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Silly Window Syndrome
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Receiver

� # � � 
� �� � � � 
� � �� � � � � �-�. / /
0� � � � �� � � � 
� � �� � � � �� � �� � � �� � � �
� � � 
� � �
� �

�� � � � �� � � � * �  �� � 
� �
� �� �� � � � � � �� � �� � � * � � �
� � � � � � � � � � �� � � �� � � � � � � �� � � � � �

1� ( � �� � � � � � �� � � � � �
� �-�. / / �� � � � � � 23
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Sender: Nagle’s Algrithm

� # � � 
� �
� �� � � �� � �� � �� 
� � �� � � * � � �� � � � � � � � �

� 4 � � * � �� � ���� � � �� � �� � � �� � �� 
�� �� � � � � � � � �
� ( � � � � � � � � �� � � �� �� 
� � �� � �� � � � �# 	 5�� � �� � � � � �

� � � �
� � � 
� � � �67  �4 � �  �����8

if there is new data to send 
if the window size and available data is >= MSS 

send complete MSS size segment now 
else 

if there is unconfirmed data still in the pipe 
enqueue data in the buffer until an acknowledge is 

received 
else send data immediately 
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Effect of Window Size (reprise)

� 4 �2�� 	 , �� 
� � � � �� 
9� �6� � � � � � 8

� � �2�: � � � �� � � � �6� � � 8�� � �� 	 , �� � � � � �

� : �2�; � � <� � <; � � �� � �� � �6� � � � � � � 8

� # � � � � �� 	 , �� � � � � � �� � � 
� � �� � � � � � 
� � 
� �  �
� �� � * � � �: �
� � � � � � � �� � � �� 
� � � �� � � � � �� � �� � � 
� �  �� � � �: �� � � � � � � �
� � � �� � * � � � �� � � � � � � � �� � �� � � � � �

� � 	 , �� � � � � � �� � � � �� �� � � � � � 
� �1� : �� 
� �  �� � �� : =>�
� � � � � � �� � �)� 
���� � � �� 
� � +
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Timing of TCP Flow Control
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Normalized Throughput S

    

S=

1 W > RD 4

4W
RD

W < RD 4
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�  
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Where are stored the
W-RD/4 

excessive bytes?
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TCP Flow Control Performance
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Complicating Factors

� . � �� 
� �� �� 	 , �� � � � � � � 
� � � �� � �� 
� �� � � � �� � � � �� � � � �
� � � � � � * �
� � � � � � � �
� � � � � � 
� � �� �� � � �� � � 
� 
� � � �

� $� � �� � �� 
<� � � �� � � � � � � 
� � �  �: �
� �� � � �� � �� � �� � � �
� � � � � � �� � � � �� � � � � � * �� �� � �� � �� � � �� � �� � � � �� � � � � �

� ( � �� � � � � � �� � � � �� � � � �� �� � � � � � � �� � � � �� � � � �� � �� �
� � �  �� � � � �� � � �� 
���� � �� � � � �� � � � *

� � � � � �� � � � � � � � �� � � � � � � � 
� � � �  �� � � � � 
� � �
� � � � � � � � � �
� ( � � � � � �� � � � � � � �� � �� � � � � � � � 
� � 
� � �� � �
� �



Renato.LoCigno@dit.unitn.it Advanced Networking – TCP PII       10

Retransmission Strategy

� � 	 , �� � �
� � �� � �� � � 
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� � �� � * � � � �� � � � � � � � �

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

� ! � �� � � �
� 
� �� � � � � 
� � �� � * � � � �� � � � � � � �
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� � 
� � �� � ?� 
� � � �� � � � @
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Timers

� � 
� � � �6� �� 
� � �� �� � � �� � � �� � � � �� 	 , �� � � � �� � � � � � � 8�
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� � � �� � � 
� � � �� � � � � � �� � * � � � �� � � � � � � �  �
� � � � � � �� � � � �� � � � � � � � 
�

� A� �� � �� � �� � � � � � � � 
� � 
� � �� 
� � � �
� �* � �
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� � 
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� � �
� � � � � � * �� � � � � 
� � �

� � � � ��� � � � @�� � �� � �
� �� � � � �
� � ��� � � �� � � � � � �
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Two Strategies

� � 
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Problems with Adaptive Scheme

� , � � � �� 	 , �� � � 
� � �� � � �� � � � � � �� � � �
� � * � � � �� � � � � � � � � �� � � �� � � �� � * � � � �� � � � �

� � � � 
� � � ��

� $� � �� � � � � � � � 
� � � � �� � � � � � � �  �� � � "� �� � ���� � � � � � � �
� � * � � � �� � � � � � � � �
� �� � � � � � � � �� � �� � 
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� � ��
� � � � � � 
� � 
� � �� � �� � � � � � � � 
� � 
� �

� ! � � � � � * �� � � � 
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Average Round-Trip Time (ARTT)

� � � * � �� � � � � � � �� � �� � � � � � � � �� � � � � <� � 
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� � � �� � � � �
� � � � � � �� � �� � � � � � � �

� ( � �� � � � � � � �� � � � � � � � �� �� � � � 
� � � �� � � � � � �� � �� � �  �
� � � � �� 
� � �� � � � � � � � 
� � 
� � �� 
� � � �� 
���� 
� �� �� � � � �
� � � � � � � � � � �

� B� � �� � 
� �� � � � � �� �� � �� � � 
� �� � � � �� � �� � 
� � �� � � �
� � � � � �� 
� �

    
ARTT(K + 1) =

1
K +1

RTT(i)
i =1

K+1
�

    
ARTT(K + 1) =

K
K +1

ARTT(K) +
1

K + 1
RTT(K + 1)
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RFC 793 Exponential Averaging

� / � � � � � � � �� � � � � <� � 
� �� 
� � �6/ � � � 8
SRTT( K+1)  = * SRTT( K) +( 1– ) * SRTT( K+1)

� C
� � � �� � � � � � � �� � 
� � � �� � �� � � � �� � � � � � �� � �� � � �� � �� � � � � �� � �
� � � � � � 
� � �� � �� � � � � @

SRTT( K+1)  =( 1– ) RTT( K+1) + ( 1– ) RTT( K)  + 2( 1–
) RTT( K–1)  +…+ K( 1– ) RTT( 1)

• � � � �1– -�0�� � �� � � � � � � 
� � �� � � � � �� � � �� � � ��� �
� ; �� ��= 0. 8
SRTT( K+1) =0. 2 RTT( K+1) +0. 16 RTT( K) + 0. 128 

RTT( K–1)  +…

� / � � ��� � �� � �� � � �� � � � 
� � �� � � � � � � �� � 
� � � �� � �� � � � � � �� � �� � �
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Exponential Smoothing Coefficients
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Behavior of 
exp. 

averaging 
with varying 
RTT values
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RFC 793 Retransmission Timeout

� ; ?� � � 
� � �� � � � � �� � � � �
� �� $	 �D&E�� � �� � � 
� � � � �� � � � � � � �
� � � � � <� � 
� �� 
� �

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

� 	 � � �� �� � � �� �� � � � � � � � �� � �� � @

RTO( K+1)  = SRTT( K+1)  + DDDD

� � � F �
� �� � � � � � � � 
� � 
� � �� 
� � � �6� � �� � � � � � � � 
� � 
� � �� 
� � � � � 8�

� D 
� �� �� � � � � � � �

� D � � � �� � � � � � � 
� � � ��� � �/ � � �
� � � � � � �� � �� � � �� � �/ � � �  �D � � �� � 
� � �� �� � � ��

� $�� � � � � � 
� � � �
� �� � � �� � � � �� �
� �� � � � � � � � � � � �� � � � � � � � 
� � 
� � �

� / � � ���� � �� � � �� � �/ � � �  �D 
� �� � �� � 
� � �� ��� � � �

� B� � � � � � � � � � �� � �� � � �
� �� � � � � � � � 
� � 
� � ��� � � �� � � � � � � �
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RFC 793 Retransmission Timeout

� B� � �� � �� 
� � � �� � �� � �
� �� � � � � � � 
� � � ��� � �/ � � �  �� 
� � 
� ��
� 
� �

RTO( K+1) =MI N( UBOUND, MAX( LBOUND, b* SRTT( K+1) ) )

� BGF B! : �� � � �� GF B! : �� � � �� � � � � � �� 
� � � �� � � � � �� � � ��� � � � �
� � � � � � �� � �� 
� � � �� � �� � �� � � �b 
� �� �� � � � � � � �

� � $	 �D&E�� � � � �� � � �� � � � � � � � � �� � �� � � �� � � �� 
� � � �H� � � � � �� �
� � �� � � H�

– � � � � � � � �3�%�� � � �3�&�� � � �b � � � � � � � �0�E�� � � �1�3
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Modern Retransmission Timeout

� B� � �� � �� 
� � � �� � �� � �
� �� � � � � � � 
� � � ��� � �/ � � �  �� 
� � 
� ��
� 
� �

RTO( K+1) =MI N( UBOUND, MAX( LBOUND, b* SRTT( K+1) ) )

� BGF B! : �� � � �� GF B! : �� � � �� � � � � � �� 
� � � �� � � � � �� � � ��� � � � �
� � � � � � �� � �� 
� � � �� � �� � �� � � �b 
� �� �� � � � � � � �

� � $	 �D&E�� � � � �� � � �� � � � � � � � � �� � �� � � �� � � �� 
� � � �H� � � � � �� �
� � �� � � H�

– � � � � � � � �3�%�� � � �3�&�� � � �b � � � � � � � �0�E�� � � �1�3

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


