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CERFACS/Toulouse: High Performance Computing Research Centre

¢ Develop scientific and technical researches in order to improve
advanced computing methods

¢ Access to computers with new architecture

¢ Transfer this scientific knowledge and technical methods for
application to big industrial sectors
¢ Train high qualified people

¢ 2015: The tenth computer set at CERFACS since 1996 occupies the
388° place in the top 500 delivering a peak power of 242 Tflop/s
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Outline

® Motivations: Scientific, Technical, Societal

¢ Current Situation and Issues: we have to improve
¢ "Standard" Solutions

¢ Background

4 Some Solutions

= Building Blocks
= Putting it all together

¢ Big Data Technologies and Analytics
¢ Summary and Perspectives
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Motivations: Scientific, Technical, Societal

Scientific
= Perform efficient Data Analysis
* Large number of realizations (ensemble of scenarios)
* Uncertainties range estimation
* Process Higher spatial and temporal resolution
* Easily share intermediate results with collaborators

= Achieve a more robust and flexible Data Life Cycle
* More robust experiments setup

— Explore several experiment configurations to answer scientific questions

* Reproducible experiments
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Motivations: Scientific, Technical, Societal

Scientific

— Every development work in climate modelling comprises comparison
of realizations

* Iintroduced this small change.... —_— ~'
M = o T T
« What happened to my model? “rjf%?’c A8 2 |
. T , ol A e
 Does it work? ?ﬁ;r(;;gto 73 s D |
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Motivations:

Scientific, Technical, Societal

Technical

= Process large data volumes, ideally near(er) the data storage

* Data Analytics
* Data Life Cycle

= Streamline the data processing workflow
= Proper metadata description of the data objects
= Properly track provenance information

= Interconnect e-infrastructures and research infrastructures services,
interfaces & platforms

= CERFACS

Forum TERATEC 2017, 27-28 juin 2017, Ecole Polytechnique, Palaiseau, France



Motivations: Scientific, Technical, Societal

Societal

= Provide climate projections data to climate change impact
researchers, facilitators, practitioners
* Ease access with better intuitive interfaces
* Provide more common data formats
* Generate tailored products from data processing workflows
B s | cont i

i.,%(?ng?«ﬂgiﬁ VV Exploring clifnate model .data
http://climated4impact.eu

Home Data discovery Downscaling Documentation Help About us Sign in ﬁ

Search Catalogs Explore your own catalogs or files Map & Plot Processing

AWM Parameter (1474) | Frequency (14) | Experiment (160) omain (28) | Model (119)
> show all filters | clear all filters

Quick select Project ‘ All Project properties (17) ‘ A
m CMIP5 B CORDEX B SPECS m CLIPC
Coupled Model Coordinated Regional Seasonal-to-decadal climate Climate Information
Intercomparison Project Climate Downscaling Prediction for the Platform for Copernicus
Phase 5 Experiment improvement of European
Long term global climate Long term regional climate Climate Services
change runs change runs
CMIPS5 project page CORDEX project page SPECS project page CLIPC project page

Selected filters

none
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Current situation

Global

Earth
system
modellers

Impact
researchers

Boundary workers Societal
end users

Local

Climate Impacts Society

Temperature, rainfall, ... Droughts, crop yield, heath stress, ... Economy, welfare, security, ...

Lars Bdrring, SMHI Rossby Centre, Circle-2 Conference on European Climate Change Adaptation Research and Practice, Lisbon, 10-12 March 2014
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Current situation

Climate Research Community

¢ Data available for scientific analysis: a very large
trend

= Limitations in data access means limitations in data analytics and
scientific results

¢ Download locally then Analyze: a workflow that
cannot be sustained - Derived dstatools for

~Increasingly untenable

= Climate researchers e burdenonusers
= Impact researchers Jel outputs for Ipcc TaR 2001

IPCC AR4 2007

IPCC ARS Projected
Desirable situation?

Requests by
"niche" users

B KB MB GB 8 PB EB 7B YB
100 102 108 10° 1012 1018 1018 1021 1024
- Data storage requirements (log scale) D svyke
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Current situation

Practical Example: Climate Community

—

Federation
Service

n A
Data reduction...

« Temperature at 850 hPa field (Aggregated files 30 levels)
* 10 climate models

* 1960-1990 & 2040-2070 = 60 years = 21 915 days

« Daily fields = 1 field per day

» Global spatial scale 100 km resolution

TOTAL: 6 754 500 fields to download
~100 Kb per 2D field = 626 Gb

After the analysis post-processing
« Anomaly of the average of the two periods over a specific
country for each climate model
» Result: 10 times 2D fields over a small domain
« Estimated datasize after post-processing: 1 Mb

" = CERFACS
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Climate Data Distribution: ESGF

infrastructure Q I'IpC

Climate Information Portal

IS-enes L/

N -
Institut < ’
% PjgrrgJ 2
Simon DKRZ

Lapiace

National Centre for

@ Atmospheric Science

% Science 3 Technology NATURAL ENVIRONMENT RESEARCH COUNCIL

; ; Facilities Council Vorth
o

=4 pmi

Centro euro-Mediterraneo
sui Cambiamenti Climatici

UNVERSIDAL
DE CANTABRIA

& Royal Netherlands
Meteorological Institute
Ministry of Transport, Public Works
and Water Management

ESGF Data Nodes 2015:

* 40 worldwide

« 18 in Europe
(coordinated in IS-ENES)

| Ack: Michael Lautenschlager, DKRZ

el Veyr, klima og hav

METEO FRANCE

&) Deployment =Jal>

Peer Groups Peer Group Map

2 Allpeer Groups - ¢ CaETn
cssef ~ : Karte |
esgf-gavin-test < > b3
esgfgavin-test2 v gt
sqf-prod (Greeniand) %7
esgf-test 2
esgfftest |y
4]

900000

; Mouron
® Mongolis)

h B nicssmes ® B North g & geaz Gk 9
acific; ) ﬁ A (Ghn) g (South: 88 P
LTy antic Koven) &

Ocean y
a2 oico 5
(Mexico) Inda s szinalno
(Thailand)
ong0 2C1T! -
A Papuntiew
Angol
Nemibi ‘Madagasikare India
South. Botswana  (Madagascar) Ocean  austalis
Atlantic
Ocean o Fehlerbei G
o=
Alias City Node Type Software Version
169.154.146.154 Huntsville Compute Idp Index Data v0.0.0-devel
134.157.176.115 Paris Compute Idp Index Data v1.5.0-brower_park-release-2-gfad439c-master
ov  137.78.210.36 Syimar Compute Idp Index Data  v1.6.0-3-39599da-devel
198.128.245.161 Livermore Compute Idp Index Data \2 i
pemdis.lnl.gov 198.128.245.159 Livermore Compute Idp Index Data v "
esgdata.gfdl.noaa.gov 140.208.31.117 Princef ton Compute Idp Index Data \2 rk
esafindex1.ceda.ac.uk 130.246.142.222. Annleton. Comnute Tdn Index Data v ark.
Sel W e W W ¢ [wvmoymen ==

IS-ENES ESGF Portals IS-ENES climate4impact Portal

«  BADC (UK) «  KNMI (Netherlands)
- DKRZ (Germany) « Interlinked with Uni. Cantabria
. IPSL (France) downscaling portal (Spain)

« SMHI (Sweden)
« CMCC (Italy)
« DMI (Denmark) *

CLIPC Portal

Climate Information Portal for
Copernicus

= CERFACS
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Current situation
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40000 -

20000 -

Downloaded data volumes — European ESGF data nodes

Successfully downloaded data volumes [GB]
from IS-ENES data nodes (all projects)

= wdcc-esgf.dkrz.de

M non-EU

® by EU users
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Current situation

Status CMIP5 data archive:

1.8 PB for 59000 data sets stored in 4.3 Mio Files in 23 ESGF data nodes CMIP5 data is
about 50 times CMIP3

Extrapolation to CMIP6:

CMIP6 has a more complex experiment structure than CMIP5.
Expectations: more models, finer spatial resolution and larger ensembles
Factor of 20: 36 PB in 86 Mio Files

Factor of 50: 90 PB in 215 Mio Files
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"Standard" Solutions

IPSL e-infrastructure to sustain climate analysis

IPSL
i Climate Modelling data Earth Simulator INTERNAL
-+ GE[NCI| (HPC in France) Lustre 2 PB. Simulations DATA
METEO-FRANCE/CNRM/CERFACS g
S~ ‘ ACCESS BY DODS/FTP/WEB
PRODIGUER STORAGE B
LUSTRE
Data :
distribution P
Catalogue QO
Databases R
THREDDS T
GRIDFTP A
OPENDAP
SSO-OpeniD L
HOSTED PROJECTS WITH PRODIGUER PORTAL ACCESS ’ HOSTED PROJECTS WITH DODS/FTP/IWEB ACCES
gm:l‘:g PMIP3 OCMIP5 CSO'ZPE:(d - THoth ORCHIDEE ELPASO SECIF
orainate ermonaline 22 . H
Coupled Model Paleo- Ocean Regional Overturning French El-Nifio : C“‘mate
Inter climate Carbon climate circulation: at =~ Global Land Past services for
Comparison MIP MIP Downscaling Risk? Surface lesson french
Project ‘ Experiment \ Model | industry
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"Standard" Solutions

JASMIN

Analysis

Platform
VM

AW
Appliance
catalogue
Firewall + NAT
II Science

Direct file
syst: cess

Access for
hosted services

o -

Firewall

CloudBioLinux Desktop
with dynamic RAM boost

External Netwo rklin’side JASMIN |

r i _B
A Firewall + NAT ¥ | W

.ﬂ. F'J‘).:V
—
SN PRastion

\ Y €

Appliance
Catalogue

Firewall + NAT

1

< S
e/

CloudBioLinux

Standard Remote Access Protocols -

¢:> ftp, http, ...
| .

—_
&

\

)

________________________________________________________________________________________________________________________________________

Fig. 13. CEDA’s JASMIN analysis platform. JASMIN integrates cloud architecture, container technologies, and virtual
machines to improve flexibility and performance and track maintenance.

" = CERFACS
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"Standard" Solutions

Snow on/off — Length of snow season

Snow off

v Dataset time range: 1979-2012 - " ,/‘i
v 50 GB of input data (SR
v 434 tasks performed

v 99 NetCDF output files

/‘"\f n}'d\;,
i .
S
<
%}: ':‘
A |
iy

i
~—
]
Q

— .

e £ !\\
Loop on 1979...2012
I J/f \,J))/ E )
—
1 A
I ki;’ v 4}7
- N T T T T
As _

Snow off (days since 2000-07-01 00:00:00)

1855 217,1 248,7 280,3 3119 3435

Data Min = 185,5, Max = 343,5, Mean = 295,5

56-9000 9006 9006 9000 80000060006




Background

ESGF Future Computing Nodes: API
¢ Goal: perform data analysis near the data storage

= Better data access
= Move away from the download/analyze workflow

How'’sS THE
BIG DATA PROTECT
COMING ALONG,

HoSKINS? —mmet

© D.Fletcher for CloudTweaks.com
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Background: EUDAT

oo, BZDROP
(oon) B2SHARE

Store and Share Research Data

B2SAFE

Replicate Research Data Safely

B2STAGE

Get Data to Computation

B2FIND

Find Research Data

o0
R

BZHANDLE

Register your Research Data

oocr® B2ACCESS

Identity & Authorisation

" = CERFACS

o
i
*
B2ACCESS Network of trust among authentication
and authorization actors ’
|
B2Handle dentity Integrity  Authenticity Locations ‘g
n
— B2SAFE B2STAGE
\'- Data curation and Dynamic replication to
:-' access optimization f}»‘{)Pg work;pe;oe
_f I proce:
- | \ f
: - 3 '
= €
B2DROP B2SHARE =
Sync and exchange Store and share 2 ,,Pf_"hy

1 | 1

. BZFI N D Aggregated EUDAT metadata domain
Data inventory ; I \
:

External community ' Data
metadata store

—— W" mm) Metadata

—

——

i
;(
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Background: EGI

CYFRONET GA eccee
Gaul3-~

ISC Ar graet

CESNET (CERN* 'NFN EMBL :
% ::.::. CSIC @

24 countries
1 coordinating organization — EGl.eu

SW|NGﬂ

Supporting Swass Scientific Computing
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Some Solutions: Building Blocks

¢ ESGF

= Federation of Peer-to-Peer Data Nodes
= Computing Nodes API (Using ISO-OGC WPS)
= OpenlD Authentication/Authorization

¢ EUDAT

= API for deploying calculations (workflows)
= B2 Services for orchestration and storage

¢ IS-ENES

= Data Analytics Services => climate4impact.eu platform
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Solutions: Putting it all together

¢ Bridge EUDAT / EGI / ESGF / IS-ENES

= EUDAT Workflow APl (GEF) <
* ESGF Computing APl WPS
* EGI Federated Cloud
* |IS-ENES Data Analytics Services => climatedimpact.eu platform

= Challenge: Common Authentication and Authorization
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Solutions: Putting it all together

\Transfer with globus
\

Ssh port forwarding

Virtual Machine

GEF backend Docker
deploys Docker Volume EGI Volume
container

Climate data

z_ CERFACS Forum TERATEC 2017, 27-28 juin 2017, Ecole Polytechnique, Palaiseau, France



Big Data?

What about Big Data Technologies and Analytics??

Big Data Landscape 2016 (Version 3.0)
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Big Data: Hadoop and Climate Data @NASA

Northward wind component

Air temperature

= # > . =
5 — = - = >
— -, A ’
- 2, TE — N -
= < ey —
LS = o~
r— ] i 3 =
4
L
- —
< Northward wind component (m/s)
-2.56+00 -1.2E+00 -1.7E-02 126400 2.4E+00 3.7E+00

Specific humidity

Specific humidity (kg/kg)

1.0€-03 4.8£-03 8.6€-03 1.2€-02 1.6€-02 2.0E-02

-~
-
Air temperature (K)
L —
2.8£402 2.8E+02 3.06+02 3.06+02 3.26+02 3.2e+02

Wei, et al.

- ~8.4 TB transferred from archive to local workstation (weeks)
- Clipping, averaging performed by Fortran program on local

workstation (days)

MERRA/AS
- Clipping, averaging performed by MERRA/AS (~28 hrs)

« Only ~35 GB final product transferred to local workstation (minutes)

- Significant time savings in data wrangling,

- rapid screening over monthly means files takes minutes, and

- there s a possibility of folding Dr. Wei's modeling algorithm back into the CDS API ...

Applying Apache Hadoop to NASA's Big Climate Data: Glenn Tamkin, John
Schnase, Dan Duffy, Hoot Thompson, Denis Nadeau, Scott Sinno, Savannah

Strong,

" = CERFACS

Forum TERATEC 2017, 27-28 juin 2017, Ecole Polytechnique, Palaiseau, France




Big Data: Hadoop and Climate Data @NASA

The original MapReduce application utilized standard Hadoop Sequence Files. Later they were modified

to support three different formats called Sequence, Map, and Bloom.

Dramatic performance increases were observed with the addition of the Bloom filter (~30-80%).

Read a single parameter (“T”) from a single Standalone VM
sequenced monthly means file

Single MR job across 4 months of data seeking Standalone VM
“T” (period = 2)

Generate sequence file from a single MM file Standalone VM

Single MR job across 4 months of data seeking  Cluster
“T” (period = 2)

Single MR job across 12 months of data seeking Cluster
“T” (period = 3)

6.1

204

39
31

49

1.2

67

41
46

59

1.1

36

51
22

36

Applying Apache Hadoop to NASA's Big Climate Data: Glenn Tamkin, John

Schnase, Dan Duffy, Hoot Thompson, Denis Nadeau, Scott Sinno, Savannah

Strong,

" = CERFACS

+81.9%

+82.3%

-30.7%
+29.0%

+26.5%
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Big Data: Spark & Hadoop / CDAS @NASA

' CDAS Service
' Execution Manager Client
L JavaKemels ; ‘Engine Web App
Scala Kernels w
Application
Python Tools
Console
EOFS ﬁ
SciPy i

Climate Data Services Framework (CDAS). Thomas Maxwell and Dan Duffy. NASA.
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Big Data: Spark & Hadoop / CDAS @NASA

2 CDAS

L4

Execution Manager

Disk Cache

Long Term

Data Store emry
mapped

HDF files
NetCDF

Climate Data Services Framework (CDAS). Thomas Maxwell and Dan Duffy. NASA.
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Big Data: Spark & Hadoop / CDAS @NASA

- Java Heap

Analytics APl: Map, Reduce, Broadcast

Array API: get(i), put(i), slice, iterate

Array Core

Disk Cache

Climate Data Services Framework (CDAS). Thomas Maxwell and Dan Duffy. NASA.
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Big Data Analytics on Climate Data

(@
A\ 4

Weather fronts (left) and Tropical Cyclones (right) as
detected by a convolutional neural network.

Liu et al. KDD 2016 August 13-17, San Francisco, CA, USA
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Summary and Perspectives

Infrastructure to access relevant climate data
— Global & Regional Climate Model projections
— Observations: satellite, reanalyses, surface

Community Services with standard interfaces
— On-demand downscaling services
— On-demand product calculations
» Climate indices and indicators
» Bias-correction
— On-demand calculations
» Reduce datasize to be transferred over the network
» Ease access to calculations to end users
— Support to heterogeneous users

Bridge e-infrastructure to research infrastructures
— Provide Data Analytics & Tailoring to users
— Enhance and Ease Data Sharing & Discovery B
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— Provide support for "Long Tail of Science" (LToS)
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— Neural Networks, Hadoop/Spark

DIFICULTY

EVERY

= D\SW\KIH[II

:=—
I_

kS

NETWO

GARTNER

" = CERFACS

Forum TERATEC 2017, 27-28 juin 2017, Ecole Polytechnique, Palaiseau, France



Questions! ©

I E CERFACS Forum TERATEC 2017, 27-28 juin 2017, Ecole Polytechnique, Palaiseau, France



