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Welcome! 
The UberCloud* Experiment started in July 2012, with a discussion about cloud adoption in technical computing 
and a long list of cloud computing challenges and their potential solutions. We decided to explore these further, 
hands-on, and the idea of the UberCloud Experiment was born.  
 
Our efforts are paying off. Based on the experience gained over the past years, we have now increased the success 
rate of the individual experiments to almost 100%, as compared to 40% in 2013 and 60% in 2014. Last year, based 
on our experience gained from the cloud experiments in 2012 – 2014, we reached an important milestone when 
we introduced our new UberCloud HPTC software container technology based on Linux Docker containers.  Use 
of these containers by the teams dramatically improved and shortened experiment times from an average of three 
months to a few days.   
 
We found that especially small and medium enterprises would strongly benefit from technical computing in the 
cloud. By gaining access from their desktop workstations on demand to additional remote compute resources, 
their major benefits are: the agility gained by shortening product design cycles through shorter simulation run 
times; the superior quality achieved by simulating more sophisticated applications; and by running many more 
iterations to look for the best research results or product design. These are benefits that increase a company’s 
competitiveness.  
 
But how far away are we from an ideal cloud model for engineers and scientists? In the beginning, we didn’t know. 
We were just facing challenges like security, privacy, and trust; conservative software licensing models; slow data 
transfer; uncertain cost & ROI; availability of best suited resources; and lack of standardization, transparency, and 
cloud expertise. However, in the course of this experiment, as we followed each of the (so far) 220 teams closely 
and monitored their challenges and progress, we’ve got an excellent insight into these roadblocks, how our 
engineering and scientific teams have tackled them, and how we are now able to reduce or even fully resolve 
them.  
 
In the following, from the 220 cloud experiments we have done so far, we selected 15 case studies related to the 
life sciences. We document the results of these research teams, their applications, findings, challenges, lessons 
learned, and recommendations. We want to thank our main Compendium sponsors Dassault Systèmes, Hewlett 

Packard, Intel, Microsoft, and Advania Data Centers.  
 
Enjoy reading!  
 
Wolfgang Gentzsch, Burak Yenier 
TheUberCloud, October 2019 
 
 
*) UberCloud is the online community, marketplace, and software container technology where engineers and scientists 
discover, try, and buy Computing Power and Software as a Service, on demand. Engineers and scientists can explore and 
discuss how to use this computing power to solve their demanding problems, and to identify the roadblocks and solutions, 
with a crowd-sourcing approach, jointly with our engineering and scientific community. Learn more about the UberCloud 
https://www.TheUberCloud.com and Cloud & SaaS enabling technology: https://www.TheUberCloud.com/containers/.   
 
 

         Please contact UberCloud at help@theubercloud.com before distributing this material in part or in full. 
           © Copyright 2019 UberCloud™. UberCloud is a trademark of TheUberCloud, Inc. 

https://www.theubercloud.com/
https://www.theubercloud.com/containers/
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The UberCloud Experiment Sponsors 
 

We are very grateful to our sponsors Hewlett Packard, Intel, and Microsoft Azure, our Living 
Heart Project sponsor Dassault Systèmes providing free Abaqus 2019 software and support, and 
Advania Data Centers offering free computing cycles for many of the life sciences projects. Their 
sponsorship allows for building a sustainable and reliable UberCloud community platform:  
 

                          
 
 
 

           
 

 
Big Thanks also to our media sponsors HPCwire, Desktop Engineering, Bio-IT World, HPC Today, 
scientific computing world, insideHPC, Primeur Magazine, and Engineering.com for the widest 
distribution of this UberCloud Compendium of case studies in the cloud:   
 

 

                                    
 

                

 

                                                                                 

 
Please contact UberCloud at help@theubercloud.com before distributing this material in part or in full. 

© Copyright 2019 UberCloud™. UberCloud is a trademark of TheUberCloud, Inc. 

http://www.intel.com/
http://www.theubercloud.com/store/packs/categories/microsoft-azure/
http://www.deskeng.com/
http://www.bio-itworld.com/
http://www.hpcwire.com/
http://www.scientific-computing.com/
http://insidehpc.com/
http://primeurmagazine.com/
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Team 61 

Molecular Dynamics of the Mutant              
PI3Kα Protein 

 

 

 
MEET THE TEAM 
End User - Zoe Cournia, Biomedical Research Foundation of the Academy of Athens 
Software Provider - GROMACS open source and Al Wegener, Samplify (APAX compression software) 
Resource Provider - GRNET-Okeanos IaaS Cloud service: Vangelis Floros, Stefanos Gerangelos, Greek 
Research and Technology Network S.A.  
HPC Expert - Dominique Dehareng, Center for Protein Engineering, University of Liège. 
 

USE CASE 
Cancer is a leading cause of death worldwide, accounting for 7.6 million deaths in 2008 according to the 
World Health Organization. This number is expected to increase to 21 million by 2030. One of the signaling 
pathways which, when deregulated, becomes centrally involved in several types of cancers, like colon, 
mammary, and endometrial tumorigenesis, is served by phosphoinositide-3-kinase alpha (PI3Kα). The 
importance of PI3Kα in cancer is highlighted by the discovery that PIK3CA, the gene encoding the catalytic 
p110α subunit of PI3Kα, is frequently mutated in human malignancies.  
 
The goal of our project is to gain insights into the oncogenic mechanism of two commonly expressed PI3Kα 
mutants by studying their conformational changes with Molecular Dynamics (MD) simulations, in 
comparison with the PI3Kα wild-type (normal, non-cancerous) protein. The utility of cloud computing in 
performing MD simulations of mutant PI3Kα with Gromacs was examined in this case study.     
 
Gromacs is a versatile open source package used to perform molecular dynamics, i.e. it simulates the 
Newtonian equations of motion for systems with hundreds to millions of particles. It is primarily designed 
for biochemical molecules like proteins, lipids and nucleic acids that have a lot of complicated bonded 
interactions. GROMACS achieves both extremely high performance on single processors from algorithmic 
optimizations and hand-coded routines and simultaneously scales really well to hundreds of parallel 
processes on parallel machines, http://www.gromacs.org/About_Gromacs. 
 

“Cloud computing proved 

to be an extremely easy 

process as compared to 

building and maintaining 

your own cluster.” 

http://www.gromacs.org/About_Gromacs
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In this UberCloud experiment the cloud computing service provider, GRNET, provided a virtual machine 
with 8 cores and Gromacs installation. Linear scaling was observed up to the 8 available cores. The process 
of accessing the cloud computing service, transferring data, running the simulation, and analyzing the 
results was very effective, but the study was limited by the resources.  
 
~okeanos (http://okeanos.grnet.gr) is an IaaS public cloud that provides a complete range of cloud services 
such as compute, storage, network, accounting, billing and security. ~okeanos is build on open-source 
software developed in-house by GRNET, the Greek NREN, with the primary goal of providing public cloud 
services to the Greek academic and research community. Access to the services is provided through an 
intuitive, user friendly, web interface, as well as from command line tools.  
 
Programmatically, the ~okeanos software stack offers a set of well documented proprietary REST APIs as 
well as standard APIs such as OpenStack Compute (Nova) and OpenStack Object Storage (swift compliant). 
The software is modular, comprising a number of different components that can be independently 
deployed and exploited. However, ~okeanos is already heavily used by more than 1,700 users who have 
instantiated more than 100K VMs, validating the stability and efficiency of the architecture and the 
underlying technology of the service.   
 

Technical Details of the Simulation 
The mutant protein E545K PI3Kα was simulated. AMBER99SB-ILDN force field was used to model all protein 
interactions, and the TIP3P model was used for water. The simulations were performed at constant 
pressure, temperature, and number of particles (NPT ensemble). The temperature of the system was 
controlled with the Nose-Hoover thermostat. The pressure of the system was isotropically coupled and 
maintained at 1.01325 bar using the Parinello-Raman algorithm. Periodic boundary conditions were used. 
Electrostatic interactions were calculated with the PME method using a 1.4 nm cut-off for the direct space 
sum. For the van der Waals interactions, the Lennard-Jones potential was smoothly switched off from 0.8 
to 1.0 nm. All bonds were constrained using the LINCS algorithm. The simulations were run using a 2-fs 
integration time step and a total number of 10,000 timesteps, which has been shown to be adequate for 
benchmark studies. The output coordinates, velocities and energies were saved every 100 steps. The 
system contained roughly 280,000 atoms (Figure 1). Gromacs 4.6.1 with double precision was used for the 
simulations. 

 
Figure 1: The protein PI3Ka is depicted in ribbons and is placed in a water box, shown as red dots. 

http://okeanos.grnet.gr/
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Process Overview 
1. Definition of the project. 
2. Kickoff meeting of the experiment using Skype. 
3. The resource providers (~okeanos, https://okeanos.grnet.gr)  Vangelis Floros and Stefanos Gerangelos, 

creates the VM environments with the GROMACS installation. 
4. The end user, Zoe Cournia, built a VM machine and transferred the data to the cloud computing service. 
5. The end user performed an MD scaling study on 1, 2, 4, and 8 cores. 
6. The end user analyzed performance data and communicated the results to the rest of the team. 
7. The resource provider setup a cluster consisting of several virtual machines in order to perform the 

same scaling study on a cluster interconnecting with Ethernet. 
8. The APAX compression was handled by the GROMACS team in order to compress the data on a cluster 

interconnecting with Ethernet. 
9. Al Wegener, the software provider, Zoe Cournia, the end user, and Wolfgang Gentzsch, the team 

mentor, contacted the GROMACS team. A GROMACS source code expert was sought to implement the 
APAX calls in the code. 

10. The team mentor and team expert supervised the experiment very closely and provided useful 
suggestions and organizational help via BaseCamp. 

 
Scaling Study Results 
Data was transferred from the end user’s in-house resources to the cloud. The rate of transfer was quite 
efficient at 1MB/s. Simulations were performed on 1, 2, 4, and 8 cores of the same Virtual Machine (VM) 
provided by GRNET running GROMACS software. (Output/input files, etc., are available upon request.)  
 
Our results show linear scaling from one up to eight cores on the virtual machine (Figure 2). The absolute 
timings and speedup of the study are shown in Table 1. The (partially) superscalar speedup may be 
attributed to the cache/memory architecture of the AMD Opteron 6172 processor.   

 
Figure 2: GROMACS performance on the GRNET node. 

https://okeanos.grnet.gr/
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#cores Absolute timings (s) Speedup 

1 42051 1.00 

2 14652 2.87 

4 7432 5.65 

8 3671 11.4 

 
Table 1: Results from the Scaling study performed on the GRNET VM. 

 
The underlying hardware where ~okeanos was running was made up of a large number of HP Proliant 
DL385 G7 nodes. Each node was configured with 2xAMD Opteron 6172, 12 core CPUs (24 cores per node), 
clocked at 2.1 GHz , 192 GB DDR3 1333MHz main memory, and 8x600GB SAS disks. The local interconnect 
fabric used is based on 1 Gb Ethernet. 
 
Previously, we performed similar studies on our in-house blade system with 12 cores where the 
performance was 1/3 better in-house, expectedly.  
 
In another effort, in the past, we have done scaling studies on up to 2048 cores on the CURIE and JUGENE 
HPC systems for Molecular Dynamics simulations of PI3Ka protein. As a result, a white paper is published 
online at http://www.drugdesign.gr/white-papers.html.   
 

CHALLENGES 
End user perspective - While the cloud computing service was very efficient, the number of cores provided 
(up to 8) is too limited to simulate large biological systems. With 8 cores we could simulate about 0.5ns 
/day for the 280,000 atoms of the protein system. For our calculation to be efficient in terms of computing 
time, we would need at least 64 cores connected with Infiniband in order to reach about 4ns/day in 
performance. However, this cloud computing service provider only provides Ethernet connections for the 
64-core cluster configured as 8 8-core nodes.  
 
Therefore, the challenge was to compress the produced data on the fly so that the bandwidth of the 
connection is less limiting. For this purpose, we propose a Round 4 HPC-Experiment, where we will work 
with Samplify to include APAX compression calls within the Gromacs software in order to compress the 
data that is being communicated by the Ethernet network.  
 
This part of the project was deemed too demanding for the Round 3 Experiment since the GROMACS team 
could not contribute at this time. We are still faced with the challenge of attracting a collaborator to 
implement the APAX technology within Gromacs. Moreover, it was challenging to build a cluster from VM 
nodes from the service provider. The end user needed to build the cluster under the direction of the service 
provider, but this was not possible because of OS mismatches.  
 
Resource provider perspective - ~okeanos has been designed as a general purpose cloud service that aims 
to satisfy a broad range of applications and use cases. Since the main target group of the service is 
comprised of research and academic institutes, HPC scientific applications are expected to evolve as one of 
the major workloads that the final production service should be able to host efficiently. The underlying 
virtualization software has proven in many cases (and also in this experiment) to be quite robust and easy 
to use, helping scientists focus on their research and avoid the hassle of managing the underlying 
infrastructure.  
 

http://www.drugdesign.gr/white-papers.html
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Nevertheless, there are some parts of the software toolkit that need improvement, such as the capability 
to effortlessly instantiate and manage virtual clusters.  On the other hand, many of the high-performance 
demands of scientific applications can only be satisfied at the hardware level. For these kinds of 
applications, technologies like Infiniband networks, GPGPUs and accelerators are becoming very relevant. 
GRNET is taking this into account while designing the next phases of service expansion especially regarding 
the underlying physical infrastructure. Seamless synergy of core virtualization software (hypervisors, 
VMMs, etc.) and specialized hardware will be an important factor for the successful adoption of cloud 
computing in the HPC domain. 
 

BENEFITS 
End user perspective 

• Gained an understanding of the cloud computing philosophy and of what is involved in using a 
cloud-based solution for computational work 

• Cloud computing is an easy process compared to building and maintaining your own cluster. 

• Learned that cloud computing services, which are free and very efficient, do exist. 

• Determined that moving computational work to the cloud during periods of full-utilization of in-
house compute resources is a viable approach to ensuring analysis throughput. 

 
Resource provider perspective 

• Gained important experience from supporting a real, HPC, demanding scientific application. 

• Helped identify important gaps and missing functionality for providing optimal cloud platform for 
high-performance applications. 

• Validated the intuitive design, efficiency and user friendliness of online end-user tools. 
 

CONCLUSIONS AND RECOMMENDATIONS 
The cloud computing service that was provided was a free and very efficient service. Cloud computing 
proved to be an easy process as compared to building and maintaining your own cluster. We were provided 
with a VM with 8 cores for building a cluster of up to 64 cores connected via Ethernet network.  In these 8 
cores, our Molecular Dynamics simulation of the mutant PI3Kα protein scaled linearly.  
 
However, due to the large system we only achieved 0.5 ns /day. In order to simulate large biological 
systems, the end user needs to verify that the resources and connectivity network will be adequate for the 
simulation. The end user can choose to simulate smaller systems on cloud computing depending on the 
available resources and transfer computational work to the cloud during periods of full-utilization of in-
house compute resources. We did not observe speed up of the cloud computing simulation, but it did run 
faster when compared to in-house simulations.   
 
Team communications through BaseCamp were very efficient. Collaborative work over the Internet, using 
on-line resources like cloud computing hardware and open source software such as Gromacs, is an efficient 
alternative to in-person meetings and in-house calculation servers. 
 
In the future, scaling tests using an Ethernet connection within a virtual machine cluster will be performed 
and compared to running on a single node or with an Infiniband network. A future goal is to use the APAX 
compression method by Samplify in order to evaluate whether the achieved compression can yield speedup 
benefits for MD simulations utilizing Ethernet connections.  

 
Case Study Authors – Zoe Cournia, Al Wegener, Vangelis Floros, Stefanos Gerangelos, and Dominique Dehareng 
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Team 70 

Next Generation Sequencing Data Analysis 
  

 
 
MEET THE TEAM 
End User - A medical devices company with over 20,000 employees and products in diagnostics, medical 
and biosciences markets.  
Software Provider - Brian O'Connor, CEO, Nimbus Informatics, which provides consulting and cloud 
execution services for workflows that utilize the open source SeqWare application.  
Resource Provider - Amazon Web Services (AWS). 
HPC/CAE Expert – Ted Pendleton, Carl Chesal, Ian Alderman, James Cuff, Rob Futrick, Cycle Computing.  
 
USE CASE 
In this experiment, we explored using cloud computing for next-generation sequencing data analysis. We 
used SeqWare, an open source framework, running on AWS to perform variant calling. Variant calling is the 
reporting of differences between input sample DNA and a reference genome, using targeted exome data 
generated in-house on Ion Torrent's Personal Genome Machine. 
 
Next-generation sequencing (NGS) is a relatively new high-throughput sequencing technology 
revolutionizing medicine. Its accuracy and breadth of coverage makes it useful in diagnosing and treating 
hereditary diseases and cancer, as well as infectious disease. However, the advantages of NGS lead to 
corollary challenges: storing, sharing, and analyzing the data strains disk space, network bandwidth and 
processor resources.  
 
Cloud computing, though no panacea, can alleviate some of these problems by flexibly providing virtualized 
compute and storage resources on-demand. Cluster computing, running on top of virtualized 
infrastructure, as provided by Cycle Computing, can assist in coordinating the compute and storage 
resources for high-throughput applications, such as processing NGS data. Bioinformatics workflow services, 
such as those provided by Nimbus Informatics, have emerged. These services, built on top of infrastructures 
like AWS, promise to provide an end-to-end platform that automates storing, organizing, and processing 
large amounts of data in the cloud. 
 

“A good working relationship with 

our internal IT group, including 

Networking and Information 

Security, as well as familiarity with 

their processes, was essential for 

the success of this project.” 

http://exhibit.hpcexperiment.com/resources/amazon-aws/
http://exhibit.hpcexperiment.com/software/cycle-computing/
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Our group has several Mac workstations, and several Linux servers that adequately served the needs of the 
group before the advent of our NGS work. Although we had unused local server capacity to perform most 
of the current NGS data analysis, we could see that additional storage and compute capacity would be 
needed soon.  
 
Our initial NGS plan was to procure a medium-size cluster with storage and high performance computing 
capabilities. However, management decided against up-front capital expenditure, so we investigated cloud-
based options that could be procured on an as-needed basis, which would cost less initially and provide 
flexibility if project activities changed. Although the strategy had advantages in flexibility, it also assumed:  

• Adequate connectivity to cloud resources from our facility 

• Cooperation from our IT and security groups to approve and facilitate putting data outside the firewall 

• A significant acquisition of skills by our team 
 

 
 

Figure 1: User data is organized hierarchically in SeqWare, with top-level Studies objects that contain one or more 
Experiments, which contain Samples. Samples map one-to-one to data files, and also have the workflow analysis 
results attached to them. They keep a detailed record of all analyses performed. 
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This project with the HPC Experiment is one of the ways our team is developing the necessary skills, and 
we are investigating options for cloud-based NGS data management and analysis. The project definition 
phase consisted of consulting with HPCExperiment staff to comment on our initial problem statement. They 
suggested a team, which began with Cycle Computing as the domain expert. Shortly after that, Tom Dyar 
learned about SeqWare and Nimbus Informatics, which provides a complete genome-center scale and 
decided to add the principal Brian O'Connor to the team.  
 
The work plan to achieve the goals included: 

• Launch SeqWare AMI and connect to it via SSH through the corporate firewall 

• Add ~10 GB NGS sequence raw data samples and annotate within SeqWare MetaDB 

• Construct variant calling pipeline, using SeqWare Java library 
o Organize components such as diBayes and ion torrent GATK jar 
o Write/Debug Java code and test on standard BAM file 
o Upload bundle to SeqWare 
o Test on standard BAM file 

• Run pipeline on samples, in parallel, and record time to complete, and other metrics 
o Brian O'Connor and Nimbus assisted in providing the team with updated AMI's, accounts on their hosted 

service, and set up our customized AMI running within Nimbus' infrastructure, so that our custom workflow 
could easily be run. Cycle Computing was helpful in suggesting ways in which other customers of theirs 
have performed large-scale sequencing work on AWS. 
 

 
Figure 2: Workflow run status. We ran approximately 30 workflows simultaneously on Nimbus' AWS-based 

system. 
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CHALLENGES 
The primary challenges we faced revolved around getting good connectivity from our IT group, and 
approval to proceed with HPCExperiment from our management and corporate legal team. Secondary 
challenges were technical – learning and using SeqWare. 
 
As our group performed more work on the AWS infrastructure, we encountered several connectivity issues. 
Typically, we requested ports be opened to support various transfer protocols such as VNC or Remote 
Desktop Protocol (RDP). Our company also maintains a proxy server through which most traffic passes. The 
server performs virus and content scanning, which has caused issues such as corrupting large files when 
downloaded, because the scanning process took so long that the connection timed out. Also, we have 
adapted to changes made by our information Security group to increase security, such as closing the SSH 
port 23, which we were using to connect to EC2 instances on AWS.  
 
Finally, we had a globally distributed team with associates in Singapore using a slightly different networking 
infrastructure that needed modifications. For example, while diagnosing slow connectivity to the Singapore 
AWS datacenter, we discovered that traffic was being routed first back to the eastern United States before 
reaching the AWS datacenter. All of these issues typically involved one or several requests to IT, and slowed 
our progress significantly. 
 
Overall, our management has been supportive of HPC Experiment, but that support is predicated upon 
sign-off from the Legal department. Since cloud services is a bit of a "hot button" issue, especially since our 
project involves human DNA data that some might consider highly sensitive, the review process took more 
time than expected. Multiple individuals with expertise from procurement, information technology, and 
health information privacy, have all weighed in on the overall project and the pros and cons of performing 
this type of R&D on AWS and other cloud providers. 
 
SeqWare is a comprehensive open source toolbox, billed as a "genome center in a box,” so we expected a 
considerable learning curve. However, the toolbox is fairly well documented, and we had personal 
interaction with the principal developer, Brian O'Connor, so our experience overall was positive.  
 
However, we encountered a few difficulties. The first step in using SeqWare is to ingest data into the 
system, which involves uploading files, and registering them within the metadata database as samples. The 
samples are then processed by workflows. One option is to use a web interface to the MetaDB system. 
However, we found the web user interface was slow and had some bugs that made it difficult to work with, 
so our main interaction with SeqWare was through the command line tools. Yet the command-line tools 
required invoking very long and complicated commands, which made it difficult to diagnose problems. 
Once we got some experience with the tools, though, the process was smooth. 
 
To process the samples, SeqWare uses workflows developed in Java. When developing a workflow with the 
SeqWare Java library, we found that some aspects of working with large files during development need to 
be sorted out. For example, NGS workflows typically make use of large sequence files used as references. 
Using the SeqWare tools, it was not apparent how you would transition from a fast develop-compile-debug 
cycle in which the reference files were not continually re-transferred as part of the workflow packaging 
process, to a deployed workflow bundle that includes the correct reference file. Although SeqWare 
generates and uses comprehensive workflow bundles, which ensures a reproducible process, some 
facilities need to be implemented to reduce the burden on the developer in managing large files. Brian was 
very helpful, and using our public repository, rewrote and improved our workflow code.  
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After we had our samples registered, and a workflow developed and tested, we were ready to process our 
data. The publicly available SeqWare AMI is pre-set to run workflows directly on the EC2 instance without 
an external cluster, which is a great option for development and testing. However, we wanted to test the 
scalability of the system by processing the samples in parallel. For this, we utilized the Nimbus Informatics 
service. Our MetaDB instance and workflow were transferred to Nimbus, and using our account credentials, 
we were able to initiate workflow runs from the command line of our SeqWare EC2 instance. This 
configuration and the speed with which Nimbus set it up, underscored the flexibility and maturity of the 
tools, and was quite impressive. However, once we submitted our jobs via the command line, there was a 
considerable delay before any samples were actually processed, and the monitoring tools available from 
the command line (and the web UI) were not very helpful. 
 
BENEFITS 
Nimbus Informatics participated in the HPCExperiment’s project to evaluate Nimbus' cloud-based genomics 
tools. Nimbus Informatics is a provider of hosted computational workflows that enable the analysis of 
complex, genomics data for customers that lack local HPC infrastructure. In the evaluation, Nimbus and the 
end-user collaborated on the creation of a sequence variant calling pipeline used to find genomic 
differences in samples sequenced by the end-user. Like other Nimbus projects, this work leveraged the 
extensive infrastructure available through the open source SeqWare project (http://seqware.io), which 
provides workflow and other tools to aid in genomics analysis. 
 
The benefits of this solution are three-fold. First, through partnering with Nimbus, the end-user was able 
to write workflows using an open source infrastructure. This increased transparency of the engineered 
solution since both the end-user and Nimbus were able to use the core SeqWare software with complete 
transparency and few barriers to use.  
 
Second, because of the open nature of the software, the end-users were able to create their own analytical 
workflows and test them locally. SeqWare, for example, provides virtual machines (VMs) that anyone, 
including the end-user, can download and use for their custom workflow development. This is a powerful 
model since most genomics cloud provides are closed source and do not support users creating their own 
custom workflows.  
 
By providing an open and user-driven solution, Nimbus allowed the end-user to create an analytical 
workflow that used standard tools but was customized for the particulars of their analytical challenges. The 
final benefit of the Nimbus solution was the cloud-based hosting of the SeqWare system. While users can 
choose to build and run their own SeqWare infrastructure on their own hardware, Nimbus adds 
considerable value by providing the infrastructure on Amazon's cloud transparently to the user. In the case 
of the trial by the end-user, this meant they could write and test their workflow locally, upload it to the 
Nimbus infrastructure, and simply "order" workflows on specified samples. Nimbus handled the 
provisioning of SeqWare infrastructure behind the scenes, monitored workflows, ensured sufficient server 
capacity was available, and invoiced the end-user for the cloud time used, all without the need for the end-
user to interact directly with the cloud. Together, these benefits provided a streamlined and efficient 
system capable of processing massive amounts of genomic data using an analysis workflow specific to the 
customer's needs. 
 
CONCLUSIONS AND RECOMMENDATIONS 
Since considerable effort was spent working through connectivity issues with IT, a good working 
relationship with that group, as well as familiarity with their processes, is essential. Recently, our IT 

http://seqware.io/
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department has formed an "R&D IT" sub-group to liaise between R&D associates and the wider IT 
organization including Networking and Information Security, on a project-specific basis.  
 
These dedicated resources have made a large difference in the efficiency of the request process, and 
provided a high level of visibility to our projects within the IT management organization. However, our 
corporation's networking infrastructure is complicated, and there is a tension between security and 
functionality that will be a continual battle. Also, our group is competing for bandwidth with the rest of the 
R&D groups and business functions, which will limit our ability to utilize cloud resources going forward. One 
possibility we are investigating is to purchase our own dedicated bandwidth directly from our Internet 
vendor. This would give us ample bandwidth for our needs, and allow us to sidestep a lot of the security 
settings that are in place to protect sensitive corporate data. 
 
We determined that SeqWare/Nimbus is a comprehensive solution with an attractive open source business 
model, with promising prospects.  We do think that if our group were to use it extensively, we would 
develop some wrappers around the command line tools to make it user-friendlier. Also, we would work 
with Nimbus to improve the monitoring capabilities, and push for a better web user interface to the 
metadata database. 
 
In future rounds of HPC Experiment, we plan to work with Nimbus to explore the processing of large 
numbers of samples, and the storage, management and analysis of the resulting variant data in the 
SeqWare Query Engine (SQE). Since SQE is built on open source Hadoop and HBase database systems, there 
is a vibrant ecosystem of related projects that can be leveraged and integrated to support a wide range of 
use cases as our group's needs evolve. 

 
Case Study Authors – Thomas Dyar, Senior Software Engineer, Betty Diegel, Senior Software Engineer, Brian 
O'Connor, CEO Nimbus Informatics 
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Team 89 

Performance Analysis of GROMACS Molecular 
Dynamics for Simulating Enzyme Substrate 

 

 
 
 
MEET THE TEAM 
End Users - Pravin Kumar R, Thirupathi Jatti, Soma Ghosh, Satish Nandagond, and Naveen Kulkarni from 
Polyclone Bioservices. 
Software Provider -  GROMACS Molecular Dynamics software. 
Resource Provider -  Patrice Calegari, Marc Levrier, Bull ServiWare eXtreme factory cloud services. 
Team Expert - Jaap Flohil, Foldyne. 
Team Mentor - Dennis Nagy, BeyondCAE.  
 

USE CASE  
Our work was focused on evaluating the performance of double precision GROMACS 4.6.3 on 25 Bullx 510 
blades (each 16-core Intel SNB, total 400 cores) for peta-scaling molecular dynamics simulations. 
 
The activities were organized into three tasks 

• Install and optimize GROMACS performance on the Bull extreme factory cluster  

• Install accessory tools to analyze simulation data 

• Test different multi-scale molecular systems involving enzyme substrate complexes on the cluster  
 
GROMACS is a versatile package for performing classical molecular dynamics, for simulating the Newtonian 
equations of motion for systems with hundreds to millions of particles. It is primarily designed for 
biochemical molecules like proteins, lipids, and nucleic acids, with many complicated bonded interactions. 
Since GROMACS has been proven to be fast at calculating the non-bonded interactions (that usually 
dominate simulations), many groups are using it for research on non-biological systems such as polymers.  
 
GROMACS has many active developers and a large life-science user community. In this project, the work 
on GROMACS concentrated on performance analysis of GROMACS software on Bull’s extreme factory 
Cloud.  

“However, we observed 

an unexpected decrease 

in performance when 

more cores were added 

in the cloud.”  

http://exhibit.hpcexperiment.com/resources/bull-extreme-factory/
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 2 nodes per blade (twin blades) 
 2 Intel E5-2680 - 2,70 GHZ sockets per node 
 8 cores per socket - 8.0 GT - 20 MB - 130W 

 64GB RAM = 4GB / core DDR3 1600MHz  
 2 x 500GB SATA hard disks 
 1 Infiniband QDR port (40 Gb/s) 
 2 x 1g Ethernet ports 

 
Figure 2: Bullx B510 chassis with 9 twin blades each. 

 
 

Figure 1 - Protein enclosed in a box of water and 

ions. We can study proteins in atomic detail, 

down to the movements of individual water 

molecules (red/white balls and stick model), 

ions (purple), and the protein itself shown in the 

surface model (blue and green represents 

macromolecular dimer form of the protein). 
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Figure 3:  GROMACS job submission page in Extreme Factory Studio. 

 
Method 
Over seven simulations were conducted with a varying number of system particles in each simulation on 
varying number of cores on Bull extreme factory. We conducted all the simulations using MPI enabled 
GROMACS 4.6.3 software with double precision. OpenMP support was enabled for parallel execution, and 
we evaluated the performance of Bull extreme factory.  
 
Results 
 
 

Report on Simulation Conducted  on BULL Extreme Factory Cloud 

General Performance 

Simulation Name Number  of atoms Number of nodes ns/day 

ABXXX1 129029 400 27.103 

ABXXX2 128947 192 18.260 

ABXXX3 129028 352 31.477 

ABXXX4 167510 100 21.277 

ABXXX5 167400 112 25.774 

ABXXX6 167358 304 24.357 

 
Table 1: Summary data from various simulations. 
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Figure 4:  Performance trend as the number of cores increases for a system with ~120k particles. 
 
 

 
 

Figure 5: Performance trend as the number of cores increases for a system with ~170k particles. 
 
The simulation studies were conducted on two different systems containing ~120 and ~170 K particles. The 
performance was evaluated based on the number of nanoseconds of molecular dynamics calculations a 
system can perform per day.  
 
In our experiment the Bull compute cluster on the smaller molecular system showed better performance 
by reaching 31ns/day. The performance scaled up until 350 cores increasing up to 31ns/day – however, 
further increasing the number of cores decreased performance. The Bull cluster on the larger molecular 
system showed better performance when increased by a few cores from 100 to 112 cores. However, we 
observed an unexpected fall in performance when more cores were added. 
 
The results should have been that as the number of cores increased, there would be a noticeable scale up 
until 1000 cores in the case of Aquaporin containing 81K particles.  
 
To some extent, the same trend was observed in our set of three simulation studies with ~120K particles 
(comparable to a system of 81K Aquaporin). As we can see in Figure 4,  the performance of the Bull cluster 
scaled up untill 350 followed by a decline in performance as the number of cores increased.  
 
On the other hand, our second set of simulation studies for a bigger system with ~170K showed some 
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unanticipated results in terms of performance of the Bull cluster. As indicated in the graph in Figure 5, the 
performance of the Bull cluster was  high at 120 cores and decreased with an increase in the number of 
cores. This may indicate that  the algorithm is not optimized to obtain maximum performance using more 
than 120 cores.  Adding more cores beyond 120 did not help increase the performance of the Bull cluster. 
 

CONCLUSIONS AND RECOMMENDATIONS 
The results of the performance analysis of the Bull compute cluster are based on a very small set of studies 
and, therefore, may not reflect the real scenario. Perhaps, testing with a large set of data on simulation, 
bootstrapping, using different MPI software, etc., would depict its actual performance strength. Further 
speed-ups can be achieved by using GPGPUs as demonstrated in by Pall Szlard, et. al. [1] and Figure 6.  
 
We are grateful to Bull Extreme Factory Cloud for its generous donation of cloud resources. The starting 
point of eEF (enzyme engineering framework),  our inbuilt framework used for enzyme engineering, is to 
conduct molecular dynamics (MD) studies and calculate different parameters using the MD trajectories.  
 
Using 400 cores for MD studies was extremely helpful in estimating the time and resource for the partial 
completion of an enzyme engineering project using eEF. Bandwidth and latency were excellent. The remote 
visualization system was used to analyze huge (100 GB) simulation data; the only disadvantage was that 
the images appeared blurred when in motion. We received excellent support from the XF team.  The XF 
technical team quickly understood the installation procedures of different computational biology tools on 
a cluster, and they simultaneously make a good web interface for these tools. This web interface helps in 
shooting the jobs, allocating the cores for different jobs simultaneously, and also organizing the output 
results.  The XF team installed and built a web interface for Gromacs, which can be used seamlessly to run 
and analyze molecular dynamics.  

                                    
Nodes 

Figure 6: Graph taken from an article in which similar study has been reported [1]. 
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     Case Study Author - Pravin Kumar R 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.cyi.ac.cy/cscpostersession/Pall.pdf
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Team 143 

Open Source Clinical Cancer Genomics Pipeline 
in the Cloud 

 
 

                     
 
MEET THE TEAM 
End-User: Erinija Pranckeviciene, Bioinformatics Research Scientist, Department of Human & Medical 
Genetics, Vilnius University 
Resource Provider: Amazon AWS 
HPC Cloud Experts: Fethican Coskuner, Operations Engineer, UberCloud.  

 
USE CASE 
Rapid progress in next generation sequencing is paving the way to individualize cancer treatment based on 
sequencing of the cancer genome. This process is still evolving and validated open source pipelines to 
process the enormous amounts of data involved are not available to everyone interested in this field.   
 
Identifying informative genomic variants – potential disease-causing candidates – through the use of next 
generation sequencing (NGS) data is becoming a routine diagnostic tool.  In cancer, exomes of tumor and 
normal tissues aligned to the reference genome serve as primary data source to start identifying these 
genomic variants for a better understanding of the disease.   
 
Software programs used to align NGS data to the reference genome are governed by user-defined 
parameters and map the short sequenced reads to the reference genome with varying accuracy [4]. Most 
of the alignment tools require a long time to obtain accurate mappings of the short reads to the reference 
genome.   
 
Decisions as to which of the alignment tools have to be included into the NGS data processing pipeline 
depend on many factors such as ease-of-use of tools, their public availability, and their ability to align NGS 
data from various sequencing platforms (Illumina and AB Solid).  Among those factors the time required to 
accomplish the alignment plays a very important role. The time required for the alignment program to 
complete the mapping, depends on the size of the NGS data set and scales with available computational 
resources.  

“UberCloud software 

container images were 

easily ported between 

different environments by 

the Operations Engineer.” 

http://www.theubercloud.com/store/packs/categories/aws/
http://www.theubercloud.com/store/
https://www.theubercloud.com/experiments/team-143-open-source-clinical-cancer-genomics-pipeline-assessment-of-computing-resources-required-by-tasks-of-a-short-read-alignment-to-a-reference-genome/
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The main goal of this project was to start preparing guidelines on the optimal choices of open source 
alignment tools to be included into the NGS data processing pipelines by matching these tools to the 
available computational resources.  We started by estimating how much time the alignment tools needed 
to complete the task of alignment of the cancer data-set to the human reference genome by running these 
tasks on various configurations of high performance computing (HPC) resources.   
 
At this stage two aligners were chosen: Mapping and Assembly with Qualities (MAQ 0.6.6 and 0.7.1)  [1] 
and  Short Read Mapping Package (SHRiMP 2.2.3) [2].   
 
MAQ is one of the most accurate aligners and supports gaped alignments of paired end reads. However, 
MAQ was programmed in such way that it can't take advantage of available multiple-core processor 
architectures.  
 
SHRiMP is an exhaustive mapping tool because it finds multiple candidate alignment locations (CALs) and 
then selects the best hits out of those CALs.  SHRiMP can fully utilize and take advantage of the available 
memory and multiple-core processor architectures.  The computational resources used in this project are 
listed in Table 1.   

Table 1: Computing Resources 
 

A)  AWS B)  BARE METAL #1 C)  BARE METAL #2  D)  WORKSTATION AT 
THE DEPT. OF HUMAN 
AND MEDICAL GENETICS, 
VILNIUS UNIVERSITY #3 

CPU: Intel® 8 CPU 
cores (Model is 
unknown) 
RAM: 68GB 
 

CPU: Intel Xeon CPU E5-
2650, 32 cores 
RAM: 32GB 
 

CPU: Intel Xeon(R) CPU 
E5620, 16 cores 
RAM: 144GB 

Allocated resource:  
CPU: AMD Opteron (tm) 
Processor 6172, 12 cores 
RAM: 98GB 

OS: Ubuntu 12.10 
LTS Server 
MAQ: 0.6.6 

OS: Ubuntu 12.04.2 LTS 
Server 
MAQ: 0.6.6 
SHRIMP: 2.2.3 

OS: Ubuntu 12.04.4 LTS 
Server 
MAQ: 0.7.1 
SHRIMP: 2.2.3 

OS: CentOS 5.10 
MAQ: 0.7.1 
SHRIMP: 2.2.3 

 
To enable portability of the computation environment (including the aligners, scripts, configuration 
settings) Linux container images were used. The same image was used in the AWS, Bare Metal #1, and Bare 
Metal #2 test. The Linux container images were easily ported between environments by the Operations 
Engineer. 
 
PROJECT OBJECTIVES  
Objective 1 – Document how much time it took for MAQ and SHRiMP to align 2 million 75 base-pair (bp) 
length paired end sequence reads of cancer exome data [3] to the human reference genome. The programs 
were tested on several HPC configurations summarized in Table 1.  
 
Objective 2 – To compute a complete mapping of the mast-cell leukemia exome data (tumor and germline 
available in Illumina Genome Analyzer FASTQ format) [3] to the Human Genome Build 37 (GRCh37 hg19). 
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RESULTS 
Total number of paired end reads in a whole sample consisted of 32,971,877 reads in the germline exome 
and of 37,495,826 reads in the tumor exome.  To compare chosen alignment programs in terms of their 
execution time on different HPC configurations, 2 million paired end reads of the germline exome was used. 
Durations in which MAQ completed alignments of 2 million reads on tested computing resources are shown 
in Table 2.  The shortest duration was achieved on the HPC configuration C.  Next, MAQ was tested by using 
UberCloud Linux container images on HPC architecture C. The alignments of 2 million paired end reads 
were executed simultaneously on 4 nodes. Each completed in 2 hours and 5 minutes.  
 
SHRiMP can fully utilize multiple-core processor architectures. We were interested in how much the 
alignment time could be reduced by using the aligner, which takes advantage of available multi-core 
computing resources.  SHRiMP can use as many threads as set by a parameter. Durations in which SHRiMP 
aligned 2 million reads on different HPC architectures are shown in Table 2.   
 
To summarize the comparative results, we note that MAQ completed the task in 75 minutes and SHRiMP 
completed the same task in 40 minutes by using 16 threads. Both of them completed the alignment of 2 
million paired end reads within similar time range.     
 

Table 2: Running times of the alignment tasks 
 

ALLIGNMENT TASK A)  AWS B)  BARE 
METAL #1 

C)  BARE 
METAL #2 

D)  WORKSTATION AT THE 
DEPT. OF HUMAN AND 
MEDICAL GENETICS, 
VILNIUS UNIVERSITY #3 

MAQ (2 mln reads) 
     version 0.6.6  
        

cr1.8xlarge 
more than 2 
days 
experiment 
stopped 

    

MAQ (2 mln reads) 
     version 0.7.1 

m1.medium 2 h 
20 min 

1h 30 min 1 h 13 min 4 h 30 min 

SHRiMP (2 mln reads) 
     using 1 thread 
     using 16 threads 
     using 24 threads  

   
3 h 20 min 
1 h 40 min 
38 min 

 

 
We estimated that the time required for MAQ to complete the mapping of 2 million reads on the 
architecture C within the virtualization layer takes a little over two hours. Based on this estimate, we 
predicted that time, required to map exomes of germline and tumor divided into 36 parts of 2 million reads 
each, should take approximately 36*2= 72 hours. By using 4 computing nodes simultaneously for this task 
the mapping should complete in 18 hours. The estimated time for SHRiMP using 24 threads to map 2 million 
reads takes about 40 minutes. Based on this estimate, we predicted that SHRiMP will align the whole 
sample in 25 hours. A summary of the actual time spent in the mapping of whole sample on the HPC 
architecture C is shown in Table 3.   
 

http://www.theubercloud.com/store/
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We used 24 threads in mapping with SHRiMP. The mappings were performed in batch on a single node. 
This mapping task completed in 29 hours, which is more or less consistent with previous expectation of 25 
hours that were predicted for the whole sample  based on the time estimate of mapping 2 million reads 
(see Table 2).  
 
Mapping by MAQ was performed using UberCloud Linux containers on four nodes. Two nodes were used 
to map the germline and another two nodes were used to map the tumor sample. Alignment of the whole 
sample by MAQ completed in 35 hours, which is almost twice as long as expected.  
There are several reasons why MAQ had prolonged mapping time.  The first is that, in general, reads have 
different sequence complexity, which influences mapping time. The average actual mapping time of a part 
of 2 million reads was approximately three hours. The second reason was unexpected interruptions in a 
batch mapping because of unexpected symbols in some parts of the data. The second reason is minor – the 
data was cleaned and processed again.  
 

Table 3: Alignment of the whole exome of germline and tumor by using HPC configuration C 
 

 
Alignment program 

Germline sample  
0-16 parts x  2million reads  

Tumor 
0-18  parts x  2million reads  

MAQ version 0.7.1  
utilized  4 nodes in 
parallel  

In batch: 
 
Node1 (part 0-6) 
 From Jun 7  21:02 
 Till    Jun 9  07:42 
 
Node2 (part 12 - 14) 
 From Jun 9  02:38  
 Till    Jun 9  11:57  
 
Realigned:  
Parts 7,8,9, 10,11,14,15,16  

In batch : 
 
Node3 ( part 0-6) 
From  Jun 7  21:04 
Till     Jun 9  10:42 
 
Node4 (part 10-16) 
From  Jun 7  21:04  
Till     Jun 9  07:18 
 
Realigned: 
Parts 7.8,9 17,18 

SHRiMP ver 2.2.3  
using 24 threads on 1 
node 

From Jun 7  22:02 
Till    Jun 8  11:59 
Total     14 hours 

From  Jun 8  12:57 
Till     Jun 9  04:00 
 Total  15 hours 

 
 

CONCLUSION AND RECOMMENDATIONS 
 
The team gained two particularly useful insights from this project: 
 
Some software programs are created in a such a way that they can't take advantage of modern multiple 
core architectures. Therefore, a virtualization approach was utilized to perform mapping with simple 
alignment program MAQ simultaneously on four nodes.  Running simple programs in virtualization layers 
on HPC resources proved to be a very productive use of those resources resulting in a considerable 
reduction of execution times of simple processes. In NGS data analysis, numerous useful software programs 
exist that can't use modern HPC architectures. Using these programs to process big data is challenging 
because of the time required to obtain results. One possible solution to this challenge is to use the 
UberCloud Linux containers on available HPC architecture.    

http://www.theubercloud.com/store/
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The predicted mapping times resulting from estimates of mapping times computed on small randomly 
selected sample of reads are only approximate.  This most likely occurs because sequence complexity 
impacts finding a candidate alignment location of the read in the reference genome. 
 
Alignment of the short reads to the reference genome in NGS exome analysis pipeline is only a single 
intermediate step in obtaining information on which genomic variants are present in the exome. A second 
step after the alignment is search and identification of those genomic variants. This step is computationally 
demanding as well. It would be beneficial to assess a computational intensity and create resource usage 
guidelines for genomic variant identification tools such as  Genome Analysis Toolkit (GATK), Samtools and 
MAQ.    
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Team 156 

Pulsatile flow in a Right Coronary Artery Tree 

 
 

                     
  

 
MEET THE TEAM  
End User – Prahlad G. Menon, PhD, Dept. of Electrical & Computer Engineering, Carnegie Mellon University 
Resource Providers – Amazon AWS  
Software Provider – UberCloud OpenFOAM container with OpenFOAM and ParaView.  
 

USE CASE 
Modeling of vascular hemodynamics has become increasingly popular for the assessment of the underlying 
patient-specific biomechanical traits of vascular disease. This modeling approach typically begins with the 
three-dimensional (3D) segmentation and reconstruction of a smooth surface model of the vascular region 
of interest from patient-specific medical image volumes obtained as a series of tomographic slices using 
either magnetic resonance imaging (MRI) or computed tomography (CT) imaging. The resulting 3D surface 
model is used to generate a discretized volume mesh for the purpose of analysis of flow using 
computational fluid dynamics (CFD) solution techniques. 
 
In this study, blood flow inside a patient-specific right coronary artery tree (see Figure 1), including one 
inlet and a total of 7 outflow branches, was studied computationally under realistic unsteady flow 
conditions after segmentation from tomographic MRI slice images obtained across the whole human body 
of a male volunteer, at 2mm intervals.  
 

METHODS 
A finite volume mesh consisting of 334,652 tetrahedral elements / cells was prepared in the mesh building 
toolkit, GAMBIT (Ansys). This mesh was then passed over as input to the icoFoam solver in OpenFOAM – a 
free, open source CFD software package – to solve for hemodynamics. 
 

“The UberCloud system was 

found to be far more user 

friendly than the NSF XSEDE 

supercomputing resources, 

in terms of both simplicity 

and ease of access.” 

 

http://www.theubercloud.com/store/packs/categories/aws/
http://www.theubercloud.com/store/
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Figure 1: 3D reconstruction of the studied                                                                                                                        
patient-specific human right coronary artery tree. 

 
Hemodynamics (meaning literally "blood flow, motion and equilibrium under the action of external forces”) 
is the study of blood flow or circulation. It explains the physical laws that govern the flow of blood in the 
blood vessels under pulsatile inflow conditions. A realistic right coronary artery inflow waveform was 
obtained from the scientific literature based on reports from catheterization studies for the purpose of this 
CFD simulation study (see Figure 2).  
 
The solution was obtained assuming a plug-flow inlet velocity profile, zero-pressure outlet boundary 
conditions and rigid, impermeable, no-slip arterial wall boundaries. The choice of equal, zero-pressure 
outflow boundary conditions resulted in a naturally distribution of blood flow to the seven outlets of the 
geometry, based on their respective intrinsic geometry-based resistance pathways. 
 

 
Figure 2: Realistic pulsatile right coronary artery inflow waveform considered in this study. 

 
Blood was modeled as a Newtonian fluid with constant density (1060 kg/m3) and viscosity (0.00371 Pa.s).  
One full cardiac cycle was simulated with a time step of 0.00001 seconds, with first order implicit time 
integration and second order Gaussian integration based finite volume spatial discretization with a linear 
cell-to-face center interpolation scheme. The generalized geometric-algebraic multi-grid (GAMG) solver 
was chosen for this study for its properties of being faster than most standard solvers. This is due to its 
strategy of first generating a flow solution for velocity and pressure on a coarser mesh using a method 
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of agglomeration of cells, and then mapping the coarse solution onto the full (i.e. fine) mesh to obtain a 
more accurate solution.  The solution was obtained using the remote UberCloud multi-core computing 
framework – including UberCloud’s new software containers – after first parallelizing the problem 
automatically on to 16 cores using OpenFOAM’s computational domain decomposition and then 
submitting the job (including all necessary input files) via a secure shell (SSH) client. 
 

RESULTS AND DISCUSSION 
Pulsatile flow results were examined using ParaView, running on a remote visualization machine.  Fig. 3 
shows an instantaneous snapshot of flow in the coronary artery tree under peak flow conditions.   

 

 
 

Figure 3: Visualization of hemodynamics at the instantaneous peak-flow instant, in ParaView.              
The full time-resolved simulation result is available for viewing at: 

http://www.youtube.com/watch?v=hcS_k9xhfIo 
 
Shown on the left of Figure 3, the velocity through the inlet is visualized through a longitudinal slice (blue 
to red color-scale) superimposed with a translucent rendering of the arterial wall colored by the arterial 
pressure field (green to red color-scale).  The units of velocity are meters per second (m/s), whereas 
pressure is plotted in m2/s2, which is equivalent to Pascals per unit density units (i.e. as Pascals per unit 
density units = (kg.m/s2) / (kg/m3) = m2/s2; where density = 1060 kg/m3).  On the right of Figure 3, velocity 
profiles through three different diametric lines across the geometry (marked in the figure on the left), are 
shown.  The x-axis of the velocity profile plot is distance measured along the diameter of vessel segment 
(in SI units of meters), across which the velocity profile is visualized.  Realistic pulsatile flow profiles which 
resembled expectations of Womersley flow profiles were possible to observe over the simulated cardiac 
cycle. 
 
Finally, the average simulation speed under 16-core parallelism was analyzed as a function of clock time 
taken per unit of simulated pulsatile flow time.  This worked out to be ~34 clock hours per simulation 
second on the UberCloud Nephoscale system, as illustrated in Figure 4. 
 

http://www.theubercloud.com/store/
http://www.youtube.com/watch?v=hcS_k9xhfIo
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Figure 4: Illustration of the relationship between clock time (in hours)                                                                            
and simulated pulsatile flow time (in seconds) in the coronary artery. 

BENEFITS 
The UberCloud system was found to be far more user friendly – in terms of both simplicity and ease of 
access (via SSH) – than the National Science Foundation (NSF) XSEDE resources, which I use on a daily basis 
simply because the OpenFOAM cases ran without any issues with MPI libraries. On the other hand, access 
to XCEDE resources is less expensive than commercial cloud resources.  
 
Parallel scalability of the simulated OpenFOAM problem was found to be quite good on the remote 
computing resource. A 2- to 3-fold speed improvement was noted using 16 core parallelism on the remote 
UberCloud machine in contrast with an equivalent local simulation run on just 4 parallel cores of a local 
quad-core machine.   
 

CONCLUSIONS AND RECOMMENDATIONS 
First, I like the ease of access and simplicity of the UberCloud system and would consider it as a preferred 
computation system if up to 128 cores were available for parallel simulation. CFD simulations generate 
large volumes of data and therefore it would be ideal if the UberCloud system could facilitate remote 
visualization of results without having to download large amounts of data to a local machine for further 
analysis (Now the UberCloud Container comes with ParaView and remote viz integrated).   
 
I used SSH to download and locally process the results. This was accomplished with consistent 
upload/download speeds of ~700 KBps – which is pretty good.  While it is possible to get 10+ MBps, inside 
a local network 700 MBps is a good speed for transferring data to a remote server. Availability of ParaView 
as a visualization software along with VNC (remote desktop) access capabilities would enhance ease of 
uploading / downloading simulation data and simultaneously facilitate remote processing as well as 
visualization of simulation results.  
 
Second, it is very important to have sudo / root privileges for some installation and compilation procedures 
in the interest of customizing boundary conditions and solver settings in OpenFOAM. For example, if you 
were to use a 3rd party library like Bison for a boundary condition implementations in OpenFOAM, at the 
present time you would have to contact the UberCloud administrator in order to install this library and 
subsequently add access to this library to your Linux user environment. Most computational specialists 
require compiling and using their own code, and install 3rd party libraries often. Therefore, the lack of sudo-
user privileges to install software (e.g., using the apt-get command) or customize environment variables 
may be seen as a limitation to an advanced user of the UberCloud environment, when the user is not the 
administrator (i.e. 'root'). 

 
Case Study Author – Prahlad G. Menon, PhD, Dept. of Electrical & Computer Engineering, Carnegie Mellon University 
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Team 169 

Complex Blood Flow through Cardiovascular 
Medical Device Using OpenFOAM on Advania 

 

   
 
 
MEET THE TEAM 
End-User/CFD Expert: Praveen Bhat, Technology Consultant, INDIA 
Software Provider: Lubos Pirkl, CFD Support, Prague, Czech Republic 
Resource Provider: Jean-Luc Assor, HPE, Paris, France, and Aegir Magnusson, Per-Ola Svensson, Hans 
Rickardt, Advania, Iceland. 
Cloud Expert: Hilal Zitouni, Fetican Coskuner, Burak Yenier, The UberCloud, California, USA. 
 

USE CASE 
Many small and medium size manufacturers cannot afford to buy a powerful and expensive compute server 
to be able to run more complex and larger numbers of simulations which is necessary to manufacture 
higher quality products in shorter time. Buying a high-performance computer for the company means long 
procurement cycles, HPC expert knowledge to administer and operate the computer, additional expensive 
engineering software licenses, and high total cost of ownership.  
 
This case study proofs that using Advania’s cloud resources together with UberCloud’s application software 
containers provide an excellent alternative to owning on-premise computing resources, coming with ease 
of software portability to the cloud, instant access to and seamless use of Advania cloud resources, and 
performance scalability from few to many cores, with an on-demand and pay-per-use business model.  
 
During this one-week Proof of Concept ( PoC) we used  UberCloud containers to set up a technical 
computing environment on the Advania Platinum instances. OpenFOAM, the popular open source 
computational fluid dynamics toolkit was used to simulate complex blood flow through a cardiovascular 
medical device. Pre-processing, simulation runs, and post-processing steps were performed successfully 
with the OpenFOAM container coming with a fully equipped powerful virtual desktop in the cloud and 
containing all the necessary software, data and tools. 
 

“The Advania Cloud and UberCloud 

containers are an ideal resource 

for our European engineering and 

scientific customers who want to 

burst into the cloud for complex 

resource-hungry HPC workloads.” 
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An Advania Qstack Cloud Service demo 
account was created and the Advania control 
panel was used as the primary method of 
infrastructure administration. 
 
The Advania Cloud Services user interface was 
easy to use and responsive.  
 
The Platinum 3X Large instance type was 
selected for the PoC due to its large size.  
 
The Platinum 3x Large specifications are: 
16 virtual CPU cores 
61 GB RAM 
20 GB disk was selected 
 
The instance start times were around 2-4 min.  
 
Instances were easily cloned and the clone 
instances performed as expected. 

 

 
Figure 1: Advania Environment Setup.  

An Advania Qstack Cloud Service demo account was created and the Advania control panel was used as the 
primary method of infrastructure administration. The Advania Cloud Services user interface was easy to 
use and responsive.  The Platinum 3X Large instance type was selected for the PoC due to its large size. The 
Platinum 3x Large specifications are: 16 virtual CPU cores, 61 GB RAM, and 20 GB disk. The instance start 
times were around 2-4 minutes. Instances were easily cloned and the clone instances performed as 
expected.   
 

 
Figure 2: Firewall configuration through Advania control panel. 
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DOCKER RUNTIME AND UBERCLOUD CONTAINER SETUP  
The Advania instances were accessed via SSH, and the Docker run time environment was set up. This set 
up process took around 5 minutes and was automated down to a single command. The OpenFOAM 
container was pulled from the UberCloud private registry. This process took around 10 minutes. The 
OpenFOAM container was then launched on the Docker run time environment with no further 
configuration or set up. To allow access to the OpenFOAM container via remote desktop VNC service, the 
related ports were opened through the Advania control panel as seen in Figure 2.  
 
  

THE ENGINEERING USE CASE: MEDICAL DEVICE MODEL 
 

 
Figure 3: CAD model of the blood clot filter placed inside an artery. Captured using ParaView running inside an 

UberCloud Container on the Advania Cloud. To increase complexity of the problem blot clots were also inserted 
into the model (not shown above). 

 
 
The model which was set up for testing is a simulation of blood flow through a cardiovascular medical 
device, a blot clot filter. Figure 3 shows a screenshot of the CAD model captured by accessing ParaView 
running inside an OpenFOAM container. 
 
The CAD model of the medical device was used to generate a mesh of 5 million cells. The blood flow through 
the medical device was computed on 16 cores in parallel over 1,000 time steps using the simpleFOAM 
solver. The results were then post-processed using ParaView running inside the OpenFOAM software 
container.  
 
Figure 4 shows the resulting streamlines, representing the path the blood flows in the artery and at the 
inlet of the medical device. Figure 5 displays the velocity plot, showing the blood flow at the inlet and the 
outlet of the medical device.  
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Figure 4: Streamlines, representing the path the blood flows in the artery and at the inlet of the medical device, 
using ParaView running inside an UberCloud Container on the Advania Cloud. 

 
 

 
Figure 5: Velocity plot of the blood flow at the inlet and the outlet of the medical device, using ParaView running 

inside an OpenFOAM Container on the Advania Cloud. 
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USER EXPERIENCE 
 

 
 

Figure 6: Full featured desktop view for remote visualization using ParaView in an UberCloud Container on the 
Advania Cloud. The desktop view provides usability and eliminates user training needs. 

 
ParaView running inside an OpenFOAM Container on the Advania Cloud and accessed remotely via VNC 
demonstrated good performance. The end user was able to post-process the results, view 3D 
representations and manipulate these graphics (pan, zoom, rotate, etc.) in real time. The full featured 
desktop provided the entire regular feature set of ParaView (see Figure 6); there was no training required 
for the user to access and use this application container on the Advania Cloud. 
 
Screen captures were generated using ParaView and the resulting image files were transferred from the 
UberCloud container to a local desktop using SCP to generate this report.  
 

MONITORING AND PERFORMANCE 
During the testing phase, system utilization information was collected through two methods: the Advania 
dashboard and the fully automated UberCloud Container Monitoring. Advania dashboard offers basic, easy 
to use monitoring of the CPU and network utilization. The report can be run for daily, weekly and monthly 
intervals. The reports update frequently and reflect the utilization of the resources at summary level. 
 
UberCloud containers are equipped with an automated monitoring feature, which sends the user an up to 
date snapshot of the system utilization levels, and the progress of the running simulation. During testing 
the automated monitoring feature of the UberCloud containers running on Advania resources worked as 
expected and the testing team was able to monitor system utilization and record when test runs are 
complete. This test was not intended to achieve the best performance possible; no effort was put into 
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tuning the compute environment and gathering statistically relevant performance data. To provide a sense 
of the intensity of the calculation the following rough estimates are provided.  

 
During the testing phase, system utilization 
information was collected through two methods: 
the Advania dashboard and the fully automated 
UberCloud Container Monitoring.  
Advania dashboard offers basic, easy to use 
monitoring of the CPU and network utilization. The 
report can be run for daily, weekly and monthly 
intervals.  
The reports update frequently and reflect the 
utilization of the resources at summary level. 
 
 
 

UberCloud containers are equipped with an automated 
monitoring feature, which sends the user an up to date 
snapshot of the system utilization levels, and the 
progress of the running simulation.  
During testing the automated monitoring feature of 
the UberCloud containers running on Advania 
resources worked as expected and the testing team 
was able to monitor system utilization and record 
when test runs are complete. 
This test was not intended to achieve the best 
performance possible; no effort was put into tuning the 
compute environment and gathering statistically 
relevant performance data. To provide a sense of the 
intensity of the calculation the following rough 
estimates are provided.  
 
On a Platinum 3X Large instance, the SimpleFOAM solver ran on 16 cores in parallel for 1,000 time-steps of 
the cardiovascular device simulation in 30,000 seconds (roughly 8 hours).  
 

TOTAL EFFORT 
The total effort (without the 8 hours simulation run time) described above to access Advania’s OpenCloud, 
familiarize with the environment, setting up the OpenFOAM container, testing, developing the medical 
application geometry, boundary conditions, starting the jobs, and doing the post-processing with ParaView, 
and contacting and talking to Advania Support, was as follows:  
 
- 2 hours in setting up the test account, getting familiar with GUI, requesting increase in quotas 
- 1 hour in setting up the Docker environment, getting our base container, doing a quick test 
- 3 hours in setting up the medical device simulation, doing steps like meshing, running the    
     simulations (by the way, we ran it 5 times), monitoring, opening tickets with support, etc. 
 
In total this resulted in a person effort of 6 hours for all the activities described above. 
 



The 2019 UberCloud Compendium of Case Studies – Exploring Life Sciences in the Cloud 

 

37 
 

BUSINESS BENEFITS AND NEXT STEPS 
The tests on Advania resources proved the compatibility of UberCloud’s technical container technology and 
Advania’s compute resources. Using the two together, a desktop like environment, with familiar user 
experience and with very low overhead can be set up, effortlessly. The major business benefits which are 
demonstrated by this case study are:  
 
Benefits for the end-user: 
- Portability: any cloud looks like the user’s workstation 
- User-friendly: nothing new to learn, ease of access and use 
- Control: container monitoring allows the user to control his assets in the cloud.  
 
Benefits for the resource provider: 
- Getting variability into their environment. Customers want different products which is easily  
  implemented with container packaging and stacking 
- Low overhead resulting in high performance 
- High utilization by better use of resources. 
 
Benefits for the ISV: 
- Portability: software can run on a variety of different resource providers; built once, run anywhere  
- Control of software usage via container based license and usage monitoring 
- Control of user experience   
- The faster the software runs the better the user experience; containers enable porting of the   
   software to workstations, servers, and to any cloud. 
 

 
Case Study Author – Praveen Bhat and Wolfgang Gentzsch 
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Team 190 

CFD Simulation of Airflow within a Nasal Cavity  
 

  

 
 

MEET THE TEAM 
End Users, Team Experts – Jan Bruening, Dr. Leonid Goubergrits, Dr. Thomas Hildebrandt, Charité 
University Hospital Berlin, Germany 
Software Provider – CD-Adapco providing STAR-CCM+ 
Resource Provider – Microsoft Azure with UberCloud STAR-CCM+ software container 
Technology Experts – Fethican Coskuner, Hilal Zitouni, and Baris Inaloz, UberCloud Inc.  
 

USE CASE 
In-vivo assessment of nasal breathing and function is limited due to the geometry of the human nasal cavity, 
which features several tortuous and narrow gaps. While spatially well resolved investigation of that 
complex geometry is possible due to sophisticated methods as x-ray computed tomography (CT) and 
acoustic rhinometry, there is no sufficient method for assessment of the nasal airflow as of yet. The current 
gold-standard for objective assessment of nasal function is the rhinomanometry, which allows 
measurement of the nasal resistance by measuring the pressure drop as well as the volume flow rate for 
each side of the nose individually.  Thus, a complete characteristics curve for each side of the nose can be 
obtained. 
 
While high total nasal resistance measured using rhinomanometry correlates well with perceived 
impairment of nasal breathing, indications may be faulty in some cases. This is caused by several reasons. 
Firstly, there is no lower limit of “healthy” nasal resistance. In patients featuring a very low nasal resistance, 
rhinomanometry would always indicate no impaired nasal breathing. However, conditions that feature low 
nasal resistances as well as heavy impairment of perceived nasal breathing exist (e.g. Empty Nose 
Syndrome). Furthermore, rhinomanometric measurements allow no spatially-resolved insight on nasal 
airflow and resistances. It is impossible to determine which region of the nasal cavity poses the highest 
resistance. This may be the main reason that the role of Computational Fluid Dynamics (CFD) for 
assessment and understanding of nasal breathing was rapidly increasing within the last years. 
 
In this study the airflow within a nasal cavity of a patient without impaired nasal breathing was simulated. 
Since information about necessary mesh resolutions found in the literature vary broadly (1 to 8 million 
cells) a mesh independence study was performed. Additionally, two different inflow models were tested. 
However, the main focus of this study was the usability of cloud based high performance computing for 
numerical assessment of nasal breathing.  

“Relatively small wall clock time 

necessary for simulation of one nasal 

cavity is very promising since it allows 

short rent times for cloud-based 

machines as well as software licenses.” 
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Methods 
The geometry of the nasal cavity was segmented from CT slice images with a nearly isotropic resolution of 
0.263 x 0.263 x 0.263 mm³. The segmentation was performed mostly manually using radio density 
thresholds. The rough geometry of the segmented nasal cavity was then smoothed and cut at the nostrils 
as well as the pharynx at height of the larynx.  
 
The truncation at the nostrils and thus neglecting the ambient surrounding of the face is common practice 
in numerical assessment of nasal breathing. No severe differences in numerically calculated pressure drops 
and wall shear stress distributions were found when including the ambient compared to geometries 
truncated at the nostrils. However, no numerical study has been performed yet investigating the change in 
intranasal airflow while wearing a mask, as it is necessary during the rhinomanometric measurements. 
Therefore an additional geometry was created, where an oval shaped mask with an outflow nozzle with a 
diameter of 22 mm was created as well. Therefore, flow differences caused by those two inflow conditions 
could be evaluated. The mesh independency study was only performed for the truncated models. 
 
Finite Volume meshes were created using Star-CCM+ (v. 11.02). Surfaces were meshed using the Surface 
Remesher option. Different Base Sizes (1.6 mm, 1.2 mm, 0.8 mm, 0.6 mm, 0.4 mm, 0.3 mm, 0.2 mm) were 
used to generate numerical meshes of varying resolution for the mesh independency study. For every Base 
Size one mesh featuring a Prism Layer and one without such a Prism Layer was created. The Prism Layer 
consisted of 3 layers with the first layer’s height being 0.08 m. Each consecutive layer’s height was then 1.2 
times the height of the previous layer, resulting in a total Prism Layer thickness of 0.29 mm. Thus 14 meshes 
were created for the mesh independency study. 
 
Steady state simulations of restful inspiration were performed. A negative, constant velocity equaling a 
volume flow rate of 12 l/min (200 ml/s) at the pharynx was specified. Both nostrils were specified as 
pressure outlets.  Using these boundary conditions, different resistances of the left and right nasal cavity 
could be taken into consideration. The volume flow rate passing through each side of the nasal cavity would 
be defined by those resistances. It was not to be expected, that velocities within the nasal cavity would 
exceed a magnitude of 10 m/s. Thus, Mach numbers were below 0.1 and the inspired air could be modelled 
as incompressible medium. No developed turbulence can be observed within the nose during restful 
breathing. However, transitional turbulent regions can be found. To take those transitional effects into 
account a k-omega-SST turbulence model with a low turbulence intensity of two percent was used. 
Simulations were considered converged if residuals of continuity and all momentums were below 1.0e-5. 
 

    
Figure 1: Comparison of the extended computational model, where part of the face and a simplified mask 

was attached to the nasal cavity (left) and the standard computational model, where the nasal cavity is 
truncated at the nostrils. 
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Figure 2: Total pressure drop (upper panel) and surface averaged wall shear stress (lower panel) calculated on all 
meshes created for the mesh independency study. The meshes’ base size decreases from left to right, while the 
meshes’ cell count increases simultaneously. The total pressure drop as well as the surface averaged wall shear 
stress increases with an increasing cell count, while meshes featuring a prism layer always resulted in lower values 
than meshes without a prism layer adjacent to the wall. 

 
Results – Mesh Independency 
To determine the resolution sufficient for obtaining mesh independent solutions the total static pressure 
drop was calculated as well as the surface averaged wall shear stress at the nasal cavity’s wall. The total 
pressure drop across the nasal cavity as function of the numerical meshes’ Base Size is shown in the upper 
panel of Figure 2. The lower the Base Size the higher the calculated pressure drop across the nasal cavity. 
Calculated pressure drops are higher for meshes not featuring a Prism Layer. However, all calculated values 
lie within close proximity to each other. The difference between the highest and the lowest calculated 
pressure drop is 13 percent, while the difference between pressure drops calculated on both meshes with 
a Base Size of 0.2 mm is only 3 percent. Therefore, the calculated total pressure drop is insensitive to 
different mesh resolutions. Similar trends can be observed upon evaluation of surface averaged wall shear 
stress (WSS) as function of the numerical meshes’ Base Size. Again, no severe differences in averaged values 
of wall shear stresses could be discerned.  
 
Therefore meshes generated using a Base Size of 0.4 mm seem suited to correctly calculate integral 
measures as the total nasal pressure drop and thus the total nasal resistance as well as the surface averaged 
WSS. To ensure that not only averaged WSS values are mesh independent at a Base Size of 0.4 mm, 
qualitative and quantitative comparison of WSS distributions were performed. WSS values calculated on 
meshes with a Base Size of 0.2 mm and 0.4 mm and featuring a Prism Layer were sampled onto the original 
geometry obtained after segmentation.  Thus, a point-wise comparison of WSS values was possible. The 
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correlation between WSS distributions calculated using Base Size of 0.4 mm, and those using a Base Size of 
0.2mm were 0.991. Even when no Prism Layer was used correlations were good (0.95). 
 
Results – Incorporation of Ambient 
Adding a simplified mask to the nasal cavity yielded in no severe differences in pressure drop. The pressure 
drop from mask to pharynx was 2.1 Pascal (Pa), while the pressure drop across the truncated model was 
2.2 Pa. The division of airflow to both nasal cavities wasn’t influenced by incorporation of the mask either. 
Within the simulation using the simplified mask 56 percent of the air went through the left nasal cavity. 
Within the truncated model 55 percent of the air went through that side of the nose. 
 
However, WSS distributions as well as streamlines exhibit clear differences as shown in Figure 3. While 
positions, where high WSS (>0.1 Pa) occur, correlate well, the shape, pattern and size of these regions 
differ. Especially in the vicinity of the nasal isthmus, downstream of the nostrils, truncating the nasal cavity 
at the nostrils led to higher wall shear stresses. Incorporation of a simplified mask led to a more chaotic 
flow within the nasal cavity as well. While streamlines within the truncated model are smooth and 
perpendicular, those streamlines in the model using a simplified mask show more variations. However, 
both models show the classical distribution of airflow within the nasal cavity. The highest amount of air 
passes through the middle meatus. This can be seen within the WSS distributions as well. 
 

 
 

Figure 3: Wall Shear Stress distributions at the nasal cavity’s wall (upper panel) and velocity information visualized 
using streamlines (lower panel). Those distributions are shown for simulations using a simplified mask (left) as well 
as for simulations, where the nasal cavity was truncated at the nostrils.  
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Results – Wall Clock Times and Usability of Cloud Based HPC 
A dedicated machine within Microsoft’s Azure Cloud was used for performing above simulations. This 
machine featured dual-socket Intel® Xeon® E5 processors with QDR Infiniband and RDMA technology and 
MPI support, allowing usage of 32 (virtual cores). Thanks to the VD-adapco STAR-CCM+ POD license 
provided by UberCloud, simulation of the truncated nasal geometry with highest resolution (Base Size of 
0.2 mm, ca. 8 million cells) took approximately 8 hours of wall clock time. Simulation of the same geometry 
with the resolution shown to be sufficient within the mesh independency study (Base Size of 0.4 mm, ca. 
0.9 million cells) took a little bit less than one hour of wall clock time. Therefore, within a 24 hour session, 
20 or more geometries could be calculated. The simulation of the nasal cavity being attached to a simplified 
mask (Base Size 0.4 mm, ca. 2 million cells) couldn’t be finished within the 12 hour POD time frame. 
However, estimated by simulation on a local machine, convergence would have been reached after 
approximately 6 hours of wall clock time. This relatively long duration when compared to both other 
simulations is due to the fact that no convergence was reached using a steady state solver, demonstrating 
the necessity to switch to an implicit unsteady solver using steady boundary conditions.   
 

DISCUSSION AND BENEFITS 
The overall experience using UberCloud’s integrated STAR-CCM+ container environment on the Azure 
cloud was very convincing.  
 

• Handling of the overall cloud environment was straight-forward and due to the whole setup being browser-
based no complications regarding application software requirements occurred. Simulation files were 
uploaded using the author’s institution’s OwnCloud Service. However, an upload using Dropbox would have 
been possible as well, since a Dropbox client was already installed on the machine. 
 

• Simulation speeds were overwhelmingly fast compared to the workstations the authors usually work with. 
Handling was pretty much the same as on a local computer. An hourly screenshot of the cloud machine’s 
state and emailed log files allowed monitoring of the simulation state without any need to log into the 
cloud. 
 

• The relatively small wall clock time necessary for simulation of one nasal cavity is very promising since it 
allows short rent times for cloud-based machines as well as software licenses. Thus, simulation of a 
patient’s nasal cavity as a diagnostic tool might be performed relatively cheap. However, at this time, it is 
totally unknown what a good nasal airflow is and which airflow patterns and phenomena are related to 
impairment of nasal breathing. Within the near future, patient-specific computation of nasal airflow might 
become a relevant diagnostic tool within otolaryngology.   
 
The difference between WSS and velocity distributions within the nasal cavity might indicate that additional 
research is necessary to better understand how wearing a mask alters the airflow. As of yet, several 
numerical studies including the ambient were conducted. However, all of these studies used an 
unobstructed ambient. This preliminary investigation about including the mask resulted in no severe 
change in the pressure drop across the nasal cavity. This has to be further investigated to ensure that 
rhinomanometric measurements, where a similar mask is worn by the patient, do not alter the airflow 
resistance of the nasal cavity by altering the inflow conditions. 
 

 
Case Study Author – Jan Bruening, Charité Berlin, Germany 
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Team 193 

Implantable Planar Antenna Simulation with ANSYS 
HFSS in the Cloud 

 

                    
 
 
MEET THE TEAM 
End user – Mehrnoosh Khabiri, Ozen Engineering, Inc. Sunnyvale, California 
Team Expert – Metin Ozen, Ozen Engineering, Inc. and Burak Yenier, UberCloud, Inc.  
Software Provider – Ozen Engineering, Inc. and UberCloud, Inc.  
Resource Provider – Nephoscale Cloud, California.  

 
Use Case 
In recent years, with rapid development of wireless communication technology, Wireless Body Area 
Networks (WBANs) have drawn a great attention. WBAN technology links electronic devices on and in the 
human body with exterior monitoring or controlling equipment. The common applications for WBAN 
technology are biomedical devices, sport and fitness monitoring, body sensors, mobile devices, and so on. 
All of these applications have been categorized in two main areas, namely medical and non-medical, by 
IEEE 802.15.6 standard. For medical applications, the wireless telemetric links are needed to transmit the 
diagnostic, therapy, and vital information to the outside of human body. The wide and fast growing 
application of wireless devices yields to a lot of concerns about their safety standards related to 
electromagnetic radiation effects on human body. Interaction between human body tissues and Radio 
Frequency (RF) fields are important. Many researches have been done to investigate the effects of 
electromagnetic radiation on human body. The Specific Absorption Rate (SAR), which measures the 
electromagnetic power density absorbed by the human body tissue, is considered as an index by standards 
to regulate the amount of exposure of the human body to electromagnetic radiation.  
 
In this case study implantable antennas are used for communication purposes in medical devices. Designing 
antennas for implanted devices is an extremely challenging task. The antennas require to be small, low 
profile, and multiband. Additionally, antennas need to operate in complex environments. Factors such as 
small size, low power requirement, and impedance matching play significant role in the design procedure. 
Although several antennas have been proposed for implantable medical devices, the accurate full human 
body model has been rarely included in the simulations. An implantable Planar Inverted F Antenna (PIFA) 

“ANSYS HFSS in UberCloud’s 

application software container 

provided an extremely user-

friendly on-demand computing 

environment very similar to my 

own desktop workstation.” 
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is proposed for communication between implanted medical devices in human body and outside medical 
equipment. The main aim of this work is to optimize the proposed implanted antenna inside the skin tissue 
of human body model and characterize the electromagnetic radiation effects on human body tissues as 
well as the SAR distribution. Simulations have been performed using ANSYS HFSS (High-Frequency 
Structural Simulator) which is based on the Finite Element Method (FEM), along with ANSYS Optimetrics 
and High-Performance Computing (HPC) features. 
 

ANSYS HUMAN BODY MODEL AND ANTENNA DESIGN  
ANSYS offers the adult-male and adult-female body models in several geometrical accuracy in millimeter 
scale [17]. Fig. 1 shows a general view of the models. ANSYS human body model contains over 300 muscles, 
organs, tissues, and bones. The objects of the model have geometrical accuracy of 1-2 mm. The model can 
be modified by users for the specific applications and parts, and model objects can simply be removed if 
not needed. For high frequencies, the body model can be electrically large, resulting in huge number of 
meshes which makes the simulation very time-consuming and computationally complex. The ANSYS HPC 
technology enables parallel processing, such that one has the ability to model and simulate very large size 
and detailed geometries with complex physics.  
 
The implantable antenna is placed inside the skin tissue of the left upper chest where most pacemakers 
and implanted cardiac defibrillators are located, see Figure 1. Incorporating ANSYS Optimetrics and HPC 
features, optimization iterations can be performed in an efficient manner to simulate the implantable 
antenna inside the human body model.  
 

 
 

Figure 1: Implanted antenna in ANSYS male human body model. 
 

The antenna is simulated in ANSYS HFSS which is a FEM electromagnetic solver. Top and side view of 
proposed PIFA is illustrated in Figure 2 (left), the 3D view of the implantable PIFA is demonstrated in Figure 
2 (right). The thickness of dielectric layer of both substrate and superstrate is 1.28 mm. The length and 
width of the substrate and superstrate are Lsub=20mm and Wsub=24mm, respectively. The width of each 
radiating strip is Wstrip=3.8mm. The other parameters of antenna are considered to be changed within the 
solution space in order to improve the PIFA performance. HFSS Optimetrics, an integrated tool in HFSS for 
parametric sweeps and optimizations, is used for tuning and improving the antenna characteristics inside 
the ANSYS human body model.  
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Figure 2: Top and side view of PIFA (left) and 3D view of PIFA geometry in HFSS (right). 

 

RESULTS AND ANALYSIS 
Figure 3 illustrates the far-field radiation pattern of the proposed PIFA at 402 MHz. Since the antenna is 
electrically small and the human body provides a lossy environment, the antenna gain is very small (~-44 
dBi) and the EM fields are reactively stored in the human body parts in vicinity.  

 

 
Figure 3: 3D Radiation pattern of implanted PIFA inside the human body model. 

 

Figure 4 shows the simulated electric field distributions around the male human body model at 402 MHz 
center frequency. The electric field magnitude is large at upper side of the body, and it becomes weaker as 
going far away from the male body chest. 

 

The electromagnetic power absorbed by tissues surrounding the antenna inside the human body model is 
a critical parameter. Hence, SAR analysis is required to evaluate the antenna performance. SAR measures 
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the electromagnetic power density absorbed by the human body tissue. SAR measurement makes it 
possible to evaluate if a wireless medical device satisfies the safety limits. 
 

 
 

Fig. 4 Electric Field distribution around male body model at 402 MHz. 

 
SAR is averaged either over the whole body or a small volume (typically 1 g or 10 g of tissue). ANSYS HFSS 
offers SAR calculations according to standards. The 3D plots of the local SAR distribution are shown in Figure 
5 and Figure 6. In Figure 5, the detailed male body model with heart, lungs, liver, stomach, intestines, and 
brain are included. It can be observed that the left upper chest region where SAR is significant is relatively 
small. The peak SAR of the PIFA is smaller than the regulated SAR limitation. Figure 5 shows the SAR 
distribution on the skin tissue of the full human body model. 
  

 
 

Figure 5: Local SAR distribution on upper side of male body model at 402 MHz. 
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Figure 6: Local SAR distribution on the skin tissue of male body model at 402 MHz. 
 
A more detailed discussion of this use case by Mehrnoosh Khabiri can be found in the Ozen Engineering 
white paper about “Design and Simulation of Implantable PIFA in Presence of ANSYS Human Body Model 
for Biomedical Telemetry Using ANSYS HFSS” at:  
http://www.ozeninc.com/wp-content/uploads/2015/05/OEI_Biomedical_WhitePaper_Final.pdf.  
 

CONCLUSIONS 
Design modification and tuning of antenna performance were studied with the implantable antenna placed 
inside the skin tissue of ANSYS human body model. The resonance, radiation, and Specific Absorption Rate 
(SAR) of implantable PIFA were evaluated. Simulations were performed with ANSYS HFSS (High-Frequency 
Structural Simulator) which is based on Finite Element Method (FEM). All simulations have been performed 
on a 40-core Nephoscale cloud server with 256 GB RAM. These simulations were about 4 times faster than 
on the local 16-core desktop workstation. 
ANSYS HFSS has been packaged in an UberCloud HPC software container which is a ready-to-execute 
package of software designed to deliver the tools that an engineer needs to complete his task in hand. In 
this experiment, ANSYS HFSS has been pre-installed, configured, and tested, and running on bare metal, 
without loss of performance. The software was ready to execute literally in an instant with no need to 
install software, deal with complex OS commands, or configure.  
 
This technology also provides hardware abstraction, where the container is not tightly coupled with the 
server (the container and the software inside isn’t installed on the server in the traditional sense). 
Abstraction between the hardware and software stacks provides the ease of use and agility that bare metal 
environments lack. 

 
Case Study Author: Mehrnoosh Khabiri, Ozen Engineering, and Wolfgang Gentzsch, UberCloud  
 

 
 

http://www.ozeninc.com/wp-content/uploads/2015/05/OEI_Biomedical_WhitePaper_Final.pdf
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Team 196 

Development and Calibration of Cardiac 

Simulator to Study Drug Toxicity 

                       

 

 
MEET THE TEAM 
End User – Francisco Sahli Costabal, PhD Candidate, and Prof. Ellen Kuhl, Stanford University. 
Software Provider – Dassault/SIMULIA (Tom Battisti, Matt Dunbar) providing simulation software Abaqus 
2017. 
Resource Provider – Advania Cloud in Iceland (represented by Aegir Magnusson and Jon Tor Kristinsson, 
with the HPC server from HPE. 
HPC Cloud Experts – Fethican Coskuner and Wolfgang Gentzsch, UberCloud, with providing novel HPC 
container technology for ease of Abaqus cloud access and use. 
Sponsor – Hewlett Packard Enterprise, represented by Stephen Wheat. 
 

USE CASE 
This experiment was collaboratively performed by Stanford University, SIMULIA, and UberCloud, and is 
related to the development of a Living Heart Model (LHM) that encompasses advanced electro-
physiological modeling. The end goal is to create a biventricular finite element model to be used to study 
drug-induced arrhythmogenic risk. 
 
A computational model that is able to assess the response of new compounds rapidly and inexpensively is 
of great interest for pharmaceutical companies. Such tool would increase the number of successful drugs 
that reach the market, while decreasing its cost and time to develop. However, the creation of this model 
requires to take a multiscale approach that is computationally expensive: the electrical activity of cells is 
modeled in high detail and resolved simultaneously in the entire heart. Due to the fast dynamics that occur 
in this problem, the spatial and temporal resolutions are highly demanding.  
 

“Since all the people involved had 

access to the same container on 

the cloud server, it was easy to 

debug and solve problems as a 

team. Also, sharing models and 

results between the end user and 

the software provider was easy.” 
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During this experiment, we set out to build and calibrate the healthy baseline case, that we will later use 
to perturb with drugs. After our HPC expert created the Abaqus 2017 container and deployed it on the HPE 
server in the Advania cloud, we started testing our first mesh. It consisted of roughly 5 million tetrahedral 
elements and 1 million nodes. Due to the intricate geometry of the heart, the mesh quality limited the time 
step, which in this case was 0.0012 ms for a total simulation time of at least 1000 ms. The first successful 
run took 35 hours using 72 CPU cores. During these first days, we encountered some problems related to 
MPI that were promptly solved by our HPC expert.  
 
After realizing that it would be very difficult to calibrate our model with such a big runtime, we decided to 
work on our mesh, which was the current bottleneck to speed up our model. We created a mesh that was 
made out of cube elements (Figure 1). With this approach, we lost the smoothness of the outer surface, 
but we reduced the number of elements by a factor of 10 and increased the time step by a factor of 4, for 
the same element size (0.7 mm).  
 
Additionally, the team from SIMULIA considerably improved the subroutines that we were using for the 
cellular model. After adapting all features of the model to this new mesh, we were able to reduce the 
runtime to 1.5 hours for 1000 ms of simulation using 84 CPU cores. 

 
Figure 1: tetrahedral mesh (left) and cube mesh (right) 

 
With this model, we were able to calibrate the healthy, baseline case, which was assessed by electro-
cardiogram (ECG) tracing (Figure 2) that recapitulates the essential features. Finally, we were also able to 
test one case of drug induced arrhythmia (Figure 3). 
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Figure 2: ECG tracing for healthy, baseline case 

 
 

 
 

 
Figure 3: Snapshot of arrhythmic development after applying the drug Sotalol in 100x its baseline 

concentration. The ECG demonstrates that the arrhythmia type is Torsades de Pointes. 
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Some of the challenges that we faced were: 

• Setting up the software to work with in Advania servers: there were a number of difficulties that 
appear due to the parallel infrastructure, the software that we used and the operating system. At 
some point, the system needed a kernel upgrade to stop crashing when the simulations were 
running. All these challenges were ultimately solved by the provider and HPC expert.  

• The license server was at many points a limitation. In at least 4 occasions the license server was 
down, slowing down the process. Because all teams were in different time zones, fixing this issue 
could lead to delays in the simulations. 

• Although the remote desktop setup enabled us to visualize the results of our model, it was not 
possible to do more advanced operations. The bandwidth between the end user and the servers 
was acceptable for file transfer, but not enough to have a fluid remote desktop. 

  
 
 
Some of the benefits that we experienced: 

• Gain access to enough resources to solve our model quickly in order to calibrate it. In our local 
machines, we have access to only 32 CPU cores, which increases the runtime significantly, making 
it hard to iterate over the model and improve it. 

• As we had a dedicated server, it was easy to run post-processing scripts, without the need of 
submitting a second job in the queue, which would be the typical procedure of a shared HPC 
resource. 

• Since all the people involved had access to the same containers on the servers, it was easy to 
debug and solve problems as a team. Also, sharing models and results between the end user and 
the software provider was easy. 

 
 

 
Case Study Author – Francisco Sahli Costabal with Team 196.  
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Team 197 

Studying Drug-induced Arrhythmias of a          
Human Heart with Abaqus 2017 in the Cloud 

 

       
 
 
MEET THE TEAM 
End User – Francisco Sahli Costabal, PhD Candidate, and Prof. Ellen Kuhl, Living Matter Laboratory at 
Stanford University. 
Software Provider – Dassault/SIMULIA (Tom Battisti, Matt Dunbar) providing Abaqus 2017 software and 
support. 
Resource Provider – Advania Cloud in Iceland (represented by Aegir Magnusson and Jon Tor Kristinsson), 
with access and support for the HPC server from HPE. 
HPC Cloud Experts – Fethican Coskuner and Wolfgang Gentzsch, UberCloud, with providing novel HPC 
container technology for ease of Abaqus cloud access and use. 
Sponsor – Hewlett Packard Enterprise, represented by Stephen Wheat. 
 
“Our successful partnership with UberCloud has allowed us to perform virtual drug testing using realistic 
human heart models. For us, UberCloud’s high-performance cloud computing environment and the close 
collaboration with HPE, Dassault, and Advania, were critical to speed-up our simulations, which help us 
to identify the arrhythmic risk of existing and new drugs in the benefit of human health." 
 

Prof. Ellen Kuhl, Head of Living Matter Laboratory at Stanford University 
 

USE CASE 
This cloud experiment for the Living Heart Project (LHP) is a follow-on work of Team 196 first dealing 
with the implementation, testing, and Proof of Concept in the Cloud. It has been collaboratively 
performed by Stanford University, SIMULIA, Advania, UberCloud, and sponsored by Hewlett Packard 
Enterprise. It is based on the development of a Living Heart Model that encompasses advanced electro-
physiological modelling. The goal is to create a biventricular finite element model to study drug-induced 
arrhythmias of a human heart. 

“We were able to easily access 

sufficient HPC resources to study 

drug-induced arrhythmias in a 

reasonable amount of time. With 

our local machines, with just 32 

CPU cores, these simulations 

would have been impossible.” 
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The Living Heart Project is uniting leading cardiovascular researchers, educators, medical device 
developers, regulatory agencies, and practicing cardiologists around the world on a shared mission to 
develop and validate highly accurate personalized digital human heart models. These models will 
establish a unified foundation for cardiovascular in silico medicine and serve as a common technology 
base for education and training, medical device design, testing, clinical diagnosis and regulatory 
science —creating an effective path for rapidly translating current and future cutting-edge innovations 
directly into improved patient care.   
 
Cardiac arrhythmias can be an undesirable and potentially lethal side effect of drugs. During this 
condition, the electrical activity of the heart turns chaotic, decimating its pumping function, thus 
diminishing the circulation of blood through the body. Some kind of arrhythmias, if not treated with a 
defibrillator, will cause death within minutes.  
 
Before a new drug reaches the market, pharmaceutical companies need to check for the risk of 
inducing arrhythmias. Currently, this process takes years and involves costly animal and human 
studies. With this new software tool, drug developers would be able to quickly assess the viability of 
a new compound. This means better and safer drugs reaching the market to improve patients’ lives. 
 
The Stanford team in conjunction with SIMULIA have developed a multi-scale 3-dimensional model of 
the heart that can predict the risk of this lethal arrhythmias caused by drugs. The project team added 
several capabilities to the Living Heart Model such as highly detailed cellular models, the ability to 
differentiate cell types within the tissue and to compute electrocardiograms (ECGs). A key addition to 
the model is the so-called Purkinje network. It presents a tree-like structure and is responsible of 
distributing the electrical signal quickly through the ventricular wall. It plays a major role in the 
development of arrhythmias, as it is composed of pacemaker cells that can self-excite. The inclusion 
of the Purkinje network was fundamental to simulate arrhythmias. This model is now able to bridge 
the gap between the effect of drugs at the cellular level to the chaotic electrical propagation that a 
patient would experience at the organ level. 
 

       
Figure 1: Tetrahedral mesh (left) and cube mesh (right) 

 
A computational model that is able to assess the response of new drug compounds rapidly and 
inexpensively is of great interest for pharmaceutical companies, doctors, and patients. Such a tool will 
increase the number of successful drugs that reach the market, while decreasing cost and time to 
develop them, and thus help hundreds of thousands of patients in the future. However, the creation 
of a suitable model requires taking a multiscale approach that is computationally expensive: the 
electrical activity of cells is modelled in high detail and resolved simultaneously in the entire heart. 
Due to the fast dynamics that occur in this problem, the spatial and temporal resolutions are highly 
demanding.  

https://www.3ds.com/products-services/simulia/solutions/life-sciences/the-living-heart-project/
https://en.wikipedia.org/wiki/Jan_Evangelista_Purkyn%C4%9B
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During the preparation and Proof of Concept phase (UberCloud Experiment 196) of this LHP project, 
we set out to build and calibrate the healthy baseline case, which we then used to perturb with 
different drugs. After creating the UberCloud software container for SIMULIA’s Abaqus 2017 and 
deploying it on HPE’s server in the Advania cloud, we started refining the computational mesh which 
consisted of roughly 5 million tetrahedral elements and 1 million nodes. Due to the intricate geometry 
of the heart, the mesh quality limited the time step, which in this case was 0.0012 ms for a total 
simulation time of 5000 ms. After realizing that it would be very difficult to calibrate our model with 
such a big runtime, we decided to work on our mesh, which was the current bottleneck to speed up 
our model. We created a mesh that was made out of cube elements (Figure 1). With this approach, 
we lost the smoothness of the outer surface, but reduced the number of elements by a factor of ten 
and increased the time step by a factor of four, for the same element size (0.7 mm).  

 
Figure 2: Final production model with an element size of 0.3 mm. The Purkinje network is shown in 

white. Endocardial, mid layer and epicardial cells are shown in red, white and blue respectively. 
 
After adapting all features of the model to this new mesh with now 7.5 million nodes and 250,000,000 
internal variables that are updated and stored within each step of the simulation (Figure 2), we were 
able to calibrate the healthy, baseline case, which was assessed by electro-cardiogram (ECG) tracing 
(Figure 3) that recapitulates the essential features.  

 
Figure 3: ECG tracing for the healthy, baseline case. 

 
During the final production phase, we have run 42 simulations to study whether a drug causes 
arrhythmias or not. With all these changes we were able to speed up one simulation by a factor of 27 
which then (still) took 40 hours using 160 CPU cores on Advania’s HPC as a Service (HPCaaS) hardware 
configuration built upon HPE ProLiant servers XL230 Gen9 with 2x Intel Broadwell E5-2683 v4 with 
Intel OmniPath interconnect. We observed that the model scaled without a significant loss of 
performance up to 240 compute cores, making the 5-node sub-cluster of the Advania system an ideal 
candidate to run these compute jobs. In these simulations, we applied the drugs by blocking different 
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ionic currents in our cellular model, exactly replicating what has been observed before in cellular 
experiments. For each case, we let the heart beat naturally and see if the arrhythmia is developing.  
 

 
Figure 4:  Evolution of the electrical activity for the baseline case (no drug) and after the 

application of the drug Quinidine. The electrical propagation turns chaotic after the drug is 
applied, showing the high risk of Quinidine to produce arrhythmias. 

 
Figure 4 shows the application of the drug Quinidine, which is an anti-arrhythmic agent, but it has a 
high risk of producing Torsades de Pointes, which is a particular type of arrhythmia. It shows the 
electrical transmembrane potentials of a healthy versus a pathological heart that has been widely 
used in studies of normal and pathological heart rhythms and defibrillation. The propagation of the 
electrical potential turns chaotic (Figure 4, bottom) when compared to the baseline case (Figure 4, 
top), showing that our model is able to correctly and reliably predict the anti-arrhythmic risk of 
commonly used drugs. We envision that our model will help researchers, regulatory agencies, and 
pharmaceutical companies rationalize safe drug development and reduce the time-to-market of new 
drugs. 
 
Some of the challenges that we faced during the project were: 

• Although the remote desktop setup enabled us to visualize the results of our model, it was 
not possible to do more advanced operations. The bandwidth between the end user and the 
servers was acceptable for file transfer, but not enough to have a fluid remote desktop. We 
suggested to speed-up remote visualization which has now been implemented including NICE 
Software’s DCV into the UberCloud software container, making used of GPU accelerated data 
transfers.  

• Running the final complex simulations first on the previous-generation HPC system at Advania 
took far too long and we would have not been able to finish the project in time. Therefore, 
we moved our Abaqus 2017 container seamlessly to the new HPC system (which was set up 
in July 2017) and got an immediate speedup of 2.5 between the two HPE systems.  

  
 
 

https://en.wikipedia.org/wiki/Torsades_de_pointes
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Some of the benefits that we experienced:  

• Gaining easy and intuitive access to sufficient HPC resources enabled us to study drug-induced 
arrhythmias of a human heart in a reasonable amount of time. With our local machines, with 
just 32 CPU cores, these simulations would have been impossible.  

• As we had a dedicated 5-node HPC cluster in the cloud, it was easy to run post-processing 
scripts, without the need of submitting a second job in the queue, which would be the typical 
procedure of a shared HPC resource. 

• Since all project partners had access to the same Abaqus 2017 container on the HPC server, it 
was easy to jointly debug and solve problems as a team. Also, sharing models and results 
between among the end user and the software provider was straight-forward. 

• The partnership with UberCloud has allowed us to perform virtual drug testing using realistic 
human heart models. For us, UberCloud’s high-performance cloud computing environment 
and the close collaboration with HPE, Dassault, and Advania, were critical to speed-up our 
simulations, which help us to identify the arrhythmic risk of existing and new drugs in the 
benefit of human health." 

 

 
Case Study Author – Francisco Sahli Costabal together with Team 197.  

 

 

Appendix 

This research has been presented at the Cardiac Physiome Society Conference in Toronto November 

6 – 9, 2017, https://www.physiome.org/cardiac2017/index.html.  

Title:  Predicting drug-induced arrhythmias by multiscale modeling  

Presented by: Francisco Sahli Costabal, Jiang Yao, Ellen Kuhl 

Abstract: 

Drugs often have undesired side effects. In the heart, they can induce lethal arrhythmias such as 

Torsades de Points. The risk evaluation of a new compound is costly and can take a long time, which 

often hinders the development of new drugs. Here we establish an ultra high resolution, multiscale 

computational model to quickly and reliably assess the cardiac toxicity of new and existing drugs. The 

input of the model is the drug-specific current block from single cell electrophysiology; the output is 

the spatio-temporal activation profile and the associated electrocardiogram. We demonstrate the 

potential of our model for a low risk drug, Ranolazine, and a high risk drug, Quinidine: For Ranolazine, 

our model predicts a prolonged QT interval of 19.4% compared to baseline and a regular sinus rhythm 

at 60.15 beats per minute. For Quinidine, our model predicts a prolonged QT interval of 78.4% and a 

spontaneous development of Torsades de Points both in the activation profile and in the 

electrocardiogram. We also study the dose-response relation of a class III antiarrhythmic drug, 

Dofetilide: At low concentrations, our model predicts a prolonged QT interval and a regular sinus 

rhythm; at high concentrations, our model predicts the spontaneous development of arrhythmias. 

Our multiscale computational model reveals the mechanisms by which electrophysiological 

abnormalities propagate across the spatio-temporal scales, from specific channel blockage, via altered 

single cell action potentials and prolonged QT intervals, to the spontaneous emergence of ventricular 

tachycardia in the form of Torsades de Points. We envision that our model will help researchers, 

regulatory agencies, and pharmaceutical companies to rationalize safe drug development and reduce 

the time-to-market of new drugs. 

https://www.physiome.org/cardiac2017/index.html
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Team 199 

HPC Cloud Performance of Peptide Benchmark 
Using LAMMPS Molecular Dynamics Package 

 
 

 
 

 
Figure 1: Simulation snapshot using LAMMPS, studying the minimum energy configuration of peptide chains in    
a background water solution. 

 
MEET THE TEAM 
End User – National Renewable Energy Lab (NREL), Tech-X Research 
Software Provider – LAMMPS open source software and Steven J. Plimpton (Sandia National Lab) 
Resource Provider – Amazon Web Services (AWS)  
HPC Expert – Dr. Scott W. Sides, Senior Scientist, Tech-X Research Boulder, CO., Fetican Coskuner and 
Ender Guler, UberCloud.  
 

USE CASE 
In order to address realistic problems in the nanomaterials and pharmaceutical industries, large-scale 
molecular dynamics (MD) simulations must be able to fully utilize high-performance computing (HPC) 
resources. Many small- and medium-sized industries that could make use of MD simulations do not 
use HPC resources due to the complexity and expense of maintaining in-house computing clusters.  
 
Cloud computing is an excellent a way of providing HPC resources to an underserved sector of the 
simulation market. In addition, providing HPC software containers with advanced application software 
can make the use of these codes more straightforward and further reduce the barriers for entry to 
small- and medium-sized businesses.  
 
The molecular dynamics package LAMMPS is widely used in academia and some industries. LAMMPS 
has potentials for solid-state materials (metals, semiconductors) and soft matter (biomolecules, 
polymers) and coarse-grained or mesoscopic systems. It can be used to model atoms or, more 
generically, as a parallel particle simulator at the atomic, meso, or continuum scale.  
Cloud computing service provider Amazon Web Services provided a number of virtual machines each 
with up to 16 cores for this experiment with different levels of network communication performance.  

“HPC software container-

based cloud computing is 

an easy process compared 

to building and maintaining 

your own cluster in the 

cloud.” 
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Technical Details of the Simulation 
Figure 2 shows the parallel scaling performance of LAMMPS containers running on an AWS multi-node 
cluster with each of the nodes having 16 cores available. A simple peptide chain model that is included 
in the tests for LAMMPS was used for performance scaling. The initial peptide input file only contains 
2004 particles, but using the 'replicate' keyword available in LAMMPS the initial simulation cell may 
be copied in the x,y,z directions an arbitrary number of times. 
 

 
 
Figure 2: LAMMPS parallel scaling performance on an AWS multi-node cluster with each of the nodes having 16 
cores available. Inset upper right: Comparison of the parallel scaling performance between LAMMPS running on 
the bare-metal 2-node test cluster at Tech-X and LAMMPS containers running on a 4-node remote AWS cluster. 
The dotted lines indicate the optimal scaling behavior, showing that the performance of the LAMMPS containers 
running in the cloud is excellent. 

 
The simulations in Figure 2 show two system sizes using ≈ 106 and ≈ 4.1*106 particles run for 300 
update steps for reasonable timing statistics. The inset in the upper right shows a comparison of the 
parallel scaling performance for a system with ≈ 2.0*106 particles between LAMMPS running on the 
bare-metal 2-node test cluster at Tech-X and LAMMPS containers running on a 4-node remote AWS 
cluster. The dotted line in the main figure and inset is the optimal scaling trend. The main figure shows 
that the LAMMPS multi-node container performance persists as the number of nodes in the cloud 
cluster increases. There was degraded performance when the number of processors/node reaches 
the maximum number of cores available as listed by AWS and is due to hyper-threading. But, there 
appears to be no degradation of performance as the size of the cluster increased, suggesting that an 
arbitrary number of processors can be used for HPC molecular dynamics simulations using LAMMPS 
in the cloud. 
 
Summary of the SBIR project  
 
This cloud experiment was initially funded as part of a Small Business Innovation Research (SBIR) grant. 
The solicitation called for enabling modern materials simulations in a larger sector of the industrial 
research community. High performance computing (HPC) is a technology that plays a key role in 
materials science, climate research, astrophysics, and many other endeavors.  Numerical simulations 
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can provide unique insight to physical phenomena that cannot be easily obtained by other means. 
Numerical simulations complement experimental observations, help in validating models, and 
advance our understanding of the world. Advances in HPC software development and algorithms are 
becoming increasingly important in materials science and for industries developing novel materials. 
According to a recent survey by the US Council on Competitiveness, faster time to market, return on 
investment, and enabling work that could not be performed by any other means are cited as the most 
common justifications for using HPC in industry.  For instance, Goodyear was able to significantly 
reduce the time to bring new tires to market through a collaboration with Sandia National Laboratory 
by leveraging high performance clusters. The oil, aeronautic, and automobile industries are examples 
of big industries where HPC technologies have been leveraged for decades. The growing penetration 
of HPC into engineering fields has been fueled by the continued performance improvements of 
computer chips as well as the emergence of hardware accelerators such as general-purpose graphics 
processing units (GPUs) and the Intel Xeon Phi co-processor (also known as many integrated core 
architecture, or MIC).  
 
However, one of most striking features of the US Council on Competitiveness survey, is how 
underrepresented are the companies that would be most likely to take advantage of soft materials 
simulations. The biosciences sector accounted for only 5.9% and the chemical engineering sector 
accounted for only 4.0% of respondents on their use of HPC resources. The Phase I SBIR proposal 
granted to Tech-X addresses this call and the two issues outlined above, by using an extensible object-
oriented toolkit (STREAMM) for linking quantum chemistry (DFT) and classical molecular dynamics 
(MD) simulations and making this code suite available to take advantage of HPC cloud computing. 
 
Process Overview 
1. Kickoff team meeting of the experiment using WebEx. 
2. Organization of project tasks, communication and planning through RedMine. 
3. The end user, Scott Sides, obtained an AWS account and provided ssh-keys to UberCloud in order 

to setup a project specific security group that is used to configure the multi-node multi-container 
environment. 

4. A specialized installer was created for LAMMPS and made available to the team. 
5. The end user performed an MD scaling study on a 1-node, 4-node, and 8-node cluster. 
6. The end user analyzed performance data and communicated the results to the rest of the team. 
 

CHALLENGES 
End user perspective - The cloud computing service at Amazon Web Services (AWS) provided high-
quality compute nodes with efficient communication networks that enabled the good scaling seen in 
Figure 2. There is quite a bit of manual setup that needs to be performed by the end-user for AWS. 
For any cloud computing project, the first step is to create the remote compute instances. One must 
apply for an account at AWS, and use the AWS web interface to navigate to the services for the Elastic 
Compute Generation 2 (EC2). The 'elastic' refers to the ability to expand or shrink the hardware usage 
for a particular task at a given time. Then the desired number, type and security settings for the EC2 
instances must be selected. For a first-time setup, an ssh-key pair is generated and stored within the 
user's account information. The web interface instructs the user how to setup their local ssh 
configuration so that access to any remote AWS instance can be obtained. This procedure is 
straightforward but again, must currently be done manually. The security group must also be specified 
manually, and is one that is configured by UberCloud in order for the networking modules to function. 
Now the separate instances must be assembled and configured into a multi-node cluster. 
 
The next steps are to copy setup applications, scripts and configuration files needed to install Docker, 
pull all needed Docker images, and start the computational images with all of the appropriate network 
configuration settings. The remote copy requires the DNS addresses generated by the AWS instance 
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startup outlined above and must currently be performed manually. Then one of the compute 
instances must be designated as the 'Master' node which has two main purposes: (i) to run the 'Consul' 
container which is part of the framework that manages the network setup for all of the cluster 
instances and (ii) to provide a remote entry access point for the cluster. When launching simulations 
on this remote cloud cluster a user executes an SSH login command using the public IP address for the 
master node (again obtained manually through the AWS web tool) and a password that is 
automatically generated within the secure container and emailed to the user. These security measures 
are all part of the networking image layer in the UberCloud simulation containers. However, once 
these steps are in place, then running on a cloud cluster is much the same as running on an HPC cluster 
at a university or national lab.  
 

BENEFITS 
End user perspective 

• Gained an understanding of the cloud computing philosophy and of what is involved in using 
a cloud-based solution for computational work. 

• Cloud computing using novel HPC software containers based on Docker is an easy process 
compared to building and maintaining your own cluster and software environment. 

• Developed an effective workflow for constructing additional HPC cloud containers. 
 
 

CONCLUSIONS AND RECOMMENDATIONS 
For the Phase II proposal based on this case study, Tech-X will add additional codes to the UberCloud 
marketplace for targeted industries and applications including those in nanotech and the 
pharmaceutical industries. We will also investigate ways to add functionality to our STREAMM 
framework to streamline the setup steps described in the ‘end-user perspective’ section. We will also 
check all our current scaling results on the Microsoft Azure cloud platform and compare with AWS and 
bare-metal. The Azure setup is reported to have ways of streamlining the setup process to make 
utilizing cloud HPC resources even easier. 

 
Case Study Authors – Dr. Scott W Sides and Wolfgang Gentzsch 

 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 

https://community.theubercloud.com/containers/
https://www.docker.com/
https://community.theubercloud.com/store/
https://community.theubercloud.com/store/
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Team 200 

HPC Cloud Simulation of Neuromodulation in 
Schizophrenia  

 

       
Figure 1: Illustration of transcranial Direct Current stimulation device. 

 
MEET THE TEAM 
End Users – Dr. G. Venkatasubramanian, G. Bhalerao, R. Agrawal, S. Kalmady (from NIMHANS); G. 
Umashankar, J. Jofeetha, and Karl D’Souza (from Dassault Systemes).  
Software Provider – Dassault/SIMULIA (Tom Battisti, Matt Dunbar) providing Abaqus 2017 
software and support. 
Resource Provider – Advania Cloud in Iceland (represented by Aegir Magnusson and Jon Tor 
Kristinsson), with access and support for the HPC server from HPE. 
HPC Cloud Experts – Fethican Coskuner, Ender Guler, and Wolfgang Gentzsch from the UberCloud, 
providing novel HPC software container technology for ease of Abaqus cloud access and use. 
Experiment Sponsor – Hewlett Packard Enterprise, represented by Bill Mannel and Jean-Luc Assor, 
and Intel. 
 

USE CASE: NEUROMODULATION IN SCHIZOPHRENIA 
Schizophrenia is a serious mental illness characterized by illogical thoughts, bizarre behavior/speech, 
and delusions or hallucinations. This UberCloud Experiment #200 is based on computer simulations of 
non-invasive transcranial electro-stimulation of the human brain in schizophrenia. The experiment has 
been collaboratively performed by the National Institute of Mental Health & Neuro Sciences in India 
(NIMHANS), Dassault SIMULIA, Advania, and UberCloud, and sponsored by Hewlett Packard Enterprise 
and Intel. The current work demonstrates the high value of computational modeling and simulation in 
improving the clinical application of non-invasive transcranial electro-stimulation of the human brain 
in schizophrenia. 
 
Treatment of Schizophrenia is complex, lengthy, and often risky 
 
The brain is the most complex organ of the human body and it therefore follows that it’s disorders 
such as schizophrenia are equally complex. Schizophrenia is a complex chronic brain disorder that 
affects about one percent of the world’s population. When schizophrenia is active, symptoms can 
include delusions, hallucinations, trouble with thinking and concentration, and lack of motivation. 
Schizophrenia interferes with a person's ability to think clearly, manage emotions, make decisions 

“Advania’s HPC Cloud servers with 

Abaqus in an UberCloud container 

empowered us to run numerous 

configurations of tDCS electrode 

placements to explore their complex 

effects on treatment efficacy.” 
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and relate to others. Symptoms include hearing internal voices, having false beliefs, disorganized 
thoughts and behavior, and being emotionally flat. These symptoms may leave a person feeling 
fearful and withdrawn. Their disorganized behavior can be perceived as incomprehensible or 
frightening to others. 
 
Often, schizophrenia cannot be treated successfully by using just one type of medicine. Therefore, a 
range of treatments including drugs are available and the key to a successful outcome is to find the 
right combination of the right drugs and the right talking therapies for the individual patient. 
Different people will respond differently to different treatments. Finding the right treatment regime 
can be a very lengthy process and finding the right medication at the right dose alongside the most 
useful talking therapy can take a lot of time.  
 
As an alternative to drugs, Deep Brain Stimulation (DBS) is being applied to treat schizophrenia, 
involving implanting electrodes within certain areas of the brain to produce electrical impulses that 
regulate abnormal impulses in a patient’s brain. But this treatment is intrusive and comes with a 
certain risk for potential complications such as stroke, cerebrospinal fluid (CSF) leakage, bleeding, 
etc. Other drawbacks are that not every patient can afford DBS surgery considering their individual 
health conditions and high-cost medical procedures.      
 
Transcranial Direct Current Stimulation (tDCS): A new neurostimulation therapy 
While well-known deep brain stimulation involves implanting electrodes within certain areas of the 
brain producing electrical impulses that regulate abnormal impulses, transcranial Direct Current 
Stimulation (tDCS) is a new form of non-invasive neurostimulation that may be used to safely treat a 
variety of clinical conditions including depression, obsessive-compulsive disorder, migraine, and 
central and neuropathic chronic pain. tDCS can also relieve the symptoms of narcotic withdrawal and 
reduce cravings for drugs, including nicotine and alcohol. There is some limited evidence that tDCS can 
be used to increase frontal lobe functioning and reduce impulsivity and distractibility in persons with 
attention deficit disorder. tDCS has also been shown to boost verbal and motor skills and improve 
learning and memory in healthy people. tDCS involves the injection of a weak (very low amperage) 
electrical current to the head through surface electrodes to generate an electric field that selectively 
modulates the activity of neurons in the cerebral cortex of the brain. While the precise mechanism of 
tDCS action is not yet known, extensive neurophysiological research has shown that direct current (DC) 
electricity modifies neuronal cross-membrane resting potentials and thereby influences neuronal 
excitability and firing rates. 
 
Stimulation with a negative pole (cathode) placed over a selected cortical region decreases neuronal 
activity in the region under the electrode whereas stimulation with a positive pole (anode) increases 
neuronal activity in the immediate vicinity of the electrode. In this manner, tDCS may be used to 
increase cortical brain activity in specific brain areas that are under-stimulated or alternatively to 
decrease activity in areas that are overexcited. Research has shown that the effects of tDCS can last 
for an appreciable amount of time after exposure. 
 
While tDCS shares some similarities with both electroconvulsive therapy (ECT) and transcranial 
magnetic stimulation (TMS), there are significant differences between tDCS and the other two 
approaches. ECT, or electroshock therapy, is performed under anaesthesia and applies electrical 
currents a thousand times greater than tDCS to initiate a seizure; as such, it drastically affects the 
functioning of the entire brain and can result in significant adverse effects, including memory loss. By 
contrast, tDCS is administered with the subject fully conscious and uses very small electric currents 
that are unable to induce a seizure, constrained to the cortical regions, and can be focused with 
relatively high precision. In TMS, the brain is penetrated by a powerful pulsed magnetic field that 
causes all the neurons in the targeted area of the brain to fire in concert. After TMS stimulation, 

http://www.drmueller-healthpsychology.com/tdcs.html
http://www.drmueller-healthpsychology.com/tdcs.html
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depending on the frequency of the magnetic pulses, the targeted region of the brain is either turned 
off or on. TMS devices are quite expensive and bulky which makes them difficult to use outside a 
hospital or large clinic. TMS can also set off seizures, so must be medically monitored. By contrast, 
tDCS only affects neurons that are already active—it does not cause resting neurons to fire. Moreover, 
tDCS is inexpensive, lightweight, and can be conducted anywhere. 
 

HPC BRAIN SIMULATION IN THE ADVANIA CLOUD 
The National Institute of Mental Health and Neuro Sciences (NIMHANS) is India's premier 
neuroscience organization involved in clinical research and patient care in the area of neurological and 
psychiatric disorders. Since 2016, Dassault Systemes has been collaborating with NIMHANS on a 
project to demonstrate that computational modeling and simulation can improve the efficacy of 
Transcranial Direct Current Stimulation (tDCS), a noninvasive clinical treatment for schizophrenia. 
Successful completion of the first stage of this project has already raised awareness and interest in 
simulation-based personalized neuromodulation in the clinical community in India.  
 
Although effective and inexpensive, conventional tDCS therapies can stimulate only shallow regions 
of the brain such as prefrontal cortex and temporal cortex regions. These therapies cannot really 
penetrate deep inside the brain. There are many other neurological disorders which need clinical 
interventions deep inside the brain such as thalamus, hippocampus and subthalamus regions in 
Parkinson’s, autism, and memory Loss disorders. The general protocol in such neurological disorders 
is to treat patients with drugs and in some cases, patients may be recommended to undergo highly 
invasive surgeries.  This would involve drilling small holes in the skull, through which the electrodes 
are inserted to the dysfunctional regions of the brain to stimulate the region locally as shown in Figure 
2. This procedure is called as “Deep Brain Stimulation”, in short DBS. However, DBS procedure has 
potential complications such as stroke, cerebrospinal fluid (CSF) fluid leakage, bleeding, etc. Other 
drawbacks are that not every patient can afford DBS surgery considering their individual health 
conditions and high cost medical procedures.      

 
Figure 2: invasive surgeries involve drilling small holes in the skull, through which the electrodes are inserted 
to the dysfunctional regions of the brain to stimulate the region locally. 

 
Our project demonstrates an innovative method that can stimulate deep inside the brain non-
invasively/ non-surgically, using multiple electric fields applied from scalp. This procedure can 
precisely activate selective regions of the brain leaving minimal risk and also making it affordable to 
all. 
Background 
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The method that is adopted here is called “Temporal Interference” (TI), where we are forcing two 
alternating currents (transcranial Alternating Current Stimulation: tACS) at two different high-
frequency electric fields towards the brain via pairs of electrodes placed on the scalp. Neither of the 
individual alternating fields is enough to stimulate the brain because the induced electric field 
frequency is much higher than the neuron-firing frequency; hence the current simply passes through 
tissue medium with no effect. However, when two alternating current fields intersect deep inside the 
brain, a pattern of interference is created which oscillates within an ‘envelope’ at a much lower 
frequency i.e. difference between two high-frequencies, which is commonly referred to as “beat 
frequency”, which would stimulate a neural activity in the brain. With this method clinicians can 
precisely target regions of the brain without affecting major part of the healthy brain! 
 
It is anticipated that “Temporal-Interference” stimulation has great potential to treat a large number 
of neurological disorders. However, it is required to be personalized for an individual depending upon 
type of disease targeted and inter-individual variation in brain morphology and skull architecture. 
Since each patient’s brains can be vastly different, an optimal electrode placement needs to be 
identified on the scalp in order to create Temporal-Interference at specific regions of the brain for an 
effective outcome. For instance, in Parkinson's disease, thalamus and globus pallidus would most likely 
be the regions to create   Temporal-Interference to regulate electrical signals and there by activating 
neurons to reduce the tremor in the patients. 
 
The power of multi-physics technology on the Advania Cloud Platform allowed us to simulate the Deep 
Brain Stimulation by placing two sets of electrodes on the scalp to generate Temporal-Interference 
deep inside the grey matter of the brain, as presented in the Figure 3 workflow. A basic level of 
customization in post processing was required in making this methodology available to the clinician in 
real time and also reduce overall computational effort, where doctors can choose two pre-computed 
electrical fields of an electrode pair to generate temporal interference at specific regions of the grey 
matter of the brain. Nevertheless, the technique proposed here can be extended to any number of 
electrode pairs in future. 
 

 
 

Figure 3: The workflow for the Virtual Deep Brain Stimulation on a human head model. 
 

A high fidelity finite element human head model has been prepared by the NIMHANS team with using 
Simpleware for generating high-quality, simulation-ready models, including skin, skull, CSF, sinus grey 
& white matter, which demanded high computing resources to try various electrode configurations. 
Access to HPE’s Cloud system at Advania and SIMULIA’s Abaqus 2017 code in an UberCloud software 
container empowered us to run numerous configurations of electrode placements and sizes to explore 
new possibilities. This also allowed us to study the sensitivity of electrode placements and sizes in the 
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newly proposed method of Temporal-Interference in Deep Brain stimulation which was not possible 
before on our inhouse workstations and HPC systems.  
 
The results demonstrated in the Figure 4 is for two sets of electrical fields superimposed to produce 
“Temporal Interference”: 

- Configuration-1: Electrical fields generated from electrodes placed on the left and right side 
of pre-temporal region of the scalp. 

- Configuration-2: Electrical fields generated from electrodes placed on the left of the pre-
temporal and rear occipital region of the scalp. 

In Configuration-1, the “temporal interference” was observed at the right hippocampus region, 
whereas for Configuration-2, the temporal interference” was observed at the subparietal sulcus. 
 

 
Figure 4: The results show the sensitivity of the temporal-interference region deep inside the brain based on 
electrode placement on the scalp.  

 
Based on this insight, the team is now continuing to work towards studying various electrode 
placements in targeting different regions of the brain. While preliminary results look promising, the 
team will be working closely with NIMHANS in validating the method through further research on this 
topic and experimentation. In parallel, the team is also working towards streamlining the methodology 
such that it can easily be used by clinicians. 
 
HPC Cloud Hardware and Results 
The brain model has been prepared by the NIMHANS team with using Simpleware for generating high-
quality, simulation-ready models from the most complex data. Then we ran 26 different Abaqus jobs 
on the Advania/UberCloud HPC cluster – each representing a different montage (electrode 
configuration).  Each job contained 1.8M finite elements. For comparison purposes, on our own cluster 
with 16 cores, a single run took about 75min (solver only) whereas on the UberCloud cluster a single 
run took about 28min (solver only) on 24 cores. Thus, we got a significant speedup of about 2x running 
on UberCloud. 
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Figure 5: Localization of the peak Electrical Potential Gradient value in Abaqus for different combinations of 
electrodes. 
 

CONCLUSION 
In the recent times, the Life Sciences community has come together better than ever before, to 
collaborate and leverage new technologies for the betterment of health care and improved medical 
procedures. The application discussed here demonstrates a novel method for "Deep Brain 
Stimulation" in a non-invasive way which has the potential to replace some of the painful/high risk 
brain surgeries such as in Parkinson’s disorders.  
 
The huge benefits of these computational simulations are that they (i) predict the current distribution 
with high resolution; (ii) allow for patient-specific treatment and outcome evaluation; (iii) facilitate 
parameter sensitivity analyses and montage variations; and (iv) can be used by clinicians in an 
interactive real-time manner. 
 
However, there is still a lot of work to be done in collaboration with the Doctors/Clinicians at NIMHANS 
and other Neurological Research Centers on how this method can be appraised and fine-tuned for real 
time clinical use. 

 
Case Study Authors – G. Umashankar, Karl D’Souza, and Wolfgang Gentzsch 
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Team 206 

Establishing the Design Space of a                  

Sparged Bioreactor on Microsoft Azure 
 

   1) 
 
MEET THE TEAM 
End-User/CFD Expert: Sravan Kumar Nallamothu, Sr. Application Engineer, and Marc Horner, PhD, 
Technical Lead, Healthcare, ANSYS, Inc. 
Software Provider: ANSYS, Inc. and UberCloud Fluent Container 
Resource Provider: Microsoft Azure  
HPC Expert: Shitalkumar Joshi, ANSYS, and Wolfgang Gentzsch, UberCloud. 

 
USE CASE 
The scale-up of pharmaceutical laboratory mixers to a production tank is not a trivial task as it requires 
a thorough understanding of complex turbulent and multiphase processes impacting oxygen mass 
transfer. The interplay between the geometric design of the tank and tank operating parameters are 
critical to achieving good mixing, esp. at (larger) production scales.  In an effort to improve process 
understanding, international regulators suggest a Quality by Design (QbD) approach to process 
development and process control.  In the Quality by Design (QbD) framework, significant emphasis is 
placed on the robust characterization of the manufacturing processes by identifying the engineering 
design space that ensures product quality. There are various geometry and operating parameters 
influencing oxygen mass transfer scale-up from lab scale to production scale. Understanding the effect 
of these parameters can lead to robust design and optimization of bioreactor processes.  
 
The main objective of this study is to understand the impact of agitation speed and gas flow rate on 
the gas holdup and mass transfer coefficient, which are two critical parameters that help process 
engineers understand mass transfer performance. The general-purpose CFD tool ANSYS Fluent is used 
for the simulations and the simulation framework is developed and executed on Azure Cloud 
resources running the ANSYS Fluent UberCloud container. This solution provided a scalable platform 
for achieving sufficient accuracy while optimizing the solution time and resource utilization. 

 
1 Picture from Marko Laakkonen (reference see next page) 

“The combination of Microsoft 

Azure with UberCloud ANSYS 

FLUENT Container provided a 

strong platform to develop an 

accurate virtual simulation model 

that involved complex multi-

phase flow and tank geometries.” 
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PROCESS OVERVIEW 
 

  

Figure 2: 194L Tank used for experiments1 and representative CFD Model 

The stirred tank is agitated by a 6-bladed Rushton turbine blade for dispersing the air bubbles 
generated by the sparger. Four custom baffles are included to prevent vortex formation. Experimental 
conditions and results are taken from the extensive study performed by Laakkonen2. 
 
A full 3D model of the 194 L tank is considered for this CFD study, which is meshed using polyhedral 
elements. The Eulerian multiphase model is used for simulating the two phases: water and air. The 
population balance model with quadrature method of moments (QMOM) is used to simulate bubble 
coalescence and breakup processes. The Ishii-Zuber drag model is used to account for momentum 
exchange between water and air bubbles. For bubble coalescence, a model based on the Coulaloglou-
Tavlarides model is used and the breakup model is based on the work of Laakkonen. It was observed 
that non-drag forces did not significantly impact gas holdup and mass transfer. A zero-shear boundary 
condition was applied for the water phase at the upper free surface, and a degassing boundary 
condition is used to remove the air bubbles. 
 
The steady-state solver is used for running the simulations. Each simulation is solved until gas holdup 
and mass transfer coefficient reach steady values. The mass transfer coefficient is calculated using a 
custom field function, formulated based on a correlation derived from penetration theory3. A volume-
averaged mass transfer coefficient is defined as an output parameter of the simulations to facilitate 
comparison of the various process conditions. Specifically, a design of experiments (DOE) study is 
performed with agitation speed and gas flow rate as input parameters and volume-averaged mass 
transfer coefficient as the output parameter. ANSYS Workbench with DesignXplorer is used to run the 
DOE and study the bioreactor design space. 
      
RESULTS 
 
As shown in Figure 2, air bubbles undergo breakup near the impeller blades and coalesce in the 
circulation regions with low turbulent dissipation rates. This leads to bubble size varying throughout 
the tank. Since interfacial area depends on bubble size, bubble size distribution plays a critical role in 
oxygen mass transfer.  

 
1,2 Marko Laakkonen, Development and validation of mass transfer models for the design of agitated gas-liquid reactors, 

https://pdfs.semanticscholar.org/c6bd/d98a364a73fecb84468da9352659e475344d.pdf 
3 J.C. Lamont, D. S. Scott, An eddy cell model of mass transfer into the surface of a turbulent liquid, AIChE J. 16 (1970) 513-
519 

https://pdfs.semanticscholar.org/c6bd/d98a364a73fecb84468da9352659e475344d.pdf
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Figure 3: a) Iso-surface of gas volume fraction colored with bubble diameter b) Contour plot of bubble size 

distribution. 

 
To study the design space of the bioreactor, a DOE study has been performed to generate the response 
surface for the average mass transfer coefficient. From the response surface shown in Figure 3, we 
can see that agitation speed has a greater impact on the mass transfer coefficient versus gas flow rate. 
Even though we can increase the agitation speed to increase the mass transfer coefficient, there is a 
limit on maximum speed since some processes involve mammalian cells that are sensitive to 
hydrodynamic shear. Therefore, studying the design space with several input parameters provides an 
opportunity to optimize the operating conditions to identify a safe operational range for the 
bioreactor. 
 

 
Figure 4: Response surface of average mass transfer coefficient versus gas flow rate and agitation speed 
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HPC PERFORMANCE BENCHMARKING 
We used cloud resources in Microsoft’s Singapore data center because this is relatively close to the 
ANSYS office in Pune, India. The experiment start date was: 2017-12-27, and experiment finish date 
was: 2018-01-30. Simulations started on 1 node (16 cores) and the last run was on 16 nodes (256 
cores). Instance node type: Standard_H16r; FDR InfiniBand (56 Gbps bandwidth); Azure compute 
instances: 16 CPU cores (Intel(R) Xeon(R) CPU E5-2667 v3 @ 3.20GHz), 112 GB of memory. 
 
The software used to simulate the gas sparging process is ANSYS Workbench with FLUENT in an 
UberCloud HPC container integrated with the Microsoft Azure cloud platform. The solution 
methodology is tested with fine and coarse tetrahedral and polyhedral meshes. The time required for 
solving the model with different mesh densities is captured to benchmark the HPC performance in 
solving high density mesh models. Boundary conditions, solution algorithm, solver setup and 
convergence criteria were identical for all models.  

 

Figure 5: Run time comparison for different mesh densities using 24 CPU cores 

 
 

 
Figure 6: Speedup of 688K polyhedral mesh at different CPU cores
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Figures 4 compares the time required to run 200 iterations for different mesh densities with 24 CPU cores. The 
comparison of the solution time shows a significant reduction in the solution time when converting the meshes 
from tetrahedral to polyhedral. This is primarily due to the lower number of mesh elements with minimal impact 
on solution accuracy. Figures 5 summarizes the scalability study, which was based on the 688K polyhedral mesh. 
As can be seen from the figure, that the solution speed scales close to linear up to 168 CPU cores. Figure 6 shows 
the decrease of simulation run time as the number of cores is increased. When using 168 cores, each simulation 
takes less than an hour, making it possible to run the entire design space of the bioreactor in less than 24 hours. 
 

 
Figure 7: Simulation Run time comparison for 688K polyhedral mesh on different number of CPU cores 

A similar speedup study has been performed for the different types of meshes generated for this study. The 
solution speed scale-up results are plotted and compared with linear scale-up speed to compare the scale-up at 
different mesh densities. As shown in Figure 7, the solution speed scale-up is observed to move closer to the linear 
increase in solution speed as the mesh density increases. 

 

 
Figure 8: Comparison of solution speed scale-up with different mesh densities 
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EFFORT INVESTED 
End user/Team Expert: 20 hours for simulation setup, technical support, reporting and overall management of 
the project. 
UberCloud support: 4 hours for monitoring & administration of the performance in the host server. 
Resources: ~2500 core hours were used for performing design of experiments study using ANSYS workbench. 
 

BENEFITS 
1. The HPC cloud computing environment with ANSYS Workbench with FLUENT and DesignXplorer 

streamlined the process of running a DOE with drastically reduced process time.  
2. Running the 10 design point simulations and generating the response surface took only 24 hours of run 

time with 144 CPU cores.  This means design engineers can quickly execute DOE analyses to study the 
scale-up behavior of their bioreactors. 

3. With the use of VNC Controls in the web browser, HPC Cloud access was very easy with minimal 
installation of any pre-requisite software. The entire user experience was similar to accessing a website 
through the browser. 

4. The UberCloud containers helped smooth execution and provide easy access to the server resources. The 
UberCloud environment integrated with the Microsoft Azure platform proved to be powerful as it 
facilitates running parallel UberCloud containers, with a dashboard in the Azure environment which 
helped in viewing the system performance and usage. 

 
CONCLUSION & RECOMMENDATIONS 

1. Microsoft Azure with UberCloud HPC resources provided a very good fit for performing advanced 
computational experiments that involve high technical challenges with complex geometries and multi-
phase fluid flow interactions that would not typically be solved on a normal workstation, reducing the 
time required to establish a two-parameter design space for a bioreactor to a single day. 

2. The combination of Microsoft Azure, HPC Cloud resources, UberCloud Containers, and ANSYS Workbench 
with FLUENT helped to accelerate the simulation trials and also completed the project within the 
stipulated time frame. 

 

 
Case Study Author – Sravan Kumar and Marc Horner, ANSYS Inc. 
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Team 215 

Fluid-Structure Interaction of                               
Artificial Aortic Heart Valves in the Cloud 

 
 

     
 
 
MEET THE TEAM 
End User – Deepanshu Sodhani, R&D Project Manager for Engineering, Modeling and Design at enmodes 
GmbH. 
Abaqus Software Provider – April Deady, Steve Levine, Karl D’Souza, Dassault Systèmes, providing Abaqus 
2019 software and support. 
FlowVision Software Provider – Igor Moskalev and Victor Akimov, FlowVision Russia, Sinan Soğancı, Capvidia, 
providing FlowVision software and support. 
Cloud Resource Provider –Aegir Magnusson, Jon Tor Kristinsson, Advania Data Centers, with access and 
support for the HPC server from HPE. 
HPC Cloud Experts – Hilal Zitouni, Ronald Zilkovski, and Ender Guler at the UberCloud In., providing novel HPC 
container technology for ease of Abaqus and FlowVision cloud access and use. 
Project Manager – Reha Senturk and Wolfgang Gentzsch at the UberCloud Inc. 
Sponsor – Hewlett Packard Enterprise and Intel, represented by Bill Mannel, and Jean-Luc Assor, HPE. 
 

THE LIVING HEART PROJECT 
The Living Heart Project (LHP) is uniting leading cardiovascular researchers, educators, medical device 
developers, regulatory agencies, and practicing cardiologists around the world on a shared mission to develop 
and validate highly accurate personalized digital human heart models. These models will establish a unified 
foundation for cardiovascular in silico medicine and serve as a common technology base for education and 
training, medical device design, testing, clinical diagnosis and regulatory science —creating an effective path 
for rapidly translating current and future cutting-edge innovations directly into improved patient care. For 
more details about the LHP see the LHP Website.  
 

“We were able to easily access our complex 

FSI workflow hosted in UberCloud’s 

Abaqus/FlowVision container on sufficient 

HPC cloud resources to study artificial aortic 

heart valves in a reasonable amount of 

time. With our local machines, with just 32 

CPU cores, these simulations would have 

been simply impossible.” 

https://www.3ds.com/products-services/simulia/solutions/life-sciences/the-living-heart-project/
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USE CASE 
As part of the Living Heart Project (LHP), this cloud experiment has been performed by enmodes GmbH, a 
worldwide service provider in the field of medical technology with special expertise in the field of conception, 
research and development of medical devices. In this project, enmodes has been supported by Dassault Systèmes 
SIMULIA, Capvidia/FlowVision, Advania Data Centers, and UberCloud, and sponsored by Hewlett Packard 
Enterprise and Intel. It is based on the development of Dassault’s Living Heart Model applied to Fluid-Structure 
Interaction of Artificial Aortic Heart Valves. 
 
Two of the most common and most serious valve disease problems are aortic stenosis and aortic regurgitation, 
see Figure 1. Aortic Stenosis (AS) is a narrowing of the aortic valve opening. AS restricts the blood flow from the 
left ventricle to the aorta and may also affect the pressure in the left atrium. Aortic Regurgitation (AR) is the 
diastolic flow of blood from the aorta into the left ventricle (LV). Regurgitation is due to the incompetence of the 

aortic valve or any disturbance of the valvular apparatus (e.g., 
leaflets, the annulus of the aorta) resulting in the diastolic flow of 
blood into the left ventricular chamber.  
 
Transcatheter aortic valve replacement (TAVR) was deemed a 
disruptive medical technology since its first implantation in a patient 
was performed in 2002. Initially, it was used only in high-risk patient 
deemed unfit to receive surgical valves (bioprosthetic or mechanical) 
through open heart surgery. Until recently, TAVR was not routinely 
recommended for low-risk patients in favour of surgical aortic valve 
replacement, however, based on recent studies showing it to be non-
inferior to surgical aortic valve replacement, it is increasingly being 
offered to intermediate risk patients. This has resulted in a significant 

increase in the use of TAVR devices worldwide springing more companies to come up with innovative devices and 
therapies.  
 
Despite tremendous growth in its usage, the therapy is still expensive and remains elusive in developing countries. 
This is because the development of these devices is expensive, due to extensive lab tests and animal studies. 
Adding to this, the success of the device in a patient depends extensively on the experience of the cardiac surgeon. 
So far, there does not exist any patient-specific approach to assist the surgeons in evaluating the many implants 
available in clinical use for their structural and hemodynamic compatibility with the patient's anatomy. Although, 
recent studies have shown that the current generation of devices resolves many hemodynamic issues of these 
devices like paravalvular leakage, in many cases lead to thrombogenicity. This is primarily attributed to stagnation 
of blood around the valve, which is, in turn, a result of the prosthesis interaction with the native anatomy.  
 
Advances in anatomical imaging coupled with numerical simulations in the field of cardiovascular medical 
technology can not only assist the surgeons by evaluating the clinically available devices in virtual native anatomy 
of the patient, but also reduce the development cycles of these devices. The body of work in this direction is 
rapidly growing, despite the limitations of the available computational tools and computing power. There does 
not exist one numerical tool/methodology that can cater to the complex multi-physics problem of fluid-structure 
interaction of native and prosthetic valves in its entirety. Hence, a combination of different computational fluid 
and solid solvers are coupled together to tackle such problems. The other contributing factor in the development 
of numerical tools is the availability of computing power. Growth in on-demand cloud-based computing 
technologies is significantly assisting in the rapid development of such numerical tools that can assist the surgeons. 
 
 

Figure 9: The problem, aortic 
Stenosis (AS) and aortic 
regurgitation. 
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FLUID-STRUCTURE INTERACTION MODELLING OF ARTIFICIAL VALVES 
In this work, we focus our attention on the complex multi-physics fluid-structure interaction (FSI) problem, where 
the developed simulation model is intended for the better understanding of the dynamic behaviour of the valve 
and its effect on hemodynamics. A high-fidelity numerical model was used for this purpose. A simplified structural 
model of the bench test (Figure 2 - where a valve is placed in an ideal tubular aorta in a flow loop replicating the 
flow conditions from the left ventricle to the aorta) was created for the numerical analysis (Figure 3).  
 

 
Figure 10: Bench test; flow loop for testing the behaviour of artificial textile reinforced aortic valve in ideal 

silicone-based aorta. 
 
Bench test boundary conditions were applied. The simulation setup with the structural parts, domain definitions, 
contact and boundary conditions are shown in Figure 3.  
 

 
Figure 11: FSI Simulation setup with domain definitions, boundary & contact conditions. 

 
The FSI simulation model was computed on the cloud computing services provided by UberCloud, using Abaqus 
from Simulia as the structural solver and FlowVision from Capvidia as the fluid solver. The numerical computations 
were analysed for their scalability in terms of speedup with respect to increase in computing resources. The model 
was further evaluated to predict the risk parameters to understand the correlation between the level of fidelity 
and resulting accuracy by carrying out a mesh convergence study over three fluid domain mesh densities.  The 
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valve was modelled using approx. 90000 finite elements, whereas the fluid domain, was modelled using approx. 
300,000 (mesh 1), 900,000 (mesh 2) and 2,700,000 (mesh 3) finite volume cells. 
 

SIMULATION ENVIRONMENT AND RESULTS 
In the first phase of the project, simulation scalability studies were 
carried out to evaluate the speed-up in the simulations. The Abaqus 
explicit structural solver for evaluating the valve was simulated with 
32 CPUs and the FlowVision fluid solver for evaluating the 
hemodynamics with mesh 1 was tested using 16, 32 & 64 CPUs. The 
scalability of these simulations is reported in Figure 4. Using cloud 
computing resources, we were able to speed up the simulation for 
one  heartbeat cycles by a factor of 5 (compared to our inhouse 
resources with a pairing of 16/16 CPUs), which then (still) took 
approx. 16 hours using a 32/64 CPU cores on Advania’s HPC as a 
Service (HPCaaS) hardware configuration built upon HPE ProLiant 
servers XL230 Gen9 with 2x Intel Broadwell E5-2683 v4 with Intel 
OmniPath interconnect. For further evaluation of the simulation 

method we ran three simulations for analysing the effect of fluid mesh density on the accuracy of the simulation 
results. These simulations were carried out on 4 nodes with CPU allocation of 24/72 cores for structural and fluid 
parts. Such high mesh density FSI simulations were made possible in reasonable time due the on-demand 
availability of cloud computing resources.   
 
Multi-physics simulations of this kind can generate tremendous amount of data. In this work we focus our 
attention on the hemodynamic performance of the valve, which can be accounted by the three most commonly 
used parameters namely Average Wall Shear Stress (Sa), Oscillatory Shear Index (OSI) and Retention Time (RT).  
Wall Shear Stress is represented by the time varying local signal S = S (x, t), exerted by the fluid flow on the valve 
walls. Leaflet wall-shear stress was computed for both sides of one leaflet (aortic and ventricular).  The shear 
stress exerted by the fluid on the arterial wall, 𝑆(x, t), is defined as the tangential component of the traction 
vector τf, 𝑆(x, t)  =  τf. tf , where  τf is the tangent unit vector to the fluid domain in the current configuration and 
pointing in the mean direction of the fluid. The oscillatory shear index, OSI, characterizes the oscillatory nature or 
the directionality of the wall-shear stress (OSI = 0: purely unidirectional/pulsatile flow; OSI = 0.5: purely bi-
directional/oscillatory flow) whereas Sa represents the average magnitude of the wall-shear stress over one 
heartbeat. The pulsatility and magnitude of the leaflet wall-shear stress was characterized over one heartbeat (T) 
of 0.86s. As it can be observed, OSI and Sa are insensitive to the magnitude and direction of the shear stress, 
respectively. Therefore, alternative indexes have been proposed in the recent literature, trying to extend the 
predictive power of OSI, e.g. the retention time (RT – equation shown in Figure 5). High values of this indicator is 
related to the presence of low and retrograde WSS signals and thus linked with the possible deposition and growth 
of the thrombus. 

Figure 12: Scalability of FSI 
simulations. 
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Figure 13: Zones for evaluation of the performance parameters; definition of the parameters; values of the 

parameters for mesh 1; comparison of the values for different meshes. 

 
The parameters are evaluated on both aortic (P1-P7) and ventricular side of the valve (P8-P14) (see top left in 
Figure 5). Time-averaged wall shear stress (Sa) values within the seven distinct regions are reported in Figure 5. 
The high shear stresses (higher at P8 than at P1) are due to the high fluid velocities experienced by the centre 
points of leaflet edge due to incomplete closure of the valve. Also, the wall-shear stress magnitude predicted 
along the ventricle side is consistently higher than that computed along the aortic side. As expected, the leaflets 
experience the flow transitioning from unidirectional/pulsatile at the base to oscillating/recirculating at the belly 
and edge on the aortic side.  
 
This is due to the presence of sinus of Valsalva in the computations, which assist in flow recirculation. Also, as the 
outlets from the sinus of Valsalva into the coronary arteries was not considered, the recirculation of the fluid 
persists for the entire duration of diastole. Contrary to this, the ventricle side mostly experiences a unidirectional 
flow which transitions into recirculating zones close to the stitch areas of the leaflets. But, as the retention time 
of the fluid is in the order of 10-3 s, risk of deposition and growth of thrombus are rather low, suggesting a good 
valve performance.  
 
From the mesh convergence study, it can be further observed that on refining the mesh, the time averaged shear 
stress values are increasing at all the evaluation points on the valve, while the retention time decreases. These 
results suggest that even with almost 2.7 million elements, the simulation has still not reached a converged 
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solution. Even though the inference of the results does not change with mesh refinement, further investigations 
on mesh density is needed to achieve a converged solution. 

   

 
Figure 14: Velocity and pressure distribution around the valve. 

 

One can also determine various useful indicators such as pressures & velocity fields (Figure 6), where areas of 
abnormal recirculation, vortices and leakages can be observed. One can also evaluate the valve 
kinematics/kinetics (Figure 7) like leaflet motion, stresses and strains, etc. to evaluate the valve performance. E.g., 
by evaluating the geometric orifice area (GOA), i.e. the anatomical area of the aortic valve orifice. These indicators 
could help in improving the valve design cycle.  
 

 
Figure 15: Clockwise from top left: leaflet kinematics, visual comparison of leaflet open and close phases 

with experimental setup, stresses and strains on the valve and comparison between numerical and 
experimental values for the ratio of GOA to Closed Valve Area. 



The 2019 UberCloud Compendium of Case Studies – Exploring Life Sciences in the Cloud 

79 
 

CHALLENGES AND BENEFITS        
 
Some of the challenges that we faced during the project were: 

• Initial hiccups of setting up and testing the highly complex fluid-structure-interaction containers and the 
time management for the projects. 
 

Some of the benefits that we experienced:  

• Gaining easy and intuitive access to enough HPC resources enabled us to study the valve behaviour, and 
speeding up the design iteration process. With our local machines, with just 32 CPU cores, these 
simulations would have been impossible.  

• As we had a dedicated 4-node HPC cluster in the cloud, it was easy to run post-processing scripts, without 
the need of submitting a second job in the queue, which would be the typical procedure of a shared HPC 
resource. 

• Since all project partners had access to the same Abaqus/FlowVision container on the HPC server, it was 
easy to jointly debug and solve problems as a team. Also, sharing models and results among the team 
members was straight-forward. 

• The partnership with UberCloud would further allow us to perform such complex multi-physics 
simulations using realistic human heart models. For us, UberCloud’s high-performance cloud computing 
environment and the close collaboration with HPE, Dassault, Capvidia and Advania, will be critical to 
speed-up our simulations not only for valve design iterations but also patient specific studies and 
services.  

 

Recommended Intel Configuration 
 
This case study was performed on a compute cluster based on Intel Broadwell series CPUs. Based on our 
experience with this project, we recommend to use the latest Intel Cascade Lake processors and Intel Omni-Path 
interconnects which provide the additional compute power and communication speed needed to have faster LHP 
simulation runs. In all our LHP studies we found out that the ideal environment for LHP models (the ‘sweet spot’) 
would require between 64 and 240 cores for Dassault Systèmes Abaqus, dependent on the geometry and physics 
of the Living Heart Model, which can be determined at the project beginning by a few benchmarks. Therefore, the 
recommended hardware configuration for LHP projects would consist of an HPE Apollo 2000 XL170r Gen10 Server 
with up to 6 compute nodes of 2 Intel X6248 20 core CPUs @ 2.5 GHz (Cascade Lake) and Intel Omni-Path 
networking for fast interconnect to provide the best scale up in a multi-node compute environment. 
 

 
Case Study Author – Deepanshu Sodhani, enmodes GmbH, and Team 215.  
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Team 216 

Simulation of a Personalized Left Atrial 
Appendage Occluder (PLAAO) Device using 

the Living Heart Model 
 

                     
 
MEET THE TEAM 
End User – Dr. Philipp Hempel, ADMEDES GmbH, Pforzheim, Germany. 
Abaqus Software Provider – April Deady, Steve Levine, Karl D’Souza, Dassault Systèmes, providing Abaqus 
2019 software and support. 
Cloud Resource Provider – Gunnar Haukur Stefánsson, Anastasia Alexandersdóttir, Richard Allen, Opin Kerfi, 
Iceland. 
HPC Cloud Experts – Hilal Zitouni, Ozden Akinci, Ronald Zilkovski, and Ender Guler at the UberCloud Inc., 
providing novel HPC container technology for ease of Abaqus cloud access and use. 
Project Manager – Reha Senturk and Wolfgang Gentzsch at the UberCloud Inc. 
Sponsor – Hewlett Packard Enterprise and Intel, represented by Bill Mannel, and Jean-Luc Assor, HPE. 

 
THE LIVING HEART PROJECT 
The Living Heart Project (LHP) is uniting leading cardiovascular researchers, educators, medical device 
developers, regulatory agencies, and practicing cardiologists around the world on a shared mission to develop 
and validate highly accurate personalized digital human heart models. These models will establish a unified 
foundation for cardiovascular in silico medicine and serve as a common technology base for education and 
training, medical device design, testing, clinical diagnosis and regulatory science —creating an effective path 
for rapidly translating current and future cutting-edge innovations directly into improved patient care. For 
more details about the LHP see the LHP Website.  

 
USE CASE 
To start with, we follow the description of the problem in [1]. The heart is made up of four chambers. The upper 
chambers are known as the right and left atria, while the lower chambers are known as the right and left ventricles. 
The two upper chambers are separated by a wall of tissue known as the interatrial septum. The wall that separates 
the two lower chambers is called the interventricular septum. 

“The usage of the Living Heart Model 

together with UberCloud/ Opin Kerfi 

cloud resources could potentially 

accelerate the design and 

development of devices intended for 

the use in the heart significantly.” 

https://www.3ds.com/products-services/simulia/solutions/life-sciences/the-living-heart-project/
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At the top of the heart, on the left side of the left atrium, is a small sac known as the left atrial appendage (or 
LAA). As the heart pumps, blood travels through the atria and the ventricles. The LAA is hollow, so it fills with 
blood when the left atrium receives blood and it empties when blood travels out of the left atrium. 
 

 
Figure 1: Left Atrial Appendage Occlusion. Media provided courtesy of Liverpool Heart and Chest Hospital. 

 

The Problem 
 
In most people the left atrial appendage is of little or no concern. But for people with atrial fibrillation, where the 
heart is beating erratically, the LAA can become a source of problems. People who have atrial fibrillation (also 
known as Afib or AF) are at increased risk for stroke in part because of the LAA. During Afib, the heart’s natural 
pacemaker (the sinoatrial node) sends irregular signals, causing the heartbeat to be erratic and the heart to pump 
inefficiently. In Afib, the contractions of the atria are ineffective, the blood is drawn through mostly by the stronger 
ventricle, which continues pumping. The atrium’s inefficient pumping allows blood to pool in the left atrial 
appendage instead of being pushed out of the heart and into the blood vessels that supply oxygen to the rest of 
the body. If blood remains in the LAA too long, it begins to form clots. If one or more of the clots eventually is 
pumped out of the LAA and travels to the brain, an ischemic stroke can result. 
 

 
Figure 2: Atrial fibrillation is a significant risk factor for stroke.  As this diagram shows, an episode of Afib can lead to a 

series of events that could cause a blood clot to travel to the brain and cause a stroke. Media provided courtesy of Boston 
Scientific. 
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The Solution 
 
The closure of the left atrial appendage (LAA) is a treatment to reduce the risk of strokes due to blood clots formed 
inside the LAA and entering the blood flow. Existing occluder devices are only available in certain sizes and must 
be chosen carefully with respect to the patient’s anatomy. Thus, patient specific devices designed and 
manufactured according to the patient anatomy could potentially reduce complications like leakage or migration 
of the device. Furthermore, the evaluation of appropriate boundary conditions for benchtop tests or simulations 
of cardiovascular devices is one of the most challenging tasks in the development of such implants. Animal and 
human testing leads to very high costs and delays in the development phase for evaluating the fatigue 
performance of these devices. 
 

Simulations in the Cloud 
  
To overcome these drawbacks, in this study a personalized left atrial appendage occluder braided nitinol stent 
model for the LAA of the Living Heart Model – Dassault Systemes Finite-Element beating human heart model 
(Figure 3) – is automatically designed using the geometry of the heart model. The loading of the device due to the 
patient-specific anatomy and the motion of the beating heart can be analyzed by a virtual implantation of the 
braided stent.  
 

 
Figure 3: Living Heart Model of a beating human heart. 

 
 
The stent consists of wires braided to a geometry which is based on the actual LAA geometry of the Living Heart 
Model and a crimp sleeve to fix the wires at one end (see Figure 4). The specific geometry aims to close the opening 
of the LAA and to fixate the device due to radial force on the wall of the LAA. This approach is advantageous 
compared to other devices which make use of special fixation barbs with the possibility to violate body tissue. 
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The simulation was run in Opin Kerfi’s high performance cloud resources. The project’s HPC cluster included 4 
compute nodes of HPE ProLiant XL170r Gen9 Servers with two Intel Xeon E-2683v4 16 core 2.10 GHz CPUs in each 
node, 128 GB memory and Intel OmniPath networking for fast interconnect. 
 

 
Figure 4: Patient specific braided stent. 

 
 
Simulation Results 
 
To implant the stent into the LAA of the Living Heart Model, it must be crimped in a cylindrical shaped 
configuration of approx. 6 mm diameter (see Figure 5 and Figure 6) using a crimping cylinder. 
 

  
Figure 5: Crimped configuration of the stent. 
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Figure 6: Crimped configuration of the stent in the Living-Heart-Model with the crimping cylinder. 
 
 

After crimping of the stent, it must be deployed to the correct position. This is done by positioning the crimping 
cylinder and increasing the diameter of the cylinder to deploy the stent in to the LAA. Figure 7 shows an 
intermediate result of the work in progress which could be gained so far. It can be seen that the device is not yet 
deployed correctly to the LAA.  
 

BENEFITS AND CHALLENGES 
Once virtually implanted, the cyclic loading on the device due to the beating Living-Heart can be analyzed with 
respect to the fatigue behavior. Up to now this is only possible in workbench testing using silicone models, for 
example, or in animal studies or human clinical trials. The usage of the Living-Heart-Model could potentially 
accelerate the design and development of devices intended for the use in the heart significantly. 
 
The most challenging part of the simulations is to find appropriate boundary conditions to deploy the stent to the 
correct position in the beating and thus moving heart. Since this is an iterative process and the run time of the 
model on 128 cores for one step is approx. one day, the correct modeling of this problem is very time consuming. 
Also avoiding simulation errors due to contact or convergence issues, need a lot of trial-and-error iterations.  
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Figure 7: Incorrect deployment position of the stent shown with the LAA and left atrium of the heart. 

 
 

CONCLUSION 
In this study a personalized left atrial appendage occluder braided nitinol stent model for the heart of the Living 
Heart Model was created and virtually implanted into the Living Heart Model. The loading of the device at different 
deployed positions is then evaluated after several heart beat cycles with respect to the fatigue loading. To implant 
the stent into the LAA of the Living Heart Model, it must be crimped in a cylindrical shaped configuration of approx. 
6 mm diameter and positioned appropriately which is the most challenging part of the simulations.  To get the 
stent to the right position without any simulation errors due to contact or convergence issues, needs a lot of trial-
and-error iterations. With run times of at least of 24 hours on 128 cores, the development of the simulation is 
very time consuming.  
 
To reduce the simulation time, on-demand cloud computing was used for which the resources are provided by 
The UberCloud and Opin Kerfi, with support from HPE. The evaluation of the scalability of the simulation problem 
was investigated within this project. 
 
Opin Kerfi‘s HPC resources and UberCloud’s HPC software container for Abaqus provided the compute power and 
environment needed to reduce the simulation time and allowed a large number of iterations to be run in order to 
get the optimal design and accurate device placement. 
 
These simulations would not have been possible without high performance cloud resources from Opin Kerfi who 
provides an HPC cloud, affordable for enterprises and research institutions. Complex engineering environments 
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and fluctuating workloads make Opin Kerfi’s powerful Hewlett Packard Enterprise’s hardware-based Cloud HPC 
the ideal computing environment compared to high cost/high maintenance on-premise resources. 
 
By working together on the availability and operations of the HPC cloud, the simulations could be run smoothly 
and on-time, bringing the life sciences a significant step closer to providing personalized implants for the patients. 
 

Recommended Intel Configuration 
 
This case study was performed on a compute cluster based on Intel Broadwell series CPUs. Based on our 
experience with this project, we recommend to use the latest Intel Cascade Lake processors and Intel Omni-Path 
interconnects which provide the additional compute power and communication speed needed to have faster LHP 
simulation runs. In all our LHP studies we found out that the ideal environment for LHP models (the ‘sweet spot’) 
would require between 64 and 240 cores for Dassault Systèmes Abaqus, dependent on the geometry and physics 
of the Living Heart Model, which can be determined at the project beginning by a few benchmarks. Therefore, the 
recommended hardware configuration for LHP projects would consist of an HPE Apollo 2000 XL170r Gen10 Server 
with up to 6 compute nodes of 2 Intel X6248 20 core CPUs @ 2.5 GHz (Cascade Lake) and Intel Omni-Path 
networking for fast interconnect to provide the best scale up in a multi-node compute environment. 
 

REFERENCES 
[1] Your Left Atrial Appendage, or LAA, http://www.secondscount.org/heart-condition-centers/info-detail-
2/your-left-atrial-appendage-laa 
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Thank you for your interest in our free and voluntary UberCloud Experiment! 
 
If you, as an end-user, would like to participate in an UberCloud Experiment to explore hands-on the end-to-end 
process of on-demand Technical Computing as a Service, in the Cloud, for your business then please register at: 
http://www.theubercloud.com/hpc-experiment/. 
 
If you, as a service provider, are interested in building a SaaS solution and promoting your services on the 
UberCloud Marketplace then please send us a message at https://www.theubercloud.com/help/.  
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2018 Compendium of case studies:  https://www.theubercloud.com/ubercloud-compendium-2018/ 
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- HPCwire Readers Choice Award 2013: http://www.hpcwire.com/off-the-wire/ubercloud-receives-top-
honors-2013-hpcwire-readers-choice-awards/  

- HPCwire Readers Choice Award 2014: https://www.theubercloud.com/ubercloud-receives-top-honors-
2014-hpcwire-readers-choice-award/  

- Gartner Cool Vendor Award 2015: http://www.digitaleng.news/de/ubercloud-names-cool-vendor-for-
oil-gas-industries/  

- HPCwire Editors Award 2017: https://www.hpcwire.com/2017-hpcwire-awards-readers-editors-choice/  
- IDC/Hyperion Research Innovation Excellence Award 2017: https://www.hpcwire.com/off-the-

wire/hyperion-research-announces-hpc-innovation-excellence-award-winners-2/  
 

If you wish to be informed about the latest developments in technical computing in the cloud, then please 
register at http://www.theubercloud.com/ and you will get our free monthly newsletter. 
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