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Abstract: Graph theory is used for modelling of real life systems and finding optimal solutions in different
networks systems such are: transport, water, electricity, internet, work operations schemes in the process of
production, construction, etc. Although these systems are different, however they have some common features
and are in the relation between each other. In this paper is analyzed one practical problem to find a shortest and
maximal path between two or more points by using graph search algorithm Dijkstra. Also, for this case was
developed a network model of the transportation problem which is analyzed in detail to minimise shipment costs
and the results have been compared by Solver in Excel.
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1. INTRODUCTION TO GRAPH THEORY
Graph theory provides many useful applications in Operations Research. A graph is defined as a finite
number of points (known as nodes or vertices) connected by lines (known as edges or arcs).

Our task is for given graph by using graph search
algorithm Dijkstra to find the shortest path between ®) @
two points. There are different path options to reach 5
from node A to node G, but our aim is to find the @ @ 13
shortest path with minimum transportation costs, Ta 10\,
which requires a lot efforts. In order to compare the
results the search algorithm Dijkstra is used to find
maximal distance between node A and G, too.

2. ALGORITHM DIJKSTRA: The shortest path
from node A to node G ®
By using Dijkstra algorithm we are able to find the s e a
shortest distances (length of arc) from a node to all

other nodes. Some of the options are: -4 10~ \4 O
X ACDG 22 ~ey . Pra—(c
X ABEG 20 i
X ACEG 23

Firstly, we start from the node A, which is chosen as

permanent node. Analysing the distances of the @ ®
neighbourhoods’ nodes of the node A, we are able to s e a \
find the shortest path to nodes B and C (their distances @ Q ¥
are equal with 4 and 5). Afterwards the node C is 4 A
chosen as permanent node since is the shortest RO _@ 15 —©)
distance, and we have to check after the distances from 4 7

node C to the neighbour nodes. To the each neighbour

Figure 3. The shortest path from node C (D and E)
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node is added the length of the permanent node. Node
C with length 4 is chosen as permanent node. We
chose the shortest distance from the node A. Node B
is chosen as permanent node with the shortest
distance 5 and the procedures requires observing the
distance of neighbours nodes. To each neighbour
nodes (node E) is added the distance of the permanent
node, in this case the distance from the nodes ABE is
shorter than ACE (11<14), this means that distance
ACE is not considered any more.

We chose the shortest distance from the node A. Node
D is chosen as permanent node with the shortest
distance 7 and the procedures requires observing the
distance of neighbours nodes. To each neighbour
nodes (node E and G) is added the distance of the
permanent node.

We chose the shortest distance from the node A. Node
E is chosen as permanent node with the shortest
distance 11 and the procedures requires observing
the distance of neighbours nodes. To each neighbour
nodes (nodes G and F) is added the distance of the
permanent node.

We chose the shortest distance from the node A. Node
F is chosen as permanent node with the shortest
distance 15 and the procedures requires observing
the distance of neighbours nodes. To each neighbour
node (node G) is added the distance of the permanent
node.

From the permanent node F by adding distances
15+3=18, is shown that 18 < 20, this means that
distance 20 is not considered any more. The same
procedure is followed by subtracting the distance of
neighbour nodes from node F.

Figure 8. The shortest distance nodes ABEFG
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Figure 10. Correct option from node F to node E
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Figure 4. Permanent node B

Figure 5. The shortest path from node D (E and G)
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Figure 6. The shortest path from node E (F and G)
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Figure 7. Permanent nodes D, E and F

18-3=1%

18-9211

181527

Figure 9. Final destination node G

3. CALCULATION OF MINIMAL COST OF TRANSPORTATION PATH A-G
The starting point is node G by subtracting from this vertex the distance of each neighbour node.

11-6=5

11-4=7

11-10=4

Figure 11. Analysis of options for node E

In this case there are two options available and we have to choose between them (11-4).
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Figure 12. Correct option for node E Figure 13. Analysis of options for node D

The shortest path between nodes A and G is 18 (ACDEFG).

: ]

Figure 14. The shortest path from node G to node Figure 15. Results obtained in solver/excel
A

4. MAXIMUM DISTANCE FROM NODE A TO G

There are different options to find the maximal
distance between nodes A and G and in this case is
used graph search “algorithm Dijkstra. Similar
procedure is followed to find maximal distance.
Initially node A is chosen as permanent node and in
this context we analyse distances of neighbour nodes
B and C.

The longest distance from node A to neighbour nodes
(B and C) is 5. Now the permanent node is chosen
node B and the procedure requires observing the
distance of the neighbour nodes. To each neighbour
node is added the distance of the permanent node.
The longest distance from node A is chosen. Now the
permanent node is chosen node E with the longest
distance of 11 and the procedure requires observing
the distance of the neighbour nodes (nodes F, G and
D). To each neighbour node is added the distance of
the permanent node.

Figure 17. Analysis of options for node A
(nodes B and ()
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Figure 18. Analysis of options for node E Figure 19. Permanent node C
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Figure 20. Permanent node D Figure 21. Calculation of longest path A-G
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The longest distance from node A is chosen. Now the permanent node is chosen node C with the longest
distance of 21 and since the distance of vertices AC<ABEC, then the distance 4 is not considered any
more. To each neighbour node is added the distance of the permanent node.

The longest distance from node A is chosen. Now the permanent node is chosen node D with the longest
distance of 24 and since the distance of vertices ABEC<ABECD, then the distance 15 is not considered
any more. To each neighbour node is added the distance of the permanent node.

5. CALCULATING THE LONGEST DISTANCE OF NODES A-G

The starting point is node G by subtracting from this vertex the distance of each neighbour node.
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Figure 22. Analysis of options for node D (nodes C & E)

Figure 23. Analysis of options for node C (nodes A & E)
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Figure 24. Analysis of options for
node E

The longest distance is path ABECDG with length equal to 39.

6. CONCLUSIONS

Dijkstra's Algorithm is used to find the shortest path between two nodes/vertices in our case from node

A to node G. Applying the rules of Dijkstra’s Algorithm for the shortest path we have obtained two

possible solutions with the same result 18; path ABEFG and ACDEFG. The same results have been

confirmed by using powerful Excel tool Solver. The results which have been obtained for the given

example shows that graph search Dijkstra’s Algorithm is very effective optimisation tool for solving

practical problems ( in our case used to find the path with lowest cost from node A to node G). By using

the same procedure which is described in this paper we calculated the longest distance between nodes

A and G which is the worst scenario. From the obtained results we can conclude that this option to reach

node G from node A is approximately 54% more expensive from the first case.
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Figure 25. Correct option node E Figure 26. Final destination node A
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