Graph representations

V - number of vertices (nodes), E- number of edges

Edge array - size: E
Adjacency matrix - size:V*V

Adjacency lists - size: V+E

“pure” representations

Adjacency matrix

Adjacency List

actbeg
b: ch
c:bg
d: c e
ez ad
f: cg
g-acf*F
h: b

a b c d e f g h
a 0 1 0 0 1 0 1 o0
b 1 0o 1 o0 0 0 0 1
¢ 0 1 0o 1 0 1 1 o0
d o 0o 1 o0 1 0 0 O
e 1 0 0O 1 00 0 0 O
f o 0 1 o0 00 0 1 O
g 1 0 1 o0 00 0 o0 O
h o 1 0o o0 0 0O 0 ©
Representation properties
V - number of vertices E - number of edges
matrix list edge array
space \/2 V+E E
find edge 1 \% E
insert edge 1 1 1
path v to w? \/2 V+E E IgVvV
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Graph processing software tools

e GUI programs: Pajek, yED, UCINET
e Command line programs: graphviz, R, statnet
e Software Libraries: LEDA, networkx, igraph

e Input: user input (mouse-clicks) or files

¢ Most file formats are text, graph formats
e Output: images or data files

¢ Focus: visualization or graph algorithms

Graphviz

command line graph visualizer — the language itself is called dot

%)

Ay

Graphviz - Graph Visualization Software
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Graph Visualization

Ciraph visuskization i 3 way of repeesenting as diagrams of abstract graphs and networks. Autosatic praph drawing
bt sy Evpostant spplicationn i woflware mgnersing, databaie and wel devgn, networking. and & il irfaces for s cther
domains

Grapliz is open sowce praph visuskiration software. It has several main praph bnyout progrms. See the galery for some sample layouts
Tt sl has webs and el . snd mrcliary tools. Boraries, ned | bandng

The Mac 05 X edision of Grapieiz. by Glen Low, won two 2004 Apple Design Awards

Graphviz example

a s o
L - -
) (. x (' w
' ra - ‘ o
[ m . 1 ® ul) (u
. A ¥ + 1 s
u [ s 1 " o (n
L TR TS  mpy | .t
T 1) (e Ta T A Wl
< ’ - s
1 [ . Ay ¥
' n o Ty u
1 -
O o
'
S \ A -
wt— s -
24 = ™) —an ne I

Pajek

Windows program for visualization and analysis of large networks
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More sophisticated Pajek example:

Pajek input and output AR .
strategic alliances among companies

red - content,
blue - infrastructure

116 "1157 ic Dlack yellow — commerce

~Edgen

1 34

¥

§ 5 Figure by

2 Ea Valdis Krebs

4

FE ]

F 116

15

4 34

4 102

L]

& 10

5 47

g 11

L 54

7 5%

2 . .

o e Basic layout circular, easy to change to

1z 13 energy-minimizing layout.

yED - yFiles yED — Excellent Layout

yED (editor) is free but yFiles costs $$$
http://www.yworks.com DOWI

T T
Jassaannenne

b About yFiles

T i o

What is yFiles? teabuste o

o
s i -n-:‘m mmm::v::ummxmmw
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Cytoscape — biology oriented

Cytoscape

S R 1t e e Pt et
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UCINET - social science oriented

Descriphon ep:fwwow analysetech comincunet deseriphon Mm

[ f—
[ contse: _}

Description

UGINEY n 3 comprahansive package fox the analysis of ocal netveri data 33 vl 82 thae
1-rrexie and Z-mode dita. Can Fuad o Frastitusde of @feanly forrmatied b
Wl 35 0w s, Can RGN 3 maamum of 32,76 OGS (WL DM @CRpoon
ractacally spmakive many procedures it 150 siow around 5,000 - 10,000 rodes. Sod
analysis methads enclude centrality Mmedsured, subgroup munmm role analyss, slementary
Graph thaey, and parmutation: Based stataticsl snalyss. In saSticn, the paciage has drong
matrin analyss routines, such a5 matris sgebra and raivariste st

Bnbegrated with UCINET is the BatDeaw program for draming diagrams of sccial notwerks. In
cicticn, the fogr i £an woport At 1o Mage and Pajek,

Trial Version / Purchase
ueINET
an be ggnenigaited and ued fres for 60 Gays, For longer use, indnwdsal students pay 340,

Facuilty, sehesh Py $150, Py $250. I addtion, genecous
VORI ot | S8 Hoanms it M. Click hare for erdering information.

Python — Networkx graph library

Uses Graphviz for graph visualization

NetworkX

Pt e 1 8 88 My by 4 0 gt e e e
o oo v,

High productivity software for complex metworks
et .4 Pyvan pachige o e toeason
i lince, and duy ol T LSUTLY, dynama, st
Sametraes of campies metmoris

Cuick Example
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¥g=0.10,
wg=0.39,

A networkx example

import networkx as nx

g ffarent =

er = mx os_renyi_graph( 1
wa 10, 0.2 )
Ea 2)
wa, ba ]
in nng.-u-

avg nx.clustes.average_clustering( graph )

diam = nx.distance.diameter| graph |

cent = nx.cen:nl.u:; batwesnnesa_centrality(graph)

% (avg, diam, eeat)

Bfentral=[0: 0.016015371%3312180%, o.
BCentral={0: 0.037242546115432657, 1: 0.02380453258
=0.15, Diameter=8, BCentral={0: 0.17685572133217217, 1: 0.0, Z: 0.Z9E955779270L

9/24/2009



LEDA

Libray of efficient data types - written in C++
free versions / $150 for the academic license

You can buy the Leda Guide from Amazon
(also available free on the web)

High performance, professional product,
covers much more than just graphs.

So abstract that it feels like a
high level programming language

LEDA example

#include <LEDA/graph.h>
#include <LEDA/basic_graph_alg.h>
using namespace leda;
int main() {
graph G;
list<node>dfs_res ;
node n0 = G.new_node ();
G.new_edge (n0,n1);
dfs_res = DFS (G, n0, n5);

forall (node, dfs_res)
G.print_node(node);

igraph software library

Tha igraph library

Introduction

Igraph is  fres softae package for creating and
sranipulatng unrected s deected gragns. it
ncludes Implementations for A (rReh thesry

i R SRR TR A0 NRtVOK
aisa implements aigenthms for some recent
Paturk anayss methods, ike commLnEy stuctue
searsh

Latest vernion: 083

Tha afficent imglamantation of igraph alows t to Faisans notes

nandle graghs witn milions of vertices and sdges. The
rule of thum in that f your graph S1s 3 he physical memony T Igeaph can hass

Igraph can B4 natalied in several o
= igraph as & C Woavy b umelid f oo want 2 uee # i your ©C4+ projects, of want o

miwmant your gwn natcrk analyss or model n C/Ces Using S data sructures and
funcaons igraph pezvides

age. Yo can ube Igraph s an sxienaion package b The GiW R
cuting. Tho Baitity of the R language and £ rchoess 1
siaatical mehods 893 & Grest Seal of produUctA 15 IQRapR. WY & vy Sl speed

can comine kgraph win the huge
e nane cf the Python langusge.

Wi 8 4mal igeed panalty.

= igraph as & sy satension. f you Sk the Aty (8guage. man th mght e the nght
ensice o you
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