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Tém tit: Trong thuc té hién nay, dif liéu da khung nhin ngay cang phd bién. Dit liéu da khung nhin (Multi-view data) dé
cap dén loai dif liéu bao gdm nhiéu quan diém hodc géc nhin vé mot ddi tugng. Dit liéu trong mdi khung nhin riéng 18
¢6 thudc tinh cu thé thuc hién nhiém vu kham pha tri thic riéng va cung cip cdc thong tin vé& cling mot van dé véi do
chinh x4c va d6 tin cdy khic nhau. Viéc két hop nhiéu loai thong tin tif cic khung nhin, c6 thé thu dudc biéu dién diy du
va chinh x4c hon vé cic dbi tugng, din dén viéc phan tich di liéu va ra quyét dinh dudc cai thién. Phan cum da khung
nhin 12 huéng nghién ctiu da thu hit dudc su quan tim cla cdc nha khoa hoc trong nhiéu nim gin day. Tuy nhién, chua
c6 nghién ctiu nao tip trung vao phin cum ban gidm sat md két hop thuit toan dong huin luyén dé danh gid do chinh
x4c va chét lugng phan cum trén tap dif liéu da khung nhin. Bai bdo niay d& xuit mot phuong phap mdi trong phan cum
ban gidm sit mo, st dung thuit toan dong huin luyén trén dif liéu da khung nhin thu thap tif mot ngudn di liéu. Dong
thoi, bai bdo ciing cung cip cic két qua thuc nghiém dé danh gi tinh hiéu qua va do chinh xdc clia thuat todn dé xuét.

T khéa: Di liéu da khung nhin, phdn cum da khung nhin, phdn cum bdn gidm sdt mo, thudt todn dong hudn luyén

Title: A Semi-Supervised Fuzzy Clustering Co-Training Approach on Multi-View Data

Abstract: In today’s practical reality, multi-view data is increasingly prevalent. Multi-view data refers to a type of data that
encompasses multiple perspectives or viewpoints of an object. Data within each individual view possesses specific
attributes dedicated to knowledge discovery and provides information on the same subject with varying degrees of
accuracy and reliability. Combining various types of information from different views can yield a more comprehensive
and accurate representation of objects, thereby improving data analysis and decision-making. Multi-view clustering has
emerged as a research direction that has garnered the interest of scientists in recent years. However, there has been no
research focusing on semi-supervised fuzzy clustering combined with co-training algorithms to assess the accuracy and
quality of clustering on multi-view datasets. This paper proposes a novel method in semi-supervised clustering, utilizing
co-training algorithms on multi-view data collected from a data source. Additionally, the paper provides experimental
results to evaluate the effectiveness and accuracy of the proposed algorithm.

Keywords:  Multi-view data, multi-view clustering, semi-supervised fuzzy clustering, co-training algorithm.

1. MG PAU trong ciing mot cum dudc tdi da héa va miic do tuong dong
gitfa cac phan tit khac cum dugc cuc ti€u héa [1]. Hau hét
Quad trinh phén cum di liéu dong vai tro quan trong trong céc thuat todn phan cum hién tai dugc thiét ké cho dit liéu
khai pha dit liéu nhdm tim kiém, phat hién cdc nhém dit =~ mdt khung nhin, trong khi céc bai toan thuc té hién nay
liéu theo dic trung d€ cung cép tri thic cho qua trinh ra  nhu ciu st dung dif liéu da khung nhin rit phd bién.
quyét dinh. Phan cum dif liéu 12 qua trinh phan chia céc
phan ti dif liéu vé cic cum dua trén mic do tuong dong Dii liéu da khung nhin (Multi-view data) d& cap dén loai
gitfa chiing, sao cho miic d6 tuong dong giita cdc phan ti  dit liéu bao gdbm nhiéu quan diém hoic géc nhin v& mot déi
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tugng. Trong d6, dif liéu dudc biéu dién dudi nhiéu khung
nhin khac nhau, mdi khung nhin cung cip cic thong tin va
thuoc tinh khic nhau vé dit liéu. D liéu trong cic khung
nhin dugc thu thap tif cdc phuong thiic, ngudn, cic dang
khac nhau hodc dugc quan sat tif cac géc nhin khac nhau
[2]. Dit liéu da khung nhin dudc 4p dung trong nhiéu bai
toan thuc t& nhu: hoc mdy, xit ly anh, kinh doanh, y té, hé
théng tu véan, khoa hoc dit liéu [3], v.v. Diéu nay thic day
su can thiét phat trién cdc phuong phap phan cum tién tién,
nhiam kham ph4 tri thiic tit cdc bo dif liéu da khung nhin.
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Hinh 1. Vi du v& dif liéu da khung nhin [4]

Phan cum da khung nhin (Multi-view Clustering - MvC)
la mot phuong phap phan cum di liéu dya trén viéc st
dung nhiéu khung nhin doc 1ap, nhim tim ra cdc nhém dit
liéu twong dong v6i nhau trong cic khung nhin. R& rang,
viéc tich hop thong tin tit nhiéu khung nhin va phat hién ra
tri thiic tiém 4n chung dugc chia sé bdi nhiéu khung nhin
mang lai Igi ich 16n cho viéc phan cum du liéu [5]. So
sanh véi cac phuong phap phan cum trén mot khung nhin
thi phan cum da khung nhin c6 mot s6 uu di€ém vuot troi
d6 1a nang cao chét lugng phan cum, gidm thi€u su phu
thudc vao khung nhin va xtt ly dit liéu phic tap [6]. Tuy
nhién, phan cum da khung nhin dang d6i dién véi nhiéu
thach thidc nhu doi hdi cic khung nhin doc lap, tén nhiéu
chi phi cho viéc thu thap, xi ly, luu trit di liéu tit nhiéu
khung nhin v khé khin trong viéc két hop cic phuong
phép phan cum khac nhau[6].

Trén thé gidi, nhiéu nha nghién cttu dang nd luc tim cach
gidi quyét nhitng khé khin da néu & trén. Vao nim 2004,
Bickel va Scheffer [7] tién phong trong nghién ctu phuong
phap phan cum da khung nhin. Ho da m& rong phuong phap
phan cum K-means va Expectation Maximization (EM) dé
phu hgp v6i moéi truong da khung nhin va xi ly di liéu
vin ban v6i hai khung nhin doc lap cé diéu kién. Nhiéu
phuong phidp phian cum da khung nhin di dugc dé xuét
dua trén nghién ctiu quan trong nay [8,9,10]. Phuong phap
phén cum ban giam sat sdu da khung nhin (DMSC - Deep
Multi-view Semi-supervised Clustering) [11] do Rui Chen
va cong su dé xuét, c thé ting hiéu suit ctia phan cum da
khung nhin mét c4ch hiéu qua bang cach lay thong tin dugc
giam sat yéu c6 trong cdc rang budc theo cip mau va bio
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v€ cac thugc tinh cda dit li€u da khung nhin. Trong mot
nghién cdu khac, Li B va cic cong su [12] da dua ra mot
phuong phap phan cum da khung nhin méi dya trén phan
tich ma tran phi tuyén, v6i muc tiéu tdi wu héa su gibng
nhau gitta cac khung nhin. Phuong phéap nay st dung mot
mo hinh ma tran phi tuyén héa khong am (NMF - Non-
negative matrix factorization) dé€ tich cac yéu td an chung
tu cac khung nhin khac nhau cia di liéu.

Hai nguyén tic quan trong dam bao sy thanh cong clia
thuat toan MvC chinh 1a nguyén tic bS sung va nguyén
tic dong thuan [6]. Nguyén tic bd sung khang dinh ring
nén st dung nhiéu khung nhin khic nhau dé mo ti céc
dbi tuong dif lieu mot cach toan dién va chinh xdc hon.
Mic du mdi khung nhin riéng 1é da cung cip dd thong tin
cho mot nhiém vu khdm pha tri thiic cu thé tuy nhién, cac
khung nhin khac nhau thudng chita cic théng tin bd sung
cin dugc khai thac. Nguyén tic dong thuin nhim muc dich
t6i da héa tinh nhit quan gitta nhiéu khung nhin. Hinh 2
minh hoa nguyén tic bd sung va nguyén tic dong thuin
[6]. Gia st mot dbi tugng dit liéu c6 hai khung nhin, dudc
dnh xa vao mot khong gian dif lidu 4n: (i) thanh phan A
va thanh phan C ton tai trong khung nhin riéng, phan A
trong khung nhin 1 va phan C trong khung nhin 2, thé hién
tinh bd sung cda hai khung nhin; (i) thanh phan B cta d6i
tugng dudc chia sé bsi ca hai khung nhin, thé hién su dong
thuédn gitta hai khung nhin.

Cne data object
Wienwe 1
Wiaw 2

A s c

Hinh 2. Minh hoa nguyén tic b3 sung va nguyén tic dong thuin

Thuit toan dong huin luyén, dugc gidi thiéu bdi Blum
va Mitchell vao nam 1998 [13], da trd thanh mot cong
nghé mang tinh ti€n phong va dudc coi la mot trong nhiing
phuong phap phd bién nhét trong linh vuc hoc da khung
nhin. Muc tiéu ctia phuong phap nay 1a t6i da hod su dong
thuan qua cic khung nhin dé€ dat dugc sy dong thuin rong
nhét va cai thién hiéu suét phan cum.

View 1 Trainer 1 ——> Knowledge,

Data Cooperation

Trainer 2 '—w: Knowledg&___’:
e

Hinh 3. Quy trinh chung ctia thuit toan ddng huén luyén [6]
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Mic du da c6 nhiéu nghién ciu trudc ddy tim cach giai
quyét cédc thich thiic cia phan cum da khung nhin, nhung
céc nghién cifu lai chii yéu tap trung st dung phuong phap
phan cum r6. Ma ddi véi céc loai dit liéu phic tap, khi cédc
diém dit liéu c6 thé cliing ldc thudc vao nhiéu cum véi trong
s6 khac nhau thi viéc 4p dung céc thuit todn phan cum 1
la hoan toan khong hiéu qua. Trong khi d6, phan cum ban
gidm sat md cho phép phan tich di liéu va phat hién cac
cum dif liéu khac nhau. Piéu nay hd trg trong viéc dua ra
quyét dinh vé phan tich di lidu, phat hién di liéu nhiéu
va tim kiém nhiing dic trung quan trong trong dit liéu. Vi
vdy, bai bdo nay nham lip diy khoang trdng nghién ciu
bing cich dé xuit mot phuong phap phian cum ban gidm
sat md st dung thuit todn dong huin luyén trén di liéu
da khung nhin c6 tén goi SSFCC (Semi Supervised Fuzzy
Multi-View Co-training Clustering).

Phan con lai cta bai bdo dudgc & chic nhu sau: Phan
II trinh bay mot sb phuong phdp tiép can vé phan cum
da khung nhin, phan cum dong hu4n luyén. Phan III trinh
bay phuong phdp dé xuét. Phan IV trinh bay két qué thuc
nghiém va phan tich, déi sanh. Mot s6 két luan va dinh
huéng nghién ctiu trong bai bdo tiép theo dugc dua ra trong
phan két luan.

II. MOT SO PHUONG PHAP TIEP CAN
1. Phan cum K-means da khung nhin

Thuat todn K-means 1a mot trong nhitng thuat todn phan
cum dif liéu phd bién nhit va cé kha ning xit ly tt cac
tdp diu li€u quy md I6n. K-means da dugc dp dung rOng
ri trong nhiéu linh vuc nhu: phan tich mang xa hoi, kinh
doanh, y t& v.v. Mic du né da dugc nghién cifu ky trong
nhiéu thap ky qua, nhung nhiéu bién thé ctia K-means lién
tuc dugc dua ra.

Ddi v6i cic bai todn phan cum da khung nhin, thuit toan
K-means dugc md rong nhu sau [14]:

Gia sit X = {XD, x@ . XV} e RY la tap dit liéu
tong quat clia tit cd V khung nhin. Him muc tiéu ctia K-
means da khung nhin c6 dang nhu sau:

\4
J= )l (1)
v=l

V6i céac rang budc:

Hy 20
Z\‘,/zl =1
y>1
Trong d6, u, 1a trong sb cta view thii v, y 12 s6 mi diéu

chinh y, , Jy tudéng ing v6i ham muc tiéu K-means cia
view thd v:
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Phuong phap phan cum K-means da khung nhin s dung
thong tin tif nhidu khung nhin dé céi thién qua trinh phan
cum. Bing céach két hop cdc khung nhin, thudt todn sé gan
cac diém dit liéu vao cing mdt cum, dam bao tinh nhét
quan trong qua trinh phin cum giltta cac khung nhin va

ting cudng hiéu suit phan cum.

2. Phan cum quang pho da khung nhin dﬁng huén
luyén

Phan cum quang phd da khung nhin cho phép kham pha
cdc clu tric cum tiém 4n bing cach két hop thong tin tit
nhiéu dd thi. Kumar va dong nghiép da dua ra mot phuong
phap phin cum quang phd da khung nhin st dung y tudng
ddng huin luyén [15]. Phuong phap nay tuin theo tinh nhét
quan cda viéc hoc da khung nhin, cho phép két hop thong
tin tif nhiéu khung nhin d€ céi thién qué trinh phan cum.
Trong d6, moéi khung nhin cung cip cic nhan giéng nhau
cho tit ci cdc mau dif liéu. Nho d6, phuong phap nay c6
thé st dung vector riéng ctia mot khung nhin dé€ "g4n nhan"
cho mot khung nhin khac va ngudc lai.

Thuit toan quang phS da khung nhin dong huin luyén
dudc trién khai thong qua cic budc nhu sau [15]:

Bude 1: St dung phan cum quang phd trén tiing khung
nhin, thu dudc céac vector riéng goi la U; va Us,.

Budc 2: Phan cum céc di€ém st dung U; va st dung phéan
cum nay dé diéu chinh ciu tric do thi trong khung nhin 2.
Budc 3: Phan cum céc di€ém st dung U, va st dung phéan
cum nay dé diéu chinh ciu tric do thi trong khung nhin 1.
Budc 4: Quay lai Budc 1 va lip lai mot sb vong Lip.

IIl. PHUONG PHAP PE XUAT

Bai bdo dé xuit mot giai phdp phan cum ban gidm sat
md da khung nhin st dung thuit todn déng huén luyén. N6
dugdc ap dung cho dir liéu da khung nhin dugc thu thap tu
mot ngudn cé nhiing dic diém sau: sd ludng ban ghi trén
mbi khung nhin 13 bang nhau, sb lugng thudc tinh trén moi
khung nhin c6 thé khic nhau va quan hé giita hai khung
nhin 1a anh xa mot — mot.

1. Y tudng thuat toan

Thuit todn SSFCC dudc dé xuit bao gdm 2 buéc cu thé
nhu sau:
Budc 1: Phan cum md cho dit liéu chua dude gan nhan trén
mdi khung nhin. Trong budc nay, thuit toan FCM (Fuzzy C-
Means) dudc st dung doc 1ap cho tiing khung nhin (viewA
va viewB) d€ chia cic diém dif liéu vao cac cum. Két qua



ctia bu6c ndy gdbm cdc tAm cum va do thuodc tuong ting trén
tung khung nhin. B9 thudc dugc ky hiéu la: ik (d6 thudce
cta diém dif liéu trén viewA so véi cdc tAm cum) va u? (do
thudc cta diém di liéu trén viewB so véi cdc tAm cum).
Bude 2: Phan cum bdn gidm sat md dong huén luyén da
khung nhin. Trong budc nay, két qua clia viewA dugc st
dung lam dit liéu huén luyén cho viewB va ngudc lai. Muc
tiéu 1a t6i da hoa su dong thuan chéo qua tit ci cac khung
nhin va dat dugc su dong thuin rong nhit. Pau vao cla
budc nay la cic thanh phan bin gidm sat t va u? thu
dugc tir Bude 1. Pau ra ctia budc nay la cic gia tri tim
cum cudi cling va gia tri do thudc tuong tng trén mdi khung
nhin.

2. Chi tiét thuat toan SSFCC

Dua trén y tudng da trinh bay & phan tru6c, phan nay sé
trinh bay mo hinh hod ctia phuong phap dé& xuit. Him muc
tiéu ctia phuong phap dugc biéu dién bdi ba thanh phan,
nhu sau:

b4
o

A2 A A2
Up s ||xk_ ]”

J(AABB)Z

k=1 j=1

B2
+ZZ% g =]l

l/l

Al12 B
+ZZ<uk, uB) (et = VAP + (g -

k=1 j=1

N ¢
+ZZ<uk, o) I -

B2 :
+ZZ(uk] ukj) ||xk—v || — Min

k=1 j=1

DI

A2
VAl

V6i cac rang budc:
c A _
ety = Zier gy =1

ugj € [0,1]

Chu thich:

. xf,xf : dai dién cho diém dif liéu thi & trén viewA
va viewB tuong ung
. vj‘, f dai dién cho tdm cum thd j trén viewA va
viewB tuong tng
A

Ui ufj : dai dién cho d6 thudc ctia diém dif liéu thi
k & cum tht j trén viewA va viewB tuong tGng

o g, UY; : dai dién cho do thudc cla diém dif liéu thi

k & cum thd j sau khi st dung thuit toan FCM trén

viewA va viewB tuong tng
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[bet =vA11% 1bxeg = vZ|I? : dai dién cho khoang cdch tit
diém di liéu thd & den tdm cum thu j trén viewA va

viewB tuong tng

Ham muc tiéu (3), thé hién r6 thanh phan ctia phan cum
md, phan cum dong huin luyén va phan cum ban gidm sit,
cu thé:

« Thanh phan thé hién phan cum md:

N ¢ )
A A A2
2 D uiy ke =il

k=1 j=1
va
N ¢ )
B B B2
2 2y Il =]l
k=1 j=1

« Thanh phan thé hién phan cum dong huén luyén:

N ¢
Al2 B
DU Gt = uB ) (= AP+ P -

k=1 j=1

B2
vill®)
« Thanh phan thé hién phan cum béan gidm sat:

N ¢
Al2
SN g~ T M = vl

k=1 j=1

N ¢

B2
SN Wk -wE) kB v
k=1

=1 j=I

Céc tAim cum va dd thudc cia bai todn t6i uu (3) dudc
tinh toan nhu sau:

Tam cum v} va v ¢6 cong thiic nhu sau:
N A2 A B \2 A _7AN2| A
) _Zkzl [ukj +(ukj—ukj) +(uk].—ukj) ].xk @
o N A2 A B2 A _=AY2
k=1 [ukj + (upy =i )? + (u; = Uij)
N B2 A B \2 B _+By2| B
; _Zkzl [ukj +(ukj—ukj) +(ukj—ukj) ].xk )

J N B2 2 2
Dt [u +(ukj —ukj) +(ukj —uk])

Phuong phap nhén tlt Lagrange dudc st dung dé€ x4c dinh

dd thudc u“} va u , dudc x4c dinh bing cong thic sau:
Aa A
A+ AL
A 2 kj
Up; = ——5——— 6)
kj 2 2
3d}" +dp
J J
Trong do:
A _ B gAZ B2y —A ;A2
Apj=ug(di; +di )+ dy;
Cve A
Aa =1 3qA%4aB?
2 3

1
i=l 3442, 4B?



Cic céng trinh nghién cifu, phdt trién va iing dung CNTT va Truyén thong

AB |, AB
5 7 +Akj

ukj =

(N

B2 A2
3dkj +dkj

Trong do:

B _ A A2 B2, ,-B ;B2
Akj_ukj(dkj +dy; ) +udy

B

_ c1 AL .
i= B2, JA

A 3dB +dp

2 c

i=1 B2, A2
3di; +d;

3. S¢ do thuat toan SSFCC

Hinh 4 duéi day mo ta so do cta thuét toin SSFCC.

p- -
l(x Bat dau )

|

,fl Bo dir ligu gEm hai view {
/ ViewA va ViewB /

FCM

N

L

v
Tinh v* theo Tinh v¥ theo
cong thirc 56 (4) cng thirc 58 (5)

L ]
> Tinh u® theo

cdng thire 58 (7)

Tinh u# theo
cdng thirc s6 (6)

Ca-trafaing

m%_h__w/
s
FALSE \;ji:'l‘é\u kléﬁ“‘\ - TRUE IIA,‘IIB,‘T.*A. 1)3
-~ y -~
~dimg- -
—
(h Két thic >

Hinh 4. So dd thuit toan
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4. Thuat toan SSFCC

Thuat toan 1 SSFCC
Input:
- Tap di¥ liédu X gdm hai view: viewA: X4
{xf/,x‘z“,x?, XA, viewB: X8 = {xf,xf,xf, coxBy
- SO lugng ban ghi trén viewA va viewB la bang nhau.
- Sb thudc tinh trén viewA va viewB c6 thé khiac nhau.
- 86 cum ¢
- S6 lan 1dp Maxstep
- Sai s6 cho phép €
Output: u4,u8,vA,vB
BEGIN
Budc 1: Phan cum mo cho dur li€éu chua duge gan
nhan trén méi khung nhin

1.1. Ap dung thuat toan FCM 1én viewA thu
A A

dugc u” va v
1.2. Ap dung thuét toan FCM 1én viewB thu dugc

B yavB

u
Buéce 2: Phan cum ban giam sat mo dong huén
luyén da khung nhin
2.1. Khgitao t = 0
Repeat
22.t=t+1
2.3. Cap nhat v4 theo cong thiic sb (4)
2.4. Cap nhat v8 theo cong thic sb (5)
2.5. Cap nhat u? theo cong thiic s6 (6)
2.6. Cap nhat u® theo cong thic sb (7)
Until
Max{||u®™" = ||, 1[uB"" —uB” ||} < € hode
t > Maxstep

END.

IV. KET QUA THUC NGHIEM VA PANH GIA
1. Céc diéu kién thuc nghiém

Nham kiém chiing hiéu suit ctia phuong phip dé xuit,
nhom nghién ciiu da tién hanh cai dit mo phong trén 9 bod
dit liéu lay tit kho dit liéu hoc may UCI [16]. Cac bd di liéu
bao g6m Australian, Balance-scale, Heart, Iris, Spambase,
Tae, Waweform, Wdbc, Wine.

Dbi v6i mbi bo dit liéu, ching tdi da chia thanh hai view
(viewA va viewB) va cdc thudc tinh trén mdi view dudc
lya chon ngiu nhién. Thong tin chi tiét vé cic bo di liéu
dudc trinh bay trong Bang I.

Viéc cai dat thyc nghiém dugc thuc hién trén mdy tinh
thuong hiéu Apple MacBook Air M1 2020 vé6i ciu hinh
8GB/256GB/7-core GPU, ngdn ngt 1ap trinh Python phién
ban 3.10.
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. Bang I
THONG TIN CHI TIET CAC BO DU LIEU DUNG CHO THUC NGHIEM

viewA

viewB

ST BS di ligu S6 Tuong mau | S6 thude tnh | SO Tuong mAu | S6 thuoe doh | 00 U™

1 Australian 690 7 690 7 2

2 Balance-scale 625 2 625 2 3

3 Heart 270 6 270 7 2

4 Iris 150 2 150 2 3

5 Spambase 4601 29 4601 28 2

6 Tae 151 2 151 2 3

7 Waweform 5000 20 5000 20 3

8 Wdbc 569 15 569 15 2

9 Wine 178 6 178 7 3

Bang II
BANG GIA TRI SO SANH HIEU NANG VE PO CHINH XAC PHAN CUM
Bo dit liéu _SSFCC : _MKC : _CEMSC :
j i Trung binh | Phuong sai | Trung binh | Phuong sai | Trung binh | Phuong sai
Australian 0.7109 0.0037 0.6227 0.0162 0.4644 0.0009
Balance-scale 0.5511 0.013 0.549 0.0305 0.4032 0.0038
Heart 0.4517 0.2376 0.5414 0.0194 0.1533 0.0516
Iris 0.8217 0.0373 0.6411 0.0175 0.1573 0.0339
Spambase 0.3645 0.0563 0.5144 0.0143 0.3972 0.0001
Tae 0.7785 0.0009 0.458 0.0181 0.3278 0.0001
Waweform 0.3619 0.0214 0.5711 0.0253 0.5885 0.0087
Wdbc 0.8493 0.0625 0.5683 0.0153 0.2425 0.0097
Wine 0.3401 0.0477 0.5889 0.0189 0.2303 0.0126
Bang IIT )
BANG GIA TRI SO SANH HIEU NANG VE CHAT LUONG PHAN CUM
B dit liéu _SSFCC : _MRC : _CMSC :
; i Trung binh | Phuong sai | Trung binh | Phuong sai | Trung binh | Phuong sai

Australian 1.9306 1.6895 2.2527 0.0377 3.5724 0.9613
Balance-scale 1.0102 0.0001 3.9196 0.1511 5.0247 0.6785
Heart 2.3391 0.0004 2.5519 0.9348 2.3409 0.3888
Iris 0.7246 2.8865 3.0464 0.0497 6.4878 09114
Spambase 1.5221 0.9296 2.7543 0.1186 2.2847 0.4525
Tae 2.8793 10.0895 2.8909 0.1649 6.3583 1.6738
Waweform 28.6892 0.0504 22.9106 1.937 2.0502 0.005
Wdbc 0.6525 0.0014 2.0328 0.0299 0.5745 0.0222
Wine 3.2525 2.4586 2.8765 0.0191 4.6377 1.8099

Dé danh gid hiéu sut, chiing t6i st dung cac tiéu chi sau:
i) Do chinh xac phan cum: ching tdi st dung do chinh xac
phén cum CA (Clustering Accuracy) [17]. P9 chinh xéac
phan cum do ludng muc do chinh xac cla viéc gan nhan
cho céc di€ém dit liéu trong tiing cum. Gia tri CA cang cao
cho thiy hiéu suit phan cum cang tét. ii). Chat lugng phan
cum: Chuing t6i stt dung d6 do DB (Davies—Bouldin index)
[18]. Chit lugng phan cum do ludng dd tach biét va dong
nhét giita cac cum. Gid tri DB cang nhd cho thy chét luong
phan cum cang tét.

2. Két qua thuc nghiém

Phuong phap SSFCC dugc so sanh véi hai phuong phap
khac 1a Multi-view K-means Clustering (MKC) [14] va Co-
trained Multi-view Spectral Clustering (CMSC) [15].
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a) Két qud thiee nghiém ddnh gid theo do chinh xdc phdn
cum

Két qua danh gia do chinh xdc phan cum cda phuong
phap dé xuit (SSFCC) da dudc so sanh v6i hai phuong
phdp MKC va CMSC trén 9 bd dit liéu dugc trinh bay
trong bang II.

Trong Béng II, phuong phdp dé xuit SSFCC da dat gia
tri tot nhit trong 5/9 trudng hop (Australian, Balance-scale,
Iris, Tae, Wdbc), trong khi phuong phap MKC chi c6 3/9
truong hop nhan gid tri tét nhit (Heart, Spambase, Wine)
va phuong phap CMSC chi ¢6 1/9 trudng hdp nhan gid tri
tot nhit (Waweform). Do viy, phuong phdp SSFCC cho két
qua tét hon phuong phap MKC va CMSC trong viéc dat
dugc do chinh xac phan cum.
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b) Két qud thic nghiém ddnh gid chdt lwong phdn cum

Két qua danh gia chit lugng phan cum ctia phuong phap
dé xuit (SSFCC) da dudc so sinh v6i hai phuong phap
MKC va CMSC trén 9 b6 du li€u dudgc trinh bay trong
bang III.

Trong Bang III, phuong phiap SSFCC da dat gia tri tot
nhét trong 6/9 trudng hdp (Autralian, Balance-scale, Heart,
Iris, Spambase, Tae), trong khi phuong phap MKC chi ¢6
1/9 trudng hgp nhan gia tri tot nhat (Wine) va phuong
phap CMSC chi c6 2/9 trudng hgp nhan gia tri tot nhét
(Waweform, Wdbc). Do vdy, chit lugng phan cum theo
phuong phap SSFCC tét hon phuong phap MKC va phuong
phép CMSC.

V. KET LUAN

Bai bdo nay dia d& xuit mot mo hinh méi c6 tén goi
SSFCC, d6 1a mot phuong phap phin cum ban giam sat
md da khung nhin dong huén luyén. M hinh nay 4p dung
cho dif liéu da khung nhin thu thap tif mot ngudn dif lidu
va mang dic trung cda dif lidu trén cing mot nguon. Két
qua thuc nghiém cho thiy phuong phap SSFCC vugt troi
hon so véi cac phuong phap MKC va CMSC khi danh gia
do chinh xdc va chit lugng cla viéc phan cum. Diéu nay
khuyén khich va thic ddy nhiéu nghién ctu tiép theo trong
linh vuc phan cum da khung nhin.

Mic du phuong phap SSFCC hiéu qua trong trudng hop
dit liéu trén hai khung nhin dudc thu thap tif mot nguodn dit
liéu, nhung né van con mot sé han ché. Mé hinh c6 nhiéu
tham sb, qud trinh dong huén luyén lip lai nhiéu lan din
dén thoi gian tinh todn cao va chua hiéu qua trong trudng
hop dit liéu dugc thu thap tif nhiéu ngudn dif liéu véi cac
dic diém: sb lugng ban ghi trén mdi khung nhin khéc nhau,
s6 lugng thudc tinh trén mdi khung nhin c6 thé khac nhau
va quan hé giita hai khung nhin 12 4nh xa nhiéu — nhiéu.

D€ giai quyét cac vin dé lién quan dén dif liéu da khung
nhin, dic biét 1a dif liéu thu thap tif nhiéu ngudn khic nhau,
can tiép tuc phat trién cdc thuat toan mdi trong cac nghién
ctu tiép theo.
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Tém tat: Rt gon hay lua chon thudc tinh (RGTT) trén cdc hé thong tin quyét dinh tir 1au da dugc coi la bai toan then
chét va khong thé thiéu clia cac linh vuc vé khai phd ciing nhu phan tich dif liéu. Mot s6 tiép can theo hudng ly thuyét
tap thd cling cdc md rong da mang t6i nhiéu phuong phap RGTT dat hiéu qui 4n tugng. Tuy nhién, cho t6i nay, mot sb
phuong phép theo 1y thuyét tip md truc cam chua thuc su dugc biét t6i. Cac phuong phap theo tiép cin nay c6 mot diém
manh 12 khi niing ning cao hiéu ning phan 16p trén cic bang quyét dinh (DT) c6 tinh nhiéu va khong nhit quan. Bai bdo
ndy xuét phét tif mot do do khodng céch gifta hai phan hoach md truc cam va tit d6 dé& xudt mot thuat toan RGTT hiéu
qua. Cu thé nhu sau, dau tién, chiing tdi thiét ké mot thuit todn RGTT trén DT chua c6 su bién dong. Tiép theo, chiing
t6i thiét k& mot thuat toan gia ting d€ xit ly trén DT trong trudng hdp x6a bod tap dbi tuong. Mot sd két qua trong qua
trinh thit nghiém da chiing minh ring, cic phuong phap RGTT dugc d& xuét clia ching ti c6 hiéu ning vuot trdi khi so
sanh v6i cac phuong phap dua trén cach tiép can tap tho, tip md vé kich thude tap rit gon (TRG) va hiéu qua phan 16p.

Tu Khoa: Riit gon thudc tinh, tdp thd, tdp mo tric cam, tdp mo, quan hé tuong duong md tryc cdm

Title: A Novel Incremental Algorithm for Finding the Reduct on the Decision Table when Deleting the Object Set

Abstract:  Feature selection or attribute reduction for decision information systems has long been considered a key and
indispensable problem in data mining and analysis. Some approaches based on rough set theory and extensions have
brought many attribute reduction methods with impressive efficiency. However, up to now, some attribute reduction
methods according to intuitionistic fuzzy sets have not received much interest. The advance of this approach is the
ability to improve classification performance on noisy and inconsistent decision tables. This paper starts from a
distance measure between two intuitionistic fuzzy partitions and then proposes an effective attribute reduction algorithm.
Specifically, we first design an attribute reduction algorithm on the decision table without change. Next, we construct
an incremental algorithm to process the decision table when deleting an object set. Some experimental results have
shown that our proposed methods have superior performance to methods based on the rough set and fuzzy set in terms
of the size of the reduct and the classification efficiency.

Keywords:  Atftribute reduction, rough set, intuitionistic fuzzy set, fuzzy set, intuitionistic fuzzy equivalence relation

I. GIOI THIEU nhim cai thién hiéu ning phan 16p cho ciac md hinh du
doan. Khai niém tap thé mo (FRS) dugc dé xuat bsi Duboi

Mot vin dé khd can thiét & giai doan tién xii ly ctia dif ¢4 mang t6i sy thanh cong cho cic phuong phap RGTT khi
liéu d6 la viéc rut gon hay lga chon thudc tinh (RGTT). c6 thé xti 1y trén cac DT chifa cdc thudc tinh mang mién
Muc tiéu chinh ctia RGTT nham giit lai cdc thudc tinh thiét gia tri s6 va lién tuc. Ciing theo ly thuyét nay, c6 nhiéu
yéu tit DT va loai di cdc thudc tinh chifa thong tin du thita ~ cong trinh di dudc cong bd dua trén khong gian xip xi.
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Mot sb thuat todn dién hinh bao gdm ham thudc mo [1],
mién khﬁng dinh mé [2]-[4], entropy md [5]-[8] va khodng
cach mo [9]. Trudc xu thé cha dif liéu 16n ngay nay, cic
DT c6 s6 chiéu vo cing 16n va lién tuc dudc cip nhat.
Diéu nay da mang t6i nhiing khé khén va théch thdc cho
cdc phuong phap RGTT theo cich tiép can truyén thdng.
Mot trong sd d6 c6 thé néi t6i nhitng khé khin vé tbe do
tinh toan va khong gian Iuu trit. Ngoai ra, khi DT dudc cép
nhat, cic phuong phap trén phai tim kiém lai TRG trén toan
bd DT. Piéu nay cang lam ting thdi gian xi ly clia thuat
toan. DE gidi quyét van dé nay, cic ky thuat vé tinh todn
gia ting d€ tim TRG trén DT bién dong da dugc phat trién
bdi nhiéu nha nghién ciu. Cic ky thuit nay da lam cho
cdc thuat toan RGTT mang uu diém ndi trdi vé thoi gian
tinh todn do chi cp nhat céc tip con thudc tinh trén phan
thay d&i ma khong can thuc thi lai trén toan bo DT gbc.
Hon nita, v6i cac bang cé s6 chiéu 16n, DT sé dugc chia
thanh nhiéu phan va 4p dung thuat toén gia ting (TTGT).
TRG sau d6 sé dugc cap nhat khi DT dudgc luge bd hay bd
sung ting phan. Theo céch tiép can nay, nhiéu TTGT da
dugc dé xuit trong céc trudng hop loai bd hoic bd sung
tap dbi tuong [10]-[14] va loai bd hodc bd sung tap thudc
tinh [15]. Thém vao d6, mot s6 nghién cifu da mé rong cic
TTGT khi thuc thi trén cac DT bién dong va thiéu dit liéu.
Cu thé, Giang trong [16] da xdy dung tip thd mo dung sai
d€ thiét ké thuat toan lai ghép cho DT khong day du dit
liéu khi lugc bd va bd sung tap ddi tuong. Ciing theo cich
tiép can nay, Thing trong [17] da xdy dung mot sb cong
thiic trong TTGT cho hai trudng hdp loai bd va bé sung
tdp thudc tinh. Tuy nhién, Hung va Yang [18] da chi ra
rang, cdc phuong phdp theo hudng tiép can FRS c6 hiéu
qua chua tot khi dugc xd 1y trén cac DT c6 hiéu qui phan
16p ban dau thip va khong nhit quan.

Trong thdi gian trg lai gan ddy, mot md hinh méi st dung
tap md truc cam (IFS) nham gidi quyét bai toan RGTT da
dugc dé& xuit. Mo hinh nay han ché dugc cac thong tin
khong chic chin trén DT do su bd sung ctia ham khong
thanh vién (ham khong thudc) c6 kha ning diéu chinh rat
tdt cac ddi tugng c6 tinh nhiéu vé gin diing phan 16p [19].
Dbi v6i cac DT chia thong tin khong chic chan va ¢ hiéu
ning phan 16p ban diu khong cao, hiéu qua ctia cic phuong
phap RGTT dua trén IFS dugc bao cao la ky vong hon so
véi cdc phuong phdp dua trén FRS. Tir cich tiép can nay,
Thang trong [20] da xdy dung khoéng cach trén hai phin
hoach m& truc cidm va thiét ké mot phuong phép lai ghép
d€ tim kiém tap con thuodc tinh trén DT. Cac két qua trong
thuc nghiém da minh hoa r6 rét kha nang cai thién hiéu
qua phan 16p ctia TRG thu dugc tir thuat todn 1a tét hon so
Vi cac thuit toan theo cach tiép can FRS trén céc bo dit
liéu chita thong tin nhiéu, dic biét c6 hiéu qua phan 16p
ban dau thip. Do d6, cich tiép can IFS md ra mot huéng
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méi va tiém ning khi dif liéu ngdy nay cang da dang va
khong chéc chin.

Déi v6i ndi dung clia nghién ciu nay, ching ti xay dung
mot TTGT trén DT khi loai bé tap dbi tugng. Nghién cifu
nay déng gép hai phan chinh nhu sau:

(1) M6 rong cong thiic gia ting d€ tinh toan khoang cich
phan hoach md truc cam trén DT khi loai bd mot tap d6i
tugng.

(2) Pé xudt mot TTGT dé tinh toan TRG trong trudng
hop loai b tip cic dbi tugng nham giam thiéu thoi gian
xu ly.

Phan tiép theo clia bai bdo nay sé khdi quat mot sb ly
thuyét co s vé IFS va cdc tinh chét lién quan. Trong phin
11, dya trén d6 do khoang cach cida hai phan hoach, ching
t6i dinh nghia TRG va xay dung mdt thuat toan loc dé Iua
chon mdt TRG trén DT chua bién dong. Sau d6, chiing toi
tiép tuc md rong do do khoang cach va thiét ké mot TTGT
trong trudng hop DT loai bé tip céc dbi tugng. Phan IV va
V sé& minh hoa cdc thyc nghiém, dua ra cic két luan, dinh
gid va huéng nghién ctiu sé trién khai trong tuong lai.

IL. MOT SO KHAI NIEM LIEN QUAN

Pau tién, bang quyét dinh dugc biéu dién 1a mot ddi
DT = (0,C U D) véi O dai dién cho mot tip khac rong
cdc d6i tuong, C' va D 1a tap céac thudc tinh sao cho véi
mdi a € C U D sé xac dinh mot 4nh xa a : O — V,, trong
d6 V, 1a ky hiéu biéu dién gid tri clia thudc tinh a. Khi do,
v6i 0 € O v a € C U D, gia tri clia thudc tinh a v6i d6i
tugng o dugc viét 1a a (o). Ching toi sé goi C 1a tap cic
thudc tinh diéu kién va D 1a tap cic thudc tinh quyét dinh.

Cho mot bang quyét dinh DT = (O,C U D). Mot IFS
P trén O ¢6 dang P = {{o,np (0),vp (0))|o € O} véi
np(0) : O = [0,1] va vp (0) : O — [0, 1] tudng tng la
do thudc (d0 thanh vién) va do khong thudc (d6 khong
thanh vién) cda dbi tugng o trong P sao cho 0 < np (0) +
vp (0) < 1,Vo € O [21]. B6 do dy (dd ludng ly) cha o
trong P dugc tinh b6i 7p (0) = 1 — np (0) — vp (0). Khi
d6, mp (0) = 0¥o € O, IFS tr§ thanh mot tdp md truyén
théng. Luc lugng cda IFS P dugc viét 1a | P| va dugc tinh
toan theo cdng thic sau [22]:

1+np(0) —vp (0)
P| =
1P| (;) 5
Xét hai IFS P va @ trén O, ching t6i s€ dinh nghia mot
vai phép toan nhu sau:
(1) P C Qnéunp (0) < np (0) vayp (0) = vp (0)Vo € O.
QP=QnfuPCQvaQCP.
(3) PNQ={(0,min (1 (o) .1g (0)) ,maz (p (0) . 7q (0)))}
) PUQ={(0, maz (np (0) ,ng (0)) ,min (vp (0) ,7q (0)))}
D& don gian, mot IFS P c6 thé dugc biéu dién dudi dang
P ={np(0),vp(0)]o € O}.

ey
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Cho O 1a mdt tap hitu han khic rdng bao géom cac ddi
tugng, dinh nghia vé mot quan hé nhi phadn md truc cam
R trén O? dugc trinh bay nhu sau:

R={(0,9),1r(0,9),7r (0,9) |(0,q) € O*} (2

véi vr (0,q) € [0,1] va ng (0,q) € [0,1] lan lugt 1a do

khac biét va do tuong tu clia hai di tuong o va ¢, cip

(nr (0,9) ;YR (0,q)) dudc goi 1a mdt s6 md truc cam giita

hai déi tugng o va ¢ thda min 0 < 1z (0, q)+7r (0,q) < 1.

Khi d6, goi R la mdt quan hé tuong duong md truc cam

(IFER) néu nhu R thoa man:

(1) Tinh phan xa: g (0,0) =1 va yg (0,0) =0 Yo € O.

(2) Tinh dbi xing: ng (0,q9) = nr(g,0) va yr(0,q) =

Tr (¢,0) Vo,q € O.

(3) Tinh bac cau min-max:

nr (0,¢) 2 max {min (ng (0,t),1r (t,4)) };

7r (0,q) < min {maz (vr (0,1),7r (t,9))}Vo,q € O.
Cho mot IFER R trén O, mdt tip con thudc tinh A C C'

va mot ddi tugng o € O. Khi dé, 16p tuong duong md tryc

cam (IFEC) cta o theo R trén A dugc ky hiéu la R4 [o]

va dudc bi€u dién nhu sau:

Ralo] = {(0,1R410] (0) ;YRAI0) (@) l¢ €O} (3)

Cho DT = (O,C U D), mdi tap con cdc thudc tinh A C
C xic dinh mot IFER, ky hiéu 12 R4. Mot IFER R4 sé tao
ra mot phan hoach md tryc cam (IFP) trén O, ky hiéu la U 4
v6i Uq = {Ra[o]|o € O}, trong d6 R4 [o] 1a mot IFEC
ctia dbi tugng o theo quan hé R,. Ching ta c6 thé thiy
ring m&i IFEC R4 [0] 1a mot IFS trén O. D€ don gian,
véi mbi dbi tugng q trong R4 [0], ky hiéu: R4 [o] (q) =
(nalol (@) ,74 0] (9))-

Cho A,B C C, ching ta ¢6 R [0] = NueaRy 0] va
Raup o] = Ralo] N Rp[o]. Piéu nay nhin manh ring
Oaup =04NUp. Vi A C C va g € O, ching ta xét hai
trudng hgp dac biét dudi day:

(1) Néu Ra [o] (g) = (0,1), o0+ g va Ra[o] (g) = (1,0)
thi R4 [o]| = 1, IFP U4 dugc xem 1a trudng hgp min nhét
va dugc ky phap la O,,.

(2) Néu R4 [0] (¢) = (1,0) thi |R4 [0]| = n, IFP U4 dugc
xem 1a trudng hgp thd nhit va cé ky phép 1a Us.

III. THUAT TOAN RUT GON THUOC TINH
1. Rut gon thudc tinh dua trén IFPD

Xét DT = (0,CUD) véi O = {01,09,...,0m} va
céc IFP U4, Up dudce sinh béi cac IFEC R4 [0;], Rp [04]
(0; € O) trén cdc tap con A, B C C, khi do:

D (©a,0p) = 3 (BalolU Rz lodl = |Ra o] 0 Rz foi])

=1

m

@
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dudc goi la khoang cach phan hoach mo tryc cam (IFPD)
gita U4 va Up [20]. RS rang, gid tri cuc tiéu cla
D(Ua,U0p) = 0 khi U4 = Up va gid tri cuc dai
cia D(U4,0) = (m—1)/m néu nhu U4 = Us va
UOp = U, (hoac khi G4 = U, va Up = Uy). Do do,
ching ta Iudn ¢6 0 < D(U4,05) < (m—1)/m . Dua
trén (4), IFPD dudc tao bdi C' va C U D trén O dudgc tinh
theo cong thic:

D (G, eup) = 3 (IRc [0i]| — [Re [0:] N Rp [oi]])

=1

Néu B C C thi D(UB7UBUD) > D(UC7UCUD)~ RO
rang, cdng thic (5) thda mén tinh chét phan don diéu vdi
kich thudc cta tap thudc tinh didu kién. Khi d6, gia tri
D (Up,0pup) cang nhod thi kich thude cia B cang 16n va
ngudc lai.

Pinh nghia 1. Cho DT = (O,C U D), mot tap con thudc
tinh B C C dudc goi 1a mot tap rit gon ctia C' néu:

(1) D(UB,0pup) =D (UBc,VBcup)-

2) VB' C B,D (UB’,OB/UD) >D (UB, UBUD)-

Dinh nghia 1 chi ra rang, v6i moi thudc tinh e thudc

B, néu D (UB\{Q} ,UB\ e}uD) #+7D (UC,UCUD) thi e sé
dudc coi 1a mot thude tinh quan trong trong B. Véi trudng
hop ngudgc lai, thi e s€ dudc xem la mdt thude tinh du thira
trong B.
Dinh nghia 2. Cho DT = (O,C U D), mdt tap con thudc
tinh B C C' va mdt thudc tinh bat ky e € C/B. Khi d6,
do quan trong (d0 y nghia) cta thudc tinh e v6i B ky hiéu
la SIGp (e) dugc xac dinh theo cong thic:

SI1GB (e) = D (Upuge}, Upueyup) — P (U5, Usup)

&)

m?2

(6)

Dua trén dinh nghia nay, ching toi thiét ké mot phuong
phdap RGTT dé lua chon mdt tap con thudc tinh téi wu tu
DT khi chua c6 su bién dong. Phuong phap nay cé tén goi
la ARIFPD va dudc trinh bay nhu sau.

Algorithm 1: Attribute Reduction based on IFPD

Input: DT = (O,C U D)
Output: Approximation reduct B
Initialize:B := @, D (Up,Upup) = (m — 1)/m
Calculate: D (U¢,Ucup) using (5).
While D (UB, UBUp) >D (Uc, GCUD) do

For b in C\B do

Compute D (Upuey; Spugpjup)
Select by with: SIGp (bo) = b?gzgi'rB {SIGR (b)}.

B:=BU{bo}
8 End while
9 Return B

=Y T S

=2

Gia st rang |O|,|C| dugc ky hidu lan lugt cho téng
s6 d6i tuong va tdéng s6 thudc tinh didu kién trén
DT. M6t IFP U¢ dudc xac dinh v6i do phic tap thaoi
gian 1a O (|C’| * |O|2). Trong trudng hgp nay, do phic
tap thuat todn & dong s& 2 khi tinh D (U¢,Ucup) la
o (|C| * |0|2). Ngodi ra, do phic tap tinh todn khi tinh
D(UBU{b}»UBU{b}UD) va SIGp (b) trong dong 6 la



o <|O|2) Do d6 do phic tap trong vong For va While
lin lugt Ia O (|0\ x |0\2) va o (|C|2 . |0\2). Nhu viy
do phiic tap ciia ARIFPD la O (|C|2 * |0|2).

2. Xay dung thuit toan gia tang

Tinh chit 1. Cho bang quyét dinh DT = (O,C U D),
O = {01,09,...,0m,} vd mét IFER R dugc dinh nghia
trén gid tri cla tap thudc tinh va mot tap dbi tuong bi lugc
b6 AO = {0m,0m—1,--+,0m—s+1}, $ < m, IFPD dugc

xac dinh nhu sau:
m2

Dovao (Ve Beup) = %52 Do (Uc, Beup) — 522

I
—

S

* ) ([Rc[om—ill = [Rc [om—i] N Bp [om—i]| =

i

bj) (D)

Il
=)

trong do: b; =

3 _Xs:) (nc [0m+i] (0m+5) — min

g=C
{nc [om+il (0m+5) 1D [0m+i] (0Om+5)} =7 [Om+-i] (Om+5)
+max {yc [0mi] (0m+5) 7D [Umi] (Um+5)})

Tinh chat 2. Cho mot bang quyét dinh DT = (O, C U D)
véi O = {01,09,...,0,}. Gid st raing B C C la mot
TRG dua trén IFPD cta tap ddi tuong ban dau O va
AO = {0m,0m_1,---,0m_s+1}, 8 < m la tap ddi tugng
bi Tuge bé. Khi do:

(1) Néu toan bd cac dbdi tugng thuoc AO cb
thuoc tinh quyét dinh mang gid tri gidng nhau thi

m2

Do\no (B¢, UBcup) = WDO (Oc, UCUD)—ﬁ*

SZO (IR¢ [om—s)| — |Rc [om—i] N R [om_i]])-

(2) Néu Ry [0m—i] € Rp [om—i] v0i i =0,1,....5 — 1 thi
Dovao (OB, 0sup) = Dovao (Bc, Beup)-

Tu két qua Tinh chit 1 va 2, ching tdi thiét ké mot
TTGT dé€ tim TRG trong trudng hop DT x6a bd tap dbi
tuong. Ching toi goi thuat todn 13 ARIFPD-DO. Bén budc
chinh cta thuit toin ARIFPD-DO bao gdm viéc khdi tao
cdc IFP trén cic thudc tinh, ki€ém tra tap dbi tugng bi x6a
bo, tim kiém TRG theo phuong phap loc va x6a bd céc
thudc tinh du thura trong TRG tim dudc.

Ching t6i ky hiéu |AO| la téng s6 dbi tugng
bi loai bd. PO phic tap khi tinh cac IFPs trong
dong 2 la O (|Bovao|*AO). V6i trudng hop don
gian, TTGT s€ dung lai 6 dong 6 va cO thoi gian
tinh todn 1a O (|Bo\ao|* AO). Déi véi cic trudng
hgp con lai, d6 phic tap tinh toan cua dong 9 la
O (|C] x |AO| * (|O] — |AO|)) va trén tinh todn gia ting
Dovao (OBoyaouibts OBo\soufpyup | €0 do phic tap
theo thdi gian la O (JAO|* (JO| — |AO|)). Thai gian
tinh todn trong vong lap While tu dong 10 t6i 17 la
0 ((|0\ — |Bovaol|)” * 20| * (O] - |AO|)). Ta dong
18 t6i dong 21, d0 phic tap trong vong lip for
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a O (|C|2 +|AO| * (|0] + |AO|)>. Nhu viy, do phitc
tap clha toan bO thuit toan ARIFPD-DO la gia tri
16n nhét ciia O (|Bo\ao|*|AO]* (|O] — |AO])) hodc
O <|C\2 +|AO| % (|0] — |AO|)). RG rang, c6 thé thiy thi
gian xi 1y cia ARIFPD 1la 16n hon kha nhiéu so vé6i thuat
toan ARIFPD-DO.

Algorithm 2: Incremental Algorithm ARIFPD-DO
Input: DT = (O,C U D), O={o01,02,...,0m}, R,
B C C, Up,U¢ and the deleted set of objects AO =
{0m,Om—1y. ., Om—st1}- )

Output: Reduct Bo\ao of DT =(O\AO,C U D).

/* Initialization */
1 BO\AO =B
2 Compute IFPs on O\AO: U, Up
/* Check the removed set of objects */
3 Set S := AO
4 Fori=0to s—1 do:
5 If RB [Omfi] Q RD [Omfi] then S := S\ {Omfi}
¢ If S = & then return Bo\ao
7 Set AO := S, s:=|AOQ|
/* Find the reduct by method Filter */

8 Compute original IFPDs: D (UBO\AO7UBO\AOUD) and
D (U¢,UBeup)
9 Compute IFPDs DO\AO (UBO\AO,UBO\AOUp) and
Dovao (Bc,Beub)
While Do\ 20 (U0, a0 BBoya0un ) >
Dovao (Oc,Bcup) do
For each b € C\Bo\ao do:
Calculate DO\AO UBO\AOU{b}7 UBO\AOU{b}UD)
by (7)
Calculate
S‘IGBO\AO (b)=DO\AO (UBO\AO7UBO\AOUD) -

Douno (GBO\AOU{b}’UBO\AOU{b}UD
End for
Select by which satisfies: SIGB, o, (bo) =
max

be C\Bo\ao {SIGBO\AO (b)}

Bo\ao = Boyao U {bo}
End while
/* Remove redundant attributes
For each b € Bo\ao do:
Calculate DO\AO (UB\{b}7 UBOUAO\{b}UD) by (7).

If Dovao (OBo\ a0\ (63> OBouao\{b}up

10

11
12

13

14
15

16
17
*/
18
19

20

Do\ao UBO\AO7UBO\AOUD> then Bo\ao =
Bo\ao\ {b}

End

Return Bo\ao

21
22

IV. THUC NGHIEM

DE& minh ching cho hiéu ning ctia phuong phap dé xuit,
trong phan niy, ching t6i s& minh hoa mot sb thuc nghiém
cu thé. Bai bdo sé ddnh gid hiéu qui clia ba phuong phap
RGTT la ARIFPD-DO, IFSD [23] va FDAR-DO [10] thong
qua ba tiéu chuin: Hiéu qua ctia mo6 hinh phin 16p KNN
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(K=10) theo kiém dinh chéo 10-folds, kich thuéc TRG va
thdi gian tinh toan cda tiing phuong phdp. Trong do, cac
thuat toan IFSD va FDAR-DO la cdc TTGT tuong tng theo
hudng tiép can cia tap tho va tip md. Muc dich so sinh
thuat todn dé xuét v6i hai thuat toan nay dé lam rd hiéu qua
ctia cach tiép can IFS trong vin dé tim TRG trén cic bang
dit liéu nhiéu hay mang cac thong tin khong chic chin. Cac
dit liéu mau st dung trong thuc nghiém dudc chiing tdi 1iy
tai kho Iuu trit dit liéu UCI [24].

1. Thiét lap qua trinh thue nghiém

Dit liéu trong thuc nghiém dugc phan chia theo hai phin
¢6 kich thuée bang nhau. Phan thi nhét ky hiéu 1a O,,; va
phan thd hai 12 Oj,.. Tap Oy, dudc phan chia tiép thanh
6 phan bang nhau (biéu dién tit O; dén Og) dugc st dung
dé 1am céc tap ddi tugng bi loai bd. Trong Bang I, cic cot
|Oorils |Oinels |C|, |D| duge ky hiéu 1an lugt cho tdng sd
dbi tugng hay ban ghi trong Oupi, Oine, sb lugng thudce
tinh diéu kién va sé lugng 16p quyét dinh.

; _ Bangl
CAC BO DU LIEU THUC NGHIEM

ID | Datasets | |O] [Oori|l | 10ine] | 1C] | |D]
1 Robot 164 82 82 90 5
2 Tono 351 175 176 34 2
3 Pc4 1458 729 729 37 2
4 Ozone 2534 1267 1267 72 2
3 Mfeat | 2000 | 1000 1000 | 76 | 10
6 Wall 5456 2728 2728 24 4

Dau tién, bai bao st dung cac thuat toan ARIFPD, GFS
trong [23] va FDAR trong [10] dé tim TRG trén toan bo O.
Tiép theo dua trén TRG thu dudc tit ba thuit toan, ching
toi danh gid ba TTGT la ARIFPD-DO, IFSD va FDAR-DO
sau khi bang quyét dinh loai bd 1an ludt cac tap ddi tuong
tt O; dén Og ctia Oyy,.. PE phuc vu cho budc tinh toin
cac IFP, ching t6i xdy dung IFER bao gém do khac biét
va do tuong tu ctia dbi tuong o va g theo thudc tinh a.
(1) Néu mién gi4 tri ctia a 1a lién tuc khi d6 mic tuong tu
va khdc biét ctia p va ¢ dudc tinh 1an lugt nhu sau:

a(o) —a(q)

MHa} el (9) =1 - max (a) — min (a) ®)
L —ngay [0] (9) .
@ = th 04 >0 9
Nay 09 = 75 @ " ©9)
Trong cong thic (9), gia tri J, dudc xac dinh:
_ 1 if 0,=0
8a—{ Bajoa if 0o >0 7 (10)

Trong d6, o, = \/011 5 (@ (o) —a) 1a gid tri do

léch chuin ctia mién gia tri tr thudc tinh a, B, =
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‘Ufa}uD’/‘UH la do nhat qudn ciia a trong DT, U{,, 1
la phan hoach m& cta {a} U D.
(2) Néu thudc tinh a 1a kiéu phan loai, khi do:

N{ay [0] (¢) = { L, a(0) =a(q)

0, a(0) # alg) (n

2. Két qua thuc nghiém

Nhu di dé cap, ching t6i ban dau so sanh hiéu qua ctia
ba phuong phap FDAR, GFS va ARIFPD. Kich thuéc TRG
ciing nhu hi€éu qua phén 16p cia ba phuong phap dugc trinh
bay trong Bang II. C6 thé théy, kich thuéc TRG thu dugc tir
ARIFPD la nho nhét, trong khi kich thu6c TRG ctia FDAR
va GFS van con rit 16n trén mot sb tap dit liéu. Tiép theo,
chiing t6i phan tich vé thdi gian thuc thi ctia ba phuong
phap. Thai gian thuc thi cda cac phuong phap dugc tinh
sau budc tién xi ly dif liéu dén khi TRG dudc xic dinh.
Tir két qua thu dugc trong Bang II, thoi gian thuc thi cla
GFS 1a nhanh nhét trén tt ca cdc bo dif liéu. Diéu nay giai
thich ring, cdc thuat toan dua trén FRS va IFR phéi tinh
toan trén cic ma tran quan hé véi s6 lugng phan ti 16n.
Hon nita, cdc ma trdn quan hé theo FDAR chi st dung do
tuong tu, trong khi dd, cic ma trdn quan hé cia ARIFPD
dugc dic trung bsi do khac biét va do tuong tu. Vi vay, tbc
do xi ly cia ARIFPD la chim nhit.

Bang II cho thdy, TTGT d& xuét xdc dinh mot tip con
thuoc tinh rit hiéu qué trén nhiéu tip di liéu khic nhau.
Cu thé, khi so sanh véi dit liéu gbc, do chinh x4c trong md
hinh phan 16p KNN ctia thuét todn dé xuét thé hién kha
ning vuot trdi trong 5 trudng hop. Chi c6 duy nhit mot
truong hop ma TTGT dé xuét ¢6 do chinh xac thap hon dit
liéu gbc. Hon nita, do chinh xdc trung binh cia mo hinh
phan 16p theo ARIFPD la 81.6% cao hon so v6i do chinh
xdc phan 16p trung binh cda dif liéu gbc 1a 78.9% va cao
nhét trong ba thuat todn mic di sd lugng thudc tinh hay
kich thuéc TRG thu dugc 13 nhd nhét.

Tiép theo, chiing t6i tiép tuc so sanh hiéu qua xi ly trén
cdc TTGT. R0 rang, c6 thé thdy, thdi gian cia FDAR, GFS
va ARIFPD la 16n hon rat nhiéu so véi FDAR-DO, IFSD
va ARIFPD-DO. Piéu nay nhin manh ring, cic TTGT chi
tinh toan chii yéu trén cac phan thay ddi cia dif liéu nén
giam thiéu rit nhidu vé thdi gian x{ ly. Bang III cho théy,
trong da sb cédc trudng hop, thoi gian thuc thi ctia FDAR-
DO va IFSD nhanh hon so v6i ARIFPD-DO. Diéu nay dugc
giai thich tuong tu khi so sanh thdi gian chay cla cac thuét
toan FDAR, GFS va ARIFPD. Tuy nhién, trén mot sd tap
dit liéu nhu Pc4, Ozone va Wall, thuat toan dé xuét lai xi
ly nhanh hon do kich thuéc cia TRG thu dugc nhd hon.
Trong mdi giai doan gia ting, phan 16n kich thuéc TRG
clia ARIFPD-DO ciing nhé hon dang k€ so v6i FDAR-DO
va IFSD, dic biét trén céc tap dif liéu c6 s6 thudc tinh 16n
nhu Robot, Ozone va Mfeat.
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Bang 11
KET QUA XU LY CUA FDAR, GFS VA ARIFPD
» | RAW FDAR GFS ARIFPD

Acc [B] Acc | Time | [B] Acc Time | [B] Acc Time

1 0505 | 25 | 0578 | 2450 | 18 | 0475 | 5346 | 9 | 0.597 | 2.147

2 0843 | 19 | 0852 | 3.670 | 14 | 0835 | 2375 | 7 | 0.877 | 3.008

3 0.885 | 7 | 0.871 | 3807 | 11 | 0.874 | 5368 | 2 | 0.878 | 45.33

4 0.933 8 | 0935 | 2899 | 12 | 0936 | 132.8 | 2 | 0.937 | 296.1

5 0809 | 56 | 0.826 | 173.3 | 17 | 0.767 | 119.6 | 28 | 0.819 | 399.1

6 0759 | 18 | 0.817 | 6481 | 23 | 0.758 | 193.1 8 | 0789 | 647.1

AVG | 0759 | 222 | 0.813 | 1926 | 15.8 | 0.774 | 7643 | 9.33 | 0.816 | 236.6

. Bang III
KET QUA XU LY CUA FDAR-DO, GFS VA ARIFPD-DO
. RAW | FDAR-DO IFSD ARIFPD-DO

ID | Adding data sets Acc [B] | Acc Time | [B] | Acc Time | [B] | Acc Time
O1] = 151 0500 | 24 | 0.582 | 0.899 | 18 | 0.477 | 0.005 | 9 0.582 | 0.001
O] =138 0471 | 24 | 0559 | 0.001 | 17 | 0493 | 0.006 | 5 0.609 | 0.017
1 O3] =125 0511 | 24 | 0559 | 0.001 | 16 | 0.535 | 0.004 | 2 0.626 | 0.546
O, =112 0553 | 24 | 0590 | 0.001 | 15 | 0582 | 0.004 | 2 0.643 | 0.561
Os = 99 0607 | 24 | 0599 | 0.001 | 15 | 0.668 | 0.003 | 2 0.658 | 0.001
Og| = 86 0581 | 24 | 0614 | 0.001 | 13 | 0.672 | 0.003 | 2 0.686 | 0.001
0,] =322 0.835 | 18 | 0.820 | 1.802 | 14 | 0.820 | 0.013 | 7 0.870 | 0.001
O] =293 0819 | 17 | 0816 | 1.161 | 13 | 0.816 | 0.191 | 7 0.867 | 0.001
) O3] = 264 0815 | 16 | 0.784 | 0.962 | 12 | 0.815 | 0.000 | 4 0.872 | 0.014
04 =235 0783 | 15 | 0.749 | 0.781 | 11 | 0.796 | 0.008 | 3 0.890 | 0.084
Os] = 206 0766 | 15 | 0732 | 0.724 | 10 | 0.791 | 0.007 | 3 0.787 | 0.135
Og| = 177 0767 | 15 | 0739 [ 0.703 | 10 | 0.779 | 0.006 | 3 0.750 | 0.108
O, = 1377 0884 | 6 0.879 | 1910 | 11 | 0.874 | 0.106 | 2 0.879 | 0.031
O, = 1216 0888 | 6 0.884 | 0.005 | 11 | 0.878 | 0.081 | 2 0.883 | 0.026
3 O3] = 1095 0879 | 6 0.874 | 0.004 | 10 | 0.874 | 0.068 | 2 0.881 | 0.025
0, =974 03885 | 6 0.880 | 0.002 | 10 | 0.868 | 0.080 | 2 0.883 | 0.018
Os] = 853 0882 | 6 0.882 | 0.002 | 10 | 0.870 | 0.053 | 2 0.883 | 0.012
Og| = 732 0834 | 6 0881 | 0,002 | 10 | 0.889 | 0.044 | 2 0.888 | 0.000
O,] = 2323 0931 | 8 0934 | 0222 | 12 | 0.935 | 0354 | 2 0.935 | 0.121
O, = 2112 0928 | 7 0929 | 0.019 | 11 | 0.933 | 0345 | 2 0.929 | 0.087
4 O3] = 1901 0927 | 6 0930 | 0.017 | 11 | 0930 | 0.235 | 2 0.931 | 0.071
04 = 1690 0923 | 5 0.925 | 0.014 | 11 | 0924 | 0.254 | 2 0.925 | 0.058
Os] = 1479 0918 | 4 0914 | 0.011 | 11 | 0916 | 0.183 | 2 0.918 | 0.049
Og| = 1268 0.909 | 3 0908 | 0,000 | 11 | 0912 | 0.143 | 2 0.912 | 0.035
O, = 1831 0871 | 56 | 0.892 | 0.001 | 17 | 0.8390 | 0.268 | 28 | 0.893 | 0.074
O, = 1668 0881 | 56 | 0.903 | 0.001 | 17 | 0.847 | 0287 | 28 | 0.905 | 0.059
5 O3] = 1502 0874 | 56 | 0.895 | 0.001 | 16 | 0.846 | 0.193 | 28 | 0.902 | 0.067
04 = 1336 0.896 | 56 | 0.920 | 0.001 | 15 | 0.852 | 0.187 | 28 | 0918 | 0.048
Os] = 1170 0902 | 56 | 0.921 | 0.001 | 15 | 0.872 | 0.104 | 28 | 0.920 | 0.029
Og| = 1004 0902 | 56 | 0921 | 0.001 | 14 | 0.877 | 0.083 | 28 | 0.928 | 0.018
O] = 5002 0.757 | 18 | 0.756 | 0.076 | 23 | 0.754 | 1.756 | 8 0.779 | 0.637
O] = 45483 0.752 | 18 | 0.740 | 0.051 | 23 | 0.747 | 1625 | 8 0.755 | 0.546
6 O3] = 4094 0.731 | 18 | 0.708 | 0.050 | 23 | 0.731 | 1289 | 8 0747 | 0410
O4] = 3640 0.701 | 18 | 0.670 | 0.041 | 22 | 0691 | 1.081 | 8 0.711 | 0.308
Os] = 3186 0679 | 18 | 0.661 | 0.030 | 19 | 0.665 | 0939 | 8 0.696 | 0.197
Og| = 2732 0.635 | 18 | 0.607 | 0.017 | 19 | 0616 | 0668 | 8 0.654 | 0.178

Cudi cling, ching t6i phan tich d§ chinh x4c tif mo6 hinh
phan 16p cua cac TTGT. Ching t6i xét 36 trudng hgp khi
DT loai bd di cic tap dbi tuong. C6 7 trudng hop TRG tu
phuong phép c6 hiéu ning phan 16p thip hon cic TTGT
dugc so sanh. Trong 29 trudng hop con lai, TTGT dé xuét
da thé hién hiéu qua vudt trdi tuong ddi rd rang, dic biét
trén cdc tap dif liéu khong nhit quan va c6 hiéu quéa phan
16p ban dau thip. Pay c6 thé coi 1a diém manh 16n nhét
clia thuét toan khi su déng gép cta thanh phan do khac
biét gitp diéu chinh nhiéu mot cach dang ké. Trong khi,
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cdc TTGT theo cich tiép can tii tip thd ciing nhu cic md
rong clia n6 chua thé gidi quyét.

V. KET LUAN

Nghién ctiu nay da xiy dung mot cong thic gia tang dya
trén co s6 tif do do khoang cdch clia hai FPDs d€ ap dung
cho DT khi loai bé tip ddi tugng. Thém vao d6, bai bio
nay ciing thiét k& hai thuat todn theo cich tiép can IFS.
Thuét toan thi nhit dugc st dung dé€ tim mot TRG cla
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bang quyét dinh chua c6 su bién dong. Thuat toan thi hai
la TTGT d€ tim kiém mot rit gon xAp xi khi DT loai bd
tap dbi tuong. Qua trinh so sdnh, dinh gid v6i cac phuong
phdp dua trén cich tiép can tap thd va tdp md da chi ra
nhiing uu di€m ndi troi clia hai thuét todn dé xuét trong
viéc nang cao dd chinh xdc trén cac bo dif licu khong nhit
quén va c6 do chinh xdc phan 16p ban dau thap. Tuy nhién,
han ché ctia hai phuong phap dé xuit 1a thdi gian thuc thi
cham do su b3 sung ciia thanh phan do khac biét trong céc
16p tuong duong md truc cam.

Trong tuong lai, chiing toi sé tiép tuc tip trung phat trién
tiép cac TTGT dé giam thiéu thoi gian tinh toan va cai thién
do chinh xdc phan 16p. Cu thé, ching tdi ciing sé thiét ké
céc thuat toan gia ting theo hudng IFS st dung ciu tric
hat va cac do do khac nhau cho céc trudng hgp loai bo va
bd sung tap thudc tinh. Ngoai ra, ching t6i cling sé nghién
ctliu mot sb thuat toan RGTT phan phdi cho cic dit lidu c6
s6 chiéu vo ciing 16n va dudc phan bd & cac kho dit liéu
khac nhau.
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Tém tat: Céc itemset 10i nhuan phé bién Skyline (SFUI) c6 thé cung cp nhiéu thong tin hitu ich hon cho viéc ra quyét
dinh véi viéc xem xét ca hai yéu t6 13 tan suit xuét hién va 10i nhuin clia ching. K€ tir khi bai to4n khai thic itemset
loi nhuan phd bién Skyline dugc Goyal V. va cdc cong su dé& xuit vao nim 2015, dén nay da c6 nhiéu thut todn tudn tu
dugc d& xuét nhdm cai thién hiéu sut khai thac, tuy nhién hau hét cic thuat toan déu cé hiéu suit kém khi khai thic cac
tap dif liéu 16n phd bién hién nay. Trong bai bdo ndy, ching t6i d& xut mot thuit toan song song cé tén 1a ParaSFUI-UF
dua trén thuat todn tuan ty SFUI-UF 1a mot thuét toan khai thac itemset 16i nhuan phd bién Skyline hiéu qua nhét hién
nay. Cac két qua thuc nghiém cho thiy thuat toan ParaSFUI-UF vugt troi so v6i thuat toan SFUI-UF.

Tir Khoa: Data mining, frequent itemset, high utility itemset, Skyline Frequent-Utility Itemset, multi-core, parallel processing

Title:
Abstract:

Parallel Algorithm Exploits Skyline Common Interest Element Set
Skyline common-utility element sets (SFUIs) can provide more useful information for decision-making by considering

both their frequency and their benefits. Since the Skyline utility-common element set mining problem was proposed
by Goyal V. and colleagues in 2015, up to now, many sequential algorithms have been proposed to improve mining
performance. However, most algorithms have poor performance when exploiting today’s popular large data sets. In this
paper, we propose a parallel algorithm called ParaSFUI-UF based on the sequential algorithm SFUI-UF, which is the
most effective algorithm for exploiting the Skyline common-benefit element set today. Experimental results show that
the ParaSFUI-UF algorithm outperforms the SFUI-UF algorithm.

Keywords:

Data mining, frequent itemset, high utility itemset, Skyline Frequent-Utility Itemset, multi-core, parallel processing

I. GIOI THIEU

Khai thic tap 1di nhuan phd bién Skyline (SFUIM) nhim
khic phuc han ché ciia khai thac tap phd bién va khai thac
tap 1oi nhuan cao. Cu thé, khac véi khai thac tip phd bién
va khai thac tip 10i nhuan cao, dé khai thac tap 10i nhuin
phd bién Skyline ngudi st dung khong can phéi thiét lap
cdc tham s6 dau vao 1a ngudng do hd trg t6i thi€u minSup
hay 1a ngudng 1¢i nhuan t6i thi€u minUtil. Tir khi bai todn
khai thac tap 16i nhuan phd bién Skyline dugc Goyal V. va
cdc cong su dé xuit [1] vio nim 2015, dén nay da cé mot
s6 thuat toan dudc cong bd nham nang cao hiéu suét khai
thac. Tuy nhién, do khong gian cédc itemset ting vién cla
bai todn c6 do phuc tap ham mi cho nén bai toan khai thac
tap 1oi nhuan phd bién Skyline vin 12 mot thich thic, dic
biét khi xit ly dif liéu 16n. C4c thuat todn tuan tu [2-5] hoat
dong tot trén cac tip dif liéu nho, tuy nhién hau hét ching
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khong thé hoan thanh nhiém vu khai thic trén cic bo dit
liéu quy mo 16n trong thdi gian chip nhan dugc do gidi
han vé kha niing tinh toan.

Mt khéc, tinh toan song song [6,7], dudc phat trién dé
Xt ly cdc tap dit liéu 16n, cung cip mot giai phap tiém
ning cho bai todn nay. Dbi v6i cic bai todn khai thac tap
phd bién va bai toan khai thic tip 10i nhuan cao thi da c6
kh4 nhiéu thuit todn song song dudc cong bd [11-14]. Tuy
nhién, tinh dén hién nay d€ giai bai toan SFUIM chi c6 cac
thuat todn tuin tu dugc cong bd, trong d6 thuit todn tuin
tu SFUI-UF dudc cho 1a hiéu qua nhit.

Trong bai bdo nay chiing toi d& xuét thuit todn song song
ParaSFUI-UF st dung uu diém cda tinh todn song song dé&
ning cao hiéu suét khai thac. Noi dung tiép theo ctia bai
bdo dudc t& chifc nhu sau: muc 2 trinh bay cic nghién ciu
lién quan, muc 3 thuét toan song song ParaSFUI-UF va thit



nghiém danh gid thuat toan, muc 4 két luan.

II. CAC NGHIEN CUU LIEN QUAN
1. Khai théc itemset lgi nhuén - phé bién Skyline

Cho 7 1a mét tap hitu han céac item [ =iy, iz,...,0, va
X C I 1a mdt itemset, néu X chifa k item thi X dudc goi
la k-itemset. MOt co s dit liéu giao dich (CSDL) D chita
n giao dich: D =T, T»,...,T,. Mbi giao dich T; € D(1 <
i < n) chia mot tp con cic item thudc tip I. Tan suét
xuét hién ctia tip X, ky hiéu 1a f(X), 1a sb luong giao
dich trong D c6 chia tap X.

Loi nhuin trong ctia mét item i, trong giao dich T;,
ky hiéu 1a ¢(ip,T;), 1a s6 lugng cta item i, xudt hién
trong giao dich 7;. L¢i nhuan ngoai cua item i,, ki hiéu
la prof(ip), 1a don vi 1¢i nhuan cta item i, (la gid ban
hodc 1¢i nhuédn khi ban dudc mot item ip,). Loi nhudn cta
item ip trong giao dich T, ki hiéu 1a u(i,, T;) = q(ip, T;) *
prof(iy).

Lgi nhuan cia itemset X trong giao dich 7; chda tap
X, ky hiéu la u(X,T;) = Zi,,ex u(ip,T;) . Loi nhuén cta
itemset X trong CSDL D, ky hiéula u(X) = Yxcr, u(X,T;)
. Lgi nhuén giao dich cta giao dich T;, ky hiéu 1a TU(T;) =
u(Ti, Tp).

Vi lgi nhuan ctia itemset khong c6 tinh chét déng, nén
Liu va cong su [8] da dé xuat mot khdi niém goi 12 16i nhuén
giao dich c6 trong s6, ky hiéu 1a TWU (X) = Yxcr, TU(TY).
TWU dugc sit dung dé cit tia khong gian cdc itemset ing
vién trong cac thuat toan khai thac itemset 1gi nhuédn cao.
Vi du CSDL D trong Bang I va 1gi nhuén ngoai cia ting
item trong Bang II.

Bang I
CSDL GIAO DICH

TID | Transaction TU
Tl (A2, 2), (A4, 1) 9
T2 (A1, 2), (A2, 1), (A3, 2), (A4, 1), (A5, 1) | 25
T3 (A2, 2), (A4, 2),(A5, 1) 18
T4 (A4, 2), (A5, 1) 14
T5 (A1, 4), (A2, 2), (A4, 1), (A5,2) 41
T6 (A2, 4), (A5, 2) 16
T7 (A3,5) 5

Bang II

BANG LOI NHUAN CUA CAC ITEM
item AT T A2 A3 ] A4 ] A5

Loi nhuén | 6 2 1 5 4

Xem xét mot itemset dua trén 2 yéu t 12 tAn sult xuét
hién va 1gi nhuan: Mot tap X 1a trdi hon tap ¥ néu f(X) >
F(Y) va u(X) = u(Y), HOAC f(X) > f(Y) va u(X) >
u(Y), ky hiéu la: X > Y.
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Mot itemset X trong CSDL D 1a itemset loi nhudn phd
bién Skyline (SFUI) néu X khong bi trdi hon béi bit ky
mot itemset nao khac.

Bai todn khai thdc itemset 10i nhuan phd bién Skyline
(SFUIM): Cho mdt CSDL D véi bang 1gi nhudn ngoai
tuong tng cla tiing item, khai thac itemset 1gi nhuin phd
bién Skyline(SFUIM) chinh 1a viéc di tim tit ci céc tap
SFUIs trong CSDL D.

Piém khac biét cla bai toan khai thdc itemset 1di nhuan
phS bién Skyline so v6i cic bai toan khai thac itemset
phd bién va bai toan khai thac itemset lgi nhuin cao dé
la khi thuc hién khai thic cic itemset 1gi nhuin phd bién
Skyline, ngudi st dung khong cin phdi xdc dinh cdc gia
tri ngudng vé do ho trg tdi thiéu (minSup) va Igi nhuin t6i
thi€u (minUtil).

Nhu da gi6i thiéu & trén, Goyal V. va cic cong su da dé
xuét bai toan SFUIM va thuit todan SKYMINE [1] st dung
cAu tric UP-Tree va k§ thuat ting truéng mau dé€ khai thac
cac tap SFUIs.

Sau d& xuit ctia Goyal V., dd c6 mot s6 thuat toan dudc
cong bd nhim nang cao hiéu ning khai thac SFUIs: Trong
[2, 10] cdc tdc gid da dé xuit ciu tric ming umax va
st dung ciu tric danh sach 1¢i nhuan UL [9] dé xay dung
thuat toan SFU-Miner khai thac cac tdp SFUIs. So véi thuét
toan SKYMINE, thuit toan SFU-Miner wu diém hon nhd
st dung céu triic umax d€ cit tia khong gian cic itemset
ting vién va ciu tric UL c6 thé xic dinh truc tiép SFUIs
ma khong can tao céc tap dng vién.

Lin va cong su [3] di dé xuit cAu tric utility-max va
st dung cAu tric danh sach 1¢i nhuan UL d€ xay dung 02
thuat toan duyét theo chiéu sau SKYFUP-D va thuat todn
duyét theo chiéu rong SKYFUP-B khai thic cic tap SFUISs.
SKYFUP hiéu qua hon SKYMINE va SFU-Miner.

Nguyen va cong su [4] da dé xuat cAu tric danh sich
1gi nhudn mé rong EUL, so sanh véi UL, EUL b3 sung
thém 02 truong: 1¢i nhudn cia itemset va 1gi nhudn cua
item cudi cung trong itemset. Trén cd sé ciu tric EUL,
Nguyen va cong su dé xuét thuit toan FSKYMINE khai
thac SFUIs. Thuét toan FSKYMINE hiéu qua hon so véi
thuat toan dudc dé xuét trong [2, 10].

Wei Song va cong su [5] da dé xuit mot sd clu tric va
chién Iugc d€ nang cao hiéu qué khai thic cac tap SFUISs:

- Thit nhit, d& xuit cAu triic mang Igi nhuan t6i da, ky
hiéu 1a MUA va sit dung danh sich 1gi nhuan UL két hop
véi MUA d€ cit tia cdc itemset va cic md rong khong tiém
nang.

- Thit 2, st dung TWU dé€ loc cic item khong phai 1a
SFUIs. Thit 3, dé xuét khai niém 1oi nhuéan tbi thiéu cta
tdp md rong, ky hiéu 1a MUE, d€ cit tia khong gian cic
itemset Ung vién. Trén co s& cdc ky thuat dugc dé xuét &
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trén, Wei Song va cong su da dé xuit thuat todan SFUI-UF.
SFUI-UF la thuit toan khai thac cac tdp SFUIs hiéu qua
nhét hién nay.

2. Mot s6 khai niém co sé

Pinh nghia 2.1 (Itemset 1gi nhuén phé bién tiém ning
Skyline): [2]. Mot itemset X 1a itemset 1gi nhuan phd bién
tiém ning (PSFUI) néu khong ton tai tp ¥ bat ky sao cho
F¥) = f(X) vau(Y) = u(X).

Trong [2], Pan va cdc cong su da chiing minh tit ca cic
SFUIs déu 1a PSFUISs, vi vdy nhiéu thuit todn khai thac
céc tap SFUISs c6 thé€ thuc hién theo phuong phdp 2 buéc:
bude 1, tim ra tit ca cac tap PSFUISs, va sau d6 tién hanh
loc PSFUIs d€ tim ra céc tp SFUIS.

Dinh nghia 2.2 (mang MUA): [5]. Goi fmax la tan suit
tdi da clia tit ca cdc itemset trong CSDL D va MUA la
mot mang cé kich thudc bang fmax. Gia tri cda item thi
f(1 £ f < fmax) trong mang MUA dudc dinh nghia nhu
sau: MUA(f) = max{u(X)|f(X) = f}

Trong d6 X la itemset bat ky trong CSDL D. Méang
MUA tuong tu nhu mang utilmax[3] nhung khac nhau vé
kich thudc. Cu thé, theo [3], utilmax c6 kich thudc bﬁng
s6 lugng giao dich ctia CSDL D, trong khi d6 MUA c6
kich thudc bang fmax. Trong [5] Wei Song va cong su
da ching minh |MUA| < |utilmax|, trong d6 |MUA| va
|ultimax| tuong tng la kich thude cia mang MUA va mang
utilmax.

Pinh Iy 2.1: Goi X 12 mot itemset. Néu tdng clia tit ca
cac gia tri iutil va rutil trong X. UL nhé hon MUA(f (X)),
thi X va tit ca ciac phan md rong ciia X khong phai l1a
SFUIs [5].

Pinh nghia 2.3 (Loi nhuan t6i thiéu ctia SFUIs):

[5]. Xét CSDL D, 1¢i nhuan t6i thi€u ctia SFUIS, ky hiéu
1a MUS, trong D 1a 16i nhuén t6i da clia cic item don 18 c6
tan suit cao nhit trong D. Cu thé MUS dudc dinh nghia
nhu sau: MUS = max{u(i,)|f(ip) = fmax},

Trong d6 i,, 1a mdt item trong D va fmax la tan sult 16n
nhét clia tit ca cdc tip chia mot item trong D.

Pinh ly 2.2: Goi i, la tap mot item. Néu TWU (i),) <
MUS thi i), va tat ca céc itemset c¢6 chia i, khong phai 1a
SFUIs. Nhu vy, khi itemset chifa mot item c6 TWU thép
hon MUS thi itemset niy va tit ci cdc tip chia né c6 thé
dugc cét tia mot cach an toan. Trong thuat todn SFUI-UF,
MUS dugc dit 1a céc gia tri ban diu ctia mbi item trong
MUA [5].

Pinh nghia 2.4 (L¢i nhuin téi thifu cha phan mé
rong): Cho X 1a mot itemset, 7, 1a mot item, va tdp X Ui,
la mot tdp mdS rong cua itemset X theo item i,. Khi do,
1¢i nhuan t6i thi€u cia thp md rong X U ip, ky hiéu 1a
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Hinh 1. Khéng gian tim kiém ctia thuat todn SFUI-UF.

MUE(X U i,), dugc dinh nghia bang u(X), cy thé nhu
sau: MUE(X Uip) = u(X).

Vi du, xét CSDL trong Bang I va Bang II, ta co:
MUE(A1A4) =u(Al) =36; MUE(A2A4) = u(A2) =22

DPinh ly 2.3: Cho X 1a mot itemset va itemset Y 1a mot
md rong ctia X. Néu u(Y) < MUE(Y), Y khong phai 1a
SFUI [5].

Thuét toan SFUI-UF[5] dua trén cac dinh 1y 1, 2, 3 dé
cit tia khong gian cdc itemset ting vién. Noi dung tiép theo,
bai bdo dé& xuit thuit todn song song khai thiac SFUIs.

III. THUAT TOAN SONG SONG KHAI THAC
ITEMSET LGOI NHUAN - PHO BIEN SKYLINE

Ngay nay ngay ca cdc may tinh cd nhin cling da c6 bd
xt ly da nhan (multi-core) va viéc st dung 14p trinh song
song nham phat huy tdi da stic manh ctia b xit ly da nhan
ciing khd phd bién trong cac ting dung. Lap trinh song song
mang lai nhiéu 1¢i ich nhu: ning cao hiéu ning xir ly va
gitip gidi quyét dudc cac bai toan cé kich thuée 16n. Tuy
nhién, viéc phdt trién cdc thuit toin song song hoic cai
tién céc thut toan tuan tu hién c6 dé c6 thé thuc hién song
song sé gip phai mot s6 thach thic nhu: vin dé vé dong
bd, van dé vé truyén thong va van dé vé cin bang tai.

Nham phat huy tot nhit cic wu diém clia cic bo xit ly
da nhan trén cac mdy tinh ngay nay, trong bai bdo nay
chiing toi dé xuAt mot thuit todn song song khai tic tap
loi nhuan phd bién Skyline c6 tén 1a ParaSFUI-UF. Thuat
toan ParaSFUI-UF 1a md rong cua thuit toan SFUI-UF theo
huéng c6 thé thuc hién song song viéc khdm phd khong
gian cdc itemset Ung vién.

Thuat toan SFUI-UF kham phd cic tap SFUIs theo
phuong phdp tim kiém theo chiéu siu trén ciy liét ké céc
itemset bat dau tif nit gbc rdng. Hinh 1 minh hoa mot cay
liét k& véi 04 item A, B, C, D.

Phuong phap ParaSFUI-UF thyc hién song song codng
viéc kham pha khong gian cac itemset Ung vién theo
phucong phdp chia d€ tri: chia khong gian cdc itemset ting
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Hinh 2. Phan hoach khong gian cic itemset Gng vién trong
ParaSFUI-UF.

Lev el 1

Level2
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vién thanh cc khong gian con, mdi khong gian con sé gom
MP item & mic Levell trén cay liét ké, MP la tham )
dugc tinh toan theo sé lugng nhan cta bd xir ly da nhan;
Viéc khdm pha trén mdi khong gian con dugc goi 1a mot
tac vu (task); Cac tac vu s€ dudc x@ ly song song trén cac
nhin cda bd xt ly da nhan (multi-core). Hinh 2 minh hoa
viéc chia khong gian céc itemset ting vién thanh cac khong
gian con, mdi khong gian con gdm 1 item & Levell va cic
md rong clia né & mic tiép theo.

Phuong phap ParaSFUI-UF gdém 2 giai doan:

Giai doan 1, tit dong 1 dén dong 13 trong Thuét toan 1
nham x4c dinh danh sich 1¢i nhuan UL ctia céc tip 1 item,
mang MUA.

Giai doan 2, tit dong 14 dén dong 19 trong Thuit toan 1.
Chi tiét giai doan 2 dugc thuc hién trong Thuit todn 2 va
Thuét toan 3. Ham tail(X) trong tham s6 dau vao ctia Thuat
toan 2 dudc dinh nghia Ia tit ca cdc item ding sau tat ci
céc item trong tdp X theo mdt thd tu A nao d6. Diém thay
ddi chinh ctia thuat todn ParaSFUI-UF so véi thuit toan
SFUI-UF nim & vong lap for tit dong 1 dén dong 13 cia
Thuat toan 2 va vong ldp for tif dong 1 dén dong 9 cla
Thuit todn 3. Cu thé, trong Thuit todn 2, mbéi MP item
trong tail(X) sé dugc kham pha song song theo phuong
phap tim kiém theo chiéu siu trong mot tic vu trén mot
nhan ctia bd xi ly. Hinh 2 cho thiy cic khong gian con
la doc 1ap v6i nhau va hop ciia ching sé biang khong gian
téng thé clia bai toan. Mbi tdc vu sé giif riéng cho minh X,
tail(X) va mang MUA.

Trong thuat toan 3, thuc hién song song héa viéc tim ra
cédc tap khong phai 1a itemset 1gi nhuin phd bién Skyline
tlf cdc tap tiém ning S-PSFUIs. Cu thé, mbi MP item trong
S-PSFUIs sé dugc xu ly song song trong cac tac vu.

1. VAn dé dong bd két qua khai thac

Trong thuidt toan 2, cac tac vu dudc thuc thi song song
trén cdc nhin cda bd xi ly va ching phii dong bo héa
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Algorithm 1 ParaSFUI-UF

Input CSDL D cung véi bang 1¢i nhuin ngoai cua ting
item

Output Tit ca cic tap SFUIs

1: #Giai doan 1

2: Scan D once to calculate fmax and MUS;

3: Delete item with TWU values lower than MUS;
4: Calculate the TWU values of the remaining items;
5. for all T; € D do

6:  Sort items in 7y using TWU - ascending oder;
7. forallieT; €D do

8: Update i.UL;

9:  end for

10: end for

—_
—_

: for j =1 to fmax do
MUA(j) = MUS;

: end for

: #Giai doan 2

: Shared S-PSFUI=0;

: Shared S-SFUI=0;

: ParaP-Miner(0,tail(0),MUA);
: ParaS-Miner(S-PSFUI);

: return all SFUIs;

e e e i
O 00 3 N W kA W

Algorithm 2 ParaP-Miner

Input X, rail(X), MUA

Output Tit cid cic tip PSFUIs 12 md rong cla tap
X

1: for all Parallel MP item i € tail(X) do

2 X' =XUi;

3 if u(X’) > MUE(X’) then

4: if u(X’) > MUA(f(X’)) then

5: Update MUA according to f(X’) and u(X’);

6 Synchronize: S — PSFUI =S — PSFUI U X’;

7 Synchronize: Remove Y from S — PSFUI if
(f(¥) ==

8: end if

9: if > d € X.tids(iutil(X',Ty) + rutil(X’,Ty)) >

MUA(f(X’)) then

F(X);

10: P — Mine(X’, tail(X"), MUA);
11: end if

122 end if

13: end for

thao tac ghi két qua mdi khi tim ra dugc mot tap tiém ning
PSFUI Cu thé trong dong Iénh 6 va dong 1énh 7, khi phat
hién ra tap X’ 1a itemset 10i nhuin phS bién tiém ning
Skyline, thao tic ghi tip X’ ra tap két qua va thao tic x6a
cdc tap Y khong phéi 1a tap tiém ning ra khoi tap két qua
phéi dugc dong bo gilta cac tic vu.
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Algorithm 3 ParaS-Miner
Input S-PSFUIs
Output Tt ca cic tap SFUIs

1: for all Parallel MP itemset X in S-PSFUI do

2. for all itemset Y in S-PSFUI do

3: if f/(X) > f(Y)andu(X) > u(Y)or f(X) = f(Y)
and u(X) > u(Y) then

4 Synchronize: Remove Y from S — PSFUI,

5 end if

6: end for

7

8

9

: end for
: §S—-SFUI=8-PSFUI,
. return S — SFUI,

2. Vén dé can bang tai

Trong céac thuit todn song song, viéc x{ 1y tot vAn dé can
bing tai s& cai thién dugc hidu ning tdng thé ctia chuong
trinh. Viéc can bang tai bao gdbm hai yéu td: thd nhét, giam
thiu dit liéu phai truyén thong giita cic tac vu; thi 2, t6i
thi€u tdng thoi gian nhan rdi clia cidc bd xi 1y (cdc nhin
trong bd xit Iy da nhan). B6 xi ly da nhan dudc thiét ké
theo md hinh xt ly song song st dung bd nhd chia sé do d6
ngudi lap trinh sé khong phéi quan tim dén van d truyén
thong di liéu gitta cdc tac vu. Hon nita, cac nhan ctia mot
bd xt ly da nhan thuong c6 kha nang tinh toan nhu nhau, vi
vy dé can bang tai, thudt todn phai giao khdi lugng cong
viéc nhu nhau cho mdi nhan xi ly nhim dam bao cic nhin
Iuén & trong trang thai x@ ly cong viéc trude khi thuét toan
két thiic. Céc tdc vu trong cac thuat toan song song sé dudgc
quan ly trong mdt task-pool. Sau dd, cac tac vy nay sé dugc
xti ly song song theo chién ludc tic vu dén trudc sé dudc
XU ly tru6e trong cac nhin cta bd xi ly. Nhu vy, trén b
xti ly da nhan, néu thoi gian xi ly dong bo gilta céc tic
vu nhd, dé thuc hién can bing tai ching ta nén chia tic vu
c6 khéi lugng tinh todn nhé. Tuy nhién, mdi tic vu trong
task-pool sé dudc cAp phat bd nhd dé luu trit cac bién riéng
ctia ching, do d6 néu kich thudc clia task-pool qué 16n sé
gdy ra hién tuong tran bo nhé. DE tdi thiéu héa kich thude
clia task-pool, chiing ta c6 thé chon s tic vu bang ding
s6 nhan cta bd xd ly. Tuy nhién, diéu nay lai c6 thé 4nh
hudng dén vin d& can bing tii. Cu thé, trén Hinh 2 cho
thiy céc tac vu & phia bén trai (ing véi cic item & dau cla
tail(X)) sé c6 khong gian cédc itemset ing vién 16n hon céac
tdc vu phia bén phdi, do d6 nhiing nhan xt ly cac tac vu
& phia bén trdi sé c6 thé hoan thanh cong viéc chim hon
so vGi nhitng nhan thuc hién cic tdc vu & phia bén phai.

3. Thi nghiém

Céc tac gia trong [5], khi thuc nghiém thuét toan SFUI-
UF, da sap xép cdc item theo thd tu giam dan cda gia tri
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TWU va duyét cac item trén cdy liét ké theo thu ty tu
trdi sang phai d€ dinh gid thuat todn SFUI-UF. Tuy nhién,
trong thuit toan song song, thi tu tim kiém cda cédc item
s& bi thay d6i va khong nhét quan giita cac 1an chay khic
nhau. Vi vdy, d€ danh gia 4nh huéng ctia thi ty tim kiém
dén kich thudc ctia khong gian cic itemset ting vién va toc
dd thuc hién cda thudt todn, trong phan thuc nghiém nay
chung t6i s€ thuc hién 02 ndi dung: N6i dung 1, cac item
& Level 1 clia cay liét ké dudc t6 chiic thanh mot hang doi
xoay vong theo thif tu giam dan cla gia tri TWU, danh gia
thuat toan SFUI-UF bang cach thay ddi vi tri xuét phat:
TH1: Xuét phat tif diu hang doi (tif item bén trdi cung trén
cay liét ké&); TH2: Xuit phat tir vi tri cich dau hang doi
mot khoang bing 1/3 chiéu dai hang doi; TH3: Xuit phat
tir gitta hang doi; TH4: Xuét phat tif vi tri cdch diu hang
doi mot khoang bang 2/3 chiéu dai hang dgi; THS: Xuét
phét tit cudi hang doi. Noi dung 2, so sianh phuong phap
ParaSFUI-UF véi thuat todan SFUI-UF & 2 trudng hop dién
hinh 1a TH1 va THS, cac trudng hgp khac hoan toan tugng
ty.

Ma ngudn thuit toan SFUI-UF dugc 14y tir cong bd cia
nhém tic gia [5] trong bd thu vién ngudn mé SPMF[15].

Phuong phap ParaSFUI-UF dugc cai dat va danh gia trén
mdi trudng Java 17 st dung fork-join framework dé chia
khong gian céc itemset dng vién thanh cic khong gian con
theo phuong phap dé quy. S6 ludng tiac vu con dudc thuc
hién song song dudc tinh todn ty dong theo s6 nhan cla
bd xt 1y trén mdy tinh. Trong qué trinh tién hanh thuc
nghiém, chiing ti thiy ring dé€ can bing ti, va khong bi
tran bd nhd do kich thudc hang doi 16n thi s6 lugng tac vu
dugc dinh nghia bing 2 1an sd nhan ctia bd xit ly. Cac thuc
nghiém ching t6i da thuc hién trén mdy tinh c6 ciu hinh
8-core 3.00GHz, 8GB RAM chay hé diéu hanh Windows
10 phién ban 64 bit.

Céc co s dif litu st dung géom: mushroom_utility
(viét tat 1a M_Util), chess_utility (viét tit 1a C_Util) va
connect_utility (viét tit 13 Con_Util) dugc lay tir [15].

Két qua thuc nghiém noi dung 1 dudc trinh bay trong
Bang III va Bang IV:

Thoi gian chay 05 trudng hop trong Bang IV 1a két qua
trung binh ctia 20 1an chay. Tir két qua thuc nghiém thuat
toan SFUI-UF trén 03 CSDL & Bang III va Bang IV, chiing
ta thiy kich thudc clia khong gian cic itemset ting vién va
thai gian thuc hién cla thuit toan ¢6 xu hudng giam kha
nhanh khi vi tri bat dau duyét dan vé cudi hang doi. Két
qua thyc nghiém ndi dung 2 dugc trinh bay trong 02 bang:
Bang V va Bang VI nhu sau:

Cic két qua danh gia thoi gian thuc hién va khong gian
cac itemset tng vién cda thuit toan ParaSFUI-UF trong cac
Bang V va Bang VI 1a cdc gia tri trung binh cda 20 lan
chay chuong trinh. Két qua thuc nghiém trong Bang V va
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Bang III
SO SANH KHONG GIAN CAC ITEMSET UNG VIEN CUA SFUI-UF
Dataset #SFUIs | THI TH2 TH3 TH4 THS
M_Util 17 22,710 12,820 9,236 4,506 4,743
C_Util 35 915,101 269,561 117,050 86,364 81,301
Con_Util | 46 4,349,427 | 4,952,510 1,968,260 | 685,520 | 654,885
) Bang IV
SO SANH KET QUA THOI GIAN THUC HIEN CUA SFUI-UF (MS)
Dataset THI1 TH2 TH3 TH4 THS5
M_Util 1,588 1,500 1,322 998 1,012
C_Util 28,273 17,732 12,708 12,524 11,925
Con_Util | 4,141,415 | 4,267,812 | 2,821,565 1,810,984 1,762,345
Bang V
SO SANH KHONG GIAN CAC ITEMSET UNG VIEN
Dataset SFUI-UF (TH1) | SFUI-UF (TH5) ParaSFUI-UF
#PSFUIs #PSFUIs #SFUIs | #PSFUIs
M_Util 22,710 4,743 17 11,650
C_Util 915,101 81,301 35 17,981
Con_Util | 4,349,427 654,885 46 54,081
Bang VI [2] Pan Jeng-Shyanga, Lin Jerry Chun-Weib, Yang Lub, Fournier-

SO SANH THOI GIAN THUC HIEN(MS)

Dataset SFUI-UF (TH1) | SFUI-UF (THS5) | ParaSFUI-UF
M_Util 1,588 1,012 637

C_Utl 28,273 11,925 788

Con_Util | 4,141,415 1,762,345 43,439

Viger Philippec, Hong Tzung-Peid, "Efficiently mining of
skyline frequent-utility patterns", Intelligent Data Analysis,
vol. 21, no. 6 (2017), 1407-1423.

Jerry Chun-Wei Lin, Lu Yang, Philippe Fournier-Viger,
Tzung-Pei Hong, "Mining of skyline patterns by considering
both frequent and utility constraints", Engineering Applica-

(3]

Bang VI cho thiy thuat todn ParaSFUI-UF vuot trdi so véi
thuat toan SFUI-UF nguyén ban [5] va thuat toan SFUI-UF
thuc hién theo THS.

IV. KET LUAN

Trong bai bdo nay, chiing t6i di dé& xuit thuat todn song
song ParaSFUI-UF trén cd sd md rong thudt toan hiéu qua
nhét hién nay SFUI-UF. Thuit todn ParaSFUI-UF da thuc
hién chia khéng gian cac itemset ting vién SFUIs thanh céac
khong gian con va thyc hién kham pha cac khong gian con
mot cach song song trén cac nhan cta by xu ly da nhan.
Phan thyc nghiém da tién hanh 2 ndi dung danh gia: Thi
nhét 13 danh gid su anh hudng cia thi tu tim kiém dén kich
thudc ciia khong gian cic itemset ting vién va toc do thuc
hién cta thuat toan SFUI-UF; Thi hai 1a danh gia, so sanh
phuong phap ParaSFUI-UF so véi thuét todan SFUI-UF: két
qua cho thiy, phuong phap ParaSFUI-UF c6 hiéu qua vudt
tri so véi SFUI-UF.
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Tém tat: Robot cong tac (Collaborative robot - Cobot) 1a nhiing robot c6 thé tiép xitic v6i con ngudi mot cich truc tiép,
phét huy dong thoi dugc cac 1oi thé clia cd con ngudi va robot dé ting hiéu suét cong viéc. Cobot hoat dong than thién
va tuong tac véi con ngudi vi dudc 1ap trinh d€ phat hién va cham an toan. Do d6 yéu ciu phét hién chinh x4c va nhanh
chéng cic va cham ctia canh tay cobot 12 mot chi dé thu hiit dudc sy quan tAm clia nhiéu nha nghién ctiu. Nghién ciiu
ctia chiing toi dé xuét hudng tiép cin 4p dung hai ky thuit hoc mdy c6 gidm sit 1a SVMR (Support Vector Machine
Regression) va 1D CNN (1D Convolutional Neural Network) cho két qua phat hién va cham hiéu qua véi canh tay robot

CURAG trén bo dit liéu ctua Intema.

Tix Khéa: Phdt hién va cham, cdnh tay robot cong tdc, 6-DoF.

Cobots are robots that can directly contact humans, simultaneously promoting the advantages of both humans and

robots to increase work efficiency. Cobots operate friendly and interactive with humans because they are programmed
to detect collisions safely. Therefore, the need to accurately and quickly detect collisions of cobot arms is a topic that
attracts the attention of many researchers. The our proposed technique using the SVMR model and the 1D CNN model
is tested and gives good collision detection results with CURA6 cobot arm on the Intema’s dataset.

Title:  Collision Detection for 6-DoF Collaborative Robot Arm
Abstract:
Keywords:  Collision detection, cobot arm, 6-DoF.

I. GIOI THIEU

Cobot 12 nhiing robot c¢6 thé 1am viéc dong thdi véi ngusi
van hanh. Theo ISO 10218 [7]], cobot la robot c6 thé tiép
xtdc v6i con ngudi mot cich truc tiép trong mot khong gian
lam viéc cong tac xac dinh. Khac véi robot cong nghiép,
cobot dudc thiét ké dé bao dam tuong tac an toan vdi con
ngudi ciing nhu moi trudng lam viéc cong tic. Cobot dugc
ché tao bang vat liéu nhe va thiét ké véi hinh dang mo
phdng tuong tu cdnh tay ngudi. Cobot hoat dong phdi két
hop véi con ngudi dé ting hiéu ning qué trinh san xut
hoic khic phuc cic han ché ky thuat ma khong cin dén
cac thiét bi vat 1y bao hd nhu tAm chén, ludi, hang rao bao
vé nhu robot cdng nghiép [18].

Da c6 nhiéu cong bd vé bai toan phat hién va cham véi
d6i tugng nghién ctiu 1a canh tay cobot [2} 8] [13] 20]]. bién
hinh 1a canh tay cobot sau bac tv do 6-DoF (Six Degrees
of Freedom) dugc thiét k& nhim thuc hién céc tac vu chinh
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Xac va an toan véi con ngudi. Hinh [I| m6 ta canh tay robot
CURAG6 (Cooperative Universal Robotic Assistant 6) cua
Intema [2].

Ciéc phan tiép theo clia bai bao gdm: Muc II gidi thiéu
cac cong trinh nghién ctiu c6 lién quan; muc III khai quat
vé dong luc hoc robot; muc IV mé td phuong phap dé xuét
cia ching toi. Cac két qua thi nghiém trén bo di liéu
Intema dugc trinh bay trong muc V. Cudi ciing 1a Muc VI
dua ra két luan va dinh huéng cho cic nghién ciu phat
trién trong thdi gian téi.

II. CAC NGHIEN CUU LIEN QUAN

S. Haddadin va cac cong su [5] cong bd mdt khao ciu
kha toan dién vé bai todn xi ly va cham cda robot. Bai
toan xt ly va cham dudc chia thanh nhiing tac vu chinh la:
phat hién (detection) va cham, nhin dang (identification)
va cham, phéan loai (classification) va cham va phan ung
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da

az

(b)

Hinh 1. (a) Hinh chup robot CURAG tai phong thi nghiém cta
Intema; (b) M6 hinh robot CURA6

(reaction) va cham. Trong tdm nghién cdu cua ching to6i
12 bai toan phat hién va cham, day chinh 1a buéc dau tién,
c6 tinh chit dinh huéng céc tic vu khic trong toan bo hé
xG ly va cham. Chung tdi phin chia cac phuong phap phat
hién va cham trén canh tay cobot thanh hai nhém: (i) nhém
phuong phéap st dung hoc may va (ii) nhém phuong phap
khong st dung hoc may. Nhém phuong phap (ii) thudng
dua vao cic cam bién bé mit xiic gidc (sensor skins) bao
phtd bén ngoai robot [I, [17]. Tuy nhién, cdc cidm bién bé
mit xic gidc thudng c6 chi phi cao, khong bén va c6 thé
bi héng khi bi va cham manh hay va cham nhiéu 1an. Céc
phuong phap duya trén hoc may [2, 5, [13] thudng uéc tinh
cdc mdmen xoan khép bén ngoai do va cham, sau d6 so
sanh v6i mot tap gid tri ngudng cho trudc dé€ kiém tra xem
va cham c6 xay ra hay khong. Do momen xoan truc tiép s&
1a ly tudng, nhung cam bién moémen xoin cé thé tén kém,
gidi phap thay thé 1a uéc tinh momen xoan khép ti cic
phép do dong dién tai cdc bo truyén dong khép.

Hién nay, viéc ap dung cdc phuong phidp hoc may dé
phét hién va cham da tré nén phd bién. V6i diéu kién thu
thap dd lugng dit liéu da dang, chét lugng tot, cac phuong
phdp hoc mdy mé ra kha niing cé thé khiac phuc dugc su
khong chic chin (uncertainty) ciia cdc tham s6 trong md
hinh dong luc hoc cliing nhu cac hiéu ing khong dugc md
hinh héa nhu ma sat va nhiéu do luong.

A. N. Sharkawy va cong sy [14] da st dung M-FNN
(Multilayer Feedforward Neural Network) véi sai s6 vi tri
kh6p va van toc 1am diu vao (input), dong thoi uéc tinh
momen xoan khép bén ngoai ma khong cin st dung dong
luc hoc robot (nhung ciing yéu ciu diéu chinh ngudng va
cham tha cong cho tiing khép), trong khi [15] xem xét cac
momen khdp do dude va vectd Iuc hdp din cla tay may.
Tuy nhién, cac phudng phap nay chi dugc thuc nghiém véi
céc chuyén dong hai va ba khép clia mot tay mdy robot
7-DoF. Tac gia Z. Zhang va cac cong su [19] huén luyén
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mot FNN véi cdc tin hiéu dau vao 36 chiéu dudc trich xuit
tlf ca cdc dic diém mién thoi gian va tin s6 clia cac phép
do cam bién momen xoan khép. Pbi véi cac robot cé hinh
dang diy di gibng nhu con ngudi, nhém nghién ctiu cda
K. Narukawa [[11]] d& xuét cai tién k¥ thuat mdy vectd hd
trg mot 16p (OC-SVM), trong d6 du vao dudc coi 1a vecto
di€m momen ciia robot hinh ngudi va cac phép do luc va
moémen xoan cho ting chi.

Gan day, Y. J. Heo va cic cong su [6] dé xuat phuong
phap phat hién nhanh va cham cua canh tay robot 6-DoF st
dung mang neural tich chap mot chiéu (1D CNN) véi kich
thudc 12 Wx66 (v6i W biéu thi kich thudc ctia sd thoi gian)
trong d6 c6 cac mdmen xodn khdp bén ngoai wdc tinh lam
dau vao; dau ra 1a két qua phat hién va cham dang nhi phan
(True, False). K. M. Park va cac cong su [13] tip trung
nghién ctiu giai quyét van dé phat hién va cham ctia canh
tay robot Doosan M0609. Trong khi M. Czubenko va nhém
nghién ciu 2] d& xuét két hop mot sb mang neural khac
nhau nhu AR, RNN, CNN-LSTM va MC-LSTM nhdm phat
hién chinh xdc va cham cda cdnh tay robot CURA6. Tuy
nhién, han ché chung ctia cic phuong phip do K. M. Park
va M. Czubenko dé xuit 1a sy phu thuoc vao ma sit cla
dong co, dac biét 1a ma sat Coulomb.

Trong bai bdo niy, nhém nghién cifu ctia ching téi dé
xuét 4p dung hai phuong phdp hoc cé gidm sit 1a SVMR
(Support Vector Machine Regression) va 1D CNN (1D
Convolutional Neural Network) d€ phat hién va cham clia
canh tay robot CURAG trén co s§ cac phép do dong dién
cung v6i mo hinh dong luc hoc cia robot. Huéng nghién
clfu ctia ching t6i c6 uu diém 1 khong yéu ciu bat ky cam
bién bén ngoai b3 sung nao khac, so véi [19] yéu cau cam
bién momen xoan khdp tai cac khdp. Hai phuong phédp ctia
chiing t6i khong yéu cau bl ma sat. Chi phi tinh todn trong
phuong phip dé xuét it hon ddng k€ cho ca huin luyén va
suy luan (dau vao 4 chiéu cho SVMR va 6 chiéu cho 1D
CNN) trong khi phuong phédp ctia Y. J. Heo [6] c6 du vao
66 chiéu.

L. PONG LUC HOC ROBOT
1. Chu tao cia canh tay robot

Ciéc bo phan chii yéu ctia mot robot CURA6 bao gom:
dé, cac khép (Joint) quay hoic tinh tién, céc lién két (Link)
gitta cac khép va ban tay robot con dudc goi khac 1a khau
chip hanh cudi (End of Effect). Canh tay robot CURA6
cla Intema c6 déc trung nhd gon véi trong tai 5000 g, ban
kinh hoat dong rong 1200 mm. Robot CURA6 c6 thé thuc
hién dugc cdc nhiém vu phic tap véi yéu cau tinh chinh
x4c cao nhu thao tic xi 1y, tiép xic ddi v6i nhiing vat c6
dic tinh dé bién dang hoic dé rach, vd trong nhiing diéu
kién van hanh véi yéu cau ky thuat rit khit khe.

Bang [I| thé hién bang tham s6 dong hoc D-H (Denavit
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_ Bang 1
BANG THAM SO D-H CUA ROBOT CURA6

i | Khoang cich a; | Géc quay «; | Khoang cich d; | Mémen 7; | Géc quay 6;
0 0 z 0.105 70 0
1 0.4 0 7 6
2 0.4 0 ko) 6,
3 z 0.220 3 03
4 -z 0.200 74 04
5 0 0.140 s 65

- Hartenberg) cta robot CURAG6 [2]]. Ky hiéu trong bang [I|
nhu sau:

a; 1a tham sb khoang cach tinh tit truc Z;_; t6i truc Z;
do doc theo truc X;.

«@; 1a tham s6 géc quay truc Z;_; xung quanh truc X; t6i
song song hodc trung véi truc Z;.

d; 1a tham sb khoang cach gita 2 truc X;_; va truc X;
do doc theo truc Z;_;.

6; 1a tham sb géc quay ciia truc X;_; xung quanh truc
Z;_1 t6i song song véi truc X;.

2. Phuong trinh dong luc hoc

Phuong trinh dong luc hoc dudc dinh nghia cho robot
CURAG la:

M(q)G+C(q,9)q+g(q)+1F =T )]

voi g (1) = [qo (t) ,q1 (1), ....gn_1 (1)] € R" bao gdm vi tri
ctia mbi khép (véi n = 6), ¢ () € R" va § (t) € R* lan
lugt biéu thi vecto van tdc va gia téc. M (g) € R™" 1a ma
trAn quén tinh robot, C (¢, ¢) € R™" la ma trin Coriolis,
g (¢) € R 1a luc hip din, 7 € R” biéu thi luc ma sit va
T, € R™ la vectd mdmen khép. Luu y: M (g) la ma trin
dbi xung; T, = Kji, v6i K; € R™ 1a ma trdn khuéch dai
va i, € R" la dong dién dong co. Khi va cham xay ra,
phuong trinh (1)) tr§ thanh:

M(q)G+C(q,q)qg+8(@)+TF =T+ Texs  (2)

V61 Toxy € R 12 mOmen xoin khép ngoai do va cham hodc
luc bén ngoai khac tic dong 1én robot.

Ma trin M (q) — 2C (g, ¢) 1a d6i xiing xién, véi M (q)
la ky hiéu dao ham ctia M (q) theo thdi gian (chi tiét
trong [10]).

M(q) =C(q,9)+C" (4,9) 3)
DPong luong tdng quét clia robot xdc dinh nhu sau:
p=M(q)geR" )
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Pao ham clia p theo thdi gian dudc biéu dién la:

pP=M(q)§+M(q)g ©)

hay

p=Tm+Text T +C (q,4) -2 (q) (6)

Ky hiéu 8 (q,4) = ¢ (9) = C" (¢,4) ¢ va ma tran Ko =
diag (ko,;) € R™", dong luc hoc clia by quan sit dong
lugng dudc dinh nghia nhu sau:

A

p= (N

Tm_TF_ﬂA(q’Q)'*'rm
va

Fm =Ko (p = ) ®)
DPau ra r,, (1) € R" clia b quan sit dong lugng dudc mo
ta nhu sau [13]:

rm=K0(P(f)—A (Tm_TF_B"'rm)ds_p(O) )

v6i p = M (q) g va B = §(q) - C" (q.4) ¢, trong d6 M,
C va g biéu thi cac tham s6 mo hinh. Trong céc diéu kién
ly tudng khi M = M va B = 8, mbi quan hé dong luc hoc
giita 7, (f) va momen xoan khép ngoai 7y, la:

'm = Ko (Text - rm) (10)

sao cho ry, (t) dong vai tro udc tinh cho 7.y;.

Momen xoin khdp ngoai udc tinh dude so sanh theo tling
thanh phin véi ngudng cb dinh do ngudi diung xdc dinh
€cqa € R", sao cho ham xac dinh va cham cd : r,, (1) —
{True, False} dugc dinh nghia la:

if lrm (D] > €ca
if|rm (t)l < €cd

True

False an

cd (rm (1)) = {

Ham tra vé két qua dang nhi phan cho biét c6 xdy ra va
cham hay khong [3, 15].
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IV. PHUONG PHAP DPE XUAT
1. Mb ta b dit liéu

C6 15 14t (slices) chuyén dong ngiu nhién cla robot da
dugc chuin bi dé€ 1am dif liéu huin luyén, mdi lat chda
10000 mau (07 phiit chuyén dong). Téc dd ctia mdi khép
dugc bo giai thiét ké an toan nim trong khoing 25% toc
do t6i da cta dong co.

C6 03 lat dugc thu thap ma robot khong co tai trong va
12 14t con lai ¢6 tai (don vi tinh bang gam) tir danh sich sau
{782, 1016, 1282, 2298, 2757, 4039}, véi 02 14t cho mdi
tai (pham vi tai xap xi 1a tir 500 g dén 4000 g). Trong do,
dit Tiéu hoc (90%) va dit lidu xdc thuc (10%). Bo dit licu
nay dudc tai vé tf trang Gitlab (https://gitlab.com/intema-
gdansk/cura6-dataset/-/tree/main).

Cic tin hiéu can dugc chuin héa trong pham vi [0,1]
truéc khi duge xd ly lam dau vao. Pau ra khong xét dén
ma sat dugc mo ta bing phuong trinh:

r=1<o(p<r>—/0’(rm—B+r)ds—p<0> 12)
véi
p=1m—Bq.q) +r (13)
va
#= Ko (5~ ) (14)

Trong céc diéu kién ly tudng, mdi quan hé dong giita
r (t) va mdmen xoan kh6p ngoai 7, la:

r =Ko (Text —TF — r) (15)

2. Phuong phap phat hién va cham

Trén co s6 phuong phap SVMR [16] va 1D CNN [9, [12]]
la nén tang, ching tdi nghién cu phat trién mo hinh phat
hién va cham cho canh tay robot CURA6. Quy udc: Mot
tin hiéu f-chiéu thay ddi theo thoi gian s (1) € R/ dudgc 1iy
mau tai khoang thdi gian 14y mau #; trén mot cira s& thoi
gian c6 kich thudc ty; s6 luong mau 1a N+1 = ’t—v;’ +1 €N,
a) Phdt hién va cham voi SVMR

SVMR ldy gia tri tuyét d6i cta dau ra (T12) lam dau vao.

- Thiét ké vecto dic trung: Thiét ké vecto dic trung bao
gdm chuyén tin hiéu thanh dang vecto va gan nhan cho cic
dic trung. D€ 14y mau theo thoi gian, chiing ti dit ty =
80 ms va #; = 8 ms. Sau khi 14y miu dau ra ctia bd quan
sat dong lugng va bién ddi thanh ma tran R € R™NV+D),
gia tri cac hang 1, 2, 3 va 4 clia R tao thanh mét vecto duy
nhét, din dén két qua vecto dic trung x (¢) nhu sau:

T
x=|ry ry ryoril e R*WV+D (16)
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Hinh 2. Piu ra ctia SVMR va chi sb va cham tuong dng

trong d6 ry, € RIN*D bidu thi gid tri cia hang cé thi tu
i cia R. Luu y rang hang thi i ctia R biéu thi du ra quan
sat dong luong dudc 14y mau cta khép i. So vé6i viéc st
dung tin hiéu ctia tit ca cac khép, kich thudc ctia vecto dic
trung x nay nhd hon, gidm lugng tinh todn cho SVMR.

- Huén luyén SVMR: Vi hAam mii yéu cau tinh toan nhiéu
hon cac ham da thic, nén chung t6i st dung ham SRQ [4]
thay vi ham RBF:

1

v6i cac tham sb C =1, & = 0.02 (dua theo [16] va o = 3.

- Piéu chinh do nhay phat hién va cham: Diu ra ctia
SVMR dudc huin luyén 1a mot gia tri vo huéng dugc chuin
héa thanh mot don vi duge md ta nhu trong Hinh |Z| sau do
dugc dit ngudng va chuyén thanh chi sb va cham nhi phan
tuong tng theo (TT).

Ksro (x,2) = (17)

Gia tri dau ra gin bang 0 khi khong c6 luc bén ngoai
tac dung va ting khi mdmen xoin bén ngoai udc tinh ctia
khép 1-4 (T6) ting va giam khi momen xoin bén ngoai
giam. Mdmen xoin bén ngoai udc tinh cang 16n va sb lugng
khép bi tic dong ctia ngoai luc cang nhiéu thi gid tri dau
ra SVMR cang 16n.

b) Phdt hién va cham voi 1D CNN

- Thiét k& dau vio mang: Tin hiéu dudc liy mau trong
clia s6 thdi gian ty=50 ms & khoang thdi gian liy miu
17=10 ms va dugc chuyén ddi thanh ma tran R € R"™(N+1),
Ma tran dic trung dau vio mang Z (¢) dugc dinh nghia la:



c Rnx(NH)

|
rh (18)
|
trong d6 |ry,| € RN+ bidu thi gid tri cia hang thd i
cua ma trin R.

- Thiét ké kién tric: Kién triic CNN dudc md ta trong
Hinh [3| chita bén 16p tich chap 1-D, mét 16p lam phing,
mot 16p fully connected va mot bd loc dau ra. Hai trong sd
cic 16p tich chap 1-D sit dung cing mdt phan dém, trong
khi hai 16p con lai st dung phan dém hop 1&. Sau khi di
qua cdc 16p lam phang va dudc két nbi diy dii va bo loc
dau ra, gid tri chi s6 va cham nhi phan dugc xuét ra, loai
bé qué trinh diéu chinh ngudng phat hién. Tat ca cac 16p
déu st dung ham kich hoat relu.

¢) Loc ddu ra

Chiing t6i thuc hién loc dau ra d€ gidm duong tinh gid
(canh bao sai). Va cham chi dugdc cinh bio néu dau ra
ctia phuong phap phat hién va cham lién tuc la True trong
khoang thdi gian 7. ms. BO loc dau ra loai bé cic 16i (canh
bdo sai vdi thoi gian kéo dai trong pham vi 1 —¢, ms) gitp
phat hién va cham hiéu qua hon. Ching t6i dat ¢.=3 ms
cho phuong phap SVMR va 7.=4 ms cho CNN.

V. THU NGHIEM VA KET QUA

Thi nghiém ctia chung t6i dung PRAUC (Area Under the
Precision-Recall Curve) 1am tiéu chi d€ ddnh gia hiéu sut
phat hién va cham. Precision va Recall dugc dinh nghia
nhu sau:

TP
Precision = ———— 1
recision TP FP 19)
va
TP
Recall = ———— (20)
TP+ FN

v6i TP biéu thi sb luong duong tinh that, FP biéu thi sb
lugng duong tinh gid va FN biéu thi s6 lugng am tinh gia
(va cham dugc coi 1a duong tinh). Precision cao thé hién
ti 1&¢ duong tinh gia thip trong khi Recall cao thé hién ti
1¢ am tinh gia thdp. PRAUC cao thé hién ci Precision va
Recall cao.

Trudce tién, ching t6i danh gia PRAUC cia SVMR véi
cac ngudng phat hién khac nhau (@); danh gia PRAUC
cia CNN véi cac tham sb bd loc lién tuc dau ra khic
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nhau (z.). Sau d6, dbi v6i mdi phuong phdp, v6i ngudng
cb dinh va tham sd bd loc dau ra cb dinh, ching t6i do
do tré phat hién trung binh va sb 1an phat hién khong
thanh cong ddi véi cac va cham. Ddi véi SVMR, trong khi
ting dan ngudng phat hién « tit a =-0.08 (tit ci cic nhin
dugc du doan 1a 1) 1én @ =0.98 (tit ci cac nhidn dudgc
du doéan la 0), ching t6i tinh todn cdp Precision, Recall
cho ting gia tri ngudng va vé dudng cong nhu trong Hinh 4]

Tiép theo, dinh gia PRAUC ctia CNN vé6i tham sb bo
loc dau ra 7. thay ddi tif t. = 1 ms (khong dp dung loc)
dén t. = 619 ms (tit ca cac nhan dugc du doan 1a 1 dugc
loc thanh 0). Ching t6i Iuu y riang do qué trinh loc lién
tuc chi c6 thé bién ddi cac gia tri 1 dugc du dodn thanh
0 (diéu ngudgc lai 1a khong thé; khong thé loai bd cic phi
dinh sai hién c6), nén Recall t6i da khong phai 1a 1. Nhu
minh hoa trong Hinh @] SVMR c¢6 PRAUC la 80.95%
trong khi CNN c¢6 PRAUC la 82.12%. Nhu viy, ca hai
phuong phap hoc mdy cé gidm sat déu phat hién hidu qua
cdc va cham va khong va cham ddi véi nhidu ngudng phat
hién va tham sb bd loc dau ra.

Chiing toi 1ap trinh thif nghiém bang ngon ngit Python.
Cic phuong phap dé xuit di khic phuc dudc nhiing trd
ngai vé& su khong chic chin clia cic tham s trong mo hinh
dong luc hoc va cac hiéu ung khong dugc mo hinh héa (ma
sat, nhiéu do cam bién).

VI. KET LUAN VA PINH HUGNG NGHIEN CUU
PHAT TRIEN

Phuong phdp phat hién va cham dya trén SVMR va 1D
CNN do chiing 6i phédt trién da phat hién va cham clia
canh tay robot 6-DoF CURA6 kha hiéu qui. Uu thé néi
bat trong phucng phap dé xuit 1a chi yéu cau phép do céc
cam bién dong dién ctia dong co ciing v6i mo hinh dong
luc hoc clia robot; khong can md hinh héa hodc xic dinh
cac mOmen ma sdt trong cac khép.

Qua thtr nghiém trén bo di# liéu cia robot CURAG,
phuong phap dua trén SVMR chi yéu cau diéu chinh mot
tham s6 khong ddi, trong khi phuong phap dua trén 1D
CNN khong yéu cau bat ky diéu chinh nao. Chiing toi so
sanh va nhan thiy ring phuong phip dua trén 1D CNN
phét hién va cham cho két qua nhanh phuong phap dua
trén SVMR hon khoang 9 ms; trong khi phuong phap dua
trén SVMR yéu cau vé dit liéu va cham it hon dé€ huin
luyén so v6i phuong phap dua trén 1D CNN. Phuong phap
dua trén 1D CNN thich hop véi ngit canh dif liéu huén
luyén phong phu, con phuong phap dua trén SVMR phu
hop véi ngit canh dif liéu han ché.

So véi két qua nghién ctiu trong [2] va [6], phuong phap
ctia chiing t6i chiém uu thé trong ngit canh xt ly tic dong
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cua céc tai trong khac nhau. Tuy nhién, viéc xac thuc cho
céc tai trong ngiu nhién khong xdc dinh vin 12 mot bai
todn nan giai. Hon nita, bai toan phat hién va cham cua hai
hay nhiéu canh tay robot rat phiic tap va cin dudc nghién
ctiu chuyén sau hon. Ddi véi cac robot cong tic dugc san
xuét hang loat, mot vin dé thuc té khic 1a cac quy trinh can
thiét d€ phat hién va cham hiéu qua phai dugc nhan rong
trén quy mo 16n. Pay sé 1a nhiing chii d& md cho nghién
cuiu trong tuong lai cda ching toi.
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Tém tat: Trong nhiing nim gn déy, bai todn khai thic cic mau trong sb hitu ich phd bién (FWUP) dang dugc quan tam
nghién cifu. Pay 1a mot 1a mot bién thé clia bai toan khai thac miu. Mot s6 phuong phap giai quyét kha hiéu qué bai toan
nay da dugc dé xuat. Tuy nhién, trong thuc té, khi dif liéu c6 kich thuéc 16n va trong sb ciac muc thudng xuyén thay doi
din dén cdc thuat todn x& ly tén nhiéu thdi gian trong qué trinh khai thac miu. Néu tan dung kha niing tinh todn song
song clia cac hé thdng tinh todn, hodc clia cac bd vi xit ly da 16i (multi-core) thi ¢6 thé cai thién dudc thoi gian tinh toan
cua cdc thuét toan. Trong bai bao nay ching t6i gidi thiéu mot giai phap song song hoat dong trén bd xi ly da 161, dat
tén 1a pdFWUNL, d€ khai thic cdc mau trong sb hitu ich phd bién tit co s dif liéu dinh lugng dong c6 trong sd cic muc
thay ddi. Két qua thuc nghiém cho thiy thoi gian khai thac miu ctia thuat todn song song pdFWUNL cia ching t6i hiéu

qua hon phuong phép tuan tu t6t nhat hién cé.

T khéa: mdu trong sé hitu ich phd bién, co sé dit liéu dinh lugng déng, dit liéu lon, tinh todn song song

Title:
Abstract:

A Parallel Algorithm for Fast Mining Frequent Weighted Ultility Patterns from Dynamic Quantitative Databases
In recent years, the problem of mining frequent weighted utility patterns has been receiving research attention. This is

a variation of the pattern mining problem. Many effective methods have been proposed to solve this problem. However,
when the data is extensive and the weights of items change frequently, the algorithms take much time during the mining
process. If we take advantage of the parallel computing capabilities of computing systems or multi-core processors, we
can improve the mining time of algorithms. This paper presents a parallel solution operating on multi-core processors,
named pdFWUNL, to exploit frequent weighted utility patterns from dynamic quantitative databases with variable item
weight. The experimental results show that the mining time of our parallel algorithm, pdFWUNL, is more efficient

than the best available sequential method.
Keywords:

[frequent weighted utility patterns, dynamic quantitative database, big data, parallel computation

I. GIOI THIEU

Cong nghé dang ngay cang phét trién va tic dong dén
tt ci cac linh vuc clia doi sdng xa hoi, mang lai nhiing
hiéu qua tich cuc. Cung véi do la lugng 16n dit liéu dang
lién tuc dudc tao ra trong mdi phut gidy. Nhiing dit liéu nay
c6 thé dudc tao ra bdi con ngudi hodic miy méc, va dudc
thu thap bang nhiéu phuong thifc, cong nghé khac nhau.
C6 thé ké dén nhu di liéu ban hang, mang xa hoi, nhat
ky hé théng, dif liéu do dac hién tugng thién nhién... Néu
khai thac dugc nhiing thong tin hiu ich tir du liéu nay sé
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mang lai rit nhiéu 1¢i thé, dic biét la trong kinh doanh,
ban hang, trong cic hé théng hd trg ra quyét dinh, cic hé
théng thong minh...

Trong linh vuc khai thac dif liéu, khai thic mau 1a mot
trong nhiing bai todn quan trong [1]. Nhiém vu cta khai
thac miu 1a khdm pha tit ca cdc miu phd bién xuét hién
trong co s& dit liéu (CSDL), vi du nhu tip sdn phdm dudc
mua nhiéu nhit béi khach hang. Khai thiac miu trong s6 hitu
ich phd bién (Frequent Weighted Utility Pattern - FWUP)
[2, 3] 12 mot bién thé cia khai thic miu véi muc tiéu tim



ra cdc mau vita xuit hién thudng xuyén, vita c6 1¢i ich va
va tim quan trong (trong sd) cao. Pa c6 nhiéu thuat todn
dugc dé xuét dé giai quyét hiéu qua bai toan nay nhu MBiS
[4], WUN-Miner [5], SWUNL-FWUP [6] trén CSDL dinh
lugng tinh va dFWUT [7], dFWUNL [7] trén CSDL dinh
lugng dong. CSDL dinh lugng dong (dQDB) la CSDL ma
trong s clia cac muc c6 thé thay ddi trong qué trinh giao
dich chii khong c¢b dinh. Tuy nhién, cic thuat toan khai
thac FWUP néu trén déu chi chay trén cic bo xi 1y don
16i. Piéu nay c6 thé 1am han ché hiéu suit, khong thé mé
rong trén bd xu ly da 16i, cling nhu gdp khé khan trong
viéc khai thac trén cac CSDL 16n, dit li€u dugc tich luy
nhanh chéng theo thdi gian.

CSDL dinh lugng dong xuét hién nhiéu trong thuc té,
trong s6 ctia mdi muc dit liu c6 thé 1a 10i nhuan, gia ci
hay Igi ich... clia mit hang, cic gia tri ndy c6 thé thay
ddi theo ting giao dich. Vi du gid clia mit hang c6 thé
thay ddi theo s6 luong mua (khi mua véi sd lugng nhiéu
c6 thé duge gia thip hon), c6 thé thay ddi theo thdi gian
(gia mia he c6 thé khéc gid mia déng v6i nhitng mit hang
dién lanh)... Diéu nay din dén bai todn c6 tinh thuc tién
cao 1a khai thic mau phd bién tit CSDL dinh lugng dong
véi trong s6 thay ddi.

Trong bai bdo nay, ching t6i thuc hién mot sé noi dung
sau: (1) Gidi thiéu bai toan khai thic FWUP tu CSDL dinh
lugng dong; (2) P& xuit mot phuong phap song song, dit
tén 12 pdFWUNL d¢€ khai thic FWUP tit CSDL dinh Iugng
dong, v6i kha ning chia tinh toan thanh nhiéu tic nhiém c6
thé thuc hién dong thdi, nham gidm chi phi xt ly; (3) Dé
xuit co ché can bing tii dong d€ phan phdi cong viéc giita
cdc tién trinh khi c6 bd xd 1y nhan rdi trong qua trinh tinh
toan; va (4) Tién hanh thuc nghiém, danh gia va so sinh
thuat toan dé xuat pdFWUNL véi thuat todan gbc dFWUNL.
Két qué thit nghiém cho thiy thuit toan pdFWUNL t6t hon
phién ban gbc vé thdi gian thuc hién dbi vé6i tt ca cic bd
di liéu thd nghiém.

No6i dung bai viét dudc t§ chic nhu sau: Phan II gi6i
thidu céc nghién ciu lién quan. Phan III trinh bay mot sb
khai niém va kién thdc co ban. Phan IV mo ta thudt todn
dFWUNL va trinh bay chi tiét vé thuat toan song song dugc
dé xuit. Phan V mo ta két qua thuc nghiém. Cubi clng,
Phan VI rit ra két luan va huéng nghién ciu tiép theo.

II. CAC NGHIEN CUU LIEN QUAN

Co s6 dit liéu dinh lugng thudng xuit hién trong di liéu
ban hang. Diém dic trung cla loai dif liéu ndy 12 mdi giao
dich luu gitt s6 lugng cdc sin phdm dugc mua va mdi san
phim c6 mot trong sb khic nhau. Trong sb niy c6 thé
la gia ca, 1oi nhuan, hoic tim quan trong ctia san phim
d6 trong CSDL. Pa c6 nhiéu huéng tiép can dé khai thac
thong tin cé gia tri tt CSDL dinh lugng. Huéng nghién
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cliiu dau tién d6 1a khai thac cdc miu Igi ich cao (High
Utility Pattern- HUP) do Yao va cic dong su dé xuat [8].
Khai thac HUP tap trung vao viéc tim kiém cac mau c6 gia
tri hitu ich khéng nhd hon mdt ngudng hitu ich cho trudc.
Sau d6, nhiéu thuat toan giai quyét bai todn nay da dugc
dé xuit nhu Two-Phase [9], UP-Growth+ [10], HUI-Miner
[11], EFIM [12], va cic bién thé cia HUP nhu khai thdc
HUP dong [13], top-k HUP [14], HUP trung binh [15],...

Khai thic HUP chi quan tim dén 1gi ich ctia cdc mau,
trong khi tin s6 xuit hién clia cic miu ciing déng vai tro
quan trong. Do d6, Khan va dong su da dé xuit mot huéng
nghién ctiu méi d6 1a khai thac luat két hop trong sd hitu
ich [2]. Tic gia da dua ra d6 do méi la trong s6 hitu ich
giao dich, két hop hai yéu t6 13 tan sb va tim quan trong
d€ trich xuit dugc cic FWUP, dong thoi phét trién mot
thuat toan duva trén phuong phap Apriori. Tiép d6, Vo va
cdc dong su [3] dé xuét cAu tric MWIT-tree véi chi mot
lan quét CSDL dé khai thic FWUP. Nguyen va cic dong
su [4] da d& xuit ciu tric MBiS d€ tbi uu viéc luu trit
tidset nham ting hiéu qua khai thac. Tiép theo, Bui va cic
dong su [5] d& xuét cAu tric WUN-set cuing v6i thuat todn
WUN-Miner, va sau d6, Nguyen va cic dong su [6] phat
trién thuat toan FWUP-SWUNL st dung ciu tric SWUN-
list va d& xuét cac dinh 1y ting tbc qua trinh khai thac. Két
qua thyc nghiém cho thdy FWUP-SWUNL la thuit todn
khai thac FWUP t6t nhit hién nay.

Céc nghién ciu khai thic FWUP & trén déu tap trung
vao CSDL dinh luong tinh, trong s& cdc muc 1a cb dinh.
Tuy nhién trén thuc té, tAm quan trong cia mdi san phim
chiu 4nh hudng ctia nhiéu yéu t6 khac nhau nhu chién lugc
gidm gid, thanh ly mit hang, thay d6i hanh vi ngudi dung,...
biéu nay din dén trong sb cla tiing san phim can dudc
didu chinh cho phu hop. D€ gidi quyét vin dé nay, Nguyen
va cac dong su [7] da phat biéu bai toan va dé xuit phuong
phép (thuat toan dFWUNL) khai thac FWUP tit CSDL dinh
luong dong, trong d6 trong sb clia cac muc c6 thé thay d6i
theo thdi gian. Thuat toan dFWUNL mic d giai quyét kha
hiéu qua bai toan nhung van con han ché trén cic CSDL
16n, dic biét vé mit thoi gian.

D€ gidi quyét thach thic vé thdi gian tinh todn khi dit
liéu 16n, y tudng song song hod cac thuit toan khai thac
dit liéu 12 mot hudng tiép can. Mot trong nhitng mo hinh
phd bién dé€ 4p dung tinh toin song song la st dung bd
Xt ly da 16i. Thiét ké da 16i, cong nghé kha phd bién hién
nay trong san xuét chip xir ly, cho phép thuc hién nhiéu tic
nhiém dong thoi d€ cai thién hiéu sult cta cic qua trinh
tinh toan. Tuy nhién can c6 thuit toin c6 kha niing phan ra
cdc tién trinh va diéu phdi phu hop. Pi v6i bai toan khai
thac miu, di c6 khd nhiéu nghién ctu st dung kién tric
da 16i va dat dudc hiéu quéa dang k€ [16-18].
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III. CAC KHAI NIEM CO BAN

Mot CSDL dinh Iugng dong 12 mot bo bao gébm ba thanh
phan (7,1, DW). Trong d6 T = {t1,t2,....t,,} 12 tip céc
giao dich dinh lugng v6i m 1a sb luong giao dich, I =
{i1,i2,...,in} 12 tAp muc v6i n 1a s6 lugng muc, va DW =
{dw1,dwy,...,dw,} 1a cdc tap trong sb v6i p 1a sb lugng
16 (batch). Mbi giao dich #; ¢ dang tx = {Xk1,Xk2, -.» Xkn }
k = 1..m, trong d6 xj; 1a sb luong ctia muc 7 trong giao
dich #; (c6 thé hiéu nhu s6 lugng mit hang thii i dudc mua
trong giao dich #;), va tuong ting v6i modt dw, € DW. Mbi
16 dwy = {wi,w2,...,wp}, x = 1..p, 1a mdt tap trong sb
clia cac muc trong /. Di€ém khéc biét ctia CSDL dinh lugng
dong do6 1a trong s6 ctia mot muc c6 thé thay d6i trong cic
giao dich khac nhau dya trén tim quan trong ctia muc dé
tai cdc thoi diém khdc nhau. Mdi 16 giao dich c6 thé c6
mot hodic nhiéu giao dich va tuong ting véi mot tip trong
s6.

Bang I mo td vé mot CSDL dinh lugng dong. CSDL
c6 5 giao dich T = {t1,1p,13,14,ts} va nam muc [ =
{A B,C,D,E} v6i 2 16 DW = {dwl,dw2}. Trong
sb clia cdc muc trong giao dich #, f, 3 la dw; =
{0.3,0.5,0.2,0.4,0.7}, va cac giao dich t4, t5 c6 trong sb
la dw, = {0.4,0.3,0.4,0.2,0.3}.

R Bang I
Vi DU VE CSDL PINH LUONG PONG (DQDBE)

[ Bang giao dich cua CSDL |

Giaodich | A | B | C | D | E | Trong so

1 110 2 3 1

15 0 2 1 0 2 dwq

2 2 0 1 0 1

14 1 0] 3 210

s 311 [ 12 [1 dwy

Bang trong so cia CSDL

Trong so | A B C D E
dw 03[ 05]02] 04|07
dw, 04 [ 03]04]02]03

Pinh nghia 1. [7] Gi4 tri trong sb hitu ich giao dich (rwu)
ctia mot giao dich 7 v6i tap trong s6 dw p € DW dudc xdc
dinh nhu sau:

Zijéfk Wpi; X

173]

Xki

twu (t) =

Trong do, wpi; € dw) 1a trong s6 clia muc i; trong giao
dich tg, xg;; la sO lugng ctia muc i; trong g, va [t| 1a o
lugng cac muc trong f.

Vi du 1. Giao dich #, trong dQDBg c6 gid tri twu dugc
tinh nhu sau:

twu(t)) = (0.5x2+0.4+0.7%x2)/3 ~0.87

Tuong tu, gid tri twu cta tit ci cic giao dich trong dQDBg
dudc tinh nhu trong Bang 1II.
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Bang II

GIA TRI twu CUA TAT CA GIAO DICH TRONG (DQDBE)
Giao dich | Trong so Cong thic tinh twu
13 (0.3x1+02%x2+0.5%x3+0.7)/4 0.65
2 dw, (0.5x2+0.4+0.7x2)/3 0.87
13 (0.3%x2+0.2+0.7)/3 0.50
14 dw (0.4+0.4x3+0.2x2)/3 0.67
ts 2 (04x3+03+404+0.2x2+0.3)/5 [ 0.52
Tong gia tri twu (sumtwu) 3.21

Pinh nghia 2. (7] Goi sumtwu = ¥, cr twu(ty) la tong
gid tri twu cla cdc giao dich trong dQDB. P6 hd trg trong
s6 hitu ich (wus) cia mot miu X dudc xdc dinh nhu sau:
wis (X) = Ztket(X) twu (tx)
sumtwu
Trong d6, t(X) la tdp cac giao dich trong CSDL c¢6 chia
mau X.

Vi du 2. Gid tri wus ctia miu AE dugc tinh nhu sau:

twu (t) + twu (t3) + twu (ts)
wus (AE) = sumtwu

0.65+0.5+0.52
=32 02

Cho CSDL dinh lugng dong va mot ngudng hd trg trong
s6 hitu ich tdi thiéu (ky hiéu 1a minwus), bai toan khai thac
FWUP la tim tit cd cic miu X c6 gia tri wus(X) 16n hon
hoic bing minwus.

Iv. THUAT TOAN PDFWUNL KHAI THAC MAU
PHO BIEN TREN CSDL PINH LUQGNG PONG

1. Thuat toan dFWUNL

Phan nay gi6i thiéu vé thuat toan dFWUNL [7] va cic
thanh phan cta né, day 1a co sé dé dé xuét thuit toan
song song héa ciia ching t6i trong phan sau. Thuit todn
dFWUNL khai thdc cic FWUP tit dQDB dude dé xuét boi
Nguyen va dong su sit dung céu tric WUNList, 12 mé rong
cia ciu tric N-list [19], dudc tao thanh tif cAu tric WUN-
tree. V& co ban, thuat toin dFWUNL gom 3 giai doan:

1) Giai doan dau tién quét dQDB dé xiy dung WUN-
tree, tim va sap xép giam dan cic 1-FWUP theo wus.
Cac 1-FWUP nay dugc luu trit trong ;. WUN-tree
la ciu tric cay, mdi nit luu trif nim gid tri name,
pre, post, weight, va children tuong tng véi tén
ctia muc dai dién cho nit, thit tu ctia ndt khi duyét
pre-order (tién thi tu) va post-order (hau thd tu), tong
twu cua cac giao dich di qua nit nay, va tdp cac nut
con cua nut do.

Giai doan thi hai tao WUNList cia cac 1-FWUP
trong I, bang cich trich xudt théng tin tt WUN-
tree. CAu tric dit lidu WUNLIist ctia mot muc X,
ky hiéu 1la wl(X) 1la mdt diay cac WUN-codes

2)



{(prey, posti,weighty), (pres, posty, weighty), ...,
(prey, post,,weight,)} ctia cac nat dai dién cho
muc X trén WUN-tree. WUNList dudc sip xép ting
dan theo gid tri pre (pre; < pre, <...< prey).
Dong thoi, tién hanh tinh wus ctia 2-pattern thong
qua WUN-tree va luu trif trong ma tran F2.

Giai doan cudi cung tién hanh tim kiém tit ci cic
FWUP. Thuit toan dFWUNL sit dung ciu triic set-
enumerations-tree [20] két hop véi cac dinh ly dé
ting toc qud trinh khai thic. Trong qua trinh tao set-
enumerations-tree, cac nhanh cuda cay sé cé cung tién
td. Do d6, chiing ta c¢6 thé xic dinh dugc k-FWUP
tu hai (k — 1)-FWUP va tinh nhanh wus thong qua
viéc giao cac WUNList (WUNList intersection). Két
thic thuét toan, ta thu dugc day di tit cd cac FWUP
thod man ngudng minwus.

3)

Vi du 3. Hinh 1 md td WUN-tree dudc tao thanh ttt dQDBg
v6i nguong minwus = 0.5. Muc B bi loai bd vi wus(B) =
0.43 < minwus. Nut dai dién cho muc C c6 WUN-codes
la (1,5,3.21). Tr WUN-tree, ta tao dugdc WUNList cia
cic 1-FWUP. Vi du, WUNList clia mau A 1a wi(A) =
{(3,1,1.64),(5,4,0.67)}. WUNList cta cac 1-FWUP dudc
st dung d€ khai thac cic FWUP tiép theo va cho hiéu qua
vugt troi.

Null
(0, 6)
v
C: 3.21
(1,5)

E: 2.54 A: 0.67
2,2) (5,4
A:1.64 D: 0.67
(3.1 (6,3)
D:1.17
(4,0)

Hinh 1. WUN:-tree dugc tao tt dQDBEg v6i minwus = 0.5

Thuét todn dFWUNL da trién khai dugc viéc khai thac
mau trén CSDL dinh lugng dong, tuy nhién van con thach
thiic vé thoi gian khai thac trén ciac CSDL 16n va chua c6
kh ning tin dung stic manh clia cic hé thdng tinh todn
song song.
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2. Pé xuét chién luge song song cho thuat toan
dFWUNL

Trong phan nay, chiing toi trinh bay thuit todn c6 tén la
pdFWUNL khai thac nhanh cac FWUP trén dQDB. Thuat
toan pdFWUNL la md rong cda thuit toan dFWUNL [7],
st dung kién tric bd xi ly da 16i d€ song song hod qua
trinh tim kiém cdc mau trong s6 hitu ich phd bién.

Giai doan 3 cua thudt toan dFWUNL tao thanh set-
enumerations-tree v6i cadc nhanh khac nhau. Cac nhanh nay
bét dau tit cac 1-FWUP, sau d6 dudc md rong dan. Qua trinh
khai thac trén cac nhanh la hoan toan doc lap, khong co su
phu thudc dit liéu, tinh todn 14n nhau. Do d6, ching ta c6
thé 4p dung chién ludc song song vao giai doan nay. Thuat
todn pdFWUNL 4p dung mo hinh task-parallelism trén hé
théng bd nhé ding chung. M6 hinh nay chia chuong trinh
thanh céc tac vu (task) riéng 1é va sau d6 tién hanh thuc
hién song song cdc tidc vu doc 1ap. Thuat toan coi mbi 1-
FWUP trong I; 1a mdt task riéng biét va phan phdi céac
task nly vao céc 16i clia b xii 1y d€ khai thac doc 1ap. Mbi
16i ctia bo xt 1y sau d6 sé tién hanh tao cac cdy con tuong
ting v6i nit ma né dude chi dinh, st dung tim kiém theo
chiéu sau (DFS).

Vi du 4. Hinh 2 md tad qué trinh phin chia khong gian
tim kiém thanh cidc cong viéc doc 1ap va tién hanh khai
thac trén CSDL dQDBg véi minwus = 0.5 cla thuit toan
pdFWUNL. C6 bbén 1-FWUP trong I; nén c6 bon task, va
céc task nay dugc cac 16i cia by xtt Iy khai thac song song.

{}

T

E
(2,2, 254)}
0.79

AN

EC
0.79

D A C
{(4,0,1.17),(6,3, 0.67)} {(3.1,1.67).(5.4.0.67)} {(1.5.3.21}}
0.57 0.73 L0

N

DA Do
057 0.57

AC
0.73

AE
[(2.2,1.67))
0.52

l

ACE
052

DAC
057

Task 1 Task 2 Task 3 Task 4

Hinh 2. Phan chia khong gian tim kiém ctia thuét toan pd FWUNL

Mot khia canh quan trong khi dp dung khai thic song
song d6 la dam bao cén bang tai. Lam sao phan bd cac
cong viéc vao cic bd hoic 16i xit 1y d€ thoi gian nhan rbi
(khong hoat dong) ctia cic bd hoic 16i xir 1y 1a it nhit c6
thé. Thuit toan pdFWUNL st dung co ché can bing tai
dong ap dung dbi v6i cac bod xii ly da 16i. Cu thé nhu sau:
1-FWUP chua dudc khai thac sé dugc dua vao 16i xt ly kha
dung (dang nhan r6i) d€ tién hanh khai thac; néu khong c6
16i xti 1y ndo, né sé doi cho dén khi c6 16i xit ly thod man
d€ chi dinh 1-FWUP chua xi ly tiép theo.



Cdc cong trinh nghién cifu, phat trién va ing dung CNTT va Truyén théng

M3 gia clia pdFWUNL dugc hién thi trong Thuét toan
1. Pau tién, thuit toan pdFWUNL tién hanh quét CSDL
d€ tao I;, WUN-tree, WUNList clia cdc muc trong I; va
tinh wus cda 2-pattern luu trit trong ma tran F, (dong 1-3).
Tiép theo, mdi 1-FWUP 1a mét task véi nhiém vu tim kiém
cac FWUP theo nhanh ctia muc d6 véi tha tuc Find_FWUP
(dong 4-6).

Qua trinh nay dudc thuyc thi song song va lién tuc dugc
phan phdi vao cic 16i dang nhan rdi. Thii tuc Find_FWUP
gdm céc tham s6 Prefix, L, S, x va level lan luct la tién
td chung, tip muc cudi ciing ctia cic mau ctia 16p hién tai,
tap hop céc muc c6 thé tinh nhanh wus, chi muc clia muc
dang xét va do dai ciia mau. Trong thi tuc Find FWUP,
v6i do dai tng vién 14 2 (level = 2), ta ¢ thé tinh nhanh
cac wus cua 2-pattern nay thong qua F2, nhé d6 nhanh
chéng loai bé cac mau khong thod man (dong 10-22). Véi
cac truong hgp khac (level > 2), ta tinh WUNList cta cac
ing vién d6 thong qua viéc giao cac WUNList d€ tim ra
FWUP (dong 23-43). Thuit ton két thic khi khong con
mau méi dugc tao thanh va ta thu dugc tit ca FWUP thoa
man.

V. THUC NGHIEM

Phan ndy trinh bay két qua thuc nghiém thuit toin
pdFWUNL va so sanh thoi gian thuc hién véi thuét toan
dFWUNL trén mot sd bd dif liéu dinh lugng dong khac
nhau. Pong thdi, d€ kiém tra kha ning md rong va tinh
hiéu qua cia phuong phap song song, ching t6i cling thuc
nghiém thuat toan pdFWUNL véi s lugng 16i xt 1y khéc
nhau, bao gom: 2, 4, 8 va 16 16i. Céc thuc nghiém déu
dugc tién hanh trén cting hé thong Dual CPU Intel Xeon
Silver 4114 2.2 GHz (20 156i), RAM 32GB, chay hé diéu
hanh Windows 10. Cic thut toan dudc phat trién bing
ngdn ngli C# trén nén tang .NET Framework 4.7, st dung
thu vién Task Parallel Library hd tr¢ 1ap trinh song song.

Bang III mo ta cic bo dit liéu thuc nghiém bao gdom:
Accident, BMS-POS, Retail, va Chainstore dudc ldy tir thu
vién mid ngudn mé SPMF [21]. D€ c¢6 dugc CSDL dinh
luong dong va khong mét tinh tong quat, ching toi da chia
mdi CSDL thit nghiém thanh nhiéu 16. Méi 16 ¢6 s luong
giao dich bing nhau, ngoai trit 16 cubi cuing chiia céc giao
dich con lai. Mbi 16 giao dich tuong tng véi mot bd trong
s6 dudc tao ngiu nhién trong khoang [1,10].

Hinh 3 hién thi thdi gian thuc hién cda thuit toan
dFWUNL va thuit toan pdFWUNL trén cac bd du liéu
thuc nghiém v6i cic ngudng minwus khac nhau. Két qua
cho thdy thuit toin pdFWUNL vuot trdi hoan toan so véi
thuat toan dFWUNL trén tit ca cdc thuc nghiém véi s6
lugng 16i khac nhau. Piéu nay 1a do thuit todn song song
c6 thé tan dung dudc sic manh cla kién tric bo xi ly da
16i. Khi ngudng minwus cang nhd, su chénh léch vé thoi
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Thuat toan 1: Thuit todn pdFWUNL

Input: CSDL dinh lugng dong dQDB va ngudng minwus
Output: FWUPs, tap tit ca cic mau trong sb hitu ich phd bién
Quét CSDL dé tao I; va WUN-Tree
FWUPs « I
Duyét WUN-tree dé tao WUNList clia cdc muc trong I, va tinh wus
cua 2-pattern luu trit trong ma trin F2
4 for x < |I;| — 1 downto 1 parallel do
Prefix2 — {ix}, L2 — 0, S2 — 0
Find_FWUP (Prefixy, Ly, Sa, x,2)

return FWUPs

W =

o o

<

8 Procedure Find_FWUP (Prefixy, Lk, Sk, x, level)

9 Prefixpext <« Prefixy

10 if level ==2 then

1 Prefixpexr < {ix}s Lnext < 0, Snext < 0

for y < 0to x — 1 do
wus (ixiy) « F2[ix] [iy]/sumtwu
if wus (ixiy) == wus(iyx) then
15 ‘ Snext < Snext Uly
else if wus (ixiy) > minwus then
wl(ixiy) ¢ WUN-
List_intersect (Wl(ix),wl(iy))
Lyext < Lpext Y iy
FWUPs < FWUPs Uiyiy

if |Spext| > O then
| Find _FWUP_sameWUS (PrefiXnext> Snext)

if |Lyext| > O then
L Find_FWUP (PrefiXpexts Lnexts Snext> X, level +1)

23 else
for i « |L;| — 1 downto 1 do
Prefixpext < Prefixpext U Lk [i]
Lpext < 0, Snext < Sk
for j —0i—-1do
C— L [j]
wl(C)  « WUN-
List_intersect (Wl(Lg[i], wl(Li[j])

25
26
27
28
29

30
31
32 \

3 else

34
35

36 if [Spext| > O then

37 ‘ Find_FWUP_sameWUS (PrefiXnpexts Snext)

38 if |Lyext| > O then

39 Find_FWUP (Prefix, . ;> Lnext> Snext> X, level+

if wi(C) # NULL then
if wus (C) == wus(Ly [i]) then
Snext < Snext U Lr [j]

Lpext < Lpext VC
FWUPs «— FWUPs U {Prefix, U
Ly [i]V L [j1}

1)
40 remove last item of Pre fiXxnext

41
42
43

Prefixpext < Prefixpexs U Ly [0]
if |[Sk| > O then
| Find_FWUP_sameWUS (Prefix, .y, Sk)

Procedure Find_FWUP_sameWUS (Prefix, S)
Sinh ra céc tap con cia S va luu trit vao Child
foreach ¢ € Child do

L FWUPs « FWUPs U {PrefixUc}

45
46
47

Bang IIT
CO sO DU LIEU THUC NGHIEM
2 S6 luon So lugng giao
CSbL $6 lugng muyc giao diclgl dich.mgf;iglﬁ
Retail 16,470 88,162 10000
Accidents 468 340,183 5000
BMS-POS 1657 515597 50000
Chainstore 46,086 1,112,949 80000

gian khai thac cang thé hién r6. Vi du, CSDL Accidents véi
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A RETAIL B ACCIDENTS
120 120
100 100
= 80 - 80
.E 60 .E 60
g g
€ 40 © 40
20 20 M
0 0
0.0045 0.004 0.0035 0.003 0.0025 10 9 8 7 6 5
minwus (%) minwus (%)
C BMS-POS D CHAINSTORE
120 120
100 100
= 80 = 80
E 6o E 60
2 40 2 40
” J 20 :/—/%
0 0 — >
0.05 0.04 0.03 0.02 0.01 0.006 0.005 0.004 0.003 0.002
minwus (%) minwus (%)
——dFWUNL pdFWUNL(2) —=—pdFWUNL(4) —><—pdFWUNL(8) —+—pdFWUNL(16)

Hinh 3. Thoi gian khai thac cua thudt toan dFWUNL va pdFWUNL

minwus = 6%, thoi gian khai thac cda thuit toan dFWUNL
1a 69s, con pdFWUNL(2) 1a 39.3s va pdFWUNL (8) 1a 23s.
Bén canh d6, thuat todan pdFWUNL ciing cho thiy su hiéu
qua ctia minh khi s6 lugng 16i xt 1y ting 1én. Vi du, CSDL
Chainstore v6i minwus = 0.002%, thudt toan pdFWUNL
chay trén hai 161 (pdFWUNL(2)) mét 50s, con chay trén 16
16i (pdFWUNL(16)) chi mét 8.6s. Tuy nhién, su gia ting
nay 13 khong tuyén tinh va khi ting 16i 1én mot mic do
nhét dinh, thoi gian khai thic khong gidm di, tham chi con
ting 1én. Piéu nay 1a cho thiy, thuat toan pdFWUNL con
phu thudc vao su phan bd dif liéu. Vi du, CSDL Retail v6i
minwus = 0.0025%, thuat todin pdFWUNL chay trén 16 16i
trong thdi gian 14 40.2s, trong khi chay trén 8 16i chi mét
38.6s.

VL. KET LUAN VA HUGNG PHAT TRIEN

Bai bao da gidi thiéu mdt phuong phap st dung bd xd
ly da 16i d€ song song hod thuit toan dFWUNL khai thic
FWUP tu CSDL dinh lugng dong. Thuat toan song song
dugc dé xuit c6 tén 1a pdFWUNL sit dung co ché Task-
parallel va cin bang tai dong d€ tan dung sic manh tinh
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toan ctia by xi ly. Cac két qua thuc nghiém cho thiy thuat
to4n song song vudt trdi hoan toan vé thdi gian khai thac
so v6i thuat toan tuan ty dFWUNL.

Trong thdi gian téi, chiing tdi sé tiép tuc nghién ciu cic
phuong phap d€ song song hod hai giai doan con lai cia
thuat toan pdFWUNL va t6i uu co ché can bing tii. Ciing
véi do6, nghién ciu cac phuong phap tinh todn phin tan
hodic song song hod trén cic hé thdng khic d€ 4p dung
khai thac FWUP trén nhitng CSDL rét 16n.
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Abstract: In recent years, along with the development of the internet, the number of social network users is increasing day
by day. Through social networks, users can share, exchange information or make friends with each other. However, with new
relationships, users often have a need to assess the credibility of a new friend before making friends on social networks.
This paper proposes a friend recommendation system on social networks based on how to calculate the reliability between
users. The recommendation system is implemented using the Neo4j graph database. The results of the truth algorithm
proposed in this paper are higher than other similar algorithms.

Keywords: Social Network, Graph Database, Neo4j, Recommendation, Truth algorithm

Tiéu dé:
Tém tit:

Ung dung co s dir liéu ab thi Neodj xay dung hé thf)ng khuyén nghi két ban trén mang xa hoi
Nhiing nim gin day, cing vdi sy phét trién cia internet, sb lugng ngudl dung mang xa hdi ngay cang ting. Théng qua

mang xa hoi, ngudi dung c6 thé chia sé, trao ddi thong tin hodc két ban véi nhau. Tuy nhién, véi nhitng mbi quan hé
méi, ngudi dung thudng cé nhu ciu danh gid do tin cdy clia mot ngudi ban mdi truée khi két ban trén mang xa hoi.
Bai bdo d& xut hé théng goi y két ban trén mang xa hoi dua trén cich tinh toan do tin cdy giita nhiing ngudi dung.
Hé théng dé xuit dugc trién khai bing cd s6 dit liéu dd thi Neo4j. Két qua clia thuét toan xdc thuc dé xuét trong bai

bdo nay cao hon céc thudt todn tuong ty khac.
Tu khoa:

Mang xd hoi, Co sé dit liéu do thi,Neodj, Khuyén nghi, Thudt todn tinh do tin cdy

I. INTRODUCTION

In recent years, computers have brought tremendous
opportunities for the development of society. We use com-
puters every day; they not only become part of our daily
lives, but also help define our personality through our
social network profiles, virtual activities, our behavior in
discussions, etc. Changes in human behavior inevitably af-
fect the technical and functional requirements of computers
from applications. The Internet has become a necessity;
this places a huge demand on web applications. Social
networking site Facebook has launched Web 3.0, which is
not only a modern network but also a network of intelligent,
personalized user and multimedia content.

Through social networks, users can interact, share arti-
cles, post photos and videos, and help users connect with
people currently living in different geographical regions
or allow users to make friends and looking for friends.
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The main components in a social network include nodes
and links. A node is an entity or a collection of entities
such as individuals, businesses or organizations also called
nodes. A link is a relationship between nodes. In a network
in its simplest form, a social network is an arrangement
of related links between nodes. A social network can be
represented by a diagram in which the linked nodes are
shown as straight lines.

Therefore, social networks create a social graph of users,
including users and their friendship relationships. This
social graph is very rich, not just the relationship of one
or two friends to each other but the relationship between
many friends (for example, friends of a friend). In that vast
relationship, sharing and exchanging information or making
new friends,... are mostly based on mutual trust. Therefore,
just like in life, trust among users in social networks is also
concerned and has been mentioned by many researches in
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computer science in recent years.

On the other hand, graph databases are used in data with
many relationships such as social networks, recommender
systems, network management, geospatial, etc. Strengths
of graph databases is the ability to store relationships and
query on those relationships. A graph database is a type of
NoSQL [18] database where data is organized and stored
in the form of nodes, edges, and attributes. Unlike the
relational database model, the graph database focuses on
describing the relationships of the data, which makes it well
supported for data types with many complex relationships.
complexity and queries related to these relationships.

Currently there are graph databases being used such

Neo4j [1, 2], RedisGraph [3]; OrientDB [4]. This
study chooses Neo4j database to represent social network
data. Neo4j is an open source graph database that is a
NoSQL database, built in Java and Scala, sponsored by Neo
Technology Corporation. The project began to develop in
2003 and became public since 2007. Currently, Neo4j has
been used by thousands of companies and organizations
in various fields, including network management, software
analysis, scientific research, routing, and social networking
[17]. Neo4j is well suited for performing association predic-
tion problems, as well as for big data management. Neo4j
is mainly designed to capture relationships between items
of information, the basic organizing principle of Neo4;j is to
store information as a network of relationships. The network
contains nodes, the nodes are connected through relation-
ships, the nodes are called vertices and the relationships are
called edges. Neo4j is designed to handle big data, highly
interconnected data, supports multiple platforms, and has
the Cypher [5] query language that queries graphs very
quickly.

as:

Cypher is a declarative query language similar to SQL,
queries are constructed using different clauses. Cypher
is designed to be simple, powerful and very convenient
when working with Neo4j. Cypher’s ¢ structure is designed
and built based on the English language, neat, easy to
understand, convenient for language manipulators to make
reading and writing queries easy and suitable for develop-
ers. programmers and database query specialists.

The objective of this study is to learn how to retrieve
and represent social network data, specifically Facebook,
in the form of a Neo4j database, and then evaluate the
trustworthiness of each user account on the Internet. Face-
book through their activities. On the basis of the installation
results, we install the algorithm that has been previously
studied by the previous researchers and propose a new
reliability calculation algorithm to improve the reliability
calculation results among users on social networks.

The friend recommendation problem is often used in

88

social networks. The basic approach is based on referrals
from your friends, the same group, the same events, the
same interests. .. there are many connections to each other,
so the use of a graph database to store data exploits many
of the strengths of the graph data model.

This study aims to reconstruct the database of users on
Facebook as a Neo4j graph database, and install algorithms
to determine the trust between users such as Adamic Adar,
Common Neighbors and Preferential Attachment, thereby
suggesting friend recommendations.

In addition, we propose a new algorithm related to calcu-
lating trust among users based on their social relationships.
The results of the study have formed an application that
recommends making friends based on specific relationships
such as: the relationship between friends on each level or
the relationship about where you live, or where you work.

II. RELATED WORK

This section presents some commonly used algorithms in
social network friend recommendation systems. The most
commonly used algorithm is Common Neighbors (CN) [6].
The common neighbor algorithm captures the idea that
two strangers who have a mutual friend are more likely
to be referred than those who have no mutual friends.
The similarity between nodes a and b is calculated as the
number of common neighbors between a and b. The greater
the number of shared nodes, the higher the similarity
between a and b.

CN(a,b) =|N(a) UN(b)| (0

The similarity between nodes al and bl using CN
similarity measurement can be calculated as in equation

2):

CN(al,bl) = [N(al)UN(BD)| = [{1,2}U{L,5}| =1 (2)

Another commonly measure is Adamic Adar (AA)
[7]1 as in the equation 3. It is a measure that is used
to calculate the closeness of two nodes based on their
common neighbor. The similarity between nodes a and b is
calculated as the sum of the reciprocals of the logarithms
of each common neighbor z between a and b, the more
common nodes at a low level, the higher the similarity
between nodes. This is a weighted version of the CN
similarity measure.

AA(a,b) = 3)

1
Z log(x;)

zeNa NN (by)



The similarity between nodes al and bl using the AA
measure can be calculated as in equation (4):

1 1 1

log(x;) ~ log(x1)  log(3)
(4)

N(z) is the set of nodes adjacent to z. A value of 0
indicates that the two nodes are not close to each other,
while a higher value indicates that the nodes are closer
together.
Another algorithm mentioned in the similarity assessment
system on social networks is Preferential Attachment
(PA) [8] model. In this model, the more connected a
node is, the more likely it is to receive new links. A
value of O indicates that the two nodes are not close
to each other, a higher value indicates that the nodes
are closer together. The similarity between nodes a and
b is calculated as the product of the degrees of nodes
a and b. The higher the degree of both nodes, the
higher the similarity between a and b, as shown in the
equation (5). Where xa is the number of relationship levels
of User 1; xb is the number of relationship levels of User 2.

AA(a,b) =
zeNa NN (by)

PA(a,b) = x4 *xp (5

In the previous work, the lead author proposed distance-
based reliability measurement [9] based on the assumption:
the closer a node is to the source node in a trusted network,
the more reliable it is. The measurement is given as follows:
For power button E; E predicts the reliability of all re-
maining nodes in the system based on the shortest distance
from E to those nodes. Suppose we call d the maximum
threshold over which the confidence can propagate. For a
node A whose shortest distance from E to A is n(n < d),
the reliability of A with E is calculated by the following
formula:

d-n+1
Trust =
rus y

Value of trust = 0 for nodes with distance greater than
d. For example, consider the graph in Figure 1.

Q)

According to the Figure 1, let’s say d=2; Trust (E,A)=1;
Trust(E,B)=Trust(E,C)=(2-2+1)/2=1/2;
Trust(E,G)=Trust(E,D)=Trust(E,H)=0

Besides, there are many studies related to link prediction
[11-17]. There is an interplay between every pair of
different types of relationships. This effect can vary
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Figure 1. The graph illustrates the example of calculating the
distance measure

for different couples. For example, students are more
likely to form friendships with friends of classmates than
with friends of relatives. The '"classmate" relationship
has a greater impact on the "friend" relationship than
the "relative" relationship. In order to predict potential
connections in such multi-relational social networks, the
correlation and influence between different relations should
be considered comprehensively. Most existing relation
prediction algorithms are not suitable for multi-relational
networks because they only observe one kind of relation
and ignore the overall structure and influence among
different relations. An intuitive way to predict hidden or
future relations in a multi-relational network is to merge
multiple relations in the network into a single relation,
and perform prediction of potential relations based on
this merged relation. However, with this simple approach,
we may miss too much topological information to get
accurate prediction results. Therefore, we should develop
an effective method to utilize multi-relational information
in social networks to improve the accuracy of prediction
results.

In this paper, we represent the data of users on Facebook
through the Neo4j graph database, apply the algorithms to
calculate the reliability between users proposed by previous
studies, and at the same time recommend the new algorithm
to improve the truth measurement. Detail, we install the
above 03 algorithms (including CN, AA and PA), and
propose a new algorithm to improve and increase accuracy.

III. OUR PROPOSAL: TRUTH CALCULATION
ALGORITHM BASED ON RELATIONSHIPS (DT)

In fact, there are different ways to assess trust in social
networks based on direct trust relationships between users,
assessment based on reputation of network members, and
calculation based on trustworthiness. on trust ratings and
there are many types of relationships that connect visitors
to each other in a social network.

This paper introduces a new method aimed at calculating
trust in social networks, which considers user relationships
at each level. The calculated confidence values are in the
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range 0-1.

Table 1
RELIAILITY TABLE BASED ON RELATIONSHIP LEVEL

[ No [ Type of relationships | Trust value |

1 Friend 1
2 Your friend 0.8
3 Friend of your friend 0.6
4 Shared workplace 0.4
5 Sharing a place to live 0.2
6 No relationship 0

We construct a direct trust calculation between user v
and user v’, DT(v; v’) as a sorted real value in a unit
interval. First, if DT(v; v’) = 0, then the confidence v
has in v’ is minimal, i.e. v is not completely reliable for
v’. Conversely, if DT(v; v’) = 1, this means that v is
completely reliable with v’.

One approach to calculating reliability among users
of direct connections
their interactions based on friendships or co-worker
relationships.

Friend: is a type of relationship defined by being a direct
relation because v and v’ are directly connected through
an edge a—a’.

We define the function of a friendship as F:V x R x V
— [0,1], this function is used to calculate the confidence
ft in the interval [0; 1] between two vertices (two users)
depending on their friendship. The formula F(v, r, v’) = ft
is used as a basis for user v to assign a confidence level
to his friends v’.

The input and output parameters of the proposed algorithm
are as follows:

Input:

1. U is User

2. d is the level of the algorithm (d > 0)

3. FO is the set of direct friends of User

4. F1 is the set of direct friends of F.

5. Fd is the set of friends of User according to level d.

6. L is a collection of people living in the same city.

7. W is the set of people who do the workplace.

8. R(m,n) is the resulting 2-dimensional matrix where m
is User n is the confidence level.

Output: Truth value, friend recommendation

The pseudo-algorithm code is as in the Figure 2.

is to consider the nature of

Algorithm explanation: The foreach statement line num-
ber {2} is executed n times, where n is the number of
elements in the set Fd, in each iteration each comparison
statement is the lines {3}, {5}, {7}, {9}, {11}, the assign-
ment statements are {4}, {6}, {8},{10},{12}.
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Begin {1}

foreach fin Fd do: {2}

if (fin FO) { {3}

R[f, 1] {4}

belseif (fin F1) { {5}

R[f, 0.8] {6}

}elseif (fin F2) { {7}

R[f, 0.6] {8}

4 else if (fin W) { {9}
R[f, 0.4] {10}
belseif (finL) { {11}
R[f, 0.2] {12}
} {13}
return R {14}
end {15}

Figure 2. Pseudocode of the proposed algorithm

IV. EXPERIMENT RESULTS

To conduct the simulation of algorithms, we use a
computer with Intel Core i5-2430M CPU 2.40GHZ, Ram:
08GB, Windows 10 Pro-64bit operating system. Neo4;j
Desktop Graph Database version 1.5.7.

To get data Facebook, go to
https://developers.facebook.com/apps/ and press the
"Create application" button. This is the step to create
the Facebook application. Any user account that accepts
to link with this application will have access and share
the information requested by the application (here is
information about friends). We then access the above
link as a Consumer to select and add the "user_friends"
permission and other permissions if necessary. Then we
click "Generate Access Token" to get to the application
permission screen. We then use the Graph API [10] engine
to collect Facebook social network data as illustrative data
for algorithms. Using Graph API, we collected 209 users
with the following information: Name, MaUID, Gioitinh,
Job, Diachi, City, Work. The data consists of 07 columns,
210 lines and 16.1KB in size, in csv file format.

After having user data on Facebook, we create nodes
from users and create friendship from these users. We
have created 257 Nodes, 615 Relationships and 3 Labels.
After creating the relationship, we look for the relationship
based on the edges to suggest friend recommendations,
and calculate the reliability on that recommendation to
help the user to make a right decision.

In this study, we are interested in factors that increase the
probability of Users making friends with each other such
as: Potential triangle relationship between Users; Users
share a specific community such as: living in the same
place; same workplace.

on we



Collected data and additional data installed on Neo4j,
shown in Figure 3.

Figure 3. Representation of data collected on Neo4j

In Figure 3, the purple nodes represent the user’s
nodes on Facebook, the yellow nodes represent the
user’s workplace, and the red nodes represent the user’s
workplace.

We install four friend recommendation models, namely:
similarity between pl and p2 nodes by Adamic Adar
(AA), common neighbor (CN), priority connection with
Preferential Attachment (PA), relationship-based trust
proposed by us (DT).

The query to calculate the similarity between node pl and
p2 according to the AA algorithm is as follows:
gds.alpha.linkprediction.adamicAdar(pl, p2) as score;";
System.out.println(queryRaw);

Query query = new Query(queryRaw);

Result result = session.run(query);

return result.single().get("score").asDouble();

} catch (NoSuchRecordException e) {

return 0;

For the CN algorithm, we replace the first line of the
above query with the following statement:

gds.alpha.linkprediction.commonNeighbors(pl, p2) AS
score;"';

Similarly, for the PA algorithm, we replace the first line
of the above query with the following statement:

gds.alpha.linkprediction.preferentialAttachment(pl, p2,)
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as score;";

The software interface of the resulting reliability
calculation and friend recommendation for the user
is shown in Figure 4. In this figure, when we select
any user, the system will list all users in the database
that have at least relation with the selected user, for
example: Friend, Friend of Friend, Friend of Friend
of Friend , where to live, where to work. From there
the user can make the decision to make friends if necessary.

Fresd drmsd

Figure 4. Reliability results and friend recommendations

The matching reliability results on the relationships are
shown in Figure 5. Figure 5 shows the matching confidence
result of a user named Quang Vinh. Based on the results in
Figure 4, we see that our proposed algorithm (DT) always
returns the highest matching rate on relationships. The
PA algorithm gives the lowest results among the installed
algorithms.

Figure 5. Similarity value matches according to relationships

V. CONCLUSION AND FUTURE WORK

Measuring trust among users on social networks has
great importance for decision making friends. Relation
prediction in social networks has attracted increased at-
tention from policy makers in many business disciplines.
Calculating trust between users is very useful for users
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to discover friends around or members of organizations,
thereby helping that user and their friends to expand your
network. friends, have many opportunities to exchange
and cooperate. In actual society, there are many types of
relationships between people such as friends, colleagues,
relatives, classmates, partners, etc.

To calculate the trust between users in a multi-relationship
network, we should take into account the importance of
relationships. In this article, we consider four types of
relationships and rank them in order of priority from high
to low: your friend relationship, your friend’s relationship,
the same place of work and the same place of residence.
Experimental results show that our proposed DT algorithm
is superior to other similar algorithms and can achieve more
accurate results on multi-relational networks.

In many real-world social networks, users may have at-
tributes such as age, gender, occupation, income, habits,
interests, etc., which are valuable for calculating the cred-
ibility of Surname. In our current study, we omit such
useful information about user properties. Because, the ac-
tual collected data on Facebook of users often leave this
information blank. However, the data of the users in the
social network changes over time. Therefore, our future
work is to learn efficient methods to integrate multiple user
attributes for inclusion in the reliability algorithm.
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giam thiéu s nit phai tiéu thu nhiéu ning lugng nham ting thdi gian hoat dong clia chiing. Phuong phap ctia ching t6i
la xay dung mot ham trong s cho cac két nbi ¢ chia tham s6 vé& ning lugng con lai tai cdc nit. Sau d6, st dung k¥
thuat dinh tuyén tap trung dua trén kién tric mang diéu khién bang phan mém (SDN) dé tim 16 trinh c6 trong sb t6t nhét
sit dung cho viéc truyén dit liéu. Két qua md phong st dung OMNeT++ cho thiy ring, thuit todn dudc dé xudt cho phép
ting thdi gian hoat dong ctia cdc niit, ting thong lugng so véi cac thuit toin dinh tuyén phd bién hién hanh.

Tir khéa: Mang cdm bién khong ddy, dinh tuyén cdn bang ndng lugng, SDN

Title:
Abstract:

An Energy-Balanced Routing Algorithm in SDN-based Wireless Sensor Networks
In wireless sensor networks (WSN), it is necessary to use energy efficiently to extend the operating time of sensor

nodes. In this study, we propose a routing algorithm that considers the energy consumption between sensor nodes.
The goal of the proposed algorithm is to balance energy consumption and minimize the number of nodes that must
consume a large amount of energy to increase their uptime. Our method constructs a weight function for wireless links
that contains parameters for the energy remaining at the nodes. Then, a centralized routing mechanism based on a
software-defined network (SDN) architecture is used to find the best weight route for data transfer. Simulation results
on OMNeT++ show that the proposed algorithm increases the uptime of nodes and network throughput compared to

the current popular routing algorithms.
Keywords:

Wireless Sensor Networks, energy-balanced routing, software-defined network

I. GIOI THIEU

Thoi gian gan day, mang cam bién khong day (Wireless
Sensor Networks - WSN) dugc sit dung rong rii trong nhiéu
linh vuc, dic biét 12 trong giai doan bung nd cic ting dung
trén nén ting IoT nhu hién nay. Mang WSN c6 thé hoat
dong theo ba mo hinh diéu khién khac nhau, d6 1a diéu
khién theo mo hinh tip trung, diéu khién theo mo hinh
phan cip va diéu khién theo mo hinh phén tan [1]. V6i mod
hinh diéu khién tap trung, c6 mot niit chiia thong tin toan
cuc trong hé thdng mang. Céc chic ning diéu khién viéc
truyén dif lidu tif cdc nit mang vé tram co s (Base Station
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- BS) dugc thuc hién tai nit nay. Vi mo hinh diéu khién
phan cip, toan bd céc niit dugc chia thanh tiing cum, moi
cum c6 mdt nit dong vai tro nhu 1a “cum trudng”. Viéc
truyén dif lidu tir cdc niit vé BS dudc thuc hién thong qua nuit
cum trudng. V6i mo hinh diéu khién phan tan, cic nit déng
vai trd ngang hang nhau. Céc giao thic diéu khién dugc
thuc hién doc lap tai méi nit mang. Trong giai doan gan
day, kién triic diéu khién tap trung dua trén giai phdp mang
kiém soét bang phin mém (Software Defined Networking
- SDN) da dugc ap dung cho mang WSN [2-10]. Nguyén
1y co ban ctia mo6 hinh nay nhu cho thdy & Hinh 1. C4c niit
cam bién dudc két ndi bo didu khién SDN mdt cich truc
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B6 diéu khién SDN
(SDN Controller)

Server quan tri
dir liéu

Tram co' s¢
(Base Station)

.

Hinh 1. M6t vi du clia mang cam bién khong day si dung SDN

tiép hoidc gidn tiép (thong qua cic nit khic) st dung giao
thic ludng mé (open flow). Cac giao thiic diéu khién hoat
dong ctia hé théng mang nhu dinh tuyén, bdo hiéu, diéu
khién t6-pd, v.v dudc thuc hién tap trung tai bd diéu khién
SDN. Mb hinh WSN sit dung SDN da dugc trién khai dé
cai tién hau hét céc giao thic diéu khién trong mang WSN,
dién hinh nhu céc giao thifc dinh tuyén [4, 5, 10-12], diéu
khién t6-p6 [6, 7, 13], diéu khién phan cum [8, 9]. Trong
d6, dinh tuyén sit dung SDN 1a chii d&& nhan dudc sy quan
tam clia nhiéu nhém nghién cu trong nudc va trén thé gidi
thoi gian gan day.

Trong [4], S. Wang cung cic cong su di dé xuit mot
giao thifc truyén thong tich hdp, dudc dit tén l1a MINI-
FLOW. Giao thifc nay tip trung vio ba co ché dinh tuyén
dit liu, dinh tuyén dudng lén (tU cdc mit cam bién dén
bd diéu khién SDN), dinh tuyén dung xudng (tf bd diéu
khién SDN dén cic niit cdm bién) va cung cip thong tin
khi khéi tao mang. Co ché dinh tuyén dudc thiét ké dua
trén mot ham trong sd heuristic bao gdm ba gia tri, tong
s6 budc truyén dén mit dich, cudng do tin hiéu nhan dudc
va ning lugng con lai. Bang phuong phdp thuc nghiém,
cdc tdc gia da cho thdy giao thic MINI-FLOW mang lai
hiéu quéa cao khi xem xét vin d& két hop giita dinh tuyén
va can bang tii. Trong [5], nhém tic gia da dé& nghi mot
kién tric goi 1a phan mém duya trén da ludng cho WSN. Co
ché nay dudc phat trién dua trén SDN va phan bd cic kénh
riéng biét cho 16p dit lidu va 16p diéu khién. Giai phap dé
xuét dugc st dung d€ duy tri cAu tric lién két va quan ly
viéc st dung ngudn ning lugng. Cac két qua thuc nghiém
cho thiy rd co ché dugc dé xuit mang lai hiéu qua cao vé
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mit thong lugng, dd tré va mic tiéu thu ning lugng trong
mang. Trong [10], mot co ché dinh tuyén cé xét dén ning
lugng dua trén SDN dugc dé xuét dé cai thién hidu qua
st dung ning lugng ctia WSN vdi hé théng IIoT dé hd trg
cong nghiép 4.0. Bo diéu khién SDN udc tinh mic ning
luong tai cic nit quan trong trong WSN va quyét dinh 1o
trinh t6t nhit dua trén tinh trang st dung ning luong cla
chiing thay vi tiéu chi dudng di ngin nhét dudc s dung
rong rai. St dung phuong phap mod phong, nhém tac gia da
cho thiy rd phuong phap dugc dé nghi cho phép giam thiéu
tinh trang cdc nit cia WSN can kiét ngudn niing lugng va
lam gidn doan viéc truyén dit liéu mot cach dot ngot.

Thong qua céc cong trinh di cong bd duge khio sit &
trén ching toi nhan thiy ring, viéc ting dung kién tric
SDN d& diéu khién dinh tuyén trong mang WSN la mot
giai phap hitu hi¢u. Day ciing la giap phap phu hgp véi xu
huéng phat trién ctia cong nghé mang truyén thong khong
day thé hé méi. Trong cong trinh nghién cifu nay, ching
t6i ciing st dung kién tric SDN vao viéc diéu khién dinh
tuyén trong mang WSN. Céc dong gép méi clia cong trinh
nay dudc liét ké nhu sau:

« Dé xuit mot ham dé€ tinh toan trong sd cho tit ci céc
két nbi khong day trong mang WSN. Ham trong s nay
c6 chifa cic tham s6 vé ty 1¢ gitta ning luong khdi diu
va nang lugng con lai tai cac nut.

« D& xuit mot thuat toan dinh tuyén méi véi muc tiéu
can bang viéc st dung ning lugng cho mang WSN
dua trén kién tric SDN. Thuat todn c6 tén la SEBR
(SDN-based Energy Balanced Routing).

Cic phan tiép theo cdia bai bdo dugc t& chiic nhu sau.
Phan II tip trung trinh bay thuit todn dinh tuyén dugc dé
xuét. Phan III phan tich cdc kich ban mo phéng va thio
luin vé cdc két qua. Cubi cung két luin cic két qua da
dat dudc v néu ra huéng phat trién tiép theo ctia chu dé
nghién ctiu nay, dudc trinh bay trong phan IV.

II. THUAT TOAN PINH TUYEN PUGC PE XUAT

Noi dung chinh ctia phan nay trinh bay thuit toin dinh
tuyén cén bang ning lugng tiéu thu tai cdc nit, dugc dé
xuét cho mang WSN dua trén kién triic SDN, dudc dit tén
SEBR (SDN-based Energy Balanced Routing). Thuét toan
SEBR hoat dong theo nguyén ly dinh tuyén tap trung, st
dung mot ham trong sb c6 xét dén ty sb gifta ning luong
khéi dau va ning lugng con lai tai mbi niit cam bién. Ham
trong s6 nay dudc st dung lam tiéu chi d€ tim tap 16 trinh ti
mbi niit dén tram co s6 st dung cho viéc truyén dit liéu cam
bién vé server quan tri dif liéu. P& tim tip 19 trinh, thuat
toan tim "dudng di ngin nhit" dudc thuc thi tai b diéu
khién SDN. "Pudng di ngin nhit" dudc hiéu theo nghia
tdng trong s6 theo ham dudc dé xuét 12 nhd nhit.



1. Ham trong s6 ¢6 xét dén mic tiéu thu niing lugng
tai méi nut

Muc tiéu clia thuit toan SEBR la cin bing mic ning
luong tiéu thu tai cdc nit, giam thiéu tinh trang mot s6 niit
tiéu thu ning ludng 16n din dén nhanh chong bi tit do hét
ning lugng. Trong thuit todn SEBR, viéc cin bing niic tiéu
thu ning lugng dugc thuc hién thong qua mot ham trong sd
c6 xét dén ty s6 giita ning lugng khdi dau va ning luong
con lai tai mdi mit, dugc dit tén 1a EAW (Energy Awave
Weight), dugc dinh nghia nhu sau:

E®

-
(r)

wij + néu E(.r) > 1% x E(S)
EWA;; = E / !

ey

o) truong hop nguoc lai

trong do, w;; 1a trong sb ciia dudng truyén khong day tu
niit 7 dén ndt J, EJ(.S) 1a ndng ludng tai thdi diém nit J bét
dau hoat dong va Ej(.r) la nang lugng con lai cha nit J tai
thoi diém xem xét, n 1a mot sb nguyén khong am.

V6i ham trong s dugc thiét 1ap nhu & (1), khi ning lugng
con lai ctia mit dich ctia m&i két ni cang nhd thi trong sd
clia cic két ndi dén nit d6 cang 16n. Trong sb ting theo
ham béc n cla ty sb gilta ning luong khdi dau va ning
luong con lai. Su phu thudc clia trong s6 EWA; j Vao nang
lugng tiéu thu tai nit J va bac n theo phuong trinh (1) dugc
thé hién ro ¢ Hinh 2. Chiing ta dé dang quan sat ring, khi
bac n = 0, trong sb EWA;; la mot hing s6 vi n6 khong
con phu thudc vao nang lugng tiéu thu tai nut J. Truong
hop nay tuong duong véi ham trong sb 13 hop-count, dudc
st dung mic dinh trong hau hét co ché thiic dinh tuyén cia
mang WSN. V6i cac truong hgp con lai, bac n cang tang
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Nang lwong tiéu thy tai nit J (%)

Hinh 2. Anh hudng ciia ning lugng tiéu thu tai nit J va bic n
deén trong sO EWA;; theo ham (1)
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thi trong s6 EWA;; cang ting dot bién khi muc tiéu thu
nang lugng tai nut J 16n, nghia la ndng lugng con lai nho.
Khi sit dung ham trong s6 nay dé tim tap 16 trinh t6t nhit
(nghia 12 tap 10 trinh c6 trong sb nhé nhit), cic 16 trinh
nay sé han ché di qua cic nit c6 ning lugng con lai nhd,
nhiam kéo dai thai gian hoat dong ciia cdc mit nay. Trong
cong trinh nay, ching t6i xac dinh bac n sao cho viéc su
dung niing lugng tai cdc nit 1a cAn bang nhit, nham giam
thiéu tinh trang mot s6 nit tiéu thu ning lugng 16n do tai
luuw lugng cao. Viéc xdc dinh n dugc thuc hién thdong qua
md phdéng & phan sau.

2. Thuit toan SEBR

Thuit toan 1 1a ma gia 1ap cua cac budc thuc thi thuat
toan dinh tuyén dugc dé xuét, SEBR. Thuit todn nay dudc
thuc thi tai bd diéu khién SDN. Viéc tinh todn tap 16 trinh
dén BS cho tit ca cdc nit cam bién dudgc thuc hién dinh ky
v6i mot khoang thdi gian dinh trude, ma do 1a IntervalTime
& bude 2. Ct mbi 1an cap nhat lai bang dinh tuyén, trong
s6 clia tat ca cac két ndi trong mang dugc tinh toan lai
dya trén ty sd gifta nidng lugng khdi dau va ning lugng
con lai tai cdc nit cam bién & thdi diém xem xét. Trong
s6 nay dudc cap nhat theo phuong trinh (1) (buéc 5 trong
thuat to4n). Sau d6, bo diéu khién SDN thuc thi thuit todn
“dwong ngdn nhdt”, cu thé la thuat toan Dijkstra dudc st
dung trong mo6 hinh nay dé tim tip 19 trinh tir tt ci cdc
nit cam bién dén BS (budc 7). "Puong ngdn nhdt" trong
thuat toan SEBR dugc hiéu theo nghia tdng trong s6 EWA
dugc xdc dinh theo phuong trinh (1) 1a nhé nhit. Thong
tin céc 16 trinh tim dudc sé dugc cap nhat dén cdc nit cam
bién sit dung céc géi diéu khién (budc 8).

Thuét toan 1: Tim tip 16 trinh tif cdc nit cdm
bién dén BS trong mang WSN sit dung SDN

while (frue) do

2 wait(IntervalTime);

3 Cap nhit ning luong con lai tai tit cd cic nit

—

cam bién trong mang thong qua cic goéi diéu
khién;

for (mdi két néi tiv miit 1 dén nit J) do

‘ Tinh trong sb EWA;; theo (1);

end

Thuc thi thudt todn “dwong ngdn nhdt” dé tim
16 trinh tif cac nit cam bién dén BS;

8 Cap nhat thong tin céc 19 trinh tim dugc dén
cdc nit cAm bién thong qua cic géi diéu
khién;

S N

9 end
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IIl. PANH GIA THUC THI BANG MO PHONG
1. Kich ban mé phéng

Dé dinh gid hiéu qua thuc thi cda thuit toan dinh
tuyén dugc dé xudt, SEBR, ching t6i st dung phuong
phdp mo phdéng, so sianh v6i hai giao thic dinh tuyén
dién hinh thudng dudc st dung trong mang WSN, dé 1a
DSDV (Destination-Sequenced Distance-Vector) va AODV
(Ad Hoc On-Demand Distance Vector) [14] vé mit ning
lugng tiéu thu, thoi gian hoat dong cla cac nit va thdng
lugng trung binh trong toan mang. M6 phdng dugc thuc
thi trén OMNeT++ [15] va INET Framwork [16]. Cac kich
bdn mo6 phéng dugc cai dit nhu & Bang 1. Chiing toi thiét
1ap mdt mang WSN trong ving dién tich 1000x1000 [m?].
Téng s6 niit cam bién bién ddi trong khoang tit 30 dén 50
tlly theo kich ban mo phéng. Cu thé 1a st dung 5 kich ban
véi tdng sb nit 30, 35, 40, 45 va 50. Céac nit dugc bd tri

~ Bangl
CAC THAM SO CUA KICH BAN MO PHONG
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Vang dién tich mé phdng 1000 x 1000 [m?2]
Tong sO nit cam bién Tu 30 den 50
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Toc do dit liéu 54 [Mbps]
Cong suat phat 12 [dBm]
Do nhay thu -76 [dBm]
Thuat toan dinh tuyén DSDV, AODV and SEBR
Loai luu lugng UDP
M0 hinh truyén séng Khong gian tu do
Tan sO song mang 2,4 [GHz]
Niéng lugng ban dau cta cac nat | 2 [J]
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Hinh 3. Mot ban chup cta giao dién chuong trinh mé phdong mang
WSN st dung SDN
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ngau nhién trong toan bo dién tich mang. Hinh 2 cho thiy
mot ban chup giao dién trong qud trinh thyc thi mo phdong
v6i kich ban 40 nut.

2. Két qua md phéng
a) Xdc dinh bdc n ciia ham trong sé EWA;;

Noi dung chinh ctia phan nay thuc hién mot sd kich ban
md phéng d€ xdc dinh bac n ctia ham trong s6 EWA,; sao

1

Nang lwong tiéu thy trung binh (ml/s)

Béc cua ham EWA

Hinh 4. So sdnh muc tiéu thu ning lugng trung binh trén tat ca
céc nut khi bac ctia ham trong s6 (1) khdc nhau khi t6ng s6 nit
cam bién 1a 35

-

Ning lwong tiéu thu trung binh (ml/s)

Béc cua ham EWA

Hinh 5. So sdnh mc tiéu thy ndng lugng trung binh trén tat ca
céc nit khi bac ctia ham trong s& (1) khdc nhau khi tdng s niit
cam bién la 45



cho hiéu qui st dung ning lugng tai cdc nit cam bién 1a
tot nhit. Két qua & cac Hinh 4 va 5 cho thiy ro su khéc
nhau vé& ning lugng tiéu thu trung binh tai tit cd cdc nit
cam bién khi bac n khic nhau. Xét kich ban cé 35 nit cam
bién (két qua & Hinh 4), khi n = 0 (tuong duong véi trudng
hop dinh tuyén theo trong sb hop-count), mtc tiéu thu ning
luong tai cac nit khac nhau rat 16n, phan bd trong khoang
tir 2,01 mJ/s dén 7,75 ml/s. Pic biét 1a c6 4 diém ngoai 1¢,
do6 1a 4 nat c6 miic tiéu thu ndng lugng cao, cac nit nay s€
s6m bi tat do hét ning luong. Khi n = 1, miic tiéu thu ning
luong tai cdc mit cAn bang hon, phan bd trong khoang tit
tir 2,01 mJ/s dén 5,99 mJ/s. Tuy nhién, van con 2 nit ngoai
1€ v6i muc tiéu thu nang lugng cao. Xét cac trudng hgp
con lai ciia n ta thdy ring, trusng hop n = 2 cho két qua
t6t nhit, mdc tiéu thu ning lugng cla tit cd cdc nit can
bing nhét véi ving gia tri tir 2,00 mJ/s dén 5,02 mJ/s va
khong c6 ngoai 1& nao. Két qua dat dugc hoan toan tuong
tu d6i v6i kich ban ma téng sd miit cam bién 1a 45 (Hinh
5), truong hdp n = 2 mang lai mic tiéu thu nang lugng tai
tAt ca cdc nit can bang nhit.

Mot d6 do hiéu niing khic c6 tac dong 16n dén hiéu ning
cia hé théng mang WSN 1a thdi gian hoat dong clia cic
nit cdm bién. Ching t6i ciing di phan tich do do nay dé
cac dinh bac n cia ham (1) sao cho thsi gian hoat dong
clia cc nidt cam bién 13 dai nhét. Két qua thu dugc nhu &
Hinh 6 cho thdy ring, trudng hop bac n = 2 mang lai két
qua tbt nhat.

Trén co s& cac két qui khdo st anh hudng ciia n dén
viéc st dung nang lugng G trén, ching toi chon bic n cla
ham trong s6 (1) 1a 2, gid tri nay dudc sit dung cho cdc
kich ban mé phéng & cac phan con lai dudi day.

g

Lad

L

=
T

300 £

Thén diém bit dau oo nut tat (s)
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Béc cua ham EWA

Hinh 6. So sanh thoi di€ém bét diu c6 nit tit do hét ning lugng
khi bac ctia ham trong sb (1) khdc nhau trong trudng hop tdng sd
nidt cam bién 1a 45
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b) Phdn tich miic tiéu thu ndng luong tai méi niit

Trong phan nay, ching t6i so sinh mifc tiéu thu ning
luong tai tt cd cdc nit cdm bién clia thuit toan dugc dé
Xuét so v6i cac thuit toan DSDV va AODV. Két qui thu
dugc nhu cho thiy & Hinh 7. Khi st dung cdc thuat todn
DSDV va AODV, c¢6 mét sé nit tiéu thu ning luong rat
16n, d6 1a cic diém ngoai 1& ctia cic d6 thi hop. Vi du,
v6i kich ban 30 nit va viéc dinh tuyén dugc thuc hién bdi
giao thiic DSDV, c6 4 ngoai 1€ v6i gia tri trung binh Ia
6,61, 6,82, 7,23 va 8,11 ml/s. VGi kich ban 35 nit ciing
c6 4 nit ngoai 1€ ti€u thu nang lugng 16n véi mic trung
binh 1a 5,51, 5,72, 6,15 va 7,82 mJ/s. Két qué ciing hoan
toan tuong tu khi giao thiic AODV dudc st dung d€ tim tap
16 trinh, tit ca cdc kich ban mo6 phéng véi giao thiic dinh
tuyén ndy déu ton tai cdc nit c6 mic tiéu thu ning lugng
cao. Cu thé, vé6i kich ban 40 niit, c6 3 niit tiéu thu ning
lugng 16n. Miic tiéu thu trung binh cta ba nit nay la 8,16,
7,05 va 6,11 mJ/s. Cac nit niy sé& bi tit sém do hét ning
luong, diéu nay anh hudng dén viéc truyén di liéu trong
mang. Nguyén nhan din dén tinh trang nay 1a do cdc nit
trén (ndt c6 mifc tiéu thu ning luong la cac diém ngoai 18
trong dd thi hop) chiu tai luu lugng 16n, bao gdm ca tii luu
lugng do chinh nut d6 phat ra va tai luu lugng ti cac nit
khéc truyén dén dé chuyén tiép vé BS. Vi viy, cdc niit nay
phai thudng xuyén hoat dong véi cudng do cao, din dén
tiéu thu nhiéu ning lugng. V6i thuit toan SEBR, c6 nhiéu
diém ngoai 1é da dugc giai quyét. Pidu nay dong nghia véi
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Hinh 7. So sdnh muc ti€u thy nang lugng trén tAt ca cac mit khi
st dung cac thuat toan dinh tuyén DSDV, AODV va SEBR
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viéc ning lugng tiéu thu tai cac mit da can bang hon. Cu
thé, véi cdc kich ban mo phéng 40 va 50 ndt thi khéng con
diém ngoai 1& nao. Kich bdn 35 niit chi con mot niit ngoai
1€, kich ban 45 nut con 2 nit ngoai 1. Tuy nhién, muc tiéu
thu ndng lugng tai cic nut ngoai 1€ nay cing da giam di ro
rang. Két qua nay dat dudc 1a do thuét toan SEBR da xem
xét dén ning luong con lai tai cdc niit mdi khi tinh todn,
cap nhat lai bang dinh tuyén, din dén tip 19 trinh truyén
dit liéu trong mang han ché di qua céc nit c6 ning luong
con lai thip hon.

¢) Phdn tich thoi gian hoat déng cua cdc niit

Vi mifc st dung nang lugng tai cac nidt cia thuat toan
SEBR can bing hon so v6i DSDV va AODV, nén thdi gian
hoat dong ctia céc niit ciing kéo dai hon. Két qua nay cho
thiy rd & Hinh 8, ching t6i so sanh thdi di€ém bat diu c6
nit tat do hét nang lugng clia cic thuat todn DSDV, AODV
va SEBR. Ta thiy riang, trong ci 5 kich ban ma tdng s
nut 1a 30, 35, 40, 45 va 50, thuét toan SEBR mang lai thdi
diém c6 niit bat dau tit 1au hon so vé6i cdc thudt toan DSDV
va AODV. Cu thé, véi kich ban md phéng 30 niit, tai thoi
diém 248,1 gidy bat dau c6 niit tit néu sit dung thuit todn
DSDV. Néu sti dung AODV, thdi diém bat dau cé niit tit
12 280,15 giy. Trong khi do, tai thoi diém 306,1 gidy méi
bat dau c6 niit tit néu sit dung thuat toan SEBR. Nhu vy,
thuat toan SEBR da kéo dai thoi gian hoat dong 6n dinh
ctia hé théng mang thém 26 gidy va 58 gidy néu so véi cac
thuat toan AODV va DSDV theo thu tu tuong tGng. Truong
hop thdi gian dugc kéo dai nhiéu nhét 1a kich ban 40 niit,
thoi gian kéo dai trong kich ban nay 1én dén 128.2 gidy khi
so vGi thuét toan DSDV.

EDSDV HBAODV HSEBR

35

Kich thirdc mang (tt:mg & not)

40 45

Hinh 8. So sanh thdi diém bit dau c6 nit tit do hét ning lugng
cua cac thuat toan DSDV, AODV va SEBR
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Hinh 9. So sdnh tdng sb niit tit theo thoi gian md phong cua thudt
todn DSDV, AODV va SEBR khi téng s6 niit 1a 50
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Hinh 10. So sanh téng sb nit tit theo thdi gian mé phéng ctia
thuat todn DSDV, AODV va SEBR trong trudng hop tdng s6 nit
la 45

Tiép theo, ching toi khio sat chi tiét vé tdng s6 niit bi
tat do hét ning lugng theo thdi gian mo phéng. Cac két qua
thu dugc nhu & Hinh 9 va Hinh 10, tuong tng véi cac kich
ban ma tdng s ndt 1a 45 va 50. Cic két qué thu dugc da
cho théy r%“lng, vGi ca ba thuat toan SEBR, DSDV va AODV,
tong sb niit bi tat ting dan theo thdi gian mo phong. Piéu
nay 13 hién nhién vi cdc nit hoat dong cang lau thi ning
lugng cang can kiét. Tuy nhién, néu so sanh gitta cdc thuat
toan SEBR, DSDV va AODV, trudng hgp cua thuit toan
SEBR luén cé tong sd mit bi tit nhd hon hodc bang hai
thuat toan con lai.

T cic két qua khao sat vé viéc tidu thu ning ludng tai
cac nidt § trén, ching tdi c6 nhan xét rﬁng, thuat toan SEBR
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Hinh 11. So sanh thong lugng khi st dung thuit toan dinh tuyén
AODV, DSDV va SEBR

hoat dong tét hon céc thuat toin DSDV va AODV néu xét
vé mit hidu qui sit dung ning lugng. Cu thé 1a cin bing
muc nang lugng duge st dung tai cac nut, kéo dai thoi gian
hoat dong &n dinh ctia hé théng mang, gidm sb nit bi tit
do hét ning luong.
d) Phdn tich thong lugng

Trong phan cubi cling ndy, chiing toi khdo sit thong
lugng trung binh nhan dudc tai BS qua thoi gian mé phong.
Véi do do nay, thuit toan SEBR ciling thuc thi hiéu qua hon
so véi cdc thuit todn DSDV va AODV. Nhén dinh ndy thé
hién r6 bing két qua mo phong & Hinh 11. Trong d6, ching
toi do thong lugng trung binh nhan dugc tai BS theo thdi
gian md phong. Cic dd thi trén Hinh 11 cho thiy ring,
khi thoi gian mé phdng nhd hon 250 gidy, thong lugng
trung binh cda ca hai thuat toan DSDV va SEBR gan nhu
la gibng nhau, thuit toan AODV mang lai thong lugng cao
nhét. Nguyén nhan 1a vi trong khoang thdi gian nay, tinh
trang mot sb niit bi tat do hét ning lugng chua xay ra. Khi
thdi gian m6 phong 16n hon 250 gidy, thong lugng ctia cac
thuat toan DSDV va AODV bit dau giam. Nguyén nhéan 1a
do mot s6 miit da bi tit, anh hudng dén viéc truyén dit lidu
trong toan mang. Pén thai diém 321 gidy, thong luong clia
c4 ba thuat toan DSDV, AODV va SEBR déu bat dau giam,
cling v6i 1y do mot s6 nit da bi tat do hét ning lugng. Tuy
nhién, so sanh gitta ba thudt toan, thuat toan SEBR mang
lai thong lugng trung binh cao nhét.

IV. KET LUAN

Viéc sit dung ning luong sao cho hiéu qua dé kéo dai
thodi gian hoat dong clia cdc niit cdm bién trong mang WSN
la diéu hét stc can thiét, dic biét 1a dbi véi cc trudng hop
ma WSN dugc trién khai cho cic tng dung véi tai luu
luong 16n, yéu cau dd tin cdy cao. Bai bdo da dé xuit mot
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thuat toan dinh tuyén c6 xét dén mic tiéu thu ning lugng
gitfa cdc nit cam bién, dudc dit tén 1a SEBR. Muc tiéu
ctia thuat toan SEBR 1a can bang miic tiéu thu ning ludng,
giam thiéu s niit phai tiéu thu nhiéu ning lugng nham ting
thdi gian hoat dong cuia chung. Phuong phép cua chuing toi
la xay dung mot ham trong sd cho cic két ndi khong day
c6 chifa cdc tham sb vé ning luong con lai tai cdc nit. Sau
do, st dung co ché dinh tuyén tip trung dua trén kién tric
mang diéu khién bang phan mém (SDN) d€ tim 16 trinh
6 trong sd tot nhit d€ truyén dit liéu. K&t qua md phong
trén OMNeT++ cho thdy ring, thuit toan dudc dé xuit cho
phép ting thai gian hoat dong cua cédc nit, tang thong lugng
mang so véi cac thuat toan DSDV va AODV.

Trong xu thé phat trién clia cong nghé mang khong day
hién nay, WSN tich hgp v6i mang 5G (5G-based WSN) va
dién toan ddm may (Cloud-based WSN) dang lam mdt xu
hudng phat trién ctia cong nghé mang WSN. Viéc phit trién
thut toan cho cdc mo6 hinh WSN nay 1a diéu can thiét. Pay
ciing 1a huéng phét trién tiép theo clia cong trinh nghién
ctiiu nay.
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