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Introduction




Questions

Why mining social and semantic network data?
How to collect these data?

What are the common obstacles and how to solve them?
How to analyze these data?
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Web 2.0, Semantic Web, Web 3.0




Why should one bother with these buzzwords?
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By analyzing the “trails” (the results of social systems structural
coupling) we can analyze the social system itself:
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Millions of people, on thousands of sites, across hundreds of
diverse cultures, leave “trails” about various aspects of their lives...

“Social systems are systems of communication”

(Niklas Luhman)

By analyzing the “trails” (the results of social systems structural
coupling) we can analyze the social system itself:politics, culture,
media, business, technology, science ...
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Network science




The “new” science of networks
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Political and financial networks
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Terrorist networks
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source: Bill Cheswick http://www.cheswick.com/ches/map/gallery/index.html
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Air traffic networks

ALGERIA
source: Northwest Airlines WorldTraveler Magazine
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Semantic networks

source: http://wordnet.princeton.edu/man/wnlicens.7WN
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Gene networks

Profein 3

Protein 2 e [RNA 2

source: http://www.zaik.uni-koeln.de/bioinformatik/regulatorynets.html.en
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http://marinebio.org/Oceans/Biotic-Structure.asp

On-line social and semantic networks

Where can we find networks?
® social networking sites
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Where can we find networks?

® social networking sites

forums, buletinboards, discussion groups, mailing lists
® blogs, microblogs, vlogs

= wikis, semantic wikis

m social tagging

m RSS feeds, RDF repositories, metadata collections...

A social network can be found on any application where users
communicate.

A semantic network can be found in any specification where
concepts are meaningfully connected.
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Semistructured data
XPath
Regular expressions
Ajax
APls
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Common obstacles in data collection

m Semi-structured data (HTML,
XHTML, XML, RDF, OWL ...)
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m Semi-structured data (HTML,
XHTML, XML, RDF, OWL ...)

m The need for pattern matching

TOP Administration (2009-11-26 13:02:10) - Markus Schatten
>mpare to previous (23339)

TOP Administration (2011-01-30 05:47:00) - Markus Schatten
>mpare to previous (25144)

TOP Administration (2011-01-30 05:48:26) - Markus Schatten
>mpare to previous (44477)
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Common obstacles in data collection

® Semi-structured data (HTML, = Client-side content generation
XHTML, XML, RDE OWL ) Aston V. - Stoke City

(archive pre-match odds)
B2 Saturday, 23 Apr 2011, 1600

@ Finalresult 111 (11,00)

FaiLost pussordie/a</ies -+ Show al “Premier League” matches

Hidden bookmakers (reciser of o n 1o add anv of them o Comoarison):

after a few
seconds
Aston V. - Stoke City

(archive pre-match odds)

B2 Saturday, 23 Apr 2011, 1600

= The need for pattern matching © roamaniaion

oc | cs | T O
TOP Administration (2009-11-26 13:02:10) - Markus Schatten
>mpare to previous (23339) Bookmakers v xv 2v  Payoutv
[ R + 20 & 319 4 37 1
TOP Administration (2011-01-30 05:47:00) - Markus Schatten obat [T N O e & I
>mpare to previous (25144) Mo 1ssoees S PETEIETS
SDimes & 221 323 392
TOP Administration (2011-01-30 05:48:26) - Markus Schatten & - * * e
. T Avouset + 20 & 319 4 37 1
>mpare to previous (44477)
[ Getathome LRI + 205 & 310 ¢ 37 ]
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Semistructured data and XPath

m query language for semistructured data

part of the W3C standard

® uses path expressions to navigate through documents
m has a standard library with over 100 useful functions

Example:

/html/body/div[@id='background’]/div/div[QRid="mainBar’]/div/p[last ()-11.
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XPather (Firefox add-on)

Pogosta vprasanja

Ali je FIS javna ali bna f:

FIS e jauna fakulteta. Ustang
informacijske Studije v Novem

Al je fakulteta samostojna ali

FIS je samostojni javni visokod

Copy
Select All gmostojneq
prejel Drza

Search Google for "Ali je FIS javn.."

Show in Xpather|

View Selection Source

Al je Studi] brezplaten?

Za redne Studertte Solnine ni, placajo samo vpisne stroske.

Kje potekajo predavanja?

Predavanja potekajo v Novem mestu (Kultumi center Janeza
(Gimnazija Nova Gorica, Delpinova 8 in Dijaski dom) v Ljubljay

Kje se nahaja fakulteta?
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- no | | full xPath
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1 =" mainBar')/d
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Regular expressions

m Useful for extracting various formatted data and searching for
keywords

Example (date matching)
27-9-2001  [0-91{1,2}10-91{1,2}[1-2][0-9]{3}

25 of 54



Client side generated content

® Some sites use Ajax to generate data on page load or user
interaction (e.g. mouse click, mouse over etc.)
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Open APIs

® Most popular social web sites have an open API that allow you
to connect your application to their site (Facebook, Twitter,
Wikipedia, ...)
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Open APIs

® Most popular social web sites have an open API that allow you
to connect your application to their site (Facebook, Twitter,

Wikipedia, ...)
= Still such APIs often have drawbacks for network data
collection:

O Limited access rights (e.g. Facebook)
O Limited queries per time interval (e.g. Twitter) etc.

27 of 54



Outline

Data analysis
Network matrices
Folksonomy model
Logic programming
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Networks are most often analyzed using graph theory:

Definition
A graph G is the pair (N, £) whereby N represents the set of verticles or
nodes, and £ C N x N the set of edges connecting pairs from N'.
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Networks are most often analyzed using graph theory:
Definition

A graph G is the pair (N, £) whereby N represents the set of verticles or
nodes, and £ C N x N the set of edges connecting pairs from N'.

Definition

A directed graph or digraph G is the pair (N, A), whereby N represents
the set of nodes, and A C N x N the set of ordered pairs of elements
from N that represent the set of graph arcs.

Definition

A valued or weighted graph G, is the triple (N, A, V) whereby N
represents the set of nodes or verticles, A C N x N the set of pairs of
elements from N that represent the set of graph arcs, andV : N — R a
function that attaches values or weights to nodes.

29 of 54



Definition
A bipartite graph G = (N, £) is a graph for which set of nodes there
exists an partition N = {X, Y}, such that every arc has one end in X, a

and the otherinY.



Definition

A bipartite graph G = (N, £) is a graph for which set of nodes there
exists an partition N = {X, Y}, such that every arc has one end in X, a
and the otherin'Y.

Definition
A multigraph G = (N, £) is a graph in which £ is a multiset, e.g. there
can exist multiple edges between two nodes.
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Matrix representation

Definition
Let G be a graph defined with the set of nodes {ns, ng, ..., n,m} and edges
{ei,e2,...,e/}. Foreveryi,j(1 <i<mandi1<j<m)we define

2 — 1, ifthere is an edge between nodes n; and n;
Y710, otherwise
Matrix A = |a;] is then the adjacency matrix of graph G. The matrix i

symmetric since if there is an edge between nodes n; and n; then clearly
there is also an edge between n; and n;. Thus A = [a;] = |a;].
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Simple graph

x B8
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Slike by sk
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Pied oyster
Seabirds eat (- cacd::;bea“
: fish . >
Fish eat crabs p
Crab eats

and marine
S o
litter

debris
‘%9
Leaf litter \ | .
turns into ”'W:ﬁ g
Mangrove drops its leaves

marine debris

;5

Sunlight to make mangrove grow
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1 2 3 4 5 &
Froses razvoja 10 (1} 1 0 0 1

nastawng plana 1
paese Ll i Pk 20 0 0 0 1 1
ﬂ‘ Poigs e ZF Egimmf’} 30 0 0 0 0 1
osoblja 4 1 1 1 0 0 0
50 0 0 0 0 1
6 0 0 0 1 0 0

= | Pioces mjerenja, analiza, poboliganja 6 L
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Weighted graph

'_'—-—?i___ g j. Varazdin Zagreb Rijeka  Split

Varazdin ‘ Varazdin 0 98 280 463
Zagreb

280 463 175 Zagreb 98 0 175 365
365

Rijeka 280 175 0 405

Split 463 365 405 0
——
Split
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Bipartite graph

Captain

\ Commander

Captain
Commander
Lt. Junior Grade

Lt. Junior Grade
/ Lieutenant

Lieutenant Lt. Commander

Lt. Commander
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Multigraph

Sleepers (1996) i
Oceans 11 (2001) Oceans 13 (2007)
Sleepers (1996)

Oceang 12 (2004)
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Matrix algebra and interpretation

Matrices can be transposed, multiplied ...
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ACI model (Mika 2007)

m A- actors
m C - concepts

| - instances

m T CAxC x I- folksonomy

A tripartite hypergraph which can be reduced into three bipartite
graphs:

m AC - network of actors and concepts
m A/ - network of actors and instances
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ACI model (Mika 2007)

m A- actors
m C - concepts

| - instances

m T CAxC x I- folksonomy

A tripartite hypergraph which can be reduced into three bipartite
graphs:

m AC - network of actors and concepts
m A/ - network of actors and instances
m C/ - network of concepts and instances
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Delicious - analysis
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Slike by k.
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Slike by k.

® Only the “17-s contain information
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Sparse matrix
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Problems with sparse matrix

m |f Ais connected to B, then B is connected to A (undirected
graphs)
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Logic programming as a solution

® Deductive languages like Prolog, FLORA-2
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Logic programming as a solution

® Deductive languages like Prolog, FLORA-2
= Advantages:

o Declarative problem solving (“on a higher level”)

0 Very appropriate for expressing mathematical structures
® Disadvantages:

0 Combinatoric explosion (use heuristics and predicate tabling)
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Examples

If Ais connected to B, then B is connected to A

link( A, B ) :— link( B, A ).
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Examples

Friend of a friend

ff( A, B) := link( A, C ), link( C, B ).
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Examples

Is there a path from node A to node B?

path( A, B ) :— link( A, B ).
path( A, B ) :—= link( A, C ), path( C, B ).
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Examples

Which path is that?

whichpath( X, Y, [
whichpath( X, Y, [
link( X, Z2 ),
whichpath( 2, Y, [ 2 | T 1 ).
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Case study - CROSBI
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Project outline
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Project outline

m Croatian Scientific Bibliography (http://bib.irb.hr)

® Scientists enter data about their research activities by them
selves which makes it a social application
® Research hypotheses:

1. analyze two social systems (the Croatian scientific community and
the Croatian public) and see how the most important research
concepts (as viewed by the scientific community) are interpreted
by the public (does the public understand most important concepts
from Croatian science in the last decade?).

2. analyze how various scientific fields are conceptually and socially
interrelated (do scientists do interdisciplinary research together if
they have conceptually connected fields?)
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http://bib.irb.hr

Methodology

m Social systems are represented by their “trails”: CROSBI as the
Croatian scientific community, Croatian Wikipedia as the
Croatian public

® One system can interpret concepts from another if the concept
exists within its conceptual network (e.g. keyword or wiki page)
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Data collection

= CROSBI data has been collected using Scrapy in November
2010 (a total of 285,234 entries has been collected)

= Wikipedia data has been collected using the Wikipedia API +
Scrapy for parsing
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