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Abstract: Social network recommender systems combining strong and weak ties and interests are proposed. First,
social relationship sets for customers are built based on the strong and weak ties, taking into account the breadth
and depth of information transfer. Then, based on the association rules to improve the state transition probability of
the PageRank Algorithm, the modified matrix is capable of measuring the social closeness between different
customers more reasonably. Meanwhile, aiming to increase diversity and novelty of the systems, the similarity of
interests between different customers is considered giving them the weight of voting in the candidate projects.

Finally, the candidate items are scored and Top-N filtered to obtain a recommendation list. As is shown in the

experiment results, the algorithm is more reasonable and effective than the reference algorithms.
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N=10 N=5

’ / MAE RMSE MAE RMSE
1.0 0.0 0.634 0.244 0.591 0.322
0.9 0.1 0.615 0.239 0.566 0.313
0.8 0.2 0.602 0.236 0.551 0.308
0.7 0.3 0.590 0.234 0.538 0.303
0.6 0.4 0.597 0.235 0.544 0.305
0.5 0.5 0.608 0.238 0.558 0.310
0.4 0.6 0.623 0.241 0.576 0.317
0.3 0.7 0.646 0.246 0.604 0.326
0.2 0.8 0.658 0.248 0.618 0.330
0.1 0.9 0.669 0.251 0.631 0.335
0.0 1.0 0.686 0.255 0.651 0.342
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PR W], FEHERE N BOE E D95~50 1 AT O T
¥ a AP IEEN BRI DS R A AFZIIDS N AP B
PESEI A B 2R — ELARAL TR, BEE A
KGN, FAEIE KAWL 5 X FLSRIR2 0 41 [ 5 A
HEFE A B D I AL T UK ARCT, 7T A& BB HERE A
KPR Ty, EC ] S B P T R K, LR



3

TR, 55 - 45 SS9 I AR AT R AR 152 D0 2% 77 Bk 45

AFPIRF A R R ). F T UL, RO 6T B SR RS
AL, AR AN B AR P i A SR 1))
R T A, BP9 55 VE RN Toe) B
2, MHEREAN B 2 I, LA [ 3K R, R HEDE
SRR BRI E A S5 R T S E K INH . A
SCELEFNNS F A3 1 4 (B 3R AR T i T P A R
8 7 TH 22 00 BT A RE KT, FEHERE N B
NS~A0ANE, S LSRR I A R R A A SR,
HEFENHOR T 40, A SCEE I A [ 240 T HoAth
3ol b, LS, e 2 A0 [0 30 2 R W AR B
FI, RN H B3 HE i e M e K SPRUIG, (R FL
BRI M RE KPR A] AR B B4, 5t b, Uit
ANECNSOANI, A SR A BRI 3 MR HERE A
5y 782407 TRI1348 6, 1H 2, 5 b VL3 HI e i1y
1Ay RO B S AN, BT AL A [B] A RE R I BE AR
ST £5 EFTIR, A SCEIELE A [ 277 T 1 14 e
IV A A R R T 7 T S A 0 2 T 4
XS FAN RN 2% 7 R 38 S 25 e A3 1 7 6 L 2 U
MIITH , A0 T — a2 P e i 1R 4 1 7 55 L 7%
LFI0 B i e P B AS TR RE N .
008 F o stk
= PR g

0.06 o it 1742
0.04 [ xﬂtt%«%%

..........
.............
......

""""""""""
-----

Recall

-----
-----
""""

0.02

0t . . .
0 10 20 30 40 50
HEF A

El4 TEEENEEELL

Fig.4 Recall comparison of different algorithms

KIS B, FEHEFE N E0E BN S~50 1B L T,
AT B F-measure H IR I A 41 45 5, RIASC
SREAUR LS LA PR RE KT T 0] B SRE 2R b
L3, MASCRIEAEHESE N OB L 254 1), HERE
HCEA T XS Lk

012 o i
- R

0.04

2 008 | MHEE2 o ey
z e RS e e

O P

9

..............................
........
------------

0k

0 10 20 30 40 50
e A
5 AEIEXAYF-measureXttt

Fig.5 F-measure comparison of different algorithms

g BTk, BT 10 H A el AR i Y AR TR
ZXE P Z AR R R I RS, BT AR 2 14 R K
FRIAYF s H T4 G PageRank H. 75 )i i L H
H— AR N AR X H G — M KA R %
FEFE R SIAH R 1), ot THRS , 5 3L AE A TF.
Bk, oA Al 2K — BRI, dE 5 520 H 1 G
s FETH P I el ARk i, PEHESE I H HUsU D I,
HRINFFA KRGS, 1 RA U HEFE D H B 2 1), AT e
T HEEE PR R FRAIC 1 b a BR ] A i Sk 110 70 T 52,
T RIKSF . AR SR IE Ik S IR T B A B
& TR Z IR A R R, IR T &
Z (BRI DS R AF ARALLEE , e Ab, ad Ji st s 22 N 55 Bk
R PFIAEAE R R A BAN, BERIL T & 2
[ A AHAARR FE , A B AN 78 1% 7 E o Bk Z ik
Z A5 2, R, 7EHER % . A [B] R F F-measure
EHES R A BAERI, JCHE A HERE R H 2 1 5.

3 4FRiE

FEAT B BRI e AN EL IR P |32 2 e f) e
A PR AE T O % P PR N R H B30
NEEEL I RN, ASCR I — R SR gk R A
PR AT PR AR RS,

N T BSUEASCR IR S 5 BRI A R
W A SC Sk S5 PageRank B2 36T F P (1 Bl
SRR AL T (ol SR SR AT X b S
B3 HT, PG TEFRE I AHERS 2R | £ [2] R A F-measure{H ,
SRS AE R, A SCEIRRITERE AT R IV AE.

H TSRS FR R BRI, AR FOME LA BUBOR R4
PREEHEAT MG, PRI, X6 R E 56, A SCRAEA R fE
HA — 8 AREN R BRYE. eAh, A SCIRSETHRI S5
Kl ) 7> N ZREEATIRA S, & B 0 5], i i
SR GRS HaMBI A &, R T
B TR, — B SRS, F R AT it
—HIL.

S K

[1] DAKHEL A M, MALAZIH T, MAHDAVI M. A social re-
commender system using item asymmetric correlation [J].
Applied Intelligence, 2018, 48(3): 527-540.

[2] VAN S M. Supporting people in finding information: hy-
brid recommender systems and goalbased structuring[M].
Netherlands: Enschede, 2005: 16.

[3] RECALDE L. A Social Framework for Set Recommenda-
tion in Group Recommender Systems[C]//European Confer-

ence on In-formation Retrieval. Aberdeen: Springer, 2017:


http://dx.doi.org/10.1007/s10489-017-0973-5
http://dx.doi.org/10.1007/s10489-017-0973-5

46 PR T K ¥ R 36 %
735-743. bels [J]. Journal of Computer Applications, 2013, 33(8):

[4] YANG X, GUO Y, LIUY, et al. A survey of collaborative 2273-2275.
filtering based social recommender systems [J]. Computer [16] CHEN Z, JIANG Y, ZHAO Y. A collaborative filtering re-
Communications, 2014, 41(5): 1-10. commendation algorithm based on user interest change and

[5] RICCIF,ROKACH L, SHAPIRA B, et al. Recommender trust evaluation [J]. Microcomputer & Its Applications,
systems handbook[M]. New York: Springer, 2011: 511-543. 2010, 4(9): 106-113.

[6] MA H. An experimental study on implicit social recom- [17] ZHANG Z, ZHENG X, ZENG D. A framework for diversi-
mendation[C]//Proceedings of the 36th international ACM fying recommendation lists by user interest expansion [J].
SIGIR conference on Research and development in informa- Know-ledge-based Systems, 2016, 105(5): 83-95.
tion retrieval. Dublin: ACM, 2013: 73-82. (18] ARER, XIHIHE, E 7. 22T H 9 A 72 5

[7] GRANOVETTER M S. The strength of weak ties [J]. Amer- AL THEHLR AT, 2019(6): 1-6.
ican Journal of Sociology, 1973, 78(6): 1360-1380. XUJM, LIUM Y, WANG M. Microblog recommendation

[8] RAPOPORT A. Contribution to the theory of random and method based on extended interest of users [J]. Application
biased nets [J]. Bulletin of Mathematical Biophysics, 1957, Research of Computers, 2019(6): 1-6.

19(4): 257-277. [19] ZE7KAr, B, 5K s, T PSR 75 A 1 4 58 ) 2% i it Tt

[9] NARUCHITPARAMES J, GUNES M H, LOUIS S J. Friend W7D B AR R, 2017, 20(1): 64-74.
recommendations in social networks using genetic al- LIY L, LUO P, ZHANG S R. Link prediction in social net-
gorithms and network topology[C] /Evolutionary Computa- works based on decision analysis [J]. Journal of Manage-
tion (CEC), 2011 IEEE Congress on. New Orleans: IEEE, ment Sciences in China, 2017, 20(1): 64-74.

2011: 2207-2214. [20] SINHA R, SWEARINGEN K. Comparing recommenda-

[10] FERRE, RAE R, BhE:, £ R MR B A& A tions made by online systems and friends[C]//In Proceed-
155 98 2R BIBT FE[I]. A&, 2016, 35(3): 125-130. ings of the DELOS-NSF Workshop on Personalization and
YIN X C, ZHU H M, WEI J, et al. Identifying weak ties Recommender Systems in Digital Libraries. Berlin: Spring-
with value of dissemination in online social networks [J]. er, 2001.

Journal of Intelligence, 2016, 35(3): 125-130. [21] e, XI3C3F. 3T Markovid F& i W 2% 15 45 P74k 16

[11] ABRAMO G, D’ANGELO C A, SOLAZZI M. The rela- [3]. DY) R A 254 (LR R R), 2015, 47(3): 101-107.
tion-ship between scientists’ research performance and GAO Y, LIU W F. A dynamic trust evaluation model based
the degree of inter-nationalization of their research [J]. on optimized hidden markov process [J]. Journal of Sichuan
Scientometrics, 2011, 86(3): 629-643. University (Engineering Science Edition), 2015, 47(3): 101-

[12] NAEGELE L, PLATH C. Weak ties get you in the job, 107.
strong ties keep you[C]//Zeitschrift Fur Gerontologie Und [22] HEM, shgim, i 7. 2SBS0 T % E (G
Geriatrie. Heidelberg: springer, 2018, 51: 151-151. T R 52 0 DR 25 0 9 [0]. 1B B2, 2017(4): 68-73.

[13] LYUL, ZHOU T. Link prediction in weighted networks: GAN CM, ZHONG Q T, LUO T Y. Factors affecting trust
The role of weak ties [J]. Europhysics Letters, 2010, 89(1): formation in the context of social commerce [J]. Informa-
18001. tion Science, 2017(4): 68-73.

[14] ZHU B, XIA Y. Link prediction in weighted networks: A [23] NEPAL S, PARIS C, POUR P A, et al. Interaction based
weighted mutual information model [J]. PloS one, 2016, con-tent recommendation in online communities[C] //Inter-
11(2): e0148265. national Conference on User Modeling, Adaptation, and Per-

[15] ktG3C, Eunde, sk Ok, 55 FE T IR P AL bR 25 sonalization. Berlin: Springer, 2013: 14-24.

I RHER T3V ], VLS, 2013, 33(8): 2273-2275. [24] ARNABOLDI V, CAMPANA M G, DELMASTROF, et al. A

ZHANG Y W, YUE L H, ZHANG Y F, et al. Friends re-

commended method based on common users and similar la-

personalized recommender system for pervasive social net-
works [J]. Pervasive and Mobile Computing, 2017, 36: 3-24.


http://dx.doi.org/10.1086/225469
http://dx.doi.org/10.1086/225469
http://dx.doi.org/10.1007/BF02478417
http://dx.doi.org/10.3969/j.issn.1002-1965.2016.03.022
http://dx.doi.org/10.3969/j.issn.1002-1965.2016.03.022
http://dx.doi.org/10.1007/s11192-010-0284-7
http://dx.doi.org/10.1209/0295-5075/89/18001
http://dx.doi.org/10.1371/journal.pone.0148265
http://dx.doi.org/10.3969/j.issn.1001-3695.2013.08.008
http://dx.doi.org/10.3969/j.issn.1001-3695.2013.08.008
http://dx.doi.org/10.1016/j.knosys.2016.05.010
http://dx.doi.org/10.3969/j.issn.1007-9807.2017.01.007
http://dx.doi.org/10.3969/j.issn.1007-9807.2017.01.007
http://dx.doi.org/10.3969/j.issn.1007-9807.2017.01.007
http://dx.doi.org/10.3969/j.issn.1007-9807.2017.01.007
http://dx.doi.org/10.1016/j.pmcj.2016.08.010
http://dx.doi.org/10.1086/225469
http://dx.doi.org/10.1086/225469
http://dx.doi.org/10.1007/BF02478417
http://dx.doi.org/10.3969/j.issn.1002-1965.2016.03.022
http://dx.doi.org/10.3969/j.issn.1002-1965.2016.03.022
http://dx.doi.org/10.1007/s11192-010-0284-7
http://dx.doi.org/10.1209/0295-5075/89/18001
http://dx.doi.org/10.1371/journal.pone.0148265
http://dx.doi.org/10.3969/j.issn.1001-3695.2013.08.008
http://dx.doi.org/10.3969/j.issn.1001-3695.2013.08.008
http://dx.doi.org/10.1016/j.knosys.2016.05.010
http://dx.doi.org/10.3969/j.issn.1007-9807.2017.01.007
http://dx.doi.org/10.3969/j.issn.1007-9807.2017.01.007
http://dx.doi.org/10.3969/j.issn.1007-9807.2017.01.007
http://dx.doi.org/10.3969/j.issn.1007-9807.2017.01.007
http://dx.doi.org/10.1016/j.pmcj.2016.08.010
http://dx.doi.org/10.1086/225469
http://dx.doi.org/10.1086/225469
http://dx.doi.org/10.1007/BF02478417
http://dx.doi.org/10.3969/j.issn.1002-1965.2016.03.022
http://dx.doi.org/10.3969/j.issn.1002-1965.2016.03.022
http://dx.doi.org/10.1007/s11192-010-0284-7
http://dx.doi.org/10.1209/0295-5075/89/18001
http://dx.doi.org/10.1371/journal.pone.0148265
http://dx.doi.org/10.3969/j.issn.1001-3695.2013.08.008
http://dx.doi.org/10.3969/j.issn.1001-3695.2013.08.008
http://dx.doi.org/10.1016/j.knosys.2016.05.010
http://dx.doi.org/10.3969/j.issn.1007-9807.2017.01.007
http://dx.doi.org/10.3969/j.issn.1007-9807.2017.01.007
http://dx.doi.org/10.3969/j.issn.1007-9807.2017.01.007
http://dx.doi.org/10.3969/j.issn.1007-9807.2017.01.007
http://dx.doi.org/10.1016/j.pmcj.2016.08.010

