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Figure 14.3 Distance vector routing tables
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Figure 14.4 Initialization of tables in distance vector routing
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In distance vector routing, each node 
shares its routing table with its 

immediate neighbors periodically and 
when there is a change.

Note:Note:
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Figure 14.5 Updating in distance vector routing
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Figure 14.6 Two-node instability
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Figure 14.7 Three-node instability
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Figure 14.8 Example of a domain using RIP
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Figure 14.12 RIP timers
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A routing table has 20 entries. It does not receive information 
about five routes for 200 s. How many timers are running at 
this time?

Example 2

Solution
The 21 timers are listed below:
Periodic timer: 1
Expiration timer: 20 − 5 = 15
Garbage collection timer: 5
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14.4   LINK STATE ROUTING

In link state routing, if each node in the domain has the entireIn link state routing, if each node in the domain has the entire topology topology 
of the domain, the node can use of the domain, the node can use Dijkstra’sDijkstra’s algorithm to build a routing algorithm to build a routing 
table.table.

The topics discussed in this section include:The topics discussed in this section include:

Building Routing Tables Building Routing Tables 
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Figure 14.15 Concept of link state routing



McGraw-Hill ©The McGraw-Hill Companies, Inc., 2004

Figure 14.18 Example of formation of shortest path tree
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Table 14.1  Table 14.1  Routing table for node ARouting table for node A
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Figure 21.8 Types of links
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Figure 21.9 Point-to-point link

Figure 21.10 Transient link
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Figure 21.11 Stub link
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Figure 21.13 Graphical representation of an internet
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Figure 21.14 Types of LSAs



McGraw-Hill ©The McGraw-Hill Companies, Inc., 2004

Figure 21.15 Router link

Figure 21.16 Network link
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Figure 21.17 Summary link to network
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Figure 21.18 Summary link to AS boundary router

Figure 21.19 External link
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14.7   BGP

Border Gateway Protocol (BGP) is an Border Gateway Protocol (BGP) is an interdomaininterdomain routing protocol routing protocol 
using path vector routing. It first appeared in 1989 and has gonusing path vector routing. It first appeared in 1989 and has gone through e through 
four versions. four versions. 

The topics discussed in this section include:The topics discussed in this section include:
Types of Autonomous Systems Types of Autonomous Systems 
Path Attributes Path Attributes 
BGP Sessions BGP Sessions 
External and Internal BGP External and Internal BGP 
Types of Packets Types of Packets 
Packet Format Packet Format 
Encapsulation Encapsulation 



McGraw-Hill ©The McGraw-Hill Companies, Inc., 2004

%����;��
���#��
	$�1��������
����	�
� �
	�=�����	���
��	��="����	���::��
"��:���
�;��
����������������

� �
��	��="����
� ��������������������������	��
��	������
�

� ����
::���	�'���� ���"���
::���	���
��

���>�
	����

� �����"��	��
	:���	�'�?��"
�
������	$�����

� �
	�=���
� �
::���	�'���� ������
::���	����
����	����"��
�
::���	�����
�
�	�

� :����
	$��:��
	������
	:����
�	��������������
�	��	�$�����



McGraw-Hill ©The McGraw-Hill Companies, Inc., 2004

�;��
���#�����1��������@
1��="����
� ����	�
"�����������	
���
	$��������

� ���"
����
	:���������
���	���������	������������
� ���$
"�	��������	��'������������$������

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

� ��	����
���	�����
����	�����:����
	$����
��

� ��"���
���:�����'��"
�
���	������

� �	�����������������:�������
� ����
	$
� �$���"�
���������"�
����	�

	$����
������'�

� �$� �
	�������5������
 5��	��	� ����������
��	$����5��	���"������A���
 ��:������
�	5������
 

� �$���
	
�
B
	$�	�������:���	�
�'��



McGraw-Hill ©The McGraw-Hill Companies, Inc., 2004

Table 21.3  Table 21.3  Path vector routing tablePath vector routing table

R12

R06

R05

R01

Next Router

AS62, AS02, AS09N04

AS67, AS89, AS09, AS34N03

AS22, AS67, AS05, AS89N02

AS14, AS23, AS67N01

PathNetwork
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Figure 21.21 Path vector messages 
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Figure 14.51 Types of BGP messages
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Figure 14.48 Initial routing tables in path vector routing
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Figure 14.49 Stabilized tables for four autonomous systems
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Chapter 13

Multiple
Access
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Figure 13.1 Multiple-access protocols
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Figure 13.3 ALOHA network
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Figure 13.4 Procedure for ALOHA protocol
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Figure 13.5 Collision in CSMA
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Figure 13.6 Persistence strategies
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13.7 CSMA/CD procedure
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Figure 13.8 CSMA/CA procedure
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13.2   Control Access13.2   Control Access

Reservation

Polling

Token Passing
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Figure 13.9 Reservation access method
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Figure 13.10 Select
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Figure 13.11 Poll
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Figure 13.12 Token-passing network
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Figure 13.13 Token-passing procedure
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13.3   13.3   ChannelizationChannelization

FDMA

TDMA

CDMA
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In FDMA, the bandwidth is divided 
into channels.

NoteNote::
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In TDMA, the bandwidth is just one 
channel that is timeshared.

NoteNote::
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In CDMA, one channel carries all 
transmissions simultaneously.

NoteNote::
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Figure 13.14 Chip sequences
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Figure 13.15 Encoding rules
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Figure 13.16 CDMA multiplexer
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Figure 13.17 CDMA demultiplexer



McGraw-Hill ©The McGraw-Hill Companies, Inc., 2004

Figure 13.18 W1 and W2N
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Figure 13.19 Sequence generation
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Example 1Example 1

Check to see if the second property about orthogonal codes holds
for our CDMA example.

SolutionSolution

The inner product of each code by itself is N. This is shown for code C; you 
can prove for yourself that it holds true for the other codes. 

C .  C = [+1, +1, [+1, +1, [+1, +1, [+1, +1, −−−−1, 1, 1, 1, −−−−1] .  [+1, +1, 1] .  [+1, +1, 1] .  [+1, +1, 1] .  [+1, +1, −−−−1, 1, 1, 1, −−−−1] = 1 + 1 + 1 + 1 = 41] = 1 + 1 + 1 + 1 = 41] = 1 + 1 + 1 + 1 = 41] = 1 + 1 + 1 + 1 = 4

If two sequences are different, the inner product is 0.

B . C = [+1, [+1, [+1, [+1, −−−−1, +1, 1, +1, 1, +1, 1, +1, −−−−1] . [+1, +1, 1] . [+1, +1, 1] . [+1, +1, 1] . [+1, +1, −−−−1, 1, 1, 1, −−−−1] = 1 1] = 1 1] = 1 1] = 1 −−−− 1 1 1 1 −−−− 1 + 1 = 01 + 1 = 01 + 1 = 01 + 1 = 0
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Example 2Example 2

Check to see if the third property about orthogonal codes holds for 
our CDMA example. 

SolutionSolution

The inner product of each code by its complement is −−−−N. This is shown for 
code C; you can prove for yourself that it holds true for the other codes.

C . (−−−−C ) = [+1,  +1, [+1,  +1, [+1,  +1, [+1,  +1, −−−−1, 1, 1, 1, −−−−1] . [1] . [1] . [1] . [−−−−1, 1, 1, 1, −−−−1, +1, +1] = 1, +1, +1] = 1, +1, +1] = 1, +1, +1] = −−−− 1 1 1 1 −−−− 1 1 1 1 −−−− 1 1 1 1 −−−− 1 = 1 = 1 = 1 = −−−−4444

The inner product of a code with the complement of another code is 0.

B . (−−−−C ) = [+1,  [+1,  [+1,  [+1,  −−−−1, +1, 1, +1, 1, +1, 1, +1, −−−−1] . [1] . [1] . [1] . [−−−−1, 1, 1, 1, −−−−1, +1, +1] =  1, +1, +1] =  1, +1, +1] =  1, +1, +1] =  −−−−1 + 1 + 1 1 + 1 + 1 1 + 1 + 1 1 + 1 + 1 −−−− 1 = 01 = 01 = 01 = 0


