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Abstract

We propose a movie recommendation approach that integrates Sentence-BERT(SBERT) embeddings into Matrix
Factorization(MF) models. Conventional MF-based recommender systems rely solely on rating data and do not utilize
metadata such as titles, genres, or summaries. In this study, we suggest a method to effectively leverage semantic
information by replacing item latent vectors in MF with SBERT embeddings. To validate the accuracy for the
proposed approach, experiments are conducted on real movie dataset. We also compare the model incorporating
metadata vectors generated by SBERT with conventional MF models. Through the analysis of experimental results,
the superiority of the proposed approach is demonstrated. This research introduces new possibilities for enhancing the
performance of collaborative filtering techniques using SBERT embeddings for item metadata.
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id Movie id
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Journal of KIIT. Vol. 21, No. 11, pp. 203-211, Nov. 30, 2023. pISSN 1593-8619, elSSN 2093-7571 207

FH AT W7 fdEl B dAFelAe
A %2 &85+= RMSERoot Mean Squared Error)E
AHE3TE RMSEE ARSHH F3 Al&Elo] o553
Ao AA AHA HAHAA Hlojue AEE T
318 F ok RMSEZ} Y Ed9 o o] A
A AR AsEe] H 7t As oR|gith 4
(4)= RMSEE UEeRATth 2] )odlA » 2 AA AHS
A BAHE oujaiy & o= HHL ojwFth

E:,/ %Z(rui_r:y )

43 Hlole &4

= L=
FH A

=zl F3 veHH olHZ A, A=, J)

85 o]4gith o]& SBERTE YIS uf Y3t

o] Aol & xFHJUEA A8k Hste] B

st dlolgAA  2870e]  HIE  FEs)

t-SNE(t-distributed Stochastic Neighbor Embedding) 2
1YES AEste] HWE F1to] AMSE HolHE

NZvgl gt} +-SNEw HIAE A 4 711@0;

A HolHE 22 T 3AHY ARdo®

Adto] Al 2SR 20].
O% 45 ZE2 dolHus g sto] AlZstst
9ol XJET'E WY HolEHE Z
X g8t 7o A7t 7hrte] FAE O 9
a9 5& 7H£L dolERkS Yl st AlZt3lgt
9oty I8 5ellAe ARE F38kE 1k Agrt
7ol A Hodw. dE B9 ¥ 594
‘Batman’ ‘Batman Forever’$} 7}7ke] @]x]skA|qH
‘Toy Story’ o= © Ao Stk wiAH o2 T3 6

< A5, A2, N BF o] YWY st Ast
g Jgo|t.

J9 62 18 59 ¢ 29} A=< HolH
7F 2ol duld Hol FARE g3t ke Ayt ™
A A HAJH g £, I¥ 5°lA
‘The mask’ F3h= Tl AXSAT 17 6914
+ ‘batman Forever’, ‘Robocob’¥} 7}7k2 Aol <

mflﬂ

ik

A&y, 37bA] g3} BF W Wi o
A FEdE 1HPE W FARE IS &
9lth. o]= E&)4] SBERTE o]-&3te] %3}o] wEe}

l

genres

The Godfather
Taxi Driver

Bonnie and Clyde

2
The Mask
Dumb and Dumber

Roman Holiday FrankeTs ein

le Runner
Interview with the Vampire
Only you RoboCop
Forrest Gump Batman Foreve!

1

i Jurassic Park
0 Romeo +Juliet Mortal Kombat

Batman

A The Sound of Music
Beauty and the Beast

Aladdin N
Cinderella The Wizard of 0z

2 ’ Jumanji
Snow White and the Seven Dwarfs
The Jungle Book

Pinocchio The Lion King

3 Toy Story

-3 2 -1 0 1 2 3 4
X

3% 4. t-SNES 0| &%t &
Fig. 4. Genre embedding visualization using t-SNE

b2 olw|cl A|Zta}

overview

The Sound of Music

Romeo +Juliet

Bonnie and Clyde

The Godfather
RoboCop ~ Batman Forever

Jurassic Park Batman

Taxi Driver
50 —
Interview with the Vampire
Blade Runner The Mask P!
y Frankenstein
Mortal Kombat
o Roman Holiday
Jumaniji Only you
Dumb and Dumber
The Wizard of 0z Forrest Gump

S0 Cinderella  Aladdin
Beauty and the Beast
-100 — Snow White and the Seven Dwarfs

Pinocchio

The Lion King Toy Story
The Jungle Book | |

-150 — |

-50 0 50 100
X

2l 5 t+-SNE2 o235t A5t ZH2| Ad|E A|ztst
Fig. 5. Movie overview embedding visualization using
t-SNE



100 —

Ve ol

50—

-50—

ot L 383 sldE B =% H
208 SBERT ]Hﬂ ]E o?ﬂ' Ega T’:OH Tz\i Hc!—\j%
title, genres, overview
Interview with the Vampire
The ?ound of Music
Romeo +Juliet
R Holi
oman ?)Irﬁ;yyou
Forrest Gump
Beauty and the Beast
Dumb and Dumber .
y Frankenstein Aladdin Cinderella
Blade Runner Snow White and the Seven Dwarfg
The Wizard of Oz
Jurassic Park
The Mask Jumanji
25— RoboCop The Lion King
The Jungle Book
Bati Fe
M gatman  Mortal Kombat
The Godfather
Taxi Driver Pinocchio
75— Bonnie and Clyde Toy Story
| | |
-50 0 50 100
X
= - 2 RS = C
12! 6. t-SNES 0|28t A3t M F, 22, /42 e
!
AlZtst

Fig. 6. Movie title, genre and overview embedding
visualization t-=SNE

* 2 HEfHolE =g WHE
Table 2. Method for combining metadata

Title | Genres

Overview

Title,
Genres

Title,
Overvie

Genres,
Ovenvie

all
factors

MIMF_T|MIMF_G

MIMF_O

MIMF_
1G

MIMF_T
0

MIMF_G
0

MIMF

0.905

0.9

0.895

0.89

RMSE

0.885

0.88

0.875

0.87

0.8821

0.8824

0.8828

0.8837

AHS 9% 7|18 332 i 33 2o wEld o]
El9] Ay #ElY] Y-S 5122 Fo] MF WHE
of ZA 29l 512, <5E 0.001, HAT HAE 9
3 Aqrsl gabnE 0005, ZHTLE HadEE
A3l 7'M o2 SGD(Stochastic Gradient Descent)E
ggaioith. =3 A PHEMMR)S 45%7}
£ 9t 102 w2 Z(10-fold cross validation)S
T3ttt

3 AY 7| &Y
Table 3. Experiment basic environment

Latent | Regularized | Learning

optimazation
factor factor rate

Epoch

1000 512 0.005 0.001 SGD

Ad Ade I8 79 2o B =34 ARkt
= MIMF 3P E9] RMSEZ} 0.8819%2 7H whom,
HEetdolEle] 23 A3 25 HAFH MF ¥
£9] 09021Kt} @& RMSES 7] 2313t o] ¥
M B =EolA AR MIMF Eddl 11
3 @ 7kA @40l 71908 = ok

A WHAT SBERTE AHEste &4 HErHolH
= u]]l:] o].ui Oﬂg]. z-]]EJ,]_ ZI-E l:ﬂ 7Hog]. e
g2E folg WA grE 23T F e A

ol ol 4B MF A1 BHA Fote
A~

ofolsle] #7149l Mt ATE 4 AT WA
€ 9 SIS ofolY g 54 el 2
FFOEA ASATL HEHE G5 4L B
AASA e 5 STk Folt

0.9021

0.8822 0.8827 0.8819

MIMF_T

MIMF_G

MIMF_O

MIMF_TG

MIMF_TO MIMF_GO MIMF

EMIMF_T mMIMF.G mMIMF_.O mMIMF_TG mMIMF_TO mMIMF_GO mMIMF mMF
a7 =3 MIMF 2 nr MExel MF 2 RMSE &7t Jei=
Fig. 7. RMSE evaluation graph of combined MIMF method and traditional MF method



Journal of KIIT. Vol. 21, No. 11, pp. 203-211, Nov. 30, 2023. pISSN 1593-8619, eISSN 2093-7571 209

Asfolq Hol%o| EkHolEz} s} o4 X
PE9 A5He MF BHeRT o ge 34 4
52 M % Jee mat ot s12d ddd
ololdl WAl 54 WEHNL 484 HEEE
Qe motets o w0l @ 4 Arke AL
ofm] g,

V. 28 ¥ &% A

Ae MIMF(Metadata Injected Matrix Factonzatlon)
ARk}, Al 49 A3, SBERTE °©|-&-3
skl gt (A=, A=, M2)E duldsto]
FH Alz="ol FU% BAolth Teja A9
sto] B =EollA At
P EH Hwsto] d
ol Y Flaitt
A7 ooj= tedt 2o A WAs 9
|E}H]EHE SBERT 4Md< %
HE Pej 2 weksto], A-gAke} 0}01 e 7& 33 4
& HolEhe &8sk AEH
L AAEta A3k o}o]r:ﬂ EA ZAEE z_z_g}%}
o

of i —‘) =2

o\-m%

MIMF HHﬂio] 7]5
AGE DN 95

AN ok o

rob %
2|
ol

o
o

rlr o

o
O
Ao

[¢]

lo

—{l‘l
2‘.;
F{F
R
_|\°_L
é
o @
= !
eJ
v
Ao
ofN

&5 AAE 2 o A HAR et ol
Fuel adte AE = e wEHolE] T
I F4o wzt g ¢ vk mebA g of

of tal 77 nHmEMe E3 wWelhelHE

O ox mx l‘lO
o

ofN o

jans)

2
S
o
(d o
e
iu} re
ri E
0

;
A
o

bt
ﬁ =

o

S old el Ae & ol oe Eudle)
Azdel Agalr] gaA wEEolEe] W4
ololHl EXS & iy WMEZ MRt 132
2 4 H4Y dedoly W4 A
welel Ag hsAe glaor 3 Aol
wiAeho 2 e dolE Aol glo} ST

rl JZ:
Prl

o e

AL Baol A 34 Azdeld AL 9
% 9ITh MF7Iuke) 230 A2glol s HAIZE 33
o R EAE TEsA gAw gF PHEe) 3
#4e 9l A7 BHol th@ 2} Basn
ol BAHE I8 AT ATE B =R
5 HA2 B

References

[11 M. J. Song, "Media Industry Ecosystem Changes
in the Post-COVID-19 FEra", Broadcasting and
Media, Vol. 25, No. 4, pp. 9-17, 2020.

[2] M. B. Dias, D. Locher, M. Li, W. El-Deredy, and
P. J. G. Lisboa, "The wvalue of personalised
recommender systems to e-business: a case study",
In RecSys ’08: Proceedings of the 2008 ACM
conference on Recommender systems, New York,
NY, United States, pp. 291- 294, Oct. 2008.
https://doi.org/10.1145/1454008.1454054.

[3] Y. Koren, R. Bell, and C. Volinsky, "Matrix
factorization techniques for recommender systems",
Computer, Vol. 42, No. 8, pp. 30-37, Aug. 2009.
https://doi.org/10.1109/mc.2009.263.

[4] T. Hastie, J. Friedman, and R. Tibshirani, "The
elements of statistical learning: data mining,
inference, and prediction", Springer Series in
Statistics, New York: springer, Vol. 2, pp. 1-758,
2009. https://doi.org/10.1007/978-0-387-21606-5.

[5] S. O. Kim and S. J. Lee "The Effect of Data
Sparsity on Prediction Accuracy in Recommender
System", Journal of Internet Computing and
Services, Vol. 8, No. 6, pp. 95-102, Dec. 2007.

[6] T. S. Kumari and K. Sagar,
Approach to Solve Scalability, Data Sparsity and

"A  Semantic



)

M

210 SBERT 9¥l9< &&3 2 Faf 4 wE

Cold-Start Problems in Movie Recommendation

Systems",  International Journal of Intelligent
Systems and Applications in Engineering, Vol. 11,
No. 6s, pp. 825-837, Mar. 2023.

[7] P. Ingavélez-Guerra, S. Oton-Tortosa, .
Hilera-Gonzalez, and M. Sanchez-Gordon, "The
use of accessibility metadata in e-learning
environments: a systematic literature review",
Universal Access in the Information Society, Vol.
22, pp. 445-461, Dec. 2021. https://doi.org/10.
1007/s10209-021-00851-x.

[8] H. Parvin, P. Moradi, S. Esmaeili, and N. N.
Qader, "A trust-based

nonnegative matrix factorization recommender using

scalable and robust

the alternating direction method", Knowledge-Based
Systems, Vol. 166, pp. 92-107, Feb. 2019.
https://doi.org/10.1016/j.knosys.2018.12.016.

[9] S. Baek and D. Min, "Contents Preference Model
Combined with Matrix Factorization for Movie
Recommendation", Journal of the Korean Institute
of Industrial Engineers, Vol. 47, No. 3, pp.
280-288, Jun. 2021. https://doi.org/10.7232/JKIIE.
2021.47.3.280.

[10] H.-J. Xue, X. Dai, J. Zhang, S. Huang, and J.
Chen, "Deep matrix factorization models for
recommender systems", IJCAI'l7: Proceedings of
the 26th
Artificial Intelligence, Melbourne, Australia, Vol.
17, pp. 3203-3209, Aug. 2017. https://doi.org/
10.24963/1jcai.2017/447.

[11] E. Frolov and I. Oseledets, "Tensor methods and

recommender  systems",

International  Joint Conference on

Wiley Interdisciplinary
Reviews: Data Mining and Knowledge Discovery,
Vol. 7, No. 3, May 2017. https://doi.org/10.
1002/widm.1201.

[12] A. Chauhan, D. Nagar, and P. Chaudhary,
"Movie Recommender system using Sentiment
Analysis", 2021

Innovative

International ~ Conference  on
Practices in  Technology  and
Management (ICIPTM), Noida, India, pp. 190-193,

Feb. 2021. https://doi.org/10.1109/ICIPTM52218.

2021.9388340.

[13] Y. Son, Y. Roh, S. Kim, and Y. Choi, "A
Matrix  Factorization Based Manuscript Editor
Recommendation Method Considering Ratings and
Sentiment Score of Clients", Journal of KIISE, pp.
835-837, 2019.

[14] G. Behera and N. Nain, "Handling data sparsity
via item metadata embedding into  deep
collaborative recommender system”, Journal of King
Saud University-Computer and Information Sciences,
Vol. 34, No. 10, pp. 9953-9963, Nov. 2022.
https://doi.org/10.1016/j.jksuci.2021.12.021.

[15] S. Choi, S. Ko, and Y. Han, "A movie
recommendation  algorithm based on  genre
correlations", Expert Systems with
Applications, Vol. 39, No. 9, pp. 8079-8085, Jul.
2012. https://doi.org/10.1016/j.eswa.2012.01.132.

[16] G. Bae and H. Kim, "The impact of movie titles
on box office success", Journal of Business
Research, Vol. 103, pp. 100-109, Oct. 2019.
https://doi.org/10.1016/j.jbusres.2019.06.023.

[17] L. Chen and P. Pu, "Trust building in
recommender agents”, Proc. of the Workshop on
Web Personalization, Recommender Systems and
Intelligent User Interfaces, Networks, pp. 135-145,
2005. https://doi.org/10.5220/0001422901350145.

[18] N. Reimers and I. Gurevych, "Sentence-bert:
Sentence embeddings using siamese bert-networks",
Proc. of the 2019 Conference on Empirical
Methods in Natural Language Processing and the
9th International Joint Conference on Natural
Language Processing, Hong Kong, China, pp.
3982-3992, Nov. 2019. https:/doi.org/10.18653/
v1/d19-1410.

[19] "The Movie Dataset", https://www.kaggle.com/
datasets/rounakbanik/the-movies-dataset
Sep. 14,, 2023]

[20] L. V. D. Maaten and G. Hinton, "Visualizing
data using t-SNE", Journal of Machine Learning
Research, Vol. 9, Nov. 2008.

[accessed:



Journal of KIIT. Vol. 21, No. 11, pp. 203-211, Nov. 30, 2023. pISSN 1598-8619, eISSN 2093-7571 211

XMAL2IH

\d
I~

£ & (Woo-Seung Kang)
20193 349 ~ A :
AREPYStn AFE et

0.

ol &= ¢ (Suwon Lee)

2012 29 : =73
7 2bsk (s A

20173 249 : 3=33}r)
ket g (gt

=

il
r‘.‘{g

i)

!

z| A 9l (Sang-Min Choi)
2015\ 249 ;. dAA|thstn
A3 H e TH(F AR
2018 3€ ~ 8¢ : AAYgw
A et} s AT
2018 9¢ ~ 2019 44 :

Fantom Foundation, Senior

Principal Researcher
2021 79 ~ 202214 24€ : Soldoc CTO
2022'd 3¢ ~ @A« =it Z5rE ek

Zag
By} 24 AaE, daF



	SBERT 임베딩을 활용한 행렬 분해 추천 방법론
	요약
	Abstract
	Ⅰ. 서론
	Ⅱ. 관련연구
	Ⅲ. 제안 방식
	Ⅳ. 실험 및 결과
	Ⅴ. 결론 및 향후 과제
	References


