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Window relations in SR
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Example: W=4, Wt=3, Wr=3
Cumulative ACKs
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� � 
� � � � � � � � ( � � � ,�� 	 � �- ��� � � � � � � � .�( � ��%

� / 
��
� � �� � � ��
� � � ,�������
� � 5	 �678��%79%#

+ � � � � � � 
� � 
� � 	 � � � � � ��� � � � � � � �

� � 5	 �%%: : ; %%: 8,��%797#
+ � � $� 
� � � � � � � � � � - � � � � � � � �< � � � �

� � 5	 �%8: 8, �%77: #
+ � 	 � �=>� � � � 
� � � � � � < 
� � �� � � � � � � � � � �

� � 5	 : ?%9,���%77@#
+ � 	 � �� � �� � � 
( � �&�  � � � �� � � � � � � �� � � 
� � �



Renato.LoCigno@dit.unitn.it Advanced Networking – TCP        7

TCP: riferimenti bibliografici 
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TCP header (no options)

32 bit

Sequence Number

Acknowledgment Number

0                               15                              31

Source Port Number Dest Port Number

HLEN   Resv.                Receiver window

checksum Urgent Pointer

flags

20 byte



Renato.LoCigno@dit.unitn.it Advanced Networking – TCP        9

TCP header

Sequence Number

Acknowledgment Number

0                               15                              31

HLEN   Resv.                Receiver window

checksum Urgent Pointer

flags

Source Port Number Dest Port Number

Ports: identify sender and 
receiver processe, together
with IP addresses identify
univecally a connection
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Acknowledgment Number

0                               15                              31

HLEN   Resv.                Receiver window

checksum Urgent Pointer

flags

Source Port Number Dest Port Number

Sequence Number

TCP header

� - � � � � 
� ! �� � � �� � � 
� 
� � �� � �
� � � �� 
� � � �� � ! �� � � �� ! � � �
� 
� � 
� �� � � �� � � � � � �� � �
� � � �

� - � � � � � � � � � �� � � �� � � �� � � �
� 
� � � � 
� � � �� � �� � � �
� � � � � � � 
� �

� � � � �� � � � � �� � � 
� � � �
� �� � �
� � � �� 
� 
� � 
� � �� � �� � � �
� � � � � � � 
� � �� 
� � �� � � �
� D* �� � �  � �



Renato.LoCigno@dit.unitn.it Advanced Networking – TCP        11

TCP header

0                               15                              31

HLEN   Resv.                Receiver window

checksum Urgent Pointer

Source Port Number Dest Port Number

Sequence Number

Acknowledgment Number

flags

Seq. number + 1 of the last 
packet received correctly 
and in order

Defines the NEXT byte 
the receiver expects

Make sense only if the ACK 
flag is set.
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Seq. and ACK 
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Network speed

T1 (1.5Mbps)
Ethernet (10Mbps)
T3 (45Mbps)
FDDI (100Mbps)
STS-3 (155Mbps)
STS-12 (622Mbps)
STS-24 (1.2Gbps)

Wrap Around Time

6.4 h
57 m
13 m
6 m
4 m

55 s
28 s
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TCP header

0                                   15  31

checksum Urgent Pointer

flags

Source Port Number Dest Port Number

Sequence Number

Header length in 32 
bit words, needed with
options

Acknowledgment Number

HLEN Resv.                    Receiver window
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TCP header

0                               15                              31

checksum Urgent Pointer

flags

Source Port Number Dest Port Number

Sequence Number

Not yet used, 
but reserved

Acknowledgment Number

HLEN Resv. Receiver window
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0                               15                              31

checksum Urgent Pointer

Source Port Number Dest Port Number

Sequence Number

Acknowledgment Number

HLEN  Resv.              Receiver windowflags

TCP header
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TCP Header

0                               15                              31

checksum Urgent Pointer

flags

Source Port Number Dest Port Number

Sequence Number

Number of bytes, starting 
and including the one in 
the ACK field that the 
receiver can accept; 
implements flow control. 
16 bits, the maximum 
value for rwnd is 65535
byte, unless the window
scaling option is enabled 
(more later on)

Acknowledgment Number

HLEN  Resv.                  Receiver window
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The receiver window drives throughtput
� � � � � � � � � � � �
� �� 
( � � �� ! �/ ; � � �
� 2 � >
� � � �� � � � �� � � �� � � �
� �� � >�� / * B,�

+ %@)� 
� �� � � � 0 @G H�� � >�

� F
( � � �� � � 0%??� � �� � � �� � ��� � 
� � �� 
� � � � � �� � � �� � $� 
� � � �� � �
� >� �� 
� �� � � �� � �� � 
( � �� � � � � � ��

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

Channel (capacity)
T1 (1.5Mbps)
Ethernet (10Mbps)
T3 (45Mbps)
FDDI (100Mbps)
STS-3 (155Mbps)
STS-12 (622Mbps)
STS-24 (1.2Gbps)

banda x ritardo
18kB

122kB
549kB
1.2MB
1.8MB
7.4MB

14.8MB
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Sending and Receiving 
Flow Control Perspectives
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TCP header

0                                15                             31

flags

Source Port Number Dest Port Number

Sequence Number

Checksum is compulsory 
ans id computed on 
header and data plus the 
pseudo-header including
IP address and protocol
type.
This is a layering violation, 
but a useful one!

Acknowledgment Number

HLEN Resv.                 Receiver window

checksum Urgent Pointer
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0                               15                              31

flags

Source Port Number Dest Port Number

Sequence Number

Acknowledgment Number

HLEN  Resv.                 Receiver window

checksum Urgent Pointer

Intestazione TCP
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Intestazione TCP

0                                    15  31

flags

Source Port Number Dest Port Number

Sequence Number

Acknowledgment Number

HLEN   Resv.                    Receiver window

checksum Urgent Pointer

It’s the pointer to what is the 
“urgent data” in the data field
(e.g. ctrl-C in a telent session).

It’s expresed as offset
wrt the seq. no. 

Valid only if URG is set
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TCP options
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TCP options
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State Diagram for TCP connections
Simplified FSM
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Connection Establishment Scenarios

Rearely used 
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What if a Server is not listening?
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Termination
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