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ABSTRACT

This paper proposes the construction of a recommender system to
predict users’ preferences based on matrix factorization techniques.
Because of the changes of users’ preferences time by time, to achieve
more accurate result, exponential smoothing is integrated into the matrix
factorization model by utilizing tensor factorization. This usage aims at
exploiting and taking advantage of information about the time and the
order of users’ giving feedbacks. The model is tested relied on the
datasets in suggestion and evaluation using the root mean squared error.
The experimental results demonstrate fairly good performance of the
proposed method.

TOM TAT

Badi viét ndy dé xudt mét gidi phdp dir dodn sé thich cia ngudi ding dua
trén ky thudt phan ra ma tran (Matrix Factorization — MF) c6 tich hop
Yéu t6 thoi gian trong hé thong goi y (Recommender Systems — RS). Do
SO thich ciia nguoi ding c6 thé thay doi theo thoi gian, dé két qua goi ¥
c6 dé chinh xdc cao hon chiing t6i dé xudt tich hop phwong phép dw bdo
san bang ham mi (Exponential Smoothing - ES) vdao mé hinh Tensor
Factorization véi muc tiéu khai thac va tan dung dwoc cdc thong tin vé
thoi gian ciing nhw trinh ty (sequence) ma nguwoi dung da dwa ra phan
hoi. Thiee nghiém ban ddu trén cdac tdp dir liéu chuan trong linh viec goi
Y va danh gia bang d¢ do RMSE (Root Mean Squared Error) dd cho thay
hueéng tiép cdn nay cho két qua rat kha quan.

Trich dan: Lé Ngoc Quyéq, Nguyén Hiru Hoa va Nguyén Thai Nghe, 2017. Phan ra ma tran voi yéu t6 thoi
gian trong hé thong goi y. Tap chi Khoa hoc Truong Pai hoc Can Tho. So chuyén dé: Cong nghé

thong tin: 96-102.

1 GIOI THIEU

do viéc lya chon thuat toan cho mé hinh goi y 1a
y€u t0 quan trong nhat dé xay duyng mot RS thanh

Hién nay, hé thong goi ¥ (Recommender
Systems - RS) dé dwoc ng dung rit rong rii trong
nhiéu linh vuc khac nhau, ddc biét 1a thwong mai
dién tr (e-commerce). Tur khi ra do1 RS 1a mot giai
phap hitu ich gitip giai quyét van dé qua tai thong
tin va gitp dua ra nhitng goi y phu hop voéi tung
nguoi ding. Pé dat dugc két qua cao thi mdi hé
thong goi ¥ can c¢6 mot mo hinh goi ¥ co thé tan
dung va khai thac tot duoc dir liéu da thu thap dé
dua ra cac goi y phu hop cho ting nguoi dung, do
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cong.

Trong hé thdng goi y ngudi ta quan tim dén 3
dbi twong: ngwdi dung (user), muc tin (item) va
cac phan hoi cua ngudi dung déi véi muc tin,
thuong la cac xep hang (rating). Hién tai, cac nha
nghién ctru di dé xuat rat nhiéu thuat toan dé xay
dung hé thong goi ¥, tuy nhién chiing thuong duoc
chia thanh ba nhom 16n (Ricci ef al., 2011; Su and
Khoshgoftaar., 2009).
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— Loc dya trén ngi dung (Content-based
Filtering): Nguoi dung s€ dugc goi y cac item
teong ty nhu cac item ma nguoi dung da wa thich
trude do dua trén thudce tinh cua item.

— Loc cong tac (Collaborative Filtering): Pua
ra goi y bang cach dua trén sy tuong ty giira nhiing
ngudi ding hodc giita nhitng san phiam trong hé
thong.

— Giai thuat két hop: Pua ra goi y dya vao
viéc két hop ca nhom giai thuat & trén.

Trong nhom giai thudt loc cdng tac thi ki thuat
phén ra ma tran (Matrix factorization - MF) 1a mét
trong nhimg phuong phap thanh coéng nhit hién
nay (state-of-the-art) trong linh vuc du doan xép
hang cua RS (Bell and Koren, 2007; Koren et al.,
2009) .Tuy nhién, da sb cac giai thuat thudc nhom
MEF chi dya vao sy tuong quan giita user va item dé
dua ra du doan (User x Item — Rating) ma khong
quan tim dén yéu to thoi gian khi xay dung mo
hinh goi y.

Noi cach khac, cac nhom gidi thuat MF da s6
tap trung vao gidi thiéu cac muc tin phu hop voi
ngudi ding dua vao tit ca cac dir liéu trong qua
khir cua nguoi dung do, ma khong xem xet dén yéu
t6 so thich cua ngudi ding c6 thé thay ddi theo thoi
gian. Khi d6, mot s6 danh gia kha lau truée day sé
khong con phu hgp véi s thich hién tai cia nguoi
dung. Chang han, khach hang c6 xu hudéng thich
nhing san phim méi dua ra thi truong gan day hon
1a nhitng san pham cii, mic du trong qua khtr san
phim d6 c6 thé dugc nhidu ngudi ua chudng
nhung dbi voi thoi diém hién tai n6 khong con phu
hop.

Trong RS yéu t6 thoi gian ¢6 thé duoc khai thac
theo 2 cach:

— Thoi gian tuyét do6i (Concrete time): dai
dién cho cac diém thoi gian cu thé, nhu duoc sir
dung trong tai licu (Dunlavy et al., 2011). Dang
thoi gian nay thuong dugc st dung trong cac hé
thong goi ¥ theo ngir canh. Vi du: khoang thoi gian
trong ngay, ngay trong tuan, thang hoic mua trong
nam, ... (Adomavicius et al., 2011; Gantner et al.,
2010).

— Thoi gian twong ddi (Relative time): mo ta
chu5i dir liéu c6 thir ty (order). Vi du: trinh tu giai
quyét mot bai tap trong hé thong giang day, danh
sach cac san pham duoc sip xép theo do yéu thich
taing dan cua ngudi ding... Loai thoi gian nay
thuong duoc st dung trong k¥ thuat du bao hoac
trong moé phong dir liéu tuan tu (Rendle et al.,
2010; Bengio, 1996).

Trong bai bio nay, chiing t6i quan tim dén thi
tu nguoi dung dua ra phan hoi trén san pham, vi
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vy yéu tb thoi gian s& dugc khai thac theo cach
thr hai, tirc 13 thoi gian twong ddi. V6i cach khai
thac do, thi yéu t thoi gian trong mé hinh dy doan
dugc xac dinh bing cach sip xép cac danh gia cua
ngudi dung theo thir tu tir cii dén moi, sau d6 ap
dung cac phuong phap du doan chudi thoi gian vao
tap dir liu da sap xep. Nhu vay, véi bét ky tap dit
lidu nao chi can biét dugc thoi gian ma nguoi dung
dua ra phan héi thi déu c6 thé ap dung mo hinh ma
chung toi dé xuat.

Dé tich hop duoc yéu t6 thoi gian vao md hinh
MF, chung ta can mé rong chiéu ctia ma tran hién
¢ (User x Item x Time — Rating). Nhu da dé céap
& phan trén, dé xir 1y duoc yéu t6 thoi gian trong
mo hinh goi ¥ cAn chon mét phuong phéap du doan
chudi thoi gian (time series) phit hgp v6i mo hinh
dir licu.

Hién nay, c6 rit nhiéu phuong phap du doan
dua trén viéc phan tich chudi thodi gian nhu (Box et
al., 2015):

— Phuong phap trung binh don (Simple
Moving Average): Tinh trung binh cfng cua mot
day sb dé dy doan sb liéu trong tuong lai, trong do6
gi4 tri ctia cac giai doan trudc déu co trong s6 nhu
nhau.

— Phuong phép trung binh c6 trong sb
(Weighted Moving Average): Tuong ty nhu
phuong phap trung binh don nhung c6 gan trong sb
cho dir liéu.

— Phuong phap lam tron (san bang) ham mii
(Exponential Smoothing): Day 1a phuong phap du
doan duya trén dir liéu gan nhit cong vai phan tram
chénh 1éch gitra s6 du doan va sb thuc té & thoi
diém du doan. La phuong phap dugc sir dung phd
bién nhat trong tit ca cac phuong phap du doan.

Do so thich nguoi ding c¢6 thé thay doi theo
thoi gian, nhitng phan hdi ma nguoi ding danh gia
trudc day hién tai c6 thé khong con phu hop, nhu
véy dir liéu du doan phai dugc gan trong so de cho
thay mirc dd quan trong cta dit liu & mdi thot
diém 1a khac nhau. Thém véao do, s¢ thich cua moi
ngudi dung thay d6i khong gidng nhau, vi du: cé
mot s6 ngudi thich nhimg san phim m&i, nhung lai
c6 mot sb nguoi thich nhimg san phim quen thudc,
da timg sir dung trude d6. Vi thé, viéc gan trong sd
phai dugc thyc hién mot cach linh hoat, phu hop
voi ting nguoi dung. Trong cac phuong phap dy
doan chudi thoi gian duoc dé cap o trén, phuong
phép lam tron ham mi (Exponential Smoothing -
ES) 1a phuong phap pht hop nhat véi nhu cau dat
ra. Thong qua viéc xac dinh tham s6 1am tron mii (
0<a <1), ching ta hoan toan c6 thé gan trong sb
mdt cach linh hoat cho dir liéu trong mé hinh dy
doan (xem chi tiét tai muc 2.3). Hon nita, day la
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mot phuong phép du bao nhanh, twong ddi don
gian nhung d6 chinh x4c kha cao, d& dang tich hop
vao mo hinh goi y.

Tir nhan dinh trén, chung t6i dé xuét tich hop
phuong phap du bao lam tron (san bang) ham mi
(Exponential Smoothing - ES) vao m6é hinh MF
thong qua ky thuat phan tich nhan t6 tiém é4n
(Tensor Factorization — TF) véi muc tiéu khai thac
va tan dung dugc cac thong tin vé thoi gian ciing
nhu trinh ty ngudi ding dua ra phan hoi. M6 hinh
s€ dugc thuc nghiém trén cac tip dir licu chuén
trong linh vuc goi ¥ va danh gia bang d6 do RMSE
(Root Mean Squared Error) dé cho thiy hudng tiép
c4n da dé xuat cho két qua rat kha quan.

Phéan con lai cia bai bdo nay c6 céu trac nhu
sau: Phan 2 gi6i thiéu cac ky thuat duoc sir dung dé
xay dung mé hinh goi y. Phan 3 gi6i thiéu mé hinh
du doan do chung t6i dé xuit. Phan 4 1a két qua
thuc nghiém trén tap dit liéu mau. Cudi cing phan
5 14 phan két luan.

2 CACKY THUAT PUQC SU DUNG PE
XAY DUNG MO HINH

Trude tién chiing t6i tom tat ngan gon k¥ thuat
phén rd ma tran (MF) (Koren et al., 2009), k¥ thuat
phan tich nhan tt (Tensor Factorization - TF)
(Kolda and Bader, 2009) (Dunlavy et al., 2011b)
va phuong phap dy doan lam tron ham mi (ES)
(Yorucu, 2003) (Ostertagova and Ostertag, 2012)
dé 1am co s cho viéc dé xuat mo hinh phén ri ma
tran tich hop yéu t6 thoi gian.

2.1 Ky thuat phan ra ma tran (Matrix
Factorization - MF)

K¥ thuat phan rad ma tran (MF) 1a viéc chia mét
ma tran 16n X thanh 2 ma trdn c6 kich thudc nho
hon rat nhiéu so v6i ma tran ban ddu W va H, sao
cho X ¢6 thé dugc xay dung lai tir hai ma tran nho
hon nay cang chinh xic cang tét (Koren et al.,
2009), nghia 12 X ~ WHT nhur minh hoa trong
Hinh 1.

«— |items —

<« Uusers —»

Hinh 1: Minh hoa k¥ thuét phan ra ma trin

Trong d6, X 1a tap hop tit ca cac danh gia
(rating) cua nguoi dung (user) v6i muc tin (item),
bao gdm ca nhitng gi4 tri chua biét cin dwoc du
doan tao nén mot ma tran goi la Utility Matrix.
W € RVK 13 mot ma tran ma mdi dong u 1a mot
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véc to bao gdm K nhan t6 tiém an (latent factors)
mo ta cho user u, va H € R/*K la mdt ma tran ma
m01 dong i 1a mot véc to bao gdm K nhan t6 tiém
4n mo ta cho item i.

Goi wy;, va hy, 1a cac phan tr tuong ting cua
hai ma tran W va H, khi d6 rating r cua user u trén
item 1 dugc du doan boi cong thirc:

Pu = ) Why = WH),; ()

Nhu vay, van dé cha chdt caa MF 1a 1am sao
tim dugc ma trdn W va H. Hai tham sb nay co thé
dugc xac dinh bang cach t6i vu héa ham muc tiéu
(objective function) (3) theo RMSE (root mean
squared error) nhu sau:

1 -
RMSE = \/W Yuireptest)(ry —7)* (2)

oM = N (-

(u,i) € ptrain

Véi A 14 hé s6 chinh tac hoa (0 < A <1) dé tranh
tinh trang qud khdép hay con goi la hoc wvet
(overfitting — xay ra khi mé hinh dy doan cho két
qua t6t trén tap huan luyén nhung cho két qua thap
trén tap thur nghiém) (Feng et al., 2009) va ||||% 1a
chuén Frobenius (Béttcher and Wenzel, 2008).

fu)? + AAWIIE + IHIE) (3)

Mot trong nhitng k¥ thuat dé t6i wu hoa ham
muc tiéu la dung SGD (Stochastic gradient
descent) (Koren, 2010), tirc 1a cac tham s w,, va
h;;, s€ dugc cap nhat theo cong thirc:

aOMF
wig = weit - (%) @
u
= Old + 2B (ry — Tuidhi
aOMF
B = hit = (Som) )
L

- old + ZB(T‘W - f'ui)wuk

Véi B 1a tbe d6 hoc (learning rate, 0 < B < 1).
Qua trinh cap nhat s& thuc hién dén khi dat do 16i
chép nhén dugc hodc 1dp lai dén s6 lan lap quy
dinh trudc.

2.2 Phin ri ma trin ba chiéu (Tensor
Factorization — TF)

Tensor Factorization (TF) (Kolda and Bader,
2009; Dunlavy ef al., 2011) la mot dang tong quat
cua ky thuat phan tich ma tran. Cho mot tensor Z
v6i kich thude U x I x T, véi 2 thanh phan dau tién
U va I lan luot thé hién cho ma tran nhan tir user
va item trong ky thuét phan rd ma tran (MF) duoc
dé cap o phan trude. Thanh phan thir 3 thé hién cho
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ngir canh dy doan (thoi gian, dia dlem ) co kich
thudc T. Nhu vy, Z c6 thé duge viét lai nhu sau:

Zszkohk oqk
k=1

Trong d6, mdi véc to wy € RV, hy € R va
qx € R” lan luot thé hién cac nhan td tiém an
(latent factors) ciia user, item va time. Cac tham s
md hinh ciing dugc t6i wu hoa theo RMSE (root
mean squared error) bang cach sir dung SGD
(Stochastic gradient descent). Mot minh hoa cua
TF duoc trinh bay trong Hinh 2.

\{_
/\y
uxIixT
" uxK I x K /
A ~)\1H[:J+ +

Kx KxK

(6)

2

Hinh 2: Minh hga k¥ thuit phan ra nhan tir

2.3 Phuong phap lam tron ham mi
(Exponential Smoothing - ES)

Phuong phép lam tron (san bang) ham mii (ES)
(Yorucu, 2003) 1a mot phwong phap dugc st dung
rong rii trong cc bai toan du bao chudi thoi gian
(forecast time series) (Box et al., 2015). ES su
dung céc sb liu qua khir cua chudi thoi gian dé tao
ra mot ham s6 mil xdp xi tuong dbi thich tng véi
chudi s6 liéu dé, va tir d6 co6 thé sir dung ham nay
dé du béao cho céac dai lugng kinh té cho twong lai.
Theo phuong phép nay, gia tri xu the tai thoi diém
t 1a mot trung binh c6 trong s6 cuia tat ca cac gia tri
san ¢6 trude do, noi ma cac trong sd giam dan vé
mat hinh hoc khi nguoi ta quay nguoc trd lai theo
thoi gian.

Hién nay, c6 rt nhiéu phuong phap dy doan
lam tron ham mi nhu: l[dm tron ham mi don
(simple exponential smoothing - SES), phuong
phép dg bao Brown, phuong phap du bao Holt,
phuong phap san bang mii Damped Trend. Trong
pham vi bai bao nay, ching t6i st dung phuong
phap 1am tron ham sé mii don (SES) dé xdy dung
md hinh dy doan, vi SES dung cho di liéu 6n dinh,
khong xu hudéng va khong cd tinh mua
(Ostertagova and Ostertag, 2012). Ham nay duogc
biéu dién boi cong thirc nhu sau:

Si=ayi 1+ (1 —a)Sey, t=2 7

Mot cach tong quat ta co:
S;=aY2(1-a) ty, + (1 —a)2S,, t=2(8)
Trong d6, S, 1a gia tri du doén tai thoi diém t,
¥, la gia tri thuc t€ tai thoi diém t va a 1a hang so
lam tron mii c6 gié tri tr 0 dén 1. H¢ s6 a trong md
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hinh du bao thé hién tam quan trong hay murc do
anh huong cua s6 liéu hién tai dén dai luong du
béo. Néu o duoc chon cang 16n thi trong sb ctia cac
dir liéu cii cang nhoé va nguoc lai, néu o cang nho
thi dit liéu cili s€ co trong s6 16n hon. Bé chon o
phai dya vao viéc phén tich bién dong cua hién
tugng va nhirng kinh nghiém nghién ctu da qua.
Gia tri o t6t nhat 1a gid tri lam cho tong binh
phuong sai s6 du doan nho nhit (Ostertagova and
Ostertag, 2012).

3 MO HINH DE XUAT

Trong m6 hinh phén ra ma trdn MF da trinh bay
& phan 2.1, goi ¥ s& thich cua nguoi ding duoc dua
ra dya vao thong tin tir cAc ma trén user va item va
khong quan tdm dén thong tin thoi diém ma ngudi
dung dua ra danh gia. Tuy nhién, trong thuc té s&
thich cua nguoi dung thuong c6 xu hudng thay doi
dan theo thoi gian, ching han 3 nim trudc ngudi
dung thich chiéc xe may Honda Airblade thi 3 nim
sau ho c6 thé thich chiéc 6 t6 Honda City (do diéu
kién kinh té, gia dinh,.. thay ddi theo thoi gian).
Maic du vay, mot sb so thich khé lau trude day co
thé da khong con phu hop hon so véi cac so thich
gan ddy va hién tai cia nguoi dung, vi thé chung
t61 dd dé xudt tich hop k¥ thuat san bing ham mi
don vao ky thuat MF/TF dé giai quyét van dé anh
huéng cta yéu t6 thoi gian trong RS.

Dé co thé giai quyét van dé vira néu, thay vi chi
stt dung thong tin tir cac ma tran user va item nhu
cong thirc (1), chung t6i tich hop thém thong tin tu
cac ma tran c6 lién quan dén yéu t6 thoi gian khi
nguoi dung dua ra du doan. Chung t6i ciing st
dung cac gia tri thién vi (biases) cho mo6 hinh dy
doan dé tranh tinh trang thién vi trong qué trinh
dua ra danh gia (Koren et al., 2009).

Dbi v6i dé xuat trén sb luong tham sb cua md
hinh du doan s€ khac v&i MF, chung t6i goi hudng
tiép can méi nay 1a TFES (Tensor factoriztion -
Exponential Smoothing). Khi d6, cong thic du
doan s€ trd thanh:

= u+by +b; + XK Wy hye Py (9)

L
Py = Z Atk Stk
t=2

Trong do,

w12 gi4 tri rating trung binh cta tit ca cac user
va céc item trong tap dit liéu huan luyén

Z(u,i,r e ptrain ) T

u = |Dtrain|

b, : 1a gié tri thién vi user
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Z(u’,i,r € ptrain )|u’=u|(r -1
[{(',i,r € Dtrain )|y’ = ul}|

: 1a gia tri thién vi item

b, =

b;

Z(u,i’,r g ptrain )|i’=i|(r D)
[{(w,i",7 € Dfran)|i’ = i|}|

bi=

Str - 1a ham lam tron ham mi
Stk =argg + (L —a@)S_pyi, t=2
qex - 12 véc to tiém 4n dai dién cho thoi gian

L : 1a d6 dai s6 giao dich trong qué khtr sir dung
cho mo6 hinh du doan

Vi md hinh dé da dé xuat & trén, ham muc tiéu
cua mo hinh dy doén tré thanh

TFES _— I 2
0 7"ui)

+AWIE + IHIE +11QIIE + b+ b) (10)

Z(u it) e Dtram(rul

Trong d6 W, H, Q lan luot 14 cac ma tran nhan
t tiém an dai dién cho user, item, va time. ) 1a hé
s6 chinh tic hoa (0 < A <I) twong ty nhu MF. Ham
muc tiéu (10) van dugc tdi wu bang phuong phap
SGD, tirc 1a cac tham sb w, A, g trong tng s& duoc
cap nhét theo cong thirc:

60TFES
wig” = wil — B (W) (11)
aOTFES
B = hgit = p (o) (12)
ik
aOTFES
ae” = azit - (%) (13)
Véi f 1a tde d6 hoc (learning rate, 0 < p < 1).
., . ) aOTFES aOTFES . aOTFES ,
Gia tri cua , duoc xac
Owyg = Ohy 0q¢k
dinh boi cong thuc:
9OTFES
o —2(ryi — Py hixPexc + 7\Wuk(l4)
9OTFES
o —2(ry; — Fud W Pere + Ay
sotFES ) . (158
e —2(ry — FudWirchie =2 Sex) + Aqy (16)

Sau qua trinh t6i wu, ta nhan duge cac tham s
W, H, Q. Khi d6, ching ta c6 thé du doan két
qué xép hang cho user u trén item i thong qua cong
thie (9).

4 KET QUA THU'C NGHIEM
4.1 Dirli¢u
bpé thuc nghiém moé hinh dé xuit & trén chung

toi st dung cac tap dir li¢u tur hai linh vyc khac
nhau la trong giai tri va trong giao duc.
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Cu thé, tap dir liéu Movielens 100k duoc cong
b nam 1998 boi nhém GroupLens. Tép dit liéu
nay c¢6 100.000 danh gia dugc thyc hién boi 943
ngudi dung trén sé luong 1.682 phim, mdi ngudi
dung c6 danh gia it nhat 20 phim va danh gia duoc
gan 1 (t8) dén 5 (tuyét voi)...

Tap dir ligu Assistments (2009-2010) trich tr
hé thong Assistments (Feng et al., 2009), tap dir
liéu nay co nguon gdc tir h¢ thong trg giang thong
minh, két qua dat dugc tr cac lan sinh vién giai
quyét cac bai tap, cu hoi s& dugc dung dé dyu doan
kha nang thuc hi¢én cda sinh vién khi c6 mét yéu
cdu méi. Tap dir lidu Algebra (2009 - 20010) c6
cac thudc tinh tuong tu tdp Assistments va dugc
cong bd tir KDD Cup 2010 (Bennett et al., 2007).
Hai tap dit li¢u nay co thé duoc 4nh xa tuong ung
qua cac khai niém trong RS nhu: sinh vién — user;
cong viéc — item; va két qua — rating. Thong tin
ciia 3 tap dir lidu trén dugc mod ta cu thé trong
Béng 1.

4.2 Két qua thue nghiém

Pé két qua thyc nghiém dugc khach quan, cac
tap dir liéu dung trong thyc nghiém s¢ dugc phan
chia theo phuong phap Splitting (Kohavi, 1995),
chon ngdu nhién 70% sb phan tir cia tap dir liéu
dung lam tap hoc va 30% con lai dung lam tap
kiém tra.

Bang 1: Thong tin vé di liéu sir dung trong thue

nghiém
Tap dir licu Sé user  Séitem  Sé rating
Movielens 100k 943 1,682 100,000
Assistments
(2009 - 2010) 8,519 35,798 1,011,079
Algebra

(2009 — 2010) 3,310 1,422,200 8,918,054

Céc siéu tham so (hyper-parameters) trong mé
hinh dy doan nhu s0 lan lap (Iter), s6 nhan t6 tiém
an K, téc d6 hoc B, hé s6 chinh tic hoa A va hang
s6 1am tron mii o duoc xéac dinh bang phuong phap
tim kiém siéu tham sb (hyper-parameter search)
(Cen et al., 2006).

Tuy nhién, do viéc tim kiém bing vét can s&
mat nhiéu thoi gian nén dé tai chi thuc hién viéc
tim kiém tho cho cac phwong phap nay. Vi du: Iter
€ (50, 100, ..., 1000), K € (23,24 ...,2%,B €
(1074, 1073, 1072, 5*1075, 5*%107%, 5*1073), A €
(15*%107%, 15*1073, 55*107%, 55*107%, 55*107%), a €
(0.1,0.2, ..., 0.9). Mbi lan s& sir dung mot bo siéu
tham sb (Iter, K, B, A, @) dé xdy dung md hinh trén
tap huén luyén va du doan cho tap kiém tra, tinh d
16i RMSE. Sau khi thir hét cac bo siéu tham sb s&



Tap chi Khoa hoc Truong Pai hoc Can Tho

lua chon bo siéu tham sé ot nhat theo tiéu chi do
16i RMSE thép nhét.

Nham muyc dich kiém ching két qua cua giai
thuat thi ngoai viéc so sanh do 16i RMSE cuia mo
hinh TFES véi MF, chung t6i s& dung thém mot sb
phuong phap baseline nhu (Su and Khoshgoftaar,
2009): Global average, User average va Item
average (Sarwar et al., 2001; Nguyen Thai Nghe et
al.,2010).

Dudi déy 1a két qua thyc nghiém danh gia bang
RMSE trén 3 tap dir liéu da néu 6 muc 4.1.

Két qua thuc nghiém cho thdy TFES cho két
qua cao trén tap dit liéu thudc linh vuc giao duc
Assistments va Algebra. Tuy nhién, véi tap dir liéu
linh vuc giai tri Movielens thi TFES cho két qua
chwa nhu mong doi. Diéu d6 cho thay viéc tich hop
phuong phap lam tron ham mi (ES) vao mé hinh
goiy s& dat két qua cao trén tap dir liéu co tinh chat
tuan tu, tich lily dan theo thoi gian. Vi thé, trong
tuong lai ching t6i s& tiép tuc cai tién mo hinh dé
c6 thé khai thac t6t yéu t6 thoi gian va cho két qua
cao trén nhiéu loai dit liéu khac nhau.

Movielens 100k

12 1126
1044

1025

0.534

0.516

]
AP
]
AP
]
AP

Global Average
08 B 3

[ User Average
0.6 crsrsst907
erisee
rerrecd] Item Average
erioee
eriiee
erioee
eriiee
erioee
]

04 FIMF

0z EITFES

Roat Mean Squared Ermor - RMSE

Hinh 3: Két qua so sanh RMSE trén tip
Movielens 100k

Assistments
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0.46 3 MF

0455 ST

045

Root Mean Squared Error - RMSE

Hinh 4: Két qua so sanh RMSE trén tap
Assistments
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Algebra

0.335 0333

0.33

0325
E1Global Average
0.32
[ User Average
0.315
Item Average
031
F1MF
0.305
EITFES
0.3

0.295

Root Mean Squared Error - RMSE

Hinh 5: Két qua so sanh RMSE trén tap
Algebra

5 KET LUAN

Trong bai viét ndy, chung toi dd gidi thidu mot
md hinh dy doan s¢ thich ciia nguoi dung cd tich
hop yéu t6 thoi gian. Pay 1a su két hop gitta mo
hinh phén ra ma trin MF/TF véi du bao chudi thoi
gian Exponential Smoothing, nhim tan dung duoc
yéu t6 thoi gian dé dua ra dy doan phu hop véi so
thich nguoi dung.

Tuy nhién, TFES van con han ché 1a thoi gian
huén luyén mé hinh kha cham so véi MF, nguyén
nhan 14 do sé lwong tham sé md hinh can tim cta
TFES nhiéu hon dan dén qua trinh t6i vu héa ham
muc tiéu cling mét nhiéu thoi gian hon. Trong
tuong lai, chung toi s& tiép tuc téi wu va thuc
nghiém trén nhiéu tap dit liéu khac dé cung cb
thém két qua cua phuong phap dé xuit va nghién
ctru giai phap dé cai thién téc d6 huin luyén mod
hinh cho TFES.
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