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Evolution of HPC Storage Implementations
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(a) Traditional Parallel File System. File system bandwidth (b) Burst Buffers with Parallel File System. In order to meet

requirements were met by sufficient spindles to meet the higher bandwidth requirements of Exascale computing, (c) Adding Campaign Storage to (b). Because of greater

capacity requirements. use more expensive Solid State Disks for higher bandwidth data storage requirements in Exascale computing, use cloud
and then move data to/from PFS (2). storage technologies with erasure coding to lower capacity

requirements of PFS and lower costs (4).

Lazy Erasure Repair
@ Damaged objects can be read with acceptable performance — does not harm user experience!

@ Changing the stripe from 20+4 to 120424 decreases the urgency to rebuild while storage overhead is constant.

a) Trinitykgé%sure Coding Configuration (5)
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24 disks per stripe set

6 dripe sets use 144 disks | | _
total storage\ailable: 6 * k * disk size = 120 * disk size

b) Erasure Coding Configuration with Gibraltar (3)
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Results for GPU Assisted Erasure Coding
Erasure Encoding Erasure Encoding: Intel CPU Decoding with Increasing Erasures, k=118, m=24
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Gibraltar encode 1GB, P100 e Number data of shards Gibraltar: 1G, P100 o
Gibraltar encode 512MB, P100 - e Legend Gibraltar: 512M, P100 oo
Gibraltar encode 1GB, K80 ISA-L encode 1GB, E5-2680 v4 0 Gibraltar: 1G, K80
Gibraltar encode 512MB, K40 ISA-L encode 512MB, E5-2680v4 X Gibraltar: 512M, K80
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Gibraltar encode 512MB, K40 oo ISA-L encode 512MB, E5-2660v3 - Moo Gibraltar: 512M, K40 Moo
ISA-L encode 1GB SRRRCEEEE Jerasure encode 1GB, E5-2680 v4 SRRRCEEEE ISA-L: 1GB SRRRRCEERE
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Comparison between Gibraltar (0; 1) GPU erasure coding on Benchmarks comparing two different generations of Intel Recovery rates while increasing erasures to 24. Gibraltar
the NVIDIA K40 GPU with the Intel ISA-L (10) and CPUs erasure encoding with the Jerasure and ISA-L produces over 1.5 GB/s at 20 erasures while ISA-L has
Jerasure (7; 6; 8; 9) erasure encoding libraries. Gibraltar libraries. (These are all a single core of the CPU.) dropped to 267 MB/s at 20 erasures.
produces 1.5 GB/s at 128 data shards with 24 parity shards.

Erasure Coding Services on File Transfer Appliances

1) All data flows through the File Transfer Agents (FTA).

2) Data is pipelined through the GPU for erasure coding or repair.

3) Trinity concept of operation defines data life in Campaing Storage PFS
for about 9 months.
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