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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
» Publish process

» Final data results ?

»  Experiment in DL

ADS/arXiv
Reproducible research is still not A normalized preservation of
possible in a digital world methodology is needed

Efficient use of rich data infrastructure %
(VO) may be improved
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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 ? sz
» Intellectual contributions are encoded in softw &3 D'L

= i.* \
More data in archives does not imply more knowledge ‘FDHTHHH ,R,II;A,AEE
» Time has come to go beyond the PDF i -0 .
» Expose complete scientific record, not the story

» Allow easy discovery of methods and tools




Reproducibility: documenting and sharing

Barriers to Data and Code Sharing

in Computational Science
Survey of Machine Learning Community, NIPS (Stodden, 2010):

Code | don’t know how %Dam

77% Time to document and cleana 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%
£]0)74 Potential loss of future publications 35%
30% Competitors may get an advantage 33%
20% Web/disk space limitations 29%
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Workflow

f Research Objects in Wf4Ever

RO Content

Process (workflows), data, external resources and bibliography
Execution environment set-up and local software dependencies
Experimental protocol followed

Roles, types and relationships among all digital components
Provenance of intermediate and final results

Decomposable attribution and authoring

Fine-grained access control and permissions

Example datasets for demonstration, reproducibility, monitoring, etc

VOOV WV WV NV Y YV WV

RO Template

> Placeholders to ease the aggregation process
> Completeness checking/quality assessment
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f Research Objects in Wf4Ever

Semantic Annotations

» Author of an annotation

» Author and co-authors of a workflow; reference link to a re-used workflow and its author
» Who has performed the execution of a workflow leading to the results provided in the RO
» Computing execution environment of the RO and local software dependencies

» Special access requirements to web services

» Datasets provider: person, webpage, survey, data release, etc.

» How much time does it take to run a workflow using the full data and the provided subsample
» The number of elements of the sample dataset where one workflow and/or RO iterates

» Previous and subsequent workflows to be executed, as in the experimental protocol

» Research institution, country, and scientific domain of the RO

» The actual size of the RO and/or a folder

» The version of a workflow



Workflow

W Research Object Wf4Ever Semantic Model

R olrce wfdesc:Parameter wfdesc:Process wideschassubWorkflow

wfdesc:hasDataLink

Wfprov:descri#ed ByParameter f
wfdesc:Workflow

wfprov:describedByProcess
wfprov:wasOutputFrom

wfprov:ProcessRun

AN

wfprov:WorkflowRun

wfdegC:hasSink

wfprov:describedByWorkflow

[ rkflowInstance

lesc:Parameter

wfprov:wasgEnactedBy

wfprov:wasPartOfWorkflowRun

wfprov:WorkflowEngine l ore:Proxy ore:AggregatedResource] [ ore:Aggregation J [ ore:ResourceMap J

ore:aggregates

oresproxyFor

ro:FolderEntry

e:describes

ro:ResearchObject

ore:isDescribedBy

ro:Resource
DS

ore:proxyln

ro:entryName

ro:Folder ro:AggregatedAnnotation

ro:annotatesAggregatedResource

ro:SemanticAnnotation

dct:creator

dct:created

DatalLink

ﬁo;b‘)dy
rdfg:Graph !!oaf:Agent 9

ao:Annotation




Workflow

lefm Research Object Golden Exemplar

Luminosity Profiles RO

¥ ] LuminosityProfiles

» [ biblio 1010 Files, 200 MB

» [0 config External Sources ~ 8 GB
= CONTENT.txt

» (] data

=1 LICENCE.txt
» (] process

) README.txt
» (] workflows

5 Main Workflows, 14 Nested Workflows, 25 Scripts, 11 Configuration files
10 Software dependencies, 1 Web Service

Dataset: 90 galaxies observed in 3 bands
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Incentives

Reproducibility
When organization is better than automation

A GTORY TOLD N FLE NAMES: BEX
Location ’D C:\user\research\data F]
Filename « Date Modified Size  Type
& data_2010.05.28_test.dat 3:37 PM 5/28/2010 420 KB DAT file
i data_2010.05.28_re-test.dat 4:29PM 5/28/2010 421 KB DAT file
& data_2010.05.28_re-re-test.dat 5:43 PM 5/28/2010 420 KB DAT file
2 data_2010.05.28_calibrate.dat 7:17 PM 5/28/2010 1,256 KB DAT file
i data_2010.05.28_huh??.dat 7:20PM 5/28/2010 30KB DAT file
2 data_2010.05.28_WTF.dat 9:58 PM 5/28/2010 30KB DAT file
{2 data_2010.05.29_aaarrrgh.dat 12:37 AM 5/29/2010 30KB DAT file
{2 data_2010.05.29_#$@*&!! . dat 2:40 AM 5/29/2010 OKB DAT file
2 data_2010.05.29_crap.dat 3:22 AM 5/29/2010 437 KB DAT file
i data_2010.05.29_notbad.dat 4:16 AM 5/29/2010 670 KB DAT file
i data_2010.05.29_woohoo!! . dat 4:47 AM 5/29/2010 1,349KB DAT file
i data_2010.05.20_USETHISONE.dat  5:08 AM 5/29/2010 2,894 KB DAT file
&) analysis_graphs . xls 7:13 AM 5/29/2010 455 KB XLS file
) ThesisOutline!.doc 7:26 AM 5/29/2010 IBKB DOCfile
) Notes_Meeting_with_ProfSmith. txt 11:38 AM 5/29/2010 1,673KB TXT file
0 JUNK. . 2:45PM 5/28/2010 Folder
{2 /data_2010.05.30_startingoverdat |  8:37 AM 5/30/2010  420KB DAT file

‘( I I ’ [ > ]
Type: Ph.D Thesis Modified: too many times Copyright: Jorge Cham www.phdcomics.com
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normalized citations

Incentives

Credit and attribution

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

5x10~3— = - N R T -
- N\ —— data links

| b /\/ ~ no data links

-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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Workflow

»X"fm Research Object Digital Library Architecture

..................................................................................................................................................

| Access & Usage Functionalities

User
Clients [ Use \] ( Edit } [ Create } ( Annotate } D

_______________________________________________________________________________________________________________________________________________

Extension

Services Stability Completeness | |Recommenda- | |\, . _.. . i
: . Visualization Collaboration .
! Evaluation Evaluation tions :

Storage Functionalities Llfecycle Functionalities

Foundation E g
Services Storage Retrieval Maintenance ) xecution ublication
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Workflow

Qﬂ’fm Research Object Digital Library Architecture

i Access & Usage Clients

i [ Dropbox Client

| RO Portal RO Manager Tool

i L ROBox

N I

E Data Management & Analysis Services

Stability Completeness : |
[ Evaluation ] [ Evaluation ] [ Recommender ] P
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Research Objects in Astronomy

ADSLabs Research Objects

VLY ADs Labs
Fulltext Search

Home Labs Home ADS Classic Help

Limit your search Welcome to ADSLabs Fulltext Service!

» Author
This interface allows users to search the collection of electronic fulltext papers indexed in the ADS. It provides an
Journal Abbreviation exhaustive search solution useful for locating mentions of specific terms in the body of papers indexed in our fulltext
archive, rather than just their abstracts. While not all of ADS's bibliographic records are currently covered by this service,

Keyword it does cover the major astronomy journals (ApJ, ApJS, AJ, ABA, MNRAS, PASP, PASJ), all the Springer and Elsevier
I b I . t.

physics journals, as well as all of the arXiv eprints. For more information view the help page.

3
13
) Publication Year
3
3
3

p
Refereed Status Search
Facility/Instrument - - —_—
O Refereed Only | ([ Disable Synonyms | Journal Abbreviation(s)
I Database
A2 The ADS is operated by the Smithsonian Astrophysical Observatory under NASA Grant FOLLOW US ON E Megusta 1,

» Objects SIMBAD e
» Tabular data behind the plots CDS
» ASCL reference of used software ads s

» QObserving time Proposals oLt Aoscuse ot
» Used facilities, surveys or missions P —

Author  Firstauthor  Tile  Object Examples
Sortby Explore the field © myADS articles Recently viewed articles
@ Most recent @ What people are reading @
Most relevant @ What experts are citing @
Most cited @ Reviews and introductory papers @

Please login to enable personal content.
Most popular @

Return top | 200 %] results.

4T, The ADS is operated by the i ol y under NASA Grant NNX09AB39G  royiow us on ElMe qusta | 10
% j Contact: ads at cfa.harvard.edu or through the feedback form.
N
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