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Routing in the Internet 

• The Internet is composed of collection of 
networks named autonomous systems which 
are managed by a single administration  

• A routing algorithm within an AS is called an 
interior gateway protocol.  

• An algorithm for routing between ASes is 
called an exterior gateway protocol.  



Autonomous Systems (AS) 

• At the network layer, the Internet can be viewed 
as a collection of subnetworks or Autonomous 
Systems (ASes) that are interconnected.  

• There is no real structure, but several major 
backbones exist.  

• These are constructed from high-bandwidth lines 
and fast routers.  

• Attached to the backbones are regional (midlevel) 
networks, and attached to these regional 
networks are the LANs at many universities, 
companies, and Internet service providers.  



Autonomous Systems (AS) 

• Originally the AS definition required control by a 
single entity, typically an Internet service provider 
or a very large organization with independent 
connections to multiple networks, that adhere to 
a single and clearly defined routing policy. 

• Until 2007, AS numbers were defined as 16-bit 
integers 

• Since 2007 32-bit AS numbers have been 
introduced  



 



Open Shortest Path First (OSPF) 

• OSPF is an interior gateway protocol. 

• An OSPF domain is divided into areas that are labeled 
with 32-bit area identifiers. 

• Areas are logical groupings of hosts and networks, 
including their routers having interfaces connected to 
any of the included networks. 

• All areas are connected to the backbone area (also 
known as area 0) which is the core of an OSPF 
network.  

• Inter-area routing happens via routers connected to 
the backbone area and to their own associated areas. 



 



Routing in an AS 

• In each area, link state routing is used for 
routing 

• Inter-area routing is accomplished by sending 
packets to the backbone area. 



Border Gateway Protocol (BGP) 

• The Border Gateway Protocol is the de facto 
standard inter-AS routing protocol in today's 
Internet. 

• It is more appropriately characterized as a 
path vector protocol. 

• Having path to a destination, a router can 

– Avoid loops (count to infinity) 

– Impose policies 



Border Gateway Protocol (BGP) 

• Policies are typically manually configured into 
each BGP router. 

• From the point of view of a BGP router, the 
world consists of ASes and the lines 
connecting them.  

• Two ASes are considered connected if there is 
a line between a border router in each one.  



Border Gateway Protocol (BGP) 

• BGP groups networks into one of three categories.  
– The first category is the stub networks, which have 

only one connection to the BGP graph. These cannot 
be used for transit traffic because there is no one on 
the other side.  

– The second is the multiconnected networks. These 
could be used for transit traffic, except that they 
refuse.  

– Third, there are the transit networks, such as 
backbones, which are willing to handle third-party 
packets, possibly with some restrictions, and usually 
for pay. 

 



Inter-AS and Intra-AS Routing 

• Why are different inter-As and intra-AS routing 
protocols used? 
– Policy: Among ASs, policy issues dominate. 

– Scale. The ability of a routing algorithm and its 
data structures to scale to handle routing 
to/among large numbers of networks is a critical 
issue in inter-AS routing. 

– Performance. Because inter-AS routing is so 
policy-oriented, the performance of the routes 
used is often of secondary concern 



Router Types 

• During normal operation, three kinds of routes 
may be needed:  
– Intra-area,  

– Inter-area,  

– Inter-AS.  

• OSPF defines four group of routers 
1. Internal routers are wholly within one area.  

2. Area border routers connect two or more areas.  

3. Backbone routers are on the backbone.  

4. AS boundary routers talk to routers in other ASes.  

 



 



Internet Protocol 

• The Internet Protocol (IP) is the principal 
communications protocol in the network layer.  

• IP has the task of delivering packets from the 
source host to the destination host based on the 
IP addresses.  

• For this purpose, IP defines datagram structures 
that encapsulate the data to be delivered.  

• An IP datagram (packet) consists of a header part 
and a text (payload) part.  

• The header has a 20-byte fixed part and a 
variable length optional part.  

• The datagram is transmitted in big-endian order.  



Packet Layout 

 



Packet Header Layout 



IPv4 Options 

 


