Evaluating Social Networks Using Task-Focused Network
Inference
Ivan Brugere

Chris Kanich

Tanya Y. Berger-Wolf

University of Illinois at Chicago
Chicago, IL
ibruge2@uic.edu

University of Illinois at Chicago
Chicago, IL
ckanich@uic.edu

University of Illinois at Chicago
Chicago, IL
tanyabw@uic.edu

ABSTRACT
Networks are representations of complex underlying social processes. However, the same given network may be more suitable
to model one behavior of individuals than another. In many cases,
aggregate population models may be more effective than modeling
on the network. We present a general framework for evaluating the
suitability of given networks for a set of predictive tasks of interest,
compared against alternative, networks inferred from data. We
present several interpretable network models and measures for our
comparison. We apply this general framework to the case study on
collective classification of music preferences in a newly available
dataset of the Last.fm social network.

1

INTRODUCTION

Networks are used as representations of complex underlying social
processes between individuals. In the context of social networks,
researchers typically assume that the observed, boolean network
(friend/not friend) is a suitable model to explain future behavior.
Networks constructed from a social process (e.g. ‘friendship’)
are an accumulation of these expressed relationships, but to what
extent do these relationships model the observed behavior on the
network at any given time? Can we measure which edges are
actually informative for explaining a set of behaviors or performing
predictive tasks?
Our work evaluates the extent which a given network is the
appropriate model of observed behavior in the user population. We
robustly evaluate the extent of association between many observed
behaviors of individuals and a fixed, observed network structure.
Existing work infers parameters associated with correlations between network structure and label/attribute distributions. But this
does not ensure the estimated model is actually useful for the question of interest. Our approach is task-focused, viewing the network
as a representation for modeling a set of predictive tasks (e.g. nodelabel classification).
We present alternate, interpretable models using networks inferred from data. Underlying node-attribute data in these networks
corresponds to individual user activity such as logs of purchasing,
product reviews, or media viewing/listening history. Networks
from these data represent inferred relationships of shared or similar behaviors. These alternate models enable us to quantify–for
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example–to what extent ‘friends’ predict each-other’s music preferences vs. alternative global and local models from data.

2

RELATED WORK

Our work is related to statistical relational learning on attributed
and labeled graphs. This work exploits statistical relationships between attributes, labels and network structure for several tasks:
predicting new edges in a graph using attribute similarity [6, 9],
inferring missing attributes or labels given local attribute distributions in the network [15], or some combination of these [5, 12].
Network structure inference [1, 8] uses statistical measures between attribute and label distributions of nodes to produce a network topology where none is explicitly given. These approaches
are broadly applied in many domains, including computational biology [18], neuroscience [16], epidemiology [17] and recommender
systems [10]. These approaches are typically in two categories:
(1) model parameter inference under some assumptions, and (2)
heuristics, expert tuning, or cross validation for particular tasks.
Model-based approaches learn correlations between network
structure and attributes or labels. These methods use parameter
estimation and model selection to represent the network structure
from data. These methods include the Attributed Graph Model
(AGM) [13], Multiple Attribute Graph (MAG) model [7], and Exponential Random Graph Model (ERGM) [14].
In information networks, model inference is done on information
arrival time of content over an unobserved network, which accounts
for the rate or likelihood of transmission between entities [4, 11].
Challenges in this area include evaluating whether the inferred
network is suitable for subsequent tasks such as classification, and
how the model can yield alternative representations for these tasks.
Task-focused approaches are a broad collection of methods which
make few modeling assumptions. These models make global, local,
or conditional thresholding choices on a relational or similarity
space, e.g. given by a similarity measure over node pairs or simple
interaction counts [3]. These approaches use predictive evaluation
criteria such as cross validation against a particular task of interest.
These methods often have a high sensitivity to threshold/parameter
choice, and added complexity of interactions between network
representations and task methods.

3

CONTRIBUTIONS

We apply one instance of our general network structure inference
framework1 for empirical analysis of the Last.fm dataset. This
framework uses local and global task methods to evaluate networks
inferred from data in a general, modular, robust way across many
observed behaviors. Our work makes the following contributions:
1 To

appear.

