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ESCAPE stands for Energy-efficient Scalable Algorithms for Weather Prediction at Exascale. The
project will develop world-class, extreme-scale computing capabilities for European operational

numerical weather prediction (NWP) and future climate models. The biggest challenge for state-of the-art
NWP arises trom the need to simulate complex physical phenomena within tight production schadules.
Existing extreme-scale application software of weather and climate services is il-equipped to adapt to the
rapidly evolving hardware. This is exacerbated by other drivers for hardware development. with
processor arrangements not necessarily optimal for weather and climate simulations. ESCAPE will redress
thiz imhalanre thratgh innavation actions that findamentally refarm Farth system modelling. FSCARF
addresses the ETP4HPC Strategic Research Agenda 'Energy and resiliency’ priority topic, developing a
holistic understanding of energy-efficiency for extreme-scale applications using heterogeneous
architectures, accelerators and special compute units. The three key reasons why this project will provide
the necessary means to take 2 huge step forward in weather and climate modelling as well as
interdisciplinary research on energy-efficient high-performance computing are:

+ Nefining and encapsulating the findamental algorithmic huilding hincks (Weather & Climate
Dwarfs) underlying weather and climate services. This is the prerequisite for any subsequent co-
design, optimization, and adaptation efforts.

+ Combining ground-breaking frontier research on algorithm development for use in extreme-scale,
high-performance computing applications, minimizing time- and cost-to-solution.

+ Synthesizing the complementary skills of all project partners, ECMIWF and leading European
regional forecasting consortia are teaming up with excellent university research and experienced
high-per formance compuling centres, two world-leading hardware compeniies, and one European

start-up SME, providing entirely new knowledge and technelogy to the field.

ECMWF's partners in the project are Danmarks Meteorologiske Institut: Deutscher Wetterdienst: 'institut
Royal Météorologique de Belgique; Météo-France; MeteoSchweiz: Instytut Chemii Bicorganicznej Polskie]
Akademii Nauk: Loughborough University; National University of Ireland, Galway; Bull SAS; NVIDIA
Corporation; and Optalysys Ltd.
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News and Events

NEW FORECAST
MODEL AT
ECMWF 0n 10
March 2016,
ECMWF introduced
a new version of its
operational medel that provides
much enhanced horizontal reselution
in both forecasts and analyses. The
high-resolution single forecast s ...
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ESCAPE project is organising its 15t
Dissemination and Training
Workshop from the 18th to the 20th
October in Elsinore, Denmark. The
invitiation and call for contributions

[N S

H W Loughborough
y7 University

MeteoSwiss

NVIDIA.

W TN

B

4

e

The ESCAPE project has received funding from the European Union’s Horizon 2020 research and innovation programme
under grant agreement No 671627. This material reflects only the author's view and the Commission is not responsible for any use that may

be made of the information it contains.
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Traditional science workflow

Physical model ‘$

Mathematical description

Wind pv = Vp + pg — 2Qx(pv) +F

Pressurep =— (cpa/€,a) PV-V + (Cpq/c,q=1) Qy
Temperature pc,, i p+Qy,

Water pg? =-V - Fv— (I'+ If)
pgf =V - (PUf + FIfy + |if
Density p =p[Ry (1+(R,/Ry=1) q*- q'=q) TT™

Domain science and applied mathematics 1
Algorithmic description | =—{ —

= -4.0 * +
data(i+1,3,k) + data(i-1,4,k) +

data(i,j+1,k) + data(i,j-1,k);

Imperative code

v

Computer engineering
Compilation

[Schulthess 2015]
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Future science workflow

Mathematical description

Physical model

Wind pv =— Vp+pg-20x(pv) +F
Pressure p =—(,q/,q) PV-V + (0 /€= 1) Qp
Temperature pc,; T = p+Q,
Water pgv =—- V- Fv— (I'+ If)
PG =V - (PUf+ FM) + if
Density p =p[R; (1+(R,/R;~1) g*= q~¢" T

Science applications using a descriptiu\‘/
and dynamic developer environment

Imperative code

/

® o , o o Compiler front-end

Optimization / Iov.v-level libraries ,‘runtime
.

Architecture specific back-ends ®le o
Architecture 1 Architecture 2 Architecture N
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Algorithmic description

Multidisciplinary co-design
of tools, libraries,
programming environment

[Schulthess 2015]
NATURE PHYSICS
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accelerator

technologies

EG PUs, MICs,
optlcali

Defrmng
Weather &
Climate Dwarfs
that encapsulate
and modularise
key algorithmic
motifs

Dissermina-
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Training
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ESCAPE Objectives

.a’/ Parform
| i— | benchmarks
/ —\>, to inform
__.-' 'x_ updates
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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.

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.

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

Pairing world-leading NWP with innovative HPC solutions.
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What is a dwarf?

From Berkeley Dwarfs for Numerical Computing ...

- ~ how. . )
pectra S h & structured ) +
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: o : A dwarf encapsulates a relevant characteristic or required
Algebra - D & gebra Combinational Logic

Cranh Tesiarss functionality of an weather/climate prediction model and it is
meant to be a runnable and verifiable mini-application

/ Backfraciz& Rranch+Bound

N-Body - Structured / (Graphical Models
Methods P W Grids| . Finite State Machine

/
/ —
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N
Monte Carlo - Map\ﬁedgl\xce\\

.... to Weather & Climate Dwarfs

Candidates:

e Atlas data StruCture.......ccccvveeveneeeei e new, maximum flexibility, scalable

e Spectral transforms (FT/LT and bi-FT)................. very memory and communication bandwidth intensive, limited scalability
e 2 & 3-dimensional elliptic solver.........ccccucu...... new, compute and communication latency intensive, limited scalability

e Semi-Lagrangian advection.......ccccceeeeveeveernnennen. communication intensive, not very scalable

e Cloud physics parameterization.........ccccccceeeueueee. very compute intensive, scalable

e Radiation parameterization..........ccccceeveeveeceenns very compute intensive, scalable

more to follow

S EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS Funded by the
A ; PETER BAUER 2016 -
European Union




The entire NWP model software context

Dependencies

OOPS-IFS
Not checked yet
prepdata enkd . J,
oasis3
2
obstat -«--r-— - IFS
-aeolus ssa . reanal PantaRhei

F90
surf

Trivial

ifs_dummy

algor
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«+——p Cyclic dependency !!!
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[Courtesy Willem Deconinck]
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ATLAS & Grid tools

Grid tools library and interfaces:

ebackend

Atlas data structures & functionalities:
C++ code with Fortran 2003 OO-interface

Hierarchical composition of data: Mesh, State, FieldSet, Field,
FunctionSpace, Metadata

Hybrid Unstructured distributed meshes (because structured is

X-grid
special case of unstructured!) python
Library of grid definitions (Factory mechanism)
Mesh-generation /reading — Domain Decomposition — Halo-creation gridtools .

native

Parallel communication Patterns (HaloExchange, Gather/Scatter, Qrag

Reductions)
CUDA

Numerical algorithms: Interpolation, Nabla (grad,div,curl), ... ok
structure

Spectral transforms (grid permitting)
icosahedral octahedral
grid grid
unstructured

grid
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Energy efficiency

Physical model

Mathematical description & “_
Science applications using a descriptive \\
and dynamic developer environment
Algorlthmlc description

Multidisciplinary co-design
of tools, libraries,
programming environment

Imperative code

/

° o 4 o o Compiler front-end

Optimization / Iov’:-level libraries /.runtime

Architecture specific back-ends

Architecture 1 Architecture 2 Architecture N

.. aiming at minimizing
Watts per forecast

@ Optalysys

an atos company nVI DIA@
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Software collaboration platform

ESCAPE Public Website

http://www.hpc-escape.eu
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https:/ /software.ecmwf.int /wiki/display/ESCAPE

CECMWF  sosces ©  Caencas Croate
Pages & @ ZEdR O Watch
Energy-efficient Scalable Algorithms for We
Prediction at Exascale (ESCAPE)

CHILD PAGES

Poges

Master Code

S8 -8

Libraries
ecbuild atlas trans ifs
Test & Update
integration ESCAPE o

L

B 2
ot

software.ecmwif. mt/stash/prolects/ESCAPE s

wore )9S
ecbuild atlas trans

dwarf 1 .

X Confluence
- Wiki
- Howto
- Blog

. . . . -
X JIRA
- Bug submission

- Issue tracking
- Feature requests

@ Stash

- Software repositories
- git hosting

’*Bamboo

- Compilation with
several compilers
- Unit testing (small)

- Continuous integration

> ECMWF

77

d / \\ ecbuild
atlas atlas
I Partners

trans

dwarf4

trans

feature/gpu
feature/phi

elease develop

dwarf 4

feature/gpu

release develop

dwarf 4 @ develop

- ecbuild TAG 1.9.0

- fctest TAG @.1.0

- grib_api TAG 1.15.0

- eckit TAG ©.10.0

- trans BRANCH develop
- atlas BRANCH develop
- dwarf4 BRANCH develop

dwarf 4 @ feature/gpu

- ecbuild TAG 1.9.0
- fctest TAG 0.1.0
- grib_api TAG 1.15.0
- eckit TAG 0.10.0
- trans BRANCH feature/gpu
- atlas BRANCH feature/gpu
- dwarf4 BRANCH feature/gpu
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Software stack

Parallel, object-

A dwarf oriented data ~ Spectral transform
G structure framework library/interface
F03 Cs [ ¢ = Fo0 | [Fo0]
: B - - - - - »  transi trans
L [Pl | - .
e :90 grib_api T —»E eckit C++ support library
GRIB
. . CMake F90
encoding/decoding ecbuild fctest
I
Cmake macros Fortran unit
unifying build testing (BOOST)
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Milestones and deliverables months 1-18
WP1 (Weather & climate dwarfs):

* First set of dwarfs to be made available on collaboration platform, two are already available (D1.1, June 2016)
* Flexible data structure framework Atlas, partly already available (D1.3, March 2017)

————_ﬁ—"_—g.'r—r e WP2 (Code adaptation):

i v = e  Subset of dwarfs ported to several accelerators (D2.1, March 2017)
-l-ﬁ |-r|-|_l' I-'I-
':'“‘ e B WP3 (Hybrid computing):

* Performance models for dwarfs and optimization (D3.2, March 2017)

WP4 (Benchmarking & diagnostics):
e NWP model performance simulation (D4.1, March 2017)
e Atlas extension to LAM use (D4.3, March 2017)

WP5 (Dissemination & training):

e Deliverables on communication, dissemination, software management, gender balance plans, web portal have
been submitted (D5.1-D5.5, December 2015)

* 1stwebinar on tools and software completed (December 2015), material online
e 1stdissemination workshop advertised, announcement online (D5.9, October 2016)

WP6 (Management):
e Deliverable on quality & risk management has been submitted (D6.1, December 2015)
e Exploitation plan (D6.2, September 2016)
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