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X cs = X.169

Wash U = X = 128.252. * .*

artsci = X.93

X.169.32

Subnetting a Class B address X

(24 bit)

Y
(19 bit)

Y00000

Supernetting Class C addresses Y0−Y31

Y11111
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ROUTER

InputLink i

Prefix Output

100*     6

1*       2

01 *     1
Link

OutputLink 6

Message Switch
(e.g.,bus,crosbar)

Processor(s)

Forwarding Table

100100
100100

B1

B2

B3
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R1
R2

R3

A

B

C

R1
R2

R3

A

B

C

P5
P4 P2 P1

STEP 2: COMPUTE ROUTES

STEP 1: FIND NEIGHBORS

STEP 3: FORWARD

(123.m)

(128.l)

(128.n)

128.*

128.*−>P1
123.n−>P2

128.*−>P4
123.m−>P5

IP ROUTING

z
x

C A C A C A z x
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Node A Node B

Node D
Cost5

Cost6

Cost1

Node R

i j

Table
sent by A

Table
sent by B

Cost3

D,5, D,B D,6

D
D,
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B
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A 1

2

B

C
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128.252.*

6

128.252.*

6

� �



� � � � 
t��

�)�x� ��� � � � ��� � � � �^


A

B

D

C

1

1

3

LSP
A
B
1 which means:  

A 1
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Hq587n2�(658@B' � HC5q'
�^*-> 5C't�
T/4+5q'�U ,L@BTp(<5C'�*94�HC5 �^* Z#X ��� � � � 	 � ��
�� X ��{���D 2?'a> & D
>�*n2?H @B'#HmQ �N5u(<| & D 2?>#>a,L*94e4e*94
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Root

Edu Com Gov Mil Org Com fr Arpa

wustl

cs ccrc

dworkin

in−addr

193.10128.52

$ }�2?A *o4Mwt2�7G* 584�'a2�(6Ta,=2?HCHmQ |a58*-,=2?,L70|a587n2?H � � 2?')(S(M@
*<�#wtH8@B5u( |a58*-,e2^,E70|�Q sBQ >a5u�#5C>a5C'VU 'a2�(6Ta,=2?H�|a58*-,=2?,L70|�Q
5q'�(M@ 46T/stH8@p7 �B4�7n2^HqH8*-> �-@�'�*94f2^'a> 5CA wtH8*-A *-'�(f2?HCH
5q'�� @B,.A 2 (<58@B' 5q' 2 �-@B'/*o5C' (y�S@ @B, A @B,L* 'a2?A *�4M*-,y�i*-, 4��

$ � R�D�� >�@�A 2?5C' 584S�K@B,c,L*0�i*-, 4e*bH8@p@ �pT�w�4��
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$ vF(<2?,y(�5C' � H8* � *0(+7���,E*94e@BHu� � 7G@B'V��g 5u�i*94�'
2^A *o@^�
'
2?A *94e*-,y�i*-, ��4e@BA *0(65CA *94 @B' A 2�70|a5C'�* 5u(e4M*-Hm� @�,3wx@B5q')(M4
(+@ H8@p7n2?H�'
2^A *94M*-,y�i*-,e��� �hHI4M@ UF5u�i*94�>�@BA 2?5q' 'a2?A * 4e@
�c*h7n2?' *<��w 2?'#> HP@F7n2?H 46|/@B,y(�|
2^'a> 5C'�(M@ 2 `��b�h} �
'
2?A *94e*-,y�i*-, ����
 � ����� � � 	 � � � >��S@B,��p5C' '
2?A *94e*-,y�i*-,
����
 � ����� � � 	 � � � 7G7-,L7 '
2?A *94M*-,y�i*-, ����
 � ����� � ����� � � �NT/4E(6H

$ ��2�70| '
2^A * 4M*-,y�i*-,��N5qHCH�*-5m(6|�*-,S,E*0(6T#,=' 2^'/4E�c*-, � 5q'
>�@BA 2^5q' @B, 7n2�70|�*->
� @B, �N5qHCH UB@ (+@ '/*<�V(�|#5IUi|�*-,34e*-,y�i*-,
5q' 46T/s/(6,L*G*�� �Y�i*-,yQ 4e*-,[�B*-, |
2�4 (6|�*o|a2?,.>��N5C,L*-> 2?>#>a,L*94e4
@^�Y@B'�* ,L@p@�(c4M*-,y�i*-,o� '/4�� 5C'�(M*-,='#5P7�� '�*0( ����{f|�*-' �c@�, �
>�@n�N'���2?,.> (65CHqH �t'a> 2?Tp(6|�@B,.5u( 2 (<5u�i* 'a2?A * 4e*-,[�B*-,��
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BASIC  QUESTIONS

1) What function does a transport
provide?

2) What is a connection?

3) Why not have just one connection
for all data?

4) Why not keep connections up 
always?

5) How do we address the receiving
process in the receiver machine?

P1
P2

P3

P4

P1,..P4 denote processes (mail, ftp)

−−− lines denote connections
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$ 1 *G7n2?TV4M*h@^� '/@B' � ` & ` 
 >�*-HC5m�B*-,[Q 2?'#> ,E*Gwx*n2�(M*->
4M*-'#>a5C'VU 2�(�4e*-'a>/*-,9�#,L*G7G*-5u�i*-,37n2^' UB*0(�>/*-H 2GQi*->
>aT�w
Hq587n2�(M*94

$ �N*-Hq2GQi*-> >aT/wtHC5P7n2 (+*94f7n2?' 7n2^T/4e*o4e*-,.5P@�T/4�>
2^A 2 UB*N�K@B,
7G@B'a'/*G70(<58@B' A 2?'a2 UB*-A *-')(�2�4 �S* 4M*G* ��,L@BA (6|/*
� @BHCH8@n�N5q'�U �?@B|a' 2?'#> l 2?,y(<|a2 4.(M@B,yQ �
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JOHN MARTHA
Hi

Hi

Lets meet at the cafe

OK

Bye

Bye
Goes to cafe

Goes to cafe

�  



JOHN MARTHA

Hi

Hi

Lets meet at the cafe

OK

Bye

Bye

(at beach) old duplicates

Goes to cafe

� �



JOHN MARTHA

(at beach) old duplicates

Last heard
15 from John

Hi, 13

Lets meet at the cafe, 14

Bye, 15

Discard as
duplicates

Martha has to remember last number from
John for worst−case packet lifetime.  Called
Timer−based connection management.
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JOHN MARTHA

Goes to cafe

Goes to cafe

Choose x

Choose y

Hi,x,y

Hi,x

Lets meet at the cafe,x,y

OK,x,y

Bye,x,y

Bye,x,y

(x is validation number unused before by x)

� �



JOHN MARTHA

(at beach) old duplicates

Hi, x

Hi, x, y

Lets meet at the cafe, x, z

Choose
unused y

Reject
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$ ��2�70| 4M*-'#> ��*�� U �q� �?@B|#' �#l 2?,y(6|
2)� '�*G*->/4 (M@ ,L*-A *-A sx*-,
@B'aHuQ @�'�* '�TaA sx*-, @B' } �~R � l (6|
2 (�5I4�5q'/7-,E*-A *-'�(M*->
*0�i*-,yQ (65CA * 2 '�*0� 7G@B'a'/*G70(<58@B' 5I4�4M*0(fT�w � � 5u(<|/@BT�(
} �~R � l �aw
5P7 � 2 ,e2^'a>�@�A '�TaA sx*-, ��,L@BA 2 Hq2?,[UB*
4Mwt2�7G*��

$ }�@�(M*o(6|
2 (�l 2?,y(6|
2 � 4 �)2?HC5C>
2�(658@B' '�T#A s�*-, wt,L@�(M*G70(e4
|�*-, 4M*-Hm�[�t2^'a> �?@B|a' � 4�w
,L@�(M*G70(M4�|a5CA 4M*-Hm� � v#2?T/7G*o�K@B, (<|/*
UB@p@?4e*~5I4c462?T�7G* �K@B, (6|�* Up2?'#>�*-,��

$ v#2?A * 5C>�*n2�4�TV4M*-> 5C' {���D @B, 
 va&
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� @n� >�@ Qi@BT �F'�@n� (6|�*b2?>a>#,L*94e4�@�� (6|�* >�*94E(<5C'
2 (<58@B'
2�w#wtHC5P7n2�(658@B' � �c2?' 4E(<2?,y(�siQ 4e*-'a>#5q'�U wt2�7 �^*0(e4 (M@
�S*-HqH � �p'�@n�N' 5C'a5u(65 2?H 2?>a>#,L*94e4 �N5u(6| 4M@�A * 5q'#>a587n2�(65P@B' @^�
�N|
2 (�4e*-,[��5P7G* Qi@BT ��2?'�(��

$ {���D��
vV*-'#>�*-, 4M*-'#>/4 (M@ �S*-HqH � �F'�@n�N' A 2?5CH wx@B,y(�462GQ
��� ��&�4f>/*-Hq5u�i*-,L*-> (+@ A 2^5qH w
,E@F7G*94e43�N|a587 | w
5P7 ��4
Ta'�TV4M*-> wx@B,y(�'�T#A s�*-,N�;462GQ � � 2?'#> ,L*0(<T#,.'/4�'pTaA sx*-,
5q' �3@B'#'�*G70(N�3@�'��t,.A � v�*-'a>/*-, (6|�*-' TV4M*94S4Mwx*G7-5��a7
w�@B,y( � 5 � *��q� � � �

$ 
bva& �tv#2?A * 2�4�{���D 5C'a5u(<5q2?HCHmQ *<��7G*Gw/(S(6|a2�(�2 � (M*-,
5q'#5m(65q2?H 4e*0(6T�w �p(6|/* 7G@B'#'�*G70(658@B' 5q>/*-'�(65��a*-,
��7G@�A st5C'
2�(658@B' @^� �)2?HC5C>
2�(658@B' '�T#A s�*-, 4<� 5q>/*-'�(65��a*94
7G@B'a'/*G70(<58@B' �

� �



Disconnect−Confirm

Disconnect−Ack

IP VERSUS OSI: HANDSHAKES

CI(seq =x)

ACK(x)

DATA(x)

CC(seq =y, ack =x)

CI(CID =x,−)

CC(CID =x,y)

DATA(CID=x,y,seq=0)

ACK(CID=x,y,seq=1)

IP

OSI

In IP the handshake sets the initial
sequence numbers; in OSI, it sets
up a CID and resets seq. numbers

� !



TRANSFERRING A FILE

H1 H2
copy f1 f2@H2

Connect(FileTransfer)

Wakeup Process

Connect Ack

Write f2 Open temp2

Copy f1
to buffer

OK

Ack

Block 1(B1)

Write B1 to temp2 

CRASH
Connection
times out Connect(FileTransfer)

Connect Ack

Write f2

OK
B1

B2

Ack

FileDone

RESTART
(remove temp2)

Wakeup Process

OK

Disconnect

Set f2=temp3

Open temp3

Write B1 to temp3 

Disconnect−Confirm

Disconnect−Ack

Write B2 to temp3 

� 	



DISCONNECTION

1) Need timers anyway to get rid of
connection state to dead nodes.

2) However, timer should be large so

that "keepalive" hello overhead
is low.

3) If communication is working,
would prefer graceful closing
(so receiver process knows
quickly) to long timers.

4) Hence 3 phase disconnect handshake
After sending disconnect and 
receiving disconnect ack, both
sender and receiver set short
timers.  

� �
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SENDER RECEIVER

Initial Handshake

Seq = 25

26

27
Ack 24

28

Ack 24

25

Buffer

Ack 28

$ 13T���*-, 4�@�T�(�@��Y@B,.>�*-, 4M* UFA *-'�(e4
$ g T�*94=4M*94�st2�4e*-> @B' >aT/wtHC5P7n2 (+* 2�7 �B4 (6|
2 ( � w 2�7 �^*0(�5I4
HP@?4E(�� l @n�i*N(+@ {���D �N5u(6| v�*-HP*G70(65u�i* �N� � v
��{���D � v �N� � �
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$ �fQ�'
2?A 587~D ,L@)stH8*-A �#'/@�(�4E(<2�(65P7��
$ �c2?' � (�sx* 4e@BHm�B*-> siQ ,L*-,E@�T�(65q'�U (6,=2�� 7N�N5u(<|#5q'
'�*0(y�c@�, � �#A T/4E( 4.(M@)w 2?>#A 5I4e4+5P@�' (+@ '/*0([�S@B,�� �

$ &%' �S@B, 4E(�7n2�4e*)�p(6|a,L@BT�UF|�w
T�(c7n2?' 7G@BHCH 2�w�4M*o(+@ � �
�%�3@�'VUB*94E(65P@B' 7G@BHCHq2�w#4e* ���

$ � A @V>�*-HI4S�K@B,c>/*n2?Hq5C'VU �N5m(6| �t'a5u(M* s
T���*-, 4 �

�
�o,L@)w wt2�7 �^*0(e43�N|�*-' s
T���*-, 4SUB*0(S��T#HqH

� � �

� & � � � 
 � � �

� � 2^5m(N2 (�wt,L*0��5P@BTV4�|�@)w (65CHqH�'�*<��(�|/@)w stT ��*-,L4
*-A w/(yQ � � 5IUF|)�f2GQ A @V>�*-H � � � � g~R�& � � 
b� � �

A B

C D
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S D

S2

19.21M 19.2

9.6

1) DETECT CONGESTION

2) FEEDBACK INFORMATION TO THE SOURCE

3) SOURCE ADJUSTS WINDOW:

INCREASE POLICY

DECREASE POLICY

TWO INTERESTING CASES:

a) HOW A SOURCE REACHES STEADY STATE.

b) HOW A SOURCE REACTS TO A NEW SOURCE

TO PROVIDE A FAIR ALLOCATION.

FEEDBACK CONGESTION CONTROL

CONGESTION AVOIDANCE (OSI) VERSUS
CONGESTION CONTROL (TCP)
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Time 

10 1
S D

Window

threshold

Slow Start

Linear Fast

Timeout

Retransmit
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10 1
S D

DECbit sets a congestion bit RED randomly
drops a packet

$ { @�>
2GQ � 4�& D |
2�4�'�@ ,L@p@BA �K@B,c2 7G@B'�UB*94.(658@B' st5u(n�/4M@
(<|/*0Q ,=2?'#>�@BA HuQ >#,L@)w wt2�7 �^*0(e4 �N5m(6| 4+A 2?HCH w
,L@)s 2�s
5qHC5u([Q
�N|�*-' 2G�i*-,=2 U�*fd�T�*-T/*�4+5��-*�wt2�4e4e*94 2 (<|#,L*946|/@BHq> �_R � �h���

$ D ,L@)wx@?4<2^H�@�' ( 2�stH8*o�K@B,�2 � ��} s
5m(��K@B,�& DY�
	 �
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0,3

D(1)

D(2)

D(3)

A(1,2)
1,2

A FULL WINDOW
TO LESS THAN

SLIDE

Windows provide static flow control.  Can provide dynamic
flow control if receiver acks indicate what receiver will buffer.

FLOW  CONTROL

Need to avoid deadlock if window is reduced to 0 and then
increase to c > 0.  In OSI, receiver keeps sending c.  In
IP, sender periodically probes an empty window.

In OSI, receiver can retract window from say 5 to 3.  To 

 0,3

detect out of order acks, use subsequence numbers.

A(1,5,n)
A(1,3,n+1)

1,3

Real Window =Min Flow Control,Congestion Control
windows.
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P1 Transport Transport P2

P1 P2

socket

sockfd

bind

connect P2

send

rcv

socket

bind

listen

accept
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$ `a@�,S2?HCH�2?Ta>#5P@ 2?'#> �#5C>�*G@ 2�waw
Hq587n2�(65P@�'/4NHq5 �^*h��5P7~2?'a>
�)2�(f@n�i*-,Sl 1	
b}�� �

$ vV*-'a>V4�w 2�7 ��*0(M4 �N5m(6| 2 (65qA *o4E( 2^A w 2?'#> 2 4M*Gd�T�*-'�7G*
'�TaA sx*-,�� �oHqH8@n�f4�>
2�(<2 wt2�7 �^*0(e43(M@ s�*hwtHq2�7G*-> 5C' @B,.>�*-,
2?'a> (M@ s�* >a5I4e7n2?,.>�*-> �N|�*-' Hq2�(M* 2?'#> ,L*94.Q�'�70|a,L@B'#5��-*->
��s
T�(�RO{�D >�@F*94f'�@�(c4Mwx*G7-5m��Qa� �

$ �hTa>#5P@ 2?'#> ��5q>/*G@ T/4e*�4e*Gw 2?,=2�(M*N7G@�'a'�*G70(658@B'/4 (6|
2�( 7n2^'
s�*h4.Q�'�70|a,L@B'#5��-*-> TV465C'VU (65qA *94E(<2?A w�4�� �hHCHP@n�f4�A 5 �#*-, 4
2?'a> (6,=2?'/4+Hq2�(M@B, 4��
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