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Tém tit: Dién dan 1a mot kénh thu hit duge su tuong
tac ctia mot sd luong 16n nguoi ding hang ngay trén
Internet. Cac dién dan & Viét Nam hién nay thuong goi y
cho nguoi ding doc nhiing bai viét méi duge dang; ngudi
dung s& khong tuong tic v6i nhitng bai viét nay vi ching
khéng chira nhitng ndi dung ma ngudi ding quan tim. Cac
hé thong khuyén nghi s€ du doan va gidi thi€u nhiing bai
viét ma nguoi ding co thé quan tdm va binh luén, qua do
giai quyet phan nao vén dé nay. Trong bai bao nay, chiing
t6i dé xuat mot md hinh khuyén nghj cac bai viét cho ngudi
dung dién dan dya trén lich sir binh luan ctia ngudi dung
truge d6. Phuong phap dé xuit gdm 3 phan chinh bao gom:
Phan thtr nhat sir dung mang tich chap CNN véi co ché
Attention cho phép biéu dién ndi dung cac bai viét trén
dién dan; phan thir hai sir dung co ché Attention dé biéu
dién s& thich ciia nguoi dung thong qua lich sir binh luan
va phan cubi cting 13 so sanh s¢ thich ciia nguoi ding véi
ndi dung bai viét dé tim ra bai viét nguoi ding quan tam.
Thir nghiém trén dit liéu thuc cho thidy Phwong phap dé
xuét c6 kha ning khuyén nghi cac bai bao t6t hon rat nhiéu
s0 v6i cac mé hinh khuyén nghi truyén thng nhu phuwong
phap khuyén nghi dua trén noi dung hodc phwong phap
khuyén nghi dya trén loc cong tac.

Tir khéa: Co ché Attention, CNN, mang tich chap, Dién dan,
Hé khuyeén nghi.

l. GIOITHIEU

Ngay nay nguoi dung Internet cd thé sir dung nhiéu
kénh khac nhau dé thu thap thong tin va chia sé quan diém
nhu blog, wiki, cac trang mang xa hoi va cac dién dan
Internet truyen thdng khac. Trong cac dién dan, nguoi
dung vira c6 thé dang tai cac ndi dung ma minh mudn chia
sé, vira co thé binh luén vao céac bai viét ctia nhiing nguoi
dung khac ma ho thdy quan tam. Hang ngay, mot dién dan
¢ thé c6 hang trim bai Vlet mdi duge dang boi nhleu
nguoi dung khéac nhau. D01 v6i mot nguoi dung, rat kho
dé€ lya chon mot bai v1et ma thyc sy quan tam trong sO
hang tram bai viét méi m01 ngay. Do do6, viéc khuyen nghi
bai viét ca nhan héa la rat quan trong cho cac dién dan dé
glup ngudi dung tim thiy nhimg bai viét ho quan tam va
giam bat tinh trang qua tai thong tin.

Di co rat nhiéu nghién ciru giai quyet bai toan xay
dyng hé khuyén nghi san phdm ¢ nhiéu dang khac nhau
nhu video, bai bao dién tir hay cac bai viét trén dién dan.
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Trudc day, cac hé khuyen nghi thuong sir dung hai phuong
phép chinh 1a khuyen nghi dua trén ndi dung va khuyen
nghi dua trén loc cong tac. Hé khuyen nghi dua trén noi
dung [1][2][3] thuong biéu dién ndi dung cia cac doi
tuong tir dang van ban thanh dang vector; sau do biéu dién
so thich ngu(n dung dya trén viéc tong hop vector cua cac
d6i trong ma nguoi dung d6 da twong tac va cudi cung tinh
toan do tuo’ng dong glua vector s¢ thich cua nguoi dung
voi vector ndi dung clia cac ddi twong mai dé tim ra cac
dbi twong ma ngudi ding quan tim. Hé khuyén nghi dua
trén loc cong tac [4] [5][6] tap trung phén tich ma tran lich
su tuong tac glua nguoi dung va san pham dé tim ra su
turong ddng giita s& thich ciia mot s6 ngu’m dung véi nhau
hodc tim ra nhitng san pham thudng cé xu huong duge
tuong tac cung nhau. Dya trén nhitng su twong dong nay,
mo hinh loc cong tac s& dua ra dugc nhimg san pham ma
nguoi dung quan tam.

Hién nay, mot s6 md hinh hoc sau [7][8][9] cung duogc
sir dung dé xay dung cac hé khuyen nghi. Cac mo hinh hoc
sau duoc ing dung vao nhiéu qua trinh khac nhau khi xay
dung m6 hinh khuyen ngh1 nhu viéc st dung cic mang
CNN [7] dé biéu dién noi dung bai viét, hay str dung mang
RNN [10] d phat hién ra cdc chudi san phém thuong duoc
twong tac cung nhau. Cac mé hinh khuyen ngh1 dua trén
hoc séu cho hiu qua t6t hon rét nhiéu so voi cac mé hinh
khuyén nghl truyén thong nhd kha ning phén tich nhiéu 16p
thong tin an trong di ligu.

Trong hé khuyen nghi bai V1et trén dién dan néi chung,
thong tin cua bai viet thu’ong nam trong ti€u de vandi dung
bai viét. Mic du tiéu dé va noi dung bai viét déu & dang ky
tu nhung hai thanh phan nay c6 cach biéu dién _thong tin
khac nhau. Trong khi phan tiéu dé thuong ngin gon va
biéu dién thong tin vé bai viét qua mot so tir khoa dac trung
thi phan noi dung thudng c6 s0 luong ttr 16n va thong tin
dan trai ¢ nhiéu doan. Do d6 v6i moi mot thanh phan khac
nhau cua bai viét can dugc biéu dién mot cach khac nhau
va can ¢6 co ché thich hop dé két hop cac thong tin nay lai
v6i nhau. Bén canh do, s¢ thich cua nguoi dung thuong
dugc biéu dién thong qua cac bai viét ma ho da tuong tac
(ty dang tai hodc c6 binh luén). Trong thuc té, véi mdi bai
viét nguou dung lai ¢6 mirc do quan tam khac nhau tay
thudc vao viéc ndi dung bai viét c6 chira nhidu thong tin
ma nguoi dung thich hay khong. Do do aé hé khuyén nghi
dat hi€u qua tot can c6 co ché thich hop dé Iya chon duoc
nhitng bai viét ma nguorl dung thue sy quan tdm trong danh
sach cac bai viét ma nguoi dung da tuong tac va tong hop
ching thanh mot vector biéu dién so thich ctia nguoi dung.

Trong bai bao nay, chung t6i dua ra mot h¢ khuyén
ngh1 cho nguoi dung trén dién dan sir dung mé hinh hoc
sau dé biéu dlen thong tin bai viét va biéu dién s¢ thich cua
nguoi ding. Dé biéu dién thong tin tiéu dé va ndi dung bai
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Viét mot 16p CNN s¢€ dugc suir dung dé trich xuat thong tin
vé ngir canh cua tung tu trong cau tr 6 phat hién nhung
tr khéa quan trong. Sau khi da biéu dién tiéu dé va noi
dung bai viet thanh cac vector, phuong phép dé xuat sir
dung co ché Attention dé tong hop nhing thong tin quan
trong tir ca tiéu dé va nodi dung cta bai viét thanh mot
vector biéu dién thong tin chung cua ca bai viét. Co ché
Attention s€ c6 nhi¢ém vy danh trong s6 cac phan thong tin
trong tiéu dé va noi dung bai viét dé tir d6 lwa chon ‘nhiing
phan thong tin quan | trong nhét cho vao vector biéu dién
thong tin bai viét. De biéu dién so thich cua ngudi dung
phuong phap deé xuat sir dung co ché Attention & mirc bai
viét ¢ danh trong sb mirc d6 quan trong cia timg bai viét
ma nguoi dung da twong tac va tir d6 lya chon nhiing thong
tin quan trong dua vao vector biéu dién so thich ciia ngudi
dung.

Dé thu nghlem hi€u qua cua phuong phap dé xuét,
chiing t6i xay dung mot by dit li¢u thyc té thu dugc tir dién
dan VOZ. B¢ dir li¢u bao gom thong tin vé bai viét (tiéu
dé va noi dung) thong tin ve ngudi dung va lich su tuong
tac gilra nguoi dung va bai viet trong Vong mot thang
Phuong phap dé xuat s& dugc so sanh voi cac mo6 hinh
khuyen ngh1 truyen thdng nhu mo hinh khuyen ngh1 dya
trén ndi dung st dung TF-IDF hay LDA va md hinh
khuyén nghi dua trén loc ccf)ng tac su dung thong ke.
Chung toi s€ danh gia hiéu qua cta cac mo hinh dua trén
cac do do hiéu qua pho bién nhu AUC, MRR, nDCG@5
va nDCG@10. Két qua thu nghi¢m trén bo dir licu VOZ
cho thay phuong phap dé xuat trong bai bao cho hi¢u qua
khuyen nghi tot hon nhiéu so v&i cac md hinh khuyén nghi
truyén thong.

Véi muc tiéu nhu vay, nhimg ndi dung tiép theo cua
bai bao duoc to chirc nhu sau: Phan II trinh bay vé mot s6
nghién ctru co li€n quan den bai todn xay dung hé¢ khuyen
nghi, Phan III trinh bay vé mo hinh khuyen nghi bai viét
cho nguoi dung dién dan ma nhom tac gia dé xuét, Phan
IV mb ta v€ bo dir liéu duge str dung trong bai béo va qua
trinh cai dat thu nghiém mo hinh, Phan V s& dua ra mot s0
danh gia vé két qua thuc nghiém va cu01 cung 1a phan VI
tong hop lai bai bao va dua ra mot sb huéng nghién ciru
tiép theo.

ll. CAC NGHIEN ClPU LIEN QUAN

Céc hé khuyén nghi dua ra goi y cho nguoi dung mét
danh sach cac san pham (sach, bao, video, bai viét,...) ma
ho c6 thé quan tdm. Cac hé khuyén nghi khong ch1 giap
nguoi dung dé dang tim duogc nhung san pham ma minh
mong mubn ma né con gitp cho cac nha san xuat dua ra
dugc nhitng chién luge quang cdo phu hop voi tung khach
hang. C6 hai cach tiep can truyen thong dé xay dung cic
hé khuyén nghi d6 1a: phuong phap loc dua trén ndi dung
(CBF) va phuong phap loc cong tic (CF). Ngoai ra hi¢n
nay, cac mo hinh hoc sau ciing dugc ing dung vao dé xay
dung cac h¢ khuyé:n nghi va cho két qua tot hon so védi cac
phuong phap truyén thong.

Céc ky thuat CBF va CF da duoc s dung rong rai dé
dua ra cac khuyén nghi cho nhiéu loai phwong tién tryc
tuyén khac nhau. Cac dé xuat duoc ca nhan hoa cho tin tirc
1a mot trong nhimg hé théng du tién cua hudng nay
[10][11]. Resnick va cong sy [5] trinh bay mét trong
nhitng giai phap CF dau tién dé dé xuét netnews, dugce goi
12 m6 hinh CF dya trén bd nhg. Céc cong trinh gan day
thuong str dung phuong phap két hop. Hé thdng dwoc md
ta trong [12] két hop thong tin ndi dung cta cac bai bao da
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truy c@p voi lich s xem ctia nguoi dung dé cung cip cac
dé xuat tin tirc cho ngucn dung cua Google News. Li va
cong sy [13] s dung ca ndi dung cac tin tic va lich sir
tuong tac trong do: cdc tin bai duge phan nhom dau tién
va cac cha dé duoc trich xuat tir chiing; cac chu dé sau dé
duoc st dung voi kiéu truy cap cua nguoi dung dé dua ra
cac dé xuat. Chu va Park [14] cling da thém thong tin nhan
khau hoc ctia nguoi dung dé giai quyét van dé cold-start.

V6i ngudn dit ligu khong 16 thu dugc tir tuong tac cua
ngudi ding véi hé thdng, cac mo hinh hoc sau ciing da
duogc st dung dé xdy dung nén cac hé khuyen nghi cho cac
hé thong nay. Hau hét cac phuong phap déu du doan so
thich cta nguoi dung tir lich st tuong tac cta ho vai cac
san pham trong hé théng. Hai md hinh NAML [7] va
KRED [15] tim hié'uq phuong phap biéu dién s¢ thich cia
ngudi ding tlr cac biéu dién ndi dung ctia tin tirc ma ngudi
dung d6 da doc bang cach sir dung mang Attention [16].
Mang no-ron hoi tiép (RNN) 12 mot lya chon phd bién dé
1ap md hinh sy phu thudc tudn tu gifta cac tin tic dugc
tuong tac bai nguoi dung [10][17][18]. Vi du: EBNR [10]
xdy dung mot phuong phap biéu dién so thich cua ngudi
dung tir cac tin tirc duge dugce nguoi dung d6 tuong tac su
dung mot mang GRU. Céc nghién ctru vé hé¢ khuyén nghi
dwa trén mé hinh hoc sdu da khic phuc dugc nhuoc diém
clia cac md hinh khuyén ngh1 dua trén CF va CBF trong
viéc biéu dién thong tin vé ngit canh trong ndi dung vin
ban.

Céc mo hinh khuyén nghi dya trén hoc sau néi trén chu
yeu xdy dung cho cac hé thong bao dién tir - hé thong co
day du théng tin cua mot bai viét nhu tiéu d&, noi dung,
cac nhan phan loai chu dé (thé thao, thoi su, giao duc...)
va céc hinh thirc tuong tac khac nhau cta nguoi dung (binh
luén, thé hién cam xtc, ding bai...). Tuy nhién, céc bai
viét trén dién dan thuorng khong c6 chu dérd rang, nén vigc
thu thap day du cac thong tin bai viét nhur vay rat kho khan.
Ngoai ra viéc thu thap twong tac cua ngudi dung trén dién
dan cting khong dé dang, thuong chung ta chi c6 the thu
dugc thong tin vé viée nguoi dung da dang tai bai Vlet nao
hodc da binh luan vao bai viét nao. pé g1a1 quyét van dé
do, phuong phap d8é xuét trong bai bao nay sir dung cac mod
hinh khuyén nghi hoc sdu da c6 nhung loai bo di nhiing
thanh phan_ biéu dién thong tin khong xuét hién trong bai
viét ctia dién dan. Chung t6i ciing ap dung mo hinh xay
dung dugc vao mot bo dir lidu thuc té ciia mot dién dan &
Viét Nam.

. PHUONG PHAP BE XUAT
A. Mé ta bai todn khuyén nghi cho dién dan

Véi mot dién dan, chiing ta c6 mot tap nguoi ding U =
{ul,uz, . u|U|} trong d6 |U| la s6 lrong nguoi dung cua
dién dan. Bén canh d6, dién dan cung cap cho ngudi dung
mot danh sach cac bai viét D = {Dl, D,, ... D|D|} trong do
[D| la s6 luong bai viét. Mdi bai Vlet trong dién dan bao
gdm hai thanh phan chinh 14 tiéu d& va noi dung cia bai
wetchungtakyhleuWt [wi,wi, ..., Mh]|aV6ﬂ0rﬂeU
de bai v1et voi wf latu tha i trong tiéu dé bai Vlet vanla
tong s tir trong tidu dé bai viét; WP = [wh,wk, ..., wl]
1a vector ndi dung bai viét véi Wb la tur tha j trong noi
dung bai viét va m 1a tong sb tir trong ndi dung bai viét.

Trong pham vi mot dlen dan, mot ngudi dung c6 thé
twong tac voi mot bai viét theo nhleu cach khac nhau nhu
dang tai bai viét méi, doc mot bai viét, binh luan mot bai
viét hay tra 151 lai mot binh luan ctia nguoi ding khéac. Tuy
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nhién chi co ngudi quan tri cia cac dién dan méi c6 thé
theo dodi dugc toan b thong tin do. Trong bai bao nay,
chung t6i chi sir dung nhung tuong tac co thé thu thap duge
mot cach cong khai bao gom nguorl dung dang mot bai viét
méi va ngum dung binh luan vao mot bai viét dé xay dung
bd dir liéu xay dung mo hinh khuyén nghi. Nhu vay, Véi
mbi nguoi ding u € U ching t6i xac dinh mot tap bai viét

= {D}, D%, ..., pfgul} ma nguoi ding d6 da tuong tac,
trong d6 |D*| 1a soO lugng bai viét ma nguoi dung do da
twong tac va D} 12 bai viét ma nguoi dung u da dang tai
hodc binh luan. D* con duoc goi la lich sir trong tac cua
ngudi ding u. Cac bai viét trong tap D¥ s& dugc sip xép
theo thr ty thoi gian ting ddn ma ngudi ding u twong tac
v6i bai viét; vi du bai viét D¥ s& dugc ngudi ding binh
luén trudc bai viét DY,

Nhiém vu ctia hé khuyén nghi bai viét cho dién dan 1a
tir lich sir twong tac D¥ ctia nguoi dung u, hé thong phai
dua ra danh sach céc bai viét DX c D/D%ma nguoi dung
¢6 thé quan tam (co6 thé binh luan). Nhitng bai vict dua ra
khuyén nghi cho nguoi dung phai 1a nhimng bai viét ma
nguoi dung chua tirng twong tac.

B. M0 hinh khuyén nghi bai viét cho dién dan tric tuyén
s dung hoc sdau

Mo hinh khuyén nghi bai viét cho dién dan tryc tuyén
sir dung hoc sau s& biéu dién thong tin bai viét tir dang ky
tu thanh mdt vector & dang so, bén canh d6 mo hinh con
phai biéu dién dugc so thich cia ngudi dung dudi dang
mot vector thong qua viéc tong hop thong tin tir danh sach
céc bai viét ma nguoi dung da tlrong tac. Dé giai quyét van
dé nay, mo hinh khuyen nghi nay su dung mdt mang hoc
sau. Phuong phap nay dwa trén viéc tim hiéu cach biéu dién
ndi dung van ban trong nghién ctru [19]; nhung thay vi str
dung mot 16p LSTM dé biéu dién thong tin cta ndi dung
bai viét thi hé thong s& sir dung mot 16p CNN nhur trong
phuong phdap NAML [7]. Vigc lya chon str dung 16p CNN
thay vi 16p LSTM vi mang CNN c6 kha nang bat dugc cac
n-grams chira nhitng tir khoéa quan trong cua cdu voin la
do6 dai cua filter, théng qua do thi viéc biéu dién thong tin
cua cau chinh xac hon, thay vi phai luu thong tin cta ca
cau khi dung LSTM.

Trong phuong phap dé xuat co ba 'md dun chinh bao
gém: Mo dun biéu dlen thong tin bai viét c6 nhiém vu tong
hop thong tin bai viét tir tiéu dé va ndi dung cua bai viét;
mo dun biéu dién s¢ thich ciia ngudi dung cé nhiém vu
biéu dién s thich cia nguoi dung dya trén lich sir tuong
tac cua nguoi dung d6 va mod dun tinh d§ tuo‘ng dong co
nhi¢m vu so sinh do tuong, ddng gitra s thich cua ngudi dung
v&indi dung cua bai viet dé xac dinh xem ngudi ding c6 quan
tam dén bai viét hay khong.

1) Mé dun biéu dién bai viét:

Mo dun nay ¢6 nhiém vu biéu dién thong tin cac bai
viét tir hai nguon thong tin thu duoc tr moi bai viét d6 1a
tiéu dé bai viét va noi dung bai viét. Trong mé dun nay co
ba thanh phan chinh d6 1a by ma hoa tiéu de biéu dién
thong tin trong tidu dé, bo ma hoa ndi dung biéu dién thong
tin trong noi dung va lép tong hop thong tin dé biéu dién
thong tin cua ca bai vi€t thong qua viéc két hop thong tin
tidu dé va thong tin ndi dung ctia bai viét.

- B¢ md héa tiéu dé
Dé trich xuét thong tin tur tiéu dé bai viét, mot bo ma
hoa tiéu dé 3 16p dugc dé xuat. Lop dau tién trong bo ma
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hoa tiéu dé 1a 16p WordEmbedding, 16p nay c¢6 nhiém vu
chuyén tiéu dé ctia bai viét tir dinh dang chudi ky tu thanh
dang chudi cac vector biéu dién y nghia ciia cac tir tuong
u'ng Gla sit ching ta c6 doan tiéu dé bai viét la
[wh,wh,...,wt] thi sau khi ching ta dua qua 16p
Embedding s& thu duge mot chudi cic vector tuong Ung
[ef,ef, ..., eL]. Trong d6 ef 1 vector biéu dién thong tin
ctia tir thir i trong cau dau vao.

T
( Word Embbedlng ]

B N T

.

Tieu de

-

B
B

M6 dun biéu dién théng tin bai viét

Hinh 1: M6 dun biéu dién thong tin bai viét

L6p th hai trong bd ma héa tiéu dé 1a mot mang no
ron tich chap [20], 16p nay c6 nhi¢m vy biéu dién thong tin
ngir canh cla céc tir xuat hién trong tiéu dé. Trong mét cau,
ndi dung chinh cua céu khong thé thu duoc khi phén tich
tung tlr trong cdu ma phai két hop céc tir 1an can nhau lai
v6i nhau thi méi c6 thé thu duoc noi dung chinh xdc cua
cau, day chinh lay nghla cua viéc biéu dién thong tin ngir
canh ctia cau. Lop nay s& nhan dau vao 1a chudi vector biéu
dién thong tin cua ting tir trong cau ¢ 1op thir nhit, va dau
ra cta 16p nay 1a mot chudi cac vector biéu dién thong tin
ngit canh cla ting tir trong cau [cf, cf, ...,cn]. Théng tin
nglr canh cua timg tir trong cau s€ dugc tinh bang cong thirc
sau:

= ReLU (F; X e(;_g.ix) + bt €Y)
Trong d6:

+eli_xirn) 1a su két hop chudi cac vector biéu dién
thdng tin cua cac tir 1an can vai tir thi i, bét dau tir vi tri
i—Kdénvitrii+K;

+ F, € RN*@K+DD ya p € RV 1a céc tham sb cia
mang CNN.

L6p cudi cung trong bd ma hoa tidu dé 1a 16p tong hop
thong tin sir dung co ché Attention. Trong mot cau, khong
phai tir ndo trong ciu ciing chtra lugng thong tin nhu nhau,

c6 nhiing tir chira nhiéu thong tin quan trong dé the hién
ndi dung cia cau nhung cung ¢6 nhitng tir khong thé hién
noi dung gi cta cau. Do d6 can phai phat hién dugc nhitng
tir c6 chira nhiéu thong tin quan trong dé c6 thé biéu dién
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thong tin cta ciu tét hon. Dé g1a1 quyet van dé nay chung
t6i st dung mot mang Attention & muc tir [21] de lya chon
duogc nhiing tir quan trong trong tiéu dé bai viét. Muc tiéu
cua 16p Attention nady la xay dung dugc bd trong so danh
gia do quan trong cua ting tlr trong cau [at, as, ..., ak], bd
trong s nay dugc tinh bang cong thirc sau:

t
: exp (a;)
A == 2)
‘ j=1€xP (a;)
at = ql'tanh (V, X cf +v,) 3

Nhu Vay thong tin tir tiéu dé bai viét cudi cung s& 1a sy
téng hop cua vector biéu d1en thong tin ngu canh cua ting
tur trong ti€u dé va trong s6 tuong Umg ctia no, cu thé vector
bicu dién thong tin tidu dé bai viet s& c6 dang rt =

?:1(051? x cf).

- Bo ma hoa noi dung:

Bo mi hoa ndi dung co nhiém vu trich xuit thong tin
tr ndi dung cua bai bdo. BO ma hoa ndi dung cling bao
gdm 3 16p giéng v6i bd ma hoa tiéu dé. Cu thé, 16p dau
tién trong bd ma hoa ndi dung 1a 16p WordEmbeddlng, lop
nay s& bién ndi dung bai viét tir dang chudi cac tur
[wh,w?,...,wb] thanh chudi cac vector biéu dlen thong
tin clia ting tir trong noi dung bai viét [e?, eb, ..., el ]. Sau
khi d4 biéu dién noi dung bai viét tir dang ky tur thanh chudi
céc vector chira thong tin cua timg tir, bd ma hoa ni dung
su dung mot mang no-ron tich chap dé tong hop thong tin
vé ngir canh cua céc tir trong ndi dung bai viét. Pau ra clia
mang no ron tich chap 1a chudi cac vector biéu dién thong
tin ngt canh clia cac tr trong ndi dung bai viét
[ch,ch, ..., ch]. Lop cudi cung trong bd ma héa ndi dung
la lop Attentlon lorp nay c6 nhiém vy téng hop thong tin
tlr céc tir ¢6 trong ndi dung bai viét dé lya chon ra nhiing
ttr ¢6 chua nhleu thong tin quan trong vé ndi dung cua ca
bai viét. Pau ra ctia 16p Attention 1 bd trong s0 danh gia
do quan trong cua tung tu trong ndi dung bai v1et
[a{’ , 0:2 s a2 ]. Cubi cung thong tin tir ndi dung bai viét
la su tong hop cua vector bleu dién thong tin nglr canh cua
tung tr trong ndi dung bai viét va trong sO tuong u'ng cua
né, cu thé vector biéu dién thong tin ndi bai viét s& co dang

m
b= @b xcb) @)
j=1
- L6p tong hop thong tin:

Nhi¢ém vu tiép theo sau khi tong hop thong tin tr tung
ngudn khac nhau cua bai viét d6 1a ket hop céc thong tin
khéc nhau lai v6i nhau dé cho ra biéu dién cudi cung cua
mot bai viét. Van dé dat ra khi tong hop thong tin cho ca
bai viét d6 1a 1am sao lya chon dugc nhing ndi dung quan
trong trong thong tin thu dwoc dé biéu dlen chinh xéac thong
tin cta ca bai viét. Vi du ¢6 nhing bai viét thi phan tiéu de
s€ chura nh1eu thong tin quan trong hon so voi phan ndi
dung bai viét; nguoc lai s& c6 nhitng bai tiéu dé bai viét
qua ngén khong chtra nhleu thong tin quan trong ma phan
ndi dung lai chira rat nhidu thong tin quan trong. D¢ giai
quyét van de nay, nhom tac gia su dung mot co ché
Attention dé két hop thong tin tir cac ngudn khac nhau lai
voi nhau dya trén sy quan sat va lga chon nhiing phgln
thong tin quan trong dé€ gitr lai va bd qua nhiing phan
khong quan trong trong bai viét.
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Voi hai vector dau vao 1a vector biéu dién thong tin
tiéu dé rt va vector biéu dién thong tin ndi dung rP, 16p
Attention s€ di tinh toan bd trong s0 danh gia mtrc d quan
trong cua thong tin tir hai ngudn thong tin nay lan luot 1a
a; Va a, nhu sau:

_ exp (a,)
exp (ap) +exp (ap) ®)
exp (ap)
~exp (ap) +exp (ap) ©
a, = qrtanh (U, X r¢ + u,) @)
a, = qltanh (U, X r? +u,) (8)

Va cubi cung, vector biéu dién thong tin ciia mot bai
viét s& dugc tinh dya trén hai vector biéu dién thong tin
tiéu dé va noi dung két hop véi trong sb cia chung, cu thé
nhu sau:

r=a,Xrt+a, xrP 9

M6 dun biéu dién thong tin bai viét nay s€ dugc sur
dung d¢ biéu dlen thong tin cho tat ca cac bai viét da duoc
dang (cac bai viét ma nhimg ngudi dung trong tap ngum
dung da tuong tac) va nhitng bai viét mai (cac bai viét ma
ngudi dung chua twong tac).

¥
f

u

%B‘;»_;;‘{::,z B AN

| Mb dun biéu dién thong tin bai viét |

D, Dy D Dy Dy D

Bai viét méi

Danh sach bai viét tuong tac béi ngudi ding u

Hinh 2: M& hinh khuyén nghj bai viét cho nguéi diing dién
dan str dung hoc sau
2) Mé dun biéu dién s thich nguoi ding:

Sau khi d biéu dién dugc noi dung cac bai viét tir dang
van ban thanh céc vector chira thong tin cua bai Vlet thi
nhiém vy tlep theo cAn lam cua mot hé théng khuyén nghi
dola biéu dién s¢ thich ctia ngudi ding dya trén nhitng bai
viét ma nguoi dung da tuong tac. Co nhiéu cach khac nhau
dé giai quyét van dé nay, trong pham vi dé tai nay s€ di
xdy dyng mot mé dun biéu dién so thich ngudi dung su
dung co ché Attention dé lua chon nhung bai viet chua
nhiéu thong tin quan trong trong tat ca nhiing bai viét ma
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nguoi dung da twong tac. Cu thé dau vao cia mo dun biéu
dién so thich nguoi dung s& 1a danh sach cac bai viét ma
ngudi dung da tuong tic D = [Dy, D, ..., Dy], cac bai viét
nay sau do s€ dugc cho qua m6 dun biéu dién thong tin bai
viét 6 muc 2.1 dé chuyén thanh tap cac vector thong tin bai
viét [ry, 73,..., v ]. TAp céc vector nay s& duoc dua qua lop
Attention de xay dung nén mot bo trong s6 danh gia mirc
do quan trong ciia cac bai viét ma nguoi dung da tuong tac

[af, a7, ..., ay].

n_ exp (@)
= gXtanh (W,, X r; + by,) (11)

Tu b trong sO nay, két hop véi vector thong tin cac
bai viét ma nguoi dung, m6 dun biéu dién s thich nguoi
dung sé& tong hop thanh vector s& thich cua ngudi ding u
dua trén cong thiuc: u = YV, al'r;.

3) M6 dun tinh d¢ twong dong:

Nhiém vu cubi cung cta hé théng khuyén nghi do la
tim ra nhung bai viét c6 noi dung trung khop nhat voi so
thich ctia nguoi dung. Dé giai quyét van dé nay c6 thé don
gian chi can str dung d6 do Cosine [22] dé tinh khoang
cach gitra vector biéu din so thich cua nguoi dung voi
vector biéu dién thong tin cua nhimg bai viet mdi va lya
chon nhitng bai vi€t c6 khoang cach gan nhat véi vector
biéu dién s¢ thich cua ngudi dung Mot cach khac do6 1a su
dung mot s& mo hinh hoc may nhu SVM hay mot mang
hoc sau dé phan loai xem ngudi dung c¢6 binh luan vao bai
viét hay khong [23].

Tuy nhién, trong bai bao nay, ching toi sir dung
phuong phép tinh tich v6 hudng cia hai vector dé danh gia
d6 tuong dong gitra so thich ciia nguoi ding va ndi dung
bai viét. Ly do nhom tac gia lwa chon phwong phép nay vi
theo nghién ctru cia Chu-han Wu [7] thi phwong phap nay
cho dat hiéu qua cao vé ca mat thoi gian 1an dé chinh xéac
caa md hinh xay dung dwoc. Cu thé, véi mot ngudi dung
c6 vector biéu dién s¢ thich 1a u va mot bai viét co vector
biéu dién thong tin 1a r, thi gia tri d6 twong ddng gifra
ngudi ding va bai viét duoc tinh béng cong thic 9§ = u'r,.
Sau khi tinh toan dugc dg tuong ddng giita nguoi dung va
bai viét, hé thong s€ lya chon ra K bai viét co do tuong
dong cao nhat vai vector biéu dién so thich cia nguoi ding
dé dua ra khuyén nghi cho nguoi dung.

IV. THUPC NGHIEM VA KET QUA

A. Chudn bi dit li¢u

Pé kiém tra hiéu qua ciia phuong phap dé xuat, trong
pham vi bai bao, ching téi xay dung mot bo dir liéu thuc
té thu dugc tir dién dan VOZ1. Dién dan VOZ 1a mét dién
dan cong nghé 16n Viét Nam. SO ngudi thudng xuyén truy
cap dién dan VOZ 1a kha 16n. Bén canh d6 “Piém bao” 1a
mot chuyén muyc kha hot cta dién dan VOZ. Céc user hoat
dong kha s6i ndi, comment vao nhiéu bai post khac nhau.
Cac bai bdo mang hay s€ dugc nguoi dung VOZ chon loc
va dang tai lai vao dién dan nay. Day 1a cac bai bao vé
nhiéu linh vuc khac nhau nhu: kinh té, vin hoa, g1ao duc,
the thao. Cac bai bao nay c6 chu dé 5 rang, ndi dung c6
chat lugng.

! https:/Ivoz.vn/fidiem-bao.33/
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Dit liéu dugc thu thap trong vong mot thang bit dau tir
ngay 01/01/2022 dén ngay 01/02/2022 trén chuyén muc
“Piém bao” ctia dién dan VOZ. Sau Kkhi thu thép dir li¢u tir
VOZ, dit liéu ¢ dang van ban (bao gom tiéu d& va ndi dung
bai viét) s& duoc tién xir Iy dé 1am sach dir lidu; va dir liéu
vé twong tac nguoi dung cling dugc xu ly dé chi gitr lai
nhitng ngudi dung cé it nhat 5 tuong tac. Sau khi ti€n xu
ly, b dit liéu thu dugc tir d1en dan VOZ bao gdm 4.103
bai viét, 4.460 nguol dung va s6 lugng twong tac clia nguoi
dung vao bai viet 1a 106.253. Nhiing thong tin nay duge
thé hién cu thé & Bang 1.

Béng |. Bang thdng ké bé di liéu voz

S6 lwong bai viét 4.103
S6 lwgng ngudi ding 4.460
S$6 lwgng twong tac 106.253
S tir trung binh trong tiéu dé 10
S$6 tir trung binh trong ndi dung 5747

bé phuc vu qua trinh thyc nghiém, véi moi nguoi dung,
cac bai vict trong tap lich st tuong tac s€ dugc sap xep
theo thur tu thoi gian ma ngudi dung tuong tac véi bai viet.
Trong qua trinh hudn luyén mo hinh, chuing t6i chia bo dit
lidu 1am 3 phan: Phan tht nhat bao gdm 80% bai viét ngudi
ding binh luan dau tién dugc st dung dé biéu dién s¢ thich
cua nguo’l dung; phan thir hai bao gom 10% bai viét dugc
ngum dung binh luan tlep theo dugce sir dung dé tinh chinh
mo hinh va phan cubi cung 1a dir lidu kiém thir bao gdm
10% bai viét méi nhat ma nguoi ding da binh luan.

Pé tiét kiém thoi gian cling nhu khong glan tinh toan,
thay vi di tinh d§ tuong dong cua moi nguoi dung Vi tit
ca nhiing bai viét ma nguoi do chua tuong tac va dua ra
khuyén nghi thi ching t6i sir dung k¥ thuét lay mau am
tinh (negative sampling) [24][25]. Cu thé, v6i bo dir liéu
tinh chinh va bg dit liéu ki€ém thur, ngoai viée chira nhimg
bai viet D* € D* 1a nhiing bai viét ma ngudi dung da binh
luan duoc gé}n nhan 1@1 duong tinh, ching t6i s€ di 1L.ra’ch(_)n
thém mét so bai viet D~ € D/D* la nhimg bai viet ma
ngudi dung u chua bao gid binh luén dé gan nhan am tinh.
SO lugng mau am tinh s€ duge lay theo ti 16 K, tic 1a 1
mau D™ s&lay thém K mau D~. Sau khi lya chon xong céac
mau am tinh s& dugc tron voi cac mau duong tinh dé tao
ra b dit liéu tinh chinh cling nhu bd dir liéu danh gia hiéu
qua mo hinh huan luyén.

B. Cai dat thuc nghiém

Trong phan thuc nghiém, chung t0i da cai dat mot sO
tham s6 cho cac m6 hinh hoc sau nhu sau: Thu nhét 16p
Word Embeddlng s& Iya chon s6 lugng chleu vector dau ra
s€ 1a 300 va chung t6i khong st dung bét cir bd mo hinh
Word Embedding nao duge nuanrluy¢n trudc ma s€ su
dung chinh dit li¢u thyc t€ d€ huén luyén. Thu hai, véi
mang no-ron tich chép, s0 filter dugc lya chon 1a 300 va
kich thudc cira sb trugt 1a 3. Thtr 3 v6i 16p Attention, so
luorng chiéu trong vector truy van duoc dat la 200. Cubi
cung, trong qua trinh 14y mAu cua ky thuat 1ay mau 4m tinh
thi tham s6 K dugc dat bang 9. Thit ba, m6 hinh s€ duoc
huén luyén nhiéu 1an vé6i sé lugng epoch khac nhau (tur 5-
10 epoch) va kich thudc batch thay d01 (16,32, 64) dé lya
chon ra bo tham s6 ma mé hinh cho két qua tét nhat.
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MO hinh s€ sir dung dt li€u trong by dir li¢u tinh chinh
dé tinh ham mat mat cua m6 hinh duge huén luyén va tir
d6 diéu chinh cac tham sb an trong cac 16p mang no ron
dé cai thién do chinh xac cia mé hinh sau moi batch. Sau
moi epoch mo hinh s& sir dung bo dir liéu kiém thir dé danh
gia hi¢u qua ctia mo hinh va lga chon ra mé hinh tot nhat.

Dé danh gid hiéu qua ciamo hinh khuyén nghi, bai bao
su dung 3 d¢ do pho bién thuong dugc st dung dé danh
gla hidu qué ciia cac md hinh xép loai san pham trong cic
moé hinh khuyén nghi d6 1a: Area Under Curve (AUC),
Mean Reciprocal Rank (MRR) va normalized Discounted
Cummulative Gain (h(DCG@K) [26]. Cu thé:

|{(i,j) |Rank(p;) < Rank(nj)}|

AUC = (12)
N, N,
Np
1 1
Re > (13)
N, L Rank(p;)
K @i —1)/(1+i
nDCG@K = ”(Np )/ (_ ) (14)
2o, 1/ +0)
Trong do:
- Ny, Ny,: 1an luot 1 sb lwong mau 4m tinh va mau

duong tinh tuong tng;
- p;: la gid tri dy doan ctia mau duong tinh thir i;
- ;2 1a gid tri dy doan cua mau &m tinh thi j;

- rel;: 1a do chénh léch gitta vi tri du doan clia mau
duong tinh so véi vi tri thyuc té

V. DANH GIA KET QUA

A. Mo ta cac phuong phap sir dung dé so sanh voi
phuwong phap dé xuat

1) Phwong phdp khuyén nghi dua trén ngi dung

Dé danh gia hiéu qua ctia phuong phap dé xuit, ching
t6i tién hanh so sanh hiéu qua ctia mo hinh nay voi ba mo
hinh khuyen nghi d6i sanh 14 mé hinh khuyén nghi dya
trén ndi dung str dung TF- IDF [27], m6 hinh khuyen nghi
dya trén ndi dung st dung LDA va m6 hinh khuyén nghi
dua trén loc cong tac sir dung xac sudt thong ké. Cu thé,
v6i phuong phap khuyen nghi dya trén ndi dung s dung
TF-IDF, cac bai viét s& str dung céc vector TF-IDF de biéu
didn do quan trong cua céc tir xuat hién trong bai viét dua
theo thong ké, vector s¢ thich cia ngudi dung s€ duoc xay
dung bang cach lay trung binh cac vector TF-IDF cua cac
bai viet ma nguodi dung d6 da tuong tic. Phuong phap
khuyén nghi dua trén noi dung su dung LDA xay dung
vector biéu dién thong tin cua mot bai viét dya trén viéc
x@y dung mdt vector phan phdi noi dung bai viét theo chii
dé. trong tu nhu phuong phap khuyén nghi dwa trén noi
dung str dung TF-IDF, vector s¢ thich cta ngudi dung sé
duoc tinh bang trung binh cing cac vector bai viet ma
nguoi dung da tu’ong tac. Sau khi xay dung duoc vector
biéu dién thong tin va vector biéu dién s& thich ngudi dung,
hai phuong phap khuyen ngh1 nay st dung do do Cosine
dé danh gia do twong dong gnra n6i dung bai viét va s
thich ctia ngudi ding va cudi cung dua ra khuyén nghi.

2) Phirong phdp khuyén nghi dua trén loc céng tac
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Khong giébng hai phuwong phép trén, phuong phéap
khuyén nghi dua trén loc cong tac sir dung xac suat thong
ké s¢ di xdy dung ma tran twong tac gilta tung cép nguoi
ding véi nhau. Cu thé véi mot nguoi ding u, hé thdng s&
di tinh xac suat P(u|u;) 12 xac sudt ma nguoi ding u s&
binh ludn vao mét bai viét néu nguoi ding u; da binh luan,
véiu; €U/ {u} Sau khi xay dyng dugc ma tran tuong tac
nguoi dung, voi moi mot bai viét méi p,., phuong phéap
khuyén nghj dva trén loc cong tac sir dung xac suit thong
ké s& tinh xac suat P(u,p,) la x4c suat nguoi ding u s&
binh ludn vao bai viét p, dua trén cac xac suét P(u|y;),
voi u; 1a tap nhitng nguoi dung di binh luén vao bai viét
pe. Cudi cing, phuong phép nay s& sap xép cac bai viét
dya trén cac xac suét vira tinh dugc. Trong pham vi bai
bao, Chung t6i s& tien hanh thir nghi¢m 3 phuong phép ket
hop cac xac suat P(u|u]) d6 1a lay tong (SUM), lay g1a tri
16n nhat (MAX) va liy trung binh (AVE) c4c x4c suat nay
dé ra dugc XAc suat P(u, p.).MO HiNH DKN [28]

M6 hinh DKN 1a mot mé hinh hé khuyén nghi dua trén
ndi dung st dung mang KCNN [20]. Trong md hinh nay,
dé biéu dién noi dung céc bai viét nhom téc gia da st dung
mot mang CNN nhiéu kénh @ nim bt thong tin vé ngir
canh cua mot tu trong cau. Bén canh do, thay vi st dung
vector one-hot ciia cac tir xuét hién trong bai viét dé lam
dau vao cho mang CNN, m6 hinh DKN su dung mot 16p
embeddlng dé biéu dién mot tir thanh mot vector mo td
quan hé cua tir d6 v6i cac tr khdc trong tur dién. Dé biéu
dién s thich cta nguoi dung mé hinh DKN st dung mot
mang Attention dé tong hop thong tin tir cac bai viét ma
nguoi dung da ting tuong tac.

3) M6 hinh TANR [29]

M6 hinh TANR cling 18 mét md hinh h¢ khuyén nghi
dya trén ndi dun. Trong md hinh nay, Wu va cong sy cling
sir dung mot 16p KCNN dé nam bét thong tin vé ngir canh
clia tim tir trong tiéu dé bai Vlet Sau do6 céac vector ngil
canh cua cac tir trong bai viét s& duoc dua qua mot 16p
Attention dé trich loc ra nhitng thong tin quan trong trong
ndi dung bai Vlet Sau d6, md hinh nay cling dung mét 16p
Attention dé tong hop thong tin vé s& thich ciia nguoi dung.

B. So sdnh hiéu qua giita mé hinh dé xudt véi cac
phuwong phdp 0 sénh

Dua trén két qua thuc nghiém & bang I, ¢6 thé thiy mo
hinh khuyén ngh1 dya trén hoc sau dugc de xudt trong bai
bao cho hiéu qua t6t nhét trong ca 5 phwong phap. Cu thé,
phuong phap nay cho d¢ chinh xac AUC, MRR, nDCG@5
va nDCG@10 lan luot 1a 85,66; 46,34; 61 1 va 66,61; két
qua nay cao hon han so véi hai phuong phéap Kkhuyén ngh1
truyén théng 1a phuong phap khuyén nghi dua trén noi
dung su dung TF-IDF hodc LDA va phuong phap khuyen
nghi dya trén loc cdng tac st dung thong ké. Co thé ly giai
cho viéc nay 12 do m6 hinh d€ xuat da tinh toan dén van de
nglt canh cua cau khi sir dung rat hai 16p mang no ron dé
tinh toan dén van dé ngit canh ctia mot tir trong cau khi
biéu dién thong tin ctia ndi dung bai viét.

So v6i mé hinh khuyén nghi dua trén hoc sau su dung
mo hinh DKN va TANR thi m6 hinh dé xuit trong pham
vi bai bao cling cho hi€u qua t6t hon. Ly giai cho van dé
nay 1a do mo6 hinh de Xuét trong pham vi bai bao da biéu
dién thong tin bai Vlet ttr hai ngudn thong tin quan trong la
tiéu dé cuia bai viét va noi dung cua bai viét, trong khi d6
hai mo hinh con lai chi st dung thong tin thu dugc tur tiéu
dé ctia bai viét.
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Bang Il. Bang so sanh hiéu qua cda cac mé hinh khuyén nghj

Tén phuong phap AUC | MRR | nDCG@5 | nDCG@10
M6 hinh khuyén nghi dua trén MAX 46.57 | 20.71 22.33 32.18
loc cong tac AVE 43.18 | 20.26 22.93 32.34
SUM 40.62 | 18.29 18.06 27.68
M6 hinh khuyén nghi dia trén TF-IDF 61.02 | 27.14 31.80 40.58
n6i dung LDA 55.80 | 21.18 22.96 32.83
DKN 80.88 | 43.08 56.33 62.13
TANR 81.88 | 44.31 58.15 63.79
M6 hinh dé xuét S 16p filter CNN Kich thudc cira s6 CNN
300 2 85.38 | 46.07 60.68 66.21
100 3 85.75 | 46.94 61.77 67.25
200 3 85.41 | 46.21 60.72 66.24
300 3 85.66 | 46.34 61.10 66.61
400 3 85.28 | 45.55 60.06 65.57
100 4 85.90 | 46.72 61.66 67.00
300 4 85.93 | 47.25 62.04 67.51
Bang lIl. Bang so sanh hiéu qua cta mo hinh khi thay déi bé dir liéu
m C K Tén mo hinh AUC | MRR | nDCG@5 | nDCG@10
MAX 46,57 | 20,71 22,33 32,18
CF AVE 43,18 | 20,76 22,93 32,34
SUM 40,62 | 18,29 18,06 27,68
4460 5 9
CBE TF-IDF MAX 61,02 | 27,14 31,8 40,58
LDA SUM 55,62 | 21,77 24,1 33,96
Phuong phép dé xuét 85,66 | 46,34 61,1 66,61
MAX 31,64 | 63 6,93 9,37
CF AVE 3454 | 847 11,99 14,25
SUM 28,04 | 5,85 6,49 8,53
1002 | 34 | 9
CBE TF-IDF MAX 60,28 | 13,11 21,28 25,52
LDA MAX 56,67 | 9,66 12,66 17,44
Phuong phap dé xuét 78,87 | 2057 37,62 44,98
MAX 314 | 575 6,34 8,49
CF AVE 3421 | 8,01 11,52 13,22
SUM 27,82 | 545 5,56 7,52
1002 | 34 | 10
cBE TF-IDF MAX 60,3 | 12,43 19,43 23,89
SUM 55,81 | 10,09 14,82 18,84
Phuong phap dé xuét 79,87 | 19,77 35,12 42,99
Trong dé: - m la s6 lwong nguoi ding;

- C la s6 lwong tirong tdc t6i thiéu;

- K L4 SO MAU NEGATIVE BPUOC CHON

Ngoai ra, khi so sanh giita hai phuong phap khuyén
nghi dua trén ndi dung va phuong phap lghuyén nghi dua
trén loc cong tac thi phuong phap khuyén nghi dua trén
noi dung cho két qua | t6t hon khi m6 hinh khuyen nghi dua
trén ndi dung cho két qua tét nhat véi cac do do AUC,
MRR, nDCG@S nDCG@10 lan luot 14 61,02;27,13; 31,8
va 40,58 khi st dung vector TF-IDF. Trong kh1 do, phucmg
loc cong tac cho thay kém hiéu qua hon véi ba do do AUC,
MRR, nDCG@?5, nDCG@]O 1an luot chi 1a 46,59; 20,75;
22,93 va 32,33. Ly giai cho viéc nay thi ching ta c6 thé
quan sat & bang \ref{tab:VozStat} va thiy rang so  luong
nguoi dung trén dién dan VOZ 12 kha 16n 1én dén hon
4.000 nguoi dung; trong khi d6 sd lugng tuong tac thu
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duoc tir nhitng ngudi dung nay khong cao chi khoang hon
100.000 twong tac. Vi s6 lugng tu’o’ng tac nhu Vay thi rat
khé dé tim duoc sy twong dong vé mit so thich glua nhiing
nguoi dung v6i nhau. Mat khac, thong tin Ve ndi dung cac
bai viét rat chi tiét va day du (trung binh mdi bai viét co 10
tir & tidu dé, c6 hon 5.000 tir 6 ndi dung bai Vlet) tir nguon
dir liéu nay co thé d& dang xay dyng dugc cdc thong tin
biéu dién noi dung bai viét ciing nhu 14 vector so thich cia
nguoi dung.

C. So sanh hiéu qua ciia phwong phdp dé xudt véi nhiing
bo dit liéu kich thurdc khac nhau
Dé danh gia do 6n dinh cia phwong phap dé& xuit,
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chiing t6i cling da tién hanh mot s0 thay dOI trong bo dir
liéu huén luyén mé hinh. Cu thé, thay vi dua tit ca s6 luong
tuong tac thu dugc vao huan luyén, chung t6i sé lya chon
ra nhitng ngudi ding ¢ s6 lucfng tuong tac nhit dinh dé
dem lich st tuong tac ctia ho vao huan luyén. Chiing t6i
lay thir nghiém vi 2 tru(fng hop: Truong hop thir nhit lya
chon nhung nguoi dung c6 tdi thiéu 5 tuong tac dé huan
luyén va truong hop thu hai lya chon nhiing nguoi dung
o t0i thi€u 34 tuong tic d€ huan luyén Bén canh do,
chung toi ciing thay d6i s6 lwong mau negative dugc lya
chon theo phuong phép negatlve sampling dé xem viéc lwa
chon mau c¢6 anh huong dén qua trinh huan luyén cia mo
hinh khong.

Dya vao két qua & bang Il ¢6 thé thay, thir nhat,
phuong phap dé xuét trong bai bao van cho hiéu qua t6t
nhét khi so sanh véi cac phuong phap khac midc du bg dir
lidu da bi thay doi. Két qua nay bd sung minh chimng cho
viéc ngit canh cua céc tir trong cau anh hudng rat 16n dén
viéc biéu dién ndi dung cua bai biét.

Bén canh nhén xét trén, s6 liéu trong bang III con cho
thdy viéc loai bo di nhung nguoi dung c6 so luong tuong
tac it cling dnh hudng rat nhiéu d&én do chinh xac cua
phuong phap d& xuat. Cé thé thay mac du chi s6 AUC cua
md hinh sau khi thay d6i bg dir lidu co sy thay db6i nhe tir
85,66 voi b dit li¢u c6 4.460 nguoi dung xuong con 78,87
va 79,87 véi hai b6 dit ligu c6 1.002 nguoi dung Tuy nhién
céc chi s6 con lai nhu MRR, nDCG@5 va nDCG@lO
chung kién su chénh 1éch 16n gitra bo dit liéu 4.460 ngudi
dung va hai b dir liéu 1.002 ngu01 dung Nguyen nhan
cua Van dé nay c6 thé 1a do khi glam s0 luong ngudi dung
thi s6 luong trong tac cling bi gidm xudng dan dén chat
lrong mo6 hinh huan luyén khong dwgc tot.

VI. KET LUAN

Trong pham vi bai bao nay, chung t6i da tién hanh xay
dung mo6t mo hinh khuyén nghi bai viét trén dién dan cho
nguoi dung binh luan sir dung hoc séu. Phuong phéap dé
xudt trong bai bdo sur dung mdt bd ma hoa thong tin bai
viét dé biéu dién céc bai viet trén dién dan dya trén tiéu deé
va ndi dung bai viét. Trong bd ma hoa bai viét co hai bd
ma hoa thanh phan 12 b mé hoa thong tin ti€u dé vaboma
hoa thong tin ndi dung dé trich xuat thong tin déc trung
cua bai viet tur tiéu dé va noi dung bai vi€t ra. Sau khi trich
xuit duoc théng tin tir tiéu dé va ndi dung cua bai Vlet ra,
bd ma hoa bai viét s& st dung mot lop Attention dé tong
hop céc thong tin quan trong tir hai nguon thong tin nay va
két hop voi nhau vao mét vector bi€u dién thong tin cta
toan by bai viét. Sau khi di biéu dién duoc thong tin cac
bai viét trén dlen dan, mo6 hinh khuyen ngh1 dua trén hoc
sdu nay sé tién hanh biéu dién s¢ thich cua timg ngudi
dung trong dién dan bang cach sir dung bd ma hoa s¢ thich
nguoi dung dé tong horp thong tin ctia cac bai viét ma nguorl
dung da tuong tac str dung mot 16p Attention. Cubi cung
aé danh gla do tuorng dong glua vector biéu dién thong tin
bai viét v6i vector so thich ctia ngudi dung, mé hinh nay

sir dung phuong phép lay tich vé huéng ciia hai vector nay.

Khi ap dung mo hinh nay vao bg dir li¢u cua dién dan
VOZ, két qua cho thay phuong phap dé xuét cho hi€u qua
t6t hon nhiéu so v6i hai phuong phap duoc dem dbi sanh
la phuong phap khuyen nghi dya trén ndi dung su dung
TF-IDF va LDA; va phuorng phap khuyén nghi dua trén
loc cong tac su dung xéc suét thong ke.

V6i nhimg két qua dat duoc nhu vay, dé mé rong
nghién ciru cho ngi dung bai bao, c6 thé c6 mot s6 hudng
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nghién cuu tlep theo nhu: Thu nhét, dé biéu dlen bai viét
mot cach chi tiét hon c6 thé bd sung thong tin vé chuyén
muc cta bai bao vao mo hinh ma hoa thong tin bai viét;
thar hai, thay vi s dung toan bg cac tuong tac cua ngudi
ding dé bleu dién s thich ciia ho thi chi quan tim dén so
thich ngén han cta ho khi ma bo dir liéu thu thap duoc mo
rong 1én pham vi vai thang hodc vai nim dé tiét kiém
khong gian by nh¢ va nang lyc xtr Iy. Nhom tac gla s€ 1én
ké hoach dé trién khai nhimg hudng nghién ciru nay trong
thoi gian téi.
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POST RECOMMENDATION FOR FORUM USING
DEEP LEARNING

Abstract: Forum is an active platform which has an
enormous amount of user interactive everyday. In
Vietnam, forum’s users are suggested the newest posts
which are not read or commented because these posts do
not contain information attracting users. There are many
recommendation systems proposed to suggest posts which
users may be interested in based on interaction history of
users. In this paper, we propose a post recommendation for
forum’s users using deep models. Our proposed model has
three sub-modules: The first module is an content encoder
which combines a CNN layer and an attention layer to
present context information and select important words in
title and content of posts. In the second module, we use an
attention layer to present user preferences. The third
module is used to calculate similarity between user
preference vector and content vector of candidate post.
Experimental results show that our proposed model
performs better than tradition recommendation models
such as Content-based filtering recommendation system
and Collaborative filtering recommendation.

Keywords: Attention, CNN, Convolution neural
network, Forum, Recommendation System
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