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Iran’s many foes and rivals are
watching the street protests in Tehran and other aties with beady-eyed anticipation.
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The Most Time Consuming Social Networks

Social networks with the most minutes spent on average per user per month in the U.S.”

1,040 | 899
Grindr n Facebook
242 233

4% Snapchat o Tumblr

@ @ @ * Q3 2017

@StatistaCharts Source: Verto Analytics
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B2B Marketers Choose LinkedIn Over Facebook

% of respondents naming platform the single most important for their business

@ B2B Marketers @ B2C Marketers

41% 30% 19% 4% wm
9% iy, 65% 10%“ 4% w
Linked [T facebook. ’ y You([TD

3% m 2%m 0%! 1%¢#®
4% m 4% m 3% m 2%m

Pinterest Instagnam Others
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@ @ @ Percentages may not add up to 100 due to rounding
@statista_com  Source: Social Media Examiner
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Why do people use social media?

The biggest motivations behind social media use in the UK in 2015

® 1624s @ 25-34s
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To find out To send To keep in touch To post my To see what my Q
what my friends messages directly with relatives photos/videos friends are watching o
are doing with my friends /listening to @)
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I ACTIVE USERS VS VISITORS

% who visited the site last month

_‘\’:"\

\
‘ 82% , | 73% ’ 36% }
; /

YouTube Facebook Twitter

% who used or contributed to the site in the last month

YouTube Facebook Twitter
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21%

Google+
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Social Network Activity: Mobile vs. Desktop

% of time spent on social networks in the United States, by platform* 8
&
149% 2% B Desktop =
\32% ~ 26°/r I Mobile :
68% 86% 74%
Facebook Twitter Instagram LinkedIn
1% 100%

-
1
D

=
Q
=

( )-
99%

Pinterest Tumblr Vine Snapchat

THE WALL STREET JOURNAL. * December 2013, Age 18+ Source: comScore ©@® @ statistaa
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Graph theory

SIS 659

www.bigdata-ir.com

Telegram: @BigData Channel
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Undirected vs. Directed Networks

Links: undirected Links: directed
(symmetrical) (arcs) Asymmetrical
. Lo
. 9w
e I
h D
l/ B lf : ‘w
& «
G
Examples: Examples:
Collaborations Phone calls
Friendship on Facebook Following on Twitter
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r-\l_h“ =
Afj= I ifthereis a link from node i to node j
Afj= () otherwise
‘0 1 0 1 ‘0 0 0 1)
) 1 O 0 1 1 O 0O 0O
“7lo 0o 0 1 0 0 0 0
o 1 1 DJ 0 1 1 O

Mote that for a directed graph (right) the matrix is not symmetric.
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SIGNED NETWORK GRAPH

o

A

Tom T 3

Jack ot
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@

Lucy 2

8

(a) An signed social network (b) A signed and directed graph g(;
D
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SOCIAL BALANCE THEORY

Balanced local patterns
(more preferred)

Unbalanced local patterns
(less preferred)
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LIKE & DISLIKE EDGE ATTRIBUTE
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DATE EDGE ATTRIBUTE
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Summary

é>n I . Ave T

e gndlrchteclll. c"\BJ Directed: B

\ ~ix Graph() \  G-uxDiGraph) | s l
S~ D g / 2]

. D)

é/\g f ) / xly \xn
C — ¥ = =
\&-—’_ Family & We|ghted \'

| j C 2
/_—, = - B Y. N F
3 -
+ G g o
- + y

7”‘\n — g"“;db:« . G.add edge('A',B', weight = 6
Signed: " Mu |t|graph. _
G.add edge('A',B', sign="+") \ G=nx.MultiGraph() .
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Node Degrees

5 OT—0—0 Node degree, k: the number

O D _ .
T of edges adjacent to node ; S
& 5
E A kJ :4 5
> 1 Avg. d o= L3y -2k .

vg. degree: k={k'\=—) k ==

ONETON

In directed networks we define

o an in-degree and out-degree. o
o The (total) degree of a node is the §
= sum of in- and out-degrees. X
n Lt 2
Source: node with £ = () — E . ;:3
Sink: node with ko« = () k = E k'™ = k™ =
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More Types of Graphs:

- & o
Unweighted Weighted 2
(undirected) (undirected) 5

3
‘o 1 1 0 "0 2 05 0) ot
1 0 1 1 2 0 1 4 5
__.—'I_: = _-‘_i-.: == 3
! 1 1 0 0 Y105 1 0 0 ¥
0 1 0 0 0 4 0 0, ©
A =0 A=A _ _ 5
H If & I _.-‘1{]. = D "4-,,! = ,,.{I_Ii;. g,.

ﬂ'l v 1 x o E.E
= ! l‘ 4 A_ZE.F, E=—anrzern[ﬂgj k=— %
i 2 lr & A 2 i j=i N g

i

Examples: Friendship, Sex Examples: Collaboration, Internet, Roads =
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More Types of Graphs:

2

D

. &=

Self-edges (self-loops) Multigraph =

(undirected) (undirected) =

@

(i | 1 0 ‘0 2 1 0 o

1 0 1 1 ‘ ‘ 2 0 1 3 )

_.-{!J.. = -"4," = 3
ij 1 1 0 0 | ¥ 1 1 0 (0] ‘

0 1 0 1) 0 3 0 0, o)

)

— — — D

A, =0 A, =4, :fIﬁ =0 A=A, =

] N N ] ! _ EE o

E = 5 _Z_ _*‘!;;.- — Z,&!ﬂ. ? E = EZ_ nonzero(A;) k= ~ =

i, j=la=j =l i, j=l g

Examples: Proteins Examples: Communication, Collaboration L
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Degree Distribution

Degree distribution P(k): Probability that
a randomly chosen node has degree &

N, =# nodes with degree £ .
Normalized histogram: o

P(k) =N,/N = plot & I

o
®
]
v
')
O
=

T

D

Q

Q

=

@

N, ! e
\ )

\ o

=

o —peo 3 z
== =

e 5

- e eems Q

- K
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K=n-1 13gs dod gl a0 %
oL

2

i

A 3

o

=

B
E

©

@D

(@]

)

3

D C

o5
)
jb)
—
D
@)
=
b
=
=
(0
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Complete Graph

The in
an undirected graph on N nodes is

P =[NJ= N(N —1)
max 2 2

o
®
]
v
')
O
=

welba|a)

A graph with the number of edges £ = E .
IS a .

and its average degree is N-/

[puueyD ereqpig
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Networks are Sparse Graphs

Most real-world networks are sparse

o

QD

E<< E_, (ork<<N-1)

@]

WWW (Stanford-Berkeley): N=319,717 (k)=9.65 =
Social networks (LinkedIn):  N=6,946,668 (k=8.87
Communication (MSN IM):  N=242,720,596 (ky=11.1
Coauthorships (DBLP): N=317.080 (k)=6.62

Internet (AS-Skitter): N=],719.,037 (k=14.91

Roads (California): N=1.957,027 (k=282 o

Protein (5. Cerevisiae): N=],870 (k)=2.39 <C9|:

[Sowrce: Leskove: ef al, internat Mothematics, 2009) %

Consequence: Adjacency matrix is filled with zeros!
(Density (E/N?): WWW=1.51x10-%, MSN IM = 2.27x10-)

W
O
Q
—
jeb)
o)
=
QD
=
>
D
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Paths in a Graph

A path is a sequence of nodes in which each
node is linked to the next one

P, = {ip:0505,.0, P, = {10y 0)L1,5)( 1555 ) A1, 150, ) §

o
®
]
v
')
O
=

Path can intersect itself
and pass through the
same edge multiple times

E.g.: ACBDCDEG

In a directed graph a path
can only follow the direction
of the “arrow”

welba|a)

[puueyD ereqpig
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Distance in a Graph

oo (99 30U eSS alold
Distance (shortest path, geodesic)

o
®
]
v
')
O
=

between a pair of nodes is defined
as the number of edges along the

shortest path connecting the nodes

= *|f the two nodes are disconnected, the

distance is usually defined as infinite

welba|a)

In directed graphs paths need to

follow the direction of the arrows

Consequence: Distance is not

[puueyD ereqpig

symmetric: i, - # h-
Nge=1,hcg=2 - -
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Bipartite Graph

Bipartite graph is @ graph whose nodes

can be divided into two disjoint sets L' and F such
that every link connects a node in L' to one in F;
that is, ' and I are independent sets.

Authors-to-papers (they authored)

Actors-to-Movies (they appeared in)

Users-to-Movies (they rated)
“Folded” networks:

Author collaboration networks

Movie co-rating networks

s> Lo e sonias &l

oo I-erepbiqr

-
‘Q
welba|al
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Strength of Connectedness sels
(digraphs only) T

e Strongly connected if there is a path from each
vertex to every other vertex.

)

Not Strongly or Wéakly Connected Strongly Connected
(No path Eto D or D to E) ®)

(a)
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possible partition would lead to Q = 0.

* Typically, in non-random graphs modularity takes
values between 0.3 and 0.7.

welba|a)

clear community
“eemane structure

[pUURUD ereqpig



http://www.bigdata-ir.com/
http://www.bigdata-ir.com/
http://www.bigdata-ir.com/
http://t.me/BigData_Channel
http://t.me/BigData_Channel

LQLS,’,UM 69..»4\.3&’[390 LSLQ 39}}‘ UPLQ.A Ya-A JL»@

=
S
Q
—
v
')
o
=

0 0 0 0 0 0 0 0
@ 0 I/ 0 I/ \i I/ \I l/ \I IQI .Z_‘,.\I .'? 0
003 012 021C 021D 021U 030C 030T 102

‘welbaja)

0 Q 0 0 0 0 0
iﬁl OE‘L éi iél lé;\. .{Z::I ié\i i@.

111D 111U 120C 120D 120U 201 210 300

[pUURUD ereqbig

e L.a)_.lc S oD e QSCL"""" Lgl.(b d&u& QS”“’)?"’T 0,90


http://www.bigdata-ir.com/
http://www.bigdata-ir.com/
http://www.bigdata-ir.com/
http://t.me/BigData_Channel
http://t.me/BigData_Channel

(Sl dowigsy i o

Cawgd o LA 6 wlod 3 Solai 045 g0 o aSTul Jlial @
i o515 oy B ol gy AdgS o pd ST il

SRS

(a) No pairs formed among (b) One pair formed among (c) Three pairs formed among
neighbors: C =10 neighbors: C=1/3 neighbors: C=3/3

=
S
Q
—
v
')
o
=

welba|a)

[pUURUD ereqpig

s> Lo e 1 y0e il gla aSin bjgel 0,90 99 /300


http://www.bigdata-ir.com/
http://www.bigdata-ir.com/
http://www.bigdata-ir.com/
http://t.me/BigData_Channel
http://t.me/BigData_Channel

Sl,S og o g ®

SIS J5z 0

395 ol 5 B Jlazl g5 ©
PV Y R Yeile Gl oy @
> cols yo (Bl glas pac ©

=
S
Q
—
v
')
o
=

‘welbaja)

[pUURUD ereqbig



http://www.bigdata-ir.com/
http://www.bigdata-ir.com/
http://www.bigdata-ir.com/
http://t.me/BigData_Channel
http://t.me/BigData_Channel

GEPHI

sl Al Judo 51530 o
S SIS 9 (sl

www.bigdata-ir.com

Telegram: @BigData Channel

:uu)d.o

Gcl'“:}‘ LQLQ d‘i""" LS“’)ﬁ'J 0,99 101


http://www.bigdata-ir.com/
http://www.bigdata-ir.com/
http://www.bigdata-ir.com/
http://t.me/BigData_Channel
http://t.me/BigData_Channel

szl b sl

Jﬁg% e dilelw g6l

of ®0

@ Nood tools |
Gephi—‘rFtri'JChtérrﬁéh Réingold Gephi—Fruchterman Reingold

@ Cytosca pe large network 1st neighbor
® Gephi i '

Q
=
7
')
o)
=

Gephi—Yifan Hu - 1st neighbor Cytoscape —Force - 1st neighbor

‘welbaja)

Cytoscape — Organic - 1st neighbor Cytoscape —Spring - 1st neighbor



http://www.bigdata-ir.com/
http://www.bigdata-ir.com/
http://www.bigdata-ir.com/
http://t.me/BigData_Channel
http://t.me/BigData_Channel
http://bigdata-ir.com/%d8%a2%d9%85%d9%88%d8%b2%d8%b4-%da%af%d9%81%db%8c-gephi-%d9%86%d8%b1%d9%85-%d8%a7%d9%81%d8%b2%d8%a7%d8%b1-%d8%aa%d8%ad%d9%84%db%8c%d9%84-%d8%b4%d8%a8%da%a9%d9%87-%d9%87%d8%a7%db%8c-%d8%a7%d8%ac/

S b S

o 0,5 (Realtime) 8ly 1loj ,o 5le s par o 10,651 5l solizwl b 45 ®

2,38 o blie 136 oo p oo, 0, SMOVE L @©

oo (6 5kw ooly O 65)):‘“@&.@9%6‘)%&“ Shein , N @
VUOWE- S L P Q\ Sy 2 g aoby ol doxs ®

)l (@3NS &0 4l Slaleinbls (ol a8Lal el sl (0 ©

el yige 99290 glo)l38l o 5y Sl s 4 ol (g ey oles Gl B @
el Loy g Lol lo oSl jioled ¢ Judi 4 0B @

1,5 il (g kel ol 7wl 4 Sl S8 1580 6 5 opl )bl sla,lpl ©
S o by

e L“’)—J-C S o b tscl""",‘ LgLQ dS.w G.u)sﬁT 0,90

=
S
Q
—
v
')
o
=

welba|a)

[pUURUD ereqpig



http://www.bigdata-ir.com/
http://www.bigdata-ir.com/
http://www.bigdata-ir.com/
http://t.me/BigData_Channel
http://t.me/BigData_Channel

i

sle Jole prww sl il s Jpl SO (85 A b 4 ©
Windows Mac OS X, Linux

6)9 r(,.a)_Ql_’od._uu 4.:_.»943 1.8 ‘9l_‘> was.’ c\_ol.a).a ul_a) c\_’@
Netbeans

~wCDDL + GNU GPL 3 5L e o Jusbes! gl ls ©

A_u‘g.’ = Q‘ﬁ)fjj M‘ U"j)l" = s ol S oS Lg)l_.o.:.n@
QS aslal ol 4 g8l Oyeo w4yl 0e5 Gsllae slas 5,18

hale;l BI5 @

e L“’)—‘J-C 8 P b ‘SCLQ-O‘ LgLQ dS.w ‘5.»)9.01 0,90

=
S
Q
—
v
')
o
=

welba|a)

[putreyD ereqoig



http://www.bigdata-ir.com/
http://www.bigdata-ir.com/
http://www.bigdata-ir.com/
http://t.me/BigData_Channel
http://t.me/BigData_Channel
http://gephi.org/datasets/LesMiserables.gexf
http://gephi.org/datasets/LesMiserables.gexf
http://gephi.org/datasets/LesMiserables.gexf
http://gephi.org/datasets/LesMiserables.gexf

Gephi 0.7 alpha 200912041610 - Project 0

File Edit View Tools Window Plugins Help

W Overview Data Laboratory
Preview Settings 8

Presets

v
L0
custom [0
Undirected
Curved

Thickness

Shorten labels
Shorten imd 10
SangSaenf 10 Plain
Label color parent
-'Directed
Curved
Thickness

Color source

Preview rato:

B Background Reset zoom

Workspace 0
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] Gephi 0.7 alpha 200912041610 - Project 0 o) Sy
File Edit View Tools Window Plugins Help |

T - X AN

U Prevewsetngs x| LB
¢ Presets
Defauit
|Shorten isbels £
|Shorten Imk 10
Font SansSerif 10 Plain
Label color parent
"~ Drected
Curved v
Thickness 0.01
Color source
Labeis &
Shorten labels |
Shorten imt 10
Font SansSanf 10 Plain
Label color parent
Mini-Labels il
Mini-Label radius 15.0
Shorten Mini-Labels F
Wini-Label imt 10
Mini-Label font SemSel 3Pl
Mini-Label color parent
Arrows v
Arrow added radus 65.0
Arrow sze 20,0
Arrow coloe parent
= Mutual
Curved v
Thickness 0.5
Color mixed
Labeis ]
Shorten labels F
Shorten imt 10
Preview rato: 100 %
{ (@ Refresh
Expont:  SVG
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2 Gephi

r'_.
%D makes graphs handy Home Features Learn Develop Plugi

Gephi is a cross-platform application, as it is developed in Java. It was successfully tested on many different architecture, 0S

Gephi requirements %

and graphical configuration. Gephi requires Java version 7 and later, get it here.

o
. - Q
Minimum hardware requirements 3
1
500 MHz CPU + 128 MB RAM + OpenGL 1.2 —
There is no absolute minimum. This is a practical minimum. Performance is a function of graph size. (@)
o
Network size ~Memory suggested =
(nodes + edges) y sugg
~1000 128mo
~10,000 512mo
~100,000 2go
1M >8go
Mote that Gephi has been successfully tested on Metbooks, running on Intel® Atom. o
@
. (9]
Graphics Q
=
Gephi uses an OpenGL 30 engine to speed up graph visualization. However a compatible graphic card 1= required. If your %
graphic card is older than & years, or if your laptop doesn't have a dedicated graphic card, you may have to upgrade your e
hardware to run Gephi.
s Detect and fix graphical problems @
If you're running on Linux, get latest vendor graphical drivers to ensure OpenGL hardware acceleration. w,
QD
—
Java @
The current stable version of Gephi will only run with Java 7 or 8. On Mac QS X, Java is bundled with the application so it @)
doesn't have to be installed separately. On Windows and Linux, the system must be equipped with Java. Qj-)
>
=)
@

s> Lo e 1 y0e sloizl glo aSin &gl 090 110/300
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CSV Format

Sephi supports CSW files that simply represents relationships. The C5W format can be obtained from any row data, databa=ses
or Excel export. Each line must contains at least two elements, separated by a separator (coma, semicolon, pipe or
whitespace). Walues can be encapsulated by =single or double quotes. By default graphs imported from C3SW are directed
graphs=, but the u=ser can =select undirected in the import report dialog.

Edge List

The CSW example below represents a graph with two edges: "a” -= "b™ and "b"™ -= "c".

L e hl
arb
H = k=] :
L o m o m o m m m e e m e e e e e e e e e e e e e e e e e e e M e - M M M M M M e e M M M M M M M M M M M e e M e e e e e em e e e e e em e e e e = 4

Adjacency List

All edges can be written as node pairs. It's also possible to write all node’s connection on the same line. The example below
represents a graph with 2 edges: "a” -= "b”, "b” -= "c” and "b" -= "d"”
-

________________________________________________________________________________________________________________________ .
Varb |
Vbroyd i
O 4
Mixed

The following example shows varnous cases that CSVW supports as well. Self-loops and mutual edges are supported. It's also
possible to repeat an edge, "D -= "E” is repeated twice in this example. As a conseguence the edge weight is
incremented. "D -= "E” has a edge weight at two, whereas default value is one.

| al
AR B :
VB, |
HL S e

VD E

VoA, D

DB, E

VEF. .8 B i
L S a4
Matrix

The z=ample below shows a graph with 5 nodes. An edge 1= created when the the cell 1= 1",

L e hl
V FRBICIDCE '
V BRFOF1:0:1:0 :
Vv BRls0:0:0:0 :
VICF0-0212020 :
VDF0F1:0:71570 i
'EsO0;0:;0;0;0 1
O 4

Edge weight

Simply replace "1 value=s by the edge weight value, formatted a= a "double’.

e L“’)—‘J-c 8 P b QSCL"""" Lgl.(b d&u& QS”“’)?"’T 0,90
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NODE CSV

@ ld,Label,timeset,modularity class
9321, ali_,"<[2008.0,2012.0]>",82
9322, amir_,"<[2007.0, 2012.0]>",81
9323, mosafer_,"<[2010.0, 2012.0]>",35
9324, sd ,"<[2007.0, 2012.0]>",81
9325,-senjed-,"<[2007.0, 2012.0]>",81
9326,00iran,"<[2009.0, 2012.0]>",42
9327,0soghrat0,"<[2007.0, 2012.0]>",81
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Edge CSV

Source,Target,Type,ld,Label,timeset,Weight
9323,10126,Directed,20237,,"<[2010.0, 2011.0]; [2011.0, 2012.0]>",1

9324,9365,Directed,20238,,"<[2007.0, 2008.0]; [2008.0, 2009.0]; [2009.0, 2010.0]; [2010.0,
2011.0]; [2011.0, 2012.0]>",1

9324,9731,Directed,20239,,"<[2007.0, 2008.0]; [2008.0, 2009.0]; [2009.0, 2010.0]; [2010.0,
2011.0]; [2011.0, 2012.0]>",1

9324,9770,Directed,20240,,"<[2007.0, 2008.0]; [2008.0, 2009.0]; [2009.0, 2010.0]; [2010.0,
2011.0]; [2011.0, 2012.0]>",1

9324,10803,Directed,20241,,"<[2007.0, 2008.0]; [2008.0, 2009.0]; [2009.0, 2010.0]; [2010.0,
2011.0]; [2011.0, 2012.0]>",1
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MODE

4SS Cewl wyws jo &5 Lol g9 0 p; > LMmode 4 ®
D9l o 00l ioles ammas 4o ol el wllkimode o

®
® Overview: graph manipulation mode.

@ Data Laboratory: data visualization in tables.
@ Preview: visual tuning before vectorial export.
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.
Import report

Source: LesMiserables gexf

(-

’ Issues|| Report

| Nodes lssues
€ Default edee type set as DIRECTED INFO

| € GEXF version 1.1 INFO

GraphType:  Directed v

# of Nodes: 77
# of Edges: 254

~Dynamic Graph . no
Hierarchical Graph: no

V| Auto-scale
V| Create missing nodes

0 New graph
' Append Graph

' Time frame

0]

| Cancel |
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http://bigdata-ir.com/%d8%a8%d8%b5%d8%b1%db%8c-%d8%b3%d8%a7%d8%b2%db%8c-%d8%b1%d9%88%d8%b4%db%8c-%d8%a8%d8%b1%d8%a7%db%8c-%d8%a8%d8%a7%d8%b2%d9%86%d9%85%d8%a7%db%8c%db%8c-%d8%a7%d8%b7%d9%84%d8%a7%d8%b9%d8%a7%d8%aa-%da%af/
http://bigdata-ir.com/%d9%85%d8%b1%d9%88%d8%b1%db%8c-%d8%a8%d8%b1-%d8%ae%d9%88%d8%b4%d9%87-%d8%a8%d9%86%d8%af%db%8c-%db%8c%d8%a7-clustering-%da%af%d8%b1%d8%a7%d9%81-%d8%b4%d8%a8%da%a9%d9%87-%d9%87%d8%a7%db%8c-%d8%a7%d8%ac/
http://bigdata-ir.com/%d8%a8%d8%b1%d8%b1%d8%b3%db%8c-%d9%85%d8%b9%db%8c%d8%a7%d8%b1%d9%87%d8%a7%db%8c-%d9%85%d8%b1%da%a9%d8%b2%db%8c%d8%aa-centrality-%d8%af%d8%b1-%d8%aa%d8%ad%d9%84%db%8c%d9%84-%d8%b4%d8%a8%da%a9%d9%87/

25 o g3l

Updates (8) | Available Plugins (37) | Downloaded | Installed (74) | Settings|

| Check for Updates |

Search: |

Update MName Category

Project API Gephi Core
|  Filters Impl Gephi Core
| Import API Gephi Core
| Import Plugin UI Gephi UT
|  Processor Plugin Plugin

|  Export Plugin Flugin

| Filters Plugin Plugin

| Import Plugin Flugin

'| Project APT

oo 1-erep

Installed version: 0.9.2

Available version: 0.9.2.1

Author: Gephi Consortium

Date: 11/18/17

Source: Gephi Update Center

Homepage: http://gephi.org/modules/project-api

Plugin Description

API for projects and workspaces manipulation

‘welbaja)

Update | 8 plugins selected, 11MB
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TABLE LAB §guo

: ‘ _ = _
|@ Oveview | |[CDatelaboratory | B Preview | :_‘\‘(/(n
= DataTable x LA
Modes| Edges & configuration @ Addnode &) Add edge | Formulaic Merge i Search/Replace & Import Spreadsheet & Export table #§ More actions v Filter: Modes [+ @ g—
\Nodes J(id | Label |Score |InDegr...)|OutD... | TotalD... PageRank |Stres.) - Q’_J"
mogawama.ir -7106058891591636153  |mogawama.ir 16.426432987843512  |7.0 4.0 11.0 8,357903526617265E-4 308.0 il
s
alaska.blogfa.com 7286543556499367353 alaskablogfa.com 16.426354410192452  |0.0 0.0 0.0 3,2586042902690295E-4 0.0 O
turkdonyasiloxblog.com -847171131166398739  [turkdonyast.loxblog.com 16.426329579330172  |0.0 1.0 1.0 3.2586042902690295E-4 0.0 o
ahestan.wordpress.com 8849237598880103295 ahestan wordpress.com 16.426302754925267 180 27.0 450 0.0025830679052162592 {31147, 3
ahestan.ir 6355297051204749495 ahestan.ir 164262913965 g N ) - — S
—— — Formulaic Merge
maahinil.parsiblog.com -8663238455674154149  |maahinil parsiblog.com 16.4262641255
jahanesanat ir -2102682939905156995  |jahanesanat.ir 16.42625251 08 Check
bayaranalipersianblog.ir -8096891004622328847  |bayaranall.persianblog.ir 16.42624875724 .
akrane.persianblog.ir -1114277791309929987  |akrane.persianblog.ir 164262290348 Score
7 8 9 + ( )
changizl.blogfa.com 6546390385467949295  |changizi blogFa.com 16.4262187838] l_J u u l_J l—J l_J nDegree
nasimesobh,persianblog.ir 8137100112420060418  |nasimesobh.persianblog.ir 16.42619031301 ‘
Persiancag PECETEOg 4 | 5| 6| -||log||sn OutDegree
mm220.persianblog.ir 1970896533499991363  |mm220.persianblog.ir 16,4261715953!

. . TotalDegree(diractad) =
al-faten.blogfa.com £20565031177082089 al-fateh blogfa.com 164261520177 | 2 [l 3|l = ||pow| |cos h @
abadanjami.persianblog.ir 802526857021538500 abadanjamipersianblog.ir 16.4261441222, l—J u L‘ l—J l—J l—J PageRank (9]
fadaelagha.parsiblog.com 8360553921991672209  |fadaeiagha parsiblog.com 16.4261243091! 0 ‘ | sat | tan Stress Centrality (91
rezaeibar.blogfa.com 2488648336356405681 rezaeibar.blogfa.com 164261231157 i—J L‘ l—J l—J l—J %
1001shayadobayad.mihanblog.com £336602246475345703  |1001shayadobayad mihanblog,com 16,4260787336! @ Nodes Atribtites () Fdaes Attribuites _ 5
amirihosain.blogfa.com £243224573297890942  |amirihosain.blogFa.com 164260656973 0K || Cancel
Farsiblog.mihanblog‘com 1027436036580870954 Farsiblog.mihanbtog.com 16.426068157 4% v TU ToU F OO S I00 ST THE FHEIU
shere-man2 blogfa.com 8744663346947350989  |shere-manZ.blogfa.com 16,426066517088906 |00 0.0 0.0 3,2586042902690295E-4 (0.0
namin1387.persianblog.ir -5383215334287659615  [namin1367.persianblog.ir 16.426061204941377  |2.0 1.0 3.0 5,784483781804033E-4 0.0
jalabnews.loxblog.com 5619544461890159920  [jalabnews.loxblog.com 16.4259976383523 0.0 0.0 0.0 3.2586042902690295E-4 (0.0
rahpooyesh.blogfa.com £038854542250032765  |rahpooyesh.blogfa.com 16.42599641918473 30 1.0 140 4,930544130783983E-4 941.0

i ® I i i i ) ] g i ‘
Add IMerge Delete Clear Copydatato Fillcolumn  Duplicate Create aboolean column  Create columnwith list of Convert column
column columns column ~  column v othercolumn v withavalue v column v fromregexmatch v regexmatching groups v v to dynamic v
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What is Cluster Analysis?

The process of dividing a set of input data into possibly
overlapping, subsets, where elements in each subset are
considered related by some similarity measure
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Y5k

modularity - example

* In arandom graph (ER model), we expect that any
possible partition would lead to Q = 0.
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* Typically, in non-random graphs modularity takes
values between 0.3 and 0.7.
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(a) No pairs formed among (b) One pair formed among (c) Three pairs formed among
neighbors: C =0 neighbors: C=1/3 neighbors: C=3/3
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Modularity

eii = % edges in module 1

ei=l{(u,v) :ue Vi, ve V;, (uv)eE} / IEl

a; = % edges with at least 1
end in module i

Q
=
7
o
o)
=

a=l{(u,v) :ue Vi, (uyv) e E} /IEl

probability a random
edge would fall into %
Modularity 1s: module i S
k ] =
Q= Z (eii - G?) @
i=1 N High modularity = more edges 5
.pl‘fﬂbabﬂi’f}’ E'-tlge within the module that you expect Q(;
is in module 1 by chance. =
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to a small graph

Communities asaigned to

Note: maximizing a random graph
modularity will find it’s
own # of clusters
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An example

Pass 1 — Iteration 1
Each node belongs to
an atomic community

Ex: J-L Guillaume
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An example
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An example
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An example

Pass 1 — lteration 1
insert 0 in ¢[3]
insert 1 in c[4]
insert 2 in c[1,4]
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An example

Pass 1 — lteration 1
insert 0 in ¢[3]
insert 1 in c[4]
insert 2 in c[1,4]
insert 3 in c[0]
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An example

Pass 1 — lteration 1
insert 0 in ¢[3]
insert 1 in c[4]
insert 2 in c[1,4]
insert 3 in c[0]
insert 4 in c[1]
insert 5 in c[7]
insert 6 in c[11]
insert 7 in c[9]
insert 8 in c[15]
insert 9 in c[12]
insert 10 in c[13]
insert 11 in ¢c[10,13]
insert 12 in c[9]
insert 13 in c[10,11]
insert 14 in ¢[9,12]
insert 15 in c[8]
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An example
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An example
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An example

After 4 iterations
14 4

16 2
end of
pass 2

26 Z 3 ; 24
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Hierarchy structure
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