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Today more than 
ever, advances in 
health, life sciences, 
biotechnology, and 
pharmaceuticals 
depend on the ability 
to run massive 
computations and 
interpret rich data 
sets across powerful, 
clustered information 
technology (IT) 
infrastructure.

Whether pursuing 
basic research or targeted 
treatments, today’s scientific 
and research teams must be 
equally adept in computer 

science and biological 
science. Bringing these 
disciplines together is 
enabling health and life 
science organizations to 
achieve unprecedented 
breakthroughs in genomics, 
epigenetics, bioinformatics, 
cell biology, immunology, 
neuroscience, nanomaterials, 
and many other health-
related fields.

In this book, we look 
at some of the drivers 
that are causing many life 
science organizations to 
upgrade their clustered 
IT infrastructure.

Introduction

Asya Shklyar
Roche

“We are a longtime 
user of Bright 
Cluster Manager, 
and have benefited 
from its totally 
integrated approach 
and intuitive 
interface. We are 
excited about the 
possibility of using 
Bright to burst 
into the cloud and 
instantly increase 
compute power as 
and when required.”
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Information Technology for Life Sciences

Chapter 1

Building Advanced IT that Supports 
Medical Breakthroughs

The relentless quest for medical 
advancement puts enormous pressure on IT 
infrastructure and the people who support 
it. Scientists and researchers need to know 
that IT will support their important work 
by delivering advanced, highly scalable 
computing platforms that perform reliably. 
This isn’t always easy. Budget pressures, 
skill deficits, and competition for scarce 
computing resources are just some of the 
challenges facing IT today in the health and 
life sciences fields. Private and public clouds 
are seen as promising avenues to more 
efficient IT delivery, but these each present 
their own unique challenges in terms of 
resources and skills.
 
Clustered Infrastructure Powers IT 
for Life Science and Pharmaceutical 
Research

To address these challenges, many IT 
organizations have turned to building or 
expanding their clustered IT infrastructure, 
deploying the high-performance computing 
and big data clusters on which scientists 

and researchers depend. These clustered 
resources are being deployed on premise, in 
the cloud, or both, depending on the specifics 
of each organization’s needs. In addition 
to the infrastructure itself, health-related 
organizations around the world are choosing 
to employ advanced cloud and cluster 
management software. Doing so simplifies 
the task of managing their advanced 
computing infrastructure effectively and 
getting on with the important business of 
improving human health and welfare.

E X P L O R I N G  T H E  J U N C T I O N  B E T W E E N  I T  A N D  T H E  L I F E  S C I E N C E S

“Research projects are competitive 
by nature, so it’s an advantage 
to carry out analysis efficiently 
to produce results as quickly as 
possible. Bright allows this to 
happen. Integration is nearly 
always an issue when aligning 
two organizations, but Bright 
integrated into Computerome 
seamlessly.”

-Peter Løngreen,  
Head of High-Performance 
Computing and IT at CBS1
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Virtualization and the Cloud

Chapter 2

Virtualization and cloud technology 
aren’t new by any means, but the life 
sciences industry as a whole has been 
slow to embrace them.  For certain 
applications, however, virtualization and 
cloud computing can bring tremendous 
benefits.  In this section, we look at a 
few life sciences organizations that are 
successfully using these approaches today. 
In this section, we look at a few that have 
successfully made use of cloud computing 
and virtualization in different ways.

Van Andel Institute Integrates Traditional 
Grid and Cluster Computing

The Van Andel Institute (VAI) is an independent 
biomedical research and science education 
organization based in Grand Rapids, Michigan. VAI 
hosts 30 individual research groups that use genomic 
sequencing analysis, molecular dynamics simulation, 
and modeling to investigate epigenetics, cancer, and 
neurodegenerative diseases. Recently, VAI deployed 
a unique new hybrid infrastructure to provide its 
researchers with the resources they need.

VAI opted to deploy an OpenStack cloud 
infrastructure that enabled it to manage both high-
performance computing (HPC) cluster computing 

C L O U D  T E C H N O L O G Y  
F O R  L I F E  S C I E N C E S  R & D

Life Sciences 3rd Largest Market for HPC

According to insideHPC, bio and life 
sciences is the third-largest commercial 
vertical market segment for the use of 
HPC, including biomedical research and 
development organizations in such areas 
as pharmaceuticals, medical research, 
agriculture, and environmental engineering.
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and cloud computing within the same 
infrastructure. This greatly reduces the 
labor and effort needed for management 
and change control and helps VAI respond 
dynamically to an increasing demand for 
cloud computing. 
 
“Grid and cluster computing has been the 
standard for years, but we know that cloud 
computing is the wave of the future,” 
said Zack Ramjan, Research Computing 
Architect at VAI. “The hybrid approach we 
are getting with Bright is providing a path 
that helps us transition from one to the 
other.”

The main challenge VAI faced when 
designing the new system was finding a way 
to meld hardware, software, and storage 
into a system that could handle the massive 
amount of data generated by the various 
research groups. To solve that challenge, VAI 

sought an environment that could handle 
the massively parallel processing (MPP) and 
analysis required.  
 
“We have the cluster and grid and will 
eventually have the cloud,” says Ramjan. 
“so we can use a divide and conquer 
approach, efficiently assigning tasks 
among fifty computers and the cloud 
resources.”

Although VAI’s existing workloads are 
mostly grid and cluster, it expects to move 
further toward the cloud in the future. 
Choosing a solution based on OpenStack 
provided an expandable and scalable solution 
that allows combining HPC workloads with 
big data analytics workloads in the same 
infrastructure, with the option of working on 
either physical or virtualized infrastructure. 
It also provides a path that facilitates the 
transition from one to the other.
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International Pharmaceutical 
Company Integrates the Cloud into 
its Existing IT Infrastructure

A major pharmaceutical company needed 
to set up its HPC clusters across physical 
servers and instances in the Amazon Web 
Services (AWS) cloud. It selected Bright 
Cluster Manager to manage the entire 
environment. The company’s servers are 
distributed between four geographically 
distinct locations, and require support from 
the systems-administration team that is 
located at one of these four locations. Using 
Altair PBS Professional, the company 
configured each of the four locations as peers 
from the workload-management perspective. 
PBS Pro maintains a real-time inventory of 
node availability on a per-location basis. Jobs 
submitted to PBS Pro are separated into 
six types based upon resource requirements 
that detail job size, processing and memory 
requirements, urgency, software image and 
other needs.

The challenge they faced was integrating 
the AWS cloud into the existing IT 
infrastructure with minimal administrative 
overhead and no disruption to user workflow. 
The company selected Bright Cluster 
Manager because it is integrated with Altair 
PBS Pro and can incorporate IT resources 
based in AWS clouds. This customer added 
an instance in the AWS cloud as a fifth 
location. Because PBS Pro is aware of 
workload demands, it can direct Bright to 
dynamically provision resources in the cloud. 

Because each job’s software and data needs 
are met in the AWS cloud, penalties owing to 
the latency of transferring data between the 
site and the cloud can be virtually eliminated. 

The seamless integration with AWS 
means that the cloud can be easily used 
as an additional resource on the system 
with virtually no administrative overhead. 
Workloads can be intelligently scheduled 
through use of on-site resources as well 
as resources made available through 
the AWS cloud. The AWS cloud has 
become an extension of the on-premise 
IT infrastructure.

• Chemistry, including bio-chemistry, 
molecular modeling, and protein folding

• Bio-engineering (incl. agricultural 
engineering)

• Genomics and proteomics
• Biology, including molecular biology
• Pharmacology, including pharmacokinetic/

pharmacodynamic (PK/PD) modeling
• Analytics, including statistical analysis 

and bioinformatics

COMMON APPLICATIONS IN BIO-SCIENCES
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Using IT to Relieve Budget Pressures

Chapter 3

No industry is immune to budget 
pressures, and life science 
research is no exception. Whether 
it’s finding more efficient ways to 
sequence genomes, or managing 
new IT systems without hiring 
more staff, organizations are 
always looking for ways to cut 
costs. In this section, we look 
at how some organizations have 
turned to their IT departments 
to get more done while reducing 
costs.

 
Research Center Finds Cost 
Effective Way to Build Cluster 

E V E N  P R O F I T A B L E  M A R K E T S  H A V E  L I M I T E D  I T  B U D G E T S

Infrastructure

Most organizations that rely on high-
performance computing (HPC) are staffed 
by researchers that may not have the 
skills to properly manage an HPC cluster. 
As a result, they are highly dependent on 
expensive experts and consultants that 
must be brought in to do the job. The 
Research Center for Molecular Medicine of 
the Austrian Academy of Sciences (CeMM) 

“Life sciences companies should 
approach 2016 with cautious 

optimism. Opportunities to 
innovate in global, patient-centric, 

and value-focused approaches 
to growth are possible but each 

market’s economic, political, 
and social dynamics should be 

carefully monitored and assessed 
before moving forward.” 

 
–Greg Reh, Deloitte Global Sector 

Leader, Life Sciences

“Pricing pressures in the United States and unstable 
economic conditions in Brazil, Russia, and China, which 

collectively drive 50 percent5 of global pharma revenue, 
have led to a slowdown in the pharma segment, as have 

tightening government health care budgets or reductions in 
out-of-pocket expenditures in these countries and others.” 

– Deloitte 2016 Global life sciences outlook.
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overcame this problem by deploying 
advanced cluster management software. The 
software is designed to make it easy to keep a 
cluster healthy, even for non-IT staffers.

CeMM is focused on molecular and 
genetic research of human diseases, such as 
cancer. It is connected to the Vienna General 
Hospital, one of Europe’s largest hospitals, 
and is among the few research groups in 
the academy with its own HPC cluster. 
CeMM uses the computing power of the 
cluster mainly for gene sequencing and mass 
spectrometry data analysis.

When the academy found the demand on 
IT resources rising, it realized that in–depth 
knowledge of cluster setup and management 
was not available in house. This put the 
future of the cluster into question. The 
increasing demand for sequencing was taxing 
the parallel file system, resulting in poor 
performance. An extension of the existing 
system would be very expensive due to the 
locked-in nature of the hardware, software, 
and service dependency on the existing 
vendor. Something had to be done.

The organization made a decision to 
implement an intelligent management 
software layer to overcome the dependency 
on expensive systems and outsider 
knowledge. Now, any systems administrator 
can carry out everyday tasks themselves, 
freeing them to focus on user support and 
other important tasks.

Performance improvements came about 
by replacing the flagging file system with 
a new high performance Fraunhofer File 
System (BeeGFS) and using a single modern 
InfiniBand network fabric for storage and 
remote direct memory access (RDMA). This 
added some management complexity but that 
was mitigated by the cluster management 
software. 

New servers are now deployed in 
minutes without the need for deep 
knowledge of Linux, OpenFabrics Enterprise 
Distribution (OFED), Compute Unified 
Device Architecture (CUDA), or similar 
technologies. And, since updates come 
from the repository provided by the cluster 
management software CeMM selected 
(Bright Cluster Manager), administrators 
know that they have been tested, and 
software dependencies have already been 
considered. 

How does all of this relate to budget 
pressures? The overall cost savings achieved 
were approximately €500,000 as the need 
to purchase additional hardware and 
services from external service providers was 
essentially eliminated.

Costs are Under a Microscope
Squeezing profit margins and rising R&D costs are 
putting pressure on life sciences companies to increase 
operational efficiencies.
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Non-Profit Genomics Research Institute 
Enables Researchers with HPC Cluster

Headquartered in downtown Phoenix, Arizona, the 
Translational Genomics Research Institute (TGen) is a 
non-profit biomedical research organization focused on 
discovering the genomic origins of neurological disorders, 
metabolic diseases, and many types of cancer.

TGen has designated clinical trials operations at 
HonorHealth in Scottsdale, and a Pathogen Genomics 
Division in Flagstaff which was developed in partnership 
with Northern Arizona University. TGen’s staff uncovers 
the genetic components of common and complex 
diseases, and they require enormous computing power to 
accomplish their mission.

The Institute’s research platform combines cutting-
edge information technology with leading edge science to 
sift through the human genome and identify the genes 
that play a role in disease development and progression. 

However, there was a problem. TGen was struggling 
to use its clusters efficiently. The amount of work 
required to deploy, provision, and manage all of them 
over the long term was time consuming, and the 
organization decided it needed a cluster management 
solution that could be used across numerous clusters. 

Since TGen was very lightly staffed, it needed a 
solution that could be managed with minimal manpower. 
It also had to manage systems that ranged from several 
thousand CPUs down to several hundred. 

Today, all of TGen’s clusters are managed using 
advanced cluster management software from Bright 
Computing, and its IT staff reports that guesswork is no 
longer involved in keeping the clusters running properly. 
With minimal training and no need to increase the IT 
staffing budget, maintaining optimal performance from 
the clusters is now a much easier process.

01

02

03

DEPLOY AND MANAGE

MONITOR

SCALE

Initial deployment and daily 
operations are simple and 
standardized across clusters, 
which are managed easily by a 
few system administrators.

Bright Cluster Manager’s 
comprehensive health checks 
alert system administrators to 
problem components before 
they fail. Compute jobs flow 
smoothly while the system 
administrators can focus on 
other priorities.

Today, 100% of TGen’s clusters 
are managed by Bright. Having 
used the product for more 
than a year, TGen is actively 
looking to Bright for its cluster 
management solutions as it 
continues  
to grow.
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IT-Driven Organizational Agility

Chapter 4

The life science industry is a dynamic one. With new technologies 
emerging at a rapid pace, IT departments can be hard pressed to keep 
up with the demand from their customers — the researchers. However, 
some have discovered that deploying an advanced IT infrastructure 
can go a long way towards creating the flexible, agile organization 
they need to compete in this marketplace. In this section, we look at 
some companies that are using clustered IT infrastructure to fuel their 
organizational agility.

Bioinformatics Institute Achieves 
Optimal Results with Hybrid-
Architecture HPC Resources

The Virginia Bioinformatics Institute’s 
(VBI) mission is to provide informatics 
and integrated analytics that will aid in 
advancing human health, well-being, and 
security. Research computing is supported 
by an IT department that has deployed 
HPC resources to support their cutting-edge 
work. The IT resources allow researchers 
to address problems at the forefront of 

C A N  T H E  I T  D E P A R T M E N T  H E L P  M A K E  Y O U R  O R G A N I Z A T I O N  A G I L E ?

THE TALENT CRUNCH
Talent shortages and the need to retain employees with 
critical technology skills is a contant challenge in life sciences 
companies. In some cases, software can help alleviate the 
talent crunch by automating key procedures so that employ-
ees with less specific skills can get the job done.



12

data center technology for the life sciences

WHAT IS ORGANIZATIONAL AGILITY?

The capability of an organization to 
rapidly adapt in response to changes 
in the market. A high degree of 
organizational agility can help a 
company to react successfully to the 
emergence of new competitors, the 
development of new industry-changing 
technologies, or sudden shifts in 
overall market conditions.

genomics, proteomics, and the effects of 
pandemics and epidemics on human society 
and networks. When scientists from VBI 
(and around the world) access the center’s 
resources, they expect the highest level 
of service. 

One project involved the Ebola 
epidemic in West Africa. Epidemiology 
software, developed in-house by the 
Network Dynamics and Simulation Science 
Laboratory (NDSSL), was used to develop 
models that helped policymakers respond 
rapidly to the situation and provide much 
needed support to medical professionals. 
This is but one example of the many vital 
projects running at any given time at the 
institute. As researchers attempt to advance 
the frontiers of knowledge in the life 
sciences, compute-intensive workloads are 
business-as-usual for VBI.

VBI employs more than 250 people 
who build and use tools to model complex 
networks comprised of people and 
infrastructure. These tools inform policy 
makers regarding the impact of significant 
events. Because the spread of infectious 
diseases can be projected by the tools, risk 
can be quantified and mitigation strategies 
evaluated. The organization also engages in 
large-scale informatics to identify genetic 
cancer markers, plant pathogens, and 
to improve world food sources through 
the development of hardier and more 
nutritious crops.

VBI needed to purchase a powerful 
compute engine capable of handling very 

large datasets in memory, using hardware 
that meets the particular demands of large-
scale informatics research. VBI needed 
a system that could be adapted easily 
and quickly to handle a wide variety of 
applications in VBI’s existing infrastructure. 
Further, due to staffing constraints, the 
system needed to be manageable by only two 
full-time equivalent systems administrators.

To solve the problem, the institute built 
Shadowfax, a powerful hybrid compute 
cluster comprised of DellTM PowerEdgeTM 
R and C series servers, NVIDIA TeslaTM 
GPGPUs, and Convey FPGA systems. 
Mellanox and Intel/QLogic InfiniBand 
switches provide high-speed connections 
between the servers and the storage. The 
solution is designed to deliver compute 
resources that meet the application needs 
of VBI.

VBI system administrators have complete 
visibility of the entire cluster via an intuitive 
GUI, including the ability to drill down on 
details of each component. Comprehensive 
health checks sideline problem components 
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before they fail and then alert system 
administrators of the issue. Compute jobs 
flow smoothly while system administrators 
can now focus on other priorities.

The institute takes advantage of Bright’s 
image-based provisioning which enables 
administrators to reconfigure Shadowfax 
in seconds to meet the specific needs of 
specialized applications – no downtime or 
intervention required.

Crowdsourcing for 
Biomedical Innovation

Based in Heidelberg, Germany, the 
BioMed X Innovation Center was founded 
in 2013 to perform translational research at 
the interface between academia and industry. 
Distinguished early-career scientists 
were recruited from all over the world to 
work together in interdisciplinary project 
teams in the research fields of cell biology, 
immunology, neuroscience, epigenetics, 
nanomaterials, and bioinformatics.

The teams work in an open innovation 
lab facility at the University of Heidelberg 
campus, under the guidance of experienced 
academic and industry mentors. Each team 
is sponsored by a corporate pharmaceutical 
company or a biotech partner. After a fully 
funded project term, successful projects are 
either moved into the development pipeline 
of the respective pharmaceutical or biotech 
sponsor, or spun out to an independent 
startup company.

BioMed X set about building a high-
performance supercomputer to support 
projects dealing with data analysis, the 
development of novel computational 
methods, and the investigation of 
protein-ligand complex structures using 
molecular dynamics simulations and 
docking calculations. The decision for 
the cluster structure and management 
solution was driven by the need for the 
cluster to interoperate with a range of 
different applications.

The cluster had to be expandable, robust, 
and easy to manage. BioMed X selected 
an infrastructure management solution 
from Bright Computing, based largely on 
the fact that the software would facilitate 
the administration of the cluster settings, 
including queue management.

“We maintain the cluster ourselves,” 
Dr. Simone Fulle, Group Leader at 
BioMed X explains. “An easy to use 
cluster management system allows 
us to concentrate on our research 
projects instead of spending too 
much time on IT administration 
tasks”.

BioMed X’s first high-performance 
computing environment has proven to be 
comprehensive and reliable. With further 
research teams hopefully joining BioMed 
X in the future, the Innovation Center will 
need to upgrade its HPC environment. By 
choosing a flexible management solution, it 
will be able to turn its IT infrastructure into 
a competitive advantage.
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Supercomputer as a Service

The Center for Biological Sequence 
Analysis (CBS) at the Technical University 
of Denmark was formed to conduct research 
in the field of bioinformatics and systems 
biology. Today, a team of more than 90 
scientists, working in 10 specialist research 
categories, represents one of the largest 
bioinformatics groups in academia in Europe.

In 2014, the systems management 
team at CBS set about upgrading its 
supercomputer to cater for increasingly 
sophisticated requirements in high-
performance computing. The new HPC 
environment would be designed to eliminate 
bottlenecks during complex computations, 
which can be a common problem in Life 
Science research due to the high volume of 
heterogeneous data involved in the projects. 
CBS recognized that a custom HPC design 
was required, to overcome these bottlenecks. 
The systems management team enlisted the 
expertise of more than 50 top researchers, 
who spent a year designing and testing an 
HPC environment that was robust enough 
to support the rigorous demands of life 
science research.

Computerome was born a state-of-the-
art storage system and a heterogeneous 
supercomputer. It ranks 121st in the list 
of the world’s largest publicly known 
supercomputers, making it by far the most 
powerful computer in Denmark, and the 
world’s most powerful computer dedicated 
to the life sciences. Computerome had been 
specifically designed to accommodate the 
diverse nature of life science applications and 
the multiple types of data that characterize 
the field.

With more than 16,000 cores, 92 
terabytes of memory, and 7 petabytes 
of storage, the emphasis was on using 
innovative technologies to optimize the 
power of Computerome, to increase research 
capabilities in the life sciences, and reduce 
the time to solution.

University research units, hospitals 
and pharmaceuticals use Computerome 
for significant genome projects. In fact, the 
HPC environment has been instrumental 
in a number of high profile projects for 
Denmark’s major universities and the Danish 
Human Reference Genome project.

“Research projects are competitive 
by nature, so it’s an advantage 
to carry out analysis efficiently 
to produce results as quickly as 
possible. Bright allows this to 
happen.” 
-Peter Løngreen, Center for Biological 
Sequence Analysis (CBS) at the 
Technical University of Denmark
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Computerome enables researchers to 
store and analyze the rapidly growing volume 
of biological data. They can compute how 
diseases are linked to particular genes, 
or how to alter bacteria so it acts like a 
biotechnological cell factory.

The complexity surrounding the 
management of Computerome has largely 
disappeared, and staff intervention has 
declined considerably thanks to the 
application of advanced cluster management 
software. CBS is able to treat Computerome 
like a laboratory, where the team can 
try new things and carry out demanding 
computations on the fly.

CBS continues to build and operate its 
supercomputer using its choice of best-of-
breed server and networking equipment, and 
tying them together into a comprehensive, 
easy to manage solution.
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Summary

Chapter 4

The compute-intensive and data-intensive workloads typically found in both commercial 
and academic life science organizations naturally lead to the requirement for advanced, 
clustered IT infrastructure. These may be HPC clusters for scientific calculations, big data 
clusters for storage and analysis of scientific data, or virtualized cloud environments designed 
to make the most of existing resources – on premise or off.

In genomic research, for example, Next Generation Sequencing (NGS) is generating more 
data faster than ever. The same is true for nearly every area of  life science research. All are 
producing more data, and requiring more compute power to complete analyses quickly and 
under tighter budget constraints.

Fortunately, the vendors of clustered infrastructure systems have responded, and a 
wide range of hardware, software, and networking equipment is available to improve the 
performance of clusters and clouds. Also available is easy-to-use management software that 
is designed to make these new systems easy to administer, so that researchers can focus on 
their work.

C L U S T E R E D  I N F R A S T R U C T U R E  H A S  A  P L A C E  I N  L I F E  S C I E N C E  O R G A N I Z A T I O N S



FREE DEMO

I N T E R E S T E D ?  G E T  A  F R E E  D E M O  O F  B R I G H T 
C L U S T E R  M A N A G E R  A N D  B R I G H T  O P E N S T A C K

Bright Computing provides comprehensive software 
solutions for deploying and managing HPC clusters, 
big data clusters, and OpenStack in the data center 
and in the cloud.

 Bright Cluster Manager for HPC lets you deploy 
complete clusters over bare metal and manage 
them effectively. It provides single-pane-of-glass 
management for the hardware, the operating system, 
HPC software, and users.

Bright OpenStack makes it easy to deploy, provision, 
and manage your OpenStack-based private cloud infrastructure. It provides headache-
free deployment on bare metal, advanced monitoring and management tools, and 
dynamic health-checking, all in one powerful, intuitive package.

We’d love to show you what Bright Cluster Manager and Bright OpenStack can do for 
you. Please contact us and we will set up a live demo with a Bright technical expert 
and answer any questions you may have.

“My job would become very difficult if we stopped using Bright Cluster Manager. 
Bright makes managing our complex system intuitive and easy.”

“Using Bright reduces the labor and effort needed for management and change 
control, and also facilitates the accelerating trend toward cloud computing.”

BILL MARMAGAS, SR. SYSTEMS ENGINEER AT VBI

ZACK RAMJAN, RESEARCH COMPUTING ARCHITECT AT VAN ANDEL INSTITUTE

www.brightcomputing.com


