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Abstract; Collaborative filtering was an effective technique addressing the information overload problem. Aiming at the me-
mory based recommendation suffered from difficulty in scalability. Model based recommendation had a multitude of parameters
to train conducted a study, thus this paper proposed K-means user clustering algorithm based on user characteristics. Then, by
using distributed collaborative filtering framework mixed with item based and user based collaborative filtering to train a model
to every cluster. The experimental result shows that the proposed algorithm can greatly improve the recommendation precision.
And solves the limitations of model based and memory based recommendations to a certain extent at the same time.

Key words: collaborative filtering; user characteristics; clustering algorithm; distributed collaborative filtering framework ;

model

0 3|

il

IR R PRGEUR R R T B {E BT R,
Xof A T ek AR R, ADAS B A RO R B OB R Y
o M RGNE N — T SR D 5 v5 1P 7 T RRJECY
BRI E o PR BE (collaborative filtering ) 1E R b FH e 12
IHERE SR Z — BRI T (5 s 7405 B R B0 B A5 3 P
W o AR AL By U ), Bp I 3o 9 ST LA 53 O 6 755 Y
(model-based ) [ Fl1 % T N 7 ( memory-based ) (1 Hp 5] 33 &,
BT A I B ) 1 SR T RS T P VT Bt £ R TR T
Z G EARLEE , 485 E AR P D 4 e AR BLAY K> (Top-K) JH
PR RRERR AT P 48 BAR P MR e . ARTEAHRIPEXT 42
AN, T P AE (9 U TR) 2o 98 SCRT DA 43 o R T P Cuser-
based ) Ppflid g > R F 50 F ) (item-based ) P [l i 3§
BT AR DI R] dek s S AR 8 I N i BRA A o P R
BEHRAE S T A3 H AR P HERE 45 R T A4
AR TARK M v 4 vk [m) 8, [ P R0 H A RS 1
I, T AE R DR L e AR AN A e FE it R 4 0

ST AR U Rl A ) 2 , e TR B ] 5 AR
PP BRI GRS — AR R AR Sy B AR P 3547 B

Wi EHE: 2016-03-07; {&EIHH: 2016-04-28
B (#4122 1598019-6)

D= AR o X G rp R AT AR R DB R (naive Bayesian
model) 777 LT HE B A g B Ay 3 BB AT ( probabilistic latent
semantic analysis) "*" &4 RS AR A5 Y () A5 5 1 4 A% ( singu-
lar value decomposition) ") 382 (clustering) M 1021 &
AR A T AR R A WA 25— S T A I T4
AR AGTAU R 1 ] LS AT R L 1 o ) PR AR e g 3, [] o
G f AR SRR 3 8 P 030 i 2 P, R T X e 114 1] 2
TR B80S % H BBk B A DR , 7 4 SR fik
ZARGF I AR o ) I AR (1 B [ e ke T AR 10 AR Bl
1 TR, B B RN BEAR G LA B L 5 BURETR AL
2%, MAMERIY TR A

R TSR R G R B A RE T A I R TR AR Y I
REEPIREO A A SCHR i SR AT RIS ] K-means 572
P B8 AR S E RSN BEAE B 4020 b ) 5 B AE 2R A 55
gl & 5T HMEET AP k. 55— 2540 3 2 T3
FURIEE T 7 18 J5 Bk B0 TP X000 H 3953, SRR TESE — 20
FIFAPIRN 7 2k B 25 R0 A RN 2 — AL

1 HXIE
ST A AP R] i 0 32 200 WA <) AR A Top-N & 5

EE&WH: /O TEHAMFELEZBEEREFTHM A (kx201106) ;2015 57 HAH A X A

EEB M L (1963-) , F TR R MA B, FE, TR T A RKIELE AN ERLE 27 K(1989-), B, MEHR A, £ 25
R T 6 A FAEAE IR AR F T (zhchengguangbing@ 163. com) ; 8 H-52 (1977-) , 4, #4%, A4, T BHF R F @ AWl 4 B 2% 8 45 (1990-

), B AL A, BB F @A HIBAT R



- 1048 -

it E R A B R

£34 %

FIbR P BORRARUR 7 8 LT H 4 5 b) ARG 2D 3R a) 945
RAEATI
1.1 EFAPKHETE

FT P n IR i A H A P 2 B R A R i 4
ARARUT P B 3 H AR AR T P S A Al P P i i 223 i
TR, 5 bR FP AEABLBE R 3 14 PP X S 45 73 14 5T
BRALRAR R AR o H AT B BRAT IR BE T30 07 1 A
F2 IR BRAE & HH (DL BE ( Pearson correlation coefficient ) M 4y 8% ]
LB ( cosine similarity) "> F1 KK B I 5 ( Euclidean distance) , 4%
SRR TR ARRLEE & =X (1) iR

Y (rg-r) x(ry-r,)
iel(u)NI(v) (1)

\/igz(g‘m(u)(r“i —r)’ N/iel(u)zmm(r” -n)2
Horpros(u,v) RR AP wov Z A5 F B R 2R AH 5 2 500 AH 1
B I(uw) Za AP w B A S BE G 1(v) ZRm AP o 7F
43 T A E%%E”L SR w XIE RSy s P
v WIE © ES s, o A RN P wow R IH LT
S¥IE.

IR P AU AR Top-N 138 HARF P u i3
WABRES N, WS w X RIESTH @ BHNAE 5N
Y (ra=r) xs(u,0)
veN(y)
2 s(u,v)

veN(y)

s(u,v) =

P(r,) =r, + (2)
1.2 ETHEMHEILE

BT H Ao ) 8-S T P A e R s AR A, B
ANid P 2Z2 1) AR RE A 4 Ay T H 2 () AR . AR B R
FHRARMRLEE & X (3) PR o

S or, Xr,:
weligpy 7Y

s

wel(y

s(iyj) = (3)

2
Zrlj

wel(j) !
H s (i) FomTi B i Z R ZAHRE; U, Fom T X
H iAo P &S U, Roa i a Xt m e j A1 17455 1)
HP A U) RN E g A mHPES

R 22 BRI AR Top-N 755145 Fi i 5 F
L EGESREES Ny AP w XERIEAIE @ TS 5
= (4) B,
Y (ry-r) xs(iy)
JeNG)

Y s(i)

JeN(i)
Hodter, AN IFORTTH i g 7EHTA P ARSI (L
DA PR B R S T AR R DI R o, 2 MR 1
AU AR ORCR . BB R GRS R AR, K
I P2 PR 7 B P A SR 4, TR I R
W T AT SR

2 WRAEB

R AR P AE R DI ) S 20 TR0 % AT 7 R [ A, AR S
P& AR P B HFIE 2 T K-menns B2 I SR8 528 T80/
H P Gad R S ARG B T B0 (o), A SO T —A
S35 U R EHESR , T LA R Bl A 3 300 H 3L+ P 1
[ 38 , B TER R P N Zh— AT | AT fie e A5 25 3 2
FEEEA o), ASCHR BRI 1 s,
2.1 ETHPHER K-means B2k

BT AP AT 32 P R ERZ A, P I RREAR 2,

P(r,) :’7*'

4)

P AR PO A o B ANTE AR E Il L 5 P PR R
SRS VERLEE Lok PR R I A G F o AN TR A
ES R NGRS IO TV S e = s e D A SR B Na A 5
FINE RIS o SRR 22 B0 HERE 9 0l 7 BEATHE A7 I R 22
S BRAIE . AR SO So e g 19 3 5t T s £ R M
A7 AL 5 S8 AR A e RIS DL 20 6 96 14 I P 2 s iy
B AR R4 UF = {ulie 1,2, m| ,m JRIEL,
Hrpu, = 1{f1jel,2,,nf ,n HEFR L 5512 H K-
means FIELH RS . BRI AT AR K 36, i R4S
RATLIFIRR C = 1 C,, Gy, O | o AR SCRR 8 R FR B B R A1
W P PRI — . BRETAEUNT

(R (R [EEE] - [
Fl AXBERE

Bk ETHSHHEN K-means R 1L

A B U, BENHK,

itk BARA P U, e R REM .

a) MR PR E i 2 L e K A P A 1 A R

b) PRI AW I R B K AN O R R A B S 0
TR T T E B RE R

o) BASFH PR E 2R TP I — A5 SR AR PR R A RO T
MEE R =S, TR EAA RO

o) G0 SRET  JR  45 J R 4 5 22 TR R Bk A — R
R B, Sk TR AR b) ~d) .
2.2 HTthEITIRIES

Cacheda % A\ EJ2H H 15t , 36 TR R4l AE LI 1 —
EFRIE D AR 1 ARG P R] 3 08 32 T e 4 ] ™ SR A 1) A, i
ZMRA AT LR T R O 1 O Sk [ i B wia
DERLAY RIS, ZEASTY p i H — Bl S R HE SRR 235 H A9 IR
AL BB T P ] B S A T A R IR A, T AT A
RO P 285 K-means SIE RIS HETAAG . 1EAE
RIS — P AR SO ZREE R S 37 38 SR 1) T 0k ™
A RN ZR A 20 S A 3 5 T 300 L RIRE T 1T 1 100 e
0, SR 5 AR VI R0 A FT00 R BT AR L P 58 S UE K 46 b ik
AT IR, K 0000 e K50 A 1) 2 SR DA 5 — A I DI R B8 5 25
TR MR D IR NG AR T RGRTT A H IR
e B P o e SON SR — U sl 5 55— 20 h i il
00 e K™ A A T 45 SR SR 2D N R
221 F—FER

A 5 P e SUREIE g 75 2R T A A A
Bl o 5 R R 17 UG BV 2 R R B IR
BRI B O, PSS j 0 R, FR 004 R 0%
PR R ER R DIAMA AR Bl . R, BT SONN 2R %l
ifif R PO R AR . 4 Py FOREET T B S50 oA,
Py R FET I H R B sk . A SCHIEN(S) a2 — 2 il

TRyep-2 = 1Py (r) ,Pi(ry) , (r) Irg e Ry j=1,2,+,51 (5)
Horfror, FOR— MKV 53 Py () FoR 5T P A T9000 R 2500
rMTIUEL: P (r,, ) FOR B350 H A TR RSO r,, AT .




% 4 1

FXW,F AT AP HAES T RS R

- 1049 -

2.2.2 H_FIEZE
AR AT — 2D A I R B o B T
AT B 0 pR AT PR Rl o SX(6) DRl e A
LG
P(r) =0 xPy(r,) +6% xP(r,) (6)
Horp P(r, ) FoR Gt RS TS (1 T s 5, 00 R 0 2R
FETF I FHE TP A T EL I o5 A
H A SCHY ) REUEAT S B ) 8 S, R R P 1] U A A
Bl IF R BT AR S A AR AR B, i DUAR SCHY [ e 4
FoR A (T) B B9l 2R AR R, o 6 S A Al
BRI TR oy BRI RER N (7 r ™) FORES b A5
FEAR
1 Raep-2!

min(;? (67xF =2 st 90 20,0 =0  (7)

EEF] 0= (9(1) ’9(2) )T,x(k) _ (P[;(r(k) ) ,Pl(r(k) ) )TO jﬁiﬁjéﬁﬁ
FA% WY H 3R KT 244, ff 45

- bd
0(1) ce
¢ —ab
g(») —cd-ac (8)
&t —ab
0" 20,6 =0
{(9(” =0
(9)
o =&
b
{e“’ =0
(10)
0(2) _ ¢
b

Horfia= $PL (P ) b= P ) se = SR (R P 5d
J J J
— ;r(/) Pv(r(/) ) je= ;r(/) Pl(r(j) ) .

3 WWIEMMEXTH

31 HiEE

SRR R A J& MovieLens 24 T804 48, i &t 40 75
943 AFIFXT 1682 FRELEZAY 10 5 451 F 4010 % , I HAaEA -
F/XF 20 FARHLEZ A0S o ASSCILE IR T D R BT
FURFERR B EEEE . b P RERE B sk 1 B, A
SCHEIR T = A R AR L R L 4 R R R R L
B{EIE 2 age(1 ~3) .gender (0 ~ 1) ,occupation(1 ~8) , ff K-
means R 5 FEHLBALTE —AFE B9 23 Kbl 80% FHAO
GR4E ,20% SO AE .

# 1 MovieLens $ia sk JH /44T

JE JE kAR JE TR
user id H P 4 occupation FH PR

age JAP &l zipcode HRE A
gender FF

3.2 MR

A% SR 4 %1525 (MAE) U Ry 515t 2% (RMSE) Sk 3
FEBAE . MAE I RMSE /), £t 3 500 RS 12 8 45X
(11) (12) R,

SIP(r,) —ryl

MAE =% ————— (11)

RMSE = (12)

Horp PCr ) RFR T w ST H @ TR 53 5, Fm P u
XFIH @ 9 SEBRAr s N FRR AR I R/
3.3 EIRGR¥L

R T B A SCHR R R A R BT T 3T i B IR
113 (IBCF) JEF350 H ¥ Py [l 2 i (UBCF) 56 F T P R AiE 23R
AR T P A 3 R 3 0% ( FUBCE) | 9% 1 T P RRAIE 2R 26
TR BT I00 H i P [F] 30 9% (FIBCE ) FIAS SCHE i 19 96 P
TER T3 A6 Wb IF) L DEHEZE (FIUCF) XS L 5200, HeAiX
RIS 5 38 IR UETE Movielens 344 F4EE47 100
WAL, G it -4 RMSE #1 MAE 41 2 13 fii7R. Cacheda
25 NI 3 S I 45 HAE Movielens $di 46 1 38/ \ AN 55
AERG RN R A5 8] LA T b AR S 286 R i
WE N,

82&%

~+IBCF

-=-UBCF
FIUCF

—FIBCF
FUBCH

RMSE
0000 memm

Soblolo
N -

k=5 hl‘gigk}.:bl‘irk;ﬁﬂsﬁﬁk:m
B2 RMSEXH
Py PRI AR, AR SR 95303 R T ALY B8 R A R
TA{E RMSE HIl MAE A BORAY$& 5, A SCHe Hh A9 53035 19 1 fiE
PERARGIHER T . AR, X TR i e B R
HERA I PR TR 55 W, PR SR P AR AR RIS R G
1815 U IR i D HE AR 25 B — S SRR Sk — R, il A 0
R DR IE A AT TR A R AT BE TR, AAIET 2 A0 3 i) LA
BT NAFRIHERAPE RE BLO0 T 2% TR B B HER S, (] -t 36 Uk
TETIH P RS SEHEA P RE AL T T T A B Rl g
ASCREFT T A2 s AR S 2 T 000 H 9 3 7]k 9 (1BCF)
AR T . WA 4 B, O T ERFEAS [R) A RE AL J3E 5
TEAE IBCF AR, st T =410 Hese s, Bk T BUR 7R
FASARLE (PCC) B YRR U8 JE T A 52 AR (CS) B Bpl)
IEANEE T RR GBS (ED) PRI g di P 4l R, 25T CS 1Y
PRl A T HADPIR R R Tk . BRI H P
SrBZESE AT BRI T 40, A I TR

0.86
0.84

042
08
078 —— |
076

ED
0.74
0.72

i k=5 k=10 k=15 k=20 k=25 k=30
ighbourood size

neighbo

E3 MAEX}H

k=5 k=10 k=15 k=20 k=25 k=30
neighbourood size

B4 ARFEMAELUEFEMAE EXTH
4 ZERIE

AR B S HE T PORHIE SR 2R S5 T RILER 25 ) 1 D7 125 il
BT FIRE T A B R i 2 A — D AR I R — A
B AROR MR = 1 SR A HE PR RE , [ e — E LR ok T
PS8 A S VE T I ) T 7 PRI R, SR T 24 SR 2R W) 0 i e 4%
NI R BORBEA GG I, AR 5 1 R, &
BOEGAERER TR, S AR b B X ander B S SRR %L
TR B4R IS
B £
[1] Patra B K, Launonen R, Ollikainen Vet al. A new similarity mea-

sure using Bhattacharyya coefficient for collaborative filtering in sparse

data[ J]. Knowledge-Based Systems,2015,82(2) :163-177.

(T#% )



- 1054 -

it AR R AR

£34 %

[6] Green KW, Inman R A, Birou L M, et al. Total JIT (T-JIT) and its 39(11) :2564-2577.
impact on supply chain competency and organizational performance [15] Liao T W, Egbelu P J, Chang P C. Simultaneous dock assignment
[J]. International Journal of Production Economics,?2014,147 and sequencing of inbound trucks under a fixed outbound truck sched-
(1):125-135. ule in multi-door cross docking operations| J ] . International Journal
[7] Ryan S M. Capacity expansion for random exponential demand growth of Production Economics,2013,141(1) :212-229.
with lead times[ J]. Management Science,2004,50(6) :740-748. [16] Shi Wen, Liu Zhixue, Shang J, et al. Multi-criteria robust design of
[8] Huang Kai, Ahmed S. The value of multistage stochastic programming a JIT-based cross-docking distribution center for an auto parts supply
in capacity planning under uncertainty[ J]. Operations Research, chain[ J]. European Journal of Operational Research,2013,229
2009,57(4) ; 893-904. (3) :695-706.
[9] Chao Xiuli, Chen Hong, Zheng Shaohui. Dynamic capacity expansion [17] T4, %P A THEEWMR A ERZELUNT iRk
for a service firm with capacity deterioration and supply uncertainty #[]]. 2% 1425 £ ,2011,31(7) :1230-1239.
[J]. Operations Research,2009,57 (1) :82-93. [18] Kaneko J, Nojiri W. The logistics of Just-in-time between parts sup-
[10] Alvarez-Socarr S A M, Berrones A, Moreno G J, et al. Practice sum- pliers and car assemblers in Japan[ J]. Journal of Transport Geog-
mary; enhancing forecasting and capacity planning capabilities in a raphy,2008,16(3) :155-173.
telecommunications company [ J . Interfaces, 2013, 43 (4 ) ; 385- [19] Schittekat P, Sorensen K. OR practice—supporting 3PL decisions in
387. the automotive industry by generating diverse solutions to a large-scale
[117] 6, % &5, 3 ;. BHREEIRBE B ED R 2524 R T location-routing problem[ J ]. Operations Research,2009,57 (5) :
A7 ARkt 5 oA [J]. @A % $4R,2013,16(6) : 22- 1058-1067.
34. [20] Jr Reeves K A, Caliskan F, Ozcan O. Outsourcing distribution and
[12] Chuah K H, Yingling J C. Routing for a just-in-time supply pickup logistics services within the automotive supplier industry[ J]. Trans-
and delivery system [ J ]. Transportation Science, 2005,39 (3): portation Research Part E. Logistics and Transportation Re-
328-339. view,2010,46(3) :459-468.
[13] Alegre J, Laguna M, Pacheco J. Optimizing the periodic pick-up of [21] Kelton W D, Sadowski R P, Sturrock D T. Simulation with ARENA
raw materials for a manufacturer of auto parts[ J]. European Journal [M].4th ed. New York: McGraw-Hill,2007.
of Operational Research,2007,179(3) :736-746. [22] Cachon G P, Terwiesch C. Matching supply with demand[ M ]. 3rd
[14] Shakeri M, Low M 'Y H, Turner S J, et al. A robust two-phase heu- ed. New York: McGraw-Hill ,2011.
ristic algorithm for the truck scheduling problem in a resource-con- [23] Kleijnen J P C. Design and analysis of simulation experiments[ M ].
strained crossdock[ J ]. Computers & Operations Research,2012, 2nd ed. New York :Springer,2015.
(k4% n) tional Conference on Fuzzy Systems and Knowledge Discovery. [ S. 1] :
[2] Zhao Zhidan, Shang Mingsheng. User-based collaborative-filtering IEEE Press,2012:1474-1477.
recommendation algorithms on Hadoop[ C]//Proc of the 3rd Interna- [10] Kanimozhi M, Logeshwari K, Saranya K, et al. Clustering for collabo-
tional Conference on Knowledge Discovery and Data Mining. 2010 rative filtering application in Web recommendations[ J]. International
478-481. Journal of Computer Science & Mobile Computing,2013,2(4) :
[3] Barragans-Martinez A B, Costa-Montenegro E, Burguillo J C, et al. 217-222.
A hybrid content-based and item-based collaborative filtering approach [11] Huang Guoyan, Li Youchao, Gao Jianpei, et al. Collaborative filte-
to recommend TV programs enhanced with singular value decomposi- ring recommendation algorithm based on user clustering of item attri-
tion[ J]. Information Sciences,2010,180(22) :4290-4311. butes[ J]. Computer Engineering & Design, 2010,31(5) : 1038-
[4] Wang Jing, Yin Jian. Optimized item-based collaborative filtering 1041.
recommendation algorithm|[ J]. Journal of Chinese Computer Sys- [12] Xue Guirong, Lin Chenxi, Yang Qiang, et al. Scalable collaborative
tems,2010,31(12) :2337-2342. filtering using cluster-based smoothing[ C]//Proc of the 28th Annual
[5] Cacheda F, Cameiro V, Fernandez D, et al. Comparison of collabo- International ACM SIGIR Conference on Research and Development in
rative filtering algorithms; limitations of current techniques and pro- Information Retrieval. New York : ACM Press,2005:114- 121... i
[13] Gao Huiji, Tang Jiliang, Hu Xia, et al. Exploring temporal effects for
posals for scalable, high-performance recommender systems[.J]. ACM location recommendation on location-based social networks[ C ]//Proc
Trans on the Web,2011,5(1) :161-171. .
of the 7th ACM Conference on Recommender Systems. New York:
[6] Sehgal M S B, Gondal I, Dooley L. Stacked regression ensemble for ACM Press, 2013 :93-100.
cancer class prediction[ C]//Proc of IEEE International Conference [14] Herlocker ] I, Konstan J A, Terveen . G, e al. Evaluating collabo-
on Industrial Informatics. 2005 :831-835. rative filtering recommender systems[ J]. ACM Trans on Informa-
[7] Zhao Jiashu, Huang J X, Hu Xiaohua. BPLT + : a Bayesian-based tion Systems,2004,22(1) ;5-53.
personalized recommendation model for health care [ ] ]. BMC Ge- [15] Koren Y. Factorization meets the neighborhood : a multifaceted collabo-
nomics,2013,14(4) : S6. rative filtering model[ C]//Proc of the 14th ACM SIGKDD Interna-
[8] Zhang Tao, Zhang Qi, Liang Dequn. A novel probabilistic latent se- tional Conference on Knowledge Discovery & Data Mining. New
mantic analysis based image blur metric[ C]//Proc of the 12th IEEE York : ACM Press, 2008 :426-434.
International Conference on Dependable, Autonomic and Secure Com- [16] B Rk, 24 A P ARG W R ERBEA L FOHA(D]. &% &
puting. [ S. 1] :TEEE Press,2014:310-315. TR K 2014,
[9] Ge Shien, Ge Xinyang. An SVD-based collaborative filtering ap- [17] 28, 245,24, 5. AN BERSREHR TR E[T]. 24t

proach to alleviate cold-start problems[ C]//Proc of the 9th Interna-

#4%,2010,21(5) :1042-1054.



