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Abstract

Data management systems are central to many applications across multiple domains, and play a
significant role in many others. Web services provide implementation neutral facilities for
describing, invoking and orchestrating collections of networked resources. The Open Grid
Services Architecture (OGSA) extends Web Services with consistent interfaces for creating,
managing and exchanging information among Grid Services, which are dynamic computational
artefacts cast as Web Services. Both Web and Grid service communities stand to benefit from the
provision of consistent, agreed service interfaces to database management systems. Such
interfaces must support the description and use of database systems using Web Service
standards, taking account of the design conventions and mandatory features of Grid Services.
This document presents a specification for a collection of Grid Database Services. The proposal
is presented for discussion within the Global Grid Forum (GGF) Database Access and Integration
Services (DAIS) Working Group, in the hope that it will evolve into a formal standard for Grid
Database Services. There are several respects in which the current proposal is incomplete, but it
is hoped that the material included is sufficient to allow an informed discussion to take place
concerning both its form and substance.
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1. Introduction

This document presents a specification for a collection of Grid Database Services. The proposal
is not ab initio, in that the following documents (at least) have been important in shaping our
understanding of Grid Database Services [Atkinson 02, Bell 02, Collins 02, Krause 02, Paton 02,
Raman 02].

The following principles have guided the development of the specification.

1. The specification is intended to provide service-based access to existing database
systems. As such, it is assumed that there is no such thing as a Grid Database System,
but rather that existing databases require the provision of certain middleware
components to make them available with a Grid or Web Services setting. The
specification seeks to make as few assumptions as possible about the functionality,
architecture, data model and language interfaces of databases that might be used within
a Grid setting.

2. As there are several widely used database paradigms (e.g., relational, object, XML), the
specification seeks to accommodate the different paradigms within a consistent
framework. Thus those aspects of a service interface that are independent of the kind of
database being accessed are shared by services that support the different paradigms.
For example, it is held that result delivery facilities and transaction models are essentially
orthogonal to the kind of database being accessed. The specification presented here
covers relational and XML databases.

3. A characteristic of Web and Grid Services is that metadata is important. In the
specification, it is assumed that a service must provide sufficient information about itself
to allow the service to be used given the specification of the service and the metadata
provided by the service. Service metadata is made available using Service Data
Elements [Tuecke 02].

4. A Grid Database Service should peacefully coexist with other Web and Grid Service
standards. As such, the specification adopts XML Schema for describing structured data
and WSDL for describing service interfaces. Furthermore, the specification seeks to stay
clear of issues covered by other Web and Grid Service specifications (e.g., it is largely
silent on transactions, assuming that the WS-Transaction proposal [Cabrera 02] is, or will
evolve to be, sufficient and appropriate for characterising the transactional behaviour of
services). Overall, the proposal seeks to accommodate the distinctive features of
individual systems, while easing database access and integration activities within a Grid
setting.

5. The Grid Database Service specification should be orthogonal to the Grid authentication
and authorisation mechanisms. These mechanisms are required to some extent by all
Grid Services, so we rely on them being defined in a more general context. Many
database products define fine-grained access to the data they hold, for example, down to
the column and row level for relational databases. A Grid Database Service
implementation can choose the level of authorisation granularity exposed to the Grid
users; the specification does not seek to mandate this.

6. The specification for the most part follows the document approach to service description.
As such, there are relatively few operations, and most functionality is described using
document definitions. This has the standard advantages (and disadvantages) of the
document-based approach. A Remote Procedure Call (RPC) style of interface is included
in Section 6 to illustrate how it can be used as an alternative or complement to the
document approach.

7. The specification is defined semi-formally. That is, the syntax of the specification is
presented formally, as WSDL and XML Schema documents, whereas the semantics of
these specifications is provided only informally in the accompanying text. The OGSA-DAI
project (http://www.ogsa-dai.org) is developing a reference implementation and user
documentation for the services described in this document. The European DataGrid
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project is providing an implementation and user documentation for a Remote Procedure
Call (RPC) based service (http://cern.ch/hep-proj-spitfire).

8. The specification seeks to support higher-level information-integration and federation
services. As such, features such as service description and data delivery support, have
been designed with a view to providing the necessary ‘hooks’ for the developers of such
services.

9. This document is intended to specify an interface for Grid Database Services in a precise
manner. A companion document, the Grid Database Service Primer [Chue Hong 03]
should be read in conjunction with this specification, and may well be a better starting
point than this document for anyone seeking an overview of the proposal.

Some familiarity with XML Schema [Fallside 01], WSDL [Christensen 01] and the Open Grid
Services Architecture (OGSA) [Tuecke 02] is assumed in what follows. This document is written
in the context of Draft 5 (4th November 2002) of the OGSA Specification.

The keywords “MUST”, “MUST NOT", “REQUIRED", “SHALL", “SHALL NOT”, “SHOULD?",
“SHOULD NOT”, “RECOMMENDED", “MAY” AND “OPTIONAL" are to be interpreted as
described in RFC2119 (http://ietf.org/rfc/rfc2119.txt).

2. Overview

In this specification, we describe the messages that flow between a client (service requester) and
a data source (service provider), enabling clients to access or modify the content of data sources
and their associated schemas. The portTypes that describe these messages define the interface
to a Grid Database Service.

Although the specification is not prescriptive in this regard, each data source could be associated
with many Grid Database Service instances, each representing a currently active client. In such a
context, each client has its own unique relationship with the data source it is accessing expressed
through the Grid Service Handle (GSH) [Tuecke 02] of the Grid Database Service instance. The
GSH enables the application to locate a Grid Database Service and hence a data source. A Grid
Database Service instance MAY map directly to a database session or connection of an
underlying data management system, but this is not mandatory. For example, a common practice
for large-scale systems is to share connections across many clients (called connection pooling).
The same concept is likely to apply to Grid Database Services, but is transparent to the clients,
and thus is not included explicitly in the specification provided here.

This section provides an overview of the specification, indicating its scope, and how this maps
onto elements within the specification, which is presented in detail in the following sections. The
following portTypes are specified or used:

» GridDataService. This is a new portType that provides functionality for accessing a

database service. The following operation is specified on GridDataService:

0 GridDataService::perform.
This operation allows a request to be defined and for the execution of requests to be
controlled. Typically execution control means executing or terminating a request. As the
perform operation may take and return complex documents, much of the functionality of a
GridDataService is actually represented in the XML Schema definitions of the operands.
A GridDataService MUST support the GridDataService portType.

e GridDataTransport. This is a new portType that provides functionality for communicating
results between Grid Database Services. The following operations are specified on
GridDataTransport:

0 GridDataTransport::get.
0 GridDataTransport::put.
A Grid Database Service SHOULD support the GridDataTransport portType.

norm@cs.man.ac.uk 4



GFD-I February 2003

« GridDataRPCService. This is a new portType that provides a subset of the functionality
provided by the GridDataService portType, but using operations following an RPC-based
style. The operations supported are described in Section 6. A Grid Database Service
SHOULD support the GridDataRPCService portType.

e GridService. This is the mandatory portType for Grid Services that provides access to
information about a service [Tuecke 02], which is described as Service Data Elements
(SDEs). The specification provides XML Schema definitions for SDEs for
GridDataServices, and as such provides information on the content and capabilities of
the service. A Grid Database Service MUST support the GridService portType.

« NotificationSource. This is the optional portType for Grid Services that enables a service
to send notification messages [Tuecke 02]. The specification comments on how OGSA
notifications can be used in the context of Grid Database Services.

The specification includes paradigm-dependent and paradigm-independent parts. The following
are paradigm-independent:

« the names of the operations and various aspects of their parameters in the
GridDataService portType;

» all aspects relating to the description and control of GridDataTransport — the data that is
transported may be paradigm-dependent, but the description of how it is to be
transported is paradigm independent; and

» certain of the SDEs of a service — for example, those relating to transport.

The following are paradigm-dependent:

« the language used to convey requests to a database service — for example, this could be
SQL for relational database services and XQuery for XML database services;

« the XML types used to convey parameters into and results from the operations of the
GridDataService portType; and

» several of the SDEs of a service — for example, those relating to schemas.

We note that a single database system may support multiple paradigms — for example, relational
vendors are increasingly providing storage and query facilities for XML data; this is
accommodated by the specification.

The specifications in this document do not address discovery of Grid Database Services directly.
Thus it is assumed for now that a Grid Database Service Factory can be discovered using an
existing service registry. This is illustrated in Figure 1, in which a requester uses the
FindServiceData operation of a GridServiceRegistry to identify a GridDataServiceFactory. The
CreateService operation on the factory is then used to create a GridDataService instance that
might, for example, represent a session over a database. In such a model, the service instance
acts as a “proxy” for the database, as (at least for the meantime) data management systems do
not support the portTypes described in this document directly.

norm@cs.man.ac.uk 5



GFD-I February 2003
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Figure 1. Creating a Grid Data Service.

Once a service instance has been created or discovered, there are in general three parts to an
interaction of a requester with a GridDataService, as illustrated in Figure 2. In the first part, the
requester uses the GridService portType (e.g., by way of the FindServiceData operation) to
access metadata on the service (e.g., relating to the schema of the database). If the requester
already knows enough about the service to use it, this part can be omitted. In the second part, the
perform operation of the GridDataService portType is used to convey a request to the
GridDataService, for example, to evaluate a query. The results of the query could be returned to
the requester directly, or to a third party. In the optional third part, several GridDataServices may
exchange messages by way of the GridDataTransport portType.

In essence, this document provides a specification of the SDEs and portTypes of the
GridDataServiceFactory illustrated in Figure 1 and the GridDataService illustrated in Figure 2.
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Figure 2. Requester Using Grid Data Service Ports.

The remainder of this document provides detailed descriptions of the portTypes and associated
service data for Grid Database Services. In essence, each section describes a different portType,
as follows: Section 3 indicates how the Factory portType of the Grid Service Specification is used
to create Grid Database Services; Section 4 describes the GridDataService portType, including
the document structure provided to the perform operation and the use of this portType with
Relational and XML databases; Section 5 describes the GridDataTransport portType, which
supports the delivery of data to and from Grid Database Services; Section 6 describes the
GridDataRPCService portType, which provides an alternative to the document model supported
by the GridDataService portType; Section 7 describes the NotificationSource portType; and
Section 0 presents some conclusions.

3. Factory PortType

GridDataService instances are created by services supporting the Factory portType of the Grid
Service Specification [Tuecke 02]. The ServiceParameters input to Factory::CreateService
provides a document that is specific to the factory and the services it creates. The document
passed to Factory::CreateService can, for example, contain configuration data for the
GridDataService the factory will create.

A GridDataServiceFactory is configured to create GridDataServices. The factory is related to a
number of data resources. The current specification covers the cases where the resource is a
relational database or an XML database. A GridDataService is associated with a single data
resource.

Factory metadata is exposed to publish configuration information and other qualities of the GDS
instance that may be created. The factory metadata may contain information such as

* the location of the data resources,

e product information, and

norm@cs.man.ac.uk 7



GFD-I February 2003

e supported drivers and query/update languages.

When requesting the creation of a GridDataService the ServiceParameters argument specifies
the data resource the GDS will be associated with as well as its capabilities. The mechanism of
this specification is not specified here. It could be as simple as providing the name of a pre-
defined data resource. Alternatively, more complex schemes can be imagined where the desired
request is submitted to the factory and the factory creates a GDS instance best able to satisfy the
reguest.

4. GridDataService PortType

The GridDataService portType is the principal context for database-specific operations and
metadata. Although integrating database functionalities with a Grid middleware potentially
involves integration of database capabilities with many other services (e.g., transactions,
transport, security), most such functionalities are not specific to database access. Thus the
GridDataService portType supports fairly rudimentary functionality, with an emphasis on request
submission and result handling. However, making metadata available in a consistent manner is
also considered important, and sufficient metadata SHOULD be made available by a service to
allow its use given only the metadata and the documentation supplied with the service.

4.1 GridDataService PortType: Service Data Descriptions and Elements
4.1.1 Paradigm-Independent Service Data

This service data is present regardless of the type of grid resource with which the service is
associated, and can be considered to be structural SDEs.

4.1.1.1 Request Handling

The GridDataService portType is associated with serviceData elements conformant to the
following serviceDataDescription elements. The types that these service data elements refer to
are defined in the appendix.

<gsdl : servi ceDat aDescri pti on
nanme="ActivityTypes"
el ement =" gdst ypes: Acti vi t yQNanmeType”
m nQccur s="1"
maxCccur s="unbounded"
mut abi | i ty="nmnut abl ">
<wsdl : docunent ati on>
A list of nanes of activity types that may appear within
the Request elenent in the GidDataServicePerform docunent.
</ wsdl : docurent at i on>
</ gsdl : servi ceDat aDescri pti on>

<gsdl : servi ceDat aDescri pti on

nane=" Def i nedRequest s”

el ement =" gdst ypes: Request Type”

m nCccurs="0"

maxCccur s=" unbounded”

mut abi | i ty="rmut abl ">

<wsdl : docunent ati on>
Avail abl e request documents. Requests are added to the
Gri dDat aService by including themin the
G i dDat aSer vi cePer f or m docunent .

</ wsdl : docunent at i on>
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</ gsdl : servi ceDat aDescri pti on>

<gsdl : servi ceDat aDescri pti on
nanme=" Runni ngRequest s”
el ement =" gdst ypes: G i dDat aSer vi ceResponseType”
m nCccurs="0"
maxCccur s=" unbounded”
mut abi | i ty="rmut abl ">
<wsdl : docunent ati on>
The status of any requests currently being executed.
</ wsdl : docunent at i on>
</ gsdl : servi ceDat aDescri pti on>

4.1.1.2 Data Resource

The data resource identifies the grid resource that the GDS operates on. Like a URI, it
aggregates information relating to the physical location of the resource, local path information and
the scheme that is used to access the resource. The data resource references other named
SDEs that contain detailed information. In the factory, the data resource is used to identify valid
combinations from a choice of detailed configuration information. In a GridDataService instance,
the data resource simply defines the instances chosen configuration. The SDEs referenced by
the data resource may be either paradigm-dependent or independent, for example, the path could
equally refer to a relation database or XML:DB collection depending on the Driver, and
DataResourceManagementSystem configuration.

<gsdl : servi ceDat aDescri pti on
nane=" Dat aResour ce”
el emrent =" xsd: Dat aResour ceType”
m nCccurs="1"
maxQCccur s="1"
mut abi | i ty="rmut abl ">
<wsdl : docunent ati on>
An XM. docunent that contains references to SDEs descri bing
the data resource to which this GidDataServi ce has access.
This includes, but is not limted to, the name of the data
resource, the location of the data resource, the drivers
that are supported.
</ wsdl : docunent ati on>
</gsdl:serviceDataDescription>

4.1.1.3 Driver

The driver SDE gives information about the type and version of the driver that can be used to
access a data resource. The data resource references the names of the drivers it supports.

<xs:conpl exType name="Driver Type">
<xs:attribute nane="nane" type="xs:(QNane" use="required"/>
<xs:attribute nane="conmonNane" type="xs:string" use="required"/>
<xs:attribute nane="version" type="xs:string" use="optional"/>

</ xs: conpl exType>

<gsdl : servi ceDat aDescri pti on
nanme="driver"
el ement="tns: Driver Type"
m nQccur s="1"
maxQccur s=" unbounded"
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mut abi | i ty="nut abl e">
<wsdl : docunent ati on>
A description of a driver that can be used to access a data
resource.
</ wsdl : docunent at i on>
</ gsdl : servi ceDat aDescri pti on>

An example for a XML database driver for the Xindice database:

<servi ceDat a nane="driver”>
<name> xm db </ name>
<conmmonName>
or g. apache. xi ndi ce. cli ent. xm db. Dat abasel npl
</ conmpbnNane>
<versi on> 20020101 </versi on>
</ servi ceDat a>

An example for a relational database driver for the MySQL database:

<servi ceDat a nane="driver”>
<nanme> MySQL </ nane>
<conmmonName>
com nysql . jdbc. Driver
</ conmponNane>
<versi on> 2003-01-23 - Version 3.0.5 Gamma</versi on>
</ servi ceDat a>

4.1.1.4 Language

The language SDE allows the data resource to provide information about the languages
supported.

<gsdl : servi ceDat aDescri pti on
nanme="| anguage"
el ement =" LanguageType"
m nCccur s="1"
maxCccur s="unbounded"
mut abi | i ty="nut abl ">
<wsdl : docunment ati on>
A description of a |l anguage that can be used to access a
data resource.
</ wsdl : docurent at i on>
</ gsdl : servi ceDat aDescri pti on>

Examples:

<servi ceDat a nane="dai : | anguage” >
<name> XPat hl.0 </ name>
<type> XPath </type>
<version> 1.0 </version>

</ servi ceDat a>

<servi ceDat a nane="dai : | anguage” >
<name> XUpdatel.O </ nane>
<type> XUpdate </type>
<version> 1.0 </version>

</ servi ceDat a>
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<servi ceDat a nane="dai : | anguage” >
<nane> SQ.92 </ nanme>
<type> SQ </type>
<versi on> 92 </version>

</ servi ceDat a>

4.1.1.5 Data Resource Management System

The DataResourceManagementSystem SDE publishes information about the data management
system that underpins the GDS.

<gsdl : servi ceDat aDescri pti on

nane="dat aResour ceManagenent Syst ent’

el emrent =" Dat aResour ceManagenent Syst enTType”

m nQccur s="1"

maxQccur s=" unbounded"

mut abi | i ty="nut abl e">

<wsdl : docunent ati on>

A description of the data resource nanagenent systemthat

contains the data to be accessed or updat ed.

</ wsdl : docurent at i on>

The following is an example for an XML database:

<servi ceDat a name="dat aResour ceManagenent Syst enf >
<name>xi nd1</ name>
<pr oduct Nane> Xi ndi ce </ product Nane>
<product Version> 1.1 </product Versi on>
<vendor Narme> Apache XM. </vendor Nane>
<l ocati on> | ocal host: 4080 </l ocati on>

</ servi ceDat a>

The following is an example for a relational database:

<servi ceDat a nanme="dat aResour ceManagenent Syst enf >
<name>MySQLSyst enll</ nane>
<pr oduct Nane> MySQ. </ product Nane>
<pr oduct Ver si on> 3. 20 </ product Ver si on>
<vendor Name> MySQL </vendor Nane>
<l ocati on> dat abase. MySQLt est . org: 3333 </l ocati on>
</ servi ceDat a>

4.1.2 Service Data for Relational Database Services

A GridDataService for relational data is associated with SDEs conformant to the following
serviceDataDescription elements. These service data elements are specific to relational
databases and should be considered to be dynamic service data elements.

<gsdl : servi ceDat aDescri pti on
nane=" Dat abase”
el ement =" gdst ypes: Dat abaseType”
m nQccur s="0"
maxCccur s=" unbounded”
mut abi | i ty="rmut abl ">

norm@cs.man.ac.uk 11



GFD-I February 2003

<wsdl : docunent ati on>
Thi s physically describes the database include sizes etc.
</ wsdl : docunent at i on>
</ gsdl : servi ceDat aDescri pti on>

<gsdl : servi ceDat aDescri pti on
nanme=" Dat abaseSchema”
el ement =" gdst ypes: dat abaseSchemaType”
m nCccurs="0"
maxCQccur s=" unbounded”
mut abi | i ty="rmut abl ">
<wsdl : docunent ati on>
Thi s describes the database nmetadata such as col umms,
colum types, keys etc
</ wsdl : docunent ati on>
</ gsdl : servi ceDat aDescri pti on>

<gsdl : servi ceDat aDescri pti on
nane="LanguageCapabiliti es”
el ement =" gdst ypes: SQ.Ser vi ceDat a”
m nQccur s="0"
maxQccur s="1"
mut abi | i ty="rmut abl ">
<wsdl : docunent ati on>
Thi s describes the dialect of SQL supported by the service.
</ wsdl : docunent at i on>
</ gsdl : servi ceDat aDescri pti on>

4.1.2.1 Database
This SDE provides some information on the physical properties of a database.

<?xm version="1.0" encodi ng="UTF-8">
<xs:schema xm ns: xs="http://ww. w3. org/ 2001/ XM_Schema" >
<xs: el enent name="docunent" type="databaseServi ceData">

<xs: conpl exType nane="dat abaseServi ceDat a" >
<xs: el enent nanme="dat abaseSi ze" type="si zeDef"
m nCccurs="1" maxCccurs="1"/>
</ xs: conpl exType>

<xs: conpl exType name="si zeDef ">
<xs: el enent nanme="si zeBytes" type="xs:int"
use="required">
<xs: el enent nanme="freeSpaceBytes" type="xs:int"
use="required">
</ xs: conpl exType>

The above definitions are based on portions of the metadata supplied by JDBC.
4.1.2.2 Database Schema
The DatabaseSchema SDE for a Relational Database Service contains an XML document

describing the tables, columns and data types supported in a database. The document SHOULD
conform to the schema in Section 9.2. A service MAY also provide information about stored
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procedures and triggers. Some databases may choose to expose stored procedures as the only
Service Data.

4.1.2.3 Language Capabilities

Although the language SDE provides coarse-grained information on the dialect of SQL supported
by a relational GDS, versions of specific products vary in the capabilities provided, so a service
can provide a more precise characterization of the language supported using the
LanguageCapabilities SDE.

The schema for the SQL capability list in Section 9.3 is taken from the ISO/IEC 9075
(SQL/Framework) standard [ISO 9075], Section 6.3. It describes the variant of SQL supported by
the GridDataService, the level of conformance to the standard, and which optional parts of the
standard are supported. The parts refer to those discussed in documents ISO/IEC 9075-n, while
the packages refer to those discussed in [ISO 9075] Appendix A. Refer to [ISO 9075] for
discussion of the parts and packages of the SQL standard and the meaning of ‘level of
conformance’.

Only a simple version of the schema is given in Section 9.3; a service SHOULD implement all of
the schema given, and MAY implement further parts of the schema described in [ISO 9075].

4.1.3 Service Data for XML Database Services

These service data elements are specific to XML:DB databases and should be considered to be
dynamic service data elements.

4.1.3.1 Collection Structure

The Collections SDE of an XML Database Service contains an XML document describing the
hierarchy of the collections in the database. It MAY also provide XML schemas or DTDs for the
documents stored in a collection. Note that documents in an XML collection do not need to satisfy
a schema.

The root element of this document is a collection. A collection can contain 0 or more collections
and 0 or more XML schemas. The following is an XML schema for the CollectionSchema SDE:

<xs: conpl exType name="col | ecti onType">
<Xs:sequence>
<xs: el ement name="coll ection”
type="col | ecti onType"
m nOccur s="0"
maxCccur s="unbounded"/ >
</ xs: sequence>
<xs:attribute nane="nane" type="xs:Q\ane" use="required"/>
</ xs: conpl exType>

<gsdl : servi ceDat aDescri pti on
nanme="col | ecti onStructure"
el ement ="col | ecti onType"
m nCccur s="1"
maxCccur s="1"
mut abi | i ty="nut abl e">
<wsdl : docunent ati on>
The collection structure of an XM. dat abase.
</ wsdl : docunent ati on>
</ gsdl : servi ceDat aDescri pti on>
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For example, given an XML database with the following collection structure:
e« db
e db/mydocuments
¢ db/mytestdb

¢ db/mytestdb/moredocuments
the collection SDE is as follows:

<servi ceDat a name="col | ectionStructure”>
<col | ecti on name="db” >
<col | ecti on name="db/ mydocunents”/>
<col | ecti on nanme="db/ nyt est db” >
<col | ecti on name="db/ nyt est db/ nor edocunment s”/ >
</col |l ecti on>
</col l ecti on>
</ servi ceDat a>

4.1.3.2 CollectionSchema

A collection MAY have associated schemas that all documents in the collection must satisfy.
These schemas can be exposed with the following CollectionSchema SDE:

<gsdl : servi ceDat aDescri pti on
name="col | ecti onSchenma"
el ement =" xsd: anyURI "
m nCccur s="1"
maxCQccur s="unbounded"
mut abi | i ty="nmnut abl e">
<wsdl : docunent ati on>
The col |l ecti on schenas of an XM. dat abase.
</ wsdl : docunent ati on>
</ gsdl : servi ceDat aDescri pti on>

4.2  GridDataService PortType: Operations and Messages

GridDataService::perform
Perform a statement on a GridDataService.
Input:
« gridDataServicePerform: The document that describes the operation to be performed.
Output:
« gridDataServiceResponse: The document that provides the synchronous result.
Fault:
« gridDataServiceSystemException: An exception report that the client can take no action
to resolve
« gridDataServiceUserException: An exception report that the client can resolve
» NameNotUniqueException: All top level elements in the gridDataServicePerform
document are named. If a name is used that is not unique, in the context of the GDS
lifetime, an exception is raised
« NameNotFoundException: Top level elements reference other top level elements by
name. If these references are not resolved an exception is raised.

Every GridDataService MUST implement the GridDataService::perform operation.
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The behaviour of the GridDataService, following a call to GridDataService::perform, is
characterised by the contents of the GridDataServicePerform document passed in as a
parameter.
The top-level elements dictate what action should be taken:
» Request defines a request that should be stored by the GDS for future execution.
« Execute indicates that a stored request should be run. The name of the execute element
identifies the running request for future reference.
* Terminate stops a named running request.
The GridDataServicePerform document is described in more detail in Section 4.3.1.1.
4.3 GridDataService PortType: Types
4.3.1 Paradigm Independent Types
4.3.1.1 GridDataService PortType: GridDataServicePerform
This document controls the definition, execution and termination of Requests. The following
shows the structure of a gridDataServicePerform document. Three example activities are
included, where each activity describes a component of the request being made to the service.
<G i dDat aSer vi cePer f or n»
<Request name="request1l">
<Par amet er nane="age"/>
<SQL.St at ement nane="statenent1l" ...>
</ SQLSt at enent >
<Del i very name="d1">
</ Delivery>
<l-- Extensibility Element — through substitution groups -->
</ Request >

<Execut e name="executel” request="requestl”>

</ Execut e>

<!-- Extensibility Elenent -->
<l-- Oher control elenents. Only Terminate is currently defined -->

</ Gri dDat aSer vi cePer f or n»

Execute initiates the execution of a named request. Parameter activities of the named request
may be initialized through the Execute activity using WithParameter.

Terminate stops the running request.
<xsd: conpl exType nane="Execut eType" >

<xsd: conpl exCont ent >
<xsd: ext ensi on base="tns: ActivityType">
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<xsd: sequence>
<xsd: el ement nanme="W t hPar anet er”
type="tns: Wt hPar anet er Type"
m nQccur s="0"
maxQccur s="unbounded"/ >
</ xsd: sequence>
<xsd: attribute nane="request" type="xsd:string"/>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

<xsd: conpl exType nane="Ter ni nat eType" >
<xsd: conpl exCont ent >
<xsd: ext ensi on base="tns: ActivityType">
<xsd: attribute nanme="runni ngRequest"”
type="xsd: string"/>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

<xsd: conpl exType nane="Gri dDat aSer vi cePer f or mlype" >
<xsd: sequence>
<xsd: el ement name="Request"
type="tns: Request Type"
m nQccur s="0"
maxQccur s="unbounded"/ >
<xsd: el ement name="Execut e"
type="tns: Execut eType"
m nQccur s="0"
maxQccur s="unbounded"/ >
<xsd: el ement nanme="Ter ni nat e"
type="tns: Ter nm nat eType"
m nQccur s="0"
maxQccur s="unbounded"/ >
<l-- extensibility elenent -->
</ xsd: sequence>
</ xsd: conpl exType>

Request describes an action the GDS instance can perform against the data resource that it
represents. It does this using a collection of linked Activities.

<xsd: conpl exType nane="Request Type" >
<xsd: conpl exCont ent >
<xsd: ext ensi on base="tns: ActivityType">
<xsd: sequence>
<xsd: el ement ref="tns:Activity"
m nCccur s="0"
maxQccur s="unbounded" />
<l-- extensibility via substitutionGoup -->
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

Each included activity must define a name attribute. This name must be unique within the

gridDataServicePerform document within which it is defined. This name associates returned
results and status information with an activity.
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<xsd: conpl exType nane="ActivityType" abstract="fal se">
<xsd:attribute name="name" type="xsd:|D' use="required"/>
</ xsd: conpl exType>

Activities define inputs and outputs. The unique name of an output is referenced by the from
attribute of an input. The effect is to link two activities together.

<xsd: conpl exType nane="Acti vityl nput Type"
abstract="true"
nm xed="true">
<xsd: sequence>
<xsd: el enent nane="UsePar anet er"
type="tns: UsePar anet er Type"
m nQccur s="0"
maxQccurs="1"/>
</ xsd: sequence>
<xsd:attribute name="front type="xsd:|DREF" use="optional"/>
</ xsd: conpl exType>

<xsd: conpl exType nane="Acti vit yQut put Type"
abstract="true"
m xed="true" >
<xsd: sequence>
<xsd: el enent nanme="UseParaneter"
type="tns: UsePar anet er Type"
m nCccur s="0"
maxCccurs="1"/>
</ xsd: sequence>
<xsd:attri bute name="name" type="xsd:|D' use="required"/>
</ xsd: conpl exType>

The above abstract types are realized as concrete activities in accordance with the configuration
of a GridDataService instance. Concrete activities appear in Request by virtue of an
xsd:substitutionGroup formed around Activity, for example,

<xsd: conpl exType nane="Exanpl eActivityType">
<xsd: conpl exCont ent >
<xsd: ext ensi on base="tns: ActivityType">
<xsd: sequence>
<xsd: el ement nanme="Val uel n" maxQCccur s="unbounded" >
<xsd: conpl exType m xed="true">
<xsd: conpl exCont ent >
<xsd: ext ensi on base="tns: Acti vityl nput Type">
</ xsd: ext ensi on>
</ xsd: conmpl exCont ent >
</ xsd: conpl exType>
</ xsd: el ement >
<xsd: el ement name="Val ueCut " >
<xsd: conpl exType m xed="true">
<xsd: conpl exCont ent >
<xsd: ext ensi on base="tns: Acti vi t yQut put Type" >
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>
</ xsd: el ement >
</ xsd: sequence>
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</ xsd: ext ensi on>
</ xsd: conmpl exCont ent >
</ xsd: conpl exType>

<xsd: el ement nane="Exanpl eActivity"
type="t ns: Exanpl eActi vi t yType"
substituti onGoup="tns: Activity"/>

In support of the configurable and extensible nature of Request, concrete activity types are listed
in the ActivityTypes SDE. The sub-elements that a particular activity defines are dependent on
the implementation of that activity.

Each request will define one or more activities. The sequence of activity execution is defined by
associating the input of one activity with the output of another activity. The from attribute of input
specifies the unigue name of an output.

A default activity, Parameter, allows an element value within an activity to be substituted at
execution time.

4.3.1.2 GridDataService PortType: GridDataServiceResponse
The result of perform corresponds to the following XML Schema definition:

<xsd: conpl exType nane="Resul t Type">
<xsd: sequence>
<xsd: any nanespace="##any"/ >
</ xsd: sequence>
<xsd:attribute nane="nane" type="xsd:string"/>
</ xsd: conpl exType>

<xsd: conpl exType nane="ResponseType" >
<xsd: sequence>
<xsd: el ement name="Resul t"
type="t ns: Resul t Type"
m nCccur s="0"
maxCccurs="1"/>
</ xsd: sequence>
<xsd:attribute nane="nane" type="xsd:string"/>
</ xsd: conpl exType>

<xsd: conpl exType nane="Gri dDat aServi ceResponseType" >
<xsd: sequence>
<xsd: el ement name="Response" type="tns: ResponseType"/>
</ xsd: sequence>
</ xsd: conpl exType>

When a gridDataServicePerfom document executes a Request, each activity in Request is
performed on demand, as defined by the activity associations. The results are collected to yield a
gridDataServiceResponse. The result of each activity is represented as a Result element.

When an activity fails, no subsequent statement is performed.

4.3.1.3 Grid Data Delivery Type

The delivery of data, both to and from a GDS, is important to most requests directed to a GDS.
As such, a GDS SHOULD support the Delivery activity, with a type defined as follows.
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<xsd: conpl exType nane = “DeliveryFronlocal Type” >
<xsd: annot at i on>
<xsd: docurent ati on>
A | ocal naned endpoint.
</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: conpl exCont ent >
<xsd: ext ensi on base="tns: Acti vityl nput Type">
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

<xsd: conpl exType nane = “DeliveryToLocal Type” >
<xsd: annot ati on>
<xsd: docurent ati on>
A local nanmed endpoint.
</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd: conpl exCont ent >
<xsd: ext ensi on base="tns: Acti vityQut put Type">
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

<xsd: conpl exType name = “DeliveryURl Type”>
<xsd: annot at i on>
<xsd: docunent ati on>
A URI specifying an external endpoint using the fornmat
schene://[user: pass@host[:port]/location[?paraneters].
</ xsd: docunent at i on>
</ xsd: annot ati on>
<xsd:restriction base="xsd: anyURl "/ >
</ xsd: conpl exType>

<xsd: conpl exType nane = “DeliveryGTType” >
<xsd: annot at i on>
<xsd: docurent ati on>
A URI specifying the GSH and nanme of a GDT.
</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: choi ce
<xsd:restriction base="xsd: anyURl "/ >
</ xsd: si npl eType>

<xsd: conpl exType nane = “DeliveryWitType”>
<xsd: annot at i on>
<xsd: docunent ati on>
Wen a wait type is used delivery does nothing. It waits until
the GDS is contacted by an external service requesting or
supplyi ng the data.
</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: choi ce
<xsd:restriction base="xsd:string"/>
</ xsd: si npl eType>

<xsd: conpl exType nane="Del i veryActivityType">
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<xsd: conpl exCont ent >
<xsd: ext ensi on base="tns: ActivityType">
<xsd: sequence>

<xsd: choi ce m nCccurs="1">

<xsd: el ement nane="FronlLocal "
type="tns: Del i veryFronlLocal Type"/>

<xsd: el ement name="FronJRl " type="tns: Del i veryURI Type"/>
<xsd: el ement name="FronCDT" type="tns: DeliveryCDIType"/>
<xsd: el ement name="FromMit" type="tns: Del i ver yWai t Type"/ >

</ xsd: choi ce>

<xsd: choi ce m nCccurs="1" maxQccur s=" unbounded” >
<xsd: el ement name="TolLocal " type="tns: DeliveryToLocal Type"/>

<xsd: el ement name="ToURI " type="tns: DeliveryURl Type"/>
<xsd: el enrent name="ToGDT" type="tns: Del i veryGTType"/ >
<xsd: el ement name="ToWait" type="tns: DeliveryWaitType"/>

</ xsd: choi ce>
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

Note that a restriction is placed to allow only one delivery source.

The corresponding Deliver element in the GridDataServicePerform is:

<xsd: el ement name="Del i very"
type="Del i veryActivityType"
substitutionGroup="tns: Activity"/>

4.3.2 Relational Database Service Types

Each call on the GridDataService::perform operation must provide a gridDataServicePerform
document as input and will receive a gridDataServiceResponse document as its result. Just one
language is specific to Relational Database Service Types: SQL.

There are four types of SQL requests and in all cases an indication of success or failure is
returned:
1. SQLQueryStatement - SELECT: This is a SQL query and the result will be a
WebRowSet
2. SQLUpdateStatement - INSERT, UPDATE or DELETE: No WebRowSet is returned
3. CALL to a stored procedure; optionally output parameters together with zero or more
WebRowSets are returned
4. SQL function invocation: Either a scalar value or a WebRowSet is returned
Types 3 and 4 are currently not specified.

Exceptions and SQLError Codes should they occur should be passed back within the Faults
returned from invoking GridDataService::perform

4.3.2.1 SQLQueryStatement
The SQLQueryStatement has the following XML schema:

<xsd: conpl exType nane=" SQLPar anet er Type” mi xed="true">
<xsd: conpl exCont ent >
<xsd: ext ensi on base="tns: Activityl nput Type">
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >

norm@cs.man.ac.uk 20



GFD-I February 2003

<xsd:attribute name="Position” type="xsd:int”/>
</ xsd: conpl exType>

<xsd: conpl exType nane="Expressi onType” m xed="true">
<xsd: conpl exCont ent >
<xsd: extensi on base="tns: Activityl nput Type">
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

<xsd: conpl exType nane="Resul t Type” m xed="true">
<xsd: conpl exCont ent >
<xsd: ext ensi on base="tns: Acti vityQut put Type">
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

<xsd: conpl exType nane="SQ.Quer ySt at enent Type" >
<xsd: conpl exCont ent >
<xsd: ext ensi on base="tns: ActivityType">
<xsd: sequence>
<xsd: el ement nane=" SQLPar anet er”
type="tns: SQLPar anet er Type"
m nCccurs="0"
maxCccur s=" unbounded” / >
<xsd: el enent nane="Dat aResour ce"
type="xsd: stri ng"
m nCccur s="0"
maxQccurs="1"/>
<xsd: el ement nanme="Expressi on” type="tns: Expressi onType”/>
<xsd: el ement name="Result” type="tns: ResultType"/>
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

The response will be returned as XML conforming to the WebRowset XML. A WebRowSet
defines an XML format for the result of a SQL query. WebRowSets are being defined in JSR 114
(www.jcp.org/jsr/detail/114.jsp) which is about to go into public review very soon, WebRowSets
permit the update of query results and for the updates to take effect on the relevant tables.
WebRowsSet updates are outside the scope of this draft of the grid database service specification.

4.3.2.2 SQL UpdateStatement
The SQLUpdateStatement has the following XML schema:

<xsd: conpl exType nane="SQ.Updat eSt at ement Type" >
<xsd: conpl exCont ent >
<xsd: ext ensi on base="tns: ActivityType">
<xsd: sequence>
<xsd: el enent nanme=" SQLPar anet er”
type="tns: SQLPar anet er Type"
m nQccur s=" 0"
maxQccur s=" unbounded” / >
<xsd: el ement nanme="Dat aResour ce"
type="xsd: string"
m nQccur s=" 0"
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maxQccurs="1"/>
<xsd: el ement nanme="Expressi on” type="tns: Expressi onType”/>
<xsd: el ement name="Result” type="tns: ResultType"/>
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

This returns a simple response indicating the number of items affected by the update.
4.3.3 XML Database Service Types

Each call on the GridDataService::perform operation must provide a gridDataServicePerform
document as input and will receive a gridDataServiceResponse document as its result. The type
of the result document will depend on the language of the request and the delivery requirements.

4.3.3.1 XPath

The XPath 2.0 working draft from 16™ August 2002 states that the value of an XPath expression
is always a sequence, which is an ordered collection of zero or more items. An item is either an
atomic value or a node (see http://www.w3.0rg/TR/xpath20/, Section 2: Basics).

We will assume that the result of an XPath query to a GridDataService is an XML document
(complete or a fragment) containing a sequence of serialised items.

The XPath query activity has the following XML schema:

<xsd: conpl exType nane="NanespaceType” mi xed="true">
<xsd: conpl exCont ent >
<xsd: ext ensi on base="tns: Activityl nput Type">
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
<xsd:attribute name="prefix” type="xsd:string”/>
</ xsd: conpl exType>

<xsd: conpl exType nane="Col | ecti onType” m xed="true">
<xsd: conpl exCont ent >
<xsd: extensi on base="tns: Activityl nput Type">
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

<xsd: conpl exType nane="Resourcel dType” m xed="true">
<xsd: conpl exCont ent >
<xsd: extensi on base="tns: Activityl nput Type">
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

<xsd: conpl exType nane="Expressi onType” m xed="true">
<xsd: conpl exCont ent >
<xsd: ext ensi on base="tns: Activityl nput Type">
</ xsd: ext ensi on>
</ xsd: compl exCont ent >
</ xsd: conpl exType>

<xsd: conpl exType nane=" XPat hSt at enent Type" >
<xsd: conpl exCont ent >
<xsd: ext ensi on base="tns: ActivityType">
<xsd: sequence>
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<xsd: el ement nanme="dat ar esour ce"
type="xsd:string"/>
<xsd: el ement name="nanmespace" type="tns: NanespaceType"
m nQccur s="0" maxOccur s="unbounded”/ >
<xsd: el ement name="col | ecti on"
type="tns: Col | ecti onType"/>
<xsd: el ement name="resourcel D'
type="tns: Resourcel DType" m nCccurs="0" maxQccur s="unbounded”/ >
<xsd: el ement name="expressi on"
type="tns: Expressi onType"/ >
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

The following shows a sample document for a simple query to an XML data service. Consider a
mail repository containing XML documents of the following form:

<ogsadai : posti ng
xm ns: dai s="http://ww. gridf orum or g/ nanespaces/ 2003/ dai s” >
<t 0>Bob</t 0>
<fronpAlice</fronpr
<subj ect >Exanpl e</ subj ect >
<body>This is an exanple for a docunent </ body>
</ ogsadai : posti ng>

The following is a document for a single query request using the XPath query language.
Parameters and namespace definitions are used.

<Par anet er nane="t henanme”/ >

<Xpat hSt at ement name="xpat h1” >

<nanespace prefix="ogsadai ">

“http://ww. gridforum org/ namespaces/ 2003/ dai s”

</ nanespace>

<r esour cel D>doc1</resourcel D>

<expr essi on>/ ogsadai : posti ng/to[text()="<UseParanet er
nane="t henane” >"] </ expr essi on>
<XPat hSt at ement >

4.3.3.2 XUpdate

The XUpdate language is supported by the XML:DB API. It allows for inserting, deleting or
modifying nodes of an XML document. The working draft is dated 14™ September 2001.

For an XUpdate request, we define the XUpdateStatement activity which has the following XML
schema:

<xsd: conpl exType nane="XUpdat eSt at emrent Type" >

<xsd: conpl exCont ent >

<xsd: ext ensi on base="tns: ActivityType">
<xsd: sequence>
<xsd: el enent nane="dat aResour ce"

type="xsd:string"/>

<xsd: el ement name="nanmespace" type="tns: NanespaceType"
m nCccur s="0" maxQccur s="unbounded”/ >

<xsd: el ement name="col | ecti on" type="tns: Col |l ectionType"/>
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<xsd: el ement name="resourcel D' type="tns: Resourcel DType"
m nCccurs="0" maxCccurs="unbounded”/ >
<xsd: el ement name="expressi on
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

type="tns: Expressi onType"/ >

The following is an example update:

<Xupdat eSt at enent nanme=" Xupdat el” >
<col l ection> /db/mail </collection>
<expr essi on>
<xupdat e: nodi fi cati ons version="1.0"
xm ns: xupdat e="htt p: // ww. xnl db. or g/ xupdat e" >
<xupdate:insert-after select="/addresses/address[1]" >
<xupdat e: el ement nane="posting">
<To>Charl i e</ To>
<Fr onpAl i ce</ Fronp
<Body>Anot her exanpl e text. </ Body>
</ xupdat e: el enent >
</ xupdat e:insert-after>
</ xupdat e: nodi fi cati ons>
</ expressi on>
</ XUpdat eSt at ement >

4.3.3.3 XQuery

The XQuery 1.0 working draft from 16™ August 2002 states that the result of an XQuery request
is a sequence. A sequence is an ordered collection of zero or more items. An item may be a node
or a simple value (See http://www.w3.org/TR/xquery/, Section 2: Basics).

We will assume that the result of an XQuery request to a GridDataService is a XML document
containing a sequence of serialized items.

<xsd: conpl exType nane="XQuerySt at enent Type" >
<xsd: conpl exCont ent >
<xsd: ext ensi on base="tns: ActivityType">
<xsd: sequence>
<xsd: el enent nane="dat aResour ce"
type="xsd: string"/>
<xsd: el ement name="nanmespace" type="tns: NanespaceType"
m nCccurs="0" maxCccurs="unbounded”/ >
<xsd: el ement name="col | ecti on" type="tns: Coll ectionType"/>
<xsd: el ement name="resourcel D' type="tns: Resourcel DType"
m nCccur s="0" maxCccurs="unbounded”/ >
<xsd: el ement name="expressi on
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

type="tns: Expressi onType"/ >

4.3.3.4 Creating and Deleting Documents

The creation and deletion of documents is supported by the XML:DB API but is currently not
supported by any XML language. To create a document, the following XML statement is sent in
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the body of the GDS request. This assumes that the document is loaded to the server as
specified in a delivery description.

<xsd: conpl exType nane=" XM_Resour ceManagemnent " >
<xsd: conpl exCont ent >
<xsd: ext ensi on base="tns: ActivityType">
<xsd: sequence>

<xsd: el ement name="col | ecti on" type="tns: CollectionType"/>
<xsd: el ement name="expressi on" type="tns:requestType"/>
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

A expression has the following XML schema:

<xsd: conpl exType nane="request Type" >
<xsd: conpl exCont ent >
<xsd: ext ensi on base="tns: Activitylnput Type">
<xsd: choi ce>
<xsd: el enent name="cr eat eResource">
<xsd: conpl exType>
<xsd:attribute name="nane" type="xsd:string"
use="required"/ >
</ xsd: conpl exType>
</ xsd: el ement >
<xsd: el enent name="renoveResource"/>
<xsd: conpl exType>
<xsd: attribute nane="name" type="xsd:string"
use="required"/ >
</ xsd: conpl exType>
</ xsd: choi ce>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

For example, the removal of a resource named “res1” residing in the collection “/db/mail” of the
data resource “drl” is requested as follows:

<XM_Col | ecti onManagenent Ser vi ce nane=" Managenent 1” >
<coll ection> /db/mail </collection>
<expr essi on>
<renoveResource nane="resl”/>
</ expressi on>
</ XM.Col | ect i onManagenent Servi ce>

4.3.3.5 Creating and Deleting Collections

Creating and deleting of collections is supported by the XML:DB API but with very limited
functionality. As there no standards to refer to at this point we propose the following XML
schema:

<xsd: conpl exType nane="XM.Col | ecti onManagenent " >

<xsd: conpl exCont ent >
<xsd: extensi on base="tns: ActivityType">
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<xsd: sequence>
<xsd: el ement name="col | ecti on" type="tnd: Coll ectionType"/>
<xsd: el ement name="request" type="tns:requestType"/>
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

A expression has the following XML schema:

<xsd: conpl exType nane="request Type" >
<xsd: conpl exCont ent >
<xsd: ext ensi on base="tns: Activitylnput Type">
<xsd: choi ce>
<xsd: el enent nane="createCol | ection">
<xsd: conpl exType>
<xsd:attribute name="nanme" type="xsd:string"
use="required"/ >
</ xsd: conpl exType>
</ xsd: el enment >
<xsd: el enent nanme="renoveCol | ection">
<xsd: conpl exType>
<xsd: attri bute nane="name" type="xsd:string"
use="required"/ >
</ xsd: conpl exType>
</ xsd: el ement >
</ xsd: choi ce>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

5. GridDataTransport PortType

The GridDataTransport portType provides additional operations required to support
communication between GridDataService instances using the toWait and fromWait elements of
Delivery activities, as introduced in Section 4.3.1.3. These operations are invoked implicitly during
the execution of GridDataService requests — service requesters MUST NOT invoke these
operations directly.

A GridDataService SHOULD support the GridDataTransport portType.
5.1.1 GridDataTransport PortType: Service Data Descriptions and Elements

The GridDataTransport portType is associated with SDEs conforming to the following
serviceDataDescription elements:

<gsdl : servi ceDat aDescri pti on

nanme="gds: Logi cal | ySupport edTypes”

type="xsd: anyURl "

m nQccurs="1"

maxQccur s=" unbounded”

mut abi | i ty="nut abl ">

<wsdl| : docunent ati on>
An XM. docunent that identifies the types of transport
avail able fromthis service.

</ wsdl : document at i on>
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</ gsdl : servi ceDat aDescri pti on>

<gsdl : servi ceDat aDescri ption
nane="gds: Physi cal Properti esOf Types”
type="xsd: anyType”
m nQccurs="1"
maxCccur s=" unbounded”
mut abi | i ty="rmut abl ">
<wsdl| : docunent ati on>
An XML docunent that describes the physical properties of
the types of transport available fromthis GDS.
</ wsdl : docunent ati on>
</ gsdl : servi ceDat aDescri pti on>

5.2 GridDataTransport PortType: Operations and Messages
The GridDataTransport portType has two operations.

GridDataService::get
Obtain data from the given activity in the given request, where that activity contains a toWait
element.
Input:
* RequestName: The name of the Request to which data is being supplied.
» ActivityName: The name of the Delivery activity within the given Request.
Output:
» Data: The data to be delivered.
Fault:
e GridDatabaseTransportFault: The document that provides the fault.

Every GridDataTransportService MUST implement the GridDataTransportService::get operation.

GridDataService::put
Supply data to the given activity in the given request, where that activity contains a fromWait
element.
Input:

* RequestName: The name of the Request to which data is being supplied.

» ActivityName: The name of the Delivery activity within the given Request.

» Data: The data to be delivered.
Output:

» GridDataTransportResponse: The document that reports on the outcome of the delivery.
Fault:

* GridDatabaseTransportFault: The document that provides the fault. This fault occurs

when the GDS cannot process a request for any reason.

Every GridDataTransportService MUST implement the GridDataTransportService::put operation.

6. GridDataRPCService PortType

Although the primary interface uses the web services document model, there are a number cases
for which the web services Remote Procedure Call (RPC) model is appropriate [Bell 02]. While
the rigidity of RPC encoding limits flexibility, it provides a number of advantages for ease of
implementation and use, chief among these being the possibility of dynamic creation of client
stubs from the service definition, and the ability of client code to link against these RPC stubs in a
straightforward manner.
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For this purpose, another port type is defined, the GridDataRPCService. A GridDataRPCService
is divided into generic, relational specific and XML specific operations. The port type MUST
implement all the generic operations, and MUST implement either the relational or the XML
operations, depending on the database type.

The RPC operations defined here are synchronous, i.e. the direct transport is used; the RPC
message is posted directly to the service and the result is returned to the client directly.
Transactional support and session support are not discussed here. It is assumed that one
GridDataRPCService is bound to one data source by its factory.

6.1 GridDataRPCService PortType: Service Data Descriptions and Elements

The GridDataRPCService portType MAY support any of SDEs of the GridDataService portType
from Section 4.1.

6.2 GridDataRPCService PortType: Generic Operations and Messages

GridDataRPCService::PerformUpdate
Execute a database update using the specified query notation.
Input
» Notation: The query notation for the update request. A database may support many
update notations. Currently defined notations are specified using a URI.
» UpdateRequest: The update string describing the request.

Output
« UpdateResult: The result of the update, indicating how many rows were affected.
Fault
« InvalidNotation: Requested notation is not supported.
« InvalidFormat: The request could not be parsed.
* InvalidOperation: The request failed for some reason (e.g. a table that was referenced
does not exist).

GridDataRPCService::PerformSchemaUpdate
Execute a database schema update in the specified query notation.
Input
« Notation: The query notation for the schema update request. A database may support
many schema update notations.
« SchemaUpdateRequest: The schema update string describing the request.
Output
e SchemaUpdateResult: The result of the schema update, indicating how many schema
items were affected.
Fault
« InvalidNotation: Requested notation is not supported.
» InvalidFormat: The request could not be parsed.
* InvalidOperation: The request failed for some reason (e.g. the referenced table does not
exist). The response of the database should be encoded in this message, for example,
the SQLSTATE and SQLCODE for SQL database errors.

GridDataRPCService::PerformQuery
Execute a database query using the specified query notation.
Input
* Notation: The query notation for the request. A database may support many query
notations.
e Query: The query string.
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¢ Maximum: The maximum number of data units to return. The data unit is defined by the
database type.

Output
e QueryResult: The result of the query. The full result should be given, up to the maximum
specified.
Fault

« InvalidNotation: Requested notation is not supported.

» InvalidFormat: The query could not be parsed.

* InvalidOperation: The query failed for some reason (e.g. the referenced table does not
exist).

6.3 GridDataRPCService PortType: Relational Model Specific Operations and Messages
Most of these return information concerning the schema of the relational database.

GridDataRPCService::GetTableNames
Return the names of the tables held in the database.
Input
¢ TableMatchList: A wildcard to limit the number of tables returned. If omitted, all tables in
the database are returned.

Output

* TableList: The list of tables in the database.
Fault

* none.

GridDataRPCService::GetTableDefinitions
Return the column names and types defined for a specific table.
Input

* TableName: The table whose columns are to be listed.
Output

e TableDefinition: The list of columns and their types in the database.
Fault

* NonexistentTable: The specified table does not exist in the database.

GridDataRPCService::GetFullSchema
Returns the full schema of the table or view requested, including all the stored triggers and
indices.

Input

e TableName: The table whose schema is to be returned.
Output

* TableSchema: The full schema describing the table.
Fault

* NonexistentTable: The specified table does not exist in the database.

GridDataRPCService::PerformBulkRelationalLoad
Inserts the BulkData into the specified table. This operation is appropriate for small loads that can
be reasonably accomplished in one transaction.
Input
e TableName: The table into which the insert is to be made.

* BulkData: The data to insert. The format of BulkData is in the XML WebRowSet schema.
Output

¢ Rowslnserted: The number of rows successfully inserted.
Fault

* NonexistentTable: The specified table does not exist in the database.
* InvalidBulkDataFormat: The bulk data is not in the correct XML format.
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* SchemaMismatch: The schema of the bulk data and the schema of the table being
inserted into do not match.

6.4 GridDataRPCService PortType: XML Specific Operations and Messages

GridDataRPCService::GetSchema
Will return the XML schema used in the collection.

Input

* none.
Output

e Schemalist: The list of XML schemas of the collection.
Fault

* none.

GridDataRPCService::GetDocumentList
Returns the names of the documents held in the collection.

Input

* none.
Output

* DocumentList: The list of documents in the collection.
Fault

* none.

GridDataRPCService::PerformBulkXMLLoad
Inserts an XML document into the collection. This operation is appropriate for small loads that can
be reasonably accomplished in one transaction.

Input
¢ Document: The document to insert.
Output
¢ None.
Fault
« InvalidDocumentFormat: The document is not formatted correctly according to its

schema.
« SchemaMismatch: The document is not of the appropriate schema for the collection.

7. NotificationSource PortType

A GridDataService MAY allow notification of changes to its Service Data Elements using
subscribeByServiceDataName [Tuecke 02].

8. Conclusions

This document has described a proposal for a collection of Grid Database Services, which
includes support for multiple database paradigms and flexible data transport. The services
proposed are Grid services, in that they conform to and make use of the Open Grid Services
Architecture [Tuecke 02]. The intention is that the proposal be discussed in the context of the
DAIS (www.cs.man.ac.uk/grid-db) Working Group of the Global Grid Forum (www.gridforum.org),
with a view to a Proposed Recommendation document being produced in time for GGF7.
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9. Appendices
9.1 WSDL for the GridDataService PortType
<wsdl : definitions nanme="QGi dDat aSer vi ce"

tar get Nanespace="http://wwv. gri df orum or g/ nanespaces/ 2003/ gds"
xm ns: wsdl =" http://schemas. xm soap. org/ wsdl /"

xm ns: gdstypes="http://ww. gri df orum or g/ namespaces/ 2003/ gds"
xm ns: gdsfaul ts="http://ww. gridf orum org/ namespaces/ 2003/ gds"
xm ns: gsdl ="http://ww. gridf orum or g/ nanespaces/ 2002/ 10/ gri dSer vi ces"

xm ns:tns="http://ww.gridforum org/ nanespaces/ 2003/ gds"
xm ns: xsd="http://ww. w3. or g/ 2001/ XM_Schema" >

<wsdl : types>
<xsd: schema
tar get Nanespace="http://wwv. gri df orum or g/ nanespaces/ 2003/ gds"

xm ns:tns="http://ww. gridf orum org/ namespaces/ 2003/ gds"
xm ns: xsd="http://ww. w3. or g/ 2001/ XM_Schena"
el ement For nDef aul t =" qual i fi ed"
attri but eFor mDef aul t ="unqual i fi ed">

<xsd: i nport
nanmespace="http://ww. gri df orum or g/ nanespaces/ 2002/ 10/ gri dSer vi ces
schemalLocati on="core/types/service_data.xsd" />

<l-- request paraneters -->
<xsd: conpl exType nanme="W t hPar anet er Type" >
<xsd: attribute nanme="nanme" type="xsd: | DREF"
use="required"/>
</ xsd: conpl exType>

<xsd: compl exType nane="UsePar anet er Type" >
<xsd: attribute nanme="nanme" type="xsd: | DREF"
use="required"/ >
</ xsd: conpl exType>

<l-- Base Activity types -->
<xsd: conpl exType nane="ActivityType" abstract="fal se">
<xsd: attribute nane="name" type="xsd:| D" use="required"/>
</ xsd: conpl exType>

<xsd: conpl exType nanme="Acti vityl nput Type" abstract="true"
m xed="t rue" >
<xsd: sequence>
<xsd: el enent name="UsePar aneter"
type="tns: UsePar anet er Type" mi nCccurs="0" maxCccurs="1"/>
</ xsd: sequence>
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<xsd: attribute nane="from' type="xsd: | DREF"
use="optional "/ >
</ xsd: conpl exType>

<xsd: compl exType nane="Acti vityQutput Type" abstract="true"
m xed="true" >
<xsd: sequence>
<xsd: el enent name="UsePar aneter"
type="tns: UsePar anmet er Type" mi nCccurs="0" maxCccurs="1"/>
</ xsd: sequence>
<xsd: attribute nane="nanme" type="xsd:| D" use="required"/>
</ xsd: conpl exType>

<xsd: el enent nanme="Activity" type="tns: ActivityType"/>

<I'-- Request types -->
<xsd: conpl exType nane="Request Type" >
<xsd: conpl exCont ent >
<xsd: extensi on base="tns: ActivityType">
<xsd: sequence>
<xsd:elenent ref="tns: Activity"
m nCccur s="0" nmaxCccur s="unbounded"” />
<l-- extensibility through
substitui onG oup -->
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

<xsd: conpl exType nanme="Execut eType" >
<xsd: conpl exCont ent >
<xsd: ext ensi on base="tns: ActivityType">
<xsd: sequence>
<xsd: el enent nanme="W t hPar anet er"
type="tns: Wt hPar anet er Type" m nCccurs="0" maxCccur s="unbounded"/ >
</ xsd: sequence>
<xsd: attribute nane="request" type="xsd:string"/>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

<xsd: conpl exType nanme="Ter ni nat eType" >
<xsd: conpl exCont ent >
<xsd: extensi on base="tns: ActivityType">
<xsd: attribute nanme="runni ngRequest"
type="xsd: string"/>

</ xsd: ext ensi on>

</ xsd: conpl exCont ent >

</ xsd: conpl exType>

<xsd: conmpl exType nane="Gri dDat aSer vi cePer f or mnType" >
<xsd: sequence>
<xsd: el enent nane="Request" type="tns: Request Type"
m nQccur s="0" maxCOccur s="unbounded"/ >

<xsd: el enent nane="Execute" type="tns: Execut eType"
m nQccur s="0" maxCOccur s="unbounded"/ >
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<xsd: el enent name="Ter m nate"
type="tns: Term nat eType" m nCccurs="0" maxCccur s="unbounded"/ >
<I-- extensibility elenment -->
</ xsd: sequence>
</ xsd: conpl exType>

<xsd: el enent name="G i dDat aSer vi cePer f or ni'
type="tns: &i dDat aSer vi cePerf or nifype"/ >

<l-- response types -->
<xsd: conpl exType nanme="Resul t Type">
<xsd: sequence>
<xsd: any nanmespace="##any"/ >
</ xsd: sequence>
<xsd:attribute nanme="name" type="xsd:string"/>
</ xsd: conpl exType>

<xsd: conmpl exType nanme="ResponseType" ni xed="true">
<xsd: sequence>
<xsd: el enent name="Result" type="tns: ResultType"
m nQccur s="0" nmaxCOccur s="unbounded"/ >
</ xsd: sequence>
<xsd: attribute nane="name" type="xsd:string"/>
</ xsd: conpl exType>

<xsd: conpl exType nanme="G i dDat aSer vi ceResponseType" >
<xsd: sequence>
<xsd: el enent name="Response" type="tns: ResponseType"
m nCccurs="1" naxOccur s="unbounded"/ >
</ xsd: sequence>
</ xsd: conpl exType>

<xsd: el enent nanme="Gi dDat aSer vi ceResponse”
type="tns: Gri dDat aSer vi ceResponseType"/ >

<l-- SDE types -->
<xsd: conpl exType nane="Acti vityQNameType" >
<xsd: sequence>
<xsd: el enent name="ActivityQ\anme" type="xsd: QNane"/ >
</ xsd: sequence>
</ xsd: conpl exType>

<xsd: si npl eType name="SDENaneType" >
<xsd:restriction base="xsd:string">
</ xsd:restriction>

</ xsd: si npl eType>

<xsd: conpl exType nanme="ScheneType" >
<xsd: sequence>
<xsd: el enent nane="Language" type="tns: SDENaneType"/>
<xsd: el enent nanme="Driver" type="tns: SDENaneType"/ >
</ xsd: sequence>
</ xsd: conpl exType>

<xsd: conmpl exType nane="LocationType" >
<xsd: sequence>
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<xsd: el enent nane="Dat aResour ceManagenent Syst enf
type="t ns: SDENaneType"/ >
</ xsd: sequence>
</ xsd: conpl exType>

<xsd: conpl exType nanme="Pat hType">
<xsd: sequence>
<xsd: el enent name="Pat hRef erence" type="tns: SDENanmeType"/ >

</ xsd: sequence>
</ xsd: conpl exType>

<xsd: conpl exType nane="Dat aResour ceType" >
<xsd: sequence>
<xsd: el enent nanme="Nane" type="xsd:string"
m nCccurs="1" naxCccurs="1"/>
<xsd: el enent name="Schene" type="tns: SchemeType"
m nCccurs="1" naxCccurs="1"/>
<xsd: el enent name="Location" type="tns:Locati onType"
m nCccurs="1" naxCccurs="1"/>
<xsd: el enent name="Path" type="tns: Pat hType"
m nCccurs="1" nmaxCccurs="1"/>
</ xsd: sequence>
</ xsd: conpl exType>

<!-- default activity types -->
<xsd: conpl exType nane="Par anet er Type" >
<xsd: conpl exCont ent >
<xsd: ext ensi on base="tns: ActivityType">
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

<xsd: el enent nane="Paranmeter" type="tns: ParaneterType"
substituti onGoup="tns: Activity"/>

<!-- Exanple Activity -->
<xsd: compl exType nane="Exanpl eActivityType">
<xsd: conpl exCont ent >
<xsd: ext ensi on base="tns: ActivityType">
<xsd: sequence>
<xsd: el enent name="Val uel n"
maxQccur s="unbounded" >
<xsd: conpl exType ni xed="true">
<xsd: conpl exCont ent >
<xsd: ext ensi on
base="tns: Activityl nput Type">
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>
</ xsd: el enent >
<xsd: el enent name="Val ueQut">
<xsd: conmpl exType ni xed="true">
<xsd: conpl exCont ent >
<xsd: ext ensi on
base="tns: Acti vi t yQut put Type" >
</ xsd: ext ensi on>
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</ xsd: conpl exCont ent >
</ xsd: conpl exType>
</ xsd: el ement >
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

<xsd: el enent name="Exanpl eActivity" type="tns: Exanpl eActivityType"
substitutionG oup="tns: Activity"/>

</ xsd: schema>
</ wsdl : types>

<wsdl : ressage nane="perfornl nput Message" >
<wsdl : part nane="paraneters"
el ement =" gdst ypes: G i dDat aSer vi cePerforni'/ >
</ wsdl : nessage>
<wsdl : message nane="perf or mout put Message" >
<wsdl : part nane="paraneters"
el ement =" gdst ypes: G i dDat aSer vi ceResponse"/ >
</ wsdl : nessage>

<wsdl : mressage nane="G i dDat aSer vi ceSyst enExcepti on">
<wsdl : part nane="faul t"
type="gdsfaul ts: Gi dDat aSer vi ceSyst enExcepti onType"/ >
</ wsdl : nessage>
<wsdl : ressage nane="Gri dDat aSer vi ceUser Excepti on" >
<wsdl : part nane="fault"
type="gdsfaul ts: Gi dDat aSer vi ceUser Excepti onType"/ >
</ wsdl : nessage>
<wsdl : nressage nane="NaneNot FoundExcepti on">
<wsdl| : part nane="fault"
t ype="gdsfaul t s: NaneNot FoundExcepti onType"/ >
</ wsdl : nessage>
<wsdl : nressage nane="NaneNot Uni queExcepti on">
<wsdl : part nane="faul t"
t ype="gdsfaul t s: NaneNot Uni queExcepti onType"/ >
</ wsdl : nessage>

<wsdl : port Type nane="G i dDat aSer vi cePort Type" >

<wsdl : oper ati on nanme="perforni>
<wsdl : i nput message="tns: perform nput Message"/ >
<wsdl : out put nessage="t ns: per f or mout put Message"/ >
<wsdl : fault nane="Gi dDat aSer vi ceUser Excepti on"
nmessage="tns: & i dDat aSer vi ceUser Excepti on"/ >
<wsdl : fault nane="Gi dDat aSer vi ceSyst enExcepti on”
nmessage="tns: & i dDat aSer vi ceSyst emExcepti on"/ >
<wsdl : fault nane="NanmeNot FoundExcepti on"
nmessage="t ns: NanmeNot FoundExcepti on"/ >
<wsdl : fault nanme="NameNot Uni queExcepti on"
nmessage="t ns: NaneNot Uni queExcepti on"/>
</ wsdl : operati on>
</ wsdl : port Type>

<gsdl : servi ceDat aDescri ption
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nanme=" Dat aResour ce"

el enent =" xsd: anyType"

m nCccur s="1"

maxQccur s="1"

mut abi | i ty="nmnut abl e" >

<wsdl : docurment ati on>

An XM. docunent that contains information describing the

data resource to which this GidDat aService has access. This includes,
but is not limted to, the nanme of the data resource, the | ocation of
the data resource, the drivers that are supported etc.

</ wsdl : docunent ati on>

</ gsdl : servi ceDat aDescri pti on>

<l-- other sections to contribute neta-data -->

<gsdl : servi ceDat aDescri ption
name="ActivityTypes"
type="gdstypes: Activi t yQNameType"
m nCccur s="1"
maxQccur s=" unbounded"
mut abi |1 ty="mut abl e" >
<wsdl : document ati on>
A list of nanes of activity types that may appear in the
G i dDat aSer vi ceRequest .
</ wsdl : docunent ati on>
</ gsdl : servi ceDat aDescri pti on>

<gsdl : servi ceDat aDescri ption
nane="Def i nedRequest s"
type="gdstypes: Request Type"
m nCccur s="0"
maxCccur s=" unbounded"
mut abi | i ty="nmnut abl e" >
<wsdl : docunent ati on>
Avai |l abl e request definitions

</ wsdl : docunent ati on>

</ gsdl : servi ceDat aDescri pti on>

<gsdl : servi ceDat aDescri pti on
nanme=" Runni ngRequest s"
type="gdstypes: G i dDat aSer vi ceResponseType"
m nCccur s="0"
maxQccur s="unbounded"
mut abi | i ty="rmut abl e" >
<wsdl : document ati on>
The status of any requests currently bei ng executed
</ wsdl : docunent ati on>
</ gsdl : servi ceDat aDescri pti on>

<gsdl : servi ceData nane="ActivityType">

<gdstypes: Acti vityType>gdst ypes: Par anet er </ gdst ypes: Acti vityType>
</ gsdl : servi ceDat a>

</ wsdl : definitions>
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9.2 XML Schema for Relational Database Schema

<?xm version="1.0" encodi ng="UTF-8"7?>
<xs:schema xm ns: xs="http://ww. w3. org/ 2001/ XM_Schema" >

<xs: conmpl exType nane="dat abaseSchenat ype" >
<Xs: sequence>
<xs: el enent nanme="tabl e" type="tabl eDefinition"
m nCccur s="1" maxQccur s="unbounded"/ >
</ xs: sequence>
<xs:attribute nane="nane" use="required" type="xs:string"/>
</ xs: conpl exType>

<xs: conpl exType nane="t abl eDefinition">
<Xs: sequence>
<xs: el enent name="col um" type="col umbDefinition"
m nCccur s="1" maxCccur s="unbounded"/ >
<xs: el enent name="pri maryKey" type="pri maryKeyDefinition"
m nCccurs="0" nmaxCccurs="1"/>
</ xs: sequence>
<xs:attribute nane="nane" use="required" type="xs:string"/>
</ xs: conpl exType>
<xs: conmpl exType nane="col umbDefinition">
<Xs: sequence>
<xs: el enent name="sql Type" type="typeKeyword"/>
</ xs: sequence>
<xs:attribute nane="nane" use="required" type="xs:string"/>
<xs:attribute nane="full Name" use="required" type="xs:I1D'/>
<xs:attribute nane="length" type="xs:integer"
use="optional "/ >
<xs:attribute nane="maxLengt h" type="xs:integer"
use="optional "/ >
<xs:attribute nane="charact er Set Name" type="xs:string"
use="optional "/ >
<xs:attribute nane="collation" type="xs:string"
use="optional "/ >
<xs:attribute nane="precision" type="xs:integer"
use="optional "/ >
<xs:attribute nane="scal e" type="xs:integer" use="optional"/>
<xs:attribute nane="nmaxExponent" type="xs:integer"
use="optional "/ >
<xs:attribute nane="m nExponent" type="xs:integer"
use="optional "/ >
<xs:attribute nane="userPrecision" type="xs:integer"
use="optional "/ >
<xs:attribute nane="I| eadi ngPrecision" type="xs:integer"
use="optional "/ >
<xs:attribute nane="maxEl ements" type="xs:integer"
use="optional "/ >
<xs:attribute nane="cat al ogNane" type="xs:string"
use="optional "/ >
<xs:attribute nane="schemaNane" type="xs:string"
use="optional "/ >
<xs:attribute nane="donai nNane" type="xs:string"
use="optional "/ >
<xs:attribute nane="typeNane" type="xs:string"
use="optional "/ >
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<xs:attribute

<xs:attribute

<xs:attribute

use="optional "/ >

use="optional "/ >

</ xs: conpl exType>

name="final" type="xs: bool ean"

February 2003

nane="nmappedType" type="xs:string"

name="mappedEl erent Type" type="xs:string"

use="optional "/ >

<xs: conpl exType name="pri maryKeyDefinition">
<Xs:sequence>
<xs: el enent name="col umFul | Nane" type="xs:| DREF"

m nCccur s="1"

</ xs: sequence>
</ xs: conpl exType>

<xs: si nmpl eType nanme="t ypeKeyword">
<xs:restriction base="xs:string">

<XS:
<XS:
<XS:
<XS:
<XS:
<XS:
<XS:
<XS:
<XS:
<XS:
<XS:
<XS:
<XS:
<XS:
<XS:
<XS:
<XS:
<XS:
<XS:
<XS:
<XS:
<XS:
<XS:
<XS:
<XS:
<XS:
<XS:
<XS:
<XS:
<XS:
<XS:
</xs:restriction>

enuner at i
enumer at i
enuner ati
enumner at i
enuner at i
enuner at i
enuner ati
enuner ati
enuner ati
enuner at i
enumner at i
enuner ati
enumner at i
enuner ati
enumer at i
enumner at i
enumer at i
enumner at i
enumer at i
enumner at i
enuner ati
enumer at i
enuner at i
enumer at i
enuner at i
enuner ati
enuner ati
enuner at i
enuner at i
enumner at i
enumner at i

</ xs: si npl eType>

</ xs: schema>

9.3

on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on

val ue="CHAR"/ >

maxQccur s="unbounded"/ >

val ue="VARCHAR"/ >

val ue="CLOB"/ >
val ue="BLOB"/ >

val ue="NUMERI C"/ >
val ue="DECI MAL"/ >
val ue="| NTEGER"/ >
val ue="SMALLI NT"/ >

val ue="BI G NT"/ >

val ue="FLOAT"/ >
val ue="REAL"/ >

val ue="DOUBLE PRECI S| ON'/ >
val ue="BOOLEAN"/ >

val ue="DATE"/ >
val ue="TI ME"/ >

val ue="TIME WTH TI ME ZONE"/ >
val ue="TI MESTAMP" [ >
val ue="TI MESTAMP WTH TI ME ZONE"/ >

val ue="1 NTERVAL
val ue="1 NTERVAL
val ue="1 NTERVAL
val ue="1 NTERVAL
val ue="1 NTERVAL
val ue="1 NTERVAL
val ue="1 NTERVAL
val ue="1 NTERVAL
val ue="1 NTERVAL
val ue="1 NTERVAL
val ue="1 NTERVAL
val ue="1 NTERVAL
val ue="1 NTERVAL

XML Schema for Relational Language Capabilities

<?xm version="1.0" encodi ng="UTF-8">
<xs:schema xm ns: xs="http://ww. w3. org/ 2001/ XM_Schema" >
<xs: el enent name="docunent" type="SQ.Servi ceData">
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YEAR TO MONTH'/ >
MONTH* / >

DAY" | >

DAY TO HOUR'/ >
DAY TO M NUTE"/ >
DAY TO SECOND'/ >
HOUR"/ >

HOUR TO M NUTE"/ >
HOUR TO SECOND'/ >
M NUTE"/ >

M NUTE TO SECOND'/ >
SECOND"/ >
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<xs: conpl exType name="SQLServi ceDat a" >
<xs: el enent name="SQ.Support" type="SQ.Support Def"
m nCccurs="1" maxCccurs="1"/>
</ xs: conpl exType>

<xs: conpl exType name="SQ.Support Def ">
<xs: el enent name="sql -variant" type="vari ant Def"
m nCccurs="1" maxCccurs="1">
</ xs: conpl exType>

<xs:conpl exType name="vari ant Def ">
<XS:sequence>
<xs: el enent name="sql -edition" type="editionDef"
m nCccurs="1" maxCccurs="1">
<xs: el enent name="sql - conf or nance"
t ype="conf or manceDef "
m nCccurs="1" maxCccurs="1">
</ xs: sequence>
</ xs: conpl exType>

<xs:si nmpl eType nanme="editi onDef">
<restriction base="NMICKEN">
<enuneration val ue="1992">
<enuneration val ue="1999">
</restriction>
</ xs: si npl eType>

<xs: conpl exType name="conf or manceDef " >
<XS:sequence>
<xs: el enent name="l|evel " type="Ilevel Def"
m nCccur s="0" maxCccurs="1">
<xs: el enent nanme="parts" type="partsDef"
m nCccur s="0" maxCccurs="1">
<xs: el enent nanme="packages" type="packagesDef"
m nCccur s="0" maxCccurs="1">
</ xs: sequence>
</ xs: conpl exType>

<xs:sinmpl eType nane="Ievel Def ">
<restriction base="NMIOKEN" >
<enuneration val ue="1 ow'>
<enuneration val ue="internedi ate">
<enuner ation val ue="hi gh">
</restriction>
</ xs: si npl eType>

<xs: conpl exType name="part Def ">
<XS:sequence>
<xs: el enent nanme="part1l" type="part NDef"
m nCccurs="1" maxCccurs="1">

<xs: el enent nanme="partN' type="part NDef"
m nCccurs="1" maxCccurs="1">
</ xs: sequence>
</ xs: conpl exType>
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<xs: si nmpl eType nanme="Part NDef " >
<restriction base="NMIOKEN'>
<enuneration val ue="yes">
<enuneration val ue="no">
</restriction>
</ xs: si npl eType>

<xs: conpl exType name="packageDef" >
<XS:sequence>
<xs: el enent name="packagel " type="part NDef"
m nCccurs="1" maxCccurs="1">

</ xs: sequence>
</ xs: conpl exType>

<xs:si npl eType name="Packagel Def ">
<restriction base="NMIOKEN" >
<enuneration val ue="yes">
<enuner ation val ue="no">
</restriction>
</ xs: si npl eType>

9.4 WSDL for GridDataRPCService PortType

<?xm version="1.0" encodi ng="UTF-8""?>
<definitions
name="Gr i dRPCSer vi ce"
t ar get Namespace="http://ww. gri df orum or g/ dai s/ G i dRPCSer vi ce. wsdl "
xm ns="http://schemas. xm soap. or g/ wsdl /"
xm ns: soap="http://schenmas. xn soap. or g/ wsdl / soap/ "
xm ns:tns="http://ww. gridforum org/dai s/ GidRPCService. wsdl"
xm ns: xsd="http://ww. w3. or g/ 2001/ XM_Schena"
xm ns: xsd1="http://ww. gridf orum org/ dai s/ & i dRPCSer vi ce. xsd1"
xm ns: xsd2="http://ww. gri df orum or g/ dai s/ Gri dRPCSer vi ce. xsd2" >

<types>
<xsd: schema

t ar get Nanespace="http://wwmv. gri df orum or g/ dai s/ G i dRPCSer vi ce. xsd1"
xm ns="http://schenmas. xm soap. or g/ wsdl /"
xm ns: SOAP- ENC="ht t p: // schenmas. xn soap. or g/ soap/ encodi ng/"
xm ns: soap="http://schemas. xm soap. or g/ wsdl / soap/ "

xm ns:tns="http://ww.gridforum org/dai s/ GidRPCServi ce. wsdl "
xm ns: xsd="http://ww. w3. or g/ 2001/ XM_Schena"

xm ns: xsd1="http://ww. gri df orum or g/ dai s/ G i dRPCSer vi ce. xsd1">
</ xsd: schema>
</types>
<nessage name="PerfornBul kXM_LoadRequest " >
<part nane="Docunent" type="xsd:anyType"/>
</ message>

<nessage name="PerformJpdat eRequest ">
<part nane="Notation" type="xsd:string"/>
<part nane="Updat eRequest" type="xsd:string"/>
</ message>
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<nmessage nanme="I|nval i dBul kDat aFor nat Error" > </ message>

<nmessage nanme="Cet SchemaRequest ">
<docunent ati on>Thi s defi nes no paraneters. </ docunent ati on>
</ message>

<nmessage nanme="Cet Ful | SchemaResponse" >
<part nane="Tabl eSchema" type="xsd:string"/>
</ message>

<nessage name="PerfornSchemaUpdat eRequest " >
<part nanme="Notation" type="xsd:string"/>
<part nanme="SchenmaUpdate" type="xsd:string"/>
</ message>

<nessage nanme="CQperationError"> </ message>

<nmessage nanme="Cet SchenaResponse" >
<part nane="SchenaList" type="xsd:string"/>
</ message>

<nmessage nanme="NotationtError"> </ message>
<nmessage nanme="I|nval i dDocurent For nat Error" > </ message>

<nmessage nane="PerfornBul kRel ati onal LoadResponse" >
<part nanme="Rowslnserted" type="xsd: positivelnteger"/>
</ message>

<nessage name="Cet Tabl eNanesResponse" >
<part nane="Tabl eLi st" type="xsd:string"/>
</ message>

<nessage name="Cet Tabl eDefi ni ti onsResponse" >
<part nane="Tabl eDefinition" type="xsd:string"/>
</ message>

<nmessage nane="PerfornBul kRel ati onal LoadRequest ">
<part nane="Tabl eNane" type="xsd:string"/>
<part nane="Bul kData" type="xsd:string"/>

</ message>

<nmessage nanme="SchemaM smat chError" > </ message>

<message nane="Cet Ful | SchenaRequest " >
<part nanme="Tabl eNane" type="xsd:string"/>
</ message>

<nessage name="Perfor mMuer yResponse">
<part nanme="QueryResult" type="xsd:string"/>
</ message>

<nessage name="Perfornuer yRequest" >
<part nane="Notation" type="xsd:string"/>
<part nanme="Query" type="xsd:string"/>
<part nane="Maxi mum' type="xsd: positivelnteger"/>

norm@cs.man.ac.uk 41



GFD-I February 2003

</ message>

<nmessage nanme="Cet Tabl eDefi ni ti onsRequest">
<part nanme="Tabl eNane" type="xsd:string"/>
</ message>

<nmessage nanme="NonExi st ant Tabl eError"> </ message>

<nessage name="Cet Docunent Li st Request ">
<docunent ati on>Thi s defi nes no paraneters. </ docunentati on>
</ message>

<nessage name="Perfornlpdat eResul t">
<part nane="Updat eResult" type="xsd:integer"/>
</ message>

<nessage nanme="Cet Tabl eNanesRequest ">
<part nanme="Tabl eMat chLi st" type="xsd:string"/>

</ message>

<nessage nane="PerfornSchemaUpdat eResponse" >
<part name="SchenmaUpdat eResult" type="xsd:integer"/>
</ message>

<nessage name="PerfornBul kXM_LoadResponse" > </ message>

<message nane="CGet Docunent Li st Response" >
<part nane="DocurentlList" type="xsd:string"/>
</ message>

<message nane="Format Error"> </ message>

<port Type nane="G i dRPCSer vi cePort Type" >
<operati on nane="Perf ornpdat e" >
<docunent at i on>Execut e a database update using the specified
query notation. </ docunentati on>
<i nput nessage="t ns: Per f or mpdat eRequest "/ >
<out put message="tns: Perfornlpdat eResul t"/>
<fault nessage="tns:NotationtError" nanme="InvalidNotation"/>
<fault nessage="tns: Qperati onError"
nanme="1nval i dOperati on"/ >
<fault nessage="tns: Format Error" nanme="Invali dFormat"/>
</ operati on>

<operati on nane="Perf or nSchenaUpdat e" >
<docunent at i on>Execut e a dat abase schema update in the
speci fied query notation.</docunentation>
<i nput nessage="t ns: Per f or nSchemaUpdat eRequest "/ >
<out put message="t ns: Perf or nSchemaUpdat eResponse"/ >
<fault nmessage="tns: NotationtError" name="Invali dNotation"/>
<fault nessage="tns: Qperati onError"
nane="1nval i dOperati on"/ >
<fault nessage="tns: Format Error" nanme="Invali dFormat"/>
</ operati on>

<operati on nane="Performuery">

norm@cs.man.ac.uk 42



GFD-I February 2003

<docunentati on>W || execute a database query using the
speci fied query notation.</docunentation>

<i nput nessage="t ns: Perf or mQuer yRequest"/ >

<out put message="t ns: Perfor nQuer yResponse"/ >

<fault nessage="tns:NotationtError" nanme="lnvalidNotation"/>

<fault nessage="tns: QperationError"
nanme="1nval i dOperati on"/ >

<fault nessage="tns: Format Error" nanme="Inval i dFormat"/>

</ operati on>

<operati on nane="Get Tabl eNanes" >
<docunent ati on>Return the nanmes of the tables held in the
dat abase. </ docunent ati on>
<i nput nessage="t ns: Get Tabl eNanesRequest"/ >
<out put message="t ns: Get Tabl eNanesResponse"/ >
</ operation>

<operation nane="Get Tabl eDefinitions">
<docunent ati on>Return t he col um nanmes and types defined for
a specific table.</docunentation>
<i nput nessage="t ns: Cet Tabl eDefi ni ti onsRequest ™/ >
<out put message="tns: Get Tabl eDefi ni ti onsResponse"/ >
<fault nessage="tns: NonExi st ant Tabl eError"
name="NonExi st ant Tabl e"/ >
</ operati on>

<operation nane="Get Ful | Schema" >
<documnent ati on>Returns the full schema of the table or view
requested, including all the stored triggers and
i ndi ces. </ docunent ati on>
<i nput nessage="t ns: Cet Ful | SchemaRequest "/ >
<out put message="t ns: Cet Ful | SchemaResponse"/ >
<fault nessage="tns: NonExi st ant Tabl eError"
nane="NonExi st ant Tabl e"/ >
</ operation>

<operation nane="Get Schema" >
<docunentation>WI| return the XM. schena used in the
col I ecti on. </ docunent ati on>
<i nput nessage="t ns: Get SchenmaRequest "/ >
<out put nmessage="t ns: Get SchenaResponse"/ >
<fault nessage="tns: Format Error"” name="faul dsd"/>
</ operation>

<operation nane="Get Docunent Li st ">
<docunent ati on>Returns the names of the docunents held in
the coll ection. </ docunent ati on>
<i nput nessage="t ns: Cet Docunent Li st Request "/ >
<out put message="t ns: Get Docunent Li st Response"/ >
</ operation>

<operation nane="PerfornBul kRel ati onal Load" >
<docunent ati on>I nserts the bul kData into the specified
table. This operation is appropriate for snmall |oads that can be
reasonabl y acconplished in one transaction.</documentation>
<i nput nessage="t ns: Perf or nBul kRel ati onal LoadRequest" />
<out put message="t ns: PerfornBul kRel ati onal LoadResponse"/ >
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<fault nessage="tns: SchenaM smat chError™"
nanme="SchemaM smat ch"/ >
<fault nessage="tns: | nvali dBul kDat aFor mat Error"
nanme="1|nval i dBul kDat aFor mat "/ >
<fault nessage="tns: NonExi st ant Tabl eError"
nanme="NonExi st ant Tabl e"/ >
</ operation>

<operati on nanme="Perfor nBul kXM._Load" >
<docunent ati on>l nserts an XM. docunment into the collection.
This operation is appropriate for small |oads that can be reasonably
acconplished in one transacti on</docunentati on>
<i nput nessage="t ns: Perf or nBul kXM_LoadRequest "/ >
<out put message="t ns: Perfor nBul kXM_LoadResponse"/ >
<fault nessage="tns: SchenaM smat chError™"
name="SchemaM smat ch"/ >
<fault nessage="tns:|nvali dDocunment Format Error"
nanme="1nval i dDocurment For mat "/ >
</ operation>
</ port Type>
</ definitions>
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