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CHAPTER 4

NEUTROSOPHIC ALMOST
BITOPOLOGICAL GROUP

In this chapter; to study the NABTG, the definitions of the NSOS, NSCoS,
NROS, and NRCoS are introduced and some of their properties are

proved. Here, in this chapter i, j means for eachi1 = 7 =1, 2.

Definition 4.0.1
Let A be a NS of a NBTS (X, T, _if), then A is called a NSOS of X
if JaBe (X, TX,TF) such that A C (T, 7N ~ CI(B).

Definition 4.0.2
Let A be a NS of a NBTS (X, 7", 1%, then A is called a NSCoS of X
if JaBe (X7}, TY) such that (Y, -l]g)/\/' ~ Int(B) C A.

Definition 4.0.3
Let Abe a NS ofa NBTS (X, X, 1X) is said to be a NROS, if (7,9, 1,9 )N ~
]nt((-iig,-ljg)./\/ ~ CZ(A)> = A, foreachi=j=1,2.

The results discussed in this chapter has published in the journal,
Basumatary, B., & Wary, N. (2021). A Note on neutrosophic almost bitopological group. Neutro-
sophic Sets and Systems, 46, 372-385.
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Definition 4.0.4
Let A be a NS of a NBTS (X,7;*, 1) is said to be a NRCoS, if
(9, LN ~ cz((mg, TN ~ Int(A)) — A

Definition 4.0.5
A mapping ¢ - (X, 5, 7;%) — (Y, 77,77 is said to be a NACM,
if 6~ (A) € (X, T, 1;%) for each NROS A of (Y, 7Y, ;7).

Definition 4.0.6
Let G be a NG on a group X. Let _Il-g be a NT on G, then (G, .9, _Izg)
is said to be a NABTG if the following conditions are satisfied:

(i) A mapping \ : (G,9) x (G,719) — (G,79) : Ma,y) = zy is

neutrosophic almost i-continuous mapping.

(ii) A mapping 11 : (G,) — (G,7Y) : u(x) = x~" is neutrosophic

almost i-continuous mapping.

Remark 4.0.1
(G,VY) is a NABTG, if following conditions hold good:

(a) for g1, 9> € G and for every (77, Tjg-)—NROS U containing g gs
ingG, 4 —[Zg_ neutrosophic open nbhds P and Q of g, and g5 re-
spectively in G so that P x Q C U and

(b) for g € G and every (77, _Ijg)—NROS Q in G containing g1,
3 _I?— neutrosophic open nbhd P of g in G such that P~ C Q.

Remark 4.0.2

ForanyU,V C G, we denote U xV by UV and defined as UV = {gh :
geUheVyandU™ ={g':gelU}. If U ={a} foreacha € G,
we denote U x V' by a}V and V x U by Ua.

Theorem 4.0.1
Let (G, ;%) be a NABTG and let a € G be any element of G. Then
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(i) 74 : (G, 9) = (G,79) : mu(z) = az, for all x € G, is neutro-

sophic almost i-continuous mapping for each 1 = 1, 2.

(ii) 04 : (G, 9 — (G,19) : 04(z) = za, for all x € G, is neutro-

sophic almost i-continuous mapping for each 1 = 1, 2.

Proof

(i) Letp € G and let Wbe a (7,9, 71;9)—NROS, i = j = 1,2; con-
taining ap in G. By definition 4.0.6, 3 71,9 — neutrosophic open,
¢t = 1,2 nbhds U,V of a,p in G so that UV C W. Especially,
ay C W that is m,(V) C W. This shows that 7, is NACM at p
and therefore m, is NACM.

(ii) Suppose p € G and W € (7,9, 7,9)—NROS(G) containing pa.
Then 3 T,9—NOSs, i = 1,2; p € U and a € V in G so that
UV C W. This shows U, C W. This implies o, is NACM at p.
As arbitrary element p is in G, o, is NACM.

Theorem 4.0.2
Let U be (7;9,71,9)—NROS for each i = j = 1,2 in a NABTG
(G, :9). Then the following conditions hold good:

(a) ad € (7,9,71;9)—NROS(G), for all a € G.
(b) Ua € (7,9,71;9)—NROS(G), for all a € G.
(¢c) U™t € (T,9,71,9)—NROS(G).

Proof

(a) First, we have to prove that ald € -lygg, 1 = 1,2. Letp €
ald. Then from definition 4.0.6 of NABTGs, 3 7,9 —NOSs, i =
1,2;a~! € Wy and p € W, in G so that W, W, C U. Especially,
a "W, C U. i.e., equivalently W, C al{. This indicates that p €
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(9, 9N ~ Int(ald) and thus, (7,9, ;9N ~ Int(ald) =
ald. ie., ad € 7,9 i = 1,2. Consequently, ald (7%, T,9)N
~ Jm{(mg, TN ~ C’l(al/{)}.

Now, we have to prove that (7,9, T;9)N ~ ]nt{(‘lig, TN
~ Cl(aU)} C ald. Since U is T:9-NOS, i = 1,2 (7.9, TN
~ Cl(U) € (7;9,71,9)—NRCS(G). From theorem 4.0.1, 7,1 :
(G, T9) — (G, 7,9 is NACM, i = 1,2 and therefore, a(7;9, 7,9)
N ~ ClU) is 79— NCoS, i = 1,2. Thus, (7,9, 9N ~
It (79, TN ~ Cllatd)) < (W9 TN ~ Clath) <
(T TN ~ L) e o™ (79, TN ~ It (7€, 7,9)
N ~ Cl(ab[)) C (9, T,9N ~ ClLU). Since (.9, TN ~
fnt((‘iﬁ,‘ljg) N ~ cz<au>) is (7,9,71,9)—NROS, i = j =
1,2, it follows that a~' (7,9, T;9) N ~ Int((jig, TN ~ Cl
(aL{)) C (9, T,9)N ~ zms((-lﬂ, TN ~ Ol(u)) —Uie.,
(9, TN ~ znt((mg, TN ~ C’l(abl)) C ald. Thus,
al = (9, TN ~ Jnt((mg,-iﬁw ~ Cl(au)). This
shows that al/ € (77,9,71;9)—~NROS(G).

(b) Following Theorem 4.0.2 (a), the proof is straightforward.

(c) Let z € UL, then 3 T,9—NOS, i = 1,2;p € W in G so that
Wt C U = W C UL Therefore ! has interior point
p. Thus, U~ 'is T,9-NOS, i = 1,2. ie, U C (79,79
N ~ Int((-lig, TN ~ Cl(Z/{_l)). Now, we have to prove that
(9, LN ~ Jnt((-sﬁ,'sj% N ~ Cl(u—l)) C U, Since
Uis T,9-NOS, i = 1,2, (9, TN ~ ClU) is (7,9, 7;,9)—
NRCoS, i = j = 1,2 and hence (7,9, ,9) N ~ CIU) " is
T, —NCoS, i = 1,2 in G. Therefore, (7,9, T,9) N ~ [nt((-iig,
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TN ~ ) € (V9 N ~ Clu) < (18,79)
N~ CLUY = (T, TN ~ It (W, TN ~ Clu ™))
c (W VOV ~ i) Ut Thus, U = (4,7)
N ~ Int((_lig, TN ~ Cl(u—1)>. This shows that 2! €
(7,9, 1,9 —NROS (G).

Corollary 4.0.1
Let Q be any (7;9,71,9)—~NRCoS ina NABTG in G,i = j = 1,2. Then

(i) aQ € (_I,'g, _[jg)—NRCS(g),for eacha € G.
(i) 7' € (7,9,71;9)—NRCS(G).

Theorem 4.0.3
LetU be any (7;9,71,9)—NROS, i = j = 1,2 ina NABTG G. Then

(@) (7.9, 9N ~ Clita) = (9, 9N ~ ClU)a, for each a €
g.

(b) (7.9, 9N ~ Cllad) = a(T,¢, ;YN ~ CIUU), for each a €
g.

() (9, TN ~ L) = (9, 9N ~ Clud) .
Proof

(a) Taking p € (7,9, 7,9 N ~ Cl(Ua) and consider ¢ = pa~". Let
g € Whbe T,9-NOS, i = 1,2 in G. Then 3 T,9—NOSs, i =
1,2, € Vyand p € V,in G, so that V}V, C (7,9, T,9)N ~
[nt((-ly;g,-ljg) N ~ C’l(W)). By assumption, there is g €

UaﬂVQ = gCL_1 € UﬂV1V2 - Uﬂ (_[Z'g, _Ijg> N ~ Int((jl-g,
TN ~ CUW)) = UNCTE TN ~ It (T, ) N ~
CZ(W)) 7§ ON = Llﬂ ((-lig,jjg) N ~ Cl(W)) 75 ON. Since
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Uis T,7-NOS, i = 1,2, W # Oy. ie., p € (9, ;9N ~
Cl(U)a.

Conversely, let ¢ € (7,9, T,9)N ~ Cl(U)a. Then ¢ = pg, for
some p € (7.9, ,9N ~ Cl(U). To prove (9, T,9) N ~
ClU)a C (9, 9N ~ Cl(Ua). Let pg € W be an T, —NOS,
i =1,2in G. Then 3 7,9-NOSs, i = 1,2;a € V; in G and
p € Vyin G sothat VVy C (19,9 N ~ fnt(mﬁ,-ljg)
N~ CZ(W)). Since p € (1.9, 71,9) N ~ CLU), UM Vs # O.
There is g € U V2. This gives ga € (Ua)() (9, TN ~
It (79, TN~ W) = W) (1€, T N ~
CU(W)) # Oy. From Theorem 4.0.2, Ua is T,9— NOS, i =
1,2 and thus (Ua) (YW # Oy, therefore, g € (-Iig,—ijg) N ~
Cl(Ua). Therefore, (9, T,9) N ~ Cl(Ua) = (9, TN ~
ClU)a.

(b) Following Theorem 4.0.3 (a), the proof is straightforward, there-
fore (7,9, 1,9 N ~ Cl(ald) = a(T,7, T,9)N ~ ClLU).

(c) Since (1,9, YN ~ ClU) is (7,9,7,9)—NRCoS, i = j =
1,2; (Tig,_ljg)./\/ ~ C’l(Z/{)_1 is ,9—=NCoS, i = 1,21in G. So,
Ut c (9, 9N ~ Clu)™" this implies (7,9, 9N ~
Cl U C (79, 9N ~ ClU) ™" Next, letg € (9, TN ~
Cl(U)~". Then ¢ = p~*, for some p € (7,9, T,9) N ~ ClLU).
Let ¢ € V be any 1,9—NOS, i = 1,2 in G. Then 3 71,9—NOS,
i = 1,2UinGsothatp € U withd! C (9, TN ~
[nt((—[jg,-ljg) N ~ Cl(V)). Also, there is a € AU which

implies o' € A~ (9,9 N ~ Jnt((-uﬁ,'lj% N ~
cz(v>). That is, A~ (7,9, 7,9) N ~ fms((-lﬁnﬁ) N ~
CZ(V)> £ 0y = U NI, TN ~ CLY) # Oy = A
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NV # Oy, since U ™" is T,.9-NOS, i = 1,2. Therefore, ¢ €
(TN ~ ClU) ™. Hence (T4, T,9)N ~ Clu™) €
(9, TN ~ Clu) ™.

Theorem 4.0.4
Let Q be (7,9, 7,9)— neutrosophic regularly closed subset in a NABTG
G,1 =7 =1,2. Then the following statements are satisfied:

(@) (9, TN ~ Int(aQ) = a(T¢ TN ~ Int(Q), for all
acg.

(b) (79, 9N ~ Int(Qa) = (9, VN ~ Int(Q)a, for all
a€g.

() (9, TN ~ Int(Q7Y) = (9, 9N ~ Int(Q) ™.
Proof

(a) Since Q is (7,9, T,9)—=NRCoS, (7,9, T,9) N ~ Int(Q) is (7,7,
T,9)—NROS in G,i = j = 1,2. Consequently, a(7;¢, T,9)N ~
Int(Q) C (1.9, 71,9) N ~ Int(aQ). Conversely, let ¢ be an arbi-
trary element of (7,9, 7;9) N ~ Int(aQ). Assume that ¢ = ap,
for some p € Q. By assumption, this shows aQ is —[Z'G—NCOS,
i = 1,2and thatis (7,9, T,9)N ~ Int(aQ)is (7,9, 7,9)—NROS
inG,i =j =1,2. Suppose a € U and p € V be T,9—NOSs,
i = 1,2in G, so that /Y C (_lig,-ijg) N ~ Int(aQ). Then
aV C aQ, which follows that aV C a(T;9, 9N ~ Int(Q).
Thus, (7,9, T,9) N ~ Int(aQ) C a(77, TN ~ Int(Q).

Hence the statement follows.

(b) Following Theorem 4.0.4 (a), the proof is straightforward, there-
fore (9, N ~ Int(Qa) C (7.9, 1,9)N ~ Int(Q)a.
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(c) ) Since (T,9, 9N ~ Int(Q) is (T,9,7,9)~NROS, i = j =
1,2; so, (9, 9N ~ Int(Q)is 1,9-NOSin G, i = 1,2.
Therefore, Q7' C (7,9, T,9)N ~ Int(Q)~! implies that (7,9,
_[jg)./\/ ~ Int(Q_l) - (_‘Z'g,_[jg> N ~ ]nt(Q)_l. Next, let
¢ be an arbitrary element of (7,9,77;9) N ~ Int(Q)~'. Then
qg=p !, forsome p € (7,9, 71,9 N ~ Int(Q). Letq € V be
T,9—NOS, i =1,2in G. Then 3 T,9-NOS, i = 1,2;U isin G
mmmpeuwmu4gxmam%vam«m%m%N%u
[nt(V)). Also, there is ¢ € Q (U which implies g7 € Q71
(_Iig, _Ijg) N ~ Cl((_[zg, _ljg) N ~ Int(V)) That 1s Q_l ﬂ
(9, )N ~ C’l((‘lig, TN ~ Int(V)) £ Oy, since Q!
is 7,9-NCoS, i = 1,2. Hence (7,9, ,9) N ~ Int(Q™') =
(_lig, _ijg)./\/ ~ In?f(Q)il.

Theorem 4.0.5

Let A be any (7,9, 71;9)—NSOS in a NABTG G,i = j = 1,2. Then

(@) (7.9, 9N ~ Cl(aA) C a(T9,T,9) N ~ CI(A), forall a €
g.

(b) (7.9, 9N ~ Cl(Aa) C (9, 7,9) N ~ Cl(A)a, for all a €
g.

() (9, 9N ~ ClA™) C (9,79 N ~ Cl(A) .
Proof

(a) As Ais (7,9, 7,9)—-NSOS; (7,9, Y)Y N ~ Cl(A)is (7,9,7,9) -
NRCoS, i = j = 1,2. From Theorem 4.0.1, 7,1 : (G,1:Y) —
(G, 1,9) is NACM, for each i = 1,2. So, a(T;9, T,9)N ~ CI(A)
is 7,9 —NCoS, i = 1, 2. Hence (71,9, T, )N ~ Cl(aA) C a(7,
TN ~ ClI(A).
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(b) As Ais (7,9,7,9)-NSOS; i = j = 1,2; (7.9, T,9) N ~ Cl(A)
is (7;9,71,9)-NRCoS, i = j = 1,2. From Theorem 4.0.1,
oo (G, 9 = (G,7,9) is NACM, for each i = 1,2. So,
(9, 9N ~ Cl(A)a is T,9-NCoS, i = 1,2. Thus, (7,9,
TN ~ Cl(Aa) C (9, TN ~ Cl(A)a.

(c) Since A is (7,9, 77;9)—NSOS, i = j = 1,2 ;50 (9, 9N ~
Cl(A) is (79, T;9)—NRCoS, i = j = 1,2 and hence (7,7,
TN ~ CI(A)~"is T;9—-NCoS, i = 1,2. Consequently, (7,7,

TN ~ Cl(A) C (T8, TN ~ Cl(A)™

Theorem 4.0.6
Let A be both (7,9,71;9)—NSOS and (7,9,71;9)—NSCoS subset of a
NABTG, i1 = 7 = 1, 2. Then the following statements hold:

(@) (9, 9N ~ CllaA) = a(T9, 9N ~ CI(A), for each
a€qg.

(b) (7.9, 9N ~ Cl(Aa) = (7.9, 1,9N ~ Ci(A)a, for each
a€g.

() (9, TN ~ CIl(A™) = (9, 9N ~ CL(A) ™
Proof

(a) Since A is (7,9,7,9)-NS0S, i = j = 1,2 (7.9, T,9)N ~
Cl(A) is (7,9, T,9)—NRCoS, from which it follows that (7,9,
TN ~ ClaA) € (9, 9N ~ Cl(aA). Further, 7,9—
neutrosophic semi-openness of A, i = 1,2 implies (7,9, 7;9)N ~
CUA) = (79, TON ~ CU((T9, TN ~ Int(A)) =
(9, YN ~ Cl(A) = a(T, TN ~ Cl((‘hg» NN ~
]nt(A) As Ais (.9, T1,9)—NSCoS; (1%, TN ~ Int(A) is
(‘Iig7 _I- )—NROS in G. From Theorem 4.0.5, a(-IZg, jg)/\/
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CUA) = (T, TN ~ CL((TE, TN ~ Int(A)) = (T,
TN ~ cz(a(-lﬂ, TN ~ Imﬁ(A) C (19, TON ~
Cl(aA). Hence (9, TN ~ Cl(aA) = a(T¢, TN ~
Cl(A).

(b) Following Theorem 4.0.6 (a), the proof is straightforward.

(c) By assumption, this shows (7,9, ;9N ~ CI(A)is (7,9, 71,9)—
NRCoS, i = j = 1,2 and therefore (7,9, T,9)N ~ CI(A)"" is
T,9~NCoS, i = 1,2. Consequently, (7,9, )N ~ CI(A™)
C (09, 9N ~ Cl(A)~". Next, as A is (7,9, 7;9)—NSOS;
(1%, VON ~ CUA) = (1€, TEN ~ CI((T, TN ~
Int(A)) = (T8, TN ~ CUA) ™ = (79, TN ~ i (T¢,
TN ~ Int(.A)). Also, as A is (7,9, 7,9)—NSCos, (7,¢,
TN ~ Int(A)is (7,9, 7;,9)— NROS, i = j = 1,2. From
Theorem 4.0.3, (7,9, TN ~ Cl(A)™ = (79, THN ~
cz((mg, TN ~ Int(A)_l) C (9, LN ~ ClA).
This shows that (7,9, ;9N ~ Cl(A7Y) = (79, TN ~
Cl(A)~".

Corollary 4.0.2

From Theorem 4.0.6, we have the following corollaries:

(@) (7.9, 9N ~ Int(aA) = a(T9 TLON ~ Int(A), for each
acg.

(b) (7.9, 9N ~ Int(Aa) = (9, 9N ~ Int(A)a, for each
acg.

(C) (-Iig, _Ijg)/\/ ~ I?’Lt(.A_l) = (_iz'g, _ljg)N ~ ]nt(A)_l.

Proof
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(a) As Ais (7,9,7,9)=NSCoS,i = j = 1,2; (7.9, ,9)N ~ Int(A)
is (7,9, 71,9)—=NROS, i = j = 1,2. From Theorem 4.0.1, 7,
(G,71:¢ = (G,7,9) is NACM, foreach i = 1,2. So, 7~ a—1<(72g,
TN ~ Int(A)) = a(T9, TN ~ Int(A) is T,F—NOS,
i = 1,2. Thus, (79, TN ~ Int(A) € (79, TN ~
Int(aA). Next, by hypothesis, it follows that (7,9, T,9)N ~
Int(A) = (79, YN ~ znt((mg, TN ~ cz(A)) =
a(WE, TN ~ Int (A) = a(TE, TN ~ Int (76, TN
~ Cl(A)). As Ais (9, T7,9)-NSOS, i = j = 1,2; (77,
TN ~ CI(A) is (7,9, 7,9 —NRCoS, i = j = 1,2. From
Theorem 4.0.4, (7,9, 9N ~ ]nt((‘lig, TN ~ C’Z(A)> =
(19, TGON ~ Int (a1, TN ~ CUA)) 2 (T, TN ~
]nt(aA). That iS, (_Iig, _ijg)N ~ Int(aA) C a(_iig, _Ijg)N ~
Int(A). Therefore, we have, (7,7, T,9)N ~ Int(aA) = a(77,
19N ~ Int(A). Hence proved.

(b) As Ais (7,9, 77;9)—NSCoS,i = j = 1,2; (9, T,9)N ~ Int(A)
is (7;9,7,9)—-NROS, i = j = 1,2. From Theorem 4.0.1, 7,
(G,T:9) — (G,7,9) is NACM, foreachi = 1,2. So, 0!, 1((_|Zg,
TN ~ Int(A)) — aN ~ Int(A) is T9-NOS, i = 1,2.
Thus, (-Iig, -ljg)N ~ [nt(.A)a - (_iig, _Ijg)/\/ ~ Int(Aa).
Next, by hypothesis, this shows that (7,9, ;9N ~ Int(A) =
(1%, TN ~ Int (T, TN ~ CUA) = (T, TN ~
Int(A)a = (9, TON ~ fms((-lﬁ, TN ~ Cl(A))a
Since A is (7,9, 7;9)-NS0S, i = j = 1,2;(79, 9N ~
Cl(A) is (79, T,9)—NRCoS, i = j = 1,2. From Theorem
404, (9, TLON ~ Int((_[ig, TN ~ Cl(A))a = (19,
TN ~ fnt((mg, TN ~ Cl(A)a> S (9, TN ~
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]nt(Aa). That iS, (_iig, _Ijg)N ~ Imf(.Aa) - (_lig, _Ijg>./\/ ~
Int(A)a. Therefore, (7,9, TN ~ Int(Aa) = (9, TN ~
Int(A)a. Hence proved.

(c) From hypothesis, this shows that (7,9, ;)N ~ Int(A) is (7,
T,9)—NROS, i = j = 1,2 and therefore (7,9, 1,9 )N ~ Int(A)~!
is ;9 —=NOS, i = 1,2. Consequently, (7,7, ;9N ~ Int(A™")
C (79, 9N ~ Int(A)~". Next, as Ais (7,9 T;9)—NSCoS,
i = =12 (W TN ~ Int(A) = (1€, TN ~ Int((TF,

TN ~ CUA)) = (T, TN ~ Int(A) ™ = (T, TN ~

]nt((—[ig,—ijg)NN CZ(A)) . Also, as Ais (7,9, 7;9)—NSOS,
i =37 =129 TLON ~ Cl(A) is (7,9 T7;9)—NRCoS,
i = j = 1,2. From Theorem 4.0.4, (7,9, 9N ~ Int(A)~"
(79, TN~ Int((79, TON ~ CUA)T) C (TE,
)N ~ Int(A~1). This proves that (7,9, T,9)N ~ Int(A™")

y:
(1€, TN ~ Int(A) .

Theorem 4.0.7

Let A be T9—NOS in a NABTG G,i = 1,2. Then a A C (75,
TN ~ Jm(a(mg, TN ~ mt((mg, LN ~ Cl(A))) for
a€g.

Proof
Since A is T,9-NOS, i = 1,2, s0 A C (7,9, _Ijg)N ~ Int((-iig7

TN ~ CUA)) = aA € a1, TN ~ Int((TE, TN ~
CI(A)). From Theorem 4.0.2, a(T:%, TN ~ Int (7€, TN ~
CZ(A)) is T,9—NOS, i = 1,2 <in fact, (,9,71,9) — NROS,i = j =
1,2). Hence aA C (79, _Ijg)N ~ Imﬁ(a(—iig, _[jg>N ~ Im((‘[ig,
TN ~ CUA) ).
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Theorem 4.0.8
Let Q be any (7,9, 71,9)— Neutrosophic closed subset in a NABTG
G,i=j=12 Then (7%, T, 9N ~ Cl (amﬁ, LN ~ cz((-sﬁ, TN ~

]nt(A))) C aQ foreach a € G.

Proof
Since QO iS_[ig—NCOS, 1=1,2,50 Q9 D (jig, _ijg)N ~ Ol((_[iga _ljg)

N~ It(Q)) = aQ 2 a(T€,T9) N ~ CI((T€,T9) N ~
Int(Q)). From Theorem 4.0.2, (7,9, ;9N ~ C’l((‘[ig,-[jg)N ~
]nt(Q)) is T:9-NCoS, i = 1,2 (in fact, (T,9,71,9) — NRCoS, i =
j = 1,2). Therefore, aQ O (7,9, ,9) N ~ Cl(a(jig,—i]’g) N ~
cz((mg,-sﬁ) N ~ ]nt(A))). Hence (T,9,7,9) N ~ cz(a(-sﬁ,
TN ~ cz((-iﬁ, TN ~ ]nt(A))) C 1.
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