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A Recommendation Technique of Product based on the

Item Characteristic

So-Young Yun

Dept. of Interdisciplinary Program of Electronic Commerce of

Pukyong National University

Abstract

Now users have .to pour more endeavor to find information they
want for the drastic increase«of information and theexpansion of
various information communication devices. Companies are using a
recommendation 'system which recommends an item to the user in
order to settle the problem'of such information overload and secure
more users.

Collaborative filtering -is~the most widely used method among the
recommendation systems-and .is.based on user or item evaluation.
However, collaborative filtering exhibits problems such as sparsity,
scalability, and cold start which reduce the accuracy of
recommendation.

To get rid of the problems of collaborative filtering, this
dissertation suggests a method to use item characteristics as the

weighted value. The proposed method consists of steps for item

_vi_



characteristic extraction and item recommendation. The item
characteristic extraction step classifies items by genres and uses
only the data of which rating is 4 or higher to analyze the user
information over the item.

The item recommendation step computes similarity by making use
of item characteristic. After computing similarity, only the data
which satisfies the condition is designated as nearest neighbor. It
computes the predicted value of the targeted item using the rating
of k—nearest neighbors and designates the rating of the unrated cell
using only the predicted value of Top—N. When it recommends the
item to the user, only the items of which the predicted value is 3 or
higher are recommended:

The technique suggested through this method not only reduces
sparsity problem /but enhances.accuracy as well. And when' a new
item and user are registered, it 1s possible to conduct, fast
classification and recommendation based on analyzed information
and also reduce the cold start problem.

The experiment result using MovielLens data set showed that the
suggested technique has ~been more enhanced-the .accuracy,
appropriacy, and efficiency ~than item~based and genre-based

method.
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1AM = nge] AHgAEe] mAle] ofelde] Holdt BrHgre 4

ste] X 19} 22 n X me] A X ofolgl WEZAE AT

CE 1> AR X obo] WESA

<Table 1> user x item.matrix

olo] €l
B Item1 Item?2 Item3 Item4
Userl Ris R Rig
User2 R Ra» Ro3
User3 R3s R33 R3u
User4 R4 Ru3 om
User5 Rs Rs» Rsy

Riae AHEAL 1] ofol®l 16 Fojgh Aot J7hghs Snlstal Hlo]
= AL AREAR7E ofol el Wi Ak HUFE A Fhes oJvd

o
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CE 2> AR X ofolg WEG 2 o

<Table 2> An example of user X item matrix

11 (12 [13 [14 [ 1516 [ 17| [113[114]115[116]117[118]119[120
Cl 413 [3[5]4 5[515[5(3[4[5]4
243 1 3 3 4
C3 [ 4 1 2 53 1 4
C4 5 5 1
C5 [ 5 2 5054 3
C6 1 54 1
C7 |4 4 4] [3 4
C8 5
C9 5 41314 305
C10 3 2 4 3
Cll 5 4134 35
Cl2[ 11 2 1 3
Cl13 1 5 5 1
Cl4| 4 4 3
Ci5 5 1 50514 3

E 2% 1979 A=A BE e OLolA clelgle #3087 93
C1& Z3e 1592 AH837F 20709] obel Felhcisl @ 7ber =94 v

oI5,

oJEjH| o] 2= KB} ARBA} X ofo]glo] mjEHES AT

f
P

207 : ol% M7
of WANME THE AGRED BE AL FARE AN F o

=& AR detd o2 FARREE Tojs A #A 5 (Pearson Corre-

i

lation Coefficient)?} WE FAF=(Vector similarity, Cosine)& A}-&3}
of AAksttl
T AREAE agt b AT E A AEE YER & Joj& Al o

=9 A (29 11l
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i=1 i=

_ (B3-4)1-3)+(4-H(3-3)+(5=4)4-3)+(5-4)B-3)+(3-4)4-3)
JB=4Y +(4=4) +(5-4) +(5-4) +(3—-4) " J(1-3) +(3-3) + (4-3) +(3-3) +(4-3)’

_2+0+1+0+(=1)

a6
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<E 3> BE AMA C13 g2 AHeAE 71 FAHE

<Table 3> Similarity between different user and target user Cl

C2|C3|C4|C5|Co6|CT|C8|CY|ClO|CI1|CI2|Cl13]|Cl14 |C15

C1/0.41|0.85(-0.14|0.77|0.14 1 0.00| 0.50 | 0.00 [ 0.77 | 0.00 | -0.17 | 0.58 | -1.00 | 0.63

3670 : WAk el 23 33
sEZlel e 2 ALgRbel Ao olEe] ARHW ¥ A}
7514 3 ofolule] e o] AFEAY WAk ARE o] &at oS
Ao AET. dZ3 P BE AR a0 ofolEl id] Hat o Sgko
2 1A a0 Ao ol WARSS AEWFOR A (DS o] A

3k,

A o .
N Zb:1 (u,;, —u, )xSim,,

P i :Z n (4)

a, .
i Sim,, ,

u, = R AR a7k 7R ofolRlE e} gk e] Watelal, s AR
At acl o] AFEAF b7F HIEEE ofolRiE ] WIbgke] Hatolth u, = O]
% AEAF bl ofol | ioll thgk FIIROITE. Simgpis HHE AFEAL a%t o] %
ALEAE bol FAFEC] AL n o] 59| ot}

BE AHEATE BohSHA 2 otol9ES] HARE ASF F Top-N
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Mo R FHAESS Agste] FA7F =& 49 N ofe]ginks H3x%
ARgAFO] o Sgho & ALg-ghe

52 29 Aol A FEF HIH oS AFEEtY] FHE AFEAF CLe]
HGrrebA] ek olol®l 11, 12, 18, 198 S22 Aitsl= Aot} o
g olgate] Bx AH8A C19) kol 110] th3t B Hgke 55w

=

|\
1>

=3 2ok 12, 18, 195 22 WHo = o=t 1 Ay i 49 2t

o

P, =R, + :
4 Sim,,
06 o (43 1x085#(5-4.14)<0.77+(0-2.86)x0.77+(0=3.61)x 058 +(5-4)x .63
o 0.85+0.77+0.77+0.58+0.63
_a0g . 0T6+066+(-221)+(-212)+0.63
3.61
= 4,06 +(—0.63)=3.43
< 4> 53 A 8ARCIe] ofolel 7t 1S
<Table 4> Prediction of Cl's item rating
I1 12 I8 19
P, 3.43 1.18 4.21 2.93
HEFAORE 5% @5 Tl B7F whol =2 A9 NI ofolvlnt
g FH9T NS 22 AR 2HE A8 Clol ofolsl 113} I8
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OAA, 54 fFAE siminte()E AlLFeRaL H3E ofol|E 913
ol ofol’lE] [} NIIA A9 N7He] o] % ofe|Hl5S e}

O 4 B BE SARE P Aot

siminte(i,j) = (1 —a)simattri(i j) + asimrat(i,j) (5)

ai= 004 1AFe] o] 7k Alg=olt.

AX A, siminte(i,j)et H3E ofolwla}t 7 A o] % ofo]Hl =] ]

g NIel &3 ofolgl 55 H7Fe ARSAECl o7k 53k Pluser, Lim)e

oo A (p)ow AT

Z Slmime (Iaim 2 J) 8 Ruser,j

):jENI
Zl Siminte (Iaim"])|

JjeNI

P(user, I,

(6)

R,yor; = OFolBhjoll T3t =32 AREAke] 7t gke] i, NI= 7Hd frARg
ololdlE9] oltt. siminte(luimD= LinH A ofo] I} JH A ofo] &l A}
o] ] frAbL=o|t,

npAl ek o ' 9] o] F Aol A A HA7EA] A wHEEe] AREALT}
ofoldls HIlshA] e EE o 5aS AE - o =3k Pluser, Lin)E

gdsta AREAMNAl N7j] A S3tks 3 g
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2.2.3 ¥ 4= Bt

FH AlxEe] S Frhshy] A wRer A A8 SA47I

N
o
~N
T
Py
(@R
D
Q.
9,
@]
3

H(statistical accuracy metrics)¥ AFA A AL

_‘d
ofo
X
N
N
o
N
N

support metrics)®] AFEHET SAH A SH7IHS A

& @Et cdSE ges vustel d5e A E SHse o5 Bt

71¥Holal YAMAARA Y SA7|HE AL A} kA o] olo|HIE S MElEt=
AL vk 2 AeEAE 2k 22 @7} 7 HeltH[39],

2.2.3.1 d= H7} 39

Aol AAZ Fogt Hrighy 4 dagsel g d5E gk A
o2 FZ AN xAH AHS =& 4= 9tk MAE(Mean Absolute Error)

L oolel@ o3 B7LE 9 A EE 7HOR elolgo] Yld A8 el
AR B FR A 2Ee] dSge] Aelo] oig Y BELR F
o A%e B A @ gehA N,

Z| Pi—4; |
MAE =1T (7)

n o 53k ofo]§ o) =olal, pi= oS gkol™, ¢ AHEARS] BIbgkolth
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H7rekA etk 18 B2 MAEZE of
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DS X gthE Bl glv. 5, MAE® WA A5 gE3 A L

2.2.3.2 3 37+ HH

Top-N F39 &S Hrlstr] falx A& (Precision), A&
(Recall), F¥ % (F-measure)’} A9ttt AdS3 QA& 4 HA
Al 2wl Mm-S Hrbeke g f-83 HU7F FHE T ol FH A

28] A F7HE fsl wol ARSEAL ATH(74].



e A @3 A @F e ABES FeaT4],

Precision =S¢ of hit set _ |test () top— N | )
size of top — N set N
] ] test [ top— N
Recall — S2€ of hit set | N top | ©)

size of test set F |test|

v S A S-S ks = F el lo] N9 47t Frksk A
&2 wolAU, A &L Haste 4] Ark upebx A& A4
&5 B A 103 22 Fl H=[4]8 AHgdth FI A= 48434

AdEel 22 7FsAE Folotel As e Fokske 7| Folvt[74].

2xR Precisi
Fl- x Recall x Precision (10)
Recall + Precision
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2 79k A510, 6315 wFRd datsol o] FolxaL At

_31_



o8

a

o}o] Eé]l

o FA4

gl

7171 $18) Ak

o) A&} 7] uko]i} ool

H71 21l 71

=90

]
=

]

E

a
oy

o

Fel olol gl

3

[Rlo) B5 Aust AHga YuE LG

ﬁo

ﬁ_.o
o

oy

ofp

il

=
;Qu_

A GAR o] Folzl

=
T

%5 ofol gl

s

bof ofo] el

{3

o]

=
—=

o] H] o]

th 2 HollA =

To-

_32_



ofol®] FHEAE ALET AAMFEE U ofolgle] B ARE T}
Az AR BRE FEAR A ATES W9 Be P 54
H
H

s
K3
WA LAE RAdskel dEAdd € 2HE 7

& mol M ofoldle] B B AREAF RS AR ofold] =

& ol&sto] A, SR ol 27| HUF £AE WAk 7
S Agtsitt o] Ve H= 7 AR AR S o] AF&EH]

sh= gloleh. Hele Aakel 7t ofolsl g mlate] vl atulol e
o] 2201 IMDBY] 7] %ol whel F25 oF & gl 27he] ofo]8lS Al9)atn
Action, Adventure, Animation, Children's, Comedy, Crime,
Documentary, Drama, Fantasy, Film—Noir, Horror, Musical, Mystery,

Romance, Sci-Fi, Thriller, War, Western, 18712 255t}
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<Table 5> The number of items by genre
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A

Hulo] 25 11719 F2d=E 73 vo|guo]~ & Action FE9] Ho]

Ejuo] 25 WERd Aot

<Gt 6> 2 e A8

<Table 6> Application of genre classification

& 7ITeR 1S FRER Bt % 72

item user genre rating | gender | age job
1 5 CH-CO 4 F A4 J14
1 6 CH-CO 4 M AS 17
1 10 CH-CO 4 M A6 J10
1 15 CH-CO 1 F A5 J4
1 17 CH-CO 4 M A4 J15
1 18 CH-CO 5 F A4 J14
1 20 CH-CO 3 F A5 J9
1 21 CH-CO 5 M A3 121
1 3 CH-CO 5 F A4 2
1670 782 CO-TH 3 F A3 2
1671 787 DR 1 F A2 J19
1672 828 DR 2 M A3 J11
1672 896 DR 2 M A3 21
1673 835 AC-TH 3 F AS J7
1674 840 DR 4 M A4 12
1675 851 DR 3 M A2 J14
1676 851 DR 2 M A2 J14
1677 854 DR 3 F A3 J19
1678 863 DR 1 M A2 J19
1679 863 RO-TH 3 M A2 J19
1680 863 DR-RO 2 M A2 J19
1681 896 Cco 3 M A3 121
1682 916 DR 3 M A3 I5
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<3 7> Action F29] ojo]H =

<Table 7> Items of Action genre

item user genre rating gender age job
2 5 AC-AD-TH 3 F A4 J14
2 13 AC-AD-TH 3 M A5 J4
2 22 AC-AD-TH 2 M A3 21
2 42 AC-AD-TH 5 M A4 n
2 49 AC-AD-TH 1 F A3 J19
2 64 AC-AD-TH 3 M A4 J4
2 87 AC-AD-TH 4 M A5 1
2 92 AC-AD-TH 3 M A4 J6
2 95 AC-AD-TH 2 M A4 1
1610 782 AC-CR 1 F A3 2
1613 489 AC-DR 4 M A6 J14
1615 497 AC-AD-CH 3 M A3 J19
1615 660 AC-AD-CH 2 M A3 J19
1615 699 AC-AD-CH 3 M A5 J14
1615 727 AC-AD-CH 1 M A3 J19
1615 749 AC-AD-CH 4 M A4 J14
1615 782 AC-AD-CH 3 F A3 2
1615 804 AC-AD-CH 4 M A4 J4
1615 807 AC-AD-CH 4 E AS J8
1615 852 AC-AD-CH 2 M A5 1
1618 528 AC-CR 1 M A2 J19
1646 655 AC-DR 3 F A6 J8
1646 828 AC-DR 4 M A3 J11
1657 727 AC-DR 3 M A3 J19
1673 835 AC-TH 3 F A5 J7
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3.1.2 ofo]&leo] gt A2 AR &4 F5

ofolelel g ALgA ARE RS 8] 2 gZol A ALgAEol
ofolelol tis] HHe ghol 4(BF)ol4kel Hlo|EEure Aua). ol

=4 ofolglol] tla] 40l 402 AR ALEAE 2L AL 7 ofol g

=

2=
AN
of A= &7kl AI~ATE yebdith A2 21709 A4S J1~J21

GE 8> LA i
<Table 8> The, Classification of age and job

A A
Al | 13A] o]} J1 administrator J12 | marketing
A2 | 14M~19A41 | 12 artist J13 | none
A3 | 20M1~294] | I3 doctor J14 | other
A4 | 30M|~39A] | J4 educator J15 }programmer
A5 | 40M~49A4 | I5 engineer J16 | retired
A6 | 5041~594 | J6 entertainment J17 | salesman
A7 | 60A o)X J7 executive J18 | scientist
J8 healthcare J19 | student
J9 homemaker J20 | technician
J10 | lawyer J21 | writer
J11 librarian
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<t 9> AEE A A

<Table 9> The number of people by job in genre

215) 4=

Ac Ad Ch Co Cr Dr Ho Ro Sc Th Et
J1 71 64 54 76 66 79 41 78 64 75 32
12 27 26 17 27 23 28 15 28 23 27 15
I3 7 6 5 7 6 7 4 7 6 6 3
J4 88 73 60 90 81 93 42 88 68 87 50
J5 65 60 50 66 56 67 46 66 59 65 32
J6 17 14 9 17 17 18 11 17 18 18 11
J7 32 32 22 32 27 32 17 31 29 31 8
J8 15 13 11 15 14 16 10 16 13 16 8
J9 7 5 4 6 5 7 3 7 6 7 1
J10 10 9 9 12 8 12 5 12 7 12 7

J11 49 37 29 47 41 49 24 49 32 48 28

J12 23 17 15 24 20 26 11 24 17 22 10

J13 8 8 7 8 7 8 7 8 7 9 3

J14 95 86 75 99 90 105 | 53 101 75 97 48

J15 65 60 48 65 60 66 40 64 61 64 34

J16 12 10 7 14 14 14 5 14 11 14

17 12 8 4 9 12 12 5 11 6 12 4

J18 28 24 17 30 27 31 10 30 26 30 12

J19 191 | 173 | 125 | 185 | 167 | 196 | 124 | 191 | 165 | 189 &9

J20 27 24 19 27 24 27 22 27 25 25 16

121 42 38 31 43 42 45 28 44 37 42 26

SHA| | 891 | 787 | 618 | 899 | 807 | 938 | 523 | 913 | 755 | 896 | 444
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<R 10> H=

g 4 9%
<Table 10> The number of people by gender in genre
3

te 88 e
“ Oq

Action 638 253 891
Adventure 578 209 787
Children's 435 183 618
Comedy 642 257 899
Crime 584 223 807
Drama 669 269 938
Horror 396 127 523
Romance 646 267 913
Sci-fi 571 184 755
Thriller 641 255 896
Etc. 328 116 444

JF 11> =1 o= s

<Table 11> The number of people by age in genre

A 2 o -
2= A
Al A2 A3 A4 A5 A6 A7

Action 8 68 320 22% 157 84 57 891
Adventure 7 59 292 204 135 70 20 787
Children's 6 44 222 165 108 57 16 618
Comedy 7 61 322 228 161 91 29 899
Crime 4 56 296 202 141 79 29 807
Drama 8 69 331 240 166 93 31 938
Horror 3 50 215 136 70 38 11 523
Romance 7 66 326 232 160 91 31 913
Sci-fi 7 55 283 196 136 59 19 755
Thriller 7 68 323 228 153 87 30 896
Etc. 1 27 165 121 74 46 10 444
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Action Z2 T ofo|8l 25 40]4e] Hrlgto g MeNdt ALgR}o] 4=
439olth ¥ 9, ¥ 10, ¥ 11& E3) B, A4, st

gk 4= 9t} 3 12% Action 2 F ofo|Hl 25 AEdt ALEAE9] R

i

UERILE Action 42 3 ofel9l 2] AghE, A, Ay A X

13, 3 14, 3 159 #r}.

<} 12> Action Z2 ZFol|A o}o]&l 2
<Table 12> Item 2 of Action genre

item user genre rating gender age job
2 42 AC-AC-TH 5 M A4 J1
2 87 AC-AC-TH 4 M A5 J1
2 130 AC-AC-TH 4 M A3 J13
2 200 AC-AC-TH 4 M AS J15
2 213 AC-AC-TH 4 M A4 J7
2 250 AC-AC-TH 4 M A3 17
2 256 AC-AC-TH 5 F A4 J13
2 276 AC-AC-TH 4 M A3 J19
2 279 AC-AC-TH 4 M A4 J15
2 751 AC-AC-TH 4 F A3 J14
2 796 AC-AC-TH 5 F A4 21
2 798 AC-AC-TH 4 F A5 121
2 804 AC-AC-TH 4 M A4 J4
2 807 AC-AC-TH 4 F A5 J8
2 844 AC-AC-TH 4 M A3 J5
2 846 AC-AC-TH 5 M A3 J10
2 864 AC-AC-TH 4 M A3 J15
2 886 AC-AC-TH 4 M A3 J19
2 892 AC-AC-TH 4 M A4 14
2 934 AC-AC-TH 4 M A7 J5
2 943 AC-AC-TH 5 M A3 J19
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<E 13> A9 A4

<Table 13> The number of people by job

(] 1)
J1 J2 I3 J4 J5 Jo J7
ofo] &2 2 0 0 2 4 1 3
J8 J9 J10 J11 J12 J13 J14
ofo] &2 1 0 1 0 0 2 5
J15 J16 J17 J18 J19 J20 J21
o}o] &l 6 0 0 0 14 0 2
< 14> A Q1Y
<Table 14> The number of people by gender
Qs )
M F
o}o] &2 33 10
<35> =R Rl
<Table 15> The number of people by age
(%9 :
Al A2 A3 A4 AS A6 A7
o}o] €l 0 3 21 12 6 0 1

Action A2 % ofo]®) 20] 7} ALgA Al aaEe] W& 4 (11)
2 Algatol AME B 16, & 17, £ 183 2tk webA Action 32
ofol®) 2] ofol®l S e MOFAD, A& A3(20~204), AH &

J19(student) &= A& F5 5 Ut}



<E 16> ZA=2W Hj&

<Table 16> The ratio of genre

(9] @ HlE)
J1 J2 J3 J4 J5 J6 J7
ofo] €l 0.035 0.0 0.0 0.031 0.074 0.033 0.08
J8 J9 J10 J11 J12 J13 J14
ofo] el 0.034 0.0 0.038 0.0 0.0 0.078 0.072
J15 J16 117 J18 J19 J20 J21
ol o] 2 0.111 0.0 0.0 0.0 0.12 0.0 0.047
<3 17> A RS
<Table 17>.The ratio of males to females
(&9 HE)
M F
o}o] €2 0.097 0.068
<E 18> d#Hd H&
<Table 18> The ratio of age
(9] @ vlE)
Al A2 A3 A4 A5 A6 A7
o} o] 2 0.0 0.054 0.116 0.089 0.06 0.0 0.029

2 (1S AFE3Fe] Action F29] 3] ofo]El59] ALEA} HH 5

o
S =

=
) =

"

1H 3% 199 2o
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<3 19> Action FZ29] ojojelz9] £4

<Table 19> The characteristic of items of Action genre

item genre gender age job
2 AC-AD-TH M A3 J19
4 AC-CO M A3 J19
17 AC-CO M A2 J19
21 AC-AD-CO F A2 J13
22 AC-DR M A3 J19
24 AC-AD-CR M A3 J19
27 AC M A2 J19
28 AC-DR-TH M A3 J19
29 AC-AD-CO F A3 J8
33 AC-RO-TH M A3 J15
39 AC-CR M A3 J6
1303 AC F A4 121
1372 AC M A4 J2
1413 AC F A2 J15
1415 AC-CH M A3 J15
1478 AC-CR-DR F A3 J10
1483 AC-DR-RO F A3 I8
1484 AC-CO M A3 J1
1491 AC-DR-TH M A4 J15
1523 AC-AD M A5 J20
1597 AC-DR M A4 121
1613 AC-DR M A6 J14
1615 AC-AD-CH F A4 J8
1646 AC-DR M A3 J11
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11709 #=E olojilse] 54 $28 F ofols 543 B7gte
AHgEte] ofol®l x AbgA MEY S YH T

ofolwle] H7hgke]l 40142l HolE 7t obyd A9t A2 SAWE EA
S AHEAH AE SAe HAETh o ofe]REL NS g AR 5
4 AFA G AREA A 2 429 ojoldI e 42 1ER A

gol etk 1Y 4 2} AL ARE Aol ololWe] E4S

N

ok daglFelal, O 6% dag sl o FEd 5AS 36t

d

2 A

A Zo] AA
2 vehd solt.

Jel M= F Action A2 ofol8]l x ALEA} =LA

Algorithm ExtractCharacteristic
Input :
(1) Item. set: {7};#User set : U}
Ratings of users for items: {R,}.
(FL2L....n8 1.2 0)
(2) Attribute of user : &, k={gender, age. job}:
Output : Characteristic of items;

R;, . ration of k;
fori=1to nf
forj=1Ttom{
compute R;, -using formula(11)
insert max(R;un ) into original;
h
}
(28 4) ofo]gle] 54 F= L+

(Figure 4) The algorithm to extract characteristic of items

-1 Oy h = D =
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genre age |job 2| 3 37
2 AC-AD-TH |M A3 |18 3
4 AC-CO M A3 |18
17 AC-CO M A2 |19 3
21 AC-AD-CO |F A2 U153
22 AC-DR I A3 |J18 4
24 AC-AD-CR |M A3 |18 3 4 4
27 AC M 2. )19 2 4
28 AC-DR-TH |M A3 [J19 4 4
29 AC-AD-CO |F 3 |J8 1
33 AC-RO-TH (M A3 J15 4
39 AC-CR M A3 |JB 4
50 AC-AD-RO |M A3 |18 3 5 5 2 3 4
33 AC-TH i A3 [J19 3 3
54 AC-DR-TH |M A2 |15 3 4
62 AC-AD-5C |M A2 |J15 3 4 3
68 AC-RO-TH |M A3 |19 B
73 AC-CO i Ad o [119 3 3
74 AC-CO F A7 |JLD 1

AC-TH M 4 |19 4 3 3 3

AC-CO i A2 |J10 4 2

AC

AC-CH A3 115

AC-5C

AC-5C

AC-DR

AC-CR-DR |F A 110

AC-DR-RO |F Az 8

AC-CO i A8 (|11

AC-DR-TH |M A4 |15

AC-AD M A5 2|20

AC-TH

AC

AC-DR-TH

AC-CR-DR

AC-TH

AC-DR Ad )21

AC-CR

AC-DR Ag |J14

AC-AD-CH A4 |8

AC-CR

AC-DR A3 [J11

(1% 5) 2L ofol8l x ALgz} WjEH 2~

(Figure 5) New item X user matrix




3.2 ofo| 5

o] @AM = A4

FAEIL AAZE o149

A2 ol %5

Nl =g

3.2.1 o}o]dl

skl Akgich. A (12-DelA A 12-H=

a, lf la,gen = lb,gen

Wgen = .
0, otherwise

]/’ lf la,job = lb,job

Wjab = .
0, otherwise

(12-1) , ", :{

(12-3),

. AR T s} ofelEIe) =T )

w =

grn

_47_

7 &4 715

ﬂ’ lf ia,age = ib,age

0, otherwise

ﬂ" lf la,grn = lb,grn

g, €lS€lf Latgrn = U jgrm
19, elself la,xgrn = lbrSg””

0, otherwise

(12-2)

(12-4)



Wgen, Wage, Wijob, Wgrn = 'I:T:— O]—O] = /K]»O] Oﬂ /\i 7]— O]—O] E]Jj] g {Lf-’.é‘}}:‘ /Htg

A9, A}, A2 Vs Alolt. A2 VM A= Al Y] 2RE Ve LR

sl dAske A9 dHEFZAAT A s A5, SRR A st

rr

2 el 1 ke vhEAl A89 4 49 AFAE (0, 0.4]
Rpole] ghe 7HAIT.

7} ofolgle] 548 7hEA| ghol Ett
wo=ltwy, + W, +wy, +w, (13

4 (1) okol® AFA w o sol& ARAFE Gl FAES

Fahe Aol

Zwiz(l”u,,- n ;,')'(ru,j 1 Z)

Sim(i, j) = —tS — (14)
Z(ru,i_r;')z' Zwiz(ru,j—rj)z
uel; ; uel, ;

cofolul jo} 7} FEow FAL Hold ALA Y
L AVE A a7k obol W i ke

h s

r,. l]ﬂaﬂ ofo|®l o] A A B H

L

E 20€ Action 2] B ofo]e] 29} Hli ofo] gl 7ke] ofe]¥) 54

_48_



>
>
ofo
ek

<3E 20> ofoldl 29} Hlal olo]ElZle] HALE

<Table 20> Similarity between item 2 and comparative items

opisy| EL Joterm| TR fopep| THE
4 0 96 0.48 1181 0
17 0.71 101 0.59 1183 0
21 0.01 110 0 1188 0.66
22 0.61 117 0.76 1215 0.79
24 0.28 118 0.83 1222 0
27 0.47 121 0.95 1228 0.53
28 0.45 127 -0.04 1231 0
29 0.62 128 0.17 1239 0
33 0.43 144 0.43 1244 0
39 0.21 145 0.48 1250 0
50 0.18 147 0.75 1277 0
53 -0.17 148 0.64 1303 0
54 0.68 161 0.99 1314 0
62 0.52 172 0.91 1393 0
68 0.42 1407 0
73 0.65 1089 0 1413 0
74 0 1105 0 1415 1
79 0.75 1110 0.85 1419 0
80 0.32 1139 0 1478 0
82 0.51 1161 1 1483 0
92 -0.23 1180 0 1615 0
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Algorithm CreateltemPrediction

Input : item user matrix; similarity threshold : s-t/;
co;; threshold : c-th;

Output : Predicted Rating Value P, ;

1 fori=1ton{

2 compute the similarity of every two items using formular (14)
3 if sim(i,j) > s-th and co, ;> c-th then

4 select neighbors of each items;

5 end if

6  compute the P, ; using formular (15)

7}

(2" 6) ofoJ’l frAkE ARt oSk ALt daels
(Figure 6) The algorithm to compute of item similarity and

predictive value
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o] dqS3S ALE 5 ARE G55 Tl F3H IS a2
€ dS5aS AF&EHA &Il Top-N 7§9] ofel§ o Sgtwhs Apg-ate] o
7 A 2 ofol'l 5ol thE 5o A AT

a9 72 AR dSgk SelM Top-N 7He] dSatnto = grhs x| ¢
2 ofolgl o] S A= dary
Action F= WEHX2] dS3 FolA Top-N 7§9] d5as A4 2
HE vERd Aol

o

ol

N

o1, 717 8 o] YMEZHL AHg 3ol

Algorithm FillltemPrediction
Input : P, ; threshold : p-tA;
Output : Top-N Prediction Value P, ;

1 fori=1ton{

2 if P, ;»= p-th then

3 insert predicted value of null rating item into Matrix
4 end if

5%

(" 7 ofeld) 5w A5l LaelE

(Figure 7) The algorithm to fill predictive value of item
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genre gender |age |job 1l 3| 4| 5 5
2 AC-AD-TH M A3 |19
4 AC-CO M A3 ()18
17 |AC-CO M A2 |19
21 |AC-AD-CO |F A2 |13
22 |AC-DR M A3 |18 | 2
24 |AC-AD-CR M A3 |10
27 |AC M AZ (119
28 |AC-DR-TH M A3 |19
20 |AC-AD-CO |F A3 (8
33 |AC-RO-TH [M A3 |15
30 |AC-CR M A3 |JB
50 |AC-AD-RO |M A3 |19
53 |AC-TH M A3 |)1o
54 |AC-DR-TH M A2 |15
62 |AC-AD-S5C M 2 |15
68 |AC-RO-TH [M A3 [J19
73 |AC-CO M A4 |19
74 |AC-CO F A7 (110
79 |AC-TH M Ad |16
280 |AC-CO M A2 ()10

: :

1414 |AC
1415 |AC-CH M A3 415
1416 |AC-SC
1419 |AC-5C
1433 (AC-DR
1478 |AC-CR-DR |F A3 [Ji0
1483 |AC-DR-RO |F A3 (U8
1434 (AC-CO M A3 (11
1491 (AC-DR-TH M A4 (115
1523 |AC-AD M AS 1120
1548 |AC-TH
1552 |AC
1556 |AC-DR-TH
1586 |AC-CR-DR
1593 |AC-TH
1587 |AC-DR M Ad ()21
1610 |AC-CR
1613 |AC-DR M Ab |14
1615 |AC-AD-CH |F A4 |8
1618 |AC-CR
1646 |AC-DR M A3 11

(1% 8) Action =9 A9 N7l =3k
(Figure 8) Predictive values of Top N of Action genre
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<Table 21> Recommendation item of suggested method
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184
3.96

313
4.17
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4.29
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<E 22> ofo]dl 7]u} 7|we] 23 ofo]dl

<Table 22> Recommendation item of item-based method

item 313 187 838
o =gk 4.55 3.74 3.32
<GE 23> 2 7|9 71 e F4 ofolH]
<Table 23> Recommendation item of genre-based method
item 187 250 323
o =gk 5 5 3.67
<E 24> AF§A ofelt] To] MElF olo] 95
<Table 24> Selected items by User ID 7
item HI7l gk item 37}k
27 4 380 3
29 3 391 4
62 3 403 3
80 4 405 3
187 4 449 3
201 2 572 3
229 3 578 2
231 3 590 3
234 5 597 4
380 4 665 5
¥ 21, & 22, 3 232 747 ARbsk= 7R, ofol®l Z|uk VR, 2 7]
W PRES ASH SRS TF F 1 F A obolt] T Al A4
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4. Ag % Hr}

& Aol M= 2 mEelA AEE ofol’l SAE o83 FH VI
71E 71 ES Hlaste] Agkshs Vel § aEAdS dssh] A

A 8 oG Rl el lestal 2 dakE 4%

HE A3 delg= ARgsain

Aol A8-¥ MovieLens HlolE & 1997 9¥€H-E 1998 4971
MovieLens $] Alo]Eo| A == At} o] Holg o= 9434 2] A&7}
1,68270¢] Gkl sl 178 5714 Ha= 37ksk 100,00070 €] 3 7F
ghol A= o] glow Z AbgAb= HA 2009 Gl tis] ke s

t}[9]. MovielLens H|©|E+= u.data, u.item, u.user, ul.base~ub.base,
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ul.test~ub.test 522 FAHEC. udatax 100,000709 H 7 zko] £
2l do]lEe HEO = user id, item id, rating, timestamp= T4 F T}
uwiteme g3} ofol®lel] tjgk FRI} AHE o] glom = 19719

FEZ E7E At wusers ARSARl R AE, A, A4,

o
m)
(L

Ij_s_'/
rUO

T ARE AAstal vk ul.base~ub.base®}t ul.test~ub.test= 2
3] u.datas 80%°] FH F3Htraining dataset)¥} 20%2] H2E H3t
(test dataset) &% o] F& Hlo|HEo|th

252 2GB9] WX el ¢} Intel Core 2 Duo 3.16GHz, Windows XP<]
SN TR A 9% AE 7IHA v VHEY] TR

Microsoft Visual C++ 6.0°. %2 &3}t

2 =AM Atk 71HY Aes F7ksh] s obelR fAEE
ol A#A o) ofolBl EXS JpEX R AEse =45 Ga, HAE

ofoldle] MF L oS3t YA gk A-8stol Adstieh B E A5
F Top-N 7he] #tube Agatieh A dole= 80%9 &d {3t
20%°] HIZE Hfe = virol dgs si3ith
frAF=E A 5 7 A3 ghol ARk ool Fat ofo]¥jt Hlw

ofol e FEORE WG ALgA] S A & o] gel ofolHE

o

o,

A ofxom AAstaL o] o] xE9 HItgE ARESte] AS5ae A

sltt. ddddlMes HA ol AARE fd At dAIEE 0.391A4
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< 25> FAHE gk Wkl mE oS A vl
<Table 25> The comparison of prediction quality based on changing
threshold of similarity

=T .
i | otelm A A | = A | Aee
0.3 0.815 0.79 0.792
0.4 0.81 0.78 0.783
0.5 0.806 0.784 0.777
0.6 0.808 0.789 0.773
0.7 0.812 0.798 0.781
0.8 0.816 0.798 0.786

0,584
0,81
Ll
=T
=
0,78
0.75 1 1 L 1 |
03 0.4 05 0.6 07 08
AL A g

=—4— 00|21 2|8 2| T2 F|HE J| ) —ber| OFE LS D)
(2" 9) FAHE QAR Hste] mE 54 v

(Figure 9) The comparison of prediction quality based on changing
threshold of similarity
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4.3.2 FH 45 B7}

E AL A Sas AN $ 5% A3 T 6 A A9 A= Top
-NeJ 7§55 10914 50714 104 W3tE Fo] dSgko= Agivt. A9
A ASUS BT ARESHA Il d|Sgho] 301749l HlolH S| kel ofo]
g1k 7y, A2 7N e AQkshs Hel e AdAe 4
&, AdE, F1 gho& nasoirt

o Zgto] 3014<] OB RS AL E AL
59| ofo] =l

oh
7he/dol &7] wEolH.

¥ 26> olol®l Z|uk 7|He] Hek&3} AH &

<Table 26> Precision and Recall of item-based method

<9 >
NZ A 0.3 0.4 0.5 0.6 0.7 0.8
0 AsE | 3279 | 3029 28.59 26.36 25.09 24.00
AEE | 11.60 10.67 9.89 9.29 8.19 7.26
20 AekS | 30.14 | 2823 27.60 24.14 23.04 22.92
A | 14.10 12.83 11.97 10.76 9.89 8.50
A8 | 2845 | 2643 25.64 22.17 21.40 20.86
50 ANAE | 17.06 15.35 13.49 12.13 11.07 9.12
40 AsE | 2684 | 2532 23.32 21.13 20.07 19.35
ANEE | 1895 16.87 15.38 14.01 11.93 10.28
e | 2503 | 23.51 22.03 20.03 18.37 17.93
>0 AEE | 2012 17.97 16.92 15.26 13.04 11.05
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<& 27> A2 7N 7o) Agay Add

<Table 27> Precision and Recall of genre-based method

<] %>
Nz A 0.3 0.4 0.5 0.6 0.7 0.8
0 AeS | 3396 | 30.15 | 2876 | 2693 | 2567 | 24.12
AEAE | 1230 | 1141 10.87 9.81 9.28 8.75
20 S | 31.67 | 2834 | 27.67 | 2432 | 2336 | 23.03
ANAE | 1455 | 1353 | 13.00 | 1220 | 11.14 | 10.61
30 AskE | 3023 | 2695 | 25.82 | 23.05 | 21.87 | 20.98
AAE | 1744 | 1631 1535 | 14.06 | 13.00 | 1247
10 S | 28.83 | 2519 | 24.02 | 2136 | 20.27 19.62
AL | 1933 | 1885 | 16.79 | 1542 | 13.79 | 13.00
50 Qg | 2753 | 23.68 ] 2235 | 2023 1897 | 18.21
NAL | 20.87 41957 | 1851 1697 | 1453 | 14.06
G2 28> Atsh= 71He] s AldE
<Table 28> Precision and Recall of proposed method
<] w>
Nzt A% 0.3 0.4 0.5 0.6 0.7 0.8
0 des | 3833 35.17 | 32.12 | 30.18 | 2885 | 27.84
AL | 14.10 | 12:89 111.69 | 10.57 9.46 8.93
20 A | 3633 | 33.00 (- 30.88 | 2853 |-27.30 | 26.00
NAL | 17.87 | 1567 | 1484 | 1391 12.61 11.65
30 S | 3478 | 31.89 | 28.85 | 2692 | 26.04 | 24.21
AEE | 2218 18.96 | 17.83 1698 | 14.85 13.11
10 qes | 3273 2925 | 27.06 | 24.57 | 24.23 22.98
ANAL | 2337 | 2097 | 19.18 18.03 15.21 13.98
50 AeE | 3125 | 2789 | 25.06 | 2326 | 22.04 | 2087
NAE | 2436 | 2227 | 2096 | 1935 1577 | 14.58
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<3 29> olol®l 7|Hk 71H <] Fl
<Table 29> F1 of item-based method

<] %>
Nt
10 20 30 40 50
A A #E
0.3 17.14 19.21 21.33 22.22 22.31
0.4 15.78 17.64 19.42 20.25 20.37
0.5 14.70 16.70 17.68 18.54 19.14
0.6 13.74 14.89 15.88 16.85 17.32
0.7 12.35 13.84 14.59 14.96 15.25
0.8 11.15 12.40 12.69 13.43 13.67
<E 30> &= 7)6t 7|9 Fl
<Table 30> F1 of genre-based method
<9l %>
Nk
10 20 30 40 50
A A FE

0.3 18.06 19.94 22.12 23.14 23.74
0.4 16.55 18.32 20.32 21.56 21.43
0.5 15.78 17.69 19.25 19.76 20.25
0.6 14.38 16.25 17.47 17.91 18.46
0.7 13.63 15.09 16.31 16.41 16.46
0.8 12.84 14.53 15.64 15.64 15.87
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<G 31> AljtskE 719 Fl
<Table 31> F1 of proposed method

<GS %>
N#t
o 10 20 30 40 50
A A 7k
0.3 20.62 23.96 27.09 27.27 27.38
0.4 18.87 21.25 23.78 24.43 24.77
0.5 17.14 20.05 22.04 22.45 22.83
0.6 15.66 18.70 20.82 20.80 21.13
0.7 14.25 17.25 18.91 18.69 18.39
0.8 13.52 16.09 17.01 17.38 17.17
30,00%
o5 00%
20,00% | —
15,00% ]
10,00% -
5.00% -]
0.00%

o e
=

=
=

dotol & 212k 2"

F1

OH 2at= 71E

(79 10) AgE, AldE, F19 vl

(Figure 10) The comparison of a precision, a recall and a F1
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<}E 32> olo]8l BEA F&

<Table 32> An extraction time for characteristic of item

A3t

<9 wosec>

&= ofo]’l 4 | AQAIZE &= ofo]®l 4 | AQAIZE
Action 216 0.109 Horror 72 0.016
Adventure 130 0.060 Romance 207 0.100
Children 111 0.034 Sci-fi 68 0.019
Comedy 435 0.159 Thriller 190 0.088
Crime 86 0.036 Etc 64 0.015
Drama 584 0.225
obol 9 e FE

T ofol®l X A&z ER A5 QA= = Al
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<E 33> EWAA Wl npE mjERA A AR v

<Table 33> The comparison of creation time of matrix based on

changing transaction

<HE] o osec>
FH719H .
& o214 ofolgl 7|k 7| | A= 7|¥k 7] Aekst= 71H
— Y= T
1100 0.005 0.005 0.011
2700 0.010 0.012 0.021
3800 0.014 0.015 0.026
5900 0.016 0.020 0.031
8000 0.021 0.026 0.047
11000 0.030 0.035 0.068
19000 0.057 0.063 0.156

<E 34> vl 7|HES] EWAA wiste] e wiEge A A7F v
<Table 34> The comparison of creation time-of matrix based on changing

transaction of comparison method

<R  sec>
=371
o Tl | el sl 2 = o o)
— ] T
20000 0.063 0.079
30000 0.110 0.123
40000 0.156 0.172
50000 0.234 0.250
60000 0.328 0.344
70000 1.094 1.141
80000 1.917 2.181

3 3304 AlFsh= 7o MER A B AZko] ofol] 7|k | K

o Har 2.28), A= 7HE 7 HEC 198 A% ¢ &8
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<E 35> AEH o=z AA Azt

<Table 35> A creation time of predictive value by the genre

<] sec>
= obolal | AHEA B Az
Action 249 937 1.375
Adventure 135 882 0466
Children 122 2 0.316
Comedy 497 939 3.940
Crime 102 898 0.301
Drama 698 943 7.032
Horror 86 714 0.156
Romance 234 935 1.116
Sci-fi 72 863 0.175
Thriller 213 932 0.995
Etc 76 544 0.113
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<E 36> ofold Wstol] W o5gk A AIRE Bl
<Table 36> The comparison of creation time of predictive value based

on changing item

<HE] o osec>
=719
o}O]HT{ﬂ B ool Z)mE e | A= 7)uk 7] Aotal= 7|

100 0.469 0.344 0.265
200 1.188 1.015 0.875
300 2.312 2.047 1.797
400 3.953 3.375 2.875
500 5.719 4.907 4.171
600 8.219 6.859 5.531
700 10.75 9.000 7.062

12

8

4 ||

O -

100 200 300 400 500 600 700
ofol® =

Dolol® 7|8t 7| MZE= 7|8t 7| O erst= 71

(™ 11) ofold] ®sol] we o Sgk A AR vl
(Figure 11) The comparison of creation time of predictive value

based on changing item
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