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Abstract In collaborative filtering systems most users do not rate preferences; so User—Item
matrix shows great sparsity because it has missing values for items not rated by users. Generally,
the systems predict the preferences of an active user based on the preferences of a group of users.
However, default voting methods predict all missing values for all users in User-Item matrix. One of
the most common methods predicting default voting values tried two different approaches using the
average rating for a user or using the average rating for an item. However, there is a problem that
they did not consider the characteristics of items, users, and the distribution of data set. We replace
the missing values in the User-Item matrix by the default voting method using user coefficient of
variance. We select the threshold of user coefficient of variance by using equations automatically and
determine when to shift between the user averages and item averages according to the threshold.
However, there are not always regular relations between the averages and the thresholds of user
coefficient of variances in datasets. It is caused that the distribution information of user coefficient of
variances in datasets affects the threshold of user coefficient of variance as well as their average. We
decide the threshold of user coefficient of variance by combining them. We evaluate our method on
MovieLens dataset of user ratings for movies and show that it outperforms previously default voting
methods.

Key words ' default voting, user coefficient of variance, collaborative filtering system
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Algorithm Default_Voting(A)

R={rg} /[ NEX-0t0IE &2
Default_Value={dv} //MEX wu JlE Hilgt
Thresholdey //ANEX HE H5=2 A gk

cvi // ABRtull HE A%

Skewness (/AT HE H20l Uet A
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/x NEX s H0l Ue AT Ha +/

n cv, - CV
(n—l)(n—2)z(

skewness =

)?

/* LAt Bl «/
Threshold.=1-

(CV+ Correction_difference(Skewness ))
/x 28 AFEXHOI T3t
For each user u;

If cv;> Threshold,,

JlE @it EF «/

then dv; <- the item averages //OH0| 21 H Z
else dv; <- the user averages //AIXNHZ
Endfor
End Default_Voting

Function Correction_difference(Skewness)

If Skewness<1 then

0.58
C_difference <~ ](¥"mes=¢

Else
C_difference <- log Skewness
Return C_difference

End Correction_difference
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A 1 2 3 4 5 6 7 ] 9 10 Mean
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02 02369 | 015% | 02166 | 01600 | 01956 | 01428 | 01983 | 01496 | 01731 | 01713 | 0.1802
0.3 02369 | 01586 | 02159 | 01540 | 01896 | 0.1398 | 01879 | 0.1198 | 01747 | 0.1708 | 0.1748
04 02753 | 01649 | 0218 | 01505 | 02146 | 01376 | 01814 | 01334 | 01692 | 01592 | 0.1804
0.5 0282 | 0.1649 | 02195 | 01499 | 01981 |.0.1406 | 01762 | 01363 | 0.1687 | 01579 | 01794
0.6 0267 | 01671 | 0219 | 0.1481 | 01931 | 0.1366 | 01762 | 0.138 | 01726 | 0.1410 | 01764
0.7 02478 | 01847 | 02195 | 0154 | 0.1954 | 03339 | 01821 | 0138 | 01693 | 01448 | 0.1769
08 0.2478 | 02215 | 02195 | 01646 | 01955 | 0.1338 | 01967 | 0138 | 01693 | 0.1692 | 0.1855
0.9 0.2478 | 02215 | 02195 | 01646 | 01999 | 0.1338 | 01967 | 0138 | 01693 | 0.1692 | 0.1860
¥ 3 QA Wit 93 whHs AotE Yo o3 e A% W
AAI Hale o]s) R_V (threshold) AHE wygel o Using_CV ¢
ARE A dAH 2] MAE 249 dAY% MAE
datasetl 0.2 0.23692381 0.18323 0.236923810
dataset2 05 0.164883898 0.52638 0.164789841
dataset3 0.1 0.191155538 0.31465 0.193556000
dataset4 06 0.148107331 0.590707 0.148230000
datasetd 07 0.19540210 0.52254 0.198135000
dataset6 0.8 0.133830520 0.58926 0.136700000
dataset7 06 0.176172957 0.60656 0.176300000
dataset8 03 0.119824435 0.38777 0.128848004
dataset9 05 0.168709841 0.64610 0.170410000
dataset10 0.6 0.141000690 0.65495 0.143810214
Mean 0.1676 0.1698
aY 5t ® 38 IHem Fod FA& o &d £ 3% 29 504 ALE HHA Using CVE
Aze AEHEE A AAE 1 L FETES R_V(threshold)d) ¥ME= wimside A%, 2 BT 2
vehd QARE AMEERE A9 MAES UERE, 21 €)71 00021701tk Tk BT 2871 09 A%, 4
o] ARE FI AHdH 49 HIY=E JLE F

g MAE of R_V(threshold)

wuompes . MAE of Using_CV

TR
dataset! -/

dataset2
dataset3

datasetd
datasets

atasetd
dataset7

d

a
o
Iy
3
o

dataset8
dataset9

dataset10

- Threshold by Using_CV

- The best threshold by R_V(threshold)

28 5 Using_CVe R_V(threshold)9}¢] MAE ¥l

)7 A (DS Aes e A AY Fs} zpolrt
AY glomz WP Hojzgkn @ 4 gk zEu 4
A dolele 3 fFFH0|7| Wi iyt #AETL
walAd 10719 dlojet AgelA A AF Anst £
ERAAM AR $£48 A4 A= thhe AolE
Btk 53] ® 394 1049 e ez 339
o) 7 2}e) HWito] 0.0021702 whe e QAE HY
th o]E 10749 delel Al WiF HF 016994 o
& B2 AXFeE, 2.17%9 3ot} o]HF A=
AL W A dAe] A s 4 WateE 2
Aol 7hede Helth o9t Zo] A9 i/t ke
AE Holyl $iste] ® 49 o] WEUX t+-AFH
95%9] AT FRAM OF vue Rzl H3}
o] oolmnl AL Abgsle] FAZHQ AI=E £4
4Tk ¥ 49 9B ARRE OISR -HFE 9
£3 Zhzbe] we] AFEE Yehlz, 9% IR
dolienl 4L Ea 7 WHEe] AFAge] A=TH
FFES Belth

% 4o A Using CV$ R_V(threshold)= MAE®]



1118 AR 7835 =E A
X 4 t-3A5F dolxulE AT 97 MNFHE £F

RV
(threshold)

Using_CV

RV
(threshold)
Using _CV

0.115325678

o gloin 2 Aolg

YehiA getmz,
o7t glEetel BF AsE B QN 2 Aol

o] 2

Z 97t givde ZAAE 2t wEld, B =FdA4
Ao 28 AMES A A= WsiAe] o 2
A8 71 =8 FE=E Uehd QA%E AHEE
Fo zole A gthe ZIE Aoz Fod £
o] /7 P& EU

® 5 10719 dlolgt Aol AR WF AFE
o] &% 712 HrIgk A= WY (Using_CV)S AMA H
T& AHEse 718 B7hgk o SY(USER_A), olol
d g AMgste V18 Hokg dE WHITEM_A),
aEn M3ZE Y] SYPAE ol&dE Y
(Neutra)3} H|W3IHE 2L 1 459 ZA9E Rt

39 6& Using CV, ITEM_A, USER A, 283
Neutral®] s Holu glon, ¥ 5% 7oz ok

® 59 28 694 AEA AT AL dAGE A
£319¢ A% UdA tE UHERD ®Bod $53e
Btk MR WE Al$E USER_A, Neutral, 283
ITEM_A9] ¥Rt Ho} £& 458 2UY, 23
USER_A®] #'HL ITEM_A$ Neutral®) #hgrct ok
48] Aol $HFE Belth

E 62 dl$YA t-AET 5% ABE F£F:A9
oE Hae] Eday Hdxe dolmn EAE ALE3
Ao FAFHA A=HAS e

® 69 2EZ JFdHe ugYA t-HFEL o)&F
ZZrel WyEZY] AH=E Yehln, 9% guRe
dolicnl BME Bl Z WHEZ A=A deTt

CAZEdS ¥ $8 A 2 A A 1L &Q@05.1D

0.35

R

0.3

0.2'5 : Ill

MAE

0.154

0.1

i b

el
o
.

0 T T T
Neutral ITEM_A USER_A  Using_CV

29 6 718 Bk A3 e A% Ha
' \

R 6 AE 712 wrigh wie A vy AR 2

Using CV | USER_A | Neutral ITEM_A
110.00000008910.000001250 | 0.000001207
: 0.381414232

Using_CV

6914 USER_A, Neutral, &3l
ITEM_AS WHE ol AT gloix & 9ug B

o) 78 BT, ¥

ol gorz TEDE 2 Ae] oA "1‘34/‘*0]
%iﬂ}c AHRE Kolu Using_ CVel veix] WS
13 Azl lolA AEAge] eg Btk
E'_Ptd, B =Fda A wye oiREe] ¥A o
3 Aa&de] AHg8E W o] ALgAp-oleldl P
el gubgde] Fzo mep Al Ao Aolg: B
ok 53], Fuiyol SFE 7B s Aksle
Alzhol 9101/‘1 oE “J‘%%—::ﬂl Hlgte] Bl A o). u}
2 AZEE @A F JE W g @7 2

3 5 Using CV, ITEM_A, USER_A, 18|31 Neutral®] 4% Hla

Neutral ITEM_A USER_A Using_CV

datasetl 0.27312381 0.273333333 0.281400000 0.236923810
dataset2 0.206428571 0.246957143 0.241731086 0.164789841
dataset3 0.252963605 0.226155538 0.251714035 0.193556000
dataset4 0.208834019 0.214455102 0.202338704 0.148230000
datasetb 0.305363636 0.295912698 0.251000000 0.198135000
dataset6 . 0207727273 0.178381818 0.187588550 0.136700000
dataset? 0.223888389 0.243961111 0.207689622 0.176300000
dataset8 0.169928839 0.17046102 0.173023088 0.128848004
dataset9 0.214638889 0.234168443 0.204269841 0.170410000
dataset10 0.200896739 0.193892779 0.208602484 0.143810214
BE 0.226379420 0.227767898 0.220935 0.16977028




BYY oz Axdel ) AEA WE AFE 01§ R BAR AF

a8 T, HURY A B FAE
Bhke) AgEe 2ok Hehd AR Wole A8
o 28% & AW} ofdE AY Wask gt
G Huby Axe e A e £ol@ Yol
shith. meby olo) HiE A7 E3 e

6. 2 ¥ ¥ UA|

83 o3 71ee 4THA 33 vl AHER
7F BE otolRlef tidte] HriEtA] gernz <lstd 4
A7y dAstn, 2 A7E g9 EAHS e
718 B dE Ee olye FHubdey EAFEE 3
as7] sty AFE WY F dhieth 1B wag
g ol o] AbgAt-olojE] FHe AEXE 2T
AL, olE tdes =g suke] o WHE H4s
FE A, 89 YA £ AHZ2E # Ut =
g AEE AHEAlAl Bt g8e ofodlle] FHe] s}
Sithe FHS e 2 = s 18y B
74k A W F AR B} ololdl FEwt
o] &3l Wy EAHES sy 93 AHER W
ATE ol & V18 HEk oS WHS AGEET A
FA50] oteldld disle #Hrg ARE Jele AL
249 T ASE Aldsta, HodH 46 23] ¢
Ags AT F, olF VNt s 7B Highe AR
oA oleld] HHom AN ALEAEL FEX
£ A&t Ag" WHE MovieLens Holel JAgE
o] &3te] WriEldoen, Byl Ax -@AHS v wlam
A o 22y M3 doxul HAEE F9
o Agtd dmElFol 7|Ee YR 4T
713& B$dh

T, 1R Hoh Byl B 2
28 ALgEHoHTE FHe Awo] aE
1=k 3=

A N

Ay

£A2

offt o OE‘.

-

-0
ATE

[1]1 B. Sarwar, G. Karypis, ]J. Konstan, and J. Riedl,
"Application of Dimensionality Reduction in
Recommender System A Case Study,” Proced-
dings of ACM WebKDD, 2000.

B. Sarwar, J. Konstan, Al Borchers, ]J. Herlocker,
B. Miller, and J. Ried], "Using Filtering Agents to
Improve Prediction Quality in the GroupLens
Research Collaborative Filtering System,” Pro-
ceedings of the 1998 Conference on Computer
Supported Cooperative Work, 1998,

David Pennock, Eric Horvitz, Steve Lawrence, and
C Lee Giles, "Collaborative Filtering by Person—
ality Diagnosis: A Hybrid Memory- and Model-
Based Approach,” Proceedings of the -16th Con-

[2]

[3]

[4]

[51]

[6]

[7]

[8]

[91]

(101

(111

[12]

[13]

[14]

{151

[16]

[17]

1119

ference on Uncertainty in Artificial Intelligence,
UATI 2000.

John. S. Breese, D. Heckerman, and C. Kadie,
"Empirical Analysis of Predictive Algorithms for
Collaborative Filtering,” Proceedings of the Con-—
ference on Uncertainty in Artificial Intelligence,
Madison, WI, 1998.

Jonathan L. Herlocker, Joseph A. Konstan, Al
Borchers, and John Riedl, "An algorithmic
framework for performing collaborative filtering,”
Proceedings of the 22nd annual international ACM
SIGIR conference on Research and development in
information retrieval, 1999.

Sonny Han Seng Chee , Jiawei Han, Ke Wang,
"RecTree: An Efficient Collaborative Filtering
Method,” Proceedings of the Third International
Conference on Data Warehousing and Knowledge
Discovery, September, 2001.

A5, AAF, o]AY, “dEZuS} Default Voting
< o183 FHEA deygdMe ARRA FAE 247,
PR N8 F7) sedR=EII), 2001
Toshihiro Kamishima, "Nantonac collaborative filte-
ring: recommendation based on order responses,”
Proceedings of the Ninth ACM SIGKDD Inter-
national Conference on Knowledge Discovery and
Data Mining, 2003.

MovieLens collaborative filtering data set, Http://
www.cs.umn.edu/Research/GroupLens/index.html,
GROUPLENS RESEARCH PROJECT, 2000.

V. Barnett and T. Lewis, Outliers in Statistical
Data. John Wiley and Sons, 1994.

L. Grossi, G. Gozzi, and P. Ganugi,
Analysis of Items and Ratios in Companies?
Accounts using a new iterative procedure,”
Proceedings of compstat2002, 2002,

Jonathan L. Herlocker, Joseph A. Konstan, Loren
G. Terveen, and John T. Riedl, "Evaluating colla-
borative filtering recommender systems,” ACM
Transactions on Information Systems (TOIS)
archive, Vol. 22, No. 1, 2004.

J. Delgado and N. Ishii, "Formal Models for
Learning of User Preferences, a Preliminary
Report,” In Proceedings of International Joint
Conference on Artificial Intelligence (IJCAI-99),
Stockholm, Sweden, July, 1999.

Paul R. Cohen. Empirical methods for artificial
intelligence. The MIT Press, 1995.

Giuseppe Carenini, Rita Sharma, "Exploring More
Realistic Evaluation Measures for Collaborative
Filtering,” AAAI 2004, 2004.

Rita Sharma and David Poole, "Symmetric
Collaborative Filtering Using the Noisy Sensor
Model,” Proceedings of the 17th Conference in
Uncertainty in Artificial Intelligence, 2001.

B. Sarwar, G. Karypis, J. Konstan, and J. Riedl,
"Analysis of recommendation algorithms for

"Distribution



1120 AR =FR] AT E 0]

e—commerce,” Proceedings of the 2nd ACM con-
ference on Electronic commerce, 2000.

243
ARARNEEA | 2TES O] I 28
ARAATE A=

& A 32 A A1 561D



