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Abstract 

 

 
Those Networks in which two or more than two mobile nodes are communicating with 
other are considered to be Mobile networks, Now the Mobile Ad Hoc Networks are the 
same kind of networks but they can be implemented at the time of disasters or in the 
military purpose when there is a need of Ad Hoc Networks which can take over the 
existing Mobile networks, therefore the only reason which gives it the name of Ad Hoc 
Networks is that is can be implemented anywhere without any centralized 
infrastructures. 
 
 
 
Mobile Ad Hoc network represents a system of wireless mobile nodes that can self 
organize freely and for the temporary purpose in the network technology, they can be 
applied anywhere as the MANET reduces the complexity of the Infrastructures.  
 
 
  
Routing traffic between MANET nodes experience collisions, end to end delay (E2E) 
and total loss of data packets due to limited bandwidth between nodes. These result in 
poor Quality of Service (QoS) and E2E delay throughput. In this paper we have 
proposed the application of time division multiple access (TDMA) technique to improve 
data rate and reduce control and data over-head collisions. We compared the existing 
normal routing scheme and the TDMA based scheme. TDMA allows a number of clients 
to access a single radio-frequency channel without interference by allocating unique 
time slots to each user within each channel, reducing the loss of packets and improving 
the data rate thereby delivering QoS to the clients. 
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Chapter 1st  

 

Introduction 

 
1.1 Mobile Ad Hoc Network 
 
A Mobile Ad Hoc Network is called a MANET; it is an autonomous arrangement of 
mobile nodes to create a wireless network. It is a decentralized network, which means 
each node acts as host and router and forwards packets for nodes which are in 
transmission range of other nodes. A MANET provides a way to build a decentralized 
network in an area where there is no existing infrastructure or where temporary 
connectivity needs to be implemented, for example emergency situations, disaster 
relief, and military purpose. 
 

In the next generation for wireless communication, there will be a need for the rapid 
deployment of mobile users. The most important thing in MANET includes establishing 
survivable, efficient and dynamic communication for emergency operations, relief efforts 
in disasters areas and for the military networks functions. Those network scenarios 
cannot rely on centralized connectivity which is also organized and can be conceived as 
applications of Mobile Ad Hoc Networks. A MANET is an autonomous collection of 
mobile users that communicate over relatively bandwidth constrained wireless links. 
Since the nodes are mobile, the network topology may change rapidly and 
unpredictably over time. The network is decentralized, where all network activity 
including discovering the topology and delivering messages must be executed by the 
nodes they, i.e., routing functionality will be incorporated into mobile nodes. 

 

The set of applications for MANETs is diverse, ranging from small, static networks that 
are constrained by power sources, to large-scale, mobile, highly dynamic networks. The 
design of network protocols for these networks is a complex issue. Regardless of the 
application, MANETs need efficient distributed algorithms to determine network 
organization, link scheduling, and routing. However, determining viable routing paths 
and delivering messages in a decentralized environment where network topology 
fluctuates is not a well-defined problem. While the shortest path (based on a given cost 
function) from a source to a destination in a static network is usually the optimal route, 
this idea is not easily extended to MANETs. Factors such as variable wireless link 
quality, propagation path loss, fading, multiuser interference, power expended, and 
topological changes, become relevant issues. The network should be able to adaptively 
alter the routing paths to alleviate any of these effects. Moreover, in a military 
environment, preservation of security, latency, reliability, intentional jamming, and 
recovery from failure are significant concerns. Military networks are designed to 
maintain a low probability of intercept and/or a low probability of detection. Hence, 
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nodes prefer to radiate as little power as necessary and transmit as infrequently as 
possible, thus decreasing the probability of detection or interception. A lapse in any of 
these requirements may degrade the performance and dependability of the network. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1: Network Architecture 

 

 

1.2 Types of MANET 

There are three basic types of MANET which are used now a days and they are as 
follows  

 

1. Vehicular Ad Hoc Networks (VANET`s) 

2. Intelligent Vehicular Ad Hoc Networks (InVANET’s) 

3.  Internet Based Mobile Ad Hoc Networks (iMANET) 
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1. Vehicular Ad Hoc Networks (VANET’s) 

The VANET’s can be defined as we have two or more than two vehicles and they 
want to communicates with each other and they want to exchanges some data 
among themselves then they are considered to be in network of mobile Ad Hoc 
Network but it would be given the name of VANET’s. In this case equipment is 
being placed in the vehicle and they are responsible for establishing a connection 
between the vehicles, remember that there would be no central hub or 
infrastructure that’s why they are considered as Vehicular Ad Hoc Networks.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.2: Vehicle Connected through Ad Hoc Net 

 

 

2. Intelligent Vehicular Ad Hoc Networks. (InVANET’s) 

The intelligent Vehicular Ad Hoc Networks are considered to be those Mobile ad 
hoc Networks which are using the WiFi 802.11 and WiMAX IEEE 802.16 for 
communication between the vehicles and with the dynamic mobility. The main 
purpose of InVANET’s is to provide safety and reliability to passengers, the 
passenger can access the internet and other facility like WiFi using the MANET 
facility in the vehicles. 
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Figure1.3: Image of Intelligent Vehicular Mobile ad hoc Network 

 

 

3. Internet based Mobile Ad Hoc Networks 

Those networks of Ad Hoc Qualities which links the mobile nodes and the fixed 
internet gateway nodes are given the name of Internet base Mobile Ad Hoc 
Networks, the normal routing algorithm does not apply in Internet based Mobile 
Ad Hoc Networks.  

1.3 UNIQUE FEATURES OF MANET 

 

The following are some unique features of MANET which are very important to 
understand 
 
1.3.1 MEDIA (COMMUNICATION) 

 
In communication, media (singular Medium) are the storage and transmission tools 
used to store and deliver information or data. It is often referred to as synonymous with 
mass media or news media, but may refer to a single medium used to communicate any 
data for any purpose, Media in ad hoc Networks is Radio frequency spectrum in space, 
Like other network it is not the shared link or like the dedicated link, the space or the 
path used fo this is unique to the transmitter receivers pairs, Now the interdependence 
between the transmitter pairs connectivity means there is no connected graph in Ad Hoc 
Networks 

1.3.2 NODE  

In communication networks, a node is an active electronic device that is attached to a 
network, and is capable of sending, receiving, or forwarding information over a 
communications channel. A node is a connection point, either a redistribution point or a 
communication endpoint. 

 

http://en.wikipedia.org/wiki/Data_storage_device
http://en.wikipedia.org/wiki/Data_transmission
http://en.wikipedia.org/wiki/Recording
http://en.wikipedia.org/wiki/Information
http://en.wikipedia.org/wiki/Data
http://en.wikipedia.org/wiki/Mass_media
http://en.wikipedia.org/wiki/News_media
http://en.wikipedia.org/wiki/Communication_network
http://en.wikipedia.org/wiki/Communication_endpoint
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1.3.3 Limited Capacity 

The Radio frequency spectrum available for the purpose of communication between the 
Ad Hoc device have Limited or finite resources available, there is no expansion in it as it 
is seen in the wired medium, there the capacity available must be used fully to the 
certain extent. The demand for the medium may reaches to the saturation after some 
time, the multiple layers and the common information exchange should be reduced  

 

1.3.4 Radio Provide a service 

The information generated is useful to certain applications, the most important usage of 
the capabilities are generating system synchronization and terminal positioning, 
remember there are some service in MANET that can only be implemented in access 
protocols  

 

1.4 TDMA and MANET 

A communications system, comprising, plurality of mobile nodes forming a mobile ad-
hoc network (MANET) and having a network clock time, plurality of wireless 
communications links connecting the mobile nodes together each mobile node 
comprising a communications device and controller for transmitting and routing data 
packets wirelessly to other mobile nodes via the wireless communications link using a 
time division multiple access (TDMA) data transmission, each mobile node further 
comprising a clock circuit having a physical clock time, wherein a clock circuit is 
operative for processing a second order internal clock compensation factor as a learned 
and accumulated value for establishing a virtual clock time to correct any clock timing 
errors of the physical clock time from the network clock time. 

 

TDMA technology is becoming more popular for use in these mobile ad-hoc networks. 
In a TDMA ad-hoc network, channel access scheduling is a core platform of the network 
structure. Some problems, however, are encountered with distributed channel 
scheduling used in a multi-hop broadcast networks. As known to those skilled in the art, 
the optimum channel scheduling problem is equivalent to the graph coloring problem, 
which is a well known NP-complete problem, cited in numerous sources. Many prior art 
systems assume that the network topology is known and is not topology transparent. 

 

There is a changing topology in a TDMA ad-hoc network. Before the network is formed, 
the topology cannot be learned. Without knowing the network topology, the nodes in the 
network should still find a way to communicate. Once the nodes learn about the transmit 
and receive schedules among neighboring nodes, these neighboring nodes may have 
moved away, disappeared, or new nodes may have moved in. The rate of resolving the 
scheduling must be fast and bandwidth efficient such that the network can be stabilized. 

As a result, there can be a high network timing dispersion that requires a long guard 
time. As a result, the time spent for a node to separate from the group of other nodes is 
limited by how fast its clock drifts from the other clocks in the group. For example, 
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physical radios could have a different clock drift rate, which may also change with 
temperature. Currently, some first order time tracking occurs where a new timing 
reference is tracked by an average of time frames of neighboring nodes. Smoothing 
brings the network timing dispersion down, but its dispersion process does not stop. 
The time span for a node to leave the group without synchronization problems, 
however, is still limited by the divergence of the clock drift. A Long guard time is still 
required. 

1.5 TIME-DIVISION MULTIPLEXING 

Time-Division Multiplexing (TDM) is a type of digital or (rarely) analog multiplexing in 
which two or more signals or bit streams are transferred apparently simultaneously as 
sub-channels in one communication channel, but are physically taking turns on the 
channel. The time domain is divided into several recurrent timeslots of fixed length, one 
for each sub-channel. A sample byte or data block of sub-channel 1 is transmitted 
during timeslot 1, sub-channel 2 during timeslot 2, etc. One TDM frame consists of one 
timeslot per sub-channel. After the last sub-channel the cycle starts all over again with a 
new frame, starting with the second sample, byte or data block from sub-channel 1, etc. 

1.5.1 ROLE OF TDMA IN REDUCING THE PACKET LOSS  

The Time division multiplexing plays a vital role in the reducing of the packet loss if 
being implemented in the right way and allow to follow the Division being mentioned in 
our thesis work, a lot of the researcher thinks that the loss of the packets are due to the 
statistically independence,  In TDMA the time slots are considered where the packet are 
constant, Packets are transmitted with in a time slot and the packet transmission time is 
equal to T, TDMA Relies upon the fact that the audio signals has been digitized that is 
divided into a number of milliseconds- long packets, it is  
 
 
 
 
 
 
 
 
 
 

Figure 1.4: Figure showing TDM 

 
Allocated as a single frequency channel for a short time and then moves to another 
channels, the digital samples from a single transmitter occupy different time slot in 
several bands at the same time. TDMA is the technique used in European digital 
standards, GSM and the japans digital standards. 
 

http://en.wikipedia.org/wiki/Digital
http://en.wikipedia.org/wiki/Pulse-amplitude_modulation
http://en.wikipedia.org/wiki/Multiplexing
http://en.wikipedia.org/wiki/Stack_frame
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 reason for choosing TDMA for all these standards was that it enables some vital 
features for system operating in advance cellular or PCS environment, to Understand 
the process we considered as, there are four different conversations.  
 
 
 

 

 

 

 

Figure 1.5: Figure showing four different conversations 

 

Now these four conversation can be taken by a single channel, if these conversations 
are being divided into relatively short fragments and then these are being assigned with 
a time slots, and these time slots are then synchronized and the data is allowed to send 
then these four conversation can be transmitted in to the single channel, when the 
conversation in time slot four is transmitted then the process is repeated.  

One of the most important reason that the TDMA helps in the reduction of the packet 
loss is that it transmit the date in the form of packets in the time slots and therefore is 
more efficient than the normal analogue system, The advantage of TDMA is that it can 
be easily adapted to the transmission of data as well as voice communication, TDMA 
can carry the data at a rate of 64 Kbps to 120 Kbps (To be expended in the multiple of 
64 kbps), the TDMA separates the users in time so that it can be ensured that they will 
not experience interference from other simultaneous transmission.  
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Chapter 2
nd

   

MANET’s Background 
 

 

A Mobile Ad-Hoc Network (MANET) is a group of mobile nodes interconnected in such 
a way that they have the capability of changing their interconnections with each other 
dynamically. Mobile Ad-Hoc networks are self organizing networks which are growing 
rapidly. Therefore the MANET had a lot of usage in our daily life and some of them are 
as under.  
 

1. Battle Field Communication/Tactical (military) networks [FOI] 
2. Emergency Relief Scenarios/Disaster recovery services 
3. Law Enforcement  
4. Public Meeting 
5. Virtual Class Rooms 
6. Security sensitive computing environment/Sensor Networks [SICS] 
7. Enhanced Cellular Networks [KTH] 
8. Delay- tolerant Networking [LUTH] 
9. Metropolitan/campus area networking communication [UU]  

Now there are certain types of protocols used in the MANET and they are as under 
 
2.1 Routing Protocol 

 
Routing Protocol used to show the route from the source to destination, which is 
required by the mobile nodes in the ad Hoc Networks, MANETS have their won routing 
protocols, the MANET uses the protocols of their won as well as some of them are used 
from other Networks as well. The protocols helps the network to work in any topology 
and this is because the MANET’s have the nodes which are constantly changing their 
place from one place to another having unknown movement. Now as the MANET have 
the ability to move in any direction therefore the routing protocols plays a vital role in the 
MANET, basically there are three main types of MANET’s Protocol, they can be shown 
by the following diagram and can be explained as under. 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.1: Classification of MANET Routing Protocols 
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2.2 TYPES OF MANET PROTOCOLS 
 

1. Proactive Routing protocol 
2. Reactive Routing Protocol 
3. Hybrid Routing Protocol 

 
1. Proactive Routing Protocol 

Route is available when one node wants to send the data, it does not mater that 
the nodes do not need the route at a particular time, but they are continuously 
look for an available route, therefore when they need certain route the path is 
available for them to use the nodes keep the information in two ways periodically 
when they do the route discover and one when they discover that any route had 
changed even if they are not involved in this change or route. The main 
advantage is when the nodes need the route they have the information from 
before and therefore they can use the route, example of proactive routing 
protocols are OLSR and DSDV, in the proactive routing protocol the main 
problem is for the Overhead.  
 
 

2. Reactive Routing Protocol 

Acquiring routes on demand only when needed which means that if the node 
wants to send the packet then it will send a route request then the node in the 
range till receive that request and then try to transmit further until it had the route 
to the destination. Now when the destination obtained the route request from the 
source then the destination reply in a unicast format just acknowledging the 
request, the main example of this kind of protocol is AODV or DSR 

 
3. Hybrid Routing Protocol 

In Hybrid there are two zones, in the first the nodes are near to the source nodes, 
in the other the nodes are far away from the source, the first on is proactive 
approach and it maintain the routing tables with the neighbor, the second 
approach is to get the nodes is reaction.  

 
 
2.3 SALIENT FEATURES OF MANET 
 

1. Nodes can move freely and can move arbitrarily therefore the network topology 
may changes randomly at unpredictable time, the links in them would be 
bidirectional or unidirectional  

 
2. The wireless links will continue to have significantly lower capacity then there 

opposite feature elements, therefore the real time throughput for the wireless 
network after being introduced to fading, nose and interference condition is 
usually seen to be less than a radio’s maximum transmission rate. 
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3. The total application demand will exceed the network capacity frequently was we 
know that the wireless mobile is simply the extension of fixed network 
infrastructures.  

 
2.4 Performance Issues 
 

1. This should be noted that in MANET the nodes are relying upon the batteries, 
therefore the equipment should be designed for long last batteries so that, they 
can work for longer period of time 
 

2. The mobile Networks are more clear to the network online attacks rather than 
that to the wired network or fixed cable networks, now the problems which occur 
in the MANETS are basically eavesdropping, spoofing and Denial of service they 
should be handled carefully, Now for this purpose we uses the existing security 
profile this should be known that in MANET’s we have decentralized network 
nature and therefore it gives security against single point of failure which is not 
there in the wired networks.    
 
 

3. The scalability in MANET plays a vital role and can be handled in time 
 

4. Now after the development of IETF mobile ad hoc network working group is 
working to develop peer to peer mobile routing in mobile ad hoc networks, it will 
work the same way as it is working in fixed networks.  
 
 

5. MANET is going to support the traditional IP services that are connectionless. 
 
2.5 MANET routing Protocol Issues 
 
To know that which of the routing protocols are performing the good in regards of 
networks for that purpose we need to look to both the qualitative and quantitative 
properties of the network and these can come under the class of scalability  
 
2.5.1 List of Qualitative Properties  
 

1. Distributed operation is one of the most important property of MANET. 
 

2. The phenomena of small fraction of packets spinning around in the network for 
unknown period of time can be solved and this can be done by TTL values 
 

3. It is assumed that the traffic in MANET is not uniform and is changing with the 
passage of time, then for such purpose the routing algorithams can be adjusted 
in such a way as to fulfill the demands or need basis if this is done in a good way 
then network energy and bandwidth can be used more efficiently  
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4. Now due to the energy conversation the network nodes in MANET tries to go to 
the mode in which it can conserve the energy it is known as sleep mode, for this 
purpose there should be routing protocol activated which can accommodate such 
sleep periods.  
 

 
2.5.2 List of Quantitative Properties 
 

1. The end to end delay of data packet should be reduced 
 

2. The time required to establish the route from one node to another node should 
be reduced to certain extent 
 

3. The external link is there to measure the connectionless routing performance of 
particular interest to transport layer protocols which are the TCP and that can 
make in order delivery  
 

4. The average number of data bits transmitted/data bits delivered, is showing the 
measure of the bit efficiency. 
 

 
2.5.3 Measure of Protocol in Different context 

 
1. The number of node should be measured under the MANET network Showing 

the network size 
 

2. Now the network connectivity should be considered showing the number of 
average connected nodes. 
 

3. The speed at which the networks topology is changing should be consider under 
the topology rate of change. 
 

4. The link capacity should be measured and that can be shown as “effective link 
speed in bits/sec, after the loss of packets in coding frame and multiple access 
 

5. The fraction of unidirectional links shows that how effectively the network 
protocol is performing   
 

6. The measure of protocol in consideration of traffic pattern so to show how 
effective is the protocol in adapting to non uniform or busty traffic of data 
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2.6 Theoretical Work 
 
There are two scenario files; Normal_16, TDMA_16. 
 
One scenario file simulates the transmission among 16 nodes. 8 nodes are senders and 
the rest are receivers. Links are Node0 - Node1, Node2 - Node3... Node with even 
serial number is transmitter and the one with odd number is receiver. 
 
Other file simulates the same nodes with TDMA technique. At the application layer a 
constant bit rate generator is attached (CBR agent) which generates the traffic. 
 
The packet size is 50 bytes. Interval between packets is 0.01 which gives the data rate 
of 50*1/0.01=5000 bytes/s=40 Kbits/s. There is a UDP agent under the CBR. 
 
Advanced On Demand Vector routing protocol (AODV) is used for routing between the 
nodes. MAC used for these nodes is IEEE 802.11. After the simulation the results of 
data rates and loss rates are available in the files Normal_16.doc and TDMA_16.doc. 
 
"XGRAPH" utility is used to draw the graph of data rates of the nodes. X axis represents 
time and Y axis represents data rate in Kbits/s. "NAM" is used to view the scenario and 
placement of the nodes graphically. 

 
2.7 NEW 
 
TDMA is used for allowing many users to utilize a common channel. Without TDMA 
such senders will always collide. We have used TDMA for avoidance of collisions 
although the same channel can be utilized simultaneously by all the users. 
 

2.7.1 Ad hoc On-Demand Distance Vector (AODV):  
 
This is a protocol used for both Mobile Ad Hoc Network and other wireless Networks, in 
AODV [Ad Hoc On-Demand Distance Vector] we can do both uni cast and multicast 
routing, mainly the AODV is used to represent the distance vector routing protocol, the 
AODV uses the sequence number on route updates. 
 
2.7.2  Working of AODV 
 
In Ad Hoc On-Demand Distance Vector [AODV] the network is not responding until 
there is a need of connection, now when any of the node requires any connection then it 
sends the request of the connection and when any of the node heard that request then 
they will be recorded and thus it will create, route to the node which send the request for 
the link/connection and that link will be temporary and when the needy nodes gets the 
route then they will send back the reply to nodes for having route already, the needy 
nodes uses the route which is having least number of Hops and those entries which are 
unused are then being recycled after some time. Now we have also seen that when 
there is link failure the routing error is passes to the transmitting node and the nodes 



MEE09:48 

 23 

again follow the same procedure. Network capcity is being held conserve, when the 
number of messages are lower 
  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure2.2: Rout Initiating Discovery in AODV for nodes 1 to 14 

 
2.7.3 Technical Description of AODV:   

 
As we have seen that AODV uses the on demand method for finding the routes to the 
network, which shows that the route will be established only in a case when the 
transmitting nodes requires the route for the transmission of the data packets, for this 
purpose the sequence for the recent path used is being identified as we have another 
routing protocol known as DSR [Dynamic Source Routing] which have the source 
routing, in which the complete path is being crossed for the data packet which means 
that the information will not be stored with the nodes. 
 
In Ad Hoc On-Demand Distance Vector [AODV] the source nodes and the intermediate 
nodes store the information about the routes and the data which is being traveling from 
one node to the destination corresponding the data packets, remember that in on 
demand routing protocols the source nodes if cannot find the route available to it for the 
data packet transmission then under such circumstances the route will be over flooded 
due to large number of requests for the routes on other hand the source node can also 
have different replies of the routes from different source to the destination from more 
than single node the main reason that AODV is more powerful than other on demand 
protocols is that it uses the destination sequence number [Destseqnum] so to obtain the 
up-dated path information from source to destination. 
 
if the destination sequence number of the current data packet received is greater than 
the last destination sequence number [destseqnum], now we have “Source Identifier 
[ScrID] which is being carried out by the route request in the same way we have other 
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parameters which are also being carried out by the route request and they are 
“Destination Identifier [DestID]” and Source Sequence Number [ScrSeqNum], the 
Destination Sequence Number [DesSeqNum], the Broad Cast Identifier [BcastID] and 
the time to live [TTL] field all are carried by the route request. 
 
[DesSeqNum] have the recent information about the route that is accepted by the 
source, now we remember that the job of the intermediate is to have the information of if 
it obtain a route request then either the intermediate node is going to forward that or 
either it is going to reply, if it is having valid path [route] to the destination, there at the 
intermediate nodes the sequence number at the intermediate is being compared with 
the sequence number of destination [DesSeqNum] in the route request packet, if 
multiple route request are obtained then those which are received twice or more than 
two will be discarded, now each time the request is being send out by the source will 
activate the timer which will expire after certain time interval if the reply is not being 
received [Timer expiring]. In AODV the source routing of data packet is not available so 
each node receiving a packet stores the address so to forward it on next hop to the 
destination. 
 

 
2.7.4 Advantages of AODV:  

 

The following are some of the advantages of AODV 

 

1. Routes to the destination is established on demand 

2. The destination sequence number gives the information about the latest route 

to the destination. 

3. The delay for connection developing is low. 

 
2.7.5 Disadvantages of AODV:  

 

The following are some of the disadvantages of AODV 

 

1. Inconsistent routes can be obtained from the intermediate nodes as if the 

source sequence number became old.  

2. Intermediate nodes do not have latest destination sequence number 

3. The heavy control overhead is being  

4. created due to high number of route request packets  

5. The bandwidth is consumed a lot doe to periodic beaconing  
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2.8 Backoff algorithm:  
 
Exponential backoff is an algorithm that uses feedback to multiplicatively decrease the 
rate of some process, in order to gradually find an acceptable rate. It is often used in 
network congestion avoidance to help determine the correct sending rate. For example, 
a sender might send a message, set a timer to wait 0.25 seconds for an 
acknowledgment, and if none arrives, retransmit the message and wait 0.5 seconds for 
an acknowledgment. It will continue to retry until it receives an acknowledgement and 
will wait, 1s, 2s, 4s, 8s, etc. each time before retrying, the performance of backoff 
algorithm is multiple hop and ad hoc network is the main feature in the design of 
efficient medium access protocols for wireless network 
 
Basically the backoff algorithm is used in network to avoid collisions when man nodes 
try to access the medium, in that case only one machine/node is given the access and 
the trest of them are kept in the backoff states for a shorter period of time, the backoff 
algorithm are divided into the following categories. 
 
2.8.1 Generalized Aloha algorithms  
 

Now when the network transmit or retransmit its access request and when that request 
is being accepted by the network  then these packet can have its time slot which will 
have the probability of using an exponential back off process to handle the 
retransmission in different algorithm. Now this can create the system un stability and 
generate the system throughput versus system average delay curve so to find the 
system behavior. 
 
2.8.2 Splitting Algorithm 
 
The new transmission and retransmission of the data packet is being based upon 
continuous observation and the feedback from link information. The splitting algorithm 
can be given the name of tree searching or a stack splitting algorithms, the need for the 
calculation of the packet collision resolutions are at a very high stack for the calculation 
of the interval of the collision resolution, by doing so it calculates the first transmission 
rule, the splitting algorithm is the stable algorithm and the throughput of the data from 
network to another network is really high than the ALOHA algorithm but another hand 
the delay in data packet longer then that in the ALOHA algorithm, which shows that it 
will take long time to transfer the message from source to the final destination. 
 
2.8.3 Adaptive P-Persistence Algorithm 

 
This kind of algorithm is mainly consisting of CATV network. In this the network 
controller allocates the available time slots and these can be given the name of “data 
time slots and Access request mini Slots”, Now this mini slot is responsible for new 
requests and the other is for the collided request in the same way they are used in 
considering the steady state system capacity, this algorithm is mainly considering the 
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collection of information of the user that how man of the are collided and such 
algorithms are more useful in networks with limited users. 
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Chapter 3rd  

Network Simulator 
 

3.1 Introduction 
 

The simulation software which is an object oriented discrete event driven network 
simulator. The Software is implemented in OTCL and C++ Usually this is seen that the 
two languages are not usually combined in a software together, now the main 
advantage of this kind of the feature is that it provide help to the user so that the users 
can do the scripting in TCL as we know that the NS-2 is object oriented Tcl Script 
interpreter, the NS-2 is very flexible kind of application which provide help to the users. 
In the network simulator-2 we can give many network components and this can be 
configured in details as well, the number of traffic patterns can be added to give the 
reality to the simulation. 
 
NS-2 can be divided into two main parts as shown in the figure.  
 

1. TCL Interpreter  
2. NS simulator Library 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1: Internal Model of Network Simulator-2 
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Now we can also show the function of NS-2 as the simulation is being run, the TCL 
script is being divided into the following portion 
 

1. Network topology 
2. Connection 
3. Traffic and Agents 
4. Events schedule  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.2:  User view of a network simulator 

 
 
 
And these portion of the simulation defines the simulation topology, now when the 
simulation is being done the NS-2 produces a trace file which shows the trace of what is 
being done in the simulation common approach are 
  

1. NAM (Network Animator) graphically interpretation of packets and how the traffic 
flow behave  

2. Perl: [Programming Language]: this is used for the extracting of language 
information, the important thing is that it works with data and strings for the 
studying of files and graphs in another format 

 
3.2 How to start the simulation in Network simulator-2 
 
Now for the NS-2 to do the simulation for you then for that purpose you have to do the 
scripting in the TCL as we know that the easiest way to describe our simulation scripting 
we need to do the TCL, simulation consist of three main parts.  
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1. Network topology 
2. Connections, Traffic and agent 
3. Even scheduler 
4.  

Network topology shows number of nodes and the connection among them  
 
3.2.1 INITIALIZATION and TERMINATION 
 

Now for the NS-2 we have certain instance that needed to be defined so to understand 
the simulation and the usage of simulator 
 
3.2.2 CREATING OBJECT SIMULATOR INSTANCE 

 
set ns [new simulator] 

The first line in TCL script, new variables are being defined as the use of set command, 
it is usually given the name of instance of simulator class, the code [new simulator] is 
showing the class of simulator, in simple this one line code initializes the packet format 
and then create a schedule.  
 
3.2.3 OPENING TRACE FILES 

 
Now to get the output files with data on the simulation [trace file] is used for the 
visualization, for this purpose a command is needed to be created so that the times get 
open using [NAM], the code is given as  
 
#open the trace file 
set trace file1 [open out. Tr w] 
$ns trace-all $tracefile1 
 
#open the NAM Trace file 
set NAMfile [open out. NAM w] 
$ns NAMtrace-al $NAMfile 
 
Now in the given code we can have certain parts as 
out. tr: showing the creation of the data trace file 
out. nam: Showing the creation of NAM visualization trace file 
 
In the TCL scripting these files are not usually being called from their name but from the 
pointers and these are known as tracefile1 and namfile, we can see in the command 
line the first and the fourth line are showing the example of it, these are not the 
simulator command they are just the example remarks showing them by the sign “#” 
now the second line is showing the trace of the file and the last line is showing that 
everything done in the simulation can be stored/recorded using trace in NAM input 
format 
 
 



MEE09:48 

 30 

3.2.4 Defining and Creating the Links and Node 
  
For the node definition we use the command  
 
Set n0 [$ns node] 
 
The node is created and it is shown by “n0” variable, now once numbers of nodes are 
defined then we can generate the links to these nodes and can connect them, the 
following example shows how we define the link. 
 
$ns duplex-link $n0 $n2 10Mb 10Ms drop tail 
 
Now this is showing that node “0” and “2” are being connected with each other that has 
10Ms propagation delay and 10Mb/sec for each direction, Now duplex-link if replaced 
with simplex link can give us directional link. 
 
3.2.5 Agent and Application 
 
When the topologies are being created then we should make traffic flow through them, 
now in NS-2 we may wish to run the FTP [File Transfer Protocol] application between 
nodes. 
 
FTP [File Transfer Protocol] 
CRB [Constant Bit Rate] 
UDP [User datagram Protocol] 
 
3.2.6 Event Schedule 
 
The network simulator uses this portion so to define the simulation starting and ending 
time/finishing time, This should be noticed that network simulator is bases on simulation 
having discrete event, TCL scripting is used to show when the even should occur for 
this purpose the command “set ns [network simulator] is used for creating the even 
scheduler then these events can be scheduled using the format 
 
$ns at <time> <event> 
 
We use the command to run the scheduler as  
 
$ns run.  
 
3.2.7 Finishing the simulation 
 
Proc finish { } { 
Global ns_tracefd 
$ns_flush-trace 
#close the trace file 
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Close $tracefd 
Exit 0 
} 
 
The trace even is finished and we can close the trace file  
 
3.3 Node Structure 
 
Nodes are one of the most important entities in the networking tools as we would be 
using NS-2 so nodes play vital role in the processing and forwarding of packets, now we 
have two kinds of structures of nodes and these are the wireless nodes and wired 
nodes.  
 
 
3.3.1 WIRED NODES 
 

The wired node mainly consist of entry and two classifiers, the classifiers are then 
divided into address classifiers and port classifiers the following figure shows how the 
parts are connected in wired nodes in Network simulator-2  
 
 
 
 
 
 

 

 

 
 

 

 

Figure 3.3: Wired Node Structure in NS-2 

 

Now the link in is used for the receiving of packets, Now the packet is then passed to 
the address classifiers where it is checked for the destination node, now this packet if is 
for the destination then it passes to the port classifier which will receive the packet then 
that packet is being forwarded to desired one through the link out.  
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3.3.2 Wireless Nodes 
 
It is same in the wired nodes and the packet will arrive to the wireless nodes through the 
node entry [Link in] then packed is checked for the address in the address in the 
address classifiers, the packets then flow to the agents where these agents execute 
some functions and deliver the packet to the neighbor or drop them, these agents are 
as follows 
 

 
Figure 3.4: Wireless Node Structures of NS-2 

 
1. Agent 
2. Link Layer 
3. MAC layer 
4. Network interface 
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3.3.3 LINKS 
 

The code generated for the links is as under. 
 
$ns <link_type><node0><node1><bandwidth><delay><queue_type> 
 
Link_type: the type of the link used is being shown through this command 
 
<bandwidth>: Length of the bandwidth is shown for the parameters 
 
delay: link delay is shown here 
 
queue_type: showing the performance node 
 
working of link is shown in the figure 

 

 

 
Figure 3.5: Link in Network Simulator-2 

 
3.3.4 Packets 
 
Basically the Packet consist of Packet header and packet data, when the packet goes 
through different layers then the packet header are added to it through protocols, the 
common headers are used to trace and calculate the packet and measure other 
parameters during the simulation. Some of the most important fields are  
 

1. Ptype: packet type 
2. Size: packet size 
3. Error_: packet with error accurate this field  
4. Uid: Identifier of the packet uniquely  
5. direction_: showing the direction to the packet during simulation  
6. error bitcnt: identifying the bit containing error  
7. num_foward_: showing how many time, the packet is being forwarded 
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3.3.5 Agent 
 

Agent generate/simulates end point and shows where and when to create the packets 
the protocols are implemented at various layer by the agent, the default  values to the 
packets are being given through the agents protocol behavior is simulated by agent in 
NS-2 there are some agents knows as routing agents, these agents are created in TCL 
and these TCL designed agents can be modified agent can be shown attached to the 
nodes by using <node><agent> and they can communicate to different nodes, now for 
the simulation of traffic, two agent they need to be connected to destination node, in 
NS-2 the source and destination can be shown very easily 
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Chapter 4th  

Empirical Analysis 
 
Introduction: Why network Simulation? 
 
Performance evaluation is a very important point in research that allows to develop new 
ideas, to identify problems and to optimize the existing systems. Performance 
Evaluation can have three approaches.  
 
(a): Prototyping:  which simply means to build it and then to check that how will it work.  
(b): Analytical modeling: This simply means to build a mathematical model for it and 

then use this mathematical model to analyze the system.  
(c): Simulation: this means the software model of the system. 

 
Prototyping consumes more time specifically for larger systems and therefore is not 
feasible and also in prototyping the observability and controllability is less. Similarly is 
the case of Analytical modeling which cannot work in more complex systems. And that 
is why there was a need to have such a model which can solve all these problems and 
hence SIMULATION has emerged to fulfill all the deficiencies which are in other models 
like prototyping and analytical. 
 
Network Simulations show us the behavior of different complex systems at a very low 
cost. In these thesis we will use NS-2 which is a discrete event simulator written in C++ 
and the user interface is OTcl interpreter shell and which allows the program (here it is 
TCL scripts) to be executed.  
 
NS-2 supports simulation of different things like routing algorithms, simulation of TCP, 
Queuing algorithms and also the multicast protocols over wireless or wired networks 
etc. It is freely distributed and all of the source code is available. 
 
Now we will define different parameters which are used for our simulations and will 
explain the function of all these parameters. 

 
4.1 Configuring Network Components:  

 
A mobile node consist of different components of a network like Mac layer, Link layer, 
Interface Queue, the wireless channel nodes transmit and receive signals from etc. In 
the start, we have to define the kind of each of the parameter used in the simulation. 
Also, we define the other network components like the model of radio propagation, type 
of antenna, the type of ad hoc routing protocol used etc. 
 
These parameters have the same functions like we use #define in C++, it is just a 
Macro. Set means to assign a specific value like int i=0 in C. It has two functions: First 
variable is declared and secondly value is assigned. We can define all these  
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Parameters in NS-2 as: 

 
set opt(chan)   Channel/Wireless Channel  
opt(prop)                     Propagation/TwoRayGround   
Phy/WirelessPh      Mac/802_11  
set opt(ifq)                  Queue/DropTail/PriQueue  
set opt(ll)                      LL 
set opt(ant)                  Antenna/OmniAntenna    
set opt(x)                     500              
set opt(y)                     500                
set opt(ifqlen)             50                 
set opt(seed)                  0.0   
set opt(tr)                          Normal_16.tr         
set opt(adhocRouting)      AODV  
set opt(filters)                  GradientFilter 
set opt(nn)                        16                 
set opt(stop)                      20.0          
set stop_time       20.0 
set val(initialenergy)       1000 
set val(radiomodel)       Radio/Simple       
set val(receivepower)       0.5                 
set val(transmitpower)        0.5                
set val(idlepower)              0.05                
set val(cbr_interval)            0.01 
set val(cbr_packet_size)     50  
Set val(cbr_max_packets)  10000 

 
4.2 Main Program       
 

The main program is started in NS-2, the trace files are opened, also the topology is 
created and God is created which is the director for general operations. The God object 
is used with special reference to wireless networking. It stores the information about the 
number of nodes and also the information about connection. There is only single God 
object per simulation. It is needed by the MAC layer. It also gives the possibility to 
evaluate the optimization of the routes. 
 
In NS-2, all these parameters remains unchanged, the above code will start up the 
script and also the higher layers (application layer) implementations will remain 
unchanged. In this case Constant Bit Rate (CBR) is attached to the nodes. At the top 
layer the application bit rate utility is used which is used to transmit data after every 0.01 
sec, in other words there is a delay of 0.01 sec. The maximum size of the packets used 
in this program is 50 bytes. Also the maximum size of packets used by CBR defined in 
this program is 100000. The antennas used here is Omni directional antennas. The X-
axis and Y-axis for both Antenna and nodes are same but Antenna is 1.5 meter above 
the nodes in Z-axis. The X and Y dimensions of topography is 500. The transmitting and 
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receiving power used is 0.5. The routing protocol used both in Normal Scenario and 
TDMA scenario is Ad hoc in Demand Routing Vector protocol (AODV). The total 
simulation time is 20 seconds. 
 
4.3 Scenarios 
 

There are two scenario files; Normal_16, TDMA_16. One scenario file simulates the 
transmission among 16 nodes. 8 nodes are senders and the rest are receivers. Links 
are Node0 - Node1, Node2 - Node3... Node with even serial number is transmitter and 
the one with odd number is receiver. 
 
Other file simulates the same nodes with TDMA technique. At the application layer a 
constant bit rate generator is attached (CBR agent) which generates the traffic. 
The packet size is 50 bytes. Interval between packets is 0.01 which gives the data rate 
of 50*1/0.01=5000 bytes/s=40 Kbits/s. There is a UDP agent under the CBR. UDP 
attached with Transmitting nodes and NULL is attached with the receiving nodes which 
give us the information about how many UDP protocol packets are received by the 
receiving node.  
 
To find the instantaneous data rate, we have divided the complete simulation time into 
time slots of 0.0625 seconds length so that we may get instantaneous data rate of the 
link. The total Simulation time used here is 20 seconds. The initial energy for every 
node is 1000, every node is using this much of energy and in the end of simulation, and 
the energy can be calculated and that is actually the power efficiency. 
 
Mon is used here in this program which means monitored, this monitors the whole 
simulation and determines how many packets are used and lost in the simulation. 
 
Advanced on Demand Vector routing protocol (AODV) is used for routing between the 
nodes. MAC used for these nodes is IEEE 802.11. After the simulation the results of 
data rates and loss rates are available in the files Normal_16.doc and TDMA_16.doc. 
 
"XGRAPH" utility is used to draw the graph of data rates of the nodes. X axis represents 
time and Y axis represents data rate in Kbits/s. Network Animator "NAM" is used to view 
the scenario and placement of the nodes graphically. After the run is completed, the 
simulation results from the Network Animator are captured and are then fed into the 
NAM.  
 
4.4 Configuration of Nodes: 
 

The following setup will show the configuration of the nodes  

 
4.4.1 Attaching an Omni directional Antenna 
 
An Omnidirectional Antenna is created and setup as follows: 
Antenna/OmniAntenna set X_ 0 
Antenna/OmniAntenna set Y_ 0 
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Antenna/OmniAntenna set Z_ 1.5 
Antenna/OmniAntenna set Gt_ 1.0 
Antenna/OmniAntenna set Gr_ 1.0 
 
Set up the antennas to be centered among the node and 1.5 meters above it. The Gain in 
Transmitter and Gain in Receiver are same. Also whatever the gain Antenna gets, that same 
gain gets by the node which means both antenna and nodes gets the same Gain. 
 

4.4.2 Create Simulator Instance and Wireless Topography Object 
 
In this script, we have created the Simulator instance, so the request is sent to the 
simulator object. Whenever we wish to simulate the environment of the network, we 
have to send request to the NS-2 Simulator. OTCL provide the following code.  
set ns_ [new Simulator] 
 
Set the wireless channel, radio model and also the topography objects which are used 
in the script as: 
set wtopo [new Topography] 
 
4.4.3 Create trace object for ns (NAM) 

 
Network Animator is used for animation. With NAM, the design of the protocols can be 
captured as animations. The tracefd variable is declared. Actually NS-2 does not expect 
the tracing file name. It expects us to provide the identifier of the file where tracing data 
will be dumped in hard drive. The dollar sign $ is used to access the value of the 
variable that follows it: i-e: opt (tr). W means writing here, this file will be opened for 
writing in hard disk.  
 
The trace_all enables the full tracing support for NS-2. For NAM Animation purposes, 
NS-2 writes the animation data into another trace file and in this case we have used 
nametrace. The animation will be shown in X and Y axis to NS-2. All these steps can be 
defined in NS-2 as: 
set tracefd [open $opt(tr) w]                                                                                                                                           
set namtrace [open Normal_16.nam w] 
$ns_ trace-all $tracefd 
$ns_ namtrace-all-wireless $namtrace $opt(x) $opt(y) 
 

4.4.4 Open files for writing Graph data 

 
To prepare a graph f0,f1 ...f7 are used for file identifiers and which are used for 
graphing. Every pair has different Graphs for 16 nodes and every pair is shown with 
different colour to easily understand the graph.  
set f0 [open Normal_16_0.graph w] 
 
This code opens the file to draw the graph for the Normal Scenario for pair 1 which is 
from node 0 to node 1. The same graph is drawn for all other pair of nodes. All these 
steps are also followed for TDMA scenario as well to draw the graph. The instantaneous 
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data rate is found out and written to the files and then for the data rate of each pair of 
nodes, the graph is plotted followed by unique colour. 

 
 
4.4.5 Open file for writing average data rate and average loss rate  

 
To show the average data rate and average loss rate in doc format we define the tbytes 
or total number of bytes (communicated or received bytes) for pair 0, 1…7 and tlost or 
total number of bytes lost in the animation for pair 0,1,…7 which are shown by the 
following code in doc format. To find the instantaneous data rate, we have divided the 
complete simulation into time slots of 0.0625 lengths so that we may get instantaneous 
data rate of the link. 
 
set test [open Normal_16.doc w] 
set tbytes0 0 

 
The tbytes0 mean the total number of bytes communicated or received for the first pair 
(node 0 to node 1) and then this data is written to the test file for Normal Scenario. For 
all other pairs, tbytes1, tbytes2 and so on, the data is written in doc format exactly in the 
same manner. The same steps are also followed for the TDMA Scenario. 
 
set tlost0 0 
 
The tlost0 means the total number of bytes lost for the first pair (node 0 to node 1) and 
this data is written to the test file for Normal Scenario. The data for total bytes lost for all 
remaining pairs is written to doc in the same way. For TDMA Scenario, it follows the 
same steps. 

 
4.4.6 Creating Topology and God 
 
The wireless topology is created and then the God object is created which controls all 
the animation. It also stores the information about the number of nodes and connection. 
The following two lines of codes in the script perform this function. 
 
$wtopo load_flatgrid $opt(x) $opt(y) 
 set god_ [create-god $opt(nn)] 

  
4.4.7 Setting node 

 
Setting of nodes is done by different parameters in NS-2. Whatever is defined above is 
pasted here in the following code. All the variables are declared above and the actual 
program will start by the parameters given below. Also the router Trace, mac Trace and 
movement Trace are ON which show all the animation. The agent Trace also show the 
upper layer protocols. 
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$ns_ node-config -ad hocRouting $opt(adhocRouting) \ 
 -llType $opt(ll) \                               -macType $opt(mac) \ 

   -ifqType $opt(ifq) \    -ifqLen $opt(ifqlen) \ 
   -antType $opt(ant)     -propType $opt(prop) \ 
   -phyType $opt(netif) \   -channelType $opt(chan) \ 
   -topoInstance $wtopo \   -diffusionFilter $opt(filters) \ 
  -agentTrace ON \    -routerTrace ON \ 

                 -macTrace ON \    -movementTrace ON 
 

4.4.8 Create the specified number of nodes 
 

The specified number of nodes [$opt(nn)] are created and "attach" them   to the 
channel. The nodes (nn) are created in a (for) loop which goes from 0 to 15. As the total 
number of nodes here in this simulation are 16.  
 
for {set i 0} {$i < $opt(nn) } {incr i} { 
set node_($i) [$ns_ node $i] 

set mon0 [new Agent/LossMonitor] 
 
There is a loss monitor who monitors how many packets are received by the node and 
how many packets are lost in the medium, the record of all this is placed in the loss 
monitor. The mon0 here means the number of packets lost during the communication 
between nodes 0 to node 1. Also for mon1, mon2 up to mon7, the number of packets 
lost can be determined exactly the same way as for mon0. The number of packets lost 
in TDMA Scenario can also be determined by the same code as above. 

 
4.4.9 Creating UDP agent and attaching to a node 
 
Also set udp_(0), udp_(1)… udp_(7) means whichever layer we want to implement, the 
agent of that layer is created. UDP 0 to UDP 7 are created and then attached to a 
specified node. 
 
set udp_(0) [new Agent/UDP] 
$ns_ attach-agent $node_(0) $udp_(0) 
 

For instance: UDP 0 means that node 0 transmits and node 1 receives it. UDP is 
attached with transmitting node and NULL is attached with the receiving node. UDP 
agent receives packets from CBR agent and it forwards them towards the lower layer. 
As UDP does not acknowledge so no reply is needed at the receiving end and receiving 
end only receives packets without any acknowledgement. 

 
4.4.10 Creating a NULL agent and attaching to a node 
 
The NULL is attached with the receiving node only and it receives anything and from 
any layer. The NULL here means that how many UDP protocol packets are received 
where Mon just monitors how many packets are used and lost in the simulation. 

set null_(0) [new Agent/Null] 
 $ns_ attach-agent $node_(1) $null_(0) 
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 $ns_ attach-agent $node_(1) $mon0 
  
 

For instance; Node 0 transmits and node 1 receives the packets. Here in this code the 
NULL is attached with the receiving node which is node 1 here. Mon is also attached 
with it so that the packets which are used and lost during the communication between 
node 0 to node 1 can also be determined. 
 
The Null is also attached to node 3, node 5 up to node 15 as the odd number of nodes 
is the receiving ends in our simulation and they receive the packets. The Null is 
attached to the odd number of nodes in TDMA Scenario by the same technique as in 
Normal Scenario. 

 
4.4.11 Creating a CBR Traffic Source and attaching it to UDP 
 
There is a need that who is required on Application layer, in this case we have used 
CBR (Constant Bit Rate) Generator. For instance: cbr_(0)… cbr_(7) are used for all 
eight pair of nodes and then we have set the interval which is 0.01 in this simulation. We 
have used the random transmission for all the nodes which means that the nodes can 
transmit the packet with short delay and sometime with long delay; the overall 
transmission is random as given (set random_1).  
 
The traffic color is also given to each link to easily understand different traffics for all the 
pair of nodes which is given in (set fid 0). The maximum packet size is also declared as 
50 bytes. In the end the CBR agent is attached with the UDP agent so that UDP agent 
can receive packets from CBR agent. The OTcl provide the following code to perform 
these functions. 

 
set cbr_(0) [new Application/Traffic/CBR] 

 $cbr_(0) set packetSize_ $val(cbr_packet_size)  
 # Interval is measured in seconds 
 $cbr_(0) set interval_ $val(cbr_interval) 
 $cbr_(0) set random_ 1 
 $cbr_(0) set maxpkts_ $val(cbr_max_packets)  
 $cbr_(0) set fid_ 0 
 $cbr_(0) attach-agent $udp_(0) 
 

The same code is used for all other nodes to define the interval between packets, 
maximum packet size and for attaching a CBR agent with the UDP agent but 0 will be 
replaced by that particular node number. The same procedure is used to define these 
values in TDMA Scenario as well. 
  

4.4.12 Connecting UDP to MON and MON to NULL 
 

Actually UDP receives packets from CBR. At receiving end we have NULL; it receives 
anything and from any layer and also as receiving end is receiving the packets without 
acknowledgement so no reply is needed here as UDP has no utility to acknowledge 
already.  
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UDP and MON are connected. UDP agent will receive packets from CBR agent and 
then it will forward them towards the lower layers. At the receiving end, mon will receive 
UDP packets. MON will monitor the number of packets received and the number of 
packets dropped of all the links. OTCL supply the following: 
 
 
 $ns_ connect $udp_(0) $mon0 

$ns_ connect $udp_(1) $mon1 
 $ns_ connect $udp_(2) $mon2 
 $ns_ connect $udp_(3) $mon3 
 $ns_ connect $udp_(4) $mon4 
 $ns_ connect $udp_(5) $mon5 
 $ns_ connect $udp_(6) $mon6 
 $ns_ connect $udp_(7) $mon7 
 

 
After this, MON and NULL are connected. When MON receives the packets, it will 
forward those packets to the NULL agents and will delete all the packets after. UDP 0 is 
connected with Mon 0, UDP 1 is connected with Mon 1 and up to node 7, and UDP is 
connected to MON in the same way.  
 
Mon 0 is connected with Null 0, Mon 1 is connected with Null 1 and so on up to node 7, 
the Mon is connected with Null in the way. The OTcl perform these functions through 
the following code: 

 
$ns_ connect $mon0 $null_(0) 

 $ns_ connect $mon1 $null_(1) 
 $ns_ connect $mon2 $null_(2) 
 $ns_ connect $mon3 $null_(3) 
 $ns_ connect $mon4 $null_(4) 
 $ns_ connect $mon5 $null_(5) 
 $ns_ connect $mon6 $null_(6) 
 $ns_ connect $mon7 $null_(7) 
 
 

We want to give NS a command at a specified time in the simulation through (at) 
keyword. CBR of each pair of link will start transmission at the same that is 0.0 for all 
the nodes. 

 
$ns_ at 0.0 "$cbr_(0) start" 

 
For instance; this line of code represents the CBR of pair 1 which is (node 0 to node 1) 
starts transmission from 0.0 sec as initially the transmission is started from 0 sec. All 
other pairs start transmission with the same point that is: 0 sec. The same line of code 
is used but just 0 is replaced by that particular node number. 
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4.5 Declaring “Record” Function 
 
We declare the Proc Record function to record the information about the simulation. 
When this function is called then all the transmission data is recorded into the trace file. 
All the variables are declared globally. After 0.0625 sec, the Proc record function will be 
called and new data about the simulation is recorded which will be written. The proc 
record is declared as: 

 
proc record {} { 

       global udp0 udp1 udp2 udp3 udp4 udp5 udp6 udp7 
 global f0 f1 f2 f3 f4 f5 f6 f7 
 global mon0 mon1 mon2 mon3 mon4 mon5 mon6 mon7 
 global test 
 global tbytes0 tbytes1 tbytes2 tbytes3 tbytes4 tbytes5 tbytes6 tbytes7 
 global tlost0 tlost1 tlost2 tlost3 tlost4 tlost5 tlost6 tlost7 
 

Bytes0, Bytes1… up to Bytes7 are assigned the number of bytes which mon0, mon1… 
up to Bytes7 has received since the last call to this function for the link 0 to 1, 2 to 3 and 
so on. All this simulation lasts for 0.0625 seconds and every time this function is called, 
new data is recorded into the trace file. Also the number of bytes received by the traffic 
sinks are calculated. 
 
The simulation time for Bytes0, Bytes1… upto Bytes7 is 0.0625 sec for the following 
OTCL code: 
 

set ns_ [Simulator instance] 
set time 0.0625  
set bytes0 [$mon0 set bytes_] 

  

 
While the simulation time for tbytes0 (total bytes used for link 0 to 1), tbytes1… up to 
tbytes7 is 20 sec which is the time used for the whole simulation. Expr (Expression) is 
used to calculate the value for the total bytes used in the simulation. 
 
set tbytes0 [expr $tbytes0+$bytes0] 
 
This line of code represents the total bytes used during the communication between 
node 0 to node 1. Expression is used to calculate the value for the total bytes used from 
node 0 node 1 during the simulation. The same line of code is used for all other pair of 
nodes but 0 is replaced by that particular node for which we want to determine the total 
bytes used in the simulation. 
 
The following OTCL code provides us the information about the current time for 
simulation. NOW is a variable which will show us the current simulation time. 
 
set now [$ns_ now] 
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4.6 Calculating the bandwidth in (Kbits/s) for Normal and TDMA Scenario 
 
The bandwidth is calculated by the same formula for both Normal and TDMA Scenarios 
as: First the bytes received by different links for 0.0625 sec period are calculated and 
divide it by the time which is 0.0625 and multiply this time by 8 to convert it into bytes 
and in the end all this expression is divided by 1000 to convert the overall expression 
from bits to Kilo Bits. The OTCL provides the following code to calculate the bandwidth 
of each pair of link in Kbits/s. 
 

puts $f0 "$now [expr $bytes0/$time*8/1000]" 
 puts $f1 "$now [expr $bytes1/$time*8/1000]" 
 puts $f2 "$now [expr $bytes2/$time*8/1000]" 
 puts $f3 "$now [expr $bytes3/$time*8/1000]" 

puts $f4 "$now [expr $bytes4/$time*8/1000]" 
 puts $f5 "$now [expr $bytes5/$time*8/1000]" 
 puts $f6 "$now [expr $bytes6/$time*8/1000]" 
 puts $f7 "$now [expr $bytes7/$time*8/1000]" 

  
 
f0, f1… up to f7 are Xgraph utilities. Also to find the instantaneous data rate, we have 
divided the complete simulation time into time slots of 0.0625 lengths so that we may 
get instantaneous data rate of link. For 8 data links, there are 8 Graph files. The 
instantaneous data rate will be written to these files. 
To find the number of bytes transmitted per link in the next time slot, all the bytes are 
set to 0. We have set all of these to 0 in the following OTCL code. 
 
$mon0 set bytes_ 0 
 
The bytes are set to 0 for all other pairs with the same line of code but 0 is replaced by 
that particular link. 
 
When the simulation reaches at the end of next time slot, the following function will be 
automatically called. For instance let now= 1 sec and $time= 0.0625 sec so the total 
time will be 1.0625 and then 1.0625+0.0625 and so on. 
 
$ns_ at [expr $now+$time] "record" 

 
4.7 Calculating the Average data rate in (Kbits/s) for Normal Scenario 
 
The average data rate is calculated by the formula which is used for TDMA Scenario. 
But here the total bytes received by all the eight links are calculated individually and 
divide it by the stop time which is 20 sec for the whole simulation and multiply it by 8 to 
get the value in bits. In the end the overall value is divided by 1000 to get the value in 
Kbits per sec. 
 

puts $test "Average data rates in Kbits/s. Node0-Node1, Node2-Node3,.." 
puts $test [expr $tbytes0/$stop_time*8/1000] 
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 puts $test [expr $tbytes1/$stop_time*8/1000] 
 puts $test [expr $tbytes2/$stop_time*8/1000] 
 puts $test [expr $tbytes3/$stop_time*8/1000] 
 puts $test [expr $tbytes4/$stop_time*8/1000] 
 puts $test [expr $tbytes5/$stop_time*8/1000] 
 puts $test [expr $tbytes6/$stop_time*8/1000] 
 puts $test [expr $tbytes7/$stop_time*8/1000] 

  
 
Also the total bytes from 0 to 1, 2 to 3, and so on for the whole simulation are written to 
tlost0, tlost1 and up to tlost7. The following line of code represents the total bytes from 
node 0 to node 1 which is written to tlost0. The same line of code is written for all other 
pairs but 0 is replaced by that particular node number. 
 
set tlost0 [$mon0 set nlost_] 

 
4.8 Calculating the Average Loss Rates in Bits/sec for Normal Scenario 
 
The Average Loss Rate is calculated by the same formula as for calculating the average 
data rate but here instead of total bytes, the total loss bytes received are calculated 
individually for each node and divide it by they stop time which is 20 sec for the whole 
simulation and multiply it by 8 to get the value in bits. In the end the overall value is 
divided by 1000 to get the value in Kbits per sec. In NS-2, we do it by the following 
code: 
 puts $test "Average loss rates in bits/s. Node0-Node1, Node2-Node3,..." 
 puts $test [expr $tlost0/$stop_time*8] 
 puts $test [expr $tlost1/$stop_time*8] 
 puts $test [expr $tlost2/$stop_time*8] 
 puts $test [expr $tlost3/$stop_time*8] 
 puts $test [expr $tlost4/$stop_time*8] 
 puts $test [expr $tlost5/$stop_time*8] 
 puts $test [expr $tlost6/$stop_time*8] 
 puts $test [expr $tlost7/$stop_time*8] 
 
 

4.9 Calculating the Average data rate in (Kbits/s) for TDMA Scenario 

 
The bytes received by a particular link in total simulation time which is 20 seconds divide by the 
stop time 20 sec and multiply by 8 to convert bytes into bits and again multiply by 8 as each pair 
of node transmits 1/8th of a 20 seconds and then the whole expression is divided by 1000 to 
convert bits into Kilo bits. In NS-2, the following code performs this function: 
 
 puts $test "Average data rates in kbits/s. Node0-Node1, Node2-Node3,..." 
 puts $test [expr $tbytes0/$stop_time*8*8/1000] 
 puts $test [expr $tbytes1/$stop_time*8*8/1000] 
 puts $test [expr $tbytes2/$stop_time*8*8/1000] 
 puts $test [expr $tbytes3/$stop_time*8*8/1000] 
 puts $test [expr $tbytes4/$stop_time*8*8/1000] 
 puts $test [expr $tbytes5/$stop_time*8*8/1000] 
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 puts $test [expr $tbytes6/$stop_time*8*8/1000] 
 puts $test [expr $tbytes7/$stop_time*8*8/1000] 
 
 
 
 

4.10 Calculating the Average Loss Rates in Bits/sec for TDMA Scenario 

 
The total bytes lost during a particular link in total simulation time which is 20 seconds divide by 
the stop time which is also 20 seconds and multiply by 8 to convert bytes into bits and again 
multiply by 8 as each pair of node transmits 1/8th of a 20 seconds. The OTcl provide the 
following code to calculate the average loss rate for each pair of link. 
 
  

puts $test "Average loss rates in bits/s. Node0-Node1, Node2-Node3,..." 
 puts $test [expr $tlost0/$stop_time*8*8] 
 puts $test [expr $tlost1/$stop_time*8*8] 
 puts $test [expr $tlost2/$stop_time*8*8] 
 puts $test [expr $tlost3/$stop_time*8*8] 
 puts $test [expr $tlost4/$stop_time*8*8] 
 puts $test [expr $tlost5/$stop_time*8*8] 
 puts $test [expr $tlost6/$stop_time*8*8] 
 puts $test [expr $tlost7/$stop_time*8*8] 
 

4.11 Executing the Xgraph and NAM file to get the final Result 

  
The files for all the links are executed for which the file identifier in the code is 0, 1 and 
so on. –x specifies the label of X-axis and the x-axis shows the Simulation Time in the 
Graph. –y specifies the label of y-axis and Y-axis shows the data rate in the Graph. The 
window size used to show the graph and animation is 800*600 where 800 is the width 
and 600 is the height. 
 
NAM (Network Animator) is used to show the simulation of the given code. "NAM" is 
used to view the scenario and placement of the nodes graphically. The OTCL show the 
following code for this scenario. 
 
exec xgraph Normal_16_0.graph Normal_16_1.graph Normal_16_2.graph 
Normal_16_3.graph Normal_16_4.graph Normal_16_5.graph Normal_16_6.graph 
Normal_16_7.graph -x Simulation_Time -y Data_Rate -geometry 800x600 & 
exec nam Normal_16.nam & 
Every node is placed at equal positions from each other. All sixteen nodes are placed at 
set Y_ 200.0 and Y_ 300.0. The node position is calculated by placing all the nodes at 
zero. 
  
To calculate the position of each node from each other, we have used: 
 
$node_($i) set Z_ 0.0; 
$node_($i) set X_ [expr ($i*25)+25]; For every node it represent the x-axis. 
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For instance: if we put some values in the above equations we can get the value for the 
position of each node from each other. 
Node0= 0*25+25=25 
Node1=1*25+25=50 
Node2=2*25+25=75 and so on.  
 
This means that each node is placed on difference of 25 from each other. Also each 
node is static here in this simulation and nodes are not moving so the value for random-
motion is set to 0. It doesn’t matter that nodes are moving or not because the simulation 
results will still be the same as it is about the capture medium and they will have the 
same result of whatever the nodes are moving or static. Also 10 pixels is the size of 
node which will be shown in the simulation. 
 
$node_($i) random-motion 0 
$ns_ initial_node_pos $node_($i) 10 
 

For TDMA Scenario, exactly the above technique is used but Normal is replaced by 
TDMA and we get the result for TDMA Scenario. 
 

 
4.12 Closing the files and functions in the simulation 
 
One we use to open the files, we must close all those files in the end of the simulation in 
NS2. When NS writes the data to the memory, it does not do it directly. It first writes it to 
RAM and buffers it and then write it to the hard drive for fast writing. 
 
The flush-trace command forces NS to write the remaining trace data into the trace file 
which is left in the RAM. 
 
The proc record function and all the graph files are closed and these will not be called 
again and their result be displayed in the simulation and graph. 
 
proc finish {} { 
 global f0 f1 f2 f3 f4 f5 f6 f7 
 global test 
 global tbytes0 tbytes1 tbytes2 tbytes3 tbytes4 tbytes5 tbytes6 tbytes7 
 global mon0 mon1 mon2 mon3 mon4 mon5 mon6 mon7 
 global tlost0 tlost1 tlos2 tlost3 tlost4 tlost5 tlost6 tlost7 
 global stop_time 
 global ns_ 
 global tracefd namtrace 

$ns_ flush-trace 
 
 close $f0 
 close $f1 
 close $f2 
 close $f3 
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 close $f4 
 close $f5 
 close $f6 
 close $f7 
 
 
 

4.13 Recording and compiling the simulation 
 
Once all the code is completed, it is ready to record and compiled which will be 
performed by the following code: 
 
$ns_ at 0.0 "record" 
 $ns_ at $opt(stop) "finish" 
$ns_ at $opt(stop) "$ns_ nam-end-wireless $opt(stop)" 
 

It starts the recording of instantaneous data rate of all the links and once it is called, 
then it automatically schedules its execution. When the simulation is completed after 20 
sec, NS Exiting will be shown on the screen to announce that simulation is compiled. 
When everything in the script is done then NS will compile it and run it by the following 
code in NS-2. For both Normal and TDMA Scenarios, the same code is used to perform 
this function. 
 
$ns_ at  $opt(stop) "puts \"NS EXITING...\" ; $ns_ halt" 
$ns_ run 
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Chapter 5th  

Simulation and Results 
 
5.1 Simulation Environment 

 
The simulation is done in Network Simulator 2 (Version 2.29). As we have done our 
simulation in the Windows and not in the Linux environment so Cygwin is installed 
which provides Linux-like environment for Windows. Cygwin has two main parts: 
 

a. A DLL (cygwin.dll) which functions as Application programming interface 

emulation layer which provides Linux API functionality to Windows. 

b. It also provides Linux like background, functions and tools to Windows. 

After the Cygwin provides the Linux environment to Windows, Network Simulator 
2 version 2.29 can simulate the TCL scripts. NS2 is programmed in C++ and the 
interface to the program used the TCL scripts. 

 
Network Simulations show us the behavior of different complex systems at a very low 
cost. In this thesis we will use NS-2 which is a discrete event simulator written in C++ 
and the user interface is OTcl interpreter shell and which allows the program (here it is 
TCL scripts) to be executed.  

 
5.1.1 Components of NS-2 
 
There are two components in NS-2. One is the Network Simulation Engine (ns), the 
function of which is to run the Tcl scripts containing the setup for simulation and events. 
The other component of NS-2 is Network Animator which visualizes the output of ns. 

 
 
 

 
 

 
 
 

Figure 5.1: Components of NS-2 

 

5.1.2 How to Use Network Simulator 
 
First of all a problem is defined and then simulation is created in which protocol, sinks, 
sources and network are defined and for C++ control the interface used is through OTcl. 
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After the simulation is created, the simulation is executed. The function of the simulator 
is to keep different type of events and simulate it one by one until all of them are done 
with simulation. It takes real long time to simulate all these events. 
 
When all the simulation is executed, the post process results are shown. Here, the two 
scenarios scripts (Normal scenario and TDMA scenario) are simulated to process the 
text output and the results are shown in graph as well as doc format. Figure 6.2 shows 
all these steps. 
 

 
 

 
 

 

 
 

 

 

 
 

 

 
 

 

Figure 5.2: General Model to use NS 

 

 
C++ is used for data while OTcl is used for control. The main function of C++ is the 
processing of per-packet which is the core of network simulator and also it has full 
control and fast to run. While the main function of OTcl is that it has the description of 
simulation and is periodic. It also manipulates the present C++ objects. The OTcl is 
faster to write and change. 
 
The basic theme of NS-2 is to create the scheduler in the start and then create node. 
After creating the node, create the link and schedule the event. After all these steps are 
done, start the scheduler. The following general code performs these steps. 
 
-set ns [new Simulator] 
-set<var> [$ns node] 
-$ns<link-type><node1><node2><bandwidth><delay><queue type> 
-ns at<time><event> 
-$ns run.  
 
In recent times, several MANET issues have been considered, such as different routing 
protocols, algorithms and energy efficient techniques have all been proposed to improve data 
rate and bandwidth management .Related Schemes such as Power Assignment model and 
Energy Routing approach data rates in the network. 

 

 Substantial improvement in the network capacity utilization through multi-hop 
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transmission. 

 The TDMA technique is computationally efficient subject to time division aggregation 

and transmission of packets. 

 Effective improvement in Bandwidth utilization and collision reduction. 

 
5.2 Wireless Nodes 
 
The two Scenarios; Normal_16 and TDMA_16 files are created and within each 
scenario 16 nodes are defined. For generation of traffic Constant bit generator is used 
at the application layer. The initial time for all these nodes is 0.0 and all these nodes will 
start transmission from 0 sec. 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Figure 5.3: NAM Window Screenshot 

 

The above diagram shows sixteen wireless nodes, numbered from 0 to 16 which are 
used in the simulation. Like media players or other plug ins it has the capability to play, 
pause, forward, rewind, slow and fast capturing of simulation. Eight nodes are used for 
senders while remaining eight nodes are used for receiving. Also UDP is attached with 
the transmitting node and a NULL is attached with the receiving end which observes 
how many UDP protocol packets are received. Nodes with even serial numbers are 
transmitters and the nodes with odd serial number are receivers. The total simulation 
time is 20 sec. 

 
In mobile nodes, there is a battery and initial energy of 1000 is given to each node. To 
find the power efficiency, the energy of each node must be calculated in the end of 
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simulation. As for transmitting and receiving packets, the power used is 0.5 so a total of 
1000-0.5=999.5 is left with that particular node after transmission of packets.  
 
When the main program is started in NS-2, the trace files are opened and also the 
wireless topology is created by wtopo code and also the God objected is created to 
direct the general operations and stores the information about the number of nodes and 
also the information about the connection. 

 
5.3 NAM (Network Animator) 
 
Nam is short Network Animator.NAM is used to capture the simulation of the network. 
Producing the trace file is the first step in using NAM which contains important 
information about the nodes, links and topology and also about the traces of packets. 
Most often, the trace file is produced by ns. During the simulation of ns, user can 
generate layout information, topology configurations and traces of packets. 
 
After the generation of trace file, NAM is ready to visualize and capture the animation. 
First, it reads the trace file and then it creates the topology. After this topology is 
created, also pop a window and if layout is necessary, do it and in the end pause the 
time at 0. Tracefile is the file which is supposed to be animated and which has trace 
data. If ns is not successful in reading the tracefile then it tries to read <tracefile>.nam. 

 
5.4 Normal Scenario 

 
In Normal scenario, the communication between the nodes is through exponential 
backoff algorithm which is 802.11 standard and is executed in the following way: 
 

 A node waits until the medium is idle, i.e. there is no activity detected at physical 

layer. 

 It selects a random time and waits for that. 

 After that time, it senses the medium again. 

 If medium is idle, node transmits. Otherwise, it selects a random amount of time 

and waits again. 

 When neighbouring nodes overhear the transmitting node, they  enter into silent 

mode for the duration of transmission 

Binary Exponential Backoff Algorithm (BEBA) is implemented which adjusts the 
contention window size dynamically in reaction to collision intensity. Such an algorithm 
is embedded in the IEEE 802.11 Distributed Coordination Function (DCF). 
 

As a result of this kind communication there is a packet loss and when packets are lost, 

they are retransmitted and hence the data rate is reduced. Other issues include E2E 

data throughput and delay, route acquisition time, control and data packets as well as 

protocol efficiency etc. However the critical issue or problem in this simulation is that of 

low data throughput and delay due to heavy loss rates and effect of collision and high 



MEE09:48 

 53 

retransmission rate. 

 
 

5.4.1 Analysis of Normal Scenario 
 

Due to E2E reliability requirements in many MANET applications, owing to variations in network 

size, network connectivity, topological changes and link capacity, it has become so difficult to 

improve the Data rate, reduce the total loss of control packets and maintain better QoS, through 

normal routing using a limited single channel capacity. Figure 6.4 shows the simulation of 

Normal scenario. 

 

 
 

Figure 5.4: Simulation of Normal Scenario 

 

This Figure is captured from the Normal Scenario in NS-2. The circles with different 
serial numbers are the wireless nodes while the thin big circles shows the signals for 
communication and the square boxes shows the lost packets during the communication 
in Normal scenario. 
 
We have set the CBR as random which means sometimes the packet is sent soon and 
sometimes with a little delay and at no specific time by normal scenario so the packets 
are lost during the communication between different nodes and hence the data rate is 
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decreased. Monitor (Mon) is used to monitor how many packets are used and lost in the 
simulation. All of this information is recorded to the loss monitor.  
 
In this simulation UDP receives packets from the Constant Bit Generator which is at the 
application layer and at receiving end there is a NULL which has the capability to 
receive anything and from any layer. As UDP is used, so receiving end is receiving the 
packets without an acknowledgement and hence no reply is needed by the receiver. 
When UDP agent receives packets from the CBR agent, it forwards all these packets 
towards the lower layers. At the receiving end, Mon will receive the UDP packets. 
 
After this, all these packets are forwarded to NULL agents and in the end it will delete all 
the packets. After each 0.0625 sec, the new data about the simulation is recorded and 
is written to the trace file. The average Data rate and average Loss rate are written to 
TEST file. The total simulation time for this scenario is 20 seconds. 
 
The bandwidth in Normal Scenario is calculated in Kbits/sec as: 
The bytes received by a particular link in 0.0625 seconds divide by the time which is 
0.0625 sec and multiply by 8 to convert bytes into bits and in the end the whole 
expression is divided by 1000 to convert bits into Kilo bits. 
                  

 
Bytes received by a particular link in 0.0625 sec 

Bandwidth=              ________            Time (0.0625sec)*8_ ________________ 
                                                        1000 (bits are converted to Kbits) 
 

 
The average data rate in Normal Scenario is calculated in Kbits/sec as: 
 
The bytes received by a particular link in total simulation time which is 20 seconds divide by the 
stop time 20 sec and multiply by 8 to convert bytes into bits and then the whole expression is 
divided by 1000 to convert bits into Kilo bits. 
 
 
                     _____Total bytes received by a particular link in 20sec__ 
Average Data Rate=        _______________Stop Time (20 sec) *8__________________ 
                                                          1000 (bits are converted to Kbits) 
 
 
The average Loss Rate in Normal Scenario is calculated in bits/sec as: 
 
The total bytes lost during a particular link in total simulation time which is 20 seconds divide by 
the stop time which is also 20 seconds and multiply by 8 to convert bytes into bits. 

 
   

Average Loss Rate=        __Total bytes lost during a particular link in 20 sec__ 
                                              Stop Time (20 sec) *8(bytes are converted to bits)  
 

Average Data Rate and Average Loss Rate are also shown in doc format after complete 
simulation. 
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5.5 TDMA Scenario 

 

Medium capturing is governed by back off rules. These rules help prevent the collisions 
between nodes but cannot totally avoid them. When the number of nodes in a medium 
increases considerably, the avoidance of collision becomes more difficult and bandwidth 
loss is inevitable     

The main problem to solve in TDMS scenario is to improve the data rate and reduce 
collision in mobile ad hoc networks other than direct traffic generation within the 
available bandwidth. In this thesis, our main contribution focuses on TDMA technique to 
improve the data rate and reduce the effect of collision in the network. This scheme has 
the following characteristic as main contributions; 

 Substantial improvement in control and over head data rates in the network. 

 Substantial improvement in the network capacity utilization through multi-hop 

transmission. 

 The TDMA technique is computationally efficient subject to time division aggregation and 

transmission of packets. 

 Effective improvement in Bandwidth utilization and collision reduction.  
 

5.5.1 Analysis of TDMA Scenario 
 

In this thesis, we investigated how to improve the data rate and reduce the effect of 

these collisions for a reliable end to end throughput by proposing a time division multiple 

access (TDMA) technique based on Binary exponential back off algorithm (BEBA). Our 

analysis showed that this scheme when compared with the existing normal route 

technique provides a considerable improvement in control and over head data rates, as 

well as reduces the loss of data packet using the available bandwidth.  

 

We have worked on the TDMA based scheme in MANET in which all the nodes will be 
divided into smaller number of groups and communication will possible only within the 
same group at any given time when it gets the TDMA time slot and the whole medium 
will be dedicated to this group only at that time, which is a new approach. The 
throughput is increased considerably because of less transmitting nodes per time slot. 
The purpose of the project is to show the supplementation of backoff rules by TDMA 
technique to reduce collisions and increase data rate. In TDMA only one pair of sender 
and receiver is active. Thus collisions are avoided. Although each pair transmits for 1/8 
of a second, data rate is much higher than the situation when they transmit all the time. 
 

The TDMA technique is more realistic approach considering the data and energy 

conversation and resilience to packet loses.  This scheme, governed by packet 

generation and transmission over allocated time slot using the available bandwidth 

guarantees appreciable reduction in data loss rate and substantial improvement in link 

capacity utilization. The numerical results obtained shows that the performance of 

TDMA technique is better when compared to the current Normal route technique. 
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The bandwidth for TDMA scenario is calculated by same formula as in normal scenario. 
 

The bandwidth is calculated in Kbits/sec as: 
 
The bytes received by a particular link in 0.0625 seconds divide by the time which is 
0.0625 sec and multiply by 8 to convert bytes into bits and in the end the whole 
expression is divided by 1000 to convert bits into Kilo bits. 
 
 
                 Bytes received by a particular link in 0.0625 sec 
Bandwidth=              ________            Time (0.0625sec)*8_ ________________ 
                                                        1000 (bits are converted to Kbits) 
 
 
 
The average data rate in TDMA Scenario is calculated in Kbits/sec as: 
 
The bytes received by a particular link in total simulation time which is 20 seconds divide by the 
stop time 20 sec and multiply by 8 to convert bytes into bits and again multiply by 8 as each pair 
of node transmits 1/8th of a 20 seconds and then the whole expression is divided by 1000 to 
convert bits into Kilo bits. 
 
                     _____Total bytes received by a particular link in 20sec__ 
Average Data Rate=        _______________Stop Time (20 sec) *8*8__________________ 
                                                          1000 (bits are converted to Kbits) 
 
The average Loss Rate in TDMA Scenario is calculated in bits/sec as: 
 
The total bytes lost during a particular link in total simulation time which is 20 seconds divide by 
the stop time which is also 20 seconds and multiply by 8 to convert bytes into bits and again 
multiply by 8 as each pair of node transmits 1/8th of a 20 seconds. 

 
   

Average Loss Rate=        __Total bytes lost during a particular link in 20 sec_____ 
                                             Stop Time (20 sec) *8(bytes are converted to bits)*8  
 

 
TDMA allows a number of clients to access a single radio-frequency channel without 
interference by allocating unique time slots to each user within each channel, reducing 
the loss of packets and improving the data rate thereby delivering QoS to the clients. 
 
The protocols and other information used in the TDMA scenario are same as in Normal 
Scenario. We have set the CBR as random which is same as in Normal Scenario which 
means sometimes the packet is sent soon and sometimes with a little delay and at no 
specific time by normal scenario so the packets are lost during the communication 
between different nodes and hence the data rate is decreased. Monitor (Mon) is used to 
monitor how many packets are used and lost in the simulation. All of this information is 
recorded to the loss monitor.  
 



MEE09:48 

 57 

In this simulation UDP receives packets from the Constant Bit Generator which is at the 
application layer and at receiving end there is a NULL which has the capability to 
receive anything and from any layer. As UDP is used, so receiving end is receiving the 
packets without an acknowledgement and hence no reply is needed by the receiver. 
When UDP agent receives packets from the CBR agent, it forwards all these packets 
towards the lower layers. At the receiving end, Mon will receive the UDP packets. 
 
After this, all these packets are forwarded to NULL agents and in the end it will delete all 
the packets. After each 0.0625 sec, the new data about the simulation is recorded and 
is written to the trace file. The average Data rate and average Loss rate are written to 
TEST file. The total simulation time for this scenario is 20 seconds. 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.5: Simulation of TDMA Scenario 

The Figure 5.5 shows the simulation used for TDMA. The communication is only 
between one pair of node at a time. In this particular figure, there are three 
transmissions shown. One is from node 10 to node 11 transmissions and then from 
node 12 to node 13 transmissions and the transmission is transferred from node 14 to 
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node 15. The actual transmission starts from node 0 to node 1 and then from node 2 to 
node 3 and so on. 
 
Actually the total simulation time is divided into 20 time slots and the TDMA time slot is 
further divided into 8 sub slots. As there are 8 pairs (16 nodes) so 1 second time slot is 
further divided within the eight pair of nodes.  

 
5.5.2 ADVANTAGES of TDMA Scenario 

 
Higher data rate is achieved because of the avoidance of collisions and improved 
performance of the backoff algorithm. 
 
5.5.3 DISADVANTAGES of TDMA Scenario 

 
A controlling entity is required that commands each pair when to start and when to stop. 
Generally it is a beacon tower that lies at the center of the cluster of the nodes. Such 
entity is not feasible sometimes. 

 
5.6 NEW Approach: 
 
TDMA is used for allowing many users to utilize a common channel. Without TDMA 
such senders will always collide. We have used TDMA for avoidance of collisions 
although the same channel can be utilized simultaneously by all the users. 

 
5.7 Xgraph Utility in NS-2 

 
Xgraph utility is a plotting program in NS-2 which is used for graphic representations of 
simulation outcome. The output file can be created in Tcl a script which is later on used 
for data sets for Xgraph. After running the complete simulation, Xgraph is plotted for that 
particular simulation.  
 
5.8 Xgraph for Normal Scenario 
 
"XGRAPH" utility is used to draw the graph of data rates of the nodes in Normal 
Scenario. X axis represents Simulation time and Y axis represents data rate in Kbits/s.  
 
For instantaneous data rate, we have divided the complete simulation time into time 
slots of 0.0625 lengths so that we may get instantaneous data rate of the link. As there 
are eight links so there will be eight graph files for all these eight links. Each link is 
shown by a particular color to differentiate its graph from other links. 
 
Figure 5.6 shows the Xgraph for Normal Scenario. On right top of the graph, each link is 
shown by different colour and we can easily observe the graph of different links (each 
pair of nodes) in the figure. The same graph can be compared with that of TDMA which 
shows that the data rate is increased and the results are successful. 
 



MEE09:48 

 59 

The Data Rate is shown in Kilo Bits per second while the simulation Time is shown in 
seconds. This Graph is for a duration of 20 seconds which is the total simulation time 
defined. 
 
 

 
 

Figure 5.6: Performance Graph of Normal Scenario 

 
After running the complete simulation with the information and data discussed above in 
Normal Scenario, we get the Graph shown in Figure 6.6. The formulas for getting the 
Average Data rate and Average Loss Rate discussed in Normal Scenario give us the 
results show in this Graph. 
 
As we can see that Data Rate is not high as compared to TDMA because the packets 
are lost during transmissions and hence we get low data rate and graph for data rate is 
also low. Collisions between nodes increase dramatically when their number increases 
in a location. Lost packets and retransmissions cause a decrease in data rates. 
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5.9 Xgraph for TDMA Scenario 
 
"XGRAPH" utility is also used to draw the graph of data rates of the nodes in TDMA 
Scenario. X axis represents Simulation time and Y axis represents data rate in Kbits/s.  
 
Figure 5.7 shows the Xgraph for TDMA Scenario. On right top of the graph, each link is 
shown by different colour and we can easily observe the graph of different links (each 
pair of nodes) in the figure which are raised and showing that the data rate has been 
increased in this Scenario. The same graph can be compared with that of Normal 
Scenario Xgraph and one can easily get that the collisions are minimized and hence the 
data rate is increased. 
 
 

 
 

Figure 5.7: Performance Graph of TDMA Scenario 

 
After running the complete simulation with the information and data discussed above in 
TDMA Scenario, we get the Graph shown in Figure 6.7. The formulas for getting the 
Average Data rate and Average Loss Rate discussed in TDMA Scenario gives us the 
results show in this Graph. 

 The results obtained in the Xgraph of TDMA shows that the performance of TDMA 
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technique is better when compared to the current Normal route technique. 

 

5.10 Comparison between Normal Scenario and TDMA Scenario 

 
The main advantage of NS-2 over other simulation tools is that it gives the results in doc 
format which is easy to understand and based on the data and information used in the 
simulation and graph, the doc file is created. Comparison between Normal Scenario and 
TDMA Scenario is shown in the Figure 6.1. 

 

 

Figure 6.1: Comparison between Normal Scenario and TDMA Scenario 

 

The scheme, governed by packet generation and transmission over allocated time slot 

using the available bandwidth guarantees appreciable reduction in data loss rate and 

substantial improvement in link capacity utilization. The Average Loss Rate is also 

reduced to almost 0. The numerical results obtained shows that the performance of 

TDMA technique is better when compared to the current Normal route technique. The 

Average Loss Rate is almost reduced to 0 and hence the data rate is almost double that 

of Normal existing Scenario. 

 

We have observed the performance of the control packets in terms of data throughput 

and loss rates as shown in Table 6.1 .The performance shows a considerable decrease 

in loss rates using TDMA technique. 

 

 

Nodes NORMAL_16_BEBA TDMA_16_BEBA 

       Average Data              
Rate (Kbits/sec) 

Average Loss Rate 
(Bits/sec) 

     Average Data 
Rate       
         (Kbits/sec)            

Average Loss Rate 
(Bits/sec) 

0-1 14.42 588.0 
 

58.463999999999999 
 

6.4000000000000004 
 

2.-3 25.731999999999999 
 

451.19999999999999 
 

57.567999999999998 
 

0.0 
 

4-5 5.9080000000000004 
 

733.60000000000002 
 

59.359999999999999 
 

6.4000000000000004 
 

6-7 37.828000000000003 
 

276.80000000000001 
 

57.119999999999997 
 

19.199999999999999 

8-9 38.640000000000001 
 

227.59999999999999 
 

58.015999999999998 
 

0.0 
 

10-11 35.195999999999998 
 

1098.4000000000001 
 

58.240000000000002 
 

0.0 
 

12-13 30.716000000000001 
 

338.39999999999998 
 

58.240000000000002 
 

6.4000000000000004 

14-15 23.968 
 

1463.5999999999999 58.688000000000002 
 

0.0 
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Chapter 6th  

Conclusion and Future Work 
 

6.1 Conclusion: 

  

We have proposed TDMA technique, a BEBA (Binary Exponential Backoff Algorithm) 
based time dependent data rate improvement technique in MANET, which characterizes 
improvement of data by reducing loss of control packet and collision effect over a limited 
channel capacity. Medium capturing is governed by backoff rules. These rules help 
prevent the collisions between nodes but cannot totally avoid them.  

 
When the number of nodes in a medium increases considerably, the avoidance of 
collision becomes more difficult and bandwidth loss is inevitable. We observe inefficient 
data throughput and E2E delay within a multi hop transmission between mobile nodes 
as an inherent problem. 
 
Collisions between nodes increase dramatically when their number increases in a 
location. Lost packets and retransmissions cause a decrease in data rates. Thus TDMA 
technique to control these collisions is quite helpful.  

 
The purpose of the project is to show the supplementation of backoff rules by TDMA 
technique to reduce collisions and increase data rate. Higher data rate is achieved 
because of the avoidance of collisions and improved performance of the backoff 
algorithm. Advanced On Demand Vector routing protocol (AODV) is used for routing 
between the nodes. MAC used for these nodes is IEEE 802.11. 

 
We have devised a technique in which collision is minimized by combining the wireless 
medium backoff rules with TDMA. TDMA helps in dividing a large number of nodes into 
groups of smaller number of nodes. At any given instant, communication within a single 
group is possible and whole medium is dedicated to it. Although a node can transmit 
only when its group gets the TDMA time slot, the throughput is increased considerably 
because of less transmitting nodes per time slot.  

 
TDMA is used for allowing many users to utilize a common channel. Without TDMA 
such senders will always collide. We have used TDMA for avoidance of collisions 
although the same channel can be utilized simultaneously by all the users. In TDMA 
only one pair of sender and receiver is active. Thus collisions are avoided. 

 
Although each pair transmits for 1/8 of a second, data rate is much higher than the 
situation when they transmit all the time. We have compared the existing normal routing 
scheme and the TDMA based scheme using NS2 Simulator. 

 
This scheme, governed by packet generation and transmission over allocated time slot 

using the available bandwidth guarantees appreciable reduction in data loss rate and 
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substantial improvement in link capacity utilization. The numerical results obtained 

shows that the performance of TDMA technique is better when compared to the current 

Normal route technique. 

 

 

6.2 Future Work:  

  
Although the results our proposed solution for TDMA Scenario are successful and the 
data is increased for limited number of nodes, A controlling entity is required that 
commands each pair when to start and when to stop for larger number of nodes. 
Generally it is a beacon tower that lies at the center of the cluster of the nodes. Such 
entity is not feasible sometimes. 

 
In Mobile Adhoc Network (MANET), the capability for transportation of wireless links 
changes with respect to the packet size. In long links there can be instability. A great 
research has been done so far to utilize those links which are more reliable in producing 
end to end connection to minimize the failure of frequent routing but still it needs 
improvement to produce suitable end to end connections and which can be able to 
transport different sizes of packets. Further modification is acquired to minimize this 
failure and also a controlling entity to control the network resources. 

 
In Future work, we have a challenge of how the performance can be optimized when 
there is more information. Also we know that the nodes are mobile and hence the 
network topology as well as network resources changes frequently and hence there can 
be a disconnection problem which is a great challenge for us to improve.  

 
However, these results are subject to variations based on simulation environment, 

system clock and speed and may not reflect a standard practical representation of the 

technical analysis. In a related future work we propose an ideal simulation environment 

incorporating BEBA based on practical test and real time analysis. 
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Appendix 
 

TCL Script for Normal Scenario 
 

set opt(chan)           Channel/WirelessChannel 
set opt(prop)           Propagation/TwoRayGround 
set opt(netif)          Phy/WirelessPhy 
set opt(mac)            Mac/802_11 
set opt(ifq)            Queue/DropTail/PriQueue 
set opt(ll)             LL 
set opt(ant)            Antenna/OmniAntenna 
set opt(x)              500              ;# X dimension of the topography 
set opt(y)              500               ;# Y dimension of the topography 
set opt(ifqlen)         50                ;# max packet in ifq 
set opt(seed)           0.0   ;#to produce random value we use seed  
set opt(tr)             Normal_16.tr        ;# trace file 
set opt(adhocRouting)   AODV 
set opt(filters)        GradientFilter 
 
set opt(nn)             16                ;# how many nodes are simulated 
 
set opt(stop)           20.0            ;# simulation time 
set stop_time  20.0 
 
set val(initialenergy)  1000 
set val(radiomodel)     Radio/Simple      ;# generic radio hardware 
set val(receivepower)   .5                ;# Receiving Power 
set val(transmitpower)  .5                ;# Transmitting Power 
set val(idlepower)      .05               ;# Idle Power 
 
set val(cbr_interval) 0.01 
set val(cbr_packet_size) 50 
set val(cbr_max_packets) 100000 
 
Queue/DropTail/PriQueue set Prefer_Routing_Protocols    1 
                                                                                                                                                             
# unity gain, omni-directional antennas 
# set up the antennas to be centered in the node and 1.5 meters above it 
Antenna/OmniAntenna set X_ 0 
Antenna/OmniAntenna set Y_ 0 
Antenna/OmniAntenna set Z_ 1.5 
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Antenna/OmniAntenna set Gt_ 1.0 
Antenna/OmniAntenna set Gr_ 1.0 
                                                                                                                                                             
global opt                                                                                                                                       
# create simulator instance 
set ns_ [new Simulator] 
                                                                                                                                                             
# set wireless topography object 
set wtopo [new Topography] 
                                                                                                                                                             
# create trace object for ns (for NAM) 
 set tracefd [open $opt(tr) w]                                                                                                                                           
 set namtrace [open Normal_16.nam w] 
 $ns_ trace-all $tracefd 
 $ns_ namtrace-all-wireless $namtrace $opt(x) $opt(y) 
 
 # Open files for writing graph data 
 set f0 [open Normal_16_0.graph w] 
 set f1 [open Normal_16_1.graph w] 
 set f2 [open Normal_16_2.graph w] 
 set f3 [open Normal_16_3.graph w] 
 set f4 [open Normal_16_4.graph w] 
 set f5 [open Normal_16_5.graph w] 
 set f6 [open Normal_16_6.graph w] 
 set f7 [open Normal_16_7.graph w] 
  
 # Open file for writing average data rate and average loss rate 
 set test [open Normal_16.doc w] 
 set tbytes0 0 
 set tbytes1 0 
 set tbytes2 0 
 set tbytes3 0 
 set tbytes4 0 
 set tbytes5 0 
 set tbytes6 0 
 set tbytes7 0 
 
 set tlost0 0 
 set tlost1 0 
 set tlost2 0 
 set tlost3 0 
 set tlost4 0 
 set tlost5 0 
 set tlost6 0 
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 set tlost7 0 
                                                                                                                                                         
# define topology 
    $wtopo load_flatgrid $opt(x) $opt(y) 
                                                                                                                                                             
# 
# Create God 
    set god_ [create-god $opt(nn)] 
                                                                                                                                                             
# 
# define how node should be created 
# 
                                                                                                                                                             
# node setting 
                                                                                                                                                             
    $ns_ node-config -adhocRouting $opt(adhocRouting) \ 
                 -llType $opt(ll) \ 
                 -macType $opt(mac) \ 
                 -ifqType $opt(ifq) \ 
                 -ifqLen $opt(ifqlen) \ 
                 -antType $opt(ant) \ 
                 -propType $opt(prop) \ 
                 -phyType $opt(netif) \ 
                 -channelType $opt(chan) \ 
                 -topoInstance $wtopo \ 
                 -diffusionFilter $opt(filters) \ 
                 -agentTrace ON \ 
                 -routerTrace ON \ 
                 -macTrace ON \ 
   -movementTrace ON 
# 
#  Create the specified number of nodes [$opt(nn)] and "attach" them 
#  to the channel. 
                                                                                                                                                             
    for {set i 0} {$i < $opt(nn) } {incr i} { 
        set node_($i) [$ns_ node $i] 
    } 
 
 set mon0 [new Agent/LossMonitor] 
 set mon1 [new Agent/LossMonitor] 
 set mon2 [new Agent/LossMonitor] 
 set mon3 [new Agent/LossMonitor] 
 set mon4 [new Agent/LossMonitor] 
 set mon5 [new Agent/LossMonitor] 
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 set mon6 [new Agent/LossMonitor] 
 set mon7 [new Agent/LossMonitor] 
 
 set udp_(0) [new Agent/UDP] 
 $ns_ attach-agent $node_(0) $udp_(0) 
 
 set udp_(1) [new Agent/UDP] 
 $ns_ attach-agent $node_(2) $udp_(1) 
 
 set udp_(2) [new Agent/UDP] 
 $ns_ attach-agent $node_(4) $udp_(2) 
 
 set udp_(3) [new Agent/UDP] 
 $ns_ attach-agent $node_(6) $udp_(3) 
 
 set udp_(4) [new Agent/UDP] 
 $ns_ attach-agent $node_(8) $udp_(4) 
 
 set udp_(5) [new Agent/UDP] 
 $ns_ attach-agent $node_(10) $udp_(5) 
 
 set udp_(6) [new Agent/UDP] 
 $ns_ attach-agent $node_(12) $udp_(6) 
 
 set udp_(7) [new Agent/UDP] 
 $ns_ attach-agent $node_(14) $udp_(7) 
 
  
 set null_(0) [new Agent/Null] 
 $ns_ attach-agent $node_(1) $null_(0) 
 $ns_ attach-agent $node_(1) $mon0 
 
 set null_(1) [new Agent/Null] 
 $ns_ attach-agent $node_(3) $null_(1) 
 $ns_ attach-agent $node_(3) $mon1 
 
 set null_(2) [new Agent/Null] 
 $ns_ attach-agent $node_(5) $null_(2) 
 $ns_ attach-agent $node_(5) $mon2 
 
 set null_(3) [new Agent/Null] 
 $ns_ attach-agent $node_(7) $null_(3) 
 $ns_ attach-agent $node_(7) $mon3 
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 set null_(4) [new Agent/Null] 
 $ns_ attach-agent $node_(9) $null_(4) 
 $ns_ attach-agent $node_(9) $mon4 
 
 set null_(5) [new Agent/Null] 
 $ns_ attach-agent $node_(11) $null_(5) 
 $ns_ attach-agent $node_(11) $mon5 
 
 set null_(6) [new Agent/Null] 
 $ns_ attach-agent $node_(13) $null_(6) 
 $ns_ attach-agent $node_(13) $mon6 
 
 set null_(7) [new Agent/Null] 
 $ns_ attach-agent $node_(15) $null_(7) 
 $ns_ attach-agent $node_(15) $mon7 
 
 set cbr_(0) [new Application/Traffic/CBR] 
 $cbr_(0) set packetSize_ $val(cbr_packet_size)  
 # Interval is measured in seconds 
 $cbr_(0) set interval_ $val(cbr_interval) 
 $cbr_(0) set random_ 1 
 $cbr_(0) set maxpkts_ $val(cbr_max_packets)  
 $cbr_(0) set fid_ 0 
 $cbr_(0) attach-agent $udp_(0) 
 
 set cbr_(1) [new Application/Traffic/CBR] 
 $cbr_(1) set packetSize_ $val(cbr_packet_size)  
 # Interval is measured in seconds 
 $cbr_(1) set interval_ $val(cbr_interval) 
 $cbr_(1) set random_ 1 
 $cbr_(1) set maxpkts_ $val(cbr_max_packets)  
 $cbr_(1) set fid_ 0 
 $cbr_(1) attach-agent $udp_(1) 
 
 set cbr_(2) [new Application/Traffic/CBR] 
 $cbr_(2) set packetSize_ $val(cbr_packet_size)  
 # Interval is measured in seconds 
 $cbr_(2) set interval_ $val(cbr_interval) 
 $cbr_(2) set random_ 1 
 $cbr_(2) set maxpkts_ $val(cbr_max_packets)  
 $cbr_(2) set fid_ 0 
 $cbr_(2) attach-agent $udp_(2) 
 
 set cbr_(3) [new Application/Traffic/CBR] 
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 $cbr_(3) set packetSize_ $val(cbr_packet_size)  
 # Interval is measured in seconds 
 $cbr_(3) set interval_ $val(cbr_interval) 
 $cbr_(3) set random_ 1 
 $cbr_(3) set maxpkts_ $val(cbr_max_packets)  
 $cbr_(3) set fid_ 0 
 $cbr_(3) attach-agent $udp_(3) 
 
 set cbr_(4) [new Application/Traffic/CBR] 
 $cbr_(4) set packetSize_ $val(cbr_packet_size)  
 # Interval is measured in seconds 
 $cbr_(4) set interval_ $val(cbr_interval) 
 $cbr_(4) set random_ 1 
 $cbr_(4) set maxpkts_ $val(cbr_max_packets)  
 $cbr_(4) set fid_ 0 
 $cbr_(4) attach-agent $udp_(4) 
 
 set cbr_(5) [new Application/Traffic/CBR] 
 $cbr_(5) set packetSize_ $val(cbr_packet_size)  
 # Interval is measured in seconds 
 $cbr_(5) set interval_ $val(cbr_interval) 
 $cbr_(5) set random_ 1 
 $cbr_(5) set maxpkts_ $val(cbr_max_packets)  
 $cbr_(5) set fid_ 0 
 $cbr_(5) attach-agent $udp_(5) 
 
 set cbr_(6) [new Application/Traffic/CBR] 
 $cbr_(6) set packetSize_ $val(cbr_packet_size)  
 # Interval is measured in seconds 
 $cbr_(6) set interval_ $val(cbr_interval) 
 $cbr_(6) set random_ 1 
 $cbr_(6) set maxpkts_ $val(cbr_max_packets)  
 $cbr_(6) set fid_ 0 
 $cbr_(6) attach-agent $udp_(6) 
 
 set cbr_(7) [new Application/Traffic/CBR] 
 $cbr_(7) set packetSize_ $val(cbr_packet_size)  
 # Interval is measured in seconds 
 $cbr_(7) set interval_ $val(cbr_interval) 
 $cbr_(7) set random_ 1 
 $cbr_(7) set maxpkts_ $val(cbr_max_packets)  
 $cbr_(7) set fid_ 0 
 $cbr_(7) attach-agent $udp_(7) 
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 $ns_ connect $udp_(0) $mon0 
 $ns_ connect $udp_(1) $mon1 
 $ns_ connect $udp_(2) $mon2 
 $ns_ connect $udp_(3) $mon3 
 $ns_ connect $udp_(4) $mon4 
 $ns_ connect $udp_(5) $mon5 
 $ns_ connect $udp_(6) $mon6 
 $ns_ connect $udp_(7) $mon7 
 
 $ns_ connect $mon0 $null_(0) 
 $ns_ connect $mon1 $null_(1) 
 $ns_ connect $mon2 $null_(2) 
 $ns_ connect $mon3 $null_(3) 
 $ns_ connect $mon4 $null_(4) 
 $ns_ connect $mon5 $null_(5) 
 $ns_ connect $mon6 $null_(6) 
 $ns_ connect $mon7 $null_(7) 
 
 $ns_ at 0.0 "$cbr_(0) start" 
 $ns_ at 0.0 "$cbr_(1) start" 
 $ns_ at 0.0 "$cbr_(2) start" 
 $ns_ at 0.0 "$cbr_(3) start" 
 $ns_ at 0.0 "$cbr_(4) start" 
 $ns_ at 0.0 "$cbr_(5) start" 
 $ns_ at 0.0 "$cbr_(6) start" 
 $ns_ at 0.0 "$cbr_(7) start" 
 
proc record {} { 
      global udp0 udp1 udp2 udp3 udp4 udp5 udp6 udp7 
 global f0 f1 f2 f3 f4 f5 f6 f7 
 global mon0 mon1 mon2 mon3 mon4 mon5 mon6 mon7 
 global test 
 global tbytes0 tbytes1 tbytes2 tbytes3 tbytes4 tbytes5 tbytes6 tbytes7 
 global tlost0 tlost1 tlost2 tlost3 tlost4 tlost5 tlost6 tlost7 
 
 #Get an instance of the simulator 
 set ns_ [Simulator instance] 
  
 #Set the time after which the procedure should be called again 
      set time 0.0625 
  
 #How many bytes have been received by the traffic sinks? 
  
 set bytes0 [$mon0 set bytes_] 
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 set bytes1 [$mon1 set bytes_] 
 set bytes2 [$mon2 set bytes_] 
 set bytes3 [$mon3 set bytes_] 
 set bytes4 [$mon4 set bytes_] 
 set bytes5 [$mon5 set bytes_] 
 set bytes6 [$mon6 set bytes_] 
 set bytes7 [$mon7 set bytes_] 
 
 set tbytes0 [expr $tbytes0+$bytes0] 
 set tbytes1 [expr $tbytes1+$bytes1] 
 set tbytes2 [expr $tbytes2+$bytes2] 
 set tbytes3 [expr $tbytes3+$bytes3] 
 set tbytes4 [expr $tbytes4+$bytes4] 
 set tbytes5 [expr $tbytes5+$bytes5] 
 set tbytes6 [expr $tbytes6+$bytes6] 
 set tbytes7 [expr $tbytes7+$bytes7] 
 
 #Get the current time 
        set now [$ns_ now] 
  
 #Calculate the bandwidth (in KBit/s) and write it to the files 
 
 puts $f0 "$now [expr $bytes0/$time*8/1000]" 
 puts $f1 "$now [expr $bytes1/$time*8/1000]" 
 puts $f2 "$now [expr $bytes2/$time*8/1000]" 
 puts $f3 "$now [expr $bytes3/$time*8/1000]" 
 puts $f4 "$now [expr $bytes4/$time*8/1000]" 
 puts $f5 "$now [expr $bytes5/$time*8/1000]" 
 puts $f6 "$now [expr $bytes6/$time*8/1000]" 
 puts $f7 "$now [expr $bytes7/$time*8/1000]" 
 
 $mon0 set bytes_ 0 
 $mon1 set bytes_ 0 
 $mon2 set bytes_ 0 
 $mon3 set bytes_ 0 
 $mon4 set bytes_ 0 
 $mon5 set bytes_ 0 
 $mon6 set bytes_ 0 
 $mon7 set bytes_ 0 
 
 #Re-schedule the procedure 
 $ns_ at [expr $now+$time] "record" 
} 
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proc finish {} { 
 global f0 f1 f2 f3 f4 f5 f6 f7 
 global test 
 global tbytes0 tbytes1 tbytes2 tbytes3 tbytes4 tbytes5 tbytes6 tbytes7 
 global mon0 mon1 mon2 mon3 mon4 mon5 mon6 mon7 
 global tlost0 tlost1 tlos2 tlost3 tlost4 tlost5 tlost6 tlost7 
 global stop_time 
 global ns_ 
 global tracefd namtrace 
 
 $ns_ flush-trace 
 
 close $f0 
 close $f1 
 close $f2 
 close $f3 
 close $f4 
 close $f5 
 close $f6 
 close $f7 
 
 puts $test "Average data rates in kbits/s. Node0-Node1, Node2-Node3,..." 
 puts $test [expr $tbytes0/$stop_time*8/1000] 
 puts $test [expr $tbytes1/$stop_time*8/1000] 
 puts $test [expr $tbytes2/$stop_time*8/1000] 
 puts $test [expr $tbytes3/$stop_time*8/1000] 
 puts $test [expr $tbytes4/$stop_time*8/1000] 
 puts $test [expr $tbytes5/$stop_time*8/1000] 
 puts $test [expr $tbytes6/$stop_time*8/1000] 
 puts $test [expr $tbytes7/$stop_time*8/1000] 
 
 set tlost0 [$mon0 set nlost_] 
 set tlost1 [$mon1 set nlost_] 
 set tlost2 [$mon2 set nlost_] 
 set tlost3 [$mon3 set nlost_] 
 set tlost4 [$mon4 set nlost_] 
 set tlost5 [$mon5 set nlost_] 
 set tlost6 [$mon6 set nlost_] 
 set tlost7 [$mon7 set nlost_] 
 
 puts $test "Average loss rates in bits/s. Node0-Node1, Node2-Node3,..." 
 puts $test [expr $tlost0/$stop_time*8] 
 puts $test [expr $tlost1/$stop_time*8] 
 puts $test [expr $tlost2/$stop_time*8] 
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 puts $test [expr $tlost3/$stop_time*8] 
 puts $test [expr $tlost4/$stop_time*8] 
 puts $test [expr $tlost5/$stop_time*8] 
 puts $test [expr $tlost6/$stop_time*8] 
 puts $test [expr $tlost7/$stop_time*8] 
 
 close $test 
 close $tracefd 
 close $namtrace 
 
 exec xgraph Normal_16_0.graph Normal_16_1.graph Normal_16_2.graph 

Normal_16_3.graph Normal_16_4.graph Normal_16_5.graph Normal_16_6.graph 
Normal_16_7.graph -x Simulation_Time -y Data_Rate -geometry 800x600 & 

      exec nam Normal_16.nam & 
 exit 0 
} 
 
$node_(0) set Y_ 200.0; 
$node_(1) set Y_ 300.0; 
$node_(2) set Y_ 200.0; 
$node_(3) set Y_ 300.0; 
$node_(4) set Y_ 200.0; 
$node_(5) set Y_ 300.0; 
$node_(6) set Y_ 200.0; 
$node_(7) set Y_ 300.0; 
$node_(8) set Y_ 200.0; 
$node_(9) set Y_ 300.0; 
$node_(10) set Y_ 200.0; 
$node_(11) set Y_ 300.0; 
$node_(12) set Y_ 200.0; 
$node_(13) set Y_ 300.0; 
$node_(14) set Y_ 200.0; 
$node_(15) set Y_ 300.0; 
 
for {set i 0} {$i < $opt(nn) } {incr i} { 
 $node_($i) set Z_ 0.0; 
 $node_($i) set X_ [expr ($i*25)+25] 
      $node_($i) random-motion 0 
  $ns_ initial_node_pos $node_($i) 10; # 10 is the nam node size. 
} 
 
$ns_ at 0.0 "record" 
$ns_ at $opt(stop) "finish" 
$ns_ at $opt(stop) "$ns_ nam-end-wireless $opt(stop)" 
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# Tell nodes when the simulation ends 
# 
for {set i 0} {$i < $opt(nn) } {incr i} { 
    $ns_ at $opt(stop) "$node_($i) reset"; 
} 
                                                                                                                                                             
$ns_ at  $opt(stop) "puts \"NS EXITING...\" ; $ns_ halt" 
 
$ns_ run 
 
 

TCL Script for TDMA Scenario 
 
set opt(chan)           Channel/WirelessChannel 
set opt(prop)           Propagation/TwoRayGround 
set opt(netif)          Phy/WirelessPhy 
set opt(mac)            Mac/802_11 
set opt(ifq)            Queue/DropTail/PriQueue 
set opt(ll)             LL 
set opt(ant)            Antenna/OmniAntenna 
set opt(x)              500              ;# X dimension of the topography 
set opt(y)              500               ;# Y dimension of the topography 
set opt(ifqlen)         50                ;# max packet in ifq 
set opt(seed)           0.0 
set opt(tr)             TDMA_16.tr        ;# trace file 
set opt(adhocRouting)   AODV 
set opt(filters)        GradientFilter 
 
set opt(nn)             16                ;# how many nodes are simulated 
 
set opt(stop)           20.0            ;# simulation time 
set stop_time  20.0 
 
set val(initialenergy)  1000 
set val(radiomodel)     Radio/Simple      ;# generic radio hardware 
set val(receivepower)   .5                ;# Receiving Power 
set val(transmitpower)  .5                ;# Transmitting Power 
set val(idlepower)      .05               ;# Idle Power 
 
set val(cbr_interval) 0.01 
set val(cbr_packet_size) 50 
set val(cbr_max_packets) 100000 
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Queue/DropTail/PriQueue set Prefer_Routing_Protocols    1 
                                                                                                                                                             
# unity gain, omni-directional antennas 
# set up the antennas to be centered in the node and 1.5 meters above it 
Antenna/OmniAntenna set X_ 0 
Antenna/OmniAntenna set Y_ 0 
Antenna/OmniAntenna set Z_ 1.5 
Antenna/OmniAntenna set Gt_ 1.0 
Antenna/OmniAntenna set Gr_ 1.0 
                                                                                                                                                             
ErrorModel set rate_ 0.1 
                                                                                                                                                            
global opt                                                                                                                                       
# create simulator instance 
set ns_ [new Simulator] 
                                                                                                                                                             
# set wireless topography object 
    set wtopo [new Topography] 
                                                                                                                                                             
# create trace object for ns 
 set tracefd [open $opt(tr) w] 
 set namtrace [open TDMA_16.nam w] 
 
 $ns_ trace-all $tracefd 
 $ns_ namtrace-all-wireless $namtrace $opt(x) $opt(y) 
 
     set f0 [open TDMA_16_0.graph w] 
 set f1 [open TDMA_16_1.graph w] 
 set f2 [open TDMA_16_2.graph w] 
 set f3 [open TDMA_16_3.graph w] 
 set f4 [open TDMA_16_4.graph w] 
 set f5 [open TDMA_16_5.graph w] 
 set f6 [open TDMA_16_6.graph w] 
 set f7 [open TDMA_16_7.graph w] 
 
 set test [open TDMA_16.doc w] 
 
 set tbytes0 0 
 set tbytes1 0 
 set tbytes2 0 
 set tbytes3 0 
 set tbytes4 0 
 set tbytes5 0 
 set tbytes6 0 
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 set tbytes7 0 
 
 set tlost0 0 
 set tlost1 0 
 set tlost2 0 
 set tlost3 0 
 set tlost4 0 
 set tlost5 0 
 set tlost6 0 
 set tlost7 0 
                                                                                                                                                         
# define topology 
    $wtopo load_flatgrid $opt(x) $opt(y) 
                                                                                                                                                             
# 
# Create God 
    set god_ [create-god $opt(nn)] 
                                                                                                                                                             
# 
# define how node should be created 
# 
                                                                                                                                                             
# node setting 
                                                                                                                                                             
    $ns_ node-config -adhocRouting $opt(adhocRouting) \ 
                 -llType $opt(ll) \ 
                 -macType $opt(mac) \ 
                 -ifqType $opt(ifq) \ 
                 -ifqLen $opt(ifqlen) \ 
                 -antType $opt(ant) \ 
                 -propType $opt(prop) \ 
                 -phyType $opt(netif) \ 
                 -channelType $opt(chan) \ 
                 -topoInstance $wtopo \ 
                 -diffusionFilter $opt(filters) \ 
                 -agentTrace ON \ 
                 -routerTrace ON \ 
                 -macTrace ON \ 
   -movementTrace ON 
# 
#  Create the specified number of nodes [$opt(nn)] and "attach" them 
#  to the channel. 
       
for {set i 0} {$i < $opt(nn) } {incr i} { 
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 set node_($i) [$ns_ node $i] 
} 
                                                                                                                                          
 set mon0 [new Agent/LossMonitor] 
 set mon1 [new Agent/LossMonitor] 
 set mon2 [new Agent/LossMonitor] 
 set mon3 [new Agent/LossMonitor] 
 set mon4 [new Agent/LossMonitor] 
 set mon5 [new Agent/LossMonitor] 
 set mon6 [new Agent/LossMonitor] 
 set mon7 [new Agent/LossMonitor] 
 
 set udp_(0) [new Agent/UDP] 
 $ns_ attach-agent $node_(0) $udp_(0) 
 
 set udp_(1) [new Agent/UDP] 
 $ns_ attach-agent $node_(2) $udp_(1) 
 
 set udp_(2) [new Agent/UDP] 
 $ns_ attach-agent $node_(4) $udp_(2) 
 
 set udp_(3) [new Agent/UDP] 
 $ns_ attach-agent $node_(6) $udp_(3) 
 
 set udp_(4) [new Agent/UDP] 
 $ns_ attach-agent $node_(8) $udp_(4) 
 
 set udp_(5) [new Agent/UDP] 
 $ns_ attach-agent $node_(10) $udp_(5) 
 
 set udp_(6) [new Agent/UDP] 
 $ns_ attach-agent $node_(12) $udp_(6) 
 
 set udp_(7) [new Agent/UDP] 
 $ns_ attach-agent $node_(14) $udp_(7) 
 
  
 set null_(0) [new Agent/Null] 
 $ns_ attach-agent $node_(1) $null_(0) 
 $ns_ attach-agent $node_(1) $mon0 
 
 set null_(1) [new Agent/Null] 
 $ns_ attach-agent $node_(3) $null_(1) 
 $ns_ attach-agent $node_(3) $mon1 
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 set null_(2) [new Agent/Null] 
 $ns_ attach-agent $node_(5) $null_(2) 
 $ns_ attach-agent $node_(5) $mon2 
 
 set null_(3) [new Agent/Null] 
 $ns_ attach-agent $node_(7) $null_(3) 
 $ns_ attach-agent $node_(7) $mon3 
 
 set null_(4) [new Agent/Null] 
 $ns_ attach-agent $node_(9) $null_(4) 
 $ns_ attach-agent $node_(9) $mon4 
 
 set null_(5) [new Agent/Null] 
 $ns_ attach-agent $node_(11) $null_(5) 
 $ns_ attach-agent $node_(11) $mon5 
 
 set null_(6) [new Agent/Null] 
 $ns_ attach-agent $node_(13) $null_(6) 
 $ns_ attach-agent $node_(13) $mon6 
 
 set null_(7) [new Agent/Null] 
 $ns_ attach-agent $node_(15) $null_(7) 
 $ns_ attach-agent $node_(15) $mon7 
 
 set cbr_(0) [new Application/Traffic/CBR] 
 $cbr_(0) set packetSize_ $val(cbr_packet_size)  
 # Interval is measured in seconds 
 $cbr_(0) set interval_ $val(cbr_interval) 
 $cbr_(0) set random_ 1 
 $cbr_(0) set maxpkts_ $val(cbr_max_packets)  
 $cbr_(0) set fid_ 0 
 $cbr_(0) attach-agent $udp_(0) 
 
 set cbr_(1) [new Application/Traffic/CBR] 
 $cbr_(1) set packetSize_ $val(cbr_packet_size)  
 # Interval is measured in seconds 
 $cbr_(1) set interval_ $val(cbr_interval) 
 $cbr_(1) set random_ 1 
 $cbr_(1) set maxpkts_ $val(cbr_max_packets)  
 $cbr_(1) set fid_ 0 
 $cbr_(1) attach-agent $udp_(1) 
 
 set cbr_(2) [new Application/Traffic/CBR] 
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 $cbr_(2) set packetSize_ $val(cbr_packet_size)  
 # Interval is measured in seconds 
 $cbr_(2) set interval_ $val(cbr_interval) 
 $cbr_(2) set random_ 1 
 $cbr_(2) set maxpkts_ $val(cbr_max_packets)  
 $cbr_(2) set fid_ 0 
 $cbr_(2) attach-agent $udp_(2) 
 
 set cbr_(3) [new Application/Traffic/CBR] 
 $cbr_(3) set packetSize_ $val(cbr_packet_size)  
 # Interval is measured in seconds 
 $cbr_(3) set interval_ $val(cbr_interval) 
 $cbr_(3) set random_ 1 
 $cbr_(3) set maxpkts_ $val(cbr_max_packets)  
 $cbr_(3) set fid_ 0 
 $cbr_(3) attach-agent $udp_(3) 
 
 set cbr_(4) [new Application/Traffic/CBR] 
 $cbr_(4) set packetSize_ $val(cbr_packet_size)  
 # Interval is measured in seconds 
 $cbr_(4) set interval_ $val(cbr_interval) 
 $cbr_(4) set random_ 1 
 $cbr_(4) set maxpkts_ $val(cbr_max_packets)  
 $cbr_(4) set fid_ 0 
 $cbr_(4) attach-agent $udp_(4) 
 
 set cbr_(5) [new Application/Traffic/CBR] 
 $cbr_(5) set packetSize_ $val(cbr_packet_size)  
 # Interval is measured in seconds 
 $cbr_(5) set interval_ $val(cbr_interval) 
 $cbr_(5) set random_ 1 
 $cbr_(5) set maxpkts_ $val(cbr_max_packets)  
 $cbr_(5) set fid_ 0 
 $cbr_(5) attach-agent $udp_(5) 
 
 set cbr_(6) [new Application/Traffic/CBR] 
 $cbr_(6) set packetSize_ $val(cbr_packet_size)  
 # Interval is measured in seconds 
 $cbr_(6) set interval_ $val(cbr_interval) 
 $cbr_(6) set random_ 1 
 $cbr_(6) set maxpkts_ $val(cbr_max_packets)  
 $cbr_(6) set fid_ 0 
 $cbr_(6) attach-agent $udp_(6) 
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 set cbr_(7) [new Application/Traffic/CBR] 
 $cbr_(7) set packetSize_ $val(cbr_packet_size)  
 # Interval is measured in seconds 
 $cbr_(7) set interval_ $val(cbr_interval) 
 $cbr_(7) set random_ 1 
 $cbr_(7) set maxpkts_ $val(cbr_max_packets)  
 $cbr_(7) set fid_ 0 
 $cbr_(7) attach-agent $udp_(7) 
 
 $ns_ connect $udp_(0) $mon0 
 $ns_ connect $udp_(1) $mon1 
 $ns_ connect $udp_(2) $mon2 
 $ns_ connect $udp_(3) $mon3 
 $ns_ connect $udp_(4) $mon4 
 $ns_ connect $udp_(5) $mon5 
 $ns_ connect $udp_(6) $mon6 
 $ns_ connect $udp_(7) $mon7 
 
 $ns_ connect $mon0 $null_(0) 
 $ns_ connect $mon1 $null_(1) 
 $ns_ connect $mon2 $null_(2) 
 $ns_ connect $mon3 $null_(3) 
 $ns_ connect $mon4 $null_(4) 
 $ns_ connect $mon5 $null_(5) 
 $ns_ connect $mon6 $null_(6) 
 $ns_ connect $mon7 $null_(7) 
 
proc record {} { 
      global udp0 udp1 udp2 udp3 udp4 udp5 udp6 udp7 
 global f0 f1 f2 f3 f4 f5 f6 f7 
 global mon0 mon1 mon2 mon3 mon4 mon5 mon6 mon7 
 global test 
 global tbytes0 tbytes1 tbytes2 tbytes3 tbytes4 tbytes5 tbytes6 tbytes7 
 global tlost0 tlost1 tlost2 tlost3 tlost4 tlost5 tlost6 tlost7 
 
 #Get an instance of the simulator 
 set ns_ [Simulator instance] 
  
 #Set the time after which the procedure should be called again 
      set time 0.0625 
  
 #How many bytes have been received by the traffic sinks? 
  
 set bytes0 [$mon0 set bytes_] 
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 set bytes1 [$mon1 set bytes_] 
 set bytes2 [$mon2 set bytes_] 
 set bytes3 [$mon3 set bytes_] 
 set bytes4 [$mon4 set bytes_] 
 set bytes5 [$mon5 set bytes_] 
 set bytes6 [$mon6 set bytes_] 
 set bytes7 [$mon7 set bytes_] 
 
 set tbytes0 [expr $tbytes0+$bytes0] 
 set tbytes1 [expr $tbytes1+$bytes1] 
 set tbytes2 [expr $tbytes2+$bytes2] 
 set tbytes3 [expr $tbytes3+$bytes3] 
 set tbytes4 [expr $tbytes4+$bytes4] 
 set tbytes5 [expr $tbytes5+$bytes5] 
 set tbytes6 [expr $tbytes6+$bytes6] 
 set tbytes7 [expr $tbytes7+$bytes7] 
 
 #Get the current time 
        set now [$ns_ now] 
  
 #Calculate the bandwidth (in KBit/s) and write it to the files 
 
 puts $f0 "$now [expr $bytes0/$time*8/1000]" 
 puts $f1 "$now [expr $bytes1/$time*8/1000]" 
 puts $f2 "$now [expr $bytes2/$time*8/1000]" 
 puts $f3 "$now [expr $bytes3/$time*8/1000]" 
 puts $f4 "$now [expr $bytes4/$time*8/1000]" 
 puts $f5 "$now [expr $bytes5/$time*8/1000]" 
 puts $f6 "$now [expr $bytes6/$time*8/1000]" 
 puts $f7 "$now [expr $bytes7/$time*8/1000]" 
 
 $mon0 set bytes_ 0 
 $mon1 set bytes_ 0 
 $mon2 set bytes_ 0 
 $mon3 set bytes_ 0 
 $mon4 set bytes_ 0 
 $mon5 set bytes_ 0 
 $mon6 set bytes_ 0 
 $mon7 set bytes_ 0 
 
 #Re-schedule the procedure 
 $ns_ at [expr $now+$time] "record" 
} 
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proc finish {} { 
 global f0 f1 f2 f3 f4 f5 f6 f7 
 global test 
 global tbytes0 tbytes1 tbytes2 tbytes3 tbytes4 tbytes5 tbytes6 tbytes7 
 global mon0 mon1 mon2 mon3 mon4 mon5 mon6 mon7 
 global tlost0 tlost1 tlos2 tlost3 tlost4 tlost5 tlost6 tlost7 
 global stop_time 
 global ns_ 
 global tracefd namtrace 
 
 $ns_ flush-trace 
 
 close $f0 
 close $f1 
 close $f2 
 close $f3 
 close $f4 
 close $f5 
 close $f6 
 close $f7 
 
 puts $test "Average data rates in kbits/s. Node0-Node1, Node2-Node3,..." 
 puts $test [expr $tbytes0/$stop_time*8*8/1000] 
 puts $test [expr $tbytes1/$stop_time*8*8/1000] 
 puts $test [expr $tbytes2/$stop_time*8*8/1000] 
 puts $test [expr $tbytes3/$stop_time*8*8/1000] 
 puts $test [expr $tbytes4/$stop_time*8*8/1000] 
 puts $test [expr $tbytes5/$stop_time*8*8/1000] 
 puts $test [expr $tbytes6/$stop_time*8*8/1000] 
 puts $test [expr $tbytes7/$stop_time*8*8/1000] 
 
 set tlost0 [$mon0 set nlost_] 
 set tlost1 [$mon1 set nlost_] 
 set tlost2 [$mon2 set nlost_] 
 set tlost3 [$mon3 set nlost_] 
 set tlost4 [$mon4 set nlost_] 
 set tlost5 [$mon5 set nlost_] 
 set tlost6 [$mon6 set nlost_] 
 set tlost7 [$mon7 set nlost_] 
 
 puts $test "Average loss rates in bits/s. Node0-Node1, Node2-Node3,..." 
 puts $test [expr $tlost0/$stop_time*8*8] 
 puts $test [expr $tlost1/$stop_time*8*8] 
 puts $test [expr $tlost2/$stop_time*8*8] 
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 puts $test [expr $tlost3/$stop_time*8*8] 
 puts $test [expr $tlost4/$stop_time*8*8] 
 puts $test [expr $tlost5/$stop_time*8*8] 
 puts $test [expr $tlost6/$stop_time*8*8] 
 puts $test [expr $tlost7/$stop_time*8*8] 
 
 close $test 
 close $tracefd 
 close $namtrace 
 
 exec xgraph TDMA_16_0.graph TDMA_16_1.graph TDMA_16_2.graph 

TDMA_16_3.graph TDMA_16_4.graph TDMA_16_5.graph TDMA_16_6.graph 
TDMA_16_7.graph -x Simulation_Time -y Data_Rate -geometry 800x600 & 

      exec nam TDMA_16.nam & 
 exit 0 
} 
 
$node_(0) set Y_ 200.0; 
$node_(1) set Y_ 300.0; 
$node_(2) set Y_ 200.0; 
$node_(3) set Y_ 300.0; 
$node_(4) set Y_ 200.0; 
$node_(5) set Y_ 300.0; 
$node_(6) set Y_ 200.0; 
$node_(7) set Y_ 300.0; 
$node_(8) set Y_ 200.0; 
$node_(9) set Y_ 300.0; 
$node_(10) set Y_ 200.0; 
$node_(11) set Y_ 300.0; 
$node_(12) set Y_ 200.0; 
$node_(13) set Y_ 300.0; 
$node_(14) set Y_ 200.0; 
$node_(15) set Y_ 300.0; 
 
for {set i 0} {$i < $opt(nn) } {incr i} { 
 $node_($i) set Z_ 0.0; 
 $node_($i) set X_ [expr ($i*25)+25] 
 $node_($i) random-motion 0 
  $ns_ initial_node_pos $node_($i) 10; # 10 is the nam node size. 
} 
 
set time_slots [expr $stop_time] 
 
for {set i 0} {$i < $time_slots} {incr i} { 
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 $ns_ at [expr $i] "$ns_ trace-annotate \"Node 0 to Node 1 transmission\"" 
 $ns_ at [expr $i] "$cbr_(0) start" 
 $ns_ at [expr $i+0.125] "$cbr_(0) stop" 
 
 $ns_ at [expr $i+0.125] "$ns_ trace-annotate \"Node 2 to Node 3 transmission\"" 
 $ns_ at [expr $i+0.125] "$cbr_(1) start" 
 $ns_ at [expr $i+0.25] "$cbr_(1) stop" 
 
 $ns_ at [expr $i+0.25] "$ns_ trace-annotate \"Node 4 to Node 5 transmission\"" 
 $ns_ at [expr $i+0.25] "$cbr_(2) start" 
 $ns_ at [expr $i+0.375] "$cbr_(2) stop" 
 
 $ns_ at [expr $i+0.375] "$ns_ trace-annotate \"Node 6 to Node 7 transmission\"" 
 $ns_ at [expr $i+0.375] "$cbr_(3) start" 
 $ns_ at [expr $i+0.5] "$cbr_(3) stop" 
 
 $ns_ at [expr $i+0.5] "$ns_ trace-annotate \"Node 8 to Node 9 transmission\"" 
 $ns_ at [expr $i+0.5] "$cbr_(4) start" 
 $ns_ at [expr $i+0.625] "$cbr_(4) stop" 
 
 $ns_ at [expr $i+0.625] "$ns_ trace-annotate \"Node 10 to Node 11 transmission\"" 
 $ns_ at [expr $i+0.625] "$cbr_(5) start" 
 $ns_ at [expr $i+0.75] "$cbr_(5) stop" 
 
 $ns_ at [expr $i+0.75] "$ns_ trace-annotate \"Node 12 to Node 13 transmission\"" 
 $ns_ at [expr $i+0.75] "$cbr_(6) start" 
 $ns_ at [expr $i+0.875] "$cbr_(6) stop" 
 
 $ns_ at [expr $i+0.875] "$ns_ trace-annotate \"Node 14 to Node 15 transmission\"" 
 $ns_ at [expr $i+0.875] "$cbr_(7) start" 
 $ns_ at [expr $i+1.0] "$cbr_(7) stop" 
} 
 
$ns_ at 0.0 "record" 
$ns_ at $opt(stop) "finish" 
$ns_ at $opt(stop) "$ns_ nam-end-wireless $opt(stop)" 
                                                                                                                                                        
# Tell nodes when the simulation ends 
# 
for {set i 0} {$i < $opt(nn) } {incr i} { 
    $ns_ at $opt(stop) "$node_($i) reset"; 
} 
$ns_ at  $opt(stop) "puts \"NS EXITING...\" ; $ns_ halt" 
$ns_ run 
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