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Abstract

To solve fully fuzzy interval integer transportation problems, a new approach,
known as the fuzzy bounded separation method, is proposed. This approach
is based on the maximum modulus zero suffix method. The given problem
is split into two fuzzy transportation problems, the fuzzy upper bounded
interval transportation problem (FUBITP) and fuzzy lower bounded interval
transportation problem (FLBITP), and the maximum modulus zero suf-
fix approach is used to get the best solution. Without using any ranking
approaches, the suggested strategy applies to a very similar situation. Numer-
ical examples are used to demonstrate the solution process. When treating
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different types of logistic problems with fully fuzzy integer interval prob-
lems, decision makers may find the fuzzy bounded separation method to be
extremely useful. This method follows a methodical process and is simple to
use and comprehend.

Keywords: Fully fuzzy integer interval transportation problem, membership
function, fuzzy bounded separation method.

1 Introduction

The transportation models are fruitful tools that play an important role, not
only in the transportation problem but also in the production scheduling
problem. In the transportation problem, goods should be delivered from
various sources to various destinations at a minimum transportation cost.
Various methods were introduced to solve the transportation problem with
certain parameters. In real-life applications, it is difficult to determine those
parameters with certainty, so they can be used to deal with interval transporta-
tion problems with uncertainty parameters. The fuzzy ideas first introduced
by Zadeh [20]. Zimmermann [21] studied fuzzy programming and linear
programming with different objective functions. Chanas et al. [1] formulated
the classical, interval, and fuzzy TP and discussed the method for opti-
mal solution of the fuzzy transportation problems. Many researchers have
introduced various types of fuzzy transportation problems.

Sengupta, A. and Pal, T.K. [17] proposed, in the given objective func-
tions, a fuzzy initialization of width at the midpoint of an integer interval.
Youness, E. [19] introduced to solve a rough programming problem, where
the decision set as a rough set. Pandian, P., and Natarajan, G. [8] proposed
a new algorithm to solve the fully integer interval transportation problem
without using the width and the centre point of the interval in the profit
function. Sudhakar, V. J. and Navneetha, V. K. [18] proposed to determine
an optimal solution for the integer interval transportation problem in sepa-
ration by using the zero-suffix method. Ramesh, G., and Ganesan, K. [13]
proposed a simplex-like algorithm to solve interval linear problems without
converting them into classical linear programming problems. Fegade et al. [3]
proposed finding an optimal solution to the transportation problem using
interval and triangular membership functions. Quddoos et al. [12] proposed to
find an optimal solution to a wide range of transportation problems directly
using the ASM method. Safi et al. [15] solved fixed-charge transportation
problems by converting the interval fuzzy constraints into multi-objective
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fuzzy constraints. Dash, S. and Mohanty, S.P. [2] proposed a compromise
solution method for transportation problems that considers the unit cost of
transportation from source to destination as an approximate integer interval
Patel, J. G. and Dhodiya, J. M. [10] developed an interval transportation prob-
lem that could be converted into classical multi-objective transportation using
the concepts of upper range, half width, lower range, and interval centre.
Mohana [7] and Kumar et al. [11] proposed a solution for solving the interval
integer transportation problem. Pandian et al. [9] developed a new method
for addressing the fuzzy interval integer transportation problem by splitting
and separation. Karthiyayini et al. [4] developed a novel strategy for dealing
with fully interval transportation problems. Sarfaraz [16] demonstrated that
interval-valued fuzzy approaches are effective in handling uncertainty in
transportation problems. Many researchers addressed various methods for
solving interval transportation problems, but only Pandian et al. [9] pro-
posed a new method for solving interval transportation problems with fuzzy
parameters, so we attempted to develop a new algorithm for solving fuzzy
interval transportation problems with fewer iterations and easier than Pandian
et al. method. Recent research in fuzzy transportation problems has focused
on improving computational efficiency and reducing dependency on ranking
functions. In this way, Roy et al. [14] demonstrated the robustness and ease of
handling uncertainty by introducing a maximum modulus zero suffix method
to achieve optimal solutions for fuzzy transportation problems. Building on
these advancements, the current study addressed the fully fuzzy integer inter-
val transportation problem via proposing a fuzzy bounded separation method.
The proposed approach directly handles fuzzy integer interval parameters and
extends the previous findings described in Pandian et al. [9] with simpler
and more effective solutions, compared with several existing approaches that
require conversion into crisp transportation models. To solve a fully fuzzy
interval integer transportation problem where supply, demand, and the cost
of transportation are all triangular fuzzy integers, we provide an innovative
approach in this paper called the fuzzy bounded separation method.

In this paper, we propose a new method for solving a fully fuzzy interval
integer transportation problem in which the transportation cost, supply, and
demand are all triangular fuzzy integer intervals. We refer to this method
as fuzzy bounded separation. Many approaches have been put presented by
scholars;however, they are difficult to apply in fully fuzzy transportation
problems. Pandian et al. [9] introduced new techniques for the fuzzy interval
transportation problem, but they were used for the non-fuzzy transportation
problem of the crisp method. Our systematic methodology is very easy
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to apply to any type of fuzzy interval integer transportation problem. We
developed the method and applied it without converting it into a classi-
cal transportation problem. To help understand the proposed method and
procedure, a numerical example is provided.

The rest of the paper is organised as follows: Section 2 represents table of
list of symbols and abbreviations, Section 3 presents preliminaries, Section 4
describes the models and theorem, Section 5 explains the methodology,
Section 6 provides a numerical example, Section 7 explains result, discussed
and comparison, and Section 8 concludes the paper with future scope.

2 List of Symbols and Abbreviations

Symbol/Abbreviation Meaning
m Number of sources
n Number of destinations
[x̃ij , ỹij ] Fuzzy interval number of units transported from

source i to destination j
[c̃ij , d̃ij ] Fuzzy interval transportation cost from source i to

destination j
[ãi, r̃i] Fuzzy interval supply at source i
[b̃j , s̃j ] Fuzzy interval demand at destination j
µ[p̃,q̃](x) Membership function
FFIITP Fully Fuzzy Interval Integer Transportation

Problem
FUITP Fuzzy Upper Integer Transportation Problem
FLITP Fuzzy Lower Integer Transportation Problem
FUBITP Fuzzy Upper Bound Integer Transportation

Problem
FLBITP Fuzzy Lower Bound Integer Transportation

Problem

3 Preliminaries

Let Ĩ denote the set of all fuzzy bounded interval over the real number R. that
is, Ĩ = {[(x1, x2, x3), (y1, y2, y3)], where x1 ≤ x2 ≤ x3 ≤ y1 ≤ y2 ≤ y3
and xi’s and yi’s are in R}.

Now, we are going to defined some definitions, arithmetic operation and
ordering of fuzzy numbers as follows;
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Definition 3.1 Let Ã = [p̃, q̃] and B̃ = [r̃, s̃], where p̃ = (p1, p2, p3), q̃ =
(q1, q2, q3), r̃ = (r1, r2, r3) and p̃ = (s1, s2, s3), then

(i) Ã+ B̃ = [(p1 + r1, p2 + r2, p3 + r3), (q1 + s1, q2 + s2, q3 + s3)]
(ii) Ã − B̃ = [(p1 − r1, p2 − r2, p3 − r3), (q1 − s1, q2 − s2, q3 − s3)], if

p1−r1 ≤ p2−r2 ≤ p3−r3 and q1−s1 ≤ q2−s2 ≤ q3−s3, otherwise
Ã− B̃ = (p1 − r3, p2 − r2, p3 − r1), (q1 − s3, q2 − s2, q3 − s1).

(iii) Ã× B̃ = [M̃, Ñ ], where M̃ = (m1,m2,m3), Ñ = (n1, n2, n3), m1 =
min(p1r1, p1r3, p3r1, p3r3),m2 = p2r2,m3 = max((p1r1, p1r3, p3r1,
p3r3), n1 = min(q1s1, q1s3, q3s1, q3s3), n2 = q2s2, n3 = max(q1s1,
q1s3, q3s1, q3s3).

Definition 3.2 Let Ã = [p̃, q̃] and B̃ = [r̃, s̃], then

(i) Ã < B̃ if and only if p̃ < r̃ and q̃ < s̃
(ii) Ã > B̃ if and only if p̃ > r̃ and q̃ > s̃

(iii) Ã = B̃ if and only if p̃ = r̃ and q̃ = s̃

Definition 3.3 Membership function µ[p̃,q̃] of the fuzzy interval [p̃, q̃] where
p̃ = (p1, p2, p3), q̃ = (q1, q2, q3), is defined by

µ[p̃,q̃](x) =



x− p1
p2 − p1

, p1 ≤ x ≤ p2

p3 − x

p3 − p2
, p2 ≤ x ≤ p3

x− q1
q2 − q1

, q1 ≤ x ≤ q2

(q3 − x)/(q3 − q2), q2 ≤ x ≤ q3

0 otherwise


The graph of µ[p̃,q̃] is given below,

4 Fully Fuzzy Interval Integer Transportation Problem

Let us consider the following fully fuzzy interval integer transportation
problem (FFIITP) – Minimize [Z̃, W̃ ] =

∑m
i=1

∑n
j=1[c̃ij , d̃ij ]× [x̃ij , ỹij ]

Subject to

n∑
j=1

[x̃ij , ỹij ] = [ãi, r̃i], for i = 1, 2, . . . ,m (1)
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Figure 1 Graph of membership function corresponding triangular fuzzy interval.

n∑
j=1

[x̃ij , ỹij ] = [b̃j , s̃j ], for j = 1, 2, . . . , n (2)

x̃ij ≥ 0, ỹij ≥ 0, for i = 1, 2, . . . ,m and j = 1, 2, . . . , n (3)

Where m = the number of supply points, n = the number of demand
points, [x̃ij , ỹij ] is the fuzzy interval number of units transport from supply
point i to demand point j

Remark If
∑

[ãi, r̃i] =
∑

[b̃j , s̃j ] then the problem is balanced, otherwise it
is unbalanced.

Definition 4.1 The set of fuzzy intervals {[x̃ij , ỹij ], for all i = 1, 2, . . . ,m
and j = 1, 2, . . . ,n} is said to be a feasible solution of the problem (FFIITP)
if the satisfy the Equations (1), (2) and (3).

Definition 4.2 The set of feasible solution {[x̃ij , ỹij ], for all i = 1, 2, . . . ,m
and j = 1, 2, . . . , n} is said to be an optimal solution of the problem (FFIITP)
if
∑m

i=1

∑n
j=1[c̃ij , d̃ij ]× [x̃ij , ỹij ] ≤

∑m
i=1

∑n
j=1[c̃ij , d̃ij ]× [ũij , ṽij ], for all

feasible solution {[ũij , ṽij ], for i = 1, 2, . . . ,m and j = 1, 2, . . . ,m}.
Now, the following theorem is helpful for proposed method which we

established the relation of optimal solution of fully fuzzy interval integer
transportation problem, and fuzzy lower and upper bound fuzzy transporta-
tion problems also, is used in proposed method, namely, fuzzy bounded
separation method.

Theorem 1 If the set {ỹoij , for all i and j} is an optimal solution of fuzzy upper
bound integer transportation problem (FUBITP) of (FFIITP);

(FUBITP) Minimize W̃ =
∑m

i=1

∑n
j=1 d̃ij × ỹij
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Subject to
n∑

j=1

ỹij = r̃i, for i = 1, 2, . . . ,m (4)

m∑
i=1

ỹij = s̃j , for j = 1, 2, . . . , n (5)

ỹij ≥ 0 (6)

And the set {x̃oij , for all i and j} is an optimal solution of fuzzy lower
bound integer transportation problem (FLBITP) of (FFIITP);

(FLBITP) Minimize Z̃ =
∑m

i=1

∑n
j=1 c̃ij × x̃ij

Subject to
n∑

j=1

x̃ij = ãi, for i = 1, 2, . . . ,m (7)

m∑
i=1

x̃ij = b̃j , for j = 1, 2, . . . , n (8)

x̃ij ≥ 0 (9)

Then the set of fuzzy intervals {[x̃oij , ỹoij ], for all i and j} is an optimal
solution of the (FFIITP) and least transportation cost {[z̃oij , w̃o

ij ], for all i and
j} provided x̃oij ≤ ỹoij , for i = 1, 2, . . . ,m and j = 1, 2, . . . , n.

Proof. Let {{[x̃ij , ỹij ], for all i and j} be a feasible solution of (FFIITP).
Therefore {x̃oij , for all i and j} and {ỹoij , for all i and j} are feasible

solution of (FUBITP) and (FLBITP).
Since, {x̃oij , for all i and j} and {ỹoij , for all i and j} are optimal solution

of (FUBITP) and (FLBITP), we have
m∑
i=1

n∑
j=1

d̃ij ỹ
o
ij ≤

m∑
i=1

n∑
j=1

d̃ij ỹij ,
m∑
i=1

n∑
j=1

c̃ij x̃
o
ij ≤

m∑
i=1

n∑
j=1

c̃ij x̃ij

x̃oij ≤ ỹoij , for i = 1, 2, 3, . . . ,m and j = 1, 2, 3, . . . , n.
Implies that, m∑

i=1

n∑
j=1

c̃ij x̃
o
ij ,

m∑
i=1

n∑
j=1

d̃ij ỹ
o
ij

 ≤

 m∑
i=1

n∑
j=1

c̃ij x̃ij ,

m∑
i=1

n∑
j=1

d̃ij ỹij





396 Govind Pathak et al.

That is,

m∑
i=1

n∑
j=1

[c̃ij , d̃ij ]× [x̃oij , ỹ
o
ij ] ≤

m∑
i=1

n∑
j=1

[c̃ij , d̃ij ]⊗ [x̃ij , ỹij ]

Now since, {x̃oij , for all i and j} and {ỹoij , for all i and j} satisfy the Equa-
tions (4) to (9) and x̃oij ≤ ỹoij , for i = 1, 2, 3, . . . , m and j = 1, 2, 3, . . . ,n. we
can conclude that {[x̃oij , ỹoij ], for all i and j} is a feasible solution of (FFIITP).

Thus, the set {[x̃oij , ỹoij ], for all i and j} is an optimal solution of (FFIITP).
Hence theorem proved.

5 Fuzzy Bounded Separation Method

Now, we proposed a new algorithm namely, fuzzy bounded separation
method and its proceeds below,

Step-1. First, we separated the given problem into fuzzy upper integer trans-
portation problem (FUITP) andfuzzy lower integer transportation problem
(FLITP).

Step-2. Check the both transportation problem balanced or not; if not, then
converted to balanced.

(i) Subtract each element of the FTP table’s supply from the corresponding
minimum, and then subtract each element of the reduced FTP table’s demand
from the corresponding minimum.

(ii) If there is at least one zero in each supply row and demand column in
the reduced FTP table, then find the fuzzy suffix value(s) for all zeros in the
reduced FTP table using the following method:

S = |difference between the two highest costs in the supply rows|

+ |difference between the two highest costs in the demand columns|

(iii) Select every zero and mark the fuzzy suffix value as the method of step
(ii). If the suffix values are equal, the fuzzy suffix value with the lowest unit
cost for the given cell will be chosen.

(iv) Assign each demand to the corresponding supplies using the zero-
cell with the maximumfuzzy suffix, and each supply to the corresponding
demands using the zero-cell with the maximum fuzzysuffix.
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(v) After step (iv), the exhausted demand or supply is reduced. The resulting
table must have at least one zero for each supply and demand, or else the
process must be repeated (i).

(vi) Repeat step (i) to step (v) until the optimal result is obtained.

Step-3. Solve FUITP using step (i) to step (vi) and let {ỹoij , for all i and j} be
an optimal solution of the FUITP.

Step-4. Solve FLITP using step (i) to step (vi) with upper bound constraint
x̃ij ≤ ỹoij , for all i and j and let {x̃oij , for all i and j} be an optimal solution of
FLITP with x̃oij ≤ ỹoij , for i = 1, 2, 3, . . . ,m and j = 1, 2, 3, . . . , n.

Step-5. The optimal solution of the given FFIITP is {[x̃oij , ỹoij ], for all i and
j}. (By the Theorem 1)

The proposed algorithm illustrated by the following example.

6 Numerical and Graphical Illustration

In this section, we solve the problem using the suggested approach and graph
representation.

Example. Consider the following fully fuzzy interval integer Transportation
problem (FFIITP)addressed by Pandian et al. (2018). In this problem, a
company transports goods from three supply S1, S2, and S3 to three demand
D1,D2, and D3 in which the transportation costs, supply and demand are
represented by triangular fuzzy interval numbers.

Solution

Using step-1, Table 1 split into two tables, Fuzzy upper integer transporta-
tion problem (FUITP) and the fuzzy lower integer transportation problem
(FLITP).

Table 1 Fully fuzzy interval integer transportation problem (FFIITP)
D1 D2 D3 Supply

S1 [(5,6,7),
(9,10,11)]

[(10,11,12),
(14,15,16)]

[(7,8,9), (11,12,13)] [(11,12,13),
(15,16,17)]

S2 [(1,2,4), (5,6,7)] [(2,3,5), (6,7,8)] [(4,6,7), (8,9,10)] [(9,10,11),
(13,14,15)]

S3 [(0,3,4), (6,7,8)] [(0,1,2), (3,4,5)] [(8,9,10), (11,12,13)] [(12,13,14),
(16,18,19)]

Demand [(18,19,20),
(22,24,25)]

[(9,10,11),
(13,14,15)]

[(5,6,7), (9,10,11)]
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Now, the Fuzzy upper integer transportation problem (FUITP) of the
given problem (FFIITP) is given below,

Table 2 Fuzzy upper integer transportation problem (FUITP)

D1 D2 D3 Supply

S1 (9,10,11) (14,15,16) (11,12,13) (15,16,17)

S2 (5,6,7) (6,7,8) (8,9,10) (13,14,15)

S3 (6,7,8) (3,4,5) (11,12,13) (16,18,19)

Demand (22,24,25) (13,14,15) (9,10,11)

Now, using Step-2 (ii) on Table 2 then we get reduced table,

Table 3 Reduced table

D1 D2 D3 Supply

S1 (0,0,0) (5,5,5) (0,0,0) (15,16,17)

S2 (0,0,0) (1,1,1) (1,1,1) (13,14,15)

S3 (3,3,3) (0,0,0) (6,6,6) (16,18,19)

Demand (22,24,25) (13,14,15) (9,10,11)

Now, applying step-2 (ii), Suffix S11 = (8, 8, 8), S13 = (10, 10, 10), S21 =
(3, 3, 3), S32 = (7, 7, 7).

The maximum fuzzy suffixat the position cell (1,3) i.e., S13 =
(10,10,10) after that using step-2 (iii) to (v), we get

Table 4 Modified reduced table

D1 D2 D3 Supply

S1 (0,0,0) (5,5,5) (0,0,0) ����(15,16,17)

(9,10,11) (6,6,6)

S2 (0,0,0) (1,1,1) (1,1,1) (13,14,15)

S3 (3,3,3) (0,0,0) (6,6,6) (16,18,19)

Demand (22,24,25) (13,14,15) ����(9,10,11)

(0,0,0)

Again, applying step-2 (ii), suffix S11 = (8, 8, 8),S21 = (4, 4, 4),S32 =
(7, 7, 7).

The maximum fuzzy suffix at the position cell (1, 1) i.e., S11 = (8,8,8)
after that using step-2 (iii) to (v), we get
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Table 5 Re modified reduced table
D1 D2 Supply

S1 (0,0,0) (5,5,5) ���(6,6,0)
(6,6,6) (0,0,0)

S2 (0,0,0) (1,1,1) (13,14,15)
S3 (3,3,3) (0,0,0) (16,18,19)
Demand (22,24,25) (13,14,15)

(16,18,19)

Again, applying step-2 (ii), the maximum fuzzy suffix at the position cell
(2,1) and (3,2) i.e., S21 = (4,4,4) and S32 = (4,4,4) after that using
step-2 (iii) to (iv), we get

Table 6 Extended reduced table
D1 D2 Supply

S2 (0,0,0) (1,1,1) ����(13,14,15)
(13,14,15) (0,0,0)

S3 (3,3,3) (0,0,0) ����(16,18,19)
(3,4,4) (13,14,15) (0,0,0)

Demand ����(16,18,19) ((((((13, 14,15)
(0,0,0) (0,0,0)

Table 7 Allocated table of FUITP
D1 D2 D3 Supply

S1 (9,10,11) (14,15,16) (11,12,13) (15,16,17)
(6,6,6) (9,10,11)

S2 (5,6,7) (6,7,8) (8,9,10) (13,14,15)
(13,14,15)

S3 (6,7,8) (3,4,5) (11,12,13) (16,18,19)
(3,4,4) (13,14,15)

Demand (22,24,25) (13,14,15) (9,10,11)

The optimal solution of FUITP is

ỹo11 = (6, 6, 6), ỹo13 = (9, 10, 11), ỹo21 = (13, 14, 15),

ỹo31 = (3, 4, 4), ỹo32 = (13, 14, 15)

Least transportation cost of FUITP = (9, 10, 11)(6, 6, 6)+(11, 12, 13)(9, 10,
11) + (5, 6, 7)(13, 14, 15) + (6, 7, 8)(3, 4, 4) + (3, 4, 5)(13, 14, 15) = (275,
348,421)
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Now, the fuzzy lower integer transportation problem (FLITP) of given
problem (FFIITP) with the fuzzy upper bound constraint x̃ij ≤ ỹoij , for all i
and j.

Table 8 Fuzzy lower integer transportation problem (FLITP)

D1 D2 D3 Supply

S1 (5,6,7) (10,11,12) (7,8,9) (11,12,13)

S2 (1,2,4) (2,3,5) (4,6,7) (9,10,11)

S3 (0,3,4) (0,1,2) (8,9,10) (12,13,14)

Demand (18,19,20) (9,10,11) (5,6,7)

Now, using Step-2 (ii) on Table 2 then we get

Table 9 New Reduced table

D1 D2 D3 Supply

S1 (0,0,0) (5,5,5) (0,0,0) (11,12,13)

S2 (0,0,0) (1,1,1) (-2,2,4) (9,10,11)

S3 (0,2,2) (0,0,0) (6,6,6) (12,13,14)

Demand (18,19,20) (9,10,11) (5,6,7)

Now, applying step-2 (ii), Suffix S11 = (5, 7, 7),S13 = (7, 9, 13),S21 =
(5, 7, 7), S32 = (8, 8, 10).

The maximum fuzzy suffix at the position cell (1, 3) i.e., S13 =
(7,9,13) after that using step-2 (iii) to (v), we get

Table 10 New modified reduced table

D1 D2 D3 Supply

S1 (0,0,0) (5,5,5) (0,0,0) ����(11,12,13)

(5,6,7) (6,6,6)

S2 (0,0,0) (1,1,1) (−2,2,4) (9,10,11)

S3 (0,2,2) (0,0,0) (6,6,6) (12,13,14)

Demand (18, 19, 20) (9, 10, 11) ���(5,6,7)

(0,0,0)

Again, applying step-2 (ii), Suffix S11 = (5, 7, 7), S21 = (1, 3, 3), S32 =
(4, 6, 6).

The maximum fuzzy suffix at the position cell (1,1) i.e., S11 = (5,7,7)
after that using step-2 (iii) to (v), we get
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Table 11 New re-modified reduced table

D1 D2 Supply

S1 (0,0,0) (5,5,5) ���(6,6,6)

(6,6,6) (0,0,0)

S2 (0,0,0) (1,1,1) (9,10,11)

S3 (0,2,2) (0,0,0) (12,13,14)

Demand ����(18,19,20) (9,10,11)

(12,13,14)

Again, applying step-2 (ii), the maximum fuzzy suffix at the position cell
(2,1) and (3,2) i.e., S21 = (1,3,3) and S32 = (1,3,3) after that using
step-2 (iii) to (iv), we get

Table 12 New extended reduced table

D1 D2 Supply

S2 (0,0,0) (1,1,1) ����(9,10,11)

(9,10,11) (0,0,0)

S3 (0,2,2) (0,0,0) ����(12,13,14)

(3,3,3) (9,10,11) (0,0,0)

Demand ����(12,13,14) ����(9,10,11)

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

Table 13 Final Allocated table of FLITP

D1 D2 D3 Supply

S1 (5,6,7) (10,11,12) (7,8,9) (11,12,13)

(6,6,6) (5,6,7)

S2 (1,2,4) (2,3,5) (4,6,7) (9,10,11)

(9,10,11)

S3 (0,3,4) (0,1,2) (8,9,10) (12,13,14)

(3,3,3) (9,10,11)

Demand (18,19,20) (9,10,11) (5,6,7)

The optimal solution of FLITP with the fuzzy upper bounded condition is

x̃o11 = (6, 6, 6), x̃o13 = (5, 6, 7), x̃o21 = (9, 10, 11),

x̃o31 = (3, 3, 3), x̃o32 = (9, 10, 11)
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Least transportation cost = (5, 6, 7)(6, 6, 6) + (7, 8, 9)(5, 6, 7) + (1, 2, 3)(9,
10, 11) + (0, 3, 4)(3, 3, 3) + (0, 1, 2)(9, 10, 11) = (74, 123, 186).

Thus, an optimal solution of the given FFIITP is

[x̃o11, ỹ
o
11] = [(6, 6, 6), (6, 6, 6)], [x̃o13, ỹ

o
13] = [(5, 6, 7), (9, 10, 11)],

[x̃o21, ỹ
o
21] = [(9, 10, 11), (13, 14, 15)], [x̃o31, ỹ

o
31] = [(3, 3, 3), (3, 4, 4)],

[x̃o32, ỹ
o
32] = [(9, 10, 11), (13, 14, 15)].

And, the least transportation cost is [(74,123,186), ((275,348,421)].

Figure 2 Optimal solution of the given problem in graphical.

Figure 2 depicts the optimal solution to the fully fuzzy interval integer
transportation problem (FFIITP). Triangles with dotted points suggest an
optimal solution that is concentrated in the middle, indicating a higher degree
of membership function there.

7 Result and Discussions

In this study, a new approach called the fuzzy bounded separation method
is proposed to solve fully fuzzy integer intervaltransportation problems in
which supply, demand and transportation costs are in triangular fuzzy interval
integers.

The obtained result coincides with the existing result of Pandian et al.
(2018). However, the proposed method requires significantly fewer iterations
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compared with the existing method. The comparison is shown in table
below –

Table 14 Comparison between proposed method and existing method
Method Pandian et al. (2018) Proposed Method

Allocation
[xo

11, ỹ
o
11], [x

o
13, ỹ

o
13], [x̃

o
21ỹ

o
21],

[xo
31, ỹ

o
31], [x̃

o
32, ỹ

o
32]

[x̃o
11, ỹ

o
11],

[x̃o
13, ỹ

o
13], [x̃

o
21ỹ

o
21],

[x̃o
31, ỹ

o
31], [x̃

o
32, ỹ

o
32]

Iteration 24 12
Optimal solution [(74,123,186), ((275, 348,421)] [(74,123,186),(275,348,421)]

8 Conclusion

In this study, a new approach called the fuzzy bounded separation method
has been proposed to solve fully fuzzy integer interval transportation prob-
lem. This approachis based on the maximum modulus zero suffix method
and provides a systematic procedure toyields the optimal solution without
converting the fuzzy model into a crisp transportation problem. To further
comprehend the suggested approach, a numerical example is provided. The
proposed method can be a useful tool for decision-making when dealing with
various sorts of logistic problems with fully fuzzy interval integer parameters.
The numerical example shows that the proposed method produces the same
optimal solution as existing approaches while requiring fewer computational
iterations. Therefore, the method can be considered efficient and practical
for solving with fully fuzzy interval integer parameters. Future research
can be extended to more complex transportation models such as multi
objective fuzzy transportation problems, fuzzy solid transportation prob-
lem, supply chain optimization problems, and largescale logistics planning
problems.
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