL 7 SC A B0 1 6 = H P 2 i) (R 55 32 0 3R 308 , AT TG V3 2 A SIE 56 11 B2
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SRR T e, BRATT I I VA BT IR GO APT 4 1 G 5 0 46 TC th Sk g e S 50 Bl AR (WK 2).
Table 2 Experimental data sets
F2 wLRHIRLE
Bomde W ORI ERE Sfua ik

Datal 121 10 000 5000 5000
Data2 98 10 000 5000 5000
Data3 128 10 000 5000 5000

X T SR A B 10 1 e, AT S T B T N B x Ml £ T TR AT N ARV AR N AR
T RS R FRATE 3 A Bl T8 155 Jbae 8 o SR o R i A T 95 SOk o 0, DX A i 45 R 1) — S PE 3£ 4T Kaappa
R 56 AL 25 R W3R 3.

Table 3 Consistency examination of labeling microblog sentiment polarity

R3S AR B A

ieinES FriE %5 (1-2) PRy % (1-3) FrvE X (2-3)
Datal 0.783 0.755 0.777
Data2 0.785 0.817 0.796
Data3 0.754 0.749 0.761

Xt T b AN — B S B AT TAR 31 high-voting (1045 557 J5U A A sz 2% AR M U1 )

M 3 0T LUF 5 #i6 4 Datal il Data2 #H LG5, Data3 (1017 8% N T AR 45— BUME B AKX 369 Data3
£ ol A SRR AR X 5 i, T R 2 5 T 19 JR 18 2l 2 A 88 S K PR Pl e ] L 25 4 D) S5 AT O Tk 2R
R SCA s WLk 4.

Table 4 Comparison of data sets
E 6 EE S TIPS i EpTNEd
B PR RCGEHED) PRGSO KGR SOARP I KR ER)

Datal 24 088 20777 73.46 42.76
Data2 24 801 21381 80.20 44.29
Data3 23 962 20 593 75.38 41.12

7]

3.2 BROSEEHRE

T VEOY SRTSM IR IR A I U 66 00, 7% 18 31 SRTSM A5 27 37 1) G W B 1, BT TR I 15 224 i e RLAR Rk
() TG Ml B % e 2% 2 AL (JST!®) Sentiment-LDAVRI DPLDA®)), = I B 15 AR AL SSA-STPH, B 4 1] 5 AiE
(1-gram+2-gram) A7 BB 50985 1ibSVM BEAT R4 B0 R IR ACC 1 EE B Al 1k e 37 /] 73 A1 1) BE ML R 5o
H(4i % (Datal,Data2 55 Data3)53 il 141 8 41 S50 Hicdls B S g 45 R 4yl W3k 5~3% 7.

Table 5 Sentiment classification accuracy in Datal (%)
%5 Datal 155 FUERM % (%)
libSVM  SSA-ST JST Sentiment-LDA  DPLDA  SRTSM

1 71.66 69.23 62.62 59.92 60.71 66.26
2 70.29 68.72 63.34 60.99 61.83 67.73
3 69.54 64.34 61.41 58.28 55.24 64.95
4 68.84 65.58 62.27 59.83 57.78 69.33
5 72.38 68.83 60.67 58.70 55.45 64.76
6 71.66 66.65 63.41 62.11 58.73 65.49
7 71.71 67.74 64.43 61.39 56.53 66.30
8 70.42 65.27 65.34 60.35 59.73 68.90

Average 70.81 67.05 62.94 60.20 58.25 66.72
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Table 6 Sentiment classification accuracy in Data2 (%)
F 6 Data2 15I& 5 Ul (%)
libSVM  SSA-ST JST Sentiment-LDA  DPLDA  SRTSM

1 71.25 67.22 63.15 61.49 61.55 66.09
2 73.51 65.45 62.03 61.83 59.74 65.13
3 70.62 67.73 65.07 62.31 61.03 66.41
4 71.47 70.08 69.61 64.62 6191 71.73
5 69.93 70.25 66.67 65.42 59.13 69.54
6 72.16 71.16 68.08 63.4 61.78 70.73
7 73.09 69.25 64.1 68.23 63.44 69.5
8 71.24 68.87 67.18 64.96 59.58 68.12
Average 71.66 68.75 65.74 64.03 61.02 68.41

Table 7 Sentiment classification accuracy in Data3 (%)

* 7 Data3 THEK UL R (%)

libSVM  SSA-ST JST Sentiment-LDA  DPLDA  SRTSM

1 70.71 67.87 60.52 63.7 57.72 67.51
2 69.41 62.58 58.29 62.86 59.29 63.67
3 68.87 66.03 62.08 58.84 61.47 65.64
4 69.25 65.19 61.72 53.45 55.71 64.6
5 67.38 67.54 56.78 63.94 58.65 66.32
6 69.16 64.88 63.4 56.68 61.74 65.19
7 65.55 64.25 58.75 55.99 60.75 63.39
8 66.69 65.21 58.35 57.5 61.81 64.91
Average 68.38 65.44 59.99 59.12 59.64 65.15

B bR % R 0] LLA H (1) SRTSM (1750 1 175 188 40 S8 IE i 30 08 vy 1 At 3 b IR MR B I or R Bk
JST,Sentiment- LDA FI DPLDA, R4 HAE AN [m] $c4i £ G A R 1k G I (TE 440 % Data2. Datal 5 Data3 I
(I IR 23 S T 43 0l A B U7 (68.41%) « B 72(66.72%) 51X 72(65.15%));(2) 5 SSA-ST AHELER,SRTSM [ 1 1%
TR AT 2 IE AR, (X S A AR R E5:(3) il 3 ARk ACC W LLRILITH BRI ACC #BH L
SVM H1 3K Ui B SVM LA b b =z M B 155 Ja 4 2 B0 vk v A6 SR 1 6 0, T X IE 4 5 Pang 25 A B s it £ 4
VG RE S SVM AH L SRTSM 115 18 43 28 B8 ) A7 035 72 B, (H 2% 18 S SR bR A il 1817 I N SR 80408 1) v
ER AR, L 22 RO 2 T LB 32 IR A1 4R H IR 5 20 M B A TR A3 T 7 v SSA-ST FIAT M B4 I 43 BT /7 vk SVM Al
EL % SRTSM (1175 1840 25 TE A R WS A — 28 H . SRTSM TG 75 18 KB A ] 415 175 JEbT 285 1 AW 08 L i 3 7T LA oy 32
T I 29 R IR AR T X H AR A & SSA-ST 5 SVM JGvd: [E1 (1.

M HE—25 43 BT SRTSM (15 A5 B R 3 66 77, B AT TR FH 4 AR AR AR (IE B 43 B3R Recall 1E B4 1 R PV+,
A4 8] Specificity 5 & iy % PV-)%f SRTSM ££ 3 MR 4E ER-F-1 R BLHET IR, 286 45 5 0L 36 8.

Table 8 Sentiment detection performance of SRTSM in experimental data sets
3 8 SRTSM KN AL DI L it L

Dataset Recall (%) PV+ (%) Specificity (%) PV- (%)
Datal 82.95 39.38 59.01 68.71
Data2 80.81 45.11 63.40 66.66
Data3 82.62 53.70 68.33 71.88

BB B2 Recall. 1EB1 4y 3 PV+. &l 43 0] % Specificity 5 Bl fir 13 PV-1] 43 5 7B 2040 ok 22 K (9)~
A (12).

Recall=1Fif 73 2 1 1E 451 £/ 552 B 1E 51 54 % (€))
PV-=1E 1 73 2 {4 1E 491 50/ 70 1 1] 5 4 (10)
Specificity=1F 73 S (¥ 541 4> Ko/ 552 B 5491 Js an
PV—=1E i 73 2 {9 5451 B0/ Tl 4 1l s 4 (12)

M 8 AT LURHL— AT R BL 5 - SRTSM 1 3 >S50 $odhs 42 B ) 1E 61 44 1] % Recall 4555 T 368 1 14 52 451
HIH13 Specificity, iy 1E 6] fir 4 PVAAR T S Wil diy % PV—, R HE O RE BEAE AN R B 38 A9 436 2 5
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SR AT AR SRR £ AR R < T ol T A S A e T T £ 9 S B D T A U A TR A i A ) A SRR M (R PR 5
2 TIAE A R 3 i s P 98 R ATT D7 TRT I S PR e SR IR 5 A 3 TR A B D A0 23 G R AR K R4

33 ARERIERERNEI

TV TP 9% 0 5 B U A HE A 2R ) R M R S FRATT 1 S 3 AN B A IR A P A 43 S R A ) K
M UITE R 3 NRRKERRINAMIRIERE Matl 121.021,Mat2e8.08 5 Mat3 58,108, 28 J5 M4 25 2 O & LL A (0,
10%,20%,30%,40%,50%,60%,70%,80%,90%,100%)Bf AL 3E B 77 5¢ &, 6 245 A 5] i P 5% 2 A6 e i o s
£, SEIG 4 R 2 FoR.

70
=t=Datal =B=Data? ~ Datal
68
66

64 A

Acouracy

62

60

58 T T T T T T T T
10 20 30 40 50 60 70 80 90

The Ratio of Social Relationship

Fig.2 Impact of micro-blogger relationship ratio on accuracy

B2 B ) 50 B LA 0] HEfl 22 1 52

B 2 b LG LR B AT v F 7 B A9 384 o, S 1A B A0 A VR A R A B Tt A PR AT (H B A 3
FARTH N Datal [T LA W T 2 7 BB 50%~60%F1 70%~80% Ak YR 5 5 R Fita i ah, Bt & Eb 11
) o AR IR 55 SR B MR R 22 B T A3 1 40%~50% A0 $2 T1 56 K, I HLAE 50% A4k 32k 21 MERf 3R It KAH .6 T Data2
K, T AELE 10%~20%A40 L T FRAR # JE R A0 2 BT 50%~60%4t T TH & £, 7F 90%A4b 1A Bl & K
B, 1 1% 45 Data3 76 77 E6A 2k 20%~30%,50%~60%F1 80%~90% 4k HE A % 5L [T A4 34, HE A vl i e 5
T AE 10%~20%5 40%~50% 40 UE i 2R3 1 45 KL LE 80% 4k ik 31 i KAH

A L3 53 B BT DAAS HE B P S 28 56 A A 2 T 55 T 2 K, 21 TEL A v 1A P P LA 2 K BT e 1 Je 0 e
fiff 24 v, BT ABHORE T P 26 R 45 B T4 T Tl 7 T 20 T PR A 2R
3.4 EERIZEN

AU F SRTSM 43 5% Datal,Data2 5 Data3 #EAT 3@ HEEL, 3+ HLA1 H BT 5 Ik 5 v A 175 1t DM o e
[ 15 A 3 ], 45 3 4% 9.

Table 9 Topic words of data sets
Rz B R

A E e T B S R
Datal B VI Bk, RN SR, B AEA KA e Bk R, 7 A B
THL B, 2R, S wE, s i A4 L R B R BRI RI A
Data2 AR W AL AR L ﬁﬁ?? WH S fz?EP NN [CEEA N
WAk SCFRL TV b, R RAPURD. RS RO | BRI AL WL, AR BRI AR, g AT
Data3 CEE A M SR CERL B ALY, W BATH KA L EAL Bl S
Koy FEL PR R BERG L Rl ER B MR WHRL RBE. B4 L WE Bt A7)
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Datal {0T50H5 5 B 0 1 0 600 T T 3 B 5B e M ) 0 ¥, D30 T 2
ST LT BT K T B — A o 0 VB R R T TRl T i I BB
ol Datal (60T B B 0 oo by B0 5 5 0 ) M JEE e 7 P P B 0 25
SR T IR PR AT P T W 4.
M. Data2 [ BUHEA B B 1T B B 0 P25 ] ELAT SRy B R €6, A 7 T
e 0255 1 A 1 0 00 990 TR 1 — R0 L% %10 AN B 3 R S A 2 T
5 Hh BRI i 728 ) 27 P B I o — AR 0 LB T Daata2 30 RS 6 AL o 00
7 <TRIE AT BRI 8 06, B o e B SR VAT 5 A VR B B0 47 G M S A 90
Ptk T A LR,
Data3 AUHE A B A BT A5 B0 U 0 B0 ML, 1 6 ] EL A3 4 3 10 AR 2
FU LA W 5 o B T — W D 30 2 B P AT T R T8 — 7 2 sl 12 B 0
A 1 Data3 B B0 oo b ELAT BB B TR, (R o T LA 4, 1%
O 26 T A 0L A T 0 1 U 7 12 9 K A G .
Mo F 3 447 T B4 - SRTSM 87 1 Bl M B B e 10 4 B3R, - A K T 0 0 8, B
R4 BT LA 0 P 0.
5 T T A5 HT SRTSM [0 BRI PE A, FRATE— 5 31 A KL B4 SRTSM 55 LDA HEAT 5636 LLBe 4B
(W& 2 JirR).
1 P(w)
KL=y, &, 2 Pl 5
Lk A DT B S S BRI S U2 POw) 5 QAR ) B W3] w1 H BRI KL
i, 27 BT AR A2 1) 0 DL R
WABEL 3 oA LT 5 LDA F LG4, SRTSM R[S A FUA T 8 KL (A3 U th SRTSM M Al — 4%
A o LR 0 AR ) 2 ELAT S 0 40, A T i 5 47 M B P B IR 45 . 2498 SRTSM 6% [ $c 45 |-
DL P AR 22 5 R 8T B A SRTSM 0 % JEUHL I 0 0 6 - SRTSM {1 3 8 4000 15k
AT B R0 A2 AT 1.

(13)

0.6
[ LDA BHSRTSM

KL index
= o =
W =y i

=
a

=
i

Data2
Data sets

Fig.3 Quality comparison of topics extracted by LDA and SRTSM
B3 $RELFEY LDA F1 SRTSM Jii & Lh 4%

3.5 BTEMES
T VEHr SRTSM AR FY [y I (/) 4 i, Fe AT 130E— 25 % SRTSM 5 L3k 3 A6 W B B0 BT 54 (JST,SLDA A1l
DPLDA)MEAT LA o #r, S 6 25 SR wn 18] 4 Fiow.
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Fig.4 Time performance analysis of SRTSM
Kl 4  SRTSM IR )1 & 43 Hr

B 4 W7 LLE AR 3 AN R 4R B SRTSM IKABIN 35 & 1 FoAth 3 FhE. 454G SRTSM I VAR 1] AR Ak
PR IX T GE T IS T BRATT A AR D B B 0 DUIR AR KB Oy SRR IR 2 1 4, HL 4 PRI IR AR K
BRI 1 000), W T 3505 FE I S T DU 25 30 B4 — IO I FE R ;1T 5 JST,SLDA Al DPLDA L%, 7E
T g A5 IR A ML T AR v SRTSM. ANV R AU SCAA 2, 1T FLIE K A8 7 1) R B 00 RN LN X b AR 45
FECH AR 1S 0. — 2P Lh . SRTSM. 78 3 AN [A) 04t 48 (4 18] 7] 12 G 8 IR W] LA EILSRTSM. I FE IS A
Data2 ¥ Datal i} #] Data3 &% 35 Jf /D 1. M IX M5 U 538 2 H R P B0E A — 30, Wik — 25 500F 7 R
(R 58 T2 Wi SRTSM (14 I [i) 1 6 I X, AT 1 e 15 Bl AL 7] DAAR i vF B3 A A SR (MR 5T A
z—.

4 HERE

W4 T 1 R 55 P )92 0 B, N AT T UAE B S 6 b o B0 S 45 ol SR AT T L 43 55 15 9 DA W7, 925 90 B i
0 I AT R 1 2 UG I R A A B FH AR Ak 4 4R BORF LA 25 1R e SR AT A A B8 T8 B I
TG B TR R AR AN SR T — AN SR T RO P AL A8 00 R I T S R AT A SRTSML 3L 46 &5
AW :SRTSM ANV A 52 AR JEL 1) 2 R g ] 25 A0 5 4 b 1 HL LA L JA S 780 T M B 3 R AR IR R (J ST,
Sentiment-LDA F1 DPLDA) S )t ()15 73 2 g 1.

) TARNEAE LR JUAJ7 THHEAT 8 58, BATE B0 P B4 2208 kA5 S N T IRy B Bl v 5 0
HEBE DLAR A7 IR 43 288 10 M 230 U0 IR TR T JS L A I T AR 0 AT ol R S 0 47 R o R B A A AR S AT
Sy BT 58, 1500 SRTSM. 14 4k FR AL A LA T S572% 1k 1] 2%
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