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A bst r act

Informati on visualisati on exploit s t he natural perceptual capa-
biliti es of t he decision-maker to facilit ate the rapid assimil a-
ti on and analysis of abstract , complex and often voluminous
informati on. In this paper we argue that a major advance for
computer-based informati on visualisati on wil l be the de� niti on
of an open, component- based framework to support t he rapid
assembly and deployment of visualisati on soluti ons. T he pro-
posed visualisati on framework should not only support and ex-
tend the functi onali ty common to existi ng visualisati on tools,
such as view generati on and user interacti on, but also provide
support for t he deployment of t hat t ool into the customer's
organisati onal envir onment . Successful deployment should en-
compass: t he integrati on of t he deployed visualisati on tool wit h
existi ng work processes, t he informati on space and the avail able
informati on technology tools and services; and ongoing support
for t he use and evoluti on of t he tool. We descri be InVisi on { an
open framework for t he development and deployment of inte-
grated visualisati on soluti ons, which employs computer-based
visualisati on techniques, component- based software engineer-
ing, and agent- based computi ng { and descri be a research pro-
gram to vali date the InVisi on concepts and promote the adop-
ti on, extension, and integrati on of t he InVisi on framework by
visualisati on researchers and appli cati on developers.

Keywords: Information visualisation systems,
component-based software engineering, software
architecture, visualisation solut ions, open-source
software.

1 I nt r oduc t ion

The visualisation literature abounds with informa-
t ion visualisation techniques and the experimental
tools which demonstrate them. Some of these tech-
niques have been incorporated into � nished prod-
ucts, which range from general purpose visualisa-
t ion environments to dedicated applications with spe-
ci� c visualisation requirements (see e.g. [Reed and
Heller, 1997]). A number of the more common vi-
sualisation techniques have now been implemented
as software components, including commercial o� -
the-shelf (COTS) o� erings such as IL OG's JViews
[IL OG Inc., 2001] and Tom Sawyer's Graph Layout
Toolkit [Tom Sawyer Software, 2001]. This commodi-
t isation of visualisation techniques makes the rapid
assembly of component-based visualisation solut ions
tailored to speci� c application domains a tantalising
possibility. Exploitat ion of this t rend, however, iscur-
rent ly limited by the lack of a common software ar-
chitecture and framework to guide the design, imple-
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mentat ion and integration of these components into a
visualisation tool, and an associated methodology for
the generation of visualisation solut ions through the
design, assembly and deployment of such tools into
the application domain.

A visualisation solution consists not only of a soft -
ware tool which implements the requisite visualisa-
t ion technique(s), but also: the deployment of that
tool into the customer's organisational environment ,
including its integration with exist ing work processes,
the information space and the available information
technology (IT) tools and services; and ongoing sup-
port for the use and evolut ion of the tool. In Sec-
t ion 2 of this paper we summarise our experiences
with the deployment of visualisation solut ions which
have highlighted, among other things, the need to
ensure reliable access to the information to be visu-
alised, and theneed to support the integration of, and
transit ion between, di� erent view types. These expe-
riences have lead us to the conclusion that a visualisa-
t ion solut ion should consist of more than just pret ty
pictures { it must be integrated into, and evolve with,
the application domain context .

Recent t rends towards component- and
agent-based software engineering [Szyperski,
1997, Wooldridge, 1999] are likely to have a major
impact on the way in which visualisation solut ions
are assembled and deployed. Component-based
software engineering o� ers the promise of plug and
play visualisation architectures, where individual
visualisation techniques, implemented for example
as JavaBeans or COM/A ct iveX components, plug
into a framework which caters, among other things,
for data collect ion and view integration. More rapid
application development and lower cost is expected
to result from increasing levels of code re-use. The
potent ial for incorporation of software agents and
agent frameworks into mainst ream component-based
software engineering as knowledge components holds
the promise of intelligent software funct ionality at
comparatively low cost . In visualisation applications,
software agents could support users in their under-
standing of visual representat ions, provide att ent ion
direct ion [Rogers et al., 1997], and facilitat e access
to, and � ltering of, underlying data sources. The use
of agents would furthermore confer greater adapt ivity
to changes in the application environment , which
includes the users and their work processes, the
information space, and other tools and services.

In response to these issues and considerations we
have put together a research program, which draws
from the advances in component- and agent-based
software engineering and our knowledge of computer-
based visualisation approaches, to focus on how we
can moree� ect ively assembleand deploy visualisation
solut ions for various domains of use. A result of this
work has been the de� nit ion of a component-based
visualisation approach that we call InVision [Good-
burn et al., 1999]. Key features of this approach,



which are discussed further in Sect ion 3, include in-
formation and view integration, and model-based and
knowledge-enabled visualisation. Future research and
development of this approach, including ongoing de-
velopment of the corresponding software framework,
will be based on open software principles, as detailed
in Sect ion 4.

2 Do main Solut ions

A range of issues need to be considered when deploy-
ing visualisation tools into speci� c domains of use.
These issues relate to the user processes that need to
be supported, the provision of e� ect ive access to and
integration of underlying information sources, and the
interoperation of the tool with other enterprise tools
and services. In this sect ion we out line the concept of
domain visualisation solut ions by proposing a model,
which de� nes the domain context and the processes
that need to be supported. We then use this model
to discuss some of our experiences in deploying visu-
alisation solut ions in software project domains. This
is followed by a summary of what we believe are some
of the key issues and considerations that need to be
addressed.

As shown in Figure 1, a domain context can be de-
� ned in terms of the Domain Work Processes which a
user isundertaking, theunderlying Information Space
from which the information to be visualised must be
sourced, and the Enterprise Tools and Services with
which visualisation tools must interoperate. Within

Figure 1: Domain solut ions require support for Use,
Provision and Interoperation processes.

a domain context , we de� ne three key processes that
need to be supported if a visualisation tool is to be
deployed as part of an e� ect ive visualisation solut ion.
The Use process refers to the support required if the
user is to understand and use visualisations to ac-
complish part icular tasks. This includes support for
human percept ion and cognit ion as well as support
for other task related act ivit ies such as process work-

 ow and the recording and report ing of results. The
Provision process supports the ident i� cation, access
to, � ltering and integration of the information items
which provide the basis for required visualisations.
The Interoperation process provides for interfacing to
other enterprise toolsand services, including work
 ow
engines and analysis tools.

2.1 Dep loying Gene r ic Tools

A range of generic visualisation tools are available
commercially. Some of our earlier work looked at the
issueswhich needed to beaddressed if thesetoolswere
to be cost -e� ect ively deployed into part icular appli-
cation domains. In one such experiment [Du� et t and
Vernik, 1997], we looked at how an early version of the
Netmap tool [Netmap Analyt ics, 2001] could be used
to gain improved visibility of large software systems
for Independent Veri� cation and Validation (IV &V)
act ivit ies.

Netmap is a generic tool which has been applied
to a variety of domain contexts such as the analysis
of telecommunications networks, criminal invest iga-
t ions, knowledgemanagement , and market ing [David-
son, 1993]. It uses information sourced from one or
more databases to generate its own database of nodes
and links (relationships between nodes). Both nodes
and links can be characterised by sets of att ributes.
Several display formats can be used to present this in-
formation, the key display type being a netmap where
nodesarearranged in a circular fashion as in Figure2.
Node grouping is shown by displaying nodes of the

Figure 2: A Netmap visualisation (from [Du� et t and
Vernik, 1997]).

same group cont iguously on the rim of the circle and
by displaying satellite circles. Links between nodes
of di� erent groups are drawn across the hub of the
circles. Colours can be used to represent att ributes
of both nodes and links. Various novel and visually
appealing visualisations can be generated.

In using Netmap as the basis of a domain visuali-
sation solut ion, a range of setup act ivit ies needed to
be performed. Analysis was performed to de� ne the
types of information that needed to be presented to
users, the availability of and access to underlying in-
formation sources, and the t ranslation requirements.
Several Netmap speci� c � les were generated to de� ne
the data format for the Netmap database, att ribute
t ranslations, and other con� guration aspects. Vari-
ous program scripts (Unix and SQL) were developed
to support access to required information, data � le
concatenation, and the customisation of views. These
init ial setup act ivit ies took considerable e� ort and re-
quired expert knowledge of Netmap and the under-
lying data sources. Ongoing maintenance act ivit ies,



such as adapt ing to new data sources, also proved
cost ly.

The visualisations produced by Netmap provided
a good basis for analysis and (over t ime) allowed us to
quickly ident ify important characterist ics of the soft -
ware being analysed. However, other users had more
di� culty in using Netmap for speci� c IV &V tasks.
Their feedback ident i� ed various concerns such as,
\ These are pret ty pictures, but what are they telling
me?" , and \ What are the important patt erns that
I should be concerned with?" . They also had di� -
cult ies in interact ing with the tool to adapt custom
visualisations so as to provide addit ional information
required for speci� c tasks.

Since Netmap is a closed proprietary tool, we were
unable to extend its capabilit ies to integrate view
types and graph analysis algorithms not provided by
Netmap. This also made interfacing to other enter-
prise tools and services di� cult . In summary, we con-
cluded that thesedeployment and use issuesconspired
to limit the degree to which Netmap could be applied
as the basis of a domain visualisation solut ion. And
although our discussion has focused on the Netmap
tool, many of the same crit icisms apply to a large
cross-sect ion of the available visualisation tools.

2.2 Softwar e Pr oject Do main Solut ions

Further experimentat ion was undertaken to inves-
t igate many of these issues and to look at how
computer-based visualisation approaches could be
more generally applied in an overall software project
context . Large software projects generate vast
amounts of information of various types such as re-
quirements, design, code, test results, con� guration
data, and metrics. This information is used to de-
scribe various characterist ics of the work processes,
products and resources such as the degree of test -
ing that has been carried out , areas of the software
which exhibit poor quality and high defect rates, and
progress in terms of the degree to which part icu-
lar requirements have been implemented in relation
to the resources expended. Computer-based visu-
alisation shows promise for present ing this type of
information in ways which meet the speci� c view-
point needs, part icularly for those individuals requir-
ing high-level overviews such as project managers,
quality managers, con� guration managers, and team
leaders. These roles often require the integration of
various types of information.

As part of this work, an experimental visualisa-
t ion environment was developed to provideviews that
could be rapidly customised and integrated for par-
t icular user needs [Vernik, 1996]. The environment
supported the use of data � lters that provided ac-
cess to underlying project data sources such as the
con� guration management system, code libraries, de-
sign tools, and measurement tools. A core feature of
the environment was a systems modelling approach
that supported the integration of information into an
underlying descript ive model of the software. This
model provided the consistent basis for generating
the various views required by users. Automated up-
date funct ions supported the seamless access to, � l-
tering, and integration of underlying data in line with
the project schedule. Process-based support allowed
visualisations to be automatically generated for spe-
ci� c tasks based on a prede� ned task sequence. A
direct manipulation interface allowed users to inter-
act with the visualisations to further adapt them to
their needs. Monitoring and report ing support al-
lowed results to be reported within the context of the
visualisations being used. This service also supported
research object ives in that the inst rumentat ion data
captured helped evaluate what information was be-

ing used for part icular tasks and the degree to which
interact ive adaptat ion of custom visualisations was
being done by users. The environment was deployed
into an indust ry-based organisation to provide sup-
port for the development of a large Defence software
product and to support research act ivit ies.

This more extensive application of visualisation
approaches highlighted many issues. Major prob-
lems resulted from changes to the domain environ-
ment . For example, project personnel updated and
rearranged � le systems, which resulted in problems
in our automated update process. We also had dif-
� cult ies in determining when to t rigger updates to
the descript ive models and views based on changes
in the information space. We concluded that ap-
proaches for more intelligent ly mapping and access-
ing sources within information spaces were required.
Setup overheads remained signi� cant because domain
knowledge could not be used explicit ly to help au-
tomate the deployment process. Moreover, we were
not able to e� ect ively reuse the knowledge that we
had gained in a part icular domain context to set up
a similar solut ion in a corresponding domain. Also,
even though we had int roduced 
 exible ways of cus-
tomising and integrating views to user needs, we were
not able to easily integrate other visualisation tech-
niques and so draw from the wealth of ideas that have
been proposed through various research act ivit ies and
thearray of third party visualisation components that
werebecoming available (both novel componentssuch
as those provided by Inxight [Inxight Software Inc.,
2001] and themorestandard techniquessuch ascharts
and graphs). Another problem was that there was
interest expressed in adapt ing and reusing the ap-
proaches that we had developed to other domains
outsidesoftwaredevelopment . Although our concepts
were portable, our implementat ion remained domain
speci� c.

2.3 Solut ions in Ot her Do mains

More recent ly, we have conducted studies to look at
how computer-based visualisation could be applied to
a range of domains of interest to our Defence clients.
Visualisation solut ions are required to improve in-
formation management processes in military head-
quarters, to help make decisions relating to the pro-
curement of new capabilit ies, to help decide on the
most appropriate military response opt ions in rela-
t ion to changing st rategic situations, and to support
intelligence act ivit ies. To do this we need enhanced
approaches for describing social networks, enterprise
and systems architectures, systems of military st rate-
gies, and various forms of abst ract data. Of key con-
cern are the deployment issues, which if addressed
appropriately, can result in the cost -e� ect ive appli-
cation of visualisation approaches. The InVision ap-
proach proposed in this paper has been designed to
address many of these issues. It provides the basis for
assembling and deploying visualisation solut ions in a
variety of domains from sets of software components
and domain knowledge.

2.4 Summar y of I ssues and Consider at ions

Many of the experiences gained through our past re-
search act ivit ies have relevance to the deployment of
visualisation tools in general. We have dist illed our
experiences into what we believe are some of the key
issues that need to be considered if we are to provide
e� ect ive visualisation solut ions. These include:

� Suppor t for U ser Pr ocesses. Visualisation
involves the presentat ion of information to the
user in order to improve their understanding,



and ult imately to assist them in making deci-
sions. Automatically producing a one-size-� ts-
all picture is often not possible, and is rarely
su� cient for this purpose. Support is often re-
quired to aid the adaptat ion of custom visualisa-
t ions to speci� c user needs, through for example
direct manipulation interfaces. Addit ional sup-
port may also be needed to enhance the user's
understanding of what is being presented and to
direct att ent ion to areas of importance in rela-
t ion to the task being performed. Process-based
support can provide for the automated genera-
t ion of pre-de� ned visualisations for part icular
sequences of act ions and the recording of deci-
sions within visualisation contexts.

� R obu st A ccess t o U nde r ly ing In for mat ion
Sour ces. Visualisations are typically used to
present information stored in underlying infor-
mation sources. Visualisation solut ions need to
know what sources of information are available
at part icular t imes, be able to automatically and
e� cient ly access and � lter desired information
in line with user and task needs, and be able to
adapt to changing situations, such as the relo-
cation of information sources or changes in for-
mat. Since similar funct ionality is required by
other applications, including enterprise portals,
it const itutes a prime target for implementat ion
in middleware.

� In for mat ion I nt egr at ion. Users often need in-
formation from various sources to be integrated
and presented as a composite visualisation. Sup-
port needs to be provided for integrating data
from underlying information sources. However,
this only addresses part of the problem. View
and representat ional integration [Vernik, 1996]
also need to be considered when assembling and
deploying visualisation solut ions.

� R euse and Shar ing of V isual isat ion A sset s.
Visualisation assets includenot only softwarebut
also less tangible assets such as knowledge, views
and concepts. The sharing of software assets has
been di� cult due to proprietary architectures
and infrast ructure. The move to component-
based software systems and open software devel-
opment shows promise for support ing improved
sharing at this level. Sharing of the less tangible
assets is moreproblematic. For example, to more
cost e� ect ively deploy visualisation solut ions we
would like to share knowledge associated with
the setup and evolut ion of solut ions in various
application domains. Sharing at the percept ive
and cognit ive levels also need to be considered.
This might involve thesharing of views related to
individual conceptualisations or mental models.

� I nt er facing t o ot her t ools and ser v ices. Vi-
sualisation solut ions need to be considered part
of an overall enterprise comput ing environment .
They need to be able to access other services to
support user needs. For example, interfaces to
other tools may be required to support advanced
data analysis. There might also be a need to
interface to other tools to extend the visualisa-
t ion capability available to a user, by for example
providing access to advanced visualisation tech-
niques such as immersion. Consideration may
also need to be given to interfacing with enter-
prise applications such as work
 ow engines.

Visualisation solut ions must be cost e� ect ive. The
issues discussed above all relate to cost in one way
or another. They include costs associated with the
development or procurement of visualisation software

as well as cost of deployment (e.g. init ial setup, evo-
lut ion with changing needs and environment) . Cost
of use is also an important consideration. Visualisa-
t ions are not an end in themselves: they are used to
support people in doing part icular tasks such as mak-
ing faster and bett er decisions. Cost of use relates to
the extent of t raining and cognit ive e� ort required to
achieve desired results.

3 In V ision: A Component -Ba sed V isual isa-
t ion A pp r oach

In addressing the key deployment issues which have
emerged from our previous research, and in response
to the ever increasing requirement for visualisation
support within our client domains, we have de� ned
a component-based development approach which we
call InVision. InVision is not a tool { it is a set of
generic component assets which, together with do-
main knowledge, can be assembled and deployed as
speci� c visualisation solut ions in various domains.

Figure 3: Visualisation solut ions developed using the
InVision approach.

3.1 Concep t s

Figure 3 highlights a number of the key concepts of
InVision in relation to the domain context depicted
in Figure 1. These include:

� I nt egr at ed component -based visual isat ion
app r oach: allows assembly and deployment of
a wide range of visualisation solut ions from a set
of component assets which include infrast ructure
frameworks and pluggable components.

� M odel-based visual isat ion: uses a uni� ed in-
formation model to ensure that mult iple view-
points are consistent . Other aspects of the de-
ployment environment , including the informa-
t ion space from which information is sourced and
user work processes, are de� ned using the same
modelling framework.

� K nowledge-based dep loyment compo-
nent s: support tota l domain solut ions by
providing agent support for interact ion between
the visualisation tool and its domain context ,
including funct ions such as information access
and modelling, process-based visualisation,
report ing, and user understanding. This in-
telligent funct ionality not only frees the user



to concentrate on the visualisation task at
hand, but also confers greater adapt ivity to
changes in the deployment environment , such as
re-organisation of a � le system or upgrading of
support ing tools and services.

� Open app r oach: avoids building bloated,
stovepipe solut ions by intelligent ly interfacing to
exist ing tools and services where available. InVi-
sion applications will also o� er visualisation ser-
vices for use by other tools.

� W or kspace sup por t : allows views to be tai-
lored to speci� c viewpoints, integrated into view
sets and hierarchically organised for ease of ac-
cess. A simple example of a view set would be
a view of a computer network and the speci� ca-
t ion of a support ing view, such as a chart which
shows the recent history of a node's CPU usage,
which is to be produced from interact ively se-
lected nodes on the principal view. Views and
view sets can be shared between workspaces as
required.

� Pr ocess and wor k
 ow sup por t : allows the
de� nit ion, edit ing, debugging and playback of
visualisation processes involving mult iple views
and decision points, and the integration of these
processes into enterprise work 
 ows.

3.2 A r chit ect ur e Over v iew

Figure4 showstheconceptual architectureof an InVi-
sion application, which consists of a customised Inte-
grated Visualisation Environment (IV E) and a set of
deployment components (agents). The IV E is assem-
bled from a set of component assets, including com-
ponent frameworks (shaded rectangles) and individ-
ual components, and incorporates only those compo-
nents which are needed to achieve the required func-
t ionality. In addit ion to the IV E framework, which
integrates the various components and frameworks,
the IV E will typically include component frameworks
responsible for a graphical direct manipulation inter-
face, modelling, information collect ion, view gener-
ation and management , usage monitoring, external
control and information analysis. Each of these func-
t ions will now be described in turn.

A graphical direct manipulation interface (GDMI)
supports theuser in const ruct ing and interact ing with
models, views and view sets. In addit ion to conven-
t ional direct manipulation techniques, components in-
tegrated by the GDMI framework will support func-
t ionssuch asanimation and morphing. Themodelling
framework supports modelling of the information to
be visualised, along with other aspects of the deploy-
ment environment such as the information space from
which the information is to be collected. A variety
of modelling components will support various model
types, including discrete-event dynamic systems and
mult i-att ributed graphs. An information collect ion
framework integrates components, and interacts with
agents, which � nd, collect and � lter information from
the information space. The view framework is re-
sponsible for the creation and management of views,
including their integration into composite views and
view sets. The monitoring framework records and
monitors user interact ion with the IV E to facilitat e
the creation of visualisation processes, and for later
analysis for research purposes. The creation of and
interact ion with these processes is mediated by the
control framework, as is interoperation with work

 ow applications and other tools and services in the
deployment environment . The information analysis
framework integrates components concerned with the
analysis and fusion of the information ext racted from

the information space in order to convert that infor-
mation into the form requested by the user. The ex-
t ract ion of simple facts from text documentsand their
fusion to form higher level facts is one example of an
analysis funct ion. Third party analysis and fusion
tools would be invoked, if available, to ful� l funct ions
not supported internally by the analysis framework.

3.3 U se of Dep loyment Component s

Deployment components are those components which
are responsible for embedding the IV E into its de-
ployment environment . They are dist inguished from
the IV E in that whereas knowledge about the do-
main context captured during the requirements anal-
ysis phase is represented implicit ly in the composit ion
of the latt er, it is represented explicit ly in the deploy-
ment components. As shown in Figure 4, deployment
components can be divided broadly into three cate-
gories on the basis of the environmental interact ion
process which they serve, and hence also the aspect
of the deployment environment with which they in-
teract . Use agents interact with the user to facili-
tat e the product ion of, and interact ion with, the re-
quired views, to assist the user in ident ifying salient
features through att ent ion direct ion, and in under-
standing their signi� cance through descript ions and
comparisons. One type of use agent might take a
verbal descript ion of the class of information to be
visualised and return both a suggested meta-model
of that information for re� nement by the user, and a
sample data set . Provision agents interact with the
information space to locate and extract the requested
information. These include both exploration agents,
which areresponsible for discovering and mapping out
the contents of the information space, and collect ion
agents, which must then ext ract the relevant infor-
mation. Interoperation agents facilitat e the interop-
eration of an InVision application with the available
tools and services. To do this, they must � rst ident ify
which tools and services are available.

In addit ion to intelligent ly ident ifying the relevant
aspects of the target environment at the t ime of de-
ployment , deployment components must also adapt
to changes in that environment over t ime. Our ex-
perience has shown that user preferences and work
processes, the content and st ructure of the informa-
t ion space, and the available tools and services con-
t inually evolve. The level of adapt ivity, and hence
also intel ligence, required by deployment components
will vary according to the nature of the application
domain and the stat ed requirements. As the mag-
nitude and abruptness of the environmental changes
increase, so must the sophist ication of the internal
models of that environment and the ability to reason
about that environment .

The need for adapt ivity in an evolving target en-
vironment requires a facility for " understanding" the
current stat eof theenvironment and adapt ing accord-
ingly, without making assumpt ions based on prior
stat es. Research into the Semant ic Web is invest igat-
ing ways in which information on the WWW can be
made more understandable to machines. The most
popular of these e� orts is DAML+ OIL [DARPA,
2001b], a mark-up language based on XML that al-
lows the encoding of semant ic information in the form
of domain ontologies. An ontology encapsulates the
key concepts in a chosen knowledge domain, along
with their propert ies and relationships, and encodes
them in machine-understandable form. Information
marked up according to an ontology is moreamenable
to intelligent search and ret rieval. DAML+ OIL isalso
being used as a means to describe tools and services
available on the WWW as a means to support in-
teroperability [DARPA, 2001a]. Semant ic Web tech-



Figure 4: Conceptual architecture for InVision

nology such as DAML+ OIL will make an important
contribut ion to the realisation of the InVision archi-
tecture and in part icular the Provision and Interop-
erability frameworks.

3.4 A pp l icat ion

InVision will support a large variety of view types,
including graph layouts, stat ist ical charts, tables and
text views, many of which are now implemented in
common o� -the-self components. The use of novel
and experimental view components is supported by
the open architecture. The comparative st rengths of
these di� erent view types can be simultaneously ex-
ploited through their composit ion or integration into
view sets. Consistency between views is ensured by
the use of a single model of the information to be vi-
sualised. Each view can be 
 exibly customised to suit
the individual viewpoint of the user; the customised
view can then be regenerated on demand to re
 ect
changes in the underlying data.

Figure 5 presents a screenshot from an InVision
funct ional prototype. The main window is divided
into two panels: the view pane (right , light blue out-
line) and the current ly selected mult i-purpose panel
(left , yellow out line). The required mult i-purpose
panel can be selected using the tabs provided; read-
ing from left to right , these correspond to the user
workspace (shown), the features of the model being
visualised, the overlays de� ned for the current view,
visualisation processes, and usage monitoring. The
workspace panel contains the user workspace and the
view accessories areas, shown here out lined in brown
and navy respect ively. The user workspace contains
models, processes, views and agents, with various
view types collected into folders and integrated into
view sets. A view ent it led \U sers and Server alloca-
t ion" has been selected from the workspace and dis-
played in the view window; it depicts use relation-
ships between users and databases, and host ing rela-
t ionships between databases and servers. Two of the

Figure 5: Screenshot of an InVision funct ional pro-
totype showing a workspace, Cl ov is view, the as-
sociated accessories panel, and a 
 oated support ing
chart view, out lined in brown, light blue, navy and
red respect ively.

pre-de� ned overlays for this view have been selected
from the accessories area for display: a colour over-
lay on the databases (shown as cylinders) which indi-
cates the percentage of the maximum storage capac-
ity current ly in use; and an overlay containing lines
corresponding to the set of information 
 ow relation-
ships. A chart of database usage and server load for a
selected database is 
 oated (bottom right ) as a sup-
port ing view. Theaccessoriespanel (bottom left ) lists
other overlays which are not current ly applied, and a
descript ion agent which providesa textual descript ion
of the content of the view. The overlays are de� ned in
terms of the att ributes of, and relationships between,
the elements of the corresponding system model on
which the view is based. An example of these model



Figure 6: Cl ov is view and associated view speci� cation (inset ) for visualisation of a socio-technical system.

features and a corresponding overlay is provided by
the two left -hand panels in Figure 6.

The main views in Figures 5 and 6 are examples
of Cl ov is views [Patt ison et al., 2001], a novel view
type current ly being developed within the InVision
component infrast ructure. Cl ov is views use hierar-
chically nested layouts { a form of representat ional in-
tegration { to provide 
 exible, customisable and scal-
able visual overviews, a simple example of which is
shown in Figure 6. Here the departments of an or-
ganisation are laid out vert ically (with wrapping at
the bottom of the screen). Each department is repre-
sented by the horizontal juxtaposit ion of a (part ially
elided) t ree, corresponding to the departmental hi-
erarchy, and an array layout of the databases main-
tained by that department . The hierarchical speci-
� cation of this nested layout is shown in the 
 oated
window at bottom right . Within this window, the
nest ing of layouts is speci� ed using a tree (left) , in
which each node corresponds to a notional container.
Themodel elements, which belong in theselected con-
tainer, and the layout of thoseelements, or of thesub-
containers between which they are further divided, is
speci� ed at right . Tabs are used to select between
the di� erent layout st rategies, each of which is imple-
mented as a separate component .

3.5 Case St ud ies

The use of case studies has been and remains an im-
portant part of our research approach. A number of
case studies have been undertaken to elicit visualisa-
t ion requirements in various military application do-
mains. Knowledge of domain requirements obtained
through thesecasestudieshasbeen captured in story-
board and funct ional prototypes in order to demon-
st rate InVision concepts and to provide init ial vali-
dation of those concepts. A preliminary implemen-
tat ion of the Cl ov is view component has been used
to provide more detailed concept validation for sev-
eral application domains, including software systems,
socio-technical systems and organisational st ructures.
As further component assets are implemented or pro-
cured, these will be integrated into experimental pro-

totypes in di� erent application domains in order to
cont inue the work of concept validation and to test
the component assembly process. This assembly pro-
cess has also been tested through the integration of
third party graph layout components, produced as a
result of collaboration with the University of Newcas-
t le, into one such prototype.

4 A n Open Softwar e A pp r oach

Where to from here? To date we have developed the
vision, concepts, architecture, and a range of infras-
t ructure components for the InVision approach. We
have validated many of the concepts through case
study act ivit ies and a range of prototypes. More-
over, we have established linkages between other re-
searchers who have begun to contribute various con-
cepts and components to the growing asset base. In
e� ect , wehave thebasisof an open software init iative.

Open software development grew out of the re-
search community's need to draw from and share
ideas and infrast ructure. This resulted in the GNU
General Public Licence [Stallman, 1989] which pro-
vided the mechanisms and legal basis for the shar-
ing of software. Open software development has
since extended beyond the research community to
include a number of commercial organisations such
as Netscape, IBM, Oracle, Informix, and Corel who
are migrating their commercial applications to open
software development . These companies have seen
the value of allowing a global network of developers
to � x problems and provide enhancements to their
products. Connect ivity through the internet and self
interest combine to provide a powerful basis for co-
operative development . Commercial value comes not
so much from the intellectual property embedded in
the software, but from the services and leverage that
can come from its e� ect ive deployment and use.

We believe that the visualisation area is a good
contender for open software development because of
itsbroad applicability and potent ial for innovation. It
seems inconceivable that in the current climate any
organisation would � nd commercial bene� t in devel-
oping the proprietary infrast ructure and component



base for this fast moving and diverse area. Signi� -
cant amounts of research act ivity in this area is pro-
viding a wealth of new ideas and approaches. To
provide return on research investment , some organ-
isations such as Xerox [Rao and Card, 1994, Lamp-
ing et al., 1995, Inxight Software Inc., 2001] and Lu-
cent [Visual Insights, 2001] are beginning to market
innovative visualisation techniques as software com-
ponents. A host of other visualisation components
are becoming available commercially, as shareware,
and through development environments such as those
provided by Microsoft and Inprise. Our aim is to
leverage this act ivity to provide for more rapid t ran-
sit ion of visualisation techniques into domain speci� c
solut ions to support improved client capabilit ies. We
are also keen to extend the scient i� c research base to
focus on the many issues that need to be considered
for the e� ect ive deployment and use of visualisation
approaches. We plan to use InVision as the basis of
an open software approach to support these aims.

5 Conclusion

Our past experience has ident i� ed a number of prob-
lems with the deployment of exist ing visualisation
tools and approaches into speci� c application domain
contexts. In addit ion to the in
 exibility of stovepipe
tools based on closed architectures, we have ident i-
� ed three main areas in which support for the de-
ployment of visualisation tools is current ly lacking:
support for and integration with user work processes,

 exible and robust access to the information to be
visualised, and interoperation with other tools and
services. The development of component-based in-
frast ructure to support the cost -e� ect ive assembly
and deployment of custom visualisation solut ions has
been proposed. The necessary infrast ructure, compo-
nent assets and methods are current ly under develop-
ment . Agent support for intelligent interfacing with
the deployment environment , including adapt ivity to
changes in that environment , is seen as an essent ial
feature of the InVision architecture.

The InVision approach proposed in this paper is
based on an integrated program of research into visual
representat ions, component-based software engineer-
ing, the mainst ream use of knowledge-based deploy-
ment components (or agents), and systems modelling.
It forms a basis for collaborative research and devel-
opment between the Defence Science and Technology
Organisation, other research organisations, academia,
and indust ry. Ongoing experimentat ion is being con-
ducted to further validate and extend the concepts
underlying the InVision approach.
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