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MODELS FOR BINARY DIRECTED
GRAPHS AND THEIR APPLICATIONS

STANLEY S. WASSERMAN, University of Minnesota

Abstract

The nature and historical development of both stochastic and deterministic
models for binary graphs are discussed. Here the focus of applications is
sociological and emphasizes representations of networks of interpersonal
relations as directed graphs. Models from the natural sciences and from the
social sciences are examined and suggestions for future research are given.
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1. Introduction

The basic mathematical concept in this paper is the directed graph, or
digraph, which is defined as a set V of nodes or ‘points’ and a set L of directed
arcs or ‘lines’, connecting pairs of nodes. The set V contains g distinct
elements, v, 05, ,0, and the set L contains C arcs, I;, 1, -, lc. We
further require that no two distinct lines be in parallel; i.e., there exists at most
one line [; connecting node v; to node v,. For convenience, a loop, a line
connecting v; to v;, is not allowed in the digraph.

Digraphs differ from the more common undirected graphs because they have
the additional characteristic that every line has an orientation or direction.
Digraphs in which an arc from v; to v, implies the existence of an arc from v,
to v; are symmetric. Symmetric digraphs are, of course, equivalent to undirected
graphs. When we desire to denote a directed line in terms of its two points, we
write |, =vjv, for the directed line running from v; to v,. We let D, be a
specific digraph on g nodes. Note that D, is a zero-one, or binary directed
graph. The strengths or intensities attached to each arc are not considered,
since our definition does not allow for the existence of valued lines or parallel
arcs. In what follows, we discuss mathematical representations for both di-
rected graphs and undirected graphs, although we concentrate on the more
general directed graph.

A digraph D, may be represented by a (g X g) matrix. We define a matrix X,
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