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problem with generalized quadrilateral fuzzy
numbers
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Abstract
In this paper, we proposed a method to solve fully fuzzy transportation problem by assuming that a decision
maker is uncertain about the precise values of the supply, demand and transportation costs. In the proposed
method the supply, demand and transportation costs are represented by generalized quadrilateral fuzzy numbers.
A numerical example is given to illustrate the proposed method. Decision makers may easily understand and
apply in real life transportation problems.
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1. Introduction

Transportation problem deals with the shipping of a sin-
gle commodity from various sources of supply to various
destinations of demand in which the total transportation cost
is to be minimized. In order to solve a transportation prob-
lem the decision parameters such as supply, demand and unit
transportation cost must be presented as crisp values. But in
real life situation the supply, demand and unit transportation
cost may not be certain due to several factors. To deal the
imprecise data, fuzzy numbers were introduced.

The concept of fuzzy sets were introduced by Zadeh [11]
in 1965. Zimmerman [9] formulated the fuzzy linear program-
ming. Transportation problem is a sub-class of linear pro-
gramming problem. P. Pandian and G. Natarajan [6] proposed
a new algorithm to solve fuzzy transportation problem. A.
Nagoor Gani and K. Abdul Rajak [4] have presented a fuzzy
solution for a two stage cost minimizing fuzzy transportation
problem in which supply and demand are trapezoidal fuzzy
numbers using a parametric approach. D. Stephen Dinagar
and D. Abirami [8] introduced a new arithmetic operations for
interval valued fuzzy numbers. Amarpreet Kaur and Amit Ku-
mar [1] proposed a new method for solving fuzzy transporta-
tion problems by assuming that a decision maker is uncertain
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about the precise values of the transportation cost, but certain
about the supply and demand of the product. M. Venkatacha-
lapathy and A. Edward Samuel [3] presented an Alternative
Method (AM) for solving Fuzzy transportation problems by
assuming that a decision maker is uncertain about the precise
values of the transportation cost only. The proposed method
is to solve fully fuzzy transportation problem by assuming
supply, demand and unit transportation cost as generalized
quadrilateral fuzzy numbers.

In this paper, section 2 gives the basic notions, which
are useful to the work. In section 3, the new fuzzy number
namely Generalized Quadrilateral Fuzzy Number is proposed
with its arithmetic operations. An algorithm is presented in
section 4. A relevant illustration is given in section 5. Finally,
a conclusion part is also included in section 6.

2. Preliminaries
In this section, some basic definitions and arithmetic oper-

ations are reviewed.

2.1 Fuzzy Set
A fuzzy set Ã = {(x,µA(x),x ∈ A,µA(x) ∈ [0,1]} .

In this pair {(x,µA(x)}), the first element x belongs to the
classical set A and the second element µA(x) belongs to the
interval [ 0, 1], called membership function.

2.2 Convex fuzzy set
A fuzzy set Ã is convex if µÃ(λx1+(1−λx2))≥min (µÃ(x),
µÃ(x)),x1,x2 ∈ X and λ ∈ [0,1]. Alternatively, a fuzzy set is
convex, if all α - level sets are convex.

2.3 Fuzzy Number
A fuzzy set Ã on R must possess at least the following three
properties to qualifys a fuzzy number:

(i) Ã must be a normal fuzzy set;
(ii) Ã must be a convex fuzzy set;
(iii) Ã must be closed and bounded.

2.4 Trapezoidal fuzzy number
A fuzzy number Ã =(a,b,c,d) is said to be trapezoidal fuzzy
number if its membership function is given by

µÃ(x) =


(x−a)
(b−a) , a≤ x≤ b

1, b≤ x≤ c
(x−d)
(c−d) , c≤ x≤ d

3. Generalized Quadrilateral Fuzzy
Number (GQFN)

A new fuzzy number Ã = (a,b,c,d;ω1,ω2) is defined as gen-
eralized quadrilateral fuzzy number if its membership function
is given by

µÃ(x) =


ω1

(x−a)
(b−a) , a≤ x≤ b

(x−b)ω2+(c−x)ω1
(c−b) , b≤ x≤ c

ω2
(x−d)
(c−d) , c≤ x≤ d

0, otherwise

Figure 1. Generalized Quadrilateral Fuzzy Number.

We know that the quadrilateral is the generalization of
trapezoid. In our case according to the pictorial representation
of the above said fuzzy number, it is not like a trapezoidal as
the horizontal lines are not parallel. But, in particular case
the two horizontal lines become parallel (i.e. equal weights,
ω1= ω2 ), then it will become trapezoid. Thus, due to this
geographical nature of the particular fuzzy number, it may be
called as quadrilateral fuzzy numbers.

3.1 Arithmetic Operations on GQFN
In this section, the arithmetic operations between two general-
ized quadrilateral fuzzy numbers are defined on the universal
set of real numbers R
Let Ã1 = (a1,b1,c1,d1;ω1

A1
,ω2

A1
) and

Ã2 = (a2,b2,c2,d2;ω1
A2
,ω2

A2
)

(i) Addition for GQFN:
Ã1⊕Ã2 =(a1+a2,b1+b2,c1+c2,d1+d2;min(ω1

A1
,ω1

A2
),

min(ω2
A1
,ω2

A2
)).

(ii) Subtraction for GQFN:
Ã1	 Ã2 = (a1−d2,b1− c2,c1−b2,d1−a2;
min(ω1

A1
,ω1

A2
),min(ω2

A1
,ω2

A2
))

(iii) Multiplication for GQFN:
Ã1⊗ Ã2 = (a1.a2,b1.b2,c1.c2,d1.d2;min(ω1

A1
,ω1

A2
),

min(ω2
A1
,ω2

A2
))

(iv) Scalar Multiplication for GQFN:

λA1 =

{
λa1,λb1,λc1,λd1;(ω1

A1
,ω1

A1
) λ ≥ 0

λd1,λc1,λb1,λa1;(ω1
A1
,ω2

A1
) λ < 0.
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3.2 Ranking function for GQFN
We propose a new ranking function R : F(R)→ R, which
maps each fuzzy number into the real number. Let Ã=(a,b,c,d;
ω1,ω2), then

R(A1) =

(
a1 +b1 + c1 +d1

4

)(
ω1 +ω2

2

)

4. Fully Fuzzy Transportation Problem

More number of decision makers are interested to solve
fuzzy transportation problems, where all parameters are rep-
resented as generalized quadrilateral fuzzy numbers. Let us
formulate the fully fuzzy transportation problem as:

Min z =
m

∑
i=1

n

∑
j=1

c̃i j⊗ x̃i j

subject to

n

∑
j=1

x̃i j ≤ ãi, i = 1,2,3, ...,m,

m

∑
i=1

x̃i j ≤ b̃ j, j = 1,2,3, ...,n,

x̃i j ≥ 0,∀i, j

4.1 Algorithm for solving fully fuzzy Transportation
problem

The step by step procedure to solve the fully fuzzy trans-
portation problem, in which all parameters are represented as
generalized quadrilateral fuzzy numbers are given as:

Step 1 Check whether the given problem is balanced trans-
portation problem i.e ∑

m
i=1 ai = ∑

n
j=1 b j, if not convert

it into balanced one by adding dummy row or dummy
column.

Step 2 Convert supply and demand into crisp number using
ranking function in rows and columns.

Step 3 Find the minimum amount of the fuzzy cost either row
or column. Find minimum of (ai,b j).

case(i): If minimum of (ai,b j) = ai then allocate xi j =
ai in (i, j)th cell. Ignore ith row replace b j by b j–ai.

case(ii):If minimum of (ai,b j) = b j then allocate xi j =
b j in (i, j)th cell. Ignore jth row replace ai by ai–b j.

Step 4 Repeat step 3 until ai and b j are zero.

S.NO D1 D2 D3 D4 Supply[ai]

S1 (1,2,3,4;
0.6,0.8)

(1,3,4,6;
0.6,0.8)

(9,11,12,14;
0.6,0.8)

(5,7,8,11;
0.6,0.8)

(1,6,7,12;
0.6,0.8)

S2 (0,1,2,4;
0.6,0.8)

(-1,0,1,2;
0.6,0.8)

(5,6,7,8;
0.6,0.8)

(0,1,2,3;
0.6,0.8)

(0,1,2,3;
0.6,0.8)

S3 (3,5,6,8;
0.6,0.8

(5,8,9,12;
0.6,0.8)

(12,15,16,19;
0.6,0.8)

(7,9,10,12;
0.6,0.8)

(5,10,12,15;
0.6,0.8)

Demand[b j] (5,7,8,10;
0.6,0.8)

(-1,5,6,10;
0.6,0.8)

(1,3,4,6;
0.6,0.8)

(1,2,3,4;
0.6,0.8)

(6,17,21,30;
0.6,0.8)

Solution:
Since ∑

m
i=1 ai = ∑

n
j=1 b j the given problem is balanced fuzzy

transportation problem.

S.NO D1 D2 D3 D4 Supply
S1 [(4.55)

(1,2,3,4;
0.6,0.8)]

(1,3,4,6;
0.6,0.8)

(9,11,12,14;
0.6,0.8)

(5,7,8,11;
0.6,0.8)

4.55

S2 (0,1,2,4;
0.6,0.8)

(-1,0,1,2;
0.6,0.8)

(5,6,7,8;
0.6,0.8)

(0,1,2,3;
0.6,0.8)

1.05

S3 (3,5,6,8;
0.6,0.8

(5,8,9,12;
0.6,0.8)

(12,15,16,19;
0.6,0.8)

(7,9,10,12;
0.6,0.8)

7.35

Demand 5.25 3.5 2.45 1.75 12.95

S.NO D1 D2 D3 D4 Supply
S1 [(4.55)

(1,2,3,4;
0.6,0.8)]

(1,3,4,6;
0.6,0.8)

(9,11,12,14;
0.6,0.8)

(5,7,8,11;
0.6,0.8)

0

S2 (0,1,2,4;
0.6,0.8)

(-1,0,1,2;
0.6,0.8)

(5,6,7,8;
0.6,0.8)

(0,1,2,3;
0.6,0.8)

1.05

S3 (3,5,6,8;
0.6,0.8

(5,8,9,12;
0.6,0.8)

(12,15,16,19;
0.6,0.8)

(7,9,10,12;
0.6,0.8)

7.35

Demand 0.7 3.5 2.45 1.75 8.4

S.NO D1 D2 D3 D4 Supply
S1 [(4.55)

(1,2,3,4;
0.6,0.8)]

(1,3,4,6;
0.6,0.8)

(9,11,12,14;
0.6,0.8)

(5,7,8,11;
0.6,0.8)

0

S2 [(0.7)
(0,1,2,4;
0.6,0.8)]

(-1,0,1,2;
0.6,0.8)

(5,6,7,8;
0.6,0.8)

(0,1,2,3;
0.6,0.8)

0.35

S3 (3,5,6,8;
0.6,0.8

(5,8,9,12;
0.6,0.8)

(12,15,16,19;
0.6,0.8)

(7,9,10,12;
0.6,0.8)

7.35

Demand 0 3.5 2.45 1.75 7.7

S.NO D1 D2 D3 D4 Supply
S1 [(4.55)

(1,2,3,4;
0.6,0.8)]

(1,3,4,6;
0.6,0.8)

(9,11,12,14;
0.6,0.8)

(5,7,8,11;
0.6,0.8)

0

S2 [(0.7)
(0,1,2,4;
0.6,0.8)]

[(0.35)
(-1,0,1,2;
0.6,0.8)]

(5,6,7,8;
0.6,0.8)

(0,1,2,3;
0.6,0.8)

0

S3 (3,5,6,8;
0.6,0.8

(5,8,9,12;
0.6,0.8)

(12,15,16,19;
0.6,0.8)

(7,9,10,12;
0.6,0.8)

7.35

Demand 0 3.15 2.45 1.75 7.35

5. Numerical Illustration
Consider the following fully fuzzy transportation problem.

Here the supply, demand and transportation costs are general-
ized quadrilateral fuzzy numbers.
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S.NO D1 D2 D3 D4 Supply

S1 [(4.55)
(1,2,3,4;
0.6,0.8)]

(1,3,4,6;
0.6,0.8)

(9,11,12,14;
0.6,0.8)

(5,7,8,11;
0.6,0.8)

0

S2 [(0.7)
(0,1,2,4;
0.6,0.8)]

[(0.35)
(-1,0,1,2;
0.6,0.8)]

(5,6,7,8;
0.6,0.8)

(0,1,2,3;
0.6,0.8)

0

S3 [(3.15)
(5,8,9,12;
0.6,0.8)]

(12,15,16,19;
0.6,0.8)

(7,9,10,12;
0.6,0.8)

4.2

Demand 0 0 2.45 1.75 4.2

S.NO D1 D2 D3 D4 Supply
S1 [(4.55)

(1,2,3,4;
0.6,0.8)]

(1,3,4,6;
0.6,0.8)

(9,11,12,14;
0.6,0.8)

(5,7,8,11;
0.6,0.8)

0

S2 [(0.7)
(0,1,2,4;
0.6,0.8)]

[(0.35)
(-1,0,1,2;
0.6,0.8)]

(5,6,7,8;
0.6,0.8)

(0,1,2,3;
0.6,0.8)

0

S3 [(3.15)
(5,8,9,12;
0.6,0.8)]

[(2.45)
(12,15,16,19;
0.6,0.8)]

(7,9,10,12;
0.6,0.8)

1.75

Demand 0 0 0 1.75 1.75

S.NO D1 D2 D3 D4 Supply
S1 [(4.55)

(1,2,3,4;
0.6,0.8)]

(1,3,4,6;
0.6,0.8)

(9,11,12,14;
0.6,0.8)

(5,7,8,11;
0.6,0.8)

0

S2 [(0.7)
(0,1,2,4;
0.6,0.8)]

[(0.35)
(-1,0,1,2;
0.6,0.8)]

(5,6,7,8;
0.6,0.8)

(0,1,2,3;
0.6,0.8)

0

S3 [(3.15)
(5,8,9,12;
0.6,0.8)]

[(2.45)
(12,15,16,19;
0.6,0.8)]

[(1.75)
(7,9,10,12;
0.6,0.8)]

0

Demand 0 0 0 0 0

Therefore the initial basic feasible solution is

Minimum z = (4.55)× (1,2,3,4;0.6,0.8)+
(0.7)× (0,1,2,4;0.6,0.8)+
(0.35)× (−1,0,1,2;0.6,0.8)+
(3.15)× (5,8,9,12;0.6,0.8)+
(2.45)× (12,15,16,19;0.6,0.8)+
(1.75)× (7,9,10,12;0.6,0.8).

= (61.6,87.5,100.45,127.05;0.6,0.8).

The ranking function of Min z = 65.905.

6. Conclusion
In this paper, the new notion of fully fuzzy transportation

problem with generalized quadrilateral fuzzy numbers is dis-
cussed with suitable example. As quadrilateral fuzzy number
is a generalization of trapezoidal fuzzy number, the utility of
this procedure is more effective than any other procedure of
fuzzy transportation problems. This notion can be extended
to solve transportation problems with the aid of other fuzzy
algorithm.
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