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HIGHLIGHTS

o We propose a novel segmentation approach for user targeting, based on a semantic analysis of the items evaluated by a user.
e Through the semantic analysis we extend the ground truth, to generate non trivial segments.
e With respect to classic segmentation, the advertiser can introduce constraints and atomically model the user segments.
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items purchased, etc.). Recently, in order to improve the segmentation process, the semantics behind
the user behavior has been exploited, by analyzing the queries issued by the users. However, nearly
half of the times users need to reformulate their queries in order to satisfy their information need. In
this paper, we tackle the problem of semantic behavioral targeting considering reliable user preferences,
by performing a semantic analysis on the descriptions of the items positively rated by the users. We

Keywords:

Usjér segmentation also consider widely-known problems, such as the interpretability of a segment, and the fact that user
Semantic analysis preferences are usually stable over time, which could lead to a trivial segmentation. In order to overcome
Behavioral targeting these issues, our approach allows an advertiser to automatically extract a user segment by specifying the

interests that she/he wants to target, by means of a novel boolean algebra; the segments are composed
of users whose evaluated items are semantically related to these interests. This leads to interpretable and
non-trivial segments, built by using reliable information. Experimental results confirm the effectiveness
of our approach at producing users segments.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction When dealing with a semantic behavioral targeting approach,
several problems remain open.

Reliability of a semantic query analysis. In the literature it has
been highlighted that half of the time users need to reformulate
their queries, in order to satisfy their information need [3-5].
Therefore, the semantic analysis of a query is not a reliable source
of information, since it does not contain any information about
whether or not a query led to what the user was really looking for.
Moreover, performing a semantic analysis on the items evaluated
by the users in order to filter them can increase the accuracy of
a system [6-8]. Therefore, a possible way to overcome this issue
would be to perform a semantic analysis on the description of the
items a user positively evaluated through an explicitly given rating.
However, another issue arises in cascade.
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Behavioral targeting addresses ads to a set of users who share
common properties. In order to choose the set of target users that
will be advertised with a specific ad, a segmentation that partitions
the users and identifies groups that are meaningful and different
enough is first performed. In the literature it has been highlighted
that classic approaches to segmentation (like k-means) cannot
take into account the semantics of the user behavior [1]. Tu and
Lu [2] proposed a user segmentation approach based on a semantic
analysis of the queries issued by the users, while Gong et al. [1]
proposed a LDA-based semantic segmentation that groups users
with similar query and click behaviors.
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or by the same director/actor). This is useful to maintain high-
quality knowledge sources, but considering only the items a user
evaluated leads to trivial sets of users that represent the target (this
problem is known as overspecialization [10]).

Interpretability of the segments. The last open problem that has to be
faced in this research area is the interpretability of a segment. In-
deed, a recent survey on user segmentation (mostly focused on the
library domain) [11], highlighted that, in order to create a proper
segmentation of the users, it is important to understand them. On
the one hand, easily interpretable approaches generate trivial seg-
ments, and even a partitioning with the k-means clustering al-
gorithm has proven to be more effective than this method [12],
while on the other hand, when a larger set of features is combined,
the problem of properly understanding and interpreting results
arises [13,14]. This is mostly due to the lack of guidance on how
to interpret the results of a segmentation [15]. The fact that eas-
ily understandable approaches generate ineffective segments, and
that more complex ones are accurate but not easy to use in prac-
tice, generates an important gap in this research area.

Our contributions. In this paper, we have moved the item analysis
process from the canonical deterministic space model (i.e., that
based on strict mathematical criteria) to a more flexible semantic
space model that allows us to extend the analysis capability, which
in the literature has been highlighted as a challenging topic[16,17].
In particular, we tackle the problem of defining a semantic user
segmentation approach, such that the sources of information used to
build it are reliable, the generated segmentation is not trivial and it is
easily interpretable.

The proposed approach is based on a semantic analysis of the
description of the items positively evaluated by the users. The
choice to start from items with a positive score was made since it is
necessary to start from a knowledge-base that accurately describes
what the users like, so that our approach can employ the semantics
to detect latent information and avoid preference stability.

The approach first defines a binary filter (called semantic binary
sieve) for each class of items that, by analyzing the description
of the items classified with the class, defines which words
characterize it. In order to detect more complex targets, we are
going to define an algorithm that takes as input a set of classes
that characterize the ads that have to be proposed to the users
and a set of boolean operators. The algorithm combines the classes
with the operators by means of a boolean algebra, and creates
the binary filters that characterize the combined classes. Then we
consider the words (that as we will explain later, are actually
particular semantic entities named synsets) that describe the items
evaluated by a user, and use the previously created filters to
evaluate a relevance score that indicates how relevant is each class
of items for the user. The relevance scores of each user are filtered
by the segmentation algorithm, in order to return all the users
characterized by a specified class or set of classes.

By selecting segments of users who are semantically related to
the classes specified by the advertisers, we avoid considering only
the users who evaluated items of that class; this allows our ap-
proach to overcome the open problems previously mentioned, re-
lated to preference stability and to the triviality of a segmentation
generated by considering the evaluated items. Moreover, by defin-
ing the semantic binary sieves that characterize each class and the
relevance scores that characterize each user, we avoid the inter-
pretability issues that usually affect the user segmentation; indeed,
each class of items is described by thousands of features (i.e., the
words that characterize it), but this complexity is hidden to the ad-
vertiser, which is only required to specify the users she/he wants to
target (e.g., those whose models are characterized by comedy AND
romantic movies).

Considering that the evaluation of the users for the items
offered in a context of e-commerce are usually thousands or

millions, the proposed approach represents an efficient strategy
to model in a compact way the information related to these big
amounts of data.

The scientific contributions of our proposal are now recapped:

e weintroduce a novel data structure, called semantic binary sieve,
to semantically characterize each class of items;

e we present a semantic user segmentation approach based on
reliable sources of information; with respect to the state-of-the-
art approaches that are based on the semantic analysis of the
queries issued by the users, we perform a semantic analysis on
the description of the items positively evaluated by the users;

e we solve the overspecialization issues caused by preference
stability by building a model for each user that considers
her/him as interested in a class of items, if the items
she/he evaluated are semantically related with the words that
characterize that class;

e we present a boolean algebra that allows us to specify, in
a simple but punctual way, the interests that the segment
should cover; this algebra, along with the built models,
avoids the interpretability issues that usually characterize the
segmentations built with several features;

e we perform five sets of experiments on a real-world dataset,
with the aim to validate our proposal by analyzing the different
ways in which the classes can be combined through boolean
operations. The generated segments will be evaluated by
comparing them with the topic-based segmentation (as several
state-of-the-art approaches do), based on the real choices of the
users.

The rest of the paper is organized as follows: we first present the
works in the literature related with our approach (Section 2), then
we provide a background on the concepts handled by our proposal
and the formal definition of the tackled problem (Section 3), we
continue with the implementation details (Section 4) and the
description of the performed experiments (Section 5), ending with
some concluding remarks (Section 6).

2. Related work

In this section we are going to explore the main works in
the literature related to the open problems highlighted in the
Introduction.

Behavioral targeting. A high variety of behavioral targeting ap-
proaches has been designed by the industry and developed as
working products. Google’s AdWords' performs different types of
targeting to present ads to users; the closest to our proposal is
the “Topic targeting”, in which the system groups and reaches the
users interested in a specific topic. DoubleClick? is another sys-
tem employed by Google that exploits features such as browser
information and the monitoring of the browsing sessions. In or-
der to reach segments that contain similar users, Facebook offers
Core Audiences,’ a tool that allows advertisers to target users with
similar location, demographic, interests, or behaviors; in particu-
lar, the interest-based segmentation allows advertisers to choose
a topic and target a segment of users interested by it. Among
its user targeting strategies, Amazon offers the so-called Interest-
based ads policy,* a service that detects and targets segments of
users with similar interests, based on what the users purchased,
visited, and by monitoring different forms of interaction with the

1 https://support.google.com/adwords/answer/1704368?hl=en.
2 https://www.google.com/doubleclick/.

3 https://www.facebook.com/business/news/Core-Audiences.
4 http://www.amazon.com/b?node=5160028011.
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