
Comp 596: Network Science, Fall 2020

Visualization
Analysis of complex interconnected data

Slides mostly based on 
newman’s book
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Outline
● Graph layouts
● Drawing Graphs by Eigenvectors
● Force-Directed Layouts
● Learning the Layout and Transition between Layouts
● Some Plotting Examples 
● Graph Visualization Tools
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Network visualization
What is a good visualization? Make the network structure as clear as possible

 two different pictures of the same network

Layout algorithms map nodes into 2D space for plotting and visualization (Assign <x,y>)
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Network visualization
Layout algorithms map nodes into 2D 
space for plotting and visualization 
(Assign <x,y>)

Which layout is the best?

the lengths of most edges in the network, 
as drawn on the page, are short
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Assign <x,y> to all nodes so that the lengths of most edges in the network, as 
drawn on the page, are short

Assume the 1D case: 

d(i,j) =  |xi − xj| or (xi − xj)
2 

Δ  = ½ ∑ij Aij(xi − xj)
2

= ½  ∑ij Aij(xi
2 + xj

2 - 2 xixj)=  ½ [∑ij Aij xi
2 + ∑ij Aij xj

2 - 2 ∑ij Aij xixj] = ∑ij Aij xi
2 -  ∑ij Aij xixj 

= ∑i xi
2 ∑j Aij - ∑ij Aij xixj = ∑i xi

2 di - ∑ij Aij xixj = ∑i xixidi - ∑ij Aij xixj = ∑ij xixjdi δij- ∑ij Aij xixj = ∑ij (di δij- Aij) xixj

δij==1 iff i==j  {kronecker delta}

Layout Algorithm to Minimize Ink

Looks familiar?
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Assign <x,y> to all nodes so that the lengths of most edges in the network, as 
drawn on the page, are short

Assume the 1D case: 

d(i,j) =  |xi − xj| or (xi − xj)
2 

Δ  = ½ ∑ij Aij(xi − xj)
2   = xTLx

= ½  ∑ij Aij(xi
2 + xj

2 - 2 xixj)=  ½ [∑ij Aij xi
2 + ∑ij Aij xj

2 - 2 ∑ij Aij xixj] = ∑ij Aij xi
2 -  ∑ij Aij xixj 

= ∑i xi
2 ∑j Aij - ∑ij Aij xixj = ∑i xi

2 di - ∑ij Aij xixj = ∑i xixidi - ∑ij Aij xixj = ∑ij xixjdi δij- ∑ij Aij xixj = ∑ij (di δij- Aij) xixj = ∑ij Lij 
xixj 

Layout Algorithm to Minimize Ink

Looks familiar?
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Assign <x,y> to all nodes so that the lengths of most edges in the network, as 
drawn on the page, are short

Assume the 1D case: 

d(i,j) =  |xi − xj| or (xi − xj)
2 

Δ  = ½ ∑ij Aij(xi − xj)
2   = xTLx

Spectral clustering objective, number of cut edges

Layout Algorithm to Minimize Ink
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For more dimensions

 d(i,j) =  ∑k (x
k
i − xk

j)
2   

,  squared Euclidean distance 

Δ  = ∑ij Aijdij = ∑k (x
k)TL xk

visualizations of networks using the eigenvectors of the graph Laplacian

Drawing Graphs by Eigenvectors: Theory and Practice

Layout Algorithm to Minimize Ink

Visualization of Bibliographic Networks with a Reshaped Landscape Metaphor

Plotting graphs: from math to art! Many algorithms and aspects

https://core.ac.uk/download/pdf/82592885.pdf
http://www.uni-konstanz.de/algo/publications/bw-vbnrl-02.pdf
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Outline
● Graph layouts
● Drawing Graphs by Eigenvectors
● Force-Directed Layouts
● Learning the Layout and Transition between Layouts
● Some Plotting Examples 
● Graph Visualization Tools
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Yifan Hu

Force-directed algorithms

Fruchterman Reingold

Force Atlas

+

+

Physical simulations to minimize energy
● Pull edge endpoints close together

○ spring-like attractive forces on 
edges (Hooke's law)

● Seperate all nodes
○ electrically charged particles 

repulsive forces on nodes 
(Coulomb's law) 

Best choices
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Force-Directed Edge Bundling for Graph Visualization

Edge Bundling

http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.212.7989&rep=rep1&type=pdf
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Outline
● Graph layouts
● Drawing Graphs by Eigenvectors
● Force-Directed Layouts
● Learning the Layout and Transition between Layouts
● Some Plotting Examples 
● Graph Visualization Tools
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G → embedding/overlapping community assignments → 2D 

Graph Embedding and Visualization

metapath2vec: Scalable Representation Learning for Heterogeneous Networks

https://ericdongyx.github.io/papers/KDD17-dong-chawla-swami-metapath2vec.pdf
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GraphTSNE: “GCN using a modified t-SNE loss composed 
of two sub-losses: a graph clustering loss CG and a 
feature clustering loss”

Learn the layout

GRAPHTSNE: A VISUALIZATION TECHNIQUE FOR 
GRAPH-STRUCTURED DATA

https://github.com/leowyy/GraphTSNE
https://arxiv.org/pdf/1904.06915.pdf
https://arxiv.org/pdf/1904.06915.pdf
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Demo, description

A Deep Generative Model for Graph Layout, InfoVis 2019

Transitions between the different layouts

http://kwonoh.net/dgl/
https://twitter.com/i/status/1183647746819022848
https://arxiv.org/pdf/1904.12225.pdf
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Outline
● Graph layouts
● Drawing Graphs by Eigenvectors
● Force-Directed Layouts
● Learning the Layout and Transition between Layouts
● Some Plotting Examples 
● Graph Visualization Tools
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Annotated plot

Graph Drawing Conference

GOT example

Interactive demo: 
https://bl.ocks.org/meltjl/
raw/37a62aaa4b70e15e77
53d46254b123e8/

http://mozart.diei.unipg.it/gdcontest/
https://bl.ocks.org/meltjl/raw/37a62aaa4b70e15e7753d46254b123e8/
https://bl.ocks.org/meltjl/raw/37a62aaa4b70e15e7753d46254b123e8/
https://bl.ocks.org/meltjl/raw/37a62aaa4b70e15e7753d46254b123e8/
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GREEK GODs example
Hierarchical plot

http://mozart.diei.unipg.it/gdcontest/contest2016/submissions/gods/Klawitter.pdf
http://mozart.diei.unipg.it/gdcontest/contest2016/submissions/gods/Klawitter.pdf
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Plotting small graphs

Molecules example

GraphVAE: Towards 
Generation of Small 
Graphs Using 
Variational 
Autoencoders

https://arxiv.org/pdf/1802.03480v1.pdf
https://arxiv.org/pdf/1802.03480v1.pdf
https://arxiv.org/pdf/1802.03480v1.pdf
https://arxiv.org/pdf/1802.03480v1.pdf
https://arxiv.org/pdf/1802.03480v1.pdf
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Plotting Temporal Graphs

Memes example

Information Evolution in Social Networks

https://research.fb.com/wp-content/uploads/2016/11/information_evolution_in_social_networks.pdf?
https://research.fb.com/wp-content/uploads/2016/11/information_evolution_in_social_networks.pdf?
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Plotting Diffusion cascade (copies of the same content) over time

Cascades example 

Do Cascades Recur?

https://research.fb.com/wp-content/uploads/2016/11/do_cascades_recur_.pdf?
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Sweet Savory

Drinks

Ingredients example

Recipe recommendation using ingredient networks

Plotting Modular 
Graphs

https://arxiv.org/abs/1111.3919
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http://anvaka.github.io/pm/#/?_k=32gfxk

Code, dependencies example 
Plotting Large Graphs

http://anvaka.github.io/pm/#/?_k=32gfxk
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Outline
● Graph layouts
● Drawing Graphs by Eigenvectors
● Force-Directed Layouts
● Learning the Layout and Transition between Layouts
● Some Plotting Examples 
● Graph Visualization Tools
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Gephi, the common toolbox, open-source

Packages: iGraph (or see this), Networkx, Javascript and Graph databases

Graph VisualizationTools

https://rstudio-pubs-static.s3.amazonaws.com/337696_c6b008e0766e46bebf1401bea67f7b10.html
https://kateto.net/netscix2016.html
https://medium.com/neo4j/how-to-use-sigmajs-to-display-your-graph-3eedd75275bb

