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 Abstract— In this paper, application of fuzzy system of 
linear equations (FSLE) is investigated in the circuit 
analysis (CA). In the field of CA, each circuit includes 
linear resistance, inductance and capacitance are 
modeled to complex linear equation. A fuzzy current or 
voltage in the circuit is more intellectual relative to crisp 
value because of some reasons as environmental 
conditions, tolerance in the elements, and noise (leakage 
of power harmonics,). This scheme forces for 
presentation of fuzzy complex system of linear equations 
(FCSLE). Derivation is presented for solving FCSLE and 
obtained results show ability of this method in CA. 
 
Index Terms— Fuzzy complex system of linear equations, Fuzzy 
system of linear equations, Circuit analysis, Fuzzy current and 
voltage, Noise, Tolerance. 
 

I. INTRODUCTION 
  Wide range of real world applications in many areas 
including economics, engineering and physics, are using 
linear system of equations for modeling and solving their 
respective problems. In many situations the estimation of the 
system parameters is imprecise and only some vague 
knowledge about the actual value of parameters is available, 
therefore to overcome this problem the vagueness of 
parameters is represented by fuzzy numbers. In many 
applications some of the parameters are usually represented 
by complex numbers which have fuzzy nature, thus it is 
important to develop mathematical models that would 
appropriately treat fuzzy complex linear systems. Circuits 
can be modeled in the form of fuzzy complex system of linear 
equations (FCSLE).A rapid growth of interest in circuit 
theory and simulation is seen in recent decade. A circuit 
simulation program (e.g., SPICES [1] and QPMDFSD [2, 3, 
and 4]) provides very good details in simulation of circuits. 
These types of software provide various facilities for 
obtaining best answer which is close to real form. Some 
contributions have been made in stability theory using 
functional analysis in the study of nonlinear systems, and 
computer-aided nonlinear network analysis [5, 6, 7, and 8]. 
But uncertainty in circuit parameters and environmental 
conditions lead to develop a new method which takes in to 
account uncertainty in circuit analysis. In the previous work 
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[9], we considered circuit equation as a fuzzy differential 
equation (FDE) with fuzzy variables. We applied two 
conventional types of fuzzy derivative in circuit analysis. In 
[9] simple circuits were investigated and transient response 
were elicited. In present study steady state analysis of 
complex circuit is investigated from FSLE perspective. This 
scheme forces for presentation of fuzzy complex system of 
linear equations (FCSLE). Therefore in the following, related 
works on FSLE field is presented. 
 

II. RELATED WORKS 
A particular type of fuzzy systems, Ax = b, where the 

coefficient matrix A is crisp, while b is a fuzzy number vector, 
is investigated by Friedman et al. [10], Ma et al. [15] and 
Allahviranloo[11–13], by using interval analysis techniques. 
Friedman et al. [10] has used the embedding method given in 
[19], they replaced the original fuzzy linear system with a 
crisp linear system having a nonnegative coefficient matrix S, 
which may be singular even if A is nonsingular. 
Allahviranloo [11–13] uses the iterative Jacobi and Gauss 
Siedel method, the Adomian method and the Successive 
over-relaxation method, respectively. Dehghan and Hashemi 
[14, 20] extended several well-known numerical algorithms 
such as Richardson, Extrapolated Richardson, Jacobi, JOR, 
Gauss–Seidel, EGS, SOR, AOR, ESOR, SSOR, USSOR, 
EMA and MSOR to solve system of linear equations. Ma et al. 
[15], starting from the work by Friedman et al. [10], analyzed 
the solution of fuzzy systems of the form A1x = A2x + b. They 
remarked that the system  
A1x = A2x + b is not equivalent to the system (A1 - A2) x = b, 
since for an arbitrary fuzzy number u there exists no element 
v such that u + v = 0. They introduced the conditions under 
which the new system had a solution. Muzziolia et al [16] 
discussed fuzzy linear systems in the form of  
A1x + b1 = A2x + b2 with A1, A2 square matrices of fuzzy 
coefficients and b1, b2 fuzzy number vectors. They clarified 
the link between interval linear systems and fuzzy linear 
systems also a generalization of the vector solution of 
Buckley and Qu [17]. Abbasbandy and A. Jafarian 2006 
proposed the steepest descent method, for solving FSLE [18]. 
In the aforementioned works, real coefficients are discussed 
but in many applications as circuit analysis, while SLE 
includes complex coefficients and complex variables. Also 
we encountered situations in circuit solving that needs 
solving a FSLE model which has been solved by Friedman et 
al. [10]. Therefore we present a Fuzzy Complex SLE, namely, 
FCSLE in this paper. This model works well in circuit 
solving. Major notes in this paper are presentation of FCSLE, 
and application of FSLE and FCSLE in circuit solving. 
Organization of this paper is as follows: 
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FSLE is explained in section III. Section IV appropriate to the 
proposed FCSLE and experimental results over circuit 
analysis are discussed in the section V. Final section includes 
the conclusion. 

 

III. FUZZY SYSTEM OF LINEAR EQUATIONS 

A. Preliminaries 
We represented an arbitrary fuzzy number by an ordered pair 
of functions  which should satisfy 
the following requirements: 
 

1.  is a bounded left continuous nondecreasing 
function over [0, 1]. 

2.  is a bounded left continuous nonincreasing 
function over [0, 1]. 

3.  

 
Fig. 1  A fuzzy number 

 
For example, the fuzzy number (1 + r, 4 - 2r) is shown in  
Fig. 1. A crisp number α is simply represented by 
  
By appropriate definitions the fuzzy number space 

 becomes a convex cone E1 which is then 
embedded isomorphically and isometrically into a Banach 
space. 
 
Definition 1. The n × n linear system of equations 

 
 

                                                                                                     
 

 

 
 

(1) 

Where the coefficient matrix 
  is a crisp n × n matrix and  is 

called a FSLEs. 
A solution  to (1) one should recall that for 
arbitrary fuzzy numbers  and real 
number k, 

a. 

 

b.  

c.             (2) 

                                                                      
Definition 2[12]. A fuzzy number vector  
given by  is called 
a solution of the FSLE if 

 
                                                                                                                                         

 

(3
) 

Consider the ith equation of the system (1): 

 
We have 

 
                                                                                                                                         

(4
) 

 
From (4) we have two crisp n× n linear systems for all i that 
there can be extended to a 2n × 2n crisp linear system as 
follows: 

 
(5) 

 
Thus FSLE(1) is extended to a crisp (5) where A=S1+S2 .  
Eq. (5) can be write as follows: 
 

  

 
or 
 

 

 
 
 
 
 

(6) 

                                       
Theorem 1. The matrix S is nonsingular if and only if the 
matrices A=S1+S2 and S1– S2 are both nonsingular. See [21]. 
 
Definition 3 Let  

 denote the unique solution 
of SX=Y. The fuzzy number vector 
 defined by  
 

                                                                                                              

 
(7) 
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Is called the fuzzy solution of SX=Y. If 

 are all triangular fuzzy numbers then 
 and U is called a 

strong fuzzy solution. Otherwise, U is a weak fuzzy solution. 
See [12].  

IV. FUZZY COMPLEX SYSTEM OF LINEAR EQUATIONS 

A.  Preliminaries 
We define an arbitrary fuzzy complex number  
[23, 24] by using two fuzzy numbers that represent real and 
imaginary part of complex number as:  

 , where    , 

 and  
therefore  

  
and 

 
 
Definition 4. The n × n linear system of complex equations 

 
 

                                                                                                                                    
 

(8) 

 
Where the coefficient matrix   is a 
complex crisp n × n matrix and  is complex 
fuzzy number, is called a FCSLEs. 
We can represent this system as: 
 

 
 
In order to solving this system we decomposed complex 
numbers:  
 

 
 
 

 
 
Therefore  
 

 
 
Now we can separate real and imaginary parts: 
 

 

 
 
For solving this system we can write: 
 

 
 
 
 

 
 

 
(9) 

 
As you see this system is a FSLE that can be solved by 
approach considered in section 3. 
 

V. CIRCUIT ANALYSIS WITH FUZZY VARIABLES 
A linear time invariant electric circuit with constant 
coefficients and fuzzy sources has a system of fuzzy linear 
equations that can be expressed in the following form, 
 

 
 

 
 

 
Where  is a constant coefficient,   is a fuzzy source and 

 can be current or voltage in the circuit. Thus we can solve 
this system with approaches considered in sections 3 and 4.  
 

A.  Examples 
In this section we are going to solve a circuit example. We 
will in fact consider a fuzzified version of examples from 
classical circuit analysis[21, 22]. 

A.1 Example 1 
Consider a simple resistive circuit with fuzzy current and 
fuzzy source  

 
Fig. 2. A circuit with fuzzy current and fuzzy source 

 
The system of equations for this circuit is: 
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We can simplify system as: 
 

 
 
Therefore 
 

 
 
 
 
 
 
And then 
 

  

 

 

 

  

 
 

Fig. 3. The solution of the system from example 5.1.1 
 
 
A.2 Example 2 
Consider a simple RLC circuit with fuzzy current and 
fuzzy source in figure 4. 
The system of equations for this circuit is: 
 

 
 

In matrix form, we obtain 
 
 

 
In order to (9) 

,  
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  ,  

 

 
Fig. 4. A RLC circuit with fuzzy current and fuzzy sources 

 
Therefore  
 

 
 
In order to 5 

 

 

 

 
After solving the above system we have 
 

 

 
Therefore 

 

 
 
The crisp solution for circuit represented in figure 4 is: 
 

 
 

That equals with the fuzzy solution with r=1.  
 

B.  Sensitivity check 
If we change the Vs source from 5 to 5.1 the solution will 
be 

 
 

 
That is within the α-cut with α=0.75 in fuzzy solution 
and is an acceptable solution for this system. This simple 
experience shows how fuzzification of the system can 
help maintain the tolerance of the system. Therefore, 
fuzzy current obtained from solution of FCSLE can 
easily cover some change in value of elements, this 
property can be of great use in designing procedure.  
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Fig. 5. The solution of the system from example 5.1.2 
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VI. CONCLUSION 
Actual simulation of real world is the major problem in 

many fields of engineering applications. In circuit design, 
simulation of real current and voltage is major problem in 
circuit analysis and design. We tried to present a fuzzy based 
approach for simulation of voltage and current sources and 
fuzzy current as well as voltage in circuit equations. Fuzzy 
complex system of linear equations was derived for this 
purpose. The proposed scheme could cover changes in circuit 
elements (value of element).  
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