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Abstract—In this work we define the term of phonebook
centric-social networks, describe a graph model andtudy
structural properties of this. The key difference ketween
phonebook-centric social networks and usual socialetworks is
allowing synchronization between the phonebook ohe mobile
phone and the network. By the synchronization the @al is to
identify the persons listed in the phonebook and #network, it

means to find similar entries and keep the data caistent. In
that way the contacts of a member of a phonebook-stic

social network becomes independent from the currenphone.
The number of similarities is crucial in phonebookeentric

social networks from scalability point of view. Wefound that

the distribution of similarities can be very well gproximated

by power law distribution. This means that few uses involve a
huge amount of similarities while the most of thermonly few
ones.
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l. INTRODUCTION

The popularity of social networks was noticeablaha
last few years. Several social networks appeared
attracted thousands or even millions of users. @hikne
social networks Facebook [11] and Myspace [15]emeng

the top ten visited websites on the Internet [4e Dasic idea
behind these networks was that users can managal soc
i

relationships on these networks. A social netwosk
basically a social structure consisting of nodes generally

correspond to individuals or organizations. Thesdes are

connected by different type of relations. Userssotial
networks are able to share personal detail abemgblves,
talk in forums, share photos or entire galleriday mames,
etc. Basically it is an environment created bypgheple who
are using it.

Mobile phones and mobile applications are anotlur
topic nowadays. Both hardware and software capiaiilof
mobile phones have been evolving in the last dexcadet
support of mobile devices is generally marginal nifost
social networks, it is limited to photo and videplaad
capabilities and access to the social network usiagnobile
web browser. However, if we consider the phonekinadur
mobile phone, we realize that basically it is a lsipart of a
social network because every contact in our phoolelas
some kind of relationship to us. Given an impleragah
that allows us to upload as well as download oumtaxtis to
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completely keep our contacts synchronized so theatcan
also see all of our contacts on the mobile phoneedisas on
the web interface. In the rest of this paper werréd this
solution as g@honebook-centric social network

In case of a phonebook-centric social network, the
phonebook of the mobile phone is automatically tedia
with the latest information provided by the friends its
owner. This means also that the persons in thegidowk of
a user also get the latest information about herior
automatically, so there is no need to notify theme by one
if the phone number changes for example. In additicthat,
the private contacts are also uploaded to the piumie
centric social network. These contacts are nobkdb other
members of the site. However, having all of thetaois in
the system has the following benefits:

e The contacts can be managed (list, view, edit, etdl)
from a browser.
. The service notices the user if duplicate contaces
detected in its phonebook and warns about it.
e« The contacts are safely backed up in case the phone
gets lost.
The contacts can be easily transferred to a neweptio
the user replaces the old one.
e The phonebook can be shared between multiple
phones, if one happen to use more than one phone.
It is not necessary to explicitly search for therfds in
the service, because it notices if there are mesnber
similar to the contacts in the phonebooks and warns
about it.
Phonebookmarks a phonebook-centric social network
implementation by Nokia Siemens Networks. Section 3
summarizes the exact definition of phonebook-cersuacial
network Before public introduction it was available for a
group of general users from April to December 0020t
had 420 registered members with more than 7200@&teri
contacts, which is a relatively ideal number fostireg the
handling of similarities. During this period we leasollected
different type of data related to the social nekwwshich was
the base of the measurements and the proposed madbi
paper.

The rest of the paper is organized as follows. iSe@
describes related work in the field of social netwo power
law distributions appearing in such networks, peepeer
networks and the Internet and generative modettingato
such distributions. Section 3 discusses the ewwlwf social

and from the social networking application, we Cannetworks and Section 4 introduces a phonebookicentr



social network implementation, calle®honebookmark
Section 5 shows measurements related to phonelakiec
social networks and calculate the distribution iofikarities.
Finally, Section 6 concludes the paper and propfgese
research plans.

II.  RELATED WORK

networks which somehow involve mobile phones itteirt
functionality. The reason is that the phoneboothefmobile
phone basically represents some kind of sociatioglships
between us and our contacts.

In this section we start our examination from tirst f
social networks which were publicly available om tiveb.
At the end of this investigation we define phondboentric

Huge amount of papers and popular books, such &pcial networks which we considered as one of tlustm

Barabasi’'s Linked [5] study the structure and pples of
dynamically evolving large scale networks like th&ernet
and networks of social interactions. Many featwgsocial
processes and the Internet are governed by power |
distributions. Following the terminology in [12], a
nonnegative random variab¥is said to have a power law
distribution ifPr [X = x]~cx~%, for constantt>0 anda>0.

In a power law distribution asymptotically the saifall
according to the powett, which leads to much heavier tails
than other common models.

Distributions with an inverse polynomial tail halkeen
first observed in 1897 by Pareto [17] (see. [144hile
describing the distribution of income in the popigia. In
1935 Zipf [20] and Yule [19] investigated the word
frequencies in languages and based on empiricdiestine
stated that the frequency of theth frequent word is
proportional to 1. Zipf observed similar statistical behavior
in the distribution of inhabitants in cities [21].

In [8], the graph structure of the Web has been

investigated and it was shown that the distributbim- and
out-degree of the web graph and the size of weakly
strongly connected components are well approximdted
power law distributions. Nazir et al. [16] showtbdt the in-
and out-degree distribution of the interaction frag the
studied Myspace applications also follow such tigtions.
Those distributions also approximate the degretildigion
of the Gnutella network [17]. Crovella et al. [9bserved
power law distributions in the sizes of files anghtmission
times in the Internet.

There has been a great deal of theoretical work o

designing random graph models that result in a Wkeb-
graph. Barabasi and Albert [5] describe the pretfke
attachment model, where the graph grows continyolog!
inserting nodes, where new node establishes attin&n
older node with a probability which is proportiortal the
current degree of the older node. Bollobas et7dlahalyze
this process rigorously and show the desired ptgper
Another model based on a local optimization process
described by Fabrikant et al [12]. Aiello et al] gtudies

random graphs with power law degree distributiord an

derives interesting structural properties in sualaphs.
Mitzenmacher [14] gives an excellent survey onhistory
and generative models for power law distributions.

lll.  EVOLUTION OF SOCIAL NETWORKS

The functionality provided by the newer social netks
are more and more interesting, however it is reladlyd to
examine the real evolution of social networks.His section
we differ them based on what type of nodes andslid&
they support. In this investigation we focus on ialoc

advanced social networks nowadays from mobile phone

support point of view.

A. Simple social network (as a web-application)

The simplest social
convenient way for users to upload their detailegfiles and
find familiars or old friends, who have also regisd into
the network. The structure of a simple social nekwis
shown on Figure 1.

a

Figure 1. Simple social network

In the case of asimple social networkhodes are the
registered users and links represent social relstips
between them. We denote the set of registered bydfg
and links are denoted I&,,. Formally:

Gssy = (Uy, Eyy), where
Eyy € {(uy,uy) * uy,uy € Uy, uy # uy}

(1)

Ggsy 1S the (directed) graph representation of a simple

social network where the points are the users dgésare
ﬁocial relationships marked by the users.

B. Phonebook-enabled social network

Phonebook-enabled social networksave a more
advanced structure (Figure 2) because of the mqbitne
support.

Figure 2. Phonebook-enabled social network

networks basically provide a



In a phonebook-enabled social network there are two
types of nodes corresponding to members and private

contacts.

Definition 1. A memberis a registered user of the social

network. Basically, members are similar to usersiofple
social networks. They can log into the system, fand add
acquaintances, upload and share information
themselves, write forum or blog entries, etc. They k
difference between members of a phonebook-enabled!s
network and users of a simple social netwask that
members can upload their contact list to the sauidvork
and maintain a backup phonebook there. We denetsdh
of registered members [, .

Definition 2. A private contact corresponds to a

about

-
) ~ customized contact

customized contact

duplication

a

——— similarity

customized confact

t,}l

phonebook entry of a member. Each member may have

multiple private contacts. However, these privabatacts

are not shared between members. A private contact i

transferred into the system when a member synchestiis
or her phonebook with the social network. We detioteset
of private contacts in the phonebookslhy.

In a phonebook-enabled social network the 8gtand
Up.are disjoint sets. Although, a member private adritaa
phonebook may refer to the same person, they areldth
separately. The main advantage of a phone-enabledl s
network is that the contacts in the phonebook ofeanber
become independent from the current phone of thabee

Figure 3. Phonebook-centric social network

In a phonebook-centric social network there areehr
types of nodes. Members and private contacts ardasito
the ones defined in the previous section, howevVea i
member resolves a similarity between another merabgra
private contact a new customized contact appears.

Definition 3. A customized contads created from a
private contact when a member is similar to a pei\cntact
and the owner member of the private contact mdrémtas

Relationships between members are representedeby thimilar person. In this way the owner can edit tistact in
edge set),, and relationships that a private contact belongser or his phonebook but if the referred membengha her

to a member are represented by the edgg,get i.e.

Eym S {(un, uiy) © Uy, Uy € Uy, iy # Uyl
Eype © {(um upc) + Uy € Uy, Upe € Upc}

A phonebook-enabled social network is represenyed b
(directed) graph

GPESN = (U, E), Whel’e
U= UM U UPC and
E = Eym U Eypc

(@)

C. Phonebook-centric social network

In a phonebook-enabled social network it is possibat
one of our private contacts in our phonebook islamto a
member of the network, following we will refer thig as

similarity. A similarity detection algorithm enables more
Such an

advanced functionality for social networks.
algorithm allows us to detect and resolve simiksiin the
network, recommend possible relationships for tleenimers
and ensure a more intelligent behavior to the netwin
addition to that this algorithm enables also toogeize

duplicationsin phonebooks. We will refer to phonebook- g

enabled social network with similarity and duplioat

detection algorithm aghonebook-centric social network

(Figure 3).

or his profile, the change will be propagated te th
customized contact. However this propagation walket
effect only if the owner member has not edited #pcific
profile detail yet. Following we will refer to thisropagate
mechanism asustomizationThe set of customized contacts
is denoted by/.

Beside of the edge selg, andEyp., a phonebook-
centric social network contains a few more typeddes: the
setEy,c of edges between members and their customized
contacts and the séf,. of edges between customized
contacts and the referred members. Formally,

B _{ (Unmo Uc) * Uno € Unyuc € Ug,3uy € Uy, }
MoC ™ Lugy # Untor (Untor Un) € Eninay (Ui, Uc) € Epc
E :{ (upp uc) = uy € Uy, uc € Ug,Juy € Uy, }(3)

e Uy # Uy, (U, Un) € Enyy (U Ue) € Epoc

In addition, there are two more type of edges. Jdt&
of edges indicate similarities between private aotst and
members of the network and the Bgtof edges indicate
(potential) duplications between private contacts e
member. Formally,

_ (upc'um): Uy € UM' Upe € UPC' (upc'um) ¢ EMPC’
El(upc'u’m) € EMPC' EI(u,m! um) € EMM' u,m € UM
(upc' u;Jc) : upc' u;Jc € UPC'
upc * u;)w 3 ((upr:! um)' (uzrn:! um)) € EMPC’

U, € Uy

Ep = (4)



A phonebook-centric social network is representgdab of the two people can be merged. Here the usecikaose
graph: whether to resolve or ignore the similarity, whishthe base
of the semi-automatic behavior (Figure 5).
Gpgsy = (U,E), where

U = Uy U Upe U U and R
E = Eypc U Eyoc U Eyc U Ep U Es )
The number of edges ), is a key point in phonebook-
centric social networks from the performance poihtview kG T o [ SO
because of the customization mechanism. In thisk wee S e LR
propose a model how to calculate the distributidrE,g. T g +36-1:333-444 Telephons (businase)

il +36-1-555-666 Fax (business)
E-mail:
vl john.doe@doe.com

&

edges and investigate the structure of phonebookiCe |cmai:smedscn
social networks including similaritie¥he study is based on
measurements using a phonebook-centric social mnetwo Figure 5. Semi-automatic similarity resolution
implementation, callehonebookmark

Phonebookmarks also able to handle different versions

IV.  PHONEBOOKMARK of the same first name, because of the semi-automat
A. Phonebookmark functions s!m!lar!ty resolut|on_ mechanlsr_n. If a user resolvas
. . similarity, a mechanism checks if the first naméshe two
Phonebookmarkmplements all phonebook-centric social ;sers are different and stores them in a databade tater

phonebooks and handles even similar names like aloe jjjystrates a snapshot from the ‘similarname’ dasotable.
‘Joseph’.Phonebookmarkontains also other popular social

networking features in order to increase its payityldike
photo sharing, instant messaging, forum, blog agereeral TABLE I. SIMILAR NAMES DATABASE TABLE

search engine. In addition to that it supports e JSIE- ; ; ;
based mobile client which basically allows for memshto name. name. coun
keep their contacts up-to-date via a synchronimati*‘]06 . Josep 10
mechanism to the social network. Kathrine Kate !
Samanth San 2

B. Resolving duplications and similarities

In order to understand the proposed model for tatiog The test data of Phonebookmark had 420 registered
the distribution of similarities in phonebook-céntsocial ~members with more than 72000 private contacts. riguttie
networks first we have to get familiar with the similarity operational period the algorithm detected 2000 laiities
resolving mechanism. and users have resolved more than 90% of thesehvhian

Phonebookmarkprovides a semi-automatic similarity encouraging number for analyzing the distributioh o
detecting and resolving mechanism. First it detectSimilarities and propose a model for it.
similarities and calculates similarity weight vaduehich are
used to calculate probability values regardincghtodccurate
of the detected similaritiesPhonebookmarkuses this A Distribution of in- and out-degrees
probability also to determine the proper order afltiple
similarities (Figure 4).

V. MEASUREMENTS ANDRESULTS

The first experiment we conducted was to analyze th
distribution of in- and out-degree of the members i
Phonebookmark As expected, the distribution of both

John Doe Edit Feads Track Delete
follows a power law.
Name: John Doe
Address: Budapest Hungary
Phone number: +36-1-111-222 Telephone (home)
+36-1-333-444 Telephone (business) 25
+36-1-555-666 Fax (business)
E-mail: john.doe@doe.com
2
BB®
Similar persons 15
You can click on a contact below to see the details of its similarity to it.
— 1 @ In degree -
John Doe John Josehp Doe N .
y =-1.231x + 2.585 logarithmic scale
0.5
Figure 4. Handling multiple similarities 0 T T 1
0 0.5 1 15

After a detected similarity is being selected,

Phonebookmarlprovides a user interface where the details
Figure 6. Log-log plot of the distribution of in-degree Bhonebookmark



Figure 6 illustrates the in degree Pfhonebookmarlon
logarithmic scale. Thex-axis represents the base 10
logarithm of in-degrees, while thgaxis is the base 10
logarithm of the number of nodes which have attl¢aat
amount of incoming edges, thus the amounts areeggted.
According to [4], a honnegative random varialles said to
have a power law distribution in the following case
PriX = x]~cx™¢ (6)

for constant ¢c>0 and>0. In a power law distribution
asymptotically the tails fall according to the powe Such a
distribution leads to much heavier tails than ott@mmon
models, such as exponential distributions.

According to the previous statementsXithas a power
law distribution, then in a log-log plot & [X > x], also
known as the complementary cumulative distribution
function asymptotically the behavior will be a straighteli
This provides a simple empirical test for whetheaadom
variable has a power law given an appropriate sanplthis
case the gradient of the line in the log-log pletthea
parameter of the given power law distribution:
In(Pr[X = x]) = —alIn(x) + In (¢) @)

The out-degree oPhonebookmarlks depicted Figure 7
using logarithmically scalegt andy-axis.

@ Out degree -
logarithmic scale

y=-1.351x+2.688 ¥

1

Figure 7. Log-log plot of the distribution of out degreeRmonebookmark

The x-axis represents the number of out degrees and tt
y-axis the number of nodes which have at leastahaiunt
of outgoing edges. Note that both in- and out-degren
PhonebookmarKollows power law distribution, thus it is
similar to general social networks.

In several papers (e.g. [5]) a power law distribuitis
referred as:
Pr[X = x]~c'x7F (8)

(8) can be obtained by the derivation of the rigahd
side of (6), where=a+1 and c’=a*c, see for example
[1],[2].

It is interesting to observe that in [5] is repdrthat the
degree distribution of the collaboration graph @ivie actors
follows a power law witt8 = 2.3 + 0.1 (i.e. toa =13 +

0.1) in which range the distribution of our social netiw
falls.

Another famous example for power law in degree
distribution is the distribution of in- and out-deg
distribution of the web graph reported in [8], wethe
exponents arf = 2.09 for in degree an@ = 2.72 for out
degree ¢ = 1.09 and1.72 respectively).

B. Distribution of similarities

Based on the database and database logs of
Phonebookmarkve managed to measure the distribution of
similarities raised by a member during registrationl first
phonebook synchronization. Figure 8 shows the nurobe
similarities, where thec-axis is the number of similarities
and they-axis means how many people arises at least that
amount of similarities when registers and synclmesi

500
400
300 —&— Aggregated
200 number of
100 —5 similarities
0 .
0 20 40 60

Figure 8. Number of similarities

For example, we can see that 32 people arisesstt16
similarities. The shape of this function is quitmitar to a
heavy tail function which is not unusual in caserdérnet
and social network related distributions. Figurélistrates
the previous function on a logarithmic scale.

3
2.5
2
1.5
1
0.5
0

y=-1.424x + 2.765

—@—Distribution
of similarities

Figure 9. Distribution of out similarities ilPhonebookmark

We can see on Figure 9 that the shape of the amdi
close to a linear, thus the distribution is povaw [2]. We
illustrated the linear on the figure, thus we cead that the
a parameter in the power law distribution is 1.422%d
B = 2.4249. According to the previous measurement the
distribution of similarities in our case is:

Pr[X > x] ~x~14249

9)



Consider the number of edges Hy, (humber of [3]
similarity edges). The evidence that the distritmutdf the
similarities follows a power law has practical cegsences. [4]

(5]

The expected number of users involving at leaseram
number of similarities x can be estimated bw =
Pr[X > x]~N  x~1424% whereN is the number of members [©!
in the network. 7]

VI. CONCLUSION AND FUTURE WORK

Phonebook-centric social networks belong to the nevs]
generation of social networks. They provide several
features, which have several interesting reseangkidations
as well.

In this paper we have studied the evolution of aoci o]
networks and we have defined phonebook-centricakoci
networks. We have introducdehonebookmarkvhich is a
phonebook-centric social network implementation hwit [10]
several additional feature®honebookmarkwas available
for a group of general users from April to Decemdfe2008.
It had 420 registered members with more than 7208@te
contacts. Based on measurements from this periolave  [12]
analyzed the in- and out-degree distribution of
Phonebookmarkand experienced that these distributions
follow a power law.

As a main contribution of this paper we showed apgr
based description for phonebook-centric social netss and
we have proposed a model, that shows, that thebdison
of similarities generated by members follows povew
distribution. [15]

Future work plans include analyzing the size off16]
phonebooks of members and propose an extendeddtiel m
for calculating the number of similarities based this
analysis. Additional plan is to examine duplicationf
phonebooks which basically a straight consequerica o
similarity detecting mechanism.

[11]

[13]

[14]

(17]

(18]
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