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Research on Collaborative Filtering Algorithm with Improved Similarity
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Abstract Collaborative filtering recommends and predicts the target user’s preferences by using his neighbor user’s
preference, The calculation of similarity is the key. Traditional similarity calculation ignores the affection from the co-ra-
ted item number rated by common users, and their average similarity rating. That causes poor similarity description
among users in case of data sparse. In this paper, we proposed two factors to improve the traditional similarity calcula-
tion, Meanwhile, the collaborative filtering algorithm was improved with the improved similarity and it is applied to film
recommendation. Simulation results show that the improved collaborative filtering algorithm based on the improved simi-

larity can get a lower MAE value than the traditional method, which is helpful to improve the quality of movie recom-

mendation.

Keywords Collaborative filtering, Pearson similarity,Co-rated item, Movie recommendation

.l ke

=]l

m}

FEEEREMAE R ARNAE LR, BRI BEaRE
SRR M, MM E MR R ETERMNATE. &R, &\
SRS B L B, AT 53k B O RIS A s B A B 5%
FBEMHNMNERE, FEHPEREEEEBERUE EER
AR, A L H P N EEFER PR REEAIBE SN
BB RXHENEEEE NGBS HNENE, FHi,
WA EREE RSB EEEREREE,

ATHERAPBARBEHHTERNER T, EshAH#
PLEEAE W B MATB AT ROE L R R LN A4, B3
AR EEIRX—EMEENE RN T EZ —, H#E
RERRERAPBHERTR LT REES, RA—EW
WEBELNERAP AR, BRCERESE SN HE
HEE AERETARNEE ETHRSGENHEE ETX
BN RS . KB TR RIS N A&
Tz W —F, B 5 R U A oL i B AR M2 Tapestry R
g XA RGEEE R Xerox A FFE PARC WBFR P45
St E MR,

SEFETHNESR . BEEMTNERITHEESR, R

PR H#1.2015-10-13  iR{& H3#1:2016-01-25

1S AT 8 FE R P BB S BARA P RARLUR P,
) PRI 648 100 PR X 35— 7 o B TR T BT 4 58 P P Y
FHHW ., REEEEL HETHE Gtem) K RS EAET
R Cuser) B B3 RS 8  SEAR 2 TSRSk R AT U )3 BB A A,
PIERXBIETET item HLIEFEET user MBI ML H#E
. AXEEFRET user MIUFN RS EFELE.

2006 4R B9 Netflix KFFEMBHERE BB IR BB,
X L FOR U R R R T R E RS REHEE
BN A TR B, KB T IEH AR . Fad
YouTube %3 R FE ISR SR EIT & BB, /T IR
HEHEREAERF MG ERYE, ASOHEIA RS HEE
R b XA R AT OGH , $8 B A P SRR R4 TR
B PSR IE B T R B A BME AR B B T B O
B B EIE T RGO R UNR I IR R A T e
BAEFEGR T,

2 HUEMHhEEEREE

2.1 fegthEITREE
EWFTEEES, 0T X B P R, B RN A
PR R BAnH P 8485 RSB8P 8 268 R

A ZEREARRFE S (611630660 % E),

F BQ990—), 2, W+, BB A EARIE I R, E-mail: skylir@163. com; ZERAZF(1970—), B, 84, RIS, TEMEFEBEL
RN R BBSC3R (1975 ), 5 A #4% , R BB A [ M EHLESE E S,

> 206 -



Wiy, B 3SR MAMUETE SER kS
MBI, AR REGR S, RER R 0P ITS
BIARRUBE R AT, K P RUEH B R E T user R I8
BHRMBLES . B ILAARMUE TR A K5 (COS M
BE \Pearson MU E B IERIX(ACOS) $H LB 45, b AH {3
HEFEEBEEETMEN, B —F P rE 5 E 63E
SHER—A T BRI R A P 2 [ A B X AR T
FEEVEEERITE R P Z R A, B ER T
Wi R R, B P RO B B8 B B SRR, 5 508 -
B B34 56 AR BERR B, R R AR T O B SR B 2 8
K. B, BEREREARBI TRERBEIE T ALE
HBRERZE, John S Bree Z ARE T HEAETIHRITY
A SRR TR FH P B A AR DU s MS Shang R T —FP T B
MUETBE Y, XWREAE—ERE Fiksk THMUER
W& ERRFEE—EHIRIE

FEAEGMBUE B T, Pearson MUE M THASHE
fEEHEFIEWET A, RERAXnRX DR,

Y ui—r) (i — 7))

i€,

N G X [ B =
Het, r FREP u XHE i 0384, r. BREP u XA
PEM LT B B3 PE5 s Lo B R P w P v S FPES IR
HES,

Pearson M E— AT HEARNCETRARENE
FRE, CHBEE -1, 120, ER 1 MR
BT EHEETE BT,

2.2 fRGHREIETTHE TS R RIERA

BEE T AL AR, F P BRI B ERBR K, XS5
AP EMTERERE. LROECETREFEERD
2B ZN A, BERREIED R TRARBEFIEER
BiESEE. TEMNFEEBSERUTRA,

D AR B SoHAE UE R

SHHESEFLETTE T LUE R, WA A P # T4 IR
H,M#ERESFRERERS. TRERSTHPHAEN
1%0 (EHEARBRAELE ., 0% 1 F5IMHEP T ERE
FI| FE 5 Pearson MMVEHER S w SAF w FIAF v #
MOUE. EWREHP w AP w (UF 2 N 3EFEF2 I
B, WHEM w MAF w H 4 MRS E, BFE55E4HE
ST simQuy s us YRR T sim(uy ). SRR, w 5HAF us
f) Pearson AL BE{L N 0. 9683, P wy MR P w. BIMEMLIEE
H 1, BRRNEH,

sim(usv) =

1¢9)

£®1 MHPWIERE

I L - L 1, I
uy 5 3 0 2 1
uy 5 0 0 3 0
ug 4 3 0 2 2
uy 1 2 1 2 1
ug 4 5 4 5 4

2)F#PF5y
e B BIAR L 8 , A0 95 Pearson Fl ACOS # &1t H ™
AP P RSY B R AR PR S, T BN T B R B

ZR WA RESA -, REBBSEITMER
AL LR SN XE—FIERL . F 1 FF, B w M
P us WPFSr R4 H1 R (1,2,1,2, 1) F1(4,5,4,5,4) , F F
Pearson H{ER MW R E sim(u, us) =1, {HMFES E
BHP w XXFANTABRRBER, MAS o LEE
K. AEGEARBE T 58 % BB A R R S B T AR U Y R
WO REBIEXFARE M,

UL b % 16 R it 2 05 B B ™ R A 1B M R A ™, (7B
ERA AT 5 B R BB 50t B P (A B9 AR o, R AR
THERER.

3 ETFuufMENthEZREE

EGARBIRE H B T T H B P A B R R 8 T 3L
TEAMIH B ESME, (B R R BRI R BRI R ER R
RO TR . B G G M BB T BRI ST, AR SCEY
AR B FEE T U T ILA .

1) B A BB 5 B JR L R4 IR B Hoxt B A AU 4
B, A% ORI REA T B o5 F LR B R mE F .

2) B AR B 7 B R R P B ot A R Y B
W , 25 SO 134 B TRl B T

3) B RIS AR DL BE B B U B e B HE AR B 1 45 3R
Z(MAE W% S S 7 BB AR
3.1 HEFSHEAY

FER P IEMERE R, BT w o w BRI R
e F o BITEAYTR BB BIR N F0 N, , 8 L RIS
W B R n, W n/Ny ##2/ N, BROZ LB K. BHIFHHEE
FFEIFATR B &P E T B 8 S A S s g B
TG . T FRAES % N =N, B RITE LK
ERFVEATER » 5 N, BLF. LR, AXFIAR
B8 IE B T RIEA T E 5 F R, o), iR (D PR

R(u,v)= (2

max{(N, ,N,)
H o FRAS u F v BIEEESIR E 8, N, Ny 4515
TRA w0 v BVESYIR B 3R B, T o o B8 AR fOLBE
R R AN T v BB AR (DL BE AR ARG
3.2 EHES
SEXTRRBERCRE T AR LB TR B 0 (R A, B A
AR LU B 78 . Herlocker 25 A 32 H 1 B — 52 i B (B2
KA IE A P SE RN B SRR, BN, 24 BRI 50 B,
SET P BRI n /N T 50, U1 B SRAR DL BE T LA A8
EEF 2/50, 4R n kT 50, WA B KA, B A X
Ry EE REBIEIE 7 B/MES T BMBLUE ., Tanimoto R¥%
58 T8 TE P P 2 D 3 S0 1 B R K R 4T T B R VR A
30 1 AR, BB B P T A M . InZER
()%, R BRBIE T A MEE SR % R4 T E
B8 B BB AR WA S B P X A BT B P4
25, FEilt, AR AP IESEROBERT. 3IAE
B dGow FIGRR o fl o MEBEA LR, HETE

MR,
d(u,v)=% 3 | rui—rai | (3

i€

IW

¢ 207 -



b, FRAP w M H S, LERAS « MoK
HEEAT B, n Fm AP « f v BFEREITS T E AR
dCu, ) BRI A 1 P393 4 22 F R, TR AR
BERARAE . MEEFETFAE T pGu, ) KW PR

9
PO =TT 00w 0

Horb, p MK AT P« v BREARAR (DI BE RS, p BR/D U P
u v BN LS.

A B HHBERTF R(u, ) plu, DEEE%E T Her-
locker, Tanimoto FAIRLBE T3 18 IE [0 , BESE £ T B IEAH
BB REE.

3.3 ETHiBRUENEIREE

G b R iR B AR U B ST B O ik R T P [ 3L FR)E
4335 B 8 TP EAE R R M E LT A R BRI T8 7
BEA TR 7 H B R PR A AR 5 W R AT L R R TP
SEAERERBABFRT , SR AR UE T 7 R
Mo B B P A AR U , AR HE R R A VR R FEIR . A
KB ERT Ru, 0 H plu, w £EE R T IFFIF535 H
Boad el R R P S PRy 22 B X AR BE T B B B R, R I R
LA R B BRI R B L TR R BT R ITEAR
AT Y (5] B L 19 BB A DL BE T B R NSim (e, o) 1K
GYFim:

NSim(u,v)= sim(u,v) XRGu,v) X plu,v) (5)
Her, sim(u, v) RIEFEHBETH T,

W EGE AT E SR A RS E M AT ES B
B #EFESARETRCEMEUE N RS EEREREE. B
BRESBROT,

DFMARGOHE AP R FBLLE.

DFFALFE DR EFEERHAPOSERIE. 8T
Tl

HFHLRE A LT B f5 P38 B e
P (6) B

> sim(uyv) X | roi — 1y |
vENu

pu.i =7 +

(6

E stim(u,v)
vEN,

Hep, po BRI u XTE ¢ BUMNIESY, re BARFP u

FXgI5T Ny FARRF uw BISBIE P 88 sim(u, ) RN P

u Fl o BIARUBE , o RN o XETLE { BITF4S
DBJFRIEIED K= L.

4 ZBRERBIN

4.1 iRk

ALK A Grouplens $t #) MovieLens ¥ £ R G 5
B, Movielens BiEEH 3 MAREIEAE, A ARG
RS, BEESEE 943 ZAP XY 1682 FHEE K 100000
FVES SESEEN 15, 8MH P ESTRSR 20 BaE .
BARSEEMET 5 XFYIGEFMMIRE , YIGRE MW IRES BN
ul. base.ul. test & u5. base,u5. test, & X Y| Zr e T4 2
RN 8000 20 0Kk RY . BEEERMAFEHP 1d,
B 1d.¥5r FE St (Al

« 208 -

4.2 WfERAE
AR AT AR (MAE) Ri+ B R RE, X T
RERH—ANAP « FIRE i, 4 r RSP « BIHE 8

SCBRITAY » T 7o SR A 1 4 1Y B T4, M MAE 58
AR B

MAE=-3 1 ri—rus | %)
ni=o

Hep,n REETN SRS ESH /D, MAE RELITE
P BNIES 5 ELES AR E R BB T AR,
i MAE {H#/), 7S RO R, EERERE.

4.3 HELERIL

A0 R SRR Y 5 APV MBIE R S BT E
BEIWRAE , #1550 U Rl MR vk 5 2 T O #E A8 00 BE £ P R it i
BEAE R =R R .

B 1 AF B ul. base FEATINER, R ul. test #4T
MR LRGSR . BEAAR 4R FE F 7 B KD, AL SR SRR
AERE R 5.9\ BAR 8 MAE{E., Il 1 Fin, EARFLSSEH
FERREILT . RAASCHAEUE THE ik, MAE B8 8 /)
F Pearson, COS, Tanimoto BIAEIEE B . HFM#HEERN
MAE {E#:f5 4t Pearson BB EE AR B, HE S EH P
B R E MR, K M4B AP HCh 5 af, MAE
MR B, KT 4.6%.

‘The comparison of MAE of one dataset

10 20 k) 50 L) 70 80

Neig;oborsize
Bl RE—%aEE MAE Xt

Bl 2 Jyxt 5 XN SReE M AR A B AT I 2 R 8]

HIRARIRE RS LR A BE RN T MAEH. 0

Bz pm, RERERAREMBEESE N ARBEEY
MAE RE{RREEAR Y, FHREIR T 1. 9%,

E“ The comparison of average MAE of 5 dataset
w07
20.6
2os
<
g(M
20.3
& 02
5
g o
< 0
o1 D2 D3 D4 s

B2 AFEFEETY MAE EXT L

MFEERPAUTLUEYEE R, 5 plu, v) WES
ARMCLBEHEAT O , 18 2B R B D IR I B vk , R LR A 3
BEEREP, it N MAE AN FREFEEHERE
NBREAREEENER LA —ERGE.

GRE DRALBERELSAMETEIRESBEAS,
FEAIFRSBRE B P X BRI B M2 R T R . AR
SR GRLE T E T AR R 18 8525 R A P IR RITEA TR

(F4:% 240 7O



(2]

(3]

[4]

[5]

(6]

[7]

(8]

Park J,Kim B L. The school bus routing problem: A review [J].

European Journal of Operational Research, 2010, 202(2); 311-
319

Dang Lan—xue,(fhen Xiao-pan,Kong Yun-feng. Review of School
Bus Routing Problem; Concept, Model and Optimization Algo-
rithms [ J]. Journal of Henan University ( Natural Science),
2013,43(6) :682-691(in Chinese)

2L, HANELZE BREREAERBREERRIER
L. R R 2240 (B ARBI2ERRD 1 2013,43(6) - 682-691

Zhang Fu, Zhu Tai-ying. Optimization Design for the School Bus
Stations and Routing [J]. Mathematics in Practice and Theory,
2012,42(4) :141-146(in Chinese)

T RERE. KEI A REHNRART ] BEN TR
#1,2012,42(4):141-146

Kinable J, Spieksma F C R, Berghe V G. School bus routing-a
column generation approach [J]. International Transactions in
Operational Research, 2014(21) :453-478

Xu Wen-long, Li Xiac-juan,Gong Hui-li, et al. An algorithm for
school bus optimal path planning [J]. Geospatial Information,
2011,9(4):67-71(in Chinese)

VIR /NA VB IES, H BREBRB RN ERD. il
[E{E B.,2011,9(4) :67-71

Dang Lan-xue, Hou Yan-e, Kong Yun-feng. Spatio temporal Nei-
ghborhood Search for Solving Mixed-load School Bus Routing
Problem[J‘]. Computer Science, 2015, 42 (4); 221-225 (in Chi-
nese)

HZ2FRER, L. B2 18R TR 8RR ZE BE A2 R R4 4 18
RO AR, 2015,42(4) . 221-225

Kusuma S, Anan M, Gerrit K J, et al. Heterogeneous VRP Re-
view and Conceptual Framework [J1. Lecture Notes in Engi-
neering and Computer Science,2014,2210(1):1052-1059

(9]

{10]

(11]

[12]

[13]

[14]

[15]

{16]

(17]

Ripplinger D. Rural school vehicle routing problem [J]. Trans-
portation Research Record: Journal of the Transportation Re-
search Board, 2005,1992,105-110

Ke X. School bus selection, routing and Scheduling[ DJ. Canada,
Windsor; University of Windsor, 2005

Thangiah S R, Fergany A, Wilson B, et al. School Bus Routing in
Rural School Districts[ C] // Proceedings of the 9th International
Conference on Computer-Aided Scheduling of Public Transport.

Spring, 2008:209-232

De Souza L., Siqueira P H, Heuristic Methods Applied to the Op-
timization School Bus Transportation Routes-A Real Case[C]/
23rd International Conference on Industrial Engineering and
Other Applications of Applied Intelligent Systems, 2010, 6093
247-256

Park J, Tae H,Kim B I. A Post-improvement Procedure for the
Mixed Load School Bus Routing Problem [J]. European Journal
of Operational Research,2012,217(1),204-213

Vidal T,Crainic T G,Gendreau M, et al. Heuristics for multi-at-
tribute vehicle routing problems: A survey [J]. European Jour-
nal of Operational Research,2013,231(1):1-21

Penna P H V,Subramanian A,Ochi L S, An iterated local search
heuristic for the heterogeneous fleet vehicle routing problem
[J]. Journal of Heuristics,2013,19(2).201-232

Hansen P, Mladenovic N. Variable Neighborhood Search: Princi-
ples and Applications [J]. European Journal of Operations Re-
search,2001,130(3):449-467

Dang Lan-xue, Wang Zhen, Liu Qing-shong, et al, Heuristic Al-
gorithm for Solving Mixed Load School Bus Routing Problem
[J]. Computer Science,2013,40(7),248-253(in Chinese)

R ERUED. S —FRBESERERRNEEREE
[J]. HEHLIAIE, 2013,40(7) . 248-253

(E#% 208 ®)

H & F EC A0S 290 3 B B0 ek b AR DUBE 38 0 ok 19 B —
HEHFELER L. FEERRW, ZERFYLER T &
GOARMUE T3 5 A2 RO HE R 45 SRR vl Y o R 5 K5 i3 35 0
EERERRT BB TRREERE,

(1

(2]

(3]

[4]

(5]

2 £ X

Goldberg D, Nichols D,Oki B M, et al. Using Collaborative Fil-
tering to Weave an Information Tapestry[J]. Communications of
the ACM,1992,35(12),61-70

Herlocker J,Konstan J A,RIED J. An Empirical Analysis of De-
sign Choices in Neighborhood-Based Collaborative Filtering Al-
gorithms[ J . Information Retrieval Journal, 2002,5(4) ;287-310
Breese ] S, Heckerman D, Kadie C. Empirical Analysis of Predic-
tive Algorithms for Collaborative Filtering[ C]// Proceedings of
the Fourteenth Conference on Uncertainty in Artificial Intelli-
gence, 1998.43-52

Shang M S, Zhang Z K, Zhou T, et al. Collaborative filtering
with diffusion-based similarity on tripartite graphs[]J . Physica
A Statistical Mechanics and its Applications, 2010, 389 (6).
1259-1264

Resnick P, Tacovou N, Suchak M. Grouplens: an open architec-
ture for collaborative filtering of net news[ C]// Proceedings of

240

[6]

7]

[s]

(9]

(10]

[11]

ACM CSCW 94 Conference on Computer-Supported Cooperative
Work. 1994:175-186

Wang J, de Vries A P, Reinders M J. Unifying user-based and
item-based collarborative filtering approaches by similarity fu-
sion[ C] // Proceeding of SIGIR. 2006

Li Hua, Wang Gen-long, Gao Min. A novel similarity calculation
for collarborative filtering[CJ// Proceeding of the 2013 Interna-
tional Conference on Wavelet Analysis and Pattern Recongni-
tion, 2013:14-17

Wang Wei-jie, Yang Jing, He Liang. An improved Collaborative
Filtering based on item similarity odified and common ratings
[C]// International Conference on Cyberworlds. 2012:213-235
Lee HC,Lee Y J. A study on the improved collaborative filte-
ring algorithm for recommender system[ C]// The 5t Iternatio-
nal Conf. on Software Engineering Research, Management and
Applications. 2007 ;297-304

Zhu Xu-zhen, Tian Hui, Cai Shi-min. Personalized recommenda-
tion with corrected similarity[J ). Journal of Statistical Mecha-
nics Theory & Experiment,2014,2014(7)

Sun Hai-feng, Gan Ming-xin, Liu Xin, et al. Review on domina-
ting websites for movie recommender systems[]J]. Journal of
Computer Application, 2013,33(S2):119-124(in Chinese)
e, & & % BB EERR N 5IER
(10 $HEBLEE . 2013, 33(52) : 119-124



