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Organizational

Lectures:  m Pre-recorded videos (as you see here)
B Release date: Weekend before
B Thursday 10:15 — 11:15: Questions/Discussion in Zoom
B Questions/Tasks in the Videos

Tutorials: One sheet per lecture

20 Points per sheet
Scoring 50% overall = bonus

Submit solutions online
Recommend LaTeX (template provided)

Discussion and solutions ..



Books

G. Di Battista, P. Eades, R. Tamassia, |. Tollis:
Graph Drawing: Algorithms for the Visualization of Graphs
Prentice Hall, 1998

M. Kaufmann, D. Wagner:
Drawing Graphs: Methods and Models
Springer, 2001

T. Nishizeki, Md. S. Rahman:
Planar Graph Drawing
World Scientific, 2004

R. Tamassia:
Handbook of Graph Drawing and Visualization
CRC Press, 2013

http://cs.brown.edu/people/rtamassi/gdhandbook/
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Books

G. Di Battista, P. Eades, R. Tamassia, |. Tollis:
Graph Drawing: Algorithms for the Visualization of Graphs

|GD] Prentice Hall. 1998

M. Kaufmann, D. Wagner:
Drawing Graphs: Methods and Models

[DG] Springer, 2001

T. Nishizeki, Md. S. Rahman:
Planar Graph Drawing

[PGD] World Scientific, 2004

R. Tamassia:
Handbook of Graph Drawing and Visualization
CRC Press, 2013
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What is this course about?

Learning objectives
B Overview of graph visualization

B Improved knowledge of modeling and solving problems via graph algorithms
Visualization problem:
B Given a graph G, visualize it with a drawing [

Here:
B Reducing the visualisation problem to its algorithmic core

graph class = layout style = algorithm =- analysis

B modeling B divide & conquer, incremental B proofs
B data structures B combinatorial optimization (flows, ILPs)

B force-based algorithm
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Topics

Drawing Trees and Series-Parallel Graphs

Tutte Embedding and Force-Based Drawing Algorithms
Straight-Line Drawings of Planar Graphs

Orthogonal Grid Drawings

Octilinear Drawings for Metro Maps

Upwards Planar Drawings

Hierarchical Layouts of Directed Graphs

Contact Representations

Visibility Representations

The Crossing Lemma

Beyond Planarity
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Graphs and their representations

What is a graph?

B Adjacency matrix
.grath:(VaE) (0100000100
. 1 0 1.0 0 OO 0O O O
L] vertlcesV:{vl,vz,...,vn} 01001000 11
0O 0 001 1.0 0 1 O
B edge F ={e1,e0,...,6m} 0011000100
O 0 0 0OO0O 01 1 O
. 1 0 0 01 1.1 0 1 1
Representation? 0011011101
\0 O 1 0 0 0 0 1 1 0)
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Why draw graphs?

Graphs are a mathematical representation of
real physical and abstract networks.

Abstract networks Physical networks
B Social networks B Metro systems
B Communication networks B Road networks
B Phylogenetic networks m Power grids
B Metabolic networks B Telecommunication networks
B Class/Object Relation Digra- B Integrated circuits
phs (UML) m
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Why draw graphs?

Graphs are a mathematical representation of
real physical and abstract networks.

B People think visually — complex graphs are hard to grasp
without good visualisations!

® Visualisations help with the communication and exploration
of networks.

B Some graphs are too big to draw them by hand.

We need algorithms that draw graphs automatically to make
networks more accessible to humans.
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The layout problem?

B Here restricted to the standard representation,
so-called node-link diagrams.

(Graph Visualization Problem

in:  Graph G = (V, F)
out: nice drawing [ of G
m [V — R? vertex v — point ['(v)
m [ E— curves in R?, edge {u,v} — simple, open
curve '({u,v}) with endpoints () und '(v)

But what is a nice drawing?
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ocial networks - family trees

J. Klawitter, T. Mchedlidze, Link: go.uniwue.de/myth-poster Ahnentafel Herzog Ludwig von Wiirttemberg, 1585



Social network — citation graph

Da Ye, Link: https://go.uniwue.de/citation-graph
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Social network - organisational chart
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Social network - world finance corporation
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Transportation network — European high speed railroa

Networks of Major High Speed ) { ) / .

Rail Operators in Europe
Situation July 2019 Be e
Only services which run at least 5 tmes
per week, per direction are included.
Seasonal services not included.

= Allegro (Karelian Trains) \
= [talo (NTV)* ‘ vik tockholm
== Frecce (Trenitalia) L ( -’

m— Thalys*"""

=== Thello* !r ;
== FlixTrain (Leo Express)* , A ,
s oping /“]
— Railjet™ Abe Kristiansand ;Gotef.’& ‘
== |CE/ECE (Deutsche Bahn)=*=** ;
w— TGV InOui (SNCF) A ; ('y "A'\
=== Quigo (SNCF)
= Sapsan (RZD / Russian Railways)
A

=== Eurostar**

= /\VE/Alvia/Avant (RENFEy™ Imé
— X 2000 / SJ 3000 (SJ) Kobenhavn/Copenhagen
== Pendolino (VR)
=== Westbahn*

u--"}\"' ‘r
= MTR Express* H e 8 ':.
=== Alfa Pendular (Comboios de Portugal) Live { !
= |nterCity (Virgin Trains) o ~

«= InterCity (East Midlands) >
— AN

== [nterCity (First Great Western)
= InterCity (LNER)

== InterCity Direct (NS) ;

= Snilltiget*

= InterCity (OSE)

= Southeastern High Speed ] “Dresde
=== Yilksek Hizh Tren (TCDD / Turkish Railways) n s < ‘/_,/' 2 T
= Experess InterCity Premium (PKP) Cherbourg encio Ostrava
=== Qther rail lines / operators (Selection) Lannion, v i
* Open access operalor . Bre: \ A J
** Joint operation between OBB, DB, SBB, €D and MAV . g -_—
***Includes other RENFE services on high speed rail Quimp 3\—"!‘ n { f\- w N =
i . ; (i 3
55 I'!";;i'nlly owned by SNCF, independently operated Saint-Nazare { / \_’{-I 2 Bdessa
***** International services operated by various partnerships Narit: ®
Les Sables = R

La Rochelle

s \-{'{
Venezi I q:‘ S 3"‘“'
, 2ni '\,7 ads
sanhnd:rcaclrmon " E,—_/—
Bilbao/Bilbo,
. n«-r\h Marseille s Istanbul
pLath de Carol . . (4 ’/\‘\)\;

0
oniki
Barcelona ari !

a‘-\

Palermo Messina Grinthos/Corinth
eggio di Calabria

A et odeine A 4 A
Source: Wiki Commons: Networks of Major High Speed Rail Operators in Europe - CC BY-SA 3.0
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Transportation network — London Underground

Source: Wiki Commons: London Underground full map - CC BY-SA 3.0
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Transportation network — London Undergroun
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h < .
Rickmanswaorth Burrt Oak A = Overgrund [ "Illlf'almmnsmw Le;ton Wanstead  GamsHl Goodmayes
£l Haten Eng Stanmore Colindlale  Upper Holloway Manor House ) St James Street 4| Queen's Road  Midind Foad J\-eYionstone Seven Kings
Tuinell Park Finsbury Park ) O Levionstone g
Harthwood Hils h Headstone Canons Park Kerbeh T Arsenal Stamford Hil ** o High Road
entis| own apton
Finner Queensbury Stoke Mewington * Il Leyton
Harrow & Golders Green Holloway Road Pectar Poad \ J -
Rﬁ?ssﬁlp e Morth Harrow Wealdstone Kingsbury Hampstead L est Camden v Dal N, A b anor Far Elm Park
. LISl Rayners Harrow-on- i smn N Stratford 2 Woodgrange Park
Hilingelon Wanor - Lane the-Hil Kenton Wembley Park - Hampstead Heath Road Caledonian Road | Hghbury & yDowns International of \ | arang Dagennam East
y Metropalitan line T =g round F
T W T Q |Belslze Chalk Camden T T = Q O A L == T = (’;‘:'a:zgst Dagenham Heathway
Uxbridge Ruislip West ~ Worthwick Preston Park Fam —lown [} | o | € edonian Road Canonbury Hackney Homerton  Hackney  syradord Maryland Beconiree
. Q'Flnl:hley Road & Frognal Crescent . palston
Ruislip Gardens N Euston King's Cross Junction « London Fields &rﬁfgd
South Harrow o South Kerton 5 St. Pancras igh Street

Cvergraund

Brondesbur West
Y& Hampstead Haggerston

South Ruislip Morth Wembley 3G, Brondesbury Park Hoxton 3 | S2mbridge Heath mf’fg}% N
Wembley Cenmral h
i Shoreditch Bow Church
Sudbury Hill Stonebridge Park High Street Bethnal Green
2021
Harlesden “S.. L Russel Liverpool Bromley-by-Bow | || West
Mortholt Willesden Junction St. John's Street Ham
Reading . Killburn ‘Wood
Sudbury Town = kensal High Rozd Eﬁ%ﬂ # Devons Road
| Twytord Greenford Sk 2 Green parn Marylebone 7 - Green k Langdon Park Star Lane Beckton
ueen's Parl -
£ Maidenhead Alerton d iburn Park Edgware Road Whitechapel ..o b All Saints = ) Galions Reach
P 5 . Paddington Fenchurch Stret. ¢ | Canmng Foyal Prince
Taplow Perivale N Maida Vale X Westlerry  poplar EastIndia \«'lctona Reg_em Beckt(:n Park
Warwick Avenue » - = ¥
Burnham O Leicester hansion numemTuwer Tower ”*" Limehouse West '“d'ﬂ Blackwal HU Royal Cyprus
Square House Hill  Gatewa ustom House Albent
& Siough Hanger Lane Q) WesthcL':me Y = Wapping Sllvenown for ExCel &
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Imperial X =
o | Hatton Cross Fulham Broadway Wharf ) raphan North Denmark Hil q Bei London Overground:
d am Hor ey to symbols
F‘eerﬁmgj\’; + L i Parsons Green - Clapham ClaphaarﬁCcmmcn 0 z » Watford Junction—Euston
Heathrow Terminal 4 Jllarﬂ:lmn Interchange = Richmond/Clapham Junction-Stratford

o ften

» Gospel Oak-Barking
P trove! between all il stations within Heath
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Source: Wiki Commons: London Underground Overground DLR Crossrail map - CC BY-SA 4.0



Transportation network — London Underground
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ISease Interaction

Bioinformatics — d

Source: Wiki Commons: Human disease network - CC BY-SA 4.0



Bioinformatics — molecular metabolic network
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Source: Thiele et al., Nature Biotechnology 31, 419-425 (2013)
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Bioinformatics — phylogenetic trees & networks
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integration (VLSI)

Technical network — very large-scale

Source: Pixabay
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echnical network — transistor diagram, wiring
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Technical networks — offshore wind farms
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CC BY-SA 3.0
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Technical network — UML diagram
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Temporal graph layout — storylines

THESE CHARTS SHOW MOVIE CHARACTER INTERACTIONS.
THE HORIZONTAL AXIS 1S TIME. THE VERTICAL GROUPING OF THE
LINES INDICATES WHICH CHARACTERS ARE TOGETHER AT AGIVEN TIME.

LORD oF THE RINGS

Source and more: xked Comic 657 — xkcd.com /657 /

24



25

Large graphs — object mesh




General graphs — micro-macro layout
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Alternative representations — treemap
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Alternative representations — contact graphs
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Alternative representations — contact graphs

B For more examples see visualcomplexity.com
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Requirements of a graph layout

4 3
1. Drawing conventions and requirements, e.g., 3
_ _ 4 O—— —O
B straight edges with I'(uv) = I'(u)l(v) 2 .
B orthogonal edges (i.e. with bends) 1 7
B grid drawings 02

B without crossing

2. Aesthetics to be optimized, e.g.
B crossing/bend minimization

B edge length uniformity
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Requirements of a graph layout . ;
1. Drawing conventions and requirements, e.g., 3
40— —0
straight edges with '(uv) = I'(u)l(v) : 2 5

orthogonal edges (i.e. with bends)

grid drawings

without crossing

2. Aesthetics to be optimized, e.g.
crossing/bend minimization

edge length uniformity

B minimizing total edge length /drawing area D@
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Requirements of a graph layout

grid drawings

4 3
1. Drawing conventions and requirements, e.g., 3
_ _ 40— —0
B straight edges with I'(uv) = '(u)l(v) 2 .
B orthogonal edges (i.e. with bends) 1 7
]
]

without crossing

2. Aesthetics to be optimized, e.g.
crossing/bend minimization

edge length uniformity

minimizing total edge length /drawing area

angular resolution %
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Requirements of a graph layout

grid drawings

4 3
1. Drawing conventions and requirements, e.g., 3
_ _ 40— —0
B straight edges with I'(uv) = I'(u)l(v) 2 .
B orthogonal edges (i.e. with bends) 1 7
]
]

without crossing

2. Aesthetics to be optimized, e.g.
crossing/bend minimization

edge length uniformity

minimizing total edge length /drawing area
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grid drawings
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Requirements of a graph layout

4 3
1. Drawing conventions and requirements, e.g., 3
_ _ 4 O—— —O
B straight edges with I'(uv) = '(u)l(v) 2 .
B orthogonal edges (i.e. with bends) 1 7
B grid drawings 02
B without crossing

2. Aesthetics to be optimized, e.g.

B crossing/bend minimization

B edge length uniformity — such criteria are often
B minimizing total edge length/drawing area inversely related

B angular resolution — lead to NP-hard

B symmetry/structure optimization problems

3. Local Constraints, e.g.
restrictions on neighboring vertices (e.g., “upward”).

restrictions on groups of vertices/edges (e.g., “clustered”).
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