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Abstract 
The performance of Internet applications depends largely on the dynamics of TCP window sizes. This paper 

presents a new approach to TCP congestion avoidance. The new scheme includes two parts: (1) the Smooth-Start 
algorithm, which replaces the Slow-Start algorithm after a retransmission timeout, and (2) the New-Vegas algorithm, 
which replaces the limitations of exiting Vegas congestion avoidance mechanism. Both the algorithm needs 
modification at the sender side of the TCP implementation. Simulation is used to evaluate the performance of the 
algorithms. The simulation experiments are conducted using the ns simulator, to facilitate comparisons with different 
TCP variants. Furthermore, Smooth-Start is very simpleto implement and it can significantly reduce packet multiple 
packet losses and traffic burstiness. At the same time, New-Vegas is able to preserve the unique properties of Vegas 
that had made it a noteworthy protocol. 
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1. INTRODUCTION 

TCP is a widely used transport protocol (Transmission Control Protocol). The performance of the 
TCP applications strongly depends on the distribution of window sizes [1]. The main reason for distribution 
of TCP window size is congestion.   

One of the problems in the current implementations of TCP congestion control, which degrades 
the TCP performance, lies in the Slow-start algorithm. TCP Slow-start is initiated both at the start of a TCP 
connection or after a retransmission timeout. The objective of Slow-start is to enable a TCP sender to 
discover the available network bandwidth by gradually increasing the amount of data injected into the 
network from an initial window size of one segment, which prevents the TCP sender from congesting the 
network with an large burst of data [2]. Unfortunately, the approach that Slow-start uses to probe the 
network bandwidth is counter-intuitive. It dribbles data out at the beginning, and ends with a drastic leap to 
reach the slow-start threshold.  

In this paper, we propose a modification of Slow-start, called Smooth-start, which complements 
the proposals for selecting an appropriate initial ssthresh. The objective of Smooth-start is to make a 
smooth transition between the exponential growth and linear growth phases of the congestion window by 
changing the way that the TCP sender uses to reach the slow-start threshold. Slow Start causes multiple 
packet losses and algorithm require modification only at the sender side of TCP connection. The two 
phases of smooth start are filling phase and probing phase [2]. 
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It builds on proactive measures to encounter congestion which are much more efficient than 
reactive ones. It solves the problem of coarse grain timeouts and duplicate ACK to detect a packet loss. The 
three major changes induced by Vegas are: New Re-Transmission Mechanism, Congestion avoidance 
mechanism and Modified slow start. The calculated rate is too far away from the expected rate it increases 
transmissions to make use of the available bandwidth, whenever the calculated rate comes too close to the 
expected value it decreases its transmission to prevent over saturating the bandwidth. Modified Vegas 
increase exponentially only after every other RTT, between that it calculates the actual sending throughput 
to the expected and when the difference goes above a certain threshold it exits slow start and enters the 
congestion avoidance phase [3]. 

The actual throughput of a connection approaches the value of the expected maximum throughput, 
it may not be utilizing the intermediate routers buffer space efficiently and hence should increase the flow 
rate. On the other hand, when the actual throughput is much less than the expected throughput, the network 
is likely to be congested and hence the connection should reduce the flow rate [3]. This paper also describes 
our proposed modification to the congestion avoidance mechanism of TCP Vegas, called TCP New-Vegas, 
to address the issues identified with TCP Vegas.  

 
2. BACKGROUND 

It is important to understand that TCPs strategy is to control congestion once it happens, as 
opposed to trying to avoid congestion in the first place. In fact, TCP repeatedly increases the load it 
imposes on the network in an effort to find the point at which congestion occurs, and then it backs off from 
this point. Said another way, TCP needs to create losses to find the available bandwidth of the connection. 
An appealing alternative, but one that has not yet been widely adopted, is to predict when congestion is 
about to happen and then to reduce the rate at which hosts send data just before packets start being 
discarded [4]. We call such a strategy congestion avoidance, to distinguish it from congestion control. 
Figure .1 shows that how to apply Slow-Start algorithm and Fast retransmission technique during TOP and 
TDP congestion occurs respectively [8]. 
 

 
 

 
 

Round-trip time (RTT), also called round-trip delay, is the time required for a signal pulse or 
packet to travel from a specific source to a specific destination and back again. In this context, the source is 
the computer initiating the signal and the destination is a remote computer or system that receives the signal 
and retransmits it. Vegas increase exponentially only after every other RTT, between that it calculates the 
actual sending throughput to the expected and when the difference goes above a certain threshold it exits 
slow start and enters the congestion avoidance phase. 

 

3. EXISTING ALGORITHM AND ISSUES 

The slow start algorithm invoked at the start of the TCP connection, or  after a retransmission 
timeout. The algorithm begins in the exponential growth phase initially with a congestion window size 
(cwnd) of 1 or 2 segments and increase it by 1 Segment Size (SS) for each ACK received. This behaviour 
effectively doubles the window size each round trip of the network. This behavior continues until the 
congestion window size (cwnd) reaches the size of the receivers advertised window or until a loss occurs. 
when a packet loss occurs half of the current cwnd is saved as a Slow Start Threshold (Ssthresh) and slow 

Fig. 1.Tcp Congestion Window Trace 
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start begins again from its initial cwnd. Once the Cwnd reaches the Ssthresh TCP goes into congestion 
avoidance mode where each ACK increases the cwnd by SS*SS/cwnd [2]. This results in a linear increase 
of the cwnd. 
Issues of Slow-Start as follows: 

• Initially since sender is unaware of the capacity of the network, it sends multiple packets leading 
to congestion. 

• Slow start follows a go n back approach. Thus every time a packet is lost, it waits for a timeout 
and the pipeline is emptied. This offers a major cost in high bandwidth delay product links. 

Among the several new features implemented in TCP Vegas that was originally proposed by Brakmo 
et al., one of the most important differences between TCP Vegas and TCP Reno is its congestion avoidance 
scheme. While TCP Reno (and its variants like NewReno) rely on packet loss detection to detect network 
congestions, TCP Vegas uses a sophisticated bandwidth estimation scheme to proactively gauge network 
congestion [3]. TCP Vegas varies it congestion window (cwnd) using the following algorithm. 
Where, 

� diff=expected rate-actual rate 
� expected rate=cwnd(t)/base rtt, where cwnd(t) is the current congestion window size and base rtt is 

the minimum RTT of that connection 
� actual rate=cwnd(t)/rtt, where rtt is the actual roundtrip time 
� Alpha and Beta are parameters whose values are usually set as 1 and 3, respectively 

Issues of New-Vegas as follows: 
• When Reno and Vegas connections are applied to a bottleneck link, Reno uses the full bandwidth 

and the router buffer space. Here Vegas see’s this as a sign of congestion. 
• If rerouting occurs between a transmission then RTT will change. But Vegas assumes this delay in 

RTT as a sign of congestion.  
 

 
4. PROPOSED METHOD 

Figure .2 depicts the overall architecture of the proposed system. Develop a new code from the 
original code to improve the performance during congestion avoidance. Apply both the original code as 
well as the edited code in the congested network. Compare and analyze the performance with different 
number of nodes and then generate the report. 

 
 
 
 
 
 
 

 
 
 
 
 
 

The modification of Slow-start, called Smooth-start, which complements the proposals for selecting an 
appropriate initial ssthresh. The objective of Smooth-start is to make a smooth transition between the 
exponential growth and linear growth phases of the congestion window by changing the way that the TCP 
sender uses to reach the slow-start threshold. Slow Start causes multiple packet losses and algorithm 
require modification only at the sender side of TCP connection. The two phases of smooth start are filling 
phase and probing phase. The algorithm for Smooth-Start as flows: 

� Step 1: Start. 
� Step 2: Sender generate the packet and to the receiver. 
� Step 3: Receiver receives the packet and send an ACK back to the sender 
� Step 4: If congestion occurs due to Timeout Period(TOP), then apply smooth start algorithm. 

Fig. 2. System Architecture 
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� Step 5: In smooth start technique, initialize the cwnd=1. Then set the ssthresh and ssthresh/2 
boundaries. 

• Filling phase = ssthresh/2 
• Probing phase = ssthresh = MSS/2 

� Step 6: In the filling phase, congestion window sizes increases exponentially from one to 
ssthresh/2. 

� Step 7: In the probing phase, congestion window sizes increases more slowly (i.e. only upon the 
receipt of multiple ACKs). 

• After one round trip time the congestion window size: 
Cwnd = ssthresh/2 + ((1/2)* ssthresh/2)) = (3/4 ssthresh) 

• After two round trip times of the second subphase: 
Cwnd = 3ssthresh/4+ ((1/3)*3ssthresh/4) = ssthresh1 

� Step 8: If the congestion window reaches the ssthresh, then cwnd additively increases upto 
congestion. 

� Step 9: In the congestion phase, due to the TOP congestion occurs, then again perform smooth 
start. 

� Step 10: Stop 

TCP Vegas uses fixed values for variables alpha  and beta, set to 1 and 3 usually. Recall that Vegas’s 
strategy is to adjust the source’s congestion window in an attempt to keep a small number of packets 
buffered in the routers along the path. Still subscribing to the idea that the average number of packets in the 
router buffer is to be kept within alpha  and beta, the main idea behind TCP New-Vegas is that rather than 
fixing alpha and beta, they be made dynamically changeable. At the start of a connection, alpha is set to 1 
and beta to 3. These values are then changed dynamically depending on the network conditions. Another 
way of looking at this modification is that we are trying to bring the network probing capability of TCP 
Reno into TCP Vegas. While slow start and congestion recovery algorithms of New-Vegas are the same as 
that of Vegas, we propose a modified congestion avoidance mechanism: 

� Step 1: Start. 
� Step 2: The situation when diff falls between alpha and beta, then we have to check present value 

is greater than or lessthan or equalto to the previous value. If greater, then increment cwnd, alpha 
and beta otherwise no update of cwnd, alpha and beta. 

� Step 3: The situation when diff falls below alpha, then also we have to check present value is 
greater than or less than to the previous value and alpha value should be greater than one. If 
greater, then increment cwnd, otherwise decrement cwnd, alpha and beta. After decrement check 
whether the alpha value equals to one, then increment cwnd, alpha and beta parameters. 

� Step 4: The situation when diff is greater than beta and alpha greater than one, then decrement 
cwnd, alpha and beta. Otherwise no update of cwnd, alpha and beta. 

� Step 5: Stop. 

 
5. SIMULATION SETUP 

We tested the proposed algorithms by implementing it in the ns-2 tool.  The performance 
comparison between proposed strategy and existing strategy is carried out in both wired and wireless 
networks with parameters such as average throughput, average end-to-end delay and packet delivery 
fraction. Both the proposed algorithms (Smooth-Start and New-Vegas) uses the same topology. 
 
5.1 Wired Network Topology 

The topology that we have considered for our simulation is Local Area Networks (LANs) 
connected by a Wide Area Network(WAN), by varying number of nodes in the network starting from 25 
nodes in the network to 150 nodes with an increment of 25 nodes each time. The simulations are carried out 
for 100sec with link delays of 10 milliseconds. The bandwidth allocated to LANs is 100 Mbps whereas 
bandwidth allocated to WAN is 1 Mbps. The traffic model TCP/FTP is used and size of data packets is set 
to 1000 bytes. 
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Table 1.Smooth-start applied in wired network Table 2.New-Vegas applied in wired network 

 

Fig .3. Delay of Smooth-Start and Slow-
start algorithms over wired network 

 

Fig .4. PDF of Smooth-Start and Slow-
start algorithms over wired network 
 

Fig .6. Delay of Tcp-Vegas and New-
vegas algorithms over wired network 

 

Fig .5. Throughput of Smooth-Start and Slow-start 
            algorithms over wired network 
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Table 1. shows the performance comparisons of proposed strategy smooth start and existing strategy slow 
start applied in the wired network. Table 2. shows the performance comparisons of proposed strategy New-
Vegas and existing strategy Tcp-Vegas applied in the wired network. Figure 3, 4 and 5 shows performance 
comparison between smooth start and slow start strategy is carried out in wired network with parameters 
such as throughput, packet delivery fraction and average end to end delay. Proposed strategy yields better 
performance when number of nodes is less. Figure 6, 7 and 8 shows performance comparison between Tcp-
vegas and New-vegas strategy is carried out in wired network with parameters such as throughput, packet 
delivery fraction and average end to end delay. Proposed strategy yields better throughput when number of 
nodes is high. Delay and PDF shows better performance when number of nodes is less.      
 
 
5.2. Wireless Network Topology 

In this topology, the simulation is performed by varying number of nodes in the network starting 
from 25 nodes in the network to 150 nodes with an increment of 25 nodes each time. Which are deployed 
like grid structure, distributed in a 1750m x1750m boundary and simulations are carried out for 100sec Ad-
hoc On demand Distance Vector (AODV) routing protocol . We assume that nodes have no mobility. We 
set the Radio Propagation model of wireless networks as Two Ray Ground reflection model and set the 
maximum transmission range of nodes as 250 meters. The Medium Access Control (MAC) protocol is set 
to IEEE 802.11 and the bandwidth of the channel is set to 10Mbps. The traffic model TCP/FTP is used and 
size of data packets is set to 512 bytes. 
 
 
 
 

 
 
 
 
 
 

Table 3. Smooth-start applied in wireless network Table 4. New-Vegas applied in wireless  network 

Fig .8. Throughput of Tcp-Vegas and 
New-vegas algorithms over wired 

Fig .7. PDF of Tcp-Vegas and New-vegas  
algorithms over wired network 
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Fig .10. PDF of Smooth-Start and Slow-
start algorithms over wireless network 

Fig .11. Throughput of Smooth-Start and 
Slow-start algorithms over wireless 
network 

Fig .12. Delay of Tcp-vegas and New-
vegas algorithms over wireless network 
 

Fig .13. PDF of Tcp-vegas and New-vegas 
algorithms over wireless network 
 

Fig .14. Throughput of Tcp-vegas and 
New-vegas algorithms over wireless 
network 

Fig .9. Delay of Smooth-Start and Slow-
start algorithms over wireless network 
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Table 3. shows the performance comparisons of proposed strategy smooth start and existing 
strategy slow start applied in the wireless network. Table 4. Shows the performance comparisons of 
proposed strategy New-Vegas and existing strategy Tcp-Vegas applied in the wireless network. Figure 9, 
10 and 11 shows performance comparison between smooth start and slow start strategy is carried out in 
wireless network with parameters such as throughput, packet delivery fraction and average end to end 
delay. Proposed strategy yields better performance when number of nodes is less. Figure 12, 13 and 14 
shows performance comparison between Tcp-vegas and New-vegas strategy is carried out in wireless 
network with parameters such as throughput, packet delivery fraction and average end to end delay. 
Proposed strategy yields better throughput, PDF and delay when number of nodes is less.  
 

6. CONCLUSION 

The scenario based performance comparison between proposed strategy-Smooth Start and slow-
start strategy is carried out in both wired and wireless networks with parameters such as average 
throughput, average end-to-end delay and packet delivery fraction. Proposed strategy yields better results in 
packet delivery fraction and throughput compared to other strategy in both wired and wireless network and 
it also performs well when number of nodes is less. As the number of nodes increases the performance 
decreases compared to Slow-Start strategy. Smooth-Start is able to overcome multiple packet loss 
limitation of slow-start. 

In this paper, we also looked at the problems associated with TCP Vegas and proposed 
modifications to the congestion avoidance algorithm of TCP Vegas to overcome these limitations. Our 
modification, TCP New-Vegas, was shown to perform better than TCP Vegas in both wired and wireless 
networks. Here the proposed strategy yields better results when number of nodes increases. At the same 
time, New-Vegas retains all good properties of Vegas. 
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