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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: 

o 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. 

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

o GridDataTransport::get. 
o GridDataTransport::put. 

A Grid Database Service SHOULD support the GridDataTransport portType. 
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• 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. 

• 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. 
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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. 

 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 

 
 
 



GFD-I  February 2003 

norm@cs.man.ac.uk 7 

 
 
 
 
 
 
 

Gr i dDat aSer vi ce

<Ser vi ce
Dat a>

Gr i dSer vi ce 
por t

Gr i dDat aSer vi ce 
por t

Gr i dDat aTr anspor t  
por t

Request er

Fi ndSer vi ceDat a

Per f or m

<Response>

put / get

<Response>

Gr i dDat aSer vi ce

 
 
 
 

 
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, 
• product information, and 
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• 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 
request. 

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 : ser vi ceDat aDescr i pt i on 
 name=" Act i v i t yTypes"  
 el ement =" gdst ypes: Act i v i t yQNameType"  
 mi nOccur s=" 1"  
 maxOccur s=" unbounded"  
 mut abi l i t y=" mut abl e" > 
 <wsdl : document at i on> 
  A l i s t  of  names of  act i v i t y  t ypes t hat  may appear  wi t hi n 
            t he Request  el ement  i n t he Gr i dDat aSer v i cePer f or m document .  
 </ wsdl : document at i on> 
</ gsdl : ser v i ceDat aDescr i pt i on> 
 
<gsdl : ser vi ceDat aDescr i pt i on 
 name=” Def i nedRequest s”  
 el ement =” gdst ypes: Request Type”  
 mi nOccur s=” 0”  
 maxOccur s=” unbounded”  
 mut abi l i t y=” mut abl e” > 
 <wsdl : document at i on> 

Avai l abl e r equest  document s.   Request s ar e added t o t he 
Gr i dDat aSer v i ce by i ncl udi ng t hem i n t he 
Gr i dDat aSer v i cePer f or m document .   

 </ wsdl : document at i on> 
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</ gsdl : ser v i ceDat aDescr i pt i on> 
 
<gsdl : ser vi ceDat aDescr i pt i on 
 name=” Runni ngRequest s”  
 el ement =” gdst ypes: Gr i dDat aSer v i ceResponseType”  
 mi nOccur s=” 0”  
 maxOccur s=” unbounded”  
 mut abi l i t y=” mut abl e” > 
 <wsdl : document at i on> 

The st at us of  any r equest s cur r ent l y  bei ng execut ed.  
 </ wsdl : document at i on> 
</ gsdl : ser v i ceDat aDescr i pt i 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 : ser vi ceDat aDescr i pt i on 
 name=” Dat aResour ce”  
 el ement =” xsd: Dat aResour ceType”  
 mi nOccur s=” 1”  
 maxOccur s=” 1”  
 mut abi l i t y=” mut abl e” > 
 <wsdl : document at i on> 

An XML document  t hat  cont ai ns r ef er ences t o SDEs descr i bi ng 
t he dat a r esour ce t o whi ch t hi s Gr i dDat aSer v i ce has access.  
Thi s i nc l udes,  but  i s  not  l i mi t ed t o,  t he name of  t he dat a 
r esour ce,  t he l ocat i on of  t he dat a r esour ce,  t he dr i ver s 
t hat  ar e suppor t ed.  

 </ wsdl : document at i 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: compl exType name=" Dr i ver Type" > 
 <xs: at t r i but e name=" name"  t ype=" xs: QName"  use=" r equi r ed" / > 
 <xs: at t r i but e name=" commonName"  t ype=" xs: st r i ng"  use=" r equi r ed" / > 
 <xs: at t r i but e name=" ver s i on"  t ype=" xs: st r i ng"  use=" opt i onal " / > 
</ xs: compl exType> 
 
<gsdl : ser vi ceDat aDescr i pt i on  
 name=" dr i ver "   
 el ement =" t ns: Dr i ver Type"  
 mi nOccur s=" 1"  
 maxOccur s=" unbounded"  
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 mut abi l i t y=" mut abl e" > 
 <wsdl : document at i on> 
  A descr i pt i on of  a dr i ver  t hat  can be used t o access a dat a 
r esour ce.  
 </ wsdl : document at i on> 
</ gsdl : ser v i ceDat aDescr i pt i on> 
 
An example for a XML database driver for the Xindice database: 
 
<ser v i ceDat a name=” dr i ver ” > 
 <name> xml db </ name> 

<commonName>  
or g. apache. x i ndi ce. c l i ent . xml db. Dat abaseI mpl   

</ commonName> 
<ver s i on> 20020101 </ ver si on> 

</ ser v i ceDat a>     
 
An example for a relational database driver for the MySQL database: 
 
<ser v i ceDat a name=” dr i ver ” > 
 <name> MySQL </ name> 

<commonName>  
com. mysql . j dbc. Dr i ver  

</ commonName> 
<ver s i on> 2003- 01- 23 -  Ver s i on 3. 0. 5 Gamma</ ver s i on> 

</ ser v i ceDat a>      
 
4.1.1.4 Language 
 
The language SDE allows the data resource to provide information about the languages 
supported. 
 
<gsdl : ser vi ceDat aDescr i pt i on  
 name=" l anguage"   
 el ement =" LanguageType"  
 mi nOccur s=" 1"  
 maxOccur s=" unbounded"  
 mut abi l i t y=" mut abl e" > 
 <wsdl : document at i on> 
  A descr i pt i on of  a l anguage t hat  can be used t o access a 
dat a r esour ce.  
 </ wsdl : document at i on> 
</ gsdl : ser v i ceDat aDescr i pt i on> 
 
Examples: 
 
<ser v i ceDat a name=” dai : l anguage” > 
 <name> XPat h1. 0 </ name> 

<t ype> XPat h </ t ype> 
<ver s i on> 1. 0 </ ver s i on> 

</ ser v i ceDat a> 
 
<ser v i ceDat a name=” dai : l anguage” > 
 <name> XUpdat e1. 0 </ name> 
 <t ype> XUpdat e </ t ype> 
 <ver s i on> 1. 0 </ ver s i on> 
</ ser v i ceDat a> 
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<ser v i ceDat a name=” dai : l anguage” > 
 <name> SQL92 </ name> 
 <t ype> SQL </ t ype> 
 <ver s i on> 92 </ ver si on> 
</ ser v i 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 : ser vi ceDat aDescr i pt i on  
 name=" dat aResour ceManagement Syst em"   
 el ement =" Dat aResour ceManagement Syst emType"  
 mi nOccur s=" 1"  
 maxOccur s=" unbounded"  
 mut abi l i t y=" mut abl e" > 
 <wsdl : document at i on> 
  A descr i pt i on of  t he dat a r esour ce management  syst em t hat  
cont ai ns t he dat a t o be accessed or  updat ed.  
 </ wsdl : document at i on> 
 
The following is an example for an XML database: 
 
<ser v i ceDat a name=” dat aResour ceManagement Syst em” > 

<name>xi nd1</ name> 
 <pr oduct Name> Xi ndi ce </ pr oduct Name> 
 <pr oduct Ver s i on> 1. 1 </ pr oduct Ver si on> 
 <vendor Name> Apache XML </ vendor Name> 
 <l ocat i on> l ocal host : 4080 </ l ocat i on> 
</ ser v i ceDat a> 
 
The following is an example for a relational database: 
 
<ser v i ceDat a name=” dat aResour ceManagement Syst em” > 

<name>MySQLSyst em1</ name> 
 <pr oduct Name> MySQL </ pr oduct Name> 
 <pr oduct Ver s i on> 3. 20 </ pr oduct Ver s i on> 
 <vendor Name> MySQL </ vendor Name> 
 <l ocat i on> dat abase. MySQLt est . or g: 3333 </ l ocat i on> 
</ ser v i 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 : ser vi ceDat aDescr i pt i on 
 name=” Dat abase”  
 el ement =” gdst ypes: Dat abaseType”  
 mi nOccur s=” 0”  
 maxOccur s=” unbounded”  
 mut abi l i t y=” mut abl e” > 
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 <wsdl : document at i on> 
Thi s physi cal l y  descr i bes t he dat abase i nc l ude s i zes et c.   

 </ wsdl : document at i on> 
</ gsdl : ser v i ceDat aDescr i pt i on> 
 
<gsdl : ser vi ceDat aDescr i pt i on 
 name=” Dat abaseSchema”  
 el ement =” gdst ypes: dat abaseSchemaType”  
 mi nOccur s=” 0”  
 maxOccur s=” unbounded”  
 mut abi l i t y=” mut abl e” > 
 <wsdl : document at i on> 

Thi s descr i bes t he dat abase met adat a such as col umns,  
col umn t ypes,  keys et c  

 </ wsdl : document at i on> 
</ gsdl : ser v i ceDat aDescr i pt i on> 
 
<gsdl : ser vi ceDat aDescr i pt i on 
 name=” LanguageCapabi l i t i es”  
 el ement =” gdst ypes: SQLSer vi ceDat a”  
 mi nOccur s=” 0”  
 maxOccur s=” 1”  
 mut abi l i t y=” mut abl e” > 
 <wsdl : document at i on> 

Thi s descr i bes t he di al ect  of  SQL suppor t ed by t he ser vi ce.   
 </ wsdl : document at i on> 
</ gsdl : ser v i ceDat aDescr i pt i on> 
 
4.1.2.1 Database 
 
This SDE provides some information on the physical properties of a database. 
 
<?xml  ver si on=" 1. 0"  encodi ng=" UTF- 8" > 
<xs: schema xml ns: xs=" ht t p: / / www. w3. or g/ 2001/ XMLSchema" > 
<xs: el ement  name=" document "  t ype=" dat abaseSer vi ceDat a" > 
  
<xs: compl exType name=" dat abaseSer vi ceDat a" > 
 <xs: el ement  name=" dat abaseSi ze"  t ype=" s i zeDef "  
                mi nOccur s=" 1"  maxOccur s=" 1" / >   
</ xs: compl exType>  
 
<xs: compl exType name=" si zeDef " > 
 <xs: el ement  name=" si zeByt es"  t ype=" xs: i nt "  
   use=" r equi r ed" > 
 <xs: el ement  name=" f r eeSpaceByt es"  t ype=" xs: i nt "  
   use=" r equi r ed" > 
</ xs: compl 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: compl exType name=" col l ect i onType" > 
 <xs: sequence> 
   <xs: el ement  name=" col l ect i on"   
        t ype=" col l ect i onType"   
        mi nOccur s=" 0"   
        maxOccur s=" unbounded" / > 
 </ xs: sequence> 
 <xs: at t r i but e name=" name"  t ype=" xs: QName"  use=" r equi r ed" / > 
</ xs: compl exType> 
 
<gsdl : ser vi ceDat aDescr i pt i on  
 name=" col l ect i onSt r uct ur e"   
 el ement =" col l ect i onType"  
 mi nOccur s=" 1"  
 maxOccur s=" 1"  
 mut abi l i t y=" mut abl e" > 
 <wsdl : document at i on> 
  The col l ect i on st r uct ur e of  an XML dat abase.  
 </ wsdl : document at i on> 
</ gsdl : ser v i ceDat aDescr i pt i on> 
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For example, given an XML database with the following collection structure: 

• db 
• db/mydocuments 
• db/mytestdb 
• db/mytestdb/moredocuments 

the collection SDE is as follows: 
 
<ser v i ceDat a name=” col l ect i onSt r uct ur e” > 
 <col l ect i on name=” db” > 
  <col l ect i on name=” db/ mydocument s” / > 
  <col l ect i on name=” db/ myt est db” > 
   <col l ect i on name=” db/ myt est db/ mor edocument s” / > 
  </ col l ect i on> 
 </ col l ect i on> 
</ ser v i 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 : ser vi ceDat aDescr i pt i on  
 name=" col l ect i onSchema"   
 el ement =" xsd: anyURI "  
 mi nOccur s=" 1"  
 maxOccur s=" unbounded"  
 mut abi l i t y=" mut abl e" > 
 <wsdl : document at i on> 
  The col l ect i on schemas of  an XML dat abase.  
 </ wsdl : document at i on> 
</ gsdl : ser v i ceDat aDescr i pt i 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.  
 
<Gr i dDat aSer vi cePer f or m> 
  <Request  name=" r equest 1" > 
    <Par amet er  name=" age" / > 
   
    <SQLSt at ement  name=" st at ement 1"  . . . > 
      . . .  
    </ SQLSt at ement > 
 
    <Del i ver y name=" d1" > 
      . . .  
    </ Del i ver y>  
 
    <! - -  Ext ensi bi l i t y El ement  – t hr ough subst i t ut i on gr oups - - >       
 
  </ Request > 
 
  <Execut e name=” execut e1”  r equest =” r equest 1” > 
    . . .  
  </ Execut e> 
 
  <! - -  Ext ensi bi l i t y  El ement  - - > 
  <! - -  Ot her  cont r ol  el ement s.  Onl y Ter mi nat e i s  cur r ent l y def i ned - - > 
 
</ Gr i dDat aSer v i cePer f or m> 
 
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: compl exType name=" Execut eType" > 
   <xsd: compl exCont ent > 
  <xsd: ext ensi on base=" t ns: Act i v i t yType" > 
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   <xsd: sequence> 
<xsd: el ement  name=" Wi t hPar amet er "   
             t ype=" t ns: Wi t hPar amet er Type"   
             mi nOccur s=" 0"   
             maxOccur s=" unbounded" / > 

   </ xsd: sequence> 
   <xsd: at t r i but e name=" r equest "  t ype=" xsd: st r i ng" / > 
  </ xsd: ext ensi on> 
 </ xsd: compl exCont ent > 
</ xsd: compl exType> 
           
<xsd: compl exType name=" Ter mi nat eType" >  
 <xsd: compl exCont ent > 
  <xsd: ext ensi on base=" t ns: Act i v i t yType" > 
   <xsd: at t r i but e name=" r unni ngRequest "   
                                 t ype=" xsd: st r i ng" / > 
  </ xsd: ext ensi on> 
 </ xsd: compl exCont ent > 
</ xsd: compl exType>    
 
<xsd: compl exType name=" Gr i dDat aSer v i cePer f or mType" > 
 <xsd: sequence> 
  <xsd: el ement  name=" Request "   
                         t ype=" t ns: Request Type"   
                         mi nOccur s=" 0"   
                         maxOccur s=" unbounded" / > 
  <xsd: el ement  name=" Execut e"   
                         t ype=" t ns: Execut eType"   
                         mi nOccur s=" 0"   
                         maxOccur s=" unbounded" / > 
  <xsd: el ement  name=" Ter mi nat e"   
                         t ype=" t ns: Ter mi nat eType"   
                         mi nOccur s=" 0"   
                         maxOccur s=" unbounded" / > 
  <! - -  ext ensi bi l i t y  el ement  - - > 
 </ xsd: sequence> 
</ xsd: compl 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: compl exType name=" Request Type" >  
   <xsd: compl exCont ent > 
  <xsd: ext ensi on base=" t ns: Act i v i t yType" >     
   <xsd: sequence> 
    <xsd: el ement  r ef =" t ns: Act i v i t y"   
                                     mi nOccur s=" 0"   
                                     maxOccur s=" unbounded"  / > 
    <! - -  ext ensi bi l i t y  v i a subst i t ut i onGr oup - - > 
   </ xsd: sequence>   
  </ xsd: ext ensi on> 
 </ xsd: compl exCont ent >     
</ xsd: compl 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: compl exType name=" Act i vi t yType"  abst r act =" f al se" > 
    <xsd: at t r i but e name=" name"  t ype=" xsd: I D"  use=" r equi r ed" / > 
</ xsd: compl 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: compl exType name=" Act i vi t yI nput Type"   
                 abst r act =" t r ue"   
                 mi xed=" t r ue" > 
    <xsd: sequence> 
        <xsd: el ement  name=" UsePar amet er "   
                     t ype=" t ns: UsePar amet er Type"   
                     mi nOccur s=" 0"   
                     maxOccur s=" 1" / > 
    </ xsd: sequence> 
    <xsd: at t r i but e name=" f r om"  t ype=" xsd: I DREF"  use=" opt i onal " / > 
</ xsd: compl exType> 
     
<xsd: compl exType name=" Act i vi t yOut put Type"   
                 abst r act =" t r ue"   
                 mi xed=" t r ue" > 
    <xsd: sequence> 
        <xsd: el ement  name=" UsePar amet er "   
                     t ype=" t ns: UsePar amet er Type"   
                     mi nOccur s=" 0"   
                     maxOccur s=" 1" / > 
    </ xsd: sequence> 
    <xsd: at t r i but e name=" name"  t ype=" xsd: I D"  use=" r equi r ed" / > 
</ xsd: compl 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: compl exType name=" Exampl eAct i v i t yType" > 
   <xsd: compl exCont ent > 
       <xsd: ext ensi on base=" t ns: Act i v i t yType" >  
     <xsd: sequence> 
        <xsd: el ement  name=" Val ueI n"  maxOccur s=" unbounded" > 
      <xsd: compl exType mi xed=" t r ue" > 
                   <xsd: compl exCont ent > 
       <xsd: ext ensi on base=" t ns: Act i v i t yI nput Type" > 
       </ xsd: ext ensi on> 
                   </ xsd: compl exCont ent > 
      </ xsd: compl exType> 
   </ xsd: el ement > 
   <xsd: el ement  name=" Val ueOut " > 
      <xsd: compl exType mi xed=" t r ue" > 
         <xsd: compl exCont ent > 
       <xsd: ext ensi on base=" t ns: Act i v i t yOut put Type" > 
       </ xsd: ext ensi on> 
    </ xsd: compl exCont ent > 
      </ xsd: compl exType> 
   </ xsd: el ement > 
          </ xsd: sequence>  
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  </ xsd: ext ensi on> 
    </ xsd: compl exCont ent > 
</ xsd: compl exType> 
 
 <xsd: el ement  name=" Exampl eAct i v i t y"   
              t ype=" t ns: Exampl eAct i v i t yType"                
              subst i t ut i onGr oup=" t ns: Act i v i t y" / >        
 
 
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 unique 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: compl exType name=" Resul t Type" > 
  <xsd: sequence> 
    <xsd: any namespace=" ##any" / > 
  </ xsd: sequence> 
  <xsd: at t r i but e name=" name"  t ype=" xsd: st r i ng" / > 
</ xsd: compl exType> 
  
<xsd: compl exType name=" ResponseType" > 
  <xsd: sequence> 
    <xsd: el ement  name=" Resul t "   
                 t ype=" t ns: Resul t Type"   
                 mi nOccur s=" 0"   
                 maxOccur s=" 1" / > 
  </ xsd: sequence> 
  <xsd: at t r i but e name=" name"  t ype=" xsd: st r i ng" / > 
</ xsd: compl exType> 
  
<xsd: compl exType name=" Gr i dDat aSer v i ceResponseType" > 
  <xsd: sequence> 
    <xsd: el ement  name=" Response"  t ype=" t ns: ResponseType" / > 
  </ xsd: sequence> 
</ xsd: compl 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: compl exType name = “ Del i ver yFr omLocal Type” > 
  <xsd: annot at i on> 
    <xsd: document at i on>  
        A l ocal  named endpoi nt .  
    </ xsd: document at i on> 
  </ xsd: annot at i on> 
  <xsd: compl exCont ent > 
    <xsd: ext ensi on base=" t ns: Act i v i t yI nput Type" > 
    </ xsd: ext ensi on> 
  </ xsd: compl exCont ent > 
</ xsd: compl exType> 
 
<xsd: compl exType name = “ Del i ver yToLocal Type” > 
  <xsd: annot at i on> 
    <xsd: document at i on>  
        A l ocal  named endpoi nt .  
    </ xsd: document at i on> 
  </ xsd: annot at i on> 
  <xsd: compl exCont ent > 
    <xsd: ext ensi on base=" t ns: Act i v i t yOut put Type" > 
    </ xsd: ext ensi on> 
  </ xsd: compl exCont ent > 
</ xsd: compl exType> 
  
<xsd: compl exType name = “ Del i ver yURI Type” > 
  <xsd: annot at i on> 
    <xsd: document at i on>  
        A URI  speci f y i ng an ext er nal  endpoi nt  us i ng t he f or mat  
        scheme: / / [ user : pass@] host [ : por t ] / l ocat i on[ ?par amet er s] .  
    </ xsd: document at i on> 
  </ xsd: annot at i on> 
  <xsd: r est r i c t i on base=" xsd: anyURI " / > 
</ xsd: compl exType> 
 
<xsd: compl exType name = “ Del i ver yGDTType” > 
  <xsd: annot at i on> 
    <xsd: document at i on>  
        A URI  speci f y i ng t he GSH and name of  a GDT.  
    </ xsd: document at i on> 
  </ xsd: annot at i on> 
  <xsd: choi ce  
  <xsd: r est r i c t i on base=" xsd: anyURI " / > 
</ xsd: si mpl eType> 
 
<xsd: compl exType name = “ Del i ver yWai t Type” > 
  <xsd: annot at i on> 
    <xsd: document at i on>  
        When a wai t  t ype i s  used del i ver y does not hi ng.  I t  wai t s unt i l   
        t he GDS i s  cont act ed by an ext er nal  ser v i ce r equest i ng or  
        suppl y i ng t he dat a.  
    </ xsd: document at i on> 
  </ xsd: annot at i on> 
  <xsd: choi ce  
  <xsd: r est r i c t i on base=" xsd: st r i ng" / > 
</ xsd: si mpl eType> 
 
<xsd: compl exType name=" Del i ver yAct i v i t yType" > 
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  <xsd: compl exCont ent > 
    <xsd: ext ensi on base=" t ns: Act i v i t yType" >  
      <xsd: sequence> 
        <xsd: choi ce mi nOccur s=” 1” > 
         <xsd: el ement  name=" Fr omLocal "   
                       t ype=" t ns: Del i ver yFr omLocal Type" / > 
          <xsd: el ement  name=" Fr omURI "    t ype=" t ns: Del i ver yURI Type" / > 
          <xsd: el ement  name=" Fr omGDT"  t ype=" t ns: Del i ver yGDTType" / > 
          <xsd: el ement  name=" Fr omWai t "    t ype=" t ns: Del i ver yWai t Type" / > 
        </ xsd: choi ce> 
        <xsd: choi ce mi nOccur s=” 1”  maxOccur s=” unbounded” > 
         <xsd: el ement  name=" ToLocal "  t ype=" t ns: Del i ver yToLocal Type" / > 
         <xsd: el ement  name=" ToURI "    t ype=" t ns: Del i ver yURI Type" / > 
          <xsd: el ement  name=" ToGDT"    t ype=" t ns: Del i ver yGDTType" / > 
          <xsd: el ement  name=" ToWai t "    t ype=" t ns: Del i ver yWai t Type" / > 
        </ xsd: choi ce> 
      </ xsd: sequence>  
    </ xsd: ext ensi on> 
  </ xsd: compl exCont ent > 
</ xsd: compl 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 ver y"   
             t ype=" Del i ver yAct i v i t yType"                
             subst i t ut i onGr oup=" t ns: Act i v i t y" / >        
 
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: compl exType name=” SQLPar amet er Type”  mi xed=" t r ue" > 
    <xsd: compl exCont ent > 
        <xsd: ext ensi on base=" t ns: Act i v i t y I nput Type" > 
        </ xsd: ext ensi on> 
    </ xsd: compl exCont ent > 
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    <xsd: at t r i but e name=” Posi t i on”  t ype=” xsd: i nt ” / > 
</ xsd: compl exType> 
 
<xsd: compl exType name=” Expr essi onType”  mi xed=" t r ue" > 
    <xsd: compl exCont ent > 
        <xsd: ext ensi on base=" t ns: Act i v i t y I nput Type" > 
        </ xsd: ext ensi on> 
    </ xsd: compl exCont ent > 
</ xsd: compl exType> 
 
<xsd: compl exType name=” Resul t Type”  mi xed=" t r ue" > 
    <xsd: compl exCont ent > 
        <xsd: ext ensi on base=" t ns: Act i v i t yOut put Type" > 
        </ xsd: ext ensi on> 
    </ xsd: compl exCont ent > 
</ xsd: compl exType> 
 
<xsd: compl exType name=" SQLQuer ySt at ement Type" > 
    <xsd: compl exCont ent > 
      <xsd: ext ensi on base=" t ns: Act i v i t yType" >      
          <xsd: sequence> 
      <xsd: el ement  name=” SQLPar amet er ”   
                         t ype=" t ns: SQLPar amet er Type"   
                         mi nOccur s=” 0”   
                         maxOccur s=” unbounded” / > 
         <xsd: el ement  name=" Dat aResour ce"   
                         t ype=" xsd: st r i ng"   
                         mi nOccur s=” 0”   
                         maxOccur s=” 1” / > 
       <xsd: el ement  name=” Expr essi on”  t ype=” t ns: Expr essi onType” / >      
          <xsd: el ement  name=” Resul t ”  t ype=” t ns: Resul t Type” / > 
          </ xsd: sequence> 
   </ xsd: ext ensi on> 
  </ xsd: compl exCont ent > 
</ xsd: compl 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. 
WebRowSet 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: compl exType name=" SQLUpdat eSt at ement Type" > 
    <xsd: compl exCont ent > 
       <xsd: ext ensi on base=" t ns: Act i v i t yType" >  
           <xsd: sequence>    
      <xsd: el ement  name=” SQLPar amet er ”   
                         t ype=" t ns: SQLPar amet er Type"   
                         mi nOccur s=” 0”   
                         maxOccur s=” unbounded” / > 
         <xsd: el ement  name=" Dat aResour ce"   
                         t ype=" xsd: st r i ng"   
                         mi nOccur s=” 0”   
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                         maxOccur s=” 1” / > 
       <xsd: el ement  name=” Expr essi on”  t ype=” t ns: Expr essi onType” / >      
          <xsd: el ement  name=” Resul t ”  t ype=” t ns: Resul t Type” / > 
          </ xsd: sequence> 
   </ xsd: ext ensi on> 
  </ xsd: compl exCont ent > 
</ xsd: compl 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 16th 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.org/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: compl exType name=” NamespaceType”  mi xed=" t r ue" > 
    <xsd: compl exCont ent > 
        <xsd: ext ensi on base=" t ns: Act i v i t y I nput Type" > 
        </ xsd: ext ensi on> 
    </ xsd: compl exCont ent > 
    <xsd: at t r i but e name=” pr ef i x”  t ype=” xsd: st r i ng” / > 
</ xsd: compl exType> 
 
<xsd: compl exType name=” Col l ect i onType”  mi xed=" t r ue" > 
    <xsd: compl exCont ent > 
        <xsd: ext ensi on base=" t ns: Act i v i t y I nput Type" > 
        </ xsd: ext ensi on> 
    </ xsd: compl exCont ent > 
</ xsd: compl exType> 
 
<xsd: compl exType name=” Resour ceI dType”  mi xed=" t r ue" > 
    <xsd: compl exCont ent > 
        <xsd: ext ensi on base=" t ns: Act i v i t y I nput Type" > 
        </ xsd: ext ensi on> 
    </ xsd: compl exCont ent > 
</ xsd: compl exType> 
 
<xsd: compl exType name=” Expr essi onType”  mi xed=" t r ue" > 
    <xsd: compl exCont ent > 
        <xsd: ext ensi on base=" t ns: Act i v i t y I nput Type" > 
        </ xsd: ext ensi on> 
    </ xsd: compl exCont ent > 
</ xsd: compl exType> 
 
<xsd: compl exType name=" XPat hSt at ement Type" > 
    <xsd: compl exCont ent > 
       <xsd: ext ensi on base=" t ns: Act i v i t yType" > 
    <xsd: sequence> 
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     <xsd: el ement  name=" dat ar esour ce"  
t ype=" xsd: st r i ng" / >      
  <xsd: el ement  name=" namespace"  t ype=" t ns: NamespaceType"  
mi nOccur s=” 0”  maxOccur s=” unbounded” / >      
     <xsd: el ement  name=" col l ect i on"  
t ype=" t ns: Col l ect i onType" / >      
     <xsd: el ement  name=" r esour ceI D"  
t ype=" t ns: Resour ceI DType"  mi nOccur s=” 0”  maxOccur s=” unbounded” / >      
     <xsd: el ement  name=" expr essi on"  
t ype=" t ns: Expr essi onType" / >      
    </ xsd: sequence> 
   </ xsd: ext ensi on> 
  </ xsd: compl exCont ent > 
</ xsd: compl 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 : post i ng 

xml ns: dai s=” ht t p: / / www. gr i df or um. or g/ namespaces/ 2003/ dai s” > 
<t o>Bob</ t o> 
<f r om>Al i ce</ f r om> 
<subj ect >Exampl e</ subj ect > 
<body>Thi s i s an exampl e f or  a document </ body> 

</ ogsadai : post i ng> 
 
The following is a document for a single query request using the XPath query language. 
Parameters and namespace definitions are used. 

<Par amet er  name=” t hename” / > 
 
<Xpat hSt at ement  name=” xpat h1” > 
 <namespace pr ef i x=” ogsadai ” > 

“ ht t p: / / www. gr i df or um. or g/ namespaces/ 2003/ dai s”  
</ namespace> 

 <r esour ceI D>doc1</ r esour ceI D> 
 <expr essi on>/ ogsadai : post i ng/ t o[ t ext ( ) =” <UsePar amet er  
name=” t hename” >” ] </ 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 14th September 2001. 
 
For an XUpdate request, we define the XUpdateStatement activity which has the following XML 
schema: 
 
<xsd: compl exType name=" XUpdat eSt at ement Type" > 
    <xsd: compl exCont ent > 
       <xsd: ext ensi on base=" t ns: Act i v i t yType" > 
    <xsd: sequence> 
     <xsd: el ement  name=" dat aResour ce"  
t ype=" xsd: st r i ng" / >      
  <xsd: el ement  name=" namespace"  t ype=" t ns: NamespaceType"  
mi nOccur s=” 0”  maxOccur s=” unbounded” / >      
  <xsd: el ement  name=" col l ect i on"  t ype=" t ns: Col l ect i onType" / >      
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  <xsd: el ement  name=" r esour ceI D"  t ype=" t ns: Resour ceI DType"  
mi nOccur s=” 0”  maxOccur s=” unbounded” / >      
  <xsd: el ement  name=" expr essi on"  t ype=" t ns: Expr essi onType" / >      
    </ xsd: sequence> 
   </ xsd: ext ensi on> 
  </ xsd: compl exCont ent > 
</ xsd: compl exType> 
 
The following is an example update: 
 
<Xupdat eSt at ement  name=” Xupdat e1” > 
 <col l ect i on> / db/ mai l  </ col l ect i on> 
 <expr essi on> 

   <xupdat e: modi f i cat i ons ver s i on=" 1. 0"  
         xml ns: xupdat e=" ht t p: / / www. xml db. or g/ xupdat e" >  

<xupdat e: i nser t - af t er  sel ect =" / addr esses/ addr ess[ 1] "  > 
<xupdat e: el ement  name=" post i ng" > 

<To>Char l i e</ To>  
<Fr om>Al i ce</ Fr om>  
<Body>Anot her  exampl e t ext . </ Body>  

</ xupdat e: el ement >  
</ xupdat e: i nser t - af t er >  

     </ xupdat e: modi f i cat i ons>  
 </ expr essi on> 
</ XUpdat eSt at ement > 
 
4.3.3.3 XQuery 
 
The XQuery 1.0 working draft from 16th 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: compl exType name=" XQuer ySt at ement Type" > 
    <xsd: compl exCont ent > 
       <xsd: ext ensi on base=" t ns: Act i v i t yType" > 
    <xsd: sequence> 
     <xsd: el ement  name=" dat aResour ce"  
t ype=" xsd: st r i ng" / >      
  <xsd: el ement  name=" namespace"  t ype=" t ns: NamespaceType"  
mi nOccur s=” 0”  maxOccur s=” unbounded” / >      
  <xsd: el ement  name=" col l ect i on"  t ype=" t ns: Col l ect i onType" / >      
  <xsd: el ement  name=" r esour ceI D"  t ype=" t ns: Resour ceI DType"  
mi nOccur s=” 0”  maxOccur s=” unbounded” / >      
  <xsd: el ement  name=" expr essi on"  t ype=" t ns: Expr essi onType" / >      
    </ xsd: sequence> 
   </ xsd: ext ensi on> 
  </ xsd: compl exCont ent > 
</ xsd: compl exType> 
 
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: compl exType name=" XMLResour ceManagement " > 
    <xsd: compl exCont ent > 
       <xsd: ext ensi on base=" t ns: Act i v i t yType" > 
    <xsd: sequence> 
 
     <xsd: el ement  name=" col l ect i on"  t ype=" t ns: Col l ect i onType" / >      
     <xsd: el ement  name=" expr essi on"  t ype=" t ns: r equest Type" / > 
    </ xsd: sequence> 
   </ xsd: ext ensi on> 
  </ xsd: compl exCont ent > 
</ xsd: compl exType> 
 
A expression has the following XML schema: 
 
<xsd: compl exType name=" r equest Type" > 
    <xsd: compl exCont ent > 
      <xsd: ext ensi on base=" t ns: Act i v i t y I nput Type" > 
    <xsd: choi ce> 

    <xsd: el ement  name=" cr eat eResour ce" > 
      <xsd: compl exType> 
       <xsd: at t r i but e name=" name"  t ype=" xsd: st r i ng"  
use=" r equi r ed" / > 
      </ xsd: compl exType> 
     </ xsd: el ement > 

    <xsd: el ement  name=" r emoveResour ce" / > 
       <xsd: compl exType> 
       <xsd: at t r i but e name=" name"  t ype=" xsd: st r i ng"  
use=" r equi r ed" / > 
      </ xsd: compl exType> 
    </ xsd: choi ce> 
      </ xsd: ext ensi on> 
    </ xsd: compl exCont ent > 
</ xsd: compl exType> 
 
For example, the removal of a resource named “res1” residing in the collection “/db/mail” of the 
data resource “dr1” is requested as follows: 
 
<XMLCol l ect i onManagement Ser vi ce name=” Management 1” > 
 <col l ect i on> / db/ mai l  </ col l ect i on> 

<expr essi on>  
<r emoveResour ce name=” r es1” / > 

</ expr essi on> 
</ XMLCol l ect i onManagement Ser v i 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: compl exType name=" XMLCol l ect i onManagement " > 
    <xsd: compl exCont ent > 
        <xsd: ext ensi on base=" t ns: Act i v i t yType" > 
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    <xsd: sequence> 
     <xsd: el ement  name=" col l ect i on"  t ype=" t nd: Col l ect i onType" / >      
     <xsd: el ement  name=" r equest "  t ype=" t ns: r equest Type" / > 
    </ xsd: sequence> 
   </ xsd: ext ensi on> 
  </ xsd: compl exCont ent > 
</ xsd: compl exType> 
 
A expression has the following XML schema: 
 
<xsd: compl exType name=" r equest Type" > 
    <xsd: compl exCont ent > 
      <xsd: ext ensi on base=" t ns: Act i v i t y I nput Type" > 
    <xsd: choi ce> 
     <xsd: el ement  name=" cr eat eCol l ect i on" >  
      <xsd: compl exType> 
       <xsd: at t r i but e name=" name"  t ype=" xsd: st r i ng"  
use=" r equi r ed" / > 
      </ xsd: compl exType> 
     </ xsd: el ement > 
     <xsd: el ement  name=" r emoveCol l ect i on" > 
      <xsd: compl exType> 
       <xsd: at t r i but e name=" name"  t ype=" xsd: st r i ng"  
use=" r equi r ed" / > 
      </ xsd: compl exType> 
     </ xsd: el ement > 
    </ xsd: choi ce> 
   </ xsd: ext ensi on> 
  </ xsd: compl exCont ent > 
</ xsd: compl 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 : ser vi ceDat aDescr i pt i on 
 name=” gds: Logi cal l ySuppor t edTypes”  
 t ype=” xsd: anyURI ”  
 mi nOccur s=” 1”  
 maxOccur s=” unbounded”  
 mut abi l i t y=” mut abl e” > 
 <wsdl : document at i on> 

An XML document  t hat  i dent i f i es t he t ypes of  t r anspor t  
avai l abl e f r om t hi s ser v i ce.  

 </ wsdl : document at i on> 
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</ gsdl : ser v i ceDat aDescr i pt i on> 
 
<gsdl : ser vi ceDat aDescr i pt i on 
 name=” gds: Physi cal Pr oper t i esOf Types”  
 t ype=” xsd: anyType”  
 mi nOccur s=” 1”  
 maxOccur s=” unbounded”  
 mut abi l i t y=” mut abl e” > 
 <wsdl : document at i on> 

An XML document  t hat  descr i bes t he physi cal  pr oper t i es of  
t he t ypes of  t r anspor t  avai l abl e f r om t hi s  GDS.  

 </ wsdl : document at i on> 
</ gsdl : ser v i ceDat aDescr i pt i 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: 
• 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 

• 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. 

• 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 
• 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 

• 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 

• 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 

• 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 
• RowsInserted: 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 

• 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 : def i ni t i ons name=" Gr i dDat aSer v i ce"   
       
t ar get Namespace=" ht t p: / / www. gr i df or um. or g/ namespaces/ 2003/ gds"   
       xml ns: wsdl =" ht t p: / / schemas. xml soap. or g/ wsdl / "   
    
xml ns: gdst ypes=" ht t p: / / www. gr i df or um. or g/ namespaces/ 2003/ gds"  
       
xml ns: gdsf aul t s=" ht t p: / / www. gr i df or um. or g/ namespaces/ 2003/ gds"  
       
xml ns: gsdl =" ht t p: / / www. gr i df or um. or g/ namespaces/ 2002/ 10/ gr i dSer vi ces"   
       
xml ns: t ns=" ht t p: / / www. gr i df or um. or g/ namespaces/ 2003/ gds"   
       xml ns: xsd=" ht t p: / / www. w3. or g/ 2001/ XMLSchema" > 
 
<wsdl : t ypes> 
  <xsd: schema 
t ar get Namespace=" ht t p: / / www. gr i df or um. or g/ namespaces/ 2003/ gds"   
  
 xml ns: t ns=" ht t p: / / www. gr i df or um. or g/ namespaces/ 2003/ gds"  
   xml ns: xsd=" ht t p: / / www. w3. or g/ 2001/ XMLSchema"   
   el ement For mDef aul t =" qual i f i ed"   
   at t r i but eFor mDef aul t =" unqual i f i ed" > 
    
      <xsd: i mpor t  
namespace=" ht t p: / / www. gr i df or um. or g/ namespaces/ 2002/ 10/ gr i dSer v i ces"  
schemaLocat i on=" cor e/ t ypes/ ser vi ce_dat a. xsd"  / > 
     
  <! - -  r equest  par amet er s - - > 
 <xsd: compl exType name=" Wi t hPar amet er Type" > 
     <xsd: at t r i but e name=" name"  t ype=" xsd: I DREF"  
use=" r equi r ed" / > 
 </ xsd: compl exType> 
  
 <xsd: compl exType name=" UsePar amet er Type" > 
     <xsd: at t r i but e name=" name"  t ype=" xsd: I DREF"  
use=" r equi r ed" / > 
 </ xsd: compl exType>     
  
 <! - -  Base Act i v i t y  t ypes - - > 
    <xsd: compl exType name=" Act i v i t yType"  abst r act =" f al se" > 
     <xsd: at t r i but e name=" name"  t ype=" xsd: I D"  use=" r equi r ed" / > 
    </ xsd: compl exType> 
     
    <xsd: compl exType name=" Act i vi t yI nput Type"  abst r act =" t r ue"  
mi xed=" t r ue" > 
     <xsd: sequence> 
      <xsd: el ement  name=" UsePar amet er "  
t ype=" t ns: UsePar amet er Type"  mi nOccur s=" 0"  maxOccur s=" 1" / > 
     </ xsd: sequence> 
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  <xsd: at t r i but e name=" f r om"  t ype=" xsd: I DREF"  
use=" opt i onal " / > 
    </ xsd: compl exType> 
     
    <xsd: compl exType name=" Act i vi t yOut put Type"  abst r act =" t r ue"  
mi xed=" t r ue" > 
        <xsd: sequence> 
      <xsd: el ement  name=" UsePar amet er "  
t ype=" t ns: UsePar amet er Type"  mi nOccur s=" 0"  maxOccur s=" 1" / > 
     </ xsd: sequence> 
     <xsd: at t r i but e name=" name"  t ype=" xsd: I D"  use=" r equi r ed" / > 
    </ xsd: compl exType> 
       
    <xsd: el ement  name=" Act i vi t y"  t ype=" t ns: Act i v i t yType" / > 
 
 <! - -  Request  t ypes - - > 
    <xsd: compl exType name=" Request Type" >  
        <xsd: compl exCont ent > 
      <xsd: ext ensi on base=" t ns: Act i v i t yType" >     
    <xsd: sequence> 
     <xsd: el ement  r ef =" t ns: Act i v i t y"  
mi nOccur s=" 0"  maxOccur s=" unbounded"  / > 
     <! - -  ext ensi bi l i t y  t hr ough 
subst i t ui onGr oup - - > 
    </ xsd: sequence>   
      </ xsd: ext ensi on> 
     </ xsd: compl exCont ent >     
    </ xsd: compl exType>     
   
   <xsd: compl exType name=" Execut eType" > 
        <xsd: compl exCont ent > 
      <xsd: ext ensi on base=" t ns: Act i v i t yType" > 
    <xsd: sequence> 
     <xsd: el ement  name=" Wi t hPar amet er "  
t ype=" t ns: Wi t hPar amet er Type"  mi nOccur s=" 0"  maxOccur s=" unbounded" / > 
    </ xsd: sequence> 
       <xsd: at t r i but e name=" r equest "  t ype=" xsd: st r i ng" / > 
      </ xsd: ext ensi on> 
     </ xsd: compl exCont ent > 
    </ xsd: compl exType> 
           
   <xsd: compl exType name=" Ter mi nat eType" >  
     <xsd: compl exCont ent > 
      <xsd: ext ensi on base=" t ns: Act i v i t yType" > 
       <xsd: at t r i but e name=" r unni ngRequest "  
t ype=" xsd: st r i ng" / > 
      </ xsd: ext ensi on> 
     </ xsd: compl exCont ent > 
    </ xsd: compl exType>    
 
 <xsd: compl exType name=" Gr i dDat aSer v i cePer f or mType" > 
  <xsd: sequence> 
   <xsd: el ement  name=" Request "  t ype=" t ns: Request Type"  
mi nOccur s=" 0"  maxOccur s=" unbounded" / > 
   <xsd: el ement  name=" Execut e"  t ype=" t ns: Execut eType"  
mi nOccur s=" 0"  maxOccur s=" unbounded" / > 
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   <xsd: el ement  name=" Ter mi nat e"  
t ype=" t ns: Ter mi nat eType"  mi nOccur s=" 0"  maxOccur s=" unbounded" / > 
   <! - -  ext ensi bi l i t y  el ement  - - > 
  </ xsd: sequence> 
 </ xsd: compl exType> 
  
 <xsd: el ement  name=" Gr i dDat aSer vi cePer f or m"  
t ype=" t ns: Gr i dDat aSer vi cePer f or mType" / > 
 
 <! - -  r esponse t ypes - - > 
 <xsd: compl exType name=" Resul t Type" > 
     <xsd: sequence> 
       <xsd: any namespace=" ##any" / > 
     </ xsd: sequence> 
     <xsd: at t r i but e name=" name"  t ype=" xsd: st r i ng" / > 
 </ xsd: compl exType> 
  
 <xsd: compl exType name=" ResponseType"  mi xed=" t r ue" > 
  <xsd: sequence> 
   <xsd: el ement  name=" Resul t "  t ype=" t ns: Resul t Type"  
mi nOccur s=" 0"  maxOccur s=" unbounded" / > 
  </ xsd: sequence> 
  <xsd: at t r i but e name=" name"  t ype=" xsd: st r i ng" / > 
 </ xsd: compl exType> 
  
 <xsd: compl exType name=" Gr i dDat aSer v i ceResponseType" > 
  <xsd: sequence> 
   <xsd: el ement  name=" Response"  t ype=" t ns: ResponseType"  
mi nOccur s=" 1"  maxOccur s=" unbounded" / > 
  </ xsd: sequence> 
 </ xsd: compl exType>   
      
 <xsd: el ement  name=" Gr i dDat aSer vi ceResponse"  
t ype=" t ns: Gr i dDat aSer vi ceResponseType" / >              
  
 <! - -  SDE t ypes - - > 
 <xsd: compl exType name=" Act i vi t yQNameType" > 
     <xsd: sequence> 
        <xsd: el ement  name=" Act i v i t yQName"  t ype=" xsd: QName" / > 
     </ xsd: sequence>  
   </ xsd: compl exType> 
     
   <xsd: s i mpl eType name=" SDENameType" > 
    <xsd: r est r i c t i on base=" xsd: st r i ng" > 
    </ xsd: r est r i ct i on> 
   </ xsd: si mpl eType> 
    
  <xsd: compl exType name=" SchemeType" > 
     <xsd: sequence> 
      <xsd: el ement  name=" Language"  t ype=" t ns: SDENameType" / > 
      <xsd: el ement  name=" Dr i ver "  t ype=" t ns: SDENameType" / >       
  </ xsd: sequence> 
   </ xsd: compl exType>   
 
  <xsd: compl exType name=" Locat i onType" > 
     <xsd: sequence> 
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      <xsd: el ement  name=" Dat aResour ceManagement Syst em"  
t ype=" t ns: SDENameType" / >    
  </ xsd: sequence> 
   </ xsd: compl exType>  
    
   <xsd: compl exType name=" Pat hType" > 
     <xsd: sequence> 
      <xsd: el ement  name=" Pat hRef er ence"  t ype=" t ns: SDENameType" / >  
  
  </ xsd: sequence> 
   </ xsd: compl exType>     
    
   <xsd: compl exType name=" Dat aResour ceType" > 
     <xsd: sequence> 
   <xsd: el ement  name=" Name"  t ype=" xsd: st r i ng"  
mi nOccur s=" 1"  maxOccur s=" 1" / > 
   <xsd: el ement  name=" Scheme"  t ype=" t ns: SchemeType"  
mi nOccur s=" 1"  maxOccur s=" 1" / > 
   <xsd: el ement  name=" Locat i on"  t ype=" t ns: Locat i onType"  
mi nOccur s=" 1"  maxOccur s=" 1" / > 
   <xsd: el ement  name=" Pat h"  t ype=" t ns: Pat hType"  
mi nOccur s=" 1"  maxOccur s=" 1" / >       
     </ xsd: sequence> 
   </ xsd: compl exType> 
    
   <! - -  def aul t  act i v i t y  t ypes - - > 
    <xsd: compl exType name=" Par amet er Type" > 
     <xsd: compl exCont ent > 
      <xsd: ext ensi on base=" t ns: Act i v i t yType" >  
      </ xsd: ext ensi on> 
     </ xsd: compl exCont ent > 
    </ xsd: compl exType>   
  
   <xsd: el ement  name=" Par amet er "  t ype=" t ns: Par amet er Type"  
subst i t ut i onGr oup=" t ns: Act i v i t y" / >        
 
 <! - -  Exampl e Act i v i t y  - - > 
 <xsd: compl exType name=" Exampl eAct i v i t yType" > 
     <xsd: compl exCont ent > 
      <xsd: ext ensi on base=" t ns: Act i v i t yType" >  
       <xsd: sequence> 
        <xsd: el ement  name=" Val ueI n"  
maxOccur s=" unbounded" > 
         <xsd: compl exType mi xed=" t r ue" > 
          <xsd: compl exCont ent > 
            <xsd: ext ensi on 
base=" t ns: Act i v i t y I nput Type" > 
            </ xsd: ext ensi on> 
          </ xsd: compl exCont ent > 
         </ xsd: compl exType> 
        </ xsd: el ement > 
        <xsd: el ement  name=" Val ueOut " > 
         <xsd: compl exType mi xed=" t r ue" > 
          <xsd: compl exCont ent > 
            <xsd: ext ensi on 
base=" t ns: Act i v i t yOut put Type" > 
            </ xsd: ext ensi on> 
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          </ xsd: compl exCont ent > 
         </ xsd: compl exType> 
        </ xsd: el ement > 
       </ xsd: sequence>  
      </ xsd: ext ensi on> 
     </ xsd: compl exCont ent > 
    </ xsd: compl exType> 
     
    <xsd: el ement  name=" Exampl eAct i v i t y"  t ype=" t ns: Exampl eAct i v i t yType"  
subst i t ut i onGr oup=" t ns: Act i v i t y" / >        
     
  </ xsd: schema> 
</ wsdl : t ypes> 
    
  <wsdl : message name=" per f or mI nput Message" > 
    <wsdl : par t  name=" par amet er s"  
el ement =" gdst ypes: Gr i dDat aSer v i cePer f or m" / > 
  </ wsdl : message> 
  <wsdl : message name=" per f or mOut put Message" > 
    <wsdl : par t  name=" par amet er s"  
el ement =" gdst ypes: Gr i dDat aSer v i ceResponse" / > 
  </ wsdl : message> 
  
  <wsdl : message name=" Gr i dDat aSer vi ceSyst emExcept i on" > 
    <wsdl : par t  name=" f aul t "  
t ype=" gdsf aul t s : Gr i dDat aSer vi ceSyst emExcept i onType" / > 
  </ wsdl : message> 
  <wsdl : message name=" Gr i dDat aSer vi ceUser Except i on" > 
    <wsdl : par t  name=" f aul t "  
t ype=" gdsf aul t s : Gr i dDat aSer vi ceUser Except i onType" / > 
  </ wsdl : message> 
  <wsdl : message name=" NameNot FoundExcept i on" > 
    <wsdl : par t  name=" f aul t "  
t ype=" gdsf aul t s : NameNot FoundExcept i onType" / > 
  </ wsdl : message> 
  <wsdl : message name=" NameNot Uni queExcept i on" > 
    <wsdl : par t  name=" f aul t "  
t ype=" gdsf aul t s : NameNot Uni queExcept i onType" / > 
  </ wsdl : message> 
 
  <wsdl : por t Type name=" Gr i dDat aSer v i cePor t Type" > 
     
    <wsdl : oper at i on name=" per f or m" > 
      <wsdl : i nput  message=" t ns: per f or mI nput Message" / > 
      <wsdl : out put  message=" t ns: per f or mOut put Message" / > 
      <wsdl : f aul t  name=" Gr i dDat aSer v i ceUser Except i on"  
message=" t ns: Gr i dDat aSer vi ceUser Except i on" / > 
      <wsdl : f aul t  name=" Gr i dDat aSer v i ceSyst emExcept i on"  
message=" t ns: Gr i dDat aSer vi ceSyst emExcept i on" / > 
      <wsdl : f aul t  name=" NameNot FoundExcept i on"  
message=" t ns: NameNot FoundExcept i on" / > 
      <wsdl : f aul t  name=" NameNot Uni queExcept i on"  
message=" t ns: NameNot Uni queExcept i on" / > 
    </ wsdl : oper at i on> 
  </ wsdl : por t Type> 
   
  <gsdl : ser v i ceDat aDescr i pt i on 
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  name=" Dat aResour ce"  
  el ement =" xsd: anyType"  
  mi nOccur s=" 1"  
  maxOccur s=" 1"  
  mut abi l i t y=" mut abl e" > 
  <wsdl : document at i on> 
     An XML document  t hat  cont ai ns i nf or mat i on descr i bi ng t he 
dat a r esour ce t o whi ch t hi s  Gr i dDat aSer vi ce has access.  Thi s i ncl udes,  
but  i s  not  l i mi t ed t o,  t he name of  t he dat a r esour ce,  t he l ocat i on of  
t he dat a r esour ce,  t he dr i ver s t hat  ar e suppor t ed et c.  
  </ wsdl : document at i on> 
  </ gsdl : ser vi ceDat aDescr i pt i on> 
   
  <! - -  ot her  sect i ons t o cont r i but e met a- dat a - - > 
  
  <gsdl : ser v i ceDat aDescr i pt i on 
  name=" Act i v i t yTypes"  
  t ype=" gdst ypes: Act i v i t yQNameType"  
  mi nOccur s=" 1"  
  maxOccur s=" unbounded"  
  mut abi l i t y=" mut abl e" > 
  <wsdl : document at i on> 
    A l i st  of  names of  act i v i t y  t ypes t hat  may appear  i n t he 
Gr i dDat aSer v i ceRequest .  
  </ wsdl : document at i on> 
  </ gsdl : ser vi ceDat aDescr i pt i on> 
    
  <gsdl : ser v i ceDat aDescr i pt i on 
  name=" Def i nedRequest s"  
  t ype=" gdst ypes: Request Type"  
  mi nOccur s=" 0"  
  maxOccur s=" unbounded"  
  mut abi l i t y=" mut abl e" > 
  <wsdl : document at i on> 
     Avai l abl e r equest  def i ni t i ons 
  </ wsdl : document at i on> 
   </ gsdl : ser v i ceDat aDescr i pt i on> 
  
 <gsdl : ser vi ceDat aDescr i pt i on 
  name=" Runni ngRequest s"  
  t ype=" gdst ypes: Gr i dDat aSer v i ceResponseType"  
  mi nOccur s=" 0"  
  maxOccur s=" unbounded"  
  mut abi l i t y=" mut abl e" > 
  <wsdl : document at i on> 
        The st at us of  any r equest s cur r ent l y bei ng execut ed 
  </ wsdl : document at i on> 
 </ gsdl : ser v i ceDat aDescr i pt i on> 
   
 <gsdl : ser vi ceDat a name=" Act i v i t yType" >  
   
 <gdst ypes: Act i v i t yType>gdst ypes: Par amet er </ gdst ypes: Act i v i t yType> 
 </ gsdl : ser v i ceDat a> 
  
</ wsdl : def i ni t i ons> 
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9.2 XML Schema for Relational Database Schema 
 
<?xml  ver si on=" 1. 0"  encodi ng=" UTF- 8" ?> 
<xs: schema xml ns: xs=" ht t p: / / www. w3. or g/ 2001/ XMLSchema" > 
 
    <xs: compl exType name=" dat abaseSchemat ype" > 
        <xs: sequence> 
            <xs: el ement  name=" t abl e"  t ype=" t abl eDef i ni t i on"  
                        mi nOccur s=" 1"  maxOccur s=" unbounded" / > 
        </ xs: sequence> 
        <xs: at t r i but e name=" name"  use=" r equi r ed"  t ype=" xs: st r i ng" / > 
    </ xs: compl exType> 
 
    <xs: compl exType name=" t abl eDef i ni t i on" > 
        <xs: sequence> 
            <xs: el ement  name=" col umn"  t ype=" col umnDef i ni t i on"  
                        mi nOccur s=" 1"  maxOccur s=" unbounded" / > 
            <xs: el ement  name=" pr i mar yKey"  t ype=" pr i mar yKeyDef i ni t i on"  
                        mi nOccur s=" 0"  maxOccur s=" 1" / > 
        </ xs: sequence> 
        <xs: at t r i but e name=" name"  use=" r equi r ed"  t ype=" xs: st r i ng" / > 
    </ xs: compl exType> 
<xs: compl exType name=" col umnDef i ni t i on" > 
        <xs: sequence> 
            <xs: el ement  name=" sql Type"  t ype=" t ypeKeywor d" / > 
        </ xs: sequence> 
        <xs: at t r i but e name=" name"  use=" r equi r ed"  t ype=" xs: st r i ng" / > 
        <xs: at t r i but e name=" f ul l Name"  use=" r equi r ed"  t ype=" xs: I D" / > 
        <xs: at t r i but e name=" l engt h"  t ype=" xs: i nt eger "  
                      use=" opt i onal " / > 
        <xs: at t r i but e name=" maxLengt h"  t ype=" xs: i nt eger "  
                      use=" opt i onal " / > 
        <xs: at t r i but e name=" char act er Set Name"  t ype=" xs: st r i ng"  
                      use=" opt i onal " / > 
        <xs: at t r i but e name=" col l at i on"  t ype=" xs: st r i ng"   
                      use=" opt i onal " / > 
        <xs: at t r i but e name=" pr eci si on"  t ype=" xs: i nt eger "  
                      use=" opt i onal " / > 
        <xs: at t r i but e name=" scal e"  t ype=" xs: i nt eger "  use=" opt i onal " / > 
        <xs: at t r i but e name=" maxExponent "  t ype=" xs: i nt eger "  
                      use=" opt i onal " / > 
        <xs: at t r i but e name=" mi nExponent "  t ype=" xs: i nt eger "  
                      use=" opt i onal " / > 
        <xs: at t r i but e name=" user Pr eci s i on"  t ype=" xs: i nt eger "  
                      use=" opt i onal " / > 
        <xs: at t r i but e name=" l eadi ngPr eci s i on"  t ype=" xs: i nt eger "  
                      use=" opt i onal " / > 
        <xs: at t r i but e name=" maxEl ement s"  t ype=" xs: i nt eger "   
                      use=" opt i onal " / > 
        <xs: at t r i but e name=" cat al ogName"  t ype=" xs: st r i ng"  
                      use=" opt i onal " / > 
        <xs: at t r i but e name=" schemaName"  t ype=" xs: st r i ng"  
                      use=" opt i onal " / > 
        <xs: at t r i but e name=" domai nName"  t ype=" xs: st r i ng"  
                      use=" opt i onal " / > 
        <xs: at t r i but e name=" t ypeName"  t ype=" xs: st r i ng"   
                      use=" opt i onal " / > 
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        <xs: at t r i but e name=" mappedType"  t ype=" xs: st r i ng"  
                      use=" opt i onal " / > 
        <xs: at t r i but e name=" mappedEl ement Type"  t ype=" xs: st r i ng"   
                      use=" opt i onal " / > 
        <xs: at t r i but e name=" f i nal "  t ype=" xs: bool ean"  use=" opt i onal " / > 
    </ xs: compl exType> 
 
    <xs: compl exType name=" pr i mar yKeyDef i ni t i on" > 
        <xs: sequence> 
            <xs: el ement  name=" col umnFul l Name"  t ype=" xs: I DREF"  
                        mi nOccur s=" 1"  maxOccur s=" unbounded" / > 
        </ xs: sequence> 
    </ xs: compl exType> 
 
    <xs: s i mpl eType name=" t ypeKeywor d" > 
        <xs: r est r i ct i on base=" xs: st r i ng" > 
            <xs: enumer at i on val ue=" CHAR" / > 
            <xs: enumer at i on val ue=" VARCHAR" / > 
            <xs: enumer at i on val ue=" CLOB" / > 
            <xs: enumer at i on val ue=" BLOB" / > 
            <xs: enumer at i on val ue=" NUMERI C" / > 
            <xs: enumer at i on val ue=" DECI MAL" / > 
            <xs: enumer at i on val ue=" I NTEGER" / > 
            <xs: enumer at i on val ue=" SMALLI NT" / > 
            <xs: enumer at i on val ue=" BI GI NT" / > 
            <xs: enumer at i on val ue=" FLOAT" / > 
            <xs: enumer at i on val ue=" REAL" / > 
            <xs: enumer at i on val ue=" DOUBLE PRECI SI ON" / > 
            <xs: enumer at i on val ue=" BOOLEAN" / > 
            <xs: enumer at i on val ue=" DATE" / > 
            <xs: enumer at i on val ue=" TI ME" / > 
            <xs: enumer at i on val ue=" TI ME WI TH TI ME ZONE" / > 
            <xs: enumer at i on val ue=" TI MESTAMP" / > 
            <xs: enumer at i on val ue=" TI MESTAMP WI TH TI ME ZONE" / > 
            <xs: enumer at i on val ue=" I NTERVAL YEAR" / > 
            <xs: enumer at i on val ue=" I NTERVAL YEAR TO MONTH" / > 
            <xs: enumer at i on val ue=" I NTERVAL MONTH" / > 
            <xs: enumer at i on val ue=" I NTERVAL DAY" / > 
            <xs: enumer at i on val ue=" I NTERVAL DAY TO HOUR" / > 
            <xs: enumer at i on val ue=" I NTERVAL DAY TO MI NUTE" / > 
            <xs: enumer at i on val ue=" I NTERVAL DAY TO SECOND" / > 
            <xs: enumer at i on val ue=" I NTERVAL HOUR" / > 
            <xs: enumer at i on val ue=" I NTERVAL HOUR TO MI NUTE" / > 
            <xs: enumer at i on val ue=" I NTERVAL HOUR TO SECOND" / > 
            <xs: enumer at i on val ue=" I NTERVAL MI NUTE" / > 
            <xs: enumer at i on val ue=" I NTERVAL MI NUTE TO SECOND" / > 
            <xs: enumer at i on val ue=" I NTERVAL SECOND" / > 
        </ xs: r est r i c t i on> 
    </ xs: si mpl eType> 
</ xs: schema> 
 
9.3 XML Schema for Relational Language Capabilities 
 
<?xml  ver si on=" 1. 0"  encodi ng=" UTF- 8" > 
<xs: schema xml ns: xs=" ht t p: / / www. w3. or g/ 2001/ XMLSchema" > 
<xs: el ement  name=" document "  t ype=" SQLSer v i ceDat a" > 
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 <xs: compl exType name=" SQLSer v i ceDat a" >  
       <xs: el ement  name=" SQLSuppor t "  t ype=" SQLSuppor t Def "  
             mi nOccur s=" 1"  maxOccur s=" 1" / > 
 </ xs: compl exType>  
 
 <xs: compl exType name=" SQLSuppor t Def " > 
  <xs: el ement  name=" sql - var i ant "  t ype=" var i ant Def "  
    mi nOccur s=" 1"  maxOccur s=" 1" > 
 </ xs: compl exType> 
 
 <xs: compl exType name=" var i ant Def " > 
  <xs: sequence> 
   <xs: el ement  name=" sql - edi t i on"  t ype=" edi t i onDef "  
     mi nOccur s=" 1"  maxOccur s=" 1" > 
   <xs: el ement  name=" sql - conf or mance"  
                              t ype=" conf or manceDef "  
     mi nOccur s=" 1"  maxOccur s=" 1" > 
  </ xs: sequence> 
 </ xs: compl exType> 
 
 <xs: s i mpl eType name=" edi t i onDef " > 
  <r est r i c t i on base=" NMTOKEN" > 
   <enumer at i on val ue=" 1992" > 
   <enumer at i on val ue=" 1999" > 
  </ r est r i c t i on> 
 </ xs: s i mpl eType> 
 
 <xs: compl exType name=" conf or manceDef " > 
  <xs: sequence> 
   <xs: el ement  name=" l evel "  t ype=" l evel Def "  
     mi nOccur s=" 0"  maxOccur s=" 1" > 
   <xs: el ement  name=" par t s"  t ype=" par t sDef "  
     mi nOccur s=" 0"  maxOccur s=" 1" > 
   <xs: el ement  name=" packages"  t ype=" packagesDef "  
     mi nOccur s=" 0"  maxOccur s=" 1" > 
  </ xs: sequence> 
 </ xs: compl exType> 
 
 <xs: s i mpl eType name=" l evel Def " > 
  <r est r i c t i on base=" NMTOKEN" > 
   <enumer at i on val ue=" l ow" > 
   <enumer at i on val ue=" i nt er medi at e" > 
   <enumer at i on val ue=" hi gh" > 
  </ r est r i c t i on> 
 </ xs: s i mpl eType> 
 
 <xs: compl exType name=" par t Def " > 
  <xs: sequence> 
   <xs: el ement  name=" par t 1"  t ype=" par t NDef "  
     mi nOccur s=" 1"  maxOccur s=" 1" > 
    :  
    :  
   <xs: el ement  name=" par t N"  t ype=" par t NDef "  
     mi nOccur s=" 1"  maxOccur s=" 1" > 
  </ xs: sequence> 
 </ xs: compl exType> 
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 <xs: s i mpl eType name=" Par t NDef " > 
  <r est r i c t i on base=" NMTOKEN" > 
   <enumer at i on val ue=" yes" > 
   <enumer at i on val ue=" no" > 
  </ r est r i c t i on> 
 </ xs: s i mpl eType> 
 
 <xs: compl exType name=" packageDef " > 
  <xs: sequence> 
   <xs: el ement  name=" packageI "  t ype=" par t NDef "  
     mi nOccur s=" 1"  maxOccur s=" 1" > 
    :  
    :  
  </ xs: sequence> 
 </ xs: compl exType> 
 
 <xs: s i mpl eType name=" PackageI Def " > 
  <r est r i c t i on base=" NMTOKEN" > 
   <enumer at i on val ue=" yes" > 
   <enumer at i on val ue=" no" > 
  </ r est r i c t i on> 
 </ xs: s i mpl eType> 
 
9.4 WSDL for GridDataRPCService PortType 
 
<?xml  ver si on=" 1. 0"  encodi ng=" UTF- 8" ?> 
<def i ni t i ons 
    name=" Gr i dRPCSer v i ce"  
    t ar get Namespace=" ht t p: / / www. gr i df or um. or g/ dai s/ Gr i dRPCSer v i ce. wsdl "  
    xml ns=" ht t p: / / schemas. xml soap. or g/ wsdl / "  
    xml ns: soap=" ht t p: / / schemas. xml soap. or g/ wsdl / soap/ "  
    xml ns: t ns=" ht t p: / / www. gr i df or um. or g/ dai s/ Gr i dRPCSer v i ce. wsdl "  
    xml ns: xsd=" ht t p: / / www. w3. or g/ 2001/ XMLSchema"  
    xml ns: xsd1=" ht t p: / / www. gr i df or um. or g/ dai s/ Gr i dRPCSer v i ce. xsd1"  
    xml ns: xsd2=" ht t p: / / www. gr i df or um. or g/ dai s/ Gr i dRPCSer v i ce. xsd2" > 
 
    <t ypes> 
        <xsd: schema            
t ar get Namespace=" ht t p: / / www. gr i df or um. or g/ dai s/ Gr i dRPCSer vi ce. xsd1"  
            xml ns=" ht t p: / / schemas. xml soap. or g/ wsdl / "  
            xml ns: SOAP- ENC=" ht t p: / / schemas. xml soap. or g/ soap/ encodi ng/ "  
            xml ns: soap=" ht t p: / / schemas. xml soap. or g/ wsdl / soap/ "  
xml ns: t ns=" ht t p: / / www. gr i df or um. or g/ dai s/ Gr i dRPCSer vi ce. wsdl "  
            xml ns: xsd=" ht t p: / / www. w3. or g/ 2001/ XMLSchema"  
 
xml ns: xsd1=" ht t p: / / www. gr i df or um. or g/ dai s/ Gr i dRPCSer v i ce. xsd1" > 
</ xsd: schema> 
    </ t ypes> 
    <message name=" Per f or mBul kXMLLoadRequest " > 
        <par t  name=" Document "  t ype=" xsd: anyType" / > 
    </ message> 
 
    <message name=" Per f or mUpdat eRequest " > 
        <par t  name=" Not at i on"  t ype=" xsd: st r i ng" / > 
        <par t  name=" Updat eRequest "  t ype=" xsd: st r i ng" / > 
    </ message> 
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    <message name=" I nval i dBul kDat aFor mat Er r or " >   </ message> 
 
    <message name=" Get SchemaRequest " > 
        <document at i on>Thi s def i nes no par amet er s. </ document at i on> 
    </ message> 
 
    <message name=" Get Ful l SchemaResponse" > 
        <par t  name=" Tabl eSchema"  t ype=" xsd: st r i ng" / > 
    </ message> 
 
    <message name=" Per f or mSchemaUpdat eRequest " > 
        <par t  name=" Not at i on"  t ype=" xsd: st r i ng" / > 
        <par t  name=" SchemaUpdat e"  t ype=" xsd: st r i ng" / > 
    </ message> 
 
    <message name=" Oper at i onEr r or " >   </ message> 
 
    <message name=" Get SchemaResponse" > 
        <par t  name=" SchemaLi st "  t ype=" xsd: st r i ng" / > 
    </ message> 
 
    <message name=" Not at i ont Er r or " >   </ message> 
 
    <message name=" I nval i dDocument For mat Er r or " >   </ message> 
 
    <message name=" Per f or mBul kRel at i onal LoadResponse" > 
        <par t  name=" RowsI nser t ed"  t ype=" xsd: posi t i veI nt eger " / > 
    </ message> 
 
    <message name=" Get Tabl eNamesResponse" > 
        <par t  name=" Tabl eLi st "  t ype=" xsd: st r i ng" / > 
    </ message> 
 
    <message name=" Get Tabl eDef i ni t i onsResponse" > 
        <par t  name=" Tabl eDef i ni t i on"  t ype=" xsd: st r i ng" / > 
    </ message> 
 
    <message name=" Per f or mBul kRel at i onal LoadRequest " > 
        <par t  name=" Tabl eName"  t ype=" xsd: st r i ng" / > 
        <par t  name=" Bul kDat a"  t ype=" xsd: st r i ng" / > 
    </ message> 
 
    <message name=" SchemaMi smat chEr r or " >   </ message> 
 
    <message name=" Get Ful l SchemaRequest " > 
        <par t  name=" Tabl eName"  t ype=" xsd: st r i ng" / > 
    </ message> 
 
    <message name=" Per f or mQuer yResponse" > 
        <par t  name=" Quer yResul t "  t ype=" xsd: st r i ng" / > 
    </ message> 
 
    <message name=" Per f or mQuer yRequest " > 
        <par t  name=" Not at i on"  t ype=" xsd: st r i ng" / > 
        <par t  name=" Quer y"  t ype=" xsd: st r i ng" / > 
        <par t  name=" Maxi mum"  t ype=" xsd: posi t i veI nt eger " / > 
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    </ message> 
 
    <message name=" Get Tabl eDef i ni t i onsRequest " > 
        <par t  name=" Tabl eName"  t ype=" xsd: st r i ng" / > 
    </ message> 
 
    <message name=" NonExi st ant Tabl eEr r or " >   </ message> 
 
    <message name=" Get Document Li s t Request " > 
        <document at i on>Thi s def i nes no par amet er s. </ document at i on> 
    </ message> 
 
    <message name=" Per f or mUpdat eResul t " > 
        <par t  name=" Updat eResul t "  t ype=" xsd: i nt eger " / > 
    </ message> 
 
    <message name=" Get Tabl eNamesRequest " > 
        <par t  name=" Tabl eMat chLi st "  t ype=" xsd: st r i ng" / > 
 
    </ message> 
 
    <message name=" Per f or mSchemaUpdat eResponse" > 
        <par t  name=" SchemaUpdat eResul t "  t ype=" xsd: i nt eger " / > 
    </ message> 
 
    <message name=" Per f or mBul kXMLLoadResponse" >   </ message> 
 
    <message name=" Get Document Li s t Response" > 
        <par t  name=" Document Li st "  t ype=" xsd: st r i ng" / > 
    </ message> 
 
    <message name=" For mat Er r or " >   </ message> 
 
    <por t Type name=" Gr i dRPCSer vi cePor t Type" > 
        <oper at i on name=" Per f or mUpdat e" > 
            <document at i on>Execut e a dat abase updat e usi ng t he speci f i ed 
quer y not at i on. </ document at i on> 
            <i nput  message=" t ns: Per f or mUpdat eRequest " / > 
            <out put  message=" t ns: Per f or mUpdat eResul t " / > 
            <f aul t  message=" t ns: Not at i ont Er r or "  name=" I nval i dNot at i on" / > 
            <f aul t  message=" t ns: Oper at i onEr r or "  
name=" I nval i dOper at i on" / > 
            <f aul t  message=" t ns: For mat Er r or "  name=" I nval i dFor mat " / > 
        </ oper at i on> 
 
        <oper at i on name=" Per f or mSchemaUpdat e" > 
            <document at i on>Execut e a dat abase schema updat e i n t he 
speci f i ed quer y not at i on. </ document at i on> 
            <i nput  message=" t ns: Per f or mSchemaUpdat eRequest " / > 
            <out put  message=" t ns: Per f or mSchemaUpdat eResponse" / > 
            <f aul t  message=" t ns: Not at i ont Er r or "  name=" I nval i dNot at i on" / > 
            <f aul t  message=" t ns: Oper at i onEr r or "  
name=" I nval i dOper at i on" / > 
            <f aul t  message=" t ns: For mat Er r or "  name=" I nval i dFor mat " / > 
        </ oper at i on> 
 
        <oper at i on name=" Per f or mQuer y" > 
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            <document at i on>Wi l l  execut e a dat abase quer y us i ng t he 
speci f i ed quer y not at i on. </ document at i on> 
            <i nput  message=" t ns: Per f or mQuer yRequest " / > 
            <out put  message=" t ns: Per f or mQuer yResponse" / > 
            <f aul t  message=" t ns: Not at i ont Er r or "  name=" I nval i dNot at i on" / > 
            <f aul t  message=" t ns: Oper at i onEr r or "  
name=" I nval i dOper at i on" / > 
            <f aul t  message=" t ns: For mat Er r or "  name=" I nval i dFor mat " / > 
        </ oper at i on> 
 
        <oper at i on name=" Get Tabl eNames" > 
            <document at i on>Ret ur n t he names of  t he t abl es hel d i n t he 
dat abase. </ document at i on> 
            <i nput  message=" t ns: Get Tabl eNamesRequest " / > 
            <out put  message=" t ns: Get Tabl eNamesResponse" / > 
        </ oper at i on> 
 
        <oper at i on name=" Get Tabl eDef i ni t i ons" > 
            <document at i on>Ret ur n t he col umn names and t ypes def i ned f or  
a speci f i c t abl e. </ document at i on> 
            <i nput  message=" t ns: Get Tabl eDef i ni t i onsRequest " / > 
            <out put  message=" t ns: Get Tabl eDef i ni t i onsResponse" / > 
            <f aul t  message=" t ns: NonExi st ant Tabl eEr r or "  
name=" NonExi st ant Tabl e" / > 
        </ oper at i on> 
 
        <oper at i on name=" Get Ful l Schema" > 
            <document at i on>Ret ur ns t he f ul l  schema of  t he t abl e or  v i ew 
r equest ed,  i nc l udi ng al l  t he st or ed t r i gger s and 
i ndi ces. </ document at i on> 
            <i nput  message=" t ns: Get Ful l SchemaRequest " / > 
            <out put  message=" t ns: Get Ful l SchemaResponse" / > 
            <f aul t  message=" t ns: NonExi st ant Tabl eEr r or "  
name=" NonExi st ant Tabl e" / > 
        </ oper at i on> 
 
        <oper at i on name=" Get Schema" > 
            <document at i on>Wi l l  r et ur n t he XML schema used i n t he 
col l ect i on. </ document at i on> 
            <i nput  message=" t ns: Get SchemaRequest " / > 
            <out put  message=" t ns: Get SchemaResponse" / > 
            <f aul t  message=" t ns: For mat Er r or "  name=" f aul dsd" / > 
        </ oper at i on> 
 
        <oper at i on name=" Get Document Li s t " > 
            <document at i on>Ret ur ns t he names of  t he document s hel d i n 
t he col l ect i on. </ document at i on> 
            <i nput  message=" t ns: Get Document Li st Request " / > 
            <out put  message=" t ns: Get Document Li s t Response" / > 
        </ oper at i on> 
 
        <oper at i on name=" Per f or mBul kRel at i onal Load" > 
            <document at i on>I nser t s t he bul kDat a i nt o t he speci f i ed 
t abl e.  Thi s oper at i on i s  appr opr i at e f or  smal l  l oads t hat  can be 
r easonabl y accompl i shed i n one t r ansact i on. </ document at i on> 
            <i nput  message=" t ns: Per f or mBul kRel at i onal LoadRequest " / > 
            <out put  message=" t ns: Per f or mBul kRel at i onal LoadResponse" / > 
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            <f aul t  message=" t ns: SchemaMi smat chEr r or "  
name=" SchemaMi smat ch" / > 
            <f aul t  message=" t ns: I nval i dBul kDat aFor mat Er r or "  
name=" I nval i dBul kDat aFor mat " / > 
            <f aul t  message=" t ns: NonExi st ant Tabl eEr r or "  
name=" NonExi st ant Tabl e" / > 
        </ oper at i on> 
 
        <oper at i on name=" Per f or mBul kXMLLoad" > 
            <document at i on>I nser t s an XML document  i nt o t he col l ect i on.  
Thi s oper at i on i s  appr opr i at e f or  smal l  l oads t hat  can be r easonabl y 
accompl i shed i n one t r ansact i on</ document at i on> 
            <i nput  message=" t ns: Per f or mBul kXMLLoadRequest " / > 
            <out put  message=" t ns: Per f or mBul kXMLLoadResponse" / > 
            <f aul t  message=" t ns: SchemaMi smat chEr r or "  
name=" SchemaMi smat ch" / > 
            <f aul t  message=" t ns: I nval i dDocument For mat Er r or "  
name=" I nval i dDocument For mat " / > 
        </ oper at i on> 
    </ por t Type> 
</ def i ni t i ons> 
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