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This Special Study looks at the evolution and changes in file systems used for technical computing. 

Although the file system sector may appear to be mature, significant changes are occurring across 

many fronts spanning business, technology, workload requirements, and competitive forces.  

File systems bridge the gap between the applications consuming the data and the physical devices 

where the data resides, while also being tasked with managing an overall storage solution that is 

responding to new requirements including evolving pricing models, use cases, and data access 

patterns. Changes include: 

▪ Pricing model changes from user-license-based pricing to capacity-based pricing is becoming 

prohibitively expensive for many customers, prompting them to explore other options in new 

procurements. 

▪ Technical requirements for traditional HPC storage use cases (e.g. home directory, scratch, 

archive) continue to evolve and fragment, leading to specialization by storage system vendors. 

▪ Data at scale stemming from increasing cloud utilization (public, hybrid, and multi-), large data 

volumes, and data locality (data storage being dispersed across geographies) is causing users 

to reconsider appropriate application of file, block, and object storage.  

▪ Complex data access patterns including increasingly mixed bandwidth and throughput I/O 

profiles driven by AI, machine learning, and deep learning workloads are exposing the limits of 

the current incumbent file systems and driving exciting innovation within the HPC storage 

community.  

▪ Virtues provided by the respective proponents of both open-source and proprietary file 

systems will continue to be debated by both users and vendors for the foreseeable future. The 

debate will likely be coincident with whether users are procuring a turnkey storage system or 

integrating a file system into a unique storage solution. 
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THE BROADER HPC MARKET 

Although gains in computational power of HPC servers generally capture the industry's attention, the 

storage segment of the HPC market has quietly emerged as the fastest growing of the HPC broader 

market. Growth in the storage sector is expected to continue unabated with a projected 2019-2024 

CAGR of 12.1%, reaching a projected revenue of about $9.9 billion by 2024. Table 1 summarizes the 

forecast revenues of the various HPC segments. 

TABLE 1 

HPC Market Forecast ($Millions) 

 2018 2019 2020 2021 2022 2023 2024 CAGR 

'19-'24 

HPC Servers $13,683  $13,713  $14,484  $15,658  $18,457  $19,940  $20,844  8.7% 

Add-on Storage  $5,568  $5,629  $6,065  $6,761  $8,272  $9,238  $9,977  12.1% 

Middleware  $1,591  $1,618  $1,716  $1,863  $2,218  $2,411  $2,531  9.4% 

Applications  $4,655  $4,695  $4,973  $5,274  $6,143  $6,525  $6,692  7.3% 

Repair Services $2,250  $2,238  $2,324  $2,419  $2,767  $2,883  $2,899  5.3% 

Total Revenue $27,746  $27,892  $29,563  $31,975  $37,858  $40,998  $42,943  9.0% 

Source: Hyperion Research, 2020 

 

HISTORICAL FILE SYSTEM LANDSCAPE 

Over the last 5 years, Hyperion Research has conducted several broad MultiClient Studies (MCS) 

encompassing all aspects of the HPC ecosystem including file system usage. While NFS remains the 

most widely adopted file system, it has dropped from being utilized at 54% of the sites down to 46%. 

NFS was one of the first file systems that could handle the initial scale of early HPC systems. Its first 

mover status, coupled with the fact that it's still adequate in smaller scale HPC systems today, is 

reflected in its continued, albeit shrinking, wide adoption. 

Lustre utilization has grown from 21% to 32.5%, and Lustre's open source approach has enabled it to 

mature its feature set across a wide number of areas including performance, resiliency, reliability, and 

scalability. This maturity has also given it stability and the capability of scaling to meet the demands of 

petascale and emerging exascale configurations. 

HDFS, meanwhile, has also shown healthy growth with adoption growing from 15% to 24.7%. HDFS' 

growth has coincided with the emergence of systems needing to process large amounts of diverse 

data. The diversity applies to both quantity and type of data, including structured and unstructured, as 
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well as the relatively new use case of ingesting ever-increasing amounts of data from disparate 

sources in real time. 

GPFS/Spectrum Scale adoption has grown at a slightly lower rate, from 23% to 26.8%. This modest 

growth in adoption can be attributed to a slower feature advancement pace due to its proprietary 

nature along with a market shift away from IBM's dominance in the HPC sector and a change in the 

pricing model away from user-license-based to capacity-based. 

All other file systems were utilized at less than 20% of sites in the most recent survey. Figure 1 shows 

the evolution. 

FIGURE 1 

File System Adoption 2015-2019 

  

Note: Data represents percentage of sites utilizing each file system 

Respondents were given the choice to select multiple file systems - percentages will not sum to 100% 

Source: Hyperion Research, 2020 

 

CURRENT FILE SYSTEM LANDSCAPE 

In the most recent survey, 194 supercomputer sites representing 1,864 HPC systems were asked 

which file systems were used on their systems. As respondents were given the choice to select 

multiple file systems, the results reflected 349 file systems deployed yielding an average of 1.8 file 

systems utilized per site.  
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NFS is the most widely utilized file system with anywhere from 33% to almost 50% adoption in each 

main user sector, consisting of academia, government, and industry. While not the most feature rich of 

file systems, it is the incumbent to many risk-averse customers and continues to be adequate for 

smaller scale HPC systems regardless of sector. 

FIGURE 2 

Current File System Landscape 

  

Note: Data represents percentage of sites utilizing each file system 

Note: Respondents were given the choice to select multiple file systems - percentages will not sum to 100% 

Source: Hyperion Research, 2020 
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Lustre and GPFS/Spectrum Scale enjoy usage at over half of government sites and over 30% 

utilization at academic sites. IBM has been a historic HPC leader with many GPFS/Spectrum Scale 

systems still in operation at government and academic sites. At the same time these sectors also 

embrace the open source model and are typically deploying Lustre on new installations. 

The industry sector is a mirror of the government and academic sectors, opting instead for NFS, 

HDFS, and Red Hat. The industry sector can be more risk averse than government and academia, 

leading it to be slower to embrace change away from NFS. Where industry does embrace change, 

however, is with new and emerging workloads and requirements. The growth in HDFS in this sector is 

reflective of the emergence of capturing and ingesting the explosive growth of data at the edge, an 

area where HDFS excels. 

File systems of note in the Other category include GFS (Google File System), CEPH, and PanFS with 

varied adoption across the user sectors.  

FUTURE OUTLOOK 

Expect changes to continue throughout the HPC file system landscape in the coming years as events 

are accelerating across all fronts: business, technology, workload shifts, and competitive upstarts. 

Users should understand the increasingly diverse sets of workloads and new demands being placed 

on their file systems. Care should be taken to understand whether having different file systems to 

address different workloads (AI training, AI inference, simulation); different data types (structured vs. 

unstructured; file vs. block vs. object); and different access patterns (user directories, scratch, archive) 

are required or whether a single file system will be robust enough to address the needs of all the 

different scenarios. Total system cost including licenses, pricing models, maintenance, and support is 

also a key factor in this analysis. 

Governance and stewardship of the file system is also critical. If a proprietary system is the key 

intellectual property of the company and solution, then investment and innovation will continue as long 

as the company remains viable as a business entity. If, however, the file system is adjacent or 

secondary to the core business of the primary steward then feature development and support could 

stagnate. 

Open source file systems benefit from the contributions and testing of a broad community of 

developers. When managed fully as an open source project, access to many new features is assured. 

If an open source file system is under the stewardship of a corporate entity, questions could arise 

relative to whether the file system will remain open source and whether certain features may be 

retained by the entity as intellectual property. Questions about supportability and whether future 

upgrades and advancements are outsourced or provided in-house also should be examined. 

Related to the proprietary/open source debate is whether the user is procuring a turnkey storage 

solution or looking to integrate the file system into a custom solution:  

▪ If it’s a turnkey solution, then the debate is likely moot; the solution must satisfy the 

performance, feature, and support requirements of the user regardless of the stewardship of 

the file system.  

▪ If it’s a custom solution, then stewardship of an open source solution is of high importance to 

the user, including access to continued feature development, stability, and supportability. 
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