
Abstract
Objectives: To investigate the effectiveness of AI based traffic control system on reducing the economic and environmental cost in the 
context of the transshipment problem. 
Methods: The mathematical model of bilevel fractional/quadratic green transshipment problem by implementing AI traffic control 
system is formulated and numerical example is provided to emphasize the nature of this model. Due to inherent uncertainty, fermatean 
fuzzy parameters are incorporated in this model. Also, Supply and demand are considered as fermatean fuzzy multi choice. Existing 
fermatean fuzzy programming is used to find the solutions for proposed transshipment model.
Findings: Comparative study has been made for bilevel fractional/quadratic transshipment problem with and without implementation 
of AI traffic control system. Optimum Solutions obtained for the proposed model by using prescribed method reveals that the bilevel 
fractional/quadratic green transshipment problem gives the minimum transportation cost, deterioration cost, carbon emission cost than 
the transshipment problem with traditional traffic control system. Obtained solutions for bilevel fractional/quadratic green transshipment 
problem with implementation of AI traffic control system shows a reduction of 7.8% in transportation cost, 4% in cost of carbon emission 
than the traditional transshipment problem. Meanwhile, obtained solutions for bilevel fractional/quadratic green transshipment problem 
shows a reduction of 14% in cost and 14.4% in time than bilevel fractional/quadratic green transportation problem.
Novelty: The efficiency of bilevel fractional/quadratic green transshipment problem by implementing AI traffic control system with 
multi choice parameters under Fermatean fuzzy environment is not yet investigated in literature.
Keywords: Transshipment problem, fractional transshipment problem, quadratic transshipment problem, bilevel programming, 
triangular fermatean fuzzy number, fermatean fuzzy programming.
关键词中转问题、分数中转问题、二次中转问题、双层规划、三角费马模糊数、费马模糊规划。
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Introduction
Transportation problem was first introduced by Hitchcock 
(1941) involves transporting goods from source to 
destination in such a way that a specific objective is 
optimized. To improve the overall efficiency, flexibility, 
and cost-effectiveness, transshipment problem can be 
used instead of transportation when goods are need to 
pass through intermediate point before reaching their 
destination. Various authors have explored discussed 
different approaches to solve the transshipment problem. 
Kumar, A et.al (2020) studied new efficient algorithm to 
solve the transshipment problem. Additionally, Fractional 
transshipment problem become pertinent as these models 
are aim to minimize costs while maximizing the efficiency. 
Garg, H. et. al (2021) discussed a fractional two stage 
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transshipment problem focused on maximize the profit. In 
many real-world transshipment scenarios, logistic costs can 
be non-linear, and in some cases, they follow a quadratic 
nature. This type of transshipment problem is referred to 
as the quadratic transshipment problem. As compared 
with the linear fractional transshipment problem, the 
quadratic fractional transshipment problem gives a superior 
representation of real-life distribution problem. Arya, N. V. 
et.al (2019) proposed an algorithm for solving fractional 
quadratic transportation problem.  

Bilevel Linear Programming (BLP) is an important 
method for solving two-level managerial problems, where 
decision-makers at each level aim to maximize their own 
objectives, but their decisions are also influenced by the 
decisions made at the other level. Qiu et al. (2020) introduced 
the BLP approach in the aviation industry to reduce carbon 
emissions and fossil fuel consumption. Similarly, Zhu et 
al. (2022) applied the BLP methodology to minimize both 
carbon emissions and transportation time for goods. 
Kaushal et al. developed a bilevel fixed-charge fractional 
transportation problem. In their model, they divided the 
multiple objectives into two levels: the upper level, referred 
to as the leader, and the lower level, referred to as the 
follower. The upper level involves a fractional transportation 
problem, while the lower level deals with a fixed-charge 
transportation problem. Arora et al. (2021) introduced a 
bilevel indefinite quadratic transportation problem, focusing 
on minimizing both transportation and deterioration costs. 
Jaggi et al. discussed a bilevel fractional/quadratic green 
transportation problem. They have constructed two levels 
where first level typically minimizes the transportation cost 
with the carbon emission cost for non-perishable items and 
lower level minimizes the cost of damage along with cost of 
carbon emission for perishable items. 

In the fast-paced world, environmental safety has 
become more crucial than ever, as increasing traffic 
congestion and pollution are major contributors to climate 
change and deteriorating air quality. AI traffic control 
systems play a vital role in addressing these issues by 
optimizing traffic flow, reducing idle times, and minimizing 
fuel consumption, all of which helps decrease carbon 
emissions. By adapting to real-time traffic conditions and 
offering smarter route management, AI can not only improve 
traffic efficiency but also contribute to sustainable urban 
mobility, ensuring a cleaner and healthier environment 
for future generations. Dikshit, S. et al. (2023) explored the 
use of artificial intelligence to optimize vehicle routing and 
alleviate traffic congestion in urban areas. Pillai, A. S. et al. 
(2024) examined how AI-driven traffic management can 
significantly enhance traffic flow, reduce carbon emissions, 
and provide a scalable solution for modern urban planning. 

To the best of our knowledge, most of the existing 
literature has focused on the transshipment problem in 
the context of traditional traffic control systems. During 
the transshipment process, goods may be damaged due 

to handling or delays, and increased traffic congestion can 
lead to higher carbon emissions from vehicles, contributing 
to environmental pollution. Therefore, research on the 
transshipment problem is essential to achieve sustainability 
by optimizing processes and reducing environmental 
impacts. Most studies have examined the transshipment 
problem with traditional traffic management. But AI 
traffic control system has also significantly reduced the 
carbon emissions, transportation cost, and damage cost. 
Consequently, this leads to the existence of a research 
gap that does not investigates transshipment problem by 
implementing AI traffic control system. So, in this study, 
mathematical model for bilevel fractional/quadratic 
transshipment problem has been investigated. AI traffic 
control system is incorporated simultaneously to reduce the 
economic and environment cost. Due to market becomes 
more competitive with the emergence of new industries, 
cost, supply, and demand parameters are not fixed. To 
address this fluctuating market behaviour, the concept of 
multi-choice programming with uncertainty was introduced. 
In this paper supply and demand are treated as multi choice 
triangular fermatean fuzzy parameters while economic and 
environmental costs are represented as triangular fermatean 
fuzzy number. It is first introduced by T Senapati which is 
the extension of Pythagorean fuzzy number. In fermatean 
fuzzy set, sum of cube of membership and non-membership 
lies between 0 and 1. The proposed model is solved 
using fermatean fuzzy programming to obtain the pareto 
optimal solution after converting deterministic model with 
the ranking function and interpolating polynomial. The 
remainder of this research is classified below. In Section 2, 
basis definition of fermatean and multi choice programming 
has been defined. Section 3 represented Notations and 
Assumptions. The suggested model is formulated and 
methodology has been described in Section 3. In Section 
4, Numerical illustrations are performed. Finally, conclusion 
has been stated in Section 

Methodology

Preliminaries

Definition 

Consider S be a non-empty set. Let FA  of S is a fermatean 
fuzzy set and is defined as { }, ( ), ( ) :F F

F
A A

A s s s s Sµ ν= ∈
 

 where 
( ), ( ) : [0,1]F FA A
s s Sµ ν →

 

 are membership and non-membership 
functions respectively. Furthermore, fermatean fuzzy 
number satisfies the condition 3 30 ( ( )) ( ( )) 1F FA A

s sµ ν≤ + ≤
 

 for 
all s S∈ . Additionally, degree of hesitation is defined as 

3 3( ) 1 ( ( )) ( ( ))F F FA A A
x s sπ µ ν= − −

  

 for all s S∈ . (Akram, M. et.al 2023)

Definition
 Let FA  be a triangular fermatean fuzzy number (TFFN) 
and it is defined as ( , , ), ,F l m nA a a a α β=  whose membership 
and non-membership function can be described as 
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MF µ



 and β  
represents the minimum value of ( )FA

MF ν


 respectively, such 
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Where l l m r ra a a a a′ ′≤ ≤ ≤ ≤ . (Akram, M. et.al 2023)

Definition
Let ( , , ), ( , , )F l m n l m nA a a a a a a′ ′ ′=  be a triangular fermatean fuzzy 
number. Then the ranking function for triangular fermatean 
fuzzy number is defined as ( 4 ) ( 4 )( )

12

l m n l m n
F a a a a a aA

′ ′+ + + + +
ℜ =  

(Akram, M. et.al 2023)

Definition
The Lagrange’s interpolation is one of the numerical 
approximation methods which is used to convert the muti 

choice parameter into the optimal choice. An integer variable 
is introduced for each multi-choice parameter to formulate 
the interpolating polynomial. Since above proposed model 
has 1kw  number of choices for both the supply and demand 
parameters, integer variables are introduced accordingly

The multi choice supply and demand parameters 
1 1

1 1
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1 1, ( )k kw w
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Mathematical Model for Bilevel Fractional/Quadratic 
Green Transshipment Problem by Implementing AI 
traffic control system with Multi Choice Parameters 
Under Fuzzy Environment
This section provides list of notations along with their 
intended meaning and assumptions are made in this 
proposed model. Subsequently, a mathematical formulation 
is constructed for bilevel fractional/quadratic transshipment 
problem by implementing AI traffic signal control system 
with multi choice under fermatean fuzzy environment

Notations and Assumptions  
'
1D  = sources at upper level 1( 1, 2,3,... )m s=

'
1S   = destinations at upper level 1( 1, 2,3,... )n t=

'
2D  = sources at lower level 2( 1, 2,3,... )i s=

'
2S  = destinations at lower level 2( 1, 2,3,.., )j t=

ρ  -AI reduction parameter in percentage
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1 mnh h ′=  
 

, 1 mnδ δ ′=  
 

, 
[ ]1 mnν ν ′= 

, 1 mnk k ′=  
 

,

[ ]1 mnγ γ ′= 

,
[ ]1 mnu u′= 

' '
1 1,m n D S∈ ∪

2 ijh h ′=  
 

, 2 ijδ δ ′=  
 

, 2 ijν ν ′ =   

, 2 ijk k ′=  
 

,

2 ijγ γ ′ =   

, 1 iju u′ =    ,i j M N′′ ′′∈ ∪

0mnh′ > , 0mnδ ′ > , 0mnv′ > , 0mnk′ > , 0mnγ ′ > , 0mnu′ >  
are the fermatean cost parameters at upper levels 
respectively.

0ijh′ > , 0ijδ ′ > , 0ijv′ > , 0ijk′ > , 0ijγ ′ > , 0iju′ >  are the 
cost parameters at lower level respectively

[ ]'
1 mnD d ′= , '

2 ijD d ′ =    where , 0mn ijd d′ ′ ≥  are decision 
variables denoting the amount of goods are transported at 
lower and upper level.

( ) ( )(1) (2) (1) (2)( , ,..., ), ( , ,..., )m ng g
m m m n n no o o o o o′ ′ ′ ′ ′ ′       are multi choice 

parameter for supply and demand in the upper-level 
problem. ( ) ( ) ' '

1 2, 0, ,m ng g
m no o m D n D′ ′ ≥ ∈ ∈

( )( )(1) (2) (1) (2)( , ,..., ), ( , ,..., )ji yx
i i i j j jo o o o o o′ ′ ′ ′ ′ ′      are multi choice parameter 

for supply and demand in the lower-level problem. 
( )( ) ' '

2 2, 0, ,ji yx
i jo o i D j S′ ′ ≥ ∈ ∈

Feasibility condition for BTrPMCP:  ' ' ' '
1 1 2 2

;m n i j
m D n S i D j D

o o o o
∈ ∈ ∈ ∈

′ ′ ′ ′≥ ≥∑ ∑ ∑ ∑

Mathematical Formulation 

Bilevel Fractional/Quadratic Green Transshipment Problem 
by Implementing AI traffic control system with Multi Choice 
Parameters Under Fuzzy Environment
The proposed BFQGTrP with multi choice under fermatean 
fuzzy environment model consists of two levels: an 
upper level and a lower level. In this defined model, the 
demand and supply parameters are multi-choice. The cost 
coefficients of the objective functions at both levels are 
represented as fermatean triangular fuzzy numbers. The 
main goal of the upper level is to minimize transportation 
costs and cost of carbon emissions while transferring the 
maximum number of units from origins to destinations 
through transshipment points. To achieve this, fractional 
green transshipment problem is defined at the upper 
level. During transshipment process, some units of goods 
may be damaged, or perishable goods may spoil due to 
unfavourable climatic conditions or poor road conditions. 
Additionally, carbon emissions will occur during the 
distribution process. To minimize the costs associated with 
deterioration and carbon emissions, the Quadratic green 
Transshipment Problem is discussed at the lower level. 

The mathematic model for bilevel fractional/quadratic green 
transshipment problem with multi choice under fermatean 
fuzzy environment is expressed as follows

1

1 1 2 2 1 1 2 2
11 1 2

1 1 2 2
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h D h D D DZ D D
v D v D
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D
Z D D k D k D D D u D u Dγ γ== + + + + 
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s s

i i
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1 10  1, 2,3, , ; 1, 2,3, ,mn m s nd t≥ ∀ = … = …

2 20  1, 2,3, , ; 1, 2,3, ,ij i s jd t≥ ∀ = … = …

At upper level, 1 1 2 2( )h D h D+  , 1 1 2 2( )D Dδ δ+ 

 and 1 1 2 2( )v D v D+ 

are represent the delivery cost, carbon emission during the 
transportation of commodities and the maximum amount 
of goods transported. At lower level, 1 1 2 2( )k D k D+  , 1 1 2 2( )D Dγ γ+   

1 1 2 2( )u D u D+   denotes the transportation cost, carbon 
emission cost, deterioration cost during the transportation 
of products.

The mathematic model for bilevel fractional/quadratic 
green transshipment problem by implementing AI traffic 
control system with multi choice under fermatean fuzzy 
environment is expressed as follows

1

1 1 2 2 1 1 2 2
11 1 2

1 1 2 2
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Identical Deterministic Model
In this bilevel fractional/quadratic transshipment problem 
with multi choice under fermatean fuzzy environment model, 
the parameters such that cost of delivery commodities, 
cost of carbon emission cost, and deterioration cost 
are considered as triangular Fermatean fuzzy numbers 
while supply and demand are considered as multi choice 
triangular fermatean fuzzy numbers to resolve the prevailing 
uncertainty in the real-life situations. So, this model 
becomes complex to solve directly. Therefore, this model 
is transformed into deterministic model by utilizing the 
ranking function and Lagrange interpolating polynomial 
as follows:

Deterministic Model for Bilevel Fractional/Quadratic Green 
Transshipment Problem by Implementing AI traffic control sys-
tem with Multi Choice Parameters Under Fuzzy Environment

1
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The deterministic model for bilevel fractional/quadratic 
green transshipment problem by implementing AI traffic 
control system with multi choice under fermatean fuzzy 
environment is expressed as follows

1
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Solution Procedure
To obtain the optimum solution for this above deterministic 
model, fermatean fuzzy programming is applied in this 
paper as follows: 

Fermatean Fuzzy Programming 
To handle uncertain situations, Zadeh introduced the concept 
of the fuzzy set. This was followed by the development of 
the intuitionistic and Pythagorean fuzzy sets. The Fermatean 
fuzzy set is considered more realistic and can handle greater 
uncertainty than both the intuitionistic and Pythagorean 
fuzzy sets. In a Fermatean fuzzy set, the sum of the cubes 
of the truth and false membership grades can exceed 1. 
Senapati and Yager was first introduced the concept of 
fermatean fuzzy set. In this environment, Zimmermann 
[6] proposed a fuzzy programming approach for multi-
objective decision-making problems, utilizing a min-max 
operator. This approach incorporates linear, exponential, 
or hyperbolic truth functions to find compromised optimal 
solutions. Intuitionistic fuzzy programming and Pythagorean 
fuzzy programming are further developed for multi-
objective problems in an intuitionistic fuzzy environment, 
where the truth and false grades are represented by linear, 
exponential, or hyperbolic functions. In this paper, a non-
linear programming called as fermatean fuzzy programming 
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has been applied to obtain optimum solutions for bilevel 
fractional/quadratic transshipment problem. 

Consider kU  and kL  are upper and lower bound of 
objective functions 21U  and 22U .  Then the membership and 
non-membership for the objective functions are represented 
as ( )kZµ  and ( )kZν  respectively. Then the proposed model 
for fermatean fuzzy programming is described as follows

3 3maxξ ψ−
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The prescribed method has been solved with the help of 
Lingo Global Solver (20.0) to find the optimum solutions 
for proposed model. 

Result
In this section, the Bilevel Fractional/Quadratic Green 
Transshipment Model integrated with an AI-based traffic 
control system under a fuzzy multi-choice environment 
is applied to a real-world scenario. The model focuses on 
optimizing the transportation of perishable goods while 
minimizing cost, time, and carbon emissions. Unlike existing 

studies that mainly address preservation technologies 
in transportation, this work considers the dynamic role 
of transshipment during uncertain traffic conditions. By 
incorporating artificial intelligence, the system efficiently 
controls traffic flow to reduce delays and spoilage. The 
fuzzy multi-choice parameters further help to manage 
uncertainty, making the model more realistic and effective 
for sustainable logistics operations.

Numerical example
Consider ABC company in Gujarat, manufactures distinct 
products three manufacturing intended for resorts across 
four different regions of the country such that Agra, Jaipur, 
Mussorie, and Shimla [12]. The company maintains three 
different types of inventories each catering to specific kinds 
of products. Inventory I stores non-perishable items like tea 
leaves, sugar, salt, and other similar goods. Inventory II stores 
perishable products such as fruits, meat, and other items 
that have a limited shelf life. Inventory III holds cutlery and 
other related products. The demand for these products in 
the resorts is influenced by the number of guests staying 
at the resorts at any given time. The duration of guest stays 
varies depending on the season and specific circumstances. 
To handle fluctuations in demand and supply, both the 
inventories and resorts act as transshipment points, allowing 
the redistribution of products between locations as needed. 
While transporting these products, ABC Company faces 
significant challenges related to both economic factors and 
environmental conditions. To overcome these challenges in 
transshipment, ABC Company has implemented an AI-driven 
traffic control system. This system leverages real-time data, 
including traffic conditions, weather forecasts, and potential 
road disruptions, to dynamically adjust delivery routes 
and schedules. Company wants to maximize the profit by 
minimization of AI implanted economic and environmental 
costs. The actual values of AI implemented transportation 
cost, deterioration cost, carbon emission cost, fixed cost, 
supply, and demand are often unpredictable due to factors 
like social activities, weather condition, multiple choices. As 
a result, AI implemented transportation cost, deterioration 
cost, carbon emission cost, fixed cost are act as triangular 
fermatean fuzzy numbers while supply and demand are 
modelled as triangular fermatean fuzzy multi choice. Using 
ranking function and interpolating polynomial, fermatean 
and multi choice fermatean fuzzy parameters are converted 
into crisp values. The cost for upper and lower level of 
objective functions are shown in table 1,2. The supply 
and demand are presented in table 3. The primary goal at 
the upper level is to minimize transportation costs from 
inventories to resorts, as well as reduce carbon emissions, 
while maximizing the number of goods delivered. At the 
lower level, the objective is to minimize the costs associated 
with goods or food damage during transit, along with 
minimizing carbon emissions.
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Table 1: The upper cost matrix

1X 2X 3X 1Y 2Y 3Y 4Y

1X 0
0

{(2,5,5),
(1,5,6)}
{(0.4,0.7,0.9),
(0.2,0.7,1.4)}

{(4,5,6),
(3,5,7)}
{(0.5,0.8,1),
(0.3,0.8,1.4)}

{(8,9,10),
(7,9,12)}
{(0.6,0.9,1.2),
(0.4,0.9,1.6)}

{(5,8,8),
(4,8,9)}
{(2,3, 4),
(1,3, 4)}

{(6,7,8),
(5,7,10)}
{(1,3,3),
(0,3, 4)}

{(4,7,7),
(3,7,8)}
{(1,2,3),
(1, 2,5)}

2X {(2,5,5),
(1,5,6)}
{(0.4,0.7,0.9),
(0.2,0.7,1.4)}

0
0

{(1,4,4),
(1, 4,5)}
{(1,1.5,2),
(0,1.5,3)}

{(5,6,7),
(4,6,9)}
{(2, 4,4),
(1, 4,5)}

{(3,6,7),
(2,6,8)}
{(2,5,5),
(1,5,6)}

{(4,5,6),
(3,5,9)}
{(3,6,8),
(2,6,9)}

{(2,5,6),
(3,5,9)}
{(4,7,7),
(3,7,8)}

3X {(4,5,6),
(3,5,7)}
{(0.5,0.8,1),
(0.3,0.8,1.4)}

{(1,4,4),
(1, 4,5)}
{(1,1.5,2),
(0,1.5,3)}

0
0

{(3,4,5),
(2, 4,7)}
{(4,7,9),
(3,7,10)}

{(2,3, 4),
(1,3,6)}
{(6,7,9),
(6,7,11)}

{(1,2,2),
(1, 2,3)}
{(6,9,9),
(5,9,12)}

{(0,2,2),
(0, 2, 2)}
{(7,10,10),
(6,10,11)}

1Y {(8,9,10),
(7,9,12)}
{(0.6,0.9,1.2),
(0.4,0.9,1.6)}

{(5,6,7),
(4,6,9)}
{(2,4,4),
(1, 4,5)}

{(3, 4,5),
(2, 4,7)}
{(4,7,9),
(3,7,10)}

0
0

{(1,3,3),
(0,3,3)}
{(2,3, 4),
(1,3,5)}

{(1,2,4),
(1, 2,5)}
{(1,4,4),
(1, 4,5)}

{(1,2,3),
(1, 2,3)}
{(3, 4,5),
(2, 4,6)}

2Y {(5,8,8),
(4,8,9)}
{(2,3,4),
(1,3, 4)}

{(3,6,7),
(2,6,8)}
{(2,5,5),
(1,5,6)}

{(2,3,4),
(1,3,6)}
{(6,7,9),
(6,7,11)}

{(1,3,3),
(0,3,3)}
{(2,3, 4),
(1,3,5)}

0
0

{(2,3, 4),
(1,3,5)}
{(1,4,4),
(1, 4,5)}

{(1,3,4),
(0,3, 4)}
{(3, 4,5),
(2, 4,6)}

3Y {(6,7,8),
(5,7,10)}
{(1,3,3),
(0,3, 4)}

{(4,5,6),
(3,5,9)}
{(3,6,8),
(2,6,9)}

{(1,2,2),
(1, 2,3)}
{(6,9,9),
(5,9,12)}

{(1,2,4),
(1, 2,5)}
{(1,4,4),
(1, 4,5)}

{(2,3, 4),
(1,3,5)}
{(1,4,4),
(1, 4,5)}

0
0

{(1,2,3),
(1, 2,3)}
{(1,2,3),
(0, 2, 4)}

4Y {(4,7,7),
(3,7,8)}
{(1,2,3),
(1, 2,5)}

{(2,5,6),
(3,5,9)}
{(4,7,7),
(3,7,8)}

{(0,2,2),
(0, 2, 2)}
{(7,10,10),
(6,10,11)}

{(1,2,3),
(1, 2,3)}
{(3,4,5),
(2, 4,6)}

{(1,3,4),
(0,3, 4)}
{(3,4,5),
(2, 4,6)}

{(1,2,3),
(1, 2,3)}
{(1,2,3),
(0, 2, 4)}

0
0
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Table 2: The lower cost matrix

1X 2X 3X 1Y 2Y 3Y 4Y

1X 0
0

{(4,5,7),
(4,5,9)}
{(3, 4,6),
(3, 4,8)}

{(4,5,7),
(3,5,9)}
{(3, 4,5),
(2, 4,5)}

{(7,10,10),
(6,10,11)}
{(9,10,11),
(8,10,13)}

{(6,7,9),
(6,7,11)}
{(6,9,10),
(5,9,13)}

{(6,7,9),
(6,7,11)}
{(7,8,9),
(6,8,12)}

{(4,7,9),
(3,7,10)}
{(6,7,8),
(5,7,8)}

2X {(4,5,7),
(4,5,9)}
{(3,4,6),
(3, 4,8)}

0
0

{(2,5,5),
(1,5,6)}
{(1,1.3,2),
(0,1.3, 2.5)}

{(4,7,7),
(3,7,8)}
{(4,5,6),
(3,5,6)}

{(3,6,8),
(2,6,9)}
{(4,5,6),
(3,5,6)}

{(2,5,5),
(1,5,6)}
{(3,4,5),
(1, 4,5)}

{(2,4,4),
(1, 4,5)}
{(1,2,4),
(1, 2,5)}

3X {(4,5,7),
(3,5,9)}
{(3,4,5),
(2, 4,5)}

{(2,5,5),
(1,5,6)}
{(1,1.3,2),
(0,1.3, 2.5)}

0
0

{(2,3, 4),
(1,3, 4)}
{(3,4,5),
(1, 4,5)}

{(1,3,3),
(0,3, 4)}
{(1,1.3,2),
(0,1.3, 2.5)}

{(1,2,3),
(1, 2,5)}
{(1,1.1,2),
(0,1.1, 2.2)}

{(0.6,0.9,1.2),
(0.4,0.9,1.6)}
{(0.3,0.5,0.7),
(0.2,0.5,0.9)}

1Y {(7,10,10),
(6,10,11)}
{(9,10,11),
(8,10,13)}

{(4,7,7),
(3,7,8)}
{(4,5,6),
(3,5,6)}

{(2,3, 4),
(1,3, 4)}
{(3, 4,5),
(1, 4,5)}

0
0

{(1,3,3),
(0,3,3)}
{(2,5,5),
(1,5,6)}

{(2,3, 4),
(1,3,7)}
{(4,5,6),
(3,5,7)}

{(2,3,4),
(1,3,5)}
{(3,4,5),
(1, 4,5)}

2Y {(6,7,9),
(6,7,11)}
{(6,9,10),
(5,9,13)}

{(3,6,8),
(2,6,9)}
{(4,5,6),
(3,5,6)}

{(1,3,3),
(0,3, 4)}
{(1,1.3,2),
(0,1.3, 2.5)}

{(1,3,3),
(0,3,3)}
{(2,5,5),
(1,5,6)}

0
0

{(1,3,4),
(0,3, 4)}
{(3,6,7),
(2,6,7)}

{(1,2,3),
(1, 2, 4)}
{(5,6,7),
(4,6,8)}

3Y {(6,7,9),
(6,7,11)}
{(7,8,9),
(6,8,12)}

{(2,5,5),
(1,5,6)}
{(3,4,5),
(1, 4,5)}

{(1, 2,3),
(1, 2,5)}
{(1,1.1,2),
(0,1.1, 2.2)}

{(2,3,4),
(1,3,7)}
{(4,5,6),
(3,5,7)}

{(1,3,4),
(0,3, 4)}
{(3,6,7),
(2,6,7)}

0
0

{(1,1.5,2),
(1,1.5,3)}
{(6,7,8),
(5,7,9)}

4Y {(4,7,9),
(3,7,10)}
{(6,7,8),
(5,7,8)}

{(2, 4, 4),
(1, 4,5)}
{(1,2,4),
(1, 2,5)}

{(0.6,0.9,1.2),
(0.4,0.9,1.6)}
{(0.3,0.5,0.7),
(0.2,0.5,0.9)}

{(2,3,4),
(1,3,5)}
{(3, 4,5),
(1, 4,5)}

{(1,2,3),
(1, 2, 4)}
{(5,6,7),
(4,6,8)}

{(1,1.5,2),
(1,1.5,3)}
{(6,7,8),
(5,7,9)}

0
0
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Table 3: Supply and demand

1 (40, 42, 46, 48)O′ = 1 (9,14,10,12)O′′=

2 (35,33,40)O′ = 2 (24,23,28)O′′ =

1 (48,50,52,53)O′ = 3 (13,11,14)O′′ =

4 (8,7,6,9)O′′ =

Table 4: Comparison for transshipment and transportation problem

Model Fermatean fuzzy programming

Bilevel fractional/
quadratic 
transportation 
problem without 
implementing AI 
traffic control system

31 9d =
, 32 23d =

, 33 10.17d =
, 

34 8.35d =
, 1 0.3537Z =

,

2 7439.53Z =

Bilevel fractional/
quadratic 
transshipment 
problem without 
implementing AI 
traffic control system

36 10.16d =
, 37 41.17d =

,

74 9d =
, 75 23d =

, 1 0.28665Z =
,

2 5888.58Z =

Table 5: comparison for transshipment with and without AI 
implementation

Model Fermatean fuzzy programming

Bilevel fractional/
quadratic transshipment 
problem without 
implementing AI traffic 
control system

36 10.16d =
, 37 41.17d = ,

74 9d = , 75 23d = , 1 0.28665Z = ,
2 5888.58Z =

Bilevel fractional/
quadratic transshipment 
problem with 
implementing AI traffic 
control system

36 10.17d = , 37 41.22d = , 74 9d = ,

75 23d = , 1 0.2839Z = , 2 2654.2Z =

Optimal solution and comparative study
By using two methods prescribed in 2.3.1 & 2.3.2, the 
obtained optimum solutions of deterministic bilevel 
fractional/quadratic green transshipment problem by 
implementing AI traffic control system with multi choice 
using Lingo Global Solver (20.0) are presented in [Table 4.]. 
Consequently, the comparison between deterministic bilevel 
fractional/quadratic green transshipment problem with and 
without implementing traffic control system is detailed 
in [Table 5.]. Also, comparison between bilevel fractional/
quadratic green transshipment and transportation problem 
is shown in in [Table 5.].

Discussion
Jaggi et al. (2024) proposed a Bilevel Fractional/Quadratic 
Green Transportation Problem (BFQGMCTP) incorporating 

multi-choice supply and demand parameters under 
uncertainty. The model addresses real-world challenges 
such as rising fuel costs, carbon emissions, and product 
deterioration during transit. The main objective is to 
maximize the quantity of goods delivered while minimizing 
transportation cost, deterioration cost, and carbon emission 
cost simultaneously. The authors introduced two distinct 
solution techniques and conducted a comparative analysis 
to evaluate their performance.

Conclusion
Traffic management is a major challenge in the transshipment 
problem, as it significantly impacts the environment during 
the distribution process. Implementing an AI-based traffic 
control system in the transshipment model can effectively 
mitigate these environmental impacts. Given the inherent 
uncertainty in real-world scenarios, the proposed model 
has been developed under a fermatean fuzzy environment 
to better address these complexities. Then multi choice 
fermatean proposed is converted into deterministic 
model using ranking function and Lagrange interpolating 
polynomial. Pareto optimum solutions have been obtained 
for the proposed deterministic model applying Fermatean 
fuzzy programming using Lingo Software package. The 
numerical example has been discussed for transshipment 
problem with and without implementing AI traffic control 
system. Obtained solutions for bilevel fractional/quadratic 
transshipment problem with AI traffic control system shows 
a reduction of 7.8% in cost and 11.19% than without AI traffic 
control system. Consequently, obtained solutions also shows 
that the bilevel fractional/quadratic transshipment problem 
shows that 14.4% reduction in time and 14% reduction in cost 
than the bilevel fractional/quadratic transportation problem. 
The proposed model could be extended by incorporating 
key social factors to further enhance sustainability in future 
developments.
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