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We are undergoing a data explosion

e We live in the age of the mega-survey

e Datasets are orders of magnitude larger and more complex
than in the past

e Surveys: SDSS, 2dF, 2MASS, WMAP. ..

e Digital libraries: ADS, astro-ph, NED, CDS

e Observatory archives: HST, ATOA, MAST. ..

e Simulations: VIRGO, Millennium. ..

e Future examples: LSST, GALEX, EMU, WALLABY, VAST...

e For comparison:
e The Library of Congress is ~ 20 TB
e SDSS has publicly released ~ 10 TB
e The Human Genome is < 10 GB
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Chandra X-Ray

HST Opticat

http://www.educationgrid.org/msicii/June06Workshop/Presentations/astro-cyberinfrastructure.ppt
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The way we do science is changing

e Massive datasets

e Multi-wavelength datasets

New techniques

Giant collaborations

Use and reuse of archives

A typical scientist will have to deal with more and more data:
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The way we do science is changing

HST Data Archive

Several Terabytes/year
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What does this mean for astronomy?

e Software pipelines

e Massive simulations

e Distributed computing
e Supercomputing

¢ Robotic telescopes

e Online communication
e The Virtual Observatory

e Some paradigm shifts in the way we do astronomy

e The archive is the telescope!
e We can't store all data!
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SKA computing requirements (Tim Cornwell)
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What does this mean for you?

100s to 1000s

.
SlngI‘blect of objects Massive datasets
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Scenario: How would you solve this problem?

Your supervisor gives you a data file that they've dug out of the
archives. They say that it contains Nobel prize winning data. . . if
only you could analyse it...you take a look. ..
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Scenario: How would you solve this problem?

10

Your supervisor gives you a data file that they've dug out of the
archives. They say that it contains Nobel prize winning data. . . if
only you could analyse it...you take a look. ..
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...and its 10000 lines long.
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Your task:

e Find the number of galaxies of each type (A, B, C, D) that
are in the declination range —70 < § < —60.
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What do you do next?

@ Run, screaming, from the room, cursing the astronomers of
yesteryear. Then brew a strong coffee and prepare yourself for
several days of manual adjustments.
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What do you do next?
@ Run, screaming, from the room, cursing the astronomers of

yesteryear. Then brew a strong coffee and prepare yourself for
several days of manual adjustments.

® Sigh and take out some old FORTRAN code your supervisor
gave you. Comment out 5 lines, uncomment 10 lines, make a
few random tweaks, recompile and hope that works.
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What do you do next?

@ Run, screaming, from the room, cursing the astronomers of
yesteryear. Then brew a strong coffee and prepare yourself for
several days of manual adjustments.

® Sigh and take out some old FORTRAN code your supervisor
gave you. Comment out 5 lines, uncomment 10 lines, make a
few random tweaks, recompile and hope that works.

© Spend a few hours remembering Perl and writing a script to
reformat it, then sit basking in your own glory, wishing there
were other people around to see how brilliant you are.

Murphy IT Toolkit Narrabri 2010



g?BﬁE&r Introduction |IT Toolkit Scripting | Scripting Il Version Control Virtual Observatory 12

0000000 OO®00000 0000000 000000 0000 00000000000

What do you do next?

@ Run, screaming, from the room, cursing the astronomers of
yesteryear. Then brew a strong coffee and prepare yourself for
several days of manual adjustments.

® Sigh and take out some old FORTRAN code your supervisor
gave you. Comment out 5 lines, uncomment 10 lines, make a
few random tweaks, recompile and hope that works.

© Spend a few hours remembering Perl and writing a script to
reformat it, then sit basking in your own glory, wishing there
were other people around to see how brilliant you are.

O Write a one line Unix script in a couple of minutes, then move
on to the Nobel prize winning research. You solve this kind of
problem hundreds of times a day.
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A Python solution

1 types = {'A":0, 'B':0, 'C':0, 'D':0}
> for line in open('catalogue.txt'):

3 cols = line.split()

4 dec = float(cols[1])

5 gtype = cols[-1]

6 if dec > -70 and dec < -60:

7 types[gtype] += 1

9 for gtype in types:
10 print gtype, typesl[gtypel
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A Shell solution

1 %> awk '($2>-70 &% $2<-60){print $7}' catalogue.txt | sort
| uniq -c | sort
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The radio astronomer’s IT toolkit

e What IT skills do you need to do your research effectively?
e A data reduction/processing (or simulation) package

(e.g. Miriad, IRAF)

A FITS visualisation package

(e.g. kvis, ds9)

A range of Un*x tools

(e.g. cut, paste, grep, sed, awk, for loops)

A scripting language

(e.g. Python, Perl)

A plotting package

(e.g. IDL, matplotlib, Matlab)

Familiarity with accessing large online resources
(e.g. NED, SIMBAD, Vizier, ADS)

e Version control software

(e.g. Subversion)
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The astronomer’s IT toolkit

¢ Plus sometimes you need to

e Write software in C, C4++, FORTRAN

e Read other people’s code. ..

Query databases using SQL

(e.g. SDSS, 6dF)

Use a wiki for collaboration

Set up a website

Set up a website with forms and CGlI scripts
Set up a database to share/organise your data
Use VO Tools for complex queries
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{girls, guys} like {girls, guys} who have skills
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Why should | use scripting?

e Advantages vs. manual processing
e Speed
e Reproducibility
e Documentation
e Collaboration

e Advantages vs. 'real programming’

e Speed of development
o Flexibility
e Easier for a beginner to understand
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Problem 1

1 % foreach i (Cls *.fits™)

> > echo $i

3 > fits in=$i op=xyin out=$i.xy
4 > maxfit in=$i.xy

5 > end

* These examples use tcsh but the principle is the same in other
scripting flavours (e.g. bash)

Murphy IT Toolkit Narrabri 2010
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Problem 1

1 1020-5803.fits.xy

2 Fits: version 1.1 09-Feb-07

3 There were no blanked pixels in the input
4 MAXFIT: version 29-Nov-95

6 Peak pixel : (65,63,1) = 4.6736E-01

s Fitted pixel : (65.21,63.11,1) = 4.5010E-01

12 Coordinate:

13 Axis 1: Fitted RA---NCP
14 Axis 2: Fitted DEC--NCP
15 Axis 3: FREQ-LSR

10:20:15.719
-58:03:53.13
1.86239759E+01 GHz
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Problem 1

1 % foreach i (T1ls *.fits")

2 > echo $i

3 > fits in=$i op=xyin out=$i.xy
4 > maxfit in=$i.xy | grep Peak

5 > end

6 1020-5803.fits

7 Peak pixel : (65,63,1) = 4.6736E-01
s 1350-6135.fits

o Peak pixel : (64,66,1) = 8.3779E-01

Murphy IT Toolkit Narrabri 2010
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Problem 1

1 % foreach i ("1ls *.fits | sed 's/.fits//g'")
> > echo $i

3 > fits in=$i.fits op=xyin out=$i.xy

4 > maxfit in=$i.xy | grep Peak

5 > end

6 1020-5803

7 Peak pixel : (65,63,1) = 4.6736E-01
s 1350-6135

9 Peak pixel : (64,66,1) = 8.3779E-01

Murphy IT Toolkit Narrabri 2010
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Problem 1

1 % foreach i (T1ls x.fits | sed 's/.fits//g'")

fits in=$i.fits op=xyin out=$i.xy

3 > echo -n "$i " >> table.txt

4 > maxfit in=$i.xy | grep Peak | cut "-d " -f8 >> table.txt
5 > end

6 % cat table.txt

7 1020-5803 4.6736E-01

g 1350-6135 8.3779E-01

¥
\
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Everybody stand back, | know regular expressions!

OH NO! THE KILLER || BUT D FIND THEM WED HAVE T0 SEARCH
MUST HAVE FOLLOWED| | THROUGH 200 MB (F EMAILS LOOKING FOR
HER ON VACATION | wemlm FORMATTED LIKE AN ADORESS!

i

T KNOW REGULAR
EXPRESSIONS .

b &

http://xkcd.com
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Problem 2

1 import os
> for filename in os.listdir('data'):

3 # run maxfit on each image

4 (rastr, decstr, peak) = maxfit('data/%s' % filename)
5

6 # convert ra and dec to decimal form

7 ra = ra2decimal (rastr)

8 dec = dec2decimal(decstr)

9

10 # print a kvis annotation file

1 print 'circle %f %f %f' % (ra, dec, 0.02xpeak)

Murphy IT Toolkit Narrabri 2010
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Problem 2

1 def maxfit(filename):

2 cnd = 'maxfit in=%s' % filename
3 (rastr, decstr, cols) = (None, None, None)
4 for line in os.popen(cmd):

5 cols = line.split()

6 if line.startswith('Peak'):
7 peak = float(cols[-1])
8 elif 'RA' in line:

9 rastr = cols[-1]

10 elif 'DEC' in line:

1 decstr = cols[-1]

1 return (rastr, decstr, peak)

Murphy IT Toolkit Narrabri 2010
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Problem 2

1 def ra2decimal(rastr):
2 r = rastr.split(':")
ra = (float(r[0]) + float(r[1])/60.0 + float(xr[2])/3600.0)*15

4 return ra

5

6

7 def dec2decimal(decstr):

8 d = decstr.split(':")

9 if d[0].startswith('-') or float(d[0]) < O:

10 dec = float(d[0]) - float(d[1])/60.0 - float(d[2])/3600.0
11 else:

12 dec = float(d[0]) + float(d[1])/60.0 + float(d[2])/3600.0
13 return dec

Murphy IT Toolkit Narrabri 2010
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Problem 2: putting it altogether

1 import os
> def ra2decimal(rastr):

5 def dec2decimal (decstr):
g def maxfit(filename):

10
11 for filename in os.listdir():

12 (rastr, decstr, peak) = maxfit(filename)

13

14 ra = ra2decimal (rastr)

15 dec = dec2decimal(decstr)

16

17 print 'circle %f %f %f' % (ra, dec, 0.0lxpeak)

Murphy IT Toolkit Narrabri 2010
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Problem 2: results

> python peakflux.py

circle 155.065496 -58.064758 0.009347
circle 207.676467 -61.586053 0.016756
circle 245.046142 -50.888425 0.079280
circle 250.000575 -48.861683 0.065074
6 circle 260.079975 -35.912969 0.120744

AW N =
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However. . .
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Why should | use version control?

e Works as a constant backup (accessible anywhere at anytime)
e Allows syncing between laptop, work and home desktops

e Allows collaboration on source code, papers, schedule files

o Allows students and supervisors to share code/resources

e Keeps a record of who made changes and why
¢ Version control works like an e-version of a log book

¢ It makes you a better coder!

Murphy IT Toolkit Narrabri 2010
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Twa users read the same file
Repasitory

'r— Read Read —1
Harry Sally
Harry publishes his version first
Repository

Harry Sally

They both begin to edit their capies
Repaository

Harry Sally

Sally acadentally overwrites Harrys version
Repaository
e

L Write

Harry Sally

http://svnbook.red-bean.com

Murphy IT Toolkit
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The Copy-Modify-Merge solution

Virtual Observatory

33

Twwo users copy the some file They both begin to edit their copies
Repository i Repository
s =

[£]

Sally Harry Sally

Sally publishes her version first £ Harry gets on “out-of-date” error
Repository Repository

7
LY

Harry Sally Harry Sally

http://svnbook.red-bean.com

Murphy IT Toolkit
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The Copy-Modify-Merge solution

Harry compares the latest version Anew merged version is created
1o his own
Repository Repository
D B

A

(—km

[#]

Harry Sally Harry Sally
The merged version is published Mow both users have each
others’ changes
Repository
Fead

Sally Harry

http://svnbook.red-bean.com

Murphy IT Toolkit Narrabri 2010


http://svnbook.red-bean.com

??B’ﬁf‘ﬁ’? Introduction IT Toolkit Scripting | Scripting Il Version Control Virtual Observatory 35
0000000 00000000 0000000 000000 0000 ©0000000000

What is the Virtual Observatory?

e The VO addresses the data management, analysis, distribution
and interoperability challenges of modern astronomy

e The main drivers are
e Data growth: volume and richness
e Desire to work online
e Multi-archive science
e Large database science

Narrabri 2010
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What are VO tools?

NVGS Open SkyQuery

T T —TT e 4’““— L—“‘!—'—'ﬂ:m’%
Fl

st o0 3]

SELECT 0.0b)1d, 0.1,
9/dec, avoe, tabild,
FROM

WHERE HMATCH(G, 0 < 2.5 AD
Kelon(CIRGLE 12000 16.031 0091 30) a0

9

IEEICEN

NYOReoistry Found 4 objcts Diglaping bum 1 1012

S = T
i e e

;
» F .
5 \ 1 :
byl :
:
, :
:

s
cass i 0s0.2= 43101
r3=165 162680, goe = 0010260 = 148800, 0 =0 48071 192160 636330 s4¢ =-045071
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An interactive sky atlas: Aladin

-1o0 x|
Load... save.. | Tools.. | Print. Help... Quit
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An interactive sky atlas: Aladin

e Visualize digitized astronomical images

e Superimpose entries from catalogues or databases

e Interactively access online data from SIMBAD, NED, Vizier
e Fully VO aware — access other VO resources

¢ See demo

e http://aladin.u-strasbg.fr

¢ You can also write your own plug-ins

e The developers are very keen to get feedback from users —
they are happy to make suggested changes!

Murphy IT Toolkit Narrabri 2010
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Querying online databas

0 Sloan Digital Sky Survey / SkyServer

sDSS

Home Tools SQLSearch  Schema Finding Chart  Download  Projects DR6 DAS  SiteSearch  Help

DRS Tools SQL Search

Please note: To be fair to other users, queries run from SkyServer search tools are restricted
in how long they can run and how much output they return, by timeouts and row limits.
Please see the Query Limits help page. To run a query that is not restricted by a timeout or
number of rows returned, please use the CasJobs batch query service.
select top 10 objid,ra,dec,u,g,r,i,z

Getting Started from PhotoObj

Famous places where
u between 0 and 19.6
Get Images and g between 0 and 20

Scrolling sky

Visual Tools
Search
- Radial
- Rectangular
-sqQL

- Imaging Query ™1
-Suhmil
Only?

select top 10 objid,ra,dec,u,qg,r,i,z
e Bl from PhotoObj
Caslobs where u between 0 and 19.6

For an introduc
page. In partict and g between 0 and 20
running much €
section of the €

- Spectro Query

http://cas.sdss.org/astrodr6/en/tools/search/sql.asp

Murphy IT Toolkit Narrabri 2010
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Querying online databases: Open Sky Query

NVQ Open SkyQuery
[ Home | SmpleQuey | AdancedQuey | impot | Tuorlal | _Heip |

National Virtual Observatory

‘Sample Queries
XMatchiRegion
XMatch/Region 2
Three Node Match
vo,T vt Brown Dwarf Search
[WHERE XMATCH(o, 1) < 3.5 AND MyData X:Inl:h (upload)
Reglon(CIRCLE J2000 181.3 -0.76 6.5) AND Xmatch t.* (upload)
otype =3 ABELL Xmatch (upload)

Nodes

[SELECT 0.0bjid, 0.ra,
o.dec, o.r, o.type,
Rosat Lobjld, Lra, t.dec
XMM FROM

GALEX
GALEXGR1

Single Node Join

Welcome to the Open SkyQuery Interactive query bullder. You should see a parsed, clickable version of
your entered query In the pane directly above this one.

If Instead you see 'Query ks empty', this means that bullder needs a node or two to get started. You can
add nodes to the bullder by clicking the desired node's *+* icon In the left panel.

Once you have some sal in the above panel, you can then dlick on a token In that query to pull up a

menu with options appropriate for that specific token. For exampie, one way to select an additional column
from a mythical ‘'mytable’ is to click on 'mytable’ and then chose 'Add Selection’, then pick the desired

any time by using the tabs at the top of the query
panel. Your changes from one will cay over to the other. Most menu options have additional mouse-over
info.

http://openskyquery.net/Sky/SkySite
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VO enabled plotting

e Many VO tools let you select sources and plot them
e All VO tools allow you to retrieve data as an XML VO table

TOPCAT is an interactive graphical tool for analysis and
manipulation of tabular data

TOPCAT manifesto: Does what you want with tables
http://www.star.bris.ac.uk/~mbt/topcat
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Other tools worth looking at

e DataScope
heasarc.gsfc.nasa.gov/vo

e SkyView
http://skyview.gsfc.nasa.gov

e MyADS
http://myads.harvard.edu

e AstroGrid

http://www2.astrogrid.org/science

e Google Sky
http://www.google.com/sky
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Under the bonnet of the VO

e Many dynamic websites use the CGI client-server interaction

HTML
Server { s‘ Client
CGl Script - Browser
Query

e The Web Service-client interaction

Result HTML
NN 77 WA N
Server 5 3 S 5 ﬁ Client
Web Service < cal < Browser
Query Query
¢
Result Query
\/\—/?
Y
Server
Web Service
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I'T is critical in future astronomy

e |T is becoming increasingly important in ‘everyday’ science

e It is important to learn/improve these skills now!

e Resources available from the Astroinformatics School website
http://www.physics.usyd.edu.au/sifa/ausvoss

e Resources available from the NVO Summer School website
http://www.us-vo.org/summer-school

e Attend the 2011 Astroinformatics School on 16th-18th
February in Perth
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