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Infroduction

e Monday Tutorial
« Exploring High Performance Storage with DAOS (hands-on)

e Today’s Presentations
« DAOS - New Horizons for High Performance Storage (overview)
« Enhancing RPC on Slingshot for Aurora’s DAOS Storage System (networking aspects)
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DAOS Foundation - A Project of the Linux Foundation

Learn more about how to join the DAOS Foundation here: https://daos.io/how-to-join-the-daos-foundation.
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DAOS: Nextgen Open Source Storage Platform
Distributed Asynchronous Object Storage

--------------------------------------------------------

e Platform for innovation (beyond POSIX) .- Compute Instances
* Files, blocks, objects and more '
e Full end-to-end userspace

e Flexible built-in data protection
« EC/ replication with self-healing

GPGPU Al / Analytics / Scientific Workflow CPU

HPC /O Big data
 Flexible network layer
e Efficient single server : libdaos (key-value-array interface) :

« O(100) GB/s and O(1M) IOPS per server

e Highly scalable

o Tens of TB/s, billions of IOPS

Ofa re a-l-ed erformance ........................................
ggreg P DAOS Instances °

o O(AM) client processes Admln DAOS
e Time to first byte in O(10) us DAOS Engines
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DAOS Design Fundamentals

e No read-modify-write on I/O path (use versioning)
e No locking/DLM (use MVCC)

» No client tracking or client recovery

e No centralized (meta)data server

» No global object table

\

J

Scalability &
Performance

e Non-blocking 1/O processing (not limited by threads) } High IOPS

e Serializable distributed transactions
e Built-in multi-tenancy
e User snapshots (rollback exposed to user)

E—

\

-

Unique
Capabilities
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DAOS Architecture Evolution

With Persistent Memory Without Persistent Memory

Compute Node

Compute Node

DAOS Library DAOQOS Library

Network (TCP
or RDMA)

Network (TCP
or RDMA)

DAQS Storage Engine

DAQS Storage Engine

Memory NVMe Memory NVMe
Interface Interface Interface Interface

WAL
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DAOS Storage Pooling and Multi-Tenancy

Apollo Tenant

POSIX Container ' HDF5 Conftainer

Do | D G @G

dataset ] :
s

{ POSIX Container

Gemini Tenant

.................................
o e

Mercury Tenant

{ Python KV Store
; M[ value

E l key l[ value

:
:
H
3
.
.

ke
ke’

Pool 1 B Apollo Tenant

100PB 20TB/s 200M IOPS
Pool 2 [ | Gemini Tenant 10PB 2TB/s 20M IOPS
Pool 3 B Mercury Tenant 30TB 80GB/s 2M IOPS

DAOS
System
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DAOS Object Model

Array

Mapping Object
Multi-dimensional
/Con‘rainer (e.g., POSIX) \ /Comainer \ Array
obj1
128-bit Object
=y| =\|
Key-value
Store
The 128-bit DAOS OID includes:
* Lower 96-bit: user’s object ID o .
* Upper 32-bit used by DAOS to specify: Multi-level
* DAOS object type: KV, array, multi-level KV Key-value Store

* DAOS object class: data distribution and protection
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DAOS Software Ecosystem

---------------------------------------------------------------------------------------------------

Compute Instances

GPGPU Al/Analytics/Scientific Workflow CPU

POSIX 1/O Block

S3 NVMe-oF Hadoop PyTorch HDF5

“Files” SEGY FDB ROOT

FUSE & Interception od

libdfs (Parallel Filesystem)

DAOS VOL

Radosgw SPDK DAOS Connector TensorFlow

libdaos (key-value-array interface)

Native array Native RDMA
key-value (UCX/Libfaric)

: . Generic 1/0 Domain-specific data models under
Middleware/frameworks development in co-design with partners cuc2025|©HPE | 9



POSIX 1/0 Support

e DAOS File System (libdfs) « 1 Single Process Address Space Sys#e? o
« Implements POSIX namespace in a container Linux
« Userspace 1ibdfs. so library (requires application ATPRIIEERIeNi) TS Kernel
changes) ;
« Full OS bypass, asynchronous I/O; no caching
e FUSE Daemon (dfuse) « 2 Interception Library L

« Transparent POSIX access (no application changes)
« VFS mountpoint through dfuse; high latency
« Caching by Linux kernel

e |/O interception library (libpiladfs) <3

« Combined with dfuse; data & metadata interception

« LD PRELOAD=/usr/1ib64/libpilddfs.so
(or libioil. so)

« mmap and binary execution via dfuse

Kernel Bypass

DAOS Library (libdaos)

RDMA (Bulk
Data)

RPC
(Metadata)

DAQS Storage Engine
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Pytorch Data Modules ENAKTA 3

L AaBS

e Collaboration between Enakta Labs and Google

e DatalLoader and Checkpoint modules (uses DFS)
« Support for both iterable and map-style datasets
« High parallelism using several DAOS event queues
« Parallel namespace scanning using dfs anchor API

Tirm o complete epoch, ssconds

Test results
Large 10: 100,000 of 4MB samples, batch size=32, 1 reader
0 dfuse B pydacs.torch

o=t |- __
np=4 -_ -
8 — 3
P — ]
P —— ]

0 1500 0 1250 2500 3750 5000

ENAKTA

pytorch.utils. *

Y e

torch api.py

torch_shim.c

DAOS Filesystem
(libdfs)

Time to scan 1.1M Files

Regular scan 291s

Optimized scan | 32s

CUG 2025 | © HPE |
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DAOS Beyond POSIX: Storage Innovations

Python Container type and PyDAQOS API

PRODUCTS ~ MORE + 2 B Q, searchintel.com

DAOS APIs, incl. transactions
(PMTutorial by A. Jackson and M.

Chaarawi)

daos_tx open(coh, &th, ...
restart:

daos_obj fetch(..., th, ...);

daos_obj update(..., th, ...);

daos _obj fetch(..., th, ...);

Developers Topics & Technologies v DAOS in Python with PyDAOS

Storage

Unlock the Power of DAOS in Python with PyDAOS

1D Updated

685683 RS Computational Storage: DAOS pipeline API
(SQL predicate pushdown; optimized pfind, ...)

Introduction
Pools and Containers Filter: application

Yoeqposd ¥

PyDAOS Step by St : r— g
T ¥ Datatypes to interpret the data; 3 “¥%-¢ Compute Instance T— daos_obj update(..., th, ...);
A complete Example Supported: string, integer, and real C: double e - .
An Additional Example Using] D :double daOS_Ob]_dkey_punCh( sy th’- .. ) ;
JSON Files v Conditional filter: filter records by boolean - :

- rc = daos_tx commit(th, ...);
Summary expression tree OR >QL server == ! f

*libdsql is not av
A=B||A!=B&&C>D — li F The idea is to ab
! = AND application some of the code}

/\ /\ storage engine w

B : . for MariaDB and

libdaos library for any da

that processes 5(

if (rc == -DER_RESTART) {
daos_tx restart(th, ...);
goto restart;

By Eduardo Berrocal Garcia De
Carellan, Eeheet Hayer

p-d
o
/I\
\V

D/

B C

}

Aggregation filter: aggregation of arithmetic daos_tx close(th, ...);

expression tree SUM( )
\ Pipeline of filte Filtered/aggregated data
SUM(D + C / 10) /‘f\ (RDMA)
D ,, ..."._.'

c 10 DAOS Cluster
Filter 0 Fiter 1 B Fitter N [ Y I YT T T T OX=s
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https://www.intel.com/content/www/us/en/developer/articles/case-study/unlock-the-power-of-daos-in-python-with-pydaos.html
https://github.com/NGIOproject/PMTutorial

DAOS Beyond POSIX: Storage Innovations - HDF5

e Remove inherent POSIX limitations from HDF5
e New functionality provided in DAOS VOL plugin: Application

« Independent object creation <
—H5daos_set_all_ind_metadata_ops HDF5 API
— Avoids collective synchronisation across ranks ~

« Maps: application-defined K/V store HDF5 Virtual Object Layer (H5F, H5G, H5D, ...)

- H5Mput/H5Mget / \

« Asynchronous I/O

Native

VOL connectors

Create Write to Close 'l'
dsetl dsetl dsetl es_1id = HBEScreate();
fid = H5Fcreate_async(..., es_id); .
Create o_) o ? o gid H5Gereate_asynec(fid, ..., es_id); MPI I/o DAOS Cllent
Close Close didl = HS5Dcreate_async(gid, ..., es_id);

Create group . 3
file £ig gid gid fid H5Dwrite_async (didl, ..., es_id); 1 \ 1
didZ = H5Decreate_async(gid, ..., es_id); Network
o_)'o o_)'o > H5Dwrite_async (did2, ..., es_id); p4 ¥
H5Dclose_async (didl, es_id); -
H5Dclose_async (did2, es_id); m MPI /O ROMIO

(
5 3 H5Gclose_async (gid) ; i
o o o HS5Fclose_async (fid); DFS driver

H5ESwait (es_id, ...);

-—

DAOS
Server

: cuc2025|oHPE | 13
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DAOS Deployments at ALCF (Aurora) and LRZ (SNG2)

Compute Nodes:
2x Intel SPR+HBM, 6x Intel Xe “PVC” GPUs, 8x HPE Slingshot

1024 DAOS Servers (Intel M50CYP):
2x Xeon 5320 26core 2.2GHz CPUs
16x 32GB DDR4 DRAM
16x 512GB Intel Optane 200 PMem
16x Samsung PM1733 15.36TB NVMe (gen4)
2x HPE Slingshot (200Gbps)
—> 16k NVMe (250PB), 16k PMem (8PB), 2k engines

E—

- g o — WA

RYZI?SuperMUC-NG |

Lenovo

Compute Nodes:
2x Intel SPR, &x Intel Xe “PVC” GPUs, 2x NVIDIA HDR

42 DAOS Servers (Lenovo SR630v2):
2X Xeon 8352Y 32core 2.2GHz CPUs
16x 32GB DDR4 DRAM
16x 128GB Intel Optane 200 PMem
8x Intel P5500 3.84TB NVMe (gen4)
2x NVIDIA HDR InfiniBand (200Gbps)
- 336 NVMe (1.3PB), 672 PMem (84TB), 84 engines

cuG2025|©oHPE | 14



DAOS Performance - SC’24 10500 Production List

1O
10
10
10
10
10
10
10

#1

00000

BOF INSTITUTION

sC23
SC23 LRZ
S5C23

SC24 MSKCC

Certificate

10500 Performance Certification

This Certificate is awarded to:

Argonne National Laboratory
(Aurora DAOS EC)
#1 in the 10500 Production Overall Score

500 November 2023
10500 stesrsny o _

NN

https://i0500.0rg/list/SC23/production

E—

ISC23 EuroHPC-CINECA

10
10
1O
10
10
1O
10
10

Argonne National Laboratory

King Abdullah University of Science
and Technology

IOR & FIND

EASY WRITE

EASY READ

HARD WRITE

HARD READ

FIND

INFORMATION
s gromce
Aurora Intel
TN Lanvo
Shaheen |l HPE
IRIS WekalO
Leonardo DDN

FILE SYSTEM
TYPE

DAOS

DAOS

Lustre

WekalO

EXAScaler

20,693.63 GiB/s
12,122.87 GiB/s
4,216.34 GiB/s

9,706.55 GiB/s

229,672.10 kIOP/s

CLIENT
MODES

300

a0

2,080

267

2,000

METADATA

EASY WRITE

EASY STAT

EASY DELETE

HARD WRITE

HARD READ

HARD STAT

HARD DELETE

TOTAL
CLIENT
PROC.

62,400

6,480

16,640

27,144

16,000

10500
BW MD
SCORE T REPRO.
(GIB/S) (KIOR/S)
3216590 10,066.09 102,785.41
2,508.85 742,90 8,472.60
797.04 709.52 B95.35
665.49 252.54 1,753.69
648.96 Bovi12 521.79

60,985.13 kIOP/s
225,295.35 kIOP/s
57,648.44 kIOP/s
33,827.19 kIOP/s
141,467.16 kIOP/s
230,086.03 kIOP/s

62,196.78 kIOP/s
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DAOS Performance - System Comparison

SuperMUC NG Phase 2 DAOS IRIS MSKCC WekalO
e 42x Lenovo Storage nodes e 54x Dell Storage nodes
e 2Xx Xeon 8352Y CPUs (ICX) e 2x Xeon 5317 CPUs (ICX)
« 512GB DRAM » 256GB DRAM
o 8x 3.84TB NVMe SSDs o 8x15TB NVMe SSDs
o 2X HDR IB NICs o 2X HDR IB NICs

2TB Optane Persistent Memory 200

e 90x Client nodes e 261x Client nodes

: cuc2025|oHPE | 16



DAOS Performance - SC’24 10500 Production List (bigger is better)

10500 Score per Server 10500 BW per Server (GiB/s) 10500 MD per Server (kOps/s)
70.0 20.0 250.0
18.0
60.0
16.0 200.0
50.0 14.0
40.0 12.0 150.0
10.0
30.0 8.0 100.0
20.0 6.0
4.0 50.0
10.0
2.0
0.0 0.0 0.0
Storage Systems Storage Systems Storage Systems
m DAOS (ANL) DAOS (LRZ) m DAOS (ANL) DAOS (LRZ) m DAOS (ANL) DAOS (LRZ)
m Lustre (KAUST) mWeka (MSKCC) m | ustre (KAUST) m Weka (MSKCC) m Lustre (KAUST) m Weka (MSKCC)

: Source: https:/io500.0rg cuG20251©HPE | 17
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DAOS Resources

e DAQOS Foundation landing page
 https:/daos.io/ ,.

daos

daos_scaled testing

e Community Resources

Github: https:/github.com/daos-stack/daos
Online doc: https://docs.daos.io/

Mailing list & slack: https:/daos.groups.io/
YouTube channel: https://video.daos.io/

e Virtual DAOS User Group on May 22, 2025:
« htips:/daos.io/event/virtual-dug-25

New Topic

Sungroups

(OO JECRE - - SR

& sickCnat

Distributed Asynchronous Object Storage «.

;i op ok e up o

e

Group Information

Top Hashtags '
=e
Message History

dan Feb Mar Ao
2o 3 I n
2018
201

© Marmbars can ok their missages,

voval from the madsraters.
from the maderaiors.

rom e o

3

* YouTube ™

= £S5 ©

Agenda

Time (1)

50

g,

Presentation Time (€T}
Wekcome & DAGS Updute
I DAOS with ntel GAT

'DAOS Adventures 1 CERN Openiab
Mg F Mo, ComputesErginie, CERN

Storing High- Energy Posics data i 0AOS 12500m
varopes Gomes Fellom, CERN

DAOS-SEGY Mapping
Hernt Motesd, soGete Softmers Erginens, Brghtskion
DADS Misdiewsre Update

amposabl Storage Architectres

0 renching ik
e

HPEHPC CTO ChietStorsge vcntect

Closing remarks
Kelsey Prant, AGS team masager. Il OFG

Reminder: we have a very full agenda; agenda times will be strictly enforced
All sessions today will be recorded and posted on our YouTube channel at https://bit.y/3pHHxcL

CUG 2025 | © HPE |
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DUG'20: 01 - Welcome & DAOS
Update

DUG'20: 02 - Accelerating
Apache Spark with DAOS on._.
DUG20: 03 - Online
compression with QAT in DAOS
DUG20:
Update

- DADS Feature

DUG'20: 05 - Very Early
Experiences with a 0.5 PByte.

DUG20: 06 - DAOS Adventures
at CERN Openlab

DUG20: 12 - DAOS in Lenovo's
HPC Innovation Center

DUG20: 13 - HPE's DAOS
Solution Plans

18
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Thank you

jerome.soumagne@hpe.com
michael.hennecke@hpe.com
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