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Abstract--- This paper is intended to compare two most 

important parameter of three different TCP Reno, Tahoe, 

SACK. In communication congestion control depends on 

traffic of the network and algorithm to overcome it. Each 

TCP has different algorithm. Based on algorithm, window 

size can be decided. It dictates the amount of data can send 

at any particular time. We considered two most vital 

parameters Round trip latency and end to end bandwidth on 

network to decide most efficient window size. Bandwidth-

delay product also defines the number of packets transmitted 

at given time. After analyzing packet numbers, we are able 

to find throughput for each TCP. 
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2. 

I. INTRODUCTION 

Internet grows rapidly as the technology increases. There are 

two types of network- connection oriented and 

connectionless network. Connection oriented network has 

several advantages over connectionless services. 

Transmission Control Protocol is used in connection 

oriented network to transmit the packets of data. It is a 

sandwiched layer between network layer and session layer 

in OSI model. It is virtually connected network. Different 

TCP variants can be used on the basis of its application area. 

This paper is intended to select a efficient TCP variant by 

comparing them.   

Each packet of data is represented by individual number. In 

this paper we are going to compare TCP Reno, Tahoe, 

SACK. All these three TCPs using algorithm to overcome 

congestion of network. TCP uses two windows - send 

window and receive window. Acknowledge signal is sent 

from receiver end to sender end after receiving data packet. 

It requires buffer memory at the both sides. Send window 

contains packets to be transmitted. Each TCP- Tahoe, Reno, 

SACK contains different analogy after detection of 

congestion. Number of packets with respect to time should 

be more to get less time for transmission. Due to network 

traffic, number of packets transmitted at a given time is 

limited. One of the parameter to check efficiency of TCP is 

Number of packets per unit time. So threshold value should 

be determined. After detecting packet loss in network size of 

command window should be reduced. TCP Tahoe, Reno 

contains almost same analogy after packet loss except a 

additional feature in Reno. Initially Threshold value of size 

of congestion window selects maximum. After detecting 

first packet loss the threshold value is set to the half of the 

current size of congestion window. Congestion control 

works in two modes – Slow starts and congestion avoidance. 

In slow start mode the size of congestion window should be 

less than ssthresh (threshold value). In second mode value of 

congestion window should be greater than or equal to 

ssthresh. Generally initial value of congestion window is set 

to 1 MSS (maximum segment size) which is counted as 

bytes. Number of packets can be sent defines the bandwidth 

and throughput of respective TCP. Congestion in network 

can be decided with mainly two possibilities – Duplicate 

acknowledgement and time out event. 

II. CONGESTION CONTROL 

There is a timer at the sender side to check about 

congestion. Congestion can be decided by time out and /or 

duplicate acknowledge.  One bit error can be detect by 

checksum, parity method. After detecting packet loss, lost  

packets must be retransmitted as soon as possible. All 

retransmission schemes rely on the use of timers. The most 

common Automatic Repeat Request retransmission schemes 

are – Stop and Wait, Go Back N, Selective Repeat ARQ. Stp 

and Wait ARQ takes too much time to transmit a long 

sequence. Selective Repeat is more flexible then Go Back N 

ARQ because of having fewer retransmission. 

III. TCP TAHOE 

TCP congestion control was introduced by Van Jacobson in 

1988. TCP Tahoe added new algorithms like slow-start, 

congestion avoidance and fast retransmit. After detecting 

packet loss slow start comes into picture. In slow-start 

algorithm congestion window starts with the value of one 

segment. After receiving each acknowledge signal 

congestion window increased by one.  

 
Fig. 1: Congestion Algorithm 

It does not depends on number of acknowledge received, 

congestion window still increased by one segment. After 

completion of time out congestion window gets double. 

Slow-start is valid upto cwnd < ssthresh. When cwnd gets 

more than ssthresh congestion avoidance phase is started. In 
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congestion avoidance phase, each round trip time is 

responsible for increment in cwnd is as follow 

cwnd = cwnd + MSS  

When packet loss is detected in congestion avoidance phase, 

TCP Tahoe uses fast retransmit algorithm. Fast retransmit 

causes the speed up retransmission by detecting three 

continuous duplicate acknowledges instead of time out event 

occurs. TCP Tahoe gets maximum variation in the size of 

window. It is due start with slow start phase after detecting 

packet loss. But TCP Tahoe gets lesser window size with 

respect to time as compared with SACK TCP. 

IV. TCP RENO 

TCP Reno includes same algorithm as TCP Tahoe with 

additional algorithm, called Fast Recovery. When packet 

loss occurs in network, TCP Reno starts the recovery 

process from congestion avoidance phase. So minimum 

window size in recovery process of TCP Tahoe can be 

overcome by starting recovery with second phase. So TCP 

Reno has lesser variation in window size as compared with 

TCP Tahoe. In fast recovery after receiving three ACKs, 

ssthresh is set to half the current window, retransmit the lost 

segment, cwnd is set to cwnd = ssthresh + 3, then after 

receiving each ACK, cwnd gets linear increment. TCP Reno 

is modified version of TCP Tahoe. TCP Reno improves 

upon the behavior of Tahoe TCP if a single packet drop is 

detected, but it is not efficient for multiple packets are 

dropped.  

 
Fig. 2: Packet vs. Time 

V. TCP SACK 

TCP SACK is selective acknowledge, a modified TCP 

which preserves the properties of TCP Tahoe and TCP Reno 

of being robust in the presence of out of packets and uses 

retransmit timeouts as the recovery method. The main 

difference between TCP SACK and TCP Reno is the 

behavior to overcome multiple dropped packets. The main 

feature of SACK TCP is, it contains a variable called as 

pipe. It is used to represent the number of packets 

outstanding in path. If the packets in the path are less than 

congestion window, then sender can send or retransmit data 

packets. So pipe variable can be used to make decision of 

when to send and which packet to send. A data structure 

maintains by sender that preserves acknowledges from 

previous SACK options. So TCP SACK gets maximum 

window size as the time increases as compared with TCP 

Tahoe, Reno. But packet number with respect to time is not 

effective for one packet loss as compared to TCP Tahoe, 

Reno. 

 
Fig. 3 Window size vs. Time 

VI.  SIMULATION AND RESULTS 

Network Simulator version 2 is used by us to simulate 

Various TCPs. It is a discrete event simulator for 

networking research work at packet level. It supports two 

languages- TCL and C++.  It is used to make virtual 

network with a better efficiency.  

Simulation Parameters: 

TCP parameters Value 

Slow start initial count 1 

Receive buffer size (bytes) 8,760 

Maximum ACK segment 2 

Duplicate ACK threshold 3 

Initial RTO (seconds) 1.0 

Minimum RTO (seconds) 0.5 

Maximum RTO (seconds) 64 

RTT gain 0.125 

Deviation gain 0.25 

VII. CONCLUSION  

After comparing three different TCP variants, it has been 

observed that the time taken by the SACK version of TCP to 

overcome the congestion is less compared to others. This 

difference is seen clearly in the plot of window size. In the 

plot of packet numbers, the SACK overpowers the RENO 

but is not able to cope with the TAHOE version. 

The TAHOE version of TCP follows the concept of 

go‐back‐n method to cope up with the congestion. The 

RENO TCP is better than the TAHOE because it follows the 

congestion control mechanism to cope up with the 

congestion. But in SACK a provision is made available such 

that when congestion occurs, only the selected numbers of 

packets are being retransmitted and not all of the data is 

retransmitted. Because of this characteristic, SACK is able 

to cope up with the congestion much faster than the other 

TCP variants. This difference is seen in the congestion 

window progression plot clearly. 
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