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ABSTRACT 

 

A mobile ad hoc network (MANET) is an autonomous collection of mobile devices that 

communicate over relatively bandwidth constrained wireless links. Since the nodes are mobile, 

the network topology may change rapidly and unpredictably over time. TCP is being used as a 

highly reliable end to end protocol for transporting applications. TCP performance in wireless 

networks suffers from significant throughput degradation and delays. In this paper we are trying 

to evaluate and monitor the performance of various on demand reactive routing protocol such as 

AODV, DSR and TORA on the basis of various TCP congestion control mechanism like Tahoe, 

Reno and New Reno. 

The nodes in the network are receiving FTP Traffic from a common source. The simulation is 

being performed using the OPNET simulator on the basis of three important parameters that are 

congestion window, delay and throughput. 
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INTRODUCTION 

 

The wireless network can be classified into two types: Infrastructured and Infrastructure less. In 

Infrastructured wireless networks, the mobile node can move while communicating, the base 

stations are fixed and as the node goes out of the range of a base station, it gets into the range of 

another base station. In Infrastructure less or Ad Hoc wireless network, the mobile node can 

move while communicating, there are no fixed base stations and all the nodes in the network act 

as routers. The mobile nodes in the Ad Hoc network dynamically establish routing among 

themselves to form their own network „on the fly‟. [1]A Mobile Ad Hoc Network is a collection 

of wireless mobile nodes forming a temporary or short-lived network without any fixed 

infrastructure where all nodes are free to move about arbitrarily and where all the nodes 

configure themselves. In this network, each node acts both as a router and as a host & even the 

topology of network may also change rapidly. Some of the challenges in this network 

include[10]: 

 

a. Unicast/Multicast routing 

b. Dynamic network topology 

c. Network overhead 
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d. Scalability 

e. QoS 

f. Stable routing 

g. Secure routing 

h. Power aware routing 

 

There are various routing protocol that are broadly classified into two categories Proactive and 

Reactive Routing Protocols. For this paper Reactive routing protocols have been chosen that 

form their routing tables when needed. The evaluation of the routing protocols AODV, DSR, 

TORA is done on the basis of TCP congestion Control algorithms present basically Tahoe, Reno, 

New Reno. 

 

AD HOC ROUTING PROTOCOLS 

 

1) AODV 

Ad–hoc on demand distance vector routing (AODV) is a stateless on-demand routing 

protocol. The Ad-hoc On Demand Distance Vector (AODV) classified under reactive 

protocols. The operation of the protocol is divided in two functions, route discovery and 

route maintenance. In Ad-hoc routing, when a route is needed to some destination, the 

protocol starts route discovery. Then the source node sends route request message to its 

neighbors. And if those nodes do not have any information about the destination node, they 

will send the message to all its neighbors and so on [2] and if any neighbor node has the 

information about the destination node, the node sends route reply message to the route 

request message initiator. On the basis of this process a path is recorded in the intermediate 

nodes. This path identifies the route and is called the reverse path. Since each node forwards 

route request message to all of its neighbors, more than one copy of the original route request 

message can arrive at a node. A unique id is assigned, when a route request message is 

created. When a node received, it will check this id and the address of the initiator and 

discards the message if it had already processed that request. Node that has information about 

the path to the destination sends route reply message to the neighbor from which it has 

received route request message. This neighbor does the same. Due to the reverse path it can 

be possible. Then the route reply message travels back using reverse path. When a route 

reply message reaches the initiator the route is ready and the initiator can start sending data 

packets. 

 

2) DSR 

The reactive protocol DSR (Dynamic Source Routing Protocol) [5] is a protocol specifically 

created for ad hoc networks. The route discovery is done when the source node does not have 

in its routing table the path to the destination node. In order to discover it, it sends a RREQ 

packet in broadcast mode. When a node receives a RREQ packet with a destination that is in 

its routing table, it sends the RREP packet with a copy of the accumulated route registration 

of the RREQ packet plus the route to that node in its routing table. When the intermediate 

node does not know the destination, it must enter its address in the accumulated route 

registration of the RREQ packet and it forwards the RREQ message in broadcast mode. 

When a node learns the route, this is stored in a temporal cache. The maintenance of the 

route is conducted through passive acknowledgement in data link level and 



International Journal of Emerging trends in Engineering and Development                                                                             

Issue 2, Vol.4 (May 2012)                                                                                                                     ISSN 2249-6149 
 

 Page 618 
 

acknowledgements in network layer. An advantage of DSR is that nodes can store multiple 

routes in their route cache, which means that the source node can check its route cache for a 

valid route before initiating route discovery, and if a valid route is found there is no need for 

route discovery. This is very beneficial in network with low mobility. Since they routes 

stored in the route cache will be valid longer. Another advantage of DSR is that it does not 

require any periodic beaconing (or hello message exchanges), therefore nodes can enter sleep 

node to conserve their power. This also saves a considerable amount of bandwidth in the 

network. 

 

 

3) TORA 

Temporally Ordered Routing Algorithm TORA comes under a category of algorithms called 

“Link Reversal Algorithms”. TORA is an on demand routing protocol. Unlike other 

algorithms the TORA routing protocol does not uses the concept of shortest path for creating 

paths from source to destination as it may itself take huge amount of bandwidth in the 

network. Instead of using the shortest path for computing the routes the TORA algorithm 

maintains the “direction of the next destination” to forward the packets. Thus a source node 

maintains one or more “downstream paths” to the destination node through multiple 

intermediate neighboring nodes. TORA reduces the control messages in the network by 

having the nodes to query for a path only when it needs to send a packet to a destination. 

[10]In TORA three steps are involved in establishing a network. A) Creating routes from 

source to destination, B) Maintaining the routes and C) Erasing invalid routes. TORA uses 

the concept of “directed acyclic graph (DAG) to establish downstream paths to the 

destination”. This DAG is called as “Destination Oriented DAG”. A node marked as 

destination oriented DAG is the last node or the destination node and no link originates from 

this node. It has the lowest height. Three different messages are used by TORA for 

establishing a path: the Query (QRY) message for creating a route, Update (UPD) message 

for creating and maintaining routes and Clear (CLR) message for erasing a route. Each of the 

nodes is associated with a height in the network. A link is established between the nodes 

based on the height. The establishment of the route from source to destination is based on the 

DAG mechanism thus ensuring that all the routes are loop free. Packets move from the 

source node having the highest height to the destination node with the lowest height.  

 

 

TCP VARIANTS 

 

1) TCP Tahoe 

Tahoe [6] refers to the TCP congestion control algorithm which was suggested by Van 

Jacobson in his paper. TCP maintains a congestion window CWD to reflect the network 

capacity. Tahoe suggests that whenever a TCP connection starts or re-starts after a packet 

loss it should go through a procedure called slow-start.[3] The reason for this procedure is 

that an initial burst might overwhelm the network and the connection might never get started. 

The congestion window size is multiplicatively increased that is it becomes double for each 

transmission until it encounters congestion. Slow start suggests that the sender set the 

congestion window to 1 and then for each ACK received it increase the CWD by 1. So in the 

first round trip time (RTT) we send 1 packet, in the second we send 2 and in the third we 
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send 4. Thus we increase exponentially until we lose a packet which is a sign of congestion. 

When we encounter congestion we decrease our sending rate and we reduce congestion 

window to one. And start over again. The important thing is that Tahoe detects packet losses 

by timeouts. Sender is notified that congestion has occurred based on the packet loss.  

 

 

2) TCP Reno 

This RENO retains the basic principle of Tahoe, such as slow starts and the coarse grain 

retransmit timer .However it adds some intelligence over it so that lost packets are detected 

earlier and the pipeline is not emptied every time a packet is lost. Reno requires that we 

receive immediate acknowledgement whenever a segment is received. So Reno suggests Fast 

Re- Transmit.[4] Whenever we receive 3 duplicate ACK„s we take it as a sign that the 

segment was lost, so we re-transmit the segment without waiting for timeout.  Thus we 

manage to re-transmit the segment with the pipe almost full. Another modification that 

RENO makes is in that after a packet loss, it does not reduce the congestion window to 1. 

Since this empties the pipe. It enters into an algorithm which we call Fast-Recovery.  

 

3) TCP New Reno 

New RENO is a slight modification over TCP-RENO. It is able to detect multiple packet 

losses and thus is much more efficient that RENO in the event of multiple packet losses. Like 

RENO, New-RENO [7] also enters into fast retransmit when it receives multiple duplicate 

packets, however it differs from RENO in that it doesn„t exit fast recovery until all the data 

which was out standing at the time it entered fast recovery is acknowledged.[9] The fast 

recovery phase proceeds as in Reno, however when a fresh ACK is received then there are 

two cases 

 If it ACK„s all the segments which were outstanding when we entered fast recovery 

then it exits fast recovery and sets CWND to threshold value and continues congestion 

avoidance like Tahoe. 

 If the ACK is a partial ACK then it deduces that the next segment in line was lost and it 

re-transmits that segment and sets the number of duplicate ACKS received to zero. It 

exits Fast recovery when all the data in the window is acknowledged.[8] 

 

 

SIMULATION STUDY 

 

In order to show simulation for the routing protocols taken OPNET v 14.5 simulator is used .The 

three protocols AODV, DSR, TORA are analyzed on the basis of following parameters such as 

Congestion Window, Delay, Throughput. The results could be shown making different scenarios 

containing different number of nodes.  I have simulated the results taking a scenario of 4 nodes 

and 9 nodes  that are transferring data through file transfer protocol at different payloads. The 

graphs after comparison can be shown as below in the following figures. 
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Figure1:Scenario of 4 Nodes 

 

 
 

Figure 2: Congestion window for 4 Nodes 

 

 
 

Figure 3:Wireless LAN Delay for 4 Nodes 

 
 

Figure 4: Throughput (Bits/sec) for 4 Nodes 

 

 
 

Figure 5:Scenario For 9 Nodes 

 

 

 
 

Figure 6:Congestion Window for 9 Nodes 
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Figure 7: Wireless LAN Delay for 9 Nodes 

 
 

Figure 8: Wireless LAN 

Throughput(bits/sec) 

 

CONCLUSION AND FUTURE WORK 

 

After analyzing the graphs for 4 nodes and 9 nodes respectively the assessment can be made that 

the performance of  TORA and DSR varies in accordance with the number of nodes where as the 

Third protocol, AODV have similar results during individual 4 nodes and 9 nodes (New Reno, 

Reno and Tahoe). The Throughput in case of 9 nodes scenarios is quite less as compared to 4 

nodes scenario. So increase in the number of nodes has an effect on the performance metrics 

chosen. It explicitly defines that AODV has the formal behavior of TCP as within the normal 

networks. The congestion window is dynamically increasing and decreasing after receiving reply 

for the receiver. The behavior of the graph exactly resembles with the actual TCP congestion 

window graph with increase and decrease. The effect on congestion window of TORA and DSR 

Routing Protocols directly affect the Delay and throughput. The further extensions to the 

following simulation can be done by applying the Active Queue Management Techniques like 

RED or RED with ECN which can enhance the performance of the wireless network. 
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