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n  Heterogeneous 
•  Syntactic 
•  Semantic 

n  Dynamic 
•  Spatial and temporal 
•  E.g. social media 

n  Massive 
•  Produced by individuals 
•  Accessible to individuals 
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n  Large-scale 
•  Global coverage 

n  Fine granularity 
•  Individual-level 
•  High-resolution 

n  Distributed access 
•  Interoperability 
•  Privacy 
•  Security 

Theory + Experiment + Computation + ‘Big’ Data  



Integration – Holism 

•  "The whole is more than the sum 
of its parts.“ 
o  By Aristotle in the Metaphysics  

Borromean rings, after Daniel E. Atkins   
Image source: http://www.phy.ornl.gov/theory/dean/RIATG/web_pages/

structure_one_pager.html 
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CIF21 Vision Statement 
 
CIF21 will provide a 
comprehensive, integrated, 
sustainable, and secure 
cyberinfrastructure (CI) to 
accelerate research and 
education and new functional 
capabilities in computational 
and data-intensive science 
and engineering, thereby 
transforming our ability to 
effectively address and solve 
the many complex problems 
facing science and society. 
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CyberGIS Vision 

Wang, S. 2010. “A CyberGIS Framework for the Synthesis of Cyberinfrastructure, GIS, 
and Spatial Analysis.” Annals of the Association of American Geographers, 100(3): 
535-557  
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CyberGIS 

Discovery and Innovation 

Advanced Digital Technologies 

Wang, S. 2013. “CyberGIS: Blueprint for Integrated and Scalable 
Geospatial Software Ecosystems.” International Journal of 
Geographical Information Science, 27 (11): 2119-2121 

Infrastructure 
Middleware 

Portal Gateway Platform 

Service Toolkit Apps 

Cloud 
Grid 
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Grand Challenges & Opportunities 
•  To create and sustain open, scalable, 

and intelligent CyberGIS  
•  CyberGIS is not only about innovating 

infrastructure and systems, but also 
about advancing and transforming 
geospatial research and education in 
the digital age 
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Big Spatial Data 
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TauDEM Workflow 

Collaborative Work by David Tarboton, Yan Liu, Ye Fan, and Shaowen Wang 
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Big Spatial Simulation 

Collaborative Work by Eric Shook and Shaowen Wang 

 
12 



Complex Spatial Decision Making 
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Collaborative Work by Hao Hu, Tao Lin, Yan Liu, Luis F. Rodríguez, and Shaowen Wang 



Collaborative Geospatial Knowledge Discovery 
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NSF SI2-SSI: CyberGIS Project 
$4.43 million, Year: 2010-2015 

Principal Investigator 
–  Shaowen Wang 

Project Staff 
–  ASU: Wenwen Li and Rob Pahle 
–  ORNL: Ranga Raju Vatsavai 
–  SDSC: Choonhan Youn 
–  UIUC: Yan Liu and Anand 

Padmanabhan 
–  Graduate and undergraduate students 

Industrial Partner: Esri 
–  Steve Kopp and Dawn Wright  
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Co-Principal Investigators 
–    Luc Anselin  
–    Budhendra Bhaduri 
–    Timothy Nyerges 
–    Nancy Wilkins-Diehr 

Senior Personnel 
–  Michael Goodchild 
–  Sergio Rey 
–  Marc Snir 
–  E. Lynn Usery 

Project Manager 
–  Anand Padmanabhan 

Chair of the Science Advisory Committee  
–  Michael Goodchild 



Cyber-Environments 
n  Parallel 

o  Used to be regarded as a way for speeding up GIS 
functions and spatial analysis  

o  Now becoming a must for GIS and spatial analysis to be 
built on 

•  Multi- and many-core 
•  GPU (graphics processing unit) 

n  Heterogeneous architecture 
n  Mobile 
n  Distributed 

o  Service-oriented 
o  Clouds 

 
16 



• Nearly 27,000 compute nodes and 
more than 4,000 graphics processing 
unit accelerators  

• More than 1.5 petabytes of memory 
• More than 25 petabytes of disk storage 
• Up to 500 petabytes of tape storage  
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CyberGIS for What and Whom? 

CyberGIS 
Gateway 

CyberGIS 
Toolkit 
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CyberGIS Communities 
•  Science and Technology Communities 

•  Advanced cyberinfrastructure 
•  Climate change impact assessment 
•  Emergency management 
•  Geographic information science 
•  Geography and spatial sciences 
•  Geosciences 
•  Social sciences 
•  Etc.  

•  User Communities 
•  Biologists 
•  Geographers 
•  Geoscientists 
•  Social scientists 
•  General public 
•  Broad GIS users 
•  Etc. 
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Image source: http://blogs.esri.com/esri/arcgis/2013/10/01/what-is-cybergis/  
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www.opensciencegrid.org  

www.xsede.org  http://lakjeewa.blogspot.com/
2011/09/what-is-cloud-

computing.html  

Integrated Digital and Spatial  Studies 

CyberGIS 
Toolkit 

CyberGIS 
Gateway 

GISolve 
Middleware 
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www.ncsa.illinois.edu/
BlueWaters/  



Spatial Computational Principles/Theories 

n  Spatial 
•  Distribution 
•  Dependence 
•  Heterogeneity 
•  Integration 
•  Representation 
•  Uncertainty 
•  Etc. 

n  Computational 
•  Complexity vs. intensity 
•  Uncertainty vs. validity 
•  Performance vs. reliability 
•  Etc.  

SC
A

LE 
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•  Curriculum and pedagogy 
•  Partnerships 
•  Open ecosystems 
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Vision 

Computing- and 
Data-Intensive 
Applications 
and Sciences 

Geospatial 
Sciences and 
Technologies 

CyberGIS 
Advanced 

Cyber-
infrastructure 

Discovery & Innovation 

Advanced Digital Technologies 
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Thanks! 
•  Comments / Questions?  

•  Email: shaowen@illinois.edu 
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