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MQT PHUONG PHAP LQC TRUOGC THEO
NGU CANH CHO HE TU VAN
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Hoc vién Cong nghé Bwu chinh Vién thong

Tém tit: He tu vin 12 he théng dugc thiét ké dé husng
nguoi dung dén nhitng dbi twong quan tam, yéu thich, khi lwrong
thdng tin qua I6n vuot qua kha nang xur 1y cia nguoi ding. Bén
canh nhitng théng tin phd bién (nguoi ding, san pham, danh gi4
cla nguoi dung Vvé6i san pham) dugc khai thac thuong xuyén
trong hé tu van, mot trong nhiing yeu t5 quan trong anh huéng
t6i viéc ra quyét dinh trong h¢ tu van duge dac bi¢t quan tam
nghién ctiu trong nhitng nim gan déy, do6 1 thong tin ngit canh
sir dung san pham ciia ngudi dung. Mac du viée tich hop ngit
canh vao hé tu Vén dugc chimg minh 1a gitip ning cao dang ké
chat lugng tu van san phim téi nguoi dung, tuy nhién kho khin
dién hinh gap phai dbi véi hé tu van dya vao ngir canh ltc nay
1a 1am thé nao dé tich hop théng tin ngir canh va van dé di liéu
thwa, diéu ndy anh huéng truc tiép téi chét luong tu van. Trong
bai bao nay, tac gia dé& xuit mot phuong phap loc trudc theo
ngit canh cho hé tu van cho phép tich hop day du thdng tin ngit
canh va giai quyét hiéu qua véan dé dit lisu thua. Trong do, viéc
tich hop ngit canh dugc thuc hién bing thu tuc phan tach san
phim theo ngit canh va vén dé dit lidu thua duoc giai quyét qua
qua trinh huan luyén theo mé hinh ddng huan luyén cho bai
toan phan 16p cua loc cong tac. Két qua thuc nghiém trén mot
s6 bo dir lisu thuc cho thdy phuong phap dé xuét cai thién dang
ké chat luong du dodn so vé6i cac phuong phap tu van dua vao
nglr canh co sé trudce day.

Tir khéa: Hé tu vin dua vao ngit canh (Context-aware
recommender system - CARS); Loc cong tac dua vao ngit canh
(Context-aware collaborative filtering - CACF); Ngir canh
(Context); Loc trudc theo ngir canh (Contextual pre-filtering);
Phan tach san phdm theo ngit canh (Item splitting); Mé hinh
ddng huin luyén (Co-training model).

I. MODAU

Hé tu van (Recommender System) dugc xem nhu mot
hé thong loc tich cuc, c6 chirc nang hd tro dua ra quyét
dinh, nham muc dich cung cép cho ngudi sir dung nhiing
goi y vé san pham phu hop véi so thich riéng cia ting
nguoi. Cac nghién cfrurvé viéc x@y dung hé tu van truyén
thong trude day chu yeéu tap trung su dung thong tin cua
ngudi ding, san pham va danh gla clia nguoi ding véi san
pham trong vi¢c dua ra goi y. Bai toan tu van truyen

thong ¢6 thé duoc biéu dién dua trén ma tran danh gia hai
chiéu sau:

R,:User X Item — Rating (1)

Dé giai quyét bai toan tu van truyén thdng, cac nghién
clru di ¢6 dugc tiép can theo ba huéng chinh 1a: loc cong
tac, loc theo noi dung va loc két hop [1].

_ Tuy nhién trén thuc té, danh gia cua ngudi ding khong
cb dinh, ma thay doi theo ngir canh bén ngoai. Vi du mot
nguoi troi nong thi thich dn kem, nhung troi lanh lai thich
an 1au. Hoac cung mot b phim nhung trdi mua thi thich
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xem con troi khoé rao thi cd khi lai khong thich. Do vay
viéc xem xét két ‘hop thong tin ngit canh vao cac h¢ tu van
dang 1a chii dé rat dwoc quan tdm nghién ctu trong nhiing
niam gan day. Theo nhu [2]: “Théng tin ngir canh la
nhitng théng tin c6 thé md td dwoc hoan canh cua mot
thuc the. Thuc the ¢ day co the 1a nguoi, la vat hogc 1a doi
tuong cO lién quan téi su twong tic gitra nguoi ding va
tng dung, bao gom cd ban than nguoi dung va ang dung
do”. Chang han ddi vai hé tu van du lich, yéu tb ngir canh
c6 thé 1a thoi gian (budi trong ngay, thoi gian trong tuan,
mua), ban ddng hanh (Mot minh, gia dinh, ban bg). Hé tur
van s€ dong vai tro ghi nhé lai s¢ thich caa nguol dung
theo ngit cinh de dua ra nhitng goi y chinh xéac nhat Vi
du mot sb hé tu van dua trén ngir canh nhu h¢ tu véan phim
va @m nhac [3], tu van dia diém yéu thich [4], thuong mai
dién tur [5],...Khi do, bai toan tw van theo ngir canh s&
duoc biéu dién dua trén ma tran danh gia da chiéu (Multi-
dimensional matrix) nhu sau:

Ry:User X Item X Context — Rating (2)

bé gidi quyet bai toén tu van theo ngir canh, c6 3
huéng tiép can dién hinh dugc biét dén 1a: Loc trudc theo
ngir canh (Contextual Prefiltering), loc sau theo ngir canh
(Contextual Postfiltering) va mé hinh héa ngir canh
(Contextual Modeling) [2][6]. Trong do, loc trudc ngir
canh st dung thong tin nglt canh dé loc tap dir ligu ban
dau nham chi gitr lai nhiing dir ligu phu hop véi ngir canh
yéu cau, dir ligu loc dugc s€ duoc hoc boi cac phuong
phap tu van truyén thong. Trai nguoc voi hudng loc trudc
theo ngtr canh, IQc sau theo ngir canh s& su dung cac
phuong phap tu van truyén thong dé hoc dir liéu, két qua
du doan thu duoc s& dwoc loc lai mot lan nira boi ngu
canh hi¢n thoi nham thu dugc két qua tu van cubi cung
Déi voi hai hudng tiép can loc trudce theo ngir canh va loc
sau theo ng@r canh thi théng tin ngir canh khéng duoc tich
hop trong qua trinh huan luyén. Mot huéng tiép can thir
ba cho phép tich hop truc ticp ngit canh vao qua trinh
huan luyén va tu van d6 la mo6 hinh héa ngir canh. Theo
hudng tlep can thtr ba nay thi thong tin ngir canh, nguoi
dung va san pham duoc biéu dién tryc tiép trong cling mot
mo hinh, khi d6 ma trn danh gia da chiéu s€ dugc su
dung tryc tiép cho qua trinh huan luyén va tu van. Cén ctr
vao két qua thyuc nghi¢m nhiéu nghién ctru da chira rang
mdi phwong phap déu cé nhitng wu nhuoc diém riéng,
khong co phuong phap nao 14 tt cho moi truong hop dir
liéu, viéc lya chon phuong phdp nao sé phu thuéc vao
hi¢u qua cho ting bo dit li¢u cua bai toan nghigp vu khac
nhau [7] nhung hai huong tiép can loc truéc theo ngir
canh va mo hinh hda ngit canh da va dang thu hut duoc sy
quan tam dic biét cua cong ddng nghién ciru vé hé tu van
theo ngit canh, véi so luorng bai bao cong bd lon hon
hudéng tiép can con lai va chimg minh cho hiéu qua tu van
cao trong nhleu truong hop. Mac du vay, mét so Van dé
chinh con ton tai v6i phuong phéap thude hudng tiép can
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loc truge ngir canh va mo hinh héa ngi canh Ia van d¢ dir
ligu thua. Ngoai ra vigc tich hop cac thong tin ngir canh
vao qua trinh huan luyén va tu van khién cho cac phuong
phap mo hinh hoa ngir canh con gap phai van d¢é 1a tang
d6 phuc tap tinh toan khi s6 chiéu di liéu tang 1én.

Nham phat huy tinh don glan trong cai dat va tan dung
duogc cac phuong phap tu van truyen théng da co, trong
bai bao nay tac gia tiép can cac phuong phap loc trudc
theo ngu canh la do1 tugng nghién cau cta minh. Theo
huéng nay, c6 mot sb nghién ctru dién hinh nhu: phuong
phap phan tach san pham theo ngir canh (Item splitting)
dugc dé xuat boi Baltrunas va Ricci[8], phuong phap
phan cum ngudi ding va san pham dua trén diéu kién ngir
canh [9], phuong phap thu giam sé chiéu nham gitr lai
trong tap gitr ligu mét tap nho hon nhitng ngir canh quan
trong [10]. Theo d6, phuong phép phan tach san pham
theo ngit canh chi sir dung maot chiéu ngit canh dé phan
tach san pham ban dau thanh cac san pham gia lap, khién
c6 khé nhiéu théng tin tir cac chiéu ngir canh khac khong
duoc khai thac triét dé vao qua trinh tu van sau _nay.
Phuong phdp phén cum theo ngit canh ciing gip van dé
can thay ddi theo mdi tap dir liéu khac nhau, dan toi kho
khan trong viéc ket hop két qua tu van sau do. Phuong
phép thu giam sb chiéu ciing gap van d& c6 thé bo qua
thdng tin hitu ich tir nhitng chieu ngir canh khac phuc vu
cho qué trinh huan luyén di liéu.

Dé giam thiéu nhing han ché néu trén, tac gia dé xuat
mot phuong phap tu van cong tc theo ngir canh mai
thudc huong tiép can loc truéc ngix canh nham giai quyét
han ché con ton tai pho bién, do 1a tich hop day du thdng
tin ngir canh va giai quyét hiéu qua van dé dir liéu thua
cua hé tu van theo ngit canh. Cu thé, t&c gia dé xuat sir
dung phuong phép phén tich san pham theo ngir canh cai
tién nham khic phuc han ché néu trén cua phuong phép
phan tach san pham theo ngir canh nguyén thity, d6 1a cho
phép tich hop day du thdng tin ngir canh trong viéc
chuyén hoa san pham ban dau thanh san pham gia 1ap.
Tuy nhién khi ap dung thu tyc phan tach san pham theo
ngir canh cai tién 1én ma tran danh gia da chiéu Ry, voi
viéc gioi thiéu cac san pham gia lap, sé& cang khlen ma
trdn danh gla hai chiéu R, thu duge cang thua thdt hon
nira, dieu nay s€ dugc gidi quyet qua qua trinh hoc dir liéu
danh gia theo mo hinh dong huan luyén cho bai toan phan
I6p cua loc Cong tac. Dong huan luyén 13 mot phuong
phéap hoc ban glam sat dién hinh sir dung dé hoc tir ca
nhung danh gia da biét va chua blet trong ma tran danh
gia dé dua ra dy doan, tir d6 glal quyét hiéu qua van dé dix
li¢u thua ciia ma tran danh gia, giap nang cao chit lwong
tu van. Két qua thuc nghi¢m trén mot so bo dir ligu thyc
cho thdy phuong phap deé xuét cai thién déng ké chat
luong du dodn so véi cdc phuong phép tu van dya vao
nglt canh co s¢ trudc day. Phu’ong phap dé xuit ciing
dugc danh gid 1a don gidn trong cai dat va tan dung duoc
c4c phuong phéap tu van truyén théng da c6.

bé trong tam vao phuong phap dé Xuat Muc 11 tac gia
trinh bay cac nghién ctu lién quan. Tiép dén 1a phuong
phap @& xuit trong Muc 11l. Myc IV trinh bay phuorng
phap thuc nghi¢m va danh gia. Muc V néu két luan va
hudng phét trién trong thoi gian toi.

I1. CACNGHIEN CUU LIEN QUAN

Viéc khai thac thong tin ngit canh trong hé tu van
dugc de cap dau tién trong nghién cuu cia Adomavicius
and Tuzhilin [1], theo d6 dir liéu huan luyén duoc biéu
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dién tir sy két horp cua ngudi dung, san pham va cac chiéu
ngir canh tuong tmg. Trén co sé do, c6 kha nhidu cong
trinh nghién ctru lién quan khac duoc cong bd sau do
nham giai quyét cac van dé khac nhau cua h¢ tu van theo
ngl canh, trong d6 tap trung vao cai tién cac phuong phap
tu van theo ngir canh.

Céc phuong phép dua ra dé gidi quyét bai toan tur vin
theo ngir canh thudc ba hudng tiép can: (i) loc truéc ngi
canh, (ii) loc sau ngir canh va (iii) mé hinh hoéa ngir canh

[2][6].

Vé co ban, cic phuong phap tu van theo ngir canh
thugc huong loc trude ngir canh s dung thong tin ngi
canh dé loc tap dit liéu ban ddu nham chi gitr lai nhirng dit
lieu phu hop véi ngit canh yéu cau.Trong do, phan tich
san pham theo ngit canh (Item splitting) [8] la mot
phuorng phap dién hinh thugc huong tlep can nay duoc
danh gia cho hiéu qua tu van tuong ddi tot trén nhiéu tap
dir ligu. Phuong phap nay thuc hi¢n tach mdi san pham
trong tap dir ligu ban dau thanh céc san pham gia lap.
Trong d6, mdi san pham gia lap duoc tao ra tir su két hop
san pham ban dau véi mot tinh huong ngir canh cy the.
Tap dit ligu loc duoc s& dung dé huan luyén va tu van.
Qué trinh huan Iuyen va tu van cho h¢ tu van theo ngir
canh sau d6 c6 thé su dung truc tiép nhu'ng phuong phdp
loc thong tin da duoc ap dung cho cac hé tu van truyén
théng. Vi du nhu mot sé phuong phép loc cong tic nhu
UserkKNN, ItemKNN, Matrix ~ Factorization,
SLIM...[2][6] s& dugc ap dung truc ticp sau budc loc
truéc nglt canh dé sinh nhitng san pham du doan cho
nguoi dung trong mot tinh hu6ng ngit canh cu thé. Tuong
tu nhu thé, phan tach nguorl dung theo ngir canh (User
splitting), phan tach ca nguol ding va san pham theo ngi
canh (UI splitting) 14 cac phuong phéap duge dua ra thugc
hudng nay c6 co ché hoat dong tuong tu [11].

Trai nguoc vai hudng loc trude ngfr canh, loc sau ngir
canh sir dung toan bé ma tran danh gla da loai bo di cac
chiéu ngix canh dé huan luyén va tu van. Két qua tu van s€
duoc loc lai mot 1an nita dé thu dugc két qua tu van cudi
Cung la nhiing san pham maéi chua duge nguoi dung danh
gié& trong mot tinh hu0ng ngir canh cu thé. Nhu vay céac
phuong phép tu van theo ngir canh thude hudng loc sau
nglt canh cling co thé 4p dung cac phuong phéap tu véan
truyén thong nhur (i).

Huong tiép can tha ba 1a md hinh héa ngit canh. Theo
huéng nay thong tin ngir canh, nguol ding va san phim
duoc biéu dién truc tiép {trong cing mot mé hinh. Khi d6
ma tran danh gia da chiéu s& duoc sir dung truc tiép cho
qué trinh huan luyén va tu van. Véi huéng tiép can nay,
mot so phuong phap mo hinh hoéa nglt canh dugc dua ra
nhu: M6 hinh héa ngfr canh doc lap Tensor
Decomposition [12] va md hinh hda ngit canh phu thudc
[13][14]. Thuc nghiém cho thdy cac phuong phap md
hinh héa ngit canh phu thugc cho két qua tét hon phuong
phap mo hinh hoéa ngir canh doc 1ap [14]. Tuy nhién van
dé dat ra véi cac phuong phap mé hinh hoéa ngit canh phu
thugc la khi tich hop ngir canh vao hé tu van dya trén cac
gidi thuat tu vén truyén thdng nhu Matrix Factorization,
SLIM...1a van d¢ dir liéu thua va kha niang mé rong cia
n6. Ngoai ra cac phuong phap mo hinh héa ngi canh ciling
dugc danh gia 1a c6 do phtc tap I6n hon cac phuong phap
thudc hudng loc trudc va sau theo nglr canh, dac biét khi
s6 chiéu ngir canh tang lén.
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Trong bai bao nay, tac gia tiép can nghlen clru dé xuat
phuong phap tu van theo ngit canh méi, cy thé 1a mot
phuong phép tu van thuoc huéng loc trugce theo ngir canh.
Trong dé xuat ciia minh, tac gia tiép can ket horp thi tuc
phéan tach san pham theo ngit canh cai tién voi mo hinh
dong huan luyén cho loc cong tac. Khac veéi viéc sir dung
mot chiéu ngix canh dé phan tach san pham ban dau thanh
C&c san phém gia lap khong cho phép khai thac trigt dé
thdng tin tir cac chiéu ngir canh con lai, thi tuc phan tach
san pham theo ngir canh cai tién s& két hop sur dung tat ca
cac chiéu ngir canh dé phan tach san pham ban dau thanh
céc san pham gié Iﬁp, diéu nay giL’lp tich hop day du th()ng
tin ngir canh vao qua trinh tu van. Vigc gidi thi¢u cac san
pham gid 13p cling dong thoi Chuyen héa ma tran danh gia
da chiéu thanh ma tran danh gia hai chiéu. Tuy nhién, ban
than ma tran danh gia da chiéu ban dau kha thwa khi dwoc
chuyén hoa thanh ma tran dénh gia hai chiéu cang tro lén
thua thot hon nira. Dé glal quyét van dé nay, tac gla tiép
can hoc dir liéu danh gia cho loc cong tac bang mo hinh
dong huan luyén, day la mot phuong phap dién hinh thuoc
hudng hoc ban glam sat cho bai toan phan lop, nham hoc
tu ca nhung danh gla da bict va chua bict trong ma tran
danh gia, tir d6 glal quyet hiéu qua van dé dir ligu thua cua
ma tran danh gid, gitip nang cao chat lwong tu van cho hé
tu van theo ngir canh.

I11. PHUONG PHAP DPE XUAT

Vé co ban phuong phap dé xuét dugc thuc hién bang
cach két hop hai phuong phép: 1) Loc truéc theo ngir
canh; 2) Loc cong tac bang ddng huan luyén. Sy ket hop
ctia hai phuong phép nay trong phuong phéap dé xuat dugc
thé hién qua ba budc: 1) Phan tach san pham theo ngir
canh; 2) Hoc dir ligu bang mo hinh dong huan luyén; 3)
Sinh tu van. Ba buéc nay két hop vai nhau trong mot bo
khung d& xuat vé trién khai phuong phap loc truge theo
ngit canh dya vao dong huan luyén cho hé tu van theo ngir
canh trong Hinh 1 dudi day.

eeP
T @ @ P @ @ [
ﬂ g 5 | Phan tich sin F]
va s} =) phimtheo >y Q s IR
Q ngir canh Q R ERD

C T
P

Paéng huan luyén

M6 hinh hoc theo
ngwoi dung

Ma tran danh gia R
cap nhat cac danh gia
dw doan méi

i il Gl G M hinh hoc theo

san pham

cap nhat cac danh gia
dw doan mai

Ma trén danh gia R da
K= tich hop day du cac danh
gia dw doan

Sinh tw vén

Danh sach Top-N
san pham tw van

Hinh 1. B¢ khung trién khai phwong phadp loc trucc theo ngit
canh dia vao dong hudn luyén.

A. Phan tach san pham theo ngir canh

Th()ng tin ddu vao cho bai toan tu van theo ngir canh
gom c6: Tap hop hitu han gom N nguoi ding U =
{uy, Uy, ..., uy}, M san pham P = {p1, p2, - oM} va K
chiéu ngix canh Cy,C,, ... ,Cx mdi chiéu ngit canh c6
twong ung NCl,NCZ, ey Nege diéu kién ngu canh. Tur thong
tin dau vao trén, viéc phan tach san pham theo ngir canh
sé chuyen hda san pham ban dau theo ngir canh thanh cac
san pham gia lap. Mdi san pham gia lap duoc tao ra tir su
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két hop san pham ban dau véi mét tinh huéng ngir canh
cu thé, thu tuc nay goi 1a “Item Splitting” [8].

Thu tuc “Item Splitting” trudc day chi sir dung mét
chiéu ngir canh duy nhat dé phan tach san pham theo ngix
canh, viéc chon chiéu ngit canh nay dwa vao do do thong
k¢, nhu d¢ loi thong tin (Information gain) [3][11] . Diéu
nay trong nhicu truong hop khien cho kha nhicu thong tin
tir cac chiéu ngit canh khac khong dugc khai thac triét de
vao qua trinh tu van sau nay.

Tur 14p luan dua ra & trén, tac gia dé xuat phuong phap
phan tach san phém theo ngit canh cai tién nham khac
phuc han che néu trén cua phuong phap phén tich san
pham theo ngir canh nguyén thuy. Phuong phap phén tach
san pham theo ngit canh cai tién cho phép tich hop day da
thong tin ngir canh trong viéc chuyén hoa san pham ban
dau thanh san pham gia lap. Cac budc thuc hién cu thé
nhu sau:

e Buéc 1. Tao ra 1 chiéu ngit canh méi C dai dién
cho K chiéu ngir canh Cy, C,, ..., C bang cach lay
tich De c4c cua tat ca cac chiéu ngir canh. Khi
d6, mdi diéu kién ngir canh cua C 1a su két hop
cac diéu kién ngir canh cua céc chiéu twong @ng.
S6 luong diéu kién ngit canh cua C 1a N,, voi
N = N * Ng, * .. N,

e Buéc 2. Tao ra tap san pham gla lap T bang cach
ldy tich Dé&-c4c cua tap san pham P va chiéu ngi
canh C. Khi 6, mdi san pham gia lap thuoc T la
sur két hop ciia mot san pham ban dau thudc P voi
mot didu kién ngir canh thudc €. S6 lwong san
pham trong tip T 1a H, véi H = M * N.,..

e Buéc 3. Chuyén d6i ma tran danh gia da chiéu vé
ma tran danh gia hai chiéu bang viéc loai bo di
tap ngir canh, thay tap san phiam ban dau P bang
tap san pham gia lap T.

Vi du &p dung phuong phap phan tach san pham theo
ngit canh 1én ma tran danh gia da chiéu cua loc cong tac
theo ngit canh (Bang 1) ta thu dugc ma tran danh gia hai
chiéu (Bang 2), vai t; 1a san pham gia lap duoc tao ra boi
su két hop cua san pham p; va tinh huéng ngit canh
(“Cudi tuan”,”Tai nha”,”Tré em”). V6i vi du duoc dua ra
trong Bang 1, hé tu van c6 2 san pham va 12 tinh hudng
ngit canh c6 thé c6, do vay sb lugng san pham gia lap
duogc sinh ra theo phuong phap phén tich san pham theo
ngit canh cai tién 1a 24. Ma tran danh gla hai chiéu nhan
duogc thé hién trong Bang 2, tac gia sap xép nhiing cap
nguorl ding - san pham c6 danh gla trong nhirng dong trén
cuing ctiia ma tran va nhitng cap con lai khong c6 danh gia
& bén dudi. Dé tiét kiém khong gian trinh bay, nhiing cap
ngudi duing - san phdm khong c6 danh gia khong néu day
du trong Bang 2.

Bdng 1. Ma trdn danh gid da chiéu cia loc cong tac theo ngi
cdnh

Ngudi | San | Panh | Thoi | Dia |Ban dong
dung |pham gia gian | diém |hanh
Uy P1 5 Cqéi Tai Tré em
tuan nha
Uy 12 4 Trong Tai Gia dinh
tuan nha
U, p1 3 Cubi |Tairap | Dbitac
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tuan

U, 121 4 Trqng Tai Gia dinh
tuan nha

Us P1 3 Cqéi Tairap | D6 tac
tuan

Us D, 2 Cqéi Tairap | D6 tac
tuan

Bdng 2. Ma trdn ddnh gid hai chiéu nhdn dwoc sau phan tach
san phdm theo ngs canh

Nguwdi dung | Sdn pham gid 1ap |Déanh gia
Uy (2] 5
Uy t3 4
U, t, 3
Uy t3 4
Us t, 3
U3 t, 2
Uy t, 0
U3 toy 0

Qua trinh phan tach san pham theo ngir canh s& bién
d6i ma tran dénh gia da chiéu R, (biéu dién dénh gi cua
ngudi dung vai san pham trong cac tinh huéng ngi canh
khac nhau) vé ma tran danh gia hai chiéu R, (biéu dién
déanh gid cta nguo’l dung véi san pham gia Iap) Trén thuc
té, s6 luong cac danh gid ban dau dwa ra boi nguoi dung
cho cac san pham trong céc tinh hu0ng ngit canh la rét it,
khién cho ma tran R, rat thua. Khi 4p dung thi tuc phan
tach san pham theo ngix canh cai tién 1én R,, véi viéc gioi
thiéu cac san pham gia lap, s& cang khién ma tran R, thu
duogc cang thua thét hon nita.

Dé han ché nhiing van dé dit liéu thua cua loc cong tac
ap dung cho ma tran danh gia hai chiéu R,, tac gia tién
hanh hoc ma tran dénh gid cta loc cong tac bang mo hinh
dong huan luyén. Noi dung chi tiét cia mé hinh ddng
huan luyén cho loc cong tac duoc trinh bay trong muc B
duéi day.

B. M hinh dong huin luyén cho loc cong tac

Bai toan loc cong tac nham du doan cac danh gia chua
biét tir tap cac danh gia di biét c6 thé phét biéu nhu bai
todn phén I6p co s¢ cua hoc may [15][16][17][18] Tlep

can loc cong tac bang phéan 16p ta can c& nhan héa m6
hinh hoc theo ngudi dung hoac theo san pham nham gan
nhan cho nhitng gia tri danh gia chua biét trong ma tran
déanh gia. Do vay, viéc xac dinh duge phuong phép phan
I6p phi hop cho loc cong tac s& quyét dinh chét lwong cua
hé tu van.

V& co ban, bai toan phan Iop la mot loai bai toan cua
linh vuc hoc may. Céac nghién cau vé hoc ‘may dua trén
phwong thirc hoc dit liéu chi ra ring c6 bén huong tiép
can hoc may chinh [19][20], d6 1a: 1) Hoc c6 gidm sét
(Supervised learning); 2) Hoc khong giam sat
(Unsupervised learning); 3) Hoc ban giam sat (Semi-
supervised learning); 4) Hoc cung ch (Relnforcement
Iearnmg) Trong bon huéng tiép can hoc may nay thi hoc
c6 giam sat va ban giam sat 1a hai huéng tlep céan phu hop
dé giai quyet bai toan phan 16p & quy mo tdng quat Vi
thong tin dau vao cua loc COng tac la ma tran danh gia chi
c6 mot sb rat it danh gla biét truge, néu ap dung cac
phuong phap hoc may c6 giam sat thi chi c6 mot s it
danh gi4 tham gia vao qué trinh hoc dé sinh ra tu véan, cac
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gi tri danh gia biét trudc nay con goi 1a nhan phan loai.
Nhu vay, viéc ap dung cac phuong phap hoc c6 giam sat
cho h¢ tur van cong tac dua vao bo nhé sé bo qua rat nhicu
cac mau dit ligu khéc chua dugc gan nhan vao qua trinh tu
van, van dé dir ligu thua nay s€ anh huong truc tiép toi
chat lugng tu van. Véi mong muén co thé khai thac day
du dir li¢u gan nhan va chua gén nhan tir ma tran danh gia
dau vao cho hé tu van nhiam han ché anh huéng cua van
dé dir ligu thua, tic gia tap trung nghién ctru vao hudéng
tiép can hoc ban giam séat cho bai toan phan I6p, trong
truong hop nay la bai todn loc cong tac.

Trong céc phu’(mg phép hoc ban giam sat da dugc dua
ra [21][22] tac gia tiep can phuong phép dong huan luyén
dé glal quyét bai toan phan 1op cua loc cong tac. Ly do
cho viéc lya chon nay 1a phuong phip ddng huin luyén
duge danh gia 13 phu hop cho cac b dit liéu chira cac
mau dir liéu duoc quan sat dudi hai goc nhin doc lap nhau,
trong truong hop nay mdi danh gia trong ma tran danh gia
s& duoc quan sat dudi hai goc nhin nguoi dung va san
pham.

Qué trinh dong huan luyén s& st dung 2 bo phan lop
x4c dinh nham hoc cac mau dir liéu doc lap tu quan sat
theo nguorl ding va quan sét theo san pham dé gan nhan
cho cac mau dir liéu chua biét, trong truong hop nay 1a
dua ra dy doan danh gid cho nhitng gid tri danh gia chua
biét trong ma tran danh gid. Qua trinh hoc nay duoc Iap lai
luan phién gitra hai co ché quan sat theo nguol ding va
theo san pham dén khi thoa man diéu kién cac mau dit liéu
déu dwoc gan nhan (Ma tran déanh gia dugc cap nhat day
du céc gia tri danh gla) hozc s6 vong lap dat dén ngudng
xéac dinh. Cy thé qua trinh hoc theo nguoi ding s& du doan
dugc mot s6 nhan phan loai tin cay cho mau dir li¢u chua
biét danh gia chuyen giao cho qua trinh hoc theo san
pham. Nguoc lai, _qua trinh hoc theo sin pham cling du
doan dugc mot sb nhan phan loai cho mau dit liéu chua
biét danh gia chuyén giao cho qua trinh hoc theo nguoi
dung. Mai qué trinh hoc do s& cap nhat nhfmg danh gia du
doan mai vao ma tran danh gia. Hai qua trinh hoc duoc
thuc hi¢n luén phién nhau theo dung tinh than cua thuat
toan dong huan luyén, diéu nay gop phan han ché anh
huong cua van dé dit liéu thua cho loc cong tac.

Noi dung muc 1) va 2) duéi day sé& lan luot trinh bay
cac qua trinh xdy dung mé hinh hoc theo nguoi ding, xay
dung mé hinh hoc theo san pham tir ma tran danh gia R,
nhén dugc theo thu tuc phan tach san pham theo ngit canh
(Myc A). Trén co so do dé xuit két hop hai mod hinh nay
trong hai phuong phap ddng huan luyén cho lgc cong tac
trong muc 3). Két qua Clia qud trinh ddng huan luyén 1a
ma tran R, da tich hop day du cac gia tri danh gia du doén
s& dugc sur dyung dé sinh tu van nhiing san pham phu hop
véi ngudi dung hién thoi

1) M6 hinh hoc theo nguoi dung

M6 hinh hoc theo ngudi dung dugc sir dung trong bai
b&o dua vao phuong phap loc cong tac theo nguoi dung
UserBased k-NN [1][23]. Bay la phuong phap dugc danh
gié la don gian trong cai dat, thoi gian thuc hi¢n nhanh va
c6 thé thuc hi¢n duoc trén moi loai dir ligu. Tuy nhién
nhuge diém dlen hinh véi phuong phap nay la van de dir
liéu thua, didu ndy s& dwoc tAc gia giai quyét trong mo
hinh d6ng huan luyén dua ra boi bai béo.

Thuat todn UserBased k-NN da c6 xdy dung cho mdi
nguoi ding mot tap céc lang giéng co cac danh gia tuong
tu trong ma tran nguoi ding — san phim, cac danh gia tur
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nhitng ngudi dung nay sau d6 duoc sir dung de dua ra dy
doén, 1am co s¢ dé dua ra tu van. Trong dé xuit ny, viéc
xac dinh mirc d6 twong tu giira cac cap nguoi ding khong
dung dé xac dinh tap Iang gleng K; tac dong truc tiép Ién
tu van, ma chi dé dung vao viéc xac dinh cac nhan phan
loai chic chin Tiy cho nguol dung u;. Theo d6, mo hinh
hoc theo ngudi ding dé xuat duoc thyc hign thong qua 3
budc: (1) Tinh toan do tuong tu glua cac Cap ngudi dung;
(2) Tim tap lang giéng cho nguoi ding can tur van; (3)
Xac dinh céc nhan phan loai chic chin cho ma tran danh
gia.

Budc 1. Tinh todn mire d§ twong tw giira CAC Cip nguoi
dung

Do tuong tu dua trén d6 do tuong quan Pearson
preT nTJ(er 771) (nx F) (3)

\/thET nT,(rlx 7)? thET nTj(7}x -

Trong d6 :

o Tij={tylre #0 N1y # 0} 1a tap tit

ca cac san pham cung duoc danh gia boi
U; Vf:l u]'.
o 7,7 la trung binh cong cac danh gid

khac 0 cta u; va u;.

Buéc 2: Xace dinh tap lang giéng cho nguwoi ding can
tu van

Tai buéc nay ta chi can sap xép cac gia trj uj theo thu
tu giam dan, sau d6 chon tap K; nguoi dung dau tién lam
tap lang giéng ctia nguoi dung u;.

Buée 3: Xac dinh cac nhin phén loai chiic chin
cho ma tran

_ Duya trén tap lang giéng K; cua nguoi diing u; € U, cac
mau dir ligu chua c6 dédnh gid dwoc gan nhan gia tri du
doan (nhan phan loai chac chan) theo cbng thuc (4).
ZquKl'(rjx - ‘r_})ul] (4)

ZquKi |ul]|

Ma tran danh gid nhén duoc sau md hinh hoc theo
nguoi dung duoc bo sung cac danh g1a du doan méi, phuc
vu cho qué trinh huan luyén theo mo6 hinh hoc theo san

pham trong phuong phap ddng huan luyén duoc trinh bay
& muc tiép theo cua bai bao.

Tix =T

2) M0 hinh hgc theo sdn phdm

M6 hinh hoc theo san phim duoc sir dung trong bai
bao dwa vao phuong phip loc cong tac theo san pham
ItemBased k-NN [1][23].Twong tw nhu déi véi nguol
dung, viéc xac dinh mirc do mirc d6 twong tu gitra cac cap
san pham p, € P khong dung dé xac dinh tap lang giéng
K, tac dong truc tiép 1én tu van nhu trong [1][23], ma chi
dé dung vao viéc xac dinh cac nhan phan loai chic chin
73, Cho san pham t,. Ma tran danh gid nhan dugc sau mo
hinh hoc theo san pham dugc bo sung cic danh g1a du
doan mai, phuc vu cho qua trinh huan luyén theo mo hinh
hoc theo nguoi dung trong phuong phép ddng huan luyén
dugc trinh bay ¢ muc tiép theo cua bai bo.

3) Lec céng tac bang phwong phdp dong hudn luyén
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Phuong phap CoTrainning-Userltem dugc md ta chi
tiét trong Thuat toan 3.2 thyc hién thong qua t vong lap.

Thugt toan 1. Thugt toan CoTrainning-Userltem

Pau vao:Khdi tao ma trén danh gid RO(O) = {rigco)} =

{rix}-
Piu ra :Ma trdn di dodn R, = {r.(t)}.

ix
Cac budrc tién hanh:
1. Khoi tao s6 budc lap ban dau: t«0;
2. Budc lap:
Repeat

2.1. Tang budc lap: t«t + 1;

2.2. Huén luyén theo md hinh hoc theo ngudi dung:

a) Tim u ) theo cong thire (3).
b) Tim K
) Du dodn r ) theo cong thire (4).

2.3. Huan luyén theo md hinh hoc theo san pham:

a) Tim t,(fy) cén ct theo thuét toan ItemBased

k-NN co s& [1][23].
b) Tim K.
) Du dodn riit).

until (r? = &)

Tai buéc khoi tao t = 0, ma tran du doan R, =
{r; (0)} duoc liy béng chinh ma tran danh gia ban dau R, =
{ri,}. Tai dau mdi budc lap, t dugc ting 1én 1 don vi. Tai

buéc 2.2, qua trinh huén luyén theo nguoi ding dugc thuc
hién tuan tu theo cac budc (2.2.a), (2.2.b),(2.2.c). Tai

budc (2.2.a) ta can xac dinh mic do tuong tu u( ) gitra
nguoi u; € U va nguoi dung u; theo cong thirc (3) Tai
budc (2.2.b), sir dung u
(2.2.a) ta xac dinh duoc Ki(t) 1a tap lang giéng cua ngudi
diing u; tai buéc I3p thi ¢. Tai budc (2.2.¢), sir dung K
da xac djnh tqi budc (2.2.b) ta du doan duoc riff) Ia’ guan
diém chac chan cua nguoi dung u; cho cac san pham p,
tai budc Iap tha ¢ theo cong thuc (4). Cac gia tri nfct) du
dodn theo ngudi dung tai budc 13p thir ¢ duoc bo sung
thém vao qud trinh huan luyén theo san pham tai budc 2.3.

Tai buéc (2.3.a) ta cin xac dinh mite do tuong tu t<)

gitta san pham t, € T va san pham t,,. Tai budc (2.3.b),
su dung t,(cg,) da duoc xac dinh tai bude (2.3.a) ta tim duoc
K 1a tap lang giéng cia san pham t, tai budc Iap thir ¢ .
Tai buéc (2.3.), sfr dung K da xéc dinh tai buéc (2.3.b)
ta du doan duoc r ) a quan diém chic chan ciia nguoi
dung u; cho cac san pham t, tai budc 13p thir t. Sau budc
2.3, thuat toan kiém tra néu thoa man diéu kién hoi tu 1a
khéng co nhin phén loai nao dugc bd sung vao ma tran diy

) da duoc xac dinh tai buéc
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doan, khi do r(t) = r(t Dthi dimg lai, néu chua thi qua
trinh dong huan Iuyen tlep theo duoc thuc hién & vong lap
tiép theo.

C. Sinh tw vin

Sau khi két thuc qua trinh dng huan luyén, hé théng
thu dugc ma tran dy doan R,® 14 co s¢ dé sinh ra tu van
san pham phi hop cho nguoi ding theo ngit canh, diéu
nay dugc miéu ta cu thé trong Thuat toan 2 dudi day.

Nhu véy, trén co so b khung trién khai phuong phap
loc truéc theo ngir canh dya vao dong huan luyén voi 3
budc thuc hign 6 Myuc A, Muc B, Muc C trinh bay ¢ trén,
tac gia de xuat hai thuat todn mai cho loc truge ngit canh
dya vao dong huan luyén theo ngudi dung (IS-
CoTraining-Userltem) va loc truéc ngir canh dya vao
ddng huan luyén theo san pham (IS-CoTraining-
ItemUser) dudi day.

Thudt toan 2. Thugt toan IS-CoTraining-Userltem

Piu vio:

- Ma trgn danh gid da chiéu R, (chita thong tin ngir
canhy).

- u, € U la nguoi ding hién thoi can dwgc tir van.

- CE(C; X Cy X ..XCk) la ngir canh ung Vi nguoi
dung hi¢n thoi.

- K la so lwong nguoi ding trong tdp lang giéng véi uy.

- K, la s6 heong san pham can te van cho ug.

Piu ra: ) )
- Danh s&ch K, san phdm tw van toi nguoi dung u,
trong tinh huong nger canh c.

Cac budc thue hién:

Bud6e 1. Chuyén doi ma trdn danh gid dang da chiéu R,
vé dang hai chiéu R,
Theo thu tuc phan tach san phdm theo ngir canh
(Muc A).

Budée 2. Hoc dir liéu bang mo hinh dong hudn luyén
(Theo Thuét toan 1)

Bude 3. Sinh ti vin cho nguoi ding hién thoi ug, trong
ngir canh c.

e TUr ma tran Ro(t) sip xép cac san phdm chua
dugc danh gia ban dau boi nguoi dung hién thoi
ug theo thir ty gidgm dn cia 7. Vi mi ngudi
dung hién thoi ug, chon K; san phim c6 dau
tién trong s6 do tu van cho ngudi dung u,,.

e Chuyén d6i ma tran dy doan danh gia hai chiéu
chira san pham gia lap (trong tap T) vé ma tran
du doan danh gia da chiéu chua san pham thyc
(thude tap P) va tinh hudng ngir canh di kém
(thuoc tap C).

e Chon K, san pham thyc trong P ¢6 d4nh gia du
doan cao nhat dé tu van cho nguoi ding u,
trong tinh hudng ngir canh c.

Phuong phap loc trudc ngir canh dya vao san pham dé
xuét (IS-CoTraining-TtemUser) c6 co ché thyc hién twong
tu phuong phap loc truéc ngir canh dya vao nguoi dung
(1S-CoTraining-Userltem). Piém khac biét co ban glua
hai phuong phap déng huén luyén nay la qua trinh nao
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thyuc hién trude, qua trinh nao thuc hién sau trong co ché
chuyén giao tri thiic gitra cac mé hinh.

IV. THUC NGHIEM VA KET QUA
A. D liéu thgc nghiém
Dé thay r hi¢u qua cia phuong phap dé xuat, tac gia

thyc hién tién hanh thyc nghiém trén hai bo dir ligu
DepaulMovie, InCarMusic [24].

e Bo dir liéu DepaulMovie chira 5043 danh gia tir 97
nguoi ding cho 79 phim trong céc tinh hudng ngir
canh khac nhau. Bo dir liéu nay c6 3 chiéu ngir canh
la Time, Location, Companion. Chiéu ngit canh Time
c¢6 2 diéu kién ngit canh (“Weekend”, “Weekday™),
chiéu ngir canh Location c¢6 2 diéu kién ngit canh
(“Home”, “Cinema”), chiéu ngit canh Companion c6
3 diéu kién ngir canh (“Alone”, “Family”, “Partner™).
Céc mirc danh gia nam trong dai tir 1 dén 5, mirc do
thua thot cua dit liu 1a 94,516%. Cac muc danh gia
1,2, 3, 4, 5 dugc chuyén d6i thanh 0.2, 0.4, 0.6, 0.8,
1.0.

e B¢ dir lieu InCarMusic chira 3938 danh gia tir 1042
ngudi dung, 139 album trong cac tinh hudng ngir
canh khac nhau. Bo dir liéu nay c6 8 chiéu ngit canh
la Driving style, Road type, Landscape, Sleepiness,
Traffic conditions, Mood, Weather, Natural
Phenomena. Chiéu ngit canh Driving style c6 2 diéu
kién ngir canh (“Relaxed driving”, “Sport driving”),
chiéu ngir canh Road type c6 3 diéu kién ngir canh
(“City”, “Highway”, “Serpentine”), chiéu ngir canh
Landscape c6 4 diéu kién ngit canh (“Coast line”,

“country side”, “mountains/hills”, “Urban”), chiéu
ngit canh Sleepiness c6 2 diéu kién ngir canh
(“Awake”, “Sleepy”), chiéu ngit canh Traffic
conditions ¢6 3 diéu kién ngir canh (“Free road”,
“Many Cars”, “Traffic jam”), chiéu ngir canh Mood
¢6 4 diédu kién ngir canh (“Active”, “Happy”, “Lazy”,
“Sad”), chidu ngit canh Weather c6 4 diéu kién ngir
canh (“Cloudy”, “Snowing”, “Sunny”, ‘“Rainy”),
chidu ngir canh Natural Phenomena c6 4 diéu kién
nglr canh (“Day time”, “Morning”, “Night”,
“Afternoon”). Cac muc danh gia nam trong dai tir 1
dén 5, mac do thua thét caa dir lidu 13 99.9996996%.
Céc muc danh gia 1, 2, 3, 4, 5 dugc chuyén ddi thanh
0.2,0.4,0.6,0.8, 1.0.

B. Cai dit thwc nghiém
1) D¢ do

Hai nhi¢m vu chinh cua h¢ tu van la dy doan danh gia
va tu van danh sach ngan cac san pham cho nguoi ding
hién thoi. Dé danh gia hiéu qua cia danh gia du doan, cac
do6 do thudong dwoc sir dung la MAE, RMSE, MPE . Bé
danh gia hiéu qua tu van danh sach san pham, cac do do
dién hinh dwoc s dung la Precision@N, MAP@N .
Trong bai bao nay, tac gia tap trung danh gia hi¢u qua tu
véan danh sach san pham cua phuong phép dé xuét trong
sy S0 s&nh véi cac phuong phap tu van theo ngir canh co
s& nén do do Precision@N, MAP@N sé duoc lya chon
dé danh gia két qua. Cu thé do do nhur sau:

- Do chinh xac Precision@N cho biét ty 1¢ dy doan
chinh xac trong top-N san pham du doan cho moi
ngudi dung (top-N items).
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[{relevant items}n{top—N items}|
N
- MAP thé hién tinh dung dan vé thir hang cua nhiing
goi Y. MAP@k dugc dinh nghia théng qua AP@k
(Average Precision) dudi day.

Precision@N =

AP@k (6)
k

1
= EZ(Precision@i néu san phdm thi i phl hop)

i=1
k

1
= —Z Precision@i.rel(i)
m .

Trong dé:

e rel(i) = 1 néu san pham thir i pha hop
véi ngudi dung, rel(i) = 0 trong trudng
hop con lai.

e m: tdng s6 lwong san pham lién quan.

Do do AP@k duoc ap dung dé tinh d6 chinh xéc trung
binh cho mdi nguoi ding thuoc tap Uyese. Trén co so do,
d6 chinh xac trung binh tuyét d6i MAP@k cho tit ca
ngudi ding trong tap U,,s duoc tinh bang trung binh
cong AP@k cua cac ngudi dung trong Uyeg; -

| Utest| (7)

1
MAP@k = Z (AP@K),,
| Utestl —

2) Phwong phdp thuc nghigm

) Pé danh gia d¢ chinh xac cua danh sach san pham tu
van, t&c gia thuc hién phan chia tap dir liéu U thanh 2 tap
Utrain V& Utest ST dung phuong phap kiém thtr chéo (k-fold
Cross- Vahdatlon) vi day la phuong phap dugc st dung
rong réi va cho két qua danh gia khéach quan nhat. Trong
thuc nghi¢m, tac gid s& ldy k = 10 dé tién hanh chia di
liu kiém nghiém. Viéc thuc nghiém dugc thuc hién 10
lan va lay trung binh két qua thuc nghiém.

3) Cdc phwong phdp tw vin dwoc sir dung dé so sanh

- UserSplitting-BiasedMF [11]: Phuong phap tu vén
dua vao ngit canh, sit dung phuong phap phéan tach
ngudi ding theo ngit canh nguyén thiy, trong d6 mdi
nguoi dung dwoc tach thanh hai nguoi dung gia lap
ty thudc vao tinh hudng ngir canh két hop vai ho.
Sau d6 huan luyén va dwa ra tu van sir dung phuong
phdp phan rd ma tran BiasedMF (Biased-Matrix
Factorization) [25].

- ltemSplitting-BiasedMF [8][26]: Phuwong phap tu van
dva vao ngir canh, sir dung phuong phap phan tach
san pham theo ngir canh nguyén thuy, trong do6 moi
san pham duoc tach thanh hai san pham gia lap tly
thudc vao tinh hudng ngir canh két hop véi nd. Sau
d6 huan luyén va dua ra tu van str dung phuong phép
phén rd ma tran BiasedMF.

- UlSplitting-BasedMF [26]: Phuong phap tu van dua
vao nglr canh, st dung phuong phap phéan tach ca
ngudi ding va san phim theo ngit canh, sau d6 huén
luyén va dua ra tw van st dung phuong phap phan ra
ma tran BiasedMF.
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(5) -

ItemSplitting-CoTraining-Userltem: Phuong phap
loc trugc ngir canh dya vao dong huan luyén theo
nguoi ding,két hop hai phuong phap: 1) Loc trudc
theo ngit canh nguyén thuy; 2) Loc cong tac bang
dong huan luyén theo nguoi ding.

- ItemSplitting-CoTraining-ltemUser: Phuong phap
loc truéc ngir canh dua vao déng huin luyén theo
san phamkét hop hai phuwong phéap: 1) Loc trudc
theo ngit canh nguyén thuy; 2) Loc cong tac bang
ddng huan luyén theo san pham.

- IS-CoTraining-Userltem: Phuong phap loc truée ngir
canh dya vao dong huan luyén theo ngudi dung dé
xuit, két hop hai phuong phap: 1) Loc trudc theo
ngir canh cai tién; 2) Loc cong tac bang dong huan
luyén theo ngudi dung.

- 1S-CoTraining-ltemUser: Phuong phap loc truéc ngir
canh dya vao dong huan luyén theo san pham dé
xuat, ket hop hai phuong phép: 1) Loc trudc theo
ngir canh cai tien; 2) Loc cong tac bang dong huan
luyén theo san pham.

C. Két qud thuc nghi¢m
Két qua thuc nghiém dugc dua ra trong Bang 1, Bang

2 nham danh gia mot s6 kich ban sau:

- So sanh ItemSplitting-CoTraining-Userltem,
ItemSplitting-CoTraining-ltemUser voi cac phuong
phép loc truace su dung 1 chiéu ngir canh.

- Sosanh IS-CoTraining-Userltem, 1S-CoTraining-
ItemUser véi ItemSplitting-CoTraining-Userltem,
ItemSplitting-CoTraining-ltemUser.

Bdng 3. Gia trj Precision@10, MAP@10 trén tgp DepaulMovie

Phuwong phap Precision@10 | MAP@10
UserSplitting-BiasedMF 0.089 0.161
ItemSplitting-BiasedMF 0.086 0.147
UlSplitting-BiasedMF 0.084 0.144
ItemSplitting-

CoTraining-Userltem 0.118 0.135
ItemSplitting -
CoTraining-ltemUser 0.121 0.152
IS-CoTraining-

0.119 0.160
Userltem
IS-CoTraining-

0.122 0.159
ItemUser

Bdng 4. Gia tri Precision@10, MAP@10 trén tgp InCarMusic

Phuong phap Precision@10 | MAP@10
UserSplitting-BiasedMF 0.033 0.125
ItemSplitting-BiasedMF 0.034 0.127
UISplitting-BiasedMF 0.033 0.117
ItemSplitting- 0.065

L 0.036
CoTraining-Userltem
ItemSplitting- 0.112
0.037

CoTraining-ltemUser
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IS-CoTraining- 0.037 0.145
Userltem
IS-CoTraining- 0.038 0.141
ItemUser

Mot s6 nhan xét dugc dua ra cin ctr vao phan tich két
qua thyc nghiém dua ra trong Bang 1, Bang 2 nhu sau:

1) Cac phuong phéap loc truéc s dung 1 chiéu ngir
canh ItemSplitting-CoTraining-Userltem,
ItemSplitting-CoTraining-ltemUser cho lai
Precision@10 tét hon, nhung MAP@10 lai cho két
qua thip hon cac phuong phap tu van theo ngit canh
co s¢ cung huong. Nhu vy c6 thé khang dinh viéc
dung 1 chiéu ngir canh trong phuong phép phéan tach
san pham theo ngir canh két hop vai phuong phap
ddng huan luyén cho loc cong tic chua han la giai
phap toi uu.

2) Két hop phuong phép phén tach san pham theo ngir
canh cai tién (sir dung ddng thoi nhiéu chidu ngir
canh) va phuong phap CoTraining-Userltem,
CoTraining-ItemUser dé tao thanh phuong phap dé
xuit  I1S-CoTraining-Userltem, IS-CoTraining-
ItemUser. So sanh vé gia tri Precision@10 nhan thay
phuong phap CoTraining-Userltem, CoTraining-
ItemUser cho Precision@10 cao hon chut it so vai
ItemSplitting-CoTraining-Userltem,  ItemSplitting-
CoTraining-ltemUser. So sénh vé gia tri MAP@10
ciia phuong phap dé xuat I6n hon ItemSplitting-
CoTraining-Userltem, ItemSplitting-CoTraining-
ItemUser trong ca 2 tap dir liéu. Didu dé ching to
viéc st dung ddng thoi nhidu chiéu ngix canh gitp bd
sung théng tin hiru ich cho qua trinh tu van hon viéc
st dung 1 chiéu ngit canh xét ca ¢ tiéu chi
Precision@10 va MAP@10. Két qua kiém nghiém
cling chi ra riang phuong phap dé xuat IS-
CoTraining-Userltem, 1S-CoTraining-ltemUser cho
lai d6 chinh xac Precision@10 tét hon cic phuong
phap co so. Bac biét, phuong phap 1S-CoTraining-
ItemUser cho Precision@10 cao nhét ddi véi ca hai
tap dir liéu. Phuong phap IS-CoTraining-Userltem
cho MAP@10 cao nhat trén tap dit liéu InCarMusic.
Quan sét riéng trén tap dir liéu DepaulMovie, t&c gia
nhan thdy phwong phap UserSplitting-BiasedMF cho
MAP@10 cao nhat cac phuong phap khac, diéu nay
c6 thé dugc Iy giai 12 do DepaulMovie 12 tap dit liéu
it thua thét hon trong hai tap dir liéu. Céc két qua
nay dua ra bang ching cho thiy phuong phap dé
xuat bai bai bao it nhay cam véi dit liéu thua thét so
V6i cac phuong phap tu van theo ngit canh co sé, di
thuc t& phuong phap dé xuit tich hop day du cac
thong tin ngt canh.

3) Trong hai phwong phap dé xuét boi bai béo, 1S-
CoTraining-ltemUser cho do chinh
X&c Precision@10 cao hon IS-CoTraining-
Userltem, diéu nay duoc ly giai 1a bai vi tai buge 1
cua thuat todn, cac san pham dugc phéan tach thanh
c4c san pham gia lap nén thong tin vé san pham dugc
khai thac chi tiét va day du hon cho qué trinh huan
luyén va sinh tu van sau do.
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V. KET LUAN VA HUONG PHAT TRIEN

Bai bdo da trinh bay dé xuét mot phuong phép loc
trudc theo ngir canh mai cho hé tu van, cho phép tich hop
day du théng tin ngir canh va giai quyét hiéu qua van dé
dit ligu thua. Trong do, vigc tich hop ngir canh duoc thuc
hi¢n bang thu tuc phan tach san pham theo ngir canh cai
tién. Qua trinh phan tach san pham theo ngir canh s& bién
d6i ma tran danh gla da chiéu vén di da thua vé ma tran
danh gia hai chiéu cang tr¢ 1én thua thét hon nira. De giai
quyét vin d& thua thét dir ligu nay, tac gia tiép can
phuong phap dong huan luyén cho loc cong tc, day la
mot phuong phép thuoe hudng tiép can hoc ban giam sat
cho bai toan phan I6p. Trong do, qua trinh huan luyén
theo nguoi dung b sung thém mét s6 nhan phan loai chac
chan cho qua trinh huan luyén theo san pham Nguoc lai,
qué trinh huén luyén theo san pham bo sung thém cac
nhan phan loai chac chin cho qua trinh huan luyén theo
ngudi dung. Hai qua trinh huan luyén thuc hién dong thoi
cho phép b sung céc nhan phan loai tin cay theo moi
budc thuc hign, nho vay cai thign d6 chinh xac du doan
danh gia va tu van san pham phu hop cho nguoi dung. Két
qua thyc nghi¢m trén mot so b dix ligu thyc cho thay
phuong phap dé xuit cai thién dang ké chat luong du
doan so vdi ca&c phuong phap tu van dya vao ngir canh co
S& trude day.

Trong thoi gian t6i, tac gid du dinh s&¢ mé rong nghién
ctru ciia minh cho hé tu van lai theo ngit canh nham tich
hop dugc nhiéu thong tin phuc vu cho qua trinh huén
Iuyen nang cao chit luong tu van. Ngoai ra tac gia cung
c6 ké hoach nghién ciu phét trién cac phuong phép mé
hinh héa ngir canh phu thudc ap dung cho hé tu van theo
ngtr canh.
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A CONTEXTUAL PRE-FILTERING METHOD
FOR CONTEXT-AWARE RECOMMENDER
SYSTEMS

Abstract: Recommender systems are specially designed
to toward wusers to interested items when huge
information from Internet is beyond the user’s processing
capability. A common characteristic of recommender
systems is that they mainly focus on modeling users,
items and ratings. In parallel, there is an understanding
that it is also important to consider the context in which a
recommendation is made. Although the integration of
context into recommender systems has been shown to
improve quality of suggestions significantly, the main
difficulty of context-aware recommender systems is how
to integrate effectively and the data sparseness problem
which directly affect to quality of the recommendation. In
this paper, | will propose a new contextual pre-filtering
method that allow fully integrated context situations and
resolve effectively the data sparseness problem. In there,
the contextual integration is done by a item splitting
proceduce based on context and the data sparseness issue
is resolved through the training process according to the
co-training model for classification problem of
collaborative filtering. The experimental results on some
real data sets show that the proposed method
outperforms several baselines and state-of-the-art
context-aware recommendation methods.

Keyword: Context-aware recommender system - CARS;
Context-aware collaborative filtering - CACF; Context;
Contextual pre-filtering; Item splitting; Co-training
model.

D3 Thi Lién, Nhan bang t6t nghiép dai
hoc, thac s§ va hoc vi tién si tai Hoc
vién Cong nghé Buu chinh Vién thong
vao cac nam 2010, 2013, 2020. Hién la
giang vién tai Hoc Vién Cong ngh¢ Buu
Chinh Vién Théng.

Linh vyc nghién ctru chinh: hoc mady
ung dung trong loc thong tin, phat trién
7 y ‘ ung dung da phuong tién.

TAP CHf KHOA HOC CONG NGHE THONG TIN VA TRUYEN THONG 129



