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TCP Congestion Control
Alternative Options 
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TCP Congestion Control
Alternative Options 
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TCP Congestion Control is Difficult
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TCP Flow and Congestion Control
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TCP Segment 
Pacing

• Congestion in the Internet 
and at the receiver cannot
be distinguished
• Both related with 
transmission window
• TCP handles both with a
single window, which 
creates a lot of 
complexities 
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Context of TCP Flow 
and Congestion Control
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Retransmission Timer Management
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RTT Variance Estimation
(Jacobson’s Algorithm)
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Jacobson’s Algorithm
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Jacobson’s 
RTO 
Calculation

Figures show the behavior
when RTT increase from 0 to 10
or decreases from 20 to 10

The most used implementation 
grossly overestimates since 
has a large wheight on variance
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Two Other Factors
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Exponential RTO Backoff
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Which Round-trip Samples?
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� � 
� � � 
� � �C�� � � � �

� 8 � �, � �
� �� � ! �� � �� � �� � �� � � �� : : �
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Karn’s Algorithm

� + � �� � � �� � � �� � � � � � � � �� : : �� � ��  � � � � �3 � : : �� � � �
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� � � 
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Window Management
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Slow Start

� � � � � �%�6 . 8 I �� � � � 
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� � �� 
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� � � � � �%�( �� � � �� �� � � �� � � � � � � 
� � �� � � �
� � � � � � � � �� ! �( �
� � � �� � � � �� � � �� � � � 
, � � 1��  �� � �� �� � * 
� � �

� 6 � � � �
�  �� � � � � � � 
� � � �� � � �� � � �� � �  �
� � � �� � � �
� � � � � �� � � � �C�� � �K� � � � � � � L � � �� ! � � �9 	 =�
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Effect of 
Slow Start
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Dynamic Window Sizing on 
Congestion

� 9 ��� � � �� � � � � � � �
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� �� 
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� � �! �
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� � � �� 
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Dynamic Window Sizing on 
Congestion

� > � � � � � � �� � �
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� �K� � � � � � � � �� L

� � 
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� G
� � � �
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� � �
� - 3 + �E�4� �� � ��� � �: � � � �
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Slow Start 
and 
Congestion 
Avoidance
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Window size during Slow Start and 
Congestion Avoidance
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Fast Retransmit

� � : > �
� �� � � � � � ��! �� � � 
� � � � �! ��� � � � � �� � � � �� � � � � ��
� : :

� . � �� �� � � � � � � �
� ��� � � 1�: 	 / �� � ! �� � �� �� � �� � �
� � � � � � � � 
�

� : 	 / �� � �� ��
� �� �� � � � � � � �
� �� � � � 
, � � �� � � �� � �� � � � � 1�
� � �� � � �� � � � �� � �
� � � � � �
� � � � 
� � � �! �� � � �� � � ��� � � �

� 0� � � � � �� � � � � � �

� G� � � �� � � � � � � � 
� �� � �� ��
� �E�� � � � �� � � � 
, � � �� � � �
� � � � �� � � � � � � 1�� 
� � �! ��
� � �! �
� �� � � ��� � � 1�� � �
� � � � � � � � 
� �
� � � � 
� � � �! 1�� � � � � � �� � � � �� � 
� 
� � �� � � �
� 
� � � � �



Renato.LoCigno@dit.unitn.it Advanced Networking – TCP PII       25

Fast
Retransmit

SN = 2000

X
SN = 3000

SN = 4000

SN = 10000

SN = 9000

SN = 12000

SN = 5000

SN = 4000

A = 3000

A = 3000

A = 3000

A = 3000 

A = 8000

A = 10000

SN = 1000

A = 2000

SN = 6000

SN = 7000

SN = 11000
A = 11000

A = 12000

Fast retransmit works only
for med. to large windows 
(cwnd > 4)

In any case transmission is 
stopped for 1 RTT and then 
restart from scratch
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Fast Recovery
� < � � � �: 	 / �� � � � � � � � 
� � �� �� � � � � � � �� � 
� � �G� � � �

� � � � � � � � 
� 1�� �� � � � � � � �� � � �� � � � � � � ��� � �
� 	 � � � � � � 
� � �� , � 
� � � � � �� � � � � � � � �� � � ��   � �  � 
� � � �

� � �� � 
� � � 
� �
" 3 �� � 0� � � � � &� � � � � � � 
� � �� , � 
� � � � � � � � � � � � � �

� : � 
� �� � ! �� � �� � � � � � � � � � 
�! �� � � � � � , � � 
, � �� 
� � � �
� � �� 
 �� �� � � � �
� � 
� � � � �� � � � � � � � �� � � �� � � � 
� � �
� � � � � � �

�  � � � � � � � � � � � ! "� � � � � � � � 
 �� � �� � � � � � � 
 � � � #� � $� �
� %� � � �� � � � �&#� � � � �� � � � � � � � � � � �� � � � � � �� � � � �

� : � 
� �� , � 
� � �
� 
� 
� ��� *  � � � � � 
� ��� �� � 0� � � � �
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Fast
Recovery

Window management is quite
difficult with Fast Recovery

First implementations were wrong 
(TCP Reno) and went in timeout if 
more than one segment was lost
in a window

The correct implementation 
(TCP NewReno) requires keeping 
additional state
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Fast 
Recovery 
Example
of window
evolution
(sinmplified)
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Limited Transmit

� . � �� � � � � � � 
� � �� 
� � � � �� � �� � � � � � �
� �� � � ��1�� � � � �
� � � � � � � � 
� �� � ! �� � � �� � � �� � 
� � � � � � 1�
" � �� �1�� � � � �%�4

� H� � � � �� � � � �� 
� � � � � � � � � � � �� � � � �� � � � � � �� � , � �
� � � ���� � � � � � � 
� � �� 
� � � � �

� . � �� � � � � � � �� � �� � � � � � �

� . � �� � � � � � � �� � �
� �� � � � � � 1�� � ! �� � � �� � � � � � �
� � � � � � �� � �� �  �
� � � � �� � � � �� � � � � � �� � �� � 
� � � � �
� � � � � � � � 
� �
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Limited Transmit Algorithm

� 3 � � � � � �� � � �� � � � � � 
� �� � � �� � � � � � � �� � � � �4�
� � � � 
� 
� � � �� � � �� � � �
" : � � �� � � � � � � � 
, � �� �  �
� � � � �� � � � �� � � �� � � � 
, � �
" + � � � 
� � � 
� � �� � , � � � 
� � � �� 
� � � � �� ��� � � �� � � � � � 
� � 
� � �� � �

� � � � � � �
" 9 � � � � � �� � �� � � � � � � � 
� � �� � � � �� � � � � �� � � � 
� � �
� ��� � � �� � � � �

� � �� ; � � ��� � �� � � � �@�C�� 
�� ��� � � �� 
� � � � �� � � �� * � � � �! �4�

� � � � � �! �
�  �� � � � � � � 1�� � �, � � �P� � � �� ��
� 
� � � �� � � � � � �
� � �� � � � �

� < � � � �� � � � � �� � � � � �� � � � ��� � � � � � �


