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A 242 AF3 AA
A etsl = zd9] &4 sk o} 2 5} 774
ConvMF [4] A 9] FH2 Fejo] SAsel HAs 3
AL-g-sht,
LUV, W) = EYSH 4 (ry; — ulvy)” + 22 20| |12
A A
+ 22 v - enn(W, X))|° +7W2k||Wk||2
w 9 v o A BAF S (gradient descent) & ©]8-3H
Aol EE et & EdoA Akgst AHAL SRS R
3171 (coordinate descent) & u; ¥+ WE AZsle] HA&HE
e 5 oy ks RgFE st HAHE e s WHEshes
etk w o vy 2 &4 FE Rt HAHHAE Fol
Aolo| Edt= A2 v 2.
— (VVT + A1) VR,
Vj < (UUT +/1V1k)_1(UR] +/1VCNN(W,X))

=

L= kxk ©918dol1, R, = (rij)j;, R = (), Itk
ALTA 72 UEYINAY getuE S
LWV, w) oI AZFA Fd dYEYAYG #A
Axsh A7 AT Fo SEAnh 2] i A

P4 7d UEYIs) B ge 7

2
Ao £ @t Ges g

LennW) = 2 3¥ 1w — enn(W, X))||” + 22 S llw 1

e £4 g AE Ve R o], HEFHA Fd UEYIY
gt 5 oy ods ¥ (back propagation) & £3ho]
z]7‘4§]r9‘jr
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2 sle] early stopping ElIZYS AMESISTE. Early stopping
Hadel #4S> ded #2o gass dAurbEAd, A
dlo] ¥ (validation data) ol th3l]l ds& FHS FAlel SH 3
mf Sk o Fmir} o] o FHox e FHF HolEel| ik He¥
g5 oFE oA HF dHeolge did dses Bl
ofF olde HZF dHlolH Awol © F2 Afol disiAnt
count & 193 F7F A2tk count 7} SFolu IhElvE ¢ BUh
AAA HE= AFol g5S T3 Early stoppings ARS8,
Ui AYAAl kg dlolgel ¥ ¥ (fitting) ¥+ LW IE ZAE
WAd 4= Q7] wimel wol ARRE= ARkt Yolth. 1¥ 5+
st FAHS Uehs 9AEE olth 13 5o 5,6WA &
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Train_Procedure(U, V, W, X, train_data, valid_data, c)
1. count =0
2. prev_eval =
3. while count<c
4. for r;; € train_data
5. w; = (VVT + Ay1) " 1VR;
6 v; = (UUT + A1) "' (UR; + 24yCNN (W, X;)
7 W = train_cnn(W, X;)
8 eval = eval_measure(U, V, W, X ,valid_data)

9. if (eval<pre_eval)
10. prev_eval = eval
11. else

12. count ++

129 5 AYsE 2de SeHAdl U gAzE
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15 A1 = 1H




Al 47 A

A1EAE 874 2 43 ©olH

S~

] &)
=]

& Intel(R) Core(TM) i7-6700 CPU @ 3.40GHz9]
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MovieLens © : ApgA7F Qdgle] dlate] HALS mjAELS
dlo]elo]tl, AF&3 ElAE dolEl= IMDB 2 Alo]EdA &

7
}-

o O

o

%)
&

F3stel =A2 (plot summary)E ARESTH wWiAES HA Y
M= 18 ~5%80|t
Amazon © 1 AFEA}7} instant video AEo] tEe] HALS
] A2 dlo]go|t}, Atgst HAE HolH= dld Aol dst
g i 9AEES AMESgith. A FH Weles 1d8~540|H,
AHS Foto] des vud s F 47 E g2 2o
ProbMF [3] @ AFGAF—AIF 4 dAvk2 o] &3, HAst #H=
3 BHE FHoke daugFolt
ConvMF [4] : AFEA—A1#F H3 49 AF dde 9AES
skl wdEste] HPE FAHsE dagFolt AEy #AEd
HAEES 18T o do 99 AEFH wFE UHEYAE
AFg-3h= Zdo|t},
ConvMF+[4] : ConvMF$%} 53t dagFo =z, dojE HE=ZE
duld o wgl shEFEoglE v EQl Glovell13]E
ol gsh= Ll Folt).
CharMF : ¥ =&oA Adsts dugFoz, AFgA-AF HH
AHY ATy AHEY HBAEE S udste] HFS FAS=
duglFoltt. AFY #ddE "9AES yyHE o A @9
A5FH4 7 EYAE AHEsts Bdolt
@ https //grouplens.org/datasets/movielens/
N 2 http://www.imdb.com/
% http://imcauley.ucsd.edu/data/amazon/ :
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£ 1 A% dolg FAA

Data # of users # of items | # of ratings Density
Movielens 6,040 3,667 997,780 4.5049%
Amazon 426,924 26,965 583,937 0.0051%

% 12 4 Ad deolge g sAXE UHEds Jew,
density=  FlolElolM kel WA AFE  AHA-AF
FAN EAL 5 Y= BE A A5 b A otk
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A2 A5 53 AT LAY AR

de 54 AxEe B AuD LA RMSE)E AR H
AAl doleleA &l & 5 A= HAH e oy, A4 dadess
o] g3t FAT e i 0® FH, B AlwI eAE dEl=

RMSE = \/ £ 1y(ryy=ry)”

# of ratings
s 2ol A ;& Al tlolH (test data) oA r;0] A 8=
ATANE 1, 287 GE AFAE 08 A Gl
A dHelge 80%= St HPOlHZ, 10%+ AT

do]E (validation data), 10%% Alg dHolHZ  AME-3k3th.
g2 39 wkEEly, O Hdgs ST AEe] Al
Ay F [4]olM e ghah FREo]l ARgERsivh. Alb sk

2
Ay
o a1efdk Eak= B 95700]a, ofgjel ATt
o}
o)

g8l tjE2}F : ABCDEFGHIJKLMNOPQRSTUVWXYZ
A ul ¥l AF-A} : abedefghijklmnopgrstuvwxyz
718t 54FAF 1234567890=\~1@#$%" &+ _+|,./<>?[1 {} 5

BE M skelld 100078 ool aigshs &Rt are st
AREsER. 1Elan HA 3 el early stoppings 3l
count”} 5H T 22 Ao et st st

T o
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A3 A AY d% L By

%29 E 3% Fal madst dojelel mE A¥ A
Mmstgrh. £ 201ME deole g muS wsbd BF A
°A% 24991, ¥ 34% dolEel nRg Hnsn @
A% o 2o¥ Wit FEAFS S

x 29 A3 AHE @, MovieLens HOJEo] thalA
HXE do]EE AMESHA ¢ ProbMF [3] KTt HAE dHlolE &
Z83+= ConvMF[4], ConvMF+[4], CharMF 37}1# =]
dsol O Fue e o g Y I8l 9AE HolHE
&t I7HA BE BT Hs S Bola it As ¢
T Atk olgd AHE T YAE HolHE adste] FH=
&l = & F Utk

Amazon H|°o]Hel| ™A A BAE HolEE AFESHA
%+ ProbMF[3]Htt HIAE HolHE &8st Ede Aeol
o £oe Fs ¢ T A 9AE dHolHE fEste Bd
SoldE 2 =elA AQteE CharMFe] A97F 7HE Adeol
0= A & 4 Y T3 MovieLens Hl©]E{ 9} Amazon
dlolg ESFol tigte], 9AES AlEstes RYe] AEFAH w4
YWEHNZ vy FE vustd B =i Adsts
CharMF7} ConvMF$¢ ConvMF+ Rt E# A= As &4 5
Ut CharMF7F AEFA wd HEHZS] vy 77t 47]
el o ®@e AlAFRC AZs] AR A ol 3o
870l =k 297 Wi, ey 2d sy g
2% CharMF7} 7]& X4l ConvMF, ConvMF+ Xt} o]
Uttt S & 5 Sk 1 2+ dolEe 2AE nviyrie A
o o, F Aad &9 ARFH 7d UEYAAAY 2l
getul Bl ] JHE HERH A ot

K

v



® 2
AEFA 7

=93} wolEjo] ©E RMSES}
g yEgadAe 2d seey 4

Data
MovielLens Amazon
24 RMSE | # of parameters | RMSE | # of parameters
(x 10%) (x 10%)

ProbMF 0.8975 - 1.5939 -

ConvMF 0.8529 19.1 1.3426 19.1
ConvMF+ | 0.8524 19.1 1.3554 19.1

CharMF 0.8525 3.1 1.3003 1.2
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2. ¥ F F AQH= HH TF AIXF HA

% 3& &35t ConvMF[4]¢} CharMF¢ dlojele] me} st
o % (1 epoch) @ AL¥EE HA FHFANE HaT F
At (ConvMF8 ConvMF++= AAAo®w Hlzst RdEo|Bz
17| = ConvMFol thali vt AM<=gktt) 3% 3¢ st 3 o %

T AL HE gFAIFE ConvMFR Y CharMF7F &
ConvMF$} CharMFellA 2] gt o] & & AQ¥= Sh5A
27VA] Qavel et AP ET ARMA Q4he AFEA-AE
dds Yed= er gl vk vE S sk AlRtolal,
eAhE AEFH wd JUEHAY IFJEvHES 53
Algbolth,  AREAI-AIFE HAH BFEe AF(rank)E  FHO
7Vdetal, g5 HlolHE 22 HeolHE AREFY kA ConvMF &}
CharMFellA 2] 3t o F o AQ¥E S5A2ES A 24
Uust vE gFste Al olEdom Ao 197 wEd
AlZkel Al ZFol7F U= olfr= FHA 2l AEFAH w4
WE AL sevHEs gaste Algtel olst Aojgta Azet
T Utk sE AEFAH wE HEYZY IevyHE Fg5che
A7 AEFA #olojoa g E = Aite .
ConvMFHE Y CharMFe] 3t of# & AQ X Shg Alfko] &9
=71 wWizell, CharMFel HAEFA #olojola AE = A4
5

AZro] Zol &7 WEo® fME F At

Lo

o N
fr 2 mor

ol

AREA dlolojo] o] WAHE AMAZt] FO|E ol f F
g Fed ddom A7 8 ¥ gl Ae YaEd R
G9E e vy Bg44 Wele Aele] 2o H& 47§
X jui
=

4 Attt ConvMFolA+= 200249 HEE AL X9
CharMFelA = 8kl WE S AREsith. Y8z =
wele] Ahdo] FAs Fol

ol =, =
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3 T AF 7 2859 BT S

3t o] F AZHZ)
Data
Movielens Amazon
—_ g ool 3 AeHE 3 o E I roHE
- o3t i’\ /\]7P(¢) J g5 /\lﬂ(*)
ConvMF 21.97 175.63
ConvMF+ 22.07 176.30
CharMF 13.88 125.14
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Abstract

Matrix Factorization for Recommendation
Systems Utilizing Text Data
— By Using a Character—level
Convolutional Neural Network—

Donghee Son
Electrical and Computer Engineering

The Graduate School

Seoul National University

Many companies are using recommendation systems to maximize
the companies’ profit. Matrix factorization is mainly used by
recommendation systems to exploit information about users’
preferences for items. However, since the numbers of users and
items dramatically increasing due to development of E—commerce,
it becomes difficult to make successful recommendations. Recently
the use of text data related to items was proposed for matrix
factorization to overcome this drawback. The recommendation
system was shown to be effective extracting feature vector by
using a word—level convolutional neural network. However, it
involves a large number of parameters to learn in a word—level
convolutional neural network.

Thus, I propose the matrix factorization algorithm, which
utilizes a character—level convolutional neural network to extract
the character—level context features for recommendation from text
data. I also conducted performance study with real—life datasets to
show the effectiveness of the proposed matrix factorization
algorithm.

Keywords : recommendation system, matrix factorization,
convolutional neural network, character—level
Student Number : 2016—20924
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