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MOT PHU'ONG PHAP KICH HOAT LAN
TRUYEN TREN DO THI CHO HE TU’ VAN
CONG TAC THEO NGU CANH
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Tém tit: Hé thong tu van theo ngir canh duoc thiét ké
dic biét dé khai thac thong tin ngir canh trong qué trinh deé
xuat san pham phu hop voi nguoi dung, nhiam dat hiéu qua
cao hon so véi céc hé théng tu van truyén théng khong st
dung ngir canh. Mot thach thirc 16n trong xay dung hé tu
vén la dit liéu thua, anh hudng dén chét lugng dé xuat. Mac
du viéc st dung ngit canh gitp cung cap thong tin hitu ich
nhung ciing lam tang d6 thua thét dir liéu va @6 phac tap
tinh toan. Trong nghién ctu nay, tac gia dé& xuat mot
phuong phap méi cho hé tur van theo ngir canh nham tich
hop toan dién théng tin ngit canh, giam thiéu tac dong cua
véan d¢ dir liéu thua thét va duy tri ¢ phuc tap tinh toan
thip. Diéu nay dugc giai quyét théng qua viéc két hop ki
thuét phan chia nguoi dung theo ngit canh va phuong phap
kich hoat lan truyén trén d6 thi. Cac thir nghiém thuc té
trén mot s tap dit liéu cho thiy phuong phap dé xuat nang
cao dang ké do chinh xac du doan va kha thi vé thoi gian
dé trién khai thuc té khi so sanh véi cac phuong phap tu
vén cong tac theo ngit canh co sé trude do.

Tir khéa: Hé tu van theo ngit canh (Context-Aware
Recommender Systems - CARS); Kich hoat lan truyén
(Spreading Activation); Loc cong t&c theo ngir canh
(Context-Aware Collaborative Filtering - CACF); Phan
tach nguoi dung theo ngit canh (User Splitting); Nhan thac
ngt canh (Context Awareness)

. MO'PAU

Heé tu van 1a mot hé thdng loc chi dong nham ca nhan
héa cac d¢ xuat san pham, thong tin hoac dich vu pht hop
Vvéi s6 thich ca nhan cia ngudi dung dua trén dit ligu tuong
tac trude do6 cua ho. Bimg tru6c van dé qua tai thong tin
trén Internet hi¢n nay, cac hé thong nhu vy thuc sy da va
dang mang lai nhiéu loi ich to I6n dién hinh nhu Youtube,
Amazon, Twitter, Facebook, Lazada...Cac md hinh hoc tur
dit liéu trong hé tu van truyén thong thudng duoc xay dung
dua trén ba phuong phdp chinh, d6 1a phuong phép loc cong
tac, phuong phap loc theo ndi dung va phuong phép loc két
horp [1]. Trong d6, cac phuong phap nay tap trung Vao viéc
mo hinh hoa thong tin nguoi dung, san pham va danh gla
cua ngudi dung vai san pham thong qua ma tran danh gia,
tir d6 sinh ra goi y san pham méi phi hop voi nguoi dung.
Trong cac phuong phap nay, loc Cong tac duoc xem la dé
dang dé trién khai va c6 kha ning xir Iy moi loai dir liéu,
ddc biét 14 dit liéu da phuong tién [1]. Céac nghién ctu da
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co Ve loc cong tac ban dau thucng chi chu trong vao hai
yéu to chinh la nguorl dung va san pham dé tién hanh huan
Iuyen va dua ra goi y. Bai todn loc cong tac khi d6 co thé
mo hinh héa bing ma tran danh gla hai chiéu, trong dé cac
hang dai di¢n cho nguol dung va cac cot dai dién cho san
pham méi quan hé giita ngudi dung va san pham duoc biéu
dién theo (1) nhu sau:

R,p:Users X Items — Ratings (1)

Tuy nhién, s¢ thich nguoi dung thay ddi theo ngit canh
nén xu hudng trong cac h¢ tu van hi¢n nay la tich hop thém
c4c yéu té ngir canh nay dé cung cap dé xuat chinh x4c hon
[2] [3], [4]. Theo huéng tiép can loc cong tac, bai toan tu
van xu ly theo huéng tiép can loc cong tac theo ngir canh
khi d6 duoc biéu dién dua trén ma tran danh gia da chiéu
theo (2) [5] nhu sau:

Rup: Users X Items X Contexts — Ratings (2)

Gia str hé théng thu thap duoc cac théng tin vé N nguoi
dung, duoc ky higu la U = {uy, Uy, ..., Un} va M san pham,
ky hiéulaP = {pl, P2,..., pm} va K Chleu ngit canh C={C;,
Co,..., CK} mdi chiéu ngir canh co tuong ing
N, N, ... dleu kién nglr canh. Muc tiéu cua hé thong
loc cong tac theo ngir canh 1a dy doan dénh gia va dé xuat
céc san phim méi cho ngudi ding trong céc ngir canh cu
thé. Pé dé hinh dung, Bang 1 minh hoa mét vi du vé ma
tran danh gia da chiéu trong hé théng tu van cong tac theo
ngit canh, bao gom 2 ngudi diing U= {us, Uz}, 3 san pham
P = {p1, p2, ps}, cung vai thdng tin vé cac chiéu ngi canh
nhu sau:

Béang |. Ma tran dénh gié da chiéu cho loc cong tac theo
ng@ canh

U P |R [Time Location | Companion
u | pi |5 Weekend | Home Kids

w | p |4 Weekday | Home Family

w | py |3 Weekend | Cinema Partner

u, | pp |4 Weekday | Home Family

u, | pa |3 Weekend | Cinema Partner

u, | p3 |2 Weekend | Cinema Partner

u | pp |1 Weekday | Home Family

u, | p3 |3 Weekday | Home Family

u | p3 |2 Weekday | Home Family

Cac nghién ctu vé hé tu van theo ngir canh chi ra c6
huong tiép can chinh: loc trudc ngir canh, loc sau ngir canh
vamé hinh héa ngit canh [2], [3]. Thuc té khong c6 phuong
phéap nao hoan hao cho moi truc‘mg hop dix liéu, tuy nhién
phuong phap loc trudc ngu canh va mo hinh hda ngir canh
da thu hat duoc sy chd y 16n tir gii nghién ctu, véi nhiéu
cong b6 chimg minh hidu qua cao trong nhiéu tinh hu0ng
khac nhau. Mac du c6 hiéu qua cao, cac phuong phap nay
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van gap thach thirc vé tinh thua thét dir liéu va do phic tap
tinh toan [3], [6]. Trong bai bao nay, tac gia dua ra mot dé
XUt méi thuoc huéng tlep can loc truée ngit canh nham
giai quyét cac van dé néu trén bang cach ket hop ky thuat
phan tich nguoi ding theo ngit canh cai tién va phuong
phap kich hoat lan truyén trén do‘thg Céac thur nghi¢m cho
thay hiéu qua cua phuong phap dé xuat trong viéc tich hgp
day du théng tin ngir canh va giai quyét hidu qua van dé dir
liéu thua tir @6 cai thién d6 chinh xac du doan khi so sinh
Vi cac phuong phép tu van cong tac theo ngir canh co so.
Ngoai ra, phuong phap dé xuat dugc danh gia la c6 do phic
tap thoi gian va khong gian tuong d6i hiéu qua va phu hop
cho cac h¢ thong tu van trong nhiéu truong hop.

bé tap trung vao phuong phap dé xuat, phan 11 s& gidi
thi¢u cac nghlen ctru lién quan. Sau do, phuong phép dé
xuat s& dugc mo ta trong phan 111. Phan IV s@ trinh bay chi
tiét phuong phap thuc nghiém va danh gia. Cudbi cing, phan
V s& dua ra két luan va hudng phat trién trong twong lai.

Il. CAC NGHIEN CUlPU LIEN QUAN

Trong nhirmg ndm gén ddy, cac hé théng goi y dua trén
ngir canh da nhén duoC su quan tam déang ké trong cong
déng nghién cau. Nhfrng h¢ thong nay khéng chi dua vao
thong tin nguoi dung va san pham ma con tich hgp thém
théng tin ngir canh nhu thoi glan dia diém, va tinh huong
xung quanh. Viéc tich hop nay gilp cai thién hiéu suat va
tinh chinh xac cua cac go’l y bang cach hiéu 15 hon vé tinh
hubng cu thé ciia ngudi dung khi st dung san pham.

Viéc khai thac thong tin ngir canh trong hé thong tu van
duoc giGi thiéu dau tién trong nghién ctru cia Adomavicius
va Tuzhilin [7] va tir d6, da c6 r;hleu nghién ctru khac nhau
duoc thuc hién nham giéi quyét cac van dé lién quan dén
hé thdng goi ¥ theo ngir canh. Cac loai ngix canh khac nhau
da duoc su dung trong c&c hé thong goi y, tly thudc vao
g dung cu thé va su Szfm ¢0 cua dir ligu chira ngir canh.
Céc yéu t6 nglr canh pho bién bao gom thoi gian [8], [9],
dia diém [10], [11], thix ty thoi gian cua cac myc trong cac
phién ngan [12], [13]. Hé thong ggi ¥y theo ngir canh
(CARS) da chimg minh dugc hi¢u qua cia minh trong
nhiéu linh vuc khac nhau, bao gom mang xa hoi [14], goi
y dia diém quan tam [15], [16], thwong mai dién tir [17],
[18], goi y dich vu web [19]...

C6 ba hudng tiép can chinh cho hé théng goi y theo ngi
canh: loc trudce ngir canh (Contextual Prefiltering), loc sau
ngit canh (Contextual Postfiltering) va md hinh hoéa ngir
canh (Contextual Modeling) [4], [6], [7].

e Loc trudc theo ngir canh: Su dung théng tin ngir
canh dé loc dit liéu ban dau chi git lai nhirng dix liéu
phdl hop vai ngi canh yéu cau. "Phén tach ngudi ding
theo ngir canh™ 1a mot phuong phép dién hinh theo
huéng tiép can nay, cho phep phan chia nguoi ding
hign thoi thanh cac nguorl ding gia lap dua trén mot
diéu kién ngir canh 6 do lgi thdng tin cao nhat di voi
céc danh gia. Mot s6 phuong phép loc trugc ngir canh
d3 duoc dé xuét bao gdm: phuwong phép phan chia dit
li¢u (Splitting), phuong phép st dung mot phan nho
cua cac chiéu ngir canh (Context Relaxation) va
phuong phap loc dua trén ngir nghia (Semantic
Filtering). D@t li¢u sau khi duoc loc s& duoc su dung
dé huan luyén va dua ra goi Y. Trong qua trinh nay,
cac phuong phap loc cong tac truyen thong c6 thé
dugc ap dung truc tiép cho hé thong goi y dya trén
ngtt canh. Cac phuong phédp nhu UserKNN,
ItemKNN, Matrix Factorization, va SLIM s& duoc sir
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dung sau budc loc trudc ngir canh dé tao ra cac dé xuat
san phim cho ngudi ding trong cac tinh hubng ngir
canh khac nhau.

e Loc sau theo ngir canh: Sir dung toan bo ma tran
danh gid ma khong loai boé cac chiéu ngir canh trong
qua trinh huan luyén va goi y, sau d6 loc lai cac két
qua dya trén ngit canh hi¢n tai. Do do, cic phuong
phap tu van cong tac theo ngir canh thudc hudng loc
sau ngir canh ciing c6 thé sir dung céc ky thuat tu van
cong tac truyén thong, tuong tu nhu phu(mg phép loc
trudc nglt canh. Trong tmong hop nay, thong tin ngix
canh khong dugc két hop vao qua trinh huan luyén.

e M0 hinh ho6a ngir canh: Thong tin ngir canh, nguol
duing, va san pham dugc biéu dién trong cung mot mé
hinh dé thyc hign huan luyén va goi y. Theo do,
phuong phap tiép can mo hinh hoa ngir canh truc tiép
két hop thong tin ngir canh, nguoi dung va san pham
trong cung mot md hinh, sir dung ma tran danh gia da
chiéu cho qua trinh huan luyén va goi y. Cac phuong
phap md hinh héa nglr canh dugc chia thanh hai
nhém: mé hinh hda ngir canh déc 1ap va mé hinh héa
ngir canh phu thudc. Tensor Decomposition [20] la
mot vi du tiéu bicu cua md hinh héa ngi canh doc Iap,
cho phép biéu didn céc thanh phan trong mot khong
gian da chiéu, tuy nhién, n6 gap kho khan véi viéc xir
ly dir lieu khi s6 lugng chiéu ngit canh tang cao.
Nguoc lai, m6 hinh hoa ngir canh phu thuoc mo ta va
khai th4c méi quan hé giira nguoi dung, san pham va
nglr canh, mang lai két qua tot hon nhung ciing phuc
tap hon vé mat tinh toan va mo rong. Mot sé nghién
clru gan day theo huéng tiép can mé hinh hoéa ngir
canh la tap trung vao khai thdc md hinh hoc sau trong
xay dung hé tu van, dién hinh nhu nghién ctru [21] két
hop mang no-ron va by ma hoa tu dong autoencoder
dé trich xuét dic trung va dua ra du doan danh gia tr
dit liéu dau vao, hay nghién ctru [22] dé xuit st dung
ky thuat phan ra ma tran (Matrix Factonzatlon) cung
véi ma tran chuyen tiép so thich dé niam bét va phan
&nh nhimng thay doi trong so thich cua ngudi ding theo
thoi gian. Mac du cac nghién ciru nay ciing chi ra rang
viéc két hop cac phuong phap loc cong tac véi cac ky
thuat hoc sau c6 thé nang cao dang ké hiéu suét cua
cac hé thong goiy nhu‘ng mot vai kho khan thach thic
dién hinh d6i véi cac hé tu van khi &p dung hoc sau 1a
yéu cau vé dit liéu dau vao 16n, chi phi tinh toan cao,
khd néng gidi thich kém cling nhu kh6 khén trong vigc
tinh chinh md hinh. Thyc nghiém cho thdy cac
phuong phap theo huéng tiép can mé hinh hoa ngir
canh thuong c6 d6 phuc tap 16n va kha nang mé r6ng
kho khin hon hon cdc phuong phap loc trudc va sau
ngir canh, dac biét khi s chiéu ngir canh ting 1én.

Trong bai bao nay, tac gia dé xuat mot phuong phap
méi cho hé théng tr van theo ngir canh thugc husng tiép
can loc truéc ngir canh. Phuong phap dé xuét duoc thuc
hién trén co s¢ phuong phap kich hoat lan truyén trén do6
thi PageRank [23]. Thuat toan PageRank 1a mot thuat toén
quan trong trong tim kiém web dé xac dinh muc do quan
trong cuia cac trang dua trén cau trdc lién két cua chung la
mot thuat toan co s¢ quan trong duoc ap dung thanh cong
trong cac may tim kiém cua Google. Co ché thyc hién cua
thuat toan nay thuc hién viéc lan truyén va cap nhat xép
hang cho cac dinh trong do thi tir &6 danh gia va phan loai
mue do quan trong cho cac dinh d6. PageRank ban dau
dugc phat trién dé xép hang cac trang web trén Internet, sau
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nay da dugc maé rong va ap dung trong nhléu linh vuc khéac
nhau, bao gom ca h¢ tur van [24]. Vige trién khai thuat toan
PageRank gitp h¢ thdng tu van cai thién do chinh xac va
canhan hoa bing cach xem xet khong chi cac danh gia truc
tlep ma con ca moi quan hé glan tiep glua cac d01 tuong
dua trén m hinh db thi. Trong bdi canh nay, mét sd nghién
ctru da duoc dua ra. Dlen hinh nhur mot s6 nghién ciu sau:
Nghién ctu [25] dé xuat mot phuong phap méi gol la
"UserRank” str dung PageRank dé xép hang nguol ding
dwa trén mdi quan hé gitra ho va cac san pham ma ho danh
gia. Bang cach tich hop UserRank vao viéc tinh toan do
tuong dong gilra cac san pham phuong phap nay cai thién
dang ké d6 chinh xac va do on dinh cua cac goi y so voi
cac thuat toan loc cong tac truyen thong dua trén do do
Cosine; Nghién ctru [26][27] cai thién kha nang goiy thong
qua vi¢c tinh toan mirc d¢ lién quan gitta cac doi tuong va
wu tién cac doi tugng cd lién két cao trong hé thong goi y
dua trén dit li¢u lién két, tuy nhién tap trung cho cac h¢ tu
van truyén thong chua xem xét day du c&c yéu td ngir canh;
Trong nghién ctu [28] thuat toan PageRank dugc diéu
chinh de cai thién qua trinh loc cong tac (CF) trong cac thu
vién s6; Nghién cau [29] dua ra phuong phap sir dung
Personalized PageRank trong h¢ thong goi y dua trén ngir
canh mac du mang lai hiéu gua tuy nhién van gap han ché
trong viéc xu ly cac tinh hu0ng ngtt canh phuc tap va phu
thudc vao céu tric d6 thi, yéu cau tinh toan phuc tap va kha
ning giy bias vé C&C san pham phd bién. Nhin Chung cac
nghién ciu da c6 nay chu yeu tap trung vao vigc ap dung
thuat todn PageRank vao hé tu van khoéng s dung ngir
canh, mac du nghién cau [29] da cha trong su dung
PageRank trong hé thong goi y dua trén ngit canh tuy nhién
nghién ctiu ndy tiép can huéng mé hinh héa ngir canh con
gap phai d6 phuec tap tinh toan cao va khé khan trong vi¢c
tich hop cac tinh huong ngir canh phuec tap.

Dé giam thiéu nhiing han ché néu trén, tac gia dwa ra dé
XUt mot phuong phap loc cong tac theo ngit canh méi cho
hé tu van, day la phuong phap duoc tiép can theo hudng
loc trudc nglr canh. Phuong phap nay tich hop ngir canh
thong qua mat thi tuc phan tach nguoi dung theo ngir canh
cai tién va giai quyét van dé dir li¢u thua thot bang phuong
phép kich hoat lan truyén trén db thi. Trong do thu tuc phan
tach nguoi dung theo ngit canh dé xuét sir dung tat ca cac
chiéu ngit canh dé tao ra cac nguol dung gia lap, glup tich
hop day du théng tin ngit canh vao qué trinh goi y. Tuy
nhién, viéc nay ciing lam gia tang tinh thua thot cua dix liéu.
Pé khic phuc diéu do, tac gia su duyng m6 hinh do thi dé
biéu dién tat ca cac mdi quan hé truc '[Iep va glan tiép gitra
ngu’orl dung va san pham. Tir biéu dién do thi nay, tac gia
ap dung phucmg phép kich hoat lan truyen trén dd thi
PageRank [23] vao h¢ tu van dé cap nhat xep hang méi cua
nguoi dung d6i vai san pham trong hé thong, tir d6 dé xuat
nhiing san pham c6 xép hang cao cho ho. Viéc dé xuét
phuong phap thugc hudng tlep céan loc truge ngit canh ciing
dugc danh gla 1a don gian dé cai dat, gidi phap dua ra dugc
danh gia la c6 d¢ phuc tap tinh toan thip dé dé dang trlen
khai trén thyc té. Noi dung cu thé cuia giai phap dé xuét
duoc trinh bay chi tiét trong Muc 111

. PHWONG PHAP DE XUAT

Phuong phéap dé xuét dugc trién khai bang cach két hop
hai ky thuat chinh: 1) Phan chia nguoi ding theo ngi canh
cai tien va 2) Loc cong tac sir dung phuong phap kich hoat
lan truyén trén dd thi.

3.1. Phan tach ngudi dung theo ngir canh cai tién
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Phucmg phap phén tach ngudi dung theo ngir canh dé
XUét cai tién tir phwong phap phéan tich nguoi ding theo
ngtr canh nguyén thity User Splitting trude day [30] nham
khai thac thong tin ngit canh hi¢u qua hon. Trong dé xut
ctiia minh, thay vi chi str dung mot 9h|eu ngir canh duy nhét
nhu trude day, tac gia s€ két hop tat ca cac chieu ngit canh
tham gia vao qua trinh loc truge theo ngir canh. Cac buéc
thuc hién nhu sau:

e Buéc 1. Taotap ngudi dung gid 1ap

Tap ngudi dung gla lap Y dugc tao ra bing cach lay tich
Dé-céc cua tap nguoi dung U véi tat ca K chiéu ngir canh
Cy,Cyp ey Ci. Cuthé: Y = U X C; X Cp X ... X Cy. SO C4cC
diéu kién ngi canh trong tap C; 1a N, véi i=1.. K, s6 lugng
nguoi ding trong tap ¥ la H véi H =N = N = N, *
e Ny

e Budc 2. Qhuyén ddi ma tr@n danh gia

Chuyen d6i ma tran danh gia da chiéu thanh ma tran
danh gia hai chiéu bang céch loai bo tap ngir canh va thay
thé tap ngudi ding ban dau bang tap nguol dung gia lap.
Nhu vy, phuong phap phéan tach ngudi dung theo ngir
canh cai tién nay gilp tich hop day du thong tin ngir canh
vao hé thong ma khong lam thay doi cac diéu kién cua bai
toan.

Vi dy: Viéc ap dung quy trinh phan tach nguoi dung
theo ngir canh cai tién vao ma tran danh gia da chiéu cua
loc cong tac theo ngir canh (Bang 1) gilp tao ra mot ma
tran danh gia hai chiéu (Bang 2). Cu thé véi 2 ngudi dung
va 12 kich ban ngit cinh dua ra trong Bang 1, phuong phip
phéan tach nguoi dung theo nglr canh cai tién tao ra tong
cong 24 ngudi dung gia 1ap (y1, Ya,..., Y24) ¢ Bang 2. Chang
han nhu y,, duoc tao ra thong qua su két hop cua nguoi
duing u, va cac diéu kién ngi canh cu thé (' Cu0| tuan”, "0
nha", "Tré em"). Ma tran danh gia hai chidu sau do trinh
bay cac cdp nguoi dung-san pham véi cac danh gia dugc
hién thi ¢ c&c hang trén ctia ma tran, con céc cap khdng co
danh gia duoc an di d¢é tiét kiém khong gian.

Thuyc té 14 cac danh gia ban diu cta ngudi dung ddi Véi
san pham trong céc tinh hudng ngit canh thuong khé han
ché vé so luong, dan dén muc do thua thét cao trong ma
tran danh gia. Khi ap dung quy trinh phan tach ngu’ol ding
theo ngir canh cai tién vao ma tran da chiéu, viéc tao ra
ngudi dung gia lap cang lam ting thém sy thua thét nay
trong ma tran danh gia hai chiéu. Két qua 13, ma tran tro
nén thua thdt hon, véi nhidu cap ngudi dung-san pham
khong c6 danh gia. Sy gia ting dit li¢u thua tao ra thach
thuc trong Viéc tao ra cac dé xuat chinh xéc. De giai quyet
vén dé nay, phuong phép kich hoat lan truyen trén dd thi
PageRank [23] duoc dé xuat trong bai béo nay nham cap
nhat xép hang méi cho ngum dung va dua ra dé xuat céc
san pham chua dugc danh gid nhung ¢6 xép hang cao sau
qua trinh hoc cho ho.

Bang Il. Ma trédn danh gia hai chiéu nhan duoc sau phan
tach nguwoi dung theo ngi¥ canh

Y p R
Y1 P1 5
Y2 P1 4
Y2 P3 2
Y3 P2 3
Ya P2 4
Ys b2 3
Ye P3 2
Y2 P2 1
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Ya P3 3

Y24 P3 0

3.2. Lec cdng tac sir dung phwong phiép kich hoat lan
truyén trén do thi

3.2.1.

Tu ma tran dénh gia hai chiéu thu dugc trong Bang 2,
tac gia biéu dién mdi quan hé giira tap nguoi dung gia lap
va tap san pham dua trén d6 thi G=<V, E>. Trong do, tap
dinh V gom tap nguoi ding gia 1ap va tap san pham
(V=YUP) va tap canh E thé hién lién két giira nguoi ding
gia lap va san pham theo Bang 2, véi mdi canh e€E c6 dang
e = (i, X), voi i€Y va xeP. Trong s6 mdi canh trén d6 thi
duoc thiét lap chinh 1a danh gia cta nguoi dung voi san
pham tuong ng tir ma tran danh gia. Biéu dién db thi cho
loc cong tac dugc minh hoa trong Hinh 1.

Biéu dién dd thi cho loc cong tac

Hinh 1. Biéu dién dé thj cho loc céng tac

3.2.2. Dy doédn danh gia cia nguwoi dung gid 1ap véi
san pham dua trén biéu dién do thi

Mo hinh db thi biéu dlen cho loc cong tac o trén cho
phep thé hién day da cac mbi quan h¢ tryc tiép va glan tiép
gitra ngudi dung gia lap va san pham Do d6, viéc xay dung
mo hinh hoc dix li¢u dya trén biéu dién do thi nay gilp glal
quyét hiéu qua van dé di liéu thwa. Trong nghién cau nay,
tac gia ing dung phu’ong phap kich hoat lan truyen trén do
thi PageRank [23] vao h¢ tw van véi muc tiéu 1a xép hang
cac san pham dua trén muc do lién quan va so thich caa
ngudi dung.

Theo nghién ctu gbc vé thuat toan PageRank [23] xép
hang PageRank ciia mdi trang web p; duoc xac dinh dya
trén gia tri PageRank cua cac trang lién két dén no, thuc
hién theo cng thuc sau:

rank(p;) (3)

1—
Tank(pi) = T + dzijL(pi) L(p])

Trong do:

e PR, :Lagiatri xép hang PageRank cua trang web
p;, cho biét tim quan trong cua trang p; trong hé
thong.

e d:Hésblam giam (Thuong la 0.85), thé hién xac
suit ma PageRank tiép tuc di chuyen tur trang web
nay dén trang web khéc thong qua céc lién két.

e N:Tong s trang trong mang ludi.
e p;:Céctrang lién két t6i trang p;
e L(pj: S6 luong lién két di ra tir trang Dj

PR(pj) .
. Zp,a(p,) o) : Tinh toan xép hang cua p; dya

trén xép hang cua céc trang web lién két vai né.

. %z Phan nay dam bao rang tat ca cac trang web
deu co mot mirc do quan trong nhét dinh, ngay ca
khi chiing khdng c0 lién két nao dan dén. bay la
gi& tri nho xép hang ngau nhién gan cho moi trang
web nham dam bao rang tat ca cac trang web déu
¢6 co hoi dugc xép hang.

Trong bbi canh cua hé tu van, dé xép hang cac san phém
dua trén muc do lién quan va so thich cua nguol dung, gia
tri PageRank can ca nhan hoa theo timg nguoi dung tur do
dua ra cac d& xuit phu hop hon. Nhu vy cong thic
PageRank trong hé tu van duogc didu chinh nhu sau:

1-d rank, (p;) (4)
—— T dZp L T)]

Trong d6: rank, (p;) la gia tri xép hang PageRank cua
san pham p; ddi véi ngudi dung u.

rank, (p;) =

Dua trén cong thic (4) trén, tic gia tién hanh dé xuat
thuat toan dy doan dénh gia ctia ngudi dung. dbi voi san
pham bing céch lan truyen va diéu chinh xép hang san
pham qua nhiéu buéc. Ung dung thuat toan PageRank cho
phép tan dung thong tin tir toan bo do thi ngudi ding — san
pham dé gitip xac dinh cac san pham c6 xép hang toan cuc
cao nhat nham dwa ra goi y cho nguol dung, nho d6 nang
cao chit luong va do chinh xac cua cac d@é xuét. Thuat toan
dugc miéu ta chi tiét dudi day.

P3au vao:

e Db thi md td méi quan hé gitta nguodi
dung va san phdm dugc biéu dién
duéi dang ma tran danh gid 2 chiéu
gitta ngudi dung gia lap va san pham
RO = {rix}

e U: Tép hogp ngudi dung

. P: Tap hop san phim

e d: Hé sb lam giam

e max iteration: S6 lan ldp tbi da

. €: Ngudng hdéi tu
Piaura
e Rank: Bang xép hang cic san phém

theo tung ngudi dung gia lép

Cac budc tién hanh:
1. Khdi tao:
For each user u in U:
For each product p in P:
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# Khoi tao gid tri PageRank ban
ddu bang nhau cho tdt cad céc san phém
Rank[u] [p] = 1/|P|

2. Lan truyén nhidn x&p hang PageRank cho
ting san phém
For t from 1 to max iteration:
For each user u in U:
For each product p in P:
inbound sum = 0
For each product q in
inbound links(p): #T&t ca& cac san phém
lién két dén p

inbound sum +=
previous rank[ul] [g] / out degree(q)
Rank[u] [p] = (1 - 4d)/IP|

+ d * inbound sum

# Kiém tra diéu kién hoéi tu

delta = 0
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For each user u in U:
For each product p in P:
delta += abs(Rank[u][p] -
previous rank[u] [p])
If delta < epsilon:
Break # HO1i tu

Thuédt toan 1. Thudt toan PageRank dy doan danh gia
cla ngwoi dung gia |ap véi san pham

3.2.3. Sinh tw vin

Thuat toan PageRank du doan danh gi clia nguorl dung
gia lap cho san pham véi dau ra 1a bang xép hang céc san
pham theo timg nguoi dung gia 1ap Rank, day 1a co so dé
sinh tu van san pham c4 nhan héa cho ngudi ding trong
ngir canh.

Pau vao

- Ma tran danh giad da chiéu
tin ngt canh)

- u, €U 14 ngudi ding hién thoi cidn duoc
tu vén

- ¢ €(Cy xCy X
ung voi u,

- K 134 sb luong san phdm cdn tu van cho u,

(chta thoéng

..XCg) 12 tinh huéng ngt canh

Pau ra:
- Danh s&ch K san phédm tu vin téi nguoi
dung u, trong tinh hubng ngit canh c;.

Cac budc tién hanh:
1. Phan té&ch nguoi dung theo nglt canh
cai tién (Muc 3.1)

2. Loc cdng téac st dung phuong phap kich
hoat lan truyén trén d&& thi PageRank
(Theo thuat toén 1)

3. Sinh tu vin cho ngudi dung hién thoi

u, trong ngt canh c¢

e Chuyén dbi bang Rank thé hién xép
hang gitta ngudoi dung gia lap véi
san phdm vé ma tran danh gia da
chiéu

e S3p xép tht tu xép hang clua u,
véi ¢ theo thu tu giam dan

e Chon K san phdm cé xép hang cao
nhét tu vin ngudi dung hién thoi

u, trong tinh huéng ngt canh c.

Thuédt toan 2. Thuat toan US_ActiveGraph

Danh gia do phuc tap vé mit thoi gian cua thuat toan dé
Xuit phu thudc truc tiép vao do phirc tap cua thuat toén 1.
Cin ctr theo nguyén ly cong va nguyén ly nhan cho danh
gia do phurc tap caa cac cau trdc [énh, ta xac dinh dugc thuat
todn nay c6 do phuc tap la: O(TXHXMXIL(p)I) Trong do
Tlasé lan 13p, H 1a s6 luong nguol dung gia lap, M la s6
luong san pham va |L(p)| 1 s6 lwong san pham lién két
t&i mdi san pham. Tl co s& ndy, thoi glan tinh toan cua
phuwong phip dé xuit dwgc danh gia c6 dd phirc tap
thip hon so v&i cac phuong phap khac nhu mo hinh hoa
ngtt canh hodc cac thuat toan hoc sau, dac biét hiéu qué
trong nhung truong hop vei dit ligu ngir canh phuc tap va
kha nang xu ly tot vin d& dir liéu thua thét. Bong thoi thuat
toan cung dugc danh gla 12 khong kho khan trong vigc tiép
can va don gian trong cai dat dé trién khai trén thuc té.
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IV. THUPC NGHIEM VA KET QUA
4.1. Dir liéu thuc nghiém

Trong nghién cau nay, tac gia st dung hai b dir li¢u
thuc nghiém pho bien la InCarMusic va DepaulMovie d¢
danh gia hiéu qua cta phuong phap dé xuat.

- BO6 dit liéu DepaulMovie [31]chira 5043 danh gia tir
97 ngudi dung cho 79 bo phim. B6 dit liéu nay duoc
ddc trung boi ba chiéu ngir canh: Time, Location,
Companion. Muc d¢ thua thét cia cac danh gia trong
bo dir liéu nay 1a 94.516%.

- Bo dir ligu InCarMusic [31] bao gom 3938 danh gia
tir 1042 nguoi ding vé 139 album. B dir ligu nay
dugc didc trung boi tdm chiéu ngit canh: Driving style,
Road type, Landscape, Sleepiness, Traffic conditions,
Mood, Weather, Natural Phenomena. Mtc d6 thua
thot ciia cac danh gia trong bo dir liéu nay 1a 99.99%.

4.2. Cai dat thuc nghiém

Do do thuc nghi¢gm: Trong nghién ctu nay, bai bao tap
trung vao dé xuat top-N v6i myc dich gisi thigu N san pham
cl xép hang cao nhét cho nguoi dung. Dé so sanh phuong
phap nay vai cac thuat toan dé xuat top-N khac, ching toi
su dung cac d6 do Precision@N (P@N) va Mean Average
Precision (MAP@N) lanhing d9 do duoc rong rai dugc sir
dung trong viéc dé xuit top-N. Tac gia st dung N=10 trong
tat ca cac thi nghiém.

Tham s6 thuat toan: He s6 1am giam d trong thuat toan
PageRank duorc thiét 1ap 12 0.85. S6 lan lap t6i da cua thuat
toan duoc thiét lap 1a 1000, va nguong hoi tu e dugc thiét
lap 1a 0.0001. Viéc lya chon gia tri cho cac tham s6 nay
trong thuat toan PageRank dya trén su ket hop gilra ly
thuyét, kinh nghlem thuc té va cac nghién clru trude day
Nhirng gla tri nay khong chi dim bao tinh on dinh va do
chinh xéac cua két gua macon t5i wu hoa hidu suét tinh toan,
phl hop véi da s6 céac tng dung thyc tién cua PageRank
[23].

Céac phuong phap tw vén theo ngir canh dwgc lwa chon
de so sanh:

-  CAMF_C (Context-aware matrix factorization-
Context) [32]: Sir dung phuong phap mo hinh hda ngir
canh doc 1ap dua trén su chénh léch danh gia gitra cac
diéu kién ngi canh.

- CSLIM_MCS (Contextual Sparse Linear Method -
Multidimensional Context Similarity)[31]: Su dung
phuong phap tuyén tinh thua SLIM két hop véi md
hinh héa ngir canh dua trén do trong quan da chidu.

- UserSplitting-BiasedMF; ItemSpllttlng-BlasedMF;
UlSplitting-BasedMF [31] Day 1a cac phuong phép
tu van theo ngir canh &p dung lan luot phén chia theo
nguol dung nguyén thuy/ phan chia theo san pham
nguyén thiy / két hop phan chia theo ca nguoi dung
va san pham nguyén thuy dua vao ngit canh. Sau do,
hé thong st dung phuong phap Biased Matrix
Factorization (BiasedMF) dé huan luyén va goi y.

- UserSplitting_ActiveGraph: Két hop phan chia nguoi
dung theo ngir canh nguyén thuy (str dung 1 chiéu ngir
canh) va phuong phap kich hoat lan truyén trén do thi
PageRank.

- US_ActiveGraph: Phuong phap dé xuat boi bai béo.
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4.3. Két qua thuc nghiém

Bang lll. Két qué thuc nghiém trén tap div liéu
DepaulMovie
Methods Precision@10 MAP@10

CAMF_C 0.088 0.147
CSLIM_MCS 0.085 0.159
UserSplitting-BiasedMF 0.089 0.166
ItemSplitting-BiasedMF 0.086 0.16

UlSplitting-BiasedMF 0.084 0.156
UserSplitting_ActiveGraph 0.092 0.162
US_ActiveGraph 0.103 0.191

Bang IV. Két qua thurc nghiém trén tap dip liéu

tiép can loc trudc theo ngir canh. Phuong phap dé xuat dugc
thuc hién bang viéc két hop gitra ky thuat phan chia nguoi
ding theo ngir canh va thuat toan lan truyén trén dd thi.
Trong do, thi tuc phén tach nguoi ding theo ngir canh cai
tién tao diéu kién cho vigc tich hop day du théng tin ngir
canh vao qué trinh tu van, nhung diéu nay ciing lam gia
tang tinh trang thua thét dit ligu va do phuc tap tinh toan.
Dé giai quyét van dé nay, chung toi ap dung phuong phap
kich hoat lan truyén trén d6 thi PageRank vao h¢ tu van dé
thuc hién cap nhat Xep hang méi cho nguoi ding dbi vai
san pham trong hé thong tir d6 d& xuat nhitng san pham co
xép hang cao cho nguoi dung. Phuong phap d8é xuat duoc
déanh gié 1a cho phép tich hop day du thong tin ngir canh,
han ché anh huong cua Van de dir liéu thua, dong thoi thuan
loi cho viéc tiép can dé trién khai trén thyc té. Két qua thuc
nghiém trén mot s6 bo dir liéu thuc cho thay phuong phap
de xuat cai thi¢n dang ké chat luong dy doan so véi cac
phuong phap tu van dya vao ngir canh co so trude do.

Trong thoi glan t6i, tac gia duy dinh sg tap trung vao t6i
uu hoa hidu suat tinh toan dé giam thoi gian thuc thi, nang
cao kha nang tich hop ngtt canh dong, cling nhu mé rong

InCarMusic
Methods Precision@10 MAP@10
CAMF_C 0.032 0.127
CSLIM_MCS 0.018 0.141
UserSplitting-BiasedMF 0.033 0.259
ItemSplitting-BiasedMF 0.034 0.267
UlISplitting-BiasedMF 0.033 0.259
UserSplitting_ActiveGraph 0.038 0.248
US_ActiveGraph 0.040 0.314

Dua trén phan tich két qua thi nghiém dugc trinh bay
trong Bang 3 va Bang 4, c6 thé rut ra mot so6 nhan xét sau:

1) Cac phuong phap  UserSplitting-BiasedMF,
ItemSplitting-BiasedMF, U1Splitting-BasedMF vé co
ban cho lai két qua Precision@10 va MAP@10 cai
thién t6t hon so véi cac phuong phap mo hinh hoa
theo ngit canh co so. Piéu nay cho thay viéc tiép can
loc trude ngit canh véi viée két hop phuwong phép phén
tach theo ngit canh va loc cong tac cho lai két qua t6t
hon phuong phédp mé hinh hoa ngit canh trong nhiéu
truong hop.

2) Phuong phap UserSplitting__ ActiveGraph cho thiy
gia tri Prec1s10n@10 duogc cai thién so véi cac phuong
phép tu van theo ngit canh co so. Tuy nhién, két qua
MAP@10 cua chang lai thap hon, cho thay viéc chi
sir dung mot chiéu ngir canh trong phuong phap phan
tach nguoi dung két hop véi phuong phap kich hoat
lan truyén trén dd thi c6 thé khong phai 1a giai phap
to1 uu.

3) Phuong phap dé xuit US_ActiveGraph két hop phuong
phap phén tach nguoi dung theo ngir canh cai tién (st
dung dong thoi nhidu chiéu nglt canh) voi phuong
phap kich hoat lan truyén trén do thi PageRank cho lai
Precision@10 va MAP@10 t6t hon so vdi cac phuong
phép tu vin theo ngit canh co s& va
UserSplitting_ActiveGraph su dung phan tach nguoi
dung theo mot chidu ngir canh. Diéu nay cho thdy ring
viéce tich hop nhiéu ch1eu ngilt canh mang lai thong tin
gia tri cho qua trinh d& xuét, cai thién ca tiéu chi
Precision@10 va MAP@10. Dong thoi phuong phap
d@ xuét t6 ra it nhay cam hon véi dir lidu thua thot so
v6i cac phuong phap co s¢ trén ca hai bo dir liéu, ngay
ca khi tich hop ddy du thong tin ngtr canh.

V. KET LUAN VA HPONG PHAT TRIEN

Trong nghién cuu nay, tac gia da dé xuit mot phuong
phép mai cho hé théng tu van theo ngit canh thude hudng
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quy mé thyc nghiém trén cac bo dir liéu 16m hon.
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A GRAPH-BASED SPREADING ACTIVATION
METHOD FOR CONTEXT-AWARE
COLLABORATIVE RECOMMENDER SYSTEMS

Abstract: Context-aware recommender systems are
specifically designed to leverage contextual information in the
recommendation process to better match items to users,
achieving higher effectiveness compared to traditional systems
that do not use context. A major challenge in building
recommender systems is data sparsity, which affects
recommendation quality. While incorporating context
provides valuable information, it also increases data sparsity
and computational complexity. In this study, | will propose a
new approach for context-aware recommender systems to
comprehensively integrate contextual information, minimize
the impact of data sparsity, and maintain low computational
complexity. This is achieved by combining user splitting based
on context with a graph-based spreading activation method.
Experiments on several datasets show that the proposed
approach significantly improves prediction accuracy and is
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feasible in terms of time for practical deployment compared to
previous baseline context-aware collaborative methods.

Keyword: Context-Aware Recommender Systems — CARS;
Spreading Activation; Context-Aware Collaborative Filtering
- CACF,; User Splitting; Context Awareness.

D3 Thi Lién, Nhan bang t6t nghiép

dai hoc, thac s§ va hoc vi tién s7 tai

Hoc vién Cong nghé Buu chinh Vién
o thong vao cac nam 2010, 2013,
2020. Hién la giang vién tai Hoc
Vién Cong nghé Buu Chinh Vién
Thoéng.

Linh vuc nghién ctru chinh: hoc may
ung dung trong loc thong tin, hé tu
vén, khai pha dit liéu, phat trién (mg
dung da phuong tién.
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