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Abstract

By representing a social matrix as a binary triangular array, and then permuting rows

and columns to minimize the perimeter separating ones and zeroes, favoring ones in

the upper left corner, a notion of a “canonical” form” for the matrix has been devised.

This has then been used as a starting point for adding dynamic display of multivariable

information in a variety of ways.
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Goals
Recent decades have seen many advances in the analysis and visualization

of networks, both generalized mathematical networks as well as real-world

computer networks, social networks, knowledge networks and the like.

[BUCHANAN2003]. 

Many recent advances have been made by vendors and contributors of software for

computer network monitoring.  A cursory review of many of these offerings shows

that most use variations on a visualization technique sometimes known as

"data constellations," which involves representing nodes as circles or rectangles and

the edges connecting them as line segments.  Usually the most-connected

"super-nodes" are shown near the middle of the diagram, and proximity where

possible is used to indicate connectivity as well.

One disadvantage of this technique is that it works best with sparse 

networks.  When the connections become sufficiently dense, the picture

becomes so cluttered that it is difficult to trace individual connections.

These traditional techniques have not been very good at the following:

     * Comparing networks: answering the question "How similar is network

          X to network Y?"

     * Showing types of connections, when nodes may be connected in more

          than one way.

    * Displaying very large networks (thousands of nodes, or more) in

          meaningful ways.

    * Displaying dynamic networks: answering the question: "How is the

          network changing over time?"

It is the goal of this project to develop techniques which can better 

solve these visualization problems.

Approach
In the well-developed field of algebraic graph theory [BIGGS1994], a graph (network

of nodes) is represented by a binary matrix, in which all values are either zero or one.

Each row and column of the matrix corresponds to a node in the graph.  Each matrix

element corresponds to a possible edge (connection).  If the graph is undirected (i.e.,

the edges have no arrowheads, and so are bi-directional), the matrix is symmetric along

the diagonal from upper left to lower right. Furthermore, if self-connecting edges

are disallowed, then all pertinent information can be represented in a triangular matrix of

size n by n-1 (where n is the number of nodes), having n*(n-1)/2 elements, each

representing a possible edge.  There are many benefits to this notation. There is a

powerful and elegant body of theory that uses algebraic manipulations to answer

questions about any given graph, including how many cycles (closed

loops) it has, whether it is a <I>spanning tree</I> (visiting each node

once and only once), and so on.  There are also isomorphisms to the theory

of error-correcting codes invented by Richard W. Hamming of Bell

Labs in 1940s.  [HAMMING1986]

The current explorations are based on the author's flash of intuition,

subsequently explored rigorously: that the triangular matrix representation

can form the basis for a new family of graph visualization techniques.

One problem that the "data constellation" methods share with the triangular

matrix representation is that the position of the nodes have no real geometric

meaning.  This is problematic because human perception is compelled to

seek and find such meanings even where they may not exist.  A side-effect

is that there are many ways to represent a single graph which may look

very different from each other.  Therefore, we have been seeking some sort

of "canonical representation" for a given graph, to enable comparisons

to be made easily.


A second intuitive flash was the idea that it would be better if a matrix

is more "blobby."  By this we mean that the ones are clustered together.

A more rigorous definition of this is that the perimeter between zeroes and

ones is minimized.

We wrote a Java application called NetworkBlobs which takes as input a list

of node pairs, and outputs the text forms above or graphical displays of

a matrix, with or without perimeters.  Here is a 3 node matrix with only

the edge from A to C present, and the perimeter drawn:

[image: image1.wmf]
Figure 1:  3 node graph

Gray indicates the presence of an edge, black is the absence of an edge,

and orange is a perimeter.

Next we enhanced the Java program to step through all permutations of a matrix,

retaining the form that minimized the perimeter.  Further experiments showed that

a method was needed for breaking “ties,” and so a preference for ones in the upper

left corner was added.

Using social network data, we then added display of dynamic multivariate data as

changing toroids (rings) associated with each matrix element.
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Figure 2:  7 node graph with dynamic multivariate data
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