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Workflow Main concepts and objectives

W AEver The old research life cycle
4 ) 4 ) 4 )
Background
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Research Community Contribution to
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Peer review: R ) Reader:
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experiment?” modify it for

J a differet
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Workflow

Main concepts and objectives
y4Ever

Wif4Ever - workflows

Preservation of scientific workflows in » What is a workflow?

data-intensive science » A mechanism for coordinating the

execution of services and codes, and

Validation linking together resources.
& and Decay
Analysis

» Scientific workflows are at the heart
% of experimental science

» Enable automation of scientific methods
© Abstraction > Encourage best practices
Preserved Research| | and .
Objects % Comparison » End user oriented
h W e » Workflows as means to describe, re-run

Analysis :;?1‘(’:2' . .
‘ =S| and reuse scientific methods
» Support experimental reproducibility

Authenticity

i
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& & =
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@ and N
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& | Integrify
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Who are you ? Description

Where and when were you born ? Authenticity
Who were your parents (creators) ? Uniqueness
For which purpose were you conceived and you have been Re-use, re-purpose to Curate
used ? Preserve,
o | Conserve
What do you have inside ? Inspection
Visualization Reuse
Annotations
How is your content linked ? Graphical Representation
May | access all your parts ? Access Rights
Which parts can | replace ? Adaptability
What have they done to you ? RO Provenance to PaCkage’
Who and When ? Versioning Exchange, Share,
Why did they do that ? Annotations . g
Publish, Find,
Explore, Inspect,
Why have you been recommended to me ? Information Quality Review

Can | believe what you are saying or trust your results ? Data Provenance



Workflow Workflow-based Science

RO definition

Research Objects (ROs)

Investigation

Semantically rich aggregations of resources that
bring together data, methods and people in scientific .
investigations. Their goal is to create a class of wontod] e
artifacts that can encapsulate our digital knowledge e
and provide a mechanism for sharing and ' .
discovering assets of reusable research and il —) | sl ¢ ‘—L -
scientific knowledge. D *- D

+  Workflow-centric RO can be viewed as an
aggregation of resources that bundles a workflow ‘
specification and additional auxiliary resources, . 888%

including documents, input and output data,
annotations, provenance traces of past executions of
the workflow, etc.

« Target: reusability, reproducibility and better
understanding

http://www.researchobject.org/specifications/




#78)) Warkdiow Technology for Scientific Workflow Preservation
»l"’.’m How to enable reproducibility?

' Access & Usage Functionalities

Search Edit Create Annotate

Visualization

tion

Collabora- E
Evaluation Evaluation dations Abstraction - :

i Stability Completeness || Recommen-|| Workflow

E Storage Functionalities

Storage Retrieval Maintenance

Page, Palma, et al. From workflows to Research Objects: an architecture for preserving
the semantics of science. Linked Science 2012. Boston, USA.




Workflow Technology for Scientific Workflow Preservation

Q!V_fm Service Reference Architecture

User RO-Enabled Collaboration ropbox Client
Clients! . RO Portal RO Manager Tool Soh '
5 experlment pheres L ROBoXx |
22§
E Data Management & Analysis Services : E E
Extension | ! L
Services || il checkiist Stability ~ecommender | | WF-RO Workflow || | !
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Foundatign
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Technology for Scientific Workflow Preservation

»

»

ROHub
> RO API
> RO Evolution API
> SPARQL Query of metadata
> Notifications
> Long term preservation via dArceo backend
» Decay alerts, fixity checking
» Checklist monitoring
RO Enabled myExperiment
> RO model for descriptions of content

> ROHub/myExperiment communication through
ROs and RO Bundles

> RO presentation/browsing
> Checklist Service Integration

1800 / Froms

RO Components

& C & [) sandbox.wfdever-project.org/portal/ro?ro=http://s... Q2| 3 [d # % © 2 W 2

#ROHUB

Home Browse My Recsach Objects  SPARQL Endpoint  About

s
A== h

| ]800/ Wmesoermen Aphaz- 1 x

-

€ > C i |[) alpha2.myexperiment.org/packs/587 items/workflows/main/annotate_a_g... 75| i3 [ # # @ =

W # g =

experiment

Home > Packs > Identificatio

[ Overview | Annotations |

Resource type

Resource: | 4 annotate_a_gene_ist_with_disease_concepts_and_report_demo_726654.t2flow

Type:  Workflow

Title

Resource: | 4 annotate_a_gene_ist_with_disease_concepts_and_report_demo_726654.t2flow

Title: Annotate gene list with disease concepts and report [DEMO]

Description

Resource: | annotate_a_ger

n of diseases
annotate_a_gene_ist_with_disease_concepts_and_report_demo_726654.t2flow

ne_list_with_disease_concepts_and_report_demo_726654.t2flow

About | Give us Feedback | Publications &l Login | & Register

Home  Users Groups  Workflows  Files  Packs

ssssss

similar to DMD using concept profiles [Demoz2] > ltems > workflows > main >

Item: Annotate gene list with disease concepts and report [DEMO]

Application cluster

Views (Interfaces)

RO (Pack)
HTML

XML Interface
(Restful)

I e O

| Controllers

Models

< Workflows >< Files > Packs >OOO< Research Objects >

o

L ] /—N\/\
L L RODL | ¢
Mail Server Database Server  goarch Server i 1 O
(Google Apps) (mySQL)

(SOLR)
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Technology for Scientific Workflow Preservation

~ Workflow Evolution, Sharing and Collaboration

e““’c::w ‘‘‘‘‘ m;(% <= - | “ I Rese:::bim a';@ < Paper
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<<copy>>? <<copy>>2 <<copy, filter § N
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‘g@«h = E <<versionOf>>| | 5= = E N .
Scientist — = =< - -l
esults P [ ]
BR=| RRR& B 2R84 c 0
RO snapshot RO snapshot \<<versionOf>>-

dlibra

Permanent URI
Some metadata
Some curation

Mostly private (for my group)

Librarian/Curator

Mostly private (for my group

Permanent URI
Some metadata
Some curation

and for paper reviewers)

diibra

AnEWORK

RO Evolution Model

L
#HoE )
s b ;

B |RRE&&
Archived RO

Permanent URI

Good metadata

and curation
Mostly public



Workflow Technology for Scientific Workflow Preservation

Pl
‘Wf Workflow Evolution, Sharing and Collaboration

RO evolution

Live

Live RO

Archived RO
Inspectlon
ﬁ % Modify
Execute
Define Find for
problem Design re-purpose l
)= /= ‘ §* |
& [ H s o g J
: 9 [ )
Preserve 12

Publish
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Workflow

Technology for Scientific Workflow Preservation

Workflow Integrity and Authenticity Maintenance

Stability Assessment:

»

»

»

Computes how RO quality evolves in
time based on existing checklist

Allows comparing the quality of
different RO snapshots based on
ROEVO traces

Analytics and explanations of quality
evolution

Services for gathering evaluations
and evolution of ROs in order to
provide information to end-users (e.g.
for curation purposes)

<tﬂ 090

® ® [ ® © ©
® ® © © © (-
© 0 © 0 0 0
© © © © e e
£~ U U Mo B 1 U
N N N N N N
— ~
{ { N
Snapshot1 1 Snapshot2 Archive 1 >
ROEVO ROEVO ROEVO
info info info
Author: A;\J/‘thocr: - Author:
- Mr. Clumsy - M Lurator - Mr. Curator

Actions:
- Added X
- Modified Y

Actions:
- Modified X
- Modified Y

-RemovedZ

Actions:
- Modified X
- Added W

13



Workflow Technology for Scientific Workflow Preservation

Qym Workflow Integrity and Authenticity Maintenance

] _ GWAS to pathway
» Checklist service:

) detecting Observed CaUSGS Of decay in Workﬂ OWS This pack is for a workflow that finds KEGG pathways for genes from a GWAS.
) S P A RQ L en d p0| nt x Target Pack384 does not satisfy checklist for ready-to-release.

Experiment hypothesis is present
> New Minim Info designs adapted to applications:
» Detection of workflow decay
« Completeness assessment for workflow decay prevention

Workflow design sketch is present

All workflow definitions are accessible

One or more web services used by one of the workflows are inaccessible,
including http://rest.kegg.jp/get/{query}

Input data is present

Experiment conclusions are present

Wf4Ever project

NS X SKS

« Completeness assessment of resource descriptions
« Supports stability/reliability assessment

Sign in to edit this research object

Overview Content Relations Quality Notifications History
» Completeness:
. . . g Title Not set &
) CheCk fUIfIIment Of requ‘rements SpeCIfled UtRI http.“"Sfangboxwf-lever-project org/rodlI/ROs/Pack559/
in checklists for evaluating the quality of a Creaecon  Jp pamany 2014168
RO a purpose Number of resosut::: |1_|;/E . —

Number of annotations 27

) Mlnlm mOdeI tO meet addltlonal Description  Not set & Details
requirements for validation Sketch  No image
> Traffic light display of checklist results M 1 et deserpten e

 Experiment hypothesis or research
question is present

@® Import W Annotate i . .
 Experiment design sketch is present

The advanced annotations view

J Research Object title is present

available

 Experiment conclusions are present

type http://purl.org/wf4ever/roevod / Annotations bodies are all accessible

type http://purl.org/wfdever/ro#ResearchObject



Workflow Technology for Scientific Workflow Preservation

P
\‘"_’fl Workflow Integrity and Authenticity Maintenance

Sign in to edit this research object

Q u a I Ity S e rVI Ce : Overview Content Relations Quality Notifications History

‘ Elija uno v | Reload

Elija uno

» Measurement of the quality and decay  &iiiiail v

Earth Science data-centric RO key requirements
Of ROS by th e CO m p | ete n eSS a n d Earth Science workflow-centric RO key requirements
Earth Science research product RO key requirements
_— Earth Science bibliographic RO key requirements
Sta b I I Ity assess m e ntS Workflow-centric RO simple requirements
Workflow-centric RO with provenance requirements
Workflow-centd®RO with provenance requirements (y3demo)
Workflow-ce, 2 with provenance requirements enhanced (y3demo-enhanced

» Completeness provides a measure of RO Analytics and Quality Report

the overall status of a research object
at an specific time for a purpose

Stability(0-1)=Q,838 and, Comeleteness0-1)=0.43 5 Rslhijtv0-1)=0.361

C as part

Zoom 1m |3m  6m YTD| 1y | All From Nov 15,2013 To Jan19,2014

»  Stability provides a measure of the y-/’ﬂk
overall status of a research object
throughout its whole lifecycle

[ - -\ 0
f:s, Nov 9. Dec g 6. Jan T
d 0]
Quality |
Checklist Report A Checklist Report B
Date, time: 2013/2/20, 12:38h Date, time: 2013/4/3, 12:42h
Experiment hypaothesis is not present  Experiment hypothesis is present
Completeness Stability Workflow design sketch is not present Workflow design sketch is present
Xilo workflow definitions are present &l workflow definitions are accessible
Al weh services used by workflovws are accessible &l web services used by workflows are accessible
X Input data is not present v Input data is present
Experiment conclusions are not present v Experiment conclusions are present

*AdaTtation of the MiM model, createql by Math GamblT from UniversiT of Marlt:hestern UK. | )
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Workflow

|

Systematically selected a set of samples of real Taverna workflows from
myExperiment to determine if they suffer from decay and the reasons that
caused their decay

Four main categories of causes of decay:

Technology for Scientific Workflow Preservation
Completeness Assessment

Missing example data
Missing execution environment
Insufficient descriptions about workflows - Data level

» Volatile third-party resources (most common) * formats/ids/standards

Workflow Decay
Component level
+ flux/decay/unavailability

* |Infrastructure level

60

50

40

30

20

10

Change of third-

party resources

Example data
unavailable

Insufficient
execution
environment

Insufficient
metadata

- platform/resources

Experiment Decay

* Methodological changes

- New technologies

*  New resources/components
New data

16



Workflow

Workflow Preservation in Astronomy
Wfl 4dEver Digital Science

| Access & Usage Functionalities

Astronomy research lifecycle is g W e e ) \
entirely dlgltal { Use J L Edit J L Create J L Annotate J L J
» Observation proposals g /\@A
» Data reductlon plpe“nes DataManagement&AnaIyS|sFunctlonalltles ________________________________________________________

” CataIOgueS Of ObJeCtS Stability Completeness | | Recommenda- Visualization | | Collaboration

» AnaIySiS Of SCience ready data Evaluation Evaluation tions

» Publish process v _____'ﬁﬁﬁ@jfﬁﬁffffjl_'_ffffﬁZi_'f_'ffffﬁfﬁﬁfffﬁfffffiﬁffﬁﬁﬁff] T

Storage Functionalities Llfecycle Functionalities

» Final data results

) Experiment in DL ? { Storage ] [ Retrieval } [Maintenance} { } M M w n

Reproducible research is still NOt i e 5
possible in a digital world

A rich infrastructure of data (VO) is

v A normalized preservation of
not efficiently used

methodology is needed .



Workflow Workflow Preservation in Astronomy

o,
‘ll_v‘fl AstroTaverna

Main Functionalities

» Integration with VO Softwar
» Message exchanging (SAMP)
» Aladin user interactive execution

”'g.*‘ﬁ_':h
S
e e || | e e ] = = = == ==l
~ il T

» Seamless data exploration
» VO Registry Search
» VO Services Orchestration
» VOTable Rendering
» VOTable Manipulation
» Coordinates conversion
» Resolve object names into coordinates
» Access to PDL Services
» Access to TAP Services
» Access to Starter Pack




Workflow

Workflow Preservation

f 10 Best Practices for Workflow Creators

» Best Practices — How to prevent workflow decay

)

>

)

Make an abstract workflow

Use modules

Think about the output

Provide input and output examples

Annotate

Make it executable from outside the local environment
Choose services carefully

Reuse existing workflows

Test and validate

Advertise and maintain

» Hettne et al. Best Practices for workflow design: how to prevent workflow decay

19



Workflow Workflow Preservation

Closing thoughts

Astronomy research is entirely digital. Time has come to go “Beyond
the PDF”

Don't publish. Release!

Digital Libraries, repository, SGs are key to use existing/coming
infrastructure of data and computation

Methods evolve. Data changes. Metadata changes. Services get
replaced. Platforms break. Stuff gets versioned. Things need repair.

The next generation of archives: service providers

20
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