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Recap

½ congestion window
½ congestion window

More TCP

• Congestion avoidance 

• TCP timers

• TCP lifeline
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Congestion Control vs Avoidance

• TCP causes congestion as it probes for the available 

bandwidth and then recovers from it after the fact

– Leads to loss, delay and bandwidth fluctuations

– We want congestion avoidance, not congestion control

• Congestion avoidance mechanisms

– Aim to detect incipient congestion, before loss. So monitor 

queues to see that they absorb bursts, but not build steadily

TCP protocol uses some kind of 
avoidance

ssthresh

• Avoid congestion by increasing linearly

• Can we do more?

Congestion avoidance phase
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Drop

Router Model: “FCFS with Tail Drop” 

The case against drop-tail queue management
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Random early packet drop (RED)
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� ��������	�	
���������� ����������	�
��
����
����	��
���	�
������

� ���
���������	��� �	������������������

� ���������	������������	
�

Max
threshold

Min
threshold

Queue 
length

Forced drop

Probabilistic
early drop

No drop

Time

Drop 

probability
Max

queue length



5

RED summary: why random drop?
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Explicit congestion notification
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Explicit Congestion Notification (ECN)
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Deciding When to Retransmit

• How do you know when a packet has been lost?

– Ultimately sender uses timers to decide when to retransmit

• But how long should the timer be?

– Too long: inefficient (large delays, poor use of bandwidth)

– Too short: may retransmit unnecessarily (causing extra traffic)

– A good retransmission timer is important for good performance

• Right timer is based on the round trip time (RTT)

– Which varies greatly in the wide area. Why?
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LAN case – small, 
regular RTT

Internet case 
– large, 

varied RTT

Congestion Collapse due to incorrect 
RTT estimates
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Estimating RTTs
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Transport LayerKurose and Ross

RTT: gaia.cs.umass.edu to fantasia.eurecom.fr
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Karn/Partridge Algorithm

• Problem: RTT for retransmitted packets ambiguous

• Solution: Don�t measure RTT for retransmitted packets and do not 
relax backed of timeout until valid RTT measurements

Sender Receiver
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Jacobson/Karels Algorithm

• Problem:

– Variance in RTTs gets large as network gets loaded

– So an average RTT isn�t a good predictor when we need it most

• Solution: Track variance too.

– Difference = SampleRTT – EstimatedRTT

– EstimatedRTT = EstimatedRTT + (δδδδ x Difference)

– Deviation = Deviation + δδδδ(|Difference|- Deviation)

– Timeout = µµµµ x EstimatedRTT + φφφφ x Deviation

– In practice, δδδδ = 1/8, µµµµ = 1 and φφφφ = 4
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So far we saw Loss-based TCP 
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Selective ACKS

CN5E by Tanenbaum & Wetherall, © Pearson Education-Prentice Hall and D. Wetherall, 2011

Extend ACKs with a vector to describe received 
segments and hence losses

– Allows for more accurate retransmissions / recovery 

No way for us to know 

that 2 and 5 were lost 
with only ACKs
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Wireless Issues

CN5E by Tanenbaum & Wetherall, © Pearson Education-Prentice Hall and D. Wetherall, 2011

Wireless links lose packets due to transmission errors

– Do not want to confuse this loss with congestion

– Or connection will run slowly over wireless links!

One Strategy:

– Wireless links use ARQ, which masks errors


