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History of GPU systems in Cambridge

• 2009: 128 NVIDIA S1070, 120 TFlops/s in single precision

• November 2013: Wilkes-1, 256 NVIDIA K20c

• Designed as “MPP-like machine”: 2 GPU, 2 sockets, dual-rail Mellanox Connect-IB

• Community: parallel codes, mainly CFD and astro-physics

• Opportunities: exploring scaling GPU codes ( à MVAPICH2-GDR )

• Challenges: scheduling, effective node sharing (MPI placement, thread affinity, NUMA effects)

• June 2017: Wilkes-2, 360 NVIDIA P100

• Designed as cluster of “(semi) fat node”: 4 GPU, 1 socket, single-rail Mellanox EDR

• Communities: parallel codes (CFD), accelerated serial codes, Deep Learning

• Opportunities: exploring scaling, transparent intra-node GPU-GPU via MPI+GPU

• Challenges: optimize intra-/inter-node traffic ( à MVAPICH2-GDR )
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New UK record

Top500 June 2017 Green500 June 2017
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High-level architecture building blocks

Wilkes-1 Wilkes-2

GPU-0

IB-0

GPU-1

IB-1

CPU-0

CPU-1
PCI x16

PCI x16

GPU-0

GPU-1

IB-0

P
L
X

CPU-0

GPU-2

GPU-3

PCI x16

PCI x16



Filippo SPIGA <fs395@cam.ac.uk> -- 16/08/2017

Synthetic benchmarks

Q: How vary latency when pairs of MPI communicate together across nodes?

G0 G1 G2 G3

CPU

G0 G1 G2 G3

CPU

MV2-GDR 2.2-4 “D-D” 
with GPU Direct 

MV2-GDR 2.2-4 “D-D” 
without GPU Direct 

-d cuda -x 1000  -i 2500 D D

Early results, no tuning applied!
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Synthetic benchmarks

Q: How vary latency for MPI collectives within the nodes?

G0 G1 G2 G3

CPU

-d cuda -x 1000  -i 2500 D D

ALL-to-ALL All Reduce

GatherScatter

MV2-GDR 2.2-4 “D-D” 
with GPU Direct 

MV2-GDR 2.2-4 “D-D” 
without GPU Direct 

Early results, no tuning applied!



Filippo SPIGA <fs395@cam.ac.uk> -- 16/08/2017

CFD and 
Combustion

Material 
Science

Computational 
Chemistry

Health InformaticsSmart Cities

Cambridge Service for Data Driven Discovery (CSD3)
Science Themes



Filippo SPIGA <fs395@cam.ac.uk> -- 16/08/2017

PyFR

• Develop at Vincent Lab (ICL)

• CFD via Flux Reconstruction 
approach of Huynh

• Python + {GPU, CPU}

• Auto-generated code 

• Heavy overlap comp/comm

• Gordon Bell finalist 2016

Early results, no tuning applied!

by slot firstby node first

MV2-GDR 2.2-4 “D-D” 
with GPU Direct 

MV2-GDR 2.2-4 “D-D” 
without GPU Direct 
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What next?

• Getting ready for production Tier-2 National service in November

• Validate various compilers (including PGI 17.x, very important !)

• Performance tuning / sensible defaults

• Template scripts / documentation ( What / Why / How )

• Dissemination via benchmarks



THANK YOU

http://csd3.cam.ac.uk


