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TOM TAT

Chi sb Jaccard 1a mét chi sé trong théng ké dung dé so sanh dé giébng nhau va sy da dang gitra cac bé mau.
Trong bai bdo nay chiing toi d& xuit mot do do twong tw méi gitra cac tap me bie tranh dwa trén chi sé Jaccard.
Sau d6 chung téi dwa ra mét sb vi du cho thdy d6 do twong tw méi da khac phuc dwoc nhirng han ché cda cac d6 do
twong tw da c6. Cubi cung chiing toi st dung d6 do twong tw méi vao bai toan phan cum di liéu.

T khéa: Tap mo bl tranh, do do twong tw, bai toan phan cum.

A New Similarity Measure of Picture Fuzzy Sets and Its Application to Data Clustering

ABSTRACT

The Jaccard index is a statistic used for comparing the similarity and diversity of sample sets. In this paper,
we proposed a new similarity measure for picture fuzzy sets based on the Jaccard index. We then compared the
proposed similarity measure with some existing similarity measures and showed that the new similarity measure
overcomes the restrictions of the existing similarity measures. Finally, we used this new similarity measure for the

data clustering problem.

Keywords: Picture fuzzy set, similarity measure, fuzzy clustering.

1. DAT VAN DE

Zadel (1965) lan dau tién dua ra khai niém
va ly thuyét vé tap mo thong qua bai bao “Fuzzy
Set” duge ding trén tap chi Information and
Control, d& mdé d4u cho su phét trién va tng
dung cta ly thuyét nay. Ngay nay ly thuyét tap
mo van khéong ngiing phat trién va da duge tng
dung trong nhiéu linh vuc nghién ctiu nhu ly
thuyét diéu khién, tri tué nhan tao, khai pha di
liéu,... Dinh nghia tap md ctia Zadel st dung mot
ham thudc dé mé ta cho mic d6 clia mot phan ti
thudc vé mot tap. Atanasov (1986) dd md rong
khai niém tap md bang khai niém tap md truc
cam (Intuitionistic fuzzy sets), ngoai ham thudc,
ong st dung thém mot ham khoéng thude dé biéu
thi @6 khong thudc cia mot phan ti vao tap hop.
Bui Cong Cudng (2014) gidi thiéu khai niém tap
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md biic tranh v6i ba ham thanh vién 12 ham
thuoc khing dinh, ham thudc phu dinh va ham
thuoc trung lap. Vé co ban, 1y thuyét mo bic
tranh phu hgp véi cac tinh huéng khi mot van
dé c6 nhiéu cau tra 16i, khi d6 1y thuyét tap mo
va tap mo truc cdm khéng gidi quyét dudgc.
Chéng han trong cac tinh huéng tong hop ¥ kién
clia moi ngudi vé mot van dé trong d6 cé 4 cau
tra 16i co ban: c6, khong, khong biét va khong
dua ra cau tra 10i. BAu cti 1a méot vi du dién
hinh, ngusi bé phidu dugc phan lam bén nhém:
ung hd, phan déi, bé phidu tring ho#c phiéu
khong hgp 1& va khéng bé phidu. Hién nay ly
thuyét tap mo btic tranh da va dang dugc cac
nha nghién ctu tiép tuc tim hiéu, khai thac va
c6 nhiéu tng dung trong thuc tién. Pham Huy
Thong & Lé Hoang Son (2014) d4 phat trién md
hinh lai méi gitta tap mé bdc tranh va tap mo
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truc cam dé chuédn doan y t& va tng dung vao hé
thong cham séc stic khoe. Nguyén Dinh Héa &
cs. (2014) dé xudt phuong phap méi dé du bao
thdi tiét tit hinh anh vé tinh bang cach st dung
két hop phan cum md biic tranh va héi quy.
Pham Hong Phong & cs. (2014) da kiém tra mot
s6 tinh chat ctia phép hdp thanh quan hé mo
btic tranh va dé xuit mot cach tiép can mdi
trong chuén doan y khoa bing cach st dung
phép hgp thanh quan hé md btc tranh. Bui
Cong Cuong va Pham Vian Hai (2015) nghién
cliu céic toan tu logic md. Pham Vian Viét & cs.
(2015) da dua ra hé théng suy luan md biic
tranh dya vao biéu d6 thanh vién. Singh (2015)
dé xuat hé s6 tuong quan cho tap md btc tranh
va tUng dung hé s6 tuong quan vao bai toan
phin cum mo btc tranh. Lé Hoang Son (2015)
giéi thiéu mot s6 thuat toan phan cum md biic
tranh va Ging dung trong du bao thoi tiét, du bao
chudi thoi gian. Nguyén Xuan Thao & Nguyén
Van Dinh (2015) dua ra khai niém tap mo bic
tranh - thé va nghién citu ciu tric td pd cua tap
md btic tranh - thé. Nguyén Vin Dinh & cs.
(2015) nghién citu vé co s6 dii liéu md btc tranh.
Lé Hoang Son (2016) dua ra do do khoang cach
téng quat cho cac tap md bic tranh va tng dung
trong phan cum. Nguyén Dinh Héa & cs. (2017)
dua ra mot s6 cai tién cho thuit toan phan cum
md bang cach st dung cac tap md bic tranh va
tng dung trong phin cum di liéu dia 1y. Pham
huy Théng (2016; 2017) da c6 nhiéu nghién ctiu
vé phan cum dii liéu md bic tranh. Garg (2017)
trinh bay mot s toan ti tong hdp md biic tranh
va ting dung trong quyét dinh da tiéu chi. Lé
Hoang Son & cs. (2017) da dé xuat hé théng suy
ludn mdéi trén t4p mo btic tranh. Lé Hoang Son
(2017) dua cac do do mdéi trén cic tap mdé bic
tranh, d6 1a cac d6 do khoang cach téng quat va
cac do do két hgp biic tranh. Peng & Dai (2017)
dé xuat do do khoang cach méi cho cac tap mo
btc tranh va dua ra thuat toan cho bai toan
quyét dinh da tiéu chi mo biic tranh dua trén
cic d6 do nay. Nguyén Van Dinh & Nguyén
Xuan Thao (2018) dé xuit cac d6 do khoang
cach, d6 do khong tuong tu trén tap md biic
tranh va tng dung trong quyét dinh da tiéu chi.
Pham Thi Minh Phuong & cs. (2018) nghién ctu

co s6 1y thuyét cho thuat toan phan cum md btc
tranh. Zeng & cs. (2019) dé xuit d6 do phan ky
mil Jensen cho cac tidp md bic tranh va tng
dung trong quyét dinh da tiéu chi...

D6 do tuong tu 14 mot cong cu hitu ich dé
x4dc dinh sy gidng nhau gitia hai d61 tugng.
Nhiéu d6 do tuong ty khac nhau trén cac tap mo
tric cam da dugec nghién ciu, nhu cic nghién
ctiu cua Szmidt & Kacorhot (2000), Li & Cheng
(2002), Dengfeng (2002), Mitchell (2003), Liu
(2005), Szmidt (2005), Hung & Yang (2007), Xu
& Xia (2010), Ye (2011, 2012), Shi & Ye (2013),
Tian (2013), Szmidt (2014), Ye (2016), Son &
Phong (2016), Wei (2017),... Trén cac tap md biic
tranh cling da c6 mot s6 do do tuong tu duge dé
xudt va tng dung trong cic bai toan khac nhau.
Wei (2017, 2018) dé xudt mot s6 do do tuong tu
cho tap md biic tranh va tng dung trong bai
toan ra quyét dinh. Joshi & Kumar (2018) dua
ra do do tuong tu cho tap md btic tranh dya trén
chi s6 Dice. Wei (2018) dua ra mot sd do do
tuong tu Dice tong quat.. Tuy nhién cac d6 do
nay van con mét s6 han ché, nhiing han ché d6
sé dugc chi ra & phan 3 cua bai bao. Chi s6
Jaccard 1a chi s théng ké dung dé so sanh su
giong nhau va su da dang cua cac bo mau. Dua
vao chi s6 nay gan day, Hwang & cs. (2018) da
dua ra mot s6 do do tuong tu méi trén tap mo
tryc cam. Trén co sé d6, ching t6i mudn nghién
ctiu dé xuat do do tuong tu méi trén tap mao bic
tranh dua trén chi s6 Jaccard va ting dung d6 do
nay trong bai toan phan cum.

2. PHUONG PHAP NGHIEN CUU

Trong bai bido nay ching t6i si dung
phuong phap nghién ctu 1y thuyét, phuong
phap phan tich va tong hgp 1y thuyét thong qua
cac tai liéu vé tap md, tap md bic tranh, d6 do
tuong tu trén tap md btc tranh, cac thuat toan
phan cum di liéu. Ching t61 nghién ctiu cac do
do tuong tu da c6 trén t4p mo bic tranh, phan
tich uu nhugce diém caa ching, tit d6 dé xuit do
do tuong tu mdi trén t4p mo bic tranh dua trén
chi s6 Jaccard va tinh toan véi cac vi du dé so
sanh 46 do méi v6i cac d6 do da cb6. Sau d6
ching t61 x4y dung thuit toan phin cum cho
tap md btc tranh dua ma tran két hop tuong
duong va ap dung d6 do méi vao thuit toan nay.
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Duséi day la cac khai niém co ban vé tap md bic
tranh, d0 do tuong tu trén tap ma biic tranh va
chi s6 Jaccard.

2.1. Tap mao bdc tranh

Bui Coéng Cudng (2014) da dua ra khai niém
tap mo bic tranh nhu sau:

Dinh nghia 1. Cho tap nén X={x1,xz,...,,
xn} moét tAp mo buc tranh A trén X duge xac
dinh béi

A= {<x,uA (x),nA (X),VA (x)>|x IS X}

Véi py: X — [0;1] 14 ham thude khing dinh,
Na: X — [0;1] 1a ham thudc trung lap, vy X —
[0;1] 12 ham thudc phu dinh va thda man diéu
kién pa(x) + nax) +va(x) <1 VVx e X

Ta ki hiéu PFS(X) 1a tap hop tat ca cac tap
md btc tranh trén X.

Pinh nghia 2. Cho hai t4p md btic tranh
AB € PFS(X):

DAcBep, (x)<p,(x),n,(x) <, (),

v,(x)2v,(x) vxeX

2)A=Bep, (x)=p,(x),n,x)
=My (%), v, ()
=v,(x) VxeX

By B (%) + 1, B (%) +v, (x)v(x))

2.2. Do do tuong tu trén tap ma bic tranh

Pinh nghia 3. Cho hai tip md bic tranh
A,B € PFS(X). Anh xa S:PFS(X)xPFS(X) -
[0;1]goi 1a d6 do tuong tu gifia A, B néu S(A, B)
théa man cic diéu kién sau:

(1) 0<S(A,B) <1

(2) S(A,A)=1

(3) S(A,B)=S(B,A)

(4) Neu AcBcC thi S(A,C)<S(A,B);
S(A,C) <S(B,C) VA,B,C e PFS(X)

Mot s6 do do tuong tu trén tap md biic
tranh da dugc dé xuit:

D6 do tuong tu Cosine (Wei, 2017) theo cong
thtc (1).

Do do tuong tu duya trén ly thuyét tap hop
(Wei, 2018) theo cong thic (2)

D6 do tuong tu Grey (Wei, 2018) theo cong
thtc (3).

Cac d6 do tuong ty dya trén ham cosin
(Wei, 2017) theo cong thtc (4) va (5).

D6 do tuong tu dya trén ham cotan (Wei,
2017) theo cong thic (6).

D6 do tuong tu Dice (Joshi & Kumar, 2018)
theo cong thtc (7)

PFC'(A,B) =Y

1)

DT 2 () + 1 () 4 V() () 4 3 () + VA ()

13 By () +n, (3N (%) + v, (X)v, (%))

@)

PFC*(A,B) ==Y

n 5 max( (x,) + 1 (x) + V2 (%) () + 15 (x,) + VA (X))

An . +An
min max +

Av . +Av
min m:

PFC'(AB)= =Y

n AL+ Ap
min max +
3n i3

Aui + AMmax
Voi: Ap, =l p, (x,) —pg(x) | Ap

An

Ani + AT] max

ax (3)
Av. + Avmax

o =R {1, ()~ GO I A, =max{l i, () =y (%) 1}

=N, ) =My () 1 An = minfin, () -1y (). An,,, = max{in, () -1,() 1)

Av, =l v, (x) -V (x) 1, Av, :miin{l v, (x,) - vy(x,) I}, Av_ . :max{l v, (%) - v,(x,) I}.

PFCSI(A,B) = iicos{g[ | MA(Xi)_HB(Xi) [vI nA(Xi)—TlB(Xi) [ v VA(Xi)_VB(Xi)l ]} (4)
PFCS2(A7B) = %icos{g[ | HA(Xi)_HB(Xj) [+ nA(Xi)_nB(Xi) [+ VA(Xi)_VB(Xi)l ]} (5)
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PFCT(A,B) = lico‘c{§+§[ 1, (5) = 1y (x) T 1, () =, () 1+ v, () = v, )L (6)

n g

21, (2 (%) 1, ()M, (x) v, (x)v, (%)

1 n
DPFS (AB)=—

(7)

D5 4 () + ()4 VA () 2 () () +VEGR,)

g () g M ()

nig

1 & e
J . (A,B)=—
PFS< B) Z e 2Ma(5) | o 2up(x) | i (%) o tp(x,)

e—nA (x; )e—nB(X,)

e—ZnA(x|) + e—zns(x]) _ ean(xl)ean(X,)

o 1A G -1y ()
+

e*Z(lva(xi ) e*2(1*VB(X, ) e*(lva (x; ))e*(lfvﬁ(xi )

+

®)

Ly (x40 (5)=v, (5)) —2 (b1 () +1 (5,)=vg (5,))
e ? e ?

+

o (A GO )V, () (i () () v () _

+

2.3. Chi s6 Jaccard

Chi s6 Jaccard 1a chi s6 dudc st dung trong
thong ké dé do mutc d6 tuong tu gita hai bd
mau. Cho hai b mau A va B, chi s6 Jaccard
gifia A va B dudc xac dinh béi cong thic:

|ANB]| |AnB]|
[AUuB| [AI+IBI-1AnB]|

J(A,B) =

Tacé 0<J(A,B)<1 va J(A,B) cang I6n thi
miic d tuong déng gitia A, B cang 16n.

Néu xét hai véc to n chiéu 1a X = (x;, Xy,..,
%), Y = (Y1, Yz5ens ¥,) thi chi s& Jaccard gitia X,,
Xp xac dinh nhu sau:

IX,Y) = —L
I+ -y
ixiyi

i=1

= n n n
ZX? + zy? _zxiyi
i=1 i=1 i=1

3. KET QUA VA THAO LUAN

3.1. D6 do tuong tu méi dua trén chi sé
Jaccard gitra cac tap md bic tranh

Dua trén chi s Jaccard, ching t6i dé xuat
do do tuong tu gilta cac tap md biic tranh bing
cach do mitc tuong tu gitta ba ham thanh vién
trén hai tap md biic tranh nhu sau:

“L iy (5, 5=V, (%)) —E (g (x,)+115 (5)-vg (%))
2 e 2

Cho:
A= {30, 0o, G v, G 1, <X,
B = {(x,, (1 (%)M (%)), vy () | x; € X |

hai tap md blic tranh trén tap nén
X ={x,,%,,...x, | . Khi d6 d9 do tuong tu gita A,

B dugc xac dinh nhu sau nhu céng thiic (8).

Ta chtng minh J___(A,B) théa man 4 tinh

PFS
chat ctia d6 do tuong tu:

Xét ham f(x,y)=—>  Tacé:
X2 + y2 — Xy
Tons(A,B) = S e, e )
4n 5

() ()
+f(e AT e )

+f ( o (At , o A-Va(x) )

—é(uuA(xi)mA(xi)—vA(x,» —%<1+u3<xi>+n3<xi)—vB(xi»
+f| e ,e

(1) Dé thay 0 <f(x,y)<1 Vx,y >0, do dé

0< f(ef“f‘(x‘),ef“ﬁ(x')) <1,
05 t{em o)1,

£ (e—u—vA(xi »’e—a—vB(xi >>) <1,

o
IA

5Ty (), (5)-v, (%)

0<fle )

IN

) <1vi=L12,..,n
e—§<1+uB (511 () v () ]
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Vay0o<d (AB)<1.

PFS

(2) Gia st A = B, tiic 1a pu(x) = pp(xy), na(x)

=Ma(x) , valx) = vp(xy).
Khi d6

e—uA(X,) _ e_“B(X‘),e_nA(Xi)

e () g 0V (x)
1
e_(l_vB (x ) 7 e*E(lﬂlA (x)+n, (x;)-v, (7))

—%mug )+ (5)-vg (%))

Mt khac néu x =y thi f(x,y) =1. Do dé6:

- (X) —pug (%)
o) ) -1,
f( —m<x> —nn<xi>):1

9

f(e’(l v, (%) —<1—vB<xi>>) -1,

’

—7<1+u4(x )+, (x)=v, (%)
fle
=1VvVi=1n

*E(lﬂ»l};(x, g (x;)-vg (%)) ]
e

Suy ra Jppg(A,B) = 1.

Ngugc lai gid st Jpps(A,B) = 1, khi d6
( ) uB<xl>) -1,

f( —nA(X) —nB(xi)) -1,

f(e’(l vu (%) —(1—v3<x,>)) -1,

b

1
“L (L (x4 (%) -V, (%)
f{e 2

=1Vi=1ln
(1+uB<xi>+nB<xi>vB<xi>>J
e 2
Ma f(x,y)=1 — 2 —1& (x-y)?=0
X’ +y® —xy

SX=y

T d6 ta o p, (%) = py(x),m, (%) =N, (%),

v,(x,)=v,(x,), hay A=B.

(3) Dé thily J, (A,B)=J, (B,A).

@ Ta 6 £1a) =Y %) Do g6 fx)

(x* +y* —xy)*
dong bién trén (0,y) va nghich bién trén (y,1).

Gidst AcBcC,ticlavéivi=1,n
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Iy (5) <y () < o (), M, (x) < my ()
<%, v, (%) 2 v, (%) 2 v (x,)
Suy ra e >t 5 gt gy

I ICIE e—nc(xg’ 0 a0 5 o V() 5 (O (x)

1 1
va =5l G, ()=, () S e—g(uB<xi>+nB<xi>—vc<xi>)

i (x e ()=ve ()
Do d6
“up () g () “pp (%) hp(x)
f(e At ghe )Sf(e At o7he ),
na (%) M%) “na (%) (%))
f(e AT e )Sf(e A T ),

£ ( @ 1At o= (x) ) <f ( PRIy ),

b

f[ 5y G ) ()=, (5,) —;(1+uC(X,)+nC(X,)—vc(xi))]
e e

>

1 1
<f [eZ(HHA (x4, (%,)-v, (%)) e*g(lﬂlB (x;)4mp (x,)-vp (%)) J

Do d6 ta c6 J,,,(A,C)<J, (A,B). Tuong
tucod J,..(A,C)<J, . (BC).
3.2. Mot s6 vi du

Duéi day 1a mot s6 vi du so sanh do do
tudng tu méi véi cac do do tuong tu da co.

Vi du 1. Xét bai toan y té€ trong Dutta

(2017) nhu sau: gid st trén tap nén

X ={x,,x,,%,,%,,%,} ¢65 tap md btic tranh
A, ={(x,,0.4,0,0),(x,,0.3,0.2,0.4),
(x,,0.1,0.35,0.5),(x,,0.4,0.3,0.2),
<x5,0.1,0.25,0.5>}
A ={<x1,0.7,o,0>,<x2,o.2,o.4,0.35>,

x,,0,0.4,0.5),(x,,0.7,0.1,0),
3 4

o

(x,,0.1,0.3,0.5)]

A, = {(x,,0.,0.4,038),(x,,0.6,0.2,0.1),
(x,,0.2,0.3,0.4),(x,,0.2,0.35,0.3),
(x, )

X 010206},
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A, ={(x,01,03,05),(x,,0.2,0.4,0.3),
(x
(x

A, = {<x1,0.1,0.3,0.5>,<x2,0,0.5,0.35>

0.8,0,0),(x,,0.2,0.4,0.3),

3’
,:0.2,0.35,0.3)]
<x3,0.2,0.3,0.5>,<X4,0.2,0.35,0.4>,
(x,,0.8,0,0.1)}
Gia sti c6 tap md biic tranh méi la:
B={(x,,0.8,0,0.1),(x,,0.6,0.3,0.1),
(x,=0.2,0.4,0.4),(x, = 0.6,0.15,0.1),
(x,=0.1,04,0.4)|
Su dung cong thic (1), (2), (3), (4), (5), (6),
(7), (8) dé do @6 tuong tu gitta B va A, (i =1, 2, 3,
4, 5) ta dugc két qua nhu trong bang 1.

Nhu vay dé do méi cé cung két qua véi tat
ca cac do do con lai, d6 1a do tuong tu gitia B va

A, 12 16n nhat, do d6 xép B vao 16p caa A,.

Vi du 2. Xét dit liéu trong Singh (2015) nhu
sau: gia st trén tap nén X = {xl,x2,x3,x4,x5} cod
3 tap md bic tranh

A, ={(x,,0.4,0,5,0.1),(x,,0.7,0.1,0.1),

)
(x,:0.3,0.8,0.2)}

A, = {<x1,0.5,0.4,0.1>,<x2,0.7,0.2,0.1>,

<x3,0.4,0.3,0.1>},

A =

3

{<x1,0.4,0.5,0.1>,<x2,0.7,0.1,0.1>,
<x3,0.4,0.3,0.2>}

Gia sti c6 tap md biic tranh mdi la:
B={(x,,0.1,0.1,04),(x,,1,0,0),(x, = 0,1,0)}

St dung cong thic (1), (2), (3), (4), (5), (6), (7),
(8) @8 do do tuong tu giiia A, va B, gitia A, va B,
gitia A, va B ta dugc két qua nhu trong bang 2.

Bang 1. So sanh do do tuong ty va xé€p hang két qua phan 16p trong vi du 1

Do dotwong ty gitaBva Ai=(i=1,2)

Do do twong tw Két luan
A, A, Az Ay Ay

PFC* 0.9167 0.9193 0.8191 0.5875 0.5098 B vao I&p cua A,
PFC? 0.7517 0.8301 0.712 0.4841 0.4551 B vao I&p cua A,
PFC? 0.7703 0.8089 0.7899 0.7571 0.7336 B vao I&p cua A,
PFCS* 0.9222 0.9446 0.8885 0.7295 0.6585 B vao I&p cua A,
PFCS? 0.9353 0.952 0.8807 0.7053 0.667 B vao I&p cua A,
PFCT 0.6983 0.7597 0.6717 0.4876 0.4337 B vao I&p cua A,
Ders 0.8701 0.9132 0.8077 0.5754 0.5033 B vao Iép cua A,
Jprs 0.969 0.9786 0.96 0.9063 0.8921 B vao I&p cua A,

Bang 2. So sanh do do tuong tu va xép hang két qua phan 16p trong vi du 2

Do do twong tw gitra B va Ai(i =1, 2)

D6 do twong tw Két luan
A; Az As
PFC! 0.6975 0.6712 0.67 B vao I6p cla A,
PFC? 0.4365 0.4365 0.4365 Null
PFC® 0.8628 0.8844 0.8489 B vao I&p cua A,
PFCS? 0.718 0.718 0.718 Null
PFCS? 0.7396 0.7286 0.7178 B vao I&p cla A,
PFCT 0.4541 0.4541 0.4541 Null
Dees 0.6174 0.6062 0.6085 B vao I&p cla A,
JpEs 0.9019 0.9001 0.8892 B vao I6p cla A;

Ghi chi: Null nghia la ta khéong c6 két qua xép 16p.
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Nhu vay cac d6 do PFC? PFCS!, PFCT khong
c6 két qua phan 16p, do do PFC? cho két qua B vao
16p clia A,, con d6 do méi c6 cung két qua véi cac
{6 do PFC!, PRCS?, Dyp, d6 12 B vao 16p ciia A,

Vi du 3. Gia st trén tap nén X = {Xl,Xz,XS}
¢6 2 tap moa bic tranh:

A, ={(x,,0.8,05,0.2),(x,,0.1,0.1,0.5),

(x,,0.6,0.1,0.1)},

A, = {<X1,O.15,0.3,0.45>,<x2,0.8,0.3,0.3>,
(x,:0.6,0.15,0.15)]

Gia sti c6 mot tap mad bic tranh méi 1a:

B={(x,,0.4,0.4,0.1),(x,,0.2,0.2,0.4),
(x,,0.85,0.2,0.35)}

St dung cong thic (1), (2), (3), (4), (5), (6),
(7), (8) @é do do tuong tu gitia A, va B, giia A,
va B ta dugc két qua nhu trong bang 3.

Nhu vay chi ¢6 d6 do méi Jppg phén 16p duge
B vao nhém nao, cu thé B vao 16p caa A,.

Vi du 4. Gia st trén tap nén X = {Xl,Xz,XS}
¢6 2 tAp mo bic tranh:
A, ={(x,,0.4,0.4,0.1),(x,,0.3,0.4,0.1),

’

x,,0.1,0.3,0.4
=, }

)

A, ={(x,,0.5,0.2,0.2),(x,,0.5,0.1,0.0),
(x,,04,0.1,0.3)|

Gia sti c6 mot tap md bdc tranh méi 1a:

B-{(x,,0.3,0.3,0.3),(x,,0.3,0.1,0.3),
(x,:02,0.2,0.2)]

St dung cong thic (1), (2), (3), (4), (5), (6),
(7), (8) dé do @b tuong tu gitia A, va B, gita A,
va B ta dugc két qua nhu trong bang 4.

Nhu vay chi c6 d6 do méi phan 16p duge B
vao nhém nao, cu thé B thudc vao nhém cia A,.

Bang 3. So sanh d6 do tuong tu va xép hang két qua phéan 16p trong vi du 3

Do do twong tw gitra B va A (i=1, 2)

Do do twong tw Két luan
A A
PFC* 0.8209 0.8209 Null
PFC? 0.5833 0.5833 Null
PFC® 0.8329 0.8329 Null
PFCS' 0.891 0.891 Null
PFCS? 0.902 0.902 Null
PFECT 0.6128 0.6128 Null
Ders 0.7396 0.7396 Null
Jors 0.9672 0.9603 B vao lop ctia A,

Ghi chi: Null nghia la ta khong c6 két qua xép 16p.

Bang 4. So sanh do do tuong tu va xép hang két qua phan 16p trong vi du 4

Do do twong tw gitka B va A (i=1, 2)

Do do twong tw Két luan
Ay A;
PFC! 0.8434 0.8434 Null
PFC? 0.683 0.683 Null
PFC? 0.8519 0.8519 Null
PFCS* 0.931 0.931 Null
PFCS? 0.942 0.942 Null
PFCT 0.6887 0.6887 Null
Ders 0.8177 0.8177 Null
Jprs 0.9712 0.9744 B vao Iép cla A,

Ghi chi: Null nghia la ta khong c6 két qua xép 16p.

392



Lé Thij Diéu Thay, Nguyén Hiru Hai, Nguyén Van Hanh, D5 Thj Hué

3.3 Ung dung do do méi vao bai toan phan
cum dit liéu

Xu & cs. (2018) da dua ra thuéat toan phan
cum md truc cam bang ma tran két hgp tucng
duong, trén co s6 d6 ching téi ap dung do do
tuong tu mdi vao bai toAn phin cum cho tap mo
btc tranh.

Dinh nghia 4. Cho A ,A ,...,A la cac tap
mg biic tranh, khi d6 C= (cij)

két hgp md bdc tranh néu ¢, =c(A,A) thoa

goi 1a ma tran

nxn

man cac tinh chat sau:

) 0<c, <1 vi,j=1,..,n
i) ¢, =l A :AJ_
1ii) ¢, =c; vi,j=1,...,n.

Dinh nghia 5. Cho C=(cij)nxn la mot ma

tran két hop. Khi d6 ma tran C2 =CoC = (cij)

nxn

goi 14 ma tran hdp thanh cta C, véi

c; = mflx{mm{cik,ckj}},l,J =1,...,n
Pjinh Iy 1. Cho C =(cij)nxn la mét ma tran

két hop. Khi d6 ma tran hgp thanh C? ciing la
ma tran két hgp.
Chiing minh:

i) Do OScijsl‘Vi,j:l,...,n nén OScijz

mfx{mm{cik,ckj}} <1Vvij=1,..,n

i) Ta c6 ¢, = mﬁix{min{cik,ckj}} =1 khi vao
chi khi ton tai ke{L2,..,n} sao cho ¢, =c,.

Do C 1a ma tran két hgp nén diéu nay xay ra khi
va chi khi A, = A, = A,

1) Do ¢, =¢; Vi,j=1,..,n nén:

Dinh Iy 2. Cho C=(c,), 1a mot ma tran két
hgp. Khi d6 véi moi s6 nguyén duong k, ma tran
C?" véi " =C oC? ciing 1a ma tran két hop.

Chtng minh:

Véik =0tacé C*=C-C, do dinh 1y 1 nén
C? 12 ma tran két hgp.

Gia st 7" =% oC¥1a ma tran két hop.
Ta ching minh C* 14 ma tran két hop. That
vay theo Dinh nghia 5 ta ¢6 ¢ =C*" 7",
do d6 theo Pinh 1y 1 thi C*"” 14 ma tran két hop.

Pinh nghia 6. ChoC= (cij )., 12 mot ma
tran k&t hop. Néu C'cC, tic la
mfx{min{cik,ckj}} <c, Vij=1,.,n thi C goi la
ma tran két hop tuong duong.

Pinh Iy 3. Cho C :(Cij)nxn 12 mot ma tran
két hgp. Khi dé day cac ma tran két hgp

CoC5C 5. >0 5.
ludn ton tai s6 nguyén duong k sao choC? = C?",
khi d6 C?' 12 ma tran két hop tuong duong.

Ching minh

Vi mbi i, j xét day s6 {cgf“>} ,6d6 ¢ 1a

k=1
phin t& thuoc hang i, cot j ciia ma tran C% . Do
cach xay dung ma tran thanh phan & dinh nghia

5ta co {c;zk)}

l1a day khong giam va bi chin, do
k=1

(2
ij :

d6 ton tai c:j =limc

koo

chi nhan htiu han
k=1

Mit khac day {cgfk)}
cac gia tri khac nhau thudc tiap cac phan tu cua
ma tran C, do d6 véi k dt 16n thi ¢ =c".

Vay véi k d 16n thi ¢ =c*" vij, tic 1a
C¥ =C¥" va C¥ 1a ma tran két hgp tuong duong.

Pinh nghia 7. Cho C= (cij )., 1a mot ma

tran ké&t hop tuong duong. Khi dé ma tran

C, =(,¢),,, dudc goi la ma tran A_lat cat cta

C,8d6

0, ¢, < Iy
2G5 =
1, o > A

A goi la mic tin cay v6i A €[0,1].

1,j=1,2,...,n.
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St dung cac khai niém néu trén chung toi
dé xuit thuat toan phan cum dua trén ma tran
két hop tuong duong nhu sau:

Thuat toan phan cum:

Dau vao: Cho A ,A ,..,A la cac tap mo
btic tranh trén tap nén X = {Xl,XQ,...,Xn}

DAu ra: két qua phan tich cum: 14 mot phan
hoach cta ho {AI,AZ,...,AH}

Céac budc cua thuat toan:

Buée 1. Xay dung ma tran két hop
C=(c.) (Ai,Aj) dugc tinh véi

ij/nxn

véi ¢, = Jopg
cong thic (8).
Buéc 2. Néu C = (cij)nxn 12 ma tran két hop

tuong duong thi ta xay dung ma tran A_lat cit

C, =(xcij)nxn theo dinh nghia 7. Néu khong ta
xay dung day cac ma tran

C—>C*>C" —..>C" ... theo dinh ly 3 dé
c6 ma tran két hgp tuong duong 6 , sau d6 xay
dung ma tran lat cit ;M(_j cua 6 .

Buéc 3. Néu moi phan ti thuée hang (cot)

thi i caa C, (hodc ,C) gidng cac phan tu tuong
ting thudc hang (cot) thi j caaC, (hodc ,C) thi
A A, duge x&p vao mot cum.

Sau diy chung ta xét vi du ting dung thuat
toan phan cum da dé xuat & trén.

Vi du 5. Xét bai toan phan cum xe hoi
(Singh, 2015), ki hiéu 4 chiéc xe hoi la
ALA,A A, . Mdichiée xe ta xét 3 thudc tinh:
tiét kiém nhién lidu (x,), gi4 ca (x,), an toan (xs).
Thong tin dudc thé hién bang tap md bic tranh
nhu sau:

A, ={(x,,0.3,02,0.1),(x,,0.8,0.1,0.1),

A2

{(x,,0.4,0.1,0.5),(x,,0,0.7,0.1),
3

A, ={<x1,0.2,0.6,0.1 (x,,0.9,0.1,0),

)
(x, ,0.3,0.2,0.4)}
)
)

x.,0.7,0.1,0.2
(x, }
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A, ={(x,,0.7,0.3,0),(x,,05,0.1,0.3),
(x,:0.6,0,0.3)]

Budc 1. St dung cong thic (8) tinh cac

Jogr (Ai,Aj) , ta c6 ma tran két hgp

1 0.8582 0.9035 0.9055
0.8582 1 0.8750 0.8912
0.9035 0.8750 1 0.9414
0.9055 0.8912 0.9414 1

Buéc 2. Tinh ma tran hgp thanh

1 0.8912 0.9055 0.9055

o’ - 0.8912 1 0.8912 0.8912
0.9055 0.8912 1 0.9414
0.9055 0.8912 0.9414 1

Ta thiy C khong phai 14 ma tran két hop
tuong duong
1 0.8912 0.9055 0.9055
ct = 0.8912 1 0.8912 0.8912
0.9055 0.8912 1 0.9414
0.9055 0.8912 0.9414 1

Ta c6 C* = C?, do d6 C? 12 ma tran két hop
tuong duong

Budc 3. Xy dung ma tran ;_lat cit ctia C?
ta c6 cac kha nang phan cum nhu sau:

V61 A <0.8912: ta c6 mot cum {A;, A,, A;, Ay

V61 0.8912 < A < 0.905: ta c6 hai cum{A,, A,
Ay 1A}

Véi 0.905 < A < 0.9414: ta ¢6 ba cum {A},
{Ag}, {Ag, Ay

V61 0.9414 < X < 1: ta ¢6 4 cum {A;}, {Ay},
{Ag), {A4

5. KET LUAN

Trong bai bdo nay ching téi da dé xuit mot
d6 do tuong tu méi cho cac tap md biic tranh
dua trén chi s6 Jaccard. Bing mot s6 vi du,
chiing t6i da chi ra ring trong nhiéu trudng hgp
viéc st dung d6 do tuong tu méi da khéc phuc
duge nhiing han ché& ctia ciac do6 do tuong tu da
c6. Chung t6i cling da st dung d6 do tuong tu
mdi vao bai toan phin cum tap md bic tranh
dua trén thuat todn phan cum ma tran két hop
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tuong duong, diéu nay cho thdy tinh kha dung
ciua d6 do tuong tu méi dudec dé xuit. Trong
tuong lai d6 do tuong tu dudc dé xuat can dudc
tiép tuc nghién ciu tng dung nhiéu hon trong
cac bai toan nhan dang mau, phan cum, quyét
dinh da tiéu chi,.. va nghién cttu mé rong huéng
ndy trén cac dang tap md khéac.
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