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Abstract. Grid computing concerns itself with building the infrastruc-
ture to facilitate the sharing of computational and data resources to en-
able collaboration within virtual organisations. The Global Grid Forum
(GGF) provides a framework for users, developers and vendors to come
together to develop standards to ensure interoperability between middle-
ware from different service providers. Central to this effort is the Open
Grid Services Architecture (OGSA), and its associated specifications.
These define consistent interfaces, generally couched as web services,
and the components required to construct grid infrastructures. Both the
web service and grid communities stand to benefit from the provision
of consistent and agreed web service interfaces for data resources and
the systems that manage them. This paper describes, motivates and
presents the context for the work that has been undertaken by the GGF
Data Access and Integration Services Working Group (DAIS-WG). The
group has defined a set of data access and integration interfaces that are
consistent with the OGSA vision. A brief overview of the current family
of DAIS specifications is given: WS-DAI specifies a collection of generic
data resource properties and messages that are specialised by WS-DAIR
and WS-DAIX for use with relational and XML data resources, respec-
tively. The WS-DAI specifications can be applied in regular web services
environments or as part of a grid fabric.
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1 Introduction

The Database Access and Integration Services Working Group (DAIS-WG) was
formed within the Global Grid Forum (GGF) to standardise service types and
interfaces to allow databases to be seamlessly integrated into grids. From the
very beginning the DAIS-WG has aligned itself with the GGF’s Open Grid Ser-
vices Architecture (OGSA)[OGSA] vision. The DAIS specifications would then
be consistent with and be able to interoperate with the other services and in-
terfaces being proposed for OGSA based grids. The group has in addition been
in communication with other standardisation groups, both inside and outside
the GGF, to ensure consistency with adjacent standardisation activities. For
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example, DAIS members are active in the refinement of the GGF OGSA data
architecture1, and outside the GGF, the group has provided use cases for the
OASIS Web Services Resource Framework (WSRF) technical committee that is
producing standards for identifying and interacting with resources in web ser-
vices. The group has also worked with the Distributed Management Task Force
(DMTF) to extend its Common Information Model (CIM) with an XML ren-
dering of the CIM model that includes relational metadata.

The primary outcome of the DAIS-WG has been a collection of specifications:

1. WS-DAI, which defines properties and message patterns that are indepen-
dent of the type of data resource that is being accessed [WS-DAI].

2. WS-DAIR, which extends WS-DAI with properties and messages for access-
ing relational data resources [WS-DAIR].

3. WS-DAIX, which extends WS-DAI with properties and messages for access-
ing XML data resources [WS-DAIX].

This paper describes these services, outlining design decisions that have in-
fluenced their scope and relationships to existing and emerging standards. The
paper is structured as follows. Section 2 describes and motivates the scope of the
specifications, and describes how the specifications relate to other web service
standards. Section 3 provides an overview of the specifications, which is ex-
panded on in Sections 4. Section 5 describes how the specifications make use of
the Web Services Resource Framework, a family of specifications for representing
resources in web services. Section 6 presents some conclusions.

2 Scope and Context

In common with most other standardisation activities, the DAIS-WG has iter-
ated towards stable positions on what should be included in the standards and
how these capabilities should be supported. This section reviews several design
decisions, with a view to clarifying the role of the DAIS specifications in relation
to other web and grid service standards.

2.1 Transparency

Distributed data management is associated with various forms of transparency,
which may or may not be supported by an infrastructure. For example, [Ozsu-99]
includes the provision of language, fragmentation and replication transparencies
as important functionalities that a data management infrastructure may sup-
port. The key design feature behind the DAIS specifications that affects their
relationship to such transparencies is that they are designed to provide access to
existing data management systems. As such, the DAIS specifications are silent
with respect to both fragmentation and replication transparencies; the specifi-
cations can be used to access database management systems that support such

1 See http://forge.gridforum.org/projects/ogsa-d-wg for more details.
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transparencies or not, but this need not be the concern of the implementer of
the specification, and does not surface in the specifications themselves.

A similar position holds with respect to language transparency. Many opera-
tions in the DAIS specifications take query language statements as parameters.
Such operations are generally explicit about the language that is to be used, but
DAIS does not require that service implementers parse such language expres-
sions. As such, the DAIS specifications essentially provide web service wrappers
for databases; such wrappers will typically pass query language statements di-
rectly to an underlying database management system, but are at liberty to in-
tercept, parse, translate or redirect such language statements – DAIS compliant
services may implement thin or thick wrappers. As such, the specifications have
dependencies on existing query language standards, but are not prescriptive with
respect to how a service processes statements provided in such standards.

2.2 Request Composition

Requirements analyses conducted by the DAIS-WG [Atkinson-03] indicated that
there was significant demand for services that not only accessed data resources,
but which supported flexible data movement and transformation capabilities. For
example, there was a widespread need for the ability to express a request that
could retrieve data from a database, transform the data using XSLT, and deliver
the result to a third party. The DAIS-WG designed simple language interfaces
to support such requirements, which formed the basis for the activity model
in the widely-used OGSA-DAI system [Antonioletti-05]. However, defining the
scope and role of such a language in relation to emerging workflow specifica-
tions proved problematic, and the current DAIS specifications support a more
limited collection of access patterns that provide extensibility points for more
sophisticated data transformation or movement functionalities.

2.3 Metadata

Data access services may have to be able to be discovered and used on the basis
of the metadata provided by the services. As such, the DAIS specifications pro-
vide a wide range of properties that can be used to describe the behaviour of a
service to its consumers. One significant issue for the group has been the pro-
vision of an XML Schema for describing the structure of a relational database;
such a schema is a complex artifact, which is potentially of use in settings other
than DAIS services. As such, the DAIS-WG is working with the Database Work-
ing Group of the DMTF to extend the coverage of the CIM database model to
include relational metadata from the SQL standard. In parallel with this mod-
elling activity, the DMTF is working to support an XML representation of the
complete CIM model, which should be usable by several GGF working groups
to describe the properties of resources on a grid.

2.4 Transactions and Security

Web services specifications, such as web services security [WS-Security] and web
services atomic transaction [WS-AtomicTransaction] can be used to specify the
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security and transaction contexts for a DAIS message. As a result, the DAIS
specifications do not provide messages or properties addressing such capabilities.
Unfortunately, at the time of writing there are competing proposals for web
service transaction standards, and thus the DAIS specifications are likely to
complete their standardisation process before there is a widely accepted standard
for combining DAIS messages into transactions.

3 Specifications Overview

Before proceeding some DAIS terminology used in the remainder of this paper
is outlined. A data resource is any entity that can act as a source or sink of
data. Data resources may be further sub-classified into: externally managed data
resources which exist independently of DAIS services and have their lifetime
managed by means outside the control of the service, and service managed data
resources which do not normally exist outside the service-oriented middleware
and whose lifetime is controlled by the service. Thus, a database in a DBMS
system will normally be in the externally managed data resource category while
data stored in memory by a service, which may have been derived from an
externally managed data resource, and is accessed via a service will generally be
in the service managed data resource category.

A data resource must always have an identifier, an abstract name, which
is unique and persistent. There is currently an on-going effort to standardise
naming of entities within OGSA; for now DAIS uses a URI to represent data
resource’s abstract names. A DAIS service that provides access to a data resource
is called a data service – a data service may represent zero or more data resource.
The data resource to which a message is targeted at, through a data service, is
specified by the provision of the data resource’s abstract name in the body
of the SOAP message, optionally also including a data resource address in the
header of the SOAP message. A data resource address is an End Point Reference
(EPR) as defined in WS-Addressing [WS-Addressing] which also contains the
abstract name of the data resource in its reference parameters. DAIS mandates
the inclusion of the data resource’s abstract name in the body of the message so
that the messaging framework is the same regardless of whether WSRF is used
or not. A consumer is an application that exploits a data service to access a
data resource.

Two main types of access pattern have been proposed within DAIS. These
are represented schematically in Figure 1. Direct access mimics the standard
request-response pattern currently employed in most web service interactions.

Indirect access uses the factory pattern to create a derived data resource
located at the service end. Thus, any data resulting from a consumer-service
interaction is not returned to the consumer in the response, as is the case for
direct access. Instead, the consumer receives an EPR which can then be used to
access the data via a data service. This data service could support a different
service interface from the service that created the data resource. This avoids
unnecessary data movement and could, in effect, be used as an indirect form of
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Fig. 1. Direct and Indirect access – the numbering indicates the temporal ordering of
the interactions with the corresponding consumers

third party delivery as is illustrated in the picture where the EPR is passed to
a second consumer which then pulls the data from the second data service.

The DAIS specifications classifies its interfaces into types originally proposed
in the OGSA Data Services [OGSA-Data] document:

Data description contains a set of properties – XML elements collected to-
gether in a property document – that provide metadata about the under-
lying data resource and the relationship between the data resource and the
data service with which it is associated. Some of these properties are static
and are thus informational while others may be changed and may thus affect
the behaviour of the service.

Data access collects a set of operations that provide access to a data resource
through a data service. These operations implement the direct data access
pattern.

Data factory collects together a set of operations that can be used to create
derived data resources. These also provide mechanisms to specify the data
service interfaces which are to be used to access the data. These operations
implement the indirect data access pattern.

Data management was originally also included in this interface classification.
However, a management interface could be used to manage: the web service,
the data resource through the web service or the relationship between the web
service and its associated data resource. The first two types of management were
deemed to be out of scope for DAIS as the general management of or through
web services is of wider interest than just to the DAIS community. Moreover, the
OASIS DMTF TC has provided a set of standards to manage web services and
manage entities through web services [MOWS, MUWS]. The DAIS specifications
then only provide a limited means for managing the relationship between a data
service and its data resource. The next sections consider the specifications in
more detail, concentrating on the core messages and properties in the WS-DAI
specification together with its WS-DAIR extensions. The principles employed
for extending the core interfaces and properties to cater for XML based data
resources are very similar and are not covered in this paper – for details see
[WS-DAIX].
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4 WS-DAI and WS-DAIR

4.1 Message Patterns

The WS-DAI specification defines a set of core properties and operations that
are independent of any particular data model used by a data resource. These are
then extended by realisations to cater for particular types of data resource. The
WS-DAIR and WS-DAIX specifications extend the operations and properties
defined in the core document to provide access to XML and relational data
resources respectively. The core specifications also provides a set of message
patterns that must be observed by realisations. This ensures that DAIS as a
whole has a coherent framework. To date most of the effort has been spent in
producing realisation for XML and relational data resources although there are
preliminary drafts of documents that aim to extend the base DAIS interfaces to
deal with object databases and files.

Figure 2 illustrates the message pattern prescribed by the WS-DAI document
that is to be used for direct data access interfaces. Note that this is only an
illustrative example, for the actual details you should refer to the corresponding
specifications. For each of these templates a relational example of its implemen-
tation is also shown.

The contents shown in this figure are intended to go in the body of a SOAP
message. The DataResourceAbstractName identifies the data resource the mes-
sage is targeting and the DataFormatURI specifies the format in which the data
should be returned to the consumer. Valid return formats are specified in one or
more DatasetMap properties set by the service (see later). The query expression
is found at the bottom of the message. It is also possible to include parameterised
queries with a list of parameters contained in the same request message though
this is not shown in this figure. If the query is successful the data is returned to
the consumer in the response message. Note that the SQL realisation extends

Fig. 2. The DAIS direct data access pattern specified in the core spec and its imple-
mentation in the relational specification
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Fig. 3. The DAIS indirect data access pattern specified in the core spec and its imple-
mentation in the relational specification

the message pattern to also include information from the SQL communication
area.

Figure 3 contains the corresponding message pattern set by the WS-DAI
specification for indirect data access together with a WS-DAIR realisation im-
plementation of this pattern.

The request message contains the mandatory data resource abstract name
and an optional element containing the QName of the port type with which a
data service will provide access to the resulting data. A configuration document
allows default values to be set for some of the properties of that data service
(values for this are not shown in the figure but the corresponding properties are
described in the next Section). The request message contains the query that will
populate the resulting data resource. If the query is successful the consumer gets
the EPR from which the data may be retrieved.

4.2 Service Properties

Figure 4 shows the properties defined in the WS-DAI specification and the exten-
sions made in the WS-DAIR specification. The different SQL extension groupings
reflect the possible service interfaces that can be used to access different types
of relational data. The names used for the WS-DAI properties largely describe
their purpose. A cursory review is given here but details are left to the WS-DAI
specification. Properties can be divided into two general classes: static proper-
ties which are largely defined by the implementation and cannot be modified
and configurable properties that may be set by the consumer when they create
a data resource using the indirect data access pattern.

The static properties shown in Figure 4: the DataResourceAbstractName
property provides a place holder for the unique and persistent name of the
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Fig. 4. The core properties defined in the WS-DAI specification and the different ex-
tensions to these in the WS-DAIR specification

data resource; the ParentDataResource property contains the parent’s data re-
source abstract name if this is a derived data resource otherwise it is empty; the
DataResourceManagement property indicates whether the data resource is exter-
nally or service managed; the ConcurrentAccess property is a boolean indicat-
ing whether the data service supports concurrent access or not; the DatasetMap
property provides a means of specifying the valid return formats supported by
a data service, there will be one of these elements for each possible supported
return type; the ConfigurationMap property associates an incoming message
type with a valid requested access interface type and a default set of values for
the configuration property document; finally the GenericQueryLanguage prop-
erty specifies the valid query languages that can be used with the generic query
operation defined in the core spec (see below).

The configurable properties can be set when a new data service-data resource
relationship is established: the DataResourceDescription allows a human read-
able description of the data resource to be provided; Readable is a boolean in-
dicating whether the data resource can be read by the consumer; the Writeable
property is another boolean indicating whether the data resource can be writ-
ten to; the TransactionInitiation property enumerates the possible transac-
tional support provided by the service on the arrival of a message – possibilities
are: there is no transactional support, an atomic transaction is initiated on the
arrival of each message or the message corresponds to a transactional context
which is under the control of the consumer; the TransactionIsolationproperty
enumerates behaviour of how transactions behave in relation to other on-going
transactions, details are left to the specification; finally the Sensitivity prop-
erty describes how sensitive the derived data is to changes in the values of the
parent data resource, i.e. whether changes in the parent data resource will be
reflected in the derived data or not.

The relational extensions to these base properties are largely self explanatory
and are not described here other than for the CIMDescription property which
is a content holder for an XML rendering of CIM for relational database that is
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being produced by the DMTF. This will be used by DAIS to provide metadata
about the relational data resource. The details of these properties are available
in the WS-DAIR specification.

It is perhaps more illustrative to examine the use case represented in Figure 5.

Data Service 3

Data Service 2

Data Service 1

Consumer 1

SQLRowset

WebRowset

SQLAccessDescription

Consumer 2

Consumer 3

SQLAccessFactory

SQLResponseDescription

SQLResponseFactory

SQLRowsetDescription

SQLRowsetAccess

SQLExecuteFactory(
SQLExecuteFactoryRequest(
DataResourceAbstractName
PortTypeQName,
ConfigurationDocument,
SQLExpression))

SQLExecuteFactoryResponse(
Reference((SQLResponseAccess))

SQLRowsetFactory(
SQLRowsetFactoryRequest(
DataResourceAbstractName,
PortTypeQName,
ConfigurationDocument,
Count))

SQLRowsetFactoryResponse(
Reference(SQLRowsetAccess))

GetTuples(GetTuplesRequest(
DataREsourceAbstractName,
StartPosition,
Count))

GetTuplesResponse(SQLResponse(
SQLRowset,
SQLCommunicationArea))

Fig. 5. Example of relational data services

In this example Data Service 1 is associated with a relational data resource.
Consumer 1 sends a message to the service’s SQLExecuteFactory operation to
create a data resource, populate it with the result set returned from the query
sent to the relational data resource and associate this data resource with a data
service, Data Service 2, that supports an SQLResponseFactory interface. The
response returned to Consumer 1 contains the EPR required to access this data.
Consumer 1 passes the EPR to Consumer 2 which then sends a message to this
data service’s SQLResponseFactory interface to create another data resource
which uses a web row set format and is associated with a data service, Data
Service 3, that supports an SQLRowsetAccess interface. Consumer 2 then gets
an EPR which he passes on to Consumer 3. Consumer 3 then finally uses the
SQLRowAccess to pull the data off the service. This example shows how the
different hierarchies of services can be used to access different types of relational
data and the context in which the relational property extensions may be used
although this has not been shown in this example. Different consumers have
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been used to indicate the versatility of the pattern though in practise these
will generally be the same entity. Clearly it is not necessary to go through all
the steps to get a web row set data resource – all that would be required is
for Data Service 1 to support the SQLResponseFactory interface for this to
happen. Finally, in this instance the first data resource would correspond to an
externally managed data resource while the other two derived data resources
would be service managed data resources.

4.3 Operations

To conclude this section a brief overview of the operations defined in the WS-DAI
specification and the extensions made in the WS-DAIR specification is given.
These are illustrated in Figure 6. The WS-DAI specification only defines three
core data access operations. There is a DestroyDataResource operation that de-
stroys the relationship between the data service and the data resource. Once this
is done the service will no longer have any knowledge of that data resource and
will not be able to provide access to it. What this entails for the data held in that
data resource is dependent on whether it is an externally managed data resource
in which case the data will probably remain in place or, if it is a service managed
data resource, in which case the data should be removed once the relationship is
terminated. The GenericQuery allows a query expression to be submitted to the
underlying data resource without having to use one of the specialised interfaces.
Valid query languages are advertised in the GenericQueryLanguage property
previously described. A GetDataResourcePropertyDocument allows the whole
property document for WS-DAI defined properties in that data service to be re-
trieved. Properties within this property document cannot be obtained at a lower
level of granularity unless WSRF is used (see the next section).

The CoreResourceList is an optional set of operations that may be imple-
mented by a DAIS service. If this is implemented, the list of data resources
known to a data service may be retrieved using the GetResourceList opera-
tion. Also, the EPR corresponding to a data resource’s abstract name may be
retrieved using the Resolve operation.

The relational extensions to the core defined operations have a base SQLAccess
interface that allows SQL expressions to be submitted to a relational data re-
source, the results of which will be returned in the response, and an operation to
retrieve the SQLPropertyDocumentwhich contains metadata about the relational
data resource, the data service, and the data service-data resource relationship.
A SQLFactory interface allows a service managed data resource to be created
and populated by the response of a SQL query. The data resource is then asso-
ciated with an appropriate data service supporting an access interface requested
by the consumer. This could use the ResponseAccess collection of operations
which allow the data to be retrieved as well as finding out about the nature of
the response. Likewise, a ResponseFactory allows a rowset based data resource
to be created that can, in turn, be accessed by using the RowsetAccess set of
operations. These then are the extensions to the core operations defined in the
WS-DAIR specification to cater for relational data resources.
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CoreResourceList
(WS-DAI)

+GetResourceList()

+Resolve()

CoreDataAccess
(WS-DAI)

+DestroyDataResource()

+GenericQuery()

+GetDataResourcePropertyDocument()

ResponseFactory
(WS-DAIR)

+GetSQLRowsetFactory()

SQLAccess
(WS-DAIR)

+GetSQLPropertyDocument()

+SQLExecute()

SQLFactory
(WS-DAIR)

+SQLExecuteFactory()

RowsetAccess
(WS-DAIR)

+GetRowsetPropertyDocument()

+GetTuples()

ResponseAccess
(WS-DAIR)

+GetSQLCommunicationArea()

+GetSQLOutputParameter()

+GetSQLResponseItem()

+GetSQLResponsePropertyDocument()

+GetSQLReturnValue()

+GetSQLRowset()

+GetSQLUpdateCount()

Fig. 6. Operations defined in the WS-DAI specifications and the extensions made in
the WS-DAIR specification

Only the core and relational properties and interfaces have been outlined here.
The XML extensions follow the same principles and provide support for query-
ing XML data resources using XQuery, XPath, XUpdate as well as operations
that manipulate collections and others that provide access to service managed
data resources, details are in the WS-DAI specification [WS-DAIX]. It is worth
noting that DAIS does not prescribe how these operations are to be combined to
form services; the proposed interfaces may be used in isolation or in conjunction
with others and, in time, viable compositions of interfaces will follow established
patterns for data access.

5 DAIS and WSRF

The core functionality of DAIS has no reliance on WSRF. One can use the base
interfaces that have already been outlined in this paper and access the service
properties without requiring WSRF, albeit if you do not use WSRF you can only
retrieve the whole property document. There are no means provided for getting
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these properties at a finer level of granularity unless WSRF is used. The soft
state lifetime management without WSRF has to be explicit, i.e. the consumer
has to send a destroy operation to the data service or the data resource will be
accessible for as long as the data service is there. Using WSRF allows one to have
fine grain access to the service properties [WS-ResourceProperties] and also use
the WSRF soft state lifetime management [WS-ResourceLifetime] but there is
a caveat: you still require the data resource abstract name to be included in the
message body even if it is only for a WSRF implementation to ignore it. This
was done to preserve the message structure regardless of whether WSRF is used
or not.

Figure 7 schematically represents how a WSRF service infrastructure is lay-
ered over the core DAIS functionality.

Fig. 7. WSRF DAIS extensions

A data service may represent more than one data resource. If WSRF is used
each data resource must have a corresponding WSRF data resource. These are
used for both externally and service managed data resources. In order to allow
a data resource’s abstract name to be mapped to an EPR the optional data
resource list interface may be implemented which provides such functionality as
well as allowing a consumer to obtain a list of all the data resources known to a
data service.

This ability to use DAIS without requiring an explicit dependency on WSRF
has been undertaken in order to provide a means for those who would like to use
DAIS but are not ready to adopt WSRF. The ability to use DAIS without WSRF,
in essence, provides a potential upgrade path by allowing service providers to
start off with a non-WSRF solution and then, as confidence in WSRF grows,
move on to exploit the additional capabilities provided by WSRF.

6 Conclusions

The DAIS specifications only provide web service interfaces to relation and XML
data resources. However, the overall framework is extensible, and different groups
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are exploring the development of additional realisations for object databases,
ontologies and files.

The DAIS specifications are intended to provide useful functionalities for de-
scribing and accessing data resources, and can be used to support common use
cases directly. However, they have really been designed to form part of a wider
service-based architecture. As such, standards from the web services community
for authentication and transaction management, and from the grid community
for data movement and negotiation, can be seen as complementing the DAIS
specifications, and facilitating their use in an increasing range of applications.
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