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Abstract

In this paper, we present a Grid computing platftinat provides experimental scientists
and analysts with access to computational simulatamd knowledge databases hosted in
separate laboratories around the world involvedh Wwitman and animal kidney research.
No single laboratory can develop these resourceslation, and the community of users
should no longer need to be dependent upon thefisppmogramming environment in
which applications have been developed. This wamksao exploit the power of high-
bandwidth communications networks for collaboratigeearch and for shared access to
knowledge resources. This platform is developedhiwiti specialist community of renal
scientists but will be transferable to any otheldiof research requiring interaction
between published literature and databases, theamretodels and simulations and the
formulation of effective experimental design.
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1. INTRODUCTION

Mathematical modeling has been used successfullgnalyzing the huge volume of
biomedical data resulting from such ventures asli@armodeling. In particular, the
approach has been very successful in modeling h@arsiology, and mathematical
modeling has always played a key role in reseanckigney physiology. A large number
of mathematical models and resources describingctspf kidney physiology exist, in
different formats and simulation environments awuhe world; however they are
generally proprietary and incompatible with eadheot making access and integration of
models and resources extremely difficult and timasuming. A Grid computing based
approach to integrating and representing distributnal models and resources will
provide researchers with ready access to a calledi interactive models and resources
that minimize the requirement for specialist prognang or computational modeling
expertise on the part of the experimenter. A vgrief legacy kidney models
[15][16][17][18][19][20][21][22][23][24] exist in heresearch community, representing
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many different implementation techniques (differembdes of interaction — command
line, graphical interface, command file driven) atitty run on several different
platforms. It is very difficult to (i) acceleratbe development process for each model
since they are distributed among diverse compupilagforms and geographical areas,
and (i) manage the community of users and therinéion provided by the models.
Grid computing [1] not only provides powerful contgtion facilities as a means for
researchers to do existing research faster, baisd promises them a number of other
facilities such as working in collaborative envinoents, reducing costs, and gaining
access to an increased number of resources amdnesits, allowing for more advanced
research to be carried out by a wider communityusdrs. Furthermore, many of the
complexities arising with grid computing have beésslated and solved by technologies
including Grid middleware [2], resource schedul8} virtual organization [4], data
management [5] and resource management and informagervices. Advanced
integration of these technologies generates thie basvices of community infrastructure
for life science and other e-Science/e-Researdsaes shown in Figure 1.

In this paper, we describe the development andoge@nt of an interactive web-based
portal for quantitative renal physiology modeling the international level, with the
primary aim of providing general access to a rapogiof legacy renal models at all
scales and to the published measurements thatpindae parameter values needed for
the development of such models. Specifically we abke to provide an infrastructure
with the following features:

Additional functionality through web-based access published quantitative
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Figure 1 Typical e-Science/e-Research platform.



measurements on all aspects of renal physiologyaaatbmy (QKDB) [6] and to the
legacy of hypothesis-based mathematical modelddb@s¢hese data,

A collaborative environment to encourage and askestentry of new workers into
modeling, particularly those with less well deveddpskills and expertise in
programming and computational biology.

The infrastructure includes an interactive web riiaise to a collection of distributed

legacy models at all levels of kidney physiologythwfor each model: documentation,
physiological context, easily interpreted output,sttement of model limitations,

interactive exploration, and user-customization sefected parameter values. A 3D
kidney virtualization GUI is used to facilitate émtiction with the resource. This project is
part of the larger IUPS Physiome Project, an irggomally collaborative open source
project to provide a public domain framework fomgmutational physiology, including

the development of modelling standards, computatioiwols and web-accessible
databases of models of structure and function lagpaltial scales: interactions, protein
pathways, integrative cell function, tissue and l@hargan structure-function relations,
and finally the integrative function of the wholeganism [7].

The rest of the paper is organised as follows. dntiSn 2, we describe related work in
the e-Science and life science areas. The desigesf our infrastructure are introduced
in Section 3 and in Section 4, we present detdite@design and implementation of our
KidneyGrid. Evaluation of one scenario we have tgyed which integrates a legacy
model of renal medulla called Kidney Simulation {K$ under our environment is
described in Section 5. Finally, a brief conclusam plans for future work are presented
in Section 6.

2. RELATED WORK

Many efforts have been made to develop e-Scienatfopins and infrastructure in the
Grid environment. A portal for Grid-enabled physigsparticular astrophysics and high
energy particle physics was proposed and implerdent¢8]. It was able to host user-
level services such as simulation, or handling ymial of job configuration, job
submission and monitoring. The Australian BioGrmtBl [9] was another portal-based
solution enabling bio-scientists to perform drugeeexploration in an efficient and
inexpensive manner on national and internationahmding Grids [10]. It provides a
complete molecular docking e-Science platform fog tise of docking software, from
user management to experiment composition, exetusiod monitoring over grid
resources, and finally visualization of simulati@sults. A Grid platform for distributed
analysis of neuroimaging data was introduced i, [®vhich was able to compose and
formulate MRI data analysis as a parameter swegqgicapon and perform the
experiments on the Grid resources. It substantisdjuced the total time needed to
analyze MRI data compared with previous solutiohs.reported in [12], a chemistry
portal was developed for Grid-enabled moleculagrsme, and similar to the BioGrid [9],
also adopted a portal-base solution for executixpeements over Grid resources for
guantum chemistry code. Importantly, the solutid®] [unlike [8] [9] [11], did not utilize

a user-level Grid middleware such as a resourcedsdér [3]. The advantage of utilizing
the user-level resource scheduler is that it deesuthe system and underlying Grid
middleware like Globus [2] and makes the systemliegipe for other grid resources
without the support of Globus. In this work, wedan approach similar to that described



in [8] [9] [11] and [32], but focus heavily on thatilizing Web services-based
technologies to enhance interoperability with otfesources/platforms.

3. SYSTEM OVERVIEW
3.1 Architecture

We aim to develop a life science infrastructure aoldhborative computing environment

that enables (a) formation of a distributed comryunif developers of kidney models,

resources, and users as a virtual organizationniggration of distributed kidney models
provided by different development communities, godWeb portal-based interaction

between various models allowing aggregation andamckd visualisation. A service-

oriented Grid-based architecture for realizationtlof life science environment for

distributed kidney modeling is shown in Figure ZheTentire infrastructure helps in

overcoming many of the limitations we faced in early proof-of-concept of the web-

based portal for kidney models, in which all intgians with remote models were

manual and hard-coded; communication was medidtemligh specific protocol calls

(e.g. scripted telnet sessions), or results filesewsimply uploaded to the portal server
using HTTP or FTP, and new resources and users adeted manually. To this end, the
proposed development of a grid-based infrastructiore managing the distributed

components enables a vastly simplified interacti@thanism for both model ‘suppliers’

and users of the system.

High-level interactions between various entitieemponents, resources, and human

participants and the channels of control (showRigure 2) are described below:

1. User initiates session with portal by selecting eilod) resources required and
‘planning’ experiment with the resources.

2. User obtains authorization through VO and authtionaservice.

3. Portal contacts Grid Broker to request resourcesn@®e/Local Kidney Database or
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Figure 2. A Grid-based eResearch Architecture formtegration of Distributed Kidney Models.



remote simulations).
4. Grid Broker queries the Registry to identify resmg for certain kidney model.
Registry returns list of resources required byBheker to schedule the simulations.
5. Broker opens communication channel to remote resoand sets up experiment
information. Note that resources may be locallyebla@.g. in the local mirror of the
Kidney database) or remote.
6. More commonly, simulations will be hosted on remsites, running on proprietary
systems. The Grid Broker will manage communicatianth the remote resource
through a combination of communications and/or snpntation of service-based
wrappers at the remote resource. A basic assumeptionr system is that as little as
possible should be required to be implemented om mdmote resource, SO
communication brokering will most likely be tailaréo individual model resources
with most data processing of result sets occuminpe portal.
User session state, including current state of mxyat, is saved to local database.
Results are visualised on the users’ desktop tirolog web browser.
Alternatively, for complex data sets we will makseuof external visualisation
resources, in particular the VPAC Advanced Visaditn Facility in Melbourne.
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3.2 Issues to be addressed

In the long term, we aim to develop a platform felug and play’ modeling, with a
standard basis of representation for all modelsfépably an XML-based open modeling
markup language such as CellML [13]) and with samhyl standardized data
representation. We have made initial proof-of-ccprogress toward this goal by
developing a CellML based implementation of a pheid model (although the input and
output data formats are still ‘proprietary’ to soedent) and rendering the results in an
open-standards based 3D interface [14]. The imphiaben is based on the model
described in [15]; currently we have two cell typgerking with advection-diffusion
spatial modeling and have demonstrated agreemetiteopublished numerical output
[14]. Outputs of this model, including solute conirations along the length of the distal
tubule, are rendered on a browser based 3D neplemesentation derived from real
microCT data, which we intend to develop into th@mary graphical interface for
interaction with the KidneyGrid resources data espntation.

It is important to include sufficient material fibre site to be interesting and useful once it
is opened to the general community. The models Weimplement in the initial core
collection cover a wide range of scales and repteseme of the classic studies in the
field. The list includes:

Distal tubule reabsorption [15].

Proximal tubule reabsorption [16] [17]

Tubulo-glomerular Feedback [18] [19]

Glomerular filtration [20]

Medullary models of the urine concentrating mechiami
simple central core model [21] [22]
multi-individual-nephron flat model [23]
shunted-multi-nephron flat model [24]



It should be noted that the listed legacy kidneydat® and resources represent many
different implementation techniques (different meds interaction — command line,
graphical interface, command file driven) and tlmag on several different platforms.
There are currently no standards for data repragent interaction or communication.

The issues of standards and interoperability cdaddaddressed by recoding all the
models in a common format as discussed abovehlsulioing term and resource intensive
solution is not feasible without direct and sigraint input by each of the model
developers. A more practical approach is to devahbgraction ‘wrappers’ around the

current model implementations and within the cdnpiatal convert the output so that
diverse result sets can be rendered on a commenfaoé. This preferred approach
requires infrastructure ‘middleware’ to manage tb@mmunication channels, data
transfer channels, user session state and usamaigttion within the context of a portal.

The basic principle is to create a web page thesgmts the user (i.e., the visitor to the
website; also called the “client”) with an annothtist or a visual interface for selection
of one of the available models. The user is theesgmted with a more detailed
description of the chosen model, including literatueferences, and is given the
opportunity to either look at the results of some-ponfigured simulations to “get the
feel” of the model, or to alter particular parametalues (within a constrained range
representing physiologically reasonable valuesprigler to run the model as required.
Upon submitting the new parameter values, the uskrbe served (after a wait that
depends on the execution time of the model caliomg} with the results and may choose
among several styles of presentation, such as @lesitable, graphical output, or in some
cases more visually meaningful presentations, or mequest to download the results as a
table for post-treatment in a spreadsheet or gngpbiogram of their own.

4. DESIGN AND IMPLEMENTATION

The primary design principle of our KidneyGrid 1 maximize the reuse of existing
software components, tools, services and framewprksided by the open source
community for generic tasks, while concentrating efforts on the integration of those
technologies as well as providing the service weagpr legacy kidney models. Table 1
provides details on key technologies used in theeldpment our KidneyGrid
environment. Thus we are able leverage varioudiegi$rid technologies and build on
our experience in the development of Grid-basetfgrlas for e-Science applications in
life sciences area.

4.1 Portal Development

Gridspherewas chosen as the portal development framewor&usec(i) it is open source
and JSR 168 compliant, which means we could easilge the components in other
portal containers supporting this standard (iisupports the Java Server Facers (JSF)
standard which could potentially be used withinsaua&l page editor tool to accelerate the
development of web pages (iii) it contains commamtad components such as user
management and localization support which we coelge directly and (iv) it is mature
and widely used by other Grid portal related prigec



Component | Technology Used Comments
Portal Gridsphere Reusable web components. JSR 168 portlet
Framework [25] standard compliant. Open source and widgly
used for grid portal development.
Virtual MyProxy [26] VO-based authorization and application
Organization VOMS [4] scheduling
(User

Authorization)

Grid Resource  Gridbus Broker Provide ability to support Web Service

Broker V3.0 [3] Resource Framework (WSRF), various
scheduling algorithms and resources such|as
Globus and Alchemi
Service Web Service WSRF provides stateful web service whichl|is
Wrapper for Resource able to deployed on the Globus toolkit 4 (gt14)
Legacy Framework container
Kidney Model (WSRF) [27]
Visualization | VPAC Advanced Provide Java Applet that can be easily
Visualization integrated into web portals
Facility in
Melbourne
Core Grid Globus Toolkit 4, Provide supports for integration of grid
Middleware Alchemi, resources accessible through different low
UNICORE level grid middleware

Table 1. Key technologies chosen.

In our portal, we have reused the user managenmehaathentication module provided
by the Gridsphere. We have developed a project geamant module that allows
multiple users manipulate their own projects ardh&y model simulations. The resource
management module has also been developed for mtimiar to manage the available
grid resources. Furthermore, in order to include tew kidney models that can be
executed with the portal, a kidney model registratnodule has been developed which
allows the administrators add new kidney modelg the portal environment. Users can
also manage their credentials through the credem&nagement module we have
developed. For each kidney model, we have devdlogiferent experimental
preparation modules which are specific to that rhadlh certain parameter settings. It is
highly configurable through the JSF XML configuaati file to add the preparation
modules for new introduced kidney models in thegloFor invoking the remote kidney
models, we have used the portlet-based job exeuctianagement on grid resources
provided by the Gridbus Broker. The execution mmmihodule which has been used in
this portal is derived from the Gridbus Broker extean monitor portlet and we extended
the monitor portlet by using the JSF technologynédimodules in the portal includes the
visualization module which is also designed to lglly configurable for various kidney



models; the repository module which allows usersttoe their experimental results into
the local repository for their future comparisorthwthe latest experiments.

4.2 Legacy Application Integration

The most important feature of our KidneyGrid is finéegration with legacy kidney
models developed by different programming languaged platforms. The simplest
approach is to allow the clients to explicitly uptbthe executable command, program
arguments and data files to the resources theysang. The user takes full control of the
process to run the application on the server areffectively responsible for using the
middleware to grid-enable the application. Howewegassumes the client who runs the
application has an existing account on the remes®urces and it also substantially
increases the dependencies between the client kndervice implementations. Our
approach is to provide both language and platfoeutmal and interoperable service
wrappers for each model with those wrappers, beaiegponsible for the inter-
communication between our infrastructure and tlyadg models. The application that
performs the service is hidden from the client Hrete is no need for the user to have an
account on the service provide site. Furthermdne, wrapper should be able to be
deployed inside a grid environment such as GloBlisfid Alchemi [28]. The wrapper
should also be capable of storing the states oinjna, output and execution information
as some of the model simulations may continue mrey time periods.

The Web Service Resource Framework (WSRF) [27] idesv a service oriented
architecture (SOA) solution to keep state as sépamsources called WS-Resource,
which do not require the web services to keep tddke resource identifier explicitly by
passing it as a parameter each time. The compégaration of web services and state
information as WS-Resources retains the relatiwyilar scalability of stateful web
services compared with plain stateless web serviaed fulfils the requirement for
keeping state information of Grid applications. WFSRlies on a set of specifications
including WS-ResourceProperties, WS-ResourceLifetimNS-ServiceGroup, WS-
BaseFaults, WS-Notification and WS-Addressing.

The wrapper service for the legacy kidney modeikzes WSRF, implementing one

kidney WS-Resource for each model representingtdite information such as input and
output parameters, and execution outcomes. Singeven simulation of the kidney

modeling may not respond immediately, we also adilihe notification mechanism in

WSRF provided by WS-Notification to notify the alteonce the simulation has finished
and to collect the result. For each wrapper servieeimplement a factory service that is
responsible for creating the kidney resources atdrming the handler of the actual
service that performs the modeling simulation. Aentioned, the legacy kidney models
use various programming languages. We thereforéeimgmt an executor written in Java
for each model, which simply creates a runtime g@sscfor the modeling program and
passes the parameters or composes the input fileenime. The wrapper service
actually utilizes the executor and passes the redygarameters.

4.3 Grid Resource Broker

Consider the scenarios where some of the legacyelm@ie only compatible with the
UNIX environment and some are only executable unlerdows. In these cases, we
require different grid host environments, for exéenlobus [2] for UNIX and Alchemi
[28] for Windows and it is very important to utdéiza user-level middleware to decouple



the management work such as job composition, sdingdumonitoring and result
collection from the underlying grid middleware. @yus Broker [3] is a user-level meta-
scheduler that mediates access to distributed res®w@and provides facilities for all the
aspects of the application, credential and servimmagement. The broker includes
appropriate plug-ins for most user systems andigesvsuch a seamless way for clients
to schedule their applications on heterogeneousiress such that they do not need to be
concerned with underlying systems. An economic-tbas#ministration of modeling is
also supported by the broker such that users cacifgbudget and deadline for their
application. In addition, various scheduling algums have been provided to fulfill the
QoS requirements. We adopt version 3.0 of the GsdBroker, which works with
remote services that are compatible with WSRF-bagsal services. It supports various
commonly used low level middleware such as Glohusl&bus 4, Alchemi, UNICORE,
and SSH based connection to PBS and SGE. The bsekaces can be invoked as Web
services via SOAP; meaning that broker can be geplseparately on other servers
instead of the same server on which our portalimning. The system scalability can be
substantially increased by running the broker &&32RF service on another server or
multiple servers and the reliability of the poiiglalso enhanced as the failure rate of the
broker is potential much higher compared with thead itself.
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4.4 VO-based Authorization and Scheduling

As the kidney models may come from different ursiers, research institutions or

industries, a VO (Virtual Organization) which is satact entity grouping users,

institutions and resources in a same administradimmain could be assigned to each
kidney model. By applying VO concepts, we coulddawltiple VOs which are mapped



to various kidney models. As the user may belongdweral different VOs or have
multiple roles in the same VO, authorization basedhe user information in each VO
becomes very important. We have addressed thisreagent by implementing a module
including a VOMS Client and a VO Policy Engine thgh which our platform can query
an existing VO system (VOMS [4]) and extract polioyjormation inside each VO to
authorise the client and then schedule the apmitatccording to the policy set by our
resource broker.

As shown in Figure 3, the VOMS client is resporsitdr contacting the VOMS server to
issue the VOMS proxy certificate to the end usee &¢sume the end users only have
their normal X509 proxy certificates and in ordeiget the VOMS proxy certificate; they
need to contact the VOMS Client and provide theaxp certificates to it. The VOMS
Client will then ask the VOMS Server for the VOM®&ypy certificate with the user’s
proxy certificate. After the execution of voms-pyexit, the VOMS proxy certificate
which contains the VO information will be issuedthg VOMS Server to the clients. As
soon as the clients get their new certificatesy tt@ submit jobs to the remote resources
via the resource broker. The broker has been egtetalvalidate the new certificates and
parse the VO information including the VO name rissele, group and their capabilities.
Then the broker is responsible for querying the Ridicy Engine about the user’s policy
and resources based on the VO information. The YIZYENgine gets the user policy
and resource list from the VOMS repository accaydio the conditions in the queries
from the resource broker. Once the user policy r@sdurce information have been sent
back to the resource broker, it can schedule the pased on the user policy defined by
the VO and distribute the work unit to the varioesources belonging to that VO.

4.5 Experiment Preparation and Execution

Preparation of a virtual experiment is managedaviaeb page that allows the user to
select and adjust various parameters includingipeo/alues and permitted ranges of
values for their selected kidney models. The infatron is parsed and the grid jobs are
created dynamically for the broker to dispatchhe tesources. Once users submit their
experimental plans, the Gridbus Broker is respdaditr scheduling the submission of
those jobs generated by different parameters anuitonimg their execution on remote
Grid resources. We have implemented a generic mamit service that extends the
monitoring service in BioGrid [9] and is compatiblgth the Gridbus Broker 3.0 API.

4.6 Visualization

For users to gain a better understanding of mogledimulation outcomes, visualization
facilities are crucial and essential for almost rgvife science application. In our
KidneyGrid, we utilize existing visualization faitiés provided in VPAC (Victoria
Partnership for Advanced Computing) Melbourne, Wwhis designed to extend
mozCmagui [29] to render a 3D kidney image by regdinXML file conforming to a
standard XML Schema. As various kidney modelinggpans are used it is not always
possible to generate standard XML files. We theeefoeed to transform the diverse
result formats to the standard that the visualiratool can read. XSLT [30] can be used
as the transformation engine to accomplish the @s#t for each kidney model a
stylesheet will be created to specify the rulesctamversion to the standard format.
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5. EVALUATION

We have successfully implemented a wrapper sefeic&Sim, an implementation of a
medullary kidney model implemented in the FORTRANduage [24]. Figure 4 shows
the basic workflow required by users performinguat experiments with this model.
The KSim Factory Service and KSimService are twoRNServices deployed in the
Globus Toolkit 4.0 (GT-4) container. To access tpertal, authentication and
authorization are required for obtaining the cre@és for users utilizing the remote
computing resources from the VO system. Single-sigmas been achieved by utilizing
the MyProxy service via the Grid Portlet. Once tiser logs in into the portal with the
username and password, the authentication modaleded by the Grid Portlet contacts
the MyProxy server where the user’'s certificate een stored during the user
registration phase and manages the user's X509 mrewtificate. As an alternative, we
have also developed a module that accepts the hgroay certificate and issues a

Kidney Grid Portal for Distributed Kidney Resources wme xmsncn

[ Welcome U Administration !:}Kidnev(;rid«‘

s KidneyGrid Portal (==

—Permeability change

"HomemManagement@Simulatmn Repository HE|p
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YOU MAY MODIFY UP TO 3 PARAMETERS FOR ANEW RUN

Solute Water  ~ Tube Idl = Region OS « Factor 0% =~

Simulation with - Specified Value =
Run Basic Simulation

(e.g.you can write 1.15 for 15% increase or 0.85 decrease)

— Other parameters

Glycolysis rate ~| -15 «| 9%

Simulation with :  Specified Value =
Run Exira Simulation

Figure 5 KSim parameter settings.



Figure 6. Execution Monitor.

VOMS proxy certificate by contacting the VOMS serw&e have considered the VOMS
server as single point of failure that may not alsvhe available, and have allowed that
the user can still choose to use the normal prexificate without changing any system
behavior. Once users have gained the access tpotta, an experiment plan page is
rendered for them, in which the user can change#rameters accepted by KSim, as
demonstrated in Figure 5. The user can specifyeglior each parameter or make
generic choices for parameters to simulate a rarigealues for that parameter at one
time, and the ksim model itself allows users to ifyodpto 3 parameters for a new run.
As soon as the user submits the experimental plen,Gridbus Broker commences
scheduling and managing the jobs generated frofardrit parameter settings. Since an
experiment is unlikely to be completed immediatéhg user is able to check the status of
the simulation using the execution monitor, as shawFigure 6. This is a user-friendly
facility to provide feedback of the simulation ran the remote grid resources. It not only
provides the current status of each job (simulat@mnthe remote resources, but also the
resource information as well as the time and budpent for the experiment if applicable
(user has specified the QoS Parameters). The #maining field shows the remaining
time to the current deadline set by the user amdhbildget spent field illustrates the
budget usage. Furthermore, any failed jobs carebet by the user and rescheduled to
avaliable resources again. The user can then attesith the simulation results using the
visualization applet shown in Figure 7, which wado@ted from from an applet
developed for KSim [31]The applet loads the chosen set of simulation t®snlthe
form of an XML file and permits the user to displlnem as x-y plots or as a color-
gradient diagram of the medullary structures.

As KSim accepts four basic types of parameter tholy solute, tube, region and factor,
and extra special cases with factors, the possibialation cases can be expressed as the
equation:

T=C" Ci" C" G, +Cy' Ci,

T is the total number of cases, s, t, r, X stamds@dute, tube, region and extra parameter
respectively, f and { are the acceptable factors for basic and extraulation.



Figure 7. KSim visualization Applet

Depending on the value for each parameter spediiiédSim, the experiment described

in this example may generate a total of 513 simaratases. To test the system when
performing multiple simulations, we deployed theitldSWSRF wrapper service onto

three computer servers each of which has a GT-tarwnr installed on each server. As
our portal is only capable of generalizing one peter per experiment, we have
conducted 6 experiments producing values for omanpater at a time thus generating 53
simulation cases in total. The Gridbus Broker tiseheduled 53 jobs (one for each
simulation) over three grid resources.

Figure 8(a) demonstrates the jobs completed in eathe 3 server. Two of the servers,
‘horowitz’ and ‘ngtest’ have a similar proportiohjobs completed (28% each) compared
with the third server ‘manjra’, which has completéd%. This is because we have
configured a working queue with a limit of 4 jolhs ‘cnanjra’ which means there were 4
jobsrunning in parallel on ‘manjra’ once scheduled. éating to Figure 8(b), we have

[m]

[m]

O

m
m
m]
(a) Job Completion Rate (b) Average Job ExecutioneTi

m—:

(c) Total Job Execution Time
Figure 8. Evaluation of Grid Jobs over Resources.
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conducted 6 parameter sweep simulations, the avevegrution of each simulation using
our KidneyGrid infrastructure over 6 simulation easvas about half of the execution
time expected if we had run the simulation seqga#iytion one machine. This result
demonstrates that the parallel, distributed apgraaduced by over 50% the time for
computation of the selected KSim simulation. Fig@(e) also shows that the total
execution time has been descreased about 50% asirgpproach. The execution time in
our experiment includes all the aspects of netwaténcy, broker overhead and actual
job execution on the resource. The overall timelwarfurther reduced by (i) running the
job manager system such as PBS with queueing stispgioy reducing the overhead (10
to 12 seconds for each job) of the broker to scleednd (iii) adding more grid resources
that can host the simulation models. Our experirsntvs that our KidneyGrid provides
improved throughput from experiment plan to resigualization by distributing kidney
modeling simulations over grid resources that haestantially reduced the complexity
of the usage and the computation time for batcleexgnts.

Figure 9. 3D kidney visualization toc.

6. CONCLUSION AND FUTURE WORK

In this paper, a life science infrastructure tod=gnable distributed legacy applications
and resources utilizing service oriented architectis presented as part of a larger
international project, the ‘Renal Physiome’. Weusm®n Grid-enabling various kidney
models within this infrastructure, demonstratinge thbility to compose, schedule,
monitor and visualize the result of the applicatidhe use of the Grid resource broker
not only simplifies the development of applicatiengdential and resource management,
but also decouples our platform from the underly@rid middleware. WSRF makes the
state-oriented web services applicable for Gridiegpon, which provides a lightweight
solution to integrate legacy applications by impdeting service wrappers for them. We
have successfully implemented the KSim model orofaqur infrastructure and deployed
the KSim services on several remote resourcesdimguservers located within Australia



and also 4 overseas workstations located in Jajém.have also extended the original
Gridbus broker to support VO-based authenticatimoh scheduling on top of the VOMS.
In addition the 3D visualization facility mozCmGQ§], as shown in Figure 9, was
investigated and extended by VPAC to support therki8odel.

It should be noted that the project is still in #erly stages of development, and much
still needs to be accomplished. Wrappers are reddor the kidney models on our list so
that the successful development and deploymertieofvrapper service for KSim model
can be applied to other kidney models. We alsal neereate stylesheets to format each
model result into the standard representation hacexkisting 3D visualization tool, after
user-evaluation will be integrated into the platfiorAs XSLT only works with XML
input, we will utilize other transformation tools handle non-XML input generated by
the legacy kidney models. Other ongoing work inekithe investigation of the complex
scheduling algorithms for the broker based on tRd85 service and user policy we have
implemented within our platform.
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