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Abstract—This study is devoted to address the notion of 
duality in Fully Intuitionistic Fuzzy Linear Programming 
Problems (FIFLP). The problem is addressed by using a revised 
simplex method with the Gaussian elimination process in fully 
intuitionistic fuzzy environment. Intuitionistic Fuzzy Trapezoidal 
Numbers (IFTrpN), along with the basic arithmetic techniques 
defined on them help in solving the (FIFLP’s). Moreover, a 
modified ranking function makes comparisons among 
intuitionistic fuzzy numbers and identifies the location of next 
iteration of the revised simplex method. 

 

Keywords— Intuitionistic Fuzzy Linear Programming 
Problems (IFLP), Intuitionistic Fuzzy Simplex Method, 
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I.  INTRODUCTION  
Zadeh [1] proposed the idea of fuzzy sets in his seminal 

paper. Bellman and Zadeh [2] elaborated the decision making 
process in fuzzy environment. This idea further led to introduce 
fuzzy linear programming problems [3-6]. As an extension of 
Zadeh’s set membership function, the idea of intuitionistic 
fuzzy sets [7-8], addressing set membership in terms of the 
degree of membership and the degree of non membership was 
proposed by Atanassov. The idea was warmly welcomed and 
thought to be more credible for construction of a real world 
model. Intuitionistic fuzzy sets and its characteristic properties 
were comprehensively addressed in [9-13]. 

Decision making process in intuitionistic fuzzy 
environment was studied in [14-18]. To compare intuitionistic 
fuzzy numbers different ranking functions were proposed in 
literature [12, 14, 17, 19-24]. Nagoorgani and Ponnalagu [25] 
utilized interval arithmetic to solve intuitionistic fuzzy linear 
programming problem. The studies [26-27], addressed the 
linear programming problems where the resource constraints 
were intuitionistic fuzzy numbers, whereas, in [28], the 
constraints as well as the technical coefficients were 
intuitionistic fuzzy numbers. The linear programming problems 
in these cases were partially intuitionistic fuzzy. Fully 
Intuitionistic Fuzzy Linear Programming Problems were 
addressed in the studies [29-31] by utilizing different 
approaches. In [29], the value and ambiguity measures were 
used, whereas, in [30], a score function was used to solve 
FIFLP’s. In [31], a similarity measure was used to solve 
FIFLP’s. Ezzati et., al [32], proposed a lexicographic method 
with some new operations on trapezoidal fuzzy numbers. The 
operations proposed by [32] were used by [33-34] to solve 

trapezoidal intutionistic fuzzy linear programming problems. 
Sindhu [35] used symmetric trapezoidal intuitionistic fuzzy 
numbers to solve fuzzy linear programming problems. In [39] 
the author proposes a new modeling for dynamical systems via 
the Takagi-Sugeno fuzzy model and a relevant study exists in 
[40]. 

In this study a modified dual simplex method is used to 
solve dual fully intuitionistic fuzzy linear programming 
problems. A suitable ranking function for Intuitionistic Fuzzy 
Trapezoidal Numbers (IFTrpN) along with the basic arithmetic 
on IFTrpN helps to solve dual FIFLP’s. 

II. ARITHMETIC ON INTUITIONISTIC FUZZY TRAPEZODAL 
NUMBERS (IFTRPN) AND COMPARISONS 

An Intuitionistic Fuzzy Trapezoidal Number (IFTrpN) 
denoted: 

1 1 1 2 2 2 1 1 1 2 2 2T ( , , , ; , , , )u h u u u h u h u u u h′ ′= − + − + ,  

1 2u u≤ , 
1 1 2 2 1 2 1 2, , , , , 0h h h h h h h h′ ′ ′ ′≤ ≤ > , the degree of membership 

( )T xµ  and non membership ( )T xν  be defined as: 

1 1 1 1

1 1 1
1 1 1 1 1 1

1 1

1 2 1 2

2 2 2
2 2 2 2 2 2

2 2

2 2 2 2

0, 1,
( ) , ,

( ) 1,   ( ) 0,
( ) , ,

0, 1,

and ,T T

x u h x u h
x u h u xu h x u u h x u

h h
x u x u x u x u

u h x x uu x u h u x u h
h h

x u h x u h

µ ν

′< − < −  
  − − −  ′− ≤ ≤ − ≤ <
 ′  
  = ≤ ≤ = ≤ ≤   

   + − −   ′≤ ≤ + ≤ ≤ +
′   

   ′> + > +  

 respectively.

                          

Take two Intuitionistic Fuzzy Trapezoidal Numbers 
(IFTrpNs) 

1 1 1 1 2 2 2 1 1 1 2 2 2T ( , , , ; , , , )u h u u u h u h u u u h′ ′= − + − +  and 

2 1 1 1 2 2 2 1 1 1 2 2 2T ( , , , ; , , , )w k w w w k w k w w w k′ ′= − + − +  and define 
arithmetic operations on (IFTrpNs) as: 
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1 1 1 2 2 2 1 1 1 2 2 2 2 2 2 1 1 1 2 2 2 1 1 1

1 2 1 1 1 2 2 2 1 1 1 2 2 2 1 1 1 2 2 2 1 1 1 2 2 2

1. Im age
T ( , , , ; , , , ), T ( , , , ; , , , )
2.   Addition   
T T ( , , , ; , , , ) ( , , , ; , , , )

(

u h u u u h u h u u u h u h u u h u u h u u h u

u h u u u h u h u u u h w k w w w k w k w w w k

′ ′ ′ ′= − + − + − = − − − − − − − − − −

′ ′ ′ ′+ = − + − + + − + − +
= 1 1 1 1 1 1 2 2 2 2 2 2 1 1 1 1 1 1 2 2 2 2 2 2

1 2 1 1 1 2 2 2 1 1 1 2 2 2 2 2 2 1 1 1 2 2 2 1 1 1

1 2 1 2 1

, , , ; , , , )
3. Substraction
T ( T ) ( , , , ; , , , ) ( , , , ; , , , )

( ,

u w h k u w u w u w h k u w h k u w u w u w h k

u h u u u h u h u u u h w k w w k w w k w w k w
u w h k u

′ ′ ′ ′+ − − + + + + + + − − + + + + +

′ ′ ′ ′+ − = − + − + + − − − − − − − − − −
= − − − 2 2 1 2 1 2 1 1 2 1 2 1 2 2 1 2 1 2 1

1 1 1 2 2 2 1 1 1 2 2 2

2 2 2 1 1 1 2 2 2 1 1 1

, , ; , , , )
4. Multiplication
.T ( , , , ; , , , ), 0
.T ( , , , ; , , , ), 0

w u w u w h k u w h k u w u w u w h k

k ku kh ku ku ku kh ku kh ku ku ku kh k
k ku kh ku ku ku kh ku kh ku ku ku kh k

′ ′ ′ ′− − − + + − − − − − − + +

′ ′= − + − + >
′ ′= + − + − <

 

Intuitionistic Fuzzy Trapezoidal Numbers (IFTrpNs) are 
ranked with the following comparisons [36-37]. 

1 2 1 2

1 2 1 2

1 2 1 2

1 2 3 4 1 3 2 4

1. T T iff (T ) (T )

2. T T iff (T )> (T )

3. T T iff (T )= (T )

4. If T T and T T  then (T +T ) (T +T )

ℜ

ℜ

ℜ

ℜ ℜ

≥ ℜ ≥ ℜ

> ℜ ℜ

= ℜ ℜ

≥ ≥ ℜ ≥ ℜ

       

The ranking function used in the study is a modified form of 
[37-38], so as to suit IFTrpN’s and given as: 

[ ]21 1 1 2 2
1

(T) ( ) ( )
2

u u h h h h′ ′ℜ = + + − + − .                                     (1) 

III. REVISED SIMPLEX METHOD FOR SOLVING FULLY 
INTUITIONISTIC FUZZY LINEAR PROGRAMMING PROBLEMS 

(FIFLPP) 
Linear Programming Problem in a fully intuitionistic fuzzy 

environment can be formulated as: 

( )Max ,s.t. , 0TIn In In In In In Inz c x A x b x= ≤ ≥

   
.                    (2) 

The vectors 
1 1, ( ) ( ,..., ), ( ,..., ),In In T In In In In In

n nz c c c x x x= =     

 [ ] ,In In
ij m nA a ×=



,  

1( ,..., )In In In T
mb b b=   , represent the intuitionistic fuzzy objective 

function, intuitionistic fuzzy coefficients of the objective 
function, intuitionistic fuzzy non basic variables, intuitionistic 
fuzzy technical coefficients and intuitionistic fuzzy constraints 
of the linear programming problem, respectively.  

The dual of the FIFLP problem (2), can be formulated as: 

                                                 

( )Min ( ) ,s.t. , 0.
TIn In T In In In In Inz b y A y c y′ = ≥ ≥ 

   
             (3) 

Step 1. The initial tableau is given in Table I. 

TABLE I.  INITIAL TABLEAU OF THE LINEAR PROGRAMMING PROBLEM. 

 
1 1

In In
j sm n m

y y
× × +

         
Inc  

1

n mIn
s m

y
+

+
    

1
( )In T In

ij m n m n m
a I

× + × +
     


  1

In
i n

c
×

  
 

Inz′  
11

0In In
j n mm

b
× +×

   −   
  

 

 

The matrixes InI  
  and 0In    denote the 

multiplicative and additive identity matrixes under the defined 
arithmetic operations, respectively. The dual slack and decision 
variables are denoted as 1, 2, 3, ,...In

m iy i n+ =  and  

1, 2, 3, ,...In
iy i m= , respectively. The matrixes InB  and  InN  

represent the vector of slack variables { }
1

nIn
m i i

y + =


 and the vector 

of non basic variables { }
1

nIn
m i

y
=

 , respectively. 

The starting Basic Feasible Solution (IBFS) is 
1 2[0 ,0 , ...,0 ,...,0 , , ,..., ,..., ]In In In In In In In In T

r nc c c c   

.  

Equation (3) can be written as:                                   

( ) ( )
In

In T In In T In In In In
sIn

s

y
A I A y I y c

y

 
  = + =     



  

  



.                                (4) 

The following steps work to replace the intuitionistic fuzzy 
basic variable In In

ry Bε   by the intuitionistic fuzzy non basic 

variable In In
sy Nε 

 . Thus the variable In
ry  leaves the basis and 

In
sy  enters the basis. 

Step 2. If the dual model is a minimization problem as in 
(3), search the coefficient In

jb  of objective function with most 

positive ranking value, label it as In
kb . 

Step 3. Calculate the ranks ( ), 1, 2, 3, ...,nI
ic i nℜ = , 

( ), 1, 2, 3, ...,
nI

ika i nℜ =  and the ratio 
( )

, 1, 2, 3, ...,
( )

n

n

I
i
I
ik

c
i n

a

ℜ
=

ℜ





. 

Step 4. Select the greatest ranking ratio among 
( )

, 1, 2, 3, ...,
( )

n

n

I
i
I
ik

c
i n

a

ℜ
=

ℜ





. Let it relates to the row variable l

Iny . 

Step 5. Create a number  1In
 =: (1, 1, 1, 1; 1, 1, 1, 1) on the 

position of the element In
lka  and the intuitionistic fuzzy number 

0In
 =: (0, 0, 0, 0; 0, 0, 0, 0) above and below it. The variable 

l

Iny  leaves and In
ky  enters the basis. 

Step 6. Repeat 2-5 until the time there is no positive rank 
value of the coefficient In

jb  of the objective function. 

For the case when the dual problem is a maximization 
problem, in feasible canonical form.                                                 

( )Max ( ) ,s.t. , 0.
TIn In T In In In In Inz b y A y c y′ = ≤ ≥ 

   
            (5)                   
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Step 1. Same as Step 1, above.  

Step 2. Search for the value of the coefficient In
jb  with most 

negative ranking value and label it as In
kb . 

Step 3. Same as Step 3, above. 

Step 4. Select the least ranking ratio among 
( )

, 1, 2, 3, ...,
( )

n

n

I
i
I
ik

c
i n

a

ℜ
=

ℜ





. Let it relates to the row variable l

Iny . 

Step 5. Same as Step 5, above. 

Step 6. Repeat Steps 2-5 until there is no negative ranking 
value for the coefficient In

jb . 

IV. PROPOSED DUAL-SIMPLEX METHOD IN THE STANDARD 
FORM 

The constraints and the objective function of (3) are given as: 

                           

( ) [ ]
In

T NIn In In In In In In In
N BIn

B

y
A N B N y B y c

y

 
= = + = 

  



    

  



.                  (6)

( ) ( ) ( ) ( )
In

T T T TNIn In In In In In In
N B N N B BIn

B

y
z b b b y b y

y

  ′ = = +      



   

 



( ) ( ) 0
T TIn In In In In

N N B Bz b y b y′ − + = 

 

.                                               (7)

              

Solving (6) for In
By  

( ) ( )1 1In In In In In In
N BB N y y B c

− −
+ =  

  
, 

( ) ( )1 1In In In In In In
B Ny B c B N y

− −
= −  

  
.                                           (8)                                                                                                                                               

Substitute (8) in (7), 

( ) ( ) ( ) ( )( )1 1
0

T TIn In In In In In In In In
N N B Nz b y b B c B N y

− −
′ − + − = 

  

  

, 

( ) ( ) ( )( ) ( ) ( )1 1T T TIn In In In In In In In In
N B N Bz b b B N y b B c

− −
′ − − =  

  

 

       (9) 

We know that ( ) ( ) 1TIn In In
Bb B N

−


   is a (m-n) row vector, 

thus denote it as ( ) ( ) ( ) 1TTIn In In In
N Bz b B N

−
′ = 

 



, so (9) gives:                               

( ) ( )( ) ( ) ( ) 1T TTIn In In In In In In
N N N Bz b z y b B c

−
′ ′− − = 



  

.                      (10) 

Equations (8) and (10) finally reduces to: 

( ) ( )1 1In In In In In In
N BB N y y B c

− −
+ =  

  



( ) ( )( ) ( ) ( ) 1T TTIn In In In In In In
N N N Bz b z y b B c

−
′ ′− − = 



  

 (11) 

The initial simplex tableau of (11) is shown in Table 2. For 
maximization problems, the optimality condition is  

( ) ( )( ) 0
T TIn In

N Nb z′− ≤



. Moreover, for minimization problems, the 

optimality condition is ( ) ( )( ) 0
T TIn In

N Nb z′− ≥



. 

TABLE II.  INITIAL SIMPLEX TABLEAU IN COMPACT FORM. 

 
 
 

In
By  

 
 

Inz′  

In
Ny                                In

By  Inc  
 

( ) 1In InB c
−





 

 
 

( ) ( ) 1TIn In In
Bb B c

−






 

 

( ) 1In InB N
−

                   InI  

 
 

( ) ( )( )T TIn In
N Nb z′− −



       0In
  

 

V. INTUITIONISTIC FUZZY MEMBERSHIP FUNCTIONS FOR THE 
OBJECTIVE FUNCTION AND THE CONSTRAINED RESOURCES     

The membership and non membership of the objective 
function ( )Inz y′   and the constraints In

iy  given as: 

1 1

1 1
1 1 1

1

1 2

2 2
2 2 2

2

2 2

0, for ( )

( ) ( ) , for ( )

( ( )) 1, for ( ) ,

( ) ( ) , for ( )

0, for ( ) .

In

In
In

In In

In
In

In

z y z h
z y z h z h z y z

h
z y z z y z

z h z y z z y z h
h

z y z h

µ

′ ′ < −


′ ′− −  ′ ′ ′− ≤ < 
 ′ ′ ′ ′= ≤ ≤ 

 ′ ′+ − ′ ′ ′< ≤ +
 
 

′ ′> +  







 







 

1 1

1
1 1 1

1

1 2

2
2 2 2

2

2 2

1, for ( )

( ) , for ( )

( ( )) 0, for ( ) .

( ) , for ( )

1, for ( ) .

In

In
In

In In

In
In

In

z y z h
z z y z h z y z

h
z y z z y z

z y z z z y z h
h

z y z h

ν

′ ′ ′ < −


′ ′−  ′ ′ ′ ′− ≤ <  ′
 ′ ′ ′ ′= ≤ ≤ 

 ′ ′− ′ ′ ′ ′< ≤ +
′ 

 
′ ′ ′> +  







 







 

The non membership of the objective function ( )Inz y′   and 
the constraints In

iy  given as: 
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1 1

1 1
1 1 2

1

1 2

2 2
2 2 2

2

2 2

0, for 

( ) , for

( ) 1, for ,

( ) , for

0, for .

In
i

In
Inii
i

In In
i i

In
Ini
i

In
i

y y k

y y k y k y y
k

y y y y

y k y y y y k
k

y y k

µ

 < −


− −  − ≤ < 
 = ≤ ≤ 

 + − < ≤ +
 
 

> +  







 







 

1 1

1
1 1 1

1

1 2

2
2 2 2

2

2 2

1, for 

, for

( ) 0, for .

, for

1, for .

In
i

In
Ini
i

In In
i i

In
Ini
i

In
i

y y k

y y y k y y
k

y y y y

y y y y y k
k

y y k

ν

′ < −


−  ′− ≤ <  ′
 = ≤ ≤ 

 − ′< ≤ +
′ 

 
′> +  







 







 

VI. NUMERICAL EXAMPLE: 
Table III summarizes the costs and benefits of three 

alternatives on three activities of a project, respectively. We 
solve the problem in an intuitionistic fuzzy environment by 
using the dual approach proposed in this script.  

 

 

 

 

 

TABLE III.              COSTS / BENEFITS FOR ALTERNATIVES. 

Resources Activity 1 Activity 2 Activity 3 Total Available  

Alt 1 (3, 5, 7,11; 2, 5, 7,12)  (2, 5,10,13;1, 5,10,15)  (5, 7,11,15;3, 7,11,16)  (30, 40, 55, 60; 20, 40, 55, 65)  

Alt 2 (4, 7,11,14;3, 7,11,15)  (3, 6, 9,12; 2, 6, 9,14)  (4,8,10,14; 2,8,10,15)  (20, 40, 60,85; 20, 45, 60, 90)  

Alt 3 (5, 7,10,12;5, 7,10,13)  (4, 6,8,12; 2, 6,8,14)  (3, 5, 9,15; 2, 5, 9,16)  (10, 20, 30, 50;5, 20, 30, 55)  

Benefit  (5,8,14,16;3,8,14,17)  (2, 6,10,14;1, 6,10,15)  (8,10,12,16;5,10,12,18)   
 

Step 1: The dual linear programming problem in the 
intuitionistic fuzzy environment follows: 

12 131

11 12 13

Min

s.t.

(3, 5, 7,11; 2, 5, 7,12) (4, 7,11,14; 3, 7,11,15) (5, 7,10,12; 5, 7,10,13) (5, 8,14,16; 3

(30, 40, 55, 60; 20, 40, 55, 65) (20, 40, 60,85; 20, 40, 60, 90) (10, 20, 30, 50;5, 20, 30, 55)In In In In

In In In

z

y y y

y y y′ = + +

+ + ≥



  

  

11 12 13

11 2 13

, 8,14,17)

(2, 5,10,13;1, 5,10,15) (3, 6, 9,12; 2, 6, 9,14) (4, 6, 8,12; 2, 6, 8,14) (2, 6,10,14;1, 6,10,15)

(5, 7,11,15; 3, 7,11,16) (4, 8,10,14; 2, 8,10,15) (3, 5, 9,15; 2, 5, 9,16) (8,10,12,

In In In

In In In

y y y

y y y

+ + ≥

+ + ≥

  

  

1 12 13

16; 5,10,12,18)

, , 0.In In Iny y y ≥  

 

The initial simplex tableau is given below: 

1 2 3 4 5 6

4 1

5 2

( ) (3,5,7,11;2,5,7,12) (4,7,11,14;3,7,11,15) (5,7,10,12;5,7,10,13) 1 0 0 (5,8,14,16;3,8,14,17)
( ) (2,5,10,13;1,5,10,15) (3,6,9,12;2,6,9,14) (4,6,8,12;2,6,8,1

In In In In In In In

In In In In

In

cy y y y y y

y R
y R

     





6 3

4 ( 60, 55, 40, 30; 65, 55, 40, 20) ( 85, 60, 40, 20; 90, 60

4) 0 1 0 (2,6,10,14;1,6,10,15)
( ) (5,7,11,15;3,7,11,16) (4,8,10,14;2,8,10,15) (3,5,9,15;2,5,9,16) 0 0 1 (8,10,12,16;5,10,12,18)

( )

In In In

In In In In

In

y R
z R − − − − − − − − − − − − − −′



 , 40, 20) ( 50, 30, 20, 10; 55, 30, 20, 5) 0 0 0 0In In In In− − − − − − − − − −

 

Step 2:  The ranking value of the number 
( 50, 30, 20, 10; 55, 30, 20, 5)− − − − − − − −  is the greatest among the others, 

relating to column corresponding to 3
Iny , as in the Table IV.  

TABLE IV.  RANK VALUES FOR THE COEFFICIENTS OF THE OBJECTIVE 
FUNCTION. 

 
Inb  

 

[ ]21 1 1 2 2
1

(T) ( ) ( )
2

u u h h h h′ ′ℜ = + + − + −
 

 
1 2 3 4 5 6

( 60, 55, 40, 30; 65, 55, 40, 20) ( 85, 60, 40, 20; 90, 60, 40, 20) ( 50, 30, 20, 10; 55, 30, 20, 5) 0 0 0

In In In In In In

In In In

y y y y y y

− − − − − − − − − − − − − − − − − − − − − − − −

     

 

87.5 97.5 45 0 0 0− − −  

 

Step 3-Step 4:  The numbers (5, 7, 10, 12; 5, 7, 10, 13)  and 
(5, 8, 14, 16; 3, 8, 14, 17)  gives the greatest rank ratio as in Table V. 

They relate to the row corresponding to 4
Iny , so the variable 

3
Iny  enters the basis and 4

Iny   leaves the basis. 

 

 

TABLE V.               RANK RATIOS OF THE TECHNICAL COEFFICIENTS AND 
RESOURCE CONSTRAINTS FOR THE PIVOTAL COLUMN.  

1 2 1 1 2 2 1 2 1 1 2 2

1 1
[( ) )] [( ) )]

2 2

23.5
8.5 23.5 2.76

8.5

( 4, 6, 8, 12; 2, 6, 8, 14) 16 ( 2, 6, 10, 14; 1, 6, 10, 1

( )
( ) ( )

( )

(5, 7, 10, 12; 5, 7, 10, 13) (5, 8, 14, 16; 3, 8, 14, 17)

In

In In In In

In

ik

i
u u h h h h u u h h h hik ik i i

b
a a b b

a

′ ′ ′ ′
+ − + − + − + −

=

ℜ
ℜ = ℜ =

ℜ

+ +


 

 



17
5) 17 1.06

16

24.5
(3, 5, 9, 15; 2, 5, 9, 16) 14 (8, 10, 12, 16; 5, 10, 12, 18) 24.5 1.75

14

=

=

 

 

Step 5.1:  Create (1, 1, 1, 1; 1, 1, 1, 1) on the position of 
(5, 7, 10, 12; 5, 7, 10, 13)  by operation 1 1 1 1 1 1 1 1

( , , , , , , ) 1
12 10 7 5 13 10 7 5

; R . 

1 2 3 4 5 6

3 1

5 2

3 5 7 11 2 5 7 12 4 7 11 14 3 7 11 15 1 1 1 1 1 1 1 1 5 8 14 16 3 8 14 17
( , , , , , , ) ( , , , , , , ) ( , , , , , , ) ( , , , , , , )
12 10 7 5 13 10 7 5 12 10 7 5 13 10 7 5 12 10 7 5 13 10 7 5 12 10 7 5 13 10 7 5

( ) ; ; 1 ; 0 0 ;

( ) (2,5,10,13;1

In In In In In In In

In In In In

In

cy y y y y y

y R

y R

′

     





6 3

4 ( 60, 55, 40

,5,10,15) (3,6,9,12;2,6,9,14) (4,6,8,12;2,6,8,14) 0 1 0 (2,6,10,14;1,6,10,15)
( ) (5,7,11,15;3,7,11,16) (4,8,10,14;2,8,10,15) (3,5,9,15;2,5,9,16) 0 0 1 (8,10,12,16;5,10,12,18)

( )

In In In

In In In In

In

y R
z R − − −′



 , 30; 65, 55, 40, 20) ( 85, 60, 40, 20; 90, 60, 40, 20) ( 50, 30, 20, 10; 55, 30, 20, 5) 0 0 0 0In In In In− − − − − − − − − − − − − − − − − − − − −
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Step 5.2:   Create (0, 0, 0, 0; 0, 0, 0, 0) on the positions 
above and below (5, 7, 10, 12; 5, 7, 10, 13)  by operations 

2 1 3 1 4 1( 12, 8, 6, 4; 14, 8, 6, 2) , ( 15, 9, 5, 3; 16, 9, 5, 2) and (10, 20, 30, 50; 5, 20, 30, 55)R R R R R R′ ′ ′+ − − − − − − − − + − − − − − − − − +

 

1 2 3 4 5 6

3 1

5 2

3 5 7 11 2 5 7 12 4 7 11 14 3 7 11 15 1 1 1 1 1 1 1 1 5 8 14 16 3 8 14 17
( , , , , , , ) ( , , , , , , ) ( , , , , , , ) ( , , , , , , )
12 10 7 5 13 10 7 5 12 10 7 5 13 10 7 5 12 10 7 5 13 10 7 5 12 10 7 5 13 10 7 5

34
( , 1, 6,

5

( ) ; ; 1 ; 0 0 ;

( )

In In In In In In In

In In In In

In

cy y y y y y

y R

y R −
−

′

′

     





6 3

19 167 41 24 34 24 34 140 8 6 4 14 8 6 2 54 42 36 29 42 36 153
10 , 1, 6, ) ( , , , 8 4, , , ) ( 1, , , , , , ) ( , , , 9 , , , )

5 13 5 7 10 7 10 13 10 7 5 13 10 7 5 5 7 10 5 7 10 13

8 65 135 9 65 176 22 1 37
( , 2, , , 2, , ) ( , , , 9

5 10 12 5 10 13 5 7 10

; ; 0 ; 1 0 ;

( ) ;

In In In

Iny R

− − − − − − − − − − − − − − −
− − −

− − −′

4

1 37 147 15 9 5 3 16 9 5 2 8 48 117 9 48 196
4, , , ) ( , , , , , , ) ( , 0, , , 0, , )

7 10 13 12 10 7 5 13 10 7 5 5 10 12 5 10 13

(2, 2.85, 3,( 57.5, 45, 10, 80; 64.2, 45, 10, 112) (10.3, 20.7, 31.5, 52.8;5.2, 20.7, 31.5, 58)

; 0 ; 0 1 ;

( ) 0

In In In

In Inz R

− − − − − − − − − −
−

− − − − − − − −′ ′ 4.16 1, 2.85, 3, 4.23) (4.16,16, 60,160 1.15,16, 60,187); 0 0 ;In In

 

Step 6: Check the optimality condition, since there are 
positive rank values of the objective function coefficients, the 
solution is not optimal. Go to Step 2. 

Step 2.2     The ranking value of the number 
(10.33, 20.7, 31.57, 52.8;5.2, 20.7, 31.57, 58) , relating to 

column 2, is most positive, Table VI. 

TABLE VI.  RANK VALUES FOR THE COEFFICIENTS OF THE OBJECTIVE 
FUNCTION. 

Inb  

 

[ ]21 1 1 2 2
1

(T) ( ) ( )
2

u u h h h h′ ′ℜ = + + − + −
 

1 2 4 3 5 6

( 57.5, 45, 10,80; 64.2, 45, 10, 112) (10.33, 20.7, 31.57, 52.8;5.2, 20.7, 31.57, 58) (2, 2.85, 3, 4.16;1, 2.85, 3, 4.23) 0 0 0

In In In In In In

In In In

y y y y y y

− − − − − − −

     

 

35.5 57.2 6.62 0 0 0−  

 

Step 2.3-2.4    The numbers 
22 1 37 1 37 147

( , , , 9; 4, , , )

5 7 10 7 10 13

−
−  and 

8 48 117 9 48 186
( , 0, , ; , 0, , )

5 10 12 5 10 13

− −
 give the greatest rank ratio as shown in 

Table VII. The variable 2
Iny  enters the basis and 6

Iny   leaves 
the basis. 

TABLE VII.  RANK RATIOS OF THE TECHNICAL COEFFICIENTS AND 
RESOURCE CONSTRAINTS FOR THE PIVOTAL COLUMN.  

2.99
2.35 2.99 1.27

2.35

41 24 34 24 34 140 54 42 36 29 42
( , , , 8; 4, , , ) 0.75 ( , , , 9; ,

5 7 10 7 10 13 5 7 10 5

( )
( ) ( )

( )

4 7 11 14 3 7 11 15 5 8 14 16 3 8 14 17
( , , , ; , , , ) ( , , , ; , , , )
12 10 7 5 13 10 7 5 12 10 7 5 13 10 7 5
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In In In In
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i
ik ik i i

b
a a b b

a

=

− − − − − − −
− −

ℜ
ℜ ℜ

ℜ



 

 



36 153 1.58
, , ) 1.58 2.10

7 10 13 0.75

22 1 37 1 37 147 8 48 117 9 48 186 7.71
( , , , 9; 4, , , ) 4.79 ( , 0, , ; , 0, , ) 7.71 1.49

5 7 10 7 10 13 5 10 12 5 10 13 4.79

−
= −

− − −
− =

 

 

Step 2.5.1:  Create (1, 1, 1, 1; 1, 1, 1, 1) on the position of 
22 1 37 1 37 147

( , , , 9; 4, , , )

5 7 10 7 10 13

−
−  by operation 

5 10 1 1 10 13
( , 7 , , ; , 7 , , )

22 37 9 4 37 147
3R

− −
′ . 

1 2 3 4 5 6

3 1

5 2

3 5 7 11 2 5 7 12 4 7 11 14 3 7 11 15 1 1 1 1 1 1 1 1 5 8 14 16 3 8 14 17
( , , , , , , ) ( , , , , , , ) ( , , , , , , ) ( , , , , , , )
12 10 7 5 13 10 7 5 12 10 7 5 13 10 7 5 12 10 7 5 13 10 7 5 12 10 7 5 13 10 7 5

34
( , 1, 6,

5

( ) ; ; 1 ; 0 0 ;

( )

In In In In In In In

In In In In
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cy y y y y y

y R

y R −
−

′

′

     





2 3

19 167 41 24 34 24 34 140 8 6 4 14 8 6 2 54 42 36 29 42 36 153
10 , 1, 6, ) ( , , , 8 4, , , ) ( 1, , , , , , ) ( , , , 9 , , , )

5 13 5 7 10 7 10 13 10 7 5 13 10 7 5 5 7 10 5 7 10 13

4 65 135 9 65 176 75
( ,14, , ,14, , ) (
11 37 108 20 37 147 2

; ; 0 ; 1 0 ;

( ) ; 1 0

In In In

In In Iny R

− − − − − − − − − − − − − − −
− − −

′′

4

63 50 1 4 63 50 26 8 48 117 1 48 196
, , , , , , ) ( , 0, , , 0, , )

64 10 259 15 13 10 259 735 22 37 12 20 37 147

5 10 1 1 10 13
( , 7, , ; , 7, , )

22 37 9 4 37 147

( 57.5, 45, 10, 80; 64.2, 45, 10, 112) (10.3, 20.7, 31.5, 52.8;5.2, 20.7, 31.

; 0 ;

( )

In

Inz R

− − − − − − − −− −

− − − − − − − −′ ′ (2, 2.85, 3, 4.16 1, 2.85, 3, 4.23) (4.16,16, 60,160 1.15,16, 60,187)5, 58) 0 ; 0 0 ;In In In

 

Step 2.5.2: Create (0, 0, 0, 0; 0, 0, 0, 0) on the positions 

above and below 
22 1 37 1 37 147

( , , , 9; 4, , , )

5 7 10 7 10 13

−
−  by operations 

1 3 2 3 4 3

14 11 7 4 15 11 7 3 4 6 8 2 6 8 14
( , , , , , ) , ( , , , 1 , , , ) and

5 7 10 12 5 7 10 13 5 7 10 5 7 10 13
, ( 52.8, 31.5, 20.7, 10.3; 58, 31.5, 20.7, 5.2); ;R R R R R R

− − − − − − − −
′′ ′′ ′′+ + + − − − − − − − − . 

1 2 3 4 5 6

3 1
639 215 85 49 215 85 1128 697 504 50 11 697 504 3675 70 7 4 15 7

( , , , 4.91 , , ,11.94) ( , , , , , , ) ( , 11, , , 11,
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( ) ; 0 1 ; 0 ;

In In In In In In In

In In In In
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5 2

3
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− − − − − − − −′′

4

0 13
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37 147
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;

( ) 0 ; 0 ;InIn In Inz R

− −

− − − − − − − − − − − − − − − − − − − − −′ ′ 5.59, 0.45) ( 15.04,16, 33.15, 62.5 1.75,16, 33.15,180.43);− − −

 

The second iteration is complete. Since all rank value of the 
coefficients of objective function are positive, so the solution is 
optimal and given below: 

1 2 3( 15.04,16, 33.15, 62.5 1.75,16, 33.15,180.43) ( 0.36, 0,1.29, 9.75 0.05, 0,1.29,1.33) ( 0.60, 0.8,1.09, 6.45 0.08, 0.8,1.09, 3.10); at, 0 , ; , ; .In In In In Inz y y y− − − − −′ = = = =  

 

The membership and non membership functions for the 
objective function can be formulated as: 

0, for ( ) 15.04 1, for 
( ) 15.04 , for 15.04 ( ) 16
31.04

( ( )) 1, for 16 ( ) 33.15 and ( ( ))
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 The membership and non membership functions for the 
constraints can be formulated as: 
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These functions are visualized in Figure 1(a), 1(b) 1(c), 
respectively. 

Fig.  1(a)  Membership and Non Membership for the Objective Function. 
1(b) Membership and Non Membership for the Value of Alternative 2. 1(c) 
Membership and Non Membership for the Value of Alternative 3. 
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VII. 7.     CONCLUSION    
A direct technique is proposed to solve dual Fully 

Intuitionistic Fuzzy Linear Programming (FIFLP) problems. 
The research focuses on introducing a modified ranking 
function for Intuitionistic Fuzzy Trapezoidal Numbers 
(IFTrpN) and revised simplex algorithm to  solve FIFLP’s. 
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