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hool of Computing, University of Leeds, Leeds LS2 9JT, UK1 Introdu
tionA major new development in 
omputing in the past few years has been theemergen
e of Grid 
omputing, where appli
ations 
an exploit in a se
ure man-ner substantial remote 
omputing resour
es. This o�ers new opportunities tos
ientists and engineers. Very large simulations 
an now be performed, almostroutinely, by reserving a distributed set of resour
es in advan
e. A key di�er-en
e from traditional distributed 
omputing is that the resour
es may spanmultiple institutions, and so issues of trust be
ome mu
h more signi�
ant.In a 
risis situation, resour
es not normally required 
an be 
ommandeeredand dedi
ated to a 
ru
ial simulation or analysis task. In these situations theimportan
e of visualization to gain rapid understanding of the results is wellestablished.As these new 
omputing te
hnologies emerge, so the 
hallenge for visu-alization system designers is to evolve existing systems to take advantageof these new te
hnology developments - rather than re-design from s
rat
hon every o

asion. The data
ow visualization environment, pioneered over ade
ade ago, has proved parti
ularly 
exible and resilient, and has su

essfullyadapted to the many re
ent 
hanges in 
omputing.In this paper, we explain how the data
ow visualization environment 
anexploit the arrival of Grid 
omputing to provide a desktop interfa
e for remote
omputational steering. This is by no means the only approa
h to visualizationin Grid 
omputing, and so we begin in se
tion 2 with a brief review of otherwork. Se
tion 3 tra
es the development of data
ow systems, showing how theyqui
kly emerged as environments for 
omputational steering as well as datavisualization; and how they evolved to en
ompass 
ollaborative visualization,supporting the a
tivities of geographi
ally dispersed resear
h teams. This setsthe 
ontext for our work, as we pro
eed to show how earlier referen
e modelsfor data
ow visualization 
an extend to Grid-based visualization. Our resear
his driven by what 
an be seen as a typi
al Grid appli
ation: a 
risis s
enarioin whi
h a pollutant es
apes from a 
hemi
al fa
tory and its dispersion under



2 Ken Brodlie et aldi�erent wind dire
tions must be predi
ted with maximum speed and a

ura
yin order to plan eva
uation. Se
tion 4 des
ribes this appli
ation, with se
tion 5detailing the simulation pro
ess we used. Se
tion 6 explains how we evolve themodel for data
ow systems to enable 
omputational steering and visualizationon the Grid; and in se
tion 7 we des
ribe a demonstrator built from the model,and addressing the pollution appli
ation. In se
tion 8, we show how the work
an be extended to allow several 
ollaborators to take part in the analysispro
ess.2 Visualization and Grid ComputingGrid 
omputing is de�ned as the provision of 
exible, se
ure, 
oordinated re-sour
e sharing among dynami
 
olle
tions of individuals, institutions and re-sour
es [8℄. Regardless of their heterogeneous nature and geographi
 lo
ation,a

ess to these resour
es should appear simple and seamless. Only re
ently,with the advent of high-speed wide area networks, has this ambition be
omea pra
ti
al reality. Examples of this 
an be seen in national-s
ale 
omputa-tional grid e�orts su
h as the NSF-funded TeraGrid in the US [22℄, linkingnine major 
omputing 
entres, and the UK National Grid Servi
e [16℄.Visualization is key to understanding the `tidal wave' of data that is beinggenerated by s
ienti�
 appli
ations running on the Grid. In an early paper,Foster et al [7℄ put forward their vision of distan
e visualization where the
omputation and visualization are de
omposed into steps that may be lo-
ated on di�erent resour
es. An appli
ation to tomographi
 re
onstru
tion isdes
ribed. However they 
hoose to develop their own visualization ar
hite
-ture. This is the approa
h put forward also by Shalf and Bethel [21℄. Theyargue that existing systems su
h as VTK, AVS and OpenDX are attra
tivein their 
exibility and extensibility, but were designed primarily for a singlema
hine (or at most a limited number of ma
hines). They go on to 
laimBut deploying su
h systems onto the grid requires 
onsideration ofnew 
onditions not likely anti
ipated during their initial design andimplementation. A distributed visualization ar
hite
ture - a frame-work suitable for 
omponent-based, grid-enabled visualization - 
anbest meet these additional design 
onsiderations.Their vision is of a world where distributed, heterogeneous 
omponents areavailable as building blo
ks to allow appli
ation builders to 
reate optimumtools for the task. Our position in this paper is rather di�erent. While theFoster and Shalf-Bethel vision may be a holy grail, there is mu
h we 
an doright now by a small evolution of existing systems. The reward of our approa
his a solution for Grid-based visualization that is available now, and exploitsthe years of development e�ort whi
h has been invested in these systems. Aparti
ular feature of our approa
h is that we are able to quite naturally extendfrom single-user to multi-user working.



Evolving Data
ow Visualization Environments to Grid Computing 3Before we introdu
e our approa
h, we mention some other instan
es ofusing visualization in Grid 
omputing. Computational steering on the Gridhas been dis
ussed by Engquist [6℄. He uses the VTK software to 
onstru
t asteering appli
ation, but without the ability to 
ollaborate in 
ontrolling thesimulation. The UK e-S
ien
e RealityGrid proje
t has also used VTK, andhas developed an API for 
omputational steering [4℄. Re
ently this proje
thas 
arried out a highly impressive demonstration of Grid-based visualizationand 
omputational steering at Super
omputing 2003, in 
ollaboration withthe USA TeraGrid - one of the largest ever latti
e-Boltzmann simulationswas 
arried out. Data visualization (as opposed to simulation visualization) isalso bene�tting from Grid 
omputing - Norton and Ro
kwood [17℄ des
ribe aprogressive approa
h to view dependent volume visualization. This addressesthe important topi
 of 
ompression - a vital aspe
t in distributed visualization.Jankun-Kelly et al [12℄ show how existing web-based visualization tools 
anbe deployed through Grid portals - with parti
ular emphasis on spreadsheet-based visualization. Finally, Bethel and Shalf [2℄ dis
uss the importan
e ofnetwork eÆ
ien
y in distributed visualization on the Grid, with experien
efrom Visapult (a parallel volume renderer) and Ca
tus (a framework for highperforman
e simulation and visualization that has been used for a number ofGrid appli
ations).Our 
ontribution in this paper is to return to the fundamental referen
emodel for data
ow visualization, and show how this model 
an be extendedto in
lude a link to a remote, Grid-based simulation. In this way we providea blueprint for how to extend the several modular visualization environmentswhi
h are based on this fundamental model. Therefore in the next se
tion wetra
e the evolution of data
ow visualization systems, so that we 
an set thes
ene for our extension.3 Data
ow Visualization EnvironmentsMany see the NSF Report of M
Corma
k, de Fanti and Brown [15℄ as mark-ing the beginning of the modern visualization era. This report sparked thedevelopment of a number of data
ow visualization systems, su
h as AVS [1℄,IRIS Explorer [26℄ and IBM Open Visualization Data Explorer [18℄ - all threeof whi
h are still in a
tive use today. These systems were based on a pipelinemodel of visualization, elegantly presented by Haber and M
Nabb [11℄ andshown in simpli�ed form in Figure 1. Data is read in; it is 
onverted to someabstra
t geometri
 representation; and this is then rendered as an image onthe display.From the outset, the systems were used both for visualization of dataa
quired by observation or measurement, and also for visualization of theresults of simulations. In the latter 
ase, three models qui
kly emerged andwere ni
ely 
hara
terised by Marshall et al [14℄. The simplest model is touse visualization as a post-pro
essing step: the simulation is exe
uted, the
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Fig. 1. Basi
 Visualization Pipelineresults written to storage, and then visualized in a separate step using thepipeline of Figure 1. This has the advantage of allowing the s
ientist to analysethe results at their own pa
e, and share the results with others, but it hassome major limitations. Errors in simulations 
annot be dete
ted until thesimulation 
ompletes, making mistakes expensive, and there is no opportunityto intera
t with a simulation on the basis of the intermediate results.Fortunately a key feature of all the data
ow visualization systems is theirextensibility. In addition to the set of modules provided with the system, users
an embed their own simulation 
ode as a module. This enables a di�erentmodel for linking simulation and visualization, termed tra
king by Marshallet al. Essentially the pro
ess marked `data' in Figure 1 is repla
ed by a `sim-ulate' pro
ess. Now the results 
an be viewed as they are 
omputed and anyerrant simulations immediately halted. However even greater 
exibility is pro-vided in the third model, termed steering, in whi
h 
ontrol parameters of thesimulation 
an be modi�ed as it pro
eeds - s
hemati
ally, this gives a basi
pipeline as shown Figure 2. In the pollution appli
ation we shall use as demon-strator in this paper, the ability to 
hange wind dire
tion as the simulationexe
utes will be vital.

Fig. 2. SteeringThe early visualization systems mentioned above (IRIS Explorer, IBMOpen Visualization Data Explorer and AVS) 
an all be used for 
omputationalsteering in these ways. Moreover a number of newer systems have emerged -su
h as SCIRun [13, 19℄ for example - whi
h aim to provide spe
ial supportfor 
lose 
oupling of simulation and visualization. Toolkits su
h as VTK [20,25℄ 
an also be used, through the appli
ation developer in
orporating toolkit
omponents within their simulation 
ode. In all 
ases however the underlying
on
eptual model is as in Figure 2.As the use of the Internet expanded, and more and more resear
h was
arried out by geographi
ally separate resear
h teams, so the push 
ame forvisualization systems to be 
ollaborative. Again the data
ow systems were



Evolving Data
ow Visualization Environments to Grid Computing 5able to evolve, allowing users at di�erent lo
ations to link their pipelinesa
ross the Internet - thus enabling ex
hange of raw data, geometry or images,as well as shared 
ontrol of parameter settings on modules. This was realised�rst as COVISA [28℄, then an extension to IRIS Explorer but now an integralpart; and also later as extensions to AVS in the MANICORAL proje
t [5℄ andin the 
AVS proje
t [3℄. The model is shown in Figure 3: a 
ollaborative serverpro
ess links the sessions allowing data from one pipeline to be transmitted toa 
ollaborator's pipeline. Here the data is passed to the 
ollaborator to visual-ize as they want, but equally the sharing 
ould be programmed to take pla
efurther down the pipeline, after the `visualize' step. This programmabilityallows the 
ollaborative appli
ation to exploit di�erent bandwidths betweenthe lo
ations of the resear
h team. For example, in a low-bandwidth situa-tion, a group might 
hoose to share data at the start of a 
ollaboration, withonly parameters being ex
hanged during the session. Alternatively, with high-bandwidth 
onne
tions, geometry and image data might be ex
hanged as thesession pro
eeds.

Fig. 3. Collaborative Visualization PipelineOur 
on
ern in this paper is to evolve the data
ow model one step fur-ther, to en
ompass Grid 
omputing. Rather than immediately des
ribe theextended model in the abstra
t form of Figures 1 to 3, we shall �rst moti-vate the work by des
ribing a typi
al appli
ation of Grid 
omputing wherevisualization, 
omputational steering and 
ollaboration are all important in-gredients. We do this in the next two se
tions.



6 Ken Brodlie et al4 An Environmental Crisis - Pollution AlertImagine this: a dangerous pollutant es
apes from a 
hemi
al fa
tory - where isit headed? We need to know the answer faster than real-time, so that people
an be safely eva
uated. This 
alls for immediate a

ess to powerful Grid 
om-pute fa
ilities in order to run a numeri
al simulation with a desktop interfa
efor the s
ientist to adjust simulation parameters and to visualize the results.Additional expertise is needed, su
h as meteorologi
al information 
on
ern-ing likely wind velo
ities - this is needed instantly, yet the meteorologist willbe lo
ated elsewhere. Ele
troni
 
ollaboration is absolutely essential to allowthe meteorologist to share their knowledge of the problem, a 
omputationalsteering approa
h allows them dire
t 
ontrol of the relevant simulation param-eters - to address questions su
h as `what happens if the wind 
hanges to thisdire
tion?' - and to share visualization of the resulting e�e
t. On
e the s
ien-tists have rea
hed an understanding, this needs to be 
ommuni
ated to thepoliti
al de
ision maker in a 
lear and e�e
tive manner (the Challenger spa
eshuttle disaster in 1986 is re
ognised now as a failure of s
ientists to presentan e�e
tive visualization to laun
h de
ision makers [24℄). The de
ision makeralso needs to 
ollaborate over the Internet, with the ability to propose further`what if' s
enarios, but perhaps using a simpli�ed interfa
e to the underlyingsoftware. Indeed the a
tual way the data is visualized will vary a

ording tothe di�erent people involved, and the information they need to understand.The proje
t team will typi
ally have di�erent skills and motivations: thenumeri
al analyst will be more interested in the performan
e of the algorithmsand, for example, the error in the 
omputed solution; the 
hemist will be in-terested in the 
hemi
al 
on
entrations and details of the physi
al pro
esseso

uring; the de
ision maker will be interested in regions where the 
on
en-trations ex
eed safe levels and the potential risk to populated areas. The
ollaborative model allows separate users to analyse a set of data in a 
om-pletely independent fashion, as shown s
hemati
ally in Figure 3. Additionallythe resear
hers may work at geographi
ally remote lo
ations. The 
ollabo-rative model will fa
ilitate the dissemination and dis
ussion of the work byallowing problem parameters, 
omputed data and rendered images to be pro-
essed and shared between the resear
hers. With that motivation in mind, wenow des
ribe the simulation involved in our appli
ation.5 Simulating the Dispersal of the PollutantComputational models des
ribing the evolution and rea
tion of 
hemi
alspe
ies in the atmosphere are an important tool in understanding the for-mation of hazardous pollutants su
h as greenhouse gases and a
id rain. Su
hproblems are typi
ally modelled with a system of partial di�erential equationsdes
ribing the transport of the 
hemi
al spe
ies through spa
e and the 
hem-i
al rea
tions between the spe
ies present. The modelled pro
esses 
an o

ur



Evolving Data
ow Visualization Environments to Grid Computing 7on widely disparate time s
ales, hen
e the most e�e
tive numeri
al methodsmake use of adaptivity both in spa
e and time [23℄. The high spatial andtemporal a

ura
y required, 
oupled with long simulation times, make thisan intensive 
omputation. The full model is a major 
omputational 
hallenge,for whi
h Grid 
omputing 
an provide the resour
es ne
essary for its solution.Our simple prototype allows us to explore the sort of problem-solving envi-ronment needed to allow intera
tion with 
ode during the long simulation,to visualize the solution as it evolves and to intera
tively steer the 
omputa-tion when required. The simulation 
onsidered here is a prototype of the fulls
enario, in whi
h a single 
omponent of pollution is emitted from a sour
eand transported through the spatial domain. Figure 4 shows: on the left thes
enario of the real-life problem being studied; in the 
entre, the model usedas basis for the simulation, with the 
omputational mesh; and on the right,the visualization of the solution at a parti
ular time-step. The simple visual-ization shown here, su
h as may be required by the de
ision maker, is to sele
ta threshold value for the 
on
entration and render the 
ells that ex
eed thatthreshold.

Fig. 4. The Reality and the ModelThe mathemati
al model is an adve
tion equation for a s
alar quantity
(x; t) (the 
on
entration of the pollutant) in a spatial domain 
 with bound-ary � and time domain [0; T ℄�
�t + a � r
 = f(x) (1)where the spatial distribution of the s
alar 
 is driven by an adve
tion velo
-ity a(t). Note that a is spatially uniform but 
an vary in time allowing the
onve
tion dire
tion to 
hange. The sour
e fun
tion f(x) is used to simulatethe produ
tion of the s
alar 
 inside the domain, su
h as from the 
himney ofthe 
hemi
al fa
tory in our appli
ation. A 
ell-
entred �nite volume method



8 Ken Brodlie et alis used to approximate the governing partial di�erential equation with an un-stru
tured tetrahedral grid representing the spatial domain. The results arereturned as the 
on
entration of pollutant within ea
h 
ell, at ea
h time stepof the simulation.6 Computational Steering in a Grid Environment -Referen
e ModelOur aim here is to illustrate through the example of the environmental 
risis,that the traditional data
ow visualization system is perfe
tly well suited toGrid Computing. We aim to provide an easy a

ess to important aspe
tsof Grid 
omputing: authenti
ation, via single log-on; resour
e dis
overy, viaenquiry of Grid information servi
es; and resour
e a

ess, via remote laun
hingof simulations from the desktop.We assume the authenti
ation step is performed before 
ommen
ing thevisualization pro
essing, but we need additional modules that will supportresour
e dis
overy and resour
e a

ess. The `dis
over' module queries the Gridinformation servi
e for available resour
es, allowing the user to sele
t a spe
i�
resour
e to be used for the simulation. The `link' module re
eives the detailof the sele
ted resour
e, and uses that information to initiate a simulation onthe Grid and re
eive results from it. Figure 5 shows a s
hemati
 view.

Fig. 5. Grid-based Computational Steering



Evolving Data
ow Visualization Environments to Grid Computing 97 Computational Steering in a Grid Environment -DemonstratorAs a validation of the model, we have implemented a demonstrator that ta
klesthe pollution problem of se
tion 4, using the simulation des
ribed in se
tion 5.Our Grid 
omputing environment was the White Rose Grid [27℄. TheWhite Rose Grid is a regional-s
ale Grid environment that in
orporates fourmajor high performan
e 
omputing resour
es distributed between the uni-versities of Leeds, SheÆeld and York in the UK. It has been 
onstru
ted toexplore the potential for optimising resour
e usage between institutions andfor supporting s
ienti�
 
ollaboration between a
ademi
s and also their in-dustrial partners.The Grid middleware used within the White Rose Grid is Globus Toolkitv2.4 [9℄. Key 
omponents of the Globus Toolkit in
lude: the Grid Se
urityInfrastru
ture (GSI), the Globus Resour
e Allo
ation Manager (GRAM) andthe Monitoring and Dis
overy Servi
e (MDS). These have all been used in thedemonstrator. It is important to realise that Grid 
omputing is a young andevolving subje
t, and the 
on
epts and te
hnology have still to mature. Webelieve the abstra
t model of se
tion 6 will remain appli
able as this evolutiono

urs, but the Globus te
hnologies used in the demonstrator will be repla
edby new developments, as in
reased fo
us is pla
ed by the Grid 
ommunity onWeb servi
es.We have used IRIS Explorer, a long established visualization system, asthe basi
 visualization environment for our demonstrator. Figure 7 shows thesystem in use.The GlobusSear
h module queries the MDS, the Globus information ser-vi
e. Ea
h Grid resour
e maintains a 
atalogue of information that des
ribesvarious stati
 and dynami
 features of that resour
e. For example, informa-tion re
orded for a 
omputational resour
e would in
lude number of CPUs,size of memory and 
urrent workload. The Grid Resour
e Information Servi
e(GRIS) is the Globus 
omponent responsible for maintaining this metadatafor an individual resour
e. The Grid Information Index Server (GIIS) poolstogether the information from ea
h GRIS and thus provides a 
onvenient sin-gle point of referen
e for information about all resour
es within a single Grid.The `GlobusSear
h' module therefore 
onne
ts to the GIIS, making an LDAPquery to dis
over the details of the Grid resour
es. The module displays, forea
h host, the ma
hine name, its operating system, memory size, number ofpro
essors and 
urrent load. From this information the s
ientist 
an sele
tthe most appropriate host on whi
h to run the simulation. The host name isoutput from the module, and wired to the GLSSpawn module whi
h links thedesktop to the simulation running on the Grid.The GLSSpawn module initiates the spe
i�ed exe
utable on the sele
tedhost, using the globus-job-run 
ommand. In this example, the exe
utable 
odeis transferred from the desktop to the sele
ted host prior to exe
ution, usingGlobus. The simulation is 
ompiled for IRIX, Solaris and Linux OS's so any



10 Ken Brodlie et alof these platforms may be targeted. Our experimental Grid o�ers a `fork'job manager allowing our simulation to start immediately upon submission.On
e started, the simulation 
onne
ts ba
k to the module by means of so
ketsand then will lie dormant, polling the desktop for a `run' 
ag. On re
eipt ofthis, the simulation is triggered and exe
utes on the Grid, returning results tothe GLSSpawn module. The frequen
y of reporting data from remote host todesktop is 
ontrolled by settings on the module interfa
e, as is the frequen
ywith whi
h steering parameters are requested. The simulation 
an be pausedat any time to allow time to make steering de
isions, or equally parametersmay be 
hanged while it exe
utes whi
h the simulation will pi
k up at the nextupdate point. The interfa
e panel 
ontains generi
 parameters su
h as timestepping, pause/run 
ontrols and grid size. An appli
ation-spe
i�
 module isused to steer the simulation, by dire
t manipulation of a 3D arrow widgetthat 
ontrols the wind velo
ity.8 Collaborative Computational Steering - Referen
eModel and DemonstratorThe �nal step is to allow a resear
h team to handle the simulation. Herewe 
ombine the Grid approa
h of the previous se
tion with the 
ollaborativevisualization approa
h of Wood et al [28℄ - giving the s
hemati
 model ofFigure 6.

Fig. 6. Grid-based Collaborative Computational Steering
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Fig. 7. Grid-based Computational Steering with IRIS Explorer
COVISAServer

Data/
Control

Data/
Control

Fig. 8. Grid-based Collaborative Computational Steering Appli
ation with IRISExplorer



12 Ken Brodlie et alThis model has been realised in terms of IRIS Explorer and the COVISA
ollaborative toolkit. In Figure 8 we see a 
ollaborative 
omputational steeringsession in progress. The fa
ility of IRIS Explorer to deliver end-user appli
a-tions with the underlying pipeline hidden, has been used to 
reate interfa
esfor the resear
her and 
ollaborator. Ea
h user shares 
ontrol of the wind ve-lo
ity, the output and update time steps, the grid size for the simulation andpause/run/reset 
ontrol of the simulation. In this example, simulation datais being shared between both parties with joint 
ontrol over the value of the
on
entration level parameter for visualization. Also the 
ollaborator is usinga di�erent visualization te
hnique (a sli
e plane) to visualize an estimate ofthe error asso
iated with the solution.Note that the COVISA toolkit is 
ross-platform, and so the resear
her and
ollaborator 
an be using di�erent hardware and operating system.We have run the appli
ation in a number of di�erent s
enarios� in the simple environment of a LAN at the University of Leeds, with thesimulation running on the White Rose Grid� in a transatlanti
 
ollaboration with 
olleagues at CACR, Calte
h inPasadena� in a trans-hemisphere 
ollaboration, in whi
h the simulation and one re-sear
her were based at Leeds, UK in the northern hemisphere, and a 
ol-laborator was based in Christ
hur
h, New Zealand in the southern hemi-sphere.9 Con
lusions and Future WorkThis work has shown that the data
ow visualization environment 
an providean important tool for Grid 
omputing. Its original open and 
exible designhave allowed it to grow with 
omputing te
hnology over the last �fteen years,and it sits quite happily with the new Grid software infrastru
ture.The work was implemented in IRIS Explorer, but it should be straightfor-ward to take the same ideas and implement for AVS, or IBM Open Visualiza-tion Data Explorer.In our experimental Grid, we take advantage of the fa
t that our simula-tions start immediately on submission. In reality a variety of job managersand queuing systems would be found in use on the Grid and work needs tobe done to manage a

ess to simulations that are s
heduled for exe
ution ata later time.We 
ontinue to explore further ways of integrating data
ow visualizationsystems with Grid 
omputing environments. In parti
ular we are studyinghow pipelines 
an be distributed a
ross several host ma
hines, ea
h runningan instan
e of the visualization system. This was an integral part of the earlydesign of these systems, but the original authenti
ation me
hanism has been



Evolving Data
ow Visualization Environments to Grid Computing 13depre
ated as being inse
ure and so this feature is generally no longer avail-able. We are investigating whether this 
an be revived in a se
ure mannerusing Globus middleware.There are two diÆ
ulties with our 
urrent approa
h:� the simulation has to regularly poll the visualization system on the desktopto 
he
k whether any parameters have 
hanged - this is a major overheadand slows down the simulation� the simulation only runs as long as the visualization system is kept runningon the desktop - for a long running simulation one wants to be able to havethe simulation running with a life of its own, and allow the visualizationsystem to `
he
k in' periodi
ally to monitor progressWe are aiming to address these limitations in a further development 
y
le.An important issue yet to be addressed in this work is data managementfor asyn
hronous 
ollaboration. It is envisaged that users may wish to reviewa time-history of the 
omputed solution together with the related steeringoptions that were 
hosen at that time. The 
urrent user 
an then restart thesimulation at a parti
ular time and study the e�e
ts of varying some param-eters of the model in detail from that point. Some of the data managementissues are addressed by the Hypers
ribe system already in
orporated into IRISExplorer.The 
ase study 
onsidered here was based around a prototype appli
ationbut the developed environment is intended for generi
 s
ienti�
 
omputingmodels. A 
ompanion demonstrator has been built, extending its use to thefar more 
hallenging simulation of elastohyrodynami
 lubri
ation [10℄.Grid-enabled visualization is an extremely important resear
h area. Ouraim in this paper has been to question the need to start afresh and developnew visualization systems for Grid 
omputing ab initio - existing data
owsystems have suÆ
ient 
exibility and extensibility for them to evolve into thisex
iting new world.Referen
es1. AVS/Express website, 2004. http://www.avs.
om.2. E. W. Bethel and J. Shalf. Grid-distributed visualizations using 
onne
-tionless proto
ols. IEEE Computer Graphi
s and Appli
ations, 23(2):51{59,Mar
h/April 2003.3. 
AVS website, 2004. http://
avs.sds
.edu.4. J. Chin, J. Harting, S. Jha, P.V. Coveney, A.R. Porter, and S. Pi
kles. Steeringin 
omputational s
ien
e: mesos
ale modelling and simulation. ContemporaryPhysi
s, 44:417{434, 2003.5. D.A. Du
e, J.R. Gallop, I.J. Johnson, K. Robinson, C.D. Seelig, and C.S.Cooper. Distributed Cooperative Visualization - Experien
es and Issues fromMANICORAL Proje
t. In EG Workshop on Visualization in S
ienti�
 Com-puting. Eurographi
s Asso
iation, 1998.
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