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Rough approximation probability
of almost open sets
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Rough approximation probability

el closure s interior zlAtul d | palic Gl e (g 5iad Al X de gana o 4 e Clia ol ol
alad) ges Alile ) Adul Gl P (A) 5 P(A) Cldialg de sane 16 (0 0sSE Sl X A0 5a0 sl
SA P(A) Sluial g X d 48 sl alaall Ainterior |, A closure z!oaiul &b a3 A open, A closed

Cus A P (A)
AP(A) = |AR(A)| _ |A. int(4)|
|x| | x|
4 B(A) = |AP(A)| _ |A.cl(A)]
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Introduction

Pawlak introduced approximation spaces during the early 1980s as part of his research on
classifying objects by means of their features [4]. Rough set Theory introduced by Pawlak in
1982 as an extension of set Theory mainly in the domain of intelligent systems. Rough set
Theory is a mathematical tool to deal with vagueness and incomplete information imprecise
by dividing these data into equivalence classes using equivalence relations which result from
the same data [5, 6]. Therefore it is relate to the concept of approximation. This Theory
applied successfully in several applications e.g. information analysis, data analysis and
knowledge discovery [3].




Definition 1-1 [7] let X be any set. The family T of subset of X is called topology if satisfy the
following properties:

. XeT

2. fABeET= AnBET

3. foranyindexAand A, eT= | JA,eT

« The pair (X.7) is called topological space.

Definition 1-2 [7]

Let (X, T) be topological space, XEX is called interior of Aiff 3GET 23X € G € A and the
set Ais called nbd of X.

« The set of all interior points of A is denoted by inrA or A° = U [GeT.GCA)

Definition 1-3 [7]

Let (X, T) be topological space, X € X is called adherent points of a set A iff V G € T,
X€E G such that GNA = Q.

The set of all adherent points of A is called closure of A and is denoted by 4 or cl (A).

« Also cl(A) = ﬂl Fis closed, A C F)
A=A and A° = A

Definition 1-4 [1]
let (X, T) be a topological space and A €X, A is said to be almost open (A-open) iff A € A°.
The family of all A-open sets in X is denoted by A-v (X).

The complement of A-open is called A-closed and the family of all A-closed sets in X is
denoted by A-c(X).

Note 1-5 Each open set is A-open so TEA-v(X) but the conversely is not true.
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Definition 1-6 let (X, T) be a topological space and ASX. A point XEX is called almost
adherent point of A iff VG € A-v (X) , x €G such that GN A# @. The set of all A-adherent

points of A is called the almost-closure of A and is denoted by A-cl(A).

Theorem 1-7 [1] let (X, T) be a topological space and ASX. Then the following are true:

L Acl(A)=[IFEAAX):AC F)
2. f Be AcX), iff B=A cliB)

3. AclB)CcliB)

4. Be A-v(X) iff B= A-int(B)

Definition 1-8 [1] let (X, T) be a topological space and ACSX, A point XEA is called A interior
of A iff 3 BEA-U(X) 2 XEB SA and A is called A-nbd of x.

The set of all AlImost-interior points of A is denoted by A-int(A).

Theorem 1-9 [1] let (X, T) be a topological space. Then the following properties are true:

j A-int(B) = Ul(}' € A-v(X),;G C B)

2. int(B) C A-int(B)

3.The intersection of any two A-open is not necessary A-open and the union of

collection of A-open is A-open.

Note 1-10 let (X, T) be topological space A € X.




+ The closure A is A = cl(A) = [ |{ Fis closed; A C F)
* Theinteriorof Ais A® = int(A) = U{(j eT:GC A)
« The intersection any two s-open sets isnot necessary to be s-open.

» The union of any s-open sets is s-open because | | 4, ¢ | ] 45 c (| ] 4,
AEA s€A AEA

« The family of s-open sets s-v(X) is subbase.

Definition 1-11 [2] let K = (X, R) be an approximate space with general relation R and Tkis
the topology associated to K. Then the triple (X, R, Tk) is called a topological approximation

space.
Tk is generated by subbase X,R is general relation. X,R = {xR, VX €R}, xR = {G €X ; XRy}

Example 1-12 let X = {a,b,c,d}, X,R = {{c}, {b, d}} is subbase, so the base ={®,X, |c|, {b, d}}
Tx = {@. X. (c]. {b.d), {c.b.d})

basele Jiasi (o g subbase ) dxgiiall Ciladalail) &ex s -)
. Tk GAJJ}CJ\ e Jiand 65] base ) <laasy) VLN s -Y

Definition 1-13 [2]

« The lower approximation is RA = intA ARA = A-int(A)
* The upper approximationis RA=  ARA = A- cl(A)
* The Rough Probability ot AA) = AA), AA)

_ The cardinal of RA — . The cardinal of RA
RA)= X] , RKA)= X
|R(A)| |R(A)|

T | X|




X=1{1,2,3,4}
P(x) = {9, X {1},{2},{3},{4},{1,2},{1,3},{1,4},{2,3},{2,4},{3,4},{1,2,3},{1,2,4},{1,3,4}, {2,3,4} }

T,={@,X,(1},{2,3},{1,2,3})

e(X)=(X,2,(2,3,4), (1,4}, (4}))

A=(1JA=(1)"=(1}JA={1})={1.4)] & A ={(l.4)={1). . ACA"
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1=(2.4)A"=[24]"=@A=[2,41=1(2.3.4] & A" ={23.4)=1(23

=(3,4]A°'={3.4)'=0A=(3.41=(2.3.4) & A" =(234)=(231.ACA"
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A={1.2,4]A"={1,2,4)" = (1)A={1,2.4] = X
A={1,3.4)A"={1,3.4)"={1]A=(1.3.4] = X
A=(2,3,4)A"=(2,3,4)" = (2,3]A ={2,3,4)

& AA=X"=X_ ACA
& AA=X"=X.ACA
(2,3.4) & A ={2,3,4)=(2.3

AO(X)= {2, X, {1}, {2}, (3}, {1,2},{1,3},{2,3},{1,2.3},{1,2,4},{1,3,4}}

A-o(X)=(X,0,(2,3,4},11,3,4),(1,2,4},{3,4),{2,4), (1,4}, (4}, (3}, (2} ]}

int 4(A)
int,({1}) = {1}

int ,({2}) = {2}

int 4({3}) = {3)

int 4({4}) =@

int 4({1,2}) = {1,2}
int ,({1,3}) = {1,3)
int ,({1,4})= {1}
int 4({2.3}) = {2,3}
int 4({2,4}) = {2}

int ,({3,4}) = {3}

int 4({1,2,3}))=(1,2,3)
int 4({1,2,4})) = {1,2,4)
int 4({1,3,4})={1,3,4)

int 4({2,3,4}) = {2, 3)

cl o (A)
cl({1}) = 1{1,4)
el (2D = (2)
el ,(13)) = {3)

)

el o({1,2}) = {1,2,4)

(%)

el (11,3} = {1,3,4)
ol (11,4)) = {1,4)
el 4({2,3)) = {2.3,4)
cl 4({2,4)) = (2,4}
el (13,4}) = {3,4)

clo({1,2,3) =X

cl,({1,2,4}) = {1,2,4}
cl4({1,3,4}) = {1,3,4)
el 4({2,3,4)) = {2,3,4)

) Ag A




A-AA)
2/4
1/4
1/4
1/4
3/4
3/4
2/4
3/4
2/4
2/4
4/4
3/4
3/4

3/4

A-RA)

1/4
1/4
1/4
0/4
2/4
2/4
1/4
2/4
1/4

174

3/4

2/4

A®)=0

AX)=1

AA) AA)
2/4 1/4
3/4 0/4
3/4 0/4
1/4 0/4
4/4 1/4
4/4 1/4
2/4 1/4
3/4 2/4
3/4 0/4
3/4 (/4
4/4 3/4
4/4 1/4
4/4 1/4
3/4 2/4
A-A)=0
A-AX) =

A dcgocxoll




T, = {@, X, {2}, (2,3}, (2,4}, {2,3,4})

cX)=1{X,2,{1,3,4},{1,4},{1,3},{1})
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A={L2}JA"={12)=0A={]1,2)=X & A'=X"=X.ACA
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A={1L4)A°={1,4]'=0A=(1.4)=(1.4)] & A’ ={1.4)=0 . ACA

A={2314= {23 ={23}J4={23}=X & A'=X"=XACA

A={24}4"={2.4}' =2 4}JA =124} =X & A =X =X ACK

A=(3.41A"=(3.4)'=0A={3,4)={1,3.4} & A ={1,34) =0 AL A"
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A=1{1,2,4]A'={1,2,4)"=@A ={1,2,4)
A=(1,3,4)A4A°={1,3.4)"=0A={1,3,4] =
A= {2,3,4)A"={2,3,4)'={2,3,4)A = {2,

A-0,(X) = {2, X, (2}, {1,2},(2,3),{2,4},{1,2,

X & A'=X'=X.ACA
(1,3.4) & A ={1,34)'=0. . ACA°
34j=X & A'=X"=X..ACA"

3},{1,2,4},{2,3,4})

A-¢, (X)={X,0,{1,3,4},{3,4},{1,4},{1,3},{4},{3},{1}]}

int 4(A)
int,{1})=0
int ,({2)) = (2}
int,([3) =@
int ,({4})) =@

inf ,(11,21) = {1,2)

inty({1,4}) =@

)
| <

o

}

int 4({2,4}) = {2,4)

int,({3,4})) =@
int4({1,2,3))=(1,2,3)
int 4({1,2,4))=1{1,2,4)

int 4({1,3,4)) =0

int 4({2,3,4}) = (2.3,4)

el ,(A)

cl,({1})= {1}
(12D =X
cl,({13)) = (3)
cl,({4})) = (4}
cd,({1,2)) =X

cl (11,3 =1{1,3}
cly({1,4)) = (1,4}
cla(12,3) = X

cl (12,4 =X

clo({3,4)) = (3.4)
cla((1,2,3)) = X
cl\((1,2,4)) = X

el 4(11,3,4)) = {1,3,4)

ol 4(12,3.4) = X




A-PA)  A-PA)

1/4 0/4
4/4 /4
1/4 0/4
/4 0/4
4/4 2/4
2/4 0/4
2/4 (/4
4/4 2/4
4/4 2/4
2/4 0/4
4/4 3/4
4/4 3/4
3/4 0/4
4/4 3/4
P@)=0
A-P@) =0

PA)
1/4
4/4
2/4
2/4
4/4
2/4
2/4
4/4
4/4
3/4
4/4
4/4
3/4

4/4

R

PA)
0/4
/4
0/4
0/4
0/4
0/4
0/4
2/4
2/4

0/4

0/4 {1,2,
0/4 (1:2;

0/4 {13,

)
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T, =@, X, (2,3),12,3.4),(1,2,3})

o X)=1{X,2,{1,4},{1},(4}}

A={1}A={1})'=@A={l}=(1) & A =(1))=@. . A¢A
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A={4jA°={4)'=0A={4]=(4] & A={4)=0. AN

A={12)4°={12=@A=(1.21=X & A'=X'=X.ACA
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A= [23]1A°={2.31’={23]A=[23]=X & A'=X"=X_.ACA
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A= (2,4}A°

A={3.4}JA'={3,4)'=0QA={3.4)=X & A'=X'=X.ACA
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A= (2.3.4)A"=(2.3.4)" = (2,3.4)A = (2.3.4

=X

& A=X"=X:

Ao, (X)= {2, X,(2), 13}, {4). (1,2}, (1,3}, (2,3}, (2,4}, (3,4}, (1,2,3},(1,2,4},(1,3,4},{2,3,4] )

Ac,(X)={X,0,{1,3,4),{1,2,4),{1,2,3},{3,4).{2,4), (1,4}, (1,3}, (1,2}, {4}, {3), (2}, (1})

int 4,(A)

int,({1})) =@

int 4,({2}) = {2}

int ,({3)) = {3}

int 4({4}) = (4)

int ,({1,2}) = {1,2}
int ,({1,3}) = {1,3)}
int,({1,4}) =@

int 4({2,3}) = {2,3)
int 4,({2,4)) = {2,4)

int 4({3,4}) = {3.4}

int,({1,2,3}) = {1,2,3)

9

41 = {1,

-

int 4({1, 4}

)

int 4({1,3,4}) = {1,3,4}

int ,({2,3.4})) = {2,3,4)

VY

('/ A ( A )

el J({1}) = (1]

('/,1([2}"2 {2)

el (({3)) = (3]

cl 4,({4)) = {4}

el 4({1,2)) = {1,
el ,({1,3}) = {1,
cl4({1,4)) = {1,
cl,({2,3) = (1,2,
cl ({2,4)) = {1,2,

ol ((13,4)) = (3,

el (({1,2.3) = {1,
el 4({1,2.4)) = {1,

el 4(11,3.4)) = {1,

2)
3}
4)
3)
4)

4}

2.3)

o

.4}

.4}

(3%

('1_4({2. 3.4}) = .\/




A-P(A)
1/4
1/4
1/4
1/4
2/4
2/4
2/4
3/4
2/4
2/4
3/4
3/4
3/4

4/4

1/4
1/4
1/4
2/4
2/4
0/4
2/4

2/4

PA)  PA)
1/4 0/4
4/4 0/4
4/4 0/4
1/4 0/4
4/4 0/4
4/4 0/4
2/4 0/4
4/4 2/4
4/4 0/4
4/4 0/4
4/4 3/4
4/4 0/4
4/4 0/4
4/4 3/4
A-P@) =
A-PAX) =

V¢

{1,2,
{1,2,
85 A
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cX)={X.0,{2.4].{

A=(1)A"= (1) =
A=(2]A" = (2} =

A= [3]A" = {3])"=02A = {3

A= (2 4]A" =

~

}, {4})
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Ao (X)=

Ac (X) = (X.2,12,3,4},{1,2,4}, (3.4}, (2,4}, (2,3}, (1,4}, { 1,2}, {4}, (3}, (2})

3,414 = {1,3,4)"={1,3,4}]A = (1,3,

3,41A° = {2,3,4}"

2,414 = (1.2,4)°'=@A=(1,2,4) =X

=@gA={2341=X

I"=X"=X..ACA
& A'=X"=X.
AA=X"=X..ACA°

(@, X, {11 (30, (0L. 21, (1L,3). (1.4}, {2,3).{3.4),{1,2,3},.{1.2,4}.{1,3,4})

int 4(A)
int4({1})={1}

int ,({12}) =0

int 4({3}) = {3}

int 4({4)) =0
int 4({1,2}) = {1,2}
int ,({1,3})={1,3)
int ,({1,4})={1,4}
int 4({2,3)) = (2,3}
int,({2,4})) =@

int ,({3,4)) = {3.4)

int4({1,2,3)) = {1,2.3}

int 4({1,2,4})) =1{1,2,4)

int ,({1,

3.4)) =1{1,3,4}

int4(12,3,4})) =2

el (11,2,4)) = {1,

cl 4(A)

e (1) =X
cl,({2}) = {2)
cl,({3}) = (3}

cl ,({4)) = (4]
cl,(11,2})) = {1,2)
cl(11,3) =X

el ((11,4)) = {1,4)
cl 4({2,3}) = {2,3)
cl ,({2,4)) = [2,4)
cl4({3,4})) = (3,4}

o)

4}

cl 4({2,3,4)) = (2,3,4)}




A-PA) A-FRA) PRA) PA) A

4/4 1/4 4/4 0/4 (1)
1/4 0/4 1/4 0/4 (2]
4/4 1/4 4/4 0/4 (3]
1/4 0/4 1/4 0/4 (4)
2/4 2/4 4/4 0/4 (1,2}
4/4 2/4 4/4 2/4 (1,3)
2/4 2/4 4/4 0/4 (1,4}
2/4 2/4 4/4 0/4 (2,3}
2/4 0/4 2/4 0/4 (2,4)
2/4 2/4 4/4 0/4 (3,4)
4/4 3/4 4/4 34 {1,2,3)
3/4 3/4 4/4 0/4  {1,2,4)
4/4 3/4 4/4 34 {1,3,4)
3/4 0/4 4/4 0/4  {2,3,4)
A@)=0 A-P@) =0
AX)=1 A-AX) =1

T = {0,X,{3},{1,3},{2,8},{1,3,4},{1,2,3}}
ol X) ={X,0,{1,2,4},{2,4},{1, 4}, {2}, {4}}

A={1} A ={1} =0 A={1} ={1,4} & A" ={1,4}"=0 - ACA
A={21 A =2 =04A={21={2} & A = {2} =p AL
A={3 A={3"={3}A={3} =X & A" =X"=X - ACA

ARY%




A={4} Ar={4) =0 A={4) ={4)} & A ={4)°=0 AZ A"
A={L,2} A"={1,2}"=0 4=11,2} ={1,2,4} & A" ={1,2,4}"=0 - Ag &
A={1,3 A ={1,3"={1,8} A={1.31 =X A=X"=X /AC A
A={1,4} A2 ={1,4}" =0 A={1,4} ={1,4} A =14} =0 S AZ A
A={2,3) A"={2,3)°"={2,3} A={2,3) =X A=X"=X  ACH
A={24} A°={2,4}° =0 A={2,4} ={2,4} A ={2,4) =0 . ALA
A={3414" =34} =0 A={34} =X & A =X"=X " ACH
A=11,2,3} 4" ={1,2,3}"={1,2,3} A={1,2,3) =X & A" =X"=X 4CAH
A={1,24} A°={1,2,4}" =0 A={1,2,4} ={1,2,4} & A" ={1,24}"=0 AL A"
A={2,3,4} A°={2,34}°=0 A={238,4} =X & A°=X"=X_ ACA
A=1{1,3,4} A°={1,34}" = {1.3,4}A:{1,34}=x & I=X=XACA
Ao (X) = f@‘X.wyLl 8}, 12,3}, {8,4},{1,2,3},{2,3,4},{1,3,4}}
4CD{X _"L-"Y {]Ja'l v-—'v4} { } {]- ,{].2} {4} {l}v{z}f

inty (4) elaf4)

inta ({1}) =0 ela{{1}) = {1}

inta ({2}) = 0 ela{{2}) = {2}

ints ({3}) = {3} ela{{3}) =

inty ({4} = 0 cla{{4}) = {4}

fl'nt.el {{1!2}] = E’ CEA'[{II 2}] = {1! 2}

inty {{1,3}) = {1,3}
inta ({1,4}) =0
ity {{2,3}) = {2,3}
ity {{2,4}) =0
inta ({3,4}) = {3,4}
inty {{1,2,3}) = {1,2,3}
inty ({1,2,431 =10

inta {{1,3,4})

=1{1,3,4}

inta ({2,3,4}) = {2,3,4}

YA

cla({1,3}) = X
ela({1,4}) = (1,4}
cla({2,3}) =
cla({2,4}) = (2,4}
cla({3,4}) =
CIA{{I, 2,3}] =X
cla({1,2,4}) = {1,2,4}

claf{{1,3,4}) =

claf{2,38,4}) =




A-P(A)
1/4
1/4
4/4
1/4
2/4
4/4
2/4
4/4
2/4
4/4
4
3/4
4/4

4/4

D) =0

A-P(@) =0

0/4

2/4

0/4

2/4

HA)
1/4
1/4
4/4
1/4
2/4

4/4

2/4
4/4
4/4
3/4
4/4

4/4

2

b

Y4

PA) A
0/4 {1}
0/4 (2}
1/4 {3}
0/4 (4)
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