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 Motor vehicle distribution companies which are the source of this 

research data are located in Banda Aceh and Medan. The vehicles will 

then be sent to several areas, namely Lhokseumawe, Panton Labu, 

Meulaboh, Takengon, Subulussalam, Kuta Binjei, Kutacane, Aceh 

Singkil, Rimo and North Aceh. The problem in the process of sending 

vehicles is that if the inventory of vehicles in one of the warehouses is 

empty, then the supply of vehicles is obtained from warehouses that 

are still available in the warehouse regardless of distance. This paper 

describes the optimization of transportation costs for Fleet product 

distribution. Products are distributed from two sources to ten 

destinations. The cost of sending the vehicle incurred by the company 

is Rp 152,994,625. By using the Vogel's Approximation Method 

(VAM) and Modified Distribution Method (MODI), the total cost 

generated is Rp 142.728.100. Solving transportation problems with the 

transportation method can minimize and optimize the cost of sending 

a vehicle of Rp 10.266.525 or 6.71% and it can increase company 

profits.  

DOI: … ©2023 TJoMA. All rights reserved. 

 

1. INTRODUCTION 

Linear programming is a general model consisting of a linear objective function and a system 

of linear constraints that can be used in solving problems of optimally allocating limited 

resources. One of the linear programming problems is the transportation problem which is a 

special model of the linear programming problem (Abdel-Basset et al., 2019). The solution can 

be carried out using the transportation method for the problem of product distribution from a 

number of sources to a number of destinations, namely minimizing the cost of transporting the 

product. Because basically companies that make the transportation process a strategic tool will 

have an advantage in seizing competition among companies with similar products (Zhang et 

al., 2022). 

Motor vehicle distribution companies which are the source of this research data are 

located in Banda Aceh and Medan. The vehicles will then be sent to several areas, namely 

Lhokseumawe, Panton Labu, Meulaboh, Takengon, Subulussalam, Kuta Binjei, Kutacane, 

Aceh Singkil, Rimo and North Aceh. The problem in the process of sending vehicles is that if 

the inventory of vehicles in one of the warehouses is empty, then the supply of vehicles is 

obtained from warehouses that are still available in the warehouse regardless of distance. The 

delivery process also does not use special transportation because the vehicles distributed are 

large vehicles. This causes the delivery process to take a long time and costs a lot in the 

distribution process. 

Based on the description above, the problem raised in this paper is optimizing 

transportation costs for vehicle distribution using transportation methods, namely the Vogel's 

Approximation Method (VAM) and the Modified Distribution Method (MODI). 
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2. METHODS 

2.1.Linear Programming 

According to (Dimyati & Dimyati, 1994) a linear program is planning activities to obtain an 

optimum result, namely a result that achieves the best objective among all feasible alternatives. 

According to (Hiller & Lieberman, 2010) linear programming problems in general can be 

written in the following general form: 

Objective function: 

Maximum/minimum 𝑍(𝑥1, 𝑥2, … , 𝑥𝑛) =  ∑ 𝑐𝑗𝑥𝑗      𝑛
𝑗=1  

Constraint function: 

∑ 𝑎𝑖𝑗𝑥𝑗
𝑛
𝑗=1  (≤, =, ≥) 𝑏𝑖 ,     𝑖 = 1,2, … , 𝑚    dan  𝑥𝑗 ≥ 0,       𝑗 = 1,2,3, … , 𝑛 

 

2.2.Transportation Method 

 The general model of a classic transportation problem is based on the following 

assumptions (Nasendi & Anwar, 1985): 1) That a product to be transported is available in a 

fixed and known amount. 2) That the product will be sent through the existing transportation 

network using certain transportation methods from the procurement center to the demand 

center. 3) That the number of requests at the request center is known in a certain and fixed 

amount. 4) That the cost of transportation per unit of product transported is known, so that the 

objective of minimizing the total cost of transportation can be achieved. 

Transportation method completion procedure (Mosca et al., 2019). 

1. Compile the transportation matrix and initial table 

Table 1. Initial table of transportation problems

 

𝑐𝑖𝑗 is the shipping cost per 1 unit of goods from i origin to destination j. 𝑥𝑖𝑗 is the number of 

items to be sent from i origin to destination j. ∑ 𝑠𝑖 = ∑ 𝑑𝑗 is the total supply capacity equal to 

the total demand capacity (Taylor III, 2001). 

2. Balanced transport method 

The general model of balanced transportation is as follows (Baloch et al., 2022): 

Minimum  ∑ ∑ 𝑐𝑖𝑗𝑥𝑖𝑗
𝑛
𝑗=1

𝑚
𝑖=1          (1) 

Constraint Function:  

∑ 𝑥𝑖𝑗
𝑛
𝑗=1  = 𝑠𝑖 ,   𝑖 = 1,2, … , 𝑚;  ∑ 𝑥𝑖𝑗

𝑚
𝑖=1  = 𝑑𝑗 ,  𝑗 = 1,2, … , 𝑛; and 𝑥𝑖𝑗 ≥ 0,   𝑠𝑖 ≥ 0,   𝑑𝑗 ≥ 0 

Additional requirements that the total supply capacity equals the total demand capacity, with 

the equation: 
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∑ 𝑠𝑖 =  ∑ 𝑑𝑗

𝑛

𝑗=1

𝑚

𝑖=1

 

3. Unbalanced transportation method 

a) First condition (Zhan et al., 2021): 

If the number of inventories is greater than the amount of demand or  ∑ 𝑠𝑖 >  ∑ 𝑑𝑗
𝑛
𝑗=1

𝑚
𝑖=1 , 

then the situation will be balanced by adding an additional goal (dummy) at its limits. This is 

because shipments to dummy destinations are not carried out, so the distribution cost per unit 

is zero. Then the limit function becomes: 

 
∑ 𝑥𝑖𝑗

𝑛
𝑗=1  = 𝑠𝑖 𝑖 = 1,2, … , 𝑚;      ∑ 𝑥𝑖𝑗

𝑚
𝑖=1  = 𝑑𝑗    𝑗 = 1,2, … , 𝑛, 𝑛+1 ;   𝑥𝑖𝑗 ≥ 0    for all 𝑖 and 𝑗        

where 𝑗 = 𝑛 + 1 goal. Dummy demand: 

 𝑑𝑛+1 = ∑ 𝑠𝑖 − ∑ 𝑑𝑗
𝑛
𝑗=1

𝑚
𝑖=1                 (2) 

 The formulation in equation (2) explains that the demand for additional destination areas 

is the result of a reduction from the source 𝑖 (1,2, … . , 𝑚) with goal 𝑗 (1,2, … . , 𝑛) where 

𝑐𝑖,𝑛+1 = 0, for all 𝑖 =  1,2, … . , 𝑚. In equation (1), the formulation of the problem states that 

all objective requests can be fulfilled (Rivindran, 1987). 

b) Second condition (Ma et al., 2021): 

If the amount of supply is less than the number of requests or ∑ 𝑠𝑖 <  ∑ 𝑑𝑗
𝑛
𝑗=1

𝑚
𝑖=1 , it can be 

balanced by adding an additional (dummy) source to the constraint function: 

 
∑ 𝑥𝑖𝑗

𝑛
𝑗=1  = 𝑠𝑖 , 𝑖 = 1,2, … , 𝑚, 𝑚 + 1  ;    ∑ 𝑥𝑖𝑗

𝑚
𝑖=1  = 𝑑𝑗 , 𝑗 = 1,2, … , 𝑛 ; 𝑥𝑖𝑗 ≥ 0    for all 𝑖 and 𝑗             

where 𝑖 = 𝑚 + 1 goal. Dummy demand: 

 𝑠𝑚+1 = ∑ 𝑑𝑗 − ∑ 𝑠𝑖
𝑛
𝑗=1

𝑚
𝑖=1                 (3) 

 The formulation in equation (3) explains that the demand for additional destination 

areas is the result of reducing the destination 𝑗 (1,2, … . , 𝑛) by region of origin 𝑖 (1,2, … . , 𝑚) 

where 𝑐𝑚+1,𝑗 = 0, for al 𝑗 =  1,2, … . , 𝑛. In equation (1), the formulation of the problem states 

that all objective requests can be fulfilled (Rivindran, 1987). 

 

3. RESULT AND DISCUSSION 

3.1. Transportation distribution process 

The process of distribution of vehicle transportation can be seen in the following table. 

Table 2. Vehicle distribution process data 
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Information: 

𝑜1 = Banda Aceh     𝑑3  = Meulaboh   𝑑7 = Kutacane 

𝑜2  = Medan 𝑑4 = Takengon 𝑑9   = Rimo  

𝑑1  = Lhokseumawe 𝑑5 = Subulussalam 𝑑10  = Aceh Utara 

𝑑2  = Panton Labu        𝑑6 = Kuta Binjei  

𝑆     = Persediaan 𝐷   = Permintaan 

    

Meanwhile, transportation costs can be seen in Table 3 as follows: 

 

Table 3. Total cost of distribution of vehicle transportation 

 
      

Based on Table 3, the amount of transportation costs for delivery of vehicles with regular 

delivery processes carried out by the company or without using any method is IDR 

152,994,625. 

 

3.2. Settlement of transportation methods 

The steps in completion will be explained as follows: 

1. Compile the transportation matrix and initial table 

From Table 2 it can be seen that the amount of supply is greater than the number of 

requests. Then the transportation method is said to be unbalanced and satisfies first condition 

namely (∑ 𝑠𝑖 >  ∑ 𝑑𝑗
𝑛
𝑗=1

𝑚
𝑖=1 ). Therefore, it is necessary to add an additional source (dummy), 

which is an addition to the destination or request column. So that the initial matrix and table of 

transportation methods can be seen in Table 4 as follows: 
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Table 4. Matrix and initial table of transportation methods 

 

2. Allocation of transportation methods 

The completion steps using the Vogel approximation method are as follows: 

a) Calculate the penalty for each row and column by determining the difference between the 

smallest cost and the second smallest cost of each row and column. 

b) Select the row or column with the highest penalty cost, then allocate to the cell with the 

smallest cost in the selected row and column. 

 

This step continues to be repeated (iteration) until an even distribution process is obtained for 

each cell. The process of calculating the final results of the transportation matrix using the 

VAM method can be seen in Table 5 as follows: 

 

Table 5. The final results of the transportation matrix using the VAM method 

 

After obtaining the final results of the transportation method using the VAM method, 

the total transportation costs for the distribution of vehicles using the VAM method can be 

seen in Table 6 below: 

 

Table 6. Total transportation costs for vehicle distribution using the VAM method 

No 

Description 

(Source-

Destination) 

Source-Destination 
Amount 

(Item x Cost) 

Total cost 

(IDR) 

1 𝑜1 - 𝑑1 Banda Aceh – Lhokseumawe 2x499.500 999.000 

2 𝑜1 - 𝑑3 Banda Aceh – Meulaboh 104x484.050 50.341.200 

3 𝑜1 - 𝑑4 Banda Aceh – Takengon 18x514.950 9.269.100 
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4 𝑜2 - 𝑑1 Medan – Lhokseumawe 75x525.250 39.393.750 

5 𝑜2 - 𝑑2 Medan -  Panton Labu 4x499.500 1.998.000 

6 𝑜2 - 𝑑5 Medan -  Subulussalam 14x473.750 6.632.500 

7 𝑜2 - 𝑑6 Medan -  Kuta Binjei 18x404.225 7.276.050 

8 𝑜2 - 𝑑7 Medan -  Kutacane 8x473.750 3.790.000 

9 𝑜2 - 𝑑8 Medan -  Aceh Singkil 14x494.350 6.920.900 

10 𝑜2 - 𝑑9 Medan -  Rimo 24x499.500 11.988.000 

11 𝑜2 - 𝑑10 Medan -  Aceh Utara 8x514.950 4.119.600 

12 𝑜2 - 𝑑11 Medan -  Dummy 6x0 0 

Total 142.728.100 

From the calculation results in Table 6, the total cost of transportation for sending Motors 

vehicles using the Vogel's Approximation Method-VAM is IDR 142,728,100. Then a search 

for the optimal solution is carried out using the Modified Distribution Method (MODI). The 

steps for the solution are as follows: 

a) Calculate row values and column values with formulas 𝑈𝑖 + 𝑉𝑗 = 𝐶𝑖𝑗, where 𝑈𝑖  is row 

value, 𝑉𝑗 is the column value and 𝐶𝑖𝑗 is the shipping fee. This calculation is performed on 

the basis variables or filled cells. The final result of the row value calculation 𝑈𝑖  and column 

values 𝑉𝑗 can be seen in Table 7 as follows: 

 

Table 7. Transport matrix using the MODI method (stage 1) 

 

b) Calculating the index to be increased (improvement index) with the formula 𝐼𝑖𝑗= 𝐶𝑖𝑗  – 

𝑈𝑖   - 𝑉𝑗 where 𝐼𝑖𝑗 is the index to be increased (opportunity cost). This calculation is 

performed on non-basic variables or unfilled cells. Because all improvement indices are 

positive, the solution is said to be optimal, so the amount of transportation costs for 

shipping vehicles using the Modified Distribution Method (MODI) is the same as the 

costs for shipping transportation using the Vogel's Approximation Method-VAM, which 

is IDR 142,728. 100. 
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3. Difference in transportation distribution costs  

The application of the VAM and MODI transportation methods can minimize 

transportation costs and decrease distribution costs by Rp. 10,266,525 or 6.71%. By using the 

transportation method, the results obtained are more optimal and can increase profits or profits 

for the company. 

 

4. CONCLUSION 

The conclusions obtained are the application of the Vogel's Approximation Method (VAM) as 

an initial settlement solution and the Modified Distribution Method (MODI) method as an 

optimization test, there is a decrease in distribution costs of IDR 10,266,525 or 6.71%. So that 

it can minimize and optimize transportation distribution costs and can increase company profits 

or income. The application of the transportation method to the company makes the shipping 

process optimal where the most shipments are from Banda Aceh to Meulaboh as many as 104 

units, from Medan to Lhokseumawe as many as 75 units. Meanwhile, the least delivery of 

vehicles was from Banda Aceh to Lhokseumawe as many as 2 units, while from Medan to 

Panton Labu as many as 4 units. 
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