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What is a graph?

Mathematical tool to model 
relationships between abstract objects



ApplicaKons of graphs?



https://blogs-images.forbes.com/jacobmorgan/files/2014/05/internet-of-things-2.jpg


https://thenextweb.com/socialmedia/2013/11/24/facebook-grandparents-need-next-gen-social-network/%23.tnw_PwEXUo7t
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WHY STAR WARS?
➤ Largest fictional universe ever 

created 

➤ Free access to the data 

➤ Leads to the creation of tools, 
algorithms and method to explore 
History with science 
 
Main reason: I love Star Wars…



CREATING THE GRAPH OF CHARACTERS
➤ Fetch the hierarchy of categories under 

“Individuals” 

➤ Fetch the biography of each character 

➤ Detect in each bio other characters 

➤ Create and store the network
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LABEL PROPAGATION
Graph theory + machine learning 

➤ Propagation of known information to 
undetermined neighbors (in black) 

➤ Relies to the topology to infer missing 
values 

➤ Can be also be used to improve opinion 
mining and sentiment analysis on Twitter



https://www.kirellbenzi.com/art


Graph theory basics
A graph G(V,E,W) consists of a set of vertices V (also called nodes) and a set 
of edges E (also called links) connecting these vertices, and possibly a set of 
weights (W) associated with the edges.


Graph and Network are often used interchangeably


Edge weights: distance or strength?

From Barabasi: http://barabasi.com/networksciencebook/chapter/2
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http://barabasi.com/networksciencebook/chapter/2


Adjacency Matrix
N rows and N columns matrix representing the 
connectivity of the network


Aij = 1 if there is a link pointing from node j to 
node i


Aij = 0 if nodes i and j are not connected to each 
other



Directed or not

Undirected network

A B

friend

Directed network

A B

follow



http://barabasi.com/networksciencebook/chapter/2%23matrix


Some kinds of graphs

http://epubs.siam.org/doi/pdf/10.1137/1.9780898719796.bm


Knowledge graph?

https://stackoverflow.com/questions/29461062/how-to-build-a-knowledge-graph/29462507%2329462507


Graph databases

https://nicolewhite.github.io/2014/06/30/create-shiny-app-neo4j-graphene.html


Graph visualizaKons



Graph visual encodings
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C

Node-link diagram Matrix form Implicit form



Choosing the right representaKon?
Depends on the task, attribute-based (ABT) and/or topology-based (TBT)  


Localize – find a single or multiple nodes/edges


• ABT: Find edges of a certain type


• TBT: Get the neighborhood of a given node 


Quantify – count or estimate a numerical property of the graph


• ABT: Get number of edges


• TBT: Get the number of outboud links from a node


Sort/Order – enumerate the nodes/edges according to a given criterion 


• ABT: Sort all edges by distance (or weight)


• TBT: Get the shortest paths from a given node [Lex]



Node-link diagram

Explicit graph representation


Vertex = point


Edge = line or arc

A
B

C

A B C



Edge aVribute encoding

Width: quantitative


Saturation: ordinal


Style: nominal





Criteria for good layout

Minimized distance of neighboring nodes


Uniform edge length


Aspect ratio about 1 (not too long and not too wide)


Minimized drawing area

[Hindalong]

http://www.cs.ubc.ca/~tmm/courses/547-15/slides/emily-hola.pdf


ConflicKng criteria

[Buchheim et al.]

https://cs.brown.edu/~rt/gdhandbook/chapters/crossings.pdf


Design criKque



Force-directed layouts

Most common layouts


Adapted from Physics, with vertices as 
repulsive magnets and edges as springs


Computationally expensive: O(n^3)


Hard scale for interactivity

https://bl.ocks.org/mbostock/4062045




Node-link diagrams issues

Giant hairball depending on the topology of the graph


Computing an optimal layout lies in NP


Try to solve as an optimization problem, not necessarily convex


Complexity is still high O(n^2) - in each optimization step, all vertices are 
compared to all others

[Lex]



MulKlevel approaches

Also known as graph coarsening


Different strategies to collapse node 
or edges


Recursive graph layout from top to 
bottom


Used also in graph partitioning, 
shortest path, etc.

SuperNode

Base Layer

Top Layer



[Mi et al.]

http://www.mdpi.com/2227-9709/3/4/23/htm


Collapsible Force Layout

https://bl.ocks.org/mbostock/1062288


Orthogonal layout

Used primarily in electrical engineering and 
software dev

http://docs.yworks.com/yfiles/doc/developers-guide/compact_orthogonal_layouter.html
https://www.ncbi.nlm.nih.gov/pubmed/26390483


Circle layout
Node positions are constrained 
on the edge of the circle


Clutter is important


Node ordering is paramount

https://stackoverflow.com/questions/24684931/improving-layout-and-resolution-of-a-network-graph-in-r


Edge bundling
Reduce clutter by visually grouping edges

[Holten]

http://swerl.tudelft.nl/bin/view/Main/ExTraVis


[Taken from Lex]





http://mbostock.github.io/d3/talk/20111116/bundle.html


Fixed layout

[Holten]

http://www.win.tue.nl/vis1/home/dholten/images/fdeblarge.png


https://www.facebook.com/note.php?note_id=469716398919




Node-link diagrams
Pros 

Visualize all graph classes


Very flexible in the layout


Good for topology related queries (if good layout)


Cons 

Tendency to clutter


Hard to find a good layout (lies in NP)


Even heuristics are still slow/complex to run



MulKvariate graphs



MulKvariate Graphs

How to represent both the topology and attributes on the graph?


Attributes can also influence topology


Show/hide edges or paths 





Node aVributes

Natural choice is color or glyphs


Limited in scalability
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GraphDice
Nodes are positionned in space according to attribute values

[Bezerianos et al, 2010]

http://www.umiacs.umd.edu/~elm/projects/graphdice/graphdice.pdf


PathFinder
[Partl et al.]

https://www.youtube.com/watch?v=aZF7AC8aNXo


Matrix representaKon



Matrix representaKon

http://www.nature.com/nmeth/journal/v9/n2/full/nmeth.1862.html


Good for neighborhood tasks

[McGuffin 2012]

http://profs.etsmtl.ca/mmcguffin/research/2012-mcguffin-simpleNetVis/mcguffin-2012-simpleNetVis.pdf


Node ordering is paramount!

https://bost.ocks.org/mike/miserables/


Don’t use for paths!
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[Heymann 2014]

https://linkurio.us/blog/graph-viz-101-visual-representation-graphs/


Tree visualizaKon



Trees

A tree is a graph constraints:


no cycles


can have a root node and subtrees


can be ordered



Node-link diagram
Reingold–Tilford layout

https://bl.ocks.org/mbostock/4063550
https://bl.ocks.org/mbostock/4339184


Collapsible Tree

[Heer]

https://bl.ocks.org/mbostock/4339083


TreeJuxtaposer

[Munzner et al.]

http://bivi.co/visualisation/treejuxtaposer


TreeMap
Implicit layout for tree


Display hierarchical (tree-structured) data as a set of nested rectangles


Efficient use of space

[Johnson and Shneiderman 1991]

https://www.cs.umd.edu/~ben/papers/Johnson1991Tree.pdf


http://atlas.media.mit.edu/en/visualize/tree_map/hs92/export/can/all/show/2015/


http://www.cs.umd.edu/hcil/millionvis/million-treemap.gif


Radial layout

[Stasko et al.]Viz by Rodden

https://bl.ocks.org/kerryrodden/766f8f6d31f645c39f488a0befa1e3c8


Implicit visualizaKon
Pros 

Space-efficient because there is no need to draw the edges


Scale well up to large graphs


Useful for Attribute based taks on nodes, also useful for simple paths related tasks


Cons 

Only works for trees


Node cannot be freely arranged in space, no edges


Spatial relations such as overlap or inclusion lead to occlusion



More on tree viz

http://vcg.informatik.uni-rostock.de/~hs162/treeposter/poster.html


Tools, libraries



http://js.cytoscape.org/


http://sigmajs.org/


https://gephi.org/


https://graph-tool.skewed.de/


https://networkx.github.io/

