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1. Science of Science Research 15t Week

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

4. Temporal Analysis—Burst Detection 2nd Week
5. Geospatial Analysis and Mapping
6. Topical Analysis & Mapping

7. Tree Analysis and Visualization 3rd Week
8. Network Analysis
9. Large Network Analysis

10. Using the Scholarly Database at IU 4th Week
11. VIVO National Researcher Networking
12.  Future Developments




12 Tutorials in 12 Days at NIH—Overview

[#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

[#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

Exploratory Social Models and Methods in Social Metwork Analysis:  Metworks: sn M )
MNetwork Analysis with — S0cial Metwork Analysis — Methods and Introduction by Mark Communication Networks
Pajek by de Mooy, wouter DY Peter 1. Carrington Applications by Katherine Newrnan by Peter R. Monge
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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

»  Borner, 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

[#07] Tree Analysis and Visualization

General Overview

Designing Effective Tree Visualizations




Sample Trees and Visualization Goals & Obijectives

Sample Trees Goals & Objectives
Hierarchies Representing hierarchical data
» File systems and web sites » Structural information
» Organization charts » Content information
» Categorical classifications
» Similarity and clustering Objectives

» Efficient Space Utilization
Branching Processes » Interactivity
» Genealogy and lineages » Comprehension
» Phylogenetic trees > Esthetics

Decision Processes
Pat Hanrahan, Stanford U

bttp:/ [ www-graphics.

» Indices or search trees

» Decision trees
stanford.edu/ ~bhanrahan/ talks/ todrawatree

Radial Tree — How does it work?

See also http:/ [ iv.slis.indiana.edu/ sw/ radialtree.htym!

» All nodes lie in concentric circles that are focused in the center of the screen.
» Nodes ate evenly distributed.

» Branches of the tree do not ovetlap.
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Greg Book & Neeta Keshary (2001) Radial Tree Graph Drawing Algorithm for Representing Large
Hierarchies. University of Connecticut Class Project.




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 360° of the
circle - divide 2pi by the number of

nodes at level 1 to get angle space
between the nodes on the circle.

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

tangent fine to
dectory

bisectar line:
between diectories

11

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.

Level 2 Right Tangent Limit

Right Bisector Limit

Left Bisector Limit

12




Radial Tree

— Pseudo Code

Loop through each level in the data structure

Switch lewel

case 0:

case 1:

case 2:

Level 2

Right Tangord Lt

Fight Bisecior Limt

Left Bisector Limit

Lot Tangen Lime

End switch

Find the center of the drawing area, to center the graph
Set RootNode = CenterX, CenterY

AngleSpace = (211 radians/ NumNodes AtThisLevel)
Loop through all nodes at this level
Calculate x,y positions:
If (Node.type == Parent)
Calculate bisector limits and tangent limits for the node
End loop

Nodes in levels two and higher must be grouped according to their parent.
Loop through all nodes at this level and get a list of the parent nodes
And get the number of children for each parent
Calculate the AngleSpace for each parent:
AngleSpace = (leftLimit - rightLimit)/ NumNodesForThisParent
Foreach parent
Loop through all nodes for that parent
Calculate x,y position for the child node
If (childnode.type == Directory)
Calculate bisector and tangent limits
End loop
End foreach
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Hyperbolic
See also hitp:

Tree — How does it work?

sw.slis.indiana.edn/ sw/ hyptree.htym!
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» 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.

15

Hyperbolic Tree Layout

2 Steps:

Recursively lay out each node based on local information. 3

» 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 geometty, 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

16




Treemap — How does it work?
See also bttp:/ [ sw.slis.indiana.edu/ sw/ treemap.htym!
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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 hitp:/ [ www.cs.umid.edu/ heil/ treemaps
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Treemaps — Layout
P1({x1,41) P2(x3,y1)
i
t t
I Q2(x1,42) Q1{x2,y2)

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

18




Treemap — Pseudo Code

Input

Tree root & a rectangular area defined by upper left and lower right
coordinates Pl (x1l, yl), Ql(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 [x1, 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 (l<=i<=n) do

Treemap (child[i]) ;

19

Treemap — Properties

Strengths

» Utilizes 100% of display space
» Shows nesting of hierarchical levels.
» Represents node attributes (e.g., size and age) by atea size and color

> Scalable to data sets of a million items.

Weaknesses

> Size compatison is difficult
Labeling is a problem.
Cluttered display

Difficult to discern boundaries

V V YV VY

Shows only leaf content information

20




Treemap — Algorithm Improvements

Sorted treemap Cushion treemap
Mare Smith bttp:/ [ treemap.sourceforge. net
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[#07] Tree Analysis and Visualization

Notions and Notations

Tree Nodes and Edges

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

. designated root node
A leaf node has no children. / g

parent of A
In-degree of a node is the

number of edges arriving at that

node. sibling of A

Out-degree of a node is the

. 2
number of edges leaving that |
node. leaf nodes _
3 4+———child of A
Sample tree of
4

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

leaf nodes

24




[#07] Tree Analysis and Visualization

Sci2-Reading and Extracting Trees

Read and Visualize Trees with Sci2 Tool

v Sci2 Tool
Data Preparation  Preprocessing

Load and Clean ISI File

Load into Database

I Read Directary Hierarchy |

Save..

Wi,

Wi weith..,

Merge Mode and Edge Files
Split Graph to Mode and Edge Files

Load...

===
Analysis  Modeling Help

General 3 = [
Tempaoral 3
Geospatial 3
Metwarks 4 GUESS

i 3
Trepptze] I Radial Tree/Graph {prefuse alpha)

Radial Tree/Graph with Annotation (prefuse beta)

Tree Wiew (prefuse beta)
Tree bap (prefuse beta)

Force Directed with Annotation (prefuse beta)

Fruchterman-Reingaold with Annotation (prefuse beta)

Dl QfxOred)
Specified (prefuse beta)

Circular Hierarchy

L

See Science of Science (Sci2) Tool User Manual, Version Alpha 3, Section 3.1 for a listing and
brief explanations of all plugins. bi1p:/ /[ sci.slis.indiana.edn/ registration/ does/ Seci2 Tutorial.pdf
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Sample Tree: Read Directory Hierarchy

Use File > Read Directory Hierarchy’ with parameters

Il Read Directory Hierarchy x| ¥ Directony Tree - Prefus = Save
Wieny
Root directory | Ci\Documents and Settings' katyiDeskkopinwb ) Wiew With...
. Rename
Lewels to recurse | 1 !
Dizcard
¥ Recurse the entire tree )
[ Read directories only (skips files) )
Cancel |

To view file in different formats right click ‘Directory Tree - Prefuse (Beta) Graph’in Data
Manager and select [7ew. A Vi ==

Select a data format.

Details
label: -
prefuse,data,Graph - » file-extoom|
Pajek .mat out_data:
Pajek .net file-extml
TreehdL (Prefuse) in_data:
HKEMML (Prefuse) prefuse,data,Graph
conversion:
lossless

q 3

27

’n=DataFormats.HomePage

<tuml version="1.0" encoding="UTF-§" 7=
- «graphml zmins="http:/ fgraphml.graphdrawing.org/xmins" xmins:«si="http:/ fwww.w3.0rg /2001 /¥MLSchema-instance"
#siiechemalocation="http:/ /graphml.graphdrawing.org/xmins http://graphml.graphdrawing.org/xmins/1.0/graphml.xsd">

<!-- prefuse GraphML Writer | Jat Jul 17 11:51:03 EDT 2010 -
- «<key id="label" for="node" attr.name="label" attr.type="string">
<default /=
<fkey>
- <key id="label" for="edge" attr.name="label" attr.type="string">
<default /=
<fkey>
- «graph edgedefault="undirected">
<l-- nodes -

- =node id="n0">
«data key="label">sciZ-with-scimaps=</data>
</nodex
- <node id="n1">
«<data key="label">.eclipseproduct</data>
</nodes
=node id="n2">
«<data key="label"=sci2.exe</data>
</nodes=
<node id="n3">
=data key="label">sciZ.ini</data=
</node=
- =node id="n4">
«<data key="label">configuration</datax>
</nodex
- =node id="n5">
«<data key="label">config.ini</data>
</nodes

28




Sample Tree: View Directory Hierarchy

File Formats: NWB

See documentation at https://nwb.slis.indiana.edu/community/?n=Datal’ormats. HomePage

*Nodes

id*int label*string

1 "sciZ-with-scimaps"
2 " .eclipseproduct™

3 "scil.exe"

4 "sci2.ini"™

5 "configuration"

& "config.ini™

7 "default menu.xml"

*UndirectedEdges

source*int targest*int label*string
nwn

nwn

nwn

wa

nwn

wn

nwn

oin ononoin e

[T = R (s SO ) Y SR PE I N ]

=
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Sample Tree: View Directory Hierarchy

File Formats: Pajek .net
See documentation at
https://nwb.slis.indiana.edu/community/°Pn=

DataFormats.HomePage

-with-scimaps
ipseproduct

o I S B o I O

default_menu.xml

*Edges 567

7 wm

o

[N )

o

o

o

o

"

W =]y N

o

10 1 mm

onononon s e e

Note similarity to .nwb

*Nodes

id*int label*string

1 "sciZ-with-scimaps"
2 ".eclipseproduct™

3 "scil.exe"

4 "sciZ.ini"™

5 "configuration"

& "config.ini"”

7 "default menu.xml"

*UndirectedEdges

source*int target*int label*string
wn

wn

wn

wn

wn

wn

wn

wn

oin ononoin B e

[T RS R I T O U O

=

30
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ePage

DataFormats.Hom

j=p=pelslelsbebelelelebsbelslelebsbele e elebels e el bs] ca

j=p=pelslelsbebelelelebsbelslelebsbele e elebels e el bs] ca
j=p=pelslelsbebelelelebsbelslelebsbele e elebels e el bs] ca

j=p=pelslelsbebelelelebsbelslelebsbele e elebels e el bs] ca

W

In this format directed lines (arcs) are given in the matrix form (*Matrix).
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Sample Tree: View Directory Hierarchy

File Formats: TreeML (Prefuse)
See documentation at https://nwhb.slis.indiana.edu/community/?n=Datalformats. HomePage

<7uml version="1.0" encoding="UTF-8" 7=

<l-- prefuse TreeML Writer | Sat Jul 17 12:05:02 EDT 2010 -==
- ztree:

- «declarations>

<attributeDecl name="label" type="8tring" /=
</declarations=
<branch=

<attribute name="label" value="sci2-with-scimaps" />
- <leaf>

<attribute name="label" value=".eclipseproduct" />
<fleafs
<leaf=

<attribute name="label" value="sci2.exe" />
=/leaf=
- =leaf=

<attribute name="label" value="sci2.ini" />
<fleafs
<branchz

<attribute name="label" value="configuration" />
- =leaf=

=attribute name="label" value="config.ini" />

<fleaf=

- <leaf=
<attribute name="label" value="default_menu.xml" />
</leaf=
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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

- =graph directed="0" label="Network" z=mlns="http:/ /www.cs.rpi.edu/XGMML">
<l-- nodes  --
<node id="1" label="edu.iu.scipolicy.database.isi.extract.network.cocitation.journal.core_0.0.1.jar" />
=node id="2" |abel="org.cishell templates.jythonrunner_1.0.0" />
<node id="3" [abel="feature.xml" />
<node id="4" label="META-INF" /=
«<node id="5" |abel="isiCoCitation.properties" />
znode id="6" |abel="edu.iu.nwb.converter.nwbpajeknet_1.0.0.jar" />
znode id="?" |abel="freehep-graphicsio-pdf-2.0.jar" />
=node id="8" label="Welcome.properties" />
<node id="9" |abel="org.cishell.reference.gui.persistence_1.0.0.jar" /=

<l-- edges -

<edge source="2" target="244" |3bel="" /=
<edge source="2" target="337" label="" /=
<edge source="2" target="479" |abel="" /=
<edge source="4" target="335" label="" /=
<edge source="25" target="360" label="" /=
<edge source="26" target="362" label="" /=
<edge source="34" target="371" label="" /=
<edge source="35" target="177" label="" />
<edge source="35" target="372" label="" /=
<edge source="360" target="366" label="" /=

34




[#07] Tree Analysis and Visualization

Sci2-Visualizing Trees

Sample Tree Visualizations

Indented Lists and Tree View showing nesting of, e.g., directory hierarchies.
Visualize ‘Directory Tree - Prefuse (Beta) Graph’ using
o “Visualization > Networks > Tree VView (prefuse beta)’

Al sz (@ rce viewiprefmebeta) =loi =
J configuration
. features
) licenses
J logs et
. plugins
4 | sampledata
. geo
. hetwork
4 | scientometrics
| bibtex I
=
. endnote
Jisi .
. models e Cutuharsis prapartie
. eC o Authorthig proparter
. nih ol g grapmlis
. nsf
AR s
Press right monse button and use monse wheel/ touch pad to 00m in and ont. - e s
Frovrchber g apbend s
; M wexighcmne Frimruchber gl el
Click on directory to expand) collapse. - e g
. Smatches search >> |frend )
Use search field to find specific files. [ 1 Ry




Sample Tree Visualizations

Radial Tree and Ballon Tree showing the structure of, e.g., directory hierarchies.
Visualize ‘Directory Tree - Prefuse (Beta) Graph’ using

o “Visualization > Networks > Radjal Tree/ Graph (prefuse alpha)’

o “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)’




Sample Tree Visualization

Flow Maps showing migration patterns

http://graphics.stanford.edu/papers/flow map layout
Soon available in Sci2 Tool.

[#07] Tree Analysis and Visualization

Outlook




Outlook

Planned extensions of Sci2 Tool:
» (Flowmap) tree network ovetlays 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 Weixcia (Bonnie) Huang, Russell |. Duhon, Elisha F. Hardy, Katy Borner, Indiana University, USA
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Synthetic Resins or Natural Rubbe

lon-exchange Polymer or Process of Prepari
Process of Regenerating
Membrane or Process of Preparing
Previously Formed Solid lon-exchange Polymer Admixed With I
Polymer Characterized By Defined Size or Shape Other than Bea
Chemically Treated Solid Polymer
Solid Polymer Derived From Ethylenically Unsaturated Reacta |
Solid Polymer Derived From At Least One 1,2-epoxy Containir
_ Solid Polymer Derived From Aldehyde or Derivative
From Ethylenically Unsaturated Reactant Only
From Aldehyde or Derivative

Process of Treating Scrap or Waste Product (

Process of Treating Scrap or Waste Product Containing At Least
Treating Rubber (or Rubberlike Materials) or Polymer Derived
Treating Polymer Derived From A Monomer Containing Only ¢
Treating Polymer Derived From Hydrocarbon Monomers Only

Treating Polysiloxane

Treating Polyester
Treating With Alcohol

Treating Polyurethane, Polyurea (excluding Urea-formaldehyde
Treating With Alcohol or Amine

Treating Polycarbonamide

Cellular Products or Processes of Preparing /

Cellular Product Derived From Two or More Solid Polymers or Fr

- At Least One Polymer Is Derived From Reactant Containing Tw
At Least One Polymer Is Derived From An Aldehyde or Derivat
Y R P T T | At Least One Polymer Is Derived From A -n=c=x Reactant Whe

[#07] Tree Analysis and Visualization

Exercise: Identify Promising Tree Analyses of NIH Data




Exercise

Please identify a promising tree analyses of NIH data. Sample Trees

Hierarchies
Document it by listing > File systems and web sites
> Project title » Organization charts

. . . » Categorical classifications
» Uset, i.e., who would be most interested in the result? g

> Similari d clusteri
» Insight need addressed, i.e., what would you/user like to imrarty and clustering

understand? Branching Processes

» Genealogy and lineages

A\

Data used, be as specific as possible. > Phylogenetic trees

» Analysis algorithms used. ..
¥ & Decision Processes

A\

Visualization generated. Please make a sketch with
legend.

» Indices or search trees
» Decision trees
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cyberinfrastructure for
ETWORK SCIENCE CENTER

School of Library and Information Science | Indiana University Bloomington

Cyberinfrastructures Qutreach

All papers, maps, cyberinfrastructures, talks, press are linked

from http://cns.slis.indiana.edu
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