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 In this paper, a decision support system (DSS) is provided to assist the 
decision-maker in obtaining the best solution for the transportation problem 

under uncertainty. Fuzzy parameters of the transportation problem are 

presented by pentagonal fuzzy numbers. The centroid ranking function 

transforms these pentagonal fuzzy numbers into crisp ones. Then, a novel, 
improved greedy method named Dhouib-Matrix-TP1 (DM-TP1) is used in 

order to help the decision-maker promptly find a suitable solution. 

Specifically, this DSS is composed of three components: the data base 

component considers a pentagonal fuzzy number; the Model Base 
component thinks through the original heuristic DM-TP1; and the User 

Interface component deliberates the convivial graphical output of the 

generated transportation plan solution using the Python programming 

language. Experiments in the literature on fuzzy transportation problems 
show that the novel proposed heuristic, DM-TP1, is easy to understand and 

allows the decision-maker to handle transportation problems under 

pentagonal fuzzy numbers. Also, the DM-TP1 is robust and can be applied 

to find a feasible initial solution in less time. 
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1. INTRODUCTION 

The transportation problem (TP) is one of the most important types of optimization problems. The 

main objective of this problem is to determine the minimal total transportation cost where supply and demand 

limits are satisfied. Numerous real-world applications, including inventory control, plan location, scheduling, 

investment, and production, utilize the TP. In uncertain circumstances, the demand and supply quantities, as 

well as the cost coefficients, are represented using fuzzy numbers. In these cases, we encounter the fuzzy 

transportation problem (FTP), where we consider fuzzy parameters such as triangular, trapezoidal, 

pentagonal, and hexagonal numbers. Then, the FTP will be solved by several methods, such as Vogel's 

approximation method (VAM), the North-West corner method (NWCR), the modified distribution method 

(MODI), and the least cost method (LCM). 

The Pentagonal fuzzy transportation problem (PFTP) is one of the best-known existing methods to 

deal with fuzzy parameters of TP. The transportation demands, supplies, and costs have been analyzed in this 

research using Pentagonal Fuzzy Numbers (PFNs). The centroid ranking function converts these PFNs into 

crisp ones. A new constructive heuristic, known as Dhouib-Matix-TP1 (DM-TP1). The decision-maker 

https://creativecommons.org/licenses/by-sa/4.0/
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receives a graphic representation of the generated transportation plan. In particular, we developed a new 

decision support system (DSS) to assist the decision-maker. 

In fact, to help and improve decision-making, a wide variety of DSS applications have been 

developed in many fields since the early 1970s. The DSS is generally referred to as an interactive tool that 

aids decision-makers in resolving both organized and unstructured problems. A study of DSS applications 

that were published from 1971 until April 1988 is conducted in [1]. A review of DSS published between May 

1988 and December 1994 that was conducted later in 1998 by [2]. For the survey concerning the period from 

1995 until 2001, a detailed description is depicted in [3]. According to these surveys, the application areas of 

DSS are multiple, such as: 

- Accounting/auditing [4][7], finance [8][10], 
- Marketing/transportation/logistics [11][13], 
- Production and operations management [14][17],  
- Agriculture [18][21], education [22][25],  
- Hospital/healthcare [26][28], 
- Government [29][32],  
- Natural resources [33][36]. 

In this paper, a DSS using the Dhouib-Matrix-TP1 is proposed to help the decision-maker solve 

PFTP. Figure 1 presents the proposed DSS, which consists of three components: 

- The information presented in data base component are presented as PFN,  

- The Model Base is enhanced by the novel DM-TP1, 

- The Python programming language is used to create the User Interface, which outputs a graphical 

depiction of the solution that has been generated.  

 

 

 
 

Figure 1. The three components of the proposed DSS for the PFTP 

 

 

Moreover, the DM-TP1 heuristic is simple, and it ensures a high-quality solution in a few iterations 

for any real-life FTP. Furthermore, this research primarily contributes to the following areas: 

- Design a new decision support system. 

- Support managers in their decision-making activities. 

- Consider the Decision-maker preferences as PFNs. 

- Facilitate the decision processes in PFTP. 

- Solve speedily any real-life FTP. 
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To illustrate the proposed DSS using the Dhouib-Matrix-TP1 method, three numerical examples are 

unraveled and compared to other techniques from the literature. Meanwhile, the proposed heuristic, DM-TP1, 

is very simple to apply to real-life FTP thanks to its graphical representation. The results prove clearly that 

the novel DM-TP1 heuristic is a promising approach to finding a feasible initial solution for PFTP. The rest 

of this manuscript is structured as follows: section 2 outlines certain preliminary concepts of fuzzy numbers 

and some basic notions of PFN. Section 3 explains the fuzzy transportation problem and reviews the 

background of FTP. The suggested heuristic (Dhouib-Matrix-TP1) is thoroughly explained in Section 4. 

Section 5 illustrates the proposed heuristic with three numerical examples. Section 6 concludes by discussing 

the findings and future work. 

 

 

2. THE FUZZY CONCEPTS 

This section describes many definitions of fuzzy numbers. Also, some concepts related to 

pentagonal fuzzy numbers are illustrated. In general, a fuzzy set is introduced by [37] as follows: A fuzzy set 

𝐴 in 𝑋 is characterized by a membership function or grade of membership 𝜇𝐴(𝑥). 𝐴 = {(𝑥, 𝜇𝐴(𝑥)|𝑥𝜖𝑋)} with  

𝜇𝐴(𝑥):𝑋 → [0,1]. 
 

2.1.  Fuzzy set 

A fuzzy set 𝐴 is defined on universal set of real number 𝑅, is said to be fuzzy number if its 

membership function has the following properties [38], [39]:  

- 𝐴 must be normal and convex fuzzy set. 

- The support of 𝐴, must be bounded. 

- There exist at least one 𝑥𝜖𝑅 with 𝜇𝐴(𝑥) = 1. 

- 𝜇𝐴(𝑥) is piecewise continuous. 

 

2.2.  Pentagonal Fuzzy number 

A fuzzy number 𝐴 = (𝑎1, 𝑎2, 𝑎3, 𝑎4, 𝑎5) is called PFN [40], [41] if its membership function is as 

follows Figure 2. 

 

𝜇𝐴(𝑥) =

{
 
 
 
 

 
 
 
 

0,                     𝑓𝑜𝑟 𝑥 < 𝑎1

(
𝑥−𝑎1

𝑎2−𝑎1
) ,            𝑓𝑜𝑟 𝑎1 ≤ 𝑥 ≤ 𝑎2

(
𝑥−𝑎2

𝑎3−𝑎2
) ,           𝑓𝑜𝑟 𝑎2 ≤ 𝑥 ≤ 𝑎3

1,                    𝑓𝑜𝑟 𝑥 = 𝑎3

(
𝑎4−𝑥

𝑎4−𝑎3
) ,          𝑓𝑜𝑟 𝑎3 ≤ 𝑥 ≤ 𝑎4

(
𝑎5−𝑥

𝑎5−𝑎4
) ,         𝑓𝑜𝑟 𝑎4 ≤ 𝑥 ≤ 𝑎5

0,                           𝑓𝑜𝑟 𝑥 > 𝑎5

   (1) 

 

Here, 𝑎3 is the middle point and (𝑎1, 𝑎2) and (𝑎4, 𝑎5) are the left and right-side point of 𝑎3 respectively. 

The middle point 𝑎3 has the grade of membership 1. 

 

 

 
 

Figure 2. Graphical representation of linear pentagonal fuzzy number with symmetry 

 

 

A generalized PFN 𝐴 = (𝑎1, 𝑎2, 𝑎3, 𝑎4, 𝑎5) has the following membership function: 
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𝜇𝐴(𝑥; 𝑤1; 𝑤2) =

{
 
 
 
 

 
 
 
 

0,                                       𝑓𝑜𝑟 𝑥 < 𝑎1

𝑤1 (
𝑥−𝑎1

𝑎2−𝑎1
) ,                          𝑓𝑜𝑟 𝑎1 ≤ 𝑥 ≤ 𝑎2

1 − (1 − 𝑤1) (
𝑥−𝑎2

𝑎3−𝑎2
) ,     𝑓𝑜𝑟 𝑎2 ≤ 𝑥 ≤ 𝑎3

1,                                       𝑓𝑜𝑟 𝑥 = 𝑎3

1 − (1 − 𝑤2) (
𝑎4−𝑥

𝑎4−𝑎3
) ,   𝑓𝑜𝑟 𝑎3 ≤ 𝑥 ≤ 𝑎4

𝑤2 (
𝑎5−𝑥

𝑎5−𝑎4
) ,                      𝑓𝑜𝑟 𝑎4 ≤ 𝑥 ≤ 𝑎5

0,                                  𝑓𝑜𝑟 𝑥 > 𝑎5

   (2) 

 

Here 𝑤1 and 𝑤2 are the grades of points 𝑎2 and 𝑎4. 

The ranking function proposed by [39] is used to convert the PFNs to crisp numbers which is presented by 3: 

 

𝑅(�̃�) = (
𝑎5
2+𝑎4

2+𝑎5𝑎4−𝑎1
2−𝑎2

2−𝑎1𝑎2

3×(𝑎5+𝑎4−𝑎1−𝑎2)
)  (3) 

 

 

3. THE FUZZY TRANSPORTATION PROBLEMS 

The main objective of the transportation problem is to reduce the total cost of moving objects from 

sources to destinations. In general, the transportation demand, supply and cost quantities are assumed be 

known exactly. But, in real problems, the decision-makers have no crisp information about theses parameters. 

Then, the problem can be formulated using FTP. The formulation of this problem is presented in the 

following way: 

 

𝑚𝑖𝑛𝑖𝑚𝑖𝑧𝑒 �̃� = ∑ ∑ �̃�𝑖𝑗�̃�𝑖𝑗
𝑛
𝑗=1

𝑚
𝑖=1  (4) 

 

𝑠. 𝑡.∑ �̃�𝑖𝑗 ≈ �̃�𝑖, 𝑖 = 1,2,⋯ ,𝑚,

𝑛

𝑗=1

 

 

∑�̃�𝑖𝑗 ≈ �̃�𝑗 ,   𝑗 = 1,2,⋯ , 𝑛,

𝑚

𝑖=1

 

 

∑�̃�𝑖

𝑚

𝑖=1

≈∑�̃�𝑗

𝑛

𝑗=1

 

 

�̃�𝑖𝑗 ≥ 0̃, 𝑖 = 1,2,⋯ ,𝑚, 𝑗 = 1,2,⋯ , 𝑛. 

 

where: 

�̃�𝑖: the total fuzzy supply of the commodity at the 𝑖th source 

�̃�𝑗: the total fuzzy demand for the commodity at the 𝑗th destination. 

𝑐�̃�𝑗: the fuzzy transportation cost for a unit quantity of the commodity from the 𝑖th source to the 𝑗th 

destination. 

�̃�𝑖𝑗 : the quantity that should be transported form the 𝑖th source to the 𝑗th destination of fuzzy decision 

variables. 

If  ∑ �̃�𝑖
𝑚
𝑖=1 = ∑ �̃�𝑗

𝑛
𝑗=1 , then the FTP is known as balanced FTP, otherwise it is unbalanced FTP. 

The basic TP was first advanced in [42], a fuzzy linear programming is devised in [43] and the TP 

with fuzzy constraints is solved in [44]. After that, several authors have revealed an investigation about FTP 

such as [45][61]. In these research, fuzzy parameters of TP (the demands, the supplies, and the costs) are 

embodied as triangular, trapezoidal, pentagonal, and hexagonal fuzzy numbers. In this paper we focus on 

FTP with PFN where little researchers are carried out investigations on this field: The first application is 

proposed in 2016 by [62] using the Accuracy function to convert demand, supply and cost to crisp values and 

the optimal solution is obtained by the VAM Method. The fully FTP is solved without any conversion  

in [63]. In 2019, the allocation table method (ATM) is applied to solve the PFTP in [64]. The optimal 

solution is found using the new proposed method and the extended MODI method. Next, the crisp TP is 

converted into the FTP by the means of different types of fuzzy numbers in [65].  
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Recently, a new ranking technique to transform a PFTP into a crisp one was introduced in [39]. 

Then, the proposed algorithm is used to uncover the fuzzy, realistic solution. In the same year, a new ranking 

algorithm to solve FTP with generalized PFNs and generalized HFNs was proposed in [66]. The proposed 

algorithm is based on the Centroid ranking technique. Moreover, an algorithm to optimize the full FTP in the 

pentagonal and hexagonal fuzzy domains is proposed in [67]. In 2022, this work will be extended to solve 

triangular, trapezoidal, decagonal, hendecagonal, and dodecagonal fuzzy numbers in the same way as  

in [68], [69] used the IQR to rank PFN. Also, they presented a new algorithm to obtain the least value for the 

optimum solution. Martin [70], Mari’s algorithm is proposed to find the best solution for FTP. The author 

used only the Hungarian algorithm and, on rare occasions, Vogel's algorithm with MODI algorithms. Also, 

Vidhya and Ganesan [71] solved the PFTP without requiring an initial feasible solution. The extended MODI 

method and the core and spread method are serve as the foundation for the proposed method. More recently, 

a new ranking technique based on the centroid concept was proposed in [72]. In this paper, a new method to 

find an initial, basic, and feasible solution is also introduced. 

 

 

4. THE NEW GREEDY METHOD FOR THE PENTAGONAL FUZZY TRANSPORTATION 

PROBLEM: DHOUIB-MATRIX-TP1 

In this section, we will describe the novel greedy method Dhouib-Matrix-TP1 (DM-TP1) exploited 

to generate rapidly a suitable feasible solution for the PFTP. DM-TP1 was first invented in order to unravel 

the TP in the neutrosophic domain [73] and in the trapezoidal fuzzy area [74]. Actually, the DM-TP1 

heuristic is one component of the Dhouib-Matrix (DM) concept, in which different heuristics and 

metaheuristics are invented. For the traveling salesman problem (TSP), the greedy heuristic Dhouib-Matrix-

TSP1 is introduced in [75][80]. Concerning the assignment problem, the constructive heuristics Dhouib-

Matrix-AP1 and Dhouib-Matrix-AP2 are introduced in [81]–[84]. Moreover, two novel approximation 

methods (the Dhouib-Matrix-3 and the Dhouib-Matrix-4) were invented in [85]–[93]. Furthermore, a new 

optimal method, Dhouib-Matrix-SPP, is designed for the shortest path problem in [94] and confirmed as the 

fastest artificial method for the autonomous mobile robot path planning problem in [95]. Besides, an original 

method, Dhouib-Matrix-MSTP, is conceived for the Minimum Spanning Tree Problem in [96]. 

DM-TP1 is a column-row method based on statistical metric functions, and in this paper, we will 

enhance DM-TP1 with a novel metric ratio: (𝑀𝑎𝑥 − 3 × 𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛). The first step starts with 

the defuzzification of the PFN, as in [39] and presented by (1). Then, the DM-TSP1 method is used to 

unravel the TP. This new greedy method, Dhouib-Matrix-TP1, is composed of nine steps, as depicted in 

Figure 3. Obviously, the DM-TP1 will execute step 1, step 2, step 3, step 4, and step 9 only once and will 

iterate step 5, step 6, step 7, and step 8 (iterations) 8 (𝑛 + 𝑚) iterations. Thus, DM-TP1 is a very rapid 

method, and we will test its performance in the next section with a stepwise application. 

 

 

 
 

Figure 3. The nine steps of the DM-TP1 
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5. NUMERICAL EXAMPLES 

5.1.  Example 1 
Through this first numerical example [39], the proposed approach is explained in detail. Figure 4 

depicts the original pentagonal fuzzy matrix of TP. (1) of the Ranking Technique is used to transform PFNs 

into crisp ones. (matrix presented in Figure 5). Next, compute each element of the advanced microwave 

scanning radiometer (AMSR) column and the average min demand column (AMDC) row using (𝑀𝑎𝑥 − 3 ×
𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛) as explained in step 3 and 4. After that, select the highest value (4.8678 which 

corresponds to column 4). Thus, at column four, select the smallest element equal to 5.1667 as explained in 

step 5 as shown in Figure 6. Hence, allocate the smallest value between supply and demand (50) and discard 

row 4 step 6 or 7 as shown in Figure 7. Next, calculate the elements of AMSR and the elements of AMDC, 

choose the maximal value (5.5650) and select its corresponding smallest element (6.4286). 

 

 

 
 

Figure 4. The pentagonal FTP matrix 

 

 

 
 

Figure 5. The crisp TP matrix 

 

 

 
 

Figure 6. Select the element d44 

 

 

 
 

Figure 7. Select the element d24 
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Now, assign the smallest value (5) and discard column 4 as shown in Figure 8. Next, calculate the 

elements of AMSR and the elements of AMDC, choose the maximal value (4.3394) and select its 

corresponding smallest element (4.7143). Next, affect the smallest value (30) and discard row 1 as shown in 

Figure 9. Next, calculate the elements of AMSR and the elements of AMDC, choose the maximal value 

(5.2955) and select its corresponding smallest element (5.6970). The process is repeated, all columns are 

discarded, and DM-TP1 computes the total cost as shown in Figure 10. Figure 11 illustrates the graphical 

representation of the transportation plan obtained by DM-TP1. 

 

 

 
 

Figure 8. Select the element d13 

 

 

 
 

Figure 9. Select the element d23 

 

 

 
 

Figure 10. The generated solution by DM-TP1 

 

 

 
 

Figure 11. The graphical representation of the transportation plan 
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Table 1 compares the result generated by DM-TP1 to several results created by several methods 

depicted in [39]. Figure 12 depicts the computed deviation of each method from the literature to the result 

generated by DM-TP1. The best solutions are generated by DM-TP1 and Srinivasan’s methods. However, 

DM-TP1 is distinguished by its speed: DM-TP1 needs only 8 iterations to generate the result. Moreover, 

other transportation problems under pentagonal fuzzy environment (from the literature) are used in order to 

approve the created DSS's effectiveness. 

 

 

Table 1. The numerical results for DM-TP1 and other heuristics 
Methods Optimal solutions Deviation to DM-TP1 

NWCM  896.12 0.254 

LCM  727.19 0.018 

Russell’s approximation method  727.19 0.018 

Row minima method  721.17 0.009 

Column minima method  727.19 0.018 

VAM method  717.86 0.005 

Srinivasan’d method 714.47 0.000 

DM-TP1 714.4736 0.000 

 

 

 
 

Figure 12. Comparing DM-TP1 to other methods 

 

 

5.2.  Example 2 

Let us consider the example presented by [97]. Figure 13 illustrates the initial basic feasible solution 

generated bt DM-TP1 as shown in Figure 13(a) with the total cost of (201.4) and its graphical network 

transportation plan is represented in Figure 13(b). The DM-TP1 solution represents an improvement of the 

quality of the solution by (8.35%) where the method proposed in [97] found (218.22). 

 

 

  
(a) (b) 

 

Figure 13. The obtained solution by DM-TP1 (a) the best assignment and (b) the graphical of network 

transportation plan 
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5.3.  Example 3 

Furthermore, another example is taken from [98]. DM-TP1 found the same result as Vogel’s 

approximation method and the generated result are represented in Figure 14. The proposed method provides a 

new improved heuristic Dhouib-Matrix-TP1 that helps to find promptly a suitable initial solution as shown in 

Figure 14(a). Therefore, in the real problems, the decision-makers have no crisp information about 

transportation cost, supply, and demand quantities. Furthermore, the decision maker was able to view the 

resulting solution due to the user interface as shown in Figure 14(b), which was developed in Python 

programming language. The DM-TP1 heuristic can also assist the decision maker to have high-quality 

solution in real-time. With few iterations, the proposed methodology can be used to solve complex real-world 

problems and is therefore straightforward to understand. 

 

 

  
(a) (b) 

 

Figure 14. The generated solution by DM-TP1 (a) the best assignment and (b) the graphical of network 

transportation plan 

 

 

6. CONCLUSION 

In this study, we have proposed a new greedy approach, called Dhouib-Matrix-TP1, to solve the 

entire FTP in where the cost, supply, and demand quantities are represented by pentagonal fuzzy 

numbers.Using the ranking function based on the centroid method, fuzzy parameters are converted to crisp 

values, and the best solution is obtained by the novel DM-TP1 heuristic. The proposed approach provides the 

decision-maker with a convivial DSS that helps him handle several kinds of real-life problems with a 

graphical representation of the generated transportation plan solution. The performance of the proposed 

method, DM-TP1, is demonstrated by unraveling three examples collected from the literature. The generated 

results prove that the novel method DM-TP1 is efficient and simply organized to find a good initial feasible 

solution in a short time. As an important extension of fuzzy sets, the concept of intuitionistic fuzzy  

numbers. This concept expresses vagueness and uncertainty about membership and non-membership 

functions. To characterize this uncertainty, imprecision, and vagueness in TP, future research will deal with 

enhancing this DSS to solve intuitionistic FTP. After that, as a generalization of intuitionistic fuzzy numbers, 

the neutrosophic FTP will also be added to this DSS. Because of the proposed DM-TP1 heuristic's strong 

performance, promising additional study will be conducted to evaluate its effectiveness on multi-objective TP. 
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