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ABSTRACT

Recommender systems is widely used in predicting user’s preferences based
on their feedbacks to recommended new items that the users may like.
Recommender systems are applied in many different fields such as e-
commerce (online shopping), entertainment (movies, music, etc.), and
education (recommend learning resources such as books, newspapers, etc.).

In this paper, we propose a solution for building a music recommender
system using implicit feedbacks so that the system can recommend suitable
songs to the users. We develop a new system and integrate recommendation
algorithm to this system. We collect the feedbacks from the real users and
evaluate the proposed solution based on their feedbacks. Results show that
our solution can be used for many current online music systems.

TOM TAT

Hé thong goi ¥ (recommender systems — RS) thirong dwoc sir dung dé di
dodn so thich cia nguoi dung dwa vao nhing phan hoi (feedbacks) ciia ho
nham goi y cdc san pham (item) ma ngieoi ding cé thé thich. RS hién dang
dwge iing dung ¢ rat nhiéu linh viee khdc nhau nhie: trong thiwong mai dién
tir (bén hang trwc tuyén), trong gidi tri (Gm nhac, phim anh...), trong gido
duc dao tao (goi Y nguon tai nguyén hoc tdp nhu: sach, bao,...).

Trong bai viét ndy, ching téi giGi thiéu mot gidi phdp xdy dung Hé thong
goi ¥ bai hét dira vao phan héi tiém dn (implicit feedback) tir nguoi ding dé
goi ¥ nhitng bai hat ma ho co thé thich nghe. Chiing t6i lra chon phuong
phap biéu dién dir liéu, cai dat va tich hop gidi thudt goi Y vao hé thong, thu
thdp phdn héi tir nguoi dimg va danh gia hiéu qua cua hé thong dwa trén
nhitng phan hoi do. Thuc nghiém cho thdy giai phéap nay hodn toan cé thé
tich hop vao cdc hé thong goi Y am nhac hién cé trén thi trong.

1 GIOI THIEU

Hé théng goi y (Recommender systems — RS)

dién tr (ban hang truc tuyén), giai tri (phim anh,
am nhac,...), gido duc dao tao (ggi y ngudn tai
nguyén hoc tap nhu sach, béo,..),...

dang tirng budc trd thanh mét linh vuc nghién ctru
quan trong va dugc ng dung kha thanh céng trong
thuc tin, giup nguoi dung déi pho vaoi van dé qua
tai thong tin (Goldberg et al., 1992, Ricci et al.,
2011). Hién nay, RS dugc nghién ciru va tng dung
trong nhiéu linh vyc khac nhau nhu: thuong mai
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Trén thé gidi, da co nhiu cong ty, to chirc di
ap dung thanh cong hé thdng goi ¥ nhim goi y cac
dich vy, san phém va céac thong tin can thiét dén
ngudi diung nhu: website mua sim truc tuyén
Amazon.com goi ¥ cho mdi khach hang nhitng san
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phim ma ho ¢6 thé quan tim, YouTube.com gidi
thiéu céc video clip cho nguoi xem, goi y phim anh
cua Netflix.com, MovieLens.org va goi y nhac cta
Last.fim,... Diéu nay gép phan lam ting doanh sb
ban hang hoac sb lugng truy cdp, download cta hé
thng, dong thoi giup cho khach hang ¢ thé tim
kiém dugc nhimng thong tin thi vi hodc nhitng san
pham ma ho mong muén dé dang hon.

O nudc ta, hién nay dd c6 nhidu hé théng
(website) co chtrc ning goi y nhu hé thong goi y
san phdm, bai hat,... tuy nhién da phan cac hé théng
nay chi goi y dua trén nhiing thong tin co ban nhu:
goi ¥ dua trén ndi dung gidng nhau (nhu goi y cac
bai hat cua cung ca si, cung thé loai,... & cac
website nhaccuatui.vn, nhacso.net,...) hay cung loai
san phdm, ciing nha cung cép,... (Www.vatgia.com,
www.enbac.com,..). Qua tim hiéu, vin chua thiy
¢6 nhiéu hé théng co tich hop cac ky thuat state-of-
the-art, nhu Matrix Factorization (Koren, 2009)
trong hé thong goi y. Thuong mai dién tr & Viét
Nam dang buéc dau | phat trién, do vay hé thong 201
¥ s& mo ra nhidu tiém ning trong tuong lai, ké ca
trong nghién cru va ung dung.

Cung voéi su phat trién manh mé& cua cac loai
hinh truyén théng da phuong tién thi 4m nhac 1a
mot trong nhitng ndi dung kha phd bién va dugc
xem nhu 12 mot nhu cu khong thé thiéu trong cudc
song, ¢ thé chia sé boi nhiu ngudi tir nhiéu québc
gia ¢6 ngdn nglr va nén van hoéa khac nhau. Tuy
nhién, s6 lugng bai nhac dang ngay cang tang Ién,
da dang va phong phi ca v€ nfi dung 1an thé loai.
Vi vay, van dé dat ra 1a khi mot nguoi s dung
muon tim nghe nhiing bai nhac ma minh yéu thich,
ngudi sir dung s& can dén cong cu tim kiém Google
va/hodc vao mot website v& 4m nhac dé tim nghe.
Mac du vay, ¢ do co nhiéu ban nhac ma nguoi su
dung s& khong thé nghe thtr hét dé tim ra nhirng bai
ma ho thich (diéu nay t6n thoi gian ma lai khong
hiéu qud). Do dé, nhu cau can cé mét hé thong goi
¥ ¢0 kha nang dy doan mirc do wa thich cua nguoi
sw dung voi tung ban nhac va goi y cho ho cac ban
nhac méi ma hé thong cho la phit hop.

Céc hé théng goi ¥ thuong st dung k¥ thuat loc
cong tac (collaborative filtering) dé dua ra cac du
doan vé so thich ciia ngudi ding (user) dbi véi cac
muc tin (items — nhu san phém, sach, bao, phim,...)
ma hé thdng cho 1a phu hop nhit thong qua viéce sir
dung nhimg xép hang (rating/feedback) trong quéa
khir ctia ngudi dung va/hodc nhitng xép hang cia
nhitng nguoi dung khac da co trong co so dit li€u.
Loc cong tac thuong dugc tiép can theo 2 dang: loc
cong tac dua vao bg nhd, cu thé 1a tiép can dua trén
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nguoi dung (user-based) va dua trén cac muc tin
(item-based). Dang thu 2 1a tiép can theo mo
hinh (nhu mé hinh Bayes,...) va gan day la cac mo
hinh nhén t6 tiém an (latent factor models) nhu
md hinh phan rd ma tran (Koren et al., 2009)
(matrix factorization - da dat dugc nhiing thanh
cong déng ké).

Trong bai viét nay, chung t6i gioi thiGu mot giai
phap trong xdy dung He thong goi ¥ bai hat dua
vao phan hoi tiém 4n (implicit feedback) tir nguoi
dung. Day 1a mot dang trong bai toan goi y muc tin
(item recommendation) (Ricci et al., 2011). Mac
du, c6 kha nhiéu phuong phap di dugc st dung
cho van dé go1 y muyc tin dya vao phan hoi tiém 4n,
phd bién nhat k¥ thuat loc cong tac k-lang giéng
(kNN), thuong dung tuwong quan pearson hodc
cosine dé tinh toan do tuong ty giita nhimng nguoi
dung cung s& thich hoac cac muyc tin dugc xép
hang béi cing ngudi dung. Gan day, ky thuat phan
rd ma tran duoc sit dung phd bién va ung dung rat
thanh cong. Tuy nhién, cic gidi thuat nay thich hop
hon cho nhitng hé théng sir dung phan hdi twdng
minh (explicit feedback) thong qua nhimng xép
hang/danh gia cu thé.

O day, chung toi dé xuét sir dung phan hoi tiém
an tir nguoi dung (nhu ty 16 thoi luong ma ngudi
dung d3 nghe trén tong thoi lwong bai hat) va tir d6
dé xuét str dung giai thuat xép hang ca nhan Bayes
(Rendle ef al., 2009) dé xay dung “Hé théng goi y
bai hat” do giai thuat nay hoat dong t6t trén dir liéu
phan hoi tiém an.

2 HE THONG GQI Y (RECOMMENDER
SYSTEMS - RS)

Hé théng go1 y thuong dua vao ba khai niém co
ban, do la tap I}guc‘ri dung U (user), tdp muc tin /
(item — san pham, bai hat, video clip,...) va phan
hoi r,; (feedback/ xép hang - rating) cua ngudi
dung u trén muc tin 7.

Items

I 2 b e AN
11513 L2
2 2 4
Users )
ul3]141?2(2]1
4
n 312

Hinh 1: Ma tran biéu dién xép hang ciia nguoi
dung trén muc tin (user-item-rating matrix)
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Co 2 dang bai toan chinh trong RS 1a du doéan
xép hang (rating prediction) dwa vao cac gia tri xép
hang trudc d6 (1a nhitng phan hoi twong minh cia
ngudi dung, nhu xép hang tr 1 d&n 5, hoic
thich/khong thich, hay 0/1,...) dé du doan céc gia
tri xép hang trong tuong lai, va goi y muc tin (item
recommendation) dya vao cac phan hoi tiém an tir
ngudi ding (nhu s 1an click chudt, thoi gian xem
san pham,... nghia 1a nhitng thong tin ma ngudi
dung khong tryc tiép danh gia/xép hang).

Vé6i bai toan dy doan xép hang, thong tin
thuong dugc biéu dién trong mot ma trdn nhu &
Hinh 1. O d6, mdi dong 14 mot user, mdi cot 1a mot
item, va mdi 6 1a mot gia tri xép hang biéu dién
phan héi (nhu “mitc d6 thich - preference”) cua
user trén item tuong tng. Cac 6 c6 gia tri 1a nhitng
item ma cac user dd xép hang trong qua khi.
Nhimng 6 tréng 1a nhimg item chwa dugce xép hang
(diéu dang luu y 1a mdi user chi xép hang cho mot
vai item trong qua khtr, do vy c6 rat nhiéu 6 tréng
trong ma trdn nay — con goi la ma tran cuc thua —
sparse matrix).

Nhu vay, nhi€ém vu chinh cua RS 1a dua vao
cac 0 da co gia tri trong ma trén (dit liu thu duoc

i1 B2 i3 U4
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tir qua khtr), dé dy doan cac 6 con tréng (cua user
hién hanh), sau d6 sép xép két qua du doan (vi du,
tir cao xudng thip) va chon ra Top-N items theo
thtr ty, tir d6 goi y chung cho nguoi dung.

3 PHUONG PHAP BIEU DIEN DU LIEU
TIEM AN CHO HE THONG GQI Y BAI HAT

Vi bai toan goi y muc tin, RS st dung phan
hoi tiém an tir ngudi dung, do d6 né thuong chi
chua dir liéu tuong tdc/quan sat duong (positive
observations) hay goi 1a sy phan hoi tich
cuc/duong (positive feedback) S < U x I Con
nhitng myc tin ma ngudi dung chua quan sat/twong
tac (none-observed) 1a sy tron l4n giira gia tri phan
hoi am (negative feedback — nguoi ding khong
thich myc nay) va nhimg gia trj thiéu (missing
values — ngudi ding c¢6 thé thich muc nay trong
trong lai do ho chua thiy/trong tic voi ching)
(Rendle et al., 2009) nhu biéu dién bén tay trai
trong Hinh 2. Do d6, cach thong thuong dé tao ra
tap dit liéu hun luyén 1a v6i nhing cip (u, i)e S
thudc 16p duong (positive class) s€ dugc gan gia tri
1, phan con lai thudc vé 16p 4m (negative class)
duoc gan gia tri 0, nhu bén tay phai ciia Hinh 2
(Hu et al., 2008).

i1 02 i3 is

wl2l++12 ur |0 |1 [1]0 T

wl+ 22 T w | 10]0]1

ws |+ |+ 22 ?5 — 43 | 1[1]0]0 g

us | ? ? + | + us | 0 0 1 1

ws |2 ]2 [+]2? l us |0 ]0]1]0 l
<+— item —» <4+— item —»

Hinh 2: Biéu dién dir li¢u trong RS du6i dang nhi phan

Tuy nhién, bat lgi 16n ciia phuong phap nay la
trong sudt qua trinh huén luyén, cic mé hinh s&
khong phén biét duoc dau 1a phan hdi 4m (negative
feedbacks — tirc nguoi dung khong thich) va dau 1a
gid tri can dy doan do ca missing values va
negative values déu duoc xem 1a gia tri 0.

Trong hé théng goi ¥ bai hat dwoc dé xuat,
chung t6i str dung phuong phap nhu trinh bay trong
tai liéu (Rendle et al., 2009), 1a st dung phuong
phép so sanh ting do6i (pair-wise ranking) thay vi
chi dua ra du doan xép hang cho tirng muc tin hoac
chi thay thé nhimng gi4 tri can xép hang bang mot
gia tri am.

Cu thé, tir dit lidu da c6 S tién hanh xdy dung
lai tap dir liéu huén luyén Ds dya vao mbi quan hé
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“thich hon — prefer” giita cac bai hat cho mdi nguoi
ding u (>,). Gia st rang néu mot bai hat i duoc
nghe bdi nguoi dung u ((u, i) € S) thi nguoi dung
thich bai nay hon tit ca cac bai chwa nghe khac. Vi
du trong Hinh 3 bén tréi, biéu dién quan hé “thich
hon” cho cac bai hat ciia nguoi dung u; nhu:
D> 0750200 14503200 01 503> 1y

Vi nhitng bai hat ma nguoi dung da nghe (nhu
bai i, va i3 ng v6i nguoi dung u; trong Hinh 3) thi
hé thong s& khong sir dung so sanh thich hon nhu
md ta ¢ trén do hé théng ngim hiéu 14 nguoi dung
c6 cung mirc dg thich trén nhitng bai nay. Tuong
tu, voi nhitng bai hat ma nguoi dung chua nghe (vi
du, bai i; va iy ung voi nguoi dung u;) hé théng
cling khong str dung quan hé “thich hon — prefer”
do chua c6 thong tin.
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Bén phai trong Hinh 3 1a cach biéu dién dit liéu
duoc sir dung trong hé thong. Dau + thé hién ngudi
dung thich bai i hon bai j (luu y: goi j dé d& theo
ddi, nhung ban chat i; va j; 1 nhu nhau), ddu — thé
hién ngudi dung thich bai j hon bai i va dau ? 1a

Phan A: Khoa hoc Tu nhién, Cong nghé va Méi truong: 34 (2014): 81-91

nhitng cip cac bai hat can dugc xép hang sau nay.

Nhu vay, hé thong goi ¥ bai hat can du doan
cho céc gia tri ? trong cidc ma tran bén phai cta
Hinh 3, sau d6 sap xép chung tir cao xudng thap va
chon ra N bai can goi y.

uri >ulj
i1 @2 i3 U4
i + |+ |2 T
-2«
. o
J3l-1? - | =
Je |2 |+ |+ ¢
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ws 2?2 + 2 l\ usil >us]
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j2 |2 +]2]e
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Hinh 3: Biéu dién dir liéu Ds dang so sanh tirng ddi (Rendle ez al., 2009)

Tap Ds dugc biéu dién mot cach hinh thirc nhu
sau (1, 1a cac bai hat ma u da nghe va c6 phan hoi
duong — thich):

Ds = {(u, i, j)|iel, nj €I\I}

Trong hé théng goi ¥ bai hat ma ching toi xay
dung, thong tin phan hoi tiém an tir ngudi dung s&
duogc hé théng ghi nhan lai mét cach ty dong. Cu
thé, thay vi nguoi dung phai xép hang hay danh gia
trén mdi bai hat, & day hé théng s€ ghi nhan lai thoi
lrong ma ho da nghe bai hat do (thoi gian cang lau
ddng nghia voi nguoi dung cang thich, di nhién
cling c6 ngoai 1é nhung khong dang ké) va do vay
xem thoi gian nghe 1a thong tin phan hoi tir nguoi
dung.

Do mdi bai hat c6 thoi luong ngin/dai khac
nhau nén chung toi chuyén d6i thoi lwong ma
nguoi dung da nghe thanh dang 7y /¢ thoi lugng.
Day ciing chinh 14 théng tin phan hoi tir nguoi
dung u cho bai hat i:

thot lwong mau dia nghe bai hat §
Tui =

M

thiri lrong bai har i
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Vi du, v6i bai hat ngudi dung da nghe 5ph/5ph
(ty 1€ 1a 1.0) dugc ngam dinh rang ho thich né hon
14 bai hat ma ho chi 1Phit/5phit (ty 18 = 0.2).

4 GIAI THUAT SU DUNG CHO HE
THONG GOQI Y BAI HAT VOI PHAN HOI
TIEM AN

Do tinh chat ciia dir liéu nhu di trinh bay,
chung t6i d& xuét sir dung giai thuat xép hang ca
nhan Bayes (Bayesian Personalize Ranking — BPR)
9cho hé théng goi ¥ bai hat c6 sir dung dir liéu tiém
4n. BPR 1a mot tiéu chuén ding dé tdi wu hoa
(optimization criteria) ham muc tiéu, do do6 no6 cé
thé 4p dung cho nhiéu ky thudt khac nhau trong
RS. O day chung t6i st dung BPR-MF (dung tiéu
chuin t6i vu BPR cho k¥ thut phan rd ma tran
Matrix Factorization — MF) nhu trinh bay trong
(Rendle et al., 2009) dé cai dat giai thuat goi y tich
hop vao hé thong. Bai viét s gidi thiéu nhing khai
niém co ban vé MF va BPR-MF nham tmg dung
chiung vao xdy dung hé théng dé xuit, ban doc
quan tdm c6 thé tham khao chi tiét vé& cac k¥ thuat
nay trong (Rendle et al., 2009; Koren et al., 2009,
Thai-Nghe et al., 2012).
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Ky thudt phdn ra ma tran (Matrix Factorization
- MF)

K§¥ thudt 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 co thé xay dung lai X tir hai ma
tran nho hon nay cang chinh xac cang t6t, nghia 1a
X ~ WHT, dugc minh hoa nhu trong Hinh 4.

«—— litems — — ] ——
i — K-> i

1 0 1] .3
1 ~ u H 01 |8
-2 |3 HT
11 |01

0| 1 1] 0
=
1
0|1 7|02
1 1 ERE

0
X w

2
3

=

«— K->

<«<— Uusers —

Hinh 4: Minh hoa k¥ thuit phin ra ma tran

Trong d6, W e RIU"K 1a mot ma tran ma moi
dong 1a mot véc to bao gdbm K nhan t tiém an
(latent factors) mo ta nguoi dung u; va H € RIMK
1a mot ma tran ma mdi dong 13 mot véc to bao gdm
K nhén té tiém 4n mo ta cho item i (thong thudng
K<<[U| va K<<|I]). Luu y, trong Hinh 4, HT 12 ma
tran chuyén vi (transpose) ciia H.

Van d then chdt cua k¥ thuat MF 1a 1am sao dé
tim duoc gia tri cua hai tham ) (ma tran) W va H.
Hai tham sb nay duoc xac dinh bang cach téi wu
hoa ham muc tiéu (objective function). Trong van
dé du doan xép hang (rating prediction) thi ham
muc tiéu thong dung nhat 1a Root Mean Squared
Error (RMSE), dugc biéu dién nhu sau:

K 2
Y (MZ%MM) (W EIHEB  (2)
(u,i) € Drain

k=1

OMF

Trong d6, D"" 1a tap dit liéu huin luyén, A 1a
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hé s6 chinh tic hoa (regularization) nhim lam
giam hoc vet (over-fitting). Gia st sau qua trinh
tdi wu, ta nhan dugc gia tri cuia W va H, khi do,
xép hang cuia user u cho item i dugc dy doan bz"mg
cong thure:

3

K

5 T

P =w-h" =" wychi
k=1

Ung dung ky thudt BPR-MF vao hé thong goi ¥
bai hat

Trong hé thong goi y bai hat, vi dit liéu phan
hoi tir ngudi dung 1a tiém 4n va thudc vé van d&
g0i y muc tin (item recommendation) nén ching
t6i d& xudt sir dung giai thuat BPR-MF do tinh uu
viét ctia nd d6i voi loai tinh chat cua dir liéu nay.
Ham muc tiéu cia BPR-MF nhu sau:

OFPRME Zlna(fm.j)—xe 1012

“4)
(uij)eDgy
Voéi o(x) = — la mot ham sigmoid;
I+e™
Tuij =Tui=Tuwi V& T, hyla gid tri du doan cua

nguoi u cho bai hat 7 va bai hat ;

0 dai dién cho cac tham s6 W va H;

Vi, || 0|14 thanh phan chuin héa dé ngin
chin vén dé hoc vet (overfitting).

Str dung stochastic gradient descent (Bottou,
2004) dé trién khai chi tiét giai thuat hoc trong
(Rendle et al., 2009), ta dugc giai thuit nhu
bén dudi:

1: procedure LearnBPR-MF (Ds, A, , A+ s A, 0 )d

2: W« N(0,6?%)

3: H< N(0,5%) //khéi tao gid tri cho tham s6

// khoi tao gia tri cho tham 56

4: repeat //cdp nhdt lai gia tri tham $6 dén khi t6i uu
5 draw randomly (u, i, j) from Ds (j € I\1,})

6: Tuij <_<Wuk’hik _hjk>
o e—ﬁu,
. v -
7: l+e i
8: Wk < Wy + a(v(hik _hjk) - iwwuk)

hy < hy +a(vw,, — 4, hy )
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9:
10: A < hi+ a0y ) =y )

11: until convergence
12: return (W,H)
13: end procedure
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Trong giai thuat trén, ddu vao 1a cac siéu tham
so (hyper-parameter, cach xac dinh céc siéu tham
s6 nay s& dugc mo ta trong phan V.B.) va tap dur
liéu huan luyén. Twong tw nhu nhimg hé théng goi
y khac, tap di li¢u dau vao co 3 thong tin 1a: id cia
nguoi dung, id cta bai hat, va ty 1€ thoi luong nghe
nhu trinh bay trong cong thuc (1). Muc tiéu chinh
clia giai thudt nay 1a dé tim ra hai tham s6 W va H
sao cho ti wu nhat (twong ty giai thuat phan rd ma
trén (matrix factorization (Koren e al., 2009) minh
hoa trong Hinh 4). Trudce hét, chung dugc khoi tao
bang cac gia tri ngau nhién theo phan phdi chuan
(normal distribution) N(0, 6?) nhu & dong 2, 3; Sau
d6, qua ting budc lap, gia tri cua 2 tham ) nay
dugc cap nhat lai dén khi ham muc tiéu (trinh bay
trong cong thic 4) dat gia tri toi wu. O mdi budc
lap, cap bai hat i, j dugc chon (véij €l\1) dé
xdy dyng quan hé “thich hon” nhu biéu dién trong
Hinh 3 (ban doc quan tAm xin tham khao chi tiét
trong tai li¢u (Steffen et al., 2009). Sau qua trinh
t6i uu ta nhan dugc hai tham sé W va H. Khi do, ty
1¢ thoi gian nghe ctia ngudi dung u trén bai hat i
(ma u chua nghe) dugc du doan bang cong thirc
3).

5 XAY DUNG HE THONG

Gidi thi¢u hé thong

Hé théng goi ¥ bai hat dugc xdy dung dudi
dang mot website cung cép thong tin vé 4m nhac
gitip ngudi ding ¢ thé chon nghe cac bai nhac ma
minh yéu thich. Khi nguoi dung truy cidp vao
website, co thé tim kiém, nghe va tai nhiing bai
nhac vé may ctua minh. Pdng thoi, hé théng con
phan loai cac bai nhac theo tung thé loai, nhdm
mang dén sy tién loi cho nguoi sir dung va cung
cép thong tin chi tiét vé& cac bai nhac nhu: tén bai
hét, tén ca si thé hién, ...

V6i bat ky hé théng goi ¥ nao, né phai cé chirc
ning thu thap nhimg phan hdi tr nguoi ding.
Thong thuong hé thong ghi nhan sy phan hoi cua
ngudi dung dudi hinh thirc ghi nhdn mét gia tri xép
hang cu thé (thich (1) / khong thich (0), hay tir *
dén * %% % %) goi la phan hoi twdng minh
(explicit feedback). Tuy nhién, v&i cach nay thi hé
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thong thudng kho c6 thé ghi nhan dugc nhiéu phan
hdi tir ngudi ding do da phan ngudi ding ngai khi
phai cung cép thong tin phan hdi nhu thé va doi khi
lam cho ngudi ding khong hai long (ddng nghia
v6i kha ning mat khach hang). Do d6, dé tao su
tién loi cho nguoi ding va hé thong c6 thé thu thap
dugc phan hdi mot cach d& dang, trong hé thong
got y bai hat, ching t61 s& ghi nhan cac phan hoi
cia nguoi dung dudi dang phan hdi tiém 4n
(implicit feedback). Hé thong s€ tu dong ghi nhan
lai gia tri phan hdi dugc tinh bang thoi gian
ngheltong thoi lwong bai nhac. Gia tri ndy trong
khoang tir 0 dén 1 s& duoc hé thong ty dong luu
vao co s& dir liéu (CSDL) dung dé huan luyén mo
hinh va thyc hién chirc nang goi y.

Sor do chire néing ciia hé thong

So d6 chirc nang chinh ciia hé théng dugc trinh
bay trong Hinh 5.

| | |

[ Nghe nhac } Dang ky } [ Tim kiem } Quan tri

Ding nhip } Quén Iy ngudi ding Upload bai hat

Quanly goi y Quén Iy bai hdt

Quén Iy thé loai

[ J
[ )
[ e )
[ -

Backup CSDL ]

Hinh 5: So d6 chire niing chinh ciia h¢ théng

Nghe nhac: Chitc nang nay s€ dugc kich hoat
khi nguoi dung nhén vao 1 bai nhac nao d6, mot
player (JW Player) s€ thuc hién play bai nhac.
Ngoai ra, trén player c6 hd trg thém céc chirc ning
khéc nhu: dung (stop), tam dung (pause),...

Tim kiém: Chirc nang cho phép nguoi ding tim
kiém céc bai nhac theo tir khoa 1a tén cac bai nhac.

Dang ky: Cho phép nguoi dung thuc hién dang
ky tao 1 tai khoan trén hé thong. Nguoi dung phai
cung cip cac thong tin nhu: tén truy cap, mat khau,
ho va tén, email,... va hé thong s€ luu vao CSDL.
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Dang nhdp: Nguoi dung thuc hién viéc dang
nhap khi di tao tai khoan trén hé thong. Khi ding
nhap, ngudi dung co thé thay doi thong tin tai
khoan, d6i mat khau. Ngoai ra, khi ngudi dung
da dang nhap va thyc hién nghe cac bai nhac thi hé
thong sé& tu dong ghi nhan lai gia tri phan hoi (trong
s& xép hang) vao CSDL. Pdng thoi thuc hién
chirc ning goi y cic bai nhac méi phu hop dén
ngudi dung.

Upload bai hat: Cho phép ngudi quan tri thuc
hién thém cac bai nhac méi vao hé théng.

Qudn ly bai hat: Cho phép nguoi quan tri thuc
hién thém, stra, x6a cac bai nhac.

Qudn 1y thé logi: Cho phép ngudi quan tri thue
hién thém, stra, x0a cac thé loai nhac.

Quan Iy ca si: Cho phép ngudi quan tri thue
hién thém, stra, xd6a cac ca si thé hién.

Quan Iy nguoi dung: Cho phép nguodi quan tri
thuc hién xem va x6a céc tai khoan nguoi dung.

Quan ly goi y: Nguoi quan tri thyc hién viée
xay dung lai m6 hinh dé thuc hién chiic nang goi y.

Quan Iy banner: Cho phép ngudi quan tri thuc
hién thém, stra va x6a banner quang céo (.gif, .jpg,
.png, .swf) theo ting vi tri.

Backup CSDL: Cho phép nguoi quan tri thuc
hién Iuu lai CSDL hién thoi cua hé thong

Chte nang quan trong nhit cua hé thong 1a
chirc nang goi y bai hat bang giai thuét xép hang ca
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nhan BPR-MF dé goi y cic bai nhac méi phu hop
cho tirng nguoi nghe. Nhitng bai nhac ggi y nay
duoc thé hién dudi dang mét danh sach xép theo
thir ty vu tién giam dan theo gia tri du doan nham
gitip cho nguoi ding c6 thé tim nghe nhitng bai
nhac ma minh yéu thich mét cach nhanh nhat.

Ngoai ra, hé théng ciing c6 thém cac muc chirc
ning khac nhu: goi ¥ TOP céc bai nhac dugc nhiéu
ngudi nghe, cac bai nhac cung thé loai voi bai
nhac dang nghe va TOP cac bai nhac ngudi dung
da nghe.

Luoc dé CSDL quan hé

Lugc d6 CSDL dé luu trit thong tin trong hé
théng dugc minh hoa nhu & Hinh 6, trong d6 quan
trong nhét 1a nguoi dung (thong tin vé user), bai
hat (thong tin vé item), va ty 1& thoi lugng nghe
(dai dién cho rating).

Heé thdng goi ¥ bai hat duoc phat trién trén moi
truong .NET st dung ngon nglt ASP.NET, C# va
H¢ quan tri co s¢ dit liéu SQL Server. Kién tric
téng thé cua hé thdng dugc trinh bay trong Hinh 7.
O 4o, hé théng gdm 2 thanh phan chinh: thanh
phin twong tic v6i ngudi ding va thanh phan goi
¥. Thanh phan tuong tic véi ngudi ding qua giao
dién Web, nd c6 nhiém vu thé hién cac bai nhac,
cung cp cac chirc nang dén ngudi diung nhu: dang
ky, nghe, tim kiém, phan loai,... ddng thoi, ghi
nhan lai thong tin phai hdi tir ngudi ding va goi ¥
nhitng bai nhac méi thich hgp dén ho. Thanh phan
g01 ¥ c6 nhiém vy dy doan sé thich cia nguoi dung
tir nhitng thong tin phan hdi trong qua khir ctia ho.

Singer Listen Advertisement
F SingerID F ListenID T AdsID
SingerName UsarID UsarID
Sort MusicID PositionI I
Weight Title
% Countlisten ]
Ciztelistzn Imags
Music . Hisight
P MusiID Width
SingerID FromDate
CategoryID & Tolats
Name User gEat Sort
CrestionTime 9 Us=iD
url RolelD
TotalView UserName
TotalTime Password
TotzlTimeString Emasil i
RagistarTima Position
FullName % PosftionlD
PositionMame
% Sort
Category k7
§ CategoryID Role
CategoryName 9 RolelD
Sort RoleNzme
Sort

Hinh 6: Lwgc dd CSDL
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User Internet

L

Recommender
<:> System Engine
(BPR-MEF)

Web Server D dosin

CSDL

H¢ théng ggi y

e

Goiy
1
2
—

Hinh 7: Kién triic h¢ thong goi y bai hat

6 KET QUA MINH HQA

a. Mét sé giao dién chinh ciia hé thong goi y
bai hat

Sau khi nguoi dung da dang nhép vao hé thong,
hé thong s& goi y Top-N ’nhfrng bai nhac duoc du
doan la phu hgp nhat dén nguoi dung theo giai

Trang cha Gidv

HE THONG GOI Y BAI HAT

thuat da trinh bay. Bén canh do, hé théng cling goi
y cho nguoi dung dua trén nhiing phuong phap
khac nhu: Bai hat cing thé loai, cing ca si, top cac
bai hat dugc nghe nhiéu nhit, danh sach cac bai
ngudi dung da nghe trong qua khir, nhu dugc minh
hoa trong Hinh 8.

Déng nhap Tim kigm _. ye
u Chio mirng: admin Ban dang nghe bai hat D4t nudc tron nigm vui
d Théng tin tai khodn Thé hién  Ta Minh Tam
u Boi mat khau
= Bai hat ciing thé loai * Nhu ta tlng vui
O Chiéc khan tay 2 Con mua chigu
MNgay cip nhit 25M2/2013 | Thé hién: Cdm Ly

&' Nhac tré L C6 gdi m& duérng

h Ngdy cap nhat 2612/2013 | Thé hién: Cam
&' Nhac tién chién gay c3p nin I =
b . J Hay vén léng me oi
< Nhac qué hweong

4’ Nhag trie tinh O Trén dinh phi van

Ly

MNgay cap nhat 2612/2013 | Thé hién: Ban Trudng

<" Nhac Trinh Ngéy cap nhat 2611212013 | Thé hién: My Linh

J Bai ca bén canh vong

MNgay cip nhit 26M2/2013 | Thé hign: Ta Minh T4m

J Chao séng ma anh hiing

Mgy cdp nhat 2511212013 | Thé hién: Ta Minh Tim

O va day véi dudng tau

Mgay cép nhat 251212013 | Thé hién: Thu Hién

< Khic hat Samba

2Vidau

« Bdi ca bén canhving
Top 5 bai nhac da nghe

W Knhéng cén nira

W Phai pha

W DAt nurde tron nigm wui

e ¢ 0 ¢ ¢ & ©

W Chao s6ng m3 anh hiing

Nghe nhiéu nhat
J Phdi pha
O Tim Iai bau trivi

J Chao séng ma anh hing

Hinh 8: Goi y bai hat cho nguoi ding theo nhiéu cich
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Trang chi | Ban dang nhap vdi tai khodn: admin | Thoat

BPR MF

» Upload bai hat
* Quan Ij bai hat

* Quan Iy thé loai

$61an 1dp (Numiter) 500

Toc dé hoc (X ) 0.05

» Quan Iy ca si $& nhan to tiém an(K) 10

» Quan Iy Banner A, 015

* Quan Iy thanh vién A, 015

» Quan Iy goi y A~ 0015

+ Backup Database

e BPR MF

+ Boi mat khau

» Tap diF liéu Lastfm-2k
Save User Factol
[save Item Facto]

Phuwrong phap khac
$0 lan Iap (Numlter) 15
A 0015
S$6 nhan to tiém an (K) 10

Quan I goi ¥ - Tap di¥ liéu hé thong goi ¥ bai hat

Két qua: AUC = 0.7352693
Thovi gian: 00:00:00.7760053

Hinh 9: Quaén tri chirc nang gg¢i y va nhirng chirc nang khac

Bén canh d6, hé théng ciing cung cip cic
module quan tri khac nhu mé ta ban dau, dic biét
1a chirc ning quan tri mé hinh goi ¥ ctia hé thong
nhim gitip admin co thé ty hudn luyén va cap nhat
lai m6 hinh sau mét thoi gian sit dung, nhu minh
hoa trong Error! Reference source not found..

b. Pdnh gid hé thong
Dir liu:
Chung t6i thu thap du lidu tir thuc t& gdm 109

ngudi dung (user), 50 bai hat (item) va 1109 thong
tin phan hoi (rating).

Phuong phap danh gia:

Mic di, ¢6 nhidu phwong phap khac nhau c6
thé sir dung dé danh gia giai thuat nhu: F-Measure,
AUC (Area Under the ROC Curve), Root mean
square error (RMSE),... Tuy nhién, mdi phuong
phap danh gia s€ thich hgp cho ting linh vuc cu
thé, chéng han nhu: F-Measure va AUC thuong
duoc dung trong truy tim thong tin va phan 16p
(classification) va ranking, con root mean square
error (RMSE) duoc dung trong du doan xép hang
(rating prediction). O déy chung t6i sir dung do do
AUC dé danh gia hiéu qua ciia mo hinh do né phu
hop véi cac hé thdng dang ranking.
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St dung nghi thirc kiém tra (leave one out). Déi
v6i moi nguoi dung thyc hién bo ngau nhién mot
dong dir li¢u da nghe (u, 7, r,) tor tap dir li¢u thu
thap duoc 1, - (tap cac muc nguoi dung u da nghe).
Dong dir liéu bo ndy s¢ duoc dua vao tép dir licu
kiém tra Siest va phan con lai dua vao tap dit liéu
hudn luyén Siain. Ding tap dit liéu huin luyén Strain

dé xay dung m6 hinh hoc va dung tép dir liéu kiém
tra Siest dé danh gia mo hinh bang d6 do AUC.

Tim kiém siéu tham s6 (hyper-parameter
search):

Siéu tham s6 1a cac tham s dau vao cua giai
thut, cac tham sé nay can phai duoc xac dinh
trude khi chay giai thuat. Do khong gian gia tri cua
cac si€u tham s nay 1a kha 16n, img v6i moi tép dir
liéu khac nhau thi s& co cac siéu tham sb cho két
qua tét twong ng. Do do6, cac siéu tham sb cin
phai dugc tim kiém sao cho phu hop vdi timg tap
dir liéu, dé giai thuat cho két qua tot nhat co thé.
Phuong phap dugc s dung trong ludn van nay la
phuong phap GridSearch dugc dung dé tim kiém
céc siéu tham sé (Thai-Nghe et al., 2010). Trong
giai thuat BPR-MF ta ¢ céc siéu tham sd can
tim la:

K: s6 nhan to tiém an
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Iter: s 1an lap

a : tbe dd hoc

A, : tham s6 chuan hoa cho nhan t6 ngudi ding
(user factor)

/1H+ : tham s chudn héa cho nhén tb bai hat da

nghe (positive item factor)

/1H, - tham s& chudn hoa cho nhan t6 bai hat

chua nghe (negative item factor)

Do khéng gian gia tri cac tham sb la rat 16n,
nén phuong phap GridSearch thuc hién qua hai giai
doan: tim tho (Coarse Search) va tim min
(Granularity Search).

Tim tho: Thuc hién tim gié tri cac siéu tham so

nhu: K, Numlter, &, 4,, 4., 4, bing mot

heuristic nao do. Vi dy, a € [0..1] nén ta s& tim
trén 4 gia tri (0.2, 0.4, 0.6, 0.8).

Tim min: Thyc hién tim min (quanh l1an can cac
gia tri) tham s sau khi da tim tho, cudi cung ta s&
chon ra duge cac tham s cho két qua tdt nhat. Vi
du v6i a=0.4 m6 hinh s& cho két qua t6t nhat giai
doan tim thd nén trong giai doan nay ta s€ tim xung
quanh gia tri 0.4 (nhu 0.3, 0.35, 0.45, 0.5).

Céc giai thuat lién quan trong bai viét nay déu
duoc tim cac siéu tham so tot nhat.

Két qua thye nghiém danh gia bang d§ do
AUC:

Két qua do do AUC trung binh tir 5 lan chay
ctia k§ thuat BPR-MF duoc str dung trong hé thong
la 0.742 trong khi chi goi y dua trén cac bai hat
duoc ngudi dung nghe nhiu nhat bing (Most
Popular - Ricci et al., 2011) 14 0.616. Nhu vay, két
qua nay cai thién hon rat nhidu so vdi nhitng hé
thdng goi ¥ ma chi chon nhing bai duoc nghe/tim
nhiéu nhit dé goi y cho nguoi dung. Viéc thu thap
muc d6 hai long ctia nguoi dung khi st dung hé
thong nay so véi cac hé thong khac s& duoc thuc
hién trong tuong lai.

7 KET LUAN

_Chung t6i gidi thi€u mot giai phap xay dung H¢
thong goi ¥ bai hat dwa vao phan héi tiém 4n
(implicit feedback) tir ngudi ding dé goi ¥ nhiing
bai hat méi ma ho ¢6 thé thich nghe. Chung t6i xay
dung hé théng hoan chinh va tich hop giai thuét
goi v vao hé thong, thu thap phan hoi tir ngudi
dung va danh gia hiéu qua cua hé théng dua trén
nhitng phan hoi d6. Thuc nghiém cho thdy giai
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phap nay c6 thé dung dé tich hop vao cac hé thng
go1 ¥y am nhac hién co6 trén thi truong.

Huéng nghién ciru tiép theo chung t6i s& cai
tién thuat toan bang cach két hop v6i phuong phép
phan rd ma trdn da quan h¢ (Multi-relational
Matrix Factorization) nhim tan dung tat ca cac
thong tin ¢ sdn nhu bai hat, ca si, thé loai,... ciing
nhu nhiing thong tin tiém én khac (nhu sb lén tim
trén mdi bai hat, sb 1an click/download,...)
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