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Abstrac® This paper describes BiocepR, an Open Source Il. LOWERING THE BARRIERS FOR ACCESSIS CYBER
platform for the Vvirtualization of Scientific Computing INFRASTRUCTURES LOCAL/REMOTE TRANSPARENCY

Environments (SCEs) such as R and Scilab. To our knowledge it L . .
is the first time that a software platform enables geographically The sameapplication (the virtual workbench) makes it

distributed collaborators to view and analyz terabytes of data ©asy to connect to various environments locally or on remote
interactively and collaboratively, using standard computational machines whether they are nodes of a grid or virtual machines
tools. Those tools can be running on high performance machines of a Cloud. Using Java remoting technologies and HTTP
or on a Cloud. This is also the first time that a full endto-end  relays, BiocegR makes it possibléo uniquely identify a
solution is proposed for reproducible comptational researchina  remote generic computational engine with a simple URL
Cloud and for virtual appliances-based education. Switching fromone resource to anothéEGEE to TeraGrida
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problem @mains in life sciences, social sciences, finance, |[- — | pune e

econometrics, chemometrics, .edre growing at an exponential
rate. Scilab B a scientific software package for numerical
computations providing a powerful open computing
environment for engineering andcientific applications.
BiocepR is a GPL Java platform that enables to use R, Scilab
or any other computational environmentith an AR : =
(example:Sage, Octave, Rodtjatlab, SAS etc) interactively -‘ =, 4 =
on Clusters, Grids or private/public Cloudsd to enald the
interoperability, pluggability, sharing and reuse of the
computing artifacts
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Computational Components The virtual wakbench has several dockable binltviews
Traped o oospomm cote including:
‘open source or commercial . .
— Computational GUIs » Consoles for issuing commands to the SCEs or to the
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BiocepR is currently availableo n AmazondsybeEhadsabtructuresd users to di
Cloud. Here are the steps a user needs to follow to perforamgine can run on anynachine that has a privileged
computing on ECZseewww.biocep.nefor details) connectivity with the data storageachineor within the large

e Sign up for EC2 scale database. The user can connect his BiBcetual

e Us e Amazonds raphlcadser Interfacex Worgench(or his scripts using the Biocép SOAP clientsto

(GUI) to browse the BioceR AMIs (Amazon the computationalengine, setthe working directory to the
Machine Images) and choose the one correspondingl@sation of thedata(e.g. via NFS) and view or analythe
the computing environment and libraries he needs. ~datausing R/Scilab packages.

e Choosean instance type (mesry size, number of

c o r ¢ prévide his email in the user datnd un the V. ENABLING COLLABORATION WITHIN COMPUTING
AMI . ENVIRONMENTS

» When the AMI starts running (~@inutes waittime) Users can connect to the same remote engine and work
he receives an email containing a URL with large scale data collaboratively usirigroadcasted

e The usercan then commands/graphics and collaborative spreadsheets. For

e Click on the URL and this runs the Bioc& example, the Amazon EC2 user can forward the email
virtual workbench which connects automaticallyreceived from the BioceR running AMI to any number of
to a computional engine on the running his collaborators. By clicking on the same URL, they all get
machine instancedraganddrops his R scripts connected to the same computing environment. Every
and his data files from his desktop to the virtuatommand issued by one of them is seen by hal athers.

working directory view Synchronized R graphics panels allow them to see the same
¢ ExecuteR scripts using the R console graphics and to annotate them collaboratively. Chatting is
e Drag-anddropresultfiles to his desktop enabled. Views based on a refactored iplmskageenable
e Shut down the AMI when tle session is no collaborative highlighting andolor brushing on a variety of
longer needed. high interaction graphics (linked plots).

Besides thevirtual workbench, the RESTf BiocepR
server enables useto compute and generate graphics on HP
resources using only a browser. Simple WRillow them to — e |
execute any script dio evaluate may expressio by workers =
from a backend computationaéngines pool and to retrieve
the results either agext files or as Graphics in any format

(pdf, svg, jpeg, pneetg. T— p——
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V. SCIENCE GATEWAYS MADEEASY

Web-based interfaces and portals allowing scientists to use
a Grid to solve their domain specific problems have always
been difficult to develop, upgrade and ntain. We should
e havefront ends that are easy to credB@cepR proposes a
FIG. 3R virtualization on the National Grid Service different paradigm for the creation and distribution of such
front-ends to HPCloud environments.
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I1l. DEALING WITH THE DATA DELUGE

The data generated by modern science tama become 1) The BiocegR Plugins

too largeto move easily from one machine to anothéeFhis The BiocepR platform defines a contract for crieag
can be an issue for large collaborative projects. The analysisgbssplatform statistical/numerical newmterfacesin Swing
such data canot be perf dhemeg, diHeEprog¥dnmatitaly orfidng visBa® ®Mposttich tobld T -

answer to this ineasingly acute problem is totake the |ike the Netbeans GUI designer. The views can be bundled
computation to the datand is what BiocepR enables
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into zip files and opened by anyone using the BieRefirtual
workbent. The views receive a Java Interface that allowShis spreadsheet enablegientists without programming
them to use the R/Scilab engine to which the workbench skills to create sophisticated Grid/Clebdsed analytical

connected and that can be running at any location.

ThreepartsURLs (BiocepRd s

computational

Java Web
e n g+ plgd 8 diptfiRL

URL parameter) can be used to deliver thGéés to the end

user.He retrieves them in one click and the only software
required to be preinstalled on his machine is a Java runti

Instead of requiring a transparent connection teraesside

Grid/Cloudenabled engine, the distribution URLs can be
written to trig transparently the creation of a computation
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engine
on t he
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privileges)and is used transparently by the GUI.
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- Buttons executing any usdefined R scriptetc.

views and dashboardsnd lowers the barriers for creating
science gateways and distributing them.
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directional mirroring of serves i d e

u s eis @anected tokabremote h

M&Scilab engine, a RESTful embedded server (local http relay)

enables thirgparty applications such as emacs, Open Office
alc or Excel to access and use the Grid/Clendbled

le, an Excel aidds bein(ﬁ
tforth ear‘id%’ép

built i}o use the
tce thé feature$ of

Excel cell ranges will also be available. This wilba users
to overcome somef the Excel flaws (limitedcapabilities in
statistical analysisjnaccuratenumerical calculations at the
edge of double, inconsistent
observation...). Excel becong a frontend of choie to
Grid/Cloud resources and cahen become the universal
workbench for different sciences
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2) The BiocepR Spreadsheets
The BiocepR spreadsheets are Jehasedbuilt originally

using the OSS jgpadsheet.
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with the remote statistical/numerical engine's workspace. This
enables for example R @aimport/export from/to cells and

functions use

in formula cellsDedicated R functions

(cells.get, cells.put, cells.selecttc) allow the R user to
retrieve the content of cell ranges into the R workspace or to
update them programmatically: An R script can reproduce BiocepR frameworks and tools make it possible to use R
entirely the spreadsheet. A macros system allows the useraka Java objecriented toolkit or as an RMI server. All the
define listenes on R variables and on cell ranges and to defirandard R objects have been mapped to Java and user defined
corresponding aaths as R/Javascripts. Specific macros R dasses can be mapped to Java on denfarfdnctions can

called datalinks allow the user ta-directionally mirror R

sliders miroring R variables

produced by user defined R scritad automatically frameworks are provided

FIG.6 R
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be called from Java as if they werva functions. The input
variables with cell ranges. R graphics and User Interfagmrameters are provided as Java objects and the result of a
components can be dockedtorell ranges. Ul components function call is retrieved as a Java objé&calls to R functions
can befor example

from Java Iccally or remotely cope with local and distributed

R objects. The full capabilities of the platform are exposed
Graphic Panalshowing R Graphics (in any format) via a SOAP and RESTful fromnds. Several toolsand

to elp building analytical

updated in case usdefined R variables have their desktop/web applications and scalab&tadanalysis pipelines

values tange or in cascells within auserdefined

cell ranges list are updated

in any programmig language (Java, C#, C++, Petc)



VIIl. SCALABILITY FOR COMPUTATIONAL BACK -ENDS

BiocepR provides a pooling frameworkfor distributed
resource§RPF) allowing pools otomputationalengines to
be deployed onhekerogeneous nodesrtual machines
instances These engines are managed and wsgd simple
borrow/return API for multithreaded wehbpplications and
web services, for distributed and paralledmputing, for
dynamic content othe-fly generation(analyticresults, tables
and graphics in various formats fthin web clients) and for
comput at i on avirtualizatorg i in e a 6 shared
computational resources contexiThe engines become
agnosticto the hosting operating systerBeveral tools are
provided to moribr and manage thpools programmatically
or interactively (Supervisor Ul). The pooling framework
enables transparentloudbursting: Amazon EC2 virtual
machines instances hosting one or many computational
enginéscan be fired up or ShUt. down to scale umm_ledqwn X. BRIDGING THE GAP BETWEEN MAINSTREAM SCEs
according to the load in a highly scalable weglplications
deploymenfor example The platform has a servside extensions architecture that

enables the creation of bridges between the remote
computational engine and any third party tool. Besides R and
Scilab, several widely used environments will be intesgtan

the future (Matlab, Root, SA%tc). Since R and 8lab are
running within the same process (same Java Virtual Maghine)
it is easy and very fagb exchange data between thehhis

can be achieved for example by using the Groovy interpreter
availeble as part of the remote engin€he Python client
provided by the platform makes it possibler fine Scipy
community to use R/Scilab engines onds/Clouds directly
from within their python scripts

FIG. 8 Distributed Computing on EC2

Xl|. BRIDGING THE GAP BETVEEN MAINSTREAM SCES AND
WORKFLOW WORKBENCHES

BiocepR enables automatic exposure of R functions and
packages as Web Servicékhe generated Web Services are

Fig. 7 R engines pools deploymerit Cloudbursting easy to deploy and_can use bacid computatior_nal engines
running at any locatianThey can be seamlessly integrated as
IX. DISTRIBUTED COMPUTINGMADE EASY workflows nodes and used within environments such as

chime, Taverna or Pipeline Pilot. They can be stateless (an

To solve helavny.computanonal problems, there IS a né onymous R worker performs the computation) or stateful
to use manengines in parallel. Several tools are available b n R worker reserved amssociateavith a session ID is used

theytare_ d'f"iu"é‘? install ?nd l:t)ﬁ_yond E)Ten::echnlcqihgkllls OHinnd can be reused until theession is destroyed). The
most scientists. Bioce solves this problenfrom within a statefulness solves the overheadoblem caused by the

main R session and W'th.OUt installing _any extig,nster of intermediate results between workflow nodes
toolkits/packages, it becompsssible to create logical links to

remote R&cilab engines either by creating new processes or
by connecting to existing ones on Grids/Clouds. Logical links
are variables that allow the R/scilab user to interact with the
remote enginestlink.console rlink.get rlink.put allow the

user to respectively submit R commands to the R/Scilab
worker referenced by the rlink, retrieve a variable from the
R/ scil ab workerds workspace into the main R workspace an
push a variable from the main R workspace to the warkd s
workspace. All the functions can be called in synchronous or
asynchronous mode. Several rlinks referencing R/Scilab
engines running at any locations can be used to create a logical
cluster which enables to use several R/Scilab engines in a
coordinatedvay. For example, dunction called cluster.apply

uses the workers belonging to a logical cluster in parallel to

appIy a function to a Iarge scale R data. FIG. 9 Generated stateful Web Services workflows



