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Abstract:    The growing usage of computer networks is requiring improvements in network 
technologies and management techniques so users will receive high quality service.  Determining
the best route through a wide area network (WAN), requires the routing algorithm to obtain information 
concerning all of the nodes, links, and devices present on the network. The most relevant routing
information involves various measures that are often obtained in an imprecise or inaccurate manner, thus 
suggesting that fuzzy reasoning is a natural method to employ in an improved routing scheme. fuzzy
reasoning and neural networks, when combined together provide a very effective routing algorithm for 
computer networks. Computer simulation is employed to prove the new fuzzy routing algorithm 
outperforms the Shortest Path First (SPF) algorithm in most computer network situations.  The benefits 
increase as the computer network migrates from a stable network to a more variable one.  The 
advantages of applying this fuzzy routing algorithm are apparent when considering the dynamic nature of 
modern computer networks.
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I. INTRODUCTION

Effective routing algorithms use various techniques to determine the most appropriate route for 
transmitting data as more individuals transmit data through a computer network, the quality of 
service received by the users begins to degrade.  A major aspect of computer networks that is vital to 
quality of service is data routing. A more effective method for routing data through a computer 
network can assist with the new problems being encountered with today’s growing networks.

Effective routing algorithms use various techniques to determine the most appropriate route for 
transmitting data.  Determining the best route through a wide area network (WAN), requires the 
routing algorithm to obtain information concerning all of the nodes, links, and devices present on the 
network.  The most relevant routing information involves various measures that are often obtained in 
an imprecise or inaccurate manner, thus suggesting that fuzzy reasoning is a natural method to 
employ in an improved routing scheme.  The neural network is deemed as a suitable accompaniment 
because it maintains the ability to learn in dynamic situations.  Once the neural network is initially 
designed, any alterations in the computer routing environment can easily be learned by this adaptive 
artificial intelligence method.  The capability to learn and adapt is essential in today’s rapidly 
growing and changing computer networks.  These techniques, fuzzy reasoning and neural networks, 
when combined together provide a very effective routing algorithm for computer networks.

Computer simulation is employed to prove the new fuzzy routing algorithm outperforms the Shortest 
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Path First (SPF) algorithm in most computer network situations.  The benefits increase as the 
computer network migrates from a stable network to a more variable one.  The advantages of 
applying this fuzzy routing algorithm are apparent when considering the dynamic nature of modern 
computer networks.

II LITERATURE REVIEW

Adaptive routing uses frequently updated information to determine an appropriate route while 
considering traffic conditions on the WAN.  Every node on an asynchronous transfer mode (ATM) 
or packet switched network performs adaptive traffic routing.  Thus far, many different schemes 
have been proposed to address adaptive routing.  Among the more common approaches are neural 
networks (Hiramatsu 1989; Rauch and Winarske 1988; Matsumoto 1992; Jensen, Eshera and Barash 
1990; Wang and Weissler 1995) expert systems (Flikop 1993) and math programming (Hashida and 
Kodaira 1976; Key and Cope 1990).

Two very common and simple criterion used in selecting a WAN route are the minimum- hop route 
and the least-cost route.  Both of these methods are applied to adaptive routing situations as well as 
deterministic approaches that usea static routing table.  The minimum- hop method uses routing 
tables to determine the route having the least number of hops to reach the destination node.  A hop 
refers to a data packet traveling from one device to the next and represents a single link between two 
devices.  The least-cost method finds the route
having the least cost, where cost is based on data rate (Stallings 1990).  Other metrics are also 
commonly used, such as reliability, travel delay, available bandwidth, load of the resources, 
allowable packet size and communication cost (Cisco 1995).
Efficient routing schemes have been thoroughly researched in regard to traditional telephone
networks.  Therefore, much of the literature concerning network routing is specific to telephone 
networks.  Although the routing process for telephone networks is similar to that of computer 
networks, there are characteristics specific to computer networks that need to be considered.
Mitra and Seery (1991) analyze some of the more popular telephone routing techniques based on 
alternate routing.  These techniques are similar in that each call is provided with a list of possible 
routes to use.  The differences are found in the algorithms used to select alternate routes when the 
first choice is unavailable.
Krasniewski (1984) suggests a fuzzy approach to alternate routing in a telephone network. A fuzzy 
membership function is used to assign each alternate path a value between 0 and 1 to indicate the 
relative selection order of the path.

III FUZZY ROUTING

The new routing algorithm and an analysis concerning the strengths and capabilities of the new 
design. This entire process can be divided into tasks and sufficiently described in four sections.  
This work involves designing a simulation model to represent the detailed routing process found in 
a computer network. 

A) FUZZY ROUTING SETS
Once the raw values were obtained using the random routing model described above, the fuzzy sets 
were defined.  The fuzzy sets were structured in reference to the particular network being modeled, 
and therefore apply to the hypothetical network.
The Distance metric is described using three fuzzy sets: distance low, distance medium, and distance 
high (Figure1). There is significant overlap between these three sets because of the small range in 
“distance” values.  Having only twelve nodes and seventeen links in the WAN causes the distance 
between any two nodes (number of hops) to range from zero to seven.
Congestion is also described with three fuzzy sets: congestion low, congestion medium, and congestion 
high (Figure 2).  Compared to the distance metric, there is much more variation in congestion.  
Therefore, the congestion sets are sparser with less overlap.  The maximum throughput for any link in 
the hypothetical network is 8000 bytes per second; therefore, the throughput values range from 0 to 
8000.  This range is also divided into three fuzzy sets: throughput low, throughput medium, and 
throughput high (Figure 3).  Failure measures were also divided into three fuzzy sets:  failure low, 
failure medium, and failure high (Figure 4).  Although the majority of observations had a failure of 
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zero, there were instances with failure measures up to 100.
After defining the fuzzy sets, the next step was to convert the raw observations in the training and 
testing sets to fuzzy membership grades.  The next phase involved designing and training the neural 
network.  This was achieved using the software package NeuralWorks Professional II.

IV EXPERIMENTAL DESIGN

This study is designed to compare the new routing algorithm to the commonly used OSPF shortest 
route algorithm.  When considering only the distance from the source node to the destination node, 
shortest route is expected to generate the best routing path under stable and predictable conditions.  
This is because shortest route was designed to optimize the path of travel based on only one measure, 
usually distance.  As discussed previously, there are many factors that seem imperative to determining
which path will be the most successful.  This suggests that an algorithm considering additional
network characteristics will be more effective.  In this study, we hypothesize that of the relevant 
factors, the congestion levels and failure rates will have the most prominent affect on observing the
advantages of the new algorithm.  For this reason, the experimental design is centered on these two 
factors. The experimental design has four different scenarios to be tested, as indicated in Table1. Each 
scenario tests a combination of failure and congestion levels and will be tested at the   = 0.10 
significance level.  As mentioned earlier, the definitions of low and high are network dependent. Many
factors have helped determine the specific values for low and high in this study.  The size of the
network, the structure of the network, and the length of the sample times all support these values.  
These values are provided and explained in detail in the next section.

The expectation is that for scenario one where low congestion and low failures is present, shortest 
route will perform well.  If the analysis supports this expectation, it will contribute to overall 
validation of and confidence in the models.  As we move to scenarios two, three, and four, the new 
algorithm with its adaptive capabilities should show superiority.

Table 1:  Experimental design

Low 
Failure

High 
Failure

Low Congestion Scenario 1 Scenario 2

A) SCENARIO ONE

The first scenario was designed to be the most stable configuration having low congestion as well as 
low failure.  This scenario depicts the most steady of the three; therefore, it is expected that the new
algorithm will have no significant advantages over shortest route in this initial scenario. The 
sampling process was conducted such that both sets of runs utilized an identical ordering of message
creation; therefore, the forty means collected are actually twenty pairs. This suggests the presence of 
paired differences.  There are two sets of statistical tests that can be used for paired data; parametric 
and nonparametric.  However, before any statistical testing could begin the normality of the data
needed to be established to determine which tests would be most appropriate.
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Figure 5 Normal probability plot of difference data in scenario one

B) SCENARIO TWO
The second scenario was expected to exhibit some significant advantage of implementing the new 
algorithm.  It was designed similar to the first, but with a higher failure rate and the same low congestion.  
This scenario was expected to demonstrate that the new algorithm has a significant advantage over shortest 
route under these conditions.  The mean times collected for each algorithm are listed in Table 3

Figure 6 Normal probability plot of difference data in scenario two
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VI RESULTS AND CONCLUSION

The four analyses provided rather satisfying results for the new algorithm.  It was expected that as 
failures and congestion levels increased, the advantages of the new algorithm would become more 
prominent.  The most stable of the four scenarios exhibited the least amount of effectiveness from the
new algorithm, while the most chaotic experienced the largest benefits. The p-values for the four 
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scenarios are listed in Table 4
Table 4.  P-values for all tests

                                          
The p-values indicate the new algorithm outperforms the shortest route algorithm in effectively
transmitting data through the network.  The superiority exhibited increases as the network becomes more 
unstable and less predictable, thus suggesting it to be more suitable for the changing environment of 
today’s computer networks.  These p-values exhibit statistical significance, but the practical efficiency (as 
seen in scenario four) is an improvement of 2.497 percent.  The significance of this improvement should 
be obvious considering today’s high- speed networks and the underlying need for data transmissions to be 
performed in the quickest and most efficient manner.

V. REFERENCES

[1] Ani, C. I. and F. Halsall, “Simulation Technique for Evaluating Cell-Loss Rate in ATM Networks,” Simulation, May
(1995), 320-329.

[2] Arnold, W., H. Hellendoorn, R. Seiseng, C. Thomas and A. Weitzel, “Fuzzy Routing,” Fuzzy Sets and Systems, 85, 
(1997), 131-153.

[3] Benes, V. E., “Programming and Control Problems Arising from Optimal Routing in Telephone Networks,” Bell Syst. 
Tech. J., 45, 9, Nov (1966), 1373-1438.

[4] Brande, J. K., “Network Performance Management Using Fuzzy Logic”, Proceedings of the SE DSI meeting, (1996), 321-323.
[5] Brande, J. K., “Fuzzy Adaptive Traffic Routing in a Packet Switched WAN”, Proceedings of the SE INFORMS Meeting, 

(1995), 434-436.
[6] Buckley, J. J, and Y. Hayashi, “Fuzzy Neural Networks,” Fuzzy Sets, Neural Networks and Soft Computing, ed. R. R. Yager 

and L. A. Zadeh, Van Nostrand Reinhold, NY, (1994), 233-249.
[7] Caudill, M. and C. Butler, Understanding Neural Networks: Computer Explorations, Volume1:Basic Networks, The MIT 

Press, Massachusetts, (1994).
[8] Cebulka, K. D., M. J. Muller and C. A. Riley, “Applications of Artificial Intelligence for Meeting Network Management 

Challenges in the 1990’s,” Proceedings of GLOBECOM, (1989), 501-506.
[9] Ceri, S. and L. Tanca, “Expert Design of Local Area Networks,” IEEE Expert Magazine, October, (1990), 23-33.
[10] Chan, S. C., L. S. U. Hsu and K. F. Loe, “Fuzzy Neural-Logic Networks,” Between Mind and Computer, Fuzzy Science and 

Engineering, ed. P. Z. Wang and K. F. Loe, World Scientific Pub. Co. Pte. Ltd., (1993).
[11] Cikoski, T.R., “Getting Prepared for Rule-based Integrated Network Management,” Telecommunications (America’s Edition), 

March, (1995), 46-50.
[12] Cisco Systems, Inc., “Routing Procedures,” http://www.cisco.com/warp/public/732/Tech/rtrp_pc.html, (1995).
[13] Comer, D. E., Internetworking with TCP/IP, Volume 1:Principles, Protocols, and Architecture, Second Edition, Prentice Hall, 

New Jersey, (1991).
[14] Dijkstra, E.  “A Note on Two Problems in Connection with Graphs.”NumericalMathematics, October, (1959).
[15] Fahmy, H. and C. Douligeris, “END: An Expert System Designer,” IEEE Network, Nov/Dec (1995), 18-27.
[16] Flikop, Z., “Traffic Management in Packet Switching Networks,” Proceedings of IEEE International Conference on 

Communications, 1, (1993), 25-29.
[17] Hamersma, B. and M. S. Chodos, “Availability and Maintenance Considerations in Telecommunications Network Design 

and the use of Simulation Tools,” Proceedings of the 3D Africon Conference, (1992), 267-270.
[18] Hamilton, J. A., G. R. Ratteree and U. W. Pooch, “A Toolkit for Monitoring the Utilization and Performance of Computer 

Networks,” Simulation, 64, 5 (1995) 297-301.
[19] Hardy, J. K., Inside Networks, Prentice Hall, New Jersey, (1995).

[20] Harris, R. J., “Reliable Design of Communication Networks,” Proceedings of the 14
th

International Teletraffic Congress, 2 
(1994), 1331-1340.

[21] Hashida, O. and K. Kodaira, “Digital Data Switching Network Configurations,” Rev. of Elect. Comm. Labs, 24, 1-2 (1976), 85-
96.

International Journal of Latest Trends in Engineering and Technology (IJLTET)

Vol. 1 Issue 2 July 2012 30 ISSN: 2278-621X


