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1  Introduction 
A transportation problem (TP) is recognized as a 
foundational optimization model with extensive 
applications in applied mathematics and operations 
research. It has extensive applications not only in 
transportation systems but also in production 
planning, scheduling, and assignment problems. In a 
typical transportation model, parameters such as unit 
costs, supply, and demand play a key role, but in 
practical settings, these parameters are typically 
uncertain and cannot be specified exactly. The 
standard formulation of TP was first introduced by 
[1]. Various heuristic and solution approaches are 
proposed for different objectives such as cost 
minimization and time optimization are developed by 
[2], [3], [4], [5], [6], [7].  Additional studies have 
introduced alternative computational strategies, 
including graph-based techniques and allocation rules 
for both balanced and unbalanced problems, [8], [9], 
[10]. A comprehensive review of TPs and their 
solution methods is presented by [11]. 

In practical environments, uncertainty in cost, 
supply, and demand has led to the development of 

fuzzy transportation models. A fuzzy framework 
using the extension principle is applied by [12]. 
Subsequently, many researchers have contributed 
various approaches based on different fuzzy 
representations such as trapezoidal, triangular, and 
Fermatean fuzzy numbers, [13], [14], [15], [16], 
[17], [18], [19], [20], [21], [22], [23], [24], These 
approaches mainly convert fuzzy models into crisp 
equivalents using ranking, transformation, or 
optimization techniques. 

In real-world applications, TP often occurs in 
multiple stages, where decisions at one stage 
influence subsequent stages. Thus, multistage TPs 
(MSTPs) differ significantly from classical models 
due to inter-stage dependencies and increased 
complexity. Depending on the nature of 
transportation, the number of stages, and 
interconnections between stages, different MSTP 
formulations can arise. 

One of the most important methods for 
handling complex optimization problems is the 
decomposition method, which transforms a 
problem into smaller, manageable subproblems that 
can be solved independently to obtain the overall 
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solution, [25],[26], [27], [28].The remaining of the 
paper is illustrated in Figure 1.   

 

 
Fig. 1: Layout of Remaining Paper 
Source: created by the authors 

 
 
2  Preliminaries 
In this section, we present some basic definitions of 
SVTNNs along with their arithmetic operations. 
 

Definition 1. ([29]).  Let H be the universe of 
discourse with a generic element ζ. A fuzzy set (FS) 
Ã in H is defined as: Ã = {x:μ

Ã
(x),  x ∈

H}, μ
Ã
: H(ζ) → [0,1], where μ

Ã
(x) represents the 

membership function satisfying 0 ≤ μ
Ã
(x) ≤ 1. 

 

Definition 2. ([29]).  Let R denote the set of real 
numbers and μ

Ã
: R → [0,1] be a FS. Then Ã is called 

a fuzzy number if it satisfies the following 
conditions: 

 There exists x0 ∈ R such that μ
Ã
(x0) = 1 

(normality),  
 μ

Ã
(γx + (1 − γ)y) ≥ min⁡{μ

Ã
(x),μ

Ã
(y)}, for 

all x, y ∈ R and γ ∈ [0,1] (convexity),  
 μ

Ã
(x) is piecewise continuous. 

 

Definition 3. [30]. Let U and V be two single-valued 
neutrosophic sets (SVNSs). Then U ⊆ V if and only if 
μ
U
(x) ≤ μ

V
(x), λU(x) ≥ λV(x), κU(x) ≥ κV(x), ∀x ∈

H, where μ, λ, and κ represent truth, indeterminacy, 
and falsity membership functions, respectively. 
 

Definition 4. [31].  A trapezoidal fuzzy number is 
represented as ÃTrFN = (p1, p2, p3, p4), with 
membership function defined by 

μ
Ã
(x) =

{
  
 

  
 

0, x < p1,
x − p1
p2 − p1

, p1 ≤ x ≤ p2,

1, p2 ≤ x ≤ p3,
p4 − x

p4 − p3
, p3 ≤ x ≤ p4,

0, x > p4.

 

 

Definition 5. ([32]) Let H⁡be a non-empty set. A 
neutrosophic set ÃNS in H is defined as ÃNS =
{⟨x; TÃ(x), IÃ(x), FÃ(x)⟩: x ∈ H}, where TÃ(x), 
IÃ(x), and FÃ(x) denote the truth, indeterminacy, 
and falsity membership degrees, respectively, with 
values in the non-standard interval ]0−, 1+[. These 
functions satisfy 0− ≤ TÃ(x) + IÃ(x) + FÃ(x) ≤
3+. 
 

Definition 6.  ([33]). (Arithmetic operations on 
SVTrN) Let p̃SVTrN = ⟨(p1, p2, p3, p4);μp, λp, κp⟩ 
and q̃SVTrN = ⟨(q1, q2, q3, q4);μq, λq, κq⟩ be two 
SVTrN numbers  and k ≠ 0. Then 

p̃ ⊕ q̃ = ⟨(p1 + q1, p2 + q2, p3 + q3, p4 + q4);μp
∧ μ

q
, λp ∨ λq, κp ∨ κq⟩ 

p̃ ⊖ q̃ = ⟨(p1 − q4, p2 − q3, p3 − q2, p4 − q1);μp
∧ μ

q
, λp ∨ λq, κp ∨ κq⟩ 

p̃ ⊗ q̃ = ⟨(piqi);μp ∧ μ
q
, λp ∨ λq, κp ∨ κq⟩ 

p̃ ⊘ q̃ = ⟨(pi/q5−i);μp ∧ μ
q
, λp ∨ λq, κp ∨ κq⟩, qi

≠ 0 

kp̃ = {
⟨(kp1, kp2, kp3, kp4);μp, λp, κp⟩, k > 0

⟨(kp4, kp3, kp2, kp1);μp, λp, κp⟩, k < 0
 

p̃−1 = ⟨(1/p4, 1/p3, 1/p2, 1/p1);μp, λp, κp⟩, p̃ ≠ 0 
 
Definition 7. Let p̃SVTrN =
⟨(p1, p2, p3, p4);μp, λp, κp⟩ be a SVTrN. Then its 
score and accuracy functions are defined as: 

SC(p̃) =
1

16
[(p1 + p2 + p3 + p4) + μ

p
+ (1 − λp) 

+(1 − κp)], 

AC(p̃) =
1

16
[(p1 + p2 + p3 + p4) + μ

p
+ (1

− λp) 
+(1 + κp)]. 
 

Definition 8. Let 
 p̃SVTrN = ⟨(p1, p2, p3, p4);μp, λp, κp⟩, 
 q̃SVTrN = ⟨(q1, q2, q3, q4);μq, λq, κq⟩ be two 
SVTrN numbers. Then their comparison is defined 
as follows: 

 If SC(p̃) < 𝑆𝐶(q̃), then p̃ < q̃.  
 If SC(p̃) = SC(q̃), then:  
o If AC(p̃) < 𝐴𝐶(q̃), then p̃ < q̃  
o If AC(p̃) > 𝐴𝐶(q̃), then p̃ > q̃. 
o If AC(p̃) = AC(q̃), then p̃ = q̃. 

 

 

 

3  Problem Statement  
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This section presents different multistage TP (MSTP) 
formulations that model several practical decision-
making situations. These formulations allow 
decision-makers to directly determine optimal 
transportation strategies under different structural 
settings. 
 
3.1  Multistage Classical TP (Type I) 
This case considers a multistage transportation 
system without any intermediate-stage restrictions. 
Let the supply at the first stage be ai, the demand at 
the final stage be bj, and the unit transportation cost 
be cij. The model is formulated as: 
 (MTPP1):⁡Min⁡Z = ∑ ∑ cijxij

n
j=1

m
i=1  

Subject to ∑ xij
n
j=1 = dI, 𝑖 = 1,… ,𝑚, 

 ∑ xij
m
i=1 = ej, 𝑗 = 1, 𝑛, xij ≥ 0;∀⁡i, j.   

 
This formulation reduces to a classical single-stage 
TP. 
 
3.2  Multistage Classical TP (Type II) 
This case assumes that transportation at each stage is 
independent of other stages. Let k = 1,2,… , N denote 
the stages where aik

k  represents supply at the stage k, 
bjk
k  represents demand, and cikjk

k  denotes 
transportation cost. The model is given by:  
 (MTPP2):Min𝑍𝑘 =∑ ∑ c𝑖𝑘⁡⁡𝑗𝑘

k x𝑖𝑘⁡⁡𝑗𝑘
knk

jk=1
𝑚𝑘
ik=1

,  
Subject to 
 ∑ x𝑖𝑘⁡⁡𝑗𝑘

k𝑛𝑘
𝑗𝑘=1

= d𝑖𝑘
k , 𝑖𝑘 = 1, 2, … ,𝑚𝑘 ,⁡ 

∑ x𝑖𝑘⁡⁡𝑗𝑘
k

⁡𝑛𝑘

𝑖𝑘=1
= e𝑗𝑘

k , 𝑗𝑘 = 1, 2, … , 𝑛𝑘 , 

 x𝑖𝑘⁡⁡𝑗𝑘
k ≥ 0;⁡∀⁡𝑖𝑘 , 𝑗𝑘 , 𝑘 = 1,𝑁⁡. 

 
The minimum transportation cost is:  
minZ = ∑ Zk

N

k=1
.  

 
3.3  Multistage classical TP of the Third Kind 
This case describes multistage TPs with additional 
constraints at intermediate stages, without altering the 
basic transportation structure at each stage. The 
model is formulated as: 
 (MTPP3):Min⁡Z =The objective function of MTPP2 
Subject to  
                ∑ x𝑖1⁡⁡𝑗1

1𝑛1
𝑗1=1

= d𝑖1
1 , 𝑖1 = 1, 2, … ,𝑚1,⁡ 

∑ x𝑖1⁡⁡𝑗1
1

⁡𝑛1

𝑖1=1
= e𝑗1

1 , 𝑗1 = 1, 2, … , 𝑛1,, 

                 ... 
                  ∑ x𝑖𝑘⁡⁡𝑗𝑘

k𝑛𝑘
𝑗𝑘=1

= d𝑖𝑘
k , 𝑖𝑘 = 1, 2, … ,𝑚𝑘,⁡ 

                  ∑ x𝑖𝑘⁡⁡𝑗𝑘
k⁡𝑛𝑘

𝑖𝑘=1
= e𝑗𝑘

k , 𝑗𝑘 = 1, 2, … , 𝑛𝑘 , 
                   . 

                ∑ x𝑖𝑁⁡𝑗𝑁
N𝑛𝑁

𝑗𝑁=1
= d𝑖𝑁

N , 𝑖𝑘 = 1, 2,… ,𝑚𝑁,⁡ 
                ∑ x𝑖𝑁⁡⁡𝑗𝑁

N⁡𝑛𝑁
𝑖𝑁=1

= e𝑗𝑁
N , 𝑗𝑁 = 1, 2,… , 𝑛𝑁, 

Fsk(x𝑖𝑘−1⁡⁡𝑗𝑘−1
k−1 , x𝑖𝑘⁡⁡𝑗𝑘

k , x𝑖𝑘+1⁡⁡𝑗𝑘+1
k+1 ) = 0,  

xikjk
k ≥ 0;⁡∀⁡𝑖𝑘 , 𝑗𝑘 , 𝑘 = 1,𝑁                         

 
where Fsk ⁡, k = 1,… , N denotes linear constraint 
functions at the stage N, and sk is the number of 
functions at 𝑘. This problem can be efficiently 
solved using decomposition techniques that exploit 
the structure of transportation models. 
 
3.4 Multistage Classical TP of the Fourth 

 Kind 
This case assumes that the difference between input 
and output flow at each intermediate stage is 
known, which modifies the structure of each stage. 
The model is:  
(MTPP4):Min⁡Z =The objective function of 
MTPP2 
 
Subject to:  
      ∑ x𝑖1⁡⁡𝑗1

1𝑛1
𝑗1=1

= d𝑖1
1 , 𝑖1 = 1, 2, … ,𝑚1                     

∑ x𝑖1⁡⁡𝑗1
1𝑚1

𝑖1=1
−∑ x𝑖2⁡𝑗2

2𝑛2
𝑗2=1

= e𝑗1
1 , 

⁡𝑗1 = 1, 2,… , 𝑛1; ⁡ 𝑖2 = 1, 2, … ,𝑚2,.. 
 ∑ x𝑖𝑘−1⁡𝑗𝑘−1

k−1𝑚𝑘−1
𝑖𝑘=1

− ∑ x𝑖𝑘⁡𝑗𝑘
k𝑛𝑘

𝑗𝑘=1
= e𝑗𝑘−1

k−1 , 
⁡𝑗𝑘−1 = 1, 2, … , 𝑛𝑘−1; ⁡ 𝑖𝑘 = 1, 2, … ,𝑚𝑘; 
 ∑ x𝑖𝑁−1⁡⁡𝑗𝑁−1

N−1𝑚𝑘−1
𝑖𝑁−1=1

− ∑ x𝑖𝑁⁡𝑗𝑁
k𝑛𝑁

𝑗𝑁−1
= e𝑗𝑁−1

N−1 , 
⁡𝑗𝑁−1 = 1, 2, … , 𝑛𝑁−1;⁡ 𝑖𝑁 = 1, 2, … ,𝑁; 
 ∑ x𝑖𝑁⁡⁡𝑗𝑁

N𝑚𝑁
𝑖𝑁=1

= e𝑗𝑁
N , 𝑗𝑁 = 1, 2, … , 𝑛𝑁; 

x𝑖𝑘⁡⁡𝑗𝑘
k ≥ 0;⁡∀⁡𝑖𝑘 , 𝑗𝑘 , 𝑘 = 1,𝑁⁡. 

 
This formulation can be solved using the simplex 
method. 
 

In this paper, we consider MTPP3 under 
uncertainty, where all parameters are expressed as 
SVTrN: 
 Z̃ = Min𝑍𝑘 =∑ ∑ c̃𝑖𝑘⁡⁡𝑗𝑘

k x𝑖𝑘⁡⁡𝑗𝑘
knk

jk=1
𝑚𝑘
ik=1

  
Subject to  
     ∑ x𝑖1⁡⁡𝑗1

1𝑛1
𝑗1=1

= d̃𝑖1
1 , 𝑖1 = 1, 2, … ,𝑚1,⁡ 

    ∑ x𝑖1⁡⁡𝑗1
1⁡𝑛1

𝑖1=1
= ẽ𝑗1

1 , 𝑗1 = 1, 2, … , 𝑛1,, 
                
    ∑ x𝑖𝑘⁡⁡𝑗𝑘

k𝑛𝑘
𝑗𝑘=1

= d̃𝑖𝑘
k , 𝑖𝑘 = 1, 2,… ,𝑚𝑘 ,⁡ 

     ∑ x𝑖𝑘⁡⁡𝑗𝑘
k⁡𝑛𝑘

𝑖𝑘=1
= ẽ𝑗𝑘

k , 𝑗𝑘 = 1, 2, … , 𝑛𝑘 ,                  .                                                               
(1) 

   ∑ x𝑖𝑁⁡𝑗𝑁
N𝑛𝑁

𝑗𝑁=1
= d̃𝑖𝑁

N , 𝑖𝑘 = 1, 2,… ,𝑚𝑁,⁡ 
   ∑ x𝑖𝑁⁡⁡𝑗𝑁

N⁡𝑛𝑁
𝑖𝑁=1

= ẽ𝑗𝑁
N , 𝑗𝑁 = 1, 2, … , 𝑛𝑁,      

   Fsk(x𝑖𝑘−1⁡⁡𝑗𝑘−1
k−1 , x𝑖𝑘⁡⁡𝑗𝑘

k , x𝑖𝑘+1⁡⁡𝑗𝑘+1
k+1 ) = 0,  
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xikjk
k ≥ 0;⁡∀⁡𝑖𝑘 , 𝑗𝑘 , 𝑘 = 1,𝑁  . 

   Using the ranking function of SVTrN, the problem 
(1) is transformed into 
MinℲ𝑘 =∑ ∑ ϱ

𝑖𝑘⁡⁡𝑗𝑘
k x𝑖𝑘⁡⁡𝑗𝑘

knk
jk=1

𝑚𝑘
ik=1

,  
 
Subject to: 
                ∑ x𝑖1⁡⁡𝑗1

1𝑛1
𝑗1=1

= 𝜍𝑖1
1 , 𝑖1 = 1, 2, … ,𝑚1,⁡ 

∑ x𝑖1⁡⁡𝑗1
1

⁡𝑛1

𝑖1=1
= ψ

𝑗1
1 , 𝑗1 = 1, 2, … , 𝑛1,, 

                 . 
                  ∑ x𝑖𝑘⁡⁡𝑗𝑘

k𝑛𝑘
𝑗𝑘=1

= ς
𝑖𝑘
k , 𝑖𝑘 = 1, 2, … ,𝑚𝑘 ,⁡ 

                  ∑ x𝑖𝑘⁡⁡𝑗𝑘
k⁡𝑛𝑘

𝑖𝑘=1
= ψ

𝑗𝑘
k , 𝑗𝑘 = 1, 2, … , 𝑛𝑘 , 

                   . 
 ∑ x𝑖𝑁⁡𝑗𝑁

N𝑛𝑁
𝑗𝑁=1

= ς
𝑖𝑁
N , 𝑖𝑘 = 1, 2, … ,𝑚𝑁 ,⁡         (2) 

  ∑ x𝑖𝑁⁡⁡𝑗𝑁
N⁡𝑛𝑁

𝑖𝑁=1
= ψ

𝑗𝑁
N , 𝑗𝑁 = 1, 2,… , 𝑛𝑁, 

Fsk(x𝑖𝑘−1⁡⁡𝑗𝑘−1
k−1 , x𝑖𝑘⁡⁡𝑗𝑘

k , x𝑖𝑘+1⁡⁡𝑗𝑘+1
k+1 ) = 0,  

xikjk
k ≥ 0;⁡∀⁡𝑖𝑘 , 𝑗𝑘 , 𝑘 = 1,𝑁                

 

 

4  Solution Scheme  
The multistage TP (particularly Type III) can be 
efficiently solved using the decomposition technique 
of LP. 

Let Dk constraint coefficient matrix of the k-th 
subproblem, Ak linking constraint matrix for the stage 
k, b̃ SVTrN vector of tie-in constraints, b̃k SVTrN 
vector of supplies and demands at the stage k, R0 
matrix formed by the first m0columns of B−1, where 
m0 is the size of b̃, c̃k SVTrNN cost vector of stage 
k, cB vector of basic variable costs. Assume an initial 
basic feasible solution (v1, v2, … , vo+1) with the basis 
matrix B of order⁡mo +𝑁. 
 
Algorithm 
Step 1. Solve each subproblem 
 wk = (ck−cBR0A

k)xk 
Subject to 
 Dkxk = bk, xk ≥ 0, k = 1,2,… , N.                      (3) 
 
Let w(Rk) be the optimal value at 𝑥𝑘 (using  LINGO 
20.0). Proceed to Step 2. 
 
Step 2. Compute the reduced costs 
 σk = w(Rk) − cBτk, 
where τkis the (m0+k)the column of B−1. Then 

σ = min
𝑘

σk 
 If σk ≥ 0for all k, the current solution is 

optimal → Stop.  
 Otherwise, proceed to Step 3.  

 

Step 3. Introduce the entering variable 𝜔𝑘 
corresponding to the most σ.. 
Determine the leaving variable using feasibility 
conditions, update B−1 via the revised simplex 
method and repeat from Step 1. The general 
process is presented in Figure 2. 
 

 
Fig. 2: The proposed solution procedure’s 
framework 
Source: created by the authors 

 
 
5  Numerical Example 
Consider the following two-stage TP with data 
illustrated in Table 1, Table 2, Table 3 and Table 4. 
 

Table 1. Neutrosophic Data for 1st Stage TP 

Source: created by the authors 

 

Table 2. Neutrosophic Data for 2nd Stage TP 
Warehouses                 Customers                 Supply 
⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡k1 ⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡k1 ⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡k1 
D1 ⁡x112 (c̃112SVTrN)⁡⁡⁡x122 (c̃122SVTrN) x132 (c̃132SVTrN) d̃12SVTrN 
D2⁡⁡x21

2 (c̃21
2SVTrN)⁡⁡⁡x22

2 (c̃22
2SVTrN)⁡⁡x23

2 (c̃23
2SVTrN d̃22SVTrN 

Demand   ẽ12SVTrN           ẽ22SVTrN            ẽ32SVTrN          

Source: created by the authors 

 
Where,     
 c̃111SVTrN = 〈(3, 5, 6, 8); 0.6, 0.5, 0.4〉, 

  Warehouses     customers      supply 
      ⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡D1                             D2 
S1⁡⁡⁡⁡x11

1 (c̃11
1SVTrN)⁡   x121 (c̃121SVTrN) ⁡⁡⁡⁡⁡d̃11SVTrN 

S2⁡⁡⁡⁡x21
1 (c̃21

1SVTrN) ⁡⁡⁡x221 (c̃221SVTrN)⁡⁡⁡⁡⁡⁡d̃21SVTrN 
S3⁡⁡⁡⁡x31

1 (c̃31
1SVTrN)⁡⁡⁡⁡x32

1 (c̃32
1SVTrN)⁡⁡⁡⁡⁡⁡ d̃31SVTrN 

Demand    ẽ11SVTrN   ⁡⁡⁡⁡⁡ẽ21SVTrN                                        
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 c̃121SVTrN = 〈(4, 8, 11, 15); 0.6, 0.3, 0.2〉,  
c̃21
1SVTrN = 〈(0, 1, 3, 6); 0.7, 0.5, 0.3〉, 
⁡c̃22
1SVTrN = 〈(9, 11, 14, 16); 0.5, 0.4, 0.7〉, 

 C̃311SVTrN = 〈(15, 17, 19, 22); 0.4, 0.8, 0.4〉,⁡ 
c̃32
1SVTrN = 〈(5, 8, 10, 14); 0.3, 0.6, 0.6〉,  
c̃11
2SVTrN = ⟨(1,3,4,6); 0.6, 0.3, 0.5⟩,⁡ 
c̃12
2SVTrN = ⟨(5, 8, 10, 14); 0.3, 0.6, 0.6⟩,  
c̃13
2SVTrN = ⟨(15, 17, 19, 22); 0.4, 0.8, 0.4⟩, 
⁡c̃21
2SVTrN = ⟨(4,8,11,15); 0.6, 0.3, 0.2⟩, 

 c̃222SVTrN = ⟨(3,5,6,8); 0.6, 0.5, 0.4⟩, 
⁡c̃23
2SVTrN = ⟨(9,11,14,16); 0.5, 0.4, 0.7⟩, 

ã1
1SVTrN = ⟨(15, 17, 19, 22); 0.4, 0.8, 0.4⟩,⁡ 
ã2
1SVTrN = ⟨(9,11,14,16); 0.5, 0.4, 0.7⟩, 

 ã31SVTrN = ⟨(3, 5, 6,8); 0.6, 0.5, 0.4⟩,⁡ 
ã1
2SVTrN = ⟨(12, 15, 20, 25); 0.8, 0.2, 0.6⟩, 

 ã22SVTrN = ⟨(5, 9, 14, 19); 0.3, 0.7, 0.6⟩, 
⁡b̃1
1SVTrN = ⟨(12, 15, 20, 25); 0.8, 0.2, 0.6⟩, 

b̃2
1SVTrN = ⟨(5, 9, 14, 19); 0.3, 0.7, 0.6⟩, 
⁡b̃1
2SVTrN = ⟨(4, 8, 11, 15); 0.6, 0.3, 0.2⟩, 

 b̃22SVTrN = ⟨(5,7,8,10); 0.5, 0.4, 0.7⟩, 
⁡b̃3
2SVTrN = 〈(9, 11, 14, 16); 0.5, 0.4, 0.7〉. 

 
Table 3. Crisp Data for 1st Stage TP 

Source: created by the authors 

 
Table 4. Crisp Data for 2nd Stage TP 

Source: created by the authors 

 
The mathematical model for the problem is 
 

Z = 2x11
1 + 5x12

1 + x21
1 + 4x22

1 + 6x31
1 + 3x32

1

+ 2x11
2 + 5x21

2 + 3x12
2 + 2x22

2

+ 6x13
2 + 4x23

2 ⁡ 
     Subject to: 

      x111 + x12
1 = 6, x21

1 + x22
1 = 4, 

     x311 + x32
1 = 2, x11

1 + x21
1 + x31

1 = 9, 
     x121 + x22

1 + x32
1 = 2,  x112 + x21

2 = 5, 

     x122 + x22
2 = 3, x13

2 + x23
2 = 4, 

     x112 + x12
2 + x13

2 = 9, 
     x212 + x22

2 + x23
2 = 3, 

xij
1 ≥ 0 and xij2 ≥ 0. 

 
Where, 
 x2 = x112 ⁡⁡⁡⁡x212 ⁡⁡⁡⁡⁡x122 ⁡⁡⁡⁡x222 ⁡⁡⁡⁡⁡⁡x132 ⁡⁡⁡x232  
x1 = x11

1 ⁡⁡⁡x12
1 ⁡⁡⁡⁡⁡x21

1 ⁡⁡⁡⁡⁡x22
1 ⁡⁡⁡⁡⁡⁡⁡x31

1 ⁡⁡⁡⁡⁡x32
1  

c1: 2⁡⁡⁡⁡⁡⁡⁡⁡5⁡⁡⁡⁡⁡⁡⁡⁡1⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡4⁡⁡⁡⁡⁡⁡⁡⁡6⁡⁡⁡⁡⁡⁡⁡3, 
c2⁡2⁡⁡⁡⁡⁡⁡⁡⁡⁡5⁡⁡⁡⁡⁡⁡⁡⁡3⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡2⁡⁡⁡⁡⁡⁡⁡6⁡⁡⁡⁡⁡⁡⁡4 
A1 1⁡⁡0⁡⁡0⁡⁡0⁡⁡0⁡⁡0 A2 1⁡0⁡0⁡0⁡1⁡0 
 

 

D1 
 

 

1⁡1⁡⁡0⁡⁡0⁡⁡0⁡⁡0 
0⁡⁡0⁡⁡1⁡1⁡⁡0⁡⁡0 
1⁡⁡0⁡0⁡⁡0⁡⁡1⁡⁡1 
1⁡0⁡⁡1⁡⁡0⁡⁡1⁡⁡0 
0⁡⁡1⁡⁡0⁡⁡1⁡0⁡1 

 

  

 

D2 
 

1⁡1⁡⁡0⁡⁡0⁡⁡0⁡⁡0 
0⁡⁡0⁡⁡1⁡⁡1⁡⁡0⁡⁡0 
1⁡⁡0⁡⁡0⁡⁡0⁡⁡1⁡⁡1 
1⁡⁡0⁡⁡1⁡⁡0⁡⁡1⁡0 
0⁡⁡1⁡⁡0⁡⁡1⁡⁡0⁡⁡1 

 
b 0 
b1 6 

4 
2 
9 
3 

b2 5 
3 
4 
9 
3 

 
The starting basic solution is given by xb =
[v1⁡v2⁡v3⁡], b = [0⁡⁡1⁡⁡1⁡] , and the corresponding 
basic matrix is 
 
B = [1⁡0⁡0⁡0⁡1⁡0⁡0⁡0⁡1] = B−1, 
 cB = [1⁡1⁡1⁡], R0 = [1⁡0⁡0⁡], τ1 = [1⁡0⁡0⁡],  
τ2 = [0⁡0⁡1⁡], c1 = [0⁡0⁡0⁡0⁡0], c2 = [0⁡0⁡0⁡0⁡0] 
First iteration 

Step 1: For k = 1,2 
wx1 = −6⁡⁡⁡⁡⁡⁡x1

x1 = (6, 0,3,1,0,2)T, 
 wx2 = 1,⁡⁡⁡x1

x2 = (5, 0,3,0,1,3)T 
Step 2: For k = 1,2 
σ1 = −7,⁡⁡⁡σ2 = 0. Then 
σ = (σ1,σ2⁡) ⁡= −7 corresponding to k = 1. 
Step 3: The variable ω11 corresponding to  x1x1   
must enter the solution and the leaving variablev1.  

Warehouses     Customers         Supply 
      ⁡⁡⁡D1                          D2 
S1⁡⁡⁡⁡⁡⁡⁡⁡⁡x11

1 (2) ⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡x121 (5) ⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡6 
S2⁡⁡⁡⁡⁡⁡⁡⁡x21

1 (1) ⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡x221 (4 )⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡4 
S3⁡⁡⁡⁡⁡⁡⁡⁡⁡x31

1 (6)⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡x32
1 (3) ⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡2 

Demand    9                       3                   12                                  

Warehouses     Customers    
⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡k1 ⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡k1 ⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡k1 
D1 ⁡⁡⁡x112 (2)⁡⁡⁡⁡⁡⁡⁡x122 (3)⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡x132 (⁡⁡⁡6)         9   
       
D2⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡x21

2 (5)⁡⁡⁡⁡⁡⁡⁡x22
2 (2)⁡⁡⁡⁡⁡⁡⁡⁡⁡x23

2 (4)       3     
    
Demand   5               3                   4              
12 
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Now, to determine the new basic solution: 
xb = [ω11⁡v2⁡v3⁡], Bnew

−1 = [
1

6
⁡0⁡0⁡

−1

6
⁡1⁡0⁡0⁡0⁡1⁡], 

B−1b = [0⁡1⁡1⁡], cB = [0⁡1⁡1⁡], R0 = [
1

6
⁡
−1

6
⁡0⁡], τ1 =

[0⁡1⁡0⁡], τ2 = [0⁡0⁡1⁡].⁡ 
 
Second iteration 

Step 1: For k = 1,2 
wx1 =

1

2
⁡⁡⁡⁡⁡⁡x2

x1 = (3, 3, 4, 0, 2, 0)T, wx2 =

−
2

3
,⁡⁡⁡x2

x2 = (5,0,0,3,4,0)T 
Step 2: For k = 1,2 
σ1 = − 1

2
,⁡⁡⁡σ2 = − 5

3
. Then 

σ = (σ1,σ2⁡) ⁡= − 5

3
 , corresponding to k = 2. 

Step 3: The variable ω22 corresponding to  x2x2   must 
enter the solution and the leaving variable v3.  
Now, to determine the new basic solution: 
xb = [ω11⁡v2⁡ω22⁡] 

Bnew
−1 = [

1

6
⁡0⁡
2

3
⁡
−1

6
⁡1⁡ −

2

3
⁡0⁡0⁡1⁡] 

B−1b = [
2

3
⁡
1

3
⁡1⁡] 

⁡cB = [0⁡1⁡1⁡] 

R0 = [
1

6
⁡
−1

6
⁡0⁡] 

τ1 = [0⁡1⁡0⁡] 

τ2 = [
2

3
⁡−
2

3
⁡1⁡].⁡ 

 
Third iteration 

Step 1: For k = 1,2 
wx1 =

1

2
⁡⁡⁡⁡⁡⁡x3

x2 = (3, 3, 4, 0, 2, 0)T, wx2 =

−
2

3
,⁡⁡⁡x3

x2 = (5,0,0,3,4,0)T 
Step 2: For k = 1,2 
σ1 = − 1

2
,⁡⁡⁡σ2 = 0. Then 

σ = (σ1,σ2⁡) ⁡= − 1

2
 , corresponding to k = 1. 

Step 3: The variable ω31 corresponding to  x3x1   must 
enter the solution and the leaving variablev2.  
Now, to determine the new basic solution: 
xb = [ω11⁡ω31⁡ω22⁡], 

Bnew
−1 = [

1

3
⁡− 1⁡

4

3
⁡
−1

3
⁡2⁡ −

4

3
⁡0⁡0⁡1⁡], 

B−1b = [
1

3
⁡
2

3
⁡1⁡], 

cB = [0⁡0⁡0⁡], 

R0 = [
1

3
⁡−
1

3
⁡0⁡], 

⁡τ1 = [−1⁡2⁡0⁡], 

τ2 = [
4

3
⁡−
4

3
⁡1⁡].⁡ 

 
 

Fourth iteration 

Step 1: For k = 1,2 
wx1 = 0⁡⁡⁡⁡⁡⁡, wx2 = 0.⁡⁡⁡ 
Step 2: For k = 1,2 
σ1 = 0,⁡⁡⁡σ2 = 0. Then 
σ = (σ1,σ2⁡) ⁡= 0. Hence, the current solution for 
phase one is finished. 
 
Phase two procedure: 
 
⁡cB = [1⁡1⁡1⁡], c1 = [0⁡0⁡0⁡⁡⁡⁡0⁡⁡⁡⁡⁡0⁡], 
 c2 = [0⁡0⁡0⁡⁡⁡⁡0⁡⁡⁡⁡⁡0⁡]. 
Step 1: For k = 1,2 
wx1 = 45, x4x1 = (5,1,4,0,0,2)T, wx2 = 24,⁡ 
⁡⁡x4

x2 = (5,0,0,3,4,0)T 
Step 2: For k = 1,2 
σ1 = −4,⁡⁡⁡σ2 = 0. Then 
σ = (σ1,σ2⁡) ⁡= −4, corresponding to k = 1. 
Step 3: The variable ω41 corresponding to  x4x1   
must enter the solution and the leaving variable ω11.  
Now, to determine the new basic solution: 
xb = [ω41⁡ω31⁡ω22⁡] 

Bnew
−1 = [

1

2
⁡−
3

2
⁡2⁡
−1

2
⁡
5

2
⁡− 2⁡0⁡0⁡1⁡] 

B−1b = [
1

2
⁡
1

2
⁡1⁡] 

cB = [25⁡37⁡40⁡] 

R0 = [
1

2
⁡−
1

2
⁡0⁡] 

τ1 = [−
3

2
⁡
5

2
⁡0⁡] , τ2 = [2⁡ − 2⁡1⁡].⁡ 

 

Fifths iteration 

Step 1: For k = 1,2 
wx1 = 55⁡⁡⁡⁡⁡⁡x5

x1 = (5, 1, 4,0, 0, 2)T, 
⁡wx2 = 16,⁡⁡⁡x5

x2 = (5,0,0,3,4,0)T 
Step 2: For k = 1,2 
σ1 = 0,⁡⁡⁡σ2 = 0. Then 
σ = (σ1,σ2⁡) ⁡= 0. 
Therefore, optimality is achieved at the current 
iteration, and the algorithm stops. The resulting 
optimal solution is presented as: 
x1 = x4

x1ω41 + x3
x1 

ω31 = (4, 2, 4, 0, 1, 1)T 
x2 = x2

x2ω22 = (5, 0,0, 3, 4, 0)T,and 
 Z̃SVTrN = c1x1 + c2x2 
               = ci1j1

1 xi1j1
1 + ci1j1

2 xi1j1
2  

= 〈(114, 163, 201, 264); 0.3, 0.8, 0.6〉. 
 
 
6  Discussion of the Results 
The optimal neutrosophic transportation cost is 
obtained as: 
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Z̃SVTrN = ⟨(114,163,201,264);  0.3,0.8,0.6⟩. 
 

This result indicates that the total minimum 
transportation cost ranges from 114 to 264, with the 
most plausible values lying within the interval 
[163, 201]. The associated truth-membership degree 
is 0.3, reflecting the level of confidence in this 
estimate, while the corresponding indeterminacy and 
falsity degrees are 0.8 and 0.6, respectively. 
 

   ωP̃(x) =

{
 
 

 
 0.3  x−114

49
, 114 ≤ x ≤ 163,

0.3, 163 ≤ x ≤ 201,

0.3  264−x
63

, 201 ≤ x ≤ 264,

0, otherwise

 

ϕ
P̃
(x)

=

{
 
 

 
 
163 − x + 0.8(x − 114)

49
, 114 ≤ x ≤ 163,

0.8, 163 ≤ x ≤ 201,
x − 201 + 0.8(264 − x)

63
, 201 ≤ x ≤ 264,

0, otherwise

 

ρ
P̃
(x)

=

{
 
 

 
 
163 − x + 0.8(x − 114)

49
, 114 ≤ x ≤ 163,

0.8, 163 ≤ x ≤ 201,
x − 201 + 0.8(264 − x)

63
, 201 ≤ x ≤ 264,

0, otherwise

 

 
Thus, the decision-maker can estimate the total 

neutrosophic transportation cost within the 
interval[364, 908], along with its associated truth, 
indeterminacy, and falsity degrees. Based on this 
information, appropriate transportation planning and 
budget allocation decisions can be made. 

 
 

7  Conclusions  
This work developed new formulations of multistage 
transportation problems within a neutrosophic 
environment, where all parameters are signified by 
SVTrN. A SF was employed to convert the 
neutrosophic model into an equivalent crisp form, 
which facilitated a decomposition-based solution 
strategy. The proposed approach preserves the 
structural properties of transportation problems at 
each stage and efficiently applies classical techniques 
for large-scale linear programming. Moreover, the 
stability set of the first kind consistent to the obtained 
solution was derived. Future studies may extend this 
framework to other uncertainty models such as 
interval-valued FSs, intuitionistic FSs, Pythagorean 
FSs, spherical FSs, and picture FSs, with further 

emphasis on real-world applications and advanced 
decision-making environments. 
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