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(57) Abrégée/Abstract:

A dynamic endpoint aggregator aggregates dynamic endpoints of requested Web services for efficiently delivering the Web
services to a Web service client. The client communicates to the aggregator a plurality of SOAP requests each having a SOAP
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(57) Abrege(suite)/Abstract(continued):

header containing a redirect URL for the aggregator In turn to access each of the requested Web services. Web service data Is
aggregated by the aggregator and then efficiently communicated to the client, which Is particularly useful when wireless clients
access Web services because of the limited bandwidth available over the wireless link. The aggregator also handles dynamic
endpoints by dynamically resetting all endpoints of requested VWeb services without burdening the wireless link.
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ABSTRACT

A dynamic endpoint aggregator aggregates dynamilc
endpoints of requested Web services for efficiently
delivering the Web services to a Web service client. The
client communicates to the aggregator a plurality of SOAP
requests each having a SOAP header containing a redirect URL
for the aggregator in turn to access each of the requested
Web services. Web service data 1s aggregated by the
aggregator and then efficiently communicated to the client,
which 1s particularly useful when wireless clients access
Web services because of the limited bandwidth available over
the wireless 1link. The aggregator also handles dynamic
endpoints by dynamically resetting all endpoints of

requested Web services without burdening the wireless link.
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DYNAMIC ENDPOINT AGGREGATOR FOR WEB SERVICES

The present invention relates generally to
telecommunication networks and, 1in particular, to methods

and systems for efficiently accessing Web services.

The term “Web service” typically refers to a modular
application that can be invoked through the Internet. The
consumers of Web Services are typically other gsoftware
applications that communicate, usually over HTTP (Hyper Text
Transfer Protocol), using XML (eXtensible Markup Language)
standards including SOAP (Simple Object Access Protocol),
WSDL (Web Services Description  Language), and  UDDI
(Universal Description, Discovery, and Integration). In
other words, a “Web service” is an application hosted on a
Web server that provides information and services to other
network applications using the HTTP and XML protocols.
Conceptually, a Web service can be understood as an URL-
addressable 1library of functionality that 1s entirely

independent of the consumer and stateless in its operation.

A conventional technique for accessing Web services 1is
shown in FIG. 1. The client sends individual SOAP requests
to each Web service and then receives individual SOAP
responses from each Web service. In the example shown 1in
FIG. 1, the client establishes three separate and direct
communication sessions with each of the three Web services,
which burdens the communication link between the client and
the data network hosting the Web services. Furthermore, if
dynamic endpoints have to be reset, for example for load
balancing, the dynamic endpoints need to be reset at the
client, which also burdens the communications link between
the client and the data network. For wireless clients

accessing Web services, this is particularly problematic

since the wireless link typically has limited bandwidth.
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Accordingly, 1t would be highly desirable to provide a
gsystem and method that enables a client to efficiently

access Web services.

Preferably the present 1invention enables a client to

efficiently access Web services.

Thus, an aspect of the present 1invention preferably
provides a system for aggregating dynamic endpoints for
efficiently delivering web services to a c¢lient. The system
includes a data network communicatively connected to the
client enabling the client to send and receive data through
the data network; a plurality of Web services connected to
the data network enabling the client to access the Web
services through the data network; and an aggregator
communicatively connected between the client and the Web
services to mediate between the client and the Web services,
the aggregator being capable of receiving Web service
requests from the client for requested Web services,
accessing the requested Web services, receiving Web services
data from the Web services, aggregating the Web services
data by reformulating the Web services data to suit the
client, and then communicating the Web services data to the
client. The aggregator 1is capable of dynamically resetting
endpoints of requested Web services 1n a manner that 1s

entirely transparent to the client.

In one embodiment, the client preferably runs on a
wireless communications device hosted by a wireless network
connected to the data network wvia an application gateway
that mediates data traffic between the wireless network and
the data network whereby the aggregator aggregates dynamilc
endpoints of all Web services requested by the client and

efficiently communicates Web services data to the client

over a wlreless connection.
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In another embodiment, the client preferably
establishes a communications session with the aggregator by
setting the aggregator as a fixed endpoint for the client.
The communications session can include sending a SOAP
request to the aggregator containing a SOAP header including
a redirect URL of a Web service for instructing the

aggregator to access the requested Web service at that URL.

In another embodiment, the aggregator 1s preferably co-

resident with the application gateway.

In yet another embodiment, the aggregator is preferably

itself a Web service.

A further aspect of the present invention preferably
provides a method of aggregating dynamic endpoints for
efficiently delivering web services to a client. The method
includes the steps of receiving a plurality of Web service
requests from the client at an aggregator connected to a
data network to which the requested Web services are also
connected, each Web service request including a respective
Web service endpoint for accessing the requested Web
service, establishing a communications session between the
aggregator and each Web service endpoint to access each
requested Web service, aggregating the requested Web
services at the aggregator by reformulating the Web service
data to create an aggregation of Web services suited to the
client, and delivering the aggregation of Web services to

the client.

In one embodiment, aggregating the plurality of Web
services 1s preferably performed within an application
gateway that 1is connected between a wireless network and the

data network for mediating data traffic between the wireless

network and the data network.
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The step of receiving a plurality of Web service
requests from the client may include the step of receiving
SOAP requests from the client, each SOAP request having a
SOAP header containing a redirect endpoint for a requested
Web service enabling the aggregator to access the requested

Web service.

The step of establishing a communications session
between the aggregator and each Web service endpoint may
include the step of sending a SOAP request and receiving a
SOAP response to and from each of the requested Web service

endpoints.

In another embodiment, the step of aggregating Web
service data from each of the plurality of Web services at
the aggregator to create an aggregation of Web services
includes the step of reconstituting the aggregation of Web
services as a single Web service accessible directly by the

client.

In vyet another embodiment, the wmethod preferably
includes the step of dynamically resetting an endpoint of a
Web service at the aggregator without relaying the
dynamically reset endpoint to the client. Thus, endpoints
for Web services are dynamically reset by the aggregator
without burdening the communications link between the client
and the aggregator. This 1s particularly useful for
wireless clients where dynamically resetting endpoints on
the client side, as 1is done in the prior art, can strain the

avalilable wireless bandwidth.

BRIEF DESCRIPTION OF THE DRAWINGS

Further features and advantages of the present

invention will become apparent from the following detailed
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description, taken in combination with the appended

drawings, in which:

FIG. 1 i_s a 8chematic illustration of a Web service

client accessing a plurality of Web services 1n accordance

with the prior art;

FIG. 2 1is a schematic illustration of a server-side
aggregator system for aggregating dynamic endpoints 1n

accordance with an embodiment of the present invention;

FIG. 3 is a schematic layout of a network incorporating
an aggregator for aggregating dynamic  endpoints to
efficiently deliver web services to a client in accordance

with a preferred embodiment of the present invention;

FIG. 4 is a flowchart showing steps in a method of

aggregating dynamic endpoints in accordance with an other

aspect of the present invention.

It will be noted that throughout the appended drawings,

like features are identified by like reference numerals.

DESCRIPTION OF PREFERRED EMBODIMENTS

A method and system are capable of aggregating dynamic
endpoints for efficiently delivering Web services to a
client such as, but not limited to, a wireless client. As
is known 1in the art, an endpoint 1is the address of a
specific server instance on a host system. An endpoint can
be static or dynamic. A static endpoint is a pre-assigned,
stable address that a server uses every time 1t runs. In
contrast, a dynamic endpoint is assigned at runtime for each
protocol sequence the server 1s using. Representative

embodiments of this new technology are described below, by

way of example only, with reference to FIGs. 2-4.
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FIG. 2 1s a schematic illustration of a server-side
aggregator system for aggregating dynamic endpoints in
accordance with an embodiment of the present invention. As
shown in FIG. 2, a Web service client 5 (hereinafter simply
the “client”) accesses Web services 1, 2 and 3 wvia an
aggregator 20 (or “dynamic endpoint aggregator”). As will
be elaborated below, the aggregator mediates between the
client 5 and the Web services 10a, 10b and 10c by receiving
the client’s requests for Web services and then accessing
the requested Web services, aggregating the Web services,
and then communicating the aggregated Web services in an
efficient manner to the client. In the preferred
embodiment, the client 5 runs on a wirelegss platform, and
therefore has a wireless communication 1link with the
aggregator 20 via a wireless network. The aggregator 20
therefore aggregates the data from each of the Web services

SO as to minimize the burden on the wireless communication

link.

As shown 1n FIG. 2, 1n the preferred embodiment, the
client 5 sends SOAP requests to the aggregator 20 and
receives SOAP responses from the aggregator 20 in reply. A
communication session 1s thus established between the client
5 and the aggregator 20. In this communication session, the
client 5 has set the aggregator’s address as a fixed
endpoint. As shown in FIG. 2, the client 5 adds a SOAP
header to the SOAP request that contains a redirect URL
corresponding to a requested Web service. The aggregator 20
reads the SOAP header, i.e. extracts the endpoint URL (or
redirect URL) for the requested Web service, and then
accesses the requested Web service. As shown in FIG. 2, the
aggregator 20 establishes individual communication sessions
with each of the requested Web services, exchanging SOAP

requests and SOAP responses with each Web service. For each
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communication session or “web connection”, the aggregator 20

sets an endpoint to be the address of the requested Web

service.

As 1s known 1in the art, SOAP, or Simple Object Access
Protocol, is a lightweight XML-based protocol for 1invoking
Web services and exchanging structured data and type
information in a decentralized, distributed environment,
e.g. on the World Wide Web (WWW). SOAP is a protocol that
uses an envelope for defining a framework to describe what
is in a message and how to process 1it, a set of encoding
rules for expressing instances of application-defined data
types, and a convention for representing remote procedure

calls and responses.

Three Web services 10a, 10b, 10c are illustrated 1in
FIG. 2, but it should be understood that a greater or lesser
number of Web services could be involved. As 1s understood
by those of ordinary skill in the art, a Web service 1s an
Internet-hosted application, i.e. a collection of protocols
and standards used for exchanging data between applications.
Software applications written 1in various programming
languages and running on various platforms can use Web
services to exchange data over computer networks 1like the
Internet by using open standards. The applications are able
to communicate, usually over HTTP (Hyper Text Transfer
Protocol), using XML (eXtensible Markup Language) standards
including SOAP (Simple Object Access Protocol), WSDL (Web
Services Description Language) , and  UDDI (Universal

Description, Discovery, and Integration).

Referring now to FIG. 3, a system 1n accordance with a
preferred embodiment of the present invention generally
includes a wireless network 4 hosting a plurality of

wireless communication devices 8 (also known asgs “terminal
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devices”). As 1llustrated, the wireless communication
devices B can be any of a wide variety of wireless devices
including but not limited to wireless-enabled laptop
computers 8a, mobile or cellular telephones B8b, wireless-
enabled PDAs 8c, self-gservice kiosks (not shown) and two-way

pagers (not shown).

As shown in FIG. 3, an Application Gateway (AG) 2 is
coupled between the wireless network 4 and a data network 6,
such as for example, the Internet. The AG 2 generally
operates to mediate data traffic flowing between wireless
communication devices 8 connected to the wireless network 4
and Web services 10a, 10b, 10c accessible through the data
network 6 in the manner described in Applicant's co-pending

United States Patent Publications Nos. 2004/0215700 and
2004/0220998. |

Bach of these wireless communication devices 8, or
terminal devices, generally includes a microprocessor
connected to an RF section for wireless communications, a
memory (at least a portion ©of which will normally be non-
volatile), and a user interface (UI) including a display and
one or more user input devices (UID), e.g. a keyboard,
thumb-wheel, stylus, wmicrophone, etc. The wmicroprocessor
operates under software control to provide the functionality
of the terminal device. Preferably, the software is

designed on a layered model, in which a runtime environment
(RE) translates between application scoftware, such as an e-
mail application, and the native machine-language of the
terminal device to control the terminal device hardware, and
communicate with Web services or other data services. This

layered software model, and the manner in which it operates,
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is known from Applicant's co-pending United States Patent

Publications Nos. 2004/0215700 and 2004/0220998.

As described 1in Applicant's co-pending United States
Patent Publications Nos. 2004/0215700 and 2004/0220998,
operation of the AG 2 enables, for example, a web-browser
application executing in a terminal device to communicate
with Web services or other Internet data services offered
through the data network 6. The wireless client may, for
example, access and download data or files from Web services
connected to the data network 6. The AG 2 mediates between
the terminal device and the Web service by receiving the
data from the Web service, stripping out extraneous data
that would otherwise encumber the wireless 1link, and
formatting (or  “repackaging”) the data for wireless-
optimized transmission to, and presentation on, the terminal

device 8.

In addition to the AG 2, the system includes an
aggregatdr 20, as shown in FIG. 3. The aggregator 20 can be
co-resident with the AG 2 or it can be disposed as a
separate server, as shown. As will be explained below, the
aggregator 20 and the application gateway (AG) 2 collaborate
synergistically to handle data traffic from Web services to
the client running on a wireless platform such as one of the

wireless communication devices 8 illustrated in FIG. 3.

As shown in FIG. 3, the aggregator 20 18
communicatively connected between the client (running on one
of the wireless platforms 8) and the Web services 10a, 10Db,
10c to mediate between the client and the Web services. The
aggregator 20 is thus capable of receiving Web service
requests from the c¢lient for regquested Web services,
accessing the requested Web services, receiving Web services

data from the Web services, aggregating the Web services
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data and then efficiently communicating the Web services

data to the client.

The aggregator 20 enables a client to efficiently
access Web services in two respects. First, the aggregator
allows a client to access and aggregaté several unrelated
Web services. In other words, a Web service client can be
built using Web service data from several different
endpoints using the technique shown 1in FIG. 2. Instead of
aggregating the endpoints on the client side, e.g. on the
wireless platform, the aggregator 20 does all the work,
whereby the client only communicates with the aggregator 20
(acting as an aggregated, or “centralized”, Web service)
instead of with several different Web services.
Specifically, the aggregator 20 can receive SOAP requests,
each request including a SOAP header containing a redirect
URL for one of a plurality of requested Web services. For
each requested Web service, the aggregator 20 can establish
a communication session with the requested Web service,
access the data from the requested Web service, and then
aggregate this Web service data with the Web service data
from other reguested Web services. In the preferred
embodiment, the aggregator 20 is itself a Web service that

is constituted by the aggregation of other Web services.

Second, the aggregator 20 1s éapable of dynamically
resetting endpoints for Web services without burdening the
communication link to the client. As 1is known in the art,
many Web services use dynamic endpoints, for example tfor
load balancing or for other purposes. A ‘“server-side”
application (i.e. the Web service aggregator 1n accordance
with embodiments of the present invention) can dynamically

reset endpoints on behalf of the client, thus obviating the

need for the client application to dynamically reset the



10

15

20

25

30

CA 02592881 2007-06-05

..11_
endpoints. This economizes bandwidth on the communication
link between the client and the data network. This 1is

particularly useful to clients running on wireless
platforms, because the dynamic endpoints would otherwise
have to be reset at the c¢lient, which uses up the limited
bandwidth of the wireless link. Therefore, the aggregator
20 alleviates the burden on the wireless 1link, thereby
enabling the wireless client to efficiently access Web

gservices.

Although the aggregator 20 1is particularly useful for
clients running on wireless platforms where transpcjrt
optimization is needed to avoid unduly taxing the limited
bandwidth of the wireless link, this aggregator can also be
used for any wired client seeking to efficiently access Web
services (e.qg. a non-wireless networked computer,
workstation or other computing device wired directly to the

data network) .

A further benefit 1s that none of the memory and
processing resources of the wireless communication device
are devoted to the tracking of these dynamic endpoints since
all dynamic endpoints for all requested Web services are

reset exclusively by the aggregator 20.

To recapitulate, therefore, the aggregator 20 enables a
client to efficiently access Web services 1n two respects.
First, the aggregator 20 can aggregate several different Web
services 1n response to a client sending SOAP requests
containing SOAP headers that carry redirect URLs for the
requested Web services. Since the client only establishes
communication with the aggregator, this minimally burdens
the communication 1link between the client and the data
network. Secondly, when a Web service requires resetting a

dynamic endpoint (e.g. for load balancing), the aggregator
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resets the dynamic endpoint without burdening the
communication link with the c¢lient. The aggregator 20 1s
especially beneficial for wireless clients because the
available wireless bandwidth 1is typically strained when

accessing Web services wirelessly.

Moreover, for wireless clients, the AG 2 collaborates
with the aggregator 20 by receiving the aggregated Web
service data, stripping out extraneous data (if any) and
unusable functionalities (where applicable), and then
repackaging and “tailoring” this data for the client
application running on the wireless communication device.
Thus, while the aggregator efficiently accesses and
aggregates the requested Web services and handles resetting
of dynamic endpoints, the AG talilors the aggregated Web
services data for the client running on wireless
communication device. Together, the aggregator and AG
enable a wireless communication device to access Web

services in a highly efficient manner.

Another aspect of the present invention provides a
method of aggregating dynamic endpoints for efficiently
delivering Web services to a client. With reference to the
flowchart shown in FIG. 4, the method includes a step of
receiving a plurality of Web service requests from the
client at an aggregator connected to a data network to which
the requested Web services are also connected (at step 30).
Each Web gervice request 1includes a respective Web service
endpoint for accessing the requested Web service. In other
words, the aggregator then determines endpoints for each

requested Web service (at step 32).

As shown 1n FIG. 4, the method further includes steps
of establishing a communications session between the

aggregator and each Web service endpoint (at step 34). The
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aggregator then receives Web service data from each
requested Web service (at step 36). Web service data from
each of the plurality of Web services is then aggregated at
the aggregator to create an aggregation of Web services
suited to the client (at step 38). In other words, the
resulting aggregation is optimized for (or at 1least well
suited to) the display and processing capabilities of the
client device. Reformulating the Web services data can
include stripping out extraneous data (e.g. to eliminate
certain functionalities that are not supported by the client
device) or talloring the Web services data for the client
device. Reformulation of requested Web services thus
renders the aggregated Web services more efficient for
transmission. Accordingly, the aggregated Web services can

be “effaiciently” delivered to the client (at step 40).

For example, the step of receiving a plurality of Web
service requests can include receiving SOAP requests from
the client, each SOAP request having a SOAP header
containing a redirect endpoint for a requested Web service

enabling the aggregator to access the requested Web service.

In one embodiment, the step of aggregating Web service
data from each of the plurality of Web services at the
aggregator includes the step of reconstituting the
aggregation of Web services as a single Web service

accessible directly by the client.

The embodiments of the invention described above are
intended to be exemplary only. The scope of the invention

is therefore intended to be limited solely by the scope of

the appended claims.
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Claims:

1. A system for aggregating dynamic endpoints for delivering Web services to a client, the

system comprising:

a data network communicatively connected to the client for enabling the client to

send and receive data through the data network;

a plurality of Web services connected to the data network for enabling the client to

access the plurality of Web services through the data network; and

an aggregator communicatively connected between the client and the plurality of
Web services, the aggregator being arranged to receive Web service requests from the
client for requested Web services, access the requested Web services, receive Web
services data from the requested Web services, aggregate the Web services data by

reformulating the Web services data for the client, and then communicate the aggregated

Web services data to the client,

wherein the client i1s arranged to establish a communications session with the

aggregator by setting the aggregator as a fixed endpoint for the client and

wherein the aggregator is arranged to dynamically reset endpoints of the requested

Web services without relaying the dynamically reset endpoints to the client.

2. The system as claimed in claim 1 wherein the client 1s arranged to run on a wireless
communications device hosted by a wireless network connected to the data network via an
application gateway that is arranged to mediate data traffic between the wireless network

and the data network whereby the aggregator is arranged to aggregate dynamic endpoints

of all Web services requested by the client and communicate the Web services data to the

client over a wireless connection.

3. The system as claimed in claim 2 wherein the communications session comprises a
Simple Object Access Protocol "SOAP" request to the aggregator containing a SOAP
header comprising a redirect URL of a Web service for instructing the aggregator to

access one or more of the requested Web services at that URL.
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4. The system as claimed 1n any one of claims 1 to 3 wherein the aggregator 1s co-resident

with an application gateway.

5. The system as claimed 1n any one of claims 1 to 4 wherein the aggregator itself

comprises a Web service.

6. A method of aggregating dynamic endpoints for delivering Web services to a client, the

method comprising:

receiving a plurality of Web service requests from the client for requested Web
services at an aggregator connected to a data network to which the requested Web services
are also connected, each Web service request comprising a respective Web service

endpoint for accessing one or more of the requested Web services;

establishing a communications session between the aggregator and each Web

service endpoint to access each of the requested Web services;
receiving Web service data from the requested Web services;

aggregating the requested Web services at the aggregator by reformulating the
Web service data to create an aggregation of requested Web services for the client by
dynamically resetting endpoints of the requested Web services at the aggregator without

relaying the dynamically reset endpoints to the client; and
delivering the aggregation of requested Web services to the client.

7. The method as claimed 1n claim 6 wherein aggregating the requested Web services 1s
performed within an application gateway that 1s connected between a wireless network

and the data network for mediating data traffic between the wireless network and the data

network.

8. The method as claimed in claim 6 or claim 7 wherein receiving a plurality of Web
service requests from the client comprises receiving Simple Object Access Protocol
"SOAP" requests from the client, each SOAP request having a SOAP header containing a
redirect endpoint for one or more of the requested Web services enabling the aggregator to

access one or more of the requested Web services.
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9. The method as claimed in any one of claims 6 to 8 wherein establishing a
communications session between the aggregator and each Web service endpoint
comprises sending a SOAP request and receiving a SOAP response to and from the Web

service endpoints.

10. The method as claimed in any one of claims 6 to 9 wherein aggregating Web service
data from each of the requested Web services at the aggregator to create an aggregation of
the requested Web services comprises reconstituting the aggregation of requested Web

services as a single Web service accessible directly by the client.

11. A computer program product for aggregating dynamic endpoints for delivering Web
services to a client, the computer program product comprising a computer readable
medium embodying code means executable by a processor of a computing device to

implement the method of any one of claims 6 to 10.
12. A communications network comprising:
a system comprising:

a data network communicatively connected to a client for enabling the

client to send and receive data through the data network;

a plurality of Web services connected to the data network for enabling the

client to access the plurality of Web services through the data network; and

an aggregator communicatively connected between the client and the
plurality of Web services, the aggregator being arranged to receive Web service
requests from the client for requested Web services, access the requested Web
services, receive Web services data from the requested Web services, aggregate the
Web services data by reformulating the Web services data for the client, and then

communicate the aggregated Web services data to the clent,

wherein the a client is arranged to establish a communications session with

the aggregator by setting the aggregator as a fixed endpoint for the client and
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wherein the aggregator is arranged to dynamically reset endpoints of the

requested Web services without relaying the dynamically reset endpoints to the

client, and

at least one wireless communication device communicating with said system over a

wireless connection.

13. A system for aggregating dynamic endpoints for delivering a plurality of Web services

to a client, the system comprising:

a data network communicatively connected to the client enabling the client to send

and receive data through the data network;

the plurality of Web services connected to the data network enabling the client to

access the plurality of Web services through the data network; and

an aggregator communicatively connected between the client and the plurality of
Web services, the aggregator being arranged to receive a Web service request from the
client for two or more requested Web services, each Web service request comprising, for
each of the two or more requested Web services, a respective Web service endpoint for
accessing a respective requested Web service, access the two or more requested Web
services at each Web service endpoint, receive Web services data from the two or more
requested Web services, aggregate the Web services data by reformulating the Web

services data from the two or more requested Web services into an aggregation of

requested Web services data suited to the client, and then communicate the aggregation of

requested Web services data to the client,

wherein the aggregator 1s arranged to dynamically reset the Web service endpoints
received in the Web service request without relaying the dynamically reset endpoints to

the client.

14, The system as claimed in claim 13 wherein the chient runs on a wireless
communications device hosted by a wireless network connected to the data network via an
application gateway that mediates data traffic between the wireless network and the data

network whereby the aggregator aggregates dynamic endpoints of all Web services
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requested by the client and communicates Web services data to the client over a wireless

connection.

15. The system as claimed m claim 13 wherein the client establishes a
communications session with the aggregator by setting the aggregator as a fixed endpoint

for the client.

16. The system as claimed in claim 15 wherein the communications session
comprises a SOAP request to the aggregator containing a SOAP header including a
redirect URL of a Web service for instructing the aggregator to access one or more of the

requested Web services at that URL.

17. The system as claimed 1n claim 14 wherein the aggregator is co-resident with an

application gateway.

18. The system as claimed in claim 13 wherein the aggregator comprises a Web
SErvice.
19. The system as claimed 1n claim 13 wherein the aggregator dynamically resets

endpoints of requested Web services without relaying the dynamically reset endpoints to

the client.

20. A method of aggregating dynamic endpoints for delivering Web services to a

client, the method comprising:

receiving a Web service request for two or more requested Web services from the client at
an aggregator connected to a data network to which the two or more requested Web
services are also connected, the Web service request comprising, for each of the two or
more requested Web services, a respective Web service endpoint for accessing a

respective requested Web service;

establishing a communications session between the aggregator and each Web service

endpoint to access each of the two or more requested Web services;

receiving Web services data from the two or more requested Web services;
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aggregating the Web services data at the aggregator by reformulating the Web services

data to create an aggregation of requested Web services data suited to the client; and
delivering the aggregation of requested Web services data to the client,

wherein the aggregator 1s arranged to dynamically reset the Web service endpoints
received 1n the Web service request without relaying the dynamically reset endpoints to

the client.

21. The method as claimed in claim 20 wherein aggregating the Web services data 1s
performed within an application gateway that is connected between a wireless network
and the data network for mediating data traffic between the wireless network and the data

network.

22. The method as claimed in claim 20 wherein receiving a plurality of Web service
requests from the client comprises receiving SOAP requests from the client, each SOAP
request having a SOAP header containing a redirect endpoint for a Web service enabling

the aggregator to access one or more of the requested Web services.

23. The method as claimed in claim 20 wherein establishing a communications
session between the aggregator and each Web service endpoint comprises sending a

SOAP request and receiving a SOAP response to and from each Web service endpoint.

24, The method as claimed in claim 20 wherein delivering the aggregation of

requested Web services data to the client comprises converting the aggregated Web

services data mto a format useful for transmission over a wireless link.

23. The method as claimed 1n claim 20 wherein aggregating Web service data from
cach of the plurality of Web services at the aggregator to create an aggregation of
requested Web services compnses reconstituting the aggregation of requested Web

services as a single Web service accessible directly by the client.

26. The method as claimed 1n claim 20 further comprising dynamically resetting an
endpoint of a Web service at the aggregator without relaying the dynamically reset

endpoint to the client.
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