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Ubersicht

» Beispiele fur Netzwerke
 Was sind Netzwerke
 Uberblick Netzwerkanalyse
« Clustering auf Netzwerken
« Graph-Drawing

* Problemstellung

« Force-Directed Methoden

* Optimierung | (Barnes-Hut Approximation)
« Optimierung Il (Multilevel)
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Beispiele fir Netzwerke
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Social Networks (Zachary Karate Club)
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(c) McKenzie’s board for man-
ual layout [Nor52]



Terror Networks

From American Scientist Article
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Authorship network

All people who wrote a paper with Erdos.
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Interatice map @http:f/sixdeci[.""

http://sixdegrees.hu/last.fm/ §* L ey

blame me if an artistis seemingly miscategorised :) Rock is red, metal is dark grey, electronic is orange, hip-hop and rapis blue,
,reggae and ska is magenta, classical musicis cyan, country, folk and world music is brown, pop is green.
. See the technical details if you are interested in how the categorisation was done.

Matzyahu

Bob
Marley

Bob
Mariey &
The Wailers
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Protein Protein Interaction Network

AV
Biological nets .
) .. . Akt N
E.g., Protein-protein interaction=" . .." -
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(PPI) networks
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Definition von Netzwerken
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Introduction

What is a network (or graph)?
A set of nodes (vertices) and edges (links)

Edges describe a relationship between the nodes
Some generalizations (see later)

Edges can be (un-)directed, or (un-)weighted
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Beschreibungen razze

Liste: (undirected graph)

Alice Bob
Alice Joe
Bob Joe Joe
Joe Gilbert Alice
Adjacency matrix
Alice Bob Joe Gilbert .
Alice 0 1 1 0 Bob Gilbert
Bob 1 0 1 0
Joe 1 1 0 1
Gilbert 0 0 1 0

For undirected and unweighted graphs, adjacency matrix is symmetric and consists of
O's and 1°s.
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Verallgemeinerungen

L < A A J
Pseudograph / Multlgraph Hypergraph
Eine Kante verbindet mehrere
Knoten

Hat self-loops und mehrfache Kanten

Im folgenden nur behandeln wir nur einfache Graphen

© 2010 Genedata AG 12



Kurzer Uberblick:
Netzwerkanalyse
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Network Analysis (Overview, biased selection)
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All these networks (social-, actors, genes, ..
the same tools:

.) are similar and can analyzed with

Analysis

General Graph Theory

=  Shortest Path,...
Graph Drawing

= Layout Algorithms
Global Properties

= Diameter of Graph,
Centrality Measures

= E.g. Google’s PageRank
Community Detection

" E.g. Friendships
Modules / Motifs

° Pattern in the Network
Comparison

" How similar are (sub)networks /
Chemoinformatik

Dynamics on Graphs
= E.g. spreading of rumors / viruses

Properties of typical networks
° Small worldness
. Six Steps of Seperation
° Scale-freeness
= There are hubs of abitrary size (Barabasi 1999)

Generation
° From data
" Correlation with thresholding

= Graphical Models (e.g Bayesian
networks)

° Random
* Erdo6s, Barabasi

Software
* Standalone Tools: Cytoscape, Gephi
° R:igraph

° Libraries: Jung, Pajec, Graphviz,
prefuse



Surprising properties of networks I .

(Most) “real world” networks have in common that it just takes a few steps to reach
any node
(small-worldness) / “6 degrees of separation”

Average path length L~Log(N)

Kevin Bacon
at place 507



Surprising properties of networks II e
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Degree Distribution:
Number of edges k

Power-law distribution
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Advanced Scholar Search

GO L)gle Scho|ar "Emergence of Scaling in Random Networks"

Scholar Atticles and patents E‘ anytime E‘ include citations E] [z] Create email alertResults 1 - 10 of about 6,840 (0.19 se¢
Emergence of scaling in random networks [PDF] from arxiv.org
AL Barabasi... - Science, 1999 - sciencemag.org

Page 1. DOI: 10.1126/science.286.5439.509 , 509 (1999); 286 Science et al. Albert-Laszlo
Barabasi, Emergence of Scaling in Random Networks This copy is for your personal,
non-commercial use only. . clicking here colleagues, clients, or customers by ...

- Related articles - BL Direct - All 57 versions
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Examples of networks
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Graph clustering / Community h
detection &

Task:
Decompose network into parts
Biological relevance:

Given a gene network (PP, correlation,...) find parts of genes with act together
(modules)

Notion: Many ties (edges) within a community, few between communities

Community

Detection




Community detection .

Community detection
Dozens of different fields
Hundreds of measures
Thousands of algorithms

Popular measure: modularity
Newman and Girvan, Phys. Rev. E 69, 026113 (2004)

Q=0 1 Communit
k, -k, L Y

Am)
0= %}(M oy )S(c(p),c(v))

Q=0.35 2 Communities

Q=0.03 4 Communities

Direct Optimization of Q?
NP complete (Brandes 2008)



Heuristic Multiscale Optimization of Modularity

Multiscale Heuritic of Blondel et al. 2008 http://arxiv.org/abs/0803.0476v2

129
Modularity Community
Optimization Aggregation

2nd pass 26
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Heuristic Multiscale Optimization of Modularity

Multiscale Heuristic of Blondel et al. 2008 http://arxiv.org/abs/0803.0476v2
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Network of 2000000

mobile phone customers.
Connected if people had a phone call.

Guess the country...
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...it's Belgium

Arxiv

Internet

Web nd.edu

Phone

Web 1uk-2005

Webh WebBase 2001

Nodes/links
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Graph Drawing
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Graph Drawing (Definition) e

Die Art wie man einen Graph zeichnet ist eine spezielle Darstellung (layout).
Beispiel a-f immer der selbe Graph
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Masse fur die Qualitat: Crossing, Langenverteilung der Kanten, Symetrie, ...



Graph has natural layout

2010 FIFA Worldcup South Africa aw

(b) Passes among players during the FIFA World
Cup 2010 final. Layout according to (assumed)
tactical lineup [PNK10]

Randes in http://cs.brown.edu/~rt/gdhandbook/chapters/social.pdf
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Graph has natural layout

zh
aw

1 T —
x Watford C
Chatfont o Epping
slatimet f oo m{','f:; & Oakwood f Oebden TheydanBols
Amersham Southgats
A Chorleywood o Stanmore Edgware MLl Hill East Woodside Park g Loughton,
Rickmansworth Burnt Oak . Arnos Grove Roding
West Ruistip = “=Harmaw & _ Canons Fary Wast Finchley alley + Chigwetl £
e i, eardstons Catingsle L finchtay Contral  BoUNds Greang SuckhustHi
hwood Hills
Hillingdon Ruistip East Wood Green 4 c e
Ruisp Manor et Xenton . st Finchiey B . Grange Hill 1
) rrow 0 urnpike Lahe
Uxbridge Ickenham Edstcote rorewice § preston ingsbury Golders Green N\ Highgate P e Voodtord Halnault
W Pace - Rond - Arch Manar Houe Wanhamstow N
ip Royners L, el Seven  Blackhorse South e
Gane ViestHarrow  Harow: T U Gospel Oak urnellPark SstesE  Road Wooitard bk Baringsida
on-the-Hill %= Wembley = Hilt \ KentishTawn,
=South Rusiip SouthKefiton o Park llesden Green Finsbury Park 2= Newdury Park
South " Snaresbrook. Redbridge _J
Harrow North Wembley 4 Hinchieyfood
‘Wemblay Central rognal Chalk Farm Wapstead  Gant:
Nertholt v Kensal Brongesbury Town==  Caledonian Road, ity
oty P o Rise Pack CamienRoss Leytanstane 2= Upminster,
3 e — UpminsterBridge,
=Greeaford HIR == Witlesden Junction Brondes] p’* hureh, ;
VY Kenssl Green Highbury & Islington Leytan o
/ Queen's Park 2= * f ;\ ! ElmPark,
Pervale N/ King'3 Cross N Hackn Hackn
o ) - sugzury Town : St bancras | Ny enonburyTERGE Wik |
7 aavale ‘ Datt Horarton
Vi ston
/4 Warwick Avenuc exRoad + Kingstand
[
Hanger Lane b Alperton | Reyal Cak - O U\ N\ oringdon
| Westbaurne park ecgware 3 ‘. o Barking 2=
N Ladbreke Grove, ”””l"t“’" Road Barbican +
= \ I lile End
Park Royal | Russell D
LatimerRoad Ho‘ﬂ+ne« Square [ .) Plalstow
A { West Ham
North White | Marble i Moargate 8 ez
Acton ity Park Quechsway  Arch H pacy poss Y[ Churcn ¢ 2
ling iy - - C Grgen Devors 3% | |
west East Shepherd's Notties Lancaster  Bond el oad  hI ||
A A Bush. | MillGato—Gate—— Streot- Ausaints LI
Coniem 1| Sheptiere 2 | Covent Gard Poplar e £5 [ ]
entral erd's . nt Garden
| Bush | Xencingtan Bl ] “City . y
) (Olympial T] Leicester Thameslink | Westrorr \
/ [ Square | ¥
VA Goldhawk Hyde Park Corner, |
L 'soumn Road e | Monument Westindia
7 Aeton . Knightsbricge, i rowar peiva
on Barans Gw:}mr T Gateway ‘Wapping
South Ealing Y/ “Hammeramish () Court foad Sloane
Northficlds, Square
Boston Manor, Rotherhithe Samary
Osterley, Cms:x: hgnhnm Slnomfold Rtv;nxw'! West fears South Victora I
Hounslow East, "ar reent  Brook "al Kensington §Court i *
. 2 o | Kencingtan Bermondsey Canada Heron Quays
Heathrow o &
e . , o T
Teminalz / Foumlon Coftan & ; ) Londensridge = |5 hacbour Silvertown  Beckton
i funlow | | =wsrenocd (I rros | palondon
f+ —= = 2 | Surrey Quays Mudchute | y Alrport A
hl] | 1L North Wootwich
\/ L. Kew Gardens Sarsons Green Pmlico | \fandGarans )
;kalvlorz | —————
ferminal 4 + §
L Richmond == . | Putney Bridze 0]
TR =4 =Now Cross Gate
- Vaukhali ==
Key to Lines East Putned | Key to symbols
mmmsnnenes  Bakerloo Metropolitan © Interchange stations ¥ These stations are open at the Tollowing times.
L we— Central Oewh houry ony i N = wizn Beitish Rail Barbican ail ey Mosdays to fatwn Essex ROAG untd 1057 Mosdays to Fricys 4
TIITEIT  es e Northern sounret | Kennington - [Connectians win Bitish Rl G715 o 1545 Saturdan. 030 13 1345 Sundies Cloand Saturtays and s
e outhfields Oval Judtten walking gstance CANNGN SHEOOE Litd 3046 Mardars 1o fra Grange Hill umi
Circle Piccadilly Stogkwell + Arpors Interchange it Satusag an a1 Heathrow Terminal 4
ot e e Clphsmie - . i 5t ot b s e 8 S
wercred wedce Victoria Winbieddh Py Clapham Commor % Closed Saturdays ang City Thamestink 060010 2065 Morcays R et Bt vap Sordorh oot
€ast Londen Waterleo & City + e " Closed Satuidys and Sundeys Rading Valley urue
I y—— ningren Crescent Clos Docklands Light Ratwa; Shoreditch *on
pu ¢ sncer Docklands Light Raitway 1 for tebuilding, Podis — ecksan st 3135 Fondaps o Frisos oy o Soaiags 1930
Mammersmith & City wndon eoniona wimbtedod: UNDERGROUND A1 ety bt e ey Lk SEard 1m0 Turham Greea e ty ity Lo e vty
[OR—— == Beitish Rail | awa Sumvten g S g g 2 g ans
Jubitee [ — Cartain stations are closed on o . -
" 1YTOn PArk Utk 2050 Monday to fricers. Watedos & City Line 06% to
e ¢ pudlic hotidays o560 SuIdiys 30D Sundeys ety G 4% Saturcays C
T = SN MvE

|
T London Regicnal Transport



Kinds of Layout (Not Force Directed) s
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Circular Layered (good for DAG)

7 CreylinkDC++
(_ Non-GPL-compliant _/

e AvaLink N RayLinkDC++ SparkDC++ N PeLink
N Non-GPL-compliant \ Non-GPL-compliant N Non-GPL-compliant N Non-GPL-compliant _/
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Force Directed Layout

Layout Settings
© Spring Coeff: | 0.0008

(] Spri;ic:ijengthi 30

) Gravi&boeff: 42
© Drag Coeff: 0.0.09
© Theta Coeff: 0.8 .

Reset to default

Pajek/CSphd
Nodes: 1882
Edges: 1740
Image:

http://www.vasi\).com/qraphs#Paiek/CSphd

Forces:

— Vertex-Vertex Repulsion: Electrically charged
particles (nodes) See also:

— Edges: Attraction: Springs that connect htto//vimeo. com/4356593
pa rticles via edges; http://vimeo.com/3206267

— (Viscosity to damp movements)

© 2010 Genedata AG 27



3 historical models

Eades Spring embedder (1984)
Springs and artificial repulsion forces (logarithmic)

Fruchterman-Reingold (1991)
Forces artificial springs and repulsion
Optimization: Steepest decent, step size ~ to temperatur

Kamanda and Kawai (1989)
Only Springs but with rest length

\\\\\\\\\\\\\\\\
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Details of the Intercation (Springs) .

Spring Forces:
Hook’s law ||x(from(ei)) - x(to(ei))|| used in prefuse library

FR found that they had more success using a quadratic spring force
|Ix(from(ei)) - x(to(ei))||*2 better for local minima backed by Jiggle [Jiggle DISS]

Eades log(||x(from(ei)) - x(to(ei))|| / x0),

Logarithmic spring force leads to an unaesthetically high degree of variance in the edge
lengths [Joggle DISS]

Kamada and Kawai (only Springs)
Rest length of the corresponding spring is proportional to shortestPath(vi, vj)
Force (1 / shortestPath(vi, vj)) | ||xi - Xxj|| - ¢ * shortestPath(vi, vj) |
Problem n?2 Springs



Details of the interactions (V-V Forces)

Vertex-Vertex Forces

Kamanda Kawali
(no such force) just springs with rest length

Eades, prefuse-library
1/||xi - xj||*2

Fruchterman Reingold
1/]|xi - xj]|

Side remark (Column interaction in 2d log(||xi - xj|| = Force 1/r as in FR)

\\\\\\\\\\\\\\\\
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Detail: Forces
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Additional Term in source use the source, Luke!

Fruchterman-Reingold in R

Expected Observe

An additional undocumented
V-V force with r*2

File: lauout.c method igraph_layout_fruchterman_reingold
yd=MATRIX(*res, j, 1)-MATRIX(*res, k, 1);
zd=MATRIX(*res, j, 2)-MATRIX(*res, k, 2);
ded=sqrt(xd*xd+yd*yd+zd*zd); /*Get dyadic euclidean distance*
if (ded !'= @) {

xd/=ded; /*Rescale diff ces to length 1*/ KeepS diSCOﬂI‘IeCted graphS
d/=ded; .
207/~ded; together. Switched of by
/*Calculat lsive "f n*x/ H
rf=?rE:f:kE(;?g;d:;-:ed‘ZEZirepulserad); ESEEttIr]SJ F)EirEHrT]EEtEEr rEEF)ILJESEEr53(j
} else { f]ig;f].
/* ded is exactly zero. Use some small random displacement. */

xd=RNG_NORMAL(2,0.1);
yd=RNG_NORMAL(@,0.1);
zd=RNG_NORMAL(©,0.1);
rf=RNG_NORMAL(2,0.1);
}
MATRIX(dxdydz, j, ©@)+=xd*rf; /*Add to the position change vector*/
MATRIX(dxdydz, k, ©)-=xd*rf;
MATRIX(dxdydz, j, 1)+=yd*rf;



Demo Force Directed

# Demo dynamic of layout

g <- graph.ring(100, directed=FALSE)

wt <- multilevel.community(g)

V(g)$color <- wtmembership

| <- layout.random(g)

for (i in 1:100) {
| <- layout.fruchterman.reingold(g, params=list(niter=5, start=I, repulserad=1e30))
#| <- layout.fruchterman.reingold(g, params=list(niter=4000, start=l))
plot(g,layout=Il,vertex.size=3, vertex.label=NA, main=paste0("FR ", i))
Sys.sleep(1);

}

| <- layout.fruchterman.reingold(g, params=list(niter=5000, start=I, repulserad=1e30))

plot(g,layout=l,vertex.size=3, vertex.label=NA, main=paste0("FR ", i))

Zurich University
of Applied Sciences
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Runni ng Times Bty

Number of Edges: n
Time per Ilteration 6(n*2)

Number of Iterations until convergence (poorly understood) but generally assumed to
be~n

Eades / Fruchterman Reingold 8(n*3)
Kamanda Kawei

Different naive 6(n”*3)
Spezialized approach 8(nm log n)



Pros and Cons force directed

Zurich University
of Applied Sciences

* Pros (from wikipedia)
* Good-quality results

» Atleast for graphs of medium size (up to 50-100 vertices)... following criteria: uniform edge
length, uniform vertex distribution, symmetry.

» Flexibility

» Force-directed algorithms can be easily adapted and extended to fulfill additional aesthetic criteria.
« Simplicity

« Typical force-directed algorithms are simple and can be implemented in a few lines of code. Other

classes of graph-drawing algorithms, like the ones for orthogonal layouts, are usually much more
involved.

* Interactivity
« ...This makes them a preferred choice for dynamic and online graph-drawing systems.
« Strong theoretical foundations

« ...statisticians have been solving similar problems in multidimensional scaling (MDS) since the
1930s, and physicists also have a long history of working with related n-body problems —



Ways to do 6raph Drawing (Force Directed) LT

Cons (from wikipedia)
* High running time

» The typical force-directed algorithms are in general considered to have a running time
equivalent to O(n3), where n is the number of nodes of the input graph. This is because
the number of iterations is estimated to be O(n), and in every iteration, all pairs of nodes
need to be visited and their mutual repulsive forces computed O(n2).

Solution: Barnes-Hut Approximation.

 Poor local minima

* ...The problem of poor local minima becomes more important as the number of vertices
of the graph increases. For example, using the Kamada—Kawai algorithm[10] to quickly
generate a reasonable initial layout and then the Fruchterman—Reingold algorithm[11] to
improve the placement of neighbouring nodes. Another technique to achieve a global
minimum is to use a multilevel approach.

Lets tackle the cons...



How to draw it faster I (Barnes-Hut) .

two galaxies colliding (Nice Movie)

Particels which are far enough away can be approximated by the center of mass. Stored on
the nodes in the search tree
Has been used for simulating e.g. many particel problems.



How to draw it faster I (Barnes-Hut)

Barnes-Hut Approximation (from:O(n?) to O(n log n))

The search Tree (quadtree)

In space
NW NO
o
NW [ o NO NW
SW ° SO
oo 4
oo

o/ \o

NW NO SW SO
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SO o O O O

Q
NW%/\S\SO
S & A
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Barnes Hut vs. no approximation

No BH 30 sec

Similar layout in 1/6 of the time.

Scaling n log(n) vs. n*2

BH 0.8 5.5 sec

UUUUUUUUUUUUUUUU
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How to draw it faster II (Multilevel) h
Problem: unfolding takes quite some time aw

Simple Force Directed

D
@? http://www.youtube.com/watch?v=-K5zTCrQ_wc&feature=plcp

ldea: Decompose graph into various small parts and do a successively layout.
Walshaw 2000

> Input: GY = (V;E) with random initial placements

Different ways to coarsen:

. . ooy (300 ~0 21 02 k1 ok See e.g. An Experimental Evaluation of
Multilevel: Coarsen G =2 (G",G',G*...G*',G") Multilevel Layout Methods

For i=k to i=0,
Compute the layout of G* /* On GPU */ Bartel et al 2012

Interpolate the initial positions of G*

Why not take to coarsen?

> OQutput: GY = (V' ; E) with final placements




ML layout algorithm at work
Z
aw

Multilevel Layout
http://www.youtube.com/watch?v=Jd WkNESO65k&feature=plcp




