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TCP Congestion Controlg

TCP uses four different mechanisms:

1. Congestion Avoidance : behaviour with mid Co gest o o da ce be a ou t d
congestion 

2 Slow Start: behaviour after serious congestion2. Slow Start: behaviour after serious congestion

3. Fast Retransmit

4. Fast Recovery

 Since TCP’s congestion control is window-based, all 
these mechanisms affect the size of the congestion 
window
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window 



J Padhye, V Firoiu, D Towsley, J Kurose, y , , y, ,
"Modeling TCP Throughput: A Simple Model 
and its Empirical Validation " SIGCOMM 1998and its Empirical Validation,   SIGCOMM 1998.
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OverviewOverview

Study effect of TCP’s loss detection mechanism on Study effect of TCP’s loss detection mechanism on 
throughput
 Triple duplicate Triple duplicate
 Timeout

 Model can predict throughput over a significantly wider p g p g y
range of loss 

 Takes into account
 Dependency of congestion avoidance on ACK
 How loss is inferred
 Limited receiver window size
 RTT
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AssumptionsAssumptions
 A flow with unlimited amount of data to send A flow with unlimited amount of data to send
 Based on TCP Reno
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Model/AssumptionModel/Assumption

Window increase by 1/w each time an ACK is received Window increase by 1/w each time an ACK is received
 Decrease depends on mode of detection

M d l i “ d ” Model in “rounds”
 Starts with back-to-back transmission of W packets

N k t d til ACK i i d No packet send until ACK is received 
 Time to send W packet is less than RTT

b k k l d d ACK b packets acknowledged per ACK
 Slope is 1/b per RTT
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Loss ModelingLoss Modeling

 Loss independent between rounds Loss independent between rounds
 If a packet is lost, all remaining packets in the 

round are lostround are lost
1. Losses are only detected by triple duplicate 

ACK (TD)( )
2. Losses are TD and Timeout (TO)
3. Window limited3. Window limited
 Does not model fast recovery
 Throughput is measured in packets per Throughput is measured in packets per 

second
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Only TDOnly TD

b bilit th t k t i l t p: probability that a packet is lost
 First packet in round to be lost

 B: throughput (not goodput)
Y b f k t d i i d Y: number of packets send in a period

 A: duration of one TD period (TDP)p ( )
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Loss is iid
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(5)

Another way to derive E[Y]
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Assume iidAssume iid

The following can now be derived:The following can now be derived:
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Recall that 

14CS 5229



R ll th tRecall that 

Put the results together: g
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A “Simpler” DerivationA Simpler  Derivation

M. Mathis, J. Semske, J. Mahdavi, and T. Ott. The macroscopic behavior of the TCP 

16CS 5229
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Case with TimeoutCase with Timeout

M i diff ti t if h Main difference: timeout occurs if when 
packets (or ACK) are lost, less than 3 
duplicate ACKs are received

 In the model consider the cases when 3 or In the model, consider the cases when 3 or 
less (duplicate) ACKs are received 
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With TD and TO

small p larger p

Full Model (TD, TO, window limited)( , , )
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Motivation for Highspeed TCPMotivation for Highspeed TCP

C id t itti li k ith 1Gb d Consider transmitting over a link with 1Gbps and 
RTT 200ms

 Using default maximum window size of 64KB, 
what is the maximum throughput?
 Too slow, solution: use window scaling

 However, problem still exists However, problem still exists
 Starting from window of say 64KB, how long 

does it take TCP (Reno) based on AIMD todoes it take TCP (Reno), based on AIMD to 
fully utilize the 1Gbps without loss 
(MTU=1500B)?
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OptionsOptions

MIMD? MIMD?
 Loss Based

 Cubic TCP (Linux-based OS)

R t B d Rate Based
 Compound TCP (Window Vista and later)
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• KTJ Song, Q Zhang, M Sridharan, “Compound 
TCP: A Scalable and TCP‐Friendly CongestionTCP: A Scalable and TCP Friendly Congestion 
Control for High‐speed Networks,” PFLDNet
20062006.

• Rhee, I., and Xu, L. “CUBIC: A new TCP‐friendly 
high‐speed TCP variant,” PFLDNet 2005.
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 After loss, BIC computes Wmin, p
 Performs binary search between Wmax and Wmin for the “right” 
window size

b t i d i i d b S (li i ) but window increase is capped by Smax (linear increase)
 otherwise, do binary search (logarithmic increase)

 However increment can be too aggressive for network with short
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 However, increment can be too aggressive for network with short 
RTT or low speed network



Window increment is no more than Smax per second
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Window increment is no more than Smax per second



Compound TCPCompound TCP

 Runs a loss based and a delay based TCP together
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Compound TCPCompound TCP
Delay Measurements:Delay Measurements:

Window Increase/decrease:/

Some typical values:
 k = 0.8 or ¾,  = 1/8,  = ½
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