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Course Contents

• 1st period (Sep-Oct 2015):
– Networks

• Intro, basic definitions
• Network models

– Random Walks, Spectral Graph Theory
– Navigable Small-World Networks
– Scalable publish/subscribe Systems
– Gossip protocols
– Graph partitioning, community detection (if there is time)

• Material
– Scientific papers (will be put online)
– Books

• "Networks, Crowds, and Markets: Reasoning About a Highly Connected World" By 
David Easley and Jon Kleinberg

• "Networks: An Introduction" by Mark Newman
• “Foundations of Data Science” by J. Hopcroft and R.Kannan

http://www.cs.cornell.edu/home/kleinber/networks-book/
http://www.arts.cornell.edu/econ/deasley/
http://www.cs.cornell.edu/home/kleinber/
https://www.dropbox.com/s/zl7zt5l3qd273n1/Newman - Networks An Introduction.pdf
https://www.dropbox.com/s/uh462qi0n8j6fgw/nosolutions90413.pdf?dl=0


Course Contents (cont.)

• 2nd period-Reviews, Presentations, Discussions (Nov-Dec)
– Presentations (list of state-of-the-art papers)

• ~30min per student (with questions/discussion)
• Focus on the Quality of presentation and
• Understanding/answering questions

– Two papers to review
• Be able to summarize the contribution/ideas
• Identify strong/weak sides

– Read “how to” read and review papers on the course webpage

• Evaluation
• Midterm (end of Oct or Nov.)
– Final grade: Midterm + presentation/reviews



Networks





Networks are Everywhere!

• The Internet
• Social networks
• Financial Systems
• Brain
• Cell
• Roads
• Power Grids
• Information Dissemination
• Disease spreading
• Etc.

In order to understand these systems we need to 
understand the networks behind them!



Examples



Examples



• What can we see from this network?

Email communication of HP Research Labs









Behavior and Dynamics





Network dynamics

• Structure
– What is network structure, how it evolves over time?

• Behavior
– Information Flow/Cascades (social contagion)

– Social practices that people can choose to adopt or 
not
• Should I join Facebook? Should I buy iPhone? Should I go to 

this restaurant? Should I join the revolution?

– Road Traffic Behavior

– Etc.



Aggregate Behavior

• Why things go viral?

• How to start a movement

• http://www.ted.com/talks/derek_sivers_how_
to_start_a_movement.html

http://www.ted.com/talks/derek_sivers_how_to_start_a_movement.html


Analysis of Networks

• Why?
• To understand the structure of the network (topology)

– Can we model the networks? 
– Why networks are the way they are? Can we find the 

underlying rules that build these networks?
– How does the structure evolve over time?

• To understand network behavior and dynamics
– Small-World Effect

• Decentralized Search/Routing

– Epidemics (gossip protocols)
• E.g., disease spread, why/how things go viral?

– Aggregate behavior



Networks vs. Graphs

• Network refers to a real system, while Graph
to a mathematical representation of a 
network

–Node vs. vertex, link vs. edge

– We will use the terms interchangeably



What graphs represent?

• It is important to chose proper graph 
representation of a real system
– Connecting all the actors that co-appeared in the 

same move together will result in a co-appearance 
graph (e.g, Kevin Bacon graph)

– Connecting all the actors that share the same 
consonants in their first names will result in what?

• The way nodes and links are assigned 
determines the type of questions we can 
study



Complexity of the Networks

• How many different networks can we produce 
if we have N nodes?
– How many possible links in your class?

– M=0,5*N*(N-1), i.e., N choose 2
• If N=10, we have M=45

• If N= 30, we have M=435

• If N=100 we have M=4950

– The number of possible networks 2M

• Wikipedia says that number of atoms in the observable 
universe is 280



Complexity of the Networks (cont.)

• Party problem: what is the minimum number of guests R that must be invited so 
that at least r will know each other OR at least s will not know each other.

• Take an social network of 6 people
– Claim: “I would able to find either 3 mutual friends or 3 mutual strangers (or both) on any 

instance of a social network of size 6”.
– Can you prove it?

• What if we have 7 people?
• What if we have 5 people? Am I guaranteed to find 3 mutual friends or strangers?

– Can you show a counter example?

• Ramsey’s number R(3,3)=6
• Can be extended to R(r,s)
• R(4,4)= ?

– R(4,4)= 18 

• R(5,5)=  ?
– R(5,5)=  we don’t know (is between 43-49)

• Why don’t we solve it with brute force? ;-)
– How many networks a computer would need to check for 44?
– 2946

"Erdős asks us to imagine an alien force, vastly more powerful 
than us, landing on Earth and demanding the value of R(5,5) or 
they will destroy our planet. In that case, he claims, we should 
marshal all our computers and all our mathematicians and 
attempt to find the value. But suppose, instead, that they ask for 
R(6,6). In that case, he believes, we should attempt to destroy the 
aliens.”


