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Publicly availablePublicly available

NOT publicly availableNOT publicly available

What is “Remote GPU Virtualization”?
Remote GPU virtualization solutions

 rCUDA (CUDA 7.0)
 GVirtuS (CUDA 3.2) 
 DS-CUDA (CUDA 4.1) 
 vCUDA (CUDA 1.1) 
 GViM (CUDA 1.1)
 GridCUDA (CUDA 2.3) 
 V-GPU (CUDA 4.0)
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What is “Remote GPU Virtualization”?
Remote GPU virtualization envision
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Benefits of Using Remote GPU 
Virtualization
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Benefits of Using Remote GPU Virtualization
1st  → More GPUs are available for a single application
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Benefits of Using Remote GPU Virtualization
1st  → More GPUs are available for a single application

64
GPUs!
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Benefits of Using Remote GPU Virtualization
1st  → More GPUs are available for a single application

Lower
is better

   Higher 
   is better

MonteCarlo-MultiGPU (NVIDIA Samp.)

Supermicro SYS7047GR-TRF server 

with two Intel Xeon E5-2620 v2 

processors.

FDR InfiniBand Interconnection Netw. 

and K20 GPUs

MonteCarlo-MultiGPU (NVIDIA Samp.)

Supermicro SYS7047GR-TRF server 

with two Intel Xeon E5-2620 v2 

processors.

FDR InfiniBand Interconnection Netw. 

and K20 GPUs
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Benefits of Using Remote GPU Virtualization
2nd  → Throughput is increased & energy consumption is reduced
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Benefits of Using Remote GPU Virtualization
2nd  → Throughput is increased & energy consumption is reduced

Without GPU virtualizationWithout GPU virtualization

With GPU virtualizationWith GPU virtualization

App 2App 2App 1App 1

App 3App 3 App 4App 4

Job scheduler uses a 
per-GPU granularity

App 2App 2
App 3App 3
App 4App 4

App 1App 1

Job scheduler can 
use a more fine 

granularity
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Benefits of Using Remote GPU Virtualization
2nd  → Throughput is increased & energy consumption is reduced
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Short execution time

Long execution time

Set 2
Set 1

GPU-Blast (21 seconds; 1 GPU; 1599 MB)

LAMMPS (15 seconds; 4 GPUs; 876 MB)

mCUDA-MEME (165 seconds; 4 GPUs; 151 MB)

GROMACS (167 seconds)

NAMD (4 minutes)

BarraCUDA (13 minutes; 1 GPU; 3319 MB)

GPU-LIBSVM (5 minutes; 1GPU; 145 MB)

MUMmerGPU (6 minutes; 1GPU; 2104 MB)

● Three workloads composed of 400 instances:
● Set 1
● Set 2
● Set 1 + Set 2
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Benefits of Using Remote GPU Virtualization
2nd  → Throughput is increased & energy consumption is reduced

GPU UtilizationExecution Time (s)

Energy (kWh)

48%

37%
27%

40%

25%
15%

2X

2X

1.5X

16-node cluster with

Supermicro 1027GR-TRF servers with

two Intel Xeon E5-2620 v2 

processors

FDR InfiniBand Interconnection Netw. 

and one K20 GPU per node

16-node cluster with

Supermicro 1027GR-TRF servers with

two Intel Xeon E5-2620 v2 

processors

FDR InfiniBand Interconnection Netw. 

and one K20 GPU per node
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Benefits of Using Remote GPU Virtualization
3rd  Cheaper cluster upgrade→

No GPU

• A cluster without GPUs may be easily upgraded to use GPUs with rCUDA



HiPINEB 2016, Barcelona 22

Benefits of Using Remote GPU Virtualization
3rd  Cheaper cluster upgrade→

GPU-enabled

• A cluster without GPUs may be easily upgraded to use GPUs with rCUDA
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Benefits of Using Remote GPU Virtualization
3rd  Cheaper cluster upgrade→

Application Workload 1 Workload 2

GPU-BLAST 41 48

GROMACS 39 46

NAMD 20 10

BarraCUDA 20 10

GPU-LIBSVM 39 46

MUMmer-GPU 20 10

LAMMPS short 20 10

mCUDA-MEME short 40 40

LAMMPS long 2p 40 47

LAMMPS long 4p 41 47

mCUDA-MEME long 2p 40 46

mCUDA-MEME long 4p 40 40

Total Instances 400 400
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Benefits of Using Remote GPU Virtualization
3rd  Cheaper cluster upgrade→

Execution Time (s) GPU Utilization

Energy (kWh)

16-node cluster with 15

Supermicro 1027GR-TRF servers with

two Intel Xeon E5-2620 v2 processors

FDR InfiniBand Interconnection Netw. 

and one SYS7047GR-TRF server, 

populated with four NVIDIA Tesla K20 

16-node cluster with 15

Supermicro 1027GR-TRF servers with

two Intel Xeon E5-2620 v2 processors

FDR InfiniBand Interconnection Netw. 

and one SYS7047GR-TRF server, 

populated with four NVIDIA Tesla K20 
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Benefits of Using Remote GPU Virtualization
4th  Virtual machines can easily share GPUs→

Without GPU virtualizationWithout GPU virtualization

• The GPU is assigned by using PCI 
passthrough exclusively to a single 
virtual machine

• Concurrent usage of the GPU is not 
possible
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Benefits of Using Remote GPU Virtualization
4th  Virtual machines can easily share GPUs→

LAMMPSLAMMPS CUDA-MEMECUDA-MEME

CUDASW++CUDASW++ GPU-BLASTGPU-BLAST
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Main Conclusions
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Main Conclusions
Remote gpu virtualization provides several benefits

✔  Similar performance with smaller investment

✔  Increased cluster throughput

✔  Many GPUs for a single application

✔  Concurrent GPU access to virtual machines

✔  Easier and cheaper cluster upgrade

✔  Reduced energy consumption

✔  Increased GPU utilization
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Get a free copy of rCUDA at

http://www.rcuda.net
More than 650 requests world wide

rCUDA is a development by Technical University of Valencia

    @rcuda_
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Questions?


