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Abstract:  

We presented the notion of graphical revised fuzzy metric spaces in this paper, which is a relation-

based expansion of revised fuzzy metric spaces. We also explored topological structure and 

convergence requirements, as well as proving a Banach fixed-point result in graphical revised fuzzy 

metric space. In the framework of graphical revised fuzzy metric spaces, we establish a solution to an 

integral equation and nonlinear fractional differential equations using the presented results. We've 

included several examples to assist you visualize the results. 
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Introduction 

Graph theory is becoming more popular as a result of its applications. It is widely used in 

mathematics and applied sciences, where it has a significant impact. A graph W = (V(W), 

E(W)) is made up of an ordered pair, with V(W) representing the set of all vertices of a graph 

W and E(W) representing the connection between the vertices of the graph W, also known as 

a set of edges. In addition, jVj represents the cardinality of vertex set V (also known as graph 

W's order) and jEj represents the cardinality of graph W's edge set E. The main graph theory 

is divided into two categories: undirected graphs, in which there is no direction or constraint 

for moving one vertex to the other if all vertices are linked, and directed graphs, in which 

each edge has a specific direction. A directed graph's edges are ordered pairs, whereas an 

undirected graph's edges are unordered pairs. The "Father of Graph Theory," Leonhard Eular 
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(1736), solved the famous unresolved issue known as the Konigsberg Bridge Problem. Data 

flow diagrams, decision-making abilities, the ability to explain links between objects, and the 

ability to readily adapt and change existing systems are all examples of applications due to 

the graphical aspect of this theory. Chemical sciences [3,25], data science [13], and  

architecture [27] all use graph theory in some way. 

On the other hand, Jachymski [9] applied graphical structure to fixed-point theory and used it 

to verify various fixed-point results. With an application to integral equations, Shukla et al. 

[26] employed graphical structure in metric spaces to generalise numerous fixed-point 

findings in graphical metric space. With application, Chen et al. [4] presented a graphical 

convex metric space and fixed-point findings for set valued G-contraction mappings. 

In 1965, fuzzy set theory initiated by L. A. Zadeh [28] introduced a method to deal with 

uncertainty and vagueness in our daily life. Kramosil and Michalek [12] used the notions of 

fuzzy sets with metric spaces established the notion of fuzzy metric spaces (FMSs) via 

continuous t-norms (CTNs), in which the notion of probabilistic metric spaces is generalized. 

George and Veeramani [7, 8] modified the concept of FMSs and obtained a Hausdorff 

topology for this kind of FMSs. Moreover, the theory of fixed points on FMS was developed 

in many directions, generalizing the fuzzy metric space or using different type of operators 

[6,14-16]. Alexander Sostak [1] developed the concept of “Revised Fuzzy Metrics(RFM)”. 

Muraliraj and Thangathamizh [17-20] extended it to the notion of  revised fuzzy contraction 

(RFC) and prove a theorem on fixed point in revised fuzzy metric space (RFMS).  

We shall broaden the concept of RFMSs in this paper. The following are the manuscript's key 

goals:  

(a) to develop a new concept of GRFMSs; 

(b) to compare ordered RFMS with GRFMS;  

(c) to make numerous contraction mappings and fixed point findings more 

universal;  

(d) to determine the presence of an integral equation solution using fixed point 

theory; 

(e) Fixed point theory is used to determine the presence of a solution to fractional 

differential equations. 

 

 

 

Some Basics from Graph Theory  
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In this part, we go over some basic graph theory terminology that will help readers 

comprehend this work. The authors cite the articles of Jachymski [9] and Shukla et al. [26] 

for further information. 

Consider a non-empty set 𝑋, and assume that 𝑋2 is the cartesian product; the diagonal of 𝑋2 

is denoted by 𝐿. Assume 𝑊 is a direct graph with non-parallel edges, such that the set of its 

vertices 𝑉(𝑊) corresponds with 𝑋 and all loops are included in the set of its edges 𝐸(𝑊); we 

call 𝑋  endowed with graph  𝑊 = (𝑉(𝑊), 𝐸(𝑊))  if 𝐿 ⊆ 𝐸(𝑊) . 𝑊−1  is the graph's 𝑊 

conversion, which is defined as: 

𝑉(𝑊−1) = 𝑉(𝑊) and 𝐸(𝑊−1) = {(𝑣, 𝜃) ∈ 𝑋2: (𝜃, 𝑣) ∈ 𝐸(𝑊)}. 

W denotes the undirected graph analysed from W, which contains all of  𝑊−1 edges. We 

write; 

𝑉(𝑊̂) = 𝑉(𝑊) and 𝐸(𝑊̂) = 𝑉(𝑊) ∪ 𝐸(𝑊−1). 

Suppose  𝑣, 𝜃 are the vertices of a graph  𝑊; then the path having length 𝑙 ∈ 𝑁 from 𝑣 𝑡𝑜 𝜃 in 

𝑊 is a sequence {𝑣𝑖}𝑖=0
𝑙  of 𝑙 + 1 vertices such that 𝑣0 = 𝑣, 𝑣𝑙 = 𝜃 and (𝑣𝑖−1, 𝑣𝑖) ∈ 𝐸(𝑊) for 

𝑖 = 1,2,3, … , 𝑙 . If there exists a path between any two vertices, then we say that 𝑊  is 

connected. If there exists a path  from 𝑣 𝑡𝑜 𝜃 and  𝜃 𝑡𝑜 𝑣  between two vertices in a direct 

graph, then we say that vertices 𝑣 𝑎𝑛𝑑 𝜃  are connected. If  every one of its edges are dealt as 

being undirected and there is a path between every two vertices, then we say that 𝑊  is 

weakly connected. Alternatively, if 𝑊̂ is connected, then 𝑊 is weakly connected. 

We define a relation 𝑃 on 𝑋 by (𝑣𝑃𝜃)𝑊  if and only if  there is a direct path from 𝑣 𝑡𝑜 𝜃 in 

𝑊. The authors say 𝑤 ∈ (𝑣𝑃𝜃)𝑊 if 𝑤 is included in a direct path from  𝑣 𝑡𝑜 𝜃 in 𝑊. For all 

𝑙 ∈ 𝑁, the authors define; 

[𝑣]𝑊
𝑙 = {𝜃 ∈ 𝑋: 𝑡ℎ𝑒𝑟𝑒 𝑖𝑠 𝑎 𝑑𝑖𝑟𝑒𝑐𝑡 𝑝𝑎𝑡ℎ 𝑓𝑟𝑜𝑚 𝑣 𝑡𝑜 𝜃 𝑜𝑓 𝑙𝑒𝑛𝑔𝑡ℎ 𝑙} 

A sequence {𝑣}𝑛 in 𝑋 is known as 𝑊 −termwise connected if it satisfies (𝑣𝑛𝑃𝑣𝑛+1)𝑊 for all 

𝑛 ∈ 𝑁 . A connected component of an undirected graph is a sub-graph that has any two 

vertices connected to each other by pathways and is not connected to anymore vertices in the 

super-graph. 

In this paper, we allot a revised fuzzy weight  𝑈𝑊(𝑣, 𝜃, 𝑡) to a degree of nearness between 𝑣 

and 𝜃  at 𝑡, where 𝑡  is interpreted as a time. We assume that the graphs under study are 

directed with non-empty sets of vertices and edges throughout this paper. 

 

 

Definition 2.1.  
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Suppose 𝑋 be a non-empty set endowed with a graph (𝑊,⨁) is a continuous t-conorm, 

and 𝑈𝑊  is a RFM on 𝑋2 × (0,+∞); the mapping 𝑈𝑊  is known as a graphical revised 

fuzzy metric 𝑏𝑟𝑖𝑒𝑓𝑙𝑦, 𝐺𝑅𝐹𝑀), if  

a. 𝑈𝑊(𝑣, 𝜃, 𝑡) < 1; 

b. 𝑈𝑊(𝑣, 𝜃, 𝑡) = 0 if and only if 𝑣 = 𝜃; 

c. 𝑈𝑊(𝑣, 𝜃, 𝑡) = 𝑈𝑊(𝜃, 𝑣, 𝑡); 

d. 𝑖𝑓 (𝑣𝑃𝜃)𝑊  such that 𝑤 ∈ (𝑣𝑃𝜃)𝑊  implies 𝑈𝑊(𝑣, 𝜃, 𝑡 + 𝑠) ≤

𝑈𝑊(𝑣, 𝑤, 𝑡) ⨁ 𝑈𝑊(𝑤, 𝜃, 𝑠); 

e. 𝑈𝑊(𝑣, 𝜃, −): (0, +∞) → [0,1]  is continuous, for all 𝑣, 𝜃 ∈ 𝑋  and 𝑡, 𝑠 > 0 . Then 

(𝑋, 𝑈𝑊, ⨁) is known as a GRFMS. 

Example 2.2.  

Every RFMS is a GRFMS with a graph  𝑊, where 𝑉(𝑊) = 𝑋 and 𝐸(𝑊) = 𝑋2 at 

a time 𝑡. 

Definition 2.3.  

Let (𝑋,≼) be a partially ordered set, ⨁ is a continuous t-conorm, and 𝑈≼  is a 

RFM on                  𝑋2 × (0,+∞); the mapping 𝑈≼ is known as ordered RFM, if 

1. 𝑈≼(𝑣, 𝜃, 𝑡) < 1; 

2. 𝑈≼(𝑣, 𝜃, 𝑡) = 0 if and only if 𝑣 = 𝜃; 

3. 𝑈≼(𝑣, 𝜃, 𝑡) = 𝑈≼(𝜃, 𝑣, 𝑡); 

4. 𝑈≼(𝑣, 𝜃, 𝑡 + 𝑠) ≤ 𝑈≼(𝑣, 𝑤, 𝑡) ⨁ 𝑈≼(𝑤, 𝜃, 𝑠); 

5. 𝑈𝑊(𝑣, 𝜃, −): (0, +∞) → [0,1]  is continuous, for all 𝑣, 𝜃 ∈ 𝑋  and 𝑡, 𝑠 > 0 . Then 

(𝑋, 𝑈≼, ⨁) is known as a GRFMS. 

Example 2.4.  

Let (𝑋, 𝑈≼, ⨁) be an ordered RFMS and 𝑊𝐼 be a graph defined by 𝑉(𝑊𝐼) = 𝑋 and 

𝐸(𝑊𝐼) = {(𝑣, 𝜃) ∈ 𝑋
2: 𝑉 ≼ 𝜃} at a time t. Then (𝑋, 𝑈𝑊𝐼

,⨁) is a GRFMS, where 

𝑉𝑊𝐼
(𝑣, 𝜃, 𝑡) = 𝑈≼(𝑣, 𝜃, 𝑡) for all  (𝑣, 𝜃) ∈ 𝑋 and 𝑡 > 0. Therefore, each ordered RFMS is 

a graphical 

RFMS with the given graph  𝑊𝐼, Where 𝑊𝐼 is an induced graph by the partial order ≼. 

Example 2.5.  

Let  𝑋 = 𝑁  define CTCN by 𝑎 ⨁ 𝑏 = 𝑚𝑎𝑥{𝑎, 𝑏}  and partial order by                                                     

≼:= {(𝑣, 𝜃) ∈ 𝑁 × 𝑁 ∶  𝜃 𝑖𝑠 𝑑𝑖𝑣𝑖𝑠𝑖𝑏𝑙𝑒 𝑏𝑦 𝑣} . Define 𝑈≼ by: 
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𝑈≼(𝑣, 𝜃, 𝑡) = {

0     𝑖𝑓 𝑣 = 𝜃
𝑣𝜃

𝑡 + 𝑣𝜃
    𝑖𝑓 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

Then 𝑈≼ is an ordered RFM and (𝑋, 𝑈≼, ⨁) is an ordered RFMS.  

Then the GRFM 𝑉𝑊𝐼
(𝑣, 𝜃, 𝑡) = 𝑈≼(𝑣, 𝜃, 𝑡)   is not a RFM. Indeed, for 𝑡 = 𝑠 = 0, 𝑣 =

 5, 𝜃 = 1 and  𝑤 = 3, then we obtain:  

𝑈𝑊(𝑣, 𝑤, 𝑡 + 𝑠) =
𝑣𝑤

𝑡 + 𝑠 + 𝑣𝑤
=
15

17
 

On the other Side: 

𝑈𝑊(𝑣, 𝜃, 𝑡) ⨁ 𝑈𝑊(𝜃, 𝑤, 𝑠) = 𝑚𝑎𝑥 {
𝑣𝜃

𝑡 + 𝑣𝜃
,
𝑤𝜃

𝑠 + 𝑤𝜃
} = 𝑚𝑎𝑥 {

5

6
,
3

4
} =

5

6
 

Then we have ,  𝑈≼(𝑣, 𝑤, 𝑡 + 𝑠) =
15

17
>

5

6
= 𝑈≼(𝑣, 𝜃, 𝑡) ⨁ 𝑈≼(𝜃, 𝑤, 𝑠) 

Example 2.6. 

 Suppose an undirected graph 𝑊(𝑉, 𝐸) with 𝑉(𝑊) = 𝑋. Let 𝑊𝑗 , 𝑗 = 1,2, … , 𝑛 be the 

components of  𝑊  that are  connected such that 𝑉(𝑊) = ⋃ 𝑉(𝑊𝑗),
𝑛
𝑗=1  𝐸(𝑊) = Λ ∪

{⋃ 𝑉(𝑉𝑗)
𝑛
𝑗=1 } at a time t. let 𝑙𝑢𝜃 be the length of the shortest from 𝑢 to 𝑢 𝑡𝑜 𝜃. Now define 

𝑈𝑊: 𝑋
2 × (0,+∞) → [0,1] with 𝑎 ⨁ 𝑏 = 𝑎 + 𝑏 − 𝑎𝑏 by 

𝑈𝑊(𝑣, 𝜃, 𝑡)

= {

0                                                   𝑖𝑓 𝑣 = 𝜃 𝑜𝑟 𝑣 ∈ 𝑈𝑗 , 𝜃 ∈ 𝑈𝑖 , 𝑖, 𝑗 ∈ {1,2, … , 𝑛}, 𝑖 ≠ 𝑗;

𝑣𝜃

𝑡 + 𝑣𝜃
                                                                                 𝑖𝑓 (𝑢, 𝜃) ∈ 𝑈𝑗 , 𝑗 ∈ {1,2, … , 𝑛}

 

Then 𝑈𝑊 is a GRFM  on 𝑋 and (𝑋, 𝑈𝑊, ⨁) is an GRFMS. 

Example 2.7. 

 Suppose 𝑋 = [0,1] and the graph 𝑊(𝑉, 𝐸) described 𝑉(𝑊) = 𝑋 and   

𝐸(𝑊) = Λ ∪ {(𝑣, 𝜃) ∈ 𝑋2: 𝑢, 𝜃 ∈ (0,1], 𝑢 ≤ 𝜃}  at a time t. let 𝑎 ⨁ 𝑏 = 𝑚𝑎𝑥{𝑎, 𝑏}  and 

described a mapping  𝑈𝑊: 𝑋
2 × (0,+∞) → [0,1] by 

𝑈𝑊(𝑣, 𝜃, 𝑡) =

{
 
 

 
 

0                                                   𝑖𝑓 𝑣 = 𝜃;
𝑣𝜃

𝑡 + 𝑣𝜃
                      𝑖𝑓 (𝑣, 𝜃] ∈ (0,1], 𝑢 ≠ 𝜃

(𝑣 + 𝜃)

𝑡 + (𝑣 + 𝜃)
                              𝑖𝑓 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

Then, 𝑈𝑊 is GRFM on 𝑋 and (𝑋, 𝑈𝑊, ⨁) is a GRFMS. Indeed, 𝑈𝑊 is not an RFM on 𝑋. 

Let 𝑣 =
1

2
, 𝜃 =

1

2
, 𝑢 = 1 and 𝑡 = 𝑠 = 1, therefore deducing that, As seen in the above 

examples, every RFMS is a GRFM  is a GRFMS, but the converse is not true. 

Definition 2.8. 
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 Let (𝑋, 𝑈𝑊, ⨁) be a GRFMS. An open ball 𝐵𝑊(𝑣, 𝑟, 𝑡) with center 𝑣 ∈ 𝑋, radius 𝑟 >

0 is defined by  

𝐵𝑊(𝑣, 𝑟, 𝑡) = {𝜃 ∈ 𝑋: (𝑣𝑃𝜃)𝑊, 𝑈𝑊(𝑣, 𝜃, 𝑡) < 1}. 

Since Λ ⊆ E(W), then the authors have 𝑣 ∈ 𝐵𝑊(𝑣, 𝑟, 𝑡) ≠ ∅  for all 𝑣 ∈ 𝑋, 𝑟 > 0 and 𝑡 >

0.  

The collection is known as the neighborhood system for the topology 𝜏𝑊 and defined 

by                      𝛽 = {𝐵𝑊(𝑣, 𝑟, 𝑡): 𝑣 ∈ 𝑋, 𝑟 > 0, 𝑡 > 0} on 𝑋 induced by GRFM  𝑈𝑊. 

Openly, 𝑈 is a subset of 𝑋 that is known as open for each 𝑣 ∈ 𝑋 if there exists an 𝑟 > 0 

such that 𝐵𝑊(𝑣, 𝑟, 𝑡) ⊂ 𝑈 for 𝑡 > 0. Indeed, if complement 𝑋/𝐶 is open of a subset 𝐶 of 

𝑋 then it is known as closed. 

Lemma 2.9.   

Every open ball in 𝑋 is an open set.  

Proof.  

 Suppose an open ball 𝐵𝑊(𝑣, 𝑟, 𝑡) with center 𝑣, radius 𝑟, and time 𝑡. Assume that 𝜃 =

𝐵𝑊(𝑣, 𝑟, 𝑡), then  𝑈𝑊(𝑣, 𝜃, 𝑡) < 𝑟. Since 𝑈𝑊(𝑣, 𝜃, 𝑡) < 𝑟, there exists 𝑡0 ∈ (0, 𝑡) such that 

𝑈𝑊(𝑣, 𝜃, 𝑡0) < 𝑟.  

Put 𝑟0 = 𝑈𝑊(𝑣, 𝜃, 𝑡0). As 𝑟0 < 𝑟, there exists 𝑢 ∈ (0, 𝑡) such that  𝑟0 < 𝑢 < 𝑟. At this 

instant for specified 𝑟0  and 𝑢  such that 𝑟0 < 𝑢,  there exists 𝑟1, 𝑟2 ∈ (0, 𝑡)  such that  

𝑟0⨁ 𝑟1 < 𝑢. Set 𝑟3 = 𝑚𝑖𝑛{𝑟1, 𝑟2} and let the open ball 𝐵𝑊(𝜃, 𝑟3, 𝑡 − 𝑡0). We claim that  

𝐵𝑊(𝜃, 𝑟3, 𝑡 − 𝑡0) ⊂ 𝐵𝑊(𝑣, 𝑟, 𝑡). By definition, there is  (𝑣𝑃𝜃)𝑊  and (𝜃𝑃𝑢)𝑊  such that 

(𝑣𝑃𝑤)𝑊 . At this instant, suppose  𝑢 ∈ 𝐵𝑊(𝜃, 𝑟3, 𝑡 − 𝑡0) . Then 𝑈𝑊(𝜃, 𝑢, 𝑡 − 𝑡0) . 

Therefore, 

𝑈𝑊(𝑣, 𝑢, 𝑡) ≤ 𝑈𝑊(𝑣, 𝜃, 𝑡0) ⨁ 𝑈𝑊(𝜃, 𝑢, 𝑡 − 𝑡0) ≤ 𝑟0⨁ 𝑟3 ≤ 𝑟0⨁ 𝑟1 < 𝑢 < 𝑛. 

Therefore 𝑢 ∈ 𝐵𝑊(𝑣, 𝑟, 𝑡) and  𝐵𝑊(𝜃, 𝑟3, 𝑡 − 𝑡0) ⊂ 𝐵𝑊(𝑣, 𝑟, 𝑡). 

Next, in GRFMS, we define the terms convergence, Cauchy sequence, and completeness. 

Definition  2.10. 

 Assume (𝑋, 𝑈𝑊, ⨁) to be a GRFMS and a sequence {𝑣𝑛} is convergent and converges 

to 𝑣 ∈ 𝑋 if, for known 𝜀 > 0, there exists 𝑛0 ∈ 𝑁 such that  𝑈𝑊(𝑣𝑛, 𝑢, 𝑡) < 𝜀 for all 𝑛 >

𝑛0. It is obvious that the sequence  {𝑣𝑛} is convergent and converges to 𝑣, if and only if  

lim
𝑛→+∞

𝑈𝑊(𝑣𝑛, 𝑢, 𝑡) = 0. 

Lemma  2.11. 

 Suppose (𝑋, 𝑈𝑊,⨁) to be GRFMS with topology 𝜏𝑊 induced by GRFM. Then 𝜏𝑊 is 

a  𝑇1 but not 𝑇2 generally, i.e., Hausdorff. 
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Proof. 

 We will demonstrate that for each 𝑣 ∈ 𝑋 , the set {𝑣} that is singleton is a closed 

subset of 𝑋,  i.e., there set 𝑋\{𝑣}  is open in 𝑋 . Assume 𝜃 ∈ 𝑋\{𝑣},  then 𝜃 ≠ 𝑣,  i.e.,   

𝑈𝑊(𝑣, 𝜃, 𝑡) < 1.  

Now, let 𝑟 =
𝑈𝑊(𝑣,𝜃,𝑡)

2
< 1. Then we observe that 𝑣 ≠ 𝐵𝑊(𝜃, 𝑟, 𝑡), otherwise  

𝑈𝑊(𝑣,𝜃,𝑡)

2
=

𝑟 < 𝑈𝑊(𝑣, 𝜃, 𝑡),  which  is a contraction. It shows that  𝐵𝑊(𝜃, 𝑟, 𝑡) ⊂ 𝑋\{𝑣} , and so  

𝑋\{𝑣} is open. 

Definition  2.12. 

 Let  (𝑋, 𝑈𝑊, ⨁) be a GRFMS and a sequence  {𝑣𝑛} is known as a Cauchy sequence if, 

specified 𝜀 > 0, thereexists 𝑛0 ∈ 𝑁  such that  𝑈𝑊(𝑣𝑛, 𝑣𝑚, 𝑡) < 𝜀  for all 𝑛, 𝑛 > 𝑛0 . It is 

obvious that the sequence {𝑣𝑛}  is a Cauchy sequence if and only if 

lim
𝑛,𝑚→+∞

𝑈𝑊(𝑣𝑛, 𝑣𝑚, 𝑡) = 0. 

Definition  2.13. 

 A GRFMS (𝑋, 𝑈𝑊, ⨁) is known as complete if each Cauchy sequence in 𝑋 converges 

in 𝑋.  suppose that 𝑊⋄   is a different graph from 𝑊 such that  𝑉(𝑊⋄) = 𝑋 , if 

𝑊⋄ −termwise connectedthe sequence in 𝑋, then  (𝑋, 𝑈𝑊, ⨁) is known as 𝑊⋄ −complete. 

3.  Fixed point theorems in GRFMS 

 In this section, we discuss the existence of fixed point theorems under the 

circumstances. 

Definition 3.1.  

 Suppose (𝑋, 𝑈𝑊,⨁) to be a GRFMS, a mapping Γ: 𝑋 → 𝑋 and 𝑊⋄ to be a sub-group 

of 𝑊  such that Λ ⊆ 𝐸(𝑊⋄).  then, Γ  is known as (𝑊,𝑊⋄) − revised fuzzy graphical 

contraction ((𝑊,𝑊⋄) − 𝑅𝐹𝐺𝐶) on 𝑋 if satisfying the following conditions: 

(𝑅𝐹𝐺𝐶  1) (v, θ) ∈ 𝐸(𝑊⋄) implies (Γv, Γθ) ∈ 𝐸(𝑊⋄) at a time, that is, Γ preserves edges in 

𝐸(𝑊⋄). 

(𝑅𝐹𝐺𝐶  2)  There  exists 𝜔 ∈ (0,1) such that: 

𝑈𝑊(Γv, Γθ, 𝜔𝑡) ≤ 𝑈𝑊(v, θ, 𝑡), for all 𝑣, 𝜃 ∈ 𝑋 with (v, θ) ∈ 𝐸(𝑊⋄) at time t. 

A sequence {𝑣𝑛} with initial value 𝑣0 ∈ Γ is known as the Γ −picard sequence if 𝑣𝑛 =

𝑣𝑛−1 for all 𝑛 ∈ 𝑁. In order to continue the discussion, we support that 𝑊⋄ is a sug-graph 

of  𝑊 such that  Λ ⊆ 𝐸(𝑊⋄). 
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Theorem 3.2. 

Suppose 𝑊⋄ −complete GRFMS (𝑋, 𝑈𝑊, ⨁) , and let Γ: 𝑋 → 𝑋  be a (𝑊,𝑊⋄) − 𝑅𝐹𝐺𝐶 . 

assume that the below circumstances fulfill: 

a. Γv0 ∈ [v0]𝑊⋄
l  if there exists 𝑣0 ∈ 𝑋 for some 𝑙 ∈ 𝑁. 

b. If  there exists  {𝑣𝑛}, that is, 𝑊⋄ −termwise connected Γ −picard converges in 𝑋, then 

for {𝑣𝑛}  there exists a limit 𝜔 ∈ 𝑋  and  𝑛0 ∈ 𝑁  such that (𝑣𝑛 , 𝜔) ∈ 𝐸(𝑊
⋄)  or 

(𝜔, 𝑣𝑛) ∈ 𝐸(𝑊
⋄) at a time 𝑡 for all   𝑛 ≥ 𝑛0. 

Then there exists 𝑣⨁ ∈ 𝑋  such that a sequence  {𝑣𝑛} is a Γ −picard is 𝑊⋄ −termwise 

connected with initial value  𝑣0 ∈ 𝑋 and converges to both  𝑣⨁ and  Γ𝑣⨁. 

Proof.  

Suppose   𝑣0 ∈ 𝑋  to be the extent that Γv0 ∈ [v0]𝑊⋄
l  for some and the 

Γ −Picard sequence {𝑣𝑛} starting from v0. After that, there exists a path  [𝜃i]𝑖=0
l   such  

that  v0 = 𝜃0, Γv0 = Γ𝜃𝑙 and    (𝜃𝑙−1, 𝜃𝑖) ∈ 𝐸(𝑊
⋄) at a time for 𝑖 =  1, 2,· · · , 𝑙. Since  

Γ is a (𝑊,𝑊⋄) − 𝑅𝐹𝐺𝐶, by (RFC 2),    (Γ𝜃𝑙−1, Γ𝜃𝑖) ∈ 𝐸(𝑊
⋄) at a time 𝑡  for 𝑖 =  1, 2,· ·

 · , 𝑙.Therefore, [Γ𝜃i]𝑖=0
l   is a path from  Γ𝜃0 = Γ𝑣0 = 𝑣1 to Γ𝜃𝑙 = Γ2𝑣0 = 𝑣2 of length 𝑙 

and   so 𝑣2 ∈ [v1]𝑊1
l  . Continuing this  process, we obtain that [Γn𝜃i]𝑖=0

l  is a path from  

Γn𝜃0 = Γ
n𝑣0 = 𝑣𝑛  to Γn𝜃𝑙 = Γn𝑣0 = 𝑣𝑛+1 of length 𝑙 and so, 𝑣𝑛+1 ∈ [vn]𝑊⋄

l  ′ for all 

𝑛 ∈ 𝑁 . Thus {𝑣𝑛}  is a 𝑊⋄ -term-wise connected sequence. Since (Γn𝜃𝑙, Γ
n𝜃𝑙−1) ∈

𝐸(𝑊⋄) at a time 𝑡 for 𝑖 = 1,2, … , 𝑙 and  𝑛 ∈ 𝑁, by (𝑅𝐹𝐺𝐶  2), we obtain:  

𝑈𝑊(Γ
n𝜃𝑙−1, Γ

n𝜃𝑙 , 𝜔𝑡) ≤ 𝑈𝑊(Γ
n−1𝜃𝑙−1, Γ

n−1𝜃𝑙, 𝜔𝑡) ≤ ⋯ ≤ 𝑈𝑊 (𝜃𝑙−1, 𝜃𝑖 ,
𝑡

𝜔𝑛
)   

  (1) 

Since 𝑊⋄ is a gub-graph of 𝑊 and a 𝑊⋄ −term-wise connected sequence that is {𝑣𝑛}, for 

any 𝑛 ∈ 𝑁, we achieve by utilizing (d) of Definition 2.1, and (1), where we have: 

𝑈𝑊(𝑣𝑛, 𝑣𝑛+1, 𝑡) = 𝑈𝑊(Γ
n𝑣0, Γ

n+1𝑣0, 𝑡) = 𝑈𝑊(Γ
n𝜃0, Γ

n𝜃𝑙, 𝑡)  

                           ≤ ⨁𝑖=1
𝑙 [𝑈𝑊(Γ

n𝜃𝑙−1, Γ
n𝜃𝑙 , 𝜔𝑡)] ≤ ⨁𝑖=1

𝑙 [𝑈𝑊 (𝜃𝑙−1, 𝜃𝑖 ,
𝑡

𝜔𝑛
)]. 

Therefore, the sequence  {𝑣𝑛}  is 𝑊⋄ −term-wise connected for 𝑛,𝑚 ∈ 𝑁 with 𝑚 > 𝑛. we 

examined that  

𝑈𝑊(𝑣𝑛, 𝑣𝑚, 𝑡) ≤ ⨁𝑖=1
𝑚−1[𝑈𝑊(𝑣𝑖, 𝑣𝑖+1, 𝑡)] ≤ ⨁𝑖=1

𝑙 [𝑈𝑊 (𝜃𝑙−1, 𝜃𝑖 ,
𝑡

𝜔𝑛
)]. 

Since  𝜔 ∈ (0,1), we obtain lim
𝑛,𝑚→++∞

𝑈𝑊(𝑣𝑛, 𝑣𝑚, 𝑡) = 0. Therefore,  {𝑣𝑛}  is a Cauchy 

sequence in 𝑋.  utilizing the fact that 𝑋  have 𝑊⋄ − completeness, the sequence {𝑣𝑛} 

converges in 𝑋 and utilizing circumstance (B) , there exist  𝑣⨁ ∈ 𝑋, 𝑛0 ∈ 𝑁 such that  
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(𝑣𝑛, 𝑣
⨁) ∈ 𝐸(𝑊⋄)  or  ( 𝑣⨁, 𝑣𝑛) ∈ 𝐸(𝑊

⋄)  at a time 𝑡,  for all 𝑛 > 𝑛0  and  

lim
𝑛→++∞

𝑈𝑊(𝑣𝑛, 𝑣𝑚, 𝑡) = 0.  Therefore  {𝑣𝑛}   converges to 𝑣⨁ ∈ 𝑋,  At this instant, if  

(𝑣𝑛, 𝑣
⨁) ∈ 𝐸(𝑊⋄) at a time 𝑡, for all 𝑛 > 𝑛0,  applying (RFC 2), we deduce: 

𝑈𝑊(𝑣𝑛+1, Γ𝑣
⨁, 𝑡) = 𝑈𝑊(Γ𝑣𝑛, Γ𝑣

⨁, 𝑡) ≤ 𝑈𝑊 (𝑣𝑛, 𝑣
⨁,
𝑡

𝜔
) 

for all 𝑛 > 𝑛0. Since  lim
𝑛→++∞

𝑈𝑊(𝑣𝑛, 𝑣
⨁, 𝑡) = 0, we deduce  lim

𝑛→++∞
𝑈𝑊(𝑣𝑛+1, Γ𝑣

⨁, 𝑡) =

0. A similar result holds  if  (𝑣𝑛, 𝑣
⨁) ∈ 𝐸(𝑊⋄) at a time 𝑡, for all 𝑛 > 𝑛0,  and this gives 

us the sequence  {𝑣𝑛} that converges to 𝑣⨁ and  Γ𝑣⨁. 

Example  3.3. 

Assume 𝑋 = {
1

2𝑛
∪ {0}: 𝑛 ∈ 𝑁} and a graph 𝑊 = 𝑊⋄  with 𝑉(𝑊) = 𝑋  and 𝐸(𝑊) = Λ ∪

{(𝑣, 𝜃) ∈ 𝑋2: 𝜃 ≤ 𝑣} at a time 𝑡. suppose 𝑎 ⨁ 𝑏 = 𝑎 + 𝑏 − 𝑎𝑏 and describes a mapping  

𝑈𝑊: 𝑋
2 × (0,+∞) → [0,1] by : 

𝑈𝑊(𝑣, 𝜃, 𝑡) = {

0 𝑖𝑓 𝑣 = 𝜃
𝑣𝜃

𝑡+𝑣𝜃
  𝑖𝑓 𝑣 ∈ 𝑣, 𝜃 ∈ 𝑋\{0}, 𝑣 ≠ 𝜃

1

2
 𝑖𝑓 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

  

Then, 𝑈𝑊  is a GRFM on 𝑋  and  (𝑋, 𝑈𝑊, ⨁)  is a 𝑊 − complete GRFMS. Define a 

mapping Γ: 𝑋 → 𝑋 by: 

Γv = {

v

6
,                     if v = 0

1

6
,    if  𝑣 ∈

1

2𝑛
: 𝑛 ∈ 𝑁.

  

Observe that  Γ is an RFGC where 𝜔 =
1

2
  and 𝑡 = 1. for each 𝑣 ∈ {

1

2𝑛
: 𝑛 ∈ 𝑁}, 

we have    (𝑣, Γv) ∈ 𝐸(𝑊) at 𝑡, that is Γv ∈ [v]𝑊⋄
l . Also, observe that all conditions of 

theorem 3.2 and (B) hold, but  Γ has no fixed point in 𝑋. 

Definition  3.4.  

 Let (𝑋, 𝑈𝑊, ⨁)  be a GRFMS and  Γ: 𝑋 → 𝑋  be a map. Then, the five-tuple 

(𝑋, 𝑈𝑊, ⨁,𝑊, Γ) is known to have property (2) if: 

Whenever  a  𝑊⋄ −termwise connected  Γ −Picard sequence {𝑣𝑛} two limits  𝑣⨁  and  

𝜃⨁,  

if 𝑣⨁ ∈ 𝑋 and  𝜃⨁ ∈ Γ(X), then                  (2) 

Theorem  3.5. 

Suppose a 𝑊⋄ −complete GRFMS (𝑋, 𝑈𝑊, ⨁), and let Γ: 𝑋 → 𝑋 be a (𝑊,𝑊⋄) −

𝑅𝐹𝐺𝐶, Assume that 
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a. Γv0 ∈ [v0]𝑊⋄
l  for there exists v0 ∈ X for some 𝑙 ∈ 𝑁; 

b. If  sequence  {𝑣𝑛} that is 𝑊⋄ −termwise connected  Γ −Picard converges in 𝑋, then 

for  {𝑣𝑛}  there exists a limit  𝜔 ∈ 𝑋  and  n0 ∈ X  such that (𝑣𝑛 , 𝜔) ∈ 𝐸(𝑊
⋄)  or 

(𝜔, 𝑣𝑛) ∈ 𝐸(𝑊
⋄) at a time 𝑡 for all     𝑛 ≥ 𝑛0. 

Then, there exists  𝑣⨁ ∈ X  such that a sequence  {𝑣𝑛} that is Γ −Picard converges is 

𝑊⋄ −termwise connected with initial vale  v0 ∈ X and converges to both 𝑣⨁ and Γ𝑣⨁. 

Furthermore, if five-tuple (𝑋, 𝑈𝑊, ⨁,𝑊, Γ) contains the property (2), then Γ has a fixed 

point in 𝑋. 

Proof.  

 Applying  theorem 3.2, a sequence  {𝑣𝑛} converges to 𝑣⨁ and  Γ𝑣⨁.  Since  𝑣⨁ ∈ X 

and  Γ𝑣⨁ ∈ ΓX, consequently by applying (2) we have 𝑣⨁ = Γ𝑣⨁. 

We symbolize the set of all fixed points of  Γ by 𝐹𝑖𝑥(Γ), and the perception that we 

utilize is           𝑋Γ = {𝑣 ∈ 𝑋: (𝑣, Γv) ∈ 𝐸(𝑊⋄) 𝑎𝑡 𝑡𝑖𝑚𝑒 𝑡}.  

Theorem 3.6. 

 Suppose (𝑋, 𝑈𝑊,⨁)  to be a 𝑊⋄ − complete GRFMS, and let Γ:𝑋 → 𝑋  be a  

(𝑊,𝑊⋄) − 𝑅𝐹𝐺𝐶 . assume that all conditions of theorem 3.5 are satisfied; then  Γ has a 

fixed point. Furthermore, if  𝑋Γ  is weakly connected (as a sub-graph of  𝑊⋄), then the 

fixed point of Γ is unique. 

Proof.  

It is easy to observe that the existence of a fixed point follows from theorem 3.5. 

Now, assume  that  𝑋Γ  is weakly connected. Let 𝑣⨁, 𝜃⨁ ∈ 𝐹𝑖𝑥(Γ) be two distinct fixed 

points of  Γ. Therefore ,  𝐸(𝑊⋄) includes all the loops, that  is, 𝐹𝑖𝑥(Γ) ⊆ 𝑋Γ  and so 

𝑣⨁, 𝜃⨁ ∈ 𝑋Γ . We must get (𝑣⨁Γ𝜃⨁)𝑊⋄  or (𝜃⨁Γ𝑣⨁)𝑊⋄  because  𝑋Γ  is a weakly 

connected graph. Assume that (𝑣⨁Γ𝜃⨁)𝑊⋄  such that there exists a sequence  [𝜃i]𝑖=0
l  ,     

v0 = 𝑣⨁ , vl = 𝜃⨁  and (𝑣𝑙, 𝑣𝑖+1) ∈ 𝐸(𝑊
⋄)  at a time 𝑡  and for 𝑖 = 0,1, … , 𝑙 − 1 . 

Therefore, Γ is a (𝑊,𝑊⋄) − 𝑅𝐹𝐺𝐶 , and by consecutively utilizing (𝑅𝐹𝐺𝐶  1), we deduce 

(Γn𝜃𝑖, Γ
n𝑣𝑖+1) ∈ 𝐸(𝑊

⋄)  at a time 𝑡   for 𝑖 =  1, 2,· · · , 𝑙 − 1 , and for all 𝑛 ∈ 𝑁. 

Therefore, by (𝑅𝐹𝐺𝐶  2) we have; 

𝑈𝑊(Γ
n𝑣𝑖, Γ

n𝑣𝑖+1, 𝜔𝑡) ≤ 𝑈𝑊(Γ
n−1𝑣𝑖, Γ

n−1𝜃𝑖+1, 𝑡) ≤ ⋯ ≤ 𝑈𝑊 (𝑣𝑖 , 𝑣𝑖+1,
𝑡

𝜔𝑛
)    

for 𝑖 =  1, 2,· · · , 𝑙 − 1, and for all 𝑛 ∈ 𝑁. Now, by (d) of Definition 1, we get 

𝑈𝑊(Γ
n𝑣⨁, Γn𝜃⨁, 𝜔𝑡) ≤ ⨁𝑖=1

𝑙−1[𝑈𝑊(Γ
n𝑣𝑖, Γ

n𝑣𝑖+1, 𝜔𝑡)] ≤ ⨁𝑖=1
𝑙−1 [𝑈𝑊 (𝑣𝑖 , 𝑣𝑖+1,

𝑡

𝜔𝑛
)]. 
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Since  𝑣⨁, 𝜃⨁ ∈ 𝐹𝑖𝑥(Γ), we have Γn𝑣⨁ = 𝑣⨁, Γn𝜃⨁ = 𝜃⨁;  consequently, letting  𝑛 →

+∞, as a result of the preceding inequality, we have  𝑈𝑊(𝑣
⨁, 𝜃⨁, 𝑡) = 0, which implies 

that 𝑣⨁ = 𝜃⨁. Hence, the fixed point of  Γ is unique. 

4. Applications 

In  this section, we utilize the fixed-point technique to find a solution of integral 

equations and nonlinear fractional differential equations. 

 First, we utilize a fixed-point technique to find a solution of integral equations on  𝑋. 

We examine that the existence that the existence of a lower or upper solution to an 

integral equation implies the solution of the integral equation under certain conditions. 

Let 𝑋 = 𝐶([0,1], 𝑅) be the set of all real valued continuous functions on  [0,1].  

Let, 𝐵 = {𝑣 ∈ 𝑋: 0 ≤
𝑖𝑛𝑓

𝑢 ∈ [0,1]
𝑣(𝑢)  𝑎𝑛𝑑 𝑣(𝑢) ≤ 1, 𝑢 ∈ [0,1]  } 

and  describe  the graph 𝑊, 𝑊⋄  by 𝑊 = 𝑊⋄, 𝑉(𝑊) = 𝑋  and:  

𝐸(𝑊) = Λ ∪ {(v, θ) ∈ X2: v, θ ∈ B, v(u) ≤ θ(u), for all u ∈ [0,1]}. 

Now consider a GRFM defined by 𝑈𝑊: 𝑋
2 × (0,+∞) → [0,1] as : 

𝑈𝑊(v(u), θ(u), t) =

{
 
 

 
 

 𝑖𝑓 𝑣 = 𝜃0

𝑖𝑛𝑓

𝑢 ∈ [0,1]

v(u)θ(u)

t + v(u)θ(u)
      if v, θ ∈ B, v ≠ θ;

1

2
 𝑖𝑓 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒             

 

Then  (𝑋, 𝑈𝑊, ⨁) is a 𝑊⋄ −complete GRFMS with 𝑎⨁𝑏 = 𝑎 + 𝑏 − 𝑎𝑏. We suppose the 

integral equations as : 

𝛼(𝑢) = ∫ 𝑆(𝑢, 𝑐)𝑓(𝑐, 𝑣(𝑐))𝑑𝑐,
1

0
         (3) 

Where 𝑓: [0,1] × 𝑅 → 𝑅 and 𝑆: [0,1]2 → [0,+∞) are continuous functions.  

The function 𝛼(𝑢) = ∫ 𝑆(𝑢, 𝑐)𝑓(𝑐, 𝛼(𝑐))𝑑𝑐,   u ∈ [0,1]
1

0
. 

          It is obvious that reverse  inequality is met by an lower solution of  (3). Now, we 

examine the existence of a upper solution of (3) that reveals the existence of a solution of 

(3). We assume that Γ:𝑋2 is an operator and its described by 

Γ(𝑣)(𝑢) = ∫ 𝑆(𝑢, 𝑐)𝑓(𝑐, 𝑣(𝑐))𝑑𝑐,
1

0
        

 (4) 

           Which provides the necessary conditions for the existence of a fixed point of  (4)  

in 𝑋. obviously, such a fixed point is a solution of the integral equation (3). 

Theorem 4.1. 

Assume  that the requirement listed below are met: 
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a. 𝑓(𝑐, −): 𝑅 → 𝑅 is decreasing on [0,1), for each 𝑐 ∈ [0,1]. Further 𝑆(, 𝑐)𝑓(𝑐, 0) <

1: 

b. there exists 𝜔 ∈ (0,1) such that for 𝑣, 𝜃 ∈ 𝑋 with (𝑣, 𝜃) ∈ 𝐸(𝑊) at 𝑡, for each 𝑐, 𝑙 ∈

[0,1], we have 

𝑓(𝑐, 𝑣(𝑐))𝑓(𝑙, 𝜃(𝑙)) ≤ 𝑣(𝑐)𝜃(𝑙) 

and  

∬𝑆(𝑢, 𝑐)𝑆(𝑢, 𝑙)𝑑𝑐𝑑𝑙 ≤ 𝜔, 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑢 ∈ [0,1]

1

0

 

Then the existence of a lower solution of (3) in B demonstrates the existence of the 

solution of (3) in 𝑋. 

Conclusion 

Today, graph theory is crucial to understanding and resolving a variety of issues in 

research. Here, we introduced a new GRFMS method and provided instructive examples. 

We discussed using integral equations and nonlinear fractional differential equations 

conditions for the presence of a unique solution for contraction mapping. 

References 

1. Alexander Sostak “George-Veeramani Fuzzy Metrics Revised” Axioms 2018,7,60. 

2. Alexander Sostak and Tarkan Öner “On Metric-Type Spaces Based on Extended  T-

Conorms”  Mathematics 2020, 8, 1097; doi:10.3390/math8071097. 

3. Balaban, A.T. “Applications of graph theory in chemistry”. J. Chem. Inf. Comput. Sci. 1985, 

25,        334–343.  

4. Chen, L.; Yang, N.; Zhao, Y. “Fixed point theorems for set-valued G-contractions in a 

graphical convex metric space with applications”. J. Fixed Point Theory Appl. 2020, 22, 88.  

5. Debnath, P.; Konwar, N.; Radenovic, S. “Metric Fixed Point Theory”: Applications in 

Science, Engineering and Behavioural Sciences;Springer: Berlin/Heidelberg, Germany, 2021. 

6. Furqan, S.; I¸sık, H.; Saleem, N. “Fuzzy Triple Controlled Metric Spaces and Related Fixed 

Point Results”. J. Funct. Spaces 2021, 2021, 9936992.  

7. George, A.; Veeramani, P. “On some results in fuzzy metric spaces”. Fuzzy Sets Syst. 1994, 

64,         395–399.  

8. George, A.; Veeramani, P. On some results of analysis for fuzzy metric spaces. Fuzzy Sets 

Syst. 1997, 90, 365–368. 

9. Jachymski, J. The contraction principle for mappings on a metric space with a graph. Proc. 

Am. Math. Soc. 2008, 136, 1359–1373.  

ISSN 2688-8300 (Print) ISSN 2644-3368 (Online) JMSCM, Vol.5, No.3, April, 2024

348 Journal of Mathematical Sciences & Computational Mathematics



 
 

10. Jehad R, madhan  Kider  “Some Properties of Algebra Fuzzy Metric Space”,  Journal of Al-

Qadisiyah for Computer Science and Mathematics Vol.12(2) 2020 , pp Math 43–56 43. 

11. Jehad R, madhan  Kider  “Application of Fixed Point in Algebra Fuzzy Normed Spaces”, 

Journal of Physics: Conference Series  1879 (2021) 022099, IOP Publishing. 

12. Kramosil, I.; Michalek, J. Fuzzy metric and statistical metric spaces. Kybernetika 1975, 11, 

336–344. 

13. Majeed, A.; Rauf, I. Graph Theory: A Comprehensive Survey about Graph Theory 

Applications in Computer Science and Social Networks. Inventions 2020, 5, 10. 

14. Mecheraoui, R.; Mitrovi´c, D.Z.; Parvaneh, V.; Aydi, H.; Saleem, N. On Some Fixed Point 

Results in Fuzzy Metric Spaces. J. Math. 2021, 2021, 9196642.  

15. Mohammadi, B.; Hussain, A.; Parvaneh, V.; Saleem, N.; Shahkoohi, R.J. Fixed Point Results 

for Generalized Fuzzy Contractive Mappings in Fuzzy Metric Spaces with Application in 

Integral Equations. J. Math. 2021, 2021, 9931066.  

16. Moussaoui, A.; Saleem, N.; Melliani, S.; Zhou, M. Fixed Point Results for New Types of 

Fuzzy Contractions via Admissible Functions and FZ-Simulation Functions. Axioms 2022, 

11, 87.  

17. Muraliraj A and Thangathamizh, “The First Rational Type Revised Fuzzy-Contractions in 

Revised Fuzzy Metric Spaces With an Applications”, Mathematics,11, 2244, 2023. 

18. Muraliraj A and Thangathamizh, “New Relation-Theoretic Fixed Point Theorems in Revised 

Fuzzy Metric Spaces with an Application to Fractional Differential Equations”, 

Communications in Mathematics and Applications,Vol.12, No 22, 2023. 

19. Muraliraj. A and Thangathamizh. R, “Fixed point theorems in revised fuzzy metric space”,  

Advances in Fuzzy Sets and Systems, Volume 26, Number 2, 2021.  

20. Muraliraj. A and Thangathamizh. R, “Introduction on Revised fuzzy modular spaces”, Global 

journal of pre and applied mathematics, Volume 17, Number 2 (2021), pp. 303-317. 

21. Muraliraj. A and Thangathamizh. R, “Relation-Theoretic Revised Fuzzy Banach Contraction 

Principle And Revised Fuzzy Eldestein Contraction Theorem”, JMSCM, Vol.3, No.2, 

January, 2021. 

22. Muraliraj. A and Thangathamizh. R “A fixed pointtheorem satisfying integral type 

contraction in revised fuzzy metric space”, JMSCM, Vol.3, No.3, April, 2022. 

23. Naeem Saleem, Umar Ishtiaq, Lilina Guran and Monica-Felica Bota, “On graphical fuzzy 

metric spaces with application to fractional Differential equations”, Fractal and fractional, 

MPDI.2022. 6.238. 

24. Olga Grigorenko, Juan joseMinana, Alexander Sostak, Oscar Valero “On t-conorm based 

Fuzzy (Pseudo) metrics”, Axioms 2020, 9, 78;doi:10.3390/axioms9030078. 

25. Raki´c, D.; Mukheimer, A.; Došenovi´c, T.; Mitrovi´c, Z.D.; Radenovi´c, S. On some new 

fixed point results in fuzzy b-metric spaces. J. Inequalities Appl. 2020, 1, 99.  

ISSN 2688-8300 (Print) ISSN 2644-3368 (Online) JMSCM, Vol.5, No.3, April, 2024

349 Journal of Mathematical Sciences & Computational Mathematics



 
 

26. Raki´c, D.; Došenovi´c, T.; Mitrovic´, Z.D.; De la Sen, M.; Radenovic´, S. Some fixed point 

theorems of C´ iric´ type in fuzzy metric spaces. Mathematics 2020, 8, 297.  

27. Ratkiewicz, A.; Truong, T.N. Application of chemical graph theory for automated mechanism 

generation. J. Chem. Inf. Comput. Sci. 2003, 43, 36–44.  

28. Shukla, S.; Radenovic, S.; Vetro, C. Graphical metric space: A generalized setting in fixed 

point theory. Rev. Real Acad. Cienc. Exactas Físicas Naturales. Ser. A Matemáticas 2016, 

111, 641–655.  

29. Vecchio, F.; Miraglia, F.; Rossini, P.M. Connectome: Graph theory application in functional 

brain network architecture. Clin. Neurophysiol. Pract. 2017, 2, 206–213.  

30. Zadeh, L.A. Fuzzy sets. Inf. Control 1965, 8, 338–353.  

31. Zhou, M.; Saleem, N.; Liu, X.; Fulga, A.; Roldán López de Hierro, A.F. A New Approach to 

Proinov-Type Fixed-Point Results in Non-Archimedean Fuzzy Metric Spaces. Mathematics 

2021, 9, 3001. 

ISSN 2688-8300 (Print) ISSN 2644-3368 (Online) JMSCM, Vol.5, No.3, April, 2024

350 Journal of Mathematical Sciences & Computational Mathematics


	Journal Papers Final
	5_3_8


