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[Abstract]

As a representative technique of recommender systems, collaborative filtering has been successfully in

service through many commercial and academic systems. This technique recommends items highly rated

by similar neighbor users, based on similarity of ratings on common items rated by two users. Recently

research on time-aware recommender systems has been conducted, which attempts to improve system

performance by reflecting user rating time of items. However, the decay rate uniform to past ratings

has a risk of lowering the rating prediction performance of the system. This study proposes a rating

time-aware similarity measure between users, which is a novel approach different from previous ones.

The proposed approach considers changes of similarity value over time, not item rating time. In order

to evaluate performance of the proposed method, experiments using various parameter values and types

of time change functions are conducted, resulting in improving prediction accuracy of existing traditional

similarity measures significantly.

» Key words: Similarity Measure, Collaborative Filtering, Recommender System,

Time-aware Recommender System
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I. Introduction

QIESN Ao} B2 5435] 57te =, AR
Fee Hohe FEE A2 W F&Esh=t] Hdigh AR
ZAJolc. whabA], ARl ARet A
ZA A|AE(recommender
system)> QNE{HIS St 215 Au|AA9] B4 27HEH
Qaolt}, AREATOA] AEet FHO| AE 2 A £t
AR O R o]RofX] =, AHEALZRE] F7} Hlo]HE Q7
SIAY E= ARBARR] 4] SfE, 23 I ORRE S,
Luflo]R] HE AR 5= BolA o]FofRITH{1][2].

S A AR L3S Yol oot HEY wiHol ZiY
E9i=d), &3 ZEj(collaborative filtering), & 7]
9t WEJ(content-based filtering), Q1GL-=A8HA TH

2(demographic filtering)2 H]£5}0] 0]50] &35 HIAl
o] stolBe]e =E{H(hybrid filtering)o] tHEAo|c}. o]
Sof= AEE] AAT 7|8t "E*H(social network based
filtering), X]A] 7|8t ZE{2(knowledge-based filtering)
50| "iFEof 7IE YAY TS JiASH AL Al=sd
o2l FZoll= AREANY] 7 AlZkg a2ish A2} QIR
(Time-aware)l} Y&] QX](Location aware) 59| At&t
QIX](Context aware) 374 A|AEof| tigt A7t &dts
o} E5t AR de]E(Genetic algorithm)o|ut A7
THNeural network)e Z& ARgst= AR 97
(Bio-inspired) < YAl theh Pl =7} =ofbx|aL itk
(31[4].

2 TEP(CF)2 o 7H=ahs 22 AREAY A,
P8R o1 HlolHuts e g 5P| mzof 4130l go
sto] ¢ &gs] A+tE]of grom WIS A, ojulE 52
AR Al AR AgElo] MUIAEN Qlct. CFE gt 7t
A da] 43Xl 412]5-L2 kKNN(k Nearest Neighbors)
o2 o ARgALR} 7V RARSE 7L HlolH & 7 o]

AHEAREE AR & 3 YAES AASP] st ¥
AFRAPE 0jE7teh =50 HIIR|E o533 o]%

gAY GAE ZES S

RS SYsto] dIEAIS AHEeI:

2912 sto] 159] B}

oloh 22 gt AR Eb 94 YT A S Ef2
k= OP/;}% 0]% 7]¥Hneighborhood-based) CFztil o}
Lo, 23 AlAEO oV de) A8Els sl

203). Ee, AgAle] EAol} ] HuzuH nae

T&sto] v]grr 59 FUIRIE ol& o}—tﬂ Lohe=
@ell 7]8ko] CF(model-based CF)h= o]% 718t
CFe e g RAISIHA = ISt %LOL Aoz Qlsf

FBAL} SN Ea] ZEE]o] it} o]% ]9t CFojl
A SAHE o] A4S o5 FaEe AR U A
AQl @aolng thofeh Aleso] JHEE|QICh mofa A
& Al$(Pearson correlation coefficient), FAFQ1 GA}
gt fAbE
(Euclidean distance-based similarity), £74 FARKI &
timAel

T(cosine-based  similarity),
AtE(Adjusted cosine-based similarity) 52
A =Zolth{5]6].

2 ATE WL A2 Q] Jle] ALgA} 7t gAlE A

S Atalch. hRe] 7|E ARolAE AEAIEY B
7FR]o] tiste] Z4lE&(decay rate)s A8t ozn, A
o] RG-S o|FA] 4t&of URls 9T= darl7]
£ g ol o] S0 LuaHA AR e
SYe Aales ALt olek= 2], AlQb W
P2 Wk Al7to] ofd SALE o] AN G2 WatE
Tefgicy. Aok WaolA £st 2|do] ntajolg gt A|
1 Wet okg 5] Ysto] gafet 2740 A 9] A ¥

R

71 Rshsted o, 1 Ayt 7|&9] of2] SAlE AEE9]
d& A5 I FARZS SI5HgICT

_l]_n_lc,_'_gl :rUB]% q%7 71—q 27(401]/\1: /\]71— o];(] 6334
UEIl B V1T @7 A0S it SO
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II. Related Works

AFEAE 7]8te] = e (user-based collaborative
filtering)2] 2 W2l= AJARIS] o AREALR} FARRH
7} ol2je] ALgAIS0] MBSl B2EL RSt A
olc}. £ ARA} 7o) GAIES EAsh] gfat Yoz
A, 250] FEO2 BIRIH P25 Brixlo] cfstol
e SAIE AES M8t Palo] ciEAolct. @ A
LA} 0"l H2e AAER|0] ofHL st 2o
e W AsAs v
% 31 pges A d5X
=9 i F=of tigh %

ojet 22 sl Ho]—ttl:]—]% o]-% AHAPt Y5 BVt
gF AES AsiR] ¢keng, ofF FEwrt Xskd 9
7} olet. webA, cherst A Qx| CRlcontext-aware
7IME % stuel B7t AlZE QIA] CR(time-aware
L o] A1gxIe] T Hialo] Ts] ZlstRam o
Zaste 71EA12 Holslol &5 EA|S AEsi 4
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AlZ FRIH7I8].

Ding?} Lis si24dz o2 7
9% Felamye Aol 2550 9% luel CF 2
o5 gse vlastATiol, H.—Zhenﬂr Leix 7]
uwloﬂ AIRF 7} A2 B3 50] Wola AT 94}

ARSIAT, 71EA AR 2A2ES mYalst
[101 Hesk W 7} %71 ARZE F2PE2 A8t 2]
off JULT AEFAOD, 7 A W4T}
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oH AL REE A Bl Hug 7H
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S
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L5 o O ARE SHslel AR Aeg Ao
B 35 195 4 8 ole) WAl Aol W
o] &to], 7t &£A9] Afo] 59 FEE =YsSIFL, o=
Q459 7} H|5-2 mPulE gto] Bt Aels &l Ast
Tt olet AR WHo g [14]= B7IA] Ato], 7t
A7} Fol, aeln Bk £A Rolo] &S et 3o
2 AFEshe A2 fAME A RS AL 3% 7t
b Qi T OABAIE AF oyl eakE @
(transitive similarity) A= 9HAlS 1191519

Lai%} Deng AF8%} 7]ito] ofd &2 7|ke] CF2A]
7t @8] Bid APtE 220} AasoR dasle
71eRlE FofstiTi15]. ARl o2 o] WA= Q2
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A2 B3 ANEQ 97 AuteSat Wt Ao B
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III. Proposed Methodology

B Ao P2 Yot A ZFS UHgshs ARAL T &
A= A S ARkt Al o‘?H e 571 ok 2

ol 5.0/5.0 mu BIRIE Hofsigictn
7}t AlZ}o] 22 istol] ok ol SENH 4.09) B,
T8 3 1420 2ol 2.09) BHRIE Hold 2oz Thy
B e T URAIct A ol 3] a2 b)
A A 9 5 AT 2 WA AR ekl e
PaAlA RSt 71E AT ESe A
H ofx|7} lc= 71 Btoll, £ Aol BIHRIE of
U SAKE 32 TIOR AJ7i] T2 waks vidstict.
of A7 57192 ARSAL 719) SALE 3 AVESHL
991 B4t ol Cfstolis w12 1ERIS Hojgoz 2
AT 3 ATk TR AAR ofejet e,
1. &R 7} Hlo|ERS: W7t A7t 71502 Slof N
BRATOR Uitk =, HA| Hojels R UR;U...
URweH 595101, Q19jo] 3% iof gt 7} Aj2e
i)t & o, i€R,, JER.+10] thstod t() < t)olck,
2A0] N ghe Aol ojs) 252 atetoleolct,
2. 7} %5 77} loje} g Ry, n=l, ..., Noj tistol,
Qojo] £ A8A} uetv 719) FALES TRiTh of
KolA] ALE é 92 98 Wold AU g FEoY
& AF8A} o) 2. 7} dolef)

st of AbgA}

opt _l; _J|>4 r

Z(ru,i 7_011)(701 I_Fl)
szmuz(Rn)_ : = —
\/Z(ru/_ 7,,“)2 \/Z(rz i 7,,1)2
................................. (1)
1€R,r,;# NULL, r,;# NULL

n’

3. 281 Do FESF simyy(R)), ..., simyy(Ry)S &
stat &% OA}E W ofefiet o] ArEdiy.
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7k 22 djole] A ROl et SAE %t simuu(R.)
o Sgots 7B JekEas Ee AYE 4%
£ ZEsto] Foisty, o= Aol ofs 24T ot
ghajeoct. &, w(R,) =" Fi= MnojH, A 3ol
S22 22 W} olE S BT SAE GO B
o] #AIth. Az A9 mEtulE{ol.
4. Y8R} U9t LE T} AFEAIOl] GALE glo] A
=9, wh olgske @2 ol digt 7} 5RO
S} Zro] AFESHH 3.
2(7"7;,;1; —7r,)- s 1My, ,
SVeim, | (3)
5. A87t ug 9Iet Y2 5 AEE 49 BN
R SR qREeR e
Slef 7. Aot WA 7 $i B} tlolet R
tholl FAH=S AFEsHoF stez, ET N ®1o] 7A]it 817t
2 Q8 o]z 7|E0f T g §lo] fARE AFE ﬂr‘*ol £l
Q3 Zoj| vsf, D7golet & 4 ok J2fy, & O
OJE] A2 BT AAE 7IEoR URofR|Bg, o AR
Z7]0tc} £j41 gloEjof thgh © gF §19] RALES AFESH
W goz Auxoz 7|E Wiy oK Y] BAES
FhEict. E31, Ao e FA) dlolert obd £ AR
W9l Ujo] B8 ojegle A8slel gilEE St
2, 7)ENTt 33 W7} gole o] AR5 Zas
2 fAbE AFE AIZE £8 @Afs] BEE 4 ok of
B8 go]g 2L ol 5l4sto o]z Jlsto] A
A gre] AlZlest skl 927t 9t oleist
2 oi10] WelE Yol Zo2A, BlolE| 544
Urf 719 o= 7 =2 Z-85to] siiAsHo}
S MAjoltt. Aoh Wiie] 281 EApoA moj s
=USIRET, o= thaARl CF darjdozA, H#
A ZofollA d2f ARgE0] & RALE AR WRiol.
o] giol= HEAR FALE AFE WY, B A2 ok
7IRte] CF /PSS oAl &Estol= Aijt ¥vY <&
FIRIOIA BlojuA] ¢tobz frlsiy.
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IV. Performance Experiments

1. Design of Experiments

At el g5 AEe stel 7t A2 HRE XY
& Hlole) Aol Hasto 2, 71 olpals) el S

o] 9 MovieLens(http://www.movielens.org/)2 Al

g dlolH = sttt o] HlofE M2 60409 AME
A7t 3952719] Fetol] sl 2003 oF 347Hﬂ‘ il
Holgh 188 /IR A4 FIHRE 2ot oy
71E Ao) A9 Ho}”fﬂi ZA| HlolE] 5 80%+= ’\}3
bS] AR 3 APES Yo &% HlolHZ ARESHA
1, YHA] 20%= &9 ZakzA Al 55 57
sP7] $feh &2 ARESIYIT:

& =wollAE g7 dE tigh olEA] AME R

AAstReng, s B7HE Hstd CF %}J_ialéoﬂ/ﬁ At
&ole tirAQl o gz Frt Aes =5ttt
MAE(Mean Absolute Error)7} ciEA Iy, o] 7} AL
Aro] AR F7IRIQE A|AH0) o & XS] Rlo]o] et
o= 739]5}‘31 ofzfiet Ztt.

MAE— ZZ“"U xT - U I

olol] tislod, 5 Wx|o] AlolE TS FZato] walat
= & 02 A 2A RMSE(Root Mean Squared Error)

£ TUst=t, o] A UEHA figloa Z8&of
2] ey

RMSE=

rulo

ZZ U T U T

‘45 vl ARZ flsto] ARl fARE A=t oy
sto] H7F ARME vhget Aert dopt 2 s 2
7P QA Gotu ottt wepA tjaA 7]E AHwxel moj
£ AHEE(COR, Pearson correlation), FARI SAME
(COS, Cosine similarity), HaAF&A}0](MSD, Mean
squared differences)9t 0|5 Zi7tof] 2 1o A7} b
¥ gugEE  Agst  WHE2 TARS_COR,

TARS_COS, TARS_MSD=2 7]5}0] 6] wsl%c},

2. The Effect of Decay Rate

B gole A WHel ks gholi Atgste
decay rateq] Al T2 4% wals molsielct. 13
L2t 2t AlS % oM g BRI SlAg el
MAE 45 Zatolch. Aol 71843 4] (2014 71 &)
290 RS el 715 g 2ot glel R, 5, 52l

FAE ARAL] BRI o B0l He 2 932 tlAlth
Oﬂ}b}tﬂi 7\=50?_]_ 75‘9— 7}K]— ZS_O }6]15_; L}E}‘;ﬂ_ﬂ

0.1 w) 7V AZslei). 53], A=2.080} 2 U g5
el Fest ojojat 2oz B 4 ok S, Al (2]
A Vs 842 HE0R stol UFE ZuolAls A3
ool 1 19] AuEct Ml 45 A E3t 1Y
19] 53 A5Rct AEE 2o Sl
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3. The Effect of Time Weight Types
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4. The Effect of Time Interval
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5. Performance Comparison
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V. Conclusions
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