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Virtual Withessing*

Scientific publications have at least
two goals:

() toannouncea result and

() toconvincereaders that the
result is correct

S 88

papers in experimental science
shoulddescribe the resultand
provide aclear enough protocolto
allow successful repetition and
extension

Jill Mesirov

Accessible Reproducible Researct
Science 22 Jan 2010: 327(5964)4%
DOI: 10.1126/science.117965

*Leviathan and the AWPump: Hobbes, Boyle, and the
Experimental Life (1985) Shapin and Schaffer.
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Morin et al Shining Light into Black Boxes
Science 13 April 2012: 336(6078)1680
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sciencen a scientific publicatic
IS not the scholarship itself, it 1
merely advertising of the
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scholarship is theomplete
software development
environment, [the complete
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Ince et al The case for open computer pro
Nature 482, 2012
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10. Continue to take NMRs ﬂell(en I doubling

Monitor the formation of an aromatic imine by HIMR
and CMR in CDC13

1. Make up separate 1 mL of 1M solutions of
1)11)&1011'11 'md -methylfurfurylamine m( “DCI3.
. Tak eHNZR and CMRs of the aldehyde and amine.
Use 5 sec 1el1\1non tlme 111(1 1cquueiol about 15
od enough
1! lM in metlnnol
soluti nto a 1 dram vial and
01U hen transfer to an NMR tube.
4 T'nl eHMZR at 5, 10 and 20 minutes after mixing.
. Take CMR at 2 mm 1ﬂe1 mixing
() Take HMR at 40 min after mlxmg.
. Take CMR at 45 min ﬁfta mixi
‘< Take HMR at 80 mins after 1 Q.
9. Take C MR at 85 mins after mixing

until no more change is observed.
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Nature 482, 2012
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D il Biodiversity

KAQD% marine monitoring and health assessment

BioVel ecological niche modelling

Enclosed sea problem Pilumnus hirtellus

(Ready et al., 2010)

Data Intensive Science
Collaborative Science

Sarah Bourlat http://www.biovel.eu




[¥] Mean annual distance to land in Kilometers
“[] Minimum depth in meters

-[¥] Maximum depth in meters

= present

= 3Darc-minutes

-[7] Mean annual bottom salinity in psu

“[7] Mean annual surface salinity in psu

[¥] Mean annual bottom temperature in Celsius

“[7] Mean annual surface temperature in Celsius

[¥] Mean annual sea ice concentration

“[] Mean annual primary production (chlorophyll A) in mgCfm2/day

Name Value

Accuracy 84.32%
CommissionError -
FalsePositives 422
OmissionError 15.68%
Threshold 05
TruePositives 2269
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Workflows capture the steps

assembly & interoperabillity
shielding & optimising
flexible variant reuse
pipelines & exploration
repetition & comparison
record & setup
provenance collection
report & embed

modeller {

multi-code and mul#

E R ol &
resource experiments

el |\ i) in-house and external
workflow mgment systems

http://www.taverna.org.uk
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Virtual Physiological. Human Morphology
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= ~ Preservation Planning & Watch

continuous preservation management

Long term preservation of digital data. Maintaining scans of newspapers, book
records of data; Metadata maintenance; large and automated.

Preservation PolicyCollection leveControl Policyiow level actions & constraints

SCAlable Preservation Environmends

SCOUT

Monitored environment

and users Environment
and users

create/ _ MOO/}O " c3po
reevaluate policies |/monitored edcont access
plans actions RUs My ingest
e
YO harvest

D

execute action plan
Taverna RODA

workflows
http://www.scapeproject.eu/



Preservation Planning & Watch

Components

' Workflow input ports

SCAPE
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Merge a
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\ Workflow outpul ports
Y

© Workflow input ports
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' | combinedMetricDocument |v .
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Use
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Access
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WOrkﬂOWS(and Scripts and I\/Iodels{\ O A o ¢
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8 @neral technique for describing and enacting a process
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8 know-how and best practice.
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BioWeL

Currently showing

* In category Ecelegical Niche This workflow takes as input a file containing species occurrence points to create a model with the openiodeller Web Service using the Bioclim algorithm. Environmental

Modelling (clear)

Clear all filters

Uploaded 25 Mar 2014 14:34:43 UTC g3 Run worklow
Filter by category
@ BioVelL ESW DIFF - ENM Statistical Workflow with raster difference computation Ecological Niche Modelling
* Taxonomic Refinement
Ecological Niche Modelling The ENM Statistical Difference Workflow (ESW DIFF) allows the computation of the extent and intensity of change in species potential distribution through computation of

Metagenomics

Workflows Runs Contact Log in / Register

Portals ~ -~ Publishing

@

@ Bioclim workflow with interaction Ecological Niche Modelling

layers and mask are selected during the workflow. Points are filtered so that only environmentally unique points are used to create

the differences between two raster layers using the R statistical environment (R Core Team 2013). The difference file is computed

Population Modelling i Galaxy

.
.
« Phylogenetics
.

Ecosystem Modelling
« Other

Filter by uploader

s Robert Haines
 Finn Bacall

+ Sarah Bourlat

= Saverio Vicario

« Francisco Quevedo

Show all users

I oV

https:/portal biovel.ew/runsfnew

Published Histories | aunl | Galaxy vs MEGAN & Import history | About this History

work:

Related Histories

Galaxy History ' Galaxy vs MEGAN'

Annotation: Comparison of Galaxy vs. MEGAN pipeline.

Dataset Annotation All published histories
1:s1 Results of comparison of Dataset 1 from Huson et al. 2007 ubl|shed histories by auni
against the nt database Rating
2 234 | — 2 = - P _ . - . — i e b A A A
:s

ped| (6 E = scholar

3: s1 max bit score

(GIGA)n o \omt | Contact | Terms of use
4: 5234 max bit score DB |
Revolutionizing data dissemination, organization, and use Login ~Create account

5: Join two Queries on data 3 and data 1

6: Join two Queries on data 4 and data 2

7: s1 within 5% of max

8: s234 within 5% of max

9: Fetch taxonomic representation on data 7 Data released on December 30. 2013
10: Fetch taxonomic representation on data 8 . . . .
GigaGalaxy workflows and histories from “Galaxy tools to study genome Workflow, Software
11: Find lowest diagnostic rank on data 9 diversity”
. i . Bedoya-Reina, OC; Ratan, A; Burhans, R; Kim, HL; Giardine, B; Riemer, C; Li, @; Olson, TL; Loughran "O"
12: Find lowest diagnostic rank on data 10

Jr, TP; vonHoldt, BM; Perry, GH; Schuster, SC; Miller, W (2013): GigaGalaxy workflows and histories
from “Galaxy tools to study genome diversity” GigaScience Database. http://dx.doi.org/10.5524

13: Draw phylogeny on data 11 1100089

14: Draw phylogeny on data 12 Intra-species genetic variation can be used to investigate population structure, selection, and gene flaw in non-madel
. vertebrates; and due to the plummeting costs for genome sequencing, it is now possible for small labs to obtain
gal axyp rOJ ect. (@) rg/ full-genome variation data from their species of interest. However, those labs may not have easy access to, and familiarity
with, computational tools to analyze those data.
A suite of tools for the Galaxy web server have been created aimed at handling nuclectide and amino-acid polymorphisms discovered by full-genome sequencing of
several individuals of the same species. or using a SNP genotyping microarray.




Reproducibility = Hard Work

(GIGA)" o5 OpenData
Open—Paper ‘0\@6\0 Data sets ~ DOI:10.5524/100038 [0
wwwwwwwww o Yoo 78GB CCO data
GlgA)
CIEN%, E T
0o, OpenPipelines
== ( y (GIG A)nG alaxy e
DOI:10.1186/2047-217X-1- 10 Koy to > CBIIT OpenWorkflows
>11000 accesses Analyses DOI:10.5524/100044
OpenReview

8 reviewers tested data in ftp server & named reports published

gers in wiki

http://homolog.us/wiki/index. php’?tltle-;

OpenCode

source
Forgels 0. Code in sourceforge under GPLv3:

>5000 downloads http://soapdenovo?2.sourceforge.net/

[Scott Edmunds]


http://soapdenovo2.sourceforge.net/
http://homolog.us/wiki/index.php?title=SOAPdenovo2
http://dx.doi.org/10.1186/2047-217X-1-18
http://dx.doi.org/10.1186/2047-217X-1-18
http://dx.doi.org/10.1186/2047-217X-1-18
http://dx.doi.org/10.1186/2047-217X-1-18
http://dx.doi.org/10.1186/2047-217X-1-18
http://dx.doi.org/10.1186/2047-217X-1-18
http://dx.doi.org/10.1186/2047-217X-1-18
http://dx.doi.org/10.5524/100044
http://dx.doi.org/10.5524/100038

http://ropensci.org
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Distribution of Specimans 8cross mage clasies

Use our packages to acquire data (both

[} [}
your own and from various data
sources), analyze it, add in your

- narrative, and generate a final
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Camsole

publication in any one of widely used

) | ] | |
formats such as Word, PDF, or LaTeX. I 2 e g I St r I e S
I‘ " “ “”h Combine our tools with the rich

ecosystem of existing R packages.
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4 Getting Sta
= BiodiversityCatalogue
"The Biodiversity Sdem{wgb Services Rugk% 5 _a
[ (Gol) | Home | g Services | @ Reuistera Service | ) Providers | (-

Home » Services

Top 20 tags on BiodiversityCatalogue @ ( more ¥ )
accepted name | biodiversity | class | classification | common name | family | genus | kingdom
phylum | species | SYNONYM | aphisia | catsioguectiite | eose | computation | country | danwincore | Dataretrival | dataup

. . Displaying services 1-20 of 23 in total Include archived services? | Sortby: |
Filtering ©
Previous | 1 2 Nexts
Current Filters Applied
none RAXML_boot_Ma ResT 7 CRIA SO Cou ... web service resT ™% |CES_Date
Categories: none M
Select filters from below__ raxmiHPC-FTHREADS -T SNCPU -f b -t Sref -z Strees -m
GTRCAT -s Sfileseqn -n output_Sfileseqn This service returns the correspending ISO country Categories: I
Enable tag filters code given a pair of coordinates (source: Global country
Provider: aliceqrid17-ba-infn-it and admin ICES_Data_Por
: o
Service Types (2) Provider: splink-cria-org-br Provider: gcos
REST (17
SOAP " — 5 —
Catalogue of ... Webservices  ResT Catalogue of ... e Webservice  ResT Test - Eco

Categories: Categories: T Categories: 7
Service Categories (53) B
=0

Taxonomy (9 Taxo
Analysis (3

This is a collection of new webservices created during ‘Webservice to the latest edition of the Catalogue of Life. Service to run
Modelling (5 the 4D4Life project (project has finished in 2012, website Available for scientists and software developers to database.
. fal ava query ...
Seospatial Provider: gcos
Dats (4 Provider: www-catalogueofife-org Provider: webservice-cataloguenfife-org
Visualization (3
Publishing PESINameService soar ™% | European Nuc .. ENA ResT ™7 | AphiaNam
Shim Taxanomy Browser -




About | Mailing List | Publications 1 Logout |

experiment
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Pack: Propagation of properties extracted from the HyperLEDA catalog in the calculation of St O ri n g

Home > Packs > Propagation of properties extracted from the HyperLEDA catalog in the calculation of luminosities of galaxies

luminosities of galaxies

Created at: 24/11/11 @ 19:12:05 Last updated: 01/12/11 @ 22:13:34

.
Tags (6) | Featured in Packs (0) | Favourited By (0) Comments (0} EXC h an g I n g

Title: Propagatlnn of prupgrtles extractgd from the HyperLEDA ¢ {g} Workflow: Propagation of physical quantities in the calculation of luminosities of 1 1
the calculation of luminosities of galaxies galaxies (= ) e rS I O n I n g
usana
e difpy JOs) igue Ruiz ... 192 days ago (011211 @ 13:38:08) -
EE PACK Sharing
¥
The scientific experiment represented by this research object pertains to t e e s e . " A s
e S P S
wavelength study for a sample of the most isolated galaxies in the local ur o \I:orkﬂow.
This study characterizes each galaxy of this sample through both the mez {Susana} m:[?z & Login | £ Register
of basic astrophysical properties: Added by Ay . . . .
- The equatorial coordinates in J2000 epoch [V) "'L]l_g Blodlverslty V|rtua| e-Laboratory
- The velocities in kmi/s (v} A )
on t
- The dust extinction coefficient (ag) |j File: Cante L _._:Llj @ esperimen
- The axis ratio of the isophote 25 mag/arcsec2 (logr2s) ’ B “ I.
- The apparent total B magnitude (BT) Added by _
- The morphological type (t) Home Woerkflows Files Packs
and the calculation of the more complex properties: File: How t Al ~ || Search
- The distance in Mega parsecs (D) |j fle: How i ” s -+ BioVel > Content
- The corrected apparent B magnitude (btc) Added by it anten
- The optical luminosity in B-band (LB)
Specifically, this research object is focused on the calculation of the intrin: ) Content from the BioVel group
luminosity in the Johnson B-band, in order to achieve it the measurement lj File: Purpo
calculation of all those astrophysical properties is needed. Added ) Search fiter terms Previous n| 2 ” 3 " 4 " 5 ” 6 || Next » | Sort by: Rank -
Results per page. 10 =
Ij File: Data i Fitter by category Showing 58 results. Use the filters on the left and the search box below to refine the results.
Waorkflow 39
[ File 12
Pack 7 . . E
[F1Pac Tavena2 {3k Ecological niche modelling workflow (22) 2 View
. . (
A rC h IVI n g [ File:Bidlio]  piger by type g{g;‘ﬂt Created: 07/01/13 @ 18:29:13 | Last updated: 26/03114 @ 13:03:45 I} Download (vz2)
Added by [T Taverna 2 39 Credits: /2 Renato De Giovanni 2 Alan Willams [ Robert Kulawik
. .
Publishing Braves
. - D Plain text 4 License: Creative Commons Attribution-Share Alike 3.0 Unported License
. . (3 File:Seripti  [Trident (Pack. 3 | Renato De
‘ O I I l 0 n e nt LI b rarl eS Added by  [C] Excel workbook 1 Giovanni This workflow takes as input a file containing species occurrence points to create a model with the
openModeller Web Senice. Algorithm, environmental layers and mask are selected during the workflow.
. Filter by tag The model is tested (internal test and optional cross validation external test) and then projected one or
P rese rVI n ) [F] demagraph 17 more times. All points from the input file are used to create a single model, even if there are differences
|j File: SQL = ) arapny in the scientific names. Cross validation calculates the mean AUC. Model projectio...
P [] biovel 15
~d by
[] matrix populat.. 15
- |:| component 14 Rating: 0.0/ 5 (0 ratings) | Versions: 22| i o]cC te: 0 | Citati 0
m ex e I I m e n D tage ma " \Viewed: 357 fmes | Downloadec: 200 fmes
[] package ‘pop... 1 Tags (1)
[ eigen analysis 10 ecological niche modeling
[ elasticity anal... 7
[[] sensitivity ana.. 7 Tavena2 {33 Data Refinement Workflow v15 (15) ) View
[ anp cnprific [t __Orininal




Data Operations in Workflows in the Wild
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Analysis of 260 publicly available workflows in Taverna, WINGS, Galaxy and Vistrails
Garijo et al Common Motifs in Scientific Workflows: An Empirical Analysis, FGCS, 36, July 28341 3
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Barriers to Data and Code Sharing
in Computational Science

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

Time to document and clean up
Dealing with questions from users
Not receiving attribution

Possibili

@00

sofl

IDFExcelExample2 _jerm.xls

Pl = bl 0 & a-ee 2= 85 & [ 100% = [ (&)
New Open Save Print Import Copy Paste Format o AutoSum Sort A-Z Sort Z-A Gallery Toolbox Zoom  Help

Sheets Charts SmartaArt Graphics WordArt
= A C D El E G H 1 1 K L M NE
1 | Element Example Format  Constraint Typed in b drop-dowr automatic: Key Type
2 | Investigation Title Transcription profiling of wild-lype and ATF3 - lext Mot NULL x PK Explanations
3
4
5 | Experimental Design Type * Transcription profiling of wild-type and ATF3 - lext Mot NULL x PK Explanations
6 |Experimental Factor Category * sompound_trealment_design «l Not NULL x x CV  PK - primary key
7 | Person Last Name COMPOUND lexl NOT MULL x x cv FK - foreign key
8 | Person First Name Marzolf Lext Mot NULL CV - controlled vocabularies
9 |Person Mid Initial Bruz
Person Affiliation Institute for Systems Biology
Roles * submitter
Quality Control Description Type * Lext NOT NULL
Replicate Description Type * array_manufacturer Ll NOT NULL X X cv
Normalization Description type * biomaterial_provider X X cv
. . bioseguence_provider . X X cv . . . .
16 | Experiment Description X haride-stimulated wild-lyps and ATF3 +- mouse bone marraw macraphages were sollected to investigate the transcriptional netwerk in Toll-lixe recepl
17 [DﬂSOV‘[IUm_mEthF Lexd x ®
18 | Protocol Name consultant
19 | Protocol Type * curator Lexl cv
20 | Protocol Description data_analyst ackson Lz lext
21 |Protocol Parametars integer | NOT NULL X
22 SEELEE text NOTNULL X
23 |SDRF File funder lexl NOT MULL X
24 | data file hardware_manufacturer
%é institution
27 | ADF file 0 CEERT text NOTNULL X
28 | Term Source Name software_manufacturer integer  NOT NULL X X
29 |Term Source File « submitter jies/MGEL date NOT NULL
30 |Term Source Version integer NOT MULL X X
31 integer X X
32 X X
33
34
35
. . 36
Victoria Stodden, AMP 2011 http: H H
! i RightFie :
39 Lexl X X
. . 40 integer X
Special Issue Reproducible Resez gl ——
C 42 tet X X
43 Lexl X ‘
. a4 X
H d Herbsleb (2013) "I ‘ |
OWISOn a.n er S e nC "l IDFExcelExample | SampleData | values F- - - - - — —— ] <> |T|T

Normal Ready

© SCRL | 6 CAPS | & NUM



(?-'?‘ So are Services P
(\»' Stewarqum:) Sorhuare,
o)

www. software.ac.uk Mode/_work

Making practices
Sustainability
Management planning
Deposition

Long term access
Credit

Journals

Licensing <
Open source / access

CONCEPTUALISE

e
"EES E Rua TIOM N;'[‘I,Dﬂ T,

Best Practices for Scientific Computingtp://arxiv.org/abs/1210.0530
1stWorkshop on Maintainable Software Practices #$eiencez e-Science 2012

Stodden, Reproducible Research Standard, Intl J Comm Law & Policy, 13 2009
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The CRAPL: An academic-
strength open source license

[article index] [email me] [@mattmight] [+mattmight] [rss]
Academics rarely release code, but I hope a license can encourage them.

Generally, academic software 1s stapled together on a tight deadline; an
expert user has to coerce it into running; and it's not pretty code. Academic
code is about "proof of concept.” These rough edges make academics
reluctant to release their software. But, that doesn't mean they shouldn't.

Most open source licenses (1) require source and meodifications to be shared
with binaries, and (2) absolve authors of legal hability.

An open source license for academics has additional needs: (1) it should
require that source and modifications used to validate scientific claims be

released with those claims; and (2) more importantly, it should absolve
authors of shame, embarrassment and ridicule for ugly code.

Openness should also hinge on publication: once a paper is ac::epte,d the
license should force the release of mnd]ﬁcannns Durmg peer review, the

http://matt.might.net/articles/crapl/ © hip: //smencecodemamfesto org/
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protect the authors' right to priority.



Software release paradigm
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Jennifer Schopf, Treating Data Like Software: A Case for Production Quality Data, JCDL 2012



Pivot around method / software / data

rather than paper
Citation semantics: software as was? software as IS?

Code as a Research Object

Mozilla Science Lab

Get credit for your code!

Archive your GitHub code repository to figshare and receive a citable DO,

@  GitHub ’ Mozilla Science Lab figshare
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«d Edit, share and improve your code > Tools toget yourresearch onthe Persistent, citable, long

ina collaborative environment. web. archiving for your rese
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The multidimensional paper



methods,
reproducibility

what does It
mean for
content managers
and the research
workflow?



Replica’[ion Gap Out of 18 microarray papers, results

from 10 could not be reproduced

1. loannidis et al., 2009. Repeatability of published microarray gene expression analyses. Nature Genetics 41: 14
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