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Abstract

Tying web services together to build large, distributed, collaborative applications has
gathered noticeable momentum and a lot of research is being put in it. Along with
composition of the web services, coordination is one key aspect that has been considered
keenly.

Many frameworks, languages and protocols have been proposed for web service
composition and coordination. With the advancement in wireless technology and rapid
deployment of mobile services, collaborative application development for small devices
using such composed web services finds a new research area. Much less work has been
donein the area of web service coordination for mobile environment.

In this thesis, we propose a new distributed approach in service composition and
coordination and show that our approach works well in an environment cortaining
mobile heterogeneous devices. We discuss a novel approach of SyD (System on Devices)
wrapper framework for dynamically creating and executing web bonds [11] among
various heterogeneous web services. The wrapper is alightweight SyD application object
that encapsulates composition and coordination logic and provides higher level of
coordination among bonded entities. The wrapper framework gives small devices full
capability to run distributed collaborative applications that use heterogeneous web
services. We have aso devel oped and analyzed experiments to showcase the performance

of SyD Wrapper Framework.
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Chapter 1 Introduction

Recently, alot of attention has been given to the problem of composing autonomous
web services, mainly, to achieve interoperability among diverse applications. Service
composition has the potential to reduce development time and effort for new applications.
The web domain serves as an interesting environment for service composition because
several independent services are provided on the web and there is an inherent need for
composing complementary servicesto achieve the end-user's needs [16]. Web services
allow an easy integration of heterogeneous systems due to the fact that they are platform
and language independent. Some of the important functionalities needed for web service
composition and coordination include atomic transaction processing, automatic flow of
control and data, constraint satisfaction, dependency enforcement etc. Some of the
frameworks emphasize on transaction and workflow processing.

A Web service is a software system designed to support interoperable machine-to-
machine interaction over a network. It uses XML to exchange data (information) with
other applications on other computers by using Internet protocols [1]. We will discuss
web services in detail inchapter 2. A web service encapsulates the computational
complexity and device heterogeneity and the client entities interact through the interface.
Even though web services technology is one of the most highly talked technologies, it is
still not widely used. This is mainly due to lack of easy to use, reliable, and robust
development environment for web service application devel opment.

Our main aim is to effectively compose web services and maintain coordination among

them. System on Devices (SyD) middleware offers a chance for our proposed framework
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to be used on wireless heterogeneous device network. SyD is envisioned as a middleware
that will enable rapid prototyping and implementation of distributed applications that
need a collection of heterogeneous, independent databases to collaborate with each other
in amobile environment [5]. Execution of SyD Wrapper in SyD environment and a small
experiement for handheld devices using proposed framework is aimed.

We have used web coordination bonds analogous to chemical bonds, as a set of core
artifacts for effective collaboration among web services. We propose and implement a
novel concept of SyD wrappers that hides the composition and coordination logic from
users yet providing effective service coordination among heterogeneous web services.
The wrapper implements two types of coordination bonds, viz., subscription bond that
allows information, control and event flows, negotiation bond that enforces dependencies
and contracts. Severa such SyD wrappers can collaborate with each other to build large
distributed applications. The wrappers act as SyD application objects and seamlesdly fit
in the SyD middleware[5] environment. This gives small devices much power to run
such collaborative distributed applications with composed web services. Performance

evaluation of this approach is carried out in the end.

1.1 Need for Web Service Composition and Coor dination

As web services become more prevalent, tools will be needed to help users alter and
integrate these services, mainly to achieve interoperability between diverse applications.
Reduction in development time and effort is one of the main reasons for service
composition. Composing existing services to obtain new functionality will prove to be

essential for both business-to-business and busi ness-to-consumer applications.
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Web services allow an easy integration of heterogeneous systems due to the fact that
they are platform and language independent. Web service system constitutes of three
major components to define standards for discovery, description and messaging protocol
viz. Universal Description, Discovery, and Integration (UDDI)[4], Web Services
Description Language (WSDL) [3] and Simple Object Access Protocol (SOAP) [33].
However, these standards are not capable of composing existing services dynamically.

Web services technologies are emerging as a powerful vehicle for organizations that
need to integrate their applications within and across organizational boundaries. In
particular, the process-based composition of web services is gaining a considerable
momentum as an approach for the effective integration of distributed, heterogeneous, and
autonomous applications. Current state of the art in web service composition is to model
the composite web service as a separate web process because web services are stateless
and not capable of actively participating in such application scenarios.

Coordination is a fundamental requirement of a number of distributed systems,
including web services. Currently, there are many languages and standards for Web
services composition and coordination [7]. However, the type of coordination protocol
that a system uses may vary depending upon the application and underlying system and
there is no fundamental, theoretically sound, WS composition/choreography framework
[3].

A variety of distributed applications require coordination. Few of the examples include
workflow, business-to-business activities, atomic transactions, security etc. All these

applications require some level of composition and coordination. Owing to the high
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demand, much of work is being done in the field of web service composition, as well as
coordination.

Less work has been done in the area of composition and coordination of web services
for small handheld devices. [11] talks about web coordination bonds that are analogous to
chemical bonds for composing and coordinating web services. They propose a simple yet
powerful design for web bonds. Owing to the lightweight code and simple design, the
applications built using web bonds can be ported easily to small handheld devices

running SyD middleware.

1.2 Limitationsof Current Technologies

Complexity is one of the mgjor limitations of many of the proposed composition and
coordination protocol. Quite less work has been done in the area of web service
composition for small mobile wireless devices. Disconnection and memory constraints
are two important issued considered while designing any application targeted for small
handheld devices. [6] surveys the issues related to service composition in mobile
environments and evaluate criteria for judging protocols that enable such composition. It
states that many of the current technologies, still, do not cover al these aspects in their
implementation. Some of the proposed approaches which deal with centralized
coordination of web services suffer from central point of failure despite of making the
design and implementation simple. Achieving coordination in collaborative applications
consisting of composed web services for mobile environment is till an evolving area and

much work needs to be done.
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1.2.1 Service Compositions Standards

BPEL4WS is highly talked standard and is said to combine the best standards for Web
services composition, such as IBM’s WSFL and Microsoft's XLANG. XLANG is a
block-structured language with basic control flow structuresfor service composition.
[24]. In contrast to XLANG, WSFL (Web Service Flow Language) is not limited to block
structures and allows for directed graphs[14] for composing the services. Though WSFL
offers more functionality, it adds considerable complexity from the developer’s point of
view. BPEL4WS allows for a mixture of block and graph structured process models, thus
making the language expressive at the price of being complex [26]. SUN, BEA, SAP and
Intalio came up with another standard called WSCI (Web Service Choreography
Interface). BPML and ebXML are other candidates in the same race. An abundant
number of languages/standards still failed to give a framework which was fundamentally
sound and yet powerful in operation. To overcome this problem, initially, a critical
evaluation of these standards is required.

[26] argues that current composition languages are not mature enough to be applied. For
example, BPEL4AWS mainly focuses on static composition on the service where process
flow and the bindings between services are known in advance. It lacks the dynamic

binding. Chapter 7 discusses current technologies and their limitation is detail.

1.2.2 Execution of composed servicesin mobile environment

Some of current web service composition and coordination architectures inherently
assume that services are resident on the wired infrastructure. Few of the examples are

eFlow[28], CMI[30], Ninja service Composition architecture [29]. They assume the
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services to be connected to each other through stable wired network and reside on nodes
or devices that are connected to each other over high bandwidth communication channels
[6]. Mobile environment poses some inherent limitations such as disconnection, node
failure etc, for running collaborative applications. [6] describes the issues related to
service composition in mobile environments and evaluate criteria for judging protocols

that enable such composition.

1.3 Our Solution

We have proposed and implemented an efficient distributed framework, SyD wrapper,
for web service composition which provides high level of coordination using web
coordination bonds [11]. Thisis a unique of its kind framework, which considers all the
important constraints that the mobile environment presents. Wrapper is a java class
instance that contains the original web service calls along with web service coordination
intelligence. The wrapper methods possess exact signature as the web service methods
and coordination logic is transparent to the user. For a user, calling the wrapper method is
same as calling the original web service method. Wrapper creation is avery simple
process.

Web coordination bonds provide a set of core artifacts for Web Service
coordination/choreography. They allow rapid modeling and deployment of collaborative
applications of all kinds and complexities. The novel approach of SyD wrapper that
implements SyD bonds acts as SyD application object and works with SyD middleware
[5] for developing and executing collaborative distributed web applications based on

composed services in mobile heterogeneous environment. The wrappers are generated
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corresponding to web services of interest, with added functionality for service
coordination. The wrapper execution is distributed and dynamic.

Much less or no research has been done in the area of web service composition and the
collaborative application creation for small handheld devices using composed web
services. The current technology for deployment of collaborative application over
heterogeneous set of wired or wireless devices and networks has several limitations. The
SyD’s wrapper framework helps overcome this problem by great means. Chapter 5
discusses the coordination of SyD wrapper objects in detail. We have carried out an
experiment to showcase the working of SyD Wrapper Framework. The experiment is

discusses and results are analyzed in subsequent chapters.

1.4 ThesisOrganization

This document is organized in 7 chapters. Chapter 2 introduces Web Services and
discusses issues involved in Web Service Composition and Coordination. Chapter 3 gives
an overview of SyD Architecture and Web Coordination Bonds. Chapter 4 presents the
SyD Wrapper Framework and gives the implementation details. The process of achieving
coordination among heterogeneous web services in amobile environment is presented in
chapter 5. Chapter 6 discusses the experiments and analyzes the results. Chapter 7 talks
about the related work in the area of Web Service Composition and Coordination for
wired as well as mobile environment. Conclusion and future work is discusses in chapter
8. Bibliographical references follow chapter 8. APIs used and Source code forms a part of

appendices.
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Chapter 2 Web Services

A Web service is a software system designed to support interoperable machine-to-
machine interaction over a network. Web service interfaces are defined using WSDL and
other systems interact with the web service using SOAP-messages, typically conveyed
using HTTP with an XML serialization in conjunction with other web-related standards.
(1.

Web Services combine the best aspects of component-based development and the
World Wide Web. They are considered as software applications that use XML to
exchange data/information with other applications on other computers by using Internet
protocols. Web services operate over any network (the Internet or a private intranet) to
achieve specific tasks, called methods or functions, which other applications can invoke
and use [2]. Requests can be sent and responses received between two differing
applications on two separate computers belonging to separate business enterprises or
small businesses. A large range of application domains starting from small businesses to
global enterprises benefit enormously from web Services.

The next subsections discuss three main components of a web service system, viz.,

WSDL, UDDI and SOAP.

21 WSDL

Web Services Description Language (WSDL) provides XML format for describing web
services. It is an XML-based language that is used to describe the services the web

service offers and to provide a way for identifying and accessing those services
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electronically. WSDL enables one to separate the description of the abstract functionality

offered by a service from concrete details of a service description [3].

<definitions>
<types/> ... describes the datatypesin XML
<message/> ... describes messages (name and parameter)

<portType>..~ describesthe callable messages for each protocol. The messages

<oper ation> are grouped together to an operation.

<input/> l Thus, this elements describe these operations which can be
<output/> reached viathis*“ port”.

<binding> ... binds a protocol to a port and defines the used encoding

<operation/>  for each operation (e.g. SOAP, rpc/encoded).

<service> ... describesthe identification of a service: name, used bindings
<port/> and the URI under which the service can be reached
</definitions>

Figure 1 Simplified WSDL L ayout

2.2 UDDI

The Universal Description, Discovery and Integration (UDDI) acts as a registry service
for web services. A UDDI registry service is, basically, a Web service that manages
information about service providers, service implementations and service metadata. The
web service providers can use UDDI to advertise the services they offer. Service
consumers can use UDDI to discover services that suit their requirements and to obtain

the service metadata needed to consume those services. [4]
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23 SOAP

Simple object access protocol (SOAP) is a communication protocol for applications
running on different operating systems, with different technologies and programming
languages.

[1] defines SOAP as an XML based lightweight protocol for exchange of information in
a decentralized, distributed environment. SOAP consists of three parts: an envelope that
defines a framework for describing what is in a message and how to process it, a set of
encoding rules for expressing instances of application-defined data types, and a
convention for representing remote procedure calls and responses [1].

The following figure shows a ssimplified layout of SOAP. It shows two important parts
of a SOAP document, viz., header and body. SOAP envelope is the element that

encapsulates the header and body.

<SOAP:Envelope
xmins. SOAP="http://schemas.xml soap.org/soap/envel ope/’
SOA P:encodingStyle="http://schemas.xml soap.org/soap/encoding/’
Xmilns:v="http://www.topxml.com/soapworkshop/’ > ~
<SOAP:Header> 3
<v:From SOAP:mustUnderstand="1"> |
cdix@soapworkshop.com > SOAP Header
</v:From> l
<SOAP:Header>
<SOAP:Body> N
<v:DOCreditCheck> |
<ssn>123-456- 7890</ssn> > SOAP Body
</v:DOCreditCheck>
</SOAP:Body> «
</SOAP:Envelope>

> SOAP Envelope

Figure2 Simplified Soap L ayout


mailto:cdix@soapworkshop.com
http://www.clicktoconvert.com

11

The popularity of SOAP lies in its platform independence. It provides a means for
accessing disparate services, distributed objects and servers in a totaly platform-
independent manner [32].

The Web services platform comprises different kinds of technologies and standards that
are organized into the five layers of network, transport, packaging, descriptionand

discovery, asillustrated in Figure 3.

Discovery (UDDI, WS-Inspection)

Description (WSDL)

Packaging (SOAP,XML)

Transport (HTTP)

Network (TCP/IP)

Figure 3 Web Service Technology Stack [10]

24 Issueslnvolved in Web Service Composition and Coordination

Some of the issues involved in web service composition and coordination are discussed
in this section. Various standards have been proposed for service composition. Some of
the important issues that are considered while designing composition standard, language

or protocol are as follows,
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Type of composition

There are two types of process composition: static and dynamic. In a static
composition, the services to be composed are chosen at design time, whilein a
dynamic composition, they are chosen at run-time.

Natur e of composition

Compositions can be of two types in nature, viz., centralized and distributed. The
designer has to consider the nature of composition prior to actual design.
Specification of services

Service specification should be studied in detail before going ahead with the
composition of services.

I nter oper ability issues

Achieving interoperability among various components and resolving
interoperability issues should be given prime importance.

Type of coordination (process execution)

The way coordination is achieved among various components of the composed
web services ismainly based on the way the web services are composed. So
composition and coordination go hand in hand.

Application domain

Application domain is aways studied keenly before going ahead with

composition and coordination of various components in the system.
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Figure 4 shows relationship between web service composition languages and other

standards such as SOAP, WSDL and UDDI.

Web services composifion:
Business Process Execution 2N
Language for Web Services, Publication and discovery:
XLANG, Universal Description Discovery
Web Services Flow Languages : and Integration

Service description layer:
Web Services Description Language

XML messaging layer:
Simple Object Access Protocol

Transpori layer:
HTTP, SMTP. FTP

Figure 4 Relation between composition languages and other WS standar ds [26]
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Chapter 3 SyD Middleware and Web Coordination Bonds

System on Devices (SyD) is envisioned asa middleware that will enable rapid
prototyping and implementation of distributed applications that need a collection of
heterogeneous, independent databases to collaborate with each other in a mobile
environment. This middleware can be installed on traditional computers, laptops, PDAS
or any other heterogeneous computing device. SyD acts as a rapid application
development platform and SyD-based application development greatly reduces the
development, implementation, deployment, and maintenance time for desgners and
programmers of distributed applications on heterogonousmobile devices and

environments [5].

EYD_'hE'_SEd sy DCalendar oy DFleet oy DAIrport

applications

Sy0 SyDlistener || SyDDirectory | | SyDEngine

Karne SyDlink | | SyDEventHandler

Communication | 10p gockets | | JavalRMI || SOAP |

pricldl emar e : =
CORBA : | JXTA |

Yirtual

Waching Ju'hl MNETCLR |

IS Metmor k Heteregonous: Device HAEWY

Figure 5 SyD Runtime Environment [18]
Figure 5 shows SyD runtime environment where SyD middleware is located between
applications and the communication services provided by primitive distribution

middleware (Sockets, RMI, JXTA, CORBA, etc). The figure also shows applications
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such as SyDFleet, SyDCaendar that have been developed over SyD. SyD allows rapid
development of arange of portable and reliable applications.

SyD addresses the key problems of heterogeneity of device, data format and network,
and that of mobility. SyD combines ease of application development, mobility of code,
application, data and users, independence from network and geographical location, and
the scalability required of large enterprise applications concurrently with the small

footprint required by handheld devices.

3.1 SyD Architecture

The SyD Kernel includes following 5 modules, as shown in Figure 6 [5]

« SyDDirectory: Provides user/group/service publishing, management, and |ookup
services to SyD users and device objects. Also supports intelligent proxy maintenance for
users/devices. SyDDirectory Service

(i) I's based on web service framework (UDDI, WSDL)

(i) Keepstrack of application objects and their associated devices

(iii) Maintains directories of peersand services

(iv) Déliverslocation information of peers on the fly

(v) Provides distribution transparency

(vi) Communicates through XML -based information

% SyDListener: The SyDListener has a distributed architecture, with a registration
component and a listening part located at a device that can provide services in the SyD
network, and a delegate component at a device that will request services from the server

device. The delegate acts as alocal proxy of the listener object on the server device. This


http://www.clicktoconvert.com

16

architecture has the advantage of hiding invocation details of the service from the service
requester. This module consists of

1. SyDRegistrar: SyDListener performs registration for service provider through SyD
Registrar. It registers objects of SyD applications as remote services.

2. SyDListener: Constantly listens for a service request message from clients of services,
parses the message, performs actual method invocation, and returns invocation result as

response message Local Event Handler.

SyDKermnel

~ SyDAppO |

1. Loakup —W| Sj"miﬁﬂtﬂl'}r -
o= b 3. Register
2, publish Olobally
— S -~ SyDAppO -
Sever | | syDListener | o
X 4. Inroka o e
2. nwoky i E —t s SyI}AppD ‘:'
Client Ul 2 Levkup
SyDEngine |— B s SyDAPRO
[ 3, Remoets Invake T
1. Execute s.!.nunu
: > 5 0!
SyDEventHandler oo

Figure 6 SyD Architecture[18]
3. SyDListenerDelegate: The proxy of SyDListener at client side and performs

communication with SyDListener.


http://www.clicktoconvert.com

17

« SyDEngine: Allows users toexecute single or group services remotely via
SyDL.istener and aggregates results. This yields a basic composer of mobile web services.
[t thus,

(i) Provides the mechanism for applications to access the data and other resources at
remote devices in a transparent manner

(i) Is responsible for aggregating results obtained from method calls and presenting the
summarized information back to the application

(iif) Manages the proxy when the device is off line

« SyDLink: Enables an application to create and enforce interdependencies, constraints
and automatic updates among groups of SyD entities and Web Services.

« SyDEventHandler: This module handles local and globa event registration,
monitoring, and triggering.

(i) Allows Objects to identify state changes that could be of interest to other objects
anywhere on the network.

(i1) Allows registration of interest in those state changes.

(iii) Sends notifications when a state change occurs to all who have registered interest.

(iv) Providesfault-tolerance using time-out and proxy

% SyDDoc: The SyDDoc utility API provides a uniform data exchange capability for
SyD middleware and SyD-enabled modules. It isbased on XML and is lightweight.

(i) SyDDoc provides support for various data types.

(if) PublisherDoc issimilar to WSDL for publishing services to the Directory Service.
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(i) Invocation framework is similar to Request-Response method used in SOAP over

HTTP.

3.2 Web Coordination Bonds

Web bonds enable applications to create contracts between entities and enforce
interdependencies and constraints, and carry out atomic transactions spanning over a

group of Web entities/processes [11].

There are two types of Web bonds. Subscription bonds and Negotiation bonds
Subscription bonds allow automatic flow of information and control from a source entity
to other entities that subscribe to it. This can be employed for synchronization as well as
more complex changes, needing data or event flows. Negotiation bonds enforce
dependencies and constraints across entities, and trigger changes based on constraint
satisfaction.

A Web bond is specified by its type (subscription/negotiation), status
(confirmed/tentative), references to one or more Web entities, triggers associated with
each reference , a priority, a constraint (and, or, xor), abond creation time and a bond
expiry time, and awaiting list of tentative bonds (a priority queue). A tentative bond may
become confirmed if the awaited confirmed bond is destroyed.

Web bonds are ssimple yet powerful, and [11] demonstrates how they can be employed
to create (model) and enforce (deploy and execute) producer-consumer and shared-

resource rel ationships, workflow scenarios, and atomic transactions.
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Chapter 4 SyD Wrapper Framewor k

Less work has been done in the area of web service composition for small mobile
wireless devices. Achieving coordination in collaborative applications consisting of
composed web services for mobile environment is still an evolving area. Some of current
web service composition and coordination architectures inherently assume that services
are resident on the wired infrastructure. Many of proposed architectures are centralized
and consist of preconfigured settings for composing as well as coordinating the web
services. A distributed framework for service coordination in mobile environments is
needed that takes into consideration the constraints associated with mobile environment.
We have proposed a SyD Wrapper Framwork that helps achieve this. This section
discusses generation of such wrappers which work in the mobile environment. These
wrappers can be configured in a distributed manner to run in SyD environment to achieve
coordination among heterogeneous web service.

This section discusses the SyD Wrapper Framework to the finest detail. The following

subsections give an idea about the Framework on the component basis.

4.1 System Architecture Diagram

The system is divided in three important components viz, Ul Module, WS Interface
Module and Wrapper Generator module as shown in figure 7. The WS Interface module
uses SOAP and UDDI to locate the web service as shown. Web Bond Manager that deals
with bond creation and execution worksis a part of the wrapper generator module. The

figure also shows the SOAP call to original web services.
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Figure7 SyD Wrapper Framework Architecture

The SyD Wrapper Framework initiates its operation by web service lookup and
discovery. Web service(WS) interface module that contains WS locator helps
discovering the service of interest. WSDL Parser parses the WSDL and allows the service
components to be viewed in the form of summary of methods and parameter list. Users
can choose to save the viewed services for future reference. Unlimited number of services
can be browsed and saved by the user. Instance of web service wrapper is created when
user wishes to save the web service. XML files serve the purpose of permanent storage
for the services.

Web coordination bonds can be created among the saved services at any point of time.
The most important information provided at the bond creation time is the type of the

bond to be created. Dependency enforcement and entire operation of bond execution
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depends on the type of the bond that has been created. Bond related information is stored
inthe XML storagefile.

The wrapper encompasses al the coordination capabilities of the web bond artifacts. It
hides the heterogeneity of various objects including legacy web services distributed
among the network by enabling them to coordinate using SyD Wrapper Framework. The
bond coordination logic that the wrapper contains is transparent to the user at al the
times. Once the wrapper is created and bonded, the basic skeleton of web service
composition for SyD Wrapper Framework is ready.

The wrapper generation process can be centralized or didributed. Bond execution
process, though, is distributed. Footprint of the wrapper is small and can reside on a
mobile device easily. The wrappers can communicate with each other using SyDListener
[5] componentof SyD middleware. TheSyD Wrapper Framework makes the
collaborative application development very easy for small devices running SyD and we
will talk about it in detail in the next section.

Once any of the wrappers is invoked, the presence of web bond isinitialy checked and
depending upon the presence and type of bond, coordination among components is
carried out by enforcing the specified constraints and dependencies.

The following subsections discuss each component of our system in detail.

4.2 User Interface Module

User Interface Module facilitates the user to locate and discover web services and save
the desired services for future reference. The interface allows users to create, delete,

update and view the web coordination bond.
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The tasks are briefly discussed bellow,

(i) Search Web Service: The user inputs the WSDL url for the web service on the user
interface. The url that the user inputs is sent to the WSInterface Module which deals with
contacting UDDI and fetching the WSDL.

(i) View WSDL Details: Thisinterface enables the user to view auser friendly version
of the parsed WSDL which shows list of methods the service contains. It also shows
input and return parameter for each method.

(iii) Save Web Service: If the user wishes to store the web service to permanent storage
for future references, he can do so through this option.

(iv) View Web Services. The user gets the opportunity to view the saved web services
by selecting this option. It lets the user view the list of all the web services, along with
methods and parameters.

(v)Create Bond: The user can create web coordination bond through ‘Create Bond’

option. The parameters he provides for create bond process are the source web service,
source method, destination web service, destination method, type of bond (which can be
either subscription or negotiation) and presence of trigger (if thereis atrigger associated
with the bond). The backend function

(vi) Delete Bond: This option enables the user to delete the web bond

(vii)Update Bond: Any of the bond parameters can be updated using this option.

(viii) View Bond: Details of a particular bond can be viewed using View Bond option.
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4.3 Waeb Servicelnterface Module

This module contains two components, Web Service Locator and WSDL Parser, as
shown in Fig 5. The WS Interface module is the system’ s interface to the web services. It
deals with locating the web services of interest for the user and parsing those web
services for desired data. It also interacts with the XML Storage and the Wrapper
Generator module. Following subsections discuss the component of this module in detail
4.3.1 Web Service L ocator
When a user wishes to browse through the services provided by a provider, he supplies
the WSDL url of that service. The Web Service Locator module locates the service by
contacting UDDI, gets the WSDL and passes it to the WSDL Parser module. We have
used Apache- Axis implementation of the web services. Figure 8 shows the component
level view of the Web Service Locator.
4.3.2WSDL Parser
WSDL parser uses WSDL4J API for WSDL parsing. It parsesthe WSDL file for
required components. It stores the result in the XML Storage for persistence, if the user
opts to save the web service. Some of the entities saved to the storage are the name of the
service, locationURI, namespaceURI, methods and parameter list. NamespaceURI and

locationURI are used for making a call to the actual web service from the wrapper body.
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XML data is stored in the persistent storage in a predefined format. The important

parameters that are stored in the XML file name of the web service, method names along

with the list of input and output parameters, location and namespace uri. NamespaceURI

and locationURI are used while making the actual call to the web service. A code snippet

showing flight web service data stored in XML storage shown in figure 9, (e.g. flight.xml

file) and corresponding web service description is shown in figure 10.

Methods and parameter list is shown to the user for his reference and is saved in the

XML filefor future calls to the web service through the wrapper. Web Service Interface

module coordinates between User Interface and Wrapper Generator module.
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<WebService>

<WsdlUrl>flight.wsdl</WsdlUrl>
<!-- Name of the web service -->

<WSName>flight</WSName>

<I-- LocationURI and NamespaceURI are used for SOAP call to the original web service -->

<L ocationURI>http://local host:8080/soap/servlet/rpcrouter</L ocationURI >
<NamespaceURI>urn:flight</NamespaceURI>

<!-- Method details for each method in the web service. This contains method name, parameter
names along with their data type and return type -->

<Method mid="1">
<MethodName>addFlight</M ethodName>
<ParamType>string fno</ParamType>
<ParamType>string city_from</ParamType>
<ParamType>string city_to</ParamType>
<ParamType>integer seat_max</ParamType>

<ReturnType>string return</ReturnType>
</Method>

<Method mid="2">

<M ethodName>cancel Flight</M ethodName>
<ParamType>string fno</ParamType>
<ParamType>integer seats num</ParamType>

<ReturnType>string return</ReturnType>
</Method>

</WebService>

Figure 9 Web Servicedatein XML storage

String addFlight (String fno,String city_from, String

/V

city to, int seat_max)

— String cancel Flight(String fno, int seats num)

Figure 10 flight Web Service
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4.4 SyD Wrapper Generator Module

Two main components of this module are Wrapper Generator and Web Bond Manager.
This module forms the heart of the system. It deals with creation of the wrapper object
corresponding to the web service and management and execution of web bonds. Figure
11 gives the component view of SyD Wrapper Generator module and next two
subsections give a detailed overview of the components of this module.

4.4.1 Wrapper Generator

Wrapper generation per service is carried out by this module. Wrappers encapsulate

original web service methods along with bond management functionality. The entire

operation of bond management is transparent to the user.

WS Interface
’—’ g;iaée Wrapper Generator Module
A//
Wrapper
JEE] Delete Generator > WS Wrappers

Interface — Bond

, 1 |© _©
; Shdate Web Bond @

Bond >
Manager
View y Persistent
» Bonds XML

» Storage

Figure 11 SyD Wrapper Generator
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The wrapper is ajava class and wrapper methods posses exactly the same signature as
that of the original web service methods. For the user, there is no difference in calling the
wrapper than the original web service.

The size of wrapper is very small (approximately 11KB for a web service with 6
methods) and it can be easily stored on a handheld device.

The wrapper stores the logic for bond management and has the intelligence of managing
the bonds dynamically and enforcing dependencies to cater to the need of a particular
coordination scenario.

4.4.2 \Web Bond Manager

Web bond manager deals with all the bond related operations, such as creation, deletion
and updating of the web bonds.

When the bond is created, bond related information is stored in an XML Storage for
future references. Bond parameters are specified while creating the bonds and necessary
information is stored in same XML storage. Type of bond created acts as one of the
important parameters along with the others. The runtime execution of the bond depends
upon the type specified. The XML fileis referred upon bond invocation and subsequent
operations are carried out according to the bond data.

Upon wrapper invocation, the wrapper consults the Bond Manager and carries out series
of operations depending upon the bond parameters specified at the bond creation time.
Checking of type of bonds, getting bond parameters and executing the actual bond are
some of the major operations by the Bonds Management System. The final call to the

origina web service is made by the wrapper using SOAP.
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Figure 12 shows a code snippet (which is part of flight.xml) that gives an overview of
data that is stored at bond creation and figure 13 gives pictorial representation of the
same. It shows the bond scenario between addFlight method of flight web service and

addHotel method of hotel web service.

<Wrapper>
<WSName>flight</WSName>
<I--Bond information is stored as follows between <Bond> </Bond> tag, source
method name, destination web service and method name are the important parameter
that are stored at bond creation along with type of bond and presence of trigger -->
<Bond bid="1">
<SrcM ethod>addFlight</SrcM ethod>
<DestWS>hotel</DestWS>
<DestM ethod>addHotel </DestM ethod>
<Type>S</Type>
<Trigger>Y </Trigger>
</Bond>

</Wrapper>

Figure 12 Bond information in XML Storage

flight WS hotel WS

Method

-»addHotel

Metho_d Subscription Bond
addFlight - oo

Figure 13 Subscription Bond Scenario
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As shown above, the important parameters stored in the persistent storage are source
and destination web service name, method name, type of bond (S Subscription, N-

Negotiation) and presence of trigger in this bond.

4.5 Implementation Details

¢ L anguages, Software and APIs Used

JDK1.4.1- The Wrapper Generator system is implemented using Java. This makes the
system platform independent and provides all the advantages of a typical javabuilt
system.

WSDL4J API [32] - The WSDL parser has been built using WSDL4J API. WSLD4J
API is an IBM reference implementation of the JSR-110 specification (Java API's for
WSDL). It facilitates the efficient creation, representation and manipulation of WSDL
documents which describe the services.

The Web Services Description Language (WSDL) which isan XML-based language for
describing web services allows developers to describe the inputs and outputs to an
operation, the set of operations that make up a service, the transport and protocol
information needed to access the serviceand the endpoints via which the service is
accessible. WSDL4J is a very efficient APl for parsing and representing a WSDL
document in JAVA.

NanoXML 2.2.1 [31] — Data persistency is achieved in our system using XML storage
mechanism and a lot of data manipulation is required during bond creation and execution.

A lightweight parser for XML was needed which is exactly what NanoXML provides. A
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tree based parser is not efficient to use with small devices due to memory constraints.
Event driven parsers like NanoXML are best to use. NanoXML is a small (about 6K),
reasonably fast, non-validating XML parser for JAVA that provides a set of APIs.

Axis 1.1 [34] — Locating the web service and subsequent communication with the web
services is implemented using Apache Axis which is essentially a soap engine. It
provides many other important features along with extensive support for WSDL and
compatibility with tomcat. Axis offers improved speed, flexibility and stability. Axis,
along with apache web server, provides an efficient web service interface for various
applications.

Other softwares that are used are Oracle 8i, Apache 2.0.52, Jakarta Tomcat 5.0.
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Chapter 5 Distributed Coordination of SyD Wrapper Objects

The main goal of the SyD Wrapper Framework discussed above is to be able to work
with small devices. With the advancement in wireless technology and greatly increased
usage of small wireless devices, it has become important that the user of such devices
should also be able to avail all important facilities that are provided to the wired user.
SyD middleware which is especialy built for rapid development of oollaborative

applications over small devices can help attain this.

5.1 System Architecture

SyD wrappers can be converted into SyD application objects sitting on top of the
middleware. Figure 14 shows the view of distributed coordination among various SyD

wrapper objects.

) S

SyDDirectory
A

RMI| RMI \

WrapperAppO WrapperAppO WrapperAppO
~Socket ~Sockel

SyDListener Conn SyDListener Conn SyDListener

SyDEngine SyDEngine SyDEngine

Figure 14 SyD-Wrapper integration scenario
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The SyD wrapper objects now acting as SyD application objects take advantage of al
the functionalities that the middleware provides. Different SyD application objects can
communicate with each other through SyDL isteners.

SyDDirectory lets al the wrappers register themselves with the directory through
SyDRegistrar so that other wrappers can lookup for them. SyDDirectory maintains its
own database to store information about all the SyD application objects and delivers
location information of devices and services on the fly. It keeps track of application
objects and their associated devices. SyD wrappers can lookup for remote wrappers
through SyDDirectory.

SyDEngine facilitates the wrappers to actually invoke a remote wrapper acting as a SyD
application object and communicate with it. SyDListener keeps listening for any

connection requests and delegates the control to SyDEngine module.

5.2 Wrapper Registration as a SyD Application Object

The flexibility of SyD and scalability of SyD Wrapper framework easily allow both the
entities to be integrated. Wrapperscan act as SyD application objects running at the
application layer in the network hierarchy of SyD middleware.

For the wrappers to be working as SyD objects and communicating with each other,
registration with the SyDDirectory is animportant operation. Once registered with the
SyDDirectory, other wrappers can easily lookup for them and communicate once found.

The wrapper registers all the method names along with the list of parameters (their data
types) with the registry. Initially, al the entities are converted into required XML format

using SyDDoc and then registration process with the SyDDirectory begins. Once bound
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in the registry, these wrappers wait for invocation from other wrappers. In this scenario,

the registered wrappers act as servers waiting for invocation from clients.

5.3 Worapper Invocation through SyD Engine

Wrapper objects can invoke other wrappers with who they share SyD bond. We have
created asubscription bond scenario and will discuss that in detail in the next section.
When a collaborative application containing SyD wrapper application objects encounters
presence of web bond with other application, then, it looks up for the desired web service
in the SyDDirectory. SyDDirectory returns the list of parameters for the specified
method. Depending upon the parameters, required values are passed to the SyDENgine as
an XML document. The SyDEngine of the client (in this case the source web service)
invokes its SyDListener which in turn calls the server’s SyDListener by opening a socket
connection. The result is returned to the client as an XML document and the

communi cation continues.

54 Comparison between the Centralized and Distributed Service Coordination

Approaches

The coordinating entities can reside at the centralized as well as distributed locations. A
similar approach of web service coordination for handhelds is discussed in[35]. It
presents a way of coordination where the coordinating entities reside on a single
centralized server. The coordination bonds are created among the interested entities using
SyDLink component of the SyD Middleware. After the bonds are created accoding to the

business logic, the coordination framework is ready. The coordinating entities are
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assumed to be residing on the central location and the communication takes place
accordingly. [35] presents a similar experiment of travel application in a centralized
execution scenario. The biggest disadvantage of this approach is central point of failure.
If the server hosting the coordinating entities fails due to some means, then the entire
operation of coordination fails. Also, in real world scenarios, this approach finds a very
little scope.

On the other hand, distributed coordination finds many real time applications. Because,
the coordinating entities are distributed all over the network, even if one of the device
fails, only entities dependent on it will be affected and other operationscan work
seamlesdly. [6] compares in detail the centralized and distributed approaches in service

coordination
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Chapter 6 Experimentsand Results

To showcase the strength of SyD Wrapper objects, we created a dummy travel
application scenario and conducted some performance tests on it.

Initialy, we, developed and deployed three web services, viz., flight, hotel and car on
the test machine We created three wrappers corresponding to these web services and
created some dummy bonds among the methods of those wrappers.

These wrappers were, then, registered as SyD application objects and working of the

wrappers in the SyD environment is analyzed.

6.1 Distributed Travel Application using SyD Wrapper Application Objects

Initialy, we setup a web service scenario containing three web services corresponding
to flight, hotel and car services. We created subscription bond between cancelFlight and
cancelHotel services of flight and hotel web services respectively and cancelFlight and
cancelCar services of hotel and car web services respectively. This means, whenever
cancelFlight method on the flight web service is executed, cancelHotel method of hotel
web service should automatically be invoked. Similarly, it adds dependencies between
flight and car web services bonding cancelFlight and cancelCar method, by invoking
cancelCar method if cancelFlight method is invoked. Other methods, such as
reserveFlight, reserveHotel and reserveCar of flight, hotel and car services are not bonded
and can be invoked without any dependencies. Figure 15 shows this scenario in detail.

Few more subscription bonds are created for more analysis. Figure 16 shows the entire

scenario for all the bonds.
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The wrappers, thus created per service, bear necessary coordination information. The
wrappers are self-sufficient and contain all the bond related data that is used while
executing the bonds. Once the scenario is built and wrappers are created, they are ready
to be integrated with SyD. A travel application scenario created can be ported to small

devicesrunning SyD middleware.

Flight Service
addFlight
updateFlight
deleteFlight

reserveFlight Wrapper y
query_lil@_ght Generator \

Hotel Services v &/-D
) .| addHotel
Web Services reserveHotel SyDHOteIA Directory

queryHotel Wrapper ppO
cancelHotel Generator

y

SyDFlightAppO

y

Car Services
addCar S}/D

deleteCar
reserveCar SyDCarAppO
queryCar Wrapper

cancel Car Generator

TPV

y

Figure 15 Travel application web services
For making the wrappers SyD enables, these wrapper objects are converted into SyD
applications (WrapperAppO) corresponding to flight, hotel and car services. The methods

bearing bonds are invoked and the bond execution is observed.
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Subscription No of bonds Subscription Bonds
Bond Scenarios (sourceMethod --> destM ethod means
Subscription bond from srcMethod to
destM ethod)
Scenariol 2 CancelFlight-->CancelHotel,
Cancel Flight-->Cancel Car
Scenario2 3 ReserveFlight-> ReserveHotel

ReserveFlight->AddHotel
ReserveHotel->ReserveCar
Scenario 3 4 UpdateFlight->queryHotel
QueryHotel->updateHotel
UpdateHotel->queryCar
QueryCar->updateCar

Figure 16 Subscription Bond Scenarios*

6.2 MoreExample Scenariosfor SyD Wrapper Framework

Booking a trip through a travel agency can be one good example where web bonds can
help practically. Assume three entities in this scenario, viz., user, Travel agent, Travel
company. Last two entities can carry an iPAQswith SyD Wrapper application objects
installed with relevant bonds installed on each. The travel agent can be a mobile entity.
There can be a subscription bond between bookTicket operation at the travel agent’s side

and bookTicket operation at the travel company’s end.

! The example scenarios are imaginary and may deviate from actual scenarios
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When a user contacts the travel agent for booking the ticket, the trave agent, upon
successful transaction at the user end, immediately invokes the bookTicket operation of
the actual travel company and the transaction is complete.

The second practical scenario involves a producer and a consumer. Place order
operation at the consumer side immediately invokes analyze order and subsequently
accept or deny order and the producer’s end if those services and methods are bonded by
subscription bond using SyD Wrapper Framework and the operation can be carried out

even if the entities are mobile.

6.3 Performance Analysis

The travel application experiment is tested for various kinds of coordination scenarios.
Appendix A presentsthe results of all the testsin tabular format.
Table 1 compares number of methods, size of web service wrapper and time required

for wrapper creation.

Web Service Number of Wrapper Wrapper Size (K)
Description methods Creation Time
(ms)
Flight 6 113 12
Hotel 4 86 11
Car 5 97 12
Weather- Temperature* 1 33 4
eBay Price Watcher* 1 27 4
California Traffic 1 25 4
Condition*
Barnes & Noble Price * 1 29 4

* xmethods.com web services

Table 1 SyD Wrappers Timings
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From the table, it is clear that the size of the wrapper (12K) and wrapper creation time
(113ms) is quite small for an average sized web service (6 methods). As the number of
methods increases, size of wrapper and creation time gradually increases.

Table 2 and 3 compare number of bonds and time taken for bond creation and deletion
for both subscription and negotiation bonds. We can see that the timings are nearly the
same for both the tables, as creation and deletion methods don’t differ much in both the
cases. Bond creation timeis observed to be dlightly lesser than bond deletion time. Thisis
due to internal implementation of nanoXML API for deleting anode from an XML

document. Note that, when the bond is deleted, its entry is removed from the persistent

XML storage.

Number of Bonds Bond Creation Time (ms) Bond Deletion Time

(ms)

1 70 107

2 131 198

4 258 376

6 350 511

Table 2 Subscription Bond Timings

Number Of Bonds Bond Creation Time Bond Deletion Time

(ms) (ms)

1 76 105

2 137 180

4 269 372

6 380 530

Table 3 Negotiation Bonds Timings
Tables 4 and 5 present the timings for Wrapper-SyD integrated scenario with respect to

the travel application. Table 4 gives the overview of registration time for a wrapper with
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the SyDDirectory. Bigger the web service in terms of number of methods, greater is the

time for Wrapper registration. But the registration timeis still less than a second.

Web Service Name No of methods Wrapper
Registration Time
(ms)
Flight 6 669
Hotel 4 510
Car 5 553

Table4 Wrapper Registration with SyDDirectory
We have aready discussed the travel application scenario. Table 5 discusses the
distributed bond execution time for travel application with respect to the number of
bonds. In this distributed approach. Each service communicates with the SyD directory

for getting the description of other services. So if there is abond between two entities.

Number Of Description Bond
Bonds (sourceMethod --> destM ethod means Execution
(Subscription) Subscription bond from srcMethod to Time (ms)
destM ethod)
1 CancelFlight-->CancelHotel 432
2 CancelFlight-->CancelHotdl, 692
Cancel Flight-->Cancel Car
3 ReserveFlight-> ReserveHotel 1392

ReserveFlight->AddHotel
ReserveHotel->ReserveCar
4 UpdateFlight->queryHotel 2031
QueryHotel->updateHotel
UpdateHotel->queryCar
QueryCar->updateCar
Table5 Distributed Travel Application Execution Time with SyD
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The source entity has to get the information of destination from SyDDirectory. That adds
little bit of delay in the entire bond execution operation but nonetheless makes it
effective. For executing asingle bond, half a second of time is sufficient. As the number
of bonds to be executed increases, the time taken for execution also increases gradually.
The underlying communication timings of SyD are also considered while measuring the

bond execution time.
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Chapter 7 Related Work

[36] proposes using Petri nets for web service composition. Petri nets (Petri 1962,
Peterson 1981) are awell founded process modeling technique that has formal semantics.
They have been used to model and analyze several types of processes including
protocols, manufacturing systems, and business processes [36]. They express formal
semantics of the composition operators in terms of Petri nets by providing direct mapping
from each Petri net to each operator. They use algebra properties to transform, optimize
and compose the web service.

BPEL4WS s highly talked standard and is said to combine the best standards for Web
services composition, such as IBM’s WSFL and Microsoft's XLANG. XLANG is a
block-structured language with basic control flow structures such as sequence, switch,
while, al (for parallel routing), and pick (for race conditions based on timing or external
triggers) [24]. In contrast to XLANG, WSFL is not limited to block structures and allows
for directed graphs[14]. BPEL4WS allows for a mixture of block- and graph structured
process models, thus making the language expressive at the price of being complex [26].
SUN, BEA, SAP and Intalio came up with another standard called WSCI (Web Service
Choreography Interface). BPML and ebXML are other candidates in the same race.

WS-Coordination (Web Services Coordination) is a proposed IT industry standard
which contains specification for composition and coordination among distributed web
services [15]. It defines a protocol for interaction among web services in order to
accomplish an application task. This standard contains a series of specifications from an

industry group that includes IBM, Microsoft, and BEA Systems.
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These abundant number of languages/standards still failed to give a framework which
was fundamentally sound and yet powerful in operation. To overcome this problem,
initially, acritical evaluation of these standardsis required.

The approach taken by service composition and coordination standards is divided
among static, dynamic or automatic and semi automatic operation. Second category is
centralized Vs distributed composition and execution. Thirdly, support for wired or
wirelessinfrastructure.

Some of current web service composition and coordination architectures inherently
assume that services are resident on the wired infrastructure. Some of the examples are
eFlow[28], CMI[30], Ninja service Composition architecture [29]. They assume the
services to be connected to each other through stable wired network and reside on nodes
or devices that are connected to each other over high bandwidth communication
channels. Many of such researchers have proposed architectures that are centralized and
consist of preconfigured settings for composing as well as coordinating the web services.
The tasks of such pre-configuration manager are service discovery, creation of
centralized coordination logic, appropriate combination of different services and
management, creation of service paths, coordination of components and managing
information flow among composed web services. Some of the notable limitations of
centralized approach are,

(1) Central point of failure: Centralized design approach of wired infrastructure based
composition architecture is highly susceptible for central point of failure, clogging of

network and resources.
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(2). Mobility: Some of current composition architectures do not support mobility and so
large family of mobile devices deprive from composite collaborative application that use
web services.

(3) Fault tolerance: Centralized composition architectures need to be adaptive to typical
failures that a mobile network experiences, such as disconnection, node failure etc.

[6] describes the issues related to service composition in mobile environments and
evaluate criteria for judging protocols that enable such composition. A distributed
architecture and associated protocols for service composition in mobile environments that
take into consideration mobility, dynamic changing service topology and device
resources are presented in [6]. The composition protocols are based on distributed
brokerage mechanisms and utilize a distributed service discovery process over ad-hoc

network connectivity.
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Chapter 8 Conclusion and futurework

8.1 Conclusion

We have proposed and presented SyD Wrapper approach in the field of web service
composition and coordination. Web service coordination is achieved by using web
coordination bonds [11] in the SyD Wrappers. These wrappers hide the bond creation and
implementation logic from the application developer as well as user. They encapsulate
bond coordination logic along with calls to original web service. For a developer, thereis
no difference between calling the wrapper object and calling the original web service
method.

Biggest advantage of the wrapper approach is that it can be seamlessly fit in small
mobile devices running on SyD platform. Collaborative application development for
small handheld devices can be carried out with comparatively less complexity using web
Service wrappers.

To support the claim, SyD wrappers are integrated with small devices running SyD
middleware and atravel application scenario is created. Bonds are created among various
methods of the travel web services (flight, hotel and car). Bond execution is showcased

and performance of this approach is also analyzed.
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8.2 FutureWork

In thisthesis, we proposed and implemented the novel approach of SyD Wrappers for
composition and coordination of web service. Web coordination bonds[11] form the
basis of the coordination logic.

The Wrapper Framework works well in the SyD Environment. Experiments with SyD
Wrapper oniPAQs running SyD middleware is the priority work.

To showcase the bond coordination power, we have implemented subscription bonds
that deal with automatic flow of information among bonded entities as a part of
coordination bond scenario. Subscription bonds give the fair picture of how wrappers
behave when the bond among different entities is executed. Complete implementation of
the negotiation bond, which deals with constraint enforcement, is the next important step
to be carried out in future. Negotiation bonds will not only give more power to this
architecture, but also reveal the wrapper behavior in some complex situations.

Implementation of tentative bonds which allows an interested party to wait for bond
creation (preferably in a queue) until the desired entity become eligible for bonding is
also one of the important task on the list.

Comparison of the web service wrapper approach in terms of performance evaluation

with similar technologies is next important work to be carried out in future.
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Appendix A —Wrapper API

Packages
Ul

Wrapper
WSM S

Ul

ClassMenu
java.lang.Object
I

+--Ul.Menu

public classMenu
extendsjava.lang.Object

Entry point to the SyD Wrapper Generator System

Constructor Summary
Menu()

Method Summary

static void main(java.lang.String[] args)
The main program for the Menu class

Methods inherited from classjava.lang.Object
clone, equals, finalize, getClass, hashCode, notify, notifyAll, toString, wait, wait, wait

Constructor Detail

Menu
public Menu()

Method Detail

main

public static void main(java.lang.String[] args)
The main program for the Menu class
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Parameters:
args - The command line arguments This classis entry point to the system It
shows list of operations

WSMS

CLASSPARSEWSDL
javalang.Object

I
+--W SM S.Par seW sd|

public class ParseWsdl
extendsjava.lang.Object

Description of the Class

Constructor Summary
ParseWsdl()

Method Summary

java.util.Hashtable parseWsdl(javalang.String wsdlUrl)
Thismethod parsesthewsdl file of aweb service and returns method
and paramter list

Methodsinherited from classjava.lang.Object
clone, equals, finalize, getClass, hashCode, notify, notifyAll, toString, wait, wait, wait

Constructor Detail

ParseWsdl

public ParsewWsdl()

M ethod Detalil
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parsewsdl

publicjava.util.Hashtable par seW sdl(java.lang.String wsdlUrl)
throws javax.wsdl.WSDL Exception
This method parses the wsdl file of aweb service and returns method and
paramter list
Parameters:
wsdlUrl - wsdl url of the web service
Returns:
Hashtabl e containing methods and parameters
Throws:
javax.wsdl.WSDL Exception - WSDL parsing Exception

WSMS
Class SearchWS

javalang.Object

+--WSM S.SearchW'S

public class SearchWS
extendsjava.lang.Object

Description of the Class

Constructor Summary
Sear chW S()

Method Summary

void search()
This method accepts wsdl url as an input parameter from the user and invokes
parseWsdl method It prompts user for saving the web service and passes control to

storeWS and Wrapper classes accordingly
Methodsinherited from classjava.lang.Object
clone, equals, finalize, getClass, hashCode, notify, notifyAll, toString, wait, wait, wait

Constructor Detail
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SearchWS
public Sear chw S()

M ethod Detalil

search

public void sear ch()
This method accepts wsdl url as an input parameter from the user and invokes
parseWsdl method It prompts user for saving the web service and passes control
to storeWS and Wrapper classes accordingly

WSMS
Class Storew's

javalang.Object

I
+-WSM S.Storews

public class StoreW's
extendsjava.lang.Object

Description of the Class

Constructor Summary
StoreW s()

Method Summary

void createFile(javalang.String fileName)
Createsthe XML datafile

javalang.String  getW SName(java.lang.String wsdlUrl)
Getsthe Web Service name from the wsdl url

void store(javalang.String wsdlUrl, java.util.Hashtable methodHash)
Thismethod storesthe WSDL detailsinan XML file

Methodsinherited from classjava.lang.Object
clone, equals, finalize, getClass, hashCode, notify, notifyAll, toString, wait, wait, wait

Constructor Detail
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StoreWws
public StoreWw ()

M ethod Detalil

store
public void stor ejava.lang.String wsdlUrl,
java.util.Hashtable methodHash)
Thismethod storesthe WSDL detailsinan XML file

Parameters:
wsdlUrl - url of the wsdl
methodHash - Hashtabl e containing method and parameter details

getWSName
public javalang.String getW SName(java.lang. String wsdlUrl)
Getsthe Web Service namefrom thewsd url

Parameters:
wsdlUrl - Description of the Parameter

Returns:
ThewSNamevalue

createFile

public void createFile(java.lang.String fileName)
throws java.io.lOException
Createsthe XML datafile
Parameters:
fileName - Description of the Parameter

Throws:
java.io.lOException - Description of the Exception

WSMS

ClassViewWSs

javalang.Object

|
+-WSMS.ViewWs

public class ViewW S
extends java.lang.Object
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This class facilitates the user to view the details for stores Web Service

Constructor Summary
ViewWs()

Method Summary

void view()
Details of the stored Web Servicein terms of method names, parameter namesand
datatypes can be viewed using this method This method uses nanoXML API for sml
parsing

Methodsinherited from classjava.lang.Object
clone, equals, finalize, getClass, hashCode, notify, notifyAll, toString, wait, wait, wait

Constructor Detail

ViewWs
public ViewW ()

M ethod Detalil

view
public void view()
throws java.lang.Exception
Details of the stored Web Service in terms of method names, parameter names
and data types can be viewed using this method This method uses nanoXML API
for sml parsing
Throws:
javalang.Exception - XML parsing exception

Wr apper
ClassWrapper
java.lang.Object

|
+--Wrapper .Wrapper
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public class Wrapper

extendsjava.lang.Object

This class deals with al the operations on the wrapper inclusing creating, executing,
checking awrapper For every web service, two files are created, viz, __wsName__.java
and__wsName__Impl.java. Both thesefilesare SyD enabled. __ wsName__.javafileis
an interface while__wsName__Impl.javaisits implementation Both the files are RMI
enabled, which is a specification for SyD for SySD directory and remote object
invocation

Constructor Summary

Wrapper ()

Method Summary

void createWrapper (javalang.String wsdlUrl, java.util.Hashtable methodHash)
Thismethod createsthe wrapper for aweb service

void writeCheckForBonds()
Thismethod writesthe writeCheckForBonds method to thewrapper file

void writeExecuteSubscriptionBond()
Thismethod writesthe executeSubscriptionBond method to thewrapper file

Methodsinherited from classjava.lang.Object
clone, equals, finalize, getClass, hashCode, notify, notifyAll, toString, wait, wait, wait

Constructor Detail

Wrapper

public Wrapper ()

M ethod Detalil
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createWrapper

public void createWrapper (java.lang.String wsdlUrl,
java.util.Hashtable methodHash)

This method creates the wrapper for aweb service

Parameters:

wsdlUrl - url for thewsdl file

methodHash - hashtable containing method and parameter list

writeExecuteSubscriptionBond
public void writeExecuteSubscriptionBond()
This method writes the executeSubscriptionBond method to the wrapper file

writeCheckForBonds
public void writeCheck For Bonds()
This method writes the writeCheckForBonds method to the wrapper file

Wrapper
ClassDeleteBond
javalang.Object

|
+--Wrapper.DeleteBond

public class DeleteBond
extendsjava.lang.Object
Bond deletion is achieved through this method

Constructor Summary
DeleteBond()

Method Summary

void deleteWebBond()
Thismethod detailsof abond from XML storage

Methodsinherited from class java.lang.Object
clone, equals, finalize, getClass, hashCode, notify, notifyAll, toString, wait, wait, wait
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Constructor Detall
DeleteBond

public DeleteBond()
Method Detail

deleteWebBond
public void deleteWebBond()
This method details of abond from XML storage

Wrapper
ClassViewBond
java.lang.Object

|
+--Wrapper.ViewBond

public class ViewBond
extendsjava.lang.Object
This method facilitates the user to view the bond information

Constructor Summary
ViewBond()

Method Summary

void viewWebBond()

60

Bond information is shown by this method in the form of source and destination web

service aswell as method names, type of bond etc

Methodsinherited from classjava.lang.Object

clone, equals, finalize, getClass, hashCode, notify, notifyAll, toString, wait, wait, wait

Constructor Detail

ViewBond
public ViewBond()
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M ethod Detalil

viewWebBond

public void viewWebBond()

Bond information is shown by this method in the form of source and destination web
service as well as method names, type of bond etc

Example Wrapper Interface

syd.sydapp
Interfaceflight

All Superinterfaces:
javarmi.Remote

All Known Implementing Classes:
flightimpl

publicinterface flight

extendsjava.rmi.Remote

Thisistheinterface for flight SyD Wrapper Object The actual implementation classis
flightlmpl

Method Summary

javalang.String addFlight(javalang.Integer in0, javalang.String inl, javalang.String in2,
javalang.String in3)

javalang.String cancelFlight(javalang.String in0, javalang.String inl)
javalang.String deleteFlight(javalang.String in0)

javalang.String queryFlight(javalang.String in0, java.lang.String inl)

javalang.String reserveFlight(javalang.String in0, java.lang.String inl)

javalang.String updateFlight(javalang.Integer in0, javalang.String inl, java.lang.String in2,
javalang.String in3)
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M ethod Detalil

addFlight
publicjava.lang.String addFlight(java.lang.Integer in0,
javalang.String inl,
javalang.String in2,
javalang.String in3)
throws java.rmi.RemoteException
javarmi.RemoteException

cancelFlight
publicjava.lang.String cancel Flight(java.lang.String in0,
javalang.String inl)
throws java.rmi.RemoteException
java.rmi.RemoteException

reserveFlight
public java.lang.String reser veFlight(java.lang.String in0,
javalang.String inl)
throws java.rmi.RemoteException
javarmi.RemoteException

deleteFlight

public java.lang.String deleteFlight(javalang.String in0)
throws java.rmi.RemoteException

java.rmi.RemoteException

queryFlight
public javalang.String queryFlight(java.lang.String in0,
java.lang.String inl)
throws java.rmi.RemoteException
javarmi.RemoteException

updateFlight
public java.lang.String updateFlight(javalang.Integer inO,
javalang.String inl,
javalang.String in2,
javalang.String in3)
throws java.rmi.RemoteException
javarmi.RemoteException

Example Wrapper Class
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syd.sydapp
Classflightlmpl
java.lang.Object

|

+--java.rmi.server.RemoteObject

+--java.rmi.server.RemoteServer

+--java.rmi.server.UnicastRemoteObject
|
+--syd.sydapp.flightl mpl
All Implemented I nterfaces:
flight, java.rmi.Remote, java.io.Serializable

public class flightl mpl

extends java.rmi.server.UnicastRemoteObject

implements flight

Thisisthe SyD wrapper class for flight web service It extends the flight interface
See Also:

Serialized Form

Field Summary

Fieldsinherited from classjava.r mi.server .RemoteObject
Ref

Constructor Summary

flightlmpl()
Constructor for the flightimpl object

Method Summary

javalang.String addFlight(java.lang.Integer in0, javalang.String inl, javalang.String in2,
javalang.String in3)
Thismethod isawrapper method for the actual addFlight method of the
origina webs service.

javalang.String cancelFlight(javalang.String in0, java.lang.String inl)

Boolean check For Bonds(java.lang.String methodName, java.lang.String wrapperFile,
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javalang.String bondType)

This method checksfor the existance of bond for aparticular method It
parsesthewrapper file and checksif it contains the specified bond
(subscription/negotiation)

javalang.String deleteFlight(java.lang.String in0)

void executeSubscriptionBond(java.lang.String methodName,
javalang.String wFile)
Thismethod executes the subscription bond by invoking thethe
destination method of aweb service with which the source method has abond

javalang.String queryFlight(java.lang.String in0, javalang.String inl)
javalang.String reserveFlight(javalang.String in0, java.lang.String inl)

javalang.String updateFlight(javalang.Integer in0Q, javalang.String inl, javalang.String in2,
javalang.String in3)

Methods inherited from class java.r mi.server .UnicastRemoteObj ect
clone, exportObject, exportObj ect, exportObject, unexportObject

Methods inherited from class java.r mi.server .RemoteServer
getClientHost, getL og, setl. og

Methodsinherited from classjava.r mi.server .RemoteObject
equals, getRef, hashCode, toString, toStub

Methodsinherited from classjava.lang.Object
finalize, getClass, notify, notifyAll, wait, wait, wait

Constructor Detail

flightlmpl
public flightl mpl()

throws java.rmi.RemoteException
Constructor for the flightimpl object

M ethod Detalil
addFlight
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publicjava.lang.String addFlight(java.lang.Integer in0,

javalang.String inl,

javalang.String in2,

java.lang.String in3)

throws java.rmi.RemoteException

This method is awrapper method for the actual addFlight method of the original webs
service. It calls the method to check for existance of bond and execute the bonds if any. It
eventually makes a SOAP call to the original web service All the subsequent wrapper
methods have the same functionality
Specified by:
addFlight in interface flight
java.rmi.RemoteException

cancelFlight
publicjava.lang.String cancel Flight(java.lang.String in0,
javalang.String inl)
throws java.rmi.RemoteException
Specified by:
cancelFlight in interface flight
java.rmi.RemoteException

reserveFlight
public java.lang.String reser veFlight(java.lang.String in0,
javalang.String inl)
throws java.rmi.RemoteException
Specified by:
reserveFlight in interface flight
java.rmi.RemoteException

deleteFlight

public java.lang.String deleteFlight(java.lang.String in0)
throws java.rmi.RemoteException

Specified by:

deleteFlight in interface flight

javarmi.RemoteException

queryFlight
public java.lang.String quer yFlight(java.lang.String in0,
java.lang.String inl)
throws java.rmi.RemoteException
Specified by:
queryFlight in interface flight
javarmi.RemoteException

updateFlight
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public java.lang.String updateFlight(java.lang.Integer inO,
javalang.String inl,
javalang.String in2,
javalang.String in3)

throws java.rmi.RemoteException

Specified by:

updateFlight in interface flight

javarmi.RemoteException

checkForBonds
public boolean check For Bonds(java.lang.String methodName,
javalang.String wrapperFile,
javalang.String bondType)
This method checks for the existance of bond for a particular method It parses the
wrapper file and checksif it contains the specified bond (subscription/negotiation)
Parameters:
methodName - method name
wrapperFile - name of the wrapper file
bondType - type of the bond
Returns:
boolean value to indicate presence of bond

executeSubscriptionBond
public void executeSubscriptionBond(java.lang.String methodName,
javalang.String wFile)

throws java.lang.Exception
This method executes the subscription bond by invoking the the destination method of a
web service with which the source method has a bond
Parameters:
methodName - source method name
wFile - wrapper file name
javalang.Exception
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Appendix B - Source Code

package syd. sydapp;

i nport java. rm . Renote;
i nport java. rn . Renot eExcepti on;

/**

* This is the interface for flight SyD Wapper Object
* The actual inplenentation class is flightlnpl

* @ut hor Mohi ni  Padhye
* @reated Novenber 10, 2004
*/

public interface flight extends Renote {

public String addFlight(lInteger inO, String inl, String in2,
String in3) throws Renot eExcepti on;

public String cancel Flight(String inO, String inl) throws
Renot eExcepti on;

public String reserveFlight(String in0O, String inl) throws
Renot eExcepti on;

public String del eteFlight(String inO) throws RenoteException;

public String queryFlight(String inO, String inl) throws
Renot eExcepti on;

public String updateFlight(Integer inO, String inl, String in2,
String in3) throws Renot eExcepti on;

}
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package syd. sydapp;

i nport java.io.*;

i nport java.net.*;

i nport java.util.?*;

import java.lang.reflect.*;
i mport net.n3. nanoxm . *;

i mport org. apache. axis.client.*;
i mport org.apache. axi s. encodi ng. *;

i mport java.rm . Renot eExcepti on;
i mport java.rm . server. Uni cast Renot e(bj ect ;

i mport org. apache. axis. utils.*;
i mport javax.xm . nanmespace. QNane;
i nport javax.xni . rpc. Paranet er Mode;

/**

* This is the SyD wapper class for flight web service
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* |t extends the flight interface

* @aut hor Mohi ni Padhye
* @reated Novenber 23, 2004
*/
public class flightlnpl extends Uni cast Renpot eObj ect i npl ement s
flight {
String baseDir = "syd/sydapp”;
/**
*Constructor for the flightlnpl object
*/
public flightlnpl() throws Renot eException {
super () ;
/**

* This method is a wapper nethod for the actual addFlight
nmet hod of the
* original webs service. It calls the method to check for
exi stance of
* bond and execute the bonds if any. It eventually nmakes a
SCAP call to
* the original web service
* Al the subsequent w apper nethods have the sane
functionality
*/
public String addFlight(Integer inO, String inl, String in2,
String in3) throws RenoteException {
String met hodName = "addFl i ght";
String wapperFile = baseDir + "/flight.xm";

n n

String retVal = X

try {
File wapperF = new Fil e(wapperFile);

Servi ce service = new Service();
Call call = (Call) service.createCall ();
cal | . set Tar get Endpoi nt Addr ess( new
java. net.URL("http://1ocal host: 8080/ axi s/ services/flight"));
cal |l . set Operati onNane(new ane("urn: flight", "addFlight"));
cal | . addParaneter ("i n0", XM.Type. XSD _| NT, Paraneter Mbde. I N);
cal | . addParaneter ("i n1", XM.Type. XSD_STRI NG,
Par anet er Mbde. I N) ;
cal | . addParaneter ("in2", XM.Type. XSD_STRI NG
Par anmet er Mode. I N) ;
cal | . addParaneter ("in3", XM.Type. XSD_STRI NG
Par anet er Mode. I N) ;
cal | . set Ret ur nType( XM_Type. XSD_STRI NG) ;
/* Invoki ng actual web service nethod */
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retVal = (String) call.invoke(new Qbject[]{in0, inl, in2,
in3});
/* Checking for subscription bonds */
if (wapperF.exists()) {
bool ean i sSubBond =t hi s. checkFor Bonds( net hodNane,
wrapperFile, "S");
if (isSubBond) {
/* Executing subscription bond */
t hi s. execut eSubscri pti onBond( net hodNanme, wr apperFil e);

}

}
} catch (Exception e) {
Systemout.println(e.toString());
}

return retVal;

}

public String cancel Flight(String inO, String inl) throws
Renot eExcepti on {

String met hodName = "cancel Fl i ght";

String wapperFile = baseDir + "/flight.xm";

String retval =" ";

try {
File wapperF = new Fil e(wapperFile);

if (wapperF.exists()) {
bool ean i sNegBond =t hi s. checkFor Bonds( net hodNane,
wrapperFile, "N');

}
Servi ce service = new Service();
Call call = (Call) service.createCall ();

cal | . set Tar get Endpoi nt Addr ess( new
java. net.URL("http://1ocal host: 8080/ axi s/ services/flight"));
cal | . set Oper ati onName(new QNanme("urn: flight",
"cancel Flight"));
cal | . addParaneter ("i n0", XM.Type. XSD_STRI NG
Par anet er Mode. | N) ;
cal | . addParaneter ("inl", XM.Type. XSD_STRI NG
Par anet er Mode. | N) ;
cal | . set Ret urnType( XM.Type. XSD_STRI NG ;
retval = (String) call.invoke(new Qbject[]{in0, inl});
Systemout.println("Return Value:" +retVal);
if (wapperF.exists()) {
bool ean i sSubBond =t hi s. checkFor Bonds( net hodNane,
wrapperFile, "S");
if (isSubBond) {
t hi s. execut eSubscri pti onBond( net hodNarme, wr apperFile);
}
}
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} catch (Exception e) {
Systemout.printin(e.toString());
}

return retVal;

}

public String reserveFlight(String inO, String inl) throws
Renot eExcepti on {

String met hodName = "reserveFlight";

String wapperFile = baseDir + "/flight.xm";

String retval =" ";

try {
File wapperF = new Fi |l e(w apperFil e);

if (wapperF.exists()) {
bool ean i sNegBond =t hi s. checkFor Bonds( net hodNane,
wrapperFile, "N');
}

Servi ce service = new Service();
Call call = (Call) service.createCall();
cal | . set Tar get Endpoi nt Addr ess( new
java. net.URL("http://1ocal host: 8080/ axi s/ services/flight"));
cal | . set Operati onNane(new QNanme("urn:flight",
"reserveFlight"));
cal | . addParanet er ("i n0", XM.Type. XSD_STRI NG
Par anet er Mode. | N) ;
cal | . addParaneter ("i n1", XM.Type. XSD_STRI NG,
Par anet er Mode. I N) ;
cal |l . set Ret ur nType( XM_.Type. XSD_STRI NG ;
retVal = (String) call.invoke(new Cbject[]{in0, inl});
Systemout.println("Return Value:" +retVal);
if (wapperF.exists()) {
bool ean i sSubBond =t hi s. checkFor Bonds( net hodNane,
wr apperFile, "S");
if (isSubBond) {
t hi s. execut eSubscri pti onBond( net hodNanme, wr apperFil e);

}

}
} catch (Exception e) {
Systemout.println(e.toString());

}

return retVal;

}

public String deleteFlight(String inO) throws RenoteException {
String met hodName = "del et eFl i ght™";

String wapperFile = baseDir + "/flight.xm";

String retval =" ";
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try {
File wapperF = new Fi |l e(w apperFil e);
if (wapperF.exists()) {
bool ean i sNegBond =t hi s. checkFor Bonds( net hodNane,
wrapperFile, "N');
}
Servi ce service = new Service();
Call call = (Call) service.createCall();
cal | . set Tar get Endpoi nt Addr ess( new
java. net.URL("http://1ocal host: 8080/ axi s/ services/flight"));
cal | . set Oper ati onNarme( new QNane("urn: flight",
"deleteFlight"));
cal | . addParanet er ("i n0", XM.Type. XSD_STRI NG
Par anet er Mode. I N) ;
cal |l . set Ret ur nType( XM.Type. XSD_STRI NG ;
retVal = (String) call.invoke(new Qbject[]{in0});
Systemout.println("Return Value:" +retVal);
if (wapperF.exists()) {
bool ean i sSubBond =t hi s. checkFor Bonds( net hodNane,
wr apperFile, "S");
if (isSubBond) {
t hi s. execut eSubscri pti onBond( net hodNanme, wr apperFil e);

}

}
} catch (Exception e) {
Systemout.printin(e.toString());
}

return retVal;

}

public String queryFlight(String inO, String inl) throws
Renot eExcepti on {

String met hodName = "queryFlight";

String wapperFile = baseDir + "/flight.xm";

String retval =" ";

try {
File wapperF = new Fi |l e(w apperFile);
if (wrapperF.exists()) {
bool ean i sNegBond =t hi s. checkFor Bonds( net hodNane,
wrapperFile, "N');

}
Servi ce service = new Service();
Call call = (Call) service.createCall ();

cal | . set Tar get Endpoi nt Addr ess( new

java.net.URL("http://]ocal host: 8080/ axi s/ services/flight"));
cal | . set Operati onNanme(new Q\anme("urn:flight", "queryFlight"));
cal | . addParaneter ("i n0", XM.Type. XSD_STRI NG

Par anet er Mode. | N) ;
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cal | . addParaneter ("i n1", XM.Type. XSD_STRI NG,
Par anet er Mode. I N) ;
cal | . set Ret urnType( XM.Type. XSD_STRI NG ;
retVal = (String) call.invoke(new Cbject[]{in0, inl});
Systemout.println("Return Value:" +retVal);
if (wapperF.exists()) {
bool ean i sSubBond =t hi s. checkFor Bonds( net hodNane,
wr apperFile, "S");
if (isSubBond) {
t hi s. execut eSubscri pti onBond( net hodNanme, wr apperFil e);

}

}
} catch (Exception e) {
Systemout.printlin(e.toString());
}

return retVal;

}

public String updateFlight(Integer inO, String inl, String in2,
String in3) throws Renot eException {

String nmet hodName = "updat eFl i ght™";

String wapperFile = baseDir + "/flight.xm";

String retval =" ";

try {
File wapperF = new Fil e(wrapperFile);

if (wapperF.exists()) {
bool ean i sNegBond =t hi s. checkFor Bonds( net hodNane,
wrapperFile, "N');

}
Servi ce service = new Service();
Call call = (Call) service.createCall ();

cal | . set Tar get Endpoi nt Addr ess( new
java.net.URL("http://|ocal host: 8080/ axi s/ services/flight"));
cal | . set Operati onNane(new QName("urn:flight",
"updat eFlight"));
cal | . addParaneter ("i n0", XM.Type. XSD_| NT, Par amet er Mode. I N);
cal | . addParaneter ("inl", XM.Type. XSD_STRI NG
Par anet er Mode. | N) ;
cal | . addParanet er ("i n2", XM.Type. XSD_STRI NG
Par anet er Mbde. I N) ;
cal | . addParaneter ("i n3", XM.Type. XSD_STRI NG,
Par anet er Mode. I N) ;
cal | . set Ret urnType( XM.Type. XSD_STRI NG ;
retVal = (String) call.invoke(new Qbject[]{in0, inl, in2,
in3});
Systemout.println("Return Value:" + retVal);
if (wrapperF.exists()) {

72
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bool ean i sSubBond =t hi s. checkFor Bonds( nmet hodNane,
wrapperFile, "S");
i f (isSubBond) {
t hi s. execut eSubscri pti onBond( net hodNanme, wr apperFil e);

}

} catch (Exception e) {
Systemout.println(e.toString());
}

return retVal ;

}

/**

* This method checks for the existance of bond for a
particul ar nmet hod

* |t parses the wapper file and checks if it contains the
specified

* bond (subscription/negotiation)

* @aram nethodNane nethod nane

* @aram w apperFile nane of the wapper file

* @aram bondType type of the bond

* @eturn bool ean val ue to indicate presence of
bond

*/

publ i ¢ bool ean checkFor Bonds(Stri ng nmet hodNane, String
wrapperFile, String bondType) {
String bType;
try {
File wapperF = new Fil e(w apperFile);
if (!'wapperF.exists()) {
Systemout.println("XM data fil e does not exist");
return fal se;
}
| XMLPar ser parser = XM_Par ser Fact ory. creat eDef aul t XM_Par ser () ;
| XMLReader reader = St dXM_Reader . fil eReader (wr apperFile);
par ser. set Reader (r eader) ;
| XMLEl erent mai nRoot = (1 XMLEl enent) parser. parse();
i f (mai nRoot. get ChildrenCount () > 1) {
| XMLEl emrent root = (I XMLElI enrent) mai nRoot . get Chi | dAt | ndex(1);

for (int i =0; i <root.getChildrenCount(); i++) {
| XMLEI ement bond = (I XMLElI enent) root. get Chi |l dAt | ndex(i);
for (int j =0; j < bond.getChildrenCount(); j++) {

bType = ((I XM_El enent)
bond. get Chi | dAt I ndex(3)) . get Content();
i f (bType. equal s(bondType)) {
return true;

}
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}
}
}
} catch (Exception e) {
e. printStackTrace();

}

return false;

}

/*-k

* This method executes the subscription bond by invoking the
* the destination nmethod of a web service with which

* the source nethod has a bond

* @aram met hodName source met hod name

* @aram wkile wrapper file name

*/

publ i c voi d execut eSubscri pti onBond(String net hodNane, String
wFi | e) throws Exception {
try {
bool ean hasBond = fal se;
String destWs = "";
String destMethod = "";
String srchMet hod;
Vect or paranVvector = new Vector();
Vect or paranifype = new Vector();
| XMLPar ser parser = XM_Par ser Factory. cr eat eDef aul t XM_Par ser () ;
| XM_Reader reader = St dXM_Reader.fil| eReader (wFil e);
par ser. set Reader (reader) ;
| XMLElI ement fil eRoot = (I XMLEIl enent) parser. parse();
| XMLElI ement root = (I XMLEl enent) fil eRoot. get Chi |l dAt I ndex(1);
for (int i =0; i <root.getChildrenCount(); i++) {
| XMLEl emrent bond = (I XMLEl enrent) root. get Chi |l dAt | ndex(i);
for (int j =0; j < bond. getChildrenCount(); j++) {
/* Retrieving destination method and servi ce nane from XM
storage */
if ((((!IXMEl erment)

bond. get Chi | dAt | ndex(j ++)). get Content ()). equal s(net hodNane)) {
dest W6 = ( (| XMLEI enent)
bond. get Chi | dAt | ndex(j ++)) . get Content () ;
dest Met hod = ( (| XMLEIl enent)
bond. get Chi | dAt | ndex(j ++)). get Content ();
String bondType = ((I XM_El enent)
bond. get Chi | dAt | ndex(j ++)). get Content () ;
String trigger = ((IXMEl enment)
bond. get Chi | dAt | ndex(j ++)). get Content () ;
i f (bondType.equal s("S") && trigger.equal s("Y")) {
hasBond = true;
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/* I nvoking the SyD W apper AppO */
W apper AppO wAppO = new W apper AppQ("S") ;
WApPpPQ set Vi si bl e(true);
WAPpO showDest Par am nput Fr ame( dest W5, dest Met hod) ;
par anifype = wAppQO. get Dest Par amlype() ;
par amVect or =wAppQO. get Dest Par an() ;
/* CGetting list of destination paraneters fromthe SyD
W apper AppO¢/
par anVect or = wAppO. get Dest Par ans() ;
}
}

}
i f (hasBond == fal se) {
return;
} else {
/*1 nvoki ng the actual destination nethod*/
W apper AppO wAppO = new W apper App(() ;
String retVal = wAppQO. i nvoke(dest W5, dest Met hod, paranfType,
par amvect or) ;

Systemout.println("Return:" +retVal);

}

hasBond = fal se;

}
} catch (Exception e) {
e.printStackTrace();
}
}
}

<I-- This file acts as a persistent storage for storing
information relating to
the web service, it is divided in two seections, where first
section
stores service informati on and second section stores bond
i nformation -->
<WebSer vi ce>
<!-- This section contains all the necessary infornmation about
t he web
servi ce including nanme of the web service, wsdl url,
nanmespaceURl ,
| ocati onURI, method nanes, paraneter type and return type -->
<\W\5>
<Wdl Ur| >f | i ght.wsdl </ Wdl Url >
<WSNanme>f | i ght </ WsNane>

<Locati onURI >http://| ocal host: 8080/ axi s/ servi ces/flight</Locatio
nURI >

<NanespaceURl >ur n: f| i ght </ NanespaceURI >
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<Met hod m d="1">
<Met hodNane>r eser veFl i ght </ Met hodNane>
<Par amlype=>i nt i n0O</ Par anType>
<Par amlype>string i nl</ Par anType>
<Ret ur nType>string reserveFl i ght Ret ur n</ Ret ur nType>
</ Met hod>
<Met hod m d="2">
<Met hodNane>updat eFl i ght </ Met hodNane>
<Par amlype>i nt i nO</ Par aniType>
<Par anTType>stri ng i n1</ Par anType>
<Ret ur nType>stri ng updat eFl i ght Ret ur n</ Ret ur nType>
</ Met hod>
<Met hod mi d="3">
<Met hodNane>quer yFl i ght </ Met hodNane>
<Par anmlype>string i n0O</ Par amlype>
<Ret ur nType>stri ng quer yFl i ght Ret ur n</ Ret ur nType>
</ Met hod>
<Met hod m d="4">
<Met hodNane>cancel Fl i ght </ Met hodNane>
<Par anTType>stri ng i nO</ Par anType>
<Par anfType>stri ng i n1</ Par anType>
<Ret urnType>stri ng cancel Fl i ght Ret ur n</ Ret ur nType>
</ Met hod>
<Met hod m d="5">
<Met hodNane>del et eFl i ght </ Met hodNane>
<Par amlype>stri ng i n0O</ Par anType>
<Ret ur nType>stri ng del et eFl i ght Ret ur n</ Ret ur nType>
</ Met hod>
<Met hod m d="6">
<Met hodNane>addFl i ght </ Met hodNane>
<Par amlype>i nt i nO</ Par anlype>
<Par amlype>string i nl</ Par anType>
<Ret ur nType>st ri ng addFl i ght Ret ur n</ Ret ur nType>
</ Met hod>
</ W>
<I-- This section bond related information for a web service
i ncl udi ng source
nmet hod, destination nmethod, destination web service, type of
bond etc -->
<W apper >
<Bond bi d="1">
<Sr cMet hod>del et eFl i ght </ Sr cMet hod>
<Dest W5>hot el </ Dest W&>
<Dest Met hod>cancel Hot el </ Dest Met hod>
<Type>S</ Type>
<Tri gger >Y</ Tri gger >
</ Bond>
<Bond bi d="2">
<Sr cMet hod>del et eFl i ght </ Sr cMet hod>
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<Dest Ws>car </ Dest W5>
<Dest Met hod>cancel Car </ Dest Met hod>
<Type>S</ Type>
<Tri gger >Y</ Tri gger >
</ Bond>
</ W apper >
</ WbSer vi ce>

package Ul

i mport java.io.*;
/**

* Entry point to the SyD Wapper Generator System
* @aut hor Mohi ni Padhye

* @reated Sept enber 15, 2004

*/

public class Menu {

/**

* The main programfor the Menu cl ass

* @aram args The command |ine argunents
* This class is entry point to the system
* |t shows |ist of operations

*/
public static void main(String[] args) {
i nt choi ce;
bool ean bool = fal se;
try {
do {

Systemout. println("Menu\nl. Search Wb Service\n2. View
Saved Web Services\n"+
"3. Create Bond\n4. View Bonds\n5. Del ete Bond\ n6. View
Report\n7. Exit");
Systemout. println("Enter your choice:");
Buf f er edReader br = new Buffer edReader ( new
| nput St r earReader (Systemin));
choice = br.read();
switch (choice) {
case '1':
WBMVB. Sear chWSs sear chWs = new WBMS. Sear chWs( ) ;
sear chWs. sear ch() ;
br eak;
case '2':
WEMVS. Vi ewWAS vi ewME = new WEMS. Vi ew5( ) ;
vi ewE. vi ew() ;
br eak;
case '3':
W apper . Creat eBond creat eBond = new
W apper . Creat eBond() ;
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cr eat eBond. cr eat eWebBond() ;
br eak;
case '4':
W apper . Vi enBond vi ewBond = new W apper. Vi ewBond() ;
vi ewBond. vi ewMébBond() ;
br eak;
case '5':
W apper . Del et eBond del et eBond = new
W apper . Del et eBond() ;
del et eBond. del et eWebBond() ;
br eak;
case '6':
U . Report report = new U . Report();
report.createReport();

br eak;
case '7':
bool = true;
br eak;
}
} while (bool == false);

} catch (Exception e) {
Systemout.println("Exception :" + e.toString());
}
}
}

package WSMS
import java.io.*,
import java.util.*;

/**

* Description of the C ass

*

*  @ut hor Mohi ni Padhye

* @reated Sept ember 15, 2004
*/

public class SearchWs {

/**

* This nmethod accepts wsdl url as an input paraneter

* fromthe user and i nvokes parseWdl nethod

* |t pronmpts user for saving the web service

* and passes control to storeWs and W apper cl asses
accordingly

*/

public void search() {

String wsdl Url ="";

String ans = "N';
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Hasht abl e net hodHash = new Hasht abl e() ;

try {
Buf f er edReader br = new Buf f er edReader ( new
I nput St r eanReader (Systemin));
Systemout. println("Enter correct WeDL url :");

wsdl Url = br.readLi ne();

WEMS. Par seWsdl pWsdl = new WBMS. Par seWdl () ;
met hodHash = pWsdl . par seWsdl (wsdl Url);

Buf f er edReader br1 = new Buf f er edReader ( new
I nput St reanReader (Systemin));

Systemout. println("\nDo you want to Add this web
Service?(YIN):");

ans = brl.readLine();

if (ans.equal s("Y") || ans.equals("y")) {
timel = SystemcurrentTimreMIlis ();
WEMB. St or eWs st or eWs = new WEVS. St or eWs( ) ;
storeWs. store(wsdl Ul , net hodHash) ;

W apper . W apper w apper = new W apper. W apper () ;
wr apper . creat eW apper (wsdl Ur |, nmet hodHash) ;
System out. println("\nWapper Successfully
Created");

}

} catch (Exception e) {
e.printStackTrace();
Systemout.printin(e.toString());

}
}
}
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package WBNVES;

i mport javax.wsdl.*;

i mport com i bm wsdl . *;

i nport javax.wsdl . ext ensi ons. soap. *;

i nport javax.wsdl . factory. WeDLFact orvy;
i mport javax.wsdl . xm . WSDLReader ;

i mport java.util.*;

i mport javax.xmn . namespace. Q\ane;

/**

* Description of the C ass

*
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* @aut hor Mohi ni Padhye
* @reated Sept enber 19, 2004
*/

public class ParseWdl

Hasht abl e wsdl Hash; /* Stores nmet hod and paraneter detail s*/
Vect or parans;

/**

* This nethod parses the wsdl file of a web service and
* returns nethod and paranter |ist
* @aram wsdl Url wsdl url of the web service

* @eturn Hasht abl e cont ai ni ng nmet hods and
par anet ers

* @xception WSDLException WSDL parsing Exception
*/

publ i c Hasht abl e parseWd!| (String wsdl Url) throws WEDLExcepti on

{
/* WSDL Parsing uses WsDL4J API, follow ng nethods are a part
of that API*/

WEDLFact ory wsdl factory = WeDLFact ory. new nst ance() ;
WSDLReader wsdl reader = wsdl fact ory. newWSDLReader () ;
Definition definition=wsdlreader.readWsDL(wsdl Url);
Iterator i =definition.getServices().values().iterator();
while (i.hasNext()) {
Servi ce service = (Service) i.next();
if (service.getQNanme() !'=null) {
Map ports = service. getPorts();
if (ports !'=null) {
Iterator it = ports.values().iterator();
while (it.hasNext()) {
wsdl Hash=new Hasht abl e() ;
Port port = (Port) it.next();

SCQAPAddr ess sa = ( SOAPAddr ess)
port. get Extensi bilityEl enents().get(0);
String SOAPURL = sa. getLocati onURI ();
wsdl Hash. put ("Locati onURI ", sa. getLocati onURI ());

Bi ndi ng bi nd = (Bi ndi ng) port. getBinding();

Bi ndi ngOper ati on soapop = ( Bi ndi ngQper ati on)
bi nd. get Bi ndi ngQper ations().get(0);

String URI = (( SOAPBody)
soapop. get Bi ndi ngl nput (). get Extensi bilityEl ements().get(0)).getNa
nmespaceURl () ;

wsdl Hash. put (" NanespaceURI ", URI);

Li st opList =
port. get Bi ndi ng(). get Port Type(). get Operati ons();
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for (int j =0; j <opList.size(); j++) {

parans = new Vector();

Oper ati on operation = (Qperation) opList.get(j);
String opr = operation. get Name();

System out. println("\nOperation:" + opr);

Li st i nput PartsMap =
operation. getlnput (). get Message().get O deredParts(null);

Q\ame i nPart TypeNane = nul | ;
for(int x=0; x<inputPartsMap.size(); x++) {
Part part = (Part) inputPartsMap. get(X);
String i nPart Nane = part. get Name();
i nPart TypeNane =
part. get TypeName();
System out . printl n(inPart Nane +
":" +inPart TypeNane. get Local Part());
par ans. add(i nPart TypeNane. get Local Part () +" " +
i nPart Nane) ;

}

Map out put Part sMap =
oper ati on. get Qut put (). get Message() . get Parts();
Col I ecti on out put Parts = out put Part sMap. val ues() ;
Iterator outputPartlter = outputParts.iterator();
System out . print (" Response: ");
QNane out Part TypeNane = nul | ;
whil e (outputPartlter.hasNext()) {
Part part = (Part) outputPartlter. next();
String out Part Name = part. get Nane();
out Part TypeNane = part. get TypeNane();

System out. println(outPartNane +":" +
out Part TypeNane. get Local Part ());
par ans. add( out Part TypeNane. get Local Part() +" " +

out Par t Nane) ;

}
wsdl Hash. put (opr, parans);
}
}
}
}
}
return wsdl Hash;
}
}
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package WBMES;
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i nport net.n3. nanoxm . *;
i nport java.io.*;
i nport java.util.?*;

/**

* Description of the C ass

*

*  @ut hor Mohi ni Padhye
* @reated Sept enber 17, 2004
*/

public class StoreWs {

/**

* This nmethod stores the WoDL details in an XM file

*

* @aram wsdl Url url of the wsdl

* @aram mnet hodHash Hashtabl e contai ni ng net hod and par anet er
details

*/

public void store(String wsdl Ul, Hashtabl e net hodHash) {
int wsid = 0;

String baseDir = "Wapper/"

try {

/* This met hod uses nanoXM. APl for XM. parsing */
| XMLPar ser parser = XM.Par ser Factory. creat eDef aul t XM_Par ser () ;

String storageFil e = get WeNane(wsdl Url)+". xm ";
File sFile = new Fil e(storageFil e);

if (!sFile.exists()) {
createFil e(baseD r+storageFil e);

}

| XMLReader reader =
St dXMLReader . fi | eReader (baseDi r +st or ageFi | e) ;
par ser. set Reader (reader) ;

| XMLElI emrent xml = (I XMLElI enent) parser. parse();
Witer output = (Witer) newFileWiter(baseD r+storageFile);

for (int i =0; i <xm.getChildrenCount(); i++) {
String wsld = ((I XM.El enent)
xm . getChil dAtIndex(i)).getAttribute("wsid");
wsi d++;
}

wsi d++;

| XMLEI ement ws = new XMLEl enent ("W5") ;
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ws. set Attribute("wsid", (newlnteger(wsid)).toString());
xm . addChi | d(ws) ;

| XMLElI ement wsdl Url 1 = new XM_El enrent ("Wsdl Url ™) ;
wsdl Url 1. set Content (wsdl Url);
ws. addChi | d(wsdl Url 1) ;

| XMLEI ement wsNanme = new XMLElI enent (" WENane") ;
wsNane. set Cont ent (get WsNane(wsdl Url));
ws. addChi | d( wsNane) ;

Enuner ati on nmet hodEnum = net hodHash. keys() ;

whi | e (net hodEnum hasMor eEl enents()) {
Stri ng met hodEl em= et hodEnum next El erent (). toString();
i f (nmet hodEl em equal s("Locati onURI ")) {
| XMLEI ement | ocURI = new XM_El enent (" Locati onURI ") ;

| ocURI . set Cont ent (met hodHash. get (" Locati onURI ").toString());
ws. addChi | d(1 ocURI) ;
} elseif (nethodEl em equal s("NanmespaceURl ")) {
| XMLEl emrent nsURI = new XMLEl enent (" NanmespaceURl ") ;

nsURI . set Cont ent ( met hodHash. get (" NamespaceURI ") .toString());
ws. addChi | d(nsURI) ;

}
}

met hodEnum = et hodHash. keys() ;
int md = 1;

whi | e (nmet hodEnum hasMor eEl ement s()) {
String met hodEl em= net hodEnum next El ement (). toString();
i f(!met hodEl em equal s("Locati onURI ") &&
I'met hodEl em equal s(" NanespaceURl ")) {
String nmet hodNanme = et hodEl em

| XMLEl enent et hod = new XMLElI enent (" Met hod") ;

net hod. set Attribute("m d", (newlnteger(md)).toString());
m d++;

ws. addChi | d( et hod) ;

| XMLElI erent et hodNanmel = new XMLEI enent (" Met hodNane") ;
nmet hodNanel. set Cont ent ( et hodNane) ;

met hod. addChi | d( met hodNanel) ;

Vect or paranVector = new Vector();
par amVect or = (Vect or) net hodHash. get (et hodNane) ;

for (int i =0; i < paranmVector.size() - 1; i++) {
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| XMLEl enent par anifype = new XM_El enent (" Par amlype") ;
par anifype. set Cont ent ( par amVector. el enent At (i ).toString());
et hod. addChi | d( par aniType) ;

}

| XMLEI ement returnType = new XM_El enent (" Ret urnType");

returnType. set Cont ent ( par anVect or . el enent At ( par anVect or . si ze()
1).toString());
nmet hod. addChi | d(r et urnType);
}

/* Witing to the XM. docunent */
XMWiter witer = new XMWiter(output);
witer = new XMLW i ter(output);
witer.wite(xm);

Systemout. println("\nService successfully added");

} catch (Exception e) {
e.printStackTrace();
}
}

/**

* CGets the Web Service nane fromthe wsdl url

*

* @aram wsdl Url Description of the Paraneter

* @eturn The wSNane val ue

*/

public String get WsNane(String wsdl Url) {

int startlndex = wsdl Url.lastlndexOr("/");

int endl ndex = wsdl Url.lastlndexCOF(".");

String wsName = wsdl Url . substring(startlndex + 1, endl ndex);
return wsNanme;

}

/**

* Creates the XML data file

*

* @aram fil eName Description of the Paraneter

* @xception |OException Description of the Exception

*/

public void createFile(String fil eNanme) throws | OException {
File storageFile = new Fil e(fil eNane);

storageFi |l e. createNewFi | e();

Witer output = (Witer) newFileWiter(fileNane);
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XMLEl enent root = new XMLEl enent ("WebServi ce");
XMWiter witer = new XMW iter(output);
writer = new XMW i ter(output);
witer.wite(root);
}
}

package WBMVES;

i mport net.n3. nanoxm . *;
i mport java.io.*;
import java.util.*;

/**

* This class facilitates the user to viewthe details for

stores Wb Servi ce
*

* @aut hor Mohi ni Padhye
* @reated Sept enber 17, 2004
*/

public class View\s {
String baseDir = "Wapper/"
/*-k
* Details of the stored Wb Service in ternms of nethod names,
par anet er nanes
* and data types can be viewed using this nmethod
* This nmethod uses nanoXM. APl for sm parsing
* @xception Exception XM parsing exception
*/
public void view) throws Exception {
Buf f eredReader br = new Buf f er edReader ( new
| nput St r eanrReader (Systemin));
System out. println("Enter Wb Servi ce Nane: ") ;
String wsNanme = br.readLi ne();
| XMLPar ser par ser = XM_Par ser Fact ory. cr eat eDef aul t XMLPar ser () ;
/* Opening the XML storage file for parsing */
File storageFile = new Fi |l e( baseDi r +wsNane+". xm ") ;
if (!storageFile.exists()) {
Systemout.printIn("XM. Data file does not exist");
return;

}
| XM_Reader reader =
St dXMLReader . fi | eReader (baseD r +wsNanme+". xm ") ;

par ser. set Reader (reader);
| XMLElI ement root = (I XM_El enent) parser. parse();

| XMLEI ement WSChi | d2 = (I XMLElI enent) root. get Chi | dAt | ndex(0);
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System out. printl n(WSChi | d2. get Attri bute("wsid") +". W5 Nane
:ll +
(WBChi | d2. get Chi | dAt I ndex(1)).get Content());
Systemout.println("\nWsDL Url:" +
(WBChi | d2. get Chi | dAt 1 ndex(0)). get Content());

/* Retrieving nethod and paraneter nanes from XM storage */
for (int j =0; j < WChild2.getChildrenCount(); j++) {
| XMLEIl errent chi | dr enMet hod = WSChi | d2. get Chi | dAt | ndex(j);
for (int k =0; k < childrenMethod. get ChildrenCount(); k++) {
if (k ==0) {
Systemout.println("\n" +
chil drenMet hod. get Attribute("md") +". Method Nane:" +
((1 XM_El enment)
chi | drenMet hod. get Chi | dAt | ndex(0)).getContent() +"\n");
} else if (k <childrenMethod. get ChildrenCount() - 1) {
System out. println("lnput Param" +
(I XMLEI enent)
chi | drenMet hod. get Chi | dAt | ndex(k)).getContent());
} else {
Systemout.println("\nReturn Param" +
( (1 XMLEl enent)
chi | drenMet hod. get Chi | dAt I ndex(k)).getContent() +"\n");

package W apper;
i nport net.n3. nanoxm . *;
import java.io.*,;

/**

* Description of the C ass

*

*  @ut hor Mohi ni Padhye
* @reated Sept ember 17, 2004
*/

public class CreateBond {

String srcwWws = "";

String baseDir = "Wapper/"

/**

* This nmethod creates bonds between two web servi ce net hods

* |t takes source and destonati on web service nane as well as

* met hod nane as paranmetes fromuser along with type of bond
and
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* presence of trigger for creating the bond. It stores the
i nformation

* in the persistent XM. storage

*/

public void creat eWebBond() {
try {
Buf f er edReader br = new Buf f er edReader ( new
I nput St r eanReader (Systemin));

System out.println("Enter Source Wb Service Nane :");

srcWS = br.readLi ne();

System out. println("Enter Source Met hod Nane :");

String srcMethod = br.readLi ne();

Systemout. println("Enter Destination Wb Service Nanme :");

String destW5 = br. readLi ne();

System out. println("Enter Destination nethod Nane: ") ;

String dest Met hod = br.readLi ne();

System out. println("Enter Bond Type(S/N):");

String bondType = br.readLine();

Systemout.println("Do you want to create a trigger for this
bond(Y/N):");

String trigger = br.readLine();

Systemout.printIn("If this is a bool ean bond, enter the
oper at or (AND/ OR/ XOR), el se NO ");

String bool eanCpr = br.readLine();

| XMLPar ser parser = XM_Par ser Factory. cr eat eDef aul t XM_Par ser () ;
String fil eName="";
i f (bondType. equal s("S"))
fileName = srcWs + ".xm"
el se i f(bondType. equal s(" N )) {
fileNane = destV\S + "oxm ",
String tenp="'
t enp=sr c\W\5;
src\WB=dest W5;
dest W=t enp;

t emp=sr cMet hod;
srcMet hod=dest Met hod,;
dest Met hod=t enp;

}

File wapperFile = new Fil e(baseDi r+fil eNane) ;

| XMLReader reader = St dXM_Reader . fil eReader (baseDir+fil eName) ;
par ser. set Reader (reader) ;
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| XMLEl enent root = (I XMLEl enent) parser. parse();
i nt childCount = root. getChildrenCount();

| XMLEI ement wr apper = nul | ;
i f(childCount <= 1) {

wr apper = (I XMLElI ement ) new XMLEI enment (" W apper ") ;
root . addChi | d(w apper);

} else {

wr apper = root. get Chil dAt I ndex(1);

}

i nt wrapper Chi | dCount = wr apper. get Chi | drenCount () ;

int bid = 1;

if (wrapperChildCount > 1) {

for (int i =1; i < wapper.getChildrenCount(); i++) {

String bld = ((I XM_El enent)
wr apper. get Chi | dAt I ndex(i)).getAttribute("bid");
bi d++;
b
bi d++;
}

/* Stroring the bond information in XM file */

| XMLEl ement bond = new XMLEl erment (" Bond") ;

bond. set Attri bute("bid", (newlnteger(bid)).toString());
wr apper . addChi | d( bond) ;

| XMLEl enent srcM= new XMLEl enent (" SrcMet hod") ;
srcM set Cont ent (srcMet hod) ;
bond. addChi I d(srcM;

| XMLElI ement dest W= new XM_El enent (" Dest W5") ;
dest W set Cont ent (dest W) ;
bond. addChi | d(dest W ;

| XMLElI ement dest M = new XMLEI enment (" Dest Met hod") ;
dest M set Cont ent (dest Met hod) ;
bond. addChi | d(destM;

| XMLEl enrent type = new XM.El enent (" Type") ;
type. set Cont ent (bondType) ;
bond. addChi | d(t ype);

| XMLElI ement trig = new XMLElI ement (" Tri gger");
trig.setContent(trigger);
bond. addChi I d(trig);

Witer output = (Witer) newFileWiter(baseD r+fil eNane);
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XMWiter witer = new XMWiter(output);
writer = new XMLW i ter(output);
witer.wite(root);

System out. println("\nBond created successfully");

} catch (Fil eNot FoundException e) {
Systemout. println("\nBond creation failed");
Systemout.println(e.toString());

} catch (Exception e) {
e.printStackTrace();

}

}
}

package W apper;

i mport net.n3. nanoxm . *;
i mport java.io.*,;

/**

* Bond del etion is achi eved through this method
* @ut hor Mohi ni Padhye

* @reated Sept enmber 21, 2004

*/

public class Del et eBond {
String baseDir = "Wapper/";
/**
* This nmethod details of a bond from XM storage
*/
public void del et eWwebBond() ({
try {
Systemout.println("Pl ease enter the Wb Service nane:");
Buf f er edReader br = new Buf f er edReader ( new
| nput St r earReader (Systemin));
String nameWs = br. readLi ne();

Systemout. println("Please enter (serial nunber)/id of the
bond to be deleted:");
String bid = br.readLi ne();

| XMLPar ser parser = XM_Par ser Factory. creat eDef aul t XM_Parser () ;
String fileNanme = baseDi r+nameWs + ".xm";

| XMLReader reader = StdXM_Reader.fil eReader (fil eNane);

par ser. set Reader (reader) ;

| XMLElI ement docroot = (I XM_El enent) parser. parse();
| XMLEI ement root = (I XMLElI enent) docr oot . get Chi | dAt I ndex(1);
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for (int i =1; i <root.getChildrenCount(); i++) {
| XMLEI enent bond = root. get Chil dAt I ndex(i);
/* Bond del etion, the node containing bond informationis
del eted */
i f (bond.getAttribute("bid").equals(bid)) {
root. renoveChil d(bond);
System out. println("Bond Del et ed Successfully");

}
}

Witer output = (Witer) newFileWiter(fil eNane);
XMWiter witer = new XMW ter(output);

witer = new XMW i ter(output);
witer.wite(docroot);

} catch (Exception e) {
Systemout.println(e.toString());
}

}
}

package W apper;

i nport net.n3. nanoxm . *;
i mport java.io.*,

/**

* This nethod facilitates the user to view the bond i nformati on
*

* @aut hor Mohi ni Padhye
* @reated Sept enber 22, 2004
*/

public class ViewBond {

String baseDir = "Wapper/"

/*-k
* Bond information is shown by this method in the form of
* source and destination web service as well as nethod nanes,
* type of bond etc

*/
public void vi ewebBond() {
try {

/ * Taking user input */
Systemout. println("Please enter the Wb Servi ce nane:");
Buf f er edReader br = new Buf f er edReader ( new
| nput St r eanrReader (Systemin));
String nanmeWs = br. readLi ne();
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| XMLPar ser parser = XM_Par ser Factory. cr eat eDef aul t XM_Par ser () ;
| XM_Reader reader = StdXM_.Reader.fil eReader (baseDi r +tnaneWs +
n . Xm II) ;
par ser. set Reader (reader) ;
| XMLElI ement docroot = (I XM_El enent) parser. parse();
| XMLEI ement root = (| XMLElI enent) docroot. get Chi | dAt I ndex(1);

System out. println("Source Wb Service :" + nameWs) ;
for (int i =0; i <root.getChildrenCount(); i++) {
| XMLEl erent bond = (I XMLEl erent) root. get Chi | dAt | ndex(i);
System out. println(bond. getAttribute("bid") +". Wb Bond");
System out . println("Source Met hod: " +
bond. get Chi | dAt | ndex(0).get Content());
System out. println("Destination Wb Service:" +
bond. get Chi | dAt | ndex(1).get Content());
System out. printl n("Destination Mthod:" +
bond. get Chi | dAt | ndex(2).getContent());
String type = bond. get Chi | dAt I ndex(3).get Content();

if (type.equals("S")) {

System out. println("Bond Type: Subscription Bond");
} else {

System out . println("Bond Type: Negotiati on Bond");

}
String trigger = bond. get Chi |l dAt | ndex(4). get Content();

if (trigger.equals("Y")) {
Systemout.println("Trigger : Yes");
} else {

Systemout.println("Trigger : No");

}
}

} catch (Exception e) {
Systemout.println("Exception:" +e.toString());
}

}
}

package W apper;

i mport java.io.*;

i mport java.util.*;

i mport java.net.*;

i mport java.lang.*;

i mport java.lang.reflect.*;
i mport net.n3. nanoxm . *;
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/**

* This class deals with all the operations

* on the wapper inclusing creating, executing, checking
* a wrapper

*

For every web service, two files are created, viz,
__wsNane__.java and

* _ wsName__Inpl.java. Both these files are SyD enabl ed.
__WwsNane__.java file

* isaninterface while __wsNane__Inpl.javais its
i mpl erent ati on

* Both the files are RM enabl ed, which is a specification for
SyD for

* SySD directory and renote object invocation

* @aut hor Mohi ni Padhye
* @reated Sept enber 19, 2004
*/

public class Wapper {

Dat aQut put St r eamout, out | npl ;

String wapperFile ="",inplFile="";
Hasht abl e i ni t Dat a = new Hasht abl e() ;
String baseDi r="Wapper/";

/**
* This nmethod creates the wapper for a web service

* @aram wsdl Url url for the wsdl file

* @aram nethodHash hashtabl e containi ng nmet hod and par anet er
list

*/

public voi d createWapper(String wsdl Ul , Hashtabl e net hodHash)
{

try {
String fil eNane = get Wapper Nane(wsdl Url);
impl File =

fil eNane. substring(O0, fileNane.lastlndexO("."))+"1npl"
out = new Dat aQut put St r eam( new
Fi | eQut put Stream(baseDir+i npl Fil e+".java"));
out | npl = new Dat aQut put St r ean{ new
Fi | eQut put St ream(baseDir+fil eNane) ) ;
i nitVal ues();
creat eDef aul t Code() ;
cr eat eWsCode(wsdl Url, met hodHash) ;
out. cl ose();
out I npl . cl ose();
Runti me. get Runti me().exec("javac "+baseDir +fi | eNane) ;
Runti me. get Runti ne(). exec("javac "+baseDir+i npl File);
} catch (Exception e) {


http://www.clicktoconvert.com

93

Systemout.printlin(e.toString());

}
}

/**
* This nmethod creates the default code for the wapper files
*/
private void createDefaul t Code() {
try {
out.writeBytes("package syd. sydapp;\n\n"+
"inport java.io.*;\ninport java.net.*;\ninport
java.util.*;\n"+
"inport java.lang.reflect.*;\ninport
net.n3. nanoxm . *;\n\n" +
"i nmport org.apache. axis.client.*;\ninport
or g. apache. axi s. encodi ng. *; " +
“\'n\ni mport java.rm . Renot eException;\n"+
"inmport java.rm.server. Uni cast Renot eObj ect;\n"+
"\ ni nport org.apache.axis.utils.*;\n"+
"inmport javax.xm .nanespace. QNanme; \n" +
“inport javax.xm .rpc. Paranet er Mode; \n\n");
out.witeBytes("public class " +inplFile + " extends
Uni cast Renot eCbj ect i npl enents "+w apperFil e+" {\n\n");
out.witeBytes("\tString basebDir=\"syd/sydapp\";\n\tpublic " +
inpl File + "() throws RenoteException {\n\t\tsuper();\n\t}\n\n");

outl npl . writeBytes("package syd. sydapp; \ n\ ni nport
java.rm . Renote;\ninmport java. rn . Renot eException;\n");
outlmpl.writeBytes("\npublic interface " +
wr apper Fil e+ " extends Renote{\n");
} catch (Exception e) {
Systemout.println(e.toString());

}
}

/**

* This method creates web service specific code

*

* @aram wsdl Url url of the wsdl file
* @aram net hodHash hashtabl e contai ng nmet hod and paraneter

list

*/
private void createWsCode(String wsdl Ul, Hashtabl e met hodHash)
{
try {
String locURI ="";

String nsURI = "";
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int [ oopCnt = O;
Enuner ati on net hodEnum = et hodHash. keys() ;

whi | e (nmet hodEnum hasMor eEl ement s()) {
String met hodEl em= net hodEnum next El ement (). toString();
i f (methodEl em equal s("Locati onURI ")) {
| ocURI = et hodHash. get (net hodEl em) . toString();
} else if (nmethodEl em equal s(" NanmespaceURl ")) {
nsURI = nmet hodHash. get (et hodEl en) . toString();
}
}

nmet hodEnum = et hodHash. keys() ;
whi | e (met hodEnum hasMor eEl enents()) {
Stri ng met hodEl em= et hodEnum next El enrent (). toString();
i f( !'met hodEl em equal s("Locati onURI ") &&
I'met hodEl em equal s(" NanespaceURl ")) {
String nmet hodNane = net hodEl em
Vect or paranVector = new Vector();
par anVect or = (Vector) nmet hodHash. get ( net hodNarne) ;

String rVar = paranVect or. el ement At (par anVector. si ze() -
1).toString();

String returnVar =rVar. substring(0, rVar.|astlndexOf ("
"))

String i nputParam="";

String inputVal ues = ;

String ret =paranVector. el enment At (paranVector. size() -
1).toString();
ret = ret.substring(0, ret.lastlndexOr(" "));

if (ret.equals("string")) {
ret = "String";
} elseif (ret.equals("date")) {

ret = "Date";

}

out.witeBytes("\tpublic " + ret +" " + methodNanme + "(");

outlnpl.witeBytes("\tpublic " + ret +" " + methodNane +
II(II);

for (int i =0; i < paranVector.size() - 1; i++) {

String input = paranVector.elenentAt(i).toString();

String type = input.substring(0, input.lastlndexOi(™ "));
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Properties ObjectData = new Properties();
bj ect Dat a. | oad( new
Fi | el nput St rean( baseDi r +Chj ect Dat a. properties"));
type = Qbj ect Dat a. get Property(type);

String value = input.substring(input.lastlndexCO(" ") + 1,
input.length());
i nput Param += type + " " + value + ",";

}

i nput Param=i nput Par am substri ng(0, i nput Param | ength() -
1);

outlnpl.witeBytes(inputParam+ ") throws
Renot eException;\n");

out.witeBytes(i nputParam+ ") throws RenoteException {"+
"\n\t\tString nmet hodNanme=\"" + net hodNanme + "\";"+
"\n\t\tString wapperFil e=baseDir+\"/" + wapperFile
+ "oxm "yt +
"\n\t\t" + ret + "
retVal ="+initData.get(ret).toString()+";"+
"\n\n\t\ttry {"+
"\n\t\t\tFile wapperF = new
File(wapperFile);"+
"\n\t\t\tif(wapperF.exists()) {"+
"\'n\t\t\t\tbool ean
i sNegBond=t hi s. checkFor Bonds( net hodNane, wapperFile,\"N\");");
out.witeBytes("\n\t\t\t}"+
"\n\t\t\tService service = new Service();"+
"\n\t\t\tCall call = (Call) service.createCall();"+
"\n\t\t\tcall.set Target Endpoi nt Addr ess( new
java.net.URL(\"" + locURI + "\"));"+
"\n\t\t\tcall.setOperati onName(newQNane(\"" + nsURl +
"\",\"" + npethodName + "\"));");

Properti es XSDData = new Properties();
XSDDat a. | oad( new
Fi | el nput St rean( baseDi r +" XSDDat a. properties"));

Properties CbjectData = new Properties();
bj ect Dat a. | oad( new
Fi | el nput Strean{ baseDi r+" (bj ect Dat a. properties"));

for (int i =0; i < paranVector.size() - 1; i++) {
String param= paranVector.elenentAt(i).toString();
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String paranl =
param substring((paramtrin().lastlndexO (" ") + 1),
(param |l ength()));

String dataType = param substring(0, param | astl ndexOr ("
"))

String paranR = XSDDat a. get Property(dataType);
i nput Val ues += paranmt. + ", "

out.witeBytes("\n\t\t\tcall.addParaneter(\"" + paranml +
"\", XM_.Type." + paranR + ", ParaneterMde.IN);");
}
i nput Val ues =i nput Val ues. substring(0, i nputVal ues. | engt h()
- 1)
out.witeBytes("\n\t\t\tcall.setReturnType(XM.Type." +
XSDDat a. get (returnVar).toString() +");");

if (returnVar.equals("int")) {
out.witeBytes("\n\t\t\tretVval = ((Integer)
call.invoke(new Cbject[]{" + inputValues + "})).intValue();");

if (returnVar.equal s("float")) {
out.witeBytes("\n\t\t\tretVal = ((Float) call.invoke(new
oject[]{" + inputValues + "})).floatValue();");
}

if (returnVar.equal s("double")) {
out.witeBytes("\n\t\t\tretVal = ((Double) call.invoke(new
oject[]{" + inputValues + "})).doubl evalue();");
}

i f (returnVar. equal s("bool ean")) {
out.witeBytes("\n\t\t\tretVval = ((Bool ean)
call.invoke(new Cbject[]{" + inputVal ues +
"})) . bool eanVal ue();");

if (returnVar. equals( string”)) {
out.witeBytes(" \n\t\t\tretVaI = (String) call.invoke(new
Object[]{" + inputValues + "});");
}

out.witeBytes("\n\t\t\tSystemout.println(\"Return
Val ue:\"+retVval);"+
"\n\t\t\tif(wapperF.exists()) {"+
"\n\t\t\t\tbool ean
i sSubBond=t hi s. checkFor Bonds( nmet hodNarne, w apperFile,\"S\"); "+
"\n\t\t\t\tif(isSubBond) {"+
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"\n\t\t\t\t\tthis.executeSubscripti onBond(nmet hodName, wr apperFil e
) ; n +

"\p\t\t\t\t}"+
"\n\t\t\t}"+
"\n\t\t} catch(Exception e)
{Systemout.println(e.toString());}"+
"\n\t\treturnretVval;"+
"\n\t}\n\n");

| oopCnt ++;

this.witeCheckForBonds();
this.witeExecut eSubscri pti onBond();
out.witeBytes("\n}");
outlmpl.witeBytes("}");

} catch (Exception e) {
Systemout.println(e.toString());

}

}

/**

*

Retrieved name of the wapper file fromwsdl url

nane of the wapper is sane as nane of the web service
* @aram wsdl Ul url of the wsdl file

* @eturn nane of the wrapper

*/

private String get WapperNane(String wsdl Url) {

int startlndex = wsdl Ul .lastlndexOr("/");

int endl ndex = wsdl Url.lastlndexOr(".");

*

wrapper File = wsdl Url . substring(startlndex + 1, endl ndex);
return wapperFile + ".java";

}
/*-k

* This nmethod wites the executeSubscriptionBond nethod to the
wr apper file

* @aram et hodNane Sour ce net hod nane

* @aram wFile Nane of the wapper file
*/

public void witeExecuteSubscriptionBond() {

try {

out.witeBytes("\n\tpublic voidexecuteSubscriptionBond(String
met hodNane, String wrile) throws Exception {"+

"\n\t\ttry { "+

"\'n\t\t bool ean hasBond=f al se; "+

"\n\t\t String destWs=\"\";"+

"\n\t\t String dest Method=\"\";"+


http://www.clicktoconvert.com

98

"\n\t\t String srcMethod; "+
"\n\t\tVector paramVector = new Vector(); "+
"\n\t\tVector paramlype = new Vector(); "+
"\n\t\tl XM_Parser parser =
XM_Par ser Fact ory. cr eat eDef aul t XM_Parser(); "+
"\n\t\tl XM_Reader reader = St dXM_Reader.fil eReader(wFile); "+
"\n\t\tparser.set Reader (reader); "+
"\'n\t\tlI XMLEl emrent fil eRoot = (I XMLEl enent) parser.parse(); "+
"\'n\t\tl XM.El enent root = (1 XM.El enment)
fil eRoot. get Chil dAtIndex(1); "+
"\m\t\tfor (int i =0; i <root.getChildrenCount(); i++) { "+
"\'n\t\t\t | XMLEl erent bond = (1 XMLEl enent)
root . get Chil dAtI ndex(i); "+
"\n\t\t\t for (int ] =0; j < bond.getChildrenCount(); j++) {
"+
"\n\t\t\t\t if ((((IXMEl enent)
bond. get Chi | dAt | ndex(j ++)).get Content ()). equal s(nmet hodNane)) { "+
"\n\t\t\t\t\t destWs = ((I XM_El enent)
bond. get Chi | dAt | ndex(j ++)).getContent (); "+
"\n\t\t\t\t\t destMethod = ( (I XM.El enment)
bond. get Chi | dAt I ndex(j ++)).getContent(); "+
"\n\t\t\t\t\t String bondType = ((I XM_El enent)
bond. get Chi | dAt | ndex(j ++)).getContent (); "+
"\n\t\t\t\t\t String trigger = ((IXMElI enent)
bond. get Chi | dAt | ndex(j ++)).getContent (); "+
"\n\t\t\t\t\t if (bondType.equals(\"S\") &&
trigger.equal s(\"Y\")) { "+
"\n\t\t\t\t\t\t hasBond=true; "+
"In\thtVt\t\t\t  Wapper AppO wAppO = new W apper AppQ() ; "+
"\n\t\t\t\t\t\t paranmlype =
WApPpO. showDest Par am nput Fr ame( dest W5, dest Met hod) ; "
"\n\t\t\t\t\t\t paramvector = wAppO getDestParams()
"\n\t\t\t\t\t  } "+
"\'n\t\t\t\t } "+
"\n\t\t\t }
"\n\t\t\t if (hasBond == false) { "+
"\n\t\t\t\t return; "+
"\n\t\t\t } else { "+
"\n\t\t\t\t W apper AppO wWAppO = new W apper AppQ(); "+
"\n\t\t\t\t StringretVal =wAppQ. i nvoke(dest W5, dest Met hod,
par amlype, paranVector); "+
"In\tht\t\t Systemout.printin(\"Return:\"+retVal);"+
"\n\t\t\t } "+
"\n\t\t\t hasBond = false; "+
"\n\t\t } "+
"\n\t\t} catch (Exceptione) { "+
"\n\t\t\t e.printStackTrace(); "+
"\n\t\t} "+
"\n\t} ");
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} catch (Exception e) {
e. printStackTrace();
}
}

/**

* This nethod wites the witeCheckForBonds nethod to the
wr apper file

*/
public void witeCheckForBonds() {
try {

out.witeBytes("\n\n \tpublic bool ean checkForBonds(Stri ng
nmet hodNane, String wapperFile, String bondType) { "+

" \An\t String bType; "+

"\n\ttry { "+

"\n\t\t File wapperF = new Fil e(wapperFile); "+

"\n\t\t if(!'wapperF.exists()) {"+

"\n\t\t\t Systemout.println(\"XM. data fil e does not
exist\");"+

"\n\t\t\t return fal se; "+
"\n\t\t P+
"\n\t\t | XMLPar ser parser =
XM_Par ser Fact ory. cr eat eDef aul t XM_Parser(); "+
"\n\t\t | XM_LReader reader =
St dXM_Reader . fi | eReader (wr apperFile); "+
"\n\t\t par ser. set Reader (reader); "+
"\n\t\t | XMLElI erent mai nRoot = (I XM_EIl enent)
parser.parse(); "+
"\n\t\t i f (mai nRoot . get ChildrenCount () > 1) {"+
"\n\t\t\t | XMLEI ement root = (1 XM_El enent)
mai nRoot . get Chi | dAt | ndex(1); "+
"\n\t\t\t for (int i =0; i <root.getChildrenCount(); i++)
"4+
"\n\t\t\t\t | XMLElI enent bond = (1 XM_El enent)
root.get Chil dAtI ndex(i); "+
"\n\t\t\t\t for (int ] =0; j < bond. getChildrenCount();
j+t) { "+
"AnVt\VtVt\t\t bType = ((I XM.El enent)
bond. get Chi | dAt I ndex(3)).getContent(); "+
"\n\Vt\tVt\t\t i f(bType. equal s(bondType)) { "+
YN ANARARANAN: return true; "+

"\n\t\t\Vt\ e\t P+
"\n\t\t\t\t } "+

"\n\t\t\t } "+

"\n\t\t } "+

“\n\t } catch (Exception e) { "+
"\n\t\t e.printStackTrace(); "+
"\n\t} "+

“\n\t return false; "+
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"\n\t} \n\n");
} catch (Exception e) {
e. printStackTrace();

}
}
}

package syd. sydapp;
import java.io.*,;

i mport java.awt.*;
i nport java.awt.event. *;

i nport java.rm.*;
import java.rm.registry.*;

i mport java.util.*;

i nport java.l ang.*;

i mport java.lang.reflect.*;
i nport syd.sydlistener.*;

i mport syd. sydapp. *;

i mport syd.sydutil.*;

i mport syd. sydengi ne. *;

i mport syd. syddirectory. *;

i nport java.net.*;

i nport net.n3. nanoxm . *;

/**

* This class works with SyD W apper objects (generated per web
service)

* tointegrate the wapper with the SyD environment

*  @ut hor Mohi ni Padhye

* @reated Novenber 11, 2004

*/

public cl ass Wapper AppO ext ends Frane i npl ements Acti onLi st ener
{

private int PORT = 8000;

private static String myurl = null;

Vect or net hodParans = new Vector();

Vect or params = new Vector();

Vect or met hods = new Vector();

Vector returnTypes = new Vector ();

String sydDir = "syd/sydapp/";

String baseDir = "syd. sydapp.";
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/**

* This nmethod does the task of invoking a renpte object using
* SyDDi spat cher cl ass of SyDEngi ne

* @aram objld object id of the wapper that has been

registered with
* the SyDDirectory
* @aram net hodName Name of the nethod to be invoked
* @aram paramlype Data type of the paranmeter in a vector
* @param paramval ue Actual data values in a vector
* @eturn result string
*/
public String invoke(String objld, String methodNanme, Vector
par anmlType, Vector paranval ue) {
String outputValue ="";
try {
SyDDi spat cher di spat cher = new SyDDi spat cher () ;
out put Val ue = di spat cher. i nvoke(obj1d, nethodNane, paranflype,
par anval ue) ;
di spose();
this.displayMessage("Result of " + objld + "," + nethodNane +
' + out put Val ue);
} catch (Exception e) {
Systemout.println(e.toString());

}
return out put Val ue;
}
/**
* Method to register a SyD Wapper with the SyDDirectory
*
* @aram wsNane Nane of the web service
* @aram portNum | ocal port nunber
* @aram flag flag

* @aram directoryServerNane directory server nane
* @aram directoryServerPort directory server port
*/
public void registrate(String wsNanme, int portNum int flag,
String directoryServerNane, int directoryServerPort) {

get Par anivet hods( wsNare) ;
try {

nyurl = | net Addr ess. get Local Host (). get Host Addr ess() ;

Publ i sher publisher = new Publisher();

String userl D = wsNane;

String userPasswd = wsNane;

String userURL = myurl;

String proxylD = "121";

String appNane = wsNane;
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/* Wb service information is initially converted into
requi red XM fornmat*/

publ i sher. creat ePubl i shUser Met hodsRequest (user | D, user Passwd,
user URL, proxyl D, appNane, nethods, returnTypes, parans);

String xm Doc = publisher.getString();
System out. println("XM Doc:" + xm Doc);

try {
if (flag == 1) {
Systemout.println("Creating RM registry at port " +

port Num+ "...");
Locat eRegi stry. creat eRegi stry(portNunj;
Systemout.printiIn("RM Registry created at " + portNum+
")

}

System out. println("Constructing server inplenentations...");

Cl ass wrapperd ass = C ass. for Nanme(baseDir + wsNanme +
"Il ")
hj ect wrapper Obj = wr apper O ass. new nst ance() ;

System out . println("Binding server i npl enentations to
registry...");

SyDRegi strar regi strar = newSyDRegi strar ("l ocal host",
port Num directoryServerNanme, directoryServerPort);

/* Registering the service */

regi strar.register(w apper Gj, xn Doc);

System out. printl n("objectNanme: " +
regi strar. get Gbj ect Nane());

Systemout.println("Waiting for invocations from
clients...");

} catch (Exception e) {
Systemout.println(e.toString());

} catch (java. net. UnknownHost Exception e) {
Systemout.println(e.toString());

}
}

/**

* This nethod acts as an interface between the front end and
regi strate net hod
*

* @aram wsNane Nane of web service

*/

publ i c bool ean creat eW apper Bi ndi ng(String wsNane) {
try {
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SyDPropertyFile p = new SyDPropertyFil e();
String dirurl = p.getVal ue("sydprop", "directoryurl");
String |istenerurl = p.getVal ue("sydprop", "listenerurl");
/* regustrate nethod i nvoked */
regi strate(wsName, PORT, 1, dirurl, 1099);
return true;

} catch (Exception e) {
System out . println(e. get Message());
return fal se;

}

}

/**

* Gets the list of nethods and paraneters for a web service
*

* @aram wsNane Nane of the web service

*/
public voi d get Paramvet hods(String wsNane) {
try {

/* retrieves data fromXM storage file */
| XMLPar ser parser = XM_Par ser Fact ory. cr eat eDef aul t XM_Par ser () ;
File storageFile = new File(sydDir + wsNanme + ".xm");

if (!storageFile.exists()) {
Systemout.println("XM. Data fil e does not exist");
return;

}

| XMLReader reader = StdXM_Reader.fil eReader (sydDir + wsNanme +
n . Xm II) ;

par ser. set Reader (reader) ;

| XMLElI ement root = (I XM_El enent) parser. parse();

| XMLEI ement WSChi | d2 = (1 XMLElI enent) root. get Chi | dAt | ndex(0);

Properties objectData = new Properties();
obj ect Dat a. | oad(newFi | el nput Stream(sydDi r +
"JavaDat aTypes. properties"));

for (int j =0; j < WChild2.getChildrenCount(); j++) {
| XMLEl enent chi | dr enMet hod = WSChi | d2. get Chi | dAt | ndex(j);
i f (childrenMet hod. get Nane(). equal s("Method")) {
for (int k =0; k <childrenMethod. get ChildrenCount(); k++)

if (k ==0) {
met hods. addEl enment (( (1 XM_LEl enent)
chi | drenMet hod. get Chi | dAt I ndex(0)) . getContent());
} elseif (k <childrenMethod. getChildrenCount() - 1) {
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String i nput Param= ( (I XM.El enent)
chi | dr enMet hod. get Chi | dAt | ndex(k)). get Content () ;
i nput Par am= i nput Param substring(O0,
i nput Param | ast | ndexOr (" "));
i nput Par am= obj ect Dat a. get Property(i nput Param ;
met hodPar ans. addEl enent (i nput Par an ;
} else {
String returnval = ((IXMEl enent)
chi | drenMet hod. get Chi | dAt | ndex(Kk)) . get Content () ;
returnVal = returnVal . substring(O0,
returnval .l astl ndexOf (" ")) ;
returnVal = objectData. getProperty(returnval);
returnTypes. addEl ement (returnVal ) ;

}

par ans. addEl enent ( met hodPar ans) ;
nmet hodPar ans = new Vector ();

}

}
} catch (Exception e) {
Systemout.println(e.toString());
}
}

/**
* CGets list of paraneter data types for a specified nethod of

the web service
*

* @aram WSNane web service nane

* @aram nethodNane nethod nane

* @eturn vect or contai ning paraneter data types
*/

private Vector getParans(String WeNane, String nmet hodNane) ({
Vect or i nput Vector = new Vector();

try {
| XMLPar ser parser = XM_Par ser Fact ory. cr eat eDef aul t XM_Par ser () ;

File storageFile = new File(sydDir + WsNane + ".xm");
if (!storageFile.exists()) {

Systemout.println("XM Data fil e does not exist");
return null;

}

| XMLReader reader = StdXM_Reader.fil eReader (sydDir + WSNane +
oxm ") ;

par ser. set Reader (reader) ;
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| XMLElI enent root = (I XMLEl enent) parser. parse();

| XMLElI ement WSChi | d2 = (1 XMLEl enent) root. get Chi | dAt | ndex(0);
Properties objectData = new Properties();
obj ect Dat a. | oad(newFi | el nput Strean(sydDi r +

"JavaDat aTypes. properties"));

for (int j =0; j < WChild2.getChildrenCount(); j++) {
| XMLEIl erent chi | dr enMet hod = WSChi | d2. get Chi | dAt | ndex(j);
i f (childrenMet hod. get Nane() . equal s("Method")) {
for (int k =1; k < childrenMethod. get ChildrenCount() - 1;
k++) {
if ((((IXMEl enent)
chi | dr enMet hod. get Chi | dAt I ndex(0)). get Content ()). equal s( nmet hodNam

e)) {
String i nput Param= ( (| XM.El enent)
chi | drenMet hod. get Chi | dAt | ndex(k) ). getContent();
i nput Param= i nput Par am substri ng(0,
i nput Param | ast | ndexCOF (" ")) ;
i nput Par am =
obj ect Dat a. get Property(i nput Paran).toString();
i nput Vect or . addEl enent (i nput Par anj ;
}
}
}

}
} catch (Exception e) {

Systemout.printlin(e.toString());
}

return i nput Vector;

}

/**

* Cets destination paraneter data types from SyDDirectory

*

* @aram usernane nane of the web service, which is sane as
user nane

* @param dest Method name of destination web service

* @eturn destinati on paraneter data types

*/

publ i c Vector get Dest WsPar ansFronDi r (Stri ng usernane, String
dest Met hod) {
Vect or paranV = new Vector();
try {
SyDPropertyFile p = new SyDPropertyFile();
String dirurl = p.getVal ue("sydprop", "directoryurl™);
String listenerurl = p.getValue("sydprop", "listenerurl");
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Merber Shi pl menber1l = nul | ;
Regi stry r = Locat eRegi stry. get Regi stry(dirurl);
menber 1 = (Menber Shi pl) r. | ookup("Di rectoryService");

String userid = nenber 1.1 ookUp("SYD USER', "userl| D',
"user Nane", usernane);
String objectid = nmenber 1. | ookUp(" USER_APPO_NAPPI NG',
"objectI D', "userl D', userid);
String url = menber 1.1 ookUp("SYD USER', "user URL", "user Nane",
user nane) ;
String paranii st = menber 1. get Par ans(useri d, objectid,
dest Met hod) ;

StringTokeni zer st = new StringTokeni zer (paranLi st);
whi l e (st. hasMoreTokens()) {
String tok = st.next Token().toString();
if ((tok.trim()).equals("String")) {
tok = "java.lang. String";

}
par amV. add(t ok) ;

} catch (Exception e) {
Systemout.printin(e.toString());
}

return paranv,

}

/**
* |l nvokes the web service dynam cally using java's reflection
API
*

* @aram wNane web servi ce nane

* @aram mNane net hod nane

* @aram prnNames parameter types

* @aram prmval ues paraneter val ues

*/

public void cal |l WBMet hod( St ri ng wNane, String mNane, Vector
pr mMNarmes, Vector prnVal ues) {

try {
Vect or par anDat aType = new Vector();

Vect or i nputData = new Vector();

Properties objectData = new Properties();

obj ect Dat a. | oad(new Fi | el nput Strean(sydDir +
"JavaDat aTypes. properties"));

for (int i =0; i < prnNanes.size(); i++) {
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String paranifypes = primNanes. el ement At (i).toString();
par anDat aType. add( par anifypes) ;
}

for (int i =0; i < prnValues.size(); i++) {
String paranlype = par anDat aType. el enent At (i ).toString();
i f (paraniType. equal s("java.lang.Integer")) {
i nput Dat a. add( new

I nt eger (I nt eger. parsel nt (prmval ues. el ement At (i).toString())));

i f (paranlype. equal s("java.lang. Float")) {
i nput Dat a. add( new
FI oat (Fl oat . par seFl oat ( prnVal ues. el enent At (i).toString())));
}
i f (paramlype. equal s("java.l ang. Doubl e")) {
i nput Dat a. add( new

Doubl e( Doubl e. par seDoubl e( prnVal ues. el ement At (i).toString())));
}

i f (paranType. equal s("j ava. | ang. Bool ean")) {
i nput Dat a. add( new
Bool ean( Bool ean. get Bool ean( prnVal ues. el enent At (i).toString())));
}
i f (paranfype. equal s("java.lang. String")) {
i nput Dat a. add( pr nVal ues. el enent At (i));
}
}

//Java Reflection, call to | ocal web service
O ass wsCO ass = Cl ass. forNane(baseDir + wNanme + "I npl");
Met hod[] wsMet hods = wsC ass. get Met hods() ;
Ooject retVal = null;
for (int z =0; z < wsMethods.length; z++) {
i f (wsMet hods[ z] . get Name() . equal s(mNane) ) {
Vect or obj ect Param = new Vector();
for (int m=0; m< inputData.size(); m+) {
obj ect Par am add(i nput Dat a. el ement At (n)) ;
}
bj ect object[] = objectParamtoArray();
ret Val =wsMet hods[ z] . i nvoke(wsC ass. new nst ance(),
obj ect);
br eak;
}
b
di spose();

} catch (Exception e) {
Systemout.println(e.toString());
e.printStackTrace();

}

return;
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}
/*

stati c Label

ul

part starts here */

stati c Label
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fi
fi
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st
st
st
st
st

ati
ati

ati
ati

nal
nal
nal
nal
nal
nal
nal

ati
ati
ati
ati
ati
ati

/**

*

ws_| abel = new Label ("Enter W5 Nane:");

met hod_| abel = new Label ("Enter met hod Nane:");

c TextField ws_txt = new TextFiel d();
c TextField nethod_txt = new TextFi el d();

¢ Checkbox reg_chkbx = new Checkbox("Regi ster");
¢ Checkbox i nvoke_chkbx = new Checkbox("Il nvoke");

OO0 0000

stati
stati
stati
stati
stati
stati
stati

OO0 00

But t on
But t on
But t on
But t on
But t on
But t on

String cnmd_ok = "Ck";

String cnd_i nvoke = "I nvoke";
String cnd_register = "Regi ster”;
String cnd_cancel = "Cancel ";
String cnd_next = "Next";

String cnd_nenu = "Menu";

String cnd_proceed = "Proceed";

m bt n_ok = new Button(cnd_ok);

m bt n_nmenu = new But t on(cnd_nenu) ;

m bt n_cancel = new Button(cnd_cancel);

m bt n_proceed = new Button(cnd_proceed);
m bt n_next = new Button(cnd_next);

m bt n_i nvoke = new Button(cnd_i nvoke);

Entry point of the class

*/
public static void main(String[] args) {
W apper AppO frane = new W apper App() ;

franme. setVisible(true);

}

/**
*Constructor for the Wapper AppO obj ect
*/

publ i c Wapper AppQ() {
init();

}

/**
*Constructor for the Wapper AppO obj ect
*/

public Wapper AppQ(String status) { }

108
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/**

* Action perforned nethod, to initiate action in conmponent
changes
* @aram e Action event
*/
public void actionPerforned(ActionEvent e) {
i f (cnd_ok. equal s(e. get Acti onConmand())) {
Vect or paranVal ues = new Vector ();
for (int i =0; i < paraniTextField.length; i++) {
par anval ues. add( paranirext Fiel d[i].get Text());
}
t hi s. di spose();
cal | WeMet hod( get WsNane(), get Met hodNane(), paranmNamnes,
par anval ues) ;
this.removeAl l ();
this.initConponents();
init();

i f (cmd_i nvoke. equal s(e. get Acti onCommand())) {
dest Val ueVect or = new Vector ();
for (int i =0; i < destParaniTextField.length; i++) {
dest Val ueVect or . add( dest ParaniText Fi el d[i]. get Text());

i nput Di al og. di spose();
this.initConponents();
this. di spose();

i f (cnd_cancel . equal s(e. get Acti onCommand())) {
di spose();
System exit (0);

i f (cnmd_nenu. equal s(e. get Acti onCommand())) {
this.removeAll ();
this.initConponents();
init();

i f (cnmd_proceed. equal s(e. get Acti onCommand())) {
set RegChkBx St at us(reg_chkbx. get State());
set | nvokeChkBx St at us(i nvoke _chkbx. get State());
this.removeAll ();
this.initConmponents();
i ni tlnvokeMenu();

i f (cmd_next. equal s(e. get Acti onCommand())) {
set WBName(ws_t xt. get Text());
set Met hodNare( et hod_t xt . get Text ());
if (regChkBxStatus == true) {
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SyDPropertyFile p = new SyDPropertyFile();
String dirurl =p.getValue("sydprop", "directoryurl");
cr eat eW apper Bi ndi ng( get WNane() ) ;
this.removeAl l ();
di spl ayMessage(" Regi strati on Successful ");

} else if (invokeChkBxStatus == true) {
this.removeAl | ();
showPar am nput Frane() ;

}

this.initConponents();

}
}

public Vector getDestParam() {
ret urn dest Val ueVect or;

}

publ i c Vector get Dest Paranlype() {
return dest Par anVect or;

}

bool ean regChkBx St at us, i nvokeChkBxSt at us;

publ i c voi d set RegChkBxSt at us(bool ean status) {
regChkBxSt at us = st at us;
}

public void setl nvokeChkBxSt at us(bool ean status) {
i nvokeChkBx St at us = st at us;

}
/**

* Ceneric nethod to display nessage on the screen through a

frame

* @aram nessage string

*/

public void di spl ayMessage(String nsgString) {

set Layout (nul 1) ;

set Si ze( 250, 250);

this.initConmponents();

Label | = new Label (nsgString);
add(1);

add(m bt n_menu) ;
add(m_ bt n_cancel );

m bt n_menu. addAct i onLi stener (this);
m bt n_cancel . addActi onLi st ener (thi s);
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addW ndowLi st ener (
new W ndowAdapter () {

public voi d wi ndowd osi ng( W ndowkEvent e) {

Systemexit(0);

}
),

| . set Bounds(80, 70, 200, 20);
m bt n_nenu. set Bounds(50, 120, 60, 20);
m bt n_cancel . set Bounds(140, 120, 60, 20);

}

static TextField[] paranTextFi el d;
static Label [] paranlLabel ;
Vect or par amNanes;

/**
* Method for taking paraneters fromuser
*/

private voi d showParam nput Frane() ({
par anNanmes = new Vector();

par anNanmes = get Par ans( get WsNane(), get Met hodNane());

set Layout (nul 1) ;
set Si ze( 250, 250);

paranText Fi el d = new Text Fi el d[ par amNanes. si ze()];

par anLabel = new Label [ paranmNanes. si ze()];

int i;

for (i = 0; i < paramNanes.size(); i++) {
paranmiabel [i] = new Label ("Param' + i);
add( paraniLabel [i]);

paranmLabel [i].set Bounds(30, 30 * (i + 1),

paraniText Fiel d[i] = new Text Fi el d();
add(paranifTextField[i]);

paranmlext Field[i].set Text("");

par anifext Fi el d[i]. set Bounds(120, 30 * (i

}
add(m bt n_ok);

90, 20);

+ 1),

m bt n_ok. set Bounds(50, 30 * (i + 2), 60, 20);

add(m bt n_cancel ) ;
m bt n_cancel . set Bounds(140, 30 * (i + 2),

m bt n_ok. addAct i onLi st ener (t his);
m bt n_cancel . addAct i onLi st ener (thi s);

addW ndowLi st ener (
new W ndowAdapt er () {

90, 20);

60, 20);
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public voi d wi ndowd osi ng( W ndowEvent e) {
System exit(0);

}
),
return;

}

Vect or dest Par anVect or;

Vect or dest Val ueVect or;

static TextField[] dest ParaniextFi el d;
static Label [] dest Paraniabel ;

Di al og i nput Di al og;

/**

* Method to get destination paraneters fromthe user
*

* @aram destWs destinati on web servi ce nane
* @aram dest Met hod destination nethod nane
*/

publ i c voi d showDest Par am nput Frame(Stri ng dest\W5, String
dest Met hod) {
i nput Di al og = new Di al og(this, true);
dest Par amect or = new Vector();
dest Par amVect or = get Dest WSPar ansFr onDi r (dest W5, dest Met hod) ;

Panel i nputPanel = new Panel ();
i nput Panel . set Layout (nul I );

dest Par anifext Fi el d = new Text Fi el d[ dest Par amVect or. si ze()];
dest Par anmLabel = new Label [ dest Par anVector. size()];

int i;
for (i =0; i < destParanVector.size(); i++) {
dest Paranmiabel [i] = new Label ("Parani + i);
i nput Panel . add( dest Par anLabel [i]);
dest Par anlLabel [i]. set Bounds(30, 30 * (i + 1), 90, 20);
dest Par anifext Fiel d[i] = new Text Fi el d();
i nput Panel . add( dest ParamText Field[i]);
dest Paranifext Field[i].set Text("");
dest Par anfext Fi el d[i] . set Bounds(120, 30 * (i + 1), 90, 20);

i nput Panel . add( m bt n_i nvoke) ;

m bt n_i nvoke. set Bounds(50, 30 * (i + 2), 60, 20);
i nput Panel . add(m bt n_cancel ) ;

m bt n_cancel . set Bounds(140, 30 * (i + 2), 60, 20);
m bt n_i nvoke. addAct i onLi st ener (t hi s);

m bt n_cancel . addActi onLi st ener (t hi s);
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i nput Di al og. add( i nput Panel ) ;
i nput Di al og. set Si ze(250, 250);
i nput Di al og. set Vi si bl e(true);

addW ndowLi st ener (
new W ndowAdapter () {
public voi d wi ndowd osi ng( W ndowEvent e) {
System exit(0);
}
}
);
}

String wNanme = "", mNanme = "";

private voi d set WsNane( Stri ng wsNane) {
wNanme = wsNane;

}

private void set Met hodNane( Stri ng met hodName) {
mNarme = met hodNane;

}

public String get WsNane() {
return (wNane);

}

public String get Met hodNane() {
return (nmNane)

}

/**

* Shows initial screen
* [

private void init() {
set Layout (nul 1) ;
set Si ze( 250, 250);

Label | = new Label ("Sel ect one operation on a Wapper:");
add(1);

add(reg_chkbx);

add(i nvoke_chkbx);

add(m_bt n_proceed);

add(m_ bt n_cancel );

m bt n_pr oceed. addAct i onLi st ener (this);
m bt n_cancel . addActi onLi st ener (thi s);
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addW ndowlLi st ener (
new W ndowAdapter () {
public voi d wi ndowd osi ng( W ndowkEvent e) {
Systemexit(0);

}
),

| . set Bounds(20, 30, 200, 20);
reg_chkbx. set Bounds(30, 50, 120, 10);

i nvoke_chkbx. set Bounds(30, 90, 120, 10);
m bt n_proceed. set Bounds(50, 120, 60, 20);
m bt n_cancel . set Bounds( 140, 120, 60, 20);

/**
* Initial nmenu
*/
private void initlnvokeMenu() {
set Layout (nul 1) ;
add(m_bt n_next);
add(m bt n_cancel ) ;
add(ws_|I abel ) ;
i f (invokeChkBxStatus == true) {
add( net hod_| abel ) ;
}
add(ws_txt);
if (invokeChkBxStatus == true) {
add( net hod_t xt);
}
m bt n_next . addAct i onLi st ener (thi s);
m bt n_cancel . addAct i onLi st ener (thi s);

addW ndowLi st ener (
new W ndowAdapt er () {
public voi d wi ndowd osi ng( W ndowEvent e) {
System exit(0);

}

)

set Si ze( 250, 250);

ws_| abel . set Bounds(30, 50, 120, 10);

ws_t xt . set Bounds(160, 50, 60, 20);

if (invokeChkBxStatus == true) {
nmet hod_I| abel . set Bounds(30, 80, 120, 10);
met hod_t xt . set Bounds(160, 80, 60, 20);

}
m bt n_next . set Bounds(50, 120, 60, 20);
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m bt n_cancel . set Bounds( 140, 120, 60, 20);
}

/**

* lnitialtes conmponents

*/
voi d i nit Components() {

ws_t xt.setText("");

met hod_t xt. set Text ("");
reg_chkbx. set St at e(f al se);

i nvoke_chkbx. set St at e(f al se);

}
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