Congestion

« Total offered load exceeds what network can
handle.

* Congestion collapse:
— When congestion occurs, packets get dropped.
— Due to packet loss, packets get retransmitted.
— Congestion gets worse and worse!
— “Snow ball 7 effect.



Congestion Control

 Why do it at the transport layer?
— Real fix to congestion Is to slow down sender.
* How to?

— Use law of “conservation of packets” .

— Keep number of packets in the network
constant.

— Don’t inject new packet until old one leaves.

* What is the congestion indicator?
— packet loss.



Congestion Control

* Interprets packet loss as an indicator of
congestion

— When if senses packet loss, it slows down the rate
of packet transmission

— When packets are received correctly, sends
packets faster

o Still within the limits of the sliding window
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TCP Congestion Window

Sender data stream
‘ Current Window ‘

. Data already sent and acknowledged

Data already sent but not yet acknowledged

Data permuitted to send

. Data not permitted to send



TCP Congestion Control
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TCP Congestion Control

« 3 phases

— Slow-start
* Probing for initial congestion level.

— Congestion Avoidance
« Additive Increase, Multiplicative Decrease

— Fast Retransmission/Recovery
« Optimizations
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