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1. Introduction

The myExperiment Virtual Research Environment [} Isuccessfully adopted a Web 2.0 approach inat#ly a social

web site where scientists can discover, publish andte scientific workflows and other artefactshil it shares many
characteristics with other Web 2.0 sites, myExperitis distinctive features to meet the needs ofa@tearch user base
include support for credit, attributions and liceugs fine control over privacy, a federation moeal the ability to execute

workflows. Figure 1 shows a workflow in myExperinianith its associated “social metadata”.

myExperiment now has over 2000 registered useth,thwousands more downloading public content, heddrgest public
collection of workflows, for systems which includiéicrosoft's Trident. Created in close collaboratiaith its research
users [2], myExperiment gives important insight® iemerging research practice. As it moves intgéond phase we see
new forms of sharable Research Object which chgdél@éraditional scholarly publishing and provideimportant basis for
data-intensive science. To support this, semaathrtologies are increasingly coming into play toximése the potential

for reuse and repurposing of experiments.
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Figure 1: This Taverna workflow on myExperiment builds a mashup and queries it using SPARQL



2. From workflows to Packs

The Web 2 design patterns [3] tell us “Data isrib&t Intel Inside. Applications are increasinglyaddriven. Therefore for
competitive advantage, seek to own a unique, larddreate source of data.” We followed this gpkein myExperiment
by focusing on scientific workflows: our “uniquellégg point” was (and is) that we atbe place to go find workflows (like
photos on flickr, movies on YouTube and slides dideShare). Over the course of time, myExperimeag Bmbraced

several workflow systems including Taverna and dmid

Significantly, we have also recognised that a worfcan be enriched as a sharable item by bundinith some other
pieces which make up the “experiment”. We obsehet tesearchers do not work with just one contgrg tnd moreover
that their data is not in just one place — it istritbuted, and sometimes quite messy too. Henchave also developed
support for “packs” — collections of items, botlsiohe and outside myExperiment, which can be shasezhe. For example,
a pack might contains workflows, example input aodput data, results, logs, PDFs of papers anéshdsuch a pack
captures an experiment and is reusable and remaples Packs are created using the shopping bésketishlist)

metaphor and can be exported using the Object REs&xchange representation which is gaining asing adoption in

the open repositories community.

3. Research Objectsfor Data-I ntensive Science
As we have studied the use cases for packs, ancdhoks are actually being used, we have recogtimedmergence of a
new form of digital object — the “Research Objed®esearch objects are an evolution of packs tomstgata intensive

research. They have important properties:

* Replayable — go back and see what happened. Experimentsutomated and may occur in milliseconds or in months
Either way, the ability to replay the experimemgdao study parts of it, is essential for humanersthnding of what

happened.

* Repeatable — run the experiment again. There's enough inse&eh Object for the original researcher or othetse
able to repeat the experiment, perhaps years laterder to verify the results or validate the estmental environment.

This also helps scale to the repetition of procgsseeded for the scale of data intensive science.

¢ Reproducible — run new experiment to reproduce the resultscepooduce (or replicate) a result is for someose &

start with the same materials and methods and segrior result can be confirmed.

« Reusable — use as part of new experiments. One experimegtaall upon another, and by assembling methodsisn

way we can conduct research, and ask researchiansst a higher level.

¢ Repurposeable — reuse the pieces in a new experiment. An exparirwhich is a black box is only reuseable as ekbla
box. By opening the lid we find parts, and comhia of parts, available for reuse, and the way Hre assembled is a

clue to how they can be re-used.

¢ Reliable — robust under automation, which brings systematiti unbiased processing, and also “unattended
experiments” — human out the loop. In data-intemsigience, Research Objects promote reliable expats, but also

they must be reliable for automated running.

We believe that in the fullness of time, objectshsas these will replace academic papers as tliteegrihat researchers

share, because they plug straight into the toading-Research. This means it is Research Objetiterthan papers that



will be collected in our repositories, and as wasdl a workflow repository, myExperiment has becomgratotypical
Research Object repository. In the second phasay@ixperiment we are integrating with EPrints in ®@aunpton and

Fedora in Manchester and we will pursue this lihexploration.

4. A Semantic approach

To achieve these properties a Research Object beusélf-contained and self-describing — contaiingugh metadata to
have all the above characteristics and have maxpoigntial for re-use, whether anticipated or uicgrdted. To explore
this we have developed a prototype service (rdfxpgement.org) which makes myExperiment contentlalske according

to the myExperiment data model. This uses a modeldontology drawing on Dublin Core, FOAF and GYject Reuse
and Exchange representation. We are building oiS¥WAN-SIOC work and Science Collaboration Framewatrklarvard

[4], and also with the Open Provenance Model (OF3l)and we are complying with the linked data mdademake sure

our Research Objects are as re-usable as possible.

rdf.myexperiment.org makes myExperiment contentlabie through a SPARQL endpoint and this has bextme subject
of significant interest within the community. K effectively a generic APl whereby the user caecdgp exactly what
information they want to send and what they expactk — instead of asking us to provide this inAlf. In some ways it
has the versatility of querying the myExperimertatdase directly, but with the significant benefiaacommon data model
which is independent of the codebase, and throsghofi OWL and RDF it is immediately interoperablighwavailable

tooling. Exposing our data in this way is an exasrgfithe “cooperate don’t control” principle of WatD.

This brings myexperiment into the fold of the otlB®ARQL endpoints in e-Science, especially in tbalthcare and life
sciences area [6], and we are beginning to seeflwak that use these — as exemplified by the wérkrancois Belleau in
Figure 1 (see myexperiment.org for further exanplesminutes a user can assemble a pipeline wihiggrates data and
calls upon a variety of services from search anchprdation to visualisation. While the linked dateovement has
persuaded public data providers to deliver RDFaveebeginning to see assembly of scripts and wamidlthat consume it
— and the sharing of these on myExperiment. Westelthis is an important glimpse of future reseanelttice: the ability

to assemble with ease experiments that are proglacid consuming this form of rich content.
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