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Tém tit: Loc cong tic 1a huong tiép can dién hinh
trong xay dung hé tu van. Vé co ban cac phuong phép loc
cong tac theo cach tiép can truyén thdng cha yéu tap trung
khai théc duy nhat tap di liéu danh gia cua ngudi dung ddi
vé6i san pham dé thuc hién hudn luyén va dy doén san pham
pht hop véi ngudi dung hién thai. Tuy nhién trén thyc té
danh gia cia ngudi dung véi san pham thudng thay dbi
theo ngir canh khac nhau, do d6 huéng tiép can loc cong
tac dya vao ngir canh dang 1a mot huorng di dugc ching
minh 12 cai thién dang ké chat luong goi y trong nhiéu tmng
dung thuc té so voi huong tiép can loc cong tac truyén
thdng. Pa c6 nhiéu phwong phap dé xuat khac nhau duoc
dua ra dé giai quyét bai toan loc cong tac theo ngit canh,
tuy nhién linh vyc nay van con ton tai nhiéu thach thirc,
trong d6 kho khan dién hinh 13 1am thé nao dé tich hop hiéu
qua thdng tin ngir canh va giai quyét vin dé di liéu thua
thot dir liéu danh gia. Trong bai béo ndy, tac gia dé xuit
mot phuong phép loc cong tac theo ngir canh véi mong
muén giai quyet hiéu qua viéc tich hop ddy du théng tin
ngit canh va van dé dir liéu thua. Trong dé, viéc tich hop
ngir canh duoc thyc hién bang thu tuc phan tich nguoi
dung theo ngir canh va van dé dit liéu thua duoc giai quyét
qua viéc khai thac day da mdi quan hé tryc tiép va gian
tiép giita cac nguoi dung va san pham trong qua trinh huan
luyén dya trén mé hinh do thi. Két qua thuc nghiém trén
mot s6 bo dir lidu thyc cho thiy phuwong phap dé xuat cai
thién dang ké chét luong dy doan so v6i cac phuong phap
tu van dua vao ngir canh co sé trude day.

Tir khéa: Loc cong tac dua vao ngir canh (Context-
aware collaborative filtering - CACF); Ng canh
(Context); Hé tu vin dua vao ngit canh (Context-aware
recommender system - CARS); Loc trugc theo ngir canh
(Contextual pre-filtering); Phan tdch nguoi dung theo ngir
canh (User splitting)

1. MODPAU

‘Dimg trudc van dé qua tai thong tin trén Internet thi can
thiét phai c6 cong cu hd tro ngudi ding lya chon thong tin
va dua ra quyet dinh mét cach nhanh Chong H¢ tu van ra
doi da giai quyét hiéu qud van d& nay va mang lai thanh
cong vang doi trong nhiéu linh vye, day 1a linh vuc dang c6
su phat trlen rat nhanh chong. C6 ba huéng tiép can chinh
dé giai quyet bai toan tu van la loc cong tac, loc theo noi
dung va loc két hop. Trong Ccéc céch tiép can nay thi loc
cong tac dugc danh gid la don gian trong cai dat va co thé
loc dugc moi loai thong tin, dac biét ddi véi thong tin dugc
thé hién dudi dang dir liéu da phuong tién.
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Truéc day cac nghién ciu vé loc cong tac cho hé tu van
theo cach tiép can truyén thong chi tap trung khai thac hai
nhom dbi tuong chinh 1a nguoi ding (user) va san pham
(item) dé thyc hién huan luyén va dua ra goi y. Bai toan loc
cong tac cho h¢ tu vén theo cach tiép can truyen thong cé
thé dugc biéu dién dwa trén ma tran danh gia hai chiéu sau:

R,:Users X Items — Ratings (1)

Tuy nhién trén thuc té, quyét dinh cua nguoi dung
thuong thay ddi tiy thudc vao ngit canh. Vi du mot nguoi
c6 thé chon xem nhiing bo ph|m khac nhau khi xem ghung
Vé6i ban doi va tré em. Hay vigc chon nha hang &n uong la
sang trong hay &n nhanh cung tuy thudc vao ddi twong ta di
an cung 1a dbi tac trong cong viéc hay di &n mét minh. Do
vay viéc xem xét két hop ngit canh vao cac h¢ thdng tu van
& mot cha de dang rat dugc quan tam nghlen ctu trong
nhitng ndm gan day. Vidy hé tuvan phlm vaam nhac [3],tu
van dia diém yéu thich [4], thuong mai dién ti [5],... Theo

nhu [2] “Théng tin ngir canh I nhitng thdng tin ¢ thé mod
ta dugc hoan canh cia mot thuc thé. Thuc thé & déy c6 thé
1a nguoi, 1a vat hoac 1a doi tuong c6 lién quan t6i sy tuong
tac glu’a nguol dang va ang dung, bao gom ca ban than
nguoi dung va ang dung do”, Chang han ddi vai hé tu van
du lich, yéu tb ngit canh co thé la thoi gian (budi trong ngay,
thoi gian trong tuan, mua), ban dong hanh (mét minh, gia
dinh, ban be). Bai toan loc cong tac theo ngit canh s& duorc
biéu dlen dua trén ma tran danh gia da chiéu nhu sau:

R,:Users X Items X Contexts — Ratings (2)

Gia sir ta c6 tap hitu han U = {uy, Uy, ..., Un} 14 tAp gdm
N ngudi ding, P = {p1, P2,... pv} 1a tip gdm M san pham
va K chiéu ngitr canh Cy, Cz,. .., Ck, mdi chiéu nglr canh co
twong tng N, N, ... diéu kién nglr canh. Nhiém vu
cua loc cong tac theo ngu canh la dy doan danh gia va dua
ra tu van cac san pham mai cho nguoi dung hién thoi trong
timg tinh hudng ngit canh cy thé.

Bang 1 1a mét vi du vé ma trn danh gia da chiéu ctia
hé tu van cong tic theo ngit canh, gdm 2 ngudi dung
U={uy, Uz}, 3 sdn pham P = {p1, p2, pa}, kém thong tin vé
cac chidu ngit canh nhur sau:

Bang 1. Ma trdn danh gia da chiéu cia loc céng tac theo ngir

canh

U P R Time Location | Companion
Uz p1 5 Weekend Home Kids
up p1 4 Weekday Home Family
uy P2 3 Weekend Cinema Partner
u; P2 4 Weekday Home Family
u; P2 3 Weekend Cinema Partner
uy p3 2 Weekend Cinema Partner
Uz p2 1 Weekday Home Family
u; Ps3 3 Weekday Home Family
Uz ps3 2 Weekday Home Family
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MOT PHUONG PHAP LOC CONG TAC THEO NG CANH

Mot s6 thuat ngir qui u6e duge sir dung khi khai thac
ma trdn danh gia da chidu ¢ trén & Chiéu ngit canh
(Context Dimension), diéu kién ngit canh (Context
Condition), tinh huéng ngit canh (Context Situation).
Chiéu ngit canh hay con dugc biét dén 1a cac bién ngir
canh, vi du: “Time”, “Location”, “Companion”. Diéu
kién ngit canh 1a gia tri cia mot chiéu ngir canh, vi du:
chiéu ngit canh “Location” c¢6 2 diéu kién ngir canh
(“Home”, “Cinema”). Thuat ngit tinh hudng ngit canh chi
mot bd gia tri nhan duoc cho cac diéu kién ngir canh tng
véi cac chidu ngit canh, vi du nguoi dung uy danh gia san
phim  p; trong tinh  hudng ngit canh
(“Weekend”,”Home”,”Kids”) 1a 5.

Mic du di c6 mot s dé xuat dugc dua ra dé giai quyét
bai toan loc cong tac theo ngit canh cho hé tu van, nhung
lam thé nao dé tich hop hiéu qua thong tin ngir canh va giai
quyét van dé dir liéu thua van 1a van d& nghién ctru md, co
tinh thoi sy va thu hut duge nhiéu quan tim cua cong dong
nghién ciru. Trong bai bao nay, tac gia dé xuat mot phuong
phap loc cong tac theo ngit canh méi cho hé tu van nham
giai quyét han ché con ton tai phé bién, do 1a tich hop day
du thong tin nglr canh va giai quyét hiéu qua van dé dit liéu
thua. Cy thé, tac gia d& xuit sir dung Jphuong phép phan
tach nguoi dung theo ngit canh cai tién nham khic phuc
han ché néu trén ciia phuong phap phén tach nguoi ding
theo ngit canh nguyén thuy, d6 1a cho phép tich hop day
du thong tin ngir canh trong viéc chuyén hoa ngudi ding
ban dau thanh nguoi dung gia lap. Tuy nhién khi ap dung
thii tuc phan tach ngudi dung theo ngir canh cai tién 1én ma
tran danh gia da chiéu Ry, véi viée gidi thi€u cac nguoi
dung gia lap, s& cang khién ma tran danh gia hai chiéu R,
thu dugc cang thua tht hon nita, didu nay s& duoc giai
quyét qua viéc biéu dién va xay dung thuat toan du doan
dya trén mod hinh ) thi nham khai thac day du mbi quan
hé truc tiép va gian tiép giira cac nguoi dung va san pham
Két qua thyc nghiém trén mot s6 bo dit liéu thuc cho thay
phuong phép dé xuét cai thién dang ké chat luong dy doan
s0 vai cac phuong phap loc cdng theo ngilt canh co sé trude
day.

Dé trong tAm vao phuong phap dé xuit, Muc II tac gia
trinh bay cac nghién ctru lién quan. Tiép dén 1a phuong
phap dé xuét trong Muc 111. Muc 1V trinh bay phwong phap
thuc nghiém va danh gia. Muc V néu két luan va huéng
phat trién trong thoi gian t6i.

II. CAC NGHIEN CUU LIEN QUAN

Viéc khai thac thdng tin ngit canh trong hé tu vin dugc
dé cap dau tién trong nghlen ctru ciia Adomavicius and
Tuzhilin [1], tiép sau d6 c6 kha nhiéu cong trinh nghlen cau
lién quan khic duoc cong bd nham giai quyét cac van dé
khac nhau cta h¢ tu van dya vao ngit canh, trong do tap
trung vao cai tién cac phuong phép tu van theo ngir canh.
Vé co ban, cac phuong phap d& xuat khac nhau dé giai
quyét bai toan tu van cong tac theo ngir canh thugc mot
trong ba hudng tiép can: Loc trudc theo ngir canh
(Contextual Prefiltering), loc sau theo ngir canh
(Contextual Postfiltering) va mé hinh héa ngir canh
(Contextual Modeling) [2][6].

V& co ban, cac phuong phép loc cong tac theo ngit canh
thudc huéng loc trude ngit canh su dung thong tin nglr canh
dé loc tap dit ligu ban dau nham chi gitt lai nhiing dr ligu
pht hop véi ngit canh yéu cau, di lisu loc duoc s& dugc s&
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ding dé huan luyén va du doan boi cac phuong phap loc
cong tac truyén thong [2][6] [8][11]. Mot sb phuong phap
loc truéc nglt canh dugce dua ra nhu: Phuong phap phan
chia dir ligu (Splitting) [26], phuong phap sir dung mot tap
con céc chiéu ngit canh dé loc (Context Relaxation) [27],
phuong phap loc dya trén ngir nghia (Semantic F|Iter|ng)
[28]. Tap dit li¢u loc duoc s€ dung dé huan luyén va tu van.
Qua trinh huan luyén va tu vin & ddy c6 thé sir dung truc
tlep nhimg phu(mg phap loc cong tac da duoc ap dung cho
cac h¢ tu van cong tac truyén thong dé ép dung cho h¢ tu
van cong tac theo ngir canh. Vi du nhu mot s6 phwong phap
loc cong tic nhu UserKNN, ItemKNN, Matrix
Factorization, SLIM, s& duoc ap dung truc tiép sau budc
loc trudc ngir canh dé sinh nhitng san pham dy doan cho
ngudi ding trong mot tinh hudng ngir canh cu thé.

Trai nguoc vai hudng loc truéc ngu canh, loc sau ngfr
canh sir dung toan bo ma tran danh gia da loai bo di cac
chiéu ngir canh dé huin luyén va tu van. Két qua du doan
thu dugc s€ dugc loc lai mot Ian’ nira boi ngir canh hign thoi
dé thu dugc két qué tu van cuoi cUng la nhirng san pham
maoi chua duge nguoi dung danh gia trong mot tinh hudng
ngit canh cu thé. Nhu vay cac phuong phap tu van Cong tac
theo ngir canh thudc hudng loc sau ngir canh cling c6 thé
ap dung cac phuong phép tu van cong tac truyen thong nhu
loc trude theo nglr canh. oI véi cac phuong phap loc sau
theo ngit canh thi thong tin ngit canh khong dugc tich hop
trong qua trinh huan luyén.

Huéng thir ba dé giai quyét bai toan tu van cong tac
theo ngit canh la md hinh hoa dya vao ngir canh. Theo
huéng ticp can nay thi thong tin ngir canh, nguoi dl]ng va
san pham duoc bicu dien truc ticp trong cung mot mo hinh,
khi d6 ma tran danh gia da chleu s€ dugc st dyng truc tlep
cho qua trinh huan luyén va tu van. Vi hudng tiép can nay,
mot so thuét todn loc cong tac cho hé tu van cong tac theo
ngir canh dwoc dua ra c6 d6 phac tap hon cac phuong phap
loc cong tac truyén thong. Cac phuong phap mo hinh hoa
dua vao nglr canh duoc phéan chia thanh hai nhém: Mé hinh
hoa ngir canh doc 1ap [12] va md hinh héa ngir canh phu
thuoc [13][14]. Tensor Decomposition [12] la mot phuong
phap dién hinh thudc nhom phuong phap mé hinh héa ngu’
canh doc l1ap cho phép biéu dién nguoi dung, san pham va
céc chiéu ngir canh trong mot khong gian da chiéu, mdi
chiéu 1a doc Iap nhau. Mot van dé& xay ra V6i phuong phép
nay la khong gian luu trir Cung xu ly sg rat phtc tap khi s6
lwong chiéu ngit canh qué Ién. Khong glong nhu phuong
phdp md hinh hda ngir canh doc lap coi ngit canh khong
phu thudc vao nguoi ding va san pham phuong phap mo
hinh héa ngtt canh phu thugc s&é mé ta va khai thac su phu
thugc gitra nguoi dung, san pham va ngit canh trong wng.
Thuc nghiém cho thay cac phuong phap mo hinh hoa ngir
canh phu thudc cho két qua tt hon phuong phap mo hinh
hda ngir canh doc 1ap [7]. Tuy nhién van dé dat ra vai cac
phuong phap mé hinh hoa nglr canh phu thuoc 1a khi tich
hop ngir canh vao hé tu van la van dé dir liéu thua, 6 phic
tap tinh todn va kha nang ma rong cia nd. Ngoai ra cac
phuorng phép mo hinh héa ngit canh ciing dugc danh gia 1a
c6 do phuc tap l6n hon céc phuong phap thuge huéng loc
trudc va sau theo ngir canh, dac biét khi sé chiéu ngir canh
tang 1én.

Trong bai bao nay, tac gia tiép can nghlen clru dé xuit
phuong phap tu van theo ngit cinh méi, cu thé la mot
phuong phép tu vén thude huéng loc truéce theo ngir canh.
Trong dé xuat ciia minh, tac gia tiép can ket hop thi tuc
phan tach ngucrl dung theo ngir canh cai tién voi du doan
danh gia dya vao mé hinh d6 thi cho loc cong tac. Khac véi

TAP CHf KHOA HOC CONG NGHE THONG TIN VA TRUYEN THONG 86



D6 Thj Lién

viéc sir dyng mot chiéu ngi canh dé phan tach ngudi dung
ban dau thanh cac nguoi dung gia lap khdng cho phép khai
théc triét @é théng tin tir cac chiéu ngix cénn con lai, thu tuc
phén tach nguol dung theo ngix canh cai tien s& ket hop su
dung tit ca céac chiéu ngir canh dé phan tach ngIIO’I dung
ban dau thanh céc ngudi ding gla lap, diéu nay gilp tich
hop day du thong tin ngir canh vao qua trinh tu van. Viéc
gidi thiéu céc ngum dung gia lap ciling dong thoi chuyen
hoa ma tran d4anh gia da chiéu thanh ma tran danh gid hai
chiéu. Tuy nhién, ban than ma tran d4anh gia da chiéu ban
dau khé thua khi duoc chuyén héa thanh ma tran dénh gia
hai chiéu cang trd 1én thua thét hon nira. Dé giai quyet van
dé nay, tac gid tiép can mo hinh dd thi cho phep biéu dién
day du mdi quan hé truc tlep va gian tiép giira cac nguoi
dung va san pham, tir &6 huan luyén va dua ra dy doan san
pham phu hop véi ngudi ding.

. PHUONG PHAP PE XUAT

V& co ban phuong phap dé xuat duoc thuc hién bang
céch két hop hai phwong phap: 1) Loc trude theo ngir canh;
2) Phuong phap du doan danh gia clia ngudi dung véi san
pham dya trén mo hinh d6 thi dé xuat. Su ket hop cua hai
phuong phdp nay trong phuong phap dé xuat duoc thé hién
qua bon budc: 1) Phan tach nguoi dung theo ngir canh; 2)
Biéu dién db thi cho loc cong tac; 3) Du doan danh gia cua
ngudi ding véi san pham cho loc COng tac dya trén biéu
dién db thi; 4) Sinh tu van. Bon budc nay két hop voi nhau
trong mot bo khung dé xuat vé trién khai phuong phap loc
trude theo ngit canh dya trén md hinh db thi cho hé tu van
theo ngit canh trong Hinh 1 dudi day.
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Hinh 1. B khung trién khai phwong phap loc trudc theo ngir
canh dwa trén mé hinh do thi cho hé fr van cong tac theo ngir
canh

A. Phén tach ngudi dung theo ngir canh

Thong tin dAu vao cho bai toan loc cong tac theo ngir
canh gém c6: Tap hop hitu han géom N nguoi ding U =
{uy, Uy, ..., uy}, M san pham P = {p1,pz -, pu} va K
chiéu ngi canh C;, C,, ..., Cx, mdi chiéu ngix canh co tuong
ung N, NCZ, ey Ny diéu kién ngir canh. Tir thong tin dau
vao trén, viéc phén tach nguoi dung theo ngir canh sé
chuyén héa nguoi diing ban dau theo ngix canh thanh céc
ngudi dung gid 13p. Moi nguoi dung gia lap dugc tao ra tir
su két hop nguoi dung ban dau voi mot tinh huéng ngi
canh cu thé, thu tuc nay goi 1a “User Splitting” [7].

Thu tuc “User Splitting” trudc day chi si dung mot
chiéu ngir canh duy nhat dé phan tach ngu’orl diing theo ngir
canh, viéc chon chiéu ngit canh nay dya vao d6 do thong
ké, nhu d¢ loi thong tin (Information gain) [3][11] . biéu
nay trong nhiéu truang hop khién cho khé nhiéu thong tin

SO 04 (CS.01) 2022

tir cac chiéu ngit canh khéc khong dugc khai thac triét dé
vao qua trinh tu van sau nay.

Tir 13p luan dua ra & trén, tac gia dé xuat phuong phap
phan tach nguorl dung theo ngir canh cai tién nham khic
phuc han ché néu trén cia phuong phap phan tach ngudi
dung theo ngix canh nguyén thiyy. Phuong phép phan tach
ngudi dung theo ngir canh cai tién cho phép tich hop day
du thong tin ngit canh trong vige chuyén hoa nguoi ding
ban dau thanh nguoi ding gia lap. Cac budc thyc hién cu
thé nhu sau:

e Bwéc 1. Tao ra 1 chiéu ngir canh méi C dai dién
cho K chiéu ngir canh Cy, C,, ..., Cx bang cach ldy
tich Dé-cac cua tat ca cac chiéu ngit canh. Khi do,
mdi diéu kién ngir canh cua C 1a su két hop cac
diéu kién ngir canh cua cac chiéu twong tng. S6
luong diéu kién ngir canh cua C la N,, Voi
N, = N * Ng, *...x N,

e Buwdc 2. Taoratiap nguoiding gialap Y bang cach
lay tich Dé-céc cua 1 tap ngudi ding U va chiéu ngi
canh €. Khi d6, mdi ngudi dung gia 1ap thuoc Y 1a
su két hop ciia mot ngudi dung ban dau thudc U
véi mot diéu kién ngir canh thudc €. Sé luong
ngudi dung trongtap Y 1a H, v6i H = N = 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
ngit canh, thay tap ngudi ding ban dau U bang tap
nguoi dung gia lap Y.

Viéc thuc hién lay tich Dé-cac gitra cac chiéu \ngir canh
va tap ngudi dung ban dau cho phep két hop day du cac
diéu kién ngir canh tuong g cua cac chiéu ngir canh va
cac nguoi dung trong hé théng. Nhu vay tap nguoi dung
gia lap sinh ra sé thay thé tuong ung nhu khi thé hién dudi
dang tap nguoi ding ban dau va cac chiéu ngit canh gdc.
Do d6 viéc chuyén doi ma tran dénh gia da chieu vé matran
danh gia hai chiéu bang viéc loai bo di tap ngir canh, thay
tap nguoi dung ban dau U bang tap nguoi dung gia lap Y
s& van dam bao cac didu kién cua bai toan khong thay doi.

Vi du ap dung phuong phap phan tach nguoi dung theo
ngir canh 1én ma tran danh gia da chiéu caa loc cong tac
theo nglt canh (Bang 1) ta thu duwoc ma tran danh gia hai
chiéu (Bang 2), véi y, la nguoi dung gia lap duogc tao ra
bai sy két hop clia ngusi dling u, va tinh huéng ngir canh
(““Cuodi tuan”,”Tai nha”,”Tré em”). Véi vi du dugc dua ra
trong Bang 1, hé tu van c6 2 nguorl dung va 12 tinh hu0ng
ngit canh c6 thé c6, do vay so luong ngudi dung gia lap
duoc sinh ra theo phuong phép phan tich ngu’orl ding theo
ngit canh cai tién 13 24. Ma tran danh gla hai chidu nhan
dugc thé hién trong Bang 2, tac gla sap xép nhiing cap
nguol ding - san pham ¢6 danh gla trong nhitng dong trén
cung clia ma tran va nhiing cip con lai khong c6 dénh gia
& bén dudi. Pé tiét kiem khong gian trinh bay, nhirng cap
nguoi ding - san pham khong co danh gia khong néu day
du trong Bang 2.

Bdng 2. Ma trgn déanh gid hai chiéu nhdn dwoc sau phan tach
nguoi dung theo ng# canh

Y P R
Y1 P1 5
Y2 P1 4
Y2 D3 2
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Y3 D2 3
Ya D2 4
Vs D2 3
Yo P3 2
Y3 D2 1
Ya P3 3
YV2a P3 0

Qua trinh phén tach nguoi ding theo ngit canh s& bién
d6i ma tran danh gia da chiéu R, (bleu dién danh gia cua
nguoi ding véi san pham trong céc tinh huong ngir canh
khéc nhau) vé ma tran danh gia hai chiéu R, (biéu dién
danh gia clia nglml dung gid lap véi san pham) Trén thuc
té, s6 lugng cac danh gid ban dau dwa ra boi nguoi ding
cho cac san pham trong céc tinh hubng ngit canh la rét it,
khién cho ma tran R, rat thua. Khi ap dung thu tuc phéan
tach ngudi ding theo ngir canh cai tién 1én R, , véi viéc gioi
thiéu cac ngudi ding gia 1ap, sé cang khién ma tran R, thu
duogc cang thua thét hon niva.

D¢ han ché nhing van dé dir liéu thua cia loc cong tac
ap dung cho ma tran danh g1a hai chiéu R, tac giatién hanh
biéu dién ma tran danh gia dudi dang do th1 hai phia, mot
phia 1a nguoi dung va phia con lai la san pham. Lva chon
biéu dién do thi nham thé hién ré rang méi quan hé tryc tiép
va gian tiép gitra nguoi dung gia lap va san pham cua hé
thong, d6 1a co s¢ dé thuc hién dua ra phuong phéap dw doan
danh gia cua nguoi dung véi san pham. Hai noi dung nay
duoc thé hién qua bude 2 va budce 3 trong b khung dé xuat
va dugc trinh bay trong muyc B, C sau day.

B. Phwong phap biéu dién dd thi cho hé tw vin céng
tac theo ngir canh

Tir ma tran danh gia hai chiéu nhan dwoc sau phan tach
ngudi ding theo ngit canh, kY hiéu Ri=(rix). Khdng han ché
tinh tong quat cua bai toan, ta gia sir rix = v néu nguoi dung
yi € Y danh gia san phdm px € P véi muc d6 v, trong d6
velO, 1].

D¢ thuan tign trong trinh bay, ta viét yi e U ngan gon
thanh i € Y, px € P ngan gon thanh x € P.

V'  Néu nguoi ding i thich san pham x ¢
mirc dov(0<v<1).

P Néu nguwoi dimg i chua biét hodc
chua danh gid san pham x. @3)
Biéq dién ma trén danh gia theo (3) s€ khong anh

huong den cac hé thong tu van cong tac st dung danh gia

nhi phan (0,1) hodc c6 nhieéu mirc danh gia trong khoang

[0,1]. Déi voi cac bo dit lidu co gié} tri danh gia rixe{1, ?,

., V}, ta chi can thuc hién phép bién doi don gian chuyén

r, =k

. . Phép bién ddi nay van bao toan dugc mic do

danh gia theo 'Ehl'r tu khac nhau cua cac hé loc cong tac.
Day 1a mot biéu dién mé rong ctia Huang di thyc hién
trong [22].

Vi du chuyén doi ma tran dénh gi4 da hai chiéu ¢ Bang
2 v€ dang Bang 3 nhu sau:

Bang 3. Ma trdn ddanh gid hai chiéu chuyén déi nhdn duwoc sau
phan tach nguoi dung theo ngir canh
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p1 D2 b3
V1 1.0 0 0
V2 0.8 0 0.4
V3 0 0.6 0
Va 0 0.8 0.6
Vs 0 0.6 0
Ve 0 0 0.4
V2a 0 0 0

Tir ma tran danh gia xac dinh theo (3), tac gia chuyén
dbi biéu didn méi quan hé giira cac nguoi dung gia lap va
san pham dya trén biéu dién dd thi G =< V,E >. Trong
do, tap dinh V caa db thi dugc chia thanh ba tap: tap nguoi
dung gia lap, tap san pham (V = Y UP). T4p canh E cua do
thi dugc xac dinh theo cong thirc (4). Mdi canh e eE déu
c6 dang e = (i, t) trong d6 i €Y, xeP. Trong sb ciia mdi
canh dugc xac dinh theo (5).

={e=(@,|r, =4} (@)
W, = r, if (i,-X) = (5)
0 otherwise

~ Khi do, do thi hai phia biéu dién cho loc cong tac dugc
the hién trong Hinh 2.

Hinh 2. D6 thi biéu dién cho loc cong tac gom tdp nguoi ding
gia ldp va tdp san pham
C. Dw do4n danh gia ciia ngwdi ding véi san pham cho
loc cong tac dua trén biéu dién do thi

Duwa vao biéu dién do thi dua ra & trén, bai toan dyu doan
danh gia cf‘la ngudi ding véi san pham cho loc cong tac
duoc quy vé bai todn tim kiém duong di tir dinh ngudi dung
yi t6i dinh san pham Px trén mo hinh d6 thi cho truéc. Do
dd thi biéu didn dé xuét 1a d6 thi 2 phia, trong do6 1 phia la
tap dinh nguoi dung, 1 phla 14 tap dinh san pham nén voi
cach tlep can nay, danh gia du doan cua nguoi ding y; Vi
san pham P trén do thi dé xuat dua trén viéc tinh toan tong
trong so cac duong di co do daile L (L = 1,3,5...) tir dinh
yi dén dinh px. Trong do6 trong s mdi dudng di sé bang tich
trong sb cua cac canh twong ng trén dudng di d6. Nhu vay,
danh gia dy doan cua nguoi dung gia 13p v6i san phém sé
dugc xac dinh dya trén viéc khai thac tat ca cac moi quan
hé truc tiép va gian tiép gitra nguoi dung gla lap vai san
pham d6 trén do thi G. D& xuat nay dugc cai tién tir nghlen
ctru cua Huang [22] cho tap dit liéu c6 nhiéu mirc danh gia
va mo rong ra cho bai todn loc cong tac theo ngir canh.

Vi du: Déanh gid du doan cua y1 v6i ps s dugc tinh toan
dua trén tong trong so cac duong di tir y1 toi pa. Diéu nay
thu dugc bang cach quan sét tit ca cac duong di tir y; téi
Ps, €02 duong dilay1—p1—Y2—pPsVvayi-pi—Y2— P2 —VYa
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- Pa. Trong s6 mdi duong di s& dwoc tinh bang tich trong
s6 cua cAc canh tuong ng trén duorng dido, cu thé duong
di y1— p1— Y2 — ps(do dai 3) ¢ trong s6 1a 1.0*0. 8*0.4 =
0.32, dudng di y1 - p1— Y2— p2 — Y4 — ps €O trong so la
1.0*0.8*0.2*%0.8*0.6 = 0.0768, nén danh gia du doan cua
cua y1 véi ps 1a 0.32 + 0.0768 = 0.3968. Nhu vay c6 thé
thdy néu ta mo rong do dai dudng di tir dinh nguoi ding toi
dinh san pham s& khai thac dugc kha nhiéu méi quan h¢
bac Cau gifta nguoi dung véi san pham, tir &6 gop phan giai
quyét hiéu qua van d& di liéu thua cua loc cong téc.

Téng quat hoa, v6i dir liéu dau vao 1a ma tran
W(HxM) duoc xac dinh theo cong thirc (5) thé hién mbi
quan hé gitra nguoi dung gia 14p v6i san pham, khi d6 danh
gia dy doan dugc xac dinh theo cong thirc (6). Trong d6
WT(H, M) la ma tran chuyén vi caa W (H, M).

W(HxM) if L=1

WL(HxM):{

(6)

Ma tran W(HxM) cho biét biéu dién mirc d6 phu hop
gilta tp nguoi ding gia 1ap va san phim cta hé thdng.
Mtrc d¢ phu hop nay phu thudc vao d6 dai duong di L tir
dinh nguoi dung gia lap dén dinh san phim trén d6 thi. Cac
duodng di c6 do dai 16n s& duoc danh trong s thap, duong
di c6 d6 dai nho sé dugc danh trong so cao. Do viy, ta can
xé4c dinh gia tri L dé thuc hién tinh toan bang cach chon

gié tri L nhé nhét dé W # 0 v6i moi yieY va pxeP.
D. Sinh tw van

T mic d6 phu hop glua ngudi dung gla lap va san
pham xéac dinh theo (6), voi moi nguoi dung can tu van Ug
tac gia chon k san pham c6 mic do phu hop cao nhat dé
tu van cho ngudi dung u,.

Trén co sé cac bude trinh bay dién giai trong cic muc
A, B, C, D cho bo khung dé xuét trién khai phuong phép
loc trude theo ngir canh dya trén mo hinh dd thi cho hé tu
van cong tac theo ngi canh ¢ Hinh 1, tac gia dé xuat thuat
toan lgc cdng tac theo ngir canh (CACF_USGraph) duogc
miéu ta chi tiét trong Hinh 3.

Pau vao

- Ma trdn ddnh gid da chiéu (chira théng tin ngi¥ cdnh)

- u, € U la ngudi dung hién thoi cén duoc tu vén

- ¢ €(C; X Cy X ..XCx) la tinh huéng ngl¥ cdnh
tng véiu,

- Loax 16 gidi han d6 dai dwing di tir dinh ngudi diing
tdi dinh sén phdm

- K la 56 heong san pham can tie van cho u,

Paura:
- Danh sdch K sén phdm tw vén téi ngudi dung u,
trong tinh huéng ngi¥ cénh c,.

Cac buwéc tién hanh:

Buéc 1. Chuyén déi ma trin danh gid dang da chiéu R,
vé dang hai chiéu R,
Theo tha tuc phén tdch ngudi dung theo ngit canh
(Muc A).
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W(HxM)P*WT (HxM W 2(HxM) if L=357..

Buéd'c 2. Khéi tao cdc ma trdn W(HxM theo coéng thirc
(5)

Bwédc 3. Dy dodn ddnh gid cua nguwoi dung vdi san
phdm

L <2; // Thiét |1ap d6 dai dudng di ban dau

Repeat

Wb M) W(HxM) if L=1
X =
W(HxM W' (HxM*W"3(HxM) if L=357..

L< L+ 2;// Tang d6 dai duong di.
Until (W, # 0 vdi moiieY, xeP hodc L=Lyqy );

Buwdc 4. Sinh tw vdn cho ngudi ding hién thoi u, trong
ngir cénh c,
e Goiy, la ngudi dung hién thoi gia 1ap duoc

tao ra khi két hop u, va c,.

e Cin ct vao W"(H x M )tinh toan dugc tir
buéc 3, chon K sdn pham cé danh gid dy
doan cao nhdt ma chua dugc danh gid béi y,
dé tuw van cho y,

e Tuvan K san phidm trén cho ngudi dung hién

thi u, trong tinh huéng ngit canh c,.

Hinh 3. Thugt toan CACF_ USGraph

IV.THU'C NGHIEM VA KET QUA
A. D ligu thuc nghiém
Dé thay rd hi¢u qua cua phuong phap dé xuat, tac gia

thuc hién tién hanh thuc nghiém trén hai bo dir licu
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 cé 3 chiéu ngir canh
la Time, Location, Companion. Chiéu ngit canh Time
¢6 2 diéu kién ngit canh (“Weekend”, “Weekday™),
chiéu ngir canh Location c¢6 2 diéu kién ngir canh
(“Home”, “Cinema”), chiéu ngir canh Companion c6
3 diéu kién ngi canh (“Alone”, “Family”, “Partner”).
Céc muc danh gia nam trong dai tir 1 dén 5, muc do
thua thot cua dir liéu 1a 94,516%. Cac mic danh gia
1,2, 3, 4, 5 dugc chuyén doi thanh 0.2, 0.4, 0.6, 0.8,
1.0.

e B¢ dir lieu InCarMusic chira 3938 danh gia tir 1042
ngudi ding, 139 album trong cac tinh hudng ngit canh
khéc nhau. Bo dit 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 ngtr canh (“Relaxed driving”, “Sport driving”),
chiéu ngir canh Road type c6 3 diéu kién ngir canh
(“City”, “nghway” “Serpentine™), chiéu ngir canh
Landscape ¢6 4 diéu kién ngir canh (“Coast line”,

“country side”, “mountains/hills”, “Urban”), chiéu
ngit canh Sleepiness co 2 diéu kién ngir canh
(“Awake”, “Sleepy”), chiéu ngit canh Traffic
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conditions ¢4 3 diéu kién ngir canh (“Free road”,
“Many Cars”, “Traffic jam”), chiéu ngir canh Mood
c6 4 diéu kién ngir canh (“Active”, “Happy”, “Lazy”,
“Sad”), chiéu ngit canh Weather c6 4 diéu kién ngi
canh (“Cloudy”, “Snowing”, “Sunny”, “Rainy”),
chiéu ngir canh Natural Phenomena cé 4 diéu kién
nglr canh (“Day time”, “Morning”, “Night”,
“Afternoon”). Cac muc danh gia nam trong dai tir 1
dén 5, mirc o thua thot cua dir liéu 12 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 dat thwe nghiém
1) Dé do

Hai nhiém vu chinh cua h¢ tu van la dy doan dénh gia
va tu van danh sach ngan céc san phiam cho nguoi dung
hién thoi. Dé danh gia hiéu qua cua danh gia du doén, cac
o do thudng duoc sir dung 1a MAE, RMSE, MPE [1, 25].
Pé danh gia hidu qua tu van danh séch san pham, cac d6 do
dién hinh duoc st dung 1a Precision@N, Recall@Nva
F —measure@N. Trong bai bao nay, tac gia tap trung
déanh gid higu qua tu van danh sach san pham caa phuong
phap d& xuat trong su so séanh véi cac phuong phép tu van
theo ngr canh co s& nén do do Precision@N ,
Recall@Nva F — measure@N [25] s& dugc hya chon dé
danh gia két qua. Cu thé d6 do nhu sau:

- Do chinh xé4c Precision@N cho biét ty 1& dy doan
chinh xac trong top-N san pham du doan cho mdi
nguoi dung (top-N items).

|{relevant items}n{top—N items}|

Precision@N = N @)

bo nhay Recall@N Cho biét tjlrlé du doan chinh xac
trong s6 nhitng san pham thyc té thich béi nguoi dung
(relevant items)

Recall@N
_ |{relevant items} n {top — N items}| (8)

- |{relevant items}|

- Pé can bang gitta hai d6 do Precision@N va
Recall@N , mot d0 do dugc dua ra d6 la F —
measure@N dugc xac dinh theo (9). Gia tri F-
measure I6n thé hién thuét toan tu van c6 do chinh xac

cang cao.
F-measure@N =
2
1 N 1
Precision@N ' Recall@N (9)

2) Phwong phdp thuc nghiém

Dé danh gia d¢ chinh xac cua danh sach san pham tur
van, tac gia thuc hién phan chia tap di liéu U thanh 2 tap
Ugrain Va Utest ST dung phuong phap kiém thir chéo (k-fold
cross-validation) vi day 1a phuong phéap dugc su dung rong
rdi va cho két qua danh gia khach quan nhat. Y tuéng cua
k-fold cross-validation la chia tap dir liéu U thanh k tap dir
liu nho (folds) co6 kich thudc nhu nhau, sau d6 chung ta
tién hanh kiém nghi¢m thuat toan k 1an va lay trung binh
ket qua céc lan kiém nghi¢m do dé ra két qua kiém nghiém
cudi cung. Tai mdi 1an kiém nghiém s& Iay 1 trong k tap dix
liéu nho lam tap Urest, cac tap dit liéu nho con lai duoc dung
lam tap Uyrain. Vi Mbi ngudi ding Ua € Urest, MOt s6 danh
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gia r, duoc chon ngau nhién sé& bi che di, nhitng gia tri
khong bi che di s& két hop v&i tap U irain de thuc hién huan
Iuyen theo thuat toan tu van. Két qua tu van duoc cho mdi
nguorl dang trong tap Uest SAU qua trinh huén luyén s& duoc
dbi chiéu véi cac danh gia ban dau dé xac dinh tinh chinh
Xdc cua thuat toan tu van. Trong thuc nghiém, tac gia sé lay
k = 10 dé tién hanh chia di liéu kiém nghiém. Viéc thyc
nghiém duogc thuc hién 10 1an va lay trung binh két qua
thuc nghiém dé dam bao tin khach quan cua két qua thuc
nghiém.

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

Chung t61 tién hanh kiém nghiém thuét toan dé xuét
(CACF_GRAPH) trong su so sanh voi cac phuong phéap
tu van cong tac theo ngit canh co so sau:

- CPTF: Sir dung m6 hinh Matrix Factorization thong
gua k¥ thuat phéan tich nhan t6 tiém an (Tensor
Factorization — TF)

- CAMF_C (Context-aware matrix factorization-
Context): St dung phuong phap méd hinh héa ngir
canh doc 1ap dua trén sy chénh léch danh gia gitra cac
diéu kién ngir canh.

- CAMF_CU (Context-aware matrix factorization -
User base context): St dung phuong phap mo hinh
hoa ngir canh doc 1ap dya trén sy chénh 1éch danh gia
clia nguoi dung giira cac diéu kién ngir canh.

- CAMF_CI (Context-aware matrix factorization - Item
base context): Str dung phuong phap mé hinh hoa ngir
canh doc 1ap dua trén sy chénh léch danh gia ddi véi
san pham gitra cac didu kién ngir canh.

- CSLIM_C: Su dung phuong phap tuyén tinh thua
SLIM két hop vai md hinh hoéa ngir canh dwa vao do
léch danh gia.

- CSLIM_ICS (Contextual Sparse Linear Method -
Independent Context Similarity): St dung phuong
phép tuyén tinh thua SLIM két hop véi mé hinh héa
ngit canh dua trén d6 twong quan ngir canh doc lap.

- CSLIM_MCS (Contextual Sparse Linear Method -
Multidimensional Context Similarity): Sir dung
phuong phép tuyén tinh thua SLIM két hop véi mo
hinh héa ngir canh duya trén do twong quan da chiéu.

- UserSplitting-BiasedMF: Str dung phuong phap phan
chia san pham theo ngir canh, sau d6 huan luyén va
dwa ra tu van sir dung phuong phap phan rd ma tran
BiasedMF.

- ltemSplitting-BiasedMF: Str dung phuong phap phan
chia nguoi ding theo ngir canh, sau d6 huan luyén va
dua ra tu van str dung phuong phap phan ra ma tran
BiasedMF.

- UlSplitting-BiasedMF: Str dung phuong phdp phan
chia ca nguoi dung va san pham theo ngir canh, sau
d6 huan luyén va dua ra tu van st dung phuong phap
phén rd ma tran BiasedMF.

C. Két qud thuc nghi¢m

Bdang 4. Két qua kiém nghiém ciia cdc phirong phdp loc céng
tac theo ngir canh cho bg dir liéu DepaulMovie
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. . F-
Phurong phap Precision | Recall measu
@10 @10 re@10
CPTF 0.051 0.181 0.080
CAMF_C 0.088 0.323 0.138
CAMF_CU 0.078 0.280 0.122
CAMF_CI 0.067 0.236 0.104
CSLIM_C 0.063 0.214 0.097
CSLIM_ICS 0.065 0.218 0.100
CSLIM_MCS 0.085 0.315 0.134
UserSplitting- 0.089 0.324
BiasedMF 0.140
ltemSplitting- 0.085 0.316
BiasedMF 0.134
UlISplitting-BiasedMF 0.081 0.298 0.127
CACF_ USGraph 0.103 0.327 0.157

Bang 5. Két qud kiém nghiém ciia cdc phirong phdp loc céng
tac theo ngir canh cho bg diz liéu InCarMusic

- F-
Phurong phap Precision | Recall measu
@10 @10 re@10
CPTF 0.017 0.104 | 0.0292
CAMF_C 0.032 0.218 | 0.0558
CAMF_CU 0.027 0.177 | 0.0469
CAMF_CI 0.015 0.087 | 0.0256
CSLIM_C 0.018 0.127 | 0.0315
CSLIM_ICS 0.039 0.231 | 0.0667
CSLIM_MCS 0.018 0.106 | 0.0308
UserSplitting-
BiasedMF 0.031 0.215 0.0542
ItemSplitting-
BiasedMF 0.033 0.226 0.0576
UISplitting-BiasedMF 0.032 0.219 | 0.0558
CACF_ USGraph 0.043 0.242 0.073

Mot s6 nhan xét dugc dua ra cin ctr vao phan tich két
qua thuc nghiém dua ra trong Bang 4, Bang 5 nhu sau:

- Céac phuong phap lgc trudc theo ngir canh trén co so
st dung phuong phap phéan tach san phim/ ngudi
ding nguyén thay (St dung mét chidu ngit canh) va
phuong phap phan rd ma tran (ItemSplitting-
BiasedMF, UserSplitting-BiasedMF,  UISplitting-
BiasedMF) cho lai d6 chinh xéac t6t hon cac phuong
phap md hinh héa ngir canh dya trén d§ tuong quan
ngir canh doc lap. Biéu nay chimg to tiép can loc trudc
ngir canh theo huéng phan tach san pham/ ngudi ding
cho phép tich hgp thdng tin ngir canh gidp nang cao
hiéu qua tu van.

- Phuong phap dé xuit CACF_ USGraph cho lai do
chinh xac tét hon so véi viéc két hop céc phuong phap
loc trude theo nglt canh theo hudng st dung phuong
phap phan tach san pham/ nguoi ding nguyén thay va
phuong phap phan rd ma tran. Didu nay c6 thé ly giai
la do thi tuc phan tach theo nguoi dung cai tién cho
phép tich hop day du thong tin ngit canh va van dé di
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liéu thua duoc giai quyét bang viéc khai thac day du
mbi quan hé truc tiép va gian tiép giita nguoi dung va
san pham vao qua trinh huan luyén va dy doan danh
gi4, tir 46 nang cao hiéu qua tu van, day chinh 14 lgi
thé ctia phuong phap dé xuat so véi cac phuong phap
O SO,

V. KET LUAN VA HUONG PHAT TRIEN

Bai bao da trinh bay dé xuit mot phwong phap loc
cong tac theo ngit canh méi cho hé tur van. Phuong phap
dé xuat cho phép tich hop diy du thong tin ngit canh va
giai quyét hiéu qua van d¢ dir liéu thua. Trong d6, viéc tich
hop ngit canh dugc thuc hién bang thi tuc phan tach ngudi
ding theo ngir canh cai tién nham khéc phuc han ché cta
phuong phéap phén tach nguoi dung theo ngir canh nguyén
thity, d6 1a cho phép tich hop day du thong tin ngit canh
trong viéc chuyén hoa nguoi dung ban diu thanh ngudi
ding gid 1p. Qua trinh phan tach nguoi dung theo ngir
canh s& bién d6i ma tran dénh gi4 da chiéu vén di da thua
vé ma tran danh gid hai chiéu cang tré 1én thua thdt hon
nira. Dé giai quyet van dé dir liéu thua nay, tac gia tiép can
phuong phap biéu dién va xdy dung thudt toan du doén
dwa trén m6 hinh dd thi nham khai thac day du méi quan
hé truc tiép va gian tiép giira cac - nguoi dung va san pham
Két qua thyc nghiém trén mot s6 bo dix liéu thuc cho thay
phuong phép dé xuét cai thién dang ké chat luong dy doan
s0 v6i cac phuong phap loc cong tac theo ngir canh co so
trude day.

Trong thoi gian tai, tép gia dy dinh s& m¢ rong nghién
ctru ciia minh cho h¢ tu van theo ngit canh nham khai thac
duoc su tuong quan giita cac tinh hubng ngir canh phuc vy
cho qua trinh huan luyén nham nang cao chat lugng tu van.
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A CONTEXTUAL MODELING METHOD FOR
CONTEXT-AWARE RECOMMENDER

SYSTEMS
Abstract: Collaborative filtering is the typical aproach
in builing recommender systems. Basically, the

traditional collaborative filtering methods mainly focus
on exploiting only a rating matrix between users and
items to perform training and recommend new suitable
items to an active user. However, user’s ratings for items
often change according to different contexts, so the
context-aware collaborative filtering has been proven to
improve quality of suggestions significantly in many
practical applications compared to the traditional
collaborative filtering approaches. There are many
different proposed methods to solve the context-aware
collaborative filtering, however this field still has many
challenges, in which 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 context-aware collaborative filtering that
allow fully integrated context situations and resolve
effectively the data sparseness problem. The proposed
method is based on contextual pre-filtering approach. In
there, the problem of context integration is done by a
advanced user splitting technique and the sparse data
problem is solved by fully exploiting the direct and
indirect relationships between users and items during
training process based on the graph model. The
experimental results on some real data sets show that the
proposed method outperforms baseline contextual
modeling methods for context-aware recommendation
systems.

Keywords: Context-aware collaborative filtering -
CACF; Context; Context-aware recommender system -
CARS; Contextual pre-filtering; User splitting

D5 Thi Lién, Nhin bing tbt
nghiép dai hoc, thac sy va hoc vi
tién T tai Hoc vién Cong nghé

e Buu chinh Vién théng vao cac

| B8 | nam 2010, 2013, 2020. Hién 1a
- giang vién tai Hoc Vién Cong
‘ nghé Buu Chinh Vién Thong.

/ ] ‘ Linh vuc nghién ctru chinh: hoc
| K }} ! " mdy tmg dung trong loc thong
s tin, khai pha dir li¢u, phat trién
ung dung da phuong tién.
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