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o] gttHDeshpande and Karypis, 2004). fA3+
A 71 AR AR 22 ololdl g 4138 RojEl=
AR 7125 ARERE 71 A2 W PHResnick
et al,, 1994; Resnick and Varian, 1997 ; Konstan
et al., 1997; Breese et al, 1998 ; Shardanand and
Maes, 1995), 57 olo|dl &2 ofo]dl 33} o3l
FAR T2 ololdle] 57} YEE nA= #A
o 2F& & otoldl 7wk H2 wWHoltk(Sarwar
et al,, 2001 ; Breese et al.,, 1998 ; Shardanand and
Maes, 1995 ; Deshpande and Karypis, 2004).
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o B tlolHE &3l o]& FH o] &=
T AFH PR, 49 A A A
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(Lange and Oshima, 1999 ; Foner, 1997 ; Good et
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3 e 719 7149 F83 o FHCollaborative
Filtering)= “Word of Mouth”, & FAHE AR
7b ol X tEA o) A3 9L ) ATE AL
A FW3tH(Shardanand and Maes, 1995). o
§ 50|, SN AFE Aot 21 go Ha )
T F3E #L3E 1 s AFAHo) Uokx 3§}
7 F3E ddde o Qo] a7 93ts uA B
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H5E 5l 4 e ddg se g2 g
Aol vlE) wimd & JFL Ao whek Auz
HPo] I8 FARE B2 8 M3t Algo] A
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& 9o,
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HAFE 3= F3 WYo|tHResnick et al,
1994 ; Resnick and Varian, 1997 ; Konstan et al,,
1997 ; Breese et al., 1998 ; Shardanand and Maes,
1995).
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oj% A& FA%e RS A ANE 873
I ASHRJA AR Wiy 2R v)E A
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and Smyth, 2005; Deshpande and Karypis, 2004).
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Yol H A Sarwar et al., 2001).
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9] FAREE AXtsle] Qo FA} o]k ofolE
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o} P EH(Sarwar et al, 2001; Breese et al,
1998; S};ardanand and Maes, 1995; Deshpande
and Karypis, 2004).
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AA F7 she AArEE BAgo g 7|1E AlA
o nlg) & o]d& 4L 4 UckMiller et al,
2004 ; Kim, 2003).
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and Oshima, 1999).

Yenta= Foner7} A|¢H3 9] HE] oojHE
71k} EA o AxFgoz 7 °ﬂ o FEE
AR &g HEEE BARR 7958 Fol
ol& gttt RAMSH 39 A}%—x}a 7] 9
3 shgd JHEE Hlwdhed, o] i do]HE
© AR QY] DS a78HA] ¢=th(Foner,
1997). Good et al.2 7§19 R o3} Ao]HE
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Ao} AFUE AEAEY 4AE T/ FH
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et al., 1999).
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2HE dojAe FHE A & Slevtel B4
g A= A 3 Nadozw 9n
HAY 5 YckMiller et al, 2004). 1} o] &
A F¢ 354 FAAN2H Y vpATIA 2 shilling
attack, & th5+9] 229 T2 d g A3l 3
A ARE 27 ARde 4o ALgAe
A =29 4 JokMiller et al. 2004). FH )
ZAqsl= MY 7 AZH(Web of Trust)d] 33
£ olst e FAL aRFo R PolF 5 Ue
Z8% $9 = Uz AAH 1 YHMassa and
Avesani, 2004; Jung, 2005).

Sinha et al.2 AFgEo] dukz|el &89 F3H
AlZ"e blg), Ay ol ALY FHE ¥
Azde Zeo] dvte AMdS BYH(Sinha and

=3,

Swearingen, 2001). Ziegler et al.-& YyiA
o2 AlEEC] 499 /el Jw Rk Agshe
A A B AR dEed BY 7Fs40]
Ete AL AFS vl itHZiegler and Lausen,
2004). o] 413 ARI} o wlS aFGFHoZ
AMRE 7heAol Aty RS vd.

ady AQle] ARAo s REF AY R
v sjukst Fako] lth(Guha et al, 2004). e}
A o] AF] ARE ARFoZ Agsid & T B2
AZ G AHEAE FH A3 AT B
A7t AP AtHGuha et al., 2004; Ziegler
et al, 2005). Guha et al.& 2 7} 7]¥ w9
2] (Atomic Propagation)S 93} o]& wHE-F
o7 Hgdlo HFHoz A (Trust)$ BA
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{ User's review
. about items
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(List & Review) e
Building & updating

Information about other users user's similarity modet

(User's review about items)

s

Opinions about items

Trusted users’
Personal Agents

Rating) .
ftem, * k% k K | R :
item, Xk % Lo .. N
t item, &k k Kk User's \ A .
! Simitarity Mode! O * ~
Opinions about other users| K .
Target {Trust or Block) \ A e *
User ® user @ user - - r(
" ¢ .. Web of Jrtist
user \ . /
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(Distrush A BE zte JF& e HI2WPE A
S} tHGuha et al. 2004). Ziegler et al. 2 Ad-
vogato trust metric®l 71W3 Appleseed €312
Z& A|9+sta, A3 %H(Social Network)Aol A &
HHoE A FRE HA3IUA G A
9 A FH4L Pol¥ 5 e FUoR AEE}
HHZegler et al, 2005; Levien and Aiken, 2000).
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Agstad, oo Wi AHgAe] 2 FRE Lo
Aggc dgog FAE W AALAHEHAL
429 AR dlo|HEF FA 2 AAHEA
(Trusted Users)d] E&& nlgo g o]F oo
E7} o)58 Y% A2E FEd oF do)A
EE o] AZ2E wg} o]F3HA i do]HET}
zdg pE3ed 2ad JRE F, A
Ol HEE o] ARE o] g3 ALEAE AT #
AE 2dg FEE v Yo R o] fAE B
dg o83 ALgAl A FHE AT, F3H
of thd AHEAY] =g FxeA fAE 2
S 73AET

31 AIBR: HHO| ¥ U AL 7Y

AN 71z A A2"EAM AgHE B
7hAL golell st gt

Py : AHAHUser)

P, AR 2 A8AHModel Owner) = Z2A}
8-2ZH(Target User))

Pg @A) olgooldES} 2T AHEAHCurrent

User)

{AGENTp} : A Py7h Agdte AHEA]
22

{BLOCKp} : MM+ Px7t #A8ks AHgAS
=5
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A AR GAE AR 7Y AOJHE AGENT),
£ 2 APJES B3 otoldle] B2E 2 7
ofolelell tigt ket A, s ofoldlo] tigh

E AR B R 58 @0l AL A A AT
ok AHEAE Py 791 ool HEAN A& ofo
9 YHE HESIS] 54 ofoldlo] i3 A3 E
FHeAY, thE AR HHERH o] AHER}
7} oteldle] djaf drh} A-83 HRE AFdle
7Fe B3l EA AlLgAle] uid AF P
FEE F Uk 2 Al2"eX e ololslol] tig
AEEE 1~5r0ld) A4 A2 B, MR
o gt As)=e A3k AR Trusted User)
o} B8 AME-AHDistrusted or Blocked User)
2 3389 4 o

o] AHAKEE uigdog 79 Ho]HE 719
P2P%(Peer-to-Peer Network)2 7F338kA}L AL%
A Px7t Agdhe AHEAESY JFe 9ed B
£ ¥ug AFHY, o8 {TRUST,, } & @t}
P2P% Wol| EAste ZE AMSA} Py 9 AFs}

T AR B8 {TRUSTp, } & 7102 3o
%% 18 = (Bidirectional Graph) JEje] A1
“HWeb of Trust)o] FAEY, M2 7o} o}g)
FE Fdo] EAA e AHEA ol A
(edge)o] EAFA Fer) AR Pyl Aix
& RHT ofoldlF 7 A3 HSE e
<item, rating> & {ITEMSp.} EZd] AF
531, o] FH= UE Alxdliis g 23 ZH AR
9] A o] HEQ AGENTp, o7+ AAsie).

32 A2 HB JjHio| 0|2
I flES

e 7Y

o)Al AGENT,p, = A4 Py oAl 232 A

7] 93l fAsE Rl 283 JRE £HE
o}% do|HE AGENTPXA 15732 {PATHp,}
g Zeth o] o5 AR E 3] 9138 Advogato HM
3E g7 ——(Advogato Maximum Flow Algorithm)
S A3 (Levien and Aiken, 2000). o] €18
%2 Ford-Fulkerson AU 38 ¥38Z(Ford
Fulkerson Maximum Flow Algorithm)-& 7]%ke.
Atd Ao oW AR 23 ARUH
Yol A o]w] 2Syisitta dotd & AMAE
oA AFeert 28R FL27ME ddE] 9
&1 E]ZoltGuha et al. 2004 ; Levien and Aiken,

lo

2000). AH&AF 749 7 é‘i(edge)—g— THs= A
3E2S = A P 2z Fee 2=
o AL PyE FEF 3 EF(tree)
F2 AT o]F do]HAEV} FEH k=
g Este AS A AN HNE FHT
FFoZ EUY.

Ford-Fulkerson #t} & 41g&S 34
71 18X s =) o] 3t} (17
E @AY 22 ko A 7ol 24w
g e Zo k=S 2ty kX4 7HJWE17}
ZZ [2Y 514
I A oA =g F A B x2S
3 el AFAElZ EFE HHE st

\Nﬁ-‘i‘
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(23 5] Advogato £1E|ZES ARSI
Hes Ji=

W gye (dxEE 19 2o
C(Px)e ARNEE e 2 == Pre
Py .9 Py & S¥HT, F x&
C(Px)— 19 ARNE7L Sadnt. & 7He] 24
LT E 25 E &) Yl e B =
Sink)& AR F, 4 Py-xcgdEg 24 =T
29 ABNE 1¢ ZE AL 44T WD
old aH N Pyt Pyzte] tde P
Py-7ke) ZHo 2 WBH D, 2av 9] 794
g Zcth
AGENTp, = °©| 2#:Zs| Ford-Fulkerson
AU EIATE Abde L wezrd
52 mxzo Ao Ads gou, e
=2 {PA THp,}ol #712eH(222Z 2).
Advogato 312152 2 AFYE Rz
FE GoFd MR D 3FE =) A8
aohd gdueFos, #3 Ade 2AFAG A
29 B =g 2= ool FH QA ALgAte
A& Adsked o f&3ich 23E A3
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o

[¢12|F 1] Advogato 12f= HE g

Advogato Graph Transform
function transform (G=(V, E, C»)) {
set 7€ 0,V €0
for all x € V do
add node x+ to V’
add node x- to V*
if G&v (x) >=1 then
add edge (x-, x+) to E’
set Cg- (x-, x+) € G () -1
for all edge (x, y) € E do
add edge (x+, y-) to E’
set Cp (xt, y-) € o©
end do
add edge (x-, supersink) to E’
set Cg- (x-, supersink) € 1
end if
end do
return G’ = (V’, E’, C&’)
}

[212|& 2] Ford Fulkerson 288 212|E

Ford-Fulkerson Modlow Algorithm
function maxflow (G, sowrce, supersink) {
for each edge (x, y) € E' in ¢’ do
Fy €0
Fox €0
end do
while there exists a path P from saurce to supersink
in the residual network G'r do
CGHP) € mn{G- (v (q y) in P)
for each edge (x, y) in P do
FlOy € Fxy+G(P
Fl,x) € -F(y
end do
end while

}

AFE 2 A9 oHQ AT ST
aras, o|F do|AEs} HEY AR T
7FsAol e AHR =29 AFe 4FQl
AR =E0] A AG7E ohd A =ER



B oM Y oiBHE 8t UE| oolME Tajiela

9 A€ 7L Qe == o Al o3 23
"ok ol &2 k=) ASAZRE oS
AHEAZ Y] AHAY A7 Fdo| EAsA e
oa 7R W, 23" M3k H4e FHA AY
FEE MAA B HGuha et al, 2004; Levien
and Aiken, 2000).

i

33 RAE BH| HXH 7%

(O3 6] FAE F&o| sj2ksol apy

SHALEA Pod FAE Y FEE 99
AGENTy = O1% o|o|HE AGENT, 2 AT
th. AGENT, & o|% Azo] T¥Y 484 =
=9 B8 {PATH,L} 9t P, A% oot 37
ololfe) W3 = 4ol BEQ) {ITEMS,} & X8
ot W¥E Ef9 gL o] ¢4 g dn
2]&(Depth First Search Algorithm)-& AR&3tt},

PyE AGENT,7} EA) WEsh AR} =22} 3
W, AGENTp= {PATH,} 9} {TRUSTR} N &%
Hog 339 k=71 o o) EAFA &S
MR AZE SRR (PATH, o) T o) w=

®, ® . B | Tioemw, Skof
. 2 22 B T
10, ) o
R e " !%%{gﬂ smid0, TP,y
10, .: P D —————

(28 7] 2Ll AKHoR Fotete
TFARZ S| A&

7t EA8t] oW AGENT; & AAYCH

(1) AGENT & @A) WES A4 == P,
o] A S| HE AGENTp, 9} AAAE
S 53, Post Peit 2% AHFE wj of
ojde) AFE 10, FA WE ==} AHEA
gk J4E w7l ololdl HE IPE A%t

10 = (ITEMSp} N (ITEMSpo}
IP={ITEMSr;} ~ {ITEMSp.}

(2) I0; €10, IP; EIP Q) RE o}old RO,
IP)o) t3l, AGENT; & 2] (6)9] @< A
A& 5 ARNYE AGENTp A Hed
t}. Rating peioe AHEAF Pzt oroldl 1O,
o h7 MEE AFE udch
W,O“,Pj = (Rating 10, X Rating P, )

Wy 10, = (Rating,, 1)’
WIP,- = (Rating , o, ) 6
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() AGENT g7} {PATHp} ol EASE =

T AHA =EM 4 ()9 g At
& AGENTp A AE31AH, AGENT, =

o) &e & (7 ol

A& o2 33

WNmer = WNmer + I/VIO IP; (7)
WDenoml WDenoml + W[O 10,

WDenom2 WDenom2 + WIP IP;

(4) AGENTp,= FAHd

&g o83t 4 (8)

3 2|0, IP)Y) FAIZE AT

Sim (10, IP,) =

W,
Toner @)

\/ WDenonl \/ WDenom2

A9 AL AR FAIZE Abse Wye
2, 34 28 193] #A%to & o8 714 F
F ok 9 E
ARatr) & A
A= (Adjusted co-

A&l (Sarwar et al,

APE A dyes WRE

otold 7k} Moj& HRBAE

¢8I #3E A

sine similarity)Z #AlAr3}7)

Migration Path =

»

Similarity Modet

(23 8] YEE AKXl &

130 3=ASHEAIAHSE =8X|

Rejection Message

133 H3F 20073 9¥

Owner's

20D, 4 O 4 @ 2o] 922 & Uk
Wi, "= (Rating .10~ AvgRating, )
X (Rating PP AvgRating P )
[’V:ro,.,zoj'z (Rating p.10, — AvgRatingp )?

I'VIP,,IPj = (Ratingg,m_, - A'U.qR”'ti"'LQP¢ ) ()

Uty oz AGENTp,E ) #H3€ 53 #
AE Zdg FEI}D AL+ ok a2y
{PATHp,} W ==& g5 HAdA %
2 7t =9 A Ao gt fAE 2Y
%9 AA& WAE & Utk

(13 8] &4 Al A% & e Al /A A
$E 543} 3 ALE [Case 112 U¥HAQA A¢-
€ Uehdth [Case 2]lM ¢t 2o], @A HE ==
o) AR Po7h BT S RESE AHSAY &
2¢ {BLOCKp} @ 33, Py7t {BLOCKp,}
of X Ak 3R} PoE Pog EAE)
wFol] A4l ARI} PoollAl IMEe AL 4

Requestfor matcheditem rating Neighbor's

Matcheditem rafing

Owner's

fl Trusy
Item List [Case 1] List
Mobile Requestfor maicheditem rating Ne?hb::r s
Agent » gen
Reject
Trusy| itel Blo
Item List [Case 2] E:‘:' u:;
N
Neighbor’s

Mobile Requestfor matcheditem rating
g% Agent € » Agent

Owner's
Item List [Case 3]

Pre-computedinformation

o
Trusy| tem | [Bloc
List || List

Neighbor’s
Similarity Model

Atefof] e 2 7%
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3R] & Aotk 7o Pref 743 do]HES
AGENTp = AGENT, ¢ AR 248& AHG
o} [Case 3] 8A) W =511 P7t ojn] Aale]
FARE B2 273k Sl B9-olth. AGENT;
© olu] #E5Ho| JIE Ped fAlE 2d 2R
Pcd] 3§l =22X7EH A2 F JE 4 ool
2 FAE ARE D& F A7) Wi, P
39 =28 o o) g% "War) gl Poo
TALE Bl Pog 42 22 S {PATH,}
g 7o g 759 RY2N, {PATHp o &
¥ === (PATHp,}o| 239 =9} A9
A, Port PoollAl 717ke Aol 99
LEYSRE U FABIL o] B$, AGENT; &
2719 J=rt} o ge 59 AHgA k=g
Tohe EFE A =Y, g Py9 2Ee
U B2 ANt ARE 23t At} Poe
2o ¥3d AL8AlE AGENT,, 7} olv) W
TIAY, Qo2 HEE A AMAs} 8
F 0T 2, o] “FEE ALAE Y k=
o AHSAERE o Bo] AT gl AR
= g 3o, o]59 FRE ¢ Bo] wiggoes
W 2318 FHo FHAA JFS E 5 Uk &
¥, og WESor ¥ =29 £2 A4 F2A

4 7] Wi 24 Hlgo] 3A AztAY.

34 AKSRH TSHo| Mmo} 2y A

O L

At 2o AP FH 738 4AE 2d
& Jlos BANEA Pyl A dolHE
AGENTp,= PoolA 448 338 A3 4
Aok PPz B HAE ZdolH, T

IP;EIPQ) 57 ofoldl IP;o tidt 2 € @t
9 BHE T w2 BT #E e ofold S
FAAL, 4 (100& ol838te] 1P i 23
A8 Ppol BAAQ A& A5 H5E 78
F itk

Z[o]e ,0{5 im(IOi,IPj) X Ratingpwm{} (10
210, 10|10, IP))|

p_ratingﬂ,lpj =

2 7gte] H2 oA 2384 OFolA
of & FAH F e & W Bdo] FEHHI
A" F, T FEE7] AR 717 53t
dojub= diolH o] MRS B ojRA w3t
o A RAY7} e Aelth

otol’l IP,7} BEHANEA PoolAl F4 =HA
S W, Pox 3T olojdd tigt 3= ASE
FEL 7 ok o]AT Pyl J=o] A3
AGENTp, & IP,Z {ITEMSp,}°| F7}gt}.
BAE BR, = <P, [P,o] U3 P,9) AEE
HA5>5 23ske {ITEMSp,} & Py7h 233}
E AMAe B2 {ITEMSp,}ol T3 ALgA
E9 MY oo]HEA ALd)

PoE {TRUSTp,} ol T34 A4} 3iat.
33 Peo #HAA & o, ofo]dl Pk}
{ITEMSp.} N{ITEMSp,} o TFE olold]
Z Poot Pyt BA0 A3 AS4E 58S o}
oldlEFe] FAIEE Poo FAME Rl ¥
Hol YA ¥rhar 7HgskAt o] B AGENTp,
© AGRe UP, IPo) Ud Pyd HA3%E A
T>& ol&do o5 2t fAEE ANG
%, 2dg REAoz A € agx
AGENTp = Pp7} AFee Algate] 229)
{ TRUSTp} o 22 AHEAEIA 81T ARE
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Update

User Agent

Recom- Rating

P, P,

Modei Owner

(23 9] ololHe] FH

A3}3la, o] & o] g-3tef AL 7l
A 590 [2¥ 9le o9 & A S

o] %]
YR,

4, 4

2 23

ol ol XE EFAAM At VT 7)te)
B o3 7S PP 87309 FHo] {43
AHE BTk $4, PocketLensol A #He Al
H 72 F YR 248 AHEAE godzes
HAt fAtE B T30 AMRSle B gt
Q) Aol P2P 24 33 A" B =EdA
Atsle AA" Y [k A5-S B A 2
ZH(Mean Absolute Error)E ©]§&te] vlmgic}.

a8, HE oo HES} 2] FRE AREgo
ZH S 7 de M 2l 729 asAT
ot HQl g5 F 7R AN Tl tig Al=
9 Al i 4ES 53 AQshe AxH
o 5485 Bt

41 M8 HOIES 45 &5y
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1 otolelo] i3t HE T Z 157¥E SAlolo] g
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Propagating

— . userfeedback p & Update 10,

mending feedbac!

10,
Trusted peers’ N

Agent
O

10,

™

I ALZAL m| = ol M)

2EY 7 U=E & 2 7‘]-‘?'1-‘4510114 £,
AHgAE T AMEALY 3ERE 93 L3
7b drhd A BE7HATF Ae7 }5 % 7}s}
of 2 AFEA i AEs 2HE & Yo
A8e A3 20069 5€71X9] Epinion.comdl
A Agshe Flol8E wsen, 449 ol
B HE 805889 AHEAF 249} 4791677 9] A
5] AH9} o]5o] 172414719 ofollel dis) A
TE XYY ST AT 66236308 EFI0
°] H]"]Ei HAFNX H 57 o]39] oto]H A
3l #2269 O AHEAIA AF
23 % EHY ALEASE H2 107 o)%e] AHEA
AA FFE L ofolde B3}, HolH
HUHE SHSt F o a4 48S F9T
T UEF Aok AHEA-otold FE vjof dvpit
F9 A3 A4t TR/ Slevke #eg 5
U= B4 F(Sparsity Level)2 1(ratings/
users+items) 9] 222 Yebd £ glon, AA "
Hole AFel Huryd £E2 0991301t FAd
doly &2 o3 2k

oZ“,

[ 2] Agoll AL2E diolef HE
users trusts items rating
4,751 216,490 2,955 121,862




T4 ZRYollAfe] HET 0{2iE 9fF UE| oo|ME =ajale]

Holg e F BEOoZ YyoAe), g
deltHe EE ZZe] AMgald] dis) & A9
<item, rating>%& A3 ZE "ol oy 7
AR A9 E & Y <item, rating>%L
7} vl 2 ALgHo| 8T ololdle] i AL
Ao A3® HF4E dZ35E I

A% Bt B2 U2 o8 ¢agSedA
doht A& o ES ATl oiE 9o e
2 7P 8ol AMSEE B Y 2312 AH4R
CHMiller et al. 2004 ; Sarwar et al., 2001 ; Massa
and Avesani, 2004 ; Herlocker et al., 1999;
O’Donovan and Smyth, 2005 ; Deshpande and
Karypis, 2004). %7} vlo|8 3ol x3d =&
ARt dig i Ad) 2AtE g3 o]
g% + Ut

e i |p_rating; — a_rating;|

MAE=
||

(11)

M2 %7} dolele] T3d AA olold FY,
<a_ratingi, p_ratingi>< 37} o] A T
3 ofol”l i o] Ui ARSAY) AA BHEF H5
(Actual Rating)¢} o|&¥ < (Predicted Rating)
£ 9ugd.

o}l ZQ) HlofEl7} AlxElel) WX el AxE
Z733}7] 913 I0S(nfluence on the Systems) S A&
3t} A BE d&Holol she Axw H4ot
2toja]] Holel7l £EERE o S M 212
Bslel dojRle foz thedt o] Aojdnk

iem [p_ rating; — p_rating, ]

105= i

(12)

p_rating= A st Hole FL ol§
o g TEHAL B9 olold iol that of

2%, p_rating & S w0l Aol ool
3l Hlolelzt EFEULS B okl iol g of
Z 3% Y4E Yo

42 MEa} BN
42.1 0|23719] 7o)l ME Ms T}

A, Ak A% HolA Adslhe AlaH e
FFAE Bol7] H3) Al B 75 e g
o]x9 A7|E FVMIIEA BY F&3 H3x
A d59 A& FPch AFd B4, 4 A}
$74e) A3% 35 WE e 7l =10 o
T & Asisit oje B 9 ofoldld ME
T HATE 39 AR vl AL 59 of
olde] MI® HASFE AT AR vl FA}
T 2dd o B2 9% A= 2SS $A)
s olthMiller et al, 2004). JHoZ 53
B FAR] fA=(Adjusted-cosine Similarity)2} 2]
S AR Afdle Arslel] 2 e At

TARE 2d 759 #Ad A, o]F do|HEE

]
w2 eAgt) o)L AMgzte] MF ojoldm}
A

3% Ao ARE ulgo g EAALEA 9] 9
NEEE Bol olold 49} SAES ANST §
N A PS40 A 3419)

FAYE(TCFMA+cosine, 2 (6))9} 3" FARS]
FAVE(TCEMA +adjusted, 4] (9)% A3t}

ol& Aol #AIYlo] YAHOZ o] AR
A5 gAsty FAIR Y] At AR FARE
£ AM3he o9 A2 ¥ (Random) ) ¥l atg
o} o] W, o] % AV|Ee & ofoldl B FAIEE
73871 S8 e HA o] & ougtt
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RO - 8 - OIS - 2B - T2

2, ol =77k 100 W olold s} jo| HAE
g Foe A, i% jF ool B HEE

& BEF 4847} 108 olgo] 2 W7iR)
BE £P8 fAES FIGE duol,

<E 3> 0|2 37| ¥isloll W2 AlAHL M5 8|

Neighbor
peer size 10 30 50 70 100

Random 1.2866 | 1.2863 | 1.2859 | 1.2859 | 1.2859

TCFMA +
cosine

12113 | 1.2114 | 1.2100 | 1.2101 | 1.2101

TCFMA +
adjusted 1.2384 | 1.2480 | 1.2412 | 12415 | 1.2402

& dlolEd X3E &4 ARRAE AR
2 ke AR 29E 75 ¥, 74 BAA8 R
of thal B} gloje AR &8 ofojHd 9] o5
AFE T3, olg AA H49) viwdd HE
Al QA5 7). 2de <% 33} gk <E 3>
AN & ARl 94382 o] &4 (Random)
& 53 72H fAE 2l Aotse whgo e
TEd 2 vid] B A 2349 o] 2k
Z, A8 AHSF BE o] FThol dis) A=
AN2ge 339 A7} BluF ke AMS
N 5 Utk

[28 1019 (@9 W)AA, Al 71x) B¢ 25
olx9l A7} F7sh] wal HaE Ao 2319
grol AA Zasidrl, ol 27171 50d g A
T I Z2AY Fxrt gl A RS 3
g & AUtk 2y (@9 49 o) % gl A
 olx9 A7t FAL ABE FH do] dAF}
A AR, (b)Y AAete WHE AHEAS
o L 9 o]% ARE o|3luigx v F
AN FAE B S 75T ¢ dohe A S
Oy A o]r,}.

.
4
X
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—e&—random

1.2868

1.2866 |
5
512864 ¢
212862 |
2
512860 }
c
§ 1.2858 |
=

1.2856 |

1.2854 i ) n i U T 1 1 U |

10 20 30 40 50 60 70 80 90 100
(@)
—— TCFMA+adjusted -~ TCFMA+cosine

1.2520 1 1.2120
g {12115 g
@ 1.2470 | =
=) {12110 8
9 e
< 12620 | {12105 2
& 2
£ 112100 =
W 1.2370 } <
3 { 1.2095

1.2320 —— 1.2090

10 20 30 40 50 60 70 80 90 100

(b)

2 3719 #slol| wE A|ARe
HiMo|l M d|m

_ O o

(23 10} 0

2

422 FAIE Yl R0 84

FAE 2E 759 BN A $e)
3% 0% doldEst vg) 298 A2E wet
1ESHA B TPE g tig AL 2
%g 2 2479 Q) ool HESA RilE W
W, ) e Aeole TEo] g2 WA
29 2479 Qo] RE ASA el 8
% WAAS ASH oz B olol Bk E,
ve] 98 Az T ASAE ZHASA
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L BREoIM2l X o{THE 2IF YE| Olo|ME =T

<% 4> ZE TR0 2FHe g AR EF M2 ARBA

s
Required Time (msec) # Accessed Peers
Peer_id Random TCFMA + cosine Random TCFMA + cosine
ad++jm 17088.60 7093.33 4106.30 893.26
aleisit 15793.10 6657.47 3751.23 563.33
alwre2 17843.13 14953.13 4390.33 2844.47
ams+*ar 18696.46 4008.48 4393.80 299.99
arsm 17898.93 4511.93 441347 477.37
arwrg 15295.40 10650.40 3682.47 1495.53
bp++y 16747.40 15285.80 407393 2841.23
dersvy 1624477 16034.33 4044.33 311413
gexp 14003.61 7409.92 341829 977.41
ins**off 18024.47 14060.37 451917 2593.57
Im*s+ia 10766.77 5980.57 272047 854.93
forse 18679.48 5557.42 4503.70 637.11
mixin_la 13978.20 12399.80 342563 1982.80
ob~+ng9 9164.53 8807.43 2149.57 1076.67
sheel575 12822.38 5512.68 3078.62 631.01
sheesg_ 17980.70 15036.53 4516.03 291013
ters++ain 17948.90 16840.53 4449.97 3479.60
the«13 16368.80 14829.63 4050.60 2689.73
the=serkat 16358.73 11331.23 3999.13 1705.30
ti=rms 9852.07 6964.60 2398.97 1005.43
Average 15577.82 10196.28 3804.29 1653.65

oA Al2goZ 3o EHAF FAg Zo|E 1 S 309 dHESl Y S dlon, A4Y Ade
55 €5 9% <E 49 2tk

AtE o] fAlE 2 73 gAdM o <E oA 208 AHEAY B 2Y T
tht o &EgFAvte dis) dotrr) &), 2d A|ZHE Hlarahd, oo g4 e] 79 15577.82 msec,
o] +EE e Al At Bad ALgA} F9 A etd Wi o) 7% 10196.28 msecE A|¢HE i
Bi& vustdct Hng 3 Frt dHoly J o o] Hold & B 5 Uth AR anxrar
FellA gdejo) 0% ARSAE AW o] o] A, Bd 75 Azto] 27} 1869%6.46 msec,
e 2771 7 ololdlel] tis) =F 30 o)At 400848 msecZ @A G Afo]E HRITh i, A}
31, o] ofo]dl F shtel: o] % ke H7)7} 50 B2 dexxxy9} ol Ed FZ Agto] ZZ
o] & wj7lx]|o] Azt A2 AMRA 8 =43} 1624477 msec, 1603433 msec® Rd T& A7t
Aot Z AR i 44 fAE 2l 13 o 2t A e & BEE #F HYE

SR SsHEA|AH S =2X] ®133 M3z 20072 98 135
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4], o} AFRA} dex*xy2] A3 ZAZ o) ¥
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2d 73 A AT AHEAY & 4
, B 3804.29% 7} 165366 0.2 F uj o]
AojE BRIt o] Bd 75 A A8 ARbw
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.

Loy g

wEo] HWaE ol Fao] 478 ¢
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of A2t Rl 7o WoF FEY PRE

A FH) Y& ¢ AxHe] Be o
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& dlole 3 At H5E Lopr gt
Z22g A A 22 919j 9] 5070 oteld gt
Ase s 21, ZF AR bE AHAE
AT ARE R v A9 3y o)
ole] A3t XFH ARAE GHho] o] 22H
AHEAEAA AF ARE BHEG R0z ot
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1, 2% AR £E 1008 5-H 20008744
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o]

y

136 SEXSHEA|AHES =X M13H H3E 20074 9

ArE F 714 WS TCFMA +cosine, TCFMA
tadjusted®] 29 75& 49 B4E $3 2d
T3 wasted, 4 Bdo] 158 o EFA}
£71] o]% do]HES} F2dhe 2&H AHEA
9 B F&5 dotun, ZFH ALgA7} A E
AL W) A aFe] g5 F=E J10S FHY A
(12)& 53l Lolrgich
8 TCFMA + cosine

# Random 2 TCFMA + ‘adjusted
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10000

8
8

60.00
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Abstract

A Multi-Agent Framework for Distributed
Collaborative Filtering

Ae-Ttie, Ji - Cheol, Yeon - Seung-Hun, Lee - Heung-Nam, Kim' - Geun-Sik Jo'

Recommender systems enable a user to decide which information is interesting and valuable in
our world of information overload. As the recent studies of distributed computing environment have
been progressing actively, recommender systems, most of which were centralized, have changed
toward a peertopeer approach. Collaborative Filtering (CF), one of the most successful technologies
in recommender systems, presents several limitations, namely sparsity, scalability, cold start, and the
shilling problem, in spite of its popularity. The move from centralized systems to distributed
approaches can partially improve the issues; distrust of recommendation and abuses of personal
information. However, distributed systems can be vulnerable to attackers, who may inject biased
profiles to force systems to adapt their objectives. In this paper, we consider both effective CF in
P2P environment in order to improve overall performance of system and efficient solution of the
problems related to abuses of personal data and attacks of malicious users. To deal with these issues,
we propose a multi-agent framework for a distributed CF focusing on the trust relationships between
individuals, i.e. web of trust. We employ an agentbased approach to improve the efficiency of
distributed computing and propagate trust information among users with effect. The experimental
evaluation shows that the proposed method brings significant improvement in terms of the distributed
computing of similarity model building and the robustness of system against malicious attacks.
Finally, we are planning to study trust propagation mechanisms by taking trust decay problem into

consideration.

Key Words : Multi-Agent System, Distributed Recommender System, Collaborative Filtering, Shilling
Attack, Web of Trust, Social Network
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