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Abstract : 
This paper presents the University Network Model with eight colleges, each college has a 

computer laboratory connected with each other, with university servers and also connected to the 

internet. The main applications that used in this model are web browsing by using Hypertext 

Transfer Protocol (HTTP), file transfer (FTP), electronic mail (E-mail), Remote Login and finally 

Messenger. According to the time of scholastic year in the university, three types of user profiles 

are defined. They are Exam Time, Weekdays and Weekends. By applying these profiles to the 

university model and using some main statistical to collect results, the best use of the network will 

get. This means that maximum throughputs with minimum time response and delay. The 

statistical that used in this model are delay time (response time) and throughputs.The university 

network model is modeled and simulated by using OPNET MODELER software package and all 

the results are collected from this simulator.Keywords: computer laboratory, HTTP, FTP, E-mail, 

Remote Login, Messenger, OPNET Modeler. 

 

 : المستخلص
هزا المششوع ٌبٍن نمىرج لشبكة داخل جامؼة جحىي ذمانٍة كلٍات, كل كلٍة جحىي مخحبش للحاسبات. هذز  المخحبذشات مشجب ذة مذغ 

بؼضها البؼض ومغ مجهض خذمة خذا  بالجامؼذة وضٌضذا مذغ  ذبكة المؼلىمذات الذولٍذة. الح بٍئذات الشمٍتذٍة المتذحخذمة  ذً هذز  

شنٍث, خذمة نئل الملفذات, البشٌذذ الالكحشونذً, الذذخىا و الحىانذل ػذن بؼذذ و كذزلل خذمذة الححذذخ. الشبكة هً خذمة جصفح الانح

اػحمادا ػلى التنة الذساسٍة  ً الجامؼة, هنالل ذلاذة ملفات للمتذحخذمٍن سذٍحت جؼشٌفهذا. هذز  الملفذات هذًا وتذث الامححذا  و ضٌذا  

اػحمذذادا ػلذذى بؼذذض ااتصذذامٍات االمحجٍذذشاتت لجمذذغ النحذذام , نتذذح ٍغ الأسذذبىع و ضٌذذا  نهاٌذذة الأسذذبىع. بح بٍذذف هذذز  الملفذذات و 

ملاتظذذة الاسذذحخذا  الأ ضذذل الشذذبكة, هذذزا ٌؼنذذً ضػلذذى نحذذام  بزتذذل وتذذث جذذزخٍش و صمذذن الاسذذحجابة. ااتصذذامٍات المتذذحخذمة  ذذً 

شاء المحاكذا  ػلٍذإ باسذحخذا  نمىرج الشذبكة تذذ جذت نذٍاوحإ و  جذ المششوع جشمل مئذاس النىاج  و صمن الحزخٍش اصمن الاسحجابةت.

 بشنام  الاوبنث تٍد كل النحام  ضخزت ػن طشٌف هزا البشنام .
 

 

1. Introduction 
Simulation Modeling is becoming an increasingly popular method for network performance 

analysis. Generally, there are two forms of network simulation: analytical modeling and computer 

simulation. The first is by mathematical analysis that characterizes a network as a set of equations. 

The main disadvantage is its over simplistic view of the network and inability to simulate the 

dynamic nature of a network. Thus, the study of a complex system always requires a discrete event 

simulation package, which can compute the time that would be associated with real events in a real-

life situation. Software simulator is a valuable tool especially for today’s network with complex 

architectures and topologies. Designers can test their new ideas and carry out performance related 

studies, therefore freed from the burden of the "trial and error" hardware implementations [1]. Many 

companies have a substantial number of computers. For example, a company may have separate 

computers to monitor production, keep track of inventories, and do the payroll. Initially, each of 

these computers may have worked in isolation from the others, but at some point, management may 

have decided to connect them to be able to extract and correlate information about the entire 

company [2].The computer-communications revolution has produced several remarkable facts [3]: 

 There is no fundamental difference between data processing (computers) and data 

communications (transmission and switching equipment). 
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 There are no fundamental differences among data, voice, and video communications. 

 The lines between single-processor computer, multi-processor computer, local network, 

metropolitan network, and long-haul network have blurred. 

This paper will describe the data communication networking and explains the coverage area of each 

type of the networks in section 2. Section 3 describes OPNET simulator and explains the important 

tools that used in this project. Section 4 describes the methodology of the project and how it 

configured and modeled. Section 5 explains the result obtained after running the simulation. Section 

6 describes the conclusions that obtained from the results and sections 7 and 8 describe future work 

and the references that used in this project. 

 

2. OPNET Simulator  
OPNET (Optimized Network Engineering Tool) provides a comprehensive development 

environment for the specification, simulation and performance analysis of communication 

networks. A large range of communication systems from a single LAN to global satellite networks 

can be supported. Discrete event simulations are used as the means of analyzing system 

performance and their behavior. The key features of OPNET are summarized here as [1]: 

 Modeling and Simulation Cycle OPNET provides powerful tools to assist user to go 

through three out of the five phases in a design circle (i.e. the building of models, the execution of a 

simulation and the analysis of the output data), as shown in figure 1. 

 Hierarchical Modeling OPNET employs a hierarchical structure to modeling. Each level of 

the hierarchy describes different aspects of the complete model being simulated. 

 Specialized in communication networks Detailed library models provide support for 

existing protocols and allow researchers and developers to either modify these existing models or 

develop new models of their own. 

 Automatic simulation generation OPNET models can be compiled into executable code. 

An executable discrete-event simulation can be debugged or simply executed, resulting in output 

data. 

OPNET provides four tools called editors to develop a representation of a system being modeled. 

These editors, the Network, Node, Process and Parameter Editors, are organized in a hierarchical 

fashion, which supports the concept of model level reuse. 

 

2.1Network Model 
 Network Editor is used to specify the physical topology of a communications network, which 

define the position and interconnection of communicating entities, i.e., node and link. The specific 

capabilities of each node are realized in the underlying model. A set of parameters or characteristics 

is attached with each model that can be set to customize the node's behavior. A node can either be 

fixed, mobile or satellite. Simplex (unidirectional) or duplex (bi-directional) point-to-point links 

connects pairs of nodes. A bus link provides a broadcast medium for an arbitrary number of 

attached devices. Mobile communication is supported by radio links. Links can also be customized 

to simulate the actual communication channels [7]. 

 

2.2 Node Model 

Communication devices created and interconnected at the network level need to be specified in the 

node domain using the Node Editor. Node models are expressed as interconnected modules. These 

modules can be grouped into two distinct categories. The first set is modules that have predefined 

characteristics and a set of built-in parameters. Examples are packet generators, point-to-point 

transmitters and radio receivers. The second group contains highly programmable modules. These 

modules referred to as processors and queues, rely on process model specifications [7]. 
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2.3 Process Model 

Process models, created using the process editor, are used to describe the logic flow and behavior of 

processor and queue modules. Communication between processes is supported by interrupts. 

Process models are expressed in a language called Proto-C, which consists of state transition 

diagrams (STDs), a library of kernel procedures, and the standard C programming language. The 

OPNET Process Editor uses a powerful state-transition diagram approach to support specification of 

any type of protocol, resource, application, algorithm, or queuing policy. States and transitions 

graphically define the progression of a process in response to events. Within each state, general 

logic can be specified using a library of predefined functions and even the full flexibility of the C 

language. Process may create new processes (child process) to perform sub-tasks and thus is called 

the parent process [8]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Methodology 
The university model is developed using OPNET simulator, then this model is studied and analyzed 

to get the better performance and high quality of the services that provided by the this network. 

 

3.1 Network Topology 

The physical topology of the university model is shown in figure 2. It consists of a CISCO 2948G 

switch that used to connect all the colleges in the university and also this switch connects the 

colleges to the internet gateway that has two branches, one to connect the colleges to the internet 

and the other branch to the university's servers. The university's servers provide the students by the 

necessary services, these services includes browsing the university web page by HTTP protocol, file 

transfer by FTP protocol, e-mail and finally the remote login applications. The internet is simulated 

using IP32 cloud, a built-in OPNET model. To access application services over the internet, the 

traffic that originates from the colleges must travel via university internet-gateway router, the IP32 

cloud, and the internet servers' gateway. Figure 2 illustrates the topology of the university network 

and its internet connections. 

 

Define Problem 

Build Models  

Execute 

Simulation 

Analyze Results 

Make Decisions 

Validation 

Figure 1: Modeling and Simulation Cycle 
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3.2 Applications 

There are two categories of applications that require network access: (1) those that require internet 

access, which is called the internet applications and (2) those that obtain the necessary services on 

the local university network, which is called the local applications.  

Internet application traffic must travel across the university internet gateway, the IP32 cloud, and 

finally via the internet servers gateway to reach the internet servers. The internet applications are 

web browsing and instant messaging. The local applications access the services they need across the 

CISCO 2948G switch, internet gateway and finally the university servers. The local applications are 

remote login, e-mail, browsing the university web pages and FTP. Students use remote login and 

FTP applications to access local university servers to complete various programming assignments 

or save data on the network drives. Students access local e-mail servers to read their daily e-mail. 

Finally, students access the university web pages for various information about their college. 

The internet and local applications are classified further into two broad categories: Leisure and 

Homework to clarify and simplify the basic operation of each class. Each category divided into 

additional sub-class as follows: 

 Leisure: chatting – which is 50% of students accessing e-mail and 50% using the Instant 

Messenger, 

 Leisure: web-browsing – which is 60% of students browsing the Internet, 20% accessing   

e-mail, and 20% using Instant Messenger, 

 Homework: writing a term paper – which is 60% of students using FTP program to save 

data on the local network drive, 10% reading e-mail, 25% browsing the Internet to find information 

on the subject, and 5% browsing University web pages to retrieve course-related information. 

Figure 2: Physical Topology of the University Model 
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 Homework: programming – which is 60% of students using remote login to complete 

programming assignments, 10% reading e-mail, 25% browsing the Internet to find information on 

the subject, and 5% browsing University web pages to retrieve course-related information. 

Table 1 summarizes the application classifications. These applications are the most frequently used 

by the university students. 

 

   

Application Category Sub-category Local Application Internet Applications 

Leisure 

Web-

browsing 
E-mail (20%) 

Web (60 %). 

Internet Messenger (20%). 

Online 

Chatting 
E-mail (50 %) Internet Messenger (50 %) 

Homework 

Writing a 

paper 

FTP (60 %) 

E-mail (10 %) 

Web (5 %) 

Web (25 %) 

Programming 

Remote login (60 %) 

E-mail (10 %) 

Web (5 %) 

Web (25 %) 

 

3.3 User Profiles 

There are a set of user profiles which specify how the network applications are being used in the 

computer laboratory for each college in the university. The user profiles are divided into: exam 

time, weekdays and weekends. These categories determine lab occupancy (e.g. the number of 

simultaneously active users in the laboratory) and the application selection (e.g. which applications 

are being used). The exam time happens twice during the scholastic year, at midterm and at end of 

scholastic year, and, during these periods, the lab is completely occupied with students working on 

their homework and programming assignments only. The weekdays time period models student 

activity on Sunday through Thursday. During this time period, the laboratory is not completely 

occupied, and students mostly work on their homework assignments and occasionally run leisure 

applications. Finally, the weekends time period includes Fridays and Saturday, when the laboratory 

is primarily empty. On weekends students mostly run leisure applications and occasionally work on 

homework assignments. User profiles are further divided based on the time of the day into three 

sub-categories: morning, day, or evening. Table 2 summarizes the user profiles and lists the 

application distribution and laboratory occupancy. For each application category, students execute 

the sub-category applications with equal frequency. For example, at evening during the weekdays 

period the laboratory is only 80% occupied and out of those users, 80% of users are doing 

homework assignments; 45% are writing papers and another 45% are working on programming 

assignments. The other 20% of the users run leisure applications; 10% are chatting online and 

another 10% are doing leisure web browsing. The simulation model can be easily modified to have 

sub-category applications used with different frequencies. 

 

 

 

 

 

 

 

 

 

 

Table 1 Application Classification 
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3.4 Modeling Applications in OPNET 

User applications are modeled via OPNET Modeler simulation software. OPNET Modeler provides 

standard built-in models for software applications such as web (HTTP), e-mail, FTP, and remote 

login, which can be easily configured to simulate applications used in the computer laboratory 

However, there are no built-in models for applications such as the Instant Messenger. Thus, this 

application has to be implemented and configured via OPNET’s Custom Application feature. To 

set-up and configure any application in OPNET, the user must add the Application Configuration 

and Profile Configuration modules. The Application Configuration module contains the application 

definitions, while the Profile Configuration module contains the profiles of user behavior, e.g. 

describes how the users employ the applications defined in the Application Configuration module. 

  

3.4.1 Configuring Web (HTTP) Applications 

To configure a web browsing application, the application named HTTP should be selected from the 

list of built-in models. OPNET provides pre-set configurations such as: Light Browsing, Heavy 

Browsing, Searching, or Image Browsing. In addition, OPNET allows configuring web applications 

via parameters such as: HTTP Specification which defines the version of HTTP protocol, Page 

Interarrival Time which specifies time in seconds between consecutive webpage downloads, Page 

Properties which models properties of the webpage by specifying the number and the type of 

objects. Figure 3 illustrates steps for configuring a web application in OPNET. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

User Profile Time of the Day Lab Occupancy Application Categories 

Exam Time 

Morning 0 % N/A 

Day 100 % 100 % Homework 

Evening 100 % 100 % Homework 

Weekdays 

Morning 20 % 100 % Homework 

Day 60 % 100 % Homework 

Evening 80 % 
80 % Homework 

20 % Leisure 

Weekends 

Morning 0 % N/A 

Day 20 % 
30 % Homework 

70 % Leisure 

Evening 10 % 
10 % Homework 

90 % Leisure 

Table 2 User Profiles 
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3.4.2 Configuring E-mail Applications 

OPNET provides preset configurations for e-mail application as well. The preset E-mail 

configurations include Low Load, Medium Load, and High Load as shown in figure 4. The model 

also allows custom configuration via parameters such as Send(Receive) Interarrival Time which 

specify the amount of time in seconds between consecutive sent (receive) operations, 

Send(Receive) Group Size which determine the number of e-mails messages per single 

sent(receive) operation, and E-Mail Size which defines the size of e-mail message in bytes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.4.3 Configuring FTP Applications 

OPNET also provides preset configurations for FTP application. The preset FTP configurations 

include Low Load, Medium Load, and High Load as shown in figure 5. The model also allows for a 

custom configuration of FTP applications. The Command Mix parameter specifies the ratio 

Figure 4: Configuring an E-mail Application in OPNET 

 

Figure 3: Configuring a Web Application in OPNET 
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between the number of get commands and the total number of FTP requests. For example, when the 

Command Mix parameter is set to its default value of 50% then half of FTP requests will be to get 

(download) data and the other half to put (upload) data. The Inter-Request Time parameter is the 

time in seconds between consecutive FTP requests. The File Size defines the size in bytes of the 

FTP file to be transferred. 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.4.4 Configuring Remote Login Applications 

Similar to E-mail and FTP applications, OPNET provides preset Low Load, Medium Load, and 

High Load configurations as well as the ability to specify user-defined settings for Remote Login 

application as shown in figure 6. The Inter-Command Time parameter specifies the time in seconds 

between consecutive commands during the remote login session. The Terminal Host) Traffic 

parameter defines the size in bytes of each command generated at the terminal (host). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.4.5 Configuring Instant Messenger Applications 

Instant messenger is not a part of the standard OPNET applications models and it is more complex 

to simulate. The instant messenger software is modeled using OPNET's Task Configuration module 

which specifies the packet exchange between the application nodes. 

The Task Configuration module specifies a basic unit of user activity wuhtin the custom application 

such as a server login or reading an e-mail message. The custom Application module specifies 

applications that use the tasks defined in Task Configuration module. The instant messenger 

behavior is modeled via three basic tasks: 

i. Authentication: login in to authorization (Messenger) server. 

ii. Server Login: after successful authentication the messenger user login to the messenger 

server. 

iii. Server Messaging: message exchange among messenger users. 

These tasks used to implement Messenger application that used to exchange messages among users. 

The Authorization and Server Login tasks are configured as a request-response message exchanges 

Figure 5: Configuring an FTP Application in OPNET 

 

Figure 6: Configuring a Remote Login Application in OPNET 
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between a single client and the corresponding server. Figure 7 shown Application and Task 

Configuration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.5 University Network Node Model 

  The node model specifies the internal structure of a network node. Typical nodes include 

workstations, packet switches, satellite terminals, remote sensors. Nodes can be fixed, mobile or 

satellite type. The node model of the college of engineering is shown in figure 8. The node model is 

organized according to OSI model (Open System Interconnection) and is divided into layers 

beginning from application layer and ending with physical layer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

3.6 University Network Process Model 

Process models are used to specify the behavior of a processor and queue modules, which exists in 

the Node Domain. A module is modeled as a finite state machine (FSM). FSM consists of states 

with transitions and conditions between them. From figure 8, the process model of the network 

layer (represents by ip_encap node) is shown figure 9. This figure represents the FSM of of the 

Figure 8: The Node Model of the College of Engineering 

 

Figure 7: Configuring a Messenger Application in OPNET 
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network layer. The source code for the initial state of it is programmed by using C++ languages , as 

shown in figure 10. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Results 
After running the simulation model for 1800 second and according to the user profiles, the results 

are collected and analyzed. The parameters that used to make a comparison among the results is 

delay time and throughput.  So, following is the result of each user profiles: 

1.Exam Time: this profile has no user in the morning (0 % occupancy) because of the examination, 

while in the day and evening the lab is full and all the clients are used homework applications. The 

result of this profile is shown in figures 11, 12, 13, 14. 

2.Weekdays: in this profile the lab has different occupancy according to the time of day. In the 

morning the lab occupancy is 20 %, while in the day 60 % and in the evening 80 %. The type of 

application in morning and day is 100 % homework where in the evening 80 % homework and 20% 

leisure. The result of this profile is shown in figure 15. 

3.Weekends: in this profile the lab has also different occupancy according to the time of day. In the 

morning the lab occupancy is 0 %, while in the day 20 % and in the evening 10 %. The type of 

Figure 9: The Process Model of the ip_encap Node  
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application in day is 30 % homework and 70 % leisure where in the evening 10 % homework and 

90% leisure. The result of this profile is shown in figures 16, 17 and 18. 

The comparison among the three user profiles is shown in figures 19, 20, 21 and 22. 

 

5. Conclusion 
This project discusses the steps in modeling the University network and describes the methodology 

developed for modeling applications and user profiles in a computer laboratory, and explains the 

steps for modeling a non-standard application such as Instant Messenger using OPNET Modeler. 

This project has three scenarios and each scenario has sub-scenarios depends on the time of the day 

and the time of the scholastic year of the University. 

By making a comparison between the user profiles that used in this project; Exam Time, Weekdays 

and Weekends; the results obtained is as follows: the throughput is maximum when the lab is fully 

occupancy and the users obtained their services from University servers and Internet severs, this can 

be shown in figure 16, where the maximum throughput is about 160 (Packet/second) in the weekday 

and evening user profile. This result leads to that the traffic sent and received between any college 

and the university servers and internet severs throughout the CISCO switch and the gateways in this 

profile is maximum. The next important statistical is the delay time, and from the comparison of the 

three user profiles, the conclusion is that the delay has minimum difference between the three 

scenarios and the average of them is that 0.0003 second. This leads to the benefit that says, the 

download and upload response time for email application have minimum difference between the 

user profiles, and the page response time for http application also has minimum difference between 

the user profiles. 

 

6. Future Works 
This paper has described the first step for modeling a university network by using  OPNET Modeler 

Simulator that have been developed for a Computer Laboratory for each college in the university.  

For the future the university network can be enhanced by adding wireless and mobile techniques to 

connect the colleges with other parts of the university and to connect the university with other 

governmental companies in the town. The network can be also enhanced by using fast links and 

more than one switch to connect the university parties to overcome the bottleneck that might 

happen.   
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Figure 11: The Average Throughput (Packet/Sec) between 

Internet_Gateway         CISCO Router 

 

Figure 12: The Average Throughput (Packet/Sec) between  

CISCO Router         Internet_Gateway  
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Figure 13: The Average Queuing Delay (Sec) between  

Internet_Gateway            CISCO Router          

 

Figure 14: The Average Queuing Delay (Sec) between  

            CISCO Router       Internet_Gateway             
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Figure 15: The Average Throughput (Packet/Sec) between 

Internet_Gateway           CISCO Router 

 

Figure 16: The Average Throughput (Packet / Sec) between 

CISCO Router           Internet_Gateway            
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Figure 17: The Average Queuing Delay (Sec) between 

Internet_Gateway           CISCO Router            

 

Figure 18: The Average Queuing Delay (Sec) between 

CISCO Router           Internet_Gateway            
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Figure 19: The Average Throughput 

 (Packet / Sec) between 

Internet_Gateway           CISCO Router            

 

Figure 20: The Average Throughput 

 (Packet / Sec) between 

CISCO Router           Internet_Gateway            

 

Figure 21: The Average Queuing  

Delay (Sec) between 

Internet_Gateway           CISCO Router            

 

Figure 22: The Average Queuing 

 Delay (Sec) between 

CISCO Router           Internet_Gateway            

 

Figure 3: 

Configurin

g a Web 

Application 

in OPNET 

 


