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Toém tat - Bai bao dé& xuat mot phwong phap dé cai thién do chinh
xac cGia mé hinh tw van loc cdng tac dua trén san pham (IBCF)
bang cach tich hop ma tran twong dong dwa trén cac thudc tinh
san phdm vao qua trinh xay dwng mé hinh. Trong mé hinh tw van
loc cong tac dwa trén san pham truyén théng, két qua tw van dwoc
xay dng chi dwa trén ma tran xép hang clia ngwdi ding cho céc
san phdm. Két qua tw van ctia md hinh dé& xuat dwoc xay dung
dwa trén hai ma tran twong déng: (1) ma tran twong déng dwa trén
gia tri hang clia ngwdi dung cho cac san pham; (2) ma tran twong
ddng dwa trén théng tin mé ta cac san phém Thoéng qua thwc
nghlem trén tap div liéu MSWeb cho thay rang mo hinh dé xuét cho
két qua chinh xac hon mé hinh tw vén loc cong tac truyén théng.

Tir khoa - d do twong dong; tw vén loc cong tac; ma tran xép
hang; ma tran twong dong; ma tran tich hop.

1. Pit van dé

Hé tu van loc cOng tac dua trén san phém 1a mot mo hinh
hé tu van duge phat trién dua trén hé tu vén loc cong tac [7],
[14], [19]. N6 dugc gioi thidu 1an dau tién trén tap chi ACM
vao nam 2001 [1]. Khong lau sau do, hé thong nay duoc
Amazon.com tmg dung dé giéi thiéu cdc san pham cua ho
dén ngudi dung [6]. Khac vé6i hé tu van loc cong tac dya trén
nguoi dung (User-based) str dung su twong ddng gitra cac
nguoi ding dé du doan so thich ciia nguoi dung, hé tu van
loc cong tac dya trén san pham tim ra céc san pham dé gioi
thiéu dén nguoi dung bang cach tim ra sy tuong dong giita
céc san pham tir ma tran xép hang (Rating matrix) [15]. Viéc
xdc dinh su tuong ddng gitra hai san pham duoc suy luan tir
két qua xép hang cua nguoi ding, chir khong dua trén dic
tinh ctia san phdm nhu trong mé hinh tr van dya trén ndi
dung (content-based) [2]. Néu hai san phdm dugc xép hang
cao cung mot ngudi dung thi hai san phim nay dwoc xem la
twong dong va nguoi dung dugc hy vong s€ c6 cung so thich
trén cic san phim twong dong. Hé tu van loc cong tac dya
trén san pham 1a giai phap hiéu qua cho cac hé thong tu van
online [18], [13]. Boi vi trong cac hé thong ndy, sO lugng
nguoi dung thuong tang rat nhanh so v6i s0 lugng san pham.
Do d6, viéc tim ra két qua tu van dua trén cac ngudi ding s&
phirc tap va mit nhiéu thoi gian hon so véi vide tim ra két
qua tu van dua trén cac san pham. Ngoai ra, md hinh nay con
giam duoc kich thude cia ma tran twong dong thay vi véi
mdi san phim duoc chira trong ma tran tuong dong kich
thude n x n (n 13 s6 san phdm) thi dwoc giam xudng véi kich
thude n x k (k sb san phdm twong ddng nhat). Diéu nay da

Abstract - In this paper, we propose a method to improve the
accuracy of item-based collaborative filtering recommendation model
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tao nén mot bude cai tién dang ké vé khong gian luu trir va
thoi gian chi phi cho cac tinh toan phirc tap ciia hé thong nay
(11, [15].

Trong bai viét nay, chung t6i dé xuét mdt phuong phap
dé cai thién d6 chinh xac cia md hinh tu van loc cong tac
dua trén san pham bang cach tich hgp ma tran twong dong
dua trén cac thudc tinh san phidm vao qué trinh xdy dung
md hinh tu van. Trong d6, mé hinh tu vin duoc xdy dyng
dua trén hai ma tran tuong dong ma tran trong dong duoc
xdy dyng dua trén dir liéu x€p hang cia nguoi dung cho
c4c san pham va ma tran twong ddng duoc xay dung dua
trén cac thudc tinh san pham. Sau khi xay duyng mo hinh,
chung t6i trién khai chay thuc nghiém mé hinh trén tap dit
liéu MSWeb [12], dong thoi so sanh két qua véi mo hinh
tu van loc cong tac dya trén san phém truyén théng.

2. Ma trin twong dong ciia cic san phim dua trén cac
thudc tinh
2.1. Khodng cdch giiva hai sdn pham

Hién tai, co nhiéu cach tinh khoang cach giita hai san
pham trong khong gian vector n chidu. Dé tinh khoang cach
gitta 2 san pham, ching t6i 4p dung phuong phap tinh
khoang cach Euclidean [17]. Pay la phuong phép tinh
khoang cach dwoc st dung nhidu trong cic bai toan phan
16p dit liéu do tinh don gian va hiéu qua cua n6. Gia su ta
can tinh khoang cach giita hai san phdm c6 dang vector [
chidu nhu sauw: I, (X, %5 o0, %) VA L (Y1, V20 s V1)
Khoang cach Euclidean giira hai san phim dugc xac dinh
boi cong thire sau:
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1
diyctidge (11, I2) = (25=1le _yf|2)2 1

2.2. D¢ do twong dong giiva hai sin phim

Dura trén khoang cach giita hai san phim, ta c6 cong thirc
tinh gia tri trong dong giita hai san pham /; va I, nhu sau:

Sy, 1) = 1 = dgycrige (11, 1) (2)

2.3. Ma trgn twong dong ciia cdc sin phim

Ma trén twong ddng giira cac san phdm 1a mot ma tran
dbi xtmg voi cdu triic: dong, cot cuia ma trén 1a cac san
pham, cac 6 ciia ma tran (giao gitra dong va cot) la gia tri
tuong dong gitra hai san pham trén dong va cot trong ing.

Cho mét tap cac san phim xéc dinh I = {iy, iy, ..., i,,}, mdi
san pham dugc mo ta bodi mdt vector cac thudc tinh / chiéu

A = {a,, ay, ..., q;}, ma trn twong dong giita cac san phim
duoc xac dinh nhu sau:
0 diz -+ dip
Matrixg, () = d:21 0 d?”
dnp dpz 0

Void; ; 1a gid tri tuong ddng gitra san pham i va j duoc
tinh bang cong thirc (2).

3. Xay dung ma dong tich hop
Ma tran tich hop la ma tran c6 cung kich thudc véi ma
tran tuong dong dya trén gia tri xép hang. N6 dugc tinh dya
trén hai ma tran: ma tran tuong dong dya trén gia tri x&p
hang va ma tran tuvong dong dya trén thudc tinh san pham
theo trong s quan trong w cho trude bdi cong thire (3):
S;=Sg*xw+S,*x(1—w) 3)
Trong d6:
- §;: ma tran tich hop;
- Sg: ma tran twong dong dua trén gia tri xép hang;
- §,: ma trin twong dong dya trén thudc tinh san
pham;
- w: trong s6 x4c dinh mirc do quan trong clla ma tran
tuong dong dua trén thudc tinh san pham.

4. M6 hinh tw vén loc cdng tac tich hop dwa trén san
pham

M6 hinh tu van loc cong tac tich hop dua trén san phim
dugc dinh nghia nhu sau:

Goi U = {uy, uy, ..., up} 12 tp m nguoi dung; I =
{iy, iz, .., ip} 1a thp n san pham, véi mdi san pham i, dugc
md ta boi mot tap gom [ thude tinh A = {a,,a,, ..., a;};
R = {rj x} 1ama t’ran x€p hang (fﬁa nguoi dung cho cac san
pham (ma tran xép hang c6 thé 1a ma tran dang nhi phan
hodc ma tran dang so thyc) véi moi dong biéu dién cho mot
nguoi dung u; (1 < j < m), moi cot biéu dién cho mét san
phim i, (1 <k <n), r ik la gla tri xép hang cua ngudi
dgng u; cho §an pham iy, N 14 sb san pharp co glz} tri twong
dong cao nhat va u, € U 1a nguoi dung can tu van.

Dua trén dif liéu dau vao, md hinh thuc thi qua cac budc
sau:

Budée 1: Xay dung ma tran tuong dong gitra cic san
pham dura trén gié tri xép hang (Sy).

Bude 2: Xay dung mo hinh tu van dya trén ma tran
tuong dong (Sg).

Buéce 3: Xay dung ma tran tuong dong giita cac san
pham dua trén cac thudc tinh ctia san pham (S,).

Bude 4: Xay dung ma trén tich hop (S;).

Buéc 5: Thay ma trén tich hop vao mo hinh.

Bude 6: Xac dinh danh muc cac san phim twong dong
v6i cac san phdm ma ngudi dung u, di mua.

Budc 7: Gi6i thiéu dén ngudi dung u, N san pham co
gié tri trong dong cao nhat.

5. Panh gia mé hinh tw vin

Panh gia d¢ chinh x4c ciia mo hinh tu vén 1a mot khau
quan trong trong qui trinh xay dung hé tu van [8], [10]. N6
gitp cho nguoi thiét ké moé hinh lya chon mé hinh, kiém
tra @0 chinh xac ciia md hinh trude khi dua moé hinh vao
g dung thue té. D& danh gia mé hinh tu van loc cong tic
dwa trén san phdm, ngudi xay dung hé théng can thyc hién
qua 2 budc sau:
5.1. Chuin bi dit liéu cho danh gid

Tap dit liéu thyc nghiém dugc chia lam hai tap: tap dir
liéu huin luyén (Training set) va tap dir li€u kiém tra
(Testing set) [15]. Hién tai, c6 ba phuong phap dé chia tap
dir liéu cho viéc danh gia mo hinh tu van duoc sur dung phé
bién: cit tap dir liéu thanh hai phan theo ty 1& cho trudc
(Splitting); cét tap dir liéu ngau nhién nhiéu lan (Bootstrap
sampling) va cat tap dir liéu thanh k phan bang nhau (K-
fold cross-validation) [15]. Trong nghién ctru nay, dit li¢u
danh gia dwoc chia thanh 5 phan bang nhau (5-fold) dé
phuc vu cho 5 14n danh gia md hinh. Trong mdi lan danh
gia, 4 phﬁn dit liéu duoc str dung dé xay dung mé hinh va
1 phan dir lidu duogc sir dung dé danh gia. Két qua danh gia
ctia md hinh 1 gi4 tri trung binh cta 5 1an danh gié.
5.2. Ddnh gid mé hinh tw vin

C6 hai phuong phap dé danh gia mé hinh tu vin: danh
gia dua trén cac xép hang (Evaluation the ratings) va danh
gia dua trén cac goi y (Evaluation the recommendations)
[8], [10]. Trong bai viét nay, ching toi chi trinh bay
phuong phép danh gia dua trén cic goi y cia mo hinh.
Boi vi phuong phép nay co thé ap dung dugc ca ma tran
xép hang nhi phan va ma tran xép hang dang sb thuc.
Panh gia dya trén cac goi v 1a phuong phap danh gia do
chinh xac ciia mé hinh bang cach so sanh cac goi y cua
mo hinh dua ra véi cac lya chon mua hay khong mua cua
ngudi dung. Phuong phap nay sir dung ma tran hon don
2x2 (Confusion matrix) dé tinh gi4 tri ciia ba chi s6: do
chinh xac (Precision), d bao phu (Recall) va trung binh
diéu hoa gitra d6 chinh xac va d bao phu (F-measure).
Mo hinh duge danh gia 1a tt khi ba chi s6 trén c6 gia tri
cao [8], [10].

Bdng 1. Ma trgn hén don

Lua chon cia nguoi Goi y ciia mo hinh

dung

Goiy Khong goi y

Mua TP FN
Khéng mua FP TN
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Véi:

TP: Nhirng san pham duoc mo hinh goi y da duoc mua.

FP: Nhirng san pham dwoc md hinh goi ¥ khong duoc
mua.

FN: Nhing san phim khong dugc mé hinh goi y da
dugc mua. i

TN: Nhitng san pham khong dugc mo hinh goi y khong
dugc mua.

Precision — S6 sdn phdm goiy chinhxdc TP
FeCISION = T 8g 56 san pham dwoc goiy TP + FP
S8 san phdm goiy chinh xac TP
Reclll = =

T6ng s6 san pham dwgc mua TP + FN

2 * Precision * Reclll

F=measure = Precision + Recll
6. Thuc nghiém
6.1. Xur ly dir liéu thwe nghiém

M6 hinh dugc th}Ic nghiém trén tap dir liéu MSWeb.
bay la tap dir liéu vé ngudi dung Microsoft truy cép cac
trang web trong thoi gian mdt tuan trong thang 2 nam 1998
dugc lay mau va xu ly tr file log cua dia chi
www.microsoft.com. Tap dir liéu nay bao gom 38.000
ngudi dung ndc danh truy cép truy cép trén 285 dia chi web
goc va duge xur 1y va t6 chirc thanh ma tran nhi phéan véi
32.710 hang, 285 cot va 98.653 gia tri xép hang. Tuy nhién,
qua khéo sat chung t6i thiy rang c6 kha nhiéu nguoi dung
chi truy cdp mot vai trang web va kha nhiéu trang web chi
dugc truy cap boi mot vai ngudi dung.

D,é tang do tin cay cua két qua goi y ctia md hinh, chiing
toi tién hanh xay dung tap dit li€éu cho mo hinh theo diéu
kién chi chon nhiing nguoi dung truy cép it nhat 10 dia chi
web va nhitng trang web dugc truy cap it nhat 50 nguoi
dung.

Sau khi thyc hién céc thao tac chon loc, ching t6i da co
ma trén nhi phan cho thuc nghiém c6 kich thudc 796 x 135.
Ma tran dir liélI thuc nghiém dugc chia lam hai tip con:
Tap dir liéu huan luyén ¢o kich thudc 626 x 135 (chiém
80%), Tap dit liéu kiém tra c6 kich thudce 170 x 135 (chiém
20%).

6.2. Cong cu thwe nghiém

Pé trién khai thuc nghiém, chung t6i st dung cong cu
ARQAT dugc trién khai trén ngon ngir R. Day 1a goi cong
cu dugc nhom nghién ctru phat trién tir nén tang cua cong
cu ARQAT phat trién trén Java [11].

Cong cu nay gém cac chirc nang: xu 1y dit lidu; chic
nang tinh ma tran tuong ddng ciia cac san pham dya trén
ma trn xeg hang; chirc ning tinh ma trin twong dong gitra
cac san pham dua trén céc thudc tinh; cac chirc ning xay
dung va danh gid mo hinh cua hé tu van [16].

6.3. M6 hinh IBCF duwa trén ma trin twong dong xép
hang

Chung toi tién hanh xay duyng mé hinh dya trén ma tran

turong dong dwa vao gia tri xép hang va kiém tra mé hinh
trén tap dir liéu kiém tra voi 156 ngudi ding. Két qua tu
Van ctia mo hinh dugc xuét ra theo dinh dang ma tran véi
cAu trac 6 x 156 (mbi cot 1a mot ngudi dung, mdi 6 1a mot
trang web duoc chon dé gidi thiéu cho ngudi dung ¢ cot
tuong Ung). Hinh 1 trinh bay két qua tu van cho 6 ngudi
dung dau tién, véi mdi nguoi dung chon 6 trang web dugc
xép hang cao nhat.
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Hinh 1. Két qua IBCF dira trén ma trdn twong dong xép hang
cho 6 nguoi dung dau tién

6.4. M6 hinh IBCF dwa trén ma trdn tich hop

Sau khi ma trén tich hop dugc thay vao mo hinh, chung
toi chay lai m6é hinh mét lan nira voi tap dir liéu kiém tra
(156 nguoi dung). Tuong tu lan chay trude, ket qua tu van
cia md hinh dugc xuat ra theo dinh dang ma tran véi cau
triic 6 x 156. Hinh 2 trinh bay két qua tu van cho 6 nguoi
dung dau tién, véi moi ngudi dung chon 6 san pham dugc
x¢p hang cao nhat.
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Hinh 2. Két qua IBCF dira trén ma trn tich hop cho 6 nguoi
dung dau tién

6.5. So sanh két qud hai mé hinh

Dé so sanh d6 chinh xac cta hai mé hinh, ching t6i tinh
céc chi s6 TP, FP, FN, TN, Precision, Recall va F-measure
cua hai m6 hinh dua trén dit liéu dugc xdy dung bang
phuong phap K-fold (k=5). Két qua tinh toan cac chi sb
trén cda hai mo6 hinh dugc trinh bay trong Hinh 3. Trong
hinh nay, ching t6i thiy rang cac chi s6 Precision, Recall
va F-measure trén mo hinh IBCF dya trén ma trén tich hgp
c6 gia tri cao hon so vdi cac gia tri nay trén mo hinh IBCF
dwa trén ma tran twong dong xép hang. Piéu nay cho thay
viéc tich hop ma tran twong ddng dua trén thudc tinh san
phdm vao mé hinh IBCF da lam ting d chinh xac cua két
qué tu van.
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Sosénh céc chi sé precision, recall va f-measure Applications 37(7), 2010, 6 (4772-4778).
06 [5] Francesco Ricci, Lior Rokach and Bracha Shapira, “Introduction to
Recommender Systems Handbook”, Springer-Verlag and Business
05 Media LLC, 2011, 35(1-35).
0a m M8 hinh tw vén dwa [6] G. Linden, B. Smith, and J. York, “Amazon.com recommendations:
trén ma tran trong Itemto-item collaborative filtering”, IEEE Internet Computing, vol.
03 ddng xép hang 7,10. 1, 2003, 14 (76-80).
02 B M§ hinh tw vén dra [7]1 Gabor Takacs et al, “Scalable collaborative filtering approaches for
’ tdrzrrlg?cthrir:y;wcng large recommender systems”, Journal of Machine Learning
01 Research, 2009, 33 (623-656).
[8] Gunawardana A and Shani G, “A Survey of Accuracy Evaluation
o - Metrics of Recommendation Tasks”, Journal of Machine Learning
precision recall frmeasure Research, v10, 2009, 27 (2935-2962).

Hinh 3. So sanh cac chi so Precision, Recall va F-measure cua
hai mo hinh

7. Két luan

Theo céc khao sat thyuc té, cac hé théng online dang c6
xu huéng gia tang s6 lugng ngudi ding dang ke Diéu nay
d3 gy ra mot van dé kho khan cho cac he tu van loc cong
tac dya trén ngudi dung do phai mit qua nhiéu thoi gian
cho viéc tim ra cac nguoi ding tuong dong. Chinh vi thé,
mo hinh tu van loc cong tac dya trén san phém dang duogc
nhiéu nha thiét ké hé tu van lya chon dé rat ngan thoi gian
tinh todn boi vi s6 lugng cac san pham ludn it hon va 6n
dinh hon s6 lugng khach hang. Trong bai bao nay, ching
t6i dé xuat mot phuong phap dé cai thién d6 chinh x4c cta
md hinh tu van loc cong tac dua trén san phim bang cach
xdy dyng ma tran tich hop dé thay thé cho ma tran twong
ddng dya trén gié tri xép hang trong mé hinh IBCF truyén
théng. Két qua thyc nghiém trén tap dir liéu MSWeb cho
thdy, mo6 hinh ma chung toi d& xudt co cac chi sé Precision,
Recall va F-measure cao hon mé hinh tu van loc cdng tac
dya trén san pham truyén thong.
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