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Abstract making use of thousands of services where searching over
service descriptions alone is a cumbersome and tedious
As the Web Services and Grid community adopt Semantidask.

Web technology, we observe a shift towards higher-level i the introduction of semantically annotated Web

Wor_kflow_ comppsition and service_ disc_:overy practices. Services, Workflow composition imy GRID has shifted
While this provides excellent functionality to non-expert y, 5 higher.level design process: bioinformaticians can
users, more sophisticated middleware is required to hide .,,10se to include services in a Workflow to achieve

the details Of_ Service .|ntegrat|on. By investigating particular goals based on the conceptual service defisition
a c(cj)mfmon B|0|nfo(;mat|cs use case, we gbsgrve th:;While this makes Workflow design more accessible to
need for Type Adaptor components to be inserted i qinaq ysers, it does lead to more complex architectural

Into fWorkrowz. to harmonise syntactically mcompgtlble requirements. Indeed, the situation often arises whenms use
Interfaces. In this paper, we propose a generic Type Adaptor,;qp 1 connect two services together that ewaceptually

de§c_ription a_pproac.h that can b(.a.used in conjgnction with compatiblebut have differentsyntactic interfaces To
existing service registries to famhta?e automauc_synlha harmonise any data incompatibilities in a Workflow,
mediation. ~We demonstrate our implementation before o yiional processing is required, often taking the form
evaluating both the translation approach we employ, and ¢ yansiation script, bespoke application, or Web Setvice
the relative cost of using a registry for Type Adaptor \yithin my Grip, theseType Adaptocomponents must be
discovery. discovered manually and inserted into the Workflow by
hand, enforcing additional effort on the Bioinformatician
Consequently, the Bioinformatician is distracted from
1. Introduction the scientific process at hand, spending additional time
understanding why an incompatibility has been encountered

Workflow technology has been adopted by e-Scienceand how it can be harmonised.

Grid applications to encode scientific processes, allowing In this paper, we present a generic approach for
users to performin silico science [7]. ThemyGRID describing Type Adaptors, which separates abstract
(www.mygrid.org.uk) project supply an example of such a functionality (i.e. the data types converted) from
system, supporting Bioinformaticians in the construction implementation (translation script, executable code, Web
execution and sharing of Workflows through the Taverna Services, etc). By using such a Type Adaptor description
(http://tavera.sf.net) graphical workbench. Recentadea  with a service registry, we show that it is possible
in the My GRID have focused on supporting users in the to advertise Type Adaptors and discover them at run-
discovery and composition of services by using rich service time, aiding the user by automatically including the
annotations. FETA [9] has incorporated Semantic Web necessary conversion components. By combining the
[3] technology into service descriptions using ontologies implementation of a composable translation language with
to capture the semantics of Web Services - essentiallythe Grimoires service registry (www.grimoires.org), our
supplying users with conceptual definitions of what the proposed architecture is able to automate the discovery and
service does using domain specific terminology. This hasexecution of Type Adaptors in Web Service Workflows. We
proven to be a valuable commodity in a system potentially evaluate our implementation to show that the translation



approach scales well, offers composability with little A et e e B & perace s

cost, and requires relatively low overhead for the use of
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2. A language to describe Type Adaptors and an engine
to process them and perform type conversion;
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3. A complete system implementing the approach with
empirical evaluation through benchmarking.

This paper is Organised as follows: Section 2 introduces At a syntactic level, the output from the DDBJ-XML Service is
the need for Type Adaptors and presents a motivating not compatible with the input to the NCBI_Blast Service.
example within a Bioinformatics scenario. In Section 3, the
use ofwsbL for Type Adaptor description and discovery
is shown, before we present our implementation in Section
4. Evaluation of our implementation is given in Section 5,
followed by the examination of related work in Section 6.
Finally, we conclude and present further work in Section 7. DDBJ-XML returns a document using their own custom

format. The next stage in the Workflow is to pass the
2. Motivation and Use Case sequence data to an alignment service, such as the BLAST
service at NCB1. This service can consume a string of
FASTA? formatted sequence data.
Intuitively, a Bioinformatician will view the two
equence retrieval tasks as the same type of operation,
expecting both to be compatible with the NCBI-Blast
service. The semantic annotations attached through FETA
affirm this as the output types are assigned the same
conceptual type, namely a Sequence Data Record concept.
However, when plugging the two services together, we see

Figure 2. The output from the DDBJ-XML Service is not
compatible for input to the NCBI-Blast Serivce.

A typical task within Bioinformatics involves retrieving
sequence data from a database and passing it to a
alignment tool to check for similarities with other known
sequences. Withimy GRID, this interaction is modelled
as a simple Workflow, with each stage in the task
being fulfilled by a Web Service, illustrated in Figure
1. Many Web Services are available for retrieving

Get Sequence Data Sequence Alignment that the output from either sequence data retrieval service
@ is not directly compatible for input to the NCBI Blast
Accesssion Sequence Blast service (Figure 2). To harmonise the Workflow, some
------ > NCBI-Blast : Y . X X
@ - intermediate processing is required on the data outputted

from the first service to make it compatible for input to the
second service. We define this translation stepyasactic
mediation an additional Workflow stage that is carried

Figure 1. A simple bioinformatics task: get sequence data out by a particular class of programs we defineTgipe
from a database and perform a sequence alignment on it. Adaptors

sequence data; e.g. the ones used here are DDBJ3. Generic Type Adaptor Description

XML (http://xm .ddbj.nig.ac.jp/ ) and XEMBL

(http://ww. ebi . ac. uk/ xenbl / ). To obtain a To augment the manual selection of programs or
sequence data record, an accession number is passed asrvices to harmonise data incompatibles in Web Service
input to the service, which returns amL document. This ~ Workflows, we propose a solution that utilises a registry of
document, returned from either service, essentially éosta Type Adaptors, each of them describedAdgpL, to support

the same information, namely the sequence data as a stringhe automated discovery of harmonisation components. In
(e.g. atgagtga...), references to publications, and this Section, we characterise a generic approach for the
features of the sequence (such as the protein translation)description, sharing and discovery of Type Adaptors and
However, the way this information is represented differs how they can be used to perform syntactic mediation in
- XEMBL returns an INSD formatted record whereas

2http://www.ncbi.nim.nih.gov/BLAST/
http://www.ebi.ac.uk/embl/Documentation/DTD/INSDSety. 3.dtd.txt Shttp://www.ebi.ac.uk/help/formatame.html




WSDL Description When queried, the Registry returns WSDL Description
the WSDL document describing the inp 1
type adaptor for S1 to D1 ot

input_message, inl:
- part: in, type: S1
output_message, outl:

w1
- part: out, type: Di find adaptor ey port e The WSDL Binding describes
. from S1to D1 R er how to use the Type Adaptor
port type: The XSLT Script, Java program
Type:Sq S1toDg Type:D1

- operation: convert
The Type Adaptor can be used

- output_message, outl | gescribed using WSDL.

- input_message, inl and Web Service can all be
to translate instance of S1 to D1

XSLT Script Java Web Service

<xsl:stylesheet> main(String args[1){ <definitions>

<xsl:template match="51"> Si-args[0];
D1> ... </DI> return convert(S1);
</xsl:template> }

<binding nar

Figure 4. The use of a registry to discover Type Adaptors

</xsl:stylesheet>

. . . . to be described with the same abstract definition (i.e. in

Adaptors different bindings. This is illustrated in Figure 3, where
three Type Adaptors are shown: asLT script, aJAvA
program and a0AP Web Service, all providing the same
functionatlity - to convert data of typ€, to D;.

workflows.

With a uniform method for the description of Type
There are many applications and tools that support theadaptors in the form ofwspL, we can utilise existing
translation of data between different formatsLT [6] registry technologies to support sharing and discoverig- th
enables the specification of data translation in a scriptfeature is described in more detail in Section 4 where we
format using pattern matching and template statementspresent our implementation. Figure 4 shows a high level

Such a script can be consumed byxBLT engine to drive  view of how a registry containing'spL definitions of Type
the translation of data to a different representation. Othe Adaptors can be used in a Web Service workflow to perform
forms of Type Adaptors are not so transparent; a black syntactic mediation. The output from Service A, of type
box approach is used frequently inv GRID where users g, s used as input to Service B, which consumes type
create custom translation programs using languages suctp, . The binding section of the/spL definition describes

as JAVA and Perl. In other cases, a Type Adaptor may how to execute the translator, for example, by providing the
take the form of a distinct mediator Web Service, described |gcation of anxsLT script or thesava method details.

by wsbL and executed usingoAP over HTTP. Any of

these Type Adaptors can be viewed as a component that .

converts data from a source type to a destination type. T04' Architecture

describe the capabilities of all Type Adapters, irrespecti

of implementation, we separate concrete implementation In this Section, we describe an architecture that

details from the abstract definition. Under this assumption utilises the Type Adaptor description outlined above.

all Type Adaptors can be described usingbL [5]. After presenting the motivation for an intermediary
WsDL is a declarative language used to specify service representation_, we briefly des_cribe our mapping Iang_uage,

capabilities and how to access them through the definition™ML-M, that is used to specify Type Adaptor behaviour,

of service end-points. The operations implemented by thePresent our Type Adaptor registration and discovery

service are defined in terms of the messages consumedPlémentation, and show it working against our use case

and produced, the structure of which is specified by SCenario.

XML Schema. The service, operations and messages

are described at an abstract level and bound to a4.l. Scalability and Reuse

concrete execution model via the service binding. The

service binding describes the type of protocol used to As the amount of Web Services is increasing, currently

invoke the service and the requested datatype encodingover 1000 inmMyGRID [9, 8], scalability and reuse is

Because of this two-tier model, many different Web an important issue. In the simplest case, we assume a

Service implementations may be viewed through a commonType Adaptor exists to convert data directly between every

interface. By applying the same principle to data compatible representation. Farcompatible data formats,

harmonisation components, we can wsgDL to describe  O(n?) Type Adaptors are required to achieve maximum

the capabilites of any Type Adaptor. Using this approach interoperability. Therefore, as more Web Services are

allows different implementations of the same Type Adaptor introduced, the number of compatible interfaces increases



and a quadratic expansion for the number of Type Adaptorsas a specialised mini Workflow for type conversion.
will occur. Also, when introducing a new representation

for information that is already present in other formats, 4 3. Binding Publication and Discovery

Type Adaptors must be created to transform the new
representation to all other formats.

By introducing an intermediate representation, to which
all data formats are converted, the problem of scalability
can be diminished. For compatible interface$)(n) Type
Adaptors are required, resulting in a linear complexity as
more services are added. When introducing new formats,
only one Type Adaptor is required to convert the new
data format to and from the intermediate representation.
Therefore, our Architecture is based around the use of>_. . :

: . . S valid concept instances for a given ontology.
an intermediary representation. When considering the

. . With an intermediary schema in place (in the form
mechanisms necessary to support users in the use and : ) -
. ... of anowL instance schema), the appropriate M-Bindings
agreement of a common representation, we see eX|st|ng[
o translate data to and frommL format, andFxML-

work already tacl_<le_s a similar problem W'th.m'YGRID' T (the FXML-M translator), Web Service harmonisation
FETA uses descriptions that supply users with conceptual.

definitions of what the service does using domain specific Idsis:(;j\f)epro?heed a l;) rif;t”ey Ba;ﬁé??aste(otrh?l_ péocfds;, tolg).
terminology. Part of this solution involves the constranti pprop 9 yp P

. ) . . based on translation requirements, we require a registry
of a large ontology for the bioinformatics domain covering . e .

; to advertise M-Bindings. Since Type Adaptors can be
the types of data shown in our use case. Therefore

L : 'described usingwsbpL, we use the Grimoires service
we extend these existingwL ontologies to capture the . ST ;
. . registry (www.grimoires.org) to record, advertise and
semantics and structure of the data representation.

. L supply adaptors. Grimoires is an extendedpD! [1]
In terms of sharing and reuse, it is common for Web . - . .
: . registry that enables the publishing and querying of Servic
Services to supply many operations that operate over.

interfaces while also supporting semantic annotations of
the same, or subsets_ of the same data. Therefqre, th%erwce descriptions [11]. Figure 5 illustrates how Birgin
transformation for a given source type may come in the . ; S ; e .
) . are registered with Grimoires using tBénding Publisher
form of a Type Adaptor designed to cater for multiple

types. Hence, the generation ofassDL description for a Service
given Type Adaptor should captugdl the transformation TheBinding Publisher Serviceonsumes an M-Binding,

2 . : . _along with the source and destinatigmL schemas, and
capabilities of the adaptor. This can be achieved by placing . X
. . L . produces avsbL document that describes the translation
multiple operation definitions in the&'spL, one for each of

the possible Type conversions capability of the M-Binding. This generatedsbL in

' then publicly hosted and registered with Grimoires using
Lo thesave_ser vi ce operation. Afterwards, an M-Binding
4.2. Bindings wsbL may be discovered using the standard Grimoires

Since our M-Binding language is used to drixgL to
XML document conversion, and our intermediary language
is anowL ontology, conversion betweemiL instances and
OWL concept instances is specified in terms of a canonical
XML representation foowL individuals. While the use of
XML to represenbwL concepts is commomxML schemas
to describe these instances are not available. Hence, we
generatexmL schemas@wL instance schema) to describe

To describe the relationship betweetmL schema
components andwL concepts / properties, we devised a o p—
mapping languagesxmL-M (FormalisedxmL mapping), dementm ] N Tma:::fy‘::t;]
described in previous work [15kxXML-M is a composable clement:s, |
mapping language in which mapping statements translate outmesage ypestn
XML schema components from a source schema to Hineng : f

Source Schema Generated WSDL

i Produces

myisy —->d;

GRIMOIRES

destination schema&xmL-T (FormalisedkmL Translator) sy dy —>(Cinding Publisher Repository
is an interpreter forrxmL-M which consumes arM- — Binding »

Binding (collection of mappings) and the sourcevL T e 1

document and produce a destination document. Broadly, Dj;‘::::gf‘“ema e
an M-Binding B contains a sequence of mappings | cemene, | | Mty
mi, ma, ..., My. Inthe style ofxML schema, M-Bindings dement:d, A,

may also import other M-Bindings (e.&; = {m,ma} U

By) to support composition - an important feature when  Figure 5. Registration and discovery of Binding using the
services offer operations over multipteiL schemas. M- Grimoires repository

Bindings themselves aveML documents which be viewed



JENA is used to store
OWL Concept Instances

OowL
[Sequence_Data]|

OowL
Sequence_Datal|

FXML-T

Document
Type:FASTA

JENA

The first mediation phase
converts the DDBJ Record
to an OWL concept Instance

The second mediation phase
convert the OWL Sequence_Data
Instance to FASTA format

Instance of FXML-T
peform translation

Document

Type: DDBJ NCBI_Blast

+ semantic
1 type

Y
[Sequence_Data]

+'semantic
i type

Y
[Sequence_Data]

M-Binding
DDBJ

M-Binding
[Sequence_Data]

0
FASTA

findInterface [input:[Sequence_Data]
output: FASTA

to
[Sequence_Datal|

findinterface T

input: DDBJ
output: [Sequence_Data]

GRIMOIRES
Repository

M-Bindings are discovered
using Grimoires

Figure 6. Automated syntatic mediation for our use case
using Grimoires to store Binding descriptions anduL-T
for document translation

query interface (thd i ndSer vi ce operation) based on
the input and output schema types desired.

4 .4. Automated Mediation

To achieve syntactic mediation, two M-Bindings are
necessary: aealisation M-Binding(to convertxmL to
the intermediateowL representation), and serialisation
M-Binding (to convertowL to xML). Figure 6 is an
expansion of Figure 4 showing the use of Grimoires
andFxML-T to automate syntactic mediation for our use

case. When registering the DDBJ and NCBI-Blast services
with FETA, semantic annotation are used to specify the

input and outputsemantic typesusing a reference to a
concept in the Bioinformatics ontology - in this case the
Sequence_Dat a concept. At workflow composition
time, the Bioinformatician may wish to feed the output

from the DDBJ service into the NCBI-Blast service because

they are deemed semantically compatible (i.e. they shar
the same semantic type). While this workflow can be
specified,

data formats assumed by each service provider - a stag

of syntactic mediation is required. Figure 6 shows the
mediation phase, using Grimoires to discover M-Bindings,
FXML-T to perform the translation from DDBJ format to
FASTA format with JENA used to hold the intermediate
representation (in the form of awL concept instance).

5. Evaluation

To evaluate this approach, we have examined the

performance of our Translation EnginexfuL-T) and
the use of Grimoires as a repository for advertising M-
Binding documents. The aims are threefold: (i) to

(S)

it is not executable because of the difference in . i .
éjocument size. Both Python ardvA implementations

test the scalability of our mapping language approach;
(ii) to establishFxmL-T as scalable translation engine
by examining the performance costs against increasing
document sizes, increasing schema sizes, and increasingly
complex M-Binding composition; (iii) to confirm the use
of Grimoires for M-Binding discovery is not a significant
overhead in the context of Workflow execution. The
following sub-Sections describe each of the tests with
hypothesis given iiitalics. All tests were carried out using

a 2.6 Ghz Pentium4 PC with 1GB RAM running Linux
(kernel 2.6.15-20-386) using unix ne to record program
execution timesFXML-T is implemented irsCHEME and

run using the Guile Scheme Interpreter (v1.6). Tests in
Section 5.1 are run 10 times with a mean value plotted.

5.1. Translation Engine Scalability

Expanding document and schema size will increase the
translation cost linearly or better
We test the scalability offxML-T in two ways: by
increasing input document size (while maintaining uniform
input XML schema size), and by increasing both input
schema size and input document size. We tegiL-T
against the followingkmL translation tools:

e XSLT: Using Perl and the XML::XSLT modufe
e XsLT: UsingJava (1.5.0) and Xala¥(v2.7.0).
e XSLT: Using Python (v2.4) and the 4Suite Modi(e0.4).

e SXML: A SCHEME implemention forxmL parsing and
conversion (v3.0).

Since FXML-T is implemented using an interpreted
language, and Perl is also interpreted, we would expect
them to peform slowly in comparison tava and Python
XSLT which are compiled

Figure 7 shows the time taken to transform a source
document to a structurally identical destination document
for increasing document sizes. The maximum document
size tested is 1.2 MB, twice that of the Blast results obtine
in our use-case. From Figure 7 we see thatiL-T has a
linear expansion in transformation time against incregsin

also scale linearly with better peformance thaxmL-T
due toJava and Python using compiled code. Perl exhibits
the worst performance in terms of time taken, but a linear
expansion is still observed.

Our second performance test examines the translation
cost with respect to increasingML schema size. To
perform this test, we generate structurally equivalents®u
and destinatiorxML schemas and inputML documents

4http://xmixslt.sourceforge.net/

Shitp://xml.apache.org/xalan-j/

Shttp://4suite.org/

7although Python is interpreted, the 4Suite library is e#ty linked to
natively compiled code
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ol PR is the ability to compose M-Bindings at runtime. This can
§ . g achieved by creating an M-Binding that includes individual
3 T mappings from an external M-Binding, or imports all
100 - KT ] mappings from an external M-binding. For Service
s L . i interfaces operating over multiple schemas, M-Bindings
e A g | can be composed easily from existing Type adaptors.
1500 2000 2500 3000 3500 4000 4500 Ideally, this composability should come with minimal cost.
Number of Schema Elements To examine M-Binding cost, we increased the number of

M-Bindings and observed the time required to transform
the document. To perform the translation, 10 mappings are
requiredms, mo, ..., m1g. M-Binding 1 contains all the
required mapping statement®; = {m,ma,...,mio}.
M-Binding 2 is a composition of two M-Bindings where
which satisfy them.xmL input document size is directly By = {mq,...,ms}UBs, andBy, = {mg,...,m1g}. TO
proportional to schema size; with 2047 schema elements fully test the cost of composition, we increased the number
the input document is 176KBytes, while using 4095 of M-Bindings used and run each test using 4 source
elements a source document is 378KBytes. Figure 8 showslocuments with sizes 152Bytes, 411Bytes, 1085Bytes,
translation time against the number of schema elementsand 2703Bytes. While we aim for zero composability
used. Python anadhvA perform the best - a linear expansion cost, we would expect a small increase in translation time
with respect to schema size that remains very low in as more M-Bindings are included. By increasing source
comparison toFxmML-T and Perl. FXML-T itself has a  document size, a larger proportion of the translation time
guadratic expansion; however, upon further examination,will be spent on reading in the document and translating it.
we find the quadratic expansion emanates fromxke Consequently, the relative cost of composing M-Bindings
parsing sub-routines used to read schemas and M-Bindingswill be greater for smaller documents and therefore the
whereas the translation itself has a cost linear to the $ize o increase in cost should be greater. Figure 9 shows the time
its input. ThescHEME xML library used forxmL parsing taken to transform the same four source documents against
is common toFxML-T and sxML, hence the quadratic the same mappings distributed across an increasing number
expansion fosxmL. Therefore, our translation approachis of M-Bindings. On the whole, a very subtle increase in
linear and can be implemented with a suitakie. parser. performance cost is seen, with the exception of the file size

Figure 8. Transformation Performance against increasing
XML Schema Size



1085Bytes. We attribute this anomaly to the rate of error in documentation are linguistically analised to establish th

time recording which is only accurate #6010 milliseconds. sort of service. For example, the ‘getNucSeq’ method is
decomposed into the terms ‘get’, ‘nuc’, and ‘seq’. To this

5.3. Registry Cost end, the matching algorithm is relaxed and not intended
to be used automatically; instead, users are aided during

The cost of M-Binding discovery using Grimoires is not Workflow composition.
significant when compared to cost of executing the target ~Within the SEEK framework [4], each service has a
service number of ports which expose a given functionality. Each
Our final test examines the cost of using Grimoires to Port advertises atructural typewhich defines the input
discover the required M-Bindings. While this feature and output data format by a reference toxan. schema

facilitates automation, it will require additionalwebsiee ~ type. If the output of one service port is used as input
invocations in a workflow. to another service port, it is defined asucturally valid

when the two types are equal. Each service port can
also be allocated aemantic typevhich is specified by a

Activity | Average reference to a concept within an ontology. If two service
DDBJ Execution|  2.50 ports are plugged together, they @emantically validif
Realisation Discovery  0.22 the output from the first port is subsumed by the input to
Realisation Transformation  0.47 the second port. Structural types are linked to semantic
Jena Mediation  0.62 types by a registration mapping using a custom mapping
Serialisation Discovery  0.23 language based orPATH. If the concatenation of two
Serialisation Translation  0.27 ports is semantically valid, but not structurally valid, an
Total Mediation|  1.81 XQUERY transformation can be generated to integrate the

two ports, making the linkstructurally feasible The
SEEK system provides data integration between different
logical organisations of data using a common conceptual
representation, the same technique that we adopt. However,
their work is only applicable to services within the bespoke
Seek framework. The architecture we present is designed
to work with arbitrarywspL Web Services annotated using
conventional semantic Web Service techniques.

Hull et al [8] dictate that conversion services, sitims
can be placed in between service whenever some type of
translation is required - exactly as the curremt GRID
solution. They explicitly specify that a shim service is
experimentally neutrain the sense that it has no side-
effect on the result of the experiment. By enumerating
6. Related Work the types of shims required in bioinformatics Grids and

classifying all instances of shim services, it is hoped that

The Interoperability and Reusability of Internet necessary translation components could be automatically
Services (IRIS) project have also recognised the need toinserted into a workflow. However, their focus is not on the
assist Bioinformaticians in the design and execution of translation between different data representation, rattee
Workflows. Radetzket al [13] describe Adaptor services need to manipulate data sets; extracting information from
using wsbpL with additional profiles in the Mediator records, finding alternative sources for data, and modifyin
Profile Language (MPE) Adaptor services are collated workflow designs to cope with iterations over data sets.
in a Mediator Pooland queried using a derivation from Moreauet al [12], have investigated the same problem
the input and output descriptions of services connectedwithin the Grid Physics Network, GriPhyn To provide
by a dataflow. The query is a combination of syntactic a homogeneous access model to varying data sources,
information and semantic concepts from a domain Moreauet al propose a separation between logical and
ontology. A Matchmaking algorithm presents a ranked physical file structures. This allows access to data sources
list of Adaptors, some of which may be composed to be expressed in terms of the logical structure of the
from multiple Adaptor instances. To aid the Adaptor information, rather than the way itis physically represeit
description stagewsbL descriptions of services and their ThexmL Data Type and Mapping for Specifying Datasets

The Table above shows the average time taken (from 5
runs) for a type translation usirgwL as an intermediarry
representation. These types of translation consist offsste
(i) discover realisation M-Binding, (ii) transformatiorf o
result to owL instance, (iii) importowL instance to
JENA KB, (iv) discovery of serialisation M-Binding, (V)
trasformation ofowL instance toxML. Results show
that the total mediation time is roughly 2 seconds, with
the largest portion of the time taken importing tb&vL
instance intoJENA. The discovery overhead (realisation
and serialisation M-Bindings) is acceptable in comparison
to service execution and translation times.

8http://www.cs.uni-bonn.de/lll/bio/iris/Mediator Prtefiowl Shttp://griphyn.org/



(XDTM) prototype provides an implementation which References

allows data source to be navigated usxmgTH. While this

approach is useful when amalgamating data from different [1] UDDI technical white paper, September 2000.

physical representations (i.exmL files, binary files and

directory structures), it does not address the problem of

data represented using different logical representatians

different schemas with the same physical representation). (3]
Our service integration problem arises from the fact
that different service providers use different logical

representations of conceptually equivalent information.

7. Conclusions and Future Work

In this paper, we have described the motivation
for a generic Type Adaptor description policy to
support automated Workflow harmonisation when syntactic [7]

incompatibilities are encountered. By usingsDL to

describe Type Adaptor capabilities, and the Grimoires
registry to advertise them, translation components can
be discovered at run-time and placed into the running
workflow. UsingFxmML-M as a Type Adaptor language and
owL ontologies as an intermediate representation, we show [g]
an implementation that supports a common Bioinformatics
use case. Evaluation of our Binding language approach,

its implementation, and the use of Grimoires as a registry
shows our architecture is scalable, supports Type Adaptor

composablity with virtually no cost, and has a relativelylo
overhead for Binding discovery.

While our Architecture has been based on Type Adaptors

taking the form of FxML-M Binding documents, the

approach will work with any Type Adaptor language, such
asxsLT andJAvA, providing the appropriate code is put in

place to automatically generatespL descriptions of their

capabilities and the Workflow engine is able to interpret

their wsDL Binding (i.e. execute axsLT script, run a
JAVA program, invoke a particulasOAP service). Even

though our Architecture has been designed to fit within the [12]
existing MY GRID application, this approach will apply to

any Grid or Web Services architecture. When incorporating

the use of Semantic Web technology, namely the association

of wsbL message parts with concepts from an ontology, we [13
have followed existing practices such as those used by the

FETA systempwL-s[10], wsMo0 [14], andwsDL-S [2].
In future work, we aim to improve theexmL-T
implementation in the area afviL parsing. This will make

FXML-T translation cost scale at an acceptable rate when

increasing botkxmL document size angmML schema size.
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