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Abstract

Context plays a crucial role for semantic similarity measurements.
Depending on aspects such as location, time, task and user preferences,
the respects that play a role for the comparison of concepts may vary.
This variance should be reflected in a change of the similarity measure-
ments’ results. Although this dependency has been observed in various
human subject tests and is accounted for in recent similarity theories,
there is no generic model of the characteristics of similarity measure-
ment so far. The objective of this research is the formalization of such a
model, which clarifies the exact systematics of the dependency of similar-
ity on context. From a practical perspective, this model must allow for
the determination of the most influential contextual aspects for similarity
measurements in a concrete application.

Introduction & Motivation. “Are canals more similar to rivers than to
harbours?”—“Well, it depends.”

The assessment of the similarity of concepts (and also instances) is heavily
influenced by context. Accordingly, similarity measurements must take con-
text into account to produce cognitively plausible results, instead of calculat-
ing generic similarity values that do not consider the respects of a comparison
[6]. One might even go further and doubt the utility of context-free similar-
ity measurements [2], since people’s similarity ratings in everyday situations
are always influenced by their current context. The objective of this research
is hence the development of a generic context model for semantic similarity
measurement that supports the identification of the respects that influence
similarity for a given task.

Even though the influence of context is beyond dispute, the modelling of
context for similarity measurement has been either disregarded, or handled as
a mere add-on to the actual similarity theory so far. A more comprehensive
utilization of contextual information in similarity measurement can help to
produce results that are better tailored to the current situation of an individ-
ual. Moreover, context enables the disambiguation of terms such as “long” or
“heavy” on a personalized basis: taking a user’s profile into account, which
may, for example, contain information on previously taken hiking tours, such
terms can be quantified for computation in a similarity measurement. Without
contextual information, the required quantification is basically a wild guess.
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As mentioned above, the aim of this research is not to generate yet another
application specific context model, but the development of a set of formal,
generic characteristics of context for similarity measurement, independent of
a specific knowledge representation. This generic model should be expressive
enough to determine which potential context parameters influence a similar-
ity measurement, and how influential they are. It is obvious that a similarity
measurement produces results that are better adapted to the current situation
if more (contextual) parameters are taken into account. Thus, it is important
to be able to specify which of those parameters are the most influential ones,
and which have little impact on the overall result. This is also relevant from
an economic perspective, as collection, storage and computation of context
parameters is expensive, so that it must be ensured that only relevant pa-
rameters are considered. The envisioned formal model must thus support the
selection of the relevant parameters for concrete applications.

Similarity and Context in the Geospatial Domain. Both similarity
measurement and context have become major research issues within the ge-
ographic information community over the last years. Similarity measure-
ment has been investigated with the integration of heterogeneous spatial data
sources and the enhancement of geographic information retrieval in mind.
Concerning context, location is one of the most important contextual aspects
for many applications1 and plays an essential role in location based services
and mobile decision support systems, for example. Previous research within
this field of research embarks on different strategies for the integration of sim-
ilarity measurement and context. The matching-distance similarity measure
[8] introduces a context-dependent similarity measure for geospatial entity
classes based on activities. The SIM-DL approach [4] focuses on concepts de-
fined in description logics, formalizing the context as a single concept stated
together with the similarity query. A geometric approach based on conceptual
vector spaces is introduced in [7], where dissimilarity is represented by seman-
tic distance, allowing for different contexts through weighting of the quality
dimensions of the space.

As indicated by the examples above, there are already approaches to simi-
larity measurement at hand that provide a reasonable consideration of context.
However, the presented notions of context are depending on the corresponding
similarity theory, i.e. there is no generic context model that is independent of
a specific similarity theory. Moreover, the existing approaches all treat context
as a (weighted) subset of the knowledge at hand. This is remarkable because
the notion of context used across other fields of research mostly implies that
the inclusion of context should add information to what is already known.

Similarity Measurement in Practice. Research on similarity measure-
ment, especially from the psychological perspective, has produced substantial

1Context is even reduced to location in some cases [9].
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findings during the last decades [1]. Nonetheless, applications making use of
the developed theories are a long time coming, which is mostly due to the
special knowledge representations they require. Theories such as Conceptual
Spaces [3] focus on reflecting human cognition as good as possible, but are hard
to use in practice because they are not applicable to widespread knowledge
representations. Application specific context models must thus obey the tech-
nical prerequisites imposed by existing knowledge representations used within
the application to ensure practicability. One such prerequisite, for example, is
the widespread use of the Web Ontology Language (OWL) for concept repre-
sentations.

Figure 1: The generic context model specifies the behavior of concrete context
models. A concrete context model may also be (partly) covered by the simi-
larity theory, which is tailored to a specific kind of knowlegde representation
such as OWL ontologies or conceptual spaces, for example.

Dependence of Similarity on Context. The purpose of a generic context
model is to specify the behavior of concrete context models, as shown in figure
1. The question how much can actually be said about context at such a
generic level is still subject to future research; more detailed specifications of
the behavior of context may require definitions at a level that is bound to a
specific knowledge representation. In the following, a general process in the
computation of context-aware similarity measures and a first draft for a set of
generic characteristics of context based on sets is described [5].

The following process has been observed for similarity measurements that
take contextual information into account:

1. Context capturing, either automatic or by explicit input

2. Context injection, where contextual information that is not already part
of the knowledge base is added to it

3. Selection of the domain of application

4. Weighting of the domain of application

5. Similarity measurement
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The set-based formalization of context characteristics is based on the as-
sumption that contextual information C can be distinguished into internal and
external context: whereas internal context is already present in the knowledge
base K, the external context needs to be added to the knowlegde base first
(referred to as context injection in the process described above). To enable
this injection which creates the extended knowledge base KE (eq. 1), context
and knowlegde base must refer to a shared vocabulary, i.e. the knowledge base
in this case (eq. 2):

KE = C ∪K (1)

C ∩K 6= ∅ (2)

The requirement that the context should only contain information that
affects the similarity measurements in a significant way is formalized by in-
troduction of a threshold value δ: the context is reduced to parameters that
have a minimum impact on similarity measurements (eq. 3). The impact is
defined as the mean difference between a similarity measurement in a context
with the parameter compared to one without the parameter (eq. 4):

C = {c|imp(c) > δ} (3)

imp(cn) =

∑
|sim(cn∈C) − sim(cn /∈C)|

|C|
(4)

As outlined above, the domain of application D is then defined as the
subset of all concepts in the extended knowledge base KE that are used to
define one of the compared concepts a, b (eq. 5). The function w assigns
weights to the concepts in D according to their importance for the current
context (eq. 6):

D = {c ∈ KE |c w a t c w b} (5)

w : D ×D −→ [0, 1],
∑

w = 1 (6)

While the equations above make general statements about context and
similarity, they do not contain information on the systematics of the influence
of context on similarity. Context does not only have some impact on a simi-
larity measurement, but this impact follows a certain systematics: intuitively,
the more similar two contexts are, the less a similarity measurement should
change under those two contexts. In other words, the difference between the
results of a similarity measurement in two different contexts converges to 0
with a growing similarity of the two contexts (eq. 7):

lim
sim(C1,C2)→1

simC1(a, b)− simC2(a, b) = 0 (7)
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Application Scenarios and Outlook. One prospect of this research is to
demonstrate the fitness for use of current similarity measurement approaches,
that make use of a context model for more user-oriented results. For this
purpose, a Web portal for the exchange of cycling routes is planned, including a
similarity-based search module. In this case, context will mostly consist of the
users’ profiles containing information about their preferences, equipment and
previously taken routes. Moreover, current work within the SimCat project2

(which also provides the scope for this research) aims at the development of a
similarity server, based on the SIM-DL approach [4]. The current use case for
the similarity server is a gazetteer interface that makes use of similarity and a
basic context theory, accessing an OWL ontology defining geospatial feature
types. The similarity server will also be used for human subjects tests in order
to verify the aspired characteristics of the context model, and to assure that it
is cognitively plausible. However, before such tests can be made, the current
set of characteristics of the generic context model [5] must be completed and
formalized. One major research issue that needs to be addressed to complete
the model is the question how to compare different contexts.

Going back to the example at the beginning of this short paper, the envi-
sioned context model should be able to answer the question “on what does it
depend?”
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