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TREES & NETWORKS



GOALS FOR TODAY

• Learn the definition of a network (including node, edge)

• Learn the definition of a tree

• Learn common visual encoding techniques for network 
data (i.e., node-link diagram, adjacency matrix), and the 
advantages of each one.
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Networks
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Tree = undirected, connected, acyclic network

Network = entities and relationships 
between them(vertex, entity)

(edge, tie, relationship)

(graphs)

Munzner, 2014

https://www.cs.ubc.ca/~tmm/vadbook/


6Modified from slide by Frank van Ham

Note all the same network, 
just different layouts!

Networks

• A network G consists of a set of nodes N and a set of edges E

• An edge en1,n2 ∈ E connects two nodes n1, n2 ∈ N

• E.g., G = {1,2,3,4}, E = {(1,2),(1,3), (2,3),(3,4),(4,1)}



Isolate

Main connected
component

A bunch of definitions

7Modified from slide by Frank van Ham
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“Treemap”
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• Primary concern is the spatial layout of nodes and 

edges, a.k.a. graph drawing

• The goal is often to effectively depict the graph 

structure for topology-based tasks: 

- connectivity, path-following

- network distance

- clustering

- ordering (e.g., hierarchy level)

• But not always topology-based tasks. E.g., 

understanding attributes, statistics, metrics

Slide based on Miriah Meyer, Frank van Ham

Note all the same network, 
just different layouts!



In-Class Algorithms—
Planarity
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~16  min

https://neu-ds-4200-s22.github.io/in-class/planarity
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Marks & Channels

Node

Edge

Color Size Shape

Color Thickness Style Direction



Hall of Fame? 
or

Hall of Shame?
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17Sudhahar et al., 2015

US presidential election network for 2012 

primaries. 

- Nodes: key entities from noun phrases. 

Sized by degree.

- Edges: relationships from verbs. 

Colored by positive (green) and negative 

(red) weights.

https://doi.org/10.1177%2F2053951715572916


18Sudhahar et al., 2015

https://doi.org/10.1177%2F2053951715572916


19Upcode, 2020

Dashboard of the 
COVID-19 Virus 

Outbreak in 
Singapore

2020-01-21 – 03-12

https://co.vid19.sg/
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Dashboard of the 
COVID-19 Virus 

Outbreak in 
Singapore

2020-01-21 – 03-12

Upcode, 2020

https://co.vid19.sg/
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Pros:

•understandable visual mapping

•can show overall structure, clusters, paths 

•flexible, many variations 

Cons:

•automatic layout algorithm deficiencies

-time consuming to run

-non-deterministic results

-heuristics with sometimes poor results

•not good for dense graphs - hairball problem!

Node-Link Visualizations

Slide based on Miriah Meyer



Mike Bostock



Mike Bostock
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• Primary concern is the spatial layout of nodes and 

edges, a.k.a. graph drawing

• The goal is often to effectively depict the graph 

structure for topology-based tasks: 

- connectivity, path-following

- network distance

- clustering

- ordering (e.g., hierarchy level)

• But not always topology-based tasks. E.g., 

understanding attributes, statistics, metrics

Slide based on Miriah Meyer, Frank van Ham

Note all the same network, 
just different layouts!
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D3 Force-Directed Layout

Mike Bostock

https://observablehq.com/@d3/force-directed-graph
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Force-Directed Algorithms

Kobourov, 2012

https://arxiv.org/pdf/1201.3011.pdf






Graph A Graph B

Algorithm Comparisons

Hachul & Jünger, 2006

https://doi.org/10.1007/11618058_22


Sugiyama, 2002, p. 14

User performance, 

controlled experiments

Huang et al., 2007, etc.

Simple rules or heuristics

Davidson & Harel, 1996

Global and local readability metrics

Purchase et al., 2002

Dunne et al., 2015

How to compare?

https://books.google.com/books?id=H06j5GJKITIC&printsec=frontcover#v=onepage&q&f=false
https://doi.org/10.1109/APVIS.2007.329282
https://doi.org/10.1145/234535.234538
https://doi.org/10.1057%2Fpalgrave.ivs.9500013
https://doi.org/10.1147/JRD.2015.2411412


Rooted trees / layered graph drawing



Back-and-Forth Sweeps



Median Heuristic
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• Quickly run out of space!

• Tree breadth often grows exponentially

• Layout algorithms are slow and heuristics

• Slow rendering

• Solutions:

- scrolling or panning 

- filtering or zooming 

- aggregation & simplification

- faster but tricker rendering approaches

Scale Problems...

Slide based on Miriah Meyer



http://www.yasiv.com/graphs#HB/blckhole

http://www.yasiv.com/graphs#HB/blckhole
http://www.yasiv.com/graphs#HB/blckhole
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“Treemap”



38Slide based on Miriah Meyer

Alternate to node-link visualization for dense & weighted networks
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Adjacency Matrix

Henry & Fekete (2006)

http://msr-waypoint.com/en-us/um/people/nath/docs/Henry_infovis06.pdf


40

Pros:

•great for dense graphs

•visually scalable

•can spot clusters

Cons:

•row order affects what you can see

•abstract visualization

•hard to follow paths
Slide by Miriah Meyer
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https://bost.ocks.org/mike/miserables/

https://bost.ocks.org/mike/miserables/
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http://higlass.io/

http://higlass.io/


Henry & Fekete, 2007
44

MatLink

https://www.microsoft.com/en-us/research/publication/matlink-enhanced-matrix-visualization-analyzing-social-networks/


Henry et al, 2007
45

NodeTrix

http://ieeexplore.ieee.org/document/4376154/#full-text-section


Yang et al., 2016; Demo 46

MapTrix

https://vimeo.com/278433529

https://vimeo.com/182970812

http://dx.doi.org/10.1109/TVCG.2016.2598885
https://vis.yalongyang.com/maptrix/index.html
https://vimeo.com/278433529
https://vimeo.com/182970812
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Tree = undirected, connected, acyclic network

Network = entities and relationships 
between them

(vertex, entity)

(edge, tie, relationship)

(graphs)
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“Treemap”
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Hyperbolic 
trees

https://glouwa.github.io/d3-hypertree-examples/demo/

https://glouwa.github.io/d3-hypertree-examples/demo/
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Cone Trees

Robertson et al., 1991

https://doi.org/10.1145/108844.108883
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Slice and 
Dice 

Treemaps

Turo & Shneiderman, 1993

http://www.cs.umd.edu/hcil/treemap-history/
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Wattenberg, 1999; Bruls et al., 2000; finviz live site; Snapshot: finviz, 2020

Cluster / Squarified Treemaps

https://doi.org/10.1145/632716.632834
https://doi.org/10.1007/978-3-7091-6783-0_4
https://finviz.com/map.ashx?t=sec&st=
https://finviz.com/publish/031920/sec_095781366.png


Source Target Weight
1 2 1
1 3 7
2 3 4
3 4 2
4 1 2
5 1 1

ID Type
1 A
2 B
3 A
4 A
5 B

Nodes:

Edges:

In-Class Drawing: Node-Link Visualization

Let’s re-create this in NodeXL…

http://nodexlgraphgallery.org/Pages/RegistrationBasic.aspx


Hall of Fame? 
or

Hall of Shame?
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Flickr Query for “Mouse”
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http://news-explorer.mybluemix.net

http://news-explorer.mybluemix.net/


For Next Time
neu-ds-4200-s22.github.io/schedule

Look at the upcoming assignments and deadlines

• Textbook, Readings, & Reading Quizzes—Variable days
• In-Class Activities—If due, they are due 11:59pm the 

same day as class

Everyday Required Supplies:
• 5+ colors of pen/pencil
• White paper
• Laptop and charger

Use Canvas Discussions for general questions, email 
codydunne-and-tas@ccs.neu.edu for questions specific to 
you.

https://neu-ds-4200-s22.github.io/schedule/
mailto:codydunne-and-tas@ccs.neu.edu

