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3V’s of Big Data

Back in 2001 D. Laney' described data management challenges according to 3
dimensions: the well-known 3V’s model which has been then used to

characterize big data.

Massive data size produced and
stored (TB, PB, ...)

Multiple heterogeneous
formats from diverse
sources:

» Structured

» Semi-structured

* Unstructured

3V of

Speed at which data are 41G DATA

generated and need to be
acquired and analyzed (e.qg.,
real-time, near real-time)

Other V’s have been later identified: e.g., value, veracity, ...

"Laney D (2001) 3-d data management: controlling data volume, velocity and variety. META Group Research Note, 6 February Q
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CMIP data evolution

Image courtesy of Dean N. Williams (LLNL)

“Most of the observed
increase in globally
averaged temperatures
since the mid-20t"

“This evidence for human
influence has grown since AR4. It
is extremely likely that human
influence has been the dominant
cause of the observed warming
since the mid-20th century.”
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Data Analytics and HPC ecosystem

(Big) Data analytics ecosystem

o Commodity hardware

o Shared-nothing architecture

o Dynamic resource allocation

o Heterogeneous workloads

o MapReduce computing paradigm

o High-level programming abstractions

References:

HPC (Scientific computing) ecosystem
o High-end hardware

o Shared-disk architecture

o Fixed resource allocation

o Large batch workloads

o MPI+X -based computing paradigm

o C/Fortran code

-D. A. Reed and J. Dongarra. 2015. Exascale computing and big data. Commun. ACM 58, 7 (July 2015), 56-68.
-Jha, S., Qiu, J., Luckow, A., Mantha, P., & Fox, G. C. (2014). A tale of two data-intensive paradigms: Applications, abstractions, and

architectures. In 2014 IEEE Int. Congress on Big Data (pp. 645-652).

-Asch, M., et al. (2018). Big data and extreme-scale computing: Pathways to convergence-toward a shaping strategy for a future software and

data ecosystem for scientific inquiry. Int. J. High Perform. Comput. Appl., 32(4), 435-479. 0
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Data Analytics and computing ecosystem

Figure 1. Data analytics and computing ecosystem compared.
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Source: Daniel A. Reed and Jack Dongarra. 2015. Exascale computing and big data. Commun. ACM 58, 7 (July 2015), 56-68.
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Convergenge of data analytics and HPC in eScience

Convergence of data-intensive analytics and HPC:

o (Big) Data analytics ecosystem has rapidly expanded in the last 15 years,
leading to a wide spectrum of new solutions, mainly outside the scientific and
engineering community

o HPC solutions have been used for several years in different scientific fields for
scientific computing (simulations and modeling)

o Computational science modeling and data analytics are both crucial in
scientific research

o The convergence of the solutions and technology of the two ecosystems is a
key factor for accelerating scientific discovery

&> High-Performance Data Analytics (HPDA)
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ESGF and the CMIP data arch

ive

L. Cinquini, et al. (2014). The Earth System Grid Federation: An open infrastructure for access to distributed geospatial data. Future Gener
Comput. Syst. 36: 400-417.

ESGF' is a coordinated multiagency, international collaboration
of institutions that continually develop, deploy, and maintain =
software needed to facilitate and empower the study of climate.
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Climate analysis challenges & issues

Several key challenges and practical issues related to large-scale climate
analysis

o Setup of a data analysis experiment requires the download of input data (also from
multiple models)

o Data download is a big barrier for climate scientists

o The complexity of the data analysis process leads to the need for end-to-end workflow
support solutions

o Data analysis mainly performed using client-side approaches
o Analysing large datasets involves running tens/hundreds of analytics operators
o Installation and update of data analysis tools and libraries needed

o Large data volumes pose strong requirements in terms of computational and storage
resources

_0 es.wace ESIWACE2 Summer School on Effective HPC for Climate and Weather, 26 August 2020 Q

-



T
New approaches for climate analysis at scale

Dedicated data intensive facilities close to the different storage hierarchies will be
needed to address high-performance scientific data management & analytics

Server-side approaches will intrinsically and drastically reduce data movement
o download will only relate to the final results of an analysis
o they will foster re-use as well as collaborative experiments

o need for efforts toward highly interoperable tools/envs for data analysis

Workflow supports the definition and management of complex data-intensive
analytics applications

Higher-level programming approaches for data analytics are required to
effectively exploit the resources and improve productivity

o Cultural change must be faced to encourage the adoption of novel solutions and tools
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The European Open Science Cloud (EOSC)

The European Open Science Cloud (EOSC) is an ambitious program that 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.

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.

EOSC-hub is a key infrastructural project in the EOSC landscape

About EOSC: https.//www.eosc-portal.eu/about/eosc
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The ENES Climate Analytics Service (ECAS)

Fecas

The ENES Climate Analytics Service
(ECAS), proposed by CMCC & DKRZ in
EOSC-hub supports climate data analysis

It is one of the EOSC-Hub Thematic

Services:

https://www.eosc-hub.eu/services/ENES
%20Climate%20Analytics%20Service

ECAS builds on top of the Ophidia big data
analytics framework with components from
INDIGO-DataCloud, EUDAT and EGI

CMCC

Centro Euro-Mediterraneo
sui Cambiamenti Climatici

<= DKRZ

DEUTSCHES
KLIMARECHENZENTRUM

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

Ophidia (= /552
EUROPEAN NETWORK
FOR EARTH SYSTEM MODELLINC
Wy iy
WPS C [13%
£Gl
OneData B2DROP service
WPS/Ophidia S
ESGF infrastructure I B2DROP
storage
Ophidia service
B2SHARE service
ESGF fil
e AR B2SHARE
storage s storage
~\ ESGF | | INDIGO AN EUDAT
B2HANDLE service
: EUDAT
B2ACCESS service

The European Commission launched the European Open ScienceCloud
Initiative to 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
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ECASLab: a Python environment for data analysis

ECASLab provides a user-friendly environment for scientific analysis based on:

o The ECAS integrated service

o A JupyterHub instance providing a graphical environment for user’s experiments

o Bundled with a wide set of Python scientific modules for data manipulation, analysis and
visualization, such as PyOphidia, NumPy, Pandas, Dask, Matplotlib, basemap, Cartopy

o A set of ECAS usage example notebooks (https://github.com/ECAS-Lab/ecas-notebooks)

"~ Jupyter Summer_Days (eadonly) @ Logout | Control Panel
File Edit View Insert Cell Kernel Widgets Help Trusted @ | Python3 O
+ % @A B 4 ¥ HRn B C B Makdowmn | =
cnplot = map.contourf(x,y,var_cyclic,clevs,cmap=plt.cm.Oranges)
cbar = map.colorbar(cnplot,location='right')
plt.title('Summer Days')
. . plt.show()
Two major instances are hosted by:
366.
| - — |
= \/’? ~ (”gﬁ‘a“/’——ﬁ <~
. 60°N §§ -:T.v x—\v\ = I/KE’E,E_ — N P—
o CMCC https://ecaslab.cmcc.it RN E N 23
o
30°N
o DKRZ https://ecaslab.dkrz.de
3075 [ — T | —
oS
cmccC DKRZ ,
N S, Lo nanhg T
Centro Euro-Mediterraneo _J-’—"”‘—“'P\‘q\_/f’-’- _?_
sui Cambiamenti Climatici DEUTSCHES )
KLIMARECHENZENTRUM 9osum- 150°W 120°W 0°W 60°W 30°wW 30°E 90°E  120°E 150°E o




A complete environment for climate experiments

ECASLab is a complete environment for supporting scientist in their daily research
activities with a focus on those from the climate change domain

o It represents a single entrypoint to analysis tools, scientific datasets (e.g., from ESGF
data archive) and computing resources

o It provides the capabilities for the implementation and execution of both interactive and
complex experiments (workflows), such as multi-model CMIP-based data analysis’

ECAS is also one of the compute services
made available to climate scientists by the EU
H2020 IS-ENES3 project

(o)
\

IS-ENES3 is a project funded by the

1S-enes L/ - European Union’s Horizon 2020
INFRASTRUCTURE FOR THE EUROPEAN NETWORK H H anran :A: 7,; =
A research and innovation programme CEEED

d t t No 824084 e
under grant agreement No @@g@@

1S. Fiore, D. Elia, C. Palazzo, A. D’Anca, F. Antonio, D. N. Williams, I. Foster, G. Aloisio, “Towards an Open (Data) Science Analytics-Hub for
Reproducible multi-model Climate Analysis at Scale”, 2018 IEEE Int. Conference on Big Data
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Ophidia High-Performance Data Analytics Framework

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

It provides:

o a High-Performance Data Analytics (HPDA) framework for multi-dimensional scientific
data joining HPC paradigms with scientific data analytics approaches

o in-memory and server-side data analysis exploiting parallel computing techniques and
database approaches

o a multi-dimensional, array-based, storage model and partitioning schema for scientific
data leveraging the datacube abstraction

o end-to-end mechanisms to support complex experiments and large workflows on
scientific datacubes, primarily in climate domain

Ophidia

esiwace ESIWACE2 Summer School on Effective HPC for Climate and Weather, 26 August 2020 0
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A paradigm shift

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

Earth Systentsjd Federation

Core set of Richer set of metadata

metadata Search & discovery (provenance &
workflow info)
124 1138
54 24 3.1
N Communication : e parallel Computation
| 124 76| 132 over WAN GB/TB data analysis Server-side (remote)
mandator
% | 184 | 136| 141 ( Y) ”¢ ,;7
- s :
-
%o | 144 61 9.2 | 124 ’ P /’ o
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o [ 223 | 178] 255 | 221 o _ - R Igd elgl daa over WAN KB/MB
L ’ ’ ’ ’ e p PR g Sl (non-mandatory)
GEN FEB MAR APR / Computatioh
- % Client-sid€ (local)
s ,/

<

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
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Data analytics requirements and use cases

Requirements and needs focus on:
Time series analysis

Data subsetting

Model intercomparison
Multimodel means

Massive data reduction

Maps generation
Ensemble analysis
Data analytics workflow support

VV YV VYV VY YV VY

But also...

» Performance
» re-usability

» extensibility
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Server-side paradigm and the datacube abstraction

23 /118 778 /85
:
Data

Storage: Node | 124 76| 132 113 8 <Y
= - Cluster ) — -

Ophidia - S %5 | 184 | 136| 142 G

Server .~ - - |44 61| 92| 124 @ ‘o-‘;s
j:.@ 213 | 17.8| 235 221 . o
[ad

GEN FEB MAR APR

Oph_Term: a terminal-like commands e User metadata
. . . . . + fileldentfier [0..1]: CharacterString . .
interpreter serving as a client for the Ophidia L W—— information

+ hierarchyLevel [0.]:MD_ Scq i

framework

+ metadataStandardVersion [
+ datasetURI  [0.1]: C
+ locale [0.."] : PT_Locale

N e
; ) Metadata provenance

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

PyOphidia: a Python interface for datacube
management & analytics with Ophidia

Ophidia framework: declarative, parallel
server-side processing

SyStem https://ophidia.cmcc.1t:8443/162/173 (oph_rollup)
. g= https://ophidia.cmcc.1t:8443/162/174 (oph_reduce)
ThrOUgh Oph term/PyophIdla the User run metadata Ofthe https://ophidia.cmcc.it:8443/162/175 (oph_reduce)
— datacube (SIZG, https://ophidia.cmcc.it:8443/162/176 (oph_aggregate)

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

(“send”) commands (“operators”) to the distribution, etc.)
Ophidia framework to manipulate datasets

(“datacubes”) 0
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Some international projects exploiting Ophidia

CENTRE OF EXCELLENCE IN SIMULATION OF WEATHER INFRASTRUCTURE FOR THE EUROPEAN NETWORK
‘ AND CLIMATE IN EUROPE FOR EARTH SYSTEM MODELLING

esiwace S-enes /’;u ,

EUROPE - BRAZIL
COLLABORATION OF BIG DATA
SCIENTIFIC RESEARCH THROUGH
CLOUD-CENTRIC APPLICATIONS

@ eoschub  [BeicsEAt]

50Fi0;
o Goridia

Climate Information Portal INDIGO - DataCloud

c EVU Brazil Cloud Connect

EU Brazil Cloud Computing for Science
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Ophidia architecture: overview

|
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Ophidia architecture: storage layer

Distributed Ophidia Server
hardware resources o
tO manage Storage : Framework nodes :
: Ophidia HPDA Ophidia HPDA :
. ) : Framework Framework coo Framework |
Data partitioned ina | Sperator | eeo [Operaior voe noden | |
hlerarChlcal faShlon i Framework node 1 Framework node 2 i
over the storage e
aCCOI‘dIng tO the i I/0 & Analytics nodes i
storage model & | :
partitioning schema | | /o) (/egfmmve| LTt et L e |
| 000 node m :
i Array primitives | | Array primitives i
: 1/0 & Analytics node 1 1/0 & Analytics node 2 i

OphidiaDB is the
system catalog: i — T e 1'
maps data i i
fracks metadata | | OphidiaDe |
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Ophidia storage model

o Ophidia implements the datacube abstraction from OLAP

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

to support scientific data management

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

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

o This second step makes the Ophidia storage model and implementation

independent of the number of dimensions!
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Multi-dimensional storage model implementation

r==—======="1
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Fig 3.a Fig 3.b I Fig 3.c
classic DFM classic ROLAP implementation
L _— —_— _— —_— _— —_— _— —_— _— —_—
Parallel I/0 — | s;:.;z
OphidiaDB I mapping
1/0 & analytis S| coococooocscccnnaneconss000 Node N
nodes I Key ID
Step 3
/O & analytics | Server Server Server | . Server Server Server stordge
servers 1.1 1.2 1M N_1 N_2 N_M implementation

Fig 3.e

=00 0O 00 0OO40
-~-000 00 0000 000 00 0000

Ophidia hierarchical storage model

array of measures

ROLAP implementation supporting n-dim arrays
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S. Fiore, D. Elia, C. Palazzo, F. Antonio, A. D’Anca, I. Foster and G. Aloisio, “Towards High Performance_DaE AEIy?cs Er (ﬂma?e
Change”, ISC High Performance 2019. Lecture Notes in Computer Science, vol. 11887, pp. 240-257, 2019.
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From NetCDF to datacube

test

lat 4 ;
lon 4 ;
time = UNLIMITED // (4 currently) ;

double lon(lon) ;
double lat(lat) ;
double time(time) ;

float Temperature(time, lat, lon) ;

lon -180, -90, 0, 90 ;
lat -90, -30, 30, 90 ;
time = 0, 3, 6, 9 ;
temperature =
111, 112, 113, 114,
121, 122, 123, 124,
131, 132, 133, 134,
141, 142, 143, 144,
211, 212, 213, 214,
221, 222, 223, 224,
231, 232, "33, 234,
241, 242, 243, 244,

Lat

90

Temperature

241 / 242 /243

244

141 142 | 143 | 144

S 131 132 133 | 134

-30

-90

121 122 123 | 124

11| 112 | 113 | 114

-180 -90 0 90

The datacube abstraction naturally fits for scientific multi-dimensional data,

like climate data

.0 esiwace

-
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From NetCDF to Ophidia

test
lat = 4 ;
lon = 4 ;
time = UNLIMITED // (4 currently)

. Temgerature

double lon(lon) lon | time[0] time[1] time[2]

double lat(lat) ; -180
double time(time) ;
float Temperature(time, lat, lon)

= -180, -90,
= -90, -30,

time = 0, 3, 6, 9

temperature =

111, 112, 113, 114,
121, 122, 123, 124,
131, 132, 133, 134,
141, 142, 143, 144,

211, 212, 213, 214,
221, 222, 223, 224,
231, 232, 233, 234,
241, 242, 243, 244,

311, 312, 313, 314,
321, 322, 323, 324,
331, 332, 333, 334, o
341, 342, 343, 344, Ophidia

88888888
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From NetCDF to Ophidia

test
lat = 4 ;
lon = 4 ;
time = UNLIMITED // (4 currently)

double lon(lon)

double lat(lat) ;

double time(time) ;

float Temperature(time, lat, lon)

= -180, -90,
= -90, -30,
time = 0, 3, 6,
temperature =
111, 112, 113, 114,
121, 122, 123, 124,
131, 132, 133, 134,
141, 142, 143, 144,
211, 212, 213, 214,
221, 222, 223, 224,
231, 232, 233, 234,
241, 242, 243, 244,
311, 312, 313, 314,
321, 322, 323, 324,
331, 332, 333, 334,
341, 342, 343, 344,

88888888

Temperature
lon time[0] time[1] time[2]

Ophidia
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From NetCDF to Ophidia

test
lat = 4 ;
lon = 4 ;
time UNLIMITED // (4 currently)
double lon(lon)
double lat(lat)
double time(time) ;
float Temperature(time, lat, lon)

= -180, -90,
= -90, -30,
time = 0, 3, 6,
temperature =
111, 112, 113, 114,
121, 122, 123, 124,
131, 132, 133, 134,
141, 142, 143, 144,
211, 212, 213, 214,
221, 222, 223, 224,
231, 232, 233, 234,
241, 242, 243, 244,
311, 312, 313, 314,
321, 322, 323, 324,
331, 332, 333, 334, -
341, 342, 343, 344, Ophidia

O NGO UV A WNR
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From NetCDF to Ophidia

test
lat = 4 ;
lon = 4 ;
time = UNLIMITED // (4 currently)

double lon(lon)

double lat(lat) ;

double time(time) ;

float Temperature(time, lat, lon)

= -180, -90,
= -90, -30,
time = 0, 3, 6,
temperature =
111, 112, 113, 114,
121, 122, 123, 124,
131, 132, 133, 134,
141, 142, 143, 144,
211, 212, 213, 214,
221, 222, 223, 224,
231, 232, 233, 234,
241, 242, 243, 244,
311, 312, 313, 314,
321, 322, 323, 324,
331, 332, 333, 334,
341, 342, 343, 344,

88888888

lon

time[0]

Temperature
time[1] time[2]

Ophidia
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From NetCDF to Ophidia

test
lat = 4 ;
lon = 4 ;
time UNLIMITED // (4 currently)
double lon(lon)
double lat(lat)
double time(time) ;
float Temperature(time, lat, lon)

= -180, -90,
= -90, -30,
time = 0, 3, 6,
temperature =
111, 112, 113, 114,
121, 122, 123, 124,
131, 132, 133, 134,
141, 142, 143, 144,
211, 212, 213, 214,
221, 222, 223, 224,
231, 232, 233, 234,
241, 242, 243, 244,
311, 312, 313, 314,
321, 322, 323, 324,
331, 332, 333, 334,
341, 342, 343, 344,

Temperature
lon time[0] time[1] time[2]

Temperature
time[0] time[1] time[2]

88888888 "~

ESIWACE2 Summer School on Effective HPC for Climate and Weather, 26 August 2020

time[3]

time[3]




Data abstraction: cube space perspective

FH User

- e perspective

- _ | (datacube
abstraction)

System perspective (internal storage representation)

| {
| 1/0 Nodes {
{
| {
|
| 10 node 1 10 node 2 10 node n
| {
! MysQL MysQL MysQL MysQ MysaL ]
{ Service Service Service Service Service {
ceo oo cee ]
| F Pl JD UDF Plu UDF Plugir P 1
| {
|
| {
| {
v b—/ L) v v v ooe v
OphidiaDB Data Store  Data Store Data Store DataStore  Data Store Data Store

Manage the Ophidia file system

CMD BEHAVIOR

cd change directory

mkdir create a new folder

rm remove an empty folder or hide (logically delete) a
container

Is list subfolders and containers in a folder

mv move/rename a folder or a container

metadata of the
datacube (size,
distribution, etc.)

Metadata associated to the datacubes

TYPE CONTENT

<<Abstract>>
MD_ Metadata

+ fileldentfier [0..1]: CharacterString
+language [0..1]:  CharacterString

+ characterSet [0..1]: MD_ CharacterSetCode  ="utf8"
S ——
s

+ parentldentifier [0..1] Characts
+ hierarchyLevel [0.4]:MD_ Scq
+ hierarchyLevelName  [0.%]: Cl
+ contact [1.*] : CI_  ResponsibleH
+ dateStamp : Date

+ metadataStandardName  [0..1]
+ metadataStandard\ersion (1)
+ datasetURI [0..1]: CharacterStr|
+ locale [0..*] : PT_Locale

User metadata
information

Metadata provenance

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

https://ophidia.cmcc.1t:8443/162/172 (oph_aggregate2)

https://ophidia.cmcc.1t:8443/162/173 (oph_rollup)
https://ophidia.cmcc.1t:8443/162/174 (oph_reduce)
https://ophidia.cmcc.1t:8443/162/175 (oph_reduce)

https://ophidia.cmcc.1t:8443/162/176 (oph_aggregate)
https://ophidia.cmcc.1t:8443/162/177 (oph_aggregate)

Text Plain text metadata

image | Binary string representation of an image
video | Binary string representation of a video
audio | Binary string representation of an audio

stream

Text representing an URL

K Search & Discovery

.0 esiwace
R
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Ophidia architecture: I/0 & Analytics layer

Multiple VO &
analytics nodes
execute one or more
servers

Servers run the
array-based
primitives (UDF)

Servers can
transparently
interface to different
storage back-ends

Support for a native
in-memory array-

based analytics & I/0

engine

Framework nodes

| |
| |
| |
: Ophidia HPDA Ophidia HPDA :
: Framework Framework coo Framework [ 1

|

node n

| |
: Framework node 1 Framework node 2 :
e |
_____________________________________________________________ 1
| |
: I/O & Analytics nodes |
| |
| |
: I/0O & Analytics I/O & Analytics I/O & Analytics I/0 & Analytics :
: Server Server Server Server I/0 & Analytics §
| 000 node m :
| |
I Array primitives | Array primitives I
| |
| |
| |
| |

________________________

1/0 & Analytics node 1

I/0 & Analytics node 2

.0 esiwace

-
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Ophidia array-based primitives

Ophidia provides a wide set of array-based primitives (around 100) to perform:
o data summarization, sub-setting, predicates evaluation, statistical analysis,

array concatenation, algebraic expression, regression, etc.

Primitives come as plugins (UDF) 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

oph_apply operator to run any primitive on a datacube

oph apply(oph predicate(measure, 'x-298.15','>0','1','0"))

Ophidia Primitives documentation: http://ophidia.cmcc.it/documentation/users/primitives/index.html Q
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Array-based primitives: OPH_MATH

Eoph_math( "OPH_DOUBLE’, measure, OPH_MA TH_FUNCTION)E

sQL a VAN Q ____________________________________________________
query Ophldla

Ophidia math plugin typing
OPH_MATH_FUNCTION can be one of the
OPH_MATH_FUNCTION MACROS macros in the table below

OPH_MATH_ABS OPH_MATH_DEGREES OPH_MATH_RAND
OPH_MATH_ACOS OPH_MATH_EXP OPH_MATH_ROUND
OPH_MATH_ASIN OPH_MATH_FLOOR OPH_MATH_SIGN
OPH_MATH_ATAN OPH_MATH_LN OPH_MATH_SIN
OPH_MATH_CEIL OPH_MATH_LOG10 OPH_MATH_SQRT
OPH_MATH_COS OPH_MATH_LOG2 OPH_MATH_TAN
OPH_MATH_COT OPH_MATH_RADIANS

( esSwace ESIWACE2 Summer School on Effective HPC for Climate and Weather, 26 August 2020 Q



Array based primitives: nesting feature

oph_boxplot(oph_subarray(oph_uncompress(measure), 1,18))

Single chunk or fragment (inpuft) Single chunk or fragment (output)
ABER MU e e e OUTPUTTABLE 5 tuplesx 5 elements (summary)
ID MEASURE D MEASURE
1
1|} 1073 ses 783 1120 602 195 .. 1611 1 e R I
2
| 2285 178 2182 1857 1481 1871 .| 1983 d e
3 ' .
| 19,89 30,17, 24,9 30,07 2540 26,31 - 23,18 ... 2482 3 1989 22,74 24'24| 26,45 3017
1
4 : 11,6 12,49 139 13,53 9,48 15,27 - 1417 ... 11,66 a 687 1099 12,85 14 281 1693
| fjr==== ==
5
I 13,9 12,43 179 14,7 2041 144 |kl ... 18,30 i 5 923 1387 1505 16,61 2041
[ —" s Y —om— ) e E— " eV WY S
Subarray(measure, 1,18) Output Table
|
r ) Input table *
35,00 I© =
30 T
|
30,00 »s : [—‘j )
| m
25,00 ,—;l
20 I T
I—'—, |
20,00 s T ! T [_Iﬁ
I -
15,00 1 |
o0 ] !
10,00 | JI.
5 !
5,00 .lL
0
0,00 D=1 ID=2 D=3 D=4 D=5
1 3 5 7 9 11 13 1517 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49
37 0 esiwace ESIWACE2 Summer School on Effective HPC for Climate and Weather, 26 August 2020 O
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Array based primitives: oph_aggregate

Single chunk or fragment (input)

INPUT TABLE 5 tuples x 360 elements
ID MEASURE
1 8,40 7,73 7,36 | 12,68 ]| 13,34 || 11,17 | 9,09 2,04 7,75
2 7,85 110,71 7,23 5,14 4,68 2,61 9,17 8,50 6,57
h n h 77
oph_aggregate(measure,"oph_avg’)
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 ¥V ¥V Y VY VY VY VYV VYY
Vertical aggregation
OUTPUT TABLE 1 tuple x 360 elements Slngle Chunk or
ID MEASURE
fragment (output)
1 | 6,25 | 5,35 | 5,00 | 557/ | 5,41 | | 511 |
Input table Output table
30,00 30,00
25,00 25,00
T 20,00 T 20,00
‘E‘ em—Seriel ‘E’
3 3
& 15,00 e=—Serie2 § 15,00 i
o o
g sserie3 g m——Seriel
* 10,00 —cerics # 10,00
5,00 Gmm=Serie5 5,00
0'00ﬂmm!\m«—cmml\m\—«mml\mﬁmmr\mﬁmmr\mﬁmml\m 0'00ﬁmlnr\mHmmr\mﬁmmr\mﬂmmv\mﬁmmv\mﬂmmr\m
IRRSSRAGENASHEIRLINEAERAEANGESY AARYIRASEOAENEIA8IARRRRRAARE
Time series [days] Time series [days]

esiwace

CENTRE OF EXCELLENCE N SINULATION OF WEATHER
AND CLIMATE I¥ EUROPE
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Ophidia architecture: framework layer

The Ophidia analytics |~~~ ‘“phdimsever J
framework can be [ r------------t-mooooooooooooooooooooooooooooooooomeeen 1

Framework nodes

exeCUted Wlth mUltlple i Ophidia HPDA Ophidia HPDA i

processes/threads | Framework Framework coo | Framework |

: Operator | coo | Operator eceo noden :

PrOV[deS the i Framework node 1 Framework node 2 i

environment for the Srr——r—rrrrrrrrr s ——— :

execution of parallel ' 1/0 & Analytics nodes |

MPI/Pthread-based | , . . , i

| 1/0 & Analytics I/0 & Analytics I/0 & Analytics I/0 & Analytics |

Operators : Server Server 2 Server Server g I/O & Analytics :

| 000 node m |

. i Array primitives | | Array primitives :

Operators manipulate | l

the entire set of L_'f?%én_all’tjcfrlofﬁl____________Yci%f\'lal_yt_icirlofe_z_________________________J
fragments associated =

ooreee ) ,

fo a whole datacube
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Ophidia operators

CLASS PROCESSING OPERATOR(S)
TYPE
I/0 Parallel OPH_IMPORTNC, OPH_EXPORTNC, OPH_CONCATNC,
OPH_RANDUCUBE

Time series processing Parallel OPH_APPLY
Datacube reduction Parallel OPH_REDUCE, OPH_REDUCE2, OPH_AGGREGATE
Datacube subsetting Parallel OPH_SUBSET
Datacube combination Parallel OPH_INTERCUBE, OPH_MERGECUBES
Datacube structure Parallel OPH_SPLIT, OPH_MERGE, OPH_ROLLUP,
manipulation OPH_DRILLDOWN, OPH_PERMUTE
Datacube/file system Sequential OPH_DELETE, OPH_FOLDER, OPH_FS
management
Metadata management Sequential OPH_METADATA, OPH_CUBEIO, OPH_CUBESCHEMA
Datacube exploration Sequential OPH_EXPLORECUBE, OPH_EXPLORENC

About 50 operators for data and metadata processing

Ophidia operators documentation: http://ophidia.cmcc.it/documentation/users/operators/index.html

_C ?Siwaga ESIWACE2 Summer School on Effective HPC for Climate and Weather, 26 August 2020 Q



Operators commands

= e g e R M e R R M e M R M e R R M e Rmm R M e M R M e M R e e e e

I i
[ OPH_TERM ] >> | oph operator |param1=vall;param2=va12;...paramN=valN;:
e iy

7 g

Ophidia Operator such as “"oph_list" Sequence of arguments passed to the operator

The operator strings follow a declarative style, with common arguments shared
among all operators and some operator-specific arguments

Special arguments:

o "exec_mode": specifies if the command is executed in synchronous ("sync") or
asynchronous mode ("async") which is the default;

o '"ncores": it specifies the number of parallel processes requested for the
execution of the operator (default is 1);

o 'nthreads": it specifies the number of parallel threads per each processes
requested for the execution of the operator (default is 1);

o ‘"cube": it specifies the input datacube. It is automatically added by the terminal
exploiting the last produced cube.

-
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Ophidia “data” operators

INPUT DATA CUBE OUTPUT DATA CUBE
FRAGMENT1 — 10 TUPLE x 10 ELEMENTS FRAG1 10TUPLE x 1
D MEASURE ZEII_DIL\J/I%X D MEASURE
1 1,95| || 8,64 || |10,47| .. |l1612 I + —>{ 16,11 OUTPUT (INPUT) DATA CUBE
5 18] [[is.a][Juoss [ [[2a39]] . s FRAGMENT1 — 1 TUPLE x 10 ELEMENTS
ID MEASURE
INPUT (OUTPUT) DATA CUBE
l 1/‘|| 1,95 I 8,64 | 10,47 ‘ | 16,11 |
10 6,87 || 10,99/ |12,85 16,93 l 16 ;I 16,93 FRAGMENT1 — 10 TUPLE x 10 ELEMENTS
1 MEASURE FRAGMENT2 — 1 TUPLE x 10 ELEMENTS
1 195 | 864 | 1047 | .. | 1611 |:> SPLUTby |ip | measure
2 14,81 | 18,14 | 19,93 24,35 10 FRAG Z { ’ 14,81 l 18,14 ‘ 19,93 ‘ ‘ 24,35 I
AGGEREGATIE ALL MAX ’ ! ’ ’ l ! ! ! !
(MERGE by
10 FRAG)
10 6,87 10,99 | 12,85 16,93
FRAGIIENT1 — | TUPLE » 10 ELEMENTS
FRAGMENT10 — 1 TUPLE x 10 ELEMENTS
o A 2 y MEAYRE Y 1D MEASURE
1 14,81 I 18,14 | 19,93 ’ I 24,35 ‘
10\~|| 6,87 | 10,99 ‘ 12,85 | | 16,93 I
OUTPUT DATA CUBE
INPUT DATA CUBE
FRAGMENT10 — 10 TUPLE x 10 ELEMENTS OUTPUT DATA CUBE
- Ll SUBSET FRAGMENT10 — 2 TUPLE x 10 ELEMENTS
1 1,95 | 864 | 1047 | .. | 1611 Filter 1:2 D MEASURE
2 14,81 | 1814 | 19,93 | .. | 2435 1 || 1,95 | 864 | 1047 | .. | 16,11
2 14,81 | 18,14 | 19,93 | .. | 24,35
10 6,87 | 10,99 | 12,85 | .. | 16,93
_0 es.wace ESIWACE2 Summer School on Effective HPC for Climate and Weather, 26 August 2020 a
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Ophidia “data” operators

[37..4416] >> oph explorecube cube=http://127.0.0.1/0phidia/35/67|subset dims=lat|lon|time;subset filter=39:42|15:19|1:275;4how time=yes;
[Request]:
operator=oph_explorecube;cube=http://127.0.0.1/0ophidia/35/67;subset dims=lat|lon|time;subset filter=39:42|15:19|1:275;show time=yes;sessionid=http://127.0.0.1/ophidia/sessions/:
74383780832141666641463737283924416/experiment; exec_mode=sync;ncores=1; cwd=/;

giisf?}iZY.B.G.1/0phidia/Sessions/374383?80832141666641463737283924416/experiment?106#224

[Response] :

tos

i lat i lon i tos i
i 39.500000 i 15.000000 i 1.00000002e+20, 1.00000002e+20, 1.00000002e+20, 1.00000002e+20, 1.00000002e+20, 1.00000002e+20, 1.00000002e+20, 1.00000002e+20, 1.00000002e+20 i
| 30500000 | 17.560600 | 267.3030604082, 786, 8267046340, 706.5080505763, 286, 072671044D, 260, 5254510862, 202, 3066209684, 205, 6SE0TLIET, 2072082672754, 295, 712648484 |
| 39.500008 | 10.060600 | 267.6926070853, 287, 0500117675, 7667896116104, 287.0761555175, 260, 0862062008, 202, 6082620395, 206, 4709287100, 207 6692395254, 296, 3418273926 |
| 46.500308 | 15.000008 | 1800006026420, 1000000020420, 1000000620120, 1000000826120, 1009090526120, 1.069060826126, 1066666626426, 1080000676426, 1090308676126 |
| 40500308 | 17.080808 | 767.1000637612, 796.5603503750, 206, 7040020162, 786,5216674805, 285.6316772461, 201.7696974600, 205, 4130760473, 206, 240003550, 205, 4137095605 |
|46 300000 | 10.860000 | 367.4610009706, 706, 7R1RISEIMD, 106.4914245605, 206, 7T200742105, 263, 006200021, 297, 154704R101, 208, B35TTHINNA, 207 .3604TE2IAG, 205,9751892000 |
| 41500000 | 15.360000 | 1063600020125, 109690620425, 1300000030170, 1000000620420, 1.000000626120, 1006060020470, 1,000003620120, 1. 060606R2LIZ0, 1,006360020420 |
| 41500000 | 17.060000 | 2665035076485, 286, 01757R1255, 205, TIAGSII62L, 285, 914276126, 267, 44T6RIEIS, 2911692104402, 204, 7GOBSA10, 206.GUSIISR05T, 204, 7683222688 |
| 41500000 | 15.000600 | 266.0717712452, 206, 3046836379, 266.017675761, 206, 1446228627, 267,6161969748, 2912955617690, 205, 270819591, 2065146179109, 205, 3194274907 |
summary

Selected 9 rows out of 9

& eswace ESIWACE2 Summer School on Effective HPC for Climate and Weather, 26 August 2020
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Ophidia “metadata” operators

[37..4416] >> oph cubeio
[Request]:
operator=oph cubeio;sessionid=http://127.0.0.1/ophidia/sessions/374383780832141666641463737283924416/experiment;exec mode=sync;ncores=1;cube=http://127.0.0.1/ophidia/35/74; cwd=/

[JobID]:
http://127.0.0.1/ophidia/sessions/374383780832141666641463737283924416/experiment?82#176

[Response] :
Cube Provenance

| INPUT CUBE | OPERATION | OUTPUT CUBE | souy
+ + 4 . 438 808 4166664146 83924416 )
| | ROOT | http://127.0.0.1/0phidia/35/66 | /re| File Edit View Image Go Help
R LR e AR EEEEEE S [-----mmmmmoe- [---mmmm e |---- R
I | ROOT | http://127.0.0.1/0phidia/35/67 | /re[ 4 Previous mWp Next @& &G @ & &£ 2
J oo [---mmmmmmee- J=mmmmm |----
| http://127.6.6.1/0phidia/35/66 - http://127.0.0.1/ophidia/35/67 I oph_intercube I http://127.0.0.1/0phidia/35/70 I PID - hiip/127.0.0. Vophidia/35/66 PID - hp/127.0.0. Vophidia/35/67
———————————————————————————————————————————————————————————————————————————————————————————————————————————————————— SOURCE : / os_0]_2002-2003. SOURCE : i os_01_2001-2002.
| http://127.0.0.1/0phidia/35/70 | oph reduce | http://127.0.0.1/0ophidia/35/71 | repofion O x el "
----------------------------------------------------------------- R LR R Rl EERE ,
| http://127.6.0.1/0phidia/35/71 | oph_merge | http://127.0.0.1/0phidia/35/72 | grhintercube ~“oph_intercube
R R e R R R Eb |----mmmmmmoe- |---mmmm e |----
| http://127.0.0.1/0phidia/35/72 | oph_aggregate | http://127.0.0.1/ophidia/35/74 | lPHJ:mmaniuUkamdmnsnul
Cube Provenance Graph pph_reduce
_____________________ I
Directed Graph DOT string : ’PID:hnp:ﬁlﬁ?)‘.)ilI/uphidiu/]ﬁﬂl |
digraph DG {

node [shape=box]

pph_merge

0 [label="PID : http://127.0.0.1/ophidia/35/74\n"] /

1 [label="PID : http://127.0.0.1/ophidia/35/72\n"] ‘HD:hnmﬂﬂTnﬂkammwiﬂﬂ

2 [label="PID : http://127.0.0.1/0phidia/35/71\n"]

3 [label="PID : http://127.6.0.1/ophidia/35/76\n"] R

4 [label="PID : http://127.0.0.1/0phidia/35/66\nSOURCE : /repo/tos 01 2002-2003.nc\n"] o

5 [label="PID : http://127.0.0.1/0phidia/35/67\nSOURCE : /repo/tos 01 2001-2002.nc\n"] /

’ PID : hitp://127.0.0. Vophidia/35/74 |

1-=0 [label="oph aggregate"]

2->1 [label="oph merge"] 613 x 528 pixels 52.2 KB 73% 3/3

& eswace ESIWACE2 Summer School on Effective HPC for Climate and Weather, 26 August 2020
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Ophidia architecture: front-end layer

Multi-interface || pAEeESENVE J
server front-end e 1:

i Ophidia HPDA Ophidia HPDA i
Manages user | Framework Framework 000 Framework |
authN/authz’ i Operator | o000 | Operator [SYoXo) node n i
SeSSionS and i Framework node 1 Framework node 2 i

requests | 1
I/O & Analytics nodes

Manages task/
I/0O & Analytics I/O & Analytics I/O & Analytics I/0 & Analytics
000 node m
Array primitives | | Array primitives

Remote interactions . _
with a CLI, WPS | _VO&Analyticsnadet [ VYO®Analydesneded |
clients and Python
modules

Workflow executlon i Server Server ] Server Server "1 1/0 & Analytics
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Ophidia Terminal

The Ophidia Terminal, a CLI| bash-like client for the Ophidia framework:

O

O

Executing interactive data analytics sessions;
Executing batch data analytics tasks of workflows;
Experiment and operators debugging;

File system exploration and environment management.

[11..4495] >> oph list level=2;

[Request]:
operator=oph list;path=;level=2;sessionid=http://127.0.0.1/ophidia/sessions/1112

38695229505952271558621818154495/experiment ; exec_mode=sync;cdd=/;

[JobID]:
http://127.0.0.1/ophidia/sessions/111238695229505952271558621818154495/experiment?2#45

[Response]:
Ophidia Filesystem: /

(» esiwace
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Three levels of parallelism

(U N N SN S S S S S S S S S - -
Ophidia Server
| WS-l | 0GC I GSI/VOMS | I
- 1 Q" rrrrrr I \\éorkﬂow NoMnﬂ nnnnn
Datacube-level parallelism e e e nt g B e
. i —— |
o At the front-end level rﬁawm_______,_, """"""" ;
o Based on the “massive” operator " Ophida HPA Optida HPoi J/ZL |
ework
Concept .I ooo [ opemor | [oraor | 000 [openo den
| | 1/0 & Analytics St . | | /O & Analytics St | 1
Framework-level parallelism B
. I 1/0 & Analytics nodes - - - ge--a-- — o - — |
o HPC paradigm | - : = |
o MPI/Pthread ][ e m; ][ R s i
o Atthe HPDA framework level ——dr—— | I
LT | e e e W
Fragment-level parallelism
o OpenMP based i n n |
o Atthe I/O & analytics server level ||| @ | | = - mmm| | ...y |
_0 es.wace ESIWACE2 Summer School on Effective HPC for Climate and Weather, 26 August 2020 Q
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On-demand instantiation of an Ophidia custer

Target environment: HPC cluster Multiple isolated instances can be

Deployment of I/O & analytics servers deployed simultaneously by different
o oph cluster teams/users

action=deploy;nhost=64;cluster name=new;

o oph cluster m —

action=undeploy;cluster name=new;

Zeus SuperComputer at CMCC: 1.2 PetaFlops, 348 nodes

DCS9900 1 DCS9900 2

ESIWACE2 Summer School on Effective HPC for Climate and Weather, 26 August 2020 Q
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Session outline

v Introduction to HPDA and data challenges in eScience
v ECAS and EOSC
v Introduction to the Ophidia HPDA Framework

v Ophidia core concepts: architecture, data model, operators and
primitives

v Analytics workflows with Ophidia
v Workflow execution demo

v Ophidia Python bindings: PyOphidia

_0 es.wace ESIWACE2 Summer School on Effective HPC for Climate and Weather, 26 August 2020 Q
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Analytics workflows

Ophidia supports the execution of complex workflows of operators.
o It defines a JSON representation for the workflow DAG specification

o Supports different constructs: dependencies; massive tasks; iterative (group of)
tasks; parallel (group of) tasks; flow and error contro ©eS

CEEEe

C. Palazzo, A. Mariello, S. Fiore, A. D’Anca, D. Elia, D. N. Williams, G. Aloisio, “A Workflow-Enabled Big Data Analytics Software Stack for eScience”,

HPCS 2015, pp. 545-552 0
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Workflow support

Extract minimum valu
oph_reduce

Extract minimum valu

Extract maximum valu

oph_reduce oph_reduce

Evaluate max-min ran
oph_intercomparison

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

Extract minimum valu

oph_reduce

Extract maximum valu

oph_reduce

Evaluate max-min ran
oph_intercomparison

Evaluate max-min ran Evaluate max-min ran

oph_intercomparison

oph_intercomparison
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Analytics workflows constructs

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.

Ophidia workflow documentation: http://ophidia.cmcc.it/documentation/users/workflow/index.html
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Behind the scene: workflow JSON representation

ophrpm@ophidiarpm:~/workflow X ‘ophrpm@ophidiarpm:~/workﬂow

"tasks": [
{

"name": "Loop on tasmin and tasmax cubes",
"operator": "oph_for",
"arguments": [ "name=cube","counter=1:2", "values=${1}|${2}", "parallel=yes" ]

{

b

"name": "Compute operation over time",
"operator": "oph_reduce2",
"arguments": [
"cube=@{cube}",
"dim=time",
"concept_ level=M",
"midnight=00",
"operation=$3",
"container=tmp"
1,
"dependencies": [
{ "task": "Loop on tasmin and tasmax cubes"

1

"name": "Conversion from Kelvin to Celsius degrees",
"operator": "oph apply",
"arguments": [
"query=oph _sum _scalar('oph float', 'oph float',Kmeasure,-273.15)"
1,
"dependencies": [{
"task": "Compute operation over time",
"type": "single"
]

"name": "Loop for subset months",

"operator": "oph_for",

"arguments": [ "name=index","counter=1:12", "values=Jan|Feb|Mar|Apr|May|Jun|Jul|Aug|Sep|Oct|Nov|Dec", "parallel=yes" ]
"dependencies": [ { "task":"Conversion from Kelvin to Celsius degrees", "type": "single" } ]

{
"name": "Subset on i-month",
"operator": "oph_subset",
"arguments": [
"subset _dims=time",
"subset filter=&index:12:end"
1,

"dependencies": [

--More--(65%)




Behind the scene: workflow JSON representation

ophrpm@ophidiarpm:~/workflow X ‘ophrpm@ophidiarpm:~/workﬂow
"tasks": [
"name": "Loop on tasmin and tasmax cubes",

"operator": "oph_for",
"arguments": [ "name=cube","counter=1:2", "values=${1}|${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_reduce2
"operation=$3",

"container=tmp"
1,
"dependencies": [

{ "task": "Loop on tasmin and tasmax cubes"

1

"name": "Conversion from Kelvin to Celsius degrees",
"operator": "oph apply",
"arguments": [
"query=oph sum_scalar('oph float', 'oph float',Kmeasure,-273

Conversion from Kelv
] oph_apply
"dependencies": [{
"task": "Compute operation over time",
"type": "single"
]

"name": "Loop for subset months",

"operator": "oph_for",

"arguments": [ "name=index","counter=1:12", "values=Jan|Feb|Mar|Apr|May|Jun|Jul|Aug|Sep|Oct]
"dependencies": [ { "task":"Conversion from Kelvin to Celsius degrees", "type": "single" } ]

{

"name": "Subset on i-month",
"operator": "oph_subset",

"arguments": [

"subset _dims=time",

"subset filter=&index:12:end" Subset on i-month
1, N oph_subset

"dependencies": [

--More--(65%)
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Analytics workflows support and interfaces
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Session outline

v Introduction to Big Data, HPDA and data challenges in eScience
v ECAS and EOSC
v Introduction to the Ophidia HPDA Framework

v Ophidia core concepts: architecture, data model, operators and
primitives

v Analytics workflows with Ophidia
v Workflow execution demo

v Ophidia Python bindings: PyOphidia
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Multi-model experiment design

Precipitation Trend Analysis use case implemented as an Ophidia workflow
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Multi-model experiment design

Federated Archive

Precipitation Trend Analysis use case implemented as an Ophidia workflow

Single model precipitation trend analysis
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Multi-model experiment design

Precipitation Trend Analysis use case implemented as an Ophidia workflow
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Multi-model experiment input data

ESGF! is a coordinated multiagency, international collaboration
of institutions that continually develop, deploy, and maintain
software needed to facilitate and empower the study of climate.

Earth Systens i Federation

World Meteorological Organization Model Development
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Model acronym | Model expansion Institute
CCSMm4 Community Climate System National Center for Atmospheric Research (NCAR)
Model, v4
CMCC-CESM CMCC - Community Earth Euro-Mediterranean Center on Climate Change (CMCC)
System Model
CMCC-CMS g;’slg?n- Goupled Modeling Euro-Mediterranean Center on Climate Change (CMCC)
CMCC-CM CMCC - Climate Model Euro-Mediterranean Center on Climate Change (CMCC)
R . Centre National de Recherches Méteorologiques
CNRM-CM5 l\cnriggf Vé: oupled Global Climate (CNRM)/Centre Europeen de Recherche et de Formation
! Avancee en Calcul Scientifique (CERFACS)
Commonwealth Scientific and Industrial Research Organi-
CSIRO Mk3.6.0 |CSIRO Mark, v3.6.0 sation (CSIRO) in collaboration with Queensland Climate-
Change Centre of Excellence (QCCCE)
CanESM2 Second Generation Canadian Canadian Centre for Climate Modelling and Analysis (CC-
Earth System Model Cma)
. National Oceanic and Atmospheric Administration
GFDL-CM3 GFDL Ciimate Model, v3 (NOAA)/Geophysical Fluid Dynamics Laboratory (GFDL)
GFDL Earth System Model with . . . - .
" National Oceanic and Atmospheric Administration
GFDL-ESM2G | Generalized Ocean Layer . N )
Dynamics (GOLD) component (NOAA)/Geophysical Fluid Dynamics Laboratory (GFDL)
GFDL Earth System Model with . . . - .
National Oceanic and Atmospheric Administration
GFDL-ESM2M | Modular Ocean Model 4 (MOMA) | 5 o)/Geophysical Fluid Dynamics Laboratory (GFDL)
component
Hadley Centre Global
HadGEM2-CC |Environment Model, v2 (Carbon | Met Office (UKMO) Hadley Centre (HC)
Cycle)
Hadley Centre Global
HadGEM2-ES Environment Model, v2 (Earth Met Office (UKMO) Hadley Centre (HC)
System)
INM-CM4.0 INM Coupled Model, v4.0 Institute of Numerical Mathematics (INM)

IPSL-CM5A-MR

IPSL Coupled Model, version 5,
coupled with NEMO, mid
resolution

LInstitut Pierre-Simon Laplace (IPSL)

Model for Interdisciplinary

Atmosphere and Ocean Research Institute (The University

MIROC5 " of Tokyo), National Institute for Environmental Studies, and
Research on Climate, v5 Japan Agency for Marine-Earth Science and Technology
mpPi-ESm-mp | MP! Earth System Model, Max Planck Institute for Meteorology (MPI-M)
medium resolution
MRI Coupled Atmosphere -
MRI-CGCM3 Ocean General Circulation Meteorological Research Institute (MRI)
Model, v3
NorEsmi-m | Norwegian Earth System Model, |\ eqian Climate Centre (NCC)

v1 (intermediate resolution)
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Multi-model experiment implementation & execution

JSON implementation of the workflow
{

"name":

"90th percentile JJA Historical",

"arguments": [
"operation=quantile", I
"dim=time",
"concept_level=y",

1
&
"order=${5}"
1,

1
"dependencies": [

1
{ "task": "Subset JJA Historical", "type": "single" }
]

1
"name": "Linear regression Historical", I
"operator": "oph_apply",
"arguments": [

1
"query=oph_gsl_fit_linear_coeff(measure)", )
"measure_type=auto"

]'

1
"dependencies": [

® ®LE0OOEED @B
© P00 OO0 OF
ceree!

CEEEEEEEE SoEEee

{ "task": "90th percentile JJA Historical", "type":
]

1
"name": "Import Type Selection Scenario",
"operator": "oph_i if",
"arguments":

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

{ "task": "loop_model" }
]

},
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Multi-model experiment implementation & execution

JSON implementation of the workflow

{

"name": "90th percentile JJA Historical",
“operator": "oph_reduce2",

"arguments": [

"operation=quantile”,

"dim=time",
"concept_level=y",
"order=${5}"
1,
"dependencies": [
{ "task": "Subset
]

"name": "Linear regres
"operator": "oph_apply
"arguments": [
"query=oph_gsl fit
"measure_type=auto
1,
"dependencies": [
{ "task": "90th pe
]

"name": "Import Type S
"operator": "oph_if",
"arguments": [ "condit
"dependencies": [

{ "task": "loop_mo
]
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Session outline

v Introduction to HPDA and data challenges in eScience
v ECAS and EOSC
v Introduction to the Ophidia HPDA Framework

v Ophidia core concepts: architecture, data model, operators and
primitives

v Analytics workflows with Ophidia
v Workflow execution demo

v Ophidia Python bindings: PyOphidia
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Python programmatic access to Ophidia

PyOphidia is a GPLv3-licensed Python module to interact with the Ophidia
framework.

It provides a programmatic access to Ophidia features, allowing:

o Submission of commands to the Ophidia Server and retrieval of the results

o Management of (remote) data objects in the form of datacubes

o Easy exploitation from Jupyter Notebooks and integration with other Python modules

Sea Surface Temperature (deg K)

from PyOphidia import cube, client
cube.Cube.setclient(read_env=True)

mycube =

cube. Cube.importnc(src_path="'/public/data/ecas_training
/file.nc', measure='tos', imp_dim='time',
import_metadata='yes', ncores=5)

mycube2 = mycube.reduce(operation="max',ncores=5)
mycube3 = mycube2.rollup(ncores=5)

data = mycube3.export_array()

mycube3.exportnc2(output_path='/home/test"’, Export result to NetCDF fle
export_metadata='yes')

]1: mycube3.exportnc2(output_path='/home/' + cube.Cube.client.username,export metadata='yes')
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PyOphidia Repository

i PyOphidia Update interfaces in cube.py 5 months ago
B8 conda/recipe Adding Conda Recipe (#5) 2 years ago
[E .gitignore Add .gitignore 4 years ago
[E) AUTHORS.rst Update author information 2 years ago
[E) CONTRIBUTING.rst Initial commit 4 years ago
[E) HISTORY.rst Update history for release 5 months ago
[E LICENSE Initial commit 4 years ago
[E MANIFEST.in Initial commit 4 years ago
= README.rst Update readme for release 5 months ago
[E) setup.cfg Initial commit 4 years ago
E) setup.py Update history for release 5 months ago

README.rst

PyOphidia: Python bindings for Ophidia

PyOphidia is a GPLv3-licensed Python package for interacting with the Ophidia framework.

It is an alternative to Oph_Term, the Ophidia no-GUI interpreter component, and a convenient way to submit
SOAP HTTPS requests to an Ophidia server or to develop your own application using Python.

PyOphidia on Github: https./github.com/OphidiaBigData/PyOphidia Q
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PyOphidia Repository

https://pypi.org/project/PyOphidia/

pip3 install pyophidia

U Search projects Q Help Donate Login Register

PyOphidia 1.8.1 DY F—

pip install PyOphidia I& Last released: 16 aprile 2019

Python bindings for the Ophidia Data Analytics Platform

Navigation Project description
Broject descript 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-GUl interpreter component, and a convenient way to submit
» | SOAP HTTPS requests to an Ophidia server or to develop your own application using Python.
|2.7, 3.3,3.4,3.5and 3.6 h. Python d dencif di -Pyth de. It i
O ANACONDA CLOUD Search Anaconda Cloud Gallery About Anaconda Help Download Anaconda Sign In i an .as ne y on dependencies ar.1 .Is pur? ython -cc € re.qulres. a
nstance for client-server interactions. The latest PyOphidia version (v1.8) is compatible with

conda-forge / packages / pyophidia 1s1

PyOphidia is a Python package for interacting with the Ophidia framework.

B License: GPL-3.0

A Home: http:/github.com/OphidiaBigData/PyOphidia
& 5578 total downloads

9 Last upload: 4 months and 26 days ago

Installers

Info: This package contains files in non-standard labels.

EXE3E |

https://anaconda.org/conda-forge/pyophidia

conda install -c conda-forge pyophidia
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The PyOphidia library

PyOphidia implements two main classes:

o Client class: supports the submissions of Ophidia commands and workflows, as well

as the management of session from Python code (similar to the Ophidia Terminal)

o It allows to run all the Ophidia operators, including massive tasks and workflows

o Cube class: provides the datacube type abstraction and the methods to manipulate,

process and get information on cubes objects and it builds on the client class

o Defines a object-oriented approach allowing a handle the datacubes more
naturally

While the cube module provides a user-friendly interface, the client module allows
a finer specification of the operators.

ESIWACE2 Summer School on Effective HPC for Climate and Weather, 26 August 2020 0
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Python and HPC infrastructure transparency

PyOphidia class hides the HPC environment complexity

In [ ]: from PyOphidia import cube, client

cube.Cube.setclient(read env=True)

In [ ]: cube.Cube.cluster(action='deploy',host partition='test partition',nhost=4)

In [ ]: myCube = cube.Cube(src_path='/work/ophidia/tests/tasmax_day CMCC-CESM rcp85.nc',
measure='tasmax', import metadata='yes', imp dim='time', description='Max Temps',
nfrag=16, nhosts=4,
host_partition='test2',
ncores=2, nthreads=8
)

In [ ]: myCube2 = maxtemp.apply(
query="oph predicate('oph float', 'oph_int',measure,'x-298.15','>0','1"','0")",
ncores=2, nthreads=8

)

In [ ]: myCube3 = myCube2.subset(subset filter=1, subset dims='time')

In [ ]: pythonData = myCube3.export array(show time='yes')

In [ ]: print(pythonData)

In [ ]: cube.Cube.cluster(action='undeploy',host partition='test_ partition')
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Python and HPC infrastructure transparency

PyOphidia class hides the HPC environment complexity

o= e — 1
In [ ]: from PyOphidia import cube, client : Dynamic |/O &Analytics :
cube.Cube.setclient(read_env=True) [ 2 I nodes allocation :
gy GRS g S SR S e ———
In [ ]: cube.Cube.cluste action='deploy',host_partition='test_par@
In [ ]: myCube = cube. Cube(src_path—‘/work/ophidia/tests/tasmax day CMCC-CESM rcp85.nc',
measure='tasmax', J.mport metadata='yes', imp dim='time', description='Max Temps',
nfrag—16, nhosts=4 @ __________ iy
host_partition='test2' | Data partitioning :
e @ bncores =2, nthreads=8 I and distribution
I ——————————— -l
, Framework I
|
: operator | ]: myCube2 = maxtemp apply (
|

paraIIeIism 1 quer "oph_predicate('oph float',6 'oph int',measure,'x-298.15','>0','1"','0")",
________ | ncores= 2, nthreads=8

In [ ]: myCube3 = myCube2.subset(subset filter=1, subset dims=' tlme: Oph|d|a -notebook data !

I

@ I translation and transfer

In [ ]: pythonData =_myCube3.export array(show@ R
In [ ]: print(pythonData) o T---T-T-mTT T B

I/O & Analytics nodes !

I
1
1
In [ ]: cube.Cube.cluste@oy-,host_partition='t@@ I undeployment J
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Summary

v Joining HPC and data-intensive analytics is an enabling factor for scientific
applications

v Scientific data management and analytics pose challenges requiring novel
and efficient software solution

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

v In-depth overview of the Ophidia HPDA framework and how it addresses data
analytics challenges for scientific analysis

= Scalable architecture, data distribution, parallel operators and HPC-oriented
deployment

v Real experiments can be modeled as (complex) workflows composed of
hundreds of tasks

=  Multi-model climate analysis example
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