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Research Experience for Undergraduates

 Funding provided by National Science Foundation.

e Usually 10 paid positions for (junior, senior)
students for a 10-week (or so) summer program.

 Housing and dining are available for students.

e Students also receive stipends and travel
reimbursement.



Program Timeline

Major Events

Day 1: Orientation, Campus Tour, Program Overview, Lunch with Faculty, Ice Cream Social
Week 1: Technical Seminars (mornings); Responsible Conduct of Research Seminars (afternoons)
Week 2: Lab Tours, Center Tours

Week 3: Invited Talks

Week 4: Seminar on Proposal Writing, targeting NSF Graduate Research Fellowships

Week 5: Remote Bio-Grid Workshop (may be in conjunction with the student Mini-Symposium)
Week 6: Bio-Grid Mini-Symposium (Student Proposal Presentations)

Week 7: Departmental Seminar on Grad School Application

Week 8: Departmental Seminar on Technical Writing and Presentations

Week 9: Diversity Forum: Challenges and Choices in Higher Education (Panel Discussions)
Week 10: Bio-Grid Symposium (Final Project Presentations)
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Example Projects

Basic Grid and Cloud Infrastructure
Middleware Development

Distributed Biomedical Image Retrieval
Protein Function Studies

Genomic Knowledge Inference

Others
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The Bio-Grid Initiatives (1)

Campus-Wide Computational Grid
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The Bio-Grid Initiatives (2)

Campus-Wide Data Grid

Base Grid Toolkit middleware
installed.

Provide a robust and
extensible grid-enabling APls.

Provide a (web) contact
portal.

Define access control levels
for grid users.

Provide basic file
management functions.

Support transparent data
migration between resources
(file migration is a function of
global/local file aging and
resource usage)

Continually evolve to
minimize network traffic and
maximize disk space
utilization on a per user basis.
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Associated Activities (1)

- Ethics and Diversity in Research
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Associated Activities (2)
- Basic Research Methodology

Project Summary

>

This research project investigates the information technology and infrastructure to better support automated and on-demand knowledge inference from
geographically distributed biomedical databases. Specifically, the project develops efficient techniques to extract and analyze knowledge from a distributed Unified
Medical Language System (UMLS). The underlying information infrastructure is a campus-wide computational and data Grid. Related research work is part of the
Bio-Grid research initiatives currently conducted at the University of Connecticut.

This research work involves a few tasks, including (1) the development of a distributed semantic network system, based on a task-based and message-driven model
to exploit both task and data parallelism while processing queries; (2) the parallelization of the inference engine to speed-up the query processing; and (3)
automated data migration among the distributed knowledge bases to maximize the storage utilization rate. The current information infrastructure, as a test-bed, of
this project is a campus-wide computational and data Grid. Participating sites of this infrastructure include the Schools of Engineering, Public Health and Medicine at
the University of Connecticut. Note that the Grid represents a rapidly emerging and expanding technology that allows geographically distributed resources (CPU
cycles, data storage, sensors, visualization devices, and a wide variety of internet-ready instruments), which are under distinct control, to be linked together in a
transparent fashion. The aggregate computing power, data storage, network bandwidth, as well as the user friendliness have rendered the Grid a prosperous
infrastructure in support of automated processing of distributed information. Our system features multi-threading and task migration to support communication
latency hiding and load balancing, respectively.

Grid-enabling the UMLS is part of the Bio-Grid initiatives currently conducted at the University of Connecticut. The initiatives intend to establish a campus-wide
information infrastructure in support of automated and on-demand distributed knowledge exploration in biomedical informatics, which is increasingly needed by
life-science research work. Application areas in biomedicine include the epidemiological studies and medical imaging, which produce tremendous amount of data
that are usually geographically distributed among hospitals, clinics, research labs, and radiology centers, etc. For research, training or clinical purposes, physicians
and researchers often need to consult and analyze data from distributed sites. Thus, an infrastructure supporting on-demand and automated information extraction
and reasoning will provide significant convenience.

Components for Summer Students

>

Students participating in this project learn about semantic networks, the UMLS, biomedical knowledge representation and basic concepts of
distributed knowledge reasoning. Students also involve in the design of the distributed UMLS. The design experience of the distributed UMLS,
particularly the task model for cooperative inference and the layered architecture for the host and slave systems, complies with the health data
management (HDM) unit, a core component under development , in which the metadata management capabilities can easily be designed. The HDM
design for secure retrieval of sensitive bio/medical/health data was motivated by our research on a distributed UMLS. Students also learn the overall
system design concept of the distributed UMLS.



Associated Activities (3)
Technical Writing
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Associated Activities (4)

Scientific Presentations
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Associated Activities (5)
Scientific Publications in HPC and Bioinformatics

Carl Bergenhem, Chih Lee and Chun-Hsi Huang, On the Cache-Awareness in DNA Probe Selection, Proceedings of the 2008 Rocky
Mountain Bioinformatics Conference, pp. 16-17, Dec. 4-7, 2008, Aspen/Snowmass, CO.

B. Vaziri, V. Lanza and C.-H. Huang, Semantic Integration in Biomedical Networks, Poster at the ISCB Conference on Semantics in
Healthcare and Life Sciences (C-SHALS), Feb. 25-27, 2009, Boston, MA.

D. Sharma, S. Balla, S. Rajasekaran and N. DiGirolamo, Degenerate Primer Selection Algorithms, Proceedings of the 6-th Annual IEEE
conference on Comp. Intelligence in Bioinformatics and Computational Biology, pp. 155-162, Mar. 30 - Apr. 2, 2009, Nashville, TN.

S. Dinakar, J. Duitama, Y. Hernandez, J. Kennedy, I.I. Mandoiu and Y. Wu, Linkage Disequilibrium Based Single Individual Genotyping
from Low-Coverage Short Sequencing Reads, Poster at 2008 Personal Genomes Meeting, Cold Spring Harbor Laboratory, Oct. 9-12,
2008, Cold Spring Harbor, NY.

S. Dinakar, Y. Hernandez, J. Kennedy, I.I. Mandoiu and Y. Wu, Linkage Disequilibrium Based Single Individual Genotyping from Low-
Coverage Short Sequencing Reads, Poster at 2008 Meeting on Genomics of Common Diseases, Sep. 6-9, 2008, The Broad Institute of
MIT and Harvard, Cambridge, MA.

C. Wong, Y. Li, C. Lee and C.-H. Huang, Ensemble Learning Algorithm for Classification of mtDNA into Haplogroups, Briefings in
Bioinformatics, 2010, Oxford University Press. (9 pages) (doi: 10.1093/bib/bbg008, Advance Access published on line March 4, 2010.

C. Luciano and C.-H. Huang, ”Structural Motif Enumeration in Transcriptional Regulation Networks”, in Proc. of the first International
Conference on Bioinformatics, 131-136, Jan. 20-23, 2010, Valencia, Spain.

S. Quader, N. Snyder, K. Su, E. Mochan and C.-H. Huang, "ML-Consensus: A General Consensus Model for Variable-Length Transcription
Factor Binding Sites”, in Proc. of the 9-th European Conference on Evolutionary Computation, Machine Learning and Data Mining in
Bioinformatics (EvoBio), Springer LNCS 6623, 25-36, Apr. 27-29, 2011, Torino, Italy.

E. Wong, B. Baur, S. Quader and C.-H. Huang, "Biological Network Motif Detection: Principles and Practice”, to appear in Briefings in
Bioinf tics, Oxford Uni ity P 2011. .
ioinformatics, Oxford University Press, EduHPC 2015, Austin TX



Program Outcomes (1)
Participants/Offers Made/Applicants

Year Total # Female | #Underrepresen | # from #CS # Bio
ted Minorities Target Major Major
Schools

2008  10/14/38 1/4/9 1/4/7 4/7/18 8/12/31 2/2/7

2009 10/17/54 3/6/19 1/4/8 2/6/20 7/10/40 3/4/14
2010 10/15/68 6/8/22 2/6/12 5/9/37 6/10/41 4/5/27
2012 6/8/88 2/4/18 1/3/9 2/4/33 4/5/60 2/3/28

2013  9/16/117 2/6/36 1/6/18 6/9/42 7/9/72 2/7/45
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Program Outcomes (2)

 Graduate School Fellowships

e 2012 NSF Graduate Research Fellowship

e 2012 Alfred P. Sloan Foundation Fellowship

e 2012 NSF Graduate Research Fellowship (Honorable Mention)
e 2010 GAANN Felowship, US Dept. of Education

e Graduate School Attending

 80% (12-14), 70% (08-10)

e Student Publications and Presentations

e Several Journals and Conferences in HPC and Computational Biology



REU Site:

Bio-Grid Initiatives for Interdisciplinary Research and Education

- Thanks for your time with us at EduHPC15!
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