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Abstract. Due to the advances in the ICTs in recent years, the variety
of communication means at our disposal has noticeably increased. Some
communication means offer simple tools to inform users about the sta-
tus and availability of their contacts. However, not all of them offer this
functionality, and indeed, elements like context, preferences and habits of
the contact, which currently are not considered, should be taken into ac-
count before trying to stablish communication with a contact. In order to
tackle this problem, we propose a platform that takes into account these
features to assist users in deciding what communication means to use
with each contact in each moment. Considering the real-time constraints
of the system, a series of performance tests are also presented.

Keywords: semantics, mobile technology, communications, social net-
works.

1 Introduction

Due to the advances made in the ICTs in recent times, the variety of commu-
nication means at our disposal has noticeably increased. Latest smartphones,
rather than providing users with just voice call and short message-based com-
munication, enable them to keep in touch with their contacts using most of the
communication means available nowadays. Taking into account the remarkable
market share increase of these devices, a great number of mobile users have ac-
cess to several communication means at their fingertips and thus, whenever they
want to talk to their contacts, have to decide which to use among them.

This decision is not straightforward, as many variables must be taken into
account. For this purpose, some communication means offer tools which inform
users about their contacts’ availability. For instance, many instant messaging
systems have a user state which allows users to know if a contact is online, busy or
absent, offline or its time of last connection. Similarly, some social networks give
users the option to establish a custom state where they can give out what they are
doing. However, other elements like context, preferences and habits of the contact
determine the success or failure of a communication attempt. And currently no
communication tools which consider these variables exist. Therefore, in many
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cases the person initiating the communication has to follow a trial-and-error
approach, performing several attempts or trying with different communication
means before successfully getting in touch with a contact.

In order to address this problem, in this paper we propose a platform that
assists users in deciding what communication means to use with each contact in
each moment. This platform enables users to define diverse use preferences about
their communication means (which can be either general use preferences, like lik-
ing or disliking a particular communication means, or context-based preferences,
like not using a specific communication means at certain place or time). Using
these preferences, when users want to talk to one of their contacts, the system
recommends them the most appropriate communication means to use for this
purpose. This recommendation has real-time constraints, as users would hardly
find it useful if they had to wait for too long before receiving the suggestion.
Thus, to determine if response times comply with this mentioned requirement,
a performance analysis of the system is also presented.

The remaining of the paper is structured as follows. The next section discusses
related work. Section 3 gives a generic description of the platform. Section 4 de-
scribes tests carried out in order to assess the performance of the communication
means recommendation mechanism. Finally, in Section 5, conclusions and future
work are exposed.

2 Related Work

The Semantic Web is an idea promoted by Tim Berners-Lee [3]. The objective
pursued with this idea is to add semantic content to the web. With this addition
it is possible to share, reuse and process with different applications the data
available on the web.

Ontologies, which are used to model the different domains of a software so-
lution, are one of the main tools of the Semantic Web. To create an ontology
a knowledge representation language is needed. Nowadays Web Ontology Lan-
guage (OWL) [16] is the standardized and recommended language by the W3C.

Thanks to the work carried out in this field in recent years, there are several
reference ontologies which can be used to represent a specific domain. An exam-
ple of this type of ontology is FOAF [6], which is used for modelling information
about people and relationships among them. Many projects that need to model
users make use of this ontology [1] [7] [13]. SIOC [5] is other relevant ontology,
designed for representing concepts related to social networks, and which is used
in several projects that model this domain [1] [7] [10].

These ontologies can be perfectly used for modelling the areas for which they
were designed. The problem arises when there is a need to model an environment
that spans more concepts than a single ontology supports, as it is the case of the
working domain of this article. Thus, the reviewed ontologies model certain sub-
domains, such as users and social networks, but we could not find any ontology
for representing all the communication means considered and the preferences
to define over them, not at least with the minimum details that are required.
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For this reason we designed an ad-hoc ontology which adds and extends terms
from existing ontologies and vocabularies such as FOAF, WGS84 [15] and OWL-
Time [14].

On the other hand, one of the key features that ontologies provide is reasoning
over the knowledge represented using them, enabling applications to perform per-
sonalized recommendation of products and services. For instance, Rung-Ching
Chen et al. [4] present an application that models characteristics of diabetic
patients, and which through reasoning about this information is capable of rec-
ommending the user which drug to take. A similar approach is followed in our
work, which, after modelling the communication means of the users and their
preferences over them, reasons about this information to suggest users which
communication means to use at each moment.

On to other matters, Knittel et al. [9], carried out different studies in which
they determine the most appropriate type of context information to use in or-
der to identify users’ status. And Tang et al. [12] developed a prototype which
enables users to share context information with their contacts. Although these
proposals deal with context information as a means to ease interpersonal com-
munication, neither of them provide the caller with a recommendation about
which communication means to use in order to stablish a communication with
a callee.

3 The System Architecture

With this work we try to solve the problem of deciding which communications
channel to select when a mobile user wants to communicate with a contact. In
this section we describe the platform we propose for recommending users the best
communication means to use in each situation. This platform is composed of a
mobile application and of a central server. These two components are described
in detail below.

3.1 The Server

The server is in charge of storing all the information related to the users of the
platform, their communication means and the preferences defined over them.
The server has two main components, which are the ontological model used
to represent the mentioned information, and a rule engine, which processes this
information to generate the recommendation about which communication means
to use in each situation.

The Ontology. To model the elements that are part of the solution developed
we designed an OWL ontology. This ontology models three main concepts.

First, we have the user modelling. Currently there are several ontologies cre-
ated for modelling user profiles, among which FOAF is the one that has re-
ceived more support. For this reason FOAF has been used as the basis for user
modelling in the proposed platform.
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The second main modelled concept are the communication means, represented
as a class hierarchy to favour extension and reuse. This part of the ontology is
entirely of our own design and does not use any external element. We have
modelled the majority of the communication means available on a smartphone
as a class hierarchy.

The third concept modelled in the ontology are the communication prefer-
ences defined by the users. These can be of general purpose (e.g., ”I like tele-
phone calls”) or linked to the user’s context (e.g., ”At work I do not use instant
messaging” or ”Weekends I do not check my work email account” ) and allow
users to express which communication means are the best to get in touch with
them in each particular moment, and which are less likely to be appropriate or
successful.

The Rule Engine. Rules are a useful and simple tool to generate additional in-
formation from a model. In our case, a rule engine is used to rate communication
means based on user context and their preferences. And based on this rating, a
sorted list of communication means is obtained, from the most appropriate to
get in touch with a contact to the least appropriate one.

Rules are divided into four different groups. The first group identifies whether
a user has network connection in the moment of its execution. The second rule
group rates communication means according to the user having or not network
connection. The third rule group rates communication means which provide
users’ status (e.g., instant messaging services) according to that kind of infor-
mation. And the last group rates communication means based on the preferences
associated with them.

3.2 Mobile Application

The mobile application is the client of the platform and acts as interface for
the users to access its functionalities. Due to its ubiquitous nature, the access it
provides to most of the communication means available nowadays and its ability
to provide rich context information, it is the perfect device for this task.

Thus, this application enables users access and configure its profile in the
platform, registering the communication means they have access to and the use
preferences they want to define over them. It also provides a personalized contact
agenda, which requests the server the best communication means to use to talk
to each contact when the user wants to do so. Finally, in order to enable this
recommendation, the mobile application is responsible for periodically reporting
to the central server user-specific context information (location, status of the
connection, user status in those communication means that provide that kind of
information, etc.).

4 Evaluation

In this section we describe the different types of tests we have carried out in
order to evaluate the server performance regarding the communication means



Easing Communication Means Selection 235

recommendation. This functionality is the most computationally demanding
among the ones exposed by the server, as involves executing a rule engine and
semantic inference tasks. At the same time, this functionality has real-time con-
straints, as it is requested by the mobile application when the user wants to talk
to a contact and users would hardly find it useful if they had to wait for too long
before receiving the suggestion. In order to evaluate this response time from the
end-users’ perspective, we have defined the user experience levels shown in Table
1, which are based in the study by Shaikh et al. [11].

Table 1. User experience depending on server response time

Time (t) User Experience

t < 1 s Very satisfactory
1 s < t < 3 s Satisfactory
3 s < t < 5 s Acceptable
5 s < t < 8 s Poor

t > 8 s Not Acceptable

Therefore, a series of tests were carried out to assess the performance of this
recommender service under diverse situations and with different configuration
parameters. In the first test case we made requests to the server from the mobile
application via Wi-Fi, 3G and 2G networks. In the second test scenario concur-
rent calls with a different number of clients were made to the server. The third
test scenario consisted in making calls to the server with a different number of
users registered in the system. And the fourth and last test case consisted in
requesting the communication means recommendation for users who have de-
fined a different number of preferences. Except for the third test scenario, we
registered two users in the system. And excluding the last test scenario, each
user had four preferences defined.

For these tests, the server was executing on a virtual machine. The host server
was an Intel Xeon Quad-Core at 2.83 GHz and with 12 GiB of memory, running
an Ubuntu Server 10.04.4 LTS 64 bits edition and with a VirtualBox 3.0.14 in-
stallation. The virtual machine had the 4 cores and 2 GiB of memory assigned
and was running an Ubuntu Server 12.04 LTS 64 bits edition. The web service
was deployed in a Tomcat 6.0 using JDK 1.6. Regarding the client side, two
different configurations where used. For the network types test scenario a Sam-
sung Galaxy Nexus with Android 4.2 was used with an ad-hoc version of the
mobile application which registered and saved the request times to a CSV file.
For the other three test cases Apache Bench [2] was used from a laptop com-
puter through Ethernet connection. This enabled simulating scenarios of up to
64 concurrent clients without network being a bottleneck, and also having a more
stable network connection which minimises the added noise to the conclusions
of these three tests. JConsole [8] utility provided by the JDK was also used to
monitor CPU and memory demand of the server side in the concurrence tests.
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In the first test scenario, requests with different network types (Wi-Fi, 3G,
2G and 2G under low coverage) were tested. These tests involved making rounds
of 100 requests repeated under diverse situations (different locations and times).
In Fig. 1 minimum, maximum and median request times of each network type
are shown. As we can observe, response times when requests are made via Wi-Fi
and 3G connections are very satisfactory. In good coverage 2G networks response
times still remain noticeably restrained. In contrast, when coverage is low in 2G
networks (”Bad 2G” in the graph), response times moderately increase. Even
so, this times remain in the satisfactory and acceptable user experience ranges.
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Fig. 1. Request times with different
network types
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Fig. 2. Request times with concurrent
clients

In the second test case, requests to the server with an increasing number
of concurrent clients were made, up to 64 concurrent clients. Results obtained
(see Fig. 2) show that even when around 35 concurrent clients are querying for
recommendations, response time is acceptable. And attending about up to 60
concurrent clients could still be tolerable with a hardware equivalent to the one
used in the tests if it is a punctual situation. Regarding CPU usage in this test
cases, the lower concurrency scenarios show a linear increase, from around 10% in
the single client test up to 30% in the 4 clients one. For higher concurrency cases,
CPU demand increased at a slower pace, being the medium demand around
50% in the 64 concurrent clients test. Finally, memory consumption is quite
constrained throughout all the test case even in the scenarios with a higher
number of concurrent clients. In fact, memory usage remained similar through
all the concurrence tests, with a maximum demand of around 250 MiB.

The third test case consisted in studying recommendation task response times
with an increasing number of users registered in the platform. This aspect should
have low impact in this response time, as the server only executes the rule engine
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against the data of the requested user. Therefore, response time increases as a
function of the number of registered users only due to the query to the triplestore
to retrieve this information being slightly slower. Server answering times with
different numbers of registered users can be checked in Fig. 3.

In the last test scenario we measured the impact that the user having a differ-
ent number of preferences defined has in the server response time. Preferences
are the main element that rules use for grading communication means, so infer-
ence task will take longer for users who have a higher number of them defined. In
Fig. 4 response times for users with different number of preferences are shown.
As it would be expected, response times increase together with an increase in
the number of preferences, though even for 50 preferences registered, which is
an extreme case, this task takes around 2 seconds.
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Fig. 3. Request times related to
registered users number
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Fig. 4. Request times related to defined
preferences number

5 Conclusion

In this article we have presented a platform that assists mobile users in the
task of deciding which communication means to use to communicate with their
contacts. This platform enables users to register their communication means
and define different use preferences over them. Combining this preferences with
users’ context, the system is capable of inferring which communication means
they would prefer to be contacted with in each situation.

Due to the real-time constraints of this system, we have also presented a series
of tests aimed at assessing system performance executing this recommendation
task. These tests have shown that the platform offers satisfactory response times
even under poor mobile connections, with several communication preferences
defined by each user and with both a considerable number of users registered in
the system and concurrently working against it.
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Having tested the technical viability of the proposal, as future work we plan
to perform a large scale experiment with real users so as to evaluate the efficacy
of the server, that is, if the communication means recommended by the platform
in each situation are the most appropriate ones to get in touch with other users.
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