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[Abstract]

Among various implementation techniques of recommender systems, collaborative filtering selects
nearest neighbors with high similarity based on past rating history, recommends products preferred by
them, and has been successfully utilized by many commercial sites. Accurate estimation of similarity is
an important factor that determines performance of the system. Various similarity measures have been
developed, which are mostly based on integrating traditional similarity measures and several indices
already developed. This study suggests a similarity measure of a novel approach. It separates the
common rating area between two users by the magnitude of ratings, estimates similarity for each
subarea, and integrates them with weights. This enables identifying similar subareas and reflecting it
onto a final similarity value. Performance evaluation using two open datasets is conducted, resulting in
that the proposed outperforms the previous one in terms of prediction accuracy, rank accuracy, and
mean average precision especially with the dense dataset. The proposed similarity measure is expected

to be utilized in various commercial systems for recommending products more suited to user preference.

» Key words: Similarity Measure, Collaborative Filtering, Recommender System, Nearest Neighbor
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I. Introduction

A e (collaborative filtering, CF) 7]§H9] &4

I=]
52 A pAERE A9 W2 At o] FofAl

ARl 25 JIUE F shfolck. AHgAP} HE Bt
HES Loh] Slstol, SARE W71 ol2e] T2 ALgAL
S Fxslo] 150] MESGY FESS FHIUCL of
2T AL AFGALS 710] QA % MS ol Ul

CF e B} oletel A ojne Belels il
oo Faste, EF T2% BLHS /5P st $E3
20| 7} dolelzt EAfslol aick. AAkE Slstol, qo
g Abe Ao} o 1-2). AEAe OB W

O 71w
ozM ARt 7REe]  mojd  A$¥(Pearson
correlation), AmojgF £9] ARNSpearman rank
correlation), Ad  ELQ  AFKKendall's tau

correlation) So] matg|n], W] 7]9te] FA}QI SALEL
A= FAR! SALE(adjusted
1.
% FE BEE /A Aot
g=ol tisiA B7tsh ]t
oL, A1 71 ClolEf ohS. Slarak Algolct, olefet ¢
olE| 3]AA FA|(data sparsity problem)+= EFESH A}
SS AHEsh] oA gt weby Hojele] 84 AE
£ WG N2 GAIE AmSo] EEc3-4). of
ol Mz AREAL 2@ =0 271EH W Frt
ol2lo] x|z Qlste] olSo] chet £ AEC] Y B
A7t ©AIstCHnew user problem, new item problem,
cold start problem). 0]2]3t & BA|SL A|AEIQ] =
8 AS ML 29 290l
9JolN 7153 UL ololole WAy J15d Erte oA
= Holy &7xd FAl(data scalability problem)ild,
| 280 A AL FBo] FE5PA HE, AtgAtel 24 2]
AE b2 70] OIgE XA Aejol 2Rspt Wt
cf. ol Aol digt siE wetezA Sold
(singular value decomposition)e} -2 Xtd 7+4 7|8,

(cosine similarity),
cosine similarity) S0]
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A(principle component analysis) 59 Q9]
g AL 4 9o, FeF =4 Awt &4
Psgo] ik B nslglei 1),
P QAT NS e J|RAoR £ A}

J552 F7HA] AAIE 7Rt =
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7(-] 7@2}3 ':4 /\']‘5-0 SFAFA ] O] L= E_Eq 7HH]—

2 O O
3 colEe 28t Y 2 A IS o A
B} Aol glolA, Z1E We S71S st

w2o] e chgt 2ok 25 B 47

Oyt fALE MRS /I 3Rl ARt YHS
4oyl ROIN A UE AE A0, SO =
29 A2 L Pert

II. Related Works

TARRE QI o2 o] Yt RAE AbE AFol|A]
A9 2% 5 ol B} Holet 22y
S A5l ool 2k o
o=2H APIE Al4(Jaccard
= AL8AP} WoE w
© T55 304 350 umo} &k=a0] ¥]8-S wsich
[3]. 7] 7 fALE A=l AFEE ARE H=R51
SAEE AHESIE Wilo] TR A7) R4 Wolen 2
2 Qleril4-5], ol WASS 52 8)4 Hol8] 2o
A 7189 dss FHARIGAL BEQiT){5-6].

e A B AFSACl(mean  squared
differences, MSD), mjoj& Atte 5 o8] 579 GAF
= Azt A3,5,7]E0] 2 5ol RAEIT Zhu
Q] 312 AFIE Al olefo] v|pA|A IR 2 E F
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Anst QA Rd 02N FEWIGTS TR AL
Ezglo|oBZ QAtE(triangle similarity)® 2E|91=0),
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SlollE Mu 9] 4912 FlolE] 8l4 BA|2 aiAsl] 9t
g o 2 A A2 (Hellinger Distance)?l AFHE Al

£ 5% Mol  AEA{(Common  Pearson
Correlation Coefficient, COPC)2} ZA3gto 24 F-=5t
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191 A =5t 10]. AFHE A= H7HRQ] 27)E
VHSH] %2 A SEE7IE VI8 TR vlettE
Htgstag, o5 Hesto] HWix] Yo gef ALE E
T gosty fAIRE daRjES EEdto] Yo EMN
A5 WdE ol A+ A= LREQIC11].

ole} o] A MEH FALE A=g tifwo] Bt
A i) e H AeARl ez 9 52 =55
L A &9] ZAjo|t}. Al-Shamrit AFFES} Cho]A A4
(Dice coefficient)S Quls}sto] Power A4S AO)5tal
olZ A AHrz F85It}{12]. Chen 9] 2912 &
AREATR] IR W] Rlo] & siAst] st WS Al
AlstlaL, O] ol el 274 IARR] A= A
=3 N2 fALE A e S A|Qkslt{13]. Bag 2] 2912
AZIE AlE Ta Y 2 7iAdste] d APLE fARE
(relevant Jaccard similarity)Z 2]t A|oF 8ltHo]
F1 45 FH0IM S4stttil SR3]. 2t Wang 2] 2
Q12 B7IR] 7|¥He] RALERF L& Z[9e] GAEE 9
SIaL o] WiRgo] o A5 HolA 2 T)ute] R W
HEoh 42 BlTi{14].

ole} o] of2f 7HX] 5449 Alxg Sk A 2o
B7IRY #E 22 Vet A7 HEE Q=Y Jain
Q] 2912 K-L divergence tjA19] Bhattacharyya 74>
2 OiFlste oh=A Agge] fAtE Mg 7igskal o]
£ 283t &= A Y-S ARSI 15].

g Oofet Wioly Aless refor &3]
gk w=3o] RPE] =], o7l 71E Al dajES &

93t el

3t 2/=js} 7192 olgaleict. (161014 AFEA} 71o] &
At S GXAT d2]E(genetic algorithm, GA)O.2 &
Alsto] ol& B7HRIY HEES =ole A1E A5t
7, 249 QALRO] WS HEsieie o Th 2L 4
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83lo] 252x]0] 240 FAES Yool FA AlA
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SJol] AHgsteict. (1519 Aol = GAZ Agstol 3%
g ZASIEEL, M2g 22408 71EE ARSIECE

o o5 ateet 27 P80 (PYS BE UEAY]
A GAS 83 7% WAEICH18) GA ot of]
g o2 530 Aot YuAEE FA AJAR 28]
St [19]0M= ¥HRE dve2]&(Firefly Algorithm)x}
Cuckoo &12|ES A83510] Z2AEHYS E5F =24 4|
AR ARt [20]004 & wALy] |Aet da]E
(Cuckoo Optimization Algorithm)0.2 &= AREA}Q]
713 2ol AMEIE F15AIE ool SAIEE St

YAS 7St
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oY 2lAsE 7Hg ARgShe Zo] obd A2 T
iels] fai A Pag AU ALent BN 2
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2 4% 39 o2 FUSHE YAOZA, T A1 B

Ws) mpot spsalct.

III. Proposed Methodology

1. Motivation

RMEAOl QAL ALois & AFSAP} ZE Tg
et 9= E0] et WS JEoE SAEE AE
ok B 12 golo] Al o] ALgARET UF Tl S
of thsh AREAI-EE H7F fE A(user-item rating
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W12 Bojsictdl, w Bk vt xo ofe £ B
£ Bojd skl o 2 1ow ot o2 MSD &
Ab= AHEO] Wisln, b MSD(u,v)e MSDiuw) ¥
o} 2 Zo] A& gk

Table 1. Illustration of user-item matrix and similarity
calculation

in i2 i3 i4 i5 i6 i7
ru 4 4 5 2 1 2
ry 5 4 5 3 2 2 1
w 3 4 4 1 2 1 1
ry’ 0.75| 0.75 1 0.25 0 0 | 025
r 1 0.75 1 05 | 025|025 O
rw’ 05| 0.75 0.75 0 0.25 0 0
MSD(u,v) 0.9554
MSD(u,w) 0.9554
[ro-rl 1 0 0 1 1 1 1
[ry=rwl 1 0 1 1 1 0 1

2. Formulation
2 2ol £ ARBAL 20 AR SALE AHE WHe
a7hetch Al ’fH2 MSDol 718kt 7} -5 871
o tjgt = AMEAte] HWIR| Kol wrefgity. o, nwt
A7} Roldl FEEI A7t FEES Lol SAIE A
= 7p7] ALt 5 7 Estels wlAle x|}

AAHQ] G E k& XSES [ AFEA} uQ] M= jof Cjjst

_J

ok

YIRS 1y P50 OISt 0jHItAIS et BAE o,
TEWRIS wq o) ohgat 2
I( {ZE]"Tu/ B r'u.,i¢ _}

& AREAR %7%] AoIA g7t A7t 55
J &4k 00l Tt ohEat ol gojeltt.
Iy (u,v) = {i€I(u,v)|r, ;> 0}
I (u,0) = {i€I(u,v)|r, ; <0}
91 5 71 &= Aol chstol 27k MSD 2kg Tato]
Eststoan  x|&EAo0l Aot Ar  MSDPT(MSD
A3

ParTition)S )2} o] A
1

|IH(u, v)| i€ I(u,v)

1

|IL(u, o) i€ I (u,0)

MSDy(u,v)- w+

MSD, (u,v) (1—w), 0<w<1
HollA 7153k 62 7HEA] w A|AT] mEfOjE 2 A A

ol 9fshi A7t

MSDH(U,U): 1-— (r/'u.,i_

MSDL(U,U): 1-— (r/'u.,i_

MSDPT(u,v) =

3. Example

((0.75—0.5)°

+(1-1)*)= 0.8958

A 220 tist MSD= 0.93750]X]9t, Iy Agto]|

tfst QALE ke awrh At I Ago] tistol= 3ch

oftAl, wile] AHg w21 AREIo] that MSDy]

Oﬂoko] ﬂ-@j MSDPT 7&#: 71;(171] QD:] = W71'°
AR5 MSDPT:= Yejjo] MSD ®r} AH| =ict,

+(0.75—0.25)2

|~

Table 2. Example of MSDPT calculation

i i2 i3 i4 i5 | 6| i7
r_u 4 4 5 2 1 1 3
r_v 3 2 5 1 1 1 2
r_u’ 0.75 | 0.75 1 |025] O 0| 05
r_v’ 0.5 0.25 1 0 0 0] 0.25
MSD 0.9375
MSDy 0.8958
MSD_ 0.9688
MSDPT (w=0.1) 0.9615
MSDPT (w=0.3) 0.9469
MSDPT (w=0.5) 0.9323
MSDPT (w=0.7) 0.9177
MSDPT (w=0.9) 0.9031

IV. Performance Experiments

1. Design of Experiments
2 APolME ¥ WEY J)uie] £A
S JAsH) 95t HLR ZMoz dg] 8L o=
glolEAE & EAQl MovieLens®} JesterE 0]&5}0]
ABSISICE 412 I S0 AT viof 2ol A of
4g 71 welA Aieh we] g
K02 B 1ol HYslct HElcy. B4 dole)
80%= SATE Amg 2o GAIRE IR AFSAISS
Tol7] et @3 HolE 2 ARgSHAAL, YAl 20%-= %
A ZuteA AARIY) H5S AR U] el
2x02 AMgalgich

NSO
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Table 3. Description of datasets

Movielens Jester
# users 3000 3000
# items 3952 100
. 1~5 -10.0~+10.0
rating range (integer type) | (real type)
total number of ratings 744,072 213,037
sparsity level 0.9372 0.2899
number of ratings per user| >20 >36

2. Performance Metrics

Js 58S Sstol CF a2 EolM ARgste tiwA
) ATSS E5f o5 RetT, &9 AT, 24 HEe
S AmuEgith oif Ages £2 P80 A Mean
Absolute FError, MAE)2 £45h=0], o]= Z} A}&X}9]
AA| F7HRIE A|IARS] ol & IER|O] Alo|o] Htow
Aojgitt o5 WIHAlE AAE} Aoz 2 Qo]
=9 olig F=o dish B7HRIY 7Hs 1oz 15t
o, 430l ALgat 5 dlojelslo] Blx] Weivt cheo
2, & doM= 43 MAE, & NMAE(Normalized

o

7] Hsted Ha de=(Mean

tH15]. & g es A|AROA Algst £4 &= 2A
EO} 7} = o7 AA| AREAE Folgh BIER] ol
GUh} BHE =R Eetth. 542 Ysto] we Aol
A g2l AR8El= nDCG((normalized Discounted
Cumulative Gain)[1,21]2 =stct 7t 45 X179
TRIARN SA I 40f] AA|SHIH.

Table 4. Definition of performance metrics

Metric Formula
NMAE %E M, =7,/ (maxrating — min rating)
Lzlzp@k- rel(k)
Ul %4 n 4
MAP n: number of relevant items for u
P@k: precision at rank k in the list
rel(k): 1 if the item at rank k is
relevant, 0 otherwise.
DCG
IDCG
1 o ()
nDCG DCG= WZ XA) Tog o D)
r(k): real rating of item at rank k
IDCG: ideal DCG
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o 2 4.002 goiiaL o= AA olE dHe] 75%
Adolng, Jester AloA &= o]et [ARRT Z3AVIOl siFst
= Wl 4.002 Jsigict

3. Performance Results using MovielLens
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4. Performance Results using Jester
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V. Conclusions
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1. Performance results using MovielLens
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1 MSD
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Fig. 2. Performance results using Jester
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