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Abstract—Fuzzy set theory has been studied extensively over 
the past several decades. It has been applied to solve many real 
life problems including system reliability. In this paper we define 
rough intuitionistic fuzzy sets with their properties and present a 
new method for analyzing fuzzy reliability of different types of 
systems considering the reliability of the components as rough 
intuitionistic fuzzy sets for handling the vagueness and 
incompleteness in information. 
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I. INTRODUCTION 
Fuzzy set that allow to manage imprecise and vague 

information was introduced by [11]. Fuzzy set theory has been 
widely and successfully applied in many different areas to 
handle vagueness. In fuzzy set only the membership degree is 
considered. The concept of intuitionistic fuzzy set was 
introduced [7], which allow to incorporate simultaneously the 
membership degree and the non-membership degree of each 
element, as a generalization of the notion of a fuzzy set. It is 
interesting and useful in modelling several real life problems. 
While fuzzy set is a powerful tool to deal with vagueness, the 
theory of rough sets introduced by [14] is a powerful 
mathematical tool to deal with incompleteness. Fuzzy sets and 
rough sets are two different concepts ([11] and [14]), none 
conflicts the other. Reference [3] defined rough fuzzy sets and 
fuzzy rough sets providing hints on some research directions 
on them. Reference [13], [1] and [15] also defined fuzzy rough 
sets independently in different ways. Reference [1], [3] and 
[11] defined rough fuzzy sets and fuzzy rough sets providing 
hints on some research directions on them. Rough fuzzy sets 
are concerned with both vagueness and incompleteness.  

Fuzzy logic is becoming increasingly popular resulting in 
wide applications in several areas of real world including 
reliability theory. Reliability of an item is the probability that 
the item will perform a specified function under some specified 
condition for some specified time period. But in real life 
situation, it is not possible to always have accurate and 
complete information about the system. Therefore, in many 
cases it is very difficult to calculate the reliability of the 
system. To handle the insufficient and incomplete information, 
the rough fuzzy set theory approach can be used to estimate the 
reliability of system. The concept of fuzzy reliability has been 

proposed and developed by several authors [2], [4], [9] and 
[10]. These researches are based on possibility assumption or 
fuzzy state assumption. Recently, the researchers [2], [5], [6], 
[9] and [12] assumed that the reliability of each component is a 
fuzzy variable and investigated the fuzzy reliability of systems. 

In the present paper we define rough intuitionistic fuzzy 
sets with their properties and present a new method for 
analyzing fuzzy reliability of different types of systems based 
on rough intuitionistic fuzzy set theory to handle the vagueness 
as well as incompleteness in information, where the reliabilities 
of components of a system are represented by rough 
intuitionistic fuzzy set. Finally some numerical examples are 
also presented to illustrate how to calculate the fuzzy system 
reliability using rough intuitionistic fuzzy set theory. 

II. PRELIMINARIES 
In this section we present some preliminaries which will 

be useful to our work in the next section 

A. Definition: 
Let U be any non-empty set and R is an equivalence 

relation over U. For any non-null subset X of U, the sets 

( ) [ ]{ }1 : RA x x x X= ⊆ and ( ) [ ]{ }2 : RA X x x X φ= ∩ ≠ are called 
the lower approximation and upper approximation, respectively 
of X, where the pair ( ),S U R=  is called an approximation 
space. This equivalent relation R is called indiscernibility 
relation. The pair ( ) ( ) ( )( )1 , 2A x A x A x= is called the rough 
set of X in S. Here [ ]Rx denotes the equivalence class of R 
containing x. 

B. Definition: 
Let ( )1, 2A A A= and ( )1, 2B B B= be two rough sets in the 

approximation space ( ),S U R= . Then, 
( ) ( )

{ }
1 1, 2 2 , 1 1, 2 2 ,

if A B=A, -A = 2, 1

A B A B A B A B A B A B

A B U A U A

∪ = ∪ ∪ ∩ = ∩ ∩

⊂ ∩ − −
 

For more details on the algebra and operations on rough sets 
one refer may [14]. 
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C. Definition: 
Let E be a fixed universe. An IFS A in E is an object 

having the form ( ) ( ){ }, , :A AA x x x x Eμ ν= ∈  where the 

functions [ ]: 0,1A Eμ →  and [ ]: 0,1A Eν →  define the degree 
of membership and the degree of non-membership 
respectively of the element x E∈ to the set A, and x E∀ ∈  

( ) ( )
( ) ( )

( ){ } ( ){ }
( ){ } ( ){ }
( ){ } ( ){ }

F F

F F

F F

F F

0 1.

1-

sup sup 1- x

sup 1 inf

sup inf 1

A A

i i

i i

i i

x x

x x

x x X x X

x x X x x X

x x X x x X

μ ν≤ + ≥

≤

∈ ≤ ∈

∈ ≤ − ∈

∈ + ∈ ≤

 

Fuzzy sets can be viewed as intuitionistic fuzzy sets but not 
conversely [7]. For various operations and relations on IFSs, 
one can refer [7] and [8]. 
 

III. ROUGH INTUITIONISTIC FUZZY SETS 
The notion of rough fuzzy sets has been introduced by [3], 

giving few applications. In this section we define rough 
intuitionistic fuzzy sets and some operations viz. union, 
intersection inclusion and equalities over them. 

A. Definition: 

Let X be a non-null set and R be an equivalence relation on X. 
Let F be an intuitionistic fuzzy set (IFS) in X with the 
membership function Fμ  and non-membership function Fν . 
The lower and the upper approximations R1(F) and R2(F) 
respectively of the intuitionistic fuzzy set F are intuitionistic 
fuzzy sets of the quotient set X/R with 

Membership function defined by 

( ) ( ){ } ( ) ( ){ }1( ) F 2( ) i F=inf : , X =sup :R F i i R F iX x x X x x X∈ ∈
Non -membership function defined by 

( ) ( ){ } ( ) ( ){ }1( ) F 2( ) F= sup : , = inf :R F i i R F i iX x x X X x x Xν ν ν ν∈ ∈  

We prove that R1(F) and R2(F) defined in this way are IFS. 
For ix X∈ , we obtain successively 

( ) ( )
( ) ( )

( ){ } ( ){ }
( ){ } ( ){ }
( ){ } ( ){ }

F F

F F

F F

F F

F F

+ 1

1-

inf inf 1-

inf 1 sup

inf sup 1

i i

i i

i i

x x

x x

x x X x x X

x x X x x X

x x X x x X

≤

≤

∈ ≤ ∈

∈ ≤ − ∈

∈ + ∈ ≤

 

Hence R1(F) is an IFS. Similarly we can prove that R2(F) is 
also an IFS. The rough intuitionistic fuzzy set of F denoted by 
R(F) is given by the pair 

( ) ( ) ( )= 1 , 2R F R F R F

 

B. Definition: 
If ( ) ( ) ( )= 1 , 2R F R F R F  is a rough intuitionistic fuzzy 

set F in (X,R), the rough complement of R(F) is the rough 
intuitionistic fuzzy set denoted by R (F) and is defined by 

( ) ( )( ) ( )( )c
- = 2 , 1

c
R F R F R F where ( )( )c

2R F , ( )( )c
1R F are 

the complements of the intuitionistic fuzzy sets R2(F)and 
R1(F) respectively.  

C. Definition: 
If R(F1) and R(F2) are two rough intuitionistic fuzzy sets of 

the intuitionistic fuzzy sets F1 and F2 respectively in X, then we 
define the following  

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ) ( ) ( )

1 2 1 2 1 2

1 2 1 2 1 2

1 2 1 2 1 2

1 2 1 2 1 2

1 2 1 2 1 2

1 2 1 2 1 2

i = iff 1 = 1 and 2 = 2

ii iff 1 1 and 2 2

iii = 1 1 , 2 2

iv = 1 1 , 2 2

v + = 1 + 1 , 2 + 2

vi . = 1 . 1 , 2 . 2

R F R F R F R F R F R F

R F R F R F R F R F R F

R F R F R F R F R F R F

R F R F R F R F R F R F

R F R F R F R F R F R F

R F R F R F R F R F R F

⊆ ⊆ ⊆

∪ ∪ ∪

∩ ∩ ∩

 

IV. FUZZY SYSTEM RELIABILITY EVALUATION USING 
ROUGH INTUITIONISTIC FUZZY SET 

Here we present some propositions based on the new 
method for analyzing fuzzy system reliability using Rough 
intuitionistic fuzzy set (Rough IFS) theory. Here the 
reliabilities of components of a system are represented by 
Rough IFS. 

A. Proposition 
If reliability of each component of series system taken as 

Rough IFS for handling the vagueness and incompleteness in 
information then the fuzzy reliability of series system (Rs) is 
given by 

( )

( )

1
11 21 1 1 1 1 1 1 1 11 21 1

1 , 1 , , 1

1
12 22 2 2 2 2 2 2 2 12 22 2

1 , 1 , , 1

... , ... 1 ... ,

... , ... 1 ...

n n n
n

s n i i j i j k n
i i j i j k

n n n
n

n i i j i j k n
i i j i j k

R μ μ μ ν ν ν ν ν ν ν ν ν

μ μ μ ν ν ν ν ν ν ν ν ν

−

= = =

−

= = =

= − + + −

− + + −

Proof: Let n components are connected in series as shown in 
Fig. 1.  

 
Fig. 1. Series System 

Let ( )1 2,i i iR R R=  be the reliability of the ith component taken 

as Rough IFS where lower approximation is ( )1 1 1,i i iR vμ=  
and upper approximation is ( )2 2 2,i i iR vμ= . Here 1iμ and 1iv  are 
membership and non-membership function of lower 
approximation of ith unit respectively and 2iμ and 2iv  are 
membership and non-membership function of upper 
approximation of ith unit respectively. Then, the reliability RS of 
the system can be calculated as 
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( ) ( ) ( )
( ) ( ){ }
( ) ( ) ( ){ }

( ) ( ) ( ){ }

1 21

11 12 21 22 1 2

11 21 1 12 22 2

11 11 21 21 1 1

12 12 22 22 2 2

11 21 1 1 1 1 1 1 1
1 , 1

......

, , ...... ,

... , ...

, , .... , ,

, , .... ,

... , ...

n

s i ni

n n

n n

n n

n n

n n

n i i j i j k
i i j

R R R R R

R R R R R R

R R R R R R

μ ν μ ν μ ν

μ ν μ ν μ ν

μ μ μ ν ν ν ν ν ν

=

= =

= ⊗ = ⊗ ⊗ ⊗

= ⊗ ⊗ ⊗

= ⊗ ⊗ ⊗ ⊗ ⊗ ⊗

= ⊗ ⊗ ⊗

⊗ ⊗ ⊗

= − +

( ) }

( )

, , 1

1
11 21 1 12 22 2 2 2 2

1 , 1

1
2 2 2 12 22 2

, , 1

1 ... , ... ,

... 1 ...

n

i j k

n n
n

n n i i j
i i j

n
n

i j k n
i j k

ν ν ν μ μ μ ν ν ν

ν ν ν ν ν ν

=

−

= =

−

=

+ − −

+ + −

 

B. Proposition 
If reliability of each component of parallel system taken as 

Rough IFS for handling the vagueness and incompleteness in 
information then the fuzzy reliability of parallel system (RP) is 
given by ( ) ( )2 2 1 11 ,1 , 1 ,1pR U V U V= − − − −  where 

( )

1 12 22 2

1
1 2 2 2 2 2 2 12 22 2

1 , 1 , , 1

... ,

... 1 ... ,

n
n n n

n
i i j i j k n

i i j i j k

U p p p

V q q q q q q q q q−

= = =

=

= − + + −
 

( )

2 11 21 1

1
2 1 1 1 1 1 1 11 21 1

1 , 1 , , 1

... and

... 1 ...

n
n n n

n
i i j i j k n

i i j i j k

U p p p

V q q q q q q q q q−

= = =

=

= − + + −
 

1ij ijp μ= − and 1ij ijq ν= −  
Proof: Let n components are connected in parallel as shown in 
Fig. 2. 

 
Fig. 2. Parallel System 

If ( )1 2,i i iR R R=  be the reliability of the ith component 
governed by Rough IFS where lower approximation is 

( )1 1 1,i i iR vμ=  and upper approximation is ( )2 2 2,i i iR vμ= . 
Here 1iμ and 1iv  are membership and non-membership 
function of lower approximation of ith unit respectively and 

2iμ and 2iv  are membership and non-membership function of 
upper approximation of ith component respectively. Then the 
reliability Rp of the system can be calculated as 

1

1

1 2 ......

cn
c

p ii

n
c c

p ii
c c c c

p n

R R

R R

R R R R

=

=

= ⊗

= ⊗

= ⊗ ⊗ ⊗

 

( ) ( ) ( )
( ) ( ) ( )
( ) ( ){ }

( )
( )
( )

( )

11 12 21 22 1 2

12 11 22 21 2 1

12 22 2 11 21 1

12 12 22

, , ...... ,

, , ...... ,

... , ...

,

1 ,1

, where 1 and 1

, ,

cc cc
p n n

c c c c c c c
p n n

c c c c c c c
p n n

ij ij ij

c
ij ij ij

c
ij ij ij ij ij ij ij

c
p

R R R R R R R

R R R R R R R

R R R R R R R

R

R

R p q p q

R p q p q

μ ν

μ ν

μ ν

= ⊗ ⊗ ⊗

= ⊗ ⊗ ⊗

= ⊗ ⊗ ⊗ ⊗ ⊗ ⊗

=

= − −

= = − = −

= ⊗ ( ) ( ){ }
( ) ( ) ( ){ }

( ) }

( )

22 2 2

11 11 21 21 1 1

12 22 2 2 2 2 2 2 2
1 , 1 , , 1

1
12 22 2 11 21 1 1 1 1

1 , 1

1
1 1 1 11 21

... , ,

, , ... ,

... , ...

1 ... , ... ,

... 1

n n

n n

n n n
c

p n i i j i j k
i i j i j k

n n
n

n n i i j
i i j

n
i j k

p q

p q p q p q

R p p p q q q q q q

q q q p p p q q q

q q q q q

= = =

−

= =

−

⊗ ⊗

⊗ ⊗ ⊗

= − +

+ − −

+ + −

( ) ( )

1
, , 1

1 1 2 2

...

, , ,

n

n
i j k

c
p

q

R U V U V

=

=

 

( )

( )

( ) ( )

1 12 22 2

1
1 2 2 2 2 2 2 12 22 2

1 , 1 , , 1

2 11 21 1

1
2 1 1 1 1 1 1 11 21 1

1 , 1 , , 1

2 2 1 1

2

where
... ,

... 1 ... ,

... and

... 1 ...

, , ,

1 ,

n
n n n

n
i i j i j k n

i i j i j k

n
n n n

n
i i j i j k n

i i j i j k

c c
p

p

U p p p

V q q q q q q q q q

U p p p

V q q q q q q q q q

R U V U V

R U

−

= = =

−

= = =

=

= − + + −

=

= − + + −

=

= −( ) ( )2 1 11 , 1 ,1V U V− − −

 

C. Proposition 
If reliability of each component of parallel-series system 

taken as Rough IFS to handle subjectivity, ambiguity, 
uncertainty and imprecision then the fuzzy reliability of 
parallel-series system (Rps) is given by 

2 11 1 1
,

c cn m m
j jc

ps i ii j j
R R R

= = =
= ⊗ ⊗ ⊗  

where   

( )
1 1 1 1 1 1 1 1 11 1 1

11 2 1 2
11

1 , 1 , , 1

... , ... 1 ...
i i i i i i i i ii i i

m m mm mj j j jm k k l m
ij

j j k j k l

R μ μ μ ν ν ν ν ν ν ν ν ν−

=
= = =

⊗ = − + + −

and 

( )
2 2 2 2 2 2 2 2 22 2 2

11 2 1 2
21

1 , 1 , , 1

... , ... 1 ...
i i i i i i i i ii i i

m m mm mj j j jm k k l m
ij

j j k j k l

R μ μ μ ν ν ν ν ν ν ν ν ν−

=
= = =

⊗ = − + + −

 
Proof: Consider a parallel-series system consists of n 

subsystems which are connected in parallel and each 
subsystem contains m components as shown in Fig. 3. 
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Fig. 3. Parallel-Series System 

If ( )1 2,j jj
i i iR R R= be the reliability of the ith component taken 

as Rough IFS where lower approximation is ( )1 1 1,j j j
i i iR vμ= and 

upper approximation is ( )2 2 2,j j j
i i iR vμ= . Here 1

j
iμ and 1

j
iv are 

membership and non-membership function of lower 
approximation of ith component respectively and 2

j
iμ  and 2

j
iv  

are membership and non-membership function of upper 
approximation of ith component respectively. Then the 
reliability Rps of the system can be calculated as 

2 11 1 1
,

c cn m m
j jc

ps i ii j j
R R R

= = =
= ⊗ ⊗ ⊗  

( ) ( ) ( )

( )

1 1 1 1 1 1

1 1 1 11 1

1 1 1 1 11

1 2
1 1 111

1 1 2 2
11

1 2
11

1 , 1

1 1 2

, , 1

1 2
2 221

...

, , .... ,

... ,

... 1 ...

...

i i i i i i

i i i ii i

i i i i ii

m
j m

i i iij

m
j m m

ij

m mm
j j jm k

ij
j j k

m
mj k l m

j k l

m
j

i iij

R R R R

R

R

R R R

μ ν μ ν μ ν

μ μ μ ν ν ν

ν ν ν ν ν ν

=

=

=
= =

−

=

=

⊗ = ⊗ ⊗ ⊗

⊗ = ⊗ ⊗ ⊗

⊗ = −

+ + −

⊗ = ⊗ ⊗

( ) ( ) ( )

( )

2 2 2 2 2 2

2 2 2 22 2

2 2 2 2 22

2

1 1 2 2
21

1 2
21

1 , 1

1 1 2

, , 1

, , .... ,

... ,

... 1 ...

i i i i i i

i i i ii i

i i i i ii

m
i

m
j m m

ij

m mm
j j jm k

ij
j j k

m
mj k l m

j k l

R

R

R

μ ν μ ν μ ν

μ μ μ ν ν ν

ν ν ν ν ν ν

=

=
= =

−

=

⊗

⊗ = ⊗ ⊗ ⊗

⊗ = − +

+ + −
 

D. Proposition 
If reliability of each component of series-parallel system 

taken as Rough IFS for handling the subjectivity, ambiguity, 
uncertainty and imprecision in information then the fuzzy 
reliability of series-parallel system (Rsp) is given by 

2 11 1 1
,

c cm n n
j j

sp i ij i i
R R R

= = =
= ⊗ ⊗ ⊗  

where 

( )
11 21 1 1 1 1 1 1 1 11 21 1

1
11

1 , 1 , , 1

... , ... 1 ...
n i i k i k l n

n n nn nj j j j j j j j j j j j j
ii

i i k i k l

R μ μ μ ν ν ν ν ν ν ν ν ν−

=
= = =

⊗ = − + + −  

and   

( )

12 22 2 2 2 2

2 2 2 12 22 2

21
1 , 1

1

, , 1

... ,

... 1 ...

n i i k

i k l n

n nn
j j j j j j j

ii
i i k

n
nj j j j j j

i k l

R μ μ μ ν ν ν

ν ν ν ν ν ν

=
= =

−

=

⊗ = −

+ + −

 

Proof: Consider a series-parallel system consists of m 
subsystems which are connected in series and each subsystem 
contains n components as shown in Fig. 4.  

 
Fig. 4. Parallel-Series System 

If ( )1 2,j jj
i i iR R R= be the reliability of the ith component 

taken as Rough IFS where lower approximation is 

( )1 1 1,j j j
i i iR vμ= and upper approximation is ( )2 2 2,j j j

i i iR vμ= . 

Here 1
j

iμ and 1
j

iv are membership and non-membership function 
of lower approximation of ith component respectively and 2

j
iμ  

and 2
j

iv  are membership and non-membership function of 
upper approximation of ith component respectively. Then the 
reliability Rsp of the system can be calculated as 

( ) ( ) ( )11 11 21 21 1 1

11 21 1

1 1

1 21 1 1

2 11 1 1

1 11 21 11

11

11

,

,

...

, , .... ,

... ,

n n

n

cm n
j

sp ij i

cm n n
j j

sp i ij i i

c cm n n
j j

sp i ij i i

n
j j j j

i ni
n

j j j j j j j
ii

n
j j j j

ii

R R

R R R

R R R

R R R R

R

R

μ ν μ ν μ ν

μ μ μ ν

= =

= = =

= = =

=

=

=

= ⊗ ⊗

= ⊗ ⊗ ⊗

= ⊗ ⊗ ⊗

⊗ = ⊗ ⊗ ⊗

⊗ = ⊗ ⊗ ⊗

⊗ =

( )

( ) ( ) ( )

1 1 1 1 1 1

11 21 1

12 12 22 22 2 2

1 , 1 , , 1

1

2 12 22 21

21

...

1 ...

...

, , .... ,

i i k i k l

n

n n

n n n
j j j j j j

i i k i k l

n j j j

n
j j j j

i ni
n

j j j j j j j
ii

R R R R

R

ν ν ν ν ν

ν ν ν

μ ν μ ν μ ν

= = =

−

=

=

− +

+ −

⊗ = ⊗ ⊗ ⊗

⊗ = ⊗ ⊗ ⊗
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( )

12 22 2 2 2 2 2 2 2

12 22 2

21
1 , 1 , , 1

1

... , ...

1 ...

n i i k i k l

n

n n nn
j j j j j j j j j j

ii
i i k i k l

n j j j

R μ μ μ ν ν ν ν ν ν

ν ν ν

=
= = =

−

⊗ = − +

+ −

 

V. EXAMPLES 
In this section some examples are illustrated to demonstrate 

prepositions discussed in section IV. Let   

{ } ( ) ( ){ } ( ) ( ){ }1 11 12 11 11 12 12, , , , 0.6,0.3 , 0.8,0.2 ,R R R μ ν μ ν= = =

{ }2 21 22,R R R= ( ){ 21 21, ,μ ν= ( )} ( ) ( ){ }22 22, 0.4,0.6 , 0.5,0.5μ ν =

and 
{ } ( ) ( ){ }
( ) ( ){ }

3 31 32 31 31 32 32, , , ,

0.1,0.9 , 0.3,0.7

R R R μ ν μ ν= =

=
 

are the reliabilities ( considered as a rough intuitionistic fuzzy 
set) of the three components used in the following examples. 

A. Series System 
Consider a series system containing three components then  
reliability of the system with the help of proposition A is given 
by 

3

1 2 31

{(0.6,0.3), (0.8,0.2)} {(0.4,0.6), (0.5,0.5)} {(0.1,0.9), (0.3, 0.7)} 
={(0.024, 0.972), (0.12, 0.88)}

s ii
R R R R R

=
= ⊗ = ⊗ ⊗

= ⊗ ⊗

 

B. Parallel System 
Consider a parallel system containing three components then 
reliability of the system with the help of proposition B is given 
by 

( )1 1 1

c c c{(0.6,0.3), (0.8,0.2)} {(0.4,0.6), (0.5,0.5)} {(0.1,0.9), (0.3, 0.7)}
{(0.784,0.162), (0.93,0.07)}

cc c c
pR R R R= ⊗ ⊗

= ⊗ ⊗
=

 

C. Parallel-Series System 
Let a parallel-series system consists of three subsystems 

which are connected in parallel and each subsystem contains 
three components then reliability of the system with the help 
of proposition C is given by 

3 3

1 1

{(0.070286,0.91833), (0.318528,0.681472)}

c
c j

ps ii j

ps

R R

R
= =

= ⊗ ⊗

=
 

 

D. Series-ParellelSytstem 
Let a series-parallel system consists of three subsystems which 
are connected in series and each subsystem contains 3 
components then reliability of the system with the help of 
proposition D is given by 

3 3

1 1

{(0.48189,0.41152), (0.804357,0.195643)}

c
j

sp ij i

sp

R R

R
= =

= ⊗ ⊗

=
 

VI. CONCLUSION 
In this paper we have presented a new method for 

analyzing fuzzy system reliability of different types of systems 
using rough intuitionistic fuzzy set theory, where the 
component of a system are represented by rough intuitionistic 
fuzzy set. The proposed method can model and analyze system 
reliability in a more flexible and more intelligent manner. The 
proposed methodology is a very promising mathematical 
approach for reliability modelling of systems, as it incorporates 
subjectivity, ambiguity, uncertainty and imprecision. 

Results from the examples illustrated here also support the 
fact that the reliability is maximum in case when the 
components are connected in parallel configuration, while it is 
minimum in the case of series configuration. 
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