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1. Storage Efficient Access (SEA) 
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2. Scientific Data Mining and Analysis (DMA)

many of the current data analysis routines 
are written in non-parallel languages such as R, Matlab, and IDL and do not scale to massive data sets
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Analysis of fluctuation energy distribution
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Mapping and tracking the evolution of turbulence in space and time
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Parallel R (pR) for high performance statistical computing delivered super-linear scaling
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Automatic Spatio-Temporal Turbulent Front Detection and Evolution in Fusion Plasma

reduced, yet informative, data representation
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Fig. 1. Front detection and tracking 
in fusion simulation data. 

Fig. 2. A multi-step turbulent front detection and tracking 
process 

Automatic Parallelization of Data-Parallel Statistical Computing Codes with pRapply in Hybrid Multi-
Node Multi-Core HPC Environments 
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Fast, Incremental, and Scalable All Pairs Similarity Search 
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Query Driven Visualization



Indexing of toroidal meshes.
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Figure 10: (a) A subset of the data on a2-D poloidal plane from the CTEM simulation showing the ion 
heat flux variable. (b) The structures in (a) with the positive structures in red and negative ones in blue. 
(c) A plot of the sum of ion heat flux in a structure vs. the size of the structure, clearly showing the large 
number of structures with negative flux.
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3. Scientific Process Automation (SPA
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4 Framework for Integrated End-to-end SDM Technologies and Applications  
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Appendix 1: Tutorials, training, thesis, outreach, invited presentations

Invited plenary talk:

Invited to organize session:

Invited poster and short paper:

Invited talk:

Invited talk:

Invited talk:

Invited talk:

Invited talk:

Invited talk:

Invited talk:

Invited talk:

Invited talk:

Invited talk:

Invited talk:

Tutorial:

Tutorial:

Tutorial:



Tutorial:

Tutorial:

Tutorial:

Tutorial:

Tutorial:

Invited talk:

Tutorial:

Tutorial:

Tutorial:

Tutorial:

Tutorial:

Invited talk:

Invited talk:

Invited talk:

Invited talk:

Invited talk:

Invited poster and short paper

Invited to organize workshop:

Invited to organize workshop session



Invited to organize workshop session:

Tutorial:

Tutorial:

Invited talk:

Invited talk:

Invited talk:

Invited Talk:

Workshop Presentation:

Tutorial:

Tutorial:

Tutorial:

Tutorial:

Invited Talk:



Tutorial:

Tutorial:





Application: Fusion (CPES)
Code Coupling

Monitoring and Archiving

Application: Groundwater Modeling

Application: Combustion

Application: Biology

Application: Combustion

Application: Astrophysics (TSI) and Fusion (CPES) 



Applications: Astrophysics (TSI) and Fusion (CPES) and combustion 
Dashboard:

Application: High Energy Physics

Application: Fusion (CPES)

Collaboration: with Open Science Grid

Collaboration: with Earth System Grid

Application: Combustion

Application: Combustion



Application: Fusion (CPES) 

Application: High-Energy Physics 

Collaboration: with the Visualization Center (VACET) 

Collaboration: with UltraScale Visualization Institute (USVI) 

Application: Climate (CCSM) 

Application: Climate (GCRM)

Application: Combustion (Jackie Chen) 

Application: Materials (QBOX)  

Collaboration: with Petascale Data Storage Institute (PDSI)  

Collaboration: with UltraScale Visualization Institute (USVI) 

Collaboration: with Universal Nuclear Energy Density Functional (UNEDF)



Application: Combustion (TSTC)

Application: Fusion (CPES) 

Application: Fusion (RF) 

Application: Fusion (GPS) 

Application: Combustion

Application: Fusion (CPES) and Collaboration with the Visualization Center 

Application: Climate 

Application: Climate 



Application: Nanoscience (DOE CNMS Center 

Application: Biology (DOE Genomics:GTL projects) 

Collaboration: with UltraScale Visualization Institute (USVI) 
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Appendix 4: NCSU Extension Results (2011-2012)

Publications

1. [DV12] Patrick Dreher, Mladen A. Vouk, “Utilizing Open Source Cloud Computing Environments to 
Provide Cost Effective Support for University Education and Research,” in Cloud Computing for 
Teaching and Learning: Strategies for Design and Implementation," IGI Global, Editor Li Chao, 
2012, pp 32-49 

2. [LAB+10] Bertram Ludaescher, Ilkay Altintas, Shawn Bowers, Juian Cummings, Terence 
Critchlow, Ewa Deelman, David De Roure, Juliana Freire, Carole Goble, Matthew Jones, Scott 
Klasky, Timorthy McPhillips, Norber Pdohorszki, Claudio Silva, Ian Taylor, Mladen Vouk, 
“Scientific Process Automation and Workflow Management, Chapter 13 in Scientific Data 
management – Challenges, Technology and Deployment, Editors: Arie Shoshani and Doron Rotem, 
CRC Press, 2010, pp, 467-507. 

3. [MCA+10] P. Mouallem, D. Crawl, I. Altintas, M. Vouk and U. Yildiz. "A Fault-Tolerance 
Architecture for Kepler-based Distributed Scientific Workflows". SSDBM 2010, LNCS 6187, pp. 
452-460, June 2010 

4. [NMV11] Nagappan, M., Murphy, B., Vouk, M.A., "Which Code Construct Metrics are Symptoms 
of Post Release Failures?", The 2nd International Workshop on Emerging Trends in Software 
Metrics (WETSoM 2011), 24 May 2011, Honolulu, Hawaii, USA, pp. 65-68. 

5. [NPV11] Nagappan, M., Peeler, A., Vouk, M.A., "Modeling Cloud Failure Data: A Case Study of 
the Virtual Computing Lab,” The ICSE 2011 Software Engineering For Cloud Computing 
Workshop, May 22, 2011, Honolulu, HI, USA, pp. 8-14. 

6. [NV10[ Nagappan, M., Vouk, M.A., "Adaptive Logging: A Case Study of Logs from a Cloud 
Computing Environment,” In the Fast Abstracts track of 21st International Symposium on Software 
Reliability Engineering, 1-4 Nov, 2010, San Jose, California. 

7. [NV10] Nagappan, Meiyappan; Vouk, Mladen A.; , "Abstracting log lines to log event types for 
mining software system logs," Mining Software Repositories (MSR), 2010 7th IEEE Working 
Conference on , vol., no., pp.114-117, 2-3 May 2010, doi: 10.1109/MSR.2010.5463281 
(http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=5463281&isnumber=5463276)

8. [TKP+10] R. Tchoua, S. Klasky, N. Podhorszki, B. Grimm, A. Khan, E. Santos, C. Silva, P. 
Mouallem and M. Vouk. "Collaborative Monitoring and Analysis for Simulation Scientists," CTS 
2010, ISBN 978-1-4244-6620-7, pp. 235-244, 2010 

9. [VM11] Vouk M. and Mouallem P., "On High-Assurance Scientific Workflows,"  IEEE 13th 
Conference on High Assurance Systems Engineering 2011, Boca Raton, November 2011, pp. 73-82. 

10. [Vou12] M.A Vouk, “A Note on Uncertainty in Real-Time Analytics” in R. Boisvert and A. 
Dienstfrey, editors, Proceedings of the IFIP WoCo 10 on Uncertainty Quantification in Scientific 
Computing, IFIP WG 2.5 on Numerical Software, August 2011, and in Springer, COMPUTER 
SCIENCE UNCERTAINTY QUANTIFICATION IN SCIENTIFIC COMPUTING, IFIP Advances in 
Information and Communication Technology, 2012, Volume 377/2012, 312-318, DOI:10.1007/978-
3-642-32677-6_20 

11. [VSD10] Mladen A. Vouk, Eric Sills, and Patrick Dreher, “Integration of High-Performance 
Computing into Cloud Computing Services,” Ch 11 in Handbook of Cloud Computing, editors B. 
Furht and A. Escalante, Springer, ISBN: 978-1-4419-6523-3, pp. 255-276, 2010 

12. [YMV+10] Ustun Yildiz, Pierre Mouallem, Mladen Vouk, Daniel Crawl, Ilkay Altintas, "Fault-
Tolerance in Dataflow-Based Scientific Workflow Management," services, pp.336-343, 2010 6th 
World Congress on Services, 2010, July 5-10, Miami, Florida. 

.
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NCSU Talks, Presentations, Tutorials

1. M. Vouk, H. Iyer, J. Ligon, P. Mouallem, M. Nagappan, “Some SDM Technologies – from Giga to 
Exa),” All-Hands-Meeting, Scientific Data Management Center, DOE, Chicago, October 2010, 
Presentation.

2. M. Vouk, “Cloud Computing for Exascale World,” All-Hands-Meeting, Scientific Data 
Management Center, DOE, Chicago, October 2010, Presentation. 

3. M. Vouk, “Petascale Analytics using VCL,” in the Petascale Data Analytics on Clouds: Trends, 
Challenges, and Opportunities (PDAC-10) workshop organized in Cooperation with ACM/IEEE 
SC10, November 14, 2010. New Orleans, LA, USA. 

4. M. Vouk, “Workflow Management Support for Uncertainty Analysis,” The 2010 Workshop on 
Verification, Validation, and Uncertainty Analysis in High-Performance Computing (VVUHPC 
2010), 14 November 2010, New Orleans, LA, USA, Collocated with the 23rd Supercomputing 
Conference (SC10) 

5. M. Vouk, “Cloud Computing for Higher Education (VCL - A Cloud That Works), 19 January 2011, 
Tennessee Board of Regents CIO Meeting, Nasville, TN, Invited Talk 

6. M. Vouk, “Exascale Computing in the Cloud,” University Computing Center (SRCE), 40th

Aniversary Invited Talk,  Zagreb, Croatia, 28th March 2011, Keynote, http://www.srce.unizg.hr/o-
srcu/povijest-srca/dansrca-2011/dan-srca-2011-program/exascale-computing-in-the-cloud/,
http://www.srce.unizg.hr/o-srcu/povijest-srca/dansrca-2011/videogalerija/exascale-computing-in-
the-cloud/

7. M. Vouk, “Creating a Cloud Computing Solution for NC State University,” at IBM CIO Leadership 
Exchange in San Francisco on April 5-6, 2011, Invited Talk 

8. M. Vouk,, invited presentation in “Exploring the Next Frontier in WAC/WID: A Multi-University, 
NSF-Sponsored Project to Enable Engineering Faculty to Teach Writing in a Four-Year Sequence 
of Technical Courses.” (#1197), organized by P. Anderson, M. Carter, G. Gannod, and M. 
Gustaffson, Conference on College Composition and Communication (CCCC), April 7, 2011, 
Atlanta, GA 

9. M. Vouk, invited participation on Panel on “Is Integration of Communication and Technical 
Instruction Across the SE Curriculum a Viable Strategy for Improving the Real-World 
Communication Abilities of Software Engineering Graduates?” organized by Gerald C. Gannod, 
Janet E. Burge, Paul V. Anderson, and Andrew Begel at 24th IEEE-CS Conference on Software 
Engineering Education and Training (CSEE&T 2011), 22-24 May, 2011, pp. 525-529 

10. M. Vouk, “Clouds that work,” presentation to Monterrey Tech, Mexico, delegation, 17-Jun-2011, 
Raleigh.

11. M. Vouk, “Clouds that work,” presentation to Osaka , Japan, delegation, 30-Jun-2011, Raleigh. 
12. M. Vouk, A. Peeler, J. Thomson, A. Kurth, “VCL Level1 Tutorial”, Raleigh, 8-July 2011 
13. M. Vouk, A. Peeler, J. Thomson, A. Kurth, “VCL Level2 Tutorial”, Raleigh, 15-July 2011 
14. M. Vouk, A. Peeler, J. Thomson, A. Kurth, “VCL Level3 Tutorial”, Raleigh, 25-27-July 2011 
15. M. Vouk, “From Grid to Cloud – the VCL Journey,” LaGRID 2011, Boca Raton, FL, 4th November 

2011 (Keynote) 
16. S. Mills, M. Vouk, M. Mayer, Cloud Computing Panel at the Smarter Computing Executive 

Summit, 4-6 October 2011, Pinehurst, NC, 
(http://ibmreferencehub.com/STG/smarter_computing_pinehurst2011/)

17. M. Vouk, “Are High-Assurance Computing Clouds Possible?” HASE11, Boca Raton, FL, 11th

November 2011 (Keynote) 
18. M. Vouk, “VCL and vCentennial – Future Today,” presentation to the COE IES and Tech 

Incubator, 22 February 2012. 
19. M. Vouk, “Clouds in Education,” at World of Innovation Conference, Wroclaw, Poland, 3rd April 

2012 (Invited Talk). 
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20. M. Vouk, A. Peeler, A. Kurth, J. Thompson, E. Sills, “VCL Experience and Some Suggested Best 
Practices:
NC State,” presentation at Clemson University, 16-April-2012. 

21. M. Vouk, “Constructing Next Generation Clouds,” ICACON 2012, RTP, 19-20 April, 2012 
(Invited Talk) 

22. M. Vouk, A. Peeler, A. Kurth, J. Thompson, E. Sills, “VCL Experience and Some Suggested Best 
Practices:
NC State,” presentation to a delegation from The Federal University of Technology, Minna, Nigeria 
(http://www.futminna.edu.ng/), 2-May-2012. 

23. M. Vouk,“BigData” Management and Analytics in the Cloud in the Contenxt of the Materials 
Genome Initiative,” NIST Workshop on Materials Genome Initiative, NIST, Washington, DC, 14-
15 May, 2012 (Invited Talk) 

24. M. Vouk, “Developing and Implementing Curricula that Fully Integrate Technical and Writing 
Instruction: The Program Director’s Perspective,” 11th International WRITING ACROSS THE 
CURRICULUM CONFERENCE (IWAC), June 7-9, 2012, Coastal Georgia Center, Savannah, GA 

25. M. Vouk, “BigData,” Panel at ITI 2012, Cavtat, Croatia, 25-28 June 2012 
(http://iti.srce.unizg.hr/index.php/ITI/index/pages/view/venue) – panel Chair. 

26. M. Vouk and L. Williams, "An Investigation of Scientific Principles Involved in Software Security 
Engineering." presented at the quarterly Science of Security Lablet meeting, Raleigh, NC, 17-Jul-
2012 

27. M. Vouk, “vCentennial – Future Now,” invited presentation given at the NCSU Hunt Library 
Technical Advisory Board meeting is coming up next Monday, August 13, 2012.

28. M. Vouk, “Future Now – Cloud Computing in Education: Practice, Research, Education and 
Beyond the Clouds,” Workshop on ‘Beyond the Cloud: Cloud Computing Technologies’, EBTIC 
and Khalifa University, Abu Dhabi, October 2, 2012 (Invited Talk)

29. M. Vouk et al., Panel: “The Fundamentals of Establishing Successful Public and Private Sector 
Partnerships with Academia.” at the  14th IEEE International High Assurance Systems Engineering 
Symposium (HASE), October 25-27, 2012, Omaha, Nebraska 

30. M. Vouk, “We Now Have Clouds! (How do we walk on them?)”, MCNC Day, November 16th,
2012, Elon College, NC 

Ph.D and M.S. Thesis (involving SDM center technologies) 

1. Jeff Ligon (NCSU Ph.D., 2010, "The Use of Locally Invertible Convolutional Encoders for 
Encryption") 

2. Harini Iyer, (NCSU M.S., 2010, "Automation of Scientific Workflow Construction using Templates 
and Patterns") 

3. Meiyappan Nagappan, (NCSU Ph.D., 2011, "A Framework for Analyzing Software System Log 
Files")

4. Pierre Mouallem, (NCSU Ph.D., 2011, "A Fault Tolerance framework for Kepler-based Distributed 
Scientific Workflows") 

5. Nikhil Talpallikar, (NCSU M.S., 2012, "High-Performance Cloud Computing: VCL Case Study") - 
Chair [Record] [Thesis (PDF)]  

6. Georgy Mathew Kallumkal, (NCSU M.S., 2013, “A Micro-cloud Model for Adaptable High 
Performance Computing)  


