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Tom tat - Bai bao dé& xuat mot phwong phap dé cai thién hé théng
khuyén nghi truyén thdng - loc cong tac dwa trén phan cum cong
tac két hop voi trong so cho cac ngwoi dung va san pham Trong
phuong phép tw van loc cdng tac truyén théng, két qua tw van
dwgc xay dwng chi dwa trén dd twong tw cac diém div liéu gan
nhau nhat d& dy doan céc gia tri khuyét trong ma tran danh gia.
Két qua tw van clia phuong phap dé xuat dwoc xay dwng dwa trén
dé twong tw cac diém dir liéu trong cling cum két hop trong s6 thé
hién ml&rc d6 quan trong déi v&i tirng diém di liéu d& du doan cac
gia tri khuyét trong ma tran danh gia. Théng qua thwec nghiém trén
tap di liéu MovieLens 100k cho thay réng phwong phap dé xuét
cho két qua du doan tét hon so phwong phap tw van truyén théng.

T khéa - Ly thuyét bay dan; tw vén loc cong tac; ma tran xép
hang; ma trén twong dong; ma tran twong dong két hop

1. Pat vin dé

Hé khuyén nghi cac san pham dya vao su tuong dong
giita pham hodc ngudi dung duoc phat trién boi [1], 5[7].
San pham duoc goi ¥ cho ngudi dung dya trén nhitng ngudi
dung c¢6 cung hanh vi hay nhitng san phim tuong tw. Tuy
nhién, cac nghién ctru trudc day chua dé cap dén mirc do
quan trong gitta cac nguoi dung hay mirc d¢ quan trong
giita cac san pham, dan dén hé thong khuyén nghi gia dinh
s& du doan khong hoan toan chinh xac. Bai toan dit ra van
dé 1a 1am cach nao dé goi y dwoc san pham thich hop (san
pham chwa duoc ngudi ding danh gia xép hang) dén voi
ngudi ding, dua trén cac xép hang ma ngudi dung da danh
gia cac san phém trudc d6. Bai toan dugc chia lam hai
huéng giai quyét: phan cum nguoi dung phan cum san
pham sir dung ly thuyét bay dan va su két hop giita ching.
Sau khi dé xuat phuong phap méi, nhom tac gia trién khai
chay thuc nghiém phuong phap trén tap dit liéu MovieLens
100k (https://goo.gl/BzHgtq) dugc cong bb nam 1998 boi
t6 chirc GroupLens (https: /lgrouplens.orgy), dong thoi so
sanh két qua v6i phuong phép tu vin truyén thng.

2. Nghién ciru tong quan
2.1. Phuwong phdp loc cong tic siv dung mé hinh ling giéng
Cho tap hop U = {uy, Uz,. . . , Un} biéu dién cho tap
nguodi dung va tap hop cac san phém I ={i, i2,. . ., iM}
Xép hang ciia ngudi dung cho cac san pham duge huu triv
trong ma tran xép hang R & dang twdng minh. Tuan thu
dung quy trinh, c6 ba budc can thiét dé xay dung hé thong
goi y: thu thap dir liéu dé tao hd so ngudi ding; thiét lap
tap lang giéng; du doan va khuyén nghi. Sau khi dy doén
cac danh gia, hé thong sé xac dinh top-N san pham tiéu biéu
voi gia tri du doan cao nhét va goi y cho ngudi dung. Gia
tri dy doan 7, ;Cho san phim i ctia nguoi dung u duoc tinh:

. _ Zu’eKu sim(u,u"). (ru’i - Fu’)
Ty =% + - ‘,
ek, |sim(u, u')|

Abstract - In this paper, we propose a method in order to improve
the traditional recommender system — a feature weighting method for
both item-based collaborative filtering and user-based collaborative
filtering recommender system. In traditional collaborative filtering, the
recommendation results are just based on the similar nearest
neighbor measure to predict unknown values in evaluation matrix. In
this proposed method, the recommendation result is built by the
combination of similarity features in the same cluster and weighting
which show the extent of importance of each feature to predict the
unknow values in evaluaion matrix. Through experiments on
MovieLens 100k dataset, it shows that the results of our
recommender method is better than those by the traditional method.

Key words - Particle Swarm Optimization; collaborative filtering
recommender system; rating matrix; similarity matrix; integrated
similarity matrix

Ma gid minh hoa cho phuong phép lang gleng dua vao
nguoi ding va dia vao san pham dugc biéu dién nhu sau:

1: procedure USERKNN-CF | 1:  procedure _
(7,r,Drain) ITEMKNN-CF (7,,r,D"ain)
2. Foru=ltoNdo 2: fori=l1toMdo

3:  Tinh Simuy 3 Tinh Simii

4:  endfor 4 end for

5. Sort Simuy 5.  Sort Simiy

6: fork=1toKdo 6: fori=1toKdo

7 Ku «—k 7 Ki «—k

8: endfor 8 end for

9: fori=1toMdo 9: foru=1toNdo
10:  Tinh#,; 10:  Tinh#y;

11: end for 11: end for

12: end procedure 12: end procedure

Hinh 1. Gidi thudt ling giéng trén nguedi ding va san pham
2.2. Phwong phap loc cong tdic sir dung phin cum Spectral
Ban chét ciia phuong phép nay 1a ing dung k¥ thuat
phén cum Spectral vao trong loc cong tac dya trén canguoi
ding va san pham, trong d6 céc xep hang chua biet duge
suy ra tir cac x€p hang twong minh ctia nhom nguoi dung
hoic san phim tuong tu.

Trong k¥ thuat phan cum Spectral:

Dﬁg vao: mot tap hop n diém (c6 thé 13 n ngudi hodc n
san pham) ki hiéu X= {xy, x,, x3, ..., x,} va k cum.

Pau ra: k cum €y, C,, ..., Cy.
Buéc 1: Phan cum ngudi dung va san pham theo ky
thuat Spectral

Tinh ma tran mdi lién hé S véi cac phan tir theo dinh
nghia nhu sau:

[|x—x

Sij = exp < - ’” )neuméj vas; =1
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véii,j=1,...,n

Trong do, s;; la d twong ddng cua dbi twong i, j;
X,, X, 1a cac vector twong tng voi hang thir i, j trong ma tran
R, dai dién cho doi tugng i, j; o 1a tham s6 diéu chinh do
I6n cua tap lang giéng. Néu o nho s& thu dugc mot cau hinh
dia phuong tot hon dbi voi tap lang giéng. O day mau sb
duoc tinh twong tng theo cong thic sau:

2Xxo%=n
Tinh ma tran duong chéo chinh D, trong d6 cac phan tir

d; dugc tinh:
n
di = Z ] Sij
j=1
Tinh ma tran chuan héa Laplacian L twong Gng:

1 1
L=D72(D-S)D"2
Tinh k gié tri vector dau tién vy, v,, ...,
tong quat:

V), cua bai toan

Lv = ADv

Xay dung ma tran véi V € R™ chua céac vector
V1, Vg, ..., V) tONg tNg VGi CaC €Ot ciia ma tran.

Goi y; € R¥ la céc vector hang thir i cia V. Ding thuat
toan k-means dé phan cum céc diém (y;);=;.n trong R¥
thanh cac cum Cy, C5, ..., Cy.

Gén cac diém ban dau (x;);=;,., Va0 cum C; néu n6
twong ng voi vector (¥;);=1,.., da duoc gan trude do.

Buéc 2: Tinh gi4 tri chwa biétrl va r); dua trén
nguoi dung va dua trén san phambang cdng thic:

rl = kcz simU(u,1) X 1y
7

Tui = ngSimI(i:j) X Ty

Trong d6: k. va k, c4c gia tri chuan héa, duoc tinh:

1 1 . .U N
va k —Z]|51m1(]k)| sim”(u,l) va

ke = SilsimY @] 9
sim' (i, j) 1a d¢ tuong tw gilra 2 nguoi dung va gita 2 san
pham tuong (rng.

Budc 3: Dy doan cdc gia tri danh gia chwa biét ry
ctia nguoi dung ung voi san pham i duge tong hgp thong
quarl va r{u- biang cong thuc:

i =1l + (1=, e [0,1].

Phuong phap loc cong tac sir dung k¥ t’huét phén’ cum
Spectral da thanh cong trong viéc giai quyct duoc van dé
veé dir liu thua, nguoi dung moi. Tuy nhién, chua giai
quyét duoc mirc d6 quan trong cia cac san phim va cua
cac nguoi dung.

2.3. Ly thuyét toi wu bdy dan

Phuong phap tbi uu hoa bay dan la mot dang cua céac
thudt toan tién hoa quan thé, dugc gidi thiéu lan dau vao
ndm 1995 boi James Kennedy va Russell C. Eberhart.
Phuong phap dugc khoi tao bang mot nhom ca theé ngau
nhjén va sau do tim nghiém tf)i uu bang cach cap nhét cac
thé hé. Trong moi thé h¢, moi c4 thé dugc cdp nhit theo

hai vi tri tbt nhat. Gia tri thir nhét 1a vi tri t6t nhit timg dat
dugc toi thoi diém hién tai, goi la ti uu cuc bo Ppest-
Gié tri thur hai 12 vi tri tot nhat trong tat ca quan thé tir dau
cho t6i thoi diém hién tai, goi 12 t6i uu toan cuc G, NOI
cach khac, mdi cé thé trong quan thé cap nhat vi tri caa
noé theo vi tri tot nhat cua nd va cua ca quan thé tinh tgi
thoi diém hién tai.

A

Xi(r—l)

Y

Hinh 2. So do tim kiém bang y thuyét bdy dan

Trong do:

Xk vi tri ca thé thr i trong thé hé thu k;

V¥: van téc c4 thé tha i trong thé hé thir k;

XK1 vi tri ¢4 thé thir i trong thé hé thir k + 1;

V}+1: van toc ca thé th i trong thé he tha k + 1;

Ppese: Vi tri tot nhat cua ca thé thir i;

Gpest © Vi tri tot nhét trong quan thé thi i.

Van tdc va vi tri ctia ca thé trong quﬁn thé duoc cap nhat
theo cong thirc:

Vik"'l =W * Vik +Cyp 1y % (Pli(est - Vik)
oy k1 * (Gll)cest - Vlk)
Xik+1 — Xlk + ‘/ik+1
Trong d6:

w : 12 hé s6 quén tinh, giam tuyén tinh tir 1 dén 0 tay
thudc vao so lan lap xac dinh truéec.

c1, ¢, : Cac hé sb gia toc, nhan gid tri tr [1,173; 2,5]

73,75 CAC Qi tri ngau s nhan gia tri [0, 1]

3. Phwong phap dé xuit sir dung Iy thuyét biy dan

Pé khic phuc van dé cac ngudi ding va cac san phim
¢6 mirc quan trong ngang bang nhau, chung ta sir dung 1y
thuyét t&i uu by dan dé wdc tinh trong sb cho ngudi ding
va san phim. Trong sé nay dugc ding dé cai tién cong thirc
phén cum va mod hinh du doén.

Cho {wi,wi, ..., wh; wl,wy, ..,wl} 1a tap phuong
an, thé hién trong sé cﬁa cac c4 thé trong 1y thuyét bay dan
véi W ,j =1.mvaw!?, i = 1..n, nhan gia trj trong doan
[0,1], 1am dai dién cho trong s6 cua cac san pham va nguoi
dung. Dir liéu ban dau 1a mot tap hop cac ca thé dugc khoi
tao ngdu nhién. C4u hinh tham s6 cta 1y thuyét bay dan
duogc cung cip theo diéu kién dir liéu thuc té.

Trong mo hinh dy doan cac trong s w chinh 1a céc ca
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thé cua thuat toan t6i wu bay dan. Céac trong s duogc sir
dung dé cap nhat d6 twong tu theo phuong phap cosine:

i WiXq,iWiXp i
\/Zi Wizxza,i \/Zi Wizxzb,i
3.1. Ciu hinh cho bdy dan
CAu hinh c4 thé

w = [lwy,wi, ...,

wsim(Xq, Xp) =

wil, [wi, i, ..., wiall

Véi n s6 nguoi ding, m s6 san pham, mién gié tri trong
so D = [0,1].

Kich thudc quan thé(sb ca thé): 20.

S6 budc lap ti da (s6 thé hé quan thé): 100.

Hé sé gia toc cuc bo (c1): 2.

Heé s gia toc toan cuc (c2): 2.

Heé s6 quan tinh (w): 0,9.
3.2. Xdy dung ham thich nghi

Xay dung ham thich nghi bang cach danh gia trung binh
cong sai s6 tuyét dbi gitr két qua du doan va két qua thuc
trong tap dir liéu test.

Budée 1: Phan cum theo nguoi dungva san pham bang
ky thuat spectral va két hop trong sd.

Xay dung ma trin tuong ddng gitra cac nguoi dung (cac
san pham) trén co s& ma tran danh gia va trong s twong
quan san pham (nguoi ding) theo cong thirc:

— — 52
wXx, — wx
Sy = Exp (‘ %)

Sau khi tinh d6 twong ddng, tién hanh phin cum
spectral nhu da dé cap ¢ budc 1, Muc 2.2, nhan duoc cac
cum tuong Gng véi ngudi dung va san pham.

Budre 2: Thyc hién danh gia cac gia tri chua biét trong
moi cum.

U lel XsimU(i,l) Xxlj
X =
Y Y@ x simV(i,l)

Véi simV (i, 1) 1a do twong dong giira user i va user |
trong cung mot cum.

I leU Xsiml(i, l) Xxlj
x. . =
Y YoV x sim!(i,1)

Véi simV (i, 1) 1a do twong dong giira user i va user |
trong cung mot cum.

Ta c6 gia tri danh gia két hop user-item base:
ij= axx + (1- a)xx

Buwée 3: Udc luwong gia tri muc tiéu cho mdi ca thé
trong t6i wu bay dan

X;

Zn,testlxi,j - xij|
n_test
Trong d6 n_test 1a tong sb rating can danh gia (hay
kich thudc cua tap dir liéu test) x{; gid tri du doan trong
mo hinh danh gia, x;; gia tri xép hang trong tap dit ligu test.

MAE =

3.3. Toi wu vector trong so

Khdi tao ma tran user-base va item-base

——

Khi tao vector trong s6 wU, wl (quan thé

¢ gia tri thich nghi

Danh gia d6 thich nghi (pbest) cho méi ca
thé -
¢ vector trong so

M hinh dy doan
ICCF

‘ Cap nhat ca thé tot nhét (pbest)

!

Cap nhat vi tri toan cuc tot nhat
(gbest)

!

Cap nhét van toc v§ vi tri cho mdi ca
the

!

Thiét Idp ma tran user-item tir md hinh du
doan tir vector trong so gbest

No A
Thoa mén diéu kién hdi tu

Vector trong s6 t6i ru
Ma tran user-item t6i uu

Hinh 3. Luu do t6i wu vector trong sé

4. Panh gia phwong phap tw vin

Panh gia d6 chinh xac ctia phuong phap tu vén la mot
khau quan trong trong quy trinh xay dung hé tu van [[3].
N6 gitip cho ngudi thiét ké lya chon phuong phap, kiém tra
d6 chinh xac trude khi dua phuong phéap vao tng dung thyuc
té. Trong nghién ctru nay, nhom tac gia str dung d6 do sai
s tuyét ddi trung binh (Mean Absolute Error - MAE) giita
két qua danh gia tir hé thong va két qua danh thyc tir ngudi
dung trong tap dir liéu kiém thir.
4.1. Chudn bj di¥ ligu cho dinh gid

Tap dir li¢u thyc nghiém dugc chia lam hai tap: tap dir
lidu huan luyén va tap dir liéu kiém tra [6]. Hién tai, co ba
phuong phap dé chia tap dir liéu cho viéc danh gia phuong
phép tu vin duoc st dung phd bién: cit tap dir liéu thanh
hai phan theo ty 18 cho truéc (Splitting), cit tap dir liéu
ngdu nhién nhiéu 1an (Bootstrap sampling) va cét tap dit
lidu thanh k phan bang nhau (K-fold cross-validation) [6].
Trong nghién ctru nay, dir liéu danh gid duoc luu trong
tapu.data va duogc chia thanh hai tap con theo hai cach ngau
nhién khac nhau, mot cho huén luyén (ua.base, ub.base),
mdt cho kiém thir (ua.test, ub.test).
4.2. Pdnh gid phwong phdp tw vin

C6 hai phuong phép dé danh gia: danh gia dya trén cac
xép hang (Evaluation the ratings) va d4nh gia dua trén cac
goi y (Evaluation the recommendations) [3] 3, [4]. Trong
bai viét nay, nhom tac gia chi trinh bay phuong phap danh
gia dya trén cac goi ¥ cua mo hinh béi vi phuong phap nay
¢6 thé 4p dung duoc ca ma tran xép hang nhi phan va ma
tran xép hang dang s thuc.
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5. Thue nghiém
5.1. Xiur ly dir liéu thwe nghiém

M54 hinh dugc thyc nghiém trénﬂ hai tap dir liéu con
ua.base va ua.test va hoan toan c6 thé thuc nghiém lai vai
cach chia dir liéu con lai ub.base va ub.test (hoic thuc
nghiém trén cac tap dir liéu I6n hon MovieLens 10M,
MovieLens 20M).

Ma tran dir liéu thuc nghiém dugc chia lam hai tap con:
Tép dur liéu huan luyén co kich thuge 90570 gia tri xEp
hang (chiém 90%), Tap dir liéu kiém tra co kich thudc 9430
gia tri xép hang (chiém 10%).

5.2. Cong cu thuc nghiém

Dé trién khai thyc nghiém, nhom tac gia sir dung cac
thu vién ho trg tinh toin nhu scipy, sklearn, matplotlib,
numpy duoc trién khai trén ngén ngir Python 3.

5.3. Phuong phdp loC cong téc sir dung mé hinh ling giéng

Tién hanh xay dyung phuong phép dya trén d6 do cosincua
ma trdn danh giéva kiém tra phuong phap trén tap dit liéu kiém
tra v6i 9430 danh gia. Két quéa tu van cua phuong phép duoc
xuét ra theo dinh dang ma tran trong moi dong gom {id_user,

id_item, rating}. Két qua tur van 100 danh gia dau tién tir hé
théng so v6i két qua trong tap kiém thir.

3 L
3}

—
L:"_-_
‘__ﬁ :
—
-::ZF —
o~

—5---"'—'-
—_—...

e mmeee Target
N CF
]
]
1
T
i
i
i
;
;
1

1 21 41 61 81
Hinh 4. Két qud dir dodn mé hinh CF
5.4. Phwong phdp loc cong tdac s dung phdn cum Spectral

Nhom tac gia tién hanh xay dung phuong phéap dua trén
phan cum ngudi dung bang k¥ thuat spectral, sau do tién
hanh du doan dua trén do do cosin trong mdi cum. Két qua
tu vin cho 100 danh gia dau tién tir hé thdng so voi két qua
trong tap dir li€u test.

Ll

Hinh 5. Két qud du dodn mé hinh ICCF
5.5. Phwong phdp loc cong tac si dung phin cum két hop
vdi ly thuyét bay dan
St dung 1y thuyét bay dan dé xéac dinh trong s6 cho
nguoi ding va cic san pham. Céc trong s0 nay dugc sir
dung dé xay dung ma trin tuong quan bz}ng do do cosin.
Tuong tu v6i dit liéu 6 Muc 5.3 va 5.4, két qua tu van ctia

mo hinh dugc xuit ra theo dinh dang ma tran mdi dong bao
gom {id_user, id_item, rating}. Két qua tu van cho 100
danh gia dau tiéntrong mo hinh so voi trong tap dit ligu test.

5

TT T ML
[}

TR

----- Target

ICCF-FW

1 - — T i 1
61 81
Hinh 6. Két qud dy dodn mé hinh ICCF-FW

Két qua vector trong sO nguoi ding va san pham duoc
thé hién dudi dang biéu d6 histogram vector trong sb.

=
N
[~
-~
[

Histogram of ICCF-FW item-base Histogram of ICCF-FW uesr-base

[
W

Weights frequency
= =
= =3 =

=
Weights frequency

=] =

090 092 094 096 100
Estimated item feature weights

090 092 094 096
Ectimated user feature weights

Hinh 7. Histogram trong sé item - user
5.6. So sdnh két qud ba phwong phdp
Dé so sanh do chinh x4c cua 3 phuong phéap, nhom tac
gia tinh d¢ sai léch tuy€t doi gifra cdc md hinh CF, ICCF
va ICCF-FW. Két qua ck}o thay, md hinh ICCF-FW ¢6 d6
sai 1éch du doan that nhat 0 v&i hai m6 hinh con lai, cho
thay su hi€u qua cua cai tién nay.

Mean Absolute Error - MAE
06

05

04

03

0z

01

CF ICCF ICCF-FW

Hinh 8. Biéu dé danh gid sai sé ciia cdc mé hinh di dodn

6. Két luan

Theo céc khao sat thuc té, cac hé thong online dang c6
xu huéng quang céo cic san pham dén nguoi ding mot
cach chinh xac nhat, giup lam tang doanh thu ban hang, vi
vay hé thong khuyén nghi - recommender system la mot
giai phap gitip cho viéc quang cdo san phdm dén nguoi
ding mot cach chinh x4c va hiéu qua nhit so véi cac
phwong phép quang céo truyén thong.
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Trong bai bao niy, dé xuat mot phuong phap dé cai thién
d6 chinh xac ciia phuong phap tu van loc cong bang cach gia
thuyét ring mdi nguoi ding hodc san pham c6 do wu tién
khéac nhau va dugc phan thanh cac cum theo phwong phap
Spectral. Tién hanh chon loc b trong s6 cho két qua du doan
t6t nhat dya theo thuat toan t6i uu hoa bay dan.

Két qua thuc nghiém trén tap dir licu MovieLens 100k
cho thdy phuong phap 1ap loc phan cum cong tac két hop
trong s6 (ICCF-FW) ma nhém tac gia dé xuit co do chinh
xéaccao hon phuong phép tu van loc cong tac truyén thong.
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