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Scientific Computing 
Developing and using computational methods to 
solve scientific problems that are otherwise 
intractable.



• A fully integrated, multi-disciplinary group of computational scientists  
• Working on cutting-edge scientific problems by developing and using 
state-of-the art computational algorithms on powerful computers. 
• Exploring complex problems from a wide range of application areas, 
as well as novel computational paradigms.  



 
UMassD scientific computing group 
Over 20 faculty members from many departments

Mathematics 
Computer Science 
Physics 
Electical and Computer 
Engineering 

Fisheries 
Civil Engineering  
Mechanical Engineering 
Chemistry 
Biology

Our work has been consistently funded by the National Science 
Foundation, Office of Naval Research, Air Force Office of Scientific 
Research, and National Air and Space Administration.



 
Our activities and accomplishments 
The mission of the CSCVR is to advance the development and 
application of computational algorithms for scientific discovery 
A major aim of activities is to transcend departmental boundaries 
and build strong interdisciplinary research collaborations.  
We organized and hosted the first annual UMass system-wide 
HPCday conference in November 2014. Next year will expand this. 
Senior faculty collaborate with and mentor junior faculty. This 
mentorship results in increased productivity and success. This past 
year: 

Mazdak Tootkaboni (Civil Engineering) received the NSF CAREER award for 
predictive analysis of stability critical structures 
Akil Narayan (Math) received the AFOSR Young Investigator Program award 
for approximations of uncertain parametrized simulations 
Vanni Bucci (Biology) had a paper published in Nature and was awarded an 
NSF grant for his work in modeling the intestinal microbiome



CSCVR affiliates developed a Computational Science and Engineering 
track under the umbrella of the Engineering and Applied Science 
doctoral program. The EAS program has 25 active students, 14 of 
them in the CSE track. We have graduated one student already. 
Integration of undergraduate research into the mathematics curriculum 
through a  5-year NSF CSUMS award for $788,985: this endeavor 
sparked the creation of the Office of Undergraduate Research at 
UMassD. We want to extend the emphasis on undergraduate research 
to other disciplines.  
We would like to develop a computational consulting program for 
students and faculty to work on industrial problems, like in Uppsala 
University and in Stanford (NSF proposal pending) 
 CSCVR affiliates developed new BS and MS programs in data 
sciences (joint between mathematics and computer science)

 
Integrating Research and Education



Mathematics and computation is our 
common language

We were awarded 
$400,000 from the NSF 
and AFOSR to buy the 
HPC cluster,  a shared 
resource we use for our 
computations. This IBM 
machine has 448 CPUs 
and 56 GPUs. 



Computational Resources



 
High performance GPU computing
The Air Force Research Lab (AFRL)  
at Rome, NY granted CSCVR four  
full racks (176 units) of Sony PlayStation 
3s for research computing. 
UMass Dartmouth pioneered the use  
of PS3s for astrophysics research  
back in 2007 when Prof. Khanna of the 
Physics Dept. created a computer 
cluster of 16 PS3s and ran his black hole 
research simulations at supercomputer-
level performance.  
A new donation of a large GPU-based 
cluster is now on its way to our campus.



High performance computing at the MGHPCC

We also have a share in the UMass cluster operating in the Massachusetts 
Green High Performance Computing Center.



Some CSCVR affiliates  
                        and their work



 
Autonomous mobile robotics 

Dr. Ram Bala (CIS) is 
designing autonomous 
vehicles,  and focuses on 
sensor fusion  to support  
autonomy. His work is 
funded by the ONR. This 
research is supported  by 
the Office of Naval 
Research and the US Dept 
of Transportation. He has 
active collaborations with 
the Naval Undersea 
Warfare Center (NUWC, 
Newport, RI).



 
Understanding of the gut microbiome

Dr. Vanni Bucci (Biology) 
studies the dynamics of 
the human microbiotic 
species and their effect 
on the host immune 
system. 

He recently published a 
paper in Nature on this 
work and was just 
awarded an NSF grant 



 
Underwater acoustics and whale songs

Dr. John Buck (ECE) has 
recently been awarded two 
research grants from the 
ONR: for his work on “Co-
prime Sensor Array Signal 
Processing”  ($743,000)  
and for “Random Matrix 
Theory for Adaptive 
Beamforming”  
($404,000)



 
Model reduction methods for 
multiparameter problems

Dr. Yanlai Chen (Math) works on 
model reduction methods to reduce  
the cost of simulation for multi-
parameter problems. He is applying 
his approach to handling large data 
sets, and working with Southcoast 
medical systems on problems of 
mutual interest.  

His work is funded by NSF grant 
“Developing Reduced Basis 
Methods in the Galerkin and 
Collocation Framework”  
($161,113)



 
Model reduction methods for 
multiparameter problems

Dr. Bo Dong (Math) works on  numerical methods for 
simulation of Korteweg-de Vries type equations, which 
model such problems as waves on shallow water,  tsunami 
waves, ion acoustic waves in a plasma, and acoustic 
waves on a crystal lattice. 

Her work is funded by NSF grant “Development of 
superconvergent hybridizable discontinuous Galerkin 
methods and mixed methods for Korteweg-de Vries type 
equations” ($86,891)



 
Computational design of  
wave energy converters

Drs. Geoffrey Cowles 
(Fisheries),  Mehdi Raessi 
(ME) and Mazdak Tootkaboni 
(CE) were awarded a grant 
from the NSF for  “A 
comprehensive computational 
framework for analysis and 
optimization of wave energy 
converters” ($368,221)



 
Understanding supernovas

Dr. Robert Fisher 
(Physics) used high 
performance numerical 
simulations to 
conclusively 
demonstrate a 
connection between 
white dwarf stars that 
fail to completely 
detonate and a class of 
oddly dim supernovas.



 
Reliability engineering and risk analysis

Dr. Lance Fiondella (ECE) 
works on models to optimize 
the reliability of software and 
systems, including 
transportation engineering and 
attack preparedness.



 
Time-dependent simulations

Dr. Sigal Gottlieb (Math)  
develops and analyzes  
numerical  methods that  reliably 
compute how complex  flows  
evolve in time. 

This work has been continuously 
funded by the AFOSR since  
2006 ($494,828) and by a grant from 
KAUST ($202,363).



 
Mathematical methods for shape 
matching in computer vision

Drs. Akil Narayan and Alfa 
Heryudono (Mathematics) 
were awarded a grant from 
the NSF “Computation of 
geodesics on the universal 
Teichmuller space for planar 
shape matching in computer 
vision” ($325,698) 

Dr Narayan (left) was 
recently awarded an AFOSR 
Young Investigator Program 
grant.



 
Understanding Black Holes

Dr. Gaurav Khanna 
(Physics) is funded by the 
NSF for this work 
“Gravitation Theory: 
 Numerical Modeling of 
Large Mass-Ratio Black 
Hole Binaries Using Time-
Domain Perturbation 
Theory” ($78,000) and for 
“An Exploration of the Use 
of OpenCL for Numerical 
Modeling and Data 
Analysis”  ($167,000).



 
Understanding Black Holes

This image depicts the burst of gravitational radiation 
when two black holes merge simulated using the full 
Einstein general relativity equations.





 
Citizen-scientists fold proteins

Dr. Firas Khatib (CIS)  
is one  of the 
developers of Foldit, 
an online puzzle video 
game whose  objective 
is to fold the selected 
proteins as well as 
possible, using various 
tools provided within 
the game. 



 
Data Science and Visualization

Dr. David Koop (CIS) is one of the developers of VisTrails, 
an open-source scientific workflow and provenance 
management system that supports data exploration and 
visualization.



Dr. Maricris Mayes (Chemisty) uses 
high performance computing 
simulations to apply quantum chemistry 
to large systems with thousands of 
correlated electrons and basis 
functions.

 
Computational Chemistry



 
Designing surfaces that prevent ice 
formation on wind-turbine blades

Dr. Mehdi Raessi (ME) was recently awarded an 
NSF  grant for “Analysis and design of textured 
super-hydrophobic surfaces capable of preventing 
ice formation on wind turbine blades.” ($214,583) 

 



 
Simulation of ocean circulation

Dr. Amit Tandon (ME) works on ocean mixing and ocean circulation models. His work 
has been funded by the ONR “Submesoscale routes to lateral mixing in the 
ocean” ($349,641), the NSF “On the importance of submesoscale processes for ocean 
productivity” ($328,384), and NASA “Interpreting the ocean’s interior from surface 
data” ($129,318). Just last month he was awarded a new ONR grant “Coastal and 
Submesoscale Process Studies for ASIRI” ($647,173).



 
Design of solids and thin walled structures

Dr. Mazdak Tootkaboni (CE) is funded by the NSF for  applying computational 
uncertainty quantification techniques and model validation for the design of thin-walled 
structures. This work was recently funded by the NSF with a grant of $215,255. He was 
also recently awarded an NSF CAREER grant.



 
Numerical methods for modeling tumor 
growth and crystal formation

Dr. Cheng Wang 
(Math) is developing 
and analyzing 
algorithms for 
numerical simulations 
of Cahn-Hilliard-Hele-
Shaw model that 
model tumor growth 
and epitaxial thin film 
growth. His work is 
funded by the NSF 
for developing 
numerical methods 
for bistable gradient 
equations 
($104,283).



 
Statistical methodology and machine 
learning algorithms

Dr. Donghui Yan (Math) was a principal data scientist at Walmart Labs before he joined the 
math Department this September. His research interests are in statistical methodology and 
machine learning algorithms as well as applied statistics in various domains. The central 
goal is to enable reasoning under uncertainty, to understand natural and statistical 
phenomena, and to meet challenges from modern data.


