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Abstract With the pervasiveness of GPS-enabled smart phones, people tend to share their locations
online or check in at somewhere by commenting on the merchants, thus arousing the prevalence of
LBSN (location based social network), which takes POIs (point-of-interests) as the center. A typical
application in social networks is the recommendation system, and the most common problem in
recommendation system is cold start, that is, how to recommend for the users who rarely comment on
the item or share comments. In this paper, we propose a recommendation algorithm based on circle
and social connections in social networks. The circle is made up by all users who visit a particular
category of items and their social connections. It means he is interested in this category that a user
accesses the category of items. Our algorithm considers different social connections and circles on
tradition matrix factorization. The social connections we use include the relationship between friends
(explicit relation) and relevant experts(implicit) , which are used as the rule to optimize the matrix
factorization model. Experiments are conducted on the datasets from the 5th Yelp Challenge Round
and Foursquare. Experimental results demonstrate that our approach outperforms traditional matrix

factorization based methods, especially in solving cold-start problem.
Key words point-of-interests (POIs) ;recommendation; interest circle; social connection; cold-start
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Table 2 MAE Metric on Ten Categories
z2 10NMEFEMMAEEEZER

Category BaseMF PRM CircleCon3 SocialMF SR CSCR

Activelife  1.150 0.831 0.743 0.853  0.981 0.705
Arts 1.061 0.928 0.829 0.774  0.830 0.742

Beauty 1.142  1.004 0.939 0.996 1.019 0.904

Education 1.011 0.963 0.768 0.989  0.935 0.783
Hotels 1.061 0.881 0. 866 0.834 0.789 0.754
Nightlife ~ 0.948 0.742 0.776 0.806  0.798 0.719
Pets 1.191 1.063 0. 985 1.078 1.055 0.976

Restaurants 0.947 0. 850 0. 844 0.866 0.856 0.731
Services 1.235 0.872 0. 837 0.877 0.849 0.775

Shopping  1.333 0.856  0.843 0.901 0.857 0.770

Average 1.108 0.899 0. 843 0.896  0.897 0.786

Table 3 RMSE Metric on Ten Categories
F3 10403 EW RMSE EE4 R

Category BaseMF PRM CircleCon3 SocialMF SR CSCR

Activelife 1.947 1.116  0.984 1.118 1.087 0.831
Arts 1.767 1.398  1.149 0.960  1.089 0.897
Beauty 2.114 1.630  1.543 1.575  1.613 1.412
Education 1.341 1.131 1.077 1.179  1.184 0.814
Hotels 1.834 1.236 1. 284 1.120  1.015 0.928
Nightlife ~ 1.381 1.088 1.015 1.129 1.101 0.892
Pets 2.251 1.790  1.779 1.653  1.795 1.627
Restaurants 1.323 1.185 1.116 1.154 1.123 0.886
Services  2.449 1.408  1.185 1.186  1.202 0.990

Shopping  2.640 1.176 1. 209 1.247 1.257 0.969

Average 1.905 1.316 1.234 1.232  1.247 1.025
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Fig. 2 Algorithm results on 4 categories of Foursquare
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Fig. 5 The results of CSCR algorithm on two
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Fig. 6 The impact on the model with different user
rating counts

6 T AT 23 B R i KO R A 52

FeATHI I IETE 5 AV JA 8 L3 A AUCR I 42 It
L. T R AT A R0HE B v R P AR 22 i e JORE X
B TR AR 3 P T2 B R i BOT A SRR 2 TR
Pl 0T FAT T8 05 T PSRRI A R R L
FMY R AR A7 E A AR . IR S vp T
PAFS AL 5 PE o AR 22 B ah inp . B0k i PR RE L 2 8
OR35S A S 25 R AR E BRI T
BT LR 153 B 22 00 Rl R A L 2 A R B Y L (HL 2
T R B A $i T R 72 i AR



45 55 LBSN b JE T 2% B rh a4 06 R A2 48 10 HE R S0k 403
[9] Huang Junming, Cheng Xueqi, Guo Jiafeng, et al. Social
5 Q:I:Hiii recommendation with interpersonal influence [C] //Proc of
=A (=1
the 19th FEuropean Conf on Artificial Intelligence.
Amsterdam, Netherlands: I0S Press, 2010: 601-606
Z'Kjt E],‘J H T/]?I%ﬁgy%?/?\ﬁ Zj] IEJHFEI ’ jc ':P % Hj 7— [10] Jiang Meng, Cui Peng, Wang Fei, et al. Scalable
fﬁlﬁl?’f L.LBSN J: % ﬂ: }‘é@ I%I EFI }ié\;é /2% E{/\] )fﬁ Eﬁ ;'é ]% recommendation with social contextual information [J].
%Tﬁﬁ&i% ﬂﬁiﬂ%ﬁﬁaﬁ%%%ﬁﬂﬂﬁ%% %ﬂ’l?% IEEE Trans on Knowledge and Data Engineering., 2014, 26
B (11): 2789-2802
FHP S BB 0 2 A F 0 Ak T4 S 6 1 4 i H A . . ,
[11] Yang Yongxiang. Recommendation algorithms based on
[%lﬁ £ g"]ﬁ@j 1€ CircleCon3 A1 i Fe it I, ?‘Zﬁj combination of matrix factorization and random walk [D].
Z:{X%)f{ T E'I‘i E/\J}?ﬁ)ﬁ {%‘ ‘%‘ mﬁ%)}g{ T E%l‘/é.\ E/\Jjé/% Beijing: Beijing Jiaotong University, 2014 (in Chinese)
s B N g - (K ). P[44 SRR LA MR R LID].
Sk B B HEFE RGOV R B ) B B A H e R i Ta) . B TR R 4 i R BE AL U GG AR 45 G i i 5 (D)
s o NN .1 Jeat . dbstagiE K, 2014)
H T PE 0 5% - 23 IR 98 AN [m] 1 2 8 P Al e Jal 2 , o o o
[12] Wei Suyun, Xiao Jingjing. Ye Ning. Collaborative filtering
o 5 — 2 . . .
/I\l?ﬁ—]¥¢' E/:J Fﬁ‘ﬁﬁﬁnﬂ %BE:J:IE] %'S%U E Yelp F algorithm based on co-clustering smoothing [J]. Journal of
Foursquare Wj/l\ﬁ }E % F E’J ;I; Eﬁ %% Eﬁ Z'K j{ %‘3 ,':lj E]’:J Computer Research and Development, 2013, 50(1): 163-169
N yd N = N M) N (1 C} se)
PR A R 215 L0735 S 0 T80 n Chinee |
(BREZ. B, 7. ETHARELENYFE DL
(. JHEHLIFFE 5 R 8, 2013, 50(1): 163-169)
% % X Ef [13] Yang Xiwang, Steck H, Liu Yong. Circle-based
recommendation in online social networks [C] //Proc of the
[1] Bao Jie, Zheng Yu, Wilkie D, et al. Recommendations in 18th ACM SIGKDD Int Conf on Knowledge Discovery and
location based social networks: A survey [J]. Geolnformatica, Data Mining. New York: ACM, 2012: 1267-1275
2015. 19(3) ;: 525-565 [14] Zhao Guoshuai. Qian Xueming. Feng He. Personalized
[2] Salakhutdinov R, Mnih A. Probabilistic matrix factorization recommendation by exploring social users’ behaviors [C] /
Multi 2 M ing. . Spri . )
[C] J/Proc of the Int Conf on Machine Learning. New York: Proc of the Multi Media Modeling. Berlin: Springer, 2014
: 181-191
ACM, 2012. 880-887
o . [15] Tang Jiliang, Hu Xia, Gao Huiji, et al. Exploiting local and
[3] Koren Y. Factorization meets the neighborhood: A
global social context for recommendation [C] //Proc of the
multifaceted collaborative filtering model [C] //Proc of the
Int Joint Conf on Artificial Intelligence. San Francisco, CA:
14th ACM SIGKDD Int Conf on Knowledge Discovery and
Morgan Kaufmann, 2013; 264-269
D. Mining. N York: ACM, 2008: 426-434 . . .
ata Vining. New York: [16] McPherson M, Smith-Lovin L, Cook ] M. Birds of a
[4] Jamali M, Ester M. A matrix factorization technique with feather; Homophily in social networks [J7]. Annual Review
trust propagation for recommendation in social networks [ C] of Sociology, 2001, 27(1); 415-444
/[Proc of the 4th ACM Conf on Recommender Systems. New [17] Sun Jimeng, Tang Jie. A survey of models and algorithms for
York: ACM, 2010: 135-142 social influence analysis [M] [/Social Network Data
[5] Ma Hao, Zhou Dengyong, Liu Chao, et al. Recommender Analytics. Berlin: Springer, 2011 177-214
systems with social regularization [C] //Proc of the 4th ACM [18] Feng He, Qian Xueming. Recommendation via user’s
Int Conf on Web Search and Data Mining. New York: ACM, personality and social contextual [C] //Proc of the 22nd ACM
2011. 287-296 Int Conf on Information & Knowledge Management. New
[6] Tang Jiliang. Gao Huiji, Hu Xia, et al. Exploiting York: ACM, 2013: 1521-1524
homophily effect for trust prediction [C] //Proc of the 6th [19] Ma Hao. An experimental study on implicit social
ACM Int Conf on Web Search and Data Mining. New York: recommendation [ C] //Proc of the 36th Int ACM SIGIR Conf
ACM. 2013. 53-62 on Research and Development in Information Retrieval. New
[7] Yu Le, Pan Rong, Li Zhangfeng. Adaptive social similarities York: ACM., 2013. 73-82
for recommender systems [ C] //Proc of the 5th ACM Conf on
Recommender Systems. New York: ACM, 2011 257-260 Li Xin. born in 1989. PhD. Received his
[8] Guo Lei, Ma Jun, Chen Zhumin. Trust strength aware social PhD degree from the University of Science

recommendation method [J]. Journal of Computer Research
and Development, 2015, 52(9); 1805-1813 (in Chinese)
(B, D%, BRATHL. — P 5 1T 56 5 0 B SUR I+ 2 Tk k32
AT, N R 5 &R, 2015, 52(9): 1805-1813)

and Technology of China (USTC) in
2015. His main research interests include
location based services, recommender
system, machine learning.



404

HENMR S KB 2017, 54(2)

A~~~

Liu Guiquan, born in 1970. PhD. Associate Wu Zongda. born in 1983. PhD. Associate

professor in the University of Science and professor in Wenzhou University. His
Technology of China (USTC). His main research interests include information
retrieval and personal privacy (zongdal983

@163. com).

research interests include data and

knowledge management systems, data and

text mining, multiagent systems.

Ding Junmei, born in 1991. Master
Li Lin, born in 1977. PhD. Professor in ) ) .
candidate in computer science at the
Wuhan University of Technology. Her . . .
University of Science and Technology of

China ( USTC ). Her main research

current research interests include text

mining, machine learning, information ) . ) )
interests include machine learning and data

retrieval and  recommender = system .
o mining.
(cathylilin@ whut. edu. cn).

D D N N N N

2015 FEGHHENMREXZE)S#H5]iL 3L TOP10

WXEL

al

10

Faklr, dbh, B, e, R, RE. BEEBRMEERAMRER] IHREIHR S KE, 2015, 52
(5): 1109-1126

Wang Jiye, Meng Kun, Cao Junwei, Cheng Zhihua, Gao Lingchao, Lin Chuang. Information Technology for Energy
Internet: A Survey [J]. Journal of Computer Research and Development, 2015, 52(5): 1109-1126

ki, SR, B ERE. BFAAMERBZE SN B RRE A EERL ] IHRAIR S LR, 2015, 52(1): 177~
190

Zhang Huanlong. Hu Shigiang. Yang Guosheng. Video Object Tracking Based on Appearance Models Learning [J].
Journal of Computer Research and Development, 2015, 52(1); 177-190

FooH, BHAEE, KA, e, Bl EFAFRANEMIANEERZSHBEREL] TENAR S LR,
2015, 52(2) . 456-474

Wang Yuanzhuo, Jia Yantao, Liu Dawei, Jin Xiaolong, Cheng Xueqi. Open Web Knowledge Aided Information
Search and Data Mining [J]. Journal of Computer Research and Development, 2015, 52(2): 456-474

Boiti, WA, KR, BTE. FEE. ETOHARENSRIES XS EERE R TR R S LR,
2015, 52(1): 56-65

Duan Jie, Hu Qinghua, Zhang Lingjun, Qian Yuhua, Li Deyu. Feature Selection for Multi-Label Classification Based
on Neighborhood Rough Sets [J]. Journal of Computer Research and Development, 2015, 52(1): 56-65

FEBAE, XIMERE, A, k. ETHEEEMNEMBRAREANGTARUI] HENFR S KR, 2015, 52
(3): 718-728

Tang Chenghua, Liu Pengcheng, Tang Shensheng, Xie Yi. Anomaly Intrusion Behavior Detection Based on Fuzzy
Clustering and Features Selection [J]. Journal of Computer Research and Development, 2015, 52(3); 718-728
FF, B, U, BET. ETRBENERNENEEMREZRE XL MEIHF S5 LR, 2015, 52(7):
1510-1521

Xin Yu, Yang Jing, Tang Chuheng, Ge Sigiao. An Overlapping Semantic Community Detection Algorithm Based on
Local Semantic Cluster [J]. Journal of Computer Research and Development, 2015, 52(7): 1510-1521

REW, SR Tk, g BEFPCMWAXBBEERSEERRER] HENIR S KR, 2015, 52
(2): 343-361

Wu Zhangling. Jin Peiquan, Yue Lihua, Meng Xiaofeng. A Survey on PCM-Based Big Data Storage and Management
[J]. Journal of Computer Research and Development, 2015, 52(2) . 343-361

FIo, XIZZ, XIHE. THSWAXFRXSEEXRMBI]. HHEVFR S5 KR, 2015, 52(5): 1029-1035

Qin Bing, Liu An’an, Liu Ting. Unsupervised Chinese Open Entity Relation Extraction [J]. Journal of Computer
Research and Development, 2015, 52(5): 1029-1035

PRt . XB\AMESEBIEEH . ITEHIT S KR, 2015, 52(2): 333-342

Chen Shimin. Big Data Analysis and Data Velocity [J]. Journal of Computer Research and Development, 2015, 52
(2): 333-342

SR, AVS SRR MR AR ARE MR SR HHEIMR S KR, 2015, 52(1): 27-37

Ma Siwei. History and Recent Developments of AVS Video Coding Standards [ J]. Journal of Computer Research and
Development, 2015, 52(1). 27-37

B SRR CSCD, h E R0 M s G811 H #1:2016-12-05



