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Abstract: In this article, new forms of neutrosophic crisp closed functions are delivered which are 

called neutrosophic crisp generalized semi generalized (𝑔𝑠𝑔) closed functions. Moreover, these forms 

are reconstructed to acquire new forms of neutrosophic crisp closed functions which are denoted by 

(𝑔𝑠𝑔∗, 𝑔𝑠𝑔∗∗). Finally, the corresponding relations of these forms are studied and analyzed by proof 

some theorems and propositions. 

Keywords: 𝑁𝑒𝑢𝐶-closed, 𝑁𝑒𝑢𝐶𝑔𝑠𝑔-closed, 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗-closed, and 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗∗-closed functions.  

 

 

1. Introduction 

The novel definitions of neutrosophic crisp topological spaces (Shortly, 𝑁𝑒𝑢𝐶𝑇𝑆) are shinned 

by Salama et al. [1]. After that, the concepts of neutrosophic crisp nearly open sets are presented by 

Salama [2]. Next, the thoughts of neutrosophic crisp semi-𝛼-closed sets are conferred by Al-Hamido 

et al. [3]. Moreover, the ideas of weakly neutrosophic crisp functions are demonstrated by Al-Obaidi 

et al. [4,5]. Furthermore, in the view of neutrosophic crisp sets, the innovative sorts of weak 

continuity, kinds of open sets, weak separation axioms, and generalized 𝑠𝑔-closed sets with their 

continuity are deliberated by Imran et al. [6-9]. Ultimately, the impressions of neutrosophic crisp 

topological spaces are extended to involve the ideas of generalized alpha generalized closed sets 

spaces and neutrosophic generalized alpha generalized separation axioms by Abdulkadhim et al. 

[10,11]. The impartial of this article is to define pioneering perceptions of neutrosophic crisp closed 

functions called neutrosophic crisp generalized semi generalized (𝑔𝑠𝑔) closed functions have been 

provided and their relations with other concepts of neutrosophic crisp closed functions (𝑔𝑠𝑔∗, 𝑔𝑠𝑔∗∗) 

are analyzed. 
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2. Preliminaries 

Throughout this article, the spaces 𝑁𝑒𝑢𝐶𝑇𝑆𝑠  are specified by the following forms 

(𝒢, 𝒯), (ℋ, ℒ) and (ℐ, 𝜎) which can be simply written by 𝒢, ℋand ℐ, respectively. For any set ℳ in 

a 𝑁𝑒𝑢𝐶𝑇𝑆  (𝒢, 𝒯)  as neutrosophic subset, then its neutrosophic crisp closure is indicated by 

𝑁𝑒𝑢𝐶𝑐𝑙(ℳ) , its neutrosophic crisp interior is signified by 𝑁𝑒𝑢𝐶𝑖𝑛𝑡(ℳ),  and its complement is 

signified by ℳ = 𝒢𝑁𝑒𝑢 − ℳ, respectively. 

 

Definition 2.1: [1]  

For any non-empty understudy set 𝒢  with its following three mutually exclusive subsets 

ℳ1, ℳ2, ℳ3, then neutrosophic crisp set is object assigned by this form ℳ =< ℳ1, ℳ2, ℳ3 > and 

simply written by 𝑁𝑒𝑢𝐶-set. 

Definition 2.2: [1]  

Let ℳ =< ℳ1, ℳ2, ℳ3 >  and 𝒩 =< 𝒩1, 𝒩2, 𝒩3 >  be 𝑁𝑒𝑢𝐶 -sets of non-null set 𝒢 , then their 

intersection is defined as 

ℳ⋂𝒩 =< ℳ1⋂𝒩1, ℳ2⋃𝒩2, ℳ3⋃𝒩3 > 

and their union is defined as 

ℳ⋃𝒩 =< ℳ1⋃𝒩1, ℳ2⋂𝒩2, ℳ3⋂𝒩3 >. 

Definition 2.3:  

(i) Let ℳ =< ℳ1, ℳ2, ℳ3 > be 𝑁𝑒𝑢𝐶-set of a non-null set 𝒢, then its complement of the set ℳ 

which is denoted by ℳ and defined by ℳ =< ℳ1, ℳ2, ℳ3 >.  

(ii) Let 𝜑𝑁𝑒𝑢 =< 𝜑, 𝜑, 𝜑 > and 𝒢𝑁𝑒𝑢 =< 𝒢, 𝜑, 𝜑 > be denoted by empty 𝑁𝑒𝑢𝐶-set and universal 

𝑁𝑒𝑢𝐶-set of a non-null set 𝒢, respectively. 

Definition 2.4: [1]  

Let 𝒯 be a family of 𝑁𝑒𝑢𝐶-sets of a non-null set 𝒢, then 𝒯 is termed a neutrosophic crisp topology 

on 𝒢 which is shortly written by 𝑁𝑒𝑢𝐶𝑇 if it is satisfied the succeeding postulates: 

(i) 𝜑𝑁𝑒𝑢, 𝒢𝑁𝑒𝑢 ∈ 𝒯,  

(ii) ℳ1⋂ℳ2 ∈ 𝒯 where ℳ1, ℳ2 ∈ 𝒯,  

(iii) ⋃ℳ𝑘 ∈ 𝒯 for all families {ℳ𝑘|𝑘 ∈ 𝛥} ⊆ 𝒯. 

Moreover, the ordered pair (𝒢, 𝒯) is entitled neutrosophic crisp topological space which is shortly 

written by 𝑁𝑒𝑢𝐶𝑇𝑆. Furthermore, the elements of (𝒢, 𝒯) are entitled neutrosophic crisp open sets 

which are simply written 𝑁𝑒𝑢𝐶OSs and their complements are entitled neutrosophic crisp closed sets 

which are shortly written by 𝑁𝑒𝑢𝐶CSs. 

Definition 2.5: [2] 

Let (𝒜, 𝒯) be a 𝑁𝑒𝑢𝐶𝑇𝑆, then a 𝑁𝑒𝑢𝐶-subset 𝒰 of 𝒜 is termed to be  

(i) a neutrosophic crisp semi-open set which is simply written by 𝑁𝑒𝑢𝐶𝑠OS if 𝒰 ⊆

𝑁𝑒𝑢𝐶𝑐𝑙(𝑁𝑒𝑢𝐶𝑖𝑛𝑡(𝒰)). 

(ii) a neutrosophic crisp semi-closed set which is simply written by 𝑁𝑒𝑢𝐶𝑠CS if 

𝑁𝑒𝑢𝐶𝑖𝑛𝑡(𝑁𝑒𝑢𝐶𝑐𝑙(𝒰)) ⊆ 𝒰. 

(iii) the neutrosophic crisp semi-closure of 𝒰 of a 𝑁𝑒𝑢𝐶𝑇𝑆 (𝒜, 𝒯) is the overlapping of every 

𝑁𝑒𝑢𝐶𝑠 CSs that include 𝒰 and it is indicated by 𝑁𝑒𝑢𝐶𝑠𝑐𝑙(𝒰). 

Definition 2.6: [9] 

Let (𝒢, 𝒯) be a 𝑁𝑒𝑢𝐶𝑇𝑆, then a 𝑁𝑒𝑢𝐶-subset ℳ of 𝒢 is entitled to be  
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(i)  a neutrosophic crisp 𝑠𝑔-closed set which is written simply by 𝑁𝑒𝑢𝐶𝑠𝑔CS if 𝑁𝑒𝑢𝐶𝑠𝑐𝑙(ℳ) ⊆ 𝒰 

for any 𝑁𝑒𝑢𝐶𝑠OS 𝒰 in 𝒢 such that  ℳ ⊆ 𝒰. Moreover, the outside of 𝑁𝑒𝑢𝐶𝑠𝑔CS is 𝑁𝑒𝑢𝐶𝑠𝑔-

open set in 𝒢 which is written simply by 𝑁𝑒𝑢𝐶𝑠𝑔OS. 

(ii)  a neutrosophic crisp 𝑔𝑠-closed set which is simply written 𝑁𝑒𝑢𝐶𝑔𝑠CS if  𝑁𝑒𝑢𝐶𝑠𝑐𝑙(ℳ) ⊆ 𝒰 for 

any 𝑁𝑒𝑢𝐶OS 𝒰 in 𝒢 such that  ℳ ⊆ 𝒰. Furthermore, the outside of 𝑁𝑒𝑢𝐶𝑔𝑠CS is a 𝑁𝑒𝑢𝐶𝑔𝑠-

open set in 𝒢 which is simply written by 𝑁𝑒𝑢𝐶𝑔𝑠OS. 

Definition 2.7: [9] 

Let (𝒢, 𝒯) be a 𝑁𝑒𝑢𝐶𝑇𝑆 , then a 𝑁𝑒𝑢𝐶 -subset ℳ  of 𝒢  is entitled to be a neutrosophic crisp 𝑔𝑠𝑔-

closed set which is simply written by 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS if 𝑁𝑒𝑢𝐶𝑐𝑙(ℳ) ⊆ 𝒰 for any 𝑁𝑒𝑢𝐶𝑠𝑔OS 𝒰 in 𝒢 such 

that ℳ ⊆ 𝒰. The family of all 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CSs of a 𝑁𝑒𝑢𝐶𝑇𝑆 (𝒢, 𝒯) is indicated by 𝑁𝑒𝑢𝐶𝑔𝑠𝑔C(𝒢). 

Proposition 2.8: [9] 

In a 𝑁𝑒𝑢𝐶𝑇𝑆 (𝒢, 𝒯), the subsequent statements are sensible: 

(i) Every 𝑁𝑒𝑢𝐶CS is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS. 

(ii) Every 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS is a 𝑁𝑒𝑢𝐶𝑠𝑔CS. 

(iii) Every 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS is a 𝑁𝑒𝑢𝐶𝑔𝑠CS. 

Definition 2.9: [9] 

The crossing of all 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CSs in a 𝑁𝑒𝑢𝐶𝑇𝑆  (𝒢, 𝒯) containing ℳ  is titled 𝑁𝑒𝑢𝐶𝑔𝑠𝑔 -closure of ℳ 

and is denoted by 𝑁𝑒𝑢𝐶𝑔𝑠𝑔𝑐𝑙(ℳ), 𝑁𝑒𝑢𝐶𝑔𝑠𝑔𝑐𝑙(ℳ) = ⋂{𝒩: ℳ ⊆ 𝒩, 𝒩 stands as a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS}. 

Definition 2.10: [1] 

Let 𝒻 be a function from (𝒢, 𝒯) into (ℋ, ℒ), then it is entitled by a neutrosophic crisp closed which 

is simply written by 𝑁𝑒𝑢𝐶-closed if 𝒻(ℳ) is a 𝑁𝑒𝑢𝐶CS in (ℋ, ℒ) for every 𝑁𝑒𝑢𝐶CS ℳ in (𝒢, 𝒯). 

Definition 2.11: [1] 

Let 𝒻 be a function from (𝒢, 𝒯) into (ℋ, ℒ), then it is entitled by a neutrosophic crisp continuous 

which is simply written by 𝑁𝑒𝑢𝐶-continuous if 𝒻−1(ℳ) is a 𝑁𝑒𝑢𝐶CS (𝑁𝑒𝑢𝐶OS) in (𝒢, 𝒯) for every 

𝑁𝑒𝑢𝐶CS (𝑁𝑒𝑢𝐶OS) ℳ in (ℋ, ℒ). 

Definition 2.12: [9] 

Let 𝒻  be a function from (𝒢, 𝒯)  into (ℋ, ℒ) , then it is entitled by a neutrosophic crisp 𝑔𝑠𝑔 -

continuous which is simply written by 𝑁𝑒𝑢𝐶𝑔𝑠𝑔-continuous if 𝒻−1(ℳ) is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS (𝑁𝑒𝑢𝐶𝑔𝑠𝑔OS) 

in (𝒢, 𝒯) for each 𝑁𝑒𝑢𝐶CS (𝑁𝑒𝑢𝐶OS) ℳ in (ℋ, ℒ). 

Definition 2.13: [9]  

Let 𝒻  be a function from (𝒢, 𝒯)  into (ℋ, ℒ) , then it is entitled by a neutrosophic crisp 𝑔𝑠𝑔∗ -

continuous which is simply written by 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗-continuous if 𝒻−1(ℳ) is a 𝑁𝑒𝑢𝐶CS (𝑁𝑒𝑢𝐶OS) in 

(𝒢, 𝒯) for each 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS (𝑁𝑒𝑢𝐶𝑔𝑠𝑔OS) ℳ in (ℋ, ℒ). 

Definition 2.14: [9] 

Let 𝒻  be a function from (𝒢, 𝒯) into (ℋ, ℒ), then it is entitled by a neutrosophic crisp 𝑔𝑠𝑔∗∗ -

continuous which is simply written by 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗∗-continuous if 𝒻−1(ℳ) is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS (𝑁𝑒𝑢𝐶𝑔𝑠𝑔OS) 

in (𝒢, 𝒯) for each 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS (𝑁𝑒𝑢𝐶𝑔𝑠𝑔OS) ℳ in (ℋ, ℒ). 

Proposition 2.15: [9] 

(i) All 𝑁𝑒𝑢𝐶-continuous are 𝑁𝑒𝑢𝐶𝑔𝑠𝑔-continuous. 

(ii) All 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗-continuous are 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗∗-continuous.  

(iii) All 𝑁𝑒𝑢𝐶𝑔𝑠𝑔-continuous are 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗∗-continuous. 
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3. Neutrosophic Crisp 𝒈𝒔𝒈-Closed Functions 

        This section defines three concepts of neutrosophic crisp 𝑔𝑠𝑔 -closed functions via 

neutrosophic crisp 𝑔𝑠𝑔-closed sets, as see in the following definition: 

Definition 3.1: 

A function 𝒻: (𝒢, 𝒯) ⟶ (ℋ, ℒ) is said to be neutrosophic crisp 𝑔𝑠𝑔-closed (in short 𝑁𝑒𝑢𝐶𝑔𝑠𝑔-closed) 

if 𝒻(ℳ) is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS in (ℋ, ℒ) for each 𝑁𝑒𝑢𝐶CS ℳ in (𝒢, 𝒯). 

Definition 3.2: 

A function 𝒻: (𝒢, 𝒯) ⟶ (ℋ, ℒ) is said to be neutrosophic crisp 𝑔𝑠𝑔∗-closed (in brief 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗-closed) 

if 𝒻(ℳ) is a 𝑁𝑒𝑢𝐶CS in (ℋ, ℒ) for each 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS ℳ in (𝒢, 𝒯). 

Definition 3.3: 

A function 𝒻: (𝒢, 𝒯) ⟶ (ℋ, ℒ)  is said to be neutrosophic crisp 𝑔𝑠𝑔∗∗ -closed (in brief 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗∗ -

closed) if 𝒻(ℳ) is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS in (ℋ, ℒ) for each 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS ℳ in (𝒢, 𝒯). 

Theorem 3.4: 

Every 𝑁𝑒𝑢𝐶-closed function is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔-closed. 

Proof:  

Let 𝒻: (𝒢, 𝒯) ⟶ (ℋ, ℒ) be a 𝑁𝑒𝑢𝐶-closed function. Let ℳ be a 𝑁𝑒𝑢𝐶CS in (𝒢, 𝒯). Meanwhile 𝒻 is 

a 𝑁𝑒𝑢𝐶-closed function, 𝒻(ℳ) is a 𝑁𝑒𝑢𝐶CS in (ℋ, ℒ). Which implies 𝒻(ℳ) is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS in 

(ℋ, ℒ). Hence 𝒻 is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔-closed function. ▪ 

The converse of above theorem need not be true as can be seen from the following example. 

Example 3.5: 

Suppose 𝒢 = {𝓈1, 𝓈2, 𝓈3, 𝓈4} and ℋ = {ℴ1, ℴ2, ℴ3, ℴ4}.  

Then 𝒯 = {𝜑𝑁𝑒𝑢, 〈{𝓈1}, 𝜑, 𝜑〉, 〈{𝓈2, 𝓈3}, 𝜑, 𝜑〉, 〈{𝓈1, 𝓈2, 𝓈3}, 𝜑, 𝜑〉, 𝒢𝑁𝑒𝑢}  and ℒ =

{𝜑𝑁𝑒𝑢, 〈{ℴ1}, 𝜑, 𝜑〉, 〈{ℴ2, ℴ3}, 𝜑, 𝜑〉, 〈{ℴ1, ℴ2, ℴ3}, 𝜑, 𝜑〉, ℋ𝑁𝑒𝑢}  are 𝑁𝑒𝑢𝐶𝑇𝑆𝑠  on 𝒢  and ℋ , respectively. 

Define a function 𝒻: (𝒢, 𝒯) ⟶ (ℋ, ℒ)  where 𝒻(〈{𝓈1}, 𝜑, 𝜑〉) = 〈{ℴ2}, 𝜑, 𝜑〉,  𝒻(〈{𝓈2}, 𝜑, 𝜑〉) =

〈{ℴ1}, 𝜑, 𝜑〉, 𝒻(〈{𝓈3}, 𝜑, 𝜑〉) = 〈{ℴ4}, 𝜑, 𝜑〉, 𝒻(〈{𝓈4}, 𝜑, 𝜑〉) = 〈{ℴ3}, 𝜑, 𝜑〉. Since the images of all sets under 

the function  𝒻 is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔-closed function, it follows that 𝒻 satisfies the definition of a 𝑁𝑒𝑢𝐶-closed 

function. 

Theorem 3.6: 

Every 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗-closed function is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔-closed. 

Proof:  

Let 𝒻: (𝒢, 𝒯) ⟶ (ℋ, ℒ)  be a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗ -closed function. Let ℳ  be a 𝑁𝑒𝑢𝐶CS  in (𝒢, 𝒯) , which 

implies ℳ is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS in (𝒢, 𝒯). Since 𝒻 is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗-closed function, 𝒻(ℳ) is a 𝑁𝑒𝑢𝐶CS in 

(ℋ, ℒ). Which implies 𝒻(ℳ) is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS in (ℋ, ℒ). Hence 𝒻 is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔-closed function. ▪ 

The opposite of exceeding theorem need not be correct as can be realized from the next instance. 

Example 3.7: 

Suppose 𝒢 = {𝓈1, 𝓈2, 𝓈3} and ℋ = {ℴ1, ℴ2, ℴ3}.  

Then 𝒯 = {𝜑𝑁𝑒𝑢, 〈{𝓈1}, 𝜑, 𝜑〉, 〈{𝓈2, 𝓈3}, 𝜑, 𝜑〉, 𝒢𝑁𝑒𝑢}  and ℒ = {𝜑𝑁𝑒𝑢, 〈{ℴ1}, 𝜑, 𝜑〉, 〈{ℴ2, ℴ3}, 𝜑, 𝜑〉, ℋ𝑁𝑒𝑢} 

are 𝑁𝑒𝑢𝐶𝑇𝑆𝑠  on 𝒢  and ℋ , respectively. Define a function 𝒻: (𝒢, 𝒯) ⟶ (ℋ, ℒ)  where 

𝒻(〈{𝓈1}, 𝜑, 𝜑〉) = 〈{ℴ2}, 𝜑, 𝜑〉,  𝒻(〈{𝓈2}, 𝜑, 𝜑〉) = 〈{ℴ1}, 𝜑, 𝜑〉, 𝒻(〈{𝓈3}, 𝜑, 𝜑〉) = 〈{ℴ3}, 𝜑, 𝜑〉 . Since the 

images of all sets under the function  𝒻 is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔-closed function, it follows that 𝒻 satisfies the 
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definition of a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗-closed function. 

Theorem 3.8: 

Every 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗-closed function is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗∗-closed. 

Proof:  

Let 𝒻: (𝒢, 𝒯) ⟶ (ℋ, ℒ) be a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗-closed function. Let ℳ be a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS in (𝒢, 𝒯). Since 𝒻 is 

a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗ -closed function, 𝒻(ℳ) is a 𝑁𝑒𝑢𝐶CS in (ℋ, ℒ). Since every 𝑁𝑒𝑢𝐶CS is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS. 

Which implies 𝒻(ℳ) is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS in (ℋ, ℒ). Hence 𝒻 is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗∗-closed function. ▪ 

The opposite of exceeding theorem need not be correct as can be realized from the next instance. 

Example 3.9: 

Suppose 𝒢 = {𝓈1, 𝓈2, 𝓈3, 𝓈4} and ℋ = {ℴ1, ℴ2, ℴ3, ℴ4}.  

Then 𝒯 = {𝜑𝑁𝑒𝑢, 〈{𝓈3}, 𝜑, 𝜑〉, 〈{𝓈1, 𝓈4}, 𝜑, 𝜑〉, 〈{𝓈1, 𝓈3, 𝓈4}, 𝜑, 𝜑〉, 𝒢𝑁𝑒𝑢}  and ℒ =

{𝜑𝑁𝑒𝑢, 〈{ℴ4}, 𝜑, 𝜑〉, 〈{ℴ1, ℴ3}, 𝜑, 𝜑〉, 〈{ℴ1, ℴ3, ℴ4}, 𝜑, 𝜑〉, ℋ𝑁𝑒𝑢}  are 𝑁𝑒𝑢𝐶𝑇𝑆𝑠  on 𝒢  and ℋ , respectively. 

Define a function 𝒻: (𝒢, 𝒯) ⟶ (ℋ, ℒ)  where 𝒻(〈{𝓈1}, 𝜑, 𝜑〉) = 〈{ℴ4}, 𝜑, 𝜑〉,  𝒻(〈{𝓈2}, 𝜑, 𝜑〉) =

𝒻(〈{𝓈3}, 𝜑, 𝜑〉) = 〈{ℴ1}, 𝜑, 𝜑〉, 𝒻(〈{𝓈4}, 𝜑, 𝜑〉) = 〈{ℴ2}, 𝜑, 𝜑〉. Then 𝒻 is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗∗-closed function, just 

not 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗-closed.  

Theorem 3.10: 

Every 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗∗-closed function is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔-closed. 

Proof:  

Let 𝒻: (𝒢, 𝒯) ⟶ (ℋ, ℒ) be a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗∗-closed function. Let ℳ be a 𝑁𝑒𝑢𝐶CS in (𝒢, 𝒯). Since every 

𝑁𝑒𝑢𝐶CS is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS, which implies ℳ is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS in (𝒢, 𝒯). Since 𝒻 is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗∗-closed 

function, 𝒻(ℳ) is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS in (ℋ, ℒ). Hence 𝒻 is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔-closed function. ▪ 

The opposite of exceeding theorem need not be correct as can be realized from the next instance. 

Example 3.11: 

Suppose 𝒢 = {𝓈1, 𝓈2, 𝓈3, 𝓈4} and ℋ = {ℴ1, ℴ2, ℴ3, ℴ4}.  

Then 𝒯 = {𝜑𝑁𝑒𝑢, 〈{𝓈2, 𝓈4}, 𝜑, 𝜑〉, 𝒢𝑁𝑒𝑢}  and ℒ =

{𝜑𝑁𝑒𝑢, 〈{ℴ3}, 𝜑, 𝜑〉, 〈{ℴ1, ℴ4}, 𝜑, 𝜑〉, 〈{ℴ1, ℴ3, ℴ4}, 𝜑, 𝜑〉, ℋ𝑁𝑒𝑢}  are 𝑁𝑒𝑢𝐶𝑇𝑆𝑠  on 𝒢  and ℋ , respectively. 

Define a function 𝒻: (𝒢, 𝒯) ⟶ (ℋ, ℒ)  where 𝒻(〈{𝓈1}, 𝜑, 𝜑〉) = 𝒻(〈{𝓈3}, 𝜑, 𝜑〉) = 〈{ℴ1}, 𝜑, 𝜑〉, 

𝒻(〈{𝓈2}, 𝜑, 𝜑〉) = 𝒻(〈{𝓈4}, 𝜑, 𝜑〉) = 〈{ℴ3}, 𝜑, 𝜑〉 . Then 𝒻  is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔 -closed function, just not 

𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗∗-closed. 

Theorem 3.12: 

Every 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗-closed function is 𝑁𝑒𝑢𝐶-closed. 

Proof:  

Let 𝒻: (𝒢, 𝒯) ⟶ (ℋ, ℒ)  be a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗ -closed function. Let ℳ  be a 𝑁𝑒𝑢𝐶CS  in (𝒢, 𝒯) , which 

implies ℳ is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS in (𝒢, 𝒯). Since 𝒻 is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗-closed function, 𝒻(ℳ) is a 𝑁𝑒𝑢𝐶CS in 

(ℋ, ℒ). Hence 𝒻 is a 𝑁𝑒𝑢𝐶-closed function. ▪ 

The opposite of exceeding theorem need not be correct as can be realized from the next instance. 

Example 3.13: 

Suppose 𝒢 = {𝓈1, 𝓈2, 𝓈3, 𝓈4} and ℋ = {ℴ1, ℴ2, ℴ3, ℴ4}.  

Then 𝒯 = {𝜑𝑁𝑒𝑢, 〈{𝓈3}, 𝜑, 𝜑〉, 〈{𝓈1, 𝓈4}, 𝜑, 𝜑〉, 〈{𝓈1, 𝓈3, 𝓈4}, 𝜑, 𝜑〉, 𝒢𝑁𝑒𝑢}  and ℒ =

{𝜑𝑁𝑒𝑢, 〈{ℴ3}, 𝜑, 𝜑〉, 〈{ℴ1, ℴ4}, 𝜑, 𝜑〉, 〈{ℴ1, ℴ3, ℴ4}, 𝜑, 𝜑〉, ℋ𝑁𝑒𝑢}  are 𝑁𝑒𝑢𝐶𝑇𝑆𝑠  on 𝒢  and ℋ , respectively. 

Define a function 𝒻: (𝒢, 𝒯) ⟶ (ℋ, ℒ)  where 𝒻(〈{𝓈1}, 𝜑, 𝜑〉) = 〈{ℴ1}, 𝜑, 𝜑〉,  𝒻(〈{𝓈2}, 𝜑, 𝜑〉) =
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〈{ℴ2}, 𝜑, 𝜑〉, 𝒻(〈{𝓈3}, 𝜑, 𝜑〉) = 〈{ℴ3}, 𝜑, 𝜑〉, 𝒻(〈{𝓈4}, 𝜑, 𝜑〉) = 〈{ℴ4}, 𝜑, 𝜑〉 . Then 𝒻  is a 𝑁𝑒𝑢𝐶 -closed 

function, just not 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗-closed.  

Theorem 3.14:  

Assume 𝒻1: (𝒢, 𝒯) ⟶ (ℋ, ℒ)  and 𝒻2: (ℋ, ℒ) ⟶ (ℐ, 𝜎)  are two functions, then 𝒻2 ∘ 𝒻1: (𝒢, 𝒯) ⟶

(ℐ, 𝜎) is 

(i) a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔-closed if 𝒻1 is a 𝑁𝑒𝑢𝐶-closed and 𝒻2 is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔-closed. 

(ii) a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗-closed if 𝒻1 and 𝒻2 are 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗-closed.  

(iii) a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗∗-closed if 𝒻1 and 𝒻2 are 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗∗-closed. 

(iv) a 𝑁𝑒𝑢𝐶-closed if 𝒻1 is a 𝑁𝑒𝑢𝐶-closed and 𝒻2 is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗-closed. 

(v) a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗-closed if 𝒻1 is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗-closed and 𝒻2 is a 𝑁𝑒𝑢𝐶-closed. 

(vi) a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗-closed if 𝒻1 is a 𝑁𝑒𝑢𝐶-closed and 𝒻2 is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗∗-closed. 

Proof: 

(i) Let ℳ be a 𝑁𝑒𝑢𝐶CS in (𝒢, 𝒯). Since 𝒻1 is a𝑁𝑒𝑢𝐶-closed function, 𝒻1(ℳ) is 𝑁𝑒𝑢𝐶CS in (ℋ, ℒ). 

Since 𝒻2 is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔-closed function, 𝒻2(𝒻1(ℳ)) is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS in (ℐ, 𝜎). This implies 𝒻2 ∘ 𝒻1 is a 

𝑁𝑒𝑢𝐶𝑔𝑠𝑔-closed function. 

(ii) Let ℳ be a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS in (𝒢, 𝒯). Since 𝒻1 is a𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗-closed function, 𝒻1(ℳ) is 𝑁𝑒𝑢𝐶CS in 

(ℋ, ℒ), which implies 𝒻1(ℳ) is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS in (ℋ, ℒ). Since 𝒻2 is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗-closed function, 

𝒻2(𝒻1(ℳ)) is 𝑁𝑒𝑢𝐶CS in (ℐ, 𝜎). This implies 𝒻2 ∘ 𝒻1 is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗-closed function. 

(iii) Let ℳ be a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS in (𝒢, 𝒯). Since 𝒻1 is a𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗∗-closed function, 𝒻1(ℳ)is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS 

in (ℋ, ℒ). Since 𝒻2 is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗∗-closed function, 𝒻2(𝒻1(ℳ)) is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS in (ℐ, 𝜎). This implies 

𝒻2 ∘ 𝒻1 is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗∗-closed function. 

(iv) Let ℳ ⊆ ℐ be a 𝑁𝑒𝑢𝐶-closed set in (ℐ, 𝜎). Since 𝒻2 is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗-closed, the preimage 𝒻2
−1(ℳ) 

is 𝑁𝑒𝑢𝐶 -closed in (ℋ, ℒ) . ss 𝒻1  is 𝑁𝑒𝑢𝐶 -closed, the preimage 𝒻1
−1(𝒻2

−1(ℳ)) = (𝒻2 ∘ 𝒻1)−1(ℳ)  is 

𝑁𝑒𝑢𝐶-closed in (ℐ, 𝜎). Hence, 𝒻2 ∘ 𝒻1 is 𝑁𝑒𝑢𝐶-closed. 

(v) Let ℳ ⊆ ℐ be a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗-closed set in (ℐ, 𝜎). Since 𝒻2 is 𝑁𝑒𝑢𝐶-closed, the preimage 𝒻2
−1(ℳ) 

is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗ -closed in (ℋ, ℒ) . Since 𝒻1  is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗ -closed, the preimage 𝒻1
−1(𝒻2

−1(ℳ)) = (𝒻2 ∘

𝒻1)−1(ℳ) is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗-closed in (𝒢, 𝒯). Therefore, 𝒻2 ∘ 𝒻1 is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗-closed. 

(vi) Let ℳ ⊆ ℐ  be a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗ -closed set in (ℐ, 𝜎) . Since 𝒻2  is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗∗ -closed, 𝒻2
−1(ℳ)  is 

𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗ -closed in (ℋ, ℒ) . Then, since 𝒻1  is 𝑁𝑒𝑢𝐶 -closed, the preimage 𝒻1
−1(𝒻2

−1(ℳ)) = (𝒻2 ∘

𝒻1)−1(ℳ) is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗-closed in (𝒢, 𝒯). Thus, 𝒻2 ∘ 𝒻1 is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗-closed. ∎ 

Theorem 3.15: 

Let 𝒻1: (𝒢, 𝒯) ⟶ (ℋ, ℒ) and 𝒻2: (ℋ, ℒ) ⟶ (ℐ, 𝜎) be two functions such that 𝒻2 ∘ 𝒻1: (𝒢, 𝒯) ⟶ (ℐ, 𝜎) 

is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔-closed. If 𝒻1 is 𝑁𝑒𝑢𝐶-continuous surjection, then 𝒻2 is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔-closed. 

Proof:  

Suppose that ℳ  is an arbitrary 𝑁𝑒𝑢𝐶CS  in (ℋ, ℒ) . As 𝒻1  is 𝑁𝑒𝑢𝐶 -continuous, 𝒻1
−1(ℳ)  is 

𝑁𝑒𝑢𝐶CS  in (𝒢, 𝒯) . Since 𝒻2 ∘ 𝒻1  is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔 -closed function and 𝒻1  is surjective 𝒻2 ∘

𝒻1(𝒻1
−1(ℳ)) = 𝒻2(ℳ) , which is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS  in (ℐ, 𝜎) . This implies that 𝒻2  is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔 -closed 

function. ▪ 

Theorem 3.16: 

Let 𝒻1: (𝒢, 𝒯) ⟶ (ℋ, ℒ) and 𝒻2: (ℋ, ℒ) ⟶ (ℐ, 𝜎) be two functions such that 𝒻2 ∘ 𝒻1: (𝒢, 𝒯) ⟶ (ℐ, 𝜎) 

is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔-closed. If 𝒻2 is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗∗-continuous injective, then 𝒻1 is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔-closed. 
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Proof:  

Suppose ℳ  is any 𝑁𝑒𝑢𝐶CS in (𝒢, 𝒯). Since 𝒻2 ∘ 𝒻1  is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔-closed, 𝒻2 ∘ 𝒻1(ℳ) is 𝑁𝑒𝑢𝐶CS in 

(ℐ, 𝜎)  and 𝒻2  is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗∗ -continuous injective, then 𝒻2
−1(𝒻2 ∘ 𝒻1(ℳ)) = 𝒻1(ℳ) , which is 

𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS in (ℋ, ℒ). Therefore 𝒻1 is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔-closed function. ▪ 

Theorem 3.17: 

Let 𝒻1: (𝒢, 𝒯) ⟶ (ℋ, ℒ) and 𝒻2: (ℋ, ℒ) ⟶ (ℐ, 𝜎) be two functions such that 𝒻2 ∘ 𝒻1: (𝒢, 𝒯) ⟶ (ℐ, 𝜎) 

is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗-closed. If 𝒻1 is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗-continuous surjection, then 𝒻2 is a 𝑁𝑒𝑢𝐶-closed. 

Proof:  

Suppose that ℳ  is an arbitrary 𝑁𝑒𝑢𝐶CS in (ℋ, ℒ). As 𝒻1  is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗ -continuous, 𝒻1
−1(ℳ) is 

𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS  in (𝒢, 𝒯) . Since 𝒻2 ∘ 𝒻1  is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗ -closed function and 𝒻1  is surjective, 𝒻2 ∘

𝒻1(𝒻1
−1(ℳ)) = 𝒻2(ℳ), which is 𝑁𝑒𝑢𝐶CS in (ℐ, 𝜎). This implies that 𝒻2 is a 𝑁𝑒𝑢𝐶-closed function.▪ 

Theorem 3.18: 

Let 𝒻1: (𝒢, 𝒯) ⟶ (ℋ, ℒ) and 𝒻2: (ℋ, ℒ) ⟶ (ℐ, 𝜎) be two functions such that 𝒻2 ∘ 𝒻1: (𝒢, 𝒯) ⟶ (ℐ, 𝜎) 

is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗-closed. If 𝒻2 is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗-continuous injective, then 𝒻1 is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗-closed. 

Proof:  

Suppose ℳ is any 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS in (𝒢, 𝒯). Since 𝒻2 ∘ 𝒻1 is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗ -closed, 𝒻2 ∘ 𝒻1(ℳ) is 𝑁𝑒𝑢𝐶CS 

in (ℐ, 𝜎) , since every 𝑁𝑒𝑢𝐶CS  is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS  and  𝒻2  is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗ -continuous injective, then 

𝒻2
−1(𝒻2 ∘ 𝒻1(ℳ)) = 𝒻1(ℳ) , which is 𝑁𝑒𝑢𝐶CS  in (ℋ, ℒ) . Therefore 𝒻1  is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗ -closed 

function. ▪ 

Theorem 3.19:  

Let 𝒻1: (𝒢, 𝒯) ⟶ (ℋ, ℒ) and 𝒻2: (ℋ, ℒ) ⟶ (ℐ, 𝜎) be two functions such that 𝒻2 ∘ 𝒻1: (𝒢, 𝒯) ⟶ (ℐ, 𝜎) 

is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗∗ -closed function. If 𝒻1  is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗∗ -continuous surjection, then 𝒻2  is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗∗ -

closed. 

Proof:  

Suppose that ℳ is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS in (ℋ, ℒ). As 𝒻1 is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗∗-continuous, 𝒻1
−1(ℳ) is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS 

in (𝒢, 𝒯) . Since 𝒻2 ∘ 𝒻1  is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗∗ -closed function and 𝒻1  is surjective, 𝒻2 ∘ 𝒻1(𝒻1
−1(ℳ)) =

𝒻2(ℳ), which is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS in (ℐ, 𝜎). This implies that 𝒻2 is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗∗-closed function. ▪ 

Theorem 3.20: 

Let 𝒻1: (𝒢, 𝒯) ⟶ (ℋ, ℒ) and 𝒻2: (ℋ, ℒ) ⟶ (ℐ, 𝜎) be two functions such that 𝒻2 ∘ 𝒻1: (𝒢, 𝒯) ⟶ (ℐ, 𝜎) 

is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗∗-closed function. If 𝒻2 is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗∗-continuous injective, then 𝒻1 is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗∗-closed. 

Proof:  

Suppose ℳ  is any 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS  in (𝒢, 𝒯) . Since 𝒻2 ∘ 𝒻1  is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗∗ -closed, 𝒻2 ∘ 𝒻1(ℳ)  is 

𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS in (ℐ, 𝜎) and  𝒻2  is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗∗ -continuous injective, then 𝒻2
−1(𝒻2 ∘ 𝒻1(ℳ)) = 𝒻1(ℳ), 

which is 𝑁𝑒𝑢𝐶𝑔𝑠𝑔CS in (ℋ, ℒ). This shows that 𝒻1 is a 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗∗-closed function. ▪ 

Remark 3.21:  

The subsequent diagram exposes the relationship occupying the various kinds of 𝑁𝑒𝑢𝐶 -closed 

functions: 

 

 

 

 

 



Neutrosophic Sets and Systems, Vol. 88, 2025     961  

 

 

Ali H. M. Al-Obaidi, Qays Hatem Imran, Murtadha M. Abdulkadhim, and Giorgio Nordo, New Concepts of Neutrosophic 

Crisp Generalized Closed Functions 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Conclusion  

This paper included three newfound concepts of neutrosophic crisp 𝑔𝑠𝑔-closed functions 

via neutrosophic crisp 𝑔𝑠𝑔-closed sets such as 𝑁𝑒𝑢𝐶𝑔𝑠𝑔 -closed, 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗ -closed, and 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗∗ -

closed functions. Furthermore, it proved certain further thoughts that are required for this research. 

Consequently, it examined specific of these functions descriptions and illuminated how they attach 

to other sorts of functions for case 𝑁𝑒𝑢𝐶 -continuous surjection, 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗∗ -continuous injective, 

𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗ -continuous surjection, 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗ -continuous injective, 𝑁𝑒𝑢𝐶𝑔𝑠𝑔∗∗ -continuous surjection. It 

demonstrated the well depiction of 𝑁𝑒𝑢𝐶𝑔𝑠𝑔 -closed functions by employing 𝑁𝑒𝑢𝐶 -continuous 

surjection.  In the upcoming, we lie ahead that several further investigations will be capable of being 

performed in the employing these ideas from 𝑁𝑒𝑢𝐶𝑔𝑠𝑔-closed functions. 

The significance lies in the potential applications of generalized closed function concepts in 

various domains requiring the handling of uncertainty and indeterminacy, such as decision-making 

processes, artificial intelligence, and fuzzy systems modeling. Through the precise classifications 

offered by this study, it is possible to improve the understanding and description of phenomena 

involving high levels of ambiguity or inconsistency. 

For future study, promising directions include studying the interactions of 𝑔𝛼-, 𝑔𝛽-, and 𝑔𝛾-

closed functions with other types of generalized open and closed sets, or extending these ideas to 

cover compactness and connectedness in neutrosophic crisp topologies [12,13]. Additionally, 

developing algorithmic approaches to detect and classify these functions in computational 

neutrosophic frameworks could open new avenues for applications in software and applied 

mathematics [14,15]. 
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