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                                                                              Abstract 
Mobile Ad hoc Network consists of a group of users to have end to end communication. For these networks there is no 
need of any pre-existing network. MANET easily communicates with their neighboring node but for non neighboring 
node it requires the proper routing algorithm. The most important part of wireless traffic is based on the TCP 
connection. TCP is a connection oriented protocol it provide various important features as congestion control, 
reliability, packet losses and so on. The performance of TCP depends up on various TCP variants according to the 
given scenario. By using different algorithm, different TCP variants have been analyzed. This paper consists of review 
and comparison of various TCP variants depending upon different algorithms. This paper aware us which variant is 
better for given scenario. 
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1.  Introduction  
 

Wireless networks came into existence in the early 19th century and they play a tremendous role in the field 
of networking. Transport control protocol/internet protocol (TCP/IP) is a connection oriented protocol. It 
provides features like congestion control, packet loss, flow control, reliability and so on. It has a very 
effective transmission quality from source to destination. the congestion control feature of TCP is very 
important  to have the effectiveness of data flow (TCP flow) in the IP networks.tcp was  designed for wired 
networks but it also performs well for wireless networks .packet loss is the result of TCP in wireless 
networks and this packet loss is due to link errors. But TCP considers that all the losses in the network are 
only due to congestion. But there are a lot many reasons due to which these errors take place. In order to 
improve the performance of TCP various algorithms have been used depending upon the given scenario. 
[1]. TCP sends the data and the sender buffers the data and then it will reach the receiver and then the 
Receiver sends the acknowledgement which indicates that data has been received which shows the reliable 
delivery. The data which is lost is indicated by the duplicate acknowledgements (DUPACKs) and this loss 
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data is retransmitted by the sender which leads to the trip delay [8]. TCP does not depend on the underlying 
network layers and, hence, design of various TCP variants is based on the properties of wired 
networks.TCP congestion control algorithms may not perform well in heterogeneous networks. The TCP 
protocols were tuned extensively to have good performance in the transport layer in the traditional wired 
network. TCP in its actual form is not suited for mobile ad hoc networks (MANETs) where loss in packets 
due to broken routes or link failure leads to counterproductive invocation of TCP congestion control 
mechanism. The Transmission Control Protocol was standardized in 1981 with the publication of RFC 793. 
After only a short period it was evident that it had some flaws in its behavior and a new version named 
Tahoe was released. Figure 1 indicates the TCP Inherence start by TCP Tahoe which added a Slow Start 
(SS) function, which started the transmission of data slowly but exponentially. An algorithm named 
Congestion Avoidance (CA) was also added, designed to slow the growth of the senders output lowering 
the possibility of causing congestion. The final algorithm added in the TCP Tahoe version is called Fast 
Retransmit (FRet). Fast Retransmit resend the first unacknowledged packet in the send buffer after 
receiving three DUPACKs after each other instead of waiting for a RTO. TCP SACK is a feature of 
Selective Acknowledgement, telling the sender what packets have been successfully received at the 
receiver and not just that a packet has been lost. TCP SACK works exceptionally well, compared to 
ordinary TCP clones, on a network with problems with multiple packet losses. This help keeping the 
retransmission queue small and saves time waiting not needing to wait for the next ACK to see if 
something else is missing. TCP SACK can be used with many later versions of TCP. TCP Reno is an 
upgrade of TCP Tahoe. Adding an algorithm Fast Recovery (FRec), designed to help TCP recover faster to 
maximum output after suffering a packet loss. Fast Recovery keeps the flow going instead of performing a 
SS. TCP New Reno was an improvement of the cooperation between FRet and FRec [2].  
 
 

 
 

Fig 1: TCP Inherence [2]. 
 
2. TCP Algorithms 

2.1 Slow Start [3] 
This is the very first and the basic requirement for the TCP. It is conducted in the beginning of every 
connection. It is required for TCP software implementation which is used by the sender to control the 
transmission rate also known as sender based flow control.  Here the sender’s rate of transmitting the data 
can be determined with the help of acknowledgements received by the receiver. Its main purpose is to find 
out the maximum bandwidth at which the transmission can be done without congestion. Firstly in this 
algorithm a congestion window is initialized to one segment which is the maximum segment size (MSS) 
and this segment size is initialized by the receiver during the establishment of the connection. Each time we 
get an acknowledgement when the data reaches the receiver. With each acknowledgement the size of the 
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size of congestion window increases by one segment so the sender transmits the minimum of the 
congestion window and the advertised window of the receiver which is known as transmission window. 
But at some point this congestion window becomes too large and the packets may be dropped. Lost packet 
will triggers a timeout at the sender side and then the sender goes in congestion avoidance mode [1]. 
 
2.2 Congestion Avoidance [2] 
During slow start there may come a point when the network is forced to drop some packets due to overload 
or congestion. Congestion avoidance is used to slow the transmission rate and slow start is used with this 
algorithm to get the data transfer again so it stay slow doesn’t slow down. Here the duplicate 
acknowledgement is being received which tells that congestion takes place. The transmission window in 
this condition sets to one half of the current window size but to at least two segments. If congestion was 
indicated by timeout then again it was reset to one segment due to which it puts the sender in slow start 
mode. If congestion was indicated by duplicate acknowledge then fast recovery and fast retransmit 
algorithm was used [1].  
 

2.3 Fast Retransmit [3] 
When the data is transmitted, the TCP sets a timer for each packet of data so that it ensures reliability. TCP 
retransmits the packet if it does not obtain any acknowledgement in the given fixed time out interval and 
the reason for not getting the data in the correct time is due to packet loss or the congestion in the network 
[1]. Fast recovery algorithm is used for identifying and repairing loss. It is mainly based on the incoming 
duplicate acknowledgement and the TCP is not able to understand whether a packet loss or out of order 
segment causes generation of the duplicate acknowledgements it waits for more acknowledgements to be 
received. For out of order segment two or more duplicate acknowledgements will be received but if they 
received three duplicate acknowledgements then it results in the lost segment. Here the sender will 
retransmit the missing data packets for retransmission timer it expires without waiting [4].  
 
2.4 Fast Recovery [3] 
In fast retransmit when the missing term is being retransmitted TCP will initiate the fast recovery 
mechanism until non-duplicate ACK arrives. This algorithm is an improvement to the congestion control 
mechanism. Here the receiver yields the duplicate ACK only when another segment is reached to it. This 
segment doesn’t consume any resources and is kept at receiver’s buffer. This means that data is still 
flowing in the network and TCP moves into the slow start phase. So in fast recovery algorithm congestion 
avoidance is again invoked instead of slow start phase as soon as the fast transmission is completed [5]. 
 

 
3. TCP Variants 
Different TCP variants have different features depending upon the scenario on which they are working and 
also different TCP variants use different congestion control algorithm. Some of the TCP variants are as 
explained below. 

 

3.1 TCP Tahoe [5] 
Traditional TCP is known as TCP Tahoe. It refers to TCP congestion control algorithm. it compliments 
TCP with various congestion control algorithms as Slow start, congestion avoidance and fast recovery.[5] 
The basic principle on which it depends is the principle of conservation of packets i.e. if there is connection 
at available bandwidth then the packet is not injected into the network until it is taken out as well. TCP 
implements this principle by using the acknowledgement to clock outgoing packets because an 
acknowledgement means that a packet was taken off  
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the wire by receiver. It also maintains a congestion window CWND to reflect the network capacity [4]. 
When congestion encounters it decrease over sending rate and reduced congestion window to one. 
However 
There are certain issues, which need to be resolved to ensure this equilibrium [4].  

• Determination of the available bandwidth. 

• Ensuring that equilibrium is maintained. 

• How to react to congestion  
The congestion window in this case is multiplicatively increased which means that it become double for 
each transmission until congestion encounters. It suggests that the congestion window must be set to 1 and 
for each ACK it increases the CWD by 1.so in the first round trip time it increases by 1 in the second 2 
packets are send and in the third 4 packets are send. So this increases exponentially until we lose any 
packet which leads to congestion. When congestion takes place we decrease the congestion window to 1 
and start over again [1].  
 
3.2 TCP Reno 
It uses the basic principle of Tahoe such as slow start and the coarse grainer transmit timer. It is an 
implementation of TCP used by most of the networks today. It use different congestion control algorithm 
which are congestion avoidance, fast recovery, fast retransmission and slow start. 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. 
The logic behind this is that whenever we receive a duplicate acknowledgment, then his duplicate  
acknowledgment could have been received if the next segment in sequence expected, has been delayed in 
the network and the segments reached there out of order or else that the packet is lost. If we receive a 
number of duplicate acknowledgements then that means that sufficient time have passed and even if the 
segment had taken a longer path, it should have gotten to the receiver by now. There is a very high 
probability that it was lost. So Reno suggests an algorithm called ‘Fast Re- Transmit’. Fast Retransmit and 
Fast Recovery mechanisms are initiated after receiving three duplicate Acknowledgements (ACKs) or 
when a timeout occur. These two mechanisms improve the performance of TCP-Reno which interprets 
wired network [3]. There takes place more efficient transfer of packets in networks by using fast recovery 
and fast re transmit method. 
 
3.3 TCP New Reno 
It is the modified form of TCP Reno as it detects multiple packet losses so it is more efficient than the TCP 
Reno detecting multiple packet losses. The components for controlling the congestion are same in Reno 
and new Reno. The difference is  that TCP new Reno uses a full ACK instead of partial ACK which creates 
a modification in the TCP Reno’s fast recovery method after it receive non duplicate ACK. TCP New Reno 
unlike Reno can recover from multiple segment losses by retransmitting only one lost segment in the same 
window per RTT and remains in Fast Recovery unless and until a full ACK is received [4]. 

3.4 TCP Sack 
TCP with selective acknowledge is an extension for TCP Reno and it works for the problems which occur 
in TCP Reno and TCP new Reno i.e. detection of lost packets and transmission of more than one lost 
packet per rtt.ck has same low start and fast retransmit parts of Reno It also has the coarse grained timeout 
of Tahoe to fall back on, in case a packet loss is not detected by the modified algorithm. SACK TCP 
enquires that segments not be acknowledged cumulatively but should be acknowledged selectively. Thus 
each ACK has a block which describes which segments are being acknowledged. Thus the sender has a 
picture of segments which have been acknowledged and which are still outstanding. It set the CWND to 
one half of the current size and when the window goes smaller than the CWND then it checks which 
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segment are  not send if there are no such segment then it will send  a new packet so by this way more than 
one lost segment can  b e send in one RTT.  

3.5 TCP Vegas  
It is a modification of TCP Reno it differs from TCP Reno by following ways 

• A new retransmission mechanism is used. 

• An improved congestion avoidance mechanism that controls buffer occupies. 

• A modified slow start mechanism [3]. 
TCP Vegas include modified form of retransmission that is based on fired gain measurements of RTT. As 
well as new mechanism for congestion detection during slow start and congestion avoidance. TCP Vegas 
uses bandwidth estimation scheme which is different from other variants and the bandwidth is estimated by 
the difference between expected flow rates and actual flow rates. Also Retransmission mechanism used by 
TCP-Vegas is more efficient as compared to TCP-Reno as it retransmits the corresponding packet as soon 
as it receives a single duplicate ACK and does not wait for three ACKs. TCP-Vegas as compared to TCP-
Reno is more accurate and is less aggressive, thus it does not reduce its CWND unnecessarily [5] [8]. 

3.6 TCP Westwood 
This is the modification in the TCP New Reno in its sender side only which better handle the bandwidth 
delay product paths.  It simply modifies the protocol stack which help source to estimate the available 
bandwidth.  The bandwidth can be calculated by simply calculating the rate at which data is being 
transmitted and delivered to the destination. The calculation can be done with the help of rate of receiving 
the acknowledge. For improved throughput it uses the estimated bandwidth for fast recovery of lost 
packets. This makes a more informed decision as compare to TCP Reno it selects an appropriate size of the 
CWND unlike Reno which halves the CWND which provide appropriate connection during the congestion. 
So it handles packet losses more effectively by using the information of CWND size and ssthresh [3] [5].  

4. Comparison of TCP Variants 
 
4.1 TCP Tahoe 
It is robust and has more lost packets. It can detect and retransmit the lost packet much sooner than its time 
out. It doesn’t empty the full pipe when the losses take place. It has fewer retransmissions and the 
congestion avoidance is better in Tahoe, its modified congestion avoidance algorithm measures the 
incipient congestion and very accurately measures the bandwidth but is not suitable for high bandwidth 
because of the waiting timeout [3]. 

4.2 TCP Reno 
It requires immediate acknowledgement whenever a segment is received. It suggest fast retransmit 
whenever it receives 3 duplicate ACK’s it take it as a sign that  segment was lost so we have to retransmit it 
without waiting for timeout. It does not reduce the congestion window to 1 and this results in as it empties 
the pipe and enters into another algorithm which is known as fast recovery [3].  

 
4.3 TCP New Reno 
It is a modified form of TCP Reno it detect the multi packet loss more efficiently than the TCP Reno. 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[12]. It doesn’t need to wait for 3 ACKs before it 
retransmits the lost packet. Its congestion avoidance mechanisms to detect ‘incipient’ congestion are very 
efficient and utilize network resources much more efficiently. Because of its modified congestion 
avoidance and slow start algorithm there are fewer retransmits [3]. 



IJRIT International Journal of Research in Information Technology, Volume 2, Issue 3, March 2014, Pg: 309-315 

Harsimran Kour , IJRIT                                                                                                                              314 

 

4.4 TCP Sack 
To implement sack we have to implement selective acknowledge which is not a very easy task , the 
currently selective acknowledgements are not provided by the receiver. It has better quality to estimate the 
incipient congestion its efficient estimation of congestion by measuring change in throughput rather than 
packet loss and this result in better utilization of bandwidth and less congestion .One disadvantage of sack 
is that is that it is not very easy to incorporate SACK in current TCP [3]. 

 
 
4.5 TCP Vegas  
It has fast and recovery method to over come packet loss and network congestion. It differs from the other 
algorithms during its slow start. During the initial point it doesn’t have any idea about the available 
bandwidth and during the exponential increase it over shoots the bandwidth by a big amount and thus takes 
place congestion. To solve the problem of coarse gain timeout modification takes place in the 
retransmission method which is based on Fire-Gained measurements of RTT [3]. 

4.6 TCP Westwood 
TCP West Wood cannot distinguish between buffer overflow and random losses. It does not provide fast 
recovery mechanism for data packet or ACK. TCP Westwood handles large bandwidth delay path and 
dynamic load with fast retransmission mechanism. It 
Uses slow start threshold and congestion control mechanism when congestion has occurred in network. The 
advantages that it has congestion avoidance and bandwidth utilization over network problem. Thus it 
handles the packet losses effectively by utilizing the information of current CWND size and ssthresh [3]. 
So these are comparison points of different TCP variants which uses different congestion control algorithm 
and which have different features depending upon the given scenario. 
 

5. Conclusion 
The detailed reviews of various TCP variants and their general comparison have been explained. The 
algorithm were analyzed which explains which variant is better and which variants performs better in that 
algorithm. It also describes about the protocols and the transmission and reception mechanism of the 
network and also explains various congestion problems. The traditional TCP   treat all losses in the network 
are due to congestion but in case of mobile ad hoc networks there are a lot many reasons which create 
congestion in the networks. The review is analyzed by various TCP variants which are TCP Tahoe, TCP 
Reno, TCP New Reno, TCP Sack, TCP Vegas, TCP Westwood. Most of the TCP variants show better 
results depending upon their compatibility with the network. An unwanted movement of the node creates 
error in the full network. Depending upon the movement and the various changes in the network leads to a 
great change in the output of various TCP variants. There present a lot of algorithm and the protocols that 
have been used, not a single algorithm or protocol is used to overcome these congestion problem. Here 
different variants have different advantages and disadvantages depending to upon the network. In short 
different protocols give different results in different scenarios depending upon the variant used. These 
protocols and their variants give better results if used with right protocol or variant in tight situation which 
make network work effectively and efficiently. 
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