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Tom tit: Hé thong goi y (Recommender Systems) di va dang dwoc vmg dung trong rat nhiéu linh viec nhur gidi tri, gido duc,
khoa hoc, va dac biét la thwong mai dién tir. Viéc tich hop ky thudt goi y vdo cdac hé théng true tuyén nham tw dong phan tich cac
hanh vi trong qud khir ciia nguoi ding dé dir dodn nhu cdu/sé thich ciia ho trong tiwong lai, tir 6 cé nhitng dé xudt hop 1y cho ngieoi
ding la rdt can thiét trong thue té.

Bdi viét ndy dé xudt mét gidi i phdp xdy dung hé thdng goi ¥ danh cho ban hang trie tuyén sir “dung phan hoi tiém an (implicit
feedbacks) tir ngieoi dimg. Truée hét ching toi dé xudt phwong phép thu thdp théng tin phan hoéi tiem dn, sau d6 tim hiéu cdc
phwong phdp goi Y phi hop tir d6 dé xudt sir dung phuong phdp tdp hop mé hinh dé két hop cdc mé hinh di dodn nham ting do
chinh xdc. Ké dén la viéc cai dat, diéu chinh, kiém thir va va tich hop cdc mé hinh dd dé xudt vao hé thong nham goi Y cdc san pham
phi hop véi s6 thich cua nguoi dung. Sau cung, ching (i thu thap phan héi tir nguoi ding thie nham danh gid hiéu qud ciia
phuong phap da aé xuat. Két qua cho thdy mé hinh @é xudt cé khd ndng goi ¥ tot cho nguoi ding va hodn todn ¢é thé tich hop vdo
cdc hé thong ban hang triec tuyén.

Tir khéa: Hé thong goi ¥, ban hang truc tuyén, phan hoi tiém 4n, k¥ thudt phan ra ma tran
I. GIOI THIEU

Hé théng goi ¥ (Recommender System - RS) duoc tmg dung kha thanh cong trong thuc tién gitip ngudi ding giai
quyét van d& qua tai thong tin. Hién nay, hé thong goi y dang dugc nghién ctru va img dung ¢ nhiéu linh vuc khac nhau
dic biét 1a thwong mai dién tir. Trén thé gioi, da c6 nhiéu cong ty, to chirc ap dung thanh cong hé théng goi y nhu 1a mot
dich vu thuong mai cia minh nhiam goi ¥ cac dich vu, san phdm va céc thong tin can thiét dén nguoi ding nhu: website
mua sam truc tuyén Amazon (www.amazon.com) cung cip cho khach hang nhitng san phdm ma ho c¢6 thé quan tam, cong
video clip YouTube (www.youtube.com), goi ¥ phim cia MovieLens (www.movielens.org),... Viéc goi y san pham phu
hop s& gop phan 1am ting doanh s ban hang hodc sé lugng truy cap, download cua hé thong Péng thoi giup cho khach
hang c6 thé tim kiém dugc nhiing thong tin thi vi hodc nhimg san pham ma ho mudn tim d& dang hon.

Hé thong goi v gitip ngudi ding chon lwa duge thong tin phit hop nhit cho minh dua trén nhimg hanh vi/phan
hoi (feedbacks) ma ngudi ding di thyc hién trong qua khir. Cac phan hoi ¢6 thé duge xac dinh mot cach tuong minh
(explicit feedback) nhu thong qua viéc danh gia/xép hang (vi du, rating tir 1 dén 5; hay like (1) va dislike (0),...) ma
nguoi dung da binh chon trén san phim — trong trudng hop nay goi la du doan xep hang (rating prediction) [4] hodc
cac phan hoi co thé dwoc xac dinh mot cach khong tuong minh hay con goi la tiém an (1mphclt feedbacks) nhur s6 lan
click chudt, s6 1an chon mua san pham, thoi gian ma ngudi ding da duyét/xem san pham, ..

R4t nhiéu hé théng 16n thu thap thong tin phan hoi tir khach hang mét cach twong minh, nhu Ebay, Amazon,
LastFM, NetFlix,.. & d6 ngudi s& truc tiép danh gia trén san pham, nhu binh chon tir * (khong thich) dén % % % % %
(rat thich); hay Youtube thu thap thong tin qua like(®)/ disklike(®), va cac hé thong khac [3]. Théng qua viéc thu thap
phan hoi tuong minh, hé thong dé dang xac dinh muc d¢ yéu thich ciia nguoi dung trén san phém tu d6 du doan cac
san pham tiép theo ma ngudi dung co thé thich dé goi y cho ho. Tuy nhién, diéu nay co thé gdy bdt lpi do khong phai
ngudi dung luc ndo cling san sang/vui long dé lai cac phan hdi cua ho, vi vay hé théng phai nén tu xac dinh ngudi dung
can gi thong qua phan hoi tiém an.

Trong bai viét nay, ching toi dé xuat mdt gidi phap xay dung hé thdng goi ¥ cho ban hang truc tuyén, sir dung
phan hoi tiém an tir nguoi dung (nhu s6 lan duyét/xem san pham s6 1an mua san pham). Trudc hét ching 61 dé xuat
phuong phép thu thap va khai thac thong tin phan hoi tiém an tir nguoi dung, sau d6 lya chon va dé xuét két hop cac
md hinh sir dung thong tin phan hoi tiém an. Ké dén 1a viéc xay dung hé thong va tich hop cac giai thuat goi ¥ vao hé
thong. Sau khi c6 hé thong hoan chinh, chung t6i thu thap di liéu tir ngudi ding thyc nham danh gia hiéu qua cua hé
thdng goi ¥. Két qua cho thay kha ning ma hé théng goi ¥ phit hop véi sé thich cua timg ngudi dung 1a kha tot.

II. HE THONG GQI Y (Recommender Systems - RS)
A. H¢ théng goi y

Muc dich ciia hé thng goi ¥ 1a dwa vao sé thich, théi quen, nhu cau,... trong qua khir ciia ngudi st dung dé du
doan sé thich trong tuong lai ciia ho. Trong hé théng goi ¥ ngudi ta quan tam dén 3 dbi tuong: nguwoi dung (user), sén
phim (item - item goi chung 1a myc tin nhung trong bai viét nay lién quan dén goi ¥ san pham nén tr day v€ sau ching
t6i tam goi item 1a san pham) va cac phan hoi cia ngudi dung trén san pham, thuong 1a cac xép hang (rating).
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Thong thuong ngudi ta goi U 1a tap tat ca nguoi dung (users) va u 1a mot ngudi ding cu thé nao d6 (ueU). I 1a tap
tat ca cac san pham (items) s& dugc goi ¥ nhur may tinh, sach, phim anh,.. va i 1a mot san phdm cu thé nao do6 (ic). T 14 tap
cac san pham c6 thé 1én dén hang trim, hang nghin hogc thim chi 1a hang tridu san pham trong mét sd ing dung, nhu viée
g0i ¥ vé sach, phim anh, 4m nhac. Tuong tyr nhu vay, tap ngudi ding U ciing ¢6 thé rat 16m, 1én dén hang trigu trudng hop.
R 1& mot tap hop cac gia tri ding dé udc lugng ‘s6 thich’ (preference) ciia ngudi ding, va r,,€ R (RER) 1a xép hang clia
nguoi ding  trén san pham i. Gia tri r,; ¢6 thé duoc xac dinh mot cach twomg minh (explicit feedback) nhu thong qua
viéc danh gia/xép hang (vi dy, rating tir 1 dén 5; hay like (1)/ dislike (0),...) ma u da binh chon cho i — trong trudng hop
nay goi 1a du doan xép hang (rating prediction) hodc r,; co thé duoc xac dinh mot cach khong twdng minh hay con goi la
tiém 4n (implicit feedback) nhu s6 1an click chudt, s6 1an chon mua san pham, thoi gian ma u da duyét/xem ,... [2][7].
Bai viét nay quan tim nhiéu dén cach xac dinh r,; khong tuong minh.

Céc thong tin v& user, item, feedback thuong duoc biéu dién théng qua mot ma tran nhu trong Hinh 1. Trong d6
mdi dong 1a mot ngudi dung u, mdi cot 1a mot san pham 7, va giao gitra dong va cot 1a cac phan hdi cua nguoi ding nhu
s0 1an click chudt hay chon mua san pham,.... Cic 6 ¢6 gia tri 1a nhitng item ma céc user da xem hodc chon mua trong
qué khir. Nhitng 6 tréng 14 nhimg item chua duge xem (diéu déng Iuu y 1a mdi user chi click xem hodc chon mua cho mot
vai item trong qué khir, do vy c6 rat nhiéu 6 tréng trong ma trdn ndy — con goi 1a ma trén thua — sparse matrix).
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Hinh 1. Ma trén biéu dién xép hang cia ngudi ding trén san phim (user-item-rating matrix)

Nhiém vu chinh cua RS 1a dua vao cac 6 dﬁ'c() gia tri trong ma tran nay (dir li€u thu dugc to qua khu), dé du doan
cac 6 con trong (cua user hién hanh), sau d6 sap x€p ket qua du doan (vi du, tir cao xudng thap) va chon ra Top-N items
theo thur tu, tr d6 goi y ching dén nguoi dung.

Mot cach hinh thirc, goi D™" < U x I x R 1a tép dit liéu huén luyén, D' < U x I x R 1a tap dit liéu kém thir, va
motanhxar UXI->R (i) r,

Muc tiéu ctia RS 14 im mot ham 7: U x T — R sao cho &(r, #) thoa man mot diéu kién nao do. Vi cy, néu € 1a
mot ham u6ce luong 16i nhur Mean Absolute Error (MAE) hay Root Mean Squared Error (RMSE) thi né can phai dugc t6i
tiéu.
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Hién nay, c6 rat nhiéu giai thuat da dugc dé xuét cho hé théng goi y, chiing cé thé dugc gom lai theo 2 nhom sau
[LI[2][7]:
- Goi y dua trén loc cong tac (collabg)rative filtering): ngudi ding s& nhan goi ¥ nhitng san pham dugc ua thich Xudt
phat tir nhitng ngudi ¢6 cung thi hicu va sé thich vai minh. Nhém nay dga vao cac phuong phap chu yéu:

o Phuong phap lang giéng (Neighborhood-based, con goi 1a Memory-based), trong d6 hoic 1a cua trén dir
liéu qua khur cia nguoi dung “tuwong tu” — similarity (user-based approach), hoac 1a dya trén dir liéu qua
khtr ciia nhiing item “twong ty” (item-based approach).

o Duya trén mé hinh (Model-based): Nhom nay lién quan dén viéc xdy dung cac mo hinh dy doan dwa trén
dir liéu thu thdp dugc trong qua khir. Nhu mé hinh Bayesian, cac m6 hinh nhén t6 tiém an (latent factor
models): trong d6 k¥ thuat phan rd ma trén (matrix factorization) la mot dién hinh.

- Goi ¥y dya trén no6i dung: ngudi dung s& dugc goi y nhitng san pham tuong ty v6i nhimg séan pham da dugc ngudi
dung d6 va thich trude day dya trén ndi dung (nhu cac thude tinh) ctia san pham

- Goi y dua trén cach tiép can két hop: két hop hai phuong phap tiép can dua trén ndi dung va loc cong téc.

Sau déy ching t6i tom lugc lai mot trong nhimg ky thuét trong nhom loc cong tac cua hé thong goi ¥ va k¥ thuat
st dung phan hoi tiém an, tr d6 1am co s& cho viéc dé xuat mo hinh cho hé thong.
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B. Ky thudt phdn rda ma trgn (matrix factorization — MF)

K thuét phan rd ma trdn (MF) 1a mot trong nhimg phwong phap dua trén mé hinh thanh cong nhét hién nay (state-
of-the-art) trong RS [1][2]. MF 1a viéc chia m¢t ma trén 16n X thanh hai ma tran ¢6 kich thuge nho hon W va H, sao cho
ta co the xay dung lai X tir hai ma tran nho hon nay cang chinh xac cang tot [5].

X ~ WH" nhu minh hoa nhu trong Hinh 2. Trong do, We RV 1a mot ma trdn ma moi dong u 1a mot véc to bao
gom K nhén t tiém an (latent factors) md ta nguoi dung u; va H € R 1a mot ma tran ma mdi dong i 1a mot véc to bao
gom K nhan t6 ti€ém an mo ta cho item 7 (luu y: K<<|U| va K<<|I)).
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Hinh 2. Minh hoa k¥ thuat phan rd ma tran

Goi wy, va hila cac phﬁn tir trong ing cua hai ma tran W va H, khi d6 xép hang ctia nguoi dung u trén muyc tin {
dugc dy doan béi cong thirc:

K
Fo= Y wih, =wh' 3)
k=1

Nhur vdy, van dé chu chét ctia k§ thuat MF 1a 1am thé nao dé tim dugc gié tri cta hai tham s6 W va H. Hai tham s6
nay co dugc bang cach toi vu héa ham muc tiéu (objective function) nhu RMSE ¢ cong thirc (2). Trong RS, ham muc tiéu
cta MF hay duogc st dung nhu sau:

2

K
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Mot trong nhiing k§ thuét c6 thé ding dé toi wu hoa ham muc tidu 1a ding SGD (Stochastic Gradient Descent) [5].
Dé t6i wu hoa ham muc tiéu (4), trude tién ta khi tao cac gia tri ngéu nhién cho W va H, sau d6 timg budc cap nhat gia tri
cua chung cho dén khi ham muc tiéu hoi tu vé gia tri nho nhét (convergence). Pé lam duoc diéu do, ta can phaixac dinh 1a
nén tang hay nén giam céc gia tri cia W va H qua mdi lan cap nhat, do vy can phai tim dao ham timg phan cta chiing:

0 .
OMF = _2( ui - ’/;,ll')hl'k (5)
ow,,
a OAIF 2
7 (1 = F )W, (6)
ik
Sau khi tim dao ham, cac phﬁn tor cuia W va H s€ dugc cap nhat nguoc hudng voi gia tri ctia dao ham, qua cong
thirc:
W:]fw =W old ﬂ OMF old + zﬂ ( m (7)
Wuk
new __ 1 0ld a old
hik - hik _ﬁ ah 0 - hlk +2ﬂ ( ul ul)w (8)
ik

Trong d6 fla téc do hoc (learning rate, 0 < £ <1). Qua trinh cép nhét s€ dugc thyc hién dén khi nao ham muc tiéu
dat dugc gia tri nho nhat.

Chinh tic héa (Regularization): bé ngan ngura sy qua khop hay con goi 1a hoc vet (overfitting — xay ra khi mo
hinh du doén cho két qua tdt trén dir liéu huén luyén, nhung cho ket qua kém trén dir liéu thir nghiém) nguoi ta thay doi
ham muc tiéu (4) bang cach thém vao mot dai lugng goi 1 chinh tic hoa (regularization) dé diéu khién do 16n cia cac gia
tri trong W va H. Ham muc ti€u (4) bay gio tré thanh:
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uie pirain

K 2
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Trong d6 A 1a hé sb chinh tac hoa (0 < A<l) va || ||i~ 1a chuan Frobenius. Véi ham muc tiéu méi nay. gia tri cia
Wy va hy duge cép nhat qua cong thuec:
new old ~ old
Wuk + ﬁ ( m ru[)hik - //l ’ Wuk ) (10)
h;/z(ew = hiild +IB'(2(rm' _fui)wuk _ﬁ“'hi(/)cld) (1)

Qué trinh cap nhat gia tri cia W va H duoc lip lai cho dén khi dat d6 16i chdp nhan hodc lap lai dén s lan quy
dinh trude.

Qua trinh dy doan: Sau qua trinh }}uén luyén ta dugc 2 ma tran W va H da t6i wu thi qua trinh dy doan dugc thuc
hién theo cong thie (3). Vi du: Du doan x&p hang cia user 2 cho item 2 trong Hinh 3:

7, =0.5%0.8 +0.6*0.1 = 0.46

J
K->

Hinh 3. Minh hoa cach du doan cua MF
Mot bién thé ciia MF danh cho dit liéu phan hdi tiém an 1a k§ thuat SVD++ [3] s& duoc trinh bay trong phan tiép theo.
C. Kj thugt SVD++

Ky thuat SVD++ (Singular Value Decomposition for Implicit Feedback) [3] 1a mét bién thé cua MF, dic trung cua
SVD++ 1a giai quyet khé tot cho RS véi cac thong tin phan hoi tiém an (implicit feedback). Trong thuc té vidc thu thap
cac thong tin phan hoi tuong minh (explicit feedback) tir nguoi dung doi khi gap kho khan vi khong phai ngudi dung nao
ciing thich dé lai danh gia ctia minh trén san pham. SVD++ hudng dén viéc xac dinh mbi quan tim cua ngudi dung u dén
mot dbi tuong i ma nguoi dung u da danh gia nhung lai khong quan tim dén cac gia tri danh gia do, nhimg gia ri danh gia
ndy s¢ duoc ghi nhan tur dong boi hé thong, vi du s6 1an chon mua san pham, hay s lan duyét xem san pham cua nguoi
dung, thoi gian xem san pham,... SVD++ dugc xay dung dua trén co s¢ ciia Matrix Factorization (MF) chuan két hop
thém cac gia tri 1éch (biases) va cdc nhan t phéan hoi tiém 4n [3]. Két qua dy doan cua SVD++ dé cho thdy 6 d6 chinh
X4c cao, ti 1& 151 thdp hon MF do no sir dung nhiéu yéu t phan hdi dé phan tich du doan.

Qué trinh du doan xép hang ctia ngudi dung u trén san pham i trong SVD++ dugc tinh theo cong thirc:

=p+b,+b+w, +|N@)| " Yy ), (12)

Jje N (u)

Trong cong thiic nay W la gia tri trung binh toan cuc, bu, b; twong tmg la d6 Iéch (thién vi - bias) clia nguoi dung u
va item 1 (user bias, item bias), w, va h; 1a 2 véc to nhin t6 tiém 4n ciia ngudi dung u va item i nhu trong k§ thuat MF.
N(u) 1 tap cac thong tin phan hdi tiém an ciia nguoi ding u. Gia tri y; 1a vector chira cac thong tin phan héi tiém 4n cua
tap nguoi dung N(u) trén cac items dugc danh gia. Vector y; la mot ma tran c6 kich thude bang s san phdm ma ngudi
ding u d3 danh gia va s6 K nhén t6 tiém an. Ban doc c6 quan tdm xin xem chi tiét trong tai liéu [3].

III. PE XUAT MO HINH GQI Y CHO BAN HANG TRU'C TUYEN SU DUNG PHAN HOI TIEM AN

Trudc tién chung t6i dé xuat phuong phap thu thap théng tin phan hdi tiém an tir nguoi dung, sau do dé xuat giai
phap tich hop va cai dét cac m6 hinh dya trén phuong phap tap hop mé hinh (ensemble models [12]), dé xuét cach xir ly
van dé nguoi dung méi (cold-start problem [2]).

A. Phwong phdp thu thip thong tin phén hoi tiém én

Pa phﬁr} céc hé thong ban hang hién tai thu thap thong tin phan hoi tir nguoi dung béng cach thié‘,t ké san cac khung
danh gia cu thé (thu thap twong minh) cho nguodi dung chon muc d yéu thich san pham, nhu tir 1 dén 5 sao, hodc nut
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chon thich/ khong thich, khung danh gia binh luan san phém,. .. Viéc ghi nhan nay c6 thé dan dén su bat tién cho nguoi
ding va da phan nguoi dung it khi dé lai thong tin phan ho6i mot cach tuong minh nhu thé. Vi thé, chiing toi dé xuit cach
thu thap thong tin phan h01 tiém 4n bang cach cho hé thong tw ghi nhan lai cac danh gia cia ngwoi dung trén cac
san phim, nhu dya trén s6 1an mua va s6 lan xem san pham cua ngudi ding hé théng. O d6, thong tin s6 1in mua sin
phim cia ngudi dung s€ dugc ghi nhan va cap nhat dya trén hoa don dat hang cua ho. Néu mdt hoa don dét hang duge
xét duyét thi hé thong cap nhat lai 1An mua cta khach hang véi cac san pham. Con théng tin s6 lin click xem san phim
cho ngudi ding duge chia ra 2 trudng hop chinh: User didng nhép vao hé thong ngay khi dén hé thng hodc user chua
dang nhap hoic chwa ding ky tai khoan hé thong.

Néu nguoi ding ding nhép vao hé thdng ngay tir dau thi sau mdi lin xem san phém hé théng s& tur cap nhat lai sb
lan xem trong co s¢ dir lidu. Néu nguoi ding khong dang nhap hé thong ngay khi méi dén hé théng, luc d6 no s€ ty dong

tao cho nguoi ding nay mot account ghi nhén lai s6 1an xem san pham ciia ho, ciing nhu s& cap nhat sé 1an mua cho ngudi
dung nay vao tap dir liéu feedback theo 3 trudong hop:

o Truong hop 1: néu user xem xong ¢ dang nhap vao hé thong thi s6 1an xem d6 dwoc cap nhat chuyén sang user vira
duogc dang nhap dong thoi x6a bd account da tao tam.

o Trudng hop 2: néu user xem xong va ding ky tai khoan mai thi cap nhat thong tin sang cho user vira dang ky, xoa
bo account di tao tam.

o Trudng hop 3: Néu user xem va roi khoi hé thong thi hé thong sé luu giit lai thong tin d6 cho mét user véi thong
tin user dwoc lay tir thong tin dia chi IP dung truy cép vao hé thong. Truong hop nay, dugc ghi nhan dé 1ay thong
tin dy doan toan cuc cho cac items. Gia tri du doan toan cuc cho item bang tong g1a tri trung binh du doan cia moi

item trén cac users. Hé thong sir dung gi4 tri du doan toan cuc nay dé giai quyét van dé goi ¥ cho nguoi dung méi
(new user).

B. Sir dung théng tin phdn hoi tiém én va tgp hop mé hinh duw dodn

Trong céc giai thuat chudn cua hé théng goi ¥, thuong ngudi ta chi chon mot gia tri phan hdi ciia ngudi ding (nhu
gia tri rating). Tuy nhién dé tan dung tdi da cac thong tin phan hoi nhim lam ting d6 tin cay ctia mo hinh du doan, trong
nghién ctru nay, chiing t6i sir dung 2 thong tin phan hoi, dic biét 1a phan hoi tiém an, d6 13 s6 1an mua san pham va s6
l4n xem séin phfnm cua khach hang dé tao tap dir liéu feedback. Hé théng s€ tu dong xac dinh cac phan hoi nay va du
doan dua ra danh sach cac item can goi ¥ ma khong can cac danh gia/xép hang tuong minh tir ngudi ding. Viée tich hop 2
thong tin phan hdi nay dwoc thuc hién theo phuong phap tap hgp md hinh (ensemble learning [12]) vi vay no c6 thé cho
két qua dy doan chinh xac hon.

Mo hinh 1: 7, ; 1a s6 1an mua ciia nguoi dung u trén san pham 7, dugce du doan qua cong thic

P = b, +b o+, + [N @Y vk,
JEN (u) (13)

Mo hinh 2:7, ;12 s6 lan xem (view/click) ctia nguoi dung u trén san pham 7, dugc du doan qua cong thic

Py = H+b,+b+(w, +|N2(”)| v } yj)Thi

JeN (u) (14)
Thuyc té thiy rang, mot khi nguoi dung dd mua san pham, ngdm dinh rang ho da thich/can san pham do6, do vdy
trong s6 mirc do yéu thich san pham cta ngudi dung trén s6 1an mua san pham s& cao hon s6 lan xem. Hon nira & bat ky 1
website throng mai dién tir nio, s 1an nguoi dung click/xem san pham 14 rat 16n trong khi s 1dn mua nho hon. Dé giam
b6t sy chénh 1éch nay, chung t6i dé xudt thong tin vé s6 1an mua co trong sb cao hon sb 1an xem 1 0 (trong bai viét ndy,
qua thir nghiém trén tap di li€u ban dau thu thap duoc, 0 dugc chon la 4. Luuy rﬁng day chi 1a 1 heuristic, va co thé xem

0 nhu 14 1 siéu tham s6 (hyperparameter) cAn phai dwoc xac dinh trudc.

Khi d6, gia tri du doan sau cung dugc xac dinh qua cong thirc:

v, .
. ’/iui+ zl
i =~ (15)
2

Chi tiét vé& giai thuat SVD++ dugc cai dit nhu trong thu tuc SVDPlusPlusSGD. O day ching t01 st dung
Stochastic gradient descent va cac hé s6 regularization ciing nhu tc d6 hoc duoc xac dinh riéng cho timg tham sb.
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1: procedure SVDPlusPlusSGD(D ™", Iter, K, B, Ba, B3, Ba» Bs» Ay Ao, Az, Ag. As)
//A;: Regularization; fB: Toc d¢ hoc (LearnRate); Iter: S6 lan lip (NumlInter); K: S6 nhan t6 tiém dn (NumFactors);
// WI|U[J[K] va H[|T]][K] 14 2 ma trin nhan t tiém 4n cin tim

2 U= L D™ // compute the global average

‘Dtrain

3: for each user u do

2 —n)

4 b, = // compute user bias
D

5: end for

6: for each item 1 do
A\, —

7. b, w //compute item bias
Diram

8: end for

9: W :=N(0,6%) //Initialize with normal distribution
10: H := N(0, 6°) .
11: for (iter:=1; iter <= Iter * [D"™"|; iter++)

12:  Chon ngiu nhién mét dong (u, i, r;) tir D™™"
13: fm. =0
14:  for (k:=1; k<=K; k++)
A -1/
15: Fo=pAb, b+, HN@)| " Yy ) h
JjEN (u)
16:  end for
17 e, =1, =1,
18:  for (k:=1; k<=K; k++)
19: bu = bu + BI (eui - }\fl~bu)
20: bi = bi + Bz'(eui - )\z.bi)
21: Wy i =W, + B3(eui.hi - 7\.3.Wu)
22: hi = h,' + 4.(eui'(wu + |N(U.)|_1/2) ZjEN(u) y} - 7\,4.1'11)
23: VjeN(w) yi=yi+ s.(ewIN@)|™/2hi- As.y)
24:  end for )
25:  Break néu da convergence
26: end for

27: return {W, H, W, b, b;}
28: end procedure

~ Sau khi dy doan cho tat ca cac item, ta chi can sip xép lai két qua giam dan theo gia tri du doan va chon top-N san
pham can goi y nhu minh hoa trong Hinh 4.

-- N ) (e | Danhsich Ny, N, Ny..
ul | . | || Dudean |\ Gty [ ) phim diu tién

- L cho ngudi ding u
Rui : dydoin dinh gid
“1TT1T"1T cia ngud dung
u trén tii nguyén {

Matran R Ket xuat

Hinh 4. Quy trinh goi y
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C. Xit Iy vin dé ngwoi ditng méi — san phim méi (cold-start problem)

Bit ky hé théng goi ¥ nao clng déu gap phai kho khan khi ngudi dung méi va san phim méi xuat hién trong hé
thong do ta chua c6 thong tin phan hdi trong qua khtr. Dé khic phuc van dé vé ngudi ding mdi va san phim méi trong bai
viét nay, ching toi ding phuong phap goi ¥ toan cuc.

Déi voi ngudi ding mai khi truy cap vao hé thong (chua tao tai khoan hodc chua ding nhap) ching toi s& goi ¥
toan cuc Top-N san phim co gi4 tri du doan trung binh cao nhit cho ho. Pdng thoi s& tr thém cho nguoi ding nay mot tai
khoan dé ghi nhan lai thong tin xem san pham cua ho, khi nguoi dung da click xem dén san pham thir m (m=3) thi hé
thong s& tw dong hudn luyén lai m6 hinh va goi y lai cac san phidm phu hop v6i ¢4 nhan ngudi ndy, qua trinh huin luyén
nay sé& duoc thyc hién lap lai mdi 3 1an duyét xem san pham clia nguoi dung dé dap (g tinh kip thoi cua cac goi ¥. Ching
t6i khong chon hudn luyén lai mé hinh goi ¥ sau mdi lan tac dong xem hodc mua san pham vi viéc lam nay s€ lam hi¢u
nang cua hé thong bi giam xuc; viéc chon 3 hay nhiéu hodc it hon s6 14n tac dong nay dé huin luyén lai m6 hinh ggi y
phu thudc vao muc dich cua timg hé thong.

Déi voi san pham moéi nhap vao, chiung dugc hién thi déu tién trén trang web va co biéu tuong 'New' dé nhan biét
day la san pham moi cia hé thong. Ngoai ra, khi hién thi chi tiét mdi san pham, trang web c6 mot khong gian dé hién thi
cac san pham twong tu voi san phdm ma nguoi ding dang xem dwa vao mot s thudc tinh tuong tw. Vi vay, nhiing san
pham méi nhap ciing c¢6 thé duoc goi y cho ngudi ding.

IV. XAY DUNG HE THONG

Twong tu nhu nhitng hé thdng thong tin quan ly khac, hé thong nay ctng phai duoc phan tich, thiét ké cac mé hinh
va sau d6 1a tich hop cac giai thuat goi y vao hé théng. Do gidi han vé sb trang cua bai viét, chung t6i chi gioi thiéu
mot vai mo hinh co ban nhu bén dudi.

Bén canh chirc nang goi y san pham hé théng mong doi s& c¢6 cac chirc nang khac nhu cho khach hang dat hang
truc tiép, ngoai ra hé thdng con cung cip cac cong cu quan tri nhu: quan tri san pham, quan trj hoa don dat hang; quan tri
ngudi dung; quan tri banner cho phép nguoi quan tri thue hién thém, stra va x6a: banner hé thong chung, slider quéng cao,
banner tin tirc, thong tin lién khuyén mai,...theo timg vi tri; quan tri huan luyén dit liéu, kiém tra mé hinh SVD++. Khach
hang mudn thyc hién cac chirc nang trén chi khi khach hang 1a thanh vién ciia hé thong. Mubn tré thanh thanh vién cta hé
thong, khach hang phai dang ky tai khoan thong qua hé thong.

Mot vi du vé so do use case cua khach hang dugc trinh bay trong Hinh 5 va lugc dd co so dit lidu cua hé théng
duoc trinh bay trong Hinh 6.

Hé théng duoc thiét ké theo mé hinh Client —Server. Khi ngudi dung gui yéu cau dén Web server thong qua Web
Browser duoc cai dat tai mdy tinh nguoi dung. Web server gii yéu cau xur ly cua nguoi dung dén Application Server.
Application Server xir Iy yéu cau va co thé truy xuét dir liéu tir SQL Database néu can. Sau khi st Iy xong, Application
Server s& tra két qua vé cho Web server dé chuyén cho ngudi dung.

V. KET QUA MINH HQA

Dé minh hoa, md hinh da dé xuit dugc ap dung vao bai toan ban hang tryc tuyén, lién quan dén san pham tin hoc
va linh kién may tinh. Két qua minh hoa cho céc giao dién chinh cua hé thong va két qua danh gia d9 chinh xac dugc trinh
bay trong cac phan dudi day.

A Mptsé giao di¢n minh hoa

Hé thdng goi ¥ ban hang truc tuyén dugc cai dit theo mo hinh tmg dung web. Hé thong thuc hién ghi nhan théng
tin phan hdi tir ngudi ding (s6 14n click xem san pham, s6 1an mua san pham) dé lam dit liéu huan luyén cho xay dung mo
hinh goi y. Khi mé hinh huén luyén duoc xay dung hoan tat, hé thong sé& thuc hién duy doan mirc do yéu thich ciia ngudi
ding trén cac san phim, dua ra goi ¥ TOP-N céc c4c san pham méi. Hé thdng goi y san pham nay, con goi ¥ cho nguoi
dung mdi theo gia tri du doan trung binh toan cuc cua cac san pham ddng thoi liét ké nhiing san phim tuong tu voi san
phdm dang xem, bén canh d6 con thé hién cac san phdm ban chay nhét, san pham mdi nht.

Goi y san p{tcfm cho khach hang: Sau khi nguoi dung dang nhép vao hé thdng, s& nhan dugc cc san phdm goi ¥
dya trén cac phan hoi ma hé thong ghi nhan dugc tir nguoi dung nhu minh hoa trong hinh 7.

Hudn luyén lai mé hinh goi y: Chung t6i ciing xay dung cong cu hd trg' admin huén luyén lai toan bd mé hinh goi ¥
sau mot thoi gian sir dung nhu minh hoa trong Hinh 8. Ngoai ra con rat nhi€u tinh nang khac nhu quan 1y khach hang, gio
hang, thanh toan,... trong ty nhu bat ky mét hé thong thuwong mai dién tir nao khac.
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Hinh 6. Luogc d6 co s dit liéu ctia hé thong
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B. Ddnh gid két qud ciia cdc mé hinh dw dodn

Chung t6i thu thap thong tin phan hdi tir nguoi dung thuc, tap dir li€u thu duoc gém 186 nguoi dung, 174 san

pham va 637 danh gia (s6 1an mua 16n nhét 13 4, s lan xem san pham 16n nhét 14 12.25).

a.

Két qua kiém tra ding d6 do MAE cho cac mé hinh ¢ cong thie (13), (14), (15) dugc trinh bay trong Bang 1.
Thuee nghiém cho thdy ré rang rang khi sir dung két hop ca 2 thong tin phan hoi tir ngueoi dimg, do 16i MAE giam di ding

So sanh két qua sit dung théng tin phan hoi tiém dn

ké (chi ¢6 0.1878 trong khi chi sir dung mot thong tin phan hoi do loi lan heot la 0.4087 va 0.3464)

Biang 1. So sanh ti 18 16i MAE ctia cic mé hinh

Del spiron 3147
Touch

<
< i

Samaung Galaxy Tab
3 Lte 3G 8GB (T111)

Asus XS53IMA -
W{(1380

" Asus Zenfone 4
TOOQ A4500G

HOD Extemal
Transcend 1TB

Del Lattude L3540

* | Intel @ PentiDC
G3420 Hazwel

\J HP PAVILON m4

i Main Ggabyte
B85M-D3VLGA 1150
g Micro ATX Form

HFP 248 Dal nspiron 3147 Touch

Hp 15 250 G2

.i.npb chun

‘l!

HDD Extemal Transcend S00GB

!

HDD Extema WD My passport
Ukra 1TE

WALL DALITE (60" x 60") 1:1 Asus X553MA - X00138D

‘Western
Digital

2‘I‘l =
2

HDD Extemal WD My passport

HDD Extemal Seagate 500G8
Ukra 2TB

Stt 1an kiém tra I;lm. ’;214 ; fu ;
1 0.4306 0.3533 0.1848
2 0.4399 0.3365 0.1922
3 0.4373 0.3466 0.1873
4 0.4284 0.3416 0.1917
5 0.4349 0.3424 0.1942
6 0.4386 0.3431 0.1883
7 0.4317 0.3553 0.1864
8 0.4317 0.3519 0.1837
9 0.4365 0.3486 0.1829
10 0.4470 0.3453 0.1869

Trung binh 0.4087 0.3464 0.1878

Intel @ Core™F 4770K Haswel

ur—i

HOD Extemal Seagate 1TB

, &

HDD Extema WD My passport
Utra S00G8

Hinh 7. Goi y san phim cho khach hang
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Chon tham 50 SVD++ | | GlobalAverage | | ftemAverage | | UserAverage+
Chen tham 56 cho thujt toén phén rd ma ran (MF) | Két qui Test SVD#+ véi tip (ratel +rate2i4)2

Djlich shudnRequarizztion A 0,56 |[RMSE 03729619 MAE 0.1682452 CBD 0.1011322
Toe 49 hoc (LeamRate) B: 06

Két qui Test GlobalAverage véi tip (ratel +rate2i4)2

6 an p (Numter) Ter: 32 |RMSE 03649036 MAE 0.1841235 CBD 0.09308477
§ nhintd tém in ¢ 10

(NumFactors) k: Két qui Test ItemAverage i tip (ratel +rate2/d)2
Chon thans5 cho it ton SVD++ RMSE 03822814 MAE 0.198962 CBD 0.09908429

Téc 49 hoc bias (BiasLearnRate) ?1 07 Két qui Test UserAverage voi tip (ratel +rate/d)

RMSE 0.3801117 MAE 0.2206137 CBD 0.096607

% B2
Do lich studn bias BiasReg) 033

Hinh 8. Giao dién hd trg huén luyén lai cac mo hinh

b. So sanh két qua véi cdc gidi thudt nén (baseline) khic

S0 sich SVD*+ v mt s6 g thudt Khic trén tip dit béu bio hish cia Trung tém Dién Tie

‘Két qua so sanh trén d¢ do ,chuén Mean Absolute Error (MAE) cho khi str dung phuong phap danh cho thong tin
phan hoi tiém an, ty 1€ 10i cling thap hon cac phuong phap nén khac nhu: Global Average, User Average, Item Average
[2][7] nhu minh hoa trong Hinh 9.

50.23

l0.21

0.19

N i

10.15 +—; T T T

| Sw dung tem User Global
phén hoi average average average
I.l x

Hinh 9. D¢ 16i MAE ctia cac giai thuat du doan trén tap dit liéu thu thap tir ngudi ding thuc cia hé théng

Bén canh d6, chung tdi ciing so sanh phuong phap sir dung phan hoi tiém an véi cac phuong phap khac trén tap dit
liéu benchmark cung cdp boi cong dong ngudi dung nghién ciru vé hé thdng goi ¥, cac tap di liéu nay cb tai dia chi
http://www.recsyswiki.com/wiki/Grocery shopping_datasets. Ching t6i str dung tap dir liéu Ta-Feng' co tén la D12, da
duogc thu thap dit liéu ban hang trong thang 12 nam 2000, bao gdm 15447 users, 1780 items, va 178216 ratings. Két qua
trén d6 do 16i MAE va RMSE duoc trinh bay trong Hinh 10. Két qua nay ciing cho thdy sir dung phan hdi tiém 4n cho do
161 thép hon cac phuong phép baseline khac.

0.51

0.49

0.47

0.45

0.43

0.41

Global Average

MAE RMSE
078

0.76

0.74
0.72
0.68

Matrix Sir dung phan hoi Global Average Matrix Sir dung phan hoi

Factorization tiem an Factorization

Hinh 10. D6 16i MAE va RMSE ctia cAc giai thuat trén tap dit liéu Ta-Feng

! http://stackoverflow.com/questions/25014904/download-link-for-ta-feng-grocery-dataset

tiem an
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c. Pdanh gid hiéu qua ciia hé thong goi y san pham cho nguwoi ding

Ngoai viéc danh gia do chinh xac cua cac du doan theo do do 16i nhu trén, chung t6i ciing danh gia hiéu qua cia
viéc goi v xem n6 c6 phu hop cho mdi ngusi dung hay khong. Goi ¥ duge xem 1a phu hop khi ngudi ding ¢6 chon san
pham tir danh sach nhing san pham da dugc goi ¥ cho ho, dua theo mé ta trong tai liéu [9]. Dé thuc hién diéu do, ching
t6i tién hanh kiém tra két qua du doan Top-K san pham cho ngudi dung trén tap dir liéu thu dugc. Qua trinh duoc thuc
hién theo cac budc:

e Tao tap dit lidu train va test theo tirng user. Véi mdi user chon 70% di liéu cho train, 30% con lai dung dé test.

e Tién hanh huén luyén mo6 hinh trén tép dit liéu train da tao.

e Dy doan cho timg user trén tit ca cac item khong c6 trong tap train. Ly Top-K (K=15) san pham c6 gia tri du
doan cao nhét dé kiém tra, so sanh cac gia tri nay voi tap dit lidu test. Vi mdi 1an goi ¥ Top-K nhu thé, néu céac
item nay co trong tap test cia user tuong (mg, xem nhu 1an goi y d6 1a phu hop.

e Laplaicho tAt ca cac user duogc chon thir nghiém.

Do hé thé)ng méi chi cai dat, lugng user thuc chua nhiéu nén chung t6i chon ngau nhién 5 user dé thir nghi¢m, dir
liéu minh hoa trong Bang 2 sau:

Bing 2. Théng ké sb luong danh gia cia cac user dung kiém tra d6 chinh xac goi ¥ hé théng

User Téng s6 danh gia | S6 danh gia dung dé train S6 danh gia dung dé test
User 21 43 32 11
User 22 34 24 10
User 46 11 8 3
User 48 7 2
User 56 6 4 2
Bing 3. Théng ké s6 san phim du doan ctia cac user trong Top-15 ¢ xuét hién trong tap test qua cac lan dy doan
STT User 21 User 22 User 46 User 48 User 56
ii:t S sp | Mi sp S6 sp | Masp S6 sp Mai sp S6 sp Mai sp Sésp | Masp
1 2 134, 164 1 38 1 130 0 0
2 2 134, 144 2 38,70 1 130 1]33 0
3 3 134,144, 164 | 22 38 1 30 0 0
4 2 134,164 2 35,38 1 130 0 0
5 1 164 0 1 130 0 0
6 1 164 1 38 1 130 0 0
7 2 134, 164 1 158 2 130, 105 1 33 0
8 1 134 0 1 130 1 33 0
9 2 134, 164 1 38 1 130 0 0
10 0 1 38 1 130 0 0
TB 90% 80% 100% 30% 0%

Thir nghiém trén 10 1an chay, voi m6i lan liy Top-15 san phém du doan dé kiém tra trong tap test, Kkét qua trinh
bay nhu trong Bang 3. Trong bang nay, mdi cot 1a mot ngudi dung, moi hang la két qua thong ké s6 lwong san pham goi ¥
trong Top-15 ¢6 xuét hién trong tap test véi cac ma san phdm cu thé qua mot lan chay kiém tra cta timg nguoi dung. Vi
du: & 1an kiém tra thir nhét, cac san pham dugc goi ¥ cho user 21 ¢ xuat hién trong tap test 1a 2 san pham v6i ma san
phém cu thé 134, 164. Nhu vay, trong lan g01 ¥ nay, user 21 nhan c6 san phém pht hop (chinh xac) vai so thich ctia minh.
Lap lai twong tu cho cac user khac.

Tir két qua nay, chung t6i thay rang do chinh xac ciia két qua goi ¥ qua mdi lan kiém tra kha cao d6i voi cac ngudi
ding 1a thanh vién thuong xuyén ctia hé thong va s lugng danh gia san pham nhiéu. Trong bang thong ké nay ¢6 5 nguoi
ding trong d6 c6 3 ngudi ding (user 21, user 22, user 46) 1a khach hang thudng xuyén dén hé thong c6 ding ky tai khoan
va s6 lugng danh sb san pham nhiéu nén d6 chinh xac cao. C6 2 nguoi ding (user 48, user 56) 1a khach hang vang lai
duogc ghi phén béng dia chi IP khi truy cép, ho chi dén hé théng moét 1an do vay chua du thong tin dé md hinh cho két qua
du doan tot.

VI. KET LUAN

Bai V1et nay da dé xuat mot giai phap xay dung hé thong goi ¥ san pham trong ban hang tryc tuyen dua trén
phan hdi tiém 4n cta ngudi dung. Trude hét ching t6i dé xudt phuong phap thu thap thong tin phan hdi tiém 4n, sau dé
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dé xuit phuong phap st dung cac thong tin ndy, dong thoi cai ddt cac mo hinh, diéu chinh va tich hop vao hé théng
nhim goi ¥ cac san pham phu hop véi s6 thich ciia nguoi ding.

Dé danh gia phuong phap di dwoc dé xuat, chung t6i di xay dung hé thong va thu thap phan hdi tir nguoi ding
thuc. Két qua thuc nghiém cho thiy giai phap tich hop cdc thong tin phan hdi tiém an cho do 16i thap hon chi sir dung
mot thong tin don 1¢ nhu trong cac hé thdng goi y khéac, dong thoi kha nang ma hé thong g01 y phu hop v6i s¢ thich cua
ting dbi tuong nguoi dung 1a kha tot, vi vy giai phap duoc dé xudt hoan toan ¢ thé tmg dung cho cic trang web ban
hang tryc tuyén hién nay.
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A METHOD FOR BUILDING A PRODUCT RECOMMENDATION
SYSTEM USING IMPLICIT FEEDBACKS

Luu Nguyén Anh Thu, Nguyén Thai Nghe

Abstract: Recommender Systems are widely used in many areas such as entertainment, education, science, especially e-commerce.
Integrating recommender system techniques to online shopping systems to recommend suitable products to users is really useful and
necessary. In this work, we propose an approach for building an online shopping system with integrating recommender system
technique, especially using implicit feedbacks from the users.

For building the system, first we propose a method to collect the users’ implicit feedbacks. Then, we propose an ensemble method
which combine several extended matrix factorization models which are specialized for those implicit feedbacks. Next, we analyze,
design, and implement an online system to integrate the aforementioned recommendation techniques. After having the system, we
collect the feedbacks from the real users to validate the proposed approach. Results show that this approach is feasible and can be
applied for the real systems.

Keywords: Recommender systems, product recommendation, implicit feedback, matrix factorization



