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Equation in Fuzzy Environment
by Extension Principle
Method and Its Application
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ABSTRACT

The concept of fuzzy differential equations is very important for new developments of model in various
fields of science and engineering problems in uncertain environments because this theory represent a
natural way to modeling dynamical system under uncertain environment. In this way we can modeled
mathematical biology problem associated with differential equation in fuzzy environment and solved
them. In this chapter we solve two mathematical biology models which are taken in fuzzy environment.
A one species prey predator model is considered with fuzzy initial data. Whereas an insect population
model are described with fuzzy initial value. The solution procedures of the fuzzy differential equation
are taken as extension principle method.

1. INTRODUCTION
1.1 Fuzzy Differential Equation

The topic “fuzzy differential equation” (FDE) has been speedily developing in recent years. The appli-
ance of fuzzy differential equations is an inherent way to model dynamic systems under possibilistic
uncertainty (Zadeh (2005)). The concept of the fuzzy derivative was first initiated by Chang and Zadeh
(1972). It was followed up by Dubois and Prade (1982). Other methods have been smeared by Puri and
Ralescu (1983) and Goetschel and Voxman (1986). The concept of differential equations in a fuzzy envi-

DOI: 10.4018/978-1-5225-0427-6.ch017

Copyright © 2016, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.



Solution of Some Differential Equation in Fuzzy Environment by Extension Principle Method

ronment was first formulated by Kaleva (1987). In fuzzy differential equation all derivative is deliberated
as either Hukuhara or generalized derivatives. The Hukuhara differentiability has a deficiency (Bede et
al., 2005; Diamond et al., 1994). The solution turns fuzzier as time goes by. Bede (2006) exhibited that
a large class of BVPs has no solution if the Hukuhara derivative is applied. To exceeds this difficulty,
the concept of a generalized derivative was developed (Bede & Gal, 2005; Cano & Flores, 2008) and
fuzzy differential equations were smeared using this concept (Bede & Rudas, 2007; Cano et al., 2007;
Cano et al., 2008; Stefanini & Bede, 2009). Khastan and Nieto (2010) set up the solutions for a large
enough class of boundary value problems using the generalized derivative. Obviously the disadvantage
of strongly generalized differentiability of a function in comparison H-differentiability is that, a fuzzy
differential equation has no unique solution (Bede & Gal, 2005). Recently, Stefanini and Bede (2008) by
the concept of generalization of the Hukuhara difference for compact convex set, introduced generalized
Hukuhara differentiability (Stefanini & Bede, 2009) for fuzzy valued function and they displayed that,
this concept of differentiability has relationships with weakly generalized differentiability and strongly
generalized differentiability.

There are many approaches for solving FDE. Some researchers transform the FDE into equivalent
fuzzy integral equation and then solve this (Allahviranloo et al., 2011; Chen et al., 2008; Regan et al.,
2003). Another one is Zadeh extension principle method. In this method first solve the associated ODE
and lastly fuzzify the solution and check whether it is satisfied or not. For details see Buckley and Feur-
ing (2000, 2001). In the third approach, the fuzzy problem is converted to a crisp problem. Hiillermeier
(1997), uses the concept of differential inclusion. In this way, by taking an a-cut of the initial value and
the solution, the given differential equation is converted to a differential inclusion and the solution is
accepted as the a-cut of the fuzzy solution. Laplace transform method is use many where in linear FDE
(Allahviranloo & Ahmadi, 2010; Tolouti & Ahmadi, 2010). Recently, Mondal and Roy (2013) solve the
first order Linear FDE by Lagrange multiplier method. Using generalized Hukuhara differentiability
concept we transform the given FDE into two ODEs. And this ODE:s also a differential equation involv-
ing the parametric form of a fuzzy number.

1.2 Work Done on Biomathematics Problem in Fuzzy Environment

In Barros et al. (2000) take fuzzy population dynamics model with fuzzy initial value and solve the
problem. Akin and Oruc (2012) consider a prey predator model with fuzzy initial value. Here they solve
the equation by generalized derivative of fuzzy function concept. Zarei et al. (2012) give a formulation
on fuzzy HIV modeling. Diniz et al. (2001) consider a fuzzy Cauchy problem and apply in the behavior
of decay of the biochemical oxygen demand in water. Nounou et al. (2012) discuss fuzzy intervention
in biological phenomena. Fuzzy delay predator-prey system and their existence theorem and oscillation
property of solution is nicely delivered by Barzinji (2014). Symptomatic HIV virus infected population
with fuzzy concept is done by Jafelice et al (2004). The interaction of predator prey with uncertain initial
population sizes was considered in Omar et al. (2011). Predator—prey fuzzy model is solved by Peixoto
(2008) by fuzzy rule base method. Ahmad et al. (2012) solve a biological population model by numerical
method, Euler’s method. Here system of fuzzy differential equation is solved. Zaini and Baets (2009),
solve the predator-prey model with fuzzy initial populations by Runge-Kutta method. Optimal control
of HIV infection by using fuzzy dynamical systems is discussed by Najariyan et al. (2011). Mann et al.
(2013) use delay differential equation in predator-prey interaction and analysis on the stability of steady
state. Pal and Mahapatra (2014) solve a bio-economic modeling of two-prey and one-predator fishery
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