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Abstract 

     In this paper, the concepts of generalized fuzzy ∗matroids are introduced and some of their 

properties are investigated. Also, some strong and weak forms of generalized fuzzy ∗Gδβ 

continuity in generalized fuzzy ∗matroids are introduced and their interrelations are discussed. 
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1 Introduction 

 
Matroids were introduced by Whitney in 1935 as a generalization of both graphs and vector 

spaces.  Matroid theory has several interesting applications in combinatorics, graph theory, discrete 

optimization, algebraic geometry and many other fields of science. The notion of fuzzy matroids was 

first introduced by Geotschel and Voxman in their landmark paper [1], using the notion of fuzzy 

independent sets.  In [2], T. Al-Hawary introduced the notion of fuzzy flats.   Motivated by these 

notions, the concepts of fuzzy ∗matroids were introduced by J. Mahalakshmi and M.Sudha in [3]. 

In this  paper,  the  concepts  of generalized  fuzzy ∗matroids  are introduced and  some of their  

properties  are  discussed.   The  concepts  of generalized  fuzzy ∗Gδβ  continuous  function, 

strongly generalized fuzzy ∗Gδβ continuous  function,  perfectly generalized fuzzy ∗Gδβ continuous  

function,  completely  generalized  fuzzy ∗Gδβ continuous  function,  almost generalized fuzzy ∗Gδβ 

continuous  function,  almost  perfectly  generalized  fuzzy ∗Gδβ continuous function  and almost  

completely  generalized  fuzzy ∗Gδβ continuous  function  are introduced and  some interesting 
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properties  are  discussed. Further, some interrelations                                                                                                                                                                                                                                                                                        

between the concepts introduced are discussed and counter examples are provided wherever  

necessary. Besides introducing various generalized fuzzy ∗Gδβ continuous functions, some 

interesting characterizations are discussed.  

2   Preliminaries 

  

Definition 2.1.  [3] Let E be a finite set and let F be a family of fuzzy sets of E satisfying the 
following three conditions: 

(i)  0E, 1E ∈ F;  
(ii)  If µ1, µ2 ∈ F, then µ1 ∧ µ2  ∈ F; 

(iii)  If µ ∈ F and µ1, µ2,......, µn  are all members  of F such that µ ≺ µi for all i = 1, 2,..n, 

then the fuzzy union of µ1, µ2,....,µn  is equal to 1E  (i.e.  = ).    

  Then the system  FM = (E,  F) is called a fuzzy ∗matroid and  the  elements  of F are 

fuzzy ∗flats of FM.  The complement of a fuzzy ∗flat of FM is called a fuzzy ∗open set of FM. 

Definition 2.2.  [3] Let FM = (E, F) be a fuzzy ∗matroid and µ be a fuzzy set.  Then the fuzzy 
∗closure  of µ is ∗cl(µ) = ⋀ {λ/λ is a fuzzy ∗flat of FM and λ≥µ}. 

Definition 2.3.  [3] Let FM = (E, F) be a fuzzy ∗matroid and µ be a fuzzy set.  Then the fuzzy 
∗interior  of µ is ∗int(µ) = ⋁{λ/λ is a fuzzy ∗open set of FM and λ≤µ}. 

Definition 2.4.  A function f : X −→Y  from a topological space X into a topological space Y is 
said to be 

(i)  strongly continuous [4] if f (cl(A))⊂  f (A) for all A ⊂ X, 
 (ii)  perfectly continuous [5] if the inverse image of every open subset  of Y is clopen in X,  

    (iii)  completely continuous [6] if f −1 (V) is a regular  open set in X for every open  set V in  Y, 
(iv)  almost  continuous [7] if for each  x ∈ X and  for each  regular  open  set  V containing             
        f (x),  there  exists an open set U containing  x such that f (U) ⊂ V . 

(v)  almost perfectly  continuous [8] if f −1 (V) is a clopen in X for every regular  open set 
V in Y, 

(vi)  almost completely  continuous [9] if f −1(V)  is regular  open set in X for every regular open 
set V in Y. 

Definition 2.5. [3] Let FM1 = (E1, F1) and FM2  = (E2 , F2) be any two fuzzy ∗matroids. A 

function  f : FM1−→FM2  is said to be fuzzy ∗Gδβ  continuous if the inverse image of every 

fuzzy ∗open set in FM2  is fuzzy ∗Gδβ open in FM1. 
 
Definition 2.6. [10] A topological space X is said to be locally indiscrete if every open set 
of X is closed in X. 
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3 Generalized Fuzzy 
∗

Gδβ open sets and their basic properties 

 

In this section, the concepts of generalized fuzzy  *matroid, generalized fuzzy * Gδβ open 

sets, generalized fuzzy regular ∗Gδβ open sets are introduced.  
 
Definition 3.1.  Let E be a finite set and let  be a family of fuzzy sets of E satisfying the 
following two conditions: 

 
(i)  1E  ∈  ; 

 
(ii)  If µ1, µ2 ∈ , then  µ1  ∧ µ2  ∈ . 

Then  the  system  GFM  = (E,  ) is called  a  generalized  fuzzy ∗matroid and  the 

elements  of are fuzzy ∗flats of GFM. The complement of a fuzzy  *flat of GFM  is called a 

fuzzy ∗open set of GFM. 

Definition 3.2.  Let GFM = (E,  be a generalized fuzzy ∗matroid  and λ be a fuzzy set. Then  

the  generalized fuzzy ∗closure  of λ denoted  by  *cl(λ) is defined as ∗cl(λ) = {µ/µ is a 

fuzzy  ∗flat of GFM and λ≤µ}. 

Definition 3.3.  Let GFM = (E,  be a generalized  fuzzy ∗matroid  and λ be a fuzzy set. then  

the  generalized fuzzy ∗interior  of λ denoted  by  ∗int(λ) is defined as  ∗int(λ) = { µ / µ 
is a fuzzy  *open set of GFM and λ  µ }. 

Definition 3.4.   A  generalized  fuzzy  ∗matroid  GFM  = (E,   is said  to  be  a  locally 

indiscrete generalized fuzzy ∗matroid  if every fuzzy  ∗open set in GFM is fuzzy ∗flat in 
GFM. 

Proposition 3.1.   Let GFM  = (E,   be a generalized  fuzzy ∗matroid  and  λ be a fuzzy set.  
Then 

(i)  ∗cl(1E −λ)  = 1E − int(λ).  

(ii)  ∗int(1E−λ)= 1E − *cl(λ). 

Definition 3.5.  Let GFM = (E, ) be a generalized  fuzzy ∗matroid  and λ be a fuzzy set. Then  

λ is said  to  be a  generalized fuzzy regular ∗open  set  of GFM  if λ = ∗int( ∗cl(λ)). 

Definition 3.6.  Let GFM = (E,  be a generalized fuzzy ∗matroid  and λ be a fuzzy set. Then  

λ is said to be a generalized fuzzy regular ∗flat  of GFM if λ =  ∗cl( ∗int(λ)). 

Definition 3.7.  Let GFM = (E, ) be a generalized fuzzy ∗matroid.   Let λ be any fuzzy set.  

Then  λ is said to be a generalized fuzzy  ∗Gδ   set denoted  by  ∗Gδ  set if λ =  µi , 

where each µi is fuzzy   ∗open set.  The complement of a  ∗Gδ  set is  ∗Fσ . 

   Definition 3.8.  Let GFM = (E, ) be a generalized  fuzzy ∗matroid.   Let λ be any fuzzy set.     

  Then λ is said to be a generalized fuzzy ∗β open set denoted by  ∗β open set if λ 

≤  ∗cl(  ∗int(  ∗cl(λ))).  The complement of a  ∗β open set is  ∗β flat. 
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Definition 3.9.  Let GFM = (E, ) be a generalized  fuzzy ∗matroid.   Let λ be any fuzzy set.   

Then λ  is said  to  be a generalized fuzzy ∗Gδβ  open set of GFM  denoted  by  

∗Gδ β open set if λ = µ ∧ γ where µ is fuzzy  ∗Gδ set and  γ is fuzzy  ∗β open set.  The 

complement of a  ∗Gδβ open set of GFM is a ∗Fσ β flat of GFM. 

Definition 3.10. Let GFM = (E, ) be a generalized fuzzy ∗matroid  and λ be a fuzzy set. Then 

the generalized fuzzy ∗Fσ β closure of λ denoted  by  ∗Fσ β cl(λ)  is defined as  ∗Fσβ cl(λ)  

= {µ/µ is ∗Fσ β flat of GFM and µ≥λ}. 

Definition 3.11. Let GFM = (E, ) be a generalized fuzzy ∗matroid  and λ be a fuzzy set. Then 

the generalized fuzzy ∗Gδβ interoir of λ denoted  by   *Gδβ int(λ) is defined as  ∗Gδβ 

int(λ) =  {µ/µ is a  ∗Gδβ open set of GFM and µ≤λ}. 

Proposition 3.3.  Let GFM = (E,  be a generalized fuzzy ∗matroid  and µ, λ be any two fuzzy 
sets.  Then 

(i) ∗Fσ β cl(1E −λ)  = 1E − ∗Gδβ int(λ).  

(ii)  ∗Gδ β int(1E −λ)  = 1E − ∗Fσ β cl(λ). 

Definition 3.12. Let GFM = (E,  be a generalized fuzzy ∗matroid  and λ be a fuzzy set. Then 

λ is said to be a generalized fuzzy regular ∗Gδβ open set of GFM if λ =  *Gδβ int( ∗Fσβ 
cl(λ)). 

Definition 3.13. Let GFM = (E,  be a generalized fuzzy ∗matroid  and λ be a fuzzy set. Then  

λ is said to be a generalized fuzzy regular ∗Fσβ flat  of GFM if λ =  ∗Fσβ cl( ∗Gδβ 
int(λ)). 

4    Some Strong and Weak Forms of Generalized Fuzzy 
∗

Gδβ Continuous  

Functions 

 In this section,the concepts of strongly generalized fuzzy ∗Gδβ continuous  function,  perfectly 

generalized fuzzy ∗Gδ β continuous  function,  completely  generalized  fuzzy ∗Gδβ continuous  

function,  almost generalized fuzzy ∗Gδβ continuous  function,  almost  perfectly  generalized  fuzzy 
∗Gδβ continuous function  and almost  completely  generalized  fuzzy ∗Gδβ continuous  function  are 
introduced and  some interesting properties  are  discussed. 
 
Definition 4.1.   Let GFM1   = (E1,  1) and  GFM2   = (E2,  2) be two  generalized  fuzzy 
∗matroids.   A function f :  GFM1 −→GFM2  is said to be generalized fuzzy ∗Gδβ  con-

tinuous( ∗Gδ β continuous) if the inverse image of every fuzzy ∗open set in GFM2  is   ∗Gδβ 
open in GFM1 . 
Definition 4.2.   Let GFM1   = (E1,  1) and  GFM2   = (E2,  2) be two  generalized  fuzzy 
∗matroids.  A function  f : GFM1−→GFM2 is said to be almost generalized fuzzy ∗Gδβ 
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continuous(almost  ∗Gδβ  continuous) if the  inverse  image  of every  generalized  fuzzy 

regular ∗open set in GFM2   is ∗Gδβ open in GFM1 . 
Definition 4.3.   Let GFM1   = (E1, 1 ) and  GFM2   = (E2,  2) be two  generalized  fuzzy 
∗matroids.  A function  f :  GFM1−→GFM2  is said  to  be strongly  generalized fuzzy ∗Gδβ  

continuous(strongly ∗Gδβ continuous) if the  inverse image of every fuzzy set in IE2  is both  
∗Gδβ open and  ∗Fσβ flat in GFM1. 

Proposition 4.2.  The composition of two strongly ∗Gδβ continuous  function is strongly 
∗Gδβ continuous. 

 
Proof:   Let GFM1   = (E1,   1), GFM2   = (E2,   2 )  and  GFM3   = (E3,   3 )  be  any  three 

fuzzy generalized  ∗matroids.  Let f : GFM1 −→GFM2  and  : GFM2−→GFM3  be strongly  

∗Gδβ continuous.   Let λ ∈ IE3 be any fuzzy set.  Since is strongly ∗Gδ β continuous,   −1(λ)  

is both   ∗Gδ β open and ∗Fσ β flat in GFM2 . Both ∗Gδβ open and ∗Fσβ flat is clearly a 

fuzzy set.  Since f is strongly   ∗Gδ β continuous, f −1(  −1(λ)) is both   ∗Gδ β open and  
∗Fσβ flat in GFM1.  That is (  o  f )−1(λ) is both   ∗Gδβ open and  ∗Fσβ flat in GFM1.  

Hence the composition of two strongly ∗Gδβ continuous  funcion is strongly   *Gδβ continuous. 
Definition 4.4.   Let GFM1   = (E1,  1 ) and  GFM2   = (E2 , 2) be two  generalized  fuzzy 
∗matroids. A function f :  GFM1 −→GFM2  is said  to  be perfectly  generalized fuzzy ∗Gδβ 

continuous(perfectly  ∗Gδβ continuous) if the inverse image of every fuzzy ∗open     set in 

GFM2   is both   ∗Gδ β open and ∗Fσ β flat in GFM1. 
Proposition 4.3.  Let GFM1  = (E1, 1) and GFM2  = (E2, ) be any two fuzzy generalized 
∗matroids.  For a function  f : GFM1−→GFM2, the following are equivalent: 

(i)  f is perfectly  ∗Gδβ continuous. 

(ii)  f −1(λ) is both   ∗Gδβ open and  ∗Fσβ flat in GFM1   for each λ ∈ 2. 

(iii)   ∗Fσβ cl(f−1(λ)) ≤ f −1(  ∗cl(λ))  and f −1(λ) ≤  ∗Gδβ int(f −1( ∗cl(λ)))  for  
       each λ ∈ IE2 . 

(iv)  f −1(  ∗int(λ))  ≤  ∗Gδβ  int(f −1(λ)) and   ∗Fσβ  cl(f −1(  ∗int(λ)))  ≤ f −1 (λ)  for 

each fuzzy set λ ∈ IE2 . 
Proof  : The proof is obvious. 

 
Definition 4.5.   Let GFM1   = (E1,  1 ) and  GFM2   = (E2,  2) be two  generalized  fuzzy 
∗matroids.   A function  f :  GFM1−→GFM2  is said to be almost perfectly generalized 

fuzzy ∗Gδβ continuous(almost perfectly  ∗Gδβ continuous) if the inverse image of every 

generalized fuzzy regular ∗open set in GFM2 is both  ∗Gδβ open and  ∗Fσβ flat in GFM1. 
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Definition 4.6.   Let GFM1   = (E1, 1 ) and  GFM2   = (E2 , 2) be two  generalized  fuzzy 
∗matroids.   A function  f : GFM1−→GFM2  is said to be completely generalized fuzzy 
∗Gδβ continuous(completely ∗Gδβ  continuous) if the  inverse  image  of every  fuzzy ∗open 

set in GFM2   is generalized  fuzzy regular  ∗Gδβ open set in GFM1. 
Definition 4.7.   Let GFM1   = (E1,  1 ) and  GFM2   = (E2 , 2) be two  generalized  fuzzy 
∗matroids.  A function  f : GFM1−→GFM2 is said to be almost completely generalized 

fuzzy ∗Gδβ  continuous(almost completely   ∗Gδβ  continuous) if the  inverse  image  of every 

generalized  fuzzy regular  ∗open set in GFM2   is generalized  fuzzy regular  ∗Gδβ open in GFM1. 
 

5 Interrelations between Strong and Weak Forms of Generalized Fuzzy 
∗

Gδβ 

Continuous Functions 

 
In this section, some interrelations between the concepts introduced are discussed and counter 

examples  are provided wherever  necessary.                                                                                                                                                                                                                                                                              

Proposition 5.1.  Every strongly   ∗Gδβ continuous function is perfectly   ∗Gδβ continuous. 

Proof:   Let f :  GFM1−→GFM2  be strongly   ∗Gδβ continuous  function.   Let λ be fuzzy  

∗open set in GFM2 .  Every fuzzy  ∗open set is a fuzzy set.  Since f is strongly  ∗Gδβ 

continuous,   f −1(λ)is both   ∗Gδβ  open  and   ∗Fσβ  flat  in GFM1 .   That is the inverse image 

of every fuzzy  ∗open set in GFM2 is both   ∗Gδβ open and  ∗Fσβ flat in GFM1. Hence f is 

perfectly   ∗Gδβ continuous. 
Remark 5.1.  The converse of the above theorem need not be true as shown in the following 
example. 
Example 5.1.  Let E = {a, b} and 1  = { 0E , 1E , λ1, λ2, λ3} where λi : E −→  [0, 1] for i 
=1, 2, 3 be defined as λ1(a)  = 0.4, λ1 (b)  = 0.6; λ2(a)  = 0.6, λ2(b)  = 0.8; λ3 (a)  = 0.8, λ3 (b) 

= 0.9; and 2 = {0E , 1E , µ1 , µ2, µ3} where µi : E −→ [0, 1] for i = 1, 2, 3 be defined as µ1(a)  
= 0.6, µ1(b)  = 0.8; µ2 (a)  = 0.6, µ2(b)  = 0.7; µ3(a)  = 0.6, µ3 (b)  = 0.5.  Let f 

:GFM1−→GFM2  be the  identity function. Then f is perfectly   ∗Gδβ continuous but not strongly  

∗Gδβ continuous since for the fuzzy set  defined by (a) = 0.4, (b) = 0.1 in ,  is not both 

 ∗Gδβ open and  ∗Fσβ  flat in GFM. Hence, every perfectly  ∗Gδβ continuous function need 

not be strongly  ∗Gδβ continuous. 

Proposition 5.2.  Every perfectly   ∗Gδβ continuous function is almost  perfectly  ∗Gδβ 
continuous. 

Proof:   Let  f :  GFM1−→GFM2  be  perfectly   ∗Gδβ  continuous   function.   Let λ  be  a 

generalized fuzzy ∗regular open set in GFM2 . Every generalized fuzzy ∗regular open set is a fuzzy 

 ∗open set.  Since f is perfectly  ∗Gδ β continuous, f −1(λ) is both  ∗Gδβ open and  ∗Fσβ flat 
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in GFM1.   That is the inverse image of every generalized  fuzzy regular ∗open set in GFM2   is 

both   ∗Gδβ open and   ∗Fσβ flat in GFM1 .  Hence f is almost perfectly  ∗Gδβ continuous. 
Remark 5.2.  The converse of the above theorem need not be true as shown in the following 
example. 
Example 5.2.  Let E = {a, b} and 1 = {1E , λ1 , λ2, λ3} where λi : E −→ [0, 1] for i =1,  2,  3 
be defined as λ1(a)  = 0.4, λ1(b)  = 0.5; λ2 (a) = 0.6, λ2(b)  = 0.7; λ3(a)  = 0.8, λ3(b)  = 0.8; and 

2 = {1E , µ1, µ2 , µ3 } where µi : E −→ [0, 1] for i = 1, 2, 3 be defined as µ1(a)  = 0.6, µ1(b)  
= 0.8; µ2(a)  = 0.6, µ2 (b)  = 0.5; µ3 (a)  = 0.5, µ3(b)  = 0.5.  Let f : GFM1 −→GFM2 be the  

identity function.   Then f is almost perfectly   ∗Gδβ continuous  but  not  perfectly  ∗Gδβ 

continuous since for the fuzzy  ∗open set  defined by (a) = 0.4, (b) = 0.2 in GFM2,  is 

not both  ∗Gδβ open and  ∗Fσβ  flat in GFM1. Hence, every almost perfectly   ∗Gδβ continuous  

function  need not be perfectly   ∗Gδβ continuous. 

Proposition 5.3.  Let f : GFM1−→GFM2 be almost perfectly  ∗Gδβ continuous  function and  

GFM2   be locally indiscrete  generalized  fuzzy ∗matroid.  Then f is perfectly   ∗Gδβ continuous. 

Proof:   Let λ  be fuzzy  *open  in GFM2.  Since GFM2   is locally indiscrete generalized fuzzy 
∗matroid, λ  is fuzzy  ∗flat  in GFM2.  Therefore λ is both   ∗open and   ∗flat. Hence λ is 

generalized fuzzy regular ∗open in GFM2.   Since f is almost perfectly   ∗Gδβ continuous,  f −1 (λ)  

is both   ∗Gδβ  open  and   ∗Fσβ  flat  in GFM1.   That is the inverse image of every fuzzy  

∗open set in GFM2 is both   ∗Gδβ open and  ∗Fσβ flat in GFM1. Hence f is perfectly   ∗Gδβ 
continuous. 

Proposition 5.4.  Every strongly   ∗Gδβ continuous function is completely   ∗Gδβ con- 
tinuous. 

Proof:  Let f : GFM1−→GFM2  be strongly   ∗Gδβ continuous  function.  Let λ be fuzzy 
∗open set in GFM2 . Since f is strongly  ∗Gδβ continuous,  f −1(λ) is both  ∗Gδβ open and  

∗Fσβ flat in GFM1.  Both ∗Gδβ open set and ∗Fσβ is a generalized fuzzy regular  ∗Gδβ 

open set.  That is the inverse image of every fuzzy  ∗open set in GFM2  is generalized fuzzy 

regular ∗Gδβ open set in GFM1.  Hence f is completely   ∗Gδβ continuous. 
Remark 5.3.  The converse of the above theorem need not be true as shown in the following 
example. 
Example 5.3.  Let E = {a, b} and  1 = {0E , 1E , λ1, λ2 , λ3 } where λi : E −→  [0, 1] for i 
=1,  2, 3 be defined as λ1(a)  = 0.4, λ1 (b) = 0.6; λ2(a)  = 0.6, λ2 (b) = 0.8; λ3 (a) = 0.8, λ3 (b)= 

0.9; and 2 = {1E , µ1, µ2} where µi : E −→ [0, 1] for i = 1, 2 be defined as µ1 (a) = 0.4, µ1 (b)  
= 0.4; µ2(a)  = 0.6, µ2 (b)  = 0.6.  Let f :  GFM1−→GFM2  be the  identity function. Then f is 

completely  ∗Gδβ continuous  but  not strongly   ∗Gδβ continuous,  since for the  defined by 
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(a) = 0.7, (b) = 0.7 in ,  is not both  ∗Gδβ open and  ∗Fσβ  flat in GFM1. Hence, 

every completely   ∗Gδβ continuous function  need not be strongly   ∗Gδβ continuous. 

Proposition 5.5.  Every almost perfectly  ∗Gδβ continuous function is almost completely 
∗Gδβ continuous. 

Proof:   Let  f :  GFM1−→GFM2  be almost  perfectly   ∗Gδβ  continuous  function.   Let λ be a 

generalized  fuzzy ∗regular open set in GFM2.  Since f is almost perfectly  ∗Gδβ continuous  

function,  f −1 (λ) is  both   ∗Gδβ open and  ∗Fσ β flat in GFM1 . Both  ∗Gδβopen set and  
∗Fσβ is a generalized fuzzy regular  ∗Gδβ open set.  That is the inverse image of every 

generalized fuzzy regular ∗open set in GFM2   is generalized fuzzy regular  ∗Gδβ open in GFM1.  

Hence f is almost completely   ∗Gδβ continuous. 
 
Remark 5.4.  The converse of the above theorem need not be true as shown in the following 
example. 
Example 5.4.  Let E = {a,  b} and  1 = {1E , λ1,  λ2} where λi :  E −→  [0, 1] for i =1,  2 be 

defined as λ1 (a)  = 0.8, λ1(b)  = 0.8; λ2(a)  = 0.6, λ2(b)  = 0.6; and  2 = {1E , µ1, µ2} where 
µi  :  E −→  [0, 1] for i  = 1, 2 be defined as µ1(a)  = 0.7, µ1 (b)  = 0.7; µ2 (a)  = 0.6, µ2(b) = 

0.6. Let f : GFM1−→GFM2 be the identity function.  Then f is almost completely ∗Gδβ 

continuous  but  not  almost  perfectly   ∗Gδβ continuous,  since for the  generalized fuzzy regular 
∗open set  defined by (a) = 0.7, (b) = 0.7 in GFM2,  is not both  ∗Gδβ open and  

∗Fσβ  flat in GFM1.  Hence, every almost completely  ∗Gδβ continuous function need not be 

almost  perfectly   ∗Gδβ continuous. 

Proposition 5.6.   Every  completely    ∗Gδβ  continuous  function  is almost  completely   
∗Gδβ continuous. 

Proof:   Let  f :  GFM1−→GFM2  be completely   ∗Gδβ  continuous  function.   Let λ  be a 

generalized fuzzy regular ∗open set in GFM2.  Every generalized fuzzy regular ∗open set is a fuzzy  

 ∗open set.  Since f is completely  ∗Gδβ continuous function,  f −1(λ) is generalized fuzzy 

regular  ∗Gδβ open set in GFM1.  That is the inverse image of every generalized fuzzy regular  
∗open set in GFM2   is generalized  fuzzy regular  ∗Gδβ open in GFM1.   Hence f is almost 

completely   ∗Gδβ continuous.  
Remark 5.5.  The converse of the above theorem need not be true as shown in the following 
example. 
Example 5.5.  Let E = {a, b} and 1 = {1E , λ1, λ2 , λ3} where λi : E −→ [0, 1] for i =1,  2, 3 be 
defined as λ1(a)  = 0.4, λ1(b)  = 0.5; λ2 (a) = 0.6, λ2(b)  = 0.7; λ3(a)  = 0.8, λ3(b)  = 0.8; and 2 = 

{1E , µ1, µ2, µ3 } where µi : E −→ [0, 1] for i = 1, 2, 3 be defined as µ1(a)  = 0.6, µ1(b) = 0.5; 

International Journal of Computational and Applied Mathematics. ISSN 1819-4966 Volume 12, Number 1 (2017) 
                                          © Research India Publications http://www.ripublication.com

439



µ2(a) = 0.4, µ2(b) = 0.5; µ3(a) = 0.6, µ3(b) = 0.6. Let f : GFM1−→GFM2 be the identity 

function.  Then  f is almost  completely   ∗Gδβ continuous  but  not completely  ∗Gδβ continuous,  

since for the  fuzzy  ∗open set  defined by (a) = 0.4, (b) = 0.4 in GFM1, is not  

generalized  fuzzy regular  ∗Gδβ  in GFM1.   Hence, every  almost completely  ∗Gδβ continuous  

function  need not be completely   ∗Gδβ continuous. 

Proposition 5.7.  Let f : GFM1 −→GFM2 be almost completely  ∗Gδβ continuous  function 

where GFM2   is locally indiscrete  generalized  fuzzy ∗matroid.   Then  f is completely ∗Gδβ 
continuous.   
Proof:   Let  λ be a fuzzy  ∗open in GFM2 .  Since GFM2   is locally indiscrete generalized fuzzy 
∗matroid,  λ is fuzzy  ∗flat in GFM2 .  Therefore  λ is both  fuzzy  ∗open and  fuzzy  ∗flat in 

GFM2.  Both fuzzy  ∗open and fuzzy  ∗flat is generalized  fuzzy regular  ∗open. Since f is 

almost  completely   ∗Gδβ continuous,  f−1(λ)  is generalized  fuzzy regular  ∗Gδβ open in GFM1. 

That is the inverse image of every fuzzy  ∗open in GFM2   is generalized fuzzy regular  ∗Gδβ 

open in GFM1 . Hence f is completely   ∗Gδβ continuous. 

Proposition 5.8.  Every strongly  ∗Gδβ continuous  function is almost completely  ∗Gδβ 
continuous. 

Proof:   Let λ be a generalized  fuzzy regular  ∗open set in GFM2.   Every  generalized  fuzzy 

regular  ∗open set is a fuzzy set.  Since f is strongly   ∗Gδβ continuous,  f −1 (λ)  is both  ∗Gδβ 

open and  ∗Fσ β flat in GFM1 .  Both   ∗Gδβ open set and  ∗Fσβ is a generalized fuzzy 

regular   ∗Gδβ open set.  That is the inverse image of every generalized fuzzy regular∗open set  in 

GFM2   is generalized  fuzzy regular  ∗Gδβ  open in GFM1 .  Hence f is almost completely   

∗Gδβ continuous. 
 
Remark 5.6.  The converse of the above theorem need not be true as shown in the following 
example. 
Example 5.6.  Let E = {a, b} and 1 = {1E , λ1 , λ2, λ3} where λi : E −→ [0, 1] for i =1,  2,3 be 
defined as λ1(a)  = 0.3, λ1(b)  = 0.3; λ2 (a) = 0.6, λ2 (b) = 0.6; λ3(a)  = 0.7, λ3(b)  = 0.7; and 2 
= {1E , µ1 , µ2} where µi : E −→ [0, 1] for i = 1, 2 be defined as µ1 (a) = 0.8, µ1(b) = 0.8; µ2 
(a) = 0.6, µ2 (b) = 0.6. Let f : GFM1−→GFM2  be the identity function.  Then  f is almost  

completely   ∗Gδβ continuous  but  not strongly  ∗Gδβ continuous,  since for the fuzzy set  

defined by (a) = 0.4, (b) = 0.1 in ,  is not both   ∗Gδβ open and  ∗Fσβ flat in 

GFM1.   Hence, every almost  completely   ∗Gδβ continuous  function  need not be strongly   

∗Gδ β continuous. 

Proposition 5.9.  Every strongly   ∗Gδβ continuous  function  is almost  perfectly    ∗Gδβ 
continuous. 

International Journal of Computational and Applied Mathematics. ISSN 1819-4966 Volume 12, Number 1 (2017) 
                                          © Research India Publications http://www.ripublication.com

440



Proof:    Let  f :  GFM1−→GFM2  be  strongly   ∗Gδβ  continuous   function.    Let  λ  be  a 

generalized  fuzzy regular  ∗open set in GFM2.  Every generalized  fuzzy regular  ∗open set is a 

fuzzy set.   Since f is strongly   ∗Gδβ  continuous,  f −1 (λ)  is both   ∗Gδβ  open  and  ∗Fσβ 

flat in GFM1 . That is the inverse image of every generalized  fuzzy regular  ∗open set in GFM2  

is both   ∗Gδβopen set and  ∗Fσβ flat in GFM1 . Hence f is almost completely ∗Gδβ 
continuous. 
 
Remark 5.7.  The converse of the above theorem need not be true as shown in the following 
example. 
Example 5.7.  Let E = {a, b} and 1 = {1E , λ1, λ2 , λ3 } where λi : E −→  [0, 1] for i =1,2, 3 
be defined as λ1(a)  = 0.3, λ1(b)  = 0.3; λ2(a)  = 0.6, λ2(b)  = 0.6; λ3 (a) = 0.7, λ3(b)  = 0.7; and 

2 = {1E , µ1 , µ2 } where µi  : E −→  [0, 1] for i = 1, 2 be defined as µ1 (a)  = 0.8, µ1(b)  = 
0.8; µ2 (a)  = 0.6, µ2(b)  = 0.6.  Let f :  GFM1−→GFM2  be the  identity function. Then  f is 

almost  perfectly   ∗Gδβ continuous  but  not  strongly   ∗Gδβ continuous,  since for the fuzzy set 

 defined by (a) = 0.2, (b) = 0.1 in ,  is not both   ∗Gδβ open and  ∗Fσβ flat in 

GFM1.  Hence, every almost perfectly  ∗Gδβ continuous function need not be strongly   ∗Gδβ 
continuous. 

Proposition 5.10. Every perfectly   ∗Gδβ continuous function  is almost  completely  ∗Gδβ 
continuous. 
Proof:   Let f :  GFM1 −→GFM2  be  perfectly   ∗Gδβ  continuous   function.  Let  λ  be  a 

generalized  fuzzy regular  ∗open set in GFM2.  Every generalized fuzzy regular ∗open set is a 

fuzzy  ∗open set.  Since f is perfectly   ∗Gδβ continuous, f −1 (λ)  is both   ∗Gδβ open and  

∗Fσβ flat in GFM1 . Both  ∗Gδβ open set and  ∗Fσβ is a generalized fuzzy regular  ∗Gδβ 

open set.  That is the inverse image of every generalized fuzzy regular ∗open set in GFM2   is 

generalized  fuzzy regular  ∗Gδβ open in GFM1 .  Hence f is almost completely ∗Gδβ 
continuous. 
 
Remark 5.8.  The converse of the above theorem need not be true as shown in the following 
example. 
Example 5.8.  Let E = {a, b} and 1 = {1E , λ1 , λ2, λ3} where λi : E −→  [0, 1] for i =1,2, 3 
be defined as follows λ1(a)  = 0.3, λ1(b)  = 0.3; λ2 (a)  = 0.6, λ2(b)  = 0.6; λ3(a)  = 0.7,λ3(b)  = 

0.7; and 2 = {1E , µ1, µ2 } where µi : E −→ [0, 1] for i = 1, 2 be defined as µ1(a) = 0.8, µ1(b) 
= 0.8; µ2(a) = 0.6, µ2 (b) = 0.6. Let f :GFM1−→GFM2 be the identity function. Then f is 

almost completely  ∗Gδβ continuous  but not perfectly  ∗Gδβ continuous,  since for the fuzzy  

*open set 
 

 defined by (a) = 0.2, (b) = 0.2 in GFM2,  is not both  ∗Gδβ open and  

∗Fσβ flat in GFM1.  Hence, every almost completely  ∗Gδβ continuous function  need not be 

perfectly   ∗Gδβ continuous.  
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Proposition 5.11. Every strongly  ∗Gδβ continuous  function  is  ∗Gδβ continuous. 

Proof:   Let f :  GFM1 −→GFM2  be strongly   ∗ Gδβ continuous  function.   Let λ be fuzzy  

∗open set in GFM2.  Every  fuzzy  ∗open set is a fuzzy set.  Since f is strongly   ∗Gδβ 

continuous,  f −1(λ) is both   ∗Gδβ  open  and   ∗Fσβ  flat  in GFM1 .  That is the inverse 

image of every fuzzy  ∗open set in GFM2   is  ∗Gδβ open in GFM1.  Hence f is  ∗Gδβ 
continuous. 
 
Remark 5.9.  The converse of the above theorem need not be true as shown in the following 
example. 
Example 5.9.  Let E = {a, b} and 1 = {1E , λ1, λ2 , λ3} where λi : E −→ [0, 1] for i =1,  2,3 be 
defined as λ1(a)  = 0.4, λ1(b)  = 0.5; λ2 (a) = 0.6, λ2(b)  = 0.7; λ3(a)  = 0.8, λ3(b)  = 0.8;and 2 = 

{1E , µ1, µ2, µ3 } where µi : E −→ [0, 1] for i = 1, 2, 3 be defined as µ1(a)  = 0.6, µ1(b)  = 0.8; 
µ2 (a)  = 0.5, µ2 (b)  = 0.7; µ3(a)  = 0.4, µ3(b)  = 0.5.  Let f : GFM1 −→GFM2 be the identity 

function.  Then f is  ∗Gδ β continuous  but not strongly  ∗Gδβ continuous, since for the fuzzy 

set  defined by (a) = 0.3, (b) = 0.2 in GFM2,  is not  both  ∗Gδβ open and   ∗Fσβ 

flat in GFM1.  Hence, every  ∗Gδβ continuous  function  need not be strongly   ∗Gδβ 
continuous. 

Proposition 5.12. Every perfectly   ∗Gδβ continuous  function  is  ∗Gδβ continuous. 

Proof:  Let f : GFM1−→GFM2 be perfectly  ∗Gδβ continuous  function.  Let λ be fuzzy 
∗open set in GFM2.  Since f is perfectly   ∗Gδβ continuous,  f −1(λ) is both   ∗Gδβ open 

and  ∗Fσβ flat in GFM1 .  That is the  inverse image of every fuzzy  ∗open set in GFM2 is  

∗Gδβ open in GFM1.  Hence f is  ∗Gδβ continuous. 
 
Remark  5.10. The  converse  of the  above  theorem  need  not  be  true  as  shown  in  the 
following example. 
Example 5.10. Let  E = {a,  b} and  1  = {1E , λ1,  λ2 , λ3}  where λi  :  E −→  [0, 1] for i 
=1,  2, 3 be defined as λ1(a)  = 0.4, λ1 (b)  = 0.5; λ2(a)  = 0.6, λ2(b)  = 0.7; λ3(a)  = 0.8, λ3 
(b)  = 0.8; and  2 = {1E , µ1, µ2, µ3} where µi  :  E −→  [0, 1] for i = 1, 2, 3 be defined as 
µ1(a)  = 0.9, µ1(b)  = 0.8; µ2(a)  = 0.7, µ2(b)  = 0.6; µ3(a)  = 0.4, µ3(b)  = 0.5.  Let f : 

GFM1−→GFM2  be the  identity function.   Then  f is  ∗Gδβ continuous  but  not  perfectly  

∗Gδβ continuous,  since for the fuzzy  ∗open set   defined by (a) = 0.1, (b) = 0.2 in GFM2, 

 is not  both   ∗Gδβ open and  ∗Fσβ flat in GFM1.  Hence, every  ∗Gδβ continuous 

function  need not be perfectly   ∗Gδβ continuous. 

Proposition 5.13. Every completely   ∗Gδβ continuous  function  is  ∗Gδβ continuous. 

Proof:   Let  f :  GFM1 −→GFM2  be  completely   ∗Gδβ  continuous   function.    Let  λ  be 

fuzzy  ∗open set in GFM2.  Since f is completely ∗Gδβ continuous,  f−1(λ)  is generalized fuzzy 
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regular   ∗Gδβ  open in GFM1 .  Every generalized  fuzzy regular   ∗Gδβ  open is ∗Gδβ open.  

That is the inverse image of every fuzzy  ∗open set in GFM2   is  ∗Gδβ open in GFM1.  Hence 

f is  ∗Gδβ continuous.  
Remark  5.11. The  converse  of the  above  theorem  need  not  be  true  as  shown  in  the 
following example. 
Example 5.11. Let  E = {a,  b}  and  1  = {1E , λ1 , λ2,  λ3}  where λi  :  E −→  [0, 1] for i 
=1,  2, 3 be defined as λ1(a)  = 0.4, λ1(b)  = 0.5; λ2 (a)  = 0.6, λ2(b)  = 0.7; λ3(a)  = 0.8, λ3(b)  

= 0.8; and  2 = {1E , µ1, µ2 , µ3} where µi  :  E −→  [0, 1] for i = 1, 2, 3 be defined as µ1 (a)  
= 0.6, µ1(b)  = 0.9; µ2(a)  = 0.5, µ2 (b)  = 0.8; µ3 (a)  = 0.4, µ3(b)  = 0.5.  Let f : 

GFM1−→GFM2 be the identity function.  Then f is  ∗Gδβ continuous but not completely 
∗Gδβ continuous,  since for the fuzzy  ∗open set  defined by (a) = 0.4, (b) = 0.1 in GFM2, 

is not generalized  fuzzy regular  ∗Gδβ open in GFM1.  Hence, every  ∗Gδβ continuous 

function  need not be completely   ∗Gδβ continuous. 

Proposition 5.14. Every almost completely  ∗Gδβ continuous  function is almost  ∗Gδβ 
continuous. 

Proof:   Let  f :  GFM1−→GFM2  be almost  completely   ∗Gδβ  continuous  function.   Let λ be 

a generalized  fuzzy regular  ∗open set in GFM2.  Since f is almost completely   ∗Gδβ continuous,   

f −1(λ) is generalized  fuzzy regular  ∗Gδβ  open  in GFM1.   Every  generalized fuzzy regular  
∗Gδβ open set is  ∗Gδβ open.  That is the inverse image of every generalized fuzzy regular  
∗open set  in GFM2   is  ∗Gδβ  open  in GFM1.   Hence f is almost   ∗Gδβ continuous. 
Remark  5.12. The  converse  of the  above  theorem  need  not  be  true  as  shown  in  the 
following example. 
Example 5.12. Let E = {a, b} and 1 = {1E , λ1, λ2 , λ3 } where λi : E −→ [0, 1] for i =1,2, 3 
be defined as λ1(a)  = 0.3, λ1(b)  = 0.3; λ2(a)  = 0.6, λ2(b)  = 0.6; λ3 (a) = 0.7, λ3(b)  = 0.7; and 

2 = {1E , µ1 , µ2 } where µi  : E −→  [0, 1] for i = 1, 2 be defined as µ1(a)  = 0.7, µ1(b)  = 
0.8; µ2(a)  = 0.6, µ2(b)  = 0.8.  Let f :  GFM1−→GFM2  be the  identity function. Then  f is 

almost   ∗Gδβ continuous  but  not  almost  completely   ∗Gδβ continuous  since for the 

generalized  fuzzy regular  ∗open set  defined by (a) = 0.4, (b) = 0.2 in GFM2,  is not 

generalized  fuzzy regular  ∗Gδβ open in GFM1 . Hence, every almost   ∗Gδβ continuous function  

need not be almost  completely  ∗Gδβ continuous. 

Proposition  5.15. Every completely   ∗Gδβ continuous function  is almost   ∗Gδβ con- 
tinuous. 

Proof:   Let f :  GFM1−→GFM2  be completely   ∗Gδβ  continuous  function.   Let  λ  be a 

generalized  fuzzy regular ∗open set  in GFM2.   Since f is completely   ∗Gδβ  continuous, f -1(λ)  

is generalized  fuzzy regular  ∗Gδβ open in GFM1.   Every generalized  fuzzy regular ∗Gδβ open 
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set is  ∗Gδβ open.  That is the inverse image of every generalized fuzzy regular ∗open set in 

GFM2   is  ∗Gδβ open in GFM1.  Hence f is almost   ∗Gδβ continuous 
. 
Remark  5.13. The  converse  of the  above  theorem  need  not  be  true  as  shown  in  the 
following example. 
Example 5.13. Let E = {a, b} and 1 = {1E , λ1 , λ2 , λ3} where λi : E −→ [0, 1] for i =1,2, 3 
be defined as λ1(a)  = 0.3, λ1(b)  = 0.3; λ2 (a) = 0.6, λ2(b)  = 0.6; λ3 (a) = 0.7, λ3(b)  = 0.7; and 

2 = {1E , µ1, µ2 } where µi  : E −→  [0, 1] for i = 1, 2 be defined as µ1(a)  = 0.8, µ1(b)  = 0.8; 
µ2(a)  = 0.6, µ2 (b)  = 0.6.  Let f :  GFM1−→GFM2  be the  identity function. Then  f is almost  

 ∗Gδβ continuous  but  not  completely   ∗Gδβ continuous, since for the fuzzy  ∗open set  

defined by (a) = 0.2, (b) = 0.2 in GFM2, is not generalized  fuzzy regular  ∗Gδβ open in 

GFM1. Hence, every almost   ∗Gδβ continuous  function  need not be completely   ∗Gδβ 
continuous. 

Proposition 5.16. Every  ∗Gδβ continuous  function  is almost   ∗Gδβ continuous. 

Proof:   Let  f :  GFM1−→GFM2  be  ∗Gδβ  continuous  function.   Let  λ  be a generalized 

fuzzy regular  ∗open set in GFM2.  Since f is  ∗Gδβ continuous,  f −1(λ) is  ∗Gδβ open in 

GFM1.  Every generalized fuzzy regular  ∗ open set is fuzzy  ∗open set.  That is the inverse image  

of every  generalized  fuzzy regular  ∗open  set  in  GFM2   is  ∗Gδβ  open  in  GFM1 . Hence f is 

almost   ∗Gδβ continuous. 
 
Remark  5.14. The  converse  of the  above  theorem  need  not  be  true  as  shown  in  the 
following example. 
Example 5.14. Let E = {a, b} and 1 = {1E , λ1 , λ2} where λi : E −→  [0, 1] for i =1,  2 be 
defined as λ1 (a)  = 0.8, λ1(b)  = 0.8; λ2(a)  = 0.6, λ2(b)  = 0.6; and  2 = {1E , µ1, µ2} where 
µi  :  E −→  [0, 1] for i  = 1, 2 be defined as µ1(a)  = 0.1, µ1 (b)  = 0.1; µ2 (a)  = 0.6, µ2(b)  = 

0.6.  Let f :  GFM1−→GFM2  be the  identity function.   Then  f is almost   ∗Gδβ continuous  but  

not  ∗Gδβ continuous,  since for the fuzzy  ∗open set defined by (a) = 0.9, (b) = 0.9      in 

GFM2, is not  ∗Gδβ open in GFM1.  Hence, every almost  ∗Gδβ continuous  function  

need not be  ∗Gδβ continuous. 
 
Remark 5.15. From  the results  obtained  above, the following implications  are obtained. 
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Figure 1 : Interrelations 
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