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Abstract. Solving transportation problems sometimes does not only require using one
method or algorithm. Sometimes it is necessary to use several methods or algorithms
at once. In this research, combining the Vogel’s Approximation Method (VAM) and
Dijkstra algorithm can be carried out if three assumptions are met. These three as-
sumptions are based on the characteristics of each VAM and Dijkstra’s algorithm, as
well as the compatibility between the two.
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I. INTRODUCTION

The transportation problem with m origins that contain various amounts of commodity
must be shipped to n destinations to meet demand requirements. Specifically, origin i contain
with amount ai, and destination j has a requirement of amount bj . It is assumed that the system
is balanced in the sense that total supply equals total demand. That is

m∑
i=1

ai =
n∑

i=1

bi.

The numbers ai and bj , i = 1, 2, ...,m, j = 1, 2, ..., n are assumed to be non-negative, and in
many applications they are in fact non-negative integers. There is a unit cost cij associated with
the shipping of the commodity from origin i to destination j. The problem is to find the shipping
pattern between origins and destinations that satisfies all the requirements and minimizes the
total shipping cost [1].

Based on Dantzig and Thapa [2], the classical transportation problem is to determine an
optimal schedule of shipments that:

1. originate at sources where known quantities of a commodity are available;

2. are allocated and sent directly to their final destinations, where the total amount received
must equal the known quantities required;

3. exhaust the supply and fulfill the demand; hence, total given demands must equal total
given supplies;

4. and, finally, the cost of each shipment from a source to a destination is proportional to
the amount shipped, and the total cost is the sum of the individual costs; i.e., the costs
satisfy a linear objective function.
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The transportation model is always balanced (sum of the supply = sum of the demand).
If the model is unbalanced, a dummy source or a dummy destination must be added to restore
balance [3]. One of the most popular methods for solving transportation problems is Vogel’s
Approximation Method (VAM). Vogel’s Approximation Method (VAM) is a method used to
solve transportation problems with the aim of minimizing distribution costs. The VAM method
has been popular because it turns out that in practical applications it often finds a solution that
is close to the optimal [2]. Some of the applications of VAM include the distribute raw fabric to
several different locations at low cost and as optimally as possible [4] and optimization of dis-
tribution cost of concrete iron materials [5]. There are many other studies related to distribution
optimization using the VAM method ([6], [7], [8], [9], [10],[11], [12], [13], [14], [15]).

According to Dantzig and Thapa [2], the shortest route problem is that of finding the
minimum total “distance” along paths in an undirected connected network from the source
s = 1 to the destination t = m. The distance can be actual miles, the cost or time to go between
nodes, etc. One of the famous shortest route problem algorithms is the Dijkstra algorithm.
Dijkstra’s Algorithm is designed to determine the shortest routes between the source node and
every other note in the network [3]. Some of the applications of Dijkstra algorithm include
determine the shortest route from the city center to historical sites [16], determine disaster
relief distribution solutions [17], determine the shortest route for travel [18], and determine the
shortest path search futsal field location [19]. There are many other studies related to route
optimization using the Dijkstra algorithm ([20], [21], [22], [23], [24], [25]).

In transportation problems, the Vogel’s Approximation Method (VAM) and the Dijkstra
algorithm are two techniques that are often used to solve different but equally important prob-
lems. These two methods, although used in different contexts, have the same goal, namely for
optimization solutions. But some cases cannot be solved using either of them. Sometimes it is
necessary to combine both or combine several methods or algorithms. This research aims to
combine VAM and the Dijkstra algorithm in determining the optimal distribution route.

II. Combination of VAM and Dijkstra’s algorithm

2.1. Vogel’s Approximation Method (VAM)

According to Taha [3], VAM is an improved version of the least cost method that generally,
but not always, produces better starting solutions.

1. For each row (column), determine a penalty measure by subtracting the smallest unit cost
element in the row (column).

2. Identify the row (column) with the largest penalty. Break ties arbitrarily. Allocate as much
as possible to the variable with the least unit cost in the selected row or column. Adjust
the supply and demand, and cross out the satisfied row or column. If a row and a column
are satisfied simultaneously, only one of the two is crossed out, and the remaining row
(column) is assigned zero supply (demand).

3. (a) If exactly one row or column with zero supply or demand remains uncrossed out,
stop.

(b) If one row (column) with positive supply (demand) remains uncrossed out, deter-
mine the basic variables in the row (column) by the least cost method. Stop.
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(c) If the all uncrossed out rows and columns have (remaining) zero supply and de-
mand, determine the zero basic variables by the least cost method. Stop.

(d) Otherwise, go to Step 1.

2.2. Dijkstra Algorithm

According to Taha [3], Dijkstra Algorithm: Let ui be the shortest distance from node 1 to
node i, and define dij(≥ 0) as the length of arc (edge) (i, j). Then the algorithm defines the
label for an immediately succeeding node j as

[uj, i] = [ui + dij, i], dij ≥ 0.

The label for the starting node is [0,−], indicating that the node has no predecessor. Node la-
bels in Dijkstra’s Algorithm are of two types: temporary and permanent. A temporary label is
modified if a shorter route to a node can be found. If no better route can be found, the status of
the temporary label is changed to permanent.
Step 0. Label the source node (node 1) with the permanent label [0,−]. Set i = 1.
Step i. (a) Compute the temporary labels [ui + dij, i] for each node j that can be reached

from node i, provided j is not permanently labeled. If node j is already labeled with
[uj, k] through another node k and if ui+dij < uj , replace [uj, k] with [ui+dij, i].
(b) If all the nodes have permanent labels, stop. Otherwise, select the label [ur, s]
having the shortest distance (= ur) among all the temporary labels (break ties arbi-
trarily). Set i = r and repeat step i.

2.3. VAM-Dijkstra Graph Model and Assumptions

The basic idea of combining the two methods is based on the following case: A company
has several production sites which also act as warehouses (G1, G2, ..., Gn) in several different
areas. Each production site (warehouse) has its capacity (production or storage), its distribu-
tion area (independent), and total needs. If there are several production sites (warehouses) that
have a capacity that exceeds requirements and there are also production sites (warehouses) that
have a capacity that is less than required, then the production site (warehouse) with a capacity
that exceeds requirements needs to send some of the excess production to the production site
(warehouse). ) with a capacity that is less than required. This distribution problem between
warehouses can be solved using the transportation problem (in the case below, the VAM can
be used) because the distribution considers capacity and costs. Furthermore, if the production
place (warehouse) has several sales (marketing) agents each and the production place (ware-
house) must send to each sales agent, then it can be solved using the shortest route problem
(in the case below, the Dijkstra algorithm can be used) with the warehouse as the starting point
because the distribution process begins with starting point (warehouse) to all sales agents and
only considering distribution costs.

Thus, to solve the problem, a combination of the VAM and Dijkstra’s algorithm can be
used. Before combining the two, it is necessary to determine the models and assumptions re-
quired. First, its necessary to create a graph model of the problem. Let G1, G2, ..., Gk are ware-
house, for k ∈ N and Gini

are the agent of warehouse Gi, for 1 ≤ i ≤ k and ni ∈ N, following
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is the graph model.

Figure 1. VAM-Dijkstra Graph Model

Based on the problem above and the graph model, to be able to combine the VAM and
Dijkstra’s algorithm, the following assumptions are required:

1. There is at least one warehouse that has excess capacity (excess production/more than
the amount needed in the area) is called supplier and one warehouse that lacks capacity
(underproduction/less than the amount needed in the area), is called recipient.

2. The transportation model (between warehouse) is always balanced (sum of the supply =
sum of the demand). If the model is unbalanced, a dummy source or a dummy destination
must be added to restore balance.

3. For each warehouse (supplier and recipient) has its own delivery area (independent de-
livery area) and becomes the root vertex (for Dijkstra Algorithm) in its own delivery
area.

Next, to find a solution to this problem, simply use the VAM to determine the minimum
cost solution for distribution between warehouses and use the Dijkstra algorithm to determine
the shortest distribution route solution from each warehouse to each agent from that warehouse.
Below are the steps:

1. For all Gi for i = 1, 2, ..., k, determine the distribution route solution using VAM. This
aims to meet the needs (demands) of each Warehouse.
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2. Calculate Cw, which is the minimum distribution cost between Warehouses.

3. For each i = 1, 2, ..., k, determine the distribution route from Gi to each Gini
using the

Dijkstra algorithm for each j = 1, 2, ..., ni.

4. Calculate Cwi, which is the minimum distribution cost from Gi to each Gini
.

5. Calculate C, which is the total distribution cost with

C = Cw +
k∑

i=1

Cwi.

III. Implementation of VAM and Dijkstra’s Algorithm Combination

3.1. Example Case

The following is an example of a case that can be solved using thecombination of VAM
and Dijkstra’s algorithm.

A Company X has 4 production sites which are also warehouses. Each production site
(warehouse) has a different production capacity (warehouse capacity). The following are details
of the production quantities at each production site.

Table 1. The Information of Warehouse

Warehouse Production Amount Amount Needed Supply Demand
G1 25 10 25-10=15 -
G2 30 25 30-25=5 -
G3 5 15 - 15-5=10
G4 10 20 - 20-10=10

The following are distribution costs between warehouses.

Table 2. Distribution Cost ($/item) between Warehouse

G1 G2 G3 G4

G1 - 2 5 7
G2 2 - 8 4
G3 5 8 - 5
G4 7 4 5 -

Warehouse G1, G2, G3, G4 each have 2, 5, 3, and 4 agents. The following are distribution
cost for each trip between warehouse and its agents.
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Table 3. Distribution Cost ($) for each trip between Warehouse and Its Agents

G1 G11 G12

G1 - 4 9
G11 4 - 3
G12 9 3 -

G2 G21 G22 G23 G24 G25

G2 - 2 13 8 10 7
G21 2 - 11 3 4 9
G22 13 11 - 9 10 4
G23 8 3 9 - 7 4
G24 10 4 10 7 - 8
G25 7 9 4 4 8 -

G3 G31 G32 G33

G3 - 3 4 8
G31 3 - 5 3
G32 4 5 - 6
G33 8 3 6 -

G4 G41 G42 G43 G44

G4 - 8 7 6 2
G41 8 - 10 9 7
G42 7 10 - 3 3
G43 6 9 3 - 5
G44 2 7 3 5 -

The company wants to distribute all its production results to all agents at minimum cost.

3.2. Solution

The following is a graph model for the problem.

Figure 2. Graph Model

Based on the information above, its obtained:

1. There are two warehouses that has excess capacity (G1, G2) and two warehouses that
lacks capacity (G3, G4).
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2. The transportation model (between warehouse) is balanced (sum of the supply = sum of
the demand).

3. For each warehouse has its own delivery area (independent delivery area) and becomes
the root vertex in its own delivery area.

Therefore, the three assumptions to be able to use the combination of VAM and Dijkstra algo-
rithm are fulfilled.

Table 4. Distribution Cost Between Warehouse (Based on Supply and Demand)

Warehouse G3 G4

G1 5 7
G2 8 4

Based on the table above, the minimum distribution costs using the VAM are determined.

Table 5. The Iteration of VAM

Iteration 1 G3 G4 Supply Penalty Iteration 2 G3 G4 Supply Penalty
G1 5 7 15 2 G1 5 7 15 2
G2 8 4 5 4 G2 - 4{5} 5-5=0

Demand 10 10 Demand 10 10-5=5
Penalty 3 3 Penalty 5 7

Iteration 3 G3 G4 Supply Penalty Iteration 4 G3 G4 Supply Penalty
G1 5 7{5} 15-5=10 5 G1 5{10} 7{5} 10-10=0
G2 - 4{5} 0 G2 - 4{5} 0

Demand 10 5-5=0 Demand 10-10=0 0
Penalty 5 Penalty

Based on the tabel above, the minimum distribution costs graph is obtained.

Figure 3. VAM for Warehouses

The minimum distribution costs between warehouses are obtained as follows:

1. warehouse G1 distributes 5 to warehouse G3 and 7 to warehouse G4;
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2. warehouse G2 distributes 5 to warehouse G4

with the minimum distribution costs between warehouses

Cw = (5× 10) + (7× 5) + (4× 5) = 105.

Thus, there are no warehouses with inventory shortages.

Next, determine the shortest distribution route from the warehouse to each agent using
Dijkstra algorithm. The following is the shortest distribution route from warehouse G3 to each
agent.

Figure 4. Dijkstra Algorithm for Warehouse G3 and Its Agents

For other warehouses, use the same method. There for, distribution route between ware-
house and its agents is obtained.

Table 6. Distribution Route Between Warehouse and Its Agents

Initial Warehouse Destination Agent Route
G1 G11 G1 → G11

G1 G12 G1 → G11 → G12

G2 G21 G2 → G21

G2 G22 G2 → G25 → G22

G2 G23 G2 → G21 → G23

G2 G24 G2 → G21 → G24

G2 G25 G2 → G25

G3 G31 G3 → G31

G3 G32 G3 → G32

G3 G33 G3 → G31 → G33

G4 G41 G4 → G41

G4 G42 G4 → G44 → G42

G4 G43 G4 → G44 → G43

G4 G44 G4 → G44

Finally, the following is a problem solution graph obtained by combining the VAM and
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Dijkstra algorithm.

Figure 5. Distribution Graph

The minimum distribution cost from Gi to each Gini
, for i = 1, 2, 3, 4 is

Cw1 = 4 + 3 = 7,

Cw2 = 2 + 7 + 4 + 4 + 3 = 20,

Cw3 = 3 + 3 + 4 = 10,

Cw4 = 8 + 2 + 3 + 5 = 18.

And, the total distribution cost is C = Cw +
∑4

i=1 Cwi = 105 + (7 + 20 + 10 + 18) = 160$.

IV. CONCLUSIONS AND FUTURE RESEARCH DIRECTION

Vogel’s Approximation Method (VAM) and Dijkstra’s algorithm can be combined if three
assumptions are met. These three assumptions are based on the characteristics of each VAM and
Dijkstra’s algorithm, as well as the compatibility between the two. In simple terms, the three
assumptions are: 1) there is at least one warehouse that has excess capacity and one warehouse
that lacks capacity; 2) the transportation model (between warehouse) is always balanced; and
3) for each warehouse has its own delivery area (independent delivery area).
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