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GENERATING ONE OR MORE CLIENTS FOR GENERATING ONE OR MORE
SYNTHETIC TRANSACTIONS WITH ONE OR MORE WEB SERVICE
OPERATIONS

TECHNICAL FIELD OF THE INVENTION

This invention relates in general to web services and more particularly to
generating one or more clients for generating one or more synthetic transactions with one

or more web service operations.

BACKGROUND OF THE INVENTION

Code for interacting with a web service to measure and analyze performance of the
web service is typically hand written by a programmer. Writing such code typically
requires, on the part of the programmer, significant experience with and knowledge of
programming and significant knowledge of a Web Services Description Language
(WSDL) file describing the web service.

SUMMARY OF THE INVENTION

Particular embodiments of the present invention may reduce or elimiﬁate problems
and disadvantages associated with web services.

In one embodiment, a method for generating one or more synthetic transactions
with one or more web service operations includes accessing a WSDL file describing a web
service and, according to the WSDL file, generating a symbol table for describing a client
for generating one or more synthetic transactions with the web service. The method also

includes receiving input from a user specifying one or more operations of the web service

for invocation, an order for invoking the operations of the web service, and one or more

values of one or more parameters of the operations. The method also includes
incorporating the input from the user into the symbol table and generating the client
according to the symbol table.

Particular embodiments of the present invention provide one or more technical

advantages. As an example, particular embodiments facilitate automatic generation of



10

15

20

25

30

WO 2007/013930 PCT/US2006/028063

clients for generating synthetic transactions with web services. Particular embodiments
facilitate generation of clients for generating synthetic transactions with web services by
users lacking significant experience with or knowledge of programming. Particular
embodiments facilitate generation of clients for generating synthetic transactions with web
services by users lacking significant knowledge of WSDL files describing the web
services. Particular embodiments are encodeable in application server deployment files
and deployable to applications servers, such as, for example, JBOSS application servers.
Particular embodiments facilitate generation of clients for generating synthetic transactions
with web services that are capable of invoking sequences of operations of web services.
Particular embodiments may provide all, some, or none of these technical
advantages. Particular embodiments may provide one or more other technical advantages,
one or more of which may be readily apparent to a person having ordinary skill in the art

from the figures, descriptions, and claims herein.

BRIFF DESCRIPTION OF THE DRAWINGS

To provide a more complete understanding of the present invention and features
and advantages thereof, reference is made to the following description, taken in
conjunction with the accompanying drawings, in which:

FIGURE 1 illustrates an example system for generating one or more clients for
generating one or more synthetic transactions with one or more web service operations;

FIGURE 2 illustrates an example web services distributed management (WSDM)
tool in the system illustrated in FIGURE 1; and

FIGURE 3 illustrates an example method for generating one or more clients for

generating one or more synthetic transactions with one or more web service operations.

DESCRIPTION OF EXAMPLE EMBODIMENTS

FIGURE 1 illustrates an example system 10 for generating one or more clients for

generating one or more synthetic transactions with one or more web service operations.
System 10 includes a web server 12, a third party server 14, and one or more user systems

16. A network 18 couples web server 12, third party server 14, and user systems 16 to
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each other. The present invention contemplates any suitable network 18. As an example
and not by way of limitation, network 18 may include a local area network (LAN), a
metropolitan area network (MAN), a wide area network (WAN), a portion of the Internet,
or another network 18 or a combination of two or more such networks 18.

Web server 12 includes a hardware, software, or embedded logic component or a
combination of two or more such components hosting or otherwise supporting one or more
websites 20. Web server 12 includes one or more websites 20. In particular embodiments,
one or more applications servers support web server 12. Websites 20 hosted at web server
12 are accessible to one or more users at one or more user systems 16 via network 18.
BEach website 20 includes one or more web pages 22. Reference to a website 20
encompasses one or more websites 20, one or more web pages 22, or both, Where
appropriate. Reference to a web page 22 encompasses one or more websites 20, one or
more web pages 22, or both, where appropriate. In particular embodiments, a user at a
user system 16 enters a particular uniform resource locator (URL) or other electronic
address to establish a commection to web server 12 and access a particular web page 22
associated with a particular website 20 hosted at web server 12. Server 12 communicates
web page 22 to user system 16 via network 18, and user system 16 displays web page 22 to
the user. In particular embodiments, to access another web page 22, the user at user
system 16 enters another URL to access other web page 22. As an example and not by
way of limitation, the user may select an icon on web page 22 linking to other web page 22
and, in response, web server 12 may communicate other web page 22 to user system 16 for
display to the user. The user at user system 16 may enter multiple URLs to navigate across
multiple web pages 22, according to particular needs. In particular embodiments, one or
more web pages 22 at web server 12 require authentication from a user before web server
12 will provide the user access to web pages 22.

Web server 12 also includes a WSDM tool 24. WSDM tool 24 includes a
hardware, software, or embedded logic component or a combination of two or more such
components for monitoring web services provided through web pages 22 at web server 12.
As an example and not by way of limitation, WSDM tool 24 may include functionality for

automatically discovering and cataloging web services added to web pages 22 at web
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server 12, monitoring performance of operations of the web services and otherwise
gathering information on the web services, and, in the event of one or more problems with
one or more of the web services, notifying an administrator of the problems. An operation
of a web service includes one or more operations of the web service. An administrator
system 26 includes a hardware, software, or embedded logic component or a combination
of two or more such components enabling one or more administrators to provide input to
and receive output from web server 12 for purposes of operating web server 12. As an
example and not by way of limitation, administrator system 26 may include a desktop
computer system, a laptop computer system, a personal digital assistant (PDA), or another
computer system or a combination of two or more such computer systems coupled to web
server 12 via one or more links that may each include one or more wires in one or more
circuit boards, one or more internal or external buses, one or more wireless links, one or
more optical links, one or more wireline links, one or more LANS, one or more MANS,
one or more WANS, one or more portions of the Internet, or a combination of two or more
such links, according to particular needs. Administrator system 26 includes one or more
administrator systems 26.

Third party server 14 includes a hardware, software, or embedded logic component
or a combination of two or more such components hosting or otherwise supporting one or
more web services. Third party server 14 includes 6ne or'more third party servers 14. In
particular embodiments, a first entity operates web server 12 and a second entity
independent of the first entity operates third party server 14. Example entities that run
third party servers 14 hosting or otherwise supporting web services include MICROSOFT
and AMAZON. In particular embodiments, web services reside at one or more application
servers that possibly support one or more web servers. One or more WSDL files 28 at
third party server 14 describe the web services. In parﬁcular embodiments, one WSDL file
28 describes one web service. A WSDL file 28 includes one or more WSDL files 28, and
a web service includes one or more web services. The present invention contemplates any
suitable web services providing any suitable functionalities. As an example and not by
way of limitation, a web service may provide functionality for generating a map according

to input from a user at a user system 16. A user at user system 16 may access a web page
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22 at web server 12 providing access to the web service, enter an address into one or more
text boxes or other components of web page 22 for providing input to the web service, and
select an icon on web page 22 requesting a map of an area including the address. In
response to the user selecting the icon, web server 12 may generate a request for the map
and communicate the request to third party server 14. The request may include the address
entered by the user and possibly other input from the user.

In response to the request, third party server 14 may access a WSDL file 28 at third
party server 14 describing the web service for generating the requested map and, using
WSDL file 28 and the input from the user, generate the requested map. Third party server
14 may then communicate the requested map to web server 12, and web server 12 may
communicate the requested map to user system 16 for display to the user. In particular
embodiments, instead of third party server 14 communicating the requested map to web
server 12 for communication to user system 16, third party server 14 may communicate the
requested map directly to user system 16 for display to the user. In particular
embodiments, instead of third party server 14 generating the requested map in response to
the request from web server 12 and communicating the requested map to web server 12 or
user system 16, third party.server 14 may communicate an instance of WSDL file 28
describing the web service for generating the requested map to web server 12. Web server
12 may‘then generate the requested map at web server 12 using WSDL file 28 and the
input from the user and communicate the requested map to user system 16 for display to
the user.

Although particular web services are illustrated and described, the present
invention contemplates any suitable web services. Although particular interactions among
particular components of system 10 for delivering particular web services to particular
users are described and illustrated, the present invention contemplates any suitable
interactions among any suitable components of system 10 delivering any suitable web
services to any suitable users.

A user system 16 includes a hardware, software, or embedded lo gic component or a
combination of two or more such components enabling one or more users to communicate

with one or more of web server 12, third party 14, and one or more other user systems 16,
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as described above. As an example and not by way of limitation, a user system 16 may
include a desktop computer system, a laptop computer system, a personal digital assistant
(PDA), or another computer system or a combination of two or more such computer
systems coupled to web server 12 via one or more links that may each include one or more
wires in one or more circuit boards, one or more internal or external buses, one or more
wireless links, one or more optical links, one or more wireline links, one or more LANS,
one or more MANS, one or more WANS, one or more portions of the Internet, or a
combination of two or more such links, according to particular needs. A user system 16
includes one or more user systems 16.

FIGURE 2 illustrates and example WSDM tool 24. WSDM tool 24 includes a
synthetic transaction module 32 that includes a hardware, software, or embedded logic
component or a combination of two or more such components for invoking operations of
web services. In particular embodiments, to invoke an operation of a web service,
synthetic transaction module 32 generates a client including one or more software
components for invoking the operation. In particular embodiments, a client is a JAVA
class including one or more calls to one or more operations of a web service according to
one or more values of one or more parameters. A client includes one or more clients. In

particular embodiments, a client is a managed bean (MBean) that is compliant with Java

- Management Extensions (JMX) and deployable to an application server that is also

compliant with JMX (such as, for example, a JBOSS application server). Reference to a
“synthetic transaction” encompasses invocation of one or more operations of a web
service, where appropriate. In particular embodiments, a server-side observer does not
trap a synthetic transaction with a web service before the synthetic transaction reaches the
web service. In particular embodiments, to use synthetic transaction module 32 to invoke
operations of web services, a user at administrator system 26 need not have significant
experience with or knowledge of programming. In particular embodiments, to use
synthetic transaction module 32 to invoke operations of web services, a user at

administrator system 26 need not have significant knowledge of WSDL files 28 describing

‘the web services.
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In particular embodiments, synthetic transaction module 32 resides in an
application server deployment file, which enables deployment of synthetic transaction
module 32 to an application server (such as, for example, a JBOSS application server). In
particular embodiments, to facilitate a synthetic transaction, synthetic transaction module
32 executes three phases—CreateSymbolTable, ClientDefinition, and ClientGeneration—
that communicate with each other via one or more serialized JAVA classes, one or more
deserialized JAVA classes, or both. Reference to a “symbol table” encompasses JAVA
classes used for communicating between or among such phases, where appropriate. In
particular embodiments, a symbol table is a serialized tree of JAVA objects that represents
a parsed WSDL file 28 and a sequence of operations of a web service described in WSDL
file 28. In particular embodiments, a graphical user interface (GUI) controls initiation of
each phase, which allows selection of a WSDL file 28 (or a symbol table) and facilitates
scheduling of synthetic transactions with a web service described in the WSDL file 28 (or
the symbol table) for execution.

In particular embodiments, during CreateSymbolTable, synthetic transaction
module 32 parses a WSDL file 28. Such parsing includes generating code for calling a
web service described in WSDL file 28 and constructing a symbol table according to
WSDL file 28 for input to ClientDefinition. In particular embodiments, during
ClientDefinition, a user at administrator system 26 provides input specifying one or more
operations of the web service for invocation, an order for invoking the operations, and one
or more values of one or more parameters of the operations. Synthetic transaction module
32 updates the symbol table according to the input from the user. In particular
embodiments, during ClientGeneration, synthetic transaction module 32 -generates code
that implements the client described in the symbol table, compiles the client, and paékages
the client for execution. The client includes one or more calls to the operations specified
by the user according to the values of the parameters specified by the user in the order
specified by the user. After ClientGeneration, the client is available for selection to
generate one or more synthetic transactions. In particular embodiments, a client generated
during ClientGeneration is capable of invoking multiple operations of a web service in a

specified order. In some such embodiments, the client is capable of using output from one
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or more first operations earlier in the sequence to invoke one or more second operations
later in the sequence. In some such embodiments, the client is capable of receiving, during
the sequence, input from a user at administrator system 26 and using the input to invoke
one or more operations in the sequence.

Synthetic transaction module 32 includes a CreateSymbolTable module 34, a
ClientDefinition module 36, and a ClientGeneration module 38. In particular
embodiments, CreateSymbolTable module 34, ClientDefinition module 36, and
ClientGeneration module 38 are separate from each other. In particular embodiments, one
or more components of synthetic transaction module 32 collectively include one or more
components of each of two or more of CreateSymbolTable module 34, ClientDefinition
module 36, and ClientGeneration module 38. In particular embodiments,
CreateSymbolTable module 34 and ClientGeneration modqle 38 have command line
interfaces and a GUI controls CreateSymbolTable module 34, ClientDefinition module 36,
and ClientGeneration module 38. In particular embodiments, input to synthetic transaction
module 32 includes a WSDL file 28 describing a web service for invocation. In particular
embodiments, output from synthetic transaction module 32 includes a .sar file including a
test client and generated stubs and associated beans for invoking one or more operations of
the web service described in the WSDL file 28. The .sar file also includes a jboss-
service.xml file to control loading onto a JBOSS application server. Synthetic transaction
module 32 uses a symbol table to pass information from one component of synthetic
transaction module 32 to one or more other components of synthetic transaction module
32.

CreateSymbolTable module 34 handles CreateSymbolTable. In particular
embodiments, CreateSymbolTable module 34 is an extensioﬁ of an AXIS WSDL2Java
class. Synthetic transaction module 32 uses one or more facilities of AXIS to generate
stubs and beans for calling operations of web services described in WSDL files 28. The
extended code then processes an AXIS SymbolTable object produced by an AXIS parser
to produce a WSDM symbol table, which synthetic transaction module 32 serializes to
disk. To invoke CreateSymbolTable module 34, synthetic transaction module 32 specifies

a WSDL file 28 and one or more configuration parameters from either a GUI (which is
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often the case) or a command line interface (which is often the case during testing and bulk
loading of synthetic transaction module 32).

ClientDefinition module 36 handles ClientDefinition. In particular embodiments,
to invoke a GUI associated with ClientDefinition module 36, synthetic transaction module
32 specifies a symbol table edited by a previous invocation of ClientDefinition module 36
or processed by CreateSymbolTable module 34. The GUI enables a user at administrator
system 26 to edit a possibly empty sequence of operations. In particular embodiments
such editing includes selecting from operations defined in the symbol table and editing one
or more values of one or more parameters of one or more operations in the sequence. The
user specifies values of parameters for each operation in the sequence before synthetic
transaction module 32 proceeds to ClientGeneration. In particular embodiments, one or
more parameters of one or more subsequent operations in the sequence references one or
more results of one or more previous operations in the sequence. A deletion or a
reordering of one or more portions of the sequence causes synthetic transaction module 32

to check whether such references are still valid before synthetic transaction module 32 will

permit any actions relying on such references.

ClientGeneration module 38 handles ClientGeneration. In particular embodiments,
to invoke ClientGeneration module 38, synthetic transaction module 32 specifies a symbol
table processed by ClientDefinition module 36. ClientGeneration module 38 then uses
information in a WSDMClient object (which includes bloth an object describing a client
for generating a synthetic transaction and a symbol table) and information in a sequence of
WSDMOperations (each of which include an object representing' an operation of a web
service and one or more parameters of the operation) to write a JAVA source file for
calling the operations selected by the user during ClientDefinition. ClientGeneration
module 38 also writes a jboss-service.xml file and an MBean interface for the JAVA
source file. ClientGeneration module 38 compiles the JAVA source file and, if the
compilation is successful, generates a .sar file including the JAVA source file, the jboss-
service.xml file, and the MBean interface. If one or more errors occur during the
compilation, synthetic transaction module 32 returns information on the errors to one or

more programs calling synthetic transaction module 32. In particular embodiments,
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ClientGeneration module 38 is invocable from a command line for testing, but normally
invoked from ClientDefinition module 36.

FIGURE 3 illustrates an example method for generating one or more clients for
generating one or more synthetic transactions with one or more web service operations.
The method begins at step 100, where a GUI calls CreateSymbolTable module 34. In
particular embodiments, the GUI calls CreateSymbolTable module 34 in response to input
from a user at administrator system 26. At step 102, CreateSymbolTable module 34
accesses a WSDL file 28 describing a web service. At step 104, CreateSymbolTable
module 34 generates a symbol table from WSDL file 28. At step 106, the GUI calls
ClientDefinition module 36. At step 108, ClientDefinition module 36 accesses the symbol
table. At step 110, ClientDefinition module 36 receives input from the user at
administrator system 26. At step 112, ClientDefinition module 36 writes to the symbol
table according to the input from the user at administrator system 26. At step 114, the GUI
calls ClientGeneration module 38. At step 116, ClientGeneration module 38 accesses the
symbol table. At step 118, ClientGeneration module 38 generates a client according to the
symbol table, compiles the client, and packages the client for execution. At step 120, the
client is available for selection to generate one or more synthetic transactions with the web
service described in WSDL file 28, at which point the method ends.

Although particular steps of the method illustrated in FIGURE 3 are illustrated and
described as occurring in a particular order, the present invention contemplates any
suitable steps of the method illustrated in FIGURE 3 occurring in any suitable order.

Particular embodiments have been used to describe the present invention, and a
person having ordinary skill in the art may comprehend one or more changes,
substitutions, variations, alterations, or modifications to the particular embodiments used
to describe the present invention. The present invention encompasses all such changes,
substitutions, variations, alterations, and modifications within the scope of the appended

claims.
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WHAT IS CLAIMED 1S:

1. A system for generating one or more clients for generating one or more

synthetic transactions with one or more web service operations, the system comprising:
a first module operable to:
5 access a Web Services Description Language (WSDL) file describing a web
service; and
according to the WSDL file, generate a symbol table for describing a client
for generating one or more synthetic transactions with the web service;
a second module operable to:
10 receive linput from a user indicating:
one or more operations of the web service for invocation;
an order for invoking the operations of the web service; and
one or more values of one or more parameters of the operations;
access the symbol table; and
15 incorporate the input from the user into the symbol table; and
a third module operable to:
access the symbol table; and
generate the client according to the symbol table.

20 -2, The system of Claim 1, wherein the first, second, and third modules reside

in an application server deployment file deployable to an application server.

3. The system of Claim 2, wherein the application server is a JBOSS
application server.
25
4. The system of Claim 1, wherein output from a first one of the operations of

the web service is usable as input to a second one of the operations of the web service.
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5. The system of Claim 1, wherein:
the first module comprises a CreateSymbolTable module;
the second module comprises a ClientDefinition module;

the third module comprises a ClientGeneration module;

6. The system of Claim 1, wherein:
a synthetic transaction module comprises the first, second, and third modules; and
a web services distributed management (WSDM) tool comprises the synthetic

transaction module.

7. The system of Claim 1, wherein the WSDL file comprises a WSDL file

from a third party server providing web services.

8. The system of Claim 1, wherein the symbol table comprises a serialized
tree of JAVA objects representing a parsed version of the WSDL file and capable of

representing a sequence of the operations of the web service for invocation.

9. A method for generating one or more clients for generating one or more
synthetic transactions with one or more web service operations, the method comprising:
accessing a Web Services Description Language (WSDL) file describing a web
service;
according to the WSDL file, generating a symbol table for describing a client for
generating one or more synthetic transactions with the web service;
receiving input from a user indicating:
one or more operations of the web service for invocation;
an order for invoking the operations of the web service; and
one or more values of one or more parameters of the operations;
incorporating the input from the user into the symbol table; and
generating the client according to the symbol table;
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10.  The method of Claim 9, executable from an application server deployment

file deployable to an application server.

11.  The method of Claim 10, wherein the application server is a JBOSS

application server.

12. The method of Claim 9, wherein outpuf from a first one of the operations of

the web service is usable as input to a second one of the operations of the web service.

14.  The method of Claim 9, executable by a synthetic transaction module in a

web services distributed management (WSDM) tool.

15.  The method of Claim 9, wherein the WSDL file comprises a WSDL file

from a third party server providing web services.

16.  The method of Claim 9, wherein the symbol table comprises a serialized
tree of JAVA objects representing a parsed version of the WSDL file and capable of

representing a sequence of the operations of the web service for invocation.
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17. " Logic for generating one or more clients for generating one or more
synthetic transactions with one or more web service operations, the logic encoded in one
or more media for execution and when executed operable to:

access a Web Services Description Language (WSDL) file describing a web
service;

according to the WSDL file, generate a symbol table for describing a client for
generating one or more synthetic transactions with the web service;

receive input from a user indicating:

one or more operations of the web service for invocation;

an order for invoking the operations of the web service; and

one or more values of one or more parameters of the operations;
incorporate the input from the user into the symbol table; and

generate the client according to the symbol table;

18. The logic of Claim 17, encoded in an application server deployment file

deployable to an application server.

19. The logic of Claim 18, wherein the application server is a JBOSS

application server.

20.  The logic of Claim 17, wherein output from a first one of the operations of

the web service is usable as input to a second one of the operations of the web service.

21. The logic of Claim 17, provided by a synthetic transaction module in a web

services distributed management (WSDM) tool.

22.  The logic of Claim 17, wherein the WSDL file comprises a WSDL file

from a third party server providing web services.
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23. The logic of Claim 17, wherein the symbol table comprises a serialized tree
of JAVA objects representing a parsed version of the WSDL file and capable of

representing a sequence of the operations of the web service for invocation.

5 24. A system for generating one or more clients for generating one or more
synthetic transactions with one or more web service operations, the system comprising:
means for accessing a Web Services Description Language (WSDL) file describing
a web service;
means for, according to the WSDL file, generating a symbol table for describing a
10  client for generating one or more synthetic transactions with the web service;
means for receiving input from a user indicating:
one or more operations of the web service for invocation;
an order for invoking the operaﬁons of the web service; and
one or more values of one or more parameters of the operations;
15 means for incorporating the input from the user into the symbol table;
means for generating the client according to the symbol table; and
means for making the client available for generating one or more synthetic

transactions with the web service.
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