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Tém tit: Sy ra doi cua mang xa hoi duoc xem la sy
kién c6 anh huong sau rong nhat ddi vai cong dong ngudi
dung Internet hién nay. Nhidu mang xa hoi truc tuyén nhu
Facebook, Twitter, LinkedIn di tré nén phd bién lam thay
d6i phuong thirc trao di thdng tin truyén théng. Truyén
thong gitra cac thuc thé trong mang x& hoi tao nén mot
nguon tai nguyén phong phu, da dang 13 co hoi t6t trong
phan tich, khai pha va phét trién ung dung. Trong bai bao
nay, ching t6i dé xuat mot phuwong phap khuyén nghi bai
viétcho ngudi dung thong qua cac hanh vi rate, post, like,
comment trong mang xa héi. Dya trén dir liéu cac hanh vi,
chung t6i d& xuit phuong phap khuyén nghi cho nguoi
dung céc cac bai viét, hoac cac san pham, dich vu ho c6
thé str dung. Két qua thir nghiém trén bo dir liéu thu thap
dugc trén Facebook cho thiy, phuong phap dé xuit cho lai
sai s6 du doan kha tot so voi cac phuong phap tiép can
dua vao mé hinh tin cay.

Tir khéa: Tu vén cong tic (Collaborative Filtering
Recommendation), tw van theo ndi dung (Content-based
FilteringRecommendation), hé tu van lai (Hybrid Filtering
Recommendation System), hé tu van xd hoi (Social
Recommender Systems).

I. GIOITHIEU BAI TOAN

Hé thdng khuyén nghi (Recommender Systems) la
thanh phan quan trong trong cac giao dich truc tuyén hién
nay. Theo két qua cong bo trén 80% phim da xem trén
Netflix [6] va 60% s lan nhap vao video trén YouTube
dén tir he thong khuyén nghi [7] Céc h¢ thong khuyén
nghi duoc xay dung tur tip N nguoi dung U = {ul, u2, .
un} va tap M san pham P = {p1, p2,..., pm}. Trong do, tétp
nguoi dung U duoc thu thap ngay tir khi nguoi dung dang
ky tham gia hé thong, tap san pham P c6 thé la hang hoa,
phlm anh, hay dich vu dugc so hiru boi nguoi xay dung
Céc COng glao dich thwong mai dién tir truc tuyén. Mdi
ngudi dung il /U dua ra ddnh gid ctia minh cho mot s6 san
pham X[IP bang mot s rix. Nhiém vu céc hé thong khuyen
nghi 1a dién vao céc gia tri danh gia cua ngudi dung il 1U
cho cac san pham x P c6 gla tri phu hop nhéat doi voi
nguoi dung nay [1, 2]. Dua vao ma tran danh gia R = {rix:
=1, 2,.,n;x =1, 2, .., m}, cac phuong phap khuyen ngh1
truyen thong khal thac nhitng khia canh lién quan dén noi
dung hogc thoi quen str dung cua cong ddng ddng nguol
ding c6 cang chung s¢ thich dé khuyén nghi cho ngudi
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dung nhiing san pham ma ho wa thich. Triét Iy chu dao cua
cac hé khuyén nghi truyén thdng la nhing nguoi dung céd
so thich tuong tw nhau trong qua khu thi ho c6 thé co
chung s¢ thich trong tuong lai. Quan diém cua moi nguo’l
dung trong hé khuyen nghi la doc Iap Vvéi nguoi dung con
lai. Ma tran danh gia R 1la dau vao duy nhét cia céc
phuong phap khuyén nghi truyén théng [1, 3, 5].

Su ra doi cua cac mang xa hoi da lam thay doi phuong
thirc trao ddi thdng tin toan cau. NthOI dung s dung cac
dich vu tu van truc tuyén khong con doc 1ap véi nhiing
nguoi ding khac. Mdi ngudi ding bi anh huong hoic anh
huong dén tap ngugi ding con lai thdng qua tap hanh vi
cua ho trong mang x& hoi. Hanh vi friend cho phép nguoi
dung két ban voi nhitng nguoi dung c6 cung chung s&
thich. Hanh vi post cho phép nguoi dung bay t6 quan diém
tich cuc hodc tiéu cuc cua minh dbi vai cac san pham hoac
dich vu ho biét hoac da tung st dung. Hanh vi like cho
phép nguoi dung bay t6 cam sic cua cia minh dbi voi bai
post v& mot san pham cu thé. Hanh vi comment cho phép
nguoi dung bay to quan diém riéng caa minh ddi voi san
pham Tat ca nhung hanh vi nay sé c6 tac dong khdng nho
den thoi quen va s¢ thich cta nguoi dung trong hé tu van.
Diéu nay da pha v di nhitng nguyén tac co ban cua cac
phuong phap khuyén nghi truyén thong [4].

C6 nhiéu dé xuat khac nhau da dwoc dua ra dé nang
cao chit luong du doén cho cac h¢ khuyen nghi trong
mang xa hoi. Hau hét cac phuong phap dé xuét dugc thyuc
thi bang mo hinh tin cay [4, 10]. Phuong phép TidalTrust
sir thuat toan tim kiém theo chiéu rong tinh toan do tin
tudng gitra cac cdp ngudi dung c6 duong di ngan nhat véi
trong so la d¢ tin cay [10]. Phuong phap MoleTrust dé xuét
gidi phap twong ty nhu TidalTrust st dung thuat toan tim
kiém theo chiéu sau dé xac dinh duong di ngan nhat giira
cac cap nguoi dung c6 do dai khéng nho hon d. Gia tri d
duogc xac dinh théng qua kiém nghiém va phu thugc vao
ting bo dit liéu [9]. Phuong phap TrustWalker dé xuat viéc
S dung thuat toan ramdom walk dé két hop mé hinh tin
cay, md hinh du doan dwa vao nguoi ding, mo hinh du
doan dya vao san pham [8]. Tuy nhién, cac phuong phap
ké trén chi st dung dit liéu vé hanh vi friend nén chat
luong khuyen nghi co két qua chua cao so véi cac phuong
phép truyén théng [4].

Trong bai bao nay chung t6i dé xuat mot phuong phap
tiép can mai xay (dung mo hinh dit ligu va md hinh dy doan
cho cac hé khuyen nghi trén mang xa hoi. M6 hinh di li¢u
dugc xay dung biang cach ké thura cac két qua nghién cau
trong xtr ly ngon ngir ty nhién dé wéc lu'ong quan diém cia
nguoi ding doi vai san pham thong qua cac hanh vi cua ho
trong mang x& hoi. Bang céch nay ta c6 thé khai thac dugc
nhiéu nguon dir ligu vao qua trinh huan luyén va dy doan
quan diém cuia ngudi ding ddi véi cac san pham hoac dich
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vu. Dya trén ngudn dir ligu ciia cac hanh vi, chung t0i xay
dung mé hinh du doan bang cach két hop tat ca cac hanh vi
Cla nguoi dung dé nang cao chat lugng khuyén nghi. De
trong tm vao nhiing dong gbp mai cua bai béo, Muc tiép
theo chidng t6i trinh bay phwong phap xay dyng md hinh
dir liéu cho hé khuyén nghi x& hoi. Muc 3 trinh bay mo
hinh dy doan cho hé khuyén nghi trong mang x& hoi. Muc
4 trinh bay phuong phap xay dung b dir ligu thir nghigm
va danh gia. Muc cudi ding la két luan va hudng phat trién
tiép theo cua bai bao.

IIl. MO HINH DU LIEU CHO HE TU’ VAN KHUYEN
NGHI BAI VIET CHO NGU'O'l DUNG TRONG
MANG XA HOI

Nhu da duoc trinh bay & trén, cic phuong phap tu van
trong mang xa hoi huéng veé mo hinh tin cay [4, 9]. Tap dix
liu dugc b6 sung thém vao mo hinh du doén la quan h¢
ket ban trong mang xa hdi [15, 16]. Pay la nguyén nhén
chinh 1am cho cac phuong phap khuyen nghi trong mang
xa hoi co két qua du doan khong cao [4]. Trong muc nay,
chdng tdi trinh bay phuong phap mao rong mé hinh dix liéu
cho cac hanh vi post, like, comment ctia ngudi dung.

2.1. Mg r¢ng md hinh d ligu biéu dién hanh vi post

Gia st ta c6 mang x& hoi gom n nguoi ding U = {ul,
uz, .., un}. Mbi nguoi dung ieU dua ra danh gid cua minh
cho mot s6 san pham xeP bang mot sb rixeQ. Trong do, P
= {p1, p2, .., pm}, Q l1a tap céc sb thuc biéu didn cac mic
d6 wa thich khac nhau cua nguoi dung d6i vai san pham.
Vidu Q ={1.0, 0.8, 0.6, 0.4, 0.2} twong &tng v&i cac mac
do {perfect, very good, good, bad, very | bad }. Gia tririx co
thé dwoc thu thap tryc tiép hozc gian tlep théng qua co ché
phan hoi cua nguorl dang, rix = 0 dugc hiéu 1a nguoi dung i
chua danh gia hodc chua hé biét dén san pham X. Ma tran
R={rixi=1, 2, .,nx=12 ., m} 1a dau vao cua cac
phuong phap khuyen nghi truyen thdng duoc biéu didn
theo cong thac (1) [1, 2].

= {v: ngwdi ding i danh gid xdmikc ddv € O3
= lo otherwise (1)

Hanh vi post cho phép ngudi dung dua thong tin vé san
pham Ién mang xa hoi dé cong dong dénh gid. Thong tin
dua Ién mang xa hoi co thé 1a bai viét, hinh anh, video,
hogc t6 hop céac hinh thirc khéc nhau. Noi dung thong tin
hanh vi post cua nguol dung cé thé dugc thu thap tu dong
thong qua API cua cdc mang x& hdi [14]. Hanh vi post ctua
nguoi dung ludn chira dung ndi dung thong tin phan anh
san pham. Noi dung thong tin c6 thé biéu dién ¢ ba trang
thai khac nhau cua ngudi dung déi véi san pham: positive
(tich cuc), negative (tiéu cuc), neutral (trung tinh) [11, 12].
Thong tin bai post dugc danh gia 1a positive néu ndi dung
bai post chira dyng thong tin phan anh t6t vér san pham.
Thong tin bai post dugc danh gia la negative néu noi dung
bai post chira dung théng tin phan anh khong tot Ve san
pham. Thong tin bai post dugc danh gia 14 neutral néu noi
dung bai post khong xac dinh dugc quan diém cia nguorl
dung la positve hay negative. Vién dé dit ra 1a 1am thé nao
dé xac dinh ty dong quan diém ca nhan cia nguoi dung ddi
véi san pham thong qua hanh vi post.

bé glal quyet van dé néu trén ching toi dé xuét viéc st
dung cac két qua nghién cau cua xir ly ngon ngir tu nhién
trong phan tich quan diém cua nguoi ding (opinion
mining, sentiment analysis) [11, 12]. Goi ContentPost(x) la
noi dung bai post ciia nguoi dung icU ddi véi san pham

SO 04 (CS.01) 2023

xeP. Noi dung bai post ContentPost(x) c6 thé dé dang
trich rat tw dong thdng qua API ctia cdc mang xa hoi [14].
Goi Sentiment(ContentPost(x)) la ham udc luong quan
diém cia nguoi ding ieU ddi véi san pham xeP thong
qua bai post ContentPost(x). Hién tai co nhiéu API ding dé
wdc luong quan diém cua nguoi ding dya vao van ban.
Trong nghién ctu nay, ching t6i st dung API uéc luong
quan diém nguoi ding cho mot bai Post dugc nhém nghién
clru cla truong dai hoc Stanfort dé xuat [13, 14]. Ung Voi
mdi bai post cua nguoi dung i dbi véi san phim X,
Sentlment(ContentPost(x)) cho lai mot sé thuc trong
khoang [0, 1] duoc xac dinh theo cong thuc (3). Néu
Sentiment(ContentPost(x)) vuot qua mot ngudng 6 du lon
thi ta n6i bai post cia nguoi ding icU c6 quan diém tich
cuc ddi véi san pham xeP. Trong truong hop khac ta ndi
bai post cua ngudi ding i€U co quan diém tiéu cuc hoic
khong xac dinh dugc quan diém ddi véi san pham xeP.
Gia tri © duoc xac dinh théng qua kiém nghiém va tay
thugc vao ting bo dir liéu. Trong bai bao nay ching toi su
dung ngudng 6 = 0.85.

néu Sentiment{ Conten tPost(x)) = 8

.
Postii,x) = ED otherwise (2)

POST = {Post(i,x)|i EU.x € P} (3)

He khuyén nghi dwa vao hanh vi post ciia nguoi diing
duge xac dinh theo (1) va (3) duoc bieu dien thanh hai do
thi hai phia. D thi hai phia tht nhat biéu dién danh gia cua
ngudi ding c6 cac canh (i, ) ndi gitta dinh nguoi ding
iU va dinh san pham xeP. Trong sb canh (i, x) cua do thi
nay duoc danh 1a rix theo cong thirc (1). DS thi hai phia
thir hai biéu dién quan diém ciia nguoi dung icU ddi voi
san pham xeP thng qua hanh vi post. Trong s6 canh (i, X)
cua d6 thi nay dugc danh 1a Post(i, X) theo céng thuc (2).

2.2. Mg rgng md hinh dé ligu cho hanh vi like

Hanh vi like cho phép nguoi dung bay té cam suc cia
minh dbi véi mot san pham théng qua bai post caa mot
ngudi dung khac. Ngudi dung ciing c6 thé like hodc khong
like bai post cia mét nguoi dung khac du cho bai post d6
c6 ndi dung positive, negative hay neutral. Mot bai post co
thé nhan dugc rat nhiéu nguorl dung like. Neu hau hét
nguoi dung déu like bai post néi vé mot chii dé hoac san
pham thi ta néi d6 1a “trao lwu” hay “dinh huéng” ngudi
dung ctia linh vuc phén tich théng tin trong mang x& hoi
[4]. Viéc tim ra “trao luu” hay “dinh hu’(')'ng Clia nguoi
dung trong mang xa hoi thong qua hanh vi like ciing 1a yeu
t6 quan trong dé nang cao chat luong khuyén nghi. Véan dé
dat ra 1a 1am thé nao dé udc luong “trao lwu” hay “dinh
hudng” ciia ngudi dung thdng qua hanh vi like trong mang
x& hoi.

Pé xac dinh “trao lwu” hay “dinh huéng” nguoi dung
thong qua hanh vi like cho h¢ tu van chiing t6i dé& xuat
phuong phép tién hanh nhu sau:

Goi ULcU la tap nguoi dung iU da like bai post co
ndi dung ContentPost(x) chira dung quan diém tich cyc doi
v6i san pham xeP dugc xac dinh theo cong thuc (4). Gia
tri Sentiment(ContentPost (x)) phai Ién hon mgt ngudng 6
da 16n va nhan duoc like ctia nguoi dung ieUL.
Sentlment(ContentPost(x)) Bang cach nay ta ude luong
duoc so luong ngudi dung gian tiép c6 quan diém tbt dbi
v6i san pham xeP. UL va ContentPost(x) dé dang duoc
ldy tu dong thong qua AP ctia cac mang x& hoi [14].
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U, = {i € U like ContentPost(x)|Sentiment{ContentPost(x))

R0

Goi URcU la tap nguoi dung dd c¢6 danh gia cao cho
san pham xeP dugc xac dinh theo cong thic (5). Gid tri o
theo (5) duoc xéac dinh du 16n dé xac dinh nguoi dung ieU
¢6 danh gia cao cho san pham xeP. Tap UR chinh la tap
nguoi dung like san pham xeP khong can dua vao bai post
cua bat ky nguoi dung nao thdng qua gid tri rix. bay ciing
1a diém khac biét riéng cua hé tu van véi linh vyc phan tich
thong tin [12].

Up={icUln, =a} (5)

Goi Like(i, X) 1a “trao luu” hay “dinh huéng” ciia moi

ngudi ding € Up U Ur 45 vei san pham xeP cho bai

post ContentPost(x) duogc xac dinh theo cbng thuc (6).

Trong cdng thuc (6), ching ti sir dung hang s y (0<y<1).
U uUg|

Néu Ul gan véi 0, didu nay c6 nghia rat it nguoi

dung like bai post ContentPost(x) va ciing rat it nguoi ding

¢6 danh gia tot vé san pham xeP. Khi d6 ta ndi “trao luu”

hay “dinh huéng” nguoi dung khéng c6 phan héi tich cuc
|ULuUg|

dbi vei bai post ContentPost (x ). Néu |F" | gan vai 1,
diéu nay c6 nghia hau hét nguoi dung déu like bai post
ContentPost(x) va hau hét nguoi ding c6 danh gia tot vé
san pham xeP. Khi d6 ta n6i “trao luu” hay “dinh hudng”
ngudi ding phan anh tich cuc dbi véi bai post ContentPost

().

Like (i, x) = {'J. néuiel, Ul va — :D'”' =¥
0 otherwise (6)
LIKE = {Like(i.x)lie U.x e F} @

Hé khuyén nghi dya vao hanh vi like cia nguoi ding
duogc xac dinh theo (1) va (7) duoc biéeu dién thanh hai do
thi hai phia. D6 thi hai phia thr nhat biéu dién danh gia cua
ngudi ding c6 cac canh (i, X) ndi gitta dinh nguoi ding
icU va dinh san pham xeP. Trong s6 canh (i, X) cua d6 thi
nay duoc danh 1a rix theo cong thirc (1). D6 thi hai phia
thir hai biéu dién xu huéng cua tap nguoi ding ieU da like
san pham xeP gian tiép thong qua hanh vi post duoc udc
lugng theo cbng thuc (6).

2.3. M¢ rgng mo hinh dé ligu cho hanh vi comment

Song hanh cing hanh vi like, post trong mang x& hoi la
hanh vi comment. Hanh vi comment cho phép nguoi ding
bay to quan diém cua minh di vai san pham thong qua bai
post cua mot nguoi ding khac. Mot bai post ¢6 thé duoc
nhiéu nguoi ding khac comment. Mdi comment cia ngudi
ding icU la mot doan van ban phan anh quan diém cua
nguoi dL‘mg nay cho ndi dung bai post caa mot nguoi dung
khac n6i vé san pham xeP. Goi CommentContent(x) 1a noi
dung commnent cua nguoi ding ieU noi vé san phim
xeP. CommentContent(x) c6 thé duoc lay ty dong théng
qua API cua cac mang xa hoi [14]. Chang téi st dung phép
uée lugng quan diém cia nguoi dung ieU cho vin ban
CommnentContent(x) dugec dé xuit trong [13]. Goi
Comment(i, x) la gia tri xac dinh quan diém cia nguoi
dung ieU theo noi dung CommentContent(x) dwoc Xac
dinh theo cong thirc (8).
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1 néu Sentiment (CommentContent(x) =8
0 otherwise

®)

Comment(i,x) = {

COMMENT ={Comment (i.x)li e Ux e P} ()

H¢ khuyén nghi dwa vao hanh vi comment cta ngudi
dung duoc xac dinh theo (1) va (9) dugc biéu dién thanh
hai d6 thi hai phia. D6 thi hai phia thir nhat biéu dién danh
gia ciia nguoi dung c6 cac canh (i, x) ndi gitra dinh nguoi
diing ieU va dinh sin pham xeP. Trong s6 canh (i, X) cua
d6 thi nay duoc danh 1a rix theo Cong thie (1). D6 thi hai
phia thi hai biéu dién quan diém cia nguoi dung ieU
comment vé mét san pham xeP.

l1l. MO HINH DU POAN DUA VAO HANH VI NGU Ol

DUNG

Nhur da trinh bay & trén, d6 thi biéu dién danh gid nguoi
dung cho cac san pham dugc xac dinh theo (1), d6 thi biéu
didn quan diém cua nguol ding di véi san pham thong
qua hanh vi post dugc xac dinh theo (3) dd thi biéu dién
xu huéng str dung san phdm cua ngum ding ddi vai san
pham thong qua hanh vi like dugc xéac dinh theo (7), dd thi
biéu dién quan diém coa nguoi dung d6i voi san pham
thong qua hanh vi comment duge xac dinh theo (9) déu la
nhitng d6 thi hai phia. Ngoai lgi thé vé mat biéu dién dir
liéu, 46 thi hai ph|a cho phép ta tinh toan duogc d6 tuong ty
gitra cac cdp nguoi ding hodc do tuong tr giira cac cgp san
pham maot cach hi¢u qua. Trong muc nay, chung t61 dé xuét
phuong phép tu van két hop gitra danh gia nguol dung va
cac hanh vi post, like, comment dya vao nguoi ding trong
mang xa hoi. Phuong phip tu van Social-UserBased dé
Xuit duoc thyc hién tuan tu theo bon bude nhu trong Hinh
1.

Tai budc 1 caa thuat toan chiing t6i tinh toan doc 1ap
muc d6 tuong tu gitra CAc cap ngudi dung dya vao ma tran
danh gi4 R, POST, LIKE, COMMENT. Vi db thi biéu dién
ma tran danh gla R, POST, LIKE, COMMENT déu 1a dd
thi hai ph1a nén ching i dé xuat vi¢c tinh toan do tuong
tu gitra c&c cap nguoi dung dua trén tong trong sb cua tat
ca cac duong di tu dinh ngum ding dén dinh ngudi dung.
Trong phu’omg phap nay, viéc xac dinh d tuong tu gitra
cac cap ngudi dung bang cach tinh tong trong so cac duong
di d6 dai L tir dinh nguoi ding ieU dén dinh nguoi dung
jeu trén dd thi hai phia. Cap nguoi dung i, jeU co téng
trong s6 céc duong di d6 dai L lon nhat s€ tuong tu nhau
nhiéu nhat. Do db thi biéu dién 1a db thi hai phia vi vay L
ludn la mot s6 chan duoc xac thdong qua thyc nghiém. Cu

thé, ky hiéu R™) |ama tran udce luong d6 tuong tu gilta cac
cap nguoi ding dya vao tong trong s6 cac duong di do dai
L, R" 1a ma tran chuyén vi caa R, B 1a mét hing sé (0< B
<1). Khi d6, mirc d6 twong tu gita cac cdp nguoi dung
theo ma tran danh gia dugc xac dinh theo cong thac (11).

R — {ﬁ.H.HT néu L =2
“ lp.R.RT.RUY néul= 46..  (10)

Do quan h¢ giita nguoi ding va san pham théng qua
hanh vi post, like, comment dugc xac dinh theo (3), (7), (9)
cling duoc biéu dién thanh cac db thi hai phia vi vay do
tuong ty gifra cac cdp nguoi dung theo cac hanh vi nay
ciing dugc xac dinh tuong ty nhu ddi véi ma tran danh gia
ngudi dung.
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Goi POST™ | LIKE™ COMMENT™ 13 46 tuong tu
gitra cac cap nguoi dung dya vao cic hanh vi post, like,
comment. Goi POST”| LIKET COMMENTT |3 ma tran
chuyén vi ctia cdc ma tran tuong tmg. Khi d6, do tuong tu
gitra cac cap nguoi dung theo hanh vi post, like, comment
duoc xac dinh theo cdng thuc (11), (12), (13) theo tha tu.

Thuit toan Social-UserBased:

Péu vao :
Ma tran danh gia R duoc xac dinh theo cong thue (1).
Ma tran Post(i, x) dugc xac dinh theo cdng thuc (3).
Ma tran Like(i, x) dugc xac dinh theo cong thuc (7).
Ma tran Comment(i, x) dugc xac dinh theo cong thic (9).
Ngudi ding iU 1a nguoi ding cén dugc tu vén.
Piura:
Danh séch k san phim mai phi hop nhét doi véi nguoi dung i.
Cic bude tién hanh:

Buéc 1. Tinh toan mirc do tuong ty gitra cac cap nguoi dung:

1.1. Tinh todn mirc d9 twong ty gitra cac cap nguoi dung dya trén ma
tran danh gia R theo cong thic (10):
RIS = ,S.R.R": _ néu L=2

BA.R.RT.RH néw L= 4.6,..
1.2. Tinh todn mirc do tuong tu gitra c&c cap ngudoi dung dya trén hanh
Vi post theo cdng thuc (11):
PosT) = B POST. FOST' neu L=2

B.POST. POSTT. POST'"®  néul= 4,6,..
1.3.  Tinh todn mirc do twong tyu gitra cac cap nguoi dung trén hanh vi like theo
. ) " G.LIKE. LIKE™ meu L=2
cong thic (12):  LIKE'™ = - s .

9 (12) [ﬁ.uxs.m\'s- LIKE™ ™ péy L= 4,6,
1.4.  Tinh todn mirc d9 twong tu gitra cac cap nguoi dung dya trén hanh vi
comment theo cong thuc (13):

(6 COMMENT. COMMENT”
MMENTH =
COMMENT = g coMMENT. COMMENT™.COMMENT L 2

néu L=2
néul = 4.6,..

Budére 2. Tim tip ldng giéng cho ngudi ding can tw vén ieU:
2.1

H'“ == Tap {ang gieéng cia ding j €

U dwa vao ma trin danh gid R
>,
22

H"' =< Tap {ang gigng cla ding j € U dwa vao hanh vi POST>.
2.3
H'“ == Tap {ang giéng cua dung j € U dwa vao hanh vi LIKE>.
2.4

H'“ == Tap {ang giéng cla dang j €
U dwa vao hanh vi COMMNENT

>,
25 KT = KRIIIIK“.K;.IF‘.K;I.I#".KCIIII:
Buéc 3. Dy doén quan diém ciia nguoi dung ieU dbi véi cac san phdm méi xeP [1]:

1
Tix = |T'|| E_:I'EK,- T

Buéc 4. Tao nén tu van cho ngudi dung ieU cac san phdm mdi xeP:
4.1. Sép xép rix theo thu ty tang dan cuia trong sb.

Hinh 1. Thuét toan Social-UserBased.

B.POST.POSTT néu L =2
B.POST.POSTT.POSTE"2)  néul = 4,6, .. (12)

néu L=2

néul = 4,6.. (12)

POST'D) = {

B.LIKE.LIKET

UKE"""={ T -
p. LIKE.LIKE® .LIKE ==~/

COMMENT ™ =
{ B.COMMENT.COMMENTT néu L=2
B.COMMENT.COMMENTT. COMMENT == L = 4,6, ...

(13)
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Tai budc 2, thut todn tim tap lang giéng cho nguoi

dung can tu vén ieU. Goi Ky, kg K, K 1 tap lang
giéng cua nguoi dung ieU duge xac théng qua d6 tuong tu
giita cac cap ngudi ding dua vao R POST® | LIKE®
COMMENT™ 43 duoc tinh todn & buéc 1. Phuong phép

|:E| (i) (il (1) N
tim Kg » Kp W K, K¢ dugc thuc hién don gian bang
cach Iay k nguoi dung jeU cd mac @6 tuwong tu I6n nhat

(1) (1) (1) (1) A
ddi voi nguoi ding icU lam Kz’ Kp' K", Koo Tyi
budc 2.5, ching toi tién hanh t|m tap lang giéng cho ngudi

dung ieU bang cach tim & Ia tap nguoi ding thuoc tap
K;;I, K;“,Ki“, Ké-“ i a K“I
1)

K' “chinh 14 tap ngudi ding vira twong tw nhau theo danh
gia, Post, Like va Comment. Budc 3 cua thuét toan thuc
hién du doan quan diém cua ngudi dung ieU déi vai cac
san pham méi xeP bang céch Iay trung binh cac danh gia
khac 0 cla ngucn ding d6i véi san pham trong tap lang
giéng theo cong thirc (14) [1, 3]. Budc 4 cua thuat toan
thyc hién sinh ra tu van cho ngudi dung ieU bang cach
chon Kk san pham méi c6 gid tri du doan cao nhét goi y cho
ngudi dung nay.

giao gilra cac tép

1
?E'.J.' = ME_IEKE- ?:}.J.' (14)

IV. THI NGHIEM VA DANH GIA

Nhu da trinh bay & trén, do céc bo dir liéu cua loc cong
tac trong mang xa hoi hi¢n tai méi chi bao gom di Iiég
danh gia nguoi dung doi véi san pham va dir ligu phan ve
moi quan hé két ban thong qua hanh vi friend [15, 16]. bé
danh gla hiéu qua cua cac phuong phap tu Van két hop véi
hanh vi nguoi dung trong mang x& hoi dé xuat, chang toi
tién xay dung bo dir liéu va thir nghiém. Phuong phap xay
dung bo dir liéu va két qua tha nghiém trinh bay ¢ trén
dugc danh gid va so sanh véi cac phuong phap khac theo
tha tuc mo ta dudi day.

4.1. D liéu thir nghiém

Thuat toan Social-UserBased dé xuat duoc thir nghiém
trén tap di ligu thu thap bang tieng Anh do nhom nghién
ctu ty xay dung. Dt liéu thu thap duoc bao gom 6090
nguoi dung, 1754 khach san, 4999 danh gia ngudi dung
cho méi khach san, 5710 hanh vi add friend, 961 bai post
¢6 quan diém tich cuc dbi vai khach san, 4757 hanh vi like,
2995 hanh vi comment. Panh gia ctia ngudi dung cho mai
khéch san dugc thé hién theo 5 thang bac danh gid Q =
{1.0,0.8, 0.6, 0.4, 0.2} tuong ung Véi {Perfect very good,
good, bad, very bad”. Dit liéu vé cac hanh vi ngudi dung
duoc ldy tu dong va xir Iy nhu sau:

- Hanh vi Add Friend cia tap nguoi ding dugc lay truc
tiép thong qua Facebook API [14] Dir liéu cua tap nay
duoc tién xir Iy va chi giir lai cac mdi quan hé két ban cua
6090 nguoi dung trong co so dir liéu.

- Noi dung cac bai post ciia nguoi dung duoc ldy tu
dong thong qua Facebook API [14]. Ung véi mbi bai post,
chung t6i st dung API cta xtr ly ngdn ngit ty nhién dé wéc
lwong quan diém nguoi ding thong qua hanh vi post [12].
Chon 6=0.85 dé woc lugng quan diém cua nguoi dung ieU
dbi véi san pham XeP. Diéu nay c6 nghia néu nguoi dung
ieU c6 bai post vé khach san xeP véi quan diém tich cuc
néu Sentiment(ContentPost(x))>0.85.
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- C4c hanh vi like bai post c6 quan diém tich cuc dbi
véi khéch san duoc ldy tu dong thong qua Facebook API
[14]. Diéu nay da mic dinh chon 6=0.85 d¢ tinh toan theo
(4). Chon a=0.4 dé x4c dinh UR theo cong thic (5). Chon
y=0. 5 dé xac dinh xu huéng sir dung cta nguoi ding theo
cbng thuc (6).

- Noi dung cac comment cua nguoi dung cling dugc
Iay tw dong thong qua Facebook API [14]. Lay 6=0.85 dé
wdce luong quan diém ngudi dung ddi véi khach san thong
qua API cta xtr Iy ngon ngu tw nhién [12, 13]. Lay p=0.5
dé tinh toan tong trong sb cac duong di do dai L cho cac
cbng thac (10), (11), (12), (13).

4.2. Phuong phap thtr nghiém

Trudc tién, toan bo dir liéu thur nghiém dugc chia thanh
hai phan, mot phan Utr duoc sur dung lam dir ligu hun
luyén, phan con lai Ute duoc sir dung dé kiém tra. Tap Utr
chtra 80% danh gia va tap Ute chura 20% déanh gia. Dir liéu
huén Iuyen dugc st dung_ dé xay dung mé hinh theo thuat
toan md ta ¢ trén. V&i moi ngu’ol dung i thudc tap dix liéu
kiém tra, cac danh gia (dd c6) ciia ngudi dung duoc chia
lam hai phan Oi va Pi. Oi dugc coi la da biét, trong khi d6
Pi 1a danh gia can dy doan tir dit liéu huan luyén va Oil[l,
2,3].

Sai sb du doan MAEu véi mdi khéch hang u thugc tap
dir liéu kiém tra duoc tinh bing trung cong sai s6 tuyét doi
giita gi tri du doan va gid tri thuc doi véi tat ca mat hang
thuoc tap Pu.

MAE, = T |Z\.EP |7y _Tu_vl (15)
_ Sai s6 dy doan trén toan tap dir ligu kiém~ tra duoc tinh
bang trung binh cong sai s6 du doan cho méi khach hang
thuoc Ute. Gid tri MAE nh¢ thi phuong phap du doan co
d6 chinh xéac cao [1, 6, 7].
MAE

_ ZHEUM* U
MAE ===, (16)

4.3. So sanh va danh gia

Phuorng phap Social-UserBased dé xuét trong Muc 3
duogc cai dat bang Python. Phuong phap thir nghiém va so
s&nh véi nhitng phuong phép sau:

Phuong phap k lang giéng gan nhit dua vao ngudi
dung su dung do twong quan Pearson (ky hiéu la CF-
UserBased) [1, 2]. Phuong phép nay chi su dung dix liéu
danh gia ctia nguoi dung doi vai san pham [1, 7].

Phuong phép k lang giéng gan nhét dua vao san pham
sir dung d¢ tuong quan Pearson (ky hiéu la CF-ltem Based)
[2]. Phuong phap nay chi st dung dit liéu danh gia cua
nguoi dung doi véi san pham [1].

Phuong phép TidalTrust sur thuat toan tim kiém theo
chiéu rong tinh toan d¢ tin tuong gitra cac cap nguoi dung
¢6 duong di ngan nhat vai trong sb 1a do tin cay [8, 10].
Phuong phap nay chi sir dung dir liéu danh gia cua nguorl
dung dbi véi san pham cuing véi dit liéu thong qua hanh vi
két ban add friend [8].

Phuong phap MoleTrust sir dung thuat toan tim kiém
theo chiéu sau dé xac dinh duong di ngan nhat gitra céc cap
ngudi dung c6 d6 dai nhé hon d [10]. Phuong phap nay chi
sur dung dir liéu danh gia ctia nguoi dung doi vai san pham
cuing véi dir lidu théng qua hanh vi két ban add friend [10].
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Phuong phép TrustWalker st dung thuét todn ramdom
walk dé két hop mo hinh tin cay, mé hinh dy doan dya vao
nguoi dung, md hinh du doan dwa vao san pham [8].
Phuong phdp nay chi st dung dix liéu danh gia cua nguoi
dung ddi vai san pham cung vai dir liéu thdng qua hanh vi
két ban add friend [8].

Lay ngau nhién 4000 nguoi dung trong tap dir ligu lam
dir ligu huan luyén. Chon ngau nhién 1000 nguoi dung
trong s6 con lai dé lam tap di liéu kiém tra. Gia tri MAE
trong Bang 1 dugc ldy trung binh cuia 10 lan thir nghlem
ngau nhién. Gia tri MAE nho chting t6 phuong phép c6 Kkét
qua du doan tot [1, 3].

Két qua trong Bang 1 cho thay phuong phap khuyén
nghl dua vao nguoi dung va phuong phap khuyen ngh1 dua
vao san pham cho lai gia tri MAE Ién nhat. Véi s6 lugng
nguoi dung cua tap Iang giéng lan luot 1a 50, 100, 120,
150, gia tri MAE cua céc phuorng phap nay déu Ién hon
0.35. Két qua nay c6 thé ly gidi ca hai phuong phap thuc
hi¢n du doan dya trén duy nhat ma tran déanh gia nguoi
ding c6 s6 luong danh gia khac 0 rat thua. Phuong phap
TidalTrust, MoleTrust, TrustWalker cdi thién khong déng
ké sai s6 du doan MAE. Ung Vi s6 luong nguol ding
trong tap lang giéng k=50, gia tri MAE cua céc phuong
phap nay déu I6n hon 0.35. Khi tang s6 luong nguol dung
trong tap lang giéng k=100, 120, 150 gia tri MAE c6 glam
di nhung rit nho. Didu ndy cé thé khing dinh hanh vi
friend cua nguoi dung trong mang xa hoi co tic dong
khong dang ké dén két qua du doan. Két qua nay ciing
hoan toan phu hgp vai nhitng nghién ctu trude day [3, 7].

Bang 1. Gia tri MAE cla cac phwong phap

Phuong phip S6 lwgng ngudi dung cua tap lang giéng

50 100 120 150
CBF-UserBasep| 0.3612 | 0.3522 | 0.3492 | 0.3405
CF-ITEMBASED 0.3598 | 0.3573 | 0.3514 | 0.3541
TIDALTRUST 0.3558 | 0.3497 | 0.3419 | 0.3412
MOLETRUST 0.3584 | 0.3473 | 0.3397 | 0.3384
TRUSTWALKER 0.3529 | 0.3315 | 0.3229 | 0.3271
U SEigi'?EL[; 0.1478 | 0.1485 | 0.1461 | 0.1432

Gia tri MAE cua phuorng phéap Social-UserBased nho
Xap Xi mot nira so Véi cac phuong phéap con lai. Nghi ngo
co sy nham lan nao d6 trong khi thuc nghlem chdng toi
tién hanh kiém tra doc Iap viéc két hop giita danh gia
nguoi dung véi ting hanh vi riéng ré. Trudc tién, ching toi
kiém tra viéc két hop gitra tdp danh gid nguoi ding va
hanh vi post. Két qua cho thay gla tri MAE cua phuong
phép nay déu nho hon 0.2. Diéu nay ching t6 hanh vi post
¢6 quan diém tich cuC cla nguoi dung doi véi san pham
tac dong khong nho dén chat lugng du doéan cta hé tu van.
Két qua nay cung phu hop vai so liéu cia Facebook dua ra:
Co trén 67% cac giao dich di¢n tir thanh cong thong qua
hanh vi post. Tiép dén, chung t6i kiém tra viéc két hop
gitra danh gia ngu’orl ding va hanh vi like va comment, két
qua cho thiy cac phuong phap két hop nay cho lai gia tri
MAE<0.25. Nhung khi mé rong viéc két hop 1én hai hanh
vi ((post, like), (post, comment)) va ba hanh vi (post, like,
Comment) két qua t6t dan 1én nhu trong Bang 1. Diéu nay
chi c6 thé Iy giai phuong phép uéc lugng quan diém cua
nguoi ding ieU di véi san pham xeP theo cach tiép can
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cua xu 1y ngdn ngir ty nhién la hoan toan tin cay. Phuong
phap tinh toan do tuong tu gifra cac cap nguol ding hoac
san pham bang cach xac dinh tong trong S0 cac duong di
d6 dai L cho lai két qua tét hon so voi do do tuong tu dua
vao trust. Phuong phap xac dinh tap lang gleng cho nguoi
dung hoac san pham dwa vao cac hanh vi rate, post, like,
comment chinh xac hon so véi phuong phap dwa vao mo
hinh tin cay.

V. KET LUAN

Bai bdo di dé xuat mot phuong phap khuyén nghi két
hop Vvéi hanh vi nguoi dung trong mang xa hoi. Trong do,
md hinh di liéu cta hé tu van dugc xay dung bang céch sir
dung cac API ctia mang xa hoi két hop Véi API cia xur ly
ngon Ngit tw nhién d¢ ude luong quan diém ctia nguoi dung
doi vai san pham Bang céch nay, ching toi dich chuyén
6 thi biéu didn mang xa hoi tong quét vé mang thu nho
ctia cac hanh vi. Mang xa hoi thu nho theo cac hanh vi
duoc biéu dién thanh cac @6 thi hai phia cho phép ta sir
dung cac do do twong tu trén do thi dé xay dung md hinh
du doan. M6 hinh dy doan duoc xay dung bang cach xéac
dinh tap nguc‘yi dt]ng ¢6 cung chung s¢ thich theo danh gia
ngudi dung, ¢d cung chung so thich post, ¢6 cung chung SO
thich like, cing chung s¢ thich comment d6i vai cac san
phim lam tap Iang giéng. Thuc ‘nghi¢m trén tap dix li¢u
thuc do nhém ty xay dung cho thay st dung tap lang gleng
két hop glua cac hanh vi cho lai két qua dy doan t6t hon rat
nhiéu so véi cac nghién ctu gan day dua trén mé hinh tin
cay. Vi kg:t qua thuc nghiém nhéan duoc ta co thé khang
dinh mét s6 diém sau:

Phuong phap udc luong quan diém cia ngudi dung doi
véi hanh vi post va comment cta nguoi dung trong mang
x& hoi ¢6 thé dugc thuc hién hiéu qua thong qua cac két
qua nghién ctru vé khai pha quan diém ngudi dung caa Xir
Iy ngdn ngit tw nhién.

Phuong phéap xéac dinh xu huéng su dung san phém cua
nglrorl ding trong mang x& hoi cho h¢ tu van co thé duoc
xac dinh bang cach két hop giira danh gia nguoi dung véi
hanh vi like cua nguoi dung trong mang xa hoi.

Do tuong tu gitra cac cap ngudi dung hodc san phim
khi két hop véi hanh vi nglIO’I dung trong mang xa hoi cho
lai két qua chinh xac hon cic d9 do tuong tu truyén théng.
Dic biét, két qua tu van két hop giita danh gia nguoi dung
va cac hanh vi ngudoi dung trong mang xa hoi c6 két qua
chinh x4c cao hon so véi md hinh tin cay.

Vi cach tiép can nay, bai bdo con c6 thé mo rong
nghién ctru cho truorng hop dit liéu 16n, dir ligu thua, nguoi
dung méi va san pham méi cua h¢ khuyén nghi. Nhirng
van dé nay sé& duoc chang toi trinh bay & nhiing nghién cau
tiép theo cua bai bao.
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RECOMMENDATION BASED ON SOCIAL
NETWORKS USER’S BEHAVIOURS

Abstract: The birth of social network is considered to
be the most profound event for Internet users at the
moment. Some of famous online social networks, such as
Facebook, Twitter, LinkedIn have become popular and
changed tranditional communication ways.
Communication between entities within social networks
create a rich and diverse resource that is a good
opportunity for analysis, exploration and application
development. In this paper, we propose a collaborative
filtering method that combine with user behaviours in
social networks. The method is conducted by analyzing
user opinions expressed through rate, post, like, comment
behaviours in social networks. Based on the analysis
results of opinion statements, we propose algorithms to
recommend suitable items for each user. The experimental
results on a real data set that collected on Facebook social
network show that the proposed methods achieve superior
performance compared to approach methods based on
trust models.

Keywords:
Content-based

Collaborative Filtering Recommendation,
Filtering Recommendation, Hybrid
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Filtering Recommendation System, Social Recommender

Systems.
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