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What is this about?

É Given a graph G = (V, E)
É V nodes, e.g. {,,}
É E edges, e.g.

�

{,},{,}
	

É Variations: directed/undirected,
with/without loops, with/without multiple
edges, . . .

É Goal: graphical representation
É structure can be recognized
É aesthetically appealing
É special emphasis possible

v

u w
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Why should I care?

In university context:
É “Draw the graph/automaton/. . . ”
É “Visualize depth-first-search”
É . . .

In all other cases:

Central goal: Visualize Structure

Examples:
É What is the root of this tree?
É Are there special clusters?
É What is the distance of two particular nodes?

,
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Draw the graph yourself

Inkscape xfig OOo Dia

+ precise realization of the
desired layout

+ GUI

− not automated
− graph layout must be

“computed by hand”
− “large graphs” can’t be

drawn

,
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Let someone else draw the graph

Idea:

Graph Drawing Tool

Image
File

Graph
Description

+ scriptable
+ layout computed by

algorithm
+ consistent appearance

− lots of “trial and error”
− desired layout may not be

100 % realizable

,
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DOT files and compilation

Graphviz
É processes files in the DOT language
É generates pictures in different formats

Basic structure:
graph myGraph {
// Graph attributes
key = value;
// Nodes
node [key=value];
node1;
node2 [key=value];
// Edges
edge [key=value];
node1 -- node2 [key=value];
node1 -- node3;

}

Compilation:
PROG -TFORMAT INFILE > OUTFILE

É PROG: one of {dot, circo,
twopi, fdp, neato} (chooses
the layout algorithm)

É FORMAT: one of {png, ps, svg,
. . . } or xlib for a live preview

É INFILE, OUTFILE: guess ;-)

,
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Example: Undirected Graph

graph html {
html;
head;
body;
html -- head;
head -- title;
head -- meta;
html -- body;
body -- h1;
body -- p;
body -- span;

}

html

head body

title meta h1 p span

Created with: dot -Tpdf html.dot > html.pdf

,
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Example: Directed Graph

digraph nikolaus {
edge [penwidth=2];
laus -> haus [color=gray0];
haus -> niko [color=gray12];
niko -> vom [color=gray24];
vom -> das [color=gray36];
das -> haus [color=gray48];
haus -> vom [color=gray60];
vom -> laus [color=gray72];
laus -> niko [color=gray84];

} laus

haus

niko

vom

das

Created with: circo -Tpdf nikolaus.dot > nikolaus.pdf

,
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Nodes: Labelling

É label (string): Label (UTF-8!)
É fontname (string), fontsize (int): (obvious)
É fontcolor (colorstring): font color as #RRGGBB or X11 color

name

graph html {
node [fontname="Helvetica"];
html [label="HTML-\nWurzel",

fontcolor="sienna"];
head [label="Kopf",fontcolor="#FF0000"];
body [label="Körper",fontname="Purisa"];
html -- head; head -- title;
html -- body; body -- span; body -- p;

}

HTML-
Wurzel

Kopf Körper

title span p

Handle fonts with care:
É pdf and bitmap formats: creator has to know font
É svg and ps: viewer has to know font

,
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Nodes: Shape

É shape (string): shape (> 30 available)
É width (float), height (float): minimal size, in inches
É fixedsize (bool): takes width and height as fixed size values

graph html {
html [shape="box",width=2];
head [shape="plaintext"];
extralongbody [shape="egg",

width=1,fixedsize=true];
title [shape="folder"];
p [shape="point"];
span [shape="circle"];
html -- head; html -- extralongbody;
head -- title; extralongbody -- span;
extralongbody -- p;

}

html

head extralongbody

title span
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Nodes: Colors and Images

É color (colorstring): contour color
É fillcolor (colorstring): fill color, if style=filled
É image (filename): background image
É imagescale (string): scales image to node size, if
fixedsize=true (options: true, height, width, both)

graph html {
html;
node [shape="circle",image="circle.png",

fontcolor="white"];
head;
body [scaleimage=true,fixedsize=true];
node [color="blue",fillcolor="red",

style="filled",image=""];
html -- head; head -- title;
html -- body; body -- span; body -- p;

}

html

head body

title span p
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Nodes: Hyperlinks

É URL (string): target of link
É in svg, ps, and pdf files created with epstopdf, this results in

proper links (does not work with -Tpdf)

graph html {
html [URL="http://www.w3.org/..."];
head;
body [URL="http://www.w3.org/..."];
html -- head; head -- title;
html -- body; body -- span;
body -- p;

}

html

h e a d body

tit le span p

Postscript output:
[ /Rect [ 44 144 110 180 ]

/Border [ 0 0 0 ]
/Action << /Subtype /URI /URI

(http://www.w3.org/TR/...) >>
/Subtype /Link

/ANN pdfmark

SVG output:
<a xlink:href="http://www.w3.org/TR/..."

xlink:title="html">
<ellipse style="..." />
<text ...>html</text>
</a>

But: LATEX removes links in
embedded pdf files. . .

,
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Edges: Labelling

É attributes just as for nodes

digraph nikolaus {
laus -> haus [label="This",fontsize=20];
haus -> niko [label="is",fontsize=18];
niko -> vom [label="the",fontsize=16];
vom -> das [label="house",fontsize=14];
das -> haus [label="of",fontsize=12];
haus -> vom [label="San-",fontsize=10];
vom -> laus [label="-ta",fontsize=8];
laus -> niko [label="Claus",fontsize=6];

} laus

haus

Thisniko
Claus

is

vom

San-

the
-ta

das

house
of
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Edges: Arrows

É dir (string): whether arrow heads are drawn (forward, back,
both, none)

É arrowhead, arrowtail (string): type of arrow head (9 primitive
types, 1 544 761 combinations)

É arrowsize (float): size of arrow head

digraph nikolaus {
node [shape="circle"];
edge [arrowsize=2.0];
laus -> haus [dir=none];
haus -> niko [dir=both,arrowsize=1.0];
niko -> vom [dir=back,arrowtail="tee"];
vom -> das [arrowhead="inv"];
das -> haus [arrowhead="diamond"];
haus -> vom [arrowhead="olboxrcrow"];
vom -> laus [arrowhead="dot"];
laus -> niko [arrowhead="box"];

}
laus

haus

niko

vom

das
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Edges: Lines

É penwidth (float): line width
É color (colorstring): line color; color1:color2:...:colorN for

multiple colors
É style (string): line style (solid, dashed, dotted, invis)

digraph nikolaus {
laus -> haus [dir=both,
color="red:blue:green"];

haus -> niko [penwidth=2];
niko -> vom [style="dashed"];
vom -> das [style="dotted"];
das -> haus [style="invis"];
haus -> vom [color="green"];
vom -> laus [color="red:blue"];
laus -> niko;

}
laus

haus

niko

vom

das
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Edges: Hyperlinks

É headlabel, taillabel (string): add label to head/tail of edge
É headURL, tailURL, labelURL (string): add hyperlink to

respective label
É headtooltip, tailtooltip (string): mouseover text

digraph urltest {
source -> sink
[headlabel="OUT",
headURL="http://www.sink.net",
headtooltip="Down the drain",
taillabel="IN",
tailURL="http://www.source.net",
tailtooltip="May the source be

with you",
label="Flow",
labelURL="http://www.flow.net"];

}

,
Tobias Pfeiffer, Graphviz Introduction, 25.04.2012 19



Graph: Layout Attributes

É for dot, parameters are most self-explanatory
É ranksep (float): minimal distance between tree layers
É rankdir (string): direction of the tree (TB, BT, LR, RL)

graph html {
rankdir = LR;
ranksep = 2.5;
html;
head;
body;
html -- head;
head -- title;
head -- meta;
html -- body;
body -- h1;
body -- p;
body -- span;

}

html

head

body

title

meta

h1

p

span

É many algorithm-specific parameters: K, epsilon, maxiter,
levels, . . .

,
Tobias Pfeiffer, Graphviz Introduction, 25.04.2012 20



Structured Nodes

graph network {
router [shape=hexagon,label=< [...] <tr>
<td port="extif">ext_if<br/>87.56...</td>
<td port="intif">int_if<br/>10.0...</td>
</tr> [...] >];
switch [shape=record,

label="Switch |{<p0> p0 |<p1> p1 |<p2> p2}"];
internet [label="THE INTERNET"];
internet -- router:extif:w;
router:intif:e -- switch:p0;
switch:p2:e -- laptop;
switch:p1:e -- desktop;

}

Router

FW v1.23b

ext_if
87.56...

int_if
10.0...

Switch p0

p1

p2

laptop desktop

THE INTERNET

Details

,
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TEX Labels using dot2tex

graph sum {
node [shape="box"];
root [label="$\\sum_{i=1}^n k_i$"];
plus [label="$+$",shape="circle"];
k1 [label="$k_1$"];
dots [label="$\\ldots$"];
kn [label="$k_n$"];
root -- plus [label="$\\cong$"];
plus -- k1; plus -- dots; plus -- kn;

}

∼=

. . .

+

k1

∑n
=1 k

kn

Details

,
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Comparison of Layout Algorithms

bec3

hu3

rel3

th3ri3

bec2

hu2

rel2

th2 ri2

acq2

ea2

acq3

ea3

bec1

hu1

rel1

th1ri1

acq1

ea1

dot

bec3

hu3

rel3

th3

ri3

bec2

hu2

rel2

th2

ri2

acq2

ea2

acq3

ea3

bec1

hu1

rel1

th1

ri1acq1

ea1

bec3

hu3

rel3

th3

ri3

bec2

hu2

rel2

th2

ri2

acq2

ea2

acq3

ea3

bec1

hu1

rel1

th1

ri1
acq1

ea1

twopi circo

bec3

hu3

rel3

th3

ri3

bec2

hu2

rel2

th2

ri2

acq2

ea2

acq3

ea3

bec1

hu1

rel1
th1

ri1acq1

ea1

bec3

hu3

rel3

th3

ri3

bec2

hu2

rel2

th2

ri2

acq2

ea2

acq3

ea3

bec1

hu1

rel1

th1

ri1

acq1
ea1

fdp neato
Details
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Exercise Sheets

q0/q1/
q2/q3

0

q0/q2/
q3

1

q0/q1/
q3

0

q0/q3

1

q0/q1/
q2

0

q0/q2

1

q0

1

q0/q1

0

0

1

1

0 0

1

0

1

or

and and

not x not y

y x
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Definition Tree

Brown'sche
Bewegung

stochastischer
Prozess

unabhängige,
stationäre Zuwächse

Normalverteilung
fast

sicher

polnischer
Raum

Borel'sche
Sigma-Algebra

Wahrscheinlichkeitsraum Zufallsvariable

unabhängige
Zufallsvariablen

Verteilung

Brown'sche Bewegung,
alternative Definition

lineare
Diffusion

Geschwindigkeitsmass Skalierungsfunktion Generator

Sigma-Algebra

Maßraum

Messraum

messbare
Abbildung

Maß

Erwartungswert

Integral

Varianz Kovarianz

Hölder-Stetigkeit

Brown'sche Bewegung ist
ein stetiger, zentrierter

Gauß'scher Prozess

Hölder-Stetigkeit
Brown'scher Pfade

starke
Markoveigenschaft

starke
Markoveigenschaft
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Social Networks

,
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The End, but not Finnish

Questions?

,
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Node Shape “record”

É node labels can have more structure
É special labels with node shape record:

É | starts new field
É {...} contains nested fields

graph record {
node [shape=record];
switch [label="{Switch | {p0 | p1 | p2}}"];
struct [label="hello\nworld |{ b |{c|d|e}| f}| g | h"];

}

Switch

p0 p1 p2

hello
world

b

c d e

f

g h

,
Tobias Pfeiffer, Graphviz Introduction, 25.04.2012 29



HTML-like Node Labels

É node labels can have even more structure
É special HTML-like labels: not label="...", but label=<...>
É elements: <table>, <tr>, <td>, <font>, <br>, <img>

graph record {
router [shape=hexagon,label=<

<table>
<tr><td colspan="2">Router</td></tr>
<tr><td colspan="2">FW <font color="red">
v1.23b</font></td></tr>

<tr><td>ext_if<br/>87.56...</td>
<td>int_if<br/>10.0...</td></tr>

</table>
>];
}

Router

FW v1.23b

ext_if
87.56...

int_if
10.0...

,
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Overview: Layout Algorithms

From the manpage:
É “dot draws directed graphs. It works well on DAGs and other

graphs that can be drawn as hierarchies.”
É “twopi draws graphs using a radial layout. Basically, one node

is chosen as the center and put at the origin. The remaining
nodes are placed on a sequence of concentric circles centered
about the origin”

É “circo draws graphs using a circular layout. The tool identifies
biconnected components and draws the nodes of the
component on a circle.”

É “fdp draws undirected graphs using a ‘spring’ model.”
É “neato draws undirected graphs using ‘spring’ models.”

,
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TEXLabels for Nodes and Edges

É you might want to use TEX code in node labels
É idea: draw the graph with TEX macros (e.g. pstricks or
pgf/tikz) instead of Postscript, SVG etc.

É dot2tex reads DOT files and writes TEX code

dot2tex --autosize -t raw
--prog PROG [--figonly] INFILE > OUTFILE

É PROG: one of {dot, circo, twopi, fdp, neato}
É --figonly: only outputs figure environment, no complete LATEX

document
É INFILE, OUTFILE: (...)
É --autosize: fit node sizes to (new) label sizes
É -t raw: interpret node labels as TEX code

É decide: embed graph as TEX code or as a picture file?

,
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