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Abstract

The shortest path tree construction is essential in network routing, and the Dijkstra
algorithm, which is a static routing algorithm, is widely used. When some links in a network
have new weights, dynamic routing algorithms are more efficient than static routing
algorithms. This is because the dynamic routing algorithms reduce redundancy by re-
computing only the affected sections of the network with the changed links. However, the
dynamic routing algorithms are not efficient in some situations and can increase computation
time to create the shortest path tree. Therefore, hybrid routing algorithms, which reduce the
total execution time of shortest path tree computation using the advantages of both static and
dynamic routing algorithms, have been suggested recently. In this paper, a multi-path hybrid
routing algorithm is presented that uses multi-path information to create the shortest path
tree when some links have new weights. Comparisons with other routing algorithms, such as
Dijkstra, Dynamic Dijkstra, and Hybrid Shortest Path Tree (HSPT), demonstrate that the
multi-path hybrid routing algorithm provides better performance as the execution time
decreases.
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1. Introduction

In today’s society, the demand for broadband Internet applications has grown rapidly.
Therefore, high speed routing has become more important in Open Shortest Path First (OSPF),
which is the most used intra-autonomous system routing protocol. When a topological change
occurs due to an unexpected situation in the OSPF, the network routing algorithms are used to
update the routing table. For example, if there is a link failure in a network, then the shortest
paths must be recomputed. In this situation, the shortest paths computation is performed using
the Dijkstra algorithm [1-3]. However, when some links have new weights in a network,
using the Dijkstra algorithm can create redundancies through performing more computations
and unnecessary corrections by repeating the operation for every node regardless of the
location of the link weight change. Therefore, this can cause network instability because the
overall routing table is frequently updated [4, 5].

These shortcomings have led to the introduction of dynamic routing algorithms in order to
compute the shortest paths. Dynamic routing algorithms have been studied by Frigioni,
Narvaez, and many others, and the Dynamic Dijkstra [6] and Reliable Dynamic Shortest Path
(RDSP) [7] are two of the resulting dynamic routing algorithms. In dynamic routing
algorithms, more computation time is required for one node than the static routing algorithms;
however, the dynamic algorithms can reduce the computation time as they decrease the
number of nodes that must be computed. That is, when some links have new weights in a
network, the dynamic routing algorithms locate only the affected nodes using the changed
links in order to re-compute the shortest paths. Therefore, the dynamic algorithms require less
computation time for the shortest paths than that required by the static routing algorithms.
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However, the dynamic routing algorithms require greater computation time depending on the
location of the changed links.

Hybrid routing algorithms, which require less computation time, combine the advantages
of the static routing algorithms with those of the dynamic routing algorithms; the hybrid
routing algorithms have only recently been proposed. In order to efficiently compute the
shortest paths using the Hybrid Shortest Path Tree (HSPT), the times when the static and
dynamic algorithms are applied are very important.

In this paper, a multi-path hybrid routing algorithm is presented and it uses the multi-path
information to create the shortest path tree when some links have new weights. In order to
evaluate the proposed algorithm, it is compared with the well-known static Dijkstra, dynamic
Dijkstra, and HSPT algorithms.

2. Problem

The Dijkstra algorithm, which is a static routing algorithm, is widely used in network
routing. However, this well-studied static routing algorithm is very ineffective when the link
status changes in a network and only a small section of the old shortest paths requires the
update. This is because it re-computes the new shortest paths in their entirety, without using
the old shortest paths information. This is the hardest operation for a router; it occupies
requires significant CPU resources. It requires a very long time to compute the shortest paths
using the Dijkstra algorithm; it also incurs a gap phase. In the gap phase, the routing table
does not reflect the actual network topology until it completes the computation; thus, packet
losses can occur, which is problematic [8-10].

For these reasons, dynamic routing algorithms are preferred over a static routing
algorithms because they can reduce the computation time by removing the majority of the
information from the old routing table and only re-computing the nodes affected by the
updated shortest paths list. However, dynamic routing algorithms require greater computation
times than static algorithms, and these times depend on the location of the changed links. That
is, when some links have new weights near the root node, it requires a long computation time
because the updated shortest paths affect a lot of nodes. Inversely, if some links near the end
node have a new weight, then the computation time is shorter due to fewer nodes being
affected. Therefore, dynamic routing algorithms do not have consistent results because they
have wide variations for each computation time case. This is problematic in network routing.

Therefore, hybrid routing algorithms have been proposed that use the advantages of the
static routing algorithms and dynamic routing algorithms. Hybrid routing algorithms are more
efficient than static and dynamic algorithms; however, if hybrid routing algorithms use multi-
path information, their performance improves more. That is, the multi-path hybrid routing
algorithm has less computation time than that of hybrid routing algorithms.

3. Proposed Algorithm

In this paper, a multi-path hybrid routing algorithm is proposed that reduces the total
shortest path tree (SPT) execution time using the multi-path information; the proposed
algorithm is called the Multi-Path Hybrid Shortest Path Tree (MP-HSPT) and is based on the
HSPT. In order to efficiently compute the shortest paths using the HSPT, the times when the
static and dynamic algorithms are applied are very important. The static routing algorithms
should be applied when computing the shortest paths where some links have new weights
near the root node; static routing algorithms are applied in this situation because there are
many nodes that must be computed near the root node. In this case, using static routing
algorithms is a faster method for computing the shortest paths rather than using the dynamic
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routing algorithms, which require more computation time for each node. Alternatively,
dynamic routing algorithms should be used to compute the shortest paths when some links
have new weights near the end node; they are applied in this case because there are only a few
nodes that must be computed near the end node. In this case, using dynamic routing
algorithms to only re-compute the nodes affected by the old shortest paths is faster than using
the static routing algorithms that re-compute every node. In addition, the MP-HSPT uses
multi-path information. If other minimum weight paths are found, the algorithm uses the
multi-path information to reduce the computation time. If other paths of minimum cost are
not found, the algorithm reduces the number of affected nodes using the multi-path
information.

Step 1: Use multi-path information
Find the multi-path by using the multi-path information
if multi-path found then
Update the routing table
else
Go to Step 2
endif
Step 2: Find the depth of whole network
Find the network depth by Depth First Search (DFS)
Determine D as 40% depth of whole network
for All nodes do
Find the link whose link cost is changed
Calculate the link depth by DFS
if the link depth < D then
Go to Step 3
else
Go to Step 4
endif
endfor
Step 3: Static routing
Find shortest paths using static routing
Update the routing table
Step 4: Dynamic routing
Find shortest paths using dynamic routing
Update the routing table

Figure 1. Pseudo Code for the Proposed MP-HSPT

The multi-path hybrid routing algorithm is performed using the following procedures. First,
the multi-path is found using the multi-path information. If a multi-path is found, it is
included in the shortest path. If a multi-path is not found, the hybrid routing algorithm is
applied. Second, in order to decide which algorithms should be applied, the depth of whole
network is found using the Depth First Search (DFS) method. Third, when links with new
weights and a depth of less than 40% are found, the static routing algorithms are applied to
compute the shortest paths. Finally, when some links with new depth weights of more than
40% are found, the dynamic routing algorithms are applied to compute the shortest paths. The
pseudo code for the proposed MP-HSPT is presented in Figure 1.
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4. Performance Evaluation

The performance of the MP-HSPT is compared with previously published algorithms: the
Dijkstra, Dynamic Dijkstra, and HSPT methods. The number of nodes, changed rate of link
weights, and deviation of link weights were used as the input parameters in the simulations.
The input parameters are presented in Table 1.

Table 1. Input Parameters

Parameters Values

Number of nodes 50, 100, 150, 200
Changed rate of link weights (%) 100, 200, 300, 400
Deviation of link weights 5, 10, 15, 20

The number of nodes represents the number of nodes in the entire network, i.e. the network
size. The changed rate for the link weights is the rate used to compare the new link weight to
the old link weight. The deviation of the link weights is the difference between the link
weights and the mean value of the link weights. In this study, the mean value is set to 10. The
comparisons were undertaken based on the total computation time, which is the computation
time of the shortest path in the given network.
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Figure 2. Total Computation Time with Respect to the Number of Nodes and
the Changed Rate of Link Weights
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Figure 2 shows the total computation time with respect to the number of nodes and
changed rate of link weights. The changed rate of link weights of Figure 2(a) is 100%, Figure
2(b) is 200%, Figure 2(c) is 300%, and Figure 2(d) is 400%. As the number of nodes
increased, the computation time for shortest paths required a longer time. If the changed rate
of link weights was low, then the computation time for the shortest paths increased linearly.
However, if the changed rate of link weights was high, then the computation time for shortest
paths increased nonlinearly.
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Figure 3. Total Computation Time with Respect to the Number of Nodes and
Deviation of Link Weights

Figure 3 shows the total computation time with respect to the number of nodes and the
deviation of link weights. The deviation of link weights of Figure 3(a) is 5, Figure 3(b) is 10,
Figure 3(c) is 15, and Figure 3(d) is 20; the mean value was 10. As shown in the figures, the
MP-HSPT outperforms the Dijkstra, Dynamic Dijkstra, and HSPT algorithms. As the number
of nodes increased, the computation time for the shortest paths increased.

5. Conclusion

In this paper, the Multi-Path Hybrid Shortest Path Tree (MP-HSPT) algorithm was
presented and it offers an efficient shortest path decision that can be used to reduce the total
execution time using the multi-path information. The decreased total execution time also
leads to reductions in packet losses. As shown in the comparison results, the proposed MP-
HSPT algorithm provides better performance when compared with the Dijkstra, Dynamic
Dijkstra, and HSPT methods in terms of computation time for the shortest path.
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