
To foster interdisciplinary in both 
the fundamental understanding 
and application of all the natural 
sciences. In particular, to model 
and develop integrated 
computational environments and 
crosscutting tools that allow a 
comprehensive, cross-
disciplinary  approach to 
problem –solving.













Goal: to understand the behavior of nuclei at extreme conditions of  
fast rotation and/or large deformation and their pairing properties

1. Extreme conditions in nuclei

Termination and
non-termination

of rotational bands

Proton-neutron pairing   
in N~Z nuclei

Superdeformation 
and search for 

hyperdeformation

Imax

Potential energy 
surfaces for the 

74Kr GSB 
configuration

Anatoli Afanasjev (Dept. of Physics and Astronomy)



Densities of superheavy nuclei: 
spherical relativistic mean field 

calculations

2. Physics of superheavy nuclei

Goal: to understand and predict the properties of superheavy nuclei –
only nuclear systems completely stabilized by quantum effects

Building the gateway to superheavy
nuclei by studying single-particle

spectra and other properties
of heaviest actinide nuclei

Central depression
in density distribution

Anatoli Afanasjev (slide 2)



Anatoli Afanasjev (slide 3) 3. The crust of neutron stars

Goal: to understand pycnonuclear reactions in the crust of neutron
stars and in dwarf stars; to derive their chemical composition. 

Accreting neutron 
stars

Generation of heat in deep 
neutron star crust through 
pycnonuclear reactions

The rate of pycnonuclear   
reactions is increased 
in neutron-rich nuclei

Compact lattice of nuclei + plasma 
screening = fusion (pycnonuclear) 
reactions at low T ~ hundreds keV



Performance Optimization of Problems in 
Computational Science And Engineering

• Goal: to advance the state-of-the-art in dynamic scheduling and load balancing algorithms for 
improving the scalability and performance of parallel applications in scientific computing 

• Focus: on the development of algorithms, techniques and tools that address load imbalance 
factors generated by the unpredictable behavior of simulations, such as irregularities rising 
from problem characteristics, algorithms, and software environments. 

Ioana Banicescu (Computer Science and Engineering)



Performance Optimization of Problems in 
Computational Science And Engineering

• Activities (past, *on-going, +just started)
– *Derive novel dynamic loop scheduling techniques

• Theoretical perspective, application and system integration 
• New algorithms are based on probabilistic analyses and are robust (high 

degree of generality, theoretical constraints of model are relaxed)
• New algorithms are adaptive and effective in heterogeneous environments 

characterized by irregular and highly unpredictable behavior
• Performance analysis, evaluation and prediction, from analytical and 

experimental perspective
– *Optimization through the use of machine learning in the automatic 

selection of dynamic scheduling algorithms ==>> autonomic 
computing 

– Develop dynamic load balancing tools and libraries
• *For cluster applications in (C, Fortran, Matlab) + MPI
• For enhanced functionality of systems: Hector; DMCS/MOL; *Loci

– Participants: faculty, researchers and graduate students at MSU (CCS, 
HPC2,…), other universities and government labs

Ioana Banicescu (slide 2)



Performance Optimization of Problems in 
Computational Science And Engineering

Applications/Collaborations/Grants
• Applications: N-body simulations; CFD simulations; Quantum 

physics *Astrophysics *Computational statistics *Image processing 
+Design optimization +Computational mathematics

– Simulation of quantum trajectories for electron scattering problems, 
Analysis of Gamma ray burst profiles, Validation of statistical 
techniques for nonlinear vector time series, Simulation of PDE-
techniques for image restoration, Design optimization of a parallel 
hybrid electric vehicle

• Collaborations: national (Cornell, College of William and Mary, 
ANL, …), and international (U. Amsterdam, EPFL, U. Cork, T.U. 
Chemnitz, U. Bayreuth, …) 

• Grants: National Science Foundation (CAREER, ITR, and others)

Ioana Banicescu (slide 3)



Clay group: molecular conductors, superconductors; 
Quantum Monte Carlo, many-body electron methods

Recent Projects
1. RTC, RP Hardikar, Phys. Rev. Lett. 95, 096401 (2005).

Electron-phonon (e-ph) interactions present in all 
molecular superconductors are usually expected to lead to 
insulating states. A challenge for the  theory of 
superconductivity is how to get a metallic state. 

We show that in one of the most basic models (Hubbard-
Holstein model), the presence of both electron-electron (e-e) 
and e-ph interactions can give a novel metallic state 
adjacent to the Peierls and Mott insulating states. 

2.RTC, S Mazumdar, Phys. Rev. Lett. 94, 207206 (2005).

A new class of molecular “ladder” materials feature an 
unusually large spin gap (non-magnetic ground state). We 
explain this state occurs through cooperation of e-e and e-ph 
interactions. The gap forms due to singlet bonds between 
electrons along the ladder, which may be related to 
superconducting pairing in similar materials.

Molecules combined into crystal. 
Strongly anisotropic in structure.

TMTSF molecule: typical building 
block for molecular SC’s

Supported by ACS (Petroleum Research Fund)

Torsten Clay (Physics and Astronomy)



Steven R. Gwaltney
Department of Chemistry

Modeling pesticide interactions with esterases
Using molecular dynamics simulations to
determine how organophosphate insecticides
bind to acetylcholinesterase

Mechanism of nitration reactions
Use electronic structure theory calculations to 
determine the potential energy surfaces for NO2

+

reacting with substituted benzenes.
Excited state simulations

Calculate the spectra of dibenzoborole derivatives to 
determine the cause of their large blue shift in 
fluorescence upon complexation



• Optimization and Simulation for 
Transportation and Logistics Analysis

• Automotive Distribution Network 
Design: A Perspective from 
Mississippi 

• Alternate Route Planning 
Technology to Facilitate Highway 
Transportation of Cargo, Vehicles 
and Personnel during National 
Emergencies

• Sheltering Network Design and 
Management Responding to 
Natural Disasters

Mingzhou Jin (Industrial and Systems Engineering)



• Supply Chain Management through 
Optimization and Simulation

• Lateral Transshipment for Slow-
Moving Critical Medical Items

• Geographic Information Systems 
Capability of Demonstrating the 
Current and Alternative Supply 
Chains for A Furniture 
Manufacturing Company

• Algorithms for the Split Delivery 
Vehicle Routing Problem

Mingzhou Jin (Slide 2)



Students: Jeff Houze, Bohumir Jelinek, Amber Benson, Amitava Moitra

Seong-Gon Kim (Physics and Astronomy)

STM image of divacancy (2V) 
on Pd(111) surface

Quantum model of 2V = 
one H in three empty sites

Potential energy for a single H atom in 
three empty sites

Ground state of H atom of divacancy 
showing three exposed fcc sites

Quantum simulation of Hydrogen Catalysis

Postdoc: Sungho Kim

Objective: To perform quantum mechanical simulations to 
better understand the hydrogen catalysis on metal surfaces



Seong-Gon Kim (slide 2)
Light-weight High-strength Steel and Mg Alloys for Automotive Applications

Validation of Modified Embedded Atom Method (MEAM) potential 
for Al and Mg against First-principles method

Objective: To employ quantum mechanical material modeling to reduce the weight of components

Atomistic simulation of interfacial 
debonding and facture
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 Atomistic simulation of crack 

propagation under tensile stress



Seong-Gon Kim (slide 3)

Atomistic Simulation of Nanopowder Sintering

TEM image of vanadium atoms acting as the 
inhibitor of grain growth of WC/Co system

Metal parts manufactured from powder sintering process

Melting of a single tungsten 10 nm nanoparticle

Sintering of two nickel microparticles (experiment) and 
two tungsten nanoparticles (simulation)

Objective: To perform realistic atomistic and quantum mechanical simulations to better understand 
the fundamental mechanisms and optimize nanopowder sintering process



• Propagation on Viscous and and Nonviscous Waves
Develop efficient high-order numerical methods and associated algorithms for viscous 
(microscale heat transfer) waves and nonviscous (acoustic waves) wave equations.

Simulation of Acoustic waves (left) and microscale heat transfer for double layered 
material (right)

Hyeona Lim
Mathematics and Statistics

Hyeona Lim



• Image denoising and segmentation
Develop efficient partial differential equation based models and their algorithms for 
image denoising and image segmentation.

Image denoising (enhancement) for clock image (left-noisy, middle-enhanced) and 
cardiac image segmentation (right)

Hyeona Lim
Mathematics and Statistics

Hyeona Lim (2)



• Error Analysis on Multiscale Modeling
Develop mathematical analysis of the error Δε introduced by the different models and 
computational methodologies at different scales of deformation and damage process 
for better design optimization of lightweight vehicles. 

Continuum

G.B.

Grains 
(differently orientated crystal)

Δε1

Dislocations
Atomistic-scale 

Approach

Δε2 Δε3 Δε4

Hyeona Lim
Mathematics and Statistics

Hyeona Lim (3)



• Trend Study in a Periodic Time Series Regression Model

Annual temperature trend estimates in USA (left)  and its spatially 
smoothed trend estimates (right)

QiQi Lu (Mathematics & Statistics)
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• Changepoint Detection of Climate Time Series

– A changepoint is a time at which the structural pattern of a time series changes. It can 
be induced from station moves, instrumentation/observer changes,  and changes in 
observation practices. 

– Develop statistical tests for undocumented changepoints for climatic time series.

Changepoint detection for a monthly mean atmospheric pressure series (left) and a yearly
frequency of cloudiness conditions (right) 

QiQi Lu (Slide 2)



Figure 1 [Horizontal axis: individual CPUs; vertical axis:
progress of the simulation of the individual CPUs.] (a)
When compute nodes only communicate with local
neighbors, the spread of the progress of the simulation
increases with the number of nodes, making continuous
data retrieval not scalable. This corresponds to a wildly
fluctuating simulated time horizon (large spread of the
progress of the individual CPUs). (b) When each node is
also required to communicate with a randomly chosen one
(resembling a “small-world” network), synchronization
emerges spontaneously, without a central command.

Parallel discrete-event simulation is an invaluable
general tool to investigate the dynamic behavior of
complex systems. Such systems include battle-field
models, models for the spread of diseases and
epidemics, cell-phone communication networks,
dynamics of materials, and financial markets - some of
these being dauntingly relevant in our everyday life.

As tomorrow’s state-of-the-art massively parallel
architectures will have about a million CPUs (e.g.,
IBM’s Blue Gene Project), the design of scalable
algorithms becomes an extremely challenging task. In
particular, synchronizing that number of CPUs using
some kind of central control is beyond hope.

We constructed a novel synchronization protocol in
which CPUs operate autonomously without any
centralized control. We achieved this by requiring each
CPU to communicate only with a few others through a
“small-world” network. This type of complex network
(producing the “six degrees of separation”) is well
known from social systems to be capable of facilitating
the spread of information in a highly efficient manner.
Providing a near-uniform progress of the CPUs, this
method is scalable in both the simulation and the data
c o l l e c t i o n p h a s e s o f t h e a l g o r i t h m .

ITR: “Non-Equilibrium Surface Growth and the Scalability of Parallel Discrete-Event Simulations 
for Large Asynchronous Systems”, DMR Award#0426488
Gyorgy Korniss (Rensselaer Polytechnic Institute), Mark Novotny (Mississippi State University)
ark 

regular one-dimensional
communication topology 

“small-world” topology when 
random links are added 

US patent #6,996,504    ‘Fully Scalable Computer Architecture’ issued Feb. 7, 2006



ABSL/CERDEC contract

Calculations for lithium ion batteries (molecular dynamics and dynamic
Monte Carlo atomistic simulations)

Calculations of fuel cell/battery combinations (device scale simulations)

Novotny and Wu

Monies starting in July 2006



Physical Small-World-like Network Research with High-School Students
DMR-0426488 (ITR) Gyorgy Korniss (Rensselaer), Mark Novotny (Mississippi State University)

Four high-school students at Mississippi State, pictured with one of their created
physical small-world networks, worked with the PIs for one summer. Their work,
shown in the figure, for the eigenvalue spectrum λi of the SW-network Laplacian, was
published in J. Applied Physics in 2005, shown with their names highlighted.

http://www.rpi.edu/~korniss
http://www.rpi.edu/
http://www.msstate.edu/dept/physics/profs/novotny.html
http://www.msstate.edu/


Magnetic nanoparticles are promising
materials for ultra-high density magnetic
recording media and magnetic RAM. Here
we show a visualization of the internal
magnetic flux lines in a simulated 9 nm x 9
nm x 150 nm Fe nanopillar, modeled on
particles produced experimentally at Florida
State University. The simulations use a
stochastic differential equation (Landau-
Lifshitz-Gilbert equation) for the local
magnetization, which includes exchange and
magnetostatic interactions, anisotropy, and
r a n d o m t h e r m a l f l u c t u a t i o n s .

Magnetic flux lines in an Fe nanopillar in an applied
magnetic field that makes 75o with the long axis (red arrow in
the middle). The pillar is in the metastable state, with most of
its spins aligned antiparallel to the z-component of the
applied field. Green: stable direction. Red: metastable
direction. Left: top of pillar. Right: middle of pillar.

Visualization of Magnetization Switching in a 
Misaligned Iron Nanopillar

Mark A. Novotny, Mississippi State University
Per Arne Rikvold, Florida State University, DMR-0120310

Grant thru Physics & Astronomy



Multi-Resolution Fuel Cell Model
GDLCatalyst Mem Gas Channels

1D

3D3D

1D+2D

Use Pore Network Model for:
Phase Diagram and Saturation in

the Porous Media

Statistically Mapping

3D Pore Network Model:
With Pore Geometry Distribution as Input

Microstructure 
Characterization Microscopic Simulation

Coolant Channels

1D

Bipolar Plate
(heat transfer)

3D

Advantages of Multi-Resolution Models:
• Resolve physics as necessary; 
• Grid generation simplified;
• Reduce computational time by 

orders of magnitude than full 3D



Rule Database 
(Transformations)

Query Database 
(Goals)

GridPhysical 
Parameters

Execution Schedule

Output Distributed Memory 
Machine (MPI)

Fact Database 
(Definitions)

Dependency Graph Analysis

Gas Channel 
model

Catalyst 
model

Membrane 
model

Thermal 
model

Coolant 
model

Shared Memory Machine 
(Multi-thread)

Schedule Determination

Job Assignment

Result Query

Loci Based Fuel Cell Simulation

Stress model
GDL model

PETSc Linear 
Solver



Simulation Aided Optimal Design
Parameters and Variables to Be Optimized:
Operating Conditions: Inlet gas composition, temp., flow rate;

Coolant type, coolant inlet temp., flow rate;
Water residual content affected by shutdown

Gas Channels: Channel patterns, channel width and height
Coolant Channels: Channel patterns, channel width and height
GDL: Thickness, pore size dist., hydro-phobic/philic pore ratios
Catalyst: Platinum and carbon particle sizes, platinum loading
Membrane: Thickness

Experimental Design
Statistical Optimizer

Automatic Parametric 
Grid Generation

Integrated Stack Level 
Parallel Simulation

Optimal Operation 
and Efficiency



Reaction Diffusion Equations --- Steady States
Ratnasingham Shivaji

Objectives: To analyze the structure of positive solutions to classes of steady state 
reaction diffusion models arising in population dynamics and nonlinear heat generation

• Population Dynamics • Nonlinear Heat Generation



• Population Diffusion



• Nonlinear Heat Generation



Lisa Wallace – Department of Biological Sciences

Photo: Warren  Wagner

I. Evolutionary Diversification of Schiedea on the Hawaiian Islands 
(Collabs. Drs. Molly Nepokroeff, Ann Sakai, Warren Wagner, & Steve Weller)

Schiedea, an endemic genus of the Hawaiian Islands, 
is a model system for understanding the mechanisms 
of plant evolution in island systems.  We are interested 
in understanding how Schiedea evolved on the 
Hawaiian Islands and the reasons for the incredible 
diversity in breeding system and habitat exhibited by its 
members. 

To address these questions, we are constructing an 
updated phylogeny based on a multi-gene dataset to test 
hypotheses about the correlated evolution of 
morphological characters and biogeographic patterns, and 
examining sequence variation at the intraspecific level to 
elucidate phylogeographic patterns within widespread 
species and  dynamics of natural hybridization.  We are 
also applying our understanding of genetic structure to the 
conservation of Schiedea through the use of spatially 
explicit techniques borrowed from the field of landscape 
ecology.



II. Conservation Genetics and Evolution of the California Channel Islands Flora
(Collabs. Drs. Kaius Helenurm and Mitchell McGlaughlin

The California Channel Islands (map at right) are a 
unique archipelago because they exhibit a surprisingly 
high number of endemic plant species (15% of the flora) 
despite being very close to mainland California.  
Research in this system is focused in two areas: 1) 
documenting population genetic structure and the impact 
of historical disturbances on the maintenance of genetic 
variation in rare species, and 2) addressing fundamental 
biogeographic questions of how and when endemic 
species evolve across the islands using Lotus species as 
model taxa and testing hypotheses of gene flow, genetic 
drift, and divergence.

Lotus sp.

Future diversity in C. californicum



III. Speciation and Population Biology of Platanthera Orchids

The Orchid family is among the largest and most diverse groups 
of flowering plants.  My work, focused on section Limnorchis of the 
genus Platanthera, is directed at 1) resolving taxonomic confusion 
among Platanthera species through systematic studies of 
morphological and molecular data, 2) understanding genetic and 
ecological consequences of polyploidization in P. huronensis by 
characterizing morphological, ecological, and molecular genetic 
variation throughout the species’ range and testing for 
phylogeographic patterns among independently derived lineages, 
and 3) studying how genetic drift and pollinator-mediated selection 
act to drive diversification in P. dilatata.  
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Plot of individuals from a multivariate PCoA based 
on ISSR & RAPD genotypes observed in P. dilatata



Modeling

Analysis

Visualization

Application

Dr. Song Zhang, Computer Science and Engineering



Diffusion Imaging Visualization and Analysis

User    
Study

Visualization

Data 
Acquisition

Data 
Modeling 
and 
Analysis

Applications

Quantitative

Qualitative



Defect Detection in Liquid Crystals
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