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Topics for Today

• Intra-network routing

• AS Types

• Classless Interdomain Routing (CIDR)

• Sources: PD 4.1.2, KR 4.6.3
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So Far

• Intra-network routing

• AS Types

• Classless Interdomain Routing (CIDR)
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Intra-network Routing
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Inter-network Routing
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Inter- versus Intra-

• Different decisions:

• Fastest versus Shortest

• What shape is the internet?
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The old shape (1990s)
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AS Core 2020
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From 2013
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Organizations and Backbone
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• Key Concept: Autonomous System (AS) (aka Routing 

Domain)



Organizations and Backbone
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So Far

• Intra-network routing

• AS Types

• Classless Interdomain Routing (CIDR)

25 Jan 2026 SE 331: Introduction to Computer Networks 13



Sample AS Topology
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AS Classes

25 Jan 2026 SE 331: Introduction to Computer Networks 15

Stub AS

• Has only a single connection to one 
other AS

• Will only carry local traffic

• Ex. Consumer based Internet 
Service Provider, small corporation, 
small academic institution

Multihomed AS

• Has connections to 2+ AS’, but 
refuses to carry transit traffic

• Ex. Large corporation, college, etc.

• Complicates routing and allocation 
(need provider independent 
address space, ASN, etc.)

Transit AS

• Has connections to 2+ AS’, and is 
designed to carry both transit and 
local traffic

• Ex. Bezeq, Netvision, other 
international ISPs.

Images: So Monggo, CC BY-SA 4.0 

<https://creativecommons.org/licenses/by-sa/4.0>, 

via Wikimedia Commons



Network Types – Stub

Has only a single 
connection to one 

other AS

Will only carry local 
traffic

• Want to get data directed 
to them

• Want to send data to other 
places

Pay for bandwidth and 
connectivity

Examples:

• Consumer based Internet 
Service Provider

• Small corporation

• Small academic institution
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Network Types - Transit

Networks that connect 
to other networks 
(ISPs, etc.)

• Has connections to 2+ AS’, 
and is designed to carry 
both transit and local traffic

Move data from one 
place to another

Offer data transit 
services to customers 

for a fee

Examples

• Bezeq

• Netvision

• International ISPs.
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Top 10 Transit ASes
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AS Rank: A ranking of the largest Autonomous Systems (AS) in the Internet. (caida.org)

https://asrank.caida.org/asns
https://asrank.caida.org/asns
https://asrank.caida.org/asns


Some Israeli Transit ASes
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Multihomed Stub

Owned by a single 
organization

Connected to more 
than one other AS

Only wants to send 
and receive data for 
itself

• Could offer transit services, 
but is not interested
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About Multihomed Stub ASes
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Image copyright: Jay Hamburger/Park Record

https://www.parkrecord.com/news/park-city-parked-cars-block-driveways-hydrants-buses-and-plows/



About Multihomed Stub ASes
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Some Multihomed Stub ASes
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Challenges of inter-AS routing

Scale

• Things grow – stay 
efficient while 
growing

Load balancing

• Keep data moving 
when loads and 
traffic appear

Privacy

• Don’t let others see 
your internals

Policy

• Give priorities

• Prevent bad things

• Respond to changes
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Visualizing It http://thyme.apnic.net/BGP/ME/
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Some Numbers (London, 9 April 2024)
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Analysis Summary
----------------
BGP routing table entries examined:    917478
 Prefixes after maximum aggregation (per Origin AS): 348263
Total ASes present in the Internet Routing Table:  74273 
 Prefixes per ASN:     12.35 
Origin-only ASes present in the Internet Routing Table: 63779 
Origin ASes announcing only one prefix:   26255
Transit ASes present in the Internet Routing Table: 10494
Transit-only ASes present in the Internet Routing Table: 433 
Average AS path length visible in the Internet Routing Table: 4.5 
 Max AS path length visible:    77 
 Max AS path prepend of ASN ( 37447)   75 
Prefixes from unregistered ASNs in the Routing Table: 1075 
 Number of instances of unregistered ASNs:  1077
Number of bogon 32-bit ASNs visible in the Routing Table: 10 
Prefixes being announced from unallocated address space: 579 
Number of addresses announced to Internet:   3,054,962,944 
 Equivalent to 182 /8s, 23 /16s and 9 /24s 

http://thyme.apnic.net/london/data-summary

74273 



So Far

• Intra-network routing

• AS Types

• Classless Interdomain Routing (CIDR)
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Running out of IP Addresses

Classical IP classes

• Class A: 16,777,214

• Class B: 65,534

• Class C: 254

Many orgs bought Class 
B network figuring they 
might go over 254

• Survey found over half of them 
had less than 50 hosts

• Millions of addresses have gone 
to waste

• Can’t recover them easily 
(already sold!)

• Some have been recycled so far
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Running out of IP Addresses

14 Sept 2012: RIPE.net (European and Middle East 

ISP) announces it’s on its last class A (/8) block

– No more IPv4 allocations to new customers

– Customers with IPv6 can only buy one more /22 (1,024 

addresses) block

– 29 Feb 2016: 15.59 million addresses left in /8 block 

(93% of it)

• IANA has begun recovering IPv4 address blocks

– 1 March 2016: RIPE.net received a recovered /15 

block
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https://www.ripe.net/manage-ips-and-asns/ipv4/ipv4-available-pool



No More Classes

Stopgap measure: 
Stop using classes
Works only for newly granted 

networks

Give out addresses 
in chunks of Class C 

size
Network needs 4064 hosts? 
Give 16 Class C networks

Creates a new problem: Routers designed 
for class based routing

An organization has 16 Class C networks assigned (4064 hosts)

Each router needs 16 lines for that organization

They all go to the same place!
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Aggregate Routes
• The answer: Aggregate Routes

– Very similar to Subnetting

– Use addresses and masks

– Requires us to allocate addresses contiguously

– Technique: Classes Interdomain Routing

• If we give out 16 Class C networks: 192.4.16 – 192.4.31
– 192.4.16: 11000000 00000100 00010000 00000000

– 192.4.31: 11000000 00000100 00011111 00000000

– The top 20 bits are the same

• We can write this: 192.4.16/20
– Means the top 20 bits matter

– Identical to using the subnet mask: 255.255.240.0

• 11111111.11111111.11110000.00000000
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Conclusion

• Intra-network routing

• AS Types

• Classless Interdomain Routing (CIDR)
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