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Abstract

In situations where the size of a remotely stored dataset hinders its transmission over public networks, it becomes
feasible to visualize using hardware resources local to the data rather than the user. A difficulty with this approach
is that the visualization user often has no control over the software resources available on remote visualization
machines. This paper describes a turnkey visualization system that provides a common user interface to a range of
visualization applications running as services on remote hardware resources. It describes the motivations for de-
signing such a system, the challenges faced in its construction, and the mechanism by which third party developers
can integrate their own visualization applications.

1. Introduction
Continuing advances in the development of computational
and graphical hardware have greatly increased the visual-
ization capability of modern machines, from desktop PCs
to specialist workstations and dedicated graphics clusters.
This has been accompanied by ongoing software develop-
ment effort to both develop new visualization techniques
and algorithms, and to optimise existing applications in or-
der to harness the power offered by the latest hardware. To-
gether these efforts have enabled the visualization of ever
larger datasets and now, with high performance computing
machines rapidly approaching the petascale level and simu-
lation scales increasing in size accordingly, such datasets are
abundant.

One such example is provided by the TeraShake software
from the South California Earthquake Center [ODM∗06]
which is capable of generating terabytes of data. A time de-
pendent dataset from this simulation, downsized by a factor
of 64, was used as the basis of the 2006 IEEE Visualization
Design Contest. The winning entry visualized the resulting
75Gb dataset in real time on a single machine; a dual core
2.2GHz Athlon XP processor, with 2Gb of RAM, a GeForce
7900GTX graphic card with 512Mb of RAM and a single
IDE hard disk. Such machines are, or soon will be, com-
monplace throughout the visualization community, both as
individual nodes in graphics clusters and as desktop work-
stations.

Network speeds however, have not been increasing at the
same rate. Though most users will have access to hard-
ware with the necessary processing power to visualize large
datasets, not all will have sufficient network bandwidth to

quickly access the data if it is stored remotely. Such a sit-
uation might lead to the adoption of an ’owner computes’
approach to visualization, where large datasets are visual-
ized on hardware as close as possible to their storage lo-
cation in order to minimise the transfer of data over pub-
lic networks. In this case, the output from the visualization
pipeline (a stream of rendered images) is transferred to the
user’s desktop machine, and changes to pipeline parameters
are communicated back. This approach is feasible in situa-
tions where the network bandwidth is sufficient for the inter-
active transfer of rendered images, but insufficient to quickly
transfer the dataset to the client prior to visualization.

Technologies such as VNC (Virtual Network Computing),
and commercial offerings such as SGI’s VizServer and HP’s
Remote Graphics Software (RGS) support this method of
operation, but require that the end user be familiar with both
the server side operating system, and the particular visualiza-
tion software installation. The emergence of the Grid com-
puting paradigm provides an alternative solution, in which a
single desktop application can seamlessly access and inter-
act with remote visualization hardware and software.

In this paper we describe the issues involved in the cre-
ation of such a system, in which individual visualization ap-
plications are encapsulated as services that can be selected
and remotely instantiated from within a thin-client. We be-
gin with a brief overview of related work, before introducing
in Section 3 the concept of a turnkey visualization system
for the Grid, and describing the challenges involved in its
creation in Sections 4 to 6. We then provide an example of
such a system in operation in Section 7, where we consider
the visualizationof large volume datasets.



2. Related Work
The Grid Visualization System (GVS) component of the Na-
tional Research Grid Initiative (NAREGI) project [KNT∗04]
provides an API that can be used to encapsulate visualization
applications into remote services. Details are not provided of
how the services can then be combined to form a fully func-
tioning visualization application.

The e-Demand project [CHM03] [CHM04] describes an
architecture for Grid visualization where an individual vi-
sualization operation is considered to be a service, rather
than a whole application. In this system, pipeline compo-
nents can be distributed at runtime across different ma-
chines. A similar approach is taken by the developers of
the NoCoV (Notification-service-based Collaborative Visu-
alization) [WBHW06] system, which extends the concept of
a visualization service to include WS-Notification.

The Resource Aware Visualization Environment (RAVE)
project [GAPW05] is a Java application providing a remote
visualization service that can employ either server side ren-
dering, client side rendering, or a combination of the two.

In our earlier paper [RWB∗05] we discussed the concept
of an abstract framework for Grid based visualizations, high-
lighted the benefits to end-users and described a prototype
implementation. We now build on this work, and introduce
techniques to bridge the gap between a demonstrator appli-
cation and an extensible system for visualization on the Grid.

3. A Meta Visualization System
Modular visualization environments (MVEs) allow the con-
struction of complex visualization pipelines from a library of
reusable components. They are generally simple enough to
use that new users from outside the domain of scientific vi-
sualization can construct powerful applications after only a
small amount of training. The creation of efficient pipelines,
however, remains a complex task, requiring in depth knowl-
edge of the techniques involved, and of the internal archi-
tecture of the chosen implementation software and hardware
resources. The distribution of pipelines over Grid resources
introduces further complications, not only in terms of bot-
tlenecks to system performance, but also in configuration is-
sues relating to system security policies such as firewalls, for
example.

In circumstances such as these, there is an advan-
tage in creating pre-configured and optimised visualization
pipelines for end users, either by saving configurations of
MVEs, or by constructing turnkey visualization applica-
tions. This makes a distinction between the roles of visual-
ization developer and visualization user, and is the approach
we have chosen to pursue in our work.

Turnkey visualization applications such as MicroAVS and
ParaView [LHA01] [CGM∗06] simplify the process of cre-
ating visualizations by presenting users with a selection of
preconfigured pipelines appropriate for use with the chosen
input data. The user does not need to know how to con-
struct a pipeline from a collection of smaller modules, but

can quickly experiment with the effects of each technique
when used to visualize his or her data. As shown in Fig-
ure 1, a visualization session begins with the user selecting
an input dataset (1). The system then identifies visualiza-
tion techniques suitable for use with the data (2). The user
then selects a particular technique that they would like to use
with their data (3), and the system constructs a visualization
pipeline to implement that technique (4). The user can then
begin interacting with their data, modifying pipeline param-
eters as desired (5). After trying a particular technique, users
might select a new pipeline from the initial offering (6), or
load a new dataset to start a new visualization session (7).

Figure 1: Tasks in the creation of a visualization session
with a turnkey visualization application

A key difference between turnkey and standard visualiza-
tion applications is that the matchmaking and pipeline con-
struction steps are performed by the visualization application
itself (based on information provided by the visualization
developer), rather than the user. In addition to the standard
visualization components of a graphical user interface and
an underlying visualization pipeline, a turnkey visualization
system therefore includes a matchmaking component.

It is typically the case that the user interface to the vi-
sualization application is closely coupled to the underlying
visualization system. MicroAVS for instance, relies on the
capabilities of AVS/Express, and ParaView similarly utilises
the Visualization Toolkit (VTK). There is currently no mech-
anism to allow MicroAVS to use VTK to provide its visual-
ization, or for ParaView to use AVS/Express. Furthermore
turnkey visualization systems may run in a non-distributed
manner, with the display machine also used to execute the
pipeline. ParaView is a notable exception to this situation,
and has been designed from the ground up to support remote
data processing and rendering.

In an ’owner computes’ situation, where we aim to visu-
alize remote data using remote hardware, we would like to
resolve these difficulties in order to create a turnkey visual-
ization system that provides a common user interface to a
number of different remote visualization services. There are
three main challenges involved: matchmaking - to identify
the visualization techniques suitable for use with a particu-
lar dataset on a particular machine; abstraction - the creation
of a common user interface to each remote visualization ap-
plication; and extensibility - to create a mechanism by which
third party developers can add their own visualizations into
the system. We now assess each of these challenges in turn.



4. Matchmaking

A turnkey visualization system will have a number of pre-
built pipelines ready to be used with certain types of in-
put data. The process of matchmaking determines which
pipeline can be used with which type of input data. Or-
dinarily a simple mapping based on the data storage for-
mat and number of dependent and independent variables
would be sufficient to represent this relationship. In our dis-
tributed system, there is an extra complication since in ad-
dition to mapping between the input data and the visual-
ization pipeline, we must also map between visualization
pipelines and implementation software instances, and again
onto hardware resources. This is further constrained by the
access rights of individual users to particular machines and
software applications, as well as the limitations of spare ca-
pacity on the target machine.

This information can be represented as a directed acyclic
graph, as shown in Figure 2. Data input type instances form
the top level of the graph, and are then related to visual-
ization techniques. Each technique is related to those visu-
alization application instances that provide an implementa-
tion pipeline. Note that a particular visualization application
may be capable of implementing more than one visualiza-
tion technique. Applications are then related to the hardware
instances on which they can run. Again, each machine may
be able to run more than one type of visualization applica-
tion. Individual users may only have license rights to certain
software instances and accounts on particular machines, as
indicated by the inverted colours in the figure. Similarly, ma-
chines may not have any spare capacity for a new user pro-
cess. The process of matchmaking then involves identifying
the techniques suitable for use with a particular dataset, but
with additional checks to ensure that hardware and software
resources exist to provide an implementation, that the par-
ticular user has access to those machines, and that there is
sufficent spare capacity to support the visualization job.

Figure 2: Levels of abstraction in matchmaking

We can imagine a simple example of this matchmaking
strategy by considering the nodes in the graph to represent
the following:

• Data Input: a raw binary volume

• Techniques: isosurfacing (1) and direct volume rendering
(2)

• Software: a VTK isosurfacing application (1), a software
ray casting volume renderer (2), a GPU volume rendering
application (3)

• Hardware: an SGI Prism (1), a GPU equipped cluster (2)

In this instance, the user only has access to software in-
stances 2 and 3, and to hardware instances 1 and 2. How-
ever, the GPU equipped cluster has no spare resource, and
so is not eligible to run new jobs. Thus the only candidate
technique to be returned by the matchmaker is technique 2
- direct volume rendering - which can only be implemented
using the software ray casting volume renderer, running on
the SGI Prism.

We have used a relational database, implemented using
PostGreSQL to implement this system. Tables hold infor-
mation on machines, applications, pipelines, data types and
users, as well as the relationships between them. Match-
making queries are then provided to identify candidate vi-
sualization pipelines for particular datasets for particular
users. No attempt is made to rate pipelines for suitabail-
ity, only the filtering of implementable pipelines from non-
implementable pipelines. Due to time constraints, the system
currently makes no effort to determine spare capacity on re-
mote resources, and adopts an optimistic approach, assum-
ing the machines to always have sufficient capacity to launch
a job. The authors acknowledge this limitation, and look to
efforts in the scheduling and resource brokering communi-
ties to provide a standardised resolution.

Since we are describing a distributed system with multi-
ple users at multiple sites, the matchmaking service must be
centralised. This enables any updates to the database to be
immediately available to all system users without the need
for a software update. This is achieved by embedding the
database queries into a web service. The system front-end
then interrogates the database through the web service inter-
face and displays the results to user. We have implemented
the web service in WSRF::Lite [BMPZ05], a Perl implemen-
tation of the WSRF standard.

5. Abstraction
A graphical user interface to a visualization pipeline per-
forms two tasks: modification of pipeline parameters, and
the display of the pipeline output. When visualizing re-
motely the situation is no different. We provide this func-
tionality through two seperate components; an abstract user
interface that adapts to expose the parameters of the underly-
ing visualization application, and an interactive viewer com-
ponent that displays the images output from the pipeline.

5.1. Abstract User Interface
The abstract user interface is discussed in detail in a seperate
paper (submitted to the 2007 UK e-Science All Hands Meet-
ing), so only a functional overview here is provided here. In
brief, it provides a set of widgets to control pipeline parame-
ters, selecting which to display based on a pipeline definition



Figure 3: Adaptive user interface, showing a colour wheel
used to set the background colour for a molecular visualiza-
tion

stored in an XML configuration file. The configuration file
adheres to the skML language developed as part of the gViz
project [DS05]. Each module in the pipeline is represented
as a tab in the GUI, with a widget being assigned to rep-
resent each parameter of that module. Default widgets exist
for basic types (text boxes for strings, sliders for bounded
integers and floats, drop down lists for enumerations etc.).
More complex widgets exist for standard visualization in-
terfaces such as colour and transparency transfer functions
and colour wheels, as shown in Figure 3. Additionally, users
can provide their own widget plugins to override system de-
faults at runtime. The abstract user interface is implemented
in Java.

5.2. Interactive Viewer
The interactive viewer displays remotely rendered images
and transforms user interactions into remote camera param-
eter events. Multiple visualizations are supported through
the use of tabs, as shown in Figure 5. User input can be
sent to the visualization shown in the active tab, or to all
tabs at once, allowing different visualization techniques to
be used to explore a dataset simultaneously. Alternatively,
comparisons can be made of different implementations of
the same visualization technique. Visualization outputs in
different tabs can also be combined, to support for exam-
ple, stereo visualizations with each eye being rendered on a
seperate machine.

In situations where the same dataset is being visualized
using different techniques implemented by different appli-
cations, care must be taken to maintain consistency of view-
point. It is necessary to ensure that a rotation of ninety de-
grees along the data’s y axis, for example, is correctly im-
plemented by each application. To resolve this, an abstract
camera model is employed based on the axis aligned bound-
ing box of the original dataset. In this model, we define a
left handed coordinate system based on the bounding box,
with the origin in the centre of the box. We then define a
distance unit to be the length of the longest box half height.
The intial camera viewpoint coordinate is then set at (0,0,-5),
looking along the z-axis (0,0,1), with an up vector of (0,1,0).
Absolute camera positions are then calculated and transmit-
ted from the viewer at each user generated event. It is then

Figure 4: Interactive viewer, showing multiple tabbed visu-
alizations combined to form a stereo pair (limitations in the
screen capture technology cause only the image for one eye
to be shown in print)

the job of the server application to convert back from this
coordinate system. The interactive viewer application is im-
plemented using QT and OpenGL.

5.3. Coordination
User interface applications are supported through a cen-
tralised web service representing the state of the visualiza-
tion session. Each session can incorporate multiple visual-
ization pipelines, and each pipeline can optionally be im-
plemented by multiple redundant servers for reasons of fault
tolerance. This information, together with the pipeline skML
is stored in the session web service. Hardware resources reg-
ister themselves with the web service when they initialise,
providing a resource discovery mechanism for the client ap-
plications.

6. Extensibility
It is important to have a mechanism by which new visualiza-
tion pipelines can be added to the system. The main obstacle
to be overcome is in defining an abstract interface to visu-
alization applications. This is achieved through the provi-
sion of a middleware library encapsulating the functionality
of remote parameter modification (computational steering)
and the transmission of pipeline output images (remote ren-
dering). The high level design aims of the library are for a
visualization to support the following features:

• Multiple users. A visualization should be able to be
viewed and controlled by multiple users across multiple
sites

• Redundant servers. A visualization should be capable of
being run simultaneously on redundant servers for reasons
of fault tolerance

• Non-blocking operation. The library should not interfere
with the threading or event models employed in the visu-
alization application



• Server push operation. A visualization should be able to
respond to an externally generated event, such as the ar-
rival of new data from a simulation, and to automatically
push updated images out to all connected clients. Clients
should also be able to request updates from the server, but
in contrast to a full client-pull implementation, the com-
munication channels remain open during the course of the
session
A client API is provided to interface with the graphical

user interface compenents described in Section 5. A server
API interfaces with the visualization applications them-
selves. A brief overview of the functionality of each follows:

6.1. Server API
The server side API provides functions to accomplish the
following:
• create and initialise a data structure to hold the library

state
• register parameters and visual outputs
• begin a visualization session
• get parameter values from the client
• transmit an image to all connected clients
• process a request for an update (a callback function)
• finalise and destroy the data structure holding the library

state

6.2. Client API
The client side API provides functions to accomplish the fol-
lowing (really a complement of the server side functions):
• create and initialise a data structure to hold the library

state
• begin a visualization session
• get current parameter values from the server
• set new parameters values
• send a request for a new frame
• receive a new frame (a callback function)
• finalise and destroy the data structure holding the library

state

6.3. Library implementation
The library is implemented in C and so can be used directly
with both C and C++ applications. Bindings to other lan-
guages are not provided, since the majority of visualization
applications are written in C or C++, (although commodity
tools exist that would allow the creation of wrappers for lan-
guages such as Java, Python or Perl). Both the client and
server libraries create their own control threads in order to
meet the requirement for non-blocking operation previously
identified.

We used the gViz computational steering li-
brary [BDG∗04] to control the parameters of the visu-
alization pipeline. Within our implementation, the interface
to this library is abstract enough that alternative imple-
mentations, such as that provided by the RealityGrid
project [PHPP04], could be used instead.

We have implemented our own library to handle the server
side compression, transmission and client side decompres-
sion of image data. This library provides a number of differ-
ent image compression codecs, including colour cell com-
pression (CCC) [CDF∗86], JPEG, PNG and runtime length
encoding of difference images, and attempts to choose at
runtime the most suitable codec for minimising transmis-
sion times. Each technique offers different compression ra-
tios and processing and transmission times depending on the
image size, image complexity, network bandwidth and client
and server CPU loading.

In order to avoid problems with client side firewalls, the
library opens sockets on server machines only. Since this ap-
proach may still be hampered by server side firewalls, the
choice of port for individual sockets can be chosen at run-
time through the use of environment variables. Other than
this, the library hides the details of networking and data
transmission code from the developer.

Three sockets are opened by the library. One for the gViz
computational steering library, one for the transmission of
rendered images, and a third used to transfer a regular pulse
from server to client. This allows the client to quickly be-
come aware of a server side software failure or loss of net-
work connectivity, and is useful for providing runtime fault
tolerance through redundant servers.

The process of integrating a new application with our sys-
tem involves three tasks: instrumentation of the application
with the server API described above, documentation of the
pipeline functionality to enable both remote steering and au-
tomatic GUI construction, and registration with the match-
making system.

6.4. Instrumentation
The first step to be undertaken when instrumenting a new
application is to define a render callback function and regis-
ter it with the library through the server API. This provides
a mechanism for the library to request new frames from the
server whenever necessary. Since the function callback is ex-
ecuted from a thread within the library, care must be taken
to prevent simultaneous access to the visualization pipeline.
The function must perform a render operation and then pro-
vide the library with a pointer to the image in memory so
that it can be compressed and transmitted to clients.

The next step is to modify the event loop of the visual-
ization application so that it checks the status of any steered
parameters registered with the library. If any updates have
occurred, they must be fed into the visualization pipeline, a
render performed, and the image then passed to the library
as with the render callback.

6.5. Documentation
A visualization pipeline must be accompanied by a skML
document describing the modules, parameters and hardware
resources involved in its implementation. This information
is used by the adaptive user interface in order to construct a



Figure 5: Threading model, depicting changes that must be
made the visualization application event loop

GUI with widgets representing each of the steered parame-
ters.

Each parameter is described by a unique name, an indi-
cation of the data type and of the read/write permissions
(whether we can modify a parameter, or just view it), and
optionally, minumum and maximum values. Supported data
types are scalar and vector instances of long integers, real
floating point values and strings;

Parameters can be grouped together to form modules,
which are also assigned a unique name. Ideally, the param-
eter naming scheme would be based on an ontology of vi-
sualization terms. This would allow different developers to
independently create an identical skML description of the
same visualization technique implemented with different ap-
plications. Unfortunately no such ontology currently exists,
and so the potential remains for functionality identical vi-
sualizations to be represented by different skML files, and
therefore different user interfaces. This lack of consistency
may be confusing for users.

6.6. Registration

Once a new visualization application has been instrumented
and documented, it must be registered with the matchmaking
system so that it can be recommended to users as a candi-
date pipeline. Registration involves detailing the acceptable
input data format, the visualization technique implemented,
the software itself, as well as the machines on which it is
installed, and finally user access rights. A client application
is provided to allow this information to be entered through a
set of ’wizard’ style input dialogues 6.

The final registration task is to integrate the visualiza-
tion application with the system launch framework. Jobs are
launched via a Java CoG kit, which executes a wrapper script
on the server resource. The same wrapper script is used for
each target visualization application, and performs the tasks
of setting up the execution environment, and launching the
job with the correct command line arguments. This allows
machine specific environment details (such as library paths)
to be configured seperately for each target machine, greatly

Figure 6: Wizard style application used to update the system
database.

simplifying the number of arguments that must be passed via
RSL.

7. Usage
We have used the server component of the API described
in Section 6 to instrument a number of open source
visualization applications and toolkits, including VTK,
VMD [HDS96], the Real Time Ray Tracer (RTRT) [Par02],
and ParaView. Supported visualization techniques include
volume rendering (ray casting), isosurfacing (marching
cubes), molecular visualization (numerous techniques) and
cut plane interrogation of volumes. Due to time constraints,
not all of the functionality of each application has been ex-
posed through the API.

It was found that the main obstacle to the instrumenta-
tion of new applications was the difficulty in developing a
clear understanding of the programming model of the visu-
alization application in question, especially in larger appli-
cations such as ParaView. The threading model of the target
visualization systems is of particular importance, especially
since our implementation relies on callback functions exe-
cuted from within a seperate thread. The threading require-
ments of the X11 library must also be adhered to on Unix
like systems, (access to X11 system functions must be se-
rialised). Another concern was the time taken to expose a
complete set of visualization parameters.

We now provide details of the integration and subsequent
use of a ParaView visualization pipeline with our system.

7.1. Volume Visualization on a Cluster with ParaView
To illustrate a potential use of our system, we consider the
difficulties faced in attempting to visualize a large volume
dataset. We base this scenario on experiences with mate-
rial scientists wishing to visualize the output of tomographic
scanners; datasets 10s of gigabytes in size. We created a syn-
thetic volume dataset by upscaling the visible human female



CT scan by a factor of 8. This yields a volume of dimen-
sions 1024x1024x3468, and a total size of 7.3Gb. The data
was stored on the storage network forming part of the North
West Grid (NW-GRID) at the University of Manchester. The
transfer of such a volume of data over a public network will
be a timely operation, and so at the very least the data read
component of a visualization pipeline should be executed on
a machine local to the data.

We begin by considering the manual process of creating
such a visualization. Our aim is to visualize the data with cut
planes and isosurfaces.

ParaView was chosen as the visualization software re-
source, since it is specifically designed to work in parallel
and so will make good use of a hardware cluster. ParaView
can be configured to run in a number of different modes each
with a different degree of distribution. The simplest mode
of operation involves running the entire application on the
same machine, which performs the tasks of data processing,
rendering and display. This requires that the user have phys-
ical access to the display of the machine in question. An al-
ternative mode of operation is to allow the data processing
and rendering tasks to be performed on a remote machine,
with the output displayed on the user’s own desktop. A fi-
nal mode extends this model further to allow seperate re-
mote machines to be used for both data processing and ren-
dering. Each approach allows the use of parallel processing
through MPI. In our case, we do not have physical access
to the compute resource, discounting the integrated mode
of operation. Experimentation proved the fully distributed
mode to be inappropriate also, since individual nodes in the
computer cluster do not have direct network to the exter-
nal networks. This means all network traffic must be routed
through the head node, introducing a significant bottleneck.
Our only feasible option is to use the cluster to perform both
data processing and rendering. This is complicated further
by the fact that the cluster has no graphics hardware, and so
we have to resort to software rendering.

We chose to use an NW-GRID cluster machine, ’man2’,
which offers 48 cores for parallel jobs, each with 2Gb of
memory.

Having now identified our hardware and software re-
sources, we still need to configure ParaView. As already
stated, our NW-GRID cluster machine is only accessible
through the head node, yet our ParaView job runs exclu-
sively on back-end nodes without network access. Since
there is no port forwarding software installed on the clus-
ter, we then need to tunnel network connections from back
end nodes through the head nodes to the external network.
Because we have no control over which particular back end
nodes our job runs on, we must create our network tunnels
dynamically.

Only at this point are we able to start using the ParaView
software to visualize the input data. The configuration pro-
cess is involved, requiring knowledge of the architecure of
both the hardware and software resources, coupled with the
skills necessary to circumvent firewall restrictions. By tak-
ing the step of integrating ParaView with our system, we can

enable end users to visualize their (large) data, but without
them having to learn the configuration step, or have a visu-
alization developer on hand to do it for them.

Figure 7: e-Viz integrated with ParaView showing a cut
plane through the visible human female dataset.

Figure 7 shows our system in use with ParaView as the re-
mote visualization service provider. A cut plane through the
7.3Gb dataset is depicted. Slice extraction was found to take
round 10 seconds when using 48 processors. A framerate of
approximately 1.5 fps was achieved when rendering a single
slice through the coronal plane on 48 nodes. This slightly
disappointing result is caused by ParaView rendering each
pixel as a seperate quadrilateral, yielding nearly 8 million
triangles. An additional pre-rendering process to convert to
a small number of textured triangles would undoubtably im-
prove performance.

8. Limitations

The most significant limitation of the current system is the
lack of an underlying distributed file system. When visual-
izing remote data, a mechanism must be provided in order
to discover and reference the input files and datasets. This
could either be through the use of a Grid file system, an SRB,
or by interrogating datasets that expose a machine readable
interface.

A secondary limitation is the lack of an underlying ontol-
ogy of visualization terms. As discussed earlier, this would
provide a pipeline parameter naming strategy, which would
ensure that functionality identical pipelines are represented
by identical interfaces, regardless of the implentation soft-
ware. Without an ontology it is impossible to guarentee that
users will see a consitent graphical user interface to remote
applications. This limitation is unlikely to be resolved with-
out the creation and visualization community wide adoption
of an ontology of visualization terms, though there is re-
search in this direction [SAR06].



Further limitations exist in the brokering aspect of the
matchmaking service. There is currently no provision in our
system for determining the spare capacity of target hardware
resources, though this is a problem addressed by other work
in the community. Similarly, there is no mechanism for de-
termining the degree of parallelism required to achieve inter-
active frame rates for a particular dataset and visualization
technique. This is a research topic within our project, and
will be addressed in a forthcoming publication.

9. Conclusions
We have introduced a system for the deployment of visu-
alization applications as remote services within a turnkey
application. End users are assisted in the process of creat-
ing visualizations running on Grid resources by matchmaker
and job staging processes. Abstraction is provided through
the use of an adaptive user interface. By integrating their
software with our API, developers of visualization applica-
tions can benefit from a framework for deploying applica-
tions onto Grid resources,support for multiple users and an
automatically generated user interface running on multiple
platforms.

We recognise limitations in the lack of an underlying dis-
tributed file system and visualization ontology, as well the
need for a more sophisticated brokering strategy. It is hoped
that future work will address these issues.
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