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Background

ÅάhƴŜ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ŀ {ǳǇŜǊ/ƻƳǇǳǘŜǊ ǳǎŜŘ ǘƻ ōŜ ŀ 
computer that changed a compute bound problem to 
an I/O bound problem. Because the continuing 
increase in processor performance of roughly 60% per 
year has compounded much faster than the 20% per 
year of I/O rates, the problem has reversed so that I/O 
performance can be the bottleneck in solving complex 
physics problems. As these trends continue, the I/O 
bottleneck grows ever worse without some change in 
the fundamentalsƻŦ Řŀǘŀ ǎǘƻǊŀƎŜΦέ
ïTyceMcLarty, Lawrence Livermore National Laboratory



The StreamScale Vision of 
High Performance Computing

ÅImagine an HPC system where:
ïEvery disk rotation and every interconnect cycle is used to transfer 

data to or from an application

ïEvery byte of data is validated, and if required, corrected or recreated, 
just prior to any computation

ïEvery CPU cycle and every CPU resource is fully applied to computing a 
result

ïEvery result is stored in a verifiable, redundant fashion

ÅEvery second of time and every watt of power was 
used effectively

ÅYou just had your first experience with 
Ψ{ǘǊŜŀƳ{ŎŀƭƛƴƎΩΣ ŀ fundamental changeto HPC 
storage



Presentation Overview

ÅCurrent fundamentals of HPC storage

ÅChanging the fundamentals of HPC storage

ÅImplementation and performance results

ÅBenefits of the change

ÅReal world examples and references

ÅSummary

ÅThe Details



High Performance HPC Storage 
Architecture Comparison

FPGA Parity Engine

Disk Controller Engines

Host Interface
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NumaRAID HPC Storage 
Natural Scaling
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Benefits of the Change

Å Decrease HPC storage hardware costs
ï High volume components benefit from economies of scale
ï Decrease power requirements by using latest generation components
ï Obsolescence Protection - Software licenses can be transferred as hardware platforms 

evolve ςƪŜŜǇ ǇŀŎŜ ǿƛǘƘ ŎǳǊǊŜƴǘ άōŜǎǘ ƻŦ ōǊŜŜŘέ

Å Increase HPC storage performance
ï Symmetrical read/write performance >2GBytes/sec per node today 

ÅCurrently @ 13% single CPU load, efficiency increasing @ 60%/Year

ï 0% performance penalty in degraded mode
ÅPerformance often increasesin the presence of failed drives
ÅLost data can be recomputed faster than existing drives can deliver it

Å Increase HPC network reliability
ï Multi-node fault tolerance for both disk drives and arrays
ï High Speed detection and correction of Silent Data Corruption for both storage nodes 

and client nodes (full network coverage)
ï Validated with multiple file systems, including Lustre
ï Commercially deployed and independently verified

Å Increase HPC application performance
ï Leverages years of application performance optimization
ï ά!ŎǘƛǾŜ {ǘƻǊŀƎŜέ ŀǊŎƘƛǘŜŎǘǳǊŜ ŦǳǊǘƘŜǊ ŘŜŎǊŜŀǎŜǎ ƻǾŜǊŀƭƭ Ŏƻǎǘǎ ŀƴŘ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ 

simplifies and accelerates HPC applications



NumaRAID Certifications

http://www.rorke.com/index.cfm
http://www.blackmagic-design.com/
http://www.drastictech.com/index.html
http://www.mtifilm.com/
https://shop.bellmicro.com/
http://eng.rzd.ru/isvp/public/rzdeng/fp?STRUCTURE_ID=704


NumaRAID Typical Deployment
in Rich Media Applications



NumaRAID Storage Solution
An HPC Inspired RAID Stack

Å Production level software, currently deployed worldwide
Å Feature Rich

ï CLI and GUI for remote management 
ï Centralized management console
ï Always at full speed, 0% degraded mode penalty
ï Silent Data Corruption detection and correction, partial reconstruction, fine grain cache 

controls, instant RAID6 initialize, embedded LUN security controls, WWN filtering and 
masking, port zoning, SNMP support, IPMI with power management

ï Extensive performance and reliability instrumentation with graphical display

Å Supported by commercial business with active new feature development
ï N+3, N+4, N+M protection schemes
ï Comprehensive middleware solution to optimize HPC applications and maximize utilization
ï Virtualization specific storage acceleration
ï SSD Based High Transaction Rate Solutions
ï StreamScaling for Data Compression, Replication Recognition and Elimination
ï Rapid adoption of new technologies  including

Å 6Gbit SAS, SSD, 10GigE, FCoE
Å Next generation AMD/Intel/nVidia Processors
Å High reliability enclosures



StreamScale
Product Offerings

ÅHigh performance storage solutions available now
ï Available on the Mellanox Cluster for remote evaluation

Å http://www.hpcadvisorycouncil.com/cluster_center_access.php

ï Fully configured, pre-tested hardware available from multiple integrators
ï Site licenses with full source code, documentation and training available from 

StreamScale

ÅProfessional support and custom programming services 
available now
ï Highly qualified, experienced staff with deep parallel programming 

experience and extensive hardware infrastructure
ï ISO 9001 and CMMI Level 3 Certified
ï End-to-end project management

ÅContacts
ïMike Anderson, CTO  - manderson@streamscale.com
ï Don McDonell, VP of Salesςdmcdonell@streamscale.com

mailto:manderson@streamscale.com
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Changing the Fundamentals of
Data Storage for SuperComputers

The Detail



NumaRAID
An HPC Inspired RAID Stack

ÅNumaRAID is a set of Linux kernel modules, command 
line interfaces and graphical user interfaces 

ÅNumaRAID is designed to increase the Performance, 
Reliability, Availability and Serviceability of compute 
and storage nodes in an HPC cluster

ÅBy some definitions, NumaRAID transforms an HPC 
cluster into a SuperComputer

ÅNumaRAID is a commercial product, independently 
certified and deployed worldwide 

ÅNumaRAID has about 25 man years of investment to 
date and an active development roadmap



Current Fundamentals of
HPC Storage

ÅHigh bandwidth storage suitable for SuperComputer 
applications requires high drive-count RAID systems

ÅHigh drive-count RAID systems need multi-drive data 
protection (RAID6) for reliability

ÅThe current high bandwidth RAID market is dominated by 
single purpose, hardware based RAID6 solutions
ïProprietary hardware based Field Programmable Gate Arrays or ASICS 

perform the RAID6 (ECC) calculations

ïRequire proprietary power, packaging, cooling and electronics

ïSingle purpose, inflexible hardware

ïRelatively low volume drives high costs

ÅMany similarities to previous generation SuperComputers



hǾŜǊǾƛŜǿ ƻŦ Ψ{ǘǊŜŀƳ{ŎŀƭƛƴƎΩ ŦƻǊ w!L5с {ǘƻǊŀƎŜ

ÅStreaming increases Disk, DRAM and Interconnect Efficiency
ïMinimizes lost disk rotations, maximizes transfer rate
ïMinimizes command overhead of interconnect protocol stacks, 

maximizes transfer rate
ïMinimizes address cycles of DRAM, maximizes transfer rate
ïMinimizes time and power to deliver data

ÅScaling increases Compute Efficiency
ïOptimized instruction selection, ordering and register usage maximizes 

CPU resources
ïOptimized scheduling, data placement and data flow maximizes multi-

core and multi-CPU parallelism
ïMinimizes time and power to compute result

ÅΨ{ǘǊŜŀƳ{ŎŀƭŜŘΩ w!L5с ǎƻƭǳǘƛƻƴ ƻǳǘǇŜǊŦƻǊƳǎ ƘŀǊŘǿŀǊŜ ōŀǎŜŘ 
solutions 
ï>100:1 performance improvement over previous designs

ÅEliminates hardware/software dependency for HPC Storage


