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A BST R AC T  

Many factors affect the quality of wireless networks, but one of the most important is the movement 

between the nodes connected in one network. This movement leads to the presence of large packet loss 

as well as the impact on the energy of each node. Thus, it generally affects the network performance; 

several familiar routing protocols, such as AODV, DSR, and DSDV, are used to communicate between 

all nodes in the wireless network. This paper presents a comparison of performance and study of nodes 

in a single network based on Interactive Protocols (AODV) to study the metrics such as transmission 

rate, packet delivery rate, the average delay of Using the NS-2, determining the network, packet loss 

rate, and residual power at each node in the network simulator. The simulation results showed that 

increasing the traffic of the nodes increases the rate of packet loss and increases the remaining energy 

in the nodes in which there was a greater loss of packets, thus reducing the rate of packet delivery 

between the nodes, so the more the nodes have less movement, the higher the packet delivery rate and 

the lower the packet loss rate. 
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1. Introduction  

Unsuccessful packets break down networks, create bottlenecks, and interrupt throughput and bandwidth 

[1]. Packet loss could also be costly. You'll have to spend a lot of money on extra IT equipment and 

bandwidth to handle the lag if you don't do everything possible to reduce packet loss in your system [2]. 

Consider packets as automobiles speeding along a freeway across your network. Sometimes there can 

be traffic on the road, for example, during rush hour or after lunch when all the employees of a large 

company return to their desks. The incident occurred when the 4-lane highway narrowed to two lanes, 

and many vehicles tried to merge. Some automobiles were unable to merge and were late for their 

appointments. 

Packet loss and highway traffic are both common occurrences. Networks are manageable and 

impregnable, and they have constraints in terms of space [3] [4]. 

Packets must wait for delivery when network traffic reaches its maximum capacity. Unfortunately, 

packets are the first to remain when the network tries to capture traffic, and the connection can only 

handle a certain amount of traffic [5]. Fortunately, most software nowadays can automatically resend 

lost packets or slow down transfer speeds to allow each packet a chance to make it through [6]. 

In this study, we developed a wireless model scenario using the mobile wireless model presented in NS-

2, got the trace result and, calculated the performance using the trace file, then displayed the results 

using the Gnuplot tool [7] to examine each result of the performance plot chart. There are two parts to 

this section. 

In the first subsection, we defined the GOD, received, and sent delivery ratios and drooped packets and 

outlined a model scenario for establishing and operating a wireless network simulation with six nodes. 

In the second subsection, we started to calculate the performance of our model by using the awk scripts. 

Then, we started plotting the results as a chart using the Gnuplot tool, which helped us plot the results 

as line points and scatter charts. We can use the awk scripts to calculate the throughput performance 

(average or instant), residual energy, and packet delivery ratio. 

2. Methodology  

2.1 Network Simulator-NS-2  

NS-2 is a C++-based object-oriented simulator with a front-end OTcl interpreter [8]. The emulator 

supports the C++ class structure (the assembly hierarchy in this document) and the OTcl interpreter class 

hierarchy (the translation hierarchy). The two hierarchies are similar, and from the user's perspective, 

there is a direct relationship between groups in the translation hierarchy and groups in the compilation 

hierarchy [9]. 

The TclObject class is at the very top of the hierarchy. The interpreter allows users to construct new 

simulator objects created within the interpreter and closely mirrored by a similar object in the compiled 

hierarchy. The TclClass class defines methods that automatically create the interpreted class hierarchy. 

Methods defined in the class TclObject are used to mirror user-created objects. 

Other hierarchies exist in C++ code and OTcl scripts, but they are not replicated in the same way that 

TclObject is. 

Many different organizations contribute to the structure and components of NS-2, and their strongest 

asset is in their rules. The number of models and joints in NS-3 is significantly less than in NS-2. Since 
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NS-3 is still in development, community participation is needed to add to and improve the supporting 

code[10]. 

3. Creating a wireless scenario model  

We constructed a wireless situation scenario with six nodes. The topology comprises six mobile nodes 

(node0, node1, node2, node3, node4 and node5).  

In this model, mobile nodes move in an area whose boundaries are defined as 500m x 500m. 

The nodes start at the same point on the boundary. They then approach each other in the first simulation 

run. Then they clump in the middle; node2 and node3 connect using UPD protocol, and other nodes 

connect using TCP in the middle of the simulation. The node0 sends the packets to node 5. Packets are 

exchanged between nodes when they come within earshot of each other. 

As they move away, packets are dropped, and the dropped packets increase from time nine until time 

27 in the simulation scenario. 

The Wi-Fi simulation begins by writing a TCL script named wireless.TCL, The Link Layer (LL), the 

Interface Queue (IfQ), the MAC layer, wireless channel nodes, and different network additives make up 

a mobile node. 

 

Figure 1: Developed NS-2 Script 
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At the start of a wireless simulation, we want to outline the kind for every of those network components. 

Additionally, we want to outline different parameters such as the sort of antenna, the radio-propagation 

model, the ad-hoc routing protocol utilized by cellular nodes, etc. We start our script wireless.tcl with a 

listing of those special parameters defined above; we can take the stairs under to symbolize the wireless 

network scenario: 

 Initialize variables. 

 Create a Simulator object. 

 Create Tracing and animation files. 

 Creation of topography. 

 Creation of General Operations Director (GOD). 

 Build the nodes. 

 Create a link. 

 Set the position of the nodes. 

 Set mobility. 

 Create TCP and UDP Traffic. 

 At last, run the simulation. 

Figure 1 is our network simulation code and briefly clarifies each step mentioned. 

4. Result and performance  

4.1 The Files of Results 

After running the simulation model by the command (> ns wireless.tcl), we got two file results; the first 

one is wireless.tr, which performs the trace file that we used to calculate the performance of our network 

model, as shown in Figure 2 the trace file we get after running the model. 

The other file we get after running the tcl file is the NAM, representing our model's visualization. It 

shows us the whole scenario of how the nodes connect and move together, and we can see the send and 

response between the nodes. We can also see the dropping packet, as shown in Figure 2. Screenshots 

for our model NAM show the dropped packet (see Figure 3) and the node connection (see Figure 4). 

4.2 Calculating and plotting performance 

In our simulation, we focused on determining network model performance by writing scripts to extract 

the relevant data from the trace file (wireless.tr) and then plotting the data using the Gnuplot tool to 

calculate the following: 

1. Residual energy of a node. 

2. Mean throughput. 

3. Instantaneous throughput. 

4. Packet delivery ratio. 

4.3 Average throughput 

We got the result in Figure 5 using the awk script to calculate the average throughput we prepared for 

this aim. 

Our simulation starts at time one and ends at time 29. The total time for the simulation is 30 seconds. 

The total number of packets received is 3939, with an average throughput of 1.09 kbps (see Table 1). 
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Figure 2: Trace file output (wireless.tr) 

 

Figure 3. Nodes Motion and Drop packets. 

Figure 4. Node0 and Node5 Connection 
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Table 1: Average throughput 

Function Value 

Start Time 1 

Stop Time 29 

Received Packets 3939 

The throughput in kbps is 1.086713 

4.4 Instant throughput 

Using the awk script (instant_throu.awk), we got the throughput by time for the simulation, and by using 

Gnuplot, we can plot this data as a line chart, as shown in Figure 5, the throughput line chart of the 

model. As shown in Figure 5, the throughput increases at nine seconds until 27, then reaches the highest 

throughput rate between 27 and 29 through the simulation scenario. The x-axis is the time, and the y-

axis is the throughput. 

4.5 Packet delivery ratio: 

Using the awk script to calculate the packet delivery ratio, we obtained the sent and received packets 

with the dropped packets, which are lost packets [2]. The details in Table 2 show the result of the script. 

Table 2: Packet delivery ratio results 

Variable   Value 

Sent packets 9615 

Received packets 3939 

Forwarded packets 2493 

Dropped packets 5735 

Packet Delivery Ratio 0.409672 
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Figure 5. Throughput per time 

Our model shows a 41% delivery ratio with 59% loss packets, 9615 packets sent, and 3939 packets 

received. The lost packets are 5735 packets. Thus, packets were in nodes (0,2,3 and 5). The graph in 

Figure 6 shows us that the lost packets were extremely high according to the sent and received packets. 

 

 

 

 

 

 

 

Figure 6. Delivery and dropped packets.    Figure 7. Node0 dropped packets by time. 

In Figure 6, we can have a lot of dropped packets since the network nodes send 9615 packets and only 

3939 packets are received; this affects the total dropped packets to be increased to 5735 dropped packets 

and only 2493 forward packets are transferred. 

The graphs Figure 7-10 indicate the dropped packets in (Node0, Node2, Node3, and Node5, and the 

total dropped packets) in all nodes together) Through the simulation time, we can see that the number 

of dropped packets increases with the increase in simulation time. The highest dropped packet was 

node2, as shown in Figure 8. 

Figure 7 shows the dropped packets in Node0, representing the node with fewer dropped packets than 

the others. 

Figure 8 shows the first node of two nodes with a maximum dropped packets in our scenario, node2, 

and this node performs the highest drop packet rate among all nodes in our simulation scenario. 
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Figure 8. Node2 dropped packets by time.    Figure 9. Node3 dropped packets by time. 

Figure 9 depicts the rate of packet drops for node 3, which was moving in the middle of the simulated 

scenario and had a decent effect on a mobile node with this rate of packet loss. 

 

 

 

 

 

 

Figure 10. Node5 dropped packets by time.    Figure 11. Dropped packets by node. 

Figure 10 depicts the rate of missed packets for node 5, which serves as the study's focal point for the 

simulation scenario, as it moves away from and draws closer to the rest of the nodes. 

Figure 12. The residual energy of a node 

Figure 11 shows the total rate of dropped packets for each node in our simulation scenario. Node 2 has 

the greatest rate of dropped packets, more than 5000, which means it performs 95 percent of the drooped 

packets in the entire scenario time, with 5735 total drooped packets in our simulation scenario. 
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4.6 Residual energy of a node 

The utility model represents the energy level of network nodes [11]. The initial value of the power model 

set on a node is the node's power level at the beginning of the simulation. İlkEnerji_ is the name of 

energy. The different “energy” in the simulation represents the energy level at each moment. The 

initialEnergy_ value is given as an input parameter. Every packet delivered and received causes a node 

to lose a certain amount of energy. As a result, the initial Energy_ value in a node decreases. The current 

energy value in a node after receiving or transmitting routing packets is known as residual energy. Data 

transmission between nodes is established using a UDP agent and CBR traffic. The residual energy of 

the node is determined by accessing the inbuilt variable "energy" in the findEnergy function at various 

points, and the script (resenergy.awk) yields the following result. From Figure 12, we can see that node1 

and node4 have the highest residual energy compared to the other nodes, and node2 has the lowest 

residual energy. 

5. Discussion and Conclusions 

In this study, NS-2 is used to simulate a wireless scenario. TCP and UPD protocols are used, and FTP 

and CBR applications are attached to the protocols. The loss packets and total sent and received packets 

with the instant and average throughput are calculated residual energy for each node are calculated, 

dropped packets and thruput and residual energy were plotted using Gnuplot tool and excel, packet 

delivery ratio was 41% with 59% loss packet, Network Congestion causing more drop packets. When 

network traffic reaches its maximum, the packet must wait to be sent. Unfortunately, packets are first 

thrown when the network tries to capture traffic, and the connection can only do so much. Fortunately, 

most software today can automatically resend lost packets or slow down the transmission rate to give 

each packet a chance to be received. 
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