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ABSTRACT This study makes two major contributions: first, it presents a new approach to solving the fuzzy
transportation problem (FTP); second, it contrasts two different Parametric methods for analyzing optimal
bounds. The first Mechanism is to obtain a fuzzy optimal solution by solving the FTP directly. Then, in order
to attain the best crisp outcome, we apply the alpha-cut and parametric function to the fuzzy decision variables
and their associated cost values. This produces a sequence of ordinary values for the objective function, and
we choose the best one. In the second method, we again employ the alpha-cut and parametric function, but this
time we transform all of the Fuzzy transportation problem table components, which are costs, supply, and
demand, into crisp numbers. Then we get ordinary Transportation Problem (TP) and solve it to acquire the
optimal solution for the objective function. For the values of alpha and beta, we will get a series of crisp
solutions this enabling us to determine the best optimal crisp value. This paper offers a thorough analysis of
the two approaches, stressing their benefits, drawbacks, and suitability for solving practical issues.
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Introduction
The methodical process of optimization entails picking the best options from a wide range of
possibilities in order to maximize or minimize particular objectives or standards. The roots of this
problem can be found in the work of mathematician Gaspard Monge in 1781, even though the
classical framework for it only appeared in the early 20th century. George B. Dantzig improved on
Monge's original investigation of resource distribution in 1941, and his work laid the groundwork for
theories of resource allocation and logistical optimization. In order to effectively manage resources,
the transportation problem mainly focuses on reducing transportation costs while concurrently
meeting supply and demand constraints. In 1965, Lotfi Zadeh [1] created fuzzy set theory, which was
a revolutionary addition to mathematical theory. The optimization field was drastically altered by this
novel framework, which made it possible to rigorously represent ambiguous or imprecise parameters.
Investigating novel optimization techniques is becoming more and more crucial since real-world
situations frequently involve uncertainties pertaining to data and goals.
Due to this change, the traditional transportation problem has been expanded into what is now called
the fuzzy transportation problem (FTP), which combines the ideas of fuzzy set theory and fuzzy logic.
We can efficiently capture and represent ambiguous or uncertain values across crucial parameters,
including cost coefficients, supply levels, demand quantities, and capacity constraints, by adopting
the FTP. Fuzzy optimization methods designed to address these issues can be used to produce more
resilient and flexible solutions that take into account the complexity of real-world situations. In this
context, fuzzy numbers are commonly used because they enable the representation of uncertain
values. Because fuzzy transportation problems have special characteristics, it is necessary to use
specialized solution techniques. Over the years, researchers have proposed a number of methods to
address fuzzy transportation problems (FTPs). Early approaches mostly concentrated on using
ranking techniques to transform hazy parameters like costs, supply, and demand into precise values.
One notable contribution came from researchers Chanas and Kuchta [2], who developed techniques
for handling fuzzy numbers in transportation contexts. Additionally, Nagoor Gani and Abdul Rezak
[3] presented solutions using trapezoidal fuzzy numbers for two-stage cost-minimizing fuzzy TPs,
demonstrating the potential of these more advanced methods.
More sophisticated techniques, like fuzzy linear programming, were investigated as the study went
on. To improve computational efficiency and offer more accurate solutions for completely fuzzy
transportation problems, hybrid approaches that combine fuzzy logic with classical optimization
algorithms were created. Furthermore, researchers Liu and Kao [4] expanded the applicability of
these ideas to more complicated situations by proposing the extension principle for resolving fuzzy
transportation problems. In conjunction, Gani and Abdul Razak provided a methodical parametric
approach that enables decision-makers to minimize costs. Additionally, Pandian and Natarajan [5]
used the novel fuzzy zero-point approach to tackle complex problems related to fuzzy transportation.
Additionally, they presented a recently proposed method for obtaining a fuzzy optimal solution.
The difficulty of identifying the optimal solution is a significant component of this field because
fuzzy transportation problems do not always have a single, distinct solution. We used a parametric
approach to tackle this complexity, which enables a two-pronged analysis of the issue. This two-
pronged strategy helps to develop more effective solutions and promotes a deeper comprehension of
the issue. We will present a numerical example that demonstrates the real-world implementation of
these optimization techniques in order to demonstrate these concepts and methodologies.

Methodology

First: Preliminaries

Definition 2.1: Let X be a nonempty universal set, A fuzzy set A in X with a membership Function
ui: X = [0, 1]is represented by: [6]

A={xup) [x€X, 0=pz(x) =<1} (1)
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Definition 2.2: A fuzzy number A is a subset of the real line with the following properties: [6] [7]
A is normal, that is there exists at least one x € R such that A(x) = 1.

Have a continuous membership function.

Convex Set,V x,y € Rand A € [0,1], u7(Ax + (1 — D)y) = min (uz(x), uz(y)).

Definition 2.3: For real-valued parameters a, b, ¢, and d, we define a Trapezoidal fuzzy number
(a,b,c,d) by:

The fuzzy number's upper and lower bounds are a and d, respectively.

The core's lower and upper bounds (the most likely values) are denoted by b and c, respectively.
A trapezoidal fuzzy number's piecewise linear membership function has the following definition:

( 0 x<aorx=d
% a<x<b
x) = _ 2
d—c
1 b<x<c¢c¢
'y
a b c d

Figure 1. The membership function of a trapezoidal fuzzy number [§]

Definition 2.4: Basic arithmetic operations on trapezoidal fuzzy numbers:

LetA = (a,,a,,as,a, ) and B = (by,b,, b3, b, ) be two trapezoidal fuzzy numbers then: [7] [8]
[5]

We define addition @ , subtraction © and Multiplication &) as the following:

(1) (ay,az,a3,a4 ) D (by,bs,b3, by ) = (a1 +by,a; +by,as +bs,as + by )
(2) (ay1,az,a3,a4 )© (b1,by,b3,bys )= (a; —by,a, —bz,az —by,as — by )
(3) (al,az,ag,a4)® (bl,bz,bg,b4)= (tl,tz.tg,t4)

Where t; = minimum {a; by ,a;b,,asb;,asbs}

t, = minimum {a, b, ,a,bs,asb,,asbs}

t; = maximum {a; by,a;by,asb;,a,b,}

t, = maximum {a, b, ,a,bs,asb,,asbs}
Definition 2.5: If we have a trapezoidal fuzzy number A = (a, b, ¢, d) , the ranking value or crisp
value of A called magnitude of A it can be written as the following: [9] [5]
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a+5b+5c+d
12

Mag(4) = 3)
Definition 2.6: Let @i and ¥ be any two trapezoidal fuzzy numbers. Then we can say: [5] [9]
(1) Mag (ii) > Mag (¥) ifand only if @i > 7;

(2) Mag (i) < Mag (¥) ifand only if i < ¥ and

(3) Mag (i) = Mag(?) ifand only if i = 7.

And the ordering > and < between any two trapezoidal fuzzy numbers are as the following: [5]
(1)@t = vifand only if &t > ¥ or i = ¥ and

2Q)u=vifandonlyifii < Vorii = 7.

(3) i = (a,b,c,d) = 0 if and only if Mag (&) = 0;

(4) i = (a,b,c,d) = 0 if and only if Mag (i) = 0 and

(5) 1 = (a, b,c,d) < 0 if and only if Mag (%) < 0.

Definition 2.7: The a-cut of a fuzzy number denoted by A, is defined by: [6]
Ay ={x €X:uy(x) = a,ae(0,1)} 4

Where alpha cuts reduce the complexity of fuzzy numbers by converting them into intervals at
different levels of confidence (alpha levels). This makes mathematical analysis and manipulation
simpler.

Definition 2.8: Consider we have the following TRFN A = (a, b, ¢, d), then we can convert
trapezoidal fuzzy number to an interval by using « -cut definition: [10]

Interval (A) = [g,al]=[a + a(b — a),d — a(d — ¢)] (5)
Where a € [0,1]

Definition 2.9: If we have a trapezoidal fuzzy number A = (a, b, c, d), then the parametric function
of TRFN is defined by:

Par(4) = Par(a,a]) = a + f(@ - a)
=1-a—-B+apla+(a—af)b+(aB)c+(B—-aB)d  (6)
Where «, f€[0,1]

Second: Fuzzy Transportation Problem Formulation
Fuzzy transportation problem (FTP) is a TP with fuzzy costs, fuzzy sources and fuzzy demands, it’s
a special type of fuzzy linear programming and it can be written as:

Minimize z = YLy ¥y € ® Xij

Subject to:

Yiz1 Xij = a; fori=1.2,..,m (7)
Y, X = Ej forj=12,..,n

X;j=0 fori=1,2,..,mandj=12,..,n,
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m: the number of supply points.

n: the number of demand points.

%ij ~ (xi;j 1, x;j 2, x;; 3, x;; *) is the uncertain number of units shipped from supply i to demand j.
¢ij = (cij %, ¢ij % cij 3, ¢i; *) is the uncertain cost of shipping one unit from supply i to the demand j.
a; ~ (a;1,a; % a; 3, a; *) is the uncertain supply at supply point i, and

b; ~ (b; %, b; %, bj 3, b; *) is the uncertain demand at demand point j.

we can represent the transportation problem in a tabular form:

Table 1: Tabular form of transportation problem

1 C .. n Supply
1 C11 S Cin a,
m Cm1 .. EL’"‘ a,
Demand b4 b,

Third: Algorithm of New Method for Solving Fuzzy Transportations Problems:

Step 1: Check if the fuzzy transportation problem is balanced, if it is not balanced add a dummy row
or column with zero fuzzy cost to make it balanced. [11]

Mag() @) = Mag() B)

Step2: Applying Algorithm of Max {Supplies, demands} method in fuzzy environment to find initial
fuzzy solution as the following: [12]

Determine the maximum fuzzy supply or maximum fuzzy demand and then start by locating the
minimum fuzzy cost cell in the corresponding row or column. Assign the maximum possible quantity
to that cell and eliminate that row and column. We will continue on this procedure till all fuzzy
demand and supply are satisfied..

Step 3: t's necessary to verify the primary solution for optimality as follows:

(1) We should be sure that the number of primary basic feasible solutions is equal to m+n-1.

(i1)) We utilize the Modified Distribution Method (MODI) or UV Method in the fuzzy system,
and here we mean by (=) is equivalncy in Maginitude.
In order to determine the values of @; and ¥;we solve the set of equations i; @ U; = ¢;;,
for basic cells, and then compute the penalties of non-basic cells by applying this formula:
pij = C; QU © ;.

(iii) If all mag( p;;) = 0 then the solution is optimal, then go to Step (5).
If there exist mag( p;;) < 0 then the solution is not optimal going to the next step.

Step 4: Modifying the primary solution by calculating the fuzzy value 0 as follows: In the non-basic
cells, starting from the maximum negative magnitude cell and drawing a closed loop with basic cells,
and then determining the value of 0 ::

0 = min {negative sing corner fuzzy value}
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We will obtain a new set of fuzzy solutions by adding fuzzy value 0 to the loop's positive corner
fuzzy value and subtracting it from its negative corner fuzzy value.

Proceed to step (3).

Step 5: compute the objective function: Minimize z = JJ~; My ¢i; ® ;.

Stop the Algorithm.

Fourth: Optimal Bounds Analysis utilizing the Parametric Function in Two Ways:

Drive parametric function:

Consider we have a fuzzy number A = (a, b, ¢, d) clearly from the membership function in equation
(2), Clearly a = 0, and by definition of the a — cut, we can say E > a, implies that:
x=>a+a(b—a) andalso % > a implies that x < d — a(d — ¢) and then, we can say:

a+a(b—a) <x <d-— a(d— c) which means the interval of the fuzzy number according to value
a[g, d] =la+ a(b—a),d —a(d —c)].

We have the parametric which converts the interval to parametric value.

[a.a] =a+B(a—a) (®)
a=a+a(b—a) )
a=d—a(d—c) (10)

From equations (8), (9) and (10) we conclude:

Z=|aa]l=(a—aa+ab)+p(d—a—ad+ac+ aa— ab)
Z=(1—-a—-B+aB)a+ (a—aB)b+ (af)c+ (B —apf)d (11)

where 0 <a <1, 0<fF<1.

Method (I):
The first method relies on the optimal set of fuzzy decision variables and the fuzzy costs associated
with them. The fuzzy decision variables and fuzzy costs are transformed into ordinary real values
by employing a parametric function. Finally, the value of the objective function is determined, and
then the sequence of optimal solutions is obtained according to the Alpha and Beta values.

Method (II):

Transforming the entire Fuzzy transportation table to an ordinary traditional transportation problem
by applying the parametric function on fuzzy numbers, and then utilizing the usual standard
approaches to obtain a series of optimal values according to the values of Alpha and Beta, we can
choosinga =0,a =0.1,... ,a& =0.9, a =1, and selecting three values for § = 0,8 = 0.5,

p = 1, The final decision regarding the ideal solution might be left to the individual of the decision
maker.

1. Numerical Example:
Suppose we have this Fuzzy transportation problem:

Table 2: Fuzzy transportation problem

B1 B2 B3 B4 supply
Al (8,9,11,12) (8,9,13,14) (14,15,17,18) (12,13,15,16) (33,34,36,37)
A2 (17,18,22,23) (9,10,12,13) (10,11,13,14) (13,14,16,17) (8,9,11,12)
A3 (10,11,13,14) (6,7,9,10) (17,18,22,23) (5,6,8,9) (38,39,41,42)
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Demand  (13,14,16,17) (18,19,21,22) (34,35,37,38) (12,13,15,16)

Using our new algorithm for solving the problem.
Stepl: Since ), @, = (79,82,88,91), mag = 85

and Y b, = (77,81,89,93), mag=85
Since Mag(a,) = Mag(h,) = 85, the given problem is a balanced.
Step2: Applying Algorithm of Max {Supplies, demands} method in fuzzy environment to
find initial fuzzy solution, as the following:
Mag Supply {(33,34,36,37), (8,9,11,12), (38,39,41,42)} = {35, 10,40}
Mag Demand {(13,14,16,17), (18,19,21,22), (34,35,37,38), (12,13,15,16)} = {15,22,36,14}
Max {Supplies, demands} =~ (38,39,41,42) because mag {(38,39,41,42)} =40
We will take Row (A3) and find minimum fuzzy cost in Row (A3).
Mag {row(A3)} = {(10,11,13,14), (6,7,9,10), (17,18,22,23), (5,6,8,9)}

= {12, 8,20,7}

So, Min {row(A3)} = (5,6,8,9) because Mag {(5,6,8,9)} =7

We allocate as much as possible fuzzy amount for cell (3, 4).

Clearly for this cell we have demand =~ (12,13,15,16), Mag=14 and Supply= (38,39,41,42),
Mag=40, so we can assign (12,13,15,16) for Cell (3,4)

And then we cross out column B4.

Calculate reaming supply (38,39,41,42) © (12,13,15,16) = (22, 24, 28, 30), Mag=26
Again, Mag Supply {(33,34,36,37), (8,9,11,12), (22, 24, 28, 30)} = {35, 10,26}

Mag Demand {(13,14,16,17), (18,19,21,22), (34,35,37,38)} = {15,22,36}

Max {Supplies, demands} =~ (34,35,37,38), We will take column (B3) and the minimum
fuzzy cost in this column is (10,11,13,14), mag=12, so we allocate (8,9,11,12)

for cell (2,3), (34,35,37,38) © (8,9,11,12) = (22, 24, 28, 30) mag=26 the cross-out row(A2),
By the same way we continue on the allocation till we obtain the following primary solution:

Table 3: primary feasible solution

Bl B2 B3 B4 supply
Al (8,9,11,12) (8,9,13,14) (14,15,17,18) (12,13,15,16)  (33,34,36,37)
(13, 14, 16, 17) (16,18, 22, 24)
A2 (17,18,22,23) (9,10,12,13) (10,11,13,14) (13,14,16,17) (8,9,11,12)
(8,9,11,12)
A3 (10,11,13,14) (6,7,9,10) (17,18,22,23) (5,6,8,9) (38,39,41,42)
(18, 19, 21, 22) (0,3,9.12) (12, 13, 15, 16)
Demand (13,14,16,17) (18,19,21,22) (34,35,37,38) (12,13,15,16)

Let’s check the initial solution:

(13,14, 16, 17)D( 16, 18, 22, 24) = (29,32,38,41) mag=35 and clearly for (33,34,36,37)
mag=335, so they are equivalent and the supply of row (A1) are met.

(18,19,21,22) (0, 3,9, 12) @ (12,13,15,16) = (30,35,45,50), mag=40 and clearly that:
Mag (38,39,41,42) =40, so (30,35,45,50)~ (38,39,41,42) and the supply of row (A3) are met.
(16, 18, 22, 24) ©(8,9,11,12) & (0, 3,9, 12) = (24,30,42,48) mag=36
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(34,35,37,38) mag=36, we see also (24,30,42,48) ~(34,35,37,38)
So, Fuzzy demand and supply satisfied. Going to next step.
Step 3: verifying the optimality by applying MODI Method or UV Method in fuzzy system:
Clearly, we have m+n-1=4+3-1=6 basic feasible fuzzy solution cells
For Basic cells we find i; @ ¥; ~ ¢;; , Also we consider fuzzy zero 0 ~ (0,0,0,0)
i, @ ¥, ~ (8,9,11,12)
i, D ¥z ~ (14,15,17,18)
i, @ Uy ~ (10,11,13,14)
fis D ¥, ~ (6,7,9,10)
itz @ ¥z ~ (17,18,22,23)
iz D Py ~ (5,6,8,9)
Set iizg ~ 0, then ¥, ~ (6,7,9,10), ¥3 ~ (17,18,22,23), ¥, ~ (5,6,8,9)

i, ~ (14,15,17,18) © (17,18,22,23) = (-9, -7, -1, 1)

71 = (8911,12) © (-9, -7,-1, 1) = (7, 10, 18, 21)

i, =~ (10,11,13,14) © (17,18,22,23) = (-13, -11, -5, -3)

For non-basic cells we use: p;; ~ ¢;; © 6i; © 7;

P12 =1, O Uy Oy

P12 = (89,13,14) © (—9,-7,—-1,1) © (6,79,10) = (-3, 1,13, 17),mag =7 > 0
By the same way:

Pia = (2, 6, 16, 20) mag=11, p,, = (-1, 5, 23, 29) mag=14

Doz = (2, 6, 16, 20) mag=11, Py = (7, 11, 21, 25) mag = 16

Psr = (-11,-7, 3, 7), mag=-2 <0, s0 (-11,-7,3,7) <0

The solution is not optimal we should enhance the solution towards the optimal. Going to

cell (3,1) creating close loop with basic feasible solution cells. From cell (3,1) we make close
loop with cells (1,1), (1,3), and (3,3):

8 = min( cell(1,1), cell(3,3)) = min {(13,14,16,17), (0, 3, 9, 12)}
~ (0, 3,9, 12),and mag = 6

Therefore; (0, 3, 9, 12) will be added to cell (3,1) and then we subtracting
(13,14, 16,17) © (0, 3,9, 12) = (1, 5, 13, 17) and also

(16, 18, 22, 24) @ (0, 3, 9, 12) = (16,21,31,36)

Finally, the solution modified to:

Table 4: Modified solution of fuzzy transportation problem

Bl B2 B3 B4 supply

Al (8,9,11,1 2) (8,9,13,14) (14,15,17,18) (12,13,15,16) (33,34,36,37)
1,5,13,17) (16, 21, 31, 36)

A2 (17,18,22,23)  (9,10,12,13) (10,11,13,14) (13,14,16,17) (8,9,11,12)

(8,9,11,12)

A3 (10,11,13,14)  (6,7,9,10) (17,18,22,23) (5,6.8,9) (38,39,41,42)
(0,3,9,12) (18, 19, 21, 22) (12, 13, 15, 16)

Demand (13,14,16,17)  (18,19,21,22) (34,35,37,38) (12,13,15,16)
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by the same way as before we will check optimality, we can see that ma g( Di j) > 0 for all non-
basic cells, the value of the objective function is:

Z = (480, 703, 1239, 1552), and Mag (480,703,1239,1552) =978.5

Analyzing optimal bounds using the parametric function in two methods:

Method (I): For the fuzzy decision variables and associated fuzzy costs, we can utilize alpha-cut and
parametric functions to observe how optimal solutions vary based on alpha and beta as follows:

Consider a fuzzy number A = (a, b, ¢, d) then the Interval of A=[a + a(b — a),d — a(d — ¢)]. Also
transform to parametric value by [g, c‘z] = a + B(a — a), therefore;

Z=[Q,d]=(a—aa+ab)+[)’(d—a—ad+ac+aa—ab)
Z=1—-a—-B+aB)a+ (a—aB)b+ (aB)c+ (B — af)d

If a = 0andf = 0 then we will calculate the crisp value of the objective function as the following:

Table 5: Optimal solution for particular values of a =0, =1

Fuzzy Decision Parametric conversion Fuzzy Parametric conversion ParConl x
variable (ParConl) costs (ParCon2) ParCon2
(1,5,13,17) 1 (8,9,11,12 8 8
)
(16,21,32,36 16 (14,15,17, 14 224
18)
(8,9,11,12) 8 (10,11,13, 10 80
14)
0,3,9,12) 0 (10,11,13, 10 0
14)
(18,19,21,22) 18 (6,7,9,10) 6 108
(12,13,15,16) 12 (5,6,8,9) 5 60
(Objective function value) z 480
value=

By the same way calculating other z- values which is shown in Table 6.

Table 6: Optimal solution for particular valuesof 0 <a<1,0<p<1

Alpha Beta=0 (Z value) Beta=0.5 (Z value) Beta=1 ( Z value)
0 480 956 1552
0.1 500.95 956 1519.35

0.2 522.2 956 1487
0.3 543.75 956 1454.95
0.4 565.6 956 1423.2
0.5 587.75 956 1391.75
0.6 610.2 956 1360.6
0.7 632.95 956 1329.75
0.8 656 956 1299.2
0.9 679.35 956 1268.95
1 703 956 1239
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when Beta is zero
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(0] 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1
when Beta is 0.5
957 T T T T % T T T T
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955 H H H H i i i H H
(0] 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1
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1200 : —
(0] 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

[F

|

Figure 2: Optimal solutions when 0 < a <1

Method (II):

Step 1: We can use the above parametric conversion for the costs, demand, and supply for the
transportation table, convert the fuzzy transportation problem to crisp transportation problem, and
then solve it using the usual methods to find the optimal solution.

Step 2: Takea = 0,a = 0.1, ... ,a = 0.9, = 1, also take three values for § = 0, = 0.5, =1,
for each Alpha and Beta value, we will get a crisp Transportation problem and solve it find an
optimal solution.

According to method (II) the whole Fuzzy transportation problem will be converted to the
following usual transportation problems If a =0and f =0.

Table 7: crisp Transportation problem

B1 B2 B3 B4 supply
Al 8 8 14 12 33
A2 17 9 10 13 8
A3 10 6 17 5 38
Demand 13 18 34 12

Solving the transportation problems in usual ways we got:

Table 8: solution of the crisp Transportation problem

B1 B2 B3 B4 supply
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Al 8 ; 8 14 26 12 33
A2 17 9 10 8 13 8
A3 10 6 17 5 38
6 18 12
Demand 13 18 34 12

Zvalue=(8x7)+ (26 x14)+ (8x10)+ (6x10)+ (18 x 6) + (12 x 5) = 728
By the same we will calculate Z-value for other values of alpha and Beta as shown in the Table 8

below:
Table 9. The series of optimal solutions according to the value of Alpha and Beta
Alpha Beta=0 (Z value) Beta=0.5 (Z value) Beta=1 (Z value)
0 728 956 1176
0.1 738.579 956 1164.43
0.2 749.36 956 1152.92
0.3 760.1091 956 1141.47
0.4 771.0346 956 1130.08
0.5 782 956 1118.75
0.6 793.04 956 1107.48
0.7 804.16 956 1096.27
0.8 815.36 956 1085.12
0.9 827.43 956 1074.03
1 838 956 1063
F =1
when Beta is zero
850 T T T B —]
_/,__.__-/
800 e .
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|
750 — /-’-f'“” i ‘ ‘ . . l l .
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
when Beta is 0.5
957 T T T T T T T T T
956
955 , . : A . . : - :
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
when Beta is One
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Figure 3: Optimal solutions when 0 < a <1

ISSN: 2960-1363 Vol. 02 No.04

48



IRA Q | KHAZAYIN OF ECONOMIC

Academic Sclentific Journals AND ADMINISTRATIVE SCIENCES (2025) (02) (04): P(38-51)

From the above tables and figures, we see that alpha cuts provide a way to analyze fuzzy numbers
at different levels of certainty. Decision-makers can choose an alpha level that reflects their desired
confidence level, allowing for more informed and flexible decision-making, as well as the alpha
cuts help in visualizing fuzzy numbers by breaking them down into crisp intervals at various alpha
levels. This can make it easier to understand and interpret the fuzzy number.

Results and discussion:

In assessing the two methods for solving the fuzzy transportation problem, we observe distinct
outcomes regarding their lower bound crisp values. The first method yields a minimum lower
bound crisp value of 480, while the second method produces a higher minimum lower bound crisp
value of 728.

This indicates that the first method is more effective for our objective of minimizing transportation
costs, as it directly addresses the fuzzy transportation problem and allows us to work only on the
fuzzy decision variable results and their corresponding costs. By applying this method, we can
generate a series of crisp solutions based on varying values of Alpha and Beta.

In contrast, the second method requires us to transform the entire transportation problem into a crisp
transportation problem for each combination of Alpha and Beta. This results in the need to solve a
total of 33 crisp transportation problems in our example, given that we have eleven values for Alpha
and three values for Beta. This process can become increasingly complicated, especially when the
transportation problem involves larger tables with more extensive supply and demand figures, as
well as additional values for Alpha and Beta.

Overall, the first method not only offers a better optimal solution in terms of cost but also simplifies
the process significantly compared to the second method.

F =

1600

< X
-0

1400

1200 [
1000 |
800

600 | x 0 1
Y 480

400

Figure 4: Method (I) Optimal solutions 0 < a < 1land f =0,05,1
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Figure 5: Method (II) Optimal solutions 0 < a < land f =0,0.5,1

Conclusion

A novel approach is created to address transportation issues in which supply, demand, and cost are
all completely ambiguous. Compared to conventional approaches that make the assumption of clear
or partially fuzzy parameters, this represents a substantial improvement. Our suggested approach
makes a substantial addition to the fuzzy optimization community. It offers a practical and adaptable
framework for resolving transportation issues under uncertainty by utilizing trapezoidal fuzzy
numbers and a parametric approach. Additionally, alpha cuts are a potent tool in fuzzy set theory that
offer a means of simplifying, analyzing, and manipulating fuzzy numbers, making them easier to
work with in real-world scenarios. The method's efficacy is illustrated by the numerical example, and
decision-makers can gain important insights from the analysis of uncertainty ranges.
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