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Agenda

01 General preamble ....

02 How has the ever increasing cost of SSDs and RAM change things?

03 Does the “perceived” lack of multi-tenancy features in Lustre hold us back?

04 What about advanced data management and archiving in modern file systems?




Brief history of ClusterStor

201 2013 ylok Vi
CS3000 CS6000 CS9000
3 GB/s 6 GB/s 9 GB/s
6 Gbit SAS 6 Gbit SAS 12 Gbit SAS
FDR/40G Eth FDR/40G Eth EDR/100G
Eth/OPA
HSM / DNE
Lustre 2.1 Lustre 2.5 Lustre 2.5
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2016

L300

12 GB/s
12 Gbit SAS
EDR/100G Eth

NXD /
All flash MDTs

Lustre 2.11+

80 GB/s 190 GB/s
NVMe Gen4 NVMe Genb5

HDR/200G/ NDR/400G/
Slingshot Slingshot 400

Tiered systems Tiered systems

Lustre 2.15 Lustre 2.16/17



HPE powers 6 of the world’s Top 10 most powerful supercomputers
All powered by HPE Cray Supercomputing Storage Systems

Aggregated: First Cray E2000
1.59 EB usable capacity Storage in Top 10
19 TB/s throughput

B Lawrence Livermore %OAK RIDGE Argonneo

National Laboratory - National Laboratory oRATORY

#2 #3 #4

r— 7\.
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# of 100% DLC GPUs 44,544 37,888 63,744 13,920 13,888

# of 100% DLC CPUs 44,544 9,472 21,248 13,920 3,472

Interconnect HPE Slingshot HPE Slingshot HPE Slingshot HPE Slingshot HPE Slingshot HPE Slingshot

ClusterStor 400 PB 690 PB 200 PB 38 PB 125 PB 116 PB
Storage Systems >2 TB/s 1 TB/s 1.8 TB/s 1.3 TB/s 1.5 TB/s 1.4 TB/s
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Source: Top500, June 2026 list



For the most demanding leadership supercomputing sites*
Two-tier, open-source storage architecture analogous to storage system of Aurora

‘ Supercomputer ‘

‘ Throughput storage ‘

J-u-stre

Lustre on NVMe + HDD tiered solutions
HPE Cray Supercomputing Storage Systems E2000

Lustre-based, high performance
SSD/HDD storage systems

‘ |OPS storage

DAQOS storage layer running on HPE ProLiant DL servers
HPE Cray Supercomputing Storage Systems K3000

DAOS-based, extreme IOPS layer
All Flash Storage Solution

— *For 95%+ of sites the Lustre on NVMe/HDD will deliver sufficient performance for at least 5 years
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DAOS roadmap

Color coding schema; EEEMCommitted (or released) release/features
@ In-planning release/features

Future possible release/features

] ‘ " |
'26 I H1' illlllllll ‘27 I H2'
e Aug 10 — H2'26 H127 | | H227 | H227jL -

v v .
DAOS 3.0 DAOS 3.2 DAOS 3.4 Future Releases

(DAOS Foundation Release) (DAOS Foundation Release) (DAOS Foundation Release) (DAOS Foundation Release)

DAOS 2.8

(DAOS Foundation Release)

OS Packages: OS Packages: Features: Features: : Features:
- Leap 15.6/7 - Leap 15.7 (x86_64) - SSD hotplug & LED without VMD - Rolling upgrade : - Pool resizing
- RHEL/Rocky/Alma 9.5/9.6 - RHEL/Rocky/Alma 9.x (x86_64) - Mount POSIX snapshots RO - Fault domains beyond servers !: - Inline compression

i - Inline encryption

. - Inline deduplication

. - Middleware consistency checker
. - Progressive layout

- New packaging - Ubuntu 24.04 client (x86_64/ARM64) - Incremental rebuild/reintegration

- Network multipath

- Multi-provider support

Networking:
- DOCA-OFED support

Features:

- Non-PMem support phase 2 Tech preview: Tech preview:

- Catastrophic recovery improvement final - SSD encryption support via SED - QLC support - Pipeline API :
Features: - Protocol changes for multi-provider : - SQL support with predicate pushdown :
- Catastrophic recovery tool improvement - Hard links support in libdfs/dfuse : - Distributed transactions :
- Better defaults (e.a. RF3, cell size, ...) i - Pool/container freeze
- Rebuild bug fixing and perf improvement Tech preview: . - Tiered container / HSM
- Explicit rebuild control - Incremental rebuild/reintegration i - Support for multiple DAOS systems
- Improved allocator for non-PMem phase 1 | | N !: - multi-NIC support per engine/process
- PvTorch data loader i - Container parking/serialization

¢ - WORM containers

Tech preview: i - flock support
- Non-PMem support phase 2 : - per-pool agent certificate

- Rolling upgrade preparation B A R T :

UX Improvements:
- Reintegration of all pools
- daos pool listing
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Lustre vs DAOS performance comparison

Comparative sizing:

2x E2000 SSU-Fs:

e B64E3.Sdrives@15.36 TB
« 8x SlingShot 400 NICs

* GridRAID (8+2)

* Usable capacity: 693 TB

4x K3000 nodes

64 E3.S drives @ 15.36 TB
8x SlingShot 400 NICs
EC 2+1

Usable capacity: 655 TB

IOR (GB/s) E2000
Write 261 248
Read 377 372
Write 0.4 8
Read 4.8 16

~



Setting the Stage

Flash and RAM prices are changing the world

Isn’t it time to re-consider HDDs for both
Al/ML and HPC storage??




Media price increase over time

$30 000
$25 000

$20 000 e

$15000

16x 20x

$10 000

$5 000

6-7X 1
o -~ —— o o ®

Q3'2025 Q4'2025 Q1'2026 Q2'2026 Q3'2026 Q4'2026
o -e- 30TB TLC SSD =e= 30TB QLC SSD -e- 24TB HDD
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Impact of HDDs in the “big picture”

M$

35.0

30.0

25.0
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10.0

5.

o

0.0

31.1
28.9 29.0
24.5
4.3 4.0 I
WEKA

VAST

36 Servers 13x C-nodes
45x D-nodes

https://www.vdura.com/flash-volatility-index-and-storage-economics-optimizer-tool/

System comparison based on:

> 15 PB usable

> 500 GB/s Read
> 250 GB/s Write
3-year support

mQ3,2025 mQ2 2026 m=mQ3, 2026

5.1

3.6
-l
—

ClusterStor

3 SSU-Fs
4 SSU-D2s
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The “Lustre Effect” in large-scale NVIDIA system (PODs and SuperPODs)

Lustre enables NVIDIA and customers to get more with the same system budget

NVIDIA Al computing with NVIDIA Systems
proprietary storage

NVIDIA Al computing with NVIDIA Systems
Lustre storage

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

® Budget portion spent on NVIDIA compute and networking = Budget portion spent on storage

Given a fixed customer budget, customers can buy significantly more NVIDIA GPUs

when deployed with cost-effective Lustre storage!
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HPE=

Does the “perceived” lack of multi-
tenancy features in Lustre hold us back?



Nvidia RA dictating new functionality and design

« Nvidia is still writing the rule book
* NCP certification
¢« Quantum-X ethernet (with Bluefield NICs)
« Magnum IO
« KV Cache & CMX

« Simplistic approach to dynamic setup
* GUI based
* Ansible based (or similar)
* No Root interactions (e.g., no more 1ctl commands on mgs)

 User self administration ??

 100% Multi-tenancy
* Monitoring per tenant
« Authentication service per tenant

 Tenant separation
VLANSs, encryption, auditing, billing etc ...
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Multi-tenancy & Isolation - Al Factory Design
One Lustre file system securely partitioned by Nodemap-based isolation

‘ Compute Cluster — Lustre Clients Nodemap / Tenant Mapping Shared Lustre Filesystem
HPE Al Factory composer Client NIDs are classified by nodemap ClusterStor E2000
Tenant Example NID Range Compute Nodes (Lustre Clients) and mapped to tenant-specific

permissions and filesets.

[ —
10.10.5.[5-10] ‘ 1o /shares/tenant1/Tenant1
@02ib10 m m m | NODEMAP | .
, ® ® 0 ‘ -

R 10.106.15-18] TR ...

/shares/tenant2/Tenant2

@02ib20 = e ’  MatchNID

’ Ranges =
1HH00 18-0l E m m ] [ M e d _—_y - /shares/tenant3/Tenant3

02ib30
e Assign Share
10.10.3 [3 9] Permissions l ‘ [ ——
10.3.13- o | J h T t4 t4
@02ib40 m m E ‘L - /shares/tenant4/Tenan

Assign Fileset

AlF + Ansible AWX 10.10.1.99 L - (Project ID)
S i e

1
N e > X Access denied

Single Filesystem logically and securely shared between tenants

 Tenants operate securely and indecently within a single Lustre namespace [y ° Eachtenant can receive a project ID with inherited POSIX attributes

. Nodemap groups client nodes by their NIDs and enforces a designated on subdirectories

fileset path (subdirectory)

149 « Tenant is assigned to a nodemap by defining UID/GID mapping rules o * Fast tenant setup and teardown managed by AIF Ansible AWX
automation

»3 ¢ Optional QoS, quotas, and network isolation via VLANSs or Pkeys

—1




Multi-tenancy & Isolation - Al Factory Design
One Lustre file system securely partitioned by Nodemap-based isolation

HPE Al Factory composer

AIF + Ansible AWX

Tenant

Compute Cluster — Lustre Clients Nodemap / Tenant Mapping

Client NIDs are classified by nodemap
Example NIDRange ~ Compute Nodes (Lustre Clients) and mapped to tenant-specific

permissions and filesets.

10.10.5.[5-10] m m | !
@02ib10 m | NODEMAP '
S oo 00 ‘

10.10.6.[15-18] smnn U mumn

@02ib20 ‘ el Wl :  MaehliD:

Ranges
.10.10.[4- ‘ S R
10.10.10.[4-9] m m m P M Y L

@02ib30
Assign Share

Shared Lustre Filesystem
ClusterStor E2000

[ ——
L © . /shares/tenant1/Tenant1
/shares/tenant2/Tenant2

-
—© - /shares/tenant3/Tenant3

[ S——

Permissions l ‘
10.10.3.[3-9] m m m Q———J_.
@02ib40 | \
Assign Fileset
10.10.1.99 L s Ereal)
@o2ib i |
Ve e > X Access denied

- /shares/tenant4/Tenant4

Single comprehensive control plane

* All multi-tenancy actions are managed by the Neo DP-API (e.g., Redfish/Swordfish) supporting both internal and external token-based access

% * ALL monitoring (hardware, software, services etc) and most of the control plane for other Lustre functionality are handled by the DP-API

* ClusterStor use a very similar design to the SlingShot and Cray SuperComputer management planes (all can be controlled by a single instance)

https://support.hpe.com/hpesc/public/docDisplay?docld=sd00002916en_us&page=index.html
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HPE Cray Supercomputing S' X

© Inte siker  https://e2kp8n000.hpc.amslabs.hpecorp.net/configure/network/hsn

Network Filesystem Security General

HSN EAN

Lustre Data Network Range

@ Allocated IP ranges: 10.230.7.97,10.230.7.99, 10.230.7.[101-112]

IP Range Start IP Range End

10.230.7.97 10.230.7.126

®

IP Routing ®

®

( Choose file to upload (.txt) )

Cray Supercomputing Storage System CS-E2000 7.3-010 © 2026 Hewlett Packard Enterprise Development LP Terms Privacy Security




o . O PyTorch 1'-“ deos
Multi-tenancy in DAOS @ python  TensorFlow
Erasure coding and “I/O Personality” runs on Client

R LR R EEEEEEEEEEREEEES ERTIIEEREEE

Al/Analytics/Scientific Workflow

POSIX /O s3 Block NVMe-oF MPI-IO Hadoop PyTorch

“upes 4
FeU'Sg'&'l Files Radosgw SPDK DAOS bdev DAOS ROMIO Connector TensorFlow
nterCepUOn

HDF5 .

libdaos (key-value-array interface)

Native key-value RDMA (UCX/Libfaric)

Native array

Dedicated and Exclusive DAOS Container per Tenant

Domain-specific data models under

L . Generic I/O Middleware/frameworks development in co-design with partners



Storage Pooling - Multi-tenancy

Apollo Tenant Gemini Tenant

Dataset 1 Dataset 2

Mercury Tenant (Container)

Dataset 4

DAOS System

oooooo

Pool1 @B | Apollo Tenant 100PB 20TB/s 200M IOPS

Pool 2 @8 | Gemini Tenant 10PB 2TB/s 20M IOPS

— Pool 3 @@ | Mercury Tenant 30TB 80GB/s 2M IOPS




HPE=

What about advanced data management
and archiving in modern file systems?



II H pCW"Qe SECTORS v TOPICS v RESOURCES v SPECIALS v ABOUT v

Data Movement's Where the Value Is, Says Former Cray CEO Ungaro

COMMUNITY

by Alex Woodie | September 8,2026 O X B & =

https://www.hpcwire.com/2026/09/08/data-movements-where-the-value-is-says-former-cray-ceo-ungaro/
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Total Tiering Solution

ClusterStor Platform

Lustre
namespace

Metadata

Tier 1
Flash

SSD

Tier 2
Disk 0"

<
\
MDS/MDT

Scalable Tiering Services
(Running on the SMU or DMs)

Indexing

Embedded
Index
extensions

Scalable

User

<
Query Ds\_r\‘ﬂ

Search

Engine

Query, Summary,

I\

{7

| Tiering Services

“Within the file system” tiering and
file search index for active data

Enables advanced data management

+ Embedded FS Index
¢ Optimized search

w policy |l « Customizable policies
olicy [ . . .
ETEE e _I Data movement via policy or CLI
I « Scale out data movers
=& « Data purging
ey Ttarine Administrator - OST Rebalancing/Drain OSTs
Engine « File system statistics
Internal Data Py
Mover T Data Management \{ Versity Namespace reflestion
= Framework (DMF) using Indexing
OSS/OST ZeroWatt Storage
External Data & ol :(ler& o3 == —
ou R o R
Movers @ Secondary Facility FILESYSTEM I s
Tape Media —
ﬂ 21




Data Mobility Framework - Concept

Single Virtual Name Space

Compute system
CPU or CPU/GPU

Parallel File Systems

Lustre
IBM Storage Scale

> SSD|SSD|5

3 Data placement
Data movement

SSDlSSDlSSD 5SD

Data Mobility Wide Area Data
Framework Mobility
(CMF, FAIR, iRods)
o o
2 N
‘_L‘ Tape
(=) & globus
Warm Archive C-l:‘.- q w
 — — — ou
PIPIPR | =y IBM AFM
|'do_" BlcioERo 5 Lustre over WAN
") Datalake Scality Ring etc
@ (e.g., Ceph)

Data Mobility Framework




Thank You

For listening to a madman's ramblings

tkp@hpe.com

andreas.mueller2@hpe.com

: © 2026 Hewlett Packard Enterprise - HPC & Al Business Unit


mailto:tkp@hpe.com
mailto:andreas.mueller2@hpe.com

	Presentation
	Slide 1: The status of Lustre and other  open-source file systems at HPE
	Slide 2: Agenda
	Slide 3: Brief history of ClusterStor
	Slide 4: HPE powers 6 of the world’s Top 10 most powerful supercomputers
	Slide 5: For the most demanding leadership supercomputing sites*
	Slide 6: DAOS roadmap
	Slide 7: Lustre vs DAOS performance comparison
	Slide 8: Setting the Stage
	Slide 9: Media price increase over time
	Slide 10: Impact of HDDs in the “big picture”
	Slide 11: The “Lustre Effect” in large-scale NVIDIA system (PODs and SuperPODs) 
	Slide 12: Does the “perceived” lack of multi-tenancy features in Lustre hold us back?
	Slide 13: Nvidia RA dictating new functionality and design
	Slide 14: Multi-tenancy & Isolation – AI Factory Design
	Slide 15: Multi-tenancy & Isolation – AI Factory Design
	Slide 16
	Slide 17: Multi-tenancy in DAOS
	Slide 18: Storage Pooling - Multi-tenancy
	Slide 19: What about advanced data management and archiving in modern file systems?
	Slide 20
	Slide 21: Total Tiering Solution
	Slide 22: Data Mobility Framework - Concept
	Slide 23: Thank You


