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	EDUCATION/TRAINING  (Begin with baccalaureate or other initial professional education, such as nursing, and include postdoctoral training.)

	INSTITUTION AND LOCATION
	DEGREE

(if applicable)
	YEAR(s)
	FIELD OF STUDY

	Indian Inst. Of Tech., Kanpur, India
	B.S.
	1985
	Computer Science

	University of California, Berkeley
	M.S.
	1987
	Computer Science

	University of California, Berkeley
	M.S.
	1989
	Business Administration

	University of California, Berkeley
	Ph.D.
	1990
	Computer Science


A. Positions and Honors.

Positions and Employment

1989-1995 


Asst. Professor, University of Minnesota, Minneapolis, MN

1995-2000 


Assoc. Professor, University of Minnesota, Minneapolis, MN

2001-present 


Professor, University of Minnesota, Minneapolis, MN

2005 – 2007


Director, Army High Performance Computing Research Center, University of Minnesota

2005-present


Distinguished McKnight Univ. Professor, Univ. of Minnesota, Minneapolis, MN 
Other Experience and Professional Memberships

1995-2007 
Participated in Army High Performance Computing Research Center

1996
Program co-chair of the ACM International Workshop on Advances in Geographic Information Systems
1997-present 
Supervised more than two dozen undergraduate students from historically black colleges in Army High Performance Computing Research Center annual summer workshops, NSF Research Experience for undergraduates and Undergraduate Research Opportunity Program (UROP)

2003-2004
Member, the editorial boards of IEEE Transactions on Knowledge and Data Engineering and the IEEE-CS Computer Science & Engineering Practice Board

2003-present
Invited keynote speaker on spatial data mining at many forums, e.g., ISPRS Workshop on Spatio-Temporal Data Mining (2011), ESRI Space-Time Modeling Workshop (2010), IBM T.J. Smarter Planet summit (2009), NSF DIMAC Workshop on Discrete Mathematical Problems in Computational Biomedicine (2007); IEEE ICDM Intl. Workshop on Spatio-temporal Data Mining (2006), International Symposium On Spatial and Temporal Databases (2005), ISPRS Intl. Symposium on Spatial Data Mining (2005), Brazilian National Geo-Info Conference (2005), International Conference on Geographic Information Science (2004), SAS data mining conference (2003), etc.
2003-2004
Member of the Board of Directors of University Consortium of Geographic Information Systems (UCGIS)

2004-2010
Member of the Mapping Science Committee, National Research Council, 


National Academy of Sciences
2005 
Member of the National Geo-Spatial Intelligence Agency’s Geo-Knowledge Base


prototype interim review panel (organized via Rand Corporation)
2005-2006 Member of NRC MSC Committee to review Basic and Applied Research Priorities at National Geo-spatial Intelligence Agency (NGA)
2006-2007
Member DARPA/IXO Model the Planet panel to define hard research problems of interest to National Geo-spatial Intelligence Agency (NGA)
2011-2012
Member of NRC MSC Committee on Future WorkForce for Geospatial Intelligence.

2012-2015
Member, Computing Community Consortium Council, Computing Research Association.
2011
General Co-Chair, 12th Bi-annual Intl. Symposium on Spatial and Temporal Databases, Minneapolis, MN , August 24th-26th, 2011.
2012
Program Co-Chair, Bi-annual Intl. Conference on Geographic Information Science, Columbus, OH, September, 2012.
2003-present
Co-Editor-in-Chief, Geo-Informatica: An Intl. Journal of Advances in Computer Sciences for Geographic Info. Systems, Springer Verlag, issn 1384-6175.
2010 – present
Series Editor, Springer Briefs: A series of eBooks on Geographic Information Science and Systems,

Honors

· Elected a Fellow of the Institute on Environment, University of Minnesota (2011).
· Named a key difference-maker for the field of Geographic Information Science and Systems (GIS) by the most popular subject textbook, i.e., “P. A. Longley, M. F. Goodchild, D. J. Maguire, D. W. Rhind, Geographic Information Systems and Science, 3rd Edition, Wiley, 2010, isbn 978-0-470-72144-5”.

· Elected an AAAS Fellow (2006) for distinguished research, service and teaching contributions to the advancement of science in the fields of spatial databases, spatial data mining and GIS.
· Awarded the IEEE Computer Society Technical Achievement Award (2006) for distinguished contributions to research, teaching and service in spatial databases

· Elected an IEEE Fellow (2003) for contributions to spatial database storage methods, data mining, and geographic information systems

· Received multiple best paper awards from Association for Computing Machinery Conf. on Geographic Information Systems (2006, 2003, 1998) 
· Awarded a Distinguished McKnight University Professorship (2005) by the University of Minnesota. 
· Elected a Fellow of the Minnesota Supercomputing Institute (2006)

· Research Partnership Award, University of Minnesota Center for Transportation Studies (2006).
B. Selected peer-reviewed publications (in chronological order).
(Publications selected from more than 250 peer-reviewed publications)
A Scalable Highly Parallel Formulation of Backpropagation Algorithm for Hypercubes and Related Architectures, Transactions on Parallel and Distributed Systems, IEEE, Oct. 1994. (with V. Kumar et al).
An Evidential Reasoning Approach to Attribute Value Conflict Resolution in Database Integration, Transactions on Knowledge and Data Engineering, IEEE, Vol. 8, No. 5, October 1996, (with E. Peng Lim et al).
CCAM: A Connectivity-Clustered Access Method for Networks and Network Computations, (with D. Liu), IEEE Transactions on Knowledge and Data Eng., January 1997, 9(1) (A summary appeared in IEEE Intl. Conf. on Data Engineering 1995).
Experiences with Data Models in Geographic Information Systems, Communications of the ACM, Vol. 40, No. 4, April 1997. (with M. Coyle et al).
Materialization Trade-Os in Hierarchical Shortest Path Algorithms, Proc. Of Symposium on Spatial Databases, 1997 (with A. Fetterer et al).
Multilevel Hypergraph Partitioning : Applications in VLSI Domain, Transactions on VLSI, IEEE, Vol. 7, No. 1, March 1999. (with G. Karypis et al).

Declustering and Load  Balancing Methods for Parallelizing Geographic Information System (with S. Ravada, G. Turner, D. Chubb, and V. Kumar), IEEE Transaction on Knowledge and Data Eng., 10(4), 1998.
Spatial Databases: Accomplishments and Research Needs, (with S. Chawla et al.), IEEE Trans. on Knowledge and Data Eng., 11(1), January 1999.
A Unified Approach to Spatial Outliers Detection (with C. Lu and P. Zhang), GeoInformatica: An Intl Jr. on Adv. of Computer Sc. for Geographic Info. Systems, 7(2), 2003 (A summary appeared in the 7th ACM SIGKDD Int’l Conf. on Knowledge Discovery and Data Mining, 2001).
Consistency Checking for Euclidean Spatial Constraints: A Dimension Graph Approach., Journal of Artificial Intelligence Tools (Special issue: selected papers from IEEE Intl. Conf. on Tools with AI), World Scientific Pub. Co., Vol. 10, No. 4, 2001, ISSN: 0218-2130. (with X. Liu).

Spatial Contextual Classification and Prediction Models for Mining Geospatial Data (with P. Schrater, W. R. Vatsavai, and W. Wu), in IEEE Transactions on Multimedia (special issue on Multimedia Databases),2(4), June 2002.

Optimizing Join Index Based Spatial-Join Processing: A Graph Partitioning Approach (with C. T. Lu, S. Ravada, and S. Chawla), in IEEE Trans. on Know. and Data Eng., 14(6), 2002.
Detecting Graph-based Spatial Outliers, Journal of Intelligent Data Analysis (IDA), IOS Press, Netherlands, Vol. 6, No. 5, 2002, ISSN: 1088-467X. (with C. T. Lu et al).

A Tour of Spatial Databases (with S. Chawla), Prentice Hall, 2003, ISBN 013-017480-7.
Clustering and Information Retrieval, Kluwer Academic Publishers, 2003, ISBN: 1-4020-7682-7. (With W. Wu et al).
Processing Object-Orientation Based Direction Queries in Spatial Databases (with X. Liu and S. Chawla), in IEEE Transaction on Knowledge and Data Eng., 15(2), 2003.
Discovering Spatial Co-location Patterns from Spatial Datasets: A General Approach, IEEE Trans. on Knowledge and Data Eng., 16(12), Dec. 2004 (A summary appeared in the Seventh Int'l Symposium on Spatial and Temporal Databases, 2001).
Trend in Spatial Data Mining (with P. Zhang, Y. Huang, and R. Vatsavai), in “Data Mining: Next Generation Challenges and Future Directions”, (Ed. H. Kargupta and A. Joshi), MIT Press, 2004.
Navigation Systems: A Spatial Database Perspective, Chapter 3 in Location Based Services (Ed. A. Voisard et al) , Morgan Kaufmann, May 2004, ISBN 1-55860-929-6 (with R. Vatsavai et al).
Processing In-Route Nearest Neighbor Queries: A Comparison of Alternative Approaches, Geo-Informatica: An International Journal on Advances in Computer Science for Geographic Information Sciences, (Special issue on best papers from ACM Intl. Conf. on GIS 2003)., Springer,  9(5), June 2005. (with J. S. Yoo).
Transportation Data Visualization and mining for emergency management, Intl. Journal of Critical Infrastructure, Vol. 1, No. 2/3, 2005. (with C. T. Lu et al).
A Join-less Approach for Mining Spatial Co-location Pattern,s IEEE Trans on Knowledge and Data Eng., 18(10), Oct. 2006. (with J. S. Yoo).
TAPER: A Two-Step Approach for All-strongpairs Correlation Query in Large Databases, Transactions on Knowledge and Data Eng. (TKDE), IEEE, Vol. 18, No. 4, April, 2006. (with H. Xiong et al.).
Discovery of Co-evolving Spatial Event Sets (w/ J. S. Yoo, S. Kim and M. Celik), in Proc. of the SIAM Int’l Conference on Data Mining (SDM), Bethesda, MD, USA, 2006.
Priorities for GEOINT Research at the National Geospatial-Intelligence Agency, National Academies Press, 

2006, isbn 0309101492. (with K. Clark et al).
Encyclopedia of GIS, Springer, 2008, isbn 978-0-387-30858-6. (Co-Ed. w/ H. Xiong).
Mixed-Drove Spatiotemporal Co-Occurrence Pattern Mining, IEEE Transactions on Knowledge and Data Eng. (TKDE), 20(10), 2008 (A summary appeared in Proc. IEEE ICDM, 2006). (w/ M. Celik, J. Shine, J. Rodgers).
Similarity-Profiled Temporal Association Mining. IEEE Transactions on Knowledge & Data Engineering, 21(8), 2009. (w/ Jin Soung Yoo). (A summary appeared in Proc. Intl. Symp. On Scientific and Statistical Databases, Springer LNCS 5609, 2008).
Contraflow Transportation Network Reconfiguration for Evacuation Route Planning, IEEE Transactions on Knowledge and Data Engineering, 20(8), 2008, (pp. 1115-1129). (w/ 41. Sangho Kim, and Manki Min )
Spatio-Temporal Sensor Graphs (STSG): A Data Model for the Discovery of Spatio-Temporal Patterns, International Journal of Intelligent Data Analysis (JIDA), IOS Press, Vol. 13, No. 3, 2009, 457-475 (issn 1088-467X (Print) 1571-4128 (Online)). (w/ 39. B. George, and J. M. Kang).
Optimal placements of replicas in a ring network with majority voting protocol, Journal Parallel and Distributed Computing , Elsevier, Vol. 69, No. 5, 2009, 461-469. (w/ Zhao Zhang, and Weili Wu).
Context-Inclusive Function Evaluation: A Case Study with EM-Based Multi-Scale Multi-Granular Image Classification, Knowledge and Information Systems (KAIS): An Intl. Journal, (issn 0219-1377) , Springer, Vol. 21, No. 2, 2009. (w/ V. Gandhi, J. M. Kang, J. Ju, E. D. Kolaczyk, and S. Gopal)

Incremental and General Evaluation of Reverse Nearest Neighbors, Transactions on Knowledge and Data Engineering (TKDE) , IEEE, Vol. 22, No. 7, 2010. (w/ J. M. Kang, M. Mokbel, T. Xia, and D. Zhang.)

Identifying patterns in spatial information: A survey of methods, Wiley Interdisciplinary Review: Data Mining and Knowledge Discovery 1(3), 2011. (w/ M. Evans, J. Kang, P. Mohan).

Cascading Spatio-temporal Pattern Discovery: A Summary of Results, SIAM Intl. Conference on Data Mining (SDM), 2010. (w/ P. Mohan, J. Shine, J. Rogers). Full paper to appear in IEEE Transactions on Knowledge and Data Engineering in 2012.

C. Research Support

Ongoing Research Support  
NSF CISE/Expeditions 















08/2010 – 08/2015



Expedition: Understanding Climate Change: A Data Driven Approach: This project addresses key challenges in the science of climate change by developing methods that take advantage of the wealth of climate and ecosystem data available from satellite and ground-based sensors, the observational record for atmospheric, oceanic, and terrestrial processes, and physics-based climate model simulations.
Role: Senior Personnel, Investigator
NSF OCI/Datanet

















10/2011 – 09/2016



Datanet: Terra Populus: A Global Population Environment Data Network: Terra Populus will integrate the world’s population and environmental data, including population censuses and surveys; land cover information from remote sensing; climate records from weather stations; and land use records from statistical agencies.
Data that are interoperable across time, space, and scientific domain will allow us to understand the dramatic transformation of the earth’s inhabitants and their environment. This infrastructure will make it easier for researchers to use data describing people along with data describing the places they inhabit.
Role: Co-Principal Investigator 
NSF CISE/IIS/III

















09/2012 – 08/2015



III: Small: Towards Spatial Database Management Systems for Flash Memory Storage: The goal of this research project is to design and develop highly efficient spatial and spatio-temporal database systems on flash memory storage. Specific aims include investigation of efficient spatial indexing on flash memory, efficient spatial query processing and optimization, spatio-temporal indexing and querying, storage hierarchy of flash and magnetic disks to exploit the full potential of both storage media.
Role: Co-Principal Investigator 
USDOD NGA
(HM1582-07-1-2035) 












08/2007 – 12/2013

Spatio-Temporal Pattern Mining for Multi-Jurisdiction Multi-Temporal Activity Datasets: The goal of this project is to investigate novel and computationally efficient computational algorithms for hotspot discovery on spatial activity networks, efficient data analysis methods that account for temporal semantics of multi-jurisdictional multi-temporal (MJMT) datasets (e.g., tele-connected flow anomalies) and design computationally efficient algorithms for integrating MJMT data from heterogeneous sources (e.g., Ontology alignment).
Role:  Principal Investigator
USDOD NGA
(HM1582-08-1-0017-AA) 












08/2008 – 1/1/2014


Dynamic Purpose Aware graph models for composite networks: The overall objective of this research is to model complex fluid spatio-temporal networks and provide operators for reasoning on the proposed representation. Given a composite GEOINT network and a set of analyst questions, the goal is to explore novel explanatory models. We investigate a new data model called the Time Aggregated Graph (TAG) and present case studies using routing algorithms on spatio-temporal transportation networks.
Role:  Principal Investigator
