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Abstract: To minimize the cost of routing in computer networks, the shortest path problem is greatly used in
order to find the minimum distance path from source to destination. The shortest path problem is sometimes
called the min-delay path problem. The main objective of this paper is to evaluate and discuss the general
aspect of Dijkstra’s Algorithm in solving the shortest path problem. Explanation and evaluation of the algorithm
is illustrated in graphical forms in order to exhibit the functionality of the algorithm.
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. Introduction

The shortest path problem consists in finding a path between two vertices (or nodes) in a graph such
that the amount of the weights of its integral edges is minimized. Graphs are mathematical arrangements used
to construct pairwise relations between objects. In this scenario, a graph is made up of vertices or points which
are interlinked by edges. In shortest path problems, a directed or undirected graph is given with a weight for
each edge and we have to find a shortest path i.e. a path with the smallest possible weight between one or more
pair of vertices. We can experience the following three possible cases: Firstly, the second node is not accessible
from the first; where we can consider the shortest path between the two has the length c. Secondly, the second
point is accessible from the first point, i.e. there is a path, but may not be the shortest. Thirdly, there is a shortest
path between the first and second point. The shortest path algorithm will evaluate the whole graph stepwise and
identify all the above cases and eventually, will able to find the shortest path between the two points.

The Single-source shortest path problem states that in a weighted digraph, from a designated vertex s,
we have to determine the shortest path from s to any other vertices. Here, an approximation is made from a
designated vertex to any other vertices, which are steadily substituted by more precise values until the shortest
distance is attained. The approximation is always a miscalculation of the true distance and is replaced by
minimum of its old value with the length of a newly discovered route.

I1. Dijkstra’s Algorithm
Dijkstra’s algorithm is a greedy algorithm for solving single source shortest path problem that provides
us with the shortest path from one particular source node to all other nodes in a given graph. This algorithm can
be applied for both directed and undirected graph, but graph must be connected and no negative weight must
exist. In this case, the algorithm is quite efficient. Since there are no non-negative weight cycles, there will be a
shortest path whenever there is a path.

The steps to find shortest path using Dijkstra’s algorithm are as follows:

1. Start at the source node by labelling it with a distance of 0 and all other nodes as . The source node is
treated as current node and considered as visited. All other nodes are considered as unvisited.

2. ldentify all the unvisited nodes that are presently connected to the current node. Calculate the distance from
the unvisited nodes to the current node by adding the weights of their edges.

3. Label each of the vertices with their corresponding weight to the current node, but only alter the label of a
node, if it is less than the previous value of the label. Each time, the nodes are labelled with its weights;
keep track of the path with the smallest weight.

4. Mark the current node as visited by coloring over it. Once a vertex is visited, we not need to look at it again.

5. From all the unvisited nodes, find out the node which has minimum weight to the current node, consider
this node as visited and treat it as the current working node.

6. Repeat steps 2, 3 and 4 until all nodes are visited.
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Algorithm:
/* S= set of visited node, Q= Queue, G=Graph, w=Weight */
Dijkstra (G, w, S)

Initialize_single_soure(G,S)

S <0 /I the set of visited nodes is initially empty
Q+— v[G] /I The queue is initially contain all nodes
While (Q# @) /I Queue not empty
do u« extract min(Q)  // select the minimum distance of Q
S «SU{u} /[ the u is add in visited set S

For each vertex v € adj(u)
do relax(u, v, w)

}

Initialize_single_soure (G, S)

{

For each vertex v € adj (u)

d[v] <o /IUnknown Distance from source node

w[v] «<nil /I Predecessor node initially nil.

d[s] <0 /IDistance of source nodes is zero

}

Relax (u, v, w)

If d[v]>d[u]+w(u,v) /I comparing new distance with existing value

d[v] « d[u]+w][u,v]
n[u] «u

}

Using Dijkstra’s algorithm, calculation of the shortest distance from the source node’s to all other nodes is
given in the following graph below.

Stepl: Consider the source node as A. Therefore, A will be the current working node and can be treated as

visited.
Nodes A B C D E F
Distance d[v] 0 0 0 0 0 0
Distance from n[v] A
Status visited unvisited unvisited unvisited unvisited unvisited
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Step2:

We can calculate the weights of unvisited adjacent nodes of current node A. The unvisited nodes of A are B, C,

and D.

Now,  Distance [B]> distance [A] + Weight (A, B) = 0 >0+10=10
So, alternation of value is required in node B.

Distance [C]> distance [A] + Weight (A,C) = ©>0+6=6
So, alternation of value is required in node C.

Distance [D]> distance [A] + Weight (A, D) 0 >0+3=3
So, alternation of value is required in node D.

Nodes A B C D E F
Distance d[v] 0 10 6 3 0 0
Distance from n[v] A A A A

Status visited unvisited unvisited unvisited Unvisited unvisited

We can discover the smallest distance from A to the unvisited node which is D, traversing through A to D and
now D can be considered as the current node.

Step3:
We can calculate the weights of unvisited adjacent nodes of current node D. The unvisited nodes of D are C and
F.
Now,
Distance[C] < Distance [D] + Weight (D, C) = 6 <3 + 5 =11, so no change is required.
Distance [F] > Distance [D] + Weight (D, F) ® 0>3+4=7
So, alternation of value is required in node F.

Nodes A B C D E F
Distanced[v] 0 10 6 3 0 7
Distance from zt[v] A A A A D
Status visited unvisited unvisited visited unvisited unvisited

We can discover the smallest distance from A to the unvisited node which is C, traversing through A to C and
now C can be considered as the current node.
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Step 5:

Unvisited adjacent of current working node of C is B, E

Now,

Distance [B]> Distance[C] + Weight (C,B) = 10>6+2=38

So, alternation of value is required in node B.

Distance [E]> Distance[C] + weight (C,E) = 0 >6 + 6 =12
So, alternation of value is required in node E.

Nodes A B C D E F
Distance d[v] 0 8 6 3 12 7
Distance from z[v] A C A A C D
Status visited unvisited visited visited Unvisited unvisited

We can discover the smallest distance from A to the unvisited node which is F, traversing from A to F through
D and now F can be considered as the current node.

Step 5:

Unvisited current node of Fis E.

Now,

Distance [E]> Distance [F] + Weight (F, E) = 12>7 + 3=10
So, alternation of value is required in node E.

Nodes A B C D E F
Distance d[v] 0 8 6 3 10 7
Distance from n[u] A C A A F D
Status visited | unvisited visited visited Unvisited visited

We can discover the smallest distance from A to the unvisited node which is B, traversing from A to B through
C and now B can be considered as the current node.
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Step6:
From current node B the unvisited node is E.
Distance [E] < Distance [B] + Weight (B, C), so no change is required.

Nodes A B C D E F
Distance d[v] 0 8 6 3 10 7
Distance from z[v] A C A A F D
Status visited Visited visited visited unvisited visited

Now, only unvisited node is E. So, Traverse from F to E and mark E as visited.

The final table is:

Nodes A B C D E F
Distance d[v] 0 8 6 3 10 7
Distance from n[v] A C A A F D
Status visited visited visited visited visited visited

Therefore, the shortest path from A to all other nodes is given below:

AtoB is A—C—-B
AtoC is A—C

AtoD is A—D

AtoE is A—-D—F—E
AtoF is A—D—F

I11. Complexity

Finding the minimum distance is O (n) where n is the number of nodes and overall complexity with
adjacency list representation is O (n? + e) where e is the number if edges i.e. O (n%). If queue is kept as a binary
heap, relax will need a decrease-key operation which is O (log n) and the overall complexity is O (nlog n + e
log n) i.e. O (e log n). If queue is kept as a Fibonacci heap, decrease-key has an amortized complexity O (1) and
the overall complexity is O (n log n + €). For dense graphs, (¢ ~ n?) Fibonacci heap and arrays are better than
binary heap. For sparse graphs e << n?, binary heap is better than array but Fibonacci heap can be considered as
the best.
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V. Conclusion

The time complexity for Dijkstra’s algorithm is acceptable in terms of its overall performance in
solving the shortest path problem that produces only one solution. It is used in IP routing to find Open shortest
Path First and link state routing protocol. However, it has some major drawbacks such as it cannot handle
negative edges and it leads to acyclic graphs and most often cannot obtain the right shortest path. This algorithm
is highly centralized, not very distributed which make it very irrelevant for modern internet routing. But its
drawbacks are taken care by some other shortest path algorithm like Bellman—Ford algorithm and Floyd-
Warshall Algorithm.
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