Barcelona

Supercomputing EXCELENCIA
SEVERO

Center OCHOA

Centro Nacional de Supercomputacion b

g urB

Universitat Aut(‘)noma
de Barcelon

Towards exascale

ocean simulation
Oriol Tintd Prims

ot L Advisors:
. I\“: A Anna Cortés
— (= ‘ .J Cy A Mario C. Acosta
N : = A Francisco J. Dobligeyes

Universitat Autonoma de Barcelona




Outline

A Introduction
A Challenges
AWork done
A Future Plans




Motivation

Source@ed_hawkins CC@ U" B

Universitat Autbnoma
de Barcelona 3

Barcelona
Su,perenmpuﬂny

Cl:fl'm Macional oe Suparcamoulacion




Motivation

0P Publizhing

@
(OPEN ACCESS

s
B aprl2015

e

T Moversver 2015
ecereararan
1harch 2018

[
1 Aprl 2016

Cammons Attel
Keence.

myfurther ding
i work st
siriutian it
wihortshnd the

e work, journal
andDOL

Etviron. Res Lett. 1 1{2016) 045002 dol: 10,108 5,/1748-9326 /11/4 045002

Environmental Research Letters

AClimate is changing.

Consensus on consensus: a synthesis of consensus estimates on

human-caug R — e ——T e : SE— —

WHAT T &
STAND

Climate chge=—4

There will alili i) = . = A % d & : .
& complex & 3l 0 -2k ! . ~ 4 " . ’ 3
strong evidel ) v v “ 3 . £ 9 .
occurring”. Th 2 = - ; » B A

of rising su 2 ! ) - g B

The existencel W
vital to life of
temperatures

than they areis
atmaospherie
including ca&

and nitrous

Carbon diox

1750 to overss
levels that &

wears). Incre
temperature
approximate

century. The

temperat
centigrade d
levels, by 21

Reduce #

The scientific
sufficiently el
isvital that
can take no
reduction i

Action takel

greenhouse

magnitude a

Nations Framews

{UNFCCC) recognises, a lack of full scientific certainty]
about some aspects of climate change is not a reason|
delaying an immediate response that will, at a reason.
cost, prevent dangerous anthropegenic interference
the climate svstem

Sorerentoutis o | ~=on UNB

Canter = Cl Universitat Autbnoma
Ceralng Nacional de Suparcamaulaciin de Barcelona



Motivation

% o —— ' IPCC WG1'AR'5 Fig SPM 7a ?;881"-;\";; A P rOjECtiO NS
£ 40 | = Rores i .
e [ » . | Almpact analysis

s BN b B T
P AT R PP Yree: sy

Currently, only computational models have the
potential to provide geographically and physically
¥ consistent estim
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Motivation

Thesamemodelsare usedfor both weather and climate.
Weathermodelshavea hugevaluefor society.

Improvingthe computationalperformance othesemodelspays
back inseveraiways

Savingesources

Allowingnew experiments

Yy Improvingclimateknowledge
Yy Improvingweatherpredictions
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Nucleus for European Modeling of the Ocean
(NEMO) is a state-of-the-art global ocean
model

It is used in oceanographic research,
operational oceanography, seasonal forecast
and climate studies

Includes several sub-models. Many of them
can work in standalone version , many others
need to be coupled
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A climate modeling Timeline
Inclusion of new components
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1890s 1960s 1970s 1990s 2000s 2010s
Radiative Non-Linear  Hydrological Sea Ice and Atmospheric Aerosols and Biogeochemical
Transfer Fluid Dynamics Cycle Land Surface Chemistry Vegetation Cycles and Carbon
Energy Balance Models Atmosphere-Ocean General Circulation Models Earth System Models

From the 4th National Climate Assessment (US), Volume |

w Allowedthe representationof newclimateandbiogeochemical
processes

w Improvedthe ESMsbility to representthe realworld

w Providesa newframeworkto investigatethe interactionsbetween
the different components
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A climate modeling Timeline

Increase In spatial resolution: Ocean
Standard High Resolution (0.25 “Ul-Hir @h "

I es (@
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The improvementsin oceanresolution translate in a better representation of

eddies and ocean currents which are key to describe realistically decadal
variabilityin the ocean
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Challenges

TOP500 Ranking of most powerful supercomputers

Performance

Barcelona

Supercomputing
Center

Ceralng Nacional de Suparcamaulaciin

10 EFlop/s

1 EFlop/s

100 PFlop/s

10 PFlop/s

1 PFlop/s

100 TFlop/s

10 TFlop/s

1 TFlop/s

100 GFlop/s

10 GFlop/s

1 GFlop/s

100 MFlop/s

Performance Development

® Sum A #]1

1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

55 unB

(C(o

0SS

Universitat Autdbnoma
de Barcelona

#500

10



Challenges

42 Years of Microprocessor Trend Data

Transistors
(thousands)

Single-Thread
Performance 5
(SpecINT x 107)

Frequency (MHz)

Typical Power

1 (Watts)

Number of
Logical Cores

1970 1980 1990 2000 2010 2020

Year

Original data up to the year 2010 collected and plotted by M. Horowitz, F. Labonte, O. Shacham, K. Olukotun, L. Hammond, and C. Batten

New plot and data collected for 2010-2017 by K. Rupp
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Challenges

wHowto exploitexascalesystems
w Synchronizatiomeducingalgorithms
w Communicatiorreducingalgorithms
w Mixed Precisiormethods
w Autotuning
w Faultresilientalgorithms
w Reproducibility
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Challenges

w Start from scratch to use better the resources?

Development cost of a climate model is estimated to be betweenBIID
person year.

Most of modelsare communitymodelsandcommunitiesare reluctantto deep
changes

w Adapt the existing statef-the-art models seems wiser choice!
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Stress Test
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Impact of Communication

Latency Impact
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Optimizations

AReduction of communication:
A Message aggregation
A Removing unnecessary collective communication
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Optimizations

MESSAGE PACKING

Eight small messages

Computation
Comunication

One big message

REORDERING
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Optimization Impact

Latency Impact Comparison

Original .8us .Gus .2us .ous

Optimized .Bps 6us 2us .Ous
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Optimization Impact on ORCAO025 simulations
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Impact of our work

wOur optimizations have been included and used from NEMO
3.6 . Hundreds of users around the world take profit of it and
millions of computer hours are saved.

wPublication:
Finding, analysing and solving MPI communication bottlenecks in

Earth System modelSournal of computational Science
( https://doi.org/10.1016/j.jocs.2018.04.01%

Contents lists available at ScienceDirect

Journal of Computational Science

journal homepage: www.elsevier.com/locate/jocs

Finding, analysing and solving MPI communication bottlenecks in
Earth System models

Oriol Tintd Prims=-.+, Miguel Castrillo?, Mario C. Acosta?, Oriol Mula-Valls?,

Barcelona .. . . . ! I " B
Supercomputin Alicia Sanchez Lorente?, Kim Serradell*, Ana Cortés®, Francisco J. Doblas-Reyes®¢
Center # Barcelona Supercomputing Center, Spain itat Autdnoma
Cenlrg Macional o 3 b Universitat Autbnoma de Barcelona, Spain

E Catglan Institution for Research and Advanced Studies, ICREA, Spain
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https://doi.org/10.1016/j.jocs.2018.04.015

ELPIN

wRemoving the lananly processes in the smart way.
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ELPIN

ARemoving the lan@nly processes in the smart way.

Sub-domains: 6 )
’, ; 7 % of sea-domains

Overlapping
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ELPIN

wlmpact on ORCAO025 simulations

@

Barcelona
Superenmpuﬂng

Cl:r il Macional o Supercamoulac

Simulated Years Per Day

10

*
v

L = V[0
@@ vl
vV VvV v2

Q/ * % V3

E-@ ELPiN

512 1024 1536 2048
Number of cores

@@_ @ S Universitat Autdbnoma

de Barcelona

23



Impact of our work

AThis tool has been implemented in the-E@rthproduction
workflow. CMIF6 simulations with E€arth will be using it
and therefore saving millions of computing hours.

APresented and published in proceedings of the
ICCS 201® Zurich

Available online at www.sciencedirect.com

- Procedia

Computer Science

CrossMark

Procedia Computer Science 108C (2017) 776-785

International Conference on Computational Science, ICCS 2017, 12-14 June 2017,
Zurich, Switzerland

Optimizing domain decomposition in an ocean model: the

case of NEMO

Oriol Tinté!2, Mario Acosta', Miguel Castrillo', Ana Cortés?, Alicia Sanchez!,
Kim Serradell?, and Francisco J. Doblas-Reyes'*

! Barcelona Supercomputing Center, Barcelona, Spain
* Universitat Autdnoma de Barcelona, Barcelona, Spain
* ICREA, Pg. Llus Companys 23, 08010 Barcelona, Spain
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Earth System Models are critical tools for th( stud\ of our climate and its future trends.
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How to keep improving the model?

OceanPhysics

. . Sealce
DomainOperations

EquationOfState

others

Tracers

OceanDynamics

g Macional o Suparcamoulacion

Barcelona U '.‘ B
Supercomputing ) @ 2

?lrnl'a-r \Cﬂ(g 1 = Universitat Autdbnoma
vl N

de Barcelona

25



Exploring the use of mixed Precision
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AWhich precision is needed for the data that we want to
represent?

Satellites can measure sea surface temperature with an uncertainty of 0.3 °C and

surface wind with an uncertainty of 1 m/s.
- Remote Sensing of European Sed®arale, M.Gad ~101

To represent data with this level of uncertainty, ushadf-precision (16bit) should
be enough Instead, double precision (@3t) is the standard.
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Reduced Precision Emulator

A Fortran Overview etary Physics

The library contains a derived type: rpe var . This type can be used in place of real-valued variables
to perform calculations with floating-point numbers represented with a reduced number of bits in
the floating-point significand.

Basic use of the reduced-precision type

The rpe var type is a simple container for a double precision floating point value. Using an

rpe_var instance is as simple as declaring it and using it just as you would a real number:

TYPE(rpe_var) :: myvar

12
myvar ¥ 1.287 ! reduced-precision result is stored in “myvar’

myvar
myvar

Controlling the precision

The precision used by reduced precision types can be controlled at two different levels. Each
reduced precision variable has an sbits attribute which controls the number of explicit bits in its
significand. This can be set independently for different variables, and comes into effect after it is

explicitly set.

TYPE(rpe_var) :: myvarl
TYPE(rpe_var) :: myvar2

Barcelone ! Use 16 explicit bits in the significand of myvarl, but only 12 in the
! significand of myvar2. |

m” ol myvarlsshits = 16 jpoma 27
myvar2ssbits = 12




Implementing the emulator

AlTFTOSNI a2YS Yz2yuakKa t2ad Ylydatte AY
a Python tool to automate the process was created.

= V Oriol Tint6-Prims / implement-rpe-to-NEMO ~ Search +- #0 5 OB

1 README.md

RPE implementation tool

This tool is intended to automatize the processes of implementing the Reduced Precision Emulator to a computational
model.

Even it was first designed to be used for the NEMO model, it has evolved to be useful for any computational model written
in FORTRAN.

The script automatically:

+ Replace REAL variables.

« Track dependencies between variables.

« Fix parameter declarations.

« Fix routine/function calls.

« Fix WRITE and READ statements.

« Add module to read precisions from namelist.
« Add precision assignment for each variable.

It can be also used to: 28

&

©1 % i B

« Generate namelists for different cases. 1



RPE in NEMO:
What we can do with it?
With asingle binary we can specify the number of significant

bits used for each real variable declaration within the code
through anamelist

utine:
Routir
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RPE in NEMO:
What we can do with it?
With asingle binary we can specify the number of significant

bits used for each real variable declaration within the code
through anamelist

BLACK BOX TESTING APPROACH

; OQutput
e 4 Black Box

Precision namelist Model outputs
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Verifying a nonlinear model
a simple example

AA simple example:
A Lorenz system

Supercomputing
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Verifying a nonlinear model
a simple example
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Analysis Algorithm
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Analysis Algorithm
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Analysis Algorithm
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Analysis Algorithm
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Analysis Algorithm
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Analysis Algorithm
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Analysis Algorithm
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Analysis Algorithm
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Analysis Algorithm
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Analysis Algorithm
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Variable 4 must be kept in double-precision.

More info: How to use mixed precision in ocean models. https://www.geosci-model-dev-discuss.net/gmd-2019-20/
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Analysis algorithm:
How Is It Implemented?

Implementation done in Python:

- Job( variable set): 0123456789
- Submit job to remote machine.
- Check job status.
- Evaluate success.
- EXxpand subgroups.jpp1234[56789

- Check subgroups. PENDING

RUNNING
SUSPENDED
SUCCESS

FAIL
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Precision Analysis
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Results

Double Precision

Results

4.2%
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Single Precision

95.8%
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Contributions

0 Performance analysis and optimization
3 Detecting, analyzing and optimizing MPI communication bottlenecks
In Earth System modelsublished at Journal of Computational Sciences
0 Domain decompaosition optimization
3 Optimizing domain decomposition in an ocean model: the case of
NEMO: presented at ICCS 2017, published at the proceedings.
0 Verifying nonlinear models

3 Discriminating accurate results in nonlinear modedsbmitted to WCES @
HPCS 2019

0 Numerical precision analysis for Earth Science models

3 How to use mixed precision in Ocean Modelsal stages of revision at
Geoscientific Model Development
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Future Plans

0 Finish the thesis during this academic year.
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