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Nature by Numbers: Simulated Ecosystems
Provide Answers to Biological Questions
By Natalie Osborne, Students Promoting Awareness of Research Knowledge
(SPARK) Program at the University of Guelph
What drives evolution?
How does one species become
two? Where will organisms
disperse and why?
Theoretical questions about the
way natural ecosystems function
Robin Gras
have been puzzling biologists
University of Windsor
for years. Now a University of
Windsor professor of computer
science is providing the solutions with a complex and
unique virtual ecosystem simulation.
Prof. Robin Gras, who also holds the Canadian
Research Chair in Probability Heuristics and
Bioinformatics, created the simulation to accurately
represent the behavior of real world ecosystems.
His simulation is the first to model the fact that
individual behaviours can affect the evolutionary
course of the entire species.
To achieve this realism, Gras relies on the
computational power of SHARCNET.
“Because we take into account the perceptions and
behaviours of every individual in a species, our data
gets quite large,” says Gras. “In fact, each time we
run our simulation it takes between 5 or 6 weeks of
computational time. We really rely on SHARCNET’s
resources.”

Gras collaborated with biologists to gather the
background data for the virtual simulation. Although
it’s not based on any one specific living system,
it was designed to model situations and problems that
many real world ecosystems face, such as limited food
resources, invasive species and disease.
At the beginning of the simulation, two species
exist: one predator, the other prey. Throughout the
simulation, new species can emerge in either class.
Regardless of species, each organism in the simulation
has the ability to perceive and make decisions about
its environment. This allows them to feel basic needs
and high level desires, from hunger and reproductive
drive to curiosity, fear and happiness.
A mathematical concept called “Fuzzy Cognitive Map”
(FCM) makes this possible. An individual organism
experiences its environment, and then the FCM model
transforms the data in some way to simulate the
individual’s interpretation of its surroundings. This
means the information perceived by the individual isn’t
the exact information that comes from its environment
– and the imprecision caused by individual perception
makes the simulation more realistic. This model also
integrates emotions and desires which, coupled with
the perception of the agent, have influence on its
decision of action.
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Message from the Chair of the Board
As my term on the Board of Directors winds down, it is a time to reflect on what
has happened with SHARCNET over the past few years. Since its inception in
2001, SHARCNET has emerged as one of the leading HPC consortiums in Canada.
It is the largest consortium in Canada by number of partners, and provides the
largest range of support through its various training, research programmes and
outreach activities. SHARCNET also supports a significant number of users and
range of disciplines – with over 150 research areas, 4,000 user accounts, and
1,000 research groups. With ten years under its belt, SHARCNET is now a mature
organization that is recognized for providing high quality service and support to
researchers and their students.

Paul Maxim,
Chair of the Board

“The country
that wants to
outcompete has to
outcompute.”
The New Secret
Weapon, the Council
on Competitiveness,
US

As part of the seven consortia that make up Compute Canada, SHARCNET was
involved in the development of Compute Canada’s Strategic Plan for 2010 2020 entitled, “High Performance Computing: Bringing Wealth and Health to
Canadians”, released last December. The plan makes a compelling case for
high performance computing and states that “HPC is redefining the way that
research is done. As a consequence, research in all disciplines is delivering new
knowledge and innovation, resulting in wealth creation, social advantage and
well-being for all Canadians. The success of Canadian research depends upon our
researchers having access to the mandatory tools for research in the twenty-first
century. In an era of massive data volumes and the need to understand complex
phenomena, High Performance Computing has become an indispensable tool for
the advancement of knowledge and the resulting innovation.”
Without question, HPC is an essential tool which underpins many types of
research. Few disciplines are not touched in some way by HPC; for many it is
now a critical component of innovation and knowledge discovery. Not only is
HPC relevant to academic research, it is also a critical component of competitive
business through shorter time to manufacture and market, reduced product
costs, and improved process control. Todd Stinebrickner of The University of
Western Ontario is using HPC to study the link between health and wealth, and
how this relationship impacts retirement decisions. Stéfan Sinclair from McMaster
University, who works in the newer area of digital humanities, is focused on the
design and development of text analysis tools. A prototype multi-scale modeling
system to study urban dispersion of air pollutants and toxic gases has been
developed by Fue-Sang Lien at the University of Waterloo. Chris Bauch from
the University of Guelph is one of only a handful of researchers in Ontario who
was approached by the Ontario Agency for Health Protection and Promotion to
create mathematical models to help with the province’s pandemic preparedness
planning in response to the H1N1 outbreak. Peter Rogan from the University
of Western Ontario is developing new ways to identify and interpret genetic
variations so patients can get personalized, individual molecular diagnoses,
and possibly avoid or fight disease. A SHARCNET researcher in computational
chemistry from the University of Ottawa, Tom Woo is working to develop more fuel
efficient cars, environmentally-friendly motor oils and more durable plastics. And
the list goes on…

But what does all this mean and how does this position SHARCNET for the future, especially given our current funding issues?
At present, this is still very much an open ended question. The real challenge is to develop an on-going sustainable funding
model that government and the respective players will agree to. Over the next year, SHARCNET will be working with its provincial
counterparts on an integration plan for HPC within Ontario, one that will complement what is happening nationally with Compute
Canada. The ultimate goal is to ensure that researchers have easy and efficient access to HPC technologies, applications, and
skills and to promote HPC nationally and internationally to governments, funding agencies, the private sector, and broader society.
Paul S. Maxim
Chair, SHARCNET Board of Directors
Associate Vice-President: Research
Wilfrid Laurier University

Scientific Director’s Message
2011 is shaping up to be another busy year. SHARCNET has been
working hard in the past few months, deploying our newest cluster,
Orca, planning for Research Day and Summer School, and working
alongside the other consortia on Compute Canada projects. We hope
that this newsletter will bring everyone up to speed on what we have
been doing and will generate excitement for the upcoming months.
Lobbying efforts for continued support for HPC and SHARCNET have
been ongoing, and we may finally be starting to see results. The
provincial grant which funds the bulk of our operations is winding
down and without new funding in place soon, we would be making
plans to close up shop. We hope that will not be necessary as
the province appears to genuinely understand the importance of
HPC to Ontario’s research effort and there is a good possibility of
interim funding for HPC operations in Ontario. Infrastructure funding,
however, remains a very serious challenge and it is unclear when
there will be any opportunity for funding to refresh SHARCNET’s
aging stable of equipment.
Last Fall, SHARCNET’s infrastructure was included in Compute
Canada’s National Resource Allocation call for proposals. The
program is designed to award computing and storage to researchers
and research groups based on scientific merit and need. This
replaced SHARCNET’s Large Dedicated Resources call that would
normally be issued in September. The Small Dedicated Resources
stream continues to be available on a bi-monthly basis, and
the Spring call of Large Dedicated Resources has recently been
announced. SHARCNET’s DR programme complements the national
process by allowing project-based applications to be considered on a
more frequent timeline.

On the equipment side,
I am pleased to highlight the
following:
• Our new general-purpose
cluster, Orca, purchased using CFINPF funds, is now available for use.
This HP system comes with 7,680 AMD cores in
320, 24-core nodes, with a performance of more than
65 peak Tflops. This system typifies the current trend towards
many-core nodes and we are keen to assess its performance
and help users gain the most from this architecture. More
details can be found later in this issue.

Hugh Couchman,
Scientific Director

• SHARCNET’s equipment “Needs” committee met to consider
options for the last of our NPF equipment funding. The decision
was made to deploy a new GP-GPU-based cluster. The design
and configuration of the cluster has started and an RFP will be
issued soon.
• Our Kraken cluster, which brings a number of our systems
together into one large – simplifying – super-cluster under a
common meta-scheduler, continues to grow. Whale was recently
added to this cluster, greatly expanding its capabilities.
• The SHARCNET Gaussian site license was moved from Western to
Waterloo. This allows our users to run Gaussian on Saw, parts of
Kraken, and Orca.
• In collaboration with local researchers at Western, ATI has
donated eight FirePro V9800 GPUs for OpenCL programming.
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As part of our ongoing outreach, SHARCNET was pleased to be
part of Lakehead University’s Research and Innovation Week,
by presenting a talk entitled “Supercomputing with SHARCNET:
Opportunities for Conducting Computational Research.” Our portable
“Supercomputer-in-a-Box” was also available for demonstration
purposes. In addition, SHARCNET, together with Compute Canada
and the other Ontario HPC consortia, SciNet and HPCVL, have
partnered to be sponsors of this year’s ORION Summit, to take
place in Toronto, April 18-19, 2011. A special session on HPC is
being planned, entitled “Supercomputing and Advanced Networks
– the Cities and Roads of the 21st Century.” A number of Ontario’s
top research and education leaders are expected to attend, so we
hope to see you there.
The Spring 2011 session of the “Coast-to-Coast” Canadian seminar
series has begun, which includes lectures from distinguished
researchers and leading scientists from across the country,
delivered locally through your AccessGrid facilities. The theme
this session is “Economics & Finance: The Global Financial Crisis;
The One Constant is Change.” Events are published on our online
calendar, and you can register for any of these free seminars via
our web portal.
The development of Compute Canada initiatives and projects
continue. Compute Canada finalized its strategic plan this past

December, and it is available online for those who are interested.
Compute Canada recently submitted a Statement of Qualification
to CFI’s newly launched Major Sciences Initiatives Program and
this has just been accepted allowing us to compete for operational
funding from this source. In order to boost lobbying efforts and
raise awareness for digital infrastructure in general, CANARIE and
Compute Canada have initiated discussions aimed at building a
stronger partnership designed to ensure that High Performance
Computing and High Performance Networking are recognized and
supported as infrastructure fundamental to research and innovation.
In fact, a recent study in the US shows that consistent investment
in High Performance Computing leads to greater research
competitiveness. Supercomputing is getting much more attention
in the US and elsewhere, and it is interesting to note that in a
recent state-of-the-union speech, President Obama made it clear
that the government’s role is to provide “cutting-edge scientists
and inventors with the support they need” through continued
IT investment, including HPC. Canadian national and provincial
governments, take note!
Hugh M.P. Couchman
SHARCNET Scientific Director
Fellow, Canadian Institute for Advanced Research
Professor, Physics and Astronomy, McMaster University

Nature by Numbers, continued from page 1

Then there’s virtual offspring. When two virtual organisms
reproduce, their offspring’s genetic information is a combination
of the parents. Because the behavioural model for the organism is
encoded in the genome, both the mother’s and father’s behavior
will be represented in the offspring.
As in nature, chance genetic mutations are possible. So, the
offspring could end up with new genetic variations that lead to
totally new behaviours. They may be able to avoid predators or
find food in different ways, and this could eventually result in
“speciation”: a new species emerging.
Gras and his team manipulate their simulated ecosystems to see
if they can affect phenomenon like speciation and migration.
“We try, for example, to integrate a new source of food into our
system to see if it accelerates the way the species emerge or
dedicate themselves to one food source or another, says Gras.
By adding virtual obstacles, they can restrict the movement and
breeding opportunities of a group of organisms. This models a
very important biological paradigm, where a reduction in gene flow
leads to more speciation events.

The researchers can also integrate virtual diseases into the
simulation and study how individual interactions are linked to the
disease’s spread. Just like diseases, invasive species can diffuse
throughout an ecosystem. In the virtual ecosystem, Gras can
examine how a foreign species survives in a new environment,
and how its survival impacts the native organisms.
Gras uses a special program to analyze the results of all these
simulations. The program itself takes several days of computation
with SHARCNET resources, and gives the researchers a clear
picture of what’s going on.
“We can compare what we observe with real biological data, and
we see the same kind of patterns, the same kind of high level
behaviours as we see in nature,” says Gras. “We have the ability to
observe what, at the individual level, leads to the cause of these
emerging patterns—so we have the whole chain of representation.”
Collaborators include Prof. Melania Cristescu, Great Lakes
Institute for Environmental Research, University of Windsor.
Funding is provided by the Natural Sciences and Engineering
Research Council.

New Effort to Mediate Interruptions
in Computer-Based Tasks
By Carol Moore, Students Promoting Awareness of Research Knowledge (SPARK)
Program at the University of Guelph
Software updates and website
advertisement pop-ups interrupt
the daily activity of a computer
user. Usually, they’re ignored and
forgotten, even if they’re bearing
important information. Over time
these pop-ups can slow down the
user’s productivity and efficiency.
A professor at Sheridan Institute
Ed Sykes
of Technology and Advanced
Sheridan College
Learning is designing a computer
system that aims to be intelligent and aware of the appropriate
time to interrupt a user.

The dual-task experiment produced a significant amount of data
with large variations in the parameter space. This data is used
to train the interruption algorithm Sykes is developing. Since
the datasets and the dimensionality of the problem space are
large, SHARCNET systems are currently being used to tackle this
problem. SHARCNET systems are used to traverse through the
datasets and explore how the actual interruption algorithm can be
improved with the goal of finding ideal interruption points specific
to each user.
“By reducing the number of negative interruptions, and
personalizing the interruption approach, you are going to be
increasing the productivity and satisfaction of the user as they
are working on the computer,” says Sykes.

Prof. Ed Sykes, School of Applied Computing and Engineering,
and SHARCNET College Research Chair, is designing a computer
algorithm that can determine the appropriate time to interrupt a
computer user based on his or her activity level. Computers are
the basis for most corporate and personal business, and Sykes
says this algorithm can make users more efficient and productive.
Less interruptions or interruptions when computer activity is low
will allow users to complete more work in a timely manner.
“I am designing an algorithm that is more intelligent in terms
of being able to decide ideal interruption times a user may
experience during daily computer-based activity,” says Sykes.
Sykes conducted a series of tests that involved 25 computer
users performing a dual-task activity. The primary task was
a game, where the goal was to save people jumping from a
burning building and bounce them to an awaiting ambulance.
The participants were busy playing the life-saving game
and then notified that a secondary task was waiting to be
performed. This secondary task was a simple matching task
based on Nintendo’s Brain Age. The users then decided when it
was appropriate to interrupt the game – to serve the matching
task-based on their activity load; for example, when they didn’t
have as many lives to save or when the game was easier.
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Lakehead University’s Research
and Innovation Week
By Hugh Merz, Lead HPTC Consultant, SHARCNET
Lakehead University’s 6th annual
Research and Innovation Week
was held February 13 - 17th
and SHARCNET was strongly
represented at the event.
Research and Innovation
Week provides an opportunity
for Lakehead researchers
to celebrate and showcase

research excellence being undertaken at the university. In
addition, it is a publicly accessible event that helps raise
awareness for contemporary research and its benefits to society
in the wider community. The event also provides a venue for
dissemination of research funding opportunities and allows for
networking between faculty, students and funders, all of which
were keen to hear about SHARCNET and our efforts to facilitate
computational research at our partner institutions.
Research and Innovation Week consisted of a number of speaking
events and displays both at the university and within the
community. This year the week was arranged thematically, with
each day targeting different research domains. By participating for
two days, SHARCNET was able to interact with our traditional HPC
community during “Natural Sciences and Engineering Research
Day” on the 15th and continue our outreach efforts towards
the digital humanities on the 16th at “Social Sciences and
Humanities Research Day.”

On the 15th, Hugh Merz presented an information session entitled
“Supercomputing with SHARCNET: Opportunities for Conducting
Computational Research” to a number of faculty members,
administrators and students, highlighting the value and breadth
of compute resources and support mechanisms that SHARCNET
provides to the research community. Existing and potential
SHARCNET users asked many questions and there was lively
discussion both during and after the talk. This intensive discourse
led to a better appreciation of SHARCNET and will hopefully lead
to further utilization of our substantial resources by the local
research community.
In addition, on both the 15th and 16th, Hugh Merz and Darryl
Willick presented an information booth showcasing SHARCNET’s
“Supercomputer-in-a-Box.” Event attendees were entertained
and interested to learn about the essential features of cluster
computing and the basic principles of parallel computation
that are highlighted by the demonstration. It is clear that the
fundamentals of HPC are making inroads to the general public
as many visitors were readily aware of the shift towards greater
parallelism in their own commodity computing devices and
could appreciate how we leverage our systems to accelerate the
solution of computational challenges. While there were multiple
calls to raffle away the demonstration supercomputer at the end
of the event, unfortunately we had to save it for another day!
On a more serious note, it is crucial that SHARCNET continue
to engage the research communities at our partner institutions
to ensure that we continue to best support their needs, and to
make the maximum possible impact in attracting new users,
especially from emerging research domains, to the benefits
of our shared infrastructure and established expertise in high
performance computing. By raising and highlighting the numerous
positive outcomes that SHARCNET has enabled over the years we
can only do good in terms of drawing the attention of funding
agencies and our shareholders to our present situation of
funding uncertainty. By participating in Lakehead’s Research and
Innovation Week in such a meaningful way SHARCNET has further
established itself as a pillar of support for the local community.

SHARCNET co-sponsors ORION Summit

SHARCNET, along with Compute Canada and the other Ontario HPC consortia, SciNet and HPCVL, have partnered to be sponsors of
ORION’s national Summit in Toronto, April 18 and 19, 2011.
A session devoted to HPC will be held on Tuesday morning, April 19th designed to showcase the innovation enabled by HPC and
its importance to research, entitled “Supercomputing & Advanced Networks: The Roads and Cities of the 21st Century.” HPC, or
supercomputing, is the critical vehicle for creating knowledge from the vast amounts of data being collected or generated. In an era of
sophisticated modeling of complex systems and the necessity of analyzing massive datasets, it is vitally important to understand the
importance of HPC to a modern knowledge-based economy. If modern optical networks are the 21st century equivalents of roads and
railways, then HPC corresponds to the major cities that generate and use the products that flow on these transportation arteries, and
produce the wealth of nations.
Participating in the session will be Susan Baldwin, Executive Director, Compute Canada, Dr. Hugh Couchman, Scientific Director of
SHARCNET, and Dr. Paul Maxim, Associate Vice-President, Research and Professor of Economics at Wilfrid Laurier University and Chair
of the Ontario High Performance Computing Council (OHPCC). It will also feature practical examples of how HPC is being used in actual
research, from climate modeling, to advanced visualization in medical research, to solving the cosmic mysteries.
Join distinguished Canadian and global leaders and innovators in science, research, education and information technology to discuss and
showcase new and innovative technologies that are transforming the way we conduct research, collaborate, teach and learn.

High Performance Computing Symposium 2011
SHARCNET is pleased to highlight HPCS 2011, being held June 15 - 17, in Montreal.
HPCS 2011, Canada’s pre-eminent forum for HPC, is a multi-disciplinary conference that focuses on research involving High Performance
Computing and its application in Canada. It is attended by Canadian and international experts and renowned researchers in the computer
sciences, all areas of engineering, applied and pure sciences, medicine and life sciences, mathematics, the humanities and social sciences.
This year, building on Montreal’s strength in medical research, the main theme of the conference will be Supercomputing in Medical
Science, exposing the growing importance of high performance computing for this field of research.
The conference special events include an opening cocktail in the Gora Gallery of Contemporary Arts and a visit to the IBM assembly plant
in Bromont. Tutorials will be held on June 13 and 14; complete information is available on the conference website at http://2011.hpcs.ca.
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New Effort to Mediate Interruptions
in Computer-Based Tasks
SHARCNET is pleased to welcome its newest Research Chair in Computational Epidemiology, Dr. Ben
Bolker, who joined the Department of Applied Mathematics at McMaster University last summer.
Dr. Bolker came to McMaster from the University of Florida where he worked in the Department of
Zoology. He has an extensive publication record with well-established expertise in theoretical ecology,
epidemiology, and mathematical modelling. He is also an expert programmer, and among his contributions
is a recent textbook on using the statistical package R in ecological modelling. His outstanding record
of accomplishment, along with the highly interdisciplinary nature of his research, makes him an ideal
SHARCNET Chair.
Ben Bolker

This is the last Chair placement from the allocations approved by the SHARCNET Board in recent years.
Funding for SHARCNET Research Chairs has been provided through the generous financial contributions of
our private sector partners, Hewlett Packard and Silicon Graphics.

Swimming with SHARCS:
Spotlight on Pawel Pomorski
Based out of the University of Waterloo, Pawel joined the SHARCNET HPTC team in May, 2009. Pawel has a
background in computational condensed physics, scientific and technical computing, with a particular focus
on molecular dynamics, ab initio quantum methods. He obtained his PhD in Physics from McGill, and was
a postdoctoral student at both North Carolina State University and The University of Western Ontario. Given
his experience, Pawel is able to assist users in many aspects of HPC. Pawel has had several successful
collaborations with academic research groups across Canada, providing them with direct support in the
development of their software. He is currently engaged with Environment Canada researchers on a major,
year-long project to enable codes simulating the earth’s atmosphere to run efficiently on state-of-the-art
supercomputers, resulting from SHARCNET’s Dedicated Programming Support program.
Pawel
Pomorski

Howard Barker, the researcher heading up the Environment Canada project, confirms the value of HPTC support,
stating, “We simulate radiative transfer for cloudy atmospheres using Monte Carlo methods. These methods
parallelize nicely and simply for domains with small numbers of grid-cells. When the number of cells becomes
extremely large, however, significantly more advanced computational strategies are required. Pawel has been
instrumental in helping us clear some major hurdles and pave the way toward simulation of possibly the largest
atmospheric radiative transfer simulations performed to date.”
Pawel is also the maintainer of CUDA and OpenCL packages for GPGPU computing (i.e. using graphics cards).
He, along with a team of highly skilled technical consultants deployed across SHARCNET, are the front line in
providing user support, tools and training for the HPC community. Feel free to contact one of our consultants, or
browse the extensive amount of online materials they have developed at http://www.sharcnet.ca/help.

Research Day

“HPC Innovation for Research”
Sheridan College
May 19, 2011

SHARCNET Research Day 2011
Please join us for SHARCNET Research Day 2011, to be held
on May 19th, at Sheridan College. SHARCNET Research Day
is the premier annual event at which SHARCNET professors,
postdoctoral and graduate students meet to learn
about each other’s HPC-related research. We are eagerly
anticipating the informative presentations that will surround
our theme, “HPC Innovation for Research.”
We invite you and your research group to attend and
present your HPC-related work. Please visit the Research Day
website to register for the event and to submit abstracts for
oral presentations and posters. The event is free and lunch
will be provided.
SHARCNET Research Day 2011 will feature two keynote
presentations by leading HPC researchers, Dr. Jonathan
Schaeffer, University of Alberta, and Dr. Ralph Pudritz,
McMaster University.

Important Dates:
• April 22

deadline for oral presentation abstracts

• April 29 	notification of acceptance for contributed oral
presentations
• May 2

release of final program

• May 6

deadline for online poster abstract submission

• May 6	online registration ends (registration is free but
required)
• May 19 	SHARCNET Research Day 2011 at Sheridan College
(Oakville campus)
Visit http://www.sharcnet.ca/Events/RDay2011 for more
information. We look forward to seeing you there!

There will also be several parallel tracks of contributed
presentations, and a poster session with prizes for best
posters in several categories.
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The Coming of Orca
PICTURE

There is a new beast in the water, and its name is Orca. After an
exhaustive evaluation and testing process, SHARCNET’s newest
general access cluster has hit the ground running and is accepting
jobs from users. So let’s get a bit more familiar with this new system.

Knowing Orca:
Orca is comprised of 320 dual processor compute nodes, each with
32GB of RAM. In order to maximize available cores, and thus FLOPs,
the two processors in each node are some of the latest 12-core
AMD magny-cours processors running at 2.2GHz: so 24 cores per
node. Nodes are connected by a high speed, low latency Infiniband
network interconnect. This system is primarily intended for parallel
applications, both MPI and up to 24-way multi-threaded. Standard
Linpack benchmarking clocks the cluster at 47TFlops, making it the
most powerful cluster deployed within SHARCNET.

“The Orca cluster
typifies the current
trend towards
many-core nodes
and we are keen to
assess its performance
and help users gain
the most from this
architecture.”

Understanding Orca:
Twenty-four core nodes presents an exiting opportunity for multithreaded applications to be sure; however, nothing is free and you
don’t get 24 cores into a single node without some trade-offs. The
12 core magny-cours processors in Orca are a little different from
what you might expect, and some users will benefit from knowing a
bit about what is going on “under-the-hood” in order to make the
best use of the hardware.
Although we see each chip as a single processor with 12 cores, the
chip is essentially two six-core processors on the same die, and
as is now familiar with AMD chips, there is a memory controller
associated with each of the “6-core” sub components of the chip.
This produces a non-uniform memory access (NUMA) situation, even
within the single node. The cost of a core accessing a memory
location can be thought of as 0, 1 or 2 hops, depending on where
the memory location is relative to the core accessing it. This
problem can be compounded if the operating system is permitted
to migrate processes and threads between cores which it typically
does as a matter of normal operation. Memory allocated by a given
process or thread, which will be allocated “close” to the process

Tech Bytes

By David McCaughan, HPTC Consultant, SHARCNET

automatically, may subsequently end up more distant and
performance will suffer.
To help with this issue, our scheduler makes use of processor
affinity features available on these chips. What that means is
that when your process starts on a given processor, it will only
ever run on that processor which avoids the situation described
above. If you are writing your own code, it is worth keeping in
mind that memory you allocate will be allocated as “close”
to the process allocating it as is possible. If you are doing
something data parallel and multi-threaded, it will be best to
have each thread allocate RAM for its primary use (as opposed
to having one process allocate a huge pile of memory, then
spawn multiple threads to operate on it). All the threads can
access all the memory, but maximizing local references will
result in improved performance.
If you are in a situation where you submit your job as a script and
expect to execute mpirun directly, you should ensure you include
the following command-line switch to mpirun to turn on processor
affinity when your job runs: --mca mpi_paffinity_alone 1. This only
concerns someone who submits a script and executes mpirun
within the script. Submission via sqsub is unaffected, and will set
processor affinity automatically.
On the network side of things, the Infiniband interconnect on
Orca is a high bandwidth, low latency switch well suited to
a wide range of parallel applications. Given the sheer size of
the cluster and the usage patterns of the majority of users, it
wasn’t practical to provide full bisectional bandwidth between all
nodes. The nodes of Orca are organized such that 24 nodes are
connected directly to a single switch (providing full connectivity
between those 576 cores), however all of those switches are
connected using only half as many connections to the top level
switch. Thus there is a 2:1 blocking ratio on communication
between any nodes running on different leaf switches. Again,
this won’t have a dramatic affect on most applications; however,
if your processes are spread out between leaf switches, and
network traffic is high, this can present a bottleneck for

communication, and has the potential to affect performance.
Our scheduler has the appropriate leaf nodes organized by
processor group, and will strive to allocate your processes
within it where practical. However, it is entirely possible your
processes will end up starting on different leaf switches. This
generally isn’t an issue for most applications, particularly where
communication patterns are typically “side-to-side” between
processes. If you find performance is being affected, and
suspect this might be an issue, you should speak to an HPTC
Consultant who can help explore implementation or scheduling
alternatives (note that solutions involving specifying processor
groups at submission time can make it much harder for your
job to be scheduled so it should be avoided unless necessary
and will increase wait time in the queues).

Welcoming Orca:
It is with great excitement that we make this latest cluster
available, and we look forward to the great science that will
come from having such a large resource available to our users.
If you have any questions regarding the system, or would like
advice or assistance in getting your code running its best, we
encourage you to contact one of SHARCNET’s HPTC Consultants
at help@sharcnet.ca.
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