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Abstract—The shortest path search is one of the most 

fundamental problems in network optimization and it is still 

being studied for various applications. The shortest path 

algorithm that is mostly used by network devices to transfer 

data packets is the Floyd-Warshall algorithm. This algorithm 

can find the shortest path by considering the weight of each 

link, however, the generated shortest path does not guarantee 

as an optimal path since in some links there may be too much 

data transferred and can cause congestion. In this paper, an 

algorithm is developed to find the shortest path that is more 

optimal that is aware of the load concentration above the link. 

The Floyd-Warshall algorithm will be used as a basis for 

finding the shortest path firstly and then the results path will 

be used to find the optimal path. Pathways can be considered 

optimal if there is no excessive concentration on some links. 

Our results show that the algorithm developed can reduce the 

load path distribution in the link, which means congestion is 

also reduced. 

Keywords—network, routing, shortest path, best path, floyd-

warshall 

I. INTRODUCTION 

The shortest path problem is a general optimization 
problem that appears in many different scientific fields. 
There is no best algorithm to solve all the best path 
problems. One of the most fundamental problems in network 
optimization is the problem of finding the shortest path 
network. This problem is well studied to date and it can be 
implemented in various applications. The shortest path 
problem can be solved using graph theory with the weights 
assigned to each edge, that is, in this case, the graph is 
considered as a network topology formed by switches and 
links. Floyd-Warshall algorithm is one of the shortest path 
algorithms that can be applied in many fields. This algorithm 
is used in finding the shortest route in network 
communication. Some switch devices use the Floyd-
Warshall algorithm when determining the path of 
information dissemination [1]. This algorithm looks for the 
shortest path based on weight or shortest distance [2]. The 
runtime of this algorithm is O(n

3
) for graphs with n vertices 

[3]. However, the shortest path does not necessarily 
guarantee a good data transmission line. Data transmission is 
influenced by several factors such as congestion is one of 
them. Congestion occurs if too much data is on the path. The 
problem faced may require a very detailed graph with some 
restrictions such as congestion after a certain flow is reached 
in a dynamic network topology [4]. 

Solving the shortest path problem by only paying 
attention to the shortest distance based on the weight of all 
vertices will result in excessive load on certain vertices. 
Excessive loads on these vertices will in turn cause 

congestion and can interfere with data communication in the 
network. To overcome this problem, excessive load on some 
vertices needs to be distributed so that data communication 
in the network is not interrupted. However, distributing the 
load to several links will cause a change in the search method 
with the original Floyd-Warshall algorithm. In this paper, we 
will develop the Floyd-Warshall algorithm in such a way that 
the concentration of the load on several vertices can be 
avoided. The proposed method will utilize the weight matrix 
to control the link load and path matrix to update the path 
corresponding to the weight of the last link. 

 

II. METHODOLOGY 

A. Considered System Model 

In this research, we consider system model as a network 
topology that only have two kind of nodes; i.e., switches and 
hosts, where the switch is connected to other switches and 
the host is only connected to one switch, parameter when 
sending data packet such as buffer size, bandwidth, latency, 
etc. is not considered and there’s no data transfer protocol 
such as TCP or UDP is used in this test, this research focused 
on the path searching by considering the load concentration 
on each link. This network topology can be considered as a 
network graph to solve the path searching problems. 

This network graphs consists of vertices and edges that 
connect vertices, vertices regarded as switch and edge 
regarded as link that connect each switch. The path searching 
in network topology can be solved using graph models. 
Definition of graph in mathematics is A graph G = (V, E) 
consists of V, a nonempty set of vertices (or nodes) and E, a 
set of edges. Each edge has either one or two vertices 
associated with it, called its endpoints. An edge is said to 
connect its endpoints [5].  

B. Network Topology 

Network Topology in this research consists of hosts and 
switch that are connected in one of two ways: physically or 
logically. Physical refers to a real network interface such as a 
physical cable (e.g. Ethernet) or fiber that is run between 
nodes. Logical, on the other hand, is a set of constructs that 
contain things such as virtual interfaces or network paths 
built on physical infrastructure. For example, the IP layer 3 
interface is just a logical construction and encapsulation of 
the physical interface. Of course, the distance between nodes, 
physical interconnections, or interface transmission levels 
may all differ between two nodes regardless of whether ad or 
not a logical or physical link [6]. 



C. Static Routing 

This study uses the concept of static routing, the routes 
manually programmed to finding routes through the network. 
This process is programmed on each routing devices. After 
the configuration is finished, the packet is only forwarded 
out of the specified port by the routing devices. In small 
networks with minimal redundancy, this process is relatively 
easy to do. However, this process have some disadvantages 
to maintaining IP routing tables [7].  

 Network environments in static routes require a large 
amount of coordination and maintenance. 

 Static routes cannot dynamically adapt to current 
network operating conditions. If the destination 
subnet becomes unreachable, the static route points to 
the network that remains in the routing table. Traffic 
continues to be directed towards that destination. 
Unless network administrators update static routes to 
reflect new topologies, traffic cannot use alternative 
paths that may exist. 

Normally, static routes are only used in simple network 
topologies. However, there are additional circumstances 
when static routing can be interesting. For example, a static 
route can be used: 

 To specify the default route manually. This route is 
used to forward traffic when the routing table does 
not contain more specific routes to the destination. 

 To provide a safer network environment. The 
administrator knows all the subnetworks specified in 
the environment. Administrators specifically verify 
all communications that are permitted between these 
subnetworks.  [7] 

D. Shortest Path Algorithm 

Shortest Path algorithm that will be used is the Floyd 
Warshall algorithm, this algorithm is a graph analysis 
algorithm for finding the shortest paths for every pair of 
vertices. The concept of the algorithm is based on 

intermediate vertices. Let  be the matrix of , and  be the 

shortest path from i to j with its intermediate vertices in the 
set {1, 2... k}. Then, for k>1, 

   

Thus,  will provide the shortest paths matrix for the 

input graph [8]. 

 
Fig. 1. Floyd Warshall Algorithm to find Shortest Path 

III. EXPERIMENTAL SETUP 

A. Topology 

There are three network topologies will be used to 
implement our algorithm in this experimental. The network 
topology consists of switch which is given in circle nodes 
and hosts with square nodes. The network topology (a) is 
depicted in Fig. 2 which consists of 22 links among their 
switches. The topology (b) has 21 links between switch, 
Third Topology have 15 links between switch. 

 

 

(a) 

 

(b) 

 
(c) 

Fig. 2. Experimental network topologies 

 The Floyd-Warshall and the developed Algorithm will be 
implemented to this topology. 

B. Concentrartion-Avoidance Algorithm Development  

The algorithm that will be developed, use the Fig.1 
algorithm as a basis for development, this algorithm used the 
shortest path result to find a better path by considering the 
concentration in link. 



 

Fig. 3. Developed Concentration-Avoidance Algorithm Flowchart 

The alternative path searching algorithm.  

 

Fig. 4. Concentration-Avoidance Algorithm to find Efficient Path 

Where “h” is total host’s and “hx” is an array of the 
host’s matrix, “i” is the source host’s, “j” is the destination 
host’s, “s” is variable to store the stop point of the alternative 
path, “r” is an array of the path matrix, “n” is the total switch 
and  “alt” is the alternative path founded. 

1) Preparation Step 
In the preparation steps, topology is inputted as a matrix, 

and will produce 4 matrices, weight matrix, path matrix, 
matrix host to switch connection and path distribution 
matrix. 

TABLE I.  INITIAL WEIGHT MATRIX OF TOPOLOGY (A) 

 A B C D E F G H I J 

A 0 1 0 1 0 0 1 1 0 0 

B 1 0 1 1 1 0 0 1 0 0 

C 0 1 0 0 1 1 0 1 0 0 

D 1 1 0 0 1 0 1 0 0 0 

E 0 1 1 1 0 1 0 1 1 1 

F 0 0 1 0 1 0 0 0 0 0 

G 1 0 0 1 0 0 0 1 0 0 

H 1 1 1 0 1 0 1 0 1 0 

I 0 0 0 0 1 0 0 1 0 1 

J 0 0 0 0 1 0 0 0 1 0 

 

This matrix stores the total distance from the source 
switch to the destination switch, but only for direct 
connection.  

TABLE II.  PATH MATRIX OF FIRST TOPOLOGY 

 A B C D E F G H I J 

A 0 A 0 A 0 0 A A 0 0 

B B 0 B B B 0 0 B 0 0 

C 0 C 0 0 C C 0 C 0 0 

D D D 0 0 D 0 D 0 0 0 

E 0 E E E 0 E 0 E E E 

F 0 0 F 0 F 0 0 0 0 0 

G G 0 0 G 0 0 0 G 0 0 

H H H H 0 H 0 H 0 H 0 

I 0 0 0 0 I 0 0 I 0 I 

J 0 0 0 0 J 0 0 0 J 0 

 

This matrix stores the path from switch source to the 
switch destination, if the value from source switch to 
destination switch is same with source switch then it means 
both of this switch is directly connected. 

TABLE III.  HOST TO SWITCH CONNECTION OF TOPOLOGY (A)  

Host 1 2 3 4 5 

Connection to Switch A C G J F 

 
This matrix stores the connection between host to switch, 

so when we search for the path between hosts, we know 
which one is the source switch and which one is the 
destination switch. 

TABLE IV.  INITIAL PATH DISTRIBUTION OF TOPOLOGY (A) 

Link BD BC IJ CH CF CE AH AG GH EF 

Path 

Distribution 
0 0 0 0 0 0 0 0 0 0 

Link DG AD DE AB EJ BH EI HI EH BE 

Path 

Distribution 
0 0 0 0 0 0 0 0 0 0 

 
This matrix stores the concentration in each link. when a 

link is used, then the value is added by two because the path 
from source switch to destination switch is considered as a 
same with the path from destination switch to source switch. 

2) Shortest Path Searching 
The shortest path is searched using the Fig.1 Algorithm. 

the weight matrix and path matrix of each switch pair are 
obtained as a result. The weight matrix and path matrix of 
each switch pair are obtained as a result. The weight matrix 
provides distance information from each switch pair, while 
the path matrix stores path information for each switch pair 

3) Alternative Path Searching 
 Alternative path search attempts to find the path from the 
source host to the destination host by considering the 
concentration of the link to be passed. To find this alternative 
pathway, we use the algorithm in Fig.4. The results from the 
paths distribution are different, depending on the starting 
hosts when searching the path. 

TABLE V.  INITIAL PATH OF  HOST 1 IN TOPOLOGY (A) 

Starting node at host 2 

Source Destination 

A C G J F 

C G J F  



G J F   

J F    

TABLE VI.  INITIAL PATH OF HOST 2 IN TOPOLOGY (A) 

Starting node at host 2 

Source Destination 

C G J F A 

G J F A  

J F A   

F A    

IV. RESULT 

Path distribution results are obtained by testing the 
shortest path algorithm and the Concentration-Avoidance 
algorithm on the topology. For Concentration-Avoidance 
algorithm, the distribution result is depending on the starting 
host when searching path. We have to find the best starting 
host to get the optimal path. To find the best starting host, 
choose starting host that can reduce load concentration the 
most and have the least amount of load concentration.  
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Fig. 5. Results of path distribution Topology (a) for Concentration-

Avoidance Algorithms 

In Fig.5, path distribution is concentrated in some link 
and it can cause a congestion. In this topology, the best 
starting hosts is the starting hosts 2, because the maximum 
total load is 4. 
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Fig. 6. Results of path distribution Topology (a) for Algorithms 

comparison 

In Fig.6, the path distribution for shortest path algorithm 
is much concentrated on link EJ and AB compared to the 
Concentration-Avoidance algorithm. 
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Fig. 7. Results of path distribution Topology (a) for Concentration-

Avoidance Algorithms 

In Fig. 7, the EG link has the same total load because 
there is no other path to the host 4. The best initial host for 
this topology is the initial host 2 because there are only 3 
links with the total load value 4. The starting hosts 1 and 3 
has 4 links with 4 total loads. 
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Fig. 8.  Results of path distribution Topology (b) for Algorithms 

comparison 

In Fig.8, the path distribution for the shortest path 
algorithm is concentrated high enough on the links BD, CG, 
AI, and AB rather than the Concentration-Avoidance 
algorithm. The difference in concentration is not much but 
can still reduce concentration 
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Fig. 9. Results of path distribution Topology (c) for Concentration-

Avoidance Algorithms 

In Fig.9, concentration on link BC and AB very high for 
starting hosts 2 and 3, so that starting hosts 2 and 3 is not a 
good path distribution. For starting host 1 and 4, both have 
the same total load on some link with the total load of 4, but 



case 1 only have 8 link totals with 2 total loads. case 4 has 9 
link totals with 2 total loads. 

. 
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Fig. 10.  Results of path distribution Topology (c) for Algorithms 

comparison 

In Fig.10, the Concentration-Avoidance algorithm still 
can reduce the concentration on some link. 

V. CONCLUSION 

From the result obtained from the comparison of the 
Concentration-Avoidance algorithm and the shortest path 
algorithm. The Concentration-Avoidance algorithm can 
reduce concentration on the link and make a good 
distribution of the path, which means Concentration-
Avoidance algorithm can find an optimal path than the 
shortest path algorithm in terms of load concentration. 

 

VI. REFERENCES 

[1] M. A. Djojo and K. Karyono, "Computational Load Analysis of 
Dijkstra, A*, and Floyd-Warshall Algorithms in Mesh Network".  

[2] A. Singh and P. K. Mishra, "Performance Analysis of Floyd Warshall 
Algorithm vs Rectangular Algorithm," International Journal of 
Computer Applications , vol. 107, no. 16, pp. 23-27, 2014. 

[3] S. Hougardy, "The Floyd–Warshall algorithm on graphs with 
negative cycles," Elsevier, p. 279–281, 2010. 

[4] J. Neto and H. Coelho, "A Distributed Search (Best-Path) Algorithm," 
Research Gate, 2014. 

[5] K. H. Rosen, Discrete Mathematics and Its Applications Seventh 
Edition, New York: The McGraw-Hill Companies, Inc., 2012. 

[6] T. D. Nadeau and K. Gray, SDN:Software Defined Network, United 
States of America: O'Reilly Media Inc, 2013. 

[7] L. Parziale, D. T. Britt, C. Davis, J. Forrester, W. Liu, C. Matthews 
and N. Rosselot, TCP/IP Tutorial and Technical Overview, 8th ed., 
New York: IBM Corp, 2006. 

[8] H. M. Abu-Ryash and D. A. Tamimi, "Comparison Studies for 
Different Shortest path Algorithm," International Journal of 
Computers & Technology, vol. XIV, no. 8, pp. 5982-5983, 2015. 

 


	I. Introduction
	II. Methodology
	A. Considered System Model
	B. Network Topology
	C. Static Routing
	D. Shortest Path Algorithm

	III. Experimental setup
	A. Topology
	B. Concentrartion-Avoidance Algorithm Development
	1) Preparation Step
	2) Shortest Path Searching
	3) Alternative Path Searching


	IV. Result
	V. Conclusion
	VI. References

