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Abstract Since the preference for information recom-
mendation service can change according to the context,
we should know the user context before providing
information recommendation. This paper proposes recom-
mender system that considers multi-user preference in
mobile environment and attempted to apply it to re-
staurant recommendation. To model the preference of
individual users in mobile environment, we have used
Bayesian network, and restaurant recommendation most-
ly should consider not an individual user but several -
users, so this paper has used AHP of multi—criteria
decision making process to obtain the preference of
several users based on one of individual users. For expe-
riments, we conducted recommendation in 10 different
situations, and finally, we confirmed that the proposed
system was evaluated as a good one using a usability
test of SUS.

Key words | Multi-criteria decision making, LBS,

Information recommendation

1.ME

19909t £34F o]F 2u& WEYI Uy B#d
7 AHdle giF3E JiQlel FE & Ue HEY &
o] Z Ao 7 FrIgPon old wt FH F3Ho] F8
¢ A7 Hok2 tFoA sitHl] HZde d9s T4
S 27MRA 7 Ay 7HA AMuI=E AFE 7|97 FH o
7o wel g FAISo] Jiist i AFE FH3E}
I, A VTS A e FAoltk Google,
Yahoo & tH#E9 F8 4 XEHo] /UL A% =&
golol & AASE g AMEIEE AFSHIL UL
3, Amazon< IFZ T A &£ Eo| AU H
gol = F3H MBAE AF37] AR Yok YA
8 AR Zyle doE2x ASE Aolmg Jde] H
8T Jle ARE F&FoE IS F AR E ToF=
ARFH Mulae doz HH ¢ Fa835) 4 Aotk

$HAH, H 2 d Atold] Butd tulejirl deE] H
T Aol dvisige we} thREY AR F
HZ g HIE3Y AuEE, PDAS & HEuid tujol
25 B3 HIATL Euid dulolAe 7ji]le] K
E AY 4 I 52 9L T B ofilg, ARRAPL
g4 2A3 7] WE AREALe AYXIE HHE 3
& Qe EFEANY d8% & F glon, o|FA
JE ARe =3 AEAE Y3 JE FH 7-83H
AREE £ Qo) ohebA BEuld HEAES] E EF
ARFHA FHE T8 A7 Foroju).

e FH AMujart ARE ez siYL &
A3 FHolv F3 3 T A=olA A H8E 3§
= dF Mulsg Aee Y dERr) oid o



O71E AL 24 e o83 Zutd AN FRr3A 307

NS EE WHgsjor Sk o)XYy 2§ AHAE 93 =
A EF e oz dAFH oy, I gake o
P, d3}, 5 Fo= ggstth PolM FA FR
E AN AMEEAdA ARE FHHYFE @ o)A
E ‘Let's browse[2) ¢} th AMEAE A3 93 =3
Al2EIQ1 ‘Polylens[3's ¥ ¥HH 4L F3) A
HE FHAFH, Yuld] T& AR Z2He A3
= Aoz oy AMEANA TV Z2ade FH3e=
Al =8-E Aeslg Tt

=RAE EFAUAE e 2o 7049
A AR A3® RAFPS 93 HoX|¢ vEY]=a
E AHE3H, 242t ARE 5388 3§ ARRAA &
A Mg AT 93 dE GARERA (Multi-
Criteria Decision Making) “'#¢ AHPE A3t}
T8 A&"HE =2ukd fujoladMe] 4% FHd|
g =y, NE ALAE 93 1Y 2§ ARAE
AT F3H AP A8A HME 53 2 AF S
P FUsIHT. |

2. DHiQ HYAEQ MY FH

AHE-RLY] Mulze] tgE XMEsE AYAEY wmd
Wslsl7l 43, 2ol Ao AYAE Wi}
A dAsleE 2okl B0 R FHE Y3l
A 2o 9 ARRAE dA A AR QA8
AP PHYXE FE0] AFPHoof it} AHAEE o
2 7IAE A€ 4 e, Deylsle AH2EE “A
St} ojE Aol AEAET Bl Yx AM,
o, EAY ARE 53R Q8 AEE 5 4
E AR AT Tewaril6] 52 43
A7l A8 AR 9], ID, Al ARE AH1E
ARE-SHA T, Kim[7] 52 Eutd A4y ¢35 #He
EE i3 HEIEXNZ, olBAZE, AR ZHA)
B3 AY2E(SA, 9 ARE, AHEH ZExE)Z2
Lol ARS-3h T

EZ 2utY ulo|lAs F2 o)F Fo ALEA H
2 A ARUt EFAAHS IS, uebs B84
il BEHAF ARE o83ty A FEL AF
sl 2dl Wlojx|et Y E Y A(Bayesian network,
BN)7l AEXE 2L 93] Bo] ALt A=
VTT9 Korpipaa |7%[3]2 Fuld tnlo)x A&z}
o] FY2EE &<, 7371 98 voln woj=z md
= AHS-E e, Park[8] 5L Xuld Zas xRy HE
ARE-2Le] AdEg mYFHdn, FH AUAE AFE)
A3 wlo]Aet HIESLAE AMRSIY L]

-

¥

=
| .
o
=

2 >

3. Hgtele F8 AlAH

~
.
3
J/
™)
v,

:

p
Buies| Ng
¥
eoueIeyul Ng
I
— 1| (¥
OR00

Context-og
collection

o

User Profile

[ Buissesoideud xejuod

}..

( 4
Integrated
J result
..

1

%’ 3

% ContentDB [1" 8 b g
@

Location DB | 3

\r? e, I S
O¥ 1 UF 9AEAS o83 JEFH e

O 12 A3 tE YAEA S o] &3 FH A
289 /R E BoFY HAAc ZA AHYLEE HHE

%3 Context-log collection 253 ME ARAE
2435357 9§ dlojAgt MEYa 2d aga F3
o] HQ3 IFd wet v YA Rl AHP
(Analytic Hierarchy Process)E& ©]&3% F3 X2E
A xR o2 1}t Context-log collection EE-S Ab
£219] 2utd Yulolx AR 2 AMER) ZEY A
28 238 £33t Rddgd He3 FeEE A
g 3= 9L M, /NE AR BdE HE2 H
o|X¢t VIEYA xS T3l o|FZIt) AMEA ==
Yo AYXIE §F U4 ASHEE niRoE /NE ARE
2 93t 31 Aapyt FEBHY, vpA Y F3H 2EA
ME AEAE 9§ FH ZYE AHPE |8, A3}
o FH AMEAE A3, die S8 ALHE 53
S Eat2)= 3

3.1 ZHjgl #HEYAE 27 $=F

2 =FA ARESE 2ujd AEAEE GRXRIEE
A= 9 APIEE 53 3He &9 4, A&
g8 53] 3= AdH A, GPSE 3
T %, Ax, a2a AFgA AN dFHE ALE-
A Qo] Qo 1¥ 2+ ¥A AEF AYXE 2%
Z HoFu o] YdHARE Hlo|Xet YEL =Y UH
o2 ARREHY] f8) A HARFE ARG 39 19
2E 25 HoJXQF HESHFY k9 QYo Z A}
&37] Y3 AAHE 3ATh AE Eof, AFL 1274
4L B AF, 7, ALSE IREH o] I
31, AIZE ATHA Q] AARR| I E 7IEL R JFE 45

23] o}3, WA, A4, $oz TESAL A4 2



308 AH AT =F A

Context log integration
&

Preprocessing

F 3 & & f 3 F 3
- o
£ - @
213 2|l 3 Sl 2 || 2
g8 g lls 1| £ 3 ||3
- & 8 o
g || & g% 5
@ a
Web System GPS Application

O 2 Y AE 27

2 AlZ"olM AH AREAA S o X
© A3AYE 3T} AR A HAE VL
2 200m ©°|H+= Near, 200m~400m< Hz+= Mid,
400m7} gol7bA Far2 Wrdch 2XE 7143 E4
ARE vigoR 31 7L A 30d7 MEAHe
EAE "ge 2 Warm(13~20°C), Hot(20~30°C), Cool
(7~13°C), Cold(-5~7°C)& F¥3}4ct

3.2 BNZ 0|28t Ji¥ AL2XF REE

NE ARE-2 R ES 3 HolX¢t HIEYIE Al
U2 2E 53 @2 Holg2RE o, g
© K2 ¢uglFo] AR-HAY. S48E #3437 98
o] Wlo]X|¢t YEYTS =t ¥ulg AHAE 2
£ 53 4359, 1Y 394 Prefer_1~Prefer 69 6
N =7} A, Prefer_10] 713 £83% 847}
I Prefer 6°] 7} 834 && 847 9t} Y ES
A FE AAE FIA A9 AR AR, A3
A3 FTHE F8IA WG, F=aE F8IIA &
A AZLEE &4 4 Ak

& WAt YENZ

AFE A4 &g A 14 ¥ A 3 Z(20085)

3.3 AHPE 0|28t CI7IFE A2 E

BNS| %8 Az AY At ofm g47e 4
3RS dEEY. AT AR g5 HE o
® AREzle] AEEE dulv wrg@ R Y FFo] {A
%t AHP= U JAAARAES 7S fEFoE
g sl AES =&3= trlE JAFAA o9l

2 =2t BNY 32 2% 244 5§ @8
Z ARFE Class={c,0, g}, 3% 7140 &
& BRE Price={p,,p: -0, }, 8" E97] &8
& A¥L Mood={m,,my, - m,}, A AN &

Nuns HdE Aums F¥L  Distance=
{dydy,-d, 2} B2, 400 @ ol 2zt 4,
p?ame’ m}r:ame’ d?amei}-:ﬂ 7]_;@-@‘_]‘.]:]. _'j_E,]_'ﬂ_ Z-]' i_t..:.oﬂ

et 7FEAE AHP 2APER HEE ol &M T3

g 4= AtElE 9AbER AS R¥E RoEt o

oAt Wi " SA4H M-S A3 Hrlese 54
Hol 5, 714, 471, S437AY Agolx, 9

& Mg 3Tl BFEHs ARl HEF
oA AR ] BEE o8 uhIF 4 Aol

aY 49 JAEA AFEHS viEoE HIU|Ed
3 7iEA AHEE fisi A (D 22 o 3
A4S AL PHe 4 94 L Aduln FHxo
o] Fax gor HAHEH, 1 J|ES U2 2
t}. A%} B 5% FA$EEH A’ BRU %{ =
8% 392 dAFHOE Yo 199 Fox UL T
ATt A (2o Qs Boula BF Zpzte] IS

e =, A @0l o3 Azl 24F 99 Foz 4
W 2 ¥ AuuE 939 F PolN 2459 BTL

A3} AldrE AF Hagte] Adiviy S B3
#E€ 75X7F v

I9 4 AjBSe AALEAR AT B¥

Q) Oyg o0t Oy
A_.._ 021 a'22 a‘?n ' : (1)
L L



O71E A 23 WHE ol ¢ Eatd 849 AR 309

S; = Ea'ki (2)
k=1
i @
2y
W, = (3)

(w; : B7E82i9 7HFA], N: B7E84 9 5)

2 (9 Bz Qe 7FA RS Weight = {wy,,, »
wprice’wmood’wdistance}e:l-ﬂ %}Eﬁ’ 0} Hﬂ 7}'%:5(]% 7]-%‘1
Zt SAZF digt 5 gL 4 (5)s} o) AR
& o,

)(ijkz (cz' X Wetass ) + (pj X wprice ) + (4)
(mk meood) + (dt X wdistance)
Recommended Value = (5

Max, ;. ..pj=1-mk=1:- n(Xijk)

2 O 2ol BE SAZFH did FE 3k FoIA
713 & B8 g HRecommendation Value 2t )31, ofd
RecommedSet = {ngame,p?ame, m}:ame, d;mme}jq_ Q) X 3l=
A2 S4F AERE A= 4 2Eupd ujo] 2o
A & F A=E Yk

4. o8 A A1}

4.1 A8 GIOIEt ¥ AlL2|2

AYe 3 289 Adx= dHolels AEX Y9
870x500m” Well 2= oF 9070 &4 HRE o]&3l
QL AHEA dlolele 2099 g AREAbel ola) ME
7lvte 2 33t

Adde FH A" AR ENa AREA @
£x Yrre 3l 1071119 g A8 oA A A3
3, FH A AN2E Aol ik HE £33
o R A% “Fol Ulgle 119 T AY A& ¥
sty o dlo]E F AAVS} Ho] 2+ A% ARE
o 49L& F¥E ndla AHEA 2FL vy 2
S FAS AYIAT 1, 29 A 29 WnE
TAE O3 2F0] 4% diideldda, 3~10H A43he 3
W EE 499 g2 A" O ago AF tAol
HAct 48 F 50/ 1ET 15399 W E 74
5o} APt

4.2 AUg| ¥ OB0 mE &d

R 1& 107H4 ZE %S AEF Aad" AHAS
Bol Pule] whIA g3HEel 21FWHIE BF 1Y
g F3ZAH9 f2Eoith A% ID, 1§ ID, S4A
IDe 47} 1071A19] 48, 33 4388 98 749 2
& 493 389 IDE gt AE AeRE 9%
F3, 19 FHI =33 AP we A 2
AE vlwsd Bt ¥ 28 AFHEWE, A AxEke

B 1 337 2§59 uiE 193 329

oy
j—
fa—
a

S10) G4 16
G5 16

A (25| as| Aaz qgi;i’gj‘ AR 2
ID | ID|ID {44 D 294 D %f’%jm
S1 1 Gb6 16 16 i1
S2 | Go 58 88 38
Gl 89 49 49
s3|Gal & 9 | 49
Gh 89 83 49
Gl 7] 2 38
S4 | G4 71 6 38
Gb 71 71 83
1 44 2 71
S5 | G4 44 44 71
Gb 44 44 71
Gl 36 42 44
1 S6 | G4 36 6 44
GH 36 88 44
Gl 50 50 38
S7 | G4 50 0 38
Gb 50 49 38
G1 36 46 89
S8 | G4 36 e, 89
GH 36 46 89
Gl 36 83 71
S9 | G4 36 88 71
Gh 36 88 71
46 48
11 43
30 48

OE3 FAQe] ©A] 7 3ol mEtMTE 430 F
A vaHET g, dF JAERYHE o83
OF F3HL 4 A3y A HAkle 25y 9HE
R F2Ho] dAo] H7| wiid] 1F WHY ¥
gholl weld gk 40l A He AL &8
F Ut A7 FHV F2H-ES 3 ARRE AR
“Bi7t o= ¢ B F55e #APE FHTHL Y 2
o] A& nigoZ FAE T o] AME-EHIUL

4.3 FH AAHE 6 A 4H

O 55 Xukd gulols Aola AR A&
ol FHANE HAFE AFT Aol 23l ko]
. (a) 23 F (b) HAF S37 A A AL
¢ Ad9sd 34 29E (¢) H2E JFoj9 (d) olv
A Folg B8 E8ETh

4.4 ALZAL PR WOt

Al2elo] ALEAE Hrhetr] s HHAR A AlAE
£ AIRIIEE 3 F HE AE FP3AT AER
A B3e AREA W7 dE] AME-E= SUS(Sys-
tem Usability Scale)?] 10532 AME3RTHI0L 2



310 AR 7 T}H3] = F-A

(a) 2219 %A
o N G

(c) FHEAINHYXZE Roj)

2% 5 2l 34 Aad

(d) FHZAIH]9|A] Fol)

SUSScore
o 8 8 &§ 85 5 3% 3 8 8

1 2 35 4 3 6 7 & % 18 1 12 13 gz
Hyxgus

9 6 ALz AAHEAY A 2F

w39 3HL Likert3EE AME3IS 73 £3, 13
BT, 34, 433489 144 57149 54 & F sk
& AYI=s stk HF FdF= 05F 1004}0)9 g
= e A2 EY, J97t 58543 ARAA
AsEE A2deg B 5 ok 1% 62 7+ 93
A8 SUS A9} 1 Purs HoFed diRy Hs
7F 60~825A 012 EA JERGL QloemR AUgH Al
28 o) AR o] o A 4 3o

5. 22 H g% g+

= =xdMe O AR A3ZeE 1Ed PR
F1 Mu2E AF37) YA oAt yEYaAR

an)

Fee A4 2 A8 A 14 A A 3 E0085)

M AMRR}e] Maseg wdEsia 1 23S AHPE
B33 1F ARRAE A% S4F F3H AHIEE A
Falact AR "I A Ajkele A2 AN
o] &< FRI3IAT

FFoe F v B2 HoJgE o] &3 AFS YT
Aoy g FH AMulxd AWdle FARI F
£ 7EAS AR B oFo|u.

F#ug2d

[1] G. Adomavicius and A. Tuzhilin, "Toward the
next generation of recommender systems: A sur-
vey of the state-of-the-art and possible exten-
sions,” IEEE T KOWIL DATA EN, Voll7, No.§6,
pp. 734-749, 2005.

[2] H. Lieberman, N. W. V. Dyke, and A. S. Vivacqua,
"Let’'s browse: A collaborative web browsing
agent,” Proc. Int. Conf on Intelligent User Inter-
faces, pp. 6068, 1998.

[3] M. O'Connor, D. Cosley, ]J. A. Konstan, and J.
Riedl, "PolyLens: A recommender system for
groups of users,” Proc. European Conf on Com-
puter-Supported Cooperative Work, pp. 199-218,
2000.

[4] Z. Yu, X. Zhou, Y. Hao, and J. Gu, "TV program
recommendation for multiple viewers based on
user profile merging,” USER MODEL USER-
ADAP, Vol.16, pp. 63-82, 2006.

[5] A. K. Dey, "Understanding and using context,”
PERS UBIQ COMP, Vol5, pp. 20-24, 2001.

[6] G. Tewari, J. Youll, and P. Maes, "Personalized
location—based brokering using an agent—based
intermediary architecture,” DECIS SUPPORT
SYST, Vol.34, No.2, pp. 127-137, 2003.

[7] C. Y. Kim, J. K. Lee, Y. H. Cho, and D. H. Kim,
"Viscors: A visual-content recommender for the
mobile web,” IEEE INTELL SYST, Voll9, No.6,
pp. 32-39, 2004.

[8] M.-H. Park, S.-B. Cho, "A BN-based recommen-—
dation system reflecting user’s preference in
mobile divices,” Proc. of the Korea Computer
Congress, Vol.34, No.1(C), pp. 248-251, 2007.

[9] T. L. Saaty, Multicriteria Decision Making: The
Analytic Hierarchy Process, Planning, Priority Set-
ting, Resource Allocation, RWS Publications, 1990.

[10] J. Brooke, SUS: A "quick and dirty” Usability
Scale, In P. W. Jordan, B. Thomas, B. A.
Weerdmeester & A. L. McClelland (eds.) Usability
Evaluation in INdustry. London: Taylor and
Francis, 1996.



