
A
irflow over an object is

considered rarefied when-

ever the length scale of in-

terest becomes comparable to the

average distance between molecu-

lar collisions in the gas, called the

mean-free-path (l). For such rar-

efied flows, the continuum fluid

equations break down and the mo-

lecular nature of the gas must be

explicitly accounted for. In aero-

space engineering, such problems

arise when a spacecraft first enters

a planetary atmosphere at hyper-

sonic speeds. With support from

an MSI Seed Grant, a new molec-

ular-simulation tool has been de-

veloped by Assistant Professor
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Schwartzentruber’s research group

in the Department of Aerospace

Engineering and Mechanics

(AEM). An example simulation re-

sult is shown in Figure 1 for Mach

20 flow of nitrogen over a reentry

capsule geometry. This is a parti-

cle simulation where each compu-

tational cell contains roughly

50–100 simulated molecules,

which move through the grid, col-

lide with each other, and with the

vehicle surface. 
The specific molecular simula-

tion technique employed by Pro-

fessor Schwartzentruber’s research

group is called direct simulation

Monte Carlo (DSMC). DSMC is a

particle-based method that simu-

lates the Boltzmann equation. The

Boltzmann equation is more fun-

damental than the continuum fluid

equations and is accurate for dilute

gases ranging from continuum to

free-molecular conditions. The

DSMC method is therefore able to

accurately model rarefied flows,

but is also accurate for continuum

flows where it reproduces results

from continuum computational

fluid dynamics (CFD). The DSMC

method tracks a large number of

simulated gas molecules through a

computational domain allowing

for collisions between gas mole-

cules and also collisions with sur-

faces. The main assumption inher-

ent in the DSMC method is that

molecular movement can be de-

coupled from molecular collisions

(an accurate assumption for dilute

gases). Simulated molecules are

moved in a straight line for a

timestep close to the local mean-

collision-time (tc). Afterwards,

nearby particles (located within

the same computational cell) are

collided in a statistical manner.

Since DSMC is a stochastic

method, only 20–50 simulated

molecules are required per cell to

maintain accurate statistics. As

long as the cell size is less than the

local mean-free-path (l) and the

collision rates (probabilities) are

chosen correctly, the DSMC

method is able to accurately simu-

Figure 2. Example molecular simulation result for hypersonic flow over a satellite geometry resembling the MIR space sta-

tion. The complex geometry is cut from the Cartesian grid and flow volumes are computed for cut-cells (inset bottom-right).



late real gas flows from the molec-

ular perspective. Macroscopic

properties such as bulk velocity,

temperature, as well as heat and

momentum transfer to a surface

are then computed by sampling/

averaging the properties of simula-

tion molecules. 
Per cell, the DSMC method is

only slightly more expensive than

CFD. It is the restrictions of very

small cells and timesteps that

make DSMC computationally ex-

pensive for near-continuum three-

dimensional flows. However, as

parallel computing resources con-

tinue to rapidly grow, larger and

more complex DSMC simulations

become possible each year. For

both accuracy and efficiency, an

ideal DSMC simulation would

have cells that are precisely adapt-

ed to the local mean-free-path,

thereby minimizing the number of

computational cells and particles

while maintaining accuracy. The

new DSMC code developed in

Schwartzentruber’s group auto-

matically generates an embedded,

3-level Cartesian grid, “cuts” arbi-

trary triangulated surface geome-

tries from the grid, and even per-

forms adaptive mesh refinement

(AMR) during the simulation, all

with little-to-no user input. The

physics involved in molecular col-

lisions is inherently localized in

the DSMC method since only par-

ticles contained in the same com-

putational cell may interact during

a given timestep. Therefore, if the

movement of perhaps billions of

particles through the grid (includ-

ing collisions with complex

geometries) and the subsequent
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Figure 3. Diffusion velocity airflow over nanoparticle fractal-agglomerates. Orientationally-averaged drag profiles are ob-

tained via DSMC simulation since the flow is in the non-continuum regime. Results used to validate nanoparticle transport

models used in the aerosol science community.



sorting into computational cells

can be generalized, then sophisti-

cated collision models (based on

molecular-physics) can be incor-

porated into DSMC in a highly

modular fashion.

A Seed Grant from MSI in

2009–10 funded preliminary code

development in Schwartzentru-

ber’s group. Skilled and dedicated

work accomplished by Ph.D. stu-

dent Chonglin Zhang and Postdoc-

toral Research Associate Da Gao

resulted in a very capable DSMC

code within the first year. Dr. Gao

and Mr. Zhang’s progress was pre-

sented at the AIAA Aerospace Sci-

ences meeting in January of 2010.

NASA researchers attending the

presentation were impressed and

the paper led directly to a three-

year research grant from NASA to

continue development of the Min-

nesota DSMC code. So far, the

project has been extremely suc-

cessful. In fact a portion of the

source code written by Mr.  Zhang

(>6000 lines of Fortran-90 code)

has been officially incorporated

into NASA’s agency-wide DSMC

code. The updated NASA code

will be released to researchers at

NASA centers as well as to NASA

contractors for use in supporting

actual space missions. 

Specifically, Mr. Zhang devel-

oped “cut-cell” algorithms to de-

termine the boundary between the

flow field grid and any objects in-

side it by solving two problems.

The first involves sorting the trian-

gulated surface elements of a com-

plex 3D geometry into the Carte-

sian flow field cells they intersect

with. The second problem involves

computing the complex flow vol-

umes that result when surface tri-

angles cut through a Cartesian cell.

The source code developed by Mr.

Zhang is accurate and robust, en-

abling simulations for any 3D

geometry, no matter how complex.

These algorithms are integrated

into the DSMC code maintained in

the Schwartzentruber group with

the addition of automated adaptive

mesh refinement (AMR). An entire

surface triangulation, such as the

satellite geometry shown in Figure

2, (including 53,290 triangles) can

be cut from a large flow field grid

in less time than required by a sin-

gle movement/collision timestep in

a DSMC simulation. Such effi-

ciency may enable unsteady

DSMC simulations for complex

geometries to become possible

where the flow grid and geometry

must be adapted (and “re-cut”)

every few timesteps. 

Once such a framework for

DSMC particle movement and sur-

face geometry is established, new

research applications can be ex-

plored rapidly. For example, Pro-

fessor Schwartzentruber and Mr.

Zhang recently completed a col-

laborative research project with

Assistant Professor and MSI PI

Chris Hogan from the Department

of Mechanical Engineering involv-

ing nanoparticle transport. Rar-

efied flow considerations are re-

quired in the determination of dif-

fusion coefficients, charge mobili-

ty, and collision kernels for

nanoparticle-aggregates, since the

length scales approach the mean-

free-path. In these simulations,

particle clusters of different shapes

were placed in the flow field at

different spatial orientations, and

the force acting on them due to

molecules colliding with the sur-

face were sampled to get the total

drag force. These nano-scale flow

simulations were quite different

from hypersonic flow simulations

and required careful consideration

of subsonic boundary conditions

and high statistical scatter result-

ing from the large ratio of thermal

molecular velocities compared to

the bulk flow velocity. 

The result of the MSI Seed

Grant and ensuing NASA research

grant is a unique and powerful

molecular simulation tool under

continued development in the

Schwartzentruber research group.

Engineering applications include

computing the flow over low-or-

biting satellites, hypersonic plane-

tary entry simulations, high-alti-

tude high-speed vehicles, as well

as simulating rocket plumes.

DSMC may also be used to simu-

late the manufacturing processes

and function of micro-electro-

mechanical systems (MEMS) and

the transport of nanoparticles in

combustion and plasma systems,

and has also been used to model

plasma flows. Research will con-

tinue in algorithm development for

the DSMC method, but will now

focus intently on adding new

chemical-physics models for both

gas-phase and gas-surface colli-

sions. The long-term goal is to di-

rectly link computational chem-

istry and physics to real engineer-

ing applications through large-

scale molecular simulation. 
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T
hanks to the advancement

of computing hardware, we

have entered the era of

petascale computing and in seven

to eight years will see the dawning

of the exascale era. However, the

massive datasets produced by

large-scale computing remain a

problem of major inconvenience

with respect to visualization. 

Combined with the recent ad-

vent of large-scale multi-core

Graphics Process ing Unit or Gen-

eral Purpose Unit (GPU) architec-

tures and many-core CPU archi-

tectures, as well as the popular

adaptation of massively parallel

methods in almost every field of

scientific computation, the scale of

data generated has been increasing

enormously. Workers from geoin-

formatics, bioinformatics, and

computational physics have gar-

nered efficiently massive datasets,

available online, and have the

technology to integrate models of

different scales and perform data-

fusion. With exascale computing

several years down the road, we

can already see the need to be able

to process hundreds of petabytes

of data. This inexorable trend will

even take on a steeper slope in the

near future. Data processing, in-

cluding analysis and visualization,

has to tackle the problem of large-

data throughput. Both the software

and hardware architectures of cur-

rent computational science have to

evolve quickly to meet the vol-

umes of data generated by current

petascale computing. Additionally,

the last several years have seen an

upsurge in the number of collabo-

rative computing tools that are em-

powered and facilitated by the in-

ternet. Applications in the cloud

allow collaborators in distant loca-

tions to efficiently share informa-

tion and work together to solve

problems. While the issues pre-

sented by large-scale visualization

have been solved, and there exists

a paradigm for web-based collabo-

ration via software in the cloud,

these two concepts have not yet

been unified into a collaborative

visualization system that can han-

dle terabytes, or more, of data. 

The research group of Professor

David Yuen (Earth Sciences; MSI

Fellow) is working on a client-

server based approach to visualiza-

tion. Group members who have

worked on this project include

Yichen Zhou, Cory Ruegg, Robin

M. Weiss, Erik O.D. Sevre, Wei

Jin, and Michael R. Knox. The

heavy-duty visualization software

package Hierarchical Volume Ren-

dering (HVR) is used as the back-

end visualization solution and an

Department of Earth Sciences
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WebViz: A Collaborative Visualization 
System for Large-Scale 3D Data  

Figure 1. A high-level overview of the WebViz system and its components. Data-flow is indicated using arrows. The WebViz

server communicates with the visualization cluster regarding the user’s request and returns the result back to the user. Both

the WebViz server and the visualization cluster are located at University of Minnesota. 



intermediary TCP/IP based proto-

col is defined for communicating

with the visualization soft ware.

With this back-end system and

communication protocol in place,

one can request visualizations of

large-scale datasets from a wide

range of plat forms, including desk-

top computers, mobile devices, or

web-based applications. The Yuen

group’s visualization system is

called WebViz—it is a collabora-

tive visualization system that en-

ables users in re mote locations

with different hardware platforms

to share and interact with the same

real-time visualization session re-

gardless of the configuration and

comput ing capability of their local

computing equipment. By utilizing

the visualization cluster at MSI’s

Laboratory for Computational Sci-

ence and En gineering (LCSE) run-

ning HVR, combined with porta-

bility of Java and Google Web

Toolkit (http://code.google.com

/webtoolkit/), the system provides

high-resolution (up to 15 million

pixels), fully interactive visualiza-

tions with easy-to- use, interface-

based standard HTML technolo-

gies. 

WebViz’s robustness and speed

has been tested at different loca-

tions around the world. Even in

Beijing, China, which is 10,200

kilometers from the University, it

is possible to have a volume-ren-

dering session involving datasets

of the order of 1 to 2 gigabytes

gen erating at a rate only a factor

of 2 to 2.5 slower than local per-

formance. 

Because of bandwidth con-

straints, exchanging the large

amounts of data gen erated by

large-scale scientific computing re-

mains an unsolved issue. The only

means for conducting a collabora-

tive research project is to ex-

change the visualized analyses of

the datasets, which are at a central

location. Conventional visualiza-

tion tools, in spite of their power,

do not provide an efficient and

convenient way for exchanging

analysis results among collabora-

tors. As for online collaborative

tools such as Google Docs and

Go-ToWebinar, collaboration is

only provided for document ex-

change and online meeting. Those

functions are helpful for normal

events, but are not powerful e -

nough for collaborative research

that includes a large amount of

data processing and exchanging. 

The Yuen group’s approach is to

combine HVR and the concept of

web-based collaborative applica-

tion to develop an efficient proto-

col that allows remote accessing to

an HVR server and a user inter-

face associated with the protocol

to provide interactive features.

Eventually, this will provide a ses-

sion-based system that enables a

collaborative working environment

among multiple users. In this way,

researchers can access visualiza-

tion results using any equipment

with a network connection and

share their sessions with other col-

laborators. 

Hierarchical Volume Rendering,

or HVR, is a visualization package

developed by Dr. David Porter of

MSI. It applies a volume-rendering

technique and is customized pri-

marily for visualizing data from

simulations in astrophysics and

geophysics. It is a specialized pro-

gram for handling large-scale data

and providing high-resolution re -

sults upon request with fast re-

sponse speed. Combined with

LCSE’s powerful visualization

server, it provides the backbone

for the WebViz application. 

LCSE’s visualization cluster, as

shown in Figure 1, has multiple

Nvidia GeForce 8800 GPUs spe-

cialized for visualization. It also

has 8 GB of RAM and 256 TB

local storage for each of the 12

Department of Earth Sciences
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Figure 2. WebViz can be used on a variety of hardware platforms, including a powerwall (top panel, 15 Mega-Pixel resolu-

tion) connected to a Linux server and an iPad 2 (bottom panel) which uses iOS (formerly iPhone OS, an operating system

developed by Apple for hand-held devices). The visualization under examination is the Tohoku-oki tsunami waves. 



nodes to ensure stable throughput.

Each node is connected with a 20

GB/s DDR Infiniband for high-

speed data exchange. It is fully ca-

pable of heavy-duty server-side

processes and has fail-safe protec-

tion that can replace a failing node

with other redundant nodes during

the process. 

The client-side component of

the application, according to the

developing concept, has to be

lightweight and easy-to-use, and

must provide collaborative fea-

tures. “Lightweight” means that

the client-side application has to

be suitable for most plat forms a

user could possibly use, with low

system requirements. It also has to

be portable, so a user would not

have problems transferring be-

tween platforms with different op-

erating systems or hardware archi-

tectures. “Easy-to-use” requires

the application to work successful-

ly with minimal set-up and pro-

vide researchers in fields other

than computer science an easy ap-

proach to visualization. “Collabo-

rative features” require not only a

Department of Earth Sciences
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Figure 3. The Graphical User Interface of WebViz. Three areas are circled: (1) visualization result display; (2) basic control

panel; (3) large buttons for hand-held platform users and collaborative features. This interface is embedded within the web

browser. The visu alization shows the Young’s modulus (a measure of stiffness) associated with the 3D finite-element grid

model of the Sichuan-Yunnan region in China. Model derived by Liang Zheng from the Graduate University of Chinese

Academy of Sciences (SCIENCE CHINA Earth Sciences, 53: 1252–1259, DOI: 10.1007/s11430-010-4037-5).



robust but also a flexible protocol

that provides possibility of various

functions upon reliable data trans-

portation. 

The protocol of the WebViz ap-

plication is built over a basic

TCP/IP framework that ensures the

validity of the data. Users pass a

visualization request through a

TCP/IP socket to the visualization

cluster, where it is processed into a

visible result (usually JPEG files)

and returned to the users. This pro-

tocol allows users to choose which

data file in the server storage

should be visualized and also pro-

vides control features. Users are

able to modify the camera angle

and position of the viewers; they

can also adjust the color-map and

transparency of the returning re-

sult. Collaborative features are

also possible with this protocol

using specially designed interface.

Based on this protocol, WebViz

can access the LCSE’s visu -

alization cluster remotely with full

visualization capacity. Since the

visualizing process is on the serv-

er-side, the hardware requirement

of the client-side platfor m is mini-

mal. Hand-held platforms such as

tablets and smartphones can also

use WebViz without any loss of

function. Because of the use of the

basic TCP/IP protocol, a collabora-

tive session among different plat-

forms is also steady and set up-

free. Figure 2 shows WebViz

being operated on a large power-

wall and a hand-held device. The

visualization example is taken

from tsunami simulations. 

Having built the protocol over

the past few years, the Yuen group

is now ready to deploy WebViz for

fully functional web-based collab-

orations. Before implement ing the

interface, they have added an

inter-media server to the overall

system shown in Figure 1. The

WebViz server is in charge of veri-

fying users’ creden tial information

and encoding all user requests into

an HVR-acceptable format. This

avoids direct contact between 

WebViz users and the visualization

cluster. Users do not need a per-

sonal account on the cluster to

conduct a visualization ses sion. To

carry out such a session, all opera-

tions are passed through WebViz’s

own account on the cluster. Thus,

the cluster can be protected by a

high-level firewall policy for data

safety. This also controls the fail-

safe configura tion, so if any visu-

alization server fails to respond,

the session will switch to a valid

server. The application on the 

WebViz server was developed

using Java and built with Google

Web Toolkits (GWT), which trans-

lates code into JavaScript so any

platform with an internet connec-

tion and a web browser can use

this application without extra set-

up.

The latest version of the Web-

Viz interface, developed and de-

signed in the summer of 2011, is

shown in Figure 3. When a user

initializes a new visualization ses-

sion from the main menu, a new

session panel is generated that pro-

vides visualization results and con-

trol buttons for further modifica-

tions. Area 1 (in the graphic, large

box) shows the visualization re-

sult. It is WYSIWYG, so any re-

quest sent to the server, such as

change of resolution or camera

angle, will be shown on this panel

Department of Earth Sciences
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Figure 4. The image at left shows the large buttons in the WebViz GUI. The other two are the Session Control Setting panel

and User Invite panel. These allow collaborative activities within the session without worrying about anonymous users sabo-

taging the controls. 



with minimal delay. Area 2 (top

banner) provides basic camera

control and a session menu. Web-

Viz can upload time-series data to

depict changes in dynamics for

events involving thousands of

timesteps in phenomena, such as

mantle convection or 3D seismic

wave propagation. 

Area 3 (left panel) of the Web-

Viz interface enlarges frequently

used controls, such as Rotation,

Zoom In/Out, and Refresh Image.

This modification is included be-

cause tablet and smartphone users

have a disadvantage on a small

touch screen. Nor mal-sized but-

tons were difficult to push without

touching neighboring buttons. Col-

laborative features, as shown in

Figure 4, allow multiple users to

share the same visualization ses-

sion. This key feature of WebViz

sets it apart from other, similar ap-

plications in the field. In a collabo-

rative session, all users are able to

view the data being visualized and

as changes occur, an updated

image is displayed in the GUI of

all connected users at the same

time. The owner of the session can

hand out different parts of session

control, such as the set-up camera

or the capability to invite more

users, to any other users in the ses-

sion. Beyond that, users can use

the built-in chat system to ex-

change information and discuss as

the session continues. Users with

session control may save the set-

ting variables, such as color-map,

for further use. 

The performance of WebViz is

determined by three factors: the

response time of HVR (which in-

cludes data processing and trans-

ferring time within the clusters;

the resolution of the visualization

result; and the network connection

status. The rendering time of HVR

is generally faster on hand-held

devices since fewer pixels are ren-

dered. For high-resolution displays

such as a powerwall, HVR can

render a billion-voxel datafile on

local storage at 1920 x 1200 reso-

lution in approximately 0.7 sec.

The network connection condition

remains the rate-determining fac-

tor to slow down the response

speed for most web-based applica-

tions. Depend ing on user location

and different internet service

providers, the performance can

vary dramatically. The Yuen group

has tested WebViz at several loca-

tions around the globe that are lo-

cated far from the WebViz servers

at the University of Minnesota.

These locations include locations

in China such as Harbin (9,300 km

from Minnesota), Beijing (10,200

km), Shanghai (10,900 km), and

Lanzhou (10,800 km), plus Kiev,

Ukraine (8,100 km) and Perth,

Australia (17,100 km). All render-

ing processes were done within a

couple minutes. 

Many researchers are realizing

the importance of having a system

in place for visualization of large

datasets that have been created or

gathered at a remote lo cation. This

is also a factor in the push towards

cloud computing, which is now a

prime driver in the computing

world. Many fields, such as geo-

informatics, crave practical visual-

ization tools that can both handle

large-scale data and are accessible

through an online interface. The

next step in the development of

WebViz is to reinforce the protocol

in order to make it more stable and

practical for re searchers from dif-

ferent fields of scientific computa-

tion. For safety and validity rea-

sons, the current version of Web-

Viz requires users to pre-upload a

datafile to the visualization cluster

before setting up a session. This is

imprac tical for a user with a slow

network connection or interrupted

online time. The Yuen group is

considering setting up a buffering

storage server that a researcher

could use to upload datafiles

through the WebViz group’s inter-

face. After the data’s validity is

verified, a copy of data would be

uploaded to the visualization clus-

ter for further processing. For

handheld de vice users, available

RAM can be a bottleneck when

the original resolution of the visu-

alization result is high. The Web-

Viz team is planning to use tech-

nologies such as the Virtual Net-

work Computing (VNC), particu-

larly TighVNC, to compress the

source image and improve the per-

formance of WebViz in this situa-

tion. Another attractive cutting-

edge technology is NVIDIA’s new

Maximus Technology, which al-

lows visualization to be carried out

simultaneously with GPU compu-

tation. This system allows the

whole simulation process to be

WYSIWYG and therefore greatly

increases the performance of the

simulation. The WebViz team is

considering testing it to allow re-

searchers to use a handheld device

to access the system remotely

while simulating and visualizing

their data at the same time.

Discussions with Walter Czech,

Jim Greensky, Paul R. Woodward,

Gordon Er lebacher and David A.

Sanchez contributed information

to this article. This research has

been supported by the CMG and

OCI programs of the National Sci-

ence Foundation.
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T
he MSI Research Exhibi-

tion was held on April 13,

2012. This anual event is an

opportunity for MSI researchers to

present posters of their work using

MSI resources. The posters were

judged by a committee of MSI

Principal Investigators. The judges

chose the six finalists before the

event and made the final decision

for the Grand Prize winner after

talking to the poster presenters that

day. Photos of the prize winners

are shown on page 11. More pho-

tos from the event are on pages

12–13. A complete list of posters

is found on pages 14–15.

Prizes for the poster session and

refreshments were sponsored by

Dell and HP. Attendees enjoyed

light refreshments as they viewed

the posters and talked with the

presenters. Pictures of the poster

competition winners can be found

on our website at

www.msi.umn.edu/events

/researchexhibition2012.html
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Research Exhibition 2012

THANK YOU to our judges:

David Ferguson, Medicinal Chemistry

Efi Foufoula-Georgiou, Civil Engineering, St. Anthony

Falls Laboratory

Alexander Heger, Physics and Astronomy

Fumiaki Katagiri, Plant Biology

Yuk Sham, Center for Drug Design

J. Ilja Siepmann, Chemistry

Kylie Walters, Biochemistry, Molecular Biology, and

Biophysics

THANK YOU to our sponsors:
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Grand Prize Winner: Anoop Cherian, Computer Sci-

ence and Engineering (PI: Nikolaos Papanikolopou-

los); Large Scale Image Search via Sparse Coding

Finalist: Alessandro Cembran, Chemistry (PIs: Gian-

luigi Veglia and Jiali Gao); Computer Simulations of

Protein Kinase A Unveil the Structural and Dynami-

cal Effects of N-Myristoylation

Finalist: Steven Deyo, Biomedical Engineering (PI:

Matthew Johnson); Pathways Modulated by Deep

Brain Stimulation for Essential Tremor

Finalist: Kyungyoon V. Kim, Computer Science and

Engineering (shown with co-author Bret Jackson,

left) (PIs: Daniel Keefe and Richard Graff); Visualiz-

ing Ancient Greek Rhetoric in Immersive Virtual Re-

ality

Finalist: Wanjiao Liu, Computational Transport Phe-

nomena Laboratory, Mechanical Engineering (PI:

Sean Garrick); Advanced Modeling and Simulation of

Turbulent Sprays: Analysis of Small-Scale Effects for

Large-Eddy Simulation

Finalist: Jeffrey R. Van Voorst, Medicinal Chemistry

(PI: Barry Finzel); A Searchable Database of Macro-

molecular Conformation
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Research Exhibition 2012 Photos

Above: Dell representatives Pat Myers

(left) and Pam Lindahl talk with MSI

scientific computing consultant Mike

Knox.

Right: HP representative Phil Anstett

(left) talks with Jeff McDonald, MSI

Assistant Director of HP Operations.

Below: MSI Assistant to the Director

Bill Hellriegel (left) talks to poster

presenter Ben Teplitzky (Biomedical

Engineering).
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Research Exhibition 2012 Photos

Research Exhibition visitors talk to

poster authors about their research.



Numerical Simulations of Plasmas in Which Nanoparti-

cles Nucleate and Grow

Pulkit Agarwal (Steven L. Girshick, Mechanical Engi-

neering)

Monte Carlo Simulations of Multi-Component Adsorption

in Zeolites From Aqueous Solution

Peng Bai (PIs: J. Ilja Siepmann, Chemistry and

Michael Tsapatsis, Chemical Engineering and Materi-

als Science)

Extracellular DNA in the Early Enterococcus faecalis

Biofilm Matrix

Aaron Barnes (PI: Gary M. Dunny, Microbiology)

Efficient Algorithms for Geographic Watershed Analysis

Richard Barnes (PI: Clarence Lehman, College of Bio-

logical Sciences)

Control of mRNA Regulatory Elements Through Alterna-

tive Polyadenylation

Daniel Beisang (PI: David Boulware, Medicine)

Evaluating Automated Semantic Similarity and Related-

ness Scores With Standardized MedDRA Queries

Robert Bill (PI: Serguei Pakhomov, Pharmaceutical

Care and Health Systems)

Exploring Membrane Remodeling of an a-Synuclein via

Low-Angle X-ray Scattering and Molecular Dynamics

Simulation

Anthony Braun (PI: Jonathan Sachs, Biomedical Engi-

neering)

Classical Genetics in the 21st Century: Whole Genome

Genetic Fitness Analysis Using Transposon Mutagenesis

Combined With Next-Generation High-Throughput Se-

quencing

Evan Brutinel (PI: Jeffrey Gralnick, Biotechnology In-

stitute)

Computer Simulations of Protein Kinase A Unveil the

Structural and Dynamical Effects of N-Myristoylation

Alessandro Cembran–Finalist (PIs: Gianluigi Veglia

and Jiali Gao, Chemistry)

Method to Predict Elastic and Visco-elastic Behavior of

Porous Bio-based Materials and Composites 

Jeff Chambers (PI: Shri Ramaswamy, Bioproducts and

Biosystems Engineering)

Large Scale Image Search via Sparse Coding

Anoop Cherian–Grand Prize (PI: Nikolaos Pa-

panikolopoulos, Computer Science and Engineering)

A Pattern Mining Based Integration Framework for Bio-

marker Discovery

Sanjoy Dey (PI: Vipin Kumar, Computer Science and

Engineering)

Pathways Modulated by Deep Brain Stimulation for Es-

sential Tremor

Steven Deyo–Finalist (PI: Matt Johnson, Biomedical

Engineering)

First Principle Monte Carlo Simulations of Aggregation

in Hydrogen Fluoride Vapor

Mohammadhasan Dinpajooh (PIs: J. Ilja Siepmann

and Donald G. Truhlar, Chemistry)

Finite Element and Image Processing Analysis of Implant

Fixation Strength

Curtis Goreham-Voss (Joan Bechtold, Orthopaedic

Surgery)

A Finite Element Assessment of the Effect of Different

Fracture Patterns on the Stresses in a Short Trochantric

Nail

Curtis Goreham-Voss (Joan Bechtold, Orthopaedic

Surgery)

Proteomic Puzzles, Computing Solutions: Proteogenomic,

Metaproteomic, and Unbiased PTM Analyses for Bio-

marker Detection of Pre-malignant Oral Lesions 

Jill Ann Goslinga (PI: Timothy Griffin; Biochemistry,

Molecular Biology, and Biophysics)

Monte Carlo Simulation of Type IV Collagen Network

Organization

Lazarina Gyoneva (PI: Victor Barocas, Biomedical

Engineering)

Computational Design and Optimization of Phosphores-

cent Sensitizers for Efficient, Low Cost Organic Solar

Cells

Burak Himmetoglu (PI: Matteo Cococcioni, Chemical

Engineering and Materials Science)

Computational Simulation-directed Discovery of a Selec-

tive Inhibitor of Na,K-ATPase a4 Isoform for Male Con-

traception

Kwon Ho Hong (PI: Gunda Georg, Institute for Thera-

peutics Discover and Development)

Simulation of the Raman Spectra of Copper Zinc Tin

Chalcogenides and Comparison to Experiments

Ankur Khare (PI: Eray Aydil and Matteo Cococcioni,

Chemical Engineering and Materials Science)
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Research Exhibition 2012 Posters



Visualizing Ancient Greek Rhetoric in Immersive Virtual

Reality

Kyungyoon V. Kim–Finalist (PIs: Daniel F. Keefe,

Computer Science and Engineering and Richard Graff,

Writing Studies)

Coordinate Action of the Somatic Gonad and the

Germline in the Control of Oocyte Meiotic Maturation in

C. elegans

Seongseop Kim (PI: David Greenstein; Genetics, Cell

Biology, and Development)

A Discipline for Simulating and Analyzing Natural Sys-

tems

Clarence Lehman (PI: Clarence Lehman, College of

Biological Sciences)

The Ecology of Open Star Clusters

Clarence Lehman (PI: Clarence Lehman, College of

Biological Sciences)

Dynamics and Control of Transition to Turbulence in

Shear Flows of Newtonian and Viscoelastic Fluids

Binh Lieu (PI: Mihailo Jovanovic, Electrical and

Computer Engineering)

A Framework for Medical Device Design Using CAD

Synchronization and Remote High-Performance FEA

Computing

Chi-Lun Lin (PI: Arthur Erdman, Mechanical Engi-

neering)

Unraveling the Mechanism of a DNA Nanotechnology:

The 10-23 DNAzyme

Margaret Linak (PI: Kevin Dorfman, Chemical Engi-

neering and Materials Science)

Advanced Modeling and Simulation of Turbulent Sprays:

Analysis of Small-Scale Effects for Large-Eddy Simula-

tion

Wanjiao Liu–Finalist (PI: Sean Garrick, Mechanical

Engineering)

Ethene Methylation in the Methanol to Olefins Process:

Role of Surface Methoxides?

Mark Mazar (PIs: Matteo Cococcioni and Aditya

Bhan, Chemical Engineering and Materials Science)

Genome Wide Population Analysis of Arabidopsis

thaliana: Studying the Impact of Network Properties on

Evolution of Immune Signaling Network

Mridu Middha (PI: Fumiaki Katagiri, Plant Biology)

Computational Study of Multi-Drug Resistant Acineto-

bacter baumannii Serine b-Lactamase 

Woo-Shik (Austin) Shin (PI: Yuk Sham, Center for

Drug Design)

Mapping Ecosystem Disturbances Caused by Natural

and Anthropogenic Factors

Ayush Signhal (PI: Vipin Kumar, Computer Science

and Engineering)

Simulations of Fluorescent Probes Attached to SERCA

Bengt Svensson (PI: David Thomas, Biochemistry,

Molecular Biology, and Biophysics)

Computational Modeling of an Endovascular Approach

for Neurostimulation

Ben Teplitzky (PI: Matthew Johnson, Biomedical En-

gineering)

DNA Confined in Nanochannels

Douglas Tree (PI: Kevin Dorfman, Chemical Engi-

neering and Materials Science)

A Searchable Database of Macromolecular Conforma-

tion

Jeffrey R. Van Voorst –Finalist (PI: Barry C. Finzel,

Medicinal Chemistry)

Classical MD Analysis of the Dye Environment in the

Context of a Dye-Sensitized Solar Cell

Rajan Vatassery (PI: Wayne Gladfelter, Chemistry)

Air Pollution Impacts of Conventional and Alternative

Fuels

Kristina Wagstrom (PI: Julian Marshall, Civil Engi-

neering)

Mechanism of Diethylzinc Oxidization Utilizing Ozone

for Thin Film Applications

Ellis Warner (PI: Wayne Gladfelter, Chemistry)

Fecal Microbiome of Three Patients Following Fecal Mi-

crobiota Transplantation for Clostridium difficile Infec-

tion

Alexa Weingarden (PI: Michael Sadowsky, Microbiol-

ogy)

Parallel Computing of Forest Biotic Dynamics

Shuxia Zhang and Kirk Mythers (PI: Peter Reich, For-

est Resources)

Structure Determination of Zeolite Nanosheets

Xueyi Zhang (PI: Michael Tsapatsis, Chemical Engi-

neering and Materials Science)

Computational Modeling of Pedunculopontine Nucleus

Deep Brain Stimulation

Laura Zitella (PI: Matthew Johnson, Biomedical Engi-

neering)
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RISS Program Meet and Greet

T
he Research Informatics

Support Systems (RISS)

program is a new program

that provides a high-quality re-

search informatics infrastructure to

investigators in all areas of inter-

disciplinary informatics research.

The RISS program’s mission is to

collaborate with researchers by of-

fering basic consultation, proposal

development assistance, and ad-

vanced collaboration, while pro-

viding expert advice and support

in four areas:

• Project planning

• Data analysis

• Data management

• Education

Because of the need for user

support in bioinformatics, the ini-

tial emphasis in the RISS program

is in the life sciences, with bioin-

formatics experts being hired for

the RISS staff. Future hiring will

provide expertise in other fields as

needs develop.

MSI held a “Meet and Greet”

on March 22 so that the University

informatics community could learn

about the program and meet the

staff. MSI Director Jorge Viñals

began the event with brief wel-

coming remarks. Dr. Anne-Fran-

çoise Lamblin, the RISS Program

Director, then spoke about the pro-

gram and its role in supporting re-

search at the University of Min-

nesota. Two RISS analysts, Dr.

Ying Zhang and Dr. John Garbe,

spoke about their areas of expert-

ise and the research that they have

done prior to coming to MSI. The

afternoon concluded with a ques-

tion and answer session with the

audience. Approximately 50 peo-

ple attended the event.

More information about the

RISS program can be found on the

MSI website:

www.msi.umn.edu/support/riss/

Researchers wishing to contact

RISS personnel should send email

to the MSI help desk:

help@msi.umn.edu

and put “RISS” in the subject line.

Left: RISS analyst Dr. John Garbe

Below: RISS analyst Dr. Ying Zhang
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Agronomy and 

Plant Genetics

2011/169 

Using RNA-Seq for Gene Identifi-
cation, Polymorphism Detection
and Transcript Profiling in Two Al-
falfa Genotypes With Divergent
Cell Wall Composition in Stems
S.S. Yang, Z.J. Tu, F. Cheung,

W.W. Xu, J.F.S. Lamb, H.J.G.

Jung, C.P. Vance, and J.W. Gron-

wald

Biochemistry, Molecular

Biology and Biophysics

2011/150 

Increased Adipose Protein Car-
bonylation in Human Obesity
B.I. Frohnert, A.R. Sinaiko, F.J.

Serrot, R.E. Foncea, A. Moran,

S. Ikramuddin, Umar Choudry, and

D.A. Bernlohr

Biomedical Engineering 

2011/151 

Identification of Regional Mechan-
ical Anisotropy in Soft Tissue
Analogs
R. Raghupathy, C. Witzenburg, S.P.

Lake, E.A. Sander, and V.H. Baro-

cas

Chemical Engineering 

and Materials Science

2011/149 

Thermoelastic Properties of 
Wadsleyite and Ringwoodite 
(Fex,Mg1-x)2SiO4: Their Relation-
ship to the 520 km Seismic Discon-
tinuity
M. Nuñez Valdez, Z. Wu, Y.G. Yu,

and R.M. Wentzcovitch 

2011/156 

Correlations for Adsorption of
Oxygenates Onto Zeolites From
Aqueous Solutions
E.E. Mallon, I.J. Babineau, J.I.

Kranz, Y. Guefrachi, J.I. Siep-

mann, A. Bhan, and M. Tsapatsis

2011/170 

Vibrational Properties of MnO and
NiO From DFT+U-based Density
Functional Perturbation Theory
A. Floris, X. de Gironcoli, E.K.U.

Gross, and M. Cococcioni

2011/171 

H2S Adsorption by Ag and Cu Ion
Exchanged Faujasites 
P. Kumar, C.-Y. Sung, O. Muraza,

M. Cococcioni, S. Al Hashimi, A.

McCormick, and M. Tsapatsis

2011/172 

Alkane Metathesis by Tantalum
Metal Hydride on Ferrierite: A
Computational Study
M.N. Mazar, S. Al-Hashimi, A.

Bhan, and M. Cococcioni

Chemistry 

2011/152 

Transferable Potentials for Phase
Equilibria—Coarse-Grain Descrip-
tion for Linear Alkanes
K.A. Maerzke and J.I. Siepmann

2011/153 

Mobile Phase Effects in Reversed-
Phase Liquid Chromatography: A
Comparison of Acetonitrile/Water
and Methanol/Water Solvents as
Studied by Molecular Simulation
J.L. Rafferty, J.I. Siepmann, and

M.R. Schure 

2011/154 

Assessing Group-Based Cutoffs
and the Ewald Method for Electro-
static Interactions in Clusters and
in Saturated, Superheated, and Su-
persaturated Vapor Phases of
Dipolar Molecules
M. Dinpajooh, S.J. Keasler, D.G.

Truhlar, and J.I. Siepmann

2011/155 

Gibbs Ensemble Monte Carlo Sim-
ulations for the Liquid-Liquid
Phase Equilibria of Dipropylene
Glycol Dimethyl Ether and Water:
A Preliminary Report
P. Bai and J.I. Siepmann

2011/156 

Correlations for Adsorption of
Oxygenates Onto Zeolites From
Aqueous Solutions
E.E. Mallon, I.J. Babineau, J.I.

Kranz, Y. Guefrachi, J.I. Siep-

mann, A. Bhan, and M. Tsapatsis

2011/157 

Phase Diagram of Water Under an
Applied Electric Field
J.L. Aragones, L.G. MacDowell,

J.I. Siepmann, and C. Vega

2011/158 

Re-Examining the Properties of the
Aqueous Vapor-Liquid Interface
Using Dispersion Corrected Densi-
ty Functional Theory
M.D. Baer, C.J. Mundy, M.J. Mc-

Grath, I.-F.W. Kuo, J.I. Siepmann,

and D.J. Tobias

2011/159 

Vapor-Liquid Coexistence Curves
for Methanol and Methane Using
Dispersion-Corrected Density
Functional Theory
M.J. McGrath, I.-F.W. Kuo, J.N.

Ghogomu, C.J. Mundy, and J.I.

Siepmann

2011/160 

Liquid Structures of Water,
Methanol, and Hydrogen Fluoride
at Ambient Conditions From First
Principles Molecular Dynamics
Simulations With a Dispersion
Corrected Density Functional
M.J. McGrath, I.-F.W. Kuo, and

J.I. Siepmann

Names of Supercomputing Institute principal investigators appear in bold type. This 

list contains reports entered into the reports database during December 2011—March 2012.
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Names of Supercomputing Institute principal investigators appear in bold type. This 

list contains reports entered into the reports database during December 2011—March 2012.

2011/161 

Molecular Simulations of Retention
in Chromatographic Systems: Use
of Biased Monte Carlo Techniques
to Access Multiple Time and
Length Scales
J.L. Rafferty, J.I. Siepmann, and

M.R. Schure

2011/163 

Infrared Multiphoton Dissociation
Spectroscopy Study of Protonated
p-Aminobenzoic Acid:Does Elec-
trospray Ionization Afford the
Amino- or Carboxy-Protonated
Ion?
J. Schmidt, M.M. Meyer, I. Spec-

tor, and S.R. Kass

2012/5 

A Molecular Simulation Study of
the Effects of Stationary Phase and
Solute Chain Length in Reversed-
Phase Liquid Chromatography
J.L. Rafferty, J.I. Siepmann, and

M.R. Schure

2011/166 

Density-Functional Expansion
Methods: Generalization of the
Auxiliary Basis
T.J. Giese and D.M. York

2011/167 

Characterization of the Structure
and Dynamics of the HDV Ri-
bozyme in Different Stages Along
the Reaction Path
T.-S. Lee, G.M. Giambasu, M.E.

Harris, and D.M. York

2011/174 

First-Row Transition-Metal Chlo-
ride Complexes of the Wide Bite-
Angle Diphosphine iPrDPDBFphos
and Reactivity Studies of Monova-
lent Nickel
E.E. Marlier, S.J. Tereniak, K.

Ding, J.E. Mulliken, and C.C. Lu

2011/175 

Study of the Conformationally
Flexible, Wide Bite-Angle Diphos-
phine 4,6-Bis(3-diisopropylphos-
phinophenyl)dibenzofuran in
Rhodium(I) and Palladium(II) Co-
ordination Complexes
K. Ding, D.L. Miller, V.G. Young,

and C.C. Lu

Earth Sciences

2012/1 

Asymmetric Lithospheric Instability
Facilitated by Shear Modulus Con-
trast: Implications for Shear Zones
B.-D. So, D.A. Yuen, K. Rege-

nauer-Lieb, and S.-M. Lee

2012/2 

Why Do Scientists and Engineers
Need GPUs Today? 
M.G. Knepley and D.A. Yuen

2012/3 

WebViz: A Collaborative Visualiza-
tion System for Large-Scale 3D
Data
Y. Zhou, C. Ruegg, R.M. Weiss,

E.O.D. Sevre, W. Jin, M.R. Knox,

and D.A. Yuen

2012/4 

Pulsations of a Plume Rising in a
Non-Monotonic Viscous Mantle
G. Morra, D.A. Yuen, and F. Cam-

marano

Finance, 

University of St. Thomas

2011/147 

How Well Do Market Timing,
Catering, and Classical Theories
Explain Corporate Decisions?
M. Baxamusa

Masonic Cancer Center

2011/165 

The Medicago Genome Provides
Insight Into the Evolution of Rhizo-
bial Symbioses
N.D. Young, F. Debelle, G.E.D Ol-

droyd, R. Geurts, S.B. Cannon,

M.K. Udvardi, V.A. Benedito,

K.F.X. Mayer, J. Gouzy, H.

Schoof, Y. Van de Peer, S. Proost,

D.R. Cook, B.C. Meyers, M. Span-

nagl, F. Cheung, S. De Mita, V. Kr-

ishnakumar, H. Gundlach, S. Zhou,

J. Mudge, A.K. Bharti, J.D. Mur-

ray, M.A. Naoumkina, B. Rosen,

K.A.T. Silverstein, H. Tang, S.

Rombauts, P.X. Zhao, P. Zhou, et
al.

Physics 

2011/164 

Large-Amplitude Transmitter-Asso-
ciated and Lightning-Associated
Whistler Waves in the Earth’s Inner
Plasmasphere at L<2
A. Breneman, C. Cattell,

J. Wygant, K. Kersten, L.B. Wilson

III, S. Schreiner, P.J. Kellogg, and

K. Goetz

Physics, 

UM Duluth

2011/148 

A Light-Front Coupled Cluster
Method
J.R. Hiller and S.S. Chabysheva 

2011/162 

Application of a Light-Front Cou-
pled Cluster Method
S.S. Chabysheva and J.R. Hiller
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Plant Biology

2011/173 

CBP60g and SARD1 Play Partially
Redundant Critical Roles in Sali-
cylic Acid Signaling
L. Wang, K. Tsuda, W. Truman, M.

Sato, L.V. Nguyen, F. Katagiri,

and J. Glazebrook

Plant Pathology

2011/165 

The Medicago Genome Provides
Insight Into the Evolution of Rhizo-
bial Symbioses
N.D. Young, F. Debelle, G.E.D Ol-

droyd, R. Geurts, S.B. Cannon,

M.K. Udvardi, V.A. Benedito,

K.F.X. Mayer, J. Gouzy, H.

Schoof, Y. Van de Peer, S. Proost,

D.R. Cook, B.C. Meyers, M. Span-

nagl, F. Cheung, S. De Mita, V. Kr-

ishnakumar, H. Gundlach, S. Zhou,

J. Mudge, A.K. Bharti, J.D. Mur-

ray, M.A. Naoumkina, B. Rosen,

K.A.T. Silverstein, H. Tang, S.

Rombauts, P.X. Zhao, P. Zhou, et
al.

Restorative Sciences

2011/168 

Fracture Simulation of Restored
Teeth Using a Continuum Damage
Mechanics Failure Model
H. Li, J. Li, Z. Zou, and A.S.L.

Fok

Names of Supercomputing Institute principal investigators appear in bold type. This 

list contains reports entered into the reports database during December 2011—March 2012.
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