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 Wireless local area networks (WLAN) has been used recently due to their 

benefits which exhibits outstanding mobility with easier and faster 

configurations. The wireless local area network performance is much 

influenced by both network topology and hardware specifications and thus 

will impact the quality of service (QoS) parameters which are delay, load, 

and response time. This works estimated the performance of WLAN in 

enterprise WAN based on the OPNET modeler. Three scenarios have been 

suggested which are FDDI scenario, FDDI Hybrid Star scenario, and FDDI 

hybrid ring scenario involving web browsing (HTTP) and file transfer 

protocol (FTP). Hardware objects and software configurations kept the same 

for all proposed scenarios. Different types of links and topologies have been 

applied among WLAN subnets as well as the involved gateway has been 

changed to measure parameters of quality of services (QoS) for all scenarios 

used. The findings confirmed that the FDDI hybrid ring scenario presents 

better performance than the FDDI Hybrid Star Scenario and FDDI scenario 

in terms of WLAN delay, WLAN load, FTP download response time, and 

HTTP object response time. 
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1. INTRODUCTION  

Wireless Local Area Networks (WLAN) have become necessary to operate many real-time 

applications such as web browsing HTTP, database, FTP, and video conference. These diversified real-time 

applications and development in WLAN networks increase Quality of service (QoS) challenges in terms of 

load, response time, traffic, and delay [1]. The WLAN performance is impacted by many factors which 

include topology, types of links, and qualifications of the software and hardware [2]. The performance of the 

network is also influenced by the calculation overhead and operation overload [3].  

ITU-T standard E.800 states the required QoS which indicates consumer satisfaction about the 

service provider and their loyalty [4]. In other words, QoS is the requirements and rules that are followed to 

transfer information from the sender to the receiver [5]. There are two main parameters that determine the 

quality of service: qualitative parameters and quantitative parameters [6]. Qualitative parameters are the level 

of security, the flexibility of management. Quantitative parameters represent delay, load, and response time 

[7]. There is a significant challenge that is related to the Quality of Service (QoS) on the LAN networks. This 

challenge is represented by sharing the communication channel between consumers in an expected and 
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measurable method [8]. Whenever traffic of video or voice involves the IP network, it has to share the media 

with FTP, database, and HTTP traffic [9, 10]. 

In communications, load represents the traffic that is conveyed by the network [11]. The load also 

refers to the proportion between the capacity of the channel and the traffic. Data in computer networks are 

usually transferred as packets, which cause the network load. When the load increases to higher rates, the 

network drops some of the packets because of the bounded capability in network links and nodes [12]. 

Topology with different types of links impacts on the balance of network load [13]. As mentioned, the rapid 

growth of real time applications results in serious challenges in terms of network delay and response time 

[14]. Response time is a measurement of time needed by a computer to meet the requirements of multimedia 

services such as web browsing HTTP and FTP file transferring [15]. 

On the other hand, the delay is a parameter that has a negative impact on WLAN networks [16]. 

Delay represents the time required to transfer information from sender to receiver. So, the delay must be 

processed accurately to meet the requirements of QoS. Delay challenges become more complicated because 

of the increased usage of WLAN networks. Real-time applications such as HTTP, FTP, and database access 

are influenced by delay [17, 18]. 

Delay is affected by the increased traffic that uses the whole bandwidth. The real-time applications 

are influenced by delay differently. For instance, the delay is significant for HTTP and database access. 

However, delay represents a serious challenge to voice and video conference applications [19, 20]. The QoS 

issues related with the IP terminal are the decision of codecs utilized in the terminal, the exhibition of the 

codec to different sorts of network corruption, the delays of signal process, the delays of call preparing, the 

delays related with security problems, and the sound delay in digital communication channel [21]. Simulation 

tools are developed to expect problems of network performance and to evaluate QoS [22]. To evaluate the 

performance of any WLAN networks in terms of Quality of Service (QoS) parameters, a modeler such as 

OPNET is required. 

OPNET modeler is a virtual program for simulating, testing designs, and expecting the behavior of 

communication networks that involve network applications, data servers, and technologies [23, 24]. 

Simulating models become a common way to analyze the features and characteristics of suggested models in 

a wide range of research areas [25, 26]. This modeler is a tool to predict the performance and behavior of 

communication and WLAN networks [27, 28]. Moreover, this modeler supports the creation of network 

topologies such as Star, and Ring topologies that are involved in this research. Also, this tool has the ability 

to simulate, run, and evaluate different scenarios, and compare their statistics such as delay, load, and 

response time [29]. Therefore, this simulation tool can help to choose an appropriate network design at a low 

cost. Thus, the cost, delay, and performance of each design in this simulation tool can be estimated [30-32]. 

The research goal is to evaluate the WLAN performance which will result in reducing general costs and 

improving the quality of service (QoS). 

The rest of this paper is organized as follows: Section 2 presents the Research Method used in this 

paper. Section 3 states the OPNET simulation results. The Conclusion is given in Section 4. 

 

 

2. RESEARCH METHOD  

This research simulates WLAN with fixed LAN in enterprise WAN using the OPNET modeler. 

There are three proposed scenarios involved in this research which are called: FDDI, FDDI Hybrid Star, and 

FDDI Hybrid Ring. In this research, two comparisons in terms of WLAN delay, WLAN load, FTP and HTTP 

response time are conducted. The first comparison is done between the FDDI scenario and the FDDI Hybrid 

Star scenario, while the second comparison is achieved between the FDDI Hybrid Star scenario and the 

FDDI Hybrid Ring scenario. All proposed scenarios have the same objects, applications, profiles, services, 

and configurations. Application definitions in application configuration are set as default, and profile 

configurations are set as sample profiles. Additionally, firewalls are set to support all services, and servers 

have been created to support real-time applications which are web browsing (HTTP) and FTP applications.  

Table 1 shows the number of involved objects in each scenario in this research. The difference 

between FDDI and FDDI Hybrid Star includes two things. The FDDI links between the FDDI gateway and 

each subnet in the FDDI scenario are replaced by 1000BaseX link in the FDDI Hybrid Star scenario. Also, 

the fddi lan (fddi16_switch_23) in each subnet in FDDI scenario is replaced with fddi lan (fddi16_switch_48) 

in FDDI Hybrid Star scenario. On the other hand, the difference between FDDI Hybrid Star and FDDI 

Hybrid Ring includes the connection among the subnets and the fddi gateway. In other words, the topology is 

ring among subnets in FDDI Hybrid Ring whereas the FDDI Hybrid Star has star topology among the same 

subnets. Figure 1, 2, and 3 show the design of FDDI scenario, FDDI Hybrid Star scenario, and FDDI Hybrid 

Ring scenario respectively. Subnet of each scenario can be seen in Figure 4. 
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Table 1. Number of objects in each scenario 
Object Model name Quantity 

Internet backbone Ip32_cloud 1 

firewall fddi fddi2_slip8_firewall 1 

switch fddi fddi16_switch_23 1 
servers fddi_server 2 

gateway fddi fddi_slip8_gtwy_25 1 

subnet (0,1,2) subnet 3 
fddi router wlan_fddi2_tr2_router 1 

wlan-node (0-4) wlan workstations 5 

fddi lan fddi16_switch_23 1 in FDDI scenario 
fddi lan fddi16_switch_48 1 in each FDDI Hybrid (Star and Ring) 

node(0-14) fddi workstations 45 

FDDI links FDDI 11 in FDDI scenario, 8 in each FDDI Hybrid (Star and Ring) 
Gigabit links 1000BaseX 3 in FDDI Hybrid Star and 4 FDDI Hybrid Ring 

 

 

 
 

Figure 1. FDDI scenario (scenario 1) 

 

 

 
 

Figure 2. FDDI hybrid star scenario (scenario 2) 
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Figure 3. FDDI hybrid ring scenario (scenario 3) 

 

 

 
 

Figure 4. Subnet Connectivity in (senarios 1, 2, & 3) 

 

 

3. OPNET SIMULATION RESULTS  

After completing the design, it has been run at a simulation time of twenty minutes. Results are 

collected for the three scenarios in terms of WLAN delay, WLAN load, FTP download response time, and 

HTTP object response time. Two comparisons have been achieved to evaluate three scenarios proposed in 

this research. 

The first comparison is done between the FDDI scenario (scenario 1) and the FDDI Hybrid Star 

scenario (scenario 2). Figures 5 and 6 show the global statistics of WLAN delay and WLAN load 

respectively for the FDDI scenario and FDDI Hybrid Star scenario. The results state that WLAN delay and 

WLAN load of the FDDI Hybrid star scenario are less than WLAN delay and WLAN load of the FDDI 

scenario. This happens because of the replaced links between the fddi gateway and the subnets. FDDI link of 

FDDI scenario can transfer 100 megabits per second, whereas the 1000BaseX link in FDDI Hybrid Star can 

support 1 gigabit per second. Figures 7 and 8 present the global statistics of FTP download response time and 

HTTP object response time respectively. The results generally state that the FDDI Hybrid Star scenario has 

lower FTP download response time and HTTP object response time than the FDDI scenario. This encourages 

extending the research in the FDDI Hybrid Star which results in the FDDI Hybrid Ring scenario. 
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Figure 5. WLAN delay for (scenario 1 & 2) Figure 6. WLAN load for (scenario 1 & 2) 

 

 

  
  

Figure 7. FTP download response time for  

(scenario 1 & 2) 

Figure 8. HTTP object response time for  

(scenario 1 & 2) 

 

 

The second comparison is done between the FDDI Hybrid Star scenario (scenario 2) and the FDDI 

Hybrid Ring scenario (scenario 3). Figures 9 & 10 show the global statistics of WLAN delay and WLAN 

load respectively, for FDDI Hybrid Star and FDDI Hybrid Ring. WLAN delay and WLAN load of FDDI 

Hybrid Ring are less than WLAN delay and WLAN load of FDDI Hybrid Star. This happens because each 

subnet in the FDDI Hybrid Ring scenario has an additional link which results in more flexibility in traffic 

routing. So, when there is a load in a link, traffics can be redirected to the other link.  

The global statistics of FTP download response time and HTTP object response time for the FDDI 

Hybrid Star scenario and FDDI Hybrid Ring scenario are displayed in Figures 11 and 12. Results state that 

the FDDI Hybrid Ring scenario has lower FTP download response time and HTTP object response time than 

the FDDI Hybrid Star scenario. These results show the effect of Ring topology and gigabit links in improving 

performance parameters in terms of WLAN delay, WLAN load, FTP download response time, and HTTP 

object response time. Therefore, this improvement positively affects the Quality of Service (QoS) and 

performance of the WLAN networks. 
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Figure 9. WLAN delay for (scenario 2 & 3) Figure 10. WLAN load for (scenario 2 & 3) 

 

 

  
  

Figure 11. FTP download response time for  

(scenario 2 & 3) 

Figure 12. HTTP object response time for  

(scenario 2 & 3) 

 

 

4. CONCLUSION  

This research measures the performance of WLAN in enterprise WAN using OPNET software. 

FDDI scenario, FDDI Hybrid Star scenario, and FDDI Hybrid Ring scenario are three scenarios suggested in 

this paper. All suggested scenarios have the same objects, applications, profiles, services, and configurations. 

These scenarios involve gateway, firewall, and servers of real-time applications in terms of web browsing 

(HTTP) and FTP servers. The difference among scenarios includes links between WLAN subnets and fddi 

gateways which are FDDI links and 1000BaseX links. In addition, the difference involves the topology that 

connects these subnets in terms of Star and Ring topology. Two comparisons have been achieved among the 

three scenarios. The results of comparisons stated that the FDDI Hypred Ring scenario has better 

performance than the FDDI Hybrid Star Scenario and FDDI scenario in terms of WLAN delay, WLAN load, 

FTP download response time, and HTTP object response time. Also, FDDI Hybrid Star achieves better 

performance than the FDDI scenario in terms of the same QoS parameters. 
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