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Tom tiit - Hé thong goi y (Recommender Systems - RS) dang dwoc iing dung rong rdi trong nhiéu linh vuee (nhuw thiwong mai dién
tr, gidi tri, gido duc,...) nham dy dodn sé thich ciia ngiedi ding nhé vao thong tin ca nhan hodc nhitng phéan héi (danh gia) cia ho.

Bai viét nay dé xudt mét gidi phdp trong xdy ding hé théng goi y theo ngit canh, dp dung cho goi ¥ du lich nham goi y cdc diém
du lich phii hop nhdt véi du khach. Hé théng nay két hop cdc phu'ang phap nhu goi ¥ dia trén ngiv canh dau vio (contextual pre-
Jfiltering), tich hop vdi ky thudt phan ra ma trn (matrix factorization) va xu ly ngir canh ddu ra (contextual post-filtering) nham ting d¢
chinh xdc cho hé théng. Sau khi xdy dyng hé thong va tich hop cdc gidi thudt goi , chung 101 thu thdp thong tin tir nguoi ding thuc
nhdm dénh gi¢ hiéu qua ciia hé thong da dé xudt. Thiee nghiém cho thdy viéc ing dung giai phdp ndy trong ho tro phat trién du lich la
hoan toan kha thi.

Tir khéa: H¢ thong goi y theo ngit canh, hé théng goi ¥ du lich, ky thudt phan rd ma trdn, loc céng tdc.

I. GIOI THIEU

Nganh du lich trong nhimg nam qua da phat | trién manh mg&, dem lai loi ich to 16n vé kinh té - x& hoi, gop phén thuc
day cac nganh san xuét va dich vu phat trién. V&i tiém nang du lich da dang va phong phu, Viét Nam 1a mot nude c6 nhidu
danh lam thing canh, tir 6 thu hat khong it khach du lich ca trong va ngoai nudce. Tuy nhién, khach du lich thuong gép phai
rét nhiéu kho khan khi di dén nhiing thanh phd la 13m. Ho cén phai nho dén sy trg gitp cua huéng dan vién du lich hoic it
nhét 13 phai dya vao sach huéng dan hay ban d6 dé c6 dugc nhiing thong tin ma ho can tim. Tuy nhién nhimg sy trg gitp
nay cling c6 nhimg han ché nht dinh nhu: Khéch du lich s& o thé kho tim thay nhu’ng thong tin chi tiét vé nhimg dia diém
du lich cin tham quan dé c6 su chuén bi can thiét. Hogc 13, nhitng huéng din vién du lich thudng hudng dan cho ca doan
khach, ho di theo nhimng tour du lich d& duoc dinh sén va chi duoc tham quan nhimng diém du lich chinh, trong khi nhitng
diém du lich tha vi lai khéng dugce tham quan, méc du cach dia diém chinh rat gﬁn.. Nhu vay lam thé nao dé hd tro khach
khi di du lich c6 thé d& dang tim thdy nhimg dia diém phi hop véi ho, phi hop vé6i nhimng diéu kién ngit canh xung quanh
(nhu thoi tiét, tim trang, ban dong hanh,...).

Dé dap tmg nhimg doi hoi trén, viée img dung cac cong nghé trong hé thong goi ¥ véi cac yéu td ngit canh c6 thé s&
cho két qua phu hop. Hé thong 201 ¥ (Recommender Systems - RS) la mt dang k¥ thuat trong loc thong tin, RS dang duogc
g dung rong rii trong nhiéu linh vuc (nhu thuong mai dién tir, giai tri, gido duc,...) nhim dy doén s& thich ciia ngudi ding
nho vao théng tin c4 nhan hodc nhitng phan hdi (danh gid) cia ho.

Bai viét nay d‘ef xudt mot gidi phap xdy dung hé théng goi Y dua trén ngit canh, sau dé img dung giai phdp nay cho
bai toan goi y cd,c diém du lich. H¢ thong c6 thé vér} hanh trén nén Web dé ho tro khach du lich nham dem lai su thoai mai
va sy tién dung toi da cho ho khi tham gia vao hé thong.

Dé thuc hién, chiing t6i dd nghién ctru cac phuong phap hién c6 va dé xuit phuong phap xdy dung hé théng bing
cach két hop phuong phap goi v dua trén ngilt canh déu vao (contextual pre-filtering), tich hop voi k§ thuat phén rd ma tran
(matrix factorization) va xir Iy ngit canh dau ra (contextual post-filtering), ddng thoi tim hiéu va dé xuit hudng khic phuc
vén d& ngudi ding mai trong hé théng. Sau khi xay dung hé théng hoan chinh, chiing t6i thu thap ¥ kién phan hdi tir nguoi
ding thuc, tir 46 danh gia hiéu qua cia hé théng da xay dyng.

II. HE THONG GQI Y (RECOMMENDER SYSTEMS - RS) VA CAC NGHIEN CU'U LIEN QUAN

Hé théng goi v (RS) 1a h¢ théng c6 kha ning dy doan va cung cép cho ngudi dung nhiing thong tin, san phdm hay
dich vu ma ho c6 thé thich/quan tdm. RS s€ dua ra cac goi y dya trén phan hdi trong qua khir cua nguoi dung (nhu binh
ludn, danh gia,...) trén san pham, bai hat, bd phim, diém du lich,... Cac hé théng goi ¥ ndi tiéng hién co nhu: goi y san
phém ciia Amazon/Ebay, goi y phim/video clip ctia NetFlix/Youtube,..

RS da cho thiy dugc ¥ nghia to 16n cia n6 trong vide gitp ngudi dung gidi quyét tinh trang qua tai thong tin. C6 hai
loai m6 hinh RS duoc nghién ctru va tmg dung trong thyuc tién d6 1a: hé thong goi v 2 chidu (2D RS) va hé théng goi y
theo ngir canh (da chiéu, thong thuong 1a 3 chiéu — 3D RS).

A. Heé thong goi ¥ hai chiéu

Trong hé théng goi ¥ 2 chidu c6 hai khai niém chinh 13 ngwdi ding (user) va muc tin (item) cin duoc goi ¥ dén
cho nguoi ding. Qua trinh goi y dua vao cac phan héi (feedbacks/rating) ciia nguoi ding vé cac ddi tugng. Vi du, danh gia
ctia ngudi ding vé cac san phim ma ho da timg mua trén Amazon tir * dén % % % % % . Nhiém vu cta RS 1a dy doan cac
danh gia cta nhitng nguoi ding ddi véi nhiing item ma ho chua thay/mua va sau d6 goi y cho ho.

Mot cach hinh thirc, goi U la tap nguoi dung (users); I 1a tdp muc tin (items). Tép I co thé rit 1om, tir hang tram
ngan (sach, CD,...) dén hang tridu (nhu bai bao, ban tin,...). R 1a tip cic gia tri danh gia ciia ngudi ding trén cac muc tin.
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Thong thudng dit liéu duoc biéu didn trong mot ma tran 2 chiéu, trong d6 mdi dong 12 mét user, mdi cot 1a mot item va
moi 6 1a danh gia cua user trén item twong Gtng). V&i moi nguoi dung u € U, can tim muc i € T (1 chua xem/mua i) sao cho
ham 7 do d§ phu hgp (x€p hang/danh gia) ciia nguoi dung u dat gia tri 16n nhat trén i:

fUXxI—>R (1)

Céc ky thuat trong RS thuong dugce phan thanh ba nhom [1]:
- Duva trén ndi dung (content-based filtering): nguoi dung dugc ggi ¥ nhitng item twong ty nhu cac item tirng dugc
ho déanh gia cao;
- Loc cong tac (collaborative filtering): nguoi ding dugc goi ¥ cac san phidm ma nhitng ngudi cing s& thich véi ho
danh gia cao. Pay 1a k¥ thuat thuong dugc sir dung nhat;
- Lai ghép (hybrid): két hop ca 2 phuong phap trén.

Y tuéng chinh cua k¥ thuat loc cong tac 1a du doan d6 phi hop cua item i dwgc danh gia boi nguoi dung u dya trén
tap N(u; i) giltta ngudi dung u; va i, trong do u; 1a ngudi c6 cung s¢ thich véi u. Vi duy, dé goi y mot diém du lich cho ngudi
dung u, dau tién hé thong loc cdng tac tim nhitng nguoi dung khac cé cung sé thich véi u. Sau do, nhiing noi dugce ho danh
gi4 cao s& duoc dung dé goi ¥ cho u.

B. Hé thong goi y theo ngit canh (Context-aware RS)

Thong thuong trong RS hai chiéu, nguoi ta thuong biéu dién dit liéu vao ma tran user-item do vay chi quan tam dén
nguoi dung va muc tin la chinh chtr khong quan tam dén cac thong tin ngir canh (context) bén ngoai ¢6 tac dong dén
quyet dinh ctia nguoi dung hay khong “Thong tin ngit canh la nhitng thong tin ¢d thé mé ta dege hoan canh ciia mot thue

€” [3]. Vi du: thoi gian, noi chén, thoi tiét, tim trang, ... 12 nhitng thong tin ngit canh, chung c6 thé anh huong dén danh
gla cua nguoi dung dbi voi cac item, tir d6 dan dén sy anh hudng cia nhitng goi ¥ trong RS.

V6i hé théng goi ¥ da chiéu, ham # dugc b sung thém thong tin ngit canh (context) va tré thanh:

FUxIxC—R (C la thong tin ngit canh)

vi dy, trong hé thong g0i ¥ du lich, user 1a khach du lich, item 14 nhitng dia diém du lich, va ngit canh co thé 1a thoi
gian (budi sang/tdi, cudi tudn, mua, 18, tét,...), ban dong hanh (di mot minh, di v6i ban trai/ban géi, di voi gia dinh, tré
nho...). Nhimg danh gia cho mot diém du 11ch boi mot nguoi dung co thé s& phu thudc vao nhitng ngit canh d6. Vi du vao
budi t6i mua xudn di cing gia dinh thi dia diém ABC la hip din nhat, nhung khi di ciing ban gai thi ¢6 thé dia diém do
khong phu hop nira.

Khoéng gian goi v ba chidu c6 thé dwoc mo ta trong khoi lap phuong nhu ¢ Hinh 1. O to dam cho biét chi so
R(101,7,1) = 6 c6 y nghia 1a nguoi dung c6 ma s6 101 danh gia san pham c6 ma s 7 trong diéu kién thoi gian c6 ma sb 1
v6i gia tri danh gia 1a 6. Trong khdi lap phwong nay, khong phai 6 nao ciing c¢6 gia tri, nhitng 6 khong co gia tri 1a do
ngudi ding chua danh gid. Muc tidu ciia hé théng goi ¥ 1a du doan gia tri tai nhimg 6 con thiéu do, tir 6 dua ra 101 goi ¥
dén véi nguoi dung.

101
- o =
102 R(101,7,1)=6
Users
103
[ld_ [Name Age NN 3
101 John 25 2 mm
R R 2 3 5 7 1 Time 1 Weekday
103 Alice 27 Items 2 Weekend
2 Item 2 10
3 Item 3 20
5 Item 5 15
; f Item 7 40

Hinh 1. Minh hoa cho khong gian goi ¥ ba chidu (ngudn [3])
Céc phuong phap tiép can trong hé théng goi ¥ da chiéu co thé dugc tom tit nhu sau [3]:

e Xur Iy ngir canh du vao (Contextual pre-filtering): Trong tlep cén nay, théng tin vé ngit canh duoc st dung dé lya
chon hodc xay dung cac thiét 1ap co lién quan dén dir liéu (xep hang). Sau khi loc thong tin ngir canh, hé théng da
chiéu s& tro thanh hé théng hai chiéu va ta c6 thé sir dung bat ky phuong phap goi ¥ truyén théng nao trén cac dit liéu
da chon.
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e Xur ly ngit canh déu ra (Contextual post-filtering): Trong tiép can ndy, nglt canh thong tin ban dAu bi bo qua va xép
hang dugc du doan bang cach st dung bat ky phuong phap goi ¥ truyén thong trén toan bg dir liéu. Sau do, cac goi y
duogc dicu chinh cho moi nguoi st dung bang cach sir dung cac thong tin theo ngilr canh.

e MO hinh héa ngir canh (Contextual modeling): Phuong phap nay xay dung mét mé hinh du doan. Vi dy, mé hinh nay
co thé dlIE,l ra xac suat mot nglr(‘)‘i dung cu thé chon mdt san pham cu thé trong mdt bdi canh cu thé 1a bao nhiéu. Sau
do6 xac suat nay dugc dung de dieéu chinh va tim ra goi y phu hop.

C. Cadc nghién curu lién quan

Hién ciing dd c6 nhiéu nghién ciru vé xay dung hé théng goi ¥ hd trg du lich, nhung da phén 1a st dung phuong
phap loc theo ndi dung (content-based filtering) (Gediminas Adomavicius and Alexander Tuzhilin, 2008), (Francesco

Ricci, 2002), (Linaza et al., 2011). Ngoai ra, ciing da c6 nhi€u nghién ctru xay dung hé thong goi y du lich trén nén thiet bi

di dong, nhu trinh bay trong (José et al., 2012), (Damianos et al., 2014), (Gavalas et al., 2013) (Manuel et al., 2012).

O day ching t0i s& dé xut xay dung h¢ thong goi ¥ c6 tich hop céc phuong phap nhu xir 1y ngi canh dau vao, ket
hop v6i ky thudt phan rd ma trén (matrix factorization) (Koren et al., 2009) (Nguyen Thai Nghe, 2013), va xr Iy ngit canh
dau ra.

IIL. PHUONG PHAP PE XUAT

Dé xiy dung hé théng goi ¥ theo ngir canh, ching t6i d8é xudt két hop cac phuong phap nhu minh hoa trong Hinh 2:

Trudge tién xtr Iy thong tin ngit canh dau vao, k& dén dung ky thuét phén ra ma tran dé dy doan két qua, sau d6 xtr 1y thong
tin ngit canh dau ra.

Fhan héi

tu user Lo Goiy
Xw ly ngir Matrix Xw ly ngiv 4
canh dau vao Factorization canh dau ra

Hinh 2. Quy trinh goi y theo ngit canh

A. Xk Iy thong tin ngir canh dau vao

Phuong phap nay dung nhitng diéu kién ngir canh hién tai dugc cung cap truc tlep tr ngudi dung (so thich, tm
trang,...) hodc tir moi truong (thoi gian, thoi tiét, vi tri hién tai,...) sau do truy van, tim kiém nhimg ngudn tai nguyen thich
hop nhéit dé dua ra goiy. Dt liu dau vao 1a mot tap bao gdm: nguoi dung, dbi twong, ngit canh va nhitng danh gia twong
tmg. Sau d6 dung diéu kién ngit canh hién tai ctia ngudi ding cung cap dé loc ra tap dir liéu ¢6 lién quan dén ngir canh do.
Sau khi loc ta c6 thé bé qua thong tin ngit canh, nhu vy bai toan goi y da chidu liic nay tré vé dang bai toan goi ¥ hai
chidu nhur minh hoa trong Hinh 3. Tt day, ta co thé ap dung bat ky phuong phap goi y hai chidu nao dé du doan cac item
cho nguoi ding. Loi ich ctia viée nay 1a c6 thé tai sir dung tit ca nhitng phwong phép goi ¥ hai chiéu sau khi chiéu ngit

canh dugc thu giam.
Ngir canh E ?\~
/ 1)

H &

User
-t

. 1 1~
———
Item X i
a. Dir liéu trong hé Ttem
thong RS truyen thong b. Xir Iy ngir canh déu vao (Pre-filtering)

Hinh 3. Str dung phuong phép Pre-filtering

Vi dy: Gia su ta c6 tap dir liéu ngir canh goi y du lich nhu Bang 1, gdm: nguoi dung (user), dia diém du lich (item),
cac thong tin nglt canh (thoi gian, ban dong hanh, thoi tiet) va danh gia cia nguoi dung trén dia diém du lich twong tng.

Béang 1. Minh hoa tap dit liéu du lich voi ngit canh

user item time Ban Pong hanh Thoi tiét rate
1 2 Cudi tuan Ban bé Trdi néng 4
1 5 Cudi tun Mot minh Troi dm u 1
1 3 L& - tét Gia dinh Troi trong xanh 5
2 2 Ngay trong tuan Ban bé Troi ning 2
2 1 L& - tét Gia dinh Troi trong xanh 3
3 5 L& - tét Gia dinh Troi trong xanh 4
3 4 Cudi tudn Ban bé Troi nang 3
4 3 LE - tét Gia dinh Troi trong xanh 5
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Dé goi y cho ngudi dung vdi cac thong tin ngir canh la: (dip L& - tét, di cung Gia dinh, Troi trong xanh) ta sit dung
phuong phap xt 1y nglr canh dau vao dé loc ra (cac dong dugc té6 dam) tap dir liéu nhu trong Bang 2.

Béng 2. Tép dit liéu sau khi sir dung Pre-filtering

user item rate
1 3 5
2 1 3
3 5 4
4 3 5

Nhu vy sau khi xir 1y xong ta s€ dugec mot tap dir liéu hai chiéu. Luc nay, ta co thé ap dung cac thuat toan trong hé
théng goi ¥ truyén théng dé du doan xép hang va goi ¥ cho ngudi ding. Trong bai viét nay, ching toi st dung mét trong
nhitng phuwong phap loc cong tac dua trén md hinh d6 1a k¥ thuat phan rd ma tran (Matrix Factorization - MF) trén tap dir
liéu da duogc xt 1y ngit canh dau vao. K§ thuat MF c6 d6 tin cdy cao hon so véi cac k¥ thuat khac hién nay (Koren et al.,
2009).

B. Ky thudt phdn ra ma tran (Matrix Factorization - MF)

i K¥ thuét phan rd ma tran 1a viéc chia mdt ma tran 16n X thanh hai ma tran c6 kich thudc nho hon W va H, sao cho ta
¢6 thé xay dung lai X tir hai ma tran nhé hon ndy cang chinh xé4c cang tdt, nghia 13 X ~ WH", nhw minh hoa trong Hinh 4.

«— Titems —> < I >
i «— K—> i
1 0 h -4 1.1 w3 5 -2 ‘T
i ENENPY 3
u s IENIE u L -5 JERl 5 |14]3
£ o | 1 sja| & 21 HT b
,'0 : s -
2 0 | 1 1 11 |01
= o |1 -7 |02
l 1 1 3 4 |7
X w

Hinh 4. Minh hoa k¥ thuat phan rd ma tran

Trong d6, We RV'® 1a mot ma tran ma mdi dong u 12 mot vécto bao gdm K nhén t6 tiém an (latent factors) mé ta
nguoi dung u; va He R 13 mot ma tran ma mdi dong i 1a mot vécto bao g6m K nhén t6 tiém 4n mo ta cho item i. Goi
W VA hy 12 cac phin tir trong timg ctia hai ma trdin W va H, khi d6 xép hang ciia nguoi ding u trén muc tin i duoc dy doan
bdi cong thirc:

K
P T
r,= ZWukhik =wh (1)
k=1
Nhu V@y, van dé ghen chét cua ky thuat MF 1a lam thé nao dé tim duoc gia tri ciia hai tham s6 W va H. Hai tham sb
nay c6 dugc bang céch toi uvu héa ham muc ti€u (objective function). Trong RS, ham muc tiéu cuia MF hay dugc st dung nhu
sau:
P 2
OMF = z (rui - fui)z = 2 rui - Z Wukhik (2)
k=1

uie pirain uie pirain

Mot trong nhiing k¥ thuat c6 thé dung dé t5i ru hoa ham muc tiéu 1a dung SGD (Stochastic Gradient Descent). Dé tbi
uu héa ham muc tiéu (2), trudc tién ta khoi tao cac gia tri ngdu nhién cho W va H, sau d6 timg budc cap nhat gia tri cua
chiing cho dén khi ham muc tiéu hoi tu vé gi4 tri nho nhét (convergence). Dé lam duoc diéu d6, ta cin phai xac dinh 1a nén
tang hay nén giam cac gi4 tri cia W va H qua mdi lan cip nhat, do vy cin phai tim dao ham timg phan ctia chung;

L OMF = _2(rui - ;ui)hik (3)
ow,,

a MF __ A
BV 0 - _2(rui - rui)wuk (4)

oy
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Sau khi tim dao ham, c4c phén tir cia W va H s& dugc cép nhat nguoc hudng vai gia tri cia dao ham, qua cong thuc:

wnew = l(l)]id _ﬂ = l(l)]id + 2ﬂ ( lll - Ml (5)
uk
new old a MF old n
by = hy -p- Y O™ =h" + 218'(rui — i)Wy (6)
ik

Trong d6 fla tdc d6 hoc (learning rate, 0 < # <). Qua trinh cap nhét s& dugc thyc hién dén khi ndo ham muc tiéu dat
dugc gia tri nho nhat hodc dat dén s6 lan 1dp dugc xac dinh trude.

Chinh tdic hoa (Regularization): Dé ngin ngira su qua khdp hay con goi 1a hoc vet (overfitting — xay ra khi mo hinh dy
doén cho két qua tot trén dir liéu hudn luyén, nhung cho két qua kém trén di lidu thir nghiém) ngudi ta thay d6i ham muc tiéu
(2) bang cach thém vao mét dai lwong goi 14 chinh tic hoa (regularization) dé diéu khién d6 16n ciia cac gia tri trong W va H.
Ham muc tiéu (2) bay gio trd thanh:

K 2
0=y ( —zwukhfkj i (v + 1) »
k=1

uie pirain

Trong d6 A 1a hé s6 chinh tic hoa (0 < A<l)va || - ||12F 1a chudn Frobenius. Vi ham muc tiéu méi ndy, gia tri cia wy,
va hy dugc cap nhat qua cong thuc:

Wnew old + ﬂ (2( w )hik _ ﬂ . W;)/id) (8)
B = h;’d + 8- Q0 = Ry = A- k) ©)

Qua trinh cap nhat gi4 tri cia W va H duoc lip lai cho dén khi dat d6 13i chap nhan hodc lap lai dén s 1an quy dinh
trude.

Quda trinh dw dodn: Sau qua trin}l huén 1uyén ta ’duqc 2 ma tran W va H d3 t6i wu thi qua trinh dy doéan duogc thuc
hién theo cong thirc (1). Ban doc 6 thé tim hicu chi tiét hon vé ky thuat nay trong cac tai liéu khac, nhu trong (Koren et
al., 2009) (Nguyen Thai Nghe, 2013).

C. Xit Iy théng tin ngit canh ddu ra

Trong phuong phép nay, thong tin ngir canh duge sir dung sau khi dé co6 161 goi y. Pau vao cla phuong phéap nay
van 13 tap dit liéu bao gom ca thong tin ngir canh. Tuy nhién, ta gia dinh cac thong tin ngfr canh chwa anh hudng dén cac
danh gi4 cua ngudi dung 1én cac ddi tuong. Sau d6 ding nhing k¥ thuat goi ¥ hai chidu dé tién hanh dy doan cac danh gia
va goi ¥ trén toan bo tap dit liéu ban dau. Sau khi c6 két qua goi y cho ngudi dung, ta s& loc ra nhitng 11 goi y phit hop véi
thong tin ngit canh ban du rdi méi chuyén dén ngudi dung.

Tuy nhién phuong phap nay co thé chwa phu hop cho tung ung dung cu thé, vi du trong xay dung h¢ théng goiy
dia diém du lich, khi 4p dung phuong phap trén dé dy doan, hé thong c6 thé dua ra nhing dia diém dugc du doan 1a nguoi
ding rat thich nhung cach ho kha xa (ngit canh trong truong hop nay 1a vi tri ciia ngudi dung va pham vi ban kinh) do vay
ho kho dén dugc nén nhitng goi y nay chua that su c6 nghia. O ddy, chung t6i két hop ca 2 phuong phéap xir ly thong tin
ngit canh dau vao va xtr 1y thong tin ngit canh dau ra. V6i dé xuat nay, hé thong s& thu nho pham vi goi ¥ cho ngudi dung
lai trong mot pham vi nhét dinh giup cho 141 goi y d6 thém phan chinh xé4c va phu hop hon.

Hinh 5. X1 Iy thong tin ngit canh dau ra

Tuy theo timg hé thong khac nhau, ta c6 thé sir dung nhitng théng tin ngit canh dau ra sao cho phi hop.

Vi duy, trong hé théng goi y du lich, gia st ban diu hé théng biét duge thong tin ngir canh vé vi tri hién tai cta
ngudi ding dang & dau va pham vi ma ho co thé dén (vi tri va pham vi c6 thé thay ddi dwoc boi ngudi ding). Sau khi co
duoc nhiing goi y tr k¥ thut phan rd ma tran (vi du: ¢6 10 dia diém duoc du doan 1a nguoi dung s€ thich), hé théng s€
cdn cir vao vi tri cia nguoi ding dé tim ra duge khodng cach tir ngudi dung dén mdi dia diém. Sau d6, hé théng sé& so sanh
khoang cach ctia ngudi ding dén timg dia diém véi pham vi ma nguoi ding da chon dé loc lai nhitng dia diém & gan nguoi
ding nhat dé goi y cho ho, minh hoa nhu trong Hinh 5. Khoang cach giita 2 dia diém duoc tinh dya vao vi do va kinh do
theo Google Map.
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Vi du: Dt liéu dugc du doan cho nguoi dung u va khoang cach tir u dén ting dia diém nhu trong Bang 3. Hé théng s& goi
y cho nguoi dung u nhitng dia di€ém nam trong pham vi ban kinh 20km. Khi d6 c6 thé c6 2 truong hgp:
e Trudng hop 1: Néu khong ding phuong phap xir 1y thong tin ngir canh dau ra thi h¢ thong s€ goi y cac dy doan tir cao

xudng thép 1a : A — B — C — D. Tuy nhién, c6 nhiing dia diém & rit xa nguoi dung cd thé ho s& khong quan tim mic du
n6 dugce duy doan 1a ngudi dung thich (danh gia 5 dugc xem 1a thich nhét)

¢ Trudng hop 2: Néu dung phuong phéap xu 1y théng tin ngit canh diu ra thi hé théng s& goi ¥ cac du doan tir cao xudng
thap c6 rang budc khoang cach (<= 20km) la: B — E — F — G nhu cac dong t6 dam trong Béng 3.

Bang 3. Hau xir Iy trén két qua dy doan

STT Tén dia diém Khoang cach (km) Duw doan
L. A 78.5 4.8
2. B 14.3 4.6
3. C 110.2 4.5
4. D 33.4 4.1
5. E 18.7 3.7
6. F 24 3.5
7. G 11.2 34
8. H 453 33
9. I 24.5 2.9
10. J 62.1 2.6

D. Két hop cic phwong phdp goi ¥ theo ngit canh

Thi tyc tdng quat cho x4y dung hé théng goi ¥ theo ngit canh két hop xir 1y ngit canh du vao, ding mé hinh phan
i ma trdn, va xir Iy ngit canh ddu ra dugc minh hoa trong thu tuc ContextAware-MF Céc siéu tham sb (hyper-
parameters): S3 lan lap (Iter), Sé nhan 16 tiém an K, téc d¢ hoc B, va hé s6 chinh téc hoa A (regularzzanon) nhim tranh hoc
vet (over-fitting). Céc siéu tham sb nay s& dugc xac dinh bing phwong phép tim kiém siéu tham sb.

1: procedure ContextAware-MF (D™", Tter, K, B,N)
// WI|U|][K] va H[|I[J[K] 14 2 tham s6 can tim

: W :=N(0,6%) //khéi tao gia tri theo phan phdi chuin
: H := N(0,6%) //khdi tao gia tri theo phan phdi chuan
: D"™C = pre-filtering(D"™™")

: for (iter:==1; iter <= Iter * [D"™"C|; iter++)

: Chon ngéu nhién mét dong (u, i, r,;) tir prainC
2 7,=0

: for (k:=1; k<=K; k++)

L= P+ Wu]k] * HIE][K]

ui

—_
=4

: end for

—_
—_

iz Fy, — fui

: for (ki=1; k<=K; k++)

: Wlu](k] == W[u][k] + B * (e * H[i][k] - A * W[u][k])
HIi][k] == H[i][k] + B * (ewi * W[u][k] - A * H[i][k])

: end for

—_ = = = =

: Break néu d hoi tu

—_
3

: end for
:return {W, H}
- Post-filtering(T4p két qua dwoc dy doan ding W, H)

[ R —
S O

: end procedure
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IV.XAY DUNG HE THONG GOQI Y DU LICH THEO NGU CANH

Sau khi d& xuét phwong phép goi ¥ theo ngir canh, ching t6i 4p dung phuong phéap da dé xuat vao bai toan goiy
cac diém du lich. Bén canh viéc cai dat chirc nang goi y du lich theo ngit canh, hé thong nay con tich hgp chirc nang huéng
dan duong di thong qua Google Map nham gitip cho khach du lich cam thiy thoai mai va than thién khi di du lich.

Céc d6i twong chinh trong hé théng nhu:
- Thanh vién: Cac thong tin nhu: ho tén, ndm sinh, gici tinh, email, tén ddang nhdp va mat khau.

- Pia diém du lich: cic thong tin gom: tén dia diém du lich, dia chi, hinh anh dai dién, ndi dung, lich si truy cdp
va chu dé cua dia diém du lich.

- Théng tin ngit canh: 12 ban dong hanh, thoi gian di, thoi tiét, vi tri va khodng cdch ciia nguoi ding.

- Théng tin danh gia: khi ngudi ding diing nhap thanh vién thi ho c6 thé tham gia danh gia xép hang, dwoc quyén
binh luén va xem c4c binh luén cta nhiing thanh vién khac. Thong tin danh gia bao gdm: dia diém du lich dwoc danh gid
ciia ngueoi dimg, cdc thong tin ngik canh, két qua danh gia, ngay danh gid. Va cac thong tin binh luan nhw: dia diém duwoc
binh ludn, ngi dung binh ludgn, ngay dang.

Hé¢ thong dugc phén quyén cho 2 nhém nguoi dung chinh la thanh vién va quan tri. Trong d6 nhém nguoi quan tri
co day da quyén trén hé thong nhu: cdp nhat dia dlem du lich, cép nhat tin tic/ su kién, thong ké sb luot truy cap va trung
binh d4nh gia cia timg dia diém du lich, thong ké sb lwot danh gia va liét ké cac danh gia cua tung thanh vién, thong ké so
luot danh gia theo timg nhom ngit canh, va quan tri mé hinh goi ¥ nhu huén luyén lai, didu chinh céc siéu tham sé,... con
nhém thanh vién thi s& cb6 mot sb quyén trén hé théng nhu: Xem thong tin dia diém du lich mudn di, danh gia xép hang va
binh luan, xem tin tte/sy kién, dwoc hé thong goi ¥ va chi duong.

Khi str dung chirc nang goi y, néu ngudi dung 1a thanh vién méi (chua co bét ky danh gia nao) thi h¢ thong s& goi ¥
dwa theo chii d& ma ho thich nhu: Kién trac — Vin hoa — Lich sir; Hanh huong; Mua sam; Vui choi giai tri;... HE thong s€
goi ¥ cho ngudi ding nhimg dia diém du lich pht hop vé6i chii dé ma nguoi ding da chon va c6 nhiéu ngum danh gia cao
nhét (trung binh danh gia cao nhat).

Bén canh kha nang goi y theo ngit canh, thi day ciing la mot hé thong thong tin quan ly, vi vdy khi xay dyung chung
t6i cling da thyc hién cdc giai doan nhu trong phan tich va thiét ké hé thong thong tin nhu: x4c dinh yéu ciu, phén tich (cac
Sy do use case, so do 16p, so dd tuan tu,...), thiét ké co so dit lidu, thiét ké chirc nang hé thong,... tuy nhién do gidi han vé
$6 trang cua bai viét, nén nhitng phan nay ching téi khéng trinh bay trong bai viét nay.

A. Méi truong cai dit hé thong

Hé¢ théng dugc cai dit trén nén Web va duoc thiét ké theo mo hinh MVC (Model View Controller) dung ngon ngi
1ap trinh PHP két hop voi hé quan tri co so dit liéu MySQL. So do kién truc ctua hé thong dugc mo ta nhu trong Hinh 6.

Yéu ciu Hé thong goi y
=

Két qua
App

%/Retrieve
CSDL

Hinh 6. Kién tric tong thé ciia hé théng

B. Mot vai giao dién minh hoa cho hé théng

) Sau khi nguoi dung chon thong tin ngit canh cua minh va chu dévmé minh quan tdm thi hé thong s& can cir vao d6
deé goi y. Nguoi dung c6 thé thay d6i pham vi hodc vi trf hodc ca hai dé duge nhitng goi ¥ khac phu hop hon. Giao dién
cho phan goi y dugc minh hoa nhu trong Hinh 7.
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NHUNG PIA PIEM PUQC PANH GIA CAO

Sau khi nguoi dung chon dia diém da dugc goi v tir hé thong, ho ¢ thé xem duong di va khoang cach dén noi d6

Nhd lao Cly Dira
Khodng chch: 18.6 km

NGU CANH HIEN TAI CUA BAN:
-Ban dvol Gia dinh
-Vio Mgy cudl tuin
- Thit tiét hidn tai 13 trén nidng
= Vi bri hién tai clia ban 100 Tréin Hung Do, Khu 3, Dudng Td, Phi Quée
- Trong pham wi 50 km Thay 88i: 1Km -
(Gayai
HE THONG GO1Y CHO BAN

Wil Ginh Ddu Vuim iy Pha Quic
Khodng céch: 236 km Khodng céch: 1.8 km

Hinh 7. Goi ¥ dia diém du lich theo ngit canh

thong qua Google Map dugc tich hop sin trong hé thong nay, minh hoa nhu trong Hinh 8.

du Bch tal Phy

du bhch Khac

/ﬂ.
Q>
v

= |

+|

1y
|

| Geb - Ph Qb

Khodng cach giira 2 dia diém (theo dwong thang) la: 3.9 km
Khoang cach dwéng xe chay gilra 2 dia diém Ia: 4.7 km
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Hinh 8. Hudng dan dudng di sau khi da goi ¥



Lu Chan Thién, Nguyén Thai Nghe 493

NHU'NG PIA PIEM DUQC PANH GIA CAO

Nha lao Ciy Khu du lich Nai
Dira (nha tu PQ) Den

it
o

BAN HAY CHON CHU DE MA BAN QUAN TAM

7| Kidn tric - Vdn hoa - Lich sir
¥ Du lich sinh thai

Vui chod gidi tri

Ton gido

Tém bién - Borl 16

Leo nui

Mua sam

Vi tri cisa ban: 217 Chu Vian An, Rach Gid, Kién Giang|
Trong pham vi: 20 Km -

(Gary
Hinh 9. Goi ¥ cho ngudi dung méi theo chi dé

Mot trong nhitng thach thirc d6i véi bat ky hé théng goi ¥ nao 13 van dé nguoi dung méi (new user) hodc muc tin
moéi (new item) — hay con dwoc goi 1a “cold-start problem” — do ho chua c6 bét ky thong tin danh gid nao trong qua khi
nén giai thuat khong thé du doan dugc. Trong nghién ciru nay, chung tdi cling dé xuit giai quyet van dé nguoi dung méi
bang cach dua ra nhitng dia diém dugc nhidu nguoi danh gia cao va phu hgp véi sé thich cua nguoi dung dua vao ngit
canh hi¢n tai cua nhiing ngudi dung hoéc theo chu d& ma ho quan tam, minh hoa nhu trong Hinh 9.

V.DPANH GIA KET QUA

Dir ligu: Ching t6i thu thap dit liéu danh gia thuc té tir nguoi dung trong thoi gian 1.5 thang cho cac diém du lich
trong pham vi tinh Kién Giang. Tap dit liéu thu dwoc gdm 123 ngudi dung (users), 51 diém du lich (items) va 693 danh gi4
(ratings - tir 1 dén 5 tuong tmg véi mirc d9 thich tir thap dén cao). Cac ngir canh ma nguoi dung c6 thé chon 14 “Ban dong
hanh”, “thoi diém”, “thoi tiét”, “vi tri” va “pham vi”.

Do do: Dé danh gia hidu qua cua giai thuat (hay téng quat 1a cua ca hé théng), ching toi sir dung do do phd bién
nhit ma coéng ddng ngudi ding trong linh vire hé théng goi ¥ thuong st dung 1a Root Mean Squared Error (RMSE) (Guy
Shani and Asela Gunawardana, 2011). Pay 1a d6 do hay dugc ding trong dy doan xép hang (rating prediction) — 1a linh
vuc clia nghién clru nay.

RMSE dugc xac dinh qua cong thirc:

[ 3
/ > (u,ir)eprest(r = Fu,i)?

RMSE = |Dtest|

Trong dé: D' (U x I x R) 1a tap dit liéu ding dé danh gi; (u, i, ) twong tng 13 user, item va rating; r 12 gia tri
déanh gia thuc té, con 7, ; la gia tri du dodn tuong Ung cla user u trén item i.

11
1.08
1.06
1.04
1.02 ]

1
0.98
0.96
0.94

@ GlobalAverage
B UserAverage
2 ltemAvergae
& MF-Context

—
1

Hinh 10. So sanh RMSE giita cac phuong phap

Két 'qué danh gia dya trén do do RMSE: Ky thuat kiém tra chéo (n-folds cross validation) di duoc sir dung khi
danh gia két qua. Két qua thuc nghiém trén tap dir lidu thuc v6i n=3 dwoc minh hoa trong Hinh 10. Két qua nay cho thay
phuong phap goi y theo nglr canh da dwoc sir dung c6 do tin cdy cao hon cac phuong phap baseline khac nhu Global
Average, User Average, I[tem Average (xem thém cac phuong phéap nay trong Koren et al., 2009).

R& rang ring néu goi ¥ ngau nhién mot dia diém nao d6 (hodc khi khong co thong tin gi) cho nguoi dung, d6 do 16i
gan tuong ty nhu Global Average, trong khi dung phuong phap goi y theo ngir canh (két hop voi MF) thi két qua cai thién
hon rét nhiéu, diéu d6 chimg t6 nhiing 151 goi ¥ ¢6 thé dap tmg dugc cho sé thich ciia ngudi ding.
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VI. KET LUAN VA HUONG PHAT TRIEN

Bai viét nay da dé xuat mot gidi phap trong xay dung hé théng goi y dua vao thng tin ngir canh, tir &6 ap dung vao
bai toan goi ¥ cac diém du lich. H¢ thong goi y du lich theo ngir canh da duge xay dung hoan chinh va thie nghiém tir phan
hoi ctiia nguoi dung cho thay h¢ thong cé thé dua ra nhimng 161 goi y kha phu hop véi nglr canh hién tai cia nguoi dung.

Hé théng nay s& tiép tuc duge mo rong theo nhimg hudng nhu: Phat trién hé th6n~g trén nén tang céc thiét bi di dong
thong minh; Ung dung GPS dé c6 thé dinh vi chinh xéc hon va giap cho chirc nang dan duong hi€u qua hon; Phat trién
thém cac chire nang khac kém theo cho hé thong nhu: goi y nha hang - am thuc, goi y khach san,...

Viéc goi y theo nglr canh ciing ¢o thé dugc mo rong sang nl}iéu, linh vuc khac nhu: am nhac, phim anh, ban hang
truc tuyén,... Tuy nhién & moi g dung cu thé ta can xac dinh cac yéu to ngilt canh sao cho phu hop.
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AN APPROACH FOR BUILDING CONTEXT -
AWARE RECOMMENDER SYSTEMS

Lu Chan Thien, Nguyen Thai Nghe
Abstract - Recommender Systems are widely used in many areas, such as in e-commerce (for online shopping), in entertainments (for
movie recommendation, music recommendation, etc) and so on, to predict users’ preference based on their past preferences/behaviors.

In this work, we propose an approach for Building Context-Aware Recommender Systems. We then apply this approach for a Tourist
recommendation system so that the system can recommend appropriate places to tourists. This system combines several approaches
such as contextual pre-filtering, matrix factorization, and contextual post-filtering to improve the prediction accuracy of the model.
Experimental results show that this is a promising approach for building Tourist Recommender Systems.

Keywords: Recommender Systems, Context-Aware Tourist Recommender Systems, matrix factorization, collaborative filtering.



