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 Researchers from various departments at Wayne 
State University (WSU) collaborate with one anoth-
er frequently to work on innovative, interdisciplinary 
solutions to complex real-world problems. In order to 
HI¿FLHQWO\�WHVW�WKHRULHV�DQG�PRGHOV�LQ�FRPSOH[�V\VWHPV�
such as cell injury in human tissue and defects in poly-
crystalline materials, these researchers need to utilize 
cutting-edge computing technology. 
 The university was recently awarded a high perfor-
mance computing (HPC) cluster by Silicon Mechanics 
as part of its annual Research Cluster Grant program. 
The program, entering its fourth year, is designed to 
provide the latest in HPC technology to research insti-
tutions, thereby empowering groundbreaking research. 
The new cluster provides resources that are shared by 
a variety of the most computation-intensive research 
groups on campus, allowing researchers to break down 
boundaries of what research is possible.

A focus on bettering the community through 
research
 The university had a substantial commitment to re-
search prior to the receipt of this cluster, with annual 
research expenditures of nearly $260 million. WSU is 
among only 3.5 percent of U.S. universities with the 
KLJKHVW�UHVHDUFK�FODVVL¿FDWLRQ�IURP�WKH�&DUQHJLH�)RXQ-
dation for the Advancement of Teaching. Interdisciplin-
ary collaborative research teams, supported by WSU’s 
Computing & Information Technology Department, 
include both computer scientists and domain scientists 
focusing on chemistry, mathematics, physics, biostatis-
tics, and biology, along with cancer and biomedical re-
searchers. They are often brought together by the need 
to incorporate parallel processing into their research to 
help advanced computational techniques perform better 
and faster. 
 Patrick Gossman, WSU’s Deputy CIO, Commu-
nity, Research and Special Projects, explained that 
a great deal of research and collaboration among the 
university’s engineers, physicists, biologists, and med-
ical doctors is moving towards “omics,” the emerging 

¿HOG�RI�ODUJH�VFDOH��GDWD�ULFK�FROOHFWLYH�FKDUDFWHUL]DWLRQ�
DQG�TXDQWL¿FDWLRQ�RI�SRROV�RI�ELRORJLFDO�PROHFXOHV�WKDW�
translate into the structure, function, and dynamics of 
an organism or organisms.
 This is where the new HPC cluster comes in, as 
SURMHFWV� LQ� WKLV�¿HOG�UHTXLUH�PRUH�FRPSXWLQJ�FDSDELO-
ities than ever before. WSU already had a central HPC 
grid including more than 4,500 processing cores and 
1.2 petabytes of data storage, but this grid does not of-
fer the tremendous power of co-processors for highly 
parallel analyses. In addition, although a few research-
ers had a local server with one or two co-processors, 
there was no centralized infrastructure that combined 
the power of a cluster of processors with the power of 
multiple co-processors.
 The new HPC cluster donated by Silicon Mechan-
LFV�¿OOV� WKLV�JDS��DQG�FRPELQHV�PXOWLSOH�FRPSXWH�DQG�
GPU nodes to support the best of both types of parallel 
FRPSXWLQJ��7KH� FOXVWHU� LV� WKHUHIRUH� D�YHU\� VLJQL¿FDQW�
addition to WSU’s advanced computing environment. 
Gossman noted early benchmarking results showed a 
90-fold increase in processing speed for one particular 
program on the new HPC cluster. 
 He added that using the same operating system, job 
scheduler and data storage for all advanced computing 
resources makes it easy for researchers to access the 
powerful new GPUs and Phi coprocessors. 
 The compute cluster was developed by Silicon Me-
chanics as a part of its annual Research Cluster Grant 
program, and includes hardware donated by Intel, 
NVIDIA, HGST, Mellanox Technologies, Supermicro, 
Seagate, and Kingston Technology, with cluster man-
agement software supplied by Bright Computing. The 
new cluster includes Intel® Xeon Phi™ coprocessors 
and NVIDIA® Tesla® GPUs. 

University’s technology leaders make a strong push 
for integrating advanced technologies with clinical 
and translational sciences
 WSU’s mission to be a premier urban research insti-
tution necessitates leading-edge computing technology 
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so researchers can work toward solving the pressing 
economic and health problems that plague the world. 
Well known for both its engineering and physics de-
partments, as well as being home to the nation’s larg-
est single-campus medical school, WSU has initiated a 
strong push to expand its related to integrative research 
teams tackling key health challenges incorporating ba-
sic discovery, translational, community engagement 
DQG� LPSOHPHQWDWLRQ� VFLHQFHV� IRFXVHG� RQ� VSHFL¿F� GLV-
eases and health care issues. 
 Such approaches can 
JUHDWO\� EHQH¿W� IURP� FRP-
putational and mathemat-
ical modeling of diseases 
and causative factors. Be-
cause of the complexity of 
the human body and the 
need to model and test clin-
ical solutions before apply-
ing them to patient care, 
WKLV� ¿HOG� OHDQV� KHDYLO\� RQ�
computational research and 
high performance comput-
ing.
 Dr. Stephen Lanier, 
vice president for research, explained the rationale. 
“We don’t want to only look at patients when they are 
sick but to be involved in ways of keeping people from 
getting sick,” Lanier said. “By spotting disease mark-
ers or indicators of good health ahead of time, we may 
be able to say why a particular person is susceptible to 
developing cancer if exposed to a toxin or understand-
ing how we can stop it. Understanding the mechanisms 
of disease from a predictive modeling perspective and 
learning how they thrive will provide novel approaches 
to disease prevention and management.”
 Utilizing this approach, Dr. Donald DeGracia, an 
associate professor in the Department of Physiology 
(WSU School of Medicine), is spearheading the devel-
opment of a nonlinear mathematical theory of acute cell 

injury. The work, being done in collaboration with Dr. 
=KL�)HQJ�+XDQJ��DQ�DVVRFLDWH�SURIHVVRU�LQ�WKH�'HSDUW-
ment of Physics and Astronomy, and Dr. Loren Schwie-
bert, an associate professor in the Department of Com-
SXWHU�6FLHQFH��ZLOO�EH�XVHG�WR�¿QG�WUHDWPHQWV�IRU�VXFK�
important clinical conditions as stroke, myocardial in-
farction, traumatic brain injury, and even cancer. 
 The research stems from the failure of more than 
150 clinical trials testing drugs to prevent neuron death 
after stroke, conducted over the past 30 years and col-

lectively costing billions of 
dollars. In contrast to the 
approach taken by these 
studies, which placed an 
emphasis on qualitative bi-
ological details, Dr. DeGra-
cia and his team formulated 
a theory of acute cell injury 
that uses notions of attrac-
tor states and phase planes, 
well-known in physics but 
not in biology, to model 
cell injury. 
 The theory models a sin-
gle cell, but since a typical 

tissue is composed of billions of cells, applying the 
theory to real cases requires running at least millions 
of instances of the model simultaneously. Additionally, 
the team anticipates that interactions amongst the cell 
instances will greatly increase the required computing 
resources. While a single instance of the model can be 
solved in seconds on a modern quad core desktop PC, 
the parallel implementation over millions of instances 
requires the state-of-the-art computational resources of 
the new cluster. 
 In addition to theoretical considerations, the ex-
perimental side of the model requires input data. This 
will be supplied by Dr. DeGracia’s laboratory, which is 
currently studying gene expression and protein changes 
after brain ischemia. The results from the lab’s microar-
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rays and proteomics will be used as data input for solv-
ing the model equations. Solving the model requires a 
computationally expensive pipeline. 
 The payoff, however, is worth the computational 
SULFH��LQ�SULQFLSOH��WKH�WKHRU\�FDQ�SURYLGH�VSHFL¿F�SUH-
dictions for tissue survival or death following certain 
clinical injuries. In the long term, the work will be used 
to develop technology that can be used in the hospital 
to help physicians diagnose and treat various forms of 
acute cell injury. 
 “Our work is very appropriate at WSU, which has 
a large medical school, since the injuries our model 
addresses are well-known clinical conditions faced by 
thousands of physicians daily,” said Dr. DeGracia. 
 “Additionally, WSU has wonderful strengths in 
physics, computer science, and engineering, which pro-
YLGHV�D� IHUWLOH�HQYLURQPHQW�IRU� WKLV�SURMHFW� WR�ÀRXULVK�
and grow.”

8VLQJ�PDVV� VSHFWURPHWU\� GDWD� WR� ¿QG�PHWDEROLWHV�
for cancer diagnostics and drug candidates 
 Another fertile collaboration is that between Dr. 
Seongho Kim, an assistant professor at WSU Medi-
cal School in the Cancer Biology Graduate Program, 
and Dr. Hengguang Li, an assistant professor in the 
Department of Mathematics, who are working on de-
veloping parallel computing algorithms for using mass 
spectrometry (MS) image data to detect biomarkers in 
WHUPV�RI�PHWDEROLWHV��7KH�¿HOG��FDOOHG�PHWDERORPLFV��LV�
extremely important for cancer diagnostics and cancer 
drug development.
� 8VLQJ�06�GDWD�WR�¿QG�PHWDEROLWHV�WKDW�FDQ�EH�XVHG�
to develop drugs is a complex problem. Each peak in 
the data represents one metabolite, but the software that 
analyzes the data needs improvement to more reliably 
detect peaks. The more peaks that can be detected, the 
more metabolites, and thus more possible biomarkers, 
PLJKW�EH�LGHQWL¿HG�
 Working with the MS data, Dr. Kim is trying to 
develop an improved peak detection algorithm based 

on image data, which requires GPU computation. “My 
work looks at one gigabyte of MS data at a time, which 
takes a huge amount of time. After joining WSU last 
year, I looked around for others working with GPUs to 
collaborate with and found Hengguang Li and contact-
ed him. Our plan is to use the HPC GPU-based cluster 
to develop a peak detection algorithm. Before, detect-
ing one peak could take about an hour, whereas when 
the GPU is applied it takes less than 10 minutes.”

Analyzing large genomic datasets to map 
WLVVXH�VSHFL¿F�UHJXODWRU\�VHTXHQFHV
 Dr. Roger Pique-Regi, an assistant professor at the 
Center for Molecular Medicine and Genetics at the 
WSU School of Medicine, is conducting research that 
aims to further understanding of the human genome by 
developing computational methods and statistical mod-
els that integrate large datasets, to be used to map tis-
VXH�VSHFL¿F�UHJXODWRU\�VHTXHQFHV�
 A better understanding of the gene regulatory lan-
guage encoded both in the human genome and in the 
HSLJHQHWLF�PDUNV� WKDW� GH¿QH� WKH� VWDWH� RI� WKH� FHOO� LV� D�
crucial step towards being able to predict the impact of 
genetic sequence alterations and variation on regulation 
of gene transcription. 
 “Learning the grammar that controls the molecular 
machinery that activates and modulates gene transcrip-
tion on a given tissue or condition is a fundamental step 
to be able to understand how the cell is wired and the 
molecular basis for disease,” said Dr. Pique-Regi. 

Developing computational chemistry methods for 
simulating chemical and biochemical systems
 G. Andrés Cisneros, an assistant professor in the 
Chemistry Department, leads a team that will use the 
cluster in its work developing and applying computa-
tional chemistry methods for the simulation of chem-
ical and biochemical systems. The group contributes 
to the development of code for the AMBER suite of 
programs; AMBER is a suite of popular molecular dy-
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namics (MD) software programs for biomolecular sim-
XODWLRQV�DQG�RQH�RI�WKH�¿UVW�0'�VRIWZDUH�SDFNDJHV�WR�
tap into the power of GPUs.
 The group uses computational simulations to inves-
tigate several biomolecular systems, including DNA 
repair and cancer-related proteins. One example, con-
ducted in collaboration with researchers in the chem-
istry and engineering departments and the Karmanos 
Cancer Institute, is using the cluster to speed up the de-
velopment of novel radiolabeled agents for Galectin-3 
(Gal-3), a protein involved in such cancers as pancreat-
ic ductal adenocarcinoma. The development of an im-
DJLQJ�DJHQW�VSHFL¿F�IRU�*DO���ZLOO�HQDEOH�GHWHFWLRQ�RI�
early stage pancreatic ductal adenocarcinoma. 

GPU-optimized Monte Carlo simulation engine for 
molecular systems
 Aside from clinical translational research and other 
similar applications, the cluster’s state-of-the-art hard-
ware, particularly the Intel® Xeon Phi™ coprocessors 
and the NVIDIA® Tesla® GPUs, are being used for 
projects such as enhancing the development of WSU’s 
novel GPU-optimized Monte Carlo simulation engine, 
known as GOMC. 
 The software supports performing high-throughput 
computational screening of porous materials for CO2 
sequestration, developing novel materials for the stabi-
lization of drug dispersions, predicting phase behavior 
of polymers and polymer composites, and providing 
molecular-level insight into such fundamental biolog-
ical processes as membrane fusion. 
� (I¿FLHQW�LPSOHPHQWDWLRQ�RI�WKH�0RQWH�&DUOR�PHWK-
od permits the screening of many potential molecules 
for desired functionality without any animal or human 
testing prior to identifying the most promising candi-
dates. 
 The team, led by Dr. Jeffrey Potoff, a professor in 
the Department of Chemical Engineering and Materi-
als Science, and Dr. Schwiebert, is developing a gen-
eral-purpose Gibbs Ensemble Monte Carlo (GEMC) 

simulation engine that uses GPUs for acceleration. The 
GEMC work focuses on atomistic simulation – a com-
putational approach where they determine certain prop-
erties of the system by calculating atoms’ interactions 
with each other. 
 “We’ve spent a few years developing this new 
GPU-based Monte Carlo simulation engine to simulate 
systems that contain up to 2 orders of magnitude more 
atoms than can be done with other software programs, 
which is very exciting work indeed,” Dr. Potoff said.
 He explained that with the new cluster, the team 
will be able to model larger systems, reduce data errors, 
and improve system prototyping. He noted that calcu-
lations that might have taken 30 days to complete can 
now be done in a day. 
 “Six months of calculations on a CPU take only 
a week when we add GPUs. It’s just that much faster. 
And this faster calculation time really enhances the re-
search process in a lot of interesting ways.”

New paradigm-shifting methods to solve 
mathematical models
 In addition to collaborating with Dr. Kim regard-
ing metabolomics, Dr. Hengguang Li is pursuing par-
adigm-shifting ideas in numerical methods for solving 
mathematical models. As a computational mathemati-
cian relatively new to WSU, Dr. Li sought out inter-
disciplinary research in other departments. He searched 
for other researchers interested in collaboration and 
assembled a team that included Dr. Wen Li, an asso-
ciate professor in the Chemistry Department, and Dr. 
Seongho Kim, and began talking about collaborating 
on research. 
 Numerical simulations are often used in industries 
where experiments would be expensive or physically 
impossible. To be accurate, researchers have to be able 
to look at a large number of smaller pieces that stand in 
for the domain being modeled. This is “domain decom-
position,” the starting point for most numerical simu-
lations; however, breaking the computational domain 
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into smaller pieces increases the computational com-
plexity exponentially. 
 To achieve numerical accuracy, a decomposition 
for a 3-dimensional domain like a cube should consist 
of billions of small pieces. The computational time for 
this task alone takes more than a year using an Intel® 
&RUH��L������*+]�SURFHVVRU��DQG�LW�LV�RQO\�WKH�¿UVW�VWHS�
in the numerical simulation. 
 Having reached the physical limitation of sequen-
WLDO� SURFHVVLQJ�� WKH� QH[W� ORJLFDO� VWHS� LV� ¿QGLQJ� DOWHU-
native solutions in parallel computing. Dr. Li and his 
research group are using the new cluster from Silicon 
Mechanics to develop new parallel algorithms for each 
PRGXOH�RI� WKH�¿QLWH�HOHPHQW�PHWK-
RG��)(0���7KLV�LQFOXGHV�DOJRULWKPV�
for the domain decomposition, the 
matrix/vector assembling, and the 
numerical solver for large systems 
of equations. 
  “We are really excited to have 
the hardware to be able to perform 
this work,” said Dr. Li. “We are go-
ing to be looking at whether differ-
ent architectures offer different possibilities for work-
ing in parallel. We are also looking into whether we can 
use our existing software with the GPUs, or how we 
can modify the code to be used on the Intel Xeon Phi 
coprocessors.”
 They hope to incorporate these new algorithms into 
a software package and plan to make it readily avail-
able for computations in various disciplines, in collab-
oration with colleagues in the chemistry and oncology 
departments, where numerical algorithms will be used 
to detect abnormal genes in sequence. 

GPU simulation of grain growth and defect 
dynamics
� $QRWKHU� SURMHFW�� OHG� E\� 'U�� =KL�)HQJ� +XDQJ�� DQ�
associate professor in the Department of Physics and 
Astronomy, along with Dr. Schwiebert, currently uses 

parallel computation with multiple GPUs to solve and 
simulate two-dimensional polycrystalline and/or nano-
structured material systems. 
 The work is important in developing new tools 
used to understand grain growth dynamics, crucial to 
the control of system properties, such as hardness and 
strength, of a wide range of engineered materials. The 
team is extending this to three-dimensional models, for 
which the use of the new cluster will play an important 
role.
 A great deal of research has been devoted to the un-
derstanding of the properties of polycrystalline materi-
als and their design and control. Polycrystalline mate-

rials are widespread, from metals to 
ceramics to minerals. They contain 
grains of different crystal orienta-
tions and grain sizes, shapes, and 
arrangements, which affect differ-
ent properties of the materials, in-
cluding conductivity and fracture. 
 Production of materials depends 
on understanding and controlling 
these polycrystalline structures. The 

properties of materials arise from their atomic-level, 
microscopic behavior, but direct study of individual at-
oms is impractical particularly for large scale systems, 
so simulations of large-scale material structures are 
used to gain insights into the materials.
 One of the models used to simulate the crystalline 
PDWHULDOV¶� EHKDYLRU� LV� WKH� SKDVH�¿HOG� FU\VWDO� �3)&��
model, which has enabled researchers to simulate 2D 
and 3D crystal structures and to study defects. Profes-
sors Huang and Schwiebert collaborated on large-scale 
computer simulations using GPUs to examine various 
dynamic properties of polycrystalline materials in the 
3)&�PRGHO�
 “Our goal is to replace programs that can take two 
months to run on a CPU with much faster turn-around 
time on the GPU. Currently, we are achieving speedups 
of about 20-30 times on a GPU for the most compu-
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About Silicon Mechanics
 Silicon Mechanics, Inc. is an industry-leading provider of 
rackmount server, storage, and high-performance computing 
solutions. Deploying the latest innovations in hardware and 
software technology, we work in collaboration with our customers 
WR�GHVLJQ�DQG�EXLOG� WKH�PRVW� HI¿FLHQW�� FRVW�HIIHFWLYH� WHFKQRORJ\�
solution for their needs. Our guiding principle, “Expert included,” 
LV� RXU� SURPLVH� WKDW� UHÀHFWV� RXU� SDVVLRQ� IRU� FRPSOHWH� FXVWRPHU�
satisfaction, from server and component selection to superior 
installation and ongoing technical support.
 Silicon Mechanics has been recognized as one of the fastest 
growing companies in the Greater Seattle Technology Corridor.

About Wayne State University
 Wayne State University is a metropolitan research institution 
dedicated to preparing students to excel. It does so by combining 
the academic excellence of a major research university with the 
practical experience of an institution that by its history, location 
and diversity represents a microcosm of the world we live in. As 
a nationally recognized urban public research university, Wayne 
State’s mission is to create knowledge and prepare a diverse body 
of students to excel in an increasingly complex and global society.
� )RXQGHG� LQ� ������ WKH� XQLYHUVLW\� RIIHUV� PRUH� WKDQ� ����
academic programs through 13 schools and colleges to nearly 
�������VWXGHQWV��:D\QH�6WDWH¶V�PDLQ�FDPSXV�LQ�0LGWRZQ�'HWURLW�

comprises 100 buildings over 200 acres; its six extension centers 
offer higher education to students throughout Southeast Michigan.

About Art Mann
 Art Mann is a software sales and business development 
professional with more than 25 years of experience serving 
the educational and research market. He has served as Silicon 
Mechanics’ education/research /government vertical group 
manager for the past 10 years, focusing on strategic planning and 
developing and growing new and installed base opportunities. Mr. 
Mann’s long career supporting educational and research needs 
gives him a special expertise.
 Prior to Silicon Mechanics, Mr. Mann founded Mann 
Technology Advisors, an information systems solutions 
company specializing in the higher education market, which was 
successfully sold to Denali Advanced Integration in 2003. He 
previously worked for Compaq Computer Corporation/Digital 
Equipment Corporation (now HP) for 17 years. Mr. Mann has 
served as a lecturer in the Math-Sciences Division and assistant 
dean of the Graduate School at Babson College, and as a lecturer 
at the University of Washington’s Graduate School of Business. 
He has an MBA from the University of Massachusetts at Amherst, 
and a BS in Management from State University of New York at 
Buffalo. 

tationally intensive portions of the code, which means 
that we could replace a program that runs for 60 days 
on a CPU with a program that runs in 3 days on the 
GPU,” said Dr. Schwiebert.

Looking forward towards groundbreaking research
 Overall, researchers from WSU have already met 
with success in using the new Silicon Mechanics HPC 
cluster to work on complex research, and moving for-
ward, the cluster enables researchers to dream bigger 
and plan projects that would have seemed impossibly 
complex or time-consuming a short time ago.
 “Analyses are often limited by the computing re-
sources that are available,” said Gossman. “Many anal-
yses that may have taken years to wade through in the 
past, can now be processed in weeks or even days on 
the Silicon Mechanics cluster, greatly accelerating the 
speed of discovery. The new cluster donated by Silicon 

Mechanics is an important new tool in our advanced 
computing environment and one that gives our re-
searchers the necessary processing speed to tackle even 
larger, computation-intensive problems in healthcare, 
bioinformatics and genomics, as well as in advanced 
manufacturing and materials science.”
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