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Tém tat: Hé tu vin 12 hé thdng tu dong cung cp thong tin phi hop va g& bd thong tin khong phi hop cho mdi ngudi
dung. Hé tu van dudc xdy dung dua trén hai ky thuit loc thong tin chinh: loc cdng tic va loc ndi dung. Loc ndi dung
thuc hién hiéu qua trén cic loai tai liéu vin ban nhung gip phai vin dé trich chon dic trung trén cic dang thong tin da
phuong tién. Loc cong tac thuc hién t6t trén tit ca cic dang thong tin nhung gip phai vin dé di liéu thua, ngudi dung
mdi va san phdm méi. Trong bai bdo nay, chiing to6i dé xuit mot phuong phap hop nhit giita loc cong tac va loc noi
dung bang phuong phip dong huin luyén. Két qua thir nghiém trén cic bo dif liéu thuc té cho thiy phuong phiap dé xuit
tan dung hiéu qua uu diém va han ché ddng ké nhugc diém ctia mdi phuong phap loc truyén thong.

T khéa: Loc cong tdc, loc ndi dung, loc két hop, dong hudn luyén, hoc cd gidm sdt, hoc khéng gidm sdt, hoc bdn
giam sdt.
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Abstract:

Unifying Collaborative and Content-based Filtering by Semi-Supervised Learning

A recommender system is an automated system that provides appropriate information and removing inappropriate
information for users. It is based on two main information filtering techniques: collaborative filtering and content-
based filtering. Content-based filtering performs well with information in text form but has difficulty in feature selection
with multimedia information. Collaborative filtering performs well on all types of information but has problems with
sparse data, new users, and new items. In this paper, we propose a new model that unifies collaborative filtering
and content-based filtering by a co-training method. Experimental results on real datasets showed that the proposed
method effectively makes use of the advantages of state-of-the-art filtering methods and significantly overcomes their
disadvantages.

Collaborative filtering, content-based filtering, hybrid filtering, co-training, supervised learning, unsupervised learning,
semi-supervised learning.

Keywords:

I. GIOI THIEU thong qua ma tran danh gid R = [ri], v6ii = 1,2,...,N;
x = 1,2...,M. Gid tri r; th€ hién dénh gid cla ngudi
ding i € U cho mot san pham x € P. Thong thudng r;,
nhin mot gid tri thuoc mot mién F = {1,2,..., g}, dudc
thu thap truc tiép bang cich héi y kién ngudi dung hoic
thu thap gidn tiép thong qua co ché ghi nhan phan hdi cta
ngudi ding. Gia tri r;, = 0 dudc hi€u 12 ngudi dung i chua
danh gia hoic chua bao gid biét dén san phdm x. Ma tran
danh gia ctia cac hé thong tu van thuc té thudng rit thua.
Mat do céac gid tri riy # 0 thudng nhd hon 1%, nghia la
hau hét cic gia tri r;, 12 0 [1, 2]. Ma tran R chinh 1a dau
vio clia cdc hé thdng tu vin cong tic [3].

Ngudi dung st dung cic dich vu Internet truc tuyén
hién nay ludn trong tinh trang qud tii thong tin. D€ tiép
can dugc thong tin hitu ich, ngusi dung thudng phai x&
ly, loai bd phan 16n thong tin khong can thiét. Hé tu van
(recommender systems) cung cAp mot gidi phap nhim gidm
tai thong tin bang cach du doan va cung cip mot danh sach
ngfin céc san phdm (trang web, béan tin, phim, video, v.v.)
phit hgp cho méi ngudi diung. Hé tu vin dudc xdy dung
dua trén mot tip gdm N ngudi dung, U = {uy, u, ..., un},
vaP={p.ps...,pm}, 12 mdt tap gdm M san phadm. Mdi
san phdm p, € P c6 thé 1a hang hoéa, phim, 4nh, tap chi, tai

lidu, sach, bao, dich vu hoic bat ky dang thong tin nao ma
ngudi ding cin dén. D€ thuan tién trong trinh bay, ta viét
Px € P ngan gon thanh x € P;vau; € Ulai € U. Mbi quan
hé gilta tAp ngudi ding U va tap sdn pham P dugc biéu dién

Mbi sdn phim x € P dugc biéu dién thong qua |C| dic
trung ndi dung, bi€u dién bsi tap C = {c1, 2 ..., i)}
Céc dic trung s € C c6 dude ti cac phuong phap trich
chon dic trung (feature extraction) trong linh vuc truy van
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thong tin. Vi dy, x € P 1a mdt phim thi cic dic trung ndi
dung bi€u dién mot phim c6 thé 1a C = {thé loai phim,
nwdc sdn xudt, hdang phim, dién vién, dao dién...}. Goi
wi = [wi, wia, ..., wiic|] 12 véc t0 trong sb céc gid tri
dic trung ndi dung ctia sin phim s d6i v6i mdi ngudi
ding i € U. Khi d6, ma tran trong sb W = [w;,], véi
i=12...,N, s =12...,|C|, 1a diu vao cia cic hé
théng tu van theo ndi dung san pham [2, 4].

MJdi ngudi dung i € U dugc biéu dién thong qua tap
T ={t1, t,..., i}, bao gbm |T| dic trung ndi dung. Céc
dic trung g € T thong thudng 1a thong tin c4 nhan clia moi
ngudi dung (demographic information). Vi du, i € U la
mdt ngudi dung thi cdc dic trung ndi dung biéu dién ngudi
ding i c¢6 thé 14 T = {gidi tinh, do tudi, nghé nghiép, trinh
do,...}. Goi vy =[Vvx1, Vx2, . .., Vxir|] 12 véc tO trong sb biéu
dién céc gia tri dic trung ndi dung ngudi dung g € T d6i
v6i mbi san phidm x € P. Khi d6, ma trin trong V= [Vegl,
véi x=1,2,...,M; qg=1,2,...,|T|, la diu vao cia cic hé
théng tu van theo ndi dung thong tin ngudi dung [2, 5].

Tiép dén ta ky hiéu, P; C P 1a tap cic san phdm x € P
dudc danh gia bdi ngudi dung i € U va U, C U la tap cac
ngudi dung da ddnh gid san phdm x € P. V6i mdt ngudi
dung can dugc tu van j € U (dudc goi 1a ngudi dung hién
thdi, ngudi ding can dudgc tu van, hay ngudi dung tich cuc),
nhiém vu ctia cac phuong phdp tu van 1a goi y K san phim
x € (P\ P;) phu hgp nhit déi v6i nguvi dung j [3, 6].

DPi c6 nhiéu dé xuét khac nhau gidi quyét bai toan tu
van. Tuy vay, ta c¢6 thé phan loai thanh ba huéng tiép can
chinh: tu vén theo noi dung, tu vin cong tic va tu vin két
hop [1, 3, 7]. Hé tu van theo ndi dung xdy dung phuong
phap du dodn dua trén ma trin trong sb cic dic trung noi
dung san phdm W = [w;,] hodc ma trin trong s6 cic dic
trung ndi dung ngudi dung V = [vy,] [2, 4, 8]. Loc noi
dung thuc hién kha t6t trén cic loai thong tin vin ban
nhung gap khé khan trong trich chon dac trung cic san
phdm da phuong tién (vi du hinh &nh, Am thanh, v.v.). Mot
ngudi dung mdi tham gia hé thdng s& c6 hd so st dung sin
pham 1a tap réng (0). Khi d6, hé thong sé khong thé goi ¥
dudc cdc sdn phdm phu hop véi ngudi ding nay [1, 8].

Hé tu vin cong tac xay dung phucng phap du doan dua
trén ma tran danh gia R = [r;,] [3, 8-10]. Trong do, gia
tri 7;, phan dnh quan diém cta ngudi dung i € U dbi vé6i
cdc san phdm x € P. Loc cong tac thuc hién tot trén tat
ca céc loai thong tin, dic biét d6i vdi thong tin da phuong
tién (vi du hinh anh, am thanh, v.v.). Chinh vi ly do nay,
loc cOng tac dugc st dung rong rai hon loc ndi dung trong
cdc hé théng thuong mai dién ti [8]. Thach thiic 16n nhét
ctia loc cong tac 1a van dé di liéu thua, ngusi ding méi
va san phim méi [1, 3].

Hé tu véAn két hop xiy dung phuong phap du doin dua
trén ci ba ma trdn R, W, V [2, 6, 11]. Hé tu véan két hop

dugc tiép can theo bén xu huéng chinh: két hop tuyén tinh
gitta loc cong tac va loc ndi dung, két hop cic dic trung
ctia loc cong tac vao loc ndi dung, két hop céc dic trung
cua loc ndi dung vao loc cdng tic va xdy dung mod hinh
hop nhét cho cé hai phuong phép loc [2]. Hai vin dé co
bén can giai quyét dbi v6i phuong phép tiép can nay 1a tim
ra phép biéu dién hop ly giita danh gia ngudi ding cia loc
cOng tac véi cac dac trung cua loc ndi dung va phuong
phap du doan chung cho ca hai phuong phap [1, 8].

Trong bai bdo nay, ching t6i d& xuit mot md hinh hop
nhit giita loc cong tic va loc ndi dung bing phucng phap
hoc ban giam sit nham tan dung Igi thé va han ché khé
khin clia mbi phuong phdp loc. Phuong phdp dudc xay
dung dua trén co sé xdy dung mo hinh hgp nhét gitia dinh
gia ngudi dung clia loc cong tic va hd so ngudi ding cda
loc ndi dung dé€ théng nhit cdc md hinh du dodn dua vao
ngudi dung. Tiép dén, ching t6i xdy dung mo hinh hop
nhét giffa danh gid san phdm ctia loc cong tic va hod so
san pham cda loc ndi dung dé thdéng nhét cic mo hinh du
doan dua vao san phdm. Cubi cung, chiing toi xdy dung
mo hinh hoc ban giam sat d€ hop nhét ca hai phuong phap
du doan dua vao ngudi dung va phuong phap du doan dua
vao san pham.

Bai bdo c6 ciu tric nhu sau: Muc II trinh bay phuong
phép udc lugng trong sb cac dic trung ndi dung ngudi ding
va san phim ctia loc ndi dung; Muc III trinh bay phucng
phép hoc ban gidm sat dua vao danh gid ngudi dung, dac
trung san phidm va dic trung ngudi dung; Muc IV trinh bay
phuong phdp thir nghiém va danh gia; Muc V 1a két luan
va huéng phat trién tiép theo ctia bai bdo.

II. HOP NHAT BIEU DIEN GIA TRI CAC PAC
TRUNG NOI DUNG

Nhu da gi6i thiéu & trén, bai toan tu vin két hop thuc
hién du dodn dua trén tip danh gia clia ngudi dung dbi véi
san phdm, cling véi tap dic trung ndi dung san phim va dic
trung ngudi dung. Trong muc nay, ching toi trinh bay dé
xuét phuong phap hop nhét biéu dién gid tri cac dic trung
ndi dung vao ma trdn danh gid cia loc cong tac. Piy ciing
12 budc dau tién trong xay dung mo hinh hoc ban gidm st
cho hé tu van két hop.

Khong han ché tinh téng quat clia bai toan phat biéu
trong muc I, ta gia thiét gid tri ddnh gid cla ngudi ding
i € U dbi véi san pham x € P dudc xic dinh theo cong thiic:

v, néu ngudi dung i dinh gid sin phdm x 1a v,
i = A . N . - .. 2 A
= 0, néu ngudi dung i chua danh gid san pham x.

ey



Bang I
MA TRAN DANH GIA R
P1 P2 P3 P4
u 5 0 4 0
u 0 4 0 3
us 0 5 4 0
Bang 1I )
MA TRAN PAC TRUNG SAN PHAM C
4] (&) c3
pi 1 0 1
P2 1 1 0
P3 1 0 1
Pa 0 1 1
Bang IIT
MA TRAN PAC TRUNG NGUOI DUNG T
1 15} 15} ty
u; 1 0 0 1
u 1 0 1 0
us 0 1 0 1

Mbi sén pham x € P dugc biéu dién thong qua tdp C =
{c1,¢2,...,¢c|c|}, bao g6m |C| dic trung ndi dung, dudc
xac dinh theo cong thic:

1, néu san phidm x c6 dic trung s,
Cys = ()

0, néu san phidm x khong c6 dic trung s.

MJdi ngudi ding i € U dugc biéu dién thong qua tp T =
{ti,t0,.. ., |}, bao gdm |T| dic trung ndi dung, dudc xdc
dinh theo cong thic:

o 1, néu ngudi diung i c6 dic trung ¢, 3
e 0, néu ngudi dung i khong c6 dic trung q.

Vi du, v6i hé gém 3 nguoi dung, U = {uy, up, uz}, va 4
san pham, P = {p1, p2, p3, p4}. Ma trin danh gia R dudc
cho trong Bang I; Ma tran dic trung ndi dung sén pham C
dudc cho trong Bang II; Ma trin dac trung ndi dung ngudi
dung T dugc cho trong Bang III. Hé tu vAn cdng tic dugc
xdy dung dua trén ma trin danh gid R [9, 12]. Hé tu van
ndi dung dugc xay dung dya trén ma tran cic dac trung ndi
dung C va T [4, 5]. Hé tu véan lai xdy dung dua trén ca ba
ma trdn R, C va T [2, 13].

1. Hop nhét hé so ngudi ding cha loc ndi dung vao
ma tran danh gia

DE xay dung dudc hd so st dung cac dic trung san pham
clia ngudi dung, can thuc hién hai nhiém vu: xic dinh tap

Tip V-2, 86 18 (38), 12/2017

san phdm ngudi dung da tiing truy cip hay st dung trong
qua khif va uéc lugng trong sé mdi dic trung ndi dung sin
phidm trong ho so ngudi ding [2, 4, 8]. Goi P; C P, dudc
xac dinh theo cong thic:

Pi={xePlriy#0 (i € U)}, “4)

12 tp sdn pham ngudi ding i € U da danh gia. Khi do, P;
chinh 1a tip san phim ngudi ding da ting truy cip trong
qua khit dudc cac phuong phap tu vin theo ndi dung st
dung trong khi xay dung hd so ngudi dung. Vin d& con lai
la 1am thé nao ta wéc luong dudc trong s6 mdi dic trung
s € C dbi v6i mdi hd so ngudi dung i € U.

Goi Item(i, s) 1a tip cic sin pham trong P; chda dung
déac trung s € C dugc xac dinh theo cong thic:

Item(i,s) = {x € Pijlcxs #0 (i € U,5s € C)}. 5)

Khi d6, |Item(i, s)| chinh 13 s6 lan ngudi dung i € U st
dung cdc sdn phdm trong P chia dung dic trung s € C
trong qué khd.

Dua trén P; va Item(i, s), cic phuong phap tu van theo
ndi dung udc ludng dudc trong sd w;s phan dnh mic do
quan trong ctia dic trung ndi dung s d6i v6i ngudi dung i.
Phuong phap phd dung nhit dudc st dung trong xdy dung
ho so ngudi dung 1a ky thuat tf-idf [4, 8]. Gia tri w;; 12 mot
s6 thuc trdi déu trong khoang [0, 1]. Tuy nhién, trong khi
quan sat bai todn tu vin cong tic ching tdi nhan thiy bin
than né da ton tai mot phép danh gid ty nhién clia ngudi
dung dbi véi san phdm thong qua gia tri danh gid r;,. Gia
tri r;; phan dnh muc do ua thich cua ngudi dung sau khi
da st dung san phdm va dua ra quan diém cta minh dbi
v6i san phdm. Vi du v6i hé tu vin phim [7, 9, 10], gid tri

w A

rix = 1,2,3,4,5 dugc hiéu theo cic mic quan diém “rd

Aey G EEINNYY

1617, “t6i”, “binh thuong”, “hay”, “rdt hay”. Chinh vi Iy do
do6, ching t6i mong mudn c6 dudc mot phép trich chon dic
trung cé cing muc do danh gia ty nhién cua riy.

D¢ thuc hién y tudng néu trén, ching toi thuc hién quan
sat trén tap Item(i, s). Néu gia tri |Item(i, s)| vuot qua mot
ngudng 6 nao d6 thi trong s6 dic trung ndi dung san phim
s € C dbi véi ngudi ding i € U l1a w;, dudc tinh bing
trung binh cong clia tit ca cic gid tri danh gia. Trudng hop
[Item(i, 5)| c6 gia tri bé hon 6, gia tri w;, dudc tinh bing
tdng clia tit ci cic gia tri danh gid chia cho 6. Trong thit
nghiém, chiing toi tinh toan s6 lugng trung binh ctia tit ca
ngudi dung da ddnh gia cdc san pham x € P. Sau do, chon
6 tuong duong v6i 2/3 sb lugng trung binh cic danh gia
clia tip ngudi ding di danh gid sin phdm x € P chda dung
dic trung s € C. Bing cach nay ta c6 thé han ché dugc
mot sé dic trung ndi dung it dudc ngudi ding quan tim
nhung vin dudc danh gid vé6i trong sb cao.
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Bang IV
MA TRAN HO SO NGUOI DUNG wyy

c1 &) c3

uy 4 0 4

uy 2 3 1

u3 4 2 2

Bang V .
MA TRAN PANH GIA MO RONG rj,y THEO HO SO NGUOI DUNG

P1 P2 P3 P4 C1 2 Cc3
uj 5 0 4 0 4 0 4
uy 0 4 0 3 2 3 1
u3 0 5 4 0 4 2 2

Gia tri w;g, dugc ude lugng theo cong thuc:

1 .
_— rix, néu |ltem(i,s)| > 6,
|Item(i, s)| )
_ x€ltem(i,s)
Wis =1 1 )
r Z Tix, neu |ltem(i, s)| < 6,
x €ltem(i,s)

6)

phan 4nh quan diém ctia ngudi ding i € U dbi vé6i cac dic
trung ndi dung sdn phdm s € C trong quéa khd. DE dang
nhan théy wis € F, trong d6 F = {1,2,...,g}. Chinh vi
viy, ta c6 th€ xem mébi dic trung ndi dung sdn pham déng
vai trd nhu mét sdn phdm phu bd sung vao tip sin phim.
Dua trén nhan xét ndy, ching tdi hgp nhit ma tran ddnh
gia clia loc cong tic va hd so ngudi ding cia loc ndi dung
thanh mo hinh bi€u dién hgp nhét gita ddnh gid ngudi dung
clia loc cong tic véi cdc dic trung sian phdm clia loc ndi
dung. Ma trin ddnh gia md rong theo hd so ngudi dung
dugc xac dinh theo cong thuc:

iy, Déu x € P,
Tix = %
wis, néus € C (x =s),

(N

trong d6 x = s (s € C) déng vai trdo nhu mot san phdm phu
bd sung vao ma trin d4nh gia vé phia san pham.

Vi du v6i hé c6 ma trdn danh gid theo Bang I, ma tran
dic trung sin phdm theo Bang II, ma trin dic trung ngudi
dung theo Bang III, chon 6 = 2, khi d6 ta s€ tinh toan dugc
tap hod so ngudi dung {w;,|i € U, s € C} trong Bang IV va
ma trin danh gia m& rong theo (7) trong Bang V.

Hé tu vin dudc xdc dinh theo (7) da tich hop diy di danh
gid ngudi dung va trong sb céc dic trung san pham. Chinh
Vi vdy, cdc phuong phap tu van két hop dua vao ngudi dung
déu c6 thé dé dang trién khai trén ma tran danh gid mé rong
theo hd so ngudi dung [2, 6, §]. Do tinh chét thua thét cia
ma trin danh gid ban dau 1am cho ma trin dinh gid mé
rong theo hd so ngudi dung ciing thua thét. Chinh vi vy,

cac phuong phdp tu vin dua vao (7) déu cho lai két qua
khong cao. VAn dé nay sé dudc ching ti giai quyét trong
muc tiép theo clia bai bdo.

2. Hop nhét ho so san pham cta loc ndi dung vao
ma tran danh gia

Tuong tu nhu hd so ngudi ding, hd so san phim luu
trit lai ddu vét cic dic trung ndi dung ngudi dung da ting
st dung san phim. Pé xiy dung dudc hd so san phim,
can thuc hién xic dinh tip ngudi diung di ting st dung
san phim trong qui khi va uéc lugng trong s mdi dic
trung noi dung ngudi ding trong hd so san pham [2]. Goi
U, € U, dugc xac dinh theo cong thiic:

Uy ={ieUlrix #0 (x € P)}, ®)

la tap ngudi dung thudc U da st dung san phim x € P.
Khi d6, U, chinh 1a tip ngudi dung can dugc luu lai cic
gia tri dic trung ndi dung trong hd so san phdm. Van dé
con lai 1a 1am thé ndo ta udc lugng dudc trong sé6 mdi dic
trung g € T dbi véi mdi hd so san pham x € P.

Goi User(x, q) la tip ngudi dung cé déc trung ¢ € T
dugc xac dinh theo cong thuc:

User(x,q):{ieUx|tiqiO(xeP,qu)}. 9

Khi d6, |User(x, g)| chinh 1a s6 lan san phdm x € P dugc
tap ngudi dung cd dac trung ndi dung g € T st dung trong
qua kha.

Gibng nhu ngudi ding, ban than cdc san phdm ciing da
ton tai mot phép danh gid tu nhién cla tip ngudi dung
dbi v6i san pham thong qua gid tri danh gia r;. Do vay,
chiing t6i dé xuét phuong phap trich chon dic trung noi
dung ngudi dung cé cung miic do danh gia véi gia tri danh
gia r;,. D€ thuc hién diéu nay, chiing tdi tién hanh quan st
trén tap User(x, q). Néu gia tri |User(x, q)| vudt qua mot
ngudng A nao do6 thi trong sd dic trung ndi dung ngudi
dung g € T dbi v6i san phdm x € P 1a vy, dudc tinh bing
trung binh cong clia tit ca cic gid tri danh gia. Trudng hop
|User(x, q)|co gia tri bé hon 0, gid tri v, dudc tinh bing
tong clia tit ca cc gia tri ddnh gia chia cho 6.

Gia tri v4y, dudc udc lugng theo cdng thic:

1
|User(x, q)|
Vax =\ 1

Z fix, néu |User(x,q)| > 6,
ieUser(x,q)
Tixs néu |User(x, q)| < 6,
ieUser(x,q)

(10)

biéu dién hod so san phim x € P da dudc tip nhiing ngudi
diing chia dung dic trung g € T sit dung. Vi vy, ta c6 thé
xem mdi dic trung ndi dung ngudi diung déng vai trd nhu
mdt ngudi ding phu b3 sung vao tip ngudi ding. Dua trén



Bang VI )
MA TRAN HO SO SAN PHAM v
pP1 p2 p3 P4
t 2 2 2 1
b 0 0 2 0
13 0 2 0 1
1y 2 2 4 0
Bang VII

MA TRAN DANH GIA MG RONG r;,, THEO HO SO SAN PHAM

pi P2 P3 pa
u 6 0 4 0
u 0 4 0 3
u3 0 5 4 0
t 2 2 2 1
t 0 0 2 0
1 0 2 0 1
14 2 2 4 0

nhan xét ndy, ching toi hgp nhit ma tran danh gia cta loc
cong tiac va hd so sin phim cia loc noi dung thanh mo
hinh biéu dién hop nhét giiia ddnh gid sian phim cta loc
codng tic v6i cdc dac trung ngudi dung cda loc ndi dung.
Ma trin d4nh gia md rong theo hd so san phim dudc xic
dinh theo cong thifc:

| ries néuieUvar,+0,

Tix = { Vgxs Néu qeT vavy, #0 (i = q), (I
trong d6, i = q (¢ € T) dong vai trd nhu mot ngudi dung
phu b3 sung vao d€ md rong ma tran dinh gid vé phia
ngudi dung.

Vi du v6i hé c6 ma trdn danh gid theo Bang I, ma tran
déc trung ngudi dung theo Bang III, chon 6 = 2, khi d6 ta
sé tinh toan dugc tap hd so san phidm {v,.|x € P,q € T}
trong Bang VI vi ma trin ddnh gia md rong vé phia ngudi
dung theo (11) trong Bang VIIL.

Hé tu van dudc xdc dinh theo (11) da tich hgp diy du
danh gia sin phdm va trong s cdc dic trung ngudi dung.
Chinh vi vdy, cdc phuong phap tu vin két hop theo sin
phim déu c6 thé dé dang trién khai trén ma tran danh gid
md rong theo hd so san phadm [2, 10]. Do tinh chét thua
th6t clia ma tran danh gid ban diu 1am cho ma trin ddnh
gia md rong theo hd so san phim ciing thua thét. Chinh vi
viy, cac phuong phap tu vin dua vao (11) déu cho lai két
qua khong cao. VAn dé nay sé dudc chiing toi gidi quyét
trong muc tiép theo ctia bai bio.
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III. MO HINH HQOC BAN GIAM SAT CHO LOC
KET HOP

Nhu da dé cap & trén, cic phuong phap tu van dua vio
cdc cong thic (7) va (11) déu gip phdi van dé di liéu
thua [2, 3]. P& khic phuc diéu nay, ching t6i dé xuit thuat
toan tu vin két hop bing phuong phap hoc ban gidm sat.
Thuit toan dugc xdy dung dua trén hai tha tuc ban giam
sat: ban gidm sat tdp danh gid ngudi dung cung tap dac
trung sin phidm va bdn gidm sit tip dénh gid sin phim
cung tap dic trung ngudi dung. Ban giam sat tip danh gia
ngudi ding clng tap dic trung sdn phdm cho phép ta phat
hién ra nhitng sidn phdm méi c6 kha ning cao phi hdp cho
mdi ngudi ding. Nhiing sdn phdm mdi dugc phat hién sé
chuyén giao cho qué trinh ban gidm st theo danh gia san
phdm cung tap dic trung ngudi dung. Ngugc lai, thd tuc
ban gidm sat tdp ddnh gid sidn phim clng tap dic trung
ngudi dung cho phép ta phat hién ra nhiing ngudi dung
mdi c6 kha ning phi hgp cao dbi v6i sin pham. Nhiing
ngudi ding méi duge du dodn sé dudc chuyén giao cho qua
trinh ban gidm sat theo tdp danh gid ngudi dung cung tap
dic trung san pham. Hai qu4 trinh ban giam sat dudc thuc
hién dong thdi va b3 sung qua lai céc gia tri du dodn chic
chin cho nhau dé nang cao chit lugng tu van.

1. Ban giam sat tap danh gia ngudi dung cung tap
dic trung san phim

D€ han ché 4nh hudng ctia vin dé dit lidu thua, véi mdi
ngudi dung i € U chung t6i xdy dung tdp S;, dudc dinh
nghia theo cong thic:

Si={jeUl|P;nP;j|=26va|CinCj| =6}, (12)

dé gidm sat viéc tinh todn mic do tuong tu gilta cac
cap ngudi dung. Trong cong thic (12), P; dudc xac dinh
theo (4), C; dudc xac dinh bdi

Ci = {s € Clris # 0}. (13)

S; dudc xac dinh theo (12) 1a tap ngudi dung thudc U c6
s6 lugng danh gia giao nhau v6i ngudi dung i it nhét 1a 6,
san phdm va s6 luong cac dic trung san phim giao nhau it
nhit 12 6. Hai hing s6 nguyén duong 6; va 6, dudc chon
dd 16n trong tap dif liéu huén luyén d€ S; khong con la tap
d liéu thua. Dya vao S; va do tuong quan Pearson [7, 8],
chung t6i ban giam sat viéc tinh toan muc do tuong tu gita
cac cdp ngudi dung cuia loc cdng tac theo cong thic (14),
ban giam sat viéc tinh todn muic d) tuong tu gilta cac cip
ngudi dung cla loc ndi dung theo cong thic (15), ban gidm
sat viéc tinh toan muc do tuong ty gitta cac cap ngudi dung
ctia loc két hop theo cong thic (16) (xem dau trang sau).

Trong cac cong thic (14), (15), (16), P; dudc xac dinh
theo cong thic (4), C; dugc xac dinh theo cong thic (13);
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xEPl‘ﬂP_i

Do (i =) = Fy)
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X€EP;NP;

07

seCj ﬁci

Z (rix _71')2\/

D e =g = 7))

07

D (i =)y = 7)

xEH,ﬂHj

bij = D i =R
SEC[I’]C] SEC,‘f‘ICj

Uij = Z (ris = 7:)? Z (rjs —7)?
XEH,‘QH]‘ XGH,‘OH]‘

O»

H;, 7i, i, F; dude xdc dinh tudn ty theo cdc cong thic (17),
(18), (19) va (20),

H; = P;UC,, a7
1
Fi= Fixs (18)
P,
1
Fi = —— Tis, (19)
ici n C]| SEC,—ﬂC_,‘
- 1
F,‘ =T Fix. (20)
’Hi N Hj| xe€H;NH;

RO rang, a;; dudc xédc dinh trén S; theo (14) chinh xdc hon
so vGi a;; dudc xdc dinh trén toan bd tap ngudi dung U
trong tip dit liéu huin luyén vi S; chiéu 1én céc cot sin
phdm khong phai la tap dit liéu thua. Gia tri b;; dugc xdc
dinh trén S; theo (15) chinh xdc hon so véi b;; dudc xdc
dinh trén toan bo dic trung san phdm C vi S; chiéu lén
céc cot dic trung san pham ciing khong phéi 1a tap di liéu
thua. Gid tri u;; dugc xac dinh theo (16) tin cdy hon so véi
u;; Xac dinh trén toan bo tap ngudi dung vi S; khong phai
1a tp dit liéu thua trén toan bd P U C. Hon thé nita, hai
ngudi dung i, j ¢ mic do tuong ty theo dinh gid ngudi
dung va tuong tu theo hd so ngudi dung phdi vudt qua
mot ngudng @ nao d6. Ngudng a duge xac dinh thong qua
kiém nghiém. Trong bai bdo nay, bing thuc nghiém chiing
t6i chon a = 0,9 dé c6 dugc két qua tét nhat.

Sau khi xac dinh dugc mic do tuong ty gitia cac cap
ngudi dung, ching toi xdy dung tip lang giéng cho ngudi

s néuj €S,
Z (rjx =75)? a4
EP{ﬂPj
néu j ¢ S;,
, néu jes;,
Do (s =P (15)
néu ] ¢ Si,
, néuies; vaa; > avabj>a
(16)
trong cac truong hgp khac.
dung i € U theo cong thic:
Ki = {] € Siluij > (I}. (2])

Phuong phap du doédn céc san phdm méi x € P chua dugc
ngudi dung i biét dén dugc thuc hién theo cong thiic: [3, 9]

Z (rjx = T )utij

JeK;

2 il

JEK;i

(22)

Fix =1 +

Nhiing sén phdm méi x € P c¢6 gid tri du dodn 7y
theo (22) 1a nhiing du dodn tin cdy dugc bS sung vao ma
tran ddnh gia mé rong theo hd so san phdm dé phuc vu
qud trinh ban gidm sit theo tdp ddnh gia sdn phim clng
tdp dac trung ngudi dung. Phuong phap ban gidm sat tap
danh gia sdn pham clng tip dic trung ngudi ding sé& dugc
chiing t6i trinh bay trong muc tiép theo ctia bai bdo.

2. Ban giam sat tip danh gia san phim cung tip dic
trung ngudi dung

Tuong tu nhu ngudi ding, v6i méi san phim x € P,
ching t6i xdy dung tap Sy, dudc dinh nghia theo cong thic:

Se={yeP:|UsNUy| 271 va [Ix NTy| > 12},  (23)

d€ gidm sat viéc tinh todn mic do tuong tu gilta cic cip
san pham. Trong cong thic (23), U, dudc xdc dinh theo
cong thic (8), Ty dugc xac dinh theo cong thic:

Ty ={q €T:ryc #0}. 24)
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Z (rix _7x)(riy _7y)

ieUxNUy %
, néuyesSs,,
axy =) | = FP | D iy =R 25
ieUxNUy, ieUxNUy,
0, néu v &Sy,
Z (rqx _.’;;c)(rqy _-fy)
9Ty , néuyes,,
bxy = Z (rqx - -’?x)z Z (rqy - -,'.;;)2 (26)
q€eTNTy, q€TNTy,
0, néuy¢sS,,

DT (i =iy = 7y)

i€HxNH,

, Néuy €Sy vaay, > a va by, > a,

Py = | Y =R | DT iy =Ty @7
i€eH,NH, ieHNH,y

Oa

S, dugc xac dinh theo (23) 1a tap san phdm y € P ¢6
s6 lugng ngudi dung danh gia giao nhau véi san pham x it
nhit 13 y; va sb ludng cac dic trung ngudi dung giao nhau
it nhét 12 y». Hai hiing s6 nguyén ducng y; va y, dudc chon
dd 16n trong tip dit liéu huén luyén d€ S, khong con la tap
du liéu thua. Dya vao S, va do tuong quan Pearson, chung
toi ban giam sat vi€c tinh toan muc do tuong ty gitta cac
cdp san pham cua loc cong tac theo cong thic (25), ban
giam sat viéc tinh toan mic do tuong tu gilta cac cdp san
phédm ctia loc ndi dung theo cong thiic (26), ban gidm sat
viéc tinh toan mifc do tuong tu gilta cic cip san phdm clia
loc két hop theo cong thiic (27).

Trong cac cong thic (25), (26), (27), U, dugc xac dinh
theo cong thic (8), Ty dudc xac dinh theo cong thiic (24),
H,, 7y, 7, %x dugc xdc dinh tuin tu theo cic cong thiic (28),
(29), (30), B1),

Hy=U,UT,, (28)
7y = m UZU - (29)
P = |T—;Tyi qegm g (30)
Ty = m i Fix. (31)

RO rang, a,, dugc xdc dinh trén Sy theo (25) chinh xdc
hon so v6i ayy duge xdc dinh trén toan bd tap san phim P
trong tap di liéu hun luyén vi S, chon trén cdc hang ngudi
dung khong phdi 1a tap dit liéu thua. Gia tri by, dudc xdc
dinh trén S, theo (26) chinh xdc hon so véi by, dugc xdc

trong cdc truong hop khac.

dinh trén toan bd tip dic trung ngudi dung 7 vi Sy chon
trén cac hang dic trung ngudi dung cling khong phai la tap
dir liéu thua. Gid tri u,, dudc xdc dinh theo (27) tin cay
hon so v6i pyy, xdc dinh trén toan bd tap san phim va dic
trung nguoi dung vi S, khong phai 1a tdp dit liéu thua trén
toan bo U UT. Hon thé nita, hai sin phdm x, y c6 miic do
tuong tu theo danh gid san phdm va tuong tu theo hd so
san phdm phdi vudt qui mot ngudng @ nao d6. Ngudng o
dugc xdc dinh thong qua kiém nghiém. Trong bai bdo nay,
bing thuc nghiém chiing t6i chon @ = 0,9 dé c6 dudc két
qua tot nhat.

Sau khi xac dinh dugc muc do tuong tu gitta cdc cdp san
phidm, ching toi xdy dung tip ling giéng cho san phim
x € P theo codng thic:

Ky={ye Sx: Pxy > a}. (32)

Phuong phap du doan mic do phu hgp cia ngusi dung
i € U dbi v6i san phim x € P dudc thuc hién theo cong
thuc: [3, 7, 10]

_ Zyel(,C PxyTiy

= . (33)
Zyer |pxyi

Tix

Gia tri du doan r;, theo (33) phan anh mdc do phu hgp
clia ngudi ding i € U dbi v6i san pham x € P dudc bd
sung vao ma trin danh gid mé rong theo san phim dé phuc
vu qua trinh ban giam sat theo tip danh gia ngudi dung va
tap dic trung sin phdm. Hai qué trinh ban gidm sat dugc
thuc hién dong thdi va bd sung qua lai cho nhau cac gi tri
du doan chic chan r;, dé nang cao két qua tu van. Thuat
toan hoc ban gidm sit dong thdi trén tip danh gid ngudi
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diing, dic trung sin phidm, tdp d4nh gid sdn phim va dic
trung ngudi dung sé dudc ching t6i trinh bay trong muc
tiép theo ctia bai bdo.

3. Thuét toan hoc ban giam sat cho loc két hop

Nhu da dudc trinh bay § trén, phuong phdp ban giam
sat theo danh gia ngudi ding cing tap dic trung sin phim
cho phép ta phét hién nhiing san phdm méi phi hop nhét
dbi v6i mbi ngudi dung. Phuong phdp ban gidm sat theo
ddnh gia sdn pham cung tap dic trung ngudi dung cho phép
ta phat hién nhiing ngudi dung mdi phit hgp nhét dbi vé6i
mbi san pham. Trong muc ndy, ching toi dé xuét xay dung
thuat toan hoc ban gidm sit dong thdi dé xid 1y qud trinh
chuyén giao két qua du doan giita qua trinh ban gidm st
tll tdp ddnh gid ngudi ding cung tip dic trung sdn phim
dén qud trinh ban giam sat tf tap danh gia san pham cung
tap dic trung ngudi dung, thuit toan dé& xuit dudc mo ti
chi tiét trong Thuét toan 1.

Tai buéc (2.2), qua trinh ban gidm sat theo tap danh gia
san phdm va tap dic trung ngudi ding dudc thuc hién tuan
ty theo cac budc (2.2.a), (2.2.b), (2.2.c), (2.2.d), (2.2.e),
(2.2.1). Tai budc (2.2.a) ta xac dinh dugc vg; phan dnh quan
diém clia tdp ngudi ding c6 dic trung ndi dung g € U
dbi v6i san phdm x € C cda vong lip thi (¢) theo cong
thiic (10). St dung v\, tai bude (2.2.b) ta xdy dung dugc
ma trin danh gia m& rong theo hd so sin phdm cia vong
lip thd (t) theo cong thiic (11). Dya vao két qua ctia budc
(2.2.b), tai budc (2.2.c) ta xdc dinh dugc tap S\ 1a tap dir
liéu khong thua dbi v6i san phdm x € P clia vong lip thi
(1) theo cong thic (23). S& dung s\, bude (2.2.d) ta xdc
dinh dugc P)(fy) la mic d6 tuong tu gitta cic cdp san phim
x, y € P trén ca tip danh gia sin phdm va tap dic trung
ngudi dung cua vong ldp thu (¢) theo cong thic (27). Sau
khi tinh todn duge p), tai budc (2.2.¢) ta xac dinh dugc
Kff) 1a tap lang giéng clia san phim x clia vong lip thi (¢)
theo cong thic (32). Cudi clng, tai bude (2.2.f) ta du dodn
dugc gia tri rf;) phan danh miic d6 phu hgp ctia ngudi dung
i € U d6i véi san phim x € P ctia vong lip thi (7). Céc gia
tri 7" dy dodn dugc tai vong lip thi () s& dugc cap nhat
lai trong ma trin danh gia md rong R® va chuyén giao cho
qué trinh huin luyén theo tip danh gid ngudi cing tap dic
trung san phim tai budc Lip tiép theo ctia thuét toan.

Tai budc (2.3), s6 lugng vong lip (¢) dudc ting 1én 1 don
vi va thut todn tiép tuc lip lai qua trinh huin luyén dong
thoi tiép theo. Thuat todn sé& hoi tu tai vong lip thi (¢) c6
ul) =™ va p{) = p&;V. Tai bude 3 ciia thuat todn, qud
trinh tao nén tu vin dugc thuc hién don gian bing cich
sap xép theo thit tu giam dan cac gia tri du doan rf;), sau
d6 chon k sin phdm x c6 gia tri rl.(;) 16n nhit tu van cho
ngudi dung i.

Thuit toan 1: Thuit todn hoc ban gidm sat

Pau vao:
Ma trdn R = {r;x} dugc xac dinh theo (1).
Ma tran C = {cys} dudc xac dinh theo (2).
Ma tran T = {t;,} dudc xdc dinh theo (3).
Ngudi dung i € U 1a ngudi dung can dugc tu van.
Pau ra:
R=RO={r":i=1,2,... ,N;x=1,2,...,M}
Cic budc tién hanh:
begin
Budc 1 (Khdi tao):
t « 0;  //khdi tao s6 budc Iip ban diu I1a 0
R=RO=(0:i=1,2,.. ,Nyx=1,2,....,M}
Buéc 2 (Budc lip):
repeat
2.1. Ban giam sat tap danh gia ngudi dung
va tip dic trung sin phim:
a) Xdc dinh trong s cdc dic trung noi
dung sin phim wgi) tai vong lip thi ¢
theo cong thiic (6).
b) M& rong ma tran danh gia theo ho so
ngudi ding r'") tai vong 1dp thi 1
theo cong thiic (7).
¢) Xac dinh Sy) theo cong thiic (12).
d) Tinh todn u? theo cong thiic (16).
e) Xic dinh K" theo cong thic (21).
f) Du doén gia tri rl.(;) theo cong thiic (22).
2.2. Bén gidm st tap danh gia san phim
va tap ddc trung ngudi dung:
a) Xac dinh trong sd cdc dic trung noi
dung ngudi dung v} tai vong lp thit 7
theo cong thic (10).
b) M6 rong ma tran danh gid theo hd so
san phim rl.(;) theo cong thifc (11).
¢) Xdc dinh S theo cong thic (23).
d) Tinh todn p'*) theo cong thic (27).
e) Xdc dinh K\ theo cong thic (32).
f) Dy doan gia tri rl.(;) theo cong thic (33).
2.3. Tang buéc lap: t « ¢ + 1;
until Converges.
Buéc 3 (sinh ra tw vin):
(Sap xép cdc san phdm
theo thd tu giam dan cuaa r;;) Y
(Chon k sdn phim x dau tién
tu vAn cho ngudi dung i );
end

IV. PANH GIA THUC NGHIEM

DE€ danh gid hiéu qui ctia ciac phuong phip tu van két
hop dé xuit, ching téi tién hanh thi nghiém trén bo di



liéu thuc vé phim [14]. Phuong phdp trinh bay & trén dugc
danh gia va so sanh véi cac phudng phép khac theo thu tuc
mo ta dudi day.

1. Dt liéu thi nghiém

Thuit toan hoc ban giam sat cho loc két hop dudc
thit nghiém trén bd di liéu MovieLens ctia nhém nghién
ctiu GroupLens thudc trudng dai hoc Minnesota [14]. Tap
di liéu MovieLens c6 ba lua chon véi kich thuéc khac
nhau 1an lugt 1a: MovieLens 100 KB, MovieLens 1 MB
va MovieLens 10 MB. Trong d6, tap du liéu MovieLens
100 KB Ia tip con cua tdp MovieLens 1 MB. Tip dit liéu
MovieLens 1 MB cung cip day di tip dic trung san phim
va ngudi dung kem theo tip danh gid ngudi dung. Tap du
liéu MovieLens 10 M tuy 16n nhung khoéng cung cép tap
dic trung ngudi ding va tip dic trung sin phdm. Chinh vi
viy, chiing toi st dung tap dit liéu MovieLens 1 M dé tién
hanh tht nghiém cho phuong phap dé xuit.

Tap dit liéu MovieLens gom IMB déanh gid ctia 6040
ngudi dung cho 3952 phim. Gid tri danh gid dugdc thuc hién
tir 1 dén 5. Miic do thua thét dit liéu danh gid 1a 99.1%.
Dit liéu cu thé dudc cung cip trong cic tép tin sau [14]:

o u.data: Tép tin luu trit ddy dd 1 MB danh gid cda 6040
ngudi dung cho 3952 phim. Mbi ngudi dang danh gid
it nhat 20 phim. Mdi hang déu c6 cling ciu triic: user
id | item id | rating | timestamp.

o u.info: Tép tin luu s6 lugng ngudi dung, s6 ludng san
phim, s lugng xép hang cda tap dit liéu.

o u.item: Tép tin luu thong tin vé phim.

o u.genre: Tép tin luu danh sach 19 thé loai phim khéc
nhau. Pay 1a tdp dic trung ndi dung san phim dudc
diing trong tht nghiém phuong phap dé xuét. Ngoai ra,
{ing véi mbi phim ching t6i tach trong IMDB (Internet
Movie Database) [15] d€ 1iy tap dic trung nuéc san
xuét, hang phim, dao dién, dién vién chinh dé lam tap
dac trung phim.

o u.user: Tép tin luu thong tin vé nhiing ngudi ding.
Céc hang c6 clu triic chung: user id | age | gender |
occupation | zip code. user id dugc st dung trong tap
dt liéu u.data.

o u.occupation: Tép tin luu danh sich cdc nghé nghiép.
bay la tdp dac trung ndi dung ngudi dung dudc dung
trong thit nghiém phuong phap dé xuét.

2. Phuong phéap thir nghiém

Trudce tién, toan bd dit liéu thir nghiém dugc chia thanh
hai phin, mot phan U, dudc st dung lam dif liéu huén
luyén, phan con lai U, dudc st dung dé kiém tra. Tap Uy,
chita 80% danh gid va tap U chiia 20% danh gia. Dt li¢u
huén luyén dudc sit dung d€ xdy dung mo hinh theo thuat
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todn md td & trén. V&i mbi ngudi ding i thudc tip dif liéu
kiém tra, cdc ddnh gid (da c6) cla ngudi dung dugc chia
lam hai phan O; va P;. O; dudc coi la da biét, trong khi
d6é P; 1a danh gia can du doan ti dif liéu huin luyén va
0O; [7, 8].

Sai s6 du doan MAE,, v6i mdi khach hang u thudc tap dit
liéu kiém tra dudc tinh bang trung binh cong sai s6 tuyét
dbi giita gia tri du dodn va gia tri thuc dbi véi tat ca mit
hang thudc tap P,,

1
=7 Z

YEPy

MAE,

Fuy = Tuy| - (34)

Sai s6 du dodn trén toan tap dif liéu kiém tra, MAE, dudc
tinh bing trung binh cong sai s& du doan cho mdi khach

hang thudc Uy,
Z MAE,

uelUe
MAE = ————. (35)
Ute|
Gia tri MAE nhé thi phuong phdp du doan c¢6 do chinh xac

cao [2, 7].

3. So sanh va danh gia

Phucng phdp hoc ban gidm sat dé xuét trong muc 3 (ky
hiéu la Semi-Learning) dudc thé nghiém va so sanh véi
nhiing phuong phép sau:

o Phuong phdp tu vin cong tic dua vao ngudi ding
st dung do tuong quan Pearson (ky hiéu la CF-
UserBased) [3, 9].

o Phuong phdp tu van cong tic dua vdo sin phim
st dung do tuong quan Pearson (ky hiéu la CF-
ItemBased) [3, 10].

o Phuong phap tu vin nodi dung dwa vio hd so ngudi
dung st dung do tuong quan Pearson (ky hiéu la CBF-
UserBased) [4].

o Phuong phdp tu van noi dung dua vao hd so san phim
st dung do tuong quan Pearson (ky hiéu la CBF-
ItemBased) [5].

o Phuong phép tu vin két hop dua vao ngudi dung va tip
dic trung san phim s dung do tuong quan Pearson
(ky hiéu la Hybrid-UserBased). Pay la phuong phap
tu van két hop dua vao do tuong quan Pearson dudc
dé xuét theo cong thic (16).

o Phuong phdp tu van két hop dua theo sin phim va tip
déc trung ngudi dung st dung do tuong quan Pearson
(ky hiéu la Hybrid-ItemBased). Pay la phuong phap
tu van két hop dua vao do tuong quan Pearson dudc
dé xuét theo cong thic (27).

L4y ngiu nhién 4000 ngudi dung trong tip MovieLens

lam di liéu huén luyén. Chon ngau nhién 1000 ngudi dung
trong s6 con lai d& 1am 4 tap dit liéu kiém tra (testl.inp,



Cdc cong trinh nghién cifu phat trién Céng nghé Théng tin va Truyén thong

Bang VIII
GIA TRI MAE CUA CAC PHUONG PHAP

S6 lugng danh gid biét trude
Phuong phap trong tap kiém tra
5 10 15 20
CBF-USERBASED 0,865 0,859 0,855 0,835
CBF-ITEMBASED 0,894 0,883 0,875 0,845
CF-USERBASED 0,824 0,817 0,821 0,813
CF-ITEMBASED 0,846 0,841 0,836 0,815
HYBRID-USERBASED 0,793 0,792 0,791 0,702
HYBRID-ITEMBASED 0,798 0,788 0,782 0,695
SEMI-LEARNING 0,672 0,629 0,617 0,585

test2.inp, test3.inp, test4.inp). Dbi véi mdi tap dit lidu kiém
tra, ching t6i thuc hién loai bd ngiu nhién cic danh gid
sao cho sb cdc danh gid biét trudc ctia mdi ngusi ding
dbi véi san pham chi con lai 1a 5, 10, 15 va 20 danh gi4.
Tap testl.inp, test2.inp, test3.inp c6 sb danh gid gid biét
true 1an lugt ctia mdi ngusi dung 1a 5, 10, 15 tuong tng
v6i trudng hop dit liéu huin luyén thua. Tap test4.inp cé
s6 danh gid gia biét trudc 1a 20 tuong dng véi trudng hop
dit liéu huin luyén tuong d6i diy di. Chon 6 = 4, 8, 12,
15 ting v6i mbi bo dit liéu kiém tra (testl.inp, test2.inp,
test3.inp, testd.inp) theo thif tu d€ x4c dinh xdc dinh wyg,
vgx theo cong thiic (6), (10). Chon 6; =4, 8, 12, 15 (cho
mobi tap dit lidu theo thi tu), §, = 10 va & = 0,9 (cho tt ca
cdc tap dit liéu kiém tra) d€ xdc dinh S;, u;;, K; theo cong
thic (12), (16), (21), va Sy, pxy, K theo cong thic (23),
(27), (32). Gia tri MAE trong Bang VIII dugc liy trung
binh ctia 10 lan thir nghiém ngiu nhién. Gia tri MAE nho
chiing t6 phuong phap c6 két qua du dodn tot [2, 7, 12].

Két qua trong Bang VIII cho thiy phucng phap tu van
ndi dung dua vao hd so ngudi dung va hd so san phim
cho lai gid tri MAE 16n nhét so véi cic phuong phap con
lai. Phuong phdp tu vAn cong tic dua vao danh gid ngudi
diing va ddnh gid san phim cho lai gid tri MAE nhé hon
s0 V6i cac phuong phdp tu van theo ndi dung. Cu thé, ting
v6i s6 luong danh gia biét trude trong tap kiém tra 1a 5,
10, 15, 20, phuong phap CBF-UerBased va CBF-Itembased
cho lai gia tri MAE lan Iugt 1a 0,865; 0,859; 0,855; 0,835
va 0,894; 0,883; 0,876; 0,845 theo thd tu. Trong khi do6,
phuong phip CF-UserBased va CF-ItemBased cho lai gia
tri MAE 1an lugt 1a 0,824; 0,817; 0,821; 0,813 va 0,846;
0,841; 0,836; 0,815 theo thy tu. Két qué nay hoan toan phu
hgp vé6i nhitng nghién ciu trude day [1-3].

Phuong phap Hybrid-UserBased cho lai gia tri MAE thip
hon nhiéu so v6i phuong phiap CBF-UserBased va CF-
UserBased. Cu thé dng v6i sb lugng danh gia biét trudc
trong tip kiém tra 1a 5, 10, 15, 20 thi phuong phidp CBF-
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UserBased va CF-UserBased cho lai gi4 tri MAE lan luct 1a
0,865; 0,859; 0,855; 0,835 va 0,824; 0,817; 0,821; 0,813 so
v6i 0,793; 0,792; 0,791; 0,702 chda phuong phap Hybrid-
UserBased. Phuong phdp Hybrid-ItemBased ciing cho lai
gia tri MAE thip hon so véi phuong phap CBF-ItemBased
va CF-ItemBased. Véi sb luong danh gia biét trudc trong tap
kiém trala 5, 10, 15, 20 thi phuong phap CBF-ItemBased va
CF-ItemBased cho lai gid tri MAE lan ludt 1a 0,894; 0,833;
0,875; 0,845 va 0,846; 0,841; 0,836; 0,815 so véi 0,798;
0,788; 0,782; 0,695 cia phuong phap Hybrid-ItemBased.
Diéu nay chi c6 thé ly giai phuong phép tinh todn mic do
tuong tu gitta cac cdp ngudi dung trén tdp danh gid ngudi
ding clng céc dic trung san phidm chinh x4c hon so véi
phuong phap tinh toan mic do tuong tu gitta cac cdp nguoi
dung chi dua vao danh gia ngudi dung hodc hd so ngudi
dung. Phuong phap tinh todn muc dd tuong tu gitra cac cap
san phidm trén tp danh gid san phdm clng cic dic trung
ngudi dung chinh xac hon so v6i phuong phap tinh toan
miic do tuong tu gilta cdc cip sdn phidm chi dua vao d4nh
gia san pham hoic hd so san phim.

Phuong phap Semi-Learning cho lai gid tri MAE thip
nhit § tit ca cidc mic do thua thét di lidu khic nhau.
Déi v6i tap dit liéu kiém tra chi c6 5 danh gid biét trudc,
phuong phap Hybrid-UserBased va Hybrid-ItemBased cho
lai gia tri MAE lan luot 1a 0,793; 0,798 so véi 0,672 cla
phuong phdp Semi-Learning. Véi tap dit liéu ki€m tra chi
¢6 10 danh gid biét truéc, phuong phap Hybrid-UserBased
va Hybrid-ItemBased cho lai gi4 tri MAE 1an luot 1a 0,792;
0,788 so véi 0,629 cua phuong phdp Semi-Learning. Véi
tap dif liéu kiém tra chi c6 15 danh gid biét truc, phuong
phép Hybrid-UserBased va Hybrid-ItemBased cho lai gia
tri MAE 1an luct 1 0,791; 0,782 so vé6i 0,617 cia phuong
phdp Semi-Learning. Dic biét, véi tap dif liéu kiém tra cé
20 danh gia biét trudc, phuong phép cho lai gia tri MAE 1a
0,585. Diéu nay c6 thé khang dinh phuong phap xic dinh
do tuong tu dua trén tip khong thua dbi v6i ngudi dung va
séan phidm 12 hoan toan tin cdy. Phuong phdp chuyén giao
két qua du dodn gilta qua trinh ban gidm sat tap ddnh gid
ngudi ding clng tip dic trung sdn phdm va tip ddnh gia
san pham clng tip dic trung ngudi ding da han ché hiéu
qua vAn dé dit liéu thua cta cic phuong phép loc.

V. KET LUAN

Bai bdo di d& xudt mot mo hinh hop nhit giita loc cong
tac va loc theo noi dung bing phuong phap hoc ban gidm
sat. Phuong phdp dudc tién hanh bing cich hop nhét biéu
dién gi4 tri cdc dic trung san phim vio loc cong tic dé
théng nhét cic phuong phap du doan dua vao ngudi ding.
Sau d6, xay dung phuong phdp hop nhit biéu dién gia tri
céc dic trung ngudi dung vao loc cong tic d€ thdng nhit céc
phuong phap du dodn dua vao san phdm. Cudi cung, ching



t0i xay dyng phuong phdp hoc ban gidm sat d€ chuyén giao
két qué du dodn gilta hai phuong phap dy dodn theo ngudi
dung va dy dodn theo san phdm.

D€ phat huy wu diém va han ché nhugc diém cida cic
phuong phép loc, ching toi dé xuit xay dung hai kiéu ban
giam sat: ban giam sat trén tdp danh gia ngudi dung cung
tip dic trung sin phdm va bdn gidm sit tip danh gid sin
phdm cung tap dic trung ngudi dung. Ban gidm sit tap
ddnh gid ngudi ding cing tip dic trung sin phim dugc
tién hanh bang cach xdy dung tip khong thua d6i véi mbi
ngudi ding. B4n gidm sét tdp ddnh gid sin phim cling tip
dic trung ngudi ding dudc tién hanh biang cich xic dinh
tap khong thua dbi v6i mdi san phim. Dua trén céc tap
khong thua dbi v6i mdi ngudi ding va san phdm, ching toi
da han ché dugc qua trinh tinh todn mic dd tuong tu gitta
cdc cip ngudi dung, tap lang giéng cla cta ngudi dung va
san pham dé xac dinh cac két qua du doan chic chin. Trén
cd s§ cua hai qua trinh ban giam sat da dugc xdy dung,
chiing t6i d& xuit xay dung thuat toan hoc ban gidm sit dé
chuyén giao két qua du doan gifta cdc qud trinh ban gidm
sat. K&t qua thuc nghiém trén bo dif liéu thuc vé phim cho
thiy, phuong phap dé xuét cho lai két qua du dodn kha tét
trong trudng hdp du liéu thua.
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