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Organizational

Lectures

Tamara Mchedlidze
mched@iti.uka.de

Office 307

Office hours: request by email

Benjamin Niedermann
benjamin.niedermann@kit.edu

Office 321
Office hours: request by email

Meetings
= Monday 09:45 — 11:15 Uhr, Room 301

= Wednesday 9:45 — 11:15 Uhr, Room -119
= exact plan on the web-page
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Organizational AT

Webseite
illwww.iti.kit.edu/teaching/winter2016/graphvis/

Latest news

Lecture slides

Exercise sheets

Literature & Additional material
Lecture notes (skript)
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Webseite

illwww.iti.kit.edu/teaching/winter2016/graphvis/

Latest news

Lecture slides

Exercise sheets

Literature & Additional material
Lecture notes (skript)

Graph Visualization in Master’s Studies

Master

Algorithms 1 & 2 } _ | Algorithms for
Basic Theory of Inf Graph

Visualization

Algorithms for Planar Graphs
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Algorithms for Graph Visualization QAT
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Learning goals: At the end of the semester you:

= Know terms and problem definitions
= Know the introduced algorithms, understand how they work, can

analyse them
= Can select appropriate algorithms and data structures
= Can analyse a new graph drawing problem and construct an efficient

algorithm /prove hardness
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Learning goals: At the end of the semester you:

= Know terms and problem definitions

= Know the introduced algorithms, understand how they work, can
analyse them

= Can select appropriate algorithms and data structures

= Can analyse a new graph drawing problem and construct an efficient
algorithm /prove hardness

Prerequisites: Algorithms 1 & 2, Theoretical Basics of inf.
Helpful: Algorithms for Planar Graphs
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Algorithms for Graph Visualization QAT

tttttttttttttttttttttttttttttt

Learning goals: At the end of the semester you:

= Know terms and problem definitions

= Know the introduced algorithms, understand how they work, can
analyse them

= Can select appropriate algorithms and data structures

= Can analyse a new graph drawing problem and construct an efficient
algorithm /prove hardness

Prerequisites: Algorithms 1 & 2, Theoretical Basics of inf.

Helpful: Algorithms for Planar Graphs

Suggested time requirements: 5LP = 150h
= Attending Lecture and Exercises: ca. 35h
= Preparation/post-processing ca. 35h
= Work on the exercises ca. 40h
= Preparation for the exam ca. 40h
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Examination AT
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Master Informatics

= Algorithms for Graph Visualization (IN4INALGVG)
= new Module: Graph visualization+ (more about this later)
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Examination AT

tttttttttttttttttttttttttttttt

Master Informatics

= Algorithms for Graph Visualization (IN4INALGVG)
= new Module: Graph visualization+ (more about this later)

Examination procedure:

= In order to take an exam you need to participate actively in
the exercise sessions
(e.g. present your own solutions on the board)

= oral exam(app. 20 Minutes)

Dr. Tamara Mchedlidze - Algorithms for Graph Visualization Introduction



Graph Visualization+ T

Karlsruhe Institute of Technology

Background: International Symposium on Graph Drawing (GD

and Graph Drawing Challenge T,

&NETWORK VISUALIZATION

[
sty Abens
Pt Y

19-21 SEPTEMBER
ATHENS GREECE

PROGRAM COMMITTEE ORGANIZING COMMITTEE INVITED SPEAKERS

Patrizio Angelini  Jan Kyndl Kostas Karpouzis Daniel Keim
Therese Bied] Kwan-Liu Ma Chrysanthi Raftopoulou Roger Wattenhofer
Walter Didimo Tamara Mchedlidze Antonios Symvonis (chair)

Cody Dunne Martin Nollenburg (co-chair) | loannis Tollis

DavidEppstein  Stephen North IMPORTANT DATES
Jean-Daniel Fekete  Maurizio Patrignani O
Stefan Felsner Helen Purchase CONTEST COMMITTEE Eepcysct I

Paper notification: July 24

oSS LT Philipp Kindermann Poster submission:
Emden Gansner Ginter Rote Maarven Lottier (cald) e oy ey
VHADNIEDAIT) - A Lev Nachmanson Early registration: Aug. 30
LT i Ignaz Rutter Final versions due: Sept. 1
Stephen Kobourov  Alexandru Telea ¢

Contest submission: Sept. 11

Marc van Kreveld PhD school: Sept. 22-23
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Graph Visualization+
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Karlsruhe Institute of Technology

Background: International Symposium on Graph Drawing (GD)

and Graph Drawing Challenge

Task: develop software for a given
graph visualization problem
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24th International Symposium on

GRAPH DRAWING
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Graph Visualization+ T

Karlsruhe Institute of Technology

Background: International Symposium on Graph Drawing (GD)

and Graph Drawing Challenge T,
@ SNETWORK VISUALIZATION

Task: develop software for a given
graph visualization problem

19-21 SEPTEMBER
ATHENS GREECE

CONTEST COMMITTEE
Ph nann
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of Techn

Background: International Symposium on Graph Drawing (GD)

and Graph Drawing Challenge T,
&NETWORK VISUALIZATION

Task: develop software for a given
graph visualization problem

IMPORTANT DATES

Pger sul b

o

Kiflderiann| )

n [BitleMchalt) 4

Lev Nachmanson Early reg
Final ver:

Contest

Second place 2015.
the lecture SS 2015!

Best poster award 2016: One of the
students who continued working on the
2015's topic!
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Graph Visualization+ T

stitute of Technology

Background: International Symposium on Graph Drawing (GD)

and Graph Drawing Challenge T,

&NETWORK VISUALIZATION

Universty of Athens.

Task: develop software for a given
graph visualization problem

2013 /14:

= Software development was part of the lectu

» Lots of fun but time-consuming
2015:

= as a practical course SS 2015

= combined modul with 10 LP

a time-wise worked very well

= evaluation: excelent practical course award
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Structure of the Lecture QAT

Media:

= Slides & Blackboard

a Exercise sheets are provided a week before the execise
session

= (incomplete) Lecture notes/Books

= Original literature (papers)
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Structure of the Lecture QAT

Media:
e Slides & Blackboard

a Exercise sheets are provided a week before the execise
session

= (incomplete) Lecture notes/Books

= Original literature (papers)

Content:

= We look at the algorithmic core of visualization problems
= not: graphical Rendering

= Modelling, Algorithms, formal Analysis

= Divide & Conquer / Recursion

combinatorial optimization (ILP)

incremental algorithms

algorithms for special graph classes
= drawing techniques using physical analogies
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| iterature

GRAP!

I DRAWING |

(available in the library) QAUT

stitute of Technology

G. di Battista, P. Eades, R. Tamassia, |. Tollis:
Graph Drawing
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
CRCP ress, 2013 http://cs.brown.edu/~rt/gdhandbook/
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Usefull Knowledge QAT
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Basic knowledge of Graph Theory:

Graph, Nodes/Vertices, Edges
Node degree, Neighbourhood, Adjacent, Incident
Connectivity, Tree, Cycle, Path
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Usefull Knowledge QAT

tttttttttttttttttttttttttttttt

Basic knowledge of Graph Theory:

= Graph, Nodes/Vertices, Edges
= Node degree, Neighbourhood, Adjacent, Incident
a Connectivity, Tree, Cycle, Path

Basic knowledge in Algorithms:

= Asymptotic running time, O-notation
s Complexity, NP-Hardness

= Network flow

a Linear Programming

= Recursion
a
a
a

Divide & Conquer
Approximation

. Tamara Mchedlidze - Algorithms for Graph Visualization Introduction
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Graph and its Representation AT
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What is a Graph?

11 Dr. Tamara Mchedlidze - Algorithms for Graph Visualization Introduction



11

Graph and its Representation

What is a Graph?

Tuple G = (V, F)

Set of nodes V' = {v1,...,v,}

Set of edges F = {e1,...,en}

e; =4v;,vp}, 1 <i<m, 1 <j,k<n
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Graph and its Representation AT
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What is a Graph?

Tuple G = (V, F)

Set of nodes V' = {v1,...,v,}

Set of edges F = {e1,...,en}

e; =4v;,vp}, 1 <i<m, 1 <j,k<n

Representations?
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Graph and its Representation \‘(IT

What is a Graph?

Tuple G = (V, F)

Set of nodes V' = {v1,...,v,}

Set of edges F = {e1,...,en}

e; =4v;,vp}, 1 <i<m, 1 <j,k<n

Representations?

= {v1,v92,v3,v4,v5, v, V7, V8, V9, V10 }
= {{v1,v2},{v1,vg},{va,v3},{v3,v5}, {v3, vg},

Set representation: forvads (1 vsds oo, v b tvs, vo by (is vo e
{'U67 'U8}7 {'U6> 'U9}a {’U7, 'U8}a {’07, ’Ug}a {087 UlO}a
{vg,vi10}}
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Graph and its Representation AT

stitute of Technology

What is a Graph?

Tuple G = (V, F)

Set of nodes V' = {v1,...,v,}

Set of edges F = {e1,...,en}

e; =4v;,vp}, 1 <i<m, 1 <j,k<n

Representations?

v] @ V9, V8

Set representation e A
. . Vg : vy, Vg, V9
Adjacency list vg i vz, vg, g

vg 1 U4, VR, VQ
vy 1 vg, Vg

vg + V1, V5,vY6, V7, V9, V10
vg 1 V3, Vg, Vg, V7, UV, V1(
vi1g : V3, Vg, Vg
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Graph and its Representation AT

tttttttttttttttttttttttttttttt

What is a Graph?

Tuple G = (V, F)

Set of nodes V' = {v1,...,v,}

Set of edges F = {e1,...,en}

e; =4v;,vp}, 1 <i<m, 1 <j,k<n

Representations?

Set representation
Adjacency list
Adjacency matrix

OCOrROOO0OOOHRrO
cNeNoNeNeNeNal el
HFRPROOORrROORO
OROORrRRHROOOO
CoOrooOoOoOrHrHrOO
ORFROOOrROOO
OrRrRFRPROOOOOOO
HFRFORKFRRFROOOHR
RFORKFHRORREROO
ORFROOO0OORrROO
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What is a Graph?

Tuple G = (V, F)

Set of nodes V' = {v1,...,v,}

Set of edges F = {e1,...,en}

e; =4v;,vp}, 1 <i<m, 1 <j,k<n

Representations?

Set representation
Adjacency list
Adjacency matrix
Drawing
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Graph and its Representation AT
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What is a Graph?

Tuple G = (V, F)

Set of nodes V' = {v1,...,v,}

Set of edges F = {e1,...,en}

e; =4v;,vp}, 1 <i<m, 1 <j,k<n

Representations?

Set representation
Adjacency list
Adjacency matrix
Drawing
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Graph and its Representation AT

Karlsruhe Institute of Technology

V = {Ul,02,03,U4,U5,U6,U7,U8,09,010} v1 ¢ v2, U8

vo 1 V1,

E = {{v1,va}, {v1,v8}, {v2,v3}, {v3,v5}, {v3,vo}, v2- 'Ul ’US vg, v
{US,Ulo},{U4,U5},{’1)4,’1)6},{’04,’09},{’05,’08}, ’l)3 ’U2”U5”U9’ 10
{U6’U8}’{U6’U9}’{U7’U8}’{v7’U9}’{U87U10}7 4: 577679
{vg,vi0}} vg 1 U3, U4, Ug

vg 1 V4, Vg, Vg

vy i vg, vg

vg + V1, V5, V6, V7, V95 V10
vg : V3, Vg, Vg, V7, V8> V10
v10 * V3, V8, Y9

QCOrOQOOOOrOo
eoNoloNoNeoNoNall i ol
RO OORrROOFO
OrRrQOOrRRrROOOO
SCOrooorHrHrOO
OrHRrRrRrROQOOrRrOOCO
OrRrHFHOOOOOOO
RF R ORRFRRFRLROOOHR
HFOFRRFERROFRRFROO
OrRrrOOOOHr,r OO
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Why to draw graphs? AT
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Graphs are mathematical models of real physical and abstract
networks (social netowrks, metabolical networks,
VLSI-network, UML-diagrams, citation networks, ...)
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Why to draw graphs? A\‘(IT
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Graphs are mathematical models of real physical and abstract
networks (social netowrks, metabolical networks,
VLSI-network, UML-diagrams, citation networks, ...)
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Why to draw graphs? A\‘(IT

nstitute of Technology

Graphs are mathematical models of real physical and abstract
networks (social netowrks, metabolical networks,
VLSI-network, UML-diagrams, citation networks, ...)

—— |
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Why to draw graphs?

Graphs are mathematical models of real physical and abstract
networks (social netowrks, metabolical networks,

12

VLSI-network, UM

cutz Z

| -diagrams, citation networks,

PCDQ class diagram PCDQ System
...........
b ) -Project
ragregate L o 1P
relationship : — bhiess
= .
1

-Project name

PCT

Analysis_plan

N
'[\_‘ 1
Composite 1
relationship H »
i
- HQL_query
+Enquirer
-Agreement
T L -Ti?le Responses
Gengra!usqtron : SetlD Header
relationship E -Order -Query copy 0.+
................. B -Write Date -respose text »
-Coding Scheme +Authorise()
-Query text +Export()
‘[+update() +Template()
|FRmEmen +import()
! +authorise() g
! +execute()
| +details()
: Patient_case
' -Refference
1 -Age
! -Sex
| |Generic_query EMIS_query
1 q
) | ——
| 11
L 1T
7“. Triplet
! Pilot_data -Date
N -Code
-Value

query

Queries have a dependency
on pilot data,

Careful analysis helps

to improve the predictability

Pilot data used for

Numericle value

modification optional for friplet

L. generic qry & to emis qry
.. should be compared and validated.
n Their parent class is influential,
" Any errors would get propogated

1 [PCT_D
2 -Name
-population
-contact
GP practice
-PraciD
-PCT ID
-Contact
-Population Local PCT Project
-GPSystem -PraciD -PCT_ID
” &
Data collection
-Collecter
-Practice
-Date
1% -Time 1
-Status
1 I Analysis_OQutput
{collection schedule} -Title
1 -Task
! {|-Graph
-Conclusi
Collection_issues onclusion
-PraclD Floppy»diskeﬂ‘e
-—gsirfmel ¢ -Project ¥
Baiis -PraciD
-Date
-Setld
4
1
Practice_data_set Project_data_set
L |-Project * 1 P T
-PractiD rard

h_:
Lo i No classes or assaciations for
r. activity issues, system issues,
" data entry issues,query issues,

-L.\v Needs one-to- many 1\_—

}. type relationship
»- fot better planning

,v

Dr. Tamara Mchedlidze - Algorithms for Graph Visualization

AT

Karlsruhe Institute of Technology

Introduction



Why to draw graphs? A\‘(IT
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Graphs are mathematical models of real physical and abstract
networks (social netowrks, metabolical networks,
VLSI-network, UML-diagrams, citation networks, ...)
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Why to draw graphs?

AT

Karlsruhe Institute of Technology

Graphs are mathematical models of real physical and abstract
networks (social netowrks, metabolical networks,
VLSI-network, UML-diagrams, citation networks, ...
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Why to draw graphs? A\‘(IT
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Graphs are mathematical models of real physical and abstract
networks (social netowrks, metabolical networks,
VLSI-network, UML-diagrams, citation networks, ...)
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Why to draw graphs?
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Graphs are mathematical models of real physical and abstract

networks (social netowrks, metabolical networks,
VLSI-network, UML-diagrams, citation networks, ...
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Why to draw graphs? ﬂ(IT
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Graphs are mathematical models of real physical and abstract
networks (social netowrks, metabolical networks,
VLSI-network, UML-diagrams, citation networks, ...)
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Why to draw graphs? QAT

Karlsruhe Institute of Technology

Graphs are mathematical models of real physical and abstract
networks (social netowrks, metabolical networks,
VLSI-network, UML-diagrams, citation networks, ...)
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Why to draw graphs? AT

Karlsruhe Institute of Technology

Graphs are mathematical models of real physical and abstract
networks (social netowrks, metabolical networks,
VLSI-network, UML-diagrams, citation networks, ...)
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Why to d !
y to draw graphs: AT

Karlsruhe Institute of Technology

Graphs are mathematical models of real physical and abstract
networks (social netowrks, metabolical networks,
VLSI-network, UML-diagrams, citation networks, ...)
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Why to draw graphs? AT

Karlsruhe Institute of Technology

Graphs are mathematical models of real physical and abstract
networks (social netowrks, metabolical networks,
VLSI-network, UML-diagrams, citation networks, ...)
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Why to draw graphs? A\‘(IT

nstitute of Technology

Graphs are mathematical models of real physical and abstract
networks (social netowrks, metabolical networks,
VLSI-network, UML-diagrams, citation networks, ...)

—— |

= People think visually — without a good visualization,
complex graphs are not understandable to us

= A visualization helps to communicate and explore the
graphs/networks

= We need algorithms to draw graphs, and make graphs and
networks accessible to people

Dr. Tamara Mchedlidze - Algorithms for Graph Visualization Introduction



How to draw graphs? AT

tttttttttttttttttttttttttttttt

Guiding questions

= what makes a drawing good?
= what is a bad drawing?
= are there measures to quantify that?
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How to draw graphs? AT

tttttttttttttttttttttttttttttt

Guiding questions

= what makes a drawing good?
= what is a bad drawing?
= are there measures to quantify that?

[ Warm-up WE WILL DRAW COUPLE OF GRAPHS

Teams of two

"tasks" in form of adjacency matrix/list
Given time 15 minutes

We will shortly discuss the results afterwards
https:/ /www.yworks.com /downloads#yEd
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AT

tttttttttttttttttttttttttttttt

Network Visualizations

a small Film
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Biblical characters and events (1202) QAT

stitute of Technology

Source: Joachim de Fiore
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"Tree of Life" (1516) AT
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Source: Paul Riccius, Portae Lucis
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Geometrical Concepts (1587) QAT

Karlsruhe Institute of Technology

Source: Christophe de Savigny
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Genealogical Tree (1879 AT

Karlsruhe Institute of Technology

HATCRELS EVOLUTION ofF JMAM. LEATE XL

PEDIGREE OF MAN,

‘Maninzala
(M ampaslis)

Varkebmtes
{ Vertobmata)

Iumttmra Tatostimal
Animala
{Motazca Evortobrats)

Source: Ernst Haeckel
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Sociogramm (1933)
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Source: Moreno, 1933
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Social Network — Organization within UBS AUT

Karlsruhe Institute of Technology

CEQ
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I
I 1 I I
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Dper;ﬂiﬂng Products and
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] Th, Escher
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CPAN Developer-Graph

Source

SKIT

Karlsruhe Institute of Technology

: cpan-explorer.org
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last.fm Graph of musics as political map AT

Karlsruhe Institute of Technology

Gansner, Hu, Kobourov: GMap, 2009
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last.fm

Graph of musics as political map

3 Doors
; Poets of
Down Crumfad:mg.r Eleven 12 Stones Saliva the Fall
Calling Daughtry Default Seeth Wir zind mia
l 2 NickelbagRhinedown = Helden Backyard Bable:
J Theory of
g StuESEusied Fuss Creed Puddle of a Deadman Sunrise Avenue Kid Reckpanko Jones
Mudd o
Live Black Lal
Bush Aiter Bridge umwohnu The Darkness
Jull ndrew WK. Sope
lues Travelar Fugazi Ugly Kid
3 Reamonn Linkin Park Joe
S Motdrhe
4 Mon EWS
pVSBlondes s“m‘m!ymaruoulsan £l A
Jay-Z and Ozzy Osbourne
Dave Matthews &
Tim Hayn:::ii EInfinhek Rosenstolz Tesla Warrant o
Hiisker Dil Fereo Shn Siuee Poison Skid Row St W.AS.P.
orrisse e
hission of v Ll Quiet Aiot
Burma Bono bert Grénemeyer ‘White Lion Twisted Sister pjg
The Smiths
Mbtley Crile
David
Flipsyde | Wi® { Nena Thecure | "% < °Black Sabbath
EEn Ac/DC  KISS
ui wenied OY Division Bauhaus Def Leppard / H
Siouxsie and =
the Banshees Europe Guns N' .
Joevo TheFall Killing Joke ~ Ministry The Clasflice Cooper Roses [
Whitesnake Scorpions
Public Image The Boomtown =
Ltd. Rats Aerosmit
A The Undertonesstif Little an Halen Rainbow Velvet if
e Fingers (——»—\/_{Jeep Purple
— LI SR gnjovl Bamones 1
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(Gansner, Hu, Kobourov: GMap, 2009)
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Blogosphere 2004 Elections USA AT

Karlsruhe Institute of Technology

Source: Adamic, Glance, 2005
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Social Network — World Finance System AUT

Karlsruhe Institute of Technolo

World Finance Corporation
(© Mark Lombardi
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Social Networks — State Funds AT

Karlsruhe Institute of Technology

The New Global Wealth Machine T

Sovereign wealth funds have emerged in recent months as the world’s power brokers. They have used their tremendous

‘wealth to make big cross-border investments and prop up some of Wall Street's best-known firms. The increased activity DEAL RANK

«comes as other kinds of acquirers have been sidelined by the credit crisis. These funds are state-sponsored investment s | 1 H

vehicles and have combined assets of §2 trillion. With that much dry powder, sovereign funds dwarf the formerly 6 The 20 BlggESt Cl'ﬂss Bﬂr[lel' Sl]\‘erEIgn weallh Fﬂﬂd Deals Slﬂce 2005
‘booming private eguity industry — and in some cases, compete directly with it. The Government of Singapore
Investment Corporation has been the most active among the world’s sovereign funds, making its deputy
chairman, Tony Tan, a major center of gravity. Wall Street veterans always follow the) money, so many of the
‘mg name advlsers in New York and London have found themselves traveling the globe playing
internat matchmaker to these funds. But sovereign funds have also learned the downside of
deal-making: some of their blockbuster transactions have been big money losers so far,

The question is where all that money will go next.  ANDREW ROSS SORKIN

ARGET NATICNALITY BUYER LINE WIDTHS SCALE
L sRman BV AALUE OF DEAL

TARGET BARCLAYS ‘ . Singapore
il " Jame: ird, Partner and global head of private equity
- $10bilion  mmmm United Arab Emirates Mr. Bairels firm, based in London, was ene of the early
firms to make a bet on Asia by stafing up thers befors
BN Chira some of the traditional hite-shoe Wall Street irms
[ L —— vennured there

— 51 billion — Qatar

NATIONALITY OF PRIMARY BUYER

The Advisers Mizsho Financil DAVIS POLK &
Selected financial advisers whe worked on more Group (Japan) ) T 'WARDWELL
than one of the top 20 deals. Karan vestmen Fnd OTHER CONTRIBUTORS
6
cmicroup DEALS THIS ADVISER The Targets .
WAS INVOLVED IN s et G |
UNITED $TATES : A £ BRITA i ? : Randall D. Guynn, Partner
: BLAGKSTONE CROUP y ' 4. SAINSBURY = i it e 4 The Buyers As hend of the firm's inancial institutions group, he has
M H A TA LEY Stephen A, Schwarzman < Justin King, Clara Fursa, Chief & ] advised on many in tional deals in Europe and Asia. He
7 Jaf J- Wagk, Chairman and C.EQ.  Chairman nd,co-founder } Ghetesecuie papayg : ol workeedon the team that adhised Morgan Stanly in ts

5.5 billion stake sale to China'y sovereign wealth fund

Michael Kiein, Chairman, institutional lients group : - % 1 Varkey e
One of the firm's highestprofile investment banlers, he 3 : : e
acvised Carlylein 1 stake sale o Mubadaln, o3 wel as F 2 swmzERLavD CHINA
n both of its deals with sovercign wealth funds. ; 5 4 GHA CHINA CONSTRUGTION BANK LINKLATERS.
. . - ” o4 . ol ax8c . Chang Zrenming; gy
s - s o Ot (170 I
GOLDMAN SACHS GROUP ot Lou Jwel, Chalrman
Rabert €, Rubin, Chairman » oty LN
Marcal Bonneh Hanwit . Kerneth Shen, HONG KONG 3 HAWES TIMA GO,
Chiet exacutve Investment Authority Haad of strategic Toshio Masul
17 7\t Bader al-Saad, and privata equity NDIA [then pre
\- / by E M
-— s
Khalgeon Khallfa
al-Mubarak, C.£.0. Bused in Singapore, Mr. Good is the firen's maa-on-the-

Richard Ong, Former managing diractor [ and managing ot Authority TiAtLan wround in Asia. He has worked for Linklaters in Asia
Mr. Ong loft Geldman eatly this year after the Chinese / director SHIN CORP 19 since 2000,

government refused to allow the firm to premote him to ayed .

4 Boankles Plangsiri, Dirattor

and chairan of the graup SHEARMAN & STERLING
execulive commiftea y 20

s

4
_ )
=
Temask Holigs e \y/
o Ching, Executive
diacter and CE O,

Stephen M. Besen, Partner

Alangtime hand in the Middle East, Mr. Besen's deep
relationships have helped his firm earve vul one of the
strongest niches in the r

John A Thain, e Menaging cirectar BHARTI AIRTEL i aging diredior
Chairfian ana Sunil Bhart; Mitaly G 18ging direct
CED| Fiersien, MabadalaDevelopmest o and BONERDN N, TERINLS

g director & Ip, Managing Rishard Good, Parkee

Davis Selected Advisors (1LS)

Gout. of i
Investment

Torwy Tan, Deplty
chairman and
executive ditectar

Gary Parr, Deputy chairman

In addition te becoming the key adviser on many of the
biggest sovercign wealth deals, Mr. Parr helped advise Bear
Stearns on its distressed sale 1o JPMorgan Chase

SULLIVAN & CROMWELL

MORGAN 3
STANLEY Sandi Arabian Mooetary Agency
11
'))
Ko st by b
Kate Richdale,
Managing director H. Rodgin Cohen, Chairman

The head of Morgan Stanley’s Asian gencral industrics
group, bascd in Hong Kong. She previously held a senior
position in the investment bank's Southeast Asia group. Source: Deslogic, the compaies

The workd's go-to lawyer for sovereign wealth investments
in financial services firms. He worked on twice as many
sovercign wealth related deals than any other individual.
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raffic network — Highways USA
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raffic network — Highways USA QAT

Karlsruhe Institute of Technology
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Co-centric Tube Map

SKIT

Karlsruhe Institute of Technology
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(

A map of the Lendon Underground based upon
concentric circles, spokes, and tangents. Smooth
corners version. Maxwall . Roberts, 28/012013
Strictly ne reproduction without permission.
www tubemapcentral.com

Gunnarsbury

Source: Maxwell Roberts
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Curvilinear S/U-bahn map AT
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Flight Connections
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Flow-Map: Whiskey Export AT

Karlsruhe Institute of Technology

Source: Verbeek, Buchin, Speckmann., 2011
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elephony Map AT

Karlsruhe Institute of Technology
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Monitoring of Energy Network QAT

Karlsruhe Institute of Technology

Source: Eir Grid, Irland
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Medicine — Deseases QAT

Karlsruhe Institute of Technology
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Medicine — phylogenetic Tree
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Software-Network — UML Diagram

AT

Karlsruhe Institute of Technology
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Clustered Software-Graph in 3D AT

stitute of Technology

Source: Balzer, Deussen, 2007
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Software Call-Graph with edge-bundling AT

Karlsruhe Institute of Technology

Source: Danny Holten, 2011
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Web Trend Map AT

Karlsruhe Institute of Technology
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Source: information Architects, 2009
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Large Graphs — Object Mesh

Dr. Tamara Mchedlidze - Algorithms for Graph Visualization

Source: Yifan Hu
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Alternative Visualizations: Explorer vs reemapﬂ("‘

Karlsruhe Institute of Technology
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Alternative Visualizations: Contact map QAT

tttttttttttttttttttttttttttttt
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ools AT

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

Libraries for graph visualization

= JUNG jung.sourceforge.net (Java)
= OGDF www.ogdf .net (C+-+)

Visualization tools

= visone visone.info

» graphviz www.graphviz.org
» yBEd www.yworks.com

» Gephi www.gephi.org

Dr. Tamara Mchedlidze - Algorithms for Graph Visualization Introduction



KIT

Karlsruhe Institute of Technolo

Basic Definitions
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Visual Variables according to Bertin (1967) QAT

tttttttttttttttttttttttttttttt

I
Orlentatlon/ I

TNl texture

48 Dr. Tamara Mchedlidze - Algorithms for Graph Visualization Introduction




Visual Variables according to Bertin (1967) QAT

tttttttttttttttttttttttttttttt

orientation

//

TNl texture
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Layout Problem AT

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

Restriction in the following: drawing is always meant to be in
form of a node-link diagram

given : Graph G = (V, F)
find: good drawing I' of &
» I': V — R? nodes v — point I'(v)
s« I': £ — curves in R?, edge {u,v} — simple open curve

Cuv : [0,1] = R? where ¢,,(0) = I'(u) and ¢y, (1) = I'(v)
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Layout Problem AT

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

Restriction in the following: drawing is always meant to be in
form of a node-link diagram

given : Graph G = (V, F)
find: good drawing I' of G
» I': V — R? nodes v — point I'(v)
s« I': £ — curves in R?, edge {u,v} — simple open curve

Cuv : [0,1] = R? where c,,(0) = I'(u) and ¢, (1) = I'(v)

But what is a good Drawing?

49 Dr. Tamara Mchedlidze - Algorithms for Graph Visualization
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Requirement to the graph layout AT

tttttttttttttttttttttttttttttt

1) Drawing conventions, required properties, for example

straight-line edges

orthogonal edges (with bends 90 degrees)
Drawing on a grid

crossing-free
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Requirement to the graph layout QAT

tttttttttttttttttttttttttttttt

1) Drawing conventions, required properties

2) Aesthetics (to be optimized), for example:

Number of crossing
Number of bends
Uniform edge length
Area/length
Angular resolution
Symmetry

— often lead to NP-hard optimization problems!
— often several competing criteria
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Requirement to the graph layout

1) Drawing conventions, required properties

2) Aesthetics (to be optimized)

3) Partial/local constraints, for example:

a Positions of several vertices
= Relative positions of vertices
s Group of nodes drawn close to each other

Dr. Tamara Mchedlidze - Algorithms for Graph Visualization
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Layout Problem — Second Attempt AT

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

Graph visualization problem

given: Graph G = (V, F)

find: good drawing I' of G, that
a complies with drawing conventions
= optimizes aesthetics
= satisfies local/partial constraints

51 Dr. Tamara Mchedlidze - Algorithms for Graph Visualization Introduction



Layout Problem — Second Attempt AT

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

Graph visualization problem

given: Graph G = (V, F)

find: good drawing I' of G, that
a complies with drawing conventions
= optimizes aesthetics
= satisfies local/partial constraints

» this definition drives to interesting algorithmic problems
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Lecture topics AT

tttttttttttttttttttttttttttttt

= Drawings of Trees and other recursively defined graph
classes

straight-line drawings of planar graphs

incremental layouts

orthogonal drawings

contact representation of graphs

hierarchical drawings of layered graphs

force-based drawing algorithm
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Lecture topics AT

tttttttttttttttttttttttttttttt

= Drawings of Trees and other recursively defined graph
classes

straight-line drawings of planar graphs

incremental layouts

orthogonal drawings

contact representation of graphs

hierarchical drawings of layered graphs

force-based drawing algorithm

Next Meetings

Lecture on 24.10 9:45
Execise on 26.10 9:45 — please bring your Laptops
— install the Software yEd (www.yworks.com)
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