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TOM TAT

Ngay nay cac nha cung cép ndi dung dang mudn thu hut s6 1u0’ng nguoi dung mot
cach tbi da bang cach g10’1 thiéu noi dung ma nguoi dung ‘mong muon theo s thich ca
nhan chinh vi thé hé thong goi y ludn 1a dbi twong trong diém duoc quan tim dén. Trong
bai bao nay chung toi dé xuat mot hé théng két hop nham ting cudng hiéu suit goi y. Pau
tién, ching t61 tao ma tran TF-IDF tir nhitng danh gla cua nguoi dung va ndi dung cia bo
phim tao nén ma tran dau vao. Sau do, cac vector tiém an duoc tao ra bang cac 1op nhung
Céc vector mang dic trung ciia ngudi dung va phim nay s& qua 16p ndi va di vao hé thong
mang MLP (Multi Layer Perceptron) v6i H 16p 4n. Sau d6 chung toi str dung mo hinh hoc
sau dé tim moi lién hé gitra nguoi dung va san pham. Cubi cting ching toi st dung d6 do
RMSE va MAE d¢é d4nh gid mirc d6 hiéu qua ciia mo hinh. Két qua thyc nghiém cho thay
md hinh dat 0.9247 RMSE, 0.7047MAE véi tap dir liéu Netflix Prize va 0.9823 RMSE,
0.7552 MAE véi tap dir liéu Movie Lens.

Tw khoa: hé théng €01y phim, loc theo ndi dung, phan rd ma tran sau.

ABSTRACT

Nowadays, content providers want to attract the maximum number of users by
introducing content that users want according to personal preferences, so recommendation
systems are always a key target interested in. In this paper we propose a hybrid system to
enhance recommendation performance. First, we create the TF-IDF matrix from the user
reviews and the content of the movie that forms the input matrix. Then, the hidden vectors
are generated using embedding layers. These vectors carrying the characteristics of the
user and the movie will pass through the concatenate layer and enter the MLP (Multi
Layer Perceptron) network system with H hidden layers. Then we use a deep learning
model to find relationships between users and items. Finally, we use RMSE and MAE
measures to evaluate the effectiveness of the model. Experimental results show that the
model achieves 0.9247 RMSE, 0.7047MAE with the Netflix Prize data set and 0.9823
RMSE, 0.7552 MAE with the Movie Lens data set.

Keywords: movie recommendation system, content-based filtering, deep matrix
factorization.
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1. GIOI THIEU

Heé théng goi y thong tin (Recommender
System — RS) 1a mdt trong nhirng ing dung
phd bién nhit cta khoa hoc dit liéu ngay
nay. Chung duoc st dung dé du doan so
thich (preferences) hay xép hang (rating)
ma ngudi ding c¢6 thé danh cho mot muc
thong tin (item) nao d6 ma ho chua xem xét
t6i trong qua khir (item c6 thé 1a bai hat, bo
phim, doan video clip, sach, bai bao,..) [1].
Hau hét moi cong ty cong nghé 16n déu da
ap dung chiing dudi mot s6 hinh thirc.

e Amazon st dung né dé dé xuat san
pham cho khach hang

o Netflix str dung goi y phim cho nguoi
dung

« YouTube sir dung n6 dé dé xuat cac
video va quyét dinh video s€ phat tiép theo
trén ché do tu dong phat

« Facebook st dung no dé goi y két
ban, dé xuét cac trang dé thich va moi
nguoi theo doi.

Trong bai bao nay, chung t6i dé& xuat
mot phuong phép lai sir dung ca k¥ thuat
phan ra ma tran sau va loc theo ndi dung
cho bai toan goi ¥ phim v&i phan nhung ID
ngudi dung va ID phim 1a dau vao két hop
v6i cac tinh nang tiém an tir MLP cua phan
ra ma tran sau.

Nhitng dong gop chinh cua bai bao nay
nhu sau:

Chung t6i str dung TF-IDF dé chuyén
d6i mo ta ngdn cua tit ca cac bo phim thanh
mot vecto thua thdt. MO hinh s€ hoc cach
giam kich thudc cua vecto nay va két hop
siéu dit liéu bang viéc nhing id nguoi ding
va id phim vao vector nay tr¢ thanh vector
dau vao. Két hop v6i MLP mang lu6i than
kinh 4nh xa ngudi dung va vat phim vao
mot khong gian c6 chidu thap phi tuyén tinh.
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2. NOI DUNG
2.1Cac nghién ciru lién quan:

C6 hai phuong phéap dugc sir dung phd
bién trong cac hé thdng goi y d6 1a: loc dua
trén ndi dung (Content-based Filtering) va
loc cong tac (Collaborative Filtering)

Loc dua trén nfi dung (Content-
based Filtering):

Hé théng goi y nay dé xuat cho ngudi
dung cac mat hang tuong ty dua trén mdt
mit hang cu thé. Phuong phap nay dua vio
dir liéu vé san pham nguodi ngudi dung da
cung cap hay con goi 14 siéu dir liéu, chang
han nhu thé loai, dao dién, mo ta, dién vién,
v.v. cho phim, dé dua ra cac dé xuit nay.
Y tuéng chung ding sau cac hé thong gidi
thiéu nay la néu mot nguoi thich mot mat
hang cu thé, ho cling s€ thich mot mat hang
twong tu voi né [2]. Mot vi du dién hinh
c6 thé 12 YouTube, noi dya trén lich st cta
ban, n6 goi y cho ban nhitng video mé&i ma
ban c6 thé xem tiép dya trén nén nhiing
video ban da xem.

Loc cong tac (Collaborative Filtering):

Cac mo6 hinh dua trén ky thuat nay
dwa vao strc manh cong tac cua xép hang
do nguoi dung cung cap. Thach thirc chinh
trong viéc xay dung cdc moé hinh nay la ma
tran xép hang dang thua thét. Cac phuong
phap loc cong tac du doan xép hang khong
xéac dinh dua trén xép hang dugc quan sat
vi chung thudng c6 mdi twong quan cao
gitta nhitng nguoi dung va mat hang khac
nhau. Loc cOng tac phan tich dir liéu nguoi
ding dé tim ra mdi twong quan gitra cac d6i
tuong nguoi dung va thuc hién goi y céc
san phém dich vy, ndi1 dung dya trén mbi
quan tam, s¢ thich ctia nguoi dung tuong
tu ddi véi cac san phém, dich vu hay ndi
dung do.

Trong nhom nay cac giai thuat chu
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yéu sir dung 1a phuong phap lang giéng
(memory-based) trong d6 hoac la dua trén
dr liéu qué khr cua nguoi dung, trong dé
hodc 1a dya trén dir li¢u qua khir cua nguoi
dung “tuwong tu - similarity” (user-based
approach), hodc la dya trén dir li€u qua khu
cua nhiing item “twong tu” (item-based
approach) hoac dua trén moé hinh (Model-
based): Nhom nay lién quan dén viéc xay
dung cac mo hinh dy doan dya trén dir
li¢u thu thap duogc trong quéa khir. Nhu mo
hinh Bayesian, cac mé hinh nhén t tiém
an (latent factor models): trong d6 k¥ thuat
phén ra ma tran (Matrix Factorization) [3]
12 mot dién hinh. Phuwong phap nay dua vao
user — item tuong tic, twong tic nay cé thé
biéu dién hodc mo hinh héa nhu san pham
bén trong clia cac vector tiém an.

Loc cdng tac két hop véi loc theo ndi
dung:

Céc hé thong dé xuat két hop hai hodc
nhiéu phuong phap dé xuit dé cai thién
hiéu suit dong thoi giam thiéu nhugc diém
cua tung phuong phap riéng biét. Thong
thuong nhét, loc cong tac dugc str dung két
hop voi mot ki thuat khac nham nd luc giai
quyét van dé tang toc [4].

Loc cong tac két hop vai loc trén ndi
dung 1a k¥ thuat két hop cac thudc tinh
muc va tuy chon cia nguoi dung dé tao
dé xuat. Loc dua trén ndi dung tap trung
vao tinh tuwong tu cua muc, trong khi loc
cong tac xem xét hanh vi cia nguoi dung
[5]. Pay la su két hop cua ca hai phuong
phap nhim giam thiéu nhugc diém cua
ting k¥ thuat va tao ra cc dé xuat tot hon
cho nguoi dung.

Bén canh d6 két hop v6i phan rd ma
tran nham giai quyét van dé “Cold Start”
bang cach tan dung su tuong tac gitra nguoi
dung va yéu t6 tiém an.
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Hinh 1: M6 hinh hé théng goi y két hop DMF va CBF

CBF chu yéu dua trén sy so sanh gitia
thong tin hd tro cia ngudi dung va vat pham
trong khi phuong phap CF chi st dung
tuong tac gitra ngudi dung va vat pham.
Vin ban, hinh anh va video c6 thé duoc coi
13 nhiéu loai thong tin bd sung [6]. Trong
vai ndm gan day, nhiéu nd luc nghién ctru
da duoc thyc hién dé cdi thién hiéu suat dé
xuit bang cach str dung thong tin phuy tro
va k¥ thudt hoc sau da tr¢ nén quan trong
dé xur Iy mot lugng 16n thong tin.

D3 c6 rat nhiéu phuong phap tiép can
lai duoc d& xuét bang cach két hop cac
phuong phép cong tac va dua trén ndi dung
[7]. Cach tiép can két hop c6 thé duoc trién
khai theo nhiéu cach khac nhau, chang han
nhu &p dung cac nhiém vu dua trén ndi dung
va cOng tac riéng biét cling nhu két hop céac
du doan cua chung, két hop mot sb thuoc
tinh dua trén ndi dung thanh céach tiép can
hop tac hodc nguoc lai va cudi cing 1a xay
dung mot mo hinh hdn hop chung két hop
gitta cong tac va ndi dung.

Gan day, Deep Learning (DL) d3 duoc
nhiing thanh céng to 16n khi tin dung
mang lugi than kinh siu dé tao ra nhiing
két qua dé& xuat tét hon. DL da dugc sir
dung dé 1ap mo hinh nguoi dung va cac
muc thudc tinh 13 dau vao cua mang ludi
than kinh sau [8].

Trong bai bao nay, chung toi két hop
loc theo ndi dung va phan ra ma tran sau
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dé tao nén mot hé théng hybrid nham tao
ra mot phuong phap dé xuat tot hon cho
nguoi dung.
2.2 Phuwong phap nghién ciru:
TF-IDF

Céc thuat toan hoc may theo truyén
thdng s& hoat dong tot hon véi cac con sd
thi thuat toan TF-IDF giup ching giai ma
cac tir bang cach phan b cho ching mot
gia tri s6 hodc vector. Diéu nay di mang
tinh cdch mang cho hoc may, dac biét la
trong cac linh vyec lién quan dén phan tich
ngdén nglr tuy nhién (Natural Language
Processing - NLP) nhu phan tich van ban.

Trong phéan tich van ban bang may
hoc, thuat toan TF-IDF gitp sip xép dit
li¢u thanh cidc danh muc cling nhu trich
xuat tir khoa. Piéu nay c6 nghia 1a céc tac
vu don gian, don diéu nhu gin thé hd tro
hodc phan hdi va nhép dir liéu c6 thé dugc
thuc hién trong vai gidy. Vector héa van
ban bién vin ban trong tai liéu thanh s, do
d6, thuat toan TF-IDF c6 thé xép hang céc
bai viét theo thir tyr lién quan.

Trong bai bdo nay chung t61 sé dung
TF-IDF dé chuyén d6i mo ta ngin cia tat
ca cac by phim thanh mot vecto thua thét.
M0 hinh s€ hoc cach giam kich thudce ctua
vecto nay va cach két hop siéu dir liéu véi
viéc nhung id nguoi dung va id phim.

Phwong trinh TF-IDF

(1.1)

Lop nhung Embedding

Embedding 13 qué trinh chuyén doi
dua mot vector ¢ sd chiéu 1on thudng
¢ dang thua vé mét vector c6 sb chiéu
nho thuong & dang day dac. Bay 1a qua
trinh anh xa vector thua c6 sb chiéu 16n
vao mot khong gian vector co sd chiéu
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thap hon nhung day dic hon va bao toan
cac moi quan hé ngt nghia trong dir li¢u
ban dau.

-Id nguoi dung (Users) va id
phim (Movies) dugc chuyén ddi thanh
embedding dau vao.

- Embedding chuyén d6i cac gia tri nay
thanh khong gian vecto.

- Kich thuéc 16p nhiing duogc xac dinh
boi kich thudce cua K

- Vecto nguoi dung dugc embedding
va to hop vector phim va ma tran xép hang
du doan duoc tao.

- Embedding gitp biéu dién ma tran &
kich thuéc nhé ma khong lam mét di tinh
nang cua ma tran thyuc té

Lép ndi (Concatenate layer)

Phia sau 16p nhtng 1a 16p ndi lam
nhiém vu ndi cac vector an. Cac vector
an duoc ndi lai véi nhau tao thanh vector
c6 dac tinh méi phuc vu cho céc thuat
toan tiép theo. Tao thanh vector dau vao
duy nhat cho mang no ron nhiéu 16p MLP
phia sau.

Phén ra ma tran sau:

M6 hinh phan rd ma tran sau st dung
may hoc dé t5i wu hoa muc tiéu. MLP
(Multi Layer Perceptron) 1a mdt loai mang
no ron nhan tao déng vai tro 1a trong sé
[9]. Cac thudc tinh cua User va Item dugc
tich hop bang 16p ndi (Concatenate). Moi
16p an sé& trich xudt cac tri thic tiém an
trong mdi quan hé giita ngudi dung va
phim dung dé dy doan két qua dau ra.
Cudi cing ¢ 16p dau ra s& dy doan két
qua xép hang ciia bo phim tuong g
voi nguoi dung. Va ham GELU va ham
Swish duogc str dung lam ham kich hoat
trong mo hinh.
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Hinh 2: M6 hinh Multi Layer Perceptron
3. MO HINH DE XUAT
3.1. Tap dir liéu:

Trong bai bdo nay, ching t61 str dung 2
b6 dit lidu dé thuc nghiém:

B¢ dir liéu Netflix Prize 1a bg dir licu
dd mang vé giai thuong 1.000.000 USD
cho dgi Pragmatic Chaos cua BellKor [10].
Tap dir liéu bao gdm hon 100 tridu xép
hang (cac bd phim dugc xép hang trén mot
thang do tir 1 dén 5 sao) tir hon 480 nghin
ngudi dung Netflix duge chon ngau nhién
trén 17 nghin tya phim. Cac dir liéu duoc
thu thap tir thang 10 ndm 1998 dén thang
12 ndm 2005 phan anh tat ca cac xép hang
nhan duoc trong giai doan nay.

Va bd dir liéu Movie Lens 30M chira
33.832.162 xép hang va 2.328.315 ung
dung thé trén 86.537 phim. Nhiing dir li€u
nay dugc tao bdi 330.975 nguoi dung trong
khoang thoi gian tir ngay 09 thang 1 nam
1995 dén ngay 20 thang 7 nam 2023. Tap
dr liéu nay dugc tao vao ngay 20 thang 7
nam 2023. Pay 1a bo dir liéu méi nhat coa
Movie Lens dugc phat hanh.

Tiép theo, chung toi s& chia dir lidu
thanh cdc by dao tao va thi nghiém dé
ching t6i ¢6 thé danh gia hiéu suat mo hinh
mot cach hi¢u qua. Bai bao chia tap dir liéu
theo phuong phép Train — Validation — Test

ISSN 261 5-9945

v6i ty 18 80% st dung cho huéan luyén va
20% cho kiém tra thuat toan.

Trong bai bdo chung t6i chi tap trung
vao cdac truong userlD, itemID va rating dé
dung cho h¢ thong goi y.

3.2. Phuong phap danh gia:

C6 nhiéu phuong phap duoc st dung
dé danh gia nhu F-Measure, AUC, ... Mdi
phuong phép sé thich hop cho tung linh
vuc cu thé. Trong bai bao nay, d6 do RMSE
(Root Mean Squared Error) va MAE (Mean
Absolute Error) la do do dugc su dung.

RMSE = \/% > -E)(1.2)
|D u,i,reD"™
1 A
MAE:W z (i =1,) (1.3)
|D u,i,reD"

Cong thirc cac do do

4. Mb hinh va két qui:

Mo hinh cua ching t6i duoc trién khai
trén Keras. Chung t6i da két hop phan rd
ma tran sau voi loc theo ndi dung cho hd
so ctia ngudi ding va phim nham giam téc
dong cua van dé nguoi dung méi (Cold
Start Problem) cling nhu tan dung duoc
nhitng mau tiém ning trong ndi dung dé
dat duoc nhimng két qua tot hon [11].

Trudc tién chung toi st dung phuong
phap Loc theo ndi dung dé tao ra ma tran
TF-IDF bang cach cho mé hinh tao thanh
ma tran mang id ciia nguo1 dung va phim tu
dit liéu dau vao, sau d6 bd sung vao ma tran
nay thong tin cua siéu dir liéu (metadata)
tao thanh ma tran mang gia tri Id nguoi
dung, Id phim va Rating lam ma tran dau
vao. Sau d6, md hinh s& chuyén d6i ma tran
nay thanh vector thua thét dau vao. Lép
nhing (Embedding) s& 1am nhiém vu tiép
theo 14 dua vector ¢ dang thua nay vé dang
day dic va sau d6 chung s& duoc két hop
lai v6i nhau thanh mdt vector thong qua
16p ghép (Concatenate).
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Sau d6 chung t61 xay dung lai ma tran
thong qua md hinh méy hoc dé t6i wu hoa
ham muc tiéu. Ngoai ra, cac tham s6 md
hinh da duoc kich hoat béng cach str dung
ham GELU (Gaussian Error Linear Unit)
va Swish 1a ham kich hoat ddi véi cac 16p
an clia mang no ron nhan tao. Chung toi
cling s dung ham mat mat (loss) ‘mse”
va ham tbi wu (optimizer) ‘adam’ cho mb
hinh ctia minh. S6 lwong hé s tiém an 1a
7 16p goém: 512 (gelu) — 256 (gelu) — 128
(swish) — 64(gelu) — 32 (gelu) — 16 (swish)
— 8 (gelu) dé thu dugc cac tinh ning tiém
an tir viéc nhung ID. Ddi véi DNN, kich
thude dau ra cua 16p nhung dé nhung ID da
dugc chon 13 64 va 128. Dong thoi tée do
hoc tp dugc ap dung vai 0,0001 va 0,001
cho trinh téi vu hoa Adam.

Movies

User (U) ‘

| l bt

wa  [A[2[ol=] [E[al-[511]

. Vector én
a6 tuong (phim)

N

|
v

[ GELU |
¥
[ GELU |
¥
\

v
v
) o

L\

Hinh 3: Mé hinh hé théng goi y két hop CBF va DMF

— Vector &
Lop nhing ng:h ;E:q the loai

[o]
c
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5. Két qua thwe nghiém
B0 dir liéu Netflix Prize

b6 do RMSE dat: 0.9247 va MAE dat:
0.7047

Accuracy

0.04982
0.04980 |
0.04978

3 0.04976 1

e

-

3

&

0.04974 -

0.04972 -

0.04970 A
—— training accuracy

0.04968 - —— val accuracy

T T T T T
0 2 4 6 8
epochs

Hinh 4: Traning accuracy va Val accuracy

Training and Validation Loss

—— Training Loss
—— Validation Loss

1.0

0.9 4

Loss

0.8 1

0.79

0.6

T T T T T
2 4 6 8 10
Epochs

Hinh 5: Training loss va Validation loss
So sanh v&i mot s6 mé hinh khac
nhu: User-kNN, MF va DMF trén d¢
do RMSE va MAE dugc thong ké theo
bang sau:

Phuwong phap
Mean Rating | User-kNN MF DMF | CBF&DMF
RMSE 0.9926 1.3357 1.1196 1.0098 0.9247
MAE 0.7988 1.0788 0.9410 0.8100 0.7047

Bdng 1: Két qua thir nghiém tdp dir liéu Netflix Prize trén do do RMSE va MAE
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B0 dir liéu Movie Lens:

b6 do RMSE dat: 1.0823 va MAE
dat: 0.8552

Accuracy

0.02950 1

0.02925 -

0.02900 -

0.02875 4 —— training accuracy

—— val accuracy

accuracy

0.02850

0.02825 4

0.02800 A

0.02775

T T T T T
0 2 4 6 8
epochs

Hinh 6: Traning accuracy va Val accuracy
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Training and Validation Loss

0.76

0.75 4

0.74 4

0.73 4

Loss

0.72 4

0.71 4

L20N == Training Loss

—— Validation Loss

0.69 -

2 4 6 8 10
Epochs

Hinh 7: Training loss va Validation loss
So sanh véi mot s6 md hinh khac nhu:
User-kNN, MF va DMF trén d6 do RMSE
va MAE dugc thong ké theo bang sau:

Phuong phap
Mean Rating | User-kNN MF DMF | CBF&DMF
RMSE 1.0241 1.1646 1.0296 1.0198 0.9823
MAE 0.7825 0.8670 0.8434 0.7823 0.7552

Badng 2: Két qua thir nghiém tdp dir liéu Movie Lens trén dp do RMSE va MAE

Thuc nghiém cho thiy sir dung phuong
phap két hop Loc cong tac (CBF) va Phan
rd ma tran sau (DMF) cho két qua tot hon
so v&i cac phuong phap khac dugc dem
ra so sanh. Bén canh do, thong qua mang
ludi than kinh siu trong Phan rd ma trdn
sau da khai thac dugc t6t cac moéi quan hé
gitra nguoi dung va bd phim trong ma tran
ngudi dung — phim. Két qua 1a hé s6 RMSE
va MAE dugc cai thién tuy tén thém thoi
gian tinh toan nhung mo hinh lai dat duogc
két qua tét hon so voi cac mé hinh di co.

4. KET LUAN

M&i phuong phéap goi ¥ déu c6 uu va
nhugce diém riéng cta hé théng. Tuy viy
ching ta c6 thé két hop ching lai véi nhau
dé sir dung uu diém cta hé thong nay bu lai
nhuoc diém cua hé théng kia nhim tim ra
mot hé thong lai c6 thé dap tmg duoc nhu
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cau goi ¥ cho ngudi ding tot nhit trong kha
ning cuia hé thong.

Trong bai bao nay ching toi da két hop
loc cOng tac va loc ndi dung lai voi nhau va
chung da hoat dong kha tdt, cai thién duoc
ph::in nao hiéu suit du doan ciia hé théng go1
y cho nguoi dung so véi cac ky thuat goi y
thong thuong nhu Mean Rating, hay User
kNN hodc Deep Matrix Factorization...

Tuong lai, chung ta c6 thé két hop
thém vao cac thong sd khac ngoai nhiing
thong s6 ma bai bao di dwa ra nhu userID,
Rating, M6 ta phim hodc st dung cac bo
dir liéu khéc vao bai toan dé ting thém kha
nang dy doan va danh gia muc do hi¢u qua
ciia mo hinh nhim cung cip cho ngudi
dung nhing trai nghiém tot nhat khi st
dung hé théng goi y phim.
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