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ABSTRACT 

 

 

Proposed modifications to the traditional multilevel transportation problem include multiple  

incompatible inputs and outputs for each shipping link, along with a definition of relative  

efficiency for each shipment connection. To determine the optimal transportation method, two  

linear programming problems are solved, one for direct transportation and the other for  

multilevel transportation. A numerical example is provided to illustrate the process. 
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1.1 INTRODUCTION 

 

Transportation problem are significant network-structured linear programming problem that 

appear in a variety of scenarios and have rightfully attracted a lot of attention in the literature. 

An equivalent transportation problem can be created from any finite-valued, capacitated or 

incapacitated, minimum-cost network flow problem. As a result of the way the problem is 

structured, there are numerous shipping routes connecting various supply origins and demand 

destinations. The objective of transportation models is to determine the optimal quantity of a 

specific product to be transported from one location to another to meet the demand at each 

destination center. This needs to be done with the few products and services that are offered at 

each supply centre and with the least amount of money and/or time spent on transportation. 

The goal of the transportation algorithm is to reduce the overall cost of moving a 

homogeneous commodity (product) between supply and demand centres. Moreover, 

transportation optimization techniques may also be applied to maximize a specific overall 

value or utility. For instance, financial resources are allocated so as to maximize the beneficial 

return. The concept of transportation models originated with F L Hitchcock's (1941) 

presentation of the simplest model, which was later improved upon by T C Koopmans (1949) 

and G B Dantzig (1951). Over time, numerous advancements and modifications have been 

made to transportation models and techniques. 

 

The objective is to minimize the expenses of transporting goods from one location to another 

while simultaneously satisfying the requirements of each receiving area and guaranteeing that 

each shipping point can operate at its maximum capacity. When solving a transportation 

problem, it is typical to only consider the cost or revenue associated with each source-

destination pair. However, real-world scenarios may require that other variables be factored in 

for each possible mode of transportation. Additionally, for each potential shipment, decision-

makers may have multiple objectives to meet, some of which may be at odds with one 

another. In these situations, creating a transportation strategy with the highest possible relative 

efficiency is important to us. Data Envelopment Analysis (DEA) is a mathematical technique 

used to assess the relative efficiency of Decision-Making Units (DMUs). This method enables 

the comparison of the effectiveness of a group of DMUs, such as banks, automobile 

manufacturers, hospitals, universities, municipal corporations, educational institutions, and 

railways. The DEA methodology was first introduced in academic literature in (Charnes et al., 

1978). Numerous DEA applications and research have resulted in numerous significant 

advancements in DEA-related concepts and approaches. A model called the CCR model, 

proposed by (Charnes et al., 1978), was proposed to determine the relative efficacy of various 

DMUs. The conversion of inputs into outputs is carried out by the homogenous DMU. A 

matrix made up of the inputs, outputs, and complementary components of the sample of 

DMUs is needed to conduct a DEA analysis. The paper deals with problematic of solving 

multilevel transportation problem and direct transportation problem with multiple inputs and 

outputs involving transportation of textile. Our goal is to find a better approach for 

transportation of textile goods using DEA. 
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In this paper, the structure is organized as follows: Section 2 provides a review of pertinent 

literature on the topic. Origin of data envelopment analysis and  CCR (Charnes, Cooper and 

Rhodes) model are introduced in 3rd section. The fourth section of the paper offers an 

expansion of the transportation problem and its methodology. Next, the fifth section illustrates 

a numerical example of a multilevel transportation model. Finally, the paper concludes with a 

summary of findings in the last section. 

 

1.2 ORIGIN OF DATA ENVELOPMENT ANALYSIS  

 

Data Envelopment Analysis (DEA) is a mathematical method used to assess the comparative 

efficiency of Decision-Making Units (DMUs). The DEA approach can be utilized to evaluate 

the performance of various DMUs such as banks, hospitals, universities, automobile 

manufacturers, educational institutions, municipal corporations, and railways. The approach 

was initially introduced in a publication by (Charnes et al., 1978). 

This paper covered similar ground to (Farrell & Fieldhouse, 1962), but the linear 

programming model developed by CCR was more versatile and showed improved 

performance in comparison to Farrell's method. The CCR model could be calculated using 

standard linear programming codes and was computationally efficient. It established a 

connection between a productivity index and the Farrell technical efficiency measure, which 

was a significant contribution. The agriculture economists' advancements in the programming 

approach for piecewise linear frontier production functions went unnoticed until the 

publication of the CCR paper, which sparked its development. Over time, more economists 

started adapting this programming approach, especially for empirical applications. Simar and 

Wilson published a survey of the recent developments in this field in 2000.  

The estimation error of DEA estimators is affected by the number of inputs and outputs, as 

well as the dimensionality of the production set. The sample size must grow exponentially as 

dimensionality increases to maintain the same level of estimation error. The only practical 

approach to inference with DEA estimators is to use computationally intensive bootstrap 

methods, which must be modified with smoothing procedures to produce accurate results. 

To conduct a DEA analysis, a matrix consisting of inputs, outputs, and complementary 

components of the sample DMUs is required. After the DEA model is constructed with 

specific metrics and orientation, the matrix is applied in the model to be solved. The outcome 

includes relative efficiency scores and operational benchmarks for each DMU. 

Each DMU is assigned an efficiency score ‘e’ and target values, also known as benchmarks, 

are computed to transform inefficient DMUs (e<1) into efficient ones. DEA helps to identify 

possible improvements for efficient operational performance and distinguish between efficient 

and inefficient organizations. The mathematical technique involves calculating the efficiency 

frontier for the set of DMUs based on the prepared matrix of observed data and DEA model. 

The production possibility set is defined by the efficiency frontier, and the DMUs located on 

this border make up the reference set. DEA projects each DMU onto the efficiency frontier 

and determines the maximum improvements that can be made to the DMU's inputs and/or 

outputs. 
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 2.1 LITERATURE REVIEW 

 
 

 

Year Literature Review 

(An Analysis of 

Production as an 

Efficient 

Combination of 

Activities _ CiNii 

Research, n.d.) 

According to Koopmans, it is not possible to increase any output and/or decrease 

any input without a corresponding increase in other outputs and/or decrease in 

other inputs. Koopmans referred to a feasible input-output vector as efficient. He 

showed that a vector is only considered efficient when it has a positive normal to 

the set of production possibilities, using this concept. 

 

(Debreu, 1951) Koopmans supplied a definition and a description of efficiency, whereas 

Debreu's "coefficient of resource utilisation" provided a measurement of 

efficiency. Debreu determined a measure of inefficiency cost by computing a 

coefficient, which is obtained by subtracting the maximum equiproportionate 

reduction in all inputs required to maintain present output production from one.. 

 

(Shephard, R.W, 

1953)  

Shephard made use of the distance function to establish a crucial connection 

between production and costs by demonstrating the unique association between 

the production process and the cost function. Similarly, Farrell utilized this 

feature to showcase that his efficiency metrics held a significant relationship 

with costs. 

(Farrell, 1957) Farrell cites Koopmans and Debreu as influences. Farrell provided the 

foundation for innovative methods for conducting micro-level productivity and 

efficiency studies, The insight provides new understanding on two important 

topics: the definition of productivity and efficiency, and the calculation of 

benchmark technology and efficiency measurements. The study "The measuring 

of productive efficiency" by Michael James Farrell was as a major source of 

inspiration for CCR and the working papers that preceded it. 

 

(Farrell & 

Fieldhouse, 1962) 

In a previous publication, Farrell devised a technique for calculating effective 

production functions using data on the inputs and outputs of various production 

units. The method devised by Farrell (1957) for calculating efficient production 

functions is later used by M. J. Farrell and M. Fieldhouse to the situation of 

growing returns to scale. 
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(Aigner & Chu, 

1968) 

Aigner and Chu's 1968 paper "On Estimating the Industry Production Function" 

aimed to introduce a new approach to determine the industry production 

function. They presented a deterministic and parametric framework utilizing 

econometric techniques to estimate a production function. This approach was a 

departure from the average function method, which had been the only method 

used in the past. While acknowledging Farrell's non-parametric approach, the 

authors opted for the more traditional parametric approach favored by 

economists. The authors argued that Farrell's method was insufficient because it 

could not account for various forms of production, including those that followed 

the Law of Variable Proportions. 

 

(Charnes et al., 

1978) 

The authors of the paper explored the same concepts related to efficiency 

measures as Farrell did. Both presented similar measures and a framework for a 

piecewise linear production technology. However, the paper utilized a more 

sophisticated linear programming model compared to Farrell's approach, 

especially in situations of single output production. CCR made a unique 

contribution by connecting a productivity index, which was based on the 

combination of inputs and outputs, to Farrell's measure of technical efficiency in 

cases of constant returns to scale. 

 

(Amirteimoori, 

2011) 

The transportation problem is a component of supply chain management with 

the goal of minimizing transportation costs. In this study, the authors used the 

DEA approach with the CCR model on an extended transportation problem that 

has multiple inputs (shipping cost, value of shipment) and a single output 

(profit). 

 

(1953, n.d.; 

Bhardwaj & 

Gupta, 2021) 

The classic multilevel transportation problem was expanded in this paper by 

concerning multiple input and multiple flexible output for each shipment 

connection. DEA based proposed solution, with a BCC model based on the 

relative efficiencies of each potential connection as a performance measure to 

determine the most efficient transportation strategy. 
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3.1 CCR MODEL 

 
The CCR ratio model computes a unit's overall efficiency by combining its pure technical efficiency 

and scale efficiency into a single value. Because efficiency is always measured relative to the field, it 

is never absolute. Despite the numerous modified models that have appeared since (Charnes et al., 

1978), the CCR model remains the most widely known and used of DEA models. 

 

 

The (Charnes et al., 1978) versatile performance model is as follows: 

The efficiency of any Decision Making Unit (DMU) is calculated as the highest value obtained by 

dividing the weighted outputs by the weighted inputs, while ensuring that the same ratio for every 

DMU is less than or equal to 1. 

 

When evaluating the efficiency of a Decision Making Unit (DMU), the known outputs (𝑥𝑖𝑗) and inputs 

(𝑦𝑟𝑗) of the DMU are used, and the variable weights (𝑢𝑟 and 𝑣𝑖) are determined through the 

optimization process. The reference set contains data on all DMUs and the efficiency of each member 

(j = l, 2.... n) is rated in comparison to the others. The efficiency rating is represented in the functional 

for optimization and in the constraints, with the selected DMU being distinguished by the subscript '0' 

in the functional while preserving its original subscript in the constraints. The optimization process 

maximizes the efficiency of the chosen DMU by assigning it the most favourable weighting allowed 

by the constraints.The aforementioned fractional program may be converted to a linear programming 

problem using the Charnes and Cooper (1962) transformation method, which proceeds as follows. 

 

 

 

 

 

 

Max ℎ0 =  
∑ 𝑢𝑟 𝑦𝑟0

𝑠
𝑟=1

∑ 𝑣𝑖𝑥𝑖0
𝑚
𝑖=1

 

Subject to: 

∑ 𝑢𝑟𝑦𝑟𝑗
𝑠
𝑟=1

∑ 𝑣𝑖𝑥𝑖𝑗
𝑚
𝑖=1

   ≤   1 ;                       𝑗 = 1, … … . . , 𝑛, 

                                      𝑣𝑟, 𝑢𝑖  ≥ 0 ;               𝑟 = 1, … … … 𝑠;         𝑖 = 1, … … … , 𝑚 

 

Max ℎ0 =  ∑ 𝑢𝑟𝑦𝑟0  𝑠
𝑟=1  

Subject to: 

∑ 𝑣𝑖𝑥𝑖0 = 1

𝑚

𝑖=1

 

∑ 𝑢𝑟𝑦𝑖𝑗  −   ∑ 𝑣𝑖𝑥𝑖𝑗  ≤ 0 𝑚
𝑖=1

𝑠
𝑟=1              j= 1,2,……n 

 

𝑢𝑟, 𝑣𝑖  ≥  𝜖             𝑓𝑜𝑟 𝑎𝑙𝑙 𝑟, 𝑖 
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3.2 METHODOLOGY 

 

This section proposes an extension to the transportation problem that takes into account 

multiple inputs and outputs for each possible arc. Consider m warehouses, each of which has 

a supply of ai units of a specific type commodity. There are also n destination points, with 

destination j requiring 𝑏𝑗 units of the commodity. For each arc(i, j), there are k + s attributes, k 

inputs 𝑥𝑖𝑗
(𝑝)

,  p= 1, 2,..., k and s outputs 𝑦𝑖𝑗
(𝑞)

,  q = 1, 2,..., s 

For each warehouse i we consider all possible destinations d, d = 1, 2,..., n, and assume that 

each arc (i, j) is a DMU. Using the DEA technique and warehouse i as a target, the efficiency 

of the unit transportation cost from i to j (j = 1, 2,..., n) can be determined. The following 

linear fractional programme is solved to accomplish this: 

 

 

 

 

 

 

 

 

 

(E1) 

Where 𝜖≥ 0 represents a non-Archimedean construct. By changing j in the model, we can determine 

the comparative effectiveness of transporting goods from warehouse i to each destination j in terms of 

unit transportation cost as 𝑒𝑖1, 𝑒𝑖2,……, 𝑒𝑖𝑛.  E1 can be reduced to a linear format using the following 

formula: 

 

Max 𝑒𝑖𝑗
∗ =  

∑ 𝑢𝑞 𝑦𝑖𝑗
(𝑞)𝑠

𝑞=1

∑ 𝑣𝑝 𝑥𝑖𝑗
(𝑃)𝑘

𝑝=1

 

 

Subject to: 

∑ 𝑢𝑞 𝑦𝑖𝑑
(𝑞)𝑠

𝑞=1

∑ 𝑣𝑝 𝑥𝑖𝑑
(𝑃)𝑘

𝑝=1

 ≤ 1 ;                              𝑑 = 1, … … . . , 𝑛, 

𝑣𝑝, 𝑢𝑞  ≥ 𝜖 ;                                     𝑓𝑜𝑟 𝑎𝑙𝑙 𝑝, 𝑞 
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(E2) 

 

To assess the efficiency of the unit transportation cost from i to each destination j, the following 

program can be employed for each destination j as a target. 

(E3) 

 

We can obtain the relative performance of the unit transportation from each warehouse i to destination 

j by numerically solving E3 as 𝑒1𝑗, 𝑒2𝑗,……, 𝑒𝑚𝑗., by changing i in the model. E3 can be reduced to a 

linear format using the following formula. 

Max 𝑒𝑖𝑗
∗ =   ∑ 𝑢𝑞 𝑦𝑖𝑗

(𝑞)𝑠
𝑞=1  

 

Subject to: 

∑ 𝑣𝑝 𝑥𝑖𝑗
(𝑃)𝑘

𝑝=1 = 1, 

∑ 𝑢𝑞 𝑦𝑖𝑑
(𝑞)

𝑠

𝑞=1

−  ∑ 𝑣𝑝 𝑥𝑖𝑑
(𝑃)

𝑘

𝑝=1

 ≤ 0 ,        𝑑 = 1,2, … … . , 𝑛, 

𝑣𝑝, 𝑢𝑞  ≥ 𝜖 ;             𝑓𝑜𝑟 𝑎𝑙𝑙 𝑝, 𝑞 

 

Max 𝑒𝑖𝑗
∗∗ =  

∑ 𝑢𝑞 𝑦𝑖𝑗
(𝑞)𝑠

𝑞=1

∑ 𝑣𝑝 𝑥𝑖𝑗
(𝑃)𝑘

𝑝=1

 

Subject to: 

∑ 𝑢𝑞 𝑦𝑑𝑗
(𝑞)𝑠

𝑞=1

∑ 𝑣𝑝 𝑥𝑑𝑗
(𝑃)𝑘

𝑝=1

 ≤ 1 ;                              𝑑 = 1, … … . . , 𝑚 

𝑣𝑝, 𝑢𝑞  ≥ 𝜖 ;                                  𝑓𝑜𝑟 𝑎𝑙𝑙 𝑝, 𝑞 
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(E4) 

For each link, two relative efficiency indices eij* and eij**, have now been computed. These two 

indices are combined to create a new efficiency index. 

 

 

 

(E5) 

Each link (i, j) has been assigned an efficiency measure eij, which is a composite efficiency measure 

comprised of two types of efficiencies. The eij is the mean of the two indexes eij* and eij**. To 

formulate a transportation strategy using the maximum efficiency, we solve the following. 

 

(E6) 

Max 𝑒𝑖𝑗
∗∗ =   ∑ 𝑢𝑞 𝑦𝑖𝑗

(𝑞)𝑠
𝑞=1  

 

Subject to: 

 

                         ∑ 𝑣𝑝 𝑥𝑖𝑗
(𝑃)𝑘

𝑝=1 = 1, 

                        ∑ 𝑢𝑞 𝑦𝑑𝑗
(𝑞)

𝑠

𝑞=1

−  ∑ 𝑣𝑝 𝑥𝑑𝑗
(𝑃)

𝑘

𝑝=1

 ≤ 0 ,        𝑑 = 1,2, … … . , 𝑚. 

            𝑣𝑝, 𝑢𝑞  ≥ 𝜖 ;             𝑓𝑜𝑟 𝑎𝑙𝑙 𝑝, 𝑞 

 

𝑒𝑖𝑗 =  
𝑒𝑖𝑗

∗ + 𝑒𝑖𝑗
∗∗

2
 ,   𝑖 = 1,2, … . . , 𝑚,   𝑗 = 1,2, … … , 𝑛 

 

 

𝑒 = 𝑀𝑖𝑛  ∑ ∑(1 − 𝑒𝑖𝑗)𝑥𝑖𝑗

𝑛

𝑗=1

𝑚

𝑖=1

 

Subject to:  

∑ 𝑥𝑖𝑗 = 𝑎𝑖,              𝑖 = 1,2, … … , 𝑚

𝑛

𝑗=1

 

∑ 𝑥𝑖𝑗 = 𝑏𝑗 ,                𝑗 = 1,2, … … , 𝑛,

𝑚

𝑖=1

 

𝑥𝑖𝑗 ≥ 0, 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑖, 𝑗. 
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The aforementioned problem is a traditional transportation problem that can be addressed using the 

standard simplex algorithm. Solving equation E6 numerically reveals the most efficient transportation 

plan. 

 

3.3 PSEUDOCODE  

  

The pseudo code for solving CCR model in R using DeaR Library is as follow  

Begin 

Input Data = “book1.xlsx” 

Display Data 

For CCR Model 

Read Data 

Set Number of inputs = 2 

        Number of outputs = 2 

        Row number for DMU’s = 1 

        Row number for input = 2 and 3 

        Row number for output = 4 and 5 

Display CCR Model 

For Result 

Set Model = CCR Model 

        Orientation = Input Oriented 

        Return to scale = Constant Return to scale 

        Number of DMU’s for evaluation = 64 

Display Result 

Display Efficiencies 

Display target values 

End 
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4.1 NUMERICAL EXAMPLE 

 

Eight cities (𝑈1, 𝑈2, 𝑈3, 𝑈4, 𝑈5, 𝑈6, 𝑈7, 𝑈8) have assembly lines for textile manufacturers. After 

being assembled, the bikes are sent to eight warehouses (𝑉1, 𝑉2, 𝑉3, 𝑉4, 𝑉5, 𝑉6, 𝑉7, 𝑉8) and 8 

clients (𝑊1, 𝑊2, 𝑊3, 𝑊4, 𝑊5, 𝑊6, 𝑊7, 𝑊8). The manufacturer takes into account two outputs, 

namely shipment value and profit, as well as two inputs, namely shipping cost and lot size. 

Each of the ordered triplets (𝑥1, 𝑥2, 𝑦1, 𝑦2) represents (shipping cost, lot size, value of 

shipment, profit). The appropriate input-output, availabilities 𝑎𝑖 , and demands 𝑏𝑗 are listed in 

Table 1.  

We have solved the problems E2, E4 and E5 and calculated the optimal values of  𝑒𝑖𝑗
∗ ,

𝑒𝑖𝑗
∗∗ 𝑎𝑛𝑑 𝑒𝑖𝑗 , Composite efficiency 𝑒𝑖𝑗 is listed in table 4,5 and 6. After calculating 

efficiencies, we have solved the transportation problem for the data indicated in Table 7,8 and 

9, to determine the transportation plan with maximum efficiency. The entry in each cell is 1- 

𝑒𝑖𝑗 which represent the value of inefficiency associated with particular arc in each table. 

We used the simplex method to solve transportation problem of table 7,8 and 9. The optimal 

solution as  𝑋𝑢1𝑣2
=10,  𝑋𝑢2𝑣3

=22,  𝑋𝑢3𝑣8
= 16, 𝑋𝑢4𝑣7

= 12, 𝑋𝑢5𝑣4
=24, 𝑋𝑢5𝑣5

= 5, 𝑋𝑢5𝑣8
  =1, 

𝑋𝑢6𝑣2
 = 9, 𝑋𝑢6𝑣8

=6, 𝑋𝑢7𝑣1
 = 17,  𝑋𝑢7𝑣7

= 8 ,  𝑋𝑢8𝑣1
=4 , 𝑋𝑢8𝑣5

= 6 and 𝑋𝑢8𝑣6
= 8 .Optimal 

objective value is 12.325 with maximum efficiency 87.674 for table 7 .   

The optimal solution as  𝑋𝑣1𝑤2
=1 ,  𝑋𝑣1𝑤8

=20, 𝑋𝑣2𝑤2
= 17,  𝑋𝑣3𝑤3

= 20, 𝑋𝑣4𝑤1
=10,  𝑋𝑣4𝑤4

 = 4, 

𝑋𝑣5𝑤4
= 15,  𝑋𝑣6𝑤6

 =10,  𝑋𝑣6𝑤7
= 2, 𝑋𝑣7𝑤1

=1, 𝑋𝑣7𝑤2
=1, 𝑋𝑣7𝑤7

 = 11,  𝑋𝑣8𝑤3
=2,  𝑋𝑣8𝑤4

 = 5 and  

𝑋𝑣8𝑤5
 = 11. Optimal objective value is 13.182 with maximum efficiency 86.818 for table 8.  

The optimal solution as 𝑋𝑢1𝑤2
=10, 𝑋𝑢2𝑤3

=24, 𝑋𝑢3𝑤2
 = 3, 𝑋𝑢3𝑤5

 = 1, 𝑋𝑢3𝑤8
=12, 𝑋𝑢4𝑤4

 = 7, 

𝑋𝑢4𝑤6
=5,  𝑋𝑢5𝑤4

=7, 𝑋𝑢5𝑤7
=13, 𝑋𝑢6𝑤6

 = 15, 𝑋𝑢7𝑤1
=16, 𝑋𝑢7𝑤2

 = 7, 𝑋𝑢7𝑤7
= 2,  𝑋𝑢8𝑤3

=1, 

𝑋𝑢8𝑤5
= 17. Optimal objective value is 13.397 with maximum efficiency 86.603 for table 9. 

 

The maximum efficiency of transportation from city to warehouse is 87.674 and maximum 

efficiency for transportation from warehouse to customer is 86.818. So, the maximum 

efficiency for multilevel transportation is 87.246. Maximum efficiency in direct transportation 

i.e., from city to customer is 86.603. From the result we can say multilevel transportation is 

more efficient than direct transportation. 
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Table 4.1: city to warehouse 

 

 

Table 4.2: warehouse to customer 

 

 

Table 4.3: city to customer 
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Table 4.4: Composite Efficiency for city to warehouse 

 

Table 4.5: Composite Efficiency for warehouse to customer 

 

Table 4.6: Composite Efficiency for city to customer 
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Table 4.7:  1- Efficiency for city to warehouse 

 

Table 4.8:  1- Efficiency for warehouse to customer 

 

Table 4.9:  1- Efficiency for city to customer 
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4.2 TARGET VALUES: 

 

The values of the inputs and outputs which would result in an inefficient unit becoming efficient. 

 

Table 4.10: Target value City to warehouse 

 

 

Table 4.11: Target Value Warehouse to customer 

 

 

Table 4.12: Target Value City to customer 
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5.1 COMPARISON 

 

There is a wealth of literature on this subject that utilizes DEA-based approaches. (Chen & 

Lu, 2007) expanded the assignment problem by taking multiple inputs and outputs into 

account. (Amirteimoori, 2011) also added to the transportation problem using a DEA-based 

approach. (Pathan, 2019) further enhanced the transportation problem by using the BCC 

model for each potential shipping link and considering multiple inputs and outputs. To the 

best of our knowledge, there hasn't been any study that uses the strategy proposed in this 

work. The present research contributes to the development of the multilevel transportation 

problem with multiple inputs and outputs by utilizing the CCR model. The relative efficiency 

of each potential shipment link is determined, and the most effective shipment strategy is 

deemed the best solution to the transportation problem. 

 

5.2 CONCLUSION 

 

This paper expanded the conventional multilevel transportation problem by introducing 

multiple inputs and flexible outputs for each shipment connection. To determine the most 

efficient transportation strategy, a DEA-based proposed solution with a CCR model based on 

the relative efficiencies of each possible connection was used as a performance measure. 

Decision makers use different methods to achieve goals with each conflict potential shipment 

connection, and these goals may conflict with one another in the case of multilevel 

transportation. This paper reveals that a multilevel transportation approach is more effective 

than a direct transportation approach. When dealing with transportation issues that involve 

multiple inputs and versatile outputs, we suggest employing multilevel transportation rather 

than direct transportation as a problem-solving approach. 
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APPENDIX  

 

A.1 R CODE  
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A.2 EXCEL CODE 
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