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ABSTRACT 

Fuzzy graph is a powerful tool for creating Mathematical models for a wide variety of situations. 

The fuzzy graph has been instrumental in analyzing and solving problems in areas as diverse a 

computer network design, urban planning, finding shortest path and molecular biology. In this 

study, a Mathematical model is developed based on fuzzy inferences in order to identify the 

strongest path between two cities. The aim of this chapter is to discuss the binary operations on 

crisp anti fuzzy graphs such as anti-union, anti-join, anti-cartesian product and anti-composition 

and to obtain the bounds on them. 

KEYWORDS:Mathematical Modeling, Strongest Path, Fuzzy Graph, Mathematical models, 

binary operations 

INTRODUCTION 

Operations of graphs have defined in classical (crisp) graph theory and them various properties 

have appeared in literature. In this chapter operations on classical graph theory like intersection 

union, join, ring sum etc. have extended to fuzzy graphs and various properties are discussed. 

In the discussions of operation on fuzzy graphs we have taken common vertices and common 

edges as required condition. Further we introduced the product fuzzy graphs and some operations 

of product fuzzy graphs have  
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Self-Loop of a Fuzzy Graph:  If G:(σ, μ) be fuzzy graph then self-loop at vertex (v) defined by 

𝜎(𝑣) if 0 ≠ 𝜇𝑣, 𝑣 ≤ 𝜎(𝑣) 

MATHEMATICAL MODELING PROCESS 

The process of applying Mathematics to a real-world problem with a view to understanding the 

latter. It is a description of a system using Mathematical concepts and Language. The process of 

developing a Mathematical model is termed as Mathematical Modeling. 

 

Figure 1 Mathematical Modeling Process. 

 A Mathematical model is a well–defined Mathematical object consisting of a collection of 

variables and rules governing their values. Models are created from assumptions inspired by 

observation of some real phenomena in the hope that the model behavior resembles the behavior 

resembles the real behavior. Mathematical modeling essentially consists of translating real world 

problems into Mathematical problems, solving the Mathematical problems and interpreting this 

solution in the language of the real world. The main idea of Mathematical modeling is 

Abstraction - real world problem (experimental data) is described by a Mathematical 



International Journal in Management and Social Science  
Volume 09 Issue 12, December 2021 ISSN: 2321-1784 Impact Factor: 7.088 
Journal Homepage: http://ijmr.net.in, Email: irjmss@gmail.com                               
Double-Blind Peer Reviewed Refereed Open Access International Journal  

  

280 International Journal in Management and Social Science 
http://ijmr.net.in, Email: irjmss@gmail.com 

 

formulation. Aim: Find an appropriate Mathematical formulation and use the Mathematical tools 

to investigate the real-world phenomenon. No model is the right one, but only a right one. The 

process of repeated iteration is typical of modeling projects, and is one of the most useful aspects 

of modeling in terms of improving our understanding about how the system works. There are 

two types of models; (I) conceptual (ii) Mathematical conceptual model is Qualitative, usually 

based on graphs. Conceptual Models can be used as an initial step–for hypothesis testing, for 

Mathematical model development and as a frame work – for future monitoring, research, and 

management actions at a site. Modeling is the use of Mathematics as a tool to explain and make 

predictions of natural phenomena. 

STAGES OF MODELING 

 It is helpful to divide up the process of modeling into four broads‟ categories of activity, namely 

building, studying, testing and use. Although it might be nice to think that modeling projects 

progress smoothly from building through to use, this is hardly ever the case. In general, defects 

found at the studying and testing stages are corrected by returning to the building stage. Note that 

if any changes are made to the model, then the studying and testing stages must be 

repeated.Models describe our beliefs about how the world functions. In Mathematical modeling, 

we translate those beliefs into the language of Mathematics. This has many advantages. 

1. Mathematics is a very precise language. This helps us to formulate ideas and identify 

underlying assumptions. 

2. Mathematics is a concise language, with well-defined rules for manipulations.  

3. All the results that Mathematicians have proved over hundreds of years are at our disposal.  

4. Computers can be used to perform numerical calculations. There is a large element of 

compromise in Mathematical modeling. 

 A Mathematical model is a representation in Mathematical terms of the behavior of real devices 

and objects. A real-world problem, in all its generality can seldom be translated into a 

Mathematical problem and even if it can be so translated, it may not be possible to solve the 

resulting Mathematical problem. As such it is quite often necessary to idealize or simplify the 
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problem or approximate it by another problem which is quite close to the original problem and 

yet it can be translated and solved mathematically. In this idealization, we try to retain all the 

essential features of the problem, giving up those features which are not very essential or 

relevant to the situation we are investigating. 

SCOPE OF MATHEMATICAL MODELING 

The modeling of devices and phenomena is essential to both engineering and science, engineers 

and scientists have very practical reasons for doing Mathematical modeling. In addition, 

engineers, scientists, and Mathematicians want to experience the sheer joy of formulating and 

solving Mathematical problems.  

MATHEMATICAL MODELING AND THE SCIENTIFIC METHOD  

In an elementary picture of the scientific method we identify a real world, and a conceptual 

world. The external world is the one we call real; here we observe various phenomena and 

behaviors, whether natural in origin or produced by artifacts. The conceptual world is the world 

of the mind where we live when we try to understand what is going on in that real, external 

world. The conceptual world can be viewed as having three stages: observation, modeling, and 

prediction. In the observation part of the scientific method, we measure what is happening in the 

real world. Here we gather empirical evidence and facts on the ground. Observations may be 

direct, as when we use our senses, or indirect, in which case some measurements are taken to 

indicate through some other reading that an event has taken place. For example, we often know a 

chemical reaction has taken place only by measuring the product of that reaction. In this 

elementary view of how science is done, the modeling part is concerned with analyzing the 

above observations for one of (at least) three reasons. These rationales are about developing: 

models that describe the behavior or results observed; models that explain why that behavior and 

results occurred as they did; or models that allow us to predict future behaviors or results that are 

as yet unseen or unmeasured. 
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An elementary depiction of the scientific method that shows how our conceptual models of the 

world are related to observations made within that real world. In the prediction part of the 

scientific method, we exercise our models to tell us what will happen in a yet to be conducted 

experiment or in an anticipated set of events in the real world. These predictions are then 

followed by observations that serve either to validate the model or to suggest reasons that the 

model is inadequate. It also suggests that modeling is central to all of the conceptual phases in 

the elementary model of the scientific method. We build models and use them to predict events 

that can confirm or deny the models. 

PRINCIPLES OF MATHEMATICAL MODELING 

 Mathematical modeling is a principled activity that has both principles behind it and methods 

that can be successfully applied. The principles are overarching or Meta principles phrased as 

questions about the intentions and purposes of Mathematical modeling. These Meta principles 

are almost philosophical in nature. We will now outline the principles of Mathematical 

Modeling. A visual portrayal of the basic philosophical approach is captured in the following list 

of questions and answers:  

 Why? What are we looking for? Identify the need for the model. 

 Find? What do we want to know? List the data we are seeking.  

 Given? What do we know? Identify the available relevant data 

 Assume? What can we assume? Identify the circumstances that apply 

 How? How should we look at this model? Identify the governing physical principles. 

 Predict? What will our model predict? Identify the equations that will be used, the 

calculations that will be made, and the answers that will result.  

 Valid? Are the predictions valid? Identify tests that can be made to validate the model, 

that is, is it consistent with its principles and assumptions.  

 Verified? Are the predictions good? Identify tests that can be made to verify the model, 

that is, is it useful in terms of the initial reason it was done.  
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 Improve? Can we improve the Model? Identify parameter values that are not adequately 

known, variables that should have been included, and/or assumptions/restrictions that 

could be lifted. Implement the iterative loop that we can call “model – validate – verify – 

improve – predict”. 

 Use? How will we exercise the model? What will we do with the model? The list of 

questions and instructions is not an algorithm for building a good Mathematical model. 

However, the underlying ideas are key to Mathematical modeling, as they are key to 

problem formulation generally. Thus, we should expect the individual questions to recur 

often during the modeling process, and we should regard this list as a fairly general 

approach to ways of thinking about Mathematical modeling. 

3.10 CHARACTERISTICS OF MATHEMATICAL MODELING 

Realism of Models  

A Mathematical model is to be as realistic as possible and to represent reality as closely as 

possible. However, if a model is very realistic, it may not be Mathematically tractable. In making 

a Mathematical model, there has to be a trade-off between tractability and reality.  

Relative Precision of Models 

Different models differ in their precision and their agreement with observations.  

Self – Consistency of Models  

A Mathematical model involves equations and in equations and these must be consistent, for 

example a model cannot have both x  y a and x  y  a. Sometimes the inconsistency results 

arrive from the inconsistency of basic assumptions. Since Mathematical inconsistency is 

relatively easier to find out, this gives a method of finding inconsistency in requirements which 

social or biological scientists may require of their models. A well-known example of this is 

provided by Arrow‟s Impossibility Theorem. 
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Oversimplified and Overambitious Models 

 It has been said that Mathematics that is certain does not refer to reality and Mathematics that 

refers to reality and Mathematics that refers to reality is not certain. A model may not represent 

reality because it is oversimplified.  

A model may also be over ambitious in the sense that it may involve too many complications and 

may give results accurate to ten decimal places whereas the observations may be correct to two 

decimal places only.  

Models may lead to expected or unexpected predictions or even to nonsense 

Usually, models give predictions expected on common sense considerations, but the model 

predictions are more quantitative in nature.  

Sometimes they give unexpected predictions and then they may lead to break-through or deep 

thinking about assumptions. Sometimes models give prediction completely at variance with 

observations and then these models have to be drastically revised. 

Modeling Forces us to think clearly 

Before making a Mathematical model, one has to be clear about the structure and essentials of 

the situation. 

Sticking to one model may prevent insight 

A model helps thinking, but it can also direct thinking in one narrow channel only. Sometimes 

insight is obtained by breaking with traditional is obtained by breaking with traditional models 

and designing entirely new ones with new concepts.  

Inadequate models are also useful 

Since they lead us to search for aspects which may have been neglected at first. Failures can be 

prelude to successes if we can find the reasons for these failures.  
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Non–feedback models are improper  

A model must include the possibility of its improvement in the light of the experimental or 

observational data.  

Partial modeling for subsystems 

Before making a model for the whole system, it may be convenient to make partial models for 

subsystems, test their validity and then integrate these partial models into a complete model. 

Sometimes existing models are combined to give models for bigger systems often models are 

unified so that the general model includes the earlier models as special cases. 

Imperfections of models and Cost of modeling  

No model is perfect and every model can be improved. However, each such improvement may 

cost time and money.  

The improvement in the model must justify the investment made in this process. 

State variables and relations 

For making a Mathematical model, one has first to identify the state variables and then specify 

the relations between them. The right choice of state variables is of the utmost importance. 

Modeling  Mathematics + Discipline 

For making a Mathematical model of a situation, one must know both Mathematics and the 

discipline in which the situation arises.  

Efforts to make a Mathematical model without deeply understanding the discipline concerned 

may lead to infructuous models. Discipline insight must both precede and follow Mathematical 

modeling. 
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Prediction – Validation – Iteration Cycle  

A Mathematical model predicts conclusions which are then compared with observations. 

Usually, there is some discrepancy. To remove this discrepancy, we improve the model, again 

predict and again try to validate and this iteration is repeated till a satisfactory model is obtained.  

Constraints of Additively and Normality 

Models which are linear, additive and in which the probability distribution follows the normal 

law are relatively simpler, but relatively more realistic models have to be free from these 

constraints. Mathematical Modeling‟s and Mathematical Techniques Emphasis is in Applied 

Mathematics has very often been on Mathematical techniques, but the heart of applied 

Mathematics is Mathematical modeling.  

Mathematical Modeling is an Art 

It requires experience, insight and understanding. Teaching this art is also another art.  

Criteria for Successful Models  

These include good agreement between predictions and observations, of drawing further valid 

conclusions, simplicity of the model and its precision. 

Generality and Applicability of Models  

Laplace equation model applies to gravitational potential, electrostatic potential, irrotational 

flows and a variety of other situations.  

There are some models applicable to a wide variety of situations, while there are others which 

are applicable to specific situations only.  
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Unity of disciplines through mathematical modeling 

When a number of different situations are represented by the same Mathematical model, it 

reveals a certain identity of structures of these situations.  

CONCLUSION 

Fuzzy systems based on Fuzzy rules have been successfully applied in the field of fuzzy control. 

Moreover, fuzzy rule-based system has high comprehensibility because human users can easily 

understand the meaning of each fuzzy rule through its linguistic interpretation. In this chapter, 

some characteristics of fuzzy graph such as Complement of fuzzy graph, Isomorphic fuzzy graph 

is discussed. Some properties of fuzzy graphs are studied. Also, the familiar fuzzy rule such as 

fuzzy IF-THEN rule is applied in fuzzy petersen graph to arrive a distance between two vertices. 

Moreover, the shortest paths are found in order to demonstrate the proposed method. 
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