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GRAPH VISUALIZATION

KIRELL BENZI, PH.D

@KirellBenzi Inspired by Lex www.kirellbenzi.com



https://www.kirellbenzi.com

What is a graph?

Mathematical tool to model
relationships between abstract objects




Applications of graphs?
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https://blogs-images.forbes.com/jacobmorgan/files/2014/05/internet-of-things-2.jpg



https://thenextweb.com/socialmedia/2013/11/24/facebook-grandparents-need-next-gen-social-network/%23.tnw_PwEXUo7t

A tree that represents 13 answer
the expression

3*((7+1)/4) + (17 - 5)

The upward pointing

arrows show how the - ° -
value of the expression / \
can be computed.
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WHY STAR WARS?

» Largest fictional universe ever
created

» Free access to the data

» [eads to the creation of tools,
algorithms and method to explore
History with science

Main reason: I love Star Wars...

THESTAR WARS WIKI

Wookieepedia

"Wookieepedia is a lavish and stunning homage to the Star Wars
pop cultural phenomenon. Thanks to its professional appearance,

the scope of its content, the quality of its writers and diligence of its

administrators, Wookieepedia has become a valuable resource to
fans both casual and obsessive, as well as to Star Wars authors.
It's becoming the new nexus for everyone who wants to know as
much as Yoda about that galaxy far, far away."

—Abel G. Penalsrel

Wookieepedia, the Star Wars Wiki, is a wiki that was started on
March 4, 2005, and strives to be the premier source of information on
all aspects of the Star Wars universe. This includes information from
the Star Wars films and Expanded Universe, as well as information of
value to fans. The Star Wars wiki is inspired by Wikipedia, but can
expand on Star Wars information in greater detail and with more
freedom than Wikipedia. Wookieepedia was founded when Wikipedia
users began to complain of the overabundance of minutiae related to
Star Wars that began appearing on Wikipedia. Since then, it has
expanded to become one of the largest wikis on the Internet.

As a fan-created encyclopedia, Wookieepedia is not intended to be a
primary source, nor is it a replacement for the Databank, the

Wiki Activity Random article

On the Wiki Status Articles

Videos

Navigation Community

New files on this wiki

H@»@®
131,0297 0k

IHESTAR WARS WIKI

Wookieepedia

URL

Slogan
AlexaRating
Commercial?
Type
Language(s)
Registration

Owner

Created by

Maintained by

http://starwars.wikia.com

iy

The Star Wars Wiki
141 (for wikia.com) &

No

Wiki

English (more)
Optional
Wikia, Inc.

= Chad Barbry

= Steven Greenwood

Wookieepedians
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"You were the Chosen One! It was said that you would destroy the Sith, not join
them! Bring balance to the Force, not leave it in darkness! You were my brother,
Anakin! | loved you!"

—Obi-Wan Kenobi, to the fallen Anakin Skywalkers™!

CREATING THE GRAPH OF CHARACTERS

Anakin Skywalker was a Force-sensitive Human male who served the Galactic
Republic as a Jedi Knight and later served the Galactic Empire as the Sith Lord
Darth Vader. Born to the slavn 41.9 BBY, Anakin was
conceived by midi-chlorians, the symbiotic organisms that allowed individuals to

» Fetch the hierarchy of categories under

touch the Force, and he and his mother were brought to the desert planet of

6« M ”»
Tatooine to be the slaves & Gardulla the Hutt. Jhey soon ended up as the property InleIduals
of the{ Toydarian Watto, jnd Skywalker exhibited exceptional piloting skills and a
reputation for being able to build and repair anything even at a young age. In 32 Anakin Skywalker >» FetCh the biO ra h Of eaCh Character
BBY, Skywalker encountered thefUedi Qui-Gon Jinn)and{Padmé Amidala Jand he Biographical information g p y
helped them secure the parts they needed for their starship by winning the Boonta Homeworld Tatooine!"
Eve Classic podracing event—only to learn that he had also won his freedom in Born 41.9 BBY (7:4 BrS)? > Detect 1N each blo Other Characters
doing so. . 4 ABY (39:3)" Death
Died
Reluctantly leaving his mother behind, Skywalker accompanied Jinn and his group Star Il over Endor” > C d h k
to the Republic's capital of Coruscant and participated in the Battle of Naboo, -Phy’.m' description — rea‘te dll Store t c networ
helping to free Amidala's homeworld from the armies of the Trade Federation. While Species Huméh' |
Jinn was killed during the battle, Jinn's studen{ Obi-Wan Kenobi Jollowed Jinn's Solizd Male™
wishes and took on Skywalker as his Padawan, and much of the Jedi Council Height ;'gg ,meters':.,]'ater
/ In armor-
believed that Skywalker was the Chosen One of Jedi prophecy: one who would , )
' _ ' ' 84 kilograms, " later
bring balance to the Force by destroying the Sith Order. Skywalker and Kenobi had ~ Mass 136 in armor®
a number of adventures during the Padawan's decade of training to become a Jedi, | Blond® to brown ® la H U m a n
but as the Separatist Crisis threatened to tear the Republic apart in 22 BBY, Hair color er none'’ Duros
Skywalker was reunited with Amidala when he was assigned to protect her from Eye color Blue," yellow (dark Sullustan 78 %
assassins. The two grew close during the course of the assignment, though they side)™ T dza bhrak
were caught up in the Battle of Geonosis and the beginning of the Clone Wars LU Felnlater peale™ ranaosaan —7
between the Republic and the Confederacy of Independent Systems. Losing an Cybernetic right Yuuzhan Vong /
during the fighting, Skywalker received a cybernetic repl tandheand  Cybemetics 2™ laterprostheti Bothan
arm during the fighting, Skywalker received a cybernetic replacement, and he an y ] I
Amidala were secretly married in the days after the battle despite the Jedi Code's life-support system!™ Wookie
restrictions on romantic attachments. 'chronologlcal and political informatio
During the Clone Wars, which raged for the next three years, Skywalker was = Rise of the Empire Rodian 1 9, 613 characters
era®

granted the rank of Jedi Knight and became known to the public as the "Hero with Era(s)

= Rebelli 12 y 1
No Fear." Taking on the{Togruta Ahsoka Tano}as his apprentice, Skywalker fought sheToner Twi'Lek 66,425 llnkS

= New Republic era’®
alongside Kenobi and his fellow Jedi in scores of battles, and his friendship with



LABEL PROPAGATION

Graph theory + machine learning

» Propagation of known information to
undetermined neighbors (in black)

> Relies to the topology to infer missing
values

» Can be also be used to improve opinion
mining and sentiment analysis on Twitter
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https://www.kirellbenzi.com/art

Graph theory basics

A graph G(V,E,W) consists of a set of vertices V (also called nodes) and a set

of edges E (also called links) connecting these vertices, and possibly a set of
weights (W) associated with the edges.

Graph and Network are often used interchangeably

Edge weights: distance or strength?

12

From Barabasi: http://barabasi.com/networksciencebook/chapter/2



http://barabasi.com/networksciencebook/chapter/2

N rows and N columns matrix representing the
connectivity of the network

Al] = 1 if there Is a link pointing from node | to
node |

Al = 0 if nodes | and | are not connected to each
other

1

Adjacency Matrix

I

-
(O

e

42

> > > b



Directed or not

Undirected network Directed network

“ friend ' “ follow °




{

D. Undirected network

p— o ()
O O =
O O = O

0
I
1
0

l

C. Directed network

o/:\e/"

0 0 1 0
1. 010
0 0 0 0

SBG Ly


http://barabasi.com/networksciencebook/chapter/2%23matrix

Some kinds of graphs

: ( \ ( \
a. Undirected 0110 b. Self-loops il B
P e I 0 1 1
v 1 1 0 0 1 0 0
L0 1 0 0 L o0 1,
AH =() AU = A, A, = Aﬂ
| & 2L ] GRAPH CLASSES
L=— z A, <k>=— : |
2 i,j=1 ' N
c. Multigraph 0 2 1 0) g4 Directed 01 0 0
(undirected) 2 0 1 3 x — O 0 1 1
Y%=l 1 0 o sy e M)
(e e ﬁ\ RS D
AN =0 Au = A,u A;;‘ s Aj; A SURVEY
| < 2L ‘ S =F
ng'zl“‘u <k>=7 L=i21A,, <L>_ﬁ
Arcreas  Van Bang  Jeremy P.
e. Weighted SLEE S E f. Complete Graph {1 e e Bandstidt  Le Spinrad
(undirected) gt 2 0 l 4 (undirected) v R |
“ 105 | 0 0 S 111 0 1
[N etk e st 4 Vi Gy B ]
A.,-! =O A'.} —_ it A"_ = A"‘f = l MAY By aghs cm e o Be e Ay e
</\>=£ L=Lm“—N(‘~2—l) k>=N-1
N


http://epubs.siam.org/doi/pdf/10.1137/1.9780898719796.bm

Knowledge graph?

How to build a knowledge graph?

4, | prototyped a tiny search engine with pagerank that worked on my computer. | am interested in
building a knowledge graph on top of it, and it should return only queried webpages that are within
5 the right context, similarly to how Google found relevant answers to search questions. | saw a lot of
publicity around knowledge graph but not a lot of literature and almost no pseudocode like
v guideline of building one. Does anyone know good references on how such knowledge graph
works internally, so there will be no need to create models about a knowledge graph?

12 algorithm search graph artificial-intelligence

share edit close flag asked Apr 5 '15 at 19:02

Pippi
850 «2 20 37

add a comment

start a bounty

1 Answer active oldest votes

&, Knowledge graph is a buzzword. It is a sum of models and technologies put together to achieve a
result. The first stop on your journey starts with Natural language processing, Ontologies and Text
20 mining. It is a wide field of artificial intelligence, go here for a research survey on the field.

Before building your own models, | suggest you try different standard algorithms using dedicated
toolboxes such as gensim. You will learn about tf-idf, LDA, document feature vectors, etc.

C <

| am assuming you want to work with text data, if you want to do image search using other images
it is different. Same for the audio part.


https://stackoverflow.com/questions/29461062/how-to-build-a-knowledge-graph/29462507%2329462507

Graph databases

(w431 MATCH p = (:Category)<——(:Place)-[*]->(:Terminal {name:'A'}) RET .

IN_CATEGORY

Gos IN_CATEGORY

&
Popgyes @ Auntie
Louisiana o =
Kitchen %‘nﬂ»
\ﬂj

AL N
N ’

W-reﬁldm L
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https://nicolewhite.github.io/2014/06/30/create-shiny-app-neo4j-graphene.html

Graph visualizations



Graph visual encodings

Matrix form Implicit form

Node-link diagram




Choosing the right representation?

Depends on the task, attribute-based (ABT) and/or topology-based (TBT)
Localize - find a single or multiple nodes/edges

 ABT: Find edges of a certain type

o [BT: Get the neighborhood of a given node
Quantify — count or estimate a numerical property of the graph
o ABT: Get number of edges
 [BT: Get the number of outboud links from a node
Sort/Order — enumerate the nodes/edges according to a given criterion
 ABT: Sort all edges by distance (or weight)

 [BT:. Get the shortest paths from a given node [Lex]



Node-link diagram

Explicit graph representation °

Vertex = point

Edge = line or arc ° ° °




Edge attribute encoding

Width: quantitative 6 e & N &y N
Saturation: ordinal ® ® 0/\‘ O/\. 0/_\.

Style: nominal Q/_\' ¢ o © - ‘/\‘
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Criteria for good layout

Edge Crossings:

[ 1> X [ 1>4

(task performance
and preference)

Minimized distance of neighboring nodes

Uniform edge length

Aspect ratio about 1 (not too long and not too wide)

Minimized drawing area

Bend Points:

(task performance
and preference)

Symmetry:

RE

(preference)

£

Orthogonality:

EEAW

(preference)

[Hindalong]


http://www.cs.ubc.ca/~tmm/courses/547-15/slides/emily-hola.pdf

Conflicting criteria

[Buchheim et al.]


https://cs.brown.edu/~rt/gdhandbook/chapters/crossings.pdf

ign critique

Des

2
0
3
.



Force-directed layouts

Most common layouts

Adapted from Physics, with vertices as

repulsive magnets and edges as springs o L7?

Computationally expensive: O(n/3)

Hard scale for interactivity


https://bl.ocks.org/mbostock/4062045

A

M Nl
. - f

7

/7




Node-link diagrams issues

Giant hairball depending on the topology of the graph
Computing an optimal layout lies in NP
Try to solve as an optimization problem, not necessarily convex

Complexity is still high O(n?2) - in each optimization step, all vertices are
compared to all others

[Lex]



Multilevel approaches

Top Layer

—
SuperNode
Also known as graph coarsening
Different strategies to collapse node i
or edges E ~
~ \ | /,-':: 7

Recursive graph layout from top to
bottom

Used also in graph partitioning,

shortest path, etc. / /
g LN . /

Base Layer



[Mi et al.]
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http://www.mdpi.com/2227-9709/3/4/23/htm

Collapsible Force Layout



https://bl.ocks.org/mbostock/1062288

Orthogonal layout

Used primarily in electrical engineering and
software dev

Initial Human 17th Human 16th Human 2nd Human 1st yFiles HOLA
Graph |

Graph 2

Graph 3
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http://docs.yworks.com/yfiles/doc/developers-guide/compact_orthogonal_layouter.html
https://www.ncbi.nlm.nih.gov/pubmed/26390483
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Clutter is important

Node ordering Is paramount


https://stackoverflow.com/questions/24684931/improving-layout-and-resolution-of-a-network-graph-in-r

Edge bundling

Reduce clutter by visually grouping edges

[Holten]


http://swerl.tudelft.nl/bin/view/Main/ExTraVis

[Taken from Lex]
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http://mbostock.github.io/d3/talk/20111116/bundle.html

Fixed layout

[Holten]


http://www.win.tue.nl/vis1/home/dholten/images/fdeblarge.png

V.4

December 2010


https://www.facebook.com/note.php?note_id=469716398919




Node-link diagrams

Pros

Visualize all graph classes

Very flexible in the layout

Good for topology related queries (if good layout)
Cons

Tendency to clutter

Hard to find a good layout (lies in NP)

Even heuristics are still slow/complex to run



Multivariate graphs



Multivariate Graphs

How to represent both the topology and attributes on the graph?
Attributes can also influence topology

Show/hide edges or paths
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Node attributes

Natural choice is color or glyphs

Limited in scalability
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Matrix representation
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http://www.nature.com/nmeth/journal/v9/n2/full/nmeth.1862.html

[McGuffin 2012]

Good for neighborhood tasks
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https://bost.ocks.org/mike/miserables/
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Matrix-based representations

No node overlapping

No edge crossing

Readable for dense graphs
Fast navigation

Fast manipulation

More readable for some tasks

Less intuitive
Use more space
Weak for path following tasks

Node-link diagrams

Intuitive

Compact

More readable for path
following

More effective for small graphs
More effective for sparse graphs

Useless without layout

Node overlapping

Edge crossing

Not readable for dense graphs
Manipulation requires layout
computation

[Heymann 2014]


https://linkurio.us/blog/graph-viz-101-visual-representation-graphs/

Tree visualization



Trees

A tree is a graph constraints:

no cycles
can have a root node and subtrees

can be ordered

@
(3)
(2)
(&)
©
()
(3)



Node-link diagram

Reingold-Tilford layout
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[Heer]
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TreeJuxtaposer
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http://bivi.co/visualisation/treejuxtaposer

TreeMap

Implicit layout for tree

Display hierarchical (tree-structured) data as a set of nested rectangles
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[Johnson and Shneiderman 1991]

Efficient use of space



https://www.cs.umd.edu/~ben/papers/Johnson1991Tree.pdf
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http://atlas.media.mit.edu/en/visualize/tree_map/hs92/export/can/all/show/2015/
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http://www.cs.umd.edu/hcil/millionvis/million-treemap.gif

Radial layout

—

0.535%

of visits begin with this
sequence of pages

Viz by Rodden [Stasko et al.]


https://bl.ocks.org/kerryrodden/766f8f6d31f645c39f488a0befa1e3c8

Implicit visualization

Pros
Space-efficient because there is no need to draw the edges
Scale well up to large graphs
Useful for Attribute based taks on nodes, also useful for simple paths related tasks
Cons
Only works for trees

Node cannot be freely arranged in space, no edges

Spatial relations such as overlap or inclusion lead to occlusion



More on tree viz



http://vcg.informatik.uni-rostock.de/~hs162/treeposter/poster.html

Tools, libraries



Cytoscape.|s

Graph theory / network library for analysis and visualisation

Supports CommonJS/Node.js/Browserify/Webpack, AMD/Require.js, jQuery, npm, CDNJS, Bower, jspm, Meteor/Atmosphere, and
plain JS/JavaScript

P Extensions [E5 News & tutorials ¥ Twitter ® Gitter ¥ File a GitHub issue
P Contribute & Search previous questions via Stack Overflow (or
ask a different question)

Like Cytoscape.js? {Donate} W Star it on GitHub ¥ Share it on Twitter
G+ Share it on Google+

Donations are tax deductible to a 501(c)(3) nonprofit organization, The Cytoscape Consoritum, Tax ID: 20-4909879.

Use Cytoscape.js? % Let us know

Vacherin du Haut-Doubs

N

Thomasville Tomme

Robiola a Due Latti



http://js.cytoscape.org/

Gsigmajs GET STARTED FEATURES USE CASES TUTORIAL REFERENCES

sigmayls
@ TUTORIAL v1.2.0



http://sigmajs.org/

The Open Graph Viz Platform

Gephi is the leading visualization and
exploration software for all kinds of graphs and
networks. Gephi is open-source and free.

Runs on Windows, Mac 0S X and Linux.

Learn More on Gephi Platform »

Download FREE

Release Notes | System Requirements

» Screenshots
» Videos

» Features
» Quick start
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https://gephi.org/

@ graph-tool

Download  Documentation  Mailing List  Git  Issues

What is graph-tool?

Graph-tool is an efficient Python module for manipulation and statistical
analysis of graphs (a.k.a. networks). Contrary to most other python modules Download version 2.22 X
with similar functionality, the core data structures and algorithms are
implemented in C++, making extensive use of template metaprogramming, See Instructions | See Changelog
based heavily on the Boost Graph Library. This confers it a level of

performance that is comparable (both in memory usage and computation

time) to that of a pure C/C++ library.

| It is Fast! ® Extensive Features @& Powerful Visualization


https://graph-tool.skewed.de/

NetworkX

Software for complex networks

NetworkX is a Python package for the creation, O o ©
manipulation, and study of the structure, dy-
namics, and functions of complex networks.

Features

o Data structures for graphs, digraphs, and multigraphs

e Many standard graph algorithms

o Network structure and analysis measures

o Generators for classic graphs, random graphs, and synthetic networks

e Nodes can be "anything" (e.g., text, images, XML records)

o Edges can hold arbitrary data (e.g., weights, time-series)

e Open source 3-clause BSD license

o Well tested with over 0% code coverage

o Additional benefits from Python include fast prototyping, easy to teach, and multi-
platform



https://networkx.github.io/

