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Abstract

CDI-PIO is the parallel I/O component of the Climate Data Interface (CDI) that is
developed and maintained by the Max-Planck-Institute for Meteorology and
DKRZ. It is used by ICON, MPIOM, ECHAM, and the Climate Data Operator
(CDO) toolkit. The two main I/O paths for output data are writing GRIB files using
MPI-10, and writing NetCDF4 files using HDF5 (which may then also use MPI-I0,
or other VOL plugins).

The Distributed Asynchronous Object Storage (DAOS) is a new open source high
performance object store for storage class memory and NVMe storage, which has
been integrated into the ROMIO MPI-IO implementation. The HDF5 consortium is
also developing a native HDF5 VOL plugin for DAOS.

This presentation will outline how CDI-PIO can be run on a DAOS storage system
using the ROMIO DAOS backend. We will also report first performance results
comparing Intel DAOS and IBM Spectrum Scale on similar NVMe storage
hardware.
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Climate Data I/O Interface (CDI)

http://code.zmaw.de/projects/cdo
Climate Data Operators (CDO) C and Fortran API
CDI Core

Part of CDO is the I/O interface CDI (Climate
Data Interface), which it shares with all major
MPI-M climate models (ICON,MPIOM,ECHAM)

* GRIB1 via CGRIBEX (MPI-M)

* GRIB2 via GRIB-API/ECCODES (ECMWF)

* NetCDF, CF-convention (UNIDATA)

« SERVICE, EXTRA, IEG (MPI-M binary formats)
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CDI with Parallel 1/0

CDI+CDI-PIO
http://code.zmaw.de/projects/cdo

Climate Data Operators (CDO) C and Fortran API
CDI Core

Part of CDO is the I/O interface CDI (Climate
Data Interface), which it shares with all major
MPI-M climate models (ICON,MPIOM,ECHAM)

* GRIB1 via CGRIBEX (MPI-M)

* GRIB2 via GRIB-API/ECCODES (ECMWF)

* NetCDF, CF-convention (UNIDATA)

« SERVICE, EXTRA, IEG (MPI-M binary formats)
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Data Flow Example with 9 Compute PEs and 2 I/O PEs

9 Compute PEs 2 1/O PEs File

Y/ Converting to GRI
Compressing
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The 1/0O Software Stack

NetCDF4 output

GRIB output
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The DAOS Exascale Storage Stack — Software Architecture
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Three Ways of POSIX Filesystem Support in DAOS

Single process address space

Application / Framework dfuse
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End-to-end userspace DAOS library (libdaos)
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Porting CDI-PIO to DAOS - Baseline on GPFS-NVMe

CDI-PIO pio_write_deco2d —m 384 —n 768 —z 9% —y 120
—p PIO_MPI_FHW_AT_ALL —gpio—role—scheme=1ast
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Porting CDI-PIO to DAOS - Using dfuse mount (1)
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CDI-PIO pic write_deco2d —m 384 —n 788 —z 9% —y 120
— PIO_MPI_FLW_AT_ALL —gpio-—role—scheme=last
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—f ncd GPFS—NVYME 24cli 3srv ——
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Porting CDI-PIO to DAOS — Using dfuse with TOIL library (2)

CDI-PIO pio_write_deco2d —m 384 —n 768 —z 9% —y 120
—p PIO_MPI_FHW_AT_ALL —gpio—role—scheme=1ast

3% ————————————— 7 —————————————————
—f nc4 GPFS-NVYME 24cli 3srv ——
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300 - —F ncd DAOS-I0IL 24cli 3srv _
—f orb DAOS-I0IL 24cli 3srv
—F orb2 DAOS-I0IL 24cli 3srv —%F—

E 250 -
g
3
o 200
|
[
<
+ 150 4
8
S
= 100
2
50 | MPI_OPTS="-env LD_PRELOAD /usr/1ib64/1ibioil.so"
-gprefix=/daos/daos_clx_devl/mhennecke/cdi-pio
0 L L L L L PR R | L L L L L L M| L L L L L L ..|
B 12 24 48

—w I0_AGGREGATOR_TASKS

Lenovo @ >>> 2021 Lenovo and DKRZ. All rights reserved.

daeaos



Porting CDI-PIO to DAOS — Using ROMIO DAOS driver (3)
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MPI wallclock for —t 10 [sec]
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A Closer Look at the MPI Profiles (,LAST“ Mode)...
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,BALANCED" Mode: One I/O Aggregator Task per Node

CDI-PIO ,LAST® Mode:

* |/O aggregator tasks are the last MPI ranks
In the job = get allocated on the last node:

o0 o0 [ X ) [ X ) @ Compute task
o0 o0 o0 o0 @ /0 task

« Used in production, works well with task
allocation of simulation codes like ICON

CDI-PIO ,BALANCED" Mode:
* One I/O aggregator task per node:

o0 o0 ( N ( N @ Compute task
[ N L N ) o0 0 @ !/ Otask

* Not yet used in production, but promising...
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,BALANCED" Mode: One I/O Aggregator Task per Node
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Next Step: HDF5 VOL Plugin for DAOS (no MPI-10, no POSIX)

Application
Y
HDF5 API

Y
HDF5 Virtual Object Layer (H5F, H5G, H5D, ...)

@ / \ 0} H5Pset_fapl_daos()
= - @)
e (o export HDF5 VOL_CONNECTOR=daos
VOL connectors
Y l
MPI /O DAQS Client

Figure 1 — DAOS within Virtual Object Layer. All of the HDFS5 I/O related calls are routed to the DAOS VOL connector.
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DAOS Documentation

SOLUTION BRIEF intel.
Distributed Asynchronous Object Starage (DACS) ( -
Intel® Optane™ Technology

DAOS: Revolutionizing High-Performance
Storage with Intel® Optane™ Technology

s - ial prowth of data, distrit have
(intel) OPTANE DCOD oty henear b e ortenec of s ceors i ey amscree, poor
sclaity, ifcaly managig e citasets andlack ofquery cepablies = st

Trciftional storag for
rotating media and for 205D

Ko pariormance battianeck, and they cannat avolve B Suppor now data modls and
nest-genaration workfiows.

The Convergence of HPC, Big Data, and Al

Storage requirements have continued to evolve, with the need to manipulate
ever-growing datasets driving afurther need to remaove barriers between data
and compute. Storage is no longer driven by traditional workloads with large
streaming writes like checkpoint/restart, but is increasingly driven by complex
HOpattm from new storage pillars. High- pericrmance data-analytics workloads

a5t quantities of ranc and writes. Artificial-intelligence
(M} workloads are readlngfarmorethmtmdmmal high-performance computing
(HPC] into an HPC duster require
bmer quality of service [Qo ]to avoid dataloss. Data-access time is now
becoming as crtical as write bandwidth. New storage semantics are required to
query, analyze, filter, and A inwhich
naxt-generation mrkﬁnwsmmhms HPC, big data, and Al 1o exchange data and
‘communicate is essential.

DAOS Software Stack

intel has been building an entir data-centric
computing, fully optlmzed for Imel arcnac VM)
technoiogias, including Intsl® Optane™ DC persistent memory and Intel Optane DC
550, Distributed Asynchroncus Cbject Storage (DADS) is the foundation of the Intel
exascale storage stack. DAOS \sanupanswmewftm-deﬁmd scale-outobject
stors that provides high bandmdth. and gh per second
fioes) ion data-centric
wcrtﬂ.cwsmmmbmeslmlanon daxaanamu and AL

Intel's HPC Solution Brief:
DAOS with Optane Technology

Dhabaleswar K. Panda (Ed.)

LNCS 12082

Supercomputing Frontiers

6th Aslan Conference, SCFA 2020
Singapore, February 24-27, 2020
Proceedings

@ Springer

Intel / Lenovo DAOS Article
( SC-Asia, Springer LNCS 12082)
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Designing DAOS Solutions
with Lenovo ThinkSystem
SR630 V2 Servers
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DAOS: Distril Di ibes the SR630 V2
Asynchronous Object Storage hardware configurations
for DAOS

Explains the design choices Provides capacity and
for DAOS storage sizing guit

Michael Hennecke

DAOS on Lenovo SR630, SR630v2
( LenovoPress LP1398, LP1421)


https://doi.org/10.1007/978-3-030-48842-0_3
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https://doi.org/10.1007/978-3-030-48842-0_3
https://www.intel.com/content/www/us/en/high-performance-computing/daos-high-performance-storage-brief.htm
https://lenovopress.com/lp1421-designing-daos-storage-solutions-with-sr630-v2
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DAQOS Server Architecture:

6x Optane PMem
(128 GB)

4x P4610

(1.6 TB)

—

NVMe 0
——

—

NVMe 1
——

[

NVMe 2
——

—

NVMe 3
e ——

4x

4x

4x

4x

—

< 10x U.2 drive bays

gen3

16x

. enovo Thin

AEP
2666

]

AEP
2666

AEP
2666

AEP
2666

IE3[E1]

AEP

2666 2666

AEP
2666

AEP
2666

AEP
2666

RENEA EA e

(&

I

AEP

2666

(128 GB)

DDR
2666

DDR
2666

DDR

2666

J

DDR

2666 2666 2666 2666

( (
DDR DDR DDR DDR
2666

|

DDR
2666

|

s

CPU 2
CascadelLake-EP

6238 Gold
(22C 140W 2.1GHz )

gen3
16x

InfiniBand /
100GbE

CPU 1
CascadelLake-EP

6238 Gold
(22C 140W 2.1GHz )

gen3 8x

gen3
16x

gen3
8x

= PCH

InfiniBand /
100GbE

Lenovo @ >>> 2021 Lenovo and DKRZ. All rights reserved.

daeaos

gen3 8x

KSystem SR630

] 6x Optane PMem

10x U.2 drive bays

4x

4x

4x

4x



GPFS Server Architecture: Lenovo ThinkSystem SR630
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