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Lecture Overview

Why Data visualization?

Data types and their models

Networks and their visualizations (gallery)
Let’s draw some networks

Basis for algorithm design: formalization of network
visualization problem

Evaluation of Network Visualization
Types of algorithms (mind map)
Some basic notions in Algorithm Complexity Theory



Why Data Visualization?

We live In the era of data

Well-defined questions can be solved by purely
computational methods (statistics, algorithms, machine
learning)

Many problems are ill-specified — people do not know how
to approach the problem, which questions to ask — >
human in the loop

Vis tools are appropriate when we want to augment human
capabilities

Visualization allows people to offload internal cognition and
memory usage to the perceptual system (goes beyond
classical data vis)

We need computer and algorithms to construct
visualizations



Data Types

We collect and process tremendous amounts of complex
data sets

To study data visualization systematically it helps to
organize data by types
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Data Types

We collect and process tremendous amounts of complex
data sets

To study data visualization systematically it helps to
organize data by types

Q Question: What data types do you know?
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- Spatial

- Fields (Continuous) 2> Geometry (Spatial)

Grid of positions

« High-dimensional data

 Relational data C‘L‘" ’ 5% Position

« Spatial data beeioune

Valuein cell

from the book of T. Muzner



Data Types

We collect and process tremendous amounts of complex
data sets

To study data visualization systematically it helps to
organize data by types

Q Question: What data types do you know?

&V

> Spatial
In thiS course = Fields (Continuous) 2> Geometry (Spatial)
Y High_dimensional data Grid of positions
» Relational data N @%
N Spat|a| data kAttributes(c’oumns) X

from the book of T. Muzner



High-dimensional data
High-dimensional data are modeled as tables

= Tables

Attributes (columns)

Items

(rows) l ?

Cell containing value

»

ltem

Name Age |iShirt Sizejj Favorite Fruit
Amy 8 S Apple
Basil 7 S Pear

Clara 9 M Durian
Desmond 13 Ceéll Elderberry
Ernest 12 L}l Peach
Fanny L0 S Lychee
George 9 M OQrange
Hector g L Loguat

Tda 10 M Pear

Amy 12 M Orange

Column/attribute/dimension




High-dimensional data
High-dimensional data are modeled as tables

Name Age {iShirt Size{j Favorite Fruit
- Tables
Amy 8 S Apple
Attributes (columns)= Bas :_ 1 7 g Dear
It —~ - . .
(rowe) l Clara 9 M Durian
Desmond 13 Ceéll Elderberry
Cell containing value Ernest ; 2 g T, I; Peach
Fanny L0 S Lychee
George 9 M OQrange
Hector g L Loguat
Tda 0 M Pear
ltem Amy 12 M Orange

Column/attribute/dimension
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How to visualize high-dimensional data

explicit dimension representation

dimensions
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Relational data

Relational data are modeled as networks
node/vertex

= Networks

Link

Node
(item)

= Trees

-

Ink/edge
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How to visualize relational data

Who imported Coffee, not roasted in 20127
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How to visualize relational data

In this course

{ 1 Who imported Coffee, not roasted in 20127
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Biblical characters and events (1202)

Source: Joachim de Fiore




"Tree of Life” (1516)

Source: Paul Riccius, Portae Luci
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Geometrical Concepts (1587)

Source: Christophe de Savigny



Genealogical Tree (1879

HATCKEL™S EVOLUTION ofF MAN PEATE XL

PEDIGREE OF MAN,

qunh:'l:uta Takestunal
Animala
{Motazca Evortobrats)

Source: Ernst Haeckel



Sociogramm (1933)




Social Network — Organization within UBS

Marcel Cspel®

CEQ

Corporate Center
Lugman fenold *

CRO
L Fohnes

CCo
bl Suter

Group
Contraller

H. Zohaub

LES Switzerland UBS Asset Management LES Warburg
Sleptan Haeringer* Peter vufli® iiarkus Grangiol ®
[ |
: - Businass . ;
PCIL: Private Ba nl..:lng Management GAM Ecjuitios LES Capital
S1. Haeringer G. Gagnehin® P \uifs . Buchan P.d2 Wieck *
Individual Europe /Middle Inwastmant Carparate .
. : Managem ent ; E - Services
Clients EastfAlrica £ R'__'Em"h Finance
F. W enothi F. Wied L D6bs irvtias Fi. Tapner W Judnsan
E‘:'Elf';‘ta;e mn?;?:r:sﬁ.::sia] Fised Income Private Clients
E. Haltiner || ©. eigioni o Costas Wi, Cranziol
Tra-nﬂj:-::;:-all &n Swiss Clients szwrl'!"' Lagistics
& Capital Mgmt. _ roducts M. Graraict
3. Haller P Rossett JCasias J. Cosias
Resources Private Banks
JF . Siarrg b, Mitaiss
Opcrﬁ:iﬂni Products and

| =1 Zimmeimann

Services

A, Decurting

IT
Th, Escher

* Wember of the Group Executve Beard




CPAN Developer-Graph

Source: cpan-explorer.org




last.fm Graph of musics as political map

(Gansner, Hu, Kobourov: GMap, 200¢



last.fm Graph of musics as political map

Calling Daughtry Default Wir sind mia
9 NickelbacRhinedown Helden
A C Theory of
FULESEoateG s Creed P"dd_le of a Deadman Sunrise Avenue Kid RockDanko Jones
Mudd e
e Bush Alter Bridge umwohnul The Darkness Black La
Jull Society
ndrew WK.
lues Travelar Fugazi Ugly Kid
Reamonn Linkin Park Joe o e
otdr
4Mon Dave Matthews Mr. 8i
WVSBlondes s]IIHTI.‘mll.‘a'llmrr.Lonh;am r. Big Extreme
Dave Matthews & | Y-22nd Ozzy Osbourne
WS
i Bypoite Ao Rtk Rosenstolz Tesla Warrant —a
Hiisker Dil Fereo st Stairg Poison Skid Row St W.AS.P.
orrisse e
Jission of v Ll Quiet Aiot
Burma Bono bert Grénemeyer White Lion Twisted Sister pjo
The Smiths ol Métley Crie
Flipsyde Wire Nena The Cure s Roth lack Sabbath
NSOy Ac/DC  KISS
oy Division Bauhaus Def Leppard B
aul Welly OY ~ e Lepp!
the Banshees Europe Guns N’
Joevo TheFall Killing Joke ~ Ministry The Cl lice Cooper Hoses
The Boomtown Whitesnake Scorpions
00|
Rats Aerosmit!
Adamand  Bow W RSN L 'an Halen Rainbow Velvet
W YYow
€ theants Wow Fingers (__»—\/_\Daep Purple
— e onJjovl Bamones 1

(Gansner, Hu, Kobourov: GMap, 200¢



Blogosphere 2004 Elections USA

Source: Adamic, Glance, 2005



Social Network — World Finance System
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Social Networks — State Funds

FOLLOW THE MONEY

The New Global Wealth Machine

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
«comes as other kinds of acquirers have been sidelined by the credit crisis. These funds are state-sponsored investment
vehicles and have combined assets of §2 trillion. With that much dry powder, sovereign funds dwarf the formerly
‘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 gravil
‘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

. Wall Street veterans always follow the) money, so many of the

The 20 Biggest Cross-Border Sovereign Wealth Fund Deals Since 2005
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Michael Kiein, Chairman, institutional clients group
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@ A

Richard Ong, Former managing diractor
Mr. O left Goldman early this year after the Chinese
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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

MORGAN
STANLEY
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Kate Richdale,
Managing director

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.
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Source: Dasiogic, the comparies

. China
I ssvition m— Kuwait

— 51 billion — Qatar

Mizuho Financial
Group Uapan)

OTHER CONTRIBUTORS

¥

Karean Investment Fand

" China Ivestment Corp.

D s ' Pl A e deaEy
HORGAN STANLEY wmwae 57 e A
Jore J Mgk, Chairman and C.EO.  Chairman and co-founder } Gt execuive mcurs_ '
STANDARD ‘et o

RTERED BANK T GHINA GONSTRUGTION BANK

inal o [Ll'l}.(ﬂ‘r\gmll\;ﬂ;m\ ANE 06 CHINA
Lou Jiwel, Chairman PR s Font and

The Buyers

Imvestment

) ” Authoril JAPAN
Marcal Benna; Hanwit Kerneth Sten, HENG KONE HAWCSTOWN P
Chiet exacutve Investment Authority Haad of strategic HUTGHISON Toshio Masul
Bader al-Saad, and privata equity NDIA [then pre
John A Than, e P R BHARTI AIRTEL e e ot
Chdirtan ana . ‘Sonll Bharti Migars, . Group managing direé
CED| Fucenst, Habadala Deveopment (0. . 9 BONGHON N, TERNLS

Khaldoon Khalifa
al-Mubarak, C.£.0.
and managing ot Authority THALAN

e & SHIN CORP

Boonkiee Plangsiri, O
and chairan of the graup
execulive commiftea y 20

i
g director & Ip, Managing

Davis Selected Advisors (1LS)

o Ching, Executive’
disacter and C.E

Gt of Si

Investment

Torwy Tan, Deplty
chairman and
executve ditector

S Arian Mooty Agency

Kuneait lvestmment Autharity

The Lawyers
Selected lawyers who worked on mare than
one of the top 20 deals.
DEALS THIS
LAWYER WAS
CLIFFORD CHANCE INVOLVED 1N

(%"

James Baird, Partner and global head of private equity
Mr. Baird's firm, based in London, was ene of the early
firms to make & bet on Asia by staffing up there before
sone of the traditional white-shoe Wall Street firms
ventured there.
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Randall D. Guynn, Partner

As head of the fi ancial institutions group, he has
advised on many international deals in Evrope and Asia. He
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Richard Good, Partner
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H. Radgin Cohen, Chairman

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.




Temporal Graph Layout: Storylines
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Traffic network — Highways USA



Traffic network — Highways USA

THE EISENHOWER INTERSTATE SUSTEM K.

(SIEMPLIFIED:

COPYRISHT 2000-200T CHRPIS VATES WWW.CHEISYATES HET



London Tube

RICK MAHIWZATH

ALILLIP
LELBNIDGL | ICEEM i LR

S HILLBSBER  RUIRLP

A

Map (1933

AT FORS JURETISH
WATPORD [HiGsi sTRLITY
BUHEY v Gl
CARFER RS PR
MATCH [N doa PINMIR
HEADITOHE LAKI
HARACYH & WLALDSR ]

=T GO Hakk

T B
WIMILET rea SUCaLAY
ATEHTBRADGE PARL

HARLIADEM

MILLEEDIN GRETM

P SO HAR L

Py LR SR SR TION
EEMERL GREEN

Py “REENE FARE
EILALURK FRAK

[P SUDELURY HILL
M A DBLIAE TOWN

" ALFERTON
HAIDA WALE

el TR
) e,
b .

I PAAE ROTAL WAEWEE ANEHUT

PHORTH LA LIRS #

WEST past |
ACTEM ACTOM!

SOUTH EALIBNG
HOATHFILLDS
BOATonN Faiall,
QETERLEY
HOLIRELOW [ R5T
HOUHELDW S HTRAL
HOUNILOW WEST

CHILNICK
PARK

hm‘m WOCD
ACToM Ll

[RL14G
rammeis FHEIFHERDS
LIMENGR BAFAH

“LARBLE
ARIH

o
AETON TOWR
BEHATA AL 1O
B PR TH
AR

*

1T.:|l-'|J'-D&I:.-

po!

ICGwakl
BLIRST CAE [ WATLIHG)
coLmbBALE

RILBLIRN & BROMNDESBLIRT

Eap BELLITE
WEST HAMPST| S

T
CIRCWS

= COLEFOSTLRS

pm £ ELE WEST

= HCTHBATE
= AR GRONT
b BOUNDS GATTM

e WOD GREEM

HERDEN CEHTRAL b TLIRNPIET LAME

BELNT
GoLDTRY = FANDE HOUSL
GAEEN

HAMPITERD

8 FIMEBURY FARK

Hl.'-lll‘l-l‘f & ISLIHGTON
|

|
i CAMOHBURT & ESSEX ROAD

(JLFEAROOL STRLET
]

ALDPGATE
HOHUHEHT

PLARE

WITTHIRGIN,

T
WEST

FENSIRGTON T

s bt

h waLIaH i}/.n',-
L r.m%,

L %Mr\' BRI Do

DISTRICT BAILWAT
BARERLOD LIME
PICCACHLLY LINE
E Dol W RE, Hidtsiiati
B =SORDEM LIME
CENTRAL LOMCON ALY . LIMEER CORTA WC TGN

REFERENCE

— METROPCLITAA ALY,

: :nlrmnl.u#:rﬂp
EAST LOMDON RAILMAY s

== INTERCHANGE STATICRS £

e EAST PUPETHEY
—

F ICUTHRIILDS

= WIPRLEDON PARE

I M C BICK

£y mipLEnoN

Rl Aroroe
/B et i)

LI R ER NGO
OvhL
FTOCRWIRL
TLAFHAM MORTH
SLAFSAF COMMON
CLAFHAM BOUTH
BALMAM

§ LOHDOH BRIDGE
'i'l-l'l-'l'lll.ﬁ

SHORIDITCH

:1 LP'-!T
:.Tm:

::u.r n:uml. :u|||,l

EHADWILLL
l.!lmi

ROTHERHITHE

SPKREY [OCKS

(. L]
it g v

TRINITY AGAD (TO0T i M)

TOOTIHG BROADWLY

COLLITRS Wooh

SOUTH WIMBLEDOH (MIRTON)
HGADEM

Source: Henry Beck



Co-centric Tube Map
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Curvilinear S/U-bahn map
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Flow-Map: Whiskey Export
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Telephony Map
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Monitoring of Energy Network

Source: Eir Grid, Irlan




Wiring plan/ Cable plan

a2z
234
15T I-F

L]
ATE

2300
% . REmovED N
LATE PROD

FERRITE

LOOP ANT{ |

AMTEMNE ASSEWBLY

05

QR

4
03¢, CoIL

TI E & & £
n L]
oo 2065 B ;
234 8 233

6
OUTPUT
€13 —TaTAL
10MF
= TN
& : Bl
A4
514 b
- =
b Ll
LIEE:
ATOOD il
COMMECTOR
FOR EARFPHOME
3]
L 5
REL 22007 {ON VoL
.M CONTREL )
M— a""n—_|
ciy B
= VE300 -
asur 7] o “I

COLOR
CODING

WOLTAGES MEASURED WITH “VOLTOMMYST®

T TEAMIMAL CONMECTIONS  SHOULD HOLD WITHIN £20% WiTH NEw BATTERY

5 FOR T2, T3 B T4, ®ei000, ALL RESISTANCE VALUES IN OHMS.

3 ALL CAPACITANCE VALUES LESS THAN 1.3 IN MF AKD
1.0 & ABOVE IM MMF EXCEPT THOSE INDICATED.

B obsardei

BATTERY CURREMT

MO SIGMAL - - — = & MA,

TYPE
HigE 50 MW. OUTPUT - - (4 MA .

TRANSISTOR SOCKET CONNECTIONS

| Piomar note i the localions of all S5
plasts indicated on his plan arc ppeoRimeie.
Al the SingTel’s plants in the Vi

carthworks ot developmes have

b 5
SimgTel discisims a0y
lces that may be caused 10 or 52
directly or indirectly 85 3 |/,
imcurred jy amy person directt




— Deseases

Icine

Med

gy s

e pr——



Medicine — phylogenetic Tree
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Software Call-Graph with edge-bundling

Source: Danny Holten, 2011



Web Trend Map

WEB TREND MAP 4

opo’s Metio Sy

Twitter

9 Wlklpedla

Jutiington Post - e P
. o > & WordPress prapal Apple i
=
. b o
-

%Q
\ ok ~
Daily Kos =
— e

Source: information Architects, 2009




Alternative Visualizations: Explorer vs Treemap

MName

» @ bin
» [ include
» B lib
> [ libexec
v [l local
» B3 bin
v [ etc
» [] ImageMagick
¥ [ include
» @l CGAL
v [ juniper
v @ nc
(& 7.4.6
v [ install
M fwk_reference_tool
M installer.common
M ncinstallhelper
.1_73 NC)arVerify.jar
" uninstall_nc.sh
version

et

v il lib

v [ CGAL

» [ 2.6.2-10-2.8.1

CGAL CheckCxXFileRuns.cmake
CGAL_Common.cmake
CGAL_CreateSingleSourceCCALProgram.cmake
CGAL_FindPackageHandleStandardArgs.cmake
CCAL GeneratorSpecificSettings.cmake
CGAL Locate CGAL TAUCS.cmake
CGAL_Macros.cmake
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Alternative Visualizations: Explorer vs Treemap
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» @ bin
» [ include
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v [l local
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v [ etc
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¥ [ include
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CGAL_CreateSingleSourceCCALProgram.cmake
CGAL_FindPackageHandleStandardArgs.cmake
CCAL GeneratorSpecificSettings.cmake
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For more: http://www.visualcomplexity.com/
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Graph and its Representation

What is a Network/Graph?

Tuple G = (V, E)

Set of vertices/nodes V ={vq, ..., vy}
Set of edges/links E = {eq, ..., €n},
ei={V, W}, 1<i<m 1<j,k<n

Representations?

V ={vy, Vo, V3, V4, V5, Vg, V7, Vg, Vo, Vio } E =
{{v1, vo},{v1, g}, {Vo, V3},{V3, V5},{V3, Vo }
{va, vVio}, {va, 5}, {va, V6 },{Va, Vo }, {Vvs5, Vg }
{ve, 8}, {Ve, o}, {v7, v}, {v7, Vo }, { Vs, V10}

{Vo, Vio}}

Set representation:



Graph and its Representation

What is a Network/Graph?

Tuple G = (V, E)

Set of vertices/nodes V ={vq, ..., vy}
Set of edges/links E = {eq, ..., €n},
ei={V, W}, 1<i<m 1<j,k<n

Representations? Vi. V2, V8
Voo V1, V3
Set representation Vs : Vo, Vs, Vo, Vig
Adjacency list Va @ Vs, Ve, Vo

V5 . V3, V4, Vg

Vs - V4, Vg, Vg

V7 . Vg, Vg

Vs . Vi, Vs, Vg, V7, Vo, V1o
Vg . V3, V4, Vg, V7, Vg, V10
Vio . V3, Vg, Vg



Graph and its Representation

What is a Network/Graph?

Tuple G = (V, E)

Set of vertices/nodes V ={vq, ..., vy}
Set of edges/links E = {eq, ..., €n},
ei={V, W}, 1<i<m 1<j,k<n

Representations? (0100000100 )
10100000O00O
Set representation 010010001 1
Adjacency list 88??;88?88
Adjacency matrix 0001000110
0000000110
100011101 1
0011011101
\ 0010000110 )



Graph and its Representation

What is a Network/Graph?

Tuple G = (V, E)

Set of vertices/nodes V ={vq, ..., vy}
Set of edges/links E = {eq, ..., €n},
ei={V, W}, 1<i<m 1<j,k<n

Representations?

We will use terms Graph and Network interchangeably, but
commonly Network assumes a more complex data set,
attributes on nodes and links, clusters, etc.



Let’s draw some graphs

D

o
o
o -

o 0
N =@
a

Work with your neighbour or In 15 min

qi_l"’_p groups of three

go to Teams/General/Class Materials/Graphs to draw
graphs in form of adjacency matrix/list

Use yEd:
https://www.yworks.com/products/yed/download
draw one or more graphs as nice and as readable as
possible

export to PNG/PDF and upload to Teams/Network
Visualization/Drawn Graphs

keep the file name, add name of the team

We will show and discuss the results afterwards



Layout Problem

given : Graph G = (V, E)
find: good drawing I' of G
* [:V = R? nodes v — point ['(v)
[ : E — curves in R?, edge {u, v} — simple open curve
cu - [0, 1] — R2 where ¢, (0) = I'(u) and ¢y (1) = T(v)



Layout Problem

Graph visualization problem

R=, nodes v — point (V)
 [: E — curves in R?, edge {u, v} — simple open curve
cuw - [0,1] — R? where ¢,,(0) = I'(u) and ¢, (1) = (V)



Layout Problem

1) Drawing conventions : required properties, for
example:

straight-line edges

orthogonal edges (polylines with 90° bends)
drawing on a grid

crossing-free




Layout Problem

1) Drawing conventions : drawing rules that stem from
applications

2) Quality metrics : criteria to be optimized that make

drawing more readable*
* number of bends
 area/length

* crossing resolution
* stress of layout

VS

* insight from cognitive psychology



Layout Problem

1) Drawing conventions : drawing rules that stem from
applications

2) Quality metrics : criteria to be optimized that make
drawing more readable*

* number of crossing
 area/length

* crossing resolution
* stress of layout

VS

* insight from cognitive psychology



Layout Problem

1) Drawing conventions : drawing rules that stem from
applications

2) Quality metrics : criteria to be optimized that make
drawing more readable*

* number of crossing
* number of bends

* crossing resolution
* stress of layout

* insight from cognitive psychology



Layout Problem

1) Drawing conventions : drawing rules that stem from
applications

2) Quality metrics : criteria to be optimized that make
drawing more readable*

* number of crossing
* number of bends
 area/length

* stress of layout

the smallest angle formed by
two crossing edges

* insight from cognitive psychology



Layout Problem

1) Drawing conventions : drawing rules that stem from
applications

2) Quality metrics : criteria to be optimized that make
drawing more readable*

* number of crossing
 number of bends

 area/length | /V\j
« crossing resolution /

* insight from cognitive psychology



Layout Problem

1) Drawing conventions : drawing rules that stem from
applications

2) Quality metrics : criteria to be optimized that make
drawing more readable*

* number of crossing
 number of bends

 area/length | /%Z\j
« crossing resolution /

31 o (| — )’

3) Partial constraints : rules to be applied on a part of the
drawing

* insight from cognitive psychology



Layout Problem — Second Attempt

given: Graph G = (V, E)

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



Layout Problem — Second Attempt

given: Graph G = (V, E)

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

— often lead to NP-hard optimization problems!
— often several competing criteria: small area and number
of crossings



Visual Variables according to Bertin (1967)

o texture

N
Orientation// I




Visual Variables according to Bertin (1967)
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Visual Variables according to Bertin (1967)

o texture

orientation//




Evaluation of Network Visualization

Qo Question: How can we evaluate quality
q_ll"_ of a network visualization?
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Automatic methods — > use quality metrics, quantitative
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interacting with a net.vis. and draw conclusion from this
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Automatic methods — > use quality metrics, quantitative
evaluation

User studies — > both qualitative & quantitative evaluation

Qualitative User Evaluation — > e.g. observe user
interacting with a net.vis. and draw conclusion from this

Quantitative User Evaluation — > Tasks, subjective
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Evaluation of Network Visualization

Automatic methods — > use quality metrics, quantitative
evaluation

User studies — > both qualitative & quantitative evaluation

Qualitative User Evaluation — > e.g. observe user
interacting with a net.vis. and draw conclusion from this

Quantitative User Evaluation — > Tasks, subjective
preference
« What is the length of the shortest path
between nodes A and B? %
» What is the degree of a node A .-
(number of incident edges)?
* Does certain structure ( sayN
appears as a subgraph? Ve
» Subjective preference: which of the -
two layouts you prefer?

0]
OOOOOO
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Types of Algorithms

Network
visualizatior

algorithm




Types of Algorithms

01000

/10100\ Network
0100 1 visualization
0000 1 -

L 00110/ algorithm

Quality metrics, drawing conventions
and constraints

O Let’s build the mental map: What types
q ? of algorithms have you heard about?



Computational Complexity

Q How can we investigate how efficient is an
e o e gl|gorithm?
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Common measures: the quality of the layout and the running time
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S
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average
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algorithm number of steps
& max number of steps

that algorithm performs
for an input of size n
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Common measures: the quality of the layout and the running time

Measure time running the algorithms for multiple inputs, compute e.qg.
average

Or/and compute the worst-case computational complexity of the

algorithm
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Q How can we investigate how efficient is an
o’ o e glgorithm?
S
"

Common measures: the quality of the layout and the running time

Measure time running the algorithms for multiple inputs, compute e.qg.
average

Or/and compute the worst-case computational complexity of the

algorithm numberofzsifps




Computational Complexity

Q How can we investigate how efficient is an
o’ o e glgorithm?
S
"

Common measures: the quality of the layout and the running time

Measure time running the algorithms for multiple inputs, compute e.qg.
average

Or/and compute the worst-case computational complexity of the

algorithm e
We say that the worst-case Mg

computational complexity (or shortly
running time) of an algorithm Ais g(n) if
the number of steps that A performs for
an input of size n (denote by t4(n)) is
upper bounded by Mg(n), for some

n > ng and constant M: M, Vn > ng
ta(n) < Mg(n)




Lecture Overview

Why Data visualization?

Data types and their models

Networks and their visualizations (gallery)
Let’s draw some networks

Basis for algorithm design: formalization of network
visualization problem

Evaluation of Network Visualization
Types of algorithms (mind map)
Some basic notions in Algorithm Complexity Theory



Reading and Next

Recall
Types of algorithms

How to compute running time of algorithms
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Reading and Next

Recall

Types of algorithms
How to compute running time of algorithms

Next

Tree drawing algorithms:
Layered layout, radial layout and bubble layout
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