The myExperiment Open Repository for Scientific Workflows

David De Rour& Carole Goblg Sergejs AleksejefsSean BechhoférJiten Bhagat
Don Cruickshank Danius Michaelidés David Newmah

! Intelligence Agents Multimedia Group, 2 Information Management Group,
School of Electronics and Computer Science, School of Computer Science,

University of Southampton, UK The University of Manchester, UK

dder@ecs.soton.ac.uk carole.goble@manchester.ac.uk

ABSTRACT myExperiment is an open repository solution fag thorn-digital items arising in contemporary
research practice, in particular scientific workf and experiment plans. Launched in November 26¢¥,
public repository ifhyexperiment.orghas established a significant collection of stfenworkflows, spanning
multiple disciplines and multiple workflow systemshich has been accessed by over 16,000 userswided
Built according to Web 2.0 design principles, myEsiment demonstrates the success of blending maaeial
curation methods with the demands of researchemsingh hard-won intellectual assets and researctksvor
within a scholarly communication lifecycle. myExjmeent is an important component in the revolution i
creating, sharing and publishing scientific resuttsd has already established itself as a valuafteunique
repository with a growing international presence.

1. Introduction

Researchers in every discipline now have accessvast array of digital resources, ranging fronndites of
articles and data collections to analytical toatsl @isualisation applications, many publicly avaita These
digital resources are combined and their data gadee and analysed in the day-to-day conduct afares.
With these new techniques come many new kindsgifadiassets which have yet to become adopted miti@
scholarly knowledge lifecycle, yet they are an aiaépart of it.

One of the most important is tlseientific workflow. A scientific workflow is the description of a ess that
specifies the co-ordinated execution of multiplektaso that, for example, data analysis and simuaktan be
repeated and accurately reported. Alongside expatimplans, Standard Operating Procedures and kalopra
protocols, these automated workflows are one ofntlst recent forms of scientific digital methodedane
that has gained popularity and adoption in a stiow [1]. They represent the methods component adem
research and are valuable and important scholasggta in their own right.

Scientific workflows are valuable commodities whigguire expertise to build. The myExperiment répog
was motivated by observing a clear need to sharkflews — to reduce reinvention, propagate besttga and
enable scientists to concentrate on science — ashalegoupled communities of workflow users. It vedso
motivated by a frustration with existing systemsichih (a) missed the social dimension, merely makiriggs
available rather than encouraging and controllimgrisg; (b) presented complex user interfaces blih® with
the popular web sites that people are using orvaryday basis, thereby demanding further skill.

These methods are crucial intellectual assetsefdkearch life cycle whose stewardship has beglected.
Repositories often emphasise curatiodatf, but in digital research the curation of firecess around that data
is equally important — hence by focusing on wonko myExperiment also provides a mechanism for gxpe
and community curation of process [2-3].

2. The myExperiment approach

The myExperiment open source software providespasitory for research objects, somewhat analogous t
learning objects. A research object contains varidigital research materials and methods — docuanent
simulations, data, scripts, workflows — coupledhwét research objective or designed to support @arels
process. Research objects are intended to capsgierdific investigation or research question arelexpected
to bereusable, repeatable, andreplayable.

Sharing research objects is a means to propagatéqe and support reproducible research, but Weueeit is

not sufficient simply to make content available asdume a “build it and they will come” approactstéad we
have created an environment which facilitates $eaf research objects and encourages sharing:



Social sourcing and curation of content:
myExperiment supports the social network of users
and content, assisting researchers in discovering
resources as well as in deposit, publication and
curation. While it has parallels with websites sash
FaceBook, myExperiment also provides a privacy,
sharing, licensing, credit and attribution modelicth
reflects and respects the needs of researchers and
offers incentives for self-archiving and social
curation. The “social metadata”, including tags and
ratings, is shown in Figure 1.

Familiar user experience: myExperiment provides
an environment which is focused on the user
experience, providing an attractive and immediately
understandable web interface that uses the metsphor
and behaviours of popular tools used in everyday li

It is immediately familiar to a new generation of
students and researchers.

Seamless access: Importantly, myExperiment
provides a simple and powerful developer interface
(REST API) that readily brings myExperiment’s
functionality into the researcher's own work
environment so that it is seamlessly accessibpoiat

of delivery, encouraging deposit and facilitating
access. The API has enabled new interfaces to be
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Figure 1. Contribution metadata.

Through its design to support Research Objects, xpgiment recognises that researchers work notwitht
individual items but with collections of items asgded with a particular study. These may be stdwedlly, in
multiple repositories or as native Web content. ¢¢eresearch objects in myExperiment carmadmregations of
items stored in the myExperiment repository as &slielsewhere. In myExperiment these are calledkga
and while a pack might aggregate external contwred in multiple specialised repositories for malar
content types, the pack itself is a single entityiolw can be tagged, reviewed, published, sharedFeic
example, a pack might correspond to an experin@ntaining input and output data, the experimeanpl
associated publications and presentations, enalttiagexperiment to be shared; another example pack
containing all the evidence corresponding to aipagr decision as part of the record of the radeg@rocess.
Packs are described using the OAI's Object Reudéeanhange representation.

Like EPrints, the myExperiment software can be doamied and installed locally, and it has basic fetien
capabilities. Significantly we also operate thélfiuinstancemyexperiment.orgproviding a community focus
which maximises users and content and nurturesankteffects — as the collection grows and makesodisry
and curation more difficult, the social network @eoto facilitate both.myexperiment.orghas gathered a
significant user community worldwide and caught timagination of the scientific and the Web commigsit
with its vision that scientists should be ablewap workflows and other scientific objects as gaad citizens
can share documents, photos and videos on the @ltions include New Scientist and Nature [4-6],

myExperiment is designed to call upon external isessin order to process research objects. For pheam
scientific workflows are executed by myExperimenbmitting a collection of research objects for réeno
processing to arenactor, and the results are automatically collected bat& myExperiment. A similar
mechanism could run simulations, scripts or siatistmodels. Similarly, workflows can be executecto
myExperiment services for purposes of search oatmm. Hence myExperiment serves as an example of
integrating digital library content with computata tools and services, and also as an illustragiahe role of
workflows in the digital library.

These repository innovations — the social websiteyring of objects and process, support for aggmta a
unique public collection and the ability to “actforesearch — are documented in our publicationghim
international scientific community [7], as is owc®technical approach to the design [8] and disoway in
which it has been delivered [9]. The site and thiéwsare have become the focus of an increasing eurab
collaborations in the publishing, digital librariasd scholarly publishing communities.



3. Building myExperiment

myExperiment was designed according to an inteaficet of the Web 2.0 design principles in the crhid the
virtual research environment [10] and our develafmumentation is available gviki.myexperiment.org The
architecture of one instance of myExperiment isnghbelow in Figure 2. For ease of use, all therfatees to
myExperiment functionality are accessed via the RATprotocol. For end users we provide the HTML based
Web interface, while external applications can awuess the other interfaces, in particular the agad
RESTful APIl. The HTML interface makes minimal asgtions about the capabilities of the browser,
optionally using JavaScript and AJAX to improve timeeractive experience, while the API enables the
construction of Rich Web Applications and mashups.
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Figure 2. Implementation architecture of a myExperiment server instance.

myExperiment, which is released under the BSD beens built in the Ruby on Rails web application
framework and follows the Model View Controller #fastions set out in Rails. By keeping with the
architectural design of Rails we were able to lagermany of its capabilities to build featuresieers rapidly.
The database server, search server and extern&floverenactors are all separate systems with simple
interfaces to which the main application conne¢tgious mechanisms for authentication are proviskeskd on
the interfaces used; for example, for end usetbeatication can be via external OpenlD services.

We also provide a SPARQL endpoint for the publicExgeriment content, enabling queries of the cadbbect
and also the social network. The myExperimentlogtpis modularised and conforms with terms frombbnu
Core, FOAF, SIOC, OAI-ORE and Creative Commons.sThamework enables us to express relationships
within and between the research objects held byxpgEment.

4. Growth and future plans

Since the beta launch in November 208iyexperiment.ordnas acquired over 16,000 unique visitors, and 1500
registered users who are sharing over 580 workfloov@ring a variety of scientific and humanitiesraons; at
the time of writing there are also 133 groups, fi&$ and 47 packs. The collection serves bothamters and
learners, ranging from self-contained, high val@search analysis methods referenced by the journal
publications that discuss the results of their tséraining workflows that encode routine bestgtice scientific
analyses or illustrate new techniques for new kinfisesearch data. Analysis afyexperiment.orgusage
statistics demonstrates: (i) a rapidly growing camity, (ii) extensive use of contributed researbieots and




(iii) the development of social groups. We are adiesupporting the Tavernanw.mygrid.org.ulk and Trident
(www.microsoft.com/mscorp/tc/trident. mgpworkflow systems and will be adding Kepléepler-project.ory
and Meandreggasr.org/meandyeand support for new forms of experiment plarsi$® being developed.

We have a constant flow of new requirements from @gers and our community champions, which we
prioritise and work to deliver the requested fumedlity. As the collection grows we are enhancihg t
discovery functionality [11] through more advanagshrch, enabling user-provided controlled vocaisgaior
smarter discovery, implementing comprehensive diesljor effective recommendations, and developiclger
expression of relationships between items. We @ @developing more sophisticated interworking wither
instances and other repositories, together wittedddlue services such as terminology servicefhatousers
can work seamlessly with the combined collectiohsesearch content. We plan to augment our communit
curation approach to tackle content decay with mated tools to assist users, experts and providends,
thereby investigate the curation of processes dsawelata.

myExperiment is part of our vision of the “e-Labtmtg” — a set of open tools, services and resoundesh can

be assembled to meet the needs of the researchere whe utility of the components transcends their
immediate application. These include repositonesnitoring and annotation services, provenanceuce@nd
analytics, research object management, blogs akid wiworkingin silico and in the laboratory [12]. We are
evolving towards this through myExperiment and thmily of projects around it, such as the BioCadpie
project which is providing a curated catalogue ¢ [Science Web Servicesnvw.biocatalogue.ong

5. Conclusion

myExperiment is an innovative repository which berthe new artefacts of digital science into theotarly
knowledge cycle. While social extensions to remois have been discussed before [13], myExperingent
built from the ground up on Web 2.0 principles @&ndistinct in principle and operation from genexgpository
software: it brings a social infrastructure whictifitates discovery and sharing, and a techniti@astructure
which facilitates integration with the research iemwment and with computational services. It istidigive
among other projects which have focused on bringiaig into the scholarly knowledge cycle [14] doéts$
emphasis on sharing and reuse of process and methwdvision is that myExperiment users will beeabd
find the resources they need with ease at poinsef have sophisticated control over privacy anefiefrom
sharing while they work, disseminate the outconfabeir work and their methods with ease so thay thuild
reputation and facilitate the research of othand, that these items will benefit from curation bgit providers,
by experts and by the community that is using them.
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