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MOT PHUONG PHAP MO HINH HOA NG
CANH CHO HE TU VAN
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Tém tit: Heé tu vin duge xem nhu mot hé théng loc
tich cuc, ¢6 chirc ning hd tro dua ra quyét dinh, nham muc
dich cung cp cho nguoi st dung nhiing goi y vé thong tin,
san pham va dich vu phi hop nhét véi yéu cau va sa thich
riéng cua timg ngudi. Trong cac cach tiép can xay dung hé
tu van thi cach tiép can dua trén ngir canh dugc chang
minh 1a cai thién dédng ké chat luong tu van trong nhiéu
tng dung thuc té so véi hé tu van theo tiép can truyén
thdng trudce day. Tuy nhién, linh vic nay con ton tai nhiéu
thach thuc, trong d6 kho khan dién hinh 12 1am thé nao dé
tich hop théng tin ngir canh va van dé dir liéu thwa, diéu
nay anh huéng truc tiép t6i chat luong tu van. Trong bai
bao nay, tac gia dé xuit mot phuong phap md hinh héa ngi
canh cho h¢ tu van cho phép tich hop day du thong tin ngit
canh va giai quyét higu qua véan d¢ dit liéu thua. Trong d6,
mébi quan hé gitra cac nguoi dung, san pham va ngir canh
duoc biéu dién trén cung mot mo hinh db thi va van dé dir
liéu thua dugc glal quyét qua viéc khai thac day du mdi
quan hé tryc tiép va gian tiép gitra cac doi tuong dir licu
trong qué trinh huan luyén dwa trén mé hinh db thi cho loc
cong tac. Két qua thuc nghiém trén mot sb bo dit lidu thuc
cho thiy phwong phap dé xuét cai thién dang ké chat luong
du doan so v6i cac phuong phép tu van dua vao ngi canh
co sO trude day.

Tir khéa: Hé tu van dua vao ngir canh (Context-aware
recommender system - CARS); Loc cong tac dua vao ngir
canh (Context-aware collaborative filtering - CACF); Ngir
canh (Context); Md& hinh hoéa ngir canh (Contextual
modeling).

1. MODPAU

Vi su bling n6 ciia thdng tin rén Internet thi can thiét
phai c6 cong cu giup nguoi dung lva chon cac thong tin
truc tuyen phu hop v6i minh. Dé dap ing nhu cau ndy, cac
hé thong tu van da ra doi, day 1a linh vyc nay dang co su
phét trién rat nhanh va manh. Cac nghién cuu ve viéc xay
dung hé tu Van truyén thong trude day chu yéu tap trung
khai thac mdi quan hé giita hai nhom dbi tuong 1a nguol
dung (user) va san pham (item) de thuc hién huan luyén va
duara goi y. Bai toan tu van truyen thong c6 thé duoc biéu
dién dya trén ma tran danh gia hai chiéu sau:

R,:User X Item — Rating (1)

Trén thyc té, danh gia cua nguol dung khong ¢ dinh,
ma thay doi theo ngir canh bén ngoai. Vi du mot ngudoi troi
néng thi thich udng sinh tb, nhung khi troi lanh lai thich
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uong ca phé nong. Hoac cling mdt b phim nhung tréi mua
thi thich xem con troi kho rao thi khong thich. C6 thé noi
s¢ thich cua nguoi dung bi tac dong nhiéu boi nhiing yéu
t6 ngir canh bén ngoai. Do vay vi¢c xem Xet két hop ngit
canh vao céc hé thong tu van 1a mot cha, dé dang rat duoc
quan tam nghién ctiu trong nhitng ndm gan day. Vi du mot
s0 h¢ tu van dya trén ngu canh nhu hé tu van dia diém yéu
thich [4], tu van phim va &m nhac [3], thwong mai dién tir
[5],... Theo nhu [2]. “Théng tin nglr canh la nhitng thdng
tin c6 thé mo ta duoc hoan canh caa mot thuc thé. Thuc thé
& day co thé 1a ngudi, la vat hogc 1a dbi twong c6 lién quan
tai sy twong tac gilra nguol dung va g dung, bao gom ca
ban than nguoi dung va ung dung do”. Chang han ddi Vi
hé tu van du lich, yéu té ngit canh c6 thé 1a ban ddng hanh
(Mot minh, gia dinh, ban be), thoi gian (budi trong ngay,
thoi gian trong tuan, mua). Khi d6, bai todn tu van theo ngir
canh s& duoc biéu dién dya trén ma tran danh gia da chiéu
nhu sau:

R,:User X Item X Context — Rating (2)

Gia str ta ¢ tap hiru han U= {uy, Up, ...,un} 12 tap gdm
N ngudi ding, P = {p1, pa,... pm} 1a tip gdm M san pham
va K chiéu ngit canh Cy, Ca,..., Ck, mdi chiéu ngir canh co
tuong Ging Ncl, Neyy ooy Neyo diéu kién ngir canh. Nhiém vu
cua hé tu van theo ngil canh 1a dy doan danh gia va dua ra
tu van cac san pham mai cho ngudi dung hién thoi trong
tirng tinh hudng ngir canh cu thé.

Bang 1 1a mot vi du vé ma tran danh gia da chiéu cua
hé tu vin cong tac theo ngit canh, gdm 3 ngudi dung
U={u1, Uy, U3}, 2 san pham P = {p1, p2}, kém thong tin vé
cac chiéu ngit canh nhu sau:

Bdng 1. Ma trdn danh gid da chiéu cia loc cdng tic theo

ngit canh
Use | Ite Ratin | Time Locatio Companio
r m g n n
up p1 5 Weeken Home Kids
d
up p1 4 Weekday Home Family
u p1 3 Weeken Cinema Partner
d
uy p1 4 Weekday Home Family
us p1 3 Weeken Cinema Partner
d
us P2 2 Weeken Cinema Partner
d

Mot s6 thudt ngit qui ue duge sir dung trong cac hé
tu van dwa vao ngit canh dugc biét dén do 1a: Chiéu ngiv
canh (Context Dimension), diéu kién ngir canh (Context
Condition), tinh hudng ngit canh (Context Situation).
Chiéu ngi canh hay con duge biét dén 1a cac bién ngir
canh, vi du: “Time”, “Location”, “Companion”. Diéu
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kién ngir canh 1a gia tri cia mot chiéu ngit canh, vi du:
chidu ngit canh “Time” c¢6 2 diéu kién ngit canh
(“Weekend”,“Weekday™), chiéu ngir canh “Location” ¢6
2 diéu kién ngit canh (“Home”, “Cinema”), chiéu ngit canh
“Companion” ¢6 3 diéu kién ngit canh
(“Kids”,”Family”,”Partner”). Thuat ngit tinh hudng ngir
canh chi mot bd gia tri diéu kién ngit canh ciia cac chiéu
nglr canh tuong tng, vi du nguoi dung uy danh gia san
pham  p; trong tinh  hudng ngir  canh
(“Weekend”,”Home”,”Kids”) 1a 5.

Mic di da co mot s6 dé xuit duoc dua ra dé giai quyét
bai toan tu van dwa vao ngit canh, nhung lam thé nao dé
tich hop hiéu qua thong tin ngit canh vao hé tu van van 1a
van dé nghién ciru mo, co6 tinh thoi sy va thu hit duoc
nhiéu quan tim cta cong dong nghién ciru. Trong bai bao
ndy, tac gia dé xuat mot phuong phap mé hinh hoa ngir
canh méi cho hé tu van. Phuong phép duoc tién hanh bang
céch biéu dién tat ca mbi quan hé gitra cac ngudi ding, san
pham va ngit canh trén ciing mot mo hinh d6 thi hop nhét.
Trén co s& biéu dién do thi do, tac gia tién hanh tinh toan
muc dd twong ty gitta cac cdp ngudi dung dua vao qua
trinh tim kiém tt ca cac duong di tir dinh ngudi dung t6i
dinh nguoi ding di qua dinh tinh hudng ngit canh. Viéc
tinh todn mirc d6 tuong ty gitta cac cip san pham dya vao
mé hinh dd thi d& xuit dugc thuc hién twong ty. T do do
tuong ty tinh toan dya trén mo hinh dd thi dé xuét, tac gia
xay dung thuét toan du doan mtrc d6 phu hop cua san phém
V61 nguoi dung trong ting dleu kién ngir canh cuy thé theo
phuong phap k-lang giéng gan nhit.

Nhu véy, viéc phan tich 1y thuyét chi ra ring phuong
phap mé hinh hoa ngit canh cho hé tu vn dya trén mé hinh
6 thi d& xudt cho phép tich hop day du thong tin ngir canh
vao qué trinh tu vn va vin dé dir liéu thua duoc giai quyét
qua viéc khai thac day du mdi quan hé truc tlep va gian
tiép giira cac dbi tugng dir lidu trong qué trinh huan luyén.
Bén canh do, két qua thir nghiém trén mot s6 bo dit lidu
thuc cho théy phuong phap dé xuét cai thién dang ké chat
luong du doan so voi cac phuong phap trude day.

Dé trong tAm vao phuong phap dé xuit, Muc II tac gia
trinh bay cac nghién ctru lién quan. Tiép d&én 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 toi.

Il. CACNGHIEN CUU LIEN QUAN

Adomavicius and Tuzhilin [1] la cac nha nghién ctu
dau tién tich hop ngir canh vao hé tur van, tiép sau d6 c6 kha
nhiéu cong trinh nghlen ctru lién quan khic dugc cong bd
nham giai quyet cac van dé khac nhau cua h¢ tu van dua
vao ngit canh, dién hinh Ia tap trung vao cai tién cac phuong
phéap tu van theo ngir canh. Cac phuong phap nay tiép can
theo moét trong ba hudng chinh: Loc trudc theo ngir canh
(Contextual Prefiltering), loc sau theo ng&r canh
(Contextual Postfiltering) va mé hinh héa ngir canh
(Contextual Modeling) [2][6].

V¢ co ban, loc truée ngix canh sir dung thdng tin ngir
canh dé loc tap dir liu ban dau nham chi gitr lai nhirng dix
ligu phu hop véi ngit canh yéu cau, di liéu loc dugc s& dugc
s€ dung de huén luyén va du doan bai cac phuong phap tu
van truyén thong [2][6] [8][11]. Trai ngugc véi huéng loc
trudce theo ngir canh, loc sau theo ngir canh sé sir dung toan
bo ma tran danh gia di loai bo di cac chiéu ngir canh dé
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huan luyén boi cac phuong phap tur van truyén thong, két
quéa du doan thu dugc s& dugc loc lai mét Ian nira bai ngir
canh hién thoi nham thu duoc két qua tu van cudi cling la
nhitng sin pham méi chua dugc nguoi dl‘mg danh gia trong
mét tinh hudng ngir canh cu thé. Nhu vay, d6i véi hai
hudéng tiép can loc trude theo ngir canh va loc sau theo ngr
canh thi thong tin ngir canh khong dugc tich hop trong qua
trinh huan luyén.

Mot hucng tlep can thu ba cho phép tich hop truc tiép
ngit canh vao qua trinh huan luyén va tu van d6 1a mo hinh
hoa ngir canh. Theo hucng tiép can thir ba nay thi thong tin
ngir canh, nguoi dung va san pham duoc biéu dién truc tlép
trong cung Mot mo hinh, khi d6 ma tran dénh gia da chiéu
s¢ dugc su dung truc tlep cho qué trinh huan luyén va tu
van. Céac phuong phap mo hinh héa dua vao ngir canh duoc
phén chia thanh hai nhém: M6 hinh hda ngir canh déc lap
[12] va mb hinh héa ngir canh phu thugc [13][14] Tensor
Decomposition [12] la mt phuong phap dién hinh thuge
nhom phuong phap m6 hinh héa ngit canh doc 1ap cho phép
biéu didn nguoi dung, san pham va cé4c chiéu ngit canh
trong mot khong gian da chieu, moi chiéu 1a doc Iap nhau.
Mot véan dé xay ra V6i phuong phép nay la khong gian luu
trir cung xu ly s& re}t phtic tap khi s6 luong chiéu ngir canh
qué 16n. Khong giong nhu phuong phap moé hinh hoa ngir
canh doc 1ap coi ngir canh khong phu thuge vao nguoi dung
va san pham phuong phap mé hinh héa nglr canh phu
thudc s&€ md ta va khai thac su phu thudc gitra nguoi dung,
san pham va ngir canh tuong ung. Hai ky thuat duoc sir
dung trong phuong phap md hinh hoda ngir canh phu thugc
Ia md hinh héa dua trén do chénh Iéch va mo hinh hoa dya
trén do tuwong tu [21]. K§ thuat mé hinh hoa dua trén do
chénh léch s& thiét lap mot muc chénh léch cong thém vao
danh gia khong c6 ngir canh dé suy ra danh gia cta nguoi
dung cho san pham trong mot tinh huéng ngir canh cu thé.
K§¥ thuat mo hinh hoa dua tén do tuong tur & thiét 1ap mot
mtc do tuong tu nhan véi danh gia khong c6 ngit canh dé
diéu chinh danh gia cua nguoi dung cho san pham trong
mét tinh hudng ngit canh cu thé. Theo d6, dé dua ra du doan
danh gia ciia nguoi dung véi san pham trong timg tinh
huéng ngit canh, ¢6 hai viéc can thyc hién d6 1a: (1) Lya
chon phuong phép loc cong tic dé du doan danh gia cua
ngudi dung véi san pham khi khdng cé ngi canh va (2) Lya
chon do do tinh mwrc chénh léch hoac muc tuong tu gita
cac tinh hudng ngit canh. Véi viéc (1) vé co ban chiing ta
c6 thé sir dung tat ca cac phwong phap loc cong tac truyéen
thdng dé thyc hién, hai phuong phéap tu van cong tac theo
ngit canh dya trén Matrix Factorization [9] va SLIM [10,
15] duoc danh gia 1a mang lai hi¢u qua tuong déi tot. Vi
viéc (2) ching ta cé thé sir dung nhiing d6 do khoang cach
(Euclid, Minkowski...), d6 do twong tu (Cosin,
Entropy...), d0 do twong quan (Pearson, Root Mean
Square, Spearman Rank, Kendal,...) dé tinh todn muac do6
chénh léch hogc tuong tu gitra cac tinh hudng ngit canh.
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 phdp mo hinh hoa ngir canh phu thugc la khi tich
hop ngit canh vao h¢ tu van dya trén cac giai thuat tu van
truyen thdng 1 van dé dir liéu thua, d6 phuc tap tinh toan
va kha ning mé rong cua no.

Mot hudng tiép can mo hinh hoa ngit canh khac dé
tich hop nglt canh vao hé tu van cong tac la dya trén mo
hinh d6 thi. Nhiéu nghién ctru dé chi ra raing mo hinh d6
thi giai quyét kha tot vin dé dit liéu thua va kha niang mo
rong dir liéu [16]. Neves ARM va cac cong sy cia minh
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[19] da dua ra dé xuat phuong phép tu van theo ngir canh
trén co s Ontology va ky thuat kich hoat lan truyén
(Spreading Activation). Obitko[20] dé xuit m¢t phuong
phap tiép can mdi nang cao hiéu qua tw vin cho nguoi
dung trong cac nha hang dua vao Ontology va ky thuét
kich hoat lan truyén. Emrah va cac cong su [17] dé xuét
mot hé tu van theo nglr canh dya trén mot mé hinh d6 thi
cdng tac cho cac chuong trinh trén ti vi. Z. Bahramian va
céc cong sy [18] dé xuat hé tu van cac dia diém du lich
theo ngir canh dya trén mot mé hinh kich hoat lan truyén.
Tuy nhién cic nghién ctru di c6 nay chu yéu tap trung vao
viée xdy dyng cac mo hinh biéu dién do thi ap dung riéng
1¢ cho tirng bai toan tu vén theo ngit canh cu thé, ma hau
nhu chua khai quat 1én mot giai phap tong thé chung cho
céc bai toan tu van theo ngit canh.

Dé giam thiéu nhitg han ché néu trén, tac gia dé xuat
mot phuong phap mé hinh héa theo ngit canh méi dua trén
mo hinh d6 thi hop nhit cho hé tur van cong tac dé thuc
hién huin luyén va tu van cac san pham phu hop véi ngudi
dung trong ting tinh hudng ngir canh cu thé. Phuong phap
dé xuét duoc danh gia la g1a1 quyet viée tich hop day da
cac thong tin ngit canh va giai quyét hidu qua véan dé dir
lidu thua cua ma tran dénh gia da chidu, tir d6 nang cao
chét luong cua hé tu vén theo ngit canh. Noi dung cu thé
ctia phuwong phap dé xuit duoc trinh bay chi tiét trong Muc
.

Il. PHUONG PHAP DPE XUAT

V& co ban cac phuong phap d& xudt di co dé giai quyét
bai toan tu vin cong tac nodi chung va theo ngit canh noi
riéng dua trén mo hinh d6 thi [1, 22, 23] déu tién hanh giai
quyét ba van d&: Phurong phdp biéu dién do thi cho bai
todn tir vdn céng tdc theo ngit canh, phirong phdp tinh todn
mirc do twong tw gitta cdc cdp nguoi dung (hodc cdc cap
san pham) va xdy dung thudt todn duw dodan quan diém ciia
nguwoi ding doi véi cdc san pham trong tinh huéng ngi
canh dia vao do thi. Trong bai bao nay, tic gia m¢ rong
mo hinh bleu dién trén dd thi da duge Huang [22] dé xuat
cho hé tur van cong tac truyen thong sang cho hé tu vén
cong tac cho ngir canh. Tiép dén, tac gia d& xuit mot
phuong phap tinh toan mure dg tuwong ty gitra cac cdp ngudi
dung dya trén biéu dién dd thi nham giai quyét van dé dir
liéu thua thét. B tuong ty gitra cac cap nguoi dung tinh
dugc sé& 14 co so dé du doan dénh gia ciia nguoi ding voi
san pham moi trong ting ngir canh cu thé theo phuong
phap k-lang giéng gan nhat. Phuong phap loc cong tac theo
ngit canh dwa vao san pham trén co s& mo hinh d6 thi dugc
thyc hién tuong ty. Hai phuong phap dé xuét cho lai két
qua dy doan t6t hon so v6i cac phuong phap tu vén cong
tac theo ngir canh co s¢. Phuong phap dé xuit ciing nham
don gian trong cai dit dé co thé d& dang trong viéc trién
khai thyc té.

A. Phuwong phap biéu dién db thi cho h¢ tw van cong
tac theo ngir canh

Tir tap hiru han U = {uy, Uy, ...,un} 14 tap gdm N ngudi
dung, P = {p1, pz.... pu} 1a tap gdm M san phdm va K
chiéu ngit canh Ci, Co,..., Ck, mdi chiéu ngit canh cé
tuong Ung NCI,NCZ, ey Ny diéu kién ngir canh. Khi d6
mdi tinh hudng ngit canh dwoc ky hiéu 1a cie C véi chiéu
ngit canh C dwoc dinh nghia dé dai dién cho K chiu ngit
canh, C=C; X C2 x... x Ck.

S0 03 (CS.01) 2021

Ma trén danh gié da chiéu R=(rir) the hién dénh gia
cla ngum dung ui € U véi san pham px € P trong tung
tinh hudng ngit canh cu thé ¢; € C 1a dau vao cia hé tu van
cOng tac theo nglr canh. Trong do, i=1...N, x=1...M
nhan gia tri trong dai tir 1 t6i s6 lugng tinh hubng ngit cénh
trong C. Khong han ché tinh tong quat ciia bai toan, ta gia
St fix = V néu ngudi ding Ui € U danh gia san phim py €
P trong tinh hudng ngir canh ¢; € C véi mic do v, trong d6
ve[0, 1].

Dé thuan tién trong trinh bay, ta viétui e U ngén gon
thanh i € U, px e P ngdn gon thanh x e Pvacie Clate
C.

\ Néu nguoi ding i thich san phdm x trong
tinh huong ngit canh t 6 murc do v (0 <v<1).

Néu nguoi ding i chwa biét hodc chiwa déanh
gid san pham x.
®3)

Biéu dién ma trdn danh gia theo (3) s& khong anh
hudng dén cac hé thong tu van cong tac theo ngit canh st
dung danh gia nhi phan (0,1) hodc c6 nhiéu mirc danh gia
trong khoang [0,1]. Ddi v6i cac bo dir liéu 6 gia tri danh
gid rixe{1, 2, .., V}, ta chi can thuc hién phép bién d6i don

P X f . A 2o X - 5
gian chuyén [, =\'/—tx . Phép bien doi nay van bao toan

dugc muc d§ danh gia theo thir tu khac nhau cua cac hé¢
loc cong tac. Pay 1a mot biéu dién mé rong cua Huang da
thuc hién trong [22]. Vi du vai hé loc cong tac duge cho
trong Bang 1, s& dugc chuyén ddi biéu dién theo (3) thanh

Bang 2, trong do cac tinh hudng ngit canh c¢; =
(“Weekend”,”Home”,”Kids”), c2 =
(“Weekday”,”Home”,”Family”), Cc3 =

(“Weekend”,”Cinema”,”Partner”). Muc dich ctia viéc
chuyén dbi rix €[0,1] dé st dung trong phuong phap tinh
toan mirc do tuong ty gitta cac cdp nguoi dung hodc cac
cdp san pham. Noi dung nay s& duoc trinh bay chi tiét trong
cac muc tiép theo ciia bai bao.

Vi du chuyén Q6i ma tran danh gia da chiéu ban dau
cho trong Bang 1 vé dang Bang 2 nhu sau:

Bdng 2. Ma trdn danh gid chuyén doi ciia loc céng tac
theo ngir canh

User Item Rating Context
Situation
ui p1 1 C1
u1 p1 0.8 C2
uz p1 0.6 C3
uz p1 0.8 C2
us p3 0.6 C3
us p2 0.4 C3

Tir ma tran dénh gia xac dinh theo (3), tac gia chuyén
dbi biéu didn méi quan hé giira cac d6i tuong dir lidu dya
trén biéu dién db thi G =< V,E >. Trong d6, tap dinh V
ctia d thi duoc chia thanh ba tap: tap ngudi dung, tap san
pham va tap tinh hudng ngir canh (V = ULPC). Tap
canh E cua d thi dugc xac dinh theo cong thic (4). Mdi
canh e eE déu c6 dang e = (i, t) hoic e = (t, x), trong d6
ieU, xeP va teC. Trong s ciia mdi canh duogc xac dinh
theo (5), (6).
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E=fe=@tyue=@X) |5 #oAt, =4} 4)
W z{r,t if (i,.t) eE (5)
0 otherwise

i if (tX)eE (6)
* 10 otherwise

Tir ma tran dénh gia da chiéu ban dau, theo (3) ta xac
dinh duoc rix. Biéu dién trén do thi rix chinh 1a trong sd
duong di co d6 dai 2 tir nguoi dung i qua tinh hudng ngir
canh t toi san pham x. Trong s6 duong di c6 d6 dai 2 nay
s& dugc tinh bang tich trong s6 clia cac canh twong tng.
Hai canh tuong (mg & day dugc biét dén la canh e = (i, 1)
va canh e = (t, x) Téc gia qui udc trong sé canh e = (i, t)
1 rir va trong s6 canh e = (t, X) 12 rw, khi d6 : ri = it *
7. Vi vay téc gid COi it = ri= \/7;, d€ ddm bao can bang
trong s6 duong di tir dinh nguoi ding téi dinh tinh hudng
ngit canh va tir dinh tinh hudng ngir canh ti dinh san
pham. Trong truong hop ¢6 hon 1 dwdng di tir 1 dinh ngudi
dung téi 1 dinh tinh hudng ngit canh, tic gia sé tinh trong
s6 dudng di tir dinh ngudi ding t6i dinh tinh hudng ngit
canh nay bang cach ldy trung binh trong s cac canh do.
Céch tinh tuong tu véi trong sd duong di tir dinh tinh
hudng ngir canh t6i dinh san pham.

Vi du véi hé loc cong tac theo nglt canh cho trong
Bang 2 thi m6 hinh dd thi G = <V,E> duoc dua ra nhu
Hinh 1.

Hinh 1. Dé thi biéu dién cho loc cong tdc theo ngir canh

B. Mirc dj twong ty giira cac cap ngudi dung cho lec
céng tac theo ngir canh dua trén biéu dién do thij

bé duara tu van cho nguoi dung hién thoi, cac phuong
phap tur van cong tac thuorng dua trén mue d tuong tu gilta
céc cap nguoi dung hoic gitra cac cap san pham.Viéc tinh
toan mirc d twong ty nay thuong sir dung cac d do tuong
quan hodc do do twong tu pho bién nhu: D6 do khoang céch
(Euclid, Minkowski...), d6 do tuong tu (Cosin,
Entropy...), d0 do twong quan (Pearson, Spearman Rank,
Kendal,...). Tuy nhién vi¢c tinh mirc d¢ tuong tu gitra cac
cap nguodi dung thong qua cac d§ do nay trong nhiéu truong
hop khong thyc hién duoc khi cac san pham ca hai nguoi
dung cung danh gla khong giao nhau [1]. Nguyén nhan
chinh cho van d& nay la do ma tran danh gia qua thua. Vi
du theo Bang 2, de dua ra tu vin cho nguoi dung ul, cac
phuong phap tu van cong tac dya vao nguoi dung sé tinh
toan muc do twong tu gitra nguoi dung ul véi cac nguoi
dung khac trong hé thong (u2, u3). Chung ta thay rang, muc
do tuong tu gitta ngudi dung uy va uz c6 thé tinh dugc do 2
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nguoi ding nay déu dua ra danh gia cho san pham p; trong
cac tinh hudng ngir canh khéc nhau, nén p, dugc danh gia
boi nguoi ding uz s& duoc tu van cho ngudi ding ui.
Nhung mirc d6 tuong tu gitta ngudi ding u; va us dua vao
cac do twong quan hodc d6 do tuong tu khéng tinh duoc vi
2 nguoi dung nay khong cung danh gia chung san pham
nao cua hé thong Do vay ps dugc dénh gid boi us s& khong
dugc ding dé tu Van cho u;. Van d tuong tu gap phai voi
phuong phap tu van cong tac dya vao san pham.

Tuy nhién khi quan sat trén mé hinh d6 thi trong Hinh
1 thi mtrc d6 tuong ty gitra 2 nguoi dung Uz va Uz s€ dugc
xéc dinh bang tong trong S0 cac duong di tir dinh uy t¢i dinh
us. Tong trong so6 cac duong di tir Uy t6i Uz thu dugc bang
céch quan sat tit ca cac duong di tir up toi us, c6 2 duong di
nhuvay |aU17szszC3*U3V&U1*C1*D1*C2*U2*C3
—Uz. Trong do, trong S0 cua moi duong di s& duoc tinh bang
tich trong s6 cua cac canh twong tmg trén duong dido. Cu
thé, duong di uy — C2 — Uz — €3 — Us (d6 dai 4) 6 trong s6 la
V0.8 % v/0.8 * /0.6 *(2v/0.6 + 0.4 ) /3 = 0.45, dudng di vy — €1 —
p1 — C2 — U2 — C3 — U3 (d0 dai 6) cd trong S0 la1x1+/08+
V0.8 /0.6 * (24/0.6 +0.4)/3 = 0.45 nén muc dod tuong tu
giita U toi us 1a: 0.45 + 0.45 = 0.9. Nhu vay cd thé thay néu
ta mo rong do dai duong di tir dinh nguoi dung toi dinh
nguol dung thi s& khai thac dugc kha nhidu méi guan hé
bac cau gifta nguoi dung véi nguoi dung, tir d6 gop phan
giai quyét hiéu qua van dé dir liéu thua cua loc cong téc
theo ngir canh.

Tong quat, mirc do tuong tu gilta nguoi dung u; va
nguorl dung uj trong diéu kién ngit canh c; trén do thi duoc
uéc lugng bang téng cac trong sb cua tat ca cac duong di
c6 do dai chan L (L = 2,4,6...) tlr u; qua c; t6i u;. Trong s6
ctia moi duong di s& duoc tinh bang tich trong so cua cac
canh tuong Lrng trén duong di d6. Khi do, viéc tinh mue do
tuong tu gifra cac cdp nguoi ding cho loc cong tac theo ngir
canh chinh 1a bai toén tim kiém duong di tir dinh nguoi
dung Ui qua Gt t6i uj trén mo hinh d6 thi cho trudc. Véi cach
tiep can nay, mic d6 tuong tu giira cac cap nguoi ding
trong tinh hu0ng ngir canh cu thé s& duoc xéac dinh dya trén
viéc khai thac tat ca cac méi quan hé truc tlep va gian tiép
gitta cac cap nguoi dung d6 ma di qua tinh hudng ngit canh
xéc dinh trén dd thi G.

Véi dit liéu dau vao 1a ma tran W(N xK) duoc xac dinh
theo cong thirc (5) thé hién mdi quan hé giita nguoi dung
v0i tinh huéng ngilr canh, ma train W(KxM) duoc xac dinh
theo cong thirc (6) thé hién mbi quan hé giita tinh hudng
ngit canh va san pham. Khi d6 qua trinh tinh mtrc d6 tuong
tur gitta cac cap ngudi dung dua trén do thi ¢ thé hién toan
hoc chinh 1a phép nhan ma tran theo cong thirc (7).

L W(N x K)*W(K x N) if L=2
uzE(N N):{W(N < K)*W(K xN)*UZLE2(NxN)  if L=468,.
)

Ma tran UZ(NxN) biéu dién mdi quan hé giira céc cip
ngudi dung dugc xac dinh theo (7) cho biét mirc d6 twong
tu gilta cac cap nguoi dung d6. Muc d tuwong tu nay phu
thudc vao do dai duong di L tir dinh nguoi ding dén dinh
ngudi dung trén dd thi. Cac dudng di c6 do dai 1n s& dugce
danh trong s6 thap, duong di c6 d6 dai nho s€ duoc danh
trong s6 cao. Do vdy, ta can x4c dinh gia tri L dé thuc hién

tinh toan bang cach chon gi tri L nho nhit dé u,] #0 vOi

moi uieU va ujeU.
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Tir mire d9 tuong ty gilta cac cap ngudi dung xdc dinh
theo (7), voi moi nguoi dung can tu vén Uq tac gia chon k
ngudi ding ¢6 mirc do tuong tw cao nhat véi u, lam tap
lang giéng. Ki hi¢u U, 1a tap lang giéng clia u, gom k
nguoi dung. Khi d6, danh gia chua biét ciia ngudi ding u,
v6i cac san pham py trong tinh hudng ngi canh ¢, theo cong
thirc (8):

Zr,xtER Tjxt

raxt |R | R - { th‘r}'Xt * O'u] € Ua}

(8)

Trén co s& cac cong thirc dua ra ¢ trén, tac gia dé xuat

thudt toan tu van cong tac theo ngir canh dya vao muc do

tuong ty gilra cdc cdp ngudi dung trén md hinh d6 thi

(CACF_UserBasedGraph) dugc miéu ta chi tiét trong
Hinh 2.

DP3au vao

- Ma trén ddénh gid da chiéu (chtra théng tin ngi¥ cdnh)

- u, € U la ngudi dung hién thoi cdn duoc tur vén

- ¢ € (C; X Cy X ... X Cy) la ngi¥ cénh trng véi u,

- Lyax 10 gidi han do dai dwong di giira cdc cdp nguroi
dung

- K, la s6 heong nguwoi ding trong tdp lang giéng voi
Uq

- K, la s6 lwong san phdm can tie van cho ug

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

Cac budrc tién hanh:
Bwéc 1. Khéi tao cdc ma trgn W(NxK), W(KxM) theo
cong thirc (5), (6).

Budrc 2. Tinh todn mirc dé twong tw gilka cdc cgp nguoi
dung

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

Repeat

L W(NxK)*W(KxN) if L=2
Uzt (NxN)= L2 )
W(NxKPW(KxNUZ-4(NxN) if L=468,

L< L+2;// Tang d6 dai duong di.
Until (uziLj # 0 vdi moiw; € (U\u;) hodc L=Lpqy );

Bud'c 3. Sinh tw vdn cho nguwdi dung hién thoi u, trong
ngi¥ cénh c;

e V&i mbi ngudi dung hién thoiu,, chon K; ngudi
dung cé mirc d6 twong ty cao nhat vdi u, lam tap
lang giéng. Ki hiéu U, la tap lang giéng clia u, gbm
K; nguoi dung.

e Dy doédn dénh gid chua biét 1, cla ngudi dung
Ug VGi san phdm p, trong tinh hudng ngilt canh ¢,
theo cong thirc (8).

e Chon K, san pham thuyc trong P c6 danh gia du
doan cao nhat dé tu van cho ngudi dung u, trong
tinh hudng ngilt canh c,.

Hinh 2. Thudt toan CACF _UserBasedGraph

C. Mirc d) twong ty gilra cac cip san phém cho lgc
céng tac theo ngir canh dua trén biéu dién do thij
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Lap luan tuong tu voi mic do twong ty gilta cac Cap
ngudi dung ¢ trén, tac gia dé xuét do do tuwong tu giira cac
cap san pham dya trén d6 thi co thé hién toan hoc chinh la
phép nhan ma tran theo cong thic (9)

W(M xK )W (K xM) if L=2
W(MxKPW(KxM)PZE2(MxM) if L=468,.
9)
Vi mdi san pham p, chua duge dénh gid boi ngudi
dung hién thoi u,, goi P, la tap gom K; san pham tuong tu
nhit voi p, va da duogc danh gia boi u,. Khi do, danh gia
chua biét ciia nguoi ding u, véi san pham p, duoc dy

doan can ctr vao trung binh danh gia cua ngudi dung u,
v6i cac san pham thudc tap P.

PZE(MxM)=

ZrathRj Tajt

Taxt = |R| y G = {rajtlrajt * prj € Px}
J

(10)

Trén co sor Cc cong thirc (9),(10) dua ra, tc gia dé xuat
thuat toan tu van COng tac theo ngit canh dya vao mirc do
tuwong ty gilta cac cdp san pham trén moé hinh dd thi
(CACF_ItemBasedGraph) duoc miéu ta chi tiét trong Hinh
3.

Pau vao

- Ma trgn ddénh gid da chiéu (chira théng tin ngi¥ canh)

- u, € U ld ngudi dung hién thoi cén dwoc tw vén

- ¢; € (C; X Cy X ... X Cy) ld ngi¥ cénh trng véi u,

- Loy 16 gici han dé dai duwdng di gidra cdc cdp sén
phdm

- K, la s6 heong sén phdm trong tdp ldng giéng vdi sén
phédm dwoc u, ddnh gid

- K, la s6 heong san phdm can tw vn cho u,

Piu ra:
- Danh sdch K, sén phdm tw vén téi ngudi ding u,
trong tinh huéng ngi¥ cénh c;.

Cac budc tién hanh:
Bwéc 1. Khéi tao cdc ma trdn W(NxK), W(KxM) theo
cong thiece (5), (6).

Bwdc 2. Tinh todn muc dé twong tw gilta cdc cdp san
phdm

L <2; // Thiét lap d6 dai dudng di ban dau

Repeat

L W(M xK)*W(KxM) if L=2
Pz-(MxM)= Ly _
WM xK*W(KxM)*PZE2(MxM) if L=468..

L<L+2;//Tang d6 dai dwong di.
Until (tzg; # 0 v6imoi t, € (T\t;) hodc L=Lpqy );

Budc 3. Sinh tw vdn cho ngudi dung hién thoi u, trong
ngi cénh c;
e Thyc hién I3p: véi mdi sadn phdm p, € P

chua dugc danh gia bai u,

o Chon K; san pham cé mirc d6 tuong tuw

cao nhat vdi p, lam tép ldng giéng. Ki
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hiéu P, la tap lang giéng cla p, gom K;
san pham.

o Dy dodn danh gid chua biét r,,, cla
ngudi dung u, véi san pham p, trong
tinh huéng ngit canh ¢, theo céng thirc
(10).

® Chon K, san pham trong P cé dénh gia dv
doan cao nhat dé tu van cho ngudi dung u,
trong tinh hudng ngi¥ canh c,.

Hinh 3. Thudt toan CACF _ItemBasedGraph

IV.THUC NGHIEM VA KET QUA

A. Di liéu thuc nghiém

Dé thay r6 hiéu qua cia phuong phap dé xuét, tic gia
thuc hién tien hanh thuc nghiém trén hai bo dir liéu
DepaulMovie, InCarMusic [24].

e Bo dir ligu 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 ngir canh Time
¢ 2 diéu kién ngir canh (“Weekend”, “Weekday™),
chiéu ngir canh Location c¢6 2 diéu kién ngir canh
(“Home”, “Cinema), chiéu ngir 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 Bo dir liéu InCarMusic chira 3938 danh gia tir 1042
ngudi dung, 139 album trong cac tinh hudng ngit canh
khac nhau. Bo dir liéu ndy c6 8 chiéu ngir canh la
Driving style, Road type, Landscape, Sleepiness,
Traffic conditions, Mood, Weather, Natural
Phenomena. Chiéu ngit canh Driving style c6 2 diéu
kién ngit canh (“Relaxed driving”, “Sport driving”),
chidu ngir canh Road type c¢6 3 diéu kién ngir canh
(“City”, “Highway”, “Serpentine”), chiéu ngir canh
Landscape co6 4 diéu kién ngir canh (“Coast line”,
“country side”, “mountains/hills”, “Urban”), chiéu
ngit canh Sleepiness c6 2 diéu kién ngir canh
(“Awake”, “Sleepy”), chiéu ngir canh Traffic
conditions c¢6 3 diéu kién ngit canh (“Free road”,
“Many Cars”, “Traffic jam”), chiéu ngi 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”),
chidu ngit canh Natural Phenomena co6 4 diéu kién
ngtt canh (“Day time”, “Morning”, “Night”,
“Afternoon”). Cac muc dénh gia nam trong dai tir 1
dén 5, mirc do thua thét cua dit lieu 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 thuc nghiém
1) D¢ do

Hai nhiém vu chinh cua h¢ tu van la dy doan danh gia
va tu van danh sach ngan cac san pham cho nguoi dung
hién thoi. Dé danh gia hiéu qua cia danh gia du doan, cac
d6 do thudng dugc sir dung |a MAE, RMSE, MPE [1, 25].
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Dé dénh gia hidu qua tu van danh sach san pham, cac d6 do
dién hinh duoc sir dung 13 Precision@N, Recall@Nva
F —measure@N. Trong bai bao nay, tac gia tap trung
déanh gia hi¢u qua tu van danh sach san pham cia phuong
phap dé xuét trong su so sénh véi cac phuong phap tu van
theo ngir canh co s& nén d6 do Precision@N
Recall@Nva F — measure@N [25] s€ dugc lya chon dé
danh gia két qua. Cu thé d6 do nhu sau:

- Do chinh xac Precision@N cho biét ty 1¢ du doan
chinh xac trong top-N san pham du doan cho mdi
ngudi dung (top-N items).

|{relevant items}n{top—N items}|
N

Precision@N =

(11)

- Do nhay Recall@N cho biét ty 1¢ dw doan chinh xac

trong s6 nhitng san pham thyc té thich bai ngudi dung
(relevant items)

Recall@N (12)
_ |{relevant items} n {top — N items}|

B |{relevant items}|

- Pé can bang gitta hai d6 do Precision@N va
Recall@N , mot 40 do duoc dua ra d6 1a F —
measure@N dugc xac dinh theo (13). Gia tri F-
measure 16n thé hién thuat toan tu van c6 do chinh xac

cang cao.
F-measure@N = (13)
2
T 1

Precision@N ' Recall@N

2) Phwong phdp thuc nghi¢m

Pé danh gia do chinh xé4c cua danh séch san pham tu
van, tac gia thuc hién phan chia tap dit liéu U thanh 2 tap
Utrain V& Urest ST dung phuong phap kiém thtr chéo (k-fold
cross-validation) vi day la phuong phap dugc sir dung rong
rdi va cho két qua danh gia khach quan nhat. Trong thuc
nghiém, tac gia s& lay k = 10 dé tién hanh chia di liéu
kiém nghiém. Viéc thyc nghiém dugc thyc hién 10 Ian va
lay trung binh két qua thyc nghiém.

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

Téc gia tién hanh kiém nghiém 2 thuat toan d& xuét
(CACF_UserBasedGraph, CACF_ItemBasedGraph) trong
sy S0 sanh véi cac phuong phap mé hinh hda cong tac theo
nglr canh co sd sau:

- CAMF_C (Context-aware matrix factorization-
Context) [9][14]: Str dung phuong phap mé hinh hoa
ngit 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) [9][14]: Sir dung phuong phap mo
hinh hda ngit canh doc lap dwva trén sy chénh léch danh
gi& ciia nguoi ding giita cac diéu kién ngir canh.

- CAMF_CI (Context-aware matrix factorization - Item
base context) [9][14]: Sir dung phuong phap mo hinh
hoéa ngir canh doc 1ap dua trén su chénh léch danh gia
dbi véi san pham gitra cac diéu kién ngit canh.
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- CSLIM_C [10][14]: Su dung phuong phap tuyén tinh
thwa SLIM két hgp véi mé hinh héa ngir canh dya vao
d6 léch danh gia.

- CSLIM_ICS (Contextual Sparse Linear Method -
Independent Context Similarity) [10][14]: Su dung
phuong phap tuyén tinh thua SLIM két hop véi mo
hinh hda ngir canh dya trén d6 twong quan ngir canh
déc lap.

- CSLIM_MCS (Contextual Sparse Linear Method -
Multidimensional Context Similarity) [10][14]: Su
dung phuong phap tuyén tinh thua SLIM két hop vai
m()‘hinh hoa ngit canh duwa trén d6 twong quan da
chiéu.

C. Két qua thuc nghiém

Két qua thuc nghiém duoc dua ra trong Bang 3, Bang 4

Bang 3. Gia tri Precision@10, Recall@10, F-measure@10 trén
tdp DepaulMovie

- F-

Phurong phap Precisi Recall measur
on@10 @10 e@10
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
CACF_UserBasedGraph | 0.104 0.335 0.159
CACF_ltemBasedGraph 0.109 0.338 0.165

Bdng 4. Gia tri Precision@10, Recall@10, F-measure@10 trén
tdp InCarMusic

.. F-
Phurong phap Precisi Recall measur
on@10 @10 e@10
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
CACF_UserBasedGraph 0.043 0.294 0.075
CACF_ltemBasedGraph | 0.045 0.301 0.0783

Két qua kiém nghiém dugc thé hién trong Bang 3,
Bang 4 cho thdy phwong phap d& xuit
CACF_UserBasedGraph, CACF_ltemBasedGraph cho lai
d6 chinh xac tot hon so véi cac phuong phap md hinh héa
cho loc cong tac theo ngit canh co so. Diéu nay duge 1y
gidi 1a vi md hinh d6 thi hop nhét cho phép tich hop day
du nguoi dung, san pham va tinh huong ngilr canh, trén co
s& do tat ca cac mdi quan hé tryc tiép va gian tiép giita cac
dinh dwoc khai thac day du vao qua trinh tinh toan mirc do
twong tu gitta cac cip ngudi ding hodc cac cip san pham.
Pay chinh 1 loi thé trong viéc nang cao do chinh xac trong
viéc tinh todn muc d6 tuong tuy dya trén moé hinh dd thi so
véi cac phuong phap co sd, dac biét trong truong hop di
li¢u thua, tir 46 néng cao hi¢u qua dy doan danh gia.

S0 03 (CS.01) 2021

V. KET LUAN VA HUONG PHAT TRIEN

Bai bao da trinh bay dé xuit mot phuong phap mo
hinh héa ngit canh mdai cho hé tu vén cong tac theo ngir
canh. Phuong phap dé xuat cho phép tich hop day du thong
tin ngit canh va giai quyét hiéu qua Van dé dir liéu thua.
Trong do, viée tich hop ngir canh dugce tién hanh bang cach
biéu dién tit ca mbi quan hé giita cac nguoi dung, san
pham va ngit canh trén cing mot mo hinh db thi hop nhit.
Trén co so biéu dién dd thi do6, tic gia tién hanh huan luyén
dé dua ra dy doan danh gia. Qua trinh hudn luyén dua trén
mo hinh dd thi nay dugc thyc hién qua 2 bude: 1) Tinh
toan mirc do tuong ty gilta cdc cap ngudi dung dwa vao
qué trinh tim kiém tit ca cac duong di tir dinh nguoi ding
t6i dinh nguoi dung. Nhu vay tat ca cac moi quan hé tryc
tiép va gian tiép giira cac dinh trén mé hinh do thi duoc
khai thac triét dé trong viéc tinh toan mirc do tuong tu gitra
cac cap nguoi dung, tir d6 giai quyét hidu qua van dé dir
li¢u thua. Viéc tinh todn muc d§ tuong tu gilra cac cap san
phém dya vao mé hinh dd thi dé xuit duge thuc hién tuong
tu; 2) Dua ra danh gid du doan clia ngudi dung vdi san
pham mai trong diéu kién ngit canh cu thé theo phwong
phép k-lang giéng gan nht, day 1a phuong phap dugc danh
gia 1a don gian trong cai dat de c6 thé trién khai thuc té.
Két qua thyc nghiém trén mot s6 bo dit liéu thuc cho thay
phuong phap dé xuat cai thién dang ké chat luong dy doan
so v6i cac phuong phép tu vn dya vao ngit canh co s&
trude day.

Trong thoi gian téi, tAc gia du dinh s€ mé rong nghién
ctru ciia minh cho hé tu van lai theo ngit canh nham tich
hop dwoc nhiéu théng tin phuc vu cho qué trinh huan luyén
nang cao chit lugng tu van.
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A CONTEXTUAL MODELING METHOD
FOR CONTEXT-AWARE RECOMMENDER
SYSTEMS

Abstract: Recommender systems are considered as an
active filtering systems acting like decision support
systems. The systems has a main purpose as providing
users with recommendatons on information, products
and services that best match their individual preferences.
Among approaches in building recommender systems,
the context-based approach has been proven to improve
quality of suggestions significantly in many practical
applications compared to the traditional approaches.
However, 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 modeling method that allow
fully integrated context situations and resolve effectively
the data sparseness problem. In there, relationships
between users, items and contexts are represented based
on an unique graph model. Then the sparse data problem
is solved by fully exploiting the direct and indirect
relationships between data objects 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.

Keyword: Context-aware recommender system -
CARS; Context-aware collaborative filtering - CACF;
Context; Contextual modeling.

DS Thi Lién, Nhin bang tot
nghiép dai hoc, thac sy va hoc vi
tién si tai Hoc vién Cong nghé
Buu chinh Vién théng vao cac
nam 2010, 2013, 2020. Hién la
giang vién tai Hoc Vién Cong
nghé Buu Chinh Vién Théng.

Linh vuc nghién ctru chinh: hoc

may ung dung trong loc thong
‘/ tin, phat trién ung dung da
‘ phuong tién.
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