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The scope of this talk
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NOTE: None of the test results presented in the following slides are STAC Benchmarks.
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More flexible use of GPUs

A rCUDA: a software technology that enables a more
flexible use of GPUs in computing facilities
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‘eﬁ“ 1: more GPUs for a single application

A As many GPUs as there are in the cluster may be provided
to a single application
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1: more GPUs for a single application

M S @ bsc19421@nvb127:~
. fdeviceQuery Starting...

CUDA Device Query (Runtime API) version (CUDART static linking)

Detected 64 CUDA Capable device(s)

Device 0: "Tesla M2890"
CUDA Driver Version / Runtime Version 5.0 / 5.8
CUDA Capability Major/Minor version number: 2.0
Total amount of global memory: 6144 MBytes (6442123264 bytes)
(16) Multiprocessors x ( 32) CUDA Cores/MP: 512 CUDA Cores
GPU Clock rate: 1301 MHz (1.3@ GHz)
Memory Clock rate: 1848 Mhz
Memory Bus Width: 384-bit
L2 Cache Size: 786432 bytes
Max Texture Dimension Size (x,y,z) 1D=(65536), 2D=(65536,65535), 3D=(2048,2048,2048)
Max Layered Texture Size (dim) x layers 1D0=(16384) x 2048, 2D=(16384,16384) x 2048
Total amount of constant memory: 65536 bytes
Total amount of shared memory per block: 49152 bytes
Total number of registers available per block: 32768
Warp size: 32
Maximum number of threads per multiprocessor: 1536
Maximum number of threads per block: 1024
Maximum sizes of each dimension of a block: 1024 x 1824 x 64
Maximum sizes of each dimension of a grid: 65535 x 65535 x 65535
Maximum memory pitch: 2147483647 bytes
Texture alignment: 512 bytes
Concurrent copy and kernel execution: Yes with 2 copy engine(s)
Run time limit on kernels: No
Integrated GPU sharing Host Memory: Mo
Support host page-locked memory mapping: No
Alignment requirement for Surfaces: Yes
Device has ECC support: Disabled
Device supports Unified Addressing (UVA): N
Device PCI Bus ID / PCI location ID: 2/ 8
Compute Mode:
< Default (multiple host threads can use ::cudaSetDevice() with device simultaneously) =

Device 1: "Tesla M2090"
CUDA Driver Version / Runtime Version 5.0 / 5.8
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CUDA Capability Major/Minor version number:
Total amount of global memory:

(16) Multiprocessors x ( 32) CUDA Cores/MP:
Memory Bus Width:

L2 Cache Size:

Max Texture Dimension Size (x,y,z)

Max Layered Texture Size (dim) x layers
Total amount of constant memory:

Total amount of shared memory per block:
Total number of registers available per block:
Warp size:

Maximum number of threads per multiprocessor:
Maximum number of threads per block:
Maximum sizes of each dimension of a block:
Maximum sizes of each dimension of a grid:
Maximum memory pitch:

Texture alignment:

Concurrent copy and kernel execution:

Run time limit on kernels:

Integrated GPU sharing Host Memory:

Support host page-locked memory mapping:
Alignment requirement for Surfaces:

Device has ECC support:

Device supports Unified Addressing (UVA):
Device PCI Bus ID / PCI location ID:
Compute Mode:

5.0 / 5.0

2.0

6144 MBytes (6442123264 bytes)
512 CUDA Cores

384-bit

786432 bytes

1D=(65536), 2D=(65536,65535), 3D=(20848,2048,2048)
1D=(16384) x 2048, 2D=(16384,16384) x 2048
65536 bytes

49152 bytes

32768

32

1536

1024

1824 x 1024 x 64

65535 x 65535 x 65535
2147483647 bytes

512 bytes

Yes with 2 copy engine(s)

No

i [+]

No

Yes

Disabled

Yes

131 / ©

< Default (multiple host threads can use ::cudaSetDevice() with device simultaneously) >

deviceQuery, CUDA Driver = CUDART, CUDA Driver Version =
Tesla M2090, Device2 =
Tesla M2098, Device7 =
Tesla M2090, Devicell =
Tesla M2098, Devicel5 =
Tesla M2090, Devicel9
Tesla M2098, Device24 =
Tesla M2090, Device28 =
Tesla M2098, Device32 =
Tesla M2090, Device36
Tesla M2098, Devicedl =
Tesla M2090, Device4s =
Tesla M2098, Deviced49 =
Tesla M2090, Device53
Tesla M2098, Device58 =
Tesla M2090, Device62 =

, Device® = Tesla M2090, Devicel =
= Tesla M2090, Device5 = Tesla M2098, Devicet =
090, Device9 = Tesla M20920, Devicel® =
vicel3 = Tesla M2090, Deviceld =
= Tesla M2090, Devicel8 =
la M2090, Device22 = Tesla M2090, Device23 =
90, Device26 = Tesla M20920, Device27 =
vice30 = Tesla M2090, Device3l =
= Tesla M20920, Device35 =
la M2090, Device39 = Tesla M2090, Deviced® =
90, Device43 = Tesla M20920, Deviced4qd =
viced47 = Tesla M2090, Device48 =
= Tesla M2090, Device52 =
la M2090, Device56 = Tesla M2090, Device57 =
90, Device60 = Tesla M2090, Device6l =
[bsc19421@nvb127 deviceQuery]$

5.0, CUDA Runtime Version =

5.8Q NumDevs
Tesla M2090, Device3 = Tesla MZ2DWG i

Tesla M2090, Device8
Tesla M2090, Devicel2 =

= Tesla M2090, Device20® = Tesla M2090, Device2l =
Tesla M2090, Device29 =
= Tesla M2090, Device37 = Tesla M2090, Device38 =
Tesla M2090, Deviced46 =
= Tesla M2090, Device54 = Tesla M2090, Device55 =

Tesla M2090, Device63 = Tesla M2090
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Tesla M2090, De
Tesla M2098, Devicel6 = Tesla M2090, Devicel?

Tesla M2098, Device25 = Tesla M20
Tesla M2090, De
Tesla M2090, Device33 = Tesla M2090, Device34

Tesla M2098, Deviced42 = Tesla M20
Tesla M2090, De
Tesla M2090, Device50 = Tesla M2090, Device51

Tesla M2098, Device59 = Tesla M20



(eﬁ“ 2. Increased cluster performance

A Performance numbers collected from real executions in an 8-node cluster*, each
node with 1 NVIDIA K20 GPU

A Workload composed of a mix of the LAMMPS, GROMACS, GPU-Blast and
MCUDA-MEME applications
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*node characteristics: Two E5-2620V2 sockets (6-core at 2.1GHz) and 32GB DDR3 RAM. One NVIDIA Tesla K20 GPU 7143




(eﬁ“ 3: reduced energy consumption

A Energy numbers gathered from real executions in an 8-node cluster*, each node
with 1 NVIDIA K20 GPU

A Workload composed of a mix of the LAMMPS, GROMACS, GPU-Blast and
MCUDA-MEME applications
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*node characteristics: Two E5-2620V2 sockets (6-core at 2.1GHz) and 32GB DDR3 RAM. One NVIDIA Tesla K20 GPU 3/43




Why rCUDA: the problem with GPU-enabled clusters

The enabler for higher cluster throughput at lower cost

Engineering the enabler

Final considerations
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gﬁb Characteristics of GPU-based clusters

A GPU computing facility is usually a set of independent self-
contained nodes that leverage the shared-nothing approach:

Nothing is directly shared among nodes (MPI required for aggregating
computing resources within the cluster)

GPUs can only be used within the node they are attached to
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(e,«a“ First concern with accelerated clusters
A Applications can only use the GPUs located within their node:

A Non-accelerated applications keep GPUs idle in the nodes where they
use all the cores

A CPU-only application spreading over
these four nodes would make their GPUs

unavailable for accelerated applications
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Money leakage in current clusters?

For some workloads, GPUs may be idle for significant periods of time:
Alnitial acquisition costs not amortized

A Space: GPUs reduce CPU density =110 GPU

AEnergy: idle GPUs keep consuming power ——y
- Total Power
13 ~
- 4 GPUs node
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A1 GPU node: Two E5-2620V2 sockets and 32GB DDR3 RAM. One Tesla K20 GPU
A4 GPUs node: Two E5-2620V2 sockets and 128GB DDR3 RAM. Four Tesla K20 GPUs Time (S)
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