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1 ABSTRACT

Exascale computing not only provides the capability to solve new

problems but to perform finer grained analysis on current prob-

lems. These new capabilities meanmore data products to be shared

and stored. Magnetic tape will likely remain the lowest cost media

for long term archive storage for High Performance Computing

(HPC) for at least the next decade but the bandwidth and latency

requirements for research are still too great for this media to be

useful in reducing the demand for low latency disk storage for Ex-

ascale computing.

Cloud computing has developed high capacity, reliable and eco-

nomical storage systems based on object technology. Los Alamos

National Labs (LANL) has designed the storage systems for Trinity

to include a cloud type object storage system as a layer between

the Parallel File System (PFS) and the Archive. This pre-archive

system has been dubbed “Campaign Storage” because the purpose

is to store data products to be quickly accessible during the life of

a research project. Data stored on the Campaign storage can be

pulled back in to the PFS and staged for compute jobs or moved on

out to Archive once the data has been curated. Campaign storage

can reduce the capacity requirements for PFS storage by providing

large capacity for storing data products from PFS and reducing the

time that data must remain in the higher cost storage layer.

Our researchmakes the following contributions to the pre-archive

storage layer: GPU assisted erasure coding, demonstrating erasure

coding on File Transfer Agents, reducing erasure recovery costs

with “Lazy Erasure Repair”, and enabling larger erasure coded disk

pools.
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2 BACKGROUND

In previous work, we designed and reduced to practice a library

that performs erasure coding on GPU hardware, Gibraltar [3, 4];

this approach can further lower the price/performance for stor-

age systems and provide opportunities for performing compute

close to the data. As common disk drive storage capacities have

increased from 750 GB in 2006 [8] to 10 TB in 2016 [15], HPC dat-

acenters no longer get bandwidth for free when buying disks for

capacity [9]. The use of these high capacity disks are best suited for

low cost near-archive applications such as the Campaign Storage

system used in the Trinity supercomputer at Los Alamos.

LANL has published the requirements for the Campaign Storage

of Trinity [12]. The Campaign Storage should have about 25 PB

capacity with future expansion capability. The bandwidth should

be between 20 to 25GB/s, which should increase with capacity. The

files stored in the campaign storage system will not be updated in

place. The system should use archive-grade hard disk drives, and

gain performance through large scale parallel access.

The current production configuration of the campaign storage

system in the Trinity supercomputer has 19.2 PB of available stor-

age using a 20+4 erasure coded pool on 8 TB disks. The storage sys-

tem is capable of sustaining 5–10 GB/s per user or job compared to

the bandwidth of the current PFS bandwidth of 400–800 GB/s [13].

Where the Trinity campaign storage system uses 20 data shards

and four erasure coding shards for data protection, our research

shows that this can be scaled by a factor of six to a 120+24 erasure

pool configuration. Merging 6 20+4 pools into a single 120+24 pool

will provide much larger stripes for storing objects and will reduce

the risk of data loss by increasing the population of the disk pool.

The policy for repairing erasures immediately can be relaxed so

that erasures are repaired when the data are read, avoiding the cost

of transfering data to compute erasures for repair. With a Lazy Era-

sure Repair policy, erasures are repaired and written back to disk

on a per object basis which futher distributes the workload of re-

pairing erasures.

As the storage technology has evolved and continues to change

in the future, the architecture of High Performance Computing

(HPC) is changing.Where, in the past, IO bandwidthwas free when

buying enough disk tomeet capacity requirments, that is no longer

the case [9]. As the cost of solid state storage technologies have

continued to drop, it is now more economical to design in high

speed storage between the computer memory and the PFS con-

structed with solid state devices (SSD) [1]. Because the volume
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of data is also increasing, another layer, campaign storage, based

on erasure coded cloud technology, can be used which meets the

pre-archive requirements at lower cost [9]. As Storage Class Mem-

ory (SCM) begins to appear, it may overtake the role of the Burst

Buffers (BB) and even the PFS [2]. This would leave the HPC archi-

tecture with three storage layers: SCM, Campaign, and Archive. To

this end, it is important to study the erasure coded cloud storage

technology for HPC to improve the bandwidth, capacity, reliability,

and cost reduction.

We have integrated the Gibraltar library as an erasure coding

plugin in the Ceph Object Storage System. We have shown that

the NVIDIA® K40 GPU [14] can perform erasure coding and era-

sure reconstruction while exceeding the bandwidth requirements

for Trinity Campaign Storage. We have also shown that the Gibral-

tar library can maintain this performance at high degrees of shard-

ing [10]. These performance facts were determined by comparing

the erasure coding and reconstruction of data stripes using the

Ceph [17] plugin architecture [7]. We compared the results using

Gibraltar [3–6] against the Intel ISA-L library [16] and the Jerasure

library [11]. We are now working to show that these capabilities

can reduce the cost of campaign storage without reducing the per-

formance, capacity or reliability with respect to other approaches.
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