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TOM TAT— Hé nr vin (recommender systems) 1a hé thong twr déng cung cap théng tin pha hop va gé bé thong tin khdng phu hop
cho méi nguesi ding. Hé ne vén dieoc xay ding dea trén hai ki thudt loc thong tin chinh: Loc cdng tdc (collaborative filtering) va loc
ngi dung (content-based filtering). Loc ndi dung thuc hi¢n hiéu qud trén cac dang thong tin van ban nhung gdp kho khan trong trich
chon ddc trung ddi véi cdc dang théng tin da Pphuong tién. Loc cdng tac thuc hién tot trén tat cd cdc dang thong tin nhung gdp phdi
van dé dit liéu thua, nguoi dung mdi va san phdm méi. Trong bai bdo nay, ching téi @é xudt mgt mo hinh loc két hop giita loc céng
tac va loc ngi dung bangphwong phdp hoc ban giam sat. M6 hinh duwoc xdy dung dwa trén hai thi tuc ban giam sat: ban giam sat
tap danh gia nguoi dung cung tGp ddc trung san pham va ban gidm sdt tgp danh gié san phdm cing tap dac tru’ng nguoi dung. Ban
gidm sat lap danh gid nguoi dung cung tap dac trung san phdm cho phep ta phat hién ra nhitng san phdam méi cé kha ning phit hop
cao doi véi nguoi dimg ndy. Bdn gidm sdt tdp lang giéng theo san pham ciing tdp dic trung nguoi dimg cho phép ta phat hién ra
nhitng nguoi dingmdi cé kha nang phii hop cao doi voi san pham nay. ‘Hai thi tuc ban giam sat thiec hién dong thoi va bo sung qua
lai cho nhau cac gia tri du dodan chdc chan dé nang cao két qua tw vén. Két qua thir nghiém trén cac bo dir liéu thuc vé phzm cho
thdy phirong phdp dé xudt tan dung hiéu qud wu diém va han ché dang ké nhuwoc diém ciia méi phirong phap loc.

Tir khéa— Tur vin cdng tdc, tiw van theo ndi dung, hé tw van lai, tw van bang phiong phdp hoc ¢é gidm sdt, tw van bang phirong
phadp hoc khong giam sat, tw van bang phuwong phap hoc ban giam sat.

I. GIOI THIEU VAN PE

Ngudi ding sir dung cac dich vu Internet tryc tuyén hién nay ludn trong tinh trang qué tai thong tin. Dé tiép can
dugc thong tin hiru ich, nguoi dung thuong phai xu ly, loai bo phan 16n théng tin khong can thlet Hé tu vin
(recommender systems) cung cap mdt giai phap nham giam tai théng tin béng cach du doan va cung cap mdt danh sach
ngan cac san pham (trang web, ban tin, phim, video...) pht hop cho moi nguoi dung. Trén thyc té, hé tu vin khong chi
hudng dén van @& giam tai thong tin cho moi nguoi dung ma n6 con 1a yeu t6 quyét dinh dén thanh cong cua cac hé
thdng thuong mai dién tir. Bai toan tu van tong quat c6 thé duoc phat biéu nhu sau.

Cho tﬁp hop hitu han gdm N ngudi dung U = {uy, Uy,..., un}, P = {p1, P2,.., Pm} 12 tip hitu han gdm M san pham.
Mbi san phim pyxeP co thé 1a hang hoa, phim, anh, tap chi, tai liéu, sach, bao, dich vu hoic bt ky dang théng tin nao
ma ngudi ding can dén. Mdi quan hé giita tap ngudi ding U va tap san pham P dugc biéu dién thong qua ma trin danh
gidR={ryi=12 .N;x=1,2,.M}. Gia tri r,x‘the hién danh gia cia nguoi dung u.el.! chQ mot s san pharn py eP.
Thong thudng gia tri r,thén mot gia tri thugc mién F = { 1, 2,.., g} duoc thu thap truc ti€p bang cach hdi y kién nguoi
ding hogc thu thap gian tiép thong qua co ché phan hoi cua nguoi ding. Gia tri rix = ¢ duge hiéu nguoi dung U; chua
danh gia hodc chua bao gid biét dén san pham Pr. Ma tran danh gia cua cac hé thong tu van thuc té thudng rat thua.
Mat do cac gia tri 0 nho hon 1%, hdu hét cac gia tri ri, con lai 1a ¢ [1, 17 Ma tran R chinh 1a ddu vao cta cac hé
thdng tu van cong tac [3, 18]. Dé thuan tién trong trinh bay, ta viét p.eP ngéin gon laxeP; va uieU laieU. Cac ky tu i,
j luon duge dung dé chi tap ngudi dung trong cac muc tiép theo ciia bai bao.

MB&i san pham xeP  dugc biéu dién thong qua |C| dic trung ndi dung C = { ¢y, Cp,.., Cicj}. Céc dac trung c,eC
nhan duoc tir cac phuwong phap trich chon dic trung (feature selection) trong linh vuc truy van thong tin. Vi du xeP la
mdt phim thi cac dic trung noi dung biéu didn mot phim co thé 1a C={thé loai phim, nwéc san xudt, hing phim, dién
vién, dao dién...}. Goi Wy = {Wy, Wy,.., Wy } 1a vector trong s6 céc gia tri dic trung nodi dung san phdm c,e C dbi véi
mdi sén phém xeP. Khi d6, ma tran trong bW ={w,s: X =1, 2, .., M;s=1,2,..,]|C|} chinh Ia dau vao cta cac hé théng
tu van theo ndi dung san phim [2, 3, 7]. Dé thuén tién trong trinh bay, ta viét c,eC ngén gon l1a se C.Ky tu s ludn dugc
dung dé chi tap dic trung ndi dung san pham trong cc muc tiép theo ciia bai bao.

M&i ngudi dung ieU duge biéu dién thong qua |T| dic trung ndi dung T = {ty, t,,.., tir}. Cac dac trung t4eT
thong thuong 1a thong tin c4 nhan ciia mdi nguoi dung (Demographic Information). Vi du ieU la mot ngudi dung thi
cac dac trung ndi dung b1eu dién nguoi ding i ¢6 thé 1a T={gidi tinh, do tuéi, nghé nghlep, trinh dg, ...}. Goi v; = {vj,
Vi, Vim} 1a vector trong s6 bidu dién cac gia tri dic trung ndi dung tqu dbi voi mdi nguoi dung iceU. Khi d6, ma
tran trong s6 V ={vigei=1,2,.,N;0=1,2,.,|T| } chinh la dau vao cla cac hé thong tu van theo noi dung thong tin
nguoi dung [3, 6]. Dé thuan t1en trong trinh bay, ta viét tyeT ngan gon la qeT. Ky tu g ludn dugce dung dé chi tap dac
trung ndi dung ngudi dung trong cac muc tiép theo ciia bai bao.

Tiép dén ta ky hiéu, PicP 1a tip cac san pham xeP dugc danh gia boi nguoi ding ieU va U,cU la tap cac
nguoi dung i €U da danh gia san pham xeP. V&i mot ngudi dung cin duoc tu vin ieU (dugc goi 1a ngudi dung hién
thoi, nguoi ding can dugc tu van, hay nguoi ding tich cuc), nhiém vu clia cac phuong phap tu van 14 goi y K san pham
xe(P\P;) phu hop nhat d6i véi nguoi dung i.
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biaco nhiéu dé xuat khac nhau giai quyét bai toan tu vén. Tuy vay, ta co thé phan loai thanh ba hudng tiép can
chinh: tu van theo ndi dung, tu Van cong tac va tu van két hop [1,2]. HE tu vén theo ndi dung xay dung phuong phap
du doan duya trén ma tran trong sb cac dic trung noi dung san phim W={w,} hodc ma tran trong so cac dac trung ndi
dung ngum dung V {V,q} [6, 7]. Céc dic trung ndi dung seC dugc xay dung tir cac k¥ thuat truy van thong tin. Trong
sO cua moi déc trung ndi dung Wys thuong duge ude luong béang k¥ thuat tf-idf [3, 17, 18]. Loc ndi dung thyc hién kha
t6t trén cac loai thong tin vin ban nhung gip kho khan trong trich chon dic trung cac san phim da phuong tién (vi du
hinh anh, 4m thanh...). Mot s6 dic trung ndi dung khong quan trong ddi voi san phiam van duge wdc luong voi trong
sO cao trong khi mot sé dic trung ndi dung quan trong bi bo qua trong qua trinh trich chon dic trung [2, 17]. Mot nguoi
ding méi tham gia hé thong s& c6 hd so sir dung san pham 1a {¢}. Khi d6, h¢ thong s& khong thé goi ¥ dugc cac san
pham phu hop voi nguoi dung nay [2, 17].

Hé tu van cong tac xay dung phuong phap du doan dua trén ma tran danh gia R={r,} [8,9, 12, 13]. Trong d6,
gia trj r, phan anh quan diém ctia nguoi dung ieU dbi vi cac san phadm xeP. Loc cong tac thuc hién t6t trén tat ca cac
loai thong tin, dic biét d6i voi thong tin da phuong tién (vi du hinh anh, 4m thanh...). Chinh vi Iy do nay, loc cong tac
duoc sur dung rong rai hon loc ndi dung trong cac hé théng thuong mai dién tir [1, 15]. Thach thuc 16n nhat cua loc
cong tac 1a van dé dir liéu thua, ngudi ding mdi va san pham méi. Van dé dir lidu thua xay ra khi sé lugng gia tri danh
gia biét trude it hon rat nhiéu s6 luong danh gia chua biét [1, 18]. M6t nguoi dung moi tham gia hé thdng s& co hd so
st dung san pham 1a {0}, khi d6 ta khong thé goi ¥ cac san pham phu hop ddi véi ngudi ding nay [18]. Mot sdn pham
moi chua duoc bat ky nguoi dung nao danh gia thi hé théng ciing khong ¢ co so goi y san pham nay cho bat ky ngudi
dung nao [17, 18].

Heé tu van lai xay dung phuong phap du doan dua trén ca ba ma tran R, W,V[2, 5, 11, 14]. Gia tri ri phan anh
quan diém ctia ngudi dung ieU ddi voi cac san pham XeP, Wy phén anh mtrc d§ quan trong cua déc trung seC ddi voi
san phamXeP Vig phan anh mirc d¢ quan trong cua dac trung qeT d6i v6i nguoi dung ieU. H¢ tu van lai duoc tiép cén
theo bon su hudng chinh: két hop tuyén tinh giita loc cong tac va loc ndi dung, két hop cac dic trung cia loc cong tac
vao loc ndi dung, Kkét hop cac déc trung cta loc ndi dung vao loc cong tac, va xay duyng mo hinh hop nhét cho ca hai
phuong phép loc [2]. Hai vin d& co ban can giai quyét ddi voi phuong phap tiép can lai 1a tim ra phép biéu dién hop 1y
gitta danh gia nguoi dung cua loc cdng tac vdi cac dac trung cia loc ndi dung va phuong phap du doan chung cho ca
hai phuong phap.

Trong bai bao nay, chung t6i dé xuat mot mo hinh hop nhit giita loc cong tac va loc ndi dung bang phuong
phép hoc ban gidm sat nham han tan dung loi thé va han ché khé khin cua mdi phuong phép loc. Phuong phap dugc
xdy dung dua trén co s¢ xdy dung mo hinh hop nhit giita danh gia nguoi dung cua loc cong tac va ho so ngudi ding
ctia loc ndi dung dé thong nhat cac mod hinh dy doan dua vao nguoi dung. Tiép dén, chung t6i xdy dung mo hinh hop
nhét gitra danh gia san pham cua loc cong tac va ho so san pham cua loc ndi dung dé thong nhét cac mo hinh du doan
dya vao san pham. Cudi ciing, chung t6i xdy dung mé hinh hoc ban giam sat dé hop nhat ca hai phuong phéap dy doan
dwa vao ngudi ding va phuong phap du doan dwa vao san phim.

Dé trong tdm vao nhitng dong gop méi cuia bai bao, Muc tiép theo chiing t6i trinh bay phuong phép uée lugng
trong s6 cac dic trung ndi dung ngudi dung va san pham cia loc ndi dung. Muc 3 trinh bay phuong phap hoc ban giam
sat dwa vao danh gid ngudi dung, dic trung san phdm va dic trung ngudi dung. Muc 4 trinh bay phuong phap thu
nghiém va danh gia. Muc cudi dung 1a két luan va hudng phat trién tiép theo ctia bai bao.

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

Nhu da gidéi thiéu o trén, bai toan tu vén két hop thyc hién dy doan dua trén tdp danh gia cia nguoi dung déi
v6i san pham, cling voi tap dic trung ndi dung san pham va dic trung ngudi dung. Trong muc nay, ching ti trinh bay
dé xuét phurong phép hop nhit biéu dién gié tri cac dic trung ndi dung vao ma tran danh gia cta loc cong tac. Py ciing
1a bude dau tién trong xay dung mé hinh hoc ban giam sat cho hé tur van lai.

Khong han ché tinh tong quat clia bai toan phat biéu trong Muc 1, ta gia thiét gia tri danh gia ciia nguoi ding
icU dbi v6i san pham xeP dugc xac dinh theo cong thire (1). Mdi san phdm xeP duogc biéu dién thong qua |C | dic
trung ndi dung C = {cy, C,,..,Cc)} duge xac dinh theo cong thirc (2). M&i ngudi dung ieU duoc biéu dién thong qua [T|
dac trung ndi dung T = {ty, t,,.., tyy} dugc xac dinh theo cong thuc (3).

S { v néu nguodi dung i danh gia san phdm x & mbc dd6 v (v € F) )
* 70 néungwoi dung i chwa danh gia hoac chwa biét dén san pham x

o = {1 néu san phdm x c6 dic trung s @)
0 néu san pham x khong cé dic trung s

- {1 néu nguwoi dung i ¢ dic trung q 3)
97 |0 néu ngwoi dung i khéng cé dic trung q

Vi du v6i hé gdm 3 ngudi dung U = {Uy, Uy, Uz}, 4 san phdm P = {py, P2, Ps, Pa}. Trong d6, ma tran danh gia R
dugc cho trong Bang 1; Ma tran déc trung ndi dung san phdm C dugc cho trong Bang 2; Ma tran dic trung ndi dung
nguoi dung T dugce cho trong Bang 3. Hé tu vén cong tac duoc xay dung dua trén ma trdn danh gia R [3, 13, 14]. Hé tu

Bang 1. Ma tran danh gia R Bang 2. Ma trin dic trung san phim C Béng 3. Ma tran dac trung nguoi dung T

r - - 1T - T = [ I N | - < 1 < T 2 1T < 1
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vAn nodi dung dugc xay dyng dua trén ma tran cac dac trung ndi dung C va T [2, 4, 5, 6]. HE tu vén lai xdy dung dua
trén ma ca ba ma trdin R,Cva T [2, 5, 16].

2.1. Hop nhit ho so nguoi ding ciia loc ndi dung vao ma trian danh gia

Phwong phép tu van theo ndi dung thuc hién du doan cac san phim c6 ndi dung thong tin hay mé ta hang hoa
tuong ty véi nhitng san phdm ma ngudi dung da ting sir dung hodc truy nhap trong qua khtr. Chit lugng cua cac
phuong phap tu van theo ndi dung phu thudc vao phuong phéap trich chon dic trung dé biéu didn vector dic trung noi
dung san phim va vector hd so st dung san phdm ciia ngudi ding. Han ché 16n nhét cua phwong phap trich chon dic
trung hién nay 1a nhiéu ddc trung khong quan trong nhung van tham gia vao viéc xac dinh muc d6 twong tu giita vector
ho so nguoi ding va vector ddc trung san pham [2]. Dé han ché diéu nay, ching t6i dé xuat phuong phap xay dung hd
so str dung céac ddc trung san phdm cua ngudi ding thong qua danh gia tu nhién ciia ngudi dung ddi voi san pham.
Phuong phap duoc tién hanh nhu dudi day.

bé xay dung duogc hd so sir dung céc dac trung san phém cua nguoi dung ta can thuc hién hai nhiém vu: xac
dinh duoc tap cac san phadm ngudi dung di ting truy cap hay sir dung trong qua khir va udc luong trong sé mdi dic
trung ndi dung san pham trong hd so ngudi ding [2, 5, 7]. Goi PicP dugc xac dinh theo cong thirc (4) 1a tap san pham
nguoi dung ieU da danh gid céc san pham xeP. Khi d6, P; chinh 13 tap san phim ngudi dung da timg truy cap trong
qua khtr dugc cac phuong phap tu van theo ndi dung st dung trong khi xay dung ho so ngudi dung. Van dé con lai 1a
lam thé nao ta wdc lwong duoc trong sé mdi dic trung seC dbi véi mdi hd so nguoi ding icU.

P={xeP|r,+0 (i€ lU)} 4)

Goi Item(i, s) la tap cac san phém xeP; chura dung dac trung seC duoc xac dinh theo cong thue (5). Khi do,
Iltem(i , s)| chinh 1a s6 1an nguoi dung icU sir dung cac san pham xeP chira dung dic trung seC trong qua khi.

Item(i,s) ={x € P |c,s #0 (i€ U,s€C)} (5)

Duya trén P; va Item( i, S) cac phuong phép tu vén theo ndi dung wéc lwong duoc trong sb wis phan anh muc do
quan trong cua ddc trung ndi dung s dbi véi nguoi dung . Phuong phap pho dung nhét thuong dugce st dung trong xay
dung hd so ngudi dung 1a ky thuat tf-idf [7]. Gid tri wis 1a mot s thyc trai déu trong khoang [0,1]. Tuy nhién, trong khi
quan sat bai toan tu van cong tac chung toi nhan thdy ban than n6 da ton tai mot phép danh gia tu nhién ciia nguoi ding
dbi véi san pham thong qua gia tri danh gia ri. Gia tri rix phan anh mac d6 va thich cua nguoi dung sau khi da s dung
san pham va dua ra quan diém cua minh dbi v6i san pham. Vi du véi hé tu van phim [8, 9], gia tri ri, =1, 2, 3, 4,5
dugc hiéu theo cac muc quan diém “rdt 161", “t6i”, “binh thirong”, “hay”, “rdt hay”. Chinh vi 1y do dé, chiing t6i mong
mubn ¢6 duge mot phép trich chon dic trung co cling mirc d6 danh gia tw nhién ctia ri.

Dé thuc hién y tuong néu trén, ching t6i thyc hién quan sat trén tap ltem(i, s). Néu gia tri [Item(i, )| vuot qua
mot ngudng O nao dé thi trong sé dic trung ndi dung san phidm seC ddi véi ngudi ding ieU 1a wis dugc tinh bang
trung binh cong cia tat ca cac gia tri danh gia. Trudng hop |Item(i, S)| c6 gia tri bé hon 0, gia tri wis dugc tinh bang téng
clia tit ca cac gia tri danh gia chia cho 0.Trong thir nghiém, ching t6i tinh todn dwoc sb luong trung binh cua tit ca
ngudi dung ieU da danh gia cac san phim xeP, sau d6 chon 0 twong duong véi 2/3 sb luong trung binh cac danh gia
cua tap nguoi dung ieU d3 danh gia san phim xeP chua dung dac trung seC. Bing cach nay ta co thé han ché duoc
mot s6 dic trung ndi dung it duge ngudi ding quan tim nhung van dugc danh gia voi trong s6 cao.

1 N .
erltem(i,s) Ty néu |Item(i,x)| = 6

Item(i,s)
wis =4 ) | (6)
Eerltem(i,s) Tix néu |Iltem(i,x)| <6

Gia tri wis duoc ude luong theo (6) phan anh quan diém cta nguoi dung ieU d6i voi cac dic trung ndi dung
san pham seC ciing chinh 14 hd so nguoi dung ieU da st dung cac dic trung ndi dung seC trong qua khir. D&
dang nhan thay wiseF, trong d6 F = { 1, 2, .., g}. Chinh vi vay, ta c6 thé xem mdi dic trung ndi dung san pham dong
vai tro nhu mot san phém phu bd sung vao tap san phém. Dua trén nhan xét nay, chung to6i hop nhét ma tran danh
gia cuia loc cong tac va hd so ngudi dung cia loc ndi dung thanh mé hinh biéu dién hop nhit giita danh gia ngudi
dung cua loc cdng tac vdi cac dac trung san phém cua loc ndi dung. Ma tran danh gia mé rong theo hd so ngudi
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dung dugc xdc dinh theo cong thirc (7). Trong d6, x =s (s€C) dong vai tro nhu mot san pham phu bd dé mo rong ma
tran d4nh gia vé phia san pham.

(")

Tix néux € P
Tix = X, _
wis nefus €C (x =5s)
Vi du v6i hé cd ma tran danh gia theo Bang 1, ma tran dac trung san phém theo Bang 2, ma tran dic trung
ngudi ding theo Bang 3, chon 0 = 2, khi d6 ta sé tinh toan dugc tap hd so nguoi dung {w;s : iU, seC} trong Bang 4
va ma tran danh gia mo réng theo (7) trong Bang 5.

Bang 4. Ma tran hd so ngudi ding wi Bing 5. Ma trén danh gia m& rong riy theo hd so ngudi ding
C1 C2 Cs P1 P2 P3 Pa G C2 Cs
Uy 4 0 4 Uy 5 0 4 0 4 0 4
uz 2 3 1 U, 0 4 0 3 2 3 1
Us 4 2 2 Us 0 5 4 0 4 2 2

Hé tu van dugc xéac dinh theo (7) da tich hop ddy du danh gia nguoi dung va trong sd cac dic trung san pham.
Chinh vi vy, cac phuong phép tu van theo ngudi dung déu c6 thé dé dang trién khai trén ma tran danh gia mo rong
theo hd so nguoi dung. Phuong phép tu van cong tac theo nguoi dung dugc xay dung dya vao tap danh gia ngudi dung
[9]. Phuong phap tur van theo ndi dung san pham dugc thuc hién dua trén hd so ngudi dung [7]. Phuong phéap tu van lai
dugc thuc hién dya vao tap danh gia nguoi ding va hd so ngum ding [14]. Do tinh chét thua thot ciia ma tran danh gia
ban dau 1am cho ma trn danh gia mé rong theo hd so nguoi dung cling thua thot. Chinh vi vay, cac phuong phap tu
van dya vao (7) déu cho lai két qua khong cao. Van dé nay s& duoc chung t6i giai quyét trong muyc tiép theo cua bai
bao.

2.2. Hop nhét hd so san phim ciia loc ndi dung vao ma trin danh gia

Tuong tu nhu hd so ngudi dung, hd so san pham luu trix lai ddu vét cac didc trung ndi dung ngudi ding da ting
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
ting sir dung san pham qua khtr va wéc luong trong s6 mdi dic trung ndi dung nguoi dung trong hd so san pham [6,
14]. Goi U,cU dugc xéc dinh theo cong thirc (8) 1a tap nguoi ding ieU da st dung san phdm xeP. Khi d6, U, chinh Ia
tap ngudi ding can dugc luu lai cac gia tri ddc trung ndi dung trong hd so san pham. Van dé con lai 1a 1am thé nao ta
wéc lugng duoc trong sb mdi dic trung qeT ddi voi mbi hd so san phim xeP.

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

Goi User (X, q) 1a tap nguoi dung ieU, cd dic trung geT duoc xac dinh theo cong thirc (9). Khi do, |User(x , q)|
chinh 13 s6 1an san pham xeP dugc tip nguoi dung ieU ¢ dic trung ndi dung qeT sir dung trong qua kh.

User(xq)={iEU|tl-q¢0(xEPqu} 9)

Dua trén U, va User( X, q) cac phuong phép tu van theo ndi dung nguoi dung wéc luong dugc trong 5O t,q phan
anh muc d quan trong cua dac trung ndi dung q dbi voi san pham x. Giéng nhu ngudi dung, ban than cac san pham
ciing da ton tai mot phép danh gia ty nhién cia tap ngudi dung ddi voi san pham thong qua gia tri danh gia r,. Do vay,
ching t6i dé xuat phuong phép trich chon déc trung ndi dung ngudi ding c6 cing mirc do danh gia voi gia tri danh gia
lw. DEé thuc hién diéu nay, chung t6i tién hanh quan sét trén tap User(x ). Néu gia tri [User(x, q)|vu01 qua mot
ngudng 6 nao d6 thi trong sd dic trung ndi dung nguoi dung qeT ddi véi san pham xeP 13 Vyq duoc tinh bang trung
binh cong cua tit ci cac gia tri danh gid. Truong hop [User(x, q)| c6 gia tri bé hon 6, gla tri Vyq duoc tinh bang tong cla
tat ca cac gia tri danh gia chia cho 0. Trong thir nghiém, ching t6i tinh toan dugc s6 lugng trung binh ctia tat ca san
pham xeP dugc danh gia boi nguoi dfmg ieU, sau d6 chon 6 tuong duorng v6i 2/3 s6 lugng nguori dung i€U chira
dung dic trung qeT da st dung san phim xeP. Bing cach nay ta co the han ché duoc mot sb dic trung ndi dung
nguoi ding it quan tim dén san phdm nhung van dugc danh gia véi trong s cao.

1

_ mZieUser(x,q) Tix néu |User(x,q)| = 6 (10

Yax =91 x
EZiEUser(x,q) Ty néu |User(x,q)| <0

Gia tri Vg dugc u6e lugng theo (10) biéu dién ho so san pham xeP di dugc tap nhitng nguoi ding icU chira
dung dac trung qeT st dung. D@ dang nhan thiy Vig€F, trong d6 F = { 1, 2, .., g}. Chinh vi ly do nay, ta c6 thé xem
moi déc trung ndi dung nguoi dung dong vai tro nhu mét ngudi dung phu bd sung vao tap nguoi dung. Dya trén nhan
xét nay, chung t61 hop nhit ma tran danh gia cua loc cdng tac va hd so san phdm cua loc ndi dung thanh mé hinh biéu
dién hop nhét gitrta danh gia san pham cua loc cdng tac vdi cac dac trung ngudi dung cua loc ndi dung. Ma tran danh
gia mé rong theo hé so san phdm duoc xac dinh theo cong thirc (11). Trong d6, i =q(qeT) déng vai tro nhu mot ngudi
ding phu b sung vao dé mé rong ma tran danh gia vé phia nguoi ding.
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T; néui e Uvar, =0
rix — { X X (11)

Vgx néu q ETvavy, # 0 (1 =q)
Vi du v6i hé c6 ma tran danh gia theo Bang 1, ma tran déc trung nguodi dung theo Bang 3, chon 0 = 2, khi do ta
s€ tinh todn duoc tdp ho so sdn pham {vg: XeP, eT} trong Bang 6 va ma trin ddnh gia md rong vé phia nguoi dung
theo (11) trong Bang 7.
Bing 7. Ma tran danh gia mé rong ri, theo hd so san pham

Bing 6. Ma trin hd so san phdm v, 01 D D3 Da

P1 P2 Ps Pa U 5 0 2 0

t 2 2 2 1 U, 0 4 0 3
t 0 0 2 0 Us 0 5 4 0
t; 0 2 0 1 fy 2 2 2 1
" e
1y 2 2 4 0

Hé tu van dugc xac dinh theo (11) da tich hop day du danh gia san pham va trong s cac dic trung nguoi dung.
Chinh vi vay, cac phuong phap tu van theo san pham déu co thé dé dang trién khai trén ma tran danh gia mo rong theo
hé so san pham. Phuong phap tu vén cong tac theo san phdm duogc xdy dung dwa vao tap danh gia san pham [10, 13].
Phuong phép tu van theo ndi dung ngudi dung dugc thyc hién dya trén hd so san pham [6, 10]. Phuong phap tu vén lai
dugc thue hién dwa vao tap danh gia san pham va hd so san pham [6, 14]. Do tinh chét thwa thét cua ma tran danh gia
ban d4u lam cho ma tran danh gia mod rong theo hd so san pham ciing thua thét. Chinh vi vdy, cac phuong phép tu van
dwa vao (11) déu cho lai két qua khong cao. Véan dé nay s& dwoc ching toi giai quyét trong muc tiép theo cta bai béo.

I11. MO HINH HQC BAN GIAM SAT CHO LQC KET HQP

Nhu da dé cap o trén, cac _phuong phép tu van dwa vao (7), (11) déu gap phai van dé dir liéu thua [1, 12, 15]. Bé
khic phuc diéu nay, ching toi dé xuét thuat toan tu van két hop bang phuong phap hoc ban gidam sat. Thuat toan dugc
xdy dung dya trén hai thu tuc ban giam sat: ban giam sat tap danh gid nguoi dung cung véi tap dic trung san pham va
ban giam sat tap danh gia san phdm cung véi tap dic trung nguoi dung. Ban giam sat tap danh gia nguoi dung cing tap
ddc trung san pham cho phép ta du doan dugc nhitng san pham méi co kha ning cao phu hop cho mdi ngudi dung.
Nhirng san phdm méi dwoc du doan duge s& duge chuyén giao cho qua trinh ban giam sat theo danh gia san phim cling
tap didc trung ngudi dung. Nguoc lai, thu tuc ban giam sat tdp danh gia san pham clng tap dic trung ngudi dung cho
phép ta phat hién ra nhitg ngudi ding mai c6 kha ning pht hop cao ddi voi san phdm. Nhitng ngudi ding méi dugce
du doan s& dugc chuyén giao cho qua trinh ban giadm sét theo tap danh gia nguoi ding cung tap ddc trung san pham.
Hai qua trinh ban giam sat duoc thyc hién ddng thoi va bd sung cac gid tri du doan chic chin cho nhau dé nang cao
chat luong tu van.

3.1. Ban giam sat tap danh gia nguwoi ding cung tap dic trung sin phim

Hé tu van lai dugc xéac dinh theo (7) cho phép ta dé dang trién khai cac phuong phap loc cong tac dwa vao ngudi
dung [9, 14, 15]. Phuong phap dugc tién hanh thong qua 4 bude: tinh toan mirc d6 tuong tu gitra cac cap nguoi dung,
xdc dinh tap lang giéng cho nguoi dung can tu van, du doan quan diém ciia nguoi dung dbi voi cac san pham moi, va
tu van top k san pham c6 gia tri du doan cao nhat cho nguoi dung [9, 15]. Do tinh chat thua thot cua ma trdn dénh gia
lam cho viéc xac dinh mirc do tuong ty gitra cac cap nguoi dung kém chinh xac. Dleu nay s€ anh hudng truc tlep dén
viéc xac dinh tap lang giéng va két qua dy doan cac san pham mdi cho ngudi dung can duoc tu vin [14] Dé khic phuc
diéu nay, voi mdi nguoi dung ieU chung toi xay dung tap S; dugc dinh nghia theo cong thirc (12) dé giam sat viéc tinh
toan muc d6 tuwong tu gitta cac cap nguoi dung. Trong d6, P; dugc xac dinh theo cong thirc (4), C; dugc xac dinh theo
cong thire (13).

Ss={jeu:|Pp,nP|=06,va|C;n (| = 0,} (12)
C;={s€C:r # 0} (13)

Si duorc xac dinh theo (12) la tap nguou ding j U c6 s6 lwong danh gla g1a0 nhau véi nguoi ding i it nhat 1a 6,
san pham va sb luong cac dic trung san phim giao nhau it nhit 1a &. Hai hing s nguyén duong 6; va 6 dugc chon du
16n trong tap dir liéu huin luyén dé S; khong con 1a tap dir liéu thua. Dya vao Siva do twong quan Pearson, chiing toi
ban giam sat viéc tinh toan murc d6 twong tu gilra cac cap ngudi dung cua loc cdng tac theo cong thirc (14), ban giam
sat viéc tinh toan mirc d twong tu gilta cic cap nguodi dung cua lgc ndi dung theo cong thirc (15), ban giam sat viéc
tinh todn mtrc d6 tuong ty gitra cac cap nguoi dung cua loc két hop theo cbng thirc (16).

0 néu ] ES,:
Zxepinp; rix=T)(7jx=7)) (14)

~ néujES;
erPinPj(Tix—ﬁ)z\/erPinPj(zj—T_j)

al-j =
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0 néu j £S;
by = Ysecinc;(ris=i)(rjs=7) , (15)

= néujes;
/Zsecincj(ris—ﬁ)z\/Zsecincj(rjs—f))

Yxet;nH [ (Ti=T)(Tjx~T;)

néuj € S;vaa;; 2 avab; = o (16)

0 trong cac truong hop khac

u;; = \/erHinHj(rix—T:l)z\/EerinHj(rix—T:z)z

Trong do, P; dugc xéac dinh theo cong thirc (4), C; dugce xac dinh theo cong thire (13); Hi, 77, 7, I; duoc xac dinh
theo cong thie (17), (18), (19), (20), theo thir ty.

H,=P,UC 17
i = e Zaerior, T (18)
7'1 WZSEC ncj Tis (19)
L= ] St Tix (20)

RO rang, ajjdugc xac dinh trén S; theo (14) chinh xac hon so véi a;; dugc xac dinh trén toan b tap nguoi dung U
trong tap dit liéu huén luyén vi S; chiéu 1én cac cot san pham khong phai 1a tap dir liéu thua. Gia tri bjj duge xéc dinh
trén §; theo (15) chinh xac hon so véi by duge xdc dinh trén toan bo ddc trung san pham C vi S; chiéu 1én cac cot dic
trung san pham ciing khong phai 1a tap dir liéu thua. Gia tri uij duoc xac dinh theo (16) tin cdy hon so voi u;; xac dinh
trén toan bo tap nguoi dung vi S; khong phai 12 tap dir liéu thua trén toan bo U U €. Hon thé nira, hai nguoi dung i, j ¢6
mirc do twong ty theo danh gia nguoi ding va twong ty theo hd so nguoi dung phai viot qua mot ngudng o nao do.
Ngudng o dugc xac dinh thong qua kiém nghiém. Trong bai bao ndy, bang thuc nghiém ching tdi chon 0:=0.9 dé c6
dugc két qua tt nhat.

Sau khi x4c dinh dwoc muc d6 twong tu giita cac cip nguoi ding, ching t6i xdy dung tap lang giéng cho ngudi
ding ieU theo cong thirc (21). Phuong phép du doan cac san phim méi x eP chua dugce ngudi dung i biét dén duoc
thyc hién theo cong thirc (22) [9, 15, 16].

Ki = {] € Si: uij > a} (21)

jek; (rjx=3)uij
b jEKilui il

+ (22)

Il
S

Tix

Nhirng san phdm méi XxeP ¢6 gia tri du doan ri, theo (22) 1a nhitng du doan tin cdy dugc bd sung vao ma tran
danh gia mé rong theo hd so san pham dé phuc vu qua trinh ban giam sat theo tip danh gia san pham cing tap dic
trung ngudi ding. Phuong phap ban giam sat tip danh gia san pham cling tap dic trung ngudi ding s& duge ching toi
trinh bay trong muc tiép theo ciia bai béo.

3.2. Ban giam sat tap danh gia san phim clng tip dic trung nguwoi ding

Heé tu van lai dugc xac dinh theo (19) cho phép ta d& dang trién khai cac phuong phéap loc cong tac dwa vao san
pham [10, 15]. Phuong phap dugc tlen hanh thong qua 4 budc: tinh toan mirc d§ tuong tu gilta cac cap san pham, xac
dinh tap lang giéng cho san pham céan tu van, dy doan quan mirc d pht hop ciia san pham déi véi mdi ngudi ding, va
tu van top k san pham co gia tri du doan cao nhét cho ngudi dung [10]. Do tinh chat thua thét cia ma tran danh gia lam
cho viéc xac dinh mure d¢ twong tu gitta cac cap san pham kém chinh xéc. Diéu nay s€ anh hudng truc tlep dén viéc xac
dinh tap lang giéng cua san pham va két qua du doan murc d6 phit hop cia nguoi dung dbi voi san pham [1,10]. bPé
khic phuc diéu ndy, véi mdi san phdm xeP ching t6i xay dung tap S, dugc dinh nghia theo cong thirc (23) dé giam sat
viéc tinh toan murc do twong tu gitta cac cdp san pham. Trong d6, U, duge xac dinh theo cong thirc (8), T, duoc xac
dinh theo cong thic (24).

Se={y €P:|U;nU,| = va |T, nT,| = 2} (23)
T,={q€T:ry, # 0} (24)

S, dugc xac dinh theo (23) 14 tip sin phiam y eP c6 s lugng ngudi dung danh gia voi san pham x giao nhau it
nhét 13 y va s6 luong cac ddc trung nguoi ding giao nhau it nhét 1a 7. Hai hing s6 nguyén duong 7 va y dugc chon
du 16n trong tap dir lidu huén luyén dé Sy khong con 1a tap dir li€u thua. Dua vao S, va do twong quan Pearson, chung
t6i ban giam sat viéc tinh toan mirc do tuong tu giita cac cip san phim cia loc cong tic theo cong thirc (25), ban giam
sat viéc tinh todn murc d§ tuwong tu gitra cac cdp san phém cua loc ndi dung theo cong thire (26), ban giam sat viéc tinh
toan murc do tuong tu giita cic cap san pham cua loc két hop theo cong thire (27).
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0 néu y S,

4y = Bictxnuy (TixT0(riy=75) . néuyes, (25)
0 néuy S,

by = | Saeruony (a)oap—5) P (26)

. \2 .o \2
JZqETany(qu_Tx) \/ZqETxﬂTy(rqy_ry)

YicHynHyTix—T0) (Tiy—Ty)
Y néuy € Sy vaay, = avab,, = a

Pay = | [Bicrtaniny o 70 [Bicrtznny iy T3 @)
0

trong cac truong hop khac

Trong d6, U, dugc xac dinh theo cong thire (8), Ty dugc xac dinh theo cong thitc (24),H,, 7 , i, 1 dugc xac
dinh theo cong thirc (28), (29), (30), (31), theo thir tu .

Hy=U,UT, (28)
e = iy Sictanuy Tix (29)

mi‘.qgmy Tax (30)
= mZiEHxﬂHy Tix (31)

RO rang, a,, dugc xac dinh trén S, theo (25) chinh xac hon so véi a,, dugc xac dinh trén toan bd tap san pham P
trong tap dit liéu huén luyén vi S, chon trén cac hang ngudi dung khong phai 13 tap dit liéu thua. Gia tri by, duoc xac
dinh trén S, theo (26) chinh xac hon so véi by, dugc xac dinh trén toan bd tép dac trung guoi dung T vi Sy chon trén céc
hang dic trung ngudi dung ciing khong phai 1a tp dir liéu thua. Gia tri u,, duoc xac dinh theo (27) tin cdy hon so v6i
Py xéc dinh trén toan bo tap san pham va dic trung ngudi ding vi S, khong phai la tap dix liéu thua trén toan b P U T.
Hon thé nita, hai san pham X, y ¢6 mirc d6 twong tu theo danh gia san phim va tuong ty theo hd so san pham phai vuot
qua mot ngudng o nao d6. Ngudng o duoc xac dinh théng qua kiém nghiém. Trong bai bao nay, bang thuc nghiém
chung t6i chon 0=0.90 dé c6 duogc két qua tbt nhat.

Sau khi xac dinh dugc mirc d6 tuwong tu giita cac cip san pham, chung toi xay dung tip lang giéng cho san

phim xeP theo cong thirc (32). Phuong phap du doan mirc d6 phi hop cta nguoi dung iU dbi voi san phidm x eP
dugc thyc hién theo cong thirc (33)[10, 15, 16].

K, = {y € Syt Pxy > a} (32)
o Zyel(xpxyriy
Tee = Syeky|Pxyl (33)

Gia tri dy doan ri theo (33) phan anh mirc d6 phu hop ciia ngudi ding i €U dbi v6i san pham x ePduge bd sung
vao ma tran danh gia mo rong theo san pham dé phuc vu qua trinh ban giam sét theo tdp danh gia nguoi ding va tap
déc trung san pham. Hai qua trinh ban giam sat duoc thyc hién dong thoi va bd sung qua lai cho nhau cac gia tri du
doan chéc chin Fix dé nang cao két qua tu van. Thuat toan hoc ban giam sat dong thoi trén tap danh gid nguoi dung va
dic trung san pham, tip danh gia san pham va dic trung nguoi ding s& duge ching toi trinh bay trong muc tiép theo
cta bai bdo.

3.3. Thuit toan hoc ban giam sat cho loc két hop

Nhu dé dugc trinh bay 6 trén, phuong phap ban giam sat theo danh gia nguoi dung cung tap dac trung san phim
cho phép ta phat hién nhitng san phdm mai phit hop nhat dbi v6i mdi ngudi dung. Phuong phép ban giam sat theo danh
gi4 san phim cung tdp dic trung ngudi dung cho phép ta phat hién nhitng ngudi ding méi phu hop nhét dbi véi méi
san pham. Trong muyc ndy, chiing t6i dé xuit xay dung thuat toan hoc ban gidm sat dong thoi dé xir Iy qua trinh chuyén
giao két qua dy doan giira qué trinh ban gidm sét tir tap danh gi4 ngudi ding cung tap dic trung san pham dén qua trinh
ban giam st tir tdp danh gi san phim cing tap dic trung ngudi dung. Thuit toan duge md ta chi tiét nhu trong Hinh 1.

Thuét toan d& xuét ky hiéu 1a (Semi-Learning) thuc hién tudn tu théng qua ba budc: bude khoi tao, budce lap va
tao nén tu van. Tai budc khai tao t=0, ma tran ghi lai két qué du doan dugc khéi tao béng chinh ma tran dénh gia ban
dau cua loc cong tac R = {rg ) = =rpi=12.,N;j=12,. M} Tai budc lap, qué trinh ban giam sat theo danh
gia ngudi dung va tdp dac trung san pham dugc thuc hién tuin tu theo cac bude (2.1.a), (2.1.b), (2.1.¢), (2.1.d), (2.1.¢),
(2.1.1). Tai budc (2.1.a) ta xac dinh dugc gia tri W phan anh quan diém cua ngudi dung ieU dbi voi cac dic trung
san phdm s eC cua Vong lap thi (t) theo cong thuc (6) Str dung wl(s), tai bude (2.1.b) ta xay dung dugc ma tran danh
gid m& rong theo hd so nguoi dung cua vong lap thur (t) theo cong thuc (7). Dya vao két qua cua budce (2.1.b), tai bude

(2.1.c) ta xac dinh duoc tap S; ®1a tap dir liéu khong thua dbi vei ngudi dung i €U cuavong lap thir (t) theo céng thirc
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(12). Sir dung S; 2 , bude (2.1.d) ta xac dinh duoc u(J) la muc d6 twong ty gitra CAC cdp ngudi dung i, jeU trén ca ti })
danh gia nguoi dung va tap dac tmn§ san phdm cua vong 1dp thir (t) theo cong thire (16). Sau khi tinh toan dugc u
tai budc (2.1.e) ta xac dinh duoc K 1a tap lan% giéng cua nguoi dung icua vong lap thu (t) theo cong thire (21). Cu01
cung, tai budc (2.1.1) ta dy doan duqc gid tri 7;,”” phdn 4nh quan diém cua nguoi dung i d6i voi san phdm méi X P ctia
vong lap thir (t) theo cong thirc (22) Cac gia tr1 r( ) du doan dugc tai vong lap thir (t) s€ dugc cdp nhat lai trong ma
tran danh gia mo rong RO va chuyén giao cho qué trinh huan luyén theo tip danh gia san phdm cing tap ddc trung
nguoi dung tai budc 2.2 cta thuat toan.

Tai budc (2.2), qué trinh ban giam sat theo tap danh gi4 san pham va tap ddc trung ngudi ding dugc thyc hién
tudn tu theo cac budc (2.2.a), (2.2.b), (2.2.c), (2.2.d), (2.2.¢), (2.2.f). Tai budc (2.2.a) ta xac dinh duoc v( phan anh
quan diém cua ta])) ngudi ding c6 dic trung ndi dung qeU dbi voi san pham x eC cua Vong lap thir (t) theo cong thirc
(10). Sir dung qu , tai bude (2.2. b) ta xdy dung duoc ma trdn danh gia mo rong theo hd so san pham cua vong lap thu
(t) theo cong thirc (11) Dua vao két qua cua budc (2.2.b), tai budc (2.2.c) ta xac dinh duogc tap 5 a tap dir liéu khong
thua d6i v6i san phdmx ePcua vong lap thir (t) theo cong thirc (23). Str dung S buoc (2.2.d) ta xac dinh duogc p(t) la
mirc do twong tu giita cac cdp san phdm X, y P trén ca ta }) danh gia san pham va tap dac tru‘ng nguoi dung cua vong
lap thir (t) theo cong thirc (27). Sau khi tinh toan duoc px tai budc (2.2.e) ta xac dinh dugc K, 1a tap lan giéng cua
san phimx cua vong lap thir (t) theo cong thirc (32). Cubi cung, tai bude (2.2.f) ta dy doan duoc 1a tri r phan anh
mirc do phu hop cua ngudi dung iU d6i voi san phim x eP cia vong lap thir (t) Céc gia tri r du doan duogc tai
vong lap tht (t) s€ dugc cdp nhat lai trong ma tran danh gia mo rong RY va chuyén giao cho qué trlnh huén luyén theo
tap danh gia ngudi cung tap dic trung san pham tai budce lap tiép theo cua thuat toan.

Tai bude (2.3), s6 lugng vong lap (t) dugc ting 1én 1 don vi va thuat toan tiép tuc lap lai qua trinh hudn luyén
® _ . (@t-1 ®) _ _(t-1)

ddng thoi tiép theo. Thuat toan s& hoi tu tai vong lap thi (t) co u; i = W VaPyy = Pxy Vi

s© = sV

(t) (t-1)
l] uij Q[

@) _ -1
K7 =K,

© _ g(t-D
Ly [SP =5

t t-1

Py = piy )@{ © _ ot

Két) _ Két—l)
Diéu nay c6 nghia, tai vong lap th (t) ta khong bd sung duoc bat ky gia tri 7‘i§:) nao theo cé hai qua trinh ban
gidm sat. Tai budc 3 cua thudt toan, qua trinh tao nén tu van dugc thuc hién don gian bang cach sap xép theo thur tu

®

giam dan cac gi4 tri du doan T, »sau do chon k sén pham X c6 gia tri riff) 16n nhét trr van cho nguoi ding i.

Piu vio:
- Matrgn danh gia R ={riy: i=1, 2,.., N; x =1, 2, .., M} dwoc xac dinh theo (1).
- Ma trdn cde ddc trung néi dung san phim C ={cys: X=1, 2,.., M; s =1, 2, .., |C|}dwoc xdc dinh theo (2).
- Ma trdn cdc ddc trung ngi dung nguoi ding T ={ciq: i=1, 2,.., N; q =1, 2, .., |T|}duoc xdc dinh theo (3).
- Nguoi dimg i €U la nguoi dimg can dwoc tir van.
Piu ra :Ma trdn du dodn R = RO = {r0:i=1,2,.,N; x=1,2,..,M}.
Cic budre tién hanh:
Begin
Budc 1( Khai tao):
t«=0;/khdi tao s6 budc lap ban dau la 0
RO = {ri;o) =nrei=12,..,.N;x=1,2,.., M}; //Khdi tao ma trdn danh gia ban dau tai vong lap thir 0.
Budrc 2 (Buoce lap):
Repeat )
2.1. Bén giam sat tap danh gia nguoi dung va tép dac trung san pham:
a) Xdc dinh trong so cdac ddc trung ndi dung san pham tai vong Idp thir t theo cong thirc (6):
1
(oo 2 néulieml© =6
® _ { ’ x€ltem(i,s)®
Wis™ = 1 ® ’
| 9 Tix néu |Item(i,s)|® < 6
. L xeltem(i,s)®
b) Mo réng ma trgn danh gid theo ho so nguoi dung bang cong thire (7):
© _ { r(t) 5:) néux € P

Ti ®
LS

Lx néus €C (x =5s)

¢) Xdc dinh 5(‘) theo cong thite (12):S = {j eU:IP nPY > 6, va1c nc?| > 62}
d) Tinh toan u ) theo cong thire (16):
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1O
Uij

® @® ® (t)
ZxEH(”nH(” ( N ) (}x i )

- 2 —\2
= t ¢ t
i szEH(t)nH(t) ( A )) \/erﬂi(t)nl-l](.” (Ugc) - 7}( ))

k 0 trong cac truong hop khac
e) Xac dinh Ki(t) theo cong thirc (21):Ki(t) = {j € Si(t) © - a}
E}ek(t)(rj(ff) TJ(E))uEJt')

)
Z]EK(E) uU

néuj e Sl.(t) va ai(;) > va bl.(jt) >

f) Du doan gia tri r ) theo cong thure (22):1;, r® = r( )+

2.2.Ban giam sat tap danh gia san pham va tap ddc trung ngudi ding:
a) Xdc dinh trong so cdc ddac trung ndi dung nguoi diing tai vong lap thir t theo cong thire (10):
( 1 Z ® ®
UserGe, )] 1, néu |User(x,q)|) = 6
ax 1

0 rigct) néu |User(x,q)|® < 6

ieUser(x,q)®

. ieUser (x,q)®
b) Mo rong ma trdn danh gia theo ho so san pham bang cong thire (11):
{r(t) =r® néuieu
) _ Tix

Tix

®
Vax

¢) Xéc dinh 5(” theo cong thiie (23):S = {y € P: | 0 UP| > 6,va T n 10| > 6,}

d) Tinh toan p ) theo cong thire (27):
®

néuqeT (i=q)

Pxy
0 néuyes®
ZLEH(OOH(O < ® rx(t)> (riglt) - r;t)) " " ¢

= néui€ S)(C ) 9(03 > va bg(cy) >

2 —\2
k\jzzeH“)nH(‘)( - x(t)) \]Zzeﬂ(‘)nH(t)( g/) r’y(t))

e) Xac dinh K,E ) theo cong thirc (32):K,§t) = { S(t) px) > a}
TP, (;)
f) Dy doan gia tri rigct) theo cong thirc (33):ri§:) = yEK—
ZyeKJ((t) |pxy|

2.3. Tang budc lap : tet+1,
UntilConverges.

Buére 3(sinh ra tw van):

<Sdp xép cdc san phim theo thir ty gidm dan cia TiE:)>;

<Chon top k san pham x dau tién tw van cho nguoi ding i>;

End.

Hinh 1. Thuat toan Semi-Learning

4. THU NGHIEM VA PANH GIA
Dé danh gid hiéu qua cta cic phuong phap tw van két hop dé xudt, ching toi tién hanh thir nghiém trén bo dit
liu thuc vé phim[18]. Phuong phap trinh bay ¢ trén dugc danh gia va so sanh voi cac phuong phép khac theo thu tuc
md ta dudi day.
4.1. Dir liéu thir nghiém

Thuat toan hoc ban giam sat cho loc két hop duoc tht nghi€m trén bd dir li€u MovieLens ciia nhdm nghién ctru
GroupLens thudc truong dai hoc Minnesota [18]. Tap dit liéu MovieLens c6 ba lya chon véi kich thuée khac nhau 1an
luot la: MovieLens 100k, MovieLens 1M va MovieLens 10M. Trong dd, tap dir liéu MovieLens 100KBIa tap con cua
tap MovieLens 1M. Tap dic trung san phdm va nguoi dung clng dugc cung cép day du kém theo tap danh gia nguoi
dung. Tép dir liéu MovieLens 10M tuy 16n nhung khong cung cap tap déc trung nguoi dung va tap ddc trung san pham.
Chinh vi vdy, ching toi sir dung tap dir liéu MovieLens 1M dé tién hanh thir nghiém cho phwong phap dé xuét.

Tép dir liéu MovieLens IM gém 1MB dénh gia ctia 6040 ngudi dung cho 3952 phim. Gia tri danh gia duoc thuc
hién tir 1 dén 5. Mirc d6 thua thot dir lidu danh gia 13 99.1%. Dit liéu cu thé duoc cung cap trong céc file sau [18]:
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e u.data: luu trit diy da IMB dénh gia ctia 6040 ngudi ding cho 3952 phim. M&i ngudi dung danh gia it nhat 20
phim. Mdi hang déu ¢ cing céu trac: user id | item id | rating | timestamp.

e u.info: File luu sé luong ngudi dung, s6 luong san phdm, sé luong xép hang cua tap dir liéu. File w.item luu
théng tin vé phim.

e u.genre: File luu danh sach 19 thé loai phim khac nhau. Pay 14 tap dac trung ndi dung san phim dugc diung
trong thir nghiém phuong phap dé xut. Ngoai ra, mg v6i mdi phim chiing t6i tich trong IMDB d¢ lay tap dic
trung nudc san xuét, hang phim, dao dién, dién vién chinh dé lam tap dic trung phim.

e u.user: File luu thong tin vé nhitng ngudi ding. Cac hang c6 ciu tric chung : user id | age | gender |
occupation | zip code. User id dugc st dung trong tap dir li¢u u.data.

e u.occupation: File luu danh sach cac nghé nghiép. Pay la tip dic trung ndi dung ngudi ding duoc ding trong
thir nghiém phuong phap d¢ xuat.

4.2. Phuong phap thir nghiém
Trudc tién, toan b dir lidu thir nghiém duoc chia thanh hai phan, mot phan Uy, dugc sir dung 1am di li¢u huan

luyén, phan con lai Uy dugc s dung dé kiém tra. Tap Uy chira 80% danh gid va tp U chira 20% danh gia. Dir liéu
huan luyén dugc sir dung d€ xay dyng mo hinh theo thuat toan mo ta ¢ trén. V6i moi nguoi dung i thudc tap dir liéu
kiém tra, cac danh gia (da co) cua qguc‘yi dung duogc chia lam hai phan O; va P;. O; dugc coi la da biét, trong khi d6 P; 4
danh gia can dy doan tir dir liéu huan luyén va O;[2, 3, 18].

) Sai s6 du doan MAE, véi mdi kl}éch hél,ng u thudc tap dir liéu kiém tra duoc tinh bﬁng trung cong sai ) tuyét
doi gitra gia tri du doan va gia tri thuc doi vai tat cd mat hang thudc tép P,,.

1 A
MAE, = ﬁZyePu |ruy - ruyl (34)

Sai s6 du doan trén toan tap dir licu kiém tra duoc tinh bﬁng trung binh cdng sai s6 du doan cho mdi khach hang
thudc Ug.Gia tri MAE nho thi phuwong phap du doan c¢6 d6 chinh xac cao [2, 3, 18].
YueUp, MAEy
[Utel

MAE = (35)

4.3. So sanh va danh gia
Phuong phap hoc ban giam sat dé xuit trong Muc 3 dwoc thir nghiém va so sanh v6i nhitng phuong phap sau:

- Phuong phap KNN dua vao ngudi dung su dung do tuong quan Pearson (ky hiéu la CF- UserBased). bay la
phuong phép tu van cong tac chuan dwa vao ngudi ding duoc dé xuat trong [9].

- Phuong phap KNN dya vao sénﬂphém sir dung do tuong quan Pearson (ky hiu la CF-ltemBased). Pay la
phuong phap tu van cdng tac chuan dya vao san pham dugc dé xuat trong [10].

- Phuong phap KNN dya vao ho so ngudi dung sir dung do twong quan Pearson (ky hiéu la CBF-UserBased).
Pay 1a phuong phap tu van dua vao viéc so sanh muc d¢ tuong ty gilra hai ho so nguoi dung dugce dé xuat
theo cong thae (15).

- Phuong phap KNN dya vao hd so san phim sir dung d6 twong quan Pearson (ky hiéu 1a CBF- ItemBased) bay
1a phuong phép tu van dya vao viéc so sanh mirc do twong ty giita hai hd so san pham dugc d& xuit theo cong
thure (26).

- Phuong phép tu vin két hop KNN dwa vaongudi dungva tap dédc trung san phim st dung d6 tuong quan
Pearson (ky hi¢u la Hybrid-UserBased). Day 1a phuong phap tu van két hop dua vao do twong quan Pearson
duoc dé xuat theo cong thirc (16).

- Phuong phap tu van két hop dua theo san pham va tap dic trung nguoi dung s dung d6 twong quan Pearson
(ky hi¢u 1a Hybrid-ItemBased). Dy la phuong phap tu van két hop dua vao do twong quan Pearson dugc dé
xuat theo cong thire (27).

Lay ng':lu nhién 4000 nguoi dung trong tdp MovieLens lam dir liéu huén luyén. Chon ngiu nhién 1000 ngudi
dung trong s6 con lai dé 1am 4 tap dir licu kiém tra (testl.inp, test2. inp, test3.inp, test4.inp). Déi voi m01 tap dir ligu
kiém tra, chung t6i thyuc hién loai bo ngau nhién cac danh gi4 sao cho sb cac danh gia biét truge cua moi nguoi dung
dbi véi san pham chi con lai 1a 5, 10, 15 va 20 dénh gia. Tap testl.inp, test2.inp, test3.inp co s6 danh gia gia biét trude
lan luot cua mdi ngudi dung 12 5, 10, 15 twong tng véi trudong hop dit liéu huan luyén rat thua [3]. Tép test4.inp co sb
danh gia gia biét trudc 1a 20 tuong ing véi truong hop dir lidu huin luyén thua [3]. Chon 6 = 4, 8, 12, 15 u'ng v6i mbi
bo test theo thir ty dé xac dinh xac dinh wi, Vgx theo cong thirc (6), (10) Chon @)= 4, 8, 12, 15 (cho mdi tap dit lidu
theo thir tu), = 10 vd 0=0.9 (cho tit ca cac tap dit liéu kiém tra) dé xac dinh S, uij, K; theo cong thue (12), (16),
(21), va Sy, pyy, K, theo cong thuc (23), (27), (32). Gia tri MAE trong Bang 8 duoc liy trung binh ctia 10 1an thir
nghiém ngau nhién. Gia tri MAE nhé chimg to phuong phap c6 két qua dw doan tot [1, 2, 3].
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Béng 8. Gia tri MAE cua cac phuong phéap

) S8 lvong danh gia biét trwdc trong tap kiém tra
Phuong phap 5 10 15 20
CBF-UserBased 0.865 0.859 0.855 0.835
CBF-ltemBased 0.894 0.883 0.875 0.845
CF-UserBased 0.824 0.817 0.821 0.813
CF-ltemBased 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

Két qua trong Bang 8 cho thiy phuong phép tu van ndi dung dira vao hé so nguoi dung va hd so san phim cho
lai gia tri MAE 16n nhét so v6i cac phuong phap con lai. Phuong phap tur van cong tac dua vao danh gia nguoi dung va
danh gia san phdm cho lai gi4 tri MAE nho hon so véi cac phuong phap tu van theo ndi dung. Cu thé, ung véi sé lugng
danh gia biét trudc trong tap kiém tra 1a 5, 10, 15, 20, phuong phap CBF-UerBased va CBF-ltembased cho lai gia tri
MAEIan luot 12 0.865, 0.859, 0.855, 0.835 va 0.894, 0.883, 0.876, 0.845 theo thir tu. Trong khi d6, phuong phap CF-
UserBased va CF-ltemBased cho lai gia tri MAE lan luot 13 0.824, 0.817, 0.821, 0.813 va 0.846, 0.841, 0.836, 0.815
theo thi tw. Két qua nay hoan toan pht hop véi nhitng nghién ctru trude day[1, 2].

Phuong phap Hybrid-UserBased cho lai gia tri MAE thap hon nhiéu so véi phwong phap CBF-UserBased va
CF-UserBased. Cu thé g vé6i s6 luong dénh gia biét trudc trong tap kiém tra 1 5, 10, 15, 20 thi phwong phap CBF-
UserBasedva CF-UserBased cho lai gia tri MAE lan luot 14 0.865, 0.859, 855, 0.835va 0.824, 0.817, 0.821, 0.813 so
v6i 0.793, 0.792, 0.791, 702 cia phuong phap Hybrid-UserBased. Phuong phap Hybrid-ItemBased ciing cho lai gia tri
MAE thép hon so v6i phuong phap CBF-ltemBased va CF-ItemBased. Vi s6 lugng dénh gia biét trudc trong tap kiém
tra 1a 5, 10, 15, 20 thi phuong phap CBF-ItemBased va CF-ItemBased cho lai gia tri MAE 1an luogt 1a 0.894, 0.833,
875, 0.845 va 0.846, 0.841, 0.836, 0.815 so vai 0.798, 0.788, 0.782, 0.695 cua phuong phap Hybrid-ltemBased. Diéu
nay chi cé thé 1y giai phuong phap tinh toan mirc do twong tu gitta cac cip ngudi dung trén tap danh gia ngudi dung
cung céc dic trung san pham chinh xac hon so véi phuong phép tinh toan mirc do tuong tu gitra cac cip ngudi ding
chi dya vao danh gia ngudi dung hodc hd so ngudi dung. Phuong phap tinh toan mic do twong ty giita cac cip san
pham trén tap danh gia san phim cung cac dic trung ngudi dung chinh xac hon so v&i phuong phép tinh toan mirc do
tuong tu giita cac cap san pham chi dua vao danh gia san phdm hodc hd so san pham.

Phuong phap Semi-Learning cho lai gia tri MAE thap nhit ¢ tat ca cac mirc d6 thua thét dir liéu khac nhau. D6i
v6i tap dir liéu kiém tra chi co 5 danh gia biét trudc, phuong phap Hybrid-UserBased va Hybrid-ItemBased cho lai gia
tri MAE lan lugt 13 0.793, 0.798 so v6i 0.672 cta phuong phap Semi-Learning. Véi tap dir liéu kiém tra chi ¢6 10 danh
gia biét trudc, phuong phap Hybrid-UserBased va Hybrid-ItemBased cho lai gia tri MAE 1an luot 1 0.792, 0.788 so
v6i 0.629 cua phuong phap Semi-Learning. Vi tap dit liéu kiém tra chi c6 15 danh gia biét trudce, phuong phap
Hybrid-UserBased va Hybrid-ItemBased cho lai gia tri MAE lan luot 1a 0.791, 0.782 so véi 0.617 cta phuong phap
Semi-Learning. Dic biét, v6i tap dit liéu kiém tra c6 20 danh gia biét trude, phuong phép cho lai gia tri MAE 13 0.585.
Diéu nay c6 thé khiang dinh phuong phap xac dinh d6 twong ty dya trén tap khong thuwa ddi véi ngudi dung va san
phim 14 hoan toan tin cdy. Phuong phap chuyén giao két qua dy doan giira qua trinh ban giam st tdp danh gia ngudi
ding cung tap dic trung san phdm va tap danh gid san phim cing tap dic trung ngudi ding di han ché hidu qua van dé
dir liéu thua cua cac phuong phap loc.

V.KET LUAN VA HUONG PHAT TRIEN

Bai bao di dé xuit mot mo hinh hop nhét gitra loc cdng tac va loc theo ndi dung bang ~phuong phap hoc ban
glam sét. Phuong phap dugc tién hanh bang cach hop nhit biéu dién gia tri cac dac trung san pham vao loc cong tac dé
thong nhat cic phuong phap du doan dua vao nguoi dung. Sau do, xay dyng phuong phap hop nhét biéu dién gia tri
cac dic trung nguodi dung vao loc cong tac dé thong nhét cac phuong phap dy doan dya vao san pham. Cubi cung,
ching t6i xay dung phwong phap hoc ban giam sat dé chuyén giao két qua du doan giita hai phuong phap du doan theo
ngudi dung va du doan theo san phim.

Dé phat huy vu diém va han ché nhuoc diém cia cac phuong phép loc, ching 61 d& xudt xay dung hai kiéu ban
giam sat: ban giam sat trén tap danh gia ngudi ding cing tdp dic trung san phim va ban giam sat tip danh gia san
phim cung tap ddc trung ngudi dung. Ban giam sat tap danh gia ngudi dung cung tap dac trung san phém dugc tién
hanh bang cich xdy dung tap khong thua d6i véi mdi ngudi dung. Ban giam sat tap danh gia san pham cing tap dic
trung nguoi dung dugc tién hanh bang cach xac dinh tap khong thua d6i voi mdi san pham. Duya trén cac tap khong
thua d6i véi mdi nguoi dung va san pham, ching t6i da han ché dugc qué trinh tinh toan muc do tuong tu gitra cac cap
nguoi dung, tdp lang giéng cua clia nguoi dung va san pham de xac dinh cac két qua du doan chac chan. Trén co so ciia
hai qua trinh ban giam sat da dugc xay dung, ching t6i dé xuat xay dung thuat toan hoc ban giam sat dé chuyén giao
két qua du doan giita cac qua trinh ban giam sat. Két qua thuc nghiém trén bo dir liéu thyc vé phim cho thay, phuong
phap d& xuét cho lai két qua du doan kha tét trong truong hop dit liéu thua.
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ASEMI-SUPERVISED LEARNING METHOD FOR HYBRID FILTERING
Do Thi Lien, Nguyen Duy Phwong

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 semi-supervised learning method. The model is built based on two semi-supervised procedures: the first
procedure semi-supervise ratings set between users and item’s features, the second procedure semi-supervise ratings set between
items and user’s features. The first procedure allows usto detect new items that is high suitable capability with the users. The second
procedure allows us to detect new users that is high suitable ability with the items. Two procedures performed simultaneously and
complement each other for suitable predicted values to improve recommender results. The experimental results on real data sets
show that the proposed methods utilize effectively the advantages and limit disadvantages significantly of baseline filtering methods.

Keywords—Collaborative filtering recommendation, content-based filtering recommendation, hybrid filtering recommendation
system, supervised learning recommendation, unsupervised learning recommendation, semi-supervised learning recommendation.
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