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a  b  s  t  r  a  c  t

Although  heterogeneous  networks  are  ubiquitous,  a precise  definition  is lacking,  in our
opinion.  We  submit  a definition  of  network  heterogeneity  and  elaborate  on  a  resulting
approach  to its  measurement.  This  measure  is denoted  as  HE.  As an  illustration  HE  is  applied
to examples  from  the  fields  of informetrics  and  neurosciences.  Yet,  it is  pointed  out  that
our definition  has  universal  applicability.

© 2017  Elsevier  Ltd.  All  rights  reserved.

1. Introduction

Networks may  be homogeneous in the sense that all nodes are of the same type or they may  contain different types of
nodes. In computer architecture studies, the terminology “heterogeneous network” often refers to a network of computers
and other devices of different origins or made by different manufacturers. On the internet the term heterogeneous network
may  refer to a constellation using different data link protocols. A bipartite network such as that of scientists and papers,
which links a scientist to each paper of which he or she is an author and vice-versa links a paper to its authors, is a simple
example of a heterogeneous network of authors and papers. Similarly, the nodes in a network of bibliographically coupled
or co-cited articles can be characterized by the journal in which they are published or, at a next level, the journal category
which is assigned to the journal.

We recall that according to the Merriam-Webster dictionary the term “heterogeneity” refers to the quality of consisting of
dissimilar or diverse ingredients or constituents. In this contribution the term network “heterogeneity” refers to a property
of a network in which links connect different types of nodes. Of course, whether two nodes are considered to be of different
types depends on the application one has in mind. An interesting example is the case that being of different types means
belonging to different communities as the result of a community detecting algorithm. In the first part of this article each
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Fig. 1. a. Representation of a heterogeneous network in a single plane. b. Representation of this heterogeneous network as a layered network.

node is assumed to be of a single type only. Further on, however, this condition will be relaxed. Once a choice about the
types of nodes to be distinguished is made, it is still an open question how to define a measure of heterogeneity.

As heterogeneous networks are ubiquitous in the real world we are convinced that a precise definition of heterogeneity
is required (Han, 2009). A more precise definition than that used in (Han, 2009) with a resulting measure for network
heterogeneity is proposed in this contribution.

In this study networks are assumed to be undirected. Links between nodes of the same type are called internal links,
while links between nodes of different types will be called external links. From our perspective, nodes which are not related,
i.e., not linked, never add to the heterogeneity of the network. The focus is on the heterogeneity in terms of links and not of
nodes.

The term heterogeneity in a network, as used in this contribution, implies that external links are gauged positively, while
internal links do not contribute to a network’s heterogeneity. Moreover, we prefer evenly distributed, i.e. more balanced,
external links above unevenly distributed ones (Hill, 1973). This is a choice we  made, admitting that other choices, depend-
ing on the application one has in mind, can be made. In this contribution a high heterogeneity value refers to a tightly
woven net between dissimilar things. We  value this property so high that networks without external links receive the same
heterogeneity value as homogeneous networks. Indeed, when different types of nodes are never connected the network
is actually a disjoint union of homogeneous networks. For all intents and purposes such a network cannot be considered
heterogeneous. In summary, units that determine the value of a heterogeneity measure are links between nodes of different
types. We  stress the point that these units are not nodes but external links.

2. Heterogeneous networks and an interpretation as layered networks

If there are N types of nodes these can also be considered as belonging to N layers, leading to a layered network. Links
connecting different types of nodes, i.e. external links, then become links between different layers. In this way  the theory of
layered networks (Boccaletti et al., 2014) can be applied to heterogeneous networks.

The following example (Fig. 1) illustrates how a heterogeneous network in a single plane can be reconfigured as a layered
one.

3. Literature review

We  subdivide this literature review into two  parts: a part on the measurement of heterogeneous networks and a part on
recent progress on the measurement of diversity. As many colleagues before us measured heterogeneity through a diversity
measure the two parts are closely related. Furthermore, we will propose an adaptation of a diversity measure to characterize
the heterogeneity of networks.

3.1. Heterogeneity of networks

Often the term heterogeneous network is used without any concrete definition or method to measure a network’s hetero-
geneity. Older examples of studies without a concrete definition include: Law (1986), Leydesdorff (2010a,b), Tijssen (1998),
and White (2001). Tijssen studied relations in the academic-industry network in the case of process engineering. White
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