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ABSTRACT

Recommender Systems (RS) are widely used in many fields such as e-
commerce, entertainment, education, etc. The purpose of RS is to predict
user preferences/behaviors/etc. Based on the prediction results, the system
can recommend appropriate items to the users.

This study proposes a new approach for rating prediction in RS. This
approach is a compound of a voting rule and a user preference threshold
to predict the rating of the user. This approach is quite simple and easy to
implement but it is effective. The experimental results on standard data
sets in RS show that the proposed approach performs much faster than the
well-known collaborative filtering approach while its accuracy is also
improved in most of the cases. Thus, this could be a promising approach
for rating prediction in recommender systems.

TOM TAT

Hé thong goi y (Recommender Systems — RS) hién dang duwoc sir dung
trong nhiéu linh viee (nhw thuong mai dién tir, gido duc, gidi tri,..) dé du
dodn “so thich” (théi quen/ nhu cau/ nang hec/...) ciia ngueoi ding tir d6
goi y cho ho nhitng muc thong tin (item) phu hop nhat. Thuwong mai dién
tr ¢ Viét Nam hién dang phat trién manh, do vay RS sé mo ra nhiéu tiém
nang trong nghién cutu ciing nhw ung dung.

Bai viét nay dé xudt mét tiép cdn méi trong dw dodn xép hang ciia hé
théng goi ¥, d6 la viéc sir dung ludt binh chon sé déng két hop véi ngudng
s& thich nham xdc dinh gid tri xép hang ciia nguoi ding trén cdc muc
thong tin. Phirong phdp dé xudt nay kha don gian nhung lai cho két qua
rdt kha quan. Két qua thir nghiém trén cdc tip dir liéu chudn cho thdy
phuwong phép dwoc dé xudt c6 thoi gian thue hién nhanh hon ding ké so
Vi cdc phwong phdp truyén thong dwa trén loc cong tic trong khi do
chinh xdc ciing dige cdi thién trong phan Ion cdc trwong hop thir nghiém.
Chinh vi thé, ddy cé thé la mot hwdng tiép cdn hitu ich trong linh vuee dir
dodn xép hang ciia RS.
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1 GIOI THIEU

Hién nay, thvong mai dién tu (e-commerce)
gitp nguoi dung cd thé tiép can voi san pham mot
cach dé dang va nhanh chéng hon so véi cac
phuong thirc mua ban truyén théng. Chinh vi tinh
tién ich cta n6 dan dén sy bung nd cua cac website
ban hang, gidi thiéu san pham tryc tuyén. Diéu nay
thuén loi cho khach hang do thong tin da dang,
phong phi, tuy nhién ciing giy bbi rdi trong viéc
Iwa chon san pham phu hop do ¢ qua nhiéu thong
tin. Thé nén, sy tro gitp va tu van cho khach hang
1a rat quan trong va can thiét dé ho c6 thé Iya chon
dugc san phadm phi hop véi sé thich caa minh.

Hé théng goi y (Recommender Systems - RS)
doéng vai tro nhu mot nguoi trung gian dua ra cac
goi y san phidm duogc cho 1a phu hop véi s thich
clia nguoi ding. Bang cach thu thap théng tin vé so
thich (thong qua cac phan hoi ctia nguoi ding trén
san pham), hé théng s& goi v cic san pham phu
hop nhit.

D3 c6 nhiéu cong trinh nghién ciru vé& cac hé
théng goiy st dung cac ky thudt khac nhau nhu:
Heé théng goi ¥ san pham trong ban hang truc tuyén
sir dung ky thuét loc cong tac [3]; Xay dung hé
thong goi y phim dya trén md hinh nhan t§ lang
giéng [15]; Hé thong goi v 4p dung cho trang
web tong hop tin tirc ty dong [8]; va rat nhiéu
cong trinh khac dd duoc tom lugc trong
[1O][11][16][18].

Trong bai viét nay, ching t6i dé xuit mot
huong tlép can méi 13 sur dung luat binh chon sO
dong ket hop v6i ngudng so thich cho van dé& du
doan xép hang (rating prediction) trong hé théng

goiy.

2 HE THONG GQI Y VA DU POAN XEP
HANG (RATING PREDICTION)

Trong RS, ba thong tin co ban vé user, item va
rating dugc bi€u dien thong qua mot ma tran nhu
trong Hinh 1.

ftems

| o

312

Hinh 1: Ma tran biéu dién xép hang ciia ngudi
dung-muc tin
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O d6, mdi dong 1a mot user, mdi cot la mot
item, va moi 6 la mot gia tri xép hang (rating) biéu
dién “muc d6 thich” ciia user trén item tuong ng.
Céc 6 c6 gia tri 1a nhitng item ma cac user di xép
hang trong qué khir. Nhimg 6 tréng 14 nhitng item
chua dugc xép hang (diéu dang luu y 1a mdi user
chi xép hang cho mét vai item trong qua khir, do
vdy c6 rat nhidu 6 trong trong ma tran nay — con
goi 1a ma tran cuc thua — sparse matrix).

Nhiém vu chinh ctia RS 1a dya vao cac 6 da c6 gia
tri trong ma tran nay (dir liéu thu dugc tir qué khir),
dé du doan cac 6 con tréng (cta user hién hanh),
sau d6 sdp xép két qua du doan (vi du, tir cao
xudng thip) va chon ra Top-N items theo thir tyr, tir
d6 goi y chung cho nguoi dung.

Mot cach hinh thic:

— Goi U la mot tap hop n ngudi dung (user),
|Ul =n, va u 1a mdt nguodi dung cy thé nao d6
(uel)

— Goi I 1a mét tdp hop m muc thong tin
(item), |I| = m, va i 13 mot muc thong tin cy thé
nao do (i e I).

— Goi R 1a mot tap hop céac gia tri dung dé uée
lugng ‘s& thich’ (preference) cliia nguoi dung, va
7, € R (R c R) 1a xép hang cta nguodi ding u
trén myc thong tin i.

Luu ¥ rang gia tri ry,; ¢6 thé dugc xac dinh mot
cach twong 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 u da binh chon
cho i — trong trudng hop nay goi la du doan xép
hang (rating prediction); hodc r,,; ¢6 thé dugc xac
dinh modt cach khong tuong minh (implicit
feedback) nhu s6 14n click chudt, thoi gian ma u da
duyét/xem i,... [17]

- Goi D" ¢ U x I X R 1a tap dit liéu huén
luyén

- Goi D™t € U x I xR la tap dit liéu kiém
thur.

- Goir:UXI—-R (w, 1) » 1y

Muc tiéu cia RS la tim mot ham 7: U X [ - R
Sao cho &(r,7) thoa man mot diéu kién nao do.
Vi dy, néu & la mot ham udc luong 10i nhu Root

Mean Squared Error (RMSE) thi n6 can phai duoc
toi tiéu [17].

1
~ [|ptest] — 702 (1
RMSE \/lDtestl Zu,i,r EDtest(Tul r(u,L)) ( )
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Co6 2 dang du doan phé bién trong RS 1a du
doan xép hang (rating prediction) nhu da thiy &
trén va du doan muc théng tin (item prediction) —
xac dinh xac sudt ma nguoi ding thich muc tin
tuong Gng. Tuy nhién, trong khudén khé bai viét
nay, chiing toi chi quan tim dén linh vyc du doan
xép hang.

Hién tai, trong RS c6 rat nhiéu giai thuat duoc
dé xudt, tuy nhién ta c6 thé gom ching vao trong 3
nhom chinh:

— Nhoém giai thudt loc cong tac (Collaborative
Filtering): trong nhom nay, cic giai thuat chi yéu
dua trén cac ky thuat:

+ Phuong phap lang giéng (Neighborhood-
based, con goi 1a Memory-based), trong do hoéc la
dya trén dit liéu qua khir cia nguoi dung “twong tyr
- similarity” (user-based approach), hoac 1a dua
trén dir li€u qua kh cua nhiing item “twong tu”
(item-based approach). Trong d6 st dung m6 hinh
nhan t6 lang giéng 1a mot dién hinh.

+ Duya trén mo hinh (Model-based): Nhom
nay lién quan dén viée xay dyng cac mo hinh dy
doan dya trén dir li€u thu thap duoc trong qua khir.
Nhu mé hinh Bayesian, cic mé hinh nhén t6 tiém
an (latent factor models).

— Nhoém giai thuat loc trén ndi dung (Content-
based Filtering): Goi y cac item dwa vao hd so
(profiles) cta ngudi dung hodc dua vao ndi dung
(attributes) cua nhiing item twong tu nhu item ma
nguoi dung da chon trong qua kh.

— Nhém thtr 3 1a két hop ca 2 nhom trén.

Trong phan tiép theo, ching tdi s& trinh
bay mot k¥ thuat dugc (mg dung rat nhiéu trong RS
1a userkNN phuc vu cho muc dich so sanh vé sau
va dé xuat hudng tiép can binh chon sé dong két
hop ngudng so thich cho hé thng goi y du doan
xép hang.

3 KY THUAT LANG GIENG LAN CAN
CHO LQC CONG TAC (KNN
COLLABORATIVE FILTERING)

Phuong phép loc cng tac co dac trung co ban
1a n6 thuong sir dung toan bo dir liéu da c6 dé du
doan danh gia cuia mot ngudi dung nao do vé san
pham méi. Nho loi thé 13 n6 c6 kha ning dua truc
tiép dir liu méi vao bang dir liéu, do d6 no dat
dugc kha nhiéu thanh céng khi dugc 4p dung vao
céc tmg dung thuc té. Ciing do d6 ma céac k¥ thuat
nay thuong dua ra cac du dodn chinh xac hon trong
cac hé truc tuyén —1noi ma & dé ludn cé dir liéu
mdi duge cap nhat [3].
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Thong thuong, cé hai cach tiép can cua loc
cong tac theo md hinh K lang giéng lan can: hé dua
trén nguoi dung (User KNN) — tirc dy doan dua
trén sy tuong tu giltta cac nguoi dung va hé dua
trén san pham (Item KNN) — du doan dwa trén su
tuong tu giita cac san pham.

H¢ dya trén nguoi dung (User KNN) xac dinh
su tuong tu gitta hai nguoi dung thong qua viée so
sanh cac danh gi4 ciia ho trén cing san phdm, sau
d6 du doan danh gia san pham i boi ngudi dung u,
hay chinh 1a danh gia trung binh cta nhiing nguoi
dung twong tu véi nguoi dung u. DY tuong tu gilra
ngudi ding u va ngudi dung u’ ¢6 thé duge tinh
theo Cosine hodc Pearson (L. Herlocker et al.,
1999). Mot s6 phan tich thuc nghiém cho thay ring
d6i v6i hé dua trén ngudi dung thi tinh d6 twong t
theo Pearson s& tot hon so v6i mot vai cach khac
nhu d6 twong tu theo cdp bac cua Spearman
(Spearman’s rank correlation) hay d¢ tuong tu theo
binh phuong trung binh (mean squared difference)

[3].

Cong thuc tinh d§ tuong tu theo Pearson va
Cosine nhu sau:

Simpearson(u’ u’)
Zieluu,(rui - ru)(ru'i - ru’)

—\2 — 2
\/Zieluu,(rui - ru) \/Zieluu,(ru’i - ru’)

@

Lielygy Tui Ty 3)
2 2
\/Zieluu, Tui JZieluu, Tl

SiMeosine (U, u") =

Trong do:

L, 1a mot tap cac item dugc danh gia bdi u va
!

u

7, la gia tri danh gia trung binh trén tat ca cac
item cua nguodi dung u.

7, 1a gid tri danh gia trung binh trén tit ca cac
item clia ngudi dung u'.

Pua ra dugc nhitng du doan hoac 101 goi y 1a
mdt budc quan trong trong hé tu van loc cong tac.
Sau khi tinh toan d¢ twong tu giita cac nguoi dung
hay giita cac san pham, chung ta c6 thé du doan
danh gi4 cia nguoi diung u trén san phdm i theo
cong thure (P. Resnick et al., 1994) nhu sau:

Ywek, Sim@u, w). (ryr; —Tur) (4
ZuIEKu |Sim(u’ u’)l

fui = fu +
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Trong do:
7y,; chinh 1a du doan cho nguoi dung u trén
san pham i

, sim(u,u'): d tuong ty gilta nguoi ding u
vau'.

K, 1a s0 ngudi dung c6 d6 lan can gan
ngudi dung u.

Chung toi biéu dién giai thuat loc cong tac dua
trén nguoi dung 1an can (User KNN) st dung d¢
tuong ty Pearson bang ngdn ngit gia dé du doan do
thich cho nguoi ding u trén san pham i nhu sau:

1. procedure USERKNN-CF (7, ,r,D"ain)
2: foru=1toNdo
3 Tinh Sim_uu', str dung cong thirc (2)
4: end for

5: Sort Sim_uu' / sép xép gidm dan do6 twong
tw

6: for k=1 to K do
7: Ku < k // Cac nguwdi dung k gan nhét clia

8: end for
9: fori=1toMdo
10:  Tinh 1, , st dung cong thirc (4)
11: end for
12: end procedure
Trong do:
T, :danh gid trung binh cua nguoi dung u trén
tat ca cac item
r: danh gia cua ngudi dung trén tap huin luyén
K: ngudi dimg k gan nhat
N: s6 nguoi dung
M: s6 item
Dtrein: tap dir liéu huan luyén

_4 PHUONG PHAP SU DUNG LUAT _
BINH CHQN SO PONG KET HQP NGUONG
SO THICH

Trong phan nay ching toi s& dé xuat phuong
phap Luat binh chon sb dong két hop ngudng so
thich (dat tén 1a MASSVOTING) dua trén y tuong
xem xét sy twong ddng vé so thich cua cac user dbi
Vi cac item, duoc mé ta cu thé nhu sau:
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— Gia sir, cho ma tran dir liéu user-item-rating
nhu Hinh 2.

— Goi U 1a tap tit ca cac user co trong co s&
dur liéu.

— X¢ét tai user u

+ Goi I, 1a tap cac item can dy doan xép
hang cua user u va I, la tip cac item cua user u'
tuong mg vdi cac item can dy doan xép hang cua
user u ¢ gia tri xép hang > T (v6i T 1a ngudng s&
thich nhén gia tri thudc tdp R = {1, 2, 3,4, 5}).

+ Goi [, 1a tdp céc item duoc danh gia boi
causeru vau' (véiu' € U) co sd thich > T.

+ Xét item i thudc I, voi mdi item i’ thudc
I, tang gia tri (sO lan dugc danh gia xép hang >
T) cho item thu i trong tap I, 1én 1.

Sau khi duyét qua tit ca cac user, mdi item
trong tap I, s€ chura s0 lan dugc danh gia xép hang
=>T.

Sép xép I,, theo thtr ty giam dan va chon ra top
N items dé goi ¥ cho user u.

Item/
User 1 2 3 4 35
1 1 4 5 ? 3
2 5 1 ? 5 2
3 4 1 2 5 ?
4 ? 3 4 ? 4
5 2 1 ? 5 2
6 ? 4 1 2 4
7 5 3 2 1 ?
8 3 4 4 ? 5
9 2 4 4 2 ?
10 3 4 1 ? 2

Hinh 2: Ma tran dir liéu user-item-rating

Giai thuat ludt binh chon s6 dong két hop
nguong SO thich dé goi y item i cho user u dugc
biéu dién bang ngdn ngilr gia nhu sau:

1: function MASSVOTING(D@" | y, i, threshold)
2: f4i=0 Il Khoi tao gia tri cAn dw doan

3: for u'=1to N do [/ Duyét qua tat ca user
ngoai trir user u

4 if (rui = threshold) then /I Néu gia tri
xép hang cta user u' cho item i I&n hon hodc bang
nguwdng

5: Fui count(lus) // Dém s item
trong luw va cdng don vao fui
6: end if

7: end for
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8: return 74 // Tra két qua dy doan cua user u
cho item i

9: end function
Trong d6:

Dtrain: tap dir liéu huan luyén — dau vao

u: user dang xét — dau vao

iz item dang xét — dau vao

threshold: la ngudng s¢ thich nhan gia tri thudc
tip R={1,2,3,4,5} - d4u vao

N:s0 ngu’m dung

rui: gia tri xép hang cua user u' cho item i

Lo 12 tAp cac item duoc xép hang boi ca user u
vau' = threshold

- gia tri can du doan cho item 7 cua user u —
dau ra.

5 KET QUA THUC NGHIEM

5.1 Dirliéu

Pé thyc nghiém, ching toi st dung 4 tip
dir liéu la MovieLens (© 2014 GroupLens,
http://grouplens.org/datasets/movielens/) 100K (943
users, 1.682 items va 100.000 rating), MovieLens
IM (6.040 users, 3.952 items, 1.000.209 ratings),
Flixster (http://www.recsyswiki.com/wiki/Flixster) 1K
(2.000 users, 4.000 items, 1.089 ratings) va Flixster
10K (10.000 users, 13.000 items, 10.118 ratings).

52 Podo

Dé danh gia hidu qua cua giai thuat duogc dé

0.5600 _
05524 mK=l
0.5500 0.5473 1 5465 mK=10
05200 0.5370 k=50
k= 100

0.5300

k=200
0.5200 W Mass voting
05100 5036

0.5015
0.4200

Precision@5 on Movielens 100k
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xudt, ching t6i cai dat giai thuat luat binh chon s6
d6ng két hop ngudng so thich da trinh bay ¢ phan
4 va ky thuat User-KNN dé so sanh dbi chiéu; st
dung nghi thirc kiém tra k-fold cross validation véi
k =5, dung d6 do precision@5 va precision@10 (ti
1¢ item goi y dung duoc tra vé trong 5 va 10 items).

53 Kétqua

Két qua thyc nghiém trén cac tap dir ligu dugce
trinh bay trong cac hinh trang bén. Ket qua nay da
cho thiy phuong phap dé xuit rat ngin thoi gian
huén luyén trong khi do chinh xac khong thua kém
so voi ky thuat phé bién 1a user-kNN, vi vay rat
phi hop cho cac hé théng doi hoi phai cap
nhét/huén luyén lai m6 hinh tryc myén (online
training/updating) sau mdi lan danh gia cua ngudi
ding dé c6 nhitng goi ¥ t6t nhat.

Dbi véi cac tap dir liéu MovieLens, ludt binh
chon s déng két hop ngudng so thich cho két qua
goi ¥ twong duong voi két qua goi y khi dung ky
thuat User-KNN trong khi thoi gian thyc thi giai
thudt co phan t6t hon, ddc biét néu chon ngudng so
thich cang 16n thoi gian thuc thi giai thuat cang
giam. Piéu nay thé hién rd khi thuc nghiém trén
cac tap du liéu Flixster, khi ma trdn xép hang cuc
thua, thoi gian thuc thi giai thuat luat binh chon s6
dong két hop ngudng so thich cang thé hién uu
diém vuot troi so voi ki thuat User-KNN mic du
két qua goi y thip hon ky thuat User-KNN nhung
khong dang ké.

06200 _
o I
0.6800 0.6774 0 5750 BK=10
0.6700 =30
K =100

0.6600

u k=200

0.6492

0.6500 B Mass voting
0.5400

06330
0.6300 .
0.6200

Precision@10 on Movielens 100k

Hinh 3: So sanh d§ chinh xac ctia cac phwong phap trén tap dir licu Movielens 100k
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0.6250
0.6200

0.6150
0.6100
0.6050 S = - - - 0.6918 0.6920

0.6000 e " u " - ) 0.6895
0.5950 - - - - - e l

Precision@5 on FlixsterlM Precision@10 on FlixsterlM

Hinh 4: So sanh d§ chinh xac ctia cac phuwong phap trén tap dir liéu Flixster 1M

Precision@ 10 on Movielens 1M

Precision@5 on Movielens 1M

Hinh 5: So sanh d9 chinh xac ctia cac phwong phap trén tap dir liéu Movielens 1M

Running time (seconds) on Moviglens 1M Running time {seconds) on Flixster 1M

Hinh 6: So sanh thoi gian thye thi (tinh bing gidy) ciia cic phwong phap trén 2 tap dir liéu 16m:
Movielens 1M va Flixster 1M

mk=1

EmK=10
mK=50
mK=100
m =200

W Mass voting

Precision@10 on Flixster 10k users, 13k items Running time (seconds) on Flixster 10k users, 13k items

Hinh 7: So sanh do chinh xac va thai gian thue thi ciia cac phuwong phap trén tap dir liéu
Flixster (10k users, 13k items)
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6 KET LUAN

Qua bai Vlet nay, chung toi déa gidi thiéu vé he
thdng goi y, van dé du doan xép hang, cac nhom
giai thudt chinh trong hé théng goi ¥ va dé xuat
mdt phuong phap méi, don gidn nhung khéa hiéu
qua: Phuong phap luat binh chon s6 dong két hop
ngudng so thich dé goi ¥ san pham cho ngudi dung
trong hé thong goi v du doan xép hang. Két qua
th nghiém trén cac tép dir licu chuin cho thiy
phuong phap dugc dé xuat c6 thoi gian thuc hién
nhanh hon dang ké so véi cac phuong phap truyén
thong dua trén loc cong tac trong khi d6 chinh xac
cling dugc cai thién vi vay rat phu hop cho cac hé
thdng can phai cap nht truc tuyén.

Uu diém cua phuong phap dé xuét la cong thirc
tinh toan don gian, d& hiéu, giai thuat d& cai dat,
két qua goi y tot, thoi gian thyc thi nhanh (so véi
User KNN) va phu hop véi so thich ciua nguoi
dung. Tuy nhién, n6 c6 thé khong hiéu qua trén tap
dir liéu nho.

Viéc lya chon ngudng so thich mdt cach ty
dong (vin dé& hyperparameter learning) s& dugc
thue hién trong tuong lai.

TAI LIEU THAM KHAO

1. R. M. Bell, Y. Koren, ,,Scalable collaborative
filtering with jointly derived neighborhood
interpolation weights”, In Proceedings of the
7th IEEE International Conference on Data
Mining (ICDM 2007), (pp. 43-52).
Washington, USA. IEEE CS, 2007.

2. L. Bottou, “Stochastic learning”, In O
Bousquet & U. von Luxburg (Eds.),
Advanced Lectures on Machine Learning,
Lecture Notes in Artificial Intelligence,
LNAI 3176, (pp. 146-168). Berlin,
Germany: Springer Verlag, 2004.

3. N.H. Dung, N. T. Nghe, “H¢ thong g0’1 y
san phim trong ban hang truc tuyén sir dung
ky thuét loc cong tac”, Tap chi Khoa hoc
Truong Pai hoc Can Tho, pp. 36-51, 2014.

4. Z. Gantner, L. Drumond, C. Freudenthaler,
S. Rendle, L. Schmidt-Thieme, “Learning
attribute-to-feature mappings for cold-start
recommendations”, In Proceedings of the
10th IEEE International Conference on Data
Mining (ICDM 2010). IEEE Computer
Society, 2010.

5. K. R. Koedinger, R. S. J. d. Baker, K.
Cunningham, A. Skogsholm, B. Leber, J.
Stamper, “A data repository for the EDM

86 chuyén dé: Cong nghé Thong tin (2015): 1-8

community: The PSLC DataShop”, In C.
Romero, S. Ventura, M. Pechenizkiy, & R.
S. J. d. Baker (Eds.), Handbook of
educational data mining. Boca Raton, FL:
CRC Press, 2010.

. Y. Koren, R. Bell, C. Volinsky, “Matrix

factorization techniques for recommender
systems”, IEEE Computer Society Press,
42(8), 30-37, 2009.

. N. Manouselis, H. Drachsler, R. Vuorikari,

H. Hummel, R. Koper, “Recommender
systems in technology enhanced learning”,
In P. B. Kantor, F. Ricci, L. Rokach, & B.
Shapira (Eds.), 1st Recommender Systems
Handbook, (pp. 1-29). Berlin, Germany:
Springer, 2010.

. . T. Nhén, T. N. M. Thu, “H¢ thong goi y

ap dung cho trang web tong hop tin tirc tu
dgng Tap chi Khoa hoc Trudng Dai hoc
Can Tho, 2013.

. L Pilaszy, D. Tikk, “Recommending new

movies: Even a few ratings are more
valuable than metadata”, In Proceedings of
the Third ACM Conference on
Recommender Systems (RecSys 2009), (pp.
93-100). New York, NY: ACM, 2009.

10.F. Ricci, L. Rokach, B. Shapira, P.B.

Kantor, “Recommender Systems
Handbook”, Springer.

11.X. Su, T.M. Khoshgoftaar, “A survey of

collaborative filtering techniques”,
Advances in Artificial Intelligence, 2009,
4:1-4:19, 2011, 2009.

12. G. Takacs, I. Pilaszy, B. Nemeth, D. Tikk,

“Scalable collaborative filtering approaches
for large recommender systems (special
topic on mining and learning with graphs
and relations)”, Journal of Machine
Learning Research, 10, 623-656, 2009.

13.N. Thai-Nghe, L. Drumond, T. Horvath, A.

Krohn-Grimberghe, A. Nanopoulos, L.
Schmidt-Thieme, “Factorization techniques
for predicting student performance”,
Chapter 6 in Educational Recommender
Systems and Technologies: Practices and
Challenges (ERSAT 2011), in O.C. Santos
& J.G. Boticario (eds.), IGI Global, 2011.

14.N. Thai-Nghe, Z. Gantner, L. Schmidt-

Thieme, “Cost-sensitive learning methods
for imbalanced data”, In Proceeding of the
IEEE International Joint Conference on



Tap chi Khoa hoc Truong Pai hoc Can Tho

Neural Networks (IJCNN 2010), 1-8, IEEE
Xplore, 2010.

15.T. V. Viém, T. Y. Yén, N. T. Nghe, “Xay
dung hé théng goi y phim dya trén mé hinh
nhan t6 lang giéng”, Tap chi Khoa hoc
Truong Pai hoc Can Tho, 2013.

16.J. Bobadilla, F. Ortega, A. Hernando, and A.
GutiéRrez. 2013. Recommender systems
survey. Know.-Based Syst. 46 (July 2013),
109-132. DOI=10.1016/j.knosys.2013.03.012

http://dx.doi.org/10.1016/j.knosys.2013.03.012

17. Nguyen Thai-Nghe. 2013. An introduction
to factorization technique for building
recommendation systems. Vol. 6/2013, pp.
44-53, Journal of Science - University of Da
Lat, ISSN 0866-787X.

18. Nguyén Tan Phong, Nguyén Thai Nghe.
2014. Mot giai phap trong xay dung H¢
thong goi y bai hat. Trang 149-154, ky yéu
hoi thao qudc gia lan tha XVII: Mot sb vn
d@ choc loc cia CNTT&TT (@2014). Nha
xut ban Khoa hoc va K§ thuat. ISBN: 978-
604-67-0426-3.

86 chuyén dé: Cong nghé Thong tin (2015): 1-8

19. Mehta, S.J.; Javia, J., "Threshold based
KNN for fast and more accurate
recommendations," in Recent Trends in
Information Systems (ReTIS), 2015 IEEE
2nd International Conference on , vol., no.,
pp-109-113, 9-11 July 2015.

20. G. K. M. Deshpande, “Item-based top-n
recommendation algorith ms,” ACM
Transactions on Information Systems, vol.
22, pp. 143-177, 2004.

21. G. Karypis, “Evaluation of item-based top-n
recommendation algorithms,” in CIKM ’01:
Proceedings of the tenth international
conference on In- formation and knowledge
management. New York, NY, USA : ACM,
2001, pp. 247-254.



