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What to do with a 36 feet 
wide by 65 feet high 

nuclear grade silo with 
2 feet thick concrete 

walls ?
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• Van Der Graaff particle 
accelerator (circa 1965)

• At the time a 20M$ 
infrastructure
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circa 1965
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Control room
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PDP-15 (circa 1970)

Compute room
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Target room
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So what to do?
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• Cylindrical hot core

• Ring shape cold plenum
✓ large cross-section

✓ low air velocity

✓ no corners to create 
turbulence

✓ shorter cable lengths

• The building is the 
CRAC!
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The basic idea
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• Hire creative architect and engineers

• Take the time to explore several concepts 
(12)

• Win a few arguments with bureaucrats who 
don't have a clue about what your trying to 
achieve

• Make sure you get precise and complete 
plans and specifications before going to RFP 

• Make sure you have a good project 
manager to keep control over the budget!
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The steps
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• Also, if you can, find a very bright and 
creative student to help you sort out all 
of the nuts and bits !

12
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• Meet the CLUMEQ 
Colossus...
✓ high efficiency,

✓ high capacity,

✓ cool design

13

The result
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The Rhodes 
Colossus, one of 

the Seven 
Wonders of the 
ancient world...

constructed to 
honor the 

Rhodian patron 
Helios, the god 

of Sun
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The Forbin project!
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Outline

• CLUMEQ consortium & Compute Canada

• CLUMEQ's new HPC cluster: Colossus

• Québec City site
✓ old Van Der Graaff particle accelerator recycled as a 

cooling enclosure

✓ cylindrical layered design

✓ high cooling capacity

✓ energy efficiency

16
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What is CLUMEQ?

• Consortium of 11 universities in the 
province of Québec, Canada

• Part of the Compute Canada national 
platform

• Two HPC sites:
✓ Montréal

✓ Québec City

17
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Who is CLUMEQ?
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CLUMEQ's mission

• To serve the HPC needs of its member 
institutions in all fields of research

• To outreach non traditional and emerging 
HPC fields

• To train "highly qualified personel" (HQP)

19
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Compute Canada — Calcul Canada
A proposal to the

Canada Foundation for Innovation – National Platforms Fund

Hugh Couchman (McMaster University, SHARCNET)
Robert Deupree (Saint Mary’s University, ACEnet)
Ken Edgecombe (Queen’s University, HPCVL)
Wagdi Habashi (McGill University, CLUMEQ)
Richard Peltier (University of Toronto, SciNet)
Jonathan Schaeffer (University of Alberta, WestGrid)
David Sénéchal (Université de Sherbrooke, RQCHP)

Executive Summary

The Compute/Calcul Canada (CC) initiative unites the academic high-performance comput-
ing (HPC) organizations in Canada. The seven regional HPC consortia in Canada —ACEnet,
CLUMEQ, RQCHP, HPCVL, SciNet, SHARCNET and WestGrid— represent over 50 institutions
and over one thousand university faculty members doing computationally-based research. The
Compute Canada initiative is a coherent and comprehensive proposal to build a shared distributed
HPC infrastructure across Canada to best meet the needs of the research community and en-
able leading-edge world-competitive research. This proposal is requesting an investment of 60 M$
from CFI (150 M$ with matching money) to put the necessary infrastructure in place for four
of the consortia for the 2007-2010 period. It is also requesting operating funds from Canada’s
research councils, for all seven consortia. Compute Canada has developed a consensus on national
governance, resource planning, and resource sharing models, allowing for effective usage and man-
agement of the proposed facilities. Compute Canada represents a major step forward in moving
from a regional to a national HPC collaboration. Our vision is the result of extensive consultations
with the Canadian research community.
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Outline

• CLUMEQ consortium & Compute Canada

• CLUMEQ's new HPC cluster: Colossus

• CLUMEQ's Québec City site
✓ old Van Der Graaff particle accelerator recycled as a 

cooling enclosure

✓ cylindrical layered design

✓ high cooling capacity

✓ energy efficiency

21

Saturday, November 14, 2009



Sun HPC Consortium 2009 - Portland, Oregon

CLUMEQ Colossus

• Sun constellation system
✓ 10 fully loaded Sun Blade 6048, with X6275 modules

(double Nehalem EP blade, 2.8GHz, 24GB of RAM)

✓ full-bisection IB-QDR interconnect (2xM9 switches)

✓ 1 PB of Lustre storage in a high availability 
configuration, using 2 MDS and 9x2 OSS

✓ Sun J4400 storage arrays

• 86 Tflops peak 
✓ 77 Tflops max (preliminary run)

✓ ---> 80 Tflops ?

22
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Second floor contains 
all compute racks + 

core networking 
switches 

First floor contains 
file system & 

infrastructure nodes

Racks aligned in a 
circle around a 

central hot core; 
outside ring is a 

cold aisle
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• Compute nodes:
✓ 36.6 < STREAM < 37.9 GB/s

✓ SPECint = 233

✓ 189 < SPECfp < 190

• Interconnect:
✓ MPI ping-pong latency < 2 usec

✓ MPI ping-pong bandwidth > 3.1 GB/s

✓ MPI all-to-all bandwidth > 1.1 GB/s

✓ iPerf > 9.2 Gb/s

24

Performance
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• Lustre file system (18 OSS):
✓ IOR read performance = 33.6 GB/s

✓ IOR write performance = 17.3 GB/s

✓ all over IB

• Boot time: 4 minutes 58 seconds
✓ over IB

• Max power HPL: 332 kW

25
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Outline

• CLUMEQ consortium & Compute Canada

• CLUMEQ's new HPC cluster: Colossus

• CLUMEQ's Québec City site
✓ old Van Der Graaff particle accelerator recycled as a 

cooling enclosure

✓ cylindrical layered design

✓ high cooling capacity

✓ energy efficiency
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Street view...
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Satellite view...
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Free air 
cooling 
system

Main
cooling 
system

Air 
blowers

cooling 
coils
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cold air plenum
(32 m2)

hot air core
(25 m2)

Saturday, November 14, 2009



Saturday, November 14, 2009



Sun HPC Consortium 2009 - Portland, Oregon

Main specifications

• Rack capacity: 56

• Cooling capacity: ~1.5 MW

• Electrical capacity: 1.1 MW (1.6 MW)

• Blowing capacity: 132,500 CFM

• Maximum air velocity: 2.4 m/s

• floor loading capacity: 940 lb/ft2

33
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Energy efficiency

• Campus wide hot-water loop for heating

• Campus wide chilled-water loop for 
cooling

• Partiel free air cooling (up to 300 kW)
✓ Preheating of outside air using computer heat

• Residual heat transfered to hot-water loop

• Controlled differential pressure in the cold 
air plenum

34
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High efficiency 
gaz furnaces
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Deployment 
process

Saturday, November 14, 2009



First level - early stage
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Second level - early stage
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first level with floor plates to hold racks
also ~400kW of 208V-3P power
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Second level with floor plates
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Empty third level
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Infrastructure racks arrive on first level
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Compute racks ready for IB cabling

Saturday, November 14, 2009



First IB cable!
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IB cabling complete
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Compute rack IB cabling
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Compute racks complete
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Demolition
 process

Saturday, November 14, 2009



Saturday, November 14, 2009



Saturday, November 14, 2009



Saturday, November 14, 2009



Saturday, November 14, 2009



Saturday, November 14, 2009



Saturday, November 14, 2009



Saturday, November 14, 2009



Saturday, November 14, 2009



Saturday, November 14, 2009



Saturday, November 14, 2009



Saturday, November 14, 2009



Saturday, November 14, 2009



Architect
project

manager
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Construction
 process
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1600A, 600V, 3P
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Conclusion

• A cool super-efficient cooling enclosure 
for a supercool supercomputer!

• Second largest computer in Canada
✓ but highest performance computer in Canada, for 

real world applications that don't scale as well as HPL

88
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October 17th, 
2006

Nicolas Dubé,
at the time Ph.D. 

candidate
at Université Laval

so cool if 
we could fit 

the computer 
in here !
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electromagnet 
of the accelerator
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