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YOU: Name, Field of your Bachelor studies, why you are
interested in this lecture

Mailing list
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Overview QAT
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About this course

Repetition of the material. We build our Mind Map.

Drawing graphs “by hand”. Complete MindMap.
Formal definition of Layout Problem.
About this course: learning objectives.

Applications gallery.
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About this Course QAT
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® Lecture: Wednesday 14:00 — 15:30, Room 301
® Exercise: Tuesday 14:00 — 15:30, Room 236
® exact plan on the web-page”

Webseite
illwww.iti.kit.edu/teaching/winter2019/graphvis/
® | atest news
® | ecture slides
® Exercise sheets
® Literature & Additional material
® Lecture notes (skript)
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About this Course QAT

Media:
® Slides & Blackboard & Pinboard

® Exercise sheets are provided (at least) a week before the
exercise session

® (incomplete) Lecture notes/Books

® Original literature (papers)
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Books (avallable in the library) AT

GRAPH

DRAWING

ruhe Institute of Techn

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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About this Course QAT

tttttttttttttttttttttttttttttt

Master Informatics

® Module: General: M-INFO-102094
This year: T-INFO-104390
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About this Course QAT
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Master Informatics

® Module: General: M-INFO-102094
This year: T-INFO-104390

Suggested time requirements: 5LP = 150h
® Attending Lecture and Exercises: ca. 3bh
® Preparation/post-processing ca. 3bh
® Work on the exercises ca. 40h
® Preparation for the exam ca. 40h
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About this Course QAT
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Master Informatics

® Module: General: M-INFO-102094
This year: T-INFO-104390

Suggested time requirements: 5LP = 150h

® Attending Lecture and Exercises:
® Preparation/post-processing

® Work on the exercises

® Preparation for the exam

Exercises:

® We expect that you participate actively in the exercise sessions

(e.g. present your own solutions on the board)

Examination procedure: Oral exam(app. 20 Minutes)
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Repetition of the material. We build our Mind Map.
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Graph and its Representation AT
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What is a Graph?
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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
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What is a Graph?
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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?

= {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}}

Introduction
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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?

v] @ V9, V8

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

’U6 . ’U4,’08,’U9

vr 1 v, Vg

vg 1 U1, V5 V6 VT, V9, V10
vg 1 V3, Vg, VG, V7, U, V10
v10 ¢ V3, Vg, Vg
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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

OrRrOORrRrRRLROOOO
O RrRrOQOOrRrOOO
OFrRrFRPOOOOOOO
O EFEFOOOK
RFORKFHRORREROO
OrHrRrRrOOOOHrHrOO

OO rOO0OOO0OORO
ocNoNoNoNeNeNoll el
H R, QOOOHRROOHO
OO OOORKrRFEOO
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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 or Node-link diagram
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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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Graph and its Representation AT
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(> Think and write down 5 i
e’‘e e o \Why do need node-link min

m_.lv_? diagrams?
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Q Discuss with your neighbour or in 10 .
e ¢ groups of three and write down m

&7

Graph classes you know (planar etc.)

Algorithmic techniques you know (greedy etc.)

Applications of network visualization you have heard about

We will group your knowledge into a MIND MAP
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Let's Recall T
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Q Discuss with your neighbour or in .
o ‘0o o : 10 min
groups of three and write down
&7
Graph classes you know (planar etc.)
Algorithmic techniques you know (greedy etc.)
Applications of network visualization you have heard about

We will group your knowledge into a MIND MAP

Prerequisites: Algorithms 1 & 2, Theoretical Basics of Inf.
Helpful: Algorithms for Planar Graphs
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Drawing graphs “by hand”. Complete MindMap.
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How to draw graphs? AT
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Q Work with your neighbour or in
*’ e ‘e groups of three
B4

® graphs in form of adjacency matrix/list

® Use https://www.yworks.com /downloads#yEd or paper

® draw all or some graphs as nice and as readable as possible
® export to PNG or make a picture and send to

mched@iti.uka.de

We will show and discuss the results afterwards and
complete the MIND MAP
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Formal definition of Layout Problem.
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Visual Variables according to Bertin (1967) QAT
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I
Orlentatlon/ I

TNl texture
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Visual Variables according to Bertin (1967)

orientation//

I
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orientation

//

TNl texture
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Layout Problem AT
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Graph visualization problem

given : Graph G = (V, FE)
find: good drawing I' of G
*T:V — R? nodes v — point I'(v)
®': FE — curves in R?, edge {u,v} — simple open curve
Cuv ¢ [0,1] — R? where ¢,,(0) = I'(u) and ¢y, (1) = T'(v)
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given (V. F)
find o)l of G
°T: R=, nodes v — point I'(v)

®': FE — curves in R?, edge {u,v} — simple open curve
Cuv ¢ [0,1] — R? where ¢,,(0) = I'(u) and ¢y, (1) = T'(v)
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Layout Problem AT
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1) Drawing conventions, required properties, for example

® straight-line edges
® orthogonal edges (with bends 90 degrees)
® Drawing on a grid

® crossing-free
o
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Layout Problem AT
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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
o
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Layout Problem AT
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1) Drawing conventions, required properties

2) Aesthetics (to be optimized)

3) Partial/local constraints, for example:

® Positions of several vertices
® Relative positions of vertices
® Group of nodes drawn close to each other
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Layout Problem — Second Attempt AT
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Graph visualization problem

given: Graph G = (V, F)

find: a drawing I' of GG, that
® complies with drawing conventions
® optimizes aesthetics
® satisfies local /partial constraints

20-1 Dr. Tamara Mchedlidze - Algorithms for Graph Visualization Introduction



Layout Problem — Second Attempt AT

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

Graph visualization problem

given: Graph G = (V, F)

find: a drawing I' of GG, that
® complies with drawing conventions
® optimizes aesthetics
® satisfies local /partial constraints

— often lead to NP-hard optimization problems!
— often several competing criteria
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About this course: learning objectives.

21 Dr. Tamara Mchedlidze - Algorithms for Graph Visualization Introduction



Learning Objectives AT
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At the end of the semester you are able to:
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Learning Objectives AT
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At the end of the semester you are able to:

® List various network visualization styles

® Formally state a network visualization problem

® Describe several algorithms for network visualization in a intuitive way

® Describe formally several network visualization algorithms

® |dentify the techniques behind the algorithms (greedy, iterative,
dynamic programming, etc.)

® Analyze the time complexity of algorithms

® Proof correctness of the algorithms

® Solve new network visualization problems by selecting and adapting
known approaches
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Learning Objectives AT
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At the end of the semester you are able to:

® |ist various network visualization styles Recall Level
® Formally state a network visualization problem

® Describe several algorithms for network visualization in a intuitive way

® Describe formally several network visualization algorithms

® |dentify the techniques behind the algorithms (greedy, iterative,
dynamic programming, etc.)

® Analyze the time complexity of algorithms

® Proof correctness of the algorithms

® Solve new network visualization problems by selecting and adapting
known approaches

Analyze, Apply, Generalize Level
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Applications gallery.
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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
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Source: Christophe de Savigny
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Genealogical Tree (1879 AT
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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
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: cpan-explorer.org
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last.fm Graph of musics as political map AT
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Gansner, Hu, Kobourov: GMap, 2009
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last.fm Graph of musics as political map

3 Doors
$ Finger Eleven 12 Sto Poets of
Down Crossfade o ik Saliva the Fall
Daugh Default Wir sind mia
[:alling ghtry Nickelbacghinedown Seether et s Backyard Babie:
o Theory of
Fuel L
N5 LS Eonind Creed P':.‘:d::o' a Deadman Sunrise Avenue Kid Reckpanko Jones
ui
cKY
Live
Bush Alter Bridge umwohnul The Darkness BI;;:(:'I.::1|I
Juli drow WK.
lues Traveler Fugazi Ugly Kid Tl
4 Reamonn Linkin Park Joe el
otor
4 Mon Dave Matthews Mr. Bi
WsBlondes S G A
Matthews & | “2Y-22nd Ozzy Osbourne
Dave WS
Tim Reynolds S Rosenstolz Tesla Warrant e
Hilsker Dii Feke S Sturgge Poison Skid Row W.ASP.
orrlssey B Cinderella
fission of Quiet Riot
Sanhe. Bono bert Grénemeyer White Lion Twisted Sister  pjg
The Smiths
Wire | Nena The Cure DavidLegagck Sabbath i
Flipsyde The Sisters Roth
it heroy Ac/DC  KISS
uwenalOy Division Bauhaus Def Leppard / H4
Siouxsie and =
the Banshees Europe Guns N' }-
Joevo TheFall Killing Joke ~ Ministry The Cla lice Cooper Roses
Whitesnake Scorpions
Public Image The Boomtown g P
Ltd. Rats Aerosmit
e The Undertonesstiff Little an Halen Rainbow Velvet
ow YWow
C  theamts  wow Fingers (——»—\/{Jeep Purple o
—. The Stranglers Zhak z on Jovi w

31-2 Dr. Tamara Mchedlidze - Algorithms for Graph Visualization

AT

Karlsruhe Institute of Technology

(Gansner, Hu, Kobourov: GMap, 2009)
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Blogosphere 2004 Elections USA AT
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Source: Adamic, Glance, 2005
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Social Network — World Finance System AUT
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World Finance Corporation
(© Mark Lombardi
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Social Networks — State Funds AT
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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
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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
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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
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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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Alternative Visualizations: Contact map QAT

tttttttttttttttttttttttttttttt

For more: http://www.visualcomplexity.com/
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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
® yEd www.yworks.com

® Gephi www.gephi.org
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Next Meeting AT

Lectures 16.10, 23.10 14:00
Exercise on 22.10 14:00
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Next Meeting AT

Lectures 16.10, 23.10 14:00
Exercise on 22.10 14:00

Topic Tree Layouts

Home task In which applications we need to construct a tree
layout?
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