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ABSTRACT 

This study focused on the designed and development of neural routing protocol for inter-campus network 

system (ICNS). The aim of this work was to design an ICNS that will provide optimal Quality of Service 

(QoS), of the routing protocol by the use of Artificial Neural Network. This study used the internationally 

accepted Structured System Analysis and Design Methodology (SSADM) and Object Oriented Analysis 

and Design Methodology (OOADM), to achieve its objectives. The SSADM was adopted for data 

collection, while OOADM was used for the design phase. The routing protocols used during the designed, 

configuration and simulation of the ICNS have been tested with respect to four different situations. This 

was based on its convergence at 0.0010 significance level of network failure and network congestion. 

Results obtained from the tests indicated high performance of the system under high network congestion. 

This study was of serious significance for those upcoming network administrators and engineers, in order 

for them to choose the best routing protocol that is most suitable, when implementing their network. 

Keywords: Convergence, Chai rule, network congestion, network system, neural Routing,   

 

INTRODUCTION 

As Internetwork grows, issues such as congestion, bottlenecks, hardware failures and poor response time 

often results in unacceptable Quality of Service (QoS). The task of providing efficiently proactive 

utilization of access to the network is challenging. Campus Network System (CNS) refers to the 

connection of systems within a building or groups of buildings (Wiki, 2012). Inter – Campus Network 

System (ICNS) is the connection of systems between two or more campuses. ICNS is a WAN 

communication that occurs between geographically separated areas. In internetworks, WANs connect 

many campuses together (Cisco, 2012). Routing refers to the movement of packets from source to 

destination or one network to another. Routing occurs at layer three (Network layer) of the OSI Reference 

Model. The network device found in this layer is the router. Routing can be carried using Routing 

Protocols. A routing protocol specifies the method of communication between routers in order to select 

the best route to the destination network (Sirak, 2015). 

According to Laudon (2014) technology standards are specifications that establish the compatibility of 

products and the ability to communicate in a network. In those days, before the advent of OSI Reference 

Model there existed only homogenous network of computers. In other words, According to Lamle (2007) 

computers could typically communicate only with computers from the same manufacturer. In the early 

1980s, International Standard Organization (ISO) created the Open System Interconnection (OSI) 

reference model to create interoperability for vendors so that their product can communicate in 

internetwork. Mitra and Seery (1991) evaluated some of the more popular telephone routing techniques 
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derived from alternate routing. These techniques are similar since a list of possible routes to use is 

provided for each call.  

There are differences, which are found in the algorithms used to choose alternate routes at the 

unavailability of the first choice. Qi (1993) proposed a deterministic routing approach. In this approach, a 

probabilistic model is used to develop routing tables of the network instead of an estimated constant. Lee, 

Hluchyj and Humblet (1993) proposed a routing scheme, which uses the present situation of the network 

to efficiently determine the acceptable path for each individual call. Routing protocols must be robust, 

which means that they should perform correctly irrespective of unusual or unforeseen circumstances or 

situations, such as hardware failures, high load conditions, and incorrect implementations (Teare, 1999). 

Routers are located at network junction points; they can cause considerable difficulties when they fail. 

Teare (1999) asserts that the best routing protocols are often those that have withstood the test of time and 

that have proven stable under a variety of network conditions  (Cisco, 2005).  

Routing protocols must converge rapidly. Convergence is the process, where all routers agree on optimal 

routes. When a network event causes routes to either go down or become available, routing update 

messages are distributed by routers. These routing updates are used to permeate networks, stimulating 

recalculation of optimal routes and eventually causing all routers to agree on these routes. Routing 

protocols that converge slowly can cause routing loops in internetwork (Teare, 1999). This work aims at 

designing an Inter – Campus Network System (ICNS) that will provide optimal Quality of Service (QoS) 

of the routing protocol by the use of Artificial Neural Network. The specific objectives include designing 

a Wide Area Network (WAN) that covers five (5) campuses and developing a System (Logical and 

Physical) that Interconnects the Network Operating Centre (NOCs) of each Campus over approximated 

distance. 

 

DESIGN METHODOLOGY  

Theoretical Framework of the Study 

This study was inspired by the following concepts. 

Metcalfe’s Law: Laudon (2014) asserts that “Robert Metcalfe, inventor of Ethernet local area network 

technology claimed in 1970 that the value or power of a network grows exponentially as a function of the 

number of network members. Metcalfe and others point to the increasing returns to scale that network 

members receive as more and more people join the network.” Some routing protocols have been designed 

to implement Metcalfe‟s law because they have features that make them to be scalable.  

Theory of Protocols: The official procedure or system of rules, governing affairs or state diplomatic 

occasions is known as a protocol. Protocol is a special set of rules that end points in a telecommunication 

connection use when they communicate. Protocols specify interactions between the communicating 

entities (Rouse, 2007). A protocol is a network language used for controlling information or messages in 

network traffic. A protocol is a set of rules and procedures that governs the transmission of information 

between two or more end systems in a network (Laudon, 2014). There are different kinds protocols used 

in the internetwork aspect of information technology. This work is centered on routing protocols.  

Theory of Technology Standards and Network Effects: Technology standards are specifications that 

establish the compatibility of products and the ability to communicate in a network (Stango, 2004; 

Laudon, 2014). According to Lamle (2007) computers could typically communicate only with computers 

from the same manufacturer.” In the early 1980s, International Standard Organization (ISO) created the 

Open System Interconnection (OSI) reference model to create interoperability for vendors so that their 

product can communicate in internetwork. 

Open System Interconnection (OSI) Reference Model: OSI Reference model is an internetworking 

model that is used to describe the processes involved for communication to take place in internetwork. 

Lamle (2007) states that OSI is a primary architectural model for networks, which describes how data and 

network information are communicated from an application on one computer through the network media 

to an application on another computer. The OSI model is broken down into seven layers, which are 

Physical, Data link, Network, Transport, Session, Presentation and Application layer with their respective 
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functions in the network. One of the major functions of Network layer of the OSI Reference Model is IP 

routing. IP routing is the process of moving packets from one network to another network using routers. 

The essence of IP Routing is to create communication between devices and network. It is also used to find 

updates of routes in the network (Lamle, 2005). 

Neural Network Theory: Dreyfus showed how to express the problems of variation as a kind of 

multistage system and gave a simple derivation of what is now known as the back - propagation 

algorithm. He was the first to use an approach based on the chain rule (Rojas, 1996). Theories in Neural 

Network are mathematically expressed based on its different architectures. In this current study, the 

feedback architecture is applied. This architecture, which contains feed forward architecture, has three 

steps. Each step is expressed mathematically as: 

Summation Function: The inputs and their corresponding weights are vectors, which can be represented 

respectively as (i1, i2, …, in) and (w1, w2,…, wn). The total input signal equals the product of these two 

vectors.  The summation function is established by multiplying each component of the „i‟ vector by the 

corresponding component of „w‟ vector and then adding up all the products. Input1 = i1 x w1, Input2 = i2 x 

w1, etc., are added as Input1, Input2,…, Inputn. (Rumelhart et al, 1986) In other words, The Summation 

Function (S) for the hidden layer neurons is expressed in equation 1: 

(Sh1) = w1 * i1 + w2 * i2 + b1 * 1         (1) 

Transfer Function:  The outcome of the summation function is transformed into a working output through 

an algorithmic process called the transfer function. There are three types of transfer function depending 

on the performance of the neural network: 

i. Linear (or ramp) 

ii. Threshold 

iii. Sigmoid 

This study applies the threshold and sigmoid functions. The threshold function is used as a standard to 

determine the performance of the system. The output is set as a constant, which depends on inequality 

between the total input and threshold value (Rumelhart et al., 1986). The sigmoid function (also known as 

logistic function) is the output, which relates with the summation function by the mathematical expression 

shown in equation 2. 

 

           (2) 

The output varies continuously as the input changes. Sigmoid units bear a great resemblance to real 

neurons. Sigmoid or S – Shaped curve ranges from 0 to 1 or -1 to 1.  

In the transfer function, the total summation is compared with some threshold values to determine the 

neural output. If the sum is greater than the threshold value, the processing element generates a signal. 

But if the sum is less than the threshold value, then no signal is generated (Rumelhart et al., 1986). 

However, the difference between the sigmoid function and threshold function equals the mean square 

error function, as expressed in equation 3. 

Σtotal  = ∑ ½(Real Output – Apparent Output)
2
      (3) 

Where, Σtotal  = mean square error function,  

   Real Output = Threshold function 

   Apparent Output = Sigmoid function 

 

Chain Rule: Our goal with feedback architecture is to subject the network to learning by updating each of 

the weights in the network to cause the apparent output to be closer the real output, thereby minimizing 

the error for each output neuron and the network as a whole. Considering each weight „w1‟, the rate of 

change in each weight, which affects the total error, must be known (Rumelhart et al., 1986). The partial 

derivative of Σtotal with respect to w1 or the gradient with respect to w1 was expressed in the equation 4. 
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Σtotal =             

         (4) 

This system is designed based on Calculus‟ Chain Rule. It is used to train the Inter – Campus Network 

System (ICNS) to converge packets faster than that of the existing system at unstable network condition. 

Then applying the Chain Rule, the expression is presented in equation 5. 

 

         (5) 

 

Design methodology and analysis  

 Analysis of the Proposed System: The Inter – Campus Network System (ICNS) is analyzed using the 

Use Case, context diagram (Level 0), Data flow Diagram (Level 1 and 2) as represented by actors and 

profiles.  

Actors include the Routed Protocol and Routing Protocols. While Profiles include: the Connect the 

NOCs, Implement IP addressing Scheme, Train packet, and Test Network Convergence 

USE CASE Diagram of the Proposed System: The Inter – Campus Network (ICN) System is designed 

logically using the Actors and Use Cases presented in Figure 1. 

 

 
 
Figure 1: Proposed USE CASE Structure of the Inter - Campus Network System (ICNS) 

 

Convergence Testing 

This study was designed to compare the proposed Neural Routing Protocol (NRP), which implements the 

Back - Propagation routing algorithm to the commonly used Open Shortest Path First (OSPF), which 

implements the shortest route algorithm. When considering only the distance from the source neuron to 

the destination neuron, OSPF is expected to generate the best route under stable and conventional 

conditions. This is because OSPF was designed to attain optimal path traveled based on distance. There 

are many factors for determining the most successful route, which we should consider as important. This 

implies that an algorithm with additional network features will be more efficient. In this project, the levels 
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of network congestion and rates of network failure will be the major factor for observing the advantages 

of the proposed routing algorithm. Therefore, the design is based on these two factors. In this design, four 

different situations are to be tested, as shown in Table 1. The network defines the situation as low or high. 

 

Table 1: Convergence Testing 

 Low Network Failure High Network Failure 

Low Network  Congestion Situation 1 Situation 2 

High Network Congestion Situation 3 Situation 4 

 

 

RESULTS AND DISCUSSION  

The results of the performance evaluation indicated normal convergence under high network failure. 

Figure 2 shows the Inter – Campus WAN design Plan that covers the five (5) Campuses in Imo State 

together with their corresponding distance. This network represents five campus networks interconnected 

to form a wide area network. Each of the five campus networks in the diagram is considered to be a single 

neuron in this study, and will be referred to as their campus names (neuron one through five). 

Furthermore, each campus network has its own designated routing device (router) for transmitting 

sending packet to other campus networks. Therefore, the neuron referred to in this chapter, is the routing 

device for that particular campus network. 

The different routing methods will be compared using same networks under same situations, thereby 

making only a part of the descriptive aspects of the ICNS to be relevant. The five neurons are 

interconnected with four different links. The generalization of the final outcome is not affected by this 

design because the metric such as low congestion, high failure are defined in relation to the ICNS 

structure in particular.  
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Figure 2: Inter – Campus Network System Design Plan with Distance in Kilometer 

 

The performance indicator observed above is normal convergence under high network congestion. The 

system analysis is shown in Tables 2, 3, 4, 5 and 6.  

 

Table 2: Performance of the Proposed System based on Convergence 

Performance  Low Network Failure High Network Failure 

Low Network Congestion Fast Convergence Normal Convergence 

High Network Congestion Normal Convergence Slow Convergence 

 

Table 3: Control Metrics for Network Administrators 

  Low Network Failure High Network Failure 

Low Network Congestion 10 18 

High Network Congestion 15 7 
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Table 4: Control Metrics for Network Engineers 

  Low Network Failure High Network Failure 

Low Network Congestion 13 21 

High Network Congestion 12 4 

   Table 5: Control Metrics for Database Administrators 

  Low Network Failure High Network Failure 

Low Network Congestion 12 23 

High Network Congestion 13 2 

Table 6: Performance evaluation of the Proposed System based on Convergence under Network 

Congestion 

Performance Bias Data Sets for Network Congestion 

Likert 

Scale 

Grade 

 

Indicator Low Normal High  Rank 

Likert Scale Grade 1 2 3   

Fast Convergence 35 0 0 1  

Normal Convergence 62 0 40 2 2 

Slow Convergence 0 0 13 3  

 

The performance indicator observed above is normal convergence under high network failure (Table 7). 

 

Table 7: Performance evaluation of the Proposed System based on Convergence under Network Failure 

Performance Bias Data Sets for Network Failure 

Likert 

Scale 

Grade 

 

Indicator Low Medium High  Rank 

Likert Scale Grade 1 2 3   

Fast Convergence 35 0 0 1  

Normal Convergence 40 0 62 2 2 

Slow Convergence 0 0 13 3  

 

The routing protocols used during the design and configuration and simulation of the Inter – Campus 

Network System (ICNS) was tested with respect to four different situations based on its convergence at 

0.0010 significance level of network failure and network congestion, which determines optimality of the 

routing protocol and the result the first situation was designed to be the most stable configuration having 

low congestion as well as low failure. The second situation was expected to reveal some significant 

advantage of implementing the proposed protocol. A third situation emulated an ICNS, which has low 

failure but high congestion; all other factors remained the same. The last situation described the ICNS 

during a very hectic period of time output, which has a high failure probability and a high congestion rate.  
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CONCLUSION 

The benefits increase as the computer network migrates from a stable network to a more variable one. The 

advantages of applying this neural routing protocol are apparent when considering the dynamic nature of 

modern computer networks. 
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