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Fast Algorithms on Large Graphs (and Matroids)  

Saturday, August 9, 1:00 p.m. - 3:45 p.m., Hilton Portland, Plaza Level, Pavilion East 

Very large graphs, such as the internet, have become part of our daily routine.  Quite naturally they pose new 
challenges for the mathematician. What are the methods and tools to find out something about a structure so large that 
we cannot know all of it? Being greedy seems a successful real life strategy familiar to most of us. 

Matroids are the most general structures on which the greedy algorithm finds a basis. Communications networks, such 
as the internet, organic molecules, quasicrystals, etc. are modeled by large graphs. The coarsest analysis uses the 
matroid structure only. However, in a general geometric setting many problems become hard. For example connectivity 
augmentation can be solved efficiently on matroids, but becomes NP-hard for geometric planar graphs, even on trees. 
The purpose of this session is to identify graph properties relevant to current applications and their complexity 
behaviour as the setting is changed from matroid to graphs and geometric graphs.  Speakers will direct their talks on 
this rapidly developing topic to a general audience. 

Brigitte Servatius, Worcester Polytechnic Institute 
Martin Milanič, University of Primorska 

 

Pick a Tree, Any Tree 

1:00 p.m. - 1:30 p.m. 

Trees are an extremely important and useful topic in graph theory and network design. I'll talk about some of the 
motivation and history of the subject, including Cayley's famous formula that counts the number of spanning trees of a 
complete graph. Then we'll use that formula to figure out the probability that a randomly chosen subtree of a complete 
graph is a spanning tree. This is joint work with Alex Chin, Kelly MacPhee and Charles Vincent, three undergraduates in 
Lafayette College's REU program last summer. 

Gary Gordon, Lafayette College 
 

Multi-Source Spanning Trees of Graphs 

1:45 p.m. - 2:15 p.m. 

Given a combinatorial graph with edge weights and a subset of nodes defined as sources, we want to find a spanning 
tree of the graph that minimizes some distance related cost metric. This problem can be used to model multicasting in a 
network where messages are sent from a fixed collection of senders and communication takes place along the edges of 
a single spanning tree. For a limited set of possible cost metrics of such a spanning tree, we either prove the problem is 
NP-hard or demonstrate the existence of an efficient algorithm to find an optimal tree. 

Andrzej Proskurowski, University of Oregon 
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Large Graphs in Internet Tomography and Cyber Defense 

2:30 p.m. - 3:00 p.m. 

Large graphs arise naturally in many network analysis problems, such as Internet tomography and cyber defense. For 
example, the Cooperative Association for Internet Data Analysis topology data set already consists of well over a 
petabyte of data and is growing on a daily basis. In this talk, rather than focusing on the network connectivity itself, we 
will instead consider graphs which arise from the dependence and independence of time-series measurements of 
network properties. Our key methodologies will include modern ideas in matrix completion and robust principle 
component analysis which efficiently scale to millions of sensors. In addition, we will discuss how properties of these 
large graphs are relevant to several current applications. 

Randy Paffenroth, Numerica Corporation 

 

Large and Sparse Graphs 

3:15 p.m. - 3:45 p.m. 

In his survey article Very large graphs, in Current developments in mathematics, 2008, pp.~67--128, Int. Press, 
Somerville, MA,   points out that “in the last decade it became apparent that a large number of the most 
interesting structures and phenomena of the world can be described by networks.” The best known and most studied is 
the internet, see Rany Paffenroth's talk in this session. We will concentrate on some techniques for sparse graph 
sequences as outlined by  and touch on their applications in statistical physics and biology concerning 
flexibility analysis in biomolecules and networks. 

Brigitte Servatius, Worcester Polytechnic Institute 


