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Abstract

Workflow technology previously developed by the "YGrid project has been used to au-
tomate a number of complex bioinformatics analyses, allowing much larger volumes of
data to be produced than would be possible if these analyses were to be performed manu-
ally. "™¥Grid workflows can be constructed using the Taverna workbench, and the analysis
specified by such a workflow can be performed throught the use of a workflow enactment

engine.

This paper describes the design and implementation of a simple user-interface which aims
to support the use of workflow technology by providing web-based access to workflow and
results management facilities. This interface has been constructed using the Gridsphere
portal framework, and makes use of storage facilities provided by the ™Y Grid Information

Repository.

1 Introduction

A rich selection of computational resources are
available to scientists working with biological data.
It is common for these scientists to wish to per-
form composite analyses involving multiple re-
sources, and the ™YGrid project has developed
workflow-based middleware which allows the per-
formance of such analyses to be automated. De-
velopment of this middleware has focussed on
providing support for professional bioinformati-
cians, who are likely to be expert computer users,
and who may wish to automate complex analyses
involving the use of large numbers of resources.
However, workflow techniques may also be use-
ful for experimental biologists, who are often less
expert in computing, and who may wish to auto-
mate simpler analyses.

Members of this second group of users are un-
likely to wish to construct their own workflows,
but may wish to use workflows which have been
constructed by other, more expert users. To sup-
port this scenario, the ¥ Grid project have devel-
oped the "™YGrid Portal Interface (MPI), which
is a simplified, web-based interface to ™¥Grid
workflow enactment and storage technology. The
MPI provides functionality which allows groups
of users to share and enact a number of work-

flows, and to browse data which has been pro-
duced by previous workflow enactments.

This paper describes the design and implementa-
tion of the MPI, and is structured as follows: Sec-
tion 2 describes the use of workflow technology
to automate biological analyses, and motivates
the development of the MPI. Section 3 describes
general details of the design and implementation
of the MPI, and section 4 describes a number of
interesting features of this design in more detail.
Section 5 then discusses improvements that could
be made in the design of the MPI, and in partic-
ular those that might be made to support the re-
quirements of large groups of users who wish to
publish many workflows.

2 Motivation for the development of
the MPI

2.1 A categorization of users of bioinformat-
ics resources

A wide variety of resources are available which
support the storage, retrieval and processing of
biological data. These resources are often publicly-
and freely-available, and have become essential
tools for scientists who work with this type of
data.



Previous work [19] has identified a group of users
of these resources who can be given the label of
professional bioinformatician. Members of this
group of users rarely gather new data experimen-
tally. Instead, they mine storage resources for
data which has been submitted by other biolo-
gists, from which they generate new knowledge
by the application of complex combinations of
data processing operations. The "YGrid project
has focussed on providing support for members
of this group of users, by providing workflow-
based middleware that allows these types of com-
plex analyses to be automated.

However, dialog with the user community has re-
vealed another group of users of distributed re-
sources. Members of this group are primarily bi-
ologists who gather new data by the application
of experimental techniques. They are likely to
submit this experimental data for archiving in a
storage resource, and are also likely to perform
simple analyses of this data using a small number
of distributed processing facilities. Members of
this group of users are in general not expert in the
use of computational techniques, and are unlikely
to construct workflows to automate their analy-
ses. They may, however, be willing to use work-
flows constructed by other, more expert users.
The rest of this section introduces existing "*Y Grid
workflow technology, explains why it is less likely
to be used by members of this second group, and
motivates the provision of a simplified interface
to this technology which may be useful to mem-
bers of this group.

2.2 "™Grid workflow technology

Existing "*YGrid technology allows a complex analy-

ses involving multiple distributed resources to be
expressed as a workflow. A workflow which has
been constructed to represent an analysis consists
of a description of the inputs required by the analy-
sis, the resources used by the analysis, and the
results that performing the analysis would gener-
ate. Such an analysis can be performed by the use
of a workflow enactment engine. To support the
use of workflow technology, the "¥Grid project
have developed the Taverna workflow workbench
[18, 9], which is a graphical user interface that
provides functionality to construct and enact work-
flows, and to store both workflows and data pro-

duced by enactments to the local file system. "*YGrid

workflow technology, including Taverna, has been
successfully used in a number of research projects,
including investigations into Williams-Beuren Syn-
drome [17] and Grave’s Disease [15].

Although workflow technology has been proven
to be useful to these projects, it has been found
that the construction and maintenance of work-

flows is a difficult process, which requires exten-
sive expertise in computing and bioinformatics.
As such, members of the second group of users
introduced in subsection 2.1 above, who are not
expert users of computer technology, are unlikely
to wish to construct workflows to automate their
analyses. However, since many of the analyses
that these users perform are simple and standard-
ized, it may be that the enactment of a standard
set of workflows which have been constructed by
other, more expert users may provide a useful au-
tomation mechanism for them.

Since members of this group of users are less ex-
pert in computing, it may be unreasonable to ex-
pect them to download, install and learn the in-
terface provided by the Taverna workflow work-
bench. Although this interface is well-designed,
it does aim to support both workflow construc-
tion and enactment, and is hence more complex
than an interface which solely provided workflow
enactment facilities could be. As an alternative
to Taverna, the ™Y Grid project have developed a
simplified, portal-based interface to ¥ Grid work-
flow enactment technology called the ™Y Grid Por-
tal Interface (MPI), the design of which has been
targeted at this group of users. This interface is
used through a standard web-browser, access to
which is ubiquitous amongst the user commu-
nity, and provides facilities for the storage and
retrieval of both workflows and enactment data.
The rest of this paper describes and evaluates the
implementation of the MPI.

3 Basic design details

3.1 Access control and data sharing

Discussion with potential users of the MPI have
revealed that many work in small groups, with
a relatively fixed membership and which are lo-
calized to one organization. These groups often
consist of a number of scientists with similar re-
search interests. It is common for users in these
groups to perform similar analyses on similar sets
of input data, and to wish to share any results
which are produced by the performance of these
analyses. They may, however wish to restrict ac-
cess to this data to members of the group. Cur-
rently, they normally use local or networked file
systems for data storage, and share data by the
use of shared network areas or email.

The design of the initial prototype of the MPI has
focussed on support for small, static groups such
as these, rather than for larger, cross-organizational
and more dynamic groupings. This has had the
advantage of simplifying security and storage re-
quirements, meaning that rapid development of
the initial prototype has been possible. It has



been assumed that one MPI installation will be
made per group of users, and that all members of
this group will be allocated an account in this in-
stallation, which will be protected by a username
and password. The design of the MPI supports a
course level of sharing of data, in which all mem-
bers of a group share access to all workflows and
enactment data which have been published in a
particular installation.

3.2 Selected details of the interface design

The MPI provides user account administration,
workflow management, workflow enactment and
results management functionality. This paper, due
to considerations of space, does not attempt to
describe all of these in detail, but instead intro-
duces a small number of features of the MPI user
interface design.

3.2.1 Workflow management functionality

Users can upload workflows into an MPI instal-
lation by providing details of a file on their lo-
cal file system into which the workflow has been
saved. Once a workflow has been uploaded, it
can be grouped with other workflows into a col-
lection. Figure 1 below shows how the list of
available collections is presented to an MPI user.

Workflow collection name  Links

collectiont [view delete
collection2 [view delete
load new | reload all | add new |

Figure 1: A list of workflow collections

Hyperlinks labelled view can be used to view a
list of the workflows in a given collection. Work-
flows can be added to this list, deleted from this
list, and the details of workflows in the list can be
viewed.

Hyperlinks labelled delete can be used to delete a
given collection, thereby deleting all workflows
which have been added to that collection. The
button labelled add new can be used to add a new,
named collection, and the buttons labelled load
new and reload all are used to synchronize this
page if other MPI users have modified the list of
collections.

3.2.2 Workflow enactment functionality

Users can choose to enact a workflow in a collec-
tion. A user who chooses to enact a workflow is
presented with an form which gathers input para-
meters necessary for this enactment. An example

of such an form is shown in figure 2 below, which
has been generated for a workflow which has two
inputs labelled in0 and inl.

- |
in0

[ |

- |
inl

[ |
Lactl cancel

Figure 2: An input form for a workflow with two
textual inputs

Once a user has started an enactment, they can
monitor its progress. After the enactment has
completed, an enactment summary page is gen-
erated. An example of such a summary page is
shown in figure 3 below.

Input parameters provided by user

ini
im0

Output parameters

outputl

Figure 3: A enactment summary page for a work-
flow enactment

This summary page contains hyperlinks which
allow a user to browse both the input parameters
which were provided to start an enactment, and
the output parameters which were produced by
this enactment. These input parameters can con-
sist of items of text, HTML or images. Figure 4
below shows an example of an image which has
been produced by an enactment, and which is be-
ing rendered by the MPIL.

Figure 4: An image produced by enacting a
workflow

4 Selected implementation issues

4.1 Technology choices for implementation

Necessary features of portal interfaces, such as
login systems, are difficult to implement securely
and reliably. However, a number of portal inter-
faces exist which provide such generic features.
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Figure 5: Basic architecture of the MPI

These portal interfaces are intended to be frame-
works into which custom applications can be de-
ployed.

Gridsphere [20, 2] is an example of an existing
portal framework, which has been used during
development of the MPI. Gridsphere has been used
in a number of eScience projects, including Gene-
Grid [16] and HPC-Europa [3], and seems to be a
lightweight and reliable choice. The MPI inher-
its its login system and administration tools from
Gridsphere, and takes advantage of layout fea-
tures that it provides. The MPI application itself
has been developed to conform to the JSR-168
portlet standard [5] which attempts to define a
standard mechanism for specifying portal-based
web-applications. This standard is supported by
a number of other portal frameworks, including
uPortal [10] and Jetspeed-2 [4], meaning that it
should be possible to deploy the MPI into these
portal frameworks with minor modifications to a
number of configuration files.

The MPI takes advantage of storage facilities pro-

vided by the myGrid Information Repository (MIR),

which has previously been developed as part of
the myGrid project. This is a web-service [12]
which provides specific support for the storage
and retrieval of workflows and enactment data,
and which uses a relational database as a back-
end. The MIR web-service interface is defined

using the Web Service Description Language (WSDL)

[11] and is invoked using the Simple Object Ac-
cess Protocol (SOAP) [7]. The MIR does not
currently provide any form of role-based access
control to data, but can be protected using HTTP
basic authentication [6] which requires the provi-
sion of a valid username and password with every
service invocation.

4.2 Basic architecture

Figure 5 above shows the basic architecture sup-
porting the MPL

A user accessing the MPI through their web-browser

must first login through Gridsphere, providing a
username and password. These login details are

authenticated against the Gridsphere security data-
base. Once a user has logged in, any requests that
they make for MPI web content are forwarded
by Gridsphere to the MPI web-application, which
generates relevant web-pages. This may require
the retrieval of data from the MIR, in which case
information retrieval facilities provided by the MIR
web-service interface are used. Alternatively, gen-
erated web-pages may define a form which will
be used to gather information to be added to the
MIR.

If an MIR protected by basic HTTP authentica-
tion is being used, the MPI installation must be
statically configured with a single username and
password to be used during MIR access.

4.3 Caching of data from the MIR

Sets of results generated by enacting workflows
can be large. For example, the enactment of one
particular workflow used as a test case for the
MPI regularly generates 40mb of data. If MPI
and MIR installation are hosted on different ma-
chines, the cost of transferring this data on de-
mand over a network can be excessive.

To attempt to reduce the demand on network re-
sources, the MPI constructs a write-through cache
per logged-in portal user. This cache is constructed
when a user logs in to the portal, and is destroyed
either when they log out or when their portal ses-
sion times out. All communication with the MIR
is made through this cache. An item of data is
downloaded into the cache from the MIR when
first requested, from where future requests for
this entity may be served directly. Any entities
added to the MIR by the MPI are added through
the cache, and are then available without ever
having to be downloaded.

It could be dangerous, however, to cache all items
of data indefinitely. This might cause the mem-
ory requirements of the cache to expand exces-
sively until a memory overrun was caused. In-
stead, a cache discard policy must be supplied to
selectively drop entities from the cache to restrict
its memory usage. Designing this discard pol-
icy to reflect common MIR data access patterns
is important to maintain a useful level of cache
performance.

Currently, a simple discard policy has been im-
plemented. This is based on the observation that
the only items of data which can consume a sig-
nificant amount of memory are those which re-
late to the enactment of a workflow. The amount
of memory consumed by other items is relatively
small. As such, the discard policy specifies a
maximum number of sets of enactment data that
can be cached. If a request is made for a set of



enactment data which is not in the cache, and if
the maximum number of sets of data are already
cached, then the set of data which was least re-
cently accessed is dropped from the cache to free
up space, into which the newly requested set of
data can be downloaded.

This discard policy is simple, and may not be
good enough in some situations. However, it has
so far proven to be effective in a typical server
environment. The simple cache policy is aided
by the use of a per-user cache that is destroyed
when a user logs out, thereby freeing up space in
memory.

4.4 Rendering of enactment data

Workflows that can be enacted in the MPI are
limited to those that accept plain text values as
inputs, and which produce plain text, images or
HTML as results. Users can view inputs and re-
sults of a particular enactment by using the hy-
perlinks on a summary page for an enactment, as
shown in figure 3 above, to navigate to to a page
capable of rendering the chosen item of data.

Different types of data are rendered using differ-
ent HTML elements. Plain text is rendered inside
an HTML

<TEXTAREA> element. Images are rendered
using an HTML <IMG> element, whose src at-
tribute points to a servlet capable of rendering the
image.

HTML produced by workflows can be slightly
more difficult to render. One feature of the cur-
rent myGrid system is that the enactment of a
workflow can generate HTML containing hyper-
links to other items of data produced during the
same workflow enactment. Figure 6 below shows
an example of such a hyperlink.

<A HREF="urn:lsid:lsdocument:
A3434355">1ink text</A>

Figure 6: Example of a hyperlink to an item of
enactment data

The string urn:1sid:lsdocument:
A3434355 is an internal identifier which has been
assigned to an item of data produced during the
same workflow enactment. The MPI renders such
HTML by replacing this identifier with the URL
of an MPI web-page capable of rendering this
item of data. This mechanism is useful, because
it means that workflows can be modified to pro-
duce not just items of data but also HTML visu-
alizations which refer to these items of data. As
an example, the image shown in figure 5 above
is involved in an HTML visualization. As part of
the same enactment, HTML was produced con-

taining a <MAP> element which defines which
regions of this image should be clickable. In this
case, the clickable regions are the small verti-
cal bars which represent interesting features of a
DNA sequence. Users can click on one of these
vertical bars to reveal further textual information
about this feature.

5 Discussion

The MPI which has been described in this paper
is the first working prototype of a portal which al-
lows the publishing and enactment of pre-written
workflows. Implementation has been simplified
by focusing the design on support for users who
work in small groups, and who wish to publish
only small numbers of workflows. It is hoped
that even with these constraints on design, the
MPI will still be useful to much of the potential
user community. However, it may be the case
that some users do work in larger, more dynamic
groupings, and this section attempts to describe
how this design might be improved to support
these types of user.

5.1 Improving mechanism for locating work-
flows

As the number of users of the MPI increases, it
is likely that the number of workflows that have
been uploaded into it will also increase. Of course,
even a small group of users could upload a sub-
stantial number of workflows. Presenting avail-
able workflows in one large list can make it dif-
ficult for a user to locate a particular workflow
that they are looking for. The MPI attempts to
provides a limited hierarchical structure to make
the management of workflows easier by allowing
named workflows to be grouped into named col-
lections. However, for larger numbers of work-
flows this one-level hierarchy may be too rigid.

One simple solution to this problem would be to
add extra levels of nesting to the hierarchy, or
to allow an arbitrary number of hierarchical lev-
els, much like directories in a file system. This
approach is already supported by the MIR, so
would just involve changes to the interface de-
sign of the MPI. However, making these changes
would necessarily increase the complexity of the
interface.

An alternative approach would be to allow the
visibility of workflows to be limited so that users
only see workflows that they are interested in.
This might be achieved by simply marking a work-
flow as only being visible to the user that up-
loaded it. Sharing of workflows could still be
supported by allowing the status of a workflow to
be changed so that it becomes globally visible. A



more advanced design might provide finer-grained
role-based access control (RBAC), which might
allow users to limit the visibility of workflows to
members of dynamic subsets of users of a partic-
ular MPI installation.

Implementing these features in an interface would
require a backend storage device that supports
RBAC. The current MIR implementation does not
include any such support, but future projects in-
tend to add this. An alternative might be to use
the Storage Resource Broker (SRB) [14, 8], a re-
mote file store which provides the organization
of users into dynamic groupings, and which has
provides a number of flexible access control meth-
ods.

The provision of some form of RBAC would also
be dependent upon the existence of a security ar-
chitecture that supports the authentication of users.
Ideally, this security architecture would allow a
user to authenticate themselves through the Grid-
sphere login system. They might then be granted
a temporary token which would allow them to au-
thenticate using a security mechanism provided
by the chosen storage solution. A candidate tech-
nology for this security architecture is the Grid
Security Infrastructure (GSI) [13]. Gridsphere
provides support for GSI through the GridPortlets
application [1] and SRB allows users to authen-
ticate themselves via GSI. Exactly how to use
these facilities to construct a security architecture
is an issue for further research.

An alternative mechanism which might allow work-
flows to be located more easily might be the pro-
vision of features which allowed users to con-
struct simple queries for workflows. Users might
be allowed to search for workflows, for example,
which they had uploaded in the last week, which
inputs or outputs with a given name, or which
used a particular service. Again, the provision of
a querying mechanism would be dependent upon
support for querying in the backend data store.
The current MIR uses a database for storage, and
queries over this database could be constructed in
SQL. If SRB were to be used as a replacement,
then this also provides facilities for the construc-
tion of queries over metadata attached to individ-
ual files and directories.

5.2 Caching

The present portal prototype constructs a cache
per user, which has a simple discard policy and
which is destroyed when the user logs out.

As more users are added to the portal interface,
this approach becomes less efficient, as it becomes
more likely that multiple users will cache the same
item of data. This means that with a large num-

ber of users, even a well-designed per-user dis-
card policy might not be sufficient to avoid mem-
ory overruns. Destroying a cache that has been
created for a user when this user logs out is also
inefficient, as regularly accessed data will have
to be quickly reloaded into a new cache when the
user logs in again.

It seems that a better caching strategy would main-
tain one cache for all portal users, and for this
cache to persist even when users logs out. De-
sign of a discard policy for this cache might be
difficult, and should aim to avoid penalizing in-
dividual users of the portal interface by dropping
their data too regularly whilst ensuring that ex-
cessive memory usage is avoided.

6 Conclusion

This paper has described the design and imple-
mentation of an initial prototype of a simple, portal-
based interface to "YGrid workflow enactment
and storage technology. This interface has been
designed to allow small groups of users to share a
set of workflows, which they can enact, produc-
ing data which is also shared. It is hoped that this
interface will be a useful addition to the existing
selection of ™Y Grid software.

At the time of writing, this interface has not yet
been trialled by a significant number of members
of the user community. It is hoped that such tri-
alling will take place, and that this will lead to
improvements in the interface design.
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