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Recognition and analysis of opinion leaders in

QQ group based on response relationship network
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Abstract: Opinion leaders are the important nodes in social networks and social media,and they also are the key factors of in-
formation spreading. It is difficult to identify the opinion leaders from a large number of members who participate in different
topics in QQ group. This paper proposed a novel way to mine the opinion leaders based on the response relationship in the QQ
group. Firstly,it built a response word bank, and then constructed the user-response relationship network using Aho-Corasick
algorithm. Lastly , it identified the opinion leaders by analyzing the user’ s node statistic information of the QQ social network.
The experimental results show that there is a high accuracy by using the proposed method to mine the opinion leaders of the QQ
group data. After merging the importance of the user-interaction network nodes feature, the method can achieve a better per-

formance for mining opinion leaders.

Key words: opinion leaders; response relationship; text mining; social network

0 3l

il

UTAESR, B 15 B B RIRS 2l FLI R (135 %2 Jg , QQ | fik
T Bl A A LA S O 225 W 5 | 3 BOR B 22 1y FHT P, Rl P
Ry I A R A B AR 2540 F0 ) Bl 1 4 v ik _EACHY 1R
B QQ BEAE—F QQ FIF A lA I iy /NI B 57 T —
PN RS =N CINN- RS E il ¥R s il
AR E o QQ AEAL ST I 45 Hh i) T L el 2 9 LA JE o
LB E

LRI G T4 5 100 2 T8 UL AUt 425 B i IF 5, 2800 I 245 45
F oM AT P R AR AT i P2 o 56T IO 45 45 K ) A OG A
H, Cho S5 A T ™ 6] 1 96 28 N7 1T ek 52 I A SR
3 P L R 2% v 4 B R R R A L T o Bai 4
NP ABFAY T GrE E I 5 v  J RS, U I 4 o R B
DRI AN T8 LA, 33X — T i A W A B T 2 b
FLE I 45 1 DL AT A2 B0 o Kisak 8 AT DAk 19 4 vh oy 4

FSHHEE: 2016-07-24; {EEHHA: 2016-09-19
(2015020084) ;i 7 A # H /T A F AR F B A A (12015127,12014548)

R RE ) 55737 T AL ) (0 A BB AR A T R 2% Lo i B
A3 A B R R e

T U 1 R L T AR AR O TR R, EFRSE A
MASAE IR AP IR PR, SR U R de AR S A2 i T L
A o TR N S A I R S o (1 R
SR P A A A HE I 19 05 TA 42 4 5 LT o Bodendorf
A IO et A3 R PSS IR I O R A2 R L

IR SCHR R 2 S A 52 10 4% 45 ey sl P s A . — 75 Tk
78 LA P20, AR DR SCHIK o 5 B0 22 B I SCAR R P 52
HAFZ PR RAZ I T IS o e A, AR S SRR P X AR S R 2%
(5 AT AR A AR | 329 AT X S B i) I 288 BEAT AR 20 BT o A
ASCH BT R QQ BEII R AT 3¢, 1 S I SCARAZ i B A i [7]
07 o ] J2E e S P 2 I B2 S R T 4 5 SRR IS QQ R AT
FC 2 TRV ER) DR 268 J P M) ) 45 P o P B o472 9 15 L e 5 e
e A R T A O AR R 4% AT P 8 A 52 0 4 R A il 5 )
Tr RS2 QQ e WA , AT T BN HER ARCR .

ESTH: BXAAAF AL ®H EXBRA (61374170) ;3374 A A4 F R 4K A

EFE AT AL E(1989-) , B (L 5Ak) , KM4AI=A M+, ZRBLF @A LM% HFAZHRHEF (1990-) %, +, TRAALFTAAH L
B W % BT R F(1978-) %, 81T 4, Z R AR & 2 AR AR XA T (1979-) , F GRS ) , #4822 AFT &

4k 2 Ve B 18] 5 5 AT B¢ M % (xuxiaoke@ foxmail. com).



- 2994 -

it E R A B R

534 %

1 ETHEXFZMENZROMIZET

1.1 BRI ERIEZR
1.1.1  #%BIHLH

AR SCIITAE P B 2 R i R R AR B AE BEGL QQ FEH
Kidsk, EZONE B 5 TRER%BE 2011 ,2012 2013 2 23
ANBEG I HF AR , A BEYOE Y 0 30 A, BRI &
M 2013 4210 7 ~2014 4 12 A 453, Se s bic 5% T 23 PEk
I —AERAS A IR NS, B R B T 47 785 KfE R EH %
N LA, A3 5 056 A~1E8, SR 5 16 B 4R 1h 5 4
PR 7 12 0] A A] ) Y 2SR A T 4T
1.1.2 BEARARIER

A SCRE DLATHIAZ YR R G000 SCAR B AL 8L UL T 5 M 25 4
AR L A3 HT = A, g 1 FR

E}Q #i&ﬁj:)[illsﬁﬁ}%I:}[ﬂ‘é%iﬂ?m%

SCAS KA A FIASE B

@
L4 HEES o M
[ i Hﬁ#m— AR [ ik
XX 24

FEZE IO 4553 BT B VLA R4 H EE AR
F1 TR R R 1Y QO B AT & BLAE 4

b s SOARBR AL B 1 Je Xt QQ FEIIN R 1T S 1 AR
BVEF Python 55 = J7 JF IR AKAY jieba 731a] HEAT SCAS FiAL L, 42
55318 AR PEAR I A DEHTC 5 B5F ARG 18 jieba AL T
TEF-IDF G330 SeBain] o DT JC 5 X 46 0 AR 2 R 50 i A%
O EPE T B S B LA AZ O R 1 I, IR A,
&[] Ny )R R AR B AN T AC Ay B0 A DU Bl 49 5 3 ], Hodp
[ 7 3r ) P2 4 ey R SRR, SR 8 TR T AC 174 1B g ) D2
PC B 5 SOA K A SRS At B i) S B TR ARV TE , 45 DE TR 12
14 g 25 56 Z BB FHEE T Python 1535 19 Network X 3R %5 2R 4 2
FEAZ R4, NetworkX & K1 5 5 A« M 45 iy Bt S5 5 T 1.,
BT H TR 5 52 2% M 2% 3 i 5%, NetworkX i T JE
[ia) P85 A 1) PRI TS P 2% 55 BSR4 4, TR M A S i Se AR 4l
H [m] R3] A2 i Python 1 55 v i T 51 3R 254, 9K J5 ] Net-
workX HL{% A ] €] DiGraph J5 v 3 A= Uit 38 W 45 (&1 4544 o
FEZE P28 S AT AL R o 23 A i A R ) TEAR ) 46 AR [ fiN AL
R Ry el SR - R ERIING o ST 30 ABINY NG Sl AR 2 |
PageRank S¢ i1, fif Z 4240 1 QQ Hf Ay 25 UL 45l
1.2 #MFAE

g T HAE T UL A7 AR s A R, TR AR N A T
Mraa bR AT BT 5. TEIA AR T 28 R iE
RN TR A9 15, 140, Song g N\ SR B 25 1 (cove-
rage ) VE MM EEAE AR . B BE 2 AT P 38 HL A RS #H F D 25 1) £
JE TR B R A e e P ROk R S AT Y RE T o Miao
A2 NUUSR R (core ratio) fE M PEM HE bR, 10 3 45 I
AP X2 P B3 BAR R R S ELAR B R L, A
SCHFFERT 4 QQ BEVE Ry — 38 HAEAR SR AL 28 P 45, Rt A SC
KRV AR

(s 7 3R] B 7

2 ETERMREENEXREMLE

2.1 [ERziR)iA FE R

PRI R JEE 10 R 5l 000 2% DA AR SR AR 1 RIVERE 3 £ TR L ok
{5 SRR R A 52 7y 5, 5 R & T T xR g 5 —
A [o] 7 i) U A R R A R AN, TE QQ RN K 1 B B i By
g U U R (VA TTRF N (1 R A U S ST A
SR R FRIR R N N A 09 [0 5, DA RT R
AL R , B 2 W LA G 35 LAY 35 Lo B [ 3 Y 32 fd
W03 Bl [ 57 il 40 4 7S 1) R 5% R AR B i S e
e o A OB e e G 4 1 1] 3R] ] P2 R 8 5 I A 1) A
FHP Z BI85 25, 41 e QQ 3 Hh B WL 45 eh 472 Fl 19 280 3 e
17 SN A VAT N GO ey o ST S R T R -7 1

DA 1A PRI FER S M A BT | 2 20 B
ARIZ UGS RE B AL | R 45 0 R iz — S LR T
(HowNet) F=ZE M5 [ B 1) IR 23047 H 22) , WordNet £]
JE TV SR RS R 13 Il S B AR i) A
A )R TS S E PR [ H R 2 R a1 (B i
SO TR ) MR G 7 SCRE IR A R B RS B AR SOR
PN SCH% R AL ARG [ 3 9 R 75 R AL RS, AR
TERLRIIR 2% FH T8 A USCAE [l 0 36) , 2 R E 5 R S = AP
S [ 17 B R R, B2 1 BERS o

F 1 iR e
W X ik
wE BRSO Hm o ok ORI B

L2 S 10 B NP 1 {1 IO 10 S YR W
Sy kE g% W W aamk 5 SRR

UE B Byebye THS TAE J5FE 30 En R4k
IO AR HAF O OREY EW 4E ANE RIEBR
INFAE N case JEE See you ANEE  Bye  TEME  EYNY

WEHE i L mEnE o mm o gd Bl BeAt4

Har M R TR XPAE  me BIR R fER
fta WEET  ®  EE W7 W Bafe Zi

A WiAE R pE R OAH AR Fx
Bl Y] WA A R §E ABERT RISE

2.2 ERRAKTESRE%RNEHEE

A VC RS R B R R A UE A0, Bk T [
PANIFSE N B )2 e o RS UG i 3 9 4 g B A 5 2 A6
AVCH Sk, 16 B T FE A v v, KMIP 4235 B 5 T 54 o] 99 )
DG AR, 2o SCAS A 22 B 45 DR I, fHL 2 DG e 38 R 5k . BM
AR PTG I 28 U IR 544 0 S5 B 5445 o F) R B s DE
B L KMP B4R i R £ (ER I 2 e ™ 7E 2 H
A PCHLE 2, Aho-Corasick (AC) F L4541 KMP 4 1 108
FEANG BRARZS B SHLIO S , R S — SO 8 AT LA 31
M AR R B ) A 2 AR L A5 A R DG IO A v A L
AC B 1] X T A R e AT AL B, 412 25 T AR A W I o
AR SCHRFE o P 6 [ 7 bl /DN , RE S AR B 0 R P AC B3k
RO A5, (0 22 A B R DE TE 26, DRI AR SCR T T AC 9 [l
IR 1) P 4 1 HEA T i F D TR

HEF AC [ R DG I 85 35 10 5 AR 5B A T4 B
HOP A AN A TR 15 2 MHOIR A , root 37 45 4 50 £
RS, UNIET 2 BRI O 7 5 AR B B A MRS IR,
WP 2 RG24 T R TC R A R R A o =




% 10 H7

HXE,F AT REKX A MY QQ & LA A Z I

- 2995 -

AT RE PR KR, BIAE i) R KR SR A0 oK KSORVRY 4 PR, F X =4~ R
R — A TLAT R A S HL, A& 2 i (a) ~ (¢) =D eRi%i.
(o PSR AT DE E IR, STE AR B SCAS B Ak BRASE B 4R 1) 5K B
) AR A DR JA T P P 0 P T ) 3 ) 2 A 5 K -5 0 oz Y
(e 87 ) ol A T4 B0, IS B PR AR I 2 () BT o
WA AFE QQ BEFP UL A KM | 21 RZETR(R 55 R 4%
PR TP B AR HAC3 7 DR 24 PP A 2 PR 5 T ok i 5
L AR BN 2 v root 1Y A, ARG HEAT VLI, S04 i 23 ik 3
U RS R, SRR IR 2 R B R DT P A
WA B R B R A A B Bk
B2 root 455 XL K 2 (b) AR R AL DB 3L
FHP C ™ ok” R BEEFHF* A S M i, 5 b i —A4 B0k
SBEE] 37 R SRR RS AR, Bk 4 T AL VTR WU
TP Co SRR BT AT R 2 i i1 ) B 4% 97) 382 Ak B0 RS A ot 19 24
i AR A (BLA) L (CLA) & AH — A gl JF By
RS T A P o 2R E AT AE I 3, IR A TE A )
2% FPORORE I RO AN 1

W N F# i
0 N Ng ' 12 3 4
@ U QMHU] o0 0 0 0
o (DESCE
y . 12 out_rgn(i)
(©) -
OLALEE () kit B 8L

P2 BT AC 1A a7 i DG FE 55 vk o 2 ]

TER N 56 A P4 v 8 QQ A rP AR B B3 1 A, 1
BB 2 [ SR A — AR, TR IR I O S R A
) JCAL 28 R T AL R 4 o 7E S Gy = (VL By ) A 1 JCAL
W%, 6" = (Vi E W) AT IR 4, Ferf V) 3RoR il i)
(CIYVAZIIIYER D DRt S g N N SN RS SR S gl iR
R [ O A 1) LR T L W, ORI A AR A S T
TR [ — PP P 1 ) [ 5 9 R4 2 O AN SO ST
A 1) JEA 268 A 1) TSI 2% 9 o ) 45 1) LA — 5 TR R 1
OB f L (P S EL IR U S0 o T3 DL At §R 51 B9 520, 7
—J5 T AR X A R 45 R AR FNES SR AT 254

3 REMZ RS NG AT

3.1 WP E R MRS

AL b0 ] R DC RC SRS, A QQ HEER AT LUR
— AN AR WA 1) TCA ) 45 FNA 1] A 45, 3% ) 45 v 4
AN R E R R AN IR 14, PRk ] LA 00 46 v o T Y
JER ORISR S . H T 2% rp oA OGN R B AY 4R
PR, T RE PR Gt i 2R EE oM R O RS
ST 2RIEERGT A Katz #8650 B oo rEFT A
OMEEE  ETHENLIEE A PageRank161 F LeaderRank!'") £
AR SC AR BE O B B O L A O R Page-
Rank PURH 28 S TR AZ A QQ HFAY UL ATl o

T R RO A B TR R BT ) N R
KRR BIBEST , PO MR R 1 i B R R . B
A AT R DR PR A

Cy(w) =d(x)

Horp e d (o) FR719 5 o0 AR IE 1971 S, Wl 2T U
fBo BB SRR 1 02 by s 3 R 4 rp
TR RE S AR L, B A2 s BRI A A A5 B B

RN BERIZE AT n AT R DU R o BT B rh O
AN
C.(0=1/%d,

Horprod, 2 8 x My ZIR R AR s e B PO R AR I
W T A5 Aok X2 %o LA S IS R B BE T R A O
FEARZI I T S 4 s 5O TE B sh iy, B R A A
A PERE AR AT LA E (5 B S B E I R4 . MIEE T R
x B PR A R
Cy(x) :j;k g (%) /g,
Horr: g, (2) FoR T8 Ak Z G0t i« R E IR AREL, g5,
FORTT Ak Z B W R AR A O PR T RE AT
TEEEMESN, B A EEE AR AP B R,
RV &k A 5 > 5 22 A~ +4 P 45 A4 o 3y 300 B2 46 T 09 A A4
PageRank 835 1 A BAUE Y 8l o B — AR 10T 50D,
b ARAR T a X ETTERAME , ZEMN 2 PR T8 o £ 5
PSR TR, B A5 o W BB, 5 A b 3RAF A DTk (B A
R, WY A« fY PageRank T3 A A
R(x) 20162323),//%,

oot B, FoRAE T x B A LB, FOR A Ay 1
WEIEA N, = 1B R y (08 e R AL T
3.2 ZERFEBASHT

AR R R 250 Z AL 2 P 0 T e A1 4 1
R B RO A UL PageRank ORI i
Fo ST IURRS R DR 2 R . DR O
SGHHR HIBE D ATE 60% ~ 0% Je i, i3 2 TP %S
T A T A IS4 54 [ A IS 46 0 6 3 2R/, K
— B E T LA R BT £ 8, T P58 00080 XA S g
4 RS KA D, B A 1) A 1026 e 0 59 25 0L 450
AT IR AU 2 T R 1 AR S5 e TR R e 25
HEAT T R BB A5 B DR LTS 45 , P A
AT R — B A RO S o T HE A R R
RS T4 /RS A I PP 22 25 e R 2 S 5
L, A AP S T — AT

2 BTN F 45 R DL AT A% 0 2R

, RS
[EEsE ) -
Ot BEEEHOME PAHOME PageRank
A 17 TCAX 4% 0.624 0.632 0.643 0. 664
A IR 4 0.618 0.626 0.649 0.667

3.3 MEAPLZEMLZMEHNERLAHESTE

R TR T b I I 28 06 2 SR A A 2 P 2, 3 mT AARAE
SEBEH WIS TR F R R R 2 o RIDEE QQ FF Hp e 53 0 47 05, 3%
BNET— BB RN S S EBRE G — R H BRI 5
ZIREAETER . AR E AR W, AR A AE AL 45 gk
FEER AR 1, BT 6 EE B P38 BAL2E M 45
ARSI LA T AT S 2%, B [0 TCAUN %S G, = (V, ,E,)
A TS Gy = (Vy, By, Wy ) o Hor o Vy s HLP 1Y AR
5 E, IR PRI LS, J5 & s e T — 4500
BAg1 b —2% 8 W, FRAE LA, AT 55 15 8 A 3
—H PSS — R G R T MR Mg s BAt g W
2 JE  RREA AT DA BE poc i 60 B oo R A e
F1 PageRank PUFNGE i1 73 73l 50 3 FH " 52 0 1) 8% 3 DL 3l 1) A%
O, HAZ O 3 R



- 2996 - it F o

34 %

F 3 TP A E ARSI 4 8 IS AR O

, Bl
o) 4 25 K4 YT Ny o
ErpotE BRSOt Ao PageRank
1 I TR R 2% 0.617 0. 621 0.613 0.631
A AL 2% 0.634 0.627 0.636 0.648

R JE A SCRIBURFIE Rl B9 J7 15 00 W 28 I 46 vh 35 Y
PURDGETH A AT RS, A A B3 2 50
Yi :%félﬁjdji

Horp o d AP 45 60 R GE TR T R (R L oA M 2%
THEARG S, Fon AR R R ST R A . SRR
SAATRISEAE, R 1 28 0h QO R WL B Heh £y B i AR < B
8, =8, =0.5 I, Bl i B WL AT A9 A0 AR IR AR /e 3R 2
553 XFHE AT, BTN O FR 20 QQ FE R UL AT Y 52 1 44
KFUAICRA 8, =0.75,8, =0. 25 HEATHFERLG

o P _E A R R ) 7 3, A R I TR AL A A A
AN A TR PR 7 e e R R AR T T 11 5% /2
Ao WEFEABL ARG QQ FEF M A2 AL S M 45 1) 3 i T 24
FHIEJ , BEAS 15 21 B 4 1 7 WLl 2 BRASCR

F4 A ACE M4 A RO AL R

RS
[EEsE ) - N - -
ot HErgEot A duOtE PageRank
A 1) TCAL R 2% 0.751 0.747 0.736 0.766
A A R 2% 0.740 0.753 0.745 0.772
4 LERIG

ALER AT T SCARIFZRE AT S 28 734 T3 3%, X —
ol L TS Sl 52 W 4% QQ HHE Hh IR T DL il AT T IFSE . AR ST
T S R N SO 1 ] o7 il ) T [l o ) ) A QQ A
B AT VAL ) AR T PP I ) B2 5 2R T 2 5 LK, %
P28 R FH i A8 DU 1 i F AR G R A T AT A5 T L
U AAZ O, ST B ] 3 3R] A 8 ) A A 090 265 AN B WK i T
JUSEH X — A AR S 3 B T P S AR S M 4 1 O
FAIEHEAT 7347 B, B BT 393k Rl AP O ik 32 6 g A
[Fi) 4 2 ARFAIL , AT BE % 12K 1) S 4 1 2 L 40l & BRASCR
S 3k

[1] Cho Y,Hwang J,Lee D. Identification of effective opinion leaders in

the diffusion of technological innovation: a social network approach
[J]. Technological Forecasting and Social Change, 2012, 79
(1) :97-106.

[2] Bai Wenjie, Zhou Tao, Wang Binghong. Immunization of susceptible-
infected model on scale-free networks [ J ]. Physica A. Statistical
Mechanics and Its Applications,2007,384(2) :656-662.

[3] Kitsak M, Gallos L. K, Havlin S, et al. Identification of influential
spreaders in complex networks[ J]. Nature Physics,2010,6(11):
888-893.

(4] 23, §80F, AR, 5. A TRESM R 43837 % LA K
Mok [T]. A TA 2011,37(5) :44-46,49.

[5] TE%, 387 ML, 5 MEHEEZTLAMFEARL[T]. @k
R TR ,2010,42(2) : 145-149.

[6] Bodendorf F,Kaiser C. Detecting opinion leaders and trends in online
communities[ C]//Proc of the 4th International Conference on Digital
Society. Washington DC:IEEE Computer Society,2010 :124-129.

[7] Song Xiaodan,Chi Yun,Hino K,et al. Identifying opinion leaders in the
blogosphere [ C]//Proc of the 16th ACM Conference on Information and
Knowledge Management. New York ; ACM Press,2007 :971-974.

[8] Miao Qingliang,Zhang Shu,Meng Yao,et al. Domain-sensitive opinion
leader mining from online review communities [ C]//Proc of the 22nd
International Conference on World Wide Web. New York ; ACM Press,
2013.187-188.

9] WordNet[ EB/OL]. [2013-04-11]. http://wordnet. princeton. edu/.

HowNet[ EB/OL]. [2013-08-11]. http://www. keenage. com.

e T RAL 528 KR T e B LA FEAY R EB/

OL].[2012-07-02]. http : //www. datatang. com/data/42306/ .

[12] NT-USD [ EB/OL]. [2013-08-02]. http://www. datatang. com/da-
ta/44317/.

[13] Knuth D E, Morris J H, Pratt V R. Fast pattern matching in strings
[J]. SIAM Journal on Computer,1977,6(2) :323-350.

[14] Boyer R S,Moore J S. A Fast string searching algorithm[ J]. Commu-
nications of the ACM,1977,20(10) :762-772.

[15] Kilpelainen P. Set matching and Aho-Corasick algorithm[ J]. Biose-
quence Algorithms,2005(4) :1-24.

[16] Fushimi T,Saito K, Kimura M, et al. Finding relation between Page-

—_ =
- o
[

Rank and Voter model[ C]//Proc of the 11th International Conference
on Knowledge Management and Acquisition for Smart Systems and
Services. 2010 :208-222.

[17] Lyu Linyuan,Zhang Yicheng, Yeung C H et al. Leaders in social net-
works , the delicious case[ J]. PLoS ONE,2011,6(6) :e21202.

(L35 2983 )

[39] Zhao Yiliang, Nie Ligiang, Wang Xiangyu, et al. Personalized recom-
mendations of locally interesting venues to tourists via cross-region
community matching[ J]. ACM Trans on Intelligent Systems &
Technology,2014,5(3) :1-26.

[40] ZHks, B8 M4 & —HBREHFAPLEEGETIATRL
AR EMHFER[T]. AR L K ,2016,53(4) :752-763.

[41] Yang Dingqi,Zhang Daging, Yu Zhiyong,et al. A sentiment-enhanced

[—

personalized location recommendation system[ C]//Proc of the 24th
ACM Conference on Hypertext and Social Media. New York: ACM
Press,2013:119-128.
[42] Cheng Chen, Yang Haiqin,Lyu M R, et al. Where you like to go next:
successive point-of-interest recommendation[ C]//Proc of the 23rd Inter-
national Joint Conference on Artificial Intelligence. 2013 :2605-2611.
Monreale A, Pinelli F,Trasarti R, et al. WhereNext: a location predic-
tor on trajectory pattern mining[ C]//Proc of the 15th ACM SIGKDD
International Conference on Knowledge Discovery and Data Mining.
New York ;: ACM Press,2009 :637-646.
[44] Noulas A,Scellato S,Lathia N, et al. Mining user mobility features for

[43

[

next place prediction in location-based services[ C]//Proc of the 12th

International Conference on Data Mining. Washington DC; IEEE Com-

puter Society,2012:1038-1043.

[45] Xue A Y,Zhang Rui,Zheng Yu,et al. Destination prediction by sub-
trajectory synthesis and privacy protection against such prediction
[ C]//Proc of the 29th IEEE International Conference on Data Engi-
neering. 2013 :254-265.

[46] Yuan Quan,Cong Gao,Ma Zongyang,et al. Time-aware point-of-inte-
rest recommendation| C ]//Proc of the 36th International ACM SIGIR
Conference on Research and Development in Information Retrieval.
New York ;: ACM Press,2013:363-372.

[47] Yuan Quan, Cong Gao, Zhao Kaiqi, et al. Who, where, when, and
what: a nonparametric bayesian approach to context-aware recommen-
dation and search for Twitter users[ J]. ACM Trans on Information
Systems,2015,33(1) :1-33.

[48] Liu Bin, Fu Yanjie, Yao Zijun, et al. Learning geographical prefe-
rences for point-of-interest recommendation [ C ]//Proc of the 19th
ACM SIGKDD International Conference on Knowledge Discovery and
Data Mining. New York: ACM Press,2013:1043-1051.

[49] Ying J J C,Kuo Wenning, Tseng V S, et al. Mining user check-in be-
havior with a random walk for urban point-of-interest recommendations
[J]. ACM Trans on Intelligent Systems and Technology,2014,5
(3):1-26.



