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The ENES Climate Analytics Service {ECAS) will enable sci-
entific end-users from climate data cor ity and other discipli

to perform data lysi i on large vol of climate
data. It follows a PlD-enahled server-side and parallel ap-
proach.

Benefits:
» Reduce the need for local data downloads
» Reduce the effort of maintaining client-side tools
» Reduce the complexity of workflows for simple users CRE B
» Encourage flexible and open data sharing
» Enable PID-based provenance support
» More efficient use of computing resources

BISHARE service

EUDAT
ECASLab is the gateway to ECAS features. It consists of several EUDAT
components:
» Ophidia cluster: a multi-node Ophidia framework instance with
W:S—ena\::;«; interfallce accressillnle through the Ophidia Terminal® Key integration milestones:
and any -compliant client; » Enhance ENES/ESGF PID management services te be fully integrated into the EUDAT
» JupyterHub: instance providing the user with a web-based B2HANDLE service concept

system for creating, executing and sharing Jupyter notebooks

(Python-based) rting Ii di A i lizati » Provide /enable connectors to allow data transfer between ESGF nodes and Ophidia
on-based) supporting live-coding and visualization;

instances
= A tool for the infrastructure monitoring (Grafana) » Integration of Ophidia with EUDAT B2HANDLE
PyOphidia - the Ophidia PY"‘““ bindings - allows to easily interact » Make Ophidia final output available through EUDAT B2DROP and B2SHARE

» Setup and configuration of workflow repository for publishing and sharing workflows

Ophidia is a research effort carried out at the Euro Mediterranean Centre on Climate

o~ e Change (CMCC) to address big data chall issues and i for climate change
! / data analyties.
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» Server-side, parallel and distributed

» Extensible

» Client application available as user interface
» Waorkflow support




ENES Climate Analytics Service (ECAS)

» ECAS is a contribution to the EOSC-hub project.

» It enables scientific end-users from climate data community
and other disciplines to perform data analysis experiments on
large volumes of (climate) data.

» Server-side, PID!-enabled and parallel approach

» uplift existing computing capabilities of Ophidia framework to
be available as an EOSC service

» integrate with EOSChub services for ease of use

» provide hands-on training to overcome adoption barriers

IPersistent Identifier
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ENES Climate Analytics Service (ECAS)

Ophidia / ENES Climate Analytics Service
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ENES Climate Analytics Service (ECAS)

Ophidia: Big Data Analytics Framework

Ophidia is a research effort carried out at the Euro Mediterranean
Centre on Climate Change (CMCC) to address big data challenges,
issues and requirements for climate change data analytics.
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Server-side, parallel and distributed

>

» Extensible
» Client application available as user interface
>

Workflow support
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Ophidia: Server Architecture

..+ Declarative language

Front i PR Standard interfaces
| OPHIDIA Server ]
end ! |
Compute | Compute nodes .. *Analytics Framework
layer E PO ._
: Compute node 1 ‘ Compute node 2 Py LE;;‘:_IU;U
170 ’_l\ . Array-based primitives |
layer :
| 1/O node 1 I/O node 2 ,* 1/0 node n |
| * 1
I/0 server EJ\ g = Servce cee ’
Jnsrance UDF Plugin UDF Plugin UDF Plugi :
| |
Storage Storage ..~ New storagg model
layer I | r. . -Patlii!ioning thierarchical Tata mng
— A +? )
System  SaRES .= — I — = — RN —
Cata!og OphidiaDB Data Store Data Store Data Store Data Store Data Store Data Store

Figure: Sandro Fiore
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Ophidia: Array based Primitives

» Ophidia provides a wide set of array-based primitives (about
100) to perform summarization, sub-setting, predicates
evaluation, statistical analysis, etc

» Primitives comes as plugins and are applied on a single
datacube chunk (fragment)

» Primitives can be nested to get more complex functionalities

» New primitives can be easily integrated as additional plugins
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ENES Climate Analytics Service (ECAS

Ophidia: Data Cube Operators

OPERATOR NAME | OPERATOR DESCRIPTION
Operators “Data processing” — Domain-agnostic
OPH_APPLY (datacube_in, Creates the datacube_out by applying Data processjng
datacube out, the array-based primitive to the
array _based primitive) datacube in (para”el Operators MP’ &
OPH_DUPLICATE(datacube Creates a copy of the datacube in in ’
in, datacube_out) the datacube_out OpenMP based)
OPH_SUBSET(datacube in, Creates the datacube out by doing a
subset string, datacube out) sub-setting of the datacube in by
applying the subset string
OPH_MERGE(datacube_in, Creates the datacube_out by merging Im,OOfT/EX,OOIT
merge param, datacube out) roups of merge param fragments
£ Eow from garfcube in ¢ (para”el operators)
OPH_SPLIT(datacube in, Creates the datacube out by splitting
split_param, datacube_our) mnto groups of split_param fragments
each fragment of the datacube in J LOPERATOR NAME | OPERATOR DESCRIPTION
OPH_INTERCOMPARISON | Creates the datacube ouf which 1s the S Operators “Data processing” - Domain-oriented _
(datacube_inl, datacube_in2, element-wise difference between OPH—EXPORT—NC Exports the datacube_in data into the
datacube out) datacube inl and datacube in2 (tg{;g”]b;ﬂ;gﬁﬁ _{F ;;(";) T n _ﬁlia dml” N[elC‘cll)F lﬁl;; e T
- - mports the data stored into the file in
OPH_DELETE(datacube in) Removes the datacube in (file.in, datacube_out) NeFCDF file into the new datacube_in
datacube
Operators “Data access’
Data Access OPH_INSPECT FRAG Tnspects the data stored in the
. (datacube_in, fragment in) fragment_in from the datacube in
( sequenti al and par: allel operator. S) OPH_PUBLISH(datacube in) | Publishes the datacube in fragments
into HTML pages
Operators
OPH_CUBE_ELEMENTS Provides the total number of the
(datacube_in) elements in the datacube_in
Metadata management OPI_CUBE_SIZE Trovides the disk space occupied by the
. _(datacube_in) datacube in
( sequentfal and par allel oper ator. S) OPH_LIST(void) Provides the list of available datacubes.
OPH_CUBEIO(datacube_in) Provides the provenance information
related to the datacube_in
OPH_FIND(search_param) Provides the list of datacubes matching
the search_param criteria

source: Sandro Fiore
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ENES Climate Analytics Service (ECAS)

Ophidia client: The Ophidia Terminal

oph__term is a terminal-like commands interpreter serving as a
client for the Ophidia framework.

Through the oph_term the user runs (send) commands
(operators) to the Ophidia framework to manipulate datasets
(datacubes).

SOAP

Request

A\ —7

".___..-,_-- ’"“'-._* — III'.__- K\\*

JSON —
Response K e
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Ophidia client: The Ophidia Terminal

Bendoukh

ENES Climate Analytics Service (ECAS

[25..7214] >> ./src/ophidia-workflow-catalogue/indigo/precip_trend_analisys/precip_trend_analysis.json 2 €MCC-CM rcp85 day 0.9 1976_2006 2071_2101 30:45|0:40 r360x180
[J :

http://127.0.0.1/ophidia/sessions/252514038013045837291501061213487214 /exper Lnent?436#1767

[Response]:
Workflow Status

OPH_STATUS_COMPLETED

Workflow Progress

| NUMBER OF COMPLETED TASKS | NUMBER OF SKIPPED TASKS | TOTAL NUMBER OF TASKS

| 17 |9 | 26

Workflow Task List

| OPH J0B ID

| SESSION CODE

MARKER
D

PARENT MARKE |
R ID

TASK NAME

EXIT STATUS

http://127.0.6.1/ophidia/sessions/252514038013045837291501061213487214/
experiment?430#1768

http://127.0.0.1/ophidia/sessions/252514038013045837291501061213487214/
experiment?430#1769

http://127.0.0.1/ophidia/sessions/252514038013045837291501061213487214/
experiment?430#1770

http://127.0.0.1/ophidia/sessions/252514038013045837291501061213487214/
experiment?430#1771

http://127.0.0.1/ophidia/sessions/252514038013045837291501061213487214/
experiment?430#1772

http://127.0.6.1/ophidia/sessions/252514038013045837291501661213487214/
experiment?430#1773

http://127.0.0.1/ophidia/sessions/252514038013045837291501061213487214/

experiment?430#1775

http://127.0.0.1/ophidia/sessions/252514038013045837291501061213487214/
experiment?430#1777

http://127.0.0.1/ophidia/sessions/252514038013045837291501061213487214/
experiment?430#1778

Weigel, Fio
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Ophidia client: PyOphidia

Python package to interact with the Ophidia framework
» Alternative to Oph Term
» Runs on Python 2.7, 3.3, 3.4 and 3.5

» Requires a running Ophidia instance

» |t provides two main modules:

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

» cube.py: high level cube-oriented class to interact directly
with cubes, with several methods wrapping the operators.

Bendoukha, Weigel, Fiore, D'Anca 11. April 2018 EGU2018-12549



Ophidia client: PyOphidia

» Instantiate a client and submit a request

from PyOphidia import client
ophclient = client.Client("oph-user", "oph-password", "127.0.0.1", "11732")

ophclient.submit("oph_list level=2", display=True)

» Set a Client for the Cube class

from PyOphidia import cube
cube.Cube.setclient (’oph-user’,’oph-password’,’127.0.0.17,°11732’)

#Export to NetCDF file
cube.Cube.createcontainer(container=’test’,dim="1lat|lon|time’,dim_type=’double|double|double’)

#Show a Cube structure and info
mycubel.info ()

#Subset a Cube
mycube=mycubel.subset (subset_dims=’lat|lon’,subset_filter=’1:10(20:30’,subset_type=’coord’)

Bendoukha, Weigel, Fiore, D'Anca 11. April 2018 EGU2018-12549



ENES Climate Analytics Service (ECAS) : DKRZ

Workflow Support

"name": "Examplel",
"author": "Foo",
"abstract": "Simple workflow with three tasks",
"exec_mode": "sync",
"ncores": "1",
"cube": "http://hostname/1/1",
"tasks":
L
{
"name": "Extract maximum value",
"operator": "oph_reduce",
"arguments": [ "operation=max" ]
},
{
"name": "Extract minimum value",
"operator": "oph_reduce",
"arguments": [ "operation=min"
}’
{
"name": "Evaluate max-min range",
"operator": "oph_intercube",
"arguments": [ "operation=sub" ],
"dependencies":
[
{ "task": "Extract maximum value", "type": "single", "argument":
"cube" }’
{ "task": "Extract minimum value", "type": "single", "argument":
"cube2" }
]
}
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Ophidia Use Cases

Precipitation Trend Analysis
Length of snow season

Long-term monthly Description: Precipitation trend analysis, on different spatial and temporal scales, has received notable attention during
average of Snow Water the past century due to its relations with global climate change stated by the scientific community. For this reason, a
Equivalent number of models for this atmospheric variable have been defined.

Monthly average of Sea GitHub repository: https://github.com/OphidiaBigData/ophidia-workflow-

Surface Temperature catalogue/blob/master/indigo/precip_trend_analisys/optimized_precip_trend_analysis.json

Daily Temperature Range Ophidialab repository: ./workflows/precip_trend_analisysfoptimized_precip_trend_analysis.json

Precipitation Trend Arguments: number of cores; model name; spatial subset; time subset in the past; time subset in the future; output grid;

Analysis

import type (optional); /O server type (optional)

Example: .Joptimized_precip_trend_analysis.json 2 CMCC-CM|CMCC-CMS rcp85 day 0.9 1976_2006 2071_2101
-90:90[0:360r360x180

Number of tasks: 77

Bendoukha, Weigel, Fiore, D'Anca 11. April 2018 EGU2018-12549



ENES Climate A

Ophidia Use Cases

0

utput: S png files: maximum temperature, minimum temperature, average, standard deviation,
ariance

Precipitation Trend

Reference: S. Fiore, M. Plociennik, C. Doutriaux, C. Palazzo, J. Boutte, T. Zok, D. Elia, M. Owsiak,
A. D Anca, Z. Shaheen, R. Bruno. M Fargetta, M. Caballer. G. Moltd |

I. Blanguer. R. Barbera. M.
David, G. Donvito, D. N. Wi

iams, V. Anantharaj, D. Salomoni, G. Aloisio - "Distributed and cloud-
based multi-model analytics experiments on large volumes of climate change data in the Earth
System Grid Federation eco-system” - in Proceedings of Workshop "Big Data Challenges,

Research. and Technologies in the Earth and Planetary Sciences” within the 2016 IEEE
International Big Data Conference, pp. 2911-2918, 5-8 December 2016, Washington D.C., USA_




ENES Climate A

Ophidia Use Cases

Create Historical Co
oph_createcontsiner

Create Scenario Cont
oph_createcontainer

Create Work Containe
oph_createcontiner

Import Type Selectio
oph_if

Import without subsc

Tmporé Historieal (1
oph_importne

Tmport Scenario (1)

Tmport Seenario (2}
aph_importne

oph_importnc

Subset Zone Seenario
oph_subsci2

Subset Zone Historic
oph_subsct2.
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ECASLab

A user-friendly scientific data analysis environment.
ECASLab consists of:

» Ophidia cluster

» JupyterHub instance

» Jupyter notebook
» Ophidia client (PyOphidia, Ophidia terminal)

» Set of pre-installed Python libraries for running data
manipulation, analysis and visualization

» Data publication service

Bendoukha, Weigel, Fiore, D'Anca 11. April 2018 EGU2018-12549



ENES Climate Analytics Service (ECAS)

How to use it?

<= DKRZ

Usemame

Pasavrard

Foegol your passwond?

User account

T gain ac6ess ta DKRE resouroes, you firstnessd 1o crsate 3 prelminasy website aseaunt, You oan
the request L foin e existing projess, Ful sccess 1o DHRZ resaurces willbe enabled alies the
pregect sgmiris spproval,
Tlegister 3 new wbBte 200aunt
Usemname:
' |

Password;
ZJupyter Time_series_extract

" [ oo ||
B+ x & B 4 + AR C Coure - |

In (715 y = datap‘messure’ 100]( valuen’ 110115]

% = datafdimension” | (] valuss’ J[1]
plLt.fiquea(figsizas;ll, 5), dplel00)
plt.plotix, ¥)

14" eyt
)

plt.ylabal (data]
ple.titlal T

Temperature over surface (3)

/ 1- Register*
= 2- Login to JupyterHub
I 3- Perform data analysis

o

tos idegC}
-

300 400 a0 800 00

* At CMCC or DKRZ
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ENES Climate Analytics Service (ECAS)

Integration with EUDAT Services

Data discovery S B2FIND

pata Use metadata to
w— 1Matadata | discover data
| Crodentials i
B2DROP
Exchange data = “
g T
s

T 1

Data access & sharing

B2NOTE B2SHARE N
::::s?tt: ﬂ fég;‘:rac"‘_lddil::hsh: .?
@-f

Data management
& preservation

B2ZHANDLE

Persistently identify
and access data

BZSAFE
Use policies to
rnanage data E

11 1l
B2ACCESS

Authenticate and authorise

User
management

source: https: //eudat. eu/
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https://eudat.eu/

Integration with EUDAT Services

» B2DROP: Through B2DROP, ECAS provides a secure and
trusted data exchange service to store and exchange processed
data outputs

» B2SHARE: ECAS offer users to receive, store and publish
processed data outputs

» B2ZHANDLE: Through the B2ZHANDLE service, ECAS
assigns Persistent Identifiers (PID) to Ophidia output and
records kernel information according to a community profile

Bendoukha, Weigel, Fiore, D'Anca 11. April 2018 EGU2018-12549



ENES Climate Analytics Service (ECAS) : DKRZ

For more informations
» Thursday 16:45, oral presentation on ECASLab.
Room M2.
» EOSC-HUB project http://eosc-hub.eu/
» EUDAT services www.eudat.eu/services
» Ophidia http://ophidia.cmcc.it/

» Ophidia use cases https://github.com/OphidiaBigData/
ophidia-workflow-catalogue

» Get in touch ecas-support@dkrz.de
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