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Future and
Emerging
Technologies-
High
Performance
Computing
(FET-HPC)
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The new European HPC

research landscape PRACE
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Funded by the

ESCAPE partners & expertise D

Global operational NWP
Petaflop data centre

Numerical methods, parallel computing

Regional operational NWP
Key technology development Numgical methods

Parallel computing
\ \/< Regional operational NWP
' ‘ e Teraflop data centre

Numerical methods £ optalysys RMI ¥ / Physical processes
Teraflop data centre
Parallel computing \_ BB Loughborugh Teraflop data centre

& Parallel computing
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L

Teraflop data centre /
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w v

Numerical methods

NS

K Hrol devel Key technology development
ey technology development . . Parallel computing
Parallel computing Regional operational NWP

Petaflop data centre
Parallel computing

_—
Petaflop data centre \ / Mete:Swiss

<SS ECMWF

) . p ——— Loughb: h
fllcHEC 3::;:,“““""““.“"1,::35 @Optalysys Ball PsNCD University 2

Toujours un temps d’avance
RMI NVIDIA.

MeteoSwiss

; .‘ <X [ METEO FRANCE



Funded by the

European Unicon -

ESCAPE

Member States ~das
34 countries

Co-operating States

Under negotiation

7 countries X\ COSMO

11 countries "« HIRLAM )

16 countries 7/ ALADIN/RC-LACE/SELAM
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Hardware

* hybrid computing model seems to be here to stay;

Funded by the

Required: Billion-way parallelism -

[Dongarra et al. 2015]

* memory systems will become ever more complicated; I I P( :
=

* hardware faults require fast adaptation strategies.

— |Interconnection technology is seriously lagging behind computing power: 2-3 orders of magnitude gap!

communities.”
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Funded by the

ESCAPE key objectives -

1. Define fundamental algorithm building blocks (“Weather & Climate Dwarfs”) to co-design, advance,
benchmark and efficiently run the next generation of NWP and climate models on energy-efficient,
heterogeneous HPC architectures.

2. Diagnose and classify Weather & Climate Dwarfs on different HPC architectures

3. Combine frontier research on algorithm development and extreme-scale, high-performance computing
applications with novel hardware technology, to create a flexible and sustainable weather and climate
prediction system.

4. Foster the future design of Earth-system models and commercialisation of weather-dependent
innovative products and services in Europe through enabling open-source technology.

5. Pairing world-leading NWP with innovative HPC solutions.

U= s =
£ o METEO FRANCE eutscher Wetterdiens g L\ g 1) CPSNC Loughborough
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ESCAPE workflow

... hardware
adaptation ...

... explore alternative

numerical algorithms ... ... reassemble model

and benchmark

Extract model dwarfs...

e ——— L hb h
METEO FRANCE [ICHIEC ‘Dt wettardienst E @ Optalysys Bull PSNCD University
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What is a dwa rf? European Union -

Weather & Climate Dwarfs encapsulate basic algorithmic motifs by
breaking down numerical weather prediction legacy codes into key
functional components - in analogy to the Berkeley Dwarfs.

Weather & Climate Dwarfs are distinctly motivated by the requirement to
maximise computing performance, energy consumption, as well as time-

and-cost-to-solution.
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NWP & Climate Model

Why focus on Dwarfs?

Path-based approach
©  Semi-Lagrangian +
©  semi-implicit time-stepping

Du (Coupling <
= =L +Nw)+P+C |——
Dt
(D)ynamics (P)hysical parametrization
'

dwarf-P-radiation

dwarf-P-cloudMicrophysics

dwarf-D-advection

Grid-point Spectral
dwarf-D-GPderivative dwarf-D-spectralTransform

dwarf-D-ellipticSolver

dwarf-I1-LAITRI

Project fields u onto given space

\ 4

Re-project fields u# back

SCECMWF

MeteoSwiss
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No 1: sequential with time steps (10d x
24h x 3600s / 450s = 1920 @ 9km

Transforms: communication bandwidth,
memory

Advection: halo-communication, scalability

Physics: expensive calculations, scalable

Ocean waves: expensive calculations, load
balancing

3D-solver: iterations, memory,
communication bandwidth

Transforms: communication bandwidth,
memory

) wr
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Relevance of Dwarfs e -

% of the entire runtime

IFS 9km (ECMWF) ALARO-EPS 2.5km (RMI) COSMO-EULAG 2.2km (PSNC)
18%
p,.

55% 55%

M spectral transform B semi-Lagrangian B GCR solver B MPDATA

M radiation B cloud microphysics (IFS, est.) not in ESCAPE
o - & g
- @a METEO FRANCE Deutscher Wetterdienst A “DENC i Logghb?rOUgh
c ECMWF - s..., ._. ﬁ R'A NVIDIA. Toujours un temps d’avance M\\Lgmugmg‘ Wetter und Klima aus einer Hand E V Optalysys Bull. KES_N‘S‘) + University
eteoswiIss Dmi %



Funded by the

Dwarfs and Programming A -

Open| Open
AF(’ZC DSL | Optalysys

prototype | docu- | based
implemented | mented |on Atlas MP
D - spectral transform - SH
D - spectral transform - biFFT 2: first version
_ _ _ _ _ _ runnin

D - advection - MPDATA ¢
@: planned

D - advection - semi-Lagrangian empty cells: not

part of ESCAPE

D - elliptic solver - GCR

Q
Q
Q
Q
Q

D - elliptic solver - multigridPrecon

Q
Q
Q
Q
S

P - cloud microphysics - CloudSC

Q
Q
Q
Q
Q

P - radiation scheme - ACRANEB2

Q
Q
Q
S

| - LAITRI (3d interpol. algorithm)

2
Q
Q
Q
Q
Q
()

SCECMWF
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Hybrid Computing — single GPU

cache bandwidth limited compute limited
10000 T !
= .
1000
O
_ 0.0123s(14X) by.
b 0.0057s (57x) _ _ * exposing parallelism in loops for OpenACC
£ Spherical harmonics dwarf .
E 100 mapping
£ i V00 Rooflne * Kernel optimization by memory mappin
% Advectlon dwarf A MPDATA 512 Before Optimization .. p y y pp g
& ® MPDATA 512 After Optimization ¢ eXpIOItIng CUDA BLAS features
A A SHTLI59 Before Optimization * minimizing data allocation and movement
10 A 017710 © SHTL159 After Optimization .
0.32455 (1x) e * (calling C /CUDA from PGI Fortran)
X SHTL159 Opt. (Matmult Only)
(Ax = 125 km)
1
0.1 1 10 100

Arithmetic Intensity (Flops/Byte)
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Hybrid Computing — multiple GPU  oseanunion

NVIDIA NGX-2 with NVSwitch

Energy/Time Tradeoff

N
Spherical-Harmonics-PT2 (orig), TL1279 (Ax = 18 km) ﬁ%ﬁ :
1600 NVSwitch NVSwitch NVSwitch 1 NVSwitch NVSwitch NVSwitch
T ' i '
. 128 NVSwitch NVswitch | NVwitch | NVSwitch NVSwitch NVswitch |

1400 PSS

number of nodes

1200 64 /
T 32
® .

Q.
£ 1000 . 24 Spherical Harmonics Dwarf TCO639 Test Case (Ax = 18 km)
£ @ O DGX-2 vs DGX-1V
F . 16 12 8 4
a ...
S LR R— ° .
[V} —
£ ” X 3 —&—DGX-2 T
SR -B-DGX-1V
& 2.4X
200 s 5
: I
815
0 g
0 100 200 300 400 500 600 700 'E 1
Time per timestep [ms] & 05
0
0 4 8 12 16
Number of GPUs
e ’
A, o @2 METEO FRANCE Deutscher Wetterdienst A VS 3l “PSNC = Lzlil\lger::ti’mugh
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Dwarfs vs Full model — multiple CPU

W

Funded by the
European Unicon

0.072-kW-(idle-power)

Energy cost [kl] & ALARO LAM at 2.5km

5000 £2,

®
1000 - *
3000
@
2200 4 ‘ p— O R ‘ m— Time to solution [s]
12min 30min 45min 1h 9% 3h 4h 5h  7h 10k 20h  30h 40h
?; .‘ @Z METEO FRANC i E A e 2 d) T T Loughborough
< ECMWF = o N = A NlCHEC iAo S~ Optalysys Ball CPSNCD University
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Mesh (distributed)

L Field (distributed)
A <. interpreted by
- f I : FunctionSpace
\ [ H
S - - A
Continuous Discontinuous Spectral
Finite Volume Spectral Element Spectral Element Transform

FunctionSpace \
--------- N
JaN

— Weather and climate DSL development may be
the only solution for enabling efficient science
development and producing performant and
portable code!

N <X
c ECMWF - MeteoSwiss omi NVIDIA.
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ESCAPE: Separation of concerns

storage

architecture
backend
. \

unstructured

Funded by the
European Unicon

boundary

conditions
halo i
exchanges @

grid

ctahedral

grid

GridTools

functionspace:: functionspace:: i ionsp
NodeColumns EdgeColumns StructuredColumns Spectral

JNET 3 1 Cos i 2
3 grid::Structured
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ESCAPE Publlc Website

http://www.hpc-escape.eu

NAVIGATION

EscAPE

ESCAPE

rrogcrcicaoud
[ g Wi

INTERACTIVE PORTAL

schedules. Existin
services s l-equi

https://software.ecmwf.int /wiki/display/ESCAPE

Calendars  Greate aQ

= CCECMWF

Spaces ~

Pages & 2 Edt © Watch

Energy-efficient Scalable Algorithms for We:
Prediction at Exascale (ESCAPE)

CHILD PAGES eter Bauer on 0ct 29,2015

Y IIRA

- Bug submission
- Issue tracking
- Feature requests

f5 Peges

X Confluence @ Stash
) VHV;};'NO - Software repositories

- Blog - git hosting

¢:Bamboo

- Compilation with
several compilers

- Unit testing (small)

- Continuous integration

[
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ESCAPE Software collaboration platform
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Master Code
Libraries

S S8

ecbuild atlas trans ifs
Test & Update
integration ESCAPE et

trans

feature/gpu

feature/phi

software.ecmwf. |nt!stash/prOJects/ESCAPE

ESCAPE .
ecbuild as trans

Temas
-,

dwarf 1.

2 g
) E
=3

trans

a
=
o
3.
=

/Partners \

ecbuild

atlas

clease develop

dwarf 4

feature/gpu

release develop

dwarf 4 @ develop

- ecbuild TAG 1.9.@
- fctest TAG 0.1.0
- grib_api TAG 1.15.0
- eckit TAG 0.70.9
- trans BRANCH develop
- atlas BRANCH develop
- dwarf4 BRANCH develop

trans

dwarf4

dwari 4 @ feature/gpu

- echuild TAG 1.9.0
- fctest TAG @.1.0
- grib_api TAG 1.15.@
- eckit TAG 0.10.8@
- trans BRANCH feature/gpu
- atlas BRANCH feature/gpu
- dwarf4 BRANCH feature/gpu
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ESCAPE Software stack -

Parallel, object-

A dwarf ! oriented data - Spectral transform
L structure framework library/interface
: F90
| atas —F—----- transi trans
Fo0 C C++ .
L. grib_api R —>D eckit C++ support library
GRIB encoding/ _
. CMake
decoding ecbuild fctest
Cmake macros Fortran unit
unifying build testing (BOOST)
S ECMWF 0»—-««~ i’i (o N | R s hdics ] 2::;11::.:!:::::‘:112::@ @Optalysys Bail <PsNCD [P
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From ESCAPE to ESCAPE-2 Furopeen tnlr

Neural networks x oesemmeimt || gy Ly Mathematics&algorithms
§ ()0 -u~ (1)@ A ker Rossby-Haurwitz test case after 7 days
hidden layers Woa T = = @ ﬁ . Path-based Control-volume-based
dwarf-D-advection-SemiLagrangian, dwarf-D-advection-MPDATA
Mathematical Algorithm I

Physics description development L,
I —— T— T —— = <

input layer

Domain science
1

on_edges( sum_reduction, v(), 10 ) / AQ

Domain specific language (GridTools) Atlas library sup
- — ——

OpenACC o s

implementations

O

memory layout,

Multidisciplinary
Abstralctlons

parallelisation Programming Hardware specific
& data structures models & libraries instructions
GridTools Processors
Intel CPU MultiCore GPU ASSP
. = ‘ |
. 'boundary ..':‘ i ’ : X =
= | _
TI DSP ManyCore FPGA ASIC
S Field (distributed)
I ' . % /\ F?&ﬂ?.@i:é Kokkos
rumovme g O Dot Syt <Flexlblllty, Programming Abstracti
sl
FunctionSpace o
o i ! é rmance, Area and Power Eﬂlclency>
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SCECMWF

From ESCAPE to ESCAPE-2

Spatial resolution

Time&energy-to-solution

Mathematical methods and algorithms:
* Semi-implicit, semi-Lagrangian CG/DG

* Hierarchical multigrid tools
* Fault resilient solver
* Artificial neural networks
and:
* DSL toolchain

Ensemble based URANIE
@ State-of-the-art

[

RMI

3iere

MeteoSwiss
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Model complexity

_ Benefitbeyondthe
~ state-of-the-art

Portability

Resilience
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Linpack —» HPGE 3 Climate and Wother

Benchmark

Funded by the

ESCAPE-2: HPCW -

High-Performance

benchmark

HPCW Specification Options for novel developments to be included
benchmark tier

Models

Systems

SCECMWF

ICON ocean FV Mathematics (finite-difference, time stepping), DSL
NEMO ocean FD Mathematics (time stepping), DSL
IFS atmosphere FV Mathematics (discretization, time stepping, fault tolerance), DSL

IFS atmosphere DG Mathematics (discretization, time stepping, fault tolerance), DSL

IFS atmosphere ST N/A (only as reference)
ICON atmosphere FV  Mathematics (neural networks), DSL

Kronos workload Simulating the above
simulator

sl P

i > M RA . p ————— Loughb: h
o u @Z TOUEI:Ir.SEuge':vps d‘!\vlacncEe g‘ CHEC Deutscher Wetterdienst E @ Optalysys Bail CPSNC D EE= U‘r"li‘vgers‘i’t;"ug
) RMI NVIDIA. A - —_——




Funded by the

Roadmap for weather & climate computing ™" -

| 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 |
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DATA ORCHESTRATION

L 4

N 0 esiwace . .
) s oo v ESiWACE-2?

Novel algorithms and benchmarks Feature applications

New technologies Cross-disciplinary Flagships o= G—— | [ [ ——
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