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Gephi - Introduction

« Gephi: Open source interactive network exploration and
visualisation tool for Windows, Linux and Mac OS X.

G h. Download Blog Store Wiki Forum Support Bug tracker

makes graphs handy Home Features Learn Develop Plugins Services Consortium

The Open Graph Viz Platform [*===

Gephi is an interactive visualization and
exploration platform for all kinds of networks and
complex systems, dynamic and hierarchical
graphs.

Runs on Windows, Linux and Mac OS X. Gephiis
open-source and free.

Learn More on Gephi Platform »

4 Download FREE

Re-lease Notes | System Requiremeﬁts

P Features P Screenshots
P Quick start P> Videos

Gephi: an open source software for exploring and manipulating networks.
M Bastian, S Heymann, M Jacomy - ICWSM, 2009 - aaai.org

Abstract Gephi is an open source software for graph and network analysis. It uses a 3D

render engine to display large networks in real-time and to speed up the exploration. A h tt n h
flexible and multi-task architecture brings new possibilities to work with complex data sets ... p n g e p I n O rg
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http://gephi.org

Input Data - Graph Formats

 First task - loading your network data into Gephi.

« Gephi supports loading and saving graphs in a number of formats.

« Simplest approach is to use comma-separated (CSV) data exported
from tools such as Excel or R.

Simple binary graph
No weights or attributes

Euros@ientist

Edge From Edge To UCDDa
_ A * I E [P c—
1 UCDDataScience insight_centre
2 |UCDOnline insight_centre
3 |insight_centre UCDinnovation
4 |UCDinnovation insight_centre
5 |insight_centre Euroscientist W
6 UCDOnline UCDinnovation UCDDataScience, insight_centre
E UCDOnline, insight_centre

NA vith Gephi

insight_centre,UCDinnovation
UCDinnovation, insight_centre
insight_centre,Euroscientist
UCDOnline,UCDinnovation|

UCDinAovation

On loading, Gephi will ask whether graph is directed or undirected.




Input Data - Graph Formats

« Gephi supports more comprehensive file formats which can store
node and edge attributes, together with layout and presentation
information (e.g. position, size, colour etc).

« Native format is a .gephi file, which can contain multiple
“workspaces” (i.e. several different graphs).

« Gephi also supports several open formats which can be used to
exchange data with other tools. Common examples:

- GEXF: XML Graph Exchange Format for complex networks.
http://gexf.net

- GraphML: XML Graph Markup language
http://graphml.graphdrawing.org
http://cs.brown.edu/~rt/gdhandbook/chapters/graphml.pdf

- GML: Plain text Graph Modeling Language for describing graphs
http://en.wikipedia.org/wiki/Graph Modelling Language
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Gephi Screens

* Three key screens in Gephi, accessible from top buttons...

[@ overview ] [ owasboraoy ] [Epreview [@  overview ] [E omtsbomon | [ preview ]
Parttion| Ranking - | = Granh © & Context 0] = DaaTable &
Nodes | Edges (Ol A A% oaswn @ Hierarchy | Nodes: 5 e Nodes|| Edges | @ Configuration| | @ Add node | @ Add edge | @ Search/Replace | ] import Spreadsheet | & Export able | G More actions v Filter:| | Nodes. B
( Ch k. o R Edges: 6 N T
—--Choose 3 rank paramerer : Directed Graph * UcDDatasclence uUCDDatasclence UCDDatasclence
' insight_centre insight_centre insight_centre
e Statstics © |_iers | * UCDOniine UCDOnlne UCDOnlne
Settings | * UCDinnovation UCDinnovation UCDinnovation
/ oo * Euroscientist Euroscientist Euroscientist
< Average Degree Run
& Avg. Weighted Degree Run
/7 Network Diameter [Run]
’ Graph Density. [Run] ®
HITS Run
x
3 Modularity Run
|
- . PageRank Run
Layout 0 | 12 Eurosgientist
Connected Components Run
| ---Choose a layout o ERhoRiea]
R Avg. Clustering Coefficient Run
o D Run
Eigenvector Centrality [Run |
= Edge Overview
Avg. Path Length Run

|2 2. Data Laboratory screen

L]} @ i) w

Add Merge Delete Cleat

1. Overview screen == : = ~—— Explore graph node & edge
Interact with your graph attribute data in tabular form.

In a visual way.

[@ owniw | [ Duaisboratory

PreviewSesings © |

7 Presets [=

( Defauic 3
v Nodes

Border Width 10

Border Color custom [101,168,49] [
opacity 100.0

v Node Labels
Show Labels «

Font arpn o

Each screen 3. Preview screen —

Outline color custom [255,255,255] [..|

(Outline opacity

contains multiple Fine-tune and render | E=_ &

tabs with specific | your graph for export.

v Edge Labels
Show Labels C

Font v 10pin B
B

functionality. =i

outine color custom 255,255,255 [T
outiine opacity 800

Preview ratio: 100%

O { @ Retresh

Export]SVG/PDF/PNG [ OJ Background | Reset zoom | - | +




Graph Overview Screen

« Gephi defaults to the Overview screen - the “draft” interactive view.

Select & drag nodes

_____Deir

dfﬁiyneFG
N
s 4 i ~

|6 Overview | ||Ej Data Laboratory | ,E] Preview
pariion [ aning 0 [ Gaen
Nodes‘ Edges ’Q‘ v A A|Y Dragging
{ ---Choose a rank parameter ¢J R
K 4
4
AV
&
Ve
4
X
&
[
= ¢
w
| ---Choose a layout 3]
0 D Run

Pan with mouse,
click to reset zoom

¥ Presets... | Reset

P

ben',i';‘c');-

Scale visible edge
& text size

[Tm-] e o] © <O—— [A[A |Verdna.zs] —O~

@ Hierarchy

Context 3
Nodes: 25
Edges: 203
Directed Graph

%
&
G

Statistics 3 | Fi

Settings

[l Network Overview
Average Degree

Active graph
summary

Avg. Weighted Degree M (]
Network Diameter ®
Graph Density ®
HITS D
Modularity [ ]
PageRank (]
Connected Components [ ]
[l Node Overview

Avg. Clustering Coefficient ®
Eigenvector Centrality [ ]
-] Edge Overview

Avg. Path Length Run| ®

Toggle Node Labels




Graph Layouts

« Common first step is to apply a layout algorithm to re-position
nodes in the graph so as to improve its readability and aesthetics.

= Frequent choice is a “force atlas” algorithm, which

Choose algorithm in : .
tries to ensure as few edges cross as possible.

“Layout” tab

Layout I I

eme,ﬂ;te‘imﬁho%ssyme- Rona?lullen Ra n d O m
o ¥ J Layout

() ‘ [> Run ‘
v Force Atlas

Inertia 0.1
Repulsion strength 1000.0
Attraction strength 1.0
Maximum displacement 10.0
Auto stabilize function 4
Autostab Strength 80.0
Autostab sensibility 0.2
Cravity 30.0
Attraction Distrib.

Adjust by Sizes ™
Speed ﬁ 1.0

/

Properties to
tweak algorithm

1/ paulmi@iphysp ,,__LI.A,;;.‘W“&'”Q

\ jill-aéd&'su,_;;.{ .

' ball%am

Force
Atlas Layout



Graph Statistics

« Gephi provides a range of metrics for calculating statistics that
characterise a graph and its nodes.

Run a metric from
“Statistics” tab

Statistics Filters I

Settings

[} Network Overview v
Average Degree

Avg. Weighted Degree
Network Diameter
Graph Density

HITS

Modularity

PageRank

Connected Components

- Node Overview
Avg. Clustering Coefficient

Eigenvector Centrality

-] Edge Overview
Avg. Path Length

* Run “Average Degree”:
Produces distribution plot

of node in-degrees
(user “popularity”)

* Run “Avg Path Length”:

Produces a report of
centrality scores for all
nodes.

Results:

Diameter: 5
Radius: 2

Average Path length: 1.8483333333333334

Number of shortest paths: 600
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Ranking Nodes

 Nodes can be re-sized and/or coloured based on their statistics,
using the “Ranking” tab.

Choose a statistic to rank nodes

More saturated

Partition | Ranifing I ’@Iw-

Nodes | Edges Q@ A A (red) COIOU r

| InDegree +| indicateS hlg her
Color: [o— ] E in_degree

Range: J' _]

Spline... ]

Switch to resize mode

Partition I Ranking +

—
=)
Nodes | Edges QP2 A A
3

Large node size
indicates higher
iIn-degree

| InDegree

Min size: 5 lél Max size: | 25 lél

Range: J'

15




Graph Clustering

* Nodes can be “clustered” and coloured based on their attribute
values (e.g location, affiliation etc) in the “Partition” tab.

1. Hit Refresh icon, then choose
attribute to use to cluster nodes

Partition <% | Ranking E
Nodes‘ Edges ’Q{
| Affiliation D
Other (28%)
B G (24%)
| EL (12%)
[ Green (12%)
SF (12%)
. FF (8%)
| sp (4%)

2. Click colours
to customise

fh Group @ Show Pie

/

3. Click “Apply” to
re-colour nodes

Clustering of
politicians based
on “affiliation”
attribute

Click “Show Pie” to
plot cluster sizes




Graph Clustering

* In cases where a grouping of nodes is not known apriori, we can apply
cluster analysis methods to automatically detect groups in the data

(e.g. communities of similar Twitter uger<)

Statistics | Filters

Settings ’

- Network Overview
Average Degree

Avg. Weighted Degree
Network Diameter
Graph Density

HITS

Modularity

PageRank

Connected Components

1. Choose “Modularity” in
the “Statistics” tab

0.125

~
c
>

/

Partition I Ranking |

Nodes | Edges

@

| Modularity Class

A
v

1

oo

(52%)
(48%)

2. Hit Refresh icon in
“Partition” tab & choose
“Modularity class”.

. 3. Click “Apply” to
f Group @ Show Pie re-colour nodes

Modularity-based clustering
produces 2 communities

11



Filtering Nodes

The “Filters” tab supports complex methods to temporarily highlight
or hide subsets of nodes and edges in the graph.

* Nodes can be filtered by attribute value or based on node statistics.

Statistics | Filters |
Reset‘ _I_IA ‘
. Library
¥ . Atributes

v 2 Equal
o aton 5§ 1. Choose the node NiRiad ngpe

o attribute to filter on. - MaridBarkin

¥ Id
¥ Label

¥ Label ) 7 \
T Modularity Class MalreahQéGMEB_;i:;/'.'

Y Weight / ' 7T

1 Inter Edges
=1 Intra Edges
= Non-null
- Partition

Yhea14

/‘,

1 Partition Count Delrdr@imeFG _"-_ Vf e
=1 Range :

=1 Dynamic S | mo n@msm 7N ‘ =
. Edges P\ ;: / s
. Operator

2 Suved queris Lm@(glns MEPJirh ‘u.;lgg.ns LNBﬁhblmme_?,buzow

Queries N A SR AN ‘4,‘ T / \\ y; "
T Equal (Affiliation) » v ,-" 'x, I/ /7 N . bengllroy

v @ Parameters \ /- votemar fitz
= column: Affiliation (String) 2 Choose the Va|ues to Vi br|an6;yestd H7 Y

SRS . Ronaﬁhullen
¢ useRegex: fas search for, click “OK”. | Mark%a%‘%‘yan
(&4 Drag subfilter here _
Equal (Affiliation) Settings /

Pattern: |FG || ok |

>
>
>
>
>
>

vyVvYyvwvyy

]lﬂlangodsn

4 =

SenTH’bﬁ?asByrne

[ | Use regex

3. Click “Filter” to hide

| Select ‘l [> Filter Ir Other nOdeS.
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Filtering Nodes

* The “Filters” tab supports complex methods to temporarily highlight
or hide subsets of nodes and edges in the graph.

* Nodes can be filtered by attribute value or based on node statistics.

Statistics | Filters |
HEIEL
. Library
¥ L Atributes

¥ o Equal

2 Affiation seg 1. Choose the node
. attribute to filter on.

¥ Iid
¥ Label
¥ Label

E m:ic;l:lltarityCIass Malrea’cGMEP Filtered Se't O'I:
> 0 Inter Edges AR ~

= /) |\seni@me  NOdES based on
AV affiliation = “FG”

» 1 Partition

» 1 Partition Count Deirdr@LiheFG
» . Range ) P '.
» ' Dynamic Slmon@msTD .
» . Edges ) YR
» . Operator
» . Topology

1 Saved queries MEPJII’@ilggInS

 Queries
¥ T Equal (Affiliation)

¥ & Parameters

= column: Affiliation (String) 2 Choose the values to brian@yestd

Context

" patem: FG et Nodes: 6 (24% Visible) Q
= useRegex: false search for, click “OK”. Edges: 24 (11.82% Visible)

() Drag subfilter here
Directed Graph
Equal (Affiliation) Settings

pattern: |FG -\ OK |

| | Use regex

3. Click “Filter” to hide
\ Select ‘ W Other nOdeS.




Gephi Data Laboratory Screen

» Laboratory: alternative tabular view of the same graph data.

Graph
Nodes

I_O Overview I

21

| /7| DataLaboratory

| (=

Preview

Data Table €3

Nodes | Edges [ & Configuration I

Add node l (+) Add edge l ﬂ Search/Replace | EF| Import Spreadsheet I 57| Export table | % More actions v Filter:D | Nodes

Graph
operations

Nodes Label Id Affiliation Mod... In-D... Out-... Degree Weig... Weig... Weig... Ecce... Closene... Betweenn...
= NiRiada4Europe 2239747586 SF 1 7 13 20 20 7 13 3 1.5  6.561
allyheal4d ballyheal4 259885449 Other 1 10 7 17 17 10 7 3 1.792 56.359
PhPrendergast PhPrendergast 46123918 Lab 1 15 17 32 32 15 17 3 1.333 58.526
MarianHarkin MarianHarkin 26228880 Other 1 12 21 21 12 3 1.667 17.841
—| mattcarthy mattcarthy 26586771 SF 1 8 15 15 3 1.75 10.261
5 MEPJimHiggins MEPJimHiggins 2233065878 FG 0 17 24 24 17 2 1.292 23.331
' SeanKellyMEP SeanKellyMEP 21440665 FG 0 11 17 28 28 11 17 3 1.333 45.199
_L LNBDublin LNBDublin 263243802 SF 1 6 15 15 6 9 3 1.667 11.879
' votemaryfitz votemaryfitz 213229979 FF 1 3 6 9 9 6 3 1.792 12.972
" RonanMullen RonanMullen 6306972 Other 0 6 8 8 6 2 3 2.333 3.584
' lukeming lukeming 54172831 Other 1 10 1 11 11 10 1 4 2.75 23.928
" NChildersMEP NChildersMEP 239862568 Other 1 14 17 31 31 14 17 2 1.292 70.499
" DeirdreCluneFG DeirdreCluneFG 627200944 FG 0 8 8 16 16 8 8 3 1.708 5.371
: SenThomasByrne SenThomasByrne 32922034 FF 0 5 2 7 7 5 2 3 2.5 5.968
'~ bengilroy bengilroy 42974146 Other 1 2 1 3 3 2 1 5 3.625 0
Y Grace_EU2019 Grace_EU2019 2281217988 Green 0 7 8 15 15 7 8 3 1.708 14.606
'L MarkDearey MarkDearey 21499082 Green 0 4 8 12 12 4 8 3 1.792 19.703
' jilliangodsil Jilliangodsil 21287636 Other 1 3 6 9 9 3 6 3 1.875 13.179
' emercostello emercostello 11587032 Lab 1 10 5 15 15 10 5 3 1.875 2.871
" brianhayestd brianhayestd 228673882 FG 0 9 3 12 12 9 3 3 2 3.11
Y MaireadMcGMEP MaireadMcGMEP 166102184 FG 0 11 7 18 18 11 7 3 1.833 7.958
" paulmurphysp paulmurphysp 270850017 SP 1 8 14 14 6 8 3 1.75 10.301
_L SimonHarrisTD SimonHarrisTD 21117425 FG 0 7 16 16 7 2 1.708 18.892
AL EamonRyan EamonRyan 22005625 Green 0 14 5 19 19 14 5 3 1.833 33.088
' LorHiggins LorHiggins 39019643 Lab 0 7 12 19 19 7 12 2 1.5 33.014
Nodes Attributes Statistics
i) () i il i) i) i i i
Add Merge Delete Clear Copy data to Fill column Duplicate Create a boolean column Create column with list
column colu column v | column v | other column v | with avalue v column v from regex match v of regex matching groups v

Column operations

14



Gephi Data Laboratory Screen

» Laboratory: alternative tabular view of the same graph data.

G r a p h |_0 Overview | | [f”) Data Laboratory | |_|§l Preview I
[7] Data Table &
Ed g eS Nodes | Edges | l & Configuration ‘ | O Add node I @ Add edge ] n Search/Replace I Import Spreadsheet I Export table | % More actions v Filter: | Source
Source Target Type Id Weight Label
2239747586 259885449 Directed 3 1
2239747586 46123918 Directed 4 1
2239747586 26228880 Directed 5 1
2239747586 26586771 Directed 7 1
2239747586 21440665 Directed 9 1
2239747586 263243802 Directed 10 1
2239747586 54172831 Directed 12 1
2239747586 239862568 Directed 2 1
2239747586 627200944 Directed 0 1
2239747586 2281217988 Directed 1 1 Edge
2239 11587032 Directed 8 1 .
17730747586 228673882 Directed 11 1 Welghts
Ed e PaIrS 2239747586 166102184 D!rected 6 1
g 259885449 46123918 Directed 16 1
259885449 26228880 Directed 17 1
(Source, Target) 259885449 54172831 Directed 19 1
259885449 239862568 Directed 15 1
259885449 2281217988 Directed 14 1
259885449 21287636 Directed 18 1
259885449 270850017 Directed 13 1
46123918 2239747586 Directed 21 1
46123918 259885449 Directed 24 1
46123918 26228880 Directed 25 1
46123918 26586771 Directed 29 1
46123918 2233065878 Directed 30 1
46123918 21440665 Directed 33 1
46123918 263243802 Directed 34 1
46123918 54172831 Directed 36 1
46123918 239862568 Directed 26 1
46123918 627200944 Directed 27 1
46123918 2281217988 Directed 22 1
46123918 11587032 Directed 32 1
46123918 166102184 Directed 23 1
46123918 270850017 Directed 20 1
i @ [l il i i (i i [}
Merge Delete Clear Copy data to Fill column Duplicate Create a boolean column Create column with list
column columns column~ | column v | other column v | with avalue v column v from regex match v of regex matching groups v

15



Gephi Preview Screen

* Preview: Tweak the appearance of your graph before exporting
a publication quality image.

(@ Overview | [I] DataLaboratory | (= Preview |
Preview Settings | é &2 Preview ()
# Presets @
[ Default :]
v Nodes
|Border Width 1.0
Border Color custom [0,0,0] m
opacity 100.0
v Node Labels
Show Labels O
N Od e Font Arial 12 Plain [-]
Proportional size v/
Color custom [0,0,0] m
appea ran Ce Shorten label
|Max characters 30
Outline size 0.0
Outline color custom [255,255,.. B
Outline opacity 80.0
Box
Box color parent El
|Box opacity 100.0
E d g e v Edges
Show Edges 4
Thickness 1.0
appea ran Ce |Rescale weight O
Color mixed El
Opacity 100.0
Curved ™
|Radius 0.0
v Edge Arrows
Size 3.0
v Edge Labels
Show Labels O
Font Arial 10 Plain [.]
Color original D
Shorten label
[Max characters 30 /
. ew ratio: 100%
Hit “Refresh” ——0 [ gp | O
eaCh ti me to W ‘ I [ Background | Reset zoom | - | + |

update \

Use mouse or icons to move/crop graph




Gephi Preview Screen

* Preview: Tweak the appearance of your graph before exporting
a publication quality image.

Node
appearance

(@ Overview

| |1_"' Data Laboratory

| | L Preview

Preview Settings l

&3 Preview ()

Proportional size
Color
Shorten label
IMax characters
Outline size
Outline color
Outline opacity
Box

Box color

Box opacity

v Edges
Show Edges
Thickness
IRescale weight
Color
Opacity
Curved
IRadius

v Edge Arrows
Size

v Edge Labels
Show Labels
Font
Color
Shorten label
IMax characters

Preview ratio: 100%

Export:  SVG/PDF/PNG

O
custom [0,0,0]
O
30
0.0

custom [255,255,...

80.0

o

custom [244,250,...

80.0

]
1.0
O
mixed
100.0

o

0.0
3.0
J

Arial 10 Plain

original

¢ Presets

[ Default v
v Nodes
Border Width 1.0
Border Color custom [0,0,0] D
opacity 80.0

v Node Labels
Show Labels ™
Font Arial 12 Bold [-]

il

]

N~ @ Refresh

—e

DeirdreCluneFG——'—_\_—/
\,,

J

| WA
“~.__SimonHarrisTD |

J

Grace_EU2019

votemaryfitz

brianhayestd—

N
RonanMullen
e

SenThoﬁasByrne

| [ Background | Reset zoom | - ] + |

p;ﬁlmurphysp
= oo df

jilliangodsil

bengilroy
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Gephi Preview Screen

* Preview: Tweak the appearance of your graph before exporting
a publication quality image.

Outline opacity 80.0
Box .
|Box color custom [244,250,.. B
Box opacity 80.0
E d g e v Edges
Show Edges ™
Thickness 0.8 O
appea ran Ce |Rescale weight ) O

Color custom [171,171,... E]
Opacity 100.0
Curved )
IRadius 0.0

v Edge Arrows .
Size 3.0 O

v Edge Labels
Show Labels )
Font Arial 10 Plain [.]
Color original B
Shorten label
IMax characters 30

Preview ratio: 100%

@, fl?g Refresh

| (T Overview

| l\_", Data Laboratory | |§

Preview

Preview Settings |

= o

¢ Presets

&2 Preview (0
[&]

[ Default

)

v Nodes
Border Width
Border Color
opacity

v Node Labels
Show Labels
Font
Proportional size
Color

Outline color

Export:)  SVG/PDF/PNG

1.0
custom [0,0,0]
100.0

O
Arial 12 Bold

custom [0,0,0]

Shorten label
IMax characters 30
Outline size 0.0

custom [255,255,..

]

(]

[ 1 Backaround | Reset zoom [ - | + |

: @

Export the final image
to PDF or PNG
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Example: UK Politics

Network of all UK MPs active on
Twitter during 2012.

(Labour

Scotland)
Conservative
Liberal \ ./
Democrat - ) N 7
Greene &
http://mlg.ucd.ie/networks/politics-uk.html Cunningham (2013)
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Example: Irish Politics

Network of 348 Irish politicians
and political organisations
active on Twitter in 2011-2012.

Fianna Fail

Fine Gael

Greene &
http://mlg.ucd.ie/networks/politics-ie.html Cunningham (2013)
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Example: European Political Twittersphere

Ranking of Twitter accounts for prominent members and
groups of European Parliament.

@ rolitical parties
O Individual politicians

nichivendola®
beppe_grillo

lauraboldrini :

:'yigel_farage .
RS carlbildt

_ NeelieKroesEU SESEA
mafginschulz . alexstubb "

A 4 ek At -
BarrosoEU =«

s

JunckerEU

T
: T : 5 e .
~ JoseAntoniaojun .

S f by . ' Gllamazares - :
¥ .~ Tagarzon .
luissalvador . o y

EP front-runners

JavierSolana . °

MBarnierEU

RPN rank high :
- marianorajoy - LaurentFabius
. . g ' ‘
BE ® jeanmarcayrault
JWMelenchon cecileduflot MLP_officiel
e S &

% '« FrancoisFillon
» N Yan "t

Maireder & Schitz (2013)
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Conclusion

Gephi provides a powerful workflow for exploring and
visualising graphs...

o ‘<=>
Input
Output

Explore

Gephi: an open source software for exploring and manipulating networks.

M Bastian, S Heymann, M Jacomy - ICWSM, 2009 - aaai.org -
Abstract Gephi is an open source software for graph and network analysis. It uses a 3D ]
render engine to display large networks in real-time and to speed up the exploration. A p - g ‘ E p I . O rg

flexible and multi-task architecture brings new possibilities to work with complex data sets ...
Cited by 708 Related articles All 15 versions Import into BibTeX Saved More

Practical SNA with Gephi
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