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Abstract—The advent of social media have allowed us to build
massive networks of weak ties: acquaintances and nonintimate
ties we use all the time to spread information and thoughts.
Conversely, strong ties are the people we really trust, people
whose social circles tightly overlap with our own and, often, they
are also the people most like us. Unfortunately, the majority of
social media do not incorporate explicitly tie strength information
in the creation and management of relationships, and treat
all users the same: friend or stranger, with little or nothing
in between. In the current work, we address the challenging
issue of detecting on online social networks the strong and
intimate ties from the huge mass of such mere social contacts. In
order to do so, we propose a novel multidimensional definition
of tie strength which exploits the existence of multiple online
social links between two individuals. We test our definition on a
multidimensional network constructed over users in Foursquare,
Twitter and Facebook, analyzing the structural role of strong and
weak links, and the correlations with the most common similarity
measures.

Index Terms—Multidimensional Social Networks; Link Min-
ing; Tie Strength

I. INTRODUCTION

In the last few years, the advent of social networking sites

has completely redefined the way we conceive our social

relationships, creating the sensation of having broken the

constraints of time and geography that limited people’s social

world. In these virtual environments establishing new friend-

ships is immediate and effortless, so it is reasonable to think

that the number of our social bonds could approach to infinite,

removing the social boundaries of our modern, technological

era. However, what social networks have allowed us to do

is to build massive networks of weak ties: acquaintances

and nonintimate ties we use all the time to reach out to

persons, business requests, speaking engagements, or ideas

and advice. Despite such enormous quantity of acquaintances,

recent works have revealed two major aspects of both online

and real social networks:

i) people still have the same circle of intimacy as ever [1],

[2], [3],

ii) the formation of friendships is strongly influenced by the

geographic distance, breaking down the illusion of living

in a “global village” [8], [9].

People tend to interact intensely with a small subset of

individuals, carrying out a social grooming in order to maintain

and nurture strong, intense ties. Strong ties are the people

we really trust, people whose social circles tightly overlap

with our own and, often, they are also the people most like

us. Although such trusted friendships are not so important

in the spreading of information [4], new ideas [10], or in

finding a job [11], they can affect emotional and economic

support [12], [13] and often join together to lead organizations

through times of crisis [14]. Unfortunately, the majority of

social media do not incorporate tie strength in the creation

and management of relationships, and treat all users the same:

friend or stranger, with little or nothing in between. A first

attempt to take into consideration the social role of a friendship

was done by Facebook and Google+ by the introduction of

the “circles”. Users can use circles as a way to organize their

contacts in a sort of address book, creating different groups for

relatives, work colleagues, close friends and so on. However,

such conceptual organization of contacts does not provide

quantitive information about the real strength of the ties, but

only the nature of relationships between users and the context

in which they take place. For example, the presence of a user

in the circle of work colleagues does not necessarily imply

the existence of a strong tie, and does not provide any explicit

quantification of the importance of the relationship.

In the current work, we address the following issue: how

to define a tie strength measure that is capable to discriminate

between intimate ties and mere online social contacts?

Actually, it does not exist a formal, unique and shared

definition of tie strength, and literature has often provided

very personal interpretations of Granovetter’s intuition: ”the

strength of a tie is a (probably linear) combination of the

amount of time, the emotional intensity, the intimacy (mutual

confiding) and the reciprocal service which characterize the

tie” [5]. The most frequently used measurements of tie strength

in social networks are based on the number of conversations

between users [1], or, in the mobile phone context, on the

duration of calls [4]. However, in our opinion these common

approaches suffer two major shortcomings. Firstly, the number

and intensity of conversations strongly depends from user to

user, making it difficult to understand which of these conver-

sations are dedicated to intimate relationships. Secondly, they

do not take into account that strong ties must be powered by a

form of social grooming, that is mainly based on geographical

proximity and face-to-face contacts.
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Fig. 5. The stability of the networks to strong link removal. The curves
correspond to removing first the high-strength links, moving toward the
weaker ones. (It is interesting to notice that the Facebook network, being
smaller and more sparse, tends to collapse quickly).

network linking two users if they made a Foursquare checkin

in the same venue within a time interval of 15 minutes, during

a time span of one month. The number of co-occurrences

between two individuals was taken as the weight for the

corresponding edge. Figure 1 presents a schematic example

of our 4-dimensional network, whereas Table I summarizes

some characteristics of the multidimensional network and of

its dimensions.

In order to test the meaningfulness of our definition and

analyze the structural role of strong and weak links, we

calculated the strength measure on G and, using the scores

obtained, inferred a weighted network N = (V,EN ), col-

lapsing all the edge between two nodes into one. Figure 3

shows a global visualization of N , from which three main

clusters clearly emerge, with the one on the left representing

people communicating in many different social networking

platforms. Furthermore, our measure seems to be consistent

with the “strength of weak ties” hypothesis [5], with strong

ties connecting local communities, and weak ones acting as

bridge between them (Figure 4). To test more rigorously this

aspect, we studied the resilience of N and the individual

networks to the removal of either strong and weak links. Since

weak ties act as bridges between different communities, we

expect that their removal made the network structure fall apart

quickly [4]. Indeed, the deletion of strong ties do not infect

considerably the connectivity of the networks, with the 70% of

the nodes still reachable in N removing almost all the strong

arcs (Figure 5). Conversely, the removal of weak ties rapidly

“destroys” the networks, splitting them into several small

connected components (Figure 6). Our definition is therefore

capable to discriminate between intimate circles and the edges

acting as bridges between them.

Figure 2 shows a Venn diagram representing the number of

ties belonging to each possible intersection of the dimensions.

It clearly shows that there are only 48 bonds appertaining to

all the 4 dimensions. Such links represent a sort of “super

strong” ties, i.e. those having a high probability of being real
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Fig. 6. The stability of the networks to weak link removal. The curves
correspond to removing first the low-strength links, moving toward the
stronger ones.

and intimate friendships.

With the purpose of investigate if the proposed measure

assigns a strength value correctly, we analyzed how its score

correlates with three well-known network measure: Jaccard,

Adamic-Adar and Edge Betweenness.

A. Strength vs. Jaccard

Comparing the values assigned by our measure with the

corresponding Jaccard coefficient, we want to verify the ex-

istence of a correlation between the strength of a tie and the

similarity of the individuals involved. We plot the tie strength

against the Jaccard coefficient, both for the network N and

the single dimensions. As shown in Figure 7, weak ties tend

to have a small Jaccard coefficient, whereas those with higher

strength seem more similar. However, there are cases in which

an high similarity does not reflect in higher strength. This is

because the Jaccard coefficient is defined as the ratio between

the common neighbors and all the friends of the two users,

whereas we choose to give more credit to the most selective

user moving from a symmetric to a non-symmetric measure

(equation 1). Our choice tends to penalize similar nodes (with

respect to the Jaccard’s measure) if they show a significant

variance in the cardinality of the sets of non shared neighbors.

B. Strength vs. Adamic Adar

As done with the Jaccard coefficient, we compare our

measure with Adamic-Adar. This measure considers how the

mutual neighbors of two nodes are selective in establishing

connections: the more selective the friendships are, the more

likely the two individuals belong to the same friendship com-

munity. As we can see in Figure 8, it seems that the strength

increases together with the Adamic score in Facebook, Twitter

and the network N . It does not happen with Foursquare,

presumably because of the peculiar typology of the service that

it offers. Anyway, the trend shown by the figure suggests the

following conclusion: two nodes belonging to selective circles

of friendships have a greater chance to establish a strong bond.
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Fig. 7. Relation between Jaccord coefficient and strength values.
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Fig. 8. Relation between Adamic-Adar coefficient and strength values.

C. Strength vs. Edge Betweenness

The edge betweenness is a measure of edge’s centrality,

equal to the number of shortest paths that pass through that

edge. An edge with an high betweenness is likely a bridge

between two different communities and, by definition, a weak

link. We compare our strength function against this score

computed over the single dimensions only. The computation

of this measure on the network N is meaningless because, in

such network, an edge could establish paths that are not real.

As expected, Figure 9 shows that when the edge betweenness

increases, the value of strength seems to decrease.

V. CONCLUSION

In this work we have introduced a measure of tie strength

for multidimensional networks. Supported by a validation on

a 4-dimensional social network, we found that the strength of

a tie is strictly related to the number of interactions among the

individuals involved. Moreover, it is also related to the number

of different contexts in which those connections take place. In

the future, we plan to investigate how the information provided

by the tie strength can be exploited to tackle well-known

problems such as link prediction and community discovery.
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Fig. 9. Relation between Edge Betweenness coefficient and strength values.
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