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Highly Connected Graphs 

8 

1 

9 

7 5 

10 

4 

2 

3 

6 

1 

9 

7 

8 

5 

10 

4 

2 

3 

6 



Connectedness – Why is it important? 
• Efficient Communication Networks – ‘well connected’ 

topologies achieve low latencies with as few links (cost?) as 
possible 
 

• Design of Rapidly Mixing Stochastic Processes – a random 
walk on a well connected graph is likely to converge to its 
stationary distribution quickly 
 

• Pseudorandom Generators – random walk on a well 
connected graph can be a very good source of pseudorandom 
bits – ‘randomness extraction’ 
 

• Error Correcting Codes – a ‘richly connected’ graph between 
messages and their codes (bipartite) is likely to lead to enough 
candidates among the codes that are mutually separated by a 
minimum distance (such as Hamming distance). 



What is ‘Connectedness’? 
•



•

Spectral Graph Theory – Unifying Theme 



Spectral Gap and Connectivity 
•



Ramanujan Graphs 
•



Examples of Ramanujan Graphs 
•



Expander Graphs 
•



Properties of Expander Graphs 
•



Margulis Construction (1973) 
•



Expander Families that are Ramanujan 
• What we really need are families of expander graphs that 

are Ramanujan (Ramanujan Families) 
 

• Constructions exist now – but are highly non-trivial. Proofs 
of ‘Ramanujan-ness’ have used a wide range of deep 
mathematics – Representation Theory of Lie Groups, 
Number Theory, Algebraic Geometry, … 



Examples of Ramanujan Families 
•



Ramanujan Families of Arbitrary size?  
 
 
 
 

• Construction of Ramanujan families for any n other than 
primes and prime powers remains an important open 
problem. 
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