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Abstract

E ective memory structures for relational data within R must be capable of represent-
ing a wide range of data while keeping overhead to a minimum. The network package
provides an class which may be used for encoding complex relational structures composed
a vertex set together with any combination of undirected/directed, valued/unvalued,
dyadic/hyper, and single/multiple edges; storage requirements are on the order of the
number of edges involved. Some simple constructor, interface, and visualization functions
are provided, as well as a set of operators to facilitate employment by end users. The
package also supports a C-language API, which allows developers to work directly with
network objects within backend code.
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PLEASE NOTE: This document has been modified from the original paper to form a package
vignette. It has been compiled with the version of the network package it is bundled with,
and has been partially updated to reflect some changes in the package. The original paper is:
network: A Package for Managing Relational Data in R. Journal of Statistical Software 24:2,
2008. https://www. jstatsoft.org/htaccess.php?volume=24&type=i&issue=02&Ffilename=
paper

1. Background and introduction

In early 2002, the author and several other members of what would ultimately become the
statnet project (Handcock, et al. 2003) came to the conclusion that the simple, matrix-based
approach to representation of relational data utilized by early versions of packages such as
sna were inadequate for the next generation of relational analysis tools in R. Rather, what
was required was a customized class structure to support relational data. This class structure
would be used for all statnet packages, thus insuring interoperability; ideally, it would also be
possible to port this structure to other languages, thereby further enhancing compatibility.

The requirements which were posed for a network data class were as follows, in descending
order of priority:

1. The class had to be su ciently general to encode all major types of network data
collected presently or in the foreseeable future;

2. Class storage needed to be of su cient e ciency to permit representation of large net-
works (in particular, storage which was sub-quadratic in graph order for sparse net-
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works); and

3. It had to be possible to develop interface methods to the class which were of reasonable
computational e ciency.

Clearly, there are multiple approaches which could be taken to construct such a class structure.
Here we describe the result of one particular e ort, specifically the network package (Butts,
et al. 2007) for the R system for statistical computing (R Development Core Team 2007).

1.1. Historical note

The network package as described here evolved from a specification originally written as
an unpublished working paper, “Memory Structures for Relational Data in R: Classes and
Interfaces” (Butts 2002). At this time, the class in question was tentatively entitled “graph.”
It subsequently emerged that a similar package was being developed by Robert Gentleman
under the graph title (as part of the BioConductor project) (Gentleman, et al. 2007), and the
name of the present project was hence changed to “network” in early 2005. A somewhat later
version of the above relational data specification was also shared with Gabor Csardi in mid-
2004, portions of which were incorporated in the development by Gabor of the igraph package
(Csardi & Nepusz 2006). As a result, there are currently three commonly available class
systems for relational data in R, two of which (network and igraph) share some common syntax
and interface concepts. It should also be noted that (as mentioned above) both standard and
sparse matrix (e.g., sparseM Koenker & Ng 2007) classes have been and continue to be used
to represent relational data in R. This article does not attempt to address the relative benefits
and drawbacks of these di erent tools, but readers should be aware that multiple alternatives
are available.

1.2. A very quick note on notation

Throughout this paper we will use “graph” or “network” (G) generically to refer to any
relational structure on a given vertex set (V), and “edge” to refer to a generalized edge (i.e.,
an ordered pair (T, H) where T is the “tail set” of the edge and H is the corresponding “head
set,” and where T,H V (G)). The cardinality of the vertex set we denote |V (G)| = n, and
the cardinality of the corresponding edge set we likewise denote |E(G)| = m. When discussing
storage/computational complexity we will often use a loose order notation, where O T (x) is
intended to indicate that the quantity in question grows more slowly than f(x) as X — co. A
general familiarity with the R statistical computing system (and related syntax/terminology)
is assumed. Those unfamiliar with R may wish to peruse a text such as those of Venables &
Ripley (2000, 2002) or Chambers (1998).

2. The network class

The network class is a (reasonably) simple object structure designed to store a single relation
on a vertex set of arbitrary size. The relation stored by a network class object is based on a
generalized edge model; thus, edges may be directed, arbitrarily valued (with multiple values
per edge), multiplex (i.e., multiple edges per directed dyad), hyper (i.e., multiple head/tail
vertices per edge), etc. Storage requirements for the network class are on the order of the
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