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G7) ABSTRACT

Methods, systems, and articles of manufacture consistent
with certain principles related to the present invention
enable a computing system to layer the packaging and
deployment of a web service endpoint on a standard servlet
component model. To define a web service endpoint, the
computing system may develop a service endpoint class that
implements a configured service endpoint interface. The
interface and endpoint class may be packaged by the com-
puting system into an archive file. The computing system
may use the information stored in the archive file to define
the service endpoint modify the archive file with class
information associated with the defined service endpoint.
The modified archive file may be deployed on a container
operating within the computing system. Further, the com-
puting system may produce a WSDL based description of
the defined service endpoint and export the document such
that a remote client may use the information contained in the
document to locate and remotely invoke methods on the
defined service endpoint.
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METHOD, SYSTEM, AND ARTICLES OF
MANUFACTURE FOR PROVIDING A SERVLET
CONTAINER BASED WEB SERVICE ENDPOINT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application relates to U.S. patent application
Ser. No. (Attorney Docket No. 06502.0399.00000), entitled
“METHODS, SYSTEM AND ARTICLES OF MANUFAC-
TURE FOR PROVIDING AN EXTENSIBLE SERIALIZA-
TION FRAMEWORK FOR AN XML BASED RPC COM-
PUTING ENVIRONMENT,” filed concurrently with the
present application, owned by the assignee of this applica-
tion and expressly incorporated herein by reference in its
entirety.

DESCRIPTION OF THE INVENTION
[0002] 1. Field of the Invention

[0003] This invention relates to distributed computing
systems and web services, and more particularly, to meth-
ods, systems, and articles of manufacture for providing a
servlet container based web service endpoint in a remote
procedure call based distributed computing system.

[0004]

[0005] 1In a client/server computing environment distrib-
uted over a network, one computing node, typically referred
to as a client, may require data stored at another computing
node, typically referred to as a server, in order to perform
selected operations. For instance, a client may request
services from the server by invoking remote operations. The
server performs operations to process the client’s request
and may return data to the client, such as in a read request,
or store data in a file maintained by the server, such as in a
write request. Of course the roles of client and server may
be reversed in other configuration. And, in still other con-
figurations, the client and server may each represent a
process operating on the same node.

2. Background of the Invention

[0006] Clients may communicate with a server using a
number of different techniques. One such technique is the
Remote Procedure Call (RPC). Using an RPC mechanism, a
server may define a service as a collection of procedures that
are callable by clients. The client calls these procedures to
access the service maintained by the server.

[0007] RPC mechanisms are common and are generally
implemented in distributed systems where a server offers
services to one or more clients. With the growth of the
Internet and its use in business-to-business and end-user
applications, integrating RPC mechanisms for Web-based
applications has gained popularity with distributed system
developers. In such applications, a client performing Web-
based operations may request and receive information from
a Web-based server. Typically, the information is repre-
sented in HyperText Markup Language (HTML) and deliv-
ered using HyperText Transfer Protocol (HTTP). HTML
encloses data in tags that specify how the delivered infor-
mation is to be displayed. Although HTML allows servers to
present data in specific formats and is still used in Web-
based distributed systems, eXtensible Markup Language
(XML) is proving to be the Web-based language of choice
for distributed system developers. As with HTML, XML
encloses data in tags, however, the tags relate to the meaning
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of the enclosed data. Further, the XML tags are extensible,
allowing a user to write their own XML tags using an XML
schema language, such as the Document Type Definition
(DTD) schema language. The DTD gives XML data its
portability. For example, a client that receives an XML
document with a defined DTD may process the document
according to rules specified within the DTD, thus knowing
the document’s structure and content type. Also, because an
XML document does not include formatting instructions, the
document may be published to different types of media.

[0008] Although XML has allowed developers to expand
the capabilities of Web-based data distribution, the problems
associated with keeping XML documents compatible for a
number of different types of computing systems, on both the
client and server side, has stunted the growth of the lan-
guage. Various network interoperabilily standards groups,
such as the World Wide Web Consortium (W3C), have been
defining standards for businesses to follow in providing
Web-based information services. Many developers [ollow
these standards to ensure data, such as XML documents,
may be shared among heterogeneous systems. Accordingly,
these developers may provide services, such as Application
Programming Interfaces (APIs) that enable a computing
system to send and/or receive XML documents, to/from
non-compatible targets/sources.

[0009] With a vast majority of Web-based services and
applications being written in the Java™ programming lan-
guage provided by Sun Microsystems, Inc., there is a need
for Java based APIs for XML data that developers may use
to offer RPC based services to clients.

SUMMARY OF THE INVENTION

[0010] It is therefore desirable to have a method and
system that allows developers to build Web applications and
services incorporating XML based RPC functionalities that
are compatible with adopted Web-based standards and pro-
tocols.

[0011] Methods, systems and articles of manufacture con-
sistent with features of the present invention enable a
compuling system (o provide a service associated with a
service endpoint class that implements a service endpoint
interface by, among other things, packaging the service
endpoint class and interface in an archive file. Furthermore,
the computing system may define a service endpoint based
on information included in the archive file and modify the
archive file with information associated with the service
endpoint definition. The modified archive file may then by
deployed on a servlet container operating in the computing
system.

[0012] Additionally, mecthods, systems, and articles of
manufacture consistent with certain features related to the
present invention may allow the computing system to create
a Web Services Description Language (WSDL) document
that describes the service endpoint based on the information
contained in the modified archive file and export the WSDL
document such that a remote computing system may use the
WSDL document to access the service endpoint.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The accompanying drawings, which are incorpo-
rated in and constitute a part of this specification, illustrate
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several aspects of the invention and together with the
description, serve to explain the principles of the invention.
In the drawings,

[0014] FIG. 1 illustrates an exemplary system environ-
ment that may be implemented by methods, systems, and
articles of manufacture consistent with certain features
related to the present invention;

[0015] FIG. 2 illustrates an exemplary stub class hierar-
chy consistent with certain features related to the present
invention;

[0016] FIG. 3 illustrates a flowchart of an exemplary
service endpoint process consistent with certain features
related to the present invention;

[0017] FIG. 4 illustrates a flowchart of an exemplary J2SE
based service endpoint process consistent with certain fea-
tures related to the present invention;

[0018] FIG. 5 illustrates a block diagram of an exemplary
model environment consistent with certain features related
to the present invention;

[0019] FIG. 6 illustrates a flowchart of an exemplary
process of how a stub based client invokes remote methods
on a service client consistent with certain features related to
the present invention;

[0020] FIG. 7 illustrates a flowchart of an exemplary
remote call process consistent with certain features related to
the present invention;

[0021] FIG. 8 illustrates a block diagram of an exemplary
type mapping framework consistent with certain features
related to the present invention;

[0022] FIG.9 illustrates a block diagram of an exemplary
interface model consistent with certain features related to the
present invention;

[0023] FIG. 10 illustrates a block diagram of another
exemplary interface model consistent with certain features
related to the present invention;

[0024] FIG. 11 illustrates a flowchart of an exemplary
deserialize process consistent with certain features related to
the present invention; and

[0025] FIG. 12 illustrates a flowchart of another exem-
plary deserialize process consistent with certain features
related to the present invention.

DETAILED DESCRIPTION

[0026] Methods, systems, and articles of manufacture con-
sistent with features and principles of the present invention
extend an existing component model to support the devel-
opment and deployment of service endpoints. In particular,
certain aspects consistent with the present invention provide
a service endpoint for a Java API for XML based RPC
(JAX-RPC) service developed and deployed on a servlet
container-based JAX-RPC environment.

[0027] Methods, systems and articles of manufacture con-
sistent with features of the present invention allow a server
to develop a service endpoint class that implements a service
endpoint interface. The server may package the service
endpoint interface and class along with a WSDL document,
which describes a service endpoint associated with the
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service endpoint class, in an archive file. A deployer mecha-
nism (operating, for example in the server) may use the data
packaged in the archive file to define the service endpoint
and configure a protocol binding that binds the service
endpoint to a protocol and transport. In one aspect consistent
with the present invention, the deployer mechanism may
define the service endpoint by assigning a unique address for
the endpoint that corresponds to the configured transport and
protocol binding. Further, the deployer mechanism may
define the service endpoint by linking a servlet class with the
developed service endpoint class. The deployer mechanism
may add the servlet class to the archive file and deploy the
modified archive file, thus the defined service endpoint, to a
container operating in the computing system.

[0028] In addition to deploying the archive file, the
deployer mechanism may also produce a WSDL based
description of the defined service endpoints deployed on the
container. The WSDL based description may be exported in
a WSDL document that is made available to a client. The
client may import the WSDL description to obtain protocol
binding and service description information associated with
the defined service endpoint. The client may generate a call
request to invoke one or more methods on the defined
service endpoint based on the information contained in the
imported WSDL document. The call request may be
received by a runtime system that instantiates and initializes
a service endpoint object associated with the defined service
endpoint. Once initialized, the runtime system may invoke
one or more methods associated with the call request on the
service endpoint object and receive result data based on the
invocation. The result data may be configured in a response
message that is provided to the client using the same
protocol and transport binding the call request was config-
ured.

[0029] Reference will now be made in detail to the exem-
plary aspects of the invention, examples of which are
illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers will be used throughout
the drawings to refer to the same or like parts.

[0030] The above-noted features and other aspects and
principles of the present invention may be implemented in
various environments. Such environments and related appli-
cations may be specially constructed for performing the
various processes and operations of the invention or they
may include a general purpose computer or computing
platform selectively activated or reconfigured by program
code to provide the necessary functionality. The processes
disclosed herein are not inherently related to any particular
computer or other apparatus, and may be implemented by a
suitable combination of hardware, software, and/or firm-
ware. For example, various general purpose machines may
be used with programs written in accordance with teachings
of the invention, or it may be more convenient to construct
a specialized apparatus or system to perform the required
methods and techniques.

[0031] The present invention also relates to computer
readable media that include program instruction or program
code for performing various computer-implemented opera-
tions based on the methods and processes of the invention.
The program instructions may be those specially designed
and constructed for the purposes of the invention, or they
may be of the kind well-known and available to those having
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skill in the computer software arts. Examples of program
instructions include for example machine code, such as
produced by a compiler, and files containing a high level
code that can be executed by the computer using, for
example, an interpreter or equivalent execution engine such
as an engine that that uses a JIT compiler to facilitate
execution of high level code.

[0032] System Overview

[0033] FIG. 1 illustrates an exemplary system environ-
ment 100 in which features and principles consistent with
the present invention may be implemented. As shown,
environment 100 may include a server 110, network 120 and
a client 130. Although server 110 and client 130 are depicted
as separate computing nodes, those skilled in the art will
appreciate that server 110 and client 130 may be different
processes operating on the same node.

[0034] Server 110 may define and maintain resources that
may be used by client 130. Similarly, server 110 may reverse
roles with client 130 defining and maintaining resources that
may be used by server 110. In one aspect consistent with
certain principles related to the present invention, server 110
may maintain one or more services, each of which may be
a collection of procedures that all callable by remote com-
puting systems, such as client 130. A service may be
developed by a user, such as a system developer, operating
server 110 using a number of different software develop-
ments tools, including tools based on the Java programming
language. Further, server 110 may employ Remote Proce-
dure Call (RPC) mechanisms that process calls received
from client 130 in 2 manner consistent with certain features
related to the present invention. To use a service maintained
by server 110, client 130 may also use RPC mechanisms to
access the procedures that define a service.

[0035] Network 120 interconnects server 110 and client
130 and may include one or more communication networks,
including for example the Internet or any other similar
network such as one that supports Web-based processing.

[0036] In one configuration consistent with certain fea-
tures related to the present invention, server 110 and client
130 may implement XML-based RPC mechanisms. These
mechanisms may enable client 130 to create a remote
procedure call and communicate the call to server 110.
Client 130 may obtain and use the service by calling the
procedures maintained by server 110. In an XML-based
RPC, a remote procedure call may be represented using an
XML-based protocol. The “Simple Object Access Protocol”
(SOAP) is one such XML-based protocol. SOAP may be
used to define an XML-based protocol for exchanging
information in a decentralized, distributed environment.
SOAP defines a convention for the representation of remote
procedure calls and responses. Further description of the
SOAP may be found in the SOAP version 1.1 specification,
which is hereby incorporated by reference.

[0037] Although the following description of server 110
and client 130 are associated with a Java-based XML-based
RPC environment, one skilled in the art would realize that
system environment may be implemented with non-Java
based computing nodes or platforms. For instance, the
services defined and deployed by server 110 may be used by
service clients deployed on any platform. Further, a Java
based service client may be capable of using an XML-based
RPC service deployed on a non-Java based platform.
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[0038] Server 110 may be a desktop computer, worksta-
tion, mainframe, or any known server side computing sys-
tem known in the art. Further, server 110 may be configured
in a number of different platforms including, but not limited
to, the Java 2 Platform Enterprise Edition (J2EE), the Java
2 Standard Edition (J2SE), and non-Java based platforms. In
one configuration consistent with certain features related to
the present invention, server 110 may implement program-
ming models associated with Java APIs for XML-based
RPC (JAX-RPC). Server 110 may include a CPU system
111, input/output interface 112, memory 113, and numerous
other elements and functionalities typical in today’s com-
puter systems (not shown).

[0039] CPU system 111 may include one or more proces-
sors that execute instructions located in memory 113, as well
as instructions contained in other memory devices located
remote or local to server 110. One skilled in the art would
realize that CPU system 111 may include different types of
processor architectures without departing from the scope of
the invention. For example, CPU system 111 may include
co-processing architectures that perform parallel processing,
or alternatively, dedicated processors that perform specific
tasks.

[0040] Input/Output interface 112 may be one or more
devices that interface with input and output devices included
in server 110, such as a keyboard, mouse, display, printer,
network connections, etc. One skilled in the art would
realize that server 110 may include a number of different
types of input and/or output devices from which input/output
interface 112 may provide known interface functionalities
without departing from the scope of the invention.

[0041] Memory 113 may be any known memory device
that stores information. Memory 113 may include software
containing instructions executed by CPU system 111 to
perform functions consistent with certain features related to
the present invention. This software may include, but is not
limited to, a server side runtime system 114, server side
Application Programming Interface(s) API(s) 115, devel-
oper 116, and deployer 117. Further, memory 113 may
include memory locations for data, applications, software,
etc. that may be used by CPU system 111 in accordance with
certain features related to the present invention. For
example, memory 113 may include a container memory
location 118 for storing servlet based containers.

[0042] Server side runtime system 114 may include a
JAX-RPC library that provides a set of services that are used
for JAX-RPC runtime mechanisms operating within server
110. Server side runtime system 114 may be implemented as
a J2SE based JAX-RPC runtime system, a servlet container
based JAX-RPC runtime system, or a standard J2EE con-
tainer (including Enterprise Java Beans (EJB) and Web
containers) based JAX-RPC runtime system. A container
may be a framework that provides runtime services
(cxample: transaction, security) to the deployed components
and dispatches service requests to components included in
the container. A container may provide context data (i.e.,
session state and information about a request) and may
facilitate a component’s generation of a response. Also, a
container may translate requests, such as HI'TP requests, to
URLs and calls on component instances, such as a servlet,
and produces a response based on the content generated by
the component. For example, a HTTP request generated by
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client 130 may be directed to a URL associated with the
servlet. The request may cause the container hosting the
servlet to call a method, such as a service method, of an
instance associated with the servlet’s class. The servlet
instance may generate content based on the invocation of the
service method and the container may return the content to
server 110. Server 110 may, through server-side runtime
system 114, serve the content to client 130 over network
120.

[0043] Server side API 115 may be one or more program-
ming interfaces that enable server side JAX-RPC runtime
system 114 to communicate with other software operating in
server 110. API 115 may be JAX-RPC APIs that are pack-
aged in a javax.xml.rpc package in accordance with certain
features related to the present invention.

[0044] Developer 116 may be software that develops a
service endpoint associated with a service provided by
server 110. Developer 116 may be used by a user operating
server 110 to define an RPC service that is available to
remote computing systems, such as client 130. Alternatively,
developer 116 may define an RPC service autonomously
based on instructions provided by a user or other processes
operating with server 110.

[0045] Deployer 117 maybe software that deploys a ser-
vice on a container maintained by server-side runtime sys-
tem 114. Deployer 117 may be used by a user operating
server 110 to configure and deploy a service defined by
developer 116. Alternatively, deployer 117 may configure
and deploy a defined service autonomously based on instruc-
tions provided by a user or the processes operating in server
110. Each exported service may be described in a Web
Services Description Language (WSDL) document that is
posted by server 110 and is available to client 130 WDSL is
an XML format language for describing network services as
a set of endpoints operating on messages containing doccu-
met-oriented or procedural-oriented information. Further
description of the WSDL may be found in the WSDL 1.1
specification by W3C, which is hereby incoporated by
reference.

[0046] Container memory 118 may be one or more loca-
tions in memory 113 that includes servlet containers includ-
ing servlets and service endpoints that are defined and
maintained by server 110. Each service endpoint may
include one or more procedures that may be invoked by
client 130 remotely over network 120.

[0047] Client 130 may be a desktop computer, worksta-
tion, laptop, personal digital assistant or any other similar
client side system known in the art. Further, client 130 may
be configured in a number of different platforms including,
but not limited to, the Java 2 Platform Enterprise Edition
(J2EE), the Java 2 Standard Edition (J2SE), and non-Java
based platforms. In one configuration consistent with certain
features related to the present invention, client 130 may be
a service client that implements programming models asso-
ciated with JAX-RPC. Client 130 may use JAX-RPC based
mechanisms to generate and communicate calls to server
110 in a manner consistent with certain features related to
the present invention.

[0048] As shownin FIG. 1, Client 110 may include a CPU
system 131, input/output interface 132, and memory 133.
CPU system 131 may include one or more processors that

17

Oct. 30, 2003

execute software located in memory 133, as well as software
contained in other memory devices located remote or local
to client 130. One skilled in the art would realize that CPU
system 131 may include different types of processor archi-
tectures without departing from the scope of the invention.
For example, CPU system 131 may include co-processing
architectures that perform parallel processing, or alterna-
tively, dedicated processors that perform specific tasks.

[0049] Input/Output interface 132 may be one or more
devices that interface with input and output devices included
in server 110, such as a keyboard, mouse, display, printer,
network connections, etc. One skilled in the art would
realize that server 110 may include a number of different
types of input and/or output devices from which input/output
interface may provide known interface functionalities with-
out departing from the scope of the invention.

[0050] Memory 133 may be any known memory device
that stores information. Memory 133 may include software
that is executed by CPU system 131 to perform functions
consistent with certain features related to the present inven-
tion. This software may include, but is not limited to, a client
side runtime system 134, client side API 135, provider 136,
deployer 137, and client application 138.

[0051] Client side runtime system 134 may be a JAX-RPC
library that provides a set of services that are used for
JAX-RPC runtime mechanisms implemented by client 110.
Client side runtime system 134 may be implemented as a
J2SE based JAX-RPC runtime system, a servlet container
based JAX-RPC runtime system, or a standard J2EE con-
tainer (including Enterprise Java Beans (EJB) and Web
containers) based JAX-RPC runtime system.

[0052] Client side API 135 may be one or more program-
ming interfaces that enable client side JAX-RPC runtime
system 134 to communicate with other processes operating
in client 130. In one aspect consistent with certain features
related to the present invention, client API 135 may include
a javax.xml.rpc. Stub interface, a javax.xml.rpc. Call inter-
face, a javax.xml.rpc.Service interface, a javax.xml.rpc.Ser-
viceFactory class, and a java.xml.rpc.JAXRPCException
class.

[0053] The javax.xml.rpc.Stub interface is implemented
by stub classes that are generated by a mapping tool oper-
ating within client 130. In one aspect of the invention, the
mapping tool may be a WSDL-to-Java mapping tool that
creates a stub class when client 130 imports a service
described in a WSDL document defined by server 130.
Alternatively, a stub class may be generated by client 130
through a service endpoint interface and additional infor-
mation associated with the service definition’s protocol
binding, which are further explained with respect to the
description associated with FIG. 6.

[0054] An instance of a stub class may be a client side
proxy or stub instance associated with a service endpoint
defined by server 110 that client 130 targets for access. A
generated stub class may implement a service endpoint
interface and may be identified as <BindingName>_Stub.
The name of the generated stub class may be derived from
a name attribute of a corresponding wsdl:binding element
included in an imported WSDL service description, which
may be included in a WSDL document that has been defined
and exported by server 110. The wsdl:binding element binds
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an abstract wsdl.portType to a specific protocol and transport
that may be used by client 130 to communicate with server
110 over network 120. FIG. 2 illustrates an exemplary stub
class hierarchy associated with an exemplary generated stub
class called StockServiceSoapBinding SOAP 210. As
shown, the stub class 210 may implement the javax.xml.r-
pc.Stub interface 220 and a service endpoint interface iden-
tified as com.example.StockQuaoteProvider 230. The gen-
erated stub class may use the standard java.xml.rpc package
240 and a vendor specific JAX-RPC implementation pack-
age 250. For example, the generated stub class may be based
on either standard APIs that are specified in the java.xml.rpc
package or vendor specific JAX-RPC implementation APIs.

[0055] Client 130 may use a stub instance (an instance of,
or object instantiated from, a stub class) to invoke a remote
method on a service endpoint defined by server 110. A stub
instance is a surrogate object that supports exactly the same
set of remote interfaces defined by an actual implementation
of a remote object. A client may interact with stub objects
that have the same set of remote interfaces defined by the
class associated with the remote object. Further, the stub
class may not include the non-remote portions of a class
hierarchy that constitutes the type graph of the object. The
stub instance may be configured statically or dynamically. A
static configuration of a stub instance is based on a WSDL
description of a service endpoint targeted by client 130. For
example, a static configuration may include protocol binding
specified using wsdl:binding and soap:binding clements
included in the WSDL description of the target service
endpoint. Also, a stub instance may be dynamically config-
ured using the javax.xml.rpc.Stub interface. This interface
may provide extensible property mechanisms for the
dynamic configuration of the stub instance. For example, the
following code shows an exemplary Stub interface:

package javax.xml.rpc;

public interface Stub {
public void_ setProperty(String name, Object value);
public object__getProperty(String name);
public java.util.Iterator__getPropertyName( );

—

[0056] As previously described, an instance of a stub class
may represent a client side proxy or a stub instance for a
service endpoint. For a client side proxy, client 130 may
utilize a dynamic proxy class that supports a service end-
point interface dynamically at runtime without requiring
code generation of a stub class that implements a specific
service endpoint interface. The creation of a dynamic proxy
may be supported by the getPort method defined in the
javax.xml.rpc.Service interface. A serviceEndpointInterface
parameter associated with this method may specify the
service endpoint interface that is supported by the created
dynamic proxy. The dynamic proxy may be used by client
130 to invoke an operation on a target service endpoint
defined by server 110.

[0057] The java.xmlrpe.Call interface may provide sup-
port for the dynamic invocation of an operation on a target
service endpoint defined by server 130. This interface may
act as a factory for the creation of Call instances. A Call
object may be created by client 130 using a createCall
method defined in the javax.xml.rpc.Service interface and an
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internal implementation specific in-memory model of the
WSDL description of a service provided by server 110. A
portName parameter in the createCall method may identify
the service endpoint targeted by client 130. Once a Call
instance is created by client 130, various setter and getter
methods may be used to configure the Call instance. The
configuration of the Call instance may include the name of
a specific operation, a port type for the target service
endpoint, an address of the target service endpoint, proper-
ties specific to the binding to a protocol and transport, name,
type, and mode (e.g., IN, INOUT, OUT) of the parameters,
and a return type.

[0058] The setter methods may throw an exception, such
as the java.lang.lllegalArgumentException, if the Call
implementation class identifies any illegal parameter values.
The specification of the parameters and the return value of
a Call instance are supported by a Call implementation class.
This class may determine the types of parameters and return
value from the invocation of addParameter and setReturn-
Type methods that may be developed by client 130. Further,
the Call implementation class may determine the types and
modes of the parameters in an implementation specific
manner. For example, a Call implementation class may
determine parameter types by using Java reflection tech-
niques, a WSDL service description, and a configured type
mapping registry. When the Call implementation class deter-
mines the types and modes of the parameters in an imple-
mentation specific manner, the client 130 may not invoke
any addParameter and setReturnType methods before call-
ing an invoke method.

[0059] The Call implementation class may also support
invocation modes, including a synchronous request-re-
sponse mode and a one-way mode. In the synchronous
request-response mode, the invoke method calls a specified
operation using a synchronous request-response interaction
mode. The invoke method may take as parameters the object
values corresponding to the parameter types configured in
the Call instance. The implementation of the invoke method
may direct client 130 to check whether passed parameter
values match the number, order, and types of parameters
specified in a corresponding WSDL specification of the
same operation. In the one-way mode, a invokeOneWay
method may be implemented by client 130 to invoke a
remote method using a one-way interaction mode. In this
mode, client 130 may issue a call to server 110 and not wait
for a completion of processing by server 110 before con-
tinuing with other tasks.

[0060] The javax.xml.rpc.ServiceFactory class may be a
class that provides a factory for the creation of instances
associated with the javax.xml.rpc.Service interface and may
be used by client 130 when it is deployed on a J2SE
platform. This class may follow an abstract static factor
design pattern that enables a J2SE based client to create a
Service instance in a portable manner without using a
constructor of the Service implementation class.

[0061] The  javax.xml.rpc.JAXRPCException  class
included in API(s) 135 may be a class that indicates excep-
tions related to JAX-RPC runtime mechanisms and may be
thrown from client side APIs 135.

[0062] Referring back to FIG. 1, provider 136 may be
software that may be executed by CPU system 131 that
enables client 130 to obtain proxy objects associated with a
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service endpoint targeted by client 130 for invocation. For
example, provider 136 may be used by client 130 to look up
a service offered by server 110, get a stub instance for a
service endpoint associated with the offered service, and
invoke a remote method on the service endpoint.

[0063] Deployer 137 may be software that is executed by
CPU system 131 that enables client 130 to configure infor-
mation associated with an address of a target service end-
point. Also, deployer 137 may configure properties associ-
ated to a protocol and underlying transport used by client
130 to communicate with server 110. Deployer 137 may be
used by client 130 to ensure that the configuration of service
and service proxies are based on the protocol binding
specified in a WSDL description defined by server 110 and
accessed by client 130.

[0064] Client application 138 may be software that is
developed by a user operating client 130. Client application
138 may be one or more applications, programs, code, etc.
that may request resources from server 110 using the RPC
mechanisms consistent with certain features related to the
present invention. In one aspect of the invention, client
application 138 may access WSDL documents that have
been exported by server 110 to obtain descriptions of one or
more of the services offered by server 110.

[0065] Although FIG. 1 shows only one client 130 and
server 110 one skilled in the art would realize that computing
environment 100 may include a plurality of clients 130
and/or servers 110 without departing from the scope of the
present invention. For example, server 110 may define a
plurality of service endpoints that that may have methods
invoked upon them by a plurality of remote clients, includ-
ing client 130. Alternatively, client 130 may have access to
one or more service endpoints defined in different servers
distributed over network 120. Further, environment 100 may
include a plurality of servers and clients that are configured
to perform the JAX-RPC mechanisms consistent with cer-
tain features related to the present invention. Additionally,
one skilled in the art would realize that the configuration of
client 130 and server 110 described above is not intended to
be limiting. That is, server 110 and client 130 may include
additional (or less) processes, software, etc., than that shown
in FIG. 1 without departing from the scope of the present
invention.

[0066] Developing and Deploying Service Endpoints

[0067] The configuration of server 110 and client 130
described above may enable JAX-RPC operations to be
performed, thus allowing client 130 to invoke methods
and/or procedures associated with a service endpoint main-
tained by server 110. In one aspect consistent with certain
features related to the present invention, server 110 may
implement a particular component model, such as a standard
Servlet or Enterprise Java Bean (EJB) component model.
Methods and systems consistent with certain features related
to the present invention cnable the existing component
model implemented by server 110 to be extended to support
the development and employment of web service endpoints.
FIG. 3 illustrates an flowchart showing an exemplary pro-
cess server 110 may perform when developing and deploy-
ing a servlet based JAX-RPC service endpoint in accordance
with certain features related to the present invention. As
shown, server 110 may perform a service endpoint definition
process by first determining whether there is a WSDL
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document available to developer 116 (Step 305). An avail-
able WSDL document may include a WSDL based descrip-
tion of a previously defined and exported service endpoint
associated with a service that server 130 seeks to create. The
previously defined and exported service endpoint may have
been created by server 110 or by another server connected to
network 120.

[0068] In the event there is an available WSDL document
associated with a service that server 110 wishes to create a
service endpoint (Step 305; YES), developer 116 may gen-
erate a service endpoint interface from the WSDL document
using a WSDL-to-Java mapping tool that may be located in
memory 113 or in another memory device remote or local to
server 110 (Step 310). The mapping tool may map the
WSDL description information included in the WSDL docu-
ment to a Java package and designate a name for the package
that is specific to an application provided by server 110. In
one aspect consistent with certain features related to the
present invention, the namespace definition in the WSDL
document may be mapped to a unique Java package name
that may follow the package naming convention defined in
the Java Language Specification.

[0069] The WSDL-to-Java mapping tool may map a
WSDL port type to an interface, such as a Java-based
interface, that may be the service endpoint interface which
extends the java.rmi.Remote interface. To “extend” an inter-
face means to provide additional functions, code, instruc-
tions, features, or capabilities to the interface. In this
instance, the service definition may extend the java.rmi.Re-
mote interface by including the interface in its own defini-
tion. The WSDL port type is a named set of abstract
operations and messages associated with the service
described by the WSDL document. The mapping tool may
use a wsdl:binding element included in the WSDL document
to map a wsdlportType element to a service endpoint
interface. A wsdl:binding element defines a concrete mes-
sage format and protocol binding for abstract operations,
messages, and port types specified in the WSDL document.
For example, a wsdl:binding may be a soap:binding that
defines a binding for SOAP 1.1 service ports. The name of
the service endpoint interface may be mapped from the
name attribute of the wsdl:portType element, which may be
a unique name among all of the port types defined in the
WSDL document. If the mapping tool uses elements of the
wsdl:binding to map the service definition, then the name of
the service endpoint interface maybe mapped from the name
of the wsdl:binding element. Also, the wsdl.port element
included in the WSDL document may specify an address for
a service endpoint (which may be defined and maintained by
server 110 or another server connected to network 120)
based on the specified protocol binding identified in the
wsdl:binding element.

[0070] The mapped service endpoint interface may con-
tain methods that are mapped by the WSDL-to-Java map-
ping tool from the wsdl:operation elements defined in the
wsdl.portType element. Each method of the mapped service
endpoint interface declares java.rmi.RemoteException in its
throws clause. A RemoteException is a common superclass
for exceptions related to remote method invocations. For
example, the java.rmi.MarshalException, and the java.rmi-
.ConnectException are common exceptions associated with
remote method invocations.
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[0071] The WSDI-to-Java mapping tool employed by
developer 116 may also map a wsdl:operation defined in a
wsdl.portlype element to a method on the mapped service
endpoint interface. This mapping tool may use the wsdl-
:binding element for mapping the wsdl:operation to a par-
ticular Java method. Further, the mapping tool may map the
message parts in the wsdl:input and wsdl:output elements
defined in an abstract WSDL operation to parameters on a
corresponding method’s signature.

[0072] In one aspect consistent with certain features
related to the present invention, the mapping tool may use
Holder classes during a WSDL-to-Java mapping process. A
Holder class allows the mapping tool to preserve the
intended wsdl:operation signature and parameter passing
semantics. Holder classes may include classes for the map-
ping of simple XML data types and xsd:base64Binary,
xsd.hexBinary, and soapenc:base64, in a javax.xml.r-
pc.holders package. For simple XML data types, the name of
the Holder class may be the name of the mapped Java type
appended with the suffix Holder. One skilled in the art may
realize that the naming convention described above are
exemplary and not intended to be limiting. For example, in
addition mapping simple XML data types, the WSDL-to-
Java mapping tool may generate Holder classes for other
XML data types. That is, the mapping tool may map
complex and extended simple XML data types based on an
XML schema specification. For complex XML data types,
the name of the Holder class may be constructed by append-
ing Holder to the name of the corresponding Java class.
These generated Holder classes may be packages as part of
the generated package in the WSDL-to-Java mapping.

[0073] Each generated holder class may provide a public
field, named value, which is of the same type as the
corresponding mapped Java type. Furthermore, each holder
class may provide a default constructor that initializes the
value field to a default value. The default values for the Java
types may be those values specified in the Java Language
Specification. Also, each holder class may provide a con-
structor that sets the value field to a passed parameter.

[0074] Furthermore, the mapping tool may map a wsdl-
:fault element from the WSDL document to either a jav-
a.rmi.RemoteException or a service specific Java exception.
A service specific Java exception may extend the class
java.lang.Exception directly and the name of the Java excep-
tion may be based on the name attribute of the wsdl:message
corresponding to the wsdl:fault element.

[0075] In addition to the above described mapping con-
structs, the WSDL-to-Java mapping tool may map a
wsdl:service element to a service class. A wsdliservice
element groups a set of service endpoints with each service
endpoint defined with a specific port type, binding, and
endpoint address. A service class acts as a factory for a
dynamic proxy associated with a service endpoint, an
instance of the type javax.xmlrpc. Call for the dynamic
invocation of a remote operation on a server endpoint, and
an instance of a generated stub class. The service class may
implement a javax.xmlrpc.Service interface directly or an
interface that is generated during the WSDL-to-Java map-
ping. The generated interface may extend a base interface,
such as a java.xml.rpc.Service interface. One skilled in the
art will recognize that the above descriptions of the element
mappings are exemplary and are not intended to be limiting.
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That is, based on the specifications implemented by systems
and methods consistent with certain features of the present
invention, such as various versions of the WSDL, XML, and
Java Language Specifications, computing environment 100
may perform the WSDL-to-Java mapping processes using
different fields, elements, and data types without departing
from the scope of the present invention.

[0076] Returning to FIG. 3, in the event a WSDL docu-
ment is not available for developer 116 (Step 305; NO),
developer 116 may define a service endpoint interface (Step
315). This defined service endpoint interface extends the
java.rmi.Remote interface either directly or indirectly. Fur-
ther, each method included in the service endpoint interface
throws java.rmi.RemoteException and specific exceptions
based on detected illegal operations. The parameters and
return types of each method may be JAX-RPC supported
Java types and at runtime, the values of the supported Java
type may be serializable to and from a corresponding XML
representation. The following code reflects an exemplary
service definition interface that may be defined by developer
116:

// Java
package com.example;
public interface StockQuoteProvider extends java.rmi.Remote {
public float getlastTradePrice (String tickerSymbol)
throws java.rmi.RemoteException,
com.example.InvalidTickerSymbolException;
public StockQuoteinfo getStockQuote (String tickerSymbol)
throws java.rmi.RemoteException,
com.cxample.InvalidTickerSymbolException;

[0077] The above exemplary service endpoint interface
shows the extension of the java.rmi.Remote interface as well
as the use of java.rmi.RemoteException. As mentioned
above, a service endpoint interface may also declare service
specific exceptions in a method signature in addition to the
java.rmi.RemoteException. The service specific exception
declared in a remote method signature may be checked,
however it may not be associated with a java.lang.Runtime-
Exception. This type of exception may be thrown during
runtime of a RPC operation. The following code shows an
exemplary service endpoint interface that uses a service
specific Java exception:

// Java
package com.example;
public interface StockQuoteProvider extends java.rmi.Remote {
public float getLastTradePrice (String tickerSymbol)
throws RemoteException,
com.example.InvalidTickerSymbolException;

/P

public class InvalidTickerSymbolException extends java.lang.Exception {
public InvalidTickerSymbol (String tickerSymbol) { . .. }
public String getTickerSymbol () { ...}

12

[0078] Once a service endpoint interface is either retrieved
from a WSDL document (Step 310) or defined (Step 315),
developer 116 may develop a service endpoint class (Step
320). The service endpoint class may be developed such that
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it implements the service endpoint interface. Also, the
service endpoint class may implement a ServiceLifecycle
interface. Further, the service endpoint class may use a
javax.servlet.ServletEndpointContext interface to access the
context for this endpoint maintained by server 110. The
service endpoint class may get the ServletEndpointContext
through a Servicelifecycle.init method associated with the
ServiceLifecycle interface. The service endpoint class may
obtain references to resources and enterprise beans by using
the Java Naming and Directory Interface (JDNI) to lookup
these resources. Alternatively, deployment elements (e.g.,
env-entry, ejb-ref, ejb-local-ref, resource-ref, and resource-
env-ref) may be specified in a web application deployment
descriptor that may be available to the service endpoint
class.

[0079] In the event the service endpoint class implements
the ServiceLifecycle interface, server side runtime system
114, which may be a servlet container based JAX-RPC
runtime system, may manage the lifecycle of the service
endpoint corresponding to the service endpoint class. The
lifecycle of a servlet based JAX-RPC service endpoint may
be defined to be the same as that of a servlet. For instance,
after a service endpoint object, which is an instance of a
service endpoint class, is instantiated by server 110, server
side runtime system 114 may initialize the service endpoint
object by invoking the init method. This method carries the
ServletEndpointContext for a servlet based endpoint. The
service endpoint class may use the init method to initialize
its configuration and setup access to any external resources.
The ServletEndpointContext passed in the init method may
provide the endpoint context information (includes HTTP
session, servlet context, user principal and SOAP message
context) for the initialization of the endpoint. Once the
service endpoint has been initialized, server side runtime
system 114 may dispatch multiple remote method invoca-
tions to the service endpoint object. These method invoca-
tions may correspond to the remote methods included in the
service endpoint interface implemented by the service end-
point class. The server side runtime system 114 may end the
lifecycle of a service endpoint object by invoking the
destroy method. The service endpoint may release any
resources it has been allocated and cleanup any memory
locations associated with the allocation when the destroy
method is implemented.

[0080] Once the service endpoint class is created, devel-
oper 116 may package the service endpoint interface and one
or more endpoint classes (Step 325). In one aspect consistent
with certain principles related to the present invention,
developer 116 may create and configure a package such as
a Web Application Archive (WAR) file. A WAR file is
similar to a Java ARchive (JAR) file used for Java class
libraries. The packaged WAR file may specify a contract
between a service developer and deployer 117. The service
developer may be a user, business entity, or similar types of
entity, that requests and develops a service (using developer
116). Deployer 117 may be software that is provided by a
service deployer, such as a business entity, and may be used
by the service deployer to develop a service that may be
available to clients connected to network 120, such as client
130. The WAR file may be developed and stored in memory
111 accessible by at least developer 116 and deployer 117.

[0081] In one aspect consistent with certain features
related to the present invention, a service developer, through
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developer 116, may package specific information within the
WAR file, including, but not limited to, one or more service
endpoint interfaces, one or more service endpoint classes,
programming artifacts, such as resources required by the
service endpoint classes (c.g., images, XML documents,
references to EJBs, serializers, deserializers, etc.), and a
WSDL. document that describes the service endpoints. Fur-
ther, the developer 116 may package service specific servlets
as part of the packaged WAR file. These servlets, however,
may be different from linked servlet classes provided by the
deployer 117 during deployment, which is described below.

[0082] Developer 116 may also define a deployment
descriptor that defines the components included in the
packaged WAR file and how they are used (Step 330). The
deployment descriptor may also be packaged within the
WAR file. The deployment descriptor specifies deployment
information about a service endpoint and may be packaged
based on the standard Servlet specification within the WAR
file. The deployment descriptor may include, for each ser-
vice endpoint included in the WAR file, the following
elements: display-name, description, service-endpoint-
name, service-endpoint-interface, service endpoint-class,
wsdl-document-location, binding-name, and type-mapping.

[0083] The display-name element may specity a name for
the service endpoint definition that may be intended to be
displayed by deployer 117. The description element may
include any information that a service developer may pro-
vide to deployer 117, and may also be displayed by deployer
117. The service-endpoint-name element may specify the
name of the corresponding service endpoint definition. The
name may be unique among all service endpoint definitions
specified in the same WAR file. The service-endpoint-
interface element may specify the fully qualified Java name
of the corresponding service endpoint interface, while the
service endpoint-class element may specify the fully quali-
fied Java name of the service endpoint class that implements
the service endpoint interface. The wsdl-document-location
element may specify the location (using, for example, a
reference such as a Uniform Resource Locator (URL)) of a
WSDL document that contains a WSDL description of the
corresponding service endpoint definition. The service
developer, through developer 116, may use the WSDL
document to provide additional deployment information,
such as protocol binding, endpoint address, etc., to deployer
117. The binding-name element may specily the qualified
name of a protocol binding that may be used for the
corresponding service definition. This element may be pro-
vided within the WSDL document, which may be found in
the location designated by the wsdl-document-location ele-
ment. In one aspect consistent with certain features related
to the present invention, the protocol bound to may be the
SOAP protocol. Last, the type-mapping element may
specify the requirements for pluggable serializers and dese-
rializers that may be used by server 110 and client 130 to
send and receive messages over network 120. Serializers and
Deserializers are further described below in the section
entitled “Serialization Framework.”

[0084] A scrvice developer, through developer 116, may
use a web application deployment descriptor to specify
additional deployment information for a service endpoint.
For example, the service developer may use the ejb-local-ref
element to define a reference to a local stateless session bean
from the service endpoint class.
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[0085] One skilled in the art will recognize that the
packaging and deployment descriptor defining processes
(e.g., Steps 325 and 330) are performed independent of the
component model implemented by server 110. For example,
if server 110 implements a Servlet component model like
that described in the Java Servlet Specification Version 2.3
which is incorporated herein by reference in its entirety, the
packaging and defining processes described with respect to
Steps 325 and 330 may be layered on top of the implemented
model. Therefore, service endpoints can be defined, pack-
aged and deployed to a JAX-RPC based archive file inde-
pendent of any component model, such as a standard Servlet
component model and an EJB component model.

[0086] Once the service endpoints have been packaged in
the WAR file, deployer 117 may process the WAR file for
deployment to a servlet-based archive file. Based on the
deployment descriptor and packaged information included
in the WAR file, deployer 117 may define and configure a
protocol binding that binds a service endpoint definition
included in the WAR file to a concrete protocol and trans-
port, such as SOAP 1.1 protocol over a HTTP transport (Step
335). Deployer 117 may specify any number of protocol
bindings for single service endpoint definition. These pro-
tocol bindings may be supported by a servlet container
associated with the service endpoint definition and provided
by server side runtime system 114. Additionally, deployer
117 may use the WSDL description of the service endpoint
definition that is provided by the service developer using the
wsdl-document-location and  binding-name  elements
included in the WAR file to identify the protocol binding and
other WSDL specific elements. Deployer 117 may be con-
figured to override the WSDL specific protocol binding and
other elements if needed. Further, if the service developer
did not specify any protocol binding in the WSDL docu-
ment, then deployer 117 may provide the necessary infor-
mation for the definition of a protocol binding for the service
endpoint definition.

[0087] In addition to defining and configuring the protocol
binding for a service endpoint definition, deployer 117 may
also configure and define a service endpoint (Step 340).
Deployer 117 may define a service endpoint by assigning a
unique endpoint address for a service endpoint definition.
This address may correspond to the transport identified in
the protocol binding for the service endpoint definition. For
example, the endpoint address {http://example.com/stock-
quote/} maybe an address for an HTTP transport.

[0088] Additionally, to define a service endpoint, deployer
117 may link a servlet class with the service endpoint class
included in the WAR file. The linked servlet class may
correspond to the configured transport binding for a specific
service endpoint. For example, the class javax.servlet.ht-
tp.HttpServlet may be used for an HTTP transport. Further,
deployer 117 may assemble the servlet classes as part of the
WAR file with the service endpoint classes.

[0089] In addition to providing linked servlet classes,
deployer 117 may produce a complete WSDL based descrip-
tion of each service endpoint that is defined and configured.
This WSDL description may be added to a final WSDL
document generated by deployer 117 that describes a ser-
vice. The WSDL document provided by the service devel-
oper, identified by the wsdl-document-location element for
a corresponding service endpoint definition, may include
information that deployer 117 may use to construct the final
WSDL document that may be generated and exported during
deployment of a service endpoint.
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[0090] Once the deployer 117 defines a service endpoint
and protocol binding, it may convert the packaged WAR file
to a Servlet based WAR file (or any other type of archive file
that is supported by the component model implemented by
server 110). To do so, deployer 117 may modify the WAR
file with additional information and classes previously pro-
duced by the service developer through developer 116 (Step
345). Deployer 117 may add to the WAR file servlet classes
linked with corresponding service endpoint classes, a stan-
dard servlet deployment descriptor, such as web.xml
described in the Java Servlet Specification, that specifies
deployment information for the servlet classes used for the
definition of service endpoints, and a JAR file that packages
the classes for the server-side runtime system 114. Alterna-
tively, these classes may be configured in the operational
environment of the servlet container associated with a
defined service endpoint. Once the modified WAR file is
assembled, deployer 117 may deploy it on a servlet container
located in server-side runtime system 114 (Step 350).

[0091] Deployer 117 may also export the service endpoint
as a WSDL document that includes the WSDL description of
the service. The WSDL document may be exported and
published in a Universal Description, Discovery, and Inte-
gration (UDDI) registry. Such a registry allows entities to
share information about services provided by entities. For
example, an entity may use the UDDI Business Registry at
a business level to determine whether other entities provide
particular service interfaces and how to interact with the
interface. More information on UDDI may be found in
“UDDI Technical White Paper,” Ariba, Inc., IBM, and
Microsoft, Sep. 6, 2000, which is hereby incorporated by
reference. The WSDL description includes information that
client 130, or any client deployed on any platform, may use
to access the service and its corresponding endpoints defined
by server 110. Deployer 117 may implement a Java-to-
WSDL. mapping tool to map a service endpoint interface to
a service description in a WSDL document. The Java-to-
WSDL mapping tool may specify a definition of a JAX-RPC
package supported Java Type, specify a service endpoint
interface for a JAX-RPC service, map a Java service defi-
nition to WSDL definitions, and map the Java types to XML
data types.

[0092] The service definition may be mapped by the
Java-to-WSDL mapping tool to a WSDL service description,
which may include abstract definitions, such as wsdl:types,
wsdl:message, wsdloperation, and wsdl.portType. Each
Java identifier included in the service definition may be
mapped to an equivalent XML name, while a Java package
is mapped to a WSDL document. The mapped WSDL
document may contain abstract definitions (e.g., port type,
operations, messages, etc.) based on the mapping of Java
declarations 1in the corresponding Java package. The
namespace definitions in the WSDL document created may
be mapped in an application specific manner. Alternatively,
the Java-to-WSDL mapping tool may map WSDL defini-
tions into multiple WSDI. documents that may be imported
across several documents.

[0093] The Java-to-WSDL mapping tool may map the
service endpoint interface, which extends the java.rmi.Re-
mote interface, to the wsdlportType element. The name
attribute of this element may be the same as the service
endpoint interface. Further, methods defined in the service
endpoint interface may be mapped to the wsdl:operation
definitions in the corresponding wsdl.portType element.
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[0094] For example, the following service endpoint inter-
face,

J/ Java
package com.example;
public interface StockQuoteProvider extends java.rmi.Remote {
public float getLastTradePrice (String tickerSymbol)
throws java.rmi.RemoteException;

[0095] may be mapped to the following wsdl:PortType
definition,

// WSDL

<portType name=“StockQuoteProvider”>
<operation name=“getLastTradePrice”

parameterOrder="tickerSymbol”>

<input message="tns:GetLastTradePricelnput”/>
<output message="tns: GetLastTradePriceOutput”/>
</operation>

</portType>.

[0096] Additionally, each Java interface included in the
service endpoint inheritance hierarchy may be mapped to an
equivalent wsdl.portType definition. Each wsdl.portType
definition may include mapping of the complete set of
inherited Java methods. For example, service endpoint inter-
faces StockQuoteProvider and PremiumStockQuotePro-
vider may be mapped to respective wsdl:portType defini-
tions. The port type StockQuoteProvider may include a
single operation getLastTradePrice, while the port type
PremiumStockQuoteProvider may include two operations,
getLastTradePrice and getRealtimeLastTradePrice. The get-
LastTradePrice operation may be mapped from a corre-
sponding inherited method. The following code illustrates
the above example.

J/ Java
package com.example;
public interface StockQuoteProvider extends java.rmi.Remote {
/ gets a 20 minute delayed stock price
public float getLastTradePrice (String tickerSymbol)
throws java.rmi.RemoteException;

—

[0097] package com.example;

public interface PremiumStockQuoteProvider extends
com.example.StockQuoteProvider {
//gets a realtime stock quote
public float getRealtimeLastTradePrice (String tickerSymbol)
throws java.rmi.RemoteException;
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[0098] The above two service endpoint interfaces may be
mapped to corresponding wsdl.portType elements as fol-
lows:

// WSDL
<portType name="StockQuoteProvider’>
<operation name="getLastI'radePrice”
parameterOrder="tickerSymbol”>
<input message="tna:GetLastTradePriceInput”/>
<output message="tns:GetLastTradePriceOutput”/>
</operation>
</portType>
// WSDL
<portType name=“PremiumStockQuoteProvider”>
<operation name="“getLastTradePrice”
parameterOrder="“tickerSymbol”>
<input message=“tns:GetLastTradePricelnput”/>
<output message="tns:GetLastTradePriceOutput”/>
</operation>
</operation name=“getRealtimeLastTradePrice”
parameterOrder="“tickerSymbol”>
<input message="“tns:GetRealtimeLastTradePricelnput”/>
<output message="tns:GetRealtimeLastTradePriceOutput’™/>
</operation>
</portlype>.

[0099] The Java-to-WSDL mapping tool maps each
method in a service endpoint interface to an equivalent
wsdl:operation definition. The mapped wsdl:operation defi-
nition may preserve the parameter ordering of the method
signature. When mapping a method, the Java-to-WSDL
mapping tool may define the name of the mapped wsdl:op-
eration as the same name as the method.

[0100] In accordance with one aspect consistent with
certain features related to the present invention, the Java-
to-WSDIL. mapping tool may ensure that a mapped wsdl:op-
eration contains wsdl:input, wsdl:output and an optional
wsdl:fault element based on the mapping of the method’s
signature. The message attribute of the wsdl:input and
wsdl:output elements may use the qualified names of the
corresponding wsdl:message definition. Furthermore, each
parameter in a method’s signature may be mapped to a
message part in a corresponding wsdl:message element.
Each message part may have a name attribute that is mapped
based on the name of the method’s parameter and a type
attribute (e.g., an XML data type) mapped from the Java
type of the parameter. Message parts may be arranged in the
same order as in the method signature.

[0101] Additionally, the Java-to-WSDL mapping tool may
map a Java return type for a Java method to a message part
in the wsdl:message element. This element may correspond
to the wsdl:output element for a mapped wsdl:operation. The
ordering of parameters may be represented in the param-
eterOrder attribute included in the wsdl:operation element.
The message part for a return value may not be listed in the
parameterOrder attribute. Each service specific exception in
a remote method signature may be mapped to a wsdl:fault
element. The name attribute of the wsdl:fault element may
be based on the name of the exception. The message
attribute of the wsdl:fault element may be the qualified name
of the wsdl:message definition. And, a remote exception,
such as the java.rmi.RemoteException or one of its sub-
classes, may be mapped to a standard wsdl:fault element.

[0102] Although the above description of FIG. 3 is asso-
ciated with a servlet-based service endpoint model, methods,
systems, and articles of manufacture consistent with certain
features related to the present invention may also implement
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the service endpoint process for a JAX-RPC service devel-
oped and deployed on a J2SE-based platform. In this con-
figuration, a separate deployment process for a J2SE-based
service endpoint definition may not be provided. Instead a
J2SE-based server 110 may perform the process illustrated
in FIG. 4. The process may include configuring the protocol
binding for a service endpoint (Step 410). This configuration
may specific to the underlying protocol and transport that the
server may use to communicate with client 130. Also, the
J2SE-based server 110 may configure the target endpoint
address for a service endpoint (Step 420) and map an
equivalent WSDL based service description to the service
endpoint (Step 430). Last, a WSDL document including the
WSDL description may be generated and exported by pub-
lishing the document in a UDDI registry in a manner
similarly described above. (Step 440). In a J2SE configu-
ration, a service developer may provide a J2SE-based imple-
mentation class, identified as a service endpoint class, for a
service endpoint interface.

[0103] Soap Binding

[0104] Methods, systems, and articles of manufacture con-
sistent with certain features related to the present invention
may bind WSDL elements to a protocol that may be used to
encode the WSDL element for transport to a target comput-
ing system. For example, the soap:binding element
described in t he WSDL specification may identify that the
SOAP protocol may be used for binding abstract WSDL
definitions. Both server 110 and client 130 may implement
processes that support operation modes for SOAP binding.
These operations modes may include an operation with an
rpc style and encoded use, an operation with a document
style and literal use, and an operation with the document
style and the encoded use.

[0105] The style attribute specified in a soap:operation
element, or as a default in the soap:binding element, may
indicate whether an operation is rpc or document oriented.
In one aspect consistent with certain features related to the
present invention, both the rpc and document style opera-
tions may be mapped to corresponding remote methods on
a service endpoint interface. The services defined and
deployed on server-side runtime system 114 and exported to
a corresponding WSDL document may be represented in
various manners. In one manner, the JAX-RPC processes
implemented by server 110 may support the default repre-
sentations of the SOAP Body element for both document
and rpc style operations. These representations may include
a representation that all message parts, such as a parameter
or return value, appear inside a single wrapper element,
which may be the first child element of the SOAP Body
element. The wrapper element for a request may have a
name identical to the unique operation name associated with
a request message. The name of the wrapper element for a
request may be used by server 110 to resolve a method on
a target service endpoint. Further, the respresentation may
ensure that each message part has an accessor with a name
corresponding to the name of the parameter and type cor-
responding to the type of the parameter. Message parts may
be arranged in the same order as the parameters associated
with a remote call. The SOAP 1.1 specification further
describes the details associated with the representation of
RPC invocations and responses in a SOAP Body element.

[0106] As mentioned above, the JAX-RPC-based pro-
cesses implemented by server 110 and client 130 may
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support both rpc and document style operations with the
encoded use. In the encoded use, each message part in the
SOAP body references an abstract type using the type
attribute. These types are serialized according to the encod-
ings identified in the encodingStyle attribute of the soap-
:body element of a WSDL document.

[0107] For the document style for literal use operation
mode, the literal use may be defined on the soap:body
element in the WSDL document. If a use is literal, cach
message part in the SOAP Body element may reference a
concrete schema definition using either the element or type
attribute. If the element attribute is used, the element refer-
enced by the message part may appear under the Body
element. If the type attribute is used, the type referenced by
the part may become the schema type of the enclosing
element (e.g., Body element for the document style or part
accessor element for the rpe style). The JAX-RPC processes
implemented by server 110 and 130 may support the element
attribute in a message part with literal representation. Fur-
ther, the encodingStyle attribute to apply specific encoding
rules.

[0108] Runtime Operation

[0109] Accordingly, deployer 117 may employ the Java-
to-WSDL mapping tool to create a WSDL document with a
corresponding WSDL description of a service endpoint. The
deployer 117 may export the WSDL document to a location
that is accessible by remote clients, including client 130.
Client 130 may use the WSDL description to configure a
remote procedure call directed to server 110 in order to
invoke methods from a service endpoint associated with the
WSDI. document. The following section describes an exem-
plary process associated with a runtime operation of system
environment 100 in accordance with certain features related
to the present invention.

[0110] Once a service endpoint has been defined and
exported in a corresponding WSDL document, the endpoint
may be used by client 130. FIG. 5 shows a block diagram
of an exemplary model environment 500 including elements
associated with a runtime operation consistent with certain
features related to the present invention. As shown, model
environment 500 includes representations of various ele-
ments described above with respect to FIG. 1. Model
environment 500 will be described in correlation with the
following description of FIG. 6, which illustrates a flow-
chart of an exemplary process of how a stub based client 510
invokes remote methods on service endpoint 555 in accor-
dance with certain features related to the present invention.

[0111] Initially, client 510 may request the use of a par-
ticular service that is provided by server 530. To use the
service, client 510 may locate WSDL document 550 corre-
sponding to the target service that has been exported by
server 530. Client 510 may locate the WSDL document from
a UDDI registry where the document may have been
exported by server 530, as previously described respect to
FIG. 3.

[0112] Once the WSDL document 550 corresponding to
the target service is located, the document may be imported
by client 510 (Step 610). In one aspect consistent with
certain features related to the present invention, client 510
may locate the WSDL document using standard UDDI
techniques and processes, such as an inquiry API for locat-
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ing candidate services from a UDDI registry. One skilled in
the art will recognize that client 510 may implement a
number of different techniques and procedures to locate and
obtain the WSDL document exported by server 530 without
departing from the scope of the invention. Once imported,
the WSDL document may be processed by a WSDL-to-Java
mapping tool executing in client 130 that generates client
side artifacts, such as, stub classes, a service endpoint
interface, and additional classes associated with the service
and its service endpoints (Step 620). The WSDL-to-Java
mapping tool operating within client 130 may perform the
mapping operations performed by server 110 described
above with respect to FIG. 3, Step 310. As previously
mentioned, in addition to mapping WSDL port types, and its
elements, the WSDL-to-Java mapping tool may map a
wsdl:service element to a service class. The service class
may be a factory for a dynamic proxy for service endpoint
555, an instance of the type javax.xmlrpc.Call for the
dynamic invocation of a remote operation on service end-
point 555, and an instance of a generated stub class. The
service class may implement a base service interface, such
as javax.xml.rpc.Service. The following code is an exem-
plary base service interface, javax.xml.rpc.Service, that may
be implemented by methods, systems, and articles of manu-
facture consistent with certain features related to the present
invention.

package javax.xml.rpc;
public interface Service {
public java.rmi.Remote getPort (QName portName,
Class serviceEndpointInterface)
throws JAXRPCException
public java.rmi.Remote getPort (class serviceEndpointInterface)
throws JAXRPCException;
public Call createCall () throws JAXRPCException;
public Call createCall (QName portName) throws JACRPCException;
public Call createCall (Qname portName, String operationName)
throws JAXRPCException;
public java.net. URL getWSDLDocumentLocation( );
public QName getServiceName( );
public java.util.Iterator getPorts( );

[0113] Client 530, which represents client 130, maybe
configured to provide an implementation class for the base
service interface. This class may support the creation of both
dynamic proxies and Call objects. As shown in the above
exemplary code, the base interface may include a method
(e.g., getPort (QName, Class)) that returns a dynamic proxy
for a specified service endpoint 555. Client 530 may use the
dynamic proxy to invoke operations on service endpoint
555. A parameter of this method (e.g., serviceEndpointInt-
erface) may specify the service endpoint interface that is
supported by the created dynamic proxy. The service inter-
face may also include another method (e.g., getPort (Class))
that may return either an instance of a generated stub
implementation class or a dynamic proxy. A parameter of the
method (e.g., serviceEndpointlnterface) may specify the
service endpoint interface that may be supported by the
returned stub or proxy. The client side runtime system (e.g.,
134) for client 530 may select a protocol binding (and a port)
when implementing the getPort (Class) method and config-
ure the generated stub instance accordingly. The getPorts
method included in the above exemplary service interface
may return a list of qualified names of one or more end-
points, including endpoint 555, grouped by a target service.
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Further, the multiple variants of the method createCall
included in the exemplary service interface may create
instances of the javax.xml.rpc.Call interface.

[0114] In addition to implementing a base service inter-
face, the WSDL-to-Java mapping tool implemented by
client 510 may also generate a service interface based on the
mapping of a wsdl:service element included in the WSDL
document 550. The generated service interface may extend
the base service interface and may be used to create
instances of a generated stub class. Client 510 may be
configured to generate the implementation class for a gen-
eraled service interface.

[0115] Once the WSDL-to-Java mapping tool has gener-
ated the appropriate client side artifacts, such as a stub class
(c.g., stub 515), client side runtime system 525 may look up
and invoke a remote method on service endpoint 555 (Step
640). Client-side runtime system 525 may use core APIs
520, which may correspond to client-side API(s) 135 shown
in FIG. 1) to use stub 515 to invoke a remote method on
service endpoint 555. Provider 136, shown in FIG. 1, may
be used by client 510 to reference a service endpoint 555
provided by server 530. Provider 136 may reference the
service by using a logical name called service reference.
Provider 136 may use the service reference to get access to
a service port associated with endpoint 555 by assigning an
entry in client 510°s environment to the service reference.
Provider 136 may declare the service references in the
deployment descriptor using a service-rel element, which
may contain a description element, a service ref-name
element, a service-ref-type element, and a type mapping
element. The description element describes the referenced
service. The service-ref-name element identifies the name of
the logical reference used in the component code. Service-
ref-type element indicates the fully qualified name of the
service class returned by a JNDI lookup. And, the type
mapping element may specify the requirements for serial-
izers and descrializers that may be plugged in by client 510
and used for sending and receiving data, respectively, to
server 530.

[0116] Provider 136 may also lookup an instance of the
service class mapped from the wsdl:iservice element
included in the WSDL document 550. The lookup performed
by provider 136 may be performed using the JNDI
namespace. Provider 136 may use one or more methods on
the looked up service instance to get one or more proxy
objects for service endpoint 555. The proxy for endpoint 555
may be a dynamic proxy or an instance of a generated stub
class. The stub class instance may implement the service
endpoint interface included in the WSDL document 550.
The following program code illustrates how provider 136
may look up a service, get a stub instance for a service
endpoint, and invoke a remote method on the service end-
point.

Context ctx = new InitializationContext( )

com.example.StockQuoteService sqs =
ctx.lookup(“java:comp/env/StockQuoteService™);

com.example.StockQuoteProvider sqp =
sgs.getStockQuoteProviderPort( );

float quoteprice = sqp.getLastTradePrice(*ACME”);
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[0117] Alternatively, provider 136 may create a dynamic
proxy when looking up a service to invoke a remote method
on a service endpoint. The following code represents exem-
plary code that provider 136 may use to create a dynamic

proxy.

Context ctx = new InitializationContext( )

javax.xml.rpe.Service sqs = ctx.lookup (
“java:comp/env/DynamicService™);

com.example.StockQuoteProvider sqp =

(com.example.StockQuoteProvider)sqs.getPort(

portName,
StockQuoteProvider.class);

float quotePrice = sqp.getLastTradePrice(“ACME”);.

[0118] In addition to tasks performed by provider 136,
client 510 may incorporate the use of deployer 137 to
configure the service instance and proxies created by pro-
vider 136. For example, deployer 137 may link a service
reference to an actual representation and configuration of a
corresponding service. This linking may be specific to the
implementation of a container. For example, deployer 137
may link the logical service reference to the imported
WSDL-based description of the service included in the
WSDL document 550. Deployer 137 may also provide and
configure information for the service instance and service
endpoint proxies. For example, the configuration informa-
tion may include the endpoint address for service endpoint
555, properties specific to a protocol 535 and underlying
transport 540 that may be used by client 510 to communicate
with server 530, security information, and type mapping
registry information. Deployer 137 may ensure that the
configuration of a service and service proxy is based on the
protocol binding specified in the WSDL description of the
service included in the imported WSDL document 550. For
example, the configuration of the stub instance may be that
as previously described with respect to the client side API(s)
13s.

[0119] Methods, systems, and articles of manufacture con-
sistent with certain features related to the present invention
may allow client 510 to use various other approaches for
invoking a remote service endpoint. For example, in the
event the client 510 was deployed on a J2SE-based platform,
client 510 may use the generated stub classes to invoke a
method on service endpoint 555. In this example, the
WSDL-to-Java mapping tool may import the WSDL-based
description of the service and map it to a corresponding
client side Java-based representation. Generated client side
artifacts produced by the mapping may include serializers,
deserializers, holder classes, and utility classes. Alterna-
tively, the J2SE-based client may use the javax.xml.rpc.Ser-
vice interface to create dynamic proxies for the target service
endpoint. Further, the same Service interface may be used to
create a Call object. Client 510 may follow the creation of
a Call object to use the javax.xmlrpc.Call interface to
dynamically invoke an operation on the target service end-
point.

[0120] Referring back to FIG. 6, once client 510 has
invoked a remote method on service endpoint 555, client
side runtime system 525 may process the invocation. The
processing of a remote method call may include mapping the
remote method call to a SOAP message representation,
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which may be the protocol 535 used by model environment
500 (Step 650). The mapping may include the mapping of
parameters, return values, and exceptions for the remote
method call to the corresponding SOAP message. Further,
the mapping may include the configuration of serialization
and deserialization mechanisms based on a mapping
between Java types and XML data types. Next, client
runtime system 5235 may process the created SOAP message
(Step 660). This processing may include the processing of
the SOAP message based on the mapping of the remote
method call to a SOAP representation. An encoding style
associated with the SOAP protocol may define how param-
eters, return values and types in a remote method call are
represented in the SOAP message.

[0121] In one aspect consistent with certain features
related to the present invention, client 510 may support the
use of Multipurpose Internet Mail Extensions (MIME)
encoded content in a remote method call to a target service
endpoint. In accordance with one aspect of the invention,
client 510 may use a SOAP message with attachments
protocol to support MIME encoded parameters or return
values in a remote method call. MIME is a specification for
providing a standard for representing and encoding a variety
of media types for transmission via electronic mail. For
example, a SOAP message package with attachments may
be constructed using the MIME multipart/related type. A
remote method call may be carried in the root body part of
the multipart/related structure of the SOAP message. The
headers and body of the SOAP message may refer to the
MIME parts in the message package using href attributes
and a referenced MIME part may contain either a Content-
ID or Content-Location MIME header, which are known
headers for the MIME specification.

[0122] Once the SOAP message is created and processed,
client side runtime system 3525 may process a transport
request (Step 670). In one aspect consistent with certain
features related to the present invention, the transport may
be a HTTP transport. The processing of an HTTP request
may include the transmission of the SOAP request message
as part of an HTTP request. Further, a SOAP response
message may be transmitted as an HTTP response. There-
fore, the SOAP message including the mapped remote
method call is transported to server 530 over transport 540.
Server 530 may be configured to process remote method
calls received over transport 540. FIG. 7 shows a flowchart
of an exemplary server side process consistent with certain
features related to the present invention.

[0123] As shown in FIG. 7, server side runtime system
570 may receive and process the HTTP request received
over transport layer 540 (Step 710). Next, server-side runt-
ime system 570 may extract the SOAP message from the
HTTP request and process the SOAP message (Step 720).
This processing may include accessing a SOAP envelope,
header, body, and any attachments to the SOAP message. In
one aspect consistent with certain features related to the
present invention, server-side runtime system 570 may use
an XML processing mechanism, such as a streaming parser
and Simple API for XML (SAX)-based parser, to process the
SOAP message. Additionally, in the event the SOAP mes-
sage includes a RPC call with MIME encoded content,
server-runtime system 570 may be configured to use the
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MIME binding specified in the WSDL version 1.1 specifi-
cation to support the MIME encoded remote call from client
510.

[0124] Once the SOAP message is processed, server-side
runtime system 570 may map the SOAP message to a
method invocation on the target service endpoint 555 (Step
730). SOAP body elements may carry parameters and a
return value for this remote call. Also, a SOAP header may
carry any context information that may not be part of a
remote method signature, but is associated with the remote
method call. Once the SOAP message is mapped to a method
invocation, server-side runtime system 570 may invoke the
method on the target service endpoint 355 based on the
mapping of the received remote method invocation using the
core APIs 565 (Step 740). That is, server-runtime system
570 may determine the location (i.c., URL) of a service
endpoint 555 included in a container 560 hosting the end-
point and directs the method call to the instance of the
service endpoint class that represents the service endpoint
555. The call may invoke one or more methods on the
service endpoint, such as a service () method, to generate
response data based on the received call.

[0125] The return value, out parameters, and exceptions
associated with the result data may be collected by container
560 and provided to server-runtime system 570 through core
APIs 565. Server-runtime system 570 may encode the result
data in corresponding SOAP body, header, and fault ele-
ments. These elements may be processed as a SOAP mes-
sage (Step 750). The processed SOAP message may then be
processed as part of an HTTP response which may be carried
back to client 510 over transport 540 (Step 760).

[0126] Extensible Type Mapping

[0127] Methods, systems, and articles of manufacture con-
sistent with certain features related to the present invention
may implement APIs that support an extensible type map-
ping between XML data types and Java types. These APIs
may enable server 110 and client 130 to develop pluggable
serializers and deserializers to support the extensible map-
ping between any Java type and XML data type. The
pluggable serializers and deserializers may be packaged as
part of a JAX-RPC implementation included within client
130 and/or server 110. Alternatively, the pluggable serializ-
ers and deserializers may be provided by a service developer
and/or other types of users interacting with respective com-
puting systems, namely client 130 and server 110.

[0128] The pluggable serializers and deserializers may be
developed using various XML processing mechanisms and
representations. The performance of a pluggable serializer
or deserializer may depend upon the type of XML process-
ing mechanism and representation implemented within cli-
ent 130 and/or server 110. For example, a Document Object
Model (DOM) based serializer may have less performance
efficiency than a SAX or streaming parser based deserializer.

[0129] FIG. 9 shows a block diagram of an exemplary
type mapping framework 900 that may be implemented by
client 130 and/or server 110 to perform communications
over network 120 in a manner consistent with certain
features related to the present invention. As shown, frame-
work 900 may include packages 910 and 920, and a host
JAX-RPC runtime system 930, which may represent either
client-side runtime system 134 or server side runtime system
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114 illustrated in FIG. 1. Package 910 may be a package that
is constructed by a user, such as a service developer or
vendor entity and may include a Java type serializer 912 and
an XML type deserializer 914. Package 920 may be a
package that defines a set of Java interfaces/classes for the
type mapping framework 900. Package 920 may include a
serializer interface 922 and a deserializer interface 924.
These interfaces may enable the development of pluggable
serializers and deserializers that support extensible mapping
between XML data types and Java types. The serializer and
deserializer interfaces 922 and 924, respectively, may be the
base interfaces that are defined to be independent of any
XML processing mechanism 934 and XML representation.
A JAX-RPC based platform (e.g., client 130 and server 110)
may extend these two interfaces to support development of
serializers and deserializers based on specific XML mecha-
nisms. For example, XML processing mechanism 934 may
be supported by implementation specific serializers and
deserializers, such as DOM based XML processing, SAX
based XML processing, streaming pull parser, and object-
based input and output streams.

[0130] Serializer interface 922 may serialize a Java object
to an XML representation based on the type mapping
defined between the corresponding Java type and the XML
data type. For example, serializer interface 922 may include
a serializer that is defined for Java arrays and classes in the
standard Java Collection framework. Serilaizer interface 922
may use an XML schema definition for an XML schema
instance to generate a corresponding XML representation
from a Java object. Conversely to the serializer interface
922, deserializer interface 924 may deserialize an XML
element or schema instance to a Java object. The deserial-
ization may be based on the type mapping defined between
an XML data type and a corresponding Java type. Deseri-
alizer 924 may use the XML schema fragement and corre-
sponding XML schema instance to map to a corresponding
Java object.

[0131] Further, package 920 may include other interfaces
that may be implemented by runtime system 930, namely
SerilaizationContext interface 926 and DeserializationCon-
text interface 928. These two interfaces may provide XML
processing and JAX-RPC runtime system 930 related con-
text to the serializers and deserializer interfaces 922, 924
during serilziation and deserialization processes.

[0132] Because of the versatility associated with a plat-
form’s support for various XML processing mechanisms,
type mapping framework 900 may not require JAX-RPC
runtime system 930 to use a specific XML processing
mechanism 934. For example, this mechanism may allow
JAX-RPC runtime system 930 to use a streaming pull parser
for performance efficient XML processing. Alternatively,
DOM- or SAX-based deserializers may be developed and
plugged into the extensible mapping framework 900. To
support such DOM- or SAX-based deserializers, JAX-RPC
runtime system 930 may include an adapter 936 from the
underlying XML processing mechanism 934 to both SAX
and DOM representation.

[0133] FIG. 10 shows a block diagram of exemplary
package 920, java.xml.rpc.encoding package, that may be
implemented within mapping framework 900. As shown,
package 920 may include a registry interface, TypeMappin-
gRegistry 1010, that may define a registry for the type
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mappings for various encoding styles and XML schema
namespaces. For example, the java.xml.rpc.encoding.
TypeMappingRegistry interface 1010 may be defined as:

package javax.xml.rpc.encoding;
public interface TypeMappingRegistry extends java.io.Serializable {
public void register (TypeMapping mapping,
String [ ] namespaceURIs)
throws JAXEPCException;
public void registerDefault (TypeMapping mapping)
throws JAXRPCException;
public TypeMapping getTypeMapping (String namespaceURI);
public void removeTypeMapping (String namespaceURI);
public TypeMapping createTypeMapping( );
public String [ ] getSupportedNamespace( );
public void clear ( );

[0134] In the above exemplary TypeMappingRegistry
interface, the method register (TypeMapping, String []) may
add a TypeMapping instance to the TypeMappingRegistry
interface. The parameter namespaceURIs may be String [ ] of
namespace URIs. For example, SOAP encoding may be
represented by the namespace URI:

[0135] {http://schema.xml.org/soap/encoding/}. The
register method may throw the java.langlllegal
ArgumentException if an invalid namespace URI is
specified.

[0136] The registerDefault (TypeMapping) method may
register a TypeMapping instance that is a default for all
encoding styles and XML schema namespaces supported by
the TypeMappingRegistry interface. A default TypeMapping
instance may include serializers and deserializers that are
independent of and usable with any encoding style or XML
namespace. In one aspect consistent with certain features
related to the present invention, a default TypeMapping
instance may not be required to be registered in the
TypeMappingRegistry. If a default TypeMapping instance is
registered, other TypeMapping instances registered though
the TypeMappingRegistry.register method (for a set of
namespace URIs) may override the default Typemapping
instance.

[0137] The method getSupportedNamespace in the exem-
plary TypeMappingRegistry interface may return a list of
registered namespace URIs in this TypeMappingRegistry
instance. The method getTypeMapping method may return
the registered TypeMapping for the specified namespace
URI. If there is no registered TypeMapping for the specified
namespaceURI, this method may return a null value. Fur-
ther, this method may throw the java.lang.Illegal Argumen-
tException if an invalid namespace URI is specified. The
method clear may remove all registered TypeMapping
instances from the exemplary TypeMappingRegistry inter-
face. The method createTypeMapping may create an empty
TypeMapping object that maybe used by TypeMapping
interface 1020, described below.

[0138] In onc aspect consistent with certain features
related to the present invention, the javax.xml.rpc.Service
interface implemented with client 130 may support the
configuration of a TypeMappingRegistry interface. For
example, the Service interface may be configured within
client 130 as follows:
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package javax.xml.rpc;

public interface Service {
public void setlypeMappingRegistry
(TypeMappingRegistry registry);
public TypeMappingRegistry getTypeMappingRegistry ( );

[0139] The method getTypeMappingRegistry in the above
exemplary Service interface may return the configured
TypeMappingRegistry. This getter method may throw the
java.lang.UnsuportedOperationException if the Service
class does not support the configuration of a TypeMappin-
gRegistry. The setTypeMappingRegistry method may set the
TypeMappingRegistry interface. Dynamic proxies, Call
objects, or instances of generated stub classes created from
the service class may use the configured type mapping
registry to access the extensible type mapping framework
900. For example, a dynamic proxy may use the configured
TypeMappingRegistry interface to perform serialization and
deserialization of the Java and XML data types. A generated
stub class may embed the type mapping support in the
generated code of the class and thus may not be required to
use the configured type mapping registry.

[0140] Referring back to FIG. 10, package 920 may also
include a TypeMapping interface 1020 that is the base
interface for the representation of type mappings. TypeMap-
ping interface 1020 may support a set of encoding styles and
XML schema namespaces. This interface may include a
setSupportedEncodings method that returns the namespace
URIs (as String []) supported by a TypeMapping instance.
Further, the TypeMapping interface 1020 may include a
setSupportedEncodings method that sets the supported
namespace URIs and XML namespaces for a TypeMapping
instance. For example, the following code represents an
exemplary TypeMapping interface that may be implemented
by methods, systems, and articles of manufacture consistent
with certain features related to the present invention.

package javax.xml.rpc.encoding;
public interface TypeMapping {
public void setSupportedEncodings(String [ ] namespaceURISs);
public String [ ] getSupportedEncodings ( );
public void register (Class javaType, Qname xmlType,
SerilaizerFactory sf,
DeserializerFactort dsf)
throws JAXRPCException;
public SerializerFactory getSerilaizer (Class javaType,
Qname xmlType)
throws JAXRPCException;
public DeserializerFactory getDeserializer (Class javaType,
Qname xmlType)
throws JAXRPCException;
public void removeSerializer (Class javaType, Qname xmlType)
throws JAXRPCException;
public void removeDeserializer (Class javaType, Qname xmlType)
throws JAXRPCException;

[0141] In one aspect consistent with certain features
related to the present invention, serilaizers and deserializers
may be developed independent of any specific encoding
style or XML schema namespace. These serializers and
deserializers may be usable across multiple encoding styles.
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A TypeMapping instance that contains these types of seri-
alizers and deserializers may pass a null value to the
setSupportedEncodings method and return null from the
getSupportedEncodings method. Also, for its supported
encoding styles and XML schema namespaces, a TypeMap-
ping instance may maintain a set of tuples of the type {Java
type, SerializerFactory, DeserializerFactory, XMIL. data
type}. The getSerializer and getDeserializer methods may
take both javaType and xmlType parameters, which enables
serializers and deserializers to support a flexile mapping
between the XML data types and Java types. For example,
a deserializer may map a specific XML data type to different
Java types based on the application specific configuration
associated with the platform runtime system 930 is imple-
menied.

[0142] Package 920 may also include a SerializerFactory
interface 1030 and Serializer interface 1040. The Serializer
interface 1040 may define the base interface for serializers.
A serializer may serialize a Java object to an XML repre-
sentation using specific an XML processing mechanism 934.
A pluggable serializer for a Java type may provide serializer
and serializer factory classes that implement the Serializer
and SerializerFactory interfaces, respectively. These inter-
faces may be implemented as JavaBeans components that
enable tools within a corresponding platform to manage and
configure the serializers. The SerializerFactory may be reg-
istered with a TypeMapping instance as part of the type
mapping registry. In one aspect consistent with certain
features related to the present invention, the Serializerlac-
tory interface may be defined as follows:
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serializer. Further, because the javax.xml.xml.rpc.encoding-
SerializationContext interface 924 may be implemented by
JAX-RPC runtime system 930 in an XML processing
mechanism specific manner, a serializer may use the Seri-
alizationContext interface during a serialization process to
get the context information related to the XML processing
mechanism 934 and manage information specific to this
serialization process.

[0146] Package 920 shown in FIG. 10 may also include a
DescrializerFactory interface 1050 and a Deserializer inter-
face 1060. Deserialization interface 1060 may define the
base interface for different types of deserializers imple-
mented by JAX-RPC runtime system 930. A deserializer
may convert an XML element or schema instance to a Java
object. Such deserialization may be based on the type
mapping defined between an XML data type and a corre-
sponding Java type. A pluggable deserializer for an XML
data type may provide deserializer an deserializer factory
classes that implement Deserializer and DeserializerFactory
interfaces, respectively. For example, a deserializer may be
configured for complex types defined in the XMI. Schema
specification. The Deserializer and DeserializerFactory
interfaces may be implemented as JavaBean components
that enable tools within a corresponding platform to manage
and configure the deserializers. The DeserializerFactory
interface may be registered with a TypeMapping instance as
part of the type mapping registry. In one aspect consistent
with certain features related to the present invention, the
DeserializerFactory interface 1050 may be defined as fol-
lows:

package javax.xml.rpc.encoding;
public interface SerializerFactory extends java.io.Serializable {
public Serializer getSerializerAs (string mechanismType)
throws JAXRPCException;
public Tterator getSuppoortedMechanismTypes( );

|2

[0143] Inthe above exemplary SerializerFactory interface,
the method getSerializerAs may return an XML processing
mechanism specific serializer. The parameter mechanism-
Type may identify the desired XML processing mechanism
type. This method may throw the JAXRPCException if the
SerializerFactory does not support the desired XML pro-
cessing mechanism type. The method getSupportedMecha-
nismTypes may return all XML processing mechanism types
supported by this exemplary SerializerFactory interface.

[0144] In accordance with one aspect consistent with
certain features related to the present invention, the Serial-
izer interface 1040 may be defined as:

package javax.xml.rpc.encoding;

public interface Serializer extends java.ioSerializable {
public String getMechanismType( );
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[0145] Because an XML specific processing mechanism
specific serializer may extend the base Serializer interface,
the getMechanismType method may return the type of the
XML processing mechanism and representation used by the
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package javax.xml.rpc.encoding;
public interface DeserializerFactory extends java.io. Serializable {
public Deserializer getDeserializerAs (string mechanismType)
throws JAXRPCException;
public Iterator getSuppoortedMechanismTypes( );

}

[0147] In the above exemplary DeserializerFactory inter-
face, the method getDeserializerAs may return an XML
processing mechanism specific deserializer. The parameter
mechanism Type may identify the desired XML processing
mechanism type. The getDeserializerAs method may throw
a JAXRPCException if the DeserializerFactory instance
does not support the desired XML processing mechanism
type. The getSupportedMechanismTypes method may return
all XML processing mechanism types supported by the
DersializerFactory interface. In accordance with one aspect
consistent with certain features related to the present inven-
tion, the Deserializer interface 1060 may be defined as:

package javax.xml.rpc.encoding;
public interface Deserializer {
public String getMechanismType( );

[0148] Because an XML specific processing mechanism
specific deserializer, such as a DOM, SAX, streaming
parser, or stream based deserializer, may extend the base
Deserializer interface, the getMechanismType method may
return the type of the XML processing mechanism supported
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by this type of deserializer. FIG. 11 shows a block diagram
of an exemplary model reflecting how an exemplary XML
processing mechanism specific deserializer 1110 may extend
the base Deserializer interface 1060. DeserializerFactory
interface 1050 may create an instance of the Deserializer-
Factory 1050, which may be implemented by a
<MechanismSpecific>Deserializer interface 1110 and
<XMLIype>Deserializer interface 1120.

[0149] Further, because the javax.xml.xmlrpc.encod-
ing.DeserializationContext interface 926 may be imple-
mented by JAX-RPC runtime system 930 in an XML
processing mechanism specific manner, a deserializer may
use the DeserializationContext interface 926 during a dese-
rialization process to access and maintain the context infor-
mation related to the XML processing mechanism 934.

[0150] Serialization Framework

[0151] In accordance with one aspect consistent with
certain features related to the present invention, client 130
and server 110 may implement a serialization framework
that may include interfaces, classes, and algorithnms to
serialize and deserialize messages using encoding tech-
niques associated with a particular protocol, such as SOAP.
The framework may be used to serialize and deserialize all
Java types that are subtypes of java.lang.Object, including
JavaBeans, structures, arrays, boxed primitives, and any
other kind of object. Primitive Java types (i.e., int, float, etc.)
may be handled by a similar serialization framework.

[0152] SOAP encoding techniques may allow arbitrary
graphs of Java objects to be serialized as XML data. In
typical SOAP encoding systems, when an object graph
contains multiple references to the same object, the HREF
mechanism of the SOAP encoding protocol may be used to
preserve object identity, thus making it possible to restore an
object graph exactly as it was before serialization.

[0153] Serialization

[0154] In accordance with one aspect consistent with
certain features related to the present invention, when client
510 prepares to send data to server 510, such as when a
remote call is made to a service endpoint 555 maintained by
server 530, the client 510 may create an instance of a stub
class 515 as shown in FIG. 5. The generated stub 515 may
serialize a Java object when transmitting information to
server 530 using protocol 535 and transport 540. To serialize
a Java object, the stub 515 may obtain a reference to a
serializer for the object’s type. A serializer is a class that may
encode instances of a particular Java type as XML using
SOAP encoding. A serializer class may implement a
SOAPSerializer interface, describe below. Further the seri-
alizer class may be stateless, which allows the JAX-RPC
runtime system that is implementing the serialization frame-
work to create and reuse a single serializer instance for each
XML schema data type in the system. This may minimize
the number of serializer objects that are created by a
platform hosting the runtime system. Further, the serializer
class may be multi-thread safe, meaning that the serializer
class allows the host JAX-RPC runtime system to use a
single serializer instance across multiple threads simulta-
neously.

[0155] To serialize a Java object, a generated stub may
invoke a serialize method on the reference to the serializer,
passing as parameters the object to be serialized, XML
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Writer, and an instance of the SOAPSerializeationContext
class. XML Writer may be an instance of an XML Writer
interface that may be used by a host JAX-RPC runtime
system to write XML documents. The serialize method may
create the XML representation of the Java object by using
the passed-in XML Writer, which may provide methods for
writing XML elements to a stream.

[0156] Serializing a particular object may comprise open-
ing a new XML element that represents the object, and then
creating sub-elements for each of the object’s members.
Each member is serialized by invoking the serialize method
on an appropriate serializer, passing in the same XML Writer
and SOAPSerializationContext instances that were used 1o
serialize the parent object. After serializing each of its
members, the serialize method may close the XML element
for the object and returns. For example, suppose that an
instance of a Java class named Address is to be serialized.
The code for the Address class may be represented as:

Address address = new Address(“1234 Riverside Drive”,
“Gainesville”,
“Georgia”, “305067);
XML Writer writer = new XML Writer( . . . );
SOAPSerializationContext serContext =
new SOAPSerializationContext( . . . );

AddressSerializer addresser = new AddressSerializer( . . . );
addresser.serialize(address, new QName(null, “home-address™),
writer, schUuchL);

serContext.serializeTrailingBlocks (writer);.

[0157] The XML code that may be emitted by a scrialize
process for the above exemplary instance may be repre-
sented as:

<home-address href=“#ID-1"/>
<tns:Address xsi:type = “tns:Address”id = “ID-1">

<street href = “#ID-27/>

<city href=“#ID-3"/>

<state href="#ID-4"/>

<zip href=“#ID-5"/>
</tns:Address>
<soapencistring xsiztype=“xsd:string”id = “ID-2”>1234 Riverside Drive
</soapenc:string>
<soapenc:string xsi:type = “xsd:string”id = “ID-3">Gainseville
</soapenc:string>
<soapenc:string xsi:type = “xsd:string”id = “ID-4”>Georgia
</soapenc:string>
<soapenc:string xsi:type = “xsd:string”id = “ID-5">30506
</soapenc:string>.

[0158] SOAPScrializationContext Class

[0159] The SOAPSerializationContext class may contain
information that may be shared among and passed between
the serializers that participate in the serialization of a graph
of Java objects. An object graph is a representation of
objects based on their relationship with other objects. For
example, a definition may be represented as an object graph
that describes decedent and ancestor objects that are related
to one another, such as representations of all sharing and
circular references of objects. As an object graph is being
serialized, the same SOAPSerializationContext instance
may be passed to each serializer that participates. Each
method in the SOAPSerializer interface may accept a
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parameter of type SOAPSerialziationContext, which may be
used to propagate the context between the various serializers
participating in the serialization. Also, the SOAPSerializa-
tionContext class may ensure correct processing of HREFs.
A SOAPSerializationContext class may contain a map from
object references to SOAPSerializationState objects. The
first time a new object is encountered in the serialization
process, a SOAPSerializationState object may be created for
the new object and added to the map. The SOAPSerializa-
tionState for an object may store a unique ID assigned to that
object and a reference to the serializer for the object. In one
aspect consistent with certain features related to the present
invention, the class SOAPSerializationState may be defined
as:

package com.sun.xml.rpc.encoding.soap;
public class SOAPSerializationState {
J/ A
public SOAPSerializationState(Object obj, String id,
SOAPSerializer serializer) {. . . }
public Object getObject () {. ..}
public String getID () {... }
public SOAPSerializer getSerializer () {. .. }

[0160] The SOAPSerializationState object may associate
a unique ID with each object may allow the serialization
framework to preserve object identity in the SOAP encoded
object graph by always using the same ID for an object as
it encodes href and id attributes. Further, the SOAPSerial-
izationState class may associate a serializer with each object,
thus allowing the serialization framework to know which
serializers to call as it serializes the independent elements
that represent multiple-reference objects.

[0161] In accordance with one aspect consistent with
certain fetaures related to the present invention, the SOAPS-
erializationContext class may be defined as follows:

package.com.sun.xml.rpc.encoding.soap;
public class SOAPSerializationContext

implements javax.xml.rpc.encoding.SerializtionContext {
/.
public SOAPSerializationContext ()

throws SerializationException {. .. }
public SOAPSerializationContext (String prefix)
throws SerializationException {. . . }

public SOAPSerializationState registerObject (Object obj,
SoapSerializer serializer)
throws SerializationException {. . . }
public SOAPSerializationState lookupObject (Object obj)
throws SerializationException {. .. }
public void serializeTraitBlocks (XMILWriter writer)
throws SerializationException {. .. }
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[0162] The registerObject method in the above exemplary
SOAPSerializationContext class may be called by serializ-
ers to add an object to the serialization context. References
to the object and its serializer are passed as parameters to
registerObject, which may generate a unique ID for the
object and adds a SOAPSerializationState for the object to
its internal map. If the object has already been registered,
registerObject may simply return the existing SOAPSerial-
izationState for the object. The lookupObject method in the
SOAPSerialiazationContext class may be used by serializers
to determine if an object already exists in the serialization
context, and, if so, to gain access to the SOAPSerialization-
State for the object. If the object is unknown to the serial-
ization context, the lookupObject method may return a null
value. The SerializeTrailingBlocks method may be called at
the end of the serialization process to serialize independent
elements (or trailing blocks) for each of the multi-reference
objects encountered during the serialization process.

[0163] SOAPSerializer Interface

[0164] In one aspect consistent with certain features
related to the present invention, all serializers may imple-
ment the SOAPSerializer interface. This interface may be
defined as:

package com.sun.xml.1pc.encoding.soap;
public interface SOAPSerializer
extends javax.xml.rpc.encoding.Serializer {
[/
public void serializeReference (Object obj, QName name,
XML Writer writer,
SOAPSerializationContext context)
throws SerializationException
public void serfalizeInstance (Object obj, QName name,
Boolean isMultiRef,
XML Writer writer,
SOAPSerializationContext context)
throws SerializationException;
public void serialize (Object obj, QName name,
XML Writer writer,
SOAPSerializationContext context)
throws SerializationException;

—

[0165] In the above exemplary SOAPSerializer interface,
the serializeRelerence method may serialize a HREF to the
passed-in object. The obj parameter may be a reference to
the object that is to be serialized. The name parameter may
be the name to be used for the XML element that represents
the object. The writer parameter may be the XML Writer that
may be used to write the XML representation of the object.
The context parameter may be the SOAPSerializationCon-
text that may be used during serialization of the object. For
example, the following code may be used to serialize an
HREF to an object (as opposed to serializing the object
itself):

Address address = new Address (“1234 Riverside Drive”,

“Gainesville”,
“Georgia”, “30506™);

XML Writer writer = new XMLWriter (. .. );
SOAPSerializationContext serContext =
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new SOAPSerializationContext (... );
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-continued

AddressSerializer addresser = new AddressSerializer ( . . . );
addresser.serializeReference (address,
new QName(null, “home-address”),
writer, serContext);
serContext.serializeTrailingBlocks (Writer);.
[0158] The XML emitted by the above exemplary code may look like:
<home-address href= “#ID-1"/>
[0159] The psuedo-code for a serializer’s serializeReference method may be defined as:
public void serializeReference (Object obj, QName name,
XML Writer writer,
SOAPSerializationContext context)
throws SerializationContext {
if (obj ==null) {
create a new element with the specified name
set the element’s xsimull attribute to “true”
set the element’s xsi:type attribute to the appropriate XSD type
close the element

3
else {
create a new element with the specified name
SOAPSerializationState state = context.resgisterObject (Obj, this);
set the element’s href attribute to state.getID ()
close the element

[0166] The serializelnstance method in the above exem- [0167] The XML emitted by the above exemplary serial-
plary pseudo-code may serialize the object instance itsell. iztion code may be represented as:

The obj parameter may be a reference to the object that is to
be serialized. The name parameter may be the name to be
used for the XML element that represents the object. The is
MultiRef parameter may indicate whether the object is a
single-reference or a multiple-reference instance. A mul-

<home-address href=“#ID-1"/>

tiple-reference instance may have an id attribute, while a <tns:Address xsi:type =“tns:Address” id= “ID-17>
single-reference instance may not have such an attribute. <street href = “#ID-27/>
The writer parameter may be the XML Writer used to write <city href = “#ID-3">

the XML representation of the object. And, the context
parameter may be the SOAPSerializationContext that may
be used during serialization of the object. For example, the

<state href= “#ID-4"/>
<zip href= “#ID-5"/>

following code may be used to serialize a multiple-reference </tns:Address>
object in a manner consistent with certain features related to <soapencistring xsiztype= “xsdistring”id = “ID-27>1234 Riverside Drive
the present invention: </soapenc:string>

<soapenc:string xsi:type = “xsd:string” id = “ID-3”>Gainseville

</soapenc:string>

Address address = new Address (“1234 Riverside Driver”,

I <soapenc:string xsitype = “xsd:string” id = “ID-4">Georgia
“Gainesville”,

“Georgia”, “30506); </soapenc:string>
XML Writer writer = new XMLWriter (. .. ); <soapenc:string xsi:type = “xsd:string” id = “ID-57>30506
SOAPSerializationContext serContext = .
new SOAPSerializationContext (. . .); </soapenc:string>.
AddressSerializer addresser = new AddressSerializer (. . . );

addresser.serializelnstance (address,
new QName(null, “home-address™),

true, writer, serContext); [0168] In one aspect consistent with certain features
serContext.serializeTrailingBlocks (Writer);. . .
related to the present invention, an exemplary pseudo-code

for a serializer’s serializeInstance method may be defined as:

public void serializeInstance (Object obj, QName name,
Boolean isMultiRef,
XML Writer writer,
SOAPSerializationContext context)
throws SerializationContext {
if (obj ==null) {
create a new element with the specified name

32
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set the element’s xsi:null attribute to “true”
set the element’s xsi:type attribute to the appropriate XSD type
close the element

else {
create a new element with the specified name
set the element’s xsi:type attribute to the appropriate XSD type
if (isMultiRef) {
SOAPSerializationState state =
context.resgisterObject (Obj, this);
set the element’s id attribute to state.getID ()
)
for each member M of this object {
create a sub-element for M by calling the serialize method
on the serializer for M’s type

close the element

[0169] The serialize method in a serializer may perform
“default” serialization of the passed-in object. Each serial-
izer may be allowed to decide whether its data type should
be serialized as a single-reference or multiple-reference
instance by default. If a serializer chooses single-reference
to be the default, then calling the serialize method may have
the same effect as calling serializelnstance with the isMul-
tiRef parameter set to false. Alternatively, if a serializer
chooses multiple-reference as its default serialization mode,
then calling the serialize method may have the same effect
as calling serializeReference. Further, code invoking a seri-
alizer may choose to explicitly call serializeReference or
serializeInstance if it knows exactly how it wants to serialize
the object. In one aspect consistent with certain features
related to the present invention, the psuedo-code for a
serialize method implemented by a serializer may be repre-
sented by the following code fragment:

public void serialize (Object obj, QName name,
XMIWriter writer
SOAPSerializationContext)
throws SerializationContext {
if (multiple-reference is the default serialization mode) {
serializeReference (obj, name, writer, context);

else {
serializelnstance (obj, name, false, writer, context);

—

[0170] Serializing Trailing Blocks

[0171] When a graph of Java objects is serialized by a host
JAX-RPC runtime system, references between objects may
be serialized as HREFs by calling the serializeReference
method, either indirectly or through the serialize method. As
a serialization process proceeds, the SOAPSerializationCon-
text may create a SOAPSerializationState for each object
that is referenced. In addition to the unique ID of the object,
the SOAPSerializationState may store a reference to the
object’s serializer, which may be determined when the first
reference to the object is serialized. In addition to storing a
map from object references to SOAPSerializationStates, the
SOAPSerializationContext may also store a list of objects
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that have been referenced during serialization, but have yet
to be serialized themselves (i.c., a list of multiple-reference
objects). This may be referred to as trailing blocks. After
explicitly invoking the serializers for each root of an object
graph, the serialization process may call the serializeTrail-
ingBlocks method on the SOAPSerializationContext in
order to finish serializing all of the trailing blocks. The
serialize TrailingBlocks method may serialize each multiple-
reference object in the list as a top-level independent ele-
ment with its id attribute set to the appropriate value. Each
multiple-reference object, however, may contain references
to other objects. In this case, the list of objects that need to
be serialized may grow as the serializeTrailingBlocks pro-
ceeds. Accordingly, the serialize process may continue with
the above described procedures until the list is empty, at
which point the object graph has been completely serialized.

[0172] Deserialization

[0173] In accordance with one aspect consistent with
certain features related to the present invention, when a host
JAX-RPC runtime system receives a message over transport
540, it may deserialize an object included in a message
encoded according to protocol 535. When a host JAX-RPC
runtime system needs to deserialize an object, it may obtain
a reference to a deserializer for the object’s type. A deseri-
alizer may be a class that includes code that recreates
instances of a particular Java type that have been serialized
using encoding techniques according to protocol 535, such
as SOAP encoding. The host runtime system may invoke a
deserialize method on the object and pass as parameters an
XMLReader instance that may contain the SOAP encoded
XML representation of the object and an instance of a
SOAPDeserializationContext interface. The deserialize
method may reconstruct the object from the XML represen-
tation and return a reference to the object as a result value.
The XMLReader instance may be an instance of an XML-
Reader interface that provides a high-level streaming parser
interface for reading XML documents.

[0174] FIG. 12 shows a flowchart of an exemplary dese-
rialize process that may be performed by methods, systems,
and articles of manufacture consistent with certain features
related to the present invention. As shown, to deserialize an
object, a host JAX-RPC runtime system may open an XML
element that represents an object (Step 1210), and recur-
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sively deserialize each of the object’s members which are
encoded as sub-elements (Step 1220). The host JAX-RPC
runtime system may deserialize each member of the object
by invoking the deserialize method on an appropriate dese-
rializer, passing in the same XMLReader and SOAPDese-
rializtionContext that was used to deserialize a parent object.
Once the object’s members are deserialized, a new instance
of the Java type is created and initialized with the deserial-
ized members (Step 1230). Last the new object may be
returned as a result of the deserialize method (Step 1240).

[0175] The deserialization of objects is made more com-
plex by the HREF mechanism supported by SOAP encod-
ing. Ideally, whenever the deserialize method is called, a
deserializer would be able to completely instantiate and
initialize the object being deserialized, and return it as the
result of the deserialize method. If the SOAP encoded
representation of the object contains HREFs to other objects,
however, the deserialize method may not be able to fully
reconstitute the object if referenced member objects have
not yet been deserialized. Accordingly, only when all mem-
ber objects have been deserialized will the parent object be
deserialized by the deserializer, and this condition may not
be satisfied until much later in the deserialization process.
For this reason, the serialization framework consistent with
certain features related to the present invention allows the
deserialize method to only partially deserialize an object,
and then register listeners that allow it be notified later when
its incomplete member objects become available (i.e., have
been deserialized themselves). Methods, systems, and
articles of manufacture consistent with certain features
related to the present invention enable a serialized data
stream to be consumed by a host runtime system as it is
encountered, rather than stored and rescanned at a later time.

[0176] Deserializers

[0177] A deserializer may be a stateless Java class that
enables a host JAX-RPC runtime system to create and reuse
a single deserialize instance for each XML schema data type
in the host system, thus minimizing the number of deseri-
alizer objects that are created. Alternatively, a deserializer
may store an immutable state that is initialized when the
deserializer instance is constructed. Further, a deserializer
may be multi-thread safe. That is, the deserializer may allow
the host JAX-RPC runtime system to use a single deserial-
izer instance across multiple threads simultaneously.

[0178] A deserializer may implement the SOAPDeserial-
izer interface, which may be defined as:

package com.sun.xml.rpc.encoding.soap;
public interface SOAPDeserializer
extends javax.xml.rpc.encoding Deserializer {
public Object deserialize (QName name, XMLReader reader,
SOAPDescerializationContext context)
throws DeserializationException;

[0179] The deserialize method in the SOAPDescrializer
interface may be called to deserialize an object. The name
parameter may be the expected name of the XML element
that containes the object. If the actual element name does not
match the expected element name, deserialize may throw an
exception. The reader parameter contains the SOAP encoded
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XML data that is to be deserialized. The context parameter
contains information that may be shared among the passed
between the deserializers that participate in the deserializa-
tion of an object graph. As an object graph is deserialized,
the same SOAPDeserializationContext instance may be
passed to each deserializer that participates in the deserial-
ization process. The deserialize method may return a refer-
ence to a completely deserialized Java object, or as
described below, the method may return an object reflecting
an incomplete deserialized object.

[0180] SOAPDeserializationContext Class

[0181] The SOAPDeserializationContext class may store
information that is used to reconstruct object graphs that use
the SOAP encoding HREF mechanism. In one aspect con-
sistent with certain features related to the present invention,
the SOAPDeserializationContext class may store a SOAP-
DeserializationState object for each object encountered dur-
ing the deserialization process that cannot be completely
deserialized by the descrializer method implemented by a
deserializer. As previously described, an ideal deserializa-
tion process may involve the deserialize method returning a
reference to the object it was asked to deserialized. There are
scenarios, however, in which a deserialize method may be
unable to completely deserialze an object. These scenarios
may include when the deserializer has been instructed to
deserialize an HREF to an object and the object itself has not
yet been completely deserialzed, and when the object being
deserialized contains references (either directly or indi-
rectly) to other objects which have not yet been completely
deserialized.

[0182] In accordance with one aspect consistent with
certain features related to the present invention, when either
of the above exemplary scenarios are encountered, instead of
returning a reference to the object itself, the deserialize
method may return a reference to the SOAPDeserialization-
State for that object. The SOAPDeserializationState object
returned by the deserialize method may have been registered
with the SOAPDeserializationContext class so that it can be
accessed by other deserializers that participate in deserial-
ization of the object graph.

[0183] A SOAPDeserializationState object may store sev-
eral pieces of information that track the progress of an object
as it is being deserialized. This information may include a
reference to the object, which may be null if it has not been
instantiated, the current state of the object, information
about other objects that from which the object being dese-
rialized depends, information about other objects that
depend on this object, a reference to the deserializer for this
object, and a reference to a SOAPInstanceBuilder instance
(described below) for this object. For example, the following
code shows the code for a definition of an exemplary
SOAPDeserializationState object:

package com.sun.xml.1pc.encoding.soap;

public class SOAPDeserializationState {
/P

public SOAPDeserializationState () {. .. }

public void setInstance (Object instance) {. .. }

public Object getInsatne () {. .. }

public boolean isComplete () {... }

public void doneReading () {...}
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-continued

public void setDeserializer (SoapDeserializer deserializer)
throws DeserializationException {. .. }
public void registerListener(
SOAPDeserializationStateparentState,
int memberIndex) {. . . }
public void setBuilder (SOAPInstanceBuilder builder) {. . . }
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-continued
public SOAPDeserializationState getStateFor (String id) {. . . }
public void deserializeRemainingElements (XMLReader reader)
throws DeserializationException {. . . }
¥

[0184] In the above exemplary definition, the setlnstance
method is called by a deserializer when the object that is
being descrialized is instantiated (i.e., when “new” is
called). The object may not have to be completely deseri-
alized in order to call setlnstance, rather it may only have
been constructed. The getlnstance method may be used by
deserializers to obtain a reference to the object during the
deserialization process.

[0185] The isComplete method may be called to determine
whether or not the object has been completely deserialized.
The doneReading method may be called by an object’s
deserializer to notify the serialization framework that it has
completed deserializing the object’s data members. The
notification may reflect that the XML element representing
the object has been completely processed, while at the same
time indicating that there may still be some unresolved
dependencies on other objects.

[0186] The setDeserializer method may be called to indi-
cate to the serialization framework which deserializer to use
for the object to be deserialized. This information may be
used by the serialization framework when it is time to
deserialize trailing blocks that represent multiple-reference
objects.

[0187] The registerListner method may be used by the
deserializer of a parent object to declare a dependency on a
member object that has not yet been completely deserial-
ized, and is thus unavailable. Further, this method may be
used by the deserializer to request that it be notified as the
deserialization of the member object progresses. That is, the
deserializer for the parent object may call registerListener on
the SOAPDeserializationState for the member object, pass-
ing as parameters a reference to the parent’s SOAPDeseri-
alizationState object and an index that uniquely identifies the
member within the parent. This call may set up the necessary
callback relationship that allows the parent deserializer to be
notified when the member object has been completely
deserialized, thus allowing it to complete deserialization of
the parent object.

[0188] As mentioned above, the SOAPDeserialization-
State object may be used by the SOAPDeserializationCon-
text class during a deserialization process. Immediately
below is a exemplary definition of a SOAPDeserialization-
Context class in accordance with one aspect consistent with
certain features related to the present invention:

public class SOAPDeserializationContext:
complements java.xml.rpc.encoding.DeserializationContext {
J/ A
public SOAPDeserializationContext ()
throws DeserializationException {. .. }
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[0189] The getStateFor method in the above exemplary
definition may be used to obtain a reference to the SOAP-
DeserializationState for the object with a particular ID. The
first time the state for particular ID is requested, the context
may create a new SOAPDeserializationState for that object
and add it to an internal state map. The deserializeRemain-
ingElements method may be called at the end of a deseri-
alization process to deserialize the independent elements (or
trialing blocks) that represent the multiple-reference objects.

[0190] The Deserialize Method

[0191] The workhorse for a deserialization process per-
formed by a host JAX-RPC runtime system may be the
deserialize method. A deserializer for each Java type may
implement this method in a way that is appropriate for the
respective data type. For example, the deserializer for a
JavaBean may deserialize each of the bean’s properties, set
these properties on a new instance of the bean, and return the
new bean instance as the result of the deserialize method.

[0192] As previously mentioned, the deserialize method
may either return a reference to an object that is being
deserialized, or a SOAPDeserializationState object for the
object. Enabling a host JAX-RPC runtime system to return
the SOAPDeserializationState object may allow the source
that called the deserialize method (e.g., the deserializer of a
parent object), to register for events that will allow it to
eventually complete its deserialization. Accordingly, the
source that calls the deserialize method may check the return
value of this method to determine whether the value is the
object itself or the SOAPDeserializationState object that
represents the incomplete deserialized object. In one aspect
consistent with certain features related to the present inven-
tion, the check of the return value may be performed using
Java’s instanceof operator.

[0193] When the deserialize method invoked by a deseri-
alizer completes its processing, the object being deserialized
may be in one of four states, complete, none, created, and
initialized. In a complete state, an object may have been
completely deserialized by a deserializer. In the remaining
three states, however, an object may have dependencies on
at least one member object that may not have yet been
completely deserialized, thus preventing deserialization of
the parent object.

[0194] An object may be in a none state when at least one
incomplete member object is required as a constructor
parameter for the parent object, thus preventing the deseri-
alizer from instantiating the parent object until the member
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is completely deserialzied. An object may be in a created
state when the deserializer is able to instantiate the object by
calling “new,” but may not be able to completely initialize
the other members of the object because of one or more
incomplete member objects. Last, an object may be in a
initialized state when the deserializer may be able to instan-
tiate the object and initialize all of its members, but at least
one of the members is still not entirely complete (i.e., not
deserialized even though it has been instantiated).
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[0195] When an object is in either the none, created, or

initialized state, the deserialize method may return the a

SOAPDeserializationState object as its return value.

[0196] The following code fragment reflects an exemplary
definition of a deserialize method that may be implemented
by a deserializer in accordance with certain features related

to the present invention:

public Object deserialize (QName, XMILReader reader,

SOAPDeserializationContext context)
throws DeserializationException {

if (the element’s name does not match the expected name) {

throw exception

if (the element is an HREF) {

String href = the value of the element’s href attribute
SOAPDeserializationState state = context.getStateFor (href);
state.setDesersializer (this);
if(State.isComplete () {

return state.getInstance ( );

else {
return state;
}

if (the element has an xsi:type attribute) {

if (the xsi:type attribute does not have the expected value) {
throw exception

if (the element has an xsimull attribute && xsimull == “true”) {

if (the clement has an id attribute) {
String id = the value of the element’s id attribute
SOAPDeserializationState state = context.getStateFor (id);
state.setDeserializer (this);
state.setInstance (null);
state.doneReading ( );

return null;

Object { } member = new Object [number of member];
SOAPDeserializationSatte state = null;

Boolean isComplete = true;

if (the element has an id attribute) {

}

String id = the value of the element’s id attribute
state = context.getStateFor(id);
state.setDeserializer(this);

for each member of this object {

SOAPDeserializer memberDeser = the deserializer for the member
QName memberName = the expected QNAME of member’s sub-element
XMLReader memberReader =
XMLReader for the member’s sub-element
Object member[i] = memberDeser.deserialize(memberName,
memberReader,
context);
if (memberi] instanceof SOAPDeserializationState) {
isComplete = false;
if (state == null) {
/I it’s a single-reference object (i.e., no id attribute)
state new SOAPDeserializationSatte ( );

SOAPDeserializationState memberState =
(SOAPDeserializationState)memberfi];

}

if (isComplete) {

instantiate and completely initialize a new instance
if (state != null) {
state.setInstance (instance);
state.doneReading( );
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-continued
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return instance;
}
else {
if (all constructor arguments are available) {
instantiate a new instance
initialize the new instance as completely as possible
state.setInstance (instance);

SOAPBuilder builder = a new builder initialized with whatever
state will be needed later to finish
deserializing the object

state.setBuilder (builder);

state.doneReading( );

return state;

—

[0197] Instance Builders

[0198] When a deserializer is unable to completely dese-
rialize an object, it may be configured to perform two
functions. First, the deserializer may register the SOAPDe-
serializationState for the parent object as a listener with the
SOAPDeserializationState  of the incomplete member
object. This may allow the deserializer to be notified of
progress made in the deserialization of the member object.
Second, the deserializer may store state information that has
been accumulated during the deserialize method and may be
needed at a later time to finish deserializing the parent object
when the member object is complete. For example, the
deserializer may store the values of some members that were
completely deserialized during a call to deserialize that may
be needed later to complete initialization of an object.

[0199] Because deserializers may be stateless, they may
be incapable of storing state information that will be needed
later to complete deserialization of an object when its
member objects are complete. To overcome this, methods,
systems, and articles of manufacture consistent with certain
features related to the present invention enable a deserializer
to create an instance builder. An instance builder may be a
mechanism used to store any state that may be used at a later
time to complete the deserialization of an object once its
member objects have been deserialized. For example, when
a deserializer is only able to partially deserialize an object,
it may create an instance builder and store a reference to the
builder in the object’s SOAPDeserializationState.

[0200] In addition to storing state information, instance
builders may be responsible for completing deserialization
of a parent object. The serialization framework implemented
by methods, system, and articles of manufacture consistent
with the present invention may notify an instance builder
when deserialization of its member objects has progressed to
a point that the instance builder will be able to construct the
parent object and complete its initialization. Accordingly, an
instance builder may be an extension of the stateless dese-
rializer that originally began deserializing a parent object.

[0201] In one aspect consistent with certain features
related to the present invention, an instance builder may be
a Java class that implements the SOAPInstanceBuilder
interface, and may be defined as:
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package com.sun.xml.1pc.encoding.soap;
public interface SOAPInstanceBuilder {
public int memberGateType (int memberIndex);
public void setMember (int index, Object memberValue);
public void construct ( );
public void initialize ();
public void setInstance (Object instance);
public Object getInstance ( );

[0202] In the above exemplary definition, the member-
GateType method may be called by the serialization frame-
work to query the instance builder about the types of
dependencies it may have with incomplete member objects.
The value returned by this method for a particular member
indicates to the framework whether the instance builder
needs the particular member for construction or initializa-
tion. Further the returned value may also indicate to the
framework how complete the member object must be before
the instance builder can make use of it. For example, the
returned value may indicate whether the instance builder
requires a member object to be in a created, initialized, or
complete state. This information may allow the framework
to determine when deserialziation has progressed far enough
that the instance builder should be able to instantiate or
initialize the object.

[0203] The setMember method may be called by the
framework to notify the instance builder whenever one of its
member objects have been instantiated. The construct
method may be called by the framework when all members
needed for construction are ready, thus allowing the instance
builder to instantiate the object. The initialize method may
be called when all members needed to complete initializa-
tion of the object are completely deserialized and are ready
for initialization. The setlnstance method may be called to
provide the instance builder with a reference to the object,
thus allowing the instance builder to have a reference to the
object when, for example, the object was instantiated by the
deserializer before the instance builder was created (e.g.,
during the deserialize method). The getlnstance method may
be called to get a reference to the object after it has been
instantiated by the instance builder (e.g., after a call to
initialize).
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[0204] Deserializing Trailing Blocks

[0205] In order to completely deserialize an object graph,
a host JAX-RPC runtime system may invoke a deserializer
for each root of the graph in the same order that the roots
were originally serialized. Once this is done, the host
runtime system may call the deserializeRemainingElements
method on the SOAPDeserializationContext to complete
deserialization of the trailing blocks that represent multiple-
reference objects. For example, consider the following
exemplary code that reflects an object graph that has been
serialized and encoded using a SOAP protocol:

<home-address href="#ID-1">
<tns:Address xsi:type =“tns:Address” id="ID-1">

<street href=“#ID-2"/>

<city href =“#ID-3"/>

<state href =“#ID-4"/>

<zip href =“#ID-5"/>
</tns:Address>
<xsd:string xsi:type =“xsd:string” id = “ID-2">1234 Riverside Drive</
xsd:string>
<xsd:string xsi:type =“xsd:string” id = “ID-3">Gainseville</xsd:string>
<xsd:string xsi:type =“xsd:string” id = “ID-4”>Georgla</xsd:string>
<xsd:string xsi:type =“xsd:string” id = “ID-5">30506</xsd:string>.

[0206] The code that may be used by a host JAX-RPC
runtime system to deserialize the above exemplary object
graph may be defined as:

XMLReader reader = new XMLReader (. . .);
SOAPDeserializationContext deserContext =
new SOAPDeserializationContext ( . .. );

AddressDeserializer addressDeser = new AddressDeserializer (. .. );
Object obj = addressDeser.deserialize (

new QName (null, “home-address”™),

reader, deserContext);
deserContext.deserializeRemainingFlements (reader);
Address address = null;
if (obj instanceof SOAPDeserializationState) {
address = (Address) (((SOAPDeserializationState)obj).getInstance( ));

else {
address = (Address)obj;
]

It

[0207] To better understand the deserialization process
consistent with certain features related to the present inven-
tion, FIG. 13 shows a flowchart of another exemplary
deserialization process that may be performed by a host
JAX-RPC system when deserializing a received encoded
message. As shown, the host runtime system may create an
instance of the deserializer class for an object (i.e., a target
object) included in an object graph encoded in a serialized
message received by the host runtime system (Step 1302).
The host JAX-RPC runtime system may then invoke the
deserialize method on the deserializer to attempt to deseri-
alize the target object (Step 1304). If the object can be
completely deserialized by the deserialize method (Step
1306), such as when the target object is a single-reference
type object (i.e., no member objects, or all member objects
and their corresponding sub-member objects that are asso-
ciated with the member objects, have been completely
deserialized), the method may return a reference to the
deserialized object (Step 1308). The host JAX-RPC runtime
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system may then determine whether there are any more
objects that need to be deserialized (Step 1310), and if so,
the deserialize process may return to Step 1302. On the other
hand, if there are no more objects to be deserialized, the
process may end (Step 1312).

[0208] Referring back to Step 1306, if the target object
cannot be completely deserialized (Step 1304; NO), such as
when the target object is associated with to other member
objects that have not been completely deserialized, a SOAP-
DeserializationState object associated with the target object
may be created (Step 1314) returned as a return value for the
deserialize method (Step 1316). Further, any member
objects that have not been deserialized may also have a
corresponding SOAPDeserializationState object associated
with them as well. In one aspect consistent with certain
features related to the present invention, the deserializer
associated with the target object may check the return value
of the deserialize method performed on the target object to
determine whether it includes a SOAPDeserializationState
object or a reference to the deserisalized object itself. This
check performed by the deserializer indicates whether the
target object was completely deserialized. If the return value
includes the SOAPDeserializationState object, this may
represent that the target object could not be completely
deserialized.

[0209] Based on the determination that the target object
could not be completely deserialized, as represented by the
returned SOAPDeserializationState object, the deserializer
may then register the SOAPDeserializationState object asso-
ciated with the target object as a listener with SOAPDese-
rializationState objects that may have been created for any
member objects that have not been deserialized (Step 1318).
That is, the SOAPDeserializationState object associated
with the target object may be configured to monitor the
status of the deserialization state associated with one or
more member objects associated with the target object.
Additionally, the deserializer may create an instance builder
and store a reference to the builder in the SOAPDeserial-
izationState object for the target object (Step 1320).

[0210] The instance builder then waits while the deseri-
alization for the target object’s member objects are deseri-
alized. In one aspect consistent with certain features related
to the present invention, the instance builder may wait for a
notification from the serialization framework implemented
within the host JAX-RPC runtime when all of the target
object’s members are deserialized (Step 1322). The notifi-
cation may be based on the SOAPDeserializationState
object monitoring the deserialization status for each member
object associated with the target object. If a notification is
received by the instance builder (Step 1322; YES), it may
complete deserialization of the target object by instantiating
and initializing the target object (Step 1326). If a notification
is not received (Step 1322; NO), the deserialization of the
one or more member object associated with the target object
may continue (Step 1324). If, on the other hand, the instance
builder does receive a notification from the framework (Step
1322; YES), the instance builder instantiates and initializes
the target object (Ste 1326).

[0211] Once the target object is initialized, the JAX-RPC
runtime system may determine whether there are any more
objects in an object graph that is associated with the encoded
message received by the host runtime system (Step 1328). If
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so, the deserialize process may return to Step 1304 to
deserialize another object. If there are no more objects to
deserialize, any trailing blocks associated with the object
graph may be deserialized by calling the deserializeRemain-
ingFlements method on the SOAPDeserializationContext
interface (Step 1330).

[0212] Therefore, because of the recursive nature of the
deserialize process, the JAX-RPC runtime system may
handle object graphs of arbitrary depth. Further, cyclic
object graphs may be processed without requiring extra
computations to prevent infinite looping on graph cycles.

[0213] In one aspect consistent with certain features
related to the present invention, type information may be
present in a serialized data stream as it is received by a host
runtime system. The host system may associate deserializa-
tion mechanisms that are used to deserialize the data stream
with the type information. Each mechanism may contain
type information associated with down stream neighbors of
objects (nodes that reflect objects in an object graph) that the
mechanism can deserialize. A downstream neighbor of an
object may be associated with data elements or objects that
are positioned elsewhere in the data stream of serialized data
elements received by the host runtime system. For example,
an object or node that is referenced by a data element in a
first position of a data stream, may be located in a position
further down in the stream of serialized data elements.
Accordingly, the host runtime system may identify the type
of each element in the data stream that encodes a node in an
object graph as it is encountered. If an element in the data
stream is actually a reference to a serialized object or node
located clsewhere in the data stream, the type (and the
deserialization mechanism) may be associated with the
reference such that the data in the element that actually
contains the object or node can be deserialized when it is
encountered.

[0214] Further, methods, systems, and articles of manu-
facture consistent with the present invention places minimal
restrictions on the ordering of data in the data stream
received by the host runtime system. One skilled in the art
will recognize that if objects or nodes in an object graph
appear in the data stream after they are first referenced, the
deserilziation process performed by the host runtime system
may function optimally. Objects or nodes that appear prior
to being referenced, however, may contain type information
that allows their corresponding deserialization mechanism
to be identified to allow these objects or nodes to be
deserialized at a later time. Also, objects or nodes that refer
to themselves may be deserialized by the host runtime
system and objects or nodes that are referenced only once
can be serialized as nested elements of their parent objects
or nodes, and thus deserialized accordingly.

[0215] As described, certain aspects consistent with fea-
tures related to the present invention enable a computing
system to deserialize serialized data in a single pass, thus
reducing processing time and memory space usage because
the data stream is consumed as it is encountered rather than
being stored and rescanned during subsequent deserializa-
tion processes. Objects that are under construction during a
deserialization process performed by a host runtime system
may be passed as a subset of its members that are used
during the construction process. Generally, the construction
of such an object may not be possible until all the members
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of the subset are available and/or may be manipulated by the
host system. A member may be available if it has been
deserialized in accordance with certain features related to
the present invention. According, in one aspect consistent
with certain features related to the present invention, the host
runtime system may track the relative completeness of all
member sets of all the objects in an object graph to be
constructed during deserialization of a data stream of seri-
alized data elements. Those objects that have identified
member sets that are determined to be complete may be
constructed. This process may also be followed for member
initialization. Methods that are used to initialize data mem-
bers may have side-effects on their parameters. Accordingly,
in one aspect consistent with certain features related to the
present invention, the host runtime system may include
provisions that ensure that an object that is used as a
parameter for an initialization method is complete before
being used.

[0216] Conclusion

[0217] As described, methods, systems, and articles of
manufacturer consistent with features of the present inven-
tion enable a computing system to define and deploy a
service endpoint that is available to a remote computing
system using XML based RPC mechanisms. Aspects con-
sistent with certain features related to the present invention
layer a JAX-RPC based developer and deployer process on
top of a component model that is implemented by a host
system, such as server 110. That is, in one aspect consistent
with certain principles related to the present invention, the
packaging of a WAR file an defining of a deloyment descrip-
tor are performed independent of a servlet component model
implemented by host 110. Although the configuration of the
systems and methods described above allow the present
invention to perform the processes described above and
illustrated in the figures, variations of these processes may
be implemented without departing from the scope of the
invention. For example, methods, systems, and articles of
manufacturer, consistent with features of the present inven-
tion may be implemented using various network models,
and are limited to the implementation of Java compliant
systems and processes. Any number of programming lan-
guages may be utilized without departing from the scope of
the present invention.

[0218] Furthermore, one skilled in the art would realize
that the above described exemplary codes and names of
methods, interfaces, packages, classes, etc. associated with
these codes are not intended to be limiting. One skilled in the
art would realize that any number of programming pseudo-
code and syntax may be implemented to perform the func-
tions consistent with certain features and principles related
to the present invention. Additionally, methods, systems, and
articles of manufacture consistent with certain features
related to the present invention are not limited to perform the
processes in the exact sequence described in the figures. For
example, as shown in FIG. 3, the deployment descriptor
may be defined (Step 330) prior to, or concurrently with, the
creation and configuration of a WAR file (Step 325) without
departing from the scope of the invention.

[0219] Additionally, although aspects of the present inven-
tion are described as being associated with data stored in
memory and other storage mediums, one skilled in the art
will appreciate that these aspects can also be stored on or
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read from other types of computer-readable media, such as
secondary storage devices, like hard disks, floppy disks, or
CD-ROM, DVD, a carrier wave from the Internet; or other
forms of RAM or ROM. Accordingly, the invention is not
limited to the above described aspects of the invention, but
instead is defined by the appended claims in light of their full
scope of equivalents.

What is claimed is:

1. A computer-implemented method for providing a ser-
vice associated with a service endpoint program fragment
description associated with a service definition interface, the
method comprising:

packaging, independent of a servlet component model, at
least one of the service endpoint program fragment
description, the service endpoint interface, and a
deployment descriptor, in an archive file;

defining a service endpoint based on information included
in the archive file;

converting the archive file into a servlet component model
archive file; and

deploying the converted archive file on a servlet con-
tainer.
2. The method of claim 1, further comprising:

creating a document that describes the service endpoint
based on the information contained in the modified
archive file; and

exporting the document such that a process may use the
document to access the service endpoint.

3. The method of claim 1, wherein prior to packaging the

service endpoint program fragment the method comprises:

developing the service endpoint program fragment
description based on an existing definition of a service
endpoint.
4. The method of claim 3, wherein developing the service
endpoint program fragment description comprises:

mapping elements included in the existing description to
corresponding objects; and

developing the service endpoint program fragment
description based on the mapped objects.
5. The method of claim 1, wherein packaging further
comprises:

creating a description that describes the service endpoint
definition; and

selecting among the service endpoint program fragment
description, the description, and a service endpoint
interface to form the archive file.
6. The method of claim 2, wherein creating the document
further comprises:

creating the document based on a description packaged in
the archive file.

7. The method of claim 6, wherein creating the document
includes:

mapping objects associated with the defined service end-
point to corresponding elements; and

creating the document based on the mapped elements.
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8. The method of claim 1, wherein defining a service
endpoint comprises:

linking the service endpoint program fragment descrip-
tion with a servlet program fragment description.
9. The method of claim 8, wherein defining the service
endpoint further comprises:

assigning a unique address to the service endpoint defi-
nition.
10. The method of claim 9, wherein assigning a unique
address comprises:

accessing a deployment descriptor included in the archive
file that contains address information associated with
the defined service endpoint; and

assigning the unique address to the defined service end-
point based on the address information.
11. The method of claim 1, wherein defining a service
endpoint comprises:

defining a protocol binding for the service endpoint
definition based on information included in a deploy-
ment descriptor contained in the archive file.
12. The method of claim 8, wherein converting the
archive file comprises:

adding the servlet program fragment description to the
archive file.

13. The method of claim 12, wherein the deployment
descriptor includes location information associated with a
document that describes the defined service endpoint.

14. The method of claim 1, wherein the archive file is a
Web Application Archive (WAR) file.

15. A system for providing a service, comprising:

a developer component, operating independent of a serv-
let component model, configured to develop a service
endpoint interface and a service endpoint class that
implements the service endpoint interface, and package
the service endpoint interface and class in an archive
file; and

a deployer component configured to define a service
endpoint using the service endpoint program fragment
description packaged in the archive file, convert the
archive file into a servlet component model archive file
with information associated with the defined service
endpoint, deploy the converted archive file on a servlet
component model container, develop a document
including information describing the defined service
endpoint, and export the document such that a process
may use the document to access the service endpoint.

16. The system of claim 15, wherein the information
associated with the defined service endpoint includes
address information used to access the defined service
endpoint in response to a remote call received from the
process.

17. The system of claim 15, wherein the information
associated with the defined service endpoint includes bind-
ing information reflecting a protocol binding corresponding
to remote calls and responses associated with the defined
service endpoint received from and provided to, respec-
tively, the process.

18. The system of claim 15, wherein the information
associated with the defined service endpoint includes a
servlet program fragment description that is used to initialize
the defined service endpoint from the service endpoint
program fragment description.
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19. The system of claim 16, wherein the information
included in the document comprises the address information
included in the archive file.

20. The system of claim 17, wherein the information
included in the document comprises the binding information
included in the archive file.

21. The system of claim 18, wherein the information
included in the document comprises the servlet program
fragment description.

22. The system of claim 15, wherein the deployer com-
ponent is further configured to map objects associated with
the defined service endpoint to elements that are included in
the document.

23. The system of claim 15, wherein the developer
component is further configured to develop the service
endpoint interface from an available document including
information describing a previously defined service end-
point.

24. The system of claim 15, wherein the service program
fragment description implements a lifecycle interface that
manages a lifecycle of the defined service endpoint in
response to a remote call received from the process.

25. The system of claim 15, wherein the developer
component is further configured to package a description of
the service endpoint definition in the archive file.

26. The system of claim 25, wherein the description is
used by the deployer component to develop the document.

27. The method of claim 15, wherein the service endpoint
is a Java-based APL

28. The method of claim 15, wherein the service endpoint
is a Java API for XML-based RPC (JAX-RPC)-based ser-
vice endpoint.

29. A method for processing remote procedure calls, the
method performed by a server comprising:

receiving an encoded message including a call request
generated by a process based on a document including
information associated with a service endpoint object;

mapping the encoded message to a remote method call on
the service endpoint object;

invoking the remote method call on the service endpoint
object;

encoding a result from the invocation in a response
message; and

providing the encoded response message to the process.

30. The method of claim 29, wherein the information
included in the document is provided by the server.

31. The method of claim 29, wherein the information
associated with the service endpoint object includes protocol
binding information used by the process to encode the
message.

32. The method of claim 29, wherein the encoded mes-
sage is encoded based on a Simple Object Access Protocol
(SOAP).

33. The method of claim 29, wherein extracting the
encoded message comprises:

using an XML processing mechanism to access the call
request included in the encoded message.
34. The method of claim 33, wherein the XML processing
mechanism an XML based parser.
35. The method of claim 29, wherein the method is
performed by a Java API associated with the server.
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36. The method of claim 29, wherein the method is
performed by a Java API for XML-based RPC (JAX-RPC)-
based runtime system associated with the server.

37. The method of claim 35, wherein the process is a
service client deployed on a Java API for XML based RPC
(JAX-RPC) based application server.

38. The method of claim 35, wherein the process is a
client platform based on an XML-based RPC implementa-
tion that supports a protocol used to encode the response
message.

39. The method of claim 29, wherein the server is
deployed on a platform that supports XML-based RPC using
SOAP and WSDL.

40. The method of claim 29, wherein the server is a J2EE
based application server that supports Java APIs for XML-
based RPC (JAX-RPC) implementations.

41. The method of claim 39, wherein the process is a
client deployed on a platform based on an XML-based RPC
implementations that supports SOAP and WSDL.

42. The method of claim 40, wherein the process is a
client deployed on a platform based on an XML-based RPC
implementations that supports SOAP and WSDL.

43. A system for providing a service, comprising:

a component configured to define a service endpoint using
a service endpoint program fragment description pack-
aged in an archive file;

a component configured to modify the archive file with
information associated with the defined service end-
point;

a component configured to provide the modified archive
file on a servlet container;

component configured to develop a document including
information describing the defined service endpoint;
and

a component configured to export the document such that
a process may use the document o access the service
endpoint.

44. The system of claim 43, wherein the information
added to the archive file includes address information used
to access the defined service endpoint in response to a
remote call received from the process.

45. The system of claim 43, wherein the information
added to the archive file includes binding information
reflecting a protocol binding corresponding to remote calls
and responses associated with the defined service endpoint
received from and provided to, respectively, the process.

46. The system of claim 43, wherein the information
added to the archive file includes a servlet program fragment
description used to initialize the defined service endpoint
from the service endpoint program fragment description.

47. The system of claim 44, wherein the information
included in the document comprises the address information
added to the archive file.

48. The system of claim 45, wherein the information
included in the document comprises the binding information
added to the archive file.

49. The system of claim 46, wherein the information
included in the document comprises the servlet program
fragment description.

50. The system of claim 43, further comprising a mapping
tool for mapping objects associated with the defined service
endpoint to elements that are included in the document.
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51. The system of claim 43, wherein the service endpoint
interface is developed from an available document including
information describing a previously defined service end-
point.

52. The system of claim 43, wherein the service endpoint
class implements a lifecycle interface that manages a life-
cycle of the defined service endpoint in response to a remote
call received from the process.

53. The system of claim 43, wherein the system further
comprises:

a component configured to package a description of the

service endpoint definition in the archive file.

54. The system of claim 53, wherein the description is
used to develop the document.

55. The method of claim 43, wherein the service endpoint
is a Java-based API service endpoint.

56. The method of claim 43, wherein the service endpoint
is a Java API for XML-based RPC (JAX-RPC)-based ser-
vice endpoint.

57. A computer-implemented method for providing a web
service endpoint on a server implementing a servlet com-
ponent model, comprising:

developing a web service endpoint class based on an
existing web service description document;

packaging, independent of the servlet component model,
at least one of the web service endpoint class, service
endpoint interface, and deployment information in an
archive file;

defining a service endpoint using information included in
the archive file and a web services description docu-
ment;

converting the archive file into a servlet component model
archive file; and

deploying the converted archive file on a servlet con-
tainer.

58. A method, performed by a host computer system, for

providing a web service endpoint, the method comprising:

providing a development process for developing a web
service endpoint in a first archive file;

providing a deployer process for assembling the first
archive file into a second archive file; and

implementing the development and deployment processes
with an existing component model implemented by the
host computer system such that the existing component
model is used to deploy the developed web service
endpoint for use by the host system.

59. The method of claim 58, wherein layering comprises:

deploying the second archive file to a servlet container
implemented by the host system.
60. The method of claim 58, wherein layering comprises:

linking a class based on the existing component model to
a class associated with the web service endpoint.
61. The method of claim 58, further comprising:

creating a web services description of the web service
endpoint; and

posting the web services description on a shared access
registry.
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62. A computer-readable medium including instructions
for performing a method, when executed by a processor, for
providing a service associated with a service endpoint
program fragment description associated with a service
definition interface, the method comprising:

packaging, independent of a servlet component model, at
least one of the service endpoint program fragment
description, the service endpoint interface, and a
deployment descriptor, in an archive file;

defining a service endpoint based on information included
in the archive file;

converting the archive file into a servlet component model
archive file; and

deploying the converted archive file on a servlet con-
tainer.
63. The computer-readable medium of claim 62, wherein
the method further comprises:

creating a document that describes the service endpoint
based on the information contained in the modified
archive file; and

exporting the document such that a process may use the
document to access the service endpoint.
64. The computer-readable medium of claim 62, wherein
prior to packaging the service endpoint program fragment
the method comprises:

developing the service endpoint program fragment
description based on an existing definition of a service
endpoint.
65. The computer-readable medium of claim 64, wherein
developing the service endpoint program fragment descrip-
tion comprises:

mapping elements included in the existing description (o
corresponding objects; and

developing the service endpoint program fragment
description based on the mapped objects.
66. The computer-readable medium of claim 62, wherein
packaging further comprises:

creating a description that describes the service endpoint
definition; and

selecting among the service endpoint program fragment
description, the description, and a service endpoint
interface to form the archive file.
67. The computer-readable medium of claim 63, wherein
creating the document further comprises:

creating the document based on a description packaged in
the archive file.
68. The computer-readable medium of claim 67, wherein
creating the document includes:

mapping objects associated with the defined service end-
point to corresponding elements; and

creating the document based on the mapped elements.
69. The computer-readable medium of claim 62, wherein
defining a service endpoint comprises:

linking the service endpoint program fragment descrip-
tion with a servlet program fragment description.
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70. The computer-readable medium of claim 69, wherein
defining the service endpoint further comprises:

assigning a unique address to the service endpoint defi-
nition.
71. The computer-readable medium of claim 70, wherein
assigning a unique address comprises:

accessing a deployment descriptor included in the archive
file that contains address information associated with
the defined service endpoint; and

assigning the unique address to the defined service end-
point based on the address information.
72. The computer-readable medium of claim 62, wherein
defining a service endpoint comprises:

defining a protocol binding for the service endpoint
definition based on information included in a deploy-
ment descriptor contained in the archive file.
73. The computer-readable medium of claim 69, wherein
converting the archive file comprises:

adding the servlet program fragment description to the

archive file.

74. The computer-readable medium of claim 73, wherein
the deployment descriptor includes location information
associated with a document that describes the defined ser-
vice endpoint.

75. The computer-readable medium of claim 62, wherein
the archive file is a Web Application Archive (WAR) file.

76. A system for providing a service associated with a
service endpoint program fragment description associated
with a service definition interface, the system comprising:

means for packaging, independent of a servlet component
model, at least one of the service endpoint program
fragment description, the service endpoint interface,
and a deployment descriptor, in an archive file;

means for defining a service endpoint based on informa-
tion included in the archive file;

means for converting the archive file into a servlet com-
ponent model archive file; and

means for deploying the converted archive file on a
servlet container.
77. The system of claim 76, further comprising:

means for creating a document that describes the service
endpoint based on the information contained in the
modified archive file; and

means for exporting the document such that a process

may use the document to access the service endpoint.

78. The system of claim 76, wherein the means for

packaging the service endpoint program fragment further
comprises:

means for developing the service endpoint program frag-

ment description based on an existing definition of a
service endpoint.

79. The system of claim 78, wherein developing the

service endpoint program fragment description comprises:
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mapping elements included in the existing description to
corresponding objects; and

developing the service endpoint program fragment
description based on the mapped objects.
80. The system of claim 76, wherein the means for
packaging further comprises:

means for creating a description that describes the service
endpoint definition; and

means for selecting among the service endpoint program
fragment description, the description, and a service
endpoint interface to form the archive file.
81. The system of claim 77, wherein the means for
creating the document further comprises:

means for creating the document based on a description
packaged in the archive file.
82. The system of claim 81, wherein the means for
creating the document includes:

means for mapping objects associated with the defined
service endpoint to corresponding elements; and

means for creating the document based on the mapped
clements.
83. The system of claim 76, wherein the means for
defining a service endpoint comprises:

means for linking the service endpoint program fragment
description with a servlet program fragment descrip-
tion.
84. The system of claim 83, wherein the means for
defining the service endpoint further comprises:

means for assigning a unique address to the service
endpoint definition.
85. The system of claim 84, wherein the means for
assigning a unique address comprises:

means for accessing a deployment descriptor included in
the archive file that contains address information asso-
ciated with the defined service endpoint; and

means for assigning the unique address to the defined
service endpoint based on the address information.
86. The system of claim 70, wherein the means for
defining a service endpoint comprises:

means for defining a protocol binding for the service
endpoint definition based on information included in a
deployment descriptor contained in the archive file.
87. The system of claim 83, wherein the means for
converting the archive file comprises:

means for adding the servlet program fragment descrip-

tion to the archive file.

88. The system of claim 87, wherein the deployment
descriptor includes location information associated with a
document that describes the defined service endpoint.

89. The system of claim 76, wherein the archive file is a
Web Application Archive (WAR) file.
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