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Hybrid top-N recommendation method based on social user tag

CAI Meng-song, LI Xue-ming, YIN Yan-teng
( College of Computer Science, Chongqing University, Chongqing 400044 , China)

Abstract: Aiming at the cold start user problem of tradition recommendation system, this paper proposed a hybrid top-N
recommendation method which combined social user tag and collaborative filtering. The method obtained trustworthy user set
through social relations. Based on user personalized tags, it applied a structural-context similar algorithm named SimRank to
generate the similar neighbors set, which was used to generate predictive ratings. Finally,it combined the predictive ratings of
traditional collaborative filtering to provide the recommendations. The experimental evaluations on all users and cold start users
dataset demonstrate the proposed method outperforms the collaborative filtering approach in terms of recall and precision.

Key words: recommender system; collaborative filtering; social network; personalized tags; cold start

0 3

il

HIR P K A5 B SR K AR T A2 RS (recom-
mender systems ) /)37 W o WFIER W, 7656 F BT 1 45 (0 B4
BT P AR RS DI E AR S 1% ~
2% " o P R X R S5 v N I L R R
D2, TR P AR SR AR IR . 2 P R e — A T
T B Bt 38 SR top-N HERE A

Ffi5 Web 2.0 ) &8 438 45 B 228 A AMTTAE TS 9451
T, NI IR S AR 3 HH I O 2R 74 347 48 4 3 B ), Facebook
Twitter S541 32 [t R B IRAS T B R RL) . B F k38 M 4%
PR PR ERR, T HEA B2 AT 8 (iR s &£ VR
TIAER) | B A 5 K m] R 0 15 2

D)3k 9 AR T R o 30 E RIS R , X 45 R
1) B R AR A A T A M L (R B A A — S DL 58 4 e 11 1)
Ve DRI S € T e I O A R = L G S S 0 B
BEa R, B2 — 8 TAE SN R P bRt P e
PO AT N A DT TSR AR . (HUR X BT R R AR LRI
PrRlaS g gy kAl Ly AR, 2 T H P Z B R, MAE
RS AR TG, — A B4 A ) LA R R 1 T BORS B, T
RS A A6 R 0 AR B A L S M 25

H B 4 — SR TR 56 RS S U Rl e dh A 47
WnSCHk( 7,8 1 FH A PR AT 56 R A EEAE AT %, SR B LT &

WrRs BH: 2012-09-06; f&[E AHA: 2012-10-27

TRILAE A UM IR U D gk R I ) 3o U S e P (ERAAX
MAGAER AR LU, 80 % I8 B AP 18] 1947 Lo 3C
FREO T el PP 52 56 AR SR U P AR SR PR 45 P[] i D8 3 05
PEATHIEFE , % BN BEA AR AF (948 T, (EIE 2 17 X v% )i 3l )
AR, HBEA % IS B S P BR T 5 R SN AL ST R
SR o SCER 10 A FTAEAE 56 A6 A 20 it 05 i 1847
A A TARGFIRCR  (ER L A B A S P AT 1
SBAL IR R X G Bl R o

P, ASCHR T —Fh T AL P AR B 5 top-IV HfE
FERE o ARDCH) EETTERANE

a) XS BR800 v U Bl BOR A P T A, B T — A
REAESSIETE S B BRANES 5 1) top-N HEFE T3k A R AP

b) BT Bl kE S HERE T i, MR R AR AL S 45 P g
IEACEREE K 5 R B 0T 7 %, eI A

o) BF XL A HELE L W I 3k U A 4 77 45 R i 25 R R,
T — PR AR AL SR T

1 BETHZRAARER top-N #F %

S A ) (2 T R (0 D[R] i 98 o H AR
BEAT PN E S I 77 HE AR 5 b) FEAE S R 451 5 AR 4 FH P A+ 52
1108 AR A8 48 £ BEAT B 73 36 7= A HE 4 5 ¢ K
X7 A B B 45 R A5 57 A A AT H

EL£TWH: BRAAXMFALTF A (61103114)

EBER N R (1988-), 8 L@ it A, LA A, LRI T @) A A5 R 4% R IEIE R (abscasey@ gmail. com) ; =5 8 (1967-) , F , &
R 3R, EZAR Ty 6 A RABASAR A S F AT (1987-) , B LA R A, T RAFR T @ A HABIEH LT R 5



- 1310 -

WA N R A R

% 30 %

1.1 EFRPHHELIE top-N #E
FEF R PRI PR R Y top-IV 72 08 1 L R

SEF PR s P AR BEBGIT SRR 4 PRI A>A F:
774 top-N T H o
1) & %R

M o T R PR A U =y,
I HEG N 1= 10,0, 0, sr, RN
XFHE © AT (AN SE s PP AT ) S P AT i
IR O3 i AP T8 H BAT A T AZRIR S —A> moxn (R
icHh R,..

2) T PR AL

THE PR 5 32 8 DL AR X AR A LB IR FRAH DR 2R
B A SOR B R BRASE R BT R T . P w R
v JERITFN I AT 1, WA w F o Z A AR S

. ; (ru,i _;u)(ru,i _;('>
sim, = Stuyp (1)

\/ig; ,(r""" _;")2«/1'5; (r"‘i _;")2

Hoer, JERP w XIH @ 5, r, R P v B4
VeI R] A0 08 S A AU P A8 K A 200 P I 4R R
U(‘O

3) AT

PEBPE A e (1 N, AT H A UERRSE R, X HARF
He AT B 43 B 7,

Xoet, el @im , XM

re .= . . (2)

zel/ Elﬁlm »

Horror, R uw XEHH i Bﬁ%ﬁu PEOY, U JET u YL 4R
%simcwzewﬂxizﬁFFHF u Al v FARBLPE
1.2 ETFHEMENERE

FETHEZE M2 P bR 25 4 17 ) 2 2 RUEUR AR AL 23S P 4%
TR PR KA P A AR, (8 A B AR AL T 5 i
SimRank 553 4% H H AR P 09 AT (5 A ARLE 4R 4R , SR )5 X i i ik
FFBIITESY
1.2.1 AxEL

AT E L AP ZE U AR CRMEE, B8 THP
B EERR AL T — N E RFEE ML, ok, #1538
TP &= — @ WP AT R, NS AR AR 2 5 45 oM A 5%
WIRREAREE , S ebR s AT AL FH F (34 22 3 P
8o ARSI DLAE A P26 1 T P AR 28 X P 6 R O S
KR

EX T MEAARE . RO S0 MdFr) B AR L
AT P B PEA ERGR EF FE FT BAR A, T DL
fAT LAY SR, 40 80 JF A LB AN

EX 2 AFAEEE. #EAC M & v 5 P o0k Hoft P 45 4T
TR ICH tust, BIUEN O ~ 1, AP ACX A WEFEEN 1,
XF A A AN AEEER Dy 0,

EX3 fFEHEETF. FA AL g E X E N
R BTV I A f A A B A A ) T 2% B0 S 9 A A 38 0 R 7
(O <p <), WA o BB b WIREEN B, WA o F1b 1Y)
fEAEE trust(a,b) '

EX 4 FAPEEE BERPEERFWAERPM

(5] JEjfl U,o

ty ooy, | T

1.2.2 Fikfgk

FEAE K I HERF 2L BRI T

a) A P EAESES U o TEAESS M2, WH B3 P w
&R B S (breadth first searchs, BFS) -3k 75 #i
BIP w1 ~ kBRI EEES U R
7S B PR IIS AR N Zid 2 24 NBIAT LS RaAE N7 4
WEAR PSP R R 6 I AR AT wrust 238 0, BP u® {52
RN, BRI IR w (B0 0.5, BRREEA & A93E 0, 38 2 /) P 4

23 TR0 T {5 R 3 0, U] 23 SRR Y AL B A H )

AR LR A UL R IBOREE kA 3,

b) AR PR E A RIE T AR %, T LK
FH P AR I —A> R W 1R o A3l A SimRank

BT BAGEARRUE
%X\E;%§§i§?§§2\\\
#TA 1 b4 1, B2 1

F 1 M —he% i

SimRank 5395 & 2002 43 T i 1 4544 1% I R 3C (structu-
ral-context) [ HE L PE T #2 H A9 o SimRank 47 3 35 F X RE 1Y
B < PSR T Aot 4 315 A R A X A 0, D0 53¢ 4
S A

AT EAR A EEE B AU B SimRank 3™
ﬁﬁu TR, WA R - AN SR WA P 43 B A AR R FR A, U

TP FH P AEARL 5 20 SR 0 A 2 AR b A2 AR ARLA FH P, T3
PIARZEAR L. AE Al 1 ) 3R, s A P& Ny, Fids
ARG N R o BARRE o, MR IN— S5t P a 610
BRS¢ IO EL . FIP BARSS A IER n F A 5

trust(u,u') x Cy 101 101 ,
Spe1 (u,u’) —m Z g,l S, (Oi(u),Ol-(u )) (3)

62 ()| L)L

St GO =0Ty T & & SO0 @)

Jeofram EHIEARIOVA 0’ € U trust (') FoR P u A u'H9
(FEE 30 () BT AT u B 140 Coutoneighbor) 4545, B i
T 61O 4 510 () | B8 P w06 1 40 A8
0, (u) % w (BN HIARIE (1<i<10(u) 1) 11 (1) FRBRE 1 HIA
40J5 (in-neighbor) 44, BT A7 35161 1 0P P 445110 | 9275
B ¢ Y ASBRAEG (0 H 1 A A IS (1 <e<1T(0) 1)
C.Cy JHHAEO ~ 1 2Ji].

WA RA T S (a.b) 2 a=b 1 S, (a,b) = 1,750
0. AUESCHRL 13 ], 23 079 U e AR 80 BV T 780 1 R 9 ik
G KL T FEAREIRO I w A v ORI S, (u,0) i
Jg sim, o AP FRAL w SEHR K, A SEI AR DU P i 0
4% U,

o) FHSTBIMIE Sy IO 55 B 9 N, AT F A R 5
Reo AFEURITIP w He/A s T RS AU BREA 7,
AFVES LRG0 N, F et

r, = v - (5)

.
u,i er[ lE,Slm .

Sorfrr, SRS, U, REATASE A r, RFTP 0 1TIE




%5

A, R TALZOR P ARS 4934 top-N 5 7 %

- 1311 -

S sim, JEHZERL F 450 SimRank 53 1A E1 G P o
Ao BYARLTE Ss (u,v) o
1.3 RAEMERE
T DR L v D AR B HAR P w i K, A 4R
P IR N, B9 A 28 R o AR 45 75 1244
B K A EGTABIHETE D N, DIH RS I R o KX P
G A HATHESRR , LR top-N 55 RER N
R=R,+R,-RNR, (6)
Horb R BN BN W A2
N=axN,+(1-a) xN, (7)
a 1E 0 ~ 1 [7284E , RIXEFREAERE RN K o, 1] L SE
Plb Il PEAHERE AR N, BATSSHERE RN,

2 SLIGTfh

2.1 EWigit

SR ACM 55 5 IRHEFE RGER 2 A TP Last. fm K dfs
4E . Last. fm(http ://www. lastfm. com ) J&— A~ SRALZS Rk, FH
RN AR B TR 0] DA ZAR AT ARTE, 7 A Ak b2
FHuT LIS A AT IE 3l B AR 1 892 I,
EORBIEL 17 632 2 2R, 11 946 At 1 271 &
ZWKFR PR 13.4 DAL A 98.6 IMhR%E, &
NERZEHS. 3 AP YT

Last. fm B4 46 PO SR AT AT B BT BT
I3 o ASTOREFH PR ARG W WT YR 45 A 18] H 3 3 A T 52
B S350, s T IO PO R GRRIC IR A S Ak
PbRaE . S 56 Hod 56 23 S IR 4R A0 I 4, L bl 2R 4 o
90% ,MIREE i 10% oSBT REI> PSRy, 1 SedPAl A SC
Tr AR R B B RIOCR ARG TER IR ST P 50%
RS LS, FErp R P AT BT S AN PR R
SRS SRR O T IR S A6 P ACR, AR SCIE IR N B
50,
2.2 R

Xt top-N HFEFEZE A PEAL , A SO A (] 56 (recall) Al i
1% (precision) H KE Tt , 71 15 RIEAR 222 £ B KGR 400 v i
WM AR MEZ — . 1968 4l Cleverdon #2 i} I — i ]
F4HM,

A I ZR R IRAEAFH R AR T P I 4R b S B 1B X
Gt RS A T P SEBR R X SR LG, AR R
T I RCR B

recall =N, /N, (8)

HER AR HERE ) 22 AR T P I3 4 v S PR e 00

L) R R R B T

precision = N /N (9)

2.3 ZBRERRSH
2.3.1 —HHMEEHRTHE

B, RS BN o« (E7E[0, 1] (A JF H K, 55 K, 7>
HIAE(0,50) A3 b HEATHERE . A [0l R B o ASfL i 2 dn ] 2
PR e — R4 TAE o {2 0. 85 I HUR S AR, R WITE
— SRR P PR T R R R WA B e S B IR a
IRIEARDECK, T 4 S A I AR R K, g 3

Pl 3 2R A [l R 7 foe A8 R A 2 ] v i 2%
SRR T P U AL SRS TR K, =4 I K, A2 ABHY)
REHER: AL K, =3 I K, AR A A A [ R AR 2
HiPE 3 Al UL, 23R A HERE P f ol A8 RO K, B K, ks A
I, FLAS AR AR TAE R TR

036 = r s e s
035 1= 105 = ki S i 4 4 17

A

3 032

03

0.1
0-26070.1 0.2 0.3 0.4 0.5 0.6 0.7 08 0.9 1 05 10 15 20 25 30 35 40 45 50

aff Fe T A8 A~ 8L
B2 A I o L CEWEEICE 17E Si
A i 2

& 4 FoRUERR 2N P Bl BB £, [RIFERT L
F i A NRCRE TS — k.

2.3.2 RN P EEE KR

Felg 2.3, 1 o GEATER R . N8l 2 BOR TR A Sh Ak
BN a2 0.6 B £ [l 3k ) ey, BIRBITEYS ) B8k
PEAR T B2 R A1 38 4 4 1 EL ) PT AR i AR, R K, =3,
K, =3,

A 1] R SR AR OB AL R B 5 s . B iR 4
TR P U A AR RS HERE AR K, =3 B K, AR TR
GHERE TE K, =3 B K 2L B IR A HErE 0 3 | A8 Al 26
HE 5 7T LLE W, %8 SR T DRl DO 32 R
SN 38 A TR A T AR R S RO

0.35 -

0.3

025 )

¥ H

= 02 g

& &
0.15
0.1

0.05
0

05 10 15 20 25 30 35 40 45 50
IR AR KL

5 10 15 20 25 30 35 40 45 50
5 3 484K

Pl 4 o R B A o 40 Fs FER S S Bdn R
B At £ 9 10 24 il e 10T 40 A KO i £k

MR AR Bl B B AL R AN B 6 B i 181 6 1T LA
TR BRI AR R S P B AR R R —E

FEm.

0.02
0510 15 20 25 30 35 40 45 50

Sl S8

Pl 6 A2V IR 3l TP BCHE 4 T o 2% i 5 0 4 > B0 A th 2%

3 HRiE

B A AR I RGHE e, A SR R TE 25 TS 2 T2
N o B PR M1 8 SR I AS 2, AR SOFI A 22 I 465 v
FHF 56 3R BA MR 25 B AL G Rl it DR B A T IR A HE R
SIS R AR SO R RS A SR A I Sl ), B A
Fitt, A s F P AT TSR SR BOCE AR
FR4s, DAt — 25 52 SRR (F#% 1344 77)



- 1344 -

Wt E R R R

BRI, (AT 55 0 B ) B A B A, 3 Ak B
TEA R B AR A e A R B (DR AT 45 MO, il T R
BRI B PR 3 B AT 55 B B i 1 22, v LIAR 25 5 e
FE5I| SMD BB AR JE AT WA 09715 ST 55 A DR 355 LUK IR,
HFHFRREL LT, ST 554 T 04T 55 5GEA E) 300 4~ , HAT
SRR LA RM BLR & T 15 AN A 40 8.

0.3 . 0.8 —eoumsmm
0.25 —o— SMDE: ® 81 % A SMDSRE
0.2 B 06
0.15 ;ﬁ 8’:51
0.1 3
283
0.05 o1
0

50 100 150 200230 300
E%%@ﬁ
- 1T 6

0
50 100 150 200 250 300
H:%%ﬁ%

FE‘J%%%

4 Z5RIE

AR SO A ) 20 A% Ak PR PR T 4 S S N R () R R A T
SIBTRIESE , AT 32 5 52 A S I 28 46 v g Ak 3L 285 R T 5 B o
IRERSE I RGEM TR BT SN T —FoB (4 56 T MST Ji b4
(8 AT 55 ShAS N 7 i R vk o Ik i % MST JE R 9
FEPEHEAT 08T AT 55 3 0 o — A IR AT 4, Ml 2R
% P& EARAT IR T] AT 55 18] B4 G 2R BAT: 55 1) die Ak 0L
MR, ShA N 7 08 AL 55 2047 S R 2, SEER 2
FW A BRSO BT i A sk ol B0k AT A ¢ &
MCEA FITER S AT 55 SR BEAT IR, He 2 22 it RM 3303k 75
AL BRAS A R B AT 55 % % R W I L A b bR A BT B .
AR AR B GAE T8 B AT A AT 55 4R 9 i O — OB B9
3, ABOR — R 1 3K i o 2 B A998 5K, AR 7 1
BTN HIER

%30 %
B2k
[1] LIUCL,LAYLAND J W. Scheduling algorithms for multiprogramming

(2]

(3]

[4]

[5]

(6]

(7]

(8]

[9]

[10

[

in a hard-real-time environment [ J |]. Journal of ACM, 1973,20
(1) :46-61.

LEONTYEV H. Compositional analysis techniques for multiprocessor
soft real-time scheduling[ D]. Chapel Hill: the University of North
Carolina, 2010.

CHETTO H, CHETTO M. Some result of the earliest deadline sche-
duling algorithm [ J ]. |IEEE Trans on Parallel and Distributed
Systems, 1989,15(10) :1261-1269.

MOK A K. Fundamental design problems of distributed systems for
the hard-real-time environment [ D ]. Massachusetts: Massachusetts
Institute of Technology,1993.

BRANDENBURG B B, ANDERSON J H. On the implementation of
global real-time schedulers[ C]//Proc of the 30th IEEE Real-time
Systems Symposium. Washington DC; IEEE Computer Society, 2009 :
214-224.

BARUAH S K, COHEN N K, PLAXTON C G, et al. Proportionate
progress: a notion of fairness in resource allocation[ J]. Algorithmi-

ca, 1996,15(6) :600-625.

ARAt, R4 RIS S AR B TR TR A A T].
LR K FR, 2004,38(9) :1597-1600.

LOPEZ J M,DIAZ J L,GARCIA D F. Minimum and maximum utiliza-
tion bounds for multiprocessor RM scheduling[ C]//Proc of Euromi-
cro Workshop on Real-time Systems. [ S. L. | ;: IEEE Press, 2001 :67-
75.

FERK,FRI. ML S RBNAESHEREL
[J]. &tk 54R, 2010,21(12) : 3211-3219.
EH, RV, %4028 5 Fif sk RS o B A kAR [ 1], 3t
HAAEFE, 2007 ,34(1) ;272-277.

] A Y A

(E#% 1311 ®)

SE 3k

[1] LAWRENCE R D,ALMAS G S, KOTLYAR Vet al. Personalization

of supermarket product recommendations [ J ]. Data Mining and
Knowledge Discovery,2001,5(1/2) .11-32.

[2] McLAUGHLIN M R,HERLOCKER J L. A collaborative filtering algo-
rithm and evaluation metric that accurately model the user experience
[ C]//Proc of the 27th Annual International ACM SIGIR Conference
on Research and Development in Information Retrieval. New York:
ACM Press,2004 :329-336.

(3] +7§- KRB R, T8 AR ST R

%.,2009,26(11) :4001-4005.

[4] ZZF, 244 AT TagfethFlid
HLILA2,2011,37(14) :35-36.

[5] F%&,5& —fMithREERASBHFMMGH L E[I]. L
AKFFMR: THHR,2012,42(2) :11-17.

[6] #d@d, s EFRXFoeiai 2aamall]. 3 em,
2009,29(6) :1585-1589.

[7] JAMALI M,ESTER M. Using a trust network to improve top-N recom-

gk [J]. 3 SEau e A AF

S-S R e I R

mendation[ C ]//Proc of the 3rd ACM Conference on Recommender
Systems. New York: ACM Press,2009:181-188.
[8] LI Rui-feng,ZHANG Yin,YU Hai-han,et al. A social network-aware

(9]

[10]

top-N recommender system using GPU[ C]//Proc of ACM/IEEE Joint
Conference on Digital Libraries. 2011 :287-296.

ELEFTHERIOS T, YANNIS M. Product recommendation and rating
prediction based on multi-modal social networks[ C]//Proc of the 5th
ACM Conference on Recommender Systems. New York: ACM Press,
2011:61-68.

MA Hao,ZHOU Deng-yong, LIU Chao. Recommender systems with so-
cial regularization[ C]//Proc of the 4th ACM International Conference
on Web Search and Data Mining. New York: ACM Press,2011 ;287-
296.

[11] ADOMAVICIUS G, TUZHILIN A. Toward the next generation of

[12]

[13]

[14]

recommender systems:a survey of the state-of-the-art and possible ex-
tensions[ J ]. IEEE Trans on Knowledge and Data Engineering,
2005,17(6) :734-749.

SEN S W. Nurturing tagging communities [ D ]. Minnesota : University
of Minnesota,2009.

JEH G
[C]//Proc of ACM SIGKDD International Conference on Knowledge
Discovery and Data Mining. New York: ACM Press,2002 :538-543.
HERLOCKER J L,KONSTAN J A, TERVEEN L G, et al. Evaluating

, WIDOM J. SimRank : a measure of structural context similarity

collaborative filtering recommender systems[ J]. ACM Trans on In-
formation Systems,2004,22(1) :5-53.



