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Agenda

FRIDAY 27 SEPTEMBER 2019

Real Use Case (Part 1)
Chair: Sandro Fiore & Donatello Elia, CMCC

Agenda

- Introduction on Big data analytics for eScience

- Server-side and data cube approaches

- Data Science environment

- ECAS complete overview and link with EOSC landscape and EUDAT services (B2DROP)

- Practical examples and usage scenarios (PyOphidia basics, ECAS Terminal and JupyterLab Notebooks).

What you will learn
- Introductory concepts regarding big data analytics for eScience, with a specific focus on the climate change domain
- ECASLab Data Science environment

Real Use Case (Part Il)
Chair: Sandro Fiore & Donatello Elia, CMCC

Agenda
Hands-on on different climate change use cases (e.g. climate indicators, statistical analysis, etc.). Some notebooks will
be provided to the students, other ones will be developed from scratch.

What you will learn
Implementing real use cases related to scientific data analysis via Jupyter Notebook, putting into practice the notions
learned at the school.
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ENES
European Network for Earth System Modelling

/ A network of European groups in\ :
climate/Earth system modelling IS-ENES mfra structure
Launched in 2001 (MOU) projects
IS-ENES (2009-2013)
Ca 50 groups from academic, public % IS-ENES2 (2013-2017)

and industrial world

B IS-ENES3 (2019-2022)

Main focus :

discuss strategy Support WCRP internationally
to accelerate progress in climate/ coordinated climate model
Earth system modelling and experiments
\ understanding ) (CMIP & CORDEX)

Y Support sharing of expertise
i is-enes (u"/ on

T climate models, tools & HPC
https://is.enes.org

Slide courtesy: Sylvie Joussaume 3




Modelling the Climate
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* Several complex processes to be Modeling the Climate System

simulated .
i 1 Includes the Atmosphere,
* Several interacting processes o o st the Mnwsahere.
* Great range of time scales to be Enaey Oube st
analyzed l Soid o Vapor
. Evaporative
»  Great range of spatial scales to be I ot ey
considered T g e R e
* Need interdisciplinar Science T B Atmosphere
(physics, chemistry, biology, il RN |
Stratus Clouds 3
geology,...) g
* Inherently non-linear governing g
ion :
equations Loy < £

g3

* Need sophisticated numerics

* Need a lot of computational
resources

e ...and huge volumes of data can be
produced and large datasets need
to be analyzed, published,
distributed, curated, ...

Warren M. Washington — NCAR

Scientific Grand Challenges Workshop Series:

Challenges in Climate Change Science and the Role of Computing at the Extreme Scale
DOE Workshop (ASCR-BER), November 6-7, 2008
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Data Lifecycles... Simple to
Complex
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Int o Dote Management Striegy

Collect e s
Linked Data soroclin

@ Lifecycle L

m’ USE & REUSE
Extraction ¢ CONTRIBUTION
European Data Portal ﬁ', - S
AGU Data Maturity Model
Séren Auer (2011) “The Semantic Data Web”

Data Search / Reuse |

Data Management
Plan

Research Question

Collection

\‘1(\\::'1

Data
Storage

Re-collection Descripti

Document e
Life Cycle Manage

(Diginl Objests

o
Cotobasos)

Analysis
Publication
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Archive
* Data From Darthmouth University
UCSC Data Lifecycle

DCC Data Lifecycle

Slide courtesy: Shaun de Witt



Earth System end-to-end
Modelling Workflow
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Today’s
presentation

Earth System Modelling Workflow
Source: “ISENES2 Workshop on Workflow Solutions in Earth System Modelling”, by Reinhard Budich (Strategic IT Partnerships Scientific
Computing Lab MPI-M) and Kerstin Fieg (Applications Deutsches Klimarechenzentrum DKRZ). June 3-5 2014, DKRZ, Hamburg.
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Climate Data Challenges
in the 21st Century

Jonathan T, Overpeck,’* Gerald A. Meehl,” Sandrine Bony,” David R, Easterling’

clated with our understanding of how the climate
system behaves,

haddmnmlhahmdyl:lgebm:lyo!dagml

| data ble m diverse holdmg:

around the globe, a substantial number of critical

observations, uch as many early temperature ob-

servations, are not yet widely available a5 digital

records. I is important (o creste and maintain

central itories of these data in a manner that

Climate data are dramatically inareasing in volume and complexity, just as the users of these
data in the scentific community and the public are rapidly increasing in number. Ana'pamfgm

P

finmmly defines the origin and nature of the data and
zh)en.m!hntheyatehdyavmhble(l N )

limate mmlymuldmggbommml i of chimate, In bly, there are uncer-

and pogenic, exert considerat tainties in the observational records that need to

fluences on human and natural sywm be translated mto the degree of confidence asso-
‘These mfluences dnve the scientific quest for an
understanding of how climate behaved in the past
and will behave in the future. This understanding
is critical for supporting the neads of an ever-
broadening spectnum of society's decision-makers
as they strive to deal with the influences of Ensth's
climate at global to local scales. Our understand-
ing of how the climate system functions is buslt on
& Pundation of climate data, both observed and
simulaied (Fig. 1) Although reseasch scientists have
been he man usess of these data, an increasing
number of resource managers (working in fields
such as water, public lands, health, and marine
resources) need and are seeking access to climate
data to inform their decisions, just as a growing
range of policy-makers rely on climate data to
develop cimate change strategies. Quite literal ly,
climate data provide the backbone for billion-
dollar decssiors. With this gravity comes the re-
sponsibility to cumte climake dat and share it more
fieely, usefully, and readily than ever before.

The Exploding Volume of Climate Data

Documenting the past behavior of the climate
system, as well as detecting changes and their
causes, requires the use of data fom instrumental,
paleochimatic, satdlie, md modelbased sources,
The carliest instr I (th eter and ba-

OBSERVED
CLIMATE CHANGE

of more open, user-friendly data access is needed to ensure that society can reduce ddition, an | g aray of paleocli proxy
to climate variability and change, while at the same time exploiting opportunities that will occur, | records from human and netural archives, such s
1l dc trees, sed aves, corals,

and jce cores, are being generated. These records
are paticuarly helpful in undesstanding climate
variability before the period of mstrumental data,

FUTURE
CLIMATE CHANGE

|

>

rometer) reconds stretch back to the mid- to late 18180 ' !
1600s, although widespread land- and ship-based

T

1 T
2m 2120

observations were not initiated until the earfyto  Fig. 1. Cmate data from observations and dimate model smulations are critical for understanding the past
mid-1800 mostle in sunport of weather fore.  2nd predicting the future. Increasingly, the dimate data enterprise must serve both scientist and nongtientist

Climate (big) Data
Challenges
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Fig. 2. The volume of worldwide climate data is expanding
rapidly, creating challenges for both physical archiving and sharing,
as well as for ease of access and finding what's needed, partic-

ulady if you are not a dimate scientist. The figure shows the
projected increase in global dimate data holdings for climate
models, remotely sensed data, and in situ instrumental/proxy
data

Climate Data Challe in the 21st Century

Jonathan T. A. Meehl, Sandrine Bony and David
R. Easterling (Februa%}o 2011)

Science 331 (6018), 700-702. [dOL 10.1126/science. 1197869]




Large scale experiments
CMIP
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3 An Overview of CMIP5 and the Experiment Design

Karl E. Taylor
Lawrence Livermore National Laboratory, Livermore, California

Ronald J. Stouffer
NOAA/Geophysical Fluid Dynamics Laboratory, Princeton, New Jersey

Gerald A. Meehl

National Center for Atmospheric Research, Boulder, Colorado

control & 20 C

1%/yr CO, (140 yrs)
abrupt 4XCO, (150 yrs)
fixed SST with 1x & 4xCO,

DOI: http://dx.doi.org/10.1175/BAMS-D-11-00094. 1

Final Form: 28 September 2011
Puhlichard Online+ 1 Anril 2N12

All simulations are forced by
prescribed concentrations
except those “E-driven”
(i.e., emission-driven).

Coupled carbon-cycle
climate models only

Clouds/
Chemistry/  Circulation  Ocean/Land/

Aerosols
Geosci, Model Dey., 9. 19371958, 2016 Geoscientific £
www.geosci-model-dev.net/9/1937/2016/ SE0Scientific
Characterizing Short term doi:10.5194/gmd-9-1937-2016 Viodel Development ¢ EGU
forcing hindcasts © Author(s) 2016, CC Attribution 3.0 License. g

Paleo Decad.al
climate prediction . . .
Overview of the Coupled Model Intercomparison Project Phase 6
(CMIP6) experimental design and organization
Veronika Eyring!, Sandrine Bony?, Gerald A. Meehl®, Catherine A, Senior', Bjorn Stevens”, Ronald J. Stouffer®, and
Carbon Scenarios Karl E. Taylor’
(yde ' Deutsches Zentrum fiir Luft- und Raumfahrt (DLR), Institut fiir Physik der Atmosphire, Oberpfaffenhofen, Germany

*Laboratoire de Météorologie Dynamique. Institut Pierre Simon Laplace (LMD/IPSL), CNRS,
Université Pierre et Marie Curie, Paris, France
S $National Center for Atmospheric Research (NCAR), Boulder, CO, USA

Land Reglonal climate/ “Met Office Hadley Centre, Exeter, UK

nduse Geo- Ext SMax-Planck-Institute for Meteorology, Hamburg, Germany
engineerin Xtremes SGeophysical Fluid Dynamics Laboratory/NOAA, Princeton, NJ. USA

g g "Program for Climate Model Diagnosis and Intercomparison (PCMDI),
Lawrence Livermore National Laboratory, Livermore, CA, USA
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Image courtesy: Dean N. Williams (LLNL)
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“The balance
of evidence

suggests a
discernible

human

(1 GB of data)

T

“There is new and
stronger evidence that
most of the warming
observed over the last
50 years is attributable
to human activities”

(500 GB of data)

“Most of the observed
increase in globally
averaged temperatures
since the mid-zo'h
century is very likely* due
to the observed increase
in anthropogenic
greenhouse gas
concentrations”

(35 TB of data)

CMIP data history and its big

data evolution

“This evidence for human
influence has grown since ARg4. It
is extremely likely that human
influence has been the dominant
cause of the observed warming
since the mid-zoth century.”

(3.5 PB of data)

——o—
~

I CMIP6

B Ongoing effort

Expected data

volume 10X CMIPS

=N
XOUU

CMIP3: (35 TB of data)

CMIPs: (3.5 PB of data)
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INTERGOVERNMENTAL PANEL ON ClimaTe chanee UN CLUMATE CHANGE 2014

»

’ > | Search | Synthesis Report
o A0 3

Home
Ovganization Fifth Assessment Report (ARS5) EN| FR| Sp

Procedures ) Search AR5 Reports
'Wondng Groups / Task Force The decision to prepare a Fifth Assessment Report (AR5) was taken by the members of the IPCC at its 28th Session (09-10 April 2008,
Activities ! - '7 -
Calendar

pating Do

LIMATE CHANGE 2014
itigation of Climate Change

2 =15 -1 68 0 06 1 18 2 § 4 5 7 9 1

Change in average surface temperature (1986-2005 to 2081-2100)




Data Infrastructure

EUDAT Collaborative | fﬂﬂﬂ[ | Getting access to CMIP data: ESGF

ESGF' is a coordinated multiagency, international collaboration A ]

of institutions that continually develop, deploy, and maintain
software needed to facilitate and empower the study of climate.
:
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EUDAT Data Infrastructure ESGF: an open infrastructure for

* + access to distributed geospatial data
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The Earth System Grid Federation: An open infrastructure for access @m
to distributed geospatial data
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ESGF and the CMIP data archive

EUDAT Data Infrastructure
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Image courtesy: Dean N. Williams (LLNL) 13




CMIP scientific data analysis
workflow in ESGF
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National Laboratory
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Key issues and challenges regarding

S Collaborat e -
| BSSoeeme  pmaer, climate data analysis

« ESGF provides a large-scale, federated, data-sharing & access infrastructure
» client-side and sequential nature of the current approach

» The setup of a data analysis experiment requires that all the needed climate datasets

must be downloaded from the related ESGF data nodes on the end-user’s local
machine.

» for multi-model experiments data download can take a significant amount of time
(weeks!)

» The complexity of the data analysis process itself leads to the need for end-to-end workflow
support solution

« analysing large datasets involves running tens/hundreds of analytics operators in a
coordinated fashion.

« Current approaches (mostly based on bash-like scripts) requires climate scientists to
take care of, implement and replicate workflow-like control logic aspects in their scripts
(which are error-prone too) along with the expected application-level part.

* The large volumes of data pose additional challenges related to performance
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« Dedicated data intensive facilities close to the different storage hierarchies will be
needed to address high-performance scientific data management

« Server-side approaches will intrinsically and drastically reduce data movement
« download will only relate to the final results of an analysis
» they will foster re-usability as well as collaborative experiments
» Need for interoperability efforts toward highly interoperable tools/envs for data
analysis

« Cloud technologies will help on deploying in a flexible and dynamic manner
analytics applications/tools enabling highly scalable and elastic scenarios in

clouds environments



Collaborative : .
EUDAT Data Infrastructure P ”ﬂﬂ[ ,

EOSC, ECAS and
Ophidia



IR Collab e The context: European Open
EUDAT Dgtg Ir?;roc:us\{?ucture ’ ’ RACE S .
1 cience Cloud

v' The European Open Science Cloud (EOSC) is an ambitious program will
offer a virtual environment with open and seamless services for storage,
management, analysis and re-use of research data, across borders and
scientifc disciplines by federating existing scientifc data infrastructures,
currently dispersed across disciplines and Member States.

v' This programme will deliver an Open Data Science Environment that
federates existing scientific data infrastructures to offer European
science and technology researchers and practitioners seamless access to
services for storage, management, analysis and re-use of research data
presently restricted by geographic borders and scientific disciplines.



SR o boraie g FIMI.'[ ENES Climate Analytics Service
EUDAT Data Infrastructure T ok (ECAS)

FOR EARTH SYSTEM MODELLING

o ye P,
Ophidia (= 75055

v The ENES Climate Analytics Service

(ECAS), proposed by CMCC & DKRZ in (7] )

EOSC-hub supports climate data analysis Onooata o
‘/ It iS one Of the EOSC'HUb Thematic Ophidia service = —

Services ESGF ﬁI: S BasHARE
v ECAS builds on top of the Ophidia big data @ESGF Lo @ EUPAT

analytics framework with components from

INDIGO-DataCloud, EUDAT and EGI - EUDAT

v' The Analytics-Hub is a paradigm joining data —
and computing able to provide a multi- g EOSC' h u b
model environment for CMIP-based The European Commission launched the European Open ScienceCloud Initiative to

analytics experiments in ESGF capitalise on the data revolution. EOSC will provide European science, industry and public
authorities with world-class digital infrastructure that bring state of the art computing and

data storage capacity to the fingertips of any scientists and engineer in the EU.

EOSC-hub receives funding from the EU’s Horizon 2020 research and innovation programme under grant agreement No. 777536.




ENES Climate Analytics Service
Motivation
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v Traditional approach to data analysis relies on data downloads and using
local analysis tools

v Data are now too huge to download
v Data sharing and re-use are strongly desirable

v' ECAS provides a server-side, parallel data analysis environment
v Computationally powerful: Ophidia analytics framework
v' Easy to use: Jupyter notebooks and data sharing services

- s T
Jupyter B2DROP 0 N )ATA |nfrastructure
g >y Manager
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ECAS: a data analytics service for EOSC
ENES: European Network for Earth System Modelling

- PRACE *

Involved institutions:

Enable server-side workflows for Earth system

DKRZ: German Climate Computing Center

CMCC: Euro-Mediterranean Center on Climate
Change Foundation

researchers and beyond

ECASLab is the virtual environment for ECAS

Integrate several UNIDATA software (NetCDF lib,
THREDDS and IDV)

ECAS is based on the Ophidia big data

analytics framework

ENES Climate Analytics Service

Intro

Servicas for the European Open Sdance Clout
‘\.) EOSC'h u b NEWS & EVENTS - ABOUT US
Home « About us

About us Latest News

Our mission

EOSC-hub brings logether mulliple senvdos providers o create the Hub: & single contact point for Europesn resssrchens snd
innovalers to discover. sccees, use 8nd reuse 8 browd specirum of rescurces for advanced duta-triven resesrch

broager BCORsS 10 SHVCES Supporting their sGantTic Gacowry and colaboralion scross
disci ncaries

iders from the EGI Federation, EUDAT COIL INDIGO-DetaCloud and other major Eurapean resaarch
common catalogus of fesearch dath, seevicas and softwin 1of research

Key facts

« Start: Janvary 2018
*  End: December 2020 © 11042018

* 100 partnans from 53 countiries, incuding 19 resserch communiies

DEUTSCHES
KLIMARECHENZENTRUM

EUROPEAN NETWORK
FOR EARTH SYSTEM MODELLING

cmcC

Centro Euro-Mediterraneo
sui Cambiamenti Climatici




IR Collaborative PRICE ECAS Service architecture and
EUDAT Data Infrastructure interfaces

p

Data Sources ECAS Work Environment Data Sharing
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B2SHARE
B2SHARE JU pyter

ood

oo

B2ZDROP

B2ZDROP

ON=DJATA

ONZIATA iy ﬁ_ﬁ

B2HANDLE

Infrastructure

Earth System Grid Federation Manager

Supportlng services




ECAS Featured use cases
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EUDAT Dota Infrastructure Climate data sharing, access, analysis and
visualization

v’ Climate indicators
v Integration ECAS/B2DROP
v ECAS Python API extended to support pushing of results to B2DROP

v’ Different interfaces (from file/datacube to B2DROP)
v’ Straightforward integration of B2DROP into Notebooks

Anomaly of monthly mean of daily temperature range (DTR)
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Anomali of manthly mean of daily temperature range (OTR) (°C)
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| SSScosoe mae Service Access

« DKRZ and CMCC are the current service providers for ECAS

« The two instances can be used by users after registration

— The instances differ in the choice and amount of local data
provided. Please refer to individual site documentation for
detalils.

« Users can develop Jupyter notebooks with Python

— Share your workflows via the ECAS workflow repository
— Store results in B2DROP
— Git repo at https.//qithub.com/ECAS-Lab
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X analytics framework

Ophidia (http://ophidia.cmcc.it) is a CMCC Foundation research
project addressing fast and big data challenges for eScience

It provides support for declarative, parallel, server-side data
analysis exploiting parallel computing techniques and database
approaches

It provides end-to-end mechanisms to support complex
experiments and large processing workflows on scientific
datacubes

CnCC

Centro Euro-Mediterraneo
sui Cambiamenti Climatici




Big data challenges and the
paradigm shift
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Volume, variety, velocity are key challenges for big data in general and for climate
change science in particular. Client-side, sequential and disk-based workflows are three

limiting factors for the current scientific data analysis tools.

Current Workflow Peta/Exscale Workflow

{
{

Richer set of metadata

Search & discovery (provenance &
workflow info)

Communication : : parallel Computation
over WAN GB/TB data analysis Server-side (remote)
(mandatory) > -

: ; Communication
"9"‘;‘;”;'3‘:;3“ over WAN KB/MB
(non-mandatory)

Computaﬁoﬁ ‘
Client ws (local)

S. Fiore, A. D’Anca, C. Palazzo, I. Foster, D. N. Williams, G. Aloisio, “Ophidia: toward bigdata analytics for
eScience”, ICCS2013 Conference, Procedia Elsevier, Barcelona, June 5-7, 2013

Core set of
metadata
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Server-side paradigm and the
datacube abstraction
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SDdl: Node
orage 4 . Cluster
Ophidia ¥ NS .‘\
Server S RISy S
4-—\.r]¢_, ‘:}\ N 9%
X i &) :."' \ gl

Oph_Term: a terlminal-like commands
interpreter serving as a client for the
Ophidia framework

33° 36" 37 3R

GEN FEB MAR APR

User metadata
information

CJ.
+ locale (0. : PT_Locale

K ) Metadata provenance

--= https://ophidia.cmcc.1t:8443/162/169 (ROOT)
https://ophidia.cmecc.1t:8443/162/170 (oph_reduce)
L https://ophidia.cmcc.1t:8443/162/171 (oph_merge)
https://ophidia.cmcc.1t:8443/162/172 (oph_aggregate2)
https://ophidia.cmcc.1t:8443/162/173 (oph_rollup)

Ophidia framework: declarative,
parallel server-side processing

Through the oph_term the user can
send commands to the Ophidia

System

framework tO manlpLIIate datasets metadata Ofthe https://ophidia.cmcc.1t:8443/162/174 (oph_reduce)
i https://ophidia.cmec.1t:8443/162/175 (oph_reduce)
datacube (s/ze, https://ophidia.cmcc.1t:8443/162/176 (oph_aggregate)

diStribUtiOﬂ, etC.) https://ophidia.cmcc.1t:8443/162/177 (oph_aggregate)

Three interaction modes:
Operators, Workflows, Python Apps

2




DR Coliab - e Ophidia in a nutshell
I EUDAT Dgtg Ir?;roc:us\{?ucture ’ ’ ﬂﬂﬂ[ P

. eScience framework » (Shared) Sessions

« Server-side « Workflows and applications

e Parallel « Interactive and batch support

o |n_memory « HPC and HTC tasks

« Declarative « Both domain-oriented (e.g. nc)
and domain-agnostic support

 Datacube oriented (multi- (e.g. OLAP)

dimensional OLAP support)




SR olotoraive | PIMl.'l Data analytics requirements and
EUDAT Dota Infrastructure 7 7 P4 use cases

V. |

Requirements and needs focus on:
s Data subsetting

s Statistical analysis

s Time series analysis

s Model intercomparison

s Multimodel mean

¢ Data reduction

s Data transformation

__ﬂ}__

s Param. sweep experiments o

s Maps production o

s Workflow support . N
But also... - smm | 2

% Performance - -

% re-usability -l =

% extensibility bl AU I et
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Core concepts

Storage model, primitive & operators



Front T A Standard interfaces |
<
end OPHIDIA Server ;
o —————————————————————
Compute | Compute nodes . - ‘Analytics Framework :
- |
—I Lt |
Iayer £ Compute '
Compute node 1 Compute node 2 oas —
!
|
|
mw —Nomneges  Array-based primitives
: !
/ayer l/' /O node 1 I/O node 2 .t ’ /O node n
I/O server NI IEE I service [l Service service I Lo, ‘
instance UDF Plugin UDF Plugin UDF Plugin UDF Plugin UDF PluginA UDF Plugin
|
|
Storage 4\5 Storage | . ~ .  Newstoraggemodel [
layer 1 IL .- *Partitioningfhierarchical 4ata mngj
| , ‘ = | , | |
S Stem v\ /f; (&—/)\/ e e e v\ / S /; U\/, S 2
Cata/Og : OphidiaDB Data Store Data Store Data Store Data Store Data Store Data Store

S,
M Collaborative
EUDAT Dcta Infrastructure

- PRACF

.+ Declarative language

Ophidia Architecture
(sw stack view)




I SR olotoraive ey Storage model and chunks

EUDAT Data Infrastructure

distribution

Front ’\5 —————————————————————————————————————————————————————————— |
OPHIDIA Server :

end
Compute —'>c°mputeod',
|
—I |
Iayer Compute
Compute node 1 Compute node 2 —
I
|
I/O —l\ 1/O Nodes
!‘
Iayer l/ I/O node 1 I/O node 2 |/O node n
I/O server NI = I Servico [l Seriee service I ... |
inStance IA UDF Plugin UDF Plugin UDF Plugin UDF Plugin UDF Plugin UDF Plugin |
|
Storage 4\5 Storage S— — .~ New storage model |
layer =1 Ib. ' . 'Pal[titioning, ‘hierarchical qata mngj
== g .= = |
SStem U (&_/): PR K_/’ U (\_/) c oo N 2
y = = == = = =
Cata/Og Data Store Data Store Data Store Data Store Data Store Data Store
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I EUDAT 5000 rotioucture 7. PRABE | Ophidia storage model

— The Ophidia storage model is a two-step based evolution of the star

schema to support scientific data management

— It relies on implicit (array-based) and explicit (tuple-based) dimensions

for specific representations of data
— The first step includes the support for array-based data
— The second step includes a key mapping related to a set of foreign keys

— The second step makes the Ophidia storage model and implementation

independent of the number of dimensions!



Storage model (dimension-
independent) & implementation

Collaborative * 5 '
EUDAT Doata Infrastructure ' fﬂﬂﬂl ¢

F ————————— —
dim3 | FK I
| dim2 EK | FK
I gimi FK dim4 measure | FK 4m2 gy
I dim3 (scalar value) | dim1  dim3 array of measures
FACT |
g dim4 |
imi O—‘
measure 0000 | 1
i o ) levl lev2 lev3 lev4
dim2 Step 0 | Btep 1
star scheml'a arrgy support
—— T —————— e —
Fig 1.a 1 Fig 1.b I Fig 1.c
classic DFM | classic ROLAP implementation | ROLAP implementation supporting n-dim arrays
Parallel I/0O r— 3;232
OphidiaDB mapping
1/0O nodes /O nodel | @ secesececeieiieiiiaeiaaaas I/0 node N = e e — -
Key ID
| array of measures
|
|
|
Ste
110 110 /0 110 l/e] l{e] Ophzj
/O servers server server server | @ cccce-- server server server implemenlation
11 1.2 iM N_1 N_2 N_M

00 000 OO O @@Q
~rws 3 00 00 0000 00O

Fig 1.e
Ophidia hierarchical storage model

Fig 1.d
key based ROLAP implementation

|

|

|

|

|

|

= = gl I L A I 1
|

|

|

|

|

|

supporting n-dim arrays |




Data abstraction

EUDAT Dota Infrastructure cu be space perSpECtive

S ) _
w Collaborative

o q User 0. Moadate User metadata
perspective ~longuoge 0.1 CrarscaSing information

+languege [0..1):  CharactarString

b' i + ehameerSel [0.1] MO_ CharaclerSeiCode = "ulf3
3 + parentldentfier  [0..1]: Charack
-— - -“9.-;" (dataCUbe < hierarchyLevel  [0.°] MD_ Seq
3 -y H + hicrarchyLeveiName  [0.%7. C
4 G £ X abStraCtlon) +contsct[1.7]: C_  ResponablcH
e o N _" y

: dm:g’o::::gm:g:;lame [0..1)
. . . + wetadstaStandard Version o
System perspective (internal storage representation) - daicsetUR! 10.1]- Cheroctory

+ locale (0.7 : PT_Locale

10 node 1 10 node 2 10 node n

MysaL MysaL MysQL MysaL MysaL

ervice Service Seryice Service Service
coe cece ese
JDF Plugir JDF PHgin Vo prugn I UOF Plug UDF Plgir

Service

Metadata provenance

--> https://ophidia.cmcc.1t:8443/162/169 (ROOT)
https://ophidia.cmcc.1t:8443/162/170 (oph_reduce)
L https://ophidia.cmcc.1t:8443/162/171 (oph_merge)
https://ophidia.cmcc.1t:8443/162/172 (oph_aggregate2)

S}/Stem https://ophidia.cmcc.1t:8443/162/173 (oph_rollup)
https://ophidia.cmcc.1t:8443/162/174 (oph_reduce)
l ‘ I | l ‘ metadata Of.the https://ophidia.cmcc.1t:8443/162/175 (oph_reduce)
) ) .. Ew ( L datacube (S[ze, :ttps://op:ig::la.cmcc.:@.t:8443/162/176 :op:_aggregate;
= == = = == = , , , ttps://ophidia.cmcc.1t:8443/162/177 (oph_aggregate
OphidiabB Data Store  Data Store Data Store Data Store  Data Store Data Store dIStrlbUtloni etC')

Manage the Ophidia file system
CcmMD BEHAVIOR

create a new folder

Metadata associated to the datacubes
TYPE CONTENT

Binary string representation of an image

m Binary string representation of an audio stream
list subfolders and containers in a folder

&) Search & Discovery

36




EUDAT Data Infrastructure

) D o
I WY Collaborative - PRACE * Array-based primitives

Front 4,\5 __________________________________________________________ |

OPHIDIA Server :

end |

Compute —'\>comptod
|

layer =, |

Compute node 1 Compute node 2 e C:?CIZU;Q !

l

|

/O S Array-based primitives
layer ; |
'y l/ I/O node 1 I/O node2 ,°* |/O node n
[\ MySQlL MySQL MySQL MySQL MySQL * i MySQL |
I/O Server SeT'vice S(z\:vicc Service SeT’vice Setvice * % Service “
- 0 ugin | Jlugin F 23 UDF Plugin F Plugin Plu, |nL\ UDF Plugin 8
Instance UDF Plugi UDF Plugi g UDF Plugi UDF Plug S

Storage J\$ S ———— A T—— —

layer —

Svystem & 9 & 2 ... & 2 © 2 & 2 ... & 2
Catalog Data Store Data Store Data Store Data Store Data Store Data Store




W Collcb ‘ imiti
EUDAT botorratiructre 7. PRACE Array based primitives

« Ophidia provides a wide set of array-based primitives to perform data
summarization, sub-setting, predicates evaluation, statistical analysis,

compression, etc.
« Primitives come as plugins and are applied on a single datacube chunk (fragment)
« They are provided both for byte-oriented and bit-oriented arrays
« Primitives can be nested to get more complex functionalities
« Compression is a primitive too!

« New primitives can be easily integrated as additional plugins



Array based primitives:
OPH_MATH (“SIGN”)

S,
M Collaborative
EUDAT Dcta Infrastructure

- PRACF

oph_math(measure, “OPH_SIGN”, "OPH_DOUBLE?”)

oph_math(measure,"OPH_MATH_SIGN", “OPH_DOUBLE")

TABELLA INPUT 3 x 50 TABELLA OUTPUT 3 x 50
D MEASURE 1D MEASURE
1 ' 10, 73- 8.661" -7,83 11,2; -6.021' 1,95' 8, 70- 1 - 1' 1 -1. 1 1 1
2 22,85‘ 17,843 13,82 10,57‘1 5.81. 1,71. 21, 13 2 1 1 1. 1 1 1
3 -19,89 —30,173 -24,95/ -30,07 -25,4 -26,31 24,82 3 1 1 -1 1 1 1

Single chunk or fragment (input)

Single chunk or fragment (output)

1,50

e
) I

-1,00
-1 80 50 ’ \

Tabella di input

—

V

-2,00

-12,00

~1D=3

1 4 710131619 22252831343740434649

-22,00

-32,00

1 3 5§ 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49




I m S PIMI.'[ Arrayc/) based primitives:
nfrastructure 7, TR PH_BOXPLOT

oph_boxplot(measure, "OPH_DOUBLE”)

Single chunk or fragment (input) Single chunk or fragment (output)
INPUTTABLE 5 tuplesx 50 elements OUTPUTTABLE 5 tuplesx 5 elements (summary)

ID MEASURE 1D MEASURE
1 10,73 8,66 7,83} 11,20 6,02 195 9,25 16,11 .. 870 1 1,95 8.64| 10,47 11,87 16,11
2 22,85 17,84 21,82} 18,57 14,81 1871 19,31 19,83 . 2113 2 14,81 18,14| 19,93 21,66/ 24,35
3 19,89 30,17 24,95I 30,07 25,40, 26,31 2295 23,18 .. 2482 3 19,89 22,74I 24,24 26,45 30,17
4 11,60 12,49 1391 1353 9,48 1527 13,05 14,17 .. 1166 4 6,87 10,99 12,85 14,28 16,93
5 13,94 12,43 17,95} 14,70 2041 1446 15,537 18,00 .. 18,30 5 9,23 13,87 15,05 16,61] 2041

Input table Output Table
35,00 35

30,00

30

25,00

25

| V\/\/ A :
2000 A 1l ‘ g " — |
m'm;' ,w‘._ 3 N —
‘.“M‘“ ‘A\ :5 0 E E i

10,00 -

5,00 5

0,00

0 T T
1 3 5 7 9 11131517 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 D=1 D=2 D=3 ID=4 D=5




Array based primitives:
nesting feature

EUDAT Data Infrastructure : fﬂﬂﬂl

oph_boxplot(oph_subarray(oph_uncompress(measure), 1,18), "OPH_DOUBLE?”)

Single chunk or fragment (input) Single chunk or fragment (output)
INPUTTABLE 5 tuplesx 50 elements OUTPUTTABLE 5 tuplesx 5 elements (summary)
- - i ID MEASURE
1 | 10,73 866/ 7,83 1120 602 195 - 16,11 - 870 1 coel el il enesl amen
2 ' ;
: 2285 17,84 21,82 18,57 14,81 18,71 .. 19,83 } - 21,13 2 14,81 18,14 1993 2166 2435
3 # 19,89 30,17 2495 30,07 2540 26,31 23,18] } ... 2482 3 1089 2274 2424 2645 3017
1
4
' 4 6,87| 10,99 12,85 14,28 16,93
5 et [ o
1
! 5 9,23 13,87 15,05/ 16,61 2041
1

|

Ssubarray(measure, 1,18)

r 1 Inputtable

35,00

30

2500 [\/\V\ A /\V\ 25
' \J M \V
e fip Y /V\AVWM\ VA % o ﬁ> .

—ID=2

30,00

~———ID=3

v
. IV N — o s ==
1000 ’.’ N VA P' NM‘“ — 1= E E i

10 +

5,00

0,00

1 3 5 7 9 1113 1517 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49
D=1 D=2 D=3 D=4 ID=5



Array based primitives:
OPH_AGGREGATE

S
M Collaborative
EUDAT Dcta Infrastructure

oph_aggregate(measure,"oph_avg’) Single chunk or fragment (input)

INPUT TABLE 5 tuples x 360 elements
D MEASURE
1 8,40 7503 7,36 J 12,68 13,34 §11,17§ 9,09 2,04 7,75
2 7,85 §10,71 7,23 5,14 4,68 2,61 9,17 8,50 6,57
3 6,40 3,48 0,44 2,81 6,16 2,01 3,61 3,83 5,88
4 5,60 § 4,68 5,54 5,84 5,47 5,37 5,30 7,24 3,06
5 3,55 4,10 4,59 5,07 6,97 2,07 3,06 3,06 7,88

Y VYV V V¥V V YV VYV VYV VY
Vertical aggregation

OUTPUT TABLE 1 tuple x 360 elements

Single chunk or

ID | MEASURE
fragment (output)
1 [ 6,25 ] 5,35 | 5,00 | 5,57 | 5,41 | | 5,11 ”
Input table Output table

30,00 & 30,00

25,00 25,00
'.620,00 H pZ0,0ﬂ
% m—Serie] 5
g 15,00 —Serie2 i 15,00
Y Q
g —Serie3 E —Seriel
~ 10,00 Sericd ~ 10,00

5,00 ——SerieS 5,00

0,00 0,00

CRARRERESZIASNEEEERRIARERASENAS
Time series [days]
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EUDAT Data Infrastructure Primitives dOCU mentation

‘ﬁ% O o) hidia v1.5+  Sections~ «OPH_PRIMITIVES_LIST oph_append»  Ophidia Website = Search

Ophidia Primitives Manuval
User Guides The links below describe the set of array-based primitives available in the platform. Currently available array-based functions allow data
Partition Usage sub-setting, data aggregation (i.e. max, min, avg), array concatenation, algebraic expressions and predicate evaluation. Core functions
Terminal Usage of well-known numerical libraries (e.g. GSL) have been included into the primitives.
PyOphidia Each manual page describes the primitive's functionalities, the input arguments required, the returned type and a simple example. To
Operators Manual uniform the interfaces, almost all primitives use as first two arquments input and output measure type, even when these parameters are

Primitives Manual not necessary. In these cases they are marked as not used.

Core Array Most operators rely on primitives to perform array-based operations, however to execute a selected primitive, a special operator
OPH_APPLY must be used.

Selection
Arithmetic Ophidia primitives have been developed as MySQL User Defined Functions (UDF), see development guide for more information, hence
) the functions can be also used in a nested fashion.
Statistical
Transformation Core Array
Numerical Analysis
NAME DESCRIPTION
Mining
Miscellaneous oph_append It concats multiple input measures into a single output measure.
Data model
" . oph_concat It builds a new measure array concatenating the measures specified.
Virtual File System
Massive Operations oph_concat2 It builds a new measure array concatenating the measures specified; the primitive appends one array per ro
Workflows Usage w by selecting it cyclically from the set.
Session M. t :
SSsiOnAnagenen oph_count_array It counts the number of elements into an array.
Time management
Examples oph_expand It expands an array by putting NaN in given positions.
Appendix oph_extend It creates an array by concating more copies of input array.
oph_find It finds the number of occurences into a measure array that are inside the interval [value-distance;value+dis
tance].
oph_gsl_sort It orders the elements of the measure array in an ascending way using heapsort.
oph_interlace It interlaces multiple input measures into a single output measure.

http://ophidia.cmcc.it/documentation/users/primitives/index.html



EUDAT Data Infrastructure

AR _
M Collaborative

Front
end

Compute
layer

I/O 1/O Nodes
layer
y l/ I/O node 1 1/O node 2
N MysaL MysQL MysQl MySQL MysQL MysQaL
I/O Server Service Service e Service Service Service Service
inStance UDF Plugin ! UDF Plugin UDF Plugin UDF Plugin I UDF Plugin UDF Plugin

Storage
layer

System
catalog i

Analytics framework and

datacube operators

33

Compute nodes

_______________________________________________________________

_.+"Analytics Framework

|
| ‘ 4’ | '
& t
Compute node 1 Compute node 2 e rc:c:r;peune t

|/O node n

Data Store

Data Store

Data Store Data Store Data Store
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Data Operator

OPH_CONCATNC
OPH_DELETE
OPH_DUPLICATE
OPH_EXPLORECUBE
OPH_EXPORTNC

OPH_IMPORTNC

OPH_INTERCOMPARISON

OPH_INTERCUBE

OPH_MERGECUBES

OPH_PUBLISH
OPH_RANDCUBE
OPH_REDUCE
OPH_SCRIPT
OPH_SUBSET

Colloborotlve
E U DAT Dota Infrastructure

PRACE

Analytics framework and
datacube operators

About 50 operators for data and metadata processing

Description

Concatenates a NetCDF file to a data cube.

Deletes a data cube.

Duplicates a data cube.

Shows the content of a data cube.

Exports a whole data cube into a single NetCDF file.
Creates new a data cube importing data from a
NetCDF file.

Generates the difference value-by-value between
two homogeneous data cubes.

It executes an operation between two data cubes
and returns a new data cube as result of the
specified operation applied element by element.
Merges the measures of n input data cubes creating
a new data cube with the union of the n measures.
Generates web pages representing the data stored
in the fragments.

Creates a new data cube with random data.

Applies a data reduction operation along one or
more implicit dimensions.

Executes a bash script.

Extracts a subset from a data cube using the values
of the dimensions.

Metadata Operator

OPH_CUBEELEMENTS

OPH_CUBEIO
OPH_CUBESCHEMA

OPH_CUBESIZE
OPH_FIND
OPH_LIST

OPH_LOGGINGBK
OPH_MAN

OPH_METADATA
OPH_OPERATORS,_LIST

Description

Computes and displays the total number of
elements contained in a data cube.

Shows the provenance of a data cube.

Displays the metadata and dimension information
associated to a data cube.

Computes and displays the total size (on disk) of a
data cube.

Finds a data cube.

Displays the list of data cubes and containers
available.

Shows session and job information.

Shows a description about an operator or
primitive.

Manages metadata information.

Displays the list of available operators.

oph_apply operator to run any primitive on a datacube
y=f(x) = oph_apply(oph_boxplot)

oph_apply(oph_predicate('oph_float','oph_int',measure, 'x-298.15','>0','1",'0")")
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INPUT DATA CUBE

QUTPUT DATA CUBE

- PRACE *

OUTPUT DATA CUBE

FRAGMENT1 - 10 TUPLE x 10 ELEMENTS FRAG1 10TUPLE x 1
EDUCE
D MEASURE REDUC D MEASURE
ALL MAX
1 1,95] || 8,64 || |10,47 16,11 t > 16,11
2 14,81 || 18,14/| [19,93 24,35 7 > 24,35
10 6,87 1 10,99 |12,85 16,9317 10 >| 16,93
AGGREGATIE ALL MAX
FRAGIMENT1 — L TUPLE 10 ELEMENTS
D . J MEASURE A
1 14,81 ‘ 18,14/ 19,93 ‘ ‘ 24,35 I

Analytics framework and

datacube operators

OUTPUT (INPUT) DATA CUBE

FRAGMENT1 - 1 TUPLE x 10 ELEMENTS

|

10

[ 6,87 | 10,99 | 12,85 16,93

D MEASURE

INPUT (OUTPUT) DATA CUBE X “ Los I o0 | 047 ‘ on |

FRAGMENT1 - 10 TUPLE x 10 ELEMENTS
Lo ‘ BCASURE FRAGMENT2 — 1 TUPLE x 10 ELEMENTS
1 195 | 864 | 1047 16,11 S SPUTbY | p | measure

‘ L 10FRAG |
2 1481 | 1834 | 1993 | .. | 2435 > l‘ 14,81 | 18,14 ’ 19,93 ‘ v | 2838
'~ (MERGE by
.~ 10 FRAG)

FRAGMENT10 - 1 TUPLE x 10 ELEMENTS

10 MEASURE

N

'H 6,87 | 10,99 ‘ 12,85 ‘

16,93 |

INPUT DATA CUBE
FRAGMENT10 — 10 TUPLE x 10 ELEMENTS OUTPUT DATA CUBE
D MEASURE
SUBSET FRAGMENT10 — 2 TUPLE x 10 ELEMENTS
1 1,95 | 864 | 10,47 16,11 Filter 1:2 D MEASURE
2 14,81 | 18,14 | 19,93 24,35 1 || 1,95 | 8,64 | 10,47 16,11
2 B“ 14,81 | 18,14 | 19,93 24,35
10 6,87 | 10,99 | 12,85 16,93
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User Guides
Partition Usage
Terminal Usage
PyOphidia
Operators Manual

Data Analysis

Data Import/Export

Metadata

Virtual File System

Workflow Management

Administration

Miscellaneous
Primitives Manual
Data model
Virtual File System
Massive Operations
Workflows Usage
Session Management
Time management
Examples

Appendix

The analytics framework: “data”
operators

Ophidia Operators Manual

The links below give an exhaustive description of all the operators available in the platform, Each manual page describes the operator’s
behaviour, its parameters and a simple usage example. A table summarizing the parameters constraints (data type, mandatoriness,
admissible and default values) closes each section. To better understand how to submit a request, we recommend you to read the
Ophidia Terminal: basic usage guide.

Note

In order to fully use all the Ophidia operators and other features, in dynamic cluster mode, a cluster of /O server instances must be
deployed before running the data operators (e.g. OPH_AGGREGATE, OPH_REDUCE, etc.). A cluster consists of a set of reserved
analytics nodes with a single I/O server instance running on each. It is identified by a user-defined host partition name and multiple
clusters can be deployed by the same user. After its creation, the user can exploit the computing resources of the cluster by simply
specifying the host partition name in the data import operators (OPH_IMPORTNC2, OPH_RANDCUBE2, etc.) and release them at the
end of its workflow of operators by undeploying the cluster. Additional information about the usage of cluster management can be
found in the /O server cluster guides.

Data Analysis

This group includes the main data processing Ophidia operators. Most of them process an input cube to obtain another cube with
different data and/or metadata.

The operators OPH_INTERCUBE, OPH_MERGECUBES and OPH_MERGECUBES2 process two input cubes.
The operator OPH_SCRIPT allows the user to run a generic (pre-registered) bash script.
Data reduction can be applied to dimension values (and the corresponding measures) in two ways:

* by group size

= by concept hiearchy level

The former approach is adopted by the operators OPH_AGGREGATE, for tuples, and OPH_REDUCE, for arrays. Use group_size to set
the number of elements to be aggregated. The latter approach is adopted by the operators OPH_AGGREGATEZ2, for explicit dimensions,
and OPH_REDUCE?2, for implicit dimensions. See Time Management section for more information about concept levels and aggregation.

NAME DESCRIPTION

OPH_AGGREGATE It executes an aggregation function on a datacube with respect to explicit dimensions.
OPH_AGGREGATE2 It executes an aggregation operation based on hierarchy on a datacube along an explicit dimension.
OPH_APPLY It executes a query on a datacube.

OPH_DRILLDOWN It performs a drill-down operation on a datacube, i.e. it transforms dimensions from implicit to explicit.

OPH_DUPLICATE It duplicates a datacube creating an exact copy of the input one.

http://ophidia.cmcc.it/documentation/users/operators/index.html
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[37. .441?] >> oph_cubeio 3635878484713707841401810319750387_6.jpeg

[Request] : 5 S 3 r—

operator=oph_cubeio;sessior] File Modifica Visualizza Immagine Vai Aiuto 7.0.0.1/0phidia/35/74; cwd=/
i 4m Precedente W Successiva @, & @ & L T

[JUI)ID] . . % G DT)I ’:vp/rlﬂnnlmm

http://127.0.0.1/ophidia/s¢f SOURCE : Mhome/oph-dev/Scrivaniatas_rep8S_CMCC-CM/rlilp 1 Atus_rcp8S.nc

[Response]: M«%ﬁ subset \ oph_duplicate oph_duplicate
Cube Provenance

--------------- [(,m /127 unwm nm heip/127.0.0. w'm D(rl hnplfl“OUINlH—l]

.w,w&wmn: £ oph_subser2
#63737283924416 - 0O Xx

| INPUT CUBE ﬁnﬁr sph_duplicate h_sabset2

| [ DOL: hapA/ 127.0.0. 10072 DO : hpe//127.0.0. 19/88 I I DOI : hetpet 127.0.0.10/7% ‘ I DOI : hitp/127.0.0. 159/87 l l DOL: bep://127.0.0. INN\ D()l htp /127001881 l)()l btepes/127.0.0. |qu E|p

I e o N (o / \ o o, @ B £ B

| http://127.0.0.1/0phidia/| [ por: wpmzroomns DO : batp://127.0.0.197%0 oph_ -lmnm[wn-m m)l hipel/127.0.0. wxx [ DO : hitpe/127.0.0. 1995 | | DO : ip/127.0.0, wm PID : hup://127.0.0. 1 /ophidia/35/67
etV o S e _ o SOURCE : /repoftos_01_2001-2002.nc

| http://127.0.0.1/0phidia/ ph_reduce opb_intcrcomparison 3 oph_imercube

fimss e A

| http://127.0.0.1/0phidia/ DO : bitpo/£127.0.0.1/81 DOL : bp//127.0.0. 19789 DOL: hitp://127.0.0. 197

LSRR R

| http://127.06.0.1/0phidia/ ph_reduce pb_reduce ph_intercube | fophidia/35/70

+ ]
DOL Wtpe//127.0.0109/104 DOT ; b/ 127.0.0.19/105 DOT : hip/127.0.0. 19898
I: I::l h_reduce

Cube Provenance Graph

aphi_inercube
Directed Graph DOT string

i ing : | fophidia/35/71
digraph DG { DO1: hip/127.0.0.1999

node [shape=box]

aph_duplicate \ oph_reduce h_merge

?' Hgg:{:"zﬁ If"" h"r-“l:'?nmlru|w| |rm| Itpe// 127.0,0.19/103 @I
2 [label="PIC .
3 [label="PI[ aph_redue | ‘
4 [label="PIC h_aggregate
5 [label="PI[ DOI : hitp:7/127,0.0. 197101

yh_merge | fophidia/3574
1->0 [label="opH :

2->1 [label="opk DO : hip//127.0.0, 197102 3/3




¥ Collaborative

E U DAT Dota Infrastructure

PRACE

Pipelining analytics operators to
reduce data

L i A Ideal path . AT AE =
i | FRAGMENT4 — 1074 TUPLE x 1075 ELEMENTS oo deathalm N 1 TUPLE x 1 ELEM.
| I FRAG64 — 1074 TUPLE x 1075 ELEMENTS 3”D base } >\ “0"D apex
] cuboid ! 7 cuboid D MEASURE
], m® MEASURE IESTETee. v
—{ 2 5 1 1,95 | 8,64 16,11
L 5 14,81 | 18,14 24,35 I
H
] ] “ee
| 1( | | AGGREGATE Al.L MAX
107
%64 6,87 | 10,99 16,93 |
: REDUCE ALL MAX Real path through FRAGMENTI1 -
L 4 Ophidia operators 64 TUPLE x 1 ELEM.
coAchENTA 1080
H| | FRAGMENT 64 - 1074 ID i
{11 | TUPLE x 1 ELEM. . MERGE ALL i |
H | IF s arcmam | > 1 19,78
| ID ! i !
"IE - FRAGMENT 4 - B
11 H | FRAGMENT 64 — >| 2 |
H | 2 = | ||_1TUPLE x 1 ELEM. S Ea—
11, g
i ID MEASURE
= | { 24,35 I >| 64 24,35
4] 1 x64 x1 - —
X64 — AGGREGATE ALL MAX
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Advanced features

Workflows management,
In-memory analytics, Python binding
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Workflow support on
the server side

Separation of
concerns between
framework and 1/0O
components

Support different /O
servers

Native 1/0O server with
parallel execution
engine

Multiple storage
systems supported

EUDAT Data Infrastructure

Architecture evolution

_______________________________________________________________

Ophidia Server

REST I WS- 0GC I GSI/VOMS I
Q — parser o vaidator L. Wotkfow Natification
| x Engine Manager

|

I

| l

|

|

| OphidiabB
: Manager
|

4

|

|

| Resource Manager I

Compute nodes

|
|
|
|
|
|
|
|
|
|
|
|
r !
I
| |
|
| OPHIDIA Framework API OPHIDIA Framework AP| :
|
| Ophidia Operators Ophidia Operators :
|
|
| | Operator l I Operator | Operator I I Operator I | Operator I Operator I Operator | I Operator |
| . e e i
|
) I Operator | Operator eee Operator I Operator | | Operator | ewe :
! |
! Server 1/0 API Server 1/0 API I
OphidiaDB - OphidiaDB . |
|
| Manager it Manager val Plugin || Plugin Utilities |
| MySQL || Ophidia MySQL || Ophidia :
|
' Compute node Compute node m !
————————————— ..'—.———_—————————————————____————-___—————_————————-I
————————————— -a—l——ll—————————————————————————————————————————————'
'l/ONOdeS L] ____ﬂ__________
! ’ .E- S e R L - = - = - - .. =---= | :
|
\ MySQL Ophidia 1/0 Server MysQL Ophidia 1/O Server |
| Server Storage /O API Server Storage I/O AP :
B R | e N 0000 W | SRl e g
) in File _ | Object . In File Object |
| MVSQL Engine memory | system store T eee MysQL Engine memory | system store |
______________________________________ e e |
: Execute Plugin Execute Plugin |
) I OpenMP I I OpenMP !
|
|
\ Arra\[plug&n I Array plugin :
|
\ 1/O node 1 1/O node n T
|
i 1 I |
- i —
S p T
= =
=
i DataBase Memory Object File System DataBase Memory Object File System
Storage Device Storage Device Storage Device Storage Device Storage Device Storage Device Storage Device Storage Device
Ophidiab8 Data Storage Data Storage
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sea surface salinity

EUDAT Data Infrastructure

20y 40,7

s@a surfaco salinity (psu)

<

55 12.6 187 268 339 403

Days with unusually warm temperatures in (2014, 2016]

+ PRACE *

Support for scientific data analysis
experiments
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Extract minimum valu

oph_reduce

Evaluate max-min ran

oph_intercomparison

Extract minimum valu
oph_reduce

Extract maximum valu
oph_reduce

Extract minimum valu
oph_reduce

Extract maximum valu
oph_reduce

Evaluate max-min ran

‘ oph_jn!mompmwn

Evaluate max-min ran Evaluate max-min ran

oph_intercomparison oph_intercomparison

5
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A oloboratie - ’””1_’ Analytics workflows support and
EUDAT Data Infrastructure v s interfaces

Workflow Management

This group includes a number of flow control operators that could be used within an Ophidia workflow to implement complex data
processing in batch mode. In particular, they implement several advanced features: setting of run-time variables, iterative and parallel
interface, selection interface, interactive workflows, interleaving workflows, etc.

NAME DESCRIPTION

OPH_ELSE Start the last sub-block of a selection block "if".
OPH_ELSEIF Start a new sub-block of a selection block "if".
OPH_ENDFOR Close a loop "for”.

OPH_ENDIF Close a selection block "if".

OPH_FOR Implement a loop “for".

OPH_IF Open a "if" selection block.

OPH_INPUT It sends commands or data to an interactive task.
OPH_SET Set a parameter in the workflow environment.
OPH_WAIT Wait until an event occurs.



Behind the scene: workflow JSON
representation

IR Collaborati
EUDAT Data Infrastructure PRACE

[ ophrpm@uophidiarom:~/workflow

b3 ‘uphrpm@oph«dldlpm:~!w0|kﬂow

"name": "Loop on tasmin and tasmax cubes",
“"operator": "oph for",

'arguments”: [ "name=cube","counter=1:2", "values=${1}|3%{2}", "parallel=yes" ]

"name": "Compute operation over time",
"operator": "oph reduce2",
"arguments": [
"cube=@{cube}",
"dim=time",
"concept level=M", Compute operation ov
"midnight=00", oph_reducc2
"operation=5%3",
"container=tmp"
1,
"dependencies": |
{ "task": "Loop on tasmin and tasmax cubes" }

: "Conversion from Kelvin to Celsius degrees"

or": "oph_apply",

"arguments": | Conversion from Kelv
"query=oph_sum scalar('oph float','oph float',measure,-273.15)" oph_apply

1.

"dependencies": [{
"task": "Compute operation over time",
"type": "single"

H

"name": "Loop for subset months' Loop for subset mont
"operator": “oph for", K
"arguments": [ "name=index","counter=1:12" "valuer—Jan|Feb|Mar|Apr|May|Jun|Jul|Aug|Sep|0ct|r ’ oph_fo
"dependencies": [ { "tafk"'"Conver ion Trom Kelvin to Celsius degrees", "type": "single" }

"name": "Subset on i-month",
"operator": "oph subset",
"arguments®: [
"subset dims=time", d
"subset filter=&index:12:end" Subset on i-month
1,

oph_subset
"dependencies": [

--More--(65%)

outube video: http outube.com/watch?v=PTZkw60YCNU
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f
ophrpm(@ophidiarpm:~/devel/oph-clientjres 3¢ | ophrpm@ophidiarpm:~/workflow X

./Tind loop.json http://193.204.199.174/0ophidia/29/2046 http://193.204.199.174/0phidia/30/2047 max
[JobID]:
http://193.204.199.174/ophidia/sessions/376699238311302232511449455166146380/experiment?247#3144

view 247
./Tind TOOp.json nttp://193.204.199.174/0phidia/29/2046 http://193.204.199.174/0phidia/30/2047 max
1449455166146380/experiment?247#3144]

nNttp://193.204.199.174/0phidia/sessions/37669923831130 | 37669923831130223251 | 247 . OPH_STATUS_
2232511449455166146380/experiment?247#3148 1449455166146380 sius ) COMPLETED
- | - -
http://193.204.199.174/0ophidia/sessions/37669923831130 37669923831130223251 | 247 £ Conversion from Kelvin to OPH_STATUS
2232511449455166146380/experiment?247#3149 1449455166146380 Celsius degrees (2) COMPLETED




Workflow example:
Multi-model analysis (CMIP)

Collaborative
EUDAT Data Infrastructure

- PRACE

Acronym Expansion LatxLon Institute
. . . . CCsmMm4 Community Climate 0.9°x1.5° National Center for Atmospheric Research
Single model precipitation trend a Byen e 4 (NCAR)
CMCC-CMS CMCC - Coupled 1.9°x1.9° Euro-Mediterranean Center on Climate
Modeling System Change (CMCC)
I CMCC-CM CMCC - Climate Model | 0.8° x 0.8° Euro-Mediterranean Center on Climate
Change (CMCC)
CMCC-CM
R 2 || i
\ iy, 6 oty CNRM-CM5 CNRM - Coupled 14°x14 Centre National de Recherches
I 3 heurly) Global Climate Meétéorologiques (CNRM)/Centre Européen
| Model, v5 de Recherche et de Formation Avancée en
: Calcul Scientifique (CERFACS)
: CSIRO Mk3.6.0 CSIRO Mark, v3.6.0 1.9°x1.9° Commonwealth Scientific and Industrial
| Research Organisation (CSIRO) in
F collaboration with Queensland Climate
! : Change Centre of Excellence (QCCCE)
: gﬂa
] CanESM2 Second Generation 28°x28° Canadian Centre for Climate Modelling and
| Canadian Earth Analysis (CCCma)
: System Model
: e Icsssss GFDL-CM3 GFDL Climate Model, | 2.0°x2.5° National Oceanic and Atmospheric
Almos, g { tme | percentie v3 Administration (NOAA)/Geophysical Fluid
el S by 90 parcercr. J0V Dynamics Laboratory (GFDL)
GFDL-ESM2G GFDL Earth System 2.0° x2.5° National Oceanic and Atmospheric
Model with Administration (NOAA)/Geophysical Fluid
Generalized Ocean Dynamics Laboratory (GFDL)
Layer Dynamics
(GOLD) compenent
GFDL-ESM2M GFDL Earth System 2.0°x25° National Oceanic and Atmospheric
Model with Modular Administration (NOAA)/Geophysical Fluid
Ocean Model 4 Dynamics Laboratory (GFDL)
(MOM4) component
HadGEM2-CC Hadley Centre Global | 1.2° x2.8° Met Office (UKMO) Hadley Centre (HC)
Environment Model, v2
_______________________________ (Carbon Cycle)
HadGEM2-ES Hadley Centre Global 12°x28° Met Office (UKMO) Hadley Centre (HC)
AR Environment Model, v2
I B (Earth System)
Ay, pe
I a1y, 6 noury,
| Jnouty) L/ INM-CM4.0 INM Coupled Model, 1.5°x2.0° Institute of Numerical Mathematics (INM)
] v4.0
'
: IPSL-CM5A-MR IPSL Coupled Model, 1.2°x25° L'Institut Pierre-Simon Laplace (IPSL)
' version 5, coupled with
| Other Model N NEMO, mid resolution
Som o
e Loy MIROCS Model for 14°x14° Atmosphere and Ocean Research Institute
et Interdisciplinary (The University of Tokyo), National Institute
Research on Climate, for Environmental Studies, and Japan Agency
v6 for Marine-Earth Science and Technology
MPI-ESM-MR MP! Earth System 1.9°x1.9° Max Planck Institute for Meteorology (MPI-M)
Model, medium

58




Workflow example:
Multi-model analysis
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"name": "90th percentile JJA Historical",
"arguments": [

"operation=quantile",

"dim=time",

"concept_level=y",

"order=${5}"

]
"&ependencies": [

{ "task": "Subset JJA Historical, "type": "single" }
]

"name": "Linear regression Historical",
“operator": "oph_apply",
"arguments": [

"measure_type=auto"

"&ependencies": [
{ "task": "9@th percentile JJA Historical", "type": "single" }
]

"name": "Import Type Selection Scenario",
"operator": "gph_if",
"arguments": [ "condition=${10}" 1,
"dependencies": [

{ "task": "loop_model" }
]

%I

eSiwace

/ CENTRE OF EXCELLENCE IN SINULATION OF WEATHER
4 AND CLIMATE IN EUROPE Q

The ESiWACE project has received funding from the European Union’s Horizon 2020 research and innovation programme under
grant agreement No 675191 http://www.esiwace.eu



Multi-model analytics workflow
Two implementation Strategies
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- PRACE *

_:' Jupyter Precipitation Trend Analysis (optimized) Lsst Creckpont: 07/11/20'9 (autcsaved) ® covorpans | Logout

"name": "90th percentile JJA Historical",
"arguments": [

"operation=quantile",

"dim=time",

"concept_level=y",

“"order=${5}"

Fie Eont View Insert Col Kema! Help Trusted Python2 O

B+ % @B 4 ¢ N B Clcode s =

In {281t | ##%¥ Workflow for the analysis of precipitation trends related to different scenarios. ###

In [29)t # workflow parametsers

ncores « 1 # number of cores
list_of_nodels = 'CanBSM2 |CCSKS ' #/CMCC-C | CMCC-CM [ CMOC~CME | CNRN-CMS | BadGEM2 ~BS | TRM-CN4 | TPSL~CHSA-MR | NTROCS | NPT <ESN-MR
seenario = “repds’ - repés)

frequency = ‘day’

percentile = 0.9
past_tino_subsot = '1876_2006"
future time_subaet = ‘2071 _2101
spatial subset = '-90:90[0:360"
output_grid = 'r3s0x180’' putput grid using the format r<lon>x<lat>, f.e. a global regular lon/lat grid
import_type = 1 # import type (optional), set to '!' in c y subsetting data have to be import
io_server_type = 'ophidiaic memory' # 1/0 server type (optional), default 'mysgl table

]l
"dependencies": [
{ "task": "Subset JJA Historical", "type": "single" }

me frequency (e.g.
# percentiie (e.g. 0.9)
# past timo subsot

# future time subset
graphic subset

"name": "Linear regression Historical",
“operator": "oph_apply",

"argumer‘ts": [ in [30): | # general import and classes definition
import datetime

dmport multiprocessing

Amport multiprocessing.pool
from multiprocessing import Pool

"measure_type=auto"
]
"&ependencies": [

{ "task": "9@th percentile JJA Historical", "type": "single" }

from IPythan.display import Image, display
from PyOphidia import cube, cllieat
dmport numpy as np

] class NobsemenProcess (multiprocessing.Process):
def _get_daemon{self):
} » retuzn False
{ def _set daemon{self, value):
pass

"name": "Import Type Selection Scenario",
"Operato r' “p.p.b—..j:.f.“ !

"arguments": [ "condition=${10}" 1,
"dependencies": [

; { "task": "loop_model™ }

daenon = property(_get_daemon, _set_daemon]

class MyPool(multiproceasing.pool.Pocl):
Process = NcDaemonProcess

cube.Cube.setclient {read_eav=True)

current cdd is /home/pnassisi/P53/workflow

Current session is httpsi//ophidislab.cmcc.it/ophidia/sessions/102277202722902889581550621031613942/experinent

Current cwd ie /pta
The last produced cube is https://ophidialab.cmoc.it/ophidia/z977/365967

Approach
SS - SI*
SS - MI*

Workflow

Notebook

Mode

Ophida

Interactive PyOphidia

"SS: Server Side; Sl: Single Interaction, MI: Multiple Interactions

Library

Code
WF JSON

LoC
544
122

ExecTime
199 (1.6x)
319

Python
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ECASLab

Data Science environment
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PRACE ECASLab

in a nutshell

map.drawmeridians (np.arange(-180,180,30),labels={0,0,0,1}) Select items to perform actions on them.
x, y = map(*np.meshgrid(lon,lat)) -
clevs = np.arange(265,310,0.5)

et - sty e 1o PYERNON NOtE@bOOkS

cbar = map.colorbar(cnplot, location='right ") [ notebooks

plt.title( 'Temperature (de
plt.show()

3 X))

O workflows

_ Jupyter Aggregated_map Last Checkpoirt: an hour ago (unsaved changes) @ CowaPane  Logout =
jupyter
F % w  Insent il Kemel  Help Trustes Python2 O ~ FOI b °
B+ xam s nme lieés browsing
R e Files Running Ciusters
drawparallels(np.arange( -90, 90,30),labels={1,0,0,0])

Control Panel  Logout

Upicad New~ o<

Name 4 Last Modfied
10 days ago
10 days ago

10 days ago

Temperature (deg K)

lupyter supports interactive data science and scientific

920 computing
OphidiaLab includes a JupyterHub installation and, thanks to
he Jupyter Notebooks, scientists can creat

t2875

and share
documents that contain live code, equations, visualizations
and explanatory text

283.0

278.5

The JupyterHub interface is available here*.
2740

login, open "Quick Start.ipynb” notebook available
quickstart/ folder in your home to get started with
pb environment capabilities,

o 0°E 60°F 90°E

ote that for security reasons, the access to our

b instance is restricted to authorised users only and
additional step after the registration process.

Terminal

~ Jupyter

Warning: There is no session to resume

Resuming last session...

Getting list of Ophidia operators XML files from "https://ophid
rators_xml/"... Done.

Downloading necessary files... Done.

Remote XML files: 67 - Downloaded XML files: 67 - Removed XML £

Oph_Term - the Ophidia shell, version 1.0.0

Copyright (C) 2012-2017 CMCC Foundation - www.cmcc.it

This program comes with ABSOLUTELY NO WARRANTY; for details typ
This is free software, and you are welcome to redistribute it
under certain conditions; type “conditions' for details.

Welcome to Oph_Term !

Use the power of the Ophidia framework right from your terminal.
If you are going to use Oph_Term for the first time and need something
to get you started, just try entering "help"

[OPH_TERM)] >> oph_list]]

Quick Start

OphidiaLab provides two different ways to get access to its scientific eco-system: JupyterHub and Ophidia client

(L —

QuickStart

The Ophidia Terminal is a robust, comprehensive, and user-
friendly Ophidia client, developed with characteristics similar
to the bash shell present in almost all Unix-like environments.
Please have a look at the online available documentation to
learn more about the basic functicnalities of the Ophidia
terminal as well as some advanced features useful for more
skilled users.

Two short guides (basic, advanced) in pdf format are also
available

Several examples of real-world usage of the terminal are also
available on the Ophidia website tutorial section.

The latest client RPM for CentOS7 is available here

The related DEB package can be downloaded from here.

Once installed you can simply run:

Justflocal/ophidiafoph-terminal/binfoph_term -H
ophidialob.crmcec.it -u <username> -p <password> -P 11732
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: Jupyter Time_series_extraction (read only) @ ControlPanel | Logout
Fle  Edit View Inset  Cell  Kemel  Help NotTrusted (@) |Python2 O

B+ x & B 4 ¥ M EH C Markdown 3 | =

Import PyOphidia and connect to server instance

In [ ]: from PyOphidia import cube, client
cube.Cube.setclient(read env=True)

Import data and extract a single time series

In [ ]: mycube = cube.Cube.importnc(src_path='/public/data/tos_01_2001-2002.nc’',measure='tos',imp _dim='time',ncores=5)
mycube2 = mycube.subset2(subset dims="lat|lon",subset filter="0:1|0:1",ncores=5)
data = mycube2.export_array()

Plot time series

In [ ]: import matplotlib.pyplot as plt
y = data[ ‘'measure'][0]['values'][0][¢]
x = data[ 'dimension’'][2]['values'][:]
plt.figure(figsize=(11, 3), dpi=100)
plt.plot(x, y)

plt.ylabel(data[ 'measure'][0]['name'] + " (degkK)")
plt.xlabel("Days since 2001/01/01")

plt.title('Sea Surface Temperature (point 0.5, 1)')
plt.show()

Convert from Kelvin to Celsius degrees

In [ ]: mycube3 = mycube2.apply(query="oph sum scalar('OPH_FLOAT', 'OPH_FLOAT', measure,-273.15)",description="celsius")
data = mycube3.export_array()

Plot time series

In [ ]: y = data[ 'measure'][0][ 'values'][0][:]
x = data[ 'dimension'][2][ 'values'][:]
plt.figure(figsize=(11, 3), dpi=100)
plt.plot(x, y)

plt.ylabel(datal 'measure'][0]['name'] + " (deqC)")
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U Search projects Q Help Donate Login Register

« Programmatic support for

data science applications PyOphidia 1.8.1 b

pip install PyOphidia & Last released: Apr 16,2019

« Python binding to Ophidia

Python bindings for the Ophidia Data Analytics Platform

» Based on two Python classes

Navigation Project description

* Availabl da-f
vailable on conda-forge e
o= L Sl PyOphidia is a GPLv3-licensed Python package for interacting with the Ophidia framework.
D Release history Itis an alternative to Oph_Term, the Ophidia no-GU| interpreter component, and a convenient way to submit SOAP

HTTPS requests to an Ophidia server or to develop your own application using Python.

& Download files It runs on Python 2.7, 3.3, 3.4, 3.5 and 3.6 has no Python dependencies and is pure-Python code. It requires a running

Ophidia instance for client-server interactions. The latest PyOphidia version (v1.8) is compatible with Ophidia v1.5

Project links It provides 2 main modules:

client.py: generic low level class to submit any type of requests (simple tasks and workflows), using SSL and

¥ Homepige SOAP with the client ophsubmit.py;
() ANACONDA . Sadich AnGianda Cloud n Gallery Al » cube.py: high level cube-oriented class to interact directly with cubes, with several methods wrapping the
Statistics e
View statistics for this project via N
idli Libraries.io %, or by using Google Installation
conda-forge / packages / pyophidia 170 e o

To install PyOphidia package run the following command:
PyOphidia is a Python package for interacting with the Ophidia framework.

B License: GPL-3.0

# Home: http://github.com/OphidiaBigData/PyOphidia
& 1744 total downloads

£ Last upload: 4 months and 5 days ago

https://pypi.org/project/PyOphidia/
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/ B ased O n g rafa n a 5 infrastructure Metrics

v' It provides real-time

monitoring of the Ophidia

cluster W _
. .

v Used internally by admins WS s

o BAM ngh Q2 CWAP sph 12
G Application Metrics Last & mureaes - BAM ot aneves - TWAD v

ows prog Task per workfiow
SK USAGE nod: DISK USAGE nodo 3 DISK USAGE server
\'| _..I b

Cores running

v" It also supports application-

level monitoring (for wf)
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Levels of parallelism and
HPC deployment
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Three levels of parallelism

OF;;hidia Server I

- | | |
- |
Datacube-level parallelism I e M e e S :
HTC paradigm | , ] y
el el Bl

At the front-end level
Based on the “massive” operator

concept

Framework-level parallelism
HPC paradigm
MPI/Pthread
At the HPDA framework level

Fragment-level parallelism
OpenMP based
At the I/O & analytics server level

Ophidia HPDA

Framework Framework

' l
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Storag
--------------------------------------------------------------
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: Database Memory Database Memory
Ophidiaos Store Store Store Stere
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Python code and HPC
infrastructure transparency
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: I/O & Analytics nodes

In [ ]: from Pyophidia import client  allocation 1

ophclient = client.Client(username="user“,password=“***",seégjijrloginZ",port=“1174 Data partitioning and
I distribution

, Framework operator
I parallelism

b - ™ =

In [ ]: ophclient.submit("oph reduce2 cube=[container=benchmark 1;level=0;];operation=max;dim=x¢nthreads=16;ncores=1;), displa

y=True) I

In [ ]: ophclient.submit("oph aggregate2 cube=[ciji;?mer=benchmark_l;level=1;];operation=max;dim='-nthreads=16;ncores=1 iy 018

play=True)
In [ ]: ophclient.submit(" oph_exportncutput _path=/users/home/de29018/nc;cube=[container=benchmark 1;level=2;];", d
isplay=True)



On-demand instantiation of an
Ophidia custer

. Targetenvironment O 6 & do6ad
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. In [ ]: from PyOphidia import client
- HPC maChlneS ophclient = client.Client(username="user",password="#**" server="login2",port="11732")
In [ ]: ophclient.submit("oph cluster host partition=test;action=deploy;nhost=64;exec_mode=async;")
° Athena CI uster In [ ]: ophclient.submit("oph importnc2 src_path=[path=/work/ophidia/repository/GLOB16/input/;file=GLOB16 5d 20040*.nc;];measu
re=vosaline;imp_dim=x;exp dim=time counter|deptht|y;ioserver=ophidiaio_memory;container=benchmark 1;nfrag=16;nhosts=1;

nthreads=16;ncores=1;", display=True)

— 482 nodes
In [ ]: ophclient.submit("oph_reduce2 cube=[container=benchmark 1;level=0;];operation=max;dim=x;nthreads=16;ncores=1;", displa

— Intel Xeon E5-2670 y=True)
Sandybridge 2,6GHz, 16

In [ ]: ophclient.submit("oph aggregate2 cube=[container=benchmark 1;level=1;];operation=max;dim=y;nthreads=16;ncores=1;", dis

cores/node Bl hyetEes)

— 771 2 cores total, 160 In [ ]: ophclient.submit("oph exportnc2 ncores=1;output path=/users/home/de29018 e=[container=benchmark 1;level=2;];", d
isplay=True)

TFLOPS

Nodo10
Nodod
Nodod
Nodo?
Nodof
Nodod
Nodod
Nodo3
NodozZ
Nodol

* Deployment statement
— ophclient.submit("oph_cluster
host_partition=test;
action=deploy;nhost=64;")

|t allocates a set of nodes on
the HPC cluster as 1/0 &
analytics servers
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Useful resources and
final remarks
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Website: http://ophidia.cmcc.it

& O p h |d |a Home Overview Download Documentation News Tutorials About Us Q

High Performance Data Mining & Analytics for eScience

llllll é "t!.".-”' EEi

PARALLEL SCIENTIFIC EXTENSIBLE SERVER-SIDE
Parallel computing Analytics framework API available Remote data
approach for data for scientific data to enable end-users processing based on

analytics management extensions standard interfaces

Learn more Learn more Learn more Learn more

Ophidia is a CMCC Foundation research project addressing big data challenges for eScience. It provides support for data-intensive
analysis exploiting advanced parallel computing techniques and smart data distribution methods. It exploits an array-based storage
model and a hierarchical storage organisation to partition and distribute multidimensional scientific datasets over muitiple nodes. The
Ophidia analytics framework can be exploited in different scientific domains (e.g. Climate Change, Earth Sciences, Life Sciences) and
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[9] S. Fiore, C. Palazzo, A. D’Anca, D. Elia, E. Londero, C. Knapic, S. Monna, N. M. Marcucci, F. Aguilar, M. Ptdciennik, J. E. M. De Lucas, G. Aloisio,
“Big Data Analytics on Large-Scale Scientific Datasets in the INDIGO-DataCloud Project”. In Proceedings of the ACM International Conference on
Computing Frontiers (CF '17), May 15-17, 2017, Siena, ltaly, pp. 343-348
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ECASLab: https.//ecaslab.cmcc.it/web/home.html

» JupyterHub: https.//ecaslab.cmcc.it/jupyter/hub/login

 Website: https://ophidia.cmcc.it

 Documentation : http.//ophidia.cmcc.it/documentation

» The Ophidia code is available on GitHub under GPLv3 license at
https.//qithub.com/OphidiaBigData

 RPMs are also available for CentOS6 at the following repo:
http.//download.ophidia.cmcc.it/rpom

Youtube Channel
https.//www.youtube.com/user/OphidiaBigData/

» TJo get started in a few minutes with Ophidia, a Virtual Machine Image (OVA
format) is also available at https.//download.ophidia.cmcc.it/vmi_desktop/




| S%eseme.. Jeme:  What have we learned
x today?

« Community experiments in the climate domain: the CMIP use case

* Needs and challenges for analyzing climate (big) data

« ECAS: a solutions for server-side, parallel data analysis in the EOSC
landscape

* In-depth view of the ECAS core framework (Ophidia)
— Architecture, datacube abstraction, storage back-end, primitives and operators
— Link with EUDAT B2* services
— Workflows and Python apps

« ECASLab: a Data Science eco-system for climate data analysis
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http://ophidia.cmcc.it

y @OphidiaBigData
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www.youtube.com/user/OphidiaBigData

a s EOSC-hub receives funding from the EU’s
(‘,\ EOSC_I1 llb g% Horizon 2020 research and innovation
T programme under grant agreement No.

777536.
IS-ENES3 has received funding from the
European Union’s Horizon 2020 research and

innovation programme under grant agreement
No 824084
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