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The main objective of this work is to develop and present method, the aim
of which is to determine the strength of relation between two identities of
telecommunication social network based on the Call Detail Records. Conducted,
empirical studies show, that thanks to the developed method, it is possible to
determine links between pairs of identities and reflect the relations that occur
between them using the strength of relations.
The social network is a social structure that consists of identities, which
are connected with each other by the various types of links (relations), and
between which the information is exchanged on the basis of common norms and
believes [Krupski2003]. The social network can be represented in form of a
graph using IT tools. In telecommunications, social network results from the
connections between individuals, that use telecommunication services to create
and manage relations. These connections describe interpersonal relations that
can have various nature. Sample nature of relations defined in psychology are:
friendship, love, marriage, propinquity, colleagues and neighbours
[Argyle2002]. The subject of presented work are social relations resulting from
interactions between individuals or group of people (communities), taking place
in accordance with generally accepted standards and practices. There are two
types of social relations: social interaction and social conflict [Znaniecki2011].
The history of social networks goes back to the 90s of nineteenth century,
when the process of the analysis of communities formation began, based on
various types of relations that occurred between individuals. It has been shown
that communities derive both from personal, informal relations and from formal
ones [Tönnies1887]. Further work included the impact of different social and
psychological characteristics on the creation of interpersonal relations: gender
[Moreno1943], the theory of exchange describing social network as a system of
goods exchange between individuals and communities [Blau1964], the
characteristics assigned to a specific position in the organization [White1943,
Magee2008], and stereotypes of individuals [McPherson2001].
Research related to the analysis of social networks show that the quality
of models used for modelling social network is higher, when the nature of
relations is taken into account [Liben-Nowell2003]. Many work on social
networks describe the link between individuals in a binary form, thus the nature
of a social relation between them fades or is shown in a rudimentary way. When
treating all relations binary, the analysis of existing social networks is severely
limited [Xiang2010], thus it makes difficult to highlight pairs of users that form

strong relations (e.g. family or friends) and weak ones (e.g. acquaintances). The
introduction of the strength of relations, involving the valuation of links in social
networks, allowed for a better representation of the relations between
individuals and initiated research on the importance and role of relations
strength in the structure of the social networks. It has been shown that not only
the strong ties between individuals are important, but also weak relations can be
crucial, especially in the case of links between communities [Granovetter1973].
Current research on the social network analysis focus on determining the
strength of relations between individuals, taking into account the social nature of
these relations. Based on the analysis of social media such as Facebook1 and
Twitter2, predictive variables are determined, that may affect the nature of
relations: intensity variables (wall words exchanged, inbox messages exchanged,
friend's photo comments), intimacy variables (individual's number of friends,
wall intimacy words, appearances together in photo, friend's relationship status),
duration variable (days since first communication), reciprocal services variables
(links exchanges by wall post, applications in common), structural variables
(number of mutual friends, groups in common), emotional support variables
(wall and inbox positive and negative emotion words) and social distance
variables (age difference, educational difference and political difference)
[Gilbert2009].
The proposed method allows to determine the strength of ties between
individuals based on the qualitative attributes of relations, resulting from the
parameters of interpersonal communication. Presented method is associated with
a number of research challenges, because its development have to be preceded
by a detailed literature analysis. The results of performed analysis are covered in
the first part of dissertation.
Taking into account the research directly related to the proposed concept,
it is necessary to draw attention to the specific issues of this method: the creation
of social networks and their analysis, the modelling of relations between
individuals, as well as the representation of social networks with the use of
information systems.
The creation of social networks is associated with the need to identify
elements that affect the form of this network, and with the possibilities of social
network usage. The research conducted over social networks concerned sample
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usage of these networks in biology, medicine [Barabási2011], computer studies
[Easley2010] and telecommunication [Filipowska2015]. Each type of network
has a specific structure with attributes used to present this structure, concerning
both individuals and relations, and values that these attributes can take. Social
network analysis is, however, an approach aimed at exploring social structures,
focusing on the social context of an individual and the relations between
individuals, and not on the properties of individuals [Wasserman1994].
Therefore, in the presented work, the methods used in social network analysis
were examined, based on which the attributes used to describe elements of
social networks and methods for calculating the values of these attributes were
identified.
Modelling ties between individuals require a detailed analysis of the
available methods used for describing relations. The identification of
mechanisms, by which social networks are evolving is a challenging research for
the understanding of situations, in which the connections between individuals
are created, and that consequently alter the structure of the network in time
[Liben-Nowell2003]. A a part of prepared dissertation, the analysis of the
homophily of identities and its impact on relations was performed
[McPherson2001], as well as the identification of factors influencing the
description of relations, such as the complexity and methods used for measuring
the relations [Ansari2011]. The concept of the strength of relations was derived,
that involves the valuation of links in social network, which allows a better
representation of the relations between individuals. Using the examples of
research related to the analysis of ties between users of social networking sites
like Facebook [Kumar2012] or Flickr [Zhuang2011], the quantitative attributes
were identified, used to measure the strength of relations. These research were
the basis for further experiments in the domain of social network, especially
related with the identification of qualitative attributes [Gilbert2009]. In addition,
due to the focus on telecommunication social network in presented dissertation,
the analysis of available methods was performed, that were designated to
calculate the strength of relations between individuals based on Call Detail
Records, and the limitations imposed by the quantitative attributes of relations
were described [Kazienko2009].
The analysis of telecommunication data needs a relevant class of tools.
The challenge is to choose such tools, which will enable the modelling and
efficient processing of the graph data structures used in telecommunication

social networks. Experiments carried out in presented research enabled the
selection of tools adapted to the graph structure of the network and allowed for
the implementation of the data model, that reflects the connections in
telecommunication networks, while providing a high efficiency of data
processing.
The research conducted on the development of method for measuring the
relations strength resulted in additional contribution to the science. Through the
literature analysis, the importance of proper representation of the nature of
relations between individuals using their strength has been indicated. Moreover,
a new research domain of the qualitative attributes of ties for relations occurring
in social network has been identified. The research problem associated with the
qualitative attributes in telecommunications has not yet been formulated, and
consequently there are no reports of attempts to create similar method. A
separate contribution is a part of dissertation that focuses on the analysis of tools
for data storage and management, which allows a comparison of available
solutions, that could have not been made solely based on the analysis of
literature.
The process of testing method for measuring the strength of relations
between telecommunication social network individuals requires the preparation
of an appropriate test data set. Further part of dissertation presents the data and
procedures that were used to create the test data set. It describes the structure of
the source files containing Call Detail Records and presents statistics for the
entire set of events, taking into account both network parameters of the nodes,
like number of callers and receivers, as well as related to the edges, which
include the number of events, relations and the parameters of those relations. In
addition, a data model used in graph database was proposed an the import of
data was carried out for the relevant tools, in order to conduct further research in
case of measuring the strength of relations.
The description of the method is presented in the third part of the
dissertation. The first stage was the identification of qualitative attributes of
relations in telecommunication social networks. Based on the examples of
research conducted for other networks, along with the literature analysis from
sociological [Morreale2007, Granovetter 1973] and psychological [Argyle2002]
domains, three qualitative attributes of relations in telecommunications were
listed, that were included in the proposed method: reciprocity, intimacy and
closeness. For each of these attributes, the parameters of telecommunication

events were identified, that may affect them. Among identified parameters,
following can be listed: the type of service, number of events, the duration of an
event, the time of the day and the activity time of an individual. Moreover, it
described the questionnaire research, which was used to test hypotheses related
to the impact of the parameters of individual events on the interpersonal
relations. Based on the results of conducted questionnaire and the statistics of
test data set, mathematical representations of attributes were prepared. These
were used to derive the model of the method used to calculate the strength of
relations between individuals.
The last step was to verify and validate the developed method using two
separate experiments, through conducting the comparison of results of proposed
method with results of a basic, commonly used method. The first experiment
included the calculation of the strength of relations for test data set. As a result,
it was possible to compare and analyse, how the proposed, qualitative attributes
affect the formation of the strength of relations between individuals. A
significant difference between the values of both methods was indicated,
stressing the importance of the impact of each attribute on the strength of
relations. This experiment proved the thesis about the possibility of modelling
the strength of relations based on the qualitative attributes of relations. For the
purpose of the second experiment, a mobile application was prepared, that
enabled the validation of the proposed method. The aim of the experiment was
to confirm a better representation of relation between telecommunication users
with the proposed method, than with the basic one and the indication of the
potential usage of this method in practice. The achieved results showed that the
method of measuring the social strength of ties reflects the telecommunication
relations more effectively than basic strength. In 240 cases the social strength
was better, and only in 12 cases the basic strength provided better results.
Furthermore, the responses indicated the importance of proper representation of
relation strength and the possibility to apply the proposed method in practice.
Several fields of applications of the elaborated method can be pointed,
and the most promising are:
 the creation and analysis of social networks,
 the analysis and evaluation of the relations between individuals, created
and managed using various communication methods,
 social media marketing,
 churn analysis in telecommunication.
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