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National Strategic Computing Initiative (NSCI)
NSCI is a whole-of-nation effort to accelerate scientific discovery and 
economic competitiveness by maximizing the benefits of high-performance 
computing (HPC) research, development, and deployment.

NSCI aims to address five strategic objectives:
1. Accelerate delivery of a capable exascale computing system,
2. Increase coherence between technology for modeling/simulation and data 

analytics,
3. Establish a viable path forward in the "post-Moore's Law" era,
4. Increase the capacity and capability of an enduring national HPC ecosystem, 

and
5. Develop U.S. government, industry, and academic collaborations to share 

the benefits.

The NSCI Strategic Plan was made public in July 2016:
https://www.whitehouse.gov/sites/whitehouse.gov/files/images/NSCI%20Strategic%20Plan.pdf

2

https://www.whitehouse.gov/sites/whitehouse.gov/files/images/NSCI%20Strategic%20Plan.pdf


STEAM Observatory: Data Mining, Modeling, and 
Visualization in Support of Smart Decision Making 
The STEAM Observatory will advance computational models and 
visualizations of STEM data (HPC usage, publications, patents, funding, 
clinical trials, stock market, social media) to help explore questions such 
as: 
• What jobs will exist in ten years and what career paths lead to 

success? 
• Which types of institutions will likely be most innovative in the future? 
• How will the higher education cost bubble burst affect these 

institutions? 
• What funding strategies have the highest return on investment? 
• How will changing demographics, alternative economic growth 

trajectories, and relationships among nations impact answers to these 
and other questions? 
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STEAM Observatory cont. 
The initial STEAM Observatory might have three major research thrusts: 
• Modelling and Visualization of Complex Systems
• Communicating and Optimizing the Internet of Things
• STEAM Education and Workforce Development 

All three are supported by a common theoretical and computational core 
• Developing Enabling Theory and 
• Cyber-Physical High-Performance Infrastructure.

Instead of using powerful telescopes for observing the planets and stars; 
STEAM Observatory will provide easy access to continuously evolving 
datasets and software artifacts running on HPC infrastructures that are 
optimized for analyzing, modelling, and visualizing STEAM data—
transforming the way experts and the public see, learn, and act. 
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Next
• Current Work & Visions of The Future
• Maps & Macroscopes
• Interactive Visualizations of (NIH/NSF) Infrastructure Impact
• Visualizing the Internet of Things (IoT)
• Challenges & Opportunities
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Science & Technology vs. Education/Training vs. Jobs

Need to study the (mis)match 
and temporal dynamics of 
S&T progress, education and 
workforce development 
options, and job 
requirements.

Challenges:
• Rapid change of STEM 

knowledge
• Increase in tools, AI
• Social skills (project 

management, team 
leadership)

• Increasing team size

Katy Börner, Olga B. Scrivner, Xiaozhong Liu, Indiana University

Programming
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Science & Technology vs. Education/Training vs. Jobs

Study results are needed by:
• Students: What jobs will exist in 1-4 years? 

What program/learning trajectory is best 
to get/keep my dream job? 

• Teachers: What course updates are 
needed? What curriculum design is best? 
What is my competition doing? How much 
timely knowledge (to get a job) vs. forever 
knowledge (to be prepared for 80 
productive years) should I teach? How to 
innovate in teaching and get tenure?

• Employers: What skills are needed next 
year, in 5 years? Who trains the best? What 
skills does my competition list in job 
advertisements? How to hire/train 
productive teams?

What is ROI of my time, money, compassion?

Katy Börner, Olga B. Scrivner, Xiaozhong Liu, Indiana University



Science Forecast 
S1:E1 



Science Forecast 
S1:E1 

https://www.youtube.com/watch?v=lByX2_eb_QQ

https://www.youtube.com/watch?v=lByX2_eb_QQ





Maps of  Science & Technology

Using large scale datasets, advanced data mining and visualization techniques, and 
substantial computing resources. 



III.5 Science & Technology Outlook: 2005-2055 – Marina Gorbis, Jean Hagan, Alex Soojung-Kim Pang, and David Pescovitz - 2006



III.5 Science & Technology Outlook: 2005-2055 – Marina Gorbis, Jean Hagan, Alex Soojung-Kim Pang, and David Pescovitz - 2006



Stream of Scientific Collaborations Between World Cities - Olivier H. Beauchesne - 2012



IV.5 Examining the Evolution & Distribution of Patent Classifications - Daniel O. Kutz, Katy Borner, and Elisha F. Hardy - 2004



III.6 113 Years of Physical Review - Bruce W. Herr II, Russell J. Duhon, Elisha F. Hardy, Shashikant Penumarthy, and Katy Börner - 2006



http://stateofinnovation.com/2016-citation-laureates

http://stateofinnovation.com/2016-citation-laureates


V.6 Chemical R&D Powers the U.S. Innovation Engine - The Council for Chemical Research - 2009



MAPS 
vs. 
MACROSCOPES
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Microscopes & Telescopes vs. MACROSCOPES



Iteration XI (2015): Macroscopes for Interacting with Science
http://scimaps.org/iteration/11



Earth – Cameron Beccario



AcademyScope – National Academy of  the Sciences & CNS



Mapping Global Society –Kalev Leetaru



Iteration XII (2016): Macroscopes for Making Sense of  Science
http://scimaps.org/iteration/12



Smelly Maps – Daniele Quercia, Rossano Schifanella, and Luca Maria Aiello – 2015



Megaregions of  the US –Garrett Dash Nelson and Alasdair Rae – 2016



FleetMon Explorer – FleetMon – 2012



Maps of Science & Technology 
http://scimaps.org

100 maps and 12 macroscopes by 215 experts on display at 354 venues in 28 countries. 

http://scimaps.org/


Register for free: http://ivmooc.cns.iu.edu. Class started Jan 9, 2018.

http://ivmooc.cns.iu.edu/
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Interactive Visualizations of  
(NIH/NSF) Infrastructure Impact

Using large scale datasets, advanced data mining and visualization techniques, and 
substantial computing resources. 
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XDMOD Sankey Diagram

This Sankey diagram displays the relationship between IT resources, funding agencies, and publications. Line width indicates 
number of dollars awarded. 40



XDMOD Co-PI Visualization
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ERC Visualizations: Upload a Bibtex File 
https://nanohub.org/erc-citations
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ERC Co-Author Networks 
https://nanohub.org/erc-citations
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ERC Co-Author Network Geomap
https://nanohub.org/erc-citations
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ERC Science Map  
https://nanohub.org/erc-citations
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ECON Hex Map of Science with HITS Metrix
demo.cns.iu.edu/client/econ-hexmap
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Hex-style rendering of the UCSD map of science allows for easier investigation of metric bars within each hexagon node. This Interactive
map allows the user to hover over a discipline label to highlight all its subdisciplines, and also hover over a subdiscipline to see all
subdisciplines it is connected to.

http://demo.cns.iu.edu/client/econ-hexmap/
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NIH Twitter Network
demo.cns.iu.edu/client/iai/twitter.html

http://demo.cns.iu.edu/client/iai/twitter.html


Visualizing the Internet of  Things (IoT)

Using large scale datasets, advanced data mining and visualization techniques, and 
substantial computing resources. 

Work by Philip Beesley | www.philipbeesley.ca | www.lasg.ca

http://www.philipbeesley.ca/
http://www.lasg.ca/


Sentient Chamber, National Academy of Sciences, Washington, D.C. (2016) 
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Come join us for 
• April 9-12, Luddy Hall Opening 
• April 12-13, Research Horizons. 

2016 pictures, slides, videos are at  
https://researchhorizons.soic.indiana.edu

https://researchhorizons.soic.indiana.edu/


Intelligent Systems Engineering Summer Camps

2017 Info: http://camps.engineering.indiana.edu
Dendrites: http://cns.iu.edu/camps.html

2017 Student-Teacher Team

Dendrite

http://camps.engineering.indiana.edu/
http://cns.iu.edu/camps.html


Challenges & Opportunities

For using large scale datasets, advanced data mining and visualization techniques, 
and substantial computing resources. 



Government, academic, and industry 
leaders discussed challenges and 
opportunities associated with using 
big data, visual analytics, and 
computational models in STI 
decision-making.

Conference slides, recordings, and 
NSF Report are available via 
http://modsti.cns.iu.edu/report

http://modsti.cns.iu.edu/report


STEAM Observatory Challenges

• Fundamental Research: Few models scale and are validated using 
large-scale empirical data.

• Applied Research: Few models are production-strength, i.e., validated, 
well documented, 24/7 services. Few active partnerships among 
academia, government, and industry exist.

• Cyberinfrastructure: Unconnected silos of data and code repositories 
exist in different areas of science. Scholarly results are published in 
many different areas of science.

• Education: There is a need for improved “model literacy” and for a 
community of teachers/students that share data, code, results, 
training materials, etc. 

• Outreach: Scientists need to be more actively involved in 
communicating with the public and engaging with other communities. 

Details are in NSF Report at http://modsti.cns.iu.edu/report
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STEAM Observatory Opportunities 
• Model Needs and Implementation: Successful modeling requires close 

collaboration and active partnership between (policy) decision makers and 
researchers to ensure the usefulness of the models and increase the chances 
for their adoption. 

• Data Infrastructure: Data quality, coverage, and richness are improving 
rapidly and support the design and validation of detailed models. Easy access 
to relevant data supports reproducibility. Many high-quality datasets are 
held by industry or government, hence close academia-industry-government 
partnerships are desirable. 

• Code Repository and Standards: Need to define and adopt modeling 
guidelines and standards, create shared data and model code infrastructure. 

• Visualization and Communication of Modeling Results: Communicate data 
quality, model complexity, and modeling results clearly to different 
stakeholders. Have decision makers “fly the future before writing a check.” 

• Funding: Modeling needs increase with reduction of budgets, exponential 
growth of scientific productivity, larger team sizes, and higher 
interdisciplinarity. 
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All papers, maps, tools, talks, press are linked from http://cns.iu.edu
These slides are at http://cns.iu.edu/presentations.html

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