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Abstract 

In this research, we construct new type of convergence of bornological vector spaces called 

convergence of filters through using conception bounded sets. As well, we have considered several 

characteristics of these concepts like Fréchet filter associated with sequence, filter that has a unique 

limit and ultra-filter which is very useful in the study of neutrosophic topological spaces and 

neutrosophic filters. 
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1. Introduction 

Convergence is a fundamental concept in analysis and bornology. Besides that, in bornological 

vector space, convergence plays an important role. The convergence of sequences is a bornological 

concept that was introduced and investigated by the work of [1]. In the present time, there has been 

renewed attention of academic researchers in bornologies in general topology considering different 

aspects. Considering the wide pertinence of convergence in Hausdorff metric space and the weaker 

Attouch–Wets convergence [2–5]. Lechicki et al. [6] were from the first who started an inclusive 

study of convergence of bornology for nets of sets in a metric space. In their research papers, they 

studied the convergence the hyperspaces that are resulted by covers of the space. Albasri 

[7]introduced convergence net in convex bornological vector spaces. Bornological and b- 

bornological Convergence properties in locally convex space introduced by D. Ayaseh and A. 

Ranjbari [8]. Aydemir and Albayrak [9] also considered and introduced the concept of filter 

bornological convergence on sequences of sets, which may be taken as a more general concept than 

the bornological convergence defined on topological vector spaces.  

 In this work, a new type of convergence in bornological vector space called “convergence of filters” 

has been defined. In related level for this type, many relationships are tested like separated and 

unique limit and bounded linear map and ultrafilter base etc. Further properties about convergence 

of Frechet filter, bornologically converges to a point of set, convergence of filter base of subspace is 

given. We denote ℱ
𝑏
→ 𝑥 to the convergence of filters F in bornological vector spaces E. Also, we 

use for short the term BV-spaces instead of bornological vector space. 

Our study will be very applicable regarding to neutrosophic topological spaces since they are 

considered as generalizations of classical topological spaces. For mor detail about neutrosophic 

topology see [13-15]. 
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2. Preliminaries 

In this section, fundamental concepts of bornology, bornological vector space (BV-space) and 

separated bornological vector space are introduced. The definitions of bornology from which the 

concepts of this study were built, as introduced in [10]. A vector space E on a real or complex field  

𝐅  then  ß is a bornology over E which is supposed to be compatible with a vector space of E or to be 

a vector bornology over E, if ß is steady under vector addition, the formation of circled hulls and 

homothetic transformations , so it can be expressed in another way, A+B, λ A ,⋃ 𝛼𝐴|𝛼|≤1  each of 

them will be a member in ß whenever ß contains the sets A and B and λ  𝐅. Let us consider a 

separated BV-space (E, ß) where {0} is only taken as the only bounded vector subspace of E. The 

concepts of filter, ultrafilter and filter bases had been mentioned in [11,12]. A filter over a set 𝑋 is a 

family n of subsets, ℱ subcollection of P(𝑋),  such that 

i.𝑋 ∈ ℱ (that is, the set 𝑋 is large sets).  

ii. ∅ 𝑑𝑜𝑒𝑠 𝑛𝑜𝑡 𝑏𝑒𝑙𝑜𝑛𝑔 𝑡𝑜 ℱ (that is, the empty set is not large set).  

iii. If E is belonged to ℱ and F is subset of E, then F is belonged to ℱ (each set consisting a large 

set is large set). 

If E belongs to ℱ and considering F belongs to ℱ, then E intersects F belong to ℱ (large sets 

containing large intersections). Now the definition of ultrafilter is going to be discuss in detail: a 

filter ℱ on 𝑋 is supposed to be an ultrafilter if for every A is subset of 𝑋, either A is belonged to ℱ 

or 𝑋\A is belonged to ℱ. A filter bases are sub collection ℱ0 of a filter ℱ each element of ℱcontains 

some element of ℱ0. Therefore, it can be easily concluded that each filter is a filter base. 

Example 1 

Let “𝐵 ⊆ 𝑋”. Then the family “ℱ = {𝐴:𝐵 ⊆ A}” being a filter on 𝑋. 

 

Remark 1 

 Every filter ℱ on 𝑋, being the intersection of all the ultrafilter finer than ℱ. 

 

3. Filter Convergence in BV-Spaces 

 

We will define convergence of filter in BV-spaces in this section to investigate intersection of filters. 

Also, we investigate the connection of Frechet filter with convergent filter in BV-spaces. Finally, it 

will be proven the convergence of filter will be unique if the space is separated BV-spaces.  

Definition 1 [1] 

 Let 𝐸  be a BV-spaces and ℱ be a filter on 𝐸 .Then ℱ   converges bornologically “fb-convergence 

for short “to 0 and denoted by ℱ 
𝑓𝑏
→ 0 , if there exists a bounded set 𝐵 ⊂ 𝐸 in such a way that 

{𝜆𝐵; 𝜆 ≠ 0, 𝜆 ∈ 𝐾} ⊂ ℱ. ℱ converges bornologically to 𝑥 if the filter ℱ − 𝑥 converges 

bornologically to 0. It can be assumed that “𝑥 is a bornological limit point of ℱ”. The set of all limit 

points of ℱ  denoted by 𝑙𝑖𝑚(ℱ). 
 

Proposition 1 

 Let ℱ converges bornologically filter to 𝑥 on BV-space 𝐸  then 𝑐ℱ
𝑓𝑏
→ 𝑐𝑥 for any number 𝑐 ∈ 𝐾, 𝑐 ≠

0. 

 

Proof  

Since “ℱ
𝑓𝑏
→ 𝑥 i.e ℱ − 𝑥

𝑓𝑏
→ 0” then there is a bounded set 𝐵 ⊂ 𝐸 in such that “{𝜆𝐵; 𝜆 ≠ 0, 𝜆 ∈ 𝐾} ⊂

ℱ − 𝑥 then 𝑐{{𝜆𝐵; 𝜆 ≠ 0, 𝜆 ∈ 𝐾}} ⊆ 𝑐(ℱ − 𝑥)”, {𝑐𝜆𝐵; 𝜆, 𝑐 ≠ 0, 𝜆, 𝑐 ∈ 𝐾} ⊆ 𝑐ℱ − c𝑥, let 𝑐𝜆 =

𝜆1,𝜆1 ≠ 0, 𝜆1 ∈ 𝐾  we have{𝜆1𝐵; 𝜆1 ≠ 0, 𝜆1 ∈ 𝐾} ⊂  cℱ − c𝑥.  𝑡ℎ𝑢𝑠 cℱ − c𝑥
𝑓𝑏
→ 0  𝑐ℱ

𝑓𝑏
→ 𝑐𝑥. 

 

Proposition 

 When a “filter ℱ b-converges to 𝑥, ℱ
𝑓𝑏
→ 𝑥 then every filter ℱ́   finer than ℱ also b-converges to 𝑥 ℱ́

𝑓𝑏
→ 𝑥”. 
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Proof 

Since ℱ
𝑓𝑏
→ 𝑥 then there is a bounded set 𝐵 ⊂ 𝐸 in such that {𝜆𝐵; 𝜆 ≠ 0, 𝜆 ∈ 𝐾} ⊂ ℱ − 𝑥. Since ℱ́ 

finer than ℱ,we have ℱ ⊆ ℱ́, then {𝜆𝐵; 𝜆 ≠ 0, 𝜆 ∈ 𝐾} ⊂ ℱ − 𝑥́ , so  ℱ́
𝑓𝑏
→ 𝑥. 

 

Proposition  

Let (𝐸, 𝛽) and (𝐸, 𝛽′) be BV- spaces, then 𝛽 is finer than 𝛽′ if and only if “ℱ
𝑓𝑏
→ 𝑥” in 𝛽 implies “ℱ

𝑓𝑏
→ 𝑥” in 𝛽′ for each filter  ℱ in 𝐸. 

 

Proof 

(⟹) Let 𝛽 be finer than 𝛽′ and let ℱ
𝑓𝑏
→ 𝑥 in 𝛽 then there is a bounded set 𝐵 ⊂ 𝐸 in such a way that 

{𝜆𝐵; 𝜆 ≠ 0, 𝜆 ∈ 𝐾} ⊂ ℱ − 𝑥. Since 𝛽 is finer than 𝛽′then there exists a bounded set 𝐵1 ⊂  𝐸 in 

𝛽′such that {𝜆1𝐵1: 𝜆1 ≠ 0, 𝜆1 ∈ 𝐾} ⊂ {𝜆𝐵: 𝜆 ≠ 0, 𝜆 ∈ 𝐾}  ⊆ ℱ − 𝑥,we have ℱ
𝑓𝑏
→ 𝑥 𝑖𝑛 𝛽′ . 

(⟸) suppose that “ℱ
𝑓𝑏
→ 𝑥 in 𝛽 implies ℱ

𝑓𝑏
→ 𝑥 in 𝛽′” can be easily predicted. 

 

Proposition 4 

Let Ψ be the family of all filters on a BV- spaces 𝐸 converges to 𝑥 ∈ 𝐸 the intersection of all filters 

in Ψ also converges to 𝑥. 

 

Proof 

 Since the intersection of all filters is filter on 𝐸,  since all the filters in Ψ converge to 𝑥 then the 

intersection of all filters is coarser than each filter in Ψ. Hence by proposition 3 the intersection of 

all filters is convergent to 𝑥 in 𝐸. 

 

Proposition 5 

 Let “(𝐸, 𝛽) be a BV-space and let ℱ be a filter on 𝐸”. Then, the following statements have the same 

equivalent:  

i.ℱ approaches to a point 𝑥 ∈ 𝐸. 

ii. Each bounded set contains 𝑥 belongs to ℱ. 

iii. ℱ is finer than the collection of all bounded sets contains 𝑥 on 𝐸. 

iv.For every bounded set V contains 𝑥, there is 𝐵 ∈ ℱ  such that 𝐵 ⊂ 𝑉 . 

Proof : 

 (𝑖 → 𝑖𝑖) we have follows immediately from definition 1and filter base. (𝑖𝑖 ⟶ 𝑖𝑖𝑖)  is “an 

immediate consequence of the definition 1”. (𝑖𝑖𝑖 ⟶ 𝑖𝑣) since ℱ is finer than the collection of all 

bounded sets contains 𝑥 on 𝐸 we have (𝑖𝑣). 
 

Proposition 6 

 Let “𝐸 be a BV-space. Then a sequence 〈𝑥𝑛〉  ⊂ 𝐸 b-converges to 𝑥 if and only if the Frechet filter 

associated with 〈𝑥𝑛〉 b-converges to 𝑥”. 

 

Proof 

 (⟹) Let 〈𝑥𝑛〉  in 𝐸 converges bornologically to 𝑥 and let ℱ Frechet filter is associated with 〈𝑥𝑛〉 , 
let 𝑥 ∈ 𝐴 ⊂ 𝐸 and 𝐴 ∈ ℱ bounded set, we have A associated with 〈𝑥𝑛〉 then A contains a set of the 

formula {𝑥𝑛 − 𝑥; 𝑛 ≥ 𝑛0, 𝑛0 ∈ ℕ}, since 𝑥𝑛
𝑓𝑏
→ 𝑥 then there’s found a bounded circled set 𝐵 ⊂ 𝐸 and 

a sequence of scalars (𝜆𝑛) approaching to 0, in such a way that 𝑥𝑛 − 𝑥 ∈ 𝜆𝑛𝐵 for each𝑛 ∈ ℕ. Thus, 

there exists found bounded set 𝐵1 ⊂ 𝐸 of 𝑥 in such a way that “{𝜆𝐵1: 𝜆 ≠ 0, 𝜆 ∈ 𝐾} ⊆ ℱ − 𝑥” 

therefore ℱ
𝑓𝑏
→ 𝑥. 

(⟸) Let ℱ
𝑓𝑏
→ 𝑥 because of  ℱ Frechet filter is associated with 〈𝑥𝑛〉, now if a bounded 𝐴 ⊂ 𝐸 

belongs to the ℱ Frechet filter connected with 〈𝑥𝑛〉, then A contains a set of the forms {𝑥𝑛 − 𝑥; 𝑛 ≥
𝑛0, 𝑛0 ∈ ℕ} then if 〈𝜆𝑛〉 of scalars approaching to 0, we have 𝑥𝑛 − 𝑥 ∈ 𝜆𝑛𝐵  for every integer 𝑛 ∈ ℕ 

then 𝑥𝑛
𝑓𝑏
→ 𝑥. 
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Proposition 7 

 Let 𝐸 be a BV- space, the filter of all bornivorous set converges bornologically to 𝑥  if and only if 𝐸 

contains a bounded bornivorous set. 

 

 

 

Proof:  

 (⟹) Let "ℱ" be a filter of all bornivorous set converges bornologically to  , then we have from 

Definition 1 𝐸 contains a bounded subset, since ℱ the filter of all bornivorous set .Hence  𝐸 contains 

a bounded bornivorous set. 
(⟸) Now 𝐸 contains a bounded bornivorous set since the collection of all bornivorous subset of a 

BV-space is a filter. 

Since every bornivorous set 𝐵 − 𝑥 contains 0 then there is a bounded set 𝐵1 such that {𝜆𝐵1: 𝜆 ≠
0, 𝜆 ∈ 𝐾} ⊆ ℱ − 𝑥 therefore the filter of all bornivorous set converges bornologically to 𝑥. 

 

Proposition 8 

 A BV-space "𝐸" is separated if and only if each bornologically convergent filter in 𝐸 has a unique 

limit. 

 

Proof: 

 (⟹) Let ℱ be a filter in 𝐸 converges bornologically to 𝑥 and 𝑦 with 𝑥 ≠ 𝑦, now  ℱ
𝑓𝑏
→ 𝑥 then there exists a bounded set 𝐵 ⊂ 𝐸 in such a way that "{𝜆𝐵; 𝜆 ≠ 0, 𝜆 ∈ 𝐾} ⊂ ℱ − 𝑥". if ℱ
𝑓𝑏
→ 𝑦 there is a bounded set 𝑈 ⊂ 𝐸 in such a way that “{𝜆𝑈; 𝜆 ≠ 0, 𝜆 ∈ 𝐾} ⊂ ℱ − 𝑦”, since ℱ be a 

filter then 𝐵 ∩ 𝑈 ≠ 𝜙 there’s found 𝑧 ∈ 𝐵 ∩ 𝑈 in such a way that the subspace 𝐾𝑧 spanned by z is 

contained in 𝐵 ∩ 𝑈 this contradicting the hypothesis that 𝐸 is separated. 

(⟸) To prove that 𝐸 is a separated, suppose there’s not found and element 𝑦 ≠ 𝑥, 𝑎𝑛𝑑 𝑥, 𝑦 ∈ 𝐸 in 

such a way that the line spanned by y is bounded then  there is a bounded set 𝑥 ∈ 𝐵 ⊆ 𝐸 and fined a 

bounded set 𝑦 ∈ 𝑈 ⊆ 𝐸 and 𝑈 ∈ ℱ, 𝐵 ∩ 𝑈 ≠ 𝜙, (ℱ be a filter ). 

Consequently, ℱ0 = {𝐵 ∩ 𝑈, 𝑥 ∈ 𝐵 ⊆ ℱ  , 𝑦 ∈ 𝑈 ⊂ 𝐸} is a filter base for some filter ℱ. The 

resulting filter converges at x and y. This contradiction, thus 𝐸 is separated space. 

 

4. Convergence Of Filter Base in BV- Spaces  

 

In this section, by defining base convergence, we will complete the investigation of some properties. 

After that, we test convergence in product BV-space. 

 

Definition 2 

 A filter base ℱ0 on a BV-space 𝐸  does  converge bornologically to 𝑥 ∈ 𝐸 if the filter whose base 

ℱ0 converges bornologically to 𝑥 and we say that 𝑥 is a bornological limit point of  ℱ0. The set of all 

limit points of a filter base  ℱ0 is denoted by 𝑙𝑖𝑚(ℱ0). 
Proposition 9 

 A filter ℱ on a BV-space 𝐸 is b-converges to  𝑥 ∈ 𝐸 iff each ultrafilter containing ℱ, b-converges to 

𝑥. 

 

Proof 

 If ℱ b-converges to 𝑥, then by definition 1 we have every ultrafilter containing  ℱ also b-converges 

to 𝑥. 

Conversely: let every ultrafilter containing ℱ b-converges to 𝑥. We have by Remark 1 ℱ is the 

intersection of all ultrafilter on 𝐸 finer than ℱ and by proposition 4 so ℱ b-converges to  . 

 

Proposition 10 

 Let 𝐸 be  a BV-space and 𝐴 ⊂ 𝐸. Then 𝐴 is bounded iff 𝐴 belongs to each filter which b- converges 

to a point of 𝐴. 

 

Proof 

 Let 𝐴 be a bounded set and let ℱ be a filter which b-converges to 𝑥 ∈ 𝐴. Then we have from 

definition 1 ℱ contains every bounded of 𝑥. Since 𝐴 is bounded set contained 𝑥 hence 𝐴 ∈ ℱ. 

https://doi.org/10.54216/IJNS.240409


International Journal of Neutrosophic Science (IJNS)                                       Vol. 24, No. 04, PP. 126-132, 2024 

130 
DOI: https://doi.org/10.54216/IJNS.240409   
Received: October 23, 2023 Revised: February 13, 2024 Accepted: May 28, 2024 

Conversely let 𝐴 belong to every filter which converges bornologically to a point of 𝐴. To show that 

𝐴 is bounded set. Let 𝑥 ∈ 𝐴 and let ℱ
𝑓𝑏
→ 𝑥 then 𝐴 ∈ ℱ then we easily have 𝐴 is a bounded set. 

 

Proposition 11 

 Let G be a bornological subspace of a space 𝐸, let 𝑦 ∈ 𝐺 and let ℱ0 be a filter base on G if ℱ0
𝑓𝑏
→ 𝑦 

in G then ℱ0
𝑓𝑏
→ 𝑦 in E. 

 

Proof 

 Let ℱ0 be a filter base on G and ℱ
𝑓𝑏
→ 𝑦 in G then the filter whose base is ℱ0 converges 

bornologically to y in G. Since ℱ0 a sub collection of a filter ℱ in G then we have ℱ0 → 𝑦 in E. 

 

Proposition 12 

 Let (𝐸1, 𝛽1) and (𝐸2, 𝛽2) be two bornological spaces and let 𝑥 ∈ 𝐸1 let 𝑓 be a mapping of 𝐸1 into 

𝐸2 then the following statements are equivalents: 

i.𝑓 is bounded linear map at 𝑥.  

ii.For every filter base ℱ0 on 𝐸1 bornologically converging to 𝑥 the filter base 𝑓(ℱ0) converges 

bornologically to 𝑓(𝑥). 

iii. For every ultrafilter base ℱ0 on 𝐸 converging bornologically to 𝑥 the ultrafilter base 𝑓(ℱ0) 
on 𝐸2 bornologically converges to 𝑓(𝑥). 

Proof 

 Let 𝑓(ℱ0) = {𝑓[𝐵]: 𝐵 ⊂ ℱ0}  
(𝑖) ⇒ (𝑖𝑖) let 𝑓 be bounded linear map at 𝑥 and let V be any bounded set contains 𝑥 in 𝐸1. Then 

𝑓(𝑉) is bounded set contains 𝑓(𝑥) in 𝐸2. Let ℱ0 be any filter base on 𝐸1 bornologically converges to 

𝑥 the filter whose base ℱ0 is bornologically converges to 𝑥. Let 𝐵 ∈ ℱ0   in such a way that 𝐵 ⊆
𝑉 ⟹ 𝑓(𝐵) ⊆ 𝑓(𝑉) (by 𝑓 is bounded map) we have the filter whose base 𝑓(ℱ0) is bornologically 

converges to 𝑓(𝑥) then 𝑓(ℱ0) the filter base converges bornologically to 𝑓(𝑥). 
(𝑖𝑖) → (𝑖𝑖𝑖) and (𝑖𝑖𝑖) → (𝑖) can be easily proved 

 

Proposition 13 

 A filter ℱ on non-empty product BV-space 𝐸 = 𝜋{𝐸𝜆: 𝜆 ∈ 𝛬} bornologically converges to a point 

𝑥 = {𝑥𝜆: 𝜆 ∈ 𝛬} of 𝐸 if f the filter 𝜋𝜆[ℱ] = {𝜋𝜆[ℱ]: 𝐹 ∈ ℱ} for every 𝜆 ∈ 𝛬 converges 

bornologically to 𝑥𝜆 = 𝜋𝜆(𝑥) in 𝐸𝜆. 

 

Proof 

 (⟹)Let ℱ bornologically converges to ∈ 𝐸 . Since 𝜋𝜆 is bounded linear for every 𝜆 ∈ 𝛬, we have 

from proposition 12 (ii) and every filter is a filter base then 𝜋𝜆[ℱ] bornological convergence to 

𝜋𝜆(𝑥) 
(⟸)Let ℱ be a filter on 𝐸 in such a way that the filter 𝜋𝜆[ℱ] converges bornologically to a point 𝑥𝜆 

in 𝐸𝜆 for every 𝜆, then let 𝑥 denote the point of 𝐸, whose 𝜆 − 𝑡ℎ coordinate is 

𝑥𝜆. 𝐿𝑒𝑡 𝐵 be any bounded of 𝑥 ∈ 𝐸. Then there’s found a base member 𝐹 = {𝐹𝜆. 𝜆 ∈ 𝛬} where 𝐹𝜆 is 

bounded in 𝐸𝜆 and 𝐹𝜆 = 𝐸𝜆 for 𝜆 ≠ 𝜆1, 𝜆2, . . . , 𝜆𝑛 in such a way that 𝑥 ∈  𝐹 ⊂ 𝐵. now 𝜋𝜆[ℱ] = 𝐹𝜆𝑖, 
which is bounded of 𝑥𝜆 , 𝑖 = 1,2, . . . , 𝑛. By hypothesis 𝜋𝜆𝑖[ℱ] converges to 𝑥𝜆𝑖 and 𝜋𝜆𝑖[ℱ] must 

contain 𝐹𝜆𝑖 for 𝑖 = 1,2, . . . , 𝑛 Hence 𝜋𝜆𝑖
−1[𝐹𝜆𝑖] contains a member of ℱ. Then by definition 1 

𝜋𝜆𝑖
−1[𝐹𝜆𝑖] ∈ ℱ 𝑓𝑜𝑟 𝑖 = 1,2, . . . , 𝑛  and therefore for ⋂ 𝜋𝜆𝑖

−1[𝐹𝜆𝑖] ∈ ℱ
𝑛

𝑖=1
  but ⋂ 𝜋𝜆𝑖

−1[𝐹𝜆𝑖] = 𝐹
𝑛

𝑖=1
 

and so 𝐹 ∈ ℱ. since 𝐹 ⊂ 𝐵, 𝐹 ∈ ℱ by definition of filter. Since B was any bounded set contained 

𝑥 𝑖𝑛 𝐸 we have ℱ converges to 𝑥. 

5. Convergence Of Neutrosophic Filter Base in neutrosophic BV- Spaces  

Definition  

 A neutrosophic filter base ℱ0 on a neutrosophic BV-space 𝐸  does  converge bornologically to 𝑥 ∈
𝐸 if the filter whose base ℱ0 converges bornologically to 𝑥 and we say that 𝑥 is a bornological limit 

point of  ℱ0. The set of all limit points of a filter base  ℱ0 is denoted by 𝑙𝑖𝑚(ℱ0). 
Proposition 

 A neutrosophic filter ℱ on a neutrosophic BV-space 𝐸 is b-converges to  𝑥 ∈ 𝐸 iff each ultrafilter 

containing ℱ, b-converges to 𝑥. 
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Proof 

If ℱ b-converges to 𝑥, then by definition 1 we have every ultrafilter containing  ℱ also b-converges 

to 𝑥. 

Conversely: let every ultrafilter containing ℱ b-converges to 𝑥. We have by Remark 1 ℱ is the 

intersection of all ultrafilter on 𝐸 finer than ℱ and by proposition 4 so ℱ b-converges to  . 

 

Proposition 

. Let 𝐸 be a neutrosophic BV-space and 𝐴 ⊂ 𝐸. Then 𝐴 is bounded iff 𝐴 belongs to each 

neutrosophic filter which b- converges to a point of 𝐴. 

 

Proof 

Let 𝐴 be a bounded set and let ℱ be a filter which b-converges to 𝑥 ∈ 𝐴. Then we have from 

definition 1 ℱ contains every bounded of 𝑥. Since 𝐴 is bounded set contained 𝑥 hence 𝐴 ∈ ℱ. 

Conversely let 𝐴 belong to every filter which converges bornologically to a point of 𝐴. To show that 

𝐴 is bounded set. Let 𝑥 ∈ 𝐴 and let ℱ
𝑓𝑏
→ 𝑥 then 𝐴 ∈ ℱ then we easily have 𝐴 is a bounded set. 

 

Proposition  

Let G be a neutrosophic bornological subspace of a space 𝐸, let 𝑦 ∈ 𝐺 and let ℱ0 be a neutrosophic 

filter base on G if ℱ0
𝑓𝑏
→ 𝑦 in G then ℱ0

𝑓𝑏
→ 𝑦 in E. 

 

Proof.  

Let ℱ0 be a filter base on G and ℱ
𝑓𝑏
→ 𝑦 in G then the filter whose base is ℱ0 converges 

bornologically to y in G. Since ℱ0 a sub collection of a filter ℱ in G then we have ℱ0 → 𝑦 in E. 

 

Proposition  

Let (𝐸1, 𝛽1) and (𝐸2, 𝛽2) be two neutrosophic bornological spaces and let 𝑥 ∈ 𝐸1 let 𝑓 be a mapping 

of 𝐸1 into 𝐸2 then the following statements are equivalents: 

iv.𝑓 is a bounded linear map at 𝑥.  

v.For every neutrosophic filter base ℱ0 on 𝐸1 bornologically converging to 𝑥 the neutrosophic 

filter base 𝑓(ℱ0) converges bornologically to 𝑓(𝑥). 

vi.For every neutrosophic ultrafilter base ℱ0 on 𝐸 converging bornologically to 𝑥 the 

neutrosophic ultrafilter base 𝑓(ℱ0) on 𝐸2 bornologically converges to 𝑓(𝑥). 

Proof 

Let 𝑓(ℱ0) = {𝑓[𝐵]: 𝐵 ⊂ ℱ0}  
(𝑖) ⇒ (𝑖𝑖) let 𝑓 be bounded linear map at 𝑥 and let V be any bounded set contains 𝑥 in 𝐸1. Then 

𝑓(𝑉) is bounded set contains 𝑓(𝑥) in 𝐸2. Let ℱ0 be any neutrosophic filter base on 𝐸1 

bornologically converges to 𝑥 the filter whose base ℱ0 is bornologically converges to 𝑥. Let 𝐵 ∈ ℱ0  
in such a way that 𝐵 ⊆ 𝑉 ⟹ 𝑓(𝐵) ⊆ 𝑓(𝑉) (by 𝑓 is bounded map) we have the filter whose base 

𝑓(ℱ0) is bornologically converges to 𝑓(𝑥) then 𝑓(ℱ0) the filter base converges bornologically to 

𝑓(𝑥). 
(𝑖𝑖) → (𝑖𝑖𝑖) and (𝑖𝑖𝑖) → (𝑖) can be easily proved 

 

Proposition  

A neutrosophic filter ℱ on non-empty product neutrosophic BV-space 𝐸 = 𝜋{𝐸𝜆: 𝜆 ∈ 𝛬} 
bornologically converges to a point 𝑥 = {𝑥𝜆: 𝜆 ∈ 𝛬} of 𝐸 if f the filter 𝜋𝜆[ℱ] = {𝜋𝜆[ℱ]: 𝐹 ∈ ℱ} for 

every 𝜆 ∈ 𝛬 converges bornologically to 𝑥𝜆 = 𝜋𝜆(𝑥) in 𝐸𝜆. 

 

Proof 

 (⟹)Let ℱ bornologically converges to ∈ 𝐸 . Since 𝜋𝜆 is bounded linear for every 𝜆 ∈ 𝛬, we have 

from proposition 12 (ii) and every filter is a filter base then 𝜋𝜆[ℱ] bornological convergence to 

𝜋𝜆(𝑥) 
(⟸)Let ℱ be a neutrosophic filter on 𝐸 in such a way that the filter 𝜋𝜆[ℱ] converges bornologically 

to a point 𝑥𝜆 in 𝐸𝜆 for every 𝜆, then let 𝑥 denote the point of 𝐸, whose 𝜆 − 𝑡ℎ coordinate is 

𝑥𝜆. 𝐿𝑒𝑡 𝐵 be any bounded of 𝑥 ∈ 𝐸. Then there’s found a base member 𝐹 = {𝐹𝜆. 𝜆 ∈ 𝛬} where 𝐹𝜆 is 

bounded in 𝐸𝜆 and 𝐹𝜆 = 𝐸𝜆 for 𝜆 ≠ 𝜆1, 𝜆2, . . . , 𝜆𝑛 in such a way that 𝑥 ∈  𝐹 ⊂ 𝐵. now 𝜋𝜆[ℱ] = 𝐹𝜆𝑖, 
which is bounded of 𝑥𝜆 , 𝑖 = 1,2, . . . , 𝑛. By hypothesis 𝜋𝜆𝑖[ℱ] converges to 𝑥𝜆𝑖 and 𝜋𝜆𝑖[ℱ] must 
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contain 𝐹𝜆𝑖 for 𝑖 = 1,2, . . . , 𝑛 Hence 𝜋𝜆𝑖
−1[𝐹𝜆𝑖] contains a member of ℱ. Then by definition 1 

𝜋𝜆𝑖
−1[𝐹𝜆𝑖] ∈ ℱ 𝑓𝑜𝑟 𝑖 = 1,2, . . . , 𝑛  and therefore for ⋂ 𝜋𝜆𝑖

−1[𝐹𝜆𝑖] ∈ ℱ
𝑛

𝑖=1
  but ⋂ 𝜋𝜆𝑖

−1[𝐹𝜆𝑖] = 𝐹
𝑛

𝑖=1
 

and so 𝐹 ∈ ℱ. since 𝐹 ⊂ 𝐵, 𝐹 ∈ ℱ by definition of filter. Since B was any bounded set contained 

𝑥 𝑖𝑛 𝐸 we have ℱ converges to 𝑥. 

6. Conclusion 

In this paper, we have studied a very important concept with its relations to neutrosophic topologies, 

where we constructed new type of convergence of bornological vector spaces called convergence of 

filters through using conception bounded sets. As well, we have considered several characteristics of 

these concepts like Fréchet filter associated with sequence, filter that has a unique limit and ultra-

filter. 
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