FYFEEAHT
H153 M1z
20054 338

7l AlEEHAR LA WebCF-PT:
Yujodz} AEAZEE 0] 83 e

RS U

¢

A Personalized Recommender System, WebCF-PT:
A Collaborative Filtering using Web Mining and
Product Taxonomy

Jae Kyeong Kim, Do Hyun Ahn, Yoon Ho Cho

Recommender systems are a personalized information fittering technology to help customers find the prod-
ucts they would like to purchase. Coliaborative filtering is known o be the most successful recommendation
technology. but its widespread use has exposed some problems such as sparsity and scalability in the e-busi-
ness environment. In this paper, we propose a recommendation systermn, WebCF-PT based on Web usage
mining and product taxonomy fo enhance the recommendation quality and the system performance of
traditional CF-based recommender systems. Web usage mining populates the rating database by tracking
customers” shopping behaviors on the Web, so leading to better quality recommendations. The product
taxonomy is used to improve the performance of searching for nearest neighbors through dimensionality
reduction of the rating database. A prototype recommendation system, WebCF-PT is developed and infernet
shopping mall, EBIB(e-Business & Intelligence Business) is constructed to test the WebCF-PT system.

Keywords : Collaborative Filtering, Recommendation System, Web Usage Mining, Product Taxonomy,

Internet Shopping Mall
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JhelH MEFHAIAY WebCF-PT: foto|dat AZEASEE 0|88 HAULHEY

ABU Y F43 44 TR o] Ve
23 AAGAH mEA 7132 At UH
Yl &g Eoly, Az AFYA (Content Pro-
vider)9t & 7IdS2 AAZAYY F4%L
E st HEFHS AEARE YL 32
371 A% A2 & AR Aol BasA HS
0. B¢ A4S L8710l $Ut%dl et
g, Be FEe A9E + de 7187
FO AR 2l 279 71 AAF FEE
27 94 o B ARE Mo} 3 ¥
gol A7A HU ol 2L o E JIHL
aAE2 pEstE 4 vkA®(One-To-One
Marketing)? 17 9] QoA 174& o35t
243 AAE ZA3}ANA Y7heE CRM(Custo-
mer Relationship Management, X737 #e])
A T2 AFoEZR 7199 AAY 73
Z9381 9t 53] CRMY o7 Fof FojA
T} &7 (Campaign Management)& $/3] 3
Al &' go] AEHI YTt o] F FHA 2
© (Recommendation System)e A3 7]y
A4 &At7] & (Knowledge Discovery Technol-
ogy)e °l&stal 1A a7 713 FREE
FANFE AN2dozA, 145 #H
B8ty wWAF)(cross selling) 2 &
of 23& %& A2t AAZ 9, 2003;
Sarwar et al., 2000a].

HAA FHAA 2" H@ A7t Edst
A ZYH 3 3lo, ofutE(Amazon), AT H§-
(CD Now) & d9le #38 A|ERT oY
g AHE, FECSEYH T IUY YR &9 E
A% g AE&H Yot ol T FHA 2
o AL FHLnYFA e, FA47RNA 7t
B AzHT e FHLLYES dHEHS
(Collaborative Filtering: CF)22 g3}, §1A}o]
E, AF 72 T 98 2okdAM ALHT Yot
[Basu et al., 1998; Billsus and Pazzani, 1998;

Cho and Kim, 2004; Hill et al., 1995; Kim et
al.,, 2002; Lawrence et al., 2001; Resnick et al.,
1994]. ¥4EEY 7IHe BE 14T {AG
AIEE Hole o|xuAEC] Fuig }ES
F 7 7t MR & AFE FH3%e
ZIgeltt. 18y o] 3d FYLHIY ¥ o
g ¢xnggEg 5l s By &
2e AP E] EAFH[Cho and Kim, 2004;
Kim et al,, 2002, Melville et al., 2001; Sarwar
B, 2001]. AA, 4 dolEl9 394 (sparsity)
EA ot QA EA BujHE FFY 471
1S grH o S5t weh uAe) HIET}
YYHA ¥ FEFY A7 ZHH 22 wol
Fo 2 As ol 1AZE FAse AAAA
o e £9 Jrh dolHte ALFoEN
FAZ ZAo Ao BojA 1, o= 2 4
F FHY A& gz 8o e 4P
A, A28 3 (scalability)EAl oIt 1
Az AE9] F7t F7HE whet ok nATLE
7] 98 AAFL JFTHLR sojd
gho gl7] wEo] AR FHE FHOE
e FEFHAN 2" ME AT A2 F3
AEAA AdsA fo.

gekbA B AFoME ol 22 FYEEHF
o] ZAAES AE37 A Yriold(Web
mining)¥ &A% = (Product Taxonomy)E ©]
48 YU 7N FEFFHALH, WebCE-
PT(Web-based Collaborative Filtering using
Product Taxonomy)& 7W'&3t3at g}, ginjo]
Y2 A wolEe Y EAE HAstr] 9
3l 240 AEY &P EANA FFE A5 U4
3t PFAATH FES 2Ysta BAutyol
gob AEE TulErI7AA e A it 417
B ARE o] g3t B B2 1 HIZE F
BE gr3y] 3 H&¥ AoH, FEAS
Te #d de AFEES ER AETE T
sl st HdEx dY woE Y Ade F&
oz Y dole g gt A2 73
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& WebCE-PTA 2" & A &317] 93] AgE
o Al &3 ES Adstd, AAE H 45

T A E AN
2 479 79EE EHEH, A, 4EA
=5 98 wolHY AuAe Folu, A2

SEE
B34E PN A8 FE390. B4,
a2 NZEE oty 93 7129 guta
Sl A AASAA A AEE B39 oY
s FHoE ne) 2l &% P
g EAste dutold 7S st AA,
WebCFE-PT Z2ZEEg}Y] AAHS Adsla o] &
Hgst7] st 43 £ EBIB Research &
BEE 7539

B A9 A4S AYEd g3 20 1
72}°ﬂ/‘1h 71€ A7 s AHE T, mAA
T & AFA AReeE YuleldH AEAS

=
D)
}&‘1_’
IH r
HS

TE 2483 d42HY /N FAYHE o
3 Ay gt IV%OM‘: At gz ¢
¥ WebCF-PT FHA2®E d9sxn, v
o A= WebCE-PTA 29 & % &7) 95t A
W3t EBIB Research £: 28 &7138HH, ViAo
Me a1y d8e Zﬂ/‘l?&t}.
I, o A7

2.1 4EFHAIAH

¥ Y =¥ % (Collaborative Filtering: CF) 4l
712 sty ARG EAA o] &HI 9
AEHA FEFHNHFY SFUEHN, BEx
A3 FAG Fujold g Hole o]% uAE
BFE e N3 E oz Exu7 4
FEe FHdE WU AR 4,
2002; Resnick et al., 1994; Sarwar et al., 2000].
dutHo g oYy HYLUHT 7N 4F A
B4 A 49 dolg 74, ol Jg g4,
FA AF 2R AR UHE 5 9len, o

do o f1 1l fo
R

ofo
g

& ARE AAE AHEE g&3 2o

(1) 99 dlolH F4(Data Representation): §
FIE Y 7 FEFHAAN2RAAMY 4H
HolEHe 2% wie) AE thated md 2
Ao ol EFHHY JAFen FAHMH,
BE nxmd 1ARZE $9 RE E8E &
At

2) °|% = ®4(Neighborhood Formation):
TS FAIRE AN o2 Jdg '
Aste ARt 7 148 {FARE &
e PHOEA Joig *Jﬂﬂ]-r(l’earson
Correlation), I AFR1(Cosine) 5& AH&3Hh.

@) 4 4% ZA(Generation of Recommen-
dation): 4¥F FH& A% viAY ﬂ'ﬂ]i/ﬂ
AAE olx FRozRy 44 N9 F
FE EES oEo s DA

a8 o) d HHEHY IR FHA 28
S JEYN £FEY AEH 14T 35T F
72 Q13 4 dHole e Iutd A28 &3
AEAE =EAM7)2 tHBillsus and Pazzani,
1998; Sarwar et al., 2000a].

2.2 gojold

8 &P E YA Y5 Tt 1A
Hog 2zl 7oA et 22 Fujold 9
T IAE0] & E AEE FET 1 LA
ste Y23 ARIE Ut o] AEE AEY V)
doll oA TAEME T o HFHAE U2
e 8% AR, B3 FFFHY A
A Aol FEHAZE B4 Yo A
Al 7|2AEE B8 ¢ ot miA B
TFAAE olgd Y20 BEE HAFHoE 4
F5dol &&3tr] A8 fdutold ¥ E o] &
gt ulo]Y(Web Mining)& WA Eof A
IO FARE & FY2EY ARE /AL $
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v Y2025 A4S H&EBA -Hd . 7
A T2 Fopa, 2388 83 vlAE R
2 HIANT= 4¥9 FA & L3 Mobasher
et al, 2000]. §{vlo]dY A Z2AH 2 A
bole] AAes} HEEdgYeoz Y &
At diolg AA= Y53 Y421 HolHE
4 A3 FHE A BEAT Ho
BE AAZOEAN dAdvolHY £F& 24
4 4 thCooley et al., 1999]. F WA, HE&
ARA L BT, ALAH AEHdd 5¢
o] &3t A &FYPL oA FujuE g B2
@ 4 th[Mobasher et al,, 2000]. | & $n}
ol Y& B3t 7|Eo HAY & AW uAA
IEE RO gl 1% F glomz HAWE
B 71N BEFAA2H dojE SuYEAE
d2% + & A2 JgEg.

2.3 4BASE

FEASES NESZEE 4 Mol
BE ZH2E BRI OJE AE FHU2
Al 34 gl EH & AE Y2z
¢ AS 72 WIv dutHoz AE BE,
ZF 7tH 18 (Category), BET 59 €AE
FAEY. <O 1>& AEAZEY dE By
F U HZ B2 vloH rlojd #A @F

o
AN
=2
==
H=
R

HiC] /3] of 27180

Eo] dole A9 4EF AFEY T8
9 $24¢& AF32 Yt[Han and Fu, 1999;
Lawrence, et al., 2001]. A EASEAANA 4
dHEE AEE 2 MNELEES BR 4E
o2 #3338t Y diolHY Ad& F4
3 o)X AT gA FANA AJIEES T
& ER3o A28 FAYEAE HEATE F Y
£ Aot

I. WebCF-PTE o]£3 7iqld
AEZEA W

€ d7dAE 7€ FYEEBY EAME
< 3237 93 grtoldH FFAIFEE
¢ HAEHT 7 FFFHTH (Web-based
Collaborative Filtering using Product Tax-
onomy: WebCF-PT)& 4/M3t <18 2>+
WebCE-PTFHE 9 A4 AAE Yehid,
A A BF AT AR QAE HolEHo|
29 ZE FFE MR A2/ FHIF
L2 EF A7 94Y wolHe e
FaAFE GACIt F A gAs ‘24 =
2o 4 GAR JdEHY 4B EA AT
Ao £PYAE FHst] AL HolEHE T3
ZELAS FF HMEE BEE T, Y
¥ ARE ol fstd 1A ZE2RUS JAHd=

| zmssiol || voizd | [2o] [2a] [aas] (=29 ][ aed | [gue |[aus | [ esus |

—OoTOW
NOITOW
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E ¥449 14 =299 ol gstd ALY
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FAE A4S 7t IAES Aty o
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<38 2> WebCF-PTFHerH o ety M}

Zzke] AN $HHE V5SS BAY
2 A48 d9sd gen 2o

3.1 BA 1: 8 AS 23

FE AZF AR GANNE FEAZEE o
ot FAR HEES AYsty 1gHFoE
® A9 dolee A& HaAIE ‘474]°l‘4
oY FFEAZEE AFE Tl HIZE sjwto
Z wAE A&7t o3 fA *J%%% 9
3ty JFSFOEN AE AZS @78]5} A €
o AE ASE AAsed F9 &
A& 3t7] 98 Cho and Kim[2004]°] Ak 1
#¢(Grain) /3¢ =3 2dUL AEA
FEAN NELES 7“4‘7} HE ge o AE

FES YLE B 9 A3 97wy
22 Adomavicius and Tuzhilin[2001]9] 2]3}
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ol
ol
2
X
<
i
'y
ﬂ
3
W&

zE A9 ﬂEL:E(leaf node)% .ZLZQ"“
AUk I gleH, o]
& 2 (grain product class)’2tal
F olgd 18 AFE FWH2H AE A
#Hoh 28 67 FARE W, AF x
3k 28 BF Fd casse(x)e o
A O)F Z2ol A Jxzrve AEY
SEold, I k=& A4F T NES
7] tog uAY A&7 o3 FAG dE
< AYsty 1§ 3t AFEY. 48
<:L%} 3>()ES & 19U 98 A A
a4, nHA 8 %‘i—c7}°ﬂ o3 748 AEAS
AM 4F A% 2%, F 19AdE& 2R3
3} AFE Tl NEE B3 A4 g2EH
+HY "t FA3 @) i & £E %
Holags EAUAeE o F AFY
= 23y Woladd ¥rRe
A2, 270 T NEZEH 22 _\?—ﬁq]/\o}o]
Aolth, & Ad7|A BRAFE FEAF
G o E HoFa AT dAFHo R "c}
F79 NEE Ve R AEAZF, & 18
o7t AA9d. AAFE WE&L Cho and Kim
[2004]& Zz3}7] wpd,

ru[n

~

> nlln
1)

H‘.\;’-l:\?.!-ﬂoﬂ.

x, if xe G,

classg(x) =
classc(parent(x)),

otherwise
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oA 1l FEd wet 2L FET 2
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EgeE 28de e *‘“4 wof gkl whe}
G FEAFEY FF02 a9 AT
ol et ARHoR ¥l AE 99
7b M SEHA B E =g vk A9 Hde 19
AL MEFEFRT FU ANAY FFEH2E
A doleiz g4 =5, AELE Beivt A
< 7Afol At =@ o|gA FEAZTER
oM FFEEY HujFel wel Y FEATL
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4% § A ddh AT 19
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g AofRkg o2 & o
T 319 ARG A
= AV AZE & YT
A HEAZEE FAE 9 718 AAN A
F9 FAAE 1Hstd npAR AE7t o8
TAEY, Bk AA AEAS0] AE FE O
s B A I FFAA AF & 19
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Z83 Ao 71E FYUHP T 3%
e 24 T ARvhe ML 24 =
29de AT U8 4F Heoly JHA
EAE AN WM o] ATl E 71E
HAYEHT 7w AFFAEE S g2 223
A B A Zo] ol d & o) g3t F
g2ed dolHZRH 14 FAY £3 ¥
$ ARE BA3 <E 1>F go| 14 225}
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E 1> fololdnt 4EASTE DE 02 =20l oo of

@ 25 A o FF joll A FFFAE] A

203 100 120 80 5 5 0 0

205 1 1 0 0 0 200 250 0 0 3
212 0 0 0 0 0 0 0 30 45 46
217 75 75 80 60 65 80 70 70 60 60
218 0 0 0 4 4 4 3 4 3 4

®) b4 oA 9 AF jol AP FuprUe) gL A5

3 3 1 0 0 ‘0 0 0 0 0
205 0 0 0 0 0 5 4 0 0 0
212 0 0 0 0 0 0 0 1 6 6
217 0 0 0 2 2 1 0 1 1 2
218 0 0 0 2 2 2 0 2 0 2

(© b5 274 9 BF jol @ T A5

o

o

203 1 1 1 0 0 0 0 0 0 0
205 0 0 0 0 0 2 1 0 0 0
212 0 0 0 0 0 0 0 1 0 0
217 0 0 0 0 0 0 0 0 1 0
218 0 0 0 0 2 0 0 0 0 0

(d2;: 2 @ g2t 48 24 =299

203 3 2 | 042 042 0 0 0 0 0
205 .004 .004 0 0 0 28 23 0 0 012
212 0 0 0 0 0 0 1.82 1.98 2
217 75 75 1 1 1.25 15 S5 1 15

218 0 0 0 2 3 2 .75 2 75 2
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B7], Auity g7, ?uﬂ s 7HA A&
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gtA of dFME 14 7} jHA FEL
W 1A Z2ad P4 P=(py), i=1,,M
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FT e U A Q9% 2ol AgHEn.
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’ 1s;s|6(1)z]) 1<s (pu)
Pz;‘m> |(1>Z,)
~ max (05 —min (5
__ i min () o
max (p%) —min (p%)

A QA P§, P4 a8x PLE OIUE A
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£ PhET Pl 2ga Pl dutg oz o
$ F #E 2 HBg 349 M3Es}F Pjo

o3 244 F 7] dEolth <& 1> v}
oy} JEAFZE NI 14 T2 ¥
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F 34 4% bY FAE sim(a b)e e

2L T A IHOR ZHE U

o FBA G Hoj 2 FBAF corr w13 14
ol9} gh& 7k ghel 1o JItETE 48
AN 02 & F Ut F 24 % Y
ABAFE i 4 Q)& ol &3 T3
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el AEFHA

1>

o, WebCF-PT: gjoto|dat AZASTE 0S8 HYLEE

ALke| of

<E 2> CID203 7o RAIE

203 2.833 3 2 042 042 0 0 0 0

205 004 004 0 0 0 28 2.3 0 0 012 0.0014

212 0 0 0 0 0 0 1.82 1.98 2 0

217 75 75 1 1 1.25 15 5 1 1.5 1 04173

218 0 0 0 2 3 2 75 2 75 2 | 0.0089
e ZAAL 5 A o9 5o RATE F Y Y FFS AT AR PAL el ¥

Aols) TAY g olgsA ANE 5 9

o ZAY cos(z, B)2 TE 4 @9 2ol
T3},
m(a, b) @5 P.: P,
sim(a, = cos(a, b)=—""""
I PNl P,
|Gl
;pakprk
= |G| 5 | Gl
2 ph <\ X b
k=1 k=1

@
A7 A P PE F I o9 59 34 T
299 e (row vector)olth, AA7IA F
Hdee & A7t fle AoE ¢A 9
[Sarwar et al., 2000b]. WetA] o] A E L
ALY FAE 2L A%t A F5E A
L3712 o <¥E 2> A dACdA A"
17 ZEodg 7|Ho R CID203 1A% g
1A} FAZE AN dE BAFI Q)
o AANY Z29dn 13T o, CID203 27
3 M4 fAE 1A e D17 AAYE ¢ F
AT

34CHH 4 FHMEZH
A AF 2R dAdNE SERYNA F

Kl
T FES 2ATY. AR HAEEE 74 9
o e 4 F FELAY| J|E T

Ho 2t
o g

e
fol

2 A9 NS AEFH E2L AN ER
Ag Y& FHAAES B3 JFCE O
3bA P YNtH o R AR

djo }-J

o Wl Fu} 4F(MFP, Most frequently pur-
chased product): Sarwar et al.[2000]¢] &
oA el wlojE o] 2 A o] REY T
HE7t 2 3ES FHE BHeE, 7
HE7t £ 02 FEato] A9 NAY 4
% % 53140 7HiEA &2 FEFS FH
gk o] e Wide FELFEF 7
7HsAel o gt AR A4 24
g ol

o Wi Xz AF(MFR, Most frequently re-
ferred product):
cies)oll wet &F

%2R & (reference frequen-

2 BEsd, F2UEs} B
& £0F AEFS FHIY BEH AF
(1< j<N)oll #3 17 49 AZHE RF,;
E oS 2o AT F .

=R
o
w=

ri— min (r‘--)

RF .=
@7 ieﬂl}zagl"]j: max(r ) mln(r,,)

1<j< N

b __ : b
ri— min ()

max (7%) —min (%)
1<j<N 1</<N

2 — mi p
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max (%) — min (7%)
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