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Many of the best micro-, tele-, and macroscopes are designed by scientists
keen to observe and comprehend what no one

has seen or understood before. Gaiieo Galilei (1564-1642)

recognized the potential of a spyglass for the study of the heavens, ground and
polished his own lenses, and used the improved optical instruments to make
discoveries like the moons of Jupiter, providing quantitative evidence for the
Copernican theory.

Today, scientists repurpose, extend, and invent new hardware and software to

€< )
create . JN1ACTOSC OP €S that may solve both local and

global challenges.

The tools I will show you today emp OWET me, my students, colleagues,
and 100,000 others that downloaded them.
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Decision making in science, industry, and politics, as well as in daily life, requires that we
make sense of data sets representing the structure and dynamics of complex systems.
Analysis, navigation, and management of these continuously evolving data sets require a new
kind of data-analysis and visualization tool we call a macroscope (from the Greek macros, or
“great,” and skopein, or “to observe”) inspired by de Rosnay’s futurist science writings.

Macroscopes provide a “vision of the whole,” helping us “synthesize” the related elements
and enabling us to detect patterns, trends, and outliers while granting access to myriad
details. Rather than make things larger or smaller, macroscopes let us observe what is at
once too great, slow, or complex for the human eye and mind to notice and
comprehend.

Microscopes Telescopes Macroscopes




Goal of This Talk

Inspire computer scientists to implement software frameworks that

empower domain scientists to assemble their own continuously evolving
macroscopes, adding and upgrading existing (and removing obsolete) plug-ins to arrive at a
set that is truly relevant for their work—with little or no help from computer scientists.

While microscopes and telescopes are physical instruments, INACTOSCOPES

resemble continuously changing bundles of software plug-ins.
Macroscopes make it easy to select and combine algorithm and tool plug-ins but also
interface plug-ins, workflow support, logging, scheduling, and other plug-ins needed for
scientifically rigorous yet effective work.

They make it easy to share plug-ins via email, flash drives, or online. To use new plugins,
simply copy the files into the plug-in directory, and they appear in the tool menu ready for

use. No restart of the tool is necessary. Sharing algorithm components,
tools, or novel interfaces becomes as easy as sharing images on
Flickr or videos on YouTube. Assembling custom tools is as
quick as compiling your custom music collection.

Different datasets/formats.
Diverse algorithms/tools written in
many programming languages.
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Related Work

Google Code and SourceForge.net provide special means for developing and distributing software

> In August 2009, SourceForge.net hosted more than 230,000 softwate projects by two million
registered users (285,957 in January 2011);

> In August 2009 ProgrammableWeb.com hosted 1,366 application programming interfaces (APIs)
and 4,092 mashups (2,699 APIs and 5,493 mashups in January 2011)

Cybermfrastructures serving large biomedical communities

Cancer Biomedical Informatics Grid (caBIG) (http://cabig.nci.nih.gov)
Biomedical Informatics Research Network (BIRN) (http://nbirn.net)

Informatics for Integrating Biology and the Bedside (i2b2) (https://www.i2b2.01g)
HUBzero (http://hubzero.org) platform for scientific collaboration uses

myExperiment (http://mvexperiment.org) supports the sharing of scientific workflows and other
research objects.

Missing so far is a common Standard for

> the design of modular, compatible algorithm and tool plug-ins (also called
“modules” or “components”)
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»  that can be easily combined into scientific workflows (“pipeline” or “composition”),
> and packaged as custom tools.

» CIShell (http://cishell.org) is an open source software specification for the integration
and utilization of datasets, algorithms, and tools.

» It extends the Open Setvices Gateway Initiative (OSGi) (http://osgi.org), a
standardized, component oriented, computing environment for networked services
widely used in industry since more than 10 years.

» Specifically, CIShell provides “sockets” into which existing and new datasets,
algorithms, and tools can be plugged using a wizard-driven process.
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i CIShell Developer Guide
‘.’C I S h el l (bttp:/ [ cishell.wiki.cns.in.edn)
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&1 Added by Micah Linnemeier, last edited by Micah Linnemeier on Mar 16, 2011 (view change)

About the Cyberinfrastructure Shell Learn More...
The Cyberinfrastructure Shell (CIShell) is an open source, community-driven platform for the = CiShell Papers
integration and utilization of datasets, algorithms, tools, and computing resources. Algorithm + CiShell Powered Tools
integration support is built in for Java and most other programming languages. Being Java based, * Alm .
it will run on almost all platforms. The software and specification is released under an Apache 2.0 * '_ n n nl
License. isc. Toal mentation
= ClShell Web Senvices (coming soon)
ClShell is the basis of Network Workbench, TexTrend, Sci® and the upcoming EpiC tool. « Screenshots

ClIShell supports remote execution of algorithms. A standard web service definition is in
development that will allow pools of algonthms to transparently be used in a peer-to-peer, client- Getting Started
server, or web front-end fashion. o

. mentation rR I

ClIShell Features

Getting Involved...
A framework for easy integration of new and existing algorithms written

in any programming language » Contact Us

Using CIShell, an algorithm writer can fully concentrate on creating their own algorithm in whatever
language they are comfortable with. Simple tools are provided to then take their algorithm and
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g.'c I S hel l CIShell Portal (http://cishell.org/home.html)
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CIShell Powered

——— 'Tools Portal

Cyberinfrastructure Shell (CI1Shell) 3
Clshcll supw!s the plug- mé plar of datasets and Visit the CIShell w{kl

and their b tom tools that
serve the specific needs of a user ;mupwrmauh pojeR MOl e aboULERDD
. community. It has been applied to develop diverse
custom tools, see below. Feel free to take plugins from
any of these tools to design your personal dream tool.

ClShell as a platform
for your tool!

Provided by the Cyberinfrastructure for Network Science CenteratIndiana University.

Learn more about existing CIShell-powered tools below.

Network Workbench 'Ton] (N w B)

The NWE Tool supports yand p iti int ted in the study of
biomedical, social and bchauon] seience, phn:cs, al\d other networks, It comes with a g7-
page usar manual.
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Science of Science Tool (Sci)

The Sci® Tool was specifically developed for science policy mahts and researchers that
study science by scientific means. It supp the ternporal, geospatial, topical, and
network analysis and visualization of scholarly datasets at the miero (individual), meso
(local), and macro (global) levels, There exists & 133-page user manual and 24 hours of
NIM tutorials in this teol.




Science of Science Cyberinfrastructures

~alx Scholarly Database: 25 million scholatly records
o http://sdb.slis.indiana.edu

g»%;% VIVO Research Networking
& http:/ /vivoweb.org

= Information Visualization Cyberinfrastructure
.
Sy http://iv.slis.indiana.edu

7 @‘x Network Workbench Tool & Community Wiki
- http://nwb.slis.indiana.edu

s; Science of Science (Sci?) Tool and CI Portal
" http://sci.slis.indiana.edu

5»”%% Epidemics Cyberinfrastructure
&S http://epic.slis.indiana.edu/

- T 0SGi

Alliance 4k 1

NetWOI'k Workbench TOOl i Downloads for NWB Tool Releases
m http://nwb.slis.indiana.edu i 4

| Cumslstive Total of Downlosds

89,559

The Network Workbench (NWB) tool
supports tesearchers, educators, and
practitioners interested in the study of
biomedical, social and behavioral science,

!Hom People Rezearch Publications

physics, and other networks.
In February 2009, the tool provides more 169 | summany
Network Waorktiench: A Large-Scale Networ 1o 000

plugins that support the preprocessing, SV, and Operts 3 Uriaue GrEAReD|

: : : : : scale network analysis, modeling, and visual
analysis, modeling, and visualization of (NWB). The ermvisioned data-core. computil

more A
networks. How to cite this project ol ) - pr—
Dec-o6 Dec-o7 Dec-o8 Decog  Augto
More than 50 of these plugins can be Wawes & \piitas 03 W 07+ post
applied or were specifically designed for " niwiagca Recoorch s Creatie Aciy 3 v0.4 W 08+ pre
. (websag accessed S109) L "
S&T studies. W vos W 09+ pre
" 32100100 beth & Released W 0.6 B v.1.0.0 + pre
« 1.23.09 Ann Mcranie's fulorial abstract for 5 ——
2008 I Total # of Downloads
It has been downloaded mote than 110,000 * 11408 Two WA Pis estred o “Comecli=Ti Getin
) ’ Power of Six Dearess.” . Maria Talas, See more documentation
Director. Australian Broadcasting Cofporation, Lid

times since December 20006. e g S

Herr 11, Bruce W., Huang, Weixia (Bonnie), Penumarthy, Shashikant & Birner, Katy. (2007). Designing Highly Flexible and Usable
Cyberinfrastructures for Convergence. In Bainbridge, William S. & Roco, Mihail C. (Eds.), Progress in Convergence - Technologies for Human

Wellbeing (Vol. 1093, pp. 161-179), Annals of the New York Academy of Sciences, Boston, MA.
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Forgot your password?

To recover your sccount password, please visit our password recavery page

Not registered yet?

Register now

Katy Borner (2010) Science of Science Research and Tools (12 Tutonials). Reporting Branch, Office of Extramural Research/Office of the Director, Nahonal

Tuterials
Institutes of Health, Bethesda, MD

Secott Weingart,
Biberstine (2010
Science, Indiana Tutonal #01: Science of Science Research

Tutonal #02: Network Science / Information Visualization
Tutonal #03:

Tutorial #04: Tes

Tutonal #05: Geospatial A nd Mapping
Tutonal #06: Topical Ana i apping
Tutonal #07: Tree Analysis and Visualization
Tutonal #08: Network Analysis and Visualization
Tutorial #09 d ¥
Tutonal #10

Tutonal #11: VIVO National Researcher Networking
Tutonal #12: Future Developments

bhitp:/ [ sci2.cns.in.edn
bhitp:/ [ sci2.wiki.cns.iu.edn

ization

Geetha Senthl (2010). Multidisciplinary Nature of Work With Reference to PIs and 1Cs Within a Portfolio. PA Group at NIH

NIH Office of Extramural Research and Katy Bomer (2010) Network Visualizations Using SPIRES Data and the Sci2 Tool. Office of Extramural

Research at NIH

Type of Analysis vs. Level of Analysis

Micro/Individual
(1-100 records)

Meso/Local
(101-10,000 records)

Macro/Global
(10,000 < records)

Statistical

Individual person and

Larger labs, centers,

All of NSF, all of USA,

Analysis/Profiling | their expertise profiles | universities, research | all of science.
domains, or states

Temporal Analysis | Funding portfolio of Mapping topic bursts | 113 Years of Physics

(When) one individual in 20-years of PNAS | Research

Geospatial Analysis | Career trajectory of one | Mapping a states PNAS Publications

(Where) individual intellectual landscape

Topical Analysis Base knowledge from Knowledge flows in | VxOrd/Topic maps of

(What) which one grant draws. | Chemistry research NIH funding

Network Analysis
(With Whom?)

NSF Co-PI network of
one individual

Co-author network

NSF’s core competency
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S8 Sci? Tool — “Open Code for S&T Assessment”

Jaint Co-Authorship Network
p

OSGi/CIShell powered tool with NWB plugins and
many new scientometrics and visualizations plugins.
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Borner, Katy, Huang, Weixia (Bonnie), Linnemeier, Micah, Duhon, Russell Jackson, Phillips, Patrick, Ma, Nianli, Zoss,
Abngela, Guo, Hanning & Price, Mark. (2009). Rete-Netzwerk-Red: Analyzing and 1 isualizing Scholarly Networks
Using the Scholarly Database and the Network Workbench Tool. Proceedings of ISST 2009: 121h International Conference
on Scientometrics and Informetrics, Rio de Janeiro, Brazil, July 14-17 . 1ol. 2, pp. 619-630.
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e Sci® Tool
hitp:/ [ sci2.iki.cns.in.edn

W% Scif Tool

File Preprocessing Modeling Analysis [Visualization | Sci trics  Help

GUESS
‘Welcome to the Science of Science Tool (Sci GnuPlot :
The development of this tool is supported in - 3
Network Science center and the School of Li Radial Tree/Graph (prefuse alpha) Geo Maps o
|Indiana University, the National Science Foul i

Radial Tree/Graph with Annotation (prefuse beta)
and [5-0715303, and the James 5. McDonnel

Cyberinfrastructure portal (http://scislisind Tree View (prefuse beta) ) L
Tree Map (prefuse beta) — "

The primary investigators are Katy Bomer, In ; e e oy AT T

SciTech Strategies Inc. The Sci® tool was devi force Directed with il pxta)

J. Duhon, Patrick A. Phillips, Chintan Tank, a| Fruck Reingold with Annotation (prefuse beta) ‘
Cyberinfrastructure Shell (http:f/cishell.org)
for Network Science Center (http:ffens.slis.in Dl (VacOrd)

=

Many algorithm plugins were denved from ¢ . =

(http:finwhb.slis.indiana.edu). Specified (prefuse beta) // N &
Please cite as follows: ormonial Une Biapy // \\'\
Sci® Team. (2009). Science of Science Tool. Ir Circular Hierarchy /

| Strategies Inc., http:fiscislis.indiana.edu.
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Welcome to the EpiC tool, which supports the

el

C Tool

The EpiC project (http://epic.slis.indiana.edu) is supported in part by the NIH RM-07-004 award. The
primary investigators are Dr. Katy Bérmer Dr. Alessandro Vespignani, and Dr. Jim Sherman.

lysis, and visualization of epidemic processes. =
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Edit compartmental model

Create a compartmental model

& Scheduler|

1 Remove co

Single-Population

Exact

Network

‘ ! Algorithm Name

@SR ceven  © CI5hel Powered

Create an R Instance had Parameter |

Run Rgui

Import Table Into R

Export Table From R
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Converters

Common algorithm/tool pool |
Easy way to share new algorithms
Workflow design logs

Custom tools
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OSGi/CIShell Adoption

CIShell/OSGi is at the cote of different CIs and a total of 169 unique plugins are used in the
- Information Visualization (http://iv.slis.indiana.cedu),

- Network Science (NWB Tool) (http://nwb.slis.indiana.edu),

- Scientometrics and Science Policy (Sc¥ Tool) (http://scislis.indiana.edu), and

- Epidemics (http://epic.slis.indiana.edu) research communities.

Most interestingly, a number of other projects recently adopted OSGi and one adopted CIShell:

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). Bruce visits Mike Smoot in 2009

Taverna Workbench (http://taverna.sourceforge.net) lead by Carol Goble, University of Manchester, UK
is a free software tool for designing and executing workflows (Hull et al., 2006). Taverna allows users to
integrate many different software tools, including over 30,000 web setvices. Micah, June 2010

MAEVviz (https:/ /wiki.ncsa.uiuc.edu/display/MAE/Home) managed by Shawn Hampton, NCSA is an
open-source, extensible software platform which supports seismic risk assessment based on the Mid-
America Earthquake (MAE) Center research.

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.
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: . ; Macroscopes for Kids: Learning Objectives

>

Read Charts/Maps

» Distinguish different data sources, types, amounts
» Understand different reference systems

» Understand distortion/projection

» Read visual languages

Make Charts/Maps — a la http://makezine.com but hands-on

» Identify type of analysi(s) and level(s) of analysis
» Design and execute workflows
» Invent effective visual languages

» Deploy (ptint, bring online)

Employ READ<->MAKE feedback loop and have fun with both!




Type of Analysis vs. Level of Analysis

Micro/Individual
(2-100 records)

Meso/Local
(101-10,000 records)

Macro/Global

(10,000 < records)

Statistical
Analysis/Profiling

Temporal Analysis
(When)

Geospatial Analysis
(Where)

Topical Analysis

(What)
Network Analysis P
(With Whom?) e Te
B 'l.:-:.
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Workflow Design
(selecting Datasets, Algorithms and Parameters)
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Macroscopes for Kids

Data Preprocessing Analysis Layout Interactivity Interactivity

News
EurekAlert!
Nature News

Jobs
Monster
Nature Jobs

Wikipedia
Page Edits
Page Hits

DBPedia

Macroscope will empower children and others to

* Select one or many live data streams and/or static datasets, e.g., Wikipedia and DBPedia,

* Preprocess data, e.g, to delete, filter, merge, extract networks, search data.

* Analyze data, e.g,, to compute node and edge properties, identify bursts and clusters.

* Layout data using different reference systems, e.g,, tables, charts, circular layout, network,
geospatial maps, or science maps.

Body

Macroscopes for Kids

Macroscope will empower children and other s to

* Sclect a data record (e.g., rendered as dot in a scatter plot, dot on a map, or a node in a
network) and to search for all other nodes with similar attributes and to request a change of
their color, size, shape, or other visual attributes.

* Manipulate the layout, e.g,, to sort tables, to change chart axes from linear to log scaling,
change cartographic projections.

* To zoom and pan, filter, and request details, e.g;, to open a Web browser with the page
loaded.

At any moment in time, the complete workflow (currently active datasets, applied

preprosessing, analyses, layouts, automatically compiled legend) is visible to facilitate learning

and memorization of dataset, algorithm, and parameter choices and their impact on the design

of meaningful visualizations.

In ‘attractor mode’, i.e., no user input, the Macroscope will use a default workflow to show
one out of many data streams, e.g,, Wikipedia editing activity or Flickr image downloads
overlaid on a geospatial map. A child, attracted to the visualization might choose to modify the
default workflow or start over and create a new one. We might also provide a library of
precompiled workflows — if the needs assessment suggests that this is useful. Workflows and
data visualizations generated by kids online or at the NYHS can be shared online together with
descriptions of insights gained.
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All papers, maps, tools, talks, press are linked from http://cns.iu.edu

CNS Facebook: http://www.facebook.com/cnscenter
Mapping Science Exhibit Facebook: http://www.facebook.com/mappingscience
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