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Abstract

In this paper, we establish a neuromorphic crisp triple tri topological group. The
neuromorphic crisp triple, a topological space and continuous function, is defined and used
in constructing the new concept. We study the basic properties of this new concept, including
the fundamental system of NBHDS.
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1. Introduction

The fuzzy set was introduced in 1965 by Zadeh [1]. Atanassov [2]
introduced the concept of tuition as a fuzzy set in 1986, using the notation of
fuzzy sets. Neutrosophic set theory was proposed in 1998 by Smarandache [3].
In 2023, introduced a new class of Neutrosophic sets, called a Neutrosophic
crisp triple set Habeeb and Hamzah [4]. In 2024, Abdulsada, Al-Swidi, and Hadi
[5], introduced a new class of Neutrosophic crisp sets, and then they presented
some operations via these sets, like NCT —intersection, NCT —union, and
algebraic NCT—difference to arrive at the algebraic ring construction. In 2025,
Habeeb, Abbas, and Kadhim [6] introduced a center bi- topological space. In
this paper, we introduced the concept of a Neutrosophic crisp triple tri
topological group by first defining a Neutrosophic crisp triple tri topological
space and a continuous function, and then using these concepts to construct the
new concept.
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2. Basic Concepts
Definition 2.1: [5]: X # @ a neutrosophic crisp triple set NCT, is an object
having the form:

NCT, = (A, A, A3). Where Ay, A, A; € X satisfying A; € A, and
Ay, NA; = ¢ and NCT(X) = {NCT, = (A;,A,,A3): A, € A, and 42 N4z = ¢}
is the collection of all NCT - sets on X.

From this definition, we see that if A; = X then 4; = A, = ¢ and if

A, = X then A3 = ¢ finally if 4 =X then 4, =Xand 4 =9

Definition 2.2: [5S] Let NCT,=(A,,4,,4,) NCT,=(B,,B,,B,) and are NCT

—a non-empty set X over sets. Therefore:

1. NCT,isa NCT —subsetof NCT, if 4,2B, and 4 < B,, 4, =B, We
write NCT, c NCT,

2. NCT, =NCT, iff NCT, = NCT, and NCT, = NCT,.

3. The NCT —complement of NCT —set NCT, is CNCT, =(4;,4;,4,).

4. NCT,ONCT;=(A4VB,A,UB,,A,NB,) is a crisp triple set that is
neutrosophic in union (NCT —union set).

5. NCT,NNCT,={A4 NB,A,NB,,A,UB;) is the intersection a crisp triple
set that is neutrosophic (NCT —intersection sets)

6. NCT,—NCT, = NCT, " NCT,.

7.  NCT,ANCT, =(NCT, "CNCT,)U(CNCT, N NCT,).

Now we will explain the concepts NCT —universal and NCT —null set
which are among the basic concepts in our work.

Definition 2.3: [S] Let X # ¢ Then:

1. NCT,=(X,X,$) is NCT —universal set.

2. NCT,=(¢,4,X) is NCT —null set. Clearly CNCT,=NCT, and
CNCT, = NCT,.
The three most significant relationships NCT —union, NCT —intersection

and NCT —complement listed in the following properties.

Definition 2.4: [7] Let X#¢ and p€X. So NCT —points (NCTP) are
structure:

NCT, = {{p}. P} {p})-

Definition 2.5: [7] Let X #¢ and peX. NCT,=(A,4,,4,). Then the NCT
—belong as follows:
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NCT, € NCT, if pe 4,

NCT,€ NCT if pg 4,

Definition 2.6: [6] Let f:X —>Ybe a function. Define NCT —function
fuer : NCT(X) — NCT(Y) by:
1. If NCT,(A,A4,A4)eNCT ,(X) then

Sver (NCT ) =(f(4), [ (4,), [ —(4)) where f—(4)=Y-(f(X—4)).
2. If NCT(R,R,,R;) € NCT,(Y) then

Srer ' (NCT) =(f T (R), [T (R), [T (R))-

Definition 2.7: [5] The pair (NCTy, Tfcr) is called neutrosophic crisp triple
topological space (NCTT) over NCT (X), if you achieve the following:

1. NCT,NCT, €ty (€is the classical belonging).
2. 7 is closed under the finite NCT —intersection.

3. 7a is closed under the NCT —union of every subfamily of 7,

Any member of TNCT is called NCT —open and the complement is called
NCT —closed.

Definition 2.8: [4] Let NCT, and NCT, be two NCT-sets we define the NCT
Cartesian product as follows:

NCT, Xyer NCTy =(A xB,, A, xB,, A, x B;)

Definition 2.9: Let (NCT, XI,T.),(\}CT) and (NCTXZ,T;{,\ZICT) be two NCT-topological
space we define the NCT- product topology the family which has the base:
{NCT, Xycr NCTg/NCT, € ;% and NCT, € 732} and denoted by:

(NCTX; Xyer NCT Xy, T5% cr Xner Tader)-

Definition 2.10: Let (NCTy,, Tfl\llcr' T;(I%ICT' T;(I%ICT) and (NCTy,, Tfficr' T;(f/cr.
T;( wcr) be two NCT- tri topological space.

Then (NCTX; Xycr NCTX,, Pion?, P2, pJiX2) is called the NCT-

PXIXXZ

product tri topological space. Where Bj.y> NCTy -product tri topology with
respect 7\ and 7> Pra® NCT-product tri topology write 7jyc, and 7j2cr

and Pyx* NCT -product tri topology of 7;\c; and 752
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3. Neutrosophic Crisp Triple Tri topological Space

Definition 3.1: Let NCT, be a neutrosophic crisp triple set non- empty and
Tvers Tower and 7y, be three NCTTS on NCT,. NCT, ogether with this
three NCTTS is called a NCT. Tvi topological space and is denoted to it by
(NCTX’ Tl)](\/CT’ TZXNCT’ T:‘:\;\/CT)‘

EXample 3.2: LetX = {1,2,3}, TlNCT = {NCT¢, NCTx}, TZNCT = {NCTx, NCT¢,
<{1},{1,2},{3} >}
T3NCT = {NCTx, NCT¢, < {2}, {2,3}, {1} >}

then (NCTy, T&ver, Taver Tawer) is NCT- tri topological space.

Note 3.3. Any NCT- topological space is a NCT- tri topological space. Let
(NCTX,T,)V(CT) be a NCT- topological space then (NCTX,r,ffCT,rj,{CT,r,f,(CT) is a
NCT- tri topological space.

Definition 3.4: Let (NCT,,7/\cr>ToversTaver) be NCT- tri topological space.
NCT, is called NCT- tri open set if NCT, €,7}5cr O\ Toner O Toner-

Definition 3.5: Let (NCT,,7/\cr>Tover>Taver) be NCT- tri topological space.
NCTy is called NCT- tri closed set if NCT, is NCT- tri open.

Definition 3.6: Let (NCTy,7,vers Tawers Taner) be NCT- tri topological space. A
NCT, is called NCT-trinnd of NCT; if INCT,be NCT- tri open s.t
NCT, e NCT, € NCT,.

Definition 3.7: Let

Syer {(NCTy, Tivers Tavers Taner) = (NCTy Tiner s Taner s Taner)
is called NCT tri- continuous if fy ., (NCTA) is NCT-tri open in NCT, for
every NCTA: NCT —tri open in NCT,.

Remark 3.8: fic; 1 (NCTy, 7\5crs Toners Toner) = (INCT, Tlers Toyers Taver)

is NCT-tri continuous if NCT; € NCTy and NCT or NCT-tri open containing
fuer(NCT,)INCT, NCTri  open in NCT, st NCT,eNCT, and
frer (NCT,) € NCT.

Definition 3.9: Let

. X X X Y Y Y
Jner *(NCTy, Tiners Taners Tiver) = (NCLy s Tiver s Taners Taner )
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is called NCT- tri open if fycr (NCT,) is NCT- tri open for every NCT, NCT-
tri open in NCT,.

Definition 3.10: A f, is called NCT- tri closed if fyor(NCT,) is NCT- tri
closed for every NCT, NCT-tri closed in NCT..

Definition 3.11: A f,; is called NCT- tri homomorphism if f,; is bijective

Syver 18 NCT-tri continues and £, is NCT-tri continues.

Remark 3.12: A fyr is called NCT- tri homomorphism if fyc; is bijective
Jfuer is NCT-tri continues, NCT-tri open (closed).

4. Neutrosophic Crisp Triple Tritopological Group

Definition 4.1: Let (G, M) be a group we define:

i) My, :NCT(G)xNCT(G)— NCT(G) as follows:
Moy (NCT;, NCT3) = My (P} 1P} 1P5))

(g} 1a3:1a}) = {<{p*a}t.{p*q}" >}

and denoted to it by

M o (NCT,,NCT,) = NCT, %, NCT,.
ii)  Vyer : NCT(G) = NCT(G)

Vier (NCT,) =(NCT,) ™ ={<{p '}.{p ' }.{p '} >} =NCT_ .,

Definition 4.2: Let (G,M) be a group and (NCT,,, 7 cr»Tanvers Taner) be NCT-
tri topological space and M. and Vy. are NCT- tri continuous then the
ordered pentagon (NCT, 7\ xcrsToncrsTaner> M yer) is called NCT-tri topological
group.

Note 4.3: For simply we write NCT; is stead of the ordered pentagon

G G G
(NCTG s TINCT 4 TZNCT 4 T3NCT )

Remark 4.4: Let NCT; be a NCT- tri topological group:

1) Since My is NCT- tri continuous then for each NCT-nhhd of NCT,, of
NCT; *yo; NCT; there exists NCT-tri open nhds NCT, and NCT, of
NCT; and NCT; respectively such that

M oy (NCT, Xyer NCT,) = NCT, Xy NCT, = NCT,,
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2) Since Vyop is NCT- tri continuous then for each NCT-nhhd of NCT,, of
NCT . there exists NCT-tri open nhds NCT, of NCT, such that
Vier(NCT,) = NCT ., < NCT,,.

Proposition 4.5: NCT,; be a NCT- tri topological group if the NCT- function

(NCT;,, NCT}) = NCT, *ycr NCT ;.1 is NCT- tri continuous.

Proof: NCT, NCT-tri open nhd of NCT; *ycz NCT; .\ then, since My, is
NCT- tri continuous there NCT ;. exists NCT-tri open nhds NCT, and NCT,
of NCT; and respectively such that NCT, x,., NCT, = NCT,, since NCT, is
NCT-tri open nhd of NCT; . and NCT, NCT- tri continuous there exists NCT-
tri open nhds NCT, of NCT; st NCT , < NCT,.

Hence NCT, Xy NCT ., < NCT,, Xy NCT, = NCT,. There for

(NCT,, NCT}) = NCT,, * o NCT ;.1 is NCT- tri continuous.

Conversely 4.6: The NCT- function

(NCT,,, NCT;,) = NCT, * . N C7;,;)71 is NCT- tri continuous.

i)  To prove Vycr is NCT- tri continuous. Let NCT,, be NCT-tri open nhd of
NCT_ ... Then NCT, is NCT-tri open nhd of
NCT, *,r NCY;m,1 = NCY;H1 * p NCT, = NCT;I.)),1

there exists NCT-tri open nhds NCT, and NCT, of NCT, and NCT .
respectively s.t NCT, *,., NCT , < NCT,.

NCT,, < NCT, %, NCT , < NCT,
Thus NCT,,, < NCT,; hence

Vyer is NCT- tri continuous.

ii) To prove M, is NCT- tri continuous. Let NCT, NCT-tri open of
NCT; #y.r NCT; then, there exists NCT-tri open nhds NCT, and NCT,
of NCT; and NCT; respectively such that NCT, x,., NCT, < NCT,
since NCT}; *yer NCT; = NCT, *cr NCT ., 1, then, There exists NCT-tri
open nhds NCT,,NCT, of NCT, and NCT;. respectively s.t
NCT, *,cr NCTLI C NCT,,. Since U,. is NCT- tri continuous and
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NCT_, NCT-tri open of NCT|; . there exists NCT;, is NCT-tri open nhds
of NCT s.t Vyer (NCT,) < NCT, .

Thus NCT,, < Vyer(NCT,) = NCT, .,
So NC]:: *NCT NCTw < NCT; *NCT NCTV4 - NCTN- Hence MNCT is NCT-

tri continuous.

Remark 4.7: Let NCT; be a NCT- tri topological group and let NCT; be
affixed NCT point the NCT- constant function:

Cyer : NCT,; —> NCT,;, C;(NCT;) = NCT,VNCT; € NCT;,
and the NCT-identity function

Lyer : NCT; — NCT;;, 1, (NCT,;)= NCT,,VNCT, € NCT,

are NCT-tri continuous function, so

hyer : NCT;, = NCT,; xyop NCT,;, hyer (NCT,) = (NCT,, NCT)

M yer © byer = LNCT[ ’INCTE (NC?;}) = NC];; *ner NCT;;
is call NCT def translation.
Similarly, we define the NCT- right translation
Fyer, (NCT}) = NCT,, * NCT...

Proposition 4.8: Let NCT;; be a NCT- tri topological group, fix NCT; € NCT;
then the NCT--function:
ZNCTE 2NCTG —)NCTG and rNCTE 2NCTG —)NCTG are NCT-tri

homomorphism.

Proof: Clear that each of 7yc;, and ) ver, 1s bijective function since by definition

My, and hye, are NCT-tri continuous. So Iycz =Myer ©Myer is NCT-tri
continuous.

But er, (NCT)) =lyeq  (NCT,)=NCT, . #yeq NCT,. 5o I, Is NCT-
tri continuous?

Therefore, lNCT}; is an NCT-tri homomorphism, the result for NCT-right

translation follows similarly.

Notation 4.9: If NCT,,NCT, c NCT,, and NCT; € NCT;, where NCT, is a
NCT- tri topological group. then
() NCT, *y; NCT, =1, (NCT,) = NCT, #,., NCT, : NCT, € NCT,.
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(ii) NCT, *\, NCT, =10, (NCT,) = NCT, *,; NCT, : NCT, & NCT,.
(iff) NCT, *ycr NCT, =Oyer. NCT, #ycr NCT; =Uyq, NCT, %, NCT,,
(iv) NCT,, ={NCT , : NCT, € NCT}.

Proposition 4.10: Let NCT; be a NCT- tri topological group, NCT,, NCT,

< NCT,; and NCT; € NCT,; then

i.  NCT, is NCT-tri open implies NCT, *,. NCT; and NCT *,. NCT,
are NCT-tri open.

ii. NCT, is NCT-tri open implies NCT, *,., NCT. and NCT *,. NCT,
are NCT-tri open.

iii. is NCT-tri closed implies NCT,*y., NCT. and NCT *,. NCT, are
NCT-tri closed.

iv. NCT, is NCT-tri closed and NCTy is finite implies NCT, *,., NCT, and
NCT, #y-; NCT, are NCT-tri closed.

Proof: (1), (i1) INCTE >Tver, being NCT-tri homomorphism, are both NCT-tri open
and NCT-tri closed,

NCT; *ycq NC];; =Tncr, (NCE)’NCZ;; *ver NCT, = NCT, (NCT}) are NCT-
tri open and tri closed.

iif) Ve CT, *ycr NCT; = ner, Tner, (NCT)) = UNCTMVTEE}VCTR NCT, #yer NCT;
and

NCT, * . NCT, =0 ZNCY} (NCT )=y NCT; *or NCT,

NCTyer- NCTyer-
NClieneTy NClienery

are aunion of NCT- tri open and hence NCT-tri open

iv) NCT  *yor NCT; = UNCTEZ.ENCTB NCT, *yo; NCT,, and

i=1

n

NCTy *yop NCT, = UNCTI;_ENCTB NCT,, *\cr NCT, the union of a finite
i
i=1
number of NCT-tri closed set is NCT-tri closed.
Proposition 4.11: Any NCT - fundamental system F,., of NCT- tri open nhds
of NCT, in NCT; has the following properties:
i. If NCT,,NCT, € F,.; then INCT, € F,; st NCT, c NCT, " NCT,.
i, If NC]}; € NCT, € Fy.; then ANCT, € Fyyer st NCT, *ycr NCT,'; < NCT,.
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1ii. If NCT; € FNCT then E”\JCIT:, € FNCT s.t NCT‘:—I *NCT NC]:) gNCI;
iv. If NCT, € F.;,NCT. € NCT;, thens.t
NCT., %, NCT,, NCT, = NCT,.

Proof:

(i) since NCT, ,NCT, € F,.; then NCT, "NCT, € F,., so ANCT, € Fy; st
NCT, € NCT, ANCT...

(i) since NCT, € F,., and NCT; e NCT, implies NCT, *ycr NCT[_),, eFyr
then INCT, € F; st NCT, € NCT, #y; NCT ., € Fyr thus NCT, *,cp
NCT, < NCT,.

(iii) the NCT function fier : NCT(G)x NCT(G) — NCT(G) given by
Srner(NCT,, NCT},) = NCT[-,—I *ver NCT; is NCT-tri continuous. Thus
f'yer(NCT)) is NCT-tri open set in NCT(G)xNCT(G) contains
(NCT,,NCT,) and hence contains a NCT- set of the form NCT,x NCT,
where NCT,,NCT; are NCT-tri open and contain NCT, since
NCT,NnNCT, is NCT-tri open of NCT,,ANCT, € fyor st
NCT < NCT, ANCT, so that NCT. < NCT, and NCT, < NCT,. thus
NCTv Xner NCTv = NCTA Xyer  NCTz < fNCT_I (NCTu) then fNCT (NCTV
%y NCT)) = NCT , xer NCT, < NCT,

(iv) the NCT function fier : NCT(G)—> NCT(G), given by fyer(NCT,)=
NCT_, *yep NCT; *yop NCT; is NCT- tri continuous. Since 7yc; and
lzvcrk.,l is NCT- tri continuous. So 7ycr, or l/vcrk.,l is NCT- tri continuous
form NCT(G) to NCT(G),

Jner (NCT) = lzvcrk.,1 or "verg (NCT3) = livcrk.,1 ("ver, (NCT}))

= INCTr1 (NCT; *yep NCT.) = NCT_, * o NCT; %o NCT.

fNCT(NCTﬁ):INCTﬁ or Tycr, is NCT- tri continuous. So [~ yc, (NCT,)

NCT-tri open and contain NCT, hence INCT, € fyc; s.t ey (NCT) =NCT,
*vor NCT, *ycp NCT;; < NCT,.

Proposition 4.12: Any NCT - fundamental system Fy., of NCT- tri open nhds
of NCT; also satisfies:
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1. VNCI, € for,3NCT, € fyop > NCT , < NCT,.
2. VNCTL efNCT’ElNCTwefNCT3NCTW*NCTNCT;vgNC7;'

Proof: By the conditions M., and V., are NCT- tri continuous

1. V' (NCT,) is NCT- tri open and contain NCT,, hence 3INCT, e
fuez > NCT, = NCT (NCT,). Thus Ny (NCT,)=NCT , = NCT,.

2. Thus M ', (NCT,) is NCT- tri open contain (NCT,,NCT,) and hence
contains a set of the from NCT,x NCT, where NCT,,NCT, are NCT- tri
open and contain NCT.

Since NCT,NCT, is NCT- tri open nhd of NCT, INCT, € fycr >
NCT, = NCT, ANCT,

Then NCT, x NCT, < NCT,x NCT, = M, (NCT ) thus, M., (NCT,
NCT,)=NCT, x,., NCT, < NCT..

3. The family fyc; of all is NCT- tri open nhd of NCT, and has the extra
properties that, if NCT,,NCT, € f,.; then NCT,nNCT, and
NCT , € fxer-

These imply that every NCT, € fyr contains a NCT- symmetric
NCT, € fyer namely NCT,=NCI,ANCT ., a NCT- tri nhd NCT, of

NCT, is called symmetric if NCT. =NCT,.

Conclusion

In this paper, a neuromorphic crisp triple tri topological group was
established using the concepts of neuromorphic crisp triples, topological spaces,
and continuous functions. The basic properties of this new structure were
investigated, including the fundamental system of NBHDS, providing a
foundation for further studies in neuromorphic topological group theory.
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