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Tém tit: Cong thong tin hay cong thong tin dién tu
(Web portal) 1a mot hodc mot nhoém trang web ma tir d6
nguoi truy cap c6 thé d& dang truy xuat cac trang web va
cac dich vu thong tin khac trén mang may tinh. Cong
thong tin dién tir can dam béao cac tinh nang vé cung cp
noi dung, phén loai ndi dung va ca nhan héa noi dung.
Mot trong nhitng phuong phap dé ting cuong gidi thiéu
nodi dung dén nguoi doc va ca nhan hoa trén cong théng
tin dién tur 1a dung hé khuyén nghi. Hé khuyén nghi theo
cic phuong phap truyén thong thuong sir dung dir lidu
duoc thu thap trong khoang thoi gian dai cia nguoi dung
dinh danh. Tuy nhién, trén cong thong tin dién tir kho
thuc hién diéu d6 vi da s nguoi dung 4n danh, do d6 kho
ap dung cac phwong phap truyén thdng. Mot giai phap
cho van dé nay la giai phép khuyén nghi dua trén phién
hoat dong cua ngudi dung, trong d6 dir liéu 1a mot chudi
céc hoat dong tuan ty cua ngudi ding trong mot khoang
thoi gian xac dinh goi |a phién. Trong nghién cuu nay,
chiing t6i giai quyét bai toan khuyén nghj tin tac trén
Cong thong tin dién tr Hoc vién Cong ngh¢ Buu chinh
Vién thong dya trén dir lidu phién cua nguoi ding an
danh. Chang t6i nghién ctu va danh gid nhom céc
phuong phap khuyen nghi trén dir liéu phién pho blen
hién nay bao gdm nhom co ban, nhém K lang giéng gan
nhét, nhém hoc sau. Két qua cho thiy cac phuong phép
thugc nhém hoc sau c6 két qua tét hon so véi cac phuong
phdp hoc may thuoc nhom co ban trong khi d6 cac
phuong phap thudc nhém co ban va nhém K lang giéng
cho két qua twong ddi tét trong khi thoi gian chay va tai
nguyén st dung it hon han.

Tir khéa: Cong thong tin dién tir; Hé khuyén nghi;
Khuyén nghi theo phién.

I. GIOITHIEU

Cong thong tin dién tur la cAc trang web phong phu Ve
thdng tin, thu thap nhiéu thdng tin hitu ich tir cac ngu0n
khac nhau vao mot trang Web “mot cira” duy nhat va
cung Cap no ¢ 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
o nhitng dac diém: cong théng tin lay nguoi ding lam
trung tam, c6 nghia la c6 kha ning ca nhan hoa theo nguoi
dung, cho phép nguoi dung ty t6 chirc thong tin; nguoi
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dung va cong thong tin cd thé tuong tac qua lai; thdng tin
trén Cong duoc Cap nhat thuong xuyén bgi chu so hitu.
Vién dé dap Lrng cac yéu cau do cua Cong thong tin duoc
dat ra boi cac nha nghién ctu va cac nha phat trién hé
théng COng thong tin. M6t trong nhung giai phap dugc dé
cap dén 1a ap dung hé khuyén nghi vao trong cong thong
tin dién tur.

Hé khuyén nghi (Recommender system) Ia hé théng
cho phép du doan trudc danh gia ciia nguoi dung ddi Véi
mot muc tin hoac mot noi dung nao do6 [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 néi 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 s6 nho sy tro giup cua h¢ thong. Theo
cach phan chia truyén thong, hé khuyén nghi duoc chia
thanh cac phuong phap: khuyen nghi duya trén loc cong tac
[5], khuyén nghi dua trén noi dung [6], va hé khuyén ngh1
lai. Phu’orng phap loc cong tac s dung ma tran danh gia
cua nguoi dung dbi véi san pham dé dy doan danh gia cua
ngudi ding cho nhiing san phiam chua duoc danh gia
trong khi phuong phap loc dua trén noi dung khuyen nghi
céc san pham c6 noi tu’ong tu V&i tin muc nguoi dung da
thich hoac tin tirc nguoi dung da doc ma khoéng phu thuoc
vao danh gia ctia nguoi dung khac vé tin myc do. Phuorng
phép khuyén nghi lai [7] 1a phuong phép két hop céc
phuong phap trén dé dua ra san pham duogc khuyen nghi
cho nguol dung. Cac phuong phap khuyen nghi ké trén
chu yéu su dung dir liéu nguoi dung va tin muc duge luu
lau dai trong hé théng.

Trong nhiéu linh vuc ung dung cia hé khuyén nghi,
cac mo hinh nguol dung dai han thuong khong c6 san cho
phan lén ngudi ding, vi du nguol ding lan dau ghé
website hoac COng théng tin, nguoi dung lan dau mua
hang, hodc nguoi dung khong dang nhap vao hé théng. Do
do, cac dé xuat phu hop phai duge xac dinh dua trén cac
loai thong tin khac, thuwong 1a cac tuong tac gn day nhat
Clia nguoi dung véi cong thong tin dién tir theo mot cach
tuan ty trong mot khoang thoi gian han dinh goi la phién.
Cac phuong phap khuyén nghi dua trén phién la phuong
an giai quyét hiéu qua bai toan khuyen nghi cho nguoi
dung an danh hodc nguoi ding méi khi hé thong chua co
hoic khdng c6 théng tin l1au dai cia nguoi dung.

Cong thong tin Hoc vién Cong ngh¢ Buu chinh Vlen
thong (www.ptit.edu.vn) 13 noi cung cip thdng tin vé cac
hoat dong dao tao, cong tac giao vy, nghlen ctru khoa hoc,
tuyén sinh dén sinh vién, dén cén bo va dén nhimg dbi
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tuong quan tim dén hoat dong nghién ciu dao tao cua
Hoc vién. Nguoi doc truy cép vao cong thong tin Hoc
vién Cong nghé Buu chinh Vién thong dé doc, theo doi va
tim kiém thong tin. Da sO nguoi dung trén cong thong tin
dién tur déu khong c6 tai khoan ma thugc ve déi tugng
ngudi ding an danh (chi duoc xac dinh qua thiét bi truy
cap) Bai toan dit ra la khuyén ngh1 tin bai phu horp cho
nguoi doc trong truong hop nguoi ding méi vao cong
thdng tin va khong c6 tai khoan trén hé thong.

Nghlen clru nay dé xuat giai phap khuyén nghi tin tic
cho nguoi dung an danh trén cong thong tin dién tir cua
Hoc vi¢n Cong ngh¢ Buu chinh Vién théng. Cac nhom
phuong phap khuyen nghi tap trung vao xac dinh s¢ thich
ngan han cua nguoi ding thong qua chudi tuan tu cac hoat
dong cua nguoi dung trong mot khoang thoi gian ngan
xé4c dinh goi la mot phién. Thong qua phan tich ve nguoi
dung an danh d6, cac phuong phap khuyén nghi dua trén
phién hi¢n tai ctia nguoi ding s€ goi Y tin tac tiep theo ma
ngudi ding 4n danh nén doc trong phién. Nhom céc
phuong phap khuyen nghi dya trén phién la nhom cac
phuong phap phd bién hién nay bao gém nhém céc
phuong phép co bdn, nhom céc phuong phap str dung K
lang gleng gan nhit va nhom céc phuong phép str dung
hoc sau. Két qua thuc nghiém cho thay kha nang khuyen
nghi tin tac phu hop cho ngudoi dung an danh trén cong
thong tin dién tir véi d6 chinh xac kha cao.

Phan tiép theo cua bai bao dugc cau tric theo cac muc
bao gom: Muc Il céc nghién ctru lién quan; muc I trinh
bay noi dung vé cong thong tin dién tir va bai toan khuyén
nghi trén cong thong tin di¢n tr cho dit ligu dua trén
phién; myc IV dua ra phén tich vé cac nhém phuong phép
khuyen nghi dua trén dix liéu phién pho blen hién nay bao
gom nhém co ban, nhom K lang gieng gan nhat va nhém
dwa trén cac phuong phap hoc sau. Két qua thyc nghiém
duoc thyc hién & muyc 1V thé hién két qua khuyén nghi
trén dir liéu cong thong tin dién tir da thu thap duoc. Nhan
xét vé két qua thuc nghiém, danh gia gitra cac phuong
phép dugc dua ra trong muc VI.

Il. CAC NGHIEN CUlPU LIEN QUAN

Cong thong tin dién tor 1a ddi tugng c6 trong cac
nghién ciru han 1am. Tu nhitng nam 1970, Yu va cac cong
su [1] da chi ra kién trac, dic diém cia cong thong tin
dign tir, o chinh 1a ctra ngd, 1a noi trén cung (on-top) ma
ngudi ding co thé tim kiém va truy XUét thdng tin tir cac
nguon khac nhau ¢ sau canh cong do. Dén nhiing nim
2000, céc nghién ctu Ve cong thong tin dién tur tap trung
vao cac dac tinh cua Cong thong tin dién tir Vi tuong tac
Cla ngu’orl diing trén cong. Mansourvar va cac cang su [2]
chi ra cac loai cong thong tin dién tir khac nhau va cac dac
tinh caa céng thong tin di¢n tr nhu: khd néng tim kiém,
kha nang cung cap thdng tin va kha nang tiy bién hoa
theo ca nhan ngu’orl dung. Cac yeu cau can d4p 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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Hé khuyen nghi la giai phap phu hop cho cac h¢ thong
nhu cong thong tin khi s6 lugng thong tin va s6 lugng
ngudi dung c6 rat nhidu. Hé khuyén ngh; trong truong
hop nay s€ gilp nguoi dung Iya chon cac thong tin phu
hop véi s thich khi luong thong tin bung no [3]. H¢
khuyén nghi theo céac phuong phép truyén thong dugc
phén chia thanh hé khuyen nghi dya trén loc cdng 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 dir liéu lau dai cua nguoi dung va mo hinh tuong
tac lau dai gitra nguoi dung va tin muc. Tuy nhién, véi cac
dac diém cua cong thong tin dién t& nhu da néu, mo hinh
dir ligu nguoi ding lau dai thuong khd kha thi. Céac
phuong phap dé giai quyét van dé nay c6 dé cap dén sur
dung md hinh ngan han cua nguorl ding hay nhitng tuong
tac trong ngén han caa ngudi ding dbi véi 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 su 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 cling dwoc sir dung cho cac van dé
khuyen nghi muc tiép theo trong thuong mai dién tir hoac
mién am nhac.

Trong nhiing nghién cuu gan day, c6 nhiéu céch tiép
can hoc dit liéu tuan tu phuc tap hon dugc nghién ctu va
trién khai. Céc cach tiép can dé mo hinh hda dir ligu tuan
tu thuong dya trén md hinh chudi Markov [11][12] hoic
mang no ron hoi tiép [13][14][15]. Céac nghién cau nay
dugc ung dung trong cic linh vuc thuong mai dién tir va
am nhac. Mot trong cac tiép can sém nhat dua trén qué
trinh quyet dinh dya trén chudi Markov duoc dua ra boi
Shani va cac cong su [16]. Nghién cau nay chi ra gia tri
cua viéc s dung dir liéu tuan tu trong linh vyc thuong
mai di¢n tir nhung cling cho thay rang mo hinh dya truc
tiép trén chuo| Markov khong thé ap dung truc tiép do su
thua thét vé mat dir liéu Do d6, nghién clru cling dé cap
t6i mot vai phuong phap meo dé vuot qua vain dé d6. Mot
thach thae khac khi st dung dang mo hinh nay la sir dung
bao nhiéu tuong tac trude d6 dé doan tuong tac tlep theo.
Vai tac gla str dung hdn hgp md hinh Markov blen thién
(VMM) va mé hinh cdy ngir canh dé giai quyét van dé
chiéu dai chudi bién thién [16][17].

Nhitng nghién ctu gan day nhat cho md hinh héa dit
liéu tuan tu dya trén RNN. Zhang va cac cong su [18] s
dung RNN dé du doan click chudt tiép theo cua ngudi
dung trong linh vuc quang cao. Hidasi va cac cong su la
trong nhitng nhém dau tién sir dung don vi hdi tiép co
cong (GRU4REC) [13] la mot dang dic biét cua RNN aé
khuyén nghi hanh dong tiép theo cua ngudi ding. Phuong
phép nay dugc goi la GRU4REC sau d6 dugc mé rong
theo nhicu cach khac nhau trong [19] va [20]. Bén canh
do, Jannach va cac cong sy [21] chi ra rang cac phuong
phap khuyen nghi cho dix li¢u tudn tu dya trén K lang
giéng gan nhat cho két qua canh tranh véi nhém
GRUA4REC. Trong nghién ctru do, nhom thuc hién thyuc
nghiém véi bién thé mai nhét cua GRU4REC va mét $6
bién thé cua phuong phéap K lang giéng gan nhat.

Trong bai bao nay, ching toi tiép can dua trén phan
tich ddc diém cét 16i ctia cong thong tin di¢n tar la nguoi
ding an danh nhung van dam bao duoc tinh riéng, tuy
bién cho mdi nguoi ding dé dé& xuét giai phap khuyén
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nghi. Nghién ctu cua ching t0i tap trung dé xuit giai
phép khuyén nghi tin tic cho cong thong tin dign tir cua
Hoc vi¢n Cong ngh¢ Buu chinh Vién théng trén tap dir
liéu twong tac cuia nguol dung an danh thu thap dugc bang
nhitng phuong phap va nhém phuong phép phd bién va
tién tién hién nay.

lll. KHUYEN NGH| TREN CONG THONG TIN BIEN
TV

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& hai.... . Cong
thong tin dién tur chinh la cia ngd (gateway) dé nguoi
dung qua d6 truy cap cac dich vu thong tin, cac san pham
dich vu cua to chir, ctia doanh nghi¢p. Cac thdng tin, sin
pham va dich vy 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 théng tin thanh ba nhom dich vu
khac nhau bao gém:

- Search: Dich vu tim kiém 1a dich vu rat quan trong
cua cong thdng tin, dic vu duoc thuc thi béi cac phuong
phép tim kiém cua cong thong tin hoac c6 thé dugc hd trg
tr bén ngoai (nhu google).

- Information: cong théng tin cung cap 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 ;m nay ma khdng can c6 talrkhOan
va mat khau ma chi can thao tac don gian la nhan vao
duong lién két (link) trén cong thong tin. Dé thyc hién
dugc viéc nay, COng thong tin can dugc chia thanh cac
muc (categories) va cac tin muc/san pham can dugc nguoi
quan tri phan vao cac muc da duoc phan chia trude do.

- Personal Service: Dich vu nay cho phép nguoi dung
tly bién theo mong mudn trén cong thong tin. Dé thuc
hién duoc dich vu nay, thong thuong nguol dang phai
dang ky trén cong thdng tin bang tai khoan va mat khau.
Khi ding nhap tai khoan va mat khéu riéng, ngu’OI ding
trén cong thong tin dién tir c6 thé nhan dwoc cac noi dung
tuy bién nhu chat, email, cac dich vy dugc phep st dung
hoic c6 thé tiy bién glao dign theo s thich ca nhan. Tuy
nhién, viéc tiy bién nay lam glam toe do  truy cap dang ké
do phal xem Xeét tai khoan va phan quyén trudc khi hién
thi va cung cap dich vu.

Mong mudn cua hé théng cong thong tin dién tir 1a
cung cap théng tin phd hop véi ngudi ding, ké ca nguoi
dung khong tao tai khoan mot cach nhanh chong va dang
véi moi quan tdm cua nguorl dung nhét, tir d6 tang luu
lugng truy cap va thaoi gian stir dung ctia ngudi dung.

B. Baitoén

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 tu la tuong d6i kho khan vi lwong théng tin trén cong
thucng rat nhiéu va duoc cap nhat méi lién tuc. Hon nita,
trén Cong thong tin dién tir ve tin tac, nguoi dung thuorng
khong c¢6 xu hudng tao tai khoan déng nhap ma thuong co
xu huéng chi doc (khdng tao tai khoan hay an danh). Do
d6 viéc ndm bit sé thich 1au dai cua ngudi dung trén cong
thong tin dién tar 12 kho kha thi.
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M@t trong nhirng phuong phap phd blen dé tang cuong
thong tin hitu ich cho nguoi ding trén cong thong tin dién
ta chinh 1a ap dung h¢ khuyen nghi [4]. Tuy nhién,
phuong phap dugc dé cap dua trén md hinh moi quan tam
tuong tw Cla ca nhan ngudi ding hodc theo nhém nguoi
ding str dung dir ligu nguoi dung dugc ghi nhan lau dai
trén hé thong. Ngoa| ra, moi quan tam cua ngu’Ul dung
thay doi theo thoi gian, do do, néu sir dung mé hinh mébi
quan tam dai han cta ngum dung s& khdéng phu hop voi s&
thich ngan han cua nguoi dung. Bai toan dat ra ¢ day la
can xéc dinh dugc s¢ thich ngan han cua nguoi dung an
danh trén Cong thong tin dién tir va dua ra khuyén nghi vé
hanh d6ng tiép theo cho nguoi dung dya trén chuoi cac
hanh dong dang dién ra ctia nguoi ding d6. Bai toan duoc
dat ra nhu dudi day.

Pau vao:

- Phién cua nguoi dung bao gom:

L ={Vy,s Vv KV, €V)

trong d6 v; €V latap tin tic trong tap tin tic V .
- Tap tat ca cac phién L

- Ngir canh ¢ trong tap ngir canh C.

Pau ra:

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

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

IV. CAC PHWONG PHAP KHUYEN NGHI

Wang va céc cong su [23] da tong hop trong mot khao
sét vé bai toan khuyén nghi dua trén phién (Session-based
Recommender Systems) bao gom md ta vé phién, bai toan
va nhom cac phuong phap khuyén nghi dya trén dir liéu
phién. Trong bao cao [24], Ludewig va cac cong su ciing
da tién hanh thyc nghiém nhém cac phuong phap khuyen
nghi dua trén dit liéu phién cho cac tap dir liéu tiéu chuan
nhu 8TRACKS, AOTM, NOWPLAYING, RSCI15,
TMALL. T viéc phan tich c&c két qua nghién cau, nhém
nghién ciru phan cac phuong phap khuyén nghi theo ba
nhoém nhu sau: Nhém co ban bao gom cac phucmg phap
dua trén quy tic xuat hién dong thoi cua cac muc trong
phién, cac phuong phap trong nhom nay bao gom Luat ket
hop don gian, Chudi Markov, Luat tuan ty va Cay ngir
canh; nhém K lang giéng dua trén sy twong dong giira cac
phién trong tap dix liéu, cac phuong phap trong nhém bao
gom K lang giéng dua trén phién-SKNN va cac bién thé
cua phuong phap nay nhu V-SKNN, S-SKNN, SF-
SKNN, STAN, V-STAN; Nhom cac phuong phap dua
trén cac phuong phap hoc sau. Trong cac phuong phap
hoc sau, phuong phap GRU4Rec 2016 1a phuong phéap co
s@, hau hét cac phuong phap khac trong tap xem xét deu
phét trién tir phuong phap nay.

A. Nhom co ban

1) Phwong phdp ludt két hop don gian (AR)

Luat két hop don gian la phién ban don gian cua ky
thuat khai pha luat kétrhgp v{yi luat Ion nhat caa 2 [24].
Phuong phép dugc thiet ke dé do do thuong xuyén cung
xay ra cua hai sy kién.
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Dau vao:

- Tap phién trong qua khu: S _p

- Mot phién s hién tai ciia nguoi dung

Pau ra:

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

S=(S,,S,---,S,,) : Mot phién trong tap cac phién, bao
gdm cac phan tir (cac muc) S,,S,...,S,, -

S, : latap cac phién trong qua kh

Sq - muc cudi cung trong phién s

Céch tinh diém cta mot muc i v6i mot phién s :

score, (i,8) = A*B

A= L )

ilEQ (S|s|’ pI( p[-1)

ES i %lEQ(%SI’ Pl py)

x=1 y=1

Trong d6 1, (@,b) co gié tri bing 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 cua phuong phap
AR, tap trung vao sy ndi tiép trong dix lidu. Luat cua chudi
theo X&c suat chuyén gitta hai sy ki¢n con trong phién.
Phuong phép xac dinh s lan sy kién muc g xuit hién

ngay sau muc p, cang nhiéu lan thi trong s6 cua cap
p,Q cang cao.

A*B

A= L @)

Zpesp lpl 1 EQ (S|s\ px)
|pl-1
= Z ZlEQ (S|s\’ px)'lEQ @, px+1)

peS, y=l
Ham e, (S P,)-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.

score,c (i,S) =

3) Ludt tuan tw (Sequence Rules — SR)

Phuong phap luét tuan tu (SR) c6 thé coi luat tuan ty
la bién thé cua phuong phap AR va phuong phap MC.
Phuong phép nay dé y dén thtr tu xuat hién cua cac muc
trong chudi nhung kém chat ché hon. Phuong phap 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)
Y, Znleo(ar PIX

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 budc (s muc) tir phién
p tai phién q.

4)  Phuwong phdp Cay ngir canh (Context tree)

Phuong phép phi tham sb dya trén cau tric goi la cay
ngix canh [25]. Phuong phdp cay ngir canh duoc dé ra ban
dau cho vigc nén khong mat mat thong tin. Day la phuorng
phap phi tham s6 dua trén md hinh Markov c¢6 céc bién
theo thu tur.

B. Nhém K lang giéng gan nhat

Nhém K lang giéng gan nhét dugc dac trung bi viée
tim tap hop k phién twong dong nhat so véGi phién 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 so sanh toan bo
phién hién tai (bao gdm tat ca cac muc tin) voi cac phién
trong qué khu trong tap dir liéu huan luyén dé xac dinh
muc s& khuyén nghi.

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

SCOregy (i,S) = ZneNs sim(s,n).1, (i) 4)

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

Sau d6, diém cua cac muc i dugc sip xép theo thir tu
tir 16n dén nho va chon ratop k muc dé khuyén nghi.

2) Nhom SKNN mo réng

Nhém SKNN mé rong bao gom cac phwong phéap V-
SKNN, S-SKNN va SF-SKNN. Theo md ta, phuong phap
SKNN khong tinh t6i thir tw cua cac tin muc trong mot
phién khi sir dung chi s6 Jaccard hodc do ‘tuong tu Cosine
dé do khoang cach. Do d6, thir tw cua cac tin muc trong
mot phién co thé 1a mot yeu t6 co the xem xét. Theo do so
thich ciia ngudi diing c6 thé thay ddi trong mot phién, phu
thuoc vao nhung tin muc ho da xem. Nhom SKNN md
rong gom cac phuong phap nhu sau:

Phuwong phap VSKNN (Vector Multlpllcatlon Session-
Based kNN): y tuong cia phuong phap nay la nhan manh
vao nhiing tin myc gan hon khi tinh toan do tuong ty.
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Thay vi md hoa mot phién theo dang nhi phan, phuong
phap chi ma hoa tin muc cudi ciing thanh trong chudi 1,
trong s cua cac tin muc khac trong chudi dugc ma hoa
thanh nhiing s 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 sé vao phan tir xuat
hién phia sau trong phién. Cong thirc tinh diém nhu sau:

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

Phuong phap tinh tht ty ctia muc trong phién hang
x6m gan nhat théng qua trong sé w, (s) . Trong tat ca cac
phién hang xom cua phién s c6 chta muCI vi tri cia
muc i cang vé cudi phién thi diém trong sé cua muyc i
véi 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 phép 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 g (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 muyc c6 thé dugc khuyén nghj trong phién
hang x6m gan nhat.

4) VSTAN

Phuong phap VSTAN la y tuong két hop cua STAN
va V-SKNN theo céch tlep can don lé. Phuong phép nay
ket hop tat ca ba dic diém da dé cap trén day cua STAN,
vbn da co mot s6 diém tuwong dong véi phuong phéap V-
SKNN. Thém vao do, viéc tinh gié tri cac muc bing sb
thuc ¢6 ap dung gia tri giam dan theo ham tuyén tinh tir
V-SKNN s¢& duoc ap dung tai VSTAN

C. Nhoém hoc sau

1) Phuong phdap GRU4REC

Str dung RNNs dé md hinh héa chudi nguoi dung cho
hé khuyén nghi duya trén phién [13]. Phuong phép nay st
dung Gated Recurrent Units (GRU) dé xir ly van dé phat
gradlent Sau d6, k¥ thut nay duoc cai thién bing cach sur
dung cac ham mét mét hiéu qua (CIKM °18).

Topl:L, =—Ni21.”jla(p,- -p)+ao(p;) ™
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BPR:L, = —NiZijllog(a(pj -p)) ®)

2) Phuong phdap NARM

M& hinh nay mé rong GRU4REC va cai thién mé hinh
héa phién cua né voi viée gisi thieu bo mé héa hon hop
Vi co ché cha y (attention mechanism) [28]. Co che cha
y dac biét dugc sur dung dé xem xét cac muc xuét hi¢n
trude do trong phlen va twong ty v&i muc dugc nhap cudi
cung. DBiém cho moi muc tng vién duoc tinh véi mot so
do’khcp song tuyén duya trén viéc biéu dién phién théng
nhat.

3) Phuwong phdp STAMP

Nguoc lai v6i NARM, phuong phap STAMP khong
dya trén RNN. M hinh chd ¥ ngan han/uu tién b nhé
dugc dua ra c6 kha niang cac moi quan tam cua nguoi
dung noi Chung tir b6 nhd dai han va cting can nhic t6i
nhitng moi quan tam hi¢n tai cua nguoi dung tir bo nhé
ngan han [29]. Méi quan tam noi chung cla nguol dung
duoc ghi ¢ bo nhé ngoai dugc xay dung tir tat ca cac click
clia nguoi dung trong qua khir (bao gom ca cac click gan
day). Co ché cht y duoc xay dyng trén cac click gan day
nhat cta nguoi dung, thé hién mdi quan tam hién tai.

4) Phuwong phip NEXTITREC

M®d hinh nay str dung mang CNN thay vi mang RNN
nhu cic m6é hinh hoc sdu khac [30]. M& hinh sinh
(generative model) dugc thiét ké dé ma hoa tu’orng minh
su phy thudc giita c&c muc ma cho phép danh gia tryc tiép
phan phéi cua chudi dau ra.

5) Phuong phdp SR-GNN

Phuong phap SR-GNN [31] ‘md hinh héa cac chu0|
phién thanh dir liéu do thi c6 cau tric. Dya trén do thi
phlen SR-GNN c6 thé ghi lai qué trinh chuyén déi glua
C4Cc muc va tao ra cac vector nhung tuwong tng cua Cac
muc — la dleu kho dugc phat hi¢n boi cac phuong phép
chudi truyén théng nhu phuong phap dua trén chudi
Markov hay cac phuong phap dya trén RNN.

V. THUC NGHIEM VA KET QUA

A. Thu thdp va xu ly diz ligu

Noi dung trong phan nay s& mo ta cach thuc thu thap
dir liéu hanh dong cua nguoi dung trén cong théng tin
dién tr va tr @6 xt ly tao thanh dit liéu phién hoat dong
cua nguoi dung.

1) Mb td dir ligu

Dir liéu duoc thu thap tur Cong thong tin di¢n tir Hoc
vién Cong nghé Buu chinh Vién théng trong thoi gian gan
3 thang (Tu 26/10/2019 t6i 19/2/2020) qua script duoc cai
phia may khach va duoc luu vao dir ligu mongoDB cua
may chu phén tich.

Dir ligu gom nhleu thdng tin khac nhau cua ngudi
dung truy cap vao cong thong tin di¢n tir nhu cac 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 tur dugc nguoi dung
click chuot vao dai dién baéi url cua trang tin, thoi gian
click vao va thoi gian thodt, cac thao tac cua ngudi dung
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trén trang tin bao gém click chudt, lan chudt, tai tai ligu,
vung duge click trén man hinh. Céc thong tin dugC quan
tam trong nghién ciru nay bao gém cAc tin bai trén cong
thong tin di¢n tu, cac chuyen muc cac nhan chudt vao bai
viét cua thlet bi clia nguoi dung doc tin trén d6. Do nguorl
ding trén cong thudng an danh nén viéc xéac dinh nguoi
dung thong qua ID cua thiét bi truy cap vao cong. Dir liéu
bao gom céc trudng chinh nhu trong bang I.

Bang I. Céac truong dix liéu

Truong dir ligu | Kiéu ditlidgu | Mo ta dir ligu

userID String ID cta thict bj ngudi
dung str dung

itemID int ID ciia URL ngudi
dung nhan vao

catelD int Chuyén muc tin tirc

time unix time Thoi gian nguoi ding
click

2) Thong ké dir liéu
Dit liéu duoc théng ké bai cac loai dir ligu va sb lugng
cu thé nhu trong bang 11.

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

Loai di liéu Sé lugng | Ghi chd

Actions (url click) 100176 | Sb click vao url

Devices (users) 42668 | Sb thiét bi truy cap

Items 941 | S6 URL duge click

S6 chuyén muc 20 | S6 chuyén muc cta tin tic

3) Tien xu ly da liéu

Tién xu ly dit liéu bao gdom cac budc:

- Loc dir liéu can thiét tir tap dit liéu tho, trich ra cac
truong théng tin vé userID, urllD, categorylD, timeClick.

- Nhom cac dir ligu giao dich theo nguoi ding, mai
ngudi dung 14 tap cac nhap chudt vao cac bai viét.

- Mot phién dugc xac dinh la céc hoat dong gan nhau
trong khoang thoi glan cach nhau khong qua 20 phat. Néu
khoang céach glua cac hoat dong Ién hon 20 phut thi hoat
dong ké tiép xac dinh vigc bat dau mot phién mai. S6
nhap chugt trong phién nam trong khoang tir mot toi bay
muoi mot.

- Céac phién chi c6 mét click khong mang nhiéu y
nghia, do vy, phién duoc loai bo khoi tap di liéu huan
luyén. Ngoai ra, trong giai doan phén chia tap dir liéu
thanh train, valid va test, cac myc nam trong tap test ma
khong nam trong tap train sé bi loai bo. Vigc loai b cling
dién ra tuong ty Véi cac myc nam trong tap valid nhung
khéng nam trong tap train.

Biéu dd thé hién thdng ké dit liéu nhu hinh 1 sau:
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Hinh 1. Théng ké di liéu

Théng ké cho thay s6 luong nguoi ding click vao chi
hai phién Chlem da 0. 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 tGi 20 clicks trong mot phién va rat it
ngudi dung c6 hon 20 clicks trong mot phién. Sé click
chuot trung binh cta nguoi dung la 3.18 clicks trong mét
phién.

B. Chiatgp dir liéu va do do

DPé dam bao tinh thong ké vao tinh khoa hoc, nhém
nghién cau chia tap dir liéu da thu thap va xa ly trong
phan 111 thanh 5 tap dit liéu con (PTITL, PTIT2, PTIT3,
PTIT4, PTIT5), mdi tap duoc chia theo thoi gian xay ra
hoat dong cua phién: Tap huan luyén 80%, Test 20% theo
tha tu thoi glan trong d6 tap Test la tap co thoi gian cua
cac phlen gan nhat. Céc tap di liéu con déu duoc tién xur
ly giong nhu phuong phép xir ly trén tap dir li¢u ban dau.
Thong ké tap dit liéu phién nhu trong bang I11:

Bang lll. Chia tap di¥ liéu

Tap dit liéy| Train Test

Events| Sessions| Items| Events | Sesions| Items|
PTIT1 9607 | 2207 498 | 1838 | 453 223
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 nghiém st dung d6 do Hitrate (HR), MRR,
Coverage (Cov) va do pho bién (POP). Hitrate 1a d¢ do ti
I¢ so khuyen nghi chinh xac trén tong s6 cac khuyén nghi.
HR@K tuong ing Vvoi s muc nam trong tap top K muc
duoc khuyén nghi cho mét phién, trén tong s6 phién trong
tap test.

1Ql

MRR =— L L 9)

|Q |4 rank;

MRR tuong ty nhu Hitrate nhung tinh téi the ty cua
muc ding trong Top k muc duoc khuyén nghi. Néu muc
dung nam tai Top 1 thi gia tri phép tinh la 1, néu khong s&
nho hon 1.

Do bao phi (Coverage- Cov): sb lwong cac muc tin
khéc nhau xuét hién trong top k khuyén nghi. Hé théng
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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
Nhoém 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
Nhom Deep Learning | GRU4REC 303.66 0.0176 3787600
STAMP 190.29 0.0107 31910832
NARM 714.84 0.0177 46222768
Nextitrec 1189.78 0.0178 28985224
SGNN 346.30 0.0078 113991400
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
Nhom 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
Nhom hoc GRU4REC loss: "top1-max’, final act: ’linear’, dropout_p hidden: 0.5, learning_rate: 0.02, momentum:
Ssau 0.0, constrained_embedding: True
STAMP init_Ir: 0.0007, n_epochs: 20, decay_rate: 0.8
NARM epochs: 20, Ir: 0.007, hidden_units: 100, factors: 50
Nextitrec learning_rate: 0.006, iterations: 20, is_negsample: True
SGNN hidden_size: 100, out_size: 100, step: 1, nonhybrid: True, batch_size: 100, epoch_n: 10,
batch_predict: True, Ir: 0.004, 12: 3.00E-05, Ir_dc: 0.36666667, Ir_dc_step: 3

dugc danh gia 1a khuyén nghi tot khi khuyén nghj trai
rong trén tap dix liéu, c6 nghiala Cov lon.

Do phéd bién (POP): do do tin suét cac tin tac dugc hé
thong khuyén nghi trong tap dit liéu Test. Néu tan suat cao
¢6 nghia 1a cac tin tirc duoc khuyen nghi do su pho bién
cua tin tirc. Hé thong dugc danh gia la tot khi khuyén nghi
dugc nhiing tin tirc khéng pho bién, co6 nghia la POP nho.

C. Piéu chinh siéu tham s¢

Diéu chinh siéu tham s6 thich hop 1a diéu can thiét khi
so sanh cac phuong phap hoc may, do do, cac si€u tham
50 dugc diéu chinh cho tat ca cac phuong phap hoc may
vé6i tham s t6i wu 1a MRR@10. Céc gia tri ciia siéu tham
sd duoc Idp trong cac tap gia tri duoc liét ké sau day: 50
Iang giéng gan nhat k trong tap [50,100,500,1000,1500];

sé lugng phién gan nhat dé xem xét trong tap:
[500,1000,2500,5000,10000]; d6 do twong tu (similarity)
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trong tap ['cosine','vec]; ham mat mat (loss) trong tap:
['bpr-max', ‘top1-max], thao tac cudi cung(final_act) trong
tap: [elu-0.5"'linear], dropout trong tap: [0.1 toi 0.9],
momentum dugc Xét trong tap: [0.1 téi 0.9]; ti 1€ hoc
(learning_rate) trong tap: [tir 0.01 t6i 0.1 va 0.2, 0.3, 0.4,
0.5]; kich co tip con (batch_size) trong tap:
[16,32,64,100], s lan huan luyén toan bo tap dir liéu
(epoch_n) trong tap: [10,20,30].

Do do phuc tap cua tinh toan, vige diéu chinh siéu
tham s dugc thyc hign voi t6i da 1ap 100 lan. Trong mdi
vong lap, cac yéu t6 nhu learning rate, drop-out,
momentum va ham mat mat duoc xéac dinh détimra MRR
t6t nhat voi do dai 1a 20. Két qua cac siéu tham sb cho
mdi phuong phép n nhu bang V.

D. D¢ phuic tgp tinh toan va bg nhé si dung
Nhom nghlen ctu tién hanh thuc nghlem dua trén
phan cang may chi Google colab véi cac thong sb ky
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Bang VI. Két qué thuc nghiém

Nhom Phuong phap | 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
Nhom Deep Learning | GRU4REC 0.5572 0.7579 0.5492 0.6982 0.0701 0.9345
STAMP 0.5550 0.7743 0.5464 0.7096 0.1819 0.8428
NARM 0.5571 0.7926 0.5478 0.7233 0.1802 0.8672
Nextitrec 0.5526 0.7652 0.5445 0.7057 0.1960 0.8501
SGNN 0.5648 0.7941 0.5550 0.7210 0.1965 0.8147

thuat bao gém: Chip: 2vCPU @ 2.20GHz (Intel(R)
Xeon(R)), Ram: 13G, SSD: 100G va chay trén GPU Tesla
K80, pci bus id: 0000:00:04.0, compute capability: 3.7.
Thoi gian chay/bd nhé cho cac phuong phap duoc thong
ké trong bang V.

E. Két qua thic nghiém

Két qua thuc nghiém tai bang VI véi cac do do:
MRR@Kva HR@K véi K= 10, K=5 vaPOP@K ,
Cov@K véi K =10. Gia dugc in dam 14 gi4 tri tot nhat
trong mdi do do. Két qua thu nghi¢m cho thay cac phuorng
phép thudc nhoém hoc sau van chiém wu thé trong cac do
do khac nhau. Trong d6, phuong phap GRU4REC to6 ra
vuot troi cho viéc khuyén nghi cac muc tin méi va bao
phu cadc muc tin. Nhém KNN ciling cho két qua kha tét so
véi cac phuong phap con lai, dac biét véi MRR@5 va
HR@S5 thi phuong phép thuoc nhém KNN la VSTAN cho
két qua tot nhat. Didu d6 chung to phuong phap VSTAN
thuc hién tt viéc dua ra s it cac tin tic phu hop.

Nhém co ban cho két qua twong d6i tot véi do do
MRR va HR v¢i ca K =10 va K =5. Riéng phuong phap
cay nglr canh c6 do do POP lon hon va Cov nhé hon
han cac phuong phap con lai, diéu nay chimg t6 phuong
phéap cdy ngir canh khuyén nghi céc tin tac pho bién va
khong khuyén nghi trai rong cac tin tuc. Vé thoi gian chay
va b nhé sir dung, nhém Co ban va nhém KNN cho két
qua kha quan (tru phuong phap cdy ngir canh kém hon),
trong khi nhom cac phuong phap hoc sdu cd thoi gian
thuc nghlem va by nha st dung I6n hon han, khéng phu
hop véi hé théng can huan luyén lai trong khoang thoi
gian ngan.

VI. KET LUAN

A. Két lugn chinh

Viéc co thé du doan sy quan tdm ngin han cua ngudi
dung an danh trén cong thoéng tin dién tor doi voi mot
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phién truc tuyén co y nghia 16n trong thuc té ciing nhu
trong nghién cuu trong nhitng nam gén day. Trong bai
bao nay, chung t6i da dat ra va giai quyét bai toan khuyén
nghi tin bai cho ngudi dung an danh trén cong thong tin
dién tr Hoc vién Cong nghé Buu chinh vién thong dua
trén chudi cac hanh dong cta nguoi ding an danh trong
mot khoang thoi gian ngan dwoc goi 1a phién.

Bai bao ciling thuc hién thuc nghiém va so sanh nhom
cac phuong phap khuyen nghi dya trén di liéu phién pho
blen hién nay bao gom nhom co ban, nhéom K lang giéng
gin nhit va nhom cac phuong phap hoc siu. Thuc
nghiém cho thiy nhom phuong phap hoc sau ¢6 két qua
t6t nhat nhung thoi gian huin luyén 1au va s dung tai
nguyén mdy tinh cao trong khi d6 cac phuong phap co
ban va cac phuong phap K lang giéng gan nhat cho két
qua tuong ddi t6t véi thoi gian thuc hién nhanh (gan nhu
tc thoi) va tai nguyén sir dung thap. Cac phuong phép
thuéc nhom hoc sdu pht hgp véi cac hé thong khong
huén luyén dir liéu thuong xuyén con cac phuong phap
thuéc nhom co ban va nhéom K lang giéng gan nhat phu
hop v&i cac hé thdng yéu cau hudn luyén dir lidu lién tyc.
B. Huéng nghién citu tiép theo

Cac nghién ctru va thtr nghiém trong bai bao mai tap
trung vao moé hinh héa dir li¢u tudn tu v6i nhom céc
phuong phap Co ban, nhém phuong phap K lang giéng
gin nhit va mot sd phuong phap thudc nhém hoc sau.
Viéc mo hinh hoéa dir 1i€u dang tudn tu co thé duoc thuc
hién boi cac phuong phap nghién ctru tién tién gan day
nhu str dung md hinh Transformer, BERT va céc bién thé.
Day c6 thé 1a mot trong nhiing hudng nghién ctiru tiép
theo cua bai bao.

Mot hudng nghién ciru ¢6 thé phat trién tir bai bao la
két hop dir liéu phién vdi cac dir liéu khac dé tang tinh
chinh x4c va kha nang ciia hé khuyén nghi nhu dir lidu vé
ngit canh, dir liéu vé ndi dung, dit liéu hd so nguoi dung.
Su két hop cta dir liéu phién véi céc loai dir li€u khac co
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recommendation systems. Conventional recommender
systems often use data collected over a long period of
time by identifiable users. However, on the portal it is
difficult to do that because most users are anonymous, so
it is difficult to apply traditional methods. One solution to
this problem is a user session-based recommendation,
where the data is a sequence of sequential user activities
over a specified period of time called sessions. In this
study, we solve the problem of recommending news on
the portal of Posts and Telecommunications Institute of
Technology based on anonymous user session data. We
study and evaluate a group of recommended methods on
popular session data, including basic group, K nearest
neighbor group, deep learning group. The results show
that the methods belonging to the deep learning group
have better results than the machine learning methods of
the basic group while the methods belonging to the basic
group and the K nearest neighbor group give relatively
good results while less running time and resource usage.

Keywords: Web portal; Recommendation system;
Session-based recommendations.
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