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1. Science of Science Research  
2. Information Visualization  
3. CIShell Powered Tools: Network Workbench and Science of Science Tool

4. Temporal Analysis—Burst Detection
5. Geospatial Analysis and Mapping
6. Topical Analysis & Mapping

7. Tree Analysis and Visualization
8. Network Analysis
9. Large Network Analysis

10. Using the Scholarly Database at IU
11. VIVO National Researcher Networking 
12. Future Developments 

12 Tutorials in 12 Days at NIH—Overview
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2nd Week
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4th Week



[#07] Tree Analysis and Visualization
 General Overview
 Designing Effective Tree Visualizations
 Notions and Notations
 Sci2-Reading and Extracting Trees
 Sci2-Visualizing Trees
 Outlook
 Exercise: Identify Promising Tree Analyses of NIH Data

Recommended Reading
 NWB Team (2009) Network Workbench Tool, User Manual 1.0.0, 

http://nwb.slis.indiana.edu/Docs/NWBTool-Manual.pdf
 Pat Hanrahan. To Draw a Tree. http://www-

graphics.stanford.edu/~hanrahan/talks/todrawatree

12 Tutorials in 12 Days at NIH—Overview
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[#08] Network Analysis and Visualization
 General Overview
 Designing Effective Network Visualizations
 Notions and Notations
 Sci2-Reading and Extracting Networks
 Sci2-Analysing Networks
 Sci2-Visualizing Networks
 Outlook
 Exercise: Identify Promising Network Analyses of NIH Data

Recommended Reading
 NWB Team (2009) Network Workbench Tool, User Manual 1.0.0, 

http://nwb.slis.indiana.edu/Docs/NWBTool-Manual.pdf

12 Tutorials in 12 Days at NIH—Overview
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[#09] Large Network Analysis and Visualization
 General Overview
 Designing Effective Network Visualizations
 Sci2-Reading and Modeling Networks
 Sci2-Analysing Large Networks
 Sci2-Visualizing Large Networks and Distributions
 Outlook
 Exercise: Identify Promising Large Network Analyses of NIH Data

Recommended Reading
 NWB Team (2009) Network Workbench Tool, User Manual 1.0.0, 

http://nwb.slis.indiana.edu/Docs/NWBTool-Manual.pdf
 Börner, Katy, Sanyal, Soma and Vespignani, Alessandro (2007). Network Science. In 

Blaise Cronin (Ed.), ARIST, Information Today, Inc./American Society for 
Information Science and Technology, Medford, NJ, Volume 41, Chapter 12, pp. 537-
607. http://ivl.slis.indiana.edu/km/pub/2007-borner-arist.pdf

12 Tutorials in 12 Days at NIH—Overview
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[#07] Tree Analysis and Visualization
 General Overview

 Designing Effective Tree Visualizations

 Notions and Notations

 Sci2-Reading and Extracting Trees

 Sci2-Visualizing Trees

 Outlook

 Exercise: Identify Promising Tree Analyses of NIH Data
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Sample Trees and Visualization Goals & Objectives

Goals & Objectives

Representing hierarchical data
 Structural information
 Content information

Objectives
 Efficient Space Utilization
 Interactivity
 Comprehension
 Esthetics

Pat Hanrahan, Stanford U
http://www-graphics.
stanford.edu/~hanrahan/talks/todrawatree/
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Sample Trees

Hierarchies
 File systems and web sites
 Organization charts
 Categorical classifications
 Similarity and clustering

Branching Processes
 Genealogy and lineages
 Phylogenetic trees

Decision Processes
 Indices or search trees
 Decision trees

Radial Tree – How does it work?
See also http://iv.slis.indiana.edu/sw/radialtree.html

 All nodes lie in concentric circles that are focused in the center of the screen.

 Nodes are evenly distributed.

 Branches of the tree do not overlap.

Greg Book & Neeta Keshary (2001) Radial Tree Graph Drawing Algorithm for Representing Large 

Hierarchies. University of Connecticut Class Project.
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Radial Tree – Pseudo Algorithm

Circle Placement
Maximum size of the circle corresponds 
to minimum screen width or height.
Distance between levels d := radius of 
max circle size / number of levels in the 
graph.

Node Placement
Level 0
The root node is placed at the center.
Level 1
All nodes are children of the root node 
and can be placed over all the 360o of the 
circle - divide 2pi by the number of 
nodes at level 1 to get angle space 
between the nodes on the circle. 
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Radial Tree – Pseudo Algorithm cont.

Levels 2 and greater
Use information on number of parents, their location, and their space for children to 
place all level x nodes.

Loop through the list of parents  and then loop through all the children for that 
parent and calculate the child’s location relative to the parent’s, adding in the offset of 
the limit angle.

After calculating the location, if there are any directories at the level, we must 
calculate the bisector and tangent limits for those directories.
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Radial Tree – Pseudo Algorithm cont.

We then iterate through all the nodes at level 1 and calculate the position of the node

Bisector Limits 
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Radial Tree – Pseudo Algorithm cont.

Tangent and bisector limits for directories

Between any two directories, a bisector limit is calculated to ensure that children do 
not overlap the children of an adjacent directory.
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Radial Tree – Pseudo Code
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Hyperbolic Tree – How does it work?
See also http://sw.slis.indiana.edu/sw/hyptree.html
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Phylogenetic Tree



Hyperbolic Geometry 

Inspired by Escher’s Circle Limit IV (Heaven and Hell), 1960.

 Focus+context technique for visualizing large hierarchies 

 Continuous redirection of the focus possible. 

The hyperbolic plane is a non-Euclidean geometry in which parallel lines diverge away 

from each other. This leads to the convenient property that the circumference of a 

circle on the hyperbolic plane grows exponentially with its radius, which means that 

exponentially more space is available with increasing distance. 

J. Lamping, R. Rao, and P. Pirolli (1995) A focus+context technique based on hyperbolic geometry for 

visualizing large hierarchies. Proceedings of the ACM CHI '95 Conference - Human Factors in Computing 

Systems, 1995, pp. 401-408.
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Hyperbolic Tree Layout

2 Steps:

Recursively lay out each node based on local information.

 A node is allocated a wedge of the hyperbolic plane, angling out from itself, to put its 
descendants in.

 It places all its children along an arc in that wedge, at an equal distance from itself, and far 
enough out so that the children are some minimum distance apart from each other. 

 Each of the children then gets a sub-wedge for its descendants. (Because of the divergence of parallel lines 
in hyperbolic geometry, each child will typically get a wedge that spans about as big an angle as does its parent’s wedge.)

Map hyperbolic plane onto the unit disk

Poincar´e model is a canonical way of mapping the hyperbolic plane to the unit disk. It keeps one 
vicinity in the hyperbolic plane in focus at the center of the disk while the rest of the 
hyperbolic plane fades off in a perspective-like fashion toward the edge of the disk. 

Poincar´e model preserves the shapes of fan-outs at nodes and does a better job of using the 
screen real-estate.

Change of Focus – Animated Transitions

Node & Edge Information
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Treemap – How does it work?
See also http://sw.slis.indiana.edu/sw/treemap.html

Shneiderman, B. (1992) Tree visualization with tree-maps: 2-d space-filling approach. ACM Transactions on 
Graphics 11, 1 (Jan. 1992), pp 92 - 99. See also http://www.cs.umd.edu/hcil/treemaps/
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Treemaps – Layout

Ben Shneiderman, Tree Visualization with Tree-Maps: 2-d Space-Filling Approach

size
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Treemap – Pseudo Code

Input

Tree root & a rectangular area defined by upper left and lower right 

coordinates Pl(xl, yl), Q1(x2, y2). 

Recursive Algorithm

active_node := root_node;

partitioning_direction := horizontal; // nodes are partitioned vertically at 
even levels and horizontally at odd levels 

Tremap(active_node) {

determine number n of outgoing edges from the active_node;

if (n<1)

end;

if (n>1) {

divide the region [xl, x2] in partitioning_direction were the size of 

the n partitions correspond to their fraction 

(Size(child[i])/Size(active)) of the total number of bytes 

in the active_node;

change partitioning_direction;

for (1<=i<=n) do 

Treemap(child[i]);

}
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Treemap – Properties

Strengths

 Utilizes 100% of display space

 Shows nesting of hierarchical levels.

 Represents node attributes (e.g., size and age) by area size and color

 Scalable to data sets of a million items.

Weaknesses

 Size comparison is difficult

 Labeling is a problem.

 Cluttered display

 Difficult to discern boundaries

 Shows only leaf content information
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Treemap – Algorithm Improvements

Sorted treemap Cushion treemap

Marc Smith http://treemap.sourceforge.net/
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Treemap View of 2004 Usenet Returnees - Marc Smith, Danyel Fisher, Tony Capone  - 2005



[#07] Tree Analysis and Visualization
 General Overview

 Designing Effective Tree Visualizations

 Notions and Notations

 Sci2-Reading and Extracting Trees

 Sci2-Visualizing Trees

 Outlook

 Exercise: Identify Promising Tree Analyses of NIH Data

23

Tree Nodes and Edges

The root node of a tree is the 
node with no parents.  

A leaf node has no children.

In-degree of a node is the 
number of edges arriving at that 
node. 

Out-degree of a node is the 
number of edges leaving that 
node. 

Sample tree of 

size 11 (=number of nodes) and 
height 4 (=number of levels).

designated root node

parent of A

sibling of A

child of A

leaf nodes

A
leaf nodes
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[#07] Tree Analysis and Visualization
 General Overview

 Designing Effective Tree Visualizations

 Notions and Notations

 Sci2-Reading and Extracting Trees

 Sci2-Visualizing Trees

 Outlook

 Exercise: Identify Promising Tree Analyses of NIH Data
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Read and Visualize Trees with Sci2 Tool
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See Science of Science (Sci2) Tool User Manual, Version Alpha 3, Section 3.1 for a listing and 
brief explanations of all plugins. http://sci.slis.indiana.edu/registration/docs/Sci2_Tutorial.pdf



Sample Tree: Read Directory Hierarchy

Use ‘File > Read Directory Hierarchy’ with parameters

To view file in different formats right click ‘Directory Tree - Prefuse (Beta) Graph’ in Data 
Manager and select View.

Select a data format.

27

Sample Tree: View Directory Hierarchy

File Formats: GraphML (Prefuse)

See documentation at https://nwb.slis.indiana.edu/community/?n=DataFormats.HomePage
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Sample Tree: View Directory Hierarchy

File Formats: NWB

See documentation at https://nwb.slis.indiana.edu/community/?n=DataFormats.HomePage
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Sample Tree: View Directory Hierarchy

File Formats: Pajek .net Note similarity to .nwb
See documentation at
https://nwb.slis.indiana.edu/community/?n=
DataFormats.HomePage
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Sample Tree: View Directory Hierarchy

File Formats: Pajek .mat
See documentation at https://nwb.slis.indiana.edu/community/?n=DataFormats.HomePage

…

31

32



Sample Tree: View Directory Hierarchy

File Formats: TreeML (Prefuse)
See documentation at https://nwb.slis.indiana.edu/community/?n=DataFormats.HomePage
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Sample Tree: View Directory Hierarchy

File Formats: XGMML (Prefuse)
See documentation at https://nwb.slis.indiana.edu/community/?n=DataFormats.HomePage
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[#07] Tree Analysis and Visualization
 General Overview

 Designing Effective Tree Visualizations

 Notions and Notations

 Sci2-Reading and Extracting Trees

 Sci2-Visualizing Trees

 Outlook

 Exercise: Identify Promising Tree Analyses of NIH Data
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Sample Tree Visualizations

Indented Lists and Tree View showing nesting of, e.g., directory hierarchies.

Visualize ‘Directory Tree - Prefuse (Beta) Graph’ using 

• ‘‘Visualization > Networks > Tree View (prefuse beta)’

Press right mouse button and use mouse wheel/touch pad to zoom in and out.

Click on directory to expand/collapse.

Use search field to find specific files. 36



Sample Tree Visualizations

Radial Tree and Ballon Tree showing the structure of, e.g., directory hierarchies.

Visualize ‘Directory Tree - Prefuse (Beta) Graph’ using 

• ‘‘Visualization > Networks > Radial Tree/Graph (prefuse alpha)’

• ‘‘Visualization > Networks > Balloon Graph (prefuse alpha)’ (not in Sci2 Tool, Alpha 3)
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Sample Tree Visualization

Tree Map showing the structure of, e.g., directory hierarchies.

Visualize ‘Directory Tree - Prefuse (Beta) Graph’ using 

• ‘Visualization > Networks > Tree Map (prefuse beta)’
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Sample Tree Visualization

Flow Maps showing migration patterns

http://graphics.stanford.edu/papers/flow_map_layout
Soon available in Sci2 Tool.
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 Outlook
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40



Outlook

Planned extensions of Sci2 Tool:

 (Flowmap) tree network overlays for geo maps and science maps.

 Bimodal network visualizations.

 Scalable visualizations of large hierarchies.
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Research Collaborations by the Chinese Academy of Sciences
By Weixia (Bonnie) Huang, Russell J. Duhon, Elisha F. Hardy, Katy Börner, Indiana University, USA
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Exercise

Please identify a promising tree analyses of NIH data.

Document it by listing

 Project title

 User, i.e., who would be most interested in the result?

 Insight need addressed, i.e., what would you/user like to 
understand?

 Data used, be as specific as possible.

 Analysis algorithms used.

 Visualization generated. Please make a sketch with 
legend.
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Sample Trees
Hierarchies
 File systems and web sites
 Organization charts
 Categorical classifications
 Similarity and clustering
Branching Processes
 Genealogy and lineages
 Phylogenetic trees
Decision Processes
 Indices or search trees
 Decision trees

All papers, maps, cyberinfrastructures, talks, press are linked 
from http://cns.slis.indiana.edu
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