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Astronomy Research Lifecycle

Astronomy research lifecycle is entirely digital

»

»

»

»

»

Observation proposals
Data reduction pipelines
Analysis of science ready data
Catalogs of objects and data archives
Publish process

> Final data results

> Experiment in DL ?

ADS/arXiv

Reproducible research is still not

possible in a digital world

A rich infrastructure of data is not

efficiently used

A normalized preservation of
methodology is needed

S
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Reproducibility and The Scientific Method

Benefits
Publishing knowledge, not advertising
The author, the referee, the re-user
Reputation, prestige and respect
Higher quality of publications

> Authors will be more careful

> Many eyes to check results

>

v

>

v

>

v

>

v

MORMAL

PERsOM SCIENTIST

Challenges
» Hard and time consuming

» Need incentives — not rewarded now

http://xkcd.com/242/ 4
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Reproducibility and The Scientific Method

Barriers to Data and Code Sharing
in Computational Science

Survey of Machi | don’t know how len, 2010):

Code Data
77% Time to document and clean up 54%

52% Dealing with questions from users 34%
44%, Not receiving attribution 42%
40% Possibility of patents -
34% Legal Barriers (ie. copyright) 41%

- Time to verify release with admin 38%
30% Potential loss of future publications 35%
30% Competitors may get an advantage 33%
20% Web/disk space limitations 29%
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Visibility, Efficiency and Reuse

Optimize return on investments made on big facilities
» Avoid duplication of efforts and reinvention

» How to discover and not duplicate ?

» How to re-use and not duplicate ?

» How to make use of best practices ?

» How to use the rich infrastructure of data ?

» Intellectual contribs are encoded in software

More data in archives does not imply more knowledge
» Expose complete scientific record, not the story
» Allow easy discovery of methods and tools
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Visibility and Social Discovery

Paper discovery: the social dimension
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The Executable Paper

Time has come to go beyond the PDF
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Digital Astronomy in the Local Desktop

Going beyond automation
Organization

4 data_2010.05.28_re-test.dat

3 data_2010.05.28_re-re-test.dat
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4 data_2010.05.29_aaarrrgh.dat
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&3 data_2010.05.29_woohool! dat
i@ data_2010.05.29_USETHISONE. dat

& analysis_graphs . xls
#] ThesisOutline! .doc

4:29 PM 5/28/2010
5:43 PM 5/28/2010
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7:20 PM 5/28/2010
9:58 PM 5/28/2010

12:37 AM 5/29/2010

2:40 AM
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5/29/2010
5/29/2010
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5/29/2010
5/29/2010
5/29/2010

421 KB
420 KB
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670 KB
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2,894 KB
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DAT file
DAT file
DAT file
DAT file
DAT file
DAT file
DAT file
DAT file
DAT file
DAT file
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XLS file

DOC file

) Notes_Meeting_with_ProfSmith. txt 11:38 AM 5/29/2010 1,673KB TXT file

ul_j\u( ______________________ 2:45 PM 5/29/2010 Folder

¥ data_2010.05.30_startingoverdat | ~ 8:37 AM 5/30/2010  420KB DAT file
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Scientific Workflows
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Digital Science - Reproducibility and Visibility in Astronomy
Scientific Workflows

Related Initiatives Software
ER-Flow » AstroGrid
VAMDC > Kepler > Grid&WS WG
Helio-VO > Pegasus > VO France Wf WG
Cyber-SKA > Triana o
lceCore ., ESO Reflex Self descriptive WS
Montage
Astro-WISE > SIMDAL, S3

AstroGrid
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Astronomical Research Objects in Action

AstroTaverna: Create, annotate and run a workflow

(5 Design @ Results

CCOXE b AVa B #9008 0

myExperiment | WO services | 'o Service Catalogue

Registry: http://registry.euro-vo.org/services/RegistrySearch ﬂ

Keywords: amiga

( Cone Search ) ( SIA Search ) ( SSA Search )

14 results for ConeSearch: amiga

JIA

AMIGA X. Isolated gal...

@ http://lamiga.iaa.es/p/290-astrotaverna.htm

Molecular gas in Hicks_..
AMICA XI. Optical nucl...

Short name Title Subjects
J/A+Af411/391  The AMIGA project. R._. [Positional_Data, Gal...
J/A+A/4T727/121 AMICGA V. Isolation pa... [Galaxies]
J/A+A/4B62 /507 AMIGA Il IRAS data (L... [Galaxies]
J/A+A/436/443 AMICA. 1. Velocities of... [Galaxies, Velocities]
J/A+AS449 /937 AMIGA. Il. Morphologi... [Galaxies]
J/A+A/4T70/505 AMIGA IV. Neighbours... [Galaxies]
J/A+A/485/475 AMIGA. VI. Radio flux .. [Galaxies]
J/A+A/486/73 AMIGA VII. FIR and ra_.. [Galaxies]
J/A+AJSI2/A1LT  AMIGA VI Flux ratio... [Galaxies]
J/A+ASSS 102  AMIGA IX. Molecular g... [Galaxies]

[Photometry, Galaxies]
[Clusters_of_galaxies]
[AGMN, Galaxies, Gal...

Identifier
ivo: ) /svo.amiga.iaa.es/con.._.

ivo:/ /CDS. VizieR /) JA+A/41. .
ivo:/ /CDS.VizieR /) fA+A47 ...
ivo:/ /CDS.VizieR /) fA+A/46. ..
ivo:/ /CDS. VizieR /) fA+A/43 ...
ivo:/ /CDS.VizieR /) fA+A/44. ..
ivo:/ /CDS.VizieR /) JA+A/47 ...
ivo:/ /CDS.VizieR /) /A+A/48. .
ivo:/ /CD5. VizieR /) JA+A 48 .
ivo:/ /CD5. VizieR /) JA+A/53. ..
ivo:/ /CDS.VizieR /) fA+A/53. ..
ivo:/ /CDS.VizieR /) fA+A/54. ..
ivo:/ /CDS.VizieR /) fA+A/54. ..
ivo:/ /CDS.VizieR /) fA+A/54...

Publisher -
CcDs
CDs
CDs
CD5
CD5s
CD5s
CD5s
CDSs
CDSs
CcDs
CDs
CDs
CD5s

This i1s a multiwavelength database for a refinement of the (=
ploneering Catalog of Isolated Galaxies (CIG: Karachentseva
1973; n = 1050 galaxies) including optical, IR and radio line and
continuum measures in order to characterise all phases of the
[SM. For most galaxies we provide: Coordinates - Optical
magnitudes - Velocities - Revised morphology - FIR
Luminosities - Isolation Parameters

Subjects
The AMIGA Catalogue

Service
ivo://ivoa.net/std/Conesearch

Verbose

Maximum records
1051

Maximum search radius
90,0

Test query

SR \l
05

DEC
-3.3911

B3.8221

Versian: £.0

GET http://amiga.iaa.csic.es/amigasearch }f

(_ Add to workflow )
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Astronomical Research Objects in Action

AstroTaverna: Create, annotate and run a workflow

Service panel Querying_SDSS_DRSE_to from fUsers fjulian/Documents /interop...
Filter: (_Clear ) Yoo =EBo [2IH |8
-
( Import new services ) T
- h_l IETVILE LETTTIdLES l_
k) Local services
¥ | Astro tools ol DEC
Add Column - Add column using a expression e :
Add sky coordinates - Add sky coordinates g
- _ _ '
B cat n-tables - Cat a list of tables P | woTabke | | Comriiame | ———
Cat tables - Cat two tables - -
DEG list RA_list SR _valua
Check template filler - Check Template filler
i . i i list | rapart list | rapart valua
Coordinates transformation - Coordenates transformation in a table = + —_
* IFormat conversion - Table format conversion Y | RS | 2 | =
List from column - Get list from column in a votable )
I fiter_vaius | SDSS_DRE
J 4 >
= - valua | rasponseBody | status
[ Workflow explorer | Details = Validation report 1 -
< filtar | waTabla
[ Salect_columns
m outputTabla | rapart
e viotablaList
wvolaple. Cat_n4ables
Yo Services oulputFile Out | rapart
v Jjh cat_n-tables 0
7 votableList  Workflow pulput ports
9, outputFileOut
2, report
v {%} column_DEC -dec 0T §
B value .

@ http://lamiga.iaa.es/p/290-astrotaverna.htm
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The next generation of archives

/4

ASKAP Datacubes

Extreme Res

4 Bytes

. 12,288 x
Resolution 12,288

Channels 16,384 9.8TB

Stokes &
Weighting 4 + 1 49.5TB

Prof. Kevin Vinsen
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The next generation of archives

SKA Datacubes

Spectral Line Datacube

 Dish
— Assume 30,000 channels

— 27660 x 27,000 x 30,000 x 4
—(=80TB

- AA

— Assume 40,000 channels
3-680 x 28,000 x 40,000 x 4

- StoKesparameters and Weighting Map

— Multiple by 5
—Dish = 400TB
—AA=625TB

Prof. Kevin Vinsen
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The next generation of archives

Much wider FoV and spectral coverage
» Large volumes for a single observed dataset
Automated surveys

» Huge amounts of tabular data

/4

Extraction of scientifically relevant Detailed inspection and
iInfo from a multiD param. space subset

» Exploration services » Filtering

» Anomaly detection » Extraction

» Cross-matching data » Re-Projection

» Dimensionality reduction » Analysis services

We are moving into a world where
» computing and storage are cheap

» data movement is death
17
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The next generation of archives

The move computing to data par

» A cloud of Web Services 90 \99

S Preservation

Process should\.€nefit of the same privileges acquired by data
Preserving the method ensures replication of final results at any moment

18
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Research Objects

Expose experimental context in a structured way in order to be understood

experiment 5H3 @)
B 2282
Investigation
Results Workflow
ﬁ
. Data
D p.
N4 . Investigation
Distributed | === | ot "1 ou o
j — ﬁ .
) )
R Results Investigators
o (m7) (2282
.Cl EEEZ ———
Technical Objects Social Objects

19
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Research Objects

IPython Notebook solutions

»

»

»

»

»

Web-browser as the working desktop

Python code, plots and data, living with rich-text documentation
Cloud-based adaptive scalable computing environment

Fully shareable, re-usable and executable wikis

Social platform and Git versioning

O Wakarl Add Gompute Nodes ~ Share NewNotebook | View~ | Tools~ | Help~ bultako~
C+k +& @ @ £ £ @ | TP[y] Lecture_3_Scipy Lastsaved: Sep 13 01:04 link to this pa
Path: ~/ File  Edit View Inset  Cell  Kernel  Help
B8 scripts — Cod — N — 17py27-1.5
H + L] ! ane i o -1.
B wakaripython e . ] X ® 0 t 4 E > = + | Cell Toolbar: ¥ | Environment: p17py2
I filename.png 3.2 kB axes[1l].plot(xl, yl, 'r', label="penduluml")
| filename.svg 16.2 kB axes[1].plot(x2, y2, 'b', label="pendulum2")
[uf] Lecture_3_Scipy.ipynb Share 3:2{1:2:2—ii$“11' S:;
. - r r
[uf] Lecture_4_Matplotlib.ipynb Share
20 00
15
-0z}
10f
0sf —oal Y
|
oo}
SHA -06f
10}
-08|
s5f
~205 2 ) 5 B o 10

| ]
7= Wak
.- a an Simple annimation of the pendulum motion. We will see how to make better annimation in Lecture 4.
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Similar Initiative to ESO Telbib

Research Objects

ADSLabs

ADO Linked Components
» Authors

» Publications

» Journals

.
AT The ADS is by the Astrophy Obse y under NASA Grant Fotim G it B Mequita 1,
>> J e C S t“d? NMXO9AB3I9G. Contact: ads at cfa.harvard.edu or through the feedback farm.

» Tabular data behind the plots CDS
» ASCL reference of used software

» Observing time Proposals

» Used facilities, surveys or missions

Site powered by Blackiight

ADS Labs

Home: Labs Home ADS Classic

Streamlined Search @(

Help Sign on

00 | resulls.

What experts are citing @

Astronomy §| SEARCH

myADS articles Recently vi ewed artich o5

Ploase kxgin to enable personal content.

AT The ADS is operated by the o
ri( .5 Contaci: ads &t cla harvard sdu or through the fesdback form
s

under NASA Grant NNXOBABISG . cuiom uaom b Bhe gusta 10

¢ http://labs.adsabs.harvard.edu/
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normalized citations

Digital Science - Reproducibility and Visibility in Astronomy
Research Objects

The Incentive

Papers with data links are cited more than those without
1995 - 2000

5)(10_3_'; B fr\_//\_/\n

VL 5 5 5 5 : — data links
/ VN | f | | — no data links

o177 T T T T
-10 0 10 20 30 40 50 60 70 80 90 100 110 120

months after publication

Effect of E-printing on Citation Rates in Astronomy and Physics
2006. Edwin A. Henneken et al.
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Research Objects

The Incentive

Papers with data links are cited more than those without
1995 - 2000

1.4

10| — datalinks

- . -

normalized cumul. citations

)7 JAE DRI SRV S 0 <o SRR PV PR P P T S S

40— e e e
08—

o o
e
- -
-
-
. A . - .

01— T T i
0 0 10 20 30 40 50 60 70 8 90

months after publication

Effect of E-printing on Citation Rates in Astronomy and Physics
2006. Edwin A. Henneken et al.

100

110

120
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»
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»

»

Digital Science - Reproducibility and Visibility in Astronomy
Conclusions

Reproducibility is at the very heart of the scientific method
Improving visibility is key in order to avoid reinvention

Social dimension of science stressed in the discovery process
Highly specialized science needs re-use to achieve efficiency

In a digital world, publish decomposable executable papers
Capture provenance and structure in the local desktop

Scientific workflows go beyond automation: provide clarity and structure
Transfer rate is more than an issue for next generation of archives
The move computing to data paradigm -> back to old terminals
Process should benefit of the same benefits acquired by data
Digital libraries of web-services-based workflows

The distributed digital workflow-centric Research Object

Preserving knowledge - not only data or advertising
M jer@iaa.es
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