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Abstract

Due to the rapid increase of available contents via the convergence of broadcasting and internet, the efficient access to
personally preferred contents has become an important issue. In this paper, for recommendation scheme for TV programs using a
collaborative filtering technique is studied. For recommendation of user preferred TV programs, our proposed recommendation
scheme consists of offline and online computation. About offline computation, we propose reasoning implicitly each user’s
preference in TV programs in terms of program contents, genres and channels, and propose clustering users based on each user’s
preferences in terms of genres and channels by dynamic fuzzy clustering method. After an active user logs in, to recommend TV
programs to the user with high accuracy, the online computation includes pulling similar users to an active user by similarity
measure based on the standard preference list of active user and filtering-out of the watched TV programs of the similar users,
which do not exist in EPG and ranking of the remaining TV programs by proposed rank model. Especially, in this paper, the BM
(Best Match) algorithm is extended to make the recommended TV programs be ranked by taking into account user’s preferences.
The experimental results show that the proposed scheme with the extended BM model yields 62.1% of prediction accuracy in top
five recommendations for the TV watching history of 2,441 people.

Keywords : Collaborative Filtering, IPTV, Recommendation System, Rank Model, Dynamic Fuzzy Clustering
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1. &3 ASAIAS| FAL FEQ| ARSAL MY
(IP)TV A7 Bk §) 2191 & AHgAe B A1
S} Ea WA S 2t A HE AREAE 2] A7
Ak Y A4 AT A8 IFAN AF Aol FAR
*F&X}— TAZH R FES= FHS AXA ok
5 AHEAS A AT AR 1RO AR 4}
= —_.’"‘i -2 PCC (Pearson Correlation Coefficient)E A}
B8k PCC = ARk Al ARSANS} 5= 3he et A%
T o= ket Aarskdl ghe 7R W E ARSI,
whebA o] Wl F FE A A1 ST B2 AR
o) ABE ghol, N 57} A AR HEE ghol
vl A RiEs 2ts A o o], % A4 At
= =4 Wy elo] Resnick Pl o8] dF=
F A AEY 22O FH29] PAES EF
AR 0, o) e e 1, 2 Qo) vk L, ol tis)
BEAGAY HEE ot F2E AL AT A 1F
o] 7} {izEe] el tig FALEE Attt 5, &5
RFEA 1, O A} 0w 7ke] AR~ (u,u))E THET 2
o] St

A7 i & BE ALEATL TS Bl AJH =2
5 YER, o & AREAL w o] 2RI g, o e Ad

grolar, o2& AMEAL w o Bt Al s otk g
B BE ARAL u, 7F A1RE B 229 9S
Uehdith

AR gho] 0013 ARBARE S AL ] AHEAE
BRI 8o 349 £R5 a8, FH AMEA
= 49 ME o Z Agk & 4= itk B =RolAE 103L

:

R
&

2 34 Ao 4P& JPsqch

2. EPG TEfy D2 S8 57 54 ooy

G5 AREALeL Al FHdo] fARSE ARAIES A
T ol59 AT AIY TIPS FHS e TR Z7
To] "ok A W Zz2a8s FHT F9, EPG
ARE B H2 7Fs3 zEaduks Aws = gl
IPTVe} Zo] VOD Fejo] Z2 a9 FRl=E F3tel= 7
%, EPGE < z2a7o] ojF ARl o izt FHZ

A 7Fs sttt aEla AjQ Wb 2o deje) =2y
Alze] A AL g sl Q) W 2AEE viE AN
3lH, °]& EPGHEZE &-&3lo] o] § 7Mest Z2aHE
& FUFEE st AR 2 5 3ok

M
B =RoMEs A7 W Ao W3 32K dlo]
glol tisf A4S sttt 49 23, 34 Z=ag
A EPGE o] 83 =R & 23S A Ao ZH
Z7 A3n Aso] spAES Fo1d & 9k

3. TV Z272 HHZS 2[5t BM15 ZEO| &1

17 18 BM Edlof] thgh Zhekeh 2707 ISie
BMX Z=9] tj3k x}41 3k -8~ Robertson SE.H#%4g)
=zl “‘335101 Utk BM15EE-L o33 22 A
Lo AA R 293 nd g 345
4 53 B4 a5t 2ol 0 PAE 3
i.9F B AR u, o] BAZ A 7
&5 AHA u, B SEAEAE ASse 22
:zau zaad [, 2 g, 34 FH 220
.9 9 A7 AR A ZEaR, 2] A T
Hog AeojHr,

o

_LL

Score(i L, )
_ E (]) (2 k + 1)wf(ib’ic;Lu,,,U> (k3 + 1)wf(ib;Lu,,) (17)
= k, +wf(ib7ic;L“”.U) k, +wf(ib;Lu”)
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N—n+0.5 ..
A7V 0 1o T 0 =~ (1),

N+ i Eifﬂ%ﬂ AA g 3eE, 283 nd g,
Zgael g AFE Uehdth i = o] 244 AH
H upe} ol %%% FH 22 IS e, =
L, o &= 25 AHAY] As Z2as ordth
wf (i iy, o) FAAE AAEU)S WA Z2a
(NTP)AIH 315 vl 4,9, F Z2 IS A ARgA
E9 A1 39 3] HlE-S YERdth o EEH, A A
AHAES] WEE NypEt sl T TS A A
g c(ipi)> 0 2 E7|5H9,

Ny,
D0 (M N g igo
FipicLe, )= (18)
N
u'=1p' =1
wf(z'b;Lu) = AL8Afe] T2 Np—count< ) Al
g Sl o), ¢, Z2OWE A 3159 HES or|st
E]—' é’
N
wf(iyL, )= ——— (19
Z N

p=1

2= BM15 Rdlo] 37kE T ofol®l 4,9} i 7ke] &
Abol gk 715X 2, AFEAR-olo]El(User-Item) tlE2] A~
ol -)\VCC(Vector Cosine Correlation) {2 2] (20)3}
2ol Z4=EYE. =,

w® =~ (ii,)= o 20)

7 5% F olo|HIzke] VCC fAE 49 dlE U
Atk 28 59 ARRA}-ololEl(User-Item) wHE & 2of A,
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T ofels] 133} 145 FAl) AT T AEA} P TS 2
T ATk 4714 133 149 wA}E AT 064302 Het
FAE 3 05 o]49] gholch o], 113} 14 =28 o
A 5 AkgA sk T7} EA16 1%3}951@. 23w, 11} 14
slolElzhe] AT e 042 HTZ 05 olske] e 2
. g T Iead ko] §A) oRE ke 7%
08 FAKE AL 055 8T B, 139 49 fAlEE
06430 T X2 3k AT} QI A0 W] 5
a1, 113 148 FAREE 042 F ZE2 I3 fFAREE /L
oz #4995 ook w4 (@neld v e A
As} ololuizte] JUEE B} ojn] A clZdhe F3}
7 ot

Cosine based computation example:

E P K T i i i3 |i 15

z |3 |1 oo 0.697

0 iz |0897 |0

@
wl e o =] m
]

[ [ 3
I: 3 |5 13 . 0,08 +0.01+0.04
e e et e e e
M 5 |0 1 14 Vo240 P22 042012 +02°
I 013
5 4 |0 15 "ot
Normalization Cosine based computation results:
Pk [T i i2 i3 4 15

01 (02 |01 I 1 0.897 [0.562 | 0.4 0.243

[or oz o 2 |0.897 |1 9191 [0.207 | 0951

o2 |07 13 0.562 | 0184 (1 0.643 | 0.262

=1
e

o ol o o m
= r

0 a1 14 0.4 0.207 | 0.643 | 1 0.217

=1
e

15 03001 |03 |0 15 0.943 | 0.951 | 0.262 1

a8 5. A (1olM 1A w ofsto] ZoX
Fig. 5. The importance of weight W(z) in Eq. (17)

w3 A (7S Shed 2o] Juos 4 ¢
o. A WA & wf(zb,z iLy, U) Fo TV T2 1 tj
A AHEAE S MBEE 3P
wf(iyL, )3 SEAHEAR] }‘] d T sk A5
s UERdTh 285 ARRA A T dlo] o7 Aty
B2, $A} AHEAES) MEES BE AR WE
QAT A%, B w7} o] F4 49 PO F4
= 237} 71w, Ak AREARE S e =t S AL
B9 MBI} Az B A U48S ¢ Ak
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<
1>
0%

1. &l& H|o[H

219 Hlo|E= 2002-12-01%-] 2003-05-31, 67H¥ &<t
2,441 o] ARE-2}2] Nelson Korea2] TV A% 3]2EE] H]
OB & ARE-3ITE 3E 1o1MAH, AAl A1H AES 6 Ad
7 87)e] F22 oA ok 671 F<F, A A =
2o Elo]EL 1,081710])1, AHEEZA] w8}
W, 1,8557°]t} & 4= TV A|A 3|2EF dlogujo]x
o] Jeof gl dsta ot 18a APS flsiA, 4
(training) Blo]El= 2002-12-015-E] 2003-03-317}#] 47)¥
S ARE-3I o1, 2003-04-015E 2003-05-317HA] 27H€
< A5(test) HolHE ARSI

E 4. TV AJY s|AEe| Hlo[EHo[A 2=
Table 4. Database Fields of TV Usage History

Ho[E{to|A E= =ZEI=
ID ARSI 1D 2k
Date g5l
DateOfWeek 2
Title =278 El0IE
SubTitle =273 MEEPIE
w_start_t AIE AJER AJZH

AH-HTh Precision £33k ofo|¥l & Fo| A, A=}
7t AAZ A UA AFEE ofoldll FEe] vlgo] drht
HeAE etk 28]3 Recall2 A1gA7) AA| 2 34
QA A1 ofoldl T T3 G Qo] o017t e ofeldl
o] Hlgo] drh} HEXS Uehdth o714, B4 A
A|H3 ofolEl ] 7|Fe 2 a3)e] Zo] thr] 10% o4
o] A]A oj¥Lolt}, o] 7]F& Training HoJE 5% 2 Test
tlolE] A% Hlue] A& Ack 18d], TV 2233 F
Aol Ao1A, Precisione Recallol]l vl3] ¥ 2.3 v &
7HA dukshd, Recalld] A e F3H8h= T2 39
NF7F Eold A 271 Hed, o 2 Zz2ads 334
stthe 9jrls, €5 AREALAl A 35S TS Bol A
AleHA HE g, Fol Helsjof et dHEo] soURE &
AE FA =7] dielth

wehr] B =Rl Al 407071K]2] T2 a3 3o
th3t precision®] A=l FHE FEF HATH

w
=
ro
>
ol
[El
n
1o
i
I

X == of|H|

A% 3k ay o vt FBE A5 22339 A5 B
Z31 9ttt I 591 ID 103461201 AFEA}Y] AE =21
B AA 677) 5 F 10719 FEo] A= Tt

E 5. 1D 103461201 AREA} JHel ME T of|A|
Table 5. Personal preference profile example of a user with ID
103461201

w_end_t AE BZ AlZE
p_start_t IR0 AR AlZ
p_end_t Z20W B2 AlZ
Channel A

Genre &=
N_Cluster UserZ} &5t 22{AH Il
Clusterl A e by S2AE HS
Cluster2 T U ey SHAH HS
Cluster3 Ml dd] SHAH #S

A8 P52 Precisions o]-83te] =44 BE
B AR otol| A Precisiona} Recallo] A% &4 WL

fU o

Ofo|g] QlelA | Hid5] o= | AY Sl x;f H=
1056 1 1 1.000 TVa=s&
85 4 4 1.000 JZdo|mAlct
780 2 2 1.000 fS=Hot
575 1 1 1.000 QlMCHA™
584 3 3 1.000 | 2eogleolblo|
716 1 1 1.000 E{LZOIE
713 4 3 0.750 EIRIHAl
915 3 2 0.667 RZEE
748 3 2 0.667 S|
556 3 2 0.667 | S7IEETSHAl
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¥ 62 ID 1034612012 A ARg-A}e] =3 8= 107
= A2 YeERLE o] dEEL 4] (17)9 23 A5
ol oJsf gE= Aok

E 6. ID 103461201 ARSAL =X 0f|A|
Table 6. Recommendation Example of a user with ID 103461201

ofo|g] elEiA = M= A
640 0.015 Faoisa KBS2
957 0.008 KBS 9A| 72 KBS1
593 0.008 oo 0_423 MBC
592 0.008 ol o= KBS1
1000 0.007 MBC 72 MBC
590 0.006 A ANES MBC
571 0.006 o1zt 3% KBS2
1002 0.006 MBC News Desk MBC
34 0.005 2 EME KBS2
285 0.004 oj4 A= MBC

4, Mot =N BE =N 45 Hp(k o ky)dk

2] (A7) A kJJrkSL—rH Y 2alo] ¢f 9} gtf 2 H

&8 2Aa7) 91 ol

qt = 2% ALAle] @A A% 32 djn] , oloEl A%
¢ B guEith 4 (17)9A (k3+1)wf(z'b;L )/

kytwf(igl,) T2 i ofolRe FEE Folth bt

A kye 9ol G HAA Zgih
At mde FH FR ofold i er, F

AE3l2 =, precision A5l G vzTh A3 da=

3E 73 2

E 7. k1 H50f| E Precision &5
Table 7. Precision Accuracy of k1 variable

B Precision 4s

k3 k1 TOP5 TOP10 TOP20 TOP30 | TOP40

200 | 0.2 | 0.651 0.642 0.616 0.584 0.556

200 | 0.6 | 0.644 0.642 0.614 0.580 0.557

200 | 1.0 | 0.642 0.643 0.613 0.580 0.557

200 | 1.2 | 0.642 0.642 0.612 0.580 0.557
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2 6 F2E W] 931 A-8-A=2] precision
359 W2 A% JERIch 93 o] AREAL F
Sk 2o Test 7I7F 53t A A1 7t 3 & Qle 28
o AREAE 3 AsolA] A9 HATh E 7oA Be bt
9} 7o, Precision X352 Top N7fe] o}ol&] - Tops,
Top10, Top20, Top30 223 Topdooll 3l 22t ==
th. AES T3l HHY Precision Ae k =023

ky =200 s FR1E 5 9

5. Mol = 2Eo| ds Hln

9 %A}E 24 A5 2 ABAZE, o] )
B 799 284 e A%l U v 99 & ol

A4 Bkch 80lA Hinke) o] w? F7} Al Preci-
sion F=rt FFHE AS FAT 5 Uk ob AF
w3l 6 S 2AE AFRAEY Precision 3T3kS o3

A Aol

28, 7158 o? 3l 229 gl 229 45 Hln

Table 8. Precision Performance Comparison with and without w?

Precision 45
TOP5 TOP10 TOP20 TOP30 TOP40
VCC 0.723 0.686 0.640 0.602 0.573
None 0.648 0.611 0.580 0.554 0.535

J. Wange] #AAg 9] 42 2y} B =78 53| A4
H =9 AE 2do] e HluE al, 18 1o AAE
e BRS AN F, 9] JY RATS 2o]S F Wl
AP APAG E 09] A} Lol, B =R 53
E 9. J. Wang 21} Al 2RZIO| Precision A5 H|w

Table 9. Precision Accuracy Comparison between J. Wang model and
proposed model

200 | 1.5 | 0.642 0.641 0.612 0.580 0.556

200 | 2.0 | 0.642 0.641 0.612 0.580 0.556

200 | 24 | 0.642 0.641 0.612 0.580 0.556

200 | 3.6 | 0.642 0.641 0.612 0.580 0.556

Precision &&
TOP5 TOP10 TOP20 TOP30 TOP40
Propose 0.723 0.686 0.640 0.602 0.573
J. Wang 0.615 0.592 0.563 0.541 0.516

model
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AAE 5Eo] I Wange] sl vls) o vhe Ase B4
S A F Aok
T 2Elzke] o242 ol dlsf v Be E4S
T Atk
J. Wang™ & 9] A ndox] 31 TR 24 Yo
AeJol7t EAlste 7ol tsiAnt sttt &, %
WG F 7 ZE2IANE AT AREA} ol thafA e
aksdeh. ool wlall, Aok 9] FE mdlloo] Ve
FH FA el dojojrt EAlste B9k EAISHA &
A5 ®Fel s arataick AAgE 82 Robertson
SEFY] =rd & Ao} glrh
TV Z2 33 33 oA, AR AHAHEY] Hs
Tk olygl, &% AR Aaew Fesit Oga
19220 TV 223309 A9, thi] AREARL o] A Al

ot

— =

Hr
o

2 N
e 2

>

AFgA e, 2ok A d e SHHHE 54 5 2
A2E" $8 5, 1009 FEXE (A AFA ) S
FA
3 109 Yeh}Re] M2 thE Fe2EE0] ME b
Precision A EE Hol= AL 31 4 9t}
Precision A% 9S
A F AHgAEe] & A
AR} DA s A=) afdol
sh= A o] Aok

I 10. 1071 S22EQ Mg =2 FH Filr 45
Table 10. Program Recommendation Precision Performance of 10
clusters

Ao 3o Z2aS e e wens dxea
BE 08 A Ik B =22 Bl AN =9
RdE fAF A ARSARES] Z2add Y Heeet
DAt s gg Fate] Aoz, A=
Az%7 }WW w w2 w9 A4S WA Aok W, .
1.2 SEAEAL] NEErt A4 B A4, 9
e ‘%‘%% A 2T whebA 2 =7o] AR &
9l ¥ mdo] TV Z213) 3o glo) o FAsi).
FSH ). Wang EdoA 208 &5 P(iyli,.r)S T
A gako] ANE ARARES] A1 Sl e 1
§hol i ZZIH A AHGAS o] 7 i o), T2
S A ARA F2 ARSI AR AATG 2l
N P(iy)i.r)REe i ZE22WE AT AHEAES]

Rk %]—’F st fHHl T, Q} iy, TRAHS AT ARSA

Ay
o r°{‘
rulo

O 15

e o}aiu}
phRto R, i 9 i, TIPS e FE FHE
a1

w2 o BHEE P A BUS ANG & Aotk

-

6. 7ol MS =Z=zuplnt M =272 offA|

M7 24 23kol|l A A= Slxel, A 2,441 9] Test

* *k ek Precision

@ @ | G | tops | TOP10 | TOP20 | TOP30 | TOP40
1| 638 | 63 | 0651 | 0622 | 0587 | 0553 | 0.521
2| 142 | 18 | 0573 | 0534 | 0473 | 0.450 | 0.433
3| 324 | 28 | 0576 | 0528 | 0.485 | 0.460 | 0.438
4 | 295 | 16 | 0609 | 0582 | 0524 | 0.492 | 0.471
5 | 358 | 30 | 0587 | 0541 | 0509 | 0.482 | 0.461
6 | 93 2 | 0723 | 0686 | 0640 | 0.602 | 0573
7 | 545 | 64 | 0618 | 0607 | 0575 | 0534 | 0.498
8 | 624 | 85 | 0600 | 0592 | 0556 | 0519 | 0.485
9 | 87 6 | 0671 | 0.652 | 0582 | 0.528 | 0.489
10 | 212 | 18 | 0.603 | 0546 | 0.506 | 0.488 | 0.472
A | 244 0621 | 0589 | 0.544 | 0511 | 0.484

* (1) N Emf S2|2AE, = (2) | ALBAL =,
**(3) Test 7|2+ SOt 2l AIF Z2720| Q= AR

A9 Azt 71 Precision 4%50] 953 S 2HE
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2¥ S ZHGT 17 45 T8 4 S222HY SA4S H
wa B 2W Fe2E o] A EAES EBSAES %%P 2l
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<t 7970 0|t}
zzade] &

717t &<t 11570 01
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/~ ol\q,'
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B E=RNE 54 WA 2e2HY e B8 shi
= 7 O X

71 AHgAE] oY FAAGALEA
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9Jr EE:L%'.‘ 7&4 wr/\}E é %
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Akt Y BHPEE 01%5& o9 49 2d 7 TV
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