CHAPTER 1

An Introduction
to Social Network
Analysis

his chapter introduces the origins of social network analysis as
a social science. A basic approach of studying social relations
comes from thie'1950s, when it was an important tool in under-
standing relationsiiins among people within some particular social
groups. How this approach evolved during the years is also briefly
described, as well as how mathematical concepts, such as graph theory,
were introduced to create a formal method to analyze and provide
relevant information about social groups.
Therefore, Chapter 1 presents the evolution of social network
analysis, from its appearance as a social science until its development
into a more formal method based on mathematical concepts.

EVOLUTION OF SOCIAL NETWORK ANALYSIS

Social network analysis takes into consideration the fact that social life
is relations among individuals. Behaviors within a network are critical
to understanding social connections, and—more important—the
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implications that they create inside a community. The most relevant
implication is how particular people inside a social network can influ-
ence others to perform similar events. In terms of business, what
makes an individual a leader or follower? What is the impact when a
telecommunications company loses an influential customer within a
social network? Are companies able to lead other customers after-
ward? Are companies able to lead other customers to purchase new
products and bundles or to consume new services? Understanding the
consequences from the new perspective of social relations can allow
companies to predict new business events and to focus the customer
relationship management more accurately.

The study of social networks is formally defined as’a set of nodes,
which consist of network members. Those nodes are corinected by dif-
ferent types of relations, which are formally defined as /inks. Network
analysis study takes all those connections as ihe primary building
blocks of the social world. It does not colle<: just unique types of data,
but traditional analysis takes into consideration individual attributes.
Social network analysis also consideis the attributes of relations from
a fundamentally different perspeciive than that adopted by individual-
ist or attribute-based social scienc=. Traditional methods of data analy-
sis usually consider individvat attributes from all observations in order
to analyze the informatior: available. What is the average character-
istic from a particular pcpulation of companies, employees, customers,
or markets? Particularly in telecommunications, it is quite common
to analyze the individual data to understand customer behavior,
such as the average billing, type of payment, frequency and amount
of service usage, and so on. Besides the individual attributes, social
network analysis considers all information about the relationships
among the network members (nodes). As a matter of fact, the infor-
mation about the relations among the individuals within a social
network is usually more relevant than the individual attributes of the
individuals. The relations among the individuals can tell more about
customers than their individual attributes. This is the basic difference
between data analysis and social network analysis. What you are is
not as important as how you behave and connect with others.

Alexandra Marin and Barry Wellman published a survey describ-
ing some case studies about social relations. According to them,



AN INTRODUCTION TO SOCIAL NETWORK ANALYSIS 5

A conventional approach to understanding high-
innovation regions such as Silicon Valley would

focus on the high levels of education and expertise
common in the local labor market. Education and
expertise are characteristics of the relevant actors. In
contrast, a network analytic approach to understanding
the same phenomenon would draw attention to the
ways in which mobility between educational institutions
and multiple employers has created connections

between organizations. Thus, people moving from one
organization to another bring their ideas, expertise, and
tacit knowledge with them. They also bring with them
the connections they have made to coworkers, some of
whom have moved on to new organizations them:eives.
This pattern of connections between organizatioris; in
which each organization is tied through its eraployees

to multiple other organizations, allows eaca 10 draw on
diverse sources of knowledge. Since comvining previously
disconnected ideas is the heart of intievation and a useful
problem-solving strategy, this pattet 1 of connections—not
just the human capital of individval actors—leads to
accelerating rates of innovatien in the sectors and regions
where it occurs.'

The most relevant fact o7 analysis here is not the individual attri-
butes or characteristics. Certainly, all the information about the indi-
vidual is quite importatii—the level of education, papers published,
conferences attended, researches conducted, and so on. However,
from a perspective.f innovation and how data evolves over time, the
relationship arnong the individuals and the institutions with which
they are associated are more important than the attributes of the
individuals. The way individuals share their ideas, compile their
works, and how their institutions collaborate their resources is more
influential than individual skills, talents, and initiatives.

A social network is basically comprised of a set of nodes connected
by one or more links, which represent distinct types of relationships.
For instance, in telecommunications, the nodes are usually assigned to
the customers; landlines, broadband, mobiles, or whatever other type
of communication device. The links, especially in the mobile environ-
ment, are assigned to the calls, the texts, the messages, e-mail, and any
sort of communication’s connections that can be collected somehow.
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The conception of nodes and links can change according to the
subject of interest or the business area which is under consideration.
In the financial or banking industry, the nodes can be not only the
customers but the accounts, and links can be represented by transac-
tions, policies, claims, mortgages, payments, and so on.

One of the most important stages in this sort of exploratory analy-
sis, particularly involving social networks, is to properly define the
role of the nodes and the links. This phase is certainly crucial to find
applications in relation to business issues. If you do not define roles
of nodes and links, you will be able to build and analyze a social
network, but it will not lead to applications for business.

The task of choosing which kind of available data ta tse, based on
different sort of problems that are particular to differer: ¢ kinds of busi-
nesses, constitutes the work of the network analysts. As a matter of
fact, for the same industry, but considering a:ifcrent problems, the
same data can be used differently. For exan.nle, consider the telecom-
munications environment. Telephone rimimbers are usually thought of
as nodes and calls are thought of a: links. However, if the subject
matter is fraud, and the identific.tion of the perpetrators of fraud is
the focus, the telephone numbei-could be viewed as a link that con-
nects two distinct individueis: In this way, the telephone number can
be used to compose a nou= for a particular problem and can be used
to compose a link for aniother one.

Indeed, the fiict.endeavor in a social network analysis approach
is to properly define what the nodes are supposed to be and what the
links are supposed to be. In telecommunications, it is quite straight-
forward to define customers as nodes and calls as links, especially in
mobile operations, even though there is more than one type of link
in mobile operations, such as calls, text messages, multimedia mes-
sages, e-mail, and even Internet access. In the case of Internet access,
what is the destination node? Is it a Web site? Even in a straightfor-
ward scenario such as telecommunications, we can visualize more
than one type of node and more than one type of link. Thinking about
landlines, where the relationship between the device and customer is
not one to one, nodes can be defined in different ways. For instance,
the nodes can be defined as the residents in a household, splitting the
links among them, or as the household itself, aggregating the links
into the telephone number.
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In some industries more complex than telecommunications, such
as insurance and banks, it is possible to identify distinct types of nodes
and links, according to the sort of business problem to be addressed.

Also, when there is more than one type of node to be considered
and more than one type of link to connect nodes, it is possible to
include different weights for nodes and links as a way to distinguish
them based on some particular rule.

Laumann identified three distinct approaches to select nodes and
links according to the specification of the edge of the social network.?
The first approach is based on position, considering the members of
a particular organization or community as the nodes within the
network. The second approach is based on event, considering the
nodes with their positions well defined within an/organization or
community as members of the network. The third approach is based
on the relation, considering the members of ari < rganization or com-
munity based on a set of nodes that clearly present strong relation-
ships within a particular network.

All these approaches can occur sizaultaneously and can also be
applied at the same time for some ditterent types of networks. In this
way you define not just the nedes and links but also the boundaries
of the network, which theit-helps to define nodes and links to be
included in the study of ¢coiamunities.

In telecommunicatiois, for instance, customers can be considered
as a position-baseaepproach, where any type of customer can be
considered as a particular node. Also, in most cases, companies affect
their own customers, and, therefore, the boundary of their network
analysis could be considered to be their own network. However, con-
sidering the high migration of customers among telecommunications
companies, especially the number portability in mobile operations,
some specific mobile numbers could be accepted as members of the
inside network. These external nodes could be quite relevant for
understanding churn and customer acquisition, and thus they can be
included in the internal network analysis process. Finally, the consid-
eration of the population of interest is crucial for network analysis.
By considering any telephone as a customer and then as a node, some
telephone numbers should be discarded from the network, such as
emergency numbers, customer care numbers, some particular services
based on automatic response units, and so on. Those types of numbers
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do not represent a node in the social perspective. In addition, when
analyzing the individual customers in terms of relationships, it is pos-
sible to consider all links and all nodes, but in order to compare usage
among the customers, perhaps some kinds of customers should be
excluded from the entire population, such as private companies and
special individuals playing professional roles.

Because the process of identifying nodes and links is not straight-
forward at all, considerable time and effort should be spent in this
stage. This recognition process is a key factor in whether social network
analysis succeeds or not.

When social networks are considered, the relations between the
nodes should be considered rather than their isolated  attributes. In
this way, the individuals hold a set of attributes thatminist be analyzed
when the network is built. In order to study the c¢ffects of attributes
such as average revenue, billing, payment histcr % active products and
services, and so on, they should be sorted.ta reveal their relevance in
the network environment.

A particular method to consider-i:e impact of some attributes in
social network analysis is presente d 1n the case study presented in Part
II. The effect of business attribuies in relation to the social network
analysis over time can reveaithe average individual behavior assigned
to some business events Yor instance, when analyzing product and
service acquisition, itispossible to correlate influential customers, the
ones who lead otiier customers to purchase the same type of product
or service, and then highlight the average values of some particular
business attrivutes for those leaders. By doing this, companies are
able to identify the leaders for particular business events; in addition,
companies can identify their average behavior in terms of usage and
characteristics.

It is important to note that, when attributes are taken separately,
individuals with common attributes can produce the same outcome
or be considered to have the same value of corporate importance. This
isolated attribute analysis can link individuals with same average
values for those business variables, even if they have completely dis-
tinct behavior in terms of usage or relationship.

Conversely, when examining a social network and its behavior,
individuals are analyzed by their relationships (strength, frequency,
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importance, etc.). This distinct approach might lead the analysis in a
completely different direction: evaluating individuals with common
attributes in distinctive ways, hence producing totally different out-
comes. In contrast to the evaluation of individual attributes, the
network analysis can put together nodes with similar behavior in
terms of relationships even though they hold completely different
values in their individual attributes. The key to grouping similar nodes
is the relationship rather than the attributes.

The relevant message here is that individuals with common char-
acteristics can behave in completely distinctive ways. Using traditional
clustering techniques, these individuals might be considered similar
because of their attributes and would probably fit in the same group.
However, based on social network analysis, those sainie individuals
would fit into distinct groups or communities. Even-though individu-
als with common attributes can behave in siniilar ways, in social
network analysis, the most relevant analys:: is the relationship with
the neighbor nodes instead of their owr characteristics.

By analyzing the behavior embedd-d'in social networks, it is pos-
sible to exploit different levels of vaiterns. The results are especially
useful for marketing, especially in ditfusing processes related to product
and services acquisition. Similar behaviors can lead a business to pur-
chase new types of producis and services, or even churn.

In most industries, ¢specially in telecommunications, churn and
product and serviccacquisition can be understood as a chain of events.
In other words:‘scm.e key customers, the leaders, can lead other cus-
tomers to leave after they churn or they can lead other customers to
acquire similar products and services after them. For this reason, it is
crucial to target the right subset of customers in a particular campaign,
whether it is in relation to customer retention or to product acquisi-
tion. The right set of customers can diffuse products or services within
the telecommunications network.

Also, analyzing social networks requires looking at individuals not
as a group but, instead, as a community. A group is comprised of indi-
viduals with similar characteristics, whereas a community is grouped
together by their similar behavior.

Social network analysis should also take into consideration busi-
ness strategy, which indicates different weights of importance to be
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used in the network analysis of nodes and links. In telecommunica-
tions, for instance, you might consider different weights according to
distinct types of links, such as calls, text messages, multimedia mes-
sages, e-mails, and so on. In order to increase a specific text message
service, for example, social network analysis should consider the
weight of the links established based on text messages as highly rel-
evant in the network relationship, rather than the calls themselves.
Similarly, in order to increase a particular roaming package, all roaming
calls should be considered more important than other calls. Although
all distinct types of communications or relationships should be con-
sidered in the analyses—such as local calls, national calls, interna-
tional, texts, multimedia, and so on—the specific.rcaming calls
should hold a higher weight than other calls in order o highlight the
relevance of roaming in the particular study.

BUILDING SOCIAL NETWORKS BASZL. ON
NODES AND LINKS

Social networks analysis is not.ically a brand-new discipline even
though it has been gaining popuiarity in academia. In terms of aca-
demic approach, researche:s-have published experiments to describe
the connections among ‘veople in distinct types of environments. In
addition to the experiinents, several theories in relation to social
network analysis and with respect to algorithms to calculate network
measures have been published. One of the oldest articles about social
network analysis is the one known as the Small World Experiment.’
It is still fairly well known, and it is about the length of the path in a
particular social network.

Stanley Milgram conducted some experiments in order to examine
the average length of the path for some particular networks. The main
objective of these experiments was to suggest that the human com-
munities were not too big, where one individual could reach any
other one by some maximum number of steps, or, in other words, by
a certain number of intermediate individuals between them. The
research outcomes have, indeed, suggested that the networks were
characterized by short paths among the nodes considering the number
of those intermediate steps. One particular experiment was associated
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with the famous phrase “six degrees of separation.” However, Milgram
himself had never used this term to refer to his experiment.

Milgram coauthored the experiment called the Small World
Problem, which created a great deal of publicity. This publicity
was mostly supported by several studies conducted simultaneously
and focusing on the concept that the world was becoming highly
interconnected. Bear in mind that this particular experiment took
place in 1967. It is not difficult to imagine now the impact this
concept had, viewing the possible types of relationships people
could establish, with the use of different devices, technologies,
and geographies.

Milgram’s experiment intended to highlight the likclihood that
two randomly selected people would know each otler ‘regardless of
the length of the path or, in other words, the numbez of steps (nodes
and links) between them. This is certainly one way to solve the
problem. A straight method to solve the S:vail World Problem is by
calculating the average length of path <omnecting any two distinct
nodes inside the network. Milgram’s «<periment ultimately created
an algorithm to calculate the averagze number of links that connected
any two nodes.

The procedure in relatio‘i-+o the Small World Problem was estab-
lished in the paper by Jefitey Travers and Stanley Milgram called “An
Experimental Study i ti.e Small World Problem.”

The procedurc may be summarized as follows: an
arbitrary target person and a group of starting persons
were selected, and an attempt was made to generate an
acquaintance chain from each starter to the target. Each
starter was provided a document and asked to begin
moving it by mail toward the target. The document
described the study, named the target, and asked the
recipient to become a participant by sending the
document on. It was stipulated that the document could
be sent only to a first-name acquaintance of the sender.
The sender was urged to choose the recipient in such a
way as to advance the progress of the document toward
the target; several times of information about the target
were provided to guide each new sender in his choice of
recipient. Thus, each document made its way along the
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acquaintance chain of indefinite length, a chain which
would end only when it reached the target or when
someone along the way declined to participate. Certain
basic information, such as age, sex and occupation, was
collected for each participant.

PARTICIPANTS. Starting Population. The starting
population for the study was comprised of 296
volunteers. Of these, 196 were residents of the state of
Nebraska, solicited by mail. Within this group, 100 were
systematically chosen owners of blue-chip stocks; these
will be designated by Nebraska stockholders throughout
this paper. The rest were chosen from the population at
large; these will be termed the Nebraska random group.
In addition to the two Nebraska groups, 100 votunteers
were solicited through an advertisement in aEoston
newspaper (the Boston random group). Each member of
the starting population became the first 1iziX in a chain of
acquaintances directed at the target person.

INTERMEDIARIES. The remaining varticipants in the
study, who numbered 453 in dli, were in effect solicited
by other participants; they vreie acquaintances selected
by previous participants.as zeople likely to extend the
chain toward the targel Participation was voluntary.
Participants were no! jpaid, nor was money or other
reward offered.as iz:centive for completion of chains.*

Travers and M:gram had also defined the rules of participation for
this particular:study, which described how the participants should
include personal information and forward the document ahead. The
rules also defined the target person as a stockholder who lives in
Boston, Massachusetts; the roster, who was the person to avoid looping;
and the tracer cards, which were business cards that requested a reply
and contained information about the participant and the person who
sent the card.

INFLUENCE

The idea behind finding out the number of degrees that separate
people in a network has triggered further concepts about how people
behave inside the network rather than the number of connections
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they have. In terms of business, it is more important to know how
each individual behaves inside the network than it is to know how
many connections there are among people—that is, of prime impor-
tance is their correlated nodes through their connected links.

Considering that case of six degrees of separation between any
two nodes in a network, the important thing to be analyzed is the role
of each one of those six nodes inside the network: how they connect
the other nodes, how strong their links are, how central they are in
the network, how many short paths they belong to, and so on. These
answers drive the network analysis to identify the influential nodes,
the leaders, the followers, and also the isolated or irrelevant nodes.

According to Simmel, social ties are primarily based on viewing
components as isolated units. However, those compeneats are better
understood as being at the intersection of particular relations and as
deriving their defining characteristics from thc¢ xtersection of these
relations. He argues that society itself is nothitig more than a web of
relations. He wrote:

The significance of these interactions among men lies in
the fact that it is because of t!izm that the individuals, in
whom these driving impulses.and purposes are lodged,
form a unity, that is, a‘scclety. For unity in the empirical
sense of the word is nothing but the interaction of
elements. An crganic body is a unity because its organs
maintain a more intimate exchange of their energies with
each other:ti:an with any other organism; a state is a
unity because 1ts citizens show similar mutual effects.’

This statement is an argument against the premise that a society
is just a bunch of individuals who react individually and indepen-
dently to particular circumstances according to their personal desires.
Based on his belief that the social world is found in interactions rather
than in an aggregation of individuals, Simmel argued that the primary
work of sociologists is to study patterns among these interactions
rather than to study the individual motives.

Simmel wrote in the same study:

A collection of human beings does not become a society
because each of them has an objectively determined or
subjectively impelling life-content. It becomes a society
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only when the vitality of these contents attains the form
of reciprocal influence; only when one individual has an
effect, immediate or mediate, upon another, is mere
spatial aggregation or temporal succession transformed
into society.®

There also are some formal theories that are focused on the
study of the effects of relationships among the individuals rather
than on the attributes that describe the individuals themselves. For
instance, if communities within social networks are densely con-
nected, you can expect to find short paths linking most pairs of
nodes.

By using these theories, mathematical models and ¢atnputer simu-
lations can be built to analyze social networks describirig the patterns
inside the entire network and also in several smiailler communities
within the network. The study of internal ¢onimunities, whether
densely or sparsely connected, is quite relevarit to analyze some busi-
ness actions over time, such as chuin. diffusion, and even fraud
events. Dense communities tie theiz -rnembers to each other and,
therefore, are often targeted in recer tion and sales campaigns. Sparse
communities are useful in analvzing patterns of behavior of the
overall network.

Community analysis ic quite relevant for business purposes and
can reveal distinctive patterns inside networks that can be used to
target particular inerketing campaigns. In telecommunications, for
instance, whei= the entire network is huge and sparse, the identifica-
tions of smalier internal communities comprising tight connections
can be used to create specific bundles of products and services directed
toward particular patterns of behavior. Highly dense communities
inside sparse networks can be viewed as a single unit, and, therefore,
individual churn from this unit (or a product acquisition from it) can
represent cascading events; that is, one churn or one purchase can
trigger a chain of churns or purchases.

The average behavior in a very tight community is usually well
distributed throughout the members of this community, which means
that the values assigned to the individual members are similar to the
average values of the entire community. Because of this, it is easy to
establish bundles of products and packet of services for the entire
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community when the average behavior is well distributed among the
members.

STRUCTURES OF SOCIAL NETWORKS

According to the type of social network and its structure, the outcomes
in terms of metrics and measurement can be quite different, indicating
distinct approaches to exploit the networks.

Based on the study of Borgatti,” there are four main categories
to classify networks according to their arguments. The argument
transmission represents networks in which connections are widely dis-
tributed by their nodes. Argument adaptation represents twomnodes with
similar network positions that are likely to follow siniilar behaviors
when faced with similar circumstances. Argument >iriding represents
two subnetworks bound to each other so thai they act as a single
network. Finally, argument exclusion represei:ts-a particular link that,
because of its presence, excludes another livik within the network.

The transmission argument in teiceemmunications is quite rele-
vant. As long as some types of comiaunications, such as text messages,
remain popular, the connections 1sside the network can spread faster
and wider than before. Consid<ring particular massive marketing cam-
paigns and spam messages, this transmission argument can be very
relevant to analyze retwork structure and behavior.

The adaption argument has two distinct aspects, occurring simul-
taneously or seauentially. When two nodes perform the same event
at the same tiine, and they do not hold any kind of connection, we
can consider that similar positions inside subnetworks or similar con-
straints and circumstances could take in place. However, if they do
hold some sort of connection or, even more important, if they hold a
strong relationship, we can consider that they have exerted some
influence on each other. They may have previously decided to follow
the same event at the same time. In the first case, the adaptation
argument is more about the environment and scenario, but in the
second case, this argument is more about influence.

The binding argument can be closely associated to a concept called
articulation point. The articulation point is the node that links two
connected components. Connected components are a set of nodes that
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can reach each other, no matter what path they take to do it. Nodes
that play the articulation point role usually are central nodes, con-
necting small groups, subnetworks, or even communities. All nodes
as articulation points can be targets for further analysis.

The exclusion argument is not so applicable in telecommunica-
tions. For example, in social networks based on employer and employ-
ees, if two persons are married, they cannot work in the same company.
In this way, the married link excludes the workmate link. However,
in telecommunications, it is possible to have several types of links at
the same time, such as calls, texts, media, e-mail, and so on.

ANALYSES APPROACH FOR SOCIAL NETWORKS

All data in relation to networks are critical to perierming any sort of
exploratory analysis. This includes informatisi: 2oout the nodes and
the links, as well as the types and weights assigned to the nodes and
links.?

One of the most important analys: s/in relation to social networks
is the comparison among distirict behaviors. These behaviors are
assigned to the nodes as well as-to the links. Most often, the links’
behaviors—their frequency, relevance, regency, and so on—can
change the importance ‘o the node assigned to the links. Thinking
about telecommunications networks, customers who hold several
links to very impostant nodes also become important. It is possible to
include, in the¢ secial network analysis, individual attributes, such as
customer segmentation, customer value (a corporate score for each
customer), average billing, and then use them in the network analysis.
In the same way, it is possible to include individual attributes for the
links, such as the price of the call, the duration, the time, the fre-
quency, among others, and then use these attributes in the network
analysis. Those distinct attributes can create different weights for
nodes and links, and thus completely change the network analysis.
Once again, nodes comprising high value links become more impor-
tant, and links connecting high—value nodes also become important.

Several measures can be calculated to represent the properties
or characteristics of the network, as well as the subnetworks or
subgraphs within it. Metrics in relation to networks include the number
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of connections a particular node has. This particular metric can be split
into two distinct measures, describing the number of incoming con-
nections and the number of outgoing connections. This is quite rele-
vant in the telecommunications industry, representing the value of
the outgoing and incoming calls among customers. Other network
metrics include the path through the network, such as the length of
the paths connecting nodes, the distance among them, how central
the nodes are within the network, and so on.

Also, the distance of these relations can show some relevant fea-
tures about the network’s structure. The strength of the links is very
important to establish the relationship behavior among the nodes. A
particular link between two nodes can be very central.te the entire
network. Therefore, not only can the nodes be valucd in terms of
closeness but also the links can be measured in _terrns of how they
connect nodes within the network.

In addition, when a network analysis takes place, the properties
of the entire network should be calcuiated. Properties such as the
number of degrees for each node, inceming and outgoing links, cen-
trality, closeness, betweenness, anid ‘nfluence over the other nodes
should all be calculated as well and compared to each other. This
comparison analysis enhances the pattern of behavior for the entire
network but especially of ite individual behavior for each node and
link inside the netwouik, revealing the high-value nodes in terms of
network measures:

Networks canaiso be analyzed by dividing the entire population
into small coniiected communities. Similar to the comparison analysis
for nodes and links, a comparison evaluation based on the small inter-
nal communities can reveal how the network is clustered and which
communities are more important in terms of network metrics. In this
way, it is possible to see that the average network metrics for the
communities’ nodes are also the network metrics for the communities
themselves.

Community analysis can describe the network behavior, but,
mostly, it is useful to highlight unexpected clusters within the
network in terms of behavior. When considering usage, unusual
groups of nodes—in telecommunications, for instance—can represent
a possible set of customers committing suspect or fraudulent events.
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Even if these customers are not committing fraud but are just high-
usage customers of telecommunications services, this particular group
of nodes should be handled in a distinct way by the company, protect-
ing them from competitors.

GRAPH THEORY AND SOCIAL NETWORK ANALYSIS

Social network analysis can be explored and explained by two distinct
approaches: by social sciences, as described so far in this chapter, and
also by mathematical science, described briefly at the end of this
chapter and later in the book (Part II).

The mathematical science that describes and explains the social
network analysis is graph theory. Several conceptsiand measures in
relation to social network analysis come from graph theory. A great
advantage of graph theory is the mathematica! formulas that can be
applied in computing and, therefore, in butiness problems.

Graphs can be considered mathematicai structures used to model
pairs of relations between distinct objccts. The study of graphs should
consider a set of vertices or node: and a set of edges or links, which
connect pairs of vertices or nodes: Basically, these are the same expla-
nations that the social sciefices make, but now the explanations use
mathematical formalismi Based on formal formulas, it is possible to
implement algorithmis and hence apply social network analysis to
practical problems. Social sciences usually involve small networks,
comprising a_ieascnable number of nodes and links. However, for
business problems in some industries, such as telecommunications,
banking, and credit-card companies, the social network can be huge,
with a really large number of nodes and links. Considering, for
instance, a medium-size telecommunications company, with 10
million customers, a regular network can reach these 10 million nodes
with 1 billion links. Efficient algorithms, based on formal methods,
are, therefore, completely mandatory in order to address business
issues in those types of industries.

A graph may be undirected or directed. Undirected links mean
that there is no distinction between the two vertices associated with
each edge; in other words, there is no direction in relation to the link
that connects two nodes. Node A relates to node B the same way as
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node B relates to node A. This concept is well understood when think-
ing about friendship: Andre is a friend of Bruno the same way Bruno
is a friend of Andre. There is no differentiation between the links that
connect the nodes. Direct links mean that there is a direction in relation
to the connection between two distinct nodes. In that case, node A
may relate to node B in a different way than node B relates to node
A. In telecommunications, traditional graphs are always directed:
Node A calls to node B or node B calls to node A. Analogously, if
Andre calls to Bruno 100 times and Bruno calls back to Andre just 10
times, this differentiation should be clear in the network. The way to
make it clear is by establishing a direction for the links. There are two
possible approaches to represent this scenario. The first eae is creating
100 links (arrows) from Andre to Bruno and an addiwonal 10 links
(arrows) from Bruno to Andre. The second approach’is to create one
link (arrow) from Andre to Bruno and anotiics link (arrow) from
Bruno to Andre. In this case, the link from /ndre to Bruno should be
10 times thicker than the link from Bruno.i0 Andre.

One of the first people to use grapir theory was probably Leonhard
Euler in 1736, when he proposed.ihe solution for the problem about
the Seven Bridges of Konigsberg, presented in the book authored by
Barabasi.” Figure 1.1 shows<ihe question of the seven bridges, a his-
torical problem in mathernatics. As many cities in Europe evolved near
rivers, Konigsberg was sct on both sides of the Pregel River. The city
included two largesislends connected to the mainland by seven bridges.
The problem wes formulated to find a way to walk through the city
crossing each vridge only once. The islands could not be reached by
any route but the bridges.

Euler indicated that the only important characteristic in this par-
ticular problem was the sequence of the bridges to be crossed. There-
fore, it is possible to discard any sort of characteristic except the list
of bridges connecting two landmasses. This problem is a foundation
of graph theory. Extrapolating this concept to social network analysis,
each landmass is a node, and each bridge is a link. The mathematical
structure assigned to this problem is known as a graph, and in terms
of social science, components constitute a network.

In this sort of problem, only the connection information is rele-
vant. The graph can be represented in different shapes without
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KONINGSBERGA

Figure 1.1 Problem of the Seven Bridges of Kéni,'sverg

changing the graph itself. The existence or absence of a link between
a pair of nodes represents everything in terms of social network analy-
sis. Even when calculatinig individual network metrics for the nodes,
the links are taken into consideration to perform it. For instance, the
degree of a particular node is the number of related nodes it has.
The related ncdce are established by the link between a pair of nodes,
the original one and the related one. Then the node’s measure degree
is computed by counting the number of links it has. Social network
analysis is the study of the relationship among the nodes, and the
relationship is defined in this context by the links.

Turning back to the bridge problem, Euler observed that whenever
a walker gets a link and reaches a vertex by a bridge, he leaves the
vertex by a bridge. In practical terms, during any walk through
the city, the number of times a walker enters a bridge is equal to
the number of times he leaves a bridge.

In a mathematical formalism, Euler said that the existence of a
path in a particular graph depends on the nodes’ degrees. The degree
of a node is the number of links it has, regardless of whether the link
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Figure 1.2 Euler Circuit for the Seven Briazes” Problem
Source: Creative Commons Attribution:ShaveAlike 3.0.

is arriving to or departiig from it. The importance is the number of
links that are toucliing this particular node. Then, by Euler’s observa-
tion, a necessaty condition for a particular walk-through is that the
graph be connected and have zero or two nodes with odd degrees.

An alternative formulation for the bridge problem is to discover a
path by which all bridges are crossed and the starting and ending
points are the same. This walk-through is known as Eulerian Circuit.
This walk-through exists only if the graph is connected and there are
no nodes with degrees having odd values. If this circuit crosses over
all seven bridges just once, the Eulerian Circuit is called an Eulerian
Path. Figure 1.2 shows the Seven Bridges” problem.

Nowadays, graph theory is regularly used for finding communities
in networks. Algorithms regarding community detection have been
increasing every day, making it possible for more real-world and busi-
ness problems to be addressed by this sort of methodology. By
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detecting not just the small networks, communities, or subgraphs, but
also their structures—hierarchical, circular, and others—it is possible
to apply social network analysis to several distinct types of problems,
such as cross-selling and up-selling in marketing and fraud and money
laundering in revenue assurance. By understanding the small com-
munities and their structures, it is possible to understand the net-
work’s behavior and also the way these networks diffuse over the
time, even allowing some predictions.

The types of real applications of social network analysis have been
increasing. It will be possible to address more and more kinds of prob-
lems in the future by using this methodology. Different kinds of
industries, of different sizes, will be able to target their.husiness prob-
lems, especially those related to customer behavior an relationships,
by using social network analysis technique.

The case study in this book (see Part IIj piesents two distinct
approaches for the use of social network anaiysis in telecommunica-
tions. The first one is the use of social network analysis for churn,
which involves identifying the most-i:fluential customers who could
possibly lead other customers fc jeave the company. The second
example is the use of social netwark analysis for purchasing, identify-
ing once again the influential customers who can possibly lead other
customers to purchase siait'ar products in the future. These influential
customers are identificd based on their relationships inside the
network. Their nciwork’s measures in relation to degrees, distances,
and paths wili‘aetine their ability as leaders and how effective their
influence can'be over other customers.

STATISTICS AND SOCIAL NETWORK ANALYSIS

Social network analysis started as a social science, and, therefore, it can
be considered a branch of mathematical sociology more than it
can be considered statistical or quantitative analysis.

However, the boundary between the social science approach and
the statistical one is not so well defined and easy to understand.
The mathematical methodology often handles the social network
analysis in terms of a deterministic study, gauging the network data
based on algorithms that compute the relationships among nodes and
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their respective strength, frequency, recency, direction, and so on.
Contextualized in a mathematical model, social network analysis
tends to consider all observations about a particular population,
according to a specific subject of interest.

Statistical methodology often considers stochastic events about the
relationship strengths in terms of distribution. Statistical analysis also
considers particular subsets of the network as samples of a larger
population. In the mathematical approach, a subset of a particular
network is considered definite and encompasses the subject of interest
of some sort of study. In the statistical approach, a subset of a particu-
lar network is considered a sample; because of this, the concern is to
keep the results consistent and reproducible for similar.samples from
the same population.

This book, and mainly the case study presented in Part II, is more
concerned with the mathematical approach. Tlie nietwork considered
in the case study, for instance, is a subset-uof a particular subject of
interest, considering a subset of the envire population. According to
the statistical approach, the results frc:»'a network analysis about a
subset of a particular population, whirch is a sample at the end, should
be reproducible when similar «aneciysis is applied to similar samples
from the same population. Tixis can be true in some environments or
scenarios, but not in all.

In the case study, tor example, the social network analysis was
performed on the residential customers for a particular telecommuni-
cations compan'. Suppose this particular case study had taken a subset
of the residential customers—for instance, a segment of them in terms
of market. That social network analysis would have reached different
outcomes if applied over a different sample, even though using the
same residential-customer population. Thus, the mathematical meth-
odology does not consider the subset of the network as a sample but
as a definite population. The entire population could be considered all
customers, including the wholesale, government, corporate compa-
nies, and so on. However, in that particular case, the subset is resi-
dential customers only.

Although the mathematical approach was put in place in order to
analyze the social network of that particular telecommunications
company, a statistical methodology was not ignored. Some specific
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statistical procedures, such as multivariate analysis, principal compo-
nent analysis, clustering, and others, aimed at analyzing outcomes of
social network analysis were applied to describe the results accom-
plished by network computation, which are depicted by several
network metrics, such as degrees, centralities, closeness, betweenness,
influence, and others.

Finally, a different sort of statistical approach, based on data mining
techniques, can also be applied to understand some patterns of
behavior for a particular social network being studied. For temporal
analysis—that is, looking at the social network over time—predictive
methods such as regression, decision tree, and artificial neural net-
works can be implemented in order to define some possihle scenarios
of evolution for the social network.

At the end, both mathematical and statistical azproaches are put
in place in order to analyze social networks, aiii-cach one is useful in
some particular stage of the process. The mathematical approach is
often used to compute the network 1n:asures and to establish the
overall topology of the network. Tiie statistical approach is often
applied to analyze the outcomes tiom the network analysis, describing
some relevant characteristics«and particularities of the network, its
distribution, outliers, comniunities, clusters, and so on.

SUMMARY

This chapter intioduced social network analysis from different per-
spectives. The first perspective was its basis as a social science, by
analyzing the relationships among real social groups, such as authors,
employees, students, and so on. This perspective was used to under-
stand how people relate to one another and the impact of their actions
over the social network. This perspective can be used to identify who
the leaders are and who the followers are. The mathematical founda-
tions were not so strong even though, for small networks, comprised
of a reasonable number of nodes and links, it is possible to evaluate
and analyze the social interactions over the network based on the
social science theory.

Graph theory is a mathematical formulation that explains and
depicts the social network analysis in terms of formulas and geometric
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concepts. These formulas can be translated into algorithms and then
applied to business problems that involve huge social networks. Social
networks in business occur in telecommunications, insurance,
banking, and credit card operations. By creating social networks based
on customers and calls, for instance, a huge network can be estab-
lished, and efficient algorithms should be deployed in order to achieve
useful and practical results.

Chapters 2, 3, and 4 present more concepts and foundations in
relation to social network analysis. These foundations are more math-
ematical and, therefore, are basically built on the graph theory briefly
presented here. Chapter 2 presents the theoretical foundation based
on mathematical concepts in respect to social netwoOHik analysis.
Chapter 3 presents formal methods to create, describe, and evaluate
social networks. Finally, Chapter 4 presents the mcasures in relation
to social network analysis—metrics assigned tein:fluence, power, and
centrality. These metrics describe how iptiuential and central the
nodes are and how important they aie-ini the social network for
problem solving.
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