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Technology Challenges en route to SKA ==
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Bandwidth

« Until recently bandwidths of a few 10’s of MHz were

standard
— VLA: 50 MHz per IF

 New telescopes and upgrades dramatically increase
bandwidth
— Arecibo: 300 MHz
— ASKAP: 300 MHz
— MeerKAT: 770 MHz
— JVLA: 8 GHz

» At the same time observing in “spectral-line” mode
— for RFI detection and excision (BW extends beyond protected regions)
— Avoid signal degradation for wide-field imaging.

— Use of multiple frequencies for visibility sampling (multi-frequency
synthesis)
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WIDAR Correlator Rack Installation at JVLA, Aug 2008 T

N

EVLA Review March 2009
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Jansky VLA-VLA Comparison —
Parameter VLA JVLA Factor | Current

Point Source Cont. Sensitivity (1c,12hr.) 10 udy 1 udy 10 2 udy
Maximum BW in each polarization 0.1 GHz 8 GHz 80 2 GHz

# of frequency channels at max. BW 16 16,384 1024 4096
Maximum number of freq. channels 512 4,194,304 8192 12,288
Coarsest frequency resolution 50 MHz 2 MHz 25 2 MHz
Finest frequency resolution 381 Hz 0.12 Hz 3180 12 Hz

# of full-polarization spectral windows 2 64 32 16

(Log) Frequency Coverage (1 — 50 GHz) 22% 100% 3 100%
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Field of View technologies SKA

 Large Nsmall D
— 15 m antennas 1 sq deg at 1.4 GHz.

 Arecibo & FAST

— Multiple horn receivers

« Aperture plane arrays
— Multiple independent beams over a
hemisphere

* Phased Array Feeds ,
— Multiple beams providing large FOV [§.'&
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Sociology of Radio Astronomy

* Much of the key science en route to the SKA will be
achieved via large-scale survey mode observing programs
executed by globally distributed teams of researchers
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Arecibo ALFA Surveys =il

* ALFALFA (HI) GALFACTS and PALFA
* PALFA (Pulsars) Aggregate rate 500 MB/s

 GALFACTS (Spectro-polarimetry)
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LOFAR Survey Science

« Sky surveys at 15, 30, 60, 120, 200 MHz
— Galaxy formation
— Intergalactic magnetic fields
— Star formation in early universe

——

— Expansion of discovery parameter space e



ASKAP Survey Science

« WALLABY (HI emission)
« EMU (continuum)

« POSSUM (polarization)
 FLASH (HI absorption)

« VAST (slow transients and variables) |
« GASKAP (Galactic HI)

 CRAFT (fast transients)

« DINGO (Deep HI)

 COAST (pulsar and timing survey)

« VLBI (high resolution science)

Some project will be commensal



MeerKAT Survey Science

* Pulsar Timing

« LADUMA (Deep HI)

« MESMER (High-z CO)
 MeerKAT Absorption Line Survey
« MHONGOOSE (Nearby HI)

« TRAPUM (pulsar search)

* MeerKAT HI Survey of Fornax
 MeerGAL (Galactic Plane Survey)
« MIGHTEE (Deep continuum and polarization)
* ThunderKAT (variables and transients)

Some project will be commensal
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SKA Timeline
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“ SKA1 SKA1 SKA2

Preparatory Phase

f=0.1 Aperture Array f = 0.5 Aperture Array

MWA, LOFAR, PAPER

1% 10% 100%




SQUARE KILOMETRE ARRAY

— ~
- Outhing |- = === => N
SKA Conc- - UL 1 5 \i
High Level [ o - i el X
Block Diagram ya /’
yal Vs
- = -
-7 /
~ F
-7 / T g SKA
’
/ - Blue Gene/P o
7 oupegsaims » v s s s i 5% Blue Gene/l @ ~F _ _
y KT 7 e
shown| 53 it GEMW L Sae0 - (SRR bie Gl W e Tl R R
/ 3
/ g _______________
' 2
G e N ettt e — _ 2R [0 12| IS N s R S
___________ Global %
~ B @ FOR i s e o i e e o S OB ey o
Y &

Facility

et DigTa Sigra| Processing

l High Performance Computing
Beamfarming '

Dala Storage

\
Mottt Coeralation
feeds (WBSPF) IPAF)
—— // \\\\>‘__—// ~—
~
~ //
~ -

1940 1950 1960 1970 1980 1990 2000 2010 2020
Year introduced



.

(=4

Survey Raw Data Rates —

SQUARE KILOMETRE ARRAY .
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The Challenge =

« Survey mode observations drive:

— Very high data rates and volumes
« Storage, transfer, access
» Delivery of data to end users not practical

— Complex, multi-purpose, processing and analysis
* Processing, analysis, visualization, data mining
« Multiple processing and analysis chains

— Collaborative execution by globally distributed teams of researchers
» Distributed and remote science community
» Distributed colllaboration in data processing, analysis and science
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How to handle the Big Data Challeng

» Dedicated observatory pipelines to

— create science ready output at the observatory and send finished
products to users

— Being adopted by LOFAR, EVLA, ASKAP,...

 Cons
— Monolothic system under control of central “authority” of experts

— One-pass through data. No room for iteration and improvement

— Disconnects the user community from intellectual development
processing techniques and technologies



How to handle the Big Data Challeng

An alternate approach: cyberinfrastructure platform

Use cloud and web 2.0 technologies to empower the end
user

« Turn global resources into the solution
— On-line interactive access to a global HPC cloud and data
— Collaborative development of novel pipelines processes
— Visualization and visual analytics of very large data
— Creation and ingestion of derived and ancilliary data products
— E-science tools for distributed collaboration and analysis



The CyberSKA Project

Initiative to develop a scalable and distributed cyberinfrastructure platform to
meet evolving needs of data-intensive radio astronomy en route to the SKA
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Focus Areas

Collaboration
— Portal built on social networking technologies

Data Management

— Scalable collaborative access, sharing and searching of
distributed (BIG) data sets

Data Processing
— Framework for executing algorithms and workflows

Data Visualization and Visual analytics
— On-line interactive visualization of remote Big Data

Third Party Applications

— Community driven site with common API
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R'r‘” ‘:fta SKA Data Repository SKA MetaData VM Image
22l (Derived data products) Database Repository

CyberSKA Site
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ollaborative Portal

SAUARE KILOMETRE ARRAY

Portal built on top of the Elgg open source social networking platform

— Provides many features including: tags, bookmarks, profiles, blogs, wikis, contacts, groups, document
sharing, discussions, messaging, calendars, status, activity feeds

SKA

Home Profile Settings myDashboard myGroups &  Tools

M Cameron Kiddle

5]
&

Edit page layout

My applications

My blog

My bookmarked items
My event calendar

My files

My pages

My publications

My tasked items

My activity
Contact's activity

Site activity

Contacts o =
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Group membership oI =

DMS support of Astronomical Data
This subgroup is for planning and
developing specialized support

Astronomical Data in the CyberSKA Data
Management System.

CyberSKA Sys Admins

iEEE] Avpplication Developers
Eﬁ , Group for developers working/creating
wRiS& portal applications.

Portal Support
Group for portal support -

About Help

Event calendar T =

1, Imaging Science Technical Meeting
‘ Weekly imaging science technical meeting
10:00 - 11:00, 28 Jun 2011

4 CANARIE Site Visit (Tentative)
l Semi-annual site visit by CANARIE staff
1:00 - 3:00, 29 Aug 2011

4, ADASS XXI

[ Astronomical Data Analysis Software and
Systems Conference

6 Nov 2011 - 10 Nov 2011

Activity EDIT =

Contacts

Samuel George bookmarked Detection
Thresholds and Bias Correction in Polarized
Intensity (4 hours ago)

Russ Taylor updated a page titled SubGroups (9
hours ago)

Mircea Andrecut has posted a new comment on
this discussion topic | SKA 2011 Travel Plans for
UofC participants
| can take one person.
(16 hours ago)

Arne Grimstrup has posted a new comment on
this discussion topic | SKA 2011 Travel Plans for
UofC participants
Arrive in Banff: July 3 Depart Banff: July 8 | do not
have a vehicle but was considering taking the
Banff Airport shuttle bus.
(20 hours aao)

Log out (53]

Recent Astro-ph Eprints EDIT =

arXiv:0812.2984v1 PDF
Testing the cosmollggical evolution of magnetic fields in
galaxies with the S

arXiv:0812.0141v2 PDF
A generalised Measurement Equation and van Cittert-
Zernike theorem for wide-field radio astronomical
interferometry

arXiv:0811.1070v1 PDF
The Directional Dependence of the Lunar Cherenkov
Technique for UHE Neutrino Detection

arXiv:0811.0211v1 PDF
Pulsar searches and timing with the SKA

Active Users T -

Cameron Kiddle

g Busy preparing for SKA 2011 -
http://ska2011.org/ update (12 days ago)
Location: calgary, alberta, canada

Samuel George
my “Job is waiting for processing, please check

back later for results™... (5 days ago)
Location: astrophysics group, university of
cambridge, cavendish laboratory cambridge cb3
Ohe, uk

Pages EDIT =

CyberSKA Updated Collaboration
Requirements - Phase Il
Last updated 21 days ago by Cameron Kiddle

More pages
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Distributed Data System —

Based on iRODS (Integrated Rule-Oriented T bt d
Data System) % ,

— Abstracts data location

— Supports data replication / cross-site backup
— Efficient WAN data transfer

— Rule engine to automate various tasks

Upload/download tools
— Java Applet / Java Web Start based
— Supports “large” data uploads/downloads

Automated mime type recognition

— For many common file types

— FITS and Measurement Set (CASA) image
data or visibility data

Automated header extraction and thumbnail
generation




On-line visualization of Big Data

SQUARE KILOMETRE ARRAY

VM based on-line interactive visual analytics of large, multi-dimensional image cubes

0.5 TB full Stokes I, Q, U image cube sets
Collaboration, screen sharing, etc.

CyberSKA: Remote Astronomy Image
< & | 72| | @ www.cyberska.org
=) IAU NSERC Currency Converter ADS Abstract Service CASCA University of Calgary myUofC devSKA testSKA CyberSKA ACURA IAU-DX
CyberSkA CyberSkA Data Intensive Astrono. Remote Astronomy Ima. Surveys KSP | LOFAR

SKA

Home Profile Settings myDashboard myGroups Tools About Help Administration

Z profile in Q cube
0.1637931

Ao

median RM sky image from NVSS data

0.00170373 Rms: 0.0925001 Val:

¢ o

NSERC  ISI Web of K...ledge [v3.0] ADS Abstracts News ¥ Apple ¥ UTCClock home Apple >

LOFAR Surveys - Googl Sgr A ALMA SV CADC Advanced Search +

Log out ]

Z profile in U cube
0.1637931

0147828 Rms: 0157597 Val: nla

Polarized intensity
1.005906

Position angle
1.574756

nia

O

Current Frame EE
Interval (ms)

Right Ascension: 05:45:10.015 rad
Declination: +23.08.47.276 rad
Frequency: 1.45197e+09 Hz

0
0.762524 Kelvin

Mean Q: -0.0017037 Mean U: -0.14783

Cursor is frozen.
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Third Party Application Interface = ====g

« API for integrating third party / “remote” server applications
» Single sign-on to applications enabled using Oauth
» Push/pull information and data to/from portal

» Current applications include PALFA Candidate Viewer, PALFA Top
Candidates, PALFA Observation Scheduler, PALFA Diagnostics Tool,

GALFACTS Processing Pipeline, Visibility Data Processing Pipeline, Source
Counts, ...
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IVOA Data Query Interface =L

————» Astronomical Data
— > VOTable
-----> Ul Actions
——> System Data

CyberSKA CADC
CAOM

Validated Metadata Database

VOTable Parsing )f
—>-| TAP Services
(CyberSKA Search

Data Ingest
Service

CADC
Advanced
Search

Data Management 7y »f\

Service : :

[}

Visualization | | o, Data |

\ Te rocessing
ool >
Service :
0 N :
Ej 0, \

/)/O " External

A ; ‘ User

CyberSKA

User Data
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CyberSKA IVOA Collection

‘. Search All Virtual Observatory Collections: 13:01:41.85  -43:01:08.9 X Radius: | 1 Arcmin |V | Search
"’ User Guide | Discovery Tool v1.3 (4816).. Examples: M101, 14 03 12.6 +54 20 56.7, more...

Start Page (] 16:02:09.54 -24:28:36.2 r=1m (] 13:01:41.85-43:01:08.9 r=1m B 13:01:41.85 -43:01:08.9 r=1m: CADC AstroView »
1 Total Rows AstroView Controls = Display | All v | Colorl] [5
Filters « collection collectionID instrument_name position_center_ra position_center_¢

Clear Filters  Edit Facets... Help... 1 CyberSKA 21368 ALMA 13:01:41.850 -43:01:08.91

X P
4 | Selected

true
false
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CyberSKA Usage

258 members from around the world

40+ “groups” (GALFACTS, PALFA, RM Synthesis, EVLA Deep Polarization
Field, GMRT Deep Polarization Field, CASA Users, ...)
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Imaging Survey Co-development SK4&

« GALFACTS (Arecibo) - 49 collaborators on CyberSKA
* Deep Polarization Field Surveys (EVLA, GMRT)
 CyberSKA:

— Used for sharing documents, creating wiki pages, having discussions and
bookmarking resources

— Enables on-line visualization of remote data sets

— Access to GALFACTS survey data and third party applications for running data
processing pipelines
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Pulsar Survey Co-development

* PALFA (Arecibo) — 69 collaborators

« CyberSKA:

— shared hub for documentation,
meeting minutes, publications and
task lists

— Used as an on-line application centre
for single sign-on access to a variety
of third-party applications

— Resulted in a significant increase in
the rate of discoveries

gao | |

H

o
I
|

No. PALFA Discoveri

1 1 1 | 1 1
2004

.
2006

Il Il Il Il Il Il Il
2008 2010
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On-going and future work

Study funded by North American ARC in collaboration with
Harvard to adapt on-line visual analytics for ALMA on-line
data system

Completion of user interface for data pipeline tool to allow
user developed pipeline processing

Collaboration with CADC on next generation [VOA
interface to include visibility data sets (CAOM2)

Incorporation of distributed HPC-based cloud architecture

for scalability to multi-site petascale (Compute Canada,
IBM Watson).
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A Global Solution to BlIG Data



