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Reference: Jeong et al, Nature Review | Genetics
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https://en.wikipedia.org/wiki/Information_visualization#/media/File:Internet_map_1024.jpg
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From Paul Butler



https://www.facebook.com/notes/facebook-engineering/visualizing-friendships/469716398919

From Paul Butler
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https://www.facebook.com/notes/facebook-engineering/visualizing-friendships/469716398919
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Today

Graph layout
Matrix representations
Graph visualization tools
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Graph Drawing

* Node-link representation (cf. trees)

e Vertex: point
e dge: line or curve

* How to lay out?

e Often: no physical / spatial guidance
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Layout Quality Criteria

* Minimize edge crossings

» Minimize distance of neighboring nodes

» Minimize drawing area (compactness)

» Uniform edge length

- Minimized edge bends

- Maximized angular distance between different edges

» Aspect ratio about 1

- Symmetry: similar graph structures should look
simila
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Tension hetween criteria

Minimum number \
. Space utilization
of edge crossings
VS.
Uniform edge Symmetry
length
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Schulz 2004
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Force-directed Layout

» Commonly used strategy

» Basic idea: simple physical
metaphor:
* Nodes: mutually repelling magnets
e Edges: springs that keep neighbors close
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Force-directed Layout

https://beta.observablehg.com/@mbostock/d3-force-directed-graph
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https://beta.observablehq.com/@mbostock/d3-force-directed-graph

Force-directed Layout
* Model:

* Repelling forces: fr(d) =

Crmlmg
d2
e Attracting forces (springs): f.(d) = C,(d — L)

* FOrce acting upon node at position X by Its
neighbors y: > f(llx — ylDiyx + fa(llx = y||)fixy)

y€N1(x)
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Algorithm

e Start from random layout
* (global) loop:
* for every node pair compute repulsive tforce
* for every edge compute attractive force
 Accumulate forces per node

e Update each node position in direction of
accumulated force

* Stop when layout is ‘good enough’
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Force-directed Layout

» Simple, flexible

» Overall complexity is O(n?)

» |ssues past a few thousands nodes
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Hierarchical Graph Drawing

CS49000-VIZ Intro to Data Visualization / Fall 2020; Lecture 10: Graphs

Cluster C

-
-
-
-
-
-
‘O
-

Cluster B

realer Knoten
virtueller Knoten

—— Interne Feder
—— virtuelle Feder Stellvertreterknoten C

------- externe Feder

Stellvertreterknoten A

Stellvertreterknoten B

20



- / e\ 0 -
sy ’ o ) B
= - f i 4.' - "; &
‘0‘4' ""' - "% *‘;‘ . .
s I -
’ ’. | » 3

. . I - s
S — - L e -

- o “a-P -

" 750 nodes:

18 nodes

cytoscape.org

CS49000-VIZ Intro to Data Visualization / Fall 2020; Lecture 10: Graphs C)’tOSC&Pe.OI"g

21


http://cytoscape.org

Collapsible Force Layout

https://bl.ocks.org/mbostock/1062288
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Circular Layout
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Edge Bundling
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Chord Diagram
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Matrix Layout
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[Points of view: Networks. Gehlenborg and Wong. Nature Methods 9:115.]
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Matrix Layout

Patterns correspondence
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Matrix Lay

¢y Scalable

@ Requires V2 storage
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Next Leciure: Trees

» Read VAD Chapter 9

» Start thinking about final project
topic and dataset
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Next Leciure: Trees

» Read VAD Chapter 9

» Start thinking about final project
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