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1. Science of Science Research 15t Week

2. 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
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[#08] Network Analysis and Visualization

»  General Ovetview

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
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Recommended Reading

»  NWB Team (2009) Network Workbench Tool, User Manual 1.0.0,
http://nwb.slis.indiana.edu/Docs /NWBTool- 7\hnual pdf

Exploratory Social Models and Methods in Social Metwork snalysis:  Metwarks: &n M )
Metwork Analysis with — Social Hetwork Analysis  Methods and Introduction by Mark ~ COMmmunication Networks
Pajek by de Nooy, Wouter DY Peter 1. Carrington Applications by Katherine Mewman b‘Y Fefe'l' R. Monge
Pttt (9) it (1) Faust 68,90 FOROHCS (7}
£35.19 £18.14 Foilelels (9) £19.25
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[#08] Network Analysis and Visualization

General Overview

Designing Effective Network Visualizations




Sample Networks

» Communication networks
Internet, telephone network, wireless network.
» Network applications
The World Wide Web, Email interactions
» Transportation network/ Road maps
» Relationships between objects in a data base
Function/module dependency graphs
Knowledge bases

Network Properties

» Directed vs. undirected

> Weighted vs. unweighted

» Additional node and edge attributes

» One vs. multiple node & edge types

» Network type (random, small world, scale free, hierarchical networks)

Information Visualization Conrse, Katy Birner, Indiana University

Reducing the number of edges via pathfinder network scaling.

Mapping Knowledge Domains
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B === Direct or strongly implied citation
e Indirect citation

Figure 6.3 Histori hof DNA

Force Directed Layout — How does it work?

The algorithm simulates a system of forces defined on an input graph and outputs a
locally minimum energy configuration. Nodes resemble mass points repelling each
other and the edges simulate springs with attracting forces. The algorithm tries to
minimize the energy of this physical system of mass particles.

Joint Co-Authorship Network

Required are
- A force model
- Technique for finding locally

minimum energy configurations.

P. Eades," A henristic for graph drawing*
Congressus Numerantinm, 42,149-160,1984.

\\¥) Node Size & Color Edge Size & Color
S %\ ] 4 Nur - Number of Time:
Co-Authored
= = 127
Eugene Garfield 3
35 9

5

1 127 1 33




Force Directed Layout cont.

Force Models

Faorce Madel Farmula Example of usage
Spring Force F=k(1-a) Assigning different k and a to different edges to
fi- shiffness of spring separate nodes hy different distances.
a hatural length of spring
Gravity Force F= u_.-r2 Apply gravity force between node pairs to prevent
o associated with Mass of hods, node overlapping.
Walaliy equals 1,
Electrical and F=eE Changes nodes distribution along a direction.
magnetic Force F=qB
E- giectric field strangth
B maghetic field strength

A simple algorithm to find the equilibrium configuration is to trace the move of each node
according to Newton’s 2nd law. This takes time O n?, which makes it unsuitable for large data
sets. Rob Forbes (1987) proposed two methods that were able to accelerate convergence of a
FDP problem 3-4 times. One stabilizes the derivative of the repulsion force and the other uses
information on node movement and instability characteristics to make a predictive

extrapolation.

Force Directed Layout cont.

Most existing algorithms extend Eades’ algorithm (1984) by providing methods for
the intelligent initial placement of nodes, clustering the data to perform an initial
coarse layout followed by successively more detailed placement, and grid-based
systems for dividing up the dataset.

GEM (Graph EMbedder) attempts to recognize and forestall non-productive
rotation and oscillation in the motion of nodes in the graph as it cools, see

Frick, A., A. Ludwig and H. Mebldan (1994). A fast adaptive layont algorithm for undirected grapbs.
Graph Drawing, Springer-1/erlag: 388-403.

Walshaw’s (2000) multilevel algorithm provides a “divide and conquer” method for
laying out very large graphs by using clustering, see

Walshaw, C. (2000). A multilevel algorithm for force-directed graph drawing. 8th International Symposinm
Graph Drawing, Springer-17erlag: 171-182.




Force Directed Layout cont.

VxOrd (Davidson, Wylie et al. 2001) uses a density grid in place of pair-wise repulsive
forces to speed up execution and achieves computation times order O(N) rather than
O(N2). It also employs barrier jumping to avoid trapping of clusters in local minima.
Davidson, G. S., B. N. Wylie and K. W. Boyack (2001). ""Cluster stability and the use of noise in
interpretation of clustering." Proc. IEEE Information 1V isualization 2001: 23-30.

An extremely fast layout algorithm for visualizing large-scale networks in three-
dimensional space was proposed by (Han and Ju 2003).

Han, K. and B.-H. Ju (2003). "A fast layout algorithm for protein interaction networks." Bioinformatics
19(15): 1882-1888.

Today, the algorithm developed by Kamada and Kawai (Kamada and Kawai 1989)
and Fruchterman and Reingold (Fruchterman and Reingold 1991) are most
commonly used, partially because they are available in Pajek.

Fruchterman, T. M. ]. and E. M. Reingold (1991). "Graph Drawing by Force-Directed Placement."
Software-Practice & Excperience 21(11): 1129-1164.

Kamada, T. and S. Kawai (1989). " An algorithm for drawing general undirected graphs." Information
Processing Letters 31(1): 7-15.
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Notions and Notations




\é' &: d Notions and Notations

1. Introduction
2. Notions and Notations

o =

2.2 Graph Connectivity...
3. Network Sampling ....... Network Measurement
4. Network Measurements...... Analysis of empirical data NN
4.1 Node and Edge Properties ............ oo Teettont Memqromoars e
4.2 Local Structure.......covoeeevercceecnnn 5:'“9“'_‘5 o Nl
4.3 Statistical Properties .......cocoeoeureene SEAOICAL TR See ‘Network Visualization’ section
4.4 Network "1":,;1351:;.’e . . T Yol e o ~al
4.5 Discussion and Exempll:ﬁcatmn Modeling Ly e d ek
5. Network I\Iodelmg Network See Modsling." sections 55 empirical and modeled data to validate model
5.1 Modeling Static Netvs. orks . Modeling Soo Neatwork Measuroments” soction
5.2 Modeling Evolvmg Networks...
5.3 Discussion... Fig!f:"e 1. General network science research process.
5.4 Model Valldatlon OSSO USUSUBR. 7 §
6. Modeling Dynamics on l\em orks 34
7. Network Visualization 41
7.1 Visualization Desigrn BASICS ....ooceirriii e ises e s ssseen et st ssessnssesssesessssssesseenesenns 52

w45
.46

7.2 Matrix Visualization ............
7.3 Tree Layout.....
7.4 Graph Layout......... .
7.5 Visualization of Dynam.lcs .48
7.6 Interaction and Distortion Teclmlques 50
8. Discussion and Outlook 50

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
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Figure 2: Adjacency matrix and graph presentations of different undirected and directed graphs.

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
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2.2.1 Node Degree

In undirected graphs, the degree k of a node is termed the number of edges connected to it. In
directed graphs, the degree of a node 15 defined by the sum of 1ts in-degree and its out-degree, k; = k;,,; +
Fous, Where the in-degree ki,; of the node i is defined as the number of edges pomting to 7; its out-degree
Foui 15 defined as the number of edges departing from 7. In terms of the adjacency matrix, we can write

km.i = ZA_;':' ’ kam‘.i = ZAU ) (1)
i i
For an undirected graph, with a symmetric adjacency matrix, k, . =k_,. =k, holds. For example, node

1 1n Figure 2a has a degree of three. Node 1 in Figure 2e has an in-degree of two and an out-degree of
one.

2.2.2 Nearest Neighbors

The nearest neighbors of a node i are the nodes to which it is connected directly by an edge, so
the number of nearest neighbors of the node is equal to the node degree. For example, node 1 in Figure 2a
has nodes 0, 2, and 3 as nearest neighbors.

2.2.3 Path

A path F, ; that connects the nodes i) and i, in a graph G = (¥, E) is defined as an ordered
collection of n+1 nodes ¥p = {fy.iy.....1, } and n edges Ep = {(55.1,). (3.1 )..... (1,1.1,)} , such that i, € ¥
and (7 )yeE, for all & . The length of the path F, . is n. For example, the path in Figure 2f that

interconnects nodes 0, 1, and 2 has a length of two.

a1+l

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
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Betweenness centrality 1s a measure that aims to describe a node’s position m a network in terms of the
flow 1t 1s able to control. As an example, consider fwo highly connected subgraphs that share one node
but no other nodes or edges. Here, the shared node controls the flow of information, for example, rumors
in a social network. Any path from any node in one subgraph to any node in the other subgraph leads
through the shared node. The shared node has a rather high betweenness centrality. Mathematically, the
betweenness centrality is defined as the number of shortest paths between pairs of nodes that pass through
a given node (Freeman, 1977). More precisely, let L;,; be the total number of shortest paths from % toj and
Ly ;; be the number of those shortest paths that pass through the node i. The betweenness b of node i is

thendefinedas b =" L L, where the sum runs over all k,j pairs with j # i. An efficient algorithm

hi.j
to compute betweenness centrality was reported by Brandes (2001). The betweenness centrality 1s often
used m transportation networks to provide an estimate of the traffic handled by different nodes, assuming
that the frequency of use can be approximated by the number of shortest paths passing through a given
node. It is important to stress that while the betweenness centrality is a local attribute of any given node, it
is calculated by looking at all paths among all nodes in the network and therefore it is a measure of the
node centrality with respect to the global topology of the network.

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
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Sci2-Reading and Extracting Networks

o 3 Network Extraction - Examples

Sample paper network (left) and four different network types derived from it (right).
From ISI files, about 30 different networks can be extracted.

Fapers A-E written by authors =, y, = over 3 years
Each paper happens to have 4 references.

0,1
YV o~
2 C

3,5
y A~

-

X
1.2\3! E

—» Citation

0,0

X / X — \:&:
E— - ~—
P ;/""j_ references
2000 2001 2002

Paper-Paper Citation Network A—C
Papers are connected via direct citation links
Arrows represent information flow from B=—D /"

older papers to younger papers.

Author-Author {Co-Author) Network
¥ and ¥ co-author papers A and E together
v and z co-author papers A and E

A and B are co-cited by C and D
Aand D are co-cited by E

Reference Co-Occurrence

(Bibliographic Coupling) Network

C and I are bibliographically coupled as they
both cite/ reference A and B B

X
Y
Document Co-Citation (DCA) Network ’?
B
A

Local citation counts (within this dataset) are given in black and global citation counts (TSI times cited) are given in green abowve each paper

18
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" M Extract Networks with Sci2 Tool — Database

G Sei? Tool

Data Preparation  Preprocessing

Load and Clean ISI File

I Load into Database

Read Directory Hierarchy
Save..

g,

Wiew with,.,

herge Mode and Edge Files
Split Graph to Mode and Edge Files

Load...

\:‘9}‘ Sci2 Tool

(= lE =

File [Cjatalrepaation] Dreprocessing fnakssis Modeling isualization  Helg
= Database 3 151 3 Ea Managerl =|E
hite TextFiles 4 MSF P B r S file Cobllsershllsert Meskhnnt MIH-17: Natab A5
=Data ormats.HomePage General 3 Create Merging Table
Loadeg: il Ierge Entities
CihUsefsi\User\DesktopiNIH-124Data 5A5-L ~

= Custam Tahle Que
B edulerl 8 Query

Remndwve Fram List | [C] Remave completed au

! Algotithrm Marme Date
M Load... 071
M Load.. 0741
M Load... 071
M Load... 071
4 | m

Custam Graph Query

Extract Raw Tables from Database

See Science of Science (Sci2) Tool User Manual, Version Alpha 3, Section 3.1 for a listing and

brief explanations of all plugins. hi1p:
See also Tutorial #3

sci.slis.indiana.edn/ registration/ docs/ Sci2 Tutorial.pdf
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£ -{f: Extract Networks with Sci2 Tool — Text Files

\F Sci2 Tool

Data Preparation  Preprocessing

Load and Clean ISI File
Load into Database
Read Directory Hierarchy
Save..

Wieas,,,

Wiew with,.,

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

Load...

% Sei2 Tool [=EEE
File Preprocessing  Analysis  Modeling  Visualization Help

= Database | =0 Hﬁﬂf Data Mananer = ol
Etul‘ Text Files 3 Remowve IS Duplicate Records

=DataFormats.HomePage
Loaded:
CivlsersiUsersDesktopiNIH-

B Scheduler
e

! Algorithm Ma
W Load..
W Load..
| Load..
W Load..

Rernove Rows with Multitudinous Fields

Extract Directed Network
Extract Bipartite Network
Extract Paper Citation Netwaork
Extract Author Paper Metwork

Extract Co-Occurrence Metwork
Extract Wford Co-Occurrence Metwork
Extract Co-Author Metwork

Extract Reference Co-Occurrence (Biblingraphic Coupling) Metark

Extract Docurnent Co-Citation Metwaork

Detect Duplicate Modes
Update Metwaork by herging Modes

]| —
| 4 | i

|

See Science of Science (Sci2) Tool User Manual, Version Alpha 3, Section 3.1 for a listing and

brief excplanations of all plugins. hitp:

See also Tutorial #3

sci.slis.indiana.edn/ registration/ docs/ Sci2 Tutorial pdf

20




Mt S Fake NIH Dataset of Awards and Resulting Publications

Ten existing awards and a fake set of resulting publications.

Award ID Publication ID

COBCASEE90 9485464,9096302

COBCANS9267 20527532,50858722,20427856,20185186,20019401 ;10587228
COGRRO11192 16913728;16362150;19450921

COERRO12176 9714740;19490921

COGRRO12488 15345738;11994348, 12556855, 12865481

COBRRO12511 19896513; 159487 298;19214230

COBRRO12512 18991629,17125941,186361592, 16621538, 1855957 16, 17504144, 17350279, 17134906, 19155177
COBRRO12537 18207 467,17318410;179511582; 19490921

COBRRO13551 16136041

COGRRO14459 17621683

Load resulting using ‘File > Load > Fake-NIH-Awards+Publications.csv’ as csv file format.

Extract author bipartite grant to publications network using ‘Data Preparation > Text Files >
Extract Directed Network’ using parameters:

7| Extract Directed Network @
Given a table, this algorithm creates a directed network by placing
a directed edge between the values in a given column to the
values of a different colurmn,
Source Column [awari -
Target Column [Publication 1o -
Text Delimiter B
Aagregate Function File  CifUsers/User/Desktop/NIH-12/Code/sci2-with-scimaps

21

Network Analysis Toolkit (NAT)

This graph claims to be directed. o o

Nodes: 43 ? o @ ®
Isolated nodes: 0 o
Edges: 35

No self loops were discovered. L
No parallel edges were discovered. e ©
Did not detect any edge attributes
This network does not seem to be a valued network. ®

Average total degree: 1.6279 ® * ® °
Average in degree: 0.814

Average out degree: 0.814 ® o

This graph is not weakly connected.

There are 8 weakly connected components. (0 isolates) o ® ]
The largest connected component consists of 10 nodes.

Density (distegarding weights): 0.0194

GUESS
GEM Layout, Bin pack

22




7 W‘E y F . Fake NIH Dataset cont.

O ]
In Sci2 AL\
n Sc1 @ CO6rrD
FE01 (392 @ coahizs12
@ COGrr013551
Node Indegree was selected. 2 oa a
.......... B @cosrm12537
Node Outdegree was selected. @ o
Analysis | Modeling  Wisualization  Help ° ) o
Temparal L = O ||} Data Manager t
GEcspati] o « ||l 4 EF Prefuse ISl file: C\Users\Use @C06rr012511 @ C06cal5e690
. orize fix)
Topical 4 i@ IS Database From Prefus ) @ C0BcaD59267 o
Metworks , Network Analysis Toolkit (NAT) £ Longitudinal Surmma o a
———— file: CiUsersyUser\Desk
a.edufcom munityf?n=Yis Unveighted & Undirected P Metwork with directed e ] =]
Weighted & Undirected r B Graph and MNetwork 4
Unveighted & Directed 3 MNode Indegree -
. @ CO6rr0 14469
randomn. For a clearer visy Wéeighted & Directed 4 MNode Outdegree [ rr[ﬁ
d GERLY
@ CO6rr012488
GUESS -
O

GEM Layout, Bin pack

Object: |n0des based on - = |V| Property: |indegree v| Operatar: Yalue:

Color using Graph Modifier

Calour | | Shiow | | Hide | | Size | [ showLabel | | Hide Label | | Change Label |
‘ Format Mode Labels | | Format Edge Labels |
| Mode Shape | | Center | | Change History |
| Resize Linear | | Colarize | 23
S N 3 Fake NIH Dataset cont.
. Analysis | Modeling  Misualization  Help

In SCIZ Temporal e = O || i¥f Data Manager

. Samgpeit] 4 || fuse IST file; CAUsers\UserDesktop\NIH-12\Codesciz-witl
Weak Component CluSterlng- Topical 4 ISl Database From Prefuse IS[file; ChUsers\User\Desktop]

Metworks 2 Metwork &nalysis Toolkit (NAT) dinal Summary

Input Parameters: g rsilserDeskbopNIH-124Data Fake- DatatFak

Unwveighted & Undirected 3

ith directed edges from Sward ID to Publicatio

Number of top clusters: 10

Weighted & Undirected
Urwveighted & Directed

nd Metwark Snakysis Lag
MNode Indegree

.edufcom munity/?n=Ana

Weighted & Directed

3 MNode Qutdegree

8 clusters found, generating graphs

for the top 8 clusters.

==

Creates new graphs containing the top connected cormpanents,

5| Weak Cormponent Clustering

Nurnber of top clusters | 1

.edufcom munity/In=AnalyzeData.ModeQutdegree

ted autornatically | Remove all completed

Indegree Distribution
Outdegree Distribution

K-Mearest Meighbor
Single Nade In-Out Degree Carelations

Dad Reciprocity
Arc Reciprocity
Adjacency Transitivity

“ifeak Component Clustering

o file: CAUsers\User\Desktop\NIH-12\Data'\Fake - DatatFake-MNIH-Awards + Publications. csv
i’,', Metwork with directed edges from Suwvard ID to Publication ID
= Graph and Network Analysis Log
Pl ", « Metwork with indegree attribute added to node list
4 L7, Metwork with outdegree attribute added to node list
%7, Weak Companent Cluster of 10 nodes
i’,', Weak Component Cluster of 10 nodes.2
%7, Weak Companent Cluster of 7 nodes
%2, Weak Companent Cluster of 5 nades
i’,', Weak Component Cluster of 4 nodes
S
i’,', Weak Component Cluster of 2 nodes
27, Wéeak Companent Cluster of 2 nodes.2

*, Weak Component Cluster of 3 nodes

Visualize giant component in GUESS

24




[#08] Network Analysis and Visualization

Sci2-Analyzing Networks

M Couple Network Analysis and Visualization
-j:,g;: = to Generate Readable Layouts of Large Graphs

Discover Landmark Nodes based on
» Connectivity (degree or BC values)

» Frequency of access

_ ->

(Source: Mukberjea & Hara, 1997, _

o]
Hearst p. 38 Y 8

earst p. 38 formulas) -} eraTony
Identify Major (and Weak) Links N
Identify the Backbone &
reduction
Show Clusters
cut-out context
Figure 2: Approaches to deal with large networks

See also Ketan Mane’s Qualifying Paper Pajek Tutorial

bttp:/ [ ella.slis.indiana.edu/ ~ kmane/ phdprogress/ guals/ kmane quals.pdf
bttp:/ [ ella.slis.indiana.edu/ ~katy/ teaching/ ketan-quals-slides.ppt

26




[#08] Network Analysis and Visualization

Sci2-Visualizing Networks

“i‘a‘f % Network Visualization

General Visualization Objectives

» Representing structural information & content information
Efficient space utilization

Easy comprehension

Aesthetics

YV V VYV VY

Support of interactive exploration

Challenges in Visualizing Large Networks
» Positioning nodes without overlap

> De-cluttering links

» Labeling

» Navigation/interaction

Network Visnalization, Katy Borner, Indiana University

28




- ';;_“’i' EE-C " General Network Representations

Matrices Structure Plots
Equivalenced
1 ] ] 6 ] o e ; .
o 10.5 o o o N NG LTy representation
] ] 015 ] ] o N
0 250.5 ] -280 33.32 LN of US power
0 0 0 0 12 ST N network
Lists of nodes & links Network layouts of nodes and links
*artices 3 /'_’ H“\ /
1"Doc1"0.00.00.0ic Green be Brown / f
2 "Doc2"0.00.0 0.0 ic Green be Brown [ \
3 "Doc3"0.00.00.00c Green be Brown /\H“--E‘ I:'
*AICS ‘-'“-—-.____ |
123 ¢ Green ¥ N
235 ¢ Black -——-*\ /\‘\,\
*Edges ‘ b
134 c Green e _/

29
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E. W
_m‘ '

Symmetric.
Evenly distributed nodes.
Uniform edge lengths.

Minimized edge crossings.

Orthogonal drawings.

VV Y VYV VYV VY

Minimize atea / bends / slopes / angles

Optimization criteria may be relaxed to speed up layout process.

(Source: Fruchterman & R. alg p. 76, see Table & discussion Hearst, p 88)

30




s Aesthetic Network Visualization

MFEARNLIE FATHWATS = . ENEROY METABOLISM
Crre—l —m— — ] n..--r-h‘.d
© omphen C artrbimrate. 4 1 mtyrhite Carbon limton |
= ) ! T +
SR =) JT
s CE g
C ool Lgads o P — s IN b
“_"",_‘;T | B a-aet
+t 1
A -
(] (]
ATF
¥ phphnrpaton ) \
Hikrogess mtabobsm [

bttp:/ [ wwmw.genome.ad.jp/ kegg/ pathway/ map/ map01100.html
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-8 '\M Small Networks

-
=57

» Up to 100 nodes

> All nodes and edges and most of their attributes can be shown.

General mappings for

nodes

» # -> (area) size

» Intensity (secondary value) -> color

> Type->shape |0/O|0/E®@ 000

edges

» # -> thickness

» Intensity, age, etc. -> color
» Type -> style
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7~ Medium Size Networks

» Up to 10,000 nodes

» Most nodes can be shown but not all their labels.

» Frequently, the number of edges and attributes need to be reduced.

Major design strategies:

Show only important nodes, edges, labels, attributes

Otrder nodes spatially

o—o
o—o
o—o

Reduce number of displayed nodes

3 e—e
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7~ Visualize Networks with Sci2 Tool

ata hanager =8

b racted Metwark on Colurmn Pub_Authors_&ll

¥ Sci2 Tool
E é Data Preparation Prepracessing General
Load and Clean ISIFile Temparal
Load inta Database Geospatial
Metwarks
Read Directory Hierarchy Trapeiaed
Save..
Wi,
Wieas weith,..

herge Mode and Edge Files
Split Graph to Mode and Edge Files

Load...

\'{UESS

Radial Tree/Graph (prefuse alpha)

Radial Tree/Graph with Annotation (prefuse beta)
Tree Wiew (prefuse beta)

Tree hap (prefuse beta)

Force Directed with Annotation {prefuse beta)

Fruchterman-Reingold with Annotation (prefuse beta)

Dl QfxOrdd)
Specified (prefuse beta)

Circular Hierarchy

See Science of Science (Sci2) Tool User Manual, Version Alpha 3, Section 3.1 for a listing and

brief excplanations of all plugins. http:/ / sci.slis.indiana.edn/ registration/ docs/ Sci2 Tutorial pdf

See also Tutorial #3
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“M NIH Datasets Used

Using NSF Awards Search

» NSF Medical AND Health Awards (283 awards, $152,015,288 total, Sept
2003-July 2014)

Using NIH RePORTER

» NIH CTSA Funding (534 records, $1,210,288,444 total ‘FY Total Cost’, Sept.
2006-June 2011) and linked Publications (2,456 records)

35

it M NSF Medical+Health Funding:
:”@ et Bimodal Network of NSF Organization to Program(s)

Extract Directed Network was selected.

Source Column: NSF Orgamzauon

Text Delimiter: | Lo SDMR
Target Column: Program(s)

@DEB @ CMMI
Nodes: 167 .
Isolated nodes: 0 et L " NEER
. # e . e oDGE
Edges: 177 - S— - V2
No parallel edges were discovered. ¥ wen
" E? 2 _a L]
Did not detect any edge attributes ) ¥ o @ous, -
e 8 Y .
Density (disregarding weights): 0.00638 1 SolsE Vo
s e L eDUE
@ECCS
IIS 9ARC
voce BTG IEENAE]  ®5cs
oCHE - y N\ . oFF
ecis )
oPHY
DBI SANT

®CCF
®GEQ
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NSF Medical+Health Funding:

Extract Principal Investigator: Co-PI Networks

» Load into NWB, open file to count records, compute total
award amount.

> Run “‘Scientometrics > Exctract Directed Network® using
parameters:
T 6
dfferent coln. =

Source Coban Jrrncos invessguor | ;I
Target Cobrn [Co-F1 hiaels) :Iﬂ
Tt Deimter 0 ﬂ

[ C:Decumerts L. 00 20091 015 SOBNGT 4an 12, sin2 i feripoley m!ﬂ

=]

Select “Extracted Network ..” and run “Analysis > Network
Analysis Toolkit (NAT)’
Remove unconnected nodes via Preprocessing > Delete
Isolates’.

Run

YVV V YV V

Use

‘Analysis > Unweighted & Directed Network > Node

Indegree | Node Outdegree’.
Visnalization > GUESS’ , layout with GEM, Bin Pack

Graph Modifier to colot/size network.

L e
D
M

.
..
-
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= M NIH CTSA Grants:

Co-Project Term Descriptions Occurrence Network

Load... was

Loaded: ..

Extract Co-
Input Parameters:
Text Delimiter: ...
Column Name: Project term descriptions

Network Analysis Toolkit (NAT) was selected.
Nodes: 5723 - e '

Isolated no

Edges: 353218

ANIH-data\NIH-CTSA-Grants.csv

selected.

Occurrence Network was selected.

des: 3 " e

| Extract Metwark fram Table ==

Colurnn Marne

Text Delirniter

Aggregstion Function File  CifUsers/User/Desktop/scipolicy

Extracts a netwark from a delimited table

Project terrn descriptions '] o
-/

<

1

|+




¥ .\M NIH CTSA Publications:
Co-Mesh Terms Occurrence Network

Load... was selected.
Loaded: ...\NIH-data\NIH-CTSA-Publications.csv
Extract Co-Occurrence Network was selected.
Input Parameters:

Text Delimitet: ;

Column Name: Mesh Terms

Network Analysis Toolkit (NAT) was selected.
Nodes: 10218
Edges: 163934

7| Extract Netwark from Table ==
Extracts a network from a delimited table

Calurnn Name Mesh Terrms v]
Text Deliriter B

fggregation Function File  Cy/Users/User/Desktop/scipolicy

< 5

3 M NIH CTSA Grants:
Publication Co-Author Network

Extract Author Co-occurrence Network

Extract Co-Occurrence Network was selected. ' T
Input Parameters:

Text Delimiter: ;
Column Name: Authors

Network Analysis Toolkit (NAT) was selected.
Nodes: 8680

Isolated nodes: 27

Edges: 50160

40




= \M Visualize multidisciplinary nature of work with reference to
' ’ PIs and ICs within a portfolio by Geetha Senthil (PAGroup)

Please see Sci2-Tutorial-Geetha-Senthil.pdf

5 1l tumid

Mubtid scipline ry neture of wo rkwith reference to Pk and Ks within e po rtfolio
duor: Cmate PR

Lreee: e
Dt HIE gozs dah marrfiumat

Anshris: Dimond miwer andes
W o
1. Load oo dat as ¢tundand gere ik with oo buma 11 purfoming it (s 7, I, L, iwtition) and £pis s
(0.7, BEDE wms).
A L}
1 1 Namme Topik Terms
2 ). 5mith Brain; Cancer

2. Frtvasthimedal otk wing Dubss Freputretion = Tt Files = Erires Dt el e soort, Wik Soma
Cobomn *perfiaming mmit!, Tazmtiodmn opds dome®, and Toet Dulmite (o 7, 2 ox] ).
Cutiimph mmtwoth it i Ty DI dnetdpad = Mewrks = dévonk dndpsl Toobl

Bl

7 . Pl Dinctd Netuerd of I} o BUDE 6ot s fozs parinlar porfol . Bad ik indicats e s
® o oominy ot e . g sl (ks a2 e bm ook azufor BCTE cak gz The .98 6 T iuchs nbicak 6 Tumtuz o fast s
& T8 4m homayy bolited (moomecnd i) T Frprocesaig = dhsverks = Delest Jbass. {omtia e fox that I

o

Vi nalim
Inthic dimoted Winedalantonch v i e i nyis wande). To il ag e
pointing e & nedo) axd otk Ao cant weud e i
sty Cakvi e m0ds \yrmmgd bt = eemteds ~ Lot o Divecod
et Infepiree. AT Anckpols = Mhetoeks = Ut it et Dl stef = hont Chafegrr.
. o viw e zutanh rakiot e (brmetsompetantof ) mtwedd inDeh Ham;xuﬂ vl itin
GUESE Thn Lspeus> GEM ani pacd odus i svnilabh display ¢pscs wing Lo > BinFat
. 1o ok codk fha nodus % Artngue b ICAFT and KK cak o, ruckcthe o pom in fla femmaton
wndyw s "aods bad o', fammbot"inde. apn” and o Vab'” datyen weid Ho % to diploed.
o fha cobzopion cobacodn I5FL. To obr BEDE cvk i mibct Hodus " opivn and
“olp e opton o lenad Yy vpecifrings nngm of ke andoek b Muntify fo ok ook .

Fig Dinowd Hurwerd of Pl and BED % partisilar ot w
matmm of finiz word. Bad giche indicat fn Fland f hmoimhe am 11 BEDE ot gorise. Th luaxh
vim of e md cinke e mom muliliiplnary 5 poruck an.
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Network Visualizations Using SPIRES Data and the Sci® Tool by
NIH Office of Extramural Research and Katy Borner

Please see Sci2 Tutorial, Network Visualizations Using SPIRES Data, 2010-06-01.pdf
and My Project Publications.csv

s sgre

@

: Gl > ol \ Sample NIH Workflow

i i @, s ‘.
. 1
h 1
; 0. |
. e { Network Visualizations
Using SPIRES Data
and the Sci® Tool

Version: 0.0.2 beta.

NIH Office of Extramural Research
and

Dr.Katy Bomer
School of Library and Information Science

@ SPIRES. @
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[#08] Network Analysis and Visualization

Outlook

T
S

% ‘;"“If‘.m&@ ¥

Outlook — Visualization Layers
See Tutorial #02

T P

&

» Deployment of results is enabled through papet
printouts, online animations, or interactive, three- /— — \

dimensional, audiovisual environments. e > st

e P bucodion  Bubliac
» The Legend Design delivers guidance on the purpose, ¢
generation, and visual encoding of the data. Mapmakers
should proudly sign their visualizations, adding
credibility as well as contact information.

» In many cases, it is desirable to Interact with the data,
that is, to zoom, pan, filter, search, and request details on
demand. Selecting a data entity in one view might
highlight this entity in other views.

» Sometimes it is beneficial to show multiple simultaneous
views of the data, here referred to as Combination.

> Frequently, Aggregation/Clusteting techniques are
applied to identify data entities with common attribute
values or dense connectivity pattetns.

»  Graphic Design refers to the visual encoding of data
attributes using qualities such as size, color, and shape
coding of nodes, linkages, or surface areas.

> Placing the Raw Data in a reference system reveals
spatial patterns.

» Projections/Distortions of the reference system help
emphasize certain areas or provide focus and context. DA COMUNCATION

» Reference Systems organize the space. ViSUALIZATION LAVERS »




T
O

¢ ¥
- @  Outlook - OSGi/CIShell Adoption
' SceTutorial #03

LN

A number of other projects recently adopted OSGi, among them are:

Cytoscape (http:/ /www.cvtoscape.org) lead by Trey Ideker, UCSD is an open source
bioinformatics software platform for visualizing molecular interaction networks and
integrating these interactions with gene expression profiles and other state data (Shannon et
al., 2002).

TEXTrend (http:/ /www.textrend.org) lead by George Kampis, E6tvos University, Hungary
develops a framework for the easy and flexible integration, configuration, and extension of

plugin-based components in support of natural language processing (NLP),
classification/mining, and graph algorithms for the analysis of business and governmental

text corpuses with an inherently temporal component.
As the functionality of OSGi-based software frameworks improves and the number and
diversity of dataset and algorithm plugins increases, the capabilities of custom tools will expand.

Run Cytoscape out of Sci2 Tool by adding org.textrend.visualization.cytoscape_0.0.3.jar to

the /plugin directory.

Soon, general ‘star database’ will be available. NIH database is planned.
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[#08] Network Analysis and Visualization

Exercise: Identify Promising Network Analyses of NIH Data




Exercise

Please identify a promising network analysis 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.

VV VYV V V V

Visualization generated. Please make a sketch with legend.
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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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