
 



 
 
Digital manufacturing technology and convenient access to High Performance 
Computing (HPC) in industry R&D are essential to increase the quality of our 
products and the competitiveness of our companies. Progress can only be 
achieved by educating our engineers, especially those in the “missing middle,” 
and making HPC easier to access and use for everyone who can benefit from 
this advanced technology. 
 
The UberCloud HPC Experiment actively promotes the wider adoption of 
digital manufacturing technology. It is an example of a grass roots effort to 
foster collaboration among engineers, HPC experts, and service providers to 
address challenges at scale. The UberCloud HPC Experiment started in  
mid-2012 with the aim of exploring the end-to-end process employed by digital 
manufacturing engineers to access and use remote computing resources in 
HPC centers and in the cloud. 
 
In the meantime, the UberCloud HPC Experiment has achieved the 
participation of 500 organizations and individuals from 48 countries. Over 80 
teams have been involved so far. Each team consists of an industry end-user 
and a software provider; the organizers match them with a well-suited resource 
provider and an HPC expert. Together, the team members work on the  
end-user’s application – defining the requirements, implementing the application 
on the remote HPC system, running and monitoring the job, getting the results 
back to the end-user, and writing a case study. 
 
Intel decided to sponsor a Compendium of 25 case studies, including the one  
you are reading, to raise awareness in the digital manufacturing community 
about the benefits and best practices of using remote HPC capabilities. 
This document is an invaluable resource for engineers, managers and 
executives who believe in the strategic importance of this technology for their 
organizations. You can download it at: 
http://tci.taborcommunications.com/UberCloud_HPC_Experiment 
 
Very special thanks to Wolfgang Gentzsch and Burak Yenier for making the 
UberCloud HPC Experiment possible. 
 
This HPC UberCloud Compendium of Case Studies has been sponsored 
by Intel and produced in conjunction with Tabor Communications Custom 
Publishing, which includes HPCwire, HPC in the Cloud, and Digital 
Manufacturing Report. 
 
If you are interested in participating in this experiment, either actively 
as a team member or passively as an observer, please register at 
http://www.hpcexperiment.com 
 

 

 

 

 



Simulation of Spatial Hearing (Round 2) 
 

 
“The main lessons learned during Round 2 were related to using 

CPU-optimization when compiling the code for cloud simulations.” 
 
MEET THE TEAM 
 
End User  
The end user is a manufacturer of consumer products. The end-user tasks were related to the 
planning of the simulations and post-processing the simulated data.  
 
Software Provider and HPC Expert – Antti Vanne, Kimmo Tuppurainen, Tomi Huttunen 
These team members are with Kuava Ltd. Kuava provides services for computational 
technology and simulations. Kuava's software products are Waveller Cloud platform for 
running and visualizing simulations in the cloud; and Datain, a tool for data acquisition, 
analysis and storage.    
 
HPC Experts – Ville Pulkki, Marko Hiipakka 
Pulkki and Hiipakka are researchers from Aalto University. They provided technical expertise 
for acoustic analysis in the post-processing of the simulation results.  
 
USE CASE 
 
A sound emitted by an audio device is perceived by the user of the device. The human 
perception of sound is, however, a personal experience. For example, the spatial hearing (the 
capability to distinguish the direction of sound) depends on the individual shape of the torso, 
head and pinna (i.e. so-called head-related transfer function, HRTF).  
 
To produce directional sounds via headphones, one needs to use HRTF filters that “model” 
sound propagation in the vicinity of the ear. These filters can be generated using computer 
simulations, but, to date, the computational challenges of simulating the HRTFs have been 
enormous due to: the need of a detailed geometry of head and torso; the large number of 
frequency steps needed to cover the audible frequency range; and the need of a dense set of 
observation points to cover the full 3D space surrounding the listener. In this project, we 



investigated the fast generation of HRTFs using simulations in the cloud. The simulation 
method relied on an extremely fast boundary element solver, which is scalable to a large 
number of CPUs. 
 
The process for developing filters for 3D audio is long but the simulation work of this study 
constitutes a crucial part of the development chain. In the first phase, a sufficient number of 
the 3D head-and-torso geometries needed to be generated. A laser-scanned geometry of a 
commercially available test dummy was used in these simulations. Next, acoustic simulations 
to characterize acoustic field surrounding the head-and-torso were performed. This was our 
task in the HPC Experiment.  
 
The Round 2 simulations focused on the effect of the acoustic impedance of the test dummy 
on the HRTFs.  Finally, the filters were generated from the simulated data and they will be 
evaluated by a listening test. The final part was done by the end-user. 
 
Simulations were run via Kuava's Waveller Cloud simulation tool using the system described 
below. The number of concurrent instances ranged between 6 and 20.  
 

• Service: Amazon Elastic Compute Cloud 
Total CPU hour usage: 371h 
Type: High-CPU Extra Large Instance 
 
High-CPU Extra Large Instance: 
7 GiB of memory 
20 EC2 Compute Units (8 virtual cores with 2.5 EC2 Compute Units each)  
1690 GB of instance storage 

 
• 64-bit platform 

I/O Performance: High 
 

One EC2 Compute Unit provides the equivalent CPU capacity of a 1.0-1.2 GHz 2007 Opteron or 2007 
Xeon processor. This is also the equivalent to an early-2006 1.7 GHz Xeon processors 

 
CHALLENGES 
 
Our main challenge was to develop interactive visualization tools for simulation data stored in 
the cloud. 

 
BENEFITS 

 
The main benefit resulted from the flexible resource allocation, which is necessary for efficient 
acoustic simulations. That is, a large number of instances can be obtained for a short period 
of time. 
 
Other benefits included not having to invest in our own computing capacity. Especially in 
audio simulations, the capacity is needed in short bursts for fast simulation turnaround times 
and the time between the simulation bursts while the next simulation is planned – i.e., when 
no computational capacity is needed – is significant.   
 



CONCLUSIONS AND RECOMMENDATIONS 
 
The main lessons learned during Round 2 were related to using CPU-optimization when 
compiling the code for cloud simulations. We observed that Amazon did not support all 
optimization features even though the optimization should be available in the instances used 
for simulations. The problems were solved (with the kind help of Amazon support) by 
disabling some of the optimizations when compiling the code. 
 
The man hours accumulated during the experiment included Kuava (50h), and end-user (5h).  
Total CPU hour usage during the experiment was 371h using High-CPU Extra Large 
Instance. 
 

 
Fig. 1 - Simulation model (an acoustic test dummy). The dots indicate all locations of monopole 
sound sources that were used in the simulations. The red dots are the sound sources used in 
this image. The figure in the middle shows the sound pressure level (SPL) in the left ear as a 
function of the sound direction and the frequency. On the right, the SPL relative to sound 
sources in the far-field is shown. 
 

 
Case Study Author – Tomi Huttunen 



 
 
 

 
 
Thank you for your interest in the free and voluntary 
UberCloud HPC Experiment. 
 
To download similar case studies go to: 
http://tci.taborcommunications.com/UberCloud_HPC_Experiment 
 
If you, or your organization would like to participate in this 
Experiment to explore hands-on the end-to-end process of 
HPC as a Service for your business then please register at: 
http://www.hpcexperiment.com/why-participate 
 
If you are interested in promoting your service/product 
at the UberCloud Exhibit then please register at 
http://www.exhibit.hpcexperiment.com/ 


