SKA data-deluge: e-Science solutions
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Challenges in SKA and pre-SKA era
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Processing
SKA processing needs are equivalent to
Bandwidth
SKA aperture arrays will produce
SKA Pathfinder Cubes ~ 4.4 TB which implies 7.3 min read time at 10GB/sec
Typical survey consists of ~
Need:100-1000 GB/sec for on-demand processing single cubes and cube groups
Power
SKA HPC power consumption 1EF/s ~100 MWatt
Storage

SKA will produce in



Current approach

Use of European Grid Infrastructure Astrophysics & Astroparticle Physics 1%

All Data

Unknown prin: ¥ - ™

Computer Stience and Mathematics
0%

Earth Scances

o%

Fusion

Job submissions: June

Obtained using EGI statistics tool http://accounting.egi.eu/



http://accounting.egi.eu
http://accounting.egi.eu

Current approach

Use of European Grid Infrastructure

High Energy Physics Excluded
Astrophysics & Astroparticle Physics 12%

Comput. chemistry

Job submissions: June
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Current approach

Astronomy & Astrophysics
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Existing European e-infrastructure not

used by the SKA oriented community

Unexisting software infrastructure to enable the use at the level required to support

radioastronomers

Different available resources: variety of policies for usage, interfaces for access, and

a collection of programming models

Challenging to even the most sophisticated of users



Challenges in SKA and pre-SKA era

HERE

SKA 7Pb/s

SKA >1EF/s

SKA >300 GB/s

?f.." == ,," 1} sKkAS00PB
t Storage ‘ SKA 30 PF/s

Not only SKA, but

EELT will face the same
problem

THE REAL CHALLENGE STARTS

Extraction of scientifically relevant
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» Collaborative science
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» Friendly visualization tools
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Strategy: build on pathfinders
e-FALCONS & eSIRA collaborations

e-FALCONS: e-Infrastructure for FAst & Large Capacity Online
Networked Systems

e-SIRA: e-Science Infrastructure for Radio Astronomy



Towards e-Science solutions
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To lay the foundation for a
that will
address the needs of the community of LDVSAs such as LOFAR and SKA.

Sinergies: infrastructure providers collaborate with radio astronomical organisations
EGI, PRACE, Géant, BiG Grid, Target, + LOFAR

To develop: and provisioning of tools for efficient
usage of the infrastructure and suitability for transport and archiving

Methodology:
To identify main for high data volume apps, streamed or distributed
Benchmarking architectures using existing science projects

- Processing of raw LOFAR correlator output
- Pulsar Surveys
- GLOSTAR EVLA Survey



Goal: to enable radio astronomers to do new science

Methodology:
Knowledge exchange across the science and infrastructure communities

Engage with the scientific community through
- A network of users provided by the SKA consortium + ASKAP + CyberSKA

- A set of user-driven tools that will enable astrophysicist to readily access data,
processing and analysis.
- Training tools (adapted workflows)

Access to both tools and data by



Scientific Workflows
Scientific Workflows are about sharing and collaboration |

e-Science tool where data access and transformations explicitly interconnected
through web services, fully packaging the methodology of an experiment
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Modularity + capability to encapsulate methodologies, allow scientists

, €.g. through myExperiment (http://

www.myexperiment.org/), a forum encouraging collaborative work.
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Scientific Workflows
Scientific Workflows are about sharing and collaboration |
e-Science tool where data access and transformations explicitly interconnected
through web services, fully packaging the methodology of an experiment

Modularity + capability to encapsulate methodologies, allow scientists
to create, reuse, and share them, e.g. through myExperiment (http://
www.myexperiment.org/), a forum encouraging collaborative work.
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State of the art:

Most widespread methodology:
- General-purpose software + specific tools developed within a single research group

---> reinvention and effort duplication
with complexity level + size of upcoming data, nor with computing

infrastructures involved.
- Very few cases of standardization of the methodology. Those existing, developed just
for specific parts of the full discovery process (e.g pipelines).
Data:
- Digital sky
- Data formats and access protocols standardized in astronomy via the VO

PDF publication: Bibliographical archives

» ADS provides interlinking to Astronomical Objects DB

» Vizier provides interlinking to Bibliographic Archives



What is missing?

The astronomical workflows:

Helio project on-going:

virtual observatory for solar physics: data access + sharing + description of the
knowledge in the field (via ontologies), and their processes (via workflows).

Working environment: Preservation

development of standards for workflow preservation, which will enable
of used and generated data

Workflows for ever Project (started December 2010)

Funded under FP7 ICT-2009-6
Pl: iSOCO

Participants: UPMadrid, U. Manchester, Poznan PSNC, U.
Oxford, Leiden U. Medical Center, IAA-CSIC




Wif4ever in one slide: Preservation of Scientific Workflows

- novel definition of a Research Object, which workflow descriptions,
provenance of their executions, and links to all the related resources

- models for

- models for workflow abstraction, to facilitate workflow
comparison

- strategies for workflows or fragments
- mechanisms for personalized workflow

- methods and tools to proactively workflow information quality

Use cases: Astronomy and Genomics



VO Scientific Workflow
3D Kinematical Modeling

HIALMA 3D
VO Archeve

Calbrated Data

D
VO Archive
Modeled Data

CO ALMA 3D
VO Archive
Calibrated Data

CASA

Calibration

VO Publishing




AMIGA4GAS: AMIGA for GTC, ALMA, and SKA pathfinders
Proposed to AYA National funding (2012-2014), coordinated with FCSCL

Science goal:

driving mechanisms of secular evolution via high resolution 3D studies of isolated galaxies

Technological e-Science developments:
- Migration to the GRID and Cloud Computing of tools for modelling datacubes
- Development of IVOA standards for VO services on 3D data

- Deployment of workflows on distributed infrastructure of heterogeneous resources

Collaboration with:
CATON private company
Barcelona Supercomputing Center
IberGrid initiative: Instituto de Telecomunicagoes in Portugal
IAA-CSIC Grid technical group

TarGet project, which covers the data processing needs for the LOFAR array



The time is NOW since:

- LOFAR and EVLA working now
- ASKAP: expected to be completed by 2013 (coll. with “WALLABY” project)
- MeerKAT: expected to start operations in 2014 (particip. in “MHONGOOSE”")
- Apertif@WSRT: 2013 commissioning and 2014-2017 scientific exploitation

(member of Science Team)

Contracts to be placed soon

2012-2015 Pre-construcion Phase






