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Theory and practice

Theory Practice

There and back again

(CS Theory)

Algorithms
Graph theory
Probability theory
Combinatorics

(Graph analysis)

Graph modeling
Clustering
Pattern counting
Scalable algorithms2



Large graphs 

3

The 
web

Social 
interacti

on

Computer 
networks

• Convenient 
representation

• Vertices and edges 
connecting them

• Big, millions, billions,…



So what about them?

• Are there common 
patterns?

• Can you find 
“interesting” activity?

• Is this graph 
“special”?

• Which regions should I 
“care” about?
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Often reduces to some algorithmic question 
(via graph theory)



The size problem

• Graph is massive 
(millions to billions)

• Distributed
• Noisy
• Probably can't see of 

all it
• Maybe only one pass 

of data
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We need to rethink the past 50 years of 
graph algorithmics.



Most common neighbors 

• G is undirected, simple graph

• Find top k pairs with most nearest 
neighbors
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Some naïve algorithms 

• Try all pairs
– Complexity n2 ~ 1012

• Do 2-step BFS from each node

– Complexity superlinear ~ 109
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• Pick e = (u,v) with probability prop. to dudv

• Pick random neighbor w of u, and x of v
• Check if  (w,x) exists
• If so, output u,x as candidate

What we did 
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[Ballard Pinar Kolda S ICDM15] 

u
v

Repeat 10,000 times

Output pairs that are 
frequently reported

w

u

x



Why would you do that?
• Works well (68M edge graph, top 1000 pairs in a 

second)
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Why would you do that?
• Works well (68M edge graph, top 1000 in a 

second)
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Industrial scale

• [Sharma-S-Goel 16]  Solving similar problems on 
Twitter's network

– Distributed computing

– The problems of scale

– New math
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PhD Zen



Your advantage over your 
advisor is time



Don't just read it. Fight it
- P. R. Halmos



Books are for reading, maps are 
for getting somewhere

A paper is a map



Everyone has slumps



As some point, the learning 
stops and the pain begins

- S. Rao Kosaraju



Learn to present



Go back to the big picture



Ask questions 
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