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Applications of Fuzzy Logic 
to Systems’ Modelling

ABSTRACT

They appear often situations in a system’s operation characterized by a degree of vagueness and/or un-
certainty. In the present paper, the author uses principles of fuzzy logic to develop a general model repre-
senting such kind of situations. They also present three alternative methods for measuring a fuzzy system’s 
effectiveness, including the use of its total possibilistic uncertainty, the classical Shannon’s entropy properly 
modified for use in a fuzzy environment and the “centroid” method in which the coordinates of the center 
of mass of the graph of the membership function involved provide an alternative measure of the system’s 
performance The advantages and disadvantages of each of the above methods are discussed and a combined 
use of them is suggested in obtaining the ideal profile of the system’s performance according to the user’s 
personal criteria of goals. An application of their general model is also developed for the Mathematical 
Modelling process illustrating the use of the author’s fuzzy model in practice.

INTRODUCTION

A system is a set of interacting or interdependent 
components forming an integrated whole. A sys-
tem comprises multiple views such as planning, 
analysis, design, implementation, deployment, 
structure, behavior, input and output data, etc. As 
an interdisciplinary and multi- perspective domain 
systems’ theory brings together principles and 
concepts from ontology, philosophy of science, 
information and computer science, mathematics, 
as well as physics, biology, engineering, social and 
cognitive sciences, management and economics, 
strategic thinking, fuzziness and uncertainty, etc. 

Thus, it serves as a bridge for an interdisciplinary 
dialogue between autonomous areas of study. The 
emphasis with systems’ theory shifts from parts 
to the organization of parts, recognizing that in-
teractions of the parts are not static and constant, 
but dynamic processes.

Most systems share common characteristics 
including structure, behavior, interconnectivity 
(the various parts of a system have functional 
and structural relations to each other), sets of 
functions, etc. We scope a system by defining its 
boundary; this means choosing which entities are 
inside the system and which are outside, part of 
the environment.
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The systems’ modelling is a basic principle 
in engineering, in natural and in social sciences. 
When we face a problem concerning a system’s 
operation (e.g. maximizing the productivity of an 
organization, minimizing the functional costs of 
a company, etc) a model is required to describe 
and represent the system’s multiple views. The 
model is a simplified representation of the basic 
characteristics of the real system including only 
its entities and features under concern.

In this sense, no model of a complex system 
could include all features and/or all entities 
belonging to the system. In fact, in this way the 
model’s structure could become very complicated 
and therefore its use in practice could be very 
difficult and sometimes impossible. Therefore 
the construction of the model usually involves a 
deep abstracting process on identifying the sys-
tem’s dominant variables and the relationships 
governing them. The resulting structure of this 
action is known as the assumed real system (see 
Figure 1). The model, being an abstraction of the 
assumed real system, identifies and simplifies 
the relationships among these variables in a form 
amenable to analysis.

A system can be viewed as a bounded transfor-
mation, i.e. as a process or a collection of processes 
that transforms inputs into outputs with the very 
broad meaning of the concept. For example, an 
output of a passengers’ bus is the movement of 
people from departure to destination.

Many of these processes are frequently 
characterized by a degree of vagueness and/or 
uncertainty. For example, during the processes 
of learning, of reasoning, of problem-solving, 
of modelling, etc, the human cognition utilizes 
in general concepts that are inherently graded 
and therefore fuzzy. On the other hand, from the 
teacher’s point of view there usually exists an 
uncertainty about the degree of students’ suc-
cess in each of the stages of the corresponding 
didactic situation.

There used to be a tradition in science and 
engineering of turning to probability theory when 
one is faced with a problem in which uncertainty 
plays a significant role. This transition was justified 
when there were no alternative tools for dealing 
with the uncertainty. Today this is no longer the 
case. Fuzzy logic, which is based on fuzzy sets 
theory introduced by Zadeh (1965), provides a 
rich and meaningful addition to standard logic. 
The applications which may be generated from 
or adapted to fuzzy logic are wide-ranging and 
provide the opportunity for modelling under 
conditions which are inherently imprecisely de-
fined, despite the concerns of classical logicians. 
Many systems may be modelled, simulated and 
even replicated with the help of fuzzy logic, not 
the least of which is human reasoning itself (e.g. 
Perdikaris, 2002; 2011; Subbotin et al., 2004; 
2011; Voskoglou, 1999; 2009; 2011; Voskoglou 
& Subbotin, 2012, etc.)

A real test of the effectiveness of an approach 
to uncertainty is the capability to solve problems 
which involve different facets of uncertainty. Fuzzy 
logic has a much higher problem solving capability 
than standard probability theory. Most importantly, 
it opens the door to construction of mathematical 
solutions of computational problems which are 
stated in a natural language. In contrast, standard 
probability theory does not have this capability, 
a fact which is one of its principal limitations.

All these gave us the impulsion to introduce 
principles of fuzzy logic to describe in a more 
effective way a system’s operation in situations 

Figure 1. A graphical representation of the mod-
elling process
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