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Abstract Recommendation is to offer information which fits user’s interests and tastes to provide
better services and to reduce information overload. It recently draws attention upon Internet users and
information providers. The collaborative filtering is one of the widely used methods for recom-
mendation. It recommends an item to a user based on the reference users’ preferences for the target
item or the target user’s preferences for the reference items. In this paper, we propose a neural
network based collaborative filtering method. Our method builds a model by learning correlation
between users or items using a multi-layer perceptron. We also investigate integration of diverse
information to solve the sparsity problem and selecting the reference users or items based on similarity
to improve performance. We finally demonstrate that our method outperforms the existing methods
through experiments using the EachMovie data.
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7b AHEA Bdlol Histe g5 2] o & olfv ¥
g 2do FF FAZ Aol AMEA 2de] B &
AT Folrt} Z7] G Aoz YEnh AHEAR B
de] 7% CFNNY o 33T HAk=7 0272 CFNNS
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AHe-R 2 BgE Ty
U-CFNN |U-CFNNS| I-CFNN | I-CFNNS
Accuracy 821 836 777 815
Precision 81.7 82.6 719 82.0
Recall 841 86 75.8 79.4
F-measure 829 84.1 76.2 80.7
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L0794 Az b A7 Pye Aeste oF
Al dojetE §R3AAE W 9d HHTE AR
< B} B4R 45e oy 53] J1E o7 by
9 a4 BAFEE Adsn Yok HAW o)E §F
YHES AAFHQ FHAY BT e FEPe
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F9E B49 dd dHolelihe A&l E ARE v
o 44 EAE NEE F A gokrr] 93
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AZgho]l UF ®ol AHE3SR ¥sten, Ads o
2000 ©igdo] oF 40%01H, 53] dAde] A% oF 83%
ARAEI ol o] HojPoz B AYPME=
AT FASLA AR g disiNe niskA gen
weld YEPRY FEeE 93] g B 4y
AME AHEAILY ABBAES 2ddd U-CFNNTH
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goz I gtk Altd RdgNdE §§E AF=
9 R 7HEXNE I S FYF2E 4P 7}
FAE AHEAL AT Gg) Uig daxsE FoFi
olFA FozM AR Ui P2 HIEE FA
o 23 4 Yrh

B AgdMs 417 2 FHoE AHR 1099
sl A¥stact

B 4= FR3) AT A3zx AR & F FA
ARRZL & 2Asin] Rde] HF5g RAG 4% 4F
ojtt, fA13 HMEEE e UE AEA £3 1008
2 39 o FEE nEste At 92 450 ¥
48 AE wo|x oy, AR 7 FOEFE A
Y Aoyl AA VEINGLE ¢ & ok 53, 108Y
W, F2E 23 2 28%9 HEEL Rojx ¥
FEEA e A 773%2 A%< vEs, o 5%
s Zol7l YL AT ¢ ok BE 98 AR
7t S7He wel Ase) FAHY B d¥dAe 9
g AMEAR7E 509 AS9 1009 BE7 wisd AF
€ BYth ol 94Y AR dEfle] £49F9] A
FE /IR st A7 WE Y xx=9
A7t F7ElE F71E FARE W3R E3r] 9
Folt}.

weld okdt ARE §Eshe B¥dde A A
IEE Ze O AR BE Ffde A sld
an o7l A AR, FARGE AZEE e o
AL He BE F, 27 AHeAs 28 99
T Aol & AL ¢ £ 3. 2ER AE W
Z7] AH8AY AS TS FRE gRToEH
AE geFor MITEE 3% & Ut

r o ox u

3
=]

E 4 98 AMgAl £ U-CFNNSS #=2 a8g
U-CFNNS Hl2 (&Y : %)

o4 AR F

10 50 100
AFEA AR AR
A BT P S i
Accuracy | 77.3 82.8 805 | 84.2 83.6 84.1
Precision | 752 | 814 | 803 | 834 | 86 | &40
Recall 89 | 878 | 828 | 87.0 | &6 | 8.2
F-Measure | 796 | 834 | 814 | 844 | 841 83.7

4.3 71E ¥ WD M= Hin
71& Fd wia Blasly) sk, (713 22 23
2 Ha 1008 o] Fe] AP HEEE UHF A

)

2 S8 A3 A A4 M

|2 1,008 Fguolelg ARk, 70,0000189)
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qgt. 53] AbgA AS EFHAMGA 30"E 70,0000
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¥ 59 F 62 ANE A4 300 2P diE T)E
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e
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CFNNS7 #/H4€ meishd ¢ CPNNHT ZE 3

=9 BE 9 o] Fsol FE A& oA #
A

E 5 AHA B 71E S o] vim(291:%)

- U-CFNN U-~CFNNS
B ot
% | 5 AHgRY ARSAY
g | T (AR T e T
Accuracy | 678 | 720 | 816 | 814 | 872 | 881
Precision | 60.3 75.1 774 780 86.6 88.5
Recall 557 | 584 | 696 | 657 | 88 | 833
F-measure| 579 | 657 733 71.3 83.3 85.7
¥ 6 3% 2d 71E FH A vla (89 %)
H2Z o
34“:1 | qwwy | roenN | oenns
s
Accuracy 68.0 61.1 76.5 79.1
Precision 71.1 754 76.1 74.4
Recall 60.6 226 72.1 76.6
F-measure 63.5 348 727 746

5 A8 U #x o7

£ =Rdye 4739 7 @393 43HCFNN) W
HE A3, AGS W] 45 THIE F Ue
WHES A Aee FEAI7 AT WweEs
o9 ARE Frlske WS e sk 5
B AR Ze BER FEG FY e AR 5
5 AYshz otk 43
< ggg 58 delel e
i o3t JRE EEFHO

b -EERCER
A9 BAE 28T 5
$82 & A& 43

%
7]
1
2



1

9 FHe &I 712 EH A7 WfTe vlw
49E T8 AL P Y] $4EE AT F
AT AL HEe Aol g olFE EHE 4
e EAME 7T AT ol FHAAM FL3A
Eisd

FFole BT FH A%E I A A
A BF A Ze gFP JRES FAse W
il A7 Fojtk = A4 L B Z RIPY &
e TH7I 2l BEE S e W s @
T Folnt. 53], AAY N HYH o5 2l
243F == 9% 4 FHE T2 Uk waA
THI 2d 53E B2de &4F k=59 $A
A AEY 72 qEg vehd + U ReF 7l
"} opAgte g Ay whHol AAge] HEdE 4 gl
=A B B HOEES o]83td §AY Rejrt.

Agngsd

Pazzani, M. J,, "A Framework for Collaborative,
Content-Based and Demographic Filtering,” Arti-

[1]

ficial Intelligence Review 13(5-6), pp. 393-408,
1999,
[2] Sarwar, B. M., Karypis, G., Konstan, J. A., and

Ried, J. "Item-based Collaborative Filtering Re-
commender Algorithms,” Accepted for publication
at the WWW10 Conference. May, 2001.

Schafer, J. B,. Konstan J. A, and Ried, J., "E~
commerce Recommendation Applications,” J. Data
Mining and Knowledge Discovery, 2001.

Cheung, K. W., Kwok, J. T., Law M. H. and
Tsui, K. C.,, "Mining customer product ratings for
personalized marketing,” Decision Support Systems,
Volume 35, Issue 2, pp. 231-243, 2003.

Sarwar, B. M., Karypis, G., Konstan, J. A. and
Ried, J., "Analysis of Recommendation Algorithms
for E-Commerce,” In Proceedings of the ACM
EC’'00 Conference, Minneapolis, MN. pp. 158-167,
2000.

Breese, J., Heckerman, D. and Kadie, C., "Empi-
rical Analysis of predictive Algorithms for Colla—
borative Filtering,” Preceedings of the Fourtheenth
Annual Conference on Uncertainty in artificial
Intelligence, San Francisco, CA:Morgan Kaufmann,
pp. 43-52, 1998,

Lin, W., Ruiz, C., and Alverez, S. "A Collaborative
Recommendation via Adaptive Association Rule
Mining,” International Workshop on Web Mining
for E-Commerce(WEBKDD2000), held in conjunc-
tion with the Sixth International Conference on
Knowledge Discovery and Dat Mining(KDD2000),
2000.

Herlocker, J. L., Konstan, J. A., Borchers, A., and
Riedl, J., "An Algorithmic Framework for Perfor—

(3]

[4]

" 15]

[61]

(71

[8]

g AT AT 7N #EH A7

(9]

[10]

[11]

12]

[13]

[14]

[15]

(16]

[17]

{181

[19]

[20]

465

ming Collaborative Filtering,” In Proceedings on
the 22nd annual international ACM SIGIR con-
ference on research and development in infor-
mation retrieval, pages 230-237, Berkeley, CA,
August 1999.

Claypool, M., Gokhale, A., Miranda, T., Murnikov,
P, Netes, D, and Sartin, M, "Combining
Content-Based and Collavorative Filters in an
Online Newspaper,” In Proceedings of ACM
SIGIR'99 Workshop in Recommender Systems :
Algorithms and Evaluation, Univ. of California,
Derkely, Aug, 1999.

Konstan, J., Miller, B.,, Maltz, D. Herlocker, ],
Gordon, L., and Resnick, P., Iacovou, N., Suchak,
M., Bergstrom, P., and Riedl, J., "Grouplens: An
Open Architecture for Collaborative filtering of
Netnews,” In proceddings of CSCW '94, Chapel
Hill, NC, 1994.

Resnick, P., Iacovou, N., Suchak, M., Bergstrom,
P., and Riedl, J, "GroupLens: Applying Colla—-
borative Filtering to Usenet News”, Communi-
cations of the ACM, 40(3), pp. 77-87, 1997.

Lin, W., Ruiz, C, and Alvarez, S. A, "A new
adaptive-support algorithm for association rule
mining,” Technical Report WPI-CS-TR-00-13,
Department of Computer Science,
Polytechnic Institute, 2000.

Billsus, D., and Pazzani, M. ]., "Learning colla-
borative information filters,” In Proceedings of the
Fifteenth International Conference on Machine
Learing, pages 46-53, 1998.

Press, W. H., Teukolsky, S. A., Vetterling W. T,
Flannery, B. P., "Numerical Recipes in C++"” 2nd
edition, Cambridge University Press, 2002.
Miyahara, K., Pazzani, M, J,. "Collaoborative
Filtering with the Simple Bayesian Classifier,”
Pacific Rim International Conference on Artificial
Intelligence, Springer, pp 679-689, 2000.

Haykin, S., "Neural Networks : A Comprehensive
Foundation,” 2nd edition, Prentice Hall, 1999.
Eqol, AFF, F3L A3, 883 38 99
AHE-Ze} BHE mdo B&3Q 53 Wy, §=23R
#3t3), Vol. 30, No 5 -6, pp. 540-549, 2003.

Prem Melville, Raymond J. Mooney, and Rama-
dass Nagarajan, "Content-Boosted Collaborative
Filtering,” Proceeding of the SIGIR-2001 Work-
shop on Recommender Systems, New Orleans,
LA, Sep., 2001.

P. McJones. "Eachmovie Collaborative Filtering
Data set,” http://www.rearchdigital.com /SRC/each
movie, DEC Systems Research Center, 1997.
AEF, =90l F3%, AEY, AAYL o8 &
AX 2" s gAY, @453, Voll, No2,
pp.223-244, 2001.

Worcester



466 HEAFI A 2 EHo] B && A 31 A A 4 (M)

=
2eF

001 249 g LA 3
BEAS A, 20039 29 €4
eamtheke ARE T EA(HAD. 2003
9 39~8x sANFuAd HFH
g3t SRy, BdEcke  dolelnlol
Y, Hoteld, F3 A", 473, 9o

FE, A9H ¢

R

Ll ERLLEE EECL L
FTATET SAEAD. 2000d 249 4
B s A #900D, 2000
f ¢ 2829 sanuwdee 9%
) 3t wa. Bk A2, £
AnAF, AL, AelHstold, o

ZH4d

1972 Aeuign $-8<4-8a £4¢). 1981
3 University of Massachusetts (Am-
herst) Computer Science A} 4] #
5. 1986 University of Texas (Aus-
tin) Computer Science ¥} 3§ HE.
19753 ~1978d A=A EdTLE 4G
4. 19823 ~1985d Institute for Computing Science &
Computer Application(Univ. of Texas) G7¢. 1985~
19873 AT&T Bell Labs.(Naperville) Q79. 1987d~
19949 §FARFAETLE AT, 19929~1993d &
FNAZEY A3 3P 19939 ~19953 IEEE Neural
Network Council =A57%. 1993 ~19953 A X783
FEAFHIATE 9497 19943~ A $Huttwe AFH
AR @ 19989 ~20000 FFAX A £33 2000
Wd-~2001d u]® IBM T.J Watson Q74 HHEHEAL
2001'd~2002\d =33 g @Ak ARG,
HRAANZE, Az uEE, APy, AFFE, VA4S,

Hlo]elv}o)d, creativity engineering &




