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Hop nhat loc cdng tac va loc ndi dung bing

phuong phap hoc ban giam sat

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

Abstract. Recommender systems are the auto systems of
providing appropriate information and  removing
unappropriate information for users. The recommender
systems are built based on two main information filtering
techniques: Collaborative filtering and content-based
filtering.Content-based filtering perform effectively with
information in text form but had difficulty in features
seletion with multimedia information. Collaborative
filtering perform well on all types of information but had
problems when sparse data, new uses and new items.In this
paper, we propose a new unify model between collaborative
filtering and content-based filtering by a co-training
method. The experimental results on real data sets show
that the proposed methods utilize effectively the advantages
and limit disadvantages significantly of baseline filtering
methods.
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I. GIOITHIEU

Nguoi dung st dung cac dich vu Internet truc tuyén hién
nay ludn trong tinh trang qua tai thong tin. Dé tiép can duoc
thong tin hiru ich, nguoi dung thuong phai xur 1y, loai bo
phan 16n thong tin khong cén thiét. Hé tu van
(recommender systems) cung cap mdt giai phap nhim giam
tai thong tin bang cach dy doan va cung cap mot danh sach
ngan cdc san pham (trang web, ban tin, phim, video...) phu
hop cho mdi ngudi dung. Hé tw vin dugc xay dyng dua trén
tap gdbm N nguoi dung U = {Uy, Us,..., Ux} P = {p1, P2..,
Pw} 12 tap gdm M san pham. Mdi san pham XeP co thé 1a
hang hoa, phim, anh, tap chi, tai li€u, sach, bao, dich vu
hoic bit ky dang thong tin nio ma ngudi dung can dén. Méi
quan hé giita tdp ngudi dung U va tap san phim P duogc
biéu dién théng qua ma tran danh gia R={ ;i =1, 2, .N; x
=1, 2,.M }. Gia tri I, thé hién dénh gia ctia nguoi dung
u; €U cho mot sb san phdm X eP. Thong thudng gia tri Iiy
nhan mot gia tri thudc mién F = { 1, 2,.., g} dwoc thu thap
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truc tlep bang cach hoi ¥ kién nguoi dung hodc thu thap
gian tiép thong qua co ché phan hoi cuia ngudi dung. Gia tri
I =0 duoc hiéu ngudi ding u; chua danh gia hodc chua bao
gio biét dén san phdm x. Ma tran dénh gia cta cic hé théng
tu van thyc té thuong rat thua. Mat do cac gia tri ry=0 nho
hon 1%, hau hét cac gid trj ri con lai 1a 0 [2, 3]. Vi mot
ngudi ding can duoc tu véan ieU (duge goi 1a nguoi dung
hién thoi, ngudi ding can dugc tu vén, hay nguoi dung tich
cuc), nhiém vu cua cac phuong phép tu van 1a ggi y K san
pham méi phii hop cho ngudi dung i [1, 5].

Heé tu van cong tac duoc tiép can theo hai phwong phap
chinh: phuong phap tu van dya vao ngudi dung (user-
based) va tu van dya vao san phim (item-based). Dya vao
Ccac do do tuwong tu, mdi phuong phap dugc thuc hién thong
qua bdn budc: xac dinh muc do tuong tu gitra cac cap
ngudi ding hodc san pham, tim tap lang giéng cua ngudi
dung hodc san pham, dy doan muc d phu hop cua nguoi
dung hodc san pham dua trén 1ap lang giéng, va sinh ra ra tu
vén [2, 12, 13 ]. Do tap dit liéu danh gi4 cua nguoi diung déi
v6i san phdm thua nén ca hai phuong phap gap phai mot sb
han ché dudi day:

(i) Viéc tinh toan mirc d§ tuong ty gitta cac cdp nguoi
dung dua trén tap cac danh gid giao nhau nén hai
ngudi dung c6 danh gia giao nhau rat it nhung lai
gidng nhau vé gia tri danh gia thi hai ngudi dung nay
duogc xac dinh 13 hoan toan twong ty nhau. Nhidu cip
ngudi dung c6 danh gia khong giao nhau bat ky san
phidm nao thi hai nguoi dung nay duoc xac dinh 1a
hoan toan khong twong ti nhau. Ca hai didu nay khién
cho viée x4c dinh tap lang giéng, du doan va sinh ra tu
van cua cac phuong phéap user-based c6 két qua thap.

(i) Viéc tinh todn muirc d6 twong ty giita cac cip san phim
cling dua trén tap cac danh gia giao nhau nén hai san
phim c6 danh gi4 giao nhau rat it nhung lai giéng
nhau vé gi4 tri danh gi4 thi hai san pham nay dwoc xac
dinh 13 hoan toan tuong tu nhau. Nhiéu cdp san pham
¢6 danh gia khong giao nhau bat ky nguoi dung nao
thi hai san phim nay dwoc xac dinh 1a hoan toan
khong ty nhau. Ca hai didu nay khién cho viéc xac



Cdc cong trinh nghién cieu, phat trién va irng dung CNTT-TT

dinh tap lang giéng, du doan va sinh ra tw van cia cac
phuong phap item-based ciing c6 két qua thap.

Trong qua trinh nghién ctru thuc nghiém trén cac tap dir
lidu thyc, chung t6i phat hién thiy néu chi quan sat theo
nguoi ding thi nhidu cip ngudi dung gip phai van dé dir
liéu thwa, nhung khi quan sat theo san pham thi tip san
pham chua dugce nguoi ding danh gia khong han di thua.
Trong truong hop nay duy doan theo phuong phap item-
based c6 thé phat huy tac dung t6t hon phuong phap user-
based [7, 8, 9]. Nguoc lai, khi quan sat theo san pham,
nhiéu cip san pham gip phai van d¢ dir liéu thua, nhung khi
quan sat theo ngudi dung thi tdp ngudi dung chua danh gia
san pham khong hin da thua. Trong trudong hop nay du
doan theo phurong phép user-based co thé phat huy tac dung
t6t hon phuong phap item-based [7, 8, 9].

Mot khia canh quan trong khac dugc phat hién trong khi
thuc hién ddc 14p phuong phap user-based va item-based la
du doan theo phuong phap item-based s& lam cho mét sé
cip ngudi ding khong gip phai van dé dir liéu thua. Nguoc
lai, du doan theo phuong phap user-based s€ lam cho mot
sO cdp san pham khong gip phai van dé dir liéu thua. Chinh
vi vy, viéc hop nhat giita hai phuong phéap user-based va
item-based chéc chin s& cai thién dugc chit lvong du doan
va han ché dugc van @ dit liéu thua cta hé tu vén.

Trong bai bao niy, ching toi dé xuat mot mo hinh hop
nhat giita phuong phap user-based va item-based cho loc
két hop bang k¥ thuat hoc ban giam sat nham tan dung loi
thé va han ché vin dé dir liéu thwa ciia mdi phuong phap.
Thuat toan duoc xay dung dya trén hai tha tuc: ban giam sat
tap danh gia ngudi dung cung tap dic trung san pham va
ban giam sat tdp danh gia san phim cing tap dic trung
ngudi dung. Ban giam sat tdp danh gia nguoi dung cung tap
dic trung san phiam cho phép ta phat hién ra nhimg san
phiam moéi ¢6 kha ning cao phu hop cho mdi nguoi dung.
Nhing san pham méi dugc phat hién s& chuyen giao cho
qua trinh ban giam sat theo danh gia san pham cing tap dic
trung nguoi dung. Ngugc lai, thu tyuc ban giam sat tdp danh
gi4 san pham cung tap dic trung ngudi dung cho phép ta
phat hién ra nhiing nguoi dung méi cé kha nang phu hop
cao ddi voi ngudi ding. Nhitng ngudi ding méi dwoc du
doan s& dugc chuyén giao cho qua trinh ban giam sat theo
tap danh gia ngudi dung cung tap dic trung san pham. Hai
qua trinh ban giam sat dugc thuc hién dong thoi va bd sung
qua lai cac gia tri du doan chic chén cho nhau dé nang cao
chat lugng tu van.

Dé trong tdm vao nhitng déng gdp mébi ctia bai bao, Muc
tiép theo ching toi trinh bay phwong phap wéc lwong trong
s6 cac dic trung ndi dung ngudi dung va san phdm cua loc
ndi dung. Muc 3 trinh bay phuong phap hoc ban giam sat
dua vao danh gia nguoi dung, ddc trung san pham va dic
trung nguoi dung. Muc 4 trinh bay phuong phap thur
nghiém va danh gia. Muc cudi ding 1a két luan va hudng
phat trién tiép theo ctia bai bao.

Il. HOP NHAT BIEU DIEN GIA TRI CAC
PAC TRUNG NQI DUNG
Khoéng han ché tinh tong quat, ta gia thiét gia tri danh
gi4 ctia ngudi dung ieU d6i véi san pham xeP dugc xac
dinh theo cong thirc (1). Mdi san pham xeP dugc biéu dién
thong qua |C | ddc trung ndi dung C = {c;, Cy,..,Cc)} duoc
x4c dinh theo cong thirc (2). Mdi nguoi dung ieU duge
biéu dién théng qua [T| dac trung ngi dung T = {t;, t,.., tr}
duoc xac dinh theo cong thure (3).
v néungudi dung i danh gid sin phAdm x lav
T = {O néu ngudi dung i chwa danh gia san phdm x

@)

@
©)

{1 néu san phm x c6 dic trung s
st =

0 néu san phdm x khong co6 dic trung s
o= {1 néu ngudi dung i ¢6 dic trung q
4 7 |0 néu ngwdi dung i khéng cé dic trung q

Vi du véi hé gdm 3 nguoi ding U = {uy, Uy, Uz}, 4 san
phim P = {py, P2, Ps Ps}. Trong d6, ma tran danh gia R
dugc cho trong Bang 1; Ma tran dédc trung ndi dung san
pham C duoc cho trong Bang 2; Ma tran dic trung ndi dung
ngudi dung T duoc cho trong Bang 3. Hé tu van cong tac
dugc xay dung dua trén ma tran danh gid R [7, 12]. H¢ tu
van nodi dung dugc xay dung dua trén ma trén cac dac trung
ndi dung C va T [10, 11]. H¢ tu van lai xay dung dya trén
macabamatrdn R, CvaT [3, 4, 5].

Bang 1. Ma tran dénh gia R

P1 p2 Ps P4
ug 5 0 4 0
u, 0 4 0 3
Us 0 5 4 0

Bang 2.Ma tran dic trung san phdm C

Cy1 Cy C3
01 1 0 1
P2 1 1 0
Ds 1 0 1
Pa 0 1 1

Béng 3.Ma tran dac trung nguoi dung T

tl tz t3 t4
Uy 1 0 0 1
U, 1 0 1 0
Us 0 1 0 1

I1.1. Hop nhit hé so ngudi diung ciia loc ndi dung
vao ma tran danh gia

Dé xay dung duoc hd so sir dung cac dic trung san phim
cua ngudi dung ta can thuc hién hai nhiém vu: xac dinh tap
san pham nguoi dung di timg truy cdp hay sir dung trong
quéa khir va u6c luong trong s6 mdi dic trung ndi dung san
phém trong hd so ngudi dung [3, 4, 6, 11]. Goi P;cP dugc
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xac dinh theo (4) 1a tap san pham ngudi ding icU da danh
gi4 cac san pham xeP. Khi d6, P; chinh 1a tap san pham
nguoi dung dd tung truy cdp trong qua khir dugc céc
phuong phép tu van theo ni dung sur dung trong khi xay
dung ho so nguoi dung. Van d€ con lai 1a 1am thé nao ta
udce luong dugce trong sb mdi dic trung seC ddi v6i mdi hd
so nguoi dung ieU.

P={x€eP|r,#0 (i€ lU)} (4)
Goi Item(i, s) 1a tap cac san phim xeP; chia dyng dic
trung s€C dugc xac dinh theo cong thuc (5). Khi do6,
|Item(i , s)| chinh 13 sb 1an nguoi ding icU sir dung cac san
phim xeP chira dung dic trung seC trong qua kh.
Item(i,s) ={x EP;|cxs #0 (i€eU,seC)} (5)
Dé han ché mot sd dic trung ndi dung it dugc ngudi dung
quan tim nhung van dugc danh gia vdi trong s6 cao ching
t61 thuc hién quan sat trén tap Item(i, s) néu [ltem(i, s)| vuot
qua mot ngudng 6 nao do thi trong sé dic trung nodi dung
san pham seC dbi v6i nguoi dung ieU 1a wis duogc tinh
béng trung binh cong cuia tat ca cac gia tri danh gid. Truc‘mg
hop \Item(l s)| ¢6 gia tri bé hon 0, gia tri wis dugc tinh bang
téng clia tit ca cac gia tri danh gia chia cho 6.

1
. {mZXEItem(i,s) Ty néu |Item(i,x)| = 6
s —

1 ~ .
3 Zxeltem(i,s) Tix néu |Item(i,x)| <0

Gia tri Wi dugc udc lugng theo (6) phan anh quan diém
cua nguoi dl‘mg icU dbi véi cac dic trung ndi dung san
pham seC. Dé dang nhan thay wiseF, trong d6 F = {1, 2,

., @}. Chinh vi vay, ta c6 thé xem mdi dic trung ndi dung
san phim dong vai tro nhu mot san phim phy bd sung vao
tap san pham. Dya trén nhan xét nay, chiing t6i hop nhat ma
tran danh gia cia loc cong tac va hd so nguoi dung cua loc
n6i dung thanh mé hinh biéu dién hop nhét giita danh gia
ngudi dung cua loc cong tic véi cac diac trung san pham
cua loc ngi dung. Ma trin danh gia mé rong theo hd so
nguoi dung dugc xac dinh theo (7). Trong do6, x =s (s€C)
dong vai trd nhu mot san pham phu bd sung vao ma tran
danh gia vé phia san pham.

Tix néux € P
Tir = {Wis néusecC (x=s) ()

Vi du véi hé ¢6 ma tran danh gia theo Bang 1, ma tran
dic trung san phdm theo Bang 2, ma tran dic trung ngudi
dung theo Bang 3, chon 6 = 2, khi d6 ta s€ tinh toan duoc
tap ho so nguoi ding {wis: ieU, seC} trong Bang 4 va ma
tran danh gid mé rong theo (7) trong Bang 5.

Bang 4. Ma tran hd so ngudi ding wi

Cy Cy C3
Uq 4 0 4
U, 2 3 1
Uj 4 2 2

Bing 5. Ma trén d4nh gia m& rong riy theo hd so ngudi ding

Pi| P2 Ps3 Ps| Ci| Cp| Cg
Up 5 0 4 0 4 0 4
U 0 4 0 3 2 3 1
Us 0 5 4 0 4 2 2

He¢ tu van duge xac dinh theo (7) da tich hop day du danh
gid ngudi dung va trong sd cac ddc trung san pham. Chinh
vi vay, cac phuong phap tu van két hop dua vao nguoi dung
déu c6 thé dé dang trién khai trén ma tran danh gia mo rong
theo hd so nguoi ding [3, 4, 5].

11.2. Hop nhit hd so' san phim ciia loc ndi dung
vao ma tran danh gia

Tuong tu nhu ho6 so nguoi dung, hd so san pham luu trir
lai du vét cac ddc trung ndi dung nguoi dung da tung st
dung san pham. Dé xay dung dwoc ho so san phim ta can
thyc hién xac dinh tdp nguoi dung da timg s dung san
phiam trong quéa khir va woc luong trong. s6 moi dic trung
ndi dung ngudi dung trong hd so san pham [3]. Goi U,cU
dugc xac dinh theo cong thire (8) 1a tdp nguoi dung ieU da
sir dung san pham xeP. Khi d6, Uy chinh 14 tap nguoi dung
can duoc luu lai cac gia tri dac trung ndi dung trong hd so
san phém. Vén dé con lai 1a 1am thé nao ta wdc luong duoc
trong s6 mdi dic trung qeT ddi voi méi hd so san pham
xeP.

U ={ieU|r,+0 (xeP)} (8)

Goi User (x, q) la tap nguoi dung i€U,c6 dic trung qeT
dugc xac dinh theo cong thte (9). Khi d6, |User(x,q)| chinh
1a s6 1an san pham xeP duoc tap ngudi ding iU c6 dic
trung ndi dung qeT st dung trong qua khu.
{ieU,|t;y#0 (xeP,qeT} (9)

Gidng nhu ngudi dung, ban than cac san phim ciing da
ton tai mot phép danh gia ty nhién cua tap ngudi ding ddi
v6i san pham thong qua gia tri danh gia ri,. Do vy, ching
t6i d& xudt phuwong phép trich chon dic trung ndi dung
nguoi dung ¢ cung mirc d§ danh gia voi gia tri danh gia ri.
beé thuc hién diéu nay, chung tdi tién hanh quan sat trén tap
User(x, q). Néu g1a tri |Item(i, S)| vuot qua mot ngudng 6
nado do thi trong s6 ddc trung noi dung nguoi dung qeT ddi
Vv6i san pham xeP l1a Vig duoc tinh bang trung binh cong cia
tat ca cac gia tri danh gia. Truong hop |User(x, q)| c6 gia tri
bé hon 0, gia tri V,q duoc tinh bang tong cua tat ca cac gia
tri danh gia chia cho 6.

User(x,q) =

ZiEUser(x,q) Tix néu |US€T(X, lI)| =0

1
Vg = {1 |User(x,q)| ) (10)
EZieUser(x,q) Ty néu |User(x,q)| <@

Gia tri Vg duoc udc lugng theo (10) biéu dién ho so san
phim xeP di duoc tp nhitng ngudi dung ieU chua dung
dic trung qeT sir dung. Vi vay ta c6 thé xem mdi dic trung
ndi dung nguoi dung dong vai tro nhu mot ngudi dung phu
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bd sung vao tap ngudi ding. Dua trén nhan xét nay, ching
t6i hop nhat ma trdn danh gia ciia loc cong tac va hd so san
phim cua loc ndi dung thanh mé hinh biéu dién hop nhét
giita danh gia san pham ciia loc cong tac véi cac dic trung
nguoi dung cua loc ndi dung. Ma trén danh gia md rong
theo hd so san pham dugc xac dinh theo cong thirc (11)
Trong d6, i=q (qeT) dong vai tro nhu mot san phim phu b6
sung vao dé mo rong ma tran danh gia vé phia san pham.
Tix néuieUvar, #0
= ‘ 7 (11)
o qETvavy, #0((=q)
Vi du véi hé c6 ma tran danh gia theo Bang 1, ma trn
dac trung nguoi dung theo Bang 3, chon 6 = 2, khi d6 ta s€
tinh toan duoc tap hd so san pham {Vqx : xeP, qeT} trong
Bang 6 va ma tran danh gia mo rong vé phia nguoi dung
theo (11) trong Bang 7.

Bang 6. Ma tran hd so san phdm Vox

P1 P2 Ps3 P4

ty 2 2 2 1

t, 0 0 2 0

t3 0 2 0 1

ty 2 2 4 0

Bang 7. Ma tran danh gia m& rong riy theo hd so san phim

P1 P2 Ps3 P4
Uy 5 0 4 0
U, 0 4 0 3
Uz 0 5 4 0
t 2 2 2 1
t 0 0 2 0
3 0 2 0 1
1y 2 2 4 0

Hé tu van dugc xac dinh theo (11) dé tich hop ddy du
danh gia san phdm va trong sé cac ddc trung nguoi ding.
Chinh vi vdy, cac phwong phap tu vin két hop theo san
phim déu c6 thé dé dang trién khai trén ma trdn danh gia
mé rong theo hd so san pham [3, 13].

I11. M6 hinh hoc ban giam sat cho loc két hop

Nhu da d& cap & trén, cac phuong phap tu van dya vao
(7), (11) déu gap phai van dé du liéu thua [1, 3]. Dé khic
phuc diéu nay, ching t6i dé xuét thuat toan tu van két hop
bang phwong phap hoc ban giam sat. Phuong phap dugc
tién hanh nhu duéi day.

111.1. Ban giam sat tap danh gia nguwoi dung cung tip
diic trung san phim

Dé han ché anh huéng cia van d& dir liéu thua, véi mdi
nguoi dung ieU chung t6i xay dung tap S; dugc dinh nghia
theo (12) dé giam sat viéc tinh toan mirc do tuong tu gitra
cac cap nguoi dung. Trong do, P; dugc xac dinh theo (4), C
duogc xéc dinh theo (13).

S;={j eU:|P,nP| =06,va|C;inCj| = 6,} (12)

Ci={SEC:TiS¢O} (13)

S; dugce xac dinh theo (12) 1a tap nguoi dung jEU b sb
lugng danh gid giao nhau v6i nguoi dung i it nhit 13 6, san
pham va sd luong céc dic trung san phdm giao nhau it nhat
1a 6. Hai hing s nguyén duong6, va 6 duoc chon di 16n
trong tap dir liéu hudn luyén dé S; khong con 1a tap dir liéu
thua. Dya vao S; va d6 twong quan Pearson[4, 9], ching tdi
ban giam sat viéc tinh toan mrc d§ tuong tu gilra cac cap
nguoi dung cua loc cdng tac theo cong thuc (14), ban giam
sat viéc tinh toan muc d tuong tu gilta cac cap nguoi dung
cua loc ndi dung theo cong thic (15), ban giam sat viéc tinh
toan mirc do twong tu giita cac cap ngudi ding cua loc két
hop theo cong thuc (16).

0 néu j £S;

a; = ZxepinP [ (Tix—TO(7 7)) _ néuj €S, (14)
JZxEPinPj(rix_ﬁ)zJExePinPj(zj_FJ)
0 néu j £S;

by = Tsecine;(ris=) (rjs=;) néuj €S, (15)

JZseCinC/(Tis—ﬁ)ZJZSECinC/(r/S_ﬁ)

e =) (rjx=5)

u; = { JExerian (=02 [Exemon (rie-?

0 trong cac truong hop khac

néuj € S; va a;; 2« va b;; 2

(16)

Trong d6, P; dugc xac dinh theo (4), C; duoc‘ xac dinh
theo cong thite (13); H;, 7; , ¥, ; duge xac dinh tuan tu theo
(17), (18), (19), (20).

H; = P, U (; 17)
n= WlplexEPinPj Tix (18)
¥ = e Ssecing; s (19)
= i St i (20)

RO rang, a;j duoc xac dinh trén S; theo (14) chinh xac
hon so véi @ duoc xdc dinh trén toan b tdp nguoi dung U
trong tap dir liéu huén luyén vi S; chiéu 1én cac cot san
phdm khéng phai 1a tap dit liéu thua. Gia tri bij duoc xac
dinh trén S; theo (15) chinh xac hon so véi by dugc xac dinh
trén toan bd dac trung san phim C vi S; chiéu 1én cac cot
dic trung san phim ciing khong phai 1a tap dir lidu thua.
Gia tri u;; duoc xac dinh theo (16) tin cay hon so voi Uj; Xac
dinh trén toan bo tap ngudi dung vi S; khong phai la tap di
liéu thua trén toan bo P U €. Hon thé nira, hai ngudi dung i,
j 6 muc do twong tu theo danh gia nguoi dung va tuong tu
theo hd so ngudi dung phai vuot qua mot ngudng o nio do.
Ngudng o duge xac dinh thong qua kiém nghiém. Trong
bai béo nay, bang thuc nghiém chung t6i chon 0=0.9 dé c6
duogc két qua tot nhat.

Sau khi xac dinh dugec mirc d§ twong tu gitra cac cap
nguoi dung, ching toi xay dung tap lang gieng cho ngudi
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ding i€U theo cong thire (21). Phuong phép du doan céc
san pham méi x P chua duge ngudi dung i biét dén duogc
thue hién theo cong thire (22)[1, 12].

KL' = {] € Si: ui]- > a} (21)
_ =, Zjek(rix—wi;
Tie =10 Yjex;luijl 22)

Nhirng san pham méi xeP ¢6 gia tri du doan ri theo (22)
la nhitng dy doan tin cay dugc bd sung vao ma tran danh
gid mo rong theo hd so san pham dé phuc vu qué trinh ban
giam sat theo tip danh gia san phiam cung tip dic trung
nguoi dung. Phuong phdp ban giam sat tdp danh gia san
phiam cing tap dic trung ngudi dung s& duoc ching t6i
trinh bay trong muc tiép theo ciia bai bao.

I11.2. Ban giam sat tip danh gia sin phim cung tip dic
trung nguoi dung

Tuong ty nhu ngudi ding, véi mdi san pham xeP chlng
t61 xay dung tp S, dwoc dinh nghia theo cong thirc (23) dé
giam sat viéc tinh todn mtrc d§ twong tu gilra cac cap san
phém. Trong do, Uy duoc xac dinh theo cong thic (8), Ty
duogc xéc dinh theo cong thirc (24).

Se={yeP:|U;,nU,| = yva|T.nT,| = 7,} (23)

T,={q €T:ry, # 0} (24)

S, dwoc xac dinh theo (23) 1a tap san pham yeP co sb
luong ngudi dung danh gia giao nhau véi san pham X it nhét
1a 71 va sb luong cac dic trung nguoi ding giao nhau it nhat
1a 7. Hai hiang s6 nguyén duong 3 VA j»duoc chon du 16n
trong tap dir liéu huan luyén dé S, khong con 1a tap dir liéu
thua.Dya vao S va do twong quan Pearson, chung t6i ban
giam sat viéc tinh todn mirc d§ tuong tu gilta cac cap san
pham cua loc cong tac theo cong thirc (25), ban giam sat
viéc tinh toan murc d6 tuwong tu gitra cac cip san phim cua
loc ndi dung theo cong thirc (26), ban giam sat viéc tinh
toan muc do tuong ty gitta cac cip san phdm cia loc két
hop theo cong thirc (27).

0 néuy S,
ay, = SievxnuyTix=T0(Tiy=Ty) - néuy €S, (25)
\/Zieuxnuy(rix_a)z\/EieuxnUy(Ti)’_@)
0 néuygS,
bxy — ZqETXnTy(Tq;f_r})(rqy_@) > néuy €S, (26)
JZqETXﬂTy(qu_f;‘) \/quTXnTy(Tqy‘*})

b (rix=T)( )
HxnHy! vy = néuy €S, vaay,, = avab,, > a
Pey = Jz.g,,xmy(nx—ﬁ)zJ}:isH,ﬁHy(nrry) @)

0 trong cac truong hop khac

Trong d6, U, duoc xac dinh theo cong thic (8), Ty dugc
xac dinh theo cong thirc (24), Hy, 7% , 7, I dugc xac dinh
theo cong thirc (28), (29), (30), (31), theo thur ty .

H,=U,VUT, (28)
— 1
= |anUy|ZiEanUy Tix (29)

1
T TenTy|
1
[HxNHy|
R@ rang, ay duogc xac dinh trén S, theo (25) chinh xac
hon so voi ay, duoc xac dinh trén toan b tap san pham P
trong tap dit liéu huan luyén vi S, chon trén cac hang ngudi
dung khong phai 1a tap dir liéu thua. Gia tri b,, dugc xac
dinh trén S, theo (26) chinh xac hon so véi by, dugc xac
dinh trén toan bo tp dac trung gudoi dung T vi Sy chon trén
cac hang dac trung nguoi dung cling khong phai 1a tap di
liéu thua. Gia tri Uy duoc xdc dinh theo (27) tin cdy hon so
voi Pxy xac dinh trén toan bd tap san phiam va dic trung
nguoi dung vi S, khéng phai la tap dix liéu thua trén toan bo
U U T. Hon thé nita, hai san pham X, y c¢6 mirc do tuong tu
theo danh gi4 san phim va tuong ty theo hd so san phim
phai vugt qua mdt ngudng a nao d6. Ngudng o dugc xac
dinh thong qua kiém nghiém. Trong bai béo ndy, bang thuc
nghiém chung t6i chon 0=0.90 dé c6 duoc két qua tot nhat.

(30)

quTany rqx

eyt

(1)

<30

ZieHany Tix

Sau khi xac dinh dugc muc do twong ty gilta cac cap
san pham, ching t6i xy dung tap lang giéng cho san pham
XxeP theo cong thic (32). Phuong phap du doan murc do
phut hop cua ngudi dung iU dbi véi san pham x P duge
thuc hién theo cong thirc (33)[1, 9, 13].

K, ={y €S:: pyy > 0}

_ Zyer DxyTiy

(32)

Tix

SyekxlPxyl (33)

Gia tri duy doan ri theo (33) phan anh muc d6 phu hop
clia ngudi dung iU dbi v6i san pham xeP duoc bd sung
vao ma tran danh gi4d mé rong theo san phdm dé phuc vu
qua trinh ban gidm sat theo tap danh gia nguoi dung va tap
dic trung san pham. Hai qua trinh ban giam sat dwoc thuc
hién dong thoi va bd sung qua lai cho nhau cac gia tri du
doan chic chin ri, dé nang cao két qua tu van. Thudt toan
hoc ban giam sat dong thoi trén tap danh gia nguoi dung,
ddc trung san pham, tdp danh gia san pham va déc trung
ngudi ding s& dugc chung toi trinh bay trong muc tiép theo
cua bai bao.

I11.3. Thuit toan hoc ban giam sit cho loc két hop

Nhu da dugc trinh bay ¢ trén, phuong phap ban giam sat
theo danh gia ngudi dung cung tap dac trung san pham cho
phep ta phat hién nhirng san phim méi phi hop nhét déi véi
moi nguoi dung. Phuong phap ban giam sat theo danh gia
san pham cung tap dic trung ngudi dung cho phép ta phat
hién nhiing nguoi ding méi phu hop nhat d6i voi mdi san
phim. Trong muc niy, ching t6i dé xuat xay dung thuat
toan hoc ban giam sat dong thoi dé xir Iy qué trinh chuyén
giao két qua du doan giita qua trinh ban gidm sat tir tap
danh gia nguoi ding cung tap dic trung san pham dén qua
trinh ban giam sat tir tip danh gia san phdm cung tap dic
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trung nguoi dung. Thuat todn dwoc md ta chi tiét nhu trong
Hinh 1.

Pau vao:

- Ma trgn R ={ry } duoc xdc dinh theo (I).

- Ma trgn C ={c} duoc xdc dinh theo (2).

- Matran T ={Ciy} duoc xdac dinh theo (3).

- Nguwoidung iU la nguoi dung can dwoc tw van.
Piura:R=RO = [r:i=12,., N, x=12,.,M}.
Cic bude tién hanh:

Begin
Buwére 1( Khoi tao):
t<=0;/khéi tao s6 buce Idp ban dau la 0
RO = {rifj’) = rei=1,2,.,N;x=1,2, ...,M};
Budrc 2 (Bude lap):

Repeat
2.1.B4n gidm sat thp danh gid ngudi dung va tap déc
trung san pham:

a) Xdc dinh trong s6 cdc dic trung néi dung sdn

phédm Wi(st) tai vong lap thir t theo cong {ht&’c (6).

b) Mo réng ma trdn danh gia theo ho so nguoi

dung rig) tai vong lap thir t theocong thire (7).

¢) Xac dinh S theo cing thike (12).

d) Tinh toan v}’ theo cing thiic (16).

e) Xac dinh K theo cong thirc (21).

f) Dy dodn gid tr.irig-t)theo cong thirc (22).
2.2.B4n giam sét tap danh gi4 san phim va tap dac
trung ngudi dung:

a) Xdc dinh trong sé cdc dic trung ngi dung

®)

nguoi ding Vg,

10).
E)) J)l/[é réng ma trdn danh gia theo ho so san
phdm rig) theocdng thire (11).
¢) Xdc dinh S,(ct) theo cong thirc (23).
d) Tinh toan p<) theo cong thike (27).
e) Xdc dinh K& theo cong thirc (32).
f) Du doan gia tr.iriit) theo cong thirc (33).
2.3. Tang budc lap : tet+1,;

tai vong lap thir t theo cong thiic

UntilConverges.
Buére 3(sinh ra tw van):

<Sdp xép cdc sin pham theo thir tw gidm dan ciia rigct)>;
<Chon k san pham x dau tién tu van cho nguoi dung i>;

End.

Hinh 1. Thuat toan hoc ban giam sat
Tai budc (2.2), qua trinh ban giam sat theo tap danh gia
san pham va tap ddc trung ngudi dung dugc thyc hién tuan
tu theo cac budc (2.2.a), (2.2.b), (2.2.c), (2.2.d), (2.2.e),

(2.2.f). Tai bude (2.2.a) ta xéc dinh duge v'Y phan anh
quan diem cﬁaqtép nguoi dung co dac trung ndi dung qeU
doi véi san pham x eC cua vong ldp thir (t) theo cong thiic
(10). Str dung v,g,? , tai budc (2.2.b) ta xay dung duoc ma
tran danh gia m& rong theo ho so san pha}m cua vong lap
thor (t) theo cong thuc (11). Dua vao két qua cua budc
(2.2.b), tai budc (2.2.¢) ta xéc dinh dwoc tap S 1a tap dit
liéu khong thua doi voi san pham x P cua vong lap thur (t)
theo cong thiic (23). Str dung S, bude (2.2.d) ta xéc dinh

duoc p,(cg,) 1a mirc d6 twong ty giita cac cap san pham X, y P

trén ca tap danh gia san phim va tap dic trung nguoi ding
cua vong lap thir (t) theo cong thire (27). Sau khi tinh toan
duge pl), tai budce (2.2.¢) ta x4c dinh duge K. 12 tap lang
giéng cla san pham X cia vong lap thi (t) theo cong thic
(32). Cudi cung, tai bude (2.2.1) ta dy doan duogc gia tri rigf)
phan anh mirc d6 phu hop ciia ngudi dung i €U ddi véi san
phim xeP cua vong lp thi (t). Cac gia tri rigf) duy doan
duoc tai vong lap thir (t) s€ dugc cap nhét lai trong ma tran
danh gia mo rong RY va chuyén giao cho qua trinh huﬁin
luyén theo tap danh gia nguoi cung tap dac trung san pham
tai budc lap tiép theo cta thuat toan.

Tai budc (2.3), sé luong vong ldp (t) duoc tang 1én 1 don
vi va t}luét toan tiép tuc ldp lai qua trinh huan luyén dong
thoi tiep theo. Thuat toan s€ hoi tu tai vong lap thu (t) cod

@ _ . @-1) (&) _  (t-1)
Ui = Uy " VaADyxy = Pxy

qua trinh tao nén tu van duge thue hién don gian bé’mg cach

® 4
1 sau do

. Tai budc 3 cua thuat toan,

sap xép theo thur tu giam dan céc gia tri du doan 7
chon k san pham X c6 gié tri rb(:) 16n nhét tu van cho nguoi
dung i.

IV. PANH GIA THUC NGHIEM

Pé danh gia hiéu qua cua cac phuong phap tu van két
hop d& xuat, chung toi tién hanh thir nghiém trén bo dir lidu
thuc vé phim[14]. Phuong phap trinh bay & trén dugce danh
gia va so sanh véi cac phuong phap khac theo tha tuc mo ta
duoi day.

IV.1. Dir li€éu thir nghiém

Thuat toan hoc ban giam sat cho loc Kkét hop duogc thir
nghiém trén by dir liéu MovieLens cuia nhom nghién ctu
GroupLens thudc truong dai hoc Minnesota [14]. Téap di
liéu MovieLens c6 ba lua chon voi kich thudc khac nhau
lan luwot la: MovieLens 100KB, MovieLens 1MB va
MovieLens 10MB. Trong do, tap dir liéu MovieLens
100KB 1a tap con cua tdp MovieLens IMB. Tép dit li¢u
MovieLens 1MB cung cap day di tap ddc trung san pham
va nguoi dung kém theo tdp danh gia nguoi dung. Tap di
liéu MovieLens 10M tuy 16n nhung khong cung cap tap dic
trung nguoi dung va tap dic trung san pham. Chinh vi vy,
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chung t6i sir dung tap dit liéu MovieLens 1M dé tién hanh
thir nghiém cho phuong phap d& xuat.

Tap dir liéu MovieLens gém 1MB danh gia cta 6040
nguoi dung cho 3952 phim. Gia tri danh gia duogc thuc hién
tir 1 dén 5. Mirc d6 thua thét dir liéu dénh gia 13 99.1%. Di
lidu cy thé duoc cung cép trong céc file sau [14]:

e u.data: luu trir day du 1MB danh gia cta 6040 nguoi
ding cho 3952 phim. Mdi ngudi dung dénh gia it nhét
20 phim. Mdi hang déu c¢6 cung céu tric: user id | item
id | rating | timestamp.

e uinfo: File luu s6 lugng nguoi ding, sé lwong san
pham, s6 lugng xép hang cua tap dit liéu. File u.item luu
thong tin vé phim.

e u.genre: File luu danh sach 19 thé loai phim khac nhau.
Pay la tap dic trung ndi dung san pham duoc ding
trong thir nghiém phuong phap dé xuat. Chung toi tach
trong IMDB dé lay tap dic trung nudc san xudt, hing
phim, dao dién dé lam tip dic trung phim. Chung toi
tach dugc 46 nude, mdi nude co tdi thiéu 20 phim; 72
hing san xuat, mbi hing gidi thiéu it nhat 20 phim; 734
dao dién cho tat cac cac phim.

e uuser: File luu thong tin vé nhitng nguoi dung. Cac
hang c6 céu trac chung : user id | age | gender |
occupation | zip code. User id dugc sir dung trong tap dir
liéu u.data. u.occupation: File Ivu danh sach cac nghé
nghiép. Déy la tap dac trung ndi dung ngudi dung duoc
dung trong thir nghiém phwong phép dé xuit.

IV.2. Phuong phap thir nghiém

Trudc tién, toan b dir liéu thir nghiém dugc chia thanh
hai phén, mot phﬁn Uy duge st dung lam dir liu huén
luyén, phan con lai Uy dugc sir dung dé kiém tra. Tap Uy
chtra 80% danh gia va tap Uy chira 20% danh gia. Dt liéu
huan luyén duoc st dung dé xay dung mé hinh theo thuat
toan mo ta ¢ trén. Vi moi nguoi dung i thudce tap dir liéu
kiém tra, cic danh gia (dd co) ctia nguoi ding dugc chia
lam hai phan O; va P;. O; duoc coi 1a da biét, trong khi d6 P;
1a danh gia can du doén tir dir liéu huin luyén va Oi[4, 9].

Sai s6 du doan MAE, véi mdi khach hang u thudc tap dir
liéu kiém tra dugc tinh bang trung cong sai so tuyét dbi giira
gia tri du doan va gia tri thuc ddi voi tit ca mat hang thudc
tap Py.

MAE, = (34)

1 a
ﬁZyEPu |Tuy - ruyl

_ Sai s6 du doan trén toan tap dir liéu kiém tra dwoc tinh
bang trung binh cfng sai s6 dy doan cho moi khach hang
thudc U.Gid tri MAE nhé thi phuong phép du doan c6 do
chinh xac cao [3, 9].

ZueUte MAEy

MAE =
|Utel

(35)

IV.3. So sdnh va danh gia

Phuong phap hoc ban giam sat dé xuat trong Muc 3 (ky
hiéu la Semi-Learning) duoc thir nghiém va so sanh véi
nhiing phuong phap sau:

- Phuong phap tur van cong tac dua vao ngudi ding sir

dung d6 twong quan Pearson(ky hiéu la CF-UserBased)
[1, 12].

- Phuong phap tu van cong tac dya vao san pham si
dung d6 twong quan Pearson (ky hiéu la CF-
ItemBased) [1, 13].

Phuong phép tu van ngi dung dya vao ho so nguoi
dung st dung do tuong quan Pearson (ky hiéu |a CBF-
UserBased) [11].

Phuong phap tu van noi dung dua vao hd so san pham
sir dung d6 tuong quan Pearson (ky hiéu la CBF-
ItemBased) [10].

Phuong phap tu vin hogp nhat giira user-based va item-
based st dung d6 tuwong quan Pearson (ky hi¢u la
Unify-Userltem) [8]. Day 1a phuong phép tu van cac
san pham cd muc d6 tuong ty cao cuta ca hai phuong
phap user-based va item-based.

Phuong phap tu Vafm két hop dua vao nguoi ding va tap
dac trung san pham st dung d6 tuong quan Pearson
(ky hiéu la Hybrid-UserBased). Déy la phuong phép tu
van két hop dya vao d¢ tuong quan Pearson duogc dé
Xuit theo cong thirc (16).

Phuong phap tu van két hop dua theo san pham va tap
dac trung nguoi dung su dung d6 tuong quan Pearson
(ky hiéu la Hybrid-ItemBased). Pay 1a phuong phap tu
van két hop dwa vao d6 tuong quan Pearson dwoc dé
Xuit theo cong thire (27).

Lay ngiu nhién 4000 nguoi dung trong tap MovieLens
lam dir licu huin luyén. Chon ngau nhién 1000 nguoi ding
trong s6 con lai dé lam 4 tap dit liéu klem tra (testl.inp,
test2.inp, test3.inp, test3.inp). Dbi V01 mdi tap dir liéu kiém
tra, ching toi thyc hién loai bo ngau nhién cac danh gia sao
cho sb cac danh gia biét trudc cua mdi ngudi dung ddi véi
san pham chi con lai 1a 5, 10, 15 va 20 danh gia. Tap
test].inp, test2.inp, test3.inp co s6 danh gia gia biét trudc
lan luot ciia mdi nguoi dung la 5, 10, 15 twong tng voi
truong hop dit liéu huin luyén thua. Tap testd.inp c6 sd
danh gia gia biét trude 1a 20 twong tmg voi trudng hop dir
liéu huén luyén tuwong déi déy da. Chon 6 =4, 8, 12, 15 Gng
v6i mdi bo test theo th tu dé xac dinh xac dinh w, Vgx theo
cong thirc (6), (10). Chon 6= 4, 8, 12, 15 (cho mdi tap dir
lidu theo thir ty), &= 10 vd a=0.9 (cho tt ca cac tap dir
liéu kiém tra) dé xac dinh Si, U5, K; theo cong thirc (12),
(16), (21), va S, pxy, K theo cong thirc (23), (27), (32). Gia
tri MAE trong Bang 8 duogc ldy trung binh cuia 10 lan thir
nghiém ngau nhién. Gi4 tri MAE nhé ching t6 phuong phap
¢6 két qua dy doan t6t [3, 9, 7].
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Bang 8. Gia tri MAE cua cac phuong phap

SO lugng déanh gia biet trude trong tap kiém tra
Phuong phap
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
UNIFY-USERITEM 0.812 0.798 0.775 0.774
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

Két qua trong Bang 8 cho thdy phuong phap tu van noi
dung CBF-UserBased, CBF-ltemBased duya vao hd so
ngudi dung va hd so san pham cho lai gia tri MAE 16n nhat
s0 Vi cac phuong phap con lai. Phuong phap tu van cong
tdc CF-UserBased, CF-ltemBased cho lai gia tri MAE nho
hon so vé6i cac phuong phép tu van theo ndi dung. Phuong
phdp Unify-Userltem cho lai gia tri MAE tét hon hai
phuong phap CF-UserBased, CF-ItemBased . Nhing két
qua nady hoan toan phu hop véi nhiing nghién ctru trudc
day[1, 2, 3].

Phuong phap Hybrid-UserBased cho lai gia tri MAE
thap hon nhiéu so vdi phuong phap CBF-UserBased va CF-
UserBased. Cu thé ung véi s6 lugng danh gia biét trudce
trong tap kiém tra 1a 5, 10, 15, 20 thi phuong phap CBEF-
UserBased va CF-UserBased cho lai gia tri MAE lan luot 1a
0.865, 0.859, 855, 0.835 va 0.824, 0.817, 0.821, 0.813 so
véi 0.793, 0.792, 0.791, 702 cua phuong phap Hybrid-
UserBased. Phuong phap Hybrid-ItemBased ciing cho lai
gi4 tri MAE thip hon so v6i phuong phap CBF-ltemBased
va CF-ItemBased. Véi sb luong danh gia biét trude trong
tap kiém tra 1a 5, 10, 15, 20 thi phuong phip CBEF-
ItemBased va CF-ltemBased cho lai gia tri MAE lan luot 1a
0.894, 0.833, 875, 0.845 va 0.846, 0.841, 0.836, 0.815 so
voi 0.798, 0.788, 0.782, 0.695 cia phuong phap Hybrid-
ItemBased. Diéu nay chi co thé 1y giai phuong phap tinh
toan muc d§ tuong tu gilta cac ciap nguodi dung trén tap
danh gia nguoi dung cung cac dic trung san pham chinh
xac hon so v6i phuong phap tinh toan murc do tuong tyu gitra
cac cap nguoi dung chi dua vao danh gia nguoi dung hoac
hé so ngudi dung. Phuong phap tinh toan mic d6 tuong ty
giita cac cdp san phim trén tdp danh gi4 san phdm cung cac
dac trung ngudi dung chinh xac hon so vdi phuong phép
tinh toan mirc do tuong tu giira cac cip san pham chi dya
vao danh gia san phdm hodc ho so san pham.

Phuong phap Semi-Learning cho lai gia tri MAE thap
nhét ¢ tat ca cac muc do thua thét dir liéu khac nhau (gid tri
dwoc in ddgm trong Bang 8). Pbi véi tap dit liéu kiém tra chi
¢6 5 danh gia biét trude, phuong phap Hybrid-UserBased

va Hybrid-TtemBased cho lai gia tri MAE lan luot 13 0.793,
0.798 so véi 0.672 cia phuong phap Semi-Learning. V&i
tap dit liéu kiém tra chi co 10 danh gia biét trudc, phuong
phap Hybrid-UserBased va Hybrid-ItemBased cho lai gia tri
MAE lan luot 12 0.792, 0.788 so v6i 0.629 ctia phwong phap
Semi-Learning. Véi tap dir lidu kiém tra chi c6 15 danh gia
biét trudc, phuong phap Hybrid-UserBased va Hybrid-
ItemBased cho lai gid tri MAE lan luot 14 0.791, 0.782 so
voi 0.617 cia phuong phdp Semi-Learning. Pac biét, voi
tap dir liéu kiém tra c6 20 danh gia biét trudc, phuong phap
cho lai gia tri MAE 1a 0.585. Diéu nay c6 thé khing dinh
phuong phap xéc dinh d6 twong tu dua trén tp khong thua
dbi véi nguoi ding va san phim 1a hoan toan tin cay.
Phuong phap chuyén giao két qua du doan gitra qua trinh
ban gidm sat tp danh gid nguoi dung cung tdp dic trung
san phiam va tip danh gia san pham cung tdp dac trung
ngudi dung da han ché hiéu qua van dé dir liéu thua ciia cac
phuong phap loc.

V. KET LUAN

Bai bao da dé xuit mot md hinh hop nhit giira loc cong
tac va loc theo ndi dung bang phwong phap hoc ban giam
sat. Phuong phap duogc tién hanh bang cach hop nhit biéu
din gia tri cac dic trung san phdm vao loc cong tac dé
thdng nhit cic phuong phap du doan dwa vao ngudi ding.
Sau d6, xay dung phwong phap hop nhat biéu dién gia tri
chc dic trung nguoi dung vao loc cong tac dé thong nhat
céc phuong phap du doan dwa vao san phiam. Cudi cung,
chiung t6i xay dung phuong phap hoc ban giam sat dé
chuyén giao két qua du doan gitra hai phuong phap du doan
theo ngudi dung va dy doan theo san pham.

Dé phat huy wu diém va han ché nhuoc diém cua cac
phuong phép loc, chung t6i dé xuat xdy dyng hai kiéu ban
giam sat: ban giam sat trén tap danh gia nguoi dung cung
tap ddc trung san phdm va ban giam sat tdp danh gia san
phim cing tap dic trung ngudi dung. Ban giam sat tap danh
gia nguoi dung cung tap déc trung san pham duoc tlen hanh
bang cach xdy dung tap khong thwa dbi véi mdi ngudi
dung. Béan giam sat tdp danh gia san phim cung tap dic
trung nguoi dung duoc tién hanh bang cach xac dinh tap
khong thua d6i voi mdi san pham. Duya trén céac tap khong
thwa d6i véi mdi nguoi dung va san pham, ching toi da han
ché duoc qua trinh tinh toan mutc d6 twong ty giita cic cip
ngudi dung, tap lang giéng cia ciia ngudi ding va san phim
dé xac dinh cac két qua du doan chéc chin. Trén co sé cta
hai qua trinh ban giam sat da dugc xay dung, ching toi dé
xuit xay dung thuat toan hoc ban giam sat dé chuyen giao
két qua du doan giita cac qua trinh ban giam sat. Két qua
thyc nghiém trén b dir li¢u thyuc vé phim cho théy, phuong
phap dé xuat cho lai két qua du doan kha tét trong trudng
hop dir liéu thua.
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