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This Talk has Three Parts:

1. Why study the structure and evolution of science? 

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 & Börner, (2004) Won 1st price at the IEEE InfoVis Contest.
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Mapping Indiana’s Intellectual Space

(Ke, Börner & Mei, 2005)

Identify

� Pockets of innovation

� Pathways from ideas to products

� Interplay of industry and academia
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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Kevin W. Boyack & Richard Klavans, unpublished work.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Kevin W. Boyack & Richard Klavans, unpublished work.
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"Places & Spaces: Mapping Science""Places & Spaces: Mapping Science"

on display at the NYPL Science, Industry, and Business Library on display at the NYPL Science, Industry, and Business Library 

Madison/34th, New York CityMadison/34th, New York City

April 3rd April 3rd -- August 31st, 2006.August 31st, 2006.
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The Power of MapsThe Power of Maps

Four Early Maps of Our World Four Early Maps of Our World 

VERSUS VERSUS 

Six Early Maps of ScienceSix Early Maps of Science

(1st Iteration of Places & Spaces Exhibit (1st Iteration of Places & Spaces Exhibit -- 2005)2005)



The Power of Reference SystemsThe Power of Reference Systems

Four Existing Reference Systems Four Existing Reference Systems 

VERSUS VERSUS 

Six Potential Reference Systems of ScienceSix Potential Reference Systems of Science

(2(2ndnd Iteration of Places & Spaces Exhibit Iteration of Places & Spaces Exhibit -- 2006)2006)



The Power of ForecastsThe Power of Forecasts

Four Existing Forecasts Four Existing Forecasts 

VERSUS VERSUS 

Six Potential Science Six Potential Science ‘‘WeatherWeather’’ ForecastsForecasts

(3(3rdrd Iteration of Places & Spaces Exhibit Iteration of Places & Spaces Exhibit -- 2007)2007)

? ?

? ?

? ?

? ?
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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, experts, 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 interlinkage.

For Society

� Dramatically improved access to scientific knowledge and expertise.

Science Studies: Opportunities
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1. Why study the structure and evolution of science?

2. What infrastructure is needed to study science?
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Related Work

Analyzing, Modeling,

and Mapping Science

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

101(Suppl_1).

� Börner, 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.

� Börner, Katy, Sanyal, Soma and Vespignani, 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.
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Process of Analyzing and Mapping Science

Börner, Chen & Boyack.. (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.

, Topics, Topics, Topics, Topics
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Data – Solve Interoperability Problem

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

Katy Börner. (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.  
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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 CI/tool with exactly the algorithms and datasets s/he needs.

� Adaptability: Provide different UI solutions -- menu driven, script based, customized.



This Talk has Three Parts:

1. Why study the structure and evolution of science?

2. What infrastructure is needed to study science?
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Cyberinfrastructure Shell (CIShell)

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:

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 Börner. 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.



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

CIShell – Technical Details

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

OSGi (http://www.osgi.org) is 

� A standardized, component oriented, computing environment for networked services. 

� Successfully 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 in any OSGi-framework based 
system.

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

Ideally, CIShell becomes a standard for creating OSGi Services for algorithms. Developed 

Tools/CI, e.g., IVC & NWB, provide a reference GUI for underlying services.
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CIShell – Technical Details

CIShell supports the design of highly modular and decentralized system 
architectures comprising a set of OSGi bundles (left) that upon start up instantiate 
a set of OSGI services (right). 

Multiple algorithm services can be registered from one bundle but each algorithm 
has exactly only one associated OSGi service. 
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CIShell – Support for Developers 

and Users 



SEI: Network Workbench: A Large-Scale Network Analysis, Modeling and Visualization 
Toolkit for Biomedical, Social Science and Physics Research. NSF IIS-0513650 award (Katy 
Börner, Albert-Laszlo Barabasi, Santiago Schnell, Alessandro Vespignani & Stanley 
Wasserman, Eric Wernert (Senior Personnel), $1,120,926) Sept. 05 - Aug. 08. 
http://nwb.slis.indiana.edu

CAREER: Visualizing Knowledge Domains. NSF IIS-0238261 award 
(Katy Börner, $451,000) Sept. 03-Aug. 08. 

http://iv.slis.indiana.edu/
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InfoVis Cyberinfrastructure

http://iv.slis.indiana.edu
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IVC Database (http://iv.slis.indiana.edu/db)
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IVC Learning Modules
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Time Series Analysis

Learning Module

http://iv.slis.indiana.edu/l

m/lm-time-series.html
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Visualizing Tree Data

Learning Module

http://iv.slis.indiana.ed

u/lm/lm-trees.html
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Network Workbench

Investigators: Katy Börner, 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 IIS-0513650 award. 

Duration: Sept. 2005 - Aug. 2008 

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

Load Data List of Data Models

Scheduler
Open Text Files

Console

Visualize Data

Select Preferences
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List of Algorithms (partially implemented)

Hypergrid Model

PRU Model

Unstructured

Chord Model

CAN Model

Structured

Peer-to-Peer Models  

Watts Strogatz Small World Model
Rewiring based on degree distribution

Rewiring algorithms

TARL

Finite vertex capacity
Copying strategy

Vertices/edges deletion

Fitness

Dorogovtsev-Mendes-Samukhin
Barabasi-Albert Model

Preferential Attachment Algorithms

Random

Random Network Model
Modeling

Global

Density

Square of Adjacency Matrix
Giant Component

Strongly Connected Component

Betweenness Centrality

Diameter

Shortest Path = Geodesic Distance
Average Path Length

Probability of degree distribution

Distribution of weights

Coherence for weighted graphs
Clustering Coefficient over k 

Degree Correlations (in-out, out-out, out-in, in-in, total-total)

Degree Distributions (in, out, total)  (Directed/Total Degree Distribution)

Distributions (Plot and gamma, and R^2)

k-Core Count
Clustering Coefficient (Newman)

Clustering Coefficient (Watts Strogatz)

Local (directed and weighted versions)

Distribution of node distances (Hop plot) 

Hub/Authority value for nodes
Max flow edge

BC value of nodes/edges

node degree

Edge/Node level

Measurement

Minimum Spanning Tree

Eigenvector centrality

Reach centrality

Closeness centrality

Page Rank
Motif Identification
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List of Algorithms (partially implemented)

Epidemics Spreading

SIR

SIS

Chord Search

CAN Search

P2P

p-rand Breadth-First Search

Depth First Search
k Random-Walk Search

Search

Basic Processes on Networks

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

vanDongen (random walk)

Weak Component Clustering

Caldarelli

Simulated annealing of modularity
Cecconi-Parisi

Newman 

Clauset-Newman-Moore

Newman Girvan

Based on Network Structure

Ward's Algorithm

Average Link

Complete Link

Single Link
Hierarchical Clustering

Based on Attributes

Clustering

ABSURDIST 

Similarity Flooding

Simple Match

Graph Matching
k-core visualization

Orthogonal Layout

Fruchterman-Rheingold
Kamada-Kawaii

Sparse Matrix Visualization 

Radial Tree 

Hyperbolic tree 

Treemap
Dendrogram

Grid-based

Circle layout

Geospatial 

Histogram
Scatterplot

Distribution

Visualization 
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Demo NWB Tool
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