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Abstract 

In the Biodiversity World project, our goal is to create a flexible and extensible Grid environment in 
which heterogeneous distributed biodiversity-related data sets and analytical tools are made avail-
able to be located and assembled by users unfamiliar with the Grid into workflows to perform com-
plex scientific analyses.  We have previously defined and described an architecture containing a 
number of kinds of components which conform to a common model of Grid interoperability.  In this 
paper, we concentrate on the components and strategies which are important for the assembly of a 
complete working environment.  We describe recent work on three main components of the envi-
ronment:  the workflow system, which provides both workflow design and enactment facilities 
based on Triana;  the metadata repository, implemented using simple flexible entity-attribute-value 
triples; and the user interface, which consists of parts to control the workflow engine, the metadata 
repository and tasks as they are executed.  We discuss various issues which arose during this work, 
some of which have not yet been fully resolved, including data set management and access, re-
source location and invocation, metadatabase representation, wrapping techniques for legacy re-
sources, and user interaction with them.   

1. Introduction 
The Biodiversity World (BDWorld) project1 is 
building a “problem-solving environment” to 
enable scientists to perform analysis procedures 
consisting of complex sequences of operations 
involving the acquisition of data sets and their 
analysis.   

At previous All Hands meetings, we have 
described the BDWorld ‘resources’ [1], both 
data access systems and analytical tools, which 
provide ‘operations’ that can be invoked and 
which typically read existing data sets and de-
liver new data sets.  They are supported by a 
toolkit to provide this functionality either di-
rectly or by means of wrappers for legacy re-
sources.  We also described the overall 
BDWorld architecture and, in particular, the 
BDWorld-Grid Interface (BGI) that provides 
Grid infrastructure independence for BDWorld 
components.  We have demonstrated a proof-of-
concept prototype system [2] using “hard-
wired” workflows.   

In this paper, we shall focus on the design 
decisions which support the system and the 
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processes by which new resources are brought 
into the environment and made interoperable.   

1.1 Research scenarios 

To assist in the design and implementation of a 
system which is intended for use by scientists 
who are not specialists in computing or the use 
of the Grid, we chose one general area of appli-
cation in which we have experience, biodiver-
sity informatics, and three example study areas 
or ‘scenarios’, each addressed by a small team 
of scientists with specific research objectives.   

These three scenarios have been previously 
described [2].  They comprise the quantification 
of the variation of species diversity with geog-
raphy, the modelling of the geographical distri-
bution of individual species as explained by 
climate variables in order to predict past and 
future climate-related changes in distribution, 
and the enhancement of phylogenetic inference 
by adding information about the geographical 
distribution of species to the usual morphologi-
cal and molecular data characterising the spe-
cies.   

This set was chosen so that some of the re-
sources to be integrated into the environment 
would be used in more than one scenario, to 



provide a richer set of resources available in 
each scenario and reduce the effort of integrat-
ing them.   

2. Design goals and principles 
We began with the premise that, within these 
three example scenarios, there are a number of 
data and analysis resources which would form 
the basic set of tools that the scientists would 
wish to access.  The first issue to be resolved 
was the question of how users would wish to 
interact with them.   

2.1 Styles of user interaction 

In the BDWorld project we aim to provide an 
environment in which biologists can readily 
perform a wide range of biodiversity-related 
tasks.  Some of these tasks are complex but re-
petitive in nature, and for this it is desirable to 
have a repository of pre-constructed workflows 
that can be re-run and modified as appropriate.  
On the other hand, the ability to explore and 
analyse the data sets available in an incremental 
manner, and to build workflows from the frag-
mentary workflows that are thereby in effect 
designed, is also important.  Otherwise scien-
tists are constrained to specify tasks in a way 
that may be quite different from the way they 
may prefer to work.   

We have commenced by considering the use 
of workflows in BDWorld, and our primary 
objective for user interaction is the provision of 
support for the kinds of user interface required 
for workflow-oriented interaction, rather than 
the more exploratory scenario identified above.   

2.2 The problem-solving environment 

The decision to produce an environment in 
which the construction and later execution of a 
workflow is the central activity has clear impli-
cations for what the main components of the 
BDWorld system might be.   

In addition to the resources which will pro-
vide the tasks to be executed, the system re-
quires a workflow designer, an enactment en-
gine to execute the workflow, a metadata re-
pository to describe resources and user inter-
faces to all these components.   

2.3 Grid interface 

Although the overall aim of the project is to 
demonstrate one approach to the application of 
the Grid to scientific research, the rapid change 
and refinement in Grid protocols, and the com-
peting Grid software currently available, makes 
it desirable that the environment we build is not 

bound inextricably to a particular point in the 
evolution of the Grid, which would render the 
environment almost instantly out of date.  In-
stead, we attempt to insulate the environment 
from changes in the Grid by insisting that all 
Grid communications between the main soft-
ware components are channelled through a com-
munications layer (BGI) which isolates the 
evolving Grid technologies from the resources 
behind an application programming interface 
(API).   

This has an additional benefit to the project, 
that only one of the programmers, who imple-
ments and maintains the BGI, needs to have 
detailed knowledge of Grid protocols and soft-
ware.  The other programmers only require 
knowledge of the API.   

3. Recent developments 
We now have a working BDWorld system in 
which all the key components are in place, in-
cluding flexible user-defined workflows, al-
though some features need to be enhanced.  
Work is currently in progress to enrich the 
BDWorld environment by adding new resource 
components as they are required for use in the 
three areas of active biodiversity research being 
used as test scenarios in the project.   

A number of workflows have been specified 
on paper for these scenarios, and a series of pro-
totypes has been implemented in which some of 
these workflows have been “hard wired”.  The 
most recent prototype provided a Web interface 
to a system in which the workflow enactment 
was provided by a simplified, proprietary en-
actment engine.  Although the workflows could 
be modified, no tools were provided for doing 
this and so they had to be edited by hand.   

In this paper we describe the key features of 
the various classes of components, especially 
those which have not previously been described 
in detail.  The main features and components of 
BDWorld on which we have been working re-
cently are described in the following sections.   

3.1 Workflow system 

A workflow design environment will allow sci-
entific users to develop applications which in-
voke sequences of tasks.  It will provide a user 
interface for the scientist to control task assem-
bly and execution.   

We investigated and compared various 
workflow systems, such as IBM’s WSFL/ 
BPEL4WS, MQSeries Workflow and Flow-
mark;  Microsoft’s MSCMS 2001 Web Author;  
HP’s OpenPM and OpenFlow;  EBI’s Taverna 
and Talisman;  Sun and BEA’s WSCI;  



WfMC’s XML supported products such as 
OBE;  Praxis’s FlowMake;  ebBPSS;  W3C’s 
XML Pipeline;  BPEL;  OFBiz;  OpenWFE and 
wftk;  StateFrame from Alia Systems;  TENT, 
Triana and JXTA;  Apache’s Struts;  Breeze and 
WfXML.   

We decided to adopt the Triana workflow 
system2 [3].  Our reasons include Triana’s ad-
vantages for easy workflow assembly, window-
based visualisation tools for both designing and 
executing workflows, its two-concept simplicity 
while keeping the effectiveness of the stand-
alone workflow enactment system, embedded 
features provided to facilitate the authoring of 
tasks and units, its capability for distribution 
and portability among different systems using 
Java and language independence with OCL, and 
its extended Web Services/P2P features.  But 
most important of all, Triana has been devel-
oped at Cardiff and we have direct access to the 
Triana team for support.   

We are enhancing and adapting Triana to 
provide both a workflow designer and a work-
flow enactment engine that can interface to 
BDWorld.  It has been adapted to facilitate its 
use by scientific users to design and assemble 
workflows composed of tasks selected from the 
operations provided by the resources.   

These tasks have to be predefined to comply 
with the required specification for Triana tasks, 
units and types.  A template is used for design-
ing working Triana units to correspond with the 
underlying resources.  Since there is no direct 
one-to-one mapping relationship between the 
existing BDWorld resources, operations and 
data set types and their properties and the corre-
sponding Triana task, data type and unit con-
cepts, a customisable conversion component is 
necessary in order to implement the bi-
directional mapping between the BDWorld re-
sources and the operations they implement and 
the corresponding Triana groups and unit group-
ing.   

We are currently developing the first of a se-
ries of BDW prototypes that use Triana for the 
construction and enactment of workflows. 
However, although Triana has proved effective 
if considered as a visual programming tool, in 
its present form it has a number of limitations as 
a basis for a Problem-Solving Environment, and 
in future prototypes we shall be adapting and 
enhancing Triana to address these issues. The 
limitations, and our plans for dealing with these 
limitations, include the following: 
• Triana was originally designed for sequenc-

ing tasks relating to astrophysics, in which 
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large data volumes, but a relatively limited 
range of data types, must be accommodated.  
The need in Triana to define one’s own Tri-
ana data types corresponding to each of those 
used in the remainder of the system is a tedi-
ous process, even for a small number of 
types.  But BDWorld must be able to manage 
a large, and growing, range of data types. Our 
approach to dealing with this problem is that, 
during enactment, BDWorld data remains 
encapsulated as RemoteData objects, except 
where user interaction is required.   

• Triana supports resource discovery by means 
of a hierarchical tree menu.  This is quite lim-
iting as users may wish to specify their crite-
ria for resource discovery in a range of dif-
ferent ways.  The knowledge against which 
users’ criteria must be matched is held in a 
metadata repository (described below);  we 
therefore require a user interface which al-
lows users to express constraints on resources 
required and which controls a new Resource 
Locator module which interacts with the 
metadata repository to satisfy such queries.   

• Triana allows units with compatible inter-
faces to be connected and manipulated in a 
workflow if they are syntactically compati-
ble, which requires that the data types of data 
items to be read by a target unit or task are 
the same as the data types of the data to be 
written by the source unit or task.  However, 
it may be difficult to know whether they are 
also semantically compatible.  It is not yet 
clear how to introduce the necessary meta-
data and constraint information into Triana in 
a simple but effective  way.  This is an exam-
ple of the more general problem of determin-
ing and comparing the behaviours and com-
petencies of interacting tasks/units – we plan 
to cope with this issue with some ontology-
based mediation technology.   

• Extensive provenance data associated with 
workflows is required in BDWorld.  For ex-
ample, the versions of data sets and analytic 
tools used must be recorded, and storage of 
intermediate results is often useful:  someone 
modifying a workflow will then not need to 
re-execute it from the start, but only from 
where it has been changed.   

• In modifying a workflow, a user may very 
well want to know about what alternatives 
there are to a particular element.  A context-
sensitive user interface that can provide such 
information is therefore an important re-
quirement.   

• At present, Triana’s usual user interface is 
not Web-based, and our requirements include 
the provision of a Web portal for transient 



users.  A web interface to Triana is currently 
under development by the Triana team, and 
we intend to make use of this in due course, 
adapting it as necessary.   

3.2 Metadata repository 

Metadata about resources and the operations 
that they support is being stored in a repository.  
The metadata repository (MDR) is implemented 
as a specialised BDWorld resource, avoiding 
the need to define a separate protocol for its use. 

Resources invoke MDR operations indi-
rectly via the BGI registerResource method to 
register their metadata, and the repository in 
turn answers requests to supply information to 
the workflow system, to assist the user to locate 
suitable tasks, ensure their compatibility and 
manage any intermediate data sets.  For exam-
ple, the workflow system can interrogate the 
MDR to retrieve suitable resource operations 
using the MDR’s getOperations operation.   

Prior to use, a BDWorld resource registers 
itself using registerResource, using XML to 
express its mandatory and optional resource 
metadata.  Each concept which has metadata is 
represented as an ‘entity’ which may be de-
scribed by several ‘attributes’, each of which 
has a value.  Every item of metadata is thus rep-
resented in the repository as a triple (entity, at-
tribute, value).  The entity element identifies the 
thing or concept being described, the attribute is 
the parameter in question and the value is the 
parameter’s current state.   

Such triples have been shown to be able to 
represent a variety of different formats of data 
and data structures.  Algorithms exist to trans-
form predicates of any entity into a set of binary 
predicates, so the stipulation that we use triples 
only is not significantly restrictive [4].  The 
value may be text, or may name another entity 
in the metadatabase or may refer to an external 
location such as a URI.  It may also refer to a 
file such as a Word document or an XML 
schema, so that a collection of ancillary infor-
mation can be stored in a structured form, asso-
ciated with each resource, and be available for 
downloading, although it may not form part of 
the base metadata.    

The triples are stored in a single simple 
MySQL database table with three columns.  The 
main software component of the repository 
communicates with other components and re-
sources through the BGI, and implements op-
erations which store and retrieve metadata.   

Every entity has the attribute “is a” to spec-
ify what kind of entity it is.  Its other attributes 
vary accordingly.  For example, the attributes 

which can be used to describe a resource in-
clude:   
name A readable short name for the 

resource 
category Broad category of the resource 

e.g. “locality” 
uri The location of the wrapper 
operation The name of an operation which 

can be invoked 
As the project proceeds, these attributes will 

be refined, so that information registered by the 
resource keeps pace with the understanding of 
the needs of the workflow manager and the 
user.   

An example fragment of the metadata for a 
resource which provides operations to perform 
tasks in the species distribution modelling sce-
nario follows:   
entity attribute value 
CSM is a resource 
CSM name CsmWrapper 
CSM category species distribution model 
CSM uri http://csm.rdg.ac.uk/csm/ 
CSM operation load layer set 
CSM operation point converter 

The various alternative options to represent 
information about workflows and the results of 
their execution are currently being considered in 
relation to the requirements of Triana and the 
ways in which we are extending it with a Re-
source Locator module to support resource dis-
covery and a Resource Matcher to perform 
compatibility checking.   

For example, at present we are testing the 
system with simple identifiers for each type of 
data set – if one operation writes a data set with 
the same identifier as the input data set required 
by another operation, then the operations are 
considered to be compatible and can be used as 
tasks in the same workflow.   

Later, we will gradually enhance the meta-
data describing these data sets to support more 
sophisticated semantic reasoning about them, 
such as testing the compatibility of data matri-
ces using their size information.  Also, the addi-
tion of more terms which a user is likely to 
search for, in the manner of a thesaurus or on-
tology, will allow reasoning with synonyms, for 
example.   

Similarly, more detailed knowledge of data 
formats will permit the user or the workflow 
designer to search for a suitable conversion tool 
or control a flexible format converter.  For ex-
ample, a simple XML format is used internally 
for locality data, into which all locality query 
results are converted;  this process can be auto-
mated and controlled by metadata.   



3.3 User interfaces 

The user interface to the BDWorld environment 
consists of several parts, which provide user 
access to the workflow designer and enactment 
engine, including interaction with the individual 
tasks being executed, and to the metadata re-
pository.   

The main user interface which the scientists 
will use to interact with the Triana system is 
being enhanced to allow them to manage the 
workflow system, control task assembly and 
execution of a workflow, and control the tasks 
and data sets before, during and after workflow 
execution within a visual environment.   

Triana assumes that interaction with the user 
will generally be localised and straightforward, 
for example by the use of dialogue boxes.  In 
contrast, in BDWorld, complex interactions 
may be required during execution, e.g. selection 
of regions on a map, and some of these are most 
naturally done by direct communication with a 
remote resource.  Thus various new components 
will need to be developed as adjuncts to Triana, 
supporting various kinds of interaction includ-
ing interaction with remote resources via the 
BGI, Web-based dialogue or some internal trig-
gered mechanisms, as discussed below in sec-
tion 4.3.  Also, if the system is to be extensible 
it is desirable for the introduction of a new re-
source to be supported by a mechanism for in-
troduction of appropriate new interactive com-
ponents that can be incorporated into the Tri-
ana-based system on demand.   

A separate web interface to the metadata re-
pository allows the metadata to be inspected and 
enhanced, as described above.  This is intended 
mainly for systems developers and resource 
integrators.  However, it also allows users to 
browse the MDR in order to explore the re-
sources and data sets available and archived 
workflows, with the intention of re-using work-
flows or parts of them and the associated data 
that they generated.  The web pages are gener-
ated on demand from templates, populated by 
JDBC from the data triples stored in the data-
base.  An index page lists the entities for which 
data is held.  From this page it is possible to 
navigate to a detail page which lists the attribute 
values for a chosen entity.  Other pages can be 
requested which display the metadata sorted by 
entity, by attribute and by value respectively.   

Thus, although the main function of the 
MDR is to store BDWorld metadata, the flexi-
bility of the structure and the standard way the 
data can be displayed in a browser means it has 
a variety of other applications both within the 
BDWorld project and elsewhere.   

3.4 Integrating resources 

We are adopting a flexible approach to the prob-
lem of integrating resources to work in the 
BDWorld Grid problem-solving environment.  
Figure 1 shows seven numbered columns repre-
senting different options for building or adapt-
ing a resource or other BDWorld component to 
work with BDWorld, depending on whether it is 
an existing (“legacy”) or purpose-built resource, 
whether it is written in Java, and so on.  Some 
BDWorld components, such as the MDR, are 
implemented in the same way as other re-
sources, and will be considered together with 
the “true” resources which provide the opera-
tions which are available for use in workflows.   

In all cases, “the Grid” (which may take 
various forms, as far as we are concerned) pro-
vides a foundation through which the resource 
or component communicates with other compo-
nents of the BDWorld system.  In most cases, as 
described above, direct communication with 
Grid protocols and software is provided through 
the BDWorld Communications Layer, which 
exposes an API, the BGI, which components 
use to communicate with other components.   

The BGI defines the interface between the 
resource-facing side (Abstract Resource) and 
the Grid-facing side (BDWorld Communica-
tions Layer).  An implementation of the latter 
for a particular Grid communications protocol 
will contain protocol-specific code to access the 
Grid and implement the BGI methods which are 
called by resources, such as registerResource.  
Conversely, resources or other components such 
as wrappers (see below) interface with the BGI 
by inheriting from the Abstract Resource class 
and providing implementations of the other BGI 
methods that it defines, such as invokeOpera-
tion, which the Communications Layer uses to 
access resources.   

The Resource Base is implemented by a 
Java class which groups several commonly used 
functions which all resources and wrappers will 
need, such initialising their state at start up, ne-
gotiating authenticated proxies, preparing to 
register metadata with the MDR and handling 
the packing and unpacking of references to in-
put and output data sets passed over the BGI 
when an operation is invoked.  Each resource or 
wrapper inheriting from this Resource Base is 
then only expected to implement the invokeOp-
eration method in order to meet the require-
ments of the BGI.  The Resource Tools provide 
additional methods which are optional in the 
sense that they are useful only to particular 
types of resources and wrappers.   



Variations on this implementation strategy 
are illustrated in Figure 1.  For example, column 
1 represents a resource written in Java, typically 
specially for the BDWorld project (a Java “na-
tive” resource), such as the MDR.  In column 2, 
a resource written in some other language than 
Java is accommodated, using a wrapper on the 
same machine to carry out all the BDWorld-
related operations;  the wrapper calls the non-
Java resource, by an appropriate mechanism 
when one of its operations is invoked.  A wrap-
per for local command-line programs would be 
an example.   

Integration option 3 also uses a wrapper in a 
similar way, but the resource being executed is 
on a machine remote from the wrapper.  The 
connection to the remote resource can be by any 
available means that the resource permits, and is 
not constrained by the Grid or other aspects of 
BDWorld.  This allows for connecting to legacy 
data sources on the Internet, such as the Spice 
system run as a Web Service by the Species 
2000 project to deliver species names and syn-
onymy information.   

The BDWorld Project Team is currently im-
plementing resources using methods 1, 2 and 3.  
It is one of the design goals of the project that 
the BDWorld system should be available to be 
extended by other users and developers.  The 
source code, including the Java classes men-
tioned above, will be released into the public 
domain to allow developers to use methods 1, 2 

and 3.  An alternative approach for other devel-
opers is to eschew our support classes and con-
nect directly to our BGI, which is the technique 
shown in column 4, but inheriting from the Ab-
stract Resource class would still be a sensible 
way to implement the API interface to the BGI.   

There are also other possible approaches to 
the integration of non-Java resources, in addi-
tion to methods 2 and 3 already described, 
which have not yet been tried.  Approach 5 is a 
variant of approach 4 which is made suitable for 
non-Java resources by the use of a thin Java 
“shim” which implements the Abstract Re-
source methods by using the JNI (Java Native 
Interface) package to call non-Java code.   

Approach 6 would replace the Java commu-
nications layer which BDWorld uses to address 
the Grid by an equivalent layer written in some 
other language;  this would then support re-
sources written in that language, using an inter-
face different from the BGI.  Like the BDWorld 
Java communications layer, this layer would 
have to be re-written to accommodate changes 
in Grid protocols.  However, because the 
BDWorld communications layer uses tech-
niques such as XML data representation when 
communicating with the Grid, which are inde-
pendent of the implementation language, such 
an alternative communications layer would still 
allow resources based on it to interoperate fully 
with BDWorld resources.   
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Figure 1:  Options for BDWorld resource integration 



In contrast, approach 7 describes resources 
which communicate with the Grid without using 
any BDWorld protocols, such as MyGrid3 [5] 
resources for example, and interoperability with 
such resources has not yet been investigated.  
They could of course be wrapped using one of 
the other approaches described above.   

One strategy to adapt certain resources to 
work in the BDWorld environment is to create a 
so-called “generic” wrapper.  A standard inter-
face or API is defined for communicating be-
tween the wrapper and the resource, so that one 
wrapper can serve a number of similar re-
sources.  In the case of a Matlab wrapper cur-
rently implemented, this interface is a com-
mand-line syntax for a single operation, such as:   
myresource -in file1 file2 ... -out file1 file2 …  

where the name of the resource or operation 
to be invoked is followed by input and output 
file names introduced by the parameters “-in” 
and “-out” respectively.  As usual, any conver-
sion of these data files between the BDWorld 
representation using the RemoteData object and 
the form in which the resource reads or writes 
them is the responsibility of the wrapper, possi-
bly supported by Resource Base and Resource 
Tools methods.   

An additional form of resource command 
line is used, not to invoke an operation but to 
obtain values of the resource’s metadata fields.  
This allows the wrapper to generate the XML 
description of these fields when it registers each 
resource.   

An additional task, common to other ap-
proaches, is to define custom viewers for the 
resources to deal with user interaction.  These 
viewers will be called with the appropriate 
hooks by the workflow manager.   

4. Design issues to be resolved 
During the design and implementation process, 
a number of general issues arose, which will be 
discussed individually.   

4.1 Data interchange and persistence 

The BDWorld communications architecture 
provides the BGI subsystem for communica-
tions between resources.  The transport of data 
over the BGI requires serialisation of the data 
into a string: this may represent an XML docu-
ment or it may be in some more specialised 
format such as Nexus, or may be a string with 
no specific internal structure.   

In many cases data volumes are large (for 
example spatial data sets for climate patterns), 
                                                           
3 www.mygrid.org.uk 

so bandwidth is optimised by not passing the 
data itself between resources, but rather a han-
dle for the data.  This handle is represented ei-
ther as an URI, as a path and filename on the 
resource file system, or in some cases as a pri-
mary key of a database record.  In all cases, 
however, the primary representation of data or 
the data handle is as a ‘Remote Data’ document;  
this makes it much easier to manage large num-
bers of heterogeneous resources and data types 
in the workflow system than would otherwise 
have been the case.   

The BGI implementation provides a flexible, 
generic mechanism for transfer of data between 
resources.  A side effect of this generalisation is 
that resource operation signatures are poorly 
typed (essentially they are all the same), making 
it possible to pass inappropriate data (or data 
sets in the wrong order) to a resource without 
generating a compile-time or run-time error at 
the BGI level.  The Resource Matcher module 
used by the workflow system has a role in pre-
venting these errors, at least to the extent that 
the metadata describes the data sufficiently.  If 
the resource itself cannot perform and report 
such checks in a useful manner, wrapper writers 
may wish to implement their own type checking 
internally.  Future versions of BDWorld will 
include a mediation layer that the Resource 
Matcher implements by using richer metadata 
for every operation and data set to ensure that 
data being passed to a given resource is of the 
correct type.   

When a data set is intended to be used at 
multiple points in a workflow, caching mecha-
nisms of two types are employed:  file-based 
and database-based.  The lifetime of cached data 
depends on the nature of the data itself, and on 
institutional arrangements between the data sup-
plier and resource provider.  In the case of data 
which is often updated, such as localities from 
an online herbarium, the data source is queried 
each time a new workflow commences that uses 
localities data.  This ensures that data used for 
modelling purposes is current.  It is intended to 
extend the scope of the ephemeral cache to act 
as a fall-back for situations where the original 
source of the data is temporarily unavailable.   

In other cases data is not expected to change 
very often, such as country boundaries used in 
map presentation.  Efficiencies can be obtained 
by longer caching of these data and deferring to 
cached data when it is present in preference to 
possibly resource-intensive collection of data at 
origin.   



4.2 Exploratory workflow construction 

The issues discussed in this paper presuppose an 
environment that is primarily aimed at helping 
users build and use scientific workflows.  In 
some projects a completely different approach 
has been taken, perhaps most notably in Bio-
MOBY [6].  In BioMOBY the emphasis is upon 
manipulation of objects of relevance to bioin-
formatics — for example, users can find related 
objects, and run applications that use these ob-
jects.  This is a much more exploratory ap-
proach than initially envisaged in BDW, but the 
BioMOBY authors note that “logging and 
automated workflow discovery” would be a 
desirable extension to BioMOBY implementa-
tions.  We plan, eventually, to support metadata-
driven exploration in a manner similar to Bio-
MOBY, but also to make it easy for users to 
integrate the results of their explorations into 
new workflows.   

4.3 Mechanisms for user interaction 

During enactment of a workflow, various kinds 
of interaction with the user may be required.  
For example, a user may be required to select 
from a list of options or to supply a search 
string, or he or she may be provided with a bit-
map that presents results in a graphical form.  
Such interactions are easy to support using the 
Triana system.  But there are situations that are 
potentially more problematical.  Some of these 
situations, and solutions that we are considering, 
are as follows:   
• A resource may have originally been de-

signed to be used solely in an interactive 
manner, via a GUI, on the machine where it 
has been installed.  One way this resource 
can be used is for it to lie outside the core 
BDW architecture:  it could either be in-
stalled as a local tool, or it could be used re-
motely via some system such as VNC.  No 
approach is ideal in this case: the BDWorld 
system loses control over some aspects of the 
workflow enactment and users may make 
mistakes (e.g. storing results in the wrong 
file) that will lead to error; also, users need to 
be running the appropriate operating system 
for local tools to be installed, and the VNC 
route will not scale up very well.  But such 
techniques may be required in extremis.   

• A ‘fine-grained’ interaction may be required 
at some points in a workflow, e.g. visualisa-
tion of a complex model and user selection of 
some item.  This can either be implemented 
as specialised units for Triana, or by commu-
nication with the resource via the BGI.  In the 
former case, a mechanism for delivery of 

such units to individual Triana instances will 
need to be defined, and we are limited by the 
computational power of the user’s machine.  
In the latter case, data volumes may be too 
high for a mechanism such as the BGI to 
support, and a less general, high-performance 
extension of the BGI may need to be deliv-
ered.   

The important thing to note is that it is undesir-
able to prevent the use of resources that cannot 
be made to conform directly with the BGI:  new 
tools of relevance to BDWorld, but incompati-
ble with it, will inevitably continue to be pro-
duced by research projects and software houses.   
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