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This Talk has Three Parts:

1. Why study the structure and evolution of sciencer?
2. What infrastructure is needed to study science?

3. Cyberinfrastructures under development:

CIShell, IVC, and NWB
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Mapping the Evolution of Co-Authorship Networks

in Information Visualization, 1988 - 2004
Ke, Visvanath & Barner, (2004) Won 1st price at the IEEE Infol is Contest.
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(Ke, Borner & Mez, 2005)
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Latest ‘Base Map’ of Science

Kevin W. Boyack & Richard Klavans, unpublished work.

» Uses combined SCI/SSCI from
2002
* 1.07M papers, 24.5M
references, 7,300 journals
* Bibliographic coupling of
papers, aggregated to
journals

» Initial ordination and clustering of
journals gave 671 clusters

» Coupling counts were reaggregated
at the journal cluster level to
calculate the

* (x,y) positions for each
journal cluster

* by association, (X,y)
positions for each journal
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Science map applications: Identifying core competency
Kevin W. Boyack & Richard Klavans, unpublished work.

Funding patterns of the US Department of Energy (DOE)
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Science map applications: Identifying core competency
Kevin W. Boyack & Richard Klavans, unpublished work.

Funding Patterns of the National Science Foundation (NSF)
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Science map applications: Identifying core competency
Kevin W. Boyack & Richard Klavans, unpublished work.

Funding Patterns of the National Institutes of Health (NIH)
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places-roughcut2. mov

W. Bradford Paley
Scientific Mapmaker

Digital Image Design Incorporated
Dept. of Computer Science, Columbia University

"Places & Spaces: Mapping Science"
on display at the NYPL Science, Industry, and Business Library
Madison/34th, New York City
April 3rd - August 31st, 20006.




Nanotechnology

This overlay shows the distribution
of nanotechnology within the para-
digms of science. The majority of

. Science on the tiny
current work in nanotechnology

Nanotechnology

: : i scale of molecules
takes places in physics, chemistry,

and materials science, at the upper
right portion of the map. However,
an increasing amount of nanotech-
nology is being applied in the bio-

logical and medical sciences, at the
lower right.






















The Power of Maps

Four Early Maps of Our World
VERSUS
Six Early Maps of Science

(15t Iteration of Places & Spaces Exchibit - 2005)




The Power of Reference Systems

Four Existing Reference Systems
VERSUS
Six Potential Reference Systems of Science
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The Power of Forecasts

Four Existing Forecasts
VERSUS
Six Potential Science ‘Weather’ Forecasts

. .

(3" Iteration of Places & Spaces Exchibit - 2007)
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Science Studies: Opportunities

Advantages for Funding Agencies

> Supports monitoring of (long-term) money flow and research developments, evaluation of funding
strategies for different programs, decisions on project durations, funding patterns.

> Staff resources can be used for scientific program development, to identify areas for future
development, and the stimulation of new research areas.

Advantages for Researchers

> Easy access to research results, relevant funding programs and their success rates, potential
collaborators, competitors, related projects/publications (research push).

» More time for research and teaching.

Advantages for Industry

» Fast and easy access to major results, expetts, etc.

»  Can influence the direction of research by entering information on needed technologies (industry-
pull).

Advantages for Publishers

»  Unique interface to their data.

»  Publicly funded development of databases and their intetlinkage.

For Society
»  Dramatically improved access to scientific knowledge and expertise.

Katy Birner, Computational Scientometrics: Mapping All of Science. Midnight Seminar Talk at Telcordia, NY, Aug 15, 2006. 24
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Related Work

Analyzing, Modeling,
and Mapping Science

»  Shiffrin, Richard M. and Birner, Katy (Eds.) (2004). Mapping Knowledge
Domains. Proceedings of the National Academy of Sciences of the United States of America,

101 (Suppl_1).

Bdrner, Katy, Chen, Chaomei, and Boyack, Kevin. (2003). Visualizing Knowledge
Domains. In Blaise Cronin (Ed.), Annual Review of Information Science & Technology,
Volume 37, Medford, NJ: Information Today, Inc./ American Society for Information Science
and ‘Technology, chapter 5, pp. 179-255.

Birner, Katy, Sanyal, Soma and V' espignani, Alessandro (in press). Network Science. In
Blaise Cronin (Ed.), Annual Review of Information Science & Technology, Information
Today, Inc./ American Society for Information Science and Technology, Medford, NJ.




Process of Analyzing and Mapping Science

DATA, UMIT OF WEASURES LAYOLUT (often one code does both simnilarity and ardination steps) DISPLAY
EXTRACTION AMALY SIS
SIMAILS RITY [ORDINATION
BEARCHES CONION COUNTS/FREQUENCIES  SCALAR (unit by unt rmatrix) DIMENSIONALITY REDUGTION INTERACTION
15l CHOICES Atributes B .g. terms) Direct citation Eigenwector! Eigenvalue solutions Browse
INSPEC Journal Author citations Co-citation Fadar Analysis (FA) and Fan
B Inclesx Diocurment Co-ctations Corrbined linkage Frincipal Corrponents Analysis (PCAY  Zoom
hedline Buthar By year Co-wmord f coderm Multi-cirnensional scaling (WDS) Fiter
Researchindex Term Co-dassfication Lz, Topics Cuery
Paterts THRESHOLD & Pathfirider networ ks (PFMet) Detail on derrand
et By courts YWECTOR (unit by attribute matris) self-organizing rmaps (500
Yector space roodel fwordsterms) indudes S0M ET-rmaps, stc. AMALY SIS
BROADENING Latent Serrartic Analyss (wordsterms)
By citation ind . Sngular Walue Decormg (SO0 CLUSTER AMALYSIE
By termns
CORRELATION if desired) BCALAR
Pearson's F. on any of above Triangulation

Force-directed placermert (FDF)

Birner, Chen & Boyack.. (2003) 1 isualizing Knowledge Domains. In Blaise Cronin (Ed.), Annual Review of
Information Science & Technology, Volume 37, Medford, N]: Information Today, Inc./ American Society for Information
Science and Technology, chapter 5, pp. 179-255.
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Data — Solve Interoperability Problem

(Grants Patents Papers in Area A Papers in Area B

Time O

Scholarly Enowledge © Citation Links —p

By drawing on existing efforts and by coupling automatic data integration with
manual Wiki* approaches.
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Data — Need Highest Quality, Coverage & Interlinkage

Users can also contrbute
any kind of association.
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Katy Borner. (2006) Semantic Association Networks: Using Semantic Web Technology to Improve Scholarly Knowledge
and Expertise Management. In Vladimir Geroimenko & Chaomei Chen (eds.) Visualizing the Semantic Web, Springer

Verlag, 2nd Edition, chapter 11, pp. 183-198.
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Algorithms

Problem

There are too many different data models and data formats, different algorithms, different
implementations of the same algorithm, different programming languages, different

research purposes (modeling, analysis, visualization), different communities and
practices.

Algorithm Developers

» Are often non-computer scientists.

» Have no means to make their code available.
»  Want to concentrate on developing algorithms.

Algorithms Users

» Are researchers, industry, classroom teachers, etc.

» Often have no programming or scripting skills.

»  Want to concentrate on science, product development, education.

Needed is a socio-technical cyberinfrastructure that supports the
free distribution and sharing of datasets and algorithms, their descriptions and associated

learning modules.

Katy Birner, Computational Scientometrics: Mapping All of Science. Midnight Seminar Talk at Telcordia, NY, Aug 15, 2006.
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Cyberinfrastructure — Desirable Features

General

»  Extensibility: Easily add new algorithms and data models to the framework over time.
> Scalability: Integrate many algorithms & process large datasets.

> Support multiple operating systems, e.g., Windows, Linux, Solaris, Mac OS.

Developer Specific

»  Ease of Use: Support easy integration of many different algorithms and datasets.

»  Flexibility: Support multiple data formats and transformation among data models. This

requires a seamless exchange of data and parameters. Support multiple programming
languages.

User Specific

»  Ease of Use: Provide easy access to most popular data models & standards, the most
efficient algorithm implementations, work log tracking, and scheduling. User should be
able to ‘fill’ the Cl/tool with exactly the algorithms and datasets s/he needs.

» Adaptability: Provide different Ul solutions -- menu dtiven, script based, customized.

Katy Birner, Computational Scientometrics: Mapping All of Science. Midnight Seminar Talk at Telcordia, NY, Aug 15, 2006.
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Cyberinfrastructure Shell (CIShell) <=2 C_ |

CIShell is an open source, community-driven specification for the integration and
utilization of datasets, algorithms, tools, and computing resources that aims to serve
the needs of three user groups:

Application Users

Alliance

¥ 0SGi

\ Application

Developers

Dataset/Algorithm
Developers

Specification, API, and related documentation are available at http://cishell.org.

Specification and all reference implementations are open sourced under the Apache
2.0 license.

Bruce Herr, Weixia Huang, Shashikant Penumarthy, Katy Birner. Designing Highly Flexible and Usable

Cyberinfrastructures for Convergence. Submitted to William S. Bainbridge (Ed.) Progress in Convergence. Annals of the
New York Academy of Sciences.
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CIShell - Technical Details =CI

CIShell is built upon the Open Services Gateway Initiative (OSG1) Framework.

OSGi (http://www.osgi.org) is
» A standardized, component oriented, computing environment for networked setvices.

Successtully used in the industry from high-end servers to embedded mobile devices
since 7 years.

>
» Alliance members include IBM (Eclipse), Sun, Intel, Oracle, Motorola, NEC and many
others.

>

Widely adopted in open source realm, especially since Eclipse 3.0 that uses OSGi R4 for
its plugin model.

Advantages of Using OSGi

> Any CIShell algorithm is a service that can be used 1n any OSGi-framework based
system.

» Using OSGi, running CIShells/tools can connected via RPC/RMI supporting peet-to-
peer sharing of data, algorithms, and computing power.

Ideally, CIShell becomes a standard for creating OSGi Services for algorithms. Developed
Tools/Cl, e.g., IVC & NWB, provide a reference GUI for underlying setrvices.

Katy Birner, Computational Scientometrics: Mapping All of Science. Midnight Seminar Talk at Telcordia, NY, Aug 15, 2006. 34



CIShell — Technical Details =2C

CIShell supports the design of highly modular and decentralized system

architectures comprising a set of OSGt bundles (left) that upon start up instantiate
a set of OSGI services (right).

_—
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h wu,es

sz@ N>

Multiple algorithm services can be registered from one bundle but each algorithm
has exactly only one associated OSGt service.

Katy Birner, Computational Scientometrics: Mapping All of Science. Midnight Seminar Talk at Telcordia, NY, Aug 15, 2006.

35




CIShell — Support for Developers ‘506 C 1

<4
and Users
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e = = - =
InformationiMisualization

The InfoVis Cyberlnfrastructure provides access to data, software code and learning

modules as well as computing resources in support of the analysis, modeling
and visualization of diverse data sets.

ce methods, |

nterface and even
Ikits can be.

unplugged”.

sy and aulomatic

b front-end for the datahase server
sehfivslis.Indiana.edu/cr)

CAREER: Visualizing Knowledge Domains. NSF 11S-0238261 award
(Katy Borner, §451,000) Sept. 03-Aug. 08.

A Workbench for Network Scientists

SEI: Network Workbench: A Large-Scale Network Analysis, Modeling and V isualization
Toolkit for Biomedical, Social Science and Physics Research. NSF I1S-0513650 award (Katy

Birner, Albert-Laszlo Barabasi, Santiago Schnell, Alessandro V espignani & Stanley
HPNAP . : Wasserman, Eric Wernert (Senior Personnel), §1,120,926) Sept. 05 - Aug. 08.

High Performance Network Ap;‘vllcations‘Pl-ogram

Research & Technology Fund




InfoVis Cyberinfrastructure
http:/ [ iv.slis.indiana.edu
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iformationiVisualizat erinfrastructure
The InfoVis CyberInfrastructure provides access to data, software code and learning SOFTWARE

modules as well as computing resources in support of the analysis, modeling
and visualization of diverse data sets. e

An open source IWC framework was designed to

facilitate the integration of diverse data analysis, modeling
and visualization algorithms, New algorithms, data
persistence methods, look and feels for the interface and even

entire toolkits can be easily "plugged in” or "unplugged”.
DATABASES (http:fvslis.indiana.edu'sw)
An Oracle database provides access to ryr— lI-'F-:IDF bl ]
publications, patents, grants and grant } % T
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IVC Database ()z1p:/ / iv.slis.indiana.edn/ db)

Papers and Patents

Grant Awards

o

N
Fpens®

Medline

Mumber of Entries: 11,693,477
Years covered: 1963-2002
Size: 134 MB (gunzipped)

Proceedings of the Naticanl Academy of Science (PNAS)
Murmber of Entries: 16,164

Years covered: 1997-2002

Size: 583 MB

United States Patent and Trademark Office {Patents)
Mumber of Entries: 2,532 647

Years covered: 1976-2003

Size: 350 MBE

National Science Foundation (NSF)
Mumhber of Entries: 181,132

Years covered: 1985-2002

Size: 400 mMB

Mational Institute of Health {NIH)

Mumber of Entries: 1,003,521

Years covered: 197 2-1992 and 19594-2002
Size: 2.3 GH

Funding Opportunities

™
g

Community of Science {COS)

Mumber of Entries: 38,154 {5,000 new entries per manth)
Years covered: 2001-present

Size: GO MB
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The InfoVis CyberInfrastructure provides access to data, software code and learning
modules as well as computing resources in support of the analysis, modeling

and visualization of diverse data sets.

DATABASES

An Oracle database provides access to
publications, patents, grants and grant
opportunites. The database 1s
continuously and aulomatically updated.
(it fivslisindianaedu/db)

e L =
11iZaUt ' . '
o g —— —— _—:
SOFTWARE

An open source IWC framework was designed to

facilitate the integration of diverse data analysis, modeling
and visualization algorithms, New algorithms, data
persistence methods, look and feels for the interface and even
entire toolkits can be easily "plugged in” or "unplugged”.
(httpehvslis.indianaedu/sw)
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COMPUTING RESOURCES

I he InfaVis Cybernfrastructure is hosted at Indiana
Unlversity’s Research Database Complex |
comprising of two 5un V1260 servers with 12 S00MI 1z
processors and 96 GB of memory cach. 6 TB fiber
channel disks are attached to both servers. A Sun

WARD system with 4 cpus and AGR memory sefves as the
web front-end for the database servers, '
(hittpes sindiana.eduwicr)

- s
{!ﬂi A

abgorithms, test diverse interaction techniques and
. design features, and to quickly generate and compare
- _' information visualizations.
{httpefivslisindiana edu/lm)

This mareral 1s based upon work supparted by the Natlonal Sclence

Infovls Lab, School of Library and Informarion Sclence, Indiana Unhversiny (7004].
Foundation under Grant Mo, 150238261 and DUE-0333623.

For more information, contact Katy Bérner at kare Sindiana edy

P b b Loy Con ol Comaridy, SO0, ol

Katy Birner, Computational Scientometrics: Mapping All of Science. Midnight Seminar Talk at Telcordia, NY, Aug 15, 2006.

40



The InfoVis CyberInfrastructure provides access to data, software code and learning
modules as well as computing resources in support of the analysis, modeling

and visualization of diverse data sets.

DATABASES

An Oracle database provides access to
publications, patents, grants and grant

opportunities. The database s T

continuously and aulomatically updated.
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I he InfaVis Cybernfrastructure is hosted at Indiana
University’s Research Database Complex

comprising of two 5un V12680 servers with 12 Iz

processers and 96 GB of memory cach, 6 TR
channel disks are attached to both servers. A Sun

WARD system with 4 cpus and AGR memaory % a5 the

web front-end for the database servers.
{hitps/fivslisindiana edwer) - 618

Init 15 vms

& 3+

COMPUTING RESOURCES ~— 988 —_
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_._._.3‘
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Infovls Lab, School of Library and Informarion Sclence, Indiana Unhversiny (7004].
Far more infermation, contact Katy Barner at kareFindiana edy

TN

This mareral 1s based upon work supparted by the Natlonal Sclence ﬁ

SOFTWARE

An open source IWC framework was designed to

facilitate the integration of diverse data analysis, modeling
and visualization algorithms, New algorithms, data
persistence methods, look and feels for the interface and ever
entire toolkits can be easily "plugged in” or "unplugged”.
(hittpe/fhslis Indlana.edu/sw]

-LEARNING MODULES

‘ A_setofassoclated learning modules aims to equip

leamers with a practical skill set by providing code
. and advice to quickly medify and run different
abgorithms, test diverse interaction techniques and

o _design features, and to quickly generate and compare
“ information visualizations.

; (bttpefivslisindiana.eduflm)

Foundation under Grant Mo, 150238261 and DUE-0333623.
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The InfoVis CyberInfrastructure provides access to data, software code and learning
modules as well as computing resources in support of the analysis, modeling

and visualization of diverse data sets. e

DATABASES

An Oracle database provides access to
publications, patents, grants and grant |
opportunities. The database s et -_
continuously and aulomatically updated. F o
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COMPUTING RESOURCES ~— 988 —_

I he InfaVis Cybernfrastructure is hosted at Indiana
University’s Research Database Complex

comprising of two 5un V12680 servers with 12 Iz
processers and 96 GB of memory cach, 6 TR

channel disks are attached to both servars. A Sun

WARD system with 4 cpus and AGR memaory % a5 the
web front-end for the database servers. >
(http:/ivslisindiana.edwcr) - 518 &3 -
|I My
Infovls
Inii A
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Lab, School of Library and Informatan Sclence, Indlana Unhversiny (2004).
Far more infermation, contact Katy Barner at kareFindiana edy

This mareral 1s based upon work supparted by the Natlonal Sclence
Foundation under Grant Mo, 150238261 and DUE-0333623.

SOFTWARE

An open source IWC framework was designed to

facilitate the integration of diverse data analysis, modeling
and visualization algorithms, New algorithms, data
persistence methods, look and feels for the interface and even
entire toolkits can be easily "plugged in” or "unplugged”.
(hittpe/fhslis Indlana.edu/sw]

LEARNING MODULES

A setof associated learning modules aims to equip
leamers with a practical skill set by providing code
and advice to quickly modify and run different
abgorithms, test diverse interaction techniques and

| design features, and to quickly generate and compare
information visualizations.
{httpe/fivslisindiana.edu/lm)

°
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{ - - . ——— Lgle
mj_i l . ICUL =

-Compute Resource for Research and Education in Information Visualization

Home Learning

Compute
Resources

Software

References

Learning Modules

MWaost infarmation visualizations are highly interactive. YWhile a number of excellent texthooks exist, the
two-dimensional printouts on paper often cannot convey their true visual appearance and interactive
performance. Several textbooks come with accompanying web sites that contain snapshots of user interfaces
as well as animations and movies. However, none of them facilitates the exploration, application, evaluation,
and comparison of algorithms.

This web page will provide access to a number of learning modules. Each leaming module comes with an:

@ Description of the data analysis and visualization task

@ Usage hints on how to run and use a particular algorithm or tool

@ Learning task - a challenging scenario to use an algorithm or to analyze andfor visualize a data set.
@ Discussion of the results, and

@ Heferences to research papers, online demos, (commercial) applications.

@ Acknowledgements
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nonality/sges

Time Series Analysis

Learning Module

http://iv.slis.indiana.edu/1
m/lm-time-series.html

Learning Modules = Visualizing Time Series Data

Description | Usage Hints | Learning Task | Discussion | References | Acknowledgmernts

Description

Atime series is a sequence of eventsfobsernations which are ardered in one dimension, e.g., time. Fregquently,
successive ohservations depend on each other and it makes sence to display them in a dime) sorted fashion, e.q.,
as a scatter plot. Alternatively, one could be interested to know howe many observations of a certain value have bheen
made. Here one would sort the observations by value, countthe number of observations for each value and derive a
histagram. Time series data can he continuous, i.e., there is an ohservation at every instant oftime see figure below,
or discrete, i.e., observations exist for regularly or irregularly spaced intervals.

Time series are recarded, analized and used in diverse domains of science. Check outthe Time Series Data Librany
maintained by Rob Hyhdman and Muhammad Akram for numerous data sets from Agriculture, Chemistry, Crime,
Demoaography, Ecology, Finance, Health, Hydrology, Industry, Lakour market, Macro-Economics, Metearology, Micro-
Economics, Physics, Production, Sales, Simulated series, Sport, Transpart & Taurism ar LHilities.
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Learning Module

http://iv.slis.indiana.ed

u/lm/lm-trees.html

Learning Modules = Visualizing Tree Data

Description | Usage Hints | Learning Task | Discussion | References | Acknowledagments

[ — — — . 1
Description

Many data sets come in tree format. There are family trees, organizational chars, classification hierarchies, and
directory structures. The figure below shows an inheritance tree by Ernst Haeckel {'Stammbaum'in German). Read
also To Draw a Tree by Pat Hanrahan.

i am
“) Click image for larger version

Atree graph is a set of straight line segments (edges) connected at their ends cantaining no closed loops (cycles).
You can alsa call it a simple, undirected, cannected, acyclic graph {ar, equivalently, a connected foresth). A tree with n
nodes has n-1 graph edges. Alltrees are hipardite araphs.

Many trees have a root node and are called rooted trees. Trees without a root node are called free trees.
Subsequently, we will anly consider rooted trees. In rootes trees, all nodes except the root node have anly one parent
node. Modes which have no children are called leave nodes. All other nodes are referred to as intermediate nodes.
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MOTIVATION

The Metwork Wiorkbench [RYWE) project aims oo
dewelop a large-scale network analysis, modelng. and
wisualization cybermfrastructure for biomedical socml
science, and physics research. Users of the FWB
tools and portals will be able to perform reteaork
analysis, modeling, and Wsasbzatian with the most

efzctive algorithms and the best reference
daers available.
MEMU DRIVEN INTERFACE

The WWE tool shawn in the piaddlie has 2 mena-
driven interface. it soppaorts file'dataset load, view,
cameersion, and savwe as well as the selection and
application of diverse preprocessing, analyss,
medeling, and vismkmton algorithms on the lcaded
data. To paide users’ choloes among many and diverss
datazets and algorithme, only algorithms that can read
the currently activated data model are selacable. All
daea enery feeme preside defule vslse, infermatian
on acceptabbe value ranges, instantaneous feedback if
1 valug 18 et of range, 38 wall 1 hep.

WYORE, LOG TRACKING MODULE

The seqeence of steps performed by 2 weer such as
wiat fis i3 lcaded or yved, what algneehm i
with what parametrers, as well as preference changes
ar e fuggged, Thee lugg is displayed in e console sl i
also sawed as 2 record m a log filke Error logs are
wved in m 3eparate file and oan be utliced s

bug reports

SCHEDULER

A pcheduber ks users run algerithme as a3 partiodar
dare and tme avd in 2 spexified sequence. This is
partirslarky valinhls fne sompraticrally demandieg
jobs, The number and type of algorithens that run in
series ar in parallel & only restncted by the amount
of memary and processing power pailble, At any
pOInt in tme, users can see all oureraly scheduled or
running processes, monior their progress, or changs
the sequence of algorichms scheduled

for exmostion,

ACKNOWLEDGMENTS
The MWE cyberinfrasctrocture i
supported in part by the 3ist Contury -
Furd and the Maticoral Science -

Faundation under Laants
Mo, B5-02 38261 and 15-051 3650,
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Universicy of Matra Dama

Dir. Santiage Schnell

D Alessandro Vesplgnani

Dir. Stanbey YWasserman

D Erfe A. Warnert

Indiana Univarsicy

FROJECT MAMAGER

Wisixia (Bonnie) Huang
{ aangsiirel i)
Indiare Linkarsty

DEVELOPERS

Bruce Herr

Ben Markines

Santo Formwmato
nediana niversity
Cesar A, H, Rarmacioti
Linreersity of Motre Dame

Frpe—
7 =
H NwB (BEX]
R R e e
iioat vodek =E—
= rgeaa ek 2, g s VB aie T WaSVUEARS R orwa K SORIES: =T e
[ T —
b ) it sk s
aabasi bt Modeling was selscted.
ot inlemerisay Sss Forura
e sko: AL Beaboe R, Aber (139, margerce of scalng 1 andom ek’ ceres, 06503512 e
Eecumiatin i e

Scienc

Edpreferences BEX]
pa et v]  Emors and Logging e

vl e

General VG I how AlErrors on Corsola

— crosevvintons | B8] ot i 0,
Eor Logfle Drectory: [Crappsitwibiogs  srowss
User Logfie Sae Limit () [
Error Logfile Stz Lt (b): L
Maximum number of user g fles okeep: [0

o v [0

&Kamada-Kawai Layout

i Schedler
St | Femes o Lo | I Remore completed ot

) UndrectedkNL  complele  compite

& Radial Graph Visualization

WISIT: httpfmwh slis.indiana.edu

DATA MAMAMGEMENT

The NWE tool defines a generic, efficent FWE data
format which supports the storage of milkon node
graphs. Lising the MYWE persisber plug-in, the tool can
boad, view, and save a networds fromito a MWWE daia
format file. Althaugh the MW B data model is the
fundamrental data structure, other data modeks. such as
thee Prefuse Graph model and Matrix model, ard the
persisters that Fandle those corresponding daca formas
can be easily developed and integrated into the NS
ool by following MAWE data templanes.

Several data model converiers have been developed to
conduct: the transformation between diverss data
models, This facilitates the pipelne of data modeling,
analysis, and wisualization even though algorithms might
requirs wery dfsrent data mosdels for input and outpat.
For examphe, a converter plugein that transforms. the
M¥E model to the Prefese Graph model bas been
developed so that users can use the Radial Graph and
Foree Directed Layout alporithme provided by the
Profuse lbrary to vinaloe the network dataset originally
siuned in Uve FWE Jata nonsal.

ALGORITHM IMTRGRATION

A major computer sence challenge is the desslopment
of an algerithm imtagratien frame=ork that supperts the
easy imtegrackon and disseminatihon of existing and new
alprithms. The WWR itiizes the CEhell snitware
architecture originally developed in the Information
Vimmbzation Cybarinfrastructure [IVC)

[herpediresdis. mdanaedu) o facibitare the asy phag and
phry of diverse dlgorithms, ¥While ClShel] 15 written in
A it supports the integration of algorichms written in
ocher prograrmming languages. &g in Cov or
FORTHAM. I practice, 2 pre-=complled algorithm reeds
to be wrapped as a plag=n that implements basic
imtertaces delined in the LEhel Lore AP, Lstferent
temrplates are pvaifable to faclitate the ntepration of
HErSE Hgorithms It che PWYE. N mast L R
programming is requined to imtegrabe an algorithm as a
vew plugrin, A plugsn desebo e siinply seeds o fil oo
a sequence of forms for oreating a plug-in. export the
plug=in o the inocallution directory, snd then users are
ready to use the new algonthm vl the MY¥B ool
rrarface manu, Drasing frem she IYQ effars VMG and
Prefuse lbraries have been integrated into the MW as
pligene Afror rnnuerting tho penarated MR dasa
mode] inoo JUNG Graph and Prefuse Graph data model,
NWHE users can run JUNG and Prefuse graph lyowts o
miteractreely explore veumlmations of ther networks
MWE also supplies a plug-in that iveckes the XMGrace
application for ploanieg data analysis results




A Workbench for Network Scientists

Network Workbench

Investigators: Katy Borner, Albert-Laszlo Barabasi, Santiago Schnell,
Alessandro Vespignani & Stanley Wasserman, Eric Wernert

|

Software Team: Team Lead: Weixia (Bonnie) Huang
Software Developers: Bruce Herr & Ben Markines
Algorithm Developers: Santo Fortunato & Cesar Hidalgo

Goal: Develop a large-scale network analysis, modeling and visualization
toolkit for biomedical, social science and physics research.

Amount: $1,120,926 NSF 1IS-0513650 award.

Duration: Sept. 2005 - Aug. 2008

Website: http://nwb.slis.indiana.edu @
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NWB Tool: Interface Elements

A Warkbench for Netwerk Scientists

Load Data Select Preferences List of Data Models

= O || 8 Data Models

[] /[ T =network file.1

| >clegres.dat.1
>graph-ml-2474.ml

=knn.dat. 1

= T >network fie.2
rdegree.dat2
>clegree_distr. dat
>graph-mh-2476.xml.1

b, http:/ /nwh.slis.indiana.edu
jana.edu

I Barabasi-Albert Madeling was EEIEEG
O n S O e [See aka: "A.-L. Barabasi & R. Albert (1999), "Emergence of scaling in random networks", Sci

Jnce, 286:509-512.

Documentation URL & =]
ttp:/ /wwv.nd.eclu, K icati i I les,/Physics, _Science
i Prefer =]

_ -k Visualize Data
[tvpe fier text_~] Errors and Logging

Errars and Logging

File System T Ghow Critizal Errors on Conole

General IVC T Show All Errors on Cansole
Error Logfile Directary: [Ch\apps\NwBogs  Browse
User Logfile Size Limit (db): 100
Error Logfile Size Limit (kb): 100

Waxirmum number of user log files t keep: [20
Maximum number of errar log files o keep: [20

i scheduler 2

edile (11:4| T Remave completed autor

Algorithm Name [ pate Time
Barabasi Abert Model.. complete  complete
Srmall erld.1 complete  complete

ErdosRandom Graph.1  complete  complete
Page Rark lgorithm. 1 complete  complete
One Point Carrelation1  complete  complete
Directed Degree Distri... complete  complets
Undirectec KNN.1 complete  complete

Schedulet

r— > 4 view61360.txt - Notepad =X
File Edit Format View Help '|
o o : Open Text Files

69 57.1666

3

71 106.4

Had

99,8538
75 100.7692
76 100.5
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List of Algorithms (partially implemented)

A Warkbench for Netwerk Scientists

Modeling Measurement
Random Network Model Edge/Node level
Random node degree
BC value of nodes/edges
Preferential Attachment Algorithms Max flow edge
Barabasi-Albert Model Hub/Authority value for nodes
Dorogovtsev-Mendes-Samukhin Distribution of node distances (Hop plot)
Fitness
Vertices/edges deletion Local (directed and weighted versions)
Copying strategy Clustering Coefficient (Watts Strogatz)
Finite vertex Capacity Clustering Coefficient (Newman)
TARL k-Core Count
Distributions (Plot and gamma, and R"2)
Rewiring algorithms Degree Distributions (in, out, total) (Directed/Total Degree Distribution)
Rewiring based on degree distribution Degree Correlations (in-out, out-out, out-in, in-in, total-total)
Watts Strogatz Small World Model Clustering Coefficient over k
Coherence for weighted graphs
Probability of degree distribution
Structured
CAN Model Global
Chord Model Density . .
Square of Adjacency Matrix
Unstructured Giant Component Motif Identification
PRU Model Strongly Connected Component Page Rank
Hypergrid Model Betweenness Centrality Closeness centrality
Diameter o Reach centrality
Shortest Path = Geodesic Distance Eigenvector centrality
Average Path Length Minimum Spanning Tree
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List of Algorithms (partially implemented)

A Warkbench for Netwerk Scientists

Basic Processes on Networks
Search

k Random-Walk Search

Depth First Search

p-rand Breadth-First Search
P2P

CAN Search

Chord Search

Epidemics Spreading
SIR
SIS

Graph Matching
Simple Match
Similarity Flooding
ABSURDIST

Clustering

Based on Attributes
Hierarchical Clustering
Single Link

Complete Link
Average Link

Ward's Algorithm

Based on Network Structure
Newman Girvan
Clauset-Newman-Moore

Newman

Cecconi-Parisi

Simulated annealing of modularity
Caldarelli

Weak Component Clustering
vanDongen (random walk)

Cfinder (Clique percolation method)
Reichardt, Bornholdt (g-potts model)

Visualization
Distribution

Scatterplot

Histogram

Geospatial

Circle layout
Grid-based
Dendrogram

Treemap

Hyperbolic tree

Radial Tree

Sparse Matrix Visualization
Kamada-Kawaii
Fruchterman-Rheingold
Orthogonal Layout
k-core visualization
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A Warkbench for Netwerk Scientists

Demo NWB Tool
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