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ABSTRACT

Social networking has turned into an integral constituent in our livesreTappears
to be an imperative demand for finding and linking with others to shraeés day-to-day
activities. However, currently available search engines foialsoetworking have limited
features, such as searches for people mainly by name ordfipgiople within a single
domain. With the increasing popularity and complexity of social nétsydhere is a high
demand to enhance current social networks with more advanced featcineass finding
people according to their common interests, interaction patterfiskimlg someone across

domains beyond Friend of a Friend (FOAF) networks.

This thesis aims to develop a social search engine, ctieGocial Bridge that
dynamically generates an integrated social profile that psriaauser’s profile of interests
and interactions with others and helps him/her in connecting to othersshare these
common interests and interactions. The Social Bridge expands thE E@wept of current
social networking by defining the social strength that represé@ degree of affability
among people. Social Bridge is based on the integrated profilesialf setworks generated
by the level of interactions between friends and their respddtieeests (e.g., friends, likes,
hash tags, etc.) extracted from their Twitter and Facebookgwolihe Social Bridge engine
has been implemented using advanced methods and techniques including tioforma

Retrieval Techniques (TF/IDF) and Fuzzy Logic. The Sociald&iframework is compared



with the existing traditional social networking models and the prapasgorithms have
proven to be powerful and efficient in finding potential friends fogdasocial networks. The
Social Bridge framework has been further evaluated throughvaysof social network users

for their feedback on its genuineness, correctness, and scalability.



APPROVAL
The faculty listed below, appointed by the Dean of the School of Comgpuwtnd
engineering, have examined a thesis titled “Social Brid&garching Beyond Friend of a

Friend Networks,” by Teja Swaroop Mylavarapu, candidate for the Mak&aience degree,

and certify that in their opinion it is worthy of acceptance.

Supervisory Committee

Yugyung Lee, Ph.D., (Chair)
School of Computing and Engineering

Dinakarpandian Deendayal, M.D, Ph.D., M.S
School of Computing and Engineering

Praveen Rao, Ph.D.
School of Computing and Engineering

Dennis P. Owens, Ph.D., M.D.
Department of Psychiatry
University of Kansas School of Medicine



TABLE OFCONTENTS

AB S T R A T i e e et i
ILLUSTRATIONS e e e e e e e IX
TABLES .. e a e e e e e e e Xi
LIST OF ABBREVATIONS ...t e e Xii
ACKNOWLEDGEMENTS ... e Xili
CHAPTER

1. INTRODUCTION

1.1 ReSEarch MOUIVALION ........occiiiiiiiiiiii e 1
1.2 Problem STatEMENT ........cooiiiiiiiii e 2
1.3 ThESIS OULINE ... e e 3
2. RELATED WORK ..ottt e e e e e e e e e n e e e e e nnnn e e e eeenes 4
2.1 Social Computing and Web Mashup on the Internet.............ooovviiiiiiiiiinieeeeeen, 4
2.2 SOCIal NEIWOIKING SIS ....uuvueiiiriiiiii i e e e e ee e e e ettt e e e e e e e e e e e e e e eeeeaaeeaan s 5
2.3 Social Networking Sites as Search ENQINES...........cccceiiiiiiiieeeiiieeeeeeevne e 5
3. SOCIAL BRIDGE OVERVIEW ..ottt e e 9
3.1 Conceptual Framework for Social Bridge...........ccovviiviiiiiiiiiiiiiee e 9
3.2 Network Building in Social Bridge............ceuuvuiiiiiiiiiiieeceeeeeeeeeeeeeee e 15
3.3 Name Search in Social Bridge .........cccoeeiiiiiiiiieeeire e 26
3.4 Category Search in Social Bridge .........ccoeeieeeiiiiiiiiieecciee e 27
3.5 Advance Search in Social Bridge .........ccoeuuiiiiiiiiiiiiii e 29
4. SOCIAL BRIDGE FRAMEWORK ... .o e e 33
4.1 INEFOTUCTION ..ottt e e st e e e e e e e e e e s s e e e e e 33



4.2 AUTNENTICALION . ..o e e e aas 37

4.3 DAt@ COIlECHON ... e e e e e e 39
4.3.1 REST Application Programming Interface...........cccoceeeeeiiiiiiiiiiininnnnnn. 40
4.3.2 Graph Application Programming Interface ..........cccccvvvviiiiiiniinnennenn. 41
4.3.3 Storing Collected Data..........coovvviiiiiiiiiiiiiee e 41
4.4 DAA EXIFACTION ..vveiiiiiiiiiiee ettt e e e e 43
4.5 DAt ANAIYSIS ..eeiuiiiiiee ettt a e e e e e e e e eeaerranaa 46
4.6 Network VISUANZAtION ........cooiiiiiiiiiiii e 49
4.7 Dynamic Social Bridge SEArCh .........ccooiiiiiiiiiieiiieeeeire e 51
. EVALUATION . ettt e e e ettt e e e et e e et e e e eeesbn e e e eeensnnaaaaaane 53
5.1 INETOTUCTION ...ttt e e e e e e e e e e e e e eeas 53
5.2 EXPEIMENTAl SETUPD ..vvuriiiiii it e e e e e e e e 53
5.3 Experimental DOMAINS. .......ccoooiiiiiiiiiiiiiae et e e e e e e e e e eeeeaeaeees 54
5.4 Social Bridge Runtime PerformancCes..............eciiiiiiiieeeieiiieeeeeiiiiiice e 54
5.5 Social Bridge SearCh ... 57
5.5.1 Search BY NaAME .......ouuiiii e 58
5.5.2 Search by Common INtErest..........oouvvuiiiiiiiiieeeeeeeeeeeee e 59
5.5.3 Search People by ACHVILIES .......ccooeeeiiiiiieee e 62
5.5.3.1 Facebook INteraction............ccccoovvviiiiiiiiiiiiiiieeeeeeeeeee e 62
5.5.3.2 Twitter INtEraction ............ceeevviiiiiiieiiiiiiie e 63
5.5.4 Search by Integrated Categories ..........ccocuviiiieiiiiiiiiie e, 64
5.5.5 Search by Bridge Strength ..o 65
5.6 Social Bridge Advanced SEarCh.........cccoiiiiii i 69

vii



5.7 Comparison with Other Social Network Search...........cccccceeiiiiiiie 71

5.7.1 FACEDOOK SEAICH .....coeiiiiiiiiiiieee e 71
5.7.2 TWIttEr SEAICH ... 76
5.7.3 Comparison between Social Bridge Search and Others ..................... 79
5.8 SOCIal BIUQE SUIVEY ...ttt e e e e e e e e e e eeeeaneenes 80
5.8. 1 USEI Profile ....ooeeiiiiiiiiieieeee et 80
5.8.2 Social Relations and Strength ..., 82
5.8.3 Social Bridge Evaluation ............ccouuuiiiiiiiiiiiiieeeee e 83
6. CASE STUDY: SOCIAL BRIDGE FOR CLINICAL TRIALS ... 87
6.1 INETOTUCTION ...ttt e e e e e e e e e eeas 87
6.2 Communicator for MiNAFIOW ............ooooiii e 88
6.3 Scheduler fOr PAti@NntS .........ooooiiiiii s 93
6.4 Social Bridge in MiNAFIOW..........uuuuuiiiii e 95
7. CONCLUSION AND FUTURE WORK ..ottt 99
7.1 SUIMIMI@TY ..ottt e e e ettt e e e e et et e e e e e eesan e e e aeesean e e eeeeesnnn e eaeennnns 99
7.2 Person 1dentifiCatioN ..............eeeiiiiiiiiiiiiie e 99
7.3 Hashtag ReCOMMENatiONS........uuuuiiiiiiee et eeeeeeaeees 100
7.4 Time Complexity and EffiCIENCY ........uuuuiuiiiiiiii e 101
7.5 FULUIE WOTK ...ttt e et e e e e e e e e ee s 101
REFERENGCES ...ttt e et e e et e et e e e e e ea e e e e e eennannns 102
RV I I =TT TPPPTRRPPRTPPP 105

viii



ILLUSTRATIONS

Figure Page

I Y/ o 1= ES o ] i o 1= o LT 13
2 L=V o] S Y (=To | = Ui (o] o TR SURP PP 14
3. Existing Social Network CONNECHION .........uuuuiiiiiiee e e e eeeeeeeeees 15
4. Social Bridge Network CONNECLION ............uuuuuiiriiiiiieeeeeeeeeeeeeeeesaieass s e e s e e e e eaeaaeeeeeeennnne 16
5. Social Bridge INtEQration ............ooeeeiiiiiiiiiiie e e e e e e e e e e e e e e e e e e e e eeeeearnn s 17
G 1TV o [ I O oo [T P PP PPPPRPPP 19
O (=T ToT g =TSR [ 0] =Y |- U1 o o U ERUPPPPSRRR 21
T e U474 YA o To | (o3l (o] gl I/ 1 £ = SR 22
(S I S UV Y2 o To | (o3l o] gl =Tl =1 oo Lo | QU 24
10. Potential Friends from Integrated Categori€s .........ccceeeeiiiiiiiiieeiiiiiiieee e e e e e e e eeeeeeeenns 29
11. Social Bridge FramEWOIK ..........ccoiiiiiiiiiiiiiiiiisie s e e e e e e e et s s e e e e e e e aaeeeaaeeeensnnnnes 34
12, AUTNENTICALION FIOW.......eiiiiiiiiiie e 38
13. JSON Data PArSEI ........ccoiiiiiiiiiiiiiiii e 45
14, TWItter VISUANZATION ...t e e 50
15. Facebook VISUALIZALION.........ooiiiiiiiiiiiie et e 50
16. TWItLEr SEAICN GraPh.. .. coi i e e e e ettt a e e e e e e e e e e e aaeeeeeennenee 51
17. People Search PerfOrmMancCe ..........uuuiiiiiiiii et e e e e e e e as 56
18. Term Frequencies of Integrated Categori€sS.........ccceeviiiiiiieeiiiiiiiiiiieee e e e e e e e eeeeeeaaeeaaaees 61
19. Twitter USErs’ INtEIraCiONS .......ouviiiiiie ettt e 64
20. Social Bridge Users’ Social Strength............uueuiiiiiiii s e e 66
21. Social Bridge Users’ Individual Bridge Strength ...........oooovviiiiiiiiii e 67
22. TWUD ClUSter SrEeNGth ... ... e e e e e e e e e e e e eeeeananee 69



23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

4].

42.

43.

44,

45,

Advanced SarCh USEr INTEITACE .....cu e 70

Advanced Search Bridge Strength ... 70
Social Bridge NewW CONNECTION........oiiiiiiiiiiiiiiiiiee ettt e e e e e e e e e eeeeeeeeees 71
Facebook Search Graph ........ .. 72
FacebOOK NAME SEAICN........ciiiiiiiiiiee et 73
Facebook Username SEarCh ..........oooi i 73
Facebook Category SEAICH ... 75
Twitter SEArCh Graph .........ueeiiiie e 76
Twitter HAShtag SEAICI ........vueiiiiiee e 77
Twitter Category SEAICH ......oooi s 78
SUIVEY NEBIWOTKS ...ttt e e e e e e e e e e e e e et e et e bbbba e e e e e e e e eaeaaeas 80
Survey Social NetWOIrK HOUIS ......uueiiiiieee e 81
Survey Social Network CONNECHION ..........ooiiiiiiiiiiiiiiiieee e 81
Survey Social Network Relations and Strengths ...........ouveeiiiiii 82
Survey Social Network User FrienNdliNESS .........eiiiiiiiiiieeeiie e 83
Survey Social NetWork USEfUINESS........uuuueiiiiiie e 84
Survey Social Network NeW FrENd .......ccoooo oo 85
Survey Social Bridge COMPAIISON ........ccoiiiiiiiiiiiiiiiiiiaae e e e e e e e e eeeerease e e e e e aaaas 85
MiINdFIOW ArChite@Cture DIAgIam ... ... .o ee et e e 89
YU o |V g T (o TU ] g Tot =T o 1= o PP 92
SESSION MANAGEIMENT ...ttt e e e e e e e e e e et e et et b aa e e e e e e eaaeaaaes 93
Scheduler fOr PAI@NES ........oooiiiiii e e e e e e 94
APPOINTMENT SETUP vttt e e e e e e e et e e e e e aetbb s s e e e e e eeaaaeeeeeeeeesnsnnes 95



TABLES

Table Page

1. Related Work Search CompPariSONS........cooiiiiiiiiiiiiiiiiee e e 6
2. Related Work Social Bridge MeChaniSMS ..........ccoooiiiiiiiiiiiiiiiieiiiiiiiee e 7
3. Twitter Categories and WeIGNTS.......ccooo e 21
4. Twitter Bridge Strength Variables ...........oooiiiiiiiiii e 22
5. FACEDOOK INFEIENCES ... e e e e 23
6. Facebook Bridge Strength Variables ............ueeiii s 24
7. ADVANCEA SEAICN FACIOIS......iiiiiiiiiiiiieee ettt e e e e e e 30
8. Advanced Search WeIgNtsS ... 30
9. Hashtag Cat@QOrIeS ........coeeiiiiiiiiiiiiieae ettt e e e e e e e e e e et e e easaa bbb e e e e e e eeaaaaas 47
10. Facebook and TWitter Data Set...........ccccuuiiiiiiiiiiiiieeie e 54
11. Runtime Performance for Social Bridge Construction and Search .............cccccevviinnnees 54
12. Time-frames for Path Search (Level by LeVel) ... 55
13. Integrated Friends Search: Search by Name ... 58
14. Integrated CategorieS SEAICK .......ccooiiiiiiieee e e e e e e e e eeeeeeees 59
15. Facebook COmMMON INTEIESES.......ccooiiiiiiiie e 62
16. Integrated Strength fOr Cat@QOrY .......cooeiiiiiiiiiiiiiiiie e a e e e e eeeeeeees 65
17. Twub Cluster Category SEAICH .......ccooi oo 68
18. Facebook Friends CONNECLION LEVEIS ..........ooiiiiiiiiiiiiiiiii e 72
19. Summary of the Search Comparison among Social Bridge, Facebook, Twitter ........... 79
20. Social Bridge friends Search in MINAFIOW.............cooooiiiiiiiiiiii e 97
21. Social Bridge Categories Search in MINAFIOW..............ooooiiiiiiiiiiiiii e 97

Xi



FOAF

XML

JSON

URL

HTTP

SOAP

RPC

WSDL

API

REST

LIST OF ABBREVIATIONS

Friend of a Friend

Extensible Markup Language

JavaScript Object Notation

Uniform Resource Locator

Hyper Text Transfer Protocol

Simple Object Access Protocol

Remote Procedure Call

Web Services Description Language

Application Programming Interface

Representational State Transfer

Xii



ACKNOWLEDGEMENTS

| would like to take this opportunity to thank the following people Wiave
directly or indirectly helped me in my academic act@ments. Firstly, | would like
to thank Dr. Yugyung Lee, my mentor and advisor, for her continuaoppost and
guidance throughout my master’s program in Computer Sciensiacérely thank Dr.
Dinakarpandian Deendayal, Dr. Praveen Rao, and Dr. Dennis P. Owesccémting to
be a part of my thesis committee and making time for meheir busy schedules.
Finally, 1 would like to thank my parents Girija Mylavarapu and RR.SVurty, my little
sister Srilekha Mylavarapu, family members, and friends fiothair encouragement and
support. My achievements would not have been possible without their support.

The views and conclusions contained herein are those of the authdroatd isot
be interpreted as necessarily representing the official iplior endorsements, either

expressedr implied, of the University of Missouri - Kansas City.

Xiii



CHAPTER 1
INTRODUCTION

1.1 Research Motivation

Social networking has become a major part of our lives [1].W&liet to connect with
people who match our interests and gravitate more towards thenmdstecommon way to
search for people is through search engines. However, the exgsi@mgh engines for social
networking have limited searching features, such as seamheedple only by their names or
within their own domains. The search within a single domain based anaisaot sufficient to
find people spread across the network. If someone’s name is unknowuasitilmpossible to find

that person. There is a need to search for people based on their interests atidnnpatserns.

Even if people are searched in a single domain based on their ,nammesannot
completely understand the interaction across different domainsl(s@tworking sites) and the
associations among different people. We cannot know people’s injdhestsSavorite activities
or hobbies, their levels of association with others across variois setworking and micro-
blogging sites. A person’s behavior is not completely understood byistuhis profile in a

single domain.

The existing social networking sites follow the concept ofriérief a Friend (FOAF) and
are able to connect to others who are friends of friends. Ther® gn®per recommendations to
search for a person outside the FOAF network. These limitationgicons from utilizing the

features of social computing by not being able to connect to people of our choice.

There is a need to develop a search engine that extendsntdteemental concept of
searching for a person. There is an absolute need to intedrdte abcial networking sites and

develop a search engine that enables us to search for a personwamong networking sites



because people in different organizations rely heavily on socibriet [2]. The boundaries of
these ubiquitous social networking sites have to be extended to enable us téoseapaison on
a cross domain network based on name, by common interests, hasviagigesf and interaction

patterns.

We need to develop a search engine that dynamically genemategegrated social
network that portrays user’s profiles that comprise their pnefeseand interactions with others
and helps them in connecting with people who share common interestsSotle Bridge
expands the FOAF concept of the current social network and introducsscihg strength that
represents a greater degree of affability among people. Sraigle has a great potential to help
improve the existing mode of connection among people and overcome ttagidims. Social
Bridge is an endeavor that breaks the frontiers of social netwgpsites and exemplifies the
concept.

1.2 Problem Statement

In this thesis, an intelligent integrated search engine calleidlRradge is proposed. It
dynamically generates an integrated social profile that pysriauser’s profile of interests and
interactions with others. This determines the person’s interactizards other people in a cross
domain network. The Social Bridge expands the FOAF concept of csoeat networking and

introduces the social strength that represents a greater degreeabilitpimong people.

Given a name, this search engine searches for a person ingaatgdesocial networking
site and generates a network that portrays an individual’s strengths fromsaltithlenetworking
sites and helps people to get connected. Given a choice of prefdikadnterests or hash tags,

this system semantically searches for people with thoser@nefs and suggests friends. The



choice of search may be further narrowed down like a choideroin or a choice of categories

like interests, hash tags, favorites, retweets, etc., that in turn might fted fp&tential friends.

A visual prototype system has been developed for this thesisdamportant domains such
as Facebook and Twitter. It has also been compared with an existigigional social
networking model and has proven to be better in terms of efficiasaye have extended the
concept of FOAF.

1.3 Thesis Outline
In Chapter 2, we present the related work that which compares| Svidge with
Facebook and Twitter. Chapter 3 describes the Social Bridge frake@oapter 4 explains
the Social Bridge implementation. Chapter 5 shows the ewaluand experimental results
of measuring the performance of Social Bridge. Chaptercésties the case study of Social
Bridge on Clinical Trials. Chapter 7 concludes this thesis and gesvihe scope for future

work on Social Bridge.



CHAPTER 2

RELATED WORK
In this chapter, we will review various mechanisms that contribiggeficantly to the
areas of social networks and search engines. In Section 2.1, auesdibe concepts of social
computing and Web mashup on the Internet contribute to the process aditintpglata from
various sources. In Section 2.2, we discuss social networking kaéscallect social and
professional data from people. In Section 2.3, we discuss social netyveitds that also act as
search engines that are confined to restrictions and improwee#neh efficiency in the social

network.

2.1 Social Computing and Web Mashup on the Internet

Social computing [3] is mainly explained as graph theory with humamgde@s nodes
and the relationship among them as edges. It is a structureeiwhe strength of the
relationship between individuals is explained based on the relation ggdrisittween them.
Social computing has become more widely known because oflationship to a number of

recent trends like the popularity of social software and Web 2.0.

A Web mashup [4] is a web application that gathers content fromreiff sources and
presents it in a different way or with a unique outline. The Weidpiginually growing more
open and more social. Because of this, many websites have openexjtgmpning interfaces
(API's) that allow developers to get at their core informatidmre main characteristics of the
mashup are combination, visualization, and aggregation. This has pavedayh&ornwnew

concepts to emerge and new challenges to be solved.



2.2 Social Networking Sites

Jothi et al. [5] states that social networking sites today lme considered as the best
platform for effective communication. Communication is the formasinecting to people or in
the form of advertising brand products. Facebook collects all theradata of users who have
registered with them and displays ads as per the choice pktken’s profile. Jones et al. [6]
claims that Facebook is a threat to privacy. But it is the uskosce of preference in sharing
their personal data. There are certain privacy settingsagéedook that might lock down one’s
personal data and will never be shared with anyone. Twittemigr®-blogging site that allows
140 characters in the form of tweets to reach different pe®admero et al. [7] claims that
tokens in the form of hashtags are spread out to enhance the contronretveen persons in
twitter. Hashtags are one of the key concepts in the micro-iblpggprid as it is emerging as a
winner in helping people of common interests communicate with e, thereby serving the

purpose of its existence.

2.3 Social Networking Sites as Search Engines
SHRM (Society for Human Resource Management) [8] surveyed finding®thised on
the use of social media in the workplace and conducted surveys ohr&fgiarking websites

and online search engines as a tool for screening potential job candid

ates. Because of the rise in the use of social networking tegbmnd online search
engines, more organizations have already developed, or areprotess of developing, polices
about the use of these methods for screening job candidates. Itesgreied networking search
engines might be a potential tool in analyzing a person’s profedsand social life and emerge

as a successful tool in gauging the best candidate for a particular job.



The table below briefly compares the searching faatbisacebook, Twitter, and Social

Bridge.
Table 1. Related Work — Search Comparisons
Feature Facebook Twitter Social Bridge

Search a person in No No Yes

Cross domain

network

Search by interests No No Yes

Search by hashtags | Not Applicable Yes Yes

Search by Activities No Not Applicable Yes

(status message

photo tags)

Search by associatio] Not Applicable No Yes

(Retweets ang

Favorites)

Searching concept | Friend of a Friend| Friend of a| Extends Friend of a
Friend Friend

Determine Individual No No Yes

Strength (Bridge

strength)

Search in a cros No No Yes

domain network [9]

Hashtags Not Applicable No Yes

classification (Twub

Cluster) [10]

Advance Search No No Yes

The above table clearly explains the various searching mectsawisi@ocial Bridge,
Facebook and Twitter. It clearly explains the inability to cleaa person in a cross-domain

6



network in Facebook and Twitter and the ability to search a pers®ocial Bridge. Table 1 also
shows various searching techniques like search by interest, d®arbhshtags, search by
association, advance search which proves the better discoveryopk pa a cross-domain

network using Social Bridge. Social Bridge also determinesdimitiual Bridge Strength which

determines the strength of the person in the social network.

Table 2. Related Work-Social Bridge Mechanisms

Approach Authors Field Mechanism
Social Network| Gartel et al.| Facebook Likes Ranking mechanism
Profile Analysis | [12]
Performance Tiffany et al.| Facebook Socia] Content posts, Profile
activity [1] Activity updates, Groug

participation
Social Network| Jung et al.| Twitter and| Context Fusion, use
Integration [12] Facebook Usel scores.

Identification
Semantic McMillan et | Twitter Hashtags Hashtags
relevant al. [13] recommendations an
applications classification
Interaction Tiffany et al.| Facebook ang User similarity with
Patterns [1] Twitter (Likes and| Likes and Hashtags
Hashtags)

Term Juan Ramos | Twitter and | Determining category
Frequency- Facebook Likes an¢ frequency in the integrated
Inverse Twub Cluster network
Document
Frequency




Table 2 explains the various mechanisms applied in building SoaddeBrThe table
mentions the techniques such as Interaction patterns applied foralkeashtags, Term
Frequency —Inverse Document Frequency (TF-IDF) for determicattggory frequency in the

integrated network, performance activity for various profile groups.



CHAPTER 3
SOCIAL BRIDGE FRAMEWORK

Social Bridge is a semantic framework which expands thendrro¢ a Friend (FOAF)
concept of current social networking sites to discover and corpesgile based on their
association, common interest and their interaction.

In Section 3.1, we explained the conceptual framework for Social Briddggection 3.2,
we discuss the Network building in Social Bridge. Section 3.3 dissuiksesearch by the nhame
of a person in an integrated profile. Integrated profile is aeduirom Facebook and Twitter
explaining the person’s association and his/her interests. Sections8uss#is the search by
interests and by Twub Cluster. Section 3.5 discusses the advancell wbare the factors

(Hashtags, likes, retweets) of search is completely left to the user

3.1 Conceptual Framework for Social Bridge

Social Bridge is a semantic framework which dynamicg#yerates an integrated social
network that portrays users’ profiles of interests and interastwith others and helps them in
connecting to others who share these common interests and iotesa&ocial Bridge enables
us to search for a person on cross domain integrated social netwbKesthe ubiquitous search
engines. Social Bridge extends the concept of FOAF of currentl swti&orking sites and

introduces the individual bridge strength that represents the degree ditgféebong people.

Social Bridge approaches a three dimension methodology to deteemperson’s

strength in a social network. They are i) Association, ii) Common Interg¢dnté@raction.

i) Association: Association of a person is determined by obtaininguheer of

friends, followers and people following a person in a social network. This

9



determines a person’s association on how he/she associated with peepids
play a very key role in determining the strength of assodiaif a person in an
integrated social networking site. The number of friends from Fa&ebhad
Twitter are extracted and analyzed.

i) Common Interests: We also determine the list of common friends Fiacebook
and Twitter that determines the stronger friends of the lot @groas-domain
network. Individual Social Bridge strength for association of agpens a single
and integrated social network is determined. Common interest of thenpis
obtained by analyzing people’s hashtags and likes. Hashtagsbi@ieed from
Twitter and likes are obtained from Facebook. These determineténest of the
person and common interests are determined further by identifying common set of
interests among all the interests obtained.

i) Interaction: Interaction of a person is determined. Interactioma g@erson is
determined by analyzing the person’s retweets, favoritegjssitkes, status

comments, photo likes, photo comments, photo tags.

Bridge strength is determined as a sum of fuzzy valuessoti@ion, common interest
and interaction of a person pertaining to a domain (Twitteragelbook). This determines the

person’s strength in a single social network.

Based on the association, common interest and interaction, bridgegtistfer specific
domain of a person is determined. Social Bridge connects people beyaidréi@tionships in
a single domain. It connects people who are not friends in the exssioigl network (single

domain) by discovering potential friends with the bridge strengths.

10



i) Potential friend

Potential friend is a person who is currently not connected agral fm the existing
domain, but has similar interests matching to become a friewialBridge enables us to

discover new friends in the existing social networking sites.

i) Friends with common interests

Friends with common interests are people who share common isteresing them.
Common interests include ‘likes’ from Facebook or ‘hashtags’ from Twiteapleé having these

factors in common are potentially connected as friends.

i) Friends with common friends (association)

People who have many common friends in common are considered to rangeistr
association with each other and can be considered for potential conné&tiese people are

connected for having friends common in their profiles.

For connecting people in integrated networks, the following concepts apply.

i) Integrated Social Network: Integrated Social Network is ddfime a social
structure formed by nodes (people) and edges (relationships) interconnected to
each other. Nodes and edges are structured as an integratedk nieywor
gathering data from two different social networks (Facebauk Bwitter).
People registered across these networks are articulated aedavailable to
a wider integrated network to enhance efficient connection. This|socia
network perspective gives a way of analyzing the structurecandects

people from different social networks.

11



i) Node: A node is a terminal point or an intersection point of a graphthei
fundamental unit of which graphs are formed. In Social Bridge, nodes are
people which are connected to one another in a social network.

i) Edge: An edge e is a link between two nodes. A link is the abetraut a
structure supporting movements between nodes. It has a directiors that
commonly represented as an arrow. When an arrow is not usedssumed
the link is bi-directional. In Social Bridge, an edge is considereda a
relationship among people (nodes).

iv) Integrated friend: Integrated friend is a person who is cuyreotl connected
as a friend in the cross (different) domain, but has similaresite common

friends matching to become a friend and get connected.

V) Individual Bridge Strength: Individual Bridge Strength is defires the mean of
integrated individual strength (fuzzy strengths) of the persam fall social
networking sites in this integrated social networking domain. Bhisaiculated by
assessing all the individual strength’s (contributing friends, likashtags, retweets,
status comments,, status likes, favorites, photo likes, photo commeths) érson
from Twitter and Facebook. This bridge strength ascertainsubkedf the person in

the integrated social networking site.

Relationships in social networks are measured based on the wagrsna ponnects to
another. People in social networks are commonly associated to eactviata direct friend or
through a Friend of a Friend. Friendship determines the basic modenaokction. This
friendship, or connection, generally happens if two persons meet in persdnthey are

classmates, colleagues, relatives, friends, partners, etc.
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Figure 1. Types of friends

The above figure shows the way one person is céeti@¢o another person in ubiquitc
social networks (Facebook, Twitter). But there ar@ny more factors that are ignored w
connecting to a person. There is no way to conteeatperson who shares similar interests
each other in existing social networks. There isvay to connect to a person who has twee
topics matching each other. There is no way to eonto a erson from a different cross dom:
(i.e., Facebook, Twitter, and LinkedIn). There ssway to search for a person on an integr

social networking platform.

Breaking the limitations of domain, reg, and mutual friendsSocial Bridg: enables us
to seach for persons who live far away, who are notrfdie but share similar interests. We
also able to judge a person’s behavior in a ~domain network. Peopleways of association

towards others, thefriends, common friends from cross domain s« networks,their topics of
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interest and theiassociation towards a topic of inte, areanalyzed applying fuzzy logic |
Social Bridge.Fuzzy logic is applied in determining individualdge strength which estimat
the association, interest and inction of a person in an integrated social netwawtivities in
an integrated social network are analyzed considefriends, likes, hashtags, retwet
comments, tags, favorites, eRased on these factoiindividual kridge strength is determine

that helps users to study thpnofiles in detail.

Social Bridge
Facebook

Figure 2. Network Integration
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3.2 Network Building in Social Bridge

Survey results show that people in the existingasawetwork are connected with o

another througlfriend of a Frien or with people whom they meet in person.

— —
- = N N ng relativ erest.
s / N\ N N
yayd [ D\ N X~ Integrated Friend in a different domain
\ )

Figure 3. Existing Social Network Connection

The figure above shows the connection among peioptae existing network whel
friends ‘A’ and ‘B’ get connected witFriend of a Friend However, there are peojwho match
with person ‘A’ within the same domain and from ifestent domain. People within the sal
domain are termed as potential friends within tbedin and people from different domains
termed as integrated friends. The existing so@alvarking sites are missing out on the metl
to connect to people in this regard. There is @@l possibility to connect people who are
in a person’s friends list and with whom we shaoenmon interests (likes, hashtags, Tv

Cluster).
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Social Bridge reads out to different people in connecting friends flmding new
potential friends within the same domain and byalgring people from various other dome

in the form of integrated friends.
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Potential Friend

Figure 4. Social Bridge Network Connection

The above diagram displays that people from theesdomain and people from vario
other integrated domains are discovered and pathntionnectedWe determine the level
association of people towardseir other friends by determining thesommon nterests these
people share among themselhthe number of times they have commented on their mess
photos, videos, etd his only determines a person’s interaction on H@ishe interacts with

person and how active is the person in the soealark. We can determine the perso
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responsiveness and his activity in the social network. Social Bimitgely builds a network by

gathering data from different people from same domain and then gatheir®dataoss domain.

Friends Following

Common Interests (like) Followers

Status Comments Common Following & Followers
Status Likes Hashtags

Photo Comments Hashtag Categories

Photo Likes Retweets

Photo Tags Favorites

Friends

Potential Friends

Common Friends

Common Interests

Common Interest Categories
BridgeStrength

Path to Potential Friends

Figure 5. Social Bridge Integration

We mainly determine individual strength by analyzing the likeshtags. Term
Frequency-Inverse document frequency is analyzed to determinengioetance of likes or

hashtags of a person on an overall basis.
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Term Frequency is defined as the number of times a term adeasred in a particular
document d. Thaverse document frequenisya measure of whether the term is repetitive or

rare across the set.

Term Frequency:

Term Frequency for likes is calculated by counting each andy exsgegory

occurrence to the total number of categories enlisted.
TFy (I) = categoryCount(u, li);
u = username; ¥ like category
Inverse Document Frequency:

Theinverse document frequenisya measure of whether the term is repetitive or

rare across the documents.

userCount(4)

IDF,=Log( );

usercCount(li)
A = All categories,l= like category

Term Frequency - Inverse Document Frequency:
tf * idf(u) = (TFu (i) x IDFRy (1))

tf * idf(u) = categoryCount(u, i) X Log(w)

usercCount(li)

categoryCount () is a method that counts the number of timesitibgocy has occurrefl
in the document to determine the frequency. userCount () determirmasnier of userg

pertaining to the specific category.




Pseudo code for the above Term Freque Inverse Document Frequencybislow:

foriinti=0'i<FB likes distinct.Count: i+4)
0;1<FB likes distinct.Count; i++)

{

TE — Canvart TANALhial~ranint libae AickinstliT [ Canuart TANAnthlalnivat indictinect libac CAnntl.
T = LUIVTT LIVUVUNVIT{LUUTIL_TIRTS_ UistiiiLifijj / VUIIVTI LIVUUUNIT{NIVUL ULV itKes. AU,

iDF = Math.Log{{{FB_totalopl count)/ (FB ppl_categcount)});
E_SWRGIPI_SYRIL O B_pi_Mee o YR )

Figure 6. Pseudo Code

Term Frequency forlikes' is calculated by counting every category occurresicéhe
person to the total number of categories enli<A high term frequency indicates the user like
category thais of high frequency. A high Inverse Document Fiaey indicates thelikes’

category is rare among people.

An example which calculates Term Freque-Inverse Document Frequency
explained.We determine peor who have ‘Athlete’ as #ir interested category.sing Term
Frequency, the ratio of the count of the categdithlete’ to tre total count of all the interest
categories of the particular user is evaluateds Thiater evaluated on a percentage basis. P
having a high ratio are given the first priorityesvthe other. This sorting enables the pe
searching to quicklyonnect to thehighest person on the list as he/$héhe strongest in tr

particular category.

These factors help us in assessing the personfmation towards a particular top
among all the topics available. This determines Hosquently a persolassociats with a
particular category among aif them If the frequency towards a particular category igh|

then this person has more interest towards that paaticohtegor then towards the oth
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categories. So, if a user is searching for a person whoeiestéd in that particular category,

then this person can be the best connection choice.

There is no proper classification of hashtags in Twitter. ldgshtlassification is done in
the form of Twub Cluster in Social Bridge. All the hashtags of uber are collected and
categorized within a range of 175 categories. All the hastuhdise user are collected and
categorized within a range of 175 categories that are dedwrad-icebook. All the categories
of Facebook have been considered in order to build Twub Clustencial 8ridge, we have
classified hashtags in our own Twub Cluster. Twubs are Twittepgrouilt around content
aggregated from hashtags. This search enables us to searchpfnsam with interested

categories (Music, Sports, and Health, etc).

Twub Cluster is defined as a repository of hashtags claggificghat includes the
clustering of hashtags of various users into the different aagsg Classification is done based
on the meaning of the hashtag and mapping it with the assocaggpby. Apart from the hash
tags classification, we have a section that suggests moréeduggasim the form of ‘recommended

hashtags’.

These sets of words are very useful in getting the level otias®n of this person with
any other person in our database. With these sets of hash taganwearch for people who
have tweeted with these hash tags and classify their inteBastdoing this, we can get more
people who are interested in these categories and analyzadbeaiation towards each other.
After obtaining the ‘likes’ and ‘hash tags categories’ of theseple, we determine the strength

of association of this person towards those categories.
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When the names of people are searched, their hashtags are fuallgee@ and the set of
categories to which their hashtags are mapped are retrievedal8¥ determine the term
frequency and inverse document frequency of the hashtag from tbesveets of categories and
determine the frequency of a particular category from thewsugategories to which the persons
searched are associated. This also enables the user to kn@sdtiateon of any person towards

a particular category from the various categories available.

Interests (Likes) Hashtags
- Categories l
Determine
Hashtag Categories
Compute Determine Compute

TF/IDF (Interests) = = Common Categories | TF/IDF (Hashtags)

Figure 7. Categories Integration

After obtaining the association, common interests and interactiarpefson, we further
calculate the individual bridge strength of the person. These vataasext carried forward to
calculate Fuzzy Logic, which determines the level of intewactif this person with all his/her
friends. This individual bridge strength is calculated for all dleenains on a cross domain

platform that shows all the person’s details in an integrated social network.
Fuzzy logic inferences for Twitter:

Table 3. Twitter Categories and Weights
21



Categories
Interactior (W) Interests Networking
(Wn) (Wn)
: Retweets| Favorite: | Hashtagg Friends| Followers| Commot
Weights
(W) (W) (Wn) | (Wm) (Wh2) (Whs)
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Figure 8. Fuzzy Logic for Twitter
The following table shows the variables used fer Tvitter bridge strength computatic

Table 4. Twitter Bridge Strength Variables

X This represents the countinteraction. 0 <=x<=1
Y This represents the countcommon interests 1 <=y <=2
Z This represents the countassociation. 0 <=z <=1.
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X+y This determines the sum of the counts of interaction and common interests
excluding association The range of the valuesis 1 <x +y <=3.

y+z This determines the sum of the counts of association and common interests
excluding interaction The range of the valuesis 1 <y +z<=3.

X+y+z This determines the sum of counts of association, common interests and
interaction. The range of the valuesis1<x+y+z<=4

The TwitterBridgeStrength is defined as follows:
TwitterBridgeStrength (x, y, z) 2.3-, Wk(ocy)

Where, W is the weight of each variable and ock is the number of occurrences of intesacti
interests, and friends.

Measure the range of the value and thereby determine the Fuzzy Strengtbathat
depends on the occurrences.

If TwitterBridgeStrength lies between 0 and 1 = Weak
If TwitterBridgeStrength lies between 1 and 2 = Less Moderate
If TwitterBridgeStrength lies between 2 and 3 = Moderate

If TwitterBridgeStrength lies between 3 and 4 = Strong

Table 5. Facebook Inferences

Inferences
Interaction Interests
Networking
Status | Status Photo Photo | Photo | Likes Friends
Weights| likes comments | comments | likes tags
0.01 0.01 0.01 0.01 0.01 0.01 0.01
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Figure 9. Fuzzy Logic for Facebook

The following table shows the variables used ferfFacebook bridge strength computat

Table6. Facebook Bridge Strength Variables

X This represents the countinteraction The range of the valuesO <=x < =
1

Y This represents the countcommon interestsThe range of the values

l<=y<=,

Z This represents the countassociationThe range of the valuesO <=z <=
1

X+y This determines the sum the counts ointeraction and common intere:
excluding associatic The range of the valuesis< x +y < =..

y+z This determines the sum the counts oassociation and common intere

excluding interactio The range of the valuesis<y +z <=.
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X+y+z This determines the sum of counts of association, common interests and
interaction. The range of the valuesis1<x+y+z<=4

The FacebookBridgeStrength is defined as follows:
FacebookBridgeStrength (x, y, z) Xr-; Wk(ocy)

Where, W is the weight of each variable and ock is the number of occurrences of interacti
interests and friends

Measure the range of the value and thus determine the Fuzzy Strengthotdapalsds
on the occurrences.

If FacebookBridgeStrength lies between 0 and 1 = Weak
If FacebookBridgeStrength lies between 1 and 2 = Less Moderate
If FacebookBridgeStrength lies between 2 and 3 = Moderate

If FacebookBridgeStrength lies between 3 and 4 = Strong

This bridge strength ascertains the trust of the person in #gramed social networking
site. This means that the higher the bridge strength, theehipe strength and the lower the
bridge strength, the lower the strength. Bridge strength emable people searching for a
particular person to understand a person’s level of interactithe imtegrated social networking

site.

FacebookBridgeStrength + TwitterBridgeStrength)

IndividualBridgeStrength = ( >

The individual bridge strength determines the person’s individual strength in tipatatesocial

networking site that is within a range of 0 — 4.

e If IndividualBridgeStrength tends towards 0, this means the association of e per

the integrated social networking site is weak.
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e If IndividualBridgeStrength tends towards 4, this means the association ofsbe pe
the integrated social networking site is strong and this person can be coraaéuéaré

connections.

This individual strength enables us to determine a defined value within a radvdetlo&t
determines the strength of association. A higher IndividualBridge@tn means a higher

association, and a lower IndividualBridgeStrength means a lower agsuciat
3.3 Name Search in Social Bridge

After an integrated network has been built, the network is remdgnnect and discover
new people. One of the ways to connect people in this integratedl swtiwork is by
discovering people by name. This search lists a person’s conipfetenation (integrated
profile) that lets the user understand the person’s integratditie promprising details from
Facebook and Twitter. Associated strengths from likes, hashtagdy Tluster, and overall
individual bridge strength is displayed, which determines the persativity in the integrated

site.

This search initially starts by checking the person’sitiefrom two domains, namely,
Twitter and Facebook. This method gathers all the data from both n@rad integrates them
together to display the integrated profile of the person searthexdmethod displays the list of
the person’s association, common interests and interaction whtelhmiges the person’s
individual bridge strength in the integrated social networking Siteengths that are evaluated
are assigned to the person searched and determine the perseh’sflassociation in the

integrated social networking site.
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A person of higher strength implies higher interaction and asswcian the social
networking sites and a person of lower strength implies lomteraction. This is calculated by

applying the concept of fuzzy logic to determine the individualistic bridgeagth.

As we can observe from the above diagram, person ‘E’ is seanchibe iintegrated
social network and is discovered during the search by name. The interleated profile is
observed and analyzed by the user who searched for the person and decttesfriend
connection. This search enables us to connect to new persons froendiffemains to enhance

the mode of connection.

3.4 Category Search in Social Bridge

What if we do not know the name of the person to connect? What dowet know
whom to contact to get connected? What if we want a set of pexbanare interested only in a

set of a particular category?

Social Bridge introduces a unique way of searching for people witkout knowing
their names or location. Social Bridge connects to people whom the gge¢mmi know at all. It
enables the connection of people from all over the world by extetttengponcept of Friend of a
Friend. Even though the person is not in the user’s friend list, ISBdi@dge enables us to

connect them together.

Search is carried forward in three ways:

a) Search by ‘likes’
b) Search by ‘hashtags’

c) Search by ‘likes’ and “Twub Cluster’
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a) Search by ‘likes’

This search follows an approach to search for people exclusivelacebook and
determines those who share relatively strong interests withincdbegory search. An
intensive searching technique is followed that retrieves people whe tmeir Term
Frequency strongly associated towards the specific categganched over all the other
categories pertaining to that person. People of higher valugi\ane priority over others.

This lets the user choose people who have a strong association towards the spegdry.c

b) Search by ‘hashtags’:

This search follows an approach to search for people exclusimelywitter and
determines those who share relatively strong interests withhdlsatag searched. This
searching technique retrieves people whose term frequencissargly associated towards
the specific hashtag that was found by searching througheatither hashtags pertaining to
those people. All the people are enlisted and those of higher valgevan priority over the
others. This lets the user to choose people who have a strong tEmsaowards the specific

hashtag, unlike in Twitter that retrieves tweets containing the hashtag.

c) Search by ‘likes’ and “Twub Cluster’

This search follows a slightly different technique for discovepagple. When a person
searches for people within a specific category, this séaokls for the category in Likes of
Facebook and Twub Cluster of Twitter. An intensive search igedaout and people from
different domains are retrieved for the end user. Their Teeguéncies are determined and
people having similar interests from both domains and of higher fempse are given
higher priority over the others. This is considered unique as thehsesacarried forward
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from two different domains and people having relative strong inteaestsetrieved for the

end user.
Interests (Likes) Hashtags
- Categories l
Determine
Hashtag Categories
(Twub)
Determine
Common Categories
Retrieve People in Facebook Retrieve People in Twitter
Who are in Common Categories | | Who are in Common Categories
& ¥
Compute Compute
Term Frequency for Term Frequency for
Facebook Friends Twitter Friends
Compute

Potential Friends

Figure 10. Potential Friends from Integrated Categories

3.5 Advance Search in Social Bridge

A Social Bridge advanced search enables a person to seambnfeone else with the
choices and options of the user’s choice. The choice is complgtébythe user in determining

the person’s individual bridge strength.
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The Social Bridge advanced search is advanced in many Wwaysbles users to expand
their searches to many categories by choosing the destegbdas. Search factors are divided
into two categories: the two social networking sites known as T\aitigé~acebook. Each factor
is given a range of values to choose and thereby decides thefi@agltribution of the certain
factor in that particular search. Users are given the fléyilid discover people with certain

factors.

Table 7. Advanced Search Factors

Contribution factors for Social Bridge advanced search are

Twitter Facebook
Hashtags Likes
Following and followers Friends
Retweets and favorites Comments and tags
(photos and status messages)

For the above inferences, weights of the inferences vary gmehdeupon the user’s
choice of preference. Certain ranges of weights from 0-10@%gjiaen for every factor with a
specific constraint so that the sum of all the factors adds up to 1@@¥termine the set of

persons who are interested in the particular fields chosen by the user.

Table 8. Advanced Search Weights

Twitter Facebook

Factors (inferences) Weights Factors (inferences) Weights
Hashtags 0-100 Likes 0-100
Friends and followers 0—-100 Friends 0 - 100
Retweets and favorite§ 0 — 100 Comments and tags 0-100
Sum (equal to) 100 Sum (equal to) 100

30



From Table 8, we can infer that the weights affecting thgeavary from 0-100 for each
factor in the social networking sites. A user may choose frons¢hef all the choices and
determine the range of strengths. For instance, in Twitieseamight be interested in knowing
people who have more friends and less hashtags and in Facebook; aghsdrenmterested in
people associated with many friends and lesser likes. This nigansser is searching for a
people who have the characteristics of a follower, but not thoséeatlar. Depending upon the
choices of the user, the strengths vary and result in differentgpéoph the standard search.
Their sum, in total, should be equal to 100 in order to determinedhedual bridge strength

for the integrated social network.

An advanced search is carried out by obtaining the weights anactioesfand the search
in the integrated social network is calculated and people who riegcearch with the weights
matching their profile are displayed to the end user. The advaeasethds slightly different to
the original search as the results obtained in the formerysidéglend on the user’s choice of

preference.

Twitter:
Variables:

T1: Retweets, FavoritesTHashtags, F Friends, Followers, Commop
friends and followers

User_weight = Wx) = Y3_, Ti
If (w(x) == 100)

FV(X)rwitier) = W(X) * Xje=1(0C%)
Where,

06 = number of occurrences from user profile

31



Facebook:
Variables:

F1 = Status likes, status comments, photo comments, photo likes,
photo tags, = Likes, i3 = Friends

Calculations:

User_weight = fiy) = Y3 _, Fi
If (h(y) == 100)

F(Y)Facebook= N(Y) * Xk=1(ock)
Where,

0o = number of occurrences

Individual bridge strength determines a person’s individual integrsttethgth in the
integrated social network. Based on the inferences and weights dindke user, individual
bridge strength is calculated and people corresponding to thlésrebthe search are displayed

based on their calculated strengths.

F(y)(Facebook) + F(x) (Twitter))

IndividualBridgeStrength = ( >

People in the integrated network are displayed based on the order of their individual
bridge strengths (descending order). People having higher strengths arprgiviey when
compared to those with weaker strengths. With this discovery of new people,giGtedti
integrated friends are discovered and by extending the concept of FOAF, aigonsehre

established.
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CHAPTER 4
SOCIAL BRIDGE IMPLEMENTATION
4.1 Introduction

Social Bridge is implemented by generating an integrated spuaifile that portrays
people profile of interests and interactions with others and helpsitheonnecting to people
who share common interests and interactions. Social Bridge seanthconnects people from
various different social and micro-blogging sites to form angnatied social network. Social
Bridge visualizes the current strength of a person based on tasamation, common interests,

interaction and semantically suggests new friends who can be potentiallyteoinnec

This is a mashup of different networking sites and involves stepg1) authenticating
the user with a secure protocols, (2) acquiring data from the aigttedtusers using different
Representational State Transfer (REST) Application Programnhimerfaces (API), (3)
extracting the desired data from the complete data seh&bysas (detailed study) of the person,
(4) analyzing the data set of different social and micro-braggites to determine an integrated
fuzzy strength, and (5) integrating profiles from different alonetworking sites to determine
integrated bridge strength and discover new people, (6) visualiheg individual and
integrated networks, (7) determining various searching techniquiiscmver and study people

and their profiles.

An integrated social network framework contains seven major comonegmnely,
authentication, data collection, data extraction, data analysisl s@twork integration, and
dynamic network visualization. Figure 11 illustrates all theamapmponents of the integrated
social network. In the following section, we give a short desornipabout the prominence and

functionality of each component.
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Figure 11. Social Bridge Framework

The authentication component plays the key role before the dataioollstzrts. In order
to participate in this system, the user is first authenticaith OAuth 2.0 protocol [14JOAuth
2.0 is a secure protocol that is open for authorization. This authenticates usdimentham to

share their resources without disclosing their credentials. Thismtication lets the system
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access the data of the authenticated user. This is considetss msdt prominent step of the

whole system.

The data collection component collects the data of the authexdtioaér using the REST
API. REST is an architectural style for designing clientsenetwork applications. Depending
upon the requirement and the permissions of the user, the datansittechever HTTP protocol
based on REST architecture. Various amounts of the user’'s dataasuphofile details,
interests/categories, friends, followers, hashtags, photos, videose peefis, news feeds, etc.

are collected. Various constraints in accessing the data are solved here.

The data collected thus far from different REST APIs h#wbeadetails of each person
stored in different formats. Various formats in which the datar@urned from the API include
JSON (JavaScript Object Notation), XML (Extensible Markup Lagg), Atom [15], and RSS

(RDF Site Summary) [16].

In this thesis, we have been using JSON as the format and hled/earous libraries to
parse the data and extract the desired content that is usefiuitfier analysis. The data that are

unnecessary for analysis are cleaned in this stage and the exact redqaigee dant further.

The data analysis component analyses the data that ard pissextraction. This holds
the key to the entire network. The data collected from sonthlnaicro-blogging sites are first
stored in relative databases corresponding to the user. The ietegoaial network knowledge
base contains a huge collection of data and a relational databakessn to sustain the
scalability. The data and the person’s details, obtained froreattier steps, are used to design
ontologies that determine the classes and properties. Ontologies represdotitigtion as a set

of classes in a domain and their corresponding relationships.
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The user’s individual data that are first analyzed include chasfile details, friends,
followers, hashtags, common friends and followers, interests, tstwWaeorites, photos, videos,
status messages, likes, comments, tags, etc. All thesesddtdbth the social and micro-

blogging sites are analyzed, and then bridge strength of the individual imiteibr

After analyzing an individual’s data, the same user is nalyaed with respect to other
users who have participated earlier in our system. A lisbofmon friends, common followers,
common interests, common hashtags, common messages, and commentkeraréntta
consideration. With this information, the Fuzzy Strength of thisopemsith respect to others, is

determined.

After the analysis of data for different social and micro-bloggsites is completed,
Social Network Integration [12] is accomplished. This component etiegrall the data of an
individual gathered from various networking sites and integrates thi® an integrated social
network. This step combines all the data and determines an integtatey Logic [17] for the

person.

In addition, the system semantically suggests friends who mighntgdty be interested
in connecting with this person. This is semantically accomplisheédbas the analysis done
earlier. This component visualizes the individual and integrated| swt\aorks. The designed
ontologies are utilized to determine class-property-class relbtpasd to visualize the person’s

individual and integrated network.

The individuals are considered as classes (nodes) and their inforr(gaich as interests,
hashtags, etc.) as properties (edges). A directed graph is determinedrbelagses based on the

details obtained and its respective strength. Strength andidtsra determined as a label. This
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form of representation makes the system more understandable an@abies for people to

follow it and its purpose.

4.2 Authentication

This is the first step in the integrated social network. OAuth2d&h open standard for
authorization. OAuth 2.0 is the latest evolution of the OAuth protocos diihorization allows
us to share and access users’ private details (profile Jgbailfile feeds, news feeds, friends,
followers, likes, comments, retweets, mentions, favorites, etthoui disclosing their secret
usernames/passwords. This authorization protocol has been widely cechbbgy social
networking giants like Facebook, Twitter, LinkedIn, Foursquare, pdg8, etc. Even colossal

software firms like Google, Microsoft, and Yahoo! follow this protocol.

We have developed a web application called the ‘Integrated Netwmak’acts as an
interface for the users to give access to our integrated soefalork. The application is
integrated with OAuth 2.0 and is completely safe for users ticipate in our network as we

follow all the protocols of OAuth 2.0.

Users utilize the application which acts as the interfacutanetwork and submit their
credentials. This authentication lets us gain access to thermatgrresources. After
authentication, a code is generated that passed as a requesttgratantigeir personal social

networking site (like Facebook), asking the user to give access to theaipplic

Only after this access, is an access token generated. Thisisokerandom number,
generated by the respective social networking site, to giveago any third party application

that requires ingress to gain private data with the authorizatitreafser. This token holds the
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key forthe entire process. With trtoken, the application can access private and didat that

has been madeeessible by the user to other applicati
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Client-Application flow: Client interacs with the application and is redirected back u

request.

Client-Network flow: Client acceses the OAuth protocol and obtaiascode &er entering

credentials.
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Client-Application-Network flow: Client calls back the application, the application gains

access to the network and the network renders an access token.

Application-Network flow: Application requests details/page, network responds through REST

API.

Time frame: The access token generated is as determined by the prata@didi for 2 hours.
However, we can make this token permanent by obtaining speciakpemmfrom the user. The
user, while accessing this application requests permanenssatsehis/ her profile. The

permission obtained is granted as ‘offline_access’ by the user.

Security: This access token can be disabled by the user at any tinghamging his/her
password or any of the credentials. It can also be disablednbgving the application from

his/her respective social networking site.

4.3 Data Collection

This is the second step in the integrated social network. This compsnapplicable
only to those users who have gone through the process of authenticatienth®@ngser is

authenticated, the data and details of the user are collected from th&tA&bocial networks.

An API is a set of standards or instructions for accessinglaapplication. API's are
released by software companies for other software develtpase their services and data, and
develop their own projects. It is a software to software interfdeere applications communicate

with each other.

4.3.1 REST Application Programming Interface
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In our project, we have used REST Application Programming lceerdd Twitter [18].
After the authentication, based on our requirements, we gather aatéhie micro-blogging site.

This site returns data in the form of REST API.

REST stands for Representational State Transfer. It isedests, client-server protocol to
communicate between machines. It uses the stateless HTTPgbfotamommunication between
client and server or between machines. REST is the best aitettaRPC or SOAP and WSDL
based web services. The World Wide Web based on HTTP is thexbegtle for REST-based

architecture.

The Twitter REST APl methods allow developers to access Twider data. This
includes updating timelines, status data, and user information. leadudes us to access the
user’'s friends, followers, tweets, retweets, favorites, mentibashtags, and many more.

Example for Twitter Representational State Transfer API to adtasline of the user:

https://api.twitter.com/1/statuses/user_timeline.json?screen_nagreed_name>

The above REST API allows us to access the timeline of thenithea particular screen
name. There are many other different API's with which we capss the personal details of the
user with their permission. The data here is returned in JSOMSdapt Object Notation)

format that is later parsed in the following components.

4.3.2 Graph Application Programming Interface

In our project, we have used Graph Application Programming Interface ebéaic[19].
After the authentication, based on our requirements, we gatherefothatdne social networking

site. This site returns data in the form of Graph API.
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The Graph API forms the core of the Facebook platform. It apprdhwesdftware
developers requesting API’s to read data from Facebook. It isphesand complete view of the
Facebook graph of the user with objects embedded inside. This Adtibeéssall the details of
the user and his association with people surrounding him inside therszierark. Every object
in the social networking site has a unique object enhancing tkeotéascess thereby avoiding

confusion.

Example for Facebook Graph Application Programming Interface tesadtie profile

feeds of the user:

https://graph.facebook.com/me/feed?access_token=<access token

This above Graph API returns the profile feed of the user. Ttesadoken appended is
the permission token that is generated after the OAuth 2.0 aigttemt. With this access token,

the details of the user are accessed through API. The data here is retuineeidnim tof JSON.

4.3.3 Storing Collected Data

The above mentioned API returns data in the form of JSON filesfil€leare stored in
SQL Server on the cloud and are locked with security passwordsbyheot allowing everyone
to get hold of and access the files. The data from files tima®d using C# programming
language. We have chosen C# as the programming language imd@lutiial Bridge. C# is a

web based programming language and is very efficient in implementing wet t@ncepts.

We have utilized the most advance technology of cloud computing [20] in@aciprTo
keep the data safe, we have selected a secure way of sharidgta. Only the administrator of

the cloud can access the data and the files are complaigepiThe files are stored in the root
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folder of the cloud that is accessed by only the administr&®ermissions are also changed in
the IIS server and the directory browsing for the filesdisabled. The files can be first
downloaded on to the root folder and can later be moved over to the clood.v& deal with
huge amounts of data as the number of users increases with gnmsgcure all the files in a

single folder and secure it in order to meet the scalability of the project.

Cloud computing allows consumers and businesses to use applications without
installation and access their personal files at any computteiinternet access. This technology
allows for much more efficient computing by centralizing storagemory, processing and

bandwidth.

In order to make the files public, we have to edit their secseitiyngs. A new user has to
be added under the security tab and has to be named IIS_IUSRS in order thatamelshgiven
all the controls to read, write, and modify. Later, the directooybing the file in the IIS server
should also be enabled. This will make the file completely publiccaamdbe accessible by
anyone using the cloud. Web configuration files need to be checkedef dhe any further

problems with the security of files in a folder.

In this way, the files collected from social networking sited micro-blogging sites are
stored in a secure manner over the cloud. We are following twoityestandards in order to
protect the user’'s data from becoming public. One is the OAuth 2.Ccpldbat is followed by
the user during the time that the access token generated avtti¢hés cloud security protocols
followed by us to maintain the confidentiality of the user’s datee scalability of the project is

met by maintaining all the data in a folder and changing the securitygsedts a whole.
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We have used an Amazon Elastic Cloud Compute (EC2) instance &BM akcademic
Skills Cloud for our project. Amazon’s cloud and IBM’s cloud seem to bgeficient in terms
of security, performance, and scalability. The ease and agtds$a is very convenient in both

clouds.

4.4 Data Extraction

All the collected data stored on the cloud are stored in JSONofitkeat. There are four
different file formats in which REST API returns for the ditde extracted: JSON (JavaScript

Object Notation), XML (Extensible Markup Language), Atom, RSS (RDF Site Suym

For our project, we have chosen JSON format over other file ferm&e reasons for
choosing JSON over other file formats are, JSON is quick, fastasdto learn, parsing JSSON
files is faster than XML parsing, JSON is good at represgmomplex data types and it is also a

valid subset of JavaScript.

The JSON format is generally used for serializing and tratismistructured data over a
network. The main purpose is to exchange data between client dppbcand the web server.

So, when it came to API, JSON was unanimously chosen over XML.

i) Graph API returns data only in the form of JSON.

The data obtained can be extracted on the client side and see/eClent side extraction
can be done through JavaScript and server side extraction can biardoigd various libraries.
‘NewtonSoft’ is one library that allows us to parse the requuolath on the server side
efficiently. The below pseudo code shows a method to deserialiZS®i file and extract the

data and store it in a string format.
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String json = File.ReadAllText ("<File Path>");

<Class name> fv = JsonConvert.DeserializeObject<<Class name> (json2);

Generic classes are used in parsing the data and extrawimgquired content. REST
and Graph API return serialized objects and we deserialize tfpsets and extract the required
content. A small example is shown below that shows the datatedllbefore extraction and

after extraction.
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Figure 13. JSON Data Parser

Extracted data is stored in the form of tablesha tatabase. We identify o the
required data and parse only the required datarfalysi, and discard the rest them. The data

identification is donebased on the data return

Using REST API, we get the details of prcs, friends, followers, retweets, mentiol
favorites, and hashtags of the authenticated uséna micri-blogging site Depending on th
APl and on the data returnedie use appropriate classes and methods and parsdatke

dynamically. Using Graph API, we get the details of profile feeftiends, likes (interests
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comments, tags, status messages, news feeds, photos, videoscaridscbéthe authenticated

user in the social networking site.

4.5 Data Analysis

This is the fourth component of the entire system that holds théokine entire system.
After parsing the required data and storing it in the SQL Serveur database, we divide the
project into two sub categories: Individual Strength and Connecting Umkrieatential

Candidates.

i) Individual Strength

The individual strength of the user is calculated based on the getaiisied by the user to
our system. All the details and data of Facebook and Twitterodested, extracted, and stored.
Individual Strength of Facebook: The details extracted for énsom with respect to Facebook
are profile feeds, friends, likes (interests), comments, &gkjs message, news feeds, photos,
videos, and check-ins. For the analysis, we first get the basidepiedids of the person and

his/her basic details that include first name and last name, gender, loaatgrpofile ID.

The person’s friends are enlisted. All the details of the udegads (like their name,
location, and id), are captured. This helps us in analyzing the mwhfyeends the user has in a

particular social networking site and helps us in evaluating his/her strength

We next analyze the user’s likes [11] page. All the interethe user are analyzed here.
Category and name are the factors evaluated. We get theofdbeatcategories and the number

of times the user has liked that category. The count factor lootgs significantly in the
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evaluation. Term Frequency and Inverse Document Frequency angeghallF*IDF is a

numerical statistical weight often used in information retrieval and texhgi

Next, the user’s interaction with friends is determined. Thefaaonsidered are status
comments, status likes, photo tags, photo likes, and photo comments. Fregueéeiymined
based on the number of times the user interacts with his/her driemcthe above factors.
Frequency weight is determined by multiplying the weight 0.01ht frequency of the
interactions. Based on the above calculations, a fuzzy strendéteisnined for the individual
with Fuzzy Logic. Individual strength of Twitter: The detaldracted for a person with respect

to Twitter are profile feeds, friends, followers, hashtags, retweetsaaodtes.

For the analysis [21], we first get the basic profile feeidthe person and his/her basic
details that include their first name and last name, locationpiniie id. The person’s friends
are enlisted. All the details of the user’s friends suchhas hames, locations, and ids are

captured. Friends are persons with whom the user is interested in connecting.

The person’s followers are captured. This enables us to know the nafribkowers in
Twitter. A person’s following is assumed to be people who aszasted in connecting to the
current person. People who are common to both friends and followeessamnmed as people

who are strongly connected to the current person.

Hash tags are analyzed by determining all the hashthegperson has tweeted. These
hash tags help in determining the interest of the user pertamidgferent topics. We have
classified these hash tags into categories. Our very tnaryihas been built that classifies the
hash tags of the person into different categories. A librantaining different hash tags are

considered and are classified into a set of categories.
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Table 9. Hashtag Categories

Hashtag Category (Twub Cluster)
#exam Education

#basketball Sports

#church Community
#technology Computers/Technology

The above diagram depicts the classification of the hash tags iséd of categories.
Term Frequency and Inverse Document Frequency are also eshaNext, analysis is done on
retweets and favorites. The person with whom the current user-haseted and the number of

persons who are all the favorites of the current user is determined.

With all the values in place, fuzzy logic is calculated and ititgvidual strength is
determined. By combining the individual integrated strength of Fadeland Twitter, we
determine the integrated individual strength of the person who pottrayserson’s activity in

all the social networks combined.

i) Connecting unknown potential candidates

This step involves connecting one person with another who does not know eachWhe
have extended the concept of Friend of a Friend. Here, personerarected to one another

based on their choice of interests.

This is a two-step process.

1) Determining the field of interest (likes) with whomever ther wgnts to connect. A list
of categories is displayed for the user to choose his/her field of interest.
2) Determining the hash tags with whomever the user wants to conitbet. & exact hash

tag or a part of it is required for the information retrieval.
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Likes and hash tags determine the fields of interest ofdtsop. This shows that the person
tends towards these particular topics and is interested in conneztpepple who also have
interest in these topics. We next search through our datahéseteeve people whose interests
match with the interests selected based on category criferia Frequency of the like (interest)
is determined by the strength of the person’s overall likes. s&he is calculated for hashtags

that depict the strength of the person’s hash tag category over all the haste gagies.

Sorting in descending order, all the names of the people who aresietd in those
particular categories are selected and displayed. Thisdistdes people who are not friends of
the user. They can be directly connected in this system based amtettests chosen. This
connection enables us to extend the concept of Friend of a Friend@artle the fundamental
boundaries set. Connections between people are done between diffel@metaorking sites

that do not exist in today’s ubiquitous system.
4.6 Network Visualization

An individual network is generated based on the integrated datandetdr A Gephi
tool is utilized for displaying data in the form of graphs. Alé tfactors such as strength of
association with friends, TF-IDF for likes and hash tags, adswciaith a person based on re-
tweets, favorites, status messages, photo likes, comments andetagssidered. The graph is

generated and the associated values are stored in the form of CSV, PDF, GephiGahiesPE

Google Chart Application Programming Interface is also utilized in visualajpgrson’s
association, common interests and interaction dynamically. Tlcbsgts are generated

dynamically which represent the person’s details in both thel sataorking sitesThe below
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figure shows a person activity in Twitter that includes AssmriaFriends and Following),

Common Interests (hashtags), and Interaction (Retweets and Favorites).

Twitter Visualization

I Followers

— Common Friends

Friends

Hashtags

Retweets Favorites

Figure 14. Twitter Visualization

The below figure shows a person activity in Facebook which includesciaion
(Friends), Common Interests (Likes), Interaction (Status commeittus likes, Photo

comments, Photo likes, Photo tags).

Facebook Visualization

Status Likes
Photo Comments

Status Comments Phata Lik
— Phoi es

— Photo Tags

Likes

Friends

Figure 15. Facebook Visualization

Cytoscape [22] software has also been utilized in visualiziegnetwork for Social

Bridge. Cytoscape is an open source bioinformatics software platborvistializing interaction
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networks. Cytoscape was originally created at the Institut8ystems Biology in Seattle in
2002. Cytoscape is a very good platform which helps in visualizingoniet dynamically and
generates SVG files which can be embedded in a web page. randidelow shows the
association of a person towards his friends in Twitter. It disglagyset of friends a person has

in a network and their connection.
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Figure 16. Twitter Search Graph
4.7 Dynamic Social Bridge Search

A dynamic social bridge search has been included that erthbleser to search for people

having registered. Searches include

a) Search by Name
a. It searches for a person based on the user’s name.
b. It determines a person’s entire profile from two social netimg sites (which current
search engines do not do).

b) Search by Common Interest
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a. It searches for a person based on ‘hashtags’ or ‘Likes’.
b. It searches for a person based on integrated interested czgeflokes and Twub
Cluster)
c. It semantically suggests more hashtags as ‘Hashtag Remmfations’ for the person
searched who enhances the searching choices for the end user.
c) Search by Activities
a. It determines people’s associations towards their friendsllowers. It determines the way
people have interacted with their friends by comments, likesgets, etc. in the integrated
social network.
d) Search by Bridge Strength
a. It determines the individual bridge strength of people and detesriie@ activities in an
integrated site.
e) Search by User’'s Selected Categories (Advanced Search)

a. It gives choices to the user to decide upon the search categories selected.

These various searching techniques are implemented in Social Boidijecover new
people across existing and cross domain social networks. SodlgeBs also implemented as
search engine of which the three factors association, commoasisteinteraction play a key
role in determining the individual bridge strength of a person and disamie people.
Implementing these searches enables to discover new people and gaupdetwho might be

potential or integrated friends.
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CHAPTER 5
EVALUATION
5.1 Introduction
In this chapter, the Social Bridge engine will be compared thié existing traditional
social networking models and the proposed algorithms have proven to be p@mdrfficient
in finding potential friends for large social networks. The Sociadg engine will be further
evaluated through a survey of social network users for their feleda its genuineness,

accuracy, and scalability.
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Section 5.2 explains the Experimental Setup that is used fowuatve) the
performance of the system. Section 5.3 explains the experingemi@ins on which the Social
Bridge was evaluated. Section 5.4 explains the integrated Bragle run time performances.
Section 5.5 explains the Social Bridge search. Section 5.6 dispkytsrbased on an Advanced
Search in the Social Bridge. Section 5.7 compares the searchaimgmmsams of Social Bridge
with other social networking sites Section 5.8 displays the anonyniousysresults of Social

Bridge.

5.2 Experimental Setup

The Social Bridge system has been hosted on the Amazon clog@jli(is@nce that had
IIS 7 web server installed on a 32 bit Windows Server 2008 R2 opergsitggrsrunning on a
machine with a processing speed of 2.75 GHz and 2.66 GHz and 1.66 GB of RAM.

The Social Bridge system has been also hosted on IBM cloud (Aca&kitig) that
also had an IIS 7 web server installed on a 64 bit Windows S200& R2 operating system
running on a machine with a processing speed of 2.27 GHz (2 processbr$)08 GB of
RAM. For the web interfaces of the Social Bridge system,usaed the Visual Studio 2010
Professional edition IDE with C# as a code behind the languagdoieotke data, wenade
use of the Microsoft SQL server 2008 express edition that was fredigtdea

5.3 Experimental Domains

The data extraction has been conducted with a total of 42 Facebo@R dmdtter users.
The data collections were incrementally conducted with alpdople through the secure OAuth

2.0 protocol that we discussed earlier.

Table 10. Facebook and Twitter Data Sets
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Facebook Registered 42 Twitter
Users
Total Friends 12424
Total Likes 1451
All Status 774
Count
Photo Tags 287
Profile Feeds 261

Registered users

23

Friends 647
Followers 448
Common Friends and 41
Followers
Hashtags 17
Hashtag Categories 913
Retweets 76
Favorites 80
Photo Tags 287
Profile Feeds 261

5.4 Social Bridge Runtime Performances

After a number of iterations, we observed the time frarkentéao search for a person at various

levels. These time frames are recorded to note the efficiertsyaidl Bridge that depicts the speed of the

search for a person at various levels and retrieves their information.

Table 11. Runtime Performance for Social Bridge Construction and Search

Type Minimum Time Maximum Time
(Min : Sec : Msec) (Min : Sec : Msec)

Data Collection 00:00:06 00:00:22

Data Extraction 00:00:11 00:00:25

Network Building time 00:21:11 00:57:43

Search by Name 00:23:32 1:13:78

Search by Interest (Likes 00:00:02 00:01:00

or Hashtags)

Search by common 00:00:16 00:00:23

interest (Twub Cluster

and Likes category)

Search by user selected| 04:56:22 05:24:47

category (Advanced
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Search)

Search for Path for 00:57:46 03:42:39
Potential Friends

Table 12. Time-frames for Path Search (Level by Level)

Level Individual Iteration (sec) #People Cumulative Iteration
(sec)

1 0.1074843 1 1.9879498

2 0.0841045 479 2.0418176

3 29.0761262 5966 34.5328086

4 207.5684948 12,747 227.1228610

Performance: People Search
250
200
$ 150
o == ndividual Iteration
,E 100 (sec)
50 / == Cumulative Iteration
./ (sec)
0 »
0 1 2 3 4 5
Level

Figure 17. People Search Performance
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Individual iteration represents the time frame to search forrsopedirectly at the
specified level if the level is known in advance. Cumulative titararepresents the complete
search for a person in a given environment where the level of thehpsrsompletely unknown.
Cumulative iteration depicts the search of all sets of éistl the people and their friends until
the person is found at a desired level. This determines theeefljc of Social Bridge for

information retrieval.

This can be further enhanced by reducing the time complexity oheh&ork. The
efficiency remains the same but the complexity can be reducder using various time and
space efficient algorithms that utilize less memory spaxckiterate all the names of the people
in an efficient manner. The algorithm implemented in Socialdggrid tested to be efficient for
12,747 members iterating through the loop. This can be further indraademore time efficient

algorithms may be applied as the existing social networking sites do not prowicde segrch.

5.5 Social Bridge Search

The Social Bridge search enables us to search for all tlaéisdef a person in an
integrated social networking site. This search combines all ttaélsdef the person collected
from Facebook, and from Twitter. The person is checked for sitgilarboth social networking
sites by checking their first name, last name, and tbeation. These three factors have been

taken into consideration to identify the person’s uniqueness in both social netwassng s

The features that the Social Bridge search engine provides are as:follows

a) Search by Name
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a. Searches for a person based on user name.

b. Determines a person’s entire profile from two social networlsibgs (which
current search engines do not do).

b) Search by Common Interest

a. Searches for a person based on ‘hashtags’.

b. Searches for a person based on ‘likes’.

c. Searches for a person based on integrated interested cat¢igéessand Twub
Cluster)

d. Semantically suggests more hashtags as ‘Hashtag Recommendatiotise
person searched that enhance the searching choices for the end user.

c) Search by Activities

This determines a person's activities towards friends or falfowedetermines the way a

person has interacted with his/her friends by comments, likegeatt, etc. in the integrated

social network.

d) Search by Bridge Strength

Determines a person’s individual bridge strength and determindserhiactivities in an

integrated site. This search is carried forward by searching peopld ma8ridge Strength.

e) Search by User’s Selected Categories (Advanced Search)

Choice is given to the user to decide upon the search factorchoiee is left to the user in

determining weights and in choosing the factors.

5.5.1 Search by Name
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Typing a person’s name will activate the search for the pensdrsearches for the names
of friends from both Facebook and Twitter. It first enlists allriaenes of the people who have
registered with Social Bridge and displays them. It displagnds from Facebook, followers
from Facebook, friends from Twitter, common friends, followers fromtt€w and common

integrated friends from both of these social networks.

Table 13. Integrated Friends Search

Person name| Friends Category Count  Friends’ Names

Peter Facebook Friends 25 Jois, Roger, Gudiba, Vrnkmr, Varanasi, Rnjit,
Nutalap, John, Moi, Avjana, Krshn, Sanguine,
Algun, Racham, Garlap, Nori, Shekhar, Thantar,
Bhamidi, Rupan, Myla, Maity, Arch, Pochanap,
Babin

Twitter Followers| 24 Pochanap, Arch, Krshn, Moi, Tarun, Allen,
Babin, Shaik, geeta ch, achar, Tej, Racham,
dock, ardith, Rams, tesh, Mantr, uday, Ramp

Kulkarni, daram, chakrav, chauthan,
voteforsearchengine
Twitter Common| 7 Arch, Racham, Babin, Krshn, Moi, Allel
Friends ang geeta_ch
Followers
Common 6 Varanasi, Thanthar, Babin, Moi, Krshn, Arch

Integrated Friends

On the grounds of confidentiality, real names have been masked. Tabiepl/s the
entire list of friends of the person associated with his/herarkimg account across different
domains. By obtaining the information of common integrated friends awéow the person’s
strong association towards his/her friends. We can understand howystrefstpe interacts with

his/her friends.

Common friends and followers on Twitter give the names of peoplewhbm this is
very strongly associated on Twitter. This means that thoserseese strongly associated with
the person searched. The common integrated friends’ list dieesame of friends who are

common to both Facebook and Twitter. With this list, we can assumhéhil person is very
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strongly associated to the persons on this list. These are tthefligeople with a count of six

who are friends in both Twitter and Facebook. This means thet thends are connected to

searched for person in both domains and they are in very strong association \aitiothiee.

5.5.2 Search for Common Interest

After searching for friends, Social Bridge also enable®usearch for a person’s likes,

hashtags, Twub Clusters and further hashtag recommendations.

Table 14. Integrated Categories Search

Category

Likes and Hashtags

Facebook Likes

Website, University, TV show, TV channel, Travell/leisure,
Telecommunication, Sport, Song, Software, Society/culture, School| Reta
and consumer merchandise, Restaurant/cafe, Public figure, Procduc/ser
Personal blog, Organization, Non-profit organization, News/media,
Musician/band, Musical instrument, Music chart, Music, Movie general,
Movie, Local business, Government organization, Games/toys, Field of
study, Education, Consulting/business services, Computers/technology,
Company, Community, Comedian, Club, Clothing, City, Cause, Cars,
Camera/photo, Book, Baby goods/kids goods, Author, Athlete,
Arts/humanities, Artist, App, Album, Actor/director

Category

Likes and Hashtags

Twitter Hashtags

erlestanleygardener, erlestanleygardener, sydneysheldon, syddemshel
information, civilization, information, school, cars, cars, school, sshool
coding, microsoft, google, flute, guitar, athlete, sqgl2012, bingbar,
cryptography, energy, athelete, coding, football, cricket, sports, googl
bing, Microsoft

Hashtag
Recommendations

substance, subject matter, noesis, message, knowledge, information
measure, content, collection, cognition, assemblage, aggregation,
accusation, accusal, accumulation, entropy, selective informatioa, dat
info, society, social process, excellence, refinement, cultivgisation,
substance, subject matter, noesis, message, knowledge, information
measure, content, collection, cognition, assemblage, aggregation,
accusation, accusal, accumulation, entropy, selective informatioa, dat
info, time period, period of time, period, educational institution, edutati
edifice, building, body, animal group, shoal, school day, schooltime,
schooling, schoolhouse, wheeled vehicle, motor vehicle, compartment,
automotive vehicle, cable car, elevator car, gondola, railroad atlkvay

car, railcar, motorcar, machine, automobile, auto, wheeled vehicle, motor
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vehicle, compartment, automotive vehicle, cable car, elevatogaadola,
railroad car, railway car, railcar, motorcar, machine, autol@ofuto, time
period, period of time, period, educational institution, education, edific
building, body, animal group, shoal, school day, schooltime, schooling,
schoolhouse, time period, period of time, period, educational institution,
education, edifice, building, body, animal group, shoal, school day,
schooltime, schooling, schoolhouse, writing, committal to writing,
steganography, secret writing, cryptography, search engine, woodwind
instrument, woodwind, wood, wineglass, groove, channel, fluting,
champagne flute, flute glass, transverse flute, stringed insbtim
contestant, jock, writing, scientific discipline, science, conahitto
writing, steganography, secret writing, coding, cryptology, enyalytics,
cryptanalysis, strength, sprightliness, spirit, physical phenomeno
liveliness, life, healthiness, good health, forcefulness, force,uéxec
department, drive, doe, energy department, department of energyy,vitalit
vim, muscularity, get-up-and-go, push, zip, vigour, vigor, writing,
committal to writing, steganography, secret writing, cryppdy, field
game

Twub Cluster

author, author, author, author, education, education, education, Other,
Other, Other, Other, Other, computers/technology, internet/software,
internet/software, movies/music, movies/music, Other, internet/acdtw
internet/software, computers/technology, transportation, Other,
computers/technology, sports, sports, Other, internet/software,
internet/software, internet/software, Other

The diagram above depicts all the likes of the person in Facebookemategory of

names to which the ‘like’ belongs. This tells us the areatefest this person is interested in. It

also shows the list of hash tags this person has tweeted. Alagtetags within the tweets in

Twitter pertaining to this person are enlisted above. These agslate further classified within

different categories. A library named ‘Twub Cluster’ has baeated to classify the myriad set

of hash tags into a defined set of categories.

The table below determines a person’s Term Frequencies of aoroaiegories of

Twitter and Facebook. This shows how interested and how strongiyettsisn is towards these

set of categories.
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Figure 18. Term Frequencies of Integrated Categories

Figure 18 depicts the Term Frequency of person ‘Peter’ imimgrated network that
shows the strength of a person towards a particular categdryghAvalue in Term Frequency
(TF) implies that the person is interested more in a particakegory when compared to all the
other categories. A low TF value implies that the person’s @stetowards the particular

category is very low.

5.5.3 Search for People by Activities

Social Bridge enables us to search for the level of interadieiween the person
searched for and with all his/her friends enlisted in Facebook andeil It displays the
intensity and the level of interaction between friends withirsgrggem. This enables us to know

the friend’s interactions to help us determine the stronger friends amonghadivof t

5.5.3.1. Facebook Interaction

Table 15 shows the interaction of a person with a set of frieitign the domain. This

search enables us to determine the common categories (bkésken friends, the number of
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times a friend has liked a status, commented on a status, oethwn a photo, liked a photo,
tagged in a video, and tagged in a photo. This search helps usaattlaé level of interaction
between friends and determines their mutual strengths. Thishseaupled with the search of
friends, will help us determine the strength of the friendshiyvdxst the person searched for and

all the friends associated with him/her.

Table 15. Facebook Common Interests

Person | Common Status Status | Photo Photo | Photo
Name Categories Comment| Liked | comment| Liked | Tagged
Community Movie
Musician/band TV show 12 6 4 3 2
Athlete Author Community
Computers/technology
Nori Musician/band 6 3 1 4 1
Professional sports team
TV show University
App Athlete Author
Community
Computers/technology
Racham Educ_:e}tion Interest Movie 4 2 5 0 1
Musician/band
Product/service
Professional sports team
Sport TV show University
Athlete Community
Computers/technology
Education Movie
Product/service
Professional sports team
University
App Author
Computers/technology
Pochanap Education 2 5 0 4 7
Health/medical/pharmaceut
icals Movie Musician/bang
App Athlete Author Book
Club Community
Computers/technology
Education Field of study

Rupan

Krshn 16 2 3 1 3

Arch 14 6 4 1 8
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Movie Musician/banc
Product/service
Society/culture T show
University

App Community Educatio
Movie Product/servic
Author Book Communit
Geeta_ | Movie Musician/banc

ch Society/culture T show
University

Satty

10 2 0 2 0

5.5.3.2 Twitter Interaction

Figure 19shows the interaction of a person with a set @nfils within Twitter. Thit
search enables us to determa count o the favorites with a person andedweets count with
person. This search helps us in the actual levaitefactiols as favorites ahretweets betwee
friends determine their mutual strength. This se, coupled with the search of friends in f
friends searchwill help us determine the strengththefriendship between the person searc

and all the friends associated with /her.

Twitter Users' Interactions

5 —
45 -+
4 -
3.5 A
€ 31
3 25 4
S 2
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0 W Retweets Count
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Twitter Users
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Figure 19. Twitter User’s Interactions

These are arranged in descending order and display the stoérigtBraction between
the people searched for and their friends or followers. It can benrdeés that the person
topping the chart is the person who has the maximum number of idesacthe person

standing in last place is the person with whom the interaction is the lowest.

5.5.4 Search by Integrated Categories

A search for a person from an integrated data is also enabl8dcial Bridge. This
search, when given a category, will result in people who sleanenon interests in Facebook as
well as in Twitter. It also determines people who feel strohglyards a particular category in
their own domain. For example, Table 16 shows the search resul{gedple towards the

category ‘Author.’

Table 16. Integrated Strength for Category

Person name Strength
Pochanap 7.29
Ranj 5.55
Arch 4.12
Moi 2.11
Thantar 1.01

The above table shows the results of people who share commontinfeses both the
social networking sites and their respective strengths towaemlsdtegory. People ranking

highly are strongly associated towards that category and tloptepgith lower strengths follow.
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This helps us in determining the set of people who have strong tsténeboth the social

networking sites.

5.5.5 Search by Common Interests

The Social Bridge semantically searches for people witiiagi interests in an integrated
cross-networked domain and suggests friends who share common infidrsstearch is made
exclusively for people who are not in the friends list of the pessamched. This enables this
social network search to reach out to different people and find nemd$&iwho are not already
known. In this way, new people with similar interests are diseavand connected. The figure

below shows a sample list of people who share common interests towards the/CAtbtgie’.

Social Strength of Social Bridge Users

Social Strength

SocialBridge Users

Figure 20. Social Bridge Users’ Social Strengths

The social strength data are sorted and the people who hagatergnterest towards a
particular category are given a higher strength and placede ahevothers. An evaluation is

done by listing out all the persons who have ‘Athlete’ as tii@rested category. Next, using
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Term Frequency, the ratio of the count of the category ‘Athtetehe total count of all the

interested categories of the particular user is evaluated.isThager evaluated on a percentage
basis. People having a high ratio are given the first priority theeother. This sorting enables
the person searching to quickly connect to the highest person on #eeHistshe is the strongest

in the particular category.

Facebook does not determine the individual strength of the persons whotiaety
participating in the social networking sites. It only determimesftiendship activity, but does
not explain an individual’'s active participation on the social netingr site. It does not

determine any specific strength or association of an individual towards others.

In Social Bridge, we determine the individual strength of thesqrerand determine
his/her strength of association with another person. The streng#termined applying Fuzzy
Logic. A set of ranges is determined for people participaimdtheir individual bridge strength
is displayed. The figure below shows an example of individual stretigahgre calculated on a

percentage basis.

Individual Bridge Strength

90
80 -
70 -

60 -
50 -
40 -
30 -
20 -
10 +
0 -

Arch Pochanap Moi Ranj Geet Tej Thantar

Ind. Brdiget Strength

Socia IBridge Users
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Figure 21. Social Bridge Users’ Individual Bridge Strengths

The figure above displays the individual bridge strengths of peoptestréngths aligned
in descending order. The person with the highest strength is\sidptan top, which makes
him/her the strongest among all. Strongest is defined here am#tactive participation among
all the others. The corresponding person with the highest strertgthrisost active person in the

integrated social network and can be further considered to get connected.

Search is enabled with respect to hashtag or with respecthta@pastegory from the
Twub Cluster. This search is one of the most efficient seainhedrieving a person from the
huge database without knowing his/her name. This will enableseatah with either a hashtag
or with the category of hashtags.

Consider an instance when a user wants to search for a person, bubtl&eew the
exact hashtag but knows the similar category into which the lgastight be categorized. So, in
order to facilitate such a search, we have introduced anothsshsthat enables the user to
search for a person with respect to categories from our Twugte€ From our 175 categories,
the user is free to choose his own set of categories and seaechdrson who falls under those

categories or for the person who tweeted with a hashtag.

For example, searching for people under the category ‘Interneuseft will enlist
people who tweeted with the hashtag that falls into the categaryheir Twub Cluster strength

towards it.

Table 17. Twub Cluster Category Search

Twub Cluster Category 4nternet/Software’

68



Person’'s Name Hashtag Tweeted

Arch Google, Microsoft, Bing, Bing Bar, sql2012
Hagup Cyber, Cyber world

Pendra Microsoft, Sql2012

Khendel Bing

Jith Microsoft

Greig Web

If the same search carried out in Social Bridgto search for a person who has tweeted witt

hashtag#Cricket’, Social Bridge brings out the resultswhan the following figur.

Cluster Twub Strength
#Cricket Tag

100% -

80% -

60% -

40% -

Twub Strength

20% -

O% 1 1 1 1 1 1 1
Thantar Greig Hagupt Siram Khandel Ranj Arch

Twitter Users

Figure 22. Twub Cluster Strength

The abovesearch looks for people, who have tweeted witthtshtag ‘Cricket’ and the
Twub strength is calculated as we discussed eaflies search is more efficierhan the search

in Twitter as itdecides a determined approach in the form of -Frequencyhat establishes
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the number of times the hashtag has been tweeted by the pamietdan and estimates the

person’s strength towards the particular hashtag. This is absolutelyffimeatthan Twitter.
5.6 Social Bridge Advanced Search

A Social bridge advanced search enables a person to searomémre with the choices
and options per the user’s choice. The choice completely belongs usah@ determining the
person’s individual bridge strength. For a search where thecheeses the factors below, the

results obtained are shown in the corresponding graph.

Choose your weights:

Twitter: Facebook:
Hashtags: 20% |E| Likes: 60% |E|
Friends and followerss: 40% |E| Friends: 20% |E|

Retweets and favoritess: | 40% |E| Comments and tags: | 20% |E|

[ Advance Search ]

Figure 23. Advanced Search User Interface

Bridge Strength
9
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Pochanap  Moi Arch Geeta Ranj Teja Thantar
Social Bridge Users
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Figure 24. Advanced Search Bridge Strength

The figure below shows the way a person is condetiteanother in Social Bridg
Levels indicate th@eople placement in existing social networks amddbnnecting lines sho

how those levels can be bypassed and connecteadlylie the person in Social Bridy
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Figure 25. Social Bridge New Connection

5.7 Comparison with Other Social Network Sear
5.7.1 Facebook Search

Search by NameFacebook enables us to search for a person wistmee mn its own domain.

has certain restrictions and constraints pertaitorFriend of a FriendFOAF), e.g., search on
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by name, etc. It searches for a person within its own netwoskanches for a person who is a

Friend of a Friend. It can search up to two levels and retrieves the persoe’s na

The below diagram shows a sample of a ‘friend search’ inbeake This sample is

scaled down to five friends for a person and their friends.

Ti@je
Rapert
Mighael Tipa

Sugan Rager

Viny Nayp
Gui@see

Péter
J@hn

Figure 26. Facebook Search Graph

In this case, a person called ‘Michael’ is searching for @&gpercalled ‘Peter’ in
Facebook. The above diagram shows the person search in Facebook. dt ‘Shavael’'s’
friends connected to his direct friends at level 1 (‘Rogdmilpa’, ‘Guinasee’, ‘Thaje’, and
‘Navp’). He is indirectly connected to ‘Susan’, ‘John’ and ‘Robertesel 2. Then the person is
again indirectly connected at level 3 to ‘Viny’ and once agadgirectly connected to ‘Peter’ at

level 4.

Table 18. Facebook Friends Connection Levels

Person’s | Level of| Friends’ Name
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Name Friendship

Michael 1 Roger’, ‘Thilpa’, ‘Guinasee’, ‘Thaje’, and ‘Navp’
2 ‘Susan’, ‘John’ and ‘Robert’
3 Viny’
4 ‘Peter’

Facebook retrieves the information of a person when the exaciafuké of the person is typed.

Figure below shows the outputs of the search.

dinten bill Q
Pages

. President Bill Clinton
% Public Figure
Peo

‘ 763,698 like this + 7,111 talking about this

ple
Clinton Bill

"

m Clinton Bill

. Clinton Bill
=
' Clinton Bill

ma i

@ Clinton Bill

See more results for clinton bill »
Displaying top 8 results

Figure 27. Facebook Name Search

If only a person’s user name is known and the person is not in the $rikstdof the
searched for person, then Facebook returns 0 results and shows théehageSince the user
name search is not enabled in Facebook, it is really difficuleanch for a person if the full

name of the person is unknown.
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PlotsGraphs|

See results for PlotsGraphs »
Displaying top O results

Figure 28. Facebook Username Search

In Social Bridge, a person is found even though he/she is nbeifriend’s list of the
person searched. A search is enabled with a username or with sbae’pdull name from the
entire list of integrated social networking sites. The acquoéinding a person is extended to a
level of four (as of now), where people are searched and arveetifor efficient connections.

The level can be further extended if we so choose.

Search by Common Interest: There is absolutely no scope in searching for a person on
Facebook to find a person with similar interests or similar likésnsidering the case of
searching for a person who has a deep interest towards ‘Atlietsearch result in Facebook is

as follows:
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Athlete

Apps

Y g
RedBu

Pages

Red Bull Athletes
App

Know Your Athlete
App

The Athletes

Athletepath
App

900 monthhy users

Everyday Athlete
App

Geico Athletes
App

Athlete
Athlete

See more results for Athlete »
Displaying top 7 results

Figure 29. Facebook Category Search

The above diagram s

a Page or as various applications. However, we do not get acaudhtefficient information

about people liking ‘Athlete’

of their locations who have similar interests and common topics athengthat they can share

hows different pages and links to pages Witigiete’ is created as

. There is an absolute need to connectetiffpeople irrespective

with each other through social networking sites.
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5.7.2 Twitter Search

Search by Name Twitter also enables us to search for a person with a naitseown
domain. It helps us to search for a person via the person’s user lhaxtends the concept of
Friend of a Friend and but searches for a person within its own doBigsn a user name, a
person can be searched for on Twitter and one can directly connbet person searched for.
Figure 30 shows a search result for ‘search by name’ vitefwA user name is given and the
search is carried out to retrieve the person’s details intdwithe diagram below shows a

person’s friends and followers (up to three).

m allyra Enlaka

N/

!Ragun‘—- John —’ Lurez:!

/N

:__ greig ._: :_'_rerﬂgﬂ__n

Figure 30. Twitter Search Graph

Search by HashtagsWhen we search for a person based on Hashtags, the results is Tweet
containing the particular hashtag. It just displays all thestidteeets that are tweeted with the

particular hashtag that are active. This does not help us finongando are relatively active in
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the particular hashtag. It does not differentiate people who haye aotively tweeted the
particular hashtag and are more strongly associated towartissh&ag. It also does not enlist
the set of persons who have actively tweeted with the particular hashtagafgle if we want

to search for people who have actively tweeted with the hashtag ‘#Cribketer’s results are

CEED @

Results for Cricket L~

Tweets Top/ il

Dell PartnerDirect
Dell Partners: Build trust with your customers with Dell Support

WEEEEW Services. bit ly/loLPNk

F Lord Sugar
i Transcript what Fergie said to Mancini on touch line bust up. "l say
»

old chap that fellow of yours fouled my boy it's simply not cricket”

Tom Moody

Buchanan & Wright's differences end Wright's tenure with NZ
cricket. shame they both have great minds BUT with very different
approaches!

Mickey Arthur backs Ricky Ponting for another Ashes ndiv.in/r7deH
Mews #ericket

] CricketNDTV
FEET

Figure 31. Twitter Hashtag Search

Search by Hashtag ClassificationThere is no scope for absolute classification of hashtags in
Twitter. All the hashtags created by various users are noteaddsand are stored in the
repository without categorization in Twitter. Searching for a hadbiiggd on its category is not

enabled. A random search with a particular category resulte/gets containing the word
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searched. For example, searching for hashtags or people wigectreso hashtag

‘#Internet/Software’ results in tweets containing hashtag ‘#heté8oftware’ in Twitter.

Internet/Software Q =

Results for Internet/Software L~

Tweets Top/ 2l

) VerizonWirelessDeals = /Z\/Deals 29 Ap
‘*.;;;;,, Double the data! For limited time, 4GB is only 330 mo. access w/
voice plan when you buy a 4G LTE Smartphone.
pub.vitrue.com/sAdD

bestclearmax  bestClearlla 2h
Research on VirnetX Holding Corporation and Netease.com Inc. -
Optimism for ... - MarketWatch (press release) on.mktw.net/ImNusSh

t 4) Employment Weekly  Employmentlls
Internet Software Engineer: Phoenix, ,az The Internet Software

Engineer position is responsible for developing... bit ly/Jz8YuWw
Nia @NeeNee_xc

| am s0 over TCS & their dumb internet software that complicates my
whole life

Figure 32. Twitter Category Search

This result just gives you a lot of unnecessary data thatlisydant and s hardly of any
benefit to the user. We cannot identify people who are interestde iparticular hashtag or
category. There is a need of hashtags classificatibmesets classified by these hashtags are not

categorized.
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5.7.3 Comparison between Social Bridge Searches

Table 19. Summary of the Search Comparison among Social Bridge, Facebook, téed Twi

Social Bridge

Facebook

Twitter

Search by Name

Search by Common Interest
Search by Bridge Strength

Search by User Selected
Features

Search by hashtag or Twub

Cluster

Search by Name

Search by Name
Search by Hashtags

Cannot search for a
person with similar
interests.

Cannot discover a perso
if the name is unknown.
Does not determine the
strength of connectivity
between persons
Cannot find a person in &
cross domain network
like Twitter or LinkedIn.
Has no scope for
advanced search.

Cannot search for a
person with similar
interests.

. No proper
classification of
hashtags.

Does not give

information of the

person’s activity and
association with the
person searched.

It does not

semantically suggest
more hash tags when
we search for a hash

tag.

Search for hashtags
results in  tweets
containing hashtags;
do not determine
people  who are

interested in  the
particular hashtag.

No proper search of a
person with respect to
friends and followers
of a person

Cannot find a person
in a cross domain
network like Twitter

or LinkedIn.
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5.8 Social Bridge Survey
We have conducted an anonymous survey with a total of 15 social netvevsk (L8
male and 5 female). All of them have at least one social nesueriaccount. Five questions
were asked about their social network behaviors and six questionsalb@ue the Social

Bridge Framework.

5.8.1 User Profile

What are your social networks?

16
14 -
12 -

10 A
: I I I

Facebook Twitter Linked Google+ Orkut MySpace Other

#Person

oN PO

Social Network Sites

Figure 33. Survey Networks

The result shows that the majority of people have Facebook, Twitter, and Qréuntsc

These are followed by LinkedIn and Google Plus.
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How many hours on social network?

.l

#Person

O B N W b~ U

6-10 hours 11-15 hours16-20 hours21-25 hours| am always
online

Hours per Week

Figure 34. Survey Social Network Hours

The results show that the maximum number of people are either always ordpendr

at least 16-20 hours online per week.

How to connect to a person?

10
8
c
g 6
& 4
=
2
0
Through a friend To person who To persons whom Other
of a friend matches your you meet in
interests and person
preferences

Figure 35. Survey Social Network Connection
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The following options are given for the question: i) to keep in touch fkiénds and
family, ii) to meet new people, iii) to make professional and busigestacts, iv) to share
photos, videos, and music, v) to play games, vi) to discover new music, bboksahd other
entertainment, vii) to find information and share feedback about brands @hatcis; viii) To
promote a business or cause. The survey result shows that majgrégple use social network

to keep in touch with friends and to meet and discover new people.

5.8.2 Social Relations and Strength

Social Relations and Strength

14
12
10
g 8
é 6 - HYes
4 1 E No
2 -
O _
KQ1 KQ2 KQ3 KQ4
Questions

Figure 36. Survey Social Network Relations and Strengths

We asked the users the following four questions on their awarene®iofsocial

relationships and their interest in social strength with friends.

KQ1: Do you know how strongly you are connected on your existing sodiabrkng sites

(like Facebook or Twitter)?
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KQ2: Do you know how strongly you are connected to all your friends?

KQ3: Do you know how to integrate friends from all other networlditgs into one and make

new friends?

KQ4: Are you interested in knowing your existing networking stiteagtd connecting with new

people with whom you share similar interests?

The results show that 64.3% of people do not know how strongly they are connected on
the social network sites they utilize. The same number of people also does not know how they
are connected to their friends. 71.4% do not know how to integrate people from differdnt socia
networking sites. The survey result shows that 78.6% are interested in knowing lommeotc

to new persons and know their strength.

5.8.3 Social Bridge Evaluation

Social Bridge: User Friendness & Security
14
12
10 -
B o
é 6 1 M Yes
4 E No
)
0 -
sal sQ2
Questions

Figure 37. Survey Social Network User Friendliness
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78.6% did not face difficulty in understanding the flow of the system. The rest had
difficulty in choosing hashtag categories from Twub Cluster as therengesptions. 85.7% felt
that the application was secure as it had ‘https’ as the protocol. The rest hashguesthey

reported that they did not know how to evaluate security in web browsing.

Social Bridge: Usefulness

12

#Person

Very useful Useful Not so useful

Evaluation

Figure 38. Survey Social Network Usefulness

71.4% felt Social Bridge was very useful and 28.6% felt it was useful as iedrthbim
to know about a person. Completely from different sites and discover new people. Mamy of the

found Advanced Search very useful as it had the choice left to user.
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#Person

16
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10 -

Social Bridge: Find a New Friend?

o N b OO
[ R T SR |

Yes No

Evaluation

Figure 39.Survey Social Network New Friend

#Person

16

14 -
12
10 A

Social Bridge: Better than Others?

(in terms of finding people)

ON DB O
_

Yes No

Evaluation

Figure 40. Survey Social Bridge Comparison
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100% answered yes as they were able to discover new people outside their own friends’
network. 100% felt our system was useful and better than the other social networks as it searches
for people from both of them. Some people also felt that the user interface of the system could be

better.
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CHAPTER 6

CASE STUDY: SOCIAL NETWORKS FOR CLINICAL TRIALS

6.1 Introduction
There is a need for human subjects for clinical trials andiitegy them is one of the
most important parts in the discovery of new diseases. Theagprof going through an
elaborate questionnaire process in clinical trial recruitmenbisefficient due to the lack of a
systematic approach. MindTrial [23] (an intelligent online syster clinical trials), is an effort
to move a part of the recruitment flow to an online intelligeatleh, primarily for clinical trials

with an emphasis on mental health disorders.

Recruiting different human subjects in the MindTrial system is dateligently by
asking interactive questions in the form of Quiz, Wizard, or Educatomponents. Various
interactive questions are asked that help the recruiter ilyzamga the mental and physical

stability of the person.

Although much health related websites are available on the intdrast, is no such
website that flows through a procedure of scheduling a patiemigh various focus groups and
connects them all together through an integrated socialonietwy site. A component called
MindFlow [24] is introduced in this online intelligent system fecruiting human subjects and
making them undergo a vigorous procedure of workflow that determinagehgfication of

suitable subjects for clinical trials.
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MindFlow acts as a bridge to connect people who are interastgdriicular topics of
interest. Social Bridge acts as an efficient mechanismliscover and identify people before

giving their details and scheduling an appointment using the scheduler of MindFlow.

Social Bridge is initially used to discover people who mightriierésted in particular
topics related to clinical trials. We therefore use Socradg®, which is an integrated search
engine, to discover people who show active interest towards clinalaland may participate in
focus meetings. People are thus discovered and are invited intldiv from where they can

schedule an appointment.

6.2 Communicator for MindFlow

A ‘communicator’ has been developed that lets the administratamighafal trials set up
a definite schedule for various focus group meetings. A TeleBk RadScheduler has been
specifically designed for this purpose. The steps involve admioistraintaining the system
by creating different sorts of events and announcing them fopdhients. Events include
different sessions like screening, focus group system evaluati@asment events, lab test

events, study announcements, etc.
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Figure 41. MindFlow Architecture Diagram

The Communicator contains three main componentsdbas its functionalities. The:

are: Schedule Manager, Collector, and Social Br

Schedule Manager: Schedule manager is one of tls im@ortant components of t
Communicator. Initially, it takes the user input the schedule of some future phases (dat:
all events and the participants for those everitsase if some event (s cancelled or nc
completed, the user has to just mention that antavas incomplete and the schedule man
will automatically modify the schedule accordingtlyat it will take more time for completion
that phase and the necessary timeline) aiesent the modified schedule instantly. The |
though has the flexibility to make further changeghe schedule which eventually gets store
the database and email notification and text message sent to the corresponding recei

mentioning thechanges in the schedule. Another important featfithe schedule manager
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scheduling of meetings and other events. A researcher or anybodthomanagement, having
access to create an event, may do so using the schedule mamnaggné particular group of

participants and can notify them through the Communicator.

Collector: The collector gathers all relevant information ftbm participant’s data stored
in the system database based on the intended activity of the igrdata may include
participant’s name, address, phone number, gender, age, occupation,yetbimait ID, social
network ID, service currently availing or willing to avail efthe collector collects such
information and presents them to the user through a graphical uséceielrhe user may go
through each participant’s data and enter his current health informas per the medical
reports, prescribed medication (as suggested by the researchsigigis). He may also update
a patient’s current trial status and put any restriction tpeaiic activity. This will activate a
pop-up to warn that user in case he tried to attempt thdisptivity. The user has his choice
of preference for selecting participants from the existing,dreeshe collector provides the user
a better query management. For example, the user can choospa@gi@according to the
gender, ethnicity, location, age group, occupation and/or service consunepticior the

convenience of the management to schedule for some activity.

Social Bridge: With the increased popularity of today’s saugvorking websites, it has
become important to reach the participants through the social netw&ging a trial process
overview in the documented form in these networks will not only helpdhéipants to have a
good understanding of the whole process, but will also help to get invetteof new
participants. The management, through the Communicator, may publish ppattspecific
information or some schedule on his home page of the social netwitlikh{g/consent) or send

it as a private message through the social network itself midreagement can also post some
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useful statistics and success stories of clinical trialdiem website which will further motivate
the participants. Video representation of all such informatiorbeamade available through the
Communicator. It is often seen that encouraging feedback from teeé aond previous satisfied
participants, helps to keep the moral of current participants.ifitae Communicator allows the
management to gather information from all the participants who $iavar interests and can

suggest friendships accordingly

Another advantage of associating social networks with the dlitriehis that when a
participant likes some fact about the trial, he can expredgimg in the social network. This
will definitely grab attention of other users of the network and gay popularity if others also
‘like’ the occurrence of such an event or fact. With this, the gpaint will feel good about his

involvement in the clinical trial and may encourage others to take part in it too.

The social informer component of the Communicator will play a fsogimt role in user
profiling while having access to the participant’s social netwwddile. The job of the social
informer will not be limited to informing the participants about teevs and events of a clinical
trial, but it will also be able to help the management to takenuomtation decisions by
extracting information from the participant’s profile. It candiserved from the social networks
how the participants communicate with their friends (chat, messesg of cell phones etc) and
how their social behavior like the number of friends over time, frequehppsts and updates
etc is. Also analysis of several attributes like age, getatgation and ethnicity are helpful. The
following are examples of the effect of user profiling. He tcollected data shows that people
between age group 16 - 35 prefer to text their friend more thamdatkier phone, then the
management may also contact them through text messages rere Again, based on the

geographical location of the participants, the management can thesssocial behaviors,
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cultural habits, technological advancements leading to their commga @f communication
etc. Also different studies reveal distinct characterisggmamding communication among men
and women. In such regards interpretation of social network datammpagvie communication

strategy for the management.

This Communicator acts as a base for the entire system ablésttze administrator to
keep a check on the progress of the proceedings. The adminisraeld iresponsible for the
maintenance of the scheduler as he/she sets up the event at kfivenience. An
announcement is made in regard to the event generated. This announadimieatbroad-

casted to all the patients who are related to this study.

[ AIMA-UGAT 2011 B8AB... ' (O] Mylavarapy, Teja Swaroo.. %) [ Mindirial: An nteligent... ~ | ) Mindtrial: Anlnteligent .. = | () Information ¥ [ Mindirial: An Intelligent ..

€ C' | @ localhost58419/mt/Details.aspx?contact1=223

Mindtrial

Welcome, TejaSwaroop-PC\Teja Swaroop!

Details of Announcement:

Title : GAD study

Study ID: 223
Purpose: Recruiting different people.
Eligibility:
Age group: 22-34
Gender: Female
Inclusion criteria: Brain disease
Exclusion criteria: GAD
Study period:
Timeline: éweeks
Start date: 4/24/2011

12:30 AM
5/11/2011

- BT A (]

Figure 42. Study Announcement
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Based on the announcement, different sessions are created and niandgedetup of
different schedules. Various parameters, like name of the sesgidaoctor, event id, event type,
location, and room number are considered during the setup of a sisgiersin a schedule.

Figure 43 displays management for the scheduler that is setupsmmmding to an

723 oneru lakshmaiah college (&) Courses Offered - KL Unive Y 0] Mylavarapu, Teja Swaraop » | () Information Y@ Vindinal AR TREIGEnt 01 1) © Mindtril: An nteligent O NG e |
< €' | ® localhost50657/mt/adminSelectl.aspx S

Welcome, TejaSwaroop-PC\Teja Swaroop!

Session Management:

Session Conductor: Dr-Yugyung Lee E
Eventid: 45

Event Type: Screening for Focus Group [ =
Location: Flarsheim hall

Room Number: 765

Event Mode: Individual =]

Go to Scheduler

1243PM |
6/19/2011

il [ W [me

Figure 43. Scheduler Session Management

6.3 Scheduler for Patients

After logging into the system, patients may want to setup an appointment forcalparti
event. A list of available appointments pops up for the patients so that they can choose one
These appointments are those that have been previously created by the admilsiataiing

upon the patient’s availability and convenience, only one appointment can be chosen.
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Figure 44. Scheduler for Patients

The patient may later revisit the scheduler and re-schedul@ploegement if the former
appointment does not suit his calendar. After selecting a convententitascheduler tool will
pop up for the patient to select a time on the chosen date. Whiebe many different slots, of
which some are filled while some are free. The patienteis fo setup an appointment on any
available free date and may even modify it later. It is Hlotvad to modify other patient’s
appointment and the scheduler is designed in such a way thgtof ¢he patients try to modify

another person’s appointment, an error message will pop up.
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Mindtrial

Welcome, TejaSwaroop-PC\Teja Swaroop!

Mindtrial Scheduler

Sereening at Mountain hall #490
Appointment saved successfully

today

all day,

9:00=m

9:30°™ | Appointment 3456 scheduled with Rajax at Mountain hall 490

10:00%™

10:30°™ | Appointment 3456 scheduled with John at Mountain hall #1490

n  119PM |
6/19/2011

Figure 45. Appointment Setup

The above screenshot confirms the appointment of the patient witbhitb@user system.
A confirmation email will be sent to the patient about the app@ntmvith the system. A
reminder email is also sent to the patient one day before the appointment and tioeriinging
his/her participation. In this way, a patient schedules an appointnignthe system and the
corresponding even coordinator is immediately notified. The patiepinmeat the coordinator as
per the appointment date and time and further discuss health isstléagsr of appropriate

concern.

6.4 Social Bridge in MindFlow

As humans today interact with computers, social computing has &rdrag base in its
development and completely justifies its existence. Social congpigi mainly explained as a

graph theory as actors (or individuals) as nodes and their relatioreshipslges. A Social
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network is defined as a structure whereby the strength of tgoredhip between individuals is

explained based on the bonding between them.

Social computing has become more widely known because of it®nslaif to a number
of recent trends like the popularity of social software and Web®@eloping a system based
on the mashup of different social networking sites and retrienifiognation based on the trend

and popularity of the subjects, demands the tracking of recurring changesupa gr

A Web mashup is a web application that gathers content from etiffesources and
presents it in a different way or with a unique outline. The Weidniginually growing more
open and more social. Because of this, many websites have openexjtgmpning interfaces
(APIs) that allow developers to get at their core informatiimée main characteristics of a
mashup are combination, visualization, and aggregation. This has pavedayh&ornwnew
concepts to emerge and new challenges to be solved. These coregpisliad in MindFlow to

determine the strength of the association of one patient with another.

Authentication of patients is done through OAuth 2.0 protocol that letastrs share
their personal public data without disclosing their passwords. Aftgreprauthentication of the
patient, an access token is generated and stored in a file ona@oABlastic Compute Cloud.
This cloud has an IS 7 Web server installed on a 32 bit Windowse!S2008 R2 operating
system that runs on a machine with a processing speed of 2.75 GHz and 2.66 GHz an8 1.66 G

of RAM.

Depending on the access token, various friends’ lists are gendrateate made public

by the user. Social Bridge enables us to search for people vidribeds, likes, interests, hash
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tags, ways of interaction, strengths of association, etc. SBadde first generates a list of all
Facebook and Twitter friends and their common friends. Social Bridge, search engine,
enables us to search with respect to one person. A person’s nextedsin, and all the details

that have been personally made public by that person are displaysdrotecting the privacy

of the user.
Table 20. Social Bridge Friends Search in MindFlow
Person Name Friends Names
Facebook Friends Gudib, Arch, Thilpa, Moi, Kanch, Thanthar, Maity
Twitter Friends Pragya, Khandel, Varan, Allen, Tach, Moi, Thilpa
Twitter Followers Varan, Khandel, Moi
Twitter common following and followers Varan, Khandel, Moi
Facebook and Twitter combined friends Moi, Thilpa

Table 20 gives a list of all the friends who are connected viagbeial networking sites.
With this list, we can search for a person who has also schedulggdpaintment or who is at
least interested in clinical trials or may want to schedaol@@pointment later. We can access

these people basic details and contact them by tweeting or sending an e-mail to the

Next, we determine the person’s ‘likes’ and hash tags. Thisvilstactually judge a
person by his/her interests and the categories he/she isstateia knowing more about. A
person’s ‘likes’ and hashtags that determine the person’s persuaedsts are taken into

consideration.

Table 21. Social Bridge Categories Search in MindFlow

Category Likes and Hashtags

Hospital, Clinic, Health, Medical Pharmacy, Home Improvement,

Facebook Likes Website, Video, University, Sports venue, Public figure, Professional
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sports team, Product/service, Personal blog, Organization, Non-profit
organization, Movie, Local business, Games/toys, Education

Twitter Hashtags

Hospital, nurse, doctor, house surgeon, chetan, book, student, teacher,
teachers, coding, dell, Microsoft

Twub Cluster

Hospital, Hospital, Hospital, Medicine, author, Other, Other, education,
education, computers/technology, computers/technology,
internet/software, Other

In this way, patients who are identified in MindFlow and who aréngilto connect to

people by accessing their details can connect to various numbaespé by discovering new

people within their own field by using various searching technigfi€3ocial Bridge. It is an

endeavor to connect people interested in similar categories intogroug® and let them

communicate with each other.
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CHAPTER 7

CONCLUSION AND FUTURE WORK

7.1 Summary

In this thesis, the Social Bridge Framework is proposed thathdgaly generates an
integrated social network to portray a user’s profile of pref@e and interactions with others.
Social Bridge is a semantic framework which integrates data fwo social networking sites,
namely, Facebook and Twitter to discover and connect people. Thensxpt and evaluation
results prove that Social Bridge gathers and contains adequatsuéicient information to
develop an integrated social network that searches for a persed ba the choices of that
person. This search engine successfully extends the concept of Bfiendrriend (FOAF)
between people and eliminates the boundaries between different rsstevalrking sites. This
search engine also scrutinizes a person to the maximum wikiehghared data and has also
portrays the strengths and methods of association of this penwsards others. Moreover, the
comparison of searches in Facebook, Twitter, and Social Bridge Tedie 1 in Section 2.3
clearly depicts the efficiency of our system and the novel apprtsaconnect with a person.
However, there are certain issues like Person identificatiorhtétgs recommendations which

needs to be discussed to build Social Bridge.

7.2 Person |dentification

Identifying a person in a single domain or in a single sociaar&ing site is considered
an easy job. This identification requires a person name or the Eersague id in the network
or e-mail id or any factor which uniquely identifies the persomefson in a single domain is
unique and all his details are retrieved very easily.
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But, the scenario changes a bit during the integration of variois setworking sites
into one integrated site and develop the same into a search érfgsme because integration is
not very easy. We have to carefully consider the factorstaféethe change in search of a
person. Various factors like unique id in a network, e-mail id cannobihgidered to search a
person in an integrated network because these factors mightovargrious social networking

sites.

Search by first name and last name, search by hashtags) bgarwub Cluster, search
by Likes is considered unique for all the social networking sBeipporting this search, search
by gender, and search by location is also considered unique duriggattoh of a person in an

integrated social networking site.

7.3 Hashtags Recommendations

During the search of a person based on hashtags, the hashtagsssifeectland are
searched based on the tweets of person in the repository. Thib s¢socenables hashtag

recommendation which enlists a set of recommended hashtags for the hastrtdgsise

The hashtags recommendation is enabled using WordPress API whidts i@ the
synonyms of the hashtag searched. This search is highly recoeunasdhis lets the user to
search for more number of people based on more number of hashtagsth&hashtag has no
meaning, then there are no words returned only the direct names pérmdmns who have

tweeted with the hashtag are returned.
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7.4 Time Complexity and Efficiency

The search for a person in Facebook is confined to the concept of éfiartetiend and
it is not possible to search for a person who is four layers alay.search has been very

successfully implemented in Social Bridge in a time of 3 minutes 47 seconds.

This can be further enhanced by reducing the time complexity oheh&ork. The
efficiency remains the same but the complexity can be reducder using various time and
space efficient algorithms which utilize less memory sackiterate through all the names of

people in an efficient manner.

The algorithm implemented in Social Bridge is tested efficfer 12,747 members
iterating through the loop. This can be further increased and bet&eefficient algorithms may

be applied as the existing social networking sites do not provide such search.

7.5 Future Work

Social Bridge undoubtedly leaves a lot of scope for the future.eSuinthe features that

might be extended are as follows:

=

Extending the integration of social networking sites to LinkedIn and Google+.

2. Modeling an interactive visualization of Social Bridge to facilitatednethderstanding.
3. Enhancing the choice of preference during the search of a person by inclutbng like
search by connections, mentions, genders, groups, jobs, companies, etc.

4. Evaluating the performance of the developed tool for Social Bridge.
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