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Network Layer Design Issues

• Store-and-forward packet switching

• Services provided to transport layer

• Implementation of connectionless service

• Implementation of connection-oriented service

• Comparison of virtual-circuit and datagram 

networks



Store-and-Forward Packet 

Switching

The environment of the network layer protocols.

ISP’s equipment



Services Provided to the Transport 

Layer

1.Services independent of router technology.

2.Transport layer shielded from number, type,

topology of routers.

3.Network addresses available to transport

layer use uniform numbering plan

– even across LANs and WANs



Implementation of Connectionless 

Service

Routing within a datagram network

ISP’s equipment

A’s table (initially)      A’s table (later)         C’s Table               E’s Table



Implementation of 

Connection-Oriented Service

Routing within a virtual-circuit network

ISP’s equipment

A’s table                             C’s Table                          E’s Table



Comparison of Virtual-Circuit and Datagram 

Networks

Comparison of datagram and virtual-circuit networks



Routing Algorithms

• Optimality principle

• Shortest path algorithm

• Flooding

• Distance vector routing



Routing Algorithms

• Broadcast routing

• Multicast routing

• Anycast routing

• Routing for mobile hosts

• Routing in ad hoc networks



Fairness vs. Efficiency

Network with a conflict between fairness and 

efficiency.



The Optimality Principle

(a) A network. (b) A sink tree for router B.



Shortest Path Algorithm

The first five steps used in computing the shortest path from A 

to D. The arrows indicate the working node



Shortest Path Algorithm (2)

Dijkstra’s algorithm to compute the shortest path through a graph.

. . .



Shortest Path Algorithm (3)

Dijkstra’s algorithm to compute the shortest path through a graph.

. . .

. . .



Shortest Path Algorithm (4)

Dijkstra’s algorithm to compute the shortest path through a graph.

. . .



(a) A network. 
(b) Input from A, I, H, K, and the new routing table for J.

Distance Vector Routing



The Count-to-Infinity Problem

The count-to-infinity problem



How Networks Differ



The Network Layer in the Internet 

• The IP Version 4 Protocol

• IP Addresses

• IP Version 6

• Internet Control Protocols

• Label Switching and MPLS

• OSPF—An Interior Gateway Routing Protocol

• BGP—The Exterior Gateway Routing Protocol

• Internet Multicasting

• Mobile IP



The Network Layer in the Internet

The Internet is an interconnected collection of 
many networks.



The IP Version 4 Protocol

The IPv4 (Internet Protocol) header.



The IP Version 4 Protocol

Some of the IP options.



IP Addresses

An IP prefix.



IP Addresses

Splitting an IP prefix into separate networks with 
subnetting.



IP Addresses

A set of IP address assignments



IP Addresses

Aggregation of IP prefixes



IP Addresses

Longest matching prefix routing at the New York 
router.



IP Addresses

IP address formats



IP Addresses

Special IP addresses



IP Addresses

Placement and operation of a NAT box.



IP Version 6 Goals

• Support billions of hosts

• Reduce routing table size

• Simplify protocol

• Better security

• Attention to type of service

• Aid multicasting

• Roaming host without changing address

• Allow future protocol evolution

• Permit coexistence of old, new protocols. . .



IP Version 6

The IPv6 fixed header (required).



IP Version 6

IPv6 extension headers



IP Version 6

The hop-by-hop extension header for 
large datagrams (jumbograms).



IP Version 6

The extension header for routing.



Internet Control Protocols

The principal ICMP message types.



Internet Control Protocols

Two switched Ethernet LANs joined by a router



Label Switching and MPLS

Transmitting a TCP segment using IP, MPLS, and 
PPP.



Label Switching and MPLS

Forwarding an IP packet through an MPLS network
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