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I. INTRODUCTION

Fuzzy set theory introduced by Zadeh[11] has laid the foundation for the new mathematical
theories in the research of mathematics. Later, Attanasov[2] developed the concept of
intuitionistic fuzzy sets. Smarandache[7] was the first to coin the term "neutrosophic set.".
Neutrosophic operations and neutrosophic continuous functions have been investigated by
Salama[10]. Here, we shall introduce the applications of neutrosophic beta omega closed set
and neutrosophic continuity of neutrosophic-beta-omega sets. Also we present the
implications of neutrosophic —beta-omega-continuous mapping.
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Il. PRELIMINARIES
Definition 2.1.[7] If Ay is a nonempty fixed set. A neutrosophic set (N-Set) Gy is a form
factor Gy = {U[C, g (9), o6y(9), v ()L {LAy} where u (), ogy(¢) and
vg, ()represents the membership level, non-determination level and non-membership level
respectively of each element ¢ [Ayto the set Gy. A Neutrosophic set Gy = {[I¢, pGN((),

o6y (€), e, (§)11: (1A} can be recognized as a triple order UGyt Oy VGy - in ]0,1[on
Ay.

Definition 2.2. [1] For any two sets Gyand Hy;,

Gy SUHN D D (€) Dy (€), 06, (§) U Loy, (§) and v, (§) L Loy (§) L LIGLAY

Gy Hy = 04, 16, (§) 1 Dy (6), 06y (§) 1 Loy (), v, (§) [ Loy (§) T

GNU HN = D(! MGN({) U EUHN(()! GGy (() O [GHN(z)! DGN (() O D)HN(c) O

Gn© = {004, v6, (€), 1- 0y (§), g\ ()T TN}
On={ [(¢,0,0,10: AN}
In={0 ¢, 1,1,00: CUAN}

Definition 2.3. [9] A neutrosophic topology (NT) is a family 7, of neutrosophic subsets
ofAywhose member satisfy the following axioms:

Oy, 1y EllTy

oy N Ry €lltyiforany oy, Ry € Ty

U Ry, ETyIVI{ Ry, 1 €L} S 1y

Any neutrosophic set in Ty is a neutrosophic open set (NO-set). If a neutrosophic set Gy is a
neutrosophic open set,then its complement Gy© is a neutrosophic closed set(NC-set) in
Ay .Also, neutrosophic topological space (NTS) is denoted by (Ay, Ty).

Definition 2.4. [8] A N-SetGy of (Ay,Ty) is calledneutrosophic beta omegaclosed(NBwC) if
Becly(Gy) cUy whenever GycUy and Uy is NwO in (Ay,Ty).
Definition 2.5. [8]For every set Gy € LAy, Ty, we define
Bowcly(Gy)=n{Vy: GyE Vy, Vy € NBwCLAy, Ty [}
Pwinty(Gy) = U{Uy: Uy € Gy and Uy € NFwO Ay, Ty}
Definition2.6. [6]A mappingf: (Ay, Ty) — (Iy, oy)is said to be
Neutrosophic-continuous(N,,,; ) if f~1(Gy) is NCset in [1Ay, Ty [for eachNC-set Gy in
(N, on).
Neutrosophic-pre-continuous(NP,,,,; ) if f~1(Gy) is NPCset in [1Ay,ty [ [for eachNC-set
Gy in (Iy, oy).
Neutrosophic-beta-continuous(N B.on. ) if £ ~1(Gy) is NBCset in [Ay, Ty [for eachNC-set
Gy in (I, on)
Neutrosophic-alpha-generalized-continuous(NaG,,,;) if f~1(Gy) is NaGCset in [1Ay,
Tyl [for eachNC-set Gy in (I, oy).

I11.APPLICATIONS OF NEUTROSOPHIC BETA OMEGA CLOSED SETS
Definition 3.1.A neutrosophic topological space(Ay,ty) is called a

- Typo-space(Tyge,—sp) if alINBwCset is NC
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2. Pre-Typ,-space(PTypq—sp) if alINBwCset is NPC.
3. Beta-Typ,,-space(BTnpq, —sp) if alINBwCset is NSC.
4. Semi-generalized-Tyg,-Space(SGTyp—sp) if AlINBwCset is NSGC.
5. Generalized-semi-Tyg,,-space(GSTygq,—sp) If allINBwCset is NGSC.
Example 3.1Llet Ay = [0, 1], =y ={0y, Gy, Hy ), 1x}.(An,7v) = {0y,
Gy (AN, Hy(Q), 15} where
<[ A, 1-2> whereo<a <t
Gy() = ) %and
<1-41-41>5<21<1
0 {A,/Ll— 1> where 01 <1
Hy(\) = :
Y <33, 2>1<2<1
Then 7y isa NT. Here, (Ay, Tn) 1S Tygw—sp-
_ _ A Ay A3
Example 3.2. Let Ay = {11,45, A3}, v ={0y, Gy, 15} Where Gy = <, (ﬁ,ﬁ,ﬁ),
A1 Ay 1 A1 Ay A .
(3£.52,22), (5%,32,32) >Then 7 is a NT. Then NBwC(Ay, Tv) = (A, T)-{ Py /

GyEPy c 1y} =NPC(Ay, ty). Therefore,every NBwCset iSNPC. Hence(Ay,ty) IS
PTngw—sp-

Example 3.3. Let Ay = {11,12, 13}, N ={0N! Gy, 1N} where Gy = <{, ((/}_16'3_26,(};_36)’

(3—;%3—37) (g—gg—gg—f}) >.Then 7, is a NT. Then NBwC(Ay, tv) = Ay, Tn)-{ Py /
GySPy € 1y} =NBC(Ay, ty). Thereforeevery NFwCset is NBC. Hence(Ay, ty) IS

.BTN,Bw—sp-

Example 3.4. Let Ay = {41, A3, A3}, v ={0p, Gy, 1y} Where Gy = <, (3—135—1%)
A Ay A A Ay A :
(3£,52,22), (5£,22,22) > Then 7y is a NT. Then NSwC(Ay, Ty) = (Ay, Tv) = NGSC(Ay,

Ty). Therefore every NBwCset is NGSC. Hence(Ay, Ty) 1S GSTygep—sp-
Example 3.5. Let Ay = {A;, A, A3}ty ={0y, Gy, 1y} Where Gy = <, (’1_1 A2 /1_3)

03’03’03
A Ay A A Ay A .
(3£,52,22), (51,22,52) > Then 1y is a NT. Then NSwC(Ay, Tv) = (Ay, Tv) = NSGC(Ay,
Ty). Therefore every NBw(Cset is NSGC. Hence(Ay, Tw)is SGTyg,—sp-
Theorem3.1.

(@). Every PTygy —sp 1S BTngw—sp-

(b).Every Tygy —sp 1S PThgep —sp-

(). Every Tygy —sp 1S BTNgew —sp-

(d).Every Typ, —sp 1S GSTnpy —sp -

(e)-Every Ty —sp 18 SGTypgy —sp-
Proof :
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_sp- We know that, every NPC setis NSC set and since every NfwCset
is NPC, we get NBwCset is NBC set.Hence(Ay, Ty) isa BTngew —sp-

(b), (c), (d) follow from the facts that every NC set is NPC set, NBC set, NGSC set.
NSGC set respectively.
Remark 3.1.The examples below show that the converse of the preceding theorems does not
have to be true.

Example 3.6.TakeAy = {44, A2, A3}, v ={0n, Gy, 1y} Where Gy = <, (3_133_23%)
A Ay A A Ay A .
(ﬁﬁﬁ) (0—160—260—36) >.Then ty is a NT. Then NBwC(Ay, Ty) = (Ay, Ty) = NBC(Ay,

Ty). But NPC(Ay, ty) = (Ay, TN){Py / GNCPNCGNC}'{QN / GNCQN~¢—GNC}
Hence(Ay, Ty)is BTnpw—spbUt N0t PTyp,_gp.

Example 3.7. Let Ay = {41, 45, A3}, v ={0p, Gy, 1y} Where Gy = <, (3—17(’)1—263—35)

A Ay A4 A Ay A .
(O—_E,O—Eﬁ), (éo—éo—j}) >Then 7y is a NT. Then NBwC(Ay, tv) = (Ay, Tn){Py /

GN c PN (@ lN} = NPC(AN, TN)and NC(AN, TN):{ONI GNC, lN} HenCE(AN, TN)iS
PTNﬁw—sp but not TNﬂw —sp-

Example 3.8. Let Ay = {A, Ay, A3}, 7y ={0y, Gy, 1y} where Gy = <C(g_163_263_2)

A Ay A4 A Ay A .
(0%7'0_.27'0%7)' (ééo—j}) >Then 7y is a NT. Then NBwC(Ay, )= (Ay, Tv)-{Py /

GNgPNC1N} :NBC(AN, TN) andNC(AN, TN) :{ON, GNC,].N}. Hence(AN, TN)iS
ﬂTN,Bw—sp but not TN,Bw —sp-

Example 3.9. Let Ay = {4, A, A3}, Tv ={0y, Gy, 1y} Where Gy = <z;(g—133—13—1)
A A, A Ay 1, A .
(3£,52,22), (5£,32,22) > Then 7y is a NT. Then NfwC(Ay, 7v) = (Ay, Tv)= NGSC(Ay,

ty) and NC(Ay, ty) ={0y, Gy°, 1y}. Hence(Ay, Ty)is GSTyge—spbUt N0t Type -

Example 3.10.Let Ay = {/11, Ay, 13}, N ={0N! Gy, 1N} where Gy = <{, (3_13,3_23,3_33),

MoA A3 MoA2 A3 i - -
(0.1’0.3’0.1)’ (0-8'0-8’0.8) >.Then tyis a NT. Then NBwC (Ay, ty) = (Ay, Ty)= NSGC(Ay,

7y) and NC(Ay, Ty) ={0x,Gx¢, 15 }. Therefore every NBwC set is NSGC. Hence(Ay, Ty) is
SGTNﬁw—Sp but not TNﬁw —sp-

IV.NEUTROSOPHIC BETA OMEGACONTINUOUS MAPPING

Definition4.1. A mapping f:(Ay, ty) = Uy, 0y)is calledneutrosophic
betaomegacontinuous(N fw o) if f~1(Gy) is NBwCset in (Ay, ty)for alINC-set Gy in
(I, on).

Example 4.1. Let AN = {Ali AZ! 13}1 I1N: {61’ 62’ 63},TN = {ON! GN, 1N} and oy = {ON!
- M oA A3 (AL A2 A3 (A Az A3 _
Hy, Wy, 1In} where Gy = <¢, (0.6'0.7'0.6)'(0.7'0.8'0.7)'(0.4'0.3'0.4) > Hy = <
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51 86, & 51 863 6 51 63 6
C!<_1!_2!_3)I(_1I_2I_3)I(_1I_2I_3) >5 WN =
0.7°0.770.7 0.8°0.870.7 0.3°0.27°0.2
ﬁ5_25_3) (‘Ll&&)(il&&) - -
<, (0_8,0.7,0_8 ' 5908707/ 6270202 >.Then ty and gy are NTs. Define a mapping

f:(Ay, ) = (Iy,0n) by f(A4) =61, f(A) =6, and f(43) =65. Then f~1(Vy) is
NBwC in (Ay, Ty) for every NCset Vyin (Iy, o). Hencef is NBw on¢ -

Theorem 4.1.

Every N,,,,: mapping is NLw,,: mapping.
Every NB o, mapping is NBw,,,: Mapping.
Every NG* .o, Mmappingis NBw,,: mapping.
Every Ny, mapping is NBw,,,: mapping.
Every NWG”,,,; mapping is NBw.,,, mapping.
Every NP,,,, mapping is NBw.,,; Mapping.

Proof:

Takingfas aN,,,; mappingandVy be any NC-setin (Iy, ay). Since,f is N,,,; mapping, we get
f~1(Vy) is NC-setin (Ay, Ty) implies f~1(Vy) is NBwCset. Hence f is NBw .o, Mapping in
(A, Tv).

Let f be any Nf.,,: mapping and Vy be any NC-set in (I, ay). Since f is Nf,,,: mapping,
we get £f~1(Vy) is NBC in(Ay, Ty).Since everyNBCset isNBwC,f ~1(Vy) is NBwC. Hence f
IS NBwon: mapping in (Ay, ty)-

Let f beNG*,,,: mapping and Vy be any NC-set in (I, oy). Since f IS NG*.,,. mapping, we
get  fYWVy) is NG*C in  (Ay, ty). Therefore, fl(Vy) s
NBwC,because every NG*C setis NBwC set. Hence f is NBw.,n: Mapping in (Ay, ty)

Let f be Ny, mapping and Vy be any NC-set in (Iy, ay). Since f is Ny, mapping, we
get £F=1(Vy) is NyCin (Ay, Ty). Since alINyC set is NBwC,f~1(Vy) is NBwC. Hence f is
N.chont mapping in (ANi TN)-

Let f be NWG.,,mapping and Vy be any NC-set in (Iy,oy). Since f is
NWG" ., mapping, we get f~1(Vy) is NWG*C in (Ay, Ty).We know that every NWG*C set
is NBw set,f (V) is NBwC. Hence f is NBw on Mapping in (Ay, Ty).

Let f be NP,,,.mapping in (Ay, ty). Let Vy be any NC-set in (Iy,oy)). Since f is
N, Mapping, we get f~1(Vy) is NPCin (Ay, 1ty). Every NPC s
NBwC that impliesf ~1(Vy) isNBwC. Hence f is NBw qn: Mapping in (Ay, Ty).

Example 4.2, Let AN = {All /12, 13}, I—'N = {61, 62, 63},‘[1\] = {ON! GN' 1N} and ay = {ON’ HN'

- '1_1’1_2/1_3) (/1_11_21_3)('1_1’1_2’1_3) —

I} where Gy - <4< (0.2’0.2’0.1 o7 07707) \o7707°07) = Hy B
5_15_25_3)(5_122)(5_15_25_3) : ;

<, (0.2,0.2,0.1 \3251702)' 57708 08 >.Then ty and gy are NTs. Define a mapping

fiy,tw) = Uy, on) by f(A4) =61, f(A) =6, and f(A3) =83 Then f is
NLwon: Mapping but not NfS,,,,; mapping.
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Example 4.3. Let Ay = {A1, A5, A3}, Iy = {81, &, 83}ty = {0y, Gy, 1n} and oy = {0y,
Hy, Wy 1N} where Gy = <, (’1—1 22 A—3) (’1—1 22 ’1—3)(1—1 22 1—3) > Hy = <{,

05’06’05/ \0.4’03’04)"\06’08"0.7
25_25_3) (25_254)(&5_25_3) -
(0.6’0.9’0.7 ' \os708707)' 037047 03) = Wy N
51 6, & 81 6, 83\ (81 82 & . .
<, (—1,—2,—3), (—1,—2,—3),(—1,—2,—3) >.Then 7y and o are NTs. Define a mapping
0.7°09°0.8 0.8°09°0.7 0.27°04°0.2

f:@y,tn) = Uy,0on) by f(M) =61, f(A) =6, and [f(A3) =63 Then f s
NBw,on: Mapping but not NG* ., mapping.

Example 4.4. Let Ay = {41, 42, 43}, Iy = {61, 62, 63}, 7w ={O0n, Gy, In} and oy ={0y,

- '1_1’1_2’1_3) (’1_1’1_2’1_3) (’1_1'1_2’1_3) =
Hy, In} where Gy << (0.3’0.3’0.1’ 0202°02)" \Gs708707) > Hu <<

ﬁﬁﬁ)(ﬁ&ﬁ)(ﬂ&&) - -
(0_6,0.6,0_6 \os70606) 52702 04 >.Then tyand oy are NT. Define a mapping

fiy,ty) = (Uy,on) by f(4) =61, f(A)=6; and f(A3) =83.  Then f is
NBw,m: Mapping but not NWG”,,,: mapping.

Remark 4.1.The converse of the preceding theorem does not have to be true.
The example 4.1. shows that the converse of theorem 4.1(1) is not true.
Theexample 4.3. shows that the converse of the 4.1(4) does not exist.

The example 4.2 shows that NBw,,,: need not beNP,,,,; .

Remark 4.2. The following examples show that Nfw,,,: mapping set and NGS,,,, mapping
are independent in (Ay, Ty).

Example 4.5. Let Ay = {41, A5, A3}, Iy = {61, 62, 83}, tv = {0y, Gy, In} and oy = {0y,
Hy Wy In}, where Gy = <¢, (53,22,83) (51,22 23) (B2 &) 5y = <y,

09’08’0.9 0.8’0.8’0.7 03’02’02
ﬁﬁie») (225_3)(5_15_25_3) =
(0.7’0.7’0.8 ' \o7707706) ' \04’03707) W
bbby (0 B b)) (01 0 Bu) i i
<, (0.6,0.6,0_8 ' \ser0e0e) 0570400 >.Then ty and oy are NT. Define a mapping

f:@y,tn) = (Ty,on) by f(4) =61, f(A2) =06, and f(43) =83. Then f s
NBw,,n: Mapping NotNGS,,,,, mapping.

Example 4.6. Let Ay = {11, A2, A3}, Iy = {61, 62, 63},tnv = {0y, Gy, In} and oy = {0y,

- ’1_1'1_2'1_3) ('1_1'1_2’1_3)('1_1'1_2'1_3) -
Hy, 1n}, where Gy << (0.9’0.8'0.9' 08°07°07) oz 02702) > 1N <<

5, 8, 83\ (81 63 63\ (61 62 & : .
(—1,—2,—3),(—1,—2,—3),(—1,—2,—3) >Then 7y and oy are NT. Define a mapping
0.1°0.1°0.1 0.1°0.1°0.1 09°097°0.9

f:@y,ty) » (Iy,on) by f(A) =61, f(A) =6, and f(43) =63.Then f
ISNGS,,,,: mapping but not NBw_,,: mapping.

Remark 4.3. Consider the examples4.5. and 4.6., these examples supports the fact
thatNG.,,; and NaG.,,, mappings are independent with NLw_ yn: In (Ay, Ty)-
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Figure.1(The implications of NBw .o,: Mapping)

NG*COTlt

V. SOME THEOREMS AND PROPERTIES OF Nw-CONTINUOUS MAPPING
Theorem5.1.1f f: (A, ty) = Ty, 08)iS NBweon:andg: (Iy, on) = (Qy, @n) i Neone  then
their composition gof: (Ay,Ty)— (2n, ©n) 1S NBwWeont -

Proof : Let Gy be any N-set of (2, @y). Since g is Nopne, 9~ (Gy)is NC-set in (I, o).
Since f is NBweone, f (g 1(GN)) = (gof) H(Gy)isNBwCin (Ay,ty). Therefore gof is
Nﬁwcont :

Remark 5.1. If two mappings areNBw..: , Then theircompositionneed not be NBwyy; -

Example 5.1.Let Ay = {11, 43, A3}, Iy = {61, 62, 83}, Qn = {1, 2, Y3} v ={0n, Gy, 1N}
and oy = {ON: Hy, 1N} oy = {ON, Iy, 1N} where Gy =

/1_1/1_2/1_3) (l_ll_zl_s)(ﬂ_ll_zﬂ_s) -

<4 (0.7'0.8'0.7 > \0.8’0.7’0.8/’\0.3’0.2’0.3 > Hy -
ﬁ&f?_a) (5_15_2§)(ﬂ5_25_3) -

<4 (0.9’0.9’0.9 ’\09’09’0.9 01’01’01 > In -
b1 62 5_3) (5_1 52 5_3) (51 92 53)

<, (0.2,0.1,0_2 510 01701) ' 58758 08 >.Then 7 and oy are NTs. Define the

mappingsf: (Ay,7y) > (Iy,on)  andg: (I, on) = (v, )by f(A) =61, f(A) =
62, (A3) = 63, g(81) =1, 9(62) = vz and g(83) = y3. Then fand g areNBw o, Mapping
but f o g IS NOtNBw, ., Mapping.

Theorem 5.2. A map f:(4y,7n) = Iy, 0x)iS NBweone if and only if f~1(Gy) is NBwO in
(A, ty), forevery NO-set Gy in (Iy, oy).

Proof : Let f:(4y,7y) = (Iy,0n)0eNBw.,,,: and Gy be aNO-set in (Iy,oy). Then
FH(GN®) is NBwCin (Ay,Ty). But £ 716Gy )=(f ~1(Gy)¢ and f~1(Gy)is NBwO in (Ay,Ty).
Converse is similar.

Theorem 3.3.3. Let f: (4y,7y) = (Iy, oy)be a map. Assume that NBoO(4y, Ty) is NC-set
under any union. Then the following are equivalent :
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(i) The map f is NBwcont ;

(i) Bwcly (Gy)) S clN(f(GN))where Gy € (Ay, TN);

(iii) Bwcly (f~1(Hy)) € £~ (cly(Hy)) where Hy € (Iy, oy);

(iv) f(Bwinty(Hy)) € Bwinty(f~*(Hy))where Hy € (Iy, oy)-

Proof : (i) & (ii) : Assume that f is NBw o and GyE(Ay,Ty). Since Gy € f1(f(Gy)).
We have Gy S f~(cly(f(Gy))). Since cly(f(Gy)) is a NC-set in (I}, oy), by assumption
f(cly(f(Gy))) is aNPwC containing Gy. Consequently,cly(Gy) € £ (cly (f(Gy))).
Thus f(Bwcly(Gy)) € F(f 1 (cly(F(Gy))) E cly(f(Gy)). Conversely, suppose that (ii)
holds for any subset Gy of (4y,7y). Let Wy be a NC-set of (Iy,oay). Then by assumption
F(Bwcly(f X Wy))) € cly(F(F T Wi))) € cly(Wy) =Wy. Thus  Bacly(f~ (Wy)) S
f1(Wy) and so f~1(Wy) is NBwC.

(i) e (i) : Assume that Bwcly(Gy)) S cly(f(Gy))where Gy € (Ay,ty). Then
puttingGy=f~"(Hy) in (i) we get f(Bwcly(f~"(Hy))) € cly(f(f " (Hy)) < cly(Hy).
Thus Bwcly(f~1(Hy)) € f1(cly(Hy)). Conversely, Assume that (iii) holds. Let Hy =
f(Gy) where Gy is a subset of (4y,ty). Then we have Bwcly(Gy) € Bwcly(f~1(Hy)) S
fH el (F(Gr))) 50 f(Bwcly(Gy)) < cly(f(Gh)).

(iii) & (iv) : Let Hy be any subset of (I}, ay). Then by (iii) we have Bwcly(f~1(Hy®)) S
f (el (Hy )

Hence (Bwinty(f 1(Hy))¢ € (f 1 (inty(Hy))¢. Therefore, we obtain f~1(inty(Hy)) S
Bwinty (f ~ (Hy)).

(iv) & (i) : Assume that f~(Bwinty(Hy)) S Bwinty(f "' (Hy)) and Hy € (Iy, oy). Let
Wy be any NC-set of (I, ay). Wehave f~1(Wy©) =(inty (Wy©) S Bwinty (f‘l(WNC)) =

(Bocly(F W) and hence Bwcly(f~1(Wy)) € f~1(Wy) implies that f=1(Wy) is
NBwCin (4y, Ty). Hence fis NBw ont -

Proposition 3.2.3 Let f: (4y, ty) = (Iy,on)be a NBw ont -
(@).1f (X, 7y) isa Tygy —sp, then fis Ny .
(b).1f (X, Ty) is @ PTyg, —sp, then f is NP,y .
(©).1f (X, Ty) isa BTyp,—sp, then fis Nf,yp; .
(d).1f (X, 7y) isa aGTygy —sp, then fis NaGeop .
Proof : The proof follows from the definitions.

CONCLUSION
In this article, we defined some new spaces of neutrosophic beta omega closed set. we
also introduced and studied some characteristics of neutrosophic beta omega continuous
mapping. obtained some of their basic properties. We have analyzed the relationship between
the NBw_ ., -Continuous mapping and some other Continuous mapping.
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