
Chapter 5



2-level example: 1C is used to route any 

packet going out from Region 1 to Region 

3, 4 and 5; line 1B is used for Region 2.

•Advantages:

•Smaller tables

•Disadvantages:

•increased path 

length for some 

traffic



• How Networks Differ

• How Networks Can Be Connected

• Concatenated Virtual Circuits

• Connectionless Internetworking

• Tunneling

• Internetwork Routing

• Fragmentation



A collection of interconnected networks.



Some of the many ways networks can differ.
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(a) Two Ethernets connected  by a switch.   
(b) Two Ethernets connected by routers.



Internetworking using concatenated virtual 

circuits.



A connectionless internet.



Tunneling a packet from Paris to London.



Tunneling a car from France to England.



(a) An internetwork.   (b) A graph of the 

internetwork.



Network Imposed Limitations:

 HW limitations (ex. Ethernet frame size)

 OS (ex. All buffers are 512 bytes)

 Protocols (ex no. of bits in the packet length field

 Compliance with (inter)national standards

 Desire to reduce error-induces retransmissions

 Desire to prevent one packet from occupying the 
channel too long

 Net designer are not free to choose the max packet size 
they wish

• Range: 48 bites (ATM cell) – 65, 515 bytes (IP packet)



(a) Transparent fragmentation
• Overhead – each fragment has a header

(b) Nontransparent fragmentation.
• Every host must be able to reassembly



Fragmentation when the elementary data size is 1 byte.

(a) Original packet, containing 10 data bytes.

(b) Fragments after passing through a network with maximum 

packet size of 8 payload bytes plus header.

(c) Fragments after passing through a size 5 gateway.



• Today:
• The IP Protocol

• IP Addresses

• Next time:
• Internet Control Protocols

• OSPF – The Interior Gateway Routing Protocol

• BGP – The Exterior Gateway Routing Protocol

• Internet Multicasting

• Mobile IP

• IPv6



1. Make sure it works.

2. Keep it simple.

3. Make clear choices.

4. Exploit modularity.

5. Expect heterogeneity.

6. Avoid static options and parameters.

7. Look for a good design; it need not be perfect.

8. Be strict when sending and tolerant when 

receiving.

9. Think about scalability.

10.Consider performance and cost.



 The Internet is an interconnected collection of 
many networks.

 Each network is an Autonomous System (AS)



The IPv4 (Internet Protocol) header.

Version (1/2 byte) 

• Currently a transition between IPv4 

and IPv6 is going on

IHL(1/2 byte) 

• Header length in 32-bit words

• not constant

•From 20 - 60 bytes, i.e. from 5-15

Type of Service (6 bits +2 unused=1 byte) 

• the first 3 flag bits are used for Precedence

•The last 3 for DTR

•Delay, Throughput, Reliability

Total Length (2 bytes) 

• Both header and Data

•Max 65, 535 bytes

•Usually 1500 bytes

Identification (2 bytes) 

• Datagram number

•Identical for all fragments of the 

same datagram

DF/MF(3 bits – 1 unused) 

• Don’t Fragment –
•It may force the datagram through a suboptimal path 

to satisfy the requirement

• More Fragment 
•All fragments have it except the last

Fragment Offset (13 bits) 

• Offset expressed in byte numbers
•max 8192 bytes 8192*8=65536bits (i.e. max 

size of datagram

Time to live (1 byte) 
• Expressed in sec – max 255

•It prevents datagrams from wandering around 

forever

•When zero, packet is discarded

Protocol (1 byte) 

• TCP or UPD or any other protocol

•www.iana.org lists all protocols and their 

assigned number

Header Chtecksum (2 bytes) 

•Computed at each hop
•Lifetime changes at each hop

•Add 1’s complement of all the 16 half-word  as they 

arrive and takes the 1’s complement of the result

Source and Destination Address (8 bytes) 

• indicate the network number

Options (up to 40 bytes) 

• used to allow subsequent versions of 

he protocol to include information not 

present in the original design

http://www.iana.org/


Some of the IP options.
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 Internet Routing protocol


