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ABSTRACT

Recommender system can provide suitable items to users by using data
about their behavior in the past to predict the future items that users may
like. Two successful approaches in recommender system (relying on the
collaborative filtering) are the latent factor models which identify
potential relationships on both the user and the item; and neighbor models
which use similarities between the items or the similarities between the
users. In this study, we introduce an approach which is based on the
method proposed by Koren (2010) to utilize the advantages of both the
aforementioned approaches. Moreover, besides building a web-based
movie recommender system, we try to improve the prediction results by
adding to the original model several new regularization coefficients for
different models’ parameters.

TOM TAT

Hé thong goi ¥ c6 thé dwa ra nhitng muc théng tin phii hop cho nguoi
dung bﬁng cach dvwa vao dir liéu vé hanh vi trong qud khwr cia ho de du
dodn nhimg muc thong tin moi trong twong lai ma nguoi dung co thé
thich. Hai tiép cdn thanh cong trong hé théng goi Y thuoc vao nhom loc
cong tdc la mé hinh nhén té tiém an - xdc dinh moi quan hé tiém dn trén
ca nguot dung va muc thong tin, va mé hinh lang giéng - phan tich do
twong tir gita cdc muc thong tin voi nhau hay giita nhitng nguoi diing voi
nhau. Trong bai vzet nay, chiing toéi giéi thiéu mét tiép cdn tich hop cdc wu
diém cua ca hai tiép can trén dya vao phwong phéap da dwoc dé xuat bai
Koren (2010). O ddy, bén canh viéc xdy dung mot hé thong trén nén web
dé goi Y phim anh cho nguoi dung, chung toi cing da diéu chinh mo hinh
dd cé bang cdch dwa vao cdc hé so regularization trén tirng tham 6 khac
nhau ciia mé hinh nham cdi tién két qua dw dodn.

1 GIOI THIEU

May thay, hé théng goi ¥ co thé chi ra cac

Su phat trién cua internet da dwa ching ta vao
thé giéi voi mot luong 16n cac phan tir thong tin
nhu 4am nhac, phim anh, sach vo, trang web,... voi
nhitng dic tinh khac nhau. Két qua cua nhung
thong tin khong 16 d6, nguoi ta cam thay rdi rim va
mot cau hoi dat ra “Cai nao 1a thich hgp véi toi
hon?” nay sinh trong tu duy cta ho.
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thong tin phu hop trong s6 thong tin khong 16 chua
c6 trat ty, nod st dung cac ky thuat loc dé chon ra
nhiing loai théng tin ddc trung nhim hién thi cac
phan tir pht hop véi sé thich cua ngudi ding [1].
Theo cach nay, hé théng c6 tich hop tinh ning goi
¥ s& thu hut dwoc nguoi dung ca vé sy hai long va
tin cdy. Cac hé thdng goi ¥ tiéu biéu nhu Amazon,
Netflix, IMDDb, Youtube, Last.fm, MovieLens... da
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tang duoc sO lugng khach truy cap nho vao tinh
nang ho trg quyét dinh nay cua hé thong.

Hé thong goi y thuong duwa trén loc cong tac
(Collaborative filtering - CF), dua trén nhitng hanh
vi qua khr ciia nguoi dung, vi du nhu: lich st giao
dich, dénh gia san pham, thoi gian xem mot muc
tin... va dac biét la n6 khong can thiét phai tao ra
cac ho so tuong minh (explicit feedback) cho
nguoi dung. Dé goi ¥ dwoc cac muc tin, hé thong
CF cén so sanh cac dbi twong co ban khac nhau
nhu cac muc tin (items) va nguoi dung (users). Co
hai nhanh nghien ctru chinh cua loc cong tac 1a tiép
can lang giéng (neighborhood approach) va cac mé
hinh nhan t4 tiém an (latent factor models).

Hau hét céc tiép can chung nhit cua CF 1a dua
trén mo hinh 1an cén (Neighborhood Models), mo
hinh user-user (user-based CF) ma dugc tac gia
phan tich rat rd trong tai li€u [2]. Bén canh d6, mot
tiép can trong [3] dua trén do tuong tu giita cac
phan tir (item-based CF) v6i quy mé tap dir liéu rat
16n va dua ra sy goi ¥ chat luong cao trong thoi
gian thyuc hién.

Mb hinh nhan té tiém 4n c6 dang twong tw nhu
phuong phap phan tich gia tri don (Singular Value
Decomposition), chuyén dbi ca cac myc tin va
ngudi ding vao cing mot khong gian tiém an cua
cac nhan t6, didu nay lam ching c¢6 kha ning so
sanh truc tiép. Bén canh d6, nho vao kha nang biéu
dién va so sanh cac khia canh dir liéu khac nhau,
tiép can nay c6 xu huéng cung cip két qua du doan
cao hon mo hinh lang giéng [4][5]. Tuy nhién hau
hét cac hé thong thuong mai (Amazon, Tivo,...)
van con st dung mé hinh lang giéng. Sy phd bién
ctia md hinh nay mot phan 1a nho vao tinh d& cai
dat va dé hiéu.

Trong bai bao nay, ching t6i gidi thi€u mdt mo
hinh dya trén mé hinh da dugc Koren [12] dé xuét.
Mo hinh nay c6 kha ning cai tién dugc do chinh
xac ngang bang véi mo hinh nhén té tiém an. No
khong nhitng duy tri dugc cac thuan lgi cua mo
hinh lang giéng, ma con xir 1y duoc ngay lap tic
van dé nguoi ding méi (con goi 1a Cold Start
Problem) khi xép hang ldn ddu ma khéng can phai
huén luyén lai. Tiép can nay dwoc tac gia dit tén la
“Factor in the Neighbors” (Asymmetric SVD —
Koren 2008) v6i kha niang mo rong c¢6 thé tich hop
duoc nhidu théng tin dau vao cua ngudi ding
(implicit feedback, explicit feedback) va dat dugc
dd chinh xac dang ké. Bén canh viéc ké thira két
qua nghién ctru ciia Koren, ching t6i da diéu chinh
mo hinh d3 c6 bang cach dua vao cac hé sé chinh
tac hoa (regularized) trén timg tham s6 khac nhau
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ctia md hinh nham cai tién két qua dy doan. Chiing
toi s€ trng dung mo hinh d€ xuat nay trong viéc xay
dung hé thong goi y phim anh.

Céu tric con lai cua bai bao duoc trinh bay nhu
sau. Chung toi bt ddu voi cac cong viée lién quan
trong phﬁn 2, ké ca viéc phan tich thuan loi va bét
loi cua hai tiép can chinh cua loc cong tac. Sau do,
ching t6i trinh bay mét cach diéu chinh thém vao
cho tiép can Asymmetric SVD, ma cho phép tich
hop muot ma cac thong tin ddu vao trong phan 3.
Phéan 4 s& pho bay két qua thyc nghiém ctia mo
hinh Asymmetric SVD chi trén quan hé gitta cac
muc tin v6i diéu chinh regularization trén cac tham
s6 khac nhau, dit liéu st dung 1a MovieLens 100K.
Phan 5 s& biéu dién minh hoa mot website d3 dugc
tich hop goi y. Phan 6, ching t6i s& két luan vé két
quéa nghién ctru va néu huéng phat trién tiép theo
ctia phuong phép dé xuit.

2 CAC TIEP CAN LIEN QUAN TRONG
HE THONG GOQI Y

Hé théng biéu dién cac danh gia cua nguoi
dung cho cac bd phim qua ma trdn m ngudi dung
va n bo phim. Ching t6i dung cac ky tu dé phan
biét nguoi dung va cac muc tin: u, v (dai dién cho
nguoi dung), i, j (dai dién cho cac by phim). Ky
hiéu ry dé chi mutrc d6 thich cta nguoi dung u cho
mot bo phim i nao do, gia tri nay trong khoang tir 1
dén 5 dbi voi dit ligu MovieLens, I;la du doan
danh gia ciua nguoi dung u cho bd phim i. Ching
toi st dung dir liéu MovieLens 100K voi 943
ngudi dung, 1682 bo phim, mdi ngudi dung danh
gi4 it nhat 20 by phim, nhu vay mat d¢ ciia ma tran
danh gia chi c6 6.3%; truong hop nay con goi la
vén dé thua thét dir liéu trong loc cong tac. Dé dbi
pho vai van @ “hoc vet” khi dit liéu thua, chung
toi da st dung cac héng sO regularization (A, Aa

...) trén timg tham so khac nhau. Gia tri t6t nhat
clia cac hang sé nay dugc xac dinh thong qua nghi
thirc kiém tra chéo.

2.1 Uéc lugng co sé (Baseline Estimates)

Dit lidu loc cong tac tiéu biéu phd bay anh
huéng 16n dén nguoi dung va phan tir, d6 1a ¢6 vai
nguoi dung danh gia cao hon nhling nguoi khac va
cho vai phan tir nhan dwoc danh gia cao hon nhiing
phan tir khac, ma thuong dwoc khic phuc bang udc
luong co so (baseline estimates, biases) sau [6]:

b, =p+b, +b, (1)
Véi p dugce biét nhu 1a trung binh toan cuc cac

danh gia cua ma trdn m xn. Tham s0 by va b; cho
bict d6 1éch quan sat dugc cua ngudi dung u va
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phﬁn to i. Vi dy, ching ta muén udce luong danh
gia ctia nguoi ding “Trung” cho by phim “Chiia té
ctia nhitng chiéc nhan” (Lord of the rings - LoR),
v6i trung binh xép hang trén tit ca bd phim la
u=4.5. Mat khac, trung binh cac danh gia ciia LoR
¢6 xu hudng cao hon p 1a b=0.2 va trung binh céac
danh gia ciia “Trung” thip hon p 13 b,=0.5. Nhu
vay, by s€ 1a 4.2 (4.5-0.5+0.2) voi cap (Trung,
LoR).

2.2 M0 hinh lang giéng (Neighborhood
models)

Nhiéu hé thong van con tin cay dé sir dung tiép
can nay, hinh thuc trudc ddy ctia né 1a mo hinh
user-based CF duoc tic gia phén tich rat rd rang
trong tai liéu [2]. Phuong phap nay du doan céc
danh gia béng cach dua trén viéc ghi nhan lai
nhitng nguoi dung ¢ cung so thich. Mot cach tiép
can khéc cling dua trén d twong tu nhung lam viéc
véi cac muc tin thay vi nguoi dung, mot danh gia
dugc udc luong thong qua cac danh gia da biét cia
cung nguoi dung trén cac muc tin twong ty. Item-
based CF thi dugc st dung nhiéu hon nhé vao kha
ning mo rong va cai tién dugc do chinh xac clia no
[Bell and Koren 2007b, Takacs 2007].

Linden .G [3] da dé cép cac ky thuat chung nhat
ctia hé thng goi ¥, roi phan tich cac dic diém quan
trong va xac dinh do phuc tap vé thoi gian cia
chung. Nhu k¥ thuat user-based CF, Linden .G cho
rang mo hinh dang nay vap phai van d chi phi thoi
gian khi goi y, do dbi mat véi nguon dir lidu 16n
(hon 10 triéu khach hang, hon 1 triéu phan tir).
Ngoai ra, trong [3] tuy su dung item-based CF
nhung khéng xay dung ma trén item-item, do nhiéu
cip phan tr khong co nhitng khach hang chung,
hao ton vé& thoi gian xir 1y, cling nhu khong gian bo
nhd luu trlt. Nhom tac gia da xay dung giai thuat
tim cac phan tir goi ¥ bang cach tim do twong tu
ciia mot phan tir i (d3 dwoc khach hang mua hoic
danh gia — nguoi dung can goi ¥) voi tap cac phan
tir i trong R c6 lién quan v&i n6 (lich st nhiing
khach hang khéc da mua hodc danh gia 1 ma ciling
mua i€ R), rdi 801y cac phan tir phd bién hoac
tuong quan nhat. Tiép can nay goi tom tat la
tim cdc phan tir ma khach hang ¢6 xu hudéng mua
cung nhau.

Céac phuong phép lang giéng tré nén phd bién
boi vi chiing truc quan va dé dang lién hé dé cai
dat. Mot sd dic tinh hiru ich cua no 1a: Kha nang
giai thich (Explainability) — ngudi dung mong cho
mot hé thdng co thé dua ra 1y do cho cic goi ¥ cua
n6, khac hon 1a phai d6i mat nhimg goi ¥ “hop
den” (“black box™); xur Iy dugc cac danh gia mdi,
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c¢6 kha nang cung cdp 10i goi y ngay lap tirc voi
Item-based CF.

Tuy nhién, [Bell and Koren 2007b] dd nhén
manh vai diém dang chii y vé mo hinh lang giéng.
Mot cau hdi dat ra cta ho 1a tinh phu hop ctia d¢ do
teong tu khi chi c6 1ap cho 2 muyc tin ma khong
phan tich trén mot tap day du cac lang giéng. Dé
khic phuc kho khan nay, cac tac gia da xay dung
mdt phuong phép lang giéng m6i ma can phai tinh
cac trong so thém vao moé hinh nhu sau:

By =by T2 jeSk(i,u)e;;(ruj - buj)

Chi tiét hon vé md hinh méi nay cé thé xem
trong tai liéu [7]. M6 hinh nay dugc tac gia cai tién
v6i trong sO quan hé giita cac phan tor khong phy
thudc vao nguoi ding cu thé, cai tién vé d¢ phirc
tap va kha nang tan dung cac thong tin déu vao voi
tiép can nhén t6 trong md hinh lang giéng.

2.3
models)

2

M0 hinh nhén t6 tiém 4n (Latent factor

Tiép can pho bién gan day ciia mé hinh nay
la phan giai gid tri don (Singular Value
Decomposition - SVD) nhd vao sw hap dan vé do
chinh xac dat dugc va kha nang mo rdng hé théng.
Ngoai ra, phan rd ma trén (Matrix Factorization -
MF) hién dang phat trién rat manh vé6i kha nang du
doan cho 15i rat thap.

Dbi véi md hinh phan rd ma tran co ban thi chi
c6 mot quan hé gitra 2 thuc thé chinh can du doan
dugc xem xét, do véy thiéu d6 chinh xac du doan
trong toan bg linh vyc thuc nghiém [8]. Tu do,
nghién ciru trong [9] ¢d gang cai tién tiép can phéan
ri ma trdn co ban v6i nhidu huéng mo rong
khéc nhau cua viéc cuc dai hoa 18 trong phan rd ma
tran (Maximum Margin Matrix Factorization -
MMMF), nghién ctru trong [10] cling c¢b gang phdi
hop thong tin ndi dung truc tiép nhu 1a rang budc
tuyén tinh vao tiép can phan rd ma tran. Dic biét
bai bao [11] dd xay dung mot tiép can mdi cho md
hinh nhén t6 tiém 4n d6 14 phan rd ma tran da quan
hé (Multi-Relational Matrix Factorization -
MRMF) cho linh vuc thuc nghiém la phim anh
(movies) va gene function prediction.

Mat khac, cac phuong phdp mo hinh nhan t6
tiém 4n thuong vap phai van dé hoc lai (relearning)
khi c6 cac danh gida méi (new ratings) [12]. Mo
hinh dang nay cho két qua du doan c6 do chinh
xac cao nhung kho dua ra duge 101 giai thich cho
diéu do.

Trong phan tiép theo, ching t6i s& gidi thiéu
phuong phéap “Asymmetric SVD véi chinh tic hoa
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trén timg tham s§” dwa trén phuong phap cua
Koren [12].

3 ASYMMETRIC SVD VOI CHINH TAC
HOA TREN TUNG THAM SO

V6i tiép can loc cong tac, néu sir dung phuong
phap dua vao lang giéng thi tlly vao tinh quy mo
clia hé thong ma anh huéng dén thoi gian phan hoi
goi ¥, d0 chinh xac dy doan chua cao. Hon nira,
trong [13] con dat mot cau hoi 1a “tinh phu hop cta
d¢ do tuong tu khi nd chi c¢6 1ap quan h¢ cta hai
phan tir, ma khong phan tich su tuong tac bén trong
tap hop day du cac lang giéng”, vin d& nguoi dung
moi ciing tic dong dén phuong phap nay. Mat
khac, néu dung phuong phap dya trén nhan t6 tiém
an thuong mat chi phi veé thoi gian dé tim kiém
tham s, tuy no giai quyét dugc van dé thua thot
cua dir li€u va d¢ chinh xac cua dy doan tuong déi
cao nhung phai hoc lai m6 hinh khi c6 cac danh gia
moéi va kho dua ra dugc 10i giai thich voi két qua
du doan. Trong [14], Gabor Takécs da dé nghi mot
phuong phap két hop ca Neighborhood Model va
Matrix Factorization ma tao ra hé théng goi y
don gian, c6 kha nang mo rong va dat duoc do

-

1
min E= > r,—u—h, —b —q Rlu/ >, bl

Ge: Ko Oy Tndjm jeRin

Mo hinh nay st dung L2 — regularization (cu
thé 1a chuidn Frobenius) v&i cac hing sb
regularization khac nhau (A1, A2, As, As) dé c6 thé
cai tién duoc do chinh xac du doan so véi khi chi
dung duy nhit mot hang s cho tit ca cac tham sb.
Su chinh tic (regularization) lam viéc bang cach
thém vao “hinh phat” lién quan t&i tham s trong
ham chi phi cia gia thuyét dé trimg phat cac trong
s6 16n [15].

Hé thong dua trén cac phan hdi tuong minh cb
gang hoc duge cic nhan t6 thé hién quan hé giita
FactorizedNeighborhoodModel (Known ratings:
Iterations, A1, 22, Az, Ag)

{
q, <« N(u, Gzl X < N(u, 02)
for (count=1; count<=Iterations; count++)
for (u=1; u<=m; u++) {
1
P =RE@I2Y(, -b
sum « 0
for(all i € R(u)) {
f, =p+b, +b,+qp,;
eui = I-ui - rui 5

sum = sum t e, -q;;
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chinh xac.

Ching t6i chon mdé hinh Asymmetric-SVD
dugc biét nhu 13 “Factor in the Neighbors”
[12][13] dé 1am chirc nang goi y cua hé thdng, mot
phuong phap khong nhiing cho phép tan dung dugc
nhiing uu diém ciia mé hinh lang giéng va mé hinh
nhan t6 tiém an ma con dat hiéu qua tot vé thoi
gian va khong gian [12], cong thiic dy doan danh
gia nhu sau:

B, =n+b,+b R > 3 (- by halx, @

jeR(u)

Tai liéu [13] da phan tich dugc nhiéu ddc diém
thuan loi cia tiép can nay. Ngoai ra, tai lidu [12]
con ndi rd hon sy két hop muot ma cia nhleu
ngudn théng tin dau vao tir ngudi ding bao gdm:
phan hoi explicit va implicit.

Cong thie (3) ¢ ddy cua chung t6i chi thuc
nghiém trén vi€c phén tich moéi quan hé gitra cac
muc tin bén trong khong gian tiém an. Pic biét
hon, chiing t6i da chinh tic hoa (regularized) trén
timg tham s khac nhau trong ham chi phi nhu sau:

faf 2 i || @

cac by phim danh gia trong qua khr cua nguoi
dung va cac by phim can du doan, trong do cac
danh gia dugc tap hop tir MovieLens. Chung toi st
dung giai thuat stochastic gradient descent dé phat
hién quan h¢ gilta cac by phim da danh gia trudc
day cia nguoi ding va cac bo phim can dy doan
(md hinh phan rd trong sd quan hé giita cac b
phim).

"y

|
% l + nlh +h,b

-

Dudi day la giai thuat cai dat cho mo hinh huin
luyén tim cac tham so.

ryi, numberOfFactor: f, learnRate: §,

{
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q| q|+B (eul' u )\‘S.qi)
bu _bu+B (e }bl bu)
bi=b1+ﬁ'(em Ay bi)

} // end all 1 € R(u)
for(all i € R(u))

X

}
} // end all u

} // end steps Iterations

return (qi, xi,bil i=1,

} // end Algorithm

Céac tham sb cua mé hinh lac nay 1a qj, xi, by, bi,
Koren dé xuét phan biét cach tinh cac thanh phan
bias khac nhau [12], khi xét quan he gilta cac muc
tin thi van chon céc bias 12 hiang sd ban dau, con
cac by, b; bén ngoai quan hé s€ duoc tinh toan va
cap nhét trong qua trinh huan luyén. Vi tiép can
nay thi d6 phic tap vé thoi gian tinh toan dy doan

20(f =Y |R(W)|) va d6 phuc tap vé khong

gian tuyén tinh v&i kich ¢ dau vao 0(m+nf).

4 KET QUA THU'C NGHIEM

4.1 Tap dir liéu huén luyén

Nghién ctru nay, chung téi sir dung tap dir liéu
MovieLens 100K!, moi ngudi dung danh gia it
nhit 20 bo phim vdi cac tap dir liéu dung cho kiém
tra chéo 5-fold san c6 dugc chia ra tap ’tram
(uX.base) va tap test (uX.test) voi X tir 1 dén 5.
Chung t6i tién xu 1y cac tdp dir liéu nay bao gom
x0a bo trudng timestamp, trén ngau nhién cac mau,
chén vao sé mau ¢ ddu mdi tép.

4.2 DPj do

Khi huén luyén, chung toi thir tim kiém trén
Béng 1: Iters=50, NF=64

=xr b (RGN G-

.,n;by | u=l,.,m

{ // téng bén trong cho x

ui )-sum -y

nhidu truong hop cia cic siéu tham s (meta-
parameters) khac nhau, s dung k¥ thuat tim kiém
ludi (grid search = raw search + smooth search) dé
dat dugc cac siéu tham sé cho 16i RMSE trén tap
kiém tra tot nhat. L&i RMSE dugc xac dinh bang
cong thuc:

RMSE = { — > (r, -1, ) )
| D « | u,i,reD™"
4.3 Ky thuat huin luyén va két qua
Ching t61 st dung budc lap gidi han

(Max_Num_lters) thay vi ldp cho dén khi hoi tu dé
qua trinh huan luyén nhanh hon va giai quyét van
de phan to méi voi dy doan trung binh toan cuc.

Sau day, chung toi thong ké mot s6 két qua theo
timg tbc d6 hoc (LR), sb nhan to (NF) va céc
regularization (Rb,, Rbi, Rqi, Rx;). Két qua thuc
nghiém tim kiém thé dugc thé hién trén 3 toc do
hoc: 0.001, 0.005 va 0.01 vé6i sé nhan t 16, 32, 64,
cing v6i s6 vong lap gii han nhu cac bang sau
(trich tir dit liéu véi 161 RMSE thép):

LR Rbu Rbi Rgqi Rxi RMSE Time(m)
0.01 0.005 0.005 0.05 0.5 0.9289 0.2290
0.005 0.05 0.05 0.05 0.5 0.9224 0.2233
0.001 0.05 0.005 0.005 0.005 0.9318 0.2249
Bang 2: Iters=100, NF=64
LR Rbu Rbi Rqi Rxi RMSE  Time(m)
0.01 0.05 0.005 0.5 0.05 0.9346 0.4467
0.005 0.05 0.005 0.05 0.5 0.9288 0.4456
0.001 0.05 0.005 0.05 0.05 0.9245 0.4449
Béng 3: Iters=200, NF=64
LR Rbu Rbi Rqi Rxi RMSE Time(m)
0.01 0.005 0.005 0.5 0.05 0.9347 0.896
0.005 0.005 0.005 0.5 0.05 0.9328 0.892
0.001 0.05 0.05 0.05 0.5 0.9225 0.891
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Vi tiép can nhan t6 trong mo hinh lang giéng
[12] sb nhan t6 cao s& cho 161 dy doan tét hon sb
nhén tb thép trén cung by siéu tham b, nén cac
bang 1-2-3 thé hién cac gia tri tot nhit véi NF 1a
64. Sau khi tim kiém tho, chung t6i tiép tuc tim
Béang 4: Tim min

86 chuyén dé: Cong nghé Thong tin (2013): 170-179

kiém min hon trén céac gia tri siéu tham sb tot nhat
nay (dong to den trong Bang 1), nham dat dugc do
do 15i kiém tra t6t hon. Sau day 1a két qua min hoa
t6t nhat (Bang 4):

Rbu Rbi Rqi Rxi RMSE Time(m)
0.05 0.0525 0.0475 0.5 0.92190 0.2220
0.0475 0.0475 0.0525 0.485 0.92196 0.2179
0.0525 0.0525 0.0475 0.5 0.92199 0.2204
0.0525 0.05 0.0475 0.515 0.92212 0.2202
0.0475 0.0475 0.05 0.515 0.92224 0.2238
0.05 0.0525 0.05 0.485 0.92225 0.2206
0.05 0.05 0.0475 0.485 0.92229 0.2197

Do tinh ngau nhién cta dir ligu nén ching
toi s€ lap lai 20 Lﬁn yiéc ’tinh toan két qua cua 8
treong hop trén roi lay ket qua trung binh de tim
Béang 5: Tim min lip

duoc chinh x4c truong hgp nao 1a tot nhat that sy
(Bang 5).

Rbu Rbi Rqi Rxi RMSE Time(m)
0.0525 0.05 0.0475 0.515 0.922784 0.216735
0.05 0.0525 0.05 0.485 0.922829 0.217155
0.05 0.05 0.0475 0.485 0.922841 0.215957
0.0475 0.0475 0.05 0.515 0.922914 0.217372
0.05 0.0525 0.0525 0.5 0.922917 0.216496
0.05 0.0525 0.0475 0.5 0.922925 0.216537
0.0525 0.0525 0.0475 0.5 0.922952 0.218518
0.0475 0.0475 0.0525 0.485 0.922967 0.220743

Thong ké (Bang 4 va 5) cho ta thdy dir liéu
ngiu nhién di anh huong it nhiéu dén RMSE
(0.9219 va 0.922784).

Céc bang trén 1a két qua huén luyén tim kiém
siéu tham sb trén tap dit liéu (ul.base, ul.test). Qua
d6 rd rang cac siéu tham so regularization khac

nhau (Rb,, Rb;, Rq;, Rx;) s€ dat két qua tot hon néu
chi dung cung mot regularization cho tit ca cac
tham s6. Tiép theo chung toi liy trung binh 15i trén
tht ca cac tap dir liéu ctia MovieLens 5-fold vai
cing cac siéu tham sb trén tap ul, két qua cudi
cung nhu sau:

Biang 1: Két qua trén toan bd cac tip dir liéu véi nghi thire 5-fold

Siéu tham sb tim thd Dit liéu RMSE
ul 0.9225545

LR=0.005, NF=64, Num_Iter=50 u 0.9156835
u3 0.9087205

Rb, Rb; Rq; Rxi u4 0.9106193

0.05 0.05 0.05 0.5 u5 0.9135651

Trung binh 0.914229
Siéu tham s6 tim min Dir li€u RMSE
ul 0.9228189

LR=0.005, NF=64, Num_Iter=50 u2 0.9154739
u3 0.9081727

Rb, Rb; Rqi Rxi u4 0.9104163

0.0525 0.05 0.0475 0.515 u5 0.9136031

Trung binh 0.914097

M&i tdp dit liéu ching t6i Idp 5 lan hudn luyén d@é tinh RMSE chinh xdc
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S liéu trong Bang 6 dd néi 1én dugc két qua
tim kiém min c¢6 thé cho do do RMSE to6t hon tim
kiém tho.

4.4 Biéu db so sanh

Phan nay trinh bay so sanh tiép can cua bai
bao véi cac tiép can khac thong qua biéu do.

Chung t6i so sanh tiép can nay véi du doan trung
binh toan cuc (GlobalAVG), trung binh trén bd

86 chuyén dé: Cong nghé Thong tin (2013): 170-179

phim (MovieAVG), trung binh trén nguoi diung
(UserAVG) va phan rad ma tran c6 xt ly “cold start
problem” (Matrix Factorization - MF) trén cung
tap dir liéu MovieLens v6i nghi thirc kiém tra chéo
5-fold.

Duéi day 1a biéu do biéu dién d6 do RMSE cuia
céc phuong phap da dé cap.

1,15 -
11
1,05 -

Hinh 1: So sanh céc tiép cin goi y

0,95 -

0,9

1,126

= GlobalAVG

v MovieAVG
r.UserAVG

11 MF(50 epoch)
= FactorinNB

0,916 0,914

Biéu dd cho ta thiy 16i RMSE cua tiép can
Asymmetric SVD véi chinh tic héa trén timg
tham s6 ciing kha tot hon phan rd ma tran va tot
hon nhiéu khi so sanh véi du doan bang trung binh
toan cuc cting nhu trung binh trén by phim va
ngudi dung.

Thyc nghiém ¢ ddy, chung t6i chi moi xét Kkét
hop mdi quan hé tiém 4n gilra cdc muc tin, néu hé
thong dugc bd sung thém nhiéu thong tin dau vao
nhu cac phan hdi khéng twdng minh (implicit
feedbacks) thi theo [12] RMSE dat duoc c6 thé con
t6t hon.

5 XAY DUNG HE THONG

_ Chiing t61 da xay dung mot h¢ thong goi ¥ trén
nén web voi cong nghé servlets/jsp va co sé dir li¢u
MySQL.

5.1 Kién tric tong quat

Hé théng rut trich dit liéu tr tap Movielens
100K va cling do trong tdp dir liéu nay chua céd
nhidu ndi dung vé& cac bd phim (ddc biét 1a hinh
anh), cho nén nhom da su dung dich vu tim kiém
anh API Google Search Images dé tim dir liéu cho
hé thong. Nguoi dung hé thong c6 thé chia ra lam 3
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nhom khac nhau: khach vang lai, nguoi dung da
dang ky, nguoi quan tri h¢ thong.

Khach vang lai chi dugc xem va tim kiém noi
dung thong tin cua phim anh. Nguoi dung da dang
ky sau khi ddng nhap thanh cong s& dugc tit ca cac
quyén cta khach vang lai, quyén xép hang phim
anh, ban luan vé chung va diéu dang noi 1a ho nhan
dugc cac 101 goi y riéng cua minh. Nhém quan tri
hé thong ¢6 thé thém phim méi va cap nhat duoc
tham s6 hd trg tinh toan goi y.

Movielen Ratings
Information Movies

Meract

View Web interface
Ratirg
>
Users v A Dxcharged —port
A 1 informaton nformaton
Updage movies » doman
Updatp fecommendation
Recommipndations : le
Provded
Access 3ol
hangarg Knowledge
' | Source
Admin Recommendaton |

AP google search

Services

Hinh 2: Kién triic h¢ thong

mages
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Hinh 3: M6 hinh dir liéu

Hinh 4:Trang quan trj goi y cho phép
cAp nhat cac tham so cho hé thong
(admin)

Hinh 5: User ding nhép thanh cong,
nhén ggi y, xem chi tiet phim, ban
luan

A Movie Re_co

Chio quin tri, admin
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5.2 M05 hinh co sé dir liéu

Hé théng sir dung MySQL Server Community
nhu 1a kho dur liéu. Chung t0i da luu tat ca cac
tham s0 sau }(hi huéan luyén Vé.“O co s6 du liéu,
nhimg tham s6 nay duoc dung dé tinh toan 101 goi
¥ ngay sau khi nguoi dung dang nhap. Phan tiep
theo s€ minh hgoa mot so giao dién ctia hé thong ma
nhom da xay dung.

5.3 Cic giao di¢n chinh ciia hé théng

Nguoi dung dang nhdp thanh cong co :[hé thay
dugc 101 goi y ca nhan (nhén thém d€ xuat khac),
ho c6 thé xem chi tiét cac bo phim va xép hang
lai ching.

~ Hon nira, hé thdng con c6 kha ning giai quyét

van dé cold start problem voi gia tri trung binh
toan cuc.

mmender System

Hay dén véi cac de xuat

Cap nhat dé xuét (Relearning)

S4 nhin 14 Regularizaion by

20

Tée 66 hoc

0.005 0.05

S 1n 19p: Regularizaion g

S0 0475

Regularzacn

Clp nhit go vt 0515

jens | Rotien Tomatoes

y twiem. Al Rights Reserved
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x Noby phét baeh: 10940101 ~ry
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Xin chbo, user! '
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g £
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i
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A Movie Recommender System

Chi tiét phim
Hinh 6: User944 1a ngudi dung méi
dwoc dir doan trung binh toan cuc va ‘ s
ngiu nhién Hoett oo
Xin chdo, userddd

2 2] »
Céc ban lugn.

userded

6 KET LUAN

Phuong phap “Factor in the neighbors™ thay vi
cung cap tham so rd rang cho nhing ngudi ding cu
thé thi né biéu dién nguoi dung thong qua cac phan
tr ma ho di danh gid. Qua két qua thue nghiém,
ngoai cic dic diém thuan lgi cua tiép can nay
dugc dé cap trong [12][13], chung t6i di x4c dinh
duoc céac regularization khac nhau trén ting tham
s6 s& cho két qua tét hon thay vi chi dung mot
regularization cho tat ca cac tham sé. Bén canh do,
chl'mg t6i dd 4p dung k¥ thuat tim kiém luéi cho
c4c siéu tham sb dé dat két qua du doan t6t hon khi
chi tim kiém so bo mot vai truong hop cu thé nao
d6. Nhom da xay dung hé thong goi y nén web voi
dir liéu dugc tap hop tir Movielens 100K, hé thong
da thanh cong trong viéc tinh todn cling nhu cép
nhat 101 goi y truc tuyen Tuy nhién, vé van d¢ thoi
gian dang nhép van con han ché do qua trinh nhan
cac duong dan hinh anh tir dich vu API Google
Search Images. Vi vay, tuong lai nhom s luu trir
dir liéu hinh anh trén co s¢ dir liu riéng khong phu
thugc vao API google va tlep tuc tan dung nhiu
loai dit liéu du vao cua nguoi dung dé du doan goi
y chinh xac hon.
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