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Abstract

In this article, the main idea is to obtain the minimum transportation total fuzzy cost of the
triangular transportation problem using the row-column minima (RCM) method. Here, the capacity of
supply, the destination of demand, and transportation cost are all fully triangular fuzzy numbers with
asymmetric or symmetric but not with the negative triangular fuzzy number (TFN). Vagueness plays an
active role in many fields, such as science, engineering, medicine, management, etc. In this idea, the TFN
problem is decomposed into two interval integer transportation problems (IITP) using the a-cut method,
by putting @ = 0.5 and a@ = 0 to get the upper bound interval transportation problem and the lower bound
interval transportation problem. These two interval problems are decomposed again into two problems: the
right-bound transportation problem (RBTP) and the left-bound transportation problem (LBTP). First,
compute an initial basic feasible solution for RBTP, then also obtain the optimum solution by the existing
method; there is no need to solve LBTP directly because the solution of RBTP is the initial solution of
LBTP. Apply the RCM method to LBTP, getting interval solutions for both interval transportation
problems. Then the combined and computed the minimum fuzzy triangular transportation cost, in which an
asymmetric or symmetric triangular fuzzy transportation problem (TFTP) is not changed into classical TP
without using ranking methods, and the same result was obtained using the existing method. Some
numerical examples are illustrated, and it is very suitable to clarify the idea of this concept. This idea is an
easy way to understand the uncertainty that happens in a real-life situation.

Keywords: Asymmetric/symmetric triangular fuzzy transportation problem, Interval integer transportation
problem, Row-column minima method, Transportation problem, a -cut method.

Introduction

The concept of a transportation problem
(TP) is to ship a single product from one place to
another place. In a TP, many methods are available
to find an initial basic feasible solution (IBFS), such
as the Least Cost Method as well as the North-West
Corner Rule, and an optimal solution by the famous

MODI method. The TP concept was familiar to
Hitchcock. TP was solved with the simplex method
by Dantzig and Thapa, and then Cooper developed
the modified simplex method. There are many places
where uncertainty may occur due to some
computational error, high cost of materials, no
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accuracy in measurements, weather conditions, etc.
Zadeh developed the fuzzy set concept in 1965 to
deal with ambiguity in real-life settings. In 1970,
solving the TP with uncertain conditions was
introduced by Bellman Zadeh. In real-life situations,
fuzzy is used in many places. Many methods were
active to obtain an optimum solution using a a-cut
mode. In an environment of fuzzy, calculate the
optimum solution for asymmetric/symmetric TFN.
In this article, the asymmetric/symmetric fuzzy
triangular TP is decomposed into two problems, such
as the Upper bound interval transportation problem
(UBITP) and the Lower bound interval
transportation problem (LBITP) by the a- cut
method, by putting « = 0.5 and a = 0. These two
interval problems are decomposed again into two
problems the RBTP and the LBTP. First, compute an
IBFS for RBTP then also obtain the optimum
solution by the MODI method. Then to solve LBTP
by using the RCM method, in which an optimal
solution of RBTP is IBFS of LBTP and solved. In the
same manner, LBITP is followed to get the minimum
interval integer transportation cost of IITP. Also,
combine the intervals of UBITP and LBITP to get
TFTP and obtain the minimum triangular fuzzy
transportation cost.

In the literature review, TFTP was
transformed into a classical TP using many ranking
methods and was solved by the Least cost method,
Vogel’s approximation method, and existing
methods. But in this article, TFTP is converted into
IITP by the a-cut method, then initially solved TP by
MODI, and then the RCM method, where the
parameters all are TFN and positive numbers, that is,
availability, demand, and transportation cost. Silmi
et al.! investigated the uncapacitated TP with supply
and requirement intervals defined as a way to attain
the closest optimum estimation of a heuristic idea.
Habiba and Quddoos?® examined an alternate
optimum solution for the interval TP, in which the
interval was changed into a bi-objective and then
solved through fuzzy programming. Bisht and
Srivastava® determined the interval TP with data-
based methods, which is converted into fuzzy TP
through the trisection fuzzy idea, then applied in-
center to convert the classical number. Dalman and
Sivri* presented and solved non-linear TP with multi-
objective, where the factors are all interval and

unknown requirements. Das® was presented and
solved by linear programming with fractional type
under conditions, and all the factors are TFN. Facade
et al.® suggested obtaining the least transportation
cost of TFN, where TFN was transformed into
classical TP by the Centroid Rank Method and all the
remaining components were TFN. Then this solution
was compared with the solution of the Robust
Ranking Method. Holel and Hasan’ derived the
optimality constraints for the derivative of control
theory with a fractional problem with multipliers of
Lagrange. Ali Ebrahimnejad® developed a method to
find the standard transportation simplex algorithm,
where TFN is transformed into three classical TPs,
and the optimal solution is obtained when the
parameters all are non-negative. Singh and Gupta®
suggested solving the fuzzy TP and finding the fuzzy
optimum value. Here the degeneracy conditions have
not occurred and compared the result with the
existing solutions. Kaur et al.2° suggested a modified
fuzzy programming procedure for computing the
optimum solution of a solo objective TP, where the
factors all are TFNs without transforming to a
classical value. Ezzati et al.* recommended solving
the fully fuzzy linear programming problem using
the Lexicography process and it’s transformed into a
multi-objective linear programming problem, where
the parameters all are TFN under two case studies.
Gomathi and Jayalakshmi'? developed a one’s
orientation approach for obtaining the optimum
solution as well as an optimal schedule for a
symmetrical assignment problem, in which all the
factors are symmetric TFN or trapezoidal fuzzy
numbers. That solution has very little iteration in
getting the optimal solution. Kumar® developed a
modal to compute the optimum solution of
intuitionistic, crisp, and fuzzy TP and assignment
problems with the help of type-2 fuzzy and type-2
intuitionistic fuzzy sets. Alhindawee et al.*
suggested finding the optimum development to solid
excess management through the channel of
hierarchical approach. Hunwisai and Kumam®
developed a Modified Distribution Method (MODI)
to obtain IBFS using the Allocation Table Method
and an optimum solution by the MODI process used
on the a-cut and Robust Ranking Method, where the
origins, as well as demands, are real values and the
fuzzy cost of transportation is TFN or trapezoidal
number. Baykasoglu and Subulan!® suggested
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solving fully fuzzy TP with the constrained
arithmetic operation, where all the parameters are
TFN and the transportation quantity is also TFN.
Malik and Gupta?’ suggested computing the optimal
solution for the balanced TP and also obtaining the
solution by goal programming approach with all
parameters are intuitionistic fuzzy numbers.
Dhanasekar et al.'® suggested an algorithm by the
Fuzzy Hungarian MODI technique to obtain the
optimum solution by transforming fuzzy triangular
and trapezoidal numbers into classical TP numbers
by Yagar’s ranking method, where all the parameters
are positive or negative TFN. Akil Basha et al.'°
developed a Mid-Width Method for obtaining the
optimal solution of full 1ITP, which involves the
parameters that are real interval numbers.
Balasubramanian and Subramanian ?° created a fuzzy
and crisp optimal TFN solution in which TFTP is
transformed into classical TP using indices ranking
and supply, demand, and transportation costs are
TFN. Pandian et al.?! suggested a level-bound
process to obtain the optimum solution of fuzzy IITP
and transform it into classical TP, where the
parameters involved all are fuzzy interval triangular
numbers. Prabha and Vimala?> suggested an
Allocation Table Method to solve all the TP
problems with the magnitude ranking method and
also used for all kinds of fuzzy TP, where all the
factors are trapezoidal numbers. Ravikumar et al.?®
recommended solving different types of fuzzy TP
with a ranking function where all the factors are TFN
or classical value. Muthuperumal et al.?* developed a
method for obtaining the IBFS for unbalanced TFTP,
where the unbalanced TFTP was transformed into a
modified triangular fuzzy unbalanced TP by
increasing the availabilities or demands. Srinivasan
et al.?® suggested computing the minimum TP cost
for TFTP and assigning the rank by ranking function
and also ranking for a different type of TFN, where
the availability, as well as demand, are transformed
into the classical value using beta distribution for
ranking. Indira and Jayalakshmi? proposed a RCM
method to compute IBFS as well as an optimum
solution for the fully interval integer transportation
problem, in which all the factors are intervals. Faizi
et al.?’ developed a COMET technique that is based
on multi-criteria decision-making to find the solution
for asymmetric and symmetric triangular fuzzy
interval-valued normalized. Vidhya et al.®

recommended obtaining the IBFS and optimality
without transforming fuzzy TP into classical TP by
the MODI method, in which the parameters involved
are TFN, trapezoidal fuzzy numbers, and real
numbers. Vidhya et al.?® computed the IBFS and
optimal solution for TFEN, where all the factors are
TFN with mixed constraints and without changing
fuzzy numbers into crisp or classical numbers.
Ammar et al.*® suggested getting the rough optimal
value for the triangular fuzzy interval integer TP with
level and solving the interval part by the slice-sum as
well as the branch-and-bound process, where the
factors all involved rough TFNs. Saman and
Farikhin® suggested solving the fuzzy TP by using
algorithms such as NNWC, NLC, and NVA, which
involve ranking methods. Also, a total integral value
is involved, where the factors are involved in non-
normal TFN or trapezoidal fuzzy numbers.
Deshmukh®? proposed a technique based on the
locations of the centroid, rectangle, and trapezium in
the a-cut approach. Gupta et al.** Suggested TP with
multi-objective capacitated with mixed conditions in
a fuzzy environment and parameters are linear and
fractional, in which applied the fuzzy set theory and
alpha cut in trapezoidal fuzzy numbers into classical
value then obtain the compromise solution. Gupta et
al.* developed TP with multi-objective capacitated,
with linear and fractional objectives and multi-
choice and trapezoidal fuzzy numbers as parameters.
Here, multi-choice dealt with binary variables and
ranking for trapezoidal numbers, following which
the problem was solved and a compromise solution
was obtained. Gupta et al.*® developed a technique
for the TP with multi-objective capacitated in an
uncertain environment where the parameters are
multi-choice and the probability distribution is
turned to crisp by binary variable and stochastic
programming to determine the best compromise
solution by fuzzy goal programming. Gupta and
Kour® investigated the TP in fractional form with
discount cost in transporting time and obtained the
optimum solution using the Karush Kuhn Tucker
approach.

In this concept, all the parameters are TFN
and positive only, solving TFN using the a-cut via,
then applying the RCM method. The given TFTP is
separated into two problems UBITP and LBITP
using the a-cut method. Then UBITP is decomposed
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into two TPs RBTP and LBTP, and to compute the
optimal solution for UBITP, for which RBTP by any
existing method and LBTP by the RCM method was
implemented. In the same manner, proceed to solve
LBITP, then combine the solutions of UBITP and
LBITP to get TFTP and obtain the minimum fuzzy
triangular transportation cost of
symmetric/asymmetric TFN, where the TFN is not
converted into classical TP by not using any ranking
method. It is very easy for decision-makers to
transport a single commodity from one place to
another.

Motivation:

According to the literature, different
techniques for solving FTPs could impact the
outcome of the fuzzy optimal solution. As a
consequence, this work develops a novel fuzzy
transportation technique, namely the RCM method.
In an algorithm, the fuzzy optimum interval solution
is obtained. Many authors use ranking approaches to
get an optimum solution for the TFN, but this
algorithm decomposes the intervals and solves the
upper interval using the existing method and the
lower interval using the RCM method.

The following are the main contributions to this
article:

e The TFN model with
asymmetric/symmetric is developed.

e Thegiven TFN is converted to interval
form to obtain the UBITP and RBITP
solution using the suggested algorithm.

e Using the RCM method to obtain the
asymmetric or symmetric transportation
cost.

e The comparison was made between the
existing and recommended methods.

e The numerical case provides an
understanding of the suggested algorithm.

Materials and Methods
PRELIMINARIES:

A. Grade of Function (or) Membership
function: 8
A membership function maps an element of
a domain, space, or universe of discourse to

the unit interval [0, 1], that is, puy(x) = X -
[0,1] this u,(x) is called the grade of
function or membership function.
B. Fuzzy Set: 8

A fuzzy set is characterized by a
membership function mapping elements of a
domain, space, or universe of discourse X to
the unit interval [0, 1]. That is, A=
{(x, ug(x);x € X)} where pu,(x) the
membership function is represented by real
numbers ranging from [0, 1].

C. Convex Function: 2
If a fuzzy set A:R — [0,1] is convex then
it satisfies the following condition
Adx; + (1 — Dxy) =
min{A(x,), A(x,)},V x1,%, € R, A € [0,1].

Note: A fuzzy set is a convex function all
a level set is a convex function.

D. Fuzzy Number: 3
A fuzzy number A4 is

(@) Real number subset

(b) The function of continuous membership

(c) Convex, ie. uids+ (1 —-Dt) =
min{uz(s), uz()}, Vs, t € R,A€[0,1]

(d) Normal, in the sense that there exists at least
one x € R such that uz(x) = 1.

E. Triangular Fuzzy Number: ©
A fuzzy number B = (by, by, b3) in
R is called a triangular fuzzy number if its
membership function gz has the following
resulting appearance.

x—b1
(bz_bl, by <x<bh,

1, x=b
pg(x) = l by 2

Lbs—bz' b, <x < bs
0, o.w

Where b, is Principal(B), b,is the width of
left & b5 is the width of right.

El: The fuzzy number of triangular B =
(by, by, b3) is called a positive if b; = 0,i = 1,2, 3.
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E2: The fuzzy number of triangular B =
(b1, by, b3) is called a negative if b; < 0,i = 1,2, 3.

E3: The fuzzy number of triangular B =
(bq, by, b3) is called a symmetric b, — by = by — b,
otherwise, it is called asymmetric.

RN

The diagram image of a triangular fuzzy

number with an a-cut is exposed in Fig. 1.

by

b3

Figure 1. Triangular Fuzzy Numbers (b4, b,, b3)

F. a- cut for triangular fuzzy number:

The a-cut triangular fuzzy number B =
b)a + by, bs — (b — by)a} Where a € [0,1] and

bf = (b, — by)a + by, by = b3 — (b3 — by)a

from 2701 — o = bsb¥
b bs—b,

2_b1
G. Arithmetic Operation of Triangular
Fuzzy Number: *

The triangular fuzzy number is quantified as
addition, subtraction, multiplication, and division for
any two triangular fuzzy numbers [ = (11, [, I3) and
m = (my, m,, ms) follows:

a. Add: L+ M = (I; + my, 1, + my, 15 + mj3)
b.Sub:L —M = (I, —m3,l, —my, I3 —my)
c. Product: L x M =
min(lymy, lyms, lzmy, lsms), lm,,
{ max(lymy, lymg, lsmy, [3m3) }
d. Division: & = (=1,-2, -2
M

ms’m,’ my

The Mathematical Model of Fuzzy
Transportation Problem: ¥

The mathematical form of a fuzzy
transportation problem is defined as follows:

Minimize Z = Y7 Y01 i Bra 2

Subject to the constraints

Yiis B < Sk 1=1,2,3,..n 3

B =
Bu=0 k=123.ml=123..n 5

With the balance condition, Y.7-, 5, = XL 4
Where ¥,,= cost of fuzzy transportation of a unit
from k" origin to [*" destination

§, = Fuzzy availability in k*"origin

£, = Fuzzy requirements in [t"destination

Bri= non-negative integer, which is a
transported fuzzy transportation cost from k"
origin to [**destination

k=1,23,..m 4

Note:

The necessary and sufficient condition for
the fuzzy LPP or fuzzy TP is to have a solution if and
only if the problem is a balanced one.
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Theorem 1:
A fuzzy number A is called a positive (hon-
negative) iff puz(x) =0,vx <0.

Theorem 2: 16

The necessary and sufficient conditions for a
fuzzy LPP (or) fuzzy TPP to have a solution should
be balanced.

Proof:

Suppose that there is an unbalanced
problem. Then the constraint on the problem should
be

Zznzlgk 2 Z?:l fl 6

If the problem is unbalanced, the sources or
destination must be added. Here, the source of
availability and finding a feasible solution should not
be satisfied by Eqg. 3, 4, and 5.

That is, the problem has a solution if condition (2)
is satisfied.

ObViOUSIy, Z;{nzl S < Z?:l El 7
From (6) and (7),

Y=t Sk =2l=1 4
Therefore, the problem is balanced. Then the
problem has a solution, but the only possibility is that
the given problem is balanced.

Proposed Methodology

Stage 1: Consider the given TFTP (Z)matrix. It is
separated into two interval transportation problems
Upper Bound Interval Transportation Problem
(UBITP) is denoted by Z;; and Lower Bound Interval
Transportation Problem (LBITP) is denoted by Z;
using a- cut method, by setting @ = 0.5 and @ = 0.

Stage 2: Z;; is decomposed into two transportation
problems, the right-bound transportation problem

(RBTP) and the left-bound transportation problem
(LBTP), which are denoted by
Zp1and Z; respectively,

Stage 3: Solve Zy, by the well-known method in two
steps and it’s indicated by 1;;:

() An IBFS
(i) Optimum solution

Stage 4: Consider Z;; as well as obtain the optimum
solution for Z;, using the RCM Method as follows:

Stage 4(a): Build Z;, from the above Z,.

Stage 4(b): Mark (*) as the optimal solution for Zp,
in Z; 1. At this point, allow the maximum amount in
the fewest number of consecutive allocations that is
possible or for the selected cell’s column (*).

Stage 4(c): Repeat the process until the rim criteria
are met. At that stage, to obtain an optimal
solution Z;;, which is indicated9;;, by the
condition 9;; < n;;.

Stage 5: Now combine Z,and Z;,to get Z;;, which
IS denoted by ZU = (ZRl'ZLl)'

Stage 6: Replicate the same procedure Z; as Zy, to
get the solution for LBITP (Z;), which is denoted
by Z, = (Zga,Z12), Where Zg, is RBTP and Z;, is
LBTP.

Stage 7: Combine the intervals of Z,; and Z;, to get
TFTP(Z), which is denoted by Z = (Z,, Z,, Z,).

Stage 8: Determine the lowest transportation cost
for the given TFTP asZ = ¥, 3™ . $i; Brat-

The architecture model for the recommended

algorithm is presented in Fig. 2.
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Triangular Fuzzy Transportation Problem matrix (TFTP)

UBITP (Zy)

v v

LBTP (Z11), solve RBTP (Zr1), solve
by Row-Column by MODI
Minima Method Method

.___A o

7= (211, Zra)

ol

a |

LBITP (Z.)

l

v v
LBTP (Z12), solve by RBTP (Zra),
Row-Column Solve by MODI
Minima Method Method

- N '

Zr = (Z12, Zr2)

Minimum Transportation Cost (Z)

Figure 2. The recommended method flow chart is as the above

Numerical Examples:

Example 1; 1%

A screw manufacturing concern supervisor is
regarded as the best tactic to transport industrial
centers nq,myand nstoyy, v, ¥z and y, depots.

The unreliable weekly production and loads, along
with transportation costs, are given below and the
company needs to find whatever possible way to
reduce costs because transportation is a major
expenditure. Table 1 represents the triangular fuzzy
transportation cost given below.

Table 1. Triangular fuzzy transportation Cost

Y1 V3 V4 Supply 3

"3 (8, 10, 10.8) (20.4, 22, 24) (8,10.2,10.6)  (20.2, 21,22) (7.2,8,8.8)

2 (14, 15, 16) (18, 20, 22) (10, 12, 13) (26, 28, 28.8) (12, 14, 16)
3 (18.4, 20, 21) (20.6, 22, 23) (7.8,9, 11) (14, 15, 16) (10.2, 12 13.8)
Demand (6.2,7,7.8) (8.9,10,11.1)  (6.5,8,9.5) (7.8,9,10.2) (29.4, 34, 38.6)

Solution:

The mathematical form of a triangular fuzzy

transportation problem is

Minimize Z = Y7 3™ . $ B

Subject to the constraints
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Yy B < Sk 1=1,2,3,..n

k=123,.m

Y P =§

Bu=0 k=1,23..ml=123..n

2a +8,10.8 — 0.8
a+14,16 — «a
1.6a+18,4,21 —«

1.6a + 204,24 — 2«
2a + 18,22 — 2a
l.4a+ 206,23 —«a

Since Y™, 5, = Y, £, = (29.4,34,38.6)
the preferred problem is balanced fuzzy TP.

Apply the a- cut method (a,b,c) = [(b —a)a +
a,c — (¢ — b)a] in the given asymmetric TFTP to
get a below interval alpha form:

22a+8,10.6 — 04a 0.8a+20.2,22—-a 08a+7.2,88—-0.8a
20+10,13 —a 2a+26,288—-08a 2a+ 12,16 -2«
12a+78,11 - 2a

a+14,16 —«a 1.8a +10.2,13.8 — 1.8«

08a+6.2,78—-08a 11a+89,11.1-11a 15a¢+6.595-15a 12a+7810.2—-1.2a

The above asymmetric interval alpha form is
separated into two interval transportation problems
such as UBITP and LBITP, which are denoted by
Zy and Z; respectively. By substituting @ = 0.5 as
UBITP and «@ = 0 as LBITP in the above interval
alpha form, as shown in Table 2 and 3. Now Zj; is
decomposed into two transportation problems,
RBTP (Zz;) and LBTP (Z,;). To compute the
optimal solution Zz, by an existing method, since all
d;; = 0, the optimal solution is represented by Table
4, and the minimum transportation cost
is Zp,=546.33. Now consider Z;,, obtaining the
optimal solution Z;,by the RCM method which is
shown in Table 5 with a minimum transportation cost
of Z,,=431.58. Therefore the minimum interval
integer transportation cost of UBITP is Z;; = (431.58,

546.33). Now Z, is decomposed into two
transportation  problems, RBTP (Zz,) and
LBTP(Z,,), and the optimum solution Zz, by the
existing method, since all d;; =0, the optimal
solution is shown in Table 6, the minimum
transportation cost is Zy,=605.54. Now
consider Z;,, obtaining the optimal solution Z;, by

the RCM method, which is shown in Table 7 and the

minimum transportation cost is Z;,=376.72.
Combinatorily, the minimum interval integer
transportation cost of LBITP is Z; =

(376.72,605.54). Finally, Table 8 represents the
minimum transportation cost of the given TFTP as
follows: Combine the intervals Z; and Z; as the
triangular fuzzy number and find the minimum
asymmetric fuzzy transportation cost .

Table 2. Put & = 0.5 in the above interval alpha form to get a UBITP (Zy)

Y1 Y2 ) &! Ya Supply
m [9, 10.4] [21.2, 23] [9.1,10.4] [20.6, 21.5 [7.6,8.4]
7 [14.5, 6.5] [19, 21] [11,125]  [27,28.4] [13, 15]
13 [19.2,20.5] [21.3, 22.5] [8.4,10] [14.5, 5.5] [11.1,2.9]
Demand [6.6, 7.4] [9.45, 0.55] [7.25, .75] [8.4,9.6] [31.7,6.3]

Table 3. Put @ = 0 in the above interval alpha form to get LBITP (Z;)

Y1 Y2 Y3 Y4 Supply

M [8, 10.8] [20.4, 24] [8, 10.6] [20.2, 22] [7.2,8.8]

12 [14, 16] [18, 22] [10, 13] [26, 28.8] [12, 16]
13 [18.4, 21] [20.6, 23] [7.8, 11] [14, 16] [10.2, 13.8]
Demand [6.2, 7.8] [8.9,11.1] [6.5, 9.5] [7.8,10.2] [29.4, 38.6]
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Table 4. To compute the optimal solution (Zg4) by an existing method

Y1 Y2 Y3 Va Supply
7.4 1
M 10.4 23 10.4 215 8.4
10.55 4.45
2 16.5 21 125 28.4 15
33 9.6
L 20.5 225 10 15.5 12.9
Demand 7.4 10.55 8.75 9.6 36.3
Table 5. Obtaining the optimal solution Z;; by the RCM method.
Y1 Y2 Y3 Ya Supply
6.6 1
M 9 21.2 9.1 20.6 7.6
9.45 3,55
2 14.5 19 11 27 13
2.7 8.4
LE 19.2 21.3 8.4 145 11.1
Demand 6.6 9.45 7.25 8.4 317
Table 6. Compute the optimal solution Zg, by the existing method
Y1 Y2 Y3 Ya Supply
7.8 1
! 10.8 24 10.6 22 8.8
11.1 49
2 16 22 13 28.8 16
3.6 10.2
s 21 23 11 16 13.8
Demand 7.8 11.1 9.5 10.2 38.6

Table 7. Obtaining the optimal solution Z;, by the RCM method.

) £1 Y2 Y3 Y4 Supply
6.2 1
M 8 20.4 8 20.2 7.2
8.9 3.1
2 14 18 10 26 12
2.4 7.8

LE 18.4 20.6 7.8 14 10.2

Demand 6.2 8.9 6.5 7.8 29.4

Table 8. Minimum asymmetric triangular fuzzy transportation cost

) £ Y2 Y3 Y4 Supply
(6.2,7,7.8) 1,1,1)
M (8, 10, 10.8) (20.4, 22, 24) (8,10.2,10.6) (20.2, 21, 22) (7.2,8,8.8)
(8.9,10,11.1)  (3.1,4,4.9)
N2 (14, 15, 16) (18, 20, 22) (10, 12, 13) (26, 28, 28.8) (12, 14, 16)
(2.4, 3, 3.6) (7.8,9,10.2)

n3 (18.4, 20, 21 (20.6, 22,23) (7.8,9, 11) (14, 15, 16) (10.2, 12, 13.8)

Demand (6.2,7,7.8) (8.9,10,11.1) (6.5, 8, 9.5) (7.8,9, 10.2) (29.4, 34, 38.6)
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Using the recommended approach to obtain
the minimum asymmetric triangular fuzzy
transportation cost is Z = (376.72, 490.2, 605.54).

Example 2:

A manufacturer of bold concern administrator is in
the vision of the highest tactic to transport bolts from

these three trade centers 1nq,7m,,7m3 O
workshops y1,v2,v3- The unreliable daily creation
and the difficulties in lengthwise transportation costs
are given below (Table 9) and the concern essentials
to find whatever possible way to reduce costs
because transportation is a major expenditure.

Table 9. Triangular fuzzy transportation Costs

Y1 Y2 ) £! Supply 3

M 1,2,3) (10, 11, 12) (4,7,10) (1, 6,11)

1 0,1,2) (1,6,11) 0,1, 2) (2,3,4)

13 1,5,9) (5, 15, 25) (3,9, 15) (3,4,5)
Demand i, (3,7,11) 1,3,5) (2,3,4) (6, 13, 20)

Solution:

The mathematical form of a fuzzy transportation
problem is

Minimize Z = Y7y Y71 F1 Bri

Subject to the constraints

YLy B < 8k 1=1,2,3..n
a+l,3—-a a+ 10,12 — «
al—a S5a+1,11 — 5a
4a+1,9—-4a 10a+5,25—- 10«
4a +3,11—4a 2a+1,5-2a

The above symmetric interval alpha form is
separated into two interval transportation problems
such as UBITP and LBITP, which are denoted by
Zy and Z; respectively. By substituting a = 0.5 as
UBITP and a = 0 as LBITP in the above interval
alpha form, as shown in Table 10 and 11. Now Z;; is
decomposed into two transportation problems,
RBTP (Zz;) and LBTP (Z.;). To compute the
optimal solution Zz, by an existing method, since all
d;; = 0, the optimal solution is represented by Table
12, and the minimum transportation cost is Zz,=
94+d. Now consider Z;4, obtaining the optimal
solution Z;,by the RCM method which is shown in
Table 13 with a minimum transportation cost of Z; ;=
35+d. Therefore the minimum interval integer
transportation cost of UBITP is Z;; = (94, 35). Now
Z,; is decomposed into two transportation problems,

Y Ba=t k=1,273,..m

Bri =0 k=1,23..ml1=1,23..n
Since Y7w, 8k = 21t = (16,13, 20) the
preferred problem is balanced fuzzy TP. Apply a-cut
method (a,b,c) = [(b —a)a +a,c — (c — b)a] in
the given symmetric TFTP to get the below interval
alpha form:

3a+ 4,10 — 3« 5¢+ 1,11 — 5«
a,2—«a a+2,4—«a
6a+3,15—6a a+35—a
a+2,4—«a

RBTP (Zg,) and LBTP(Z.,), and the optimum
solution Zg, by existing method, since all d;; = 0,
the optimal solution is shown in Table 14, the
minimum transportation cost is Zz,= 131+d. Now
consider Z;,, obtaining the optimal solution Z;, by
the RCM method, which is shown in Table 15 and
the minimum transportation cost is Z;,=13+d.
Combinatorily, the minimum interval integer
transportation cost of LBITP is Z, = (131,13).
Finally, Table 16 represents the minimum
transportation cost of the given TFTP as follows:
Combine the intervals Z; and Z; as the triangular
fuzzy number and find the minimum asymmetric
fuzzy transportation cost.
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Table 10. Put ¢ = 0.5 in the above interval alpha form to get UBITP (Zy)

Y1 Y2 Y3 Supply

M [1.5,2.5] [10.5,11.5] [5.5,8.5] [3.5,8.5]

1 [0.5,1.5] [3.5,8.5] [0.5, 1.5] [2.5,3.5]

M3 [3,7] [10, 20] [6, 12] [3.5,4.5]
Demand [5, 9] [2, 4] [2.5, 3.5] [9.5, 16.5]

Table 11. Put ¢ = 0 in the above interval alpha form to get LBITP (Z;)

Y1 Y2 Y3 Supply
M [1, 3] [10, 12] [4, 10] [1, 11]
n2 [0, 2] [1,11] [0, 2] [2, 4]
13 [1,9] [5, 25] [3, 15] [3, 5]
Demand [3, 11] [1, 5] [2, 4] [6, 20]

Table 12. To find the optimal solution Z g, to the existing method

Y1 Y2 Y3 Supply

45 4

M 2.5 11.3 8.5 8.5
d 3.5

N2 1.5 8.5 15 35
45

n3 7 20 12 45

Demand 9 4 35 16.5

Table 13. Find the optimal solution Z;; by the RCM method.

Y1 Y2 Y3 Supply

15 2

M 15 10.5 5.5 3.5
d 25

2 0.5 3.5 0.5 25
35

LE 3 10 6 35

Demand 5 2 2.5 9.5

Table 14. Compute the optimal solution Z, by the existing method.

Y1 Y2 Y3 Supply
6 5
! 3 12 10 11
d 4
N2 2 11 2 4
5
K 9 25 15 5
Demand 11 5 4 20

Table 15. Obtaining the optimal solution Z;, by the RCM method

Y1 Y2 Y3 Supply
0 1
M 1 10 4 1
d 2
N2 0 1 0 2
3
3 1 5 3 3
Demand 3 1 2
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Table 16. Minimum symmetric triangular fuzzy transportation cost

Y1 Y3 Supply
(0, 3, 6) (1,3,5)
M (,2,3) (10, 11,12) (4,7,10) (1,6,11)
(2,3, 4)
N2 (0, 1, 2) (1,6,11) (0, 1, 2) (2,3, 4)
(3, 4, 5)
3 (1,5,9) (5, 15, 25) (3,9, 15) (3, 4,5)
Demand (3,7,11) (1,3,5) (2,3, 4) (6, 13, 20)

Using the recommended approach to obtain the
minimum symmetric triangular fuzzy transportation
cost is Z = (13, 62, 131).

Results and Discussion

In this proposed idea, to obtain IBFS and an
optimal solution for TFTP, it is decomposed into two
interval integer transportation problems (UBITP and
LBITP) and then this interval TP’s is decomposed
into two TP’s (RBTP and LBTP), solve RBTP by
well-known method and LBTP by the RCM method
for both UBITP and LBITP, combining to get
minimal triangular transportation cost in fuzzy,
where all factors are asymmetric/symmetric TFN.
TFN is not transformed into classical TP by using
any ranking methods. The numerical examples are
explained easily to the decision-maker. In the below
table, the minimal asymmetric transportation cost
and optimal solution for Example 1 obtained by
Sam’an et al.®> method and proposed methods are
the same value, but the Ezzati et al.'* method does
not yield the same optimal solutions. Akilbasha et
al.'® explained in example 2 how to find the optimal
solution for fully symmetric TFN and the minimal
transport cost in fuzzy is [13, 62, 131]. By the offered
method, getting the same optimal solution is shown
in Table 17.

Conclusion

In this concept, IBFS and the optimal
solution were computed for asymmetric and
symmetric TFN, with all the parameters being
positive for asymmetric and symmetric TFN. The
proposed approach first applied the a-cut method to

Table 17. Comparison table of the offered as well
as existing methods

Methods Optimal Solution B, Minimum
Cost

Proposed Bi1 = (6.2,7,7.8)
Pi=(111) (376.72,
Brz=(8910,111) 4905
B2z = (3.1,4,4.9) 605.54)
B3z = (2.4,3,3.6)
B34 = (7.8,9,10.2)

Sam'an et B = (6.2,7,7.8)

ol bs =111 (376.72,
Bz =(8910,11.1) 4905
B2z = (3.1,4,4.9) 605.54)
B33 = (2.4,3,3.6)
B34 = (7.8,9,10.2)

Ezztai et Bi1 = (6.2,7,7.8)

al. Bz =(1,1,1)
314 =(0,0,0.8)
B2 = (89,10,11.1)  (376.72,
Bys = (3.1,4,4.9) 490.2,
331 — (0' 0,0.8) 6432)
P32 = (0,0,1.1)

fs3 = (2.4,3,3.6)
fas = (7.8,9,10.2)

asymmetric and symmetric TFN, where asymmetric
and symmetric TFN are decomposed into UBITP for
a=0.5 and LBITP for a=0. For the UBITP, it is
transformed into two TP's, which are RBTP and
LBTP, then solved the RBTP by the existing method,
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and there is no need to solve the LBTP directly
because the solution of RBTP is the initial solution,
which is denoted by (*) for LBTP, and adopted the
RCM method. In the same manner, the LBITP
decomposed these interval TP’s into two TP’s
problems, RBTP and LBTP, then applied the existing
method for RBTP and adapted the RCM method for
LBTP to get the minimum interval transportation
cost. Also, by combining these two interval
solutions, to get an asymmetric or symmetric TFN
solution. The minimal transportation cost was
calculated using this asymmetric/symmetric TFN,
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