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Tém tit - Hé tu vin (recommender systems) la hé thong c¢é kha nang cung cdp thong tin phiv hop va g& bé thong tin khong
phit hop cho méi nguwoi ding sir dung cdc dich vu Internet. Hé t vin duwoc xdy dung dva trén hai ky thudt loc thong tin chinh: Loc
edng tdc (collaborative filtering) va loc ndi dung (content-based filtering). Moi phirong phdp khai thac nhimg khia canh riéng lién
quan dén dic trung néi dung hay thoi quen sur dung san phdm ciia ngudi dimg trong qud khir dé dy dodn mét danh sdch ngdn gon
cdc sdan pham phu hop nhat doi véi méi nguoi ding. Trong bai bdo nay, ching toi dé xudt mot phuwong phdp hop nhat gitka tu van
cong tdc va tw van ndi dung bang mé hinh do thi. Mé hinh cho phép ta dich chuyén bdi todn tw van két hop vé bai todn tir vin cong
tac, sau do xdy dung mot do twong tw moi trén dé thi dé xdc dinh mufc dg tuong ty gitka cdc cap nguoi dung va san phém dé sinh ra
két qua dy dodn. Két qua thir nghiém trén cdc bé div liéu thuc vé phim cho thdy cdc phirong phdp dé xudt cai thién dang ké chat
lwong tu van.

Tir khéa - Tu vin cong tac, tu vén theo noi dung, hé tu vén lai, tuw vAn dya vao san phém, tu van dya vao nguoi dung.

I. GIOI THIEU HE TU VAN

Nguoi ding sir dung cac dich vu Internet truc tuyén hién nay ludn trong tinh trang qué tai thong tin. Pé tiép can
dugc thong tin hitu ich, ngudi dung thuong phai xu 1y, loai bo phan 16n thong tin khong can thlet Hé tu van
(recommender systems) cung cap mt giai phap nham giam tai thong tin biang cach du doan va cung cap mot danh sach
ngan cac san pham (trang web, ban tin, phim, video...) phu hop cho moi nguoi dung. Trén thyc té, hé tu van khong chi
huong dén van dé giam tai thong tin cho moi nguoi dung ma no con la yéu t6 quyét dinh dén thanh cong cta cac hé
thdng thuong mai dién tir [4]. Bai toan tu van téng quat c6 thé dugc phat biéu nhu sau.

Cho tﬁp hop hitu han gdm N ngudi dung U= {uy, us,..., ux}, P = {p1, pr..., pu} 12 tap hitu han gdbm M san pham.
Mbi san pham pxeP c6 thé 14 hang hoa, phim, anh, tap chi, tai liéu, sach, bao, dich vu hodc bat ky dang thong tin nao
ma ngudi dung can dén. Mbi quan hé giita tap ngum dung U va tap san phim P duoc biéu dién thong qua ma trén danh
giaR={r,i=1,2, Nyx=1, 2,.M}. Gia tri Tix. thé hién danh gia ctia ngudi dung u,€ U cho mot sb san pham PreP.
Thong thuong gia tri 7, nhan mot gia tri thudc mién F = { 1, 2,.., g} dugc thu thap truc tiép bang cach hoi y kién ngudi
dung hodc thu thap gian tiép thong qua co ché phan hodi cua nguoi dung. Gia tri 7, = ¢ duoc hiéu ngum dung Ui chua
danh gia hodc chua bao gio biét dén san pham p,. Ma tran danh gia cua cac hé thong tu van thuc té thuong rat thua.
Mat d6 cac gié tri 7,#0 nho hon 1%, hiu hét cac gia tri 7, con lai 1a ¢ [4]. Ma tran R chinh 1a dau vao cua cac hé thong
tu van cong tac [1, 2, 3]. Dé thudn tién trong trinh bay, ta viét p,e P ngan gon 1a xe P; va uie U 1a ie U. Cac ky tu i, j
ludn duge ding dé chi tap ngudi dung trong cic muc tiép theo ciia bai bao.

Mai san phdm xe P dugc biéu dién thong qua |C| dic trung ndi dung C = { ¢, cs..., cicb. Cac dic trung c,eC
nhan dugc tir cic phuong phap trich chon dic trung (feature selection) trong linh vuc truy vén thong tin. Vi du xe P 1a
mot phim thi cac didc trung ndi dung biéu dién mot phim co thé 1a C={thé loai phim, nwéc san xudt, hang phim, dién
vién, dao dién. ..}. GOl wy = {Wy1, Wia,.., Wy } 1a vector trong s6 cac gia tri dac trung ndi dung san phém xe P . Khi do,
ma tran trong s& W ={w.: x =1, 2, .., M; s =1, 2, .., |C|} chinh 12 diu vao cia cac hé thong tu van theo ndi dung san
phé”im [2, 3, 17]. Dé thuan tién trong trinh bay, ta viét ¢,e C ngén gon la se C.Ky tg s ludén duge dung dé chi tap dac
trung noi dung san pham trong cac muyc tiép theo ctia bai bao.

Mai nguoi ding xe P dugc biéu dién thong qua |7] ddc trung ndi dung T = {t,, t,,.., tr}. Céac déc trung t,e T
thong thuong 1a thong tin ca nhan cua mdi ngudi dung (Demographic Information). Vi du ie U 1a mot nguoi dung thi
cac dic trung noi dung biéu didn nguoi dung i c6 thé 1a T={gidi tinh, do tuéi, nghé nghiép, trinh dp,...}. Goi v; = {vi,
Viz,.., Vi) 1a vector trong s6 biéu dién cac gia tri dac trung ndi dung nguoi dung ie U. Khi d6, ma tran trong s6 V ={viq

2,..,N;q=1, 2, .., |T| } chinh la déu vao cua cac hé théng tu van theo noi dung thong tin ngudi dung [3, 13]. bé
thudn tién trong trinh bay, ta viét t,eT ngan gon 1a ge T. Ky tu ¢ ludn duge ding dé chi tap dic trung ndi dung ngudi
dung trong cac muc tiép theo cia bai bao.

Tiép dén ta ky hiéu, P,.cP 1a tip cac san pham xeP dugc danh gia boi nguoi ding ie U va U,cU la tép cac
ngudi ding ieU d3 danh gia san phim xe P. Vi mot ngudi ding can duoc tu van ie U (duoc goi 14 ngudi dung hién
thoi, nguoi ding can duoc tu van, hay ngudi dung tich cuc), nhiém vu ciia cac phuong phép tu van 1a goi ¥ K san pham
xe (P\P;) phtt hop nhét ddi voi nguoi dung i.

C6 nhiéu dé xuét khac nhau dé giai quyét bai toan tu van. Hé tu van theo ndi dung xdy dung phuong phap du
doan dya trén ma tran trong sd cac dic trung ndi dung san phadm W={w,} hodc ma tran trong s cic dic trung ndi dung
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nguoi diung V' ={vg} [3, 13, 17]. Hé tuw vén cong tac dua ra phuong phap du doan dya trén ma tran danh gia R={r.} [1,
2, 4]. Hé tu van lai dwa ra phuong phap du doan dwa trén ca 3 ma tran R, W va V[3, 9].

II. MOT SO NGHIEN CUU LIEN QUAN

Hié¢u qua cua phuong phap tu van lai da duoc khéng dinh trong nhiéu nghién ctru khac nhau [2, 8]. Huéng tiép can
pho bién nhét thuong dugce st dung 1a phuong phap t6 hop tuyén tinh gitra loc cong tac va loc ndi dung. Trong hudng
tlep cdn nay, cac tac gia tién hanh xdy dung hai phuong phap loc cong tac va loc ndi dung doc 1ap nhau, sau d6 6 hop
tuyén tinh két qua du doan cua ca hai hodc lwra chon ng vién t6t nhat tir mot trong hai phuong phap [17]. Hudng tiép
can thir hai xem xét van dé tu van lai bang cach thém cac dic trung cua loc ndi dung vao loc cong tac. Phuong phap
dugc thyc hién bang cach xdy dung mot thu tuc két hop dit liéu dé tao nén dir lidu du vao tong hop gitra cac gia tri
danh gia cua loc cong tac va cac dac trung ndi dung. Pazzani [13] dé xuit phuong phép biéu dién hd so san phdm bang
mdt vector trong sO cac dac trung ndi dung nguoi dung. Dya trén biéu dién nay, phuong phap du dodn dugc Pazzani
thuc hién bang cac k¥ thuat loc cong tac thuan tay. Huéng tlep can thir ba xem xét bai toan tu vén lai bang cach thém
cac ddc trung cua loc cong tac vao loc ndi dung. Theo phuong phap nay, cic dic trung ndi dung san pham dong vai tro
trung tim va xem xét danh gia nguoi ding ciia loc cong tac nhur cac gia tri dic trung gia dinh dé thém vao qua trinh dy
doan [17, 18].

Hudng tiép can cudi cung duge cong dong quan tdm nghién ciru 1a hop nhat giita loc cong tac va loc ndi dung dua
trén cac k¥ thudt hoc may. Basu [19] dé xuit viéc xay dung tap cac gia tri dac trung dai dién cho ca loc cong tac va loc
n6i dung. Phuong phéap du doan duoc tién hanh dya trén viéc xay dung tap luat suy dién cac gia tri dic trung. Popescul
[20] dé xu4t mo hinh phan tich ngit nghia 4n dé hop nhét giira loc cong tac va loc ndi dung. Balisico va Hofman [21] sir
dung ham nhan dé két hop muc do tuong tu tir nguoi dung dén nguoi dung, san phém dén san phém sau do ap dung
may vector hd trg dé sinh ra dy doan. Crammer va Singer [22] xem xét bai toan tu van lai nhu viéc xép hang cac san
pham bang viéc bd sung cac dic trung ndi dung san pham.

Lién quan dén mo hinh d thi, nhidu d& xuit khac nhau di duoc dua ra giai quyét bai toan tu van. Aggarwal [23]
biéu dién mdi quan hé giira cac cip ngudi dung nhu mot do thi co hudng, trong d6 mdi canh dugc thiét 1ap phan anh
muc d tuong tu gitra hai nguoi dung. Phuong phap du doan dugc thue hién bang cach tinh toan trong s6 duong di
ngan nhét gitra cac cap nguoi dung. Lien [7] dé xuat xay dung do do twong tu giira cic cip ngudi ding hodc san pham
bang m6 hinh do thi hai phia c6 trong s6. Muc d6 tuong tu gilta cac cdp nguoi dung duge thyc hién bang cach udc
luong tong trong so cua tat ca cac duong di tir dinh nguoi dung dén dinh nguoi dung, mic d6 twong tu giita cac cap sdn
pham duoc thyc hién bang cach wdc lugng tong trong sb cia tat ca cac duong di tir san pham dung dén dinh san pham.
Phuong [6] dé xuit phuwong phap két hop giita loc cong tac va loc ndi dung bang cach xdy dung mdi lién hé giira nguoi
dung va tap dic trung ndi dung san phim. Phuong phap du doan duogc thuc hién bang cach té hop tuyén tinh trong sb
cac duong di tir dinh nguoi dung dén dinh san pham. San phdm nao c6 tong trong sb cac duong di 16n nhéat dén n6
chinh la dich cta qua trinh dy doan.

Trong bai bao nay, chiing t6i dé xuat mot mo hinh hop nhét giita loc cong tic va loc ndi dung dya trén biéu dién 46
thi. M6 hinh duoc xay dung bang cach lay loc cOng tac 1am trung tdm, xay dung ho so ngudi ding dua trén ma tran
danh gia dé th1et 13p nén moi quan hé tryc tlep gitra tdp nguoi dung vdi tap dédc trung ndi dung san pham. Tiép den
chung t6i tién hanh xay dyng hd so san pham ciing dva trén ma trdn danh gia dé thiét 1ap nén mdi quan hé tryc tiép
gitia tip san pham va tdp ddc trung ndi dung nguoi dung. Dya trén mdi quan hé giita tp nguoi dung véi tap dic trung
ndi dung san pham va m01 quan hé gilra tap san pham voi tap dic trung ndi dung nguoi dung, ching t6i tim cach xac
dinh dugc moi quan hé tiém an gitra tap dac trung san pham va tép déc trung nguoi dung. Bang cach nay, ching t6i thu
gon md hinh tu van két hop tdng quat thanh mé hinh tu vin cong tac chuin.

V& nguyén tic, sau khi ‘thu duoc mo hinh tu vén cong tac chudn ta c6 thé trién khai bat ky mot phuong phép loc
cong tac nao da duoc d& xuit trude day. Tuy nhién dé khai thac dugc thé manh cia d6 thi, ching t6i xdy dyng mot do
tuong tu dwa trén dd thi bang cach udc lwong mic do twong ty giita cac cip ngudi dung dya trén tong trong so cac
duong di tr dinh ngudi dung dén dinh ngudi dung, mirc d6 twong tu gitra cac cdp san pham dya trén tong trong sb cac
duong di tir dinh san pham dén dinh san pham. Bang cach nay ta tan ~dung dugc céac thuat toan tim kiém hiéu qua da
dugc trién khai trén do thi. Dé tép trung trinh bay phuong phap dé xuat, myc tiép theo chung t6i trinh bay bay phuong
phap dich chuyén bai toan tu van két hop vé bai toan loc cong tac. Muyc 4 trinh bay vé cac phuong phap tu van lai dya
trén do thi. Muc 5 trinh bay phuong phéap thir nghiém va so sanh. Muc cudi cung 1a két luan va hudng phat trién tiép
theo cta bai bao.

I11. DICH CHUYEN BAI TOAN TU VAN KET HQP VE BAI TOAN LQC CONG TAC

Nhu da gidi thi€u ¢ trén, bai toan tu van két hop thuc hién du doan duya trén tap danh gia cta nguoi ding cho cac
san phim, cung véi tp dic trung noi dung san phém va ddc trung nguoi dung. Trong muc nay, ching t6i dé xuét
phuong phap dich chuyén bai toan tu van két hop vé bai toan tu van cong tac thuan tuy bang cach xay dung hd so
ngudi ding va hd so san phim cua dwa vao danh gia ty nhién cia ngudi ding ddi véi cac san pham trong qua khur.
Trén co so hd so ngudi ding va hd so san pham di dwoc xay dung, chung t6i tim cach xdc dinh moi quan hé tiém 4m
giita tap dic trung ndi dung nguoi dung va tap dic trung ndi dung san phdm dé thu dugc mé hinh gidng véi mé hinh
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bai toan tu van cong tac. Dé dién giai tinh dung dén cia phuong phap dé xuét, chung toi sir dung mé hinh 36 thi thuc
hién cho bai toan tur van két hop.

3.1. Biéu dién dd thi cho loc két hop

Khong han ché tinh tong quat ctia bai toan phat biéu trong Muc 1, ta gia thiét gia tri danh gia ctia nguoi ding ie U
d6i voi san pham xe P duge xac dinh theo cong thirc (1). Mdi san phim xe P dugc biéu dién thong qua |C | dic trung
noi dung C = {cy, ¢2,..,c(c)} duoc xac dinh theo cong thirc (2). Mdi nguoi dung ie U duoc biéu dién thong qua |7] dic
trung ndi dung T = {#;, tp,.., {1} dugc xdc dinh theo cong thirc (3).

S { v néu nguwoi dung i dinh gia san phdm x 6 méc do v (v € F) 0
e néunguwdi dung i chwa danh gia hodc chwa biét dén san phdm x

o = {1 néu san pham x ¢ dic trung s @
1o néu san phadm x khoéng c6 dic trung s

- {1 néu nguoi dung i c6 dic trung q 3)
4 7 |0 néu ngwoi dung i khdng cé dic trung q

Hé tu van v&i ma tran danh gia R = {r,;i=1, 2,..,N; x=1, 2,..,M}, ma tran dic trung ndi dung san phé‘imC={cxs.‘x=1,
2,.,M;s =12, .,|C|}, ma trdn ddc trung ndi dung nguoi dung 7 = {t,,:i=1, 2, ., N, q =1, 2, ..,|T|}cod thé biéu dién
dudi dang dd thi trong s6 G =(L2, E), trong d6 21a tap dinh va E 1a tdp canh. Tap dinh £ cta d6 thi duoc xé4c dinh theo
cong thirc (4) chinh 1a hop cia tap ngudi dung U, tap san pham P, tap ddc trung ndi dung san pham C va tap ddc trung
ndi dung nguoi dung 7. Tép canh E cua db thi bao gom 3 loai canh: canh (i, x) ndi gitra dinh nguoi dung véi dinh san
pham, canh (x, s) n6i dinh san phim véi dic trung ndi dung san pham, canh (i, g) ndi giita dinh nguoi durg véi dinh
déc trung ndi dung cuia nguoi dung.

e=(i,x) néur,+0: i Ux P.
E=<{e=(x,s) néuc,, #0:x P,s C. (5)
e=(i,q) néuty,+0:i U, q T.
Béang 1. Ma tran danh gia R

J4l P2 Ps3 P4
u; 5 0 4 0
Uy 0 4 0 3
U3 0 5 4 0

Bang 2. Ma tran dic trung san phdm C

€1 2 C3
P 1 0 1
)2 1 1 0
D3 1 0 1
P4 0 1 1
Béng 3. Ma tran déc trung nguoi dung T
f t t i
u 1 0 0 1
Uy 1 0 1 0
U3 0 1 0 1

Vi du v6i hé gé)m 3 nguoi dung U = {uy, uy, u3}, 4 san phém P = {p1, p2, p3, ps}. Trong @6, ma tran danh gia R
duogc cho trong Bang 1; Ma tran déc trung ndi Qung sét} ph€1~m C duoc cho trong Béng 2; Ma trin déc trung ndi dung
nguoi dung 7 duge cho trong Bang 3. Khi do, do thi biéu dien cho bai toan tu van tong quat dugc bi€u dien nhu Hinh
1. Do thi dugc biéu dien thanh ba d6 thi con hai phia (bipartie praph). Do thi con hai phia ¢ giira bieu dién quan diém
clia nguoi ding ddi véi cac san pham thong qua ma tran danh gia R =(r,). Cac canh nbi giita dinh nguoi dung ie U véi
dinh san pham xe P dugc danh trong s6 1a 7. P thi con hai phia trén cing biéu dién mdi quan hé giira san pham véi
tap dic trung ndi dung san pham théng qua ma trin C=(c,,). C4c canh ndi giita dinh san pham xe P véi dinh dic trung
noi dung san pham se C dugc danh trong s6 1 7. DO thi con hai phia dudi cing biéu dién mbi quan hé giira nguoi ding
v6i tap ddc trung ndi dung nguoi dung thong qua ma tran 7=(¢;,). Cac canh ndi gitta dinh nguoi dung ie U véi dinh dic
trung ndi dung ngudi dung ge T ciing dugce danh trong s6 1a 1.
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Dua trén biéu dién dd thi, phuong phap tur van cong tac duoc thuc hién dua trén cac canh ndi gitra dinh nguoi dung
ie U va dinh san pham xe P v&i trong s6 7, [5]. Phuong phap tu van theo ndi dung san pham dugc thuc hién trén cac
canh ndi giira dinh san phim xe P va dinh dic trung ndi dung san pham se C [7]. Phuong phép tu van theo ndi dung
ngudi ding dugc thuc hién trén cac canh nbi giita dinh nguoi dung ie U va dinh dic trung ndi dung ngudi dung re T
[17]. Phuong phap tu van két hop dugc thuc hién dua trén ca ba loai canh (i , x), (x, s), va (i, ¢) [9, 10].

3.2. Xay dung hd so nguwoi dung dya trén ma trin danh gia

Phuong phap tur van theo ndi dung thuc hién du doan cac san pham c6 ndi dung thong tin hay mo ta hang héa
tuong ty voi nhimg san phim ma ngudi ding di timg sir dung hodc truy nhép trong qua khu. Chat lugng cua cac
phuong phap tu van theo ndi dung phu thude vao phuong phap trich chon déc trung dé biéu dién vector dic trung ndi
dung san pham va vector hd so sir dung san pham cua ngudi dung Han ché 16n nht cia phuong phép trich chon dac
trung hién nay 1a nhiéu dic trung ndi dung khong dong gop vao viée xac dinh mirc dg twong tu gitra vector hé so nguoi
dung va vector dic trung san pham van dugc tham gia qua trinh tinh toan [3, 5]. D& han ché diéu nay, chung t6i dé xuit
phuong phép xay dung hd so sir dung san phim ciia nguoi dung thong qua cac gia tri danh gi cia hé tu van cong tac,
sau d6 thiét lap mbi ‘quan h¢ tryc tiép gilta nguoi dung va timg dic trung san pham dé nang cao hiu qua tu van.
Phuong phap duoc tién hanh nhu sau.

Pé xay dung duoc hd so sir dung san pham cta ngudi ding ta can thyc hién hai nhiém vu: xdc dinh duoc tap cac
san pham nguorl dung da timg truy cap hay st dung trong qua khir va udc luong trong s6 mdi dic trung ndi dung san
pham trong hd so ngudi dung [2, 17]. Goi P.cP dugc xac dinh theo cong thirc (6) 1a tip san pham ngudi dung ie U da
danh gia cac san pham xe P. Khi d6, P; chinh 1a tip san pham ngudi dung di timg truy cap trong qué khir dwoc cac
phwong phap tu vén theo ndi dung sir dung trong khi xay dung hd so ngudi ding. Van dé con lai 1a 1am thé nao ta ude
luong dugce trong s6 mdi dic trung se C dbi véi mdi hd so nguoi ding ie U.

Pp={xeP|r,+0 (ieUx€eP)} (6)

Goi Listltem(i, s) 1a tap cac san pham xe P; chita dung dic trung se C duoc xac dinh theo cong thire (7). Khi do,
|ListItem(i , s)| chinh 13 s6 1an nguoi dung ie U st dung cac san pham xe P chira dung dic trung se C trong qua khi.

Listltem(i,s) ={x EP; | cy,s #0 (i€EU,xEP,sEC} @)

Dua trén P; va Listltem( 1, s) cac phuong phap tu vén theo ndi dung uée lugng duoc trong s w;, phan anh muc do
quan trong cua dac trung ndi dung s dbi véi nguoi dung i. Phuong phap pho dung nhat thuong duoc sir dung trong xay
dung hd so ngudi ding 1a ky thuat tf-idf [17]. Gia tri w;s la mot s6 thuce trai déu trong khoang [0,1]. Tuy nhién, trong
khi quan sat bai toan tu vén cong tac chung t6i nhan thiy ban than n6 da ton tai mot phép danh gia tw nhién cua ngudi
dung d6i véi san pham thong qua gia tri danh gia r;. Gia tri 7, phan anh mirc d6 va thich cua ngu(n dung sau khi da st
dung san phdm va dwa ra quan diém cua minh d6i v6i san pham. Vi du vé6i hé tu véan phim [18], gidtriry=1,2, 3,4, 5
dugc hiéu theo cac muc quan diém “rdt 161, “t6i”, “binh thuong”, “hay”, “rdt hay”. Chinh vi ly do d6, chiing t6i mong
mudn c6 dwoc mot phuong phap trich chon dic trung c6 cing mirc do danh gia tw nhién cia 7.

LRI

Dé thyc hién y tudng néu trén, chung toi thuc hién quan sat trén tap Listltem(i, s). Néu gié tri |Listltem(i, s)| vuot
qua mot ngudng O nao do thi trong sb dic trung ndi dung san pham se C dbi véi ngudi dung ie U 1a w;, duge tinh bang
trung binh cong cua tat ca cac gia tri danh gia. Truong hop |ListItem(i, s)| ¢6 gia tri bé hon ©, gié tri wi, dugc tinh bang
tong cuia tit ca cac gia tri danh gia chia cho 6. Trong thir nghiém, chung t6i tinh toan dugc sb lwong trung binh cia tat
ca ngudi ding ie U da danh gia cac san phim xe P, sau d6 chon 6 twong dwong vé6i 2/3 s6 lwong trung binh cac danh
gia cua tap ngum ding ie U da danh gia san pham xe P chira dung dac trung se C. Bang cach nay ta co thé han ché
duge mot so dic trung ndi dung it dugc ngudi ding quan tim nhung van dugce danh gia véi trong s6 cao.

B merListltem(i,s) Tix néu |Listltem(i,x)| = 6
Wis =1, ®
52xEList1tem(i,s) Tix néu |Listlitem(i,x)| <6

Gié tri w;; duogc ude lugng theo (8) phan anh quan diém ciia nguoi dung ie U ddi véi cac ddc trung nodi dung san
pham se C ciing chinh 13 hd so nguoi ding ie U di sir dung cac dic trung ndi dung se C trong qua khir. Dé dang nhan
thiy w;,e F, trong d6 F = { 1, 2, .., g}. Chinh vi vdy, ta c6 thé xem mdi dic trung noi dung san phdm dong vai trd nhu
mot san pham phu b sung vao tap san pham. Dya trén nhan xét nay, ching t6i md rong do thi hai phia ctia bai toan tu
van cong tac nguyén thuy (do thi con ¢ giita) bang cach giit nguyén tap dinh & phla nguoi dung U, tap dlnh phia san
phim dwoc mo rong 1a PUC. Lién két gitra dinh ngudi dung ie U va dinh san phim xe P dugc thiét 1ap néu r,# 0. Lién
két giita dinh nguoi dung ie U va dinh dic trung san pham se C dugc thiét 1ap néu w;# 0. Ma tran danh gia mo rong
duoc xac dinh theo cong thirc (9).

{rix néux €Pvar, #0
Tix = x 5
Wi, neuseCva wi #0(x=5)

)
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Vi du v6i d6 thi biéu dién hé tur vin két hop duoc cho trong Hinh 1, chon 6 = 2 ta s& tinh toan dugc ma tran danh
gia mé rong trong Bang 4 va d6 thi tu van cong tdc mo rong dugc thé hién nhu Hinh 2. Cac canh mau d3 1a nhiing
canh mdi duge bo sung vao d6 thi hai phia cta loc cong tac.

Béng 4. Ma tran danh gia mé rong R

(c)

)4 D2 D3 Da C &) c3 il
[Z3] 5 0

us 0 5 4

3.3. X4y dung ho so san phim dua trén ma tran danh gia

Tuong tu nhu hd so ngudi dung, hd so san phim luu trit lai vét tich cac ddc trung ndi dung ngudi dung dé timg st
dung san phém. bé xay dung dugc hd so san phém ta can thuc hién hai nhiém vu: xac dinh dugc tap nguoi dung da
timg sir dung san pham qua khtr va udc luong trong sé mdi dic trung ndi dung ngudi ding trong hd so san pham [3,
13]. Goi U,cU dugc xac dinh theo cong thirc (10) 1a tip ngudi dung ie U da sir dung san pham xe P. Khi do, U, chinh
14 tap ngudi ding can dwoc luu lai cac gid tri didc trung ndi dung trong hd so san pham. Van d& con lai 1a 1am thé nao ta
udc luong duoc trong s6 mdi dic trung ge T dbi véi mdi hd so san pham xe P.

U ={ieU|r,+#0 (ieUx€eP)} (10)

Goi ListUser (x, g) 1a tap nguoi dung ie U,cd didc trung ge T dugc xac dinh theo cong thirc (11). Khi do,
ListUser(x , g)| chinh 1a sé 1an san phim xe P dwoc tp nguoi ding ic U c6 dic trung ndi dung ge T sir dung trong
qua khu.

ListUser(x,q) ={i € U, | t;; #0 (i€EU,x EP,q €T} (11)

Dua trén U, va ListUser( x, g) cac phuong phap tu van theo ndi dung ngudi dung uée luong duge trong sO tyg phan
anh mirc d¢ quan trong cua dic trung ndi dung g dbi vé6i san pham x. Giéng nhu nguoi dung, ban than cac san pham
cing da ton tai mot phép danh gia tw nhién cua tap ngudi dung déi voi san pham théng qua gia tri danh gia r,.. Do vay,
chung t6i d& xuat phuong phéap trich chon dic trung noi dung ngudi dung ¢ cing mirc do danh gia véi gia tri danh gia
r. Dé thuc hién diéu nay, chiing t6i tién hanh quan sat trén tap ListUser(x, ¢). Néu gia tri |ListItem(i, s)| vugt qua mot
ngudng O nao dé thi trong s6 dic trung ndi dung nguoi dung ge T d6i voi san pham xe P 1a vy, duoc tinh bang trung
binh cong cua tit ca cac gia tri ddnh gia. Truong hop |ListUser(x, g)| c6 gia tri bé hon 8, gia tri v,, dugc tinh bang tong
clia tat ca cac gia tri danh gia chia cho 0. Trong thir nghiém, ching t6i tinh toan dugc s lugng trung bink ctia tat ca
san pham xe P duoc danh gia boi nguoi dung ie U, sau d6 chon 0 twong duong vaéi 2/3 s6 hrong nguoi dung ie U chira
dung dac trung ge T da str dung san pham xe P. Bing cach nay ta ¢6 thé han ché dugc mot sé dic trung ndi ngudi ding
it quan tim dén san phiam nhung van duoc danh gia vdi trong sb cao.

B mzwuswser(:{,q) Tix néu |ListUser(x,q)| =6 (12)

Vxq 1 . .
EZiELiStUser(x,q) Tix néu |ListUser(x,q)| <6

Gia tri v, dugc udc lugng theo (12) biéu dién hd so san pham xe P da dugc tp nhitng ngudi dung ie U chira dung
dic trung ge T st dung. D& dang nhan thiy Vi€ F, trong do F'={ 1, 2, .., g}. Chinh vi ly do nay, ta c6 thé xem mdi dic
trung ndi dung nguoi dung dong vai tré nhu mot nguoi dung phu bd sung vao tip ngudi dung. Dya tréa nhan xét
nay, ching t6i mé rong dd thi hai phia ciia bai toan tu van cong tac da duoc mé rong trong Muc 2.2 bang cach glu’
nguyén tap dinh ¢ phia san pham la POUC va mo rong phia nguodi dung thanh UUT. Lién Kkét gitra dinh san pham
xe P va dinh nguoi dung ie U dugc thiét 1ap néu ,# 0. Lién két giita dinh san pham xe P va dinh dic trung nguoi
dung ge T dugc thiét 1ap néu Vyg# 0. Ma trdn dénh gid mé rong ghi lai trong sb cac canh (x, i) va (x, ¢) dugc xéc
dinh theo cong thuc (13).

Tix néuielU,xePvar, 0
Ty ={ Wis néui €U,s ECvawy # 0 (x =5) (13)
Vyqg NEUX EP,q ETvav,, # 0 (x = q)
Vi du vé6i dd thi biéu dién hé tu van két hop dugc cho trong Hinh 1, chon 6 = 2 ta s€ tinh toan dwgc ma tran danh

gid m& rong trong Bang 5 va do thi tu van cong tic mo rong duge thé hién nhu Hinh 3. Cac canh mau xanh 1a nhiing
canh mdi dugce bo sung vao do thi hai phia cia loc cong tac.
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Béang 5. Ma tran danh gia mo rong R @

3.4. Xay dung méi lién h¢ giira dic trung nguoi dung va dic trung sin phim

Hb so ngudi ding dugc xac dinh theo (®), hd so san pham dugc xac dinh theo (12) dwoc thuc hién dua trén danh
gi4 ty nhién ctia ngudi dung ddi voi san pham va thoi quen sir dung san pham cua nguoi dung. RO rang, ban than tap
dac trung ndi dung nguoi dung va tap dac trung ndi dung san pham ciing ton tai mot mdi quan hé tu nhién ndo d6 gitta
hd so ngudi dung va hd so san pham. Vi du tai sao tré em thich xem phim hoat hinh, nir tu01 teen thich xem phim tinh
cam, nam tudi teen thich xem phim hanh dong...? Chiing t6i cho rang khai thac dwgc mdi quan hé tiém an ké trén s&
cai thién dang ké chét luong du doan cac san pham phu hop v6i mdi ngudi dung.

Dé xac dinh mbi lién hé tiém an giira dic trung ge T v6i dic trung se C, chung t6i xay dung hai kiéu quan sat khac
nhau. Kiéu quan sat thtr nhat duoc tién hanh tir ho so nguoi ding dén cac dic trung ndi dung san pham. Kiéu quan sat
thir hai dugc thuc hién nguoc lai tir hd so san pham dén cac ddc trung nguoi ding. Vi ca hai kiéu quan sat chi nham
muc dinh xac dinh mdi quan hé tiém 4n giita cip dic trung ge T véi dic trung se C nén ching toi t6 hop két qua giita
hai kiéu quan sat dé thu dugc két qua cudi cing. Phuong phap cu thé dugc tién hanh nhu sau.

Quan sat tir hd so ngudi ding dén cac dic trung ndi dung san phé‘im

Goi Uy la tap nguoi dung ie U ¢6 déac trung ndi dung ge T’ dugc xéac dinh theo cong thitc (14). Goi UserAttr(i,s) la
tap nguoi dung ie U c6 dic trung ge T da dénh gia cac san phdm xe P chira dung dic trung se C duoc xac dinh theo
cong thue (15). Khi d6, mbi lién hé gitra dic trung ge T va dic trung se C duoc udce luong theo cong thirc (16). Trong
do, wi 1a hd so ngudi dung ie U dugc xac dinh theo (8).

Uy={ieUl|t;#0} (14)
UserAttr(q,s) = {i € Ugl wis # 0} (15)
1 ~
Userattr(q) DicUserattr(as) Wis  néu |UserAttr(q,s)| = 6
Ags = (16)

1 ~
EZiEUserAttr(q,s) Wis neu |UserAttr(q, S) <6

Gia tri a,; duoc udc lugng theo (16) phan dnh muc do dnh huong cta dic trung se C 1én tp nguoi ding co dic
trung ge T. Néu sb luong tap ngudi ding ie U ¢6 dic trung ge T da danh gia cic san pham xe P chira dung dic trung
se C vuot qua ngudng 0O thi a,, duogc tinh béng gi4 tri trung binh cia trong sd cac dic trung s trong hd so ngudi dung.
Trong trudng hop lghéc, Qs fiuqc tinh téng trong sb cac dic trung s trong hd SO nguoi dung nhan véi 1/6. Bang cach
ndy ching ta c6 thé han ché duge cac ddc trung cua nguoi dung hodc san pham it duoc nguoi dung sur dung nhung
dugc danh gia véi trong so cao.

Quan st tir hd so sin phim dén cac dic trung ngudi ding

Goi P 1a tap séan phém xe P ¢o6 ddc trung ndi dung se C dugc xac dinh theo cong thuc (17). Goi IltemAttr(q, s) 1a
tap san pham co dic trung se C di dugce danh gia boi tap ngudi ding ie U chita dung dic trung ge T dugc xac dinh
theo cong thire (18). Khi d6, muc d6 phu hop cia tap san phim co dic trung s d6i voi tap nguoi dung ie U chira dung
dac trung g theo cong thuc (18). Trong do, v,, 1a hd so san phdm xe P dugc xéac dinh theo (12).

P={x€eP|c,+0} 17

ItemAttr(q,s) = {x € Ps| v # 0} (18)



436 MOT MO HINH PO THI CHO HE TU VAN LAI

1 ~
) Ttematir(as)] Lxeitemattr(qs) Veg  NEU |ItemAttr(q,s)| 2 6 19

qs — 1 ~
gzxeltemﬂtr(q‘s) Vxq néu |ItemAttr(q,s) <6

Gia tri by, dugce udc lugng theo (19) phan anh mirc d6 anh hudng cua dic trung ge T Ién tip san pham co dic
trung se C. Néu s6 lugng san pham xe P ¢ dic trung se C dd danh gia cac san pham ic U chira dung dic trung ge T
vuot qua ngudng 6 thi b,, dugc tinh bang gi4 tri trung binh cia trong sé cac dic trung ¢ trong hd so san ptam. Trong
truong hop khglc, bys dl:l’()'C tinh tong trong sd cac dic trung ¢ trong hd SO ngudi ding nhan voi 1/6. Bang cach nay
chang ta c6 the han ché dugc cac déc trung cia nguoi dung hodc san pham it duge nguoi dung sur dung nhung duoc
danh gia véi trong so cao.

Téng hop giira cac kiéu quan sat

Nhu da trinh bay & trén, gia tri a,, dugc xac dinh theo (16) va bqY duogc xac dinh theo (19) déu phan anh théi quen
tu nhién sir dung san pham cua tp nguoi dung c6 déc trung g dbi véi tap san pham ¢6 dic trung s. Piém khic biét duy
nhét giira Qgs VA bqY 1a kiéu quan sat dua vao ho so nguoi dung hay ho so san pham. Dé dung hoa gitra hai kiéu quan sat,
chung t6i chon gia tri trung binh gilta a, va b, theo cong thirc (20). Trong do, gia tri d,, chi duoc thiét 1ap khi va chi
khi a s va b, c6 gia tri khéac 0. Diéu nay c6 nghia, mdi quan hé gitra dac trung se C va dac trung ge T duoc thiét 1ap khi
va chi khi cac san pham c6 dic trung s thuc su dugc nhiéu ngudi dung quan tam va ngugc lai nhiéu ngudi ding c6 dic
trung ¢ thuc sy quan tdm dén cac san pham co dic trung s. Piéu nay 1a hoan toan pht hop véi tim 1y chung ciia ngudi
sir dung san pham.

1 . s
dys = {g (aqs + bqs) néuag, # 0vabgs # 0 20)

trong cac truong hop khac

Sau khi xac dinh dugc m01 lién hé gitra tép dac trung ngudi dung va tap dac trung san pham, ching t6i mé rong dd
thi hai phia cia bai toan tu van cong tac da dugc trinh bay trong Muc 2.3 bang céch bd sung céc lién két gura moi dac
trung se C véi dic trung ge T. D6 thi cudi cung ta nhan dugc co tap dinh 14 tip ngudi dung U, tp san pham P, tap dic
trung nguoi dung 7 va tép dic trung san phém P. Tap dinh cua d6 thi duorc chia thanh hai phia, mét phia 1a UUT, phia
con lai la PuC Tép canh cua d6 th1 bao gém 4 loai canh: canh (i , x) ndi gitra dinh ngum dung va dinh san pham duoc
danh trong s6 1a 7, canh (i , s) ndi gitra dinh nguoi ding va dinh dic trung san pham dugc danh trong s6 14 w;,, canh
(¢ , x) ndi gitta dinh ddc trung nguoi dung va dinh san pham dugc danh trong s6 1a vy, canh (q , s) noi gitia dinh dac
trung ngudi dung va dinh déc trung san pham dwoc danh trong s6 1a dys.

(Tix néur, # 0 (i € Uvax € P)
i néuw,, #0(i€lUvax=s€l) )1
Tix = Vgx néuvy, #0(i=q€Tvax€EP) 1)

(dgs néudy;; #0(i=q€Tvax=s€C)

Vi du véi d6 thi biéu dién hé tur van két hop dugc cho trong Hinh 1, chon 6 = 2 ta s& tinh toan dwoc ma tran danh
gia mo rong trong Bang 6 va do thi tu van cdng tdc mo rong dugce thé hién nhu Hinh 4. Cac canh mau vang la nhitng
canh mdi duge bo sung vao do thi hai phia cia loc cong tac.

Béng 6. Ma tran danh gia mé rong R ) @

lai

Ma tran danh gia mo rong dugc dé xuét theo (21) da tich hop déy du cac gia tri danh gi cua loc cong tac, hd so
ngudi dung, hd so san pham, mdi lién hé giira hd so nguoi dung va ho so noi dung san pham cua loc ndi dung. Trong
sO cac didc trung ndi dung trong hd so ngudi ding, hd so san pham va mbi lién hé gitra cac dic trung ndi dung co clng
metric v6i gid tri danh gia. Chinh vi vy, cac phuong phap tu van cong tac dua vao b nhé [15, 16] hodc cac phuong
phap tu van cong tac dwa trén mo hinh [6, 11, 12] déu co thé trlen khai trén ma tran danh gia mo rong. Day 1a dong gop
chinh cta bai bdo trong xay dung md hinh hqp nhat giita tw vin cong tac va tu van theo ndi dung.
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IV. CAC PHUONG PHAP DU POAN TREN PO THI KET HQP

Sau khi dich chuyén bai toan tu van két hop vé bai toan loc cong tac chuan, vé nguyén tic ta c6 thé trién khai bt ky
mot phuong phép tu van cong tic ndo trén ma tran danh gid mo rong. Trong khudn kho ciia bai bao nay, chung toi dé xuat
mé rong cac phuong phap tur van cong tac dua vao bd nhd bang cach mé rong cac do tuong quan trén trén ma tran danh
gia mé rong. Sau d6, ching toi xay dung mot do do twong tw méi dya vao cac ki thuat tim kiém trén db thi. Két qua thir
nghiém trén cac bo dir liéu thuc vé phim cho thay cac phuong phap d& xuét cai thién dang ké két qua tu vén.

4.1. Phwong phap tw vin két hgp dua vao nguoi dung

Phuong phap tu van cong tac dira vao ngudi dung (UserBased) thyc hién wdc luong muc 4o tuong tu gila cac cap
ngudi dung dya vao cac do do tuong tu dé tir 46 sinh ra dy doan cac san pham méi phu hop v6i nguoi dung can duoc
tu van [12, 15]. Hiéu qua cua phuong phap UserBased phu thudc vao tap gia tri danh gia R = (r;) dugc xac dinh theo
(1). Do tinh chét thua thét ciia ma tran danh gia nén viéc xdc dinh mure do tuong ty giltta cac cap ngudi dung gap nhiéu
han ché [14]. Bé khic phuc nhugc diém nay, ching t6i tién hanh mé rong phuong phap tu van két hop trén ma tran
danh gia mé rong R dugc xac dinh theo (21). Trong d6, viéc udc luong mic do twong tu gilta cac cap ngudi dung
khong chi thuc hién trén ma trdn danh gia ma dugc mo rong cho toan bd hd so nguoi ding. Phuong phéap dugc ky hiéu
1a Hybrid-UserBased va tién hanh théng qua bn budc nhu dudi day.

Budce 1. Tinh toan mirc do tuong ty gita cac cgp nguoi dung. Tai budce nay ta co thé sir dung céc do do tuong
quan hodc cac d6 do twong tur dé tinh toan mirc d¢ gidng nhau giita cac cip nguoi dung [15]. Goi u;j 1a muc do tuong tu
gitta nguoi dung ie U va nguoi dung je U. Khi d6, dd twong quan Pearson gitta nguoi dung ieU va nguoi dung jeU
duge mo rong trén tap danh gia nguoi dung va hd so nguoi ding theo cong thirc (22).

Exep;np (Tix~T0) (Tjx—T)) Ysecinc;(ris= 1) (rjs—1;)
“ JerP o =2 [Exepiop (7jx=T)? stec incjTis=? [Zsecyne (rjsi))? 22
Trong do,
= oo Sxerinr, Tis (23)
= WZxEP inP; Tjx (24)
Ci={sEC|rLS¢0} (25)
n= WZSEC inc;jTis (26)
7} = WZSEC iNCj Tis (27)

Buérc 2. Xdc dinh tdp lang giéng cho ngwdz ding can t van. Tai budc nay ta chi can sap xép cac gia tri u;; theo
thir tw giam dan, trong d6 ieU 1a nguoi ding can dugc tu van cac san pham xeP. Sau d6 chon tap K ngudi dung dau
tién lam tap lang giéng cua nguoi ding i [15]. Ky hiéu tap lang giéng cia nguoi dung ie U 1a K;.

Budc 3. Dy dodn quan diém ciia nguwoi dimg doi véi cde san phdam méi. Phuong phap phd bién nhét dé sinh ra du
doan quan diém cua nguoi ding ieU cho san pham méi xeP theo cong thire (28)[15].
_ Zjek;(Tjx— T uyj
Tix = T+ —3F—"— 28
i x ) t ) Yjek; Iuijl (28)
Buwée 4. Chon K san pham mdi co r;,. cao nhdt tw van cho nguoi dung i.

4.2. Phwong phap tu vin két hop dwa vao sin phidm

Phuong phap tu van cong tac dwa vao san phim (ItemBased) thyuc hién wéc lwong muc do tuong tr gilra cdc cap
san pham duya vao cac do do twong tur dé tir d6 sinh ra du doan cac san pham méi phu hop véi ngudi ding can duge tu
vén [1, 2, 16]. Hiéu qua cua phuwong phap ItemBased phu thudc vao tap gia tri danh gia ngudi ding R = (r,,) dwoc xac
dinh theo (1). Do tinh chét thua thét ciia ma tran danh gia nén viéc xac dinh mic d6 twong ty gitta cac cap san phém
gap nhiéu han ché. Bé khic phuc nhugc diém nay, ching t6i tién hanh md rong phuong phap tu van két hop trén ma
trdn danh gia mo rong R duge xac dinh theo (21). Trong do, viéc udc lugng mire do twong tu gitra cac cdp san pham
khong chi thuc trén ma tran danh gia ma dugc mo rong cho toan bd hd so san pham. Phuong phap duoc viét tat 1a
Hybrid-ItemBased va tién hanh thong qua bn budc nhu dudi day.

Budrc 1. Tinh toan mirc do twong ty gitta cdc cdp san phdm. Tai budc nay ta co thé sir dung cac do do twong quan
hoic cac do do twong tw dé tinh toan muirc do gidng nhau giira cic cip san pham [16]. Goi p,, la mirc dO tuong tu gitta
san phdm xe P va san phdm ye P. Khi d0, d6 twong quan Pearson gitra san pham x&P va san pham yeP duoc mé rong
trén tap danh gia nguoi ding va ho so san pham theo cong thirc (29).

ZlEUXnUy(TLX Tx) (Tiy=Ty ) quTXnTy(qu—ﬁc)(Tqy—fS/ )

Pxy (29)

\/zleuxnuy<rlx—rx) [Eicvxnuy oy [Saersor, (rax=70? [Saerenry (ray=r3)?
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Trong do,
T = ooy Sictansy T (30)
% = iy Sietanty Ty 3D
Tx={q€T|rqx¢0} (32)
T = queTany Tax (33)
T”y = lTTTqueTany Ty (34

Budre 2. Xdic dinh tdp lang giéng cho san phdm can tw van. Tai budce nay ta chi can sip xép cac gia tri Py theo thir
tw glam dan. Sau d6 chon tap K san pham dau tién lam tap lang giéng ctia san pham x [16]. Ky hiéu tap ling giéng cla
san pham xe P 13 K.

Budre 3. Dir dodn quan diém ciia ngueoi ding déi véi cdc san pham méi. Phwong phap phd bién dé sinh ra du doan
quan diém cua ngudi dung ie U cho san pham mai xeP theo cong thue (35)[16].

YyeKy DxyTiy
lx ZyeKX |Pxyl ( )
Budc 4. Chon K san phdm méi c6 ry, cao nhdt ti van cho nguwoi ding i.

4.3. D) twong ty giira cac cip nguoi dung dua trén do thi

Phuong phap Hybrid-UserBased duge dé xuét trong Muc 3.1 ¢ thé thuc hién d& dang trén do thi bang cach xem
xét tat ca cac duong di do dai 2 tir dinh ngudi dung dén dinh nguoi ding trén dd thi [5, 7]. Vi du dé xac dinh mirc do
tuong tu glua nguoi dung u; va U trén dd thi trong Hlnh 4 ta dya vao cac duong di : u-pi-uy, ui-ci-uy, u-c3-u,. Trong
s6 ciia mdi duong di duoc tinh bang tich cua trong sb cac canh. Tong trong s6 tat ca cac duong di tir dinh ie U dén dinh
Jje U chinh 14 d6 twong tu giira hai ngudi ding ndy. K nguoi dung ¢ tong trong sb cac duong di tir dinh ie U dén dinh
je U cb trong sb 16n nhat chinh 1a tap lang giéng ciia ngudi dung i. Sau d6 st dung tap lang giéng dé sinh ra du doan
cho nguoi dung 7.

Mot trong nhiing thach thirc 16n nhat ctia hé tu van 13 van dé dit liéu thua [1, 3]. Van dé dir liéu thua xay ra khi cac
gia tri danh gia 7,0 rat it (dudi 1%). S lugng cac canh (i, x) thdp lam cho viéc xac dinh cac canh (i, s) ciing thap.
Diéu nay lam cho két qua dy doan clia cac phwong phap trén dat két qua khong cao. Dé han ché diéu nay, ching toi
tién hanh mo rong do dai dwong di tir dinh nguoi dung dén dinh ngudi dung dé tan dung méi lién hé gian tiép gitra cac
cdp nguoi dung va cac cap dac trung noi dung khac nhau. Cac duong di co thé 1a cc canh danh gia (i, x), canh @ s),
canh (g, x) hodc canh (g, s). Vidu dé xac dinh mirc d6 twong ty gitra u va us voi dd thi biéu dién bai toan tw van két
hop trong Hinh 4, ta c6 thé st dung céc duong di uy-p -1 -p3-u3, Usy-pa-t3-pr-u3, Up-C1-14=p3-U5. biéu nay la hoan toan hop
1y vi u, thich py, py dugc u, thich, u; thich p; , p; dugc u; thich nén gian tiép up tuong tu véi u3 & mot mue d6 nao do.
Hoic u, thich p4, ps duoc ngudi ding c6 dic trung #; thich, ngudi ding c6 dic trung £ thich p,, us thich 1, nén gian tiép
u, twong tu véi u; & mot mirc do nao do. Hoac u, thlch dac trung ¢y, ¢; phu hop véi tdp nguoi dung co déc trung #4, ty
phtt hop v6i san phdm ps, us thich ps nén ciing gian tiép u, twong ty véi u3 & mot mie do nao do.

Vi d thi tu van két hop 1a do thi hai phia nén cac duong di tir dinh nguoi ding dén dinh nguoi dung luén c6 do
dai chan (2, 4, 6, 8) [7]. Trong s6 ciia mdi duong di dugc tinh bang tich cac trong s6 cac canh nén dudng di qua cac
canh ¢6 trong s cao van dugc danh gia cao, duong di qua cac canh c6 trong sb thap van duoc danh gia thap. Dé wu
tién cho céac duong di ngén (46 dai 2) chung toi sir dung tham s6 o (0<o<1) dé danh thép trong sé cac duong di co do
dai cao. Cu thé, phuong phap wdc lwong téng trong sb cac duong di do dai L tir dinh nguoi ding dén dinh nguoi dung
duoc xac dinh theo cong thic (36) [7].

RL:{R.RT néul =2
a.R.RT.R'? néul =468, ..

Trong 6, L 14 d6 dai duong di, R 1a ma tran danh gid mo rong dugc xac dinh theo (21), R' 1a ma trén chuyén Vi
cuia R. Gid tri L chin dugc x4c dinh khi tat ca 1520 [7]. Tong trong s6 cac duong di do dai L tir dinh ie U dén dinh je U
la mirc d¢ twong tu gitra hai nguodi dung nay. K ngudi dung je U ¢ rig- 16n nhét chinh 1a tap lang giéng ciia nguoi ding
ie U. Dya trén nhan xét nay, chung toi diéu chinh Budc 1 cua thuat toan Hybrid-UserBased trong Muyc 3.1 thanh thuat
toan Hybrid-UserBased-Graph trong Hinh 5.

(36)
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Thuat toan Hybrid-UserBased-Graph:
Piu vio:
- Ma trdn danh gia mo rong R= (r,x) biéu dién do thi két hop dwoc xdc dinh theo (21).
- ieUla ngum diing can dwoc tw van.
- K la s6 eong nguweoi ding ciia tdp lang giéng.
Piu ra:
- Dwdodn x: ry| xeP\P{ quan diém cia nguoi ding i doi véi cdc san pham méi xeP).
Cic budre tién hanh:
Budre 1. Tinh todn mirc dg twong tw gitka cdc cdp nguoi ding trén do thi két hop:
L «=2;//Thiét lap d¢ dai deong di ban dau L=2
Repeat
RL:{R.RT néul =2
a.R.RT.RL"2 néul =4,6,8,..
L&L + 2; /ITang do dai duong di.
Until (r;20v6i moi je (U \ i));
Buéc 2. Xic dinh tap lang giéng cho nguoi dimg i€ U.
o Sip xép 570 theo thir ty gidm dan (i#).
e Chon K ngudi ding je U dau tién lam tap lang giéng ciia ngudi dung i (Ky hiéu
tap lang giéng ctia nguoi dung ie U la k).
Budre 3. Dur dodn quan diém ciia ngueoi ding i doi véi cac san phdamxe P\P;.
Tix =

|K|Z]€K‘ ix>

Buéic 4. Chon K san pham ¢ ricao nhdt tu van cho nguoi ding i.

Hinh 5. Thuit toan Hybrid-UserBased-Graph

4.4. D) twong ty giira cac cip san pham dua trén dd thi

Phuong phap Hybrid-ItemBased duoc dé xuat trong Muc 3.2 cling c6 thé thuc hién dé dang trén do thi bang cach
xem xét tit ca cac duong di d6 dai 2 tir dinh san phdm dén dinh san pham trén dd thi [7]. Vi du dé xac dinh mirc do
tuong tu giita san pham p; va ps trén do thi trong Hinh 4 ta dua vao cac duong di: py-ui-ps, pi-ti-ps, pi-t-ps. Trong sd
ciia mdi dwdng di duoc tinh bang tich cua trong sb cac canh. Tong trong sd tit ca cac dudng di tir dinh xe P dén dinh
ye P chinh la do tuong tu giita hai san phdm. K san pham c6 tong trong s6 cac dudng di tir dinh xe P dén dinh ye P ¢6
trong s6 16n nhét chinh 1a tap lang giéng ctia san pham x. Sau d6 sir dung tap ling giéng cua san pham dé du doan cac
san pham phu hop nhat ddi véi nguoi dung i [7].

Dé han ché anh hudng cua van dé dir lidu thua, ching toi tién hanh mé rong d6 dai duong di tir san pham dén dinh
san pham dé tan dung mdi lién hé gian tiép giira cc cip san pham va cac cdp dédc trung noi dung. Cac dudng di co thé
1a cac canh danh gia (i, x), canh (i, s), canh (g, x) hodc canh (g, s). Vi du dé xac dinh muc do tuong tu gitra p; va p, véi
dd thi biéu dién bai toan tu van két hop trong Hinh 4, ta c6 thé sir dung cac duong di pi-u;-ps-ur-ps, p1-us-pa-t1-p2, P1-
ty-c3-u3-p,. Tinh hop 1y ctia phép suy dién ndy cling duoc 1y giai twong tw nhu trudng hop tinh toan muc do twong tur
gitta cac cdp nguoi dung.

Vi db thi tu van két hop la dd thi ‘hai phia nén cac dudng di tir dinh san phém dén dinh san pham ludn c6 do dai
chin (2, 4, 6, 8) [5, 7]. Trong s6 cia mdi duong di duge tinh bang tich cac trong sO cac canh nén duong di qua cac canh
¢6 trong s cao van duogc danh gia cao, dudng di qua cac canh c6 trong sO thap van duoc danh gia thap. D¢ uu tién cho
cac du’ong di ngan (d6 dai 2) chung to1 str dung tham s6 o (0<o<1) dé danh thap trong s6 cac duong di c6 do dai cao.

Cu thé, phwong phap udc lwong tong trong sé cac dudng di d6 dai L tir dinh san phdm dén dén dinh san phdm duoc xac
dinh theo cong thire (37) [7].

T P
RL—{R .R néul =2 37)

" |a.RT.R.R*2 néul=468,..

Trong do, L 1a do dai dudng di, R la ma tran danh gid mé rong dugce xéac dinh theo (20), R" 12 ma tran chuyén Vi

cua R. Gié tri L chdn duoc xac dinh khi tat cd ;5,20 [7]. Tong trong s6 céc duong di do dai L tir dinh xe P dén dinh

ye P 1a mirc d6 tuong ty giita hai ngudi ding nay. K san phdm ye P ¢ rxLy 16n nhét chinh 1a tap lang giéng cua san

phim xe P. Dya trén nhan xét nay, chung t6i diéu chinh Budc 1 cta thuat toan Hybrid-ItemBased trong Muc 3.2 thanh
thuat toan Hybrid-ItemBased-Graph trong Hinh 6.
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Thuét toan Hybrid-ItemBased-Graph:
Piu vao:
- Ma tran danh gia mo rong R= (ry) biéu dién dé thi két hop dirgc xdc dinh theo (21).
- ieU la nguoi ding can dwoc tw van.
- K la s6 lwong san pham ciia tdp lang giéng.
Piu ra:
- Du dodn x: ry| xeP\P;(quan diém ciia nguoi dimg i doi voi cac san pham méi xP).
Cic budére tién hanh:
Buéc 1. Tinh todn mirc do twong tw gitta cdc cdp san pham trén do thi két hop:
L «=2;//Thiét lgp dé dai deong di ban dau L=2
Repeat
RL:{RT.R néul =2
a.RT.R.R'=2 néul =46,8, ...
L&L + 25 //Tang do dai duong di.
Until (13¢5, Z0v6i moi ye (P \ x));
Buérc 2. Xdc dinh tdp lang giéng cho san phdm xe&P.
e  Sip xép 1k, #0 theo thir tw giam dan (xzy).
e Chon K san pham ye P dau tién lam tap lang giéng ciia san phdm x (Ky hiéu tap
lang giéng cuia san pham xe P 1a K,).
Buéic 3. Du dodn mire dé phit hop ciia nguoi ding i doi voi cdc san pham xe P\P;.

1
Tix = Kl ZxEKx Tixs

Buéc 4. Chon K san phdm c6 ri, cao nhdt tw van cho nguoi ding i.

Hinh 6. Thuat toan Hybrid-ItemBased-Graph

V. THU NGHIEM VA GIA

D¢ danh gia hiéu qua cia cac phuong phép tu van két hop dé xuét, ching toi tién hanh thir nghiém trén bo dix
liéu thuc vé phim [24]. Phuong phap trinh bay & trén dugc danh gia va so sanh vdi cac phuong phéap khac theo thu tuc
mo ta dudi day.

5.1. Dir liéu thir nghiém

Thuat toan loc két hop dugc thu nghiém trén by dir licu MovieLens cua nhém nghién cuu GroupLens thudc
Trudng Pai hoc Minnesota [24]. Bo dit liéu gdm 700.000 danh gia cia 943 ngudi ding cho 7682 phim. Gia tri danh
gia dugc thyc hién tir / dén 5. Mirc d6 thua thét dit liéu danh gia la 99.1%. Tap dac trung ndi dung san phém duoc
chon 13 18 thé loai phim khac nhau [18]. Tap dic trung ndi dung ngudi ding ciing dwoc cung cap kém theo tip dic
trung ndi dung phim [24]. Chon gia tri 6 = 15 theo phuong phap duwgc mo ta o trén dé xac dinh wy,, Vg dgs theo cong
thire (8), (12), va (16) theo thir tr. Chon 0=0.8 dé x4c dinh trong s dudng di cho cac cong thirc (36), (37).

5.2. Phuong phap thir nghiém

Trudc tién, toan bo di li¢u thtr nghiém dugc chia thanh hai phﬁn, mot phén Uy, dugce st dung lam dir li€u huin
luyén, phan con lai Uy dugc sir dung dé kiém tra. Tap U, chita 75% déanh gia va tap U, chira 25% danh gi4. Dir liéu
huén luyén dugc str dung dé xdy dung md hinh theo thut todn mé ta & trén. V6i mdi ngudi dung i thude tap dir licu
kiém tra, cc danh gia (da c6) cia nguoi dung dugc chia lam hai phén O; va P;. O; dugc coi la da biét, trong khi do P; 1a
danh gia can du doan tir dit liéu huén luyén va O,[8, 14].

Sai s6 du doan MAE, v&i mdi khach hang u thudc tap di liéu kiém tra duoc tinh béng trung cong sai ) tuyét dbi
gitra gia tri du doan va gia tri thuc ddi véi tht ca mat hang thudc tap P,.

1 a
MAE, = ﬁZyePu |ruy - ruyl (38)
Sai s6 du doan trén toan tap dir liéu kiém tra dugc tinh bang trung binh cong sai s du doan cho mdi khich hang
thudc U.Gia tri MAE nho thi phuong phap dy doan cé d¢ chinh xac cao [8, 14].

YueUp, MAEy
[Utel

MAE = (39)

5.3. So sanh va danh gia

Cac phuong phéap tu van két hop Hybrid-UserBased, Hybrid-ItemBased, Hybrid-UserBased-Graph, Hybrid-
ItemBased-Graph dugc trinh bay trong muc 3.1, 3.2, 3.3 va 3.4 dugc so sanh véi nhitng phuong phép loc cong tac sau:

- Phuong phap CF-UserBased st dung do tuong quan Pearson. Py 1a phuong phép tu van cong tac chuan dua
vao nguoi dung chi thyc hién dy doan dya trén tap gia tri danh nguoi dung[15].
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- Phuong phap CF-ItemBased sir dung d6 tuong quan Pearson. Day la phuong phap loc cong tac chuan dya vao
san pham chi thyc hién dy doan dya trén tap gia tri danh nguoi dung[16].

Phuong phap thir nghiém dugc thue hién chon ngau nhién 300, 600, 900 ngudi dung trong tap MovieLens lam dir
liéu huan luyén. Chon ngau nhién 100, 200, 300 nguoi dung trong sO con lai dé 1am tap kiém tra. Gia tri MAE trong
Bang 7 va Bang 8 duogc ude lugng tir trung binh ctia 10 1an thir nghiém ngiu nhién.

Két qua trong Bang 7 cho thiy phuong phap loc dya vao nguoi dung thuan tiy CF-UserBased cho lai gia tri MAE
1én nhat so v&i cac phuwong phap con lai. Diéu nay co thé 1y giai han ché cua phuong phép loc cong tac khi qué trinh
huén luyén chi dya vao tap rat nho cac gia tri r,#0. Khi kich thudce tap dir liéu huén luyén 16n Kkét qua du doan phuong
phap dan duoc cai thién. Cu thé gia tri MAE trén tap dit liéu gom 300, 600, 900 nguoi dung lan lugt 1a (0.856, 0.834,
0.838), (0.794, 0.775, 0.764), (0.778, 0.745, 0.748) theo thir tw. Kich c& tép lang giéng 16n thyc hién thiéu 6n dinh. Tap lang
giéng 16n khong ti 16 thuan véi két qua dy doan. Két qua nay hoan toan phii hop v6i nhitng nghién ctru trude day.

Phuong phap Hybrid-UserBased cho lai gia tri MAE thap hon nhiéu so v6i phuong phap CF-UserBased. Cu thé
vé6i tap lang giéng K=10 va kich thudc tap dit liéu huan luyén gdm 300, 600, 900 nguoi dung thi phuwong phap cho lai
gia tri MAE lan luot 1 0.642, 0.611, 0.607 so vé&i 0.856, 0.794, 0.788 cuia phuong phap CF-UserBased; véi K=20 gia
tri MAE 14n luot 12 0.586, 0.597, 0.611 so v&i 0.834, 0.775, 0.745 cua phuong phap CF-UserBased;; vai K=30 gia tri
MAE lan luot 14 0.513, 0.553, 0.609 so v&i 0.838, 0.764, 0.748 cua phuong phap CF-UserBased. S6 lwong ngudi dung
trong tap lang giéng 16n két qua du doan ciing thuc hién 6n dinh hon. Piéu niy co6 thé giai thich phwong phap Hybrid-
UserBased tinh toan dugc mure d9 twong tu gilta cac cap ngudi dung chinh xac hon vi phuong phap duoc thue hién trén
toan bo tap dir liéu danh gia va ho so ngudi dung. Chinh vi Iy do d6 phwong phap xac dinh dugc tap lang giéng clia
ngudi dung hién thoi tot hon dé dua ra két qua du doan.

Phuong phap Hybrid-UserBased-Graph cho lai gia tri MAE thép nhét so véi tt ca cac phuong phap con lai. Gia tri
MAE trén cdc tap dir licu huén luyén va tap lang giéng dao dong trong khoang 0.515<MAE=<0.548. Phuong phap cho lai
két qua kha on dinh trén cac tap tap dir liéu va tap lang giéng co kich ¢& khac nhau. Piéu nay c6 thé khang dinh phuong
phap xac dinh d twong ty dua trén tap cac duong di tir dinh ngudi dung. dén dinh nguoi ding 1 hoan toan tin cay. Do
tuong tu giira cac cap nguoi dung trén db thi da tich hop dugc tat ca cac mdi quan hé giira nguoi dung va san pham, nguoi
ding va dic trung ndi dung san phdm, san phdm va dic trung ngudi dung, dic trung san pham va dic trung ngudi ding.

Bang 7. Gia tri MAE ctia cac phuong phap tu vin dua vao ngudi ding

Kich thudc tap dir liéu huan luyén Phuong phép Kich thudc cla tap lang gieng
10 20 30
CF-UserBased 0.856 0.834 0.838
300 nguoi dung Hybrid-UserBased 0.642 0.586 0.513
Hybrid-UserBased-Graph 0.521 0.518 0.512
Hybrid-CF-UserBased 0.794 0.775 0.764
600 nguoi dung Hybrid-UserBased 0.611 0.597 0.553
Hybrid-UserBased-Graph 0.515 0.515 0.537
CF-UserBased 0.788 0.745 0.748
900 nguoi dung Hybrid-UserBased 0.607 0.611 0.609
Hybrid-UserBased-Graph 0.548 0.519 0.517

Gia tri MAE trong Bang 8 cuia cac phuong phéap loc dwa vao san pham ciing co dién bién tuong ty nhu phuong
phap loc dwa vao nguoi ding. Gia tri MAE cia phuong phap loc két hgp Hybrid-ItemBased nho hon nhiéu so voi
phuong phép CF-ItemBased. Ly do dé diéu nay xay ra chi c6 thé Iy giai phuong phép tinh toan mirc dotwong tugiira
cac cap san pham duoc thuc hién trén tap gid tri danh gia va hd so san pham thuc hién chinh xac hon cac phép do chi
dwa vao tap gid tri danh gia. Gia tri MAE cua phuong phap Hybrid-ItemBased-Graph thép hon dang ké so voi phuong
phap Hybrid-ItemBased. Diédu nay cting chi c6 thé giai thich do tuong tu gitra cac san pham dwa trén db thi da két hop
dugc tat ca cac mdi quan hé gian tiép gitra nguoi dung, san pham, hd so nguoi ding va hd so san pham.

Bang 8. Gia tri MAE cua cac phuong phap tu vin dua vao san phim

Kich thudc tap di liéu husn luyén Phuong phap Kich thudc cda tap lang gieng
5 10 20
CF-ltemBased 0.843 0.837 0.835
300 nguoi dung Hybrid-ltemBased 0.622 0.622 0.607
Hybrid-ltemBased -Graph 0.612 0.589 0.571
CF-ltemBased 0.814 0.816 0.844
600 nguoi dung Hybrid-ltemBased 0.651 0.637 0.613
Hibrid-ltemBased -Graph 0.537 0.525 0.517
CF-ltemBased 0.793 0.786 0.743
900 nguoi dung Hybrid-ltemBased 0.568 0.587 0.543
Hybrid-ltemBased -Graph 0.548 0.519 0.511
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VI. KET LUAN VA HUONG PHAT TRIEN

Bai bao da dé xuat mot mo hinh hgp nhat gilta phuong phép tu van cong tac va tu van the noi dung. M0 hinh duoc
xdy dung bang cach dich chuyén bai toan tu van két hop ve bai toan tu van cOng tac thuan tay dé tan dung nhiing wu
diém cua phuong phap nay. Phuong phap dich chuyen dugc tién hanh bang cach xay dung ho so nguoi dung cua loc
ndi dung dya trén danh gia tu nhién cua nguoi dung d6i v6i cac san pham. Sau do, thiét 1ap mdi quan hé truc tiép gilta
nguoi dung va tung déc trung ndi dung san pham. Bang cach nay ta mé rong duoc ma tran danh gia cua loc cong tac vé
phia cac san phim. Tiép dén, qua trinh xay dung hd so san phdm cung dugc thue hién trén thoi quen sir dung san phim
moét cach tu nhién cua ngucn dung dbi véi cac san pham Dua trén hd so san phdm, ching t6i thiét 1ap mdi quan hé truc
tiép giita san pham va mdi dic trung ndi dung nguoi dung. Bing cach ndy ta mo rong duge ma trn danh gia cua loc

cong tac vé phia nguoi dung. Cudi cing, chung t6i tim cach xdc dinh moi quan hé tiém an gilta mdi dic trung ngudi
dung véi cac dic trung san pham dua trén hd so ngudi ding va hd so san phim. M6 hinh cudi cing nhan duoc 13 m&
rong cia md hinh tu van cong tac co ban.

Sau khi thu gon vé bai toan loc cOng tac, ma tran danh gia mé rong dugc dé xuét trong bai bao da tich hgp déiy da
céc gia tri ddnh gid cta loc cong tc, ho so nguoi dung, hd so san pham, mdi lién hé giita hd so nguoi ding va hd so
ndi dung san pham cua loc ndi dung. Trong s cac dic trung ndi dung trong hd so ngudi ding, hd so san phém va moi
lién hé gitra cac dédc trung ndi dung ¢ cung metric v6i gia tri danh gia. Chinh vi vy, cac phuong phap tu van cong tac
dua vao bo nh6¢ hodc cac phuong phap tu van cong tac dya trén mo hinh déu c6 thé trién khai trén ma tran danh gia mo
rong. Dé tan dung wu thé cia mo hinh db thi, chung t6i d& xuit xay dung mot do trong quan khai thac gian tiép cac
moi quan hé gitra ngudi dung, san pham déc trung nguoi dung, déc trung san pham dé nang cao két qua dy doan. Két
qua thir nghiém cac phuong phap tu van két hop de xuét cho thiy chat lwong tw van dugc cai thién dang ké so vai cac
phuong phép tu vén co ban. Chung tdi tin tuong rang, mo hinh ciing s& cho lai két qua t6t d6i voi cac phuong phép tu
vén dua trén mé hinh. Nhitng két qua nay s& duoc trinh bay trong nhiing nghién ciru tiép theo ciia bai bao.
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A GRAPH-BASED MODEL FOR HIBRID RECOMMENDER SYSTEM

Do Thi Lien, Nguyen Xuan Anh, Nguyen Duy Phuong, Tu Minh Phuong

Abstract - Recommender systems are the capable systems of providing essentialinformation and removing unessentialinformation
for Internet users. The recommender systems are built based on two main information filtering techniques: Collaborative filtering
and content-based filtering. Each method exploits particular aspects related to content features or product usage habit of users in
the past to predict a brief list of the most suitable products with each user. In this paper, we propose a new unify method between
collaborative filtering recommendation and content-based filtering recommendation based on graph model. The model allows us to
shift hybrid filtering recommender problem to collaborative filtering recommender problem, then build new similar measures based
on graph to determine similarities between two users or two items, these similar measures are used to predict suitable products for
users in the system. The experimental results on real data sets show that the proposed methods achieve superior performance
compared to baseline methods.

Keywords - Collaborative Filtering Recommendation, Content-based Filtering Recommendation, Hybrid Filtering
Recommendation System, Item-Based Recommendation, User-Based Recommendation.



