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Tom tit—Ngay nay, cic hé théng khuyén nghi
dugc tich hgp vao hau hét cdc trang thuwong mai
dién ti gitip ting cudng ning suit ban hang cho cac
doanh nghiép bang cach hd trg nguoi tiéu ding tim
duge nhitng san phim phu hop, chit lwgng nhét.
Hién nay, c6 kha nhiéu thuét toan khuyén nghi t6t
va hiéu qua, tuy nhién, thuit toan content-based
recommendation van la thuit toan phd bién nhét
dugc sit dung trong giai doan dau cha cdc du 4n.
Trong mot s6 truong hop, do chinh xic cha két
qua tir thuat toin content-based van 1 mét diéu lo
ngai khi bai toan lién quan dén dé twong tu vé phan
phoi gitta cdc thanh phan. Thém nita, cic phuong
phap dé€ do dd tweng dong ciing 13 mét van dé quan
trong anh huéng dén do chinh xic chia cic thuat
toan content-based trong cic bai toan vé d tuong
dong giira cac phan phdi. PE giai quyét hai van dé
nay, ching téi dé xuit mét thuat toan content-based
mdi dua trén mo hinh hon hep gaussian gitp tiang
dd chinh xdc cho két qua dau ra. M6 hinh dé xuit
dugc thue nghiém trén mot bo dit liéu vé rugu bao
gdm 6 chi s6 vé mui vi, dit liéu tag mé ta vé vi cia
rugu va mot sé truong thong tin khac. Thuat toan
nay s€ gom n ban ghi dua trén n vectors 6 chiéu
thanh k£ nhém (k < n) trude khi ap dung mot cong
thite d€ sip xép cac két qua tra vé. So sanh két qua
mé hinh dé xuét véi 2 thut toan phd bién khac
trén bo dit liéu trén, két qua thue nghiém thu dwgc
khong chi dat duge d chinh xac tot hon, ma thoi
gian thuc thi cia mé hinh ciing vugt qua diéu kién
cho viéc ap dung vao cac ing dung thuc té.
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I. MO PAU
A. Tong quan

Véi su phd bién clia mang Internet trong nhiing
nim gan day, cong nghé dia mang lai nhiing co
hoi rat 16n phuc vu tu dong hoa dén cudc sbng
cua con ngudi. Mat khac, su da dang va du thua
thong tin, ndi dung trén cic website, thu vién sd
1a yéu t6 dan dén su ngly cang khé khin trong
viéc tim kiém thong tin thuc su can thiét cho mbi
nhu cau c4 nhan [7, |11, 2]. Hé théng khuyén nghi
(Recommendation systems) la mot gidi phap hiéu
qua d€ gidi quyét van dé nay ma khong can ngudi
dung cung cip cdc yéu cau cu thé [31, 33]]. Thay
vao d6, cac hé thong khuyén nghi c6 thé phan tich
ndi dung cic thuoc tinh clia cic san phdm, dbi
tugng dé co thé tu dong gdi y ra nhiing thdng tin
lam hai 1ong nhiing nhu cu va s thich clia ngudi
dung [17,15]). Kién tric chung cho céc thuat todn
content-based (CB) dugc hién thi trong hinh
Ngay nay, 1am thé nao dé€ xdy dung va thiét ké
mot thudt toan khuyén nghi da tré thanh cac chi
dé tap trung can dudc nghién ciu.

Thuit toan content-base trong hé thong khuyén
nghi dugc st dung rong rai bdi tinh don gidn
va hidu qua cta né trong thdi ky dau cla bét
ky du an nao. Theo Pasquale Lops et. al. [14]
trong Chuong 3 “Content-based recommendation
system: State of the Art and Trends" da nhéin
mang rang cé rat nhiéu 10i ich thu dugc tir cic
thuat toan content-based so vé6i cac thuit toan
cung loai la Collaborative Filtering (CF) nhu la:
tinh doc 1ap giita ngudi dung, minh bach, véin
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Hinh 1: Ciu tric hé théng khuyén nghi dua trén
thuat toan content-based

dé cold-start khi thém mot san pham mdi. Bén
canh d6, thuit toan nay van con ton tai nhiing
mit han ché nhu: gi6i han vé mit nodi dung cho
viéc phan tich, tinh chuyén mén ho4, thiéu dit liéu
danh gia tif ngudi dung, hay thiéu do chinh xéc
can thiét cho mot vai bai todn dic biét. Hangyu
et. al. [29] da st dung Gaussian mixture model
(GMM) cho thuat toan khuyén nghi CF d€ giai
quyét vin dé thua thét dif liéu ddnh gid tit phia
ngudi ding. Chen et. al. [4] di dé xudt mot mod
hinh lai két hop gitta GMM vdi thuat todn khuyén
nghi item-based CF dé du doan ra dit liéu ddnh gia
clia ngudi dung cho cdc san phim gidp lam ting
dd chinh xdc trén cac hé thong khuyén nghi. Rui
Chen et. al. [3] tan dung GMM vdéi ma tran ting
cudng factorization giip lam giam di tac dong tiéu
cuc cua dif liéu roi rac nhiéu chiéu. Trong ngif
canh cida cac bai toan ggi y bai hat, Yoshii et. al.
[30] da d& xudt mot hé thdng khuyén nghi lai,
bang viéc két hop CF sit dung dit liéu ngudi dung
danh gia va cac gia tri thudc tinh content-based
dugc md hinh hod bing GMM dua trén MFCCs
(Mel-frequency Cepstral Coefficients) qua viéc
tan dung mdt mang Bayesian. Tuy nhién, c6 mot
diém can luu y d6 13, ciac hé thong lai hodc hé
théng CF yéu cau lich sit hanh vi ctia ngudi dung
dé€ hoat dong hiéu qua, diéu ma cac hé théng CB
c6 thé giai quyét ma khong can dén cic dit liéu
ki€u nay. Thém niia, cic thuit todn CB dua trén
phan phdi cac thudc tinh ctia cdc san phim van
chua dugc gidi quyét. Mot vi du dién hinh cla
viéc st dung CB gitip ty dong tim kiém ra cic san
phdm tuong dong dua trén phan phdi va khoang
céch dugdc hién thi 6 Hinh [2| day 1a hai biéu do
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cOt so sanh sy khac nhau gitta 6 thudc tinh cda hai
san pham (1 san phidm gbc (mau lam), 1 san phdm
dudc goi y (mau cam)) dudc tra vé bang viéc sit
dung cong thic siap xép khoing cach (biéu dd
trén) va phan phdi (biéu dd duéi). Cic bai toin
khuyén nghi dua trén xdc xuét phan phdi cla cic
thuoc tinh khong thé dudc giai quyét bang nhiing
phuong phap thong thudng.

Mot diéu khé khin nifa, cic ndi dung mo ta
san pham do6i khi 1a khong déng tin cdy, khong
day dd, khong chinh xdc gy ra giam do chinh
xdac trong cac bai toan CB [11].

B. Péng gop chinh ciia bai bdo

Dé gidi quyét hai vAn dé néu trén, chiing toi
dé xuét mot phuong phép tiép cin méi st dung
GMM [25] dé gom nhém tit ci cic san phdm
thanh cac nhom khéac nhau, sau do, ap dung mot
cong thiic bd loc Gaussian tinh trong s6 (Gaussian
Filter Function - GFF) nhu mdt phuong phép tinh
dd tuong dong dé sap xép két qua tra vé. D€ chiing
minh tinh hiéu qua ctia md hinh, ching t6i thyc
nghiém va so sanh v6i 2 phuong phap CB phd
bién khic, Bag of Word (BOW)[1]] v6i GFF (BOW
+ GFF), va GMM véi Euclidean Distance (ED)
[13] (GMM + ED). M6 hinh dé xuét clia chiing toi
cb gang thuc hién mot hé théng sit dung chii yéu
nhiing tinh chit dic trung ctia san pham cia céc
trang thuong mai dién tit d€ dua ra dugc hé théng
khuyén nghi v6i do chinh xac cao va hiéu ning tt
nhét. Dua vao két qua thuc nghiém, chiing tdi c6
thé két luan rang, md hinh cta ching toi khong
chi t6t hon hén v& d6 chinh xdc, ma con dat tbc

wllnbs
Llllll

Hinh 2: Vi du gitta viéc stt dung cong thiic khoang
cach va phan phdi cho hé thdng khuyén nghi dua
trén phan phdi thuodc tinh
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do tra vé két qua nhanh hon so v6i hai md hinh
da dugc dé xuit trudc do.

C. Cdu tric bai bdo

Trong bai bdo nay, chiing t6i t6 chiic ndi dung
nhu sau. Cac kién thiic lién quan dugc trinh bay
trong muc 2. Trong muc 3, kién tric va chi tiét
mo td vé mod hinh dudc dua ra. Thi nghiém va
danh gia dudc trinh bay trong phan 4. Két luan,
du kién ndi dung cai thién va xu huéng nghién
ctu dudc dua ra trong muc 5.

II. CAC KY THUAT LIEN QUAN
Trong muc nay, ching toi sé& trinh bay mot sb
k¥ thuat lién quan can dudc st dung trong bai béo.
Chi tiét cac phan sé dugc trinh by duéi day:

A. H¢ thong khuyén nghi Content-Based

Day 1a mot trong nhiing thuat toan khuyén nghi
phd bién va thong dung nhét. Thuit todn dua trén
y tudng bing viéc st dung cic mo ta dic trung
céc thuodc tinh clia cdc san phdm cho muc dinh
khuyén nghi. Bai todn khuyén nghi nay c6 thé
dugc chia ra 1am 2 nhanh chinh: Chi phan tich
céc thudc tinh clia sdn phdm, hodc xy dung cic
bd hd so ngudi dung cho tliing c4 nhan dua trén
céc dic tinh va di liéu ddnh gid clia sén pham.

1) Hé thong khuyén nghi dwa trén phdn tich
thudc tinh ciia sdn phdm: V6i trudng hop dit lidu
1a dit liéu tho, thuan khiét vé cac thudc tinh sin
phdm, va khong c6 tinh cd nhan hod, ching ta
c6 thé xay dung mot hé théng khuyén nghi dua
trén su tuong dong gitta cic thudc tinh nay. Vi du,
ching ta ¢6 N ban ghi X,, = {z1,x2, ..., 2, } V6i
x; ¢6 h thudc tinh x; = {p1, pa, ..., pr}; trong do
p; ¢6 thé phan dnh bit ky mot gid tri nao d6 d6
ngoai ddi thuc, chang han nhu: gia ca, thé tags,
ndi dung miéu ta, nhan hiéu... Tu tudng chinh §
day 1a c6 gang tim ra cdc san phim cé nhiing
viing nodi dung gidng nhau nhiéu nhit c6 thé dé
nhém ching thanh mdt nhém céc san phdm tuong
dong.

2) Xdy dung hé so nguoi ding duwa trén thujc
tinh sdn phdm: Trong trudng hdp nay, chiing ta
gia st c6 C nguoi dung U, = {ui,ug,...,uc}, n
san pham X,, = {x1, z2, ..., ¥y}, va di liéu ddnh
gid trén mot vai san phim cla tiing ngudi ding.
Tu tudng chinh & day la tan dung dir liéu danh
gi4 rdi rac cta cic ngudi dung dé du doan mot sd

san phidm c6 kha ning nhit phu hop véi tiing c4
nhén, vd né mang tinh c4 nhin hoa. Hé thong sé
phan tich mot bo cac san pham da dudc danh gia
bdi ngudi ding va dua vao dé dé€ xiy dung lén
mot bd hd so vé sd thich cho tiing ngudi dung.
B0 hd so nay dugc biéu dién duéi dang dit liéu c6
cAu triic vé su quan tim ctia ngudi ding trén toan
bo tap san pham. V& co ban cach hoat dong, hé
théng sé dua trén cic bo hd so nay va thudc tinh
clia tiing san pham dé dua ra nhitng du doan danh
gid cho cdc sdn pham chua dugc ngudi ding xem
dén hoic danh gid. Va tir d6, dua vao gia cic gia
tri ddnh gid nay dé trd vé cho ngudi dung nhiing
san pham ma ho c6 thé quan tim nhét.

B. D¢ do su tuong dong

Trong thudt todn content-based, cong thic tinh
toan miic do tuong dong truc tiép anh hudng dén
dd chinh xdc cda két qua dau ra. Mot s6 cong
thiic phd bién sé dugc liét ké dudi day:

euclidean distance: day la mot trong
nhiing cong thiic phd bién nhit dung dé do do
tuong dong gilta 2 vectors bang viéc tinh toan
cin bic hai tong binh phuong khodng cich cua
tiing phan tif tuong dng trong vector:

d(p,q) =

V1 — )2+ (p2 — @)%+ oo+ (Pn — @0)?

ey

Trong d6 p;, ¢; 1a 2 vectors tuong ting bi€u dién
céc thudc tinh ctia 2 san pham p;, ¢; dudi dang so.

Cosin: Cong thic do d tuong dong gitta hai
vectors bang viéc tinh todn cosine géc giita 2
vectors nay [21].

2)

Gia tri cla thu6c do nay dugc trd vé trong
khoang [-1, 1], trong d6 4,j la 2 vectors tuong
ting bi€u dién 2 sdn phdm khac nhau.

Pearson: Hé s6 tuong quan pearson phan dnh
muc do tuong quan tuyén tinh gilta 2 vectors [26],
dudc dinh nghia nhu sau:
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ZTG 1,5 (R; ,T—E)(Rj 7"'_R7.7')

p(i,j) =

\/ZTE i,j(Ri,r—R;)? \/ZT‘E i,j(R;,r—R;)?
N S (3)
Gia tri cua p(i, j) tra vé sé nam trong khoang [-
1, 1], trong d6 r 1a phan giao nhau gilia cic phan
khdc nhau gitta 2 vectors i, j. R;, R; la trung binh

gia tri cua 2 vectors 1, j.
Jaccard: Po tuong dong Jaccard thudng dudc
st dung dé€ do do tuong dong va khic nhau gitia 2
tdp mau hitu han [19], dugc dinh nghia nhu sau:

ANB
J(A, B) = A0 B |

= 4
A+ 1B _14anB] @

Trong d6, A va B 1a 2 tdp mau khéc nhau.

C. Mé hinh hén hop Gaussian (GMM)

GMM la mot ham sb dugc t6ng hop tif rit nhiéu
bd Gaussians, dudc st dung d€ giai quyét cac bai
to4n lién quan dén dif liéu & cing mot tip chia
cdc phan phdi khac nhau [24, 5], mi phan phdi
dugc dinh nghia bdi k € {1..K}, trong d6 K la
s6 cum ctia bo dit liéu. M6i Gaussian k trong hdn
hop nay dudc tdng hop tif cac tham s sau:

(i) Gia tri trung binh p dinh nghia trung tim
cua cum.

(i) Hiép phuong sai > dinh nghia bién cua
cum.

(iii) Gid tri xdc suat o dinh nghia mifc do 16n
hay nho6 ctia ham Gaussian.

GMM dudgc dinh nghia nhu sau:

k

pla) =Y aiN(x|ui, i),

=1

&)

trong d6, N (z|ui, ;) 1a thanh phan thi i cia md
hinh lai nay, 12 haim mat do xdc suét cla vector
x ¢6 n chiéu tuan theo phan phdi Gaussian va c6
th€ dugc dinh nghia nhu sau:

1 e sen (g
(2m)2 |22

va

(N

k
Zai =1
=1
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Hinh 3: Mo hinh hon hgp Gaussian

Gia st ring mot tap mau
D = {x1,x9,3,...,2,,} tudn theo phan
phdi hén hop Gaussian, ching ta c6 thé sit dung
mot bién ngdu nhién 2; € {1,2,...,k} d€ biéu
dién thanh phan hén hop clia miu z;, & d6 cic
gia tri cia né 1a khong xdc dinh. Ngoai ra, co
thé nhén ra ring xdc sult trudc P(z; = i) cla
zj tuong ung v6i o;(i = 1,2,3,...,k). Theo ly
thuyét Bayes [[12], ching ta c6 thé thu dugc xdc
sult sau cla zj dugc dinh nghia nhu sau:

P(zj =i).p(x;]z; = 1)
p(xj)
_ CYZN($]|MZ,Z7,)
SN (2], 20)

Trong cong thic trén, p(z; = i|z;) biéu dién
xdc sult sau clia mau z; dugc sinh ra tif thanh
phan hén hop Gaussian thi i. Gid st v;; =
{1,2,3,...,k} bi€u dién p(z; = i|z;). Khi tham
s6 md hinh {(ay, i, 3i)|1 < i < k} trong
cong thuc trén dudc tim ra, cdc cum cua mo
hinh hon hgp Gaussian chia mau D thanh k& cum
C ={C1,Cy,...,C} [24], va nhan cum A; cua
mdi miu z; ¢6 thé duge dinh nghia theo cong
thic sau:

p(zj —ilz;) =

®)

9)
Dua vao cong thic, ching ta ¢ thé dua x; vao

cum Cly,. Tham s6 mo hinh nay {(«;, pi, 3;)[1 <

i < k} dugc gidi quyét bsi thuat toin EM [16].

Aj = arg mazic1,2.3,...kVji

D. Tap dir liéu
Mo hinh dé xuét ctia ching t6i dudc thuc hién
trén mot bd di liéu vé rudu, cu thé hon, vé rugu
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Fruity

Light Mellow

Dry Rich

Mild

Hinh 4: Truc quan hod 6 chi s6 mui vi

sake 12 mot trong nhiing loai rugu ndi tiéng nht
cua Nhat Ban. Tap dit liéu nay dugc thu thap ti
bd dir liéu cia Sakenow Pay 1a mdot trang web
ndi tiéng va uy tin chuyén ban rudu sake tai xd
s6 hoa anh dao. Cac thi nghiém trong thuit toan
dé xuat va thuit toan so sanh déu dudc tién hanh
thi nghiém trén bd dit liéu Sakenowa nay va so
sanh v6i két qua thuc té ma trang thuong mai rugu
Sakenowa dang st dung d€ khuyén nghi cic loai
rudu cho khach hang.

Bo dataset nay tong cong chita 1072 ban ghi
dugce dac trung bdi 19 thudc tinh nhu tén rugu,
thuong hiéu rugu, nim san xuét, 4nh rugu, tags vé
mui vi clia rugu, 6 chi s6 vé ruou (f1, fo, ..., f6)
bi€u dién cho fruity, mellow, rich, mild, dry va
light, ching to6i d&€ nguyén vin ban gbc tiéng anh
dé gilt nguyén dudc ban sic va tinh tritu tugng
clia 6 chi s6 mui vi nay)... Pang chi y hon, tags
vé mii vi rudu, 6 chi sb vé rugu déng vai trdo quan
trong hon céac thudc tinh khac.

Khoang gid tri ctia 6 chi s6 (f1,---, fs) trong
khoang [0, 1], trong d6 phan 16n gia tri thuoc [0.2,
0.6]. Gia tri cac trudng van ban trong bo di liéu
nay déu 13 ngdn ngit nhat. Nhiém vu clia thuat
toan khuyén nghi 1a bang cach nao d6 tu dong
trd vé nhiing loai rudu tuong dong, gidng nhit c6
th€ v6i mot loai rugu ma ngudi dung dang xem.
Hinh 4 m6 phéng vé 6 chi s6 rugu dang dugc
dung lam déc trung chinh trong trang Sakenowa.

'https://sakenowa.com

Tuy nhién, day thuc su 1a mdt bd dataset kho,
do thiéu dit liéu hoic dif liéu khong dong déu dan
dén su rdi rac trong di liéu, dic biét 1a trong 6
chi s6 f1,..., f¢. Vi vay, nhiém vu clia ching ta
tr6 nén khé khin hon, anh hudéng truc tiép dén
két qua hé théng. Cu thé hon, hon 30% céc gid
tri trudng 6 chi sb 1a rdng, 2% khong ton tai chi
s6 mui vi tags. Thém niia, rat nhidu gid tri tags
la khong chinh xéc, khong tin cdy cin dugc tién
Xt 1y va xoa bd nhifu. Duéi day 1a bang thong ké
cac gia tri rébng trong bo dif liéu, mot sb trudng
khong dugc liét ké trong bang nay.

III. MO HINH PE XUAT THUAT TOAN

Trong phan nay, chiing toi sé gi6i thiéu va gidi
thich chi tiét hon vé mo hinh dé xult. Nhu da dé
cap & phan trudc, nhiém vu ctia chiing ta 13 phai
trd vé nhiing san phim rudu gidng nhit c6 thé
v6i mot san phdm ma khach hang dang xem, dua
vao 19 thudc tinh cta san pham. Dic biét hon, 6
chi s6 mui vi va tags mui vi 12 nhiing tdc nhan
chinh 4nh hudng truc tiép dén két qua ca vé do
chinh xac va tinh giac quan. Vi vay, chung t6i chi
chon 6 chi s6 mui vi va tags mui vi d& cho két
qua t6t hon. Cang gibng nhau vé 6 chi sd nay, két
qua ggi y cho ngudi dung cang chinh xac. Duya
trén nguyén 1y ndy, ching toi dé xuit mot phuong
phdp tan dung su tuong dong trong phan phdi clia
dit liéu d€ ting cuong dd chinh xdc cda két qua
tra vé.

Trong dé xuit ctia chiing toi, thay vi st dung
cic vector 6 chiéu d€ tinh toan do tuong dong
bing cdc cong thic cosine hay euclidean, chiing
t6i dau tién st dung GMM dé nhém tat ca céc
ban ghi thanh K = {1,2,3,...,k} nhom, sau do
sap xép két qua ¢ mdi nhom véi tiing ban ghi &
titng nhém. D€ sap xép cac két qua nay, nhu da dé
cap chiing ta hoan toan c6 thé st dung cic cong
thic tinh d6 tuong dong phd bién nhu cosine hoiic
euclidean, tuy nhién, dé thu dudc Két qua tot hon,
chiing t6i s& st dung mot cong thiic tinh trong sb
gitta cac phan phdi clia 2 vector tuin theo phan

Bang I: Bang thong ké cic trudng dif liéu rdng

fi.6 Tags mui vi | Tén san pham
86 thue | Kiéu chubi Kiéu chudi
304 % 1.77 % 134 %

TAP CHi KHOA HOC CONG NGHE THONG TIN VA TRUYEN THONG 65



Dé xuét thuit todn khuyén nghi theo phan bd dua trén md hinh hdn hop Gaussian

B dir lgu

Tién xt Iy dir ligu

Phan cum dua vao
6 chi 6 mivi

Sép x8p san phim Sép xEp sin prdm Sép xEp san prdm Séip xEp san phdm
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trong cym 1 frong cum 2 trong cum 3 trong cum k

Hinh 5: M6 hinh hoat dong thuét toan

phdi Gaussian. Md hinh hoat dong ctia md hinh
thut toan dugc hién thi & Hinh

A. Tién xu ly dit liéu

Thuc té chi ra ring, text mining 1 vo cling quan
trong moi bai todn lién quan dén vin ban, va thuat
toan CB khong phai 1a mot ngoai 1&. Hon nita,
chiing toi chi chon tags mui vi va 6 chi s mui
vi nhu la cac dac trung chinh cho viéc tinh toan
mtc do tuong dong gitta cac san pham. Trong do,
tags mui vi 1a 1 tip cdc vin ban dudc viét bang
tiéng Nhat va can dudc 1am sach va ciu tric lai
truéc khi dua vao mo hinh tinh toan.

Chiing t6i chuyén ddi 6 chi s6 mui vi thanh s
thuc va can thuc hién 1 sb thuit toan lam sach
va céu tric lai di liéu vin ban nhu tokenization,
stemmings, stop word removal, tim va thay thé tir
ddong nghia, lemmatization,... [22, 6, 23] truc khi
st dung. Thém nita, trudng chi s6 tags mui vi da
dugc tach thanh céc tir cé nghia, vi vy ching toi
c6 thé bd qua budc tokenization va thuc hién cac
budc tiép theo.

B. Phdn cum

Chiing t6i nhan ra ring két qui du doan cubi
cung phu thudc rat 16n vao 6 chi sO mui vi cda
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Hinh 6: Truc quan hoa GMM

rudu. Theo céch thong thudng va phd bién, chiing
ta sé xay dung 1 vector biéu dién tit ca cac thuoc
tinh cla ting loai rugu, rdi tin dung cic phuong
phdp so sianh d6 tuong dong nhu cosine hoic
euclidean dé€ sip xép va tra vé top két qua. Tuy
nhién, trong mdt vai trudng hop, cac chi s6 mui
vi tags 1a khong di do chinh xdc, c6 nhiéu do
nhiéu, din dén anh huéng xiu dén két qua cudi
cuing. Thém nita, c6 mdt vin dé khong dé dang
c6 thé nhan thiy dudc 13 ludn ludn c6 su bu nhau
gifta cac thudc tinh néu ta st dung céc thuit todn
so sanh khoang cach d€ do su tuong dong nhau
gitta c4c vectors. Cu thé hon d6 la su khong dong
déu gitta 6 chi sd mui vi cta két qua tra vé.

Do d6, ching tdi quyét dinh nhém tit ca cic
san phiam dua theo phan phdi ctia 6 chi s6 mui
vi thanh cdc nhém khéc nhau dé ddm bdo nhiing
san phiam c6 cung phan phdi 6 chi sb nay sé &
cung nhém vé6i nhau. Néu khong thdng nhit viéc
chon dic trung ctia cac san phidm dé phan cum
dua theo phan phéi ctia thudc tinh thi sé dé bi chi
phdi béi rt nhiéu nhitng thong tin nhiéu, giam do
chinh xdc din dén kho ting dung trong cdc thuit
toan khuyén nghi. Tham khdo Hinh |§| mo phdéng
hod céc san pham sau khi dudc phan cum.

C. Sdp xép vdi ham Gaussian Filter

Ching ta ¢c6 K = {1,2,3,...,k} cum, ching
ta sé giad si mdi san phdm truy van sé la trung
tAm ctia moi cum ma chiing ta mudn tim. Vi viy,
muc tiéu cla ching ta 1a tim ra top m sén phim
giébng nhau nhét c6 thé vé phan phdi gitta 6 chi sb
thudc tinh, do dd, Gaussian Filter Function (GFF)
12 su lua chon tt hon so véi cosine hay euclidean.
Cong thic GFF dudc dinh nghia nhu sau:

TAP CHi KHOA HOC CONG NGHE THONG TIN VA TRUYEN THONG
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(le fjl)

ot (10)
207

Gri(fir, fj1) = exp —
trong d6, G (fir, fj1) dudc xem xét nhu 1 ham
tinh trong sb gitta ting cip gia tri thd 1 trong 6
chi s6 mui vi cia 2 sidn phdm khéc nhau (i, j)
trong cum k, [ = {1,2,3,...,6}, va oy la do léch
chuédn ctia gid tri chi sd f thi [ trong cum k, cong
thic o; dude dinh nghia nhu sau:

ZZ 1 fllk )2
Okl = ng — 1 )

trong d6, ny, 12 sb luong cac san pham thudc cum
k, fir 12 gid tri thi [ cta f trong 6 chi sb6 mui
vi clia san phiam thu 7 trong cum k, p 1a gia tri
trung binh thudc tinh f; trong nhém k.

Chiing ta sé& tinh 6 ludt cho tiing chi s6 f trong
6 chi s6 mui vi cho mdi cip san phdm trén toan
bd san pham trong mdt cum, rdi siap xép theo thit
tu gidm dan d€ tim dugc két qua tdt nhét.

1D

D. Khodng cdch Levenshtein so sdnh tags

Céc tags mui vi cling dong vai trd kha quan
trong & két qua dau ra, vi vay chiing ta c6 thé coi
chi s& nay c6 miic do va vai tro tuong tu nhu 1
trong 6 chi s mui vi. PE tinh toan va so sanh mic
do gidng nhau giita 2 gid tri tags clia 2 san phim,
chung t6i st dung levenshtein distance (LD) dé
gidi quyét van dé nay [8, |32]. Cong thic cia
levenshtein distance dudc dinh nghia bén dudi:

mazx(i,7),néu min(i,j) =0

leva,(i,4) = 12)

. levg,b(i —1,7) +1
min = )
levg, b(i,j — 1) + 1, ngugc lai
leva,b(i = 1,7 = 1) + 14,4,

E. Cong thitc sdp xép cudi cing

Két hop ham tinh trong s6 cho 6 chi s6 mui
vi va ham so sanh tags mui vi bdi levenshtein
distance (LD), chiing tdi thiét 1ap mot cong thic
cho viéc sip xép két qua dau ra nhu sau:

K
— ZZGM 7 ] —I—le’l)tags(l j) (13)

k=11=1

trong d6, G'1,; 12 ham tinh trong s6 Gaussian Filter
trong cong thic (TT)) tuong vng véi chi sd thit 1t
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trong 6 chi s6 mui vi rugu gitta item; va item;
trong cum k (k = {1,..., K} K cum), leviags(i, j)
12 ham levenshtein d€ so sanh mtc do tuong dong
gitta cdc chi sd tags clia hai vectors.

Ching ti nhan ra ring, gia tri S(i, ) gifta 2
vector cang 16n, cang c6 su giébng nhau giita 2 san
pham dudgc so sanh. Vi vy, ching t6i sip xép theo
thd tu gidm dan ctia tt c san phdm trong tiing
cum va tra vé top m san phdm gidng nhét v6i moi
san phdm trong tiing cum.

F. M6 hinh gid md

Dé rd rang hon, ching toi dua ra tién trinh xi
ly thuat todn d& xuét dusi dang gia ma dé ngudi
doc dé dang hiéu va hinh dung hon vé toan bd
mo hinh dé xuét cla ching t6i. Hiy xem md hinh
gia ma sau:

Algorithm 1: Mb hinh thuat todn dé& xuét

Pau vao: S6 cum k
Pau ra: Top m san phim tuong khéc tu
nhau ctia mdi san phdm

Data: B0 di liéu L

1. Tién xt ly dit liéu cho cdc trudng vin
ban

2. Xay dung ma trin cda vector 6 chiéu
dai dién cho 6 chi s6 mui vi (f; — fs)

3. LAy ma tran nay nhu 13 dau vao cho
GMM d¢€ phuc vu cho qua trinh dao tao
va luu gid tri cum tuong ng cho moi
san pham vao bd dit liéu.

4. for item in dataset do

- Liy ra sb cum cia san
phé&m

- Tim t&t cd nhitng san
phdm cé cung sb cum véi
sdn ph&m truy véan

- Ap dung céng thtc daé
tinh S(i,j) cho méi cdp san
phé&m

- Trd vé top m san phém
tuong tu bang cach sdp xép
theo tht tu gidm déan

end

IV. KET QUA THUC NGHIEM

O muc nay, ching t6i sé chiing minh tinh diing
din va hiéu qua mo hinh dé xuat. Bing cach so
sanh mo hinh dé xuit cta ching tdi v6i hai thuat
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toan rat phS bién va hiéu qua khac trong cdc hé
théng CB 1a BOW+GFF, GMM+ED. Chiing t6i
ciing chiing minh anh hudng cia GMM lén do
chinh xac va tinh hiéu qua cta GFF trong viéc
tinh todn mic do tuong dong so v6i cosine va
euclidean.

A. Phuong phdp ddnh gid

Phuong phdp ddnh gid phd bién clia cic hé
théng khuyén nghi thudng 12 Mean Square Error
(MSE, trung binh binh phuong 15i) 1a gi4 tri trung
binh cta tong binh phuong 16i [27]. MSE cang
nhé két qua du dodn dau ra cang gan véi két qui
thyc té. N6 dudc dinh nghia nhu sau:

1 & I
MSE:N;(H—M) ;

(14)

trong do, r; vector biéu dién sin phidm dudc du
doén ra, va 7; 1a vector gbc bi€u dién san phim
truy van.

Chiing t6i ciing st dung két qua khuyén nghi
tir Sakenowa nhu mot thuée do chuin dé€ so sanh
vGi 3 thuit toan thuc nghiém bdi vi Sakenowa la
website rit ¢6 uy tin, tinh phd bién, ndi tiéng tai
Nhat Ban trong rat nhiéu nam. Bén canh d6, két
quéa khuyén nghi ctia Sakenowa ciing vd cung 4n
tugng vé do chinh x4c va 12 mot dich vu dudc tin
cdy lau dai trong thuc té. Ngudi doc c6 thé truy
vén tai Sakenowa tai day https://sakenowa.com/

B. Phdn tich thuc nghiém

Trong phan nay, mot vai thi nghiém sé dugc
tién hanh dé€ kiém chding 4nh hudng cia GMM
trong hé thoéng goi y theo phan phdi thuodc tinh.
Mb hinh dé xuit ctia ching to6i dudc thuc hién
qua nhitng budc nhu théng ké dit lidu, 1am sach
dit liéu, nhém tét ca san phdm vao cic cum khdc
nhau bing GMM va cubi cing sit dung GFF va
LD dé sip xép va tra vé két qua.

Dé€ chiing thuc su hiéu qua cia GMM va GFF
cho két qua du doan t6t hon, ching tdi chia thi
nghiém thanh 3 phan. Pau tién, chiing t6i khong
stt dung GMM, thay vao d6 la thuat toan Bag-
of-word (BOW) [1] trén mot sb6 thudc tinh nhu
tags mui vi trudc khi 4p dung GFF d€ sip xép
két qua. O thi nghiém thi 2, ching tdi 4p dung
GMMH+ED dé€ 1am 16 tac dung ctia GMM. Va cubi
cung chiing t6i thi nghiém mo hinh dé xuét cla
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minh d€ chiing minh hiéu qua cia GMM va GFF,
dong thoi dua ra so sanh va dinh gid cho két qui
thi nghiém.

1) Thi nghiém 1: BOW + GFF: Ly do cho thi
nghiém nay 1a dé xac thuc tac dong cia GMM lén
dd chinh xéc ctia két qua dau ra so vdi thuit toan
BOW. Do d0, § thi nghiém nay chung t6i ap dung
BOW két hop véi GFF d€ cho két qua dau ra. Pau
tién, ching toi thuc hién tién xit ly dif liéu cho céc
di liéu van ban nhu stemming, replace synonyms,
filling missing data,... [22]. Nhu da dé cap & muc
trude, cdc trudng vin ban quan trong dudc viét
dudi ngén ngit Nhat, nén ching tdi sit dung mot
s6 cong cu thu vién xi ly tiéng Nhat nhu Ginza
[9], Janome [10], JapaneseStemmer [18]], dugc léy
cam hing ti thuét todn Porter Stemming [28], dé
tién xu ly.

Trudc khi st dung GFF cho viéc sip xép két
qua, chung tdi sit dung BOW cho céc trudng van
ban di dugc tién xi ly d€ fim ra ma trin vector
bi€u dién cho céc sin pham. Budc ké tiép, chiing
t6i st dung ma tran nay nhu dif liéu dau vao cho
thuét téan K-nearest neighbors (KNN) duya trén
y tudng thuit toan khong giam sat KNN Scikit-
Learn [20] d€ tim ra top céc san phdm tuong dong
nhau dua vao cac vectors nay. Trong top cac san
phdm nay, ching tdi dp dung cong thic S(i, )
trong d€ lay ra nhiing két qué tot nhét.

2) Thi nghiém 2: GMM + ED: O muc nay,
chiing t6i sé tin dung GMM dé gom nhém n san
phdm vio k nhém. Tuy nhién, dau tién ching toi
van ap dung cdc budc tién xi Iy cho dit liéu vin
ban nhu 6 Thi nghiém 1. Sau d6, ching t6i xay
dung mot ma tran 6 chiéu cho n san phim, ma
tran nay bi€u dién cho cic chi s6 6 mii vi va
dugc dua vaio GMM dé€ huén luyén. Sau khi huin
luyén, két qua cum cho tling san phim sé dudc
Iuu lai.

O budc tiép theo, chiing toi sé chuyén dit lidu
vin ban tags mui vi thinh ma tran bi€u dién céc
tlf dudi dang tan suét xuét hién clia tiing tlf trong
toan bo danh sich tags mui vi bang cach si dung
CountVectorizer ciia Scikit-Learn [20], va ghép
v6i ma tran (n, 6) bén trén dé c6 dugc vector cudi
cung biéu dién dic trung cho tiing sdn pham. Budc
cudi cling, d€ tra vé dugc top san phim tuong tu
nhét v6i 1 san phdm dau vao, ching toi chi can
tim dén cum chifa san phdm d6 va 4p dung cong
thic ED r6i sap xép két qua tra vé.

TAP CHi KHOA HOC CONG NGHE THONG TIN VA TRUYEN THONG
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— BOW + GFF

0.050 Ket qua tu sakenowa

0.045

0.040

=
=
o]
b

Gia tri MSE

0.030

0.025

0.020

NADBEBKUBBVARBHS KT R D
S0 Neighbors

Hinh 7: MSE é&p dung BOW+GFF

3) Thi nghiém 3: GMM + GFF: Hai thi
nghiém trén cda ching t6i 1a d€ ching minh tam
quan trong cia GMM va GFF trong mo hinh dé
xuat ctia chiing tdi & thi nghiém nay. Tuong tu
nhu xu ly trén, ching t6i van thuc hién cic budc
tién xi ly dif liéu viin ban nhu & hai thi nghiém
trude. Tiép theo chiing toi xdy dung mot ma trin
(n,6) bi€u dién 6 chi s6 mui vi cho n sian phdm
va dua vaio GMM nhu dit liéu dau vao d€ dao tao.
Luu lai cac gia tri cum tudng dng cua tiing san
phim.

D€ goi y ra nhiing san phim tuong dong nhat
v6i mot san pham, chiing toi chi can tim dén cum
ma san phdm nay thudc vé va coi né nhu trung
tam ctia cum d6 roi st dung cong thic tung
cdp tling cdp v6i cdc san phidm khéc trong cum
d6. Sap xép cac gia tri thu dudc theo thi tu giam
dan chiing ta sé thu dugc két qua tot nhit tit hé
théng khuyén nghi.

C. Két qud thi nghiém va so sdnh

Tai phan ndy, ching toi so sidnh thuit todn
dé xuit ctia minh v6i két qua khuyén nghi tir
Sakenowa va 2 thuat todn CB khac. Chiing t6i két
luan rang do chinh xdc thudt toan cta ching toi
12 tot hon Sakenowa va hai thut todn con lai. Két
qud so sanh dugc thé hién trong Hinh (7, Hinh
va Hinh O

Ca 3 thi nghiém ctia chiing t6i déu tra vé top 10

== GMM + GFF
GMM +ED
Két qué tir sakenowa

0023

0.022

0021

0.020

Gia tri MSE
=3
=3
=3

0018

0017
a04 /\/\4/\
6666 67 68 69 70 71 7273 74 76 77 7870680 61 828 M8
56 cum

Hinh 8: MSE dp dung GMM+ED, GMM+GFF

— D0 twong dbng két qua trd vé véi sakenowa /\

/
_~

=

DO twong ddng két qua tra v& véi sakenowa

L]

BOETRONTMRR BT BM M6 LSS
56 cum

Hinh 9: Biéu d6 théng ké mic dd tuong dong két

qua v6i sakenowa

san phAm gan nhit cho mbi san phim trong bo dit
liéu. K&t qua khuyén nghi tir Sakenowa cho mdi
san phdm dudc tra vé tif bd AP]EI; trong do, f1.6
la gi4 tri tuong ting cho ting chi s6 mui vi.

O Hinh (7] danh sich gid tri cia MSE dugc hién
thi va chiu 4nh hudng bdi cic s6 neighboors khac

*https://sakenowa.com/api/v1/brands/flavor?f=0& fv =~ =
J1s f2, 35 fa, f5, fe
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nhau trong khoang [25-39] ctia KNN. Chiing ta c6
th€ dé dang nhan ra, mic du c6 xu huéng giam,
nhung n6 1a khong dang ké va thdi gian cho mot
lan tinh todn 1a rit cham do s neighboors ting
1én.

Tai Hinh khodng cach cia MSE gita
GMM+ED va GMM+DFF dudc hién thi. Dya vao
bi€u do nay, c6 thé thiy GMM+GFF cho két qua
t6t hon so v6i GMM+ED va chitng minh dugc tc
dung cda GFF trong viéc so sanh mic do tuong
ddng. Ca 2 thi nghiém déu hién thi su 4nh hudng
ctia s6 cum GMM 1én MSE trong khoang [65-85].

Tai Hinh [9} biéu dd so sdnh két qua dy dodn
trén toan bd dit liéu cia moé hinh ching tdi véi
két qua gai y tif Sakenowa va xay dung mot danh
sach théng ké phan trim tuong dong qua tiing gia
tri cum khac nhau.

O Bang [l va Bang chung to6i xay dung
bang thdng ké gid tri cia MSE dudc sinh ra tit
GMM+ED, BOW+GFF, GMM+GFF va két qua
tit Sakenowa. Dua vao bang thdng ké nay c6 thé
nhén thiy rang thuit toan GMM+GFF cuia chiing
t6i cho két qua t6t hon hoan toan so véi cac thuat
toan con lai, va chiing minh dugc tinh hiéu qua
cia thuit toan dé xuat trén bo dit liéu. Thém nita,
thdi gian x{ Iy cta chuing t6i dugc thé hién trong
Bang [IV| ciing cho thiy t6t hon va nhanh hon so
v6i céac thuat toan duge dé xuit trudc day.

Bang II: Gia tri MSE theo sb luong cum GMM
khac nhau

S6 cum | GMM+ED | GMM+GFF | Sakenowa
65 0.02211 0.01738 0.01868
70 0.02135 0.01680 0.01868
75 0.02074 0.01613 0.01868
80 0.01939 0.01628 0.01868
85 0.01873 0.01580 0.01868

Bang III: Gid tri MSE anh hudéng bdi s6 neigh-
boors trong KNN

S0 neighbors | BOW+GFF | Sakenowa results
20 0.05254 0.01868
25 0.04624 0.01868
30 0.04228 0.01868
35 0.03895 0.01868
39 0.03709 0.01868
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Bang IV: Thoi gian du doan cho mot lan thuc
hién

BOW+GFF
0.1856s

GMM+ED
0.0174s

GMM+GFF
0.0156s

Thoi gian

V. KET LUAN

O bai bdo nay, ching toi da dé& xuat mot thuat
toan hiéu qua cho cdc bai toan ggi y dua theo
phan phdi thudc tinh trong cic hé théng khuyén
nghi st dung thuét toan CB, va ting dung cho viéc
giai quyét bai toan goi y rudu trong mot ing dung
thuc dang trién khai & Nhat ban. Ngoai ra, chiing
t6i ciing dé xudt mot cong thiic sip xép mdi cho
danh sach két qua tiém niing thay vi st dung céc
cong thic phd bién nhu Cosine hay Euclidean.

Thuat todn dé xuét khong chi dat dugc do chinh
X4c cao, ma con dat dugc tbc dd xi ly rat nhanh
phu hop véi cic dng dung thuc t&. Thuit todn
hoan toan c6 thé 4p dung cho nhiéu hoic it hon
6 thudc tinh & cac bd dit liéu khac thay vi nhu thi
nghiém trén bo dif liéu vé rudu clia ching toi. Miic
dui ¢6 rit nhiéu vu diém, tuy nhién diém han ché
ctia thuat toan 12 can huin luyén lai md hinh sau
khi c6 thém mot lugng cac san phim méi dugc
thém vao. Huéng nghién cuu trong tuong lai cua
chung t6i 1a tim cach cai thién mé hinh GMM
trong khau phan cum sian phim dé dat dudc két
qua tét hon nita.
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ING GAUSSIAN MIXTURE MODEL

Tom tat—Recommendation systems play an very
important role in boosting purchasing consumption
for many manufacturers by helping consumers find
the most appropriate items. Furthermore, there is
quite a range of recommendation algorithms that
can be efficient; however, a content-based algorithm
is always the most popular, powerful, and produc-
tive method taken at the begin time of any project.
In the negative aspect, somehow content-based al-
gorithm results accuracy is still a concern that
correlates to probabilistic similarity. In addition,
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the similarity calculation method is another crucial
that affect the accuracy of content-based recom-
mendation in probabilistic problems. Face with
these problems, we propose a new content-based
recommendation based on the Gaussian mixture
model to improve the accuracy with more sensitive
results for probabilistic recommendation problems.
QOur proposed method experimented in a liquor
dataset including six main flavor taste, liquor main
taste tags, and some other criteria. The method
clusters n liquor records relied on n vectors of six
dimensions into k£ group (k£ < n) before applying a
formula to sort the results. Compared our proposed
algorithm with two other popular models on the
above dataset, the accuracy of the experimental
results not only outweighs the comparison to those
of two other models but also attain a very speedy
response time in real-life applications.

Tic khoa—Recommendation system, Content-
Based, Gaussian Mixture Model - GMM, Gaussian
Filter Function, Collaborative Filtering.
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