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Abstract
Biocep builds on top of the highly popular statiati

broadcasted views. For example, the console loggigin
real time to all users. Chatting is enabled andraplyc
device is synchronously updated for all. Biocepudes an
editable collaborative spreadsheet that retaina dat the
server, removing limits on client machines. Digitdd and
linked statistical graphics based on a refactoiphbts
package (www.iplots.org) enable the collaborative

environment R, an e-platform for computing and data highlighting and color brushing of various linkekbts.

analysis.
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R is becoming thdingua franca of data analysis and
statistical computing. It has a very powerful griagtsystem
as well as cross-platform capabilities for packggimny
computational code. Hundreds of available R package
exponentially growing in number, implement the mastto-
date computational methods and reflect the statbesfirt of
research in various fields. R packages are likelgecome a
reproducible research enabler because they enatd¢idns
and algorithms to be reused and shared. There absi@acle
to a large-scale deployment of R on public grigesiit is a
GPL software. However, R is not multithreaded. desl not
operate as a server and it has only a low-levelaoigect-
oriented API. GUI development for R remains non-
standardized. R's potential as a computational bt
engine for applications and service-oriented aechitres has
yet to be fully exploited. While its user base iswing at a
high rate, this growth rate would be significantligher in
the presence of a user-friendly and rich workbench.

Biocep is a general unified open source Jalatisn for
integrating and virtualizing the access to R engfiservers. It
aims to become a federative user-friendly componati e-
platform for research, finance and education. Thec&p
virtual workbench provides a framework enabling the

Biocep frameworks and tools make it possiblege R as
a Java object-oriented toolkit or as an RMI servétl the
standard R objects have been mapped to Java anmd use
defined R classes can be mapped to Java on def@ahsito
R functions from java locally or remotely cope witical and
distributed R objects. An easy-to-use Web Sesvice
generator is provided to enable automatic exposfir®
functions and packages as Web Services. They can be
seamlessly integrated as nodes into workflows. Tday be
stateless (an anonymous R worker performs the ctatipu)
or stateful (an R worker reserved and associateith wi
session ID is used and can be reused until théosess
destroyed). The statefulness solves the overheablgmn
caused by the transfer of intermediate results &etw
workflow nodes. A stateful R-SOAP API exposes thé f
capabilities of the platform and enables an effitie
integration of R into data analysis pipelines usRiRL, C,
C++, C#, Java or R. R-SOAP clients are providedeach
language.

Biocep provides a remote resources pooling fraonke
(RPF) allowing pools of R engines to be deployed on
heterogeneous nodes. These engines are manageaseshd
via a simple borrow/return APl for multithreaded bwe
applications and web services, for distributed adallel
computing, for dynamic content on-the-fly genenatio
(analytic results, tables and graphics in variowsnfts for
thin web clients) and for R virtualization in a shg
computational resources context. RPF enables tzaesp
cloudbursting: Amazon EC2 virtual machines runniRg

connection of all the elements of a computational Servers can be fired up or shut down to scale ugcafe

environment:

1. The computational resource (whether it is a locathme,

a cluster, a grid or a cloud server) via a simpiRLU

2. The computational components via the import of R
packages.

3. The GUIs via the import of plugins from repositarier
the design of new views with a drag-and-drop GUtced
Several dockable built-in views allow users to work
interactively with R engines running at any locatidrhe
views include a console, highly interactive remgtaphic
devices (with built-in zooming, scrolling, real cdmate
tracking..), PDF and SVG viewers, R data inspectorked
plots and spreadsheets that are fully integrateth W
functions and data.

Biocep enables collaborative R sessions rpldtiweb
users can connect simultaneously to an R servemingn
anywhere and analyze data collaborativelst a set of

down according to the load in a highly scalable web
applications deployment.

Biocep has built-in Python and Groovy scriptfagilities
both on server and on client sides. The bridgin® @ind the
scripting interpreters is bi-directional. R objeatan be
exported to Python/Groovy and vice versa and thiptsccan
embed seamlessly any R code. Scripting with R as a
component becomes easier than ever using eithéBittoep
APIs or the workbench’'s views. User Java code can b
dynamically loaded by R servers and used for sogpt

In Summary, Biocep combines the capabilities ohg the
flexibility of a Java based distributed system teate a tool
of considerable power and utility. A Biocep based R
virtualization infrastructure has been successfdigployed
on the British National Grid Service, demonstratiitg
usability and usefulness for researcheBiocep could



become an essential building block of a new geiteratf
distributed or web-based statistical software. Mirgual
workbench enhances the user experience and thaqtiaty
of anyone working with R. As Biocep is extihs, it

enables the emergence of repositories of pluginse T

interoperability, coupled with a large-scale dephent of
virtualization infrastructures on various grids dmmatizes R
based HPC and enables users from within their v
compute and visualize data with unprecedefiéadbility

and performance. The adoption of the new platformnld be
a step forward in the direction of interoperabijlitgusability
and seamless integration of research resourcestijanefore
a reproducible research enabler). Finally, Biocexy mvork
as an enabler of a new computing business modeald
synergize the utility computing model (resourcesyl dhe
pay-per-use software model (components/GUIs).

Project Home Page: www.biocep.net

Filesystem (4~ ’7
/
workspace rdava/JRI JavaGD

Object Export  Import Layer

INTERNET

mapping jar

-] RServices API
P Roenices sheton] R pachages hetos] R ropic deics sl

L]
ACADEMIC GRID$, NGS, EC2, INTRANET LSF, INTRANET HOST.
DMz

DMZ
INTERNET
SaeRsessonr U 28 U8 oacesten M Graphc Davie
Broadcasted console + chat ‘
k er User
cotsorave
Seript editor 4
coteborate !
speatnest Same v voropace forUr, U2 & U0
Figure 2 — Virtual and collaborative R
Login | Sessionld
Pwd LogOn
Options
s | T
=1 T1
N ESonz ESons f(ES)
Esen | T2 T3 / getData —
Retrieve Data l
logOff
T1,T2,T3 : Generated Stateful Web Services for R functions T1,72 & T3
+remove ESonx Kill R Server

LogOn, getData : R-SOAP methods
+Clean » R Server

ES : ExpressionSet

ESon, ESon2, ESon3 : ExpressionSet Object Names

f=T30T20T1

+Put R Server back inthe Pool

Figure 4 - generated stateful Web Services worlglow

Node 1: Windows XP
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Figure 5 — R virtualization on the National G8ervice
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