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Tém tir: Cong thong tin dién tir 12 mot hé thdng truc
tuyén hozc trang web duoc thiét ké nhu mot cong truy
cap duy nhét, giup nguoi ding két ndi vai thong tin va
dich vu cua to chirc. Bé ca nhan hoa trai nghiém va tang
cuong viéc gisi thicu ndi dung trén cong thong tin dién
ta, hé khuyén nghi la mot giai phap phé bién. Céc
phuong phap khuyén nghi truyén théng thuong dua vao
dir liéu dugc thu thap trong thoi gian dai tir nguoi dung
dinh danh. Tuy nhién, véi cac cong thong tin dién tir, hau
hét nguoi ding déu an danh, gay kho khian trong viéc &p
dung cac phuong phap truyén théng nay. Khuyén nghi
dua trén phién (SBR) tép trung vao dy doéan muc tiép
theo tai mot thoi dlem nhat dinh. Vi hd so nguoi ding
thuong khong c6 san trong truong hop ndy nén viéc nim
bit y dinh cua nguoi dung trong qué trinh chuyén doi
muc dong vai trd then chét. Trong nghién ciu nay, ching
t6i giai quyét bai toan khuyén nghi tin tac trén cdng
thong tin dién tor Hoc vién Cong nghé Buu chinh Vién
théng dua trén dir liéu tuan ty cua ngudi dung. Chang toi
nghién ctru va danh gia nhom cac phuong phap Kkhuyén
nghi trén dir liéu phién pho bién ién nay bao gom nhém
co ban, nhém K lang giéng gan nhit, nhém sir dung
mang o thi hoc sau GNN. Két qua cho thay cac phuong
phép thugc nhém GNN c6 két qua t6t hon so voi cac
phuong phap hoc may thuéc nhom co ban trong khi dé
cac phuong phap thudéc nhom co ban va nhém K lang
giéng cho két qua tuong ddi tét trong khi thoi gian chay
va tai nguyén sir dung it hon han.

Tir khoa: Céng th()ng tin tiién tr; Hé khuyén nghi; Dt
liéu phién; mang than kinh do thi hoc sau.

l. GIOITHIEU

Cdng thong tin dién tur la cac trang web phong phu Ve
théng tin, thu thap nhiéu théng tin hitu ich tir cac ngudn
khac nhau vao mot trang Web “mot cira” duy nhat va
cung Cap no o dang nhé gon va d& cung cip thong tin cho
ngudi dung cuoi [1]. Theo Marjan Mansourvar va cac
cong su [2], cong thong tin khac trang web thong thuong
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& nhimg ddc diém: cong thong tin ldy nguoi dung lam
trung tdm, c¢6 nghia la ¢ kha ndng ca nhén hoa theo ngu(‘)ri
dung, cho phép nguoi dung tu t6 chuc thong tin; nguoi
ding va cong thong tin ¢o thé tuong tic qua lai; thong tin
trén Cong dugc Cap nhat thuong xuyén boi chu so hiru.
Van d& dap ung cac yéu cau do cua Cong thong tin duoc
dit ra béi cac nha nghién ctu va cac nha phat trién hé
thdng COng thong tin. M6t trong nhung giai phap duogc dé
cap dén 1a ap dung hé khuyén nghi vao trong cong thong
tin dién ta.

Hé khuyén nghi (Recommender system) 1a hé théng
cho phép du doan trude danh gia cia nguoi dung ddi véi
mot muc tin hoac mot noi dung nao do [4]. Hé khuyen
nghi la mot trong nhung cach tiép can tién tién nhat, phd
bién trong thwong mai va trong cong ddng nghién ciu [4].
Nhiéu cong thong tin dign tu dang su dung hé khuyen
nghi dé tang lugng doc gid cua ho va cung cap cho doc gla
nhitng n6i dung t6t hon. Hé khuyén nghi hoc tir hanh vi
doc tin, xép hang va nhan xét cua ngudi dung, sau d6
quyét dinh diém sé nho sy tro giup cua h¢ thong. Theo
cach phan chia truyén thong, hé khuyén nghi dwoc chia
thanh cc phuong phap: khuyén nghi dua trén loc cong tac
[5], khuyén nghi dua trén noi dung [6], va hé khuyén nghi
lai. Phuong phap loc cong tac sir dung ma tran dénh gia
cua nguoi ding dbi véi san pham dé dy doan danh gia cta
ngudi ding cho nhiing san phim chua duoc danh gia
trong khi phuong phap loc dua trén ngi dung khuyén nghi
cac san pham c6 noi tuong ty véi tin muc nguoi dung da
thich hodc tin tirc nguoi dung da doc ma khong phu thugc
vao danh gia ctia nguoi dung khac vé tin muc do. Phuong
phép khuyén nghi lai [7] 1a phwong phap két hop cac
phuong phap trén dé dua ra san pham dwoc khuyen nghi
cho nguorl dung. Cac phuong phép khuyen nghi ké trén
chu yeu su dung dir li¢u nguoi dung va tin myc duoc luu
lau dai trong h¢ thong Trong nhiéu linh vyc tng dung cia
hé khuyen nghi, cdc m6 hinh nguoi dung dai han thuong
han ché cho phan I6n nguoi dung, do do, cac dé xuét phu
hop phai duoc xac dinh dya trén cac loai thong tin khac,
thuong la cac tuong tac gan day nhat cua ngudi dung véi
cong thong tin dién tir theo mot cach tuan ty trong mot
khoang thoi gian han dinh goi la phién.

Cong thong tin Hoc vién Cong nghé Buu chinh Vién
thong (www.ptit.edu.vn) 1a noi cung cap théng tin vé cac
hoat dong dao tao, cbng tac gido vy, nghién ctiru khoa hoc,
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tuyén sinh dén sinh vién, dén can bo va dén nhimg dbi
tuong quan tdm. Nguoi doc truy cap vao Cong thdng tin
Hoc vign Cong ngh¢ Buu chinh Vlen thong dé doc, theo
di va tim kiém thong tin. Da s0 nguoi dung trén Cong
thong tin dién ta deu khéng c6 tai khoan ma thudc vé dbi
tuong nguoi ding 4n danh. Bai toan dit ra la khuyén ngh1
tin bai phu hop cho nguoi doc trong truong hop nguoi
diing méi vao cong thdng tin va khong co tai khoan trén
hé thong.

Nghién ctu nay dé xuat giai phap khuyén nghi tin tic
cho nguoi dung an danh trén cong thong tin dién tur cua
Hoc vién Cong nghé Buu chinh Vién thong theo cac
nhom céc phuong phap khac nhau. Cac nhém phuong
phap khuyén nghi tap trung vao xic dinh so thich ngan
han cua nguol dung théng qua chudi tuan tu cac hoat dong
clia ngudi dung trong mot khoang thoi gian ngan xéc dinh
goi la mét phién. Thong qua phan tich vé nguoi ding an
danh do, cac phuong phép khuyen nghi dua trén phlen
hi¢n tai cua nguol dng s& goi y tin tic tiép theo ma nguoi
ding 4n danh nén doc trong phién. Nhém cac phuong
phap khuyen nghi dya trén phién la nhom cic phuong
phap phd bién hién nay bao gdm nhom cac phuong phép
co ban, nhém cac phuong phap su dung K lang gleng gan
nhat va nhom cac phuwong phap st dung hoc sau va cac
phuong phap st dung mang than kinh do6 thi (GNN). Két
qua thuc nghiém cho thay kha nang khuyen nghi tin tic
phu hop cho ngudi dung an danh trén cong théng tin dién
tir véi d6 chinh xac khé cao.

Phan tiép theo cua bai bao dugc cau tric theo cac muc
bao gom Muc II cac nghién cuu lién quan; muc 11 trinh
bay noi dung vé cong thong tin dién tir va bai toan khuyén
nghi trén cong thong tin dién tir cho dir lieu dya trén
phién; muyc IV dua ra phén tich vé cac nhoém phuong phép
khuyen nghi dua trén dix liéu phién pho blen hién nay bao
gom nhém co ban, nhém K lang giéng gan nhat va nhém
dua trén cic phuong phap str dung GNN. Két qua thuc
nghi¢m duoc thuc hign ¢ muc IV thé hién két qua khuyén
nghi trén dir ligu cong thong tin dién tir da thu thap dugc.
Nhan xét vé két qua thuc nghiém, danh gia gitra cac
phuong phap dugc dua ra trong muc VI.

ll. CAC NGHIEN CUPU LIEN QUAN

Cong thong tin dién tr 1a ddi tuong c6 trong cac
nghién ctru han 1dm. Tir nhimg ndm 1970, Yu va cic cong
su [1] da chi ra kién trac, dic diém cua cong thong tin
dién tir, do chinh 1a cira ngd, 1a noi trén cung (on-top) ma
nguoi dung co thé tim kiém va truy XUt thong tin tir cac
nguon khac nhau ¢ sau canh cong do. Dén nhiing nim
2000, cac nghién cau Ve cong thong tin dién tur tap trung
vao cac dac tinh cua Cong thong tin dién tir voi tuong tac
cua nguorl dung trén cong. Mansourvar va cac cong su [2]
chi ra cac loai cong thong tin dién tir khac nhau va cac dac
tinh cua Cong thong tin dién tir nhu: kha nang tim kiém,
kha nang cung cap thong tin va kha ning tuy bién hoa
theo ca nhéan ngubi dung. Cac yéu cau can dap ung trong
viéc xay dung va trién khai cong thong tin dién tir ciing
dugc cac nhom nghién ctu dua ra, trong d6 nhin manh
c4c yéu cau dap g thong tin, tim kiém thong tin, nhat la
trong nhiing h¢ thong cong thong tin di¢n tr c6 luong
thong tin 16n va duoc phan cap sau[8][9]. Mot trong
nhitng ung dung pho bién cho cong thong tin dién tu dap
ung yeu cau cung cap thong tin téi nguoi dung mét cach
chinh xé&c va phé bién chinh 1a tng dung hé khuyén nghi

[4]
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He khuyén nghi 1a giai Pphap phu hop cho cac h¢ thong
nhu cong thong tin khi so lugng thong tin va s6 lugng
ngudi ding co rat nhidu. Hé khuyén ngh1 trong truong
hop nay s& gitip nguoi ding lya chon cac thong tin phi
hop véi s thich khi luong thong tin bung no [3]. H¢
khuyén nghi theo céac phuong phép truyén thong dugc
phan chia thanh hé khuyén nghi dya trén loc cong tac, hé
khuyén nghi dua trén noi dung va hé khuyén nghi lai [3].

Céc phuong phap vira néu déu hoat dong chu yéu trén
md hinh dix liéu lau dai cua nguoi dung va mo hinh twong
tac lau dai gitra nguoi dung va tin myc. Tuy nhién, véi cac
dic diém coa Cong thong tin dién tor nhu da néu, moé hinh
dir licu nguoi dung lau dai thuong kho kha thi. Cac
phuong phap dé glal quyét van dé nay c6 dé cap dén sur
dung md hinh ngan han cua ngum ding hay nhimg tuong
tac trong ngan han cta nguoi dung dbi vai tin muc trong
cong thong tin dién tir goi 1a phién. Hau hét cac cach tiép
can cho khuyén nghi duya trén phién trong bai béo déu dya
theo cach hoc trinh tu [10]. Cac phuong phip tiép can ban
dau dya trén viéc xac dinh cac mau tuan tu thuong xuyén,
c6 thé duogc st dung vao thoi diém can d& xuat dé dy doan
hanh dong tlep theo clia nguoi dung. Sau d6, cic ky thuat
khai pha mau nhu vy ciing dwoc sir dung cho cac van dé
khuyen nghi muc tiép theo trong thuong mai dién tir hoac
mién am nhac.

Trong nhitng nghién cau gan day, c6 nhiéu céch tiép
can hoc dit ligu phién phtc tap hon dugc nghién ciu va
trién khai. Cac cach tlep can dé mé hinh héa dix liéu phién
thuong dua trén mo hinh chudi Markov [11][12] hoic
mang no ron hoi tiép [13][14][15]. Cac nghién ctu nay
duogc ng dung trong cac linh vuc thuong mai dién tir va
am nhac. Mot trong c4c tiép can sém nhét dya trén qua
trinh quyét dinh dya trén chudi Markov duoc dua ra bai
Shani va cac cong su [16]. Nghién cau nay chi ra gia tri
cua viéc s dung dir liéu tuan ty trong linh vuc thuong
mai dign tir nhung ciing cho thay rang mo hinh dua tryc
tiép trén Chuol Markov khéng thé &p dung tryc tiép do su
thua thét vé mat dir liu Do d6, nghién clru cling dé cap
t6i mot vai phuong phap meo dé vuot qua vain dé d6. Mot
thach thic khac khi str dung dang mo hinh nay la sir dung
bao nhiéu tuong tac trudc d6 dé doan twong tac tlep theo.
Vai tac gla str dung hdn hgp md hinh Markov blen thién
(VMM) va md hinh cdy ngir canh dé giai quyét van dé
chiéu dai chudi bién thién [16][17].

Mang than kinh d6 thi (GNN) [30] 1a mot mé hinh tién
tién mai dé st dung cac ky thuat hoc sau hoat dong trén
dir liéu c6 céu trac do thi, nhu ddi véi mang xa hoi (mién
quan h¢), mang trich dan (mién khoa hoc), mang tuong
tac protein- proteln (mién sinh hoc), Mang tuong tac gitra
nguoi dung va muc (mién dé xuat) va cac mang khac.
Trong vai ndm qua, GNN da tré nén pho bién do kha ning
xur ly cac cau trlc dir liéu phuc tap va c0 tinh lién ket cao.
GNN st dung cac thuat toan truyen thong diép dé truyén
thong tin qua do thi, cap nhat cac biéu dién nat dua trén
cac biéu dién tdng hop cua cac nut lan can cua chang.
GNN c6 thé duogc sir dung cho nhiéu nhi¢ém vy, bao gom
du doan nut, dy doan lién két va phan loai dd thi.

Trong thoi gian gan day, linh vuc khuyén nghi da
dugc huong loi tr GNN dé nang cao hiéu néng h¢ thong
Trong béi canh khuyén nghi theo _phién, mét so cach tlep
can dua trén GNN da dugc dé xuat bang cach két hop cac
kién tric GNN khac nhau dé c6 cac d& xuét hiéu qua. Viec
st dung GNN d4 cai thién d6 chinh xé&c cua dé xuét bang
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cach mé hinh hoa cac tuong tic tudn ty gitta nguoi ding
va cac muc.

lll. KHUYEN NGHI TREN CONG THONG TIN DIEN
11

A. Céng théng tin dién tir

Cong thong tin dién tir ngay cang c6 anh hudéng nhiéu
trong cugc song trén khia canh truyén thdng, chia sé thong
tin, tim kiém thong tin, cac hoat dong x& hoi.... . Cong
thong tin dién tir chinh Ia cta ngd (gateway) dé nguoi
dung qua d6 truy cap cac dich vu thong tin, cac san pham
dich vu cua to ch, cua doanh nghigp. Cac thdng tin, san
pham va dich vu trén cong thon tin dién tir 1a rat nhiéu va
duoc cap nhat thuong xuyén lién tuc. Yang va cac cong su
[22] chia dich vu cong thong tin thanh ba nhém dich vu
khac nhau bao gom:

- Search: Dich vu tim kiém 1a dich vu rat quan trong
cua cong thong tin, dich vu duoc thyc thi béi cac phuong
phap tim kiém cta cong thong tin hoic c6 thé dugc ho tro
tr bén ngoai (nhu google).

- Information: cdng thong tin cung cip nhiéu dang
thong tin khdc nhau cho nguoi dung nhu tin tic, thong
béo, hoat dong, tuyén dung... Nguol dung co thé truc tiép
truy cap cac loai thong tin nay ma khdng can c6 tai khoan
va mat khau ma chi can thao tac don gian la nhan vao
duong lién két (link) trén cong thong tin.

- Personal Service: Dich vu nay cho phép nguoi ding
tly bién theo mong muén trén cong thong tin. Bé thuc
hi¢n dugc dich vu nay, thong thuong nguol dung phai
dang ky trén cong thdng tin bang tai khoan va mat khau.
Khi ding nhap tai khodn va mat khéu riéng, nguol dung
trén cong thong tin dién tir c6 thé nhan duoc cac noi dung
tay bién nhu chat, email, cac dich vu duoc phép sir dung
hoic c6 thé thy bién giao dién theo sé thich ca nhan.

Mong mudn cua hé théng cong thong tin dién tir 1a
cung cap thong tin phu hop voi nguoi dang (ké ca ngudi
dung khong tao tai khoan) mot cach nhanh chéng va ding
vG&i moi quan tdm cua nguorl dung nhét, tir d6 ting luu
lugng truy cap va thoi gian sir dung cua ngudi dung.

B. Baitoan

Nhu da dé cap & phan trén, viéc thay duoc thong tin
phu hgp véi nhu cau cua ngu’orl dung trén cong thong tin
dién tur la tuong d6i kho khan vi lwong théng tin trén cong
thuorng rat nhiéu va dugc cap nhat méi lién tuc. Hon nira,
trén cong thong tin dién tir vé tin tac, ngudoi ding thuong
khong c6 xu hudng tao tai khoan dang nhap ma thuong co
xu huéng chi doc Do d6 viéc ndm bét s& thich lau dai cua
nguoi ding trén cong thong tin dién tir 14 kho kha thi.

Mot trong nhitng phuwong phép phé bién dé ting cuong
thdng tin hitu ich cho nguoi dung trén cong thong tin dién
ta chinh l1a ap dung h¢ khuyen nghi [4]. Tuy nhién,
phuong phap duge dé cap dua trén mé hinh moi quan tam
tuong tu cia ca nhin nguoi dung hoac theo nhom nguoi
dung str dyng dir ligu nguoi dung dugc ghi nhan lau dai
trén he thong. Ngoal ra, moi quan tam cuia nguorl dung
thay ddi theo thoi gian, do d6, néu st dung mé hinh méi
quan tdm dai han cta ngu’orl dung s& khong phu hgp véi sé
thich ngan han cua ngudi dung. Bai toan dat ra ¢ day la
can xéac dinh duoc s¢ thich ngan han ctia nguoi dung an
danh trén cong thong tin dién tir va dua ra khuyén nghi vé
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hanh dong tiép theo cho nguoi dung dya trén chudi cac
hanh dong dang dien ra cua nguoi dung do. Bai toan duoc
dat ra nhu dudi day.

Pau vao:
- Phién cua nguoi ding bao gom:

L ={Vy,s Vv KV, €V)

trong d6 v; €V la mot tin tic trong tap tin tic V .
thong thuong v, dugc biéu dién bang mot vector c6 d
chiéu.

- Tap tat ca cac phién L

- Ngir canh ¢ trong tap ngir canh C . Trong d6 mot
ngir canh ¢ trong truong hop bai bdo la mot phién ma
mot tin tdc v, nim trong d6 con tap ngi canh C 1a tap
hop tat ca c4c phién ¢ & trong qua khte

Piura;

- Danh sach mot hogc nhiéu tin tire dugc khuyén nghi
théa man diéu kién:

[ =argmax f(c,1),ceC,lelL

Trong d6 f(c,l) s& danh gia xem phién hogc tin tic |
nao s& pht hop nhit vai phién ¢ hién tai. Viéc danh gia
thuong thong qua tinh diém.

IV. CAC PHUONG PHAP KHUYEN NGHI

Wang va cac cong su [23] da tong hop trong mot khao
sét vé bai toan khuyén nghi dua trén phién (Session-based
Recommender Systems) bao gom mo ta vé phién, bai toan

va nhém cac phuong phap khuyen nghi dua trén dir liéu
phién. Trong bao cdo [24], Ludewig va cac cong su ciing
da tién hanh thyc nghiém nhom cac phuong phap khuyen
nghi dua trén dit liéu phién cho céc tap dit liéu tiéu chuén
nhu 8TRACKS, AOTM, NOWPLAYING, RSCI15,
TMALL. Tir viéc phan tich cac két qua nghién ctu, tac
gid phén cac phuong phap khuyéen nghi theo ba nhom nhu
sau: Nhém thir nhat la nhdm co ban bao gom céc phuong
phép dua trén quy tac xuit hién dong thoi cua céc muc
trong phién, cdc phuong phép trong nhom nay bao gom
Luat két hop don gian, Chudi Markov, Luat tuan tu va
Cay ngir canh; nhém thtr hai 1a nhém K lang giéng dua
trén su twong dong giira cac phién trong tap dir ligu, cac
phuong phéap trong nhém bao gdbm K lang giéng dua trén
phién-SKNN va cac bién thé ciia phuong phéap nay nhur V-
SKNN, S-SKNN, SF-SKNN, STAN, V-STAN; Nhém thur
ba la nhém GNN st dyng mang no ron db thi hoc sau dé
biéu di&n cac phién nguol ding va ghi nhan dugc nhung
bién ddi phurc tap giita cac tin muc trong mét phién va
gitra cac phién khéac nhau. Cac phuong phéap trong nhom
bao gom SR-GNN, TA-GNN, GC-SAN va DHCN.

A. Nhom co ban

1)  Phirong phdp lugt két hop don gian (AR)

Luat két hop don gian la phlen ban don gian cua ky
thuat khai pha luat két hop voi luat lon nhat caa 2 [24]
Phuong phép dugc thiét ké dé do do thuong xuyén cing
xay ra cua hai sy kién.

Piu vao:
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- Tap phién trong qua khu: S,
- Mot phién s hién tai ciia nguoi dung
Pau ra:

Top k muc tin i phu hop véi hanh dong tiép theo cua
ngudi dung tai phién s.

S= (Sl, Syuuns Sm) : Mot phién trong tap céac phién, bao
gom cac phén tir (cac muc) S, S,...,S,, -
S, - latap cac phién trong qua khu
Sq - muc cudi cung trong phién s
Céch tinh diém cta moét muc i véi mot phién s :

score,,(i,5) = A*B

A= L ®

ilEQ (S|s|’ pI( p[-1)

ES i ilEQ(%SI’ P (i )

x=1 y=1

Trong d6 14 (a,b) co gia tri bang 1 néu a bang b,
va c6 gia tri bang 0 néu nguoc lai.

2) Phuong phdp chudi Markov (Markov Chain-MC)

Chudi markov, dugc coi la bién thé ciia phuong phap
AR, tap trung vao sy ndi tiép trong dit liéu. Luat caa chudi
theo xé&c suat chuyén gita hai sy ki¢n con trong phién.
Phuong phap xac dinh so lan sy kién muc g xuat hi¢n
ngay sau muc p, cang nhiéu lan thi trong sé cua cap
p,Q cang cao.

score,, (i,5) = A*B

I I 1
Z pes, Z ’ EQ (S|s\ px
ilEQ (S|s\ ' px)'lEQ (I! px+1)

peS, y=1
Ham e, (S Py)-1eo (i Pyiy) € kiém tra va chi
tinh diém khi trong phién dang xét ¢6 ton tai muc i ngay
sau muc S, . Sau khi tinh diém, phan khuyén nghi giéng
nhu phuong phép luat két hop don gian.

@

3) Lugt tuan ti (Sequence Rules — SR)

Phuong phap luat tuan ty (SR) [24] c6 thé coi luat tuan
tu 1a bién thé cia phuorng phap AR va phuong phap MC.
Phuong phép nay dé y dén thir tu xuat hién cua cac muc
trong chudi nhung kém chit ché hon. Phuong phip nay
xem xét muc ¢ xuit hién sau muc p trong mot phién

ngay ca khi c6 cAc myc gitra p va g.
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scoreg, (i,5) = A*B

A= ! @3)
zpesp lpl Lo (8 P)-X

B= z Zp: ZlEQ (Sgr Py)-deq (1 P)-Wep (X—Y)

peS, x=2 y=1

W (X) =1/ (X) trong d6 x 1a sb buéc (sé muc) tir phién
p toi phién q.

4)  Phuwong phdap Cady ngir canh (Context tree)

Phuong phép phi tham sb dya trén cau tric goi la cay
ngix canh [25]. Phuong phdp cay ngir canh dugc dé ra ban
dau cho vi¢c nén khong mét mat thong tin. Day la phu(mg
phap phi tham s6 dua trén md hinh Markov c6 céc bién
theo thu tur.

B. Nhom K lang giéng gén nhat

Nhém K lang giéng gan nhéat dugc dic trung boi viéc
tim tap hop k phién twong dong nhat so véi phlen dang
Xét [26]. Sau d6 thong qua tap k phién nay dé khuyén
nghi hanh dong tiép theo ciia ngudi dung tai phién s dang
dugc xem xét. Cho mét sy kién s tap phién trong qua khu
S,, can tim muc i phu hop nhét véi hanh dong tiép theo
ctia nguoi dung tai phién s.

1) Phuong phdp SKNN

Thay vi chi quan tdm dén hanh dong cudi cling trong
phién hién tai s, phuong phap SKNN [24] so s&nh toan
bo phién hién tai (bao gom tat ca cac muc tin) véi cac
phién trong qué khir trong tap dir liéu huan luyén dé xac
dinh muc s& khuyén nghi.

Vé phuong phap thuc hién, véi mot phién s, dau tién
xac dinh k phién hang xém gan nhat véi phién goi 1 tap
N, bang cach &p dung d6 do tuong tu cua phién khi phién
duoc ma hoa thanh vector nhi phan trén khong gian tat ca
cac muc tin. Sau do, tinh diém cta muc tin i vai phién s
theo cong thuec:

SCOMegy (i, S) = ZneNS sim(s, n).1, (i) (4)

Vi 1 (i) =1 néu phién n (trong tap k hang x6m cua
phién s) chtra i va bang 0 néu nguoc lai.

Sau do6, diém cua cac muc i dugc sip xép theo thir tu
tir [6n dén nho va chon ra top k muc dé khuyén nghi.

2) Nhoém SKNN mo réng

Nhém SKNN mé rong [24] bao gdm cac phuong phap
V-SKNN, S-SKNN va SF-SKNN. Theo md ta, phuong
phap SKNN khdng tinh téi thir ty cua cac tin myc trong
mot phién khi s dung chi s6 Jaccard hodc do twong tu
Cosine dé do khoang cach. Do dd, thtr ty cta cac tin muc
trong mot phién c6 thé 1a mot yeu t6 c6 thé xem xét. Theo
do6 so thich cua nguol dung c6 thé thay dbi trong mot
phién, phu thugc vao nhung tin muc ho da xem. Nhom
SKNN mé rong gdom cac phuong phap nhu sau:

Phuwong phap VSKNN (Vector Multlpllcatlon Session-
Based kNN): y twong cua phuong phéap nay la nhan manh
vao nhitng tin muc gan hon khi tinh toan do tuong tu.
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Thay vi md hoa mot phién theo dang nhi phan, phuong
phap chi ma hoa tin muc cudi cting thanh trong chudi 1,
trong s cua cac tin muc khac trong chudi dugc ma hoa
thanh nhitng sb khéc ty thugc vao vi tri trong chudi theo
mot ham giam tuyén tinh.

Phuong phap S-SKNN  (Sequential = Session-based
kNN): Bién thé nay dat thém trong so vao phan tir xuat
hién phia sau trong phién. Cong thirc tinh diém nhur sau:

SCOre;_gop (i,S) = zneNs sim(s,n).w, (s).1,())  (5)
véi W, (s)=x/|s]|

Phuong phap tinh tht ty cia muc trong phién hang
x6m gan nhat théng qua trong sé w, (s) . Trong tat ca cac
phién hang xém cua phién s c6 chira muci, vi tri cua
muc i cang vé& cudi phién thi diém trong sé cua muyc i
Vi phién s cang cao.

Phirong phdp SF-SKNN: ciing str dung ham tinh diém
ciia muc i véi céc phién hang x6m gan nhat nhung theo
cach chat ché hon. Phuong phdp chi tinh diém cia myc tin
khi muc nay xuat hién ngay sau myc la muc cudi ciing cua
phién dang xét s trong cac phién hang xém cta phién s.

SCOre gy (i,S) = anNs sim(s,n).1, (Sq.1) (6)

Ham 1,(s,,i) chi bdng 1 néu ton tai chudi (s.i)
trong phién dang xét.

3) STAN

Phuong phap STAN dugc giéi thiu tai SIGIR’19
[27]. Phuong phap nay dya trén SKNN nhung xem xét bd
sung nhitng yéu t6 sau cho viéc khuyén nghi:

i) vi tri cia mot muc trong phién hién tai.
ii) khoang cach cua cac phién qua khir v6i phién hién
tai.

iii) vi tri cua muc c6 thé dugc khuyén nghj trong phién
hang x6m gan nhat.

4) VSTAN

Phuong phap VSTAN [27] 1a ¥ tudng két hop cua
STAN va V-SKNN theo cach tlep can don I¢. Phuong
phép nay két hop tat ca ba dic dlem da dé cap trén day
cua STAN, vén dd c6 mot s6 diém tuong dong Vi
phuong phap V-SKNN. Thém vao do, viéc tinh gia tri cac
muc bang so6 thuc c6 ap dung gla tri giam dan theo ham
tuyén tinh tir V-SKNN s& duoc ap dung tai VSTAN

C. Nhom cac phwong phap dung GNN

Nhom cac phuong phap dung GNN [31] bao gdm céc
phuong phap st dung mang than kinh d6 thi dé ma héa
dir liéu bao gdm phwong phap SR-GNN va cac phuong
phép dua trén SR-GNN. Céac phuong phap nay dua trén
ba budc chinh la:

Xay dung @6 thi: chuyén dit ligu phién thanh dir ligu
cac nlt va cac canh, dudi dang cac vector va cac trang
thai an.

Truyén thong tin: bao gdm cac budc:

Truyén ‘thong diép: thu thap thong tin cua cac diém lan
can, chuyén ddi va truyén téi nat ngudn.
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Aggreation: trao ddi dir liéu giira cac nut trong ving
lan can twong tng cua chdng. Mot ndt ngudn, duoc mang
c4c gi4 tri ban dau, nhan dau vao tir cac nat lan can va
thong tin nay dugc truyén qua c4c mang no-ron bién

- Cdp nhdt: Khi nhan dugc nhitng tin nhin nay, moi
n(t s& cap nhat cac gi tri caa minh bang céch xem xét ca
cac gia tri hién tai va théng tin tong hop nhan duoc tir cac
nat lan can.

Khuyén nghi: viéc khuyén nghi c6 thé thuc hién trén
nat, trén canh hodc trén do thi, va sir dung diém hoic
ham xép hang dé khuyén nghi tin tac tiép theo.

Vé kién trac, GNN hién tai bao gom maot sé kién tric
phd bién sau [31]:

- GGNN (gated graph neural network): sir dung mang
neuron hdi quy vai Cell GRU (Gated Recurrent Unit) dé
lan truyén thong tin.

- GCN (graph convolutional network): la mét trong
nhitng kién trac GNN dugc sir dung phé bién nhét va dva
trén hoat dong gidng nhu tich chap dé tong hop théng tin
tir cac nut lan can.

- GAT (graph attention network): sir dung co ché chi
y (attention) dé can nhic tam quan trong cua tung nat 1an
can khi cap nhat biéu din cuaa nat.

Phan tiép theo tap trung md ta mot sé phwong phép
khuyén nghi phé bién tronh nhém GNN bao gdom: SR-
GNN, TA-GNN, GC-SAN va DHCN.

1) SR-GNN

SR-GNN [33] la m6 hinh tién phong da str dung GNN
trong qua trinh phat trlen hé khuyén nghi dua trén phién
dé thu duoc cac vecto tlem an cua cac nat trong mdi biéu
) phién. Ngoai viéc nim bét cau tric phuc tap va
chuyén ddi giira cac muc trong phién, SR-GNN con sir

dung’chlen luoc két hop Ny thich hién tai vai sé thich lau
dai dé du doan hanh vi tiép theo ctia ngudi dung.

Hinh 1. Kién tric SR-GNN

SR-GNN sir dung GGNN dé ma hda cé4c tin muc trong
phién, trong do thong tin ctia mot tin muc sé mang théng
tin ctia cAc nit 1an can trong qua trinh lan truyén. Sau dé,
phuong phéap két hop vector nhing cua phién (s¢ thich
lau dai) vai vector phan tir cuoi cung cua phién (s¢ thich
hi¢n tai) dé thanh vector cudi cung dé du doan tin muc
tiép theo.

2) TA-GNN

TAGNN [32] ghl lai c4c chuyén d6i muc phong phd
trong cac phién va tim hiéu cac vecto niit bang GGNN.
Phuong phép nay mo rong SR-GNN bang cach dé xuét
mot co ché chd y nhan biét myc tiéu mai dé tim hiéu cac
s& thich khac nhau cia nguoi dung ddi véi cac muc muc
tiéu khac nhau.
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Hinh 2. Kién tric TA-GNN

3) GS-SAN

Mot phuong phap khac trong da dé xuat mot mang tu
chd y theo ngit canh cua biéu do (GC-SAN) [35], bt dau
bang cach xay dung cac biéu d6 duoc dinh hudéng dong
tir cac chudi phién va sau d6 ap dung GGNN dé thu thap
cac phu thudc cuc bo giira cac muc bao gdm thong tin
theo ngir canh cua cac phién. Tiép theo, mang tu chd y
(SAN) da dugc st dung dé nim biét sy phu thudc toan
cau gitra chudi dau vao va dau ra ma khong tinh dén
khoang cach caa ching. Cudi cuing, cac mdi quan hé tu
tham du ngin han & dia phuong va toan cuc dugc két hop
dé thé hién phién.

Dynamic Graph Structure Self-Attention Layers Ranking Scores
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Hinh 3. Kién tric GC-SAN

4) DHCN

Dé nim bit dugc thong tin bac cao phuc tap gitra cac
muc trong cac tinh huéng thuc té, cac tac gia trong [34]
da dé xuat DHCN (Mang két hop siéu d6 thi kénh doi).
M6 hinh nay duya trén siéu db thi sir dung cac phép toan
tich chap va tich hop kha ning hoc tap tu giam sat dé tao
ra cac d& xuét dua trén phién chit luong cao. DHCN
thudc 16p cac phuong phap mang tich chap dd thi (GCN).
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Hinh 4. Kién tric DHCN

Vé dong gop chinh, DHCN dua ra khai niém siéu do
thi 1a ma tran twong quan gitra cac nit va cac canh duoc
xay dung tir chudi cac phién cia nguoi ding gilp viéc
ghi nhan nhitng chuyén ddi bac cao gitra cac tuong tc
trong phién cua ngudi dung trong ngl canh toan bo cac
phién. Ngoai ra, phuong phap c6 két hop viéc tu hoc ¢6
gidm sat bang cach két hop viéc huan luyén véi dd thi
canh (line-graph) dé ting cudng do chinh xac.
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V. THUC NGHIEM VA KET QUA

A. Thu thdp va xu ly diz ligu

Noi dung trong phan nay s& mé ta cach thuc thu thap
dir liéu hanh déng cta ngudi dung trén cong thong tin
dién tir va tir do xur ly tao thanh dir liéu phién hoat déng
cua ngudi dung.

1) Mb ta dir ligu

Dt liéu duogc thu thap tir Cong thong tin di¢n tir Hoc
vién Cong nghé Buu chinh Vién thong trong thoi glan gan
3 thang (Twr 26/10/2019 t&i 19/2/2020) qua cac script
duge cai phia may khach va dugc hwu vao dir liéu
mongoDB ctia may chu phan tich.

Dir liéu gém nljiéu thong tin khac nhau cua nguoi
dung truy cap vao cong thong tin di¢n tir nhu céc thong tin
vé thiét bi dung dé truy cap cong thong tin dién tir (may
tinh, may tinh bang, di¢n thoai), trang tin cu thé
(post/page) trén cong thong tin dién tor duge ngudi ding
click chudt vao dai dién boi url caa trang tin, thoi gian
click vao va thoi gian thoat, cac thao tac ctia nguoi dung
trén trang tin bao gom click chuét, 1an chu6t, tai tai liéu,
vung dugc click trén man hinh. Céc thong tin dugC quan
tam trong nghién ctru ndy bao gdom cac tin bai trén cong
thong tin dién i, cac chuyen muc cac nhan chudt vao bai
viét cua thlet bi cta nguoi dung doc tin trén d6. Do nguol
ding trén cong thuong an danh nén viéc xéac dinh nguoi
ding thong qua ID cua thiét bi truy cap vao cong. Dit liéu
bao gom cac truong chinh nhu trong bang 1.

Bang I. Céc trwong di liéu

Trudng dit lidu Kiéu dit lieu | Mo ta dit lidu

userlD String I]? cua Vthlet bi ngudi
dung st dung

itemID int H? cud I{RL nEuoL
dung nhan vao

catelD int Chuyén muyc tin tirc

time unix time T}_101 gian nguoi dung
click

2) Thang ké dir liéu
Dit liéu dugc thdng ké bai cac loai dit liéu va sb luong
cu thé nhu trong bang I1.

Bang Il. Théng ké di¥ liéu Tin bai va Ngudi ding

Loai dit liéu S6 lugng | Ghi chd

Actions (url click) 100176 | Sb click vao url

Devices (users) 42668 | Sb thiét bi truy cap

ltems 941 | Sé URL duoc click

S6 chuyén muc 20 | S6 chuyén myc cua tin tirc

3) Tien xir ly diz liéu

Tién xir ly dix liéu bao gém cac budc:

- Loc dix li¢u can thiét tir tap dir liéu thd, trich ra cac
trudng thong tin vé userlD, urliD, categoryID, timeClick.

- Nhém cac dir ligu giao dich theo nguoi dung, mai
ngudi dung 14 tap cac nhap chudt vao cac bai viét.
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- Mot phién duogc xac dinh la cac hoat dong gan nhau
trong khoang thoi gian cach nhau khong qua 20 phat. Néu
khoang cach gitra cac hoat dong 16n hon 20 phit thi hoat
dong ké tiép xac dinh vigc bat dau mot phién mai. S6
nhip chudt trong phién nam trong khoang tir mot tgi bay
muoi mét.

- Cac phién chi c6 mot click khéng mang nhiéu’y
nghia, do vdy, phién duoc loai bo khoi tap di liéu huan
luyén. Ngoai ra, trong giai doan phan chia tap dir ligu
thanh train, valid va test, cdc muc nam trong tap test ma
khong nam trong tap train s& bi loai bo. Vigc loai bo ciing
dién ra tuong tu Voi cac muc nam trong tap valid nhung
khong nam trong tap train.

Biéu dd thé hién thdng ké dit liéu nhu hinh 5 sau:

8000

6000

4000

S6 lugng phién

2000

2 3 4 5.10 1020 20_end

Sé tin bai trong mot phién

Hinh 5. Théng ké di liéu

Théng ké cho thay s6 luong ngudi ding click vao chi
hai phién chlem da s6. Cac phién bao gom nhiéu click hon
thi Chlem s6 luong it dan. C6 nhom so it nguoi dung duy
tri trén cong tir 10 t6i 20 clicks trong mot phién va rat it
ngudi dung c6 hon 20 clicks trong mot phién. Sé click
chudt trung binh ctia nguoi ding 1a 3.18 clicks trong mét
phién.

B. Chiatgp di liéu va dé do

Dé dam bao tinh théng ké vao tinh khoa hoc, tap dir
liéu da thu thap va xt ly trong phan Il dugc chia thanh 5
tap dir liéu con (PTITL, PTIT2, PTIT3, PTIT4, PTITS),
moi tap duoc chia theo thoi gian xay ra hoat dong cua
phién Tap huan luyén 80%, Test 20% theo thir tu thoi
gian, trong do6 tap Test la tap co thoi gian cua cac phlen
gan nhét. Céc tap dir liéu con déu duoc tién xir ly giong
nhu phuong phap xir Iy trén tap dit liéu ban dau. Théng
ké tap dix liéu phién nhu trong bang I11:

Bang Ill. Chia tap dir liéu

Tép dir liéy| Train Test

Events Sessions Items| Events | Sesions Items|

PTIT1 9607 | 2207 498 | 1838 | 453 223
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PTIT2 9607 | 2757 514 | 2267 | 647 245
PTIT3 9607 | 2768 437 | 1955 | 578 192
PTIT4 9607 | 2913 402 | 2198 | 658 161

PTITS 9607 | 2921 316 | 2359 | 793 94

Thuc nghi¢m st dung d6 do Hitrate (HR), MRR,
Coverage (Cov) va do pho bién (POP). Hitrate 1a d9 do ti
I¢ so khuyen nghi chinh xac trén tong s6 cac khuyén nghi.
HR@K tuong ng véi s6 muc nam trong tap top K muc
duoc khuyén nghi cho mét phién, trén tong so phién trong
tap test.

1Ql
MRR=——$'_1 @)
| Q4= rank;

MRR tuong tu nhu Hitrate nhung tinh téi thu ty cua
muc dung trong Top k muc dugc khuyén nghi. Néu muc
dung nam tai Top 1 thi gié tri phép tinh 1a 1, néu khong s&
nho hon 1.

Do bao phii (Coverage- Cov): sb luong cac muc tin
khéac nhau xuat hién trong top k khuyén nghi. Hé thong
dugc danh gia 1a khuyén nghi tot khi khuyén nghi trai
rong trén tap dir liéu, co6 nghiala Cov lon.

D0 phd bién (POP): do do tan suat cac tin tirc dugc hé
thong khuyén nghi trong tap dir liéu Test. Néu tan suat cao
¢6 nghia 1a cac tin tic dugc khuyen nghi do su pho bién
cua tin tirc. Hé thong dwoc danh giala t6t khi khuyén nghi
dugc nhiing tin tic khdng phd bién, c6 nghia 1a POP nho.

C. Piéu chinh siéu tham sé

Diéu chinh siéu tham s6 thich hop 1a diéu can thiét khi
so sanh cac phuong phap hoc may, do 46, cac siéu tham
s6 dugc dleu chinh cho tit ca cac phuong phap hoc may
v6i tham sb t6i wu 1a MRR @10 . CAc gid tri cua siéu tham

sb duoc lap trong cac tap gia tri duoc ligt ké sau day: s
lang giéng gan nhat k trong tap [50,100,500,1000,1500];
s6 lugng phién gan nhat dé xem xét trong tap:
[500,1000,2500,5000,10000]; d¢ do twong tu (similarity)
trong tap ['cosine','vec’]; ham mat mét (loss) trong tap:
['bpr-max', 'top1-max'], thao tac cudi cung(final_act) trong
tap: [‘elu-0.5"'linear"], dropout trong tap: [0.1 t&i 0.9],
momentum dugc Xét trong tap: [0.1 t6i 0.9]; ti 1€ hoc
(learning_rate) trong tap: [t 0.01 t6i 0.1 va 0.2, 0.3, 0.4,
0.5]; kich co tap con (batch_size) trong tap:
[16,32,64,100], s lan huin luyén toan bo tap dir liéu
(epoch_n) trong tap: [10,20,30], hidden size d trong tap
[16, 32, 64, 128, 256], L2 regularizer trong tap [1, 0.1,
0.01, 0.001, 0.0001].

Do do phuc tap cua tinh toan, viéc diéu chinh siéu
tham s6 dugc thuc hi¢n vei t6i da 1ap 100 lan. Trong mdi
vong lap, cac yéu t6 nhu learnmg rate, drop-out,
momentum va ham mat mét dugc xac dinh dé tim ra MRR
t6t nhat voi do dai 1a 20. Két qua céc siéu tham so cho
mdi phurong phép n nhu bang V.
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Bang IV. Tai nguyén str dung

Nhém Phuong phap Training Time (s) Testing Time (s) Memory Usage
Nhom Baseline AR 0.1788 0.0093 1416872
MC 0.0632 0.0092 1087728
SR 0.1060 0.0091 1410152
CT 3.5326 0.0140 100181040
Nhém KNN SKNN 0.0803 0.0142 8498704
V-SKNN 0.1165 0.0200 9342624
S-SKNN 0.0834 0.0178 9150968
SF-SKNN 0.0982 0.0241 10313176
STAN 0.0927 0.0197 7932168
VSTAN 0.0967 0.0223 8010872
Nhém GNN SR-GNN 296.61 0.0745 30277235
TA-GNN 267.80 0.0672 29578342
GC-SAN 251.48 0.0632 46351374
DHCN 406.92 0.2044 72679875

Bang V. Két qua lwa chon siéu tham sé

Nhom Phuong phap | Hyper-parameter
Co ban AR Khong diéu chinh
MC Khong diéu chinh
SR steps: 2, weighting: div
CT expert: ’DirichletExpert” history maxlen: 20
Nhoém KNN | SKNN k: 1000, sample_size: 5000, similarity: jaccard
VSKNN k: 500, sample_size: 1000, weighting: log , weighting_score: quadratic, idf_weighting: 1
S-SKNN k: 1000,sample_size: 2500, similarity: cosine
SF-SKNN k: 1000, sample_size: 5000, similarity: jaccard
STAN k: 500, sample_size: 1000, lambda_spw: 0.00001 , lambda_snh: 80, lambda_inh: 0.905
VSTAN k: 500, sample_size: 1000 , similarity: ’cosine’, lambda_spw: 3.62, lambda_snh: 100,
lambda_inh: 1.81, lambda_ipw: 0.00001, lambda_idf: 1
Nhém GNN | SR-GNN embedding size d=100, T4t ca cac tham gé dugc khoi tao bang cach sir dung phan phdi Gaussian
voi gia tri trung binh 13 0 va d9 1éch chuan 14 0,1, learning rate: 0.001, batch_size: 100, 12: 10-5
TA-GNN d=100, Tat c4 cac tham sd duoc khoi tao biang cach str dung phén phodi Gaus51an véi gid tri trung
binh la 0 va d¢ léch chuén 1a 0,1, learmng rate: 0.001, batch_size: 100, 12: 10-°
GC-SAN batchSize:50, hiddenSize:120, epoch:10, Ir:0.001, Ir_dc: 0.1, Ir_dc_step:0.3, 12: 10
DHCN embeddmg size d=100, T4t ca cac tham s6 dugc khdi tao bang cach st dung phén phoi Gaussian
V@i gia tri trung binh 120 va d6 1éch chuan 14 0,1, learning rate: 0.001, batch_size: 100, 12: 10

Két qua thuc nghiém tai bang VI véi cac do do:
o e tdr Fah d ’ MRR@K va HR@K véi K = 10, K =5 vaPOP@K ,
uc nghi¢m duoc tien hanh dya trén phan cing may i . e ts g 2 X

chu Google colab vai céc théng s6 ky thuat bao gom: Cov@K véi K=10. Gia duge in ddm la gia trj tot nhat
Chip: 2vCPU @ 2.20GHz (Intel(R) Xeon(R)), Ram: 13G,  trong méi do do. Két qua thir nghiém cho thiy céc phuong
SSD: 100G va chay trén GPU Tesla K80, pci bus id: ~ Ph&p thuoc nhém céc phuong phap GNN van chiém uu

0000:00:04.0, compute capability: 3.7. Thoi gian chay/bg  thé trong cac do do khéc nhau. Nhom KNN ciing cho két

nhé cho céc phuong phap duoc théng ké trong bang V. qua khé tét so véi cac phuong phép con lai, dac biét voi
MRR@5 va HR@S5 thi phuwong phap thudc nhom KNN la

VSTAN cho két qua tét trong nhom céc phuong phap co
ban va nhém KNN. bidu d6 chung to phuong phap
VSTAN thyc hién tdt viéc dua ra sb it cac tin tac phi hop.

D. B¢ phiic tap tinh toan va bg nhé stz dung

E. Két qua thyc nghiém
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Bang VI. Két qué thuc nghiém
Nhém Phuong phdap | MRR@10 HR@10 MRR@5 HR@5 POP@10 Cov@10
Nhom Baseline AR 0.5875 0.7676 0.5329 0.6995 0.1881 0.7556
MC 0.5667 0.7550 0.5604 0.7093 0.1426 0.6991
SR 0.5657 0.7605 0.5589 0.7105 0.1538 0.7194
CT 0.5616 0.7583 0.5561 0.7023 0.3109 0.6035
Nhom KNN SKNN 0.5269 0.7828 0.5163 0.7031 0.1919 0.7608
V-SKNN 0.5871 0.8041 0.5788 0.7424 0.1575 0.8220
S-SKNN 0.5582 0.8063 0.5486 0.7350 0.2111 0.7703
SF-SKNN 0.5432 0.7640 0.5371 0.7183 0.1514 0.6877
STAN 0.5874 0.7888 0.5799 0.7335 0.1804 0.8255
VSTAN 0.5880 0.7904 0.5806 0.7364 0.1598 0.8513
Nhém GNN SR-GNN 0.6080 0.7870 0.5686 0.7582 0.0974 0.8342
TA-GNN 0.5902 0.7995 0.5542 0.7433 0.1775 0.8554
GC-SAN 0.5823 0.7805 0.5653 0.7545 0.1823 0.8589
DHCN 0.6147 0.8156 0.5924 0.7636 0.1768 0.8440

Nhom co ban cho két qua twong ddi tét véi do do
MRR va HR v¢i ca K =10 va K =5. Riéng phuong phap
céy ngir canh c6 d6 do POP lén hon va Cov nho hon
han cic phuong phap con lai, diéu ndy chung to phuong
phap cay ngir canh khuyén ngh1 céc tin tic phd bién va
khong khuyén nghi trai rong cac tin tic. Vé thoi gian chay
va bo nhg s dung, nhém Co ban va nhom KNN cho két
qua kha quan (trir phuong phap ciy ngir canh kém hon),
trong khi nhom GNN c0 thoi gian thuc nghiém va bo nhé
sir dung lén hon han, khéng phu hgp vaéi hé thong can
huan luyén lai trong khoang thoi gian ngan. Trong nhém
GNN, két qua ctia phuong phdp DHCN ndi troi hon do st
dung siéu do thi (hyper-graph) va két hop phuong phap tu
hoc c6 giam sat. Nhém GC-SAN c6 sir dung co ché cha y
cling ¢6 két qua tét trong viéc khuyén nghi bao phu céc tin
muc trong toan bo khéng gian tin tac.

VI. KET LUAN

A. Két lugn chinh

Viéc c6 thé du doan sy quan tdm ngin han cua ngudi
ding an danh trén cong thong tin dién tir di voi mot
phién tryc tuyén c6 ¥ nghia 1on trong thyc té cling nhur
trong nghién ctru trong nhitng nam gan day. Trong bai
bao nay, chung t6i da dat ra va giai quyét bai toan khuyén
nghi tin bai cho nguoi dung an danh trén cong thong tin
dién tr Hoc vién Cong nghé Buu chinh vién thong dya
trén chudi cac hanh dong cua ngudi ding 4n danh trong
mdt khoang thoi gian duge goi la phién.

Bai bao ciing thyc hién thuc nghiém va so sanh nhém
cac phuong phap khuyen nghi dua trén dit li¢u phién pho
blen hién nay bao gdm nhom co ban, nhém K lang giéng
gan nhat va nhom cac phuong phap hoc sau. Thuc
nghiém cho thiy nhom phuong phap GNN sir dung db thi
hoc sau ¢ két qua tot nhat nhung thoi gian huén luyén
lau va sur dung tai nguyén may tinh cao trong khi do6 cac
phuong phdp co ban va cac phuong phap K lang giéng
gan nhat cho két qua twong ddi tot véi thoi gian thyc hién
nhanh (gan nhu tirc thoi) va tai nguyén sir dung thip. Céc
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phuong phap thudc nhém GNN phit hop véi cac hé thong
khong huan luyén dit liéu thuong xuyén con cic phuong
phap thudc nhom co ban va nhom K lang giéng gan nhét
pht hop véi cac hé thng yéu cau huan luyén dir lidu lién
tuc.

B. Huéng nghién citu tiép theo

Céc nghién ctru va thtr nghiém trong bai bao mdi tap
trung vao mo hinh hoéa dir liéu phién véi nhom cac
phuong phap Co ban, nhom phuong phap K lang giéng
gan nhat va mot sé phuong phap thudc nhém s dung
mang than kinh d6 thi. Trong xu thé hién nay, c6 thé ap
dung md hinh ngén ngir 16n (LLM) dé két hop xay dung
cac phuong phap khuyén nghi.

Mot hudng nghién ciru ¢ thé phat trién tir bai bao la
két hop dir liéu phién v&i cac dir liéu khac dé tang tinh
chinh xac va kha ning cta hé khuyén nghi nhu dit liéu vé
ngit canh, dir lidu vé ndi dung, dir liéu ho so nguoi ding.
Su két hop cua dir liéu phién véi cac loai dir li¢u khac co
thé dem lai nhitng két qua kha quan hon cho bai toan
khuyén nghj tin tic cho nguoi ding trén cong thong tin
dién tir.
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RESEARCH ON NEWS RECOMMENDATION

METHOD ON ELECTRONIC INFORMATION

PORTAL BASED ON SESSION DATA USING
GRAPH NEURAL NETWORK (GNN)

Abstract: An electronic information portal is an online
system or website designed as a single access portal,
helping users connect to the organization's information
and services. To personalize the experience and enhance
content recommendation on web portals,
recommendation systems are a popular solution.
Traditional recommendation methods often rely on data
collected over long periods of time from anonymous
users. However, with electronic information portals, most

TAP CHI KHOA HQOC CONG NGHE THONG TIN VA TRUYEN THONG 128


https://doi.org/10.1145/3568022

Nguyén Hoang Anh

users are anonymous, making it difficult to apply these
traditional methods. Session-based recommendation
(SBR) focuses on predicting the next item at a given
time. Since user profiles are often not available in this
case, capturing user intent during item transitions is key.
In this study, we solve the news recommendation
problem on the Posts and Telecommunications Institute
of Technology web portal based on users' sequential data.
We research and evaluate a group of popular session data
recommendation methods including basic grouping, K-
nearest neighbor grouping, and grouping using the deep
learning graph network GNN. The results show that the
methods belonging to the GNN group have better results
than the machine learning methods belonging to the basic
group, while the methods belonging to the basic group
and the K neighbor group give relatively good results
while taking longer. Running time and resources used are
much less.

Keywords: Electronic information portal;
Recommendation system; Session data; Graph neural
network.
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