Annals of Pure and Applied Mathematics
Vol. 21, No. 1, 2020, 19-25

Annals of
ISSN: 2279-087X (P), 2279-0888(online) .
Published on 16 February 2020 Pure and Applied
www.researchmathsci.org :
DOI: http://dx.doi.org/10.22457/apam.v21n1a3649 Mathe—n‘atlcs

Some Properties of Double Minimal Space

Dheargham Ali Abdulsada

Department of Statistics, Faculty of Administratemmd Economics
Sumer University, Irag. Email: drghamalil985@ gneaiin

Received 28 December 2019; accepted 29 January 2020
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1. Introduction

Fuzzy sets presented by Zadeh [7] in 1965 showed/mmaportant applications in many
areas of life. The fuzzy set was used to tackidlpras characterized by ambiguity and
immunity that classic sets were unable to addreggyFsets. The possibility of the fuzzy
set has been invited as it handles vulnerabilitd ambiguity which Cantorian set
couldn't address. Speculation of fuzzy sets wakisnmanner proposed by Atanassov [1]
1983 as intuitionistic fuzzy sets (IFS) which cdigate the level of dithering called
faltering edge.The information and semantic pogtayf intuitionistic fuzzy set has
gotten progressively significant, clever and malersince it incorporates the level of
belongings, the level of non-belongings and théefalg edge. Then again, Coker [3]
presented the discrete type of intuitionistic fuzef to be specific ‘intuitionistic sets in
1996, where every one of the sets is completelghfreets. In any case, it has an
enrollment and 3 non-participation degrees and this idea gives us increasingly
adaptable methodologies in speaking to unclearimessientific articles incorporating
those in building fields with traditional set ratgle. In the year 2000, Coker [4]
additionally presented the idea of intuitionistipological spaces with intuitionistic set
and explored their properties. In 2012, Adak, Bhawrmand Pal, [2] introduce
Intuitionistic fuzzy block matrix and its some pespes. Bhowmik and Pal defined
intuitionistic fuzzy circulant matrix [9]. In 201%hmed, Hossain and Ali [5] they did a
study intuitionistic fuzzy RO-spaces. In 2017, tsJaHossain and Amin [8] they studied a
conceptSome Remarks on IntuitionisticTi-Spaces. In this paper, we pursue the
proposal of Garcia and Rodabaugh [6] that "doulntzy set” is a more proper name than
“intuitionistic fuzzy set", and, subsequently, rigeethe expression "double set" for the
intuitionistic set. We define minimal double spar®l study its properties. In addition to
defining the concept®egular — My — (open, closed) sets, Bp-( A, 1,B,h and C)
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sets and find the relationship between these cosic&howmik and Pal [10] defined
generalized intuitionstic fuzzy sets.

2. Preliminaries
In this section, we remember some basic concelgtedeto double groups.

Definition 2.1. [3] A double set (DS for shorti of a non-void seK is A = (4',A"”)
whered', A" c XandA'n A" = @.

Definition 2.2.[3] If A =(A",A”), B =(B',B") and{4;: i €I} are double sets iX,
whered; = (A';,A”;). Then
1. Acp B A B &B"cA".

2. A=Be Ac,B&Bc, A
3. UD Al = (U A’i,n AHi)-

4. nD Al = (n A’l’,U A”i)'

5. Xp = (X, 0).

6. Q)D :(Q,X)

7. cop.A=(A",A").

8. A\B =An,B.

Definition 2.3.[3] A double point of a non-void s&tisgp = ({p},{p}°), wherep € X.

3. Double minimal structure
In this section, we will study the concept of miainstructure by double set and explain
some of its characteristics.

Definition 3.1. A double minimal structurép-structure for) on a non-void sgtis a
collectionMipy of double sets i, whereX,, € Mpx and@,, € Mpy.

A setX with My is called arlipx-space and is denoted BY, Mipy). Each member of
Mpy is said to beip-open and the double complement ofi&g-open set is said to be
Mpx-closed.

Definition 3.2. Let X be a nonempty set afiitpy anty-structure onX. For a double
set A of X, the Mpx-closure ofA and theMipy-interior of A. The double minimal
structureis defined as follows:

1. Mpx — CL(A) =np {F =(F",F"): A cp F,F is Mp, — closed },

2. Mpy — int(A) =up {U=(U",U"): U Sp A,U is Mp — open }

Lemma 3.3. Let X be a nonempty set aflipy a onX. For double setd andB of X, the
following properties hold :
1. Mpy — Cl(cop.A) = cop.Mpy — int(4) and Mpx — int(cop./'l') = cop.Mpx —
cl(4),
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A,
3. gRDX - lnt(@D) = @D, ‘.D?DX — int(XD) = XD! gRDX — Cl(@D) = @D, gRDX —
Cl()SD) =Xp

4. 1If Acp B, thenMpy — int(4) p Mpy — int(B) andMpy — cl(4) Sp Mpy —
cl(E’),

5. 4 cp Mpy — cl(A) andMpy — int(4) <p A.

6. Wiy — cl (Mpx — cl(A)) = Mpy — cl(A) and My — int (Mpy — int(4) ) =
Moy — int(A).

Definition 3.4. A double minimal structur@ipy on a nonempty seX is said to have
property By, if the double union of any family of subsets bejory to Mipy belongs to
%DX.

Lemma 3.5. The following are equivalent for the double minlrspace(X , Mipy).
1. Mpx have property,.
2. If Mpy — int(E) = E, thenE € Mpy.
3. If Mpy — int(F) = F, thenF € Mpy..

Definition 3.6. A double minimal structuréipy on a nonempty seX is said to have
propertyl,, if the finite double intersection @k —open isiiy-open.

Remark 3.7. For subsetsd and B of a double minimal spac&,Mpy). Satisfying
property Ip, the following holdsMpy — int(4 np B) = Mpg — int(4) np Mpy —
int(B).

Example 3.8. For subsetsi and B of a double minimal spacgs, Mpy). Satisfying
propertyBp,, the following does not hold:
Mpy — int(A np B) = Mpy — int(4) np Mpy — int(B).
LetX = {34,%2,%3,%4},
Mpy = {00, Xp, ({21}, {22, 23, 0a) ({201, 302} {23,204 ), ({01, 33} {202,204 )),
({%2:_3’3}: {21,204}, ({1, 202, ?’3}:"{%4»}-
LetA : <{:{’11 :"2}' {:"3':{’4}) andB = ({:"2':{’3}' {:{’11%4—})- .
Then ANnp B = ({352}, {21,%3,%4}). We have Mpx — int(4) = ({1, 22}, {303, a});
Mpy — int(B) = ({2, %3}, {311, %4}) and
Mpx — int(A) Np Mpx — int(B) = ({02}, {21, 23, 34 }).
But Mpy — int(A np B) = Bp,.
HenceMipy — int(A np B) # Mpy — int(A) np Mpy — int(B).

4. Regular — My —(open, closed) sets, aMp-( A, 1, B, and C) sets
In this section, we introduce a new type of setob@ws:
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Definition 4.1. A doublesets of a double minimal spadg, Mpx) is said to be
1. Regular — My —open ifS = My — int(Mp — cl(S)),
2. Regular — Mp —closed ifS = My — cl(Mp — int(S)),

The family of allRegular — M —closed sets aX is denotedltp-RC(X).

Definition 4.2. A double sef of a double minimal spadg, Mpy) is said to be
1. aMp-A setifS = M np N whereM is Mp-open andV € Mp-RC(X),

aMy — t set ifMpy — int (Mpx — cl($) ) = Mpx — int(S),

aMp — B setifS = M np N whereM is Mp-open andV is aMtp — t set,

aMp — b set ifMpy — int(Mpy — cl(Vpy — int(S)) = Mpy — int(S),

aMp — C set ifS = M n, N whereM is Mp-open andV is aftp —h set.

arwN

Theorem 4.3. If A andB are two &)t — t sets of a spac¥ satisfying property,, then
Anp Bis aMy —t setinX.

Proof:

SinceA. gD ‘.me - Cl(A),ime - lnt(A ﬂD B) QD ‘IRDX - lnt(ime -

cl(A np B) €p Mpy — int (ime — cl(4) np Mpy — int(é))

int(A)(since A and B are a Mp —tsets) = Mpx — int(4Nnp B). ThusDpy —
int (SDEDX —cl(Anp B)) = Mpy — int(A np B) and4d n, B is alty, — t set.

Theorem 4.4. If A is aMp —t set of X and A S, B <, Mpy — cl(4) thenB is a

Mp —t set.
Pr oof:

We note thame - Cl(B) gD ‘.IRDX - Cl(A) So we haveIRD)S - lnt(B) QD ‘IRDX -
int (Mpy — cl(B)) Sp Mpx — int(Mpy — cl(A) = Mpy — int(A) Sp Mpy — int(B).
ThusMpy — int(B) = Mpy — int(Mpx — cl(B)) and thereford is aMty, — t set.

Remark 4.5. The double union of two &ty — b sets need not be B, —h set for
example.
LetX = {:“'1' :{12, :{13} and

Mpx = {én: Xps (o1}, (202, 23, ((R2}, {2, %3} ({201, 2, {?’3}>}-
Then ({21}, {272, 23}) and ({22}, {2s1, 23}){b} are aMp — b set but({1, 252}, {z3}) is
not aftp — b set.

Remark 4.6. If (X,Mpx) have property,. Then the double intersection of any two a
Mp — b setis d&ip — b set.

5. Comparison
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In this section, we will explain the relationshipetween the concepts mentioned in
Section 4.

Theorem 5.1. Any Mp-open set is afity-A set.
Proof: Direct fromS = X, np S whereX € Mp — RC(X) andS is Mp-open.

Remark 5.2. The opposite of (Theorem 5.1) is n't true whenisabaid in done. Refer
Example in (Remark 4.8{z-,, 33}, {301, }) is aftp — A set but nofity-open.

Theorem 5.3. Any Mtp-closed set is @ — t set.
Proof: Let F be Mp-closed set, thenF = Mpy — cl(F). So Mpy — int(F) =
Mpx — int(Wpy — cl(F)). HenceF is adtp — t set.

Remark 5.4. The opposite of (Theorem 5.3) isn't true when alkaid in done. Refer
Example in (Remark 4.5§{=:1}, {2233}{a} is a Mp — t set but nofity-closed.

Theorem 5.5. A Regular Mp-open set is Aty —t set.
Proof: Let S be Regular Mp-open set, themnd = Mpy — int(Mpy — cl(4)). So
mDX - lnt(A) = mDX - lnt(me - Cl(A)) HenceA is aﬁnD —t set.

Remark 5.6. The opposite of (Theorem 5.5) isn't true when alkaid in done. Refer
Example in (Remark 4.5){z:3}, {31, 212}){C} IS @ Mp —t set but notRegular Mp-
open.

Theorem 5.7. Let (X,Mpy) have propertyB,. Then everyRegular Mp-open set is
Mp-open.

Proof: Suppose is Regular Mp-open set, thefi = Mpy — int (SDEDX - cl(S))

So Mpx — int($) = Mpy — int (Mpy — cl($)) and we havé = My — int(3).

By (Lemma 3.5)S is Mp-open.

Remark 5.8. The opposite of (Theorem 5.7) isn't true when alkaid in done. Refer
Example in (Remark 5.4){z1, 3,2}, {33, }) is Mp-open but noRegular Mp-open.

Theorem 5.9. Any afltp —t set is @&y — B set.
Proof: Direct fromS = X, N, S whereX is Mp-open and is aMp — t set.

Remark 5.10. The opposite of (Theorem 5.9) isn't true when slkaid in done, for
example.

LetX = {:"1' :{12, :{13} and

Mpy = {(DDz Xp, ({21} {2, 23} ({03}, {01, 22}, ({01, 2} {R03d), ({301, 03, {%2})}-

Then ({31}, {352, 23}) is aPtp — B set but not &t —t set.

Theorem 5.11. Any 9tp-open set is @y — B set.
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Proof: Since § =X, n, S where S is Mp-open andX,, is Regular Mp-open, by
(Theorem 5.5) X is altp — t set. By (Theorem 5.9) the proof is completed.

Remark 5.12. The opposite of (Theorem 5.11) isn't true wherisalaid in done. Refer
Example in (Remark 5.4Jr:3}, {31, 2, }) is aftp — B set but noflty-open.

Theorem 5.13. A Mp-closed set is @y — B set.
Proof: Obvious from (Theorem 5.3) and (Theorem 5.9).

Theorem 5.14. Assume(X,Mpy) have propertyB,. Then every @i, — A set is a
Mip — B set.

Proof: $ = X, np § whereX), is Mp-open ands is Regular m-closed. Sincé is Mp-
closed, by (Theorem 5.3j,is altp — t set. By (Theorem 5.13), the proof is completed.

Remark 5.15. The opposite of (Theorem 5.14) isn't true wherisaflaid in done. Refer
Example in (Remark 5.4J:3}, {31, 22 }){C} is a Mp — B set but not &p — A set.

Theorem 5.16. Any afltp — t setis a&ltp — b set.

Proof: AssumeS is allty, — t set, theripy — int(S) = Mpy — int (EIRDX - cl(S)) SO
mDX —cl (mtDX - lnt(S)) = mDX —cl <9:RDX —int (%DX - Cl(S))), ImplleS mDX -
int (EIRDX —cl (EIRDX - mt(S))) = Mpy — int (EUEDX - cl(S)) The proof is completed.

Remark 5.17. The opposite of (Theorem 5.16) isn't true whenisalaid in done, for
Example. LeX = {3,1,3,,33} and

Mpx = {éDIXDv ({1, 32} {03}, ({302, 303, {%1})}- Then ({z52}, {1, %3}) is aPip —h
set but not @iy —t set.

Theorem 5.18. Any aflt, — b set is &tp — C set.
Proof: Obvious from§ = X, N, § whereX,, is Mp-open and is aMp — b set.

Remark 5.19. The opposite of (Theorem 5.18) isn't true wherisallaid in done. Refer
Example in (Remark 5.100zs, }, {22, 23}) is atp — C set but not &ty — b set.

Theorem 5.20. Any Mp-open set is &y — C set.
Proof: Obvious fromS = X, np S where X, is altp — b set ands is Mp-open

Remark 5.21. The opposite of (Theorem 5.20) isn't true wherisallaid in done. Refer
Example in (Remark 5.4§{z,3}, {351, 32 }) is @atp — C set but nottp-open.

Theorem 5.22. Any afltp — B setis &y — C set.
Proof: SinceS = X, Np S whereX,, is Mp-open andS is aMy —t set. By (Theorem
5.16),5 is aMtp — b set. The proof is complete from (Theorem 5.18).
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Remark 5.23. The opposite of (Theorem 5.22) isn't true wherisallaid in done. Refer
Example in (Remark 5.17)3,}, {3:1, 23}) is altp — C set but not &t — B set.

N
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10.

/ aﬂJtD—cAset\
e
aMp—Cset € aMp—Bset €« Mp-open et

t ? v

afip—hset < aMy,—tst < Regular My

open set
-
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