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Graph Visualization II: 
Clarity, Simplification, & Interaction



Today’s Worksheet: Graph Design 

• Pair up with 
someone new!

• Design a graph 
for the CSCI 
major template

• Visualize 
“Who teaches 
the CSCI courses”

• https://tinyurl.com/crowdsourced-courses



HW 3: Graphviz & RPI CSCI Course Data

• https://tinyurl.com/crowdsourced-courses
• We’ll work together to 

create a clean dataset
• Learn GraphViz:

Open-source software
automated graph drawing

• an individual homework



Today

• Worksheet & HW 3: Course Data Graphs

• Reading: Clustering/Hierarchical Edge Bundling

• Reading: Lombardi Graphs

• Emergency Management Graph Visualization

– Sean Kim’s masters project

• Computational Geometry: Closest pair of points

• Readings for Next Week



Readings for Today (pick one)

• “Social Network Clustering and Visualization 
using Hierarchical Edge Bundles”, Jia, Garland, 
& Hart, Computer Graphics Forum, 2011.



• Color is very helpful (be careful about colorblindness)
• Relation to ‘6 degrees of separation’
• Concern that small 

(but important) features or 
communities may be lost

• Concern about high cost of 
computing betweenness 
centrality (BC) metric

• Final graphs can still be 
confusing to interpret 

• Diagrams very helpful in 
explaining steps algorithm 

• What are some anecdotal 
real-world examples of a “low BC edge” and a “high BC edge”?
– Why does it make sense to preserve or simplify away these edges?
– Why is a tree the best simplified representation of a big complex graph?



Betweenness 
Centrality

• For each pair of nodes 
“A” and “C” in the graph

• Compute the shortest 
path between A & C

• Is B on that path? 
A->B->C?   How many of the paths? 

• “Betweenness Centrality of node B” =
# of times B appears in these shortest paths 

• (Assuming?)  Similar definition for 
“Betweenness Centrality of edge B

1
->B

2
”

http://mathforum.org/mathimages/index.php/
Social_Networks#Betweenness_Centrality
Click on “A More Mathematical Explanation”



Readings for Today (pick one)

• “Force-directed Lombardi-style graph drawing”, 
Chernobelskiy et al., Graph Drawing 2011.



• Relaxation of the Lombardi Graph requirements
• “straight-line segments rarely occur in nature ... 

it is not clear that humans prefer straight-line 
segments for the sake of graph readability”

• Forces on tangent angles as well as on vertex 
positions



• Circular arcs
• Perfect angular resolution 

(edges for equal angles at vertices)
• Arcs only intersect 2 vertices (at endpoints)
• (not required to be crossing free)
• Vertices may be constrained to lie on circle 

or concentric circles

"Lombardi drawings of graphs", Duncan, Eppstein, 
Goodrich, Kobourov, Nollenberg, Graph Drawing 2010

BONUS 
PAPER



• People are more patient with aesthetically 
pleasing graphs (will spend longer studying to 
learn/draw conclusions)

• What about relaxing the circular arc 
requirement and allowing Bezier arcs?

• How does it scale to larger data?
• Long curved arcs can be much harder to follow  
• Circular layout of nodes is often very good!
• Would like more pseudocode



Cubic Bézier Curve

• 4 control points

• Curve passes through first 
& last control point

• Curve is tangent at P
0
 to 

(P
1
-P

0
) and at P

3
 to (P

3
-P

2
)

http://www.webreference.com/dla
b/9902/bezier.html

http://www.e-cartouche.ch/content_reg/carto
uche/graphics/en/html/Curves_learningObject
2.html



Today

• Worksheet & HW 3: Course Data Graphs

• Reading: Clustering/Hierarchical Edge Bundling

• Reading: Lombardi Graphs

• Emergency Management Graph Visualization

– Sean Kim’s masters project

• Computational Geometry: Closest pair of points
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Emergency Response Decision Making



Full network detail is 
overwhelming



Subset of data



Zoom and “expand” 
information for critical nodes 

and network links 



Trace back problem to source 
of outage



Prioritize crew 
assignments



Multi-User Non-Linear Adaptive Magnification 
for Satellite Imagery and Graph Networks
Sean Kim, Masters Thesis, RPI, July 2014
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Closest Pair of Points Problem

• Given n points, 
find the two points that 
have the smallest distance 
between each other.

• Applications?

https://en.wikipedia.org/wiki/Closest_pair_of_points_problem

– physical simulation
collision detection

– air traffic control
– merging similar data points

(data size reduction)
– ...



Edge Contraction / Edge Collapse

• Goal: Reduce number of vertices/edges while 
minimize shape/color/attribute loss

• Possible algorithm for 2D/3D meshes: 
Always collapse shortest edge



Brute Force Algorithm

Analysis?  For n points?  O ( n2 )

https://en.wikipedia.org/wiki/Closest_pair_of_points_problem



Divide & Conquer

• Sort points by one of the axes
– Find middle point, 
– Split points into two 

equal sized groups 
– & Recurse…

• Combine results: Overall closest pair must be:
– Closest pair in left half (distance = δ

l
), or

– Closest pair in right half (distance = δ
r
), or

– A pair that spans the halve w/ distance < min(δ
l
,δ

r
)



Divide & Conquer

• How many pairs do 
we need to consider 
at the boundary?

• In the worst case, 
all points are within 
δ of the split point!
Note: δ = min(δ

l
,δ

r
) 

• Isn’t this O(n2)??

Introduction to Algorithms, Cormen, Leiserson, & Rivest



Divide & Conquer

• Let’s also sort the 
points by the y-axis

• Walk from top to 
bottom and compare 
each point to all 
points within δ vertical distance (grey box).

• Worst case, how many other points are in this 
rectangle?

• No more than 7 other points!

Introduction to Algorithms, Cormen, Leiserson, & Rivest



Divide & Conquer

• Analysis:
• Store the points twice, sorted by x & y axes 

– Sort once at the start, not in each recursion
• Per recursion

– Max of O(7n) pairwise comparisons

• Overall:  O ( n log n ) 

• Does it work in 3D?  Or higher dimensions?
• Can we do better?
• What about dynamic data?  What applications?



http://madang.ajou.ac.kr/~kwlee/images/theMBTImap_actual%20poster%20image.pdf

Relationship among 
the words that 
describe people’s 
personalities

Many datasets 
don’t (initially) 
have coordinate 
systems!
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"Angular Brushing of Extended 
Parallel Coordinates", 

Hauser, Ledermann, and 
Doleisch, InfoVis 2002

Reading for Tuesday



Reading for Friday

• “LineUp: Visual Analysis of Multi-Attribute 
Rankings”, Gratzl, Lex, Gehlenborg, Pfister and 
Streit, IEEE INFOVIS 2013


