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TOM TAT — Ky thugt phan rd ma trgn (matrix factorization - MF) 1a mét ky thudr duroc sir dung phé bién trong hé thang goi y
(Recommender Systems — RS). Hién nay da cé rdt nhiéu thugt toan bién thé va huéng tiép cdn duwoc phét trién dua trén ky thugt nay,
nhw Biased matrix factorization, Non-negative matrix factorization, phan rd@ ma trdn da quan hé (multi-relational matrix
factorization - MRMF),... Bai viét ndy dé xudt mgt hurong tiép cdn da quan hé khac cho hé théng goi y, tir @6 xdy dimg thugt toén
cho hwéng tiép cdn da dé xuat. Thuc nghiém trén cac tap diF lieu chudn trong linh vuec goi ¥ ding dg do RMSE (Root Mean Squared
Error) cho thdy huweng tiép cdn da dé xudt cho két qua rat kha quan.

Tir khod — Phan rd ma trgn; phan rd ma trgn da quan hé; hé théng goi y.
I. GIOI THIEU

Hé thdng goi y (Recommender Systems - RS) da duoc ung dung rat rong réi trong cac hé théng thong tin thugc
nhiéu linh vuc khac nhau, né gitp giai quyét dugc van dé qua tai vé thong tin va gilp lua chon thong tin mot cach nhanh
chéng bing cach trinh bay noi dung goi ¥ phu hop véi timg nguoi dung. bPé cung cép cho nguoi ding nhiing thong tin goi
y hiéu qua thi mdi hé théng goi y can c6 mot mo hinh goi y ¢6 thé khai thac tot duoc dir lidu da thu thap dé dua ra cac goi
y pht hop cho timg ngudi dung, do d6 viéc lya chon thuat toan xay dung mé hinh goi y 1a rat quan trong.

Trong RS da c6 rat nhiéu giai thuat duoc dé xuét, tuy nhién ta c6 thé gom chling vao trong ba nhém chinh (xem
thém trong [1], [2])

e Nhom giai thudt loc trén ndi dung (Content-based Filtering): Thuc hién viéc goi y cac muc dir li€u (item) dya
vao hd so (profiles) clia ngudi ding hodc dwa vao thudc tinh (attributes) cuia nhimng item twong tw nhu item ma
nguoi dung da chon trong qua khur.

e Nhom giai thudt loc cong tac (Collaborative Filtering): Céac giai thuat trong nhoém nay cha yéu dya trén cac ki
thuat: phuong phap lang giéng (Neighborhood-based) 1a dya vao dit liéu qua khi cua nhitng ngudi dung
“twong tu” (user-based approach) hodc dua trén dir li€u qua khir ciia nhiing item “twong ty” (item-based
apprach); dua trén m6 hinh (Model-based): nhom nay xay dung cdc mé hinh du doan dya trén dir liéu thu thap
duogc trong qua kha.

e Nhom két hop ca 2 cach trén.

Trong nhém giai thuat loc cong tac dya trén md hinh thi ky thuat phan rd ma tran (matrix factorization - MF) la
mot trong nhitng phuong phéap thanh cong nhét hién nay (state-of-the-art) trong linh vuc du doan xép hang cua RS [3],
[4]. Tuy nhién, da sb cac giai thuat thuoc nhém MF chi tap trung khai théc thong tin cia mot méi quan hé don giita
ngudi dung (user) va muc dit liéu (item) chiang han quan hé danh gia (rating), do d6 cac giai thuat chua tan dung dugc
hét cac thdng tin lién quan tir cac mdi quan hé khac cua user va item. Dé tan dung hét cac thong tin, nguc‘yi ta da dé xuat
phu’cmg phép phén rd ma tran da quan h¢ (multi-relational matrix factorization - MRMF) nhu trong [5], [6], mdc du vay
trong cac nghién ciu nay, cong thirc dung cho du doan van chua bao gdm hét thong tin tir cac ma tran nhan té tiém an
(s& dugc phan tich sau).

Trong bai viét ndy, chiing t6i s& dé xuat mot hudng tiép can da quan hé cho hé théng goi y cho phép tan dung duoc
thdng tin tir nhiéu mdi quan hé khac nhau ciia user va item trong qua trinh xay dung mé hinh va dua ra goi ¥, tir d6 xay
dung thuat toan cho huéng tiép can da dé xuat. Ching ti da thuc nghiém trén cac tap dir liéu chuan trong linh vuc Hé
thdng goi ¥ va ca linh vuc Hé tro giang thdng minh dé danh gia do chinh xac ciia mé hinh théng qua chi s6 RMSE (Root
Mean Squared Error). Két qua cho thiy hudng tiép can duoc dé xuét rat c6 thé gitp cai thién do chinh xéac.

II. KY THUAT PHAN RA MA TRAN PA QUAN HE VA NHUNG NGHIEN CUU LIEN QUAN

Trudc tién chlng t6i tom tat ngan gon ky thuat phan ra ma tran trén quan hé don (MF) (xem thém trong bai viét
[4]) va ky thuét phan ra ma tran da quan h¢ (MRMF) (xem thém trong bai viét [5], [11]) dé 1am co s& cho viéc dé xuét
mot hudéng tiép can da quan hé méi.

A. Ky thudt phédn rd ma trgn (Matrix Factorization - MF)

Ky thuat phan rd ma tran la viéc chia mot ma tran Ion R thanh hai ma tran W, va W, ¢6 kich thuéc nho hon rat
nhiéu so véi ma tran R, sao cho R ¢6 thé dugc xay dyng lai tir hai ma tran nho hon nay cang chinh xac cang tot [4],
nghia la R ~ W;WJ nhu minh hoa trong Hinh 1.
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Hinh 1. Minh hoa k¥ thudt phan rd ma trin

W; € RIVXK |3 mot ma tran ma & d6 mdi dong u 1a mot vécto bao gdm K nhan té tiém an (latent factors) mo ta
cho ngudi ding u, va W, € R>K |3 mot ma tran ma & d6 mdi dong i 1a mot vécto bao gdm K nhan t tiém an mo ta
cho muc dit liéu i.

) GOI Wi vf;\ wy,, lacac .ph:.?ln tir ufo_ng L’rpg cﬁa ha! ma tran W; va W, Aha.y wlyva wy, la cac véc.toAbao gom K
nhén t6 tiém an mo ta cho nguoi dung u va item i khi d¢6 xép hang cta user u trén item i duwoc du doan bai cong thirc:

- — T
Tui = Z Wi Way = W1, W, @
k=1

W, va W, la cac tham s6 md hinh (con goi la cac ma tran nhan t6 tiém an) ma chiing ta can phai xac dinh bang
cach toi wu hoa ham muc tiéu (2) theo mot diéu kién nao do, chang han RMSE (root mean squared error).

1 .
RMSE = [—— > (g — 1)
| D | wireD™
Ham muc tiéu dung cho viéc téi vu hoa dé xac dinh Wy va W, duoc trinh bay nhu sau:
2
D (Ru = wi, w8+ AW I + W 112) @
W) eR

V6i A 1a h¢ s6 chinh tic hoa (0 <A <1) va ||-[I la chuan Frobenius". Dai lugng A - ([[W; [|7 + [IW-[I7) duoc diing

dé ‘ngan ngua su qua khop (over-fitting) [9]. Dé ti ru hoa ham muc tiéu, nguoi ta c6 thé ding phuong phap giam dbc
ngau nhién (stochastic gradient descent - SGD) [8].

B. Ky thudt phin rd ma trgn da quan hé (Multi-Relational Matrix Factorization - MRMF)

Trong phan trude, ching toi di trinh bay tom tat ki thuat phan rd ma tran, k§ thuat nay chi sir dung dwoc mot
guan hé don giira hai thyc thé (vi du nhu quan hé “rates” giita hai thyc thé “user” va “movie” trong Hinh 2). Ky thuat
phan rd ma tran da quan hé (MRMF) [5] 1a truong hop tong quat hon ciia MF, véi MRMF chiing ta c6 thé sir dung
nhiéu hon mét quan hé va nhiéu hon hai thuc thé trong mé hinh.

user movie
&> &> <@

gender age occupation | | genre

Hinh 2. Vi dy mé hinh thuc thé két hop (ERD) ciia tap dit liéu MovieLens

! https://en.wikipedia.org/wiki/Matrix_norm#Frobenius_norm
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Hinh 3. Vi dy biéu dién théng tin tir md hinh ERD trong Hinh 2 vio cac ma trin
Néu goi {Ei, Ey..., Ex} 12 mot tap N thuc thé, {Ry, R.,..., Ry} 12 mot tip M quan hé nhi phan va
R, = {(Ey,; E;,)} v6i (r=1... M), khi d6 ham muc tiéu can phai téi uu cia MRMF s¢ la:
M N
M =N (Re)ur = Wouwh ) + 2 D WL 3
j=1

r=1 (u,i) ERy
Trong d6 N 14 s6 thuc thé, M 12 s6 quan h¢, {W},_, . v Ia cac ma tran nhan t4 tiém an cua N thuc thé, (R,)y; 12
gia tri thuc cua user u trén item i trong quan hé tha r, eruWrTzi la gia tri du doan cua user u trén item i trong quan hé
thir r, A( §.V=1||wj||i) 1a dai lugng chinh tic hoa twong tu nhu MF. Ham muc tiéu (3) vin duoc t6i uu bing phuong
phép SGD, tac la cac tham s6 w trong (ng s€ duoc cap nhat theo cdng thuc:

aoMRMF
whew — yold _ B< ) 4
nu nu awgllg ( )
OOMRMF
whiew — wolc_l _ ,8 ( ) (5)
21 21 awgzl(li
. 4 . .., QOMRMF goMRMF . N
Vi B 1a toc do hoc (learning rate, 0 < < 1). Gi4 tri cia ™ P duoc xac dinh boi cdng thie:
T1u T2l
OOMRMF
awrlu =-2 ((Rr)ui - wrluwzzi)wrzi + x"Vrlu (6)
GOMRMF
Tm =2 ((Rr)ui - eruwvz;i)wrlu + )‘wrzi (7

Bén canh d6, nghién ctru [6] ciing di ung dung ky thuat MRMF vao vin dé dy doan ning lyc cua sinh vién.
Nhém téc gia da tan dung kha ning mo rong c6 thé xu ly nhidu quan hé va nhiéu thuc thé cua ky thuat MRMF dé tan
dung dugc t6i da cac thong tin cua sinh vién va cac thong tin cua cong viéc ma sinh vién can giai quyét, tir d6 giup cho
mo hinh dy doan c¢6 do chinh xac cao. Ngoai ra, tac gia con gidi thiu thém mot bién thé cia MRMF duoc goi 1a ky
thuat phan rd ma tran da quan hé vai trong sé (Weighted Multi-Relational Matrix Factorization - WMRMF), ky thuat
nay twong ty nhu MRMF nhung né cho phép gan trong sb (&) cho tirng quan hé nhim phan biét mirc ¢ quan trong
cua cac quan hé trong qué trinh xay dung md hinh du doan nhu trinh bay trong cong thic (8)

M

N
QWMRMF _ Z o, Z ((Rr)ui - eruWrTzi)z +2 Z”‘M”i (8)
=1

r=1 (u,i) ERy

Tuy qua trinh téi vu héa ham muyc tiéu dé tim ra cac tham sé6 mé hinh cia ky thuat MRMF/WMRMF di c6 thé
tan dung dugc nhiéu thong tin hon MF nhung két qua dy doan cia MRMF/WMRMF van dugc tinh bang cong thic (1)
nhur ta thay trong ham muc tiéu (3) (8). Do d6, MRMF/WMRMF van chua khai thac dugc hét thong tin tir cAc ma tran
nhan t tiém an trong viéc du doan két qua. Trong bai viét nay, chung toi dé xuat mot hudng MRMF khéc c6 thé khic
phuc duge nhuge diém trong nhitng nghién ciru trude day nhu di trinh bay trén.

III. PHUONG PHAP DE XUAT

Vi myc tiéu tan dung hét thong tin tir cac ma tran nhan t6 tiém an (latent factor matrices) tim dwoc, chiing toi
de xuat mot huéng tiep can da quan hé khac cd the tich hop dugc thong tin tir cac ma tran 6 lién quan den user va item
vao cbng thirc du doan (1) thay vi chi sir dung théng tin cua 2 ma tran nhan to tiém an dai dién cho user va item nhu
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MRMF. Do d6, s6 lugng tham s6 m hinh tim duoc ciia huéng tiép can méi s& khac véi MRMF, ching toi goi huéng
tiép can méi nay la MRMF++ (Multi-Relational Matrix Factorization Plus Plus).
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Hinh 4. So sanh tham sé mé hinh cia MRMF va MRMF++

Hinh 4 cho thay su khac nhau vé sb lugng tham sé6 mé hinh caa MRMF va MRMF++. Néu goi {El, E,,..., Ex}
la mot tap N thuc thé, {Ry, Rz,..., Rw} 1a mét tap M quan hé nhi phan va R, = ={(E,; E,,)} véi (r = - M) thi voi
MRMF s luong tham sé mo hmh tim duoc s& 1a N ma tran nhan t6 tiém an, voi MRMF++ s6 luong tham s6 md hinh
tim duoc s& 12 2M ma tran nhan t6 tiém an. Dua trén y tuéng tan dung hét thong tin tir cAc ma tran nhan t6 tiém an
trong viéc du doan, khi d6 cong thirc du doan cia MRMF++ sé la:

Q

we(3m) () -5, (3]

x=1 u \y=1 ; k=1 x=1 uk \y=1

V6i P va Q tuong tmg 1a sé ma tran nhan té tiém an cua u va i trong toan bd md hinh thuc thé két hop; w,_ 1a
ma tran thir x trong s6 P ma tran nhan té tiém an cua u; w,,, 1a ma tran tha y trong s6 Q ma tran nhan té tiém an cua i.

Dé cong thire duoc ngén gon ta dit:
P Q
X=ZW1X; Y=ZW2y
x=1 y=1

Khi d6 cong thirc (9) duoc viét lai nhu sau:
fui = XuYiT (10)

Tuong ty nhu ky thuat MRMF, céc tham s6 mo hinh cita MRMF++ ciing dwoc tim bang céch téi wu hoa ham
muc tiéu theo mot dieu kién nao do, trong bai viét nay ching toi sir dung d6 16i RMSE. Ham muc tiéu can t6i wu la:

\ 2M
OMRMF++ _ Z Z ((R)wi — Xqun.T)z +2A Z”WJ”,Z: (11)
=1 (wDeR; J=t

Trong d6 M 12 s6 quan hé, {W}, -, .. 2 |2 cAc ma tran nhan t6 tiém an ciia M quan hé, (R,),,; 12 gia tri thyc cua
user u trén item i trong quan hé thir r, X,,Y, 1a gia tri du doan cta user u trén item i trong quan hé tht r,
?\(ZZM ||W||i) 1a dai lugng chinh tic hoa (regularization). Qua trinh téi uu héa ham muc tiéu cia MRMF++ dugc
thuc hign bang phuong phap giam déc ngau nhién (stochastic gradient descent - SGD), chang han & lan Iap thir n ta cap
nhat cac tham s6 théng qua cong thac (12) va (13):

aOMRMF++
— -1
Xry = X0 =B (W) (12)
(”OMRMF++
Yi=v"1-p (—_) (13)
Tl Tl aYr‘)‘lL 1
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. , . ., L aOMRMF++ . aOMRMF++ . o
Vi B 1a tde dd hoc (learning rate, 0 < < 1). Gia trj cia PP va—— duoc xac dinh béi cng thuc:

JOMRMF++ ;

(T) = Mru - 2((Rr)ui - Xruyri )YTTIT: (14)

Tu

aoMRMF++
— | = Ay = 2((R) s — X-u YT )X

< aYrTZ. ) Tt ( r’ut ru‘ri ) Tu (15)

Qua trinh tbi vu duoc tom tit trong thu tuc LearnMRMF++. Trudc tién, ching ta can khoi tao gia tri cua cac
tham s6 mot cach ngau nhién theo chuan phan phdi V' (u, ), vi du gié tri trung binh u = 0, d6 léch chuan 62 = 0.01.
Khi diéu kién chwa thoa man, chang han nhu dat dén sb lan lap téi da hodc ti diém hoi tu thi cac tham sb van con cap
nhat (converging: OffSMF++ — O} EMFH* < ¢).

Iter(p—1)

1: procedure LeaRWMRMF++(Ey, . . ., Ey: Thuc thé; Ry, . . ., Ry: Quan hg; A: hang s6 chinh tic héa; 4: Téc do hoc;

K: S6 nhan t6 tiém an; Diéu kién ding)

2: forj«<—1...2Mdo

3 W, « R0t ngau nhién tir N (u, o'2)

4 end for

5: while (biéu kién ding chua thoa) do

6: for méi quan hé R, = {(E;; E;,)} in {Ry, ..., Ry} do

10: for/i—1...|R]do

11: L4y ngau nhién bo (u, i) trong R,
aOMRMF++

12: Xou & Xpu — B (W)
MRMF++

13: Vi Yo = B (%)

14: end for

15: end for

16: end while

17: return {W}i-1. om

18: end procedure

Sau qué trinh ti wu, ta nhan dugc céc tham sb {W}j=1.om, khi d6, ching ta co thé du doan két
quéa xép hang cho ngudi dung u trén item i thdng qua cong thic:

e (S) 5[5 (5)

x=1 u \y=1 i k=1

IV. KET QUA THUC NGHIEM
A. Dii liéu
Dé thyc nghiém ching téi st dung cac tap dir liéu tir hai linh vuc khac nhau Ia trong giai tri va trong gido duc.
Cu thé, tap dir liéu Movielens 100k dugc thu thap bai nhom nghién ctu GroupLensz. Dit liéu nay duoc trich ra tir hé

thong goi y phim cho ngudi ding, tap dit liéu nay c6 100.000 danh gia dugc thuc hién boi 943 nguoi ding trén s6
lugng 1.682 phim, moi nguoi dung cé danh gia it nhat 20 phim va danh gia dwoc gan 1 (t€) dén 5 (tuyét voi).

Tap dir ligu Assistments-2009-2010 (Assistments) trich tir hé thong ASSISTments® [9]. Dt ligu nay c6 nguon goc
tir hé thong tro giang thong minh, trong d6 sinh vién s& giai quyét cac bai tap, cau hoi,... (goi chung la cong viéc) va dat
duoc két qua tuong tng. Tur két qua da co, hé théng s& du doan cong viéc ké tiép sinh vién c6 kha ning thyc hién dung
hay sai dé dwa ra nhitng phan hdi, goi y thich hop. Dit liéu ndy c6 thé duoc anh xa twong tng qua cac khai niém trong RS
nhur: sinh vién — user; cong viéc — item; va két qua — rating. Thong tin ciia 2 tap dir liéu dugc mo ta trong Bang 1.

Bing 1. Thong tin vé dit lidu st dung trong thuc nghiém

Tép dir liéu

S6 lrgng user

$6 lrgng item

$6 lwgng rating

Movielens 100k

943

1,682

100,000

Assistments

8,519

35,798

1,011,079

2 http://www.grouplens.org/node/73.

8 http://teacherwiki.assistment.org/wiki/Assistments_2009-2010_Full_Dataset.
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B. M& hinh thuc thé két hop (ERD)

D¢ sir dung dugc MRMF va MRMF++ thi cin phai cung cip danh sach cc thuc the (entities) va cac quan hé
(relations) dé lam tham s6 dau vao nén cac tap dit liéu sir dung trong thuc nghiém can duoc tién xu ly. O day, cac ERD
dugc minh hoa nhu Hinh 5 cho tap Movielens va Hinh 6 cho tap Assistments.

o Qs
S > @ <>

gender age occupation genre

Hinh 5. M6 hinh ERD cho tap Movielens 100k

Student Task

Skill

Hinh 6. M6 hinh ERD cho tap Assistments

Trong mdi ERD, quan hé chinh can dy doan duoc t6 mau xam, cac quan hé con lai dung dé bo sung thong tin
trong qué trinh xay dung md hinh du doan.

C. Xic dinh siéu tham sé (hyper-parameters)

Céc siéu tham s6 (hyper-parameters) cua MF, MRMF, MRMF++ nhu s6 1an 13p (Iter), s6 nhan t6 tiém an K, toc
d6 hoc B, va hé s6 hinh tic hoa A dugc xéac dinh bang phuong phap tim kiém siéu tham sé (hyper-parameter search)
[10]. Tuy nhién, do cAc tap dir liéu kha 16n nén viéc tim kiém bang vét can s& mét nhiéu thoi gian, nén chdng toi chi
thyc hién viéc tim kiém tho cho cac phuong phap nay: vi du: Iter € (50, 100, . . ., 1000), K € (2, 2%, ...,2%), B € (10°*,
10%10%5-10°5-10*%5-10%, A€ (15-10*15-10°55 - 10°55 - 10*4, 55.107%).

D. Két qud thue nghiém

Hinh 7 trinh bay két qua thuc nghi¢m danh gi4 bang RMSE trén tap dit liéu thu thap tir h¢ thong goi y phim
(Movielens 100k) va tap dir liéu trich ra tir hé thong tro giang thong minh (Assistments). Két qua cho thay rang k¥
thuat MFMF++ tan dung duoc thong tin tir nhiéu mbi quan hé khac nhau, cho két qua cai thién hon so véi nhing
phuong phap da co. Nhiing két qua nay ciing dong nhét voi két qua cua cac nghién ciru trude day trong linh vuc hé
thong goi y [6], [13], diéu nay chang to rang ky thuat MFMR++ 1a mot hudng tiép can kha thi cho nhiing dir liéu da
guan hé.

Movielens 100k Assistments
0.916 05915 0.4365 0.436 0.436
0436
0.914
0.4355
0.912 0435
091 0.4345
0.908 0434
0.908 0.907
0.4335 0.433
0.906 0.433
0.4325
0904
0.432
0902 0.4315
uMF mMRMF m MRMF++ EmMF BN MRMF B MREMFH

Hinh 7. Két qua so sinh RMSE trén tdp Movielens 100k va Assistments
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V.KET LUAN

Trong bai viét ndy ching t6i da gidi thiéu mot hudng tiép can da quan hé méi cho hé théng goi y (Multl-
Relational Matrix Factorization Plus Plus — MRMF++). V& MRMF++, md hinh c6 thé tan dung dugc tat ca cac moi
quan hé c6 thé c6 giira user va item dé du doan, ddng thoi ciing tan dung dugc hét thong tin tir cac tham s6 mé hinh dé
tinh toan gia tri du doan, do d6 c6 kha ning cai thién két qua. Két qua thuc nghiém cho thdy MRMF++ hoat dong tét
trén ca dir liéu giai tri va gido duc, chung to day la mot hudng tiép can kha thi. Tuy nhién, MRMF++ van con han ché
la thoi gian huan luyén md hinh kha cham so véi MRMF, nguyén nhan 1a do sé lugng tham sé mé hinh can tim
MRMF-++ nhiéu hon dan dén qua trinh t6i wu héa ham muc tiéu cling mat nhiéu thoi gian hon. Trong tuong lai, ching
t6i s& tiép tuc thuc nghiém trén nhiéu tap dir liéu khac dé ciing cd thém két qua cua phuong phap dé xuat va nghién ciru
giai phap dé cai thién toc ¢ huan luyén mo hinh cho MRMF++,
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A MULTI-RELATIONAL APPROACH FOR RECOMMENDER SYSTEMS
Nguyen Thai Nghe, Mai Nhut Tu, Nguyen Huu Hoa

ABSTRACT — Matrix factorization technique is used most commonly in recommender system. Currently, there are many variations
algorithms and approaches developed based on this technique e.g., Biased matrix factorization, Non-negative matrix factorization,
multi-relational matrix factorization, etc. The paper proposes a multi-relational approach for recommender systems, thereby
building algorithm for the proposed approach, experiments on the standard dataset of recommendation fields (e.g., MovieLens,
Assistment, Algebra, etc) and evaluates accuracy through RMSE (Root Mean Squared Error) or MAE (Mean Absolute Error).

Keywords — Multi-relational matrix factorization, matrix factorization, recommender systems.



