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Introduction to Graph Analytics

e What is Graph Analytics?
e Basic concepts of graph
e Network in Real World

e Graph Visualisation in Actions
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What is Graph Analytics?

* The study and analysis of data that can
be transformed into a graph
representation consisting of nodes and
links.

e Analytic tools used to determine
strength and direction of relationships
between objects in a graph.

e The focus of graph analytics is on
pairwise relationship between two
objects at a time and structural
characteristics of the graph as a whole.
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Source: https://cambridge-intelligence.com/using-social-network-

analysis-measures/
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What is Graph Analytics?

e For example, in a graph representing relationships (such as “liking” or “friending”
another individual’s profile or site) between individuals, graph analytics can help answer

questions like the following:

o How many other individuals does the average individual “friend” with?
o What is the maximum number of “friends” any one individual has?

o How interconnected are groups of users with one another?

o How many “friend” relationships does it take to get from one user to another user?
o Are there isolated groups of individuals who are connected to each other but not to

individuals not in their group?

e Applications of Graph Analytics include clustering, partitioning, search, shortest path
solution, widest path solution, finding connected components, and page rank.
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Graph Analytics in History: Classical Graph Theory

The Seven Bridges of Kdnigsberg is a historically notable problem in mathematics. Its
negative resolution by Leonhard Euler in 1735 laid the foundations of graph theory and
prefigured the idea of topology.

Source: http://en.wikipedia.org/wiki/Seven_Bridges_of_K%C3%B6nigsberg
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Graph Analytics in History: Sociogram

A sociogram is a tool for charting the relationships within a group. It's a visual

representation of the social links and preferences that each person has - valuable data for
leaders.

Early 20t"-century social graph used

Source: Valdis Krebs (2010) “Your Choice Reveal Who You Are: Mining and Visualizing Social Patterns” in Beautiful Visualization.
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Where are Graphs used

e Graphs are sometimes used in surprising ways. There are many problems which may not
initially appear to take the form of graphs but can be solved more quickly if they are

transformed into a graph:

o Partitioning large physical volumes into smaller physical volumes as part of high

performance simulations on supercomputers.
o Parsing speech to determine what is the most likely sequence of words that matches

a given set of sounds.
o Analyzing the way different parts of a complex software program interact in order to

proactively find and remove bugs.
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Basic Principles of Graph

e Basic Graph

e Direct and Undirected Graphs

Weighted Graph

e Ego-centric Graph

Bipartite Graph

Multimodel Graph
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A Complete Graph

A complete graph is a simple undirected
graph in which every pair of distinct v\

. / edge
vertices (also known as nodes) are

connected by an unique edge (also known
as link).

 ee—— Vertex

o ®
o ®
C8
- -
C4

10/ 89



A Directed Graph

. . . @
Have a clear origin and destination. Also /‘ N
known as asymmetric edges. Suitable for N
representing network with non reciprocal . - ‘e
relationships such as Twitter. |
g; e
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Graph representation

On the left is a normal graph, in the centre is a graph in which each edge is given a
numerical value, and to the right is a directed graph.
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A weighted graph

e A weighted edge includes values
associated with each edge that indicate
the strength or frequency of tie. For

example, numbers of calls between two
staffs.
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A weighted graph

e Edges with different thickness are used
to represent the monthly calls by staffs.
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An ego-centric graph

e Network consisting of an individual and
their immediate peers (Heer & Boyd,
2005).
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Bipartite Graph

* A graph whose vertices can be divided U Vv
into two disjoint sets U and V such that
every edge connects a vertex in U to
oneinV; thatis, UandV are
independent sets.

* Equivalently, a bipartite graph is a ~ 4»
graph that does not contain any odd- N ’l

length cycles. "
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Affiliation Networks - Bipartite Graph

Two-mode view of the
Southern Women social event

e dataset
o
w02 »
»
. : — 1 .
w03 ~ : > el
> -~
W.04 E e2
gs ; — g E
36 ) i g
© : —+ m
wo7 =k e5
@ -4 [
w08 . i S 6
O N
w09 < S = e?
e | E - u
wll ,A ; E
wi2 4 - 4 el0
A T . [
wi3 - e Ly
wld o E !2
wls : E !3
>
wlé eld
wl7
wls

Source: Valdis Krebs (2010) “Your Choice Reveal Who You Are: Mining and Visualizing Social Patterns” in Beautiful Visualization.
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A Multimodel Graph

Social network connecting different types
of vertices. For example, a network may
connect peers to discussion forums and
blog posts they have commented on.

SeriousEats visualization emphasizing the most
important people (black circles), forums (orange
squares), and blogs (blue diamonds).
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Network in real World

* Physical

o Transportation (i.e. road, port, rail, etc)
o Utility (electricity, water, gas, network cable, etc)
o Natural (river, etc)

e Abstract

o Social media (i.e. e-mail, Facebook, Twitter, Wikipedia, etc)
o Qrganisation (i.e. NGO, politics, customer-company, staff-to-staff, criminal, terrorist,
disease, etc)
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Real world network

* Land transport
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Real world network

* Maritime transport
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Real world network

* Air transport
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Real world network

o Lifeline

Types of drains/canals

820 ha safeguarded for drains and
canals (excludes roadside drains within

23/ 89



Real world network

e Social network
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Graph Visualisation in action 1

Using graph visualisation to understand business networks

ExxonSecrets
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Source: https://exxonsecrets.org/maps.php
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Graph Visualisation in action 2

Graph visualisation is used to reveal voting patterns among United States senators

Source: http://www.cs.umd.edu/hcil/socialaction/users/umd/socialaction.jnlp
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Graph Visualisation in action 3

Graph visualisation is used to understand online social network
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Graph Visualisation in action 4

Graph visualisation is used to show how the news are all connected by degrees of

separation

Ve

Source: Link: http://whichlight.github.io/reddit-network-vis/?

discussion=http://reddit.com/r/gaming/comments/3d2ewz/nintendo_president_satoru_iwata_passes_away/
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Graph Visualisation in action 5

Application of network analysis in project management.

—
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Figure 1 Design development information exchange network: traditional, private sector procurement

Key

Ref. Role Ref. Role

BSL Concrete floor subC JHA Groundwork subC

CBX Client’s adviser JPA Landscape architect

cJo Concrete frame subC MPC The Developer

CL Fenestration and cladding supervisor NWH Main Contractor

CPS Planning Supervisor PPL The Landlord

FBL Brickwork subC SGB Scaffolding subC

HAM Architect STATS Statutory bodies, authorities and undertakers
HE M & E subC TSS Temporary clectrical services
HI Consultant Project Manager TWE Consultant QS

HLE Consultant M & E services engineer UMG Consultant structural engineer
Nore: SubC = subcontractor XRX ‘The tenant

Source: Source: Pryke, S.D."Analysing construction project coalitions: exploring the application of social network analysis”, Construction Management and

Economics, (2004), 22. pp. 787-797.
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Graph Visualisation in action 6

SecViz: Application of network graph in security

(a) Similarity graph of log entries and (b) Similarity graph of network scans
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Graph Visualisation in action 7

Alumni network

* Networks of the below universities are expanded in a breadth first manner up to the depth of 2, (showing
university, alumni and companies they are associated with through employment, investment or other

activities)
¢ Size of the node reflects degree of the node (scaled logarithmically).

. University . Alumnus . Company

O O Size (degree log-scaled)

(a) Stanford University. (b) Harvard University. (c) MIT. (d) UC Berkeley.

Source: http://www.innovation-ecosystems.org/wp-content/uploads/2010/12/209.educon.pdf
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Graph Visualisation in action 8

Public Transport Network Analysis

* Degree centrality indexes for nodes in the existing (2006) and proposed (2020) public transport networks in
Melbourne’s north-east

2006

Percentage of
Transfer-Free
Links

2020

Percentage of
Transfer-Free
Links

Fairli
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Graph Visualisation in action 9

Maritime Port Network Analysis

* Maritime degree, centrality and vulnerability: port hierarchies and emerging areas in containerized transport
(2008-2010)
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Graph Visualisation in action 10

Firm Network Analysis

e S&T cooperation network diagram of cities in China
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Graph Visualisation in action 11
UN Voting in Europe

* An interesting visual analytics product contributes to tidytuesday. The code is available at this github
repository.

UN Veoting in Europe

This correlation graph shows the European countries which tend to vote together
in UN votes (R > 0.5). Countries are clustered based on edge betweenness. There

is a relatively clear east-west split.
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https://github.com/rfordatascience/tidytuesday
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To learn more, go to Visual CompleX|ty
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Graph Data

e What is graph data?
e Storing graph data

o file-based
o database management system
o R object
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Potential Graph Data Sources
Node and Link Data Sets

* Flight Stats.

e The record indicates the city pair (that is, a link), such as ORD-LGA or LAX-ATL. Note that this particular data
has directed links. ORD-LGA is a flight that starts in Chicago’s O'Hare Airport and ends at LaGuardia Airport in
New York City and is different from LGA-ORD, which is a flight going in the other direction. Both links are valid.

Flight, Origin, Destination, Distance, Duration
AA10O, ORD, LGA, 836km, 1:55

DL364, LAX, ATL, 2384km, n/a

AA102, ORD, LGA, 836km, 1:55

QF32, LHR, SYD, 11711km, 22:18
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http://transtats.bts.gov/

Potential Graph Data Sources

Link Records

e Sometimes only links are identified in a data set. One example is network log files. Although log files may seem
arcane, they contain a wealth of interesting information—for example, from where people are connecting into
a corporate network, when and where big files are transferred out, patterns of regular activity (such as
network backup), and patterns of irreqular activity (such as hackers attempting to break in).

Timestamp, Source, Destination, Etc
2/25/2014, 9.8.2.3, 128.2.9.87
2/25/2014, 7.6.9.5, 128.2.19.45
2/25/2014, 7.6.9.5, 128.2.9.87
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Potential Graph Data Sources

Transaction Records

* By looking at the items that co-exist in a transaction, you can construct a graph. Nodes are the items, and links
are the co-occurrence of items within any transaction. Examples of this type of graph include a wide variety of
social networking (including e-mail data, as well as multiple authors of documents such as books, news stories,

or reports.

To, From, CC, Date, Size

"Joe", "Zoe", "Tim", 12/09/2014, 156kb

"Joe", "Ben", "Ann, Tim, Zoe", 11/09/2014, 2048kb
"Joe", "Tim", "Ben, Zoe", 11/09/2014, 805kb
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Potential Graph Data Sources

Sequence Data

e Sequence data is very similar to transaction data with explicit time stamps on each record.

Time Client_Address Requested_File Status
09:55:15 12.34.56.78 GET /index.html 200

@9:57:35 12.34.56.78 GET /images/logo.gif 200
09:58:22 12.34.56.78 GET /flash/splash.swf 200
09:58:35 55.44.33.22 GET /ad/advertisement.js 404
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Potential Graph Data Sources

Unstructured Data (for Example, Tweets)

e Unstructured data can also be processed to extract nodes and links.

e A means to identify nodes and identify links is required. For example, tweets are short, 140-character
messages publicly broadcast on Twitter. Tweets are a rich data source from which you can mine different kinds
of nodes and links by looking for co-occurrence of hash tags (that is, user-defined topics), usernames, or stock

symbols within tweets, and you can extract these to form graphs.

UserName, Time, Tweet

Benzinga, 01/15/2014, Is #Wendys Success at #McDonalds Expense?

SMCD SWEN http://t.co/0ibzrKFiVB

SeekingAlpha, 01/15/2014, 2 Dividend Machines I Purchased Last Week
http://t.co/hMcX5rvSxH $TGT $KO S$MCD

wallstCS, 01/15/2014, RT @Jacqui_WSCS: #Starbucks Catches
"McDonald's Syndrome'" and Gets a #Stock Downgrade

http://t.co/elwMdFbcQ4 via @EwallstCS $SBUX $MCD
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Potential Graph Data Sources
Matrix (for Example, Trade, Migration)

e Sometimes a matrix of data contains the same entries in both the first column and first row. For example,
global trade flows between countries can be represented as a table of numbers (http://stats.oecd.org).

From/To, Austria, Belgium, Denmark,

Austria, nfa, 2.197b, 1.014b,
Belgium, 4.411b, n/a, 3.681b,
Denmark, ©.753b, 1.284b, n/a,
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Potential Graph Data Sources

Statistical Correlation (for Example, Stocks, News Stories)

* Graphs can also be created statistically.

Stockl, Stock2, 1 year correlation
AAPL, GOOG, 0.94

AAPL, IBM, 0.77

GO0G, IBM, 0.66
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Potential Graph Data Sources

Two Data Types (for Example, Board Memberships)

* A bipartite graph has two different types of nodes, with linkages between the different types. For example, a
graph analysis of executives and their board memberships reveals the connections between companies via
board members. The two different data types in this example are people and companies. These are the nodes.
The board memberships are the links that connect a person to a company.

Exec, Board, Tenure

Sergey Brin, Google, 13 years

Paul Otellini, Intel, 11 years
Paul Otellini, Google, 9 years
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Potential Graph Data Sources
Many Data Types (for Example, Social

* People can be connected through many
kinds of commonalities—for example,
LinkedIn builds connections via
companies, friendships, educational
institutions, group memberships, and
SO on.

Organizations

_inks)

(@ Organization_ID
Organization_Mame
Organization_Description

@ Member_iD
Date_Connection_Made

Data Model for Linksdin
Barry Williams
15th. November 2010
DatabaseAnswers org

@ Corrent_Organization_iD

Ref_Marital_5Status
@ Marital_Status_Code
Marital_Status_Deseription

&g Married, Single

Other_Details
Connections Members @ Address_ID
D COﬂﬂGCFIOﬂ_'D @ Member_ID Unet
@ Connection_Member_ID Bo— — — — @ Address _iD Line_2

Line_3

@ Marital_Ststus_Code ciy

Date_Joined State_County_Province

Date_of_Birth Zip_or_Postcode
People_Being_Followed Emai_Address Country
Member_ID Email_Password GOther_Details
Member_Bem Followed_ID Frst_Hamz

—being_Followed | Widdle_Name
(@ Date_Started_Following

Last_Name Groups
Date_Stopped_Following Gender
Other_Details Group_ID

~ Other_Details i
erbetal Crested_by_Member_iD

4, J, J, Group_Name
‘ | Group_Description
K Group_Date_Started

Recommendations ‘ | Group_Date_Ended
‘ | C Group_Date_Last_Activity
. Other_Details

Member_Recommending_ID
Member_Being_Recommended_ID

Date_of_Recommendation I—
|

Date_Joined

Other_Details Date_Left

‘ CVs | [ Members_Profiles | | Profile_Sections

@ cvio @ Profile_ID @ Profile_Section_ID

@ Member_iD @ Member_ID @ Profile_Section_Code
Date_Created Date_Created Date_Created
Date_Updated Date_Last Updated Date_Updated

Date_Created Profile_Section_Text

Date_Updated

CV_Section_Text

CV_Sections

Ref_CV_Sections

(@ cV_section_Code

Ref_Profile_Sections

@ Profile_Section_Code
Profile_Section_Description
g Certifications, Languages
eg Patents, Publicatiopns, Skils

CV_Section_Description
&g Personal Details
g Jobs, Qualifications
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Popular Graph Data File Formats

e GraphML, an XML-based file format for graphs.

e GXL, graph exchange format based on XML.

e Trivial Graph Format, simple text based format.

e GML is another widely used graph exchange format.

e DGML, Directed Graph Markup Language from Microsoft.

e XGMML, an XML-based graph markup language closely related to GML.

e Dot Language, a format for describing graphs and their presentation, for the Graphviz
set of tools.
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Graph database

Neo4j (Network Exploration and Optimization 4 Java) is a graph database management
system developed by Neo4j, Inc.

2
Neo4j is a NoSQL
Graph Database

Embedded
and Server

Open source
Welcoming UI

Easy data modeling
Billions of Readable queries
snities Active community
High performance
optional schema

Source: http://neo4j.com/developer/get-started/
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R Graph Objects

e network: Classes for Relational Data

e igraph: Network Analysis and Visualization. There is also R CRAN version of
documentation. .

e tidygraph: A Tidy API for Graph Manipulation. Refer to these two articles for more
information:

o Introducing tidygraph
o tidygraph 1.1 - A tidy hope
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https://cran.r-project.org/web/packages/network/index.html
https://igraph.org/r/
https://cran.r-project.org/web/packages/igraph/index.html
https://cran.r-project.org/web/packages/tidygraph/index.html
https://www.data-imaginist.com/2017/introducing-tidygraph/
https://www.data-imaginist.com/2018/tidygraph-1-1-a-tidy-hope/

Introducing tidygraph

e Atidy API for graph/network manipulation in R

e It provides a way to switch between node and edge tables.

It provides dplyr verbs for manipulating node and edge tables.

e It provides access to a lot of graph algorithms with return values that facilitate their use
in a tidy workflow.

The full reference guide is available at this link.
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https://tidygraph.data-imaginist.com/

Network Graph Visualisation and Analysis

* Layouts
e Visual Attributes

e Network Geometrics
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Graph Layouts

Graph layouts are algorithms that return
coordinates for each node in a network
graph.

e Showing node-edge relationship.

e Very challenging for large graph.
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Node-and-Link Layouts

One common method for drawing graphs is to draw nodes as markers and edges as lines

connecting them (also referred to as links)

Force-Directed q 8

Node-Only
00D

Time-Oriented : 2 S

-——————n

Top-Down

Radial

These layouts mimic physical forces, with forces pushing
nodes apart, and links pulling connected nodes together.

These layouts are used in conjunction with force-directed
layouts, particularly with large graphs.

These layouts are used where time is an element of
the graph. A time-based ordering facilitates seeing the
sequence.

These layouts are a traditional organizational layout of a
hierarchy—top-down or left-right.

Sometimes a circular layout for graphs and hierarchies
are effective.
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Node-and-Link Layouts

https://flare.prefuse.org/

Source: https://flare.prefuse.org/demo/
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Force-Directed Layout

e Force-directed graph drawing
algorithms are a class of algorithms for

drawing graphs in an aesthetically- e | .
pleasing way. ¢\9 : e
* Their purpose is to position the nodes ot /7
of a graph in two-dimensional or three- .'_ o . —°
dimensional space so that all the edges * @ Jegis
are of more or less equal length and ™ ee
there are as few crossing edges as S |
possible, by assigning forces among "

the set of edges and the set of nodes,

based on their relative positions, and

then using these forces either to

Simulate the motion Of the edges and http://bl.ocks.org/mbostock/4062045
nodes or to minimize their energy.

Source: https://en.wikipedia.org/wiki/Force-directed_graph_drawing 55/ 89
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BiPartite Layout

Source: https://rpubs.com/pjmurphy/317838
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Node-Only Layout

UPDATED February 12, 2012 o TWITTER u LINKEDIN SHARE

Four Ways to Slice Obama’s 2013 Budget Proposal

Explore every nook and cranny of President Obama's federal budget proposal.

All Spending Types of Spending Changes Department Totals ‘

How $3.7 Trillion Is Spent

Mr. Obama’s budget proposal includes $3.7
trillion in spending in 2013, and forecasts a
$901 billion deficit.

Circles are sized according to the
proposed spending.

5100 billicn ;

i The proposal ]

i 510 billion i forecasts a 5901 H
AL 8 pillion ) billion deficit. '

Color shows amount of cut or
increase from 2012

I e

—25% -5% O +5% +25%

Source: http://www.nytimes.com/interactive/2012/02/13/us/politics/2013-budget-proposal-graphic.html
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Time-Oriented Layout

Optogenetic
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The Journal of neuroscience ...

Nature neuroscience
Plos one

Neuron

Proceedings of the National...

Nature methods

science (New York, N.Y.)
current biology : CB
Journal of neurophysiology

Brain research
Frontiers in molecular...
The Journal of biological...

Progress in brain research
Journal of neuroscience...
Journal of visualized...

Cell
Biological psychiatry
The Journal of physiology

Behavioural brain research
Experimental physiology
Neuropharmacology

Nature communications
Neurosurgery

58 /89



Radial Hierarchical Layout
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http://mbostock.github.io/d3/talk/20111018/cluster.html
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Tree Hierarchical Layout

analytics ©

animate O

data ©

display ©

flex @

fiare O

physics ©

query ©

scale ©

util ©

vis O

http://mbostock.github.io/d3/talk/20111018/tree.html

QO Easing

O FunctionSequence
interpolate O

O ISchedulable

O Parallel

O Pause

O Scheduler

O Sequence

O Transition

O Transitioner

O TransitionEvent

O Tween

axis O
contrels ©
data ©
events @
legend ©
operator ©

O Visualization

O Armrayinterpolator
O Colorinterpolator
O Datelnterpolator
O Interpolator

O Matrixinterpolator
O Numberinterpolator
O Objectinterpolator
© Pointinterpolator

O Rectanglelnterpolat

O Axes

O Axis

O AxisGridLine
O AxisLabel

O CartesianAxes
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Geographic Layout

Hours Of Day:

B 24

| ____1
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https://wiki.smu.edu.sg/1617t3isss608g1/ShinyNET_Data_Prep_Report

Airport Connections

Show entries Search: I
Arrival Departure Carrier Dep Dept_Time
1 AHMEDABAD BAGDOGRA Indigo 5 420AM
2 AHMEDABAD  BANGALORE Indigo 2 135AM
3 AHMEDABAD BANGALORE Indigo 5 420AM
4 AHMEDABAD COCHIN Indigo 4  3115AM
5 AHMEDABAD  DELHI Indigo 4  315AM
6 AHMEDABAD GUWAHATI Indigo 3 420AM
7 AHMEDABAD HYDERABAD Indigo 4  315AM
8 AHMEDABAD  KOLKATA Indigo 5  420AM
9 AHMEDABAD  MUMBAI (BOMBAY)  Airlndia 1 1225 AM
10  AHMEDABAD  MUMBAI (BOMBAY] Indigo 3  245AM
Showing 1 to 10 of 208 entries
Previous E 2 3 4 5 21 Next
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Chord Diagrams

Visualization Automated Variable Selection User Variable Selection

Country

Regions
Select Origin Region:

Africa

Select Destination Region:

Africa

Time
Time period:

1990-1994 v

Year (Attribute):

1985 il 2010

— ([l
1985 1991 1997 2003 2009

Flow

Minimum number of Migrants

10000 100000

Nt | |
1 100020001 40001 60001 80001 100000

Variable Selection

https://davidten.shinyapps.io/migrationanalytics2/

A

Push Factors Pull Factors

Chord Diagram

\;\ber\a

Libya
Lesotho

Mali
MozambiQUe

7
B,

epue N
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Sankey Diagrams

Domesticaviation ==

https://observablehq.com/@d3/sankey-diagram
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Hive Plot (https://academic.oup.com/bib/article/13/5/627/412507)

http://www.hiveplot.net/

CONNECTIVITY

THE HIVE PLOT IS A
PERCEPTUALLY UNIFORM
AND SCALABLE LINEAR
LAYOUT VISUALIZATION
FOR NETWORK VISUAL
ANALYTICS

UNDERSTANDING NETWORK
STRUCTURE WITH HIVE PLOTS.

(A) Normalized (top) and absolute
(bottom) connectivity of E. csff gene
regulatory network and Linux function
call network (Yan et af)

(B) Gene co-regulation networks in
neuroblastoma samples.

(C) Network edges shown as ribbons
creating circularly composited stacked
bar plots (a periodic streamgraph).

(D) Syntenic network of three modern
crucifer species to ancestral genome.
(E) Layered network correlation
matrix. In each cell two layers v are
depicted with # used to order axes
and nodes while links for » are shown.

[ zoow || GeT sLibES

We're interested in how you apply this
network visualization method to your
data set—let us know.



https://academic.oup.com/bib/article/13/5/627/412507
http://www.hiveplot.net/

Hive Plot of Network of Individuals at Risk of HIV

HIV-Negative
|

Gender

® Female Male

Link Type

F-F F-M

https://konstantinkashin.com/assets/data/hiveplot.html
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Hive Plot in ggraph

1.0-
0.5-
0.0-

-0.5-

1.0 0.5

https://www.data-imaginist.com/2017/ggraph-introduction-layouts/

1.0

index
0.00
— 025
— 0.50
— 0.75
— 1.00

friends
I few
B many
B medium

factor(year)
—— 1957
— 1958
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Adjacency Matrix (https://en.wikipedia.org/wiki/Adjacency_matrix)

Zacharias Dolendo-
Theodoor de Bry-
Theodoor Galle-
Simon van de Passe-
Simon Frisius-
Robert de Boudous-
Raphael Sadeler |-
Polidoro da Caravaggio-
Philips Galle-
Nicolaas de Bruyn-
Maerten de Vos-
Maarten van Heemskerck-
Karel van Mander |-
Johannes Wierix-
Johannes Janssonius-
Johann Theodor de Bry-
Johann Israel de Bry-
Joannes Galle-
Jan van der Straet-
Jan van de Velde II-

Jan Saenredam-[
Jan Sadeler |-

Jan Harmensz. Muller-[1
Jacob de Gheyn II-

: Jacob Matham-[1
Hieronymus Wierix-
Hendrik Hondius I-
Hendrik Goltzius-
Giuseppe Cesari d'Arpino-

Frans Hogenberg- [

Dirck Barendsz.-

Crispijn de Passe the Elder [l
Cornelis Galle I-
Cornelis Drebbel-
Cornelis Cornelisz. van Haarlem-
Claes Jansz. Visscher-
Christophe Plantin-
Christoffel van Sichem II-
Christoffel van Sichem |-
Bernardino Passeri-
Bartholomeus Spranger-
Balthasar Moncornet-
Antonius Wierix-
Anthonie Blocklandt van Montfoort-
Albrecht Diirer-
Ahasuerus van Londerseel-
Adriaen Collaert-
Abraham Hogenberg-

Abraham Bloemaert-
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https://matthewlincoln.net/2014/12/20/adjacency-matrix-plots-with-r-and-ggplot2.html
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Basic Visual Attributes

ATTRIBUTE EXAMPLE DESCRIPTION

Node size Shows magnitudes or quantities such as counts
or sums

Node color Shows different categories, or shows positive/negative
numeric values

Label Shows individual identity of a node or link

Edge weight C%& Shows the strength of a connection between nodes

Edge color Shows categories (such as the type of connection) or
numeric values (such as how recent the connection is)

Edge type Shows direction via arrows, or shows other attributes

via line styles

68 / 89



Additional Visual Attributes

Bundled edges Use these for aesthetics or to reveal relationships about
connections.
Shapes Use unique shapes to show a few different categories

(for example, male/female, up/down, and so on).

Images Use an image for a node (for example, a photo, a flag, an
icon, a pie chart, bar chart, or sparkline).

Transparency, There are other visual attributes that are less commonly

border color, used, sometimes because they are not available in a

arrow shape, particular program, because they may be more obscure,

font family, label or because they do not visually pop out as much as attri-

offset, shadows, butes such as size or color.

gradients, and

more
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Combining Visual Attributes

Department

Administration
Engineering

Executive

Facilities

Information Technology

Security

Weight

5

10
15
20
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Network Visualisation and Analysis Process Model
(Hansen, D. L. et. al. 2009)

------- Learn SNA Concepts and Tool -

4 Aunwwo) ayl yum Ajeywejuey 7
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Measures of Power and Influence - Network Metrics

e A collection of statistical measures to
report:
o the connectivity of a node within a
network,
o the complexity of a network,
o the clusters or sub-groups within a
network.
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Network Metrics: Degree

* Degree, the number of direct
connections a node has.

e Degree is often interpreted in terms of
the immediate risk of node for catching
whatever is flowing through the
network (such as a virus, or some
information).

Documen it Actions

# Refresh Graph

# Fruchterman-Rein - B Lay Out Again ~

El\q k& S || Zoom: i—J Scale:

¥ Dynamic Filters % Graph Options

J @ ®

Fernando
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Network Metrics: In-degree & Out-degree

e If the network is directed (meaning
that ties have direction), then we
usually define two separate measures
of degree centrality, namely indegree
and outdegree.

e Indegree is a count of the number of
ties directed to the node, and
outdegree is the number of ties that
the node directs to others.

* For positive relations such as friendship
or advice, we normally interpret
indegree as a form of popularity, and
outdegree as gregariousness.
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Network Metrics: Betweenness centrality

e Betweenness is a centrality measure of
a vertex within a graph (there is also
edge betweenness, which is not
discussed here).

e Vertices that occur on many shortest
paths between other vertices have
higher betweenness than those that do
not.

Documen t Actions

Ehﬁ k@ S || Zoom: ﬂ Scale:

#7 Refresh Graph | ## Fruchterman-Rein - B Lay Out Again ~

¥ Dynamic Filters 9 Graph Options
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Network Metrics: Closeness Centrality

e In graph theory closeness is a centrality
measure of a vertex within a graph.
Vertices that are 'shallow' to other
vertices (that is, those that tend to have
short geodesic distances to other
vertices with in the graph) have higher
closeness.

e Closeness is preferred in network
analysis to mean shortest-path length,
as it gives higher values to more central
vertices, and so is usually positively
associated with other measures such as
degree.

ocumen t Actions
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Network Metrics: Eigenvector Centrality

Documen t Actions

e A measure of the impo rtance of a node Hth G 1 e en 81y | s & o e
Q‘_M b |® & [(M| zoom: {J Scale: J @ ¢

in a network.

e [t assigns relative scores to all nodes in
the network based on the principle that Py
connections to high-scoring nodes
contribute more to the score of the . — 1
node in question than equal . e
connections to low-scoring nodes. ).

g ) Fernando

P I:lmlher
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Network Metrics: Clustering Coefficient

Documen it Actions

e A measure on how connected a vertex'’s mif: oot ® chme.rmanl._pleem-mayomga‘m. - vuynamicm;s G Optors
neighbours are to one another. More :
specifically, it is the number of edges
connecting a vertex's neighbours
divided by the total number of possible P B |
edges between the vertex's neighbour. /
S JA— "'.
ﬁ g Fernando
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Network Analytics Methods

* Mapping relationships
¢ Identifying hierarchies
* Detecting communities

e Analysing flow
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Analysing Spatial Networks Relationship

Melbourne 2010
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Analysing Hierarchy of Spatial Network
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Detecting communities

Source: Source: http://arxiv.org/pdf/0906.0612.pdf
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Spatial Networks for Flow Analysis
Arteries of the City

Scale
The thickness of each line reflects the average number of vehides
on that road per day in 2011

—

2,000 5,000 10000 20,000 50,000 100,000 150,000

Lion Rock

Eagle's Nest
Tunnel

Colour
Shows the percentage change compared to the previous year

10 5 0 5 10 30
Vehicles licensed Change
2011  over 2010 %
s Motorcycle _WpI7 609 A6 A
e Private car 434,843 +19.877 +48 A
o Ty 18,132 s 4001 A
ﬁ Bus (franchised) 5,798 +69 1.2 A
Bus (non-franchised, private) 7479 2 003V
Vl(:[or]a B  Goods vehicle 112570 +1829 47 A
Light bus (public) 4,345 3 01 v
Harbour BB Light bus (orivate) 2200 2 +59 A
m Government vehicle 6.297 18 03 Vv
] Total 630,281 +22,485  +37 A

Source: http://2013.sopawards.com/wp-content/uploads/2013/05/697-South-China-Morning-Post-Arteries-of-the-City.pdf 83/ 89
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Swiss Knife for Graph Visualisation and Analysis |
NodeXL, an open-source template for Microsoft® Excel® 2007 and 2010 that makes it easy

to explore network graphs.

) T — AL — T oee e o -
rffl_ = :F NodeXLGraphl - Microsoft Excel
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F12 hdl - I hd
A B | ¢ D E F | @ H 4 Document Actions - x
e Visual Properties # Show Graph  # Fruchterman-i = B Lay Out Again - | ¥ Dynamic Filters @ Graph Options
visibility [l Label |§7l. h 8@ a|@ zoom: [} Scale: G &+
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Lo || e Socil Medie Resesrch Foundation

» NodeXL is brought to you by the Social Media Research Foundation.

+ Do you have guestions, comments or requests concerning NodeXL?
Please join us on the NodeXL discussion list.

— + Visit the NodeXL Graph Gallery to see the wide variety of graphs that
have been created by the NodeXL community.

« NodeXL is supported by user donations, which enable us to continually
improve the product. Please help us continue our work by donating to
the Social Media Research Foundation's NodeXL development fund.
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Swiss Knife for Graph Visualisation and Analysis Il

Gephi, an open source network graph visualisation and analysis toolkit.

Download Blog Store Wiki Forum Support Bug n'a-::k-:ar'_.__.l'

malkes graphs handy

Home Features Learn Develop Plugins 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 0S8 X.
Gephi is open-source and free.

Learn More on Gephi Platform =

[

| + Download FREE

| ; Sh

Release Notes | System Requirements

» Features » Screenshots
» Quick start » Videos
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R Package for Network Visualisation and Analysis

e Network analysis centric

o igraph

© sna

o Network
o tidygraph

e Network visualization centric

o ggraph

o vizNetwork
© ggnet2

© geomnet
o ggnetwork

86 /89


https://cran.r-project.org/web/packages/igraph/index.html
https://cran.r-project.org/web/packages/sna/
https://cran.r-project.org/web/packages/network/
https://github.com/thomasp85/tidygraph
https://cran.r-project.org/web/packages/ggraph/index.html
https://cran.r-project.org/web/packages/visNetwork/vignettes/Introduction-to-visNetwork.html
https://briatte.github.io/ggnet/
https://cran.r-project.org/web/packages/geomnet/index.html
https://briatte.github.io/ggnetwork/

Web enabled Graph Visualisation Libraries

* Graph

o Sigma.js
o Cytoscape.js

e Generic
o Vis.js

o JavaScript InfoVis Toolkit
o D3.s
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References

Highly Recommended:

¢ Richard Brath and David Jonker (2015)
Graph Analysis and Visualization: Discovering Business Opportunity in Linked Data,
John Wiley & Sons. This book is available online at smu digital library.

e Luke, Douglas A. (2015) A user's guide to network analysis in R, Springer. This book is
available online at smu digital library.

Additional readings

e Tan McCulloh, Helen Armstrong, and Anthony Johnson (2013) Social Network Analysis
with Applications, Chapter 1-3. This book is available online at smu digital library.

e Scott, John (2017) Social network analysis (4th Edition). This book is available online at
smu digital library.
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https://methods-sagepub-com.libproxy.smu.edu.sg/book/social-network-analysis-4e

Geospatial Network Visualisa

GEOSPATIAL

NETWORK

VISUALIZATION
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Select filters:
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Geography Representation

Distorted

Node Representation

Explicit Aggregated

Link Representation

Explicit Aggregated

Composition

Abstract

Abstract

Abstract

Juxtaposed Superimposed

Nested Integrated

Quantifying Global International
Migration Flows

Abel, Guy |.; Sander, Nikola. Science
(2014) K]

abstract | explicit| explicit

integrated | not_required

Visualizing network data

mapped | explicit| explicit

superimposed | not_required

Dynamic visualization of
geographic networks using
surface deformations with
constraints

Basak; Simengen, Selguk;

of the Col

distorted | explicit | abstract

integrated | required

Map Warping for the Annotation
of Metro Maps
Béttger, Joachim; Brandes, Ulrik;
Ziezold, Hendrik.
i nd Ap
{2008) [Link]

distorted | explicit | explicit

Revealing Patterns and Trends of
Mass Mobility Through Spatial
and Temporal Abstraction of
Origin-Destination Movement
Data

ienkao, Gennady; Andrienka,

; Fuchs, Georg; Wood, Jo. [EEE
017) [Link]

mapped | explicit| abstract

superimposed | not_required

Spatial Generalization and
Aggregation of Massive
Movement Data

mapped | aggregated
aggregated | superimposed

not_required

OontoTrix: a hybrid visualization
for populated ontologies

Bach, Benjamin; Pietriga,
Liccardi, Ilal

abstract | explicit| explicit

integrated | required

NetworkCube: bringing dynamic
network visualizations to domain
scientists
Bach, Benjamin; Riche, M
Roland; Giannisakis
ee, Bongshin; Fekete,

mapped | explicit| explicit

superimposed | not_required

superimposed | not_required 7 N .' mapped | explicit| aggregated

This site provides an outstanding overview and survey of various geospatial network visualisations.
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https://geonetworks.github.io/

