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Abstract
Grid computing is a new technology for the intent of sharing distributed resourcesand
coordinated problem solving. On the other hand, legacy soffivare systems can not be
simply discarded as they are critical to business they support and because they
encapsulatea great deal of knowledge and expertiseabout the applications. This research
proposesan approach for evolving legacy software systems into Grid environment. The
aim of this approach is to use legacy systems into Grid environment which enablesthe
integration of legacy resourceswith Grid across distributed, dynamic environment and
communities.
The methodology consists of multiple phases, include: using reverse engineering
techniques to comprehend and decompose legacy system, employing AST, DTD and
XSLT to transform and represent legacy system by XML as Grid components, and
integrating these Grid components into Grid service environments. Also, the proposed
approachis extendedto the semanticGrid environmentto carry out the initial step of the
semanticGrid oriented legacy systemevolution. As last, a legacy bank system casestudy
is given. The purposeof this casestudy is to demonstratethat the proposedapproachhas
the ability to evolve legacy systemsinto Grid serviceenvironments.
Different from related work, the approach proposed in this thesis provide an unified
framework for Grid oriented legacy software system evolution. Through this research
experience,it is argued that the detailed componentmining approachneedsto be tailored
according to the featuresof a particular legacy system, and the legacy system evolution
can assistGrid application development.The proposedapproachis powerful for utilising
reusable legacy resources into Grid environment to build Grid applications across
distributed, dynamic environmentand service oriented architecturecommunities.
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Chapter I
Introduction
I. I. Proposed Research and Overview of Problem
It is well known that in industry circles, most desktop machinesonly use 5% to 10% of
their capacity, and most servers barely peak out at 20%. What they need is not more
horsepower,but more efficient use of existing horsepower.They need a way.to tie all of
these idle machines together into a pool of potential labour, and provide secure and
reliable accessto managethoseresources[105]. As theseorganisationsvary frequently in
their purpose, scope, size, duration, and structure. Particularly, the resource
configurations of organisationshave the potential to be changedas well. Grid is a brand
new technology for the intent of sharing distributed resourcesand coordinated problem
solving, distinguished from conventional distributed computing by its focus on
large-scaleresourcesharing, innovative applicationsand high-perform.anceorientation.
Grid serviceshave emergedby combining Web servicesand Grid computing to perform a
seamlessinformation processingsystem acrossdistributed, dynamic virtual organisations
that the user can accessfrom any location.
Affected by the Grid service orientation trend, many existing non-service-oriented
software systems will turn into legacy systems. For such legacy systems, software
evolution, as an approachto transfon-ninga legacy systemto an evolvable one, is the only
way to extend their operational lifetime and make them capable of accommodating
changes. Such an evolution process relies on a sound understanding of the original
system via not only the wisdom and experiencesof software developers but various
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reverse engineering techniques [114]. These legacy systems require service oriented
reengineering, which can facilitate legacy system evolution in Grid service orientated
computing environments.
Making existing applications run in a Grid environmentwill increasehardware utilisation
and resource sharing. From economic aspects, a business is constantly re-organising,
changing its boundaries and reconfiguring its activities. Service-oriented reengincering
enables legacy systems to adapt to continuous changes in business logic and market
requirements.From technical aspects,application integration towards Grid and service
oriented architecture will become common in Grid service oriented environment.
Comparedwith design a new system,this approachis lessrisky and highly transport,and
it is massivelyreducetime and cost for the enterprise.
With years of efforts, Grid researchershave successfully developed Grid technologies
including security solutions, resourcemanagementprotocols, information query protocols,
and data managementservices.Due to the ultimate goal of Grid Computing is to design
an infrastructurewhich supportsdynamic, crossorganisationalresourcesharing, there is a
need of solutions for efficient evolving legacy systems into in the Grid environment.
However, as Grid is a quite new technique,there are currently only few active researches
related to the Grid oriented legacy systemevolution.
This thesis focuses on establishing a general framework and methodology to assistwith
the evolution of legacy systemsinto Grid environments.This researchproposesa solution
for migrating legacy systemsusing a Grid user interfaceto enablethe dynamic activation
and Grid resourcesdiscovery. This ability of the legacy system to use Grid serviceswill
allow the enterpriseto take advantageof the broad commercial support provided by Grid
technology. The approach gives a way for legacy systemsrun in Grid environment as
Grid services, and it enable legacy system used as distributed system for supply more
working ability.

3

1.2. Thesis Objectives
To addressthe above challenges,a new approachof Grid oriented legacy software system
evolution is proposed. First, reverse engineering techniques are used for program
comprehensionand design recovery. Then the legacy software systemsare decomposed
into a hierarchy of subsystemsby defining relationships between the entities of the
underlying paradigm of the legacy system. The decomposition is driven by program
slicing and clustering techniques.Next, Grid componentsare createdby wrapping objects
and defining the interface. Finally, Grid components are allocated to Grid services
environment by specifying the requirements of the system and characteristics of the
network as an integer programming model.
In particular, this thesis aims to addressingthe following researchissues in the area of
soft-wareevolution towards Grid oriented platform and system integration.
0

Legacy system decomposition and components identification. In this part, the
program slicing technique is used to decompose system, understand program,
eliminate dead code and make selectedcode segmentsfunction independently by
componentinterface parametersdetermination and deepsourcecode comprehension.
The clustering analysis technique is used to group large mounts of entities in a
datasetand capture reusable legacy code segmentsinto clusters according to their
relationship and similarity from legacy systems,and to createa hierarchical structure
of thesereusablelegacy code segments.
Grid components migration and packing. This part presents the approach to
migrating and packing the extracted legacy assets as Grid components and how
achieve it. It is basedon XML representationand transformation. Once a software
component has been extracted from a legacy system, or has been built as a new
component, its interface can be extracted and represented in XML.

The
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is
finished
by
the componentwrap, but also with the sources
not
only
representation
code analysis, such as the using of AST, DTD and XSLT. At last, the legacy
componentsare wrapped as XML Grid componentswhich could be further used in
the Grid servicesenvironment.
Grid services integration. This part presentsa framework that integrates the XML
packagedlegacy systemcomponentsinto the Grid service environment. It describesa
method for defining the legacy resourcesas stateful resources,and building the Grid
services based on these reusable resources.There are four major steps to migrate
components in the new Grid services environment. In the first step, the services'
properties and its interface are defined by WSDL. Then the implementAtion of the
service is carried out by Java. In the third step, the WSDD and JNDI file define the
deployment parameters including services registration and resources localisation.
The last step is to deploy the Grid service. This Grid service oriented reengineering
methodology brings more flexibility, expansibility and reusability, as well as more
reliability.
Extension to semantic Grid environment. This part proposedan approachto reusing
the legacy system assetsinto the semantic Grid framework. This approach is based
on source code translation and reconstruction, component reusing and the semantic
Grid framework retargeting. XML is employedto provide a simple and elegantframe
for describingthe propertiesof the reusablelegacysystemresourcesas Grid RDF data
models which are based on a specific XML mark language RDF/XML. The
RDF/XML representationand RDF-schemadescription are key techniquesin reusing
recoveredlegacy componentsin semanticGrid framework.

5

1.3. Contributions
The contributions of this thesis include:
0A

unified approachintegratesthe software evolution approachwith the Grid technique.
It utilises reusablelegacy resourcesinto Grid environment to build Grid applications
across distributed, dynamic environment and service oriented architecture
communities.This researchdevelopsan effective way to reuselegacy assetswith Grid
technology.
Identify componentsfrom legacy software systemsfor the use in Grid environment
with reverseengineeringtechniquessuch as program slicing and soft-wareclustering.
Specify Grid XML componentswhich are migrated from legacy system components
and integratethem into the Grid service framework.

0A

XML representationand transformation method that transforms between legacy
files and XML documents.The representationis finished not only by the component
wrap, but also with the sourcescode analysisincluded such as the using of AST, DTD
and XSLT.

0

Using the component baseddesign approach into the Grid application development
area.

0

e

An evolvable Grid oriented framework can integrate the XML packaged legacy
systemcomponentsinto the Grid service environment.

0

An evolvable Grid oriented framework can reuse the legacy system assetsinto the
semanticGrid environment.

-

1.4. Research Methods
There are a lot of researchmethodsbeing usedwithin the field of computing science.These
include but are not limited to implementation driven research, mathematical proof
techniquesand empiricism [83]. The implementationdriven researchapproachprogresses
by iteratively building better and better systems. But if the system fails then only few
insights into the basic researchquestion may be gained, although the failure due to the
limitations of the implementationmay be more often than the failure due to the idea itself.
And this method may be diff icult to generalisefrom a specific systemto generic principles.
The mathematical proof techniques approach uses formal proofs to reason about the
validity of a hypothesisgiven someevidence.But the mathematicalabstractionsusedin a
proof can be too abstractor generic, so that they completely ignore critical issuesthat must
be consideredduring the implementationof a particular system.
In this thesis,the researchmethodrelies-onthe empiricism which hasbeenusedto support
many different aspects of researchwithin computing science. The proposed research
method in this thesiscan be summarisedin the following four stages:hypothesis,methods,
results and conclusion.
In hypothesis stage, Chapter 4 presents the framework on Grid oriented evolution
approach and evolution process of the framework. It aims to identify and extract
componentsfrom legacy software systems,and to generatesuitable Grid component for
different Grid systemsand integratethe evolved componentsin Grid environment. Sucha
reengineering framework is composed of legacy system decomposition, component
identification, Grid componentscomposition and Grid environment integration that are
basedon current feasible Grid technology. This chapterexplicitly identifies the ideasthat
are to be testedby the research.
In method stage,Chapter 5 proposesan approachto identifying concernedresourcesfrom
legacy systemsfor designing componentswhich are used in Grid environment, including
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the legacy system decomposition with program slicing and hierarchical decomposition
creation with software clustering. Chapter 6 describesa Grid component migration and
packing approach based on XML representationand transformation with the using of
AST, DTD and XSLT. Chapter7 presentsa framework that integratesthe XML packaged
legacy system components into the Grid service environment, including Grid service
resourcesdescription, servicesimplementation,service registration, resourceslocalisation
and service deployment. Chapter 8 extendsthe proposedapproachinto the semanticGrid
environmentand takesthe initial work of reusingthe legacysystemassetsinto the semantic
Grid environment.Thesefour chaptersidentify the techniquesthat will be used in order to
establishthe hypothesis,and explicitly describeshow they are collaboratedto achievethe
hypothesis.
In the stage of results,. Chapter 9 presents a case study related to decompose legacy
system, represent legacy resourcesas Grid component and integrate them to the Grid
service framework. This chapter presents and compiles the results that have been
gatheredfrom the proposedmethod.
FinallY in conclusion stage, Chapter 10 concludes the thesis and states the supported
hypothesis.The possible future works are presentedas well.

1.5. Criteria for Success
This thesis proposed a unified approach to evolving legacy software systems into Grid
environment. It includes identify concerned resources from legacy systems based on
reverseengineeringtechniques,representedlegacyassetsby XML and reusethese legacy
resources in the Grid environment include the Grid services and semantic Grid
framework.
The following criteria are given to judge the successof the research described in this

%
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thesis:
0

Can this approachhandlethe diversity of Grid basedsystems?
Does the legacy system component identification and Grid XML component
representationmethods effective and feasible for the Grid oriented legacy soffivare
sYstemevolution process?

0

Does this approachimprove the efficiency Grid developmentindustry?

0

Is the approachfeasible for realisation?For example, is it possible to build a practical
tool basedon the approach?

0

Is the approachcapablefor industrial-scaledsystems?

1.6. Thesis Organisation
The rest of this thesis is organisedas follows:
0

Chapter I gives the researchproblem, motivation, scope, contribution and research
methodsof this thesis.

0

Chapter 2 provides an overview of Grid technology, software evolution and it
introduces some approachesand techniques which are used in the Grid oriented
software evolution. It also answerssuch questionsas what is Grid and what the Grid
oriented software evolution requires.
Chapter3 gives an overview of the relatedresearchesin the areaof Grid technologies,
Grid systemdevelopmentand systemevolution for Grid environment.
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0

Chapter4 presentsthe framework on Grid oriented evolution approachand evolution
processof the framework. It also presentsthe key componentsand challengesin the
evolution process.

0

Chapter 5 explains component identification approach for use in Grid environment
based on software reverse engineering techniques such as program slicing and
soffivare clustering.
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Chapter6 introducesthe conceptof Grid componentsmigration and packing, and how
they have beendevelopedin the proposedapproach.

0

Chapter7 discusseshow the Grid componentscan be integratedinto the Grid services
framework.
Chapter 8 explains the solutions of extending the previous approach for the legacy
systemsto meet the semanticGird structure.

0

Chapter9 presentsa casestudy to demonstratethe proposedapproachof Grid services
oriented legacy soflhvaresystemevolution.

0

Chapter 10 concludesthe thesisand makesa discussionon possible future research.
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Chapter 2
Background
2.1. Grid Computing Technology
2.1.1. Grid Computing
Grid computing [18] is an emerging computing model that provides the ability to perform
higher throughput computing by taking advantage of many networked computers to
model a virtual computer architecturethat is able to distribute processexecution acrossa
parallel infrastructure. Grid usesthe resourcesof many separatecomputers connectedby
a network (usually the Internet) to solve large-scalecomputation problems [42]. Grid
provides the ability to perform computations on large data sets, by breaking them down
into many smaller ones, or providing the ability to perform more computations at once
than a single computer would perform and by modelling a parallel division of labour
between processes.Currently, there are may kinds of Grid exist, such as data Grid,
resourcesGrid and infon-nationGrid.
Grid computing is distributed computing taken to the next evolutionary level [120]. The
goal is to create the illusion of a simple yet large and powerful self managing virtual
computer out of a large collection of connectedsystemssharing various combinationsof
resources.
Grid computing enables the virtualisation of distributed computing and data resources
such as processing,network bandwidth and storage capacity to create a single system
image, granting users and applications seamlessaccessto vast IT capabilities. Just as an

Internet user views a unified instanceof content via the Web, a Grid user essentiallysees
a single, large virtual computer.
Benefits of Grid Technology include:
9 Increasinghardwareutilisation and resourcesharing.
9 Enabling companiesto scaleout incrementally with low-cost components.
*

Reducingmanagementand administration requirements.

*

Accelerateprocessingtime to get the results.

9 Enablecollaboration and promote operational flexibility.
9 Efficiently scaleto meet variable businessdemands.
9 Increaseproductivity.
9 Leverageexisting capital investments.
o Infrastructure optimisation.
9 Increaseaccessto data and collaboration.
9 Resilient, highly available infrastructure.

Grid are composedof Virtual Organisations(VO) using a common suite of protocols. It
supports the sharing and coordinated use of diverse resources in dynamic VOs [44].
Virtual organisations,as explained above, can be a handful of serversor desktop PCs in a
single room, or a heterogeneoussystem scatteredaround the world connected via the
Internet [45]. All of these systemsare able to work together becauseof certain protocols,
which control connectivity, resource allocation and management,and coordination of
those resources.

12

Grid computing is an emerging technology, so different people will give different
definitions. But almost all definitions are focused on large-scale resource sharing,
innovative applications, and in somecase,high-performanceorientations.
The concept of utility computing is independentof any specific standard or technology.
Its goal is to meet the needs of dynamic, distributed resource sharing across every
application areaand industry segment.Grid computing can be consideredas a specialised
instanceof utility computing, driven up to now by the needsof the scientific community.
The Grid is not only a computing infrastructure, for large applications, it is also a
technology that can bond and unify remote and diverse distributed resources ranging
from meteorological sensorsto data vaults and from parallel supercomputersto personal
digital organisers[9].

2.1.2. Grid Services
Web servicestechnology is a set of specificationsfor 'packaging technology' that allows
functions of a software system to be published using Web Service Definition Language
(WSDL), discovered using Universal Description, Discovery and Integration (UDDI),
executedusing Simple Object AccessProtocol (SOAP) [81].
Grid servicesare emergedby integrating Grid computing and Web services to perform a
seamless information processing system across distributed, heterogeneous,dynamic
virtual organisations that the user can access from any location. It allows the entire
collection to be seenas a seamlessinfon-nationprocessingsystemthat the user can access
from any location.
Web services are the technology of choice for Internet based applications with loosely
coupled clients and servers. But the implementations of Web services are typically
stateless.Comparedwith this, Grid servicesare evolved to make possible of dynamically
sharing and coordinatedispersingof heterogeneousservicesresources.
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Grid servicesare basically Web serviceswith improved characteristicsand services.The
most important improvement is that Grid services are stateful and transient services. It
can rememberwhat have been done from one invocation to another with the support of
stateful resources.
The definition of stateful resources[46] is given as resourceswhich have a specific set of
statedata expressibleas an XML documentand a well-defined lifecycle, and be known to,
and acted upon, by one or more Web services.Its state may be implementedas an actual
XML document that is stored in memory, in the file system, in a database,or in some
XML Repository.

2.1.3. Semantic Grid
The semanticGrid [1191refers to an approachto Grid computing in which infon-nation,
computing resourcesand servicesare describedin standardways that can be processedby
computer [60]. This makes it easier for resources to be discovered and joined up
automatically, which helps bring resourcestogetherto createvirtual organisations.
The semanticGrid is an extensionof the current Grid in which information and servicesare
given well-defined meaning,better enabling computersand peopleto work in cooperation
[136]. This notion of the semanticGrid was first articulated in the context of e-Science,
observing that such an approachis necessaryto achieve a high degreeof easy-to-useand
seamlessautomation,enabling flexible collaborationsand computationson a global scale.
Semantic Grid is based on the Resource Description Framework (RDF) [65], which
integrates a variety of applications using XML for syntax [95] and URIs for naming
[1181.
The RDF describesmetadata[26] and provides a common framework for expressingthis
information so it can be exchangedbetween applications without loss of meaning [55].
And it provides a framework that allows data to be sharedand reusedacrossapplication,
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enterprise, and community boundaries. It is a collaborative effort led by WK

with

participation from a large numberof researchersand industrial partners.
The use of semantic Web and other knowledge technologies in Grid applications is
sometimesdescribedas the knowledge Grid. SemanticGrid extendsthis concept by also
applying these technologies within the Grid middleware. Some semantic Grid activities
are coordinated through the semantic Grid research group of the Global Grid Forum
(GGF).

2.2. Grid Technology Standards
There must be standards for Grid computing that will allow a secure and robust
infrastructureto be built. The main standardisationinitiatives for the Grid come from the
Global Grid Forum (GGF) and Organisation of the Advancement of Structured
Information Standards(OASIS).
GGIF is a forum initiated by a community of individuals from industry and research
leading the global standardisationeffort for the Grid. GGF's primary objectives are to
promote and support the development, deployment, and implementation of Grid
technologies and applications via the creation and documentation of best practices
technical specifications,user experiences,and implementationguidelines.
OASIS is a not-for-profit, international consortium that drives the development,
convergence,and adoption of e-businessstandards.The consortium producesmore Web
services standardsthan any other organisation and is responsiblefor the developmentof
the Web ServicesResourceFramework (WSRF) [47].
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2.2.1. Open Grid Service Architecture
The initial defining architecture standard for the Grid is the Open Grid Services
Architecture (OGSA) specification which provides the Open Grid Services Infrastructure
(OGSI) [141] of the GGF in June 2002 [24]. OGSA defines a set of common interfaces
for the important servicesin a Grid and also definesa common set of Grid serviceswhich
all Grid should offer [33].
The Open Grid Services Infrastructure specification version 1.0, released in July 2003
[54], defines a set of conventionsand extensionson the use of WSDL and XML Schema
to enable stateful Web services [134]. The four main layers comprise in the OGSA
architecturein is shown in [144]:
Physical and logical resources layer
The concept of resources is the centre to OGSA and to Grid computing. Resources
comprisethe capabilities of the Grid, and are not limited to processors.Physical resources
include servers,storage,and network. Above the physical resourcesare logical resources.
They provide additional function by virtualising and aggregating the resources in the
physical layer. General purpose middleware such as file systems, databasemanagers,
directories, and workflow managersprovide theseabstractserviceson top of the physical
Grid.
Web services layer
The secondlayer in the OGSA architecture is Web services.Here is an important tenet of
OGSA: All Grid resources(both logical and physical) are modelled as services. OGSI
specification defines Grid servicesand builds on top of standardWeb servicestechnology.
OGSI exploits the mechanismsof Web serviceslike XML and WSDL to specify standard
interfaces,behaviours,and interaction for all Grid resources.OGSI extendsthe definition
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of Web services to provide capabilities for dynamic, stateful, and manageableWeb
servicesthat are required to model the resourcesof the Grid.
OGSA architected Grid services layer
The Web services layer, with its OGSI extensions,provides a base infrastructure for the
next layer - architected Grid services. The Global Grid Forum is currently working on
defining many of these architected Grid services in areas like program execution, data
services,and core services.SomearchitectedGrid servicesare already defined, and some
implementationsof these architectedserviceshave already appeared.As implementations
of these newly architected services begin to appear, OGSA will become a more useful
SOA.
Grid applications layer
Over time, as a rich set of Grid-architected servicescontinuesto be developed,new Grid
applications that use one or more Grid architected services will appear. These
applicationscomprisethe fourth main layer of the OGSA architecture.
The OGSA supportsthe creation, maintenance,and application of ensemblesof services
maintained by VOs. It is certainly an important step in developing a service-oriented
architecturefor Grid. With the delivery of the initial implementationsof OGSI, OGSA is
getting ready to accelerateits entry into mainstreamcommercial computing environments
[135].

2.2.2. Web Service Resource Framework
Web Service Resource Framework (WSRF), a set of proposed Web services
specifications that define a rendering of the WS-Resourceapproach in terms of specific
messageexchangesand related XML definitions.
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Becausethere are many inconvenientof OGSI, such as OGSA which has too much stuff
in one specification, so it does not work well with existing Web services and XML
tooling, it is too object oriented and OGSA do not support the forthcoming WSDL 2.0.
The WSRF proposal is an evolution of OGSI concepts, it make Grid technology batter
usewith Web services[32].
The WS-ResourceFramework is defined by following normative specifications:
*

WS-Resource Properties. WS-Resource Properties [49] is the definition of a
WS-Resource,and mechanismsfor retrieving, changing, and deleting WS-Resource
properties.
WS-Notification. WS-Notification [53] defines a general, topic-based Web service
system for publishing and subscribeing interactions that build on the WS-Resource
framework.

9

WS-ResourceLifetime. Mechanisms for WS-Resourcedestruction include message
exchangesthat allow a requestorto destroy a WS-Resource,either immediately or by
using a time-basedscheduledresourcetermination mechanism[5 1].

0

WS-Base Faults. WS-Base Faults [52] is a base fault XML type for use when
returning faults in a Web servicesmessageexchange.

0

WS-Service Group. WS-Service Group [50] is an interface to heterogeneous
by-referencecollections of Web services.

0

WS-Renewable References.A conventional decoration of a WS-Addressing [22]
endpoint referencewith policy information is neededto retrieve an updated version
of an endpoint referencewhen it becomesinvalid.
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2.2.3. Key Components in Grid
Grid may consist of many high level key components.Dependingon the Grid designand
its expected use, some of these componentsmay or may not be required, and in some
casesthey may be combined to form a hybrid component[80].
Portal/userinterface.A Grid portal provides the interface for a user to launch applications
that will use the resourcesand services provided by the Grid. From this perspective,the
Grid seemsas a virtual computing resource for usersjust as the receptacle seemsas an
interfaceto a virtual generatorto consumerpower.
Security. At the baseof Grid environment, there must be mechanismsto provide security,
including authentication, authorisation, data encryption, and so on. The Grid Security
Infrastructure (GSI) component provided by Globus is an OpenSSL implementation. It
also provides a single sign-on mechanism,so that once a user is authenticated,a proxy
certificate is createdand usedwhen performing actions within the Grid.
Broker. Once authenticated,the user will launch an application. Basedon the application,
and possibly on other parametersprovided by the user, the next step is to identify the
available and appropriate resourcesto use within the Grid. This task could be carried out
by a broker which provides information about the available resourceswithin the Grid and
their status[110].
Scheduler.Once the resourceshave been identified, the next logical step is to schedule
the individual jobs to run on them. If a set of stand-alonejobs are to be executedwith no
interdependencies,then a specialised scheduler may not be required. A higher level
scheduler might be used to schedule work to be done on a cluster, while the cluster's
schedulerwould handle the actual schedulingwork on the cluster's individual nodes,
Data management.Data managementis needed if any data must be moved or made
accessibleto the nodes where an application's jobs will execute.This component,know
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as Grid Access to SecondaryStorage,includes facilities such as GridFTP which is built
on top of the standardFTP protocol, but adds additional functions and utilises the GSI for
user authentication and authorisation. This facility provides third-party file transfer so
that one nodecan initiate a file transfer betweentwo other nodes.
Job and resource management. The Grid Resource Allocation Manager (GRAM)
provides the services to actually launch a job on a particular resource, check its status,
and retrieve its results when it is complete.
Other facilities. There are other facilities that may need to be included in Grid
environment and consideredwhen designing and implementing application. For instance,
inter-processcommunication and accounting servicesare two common facilities that are
often required.

2.3. Existing Grid Applications
2.3.1. Access Grid
Access Grid (AG) [30] is a collection of resourcesand technologies that enableslarge
format audio and video based collaboration between groups of people in different
locations. The Access Grid is an ensemble of resources, including multimedia
large-format displays, presentationand interactive environments,and interfaceswith Grid
computing middleware and visualisation environments. In simple terms, it is advanced
video conferencingusing big displays and with multiple camerasat each node (site). The
technology was invented at Argonne National Laboratory, Chicago.
The AccessGrid is an ensembleof resourcesincluding multimedia large-format displays,
presentation and interactive environments, and interfaces to Grid middleware and to
visualisation environments. These resources are used to support group-to-group
interactions across the Grid. For example, the Access Grid is used for large scale
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distributed meetings, collaborative work sessions, seminars, lectures, tutorials, and
training. The Access Grid thus differs from desktop-to-desktop tools that focus on
individual communication.
The Access Grid has over 1,500 users worldwide. Each institution has one or more AG
nodes,that contains the high-end audio and visual technology neededto provide a high
quality compelling user experience.The nodes are also used as a researchenvironment
for the developmentof distributed data and visualisation corridors and the study of issues
relating to collaborative work in distributed environments.

2.3.2. SETI
SETI@home [3] or the Search for Extraterrestrial Intelligence, is a Grid computing
project using Intemet-connectedcomputers in the searchfor extraterrestrial intelligence,
hostedby the SpaceSciencesLaboratory, at the University of California, Berkeley, in the
United States. It is a scientific effort seeking to determine if there is intelligent life
outside Earth.
Most of the SETI programs used today analyse the data from the telescope in real time.
To tease out the all signals, a great amount of computer power is necessary.SETI
programs could never afford to build or buy that computing power. Rather than using a
huge amount of computer to do the job, SETI programs less computers but just take
longer time to do it.
By using Grid technology, SETI team develop an approachto use computers all around
the world. As long as authorised,SETI could usethe computer power ability to help them
analysing single data. They do this with a screensaver that can get a chunk of data from
SETI over the internet, analysethesedata, and then report the results back to them. When
users need their computer back, the screen saver instantly gets out of the way and only
continuesthe analysiswhen the computer is free.

21

SETI@home also has been used as a stresstesting tool for computer workstations, as it
runs the computer CPU at full power for a sustainedtime period. This is especially useful
to over lockers. The results of the data processingare normally automatically transmitted
when the computer is connectedto the internet. It can also be insiructed to connect to the
internet as needed.

2.3.3. MicroGrid
The MicroGrid [129] provides online simulation of large-scale(20,000 router, thousands
of resources)network and Grid resources.By creating a virtual Grid environment in
which existing middleware and applications can be run unchanged, detailed study of
complex dynamic behaviour such as scaling, failure responses,and other emergent
behaviourthat can be explored.
The MicroGrid complementsexperimentationwith actual Grid by supporting exploration
of a wide variety of Grid resource configurations and scenarios (such as catastrophic
failure) are not be possible to exhibit in the actual resource. Other advantagesof
MicroGrid include the ability to explore a wide range of resource (network, compute,
storage) environments, dynamic competitive loads, reduced experimental effort, and
increasedobservability.

2.3.4. E-Science and ICENI
The term e-Sciencehasbeendefined by John Taylor (Director Generalof the UK Research
Councils) as "global collaboration in key areas of science and the next generation of
infrastructurethat will enable it." The Grid is an architectureproposedto bring all these
issuestogether and make a reality of such a vision for e-Science.E-Science is used to
describecomputationally intensivesciencethat is carried out in highly distributed network
environments,or sciencethat usesimmensedata setsthat require Grid computing. In the
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future, e-Sciencewill refer to the large scale sciencethat will increasingly be carried out
through distributed global collaborations enabled by the Internet. Typically, a feature of
such collaborative scientific enterprisesis that they will require accessto very large data
collections, very large scalecomputing resourcesand high performancevisualisation back
to the individual user scientists.
Imperial College e-Science Network Infrastructure (ICENI) [56] is a typical Grid
computing platform. It provides high-level abstractionsfor e-sciencewhich will allow
usersto construct and define their own applications through a graphical composition tool
integratedwith distributed componentrepositories and deliver this environment acrossa
rangeof platforms and devices [57]. It is a Grid middleware system, which consistsof a
service oriented architecture and an augmentedcomponent programming model being
developed at the London c-Science Centre. This platfon-n independent framework
explores effective application execution upon distributed federated resources through
open and extensibleXML derived protocols and a Java implementation.
ICENI framework uses a component programming model to describe Grid applications
[97]. This is clearly a benefit becauseit promotescode reuseand reducesthe task of Grid
application developmentto that of application composition. The scheduling of component
applications in this environment takes place through the ICENI scheduling framework
which allows 'pluggable' schedulingalgorithms and platform specific launchers.
Recovered legacy componentscommunicate in XML-based messageswith the help of
XML parser.From user's aspect,the framework supply visualisation Grid serviceswhich
enableconsistentresourceaccessacrossmultiple heterogeneousplatforms without regard
for how these services are implemented.It enablesmapping of multiple logical resource
instancesonto the samephysical resourceand facilitates managementof resourceswithin a
Virtual Organisationbasedon composition from lower-level resources.
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Furthermore,it also allows to composebasic servicesto form more sophisticatedservices
and underpinthe ability to map common servicebehaviourseamlesslyonto native platform
facilities. The distributed componentrepositorieswill allow developersto contribute their
soffivare to the wider community and easily incorporate other work into their own
componentsor applications. The ICENI middleware federatesthe underlying resources
that enablethe e-scientistto carry out their work by allowing sophisticatedand extensible
accessand usagepolicies to be specified.

2.4. Future of Grid Technology
Many features for future of Grid technology have been designed. These features
essentially changethe current ways of using software and services.They will supply and
brand new platform for both enterprise and users. Also, they will provide more
conveniencesand practicalities.

2.4.1. Visualisation
Visualisation enablesconsistentresourceaccessacrossmultiple heterogeneousplatforms.
Virtualisation also enablesmapping of multiple logical resourceinstancesonto the same
physical resourceand facilitates managementof resourceswithin a virtual organisation
based on composition from lower-level resources.Further, virtualisation can compose
basic servicesto form more sophisticatedserviceswithout regard for how these services
are implemented.
Visualisation Grid [44] services also underpins the ability to map common service
semanticbehaviour seamlesslyonto native platforrn facilities. This virtualisation is easier
if the service functions can be expressedin a standardforrn, so that any implementation
of a service is invoked in the samemanner.
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2.4.2. Virtual Organisation
A virtual organi sation(VO) [43] is a collection of resourceproviders and consumerswith
a set of clearly and carefully defined sharing rules, such as what is shared,who is allowed
to share,the conditions under which sharing occurs,etc.
The sharing which are concerned with is not primarily file exchange but rather direct
accessto computers, software, data, and other resources,as is required by a range of
collaborative problem solving and resource brokering strategies emerging in industry,
science, and engineering. This sharing is, necessarily,highly controlled, with resource
providers and consumers defining clearly and carefully just what is shared, who is
allowed to share,and the conditions under which sharing occurs. A set of individuals and
institutions defined by such sharing rules form a virtual organisation.

2.4.3. Mobile[Wireless Grid
As the rapid growth of the wireless/mobile networks and wireless/mobile devices
technologies, the amount of their uses and the improvement of performance go on
increasingrapidly.
Mobile/Wireless Grid [112] enables mobile devices (mobile phone, PDA, laptop
computer) to accessnative Grid anytime and anyplace.It helps mobile devices to use idle
resourcesof a great number of other wireless devicesas well as wired Grid resource.This
will being great benefits to mobiles devices. For this instances,people can use a PDA to
watch movie without add a hard disc or faster memory and CPU. One day, mobile
devices can be used as a typical computer, or even a supercomputerwithout spending
more money.
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As there are much advantagesof Grid technology, more and more applications are
involved in Grid technology. Based on this idea, getting more applications from
integration with Grid could be a tremendouswork in the future.

2.5. Other Distributed Object Technology
Grid is an emerging computing model that provides the ability to perform higher
throughput computing by taking advantage of many networked computers to model a
virtual computer architecturethat is able to distribute processexecution acrossa parallel
infrastructure.
Other enterprisedevelopmenttechnologiessuch as DCOM, EnterpriseJava Beans(EJB),
Java 2 Enterprise Edition (J2EE), and CORBA are all systems designed to enable the
construction of distributed applications. They provide standard resource interfaces,
remote invocation mechanisms,and trading servicesfor discovery and hencemake it easy
to shareresourceswithin a single organisation.
Comparatively, Grid use the resources of many separate computers connected by a
network (usually the Internet) to solve large-scalecomputation problems. Grid provide
the ability to perform computationson large data sets,by breaking them down into many
smaller ones, or provide the ability to perform many more computations at once than
would be possible on a single computer, by modelling a parallel division of labour
between processes.Today resource allocation in a Grid is done in accordance with
service level agreements. As a type of distributed computing, the Grid should be
characterisedby other related technologies.
The most widely accepted standard distributed object technologies include: Object
ManagementGroup's Common Object Request Broker Architecture (CORBA), Sun's
Java remote method invocation (RMI), Sun's Enterprise JavaBeans (EJBs) and
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Microsoft's Distributed Component Object Model (DCOM). Also, some other related
technologiessuch as P2P, HNI and Web serviceswill be reviewed.

2.5.1. CORBA
In computing, Common Object Request Broker Architecture (CORBA) [126] is a
standard for software componentry, created and controlled by the Object Management
Group (OMG). It defines APIs, communication protocol, and object/service information
models to enable heterogeneousapplications written in various languages running on
various platforms to interoperate. CORBA therefore provides platform and location
transparencyfor sharing well-defined objects acrossa distributed computing platform.
CORBA usesan interface definition language(IDL) to specify the interfacesthat objects
will present to the world. CORBA then specifies a "mapping" from IDL to a specific
implementation language like C++ or Java [67]. This mapping precisely describeshow
the CORBA data types are to be used in both client and server implementations.Standard
mappingsexist for Ada, C, C++, Lisp, Smalltalk, Java,and Python [ 109].
CORBA is an integration technology, but not a programming technology. As such, it is
used to connect distributed objects and integrate them with other heterogeneous
computing environments.

2.5.2. J2EE
Java 2 Platform Enterprise Edition (J2EE) [2] technology provides a component-based
approachto design,development,and deployment of Web enabledenterpriseapplications.
J2EE offers a multi-tier architecturethat separatespresentationlogic, businesslogic and
back-end services or database.J2EE consists of different componentsto assist the fast
developmentand deploymentof eachtier, including:
- JavaApplications and appletsrunning on client machinesto accessto Web servers.
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- Java Server Page (JSP) [15] and Java Serviet [75] running on Web servers to receive
and responsesclients' request.
implement
business
logic.
JavaBeans
Enterprise
the
to
running
on
application
severs
-

2.5.3. EJB
Enterprise JavaBeans(EJB) [102] technology is the server-sidecomponent architecture
for J2EE. EJB technology enables rapid and simplified development of distributed,
transactional,secureand portable applications basedon Javatechnology.
The EJB specification details how an application server provides persistence,transaction
processing, concurrency control, events using Java message service, naming and
directory services (JNDI) [62], security (JCE and JAAS), deployment of software
components in an application server and remote procedure calls using RMI-IIOP or
CORBA. It also defines the roles played by the EJB container and the EJBs as well as
how to deploy the EJBs in a container.
EJBs are deployed in an EJB container within the application server. And each EJB must
provide a Java implementation class and two Java interfaces. Becausethese are merely
Java interfaces and non-concrete classes,the EJB container must generate classesfor
these interfacesthat will act as a proxy in the client. Client code invokes a method on the
generatedproxies, which in turn places the method argumentsinto a messageand sends
the messageto the EJB server. The proxies use RMI-IIOP to communicatewith the EJB
server.

2.5.4. RMI
The Java Remote Method Invocation [36) API, or Java RMI, is a Java application
programming interface for performing remote procedurecalls for distributed computing.
Because it is implemented in Java, it is platforrn independent.Similar to CORBA, it
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generatesthe stub and skeletonclassesfor the client and server.Java interface is a natural
construct for the interface definition.
Thire

are two common

implementations

of the interface, the initial

one to be

implemented known as JRMP and a version compatible with CORBA. Usage of the term
RMI may solely denote the programming interface or may signify both the API and
JRMP, whereas the tenn RMI-110P, read RMI over HOP, denotes the RMI interface
delegating the most of the functionality to the supporting CORBA implementation. The
original RMI API was generalised somewhat to support different implementations [106].
Additionally,

work was done to CORBA, adding a pass by value capability, to support

the RMI interface. Still, the RMI-IIOP and JRMP implementations are not fully identical
in their interfaces.

2.5.5. DCOM
Distributed Component Object Model (DCOM) [125] is a Microsoft proprietary
technology for software componentsdistributed across several networked computers to
communicate with each other. It extends Microsoft's COM, and provides the
communication substrate under Microsoft's COW application server infrastructure. It
has beendeprecatedin favour of Microsoft NET.
In terms of the extensions it added to COM, DCOM had to solve the problems of
marshalling (serialising and desterilising the argumentsand return values of method calls
"over the wire") and distributed garbage collection (ensuring that references held by
clients of interfaces are releasedwhen, for example, the client process crashed, or the
network connection was lost) [63]. DCOM was a major competitor to CORBA.
Proponentsof both of these technologies indicate that they will become the model for
code and service-reuseover the Internet. However, the difficulties involved in getting
either of thesetechnologiesto work over Internet firewalls, and on unknown and insecure
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machines,meantthat normal HTTP requestsin combination with Web browsers won out
over both of them. Microsoft, at one point, attemptedand failed to headthis off by adding
an extra http transport to RPC [87] called "ncacn_http" (Network Computing
Architecture, Connection-based,over HTTP).
In a world, DCOM is another object technology integration environment supportedonly
on Microsoft Windows platforms. DCOM-based applications can take full advantageof
the existing Microsoft servicessuch as security and transactions.Some software vendors,
migrate DCOM to other platforms such as UNIX so that, DCOM may eventually become
a truly cross-platformtechnology.

2.5.6. Peer to Peer
A Peer-to-Peer(or P2P) [ 108] computer network is a network that relies primarily on the
computing power and bandwidth of the participants in the network rather than
concentratingit in a relatively low number of servers.P2P networks are typically usedfor
connecting nodes via largely ad hoc connections. Such networks are useful for many
purposes.Sharingcontent files (seefile sharing) containing audio, video, data or anything
in digital format is very common, and real time data, such as telephony traffic, is also
passedusing P2P technology [100].
In P2P computing, machines share data and resources,such as spare computing cycles
and storagecapacity via the Internet or private networks. Machines can also communicate
directly and managecomputing taskswithout using central servers.It is defined as a class
of applicationsthat takes advantageof resourcesstorage,cycles, content, human presence
available at the edgesof the Internet [4 1].
A pure P2P network does not have the notion of clients or servers, but only equal peer
nodes that simultaneously function as both clients and serversto the other nodes on the
network. This model of network arrangementdiffers from the client-server model where
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communication is usually to and from a central server. A typical example for a non P2P
file transfer is an FTP server where the client and server programsare quite distinct, and
the clients initiate the download/uploadsand the serverssatisfy theserequests.

2.5.7. Jini
Jini [4] is a network architecture for the construction of distributed systemswhere scale,
rate of changeand complexity of interactionswithin and betweennetworks are extremely
important and cannot be satisfactorily addressedby existing technologies [37]. It is a
Java-based infrastructure developed by Sun Microsystems that can provide all the
services necessaryto support parallel and distributed applications [10]. Jini is primarily
concerned with communications between devices. It is designed to provide a software
infrastructure that can form a distributed computing environment, that offers network
plug and play.
Jini technology provides a flexible infrastructure for delivering services in a network and
creating spontaneousinteractions between clients that use these services regardlessof
their hardwareor soffivare implementations.
Jini network technology is an open architecture that enables developers to create
network-centric services (whether implemented in hardware or software) that are highly
adaptive to change. Jini technology can be used to build adaptive networks that are
scalable,evolvable and flexible as required in dynamic computing environments.
Integrate Grid technology with Jini technologiescan make a great signification. Grid can
help them become more powerful. The Grid is not only a computing paradigm for
providing computational resources for grand challenge applications, but also an
infrastructure that can bond and unifý globally remote and diverse resources from
disparateadministrative domains.As such, the Grid can provide pervasive servicesto all
usersthat needthem.
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2.5.8. Web Services
With the rapid global adoption of Business to Business (B2B) [123] and e-Commerce
business
the
the
the
aims
at
empowering
concept
of
worldwide,
service
process
activities
integration over the Web. To facilitate the useof the Web for businessprocessintegration
and collaboration between trading partners, the service builds on the top of components
referred to as Web services [21]. Such services offer specific business related
functionality, reside in the application servers, can be programmatically integrated with
other systems,and perforrn interactive tasks involving multiple stepson a user's behalf.
To allow for servicesto interoperate,a common industry standard,such as SOAP (Simple
Object Access Protocol), WSDL (Web Service Description Language) and UDDI
(Universal Description, Discovery, Integration) has been proposed. SOAP, which is
encoded in XML and HTTP, is a messagepassing mechanismand serves as a uniforrn
invocation mechanismbetween Web services.The WSDL describesthe interface points
of the Web servicesthat are further indexed in searchableUDDI.
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Chapter 3
Related Research
3.1. Software Evolution
3.1.1. Legacy System
First of all, the term software used in this thesis is to indicate sourcecode, documentation
and any related data. Specifically, the documentation part may incQe

various

specifications and designs of the existing system. The data part may include various
related data such as input and output test data. The source code may include any
programs written in one or more programming languages and integrated in a single
systemas well as any dependencyfiles that are neededto compile and run the system.
A legacy system is an application program, which is currently a well-accepted and
well-defined term within the software engineering community [151]. In 1995, Bennett
defined legacy systemsinformally as, large software systemsthat we don't know how to
cope with but that are vital to our organisation [ 13]. Legacy system is a computer system
or application program which continues to be used becauseof the cost of replacing or
redesigning it, despite its poor competitiveness and compatibility with modern
equivalents. The implication is that the system is large, monolithic and difficult to
modify.
Legacy systems are usually maintained by as many as hundreds of programmers for a
number of years, and while many changeswill be made to the soffivare, the supporting
documentation may not always be kept up to date. Legacy systems may have some of
thesecharacteristics:
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9 High maintenancecosts.
e Complex software.
9 Obsoletesupport sofhvare.
*

Obsoletehardware.

9 Lacking technical expertise.
0 Businesscritical.
9 Backlog of changerequests.
9 Poor documentation.
9 Embeddedbusinessknowledge.
*

Poorly understoodby maintainers.

Despite these problems, organisationscan have compelling reasonsfor keeping a legacy
system,such as:
9 The costs of redesigning the system are prohibitive becauseit is large, monolithic,
and complex.
The system requires close to 100% availability, so it can not be taken out of service,
and the cost of designing a new systemwith a similar availability level is high.
e The way the system works is not well understood.Such a situation can occur when
the designersof the system have left the organisation and the system has either not
beenfully documentedor such documentationhas beenlost.
*

The user expectsthat the systemcan be easily replacedwhen it becomesnecessary.
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9 The systemworks satisfactorily, and the owner seemsno reasonfor changing it - or
in other words, re-learning a new system would have a prohibitive attendantcost in
lost time and money.

3.1.2. Software Evolution and Reengineering
Software evolution is the processof adapting an existing software system to conform to
an enhanced set of requirements. Soft-warereengineering [150] is software evolution
performed in a systematic way [124]. In particular, Chikofsky and Cross define
reengineeringto be "the examination and alteration of a subject system to reconstitute it
in a new form and the subsequentimplementation of the new form". Altering existing
systemscomprises the majority of all software developmenttime [7] and expense,and
evolution comprisesthe majority of systemalteration (maintenance)activities [ 155].
The major difference bet-weeninitial developmentand evolution has to take into account
the existing version of the systembeing evolved [121]. The important concernsincluding
making sure that the new requirementsare consistentwith those of the existing version,
trying to maintain control of the architectureof the system,understandingthe code of the
current version, and suggestinghow the enhancementmight be made while maintaining
the conceptualintegrity of the design. It will help the legacy systemto migrate to a new
language,platform, operating system, hardware; migrate to a new software development
paradigm; increasemaintainability and integratewith other systems[29].
Software evolution is the process of conducting continuous software reengineering.
Reenginceringimplies a single change cycle, but evolution can go on forever. In other
words, for a large extent, software evolution is repeatedsoftware reengineering.
Software reengineering technology is a practical solution for the problem of evolving
existing computing systems. Due to the rapid development of computer hardware and
soffivare, the demandsand costsof software changesare increasingcontinuously.
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The phasesof soffivare reengineeringinclude:
Reverse engineering is the process of analysing a subject system to (1) identify the
system's components and their interrelationships and (2) create representationsof the
systemin anotherform or higher level of abstraction[29].
The reverseengineeringincludesthe following researchareas:
Reengineering requirements involves the planning phase where the reengineering
objectives are clearly identified within the context of the selected legacy system that
needsbe migrated [93].
Analysis involves a wide variety of sourcecode analysisand abstractionmode-isto assess
the technical, functional and architectural aspectsof the existing systems[115].
Positioning focuses on restructuring a system to enhance its qualities, or making the
program more readablewithout changing its external behaviour.
Re-documentation is a forrn of restructuring a system with a semantically-equivalent
representationin a different view in order to facilitate understanding.
Design recovery [31] aims to identify meaningful higher-level abstractionsof a system
and associatescode segmentswith specific functionality.
Forward engineeringis the traditional processof moving from high-level abstractionsand
logical, implementation-independentdesignsto the physical implementation of a system.
It aims to improve a soffivare system by considering new functional and non-functional
requirementsfor the migrant system.Forward engineeringfollows a sequenceof activities,
including elicitation of new requirements, transforrnation of the system, and finally
deploymentof the system in its new environment.
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3.1.3. Software Maintenance
Despite the large expenditure, little is known about the empirical nature of soffivare
maintenance,in terms of its effect on the artefact, on the process and on the soffivare
engineersand users.The first vista in the researchlandscapeis therefore:
0

To gain more empirical information about the nature of software maintenance,in
terms of its effect on the software itself, on processes,and on organisations and
people.

0

To expresssuch understandingin terms of predictive models which can be validated
through experiment. The models may inform both the technical and businessfacets
of maintenance.

0

To explore and formalise the relationshipsbetweentechnology and businessmodels.

0

To understandhow such models may be exploited in an industrial context.

0

To establish accepted evaluation procedures for assessingnew developments and
processes,in terms of the implications for maintenance,especially in an industrial
context on large scaleapplications.

Software maintenanceis defined in IEEE Standard 1219 [78] as: the modification of a
soffivare product after delivery to correct faults, to improve performance or other
attributes,or to adaptthe product to a modified environment.
A similar definition is given by ISO/lEC [79], again stressingthe post-delivery nature:
The software product undergoesmodification to code and associateddocumentationdue
to a problem or the need for improvement. The objective is to modify the existing
soft-wareproduct while preservingits integrity.
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Soffivare maintenance is often bug corrections or small functional enhancementsand
should never involve major structural changes[31]. Maintenance is required to support
the evolution of any system,but it doeshave limitations:
0

Legacy systemshave beendevelopedto be efficient rather than maintainable.

0

Documentationis often inconsistent.

0

Competitive advantage derived from adopting new technologies is seriously
constrained.Net-centric computing or graphical user interfaces,for example, are not
typically consideredas a maintenanceoperation.

e

Maintenance costs for legacy systems are increasing with time. Finding needed
expertisein out-of-date technologiesbecomesincreasingly difficult and expensive.

0

Assessingthe impact of changesis difficult. Often, the compound impact of many
small changesis greater than the sum of the individual changesdue to the erosion of
the system's conceptual integrity. Infonnation systemstend to expand with time as
efforts to remove unused code are seldom funded. Modifying a legacy system to
adapt it to new businessneedsbecomesincreasinglydifficult.

3.1.4. Software Restructuring
Software restructuring is the transformation from one software representation form to
another at the same relative abstraction level, while preserving the subject system's
external behaviour(functionality and semantics)[29].
A number of restructuring techniqueshave been presentedin [5]. These are organisedin
five levels: namely, source code, documentation, programming environment, coding
standards,and management.
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In the code level restructuring, some approachesmodify the textual code to a standard
style, for example, pretty printing and replacing poorly structuredsoffivare with reusable
components.
In the documentationlevel, some approachestake existing documentation,update it, and
make comments more accurately, often without creating new forms of documentation.
Other approaches,called system modularisation techniques,focus on the decomposition
of a systeminto logically meaningful modules.
Thesetechniquesdo not directly reconstructthe target software, but they aim to increase
the ability of a programmerto deal with the soffivare in the future maintenancetasks.
Software restructuring allows for source code transformations to be applied in order to
facilitate program understandingand consequentlyalter the systembeing reenginecredin
order to increaseits maintainability.

3.2. Software Reengineering
As an emerging trend in Net-Centric Computing technology [27], Grid focuses on
large-scaleresource sharing, innovative applications and high performance orientation.
The sharing relationships may be static and long-lived or highly dynamic. With
increasing adoption of distributed systemsand Web basedapplications, more and more
existing applications turn to legacy systems.Grid technology can be applied to achieve
enterprise-wideapplications integration. Adapting Grid to evolving legacy systemscould
provide a rich set of capabilities. It allows organisationsto use numerous computersto
solve problemsby sharing computing resources[84].
Evolve legacy soffivare systemsto Grid platforms could receive significant attention in
the future years. This approachaims to migrate selectedparts of legacy systemsto Grid
platforms and designs. With the properties, such as information hiding, inheritance and
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polymorphism inherent in Grid oriented designs, essential parts of such a reengineered
system can be reused or integrated with other applications by using Grid computing
technologies,or enterpriseintegration solutions.
In the related literature, approachesto migrate legacy systemsto a new network-centric,
distributed environment can be divided into three categories: re-development,
restructuring and combination [ 153].
In re-developmentapproach, the legacy system is redevelopedwithin the context of a
client/server or multi-tier architecture. Re-developmentimplies that all of the existing
applications must be reprogrammed in a different programming language. Since the
original systemhas been maintained for many years and encapsulatessignificant logic is
not fully documentedin most cases,re-developmentis the most risky of all approachesto
apply.
The secondapproachfocuseson restructuring a legacy system.The application programs
must be modularised and restructured before they can be individually migrated. In
addition, the data, accessedby the application programs,may be required to be migrated
from its present form to distributed relational databases[142]. This is a more feasible
solution, but requires that the whole control flow, input/output processing logic. The
effort required and the risks involved are often high enoughto discourageeven the most
eagerclient/server architectureproponent [ 121].
The third approachesis a combination of wrapping and entire system comprehension,
which is called grey-box approach. Encapsulation provides the means by which an
existing software component can be accessedin a transparentto the client way, via a
separate wrapper object. This is a more promising alternative because it essentially
layer
to bridge the gap between existing legacy software
an
encapsulation
provides
application or components and new applications. It is also economic and practical to
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functionality
legacy
extract some
as components and gain supports from component
basedsoftware engineering.

3.2.1. Component-Based Software Engineering
ComponentBasedSoftware Engineering(CBSE) [ 16] is a processthat aims to design and
construct software systems using reusable software components [20]. The component
paradigm starts with the assertionof an assembly-orientedview of software engineering
[23], building software applications by wiring togetherthe ports [66] and connectorsof a
set of pre-fabricated parts (components) within a component context [107]. This
paradigm is an evolution of the notion of the object paradigmon the following aspects:an
object having identity, state, and behaviour; a component exposing services, contracts,
and mannersand most importantly, it is configurable without requiring intrusive changes
for using it.
In order to exploit the high-level information for scheduling in a Grid context [11], it is
necessaryto adopt the component baseddesign pattern [133] to provide the portability,
mobility and high performance while retaining the facility to maintain and export the
required componentmeta-dataat run-time.
Software components must conform to a component model, which is used to achieve
component composition and assembleapplication from components [72]. For example,
the data exchange model allows users and applications to interact and transfer data.
Another example is the underlying object model, which allows the interoperation of
components developed in different programming languages that reside on different
platforms. The industrial standardcomponentmodels of achieving this are CORBA, EJB
and DCOM.
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3.2.2. Software Clustering
Clustering [ 117] is a common technique for statistical data analysis, which is used in
many fields, including machine learning, data mining, pattern recognition, image analysis
and bioinformatics. Clustering is the classification of similar objects into different groups
[34], or more precisely, the partitioning of a data set into subsets(clusters) [69], so that
the data in each subset share some common trait (often proximity according to some
defined distancemeasure)[152].
Clustering algorithms can be hierarchical or partitional. Hierarchical algorithms [94] find
successiveclusters using previously establishedclusters, whereas partitional. algorithms
determine all clusters at once [116]. Hierarchical algorithms can be agglomerative
(bottom-up) or divisive (top-down) [146]. Agglomerative algorithms begin with each
element as a separatecluster and merge them in successively larger clusters. Divisive
algorithms begin with the whole set and proceed to divide it into successivelysmaller
clusters.
Clustering analysis is to group large mounts of entities in a datasetinto clusters according
to their relationship and similarity [35]. Software clustering technique is applied to
capture reusable legacy code segments[86], which is independentand loose coupling
[149]. It is also applied in program understandingarea, such as re-modularisation [122]
and component recovery [1431. It is very useful to renovate legacy systems. Clustering
methodscan be usedto identify objects in procedurebasedlegacy systems[70].

3.2.3. Program Slicing
Mostly, legacy systems are huge and complex. Slicing a system into many small parts
may receive many benefits, including: more flexibility and more reliability, as well as
is
identify
Program
to
technique
slicing
all
reusability.
a
software
maintenance
used
more
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program code that can in any way affect the value of a given variable. The following
paragraphinfon-nally describesthis computation.It is an establishedtechnique for reverse
engineering and other analyses like testing or debugging. It is available in research
prototypesand even in commercial products [6].
Program slicing [139] was defined by Weiser in 1979 as an presentedan approachto
computeslice by computing consecutivesetsof indirectly relevant statementaccordingto
data flow and control flow dependences[ 17]. Only statically available information is used
for computing slices, this type of slice is referred to as static slice. Dynamic program
slicing [40] can be produced for a given input by maintaining a runtime representationof
the syntax tree and marking nodesas their correspondingconstructsare executed[ 101].
There are two main approachesof slicing: The original slicing technique from Weiser [58]
is basedon traditional data flow analysis [148]; the other approach is basedon program
dependencegraphs (PDG) [39]. Extensive evaluations of different slicing algorithms
have not really been done yet for control flow graph based algorithms that some data
reported by Atkinson and Griswold can be found in [25]. The only evaluation of program
dependencebasedalgorithms that the author is aware of has been conducted by Agrawal
and Guo, who just compare two algorithms [68]. Slicing identifies statements in a
program which may influence a given statement(the slicing criterion) [88], but it cannot
answerthe questionwhy a specific statementis part of a slice [14].

3.2.4. Wrapping Technique
Wrapping is a practice that transformsa component'ssoftware interface from one form to
interoperability
These
techniques
another.
aim on enhancing
and system flexibility
through metadata[ 104].
The process of wrapping involves different techniques depending on the accessible
elements of a legacy system. In the best case scenario, accessing to legacy system source
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code is available. In this case,it is possible to integratethe legacy system directly to tile
object wrapper code.
Wrapping technology is used to remove mismatchesbetweenthe interface exported by a
soft-wareartefact and the interfaces required by current integration practices. Wrapping
technology can modemise legacy system at user interface, data, or the functional (logic)
level [137]. The user interface (Ul) is the most visible part of a system. Ul wrapping
improves usability and is greatly appreciated by final users. Data wrapping enables
accessinglegacy data using a different interface or protocol than those for which the data
was designedinitially. Data wrapping improves connectivity and allows the integration of
legacy data into modem infrastructures. In contrast with data wrapping,, functional
wrapping not only encapsulatesthe legacy data, but also the businesslogic embeddedin
the legacy system.
Ul wrapping consistsof wrapping old, text basedinterfaceswith new graphical interfaces.
This techniquecan be extendedeasily, enabling one new Ul to wrap a number of legacy
systems.Screenscraping is effective for stable systemswhere the principle objective is to
improve usability. However, the new system is inflexible and difficult to maintain as the
legacy system.
Alternative, a XML server has been designed to bridge legacy system to XML in the
XML-based 13213architecture. The XML server acts as the contact point between the
corporate infrastructure and the rest of the world. The XML server communicates by
various meanswith the internal infrastructures including ERP systems,databases,EDIs,
etc. On the other hand, the server interoperateswith external organisation by exchanging
XML messages.
Data Wrapping: DatabaseGateway is a specific type of sofhvare gateway that translates
between two or more data access protocols. It normally translates a vendor-specific
accessprotocol into one of the standardprotocols, such as Open DatabaseConnectivity
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(ODBC) and Java DatabaseConnectivity (JDBC). Using a databasegateway to access
legacy data improves connectivity, enablesremoteaccess,and supportsthe integration of
legacy data with modem systems. Integration is another data wrapping technology. It
uses XML server [31] to communicate with the internal infrastructures and external
organisation by exchanging XML messages.It acts as the contact point between the
corporate infrastructure and the rest of the world. In addition, most of the commercial
XML serverssupport a wealth of communication protocols and this enablescost-effective
integration with the most usual legacy applications. Databasereplication is also used for
data wrapping. It is the processof copying and maintaining databaseobjects in multiple
databasesthat make up a distributed databasesystem. Databasereplication is often used
to enable decentralised accessto legacy data stored in mainframes. New applications
using the data receive the benefits of local accessto a modem databaseinstead of the
problems of remote accessto an obsoletedata repository.
CGI Integration: The Common Gateway Interface (CGI) is a standard for interfacing
external applications with information servers, such as HTTP (HyperText Transfer
Protocol) or Web servers.Legacy integration using the CGI is often used to provide fast
Web access to existing assets including mainframes and transaction monitors. CGI
integration not only wraps the old user interface, but also communicates with the core
business logic or data of the legacy system. It is more flexible than screen scraping
becausethe new interface does not need to match the old user interface. However, it still
doesnot fully addressmaintenanceissues.
Object-Oriented Wrapping: The conceptual model of object-oriented wrapping is
deceptively simple: individual applications are representedas objects; common services
are represented as objects; and business data is represented as objects. In reality,
object-oriented wrapping is far from simple and involves several tasks including code
analysis,decomposition,and abstractionof the Object-Oriented (00) model. Among the
multiple technical difficulties involved in wrapping a legacy system, t-wo have special
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relevance:the definition of appropriateobject-level interfacesand the need for integrated
infrastructureservices.
Component Wrapping: Component wrapping is very similar to 00

wrapping, but

components, in contrast with objects, must conform to a component model. This
constraint enables the component framework to provide the component with quality
services[28].
In [127], wrapping is classified into five different levels, namely, job level, transaction
level, program level, module level and procedurelevel. At processlevel and transaction
level, wrappers encapsulatea batch of legacy executive processes.Legacy applications
are invoked through wrappers by creating the requested new process and directly
deploying the corresponding service without prior knowledge of the corresponding
legacy code. In the application level, the wrapper encapsulatesonly one process. By
contrast,at the module level and procedurelevel encapsulationfocuseson clear interfaces,
restructuredand re-modularisedlegacy code.

3.3. Software Reuse for Grid
3.3.1. Grid Middleware Oriented Migration
Middleware is reusablesoftware that residesbetweenthe applications and the underlying
operating systems, network protocol stacks, and hardware. Appling middleware
technology in Grid network is an attractive way for re-scheduling tasks in distributed
environment.
Grid middleware should enable new capabilities to be constructed dynamically and
transparently from distributed services. In order to engineer new Grid applications it is
desirableto be able to reuseexisting software componentsand information resourcesand
assemble and coordinate these components in a flexible manner. Partly becausethis
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abstraction and reducing the accidental complexities. With the support of process
coordination [8] and processmigration [99], various runtime load balancing schemescan
be employed for improving the execution efficiency of Grid applications. It helps those
long-running applications by relocating them at suitable times to prevent interruption due
to systemactivities or the execution of other applications [27]. It also can help to relocate
processescloser to the Grid point with data that they needto access.
Legion [145] was the first integratedGrid middleware architectedfrom first principles to
address the complexity of Grid environments. Just as a traditional operating system
provides an abstract interface to the underlying physical resourcesof a machine, Legion
layered
distributed,
interface
designed
the
to
a
powerful
virtual
machine
over
provide
was
heterogeneous,autonomous,and fault-prone physical and logical resourcesthat constitute
a Grid.
[59] proposedan ecological network-basedGrid middleware (ENGM), which is basedon
ecological network computing environment (ENCE). It provides a new computing and
problem-solving paradigm by combining natural ecosystem mechanisms with agent
technologiesand supportsdesirablerequirementsof new Grid systems,namely scalability,
adaptability, self-organisation,simplicity, and survivability.
Scalable Inter-Grid Network Adaptation Layers (Signal) [145] is a middleware
architecture which integrates mobile devices with existing Grid platforms to conduct
peer-to-peeroperationsthrough proxy-basedsystems.
The Grid Application Toolkit (GAT) [1] provides a unified simple programming interface
to the Grid infrastructure,tailored to the needsof Grid application programmersand users.
Its implementation handles both the complexity and the variety of existing Grid
middleware servicesvia so-calledadaptors.
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To facilitate transparent use of the high-performance Across Trophic-Level System
Simulation (ATLSS) ecosystem-modelling package for natural-resource management,
[145] developed a Grid service module. The module exploits Grid middleware
functionality to process complex computation without requiring users to handle
underlying issues.
NAREGI

[140] aims to research and develop high-performance, scalable Grid

middleware for the national scientific computational infrastructure. Such middleware will
help facilitate computing centres within Japan as well as worldwide in constructing a
large-scale scientific "Research Grid" for all areas of science and engineering, to
construct a "National ResearchGrid".

3.3.2. Web Based System and Service Oriented System
Software evolution is an effective way to improve the performanceof Web basedsystems.
A few approacheshave beenproposedon extracting information from Web basedsystem
and reengineeringthem into service oriented systems.
[132] presentsvarious issues and challenges in Web based systems development and
maintenance, especially in the public domain. An evolutionary Web-based system
architecture is presentedfor managementsystems,and some design and implementation
tradeoffs are discussedas well.
[ 19] suggestsapplying conventional reverseengineeringtechniquessuch as code analysis
and clone detection in order to reduce duplicated content and achieve maintainable Web
based systems. The developed system includes an HTML parser and analysers that
separatecontent from layout by integrating in HTML pages scripts for retrieving the
dynamic data from a database.
Clustering can be used to producecohesivegroups of pagesthat arc displayed as a single
node in reverseengineereddiagrams.In [140], Tonella proposeda cluster method which
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is based on the automatic extraction of the keywords of Web pages. The presenceof
common keywords is exploited to decide when it is appropriateto group pagestogether.
A secondusageof the keywords is in the automatic labelling of the recoveredclustersof
pages.
Lixto [ 131] is a wrapper generationtool which is well suitable for building HTML/XML
wrappers. Otherwise, [38] presentsa tool-supported method to reengineerWebsites,that
is, to extract the page contents as XML documents structured by expressive DTDs or
XML Schemas.
[ 131] and [ 103] presentedan approach to WWW infon-nation integration, basedon the
developmentof a canonical domain model in XML and the wrapping of existing WWW
applications with wrappers capable of communicating about entities in this common
model with the applications and with an intermediary mediator.
[82] and [128] aims at developing a technique for wrapping existing Web applications
with WSDL descriptionsso that organisationswith a presenceon the "browser-accessible
Web" can easily enableprogrammaticaccesstheir functionalities to other applications.

3.3.3. Toward Grid Services
Many approachesto the reuse and integration of legacy systems in a Grid environment
have been proposed in previous researches.Most of previous studies are focused on the
analysis or the maintenanceof legacy applications, as well as a few studies tried to wrap
the existing applications followed by the Grid service standards.
The Numerically Intensive Java project (N]NJA) [103] shows there are no serious
technical impediments to the adoption of Java as a major language for numerically
intensive computing. In NINJA, languageand compiler techniques are used to address
Java performanceproblems. This type of approach is essential,if Java is to be adopted
throughout the high performance computing community. Huang describes a
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native C application with the JACAW (Java-C Automatic Wrapper) too], MEDLI
(MEdiation of Data and Legacy Code Interface) is used for data mapping in order to
make the code available as parts of a Grid workflow.
Based on different principles, [85] describes the deployment of legacy code as Grid
services in GEMLCA (Grid Execution Management for Legacy Code Architecture)
without modifying the original legacy code. This approachonly supports GT-3 services,
which is basedon Open Grid ServicesArchitecture (OGSA).
Most previous researches are largely concentrated on the study of re engineering
scientific applications using the Open Grid ServicesArchitecture [85]. Furtliermore, the
solutions apply only to one specific programming language,such as FORTRAN in [24]
and COBOL in [ 18].
With the developmentof Grid, WSRF, announcedin 2004 is an improvement of OGSA,
and it is a new way for manipulating "stateful resources"to perform Grid services.[48]
compared OGSI to WSRF, and described the relationship between the concepts,
mechanisms,and syntax defined by the OGSI and the proposed WSRF as well as the
related WS-notification family of specifications.
[147] describes a design to achieve compliance with the WSRF specifications using
Microsoft

NET

technologies. WSRF.NET

is

the toolkit

for

implementing

WSRF-compliant Web services that is built on top of the NET platform and [147]
describesan application of exploiting WSRF and WSRF.NET for Remote Job Execution
in Grid Environments.
174] presenteda detailed analysis of five different implementationsof WSRF, including
GT4-JAVA (the Java Web Services Core of the Globus Toolkit v4), pyGRIDWare (a
Python WSRF implementation, which is also distributed with Globus Toolkit v4 as its
Python Web servicesCore), GT4-C (the C Web ServicesCore of the Globus Toolkit v4),
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WSRF::Lite (Perl-basedWSRF implementation) and WSRF.NET (an implementation of
WSFW and WS-Notification on the NET Framework).

3.4. Summary
Grid hasbecomea new researchinterest as it performs a seamlessinformation processing
system acrossdistributed, heterogeneous,dynamic virtual organisationsthat the user can
accessfrom any location. Together with soffivare evolution techniques, legacy software
systems can be inherited, and the Grid application development can be much more
effective as well.
As Grid is an emerging technique,there is not much work for integrating Grid technique
with software evolution. Although current researcheson software evolution have covered
a number of areas and made significant advances, as well as the Grid application
developing. From the legacy systemsevolution perspective,few of them bridge software
evolution and Grid developmenttogether. Most of theseresearchesfocus on the reusable
resourcesidentification from legacy systems,but they can not be integrated in the Grid
systemdirectly.
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Chapter 4
Proposed Framework
Legacy software systemscan not be simply discardedas they are critical to businessthey
support and they encapsulate a great deal of knowledge and expertise about the
application domain [13]. Affected by the Grid orientation trend, many existing soffivare
systems will turn into legacy systems. These legacy systems require Grid oriented
in
legacy
Grid
facilitate
system
evolution
service orientated
which
can
reengineering,
computing environments. From economic aspects,a businessis constantly reorganising,
changing its boundaries and reconfiguring its activities. Grid oriented reengineering
logic
in
business
legacy
to
to
continuous
changes
and market
systems adapt
enables
requirements.From technical aspects,application integration towards Grid and service
choreographywill becomecommon in Grid serviceoriented environment.
However, Grid is quite a new technology and so there is currently few active researches
related to reengincering legacy system within Grid environment. Much more researches
in
legacy
Grid
in
leverage
this
to
and
extend
systems
area
are necessaryand significant
environment. As a result, there is increasing interests in migrating and reengineering
legacy systemsinto the Grid environment.

4.1. Grid Oriented Evolution
The Grid can be identified as three generations: First generation systems involved
proprietary solutions for sharing high performance computing resources. Second
generation systemsintroduced middleware to cope with scale and heterogeneity,with a
focus on large-scalecomputational power and large volumes of data. Third generation
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systemsare adopting a service-orientedapproach,are metadata-enabledand may exhibit
autonomic features [120]. This research aims to provide a solution to evolving legacy
systems into Grid environment especially the Grid services environment. Two major
tasks are implied in this statement:(1) understandand decomposelegacy systemsand (2)
build Grid systemswith the reusablelegacy systemcomponents.
As an innovative technology, there are many researchfields within Grid application area,
such as: Grid computing, Grid servicesand semanticGrid framework.
Grid computing is the initial conceptof Grid technology,which is emergedas a wide area
distributed computing technique to solve the arduous and time-consuming scientific
computing. Nowadays, it has been extendedas a Net Centric Computing which enables
usersto collaborate securely by sharing processing,applications, and data acrosssystems
to facilitate collaboration, faster application execution,and easierdata accessing.
With the development of Service Oriented Architecture (SOA) and Web services, Grid
servicestechnology has attractedmore and more significance than ever. Grid servicesare
basically Web services with improved characteristicsand services. The most important
improvement is that Grid services are stateful and transient services. It can remember
what have been done from one invocation to another with the support of stateful
resources.Grid services are good complementaritiesfor Web services, and they can be
performed as independenceservicesenvironment as well.
The semanticGrid is an extensionof the current Grid in which information and servicesare
given well-defined meanings,better enabling computersand peopleto work in cooperation.
It arises with the parallel development of Web services, semantic Web and Grid
computing.
Due to tile various performance of Grid technology, different solution should be
developedto achievethe Grid oriented legacy systemsevolution.
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4.2. Evolution Process
In this research,an approachfor evolving legacy systemsinto Grid services environment
has been described,and it is extendedfor semantic Grid environment as well. Basedon
some reverse engineering technologies,the proposed approachallows legacy system to
be reused as Grid components.These Grid componentsare dynamic which could offer
more flexibility and reusability for various requirementsfrom usersand applications.Tile
framework of the Grid service oriented legacy software systems evolution approach is
shown as Figure 4.1. It may consist of multiple phasesas follows:
Reverse engineering techniques are used for program comprehension and design
recovery. The legacy soffivare systems are decomposed into a hierarchy of
subsystemsby defining relationshipsbetweenthe entities of the underlying paradigm
of the legacy system. The legacy system decomposition is achieved by program
slicing and software clustering techniques.
0

Grid componentsare createdby XML transformationand representation.
Grid componentsare defined as stateful resourcesand deployed into Grid services
environment.

The aim of this approach is to use legacy systemsinto Grid environment which enables
the integration of legacy resourceswith Grid across distributed, dynamic environment
and communities.
This researchproposesa solution for migrating legacy systemsusing a Grid user interface
to enablethe dynamic activation and Grid resourcesdiscovery. This ability of the legacy
system using Grid services will allow the enterprise to take advantage of the broad
commercial support provided by Grid technology. The proposedapproach makes legacy
systemsrun in Grid environment as Grid applicationsand it also enable legacy systemsto
be usedas distributed systemfor supplying more working ability.
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Figure 4.1. Framework of Grid ServicesOriented Legacy Software SystemsEvolution.

4.2.1. Component Identirication
Component Based software engineering is a processthat aims to design and construct
software systems using reusable software components.The component paradigm starts
with the assertion of an assembly-oriented view of software engineering, building
software applications by wiring together the ports and connectors of a set of
pre-fabricatedparts (components)within a componentcontext.
Componentbaseddevelopmentis different from previous approachesin its separationof
component specification from implementation, and the division of component
specifications into interfaces. The separation of component specification from
implementation means that sofhvare components can be implemented in any
programming languageusing any data storagemechanism.In particular, this meansthat
existing sofhvare, which may not initially meet all the requirementsof components,can
be updated, so that it conforms to the component standard and becomes a valid
component.

55

If a legacy system is selected as the application of component based reengineering
approach, a component mining process will be performed. Reverse engineering
techniques such as static program slicing and hierarchical agglornerative clustering are
applied in this componentmining process.
The component based Grid oriented approach is especially applicable to reengineering
taskswith the following characteristics:

Legacy systems have reusable and reliable functions embedded with valuable
businesslogic.
Reusable components extracted from a legacy system are fairly maintainable
comparedto maintain the whole legacy system.
Somecomponentsof the target systemrun on different platforms or vendor products.

In this part, the program slicing technique is used to decompose system, understand
program, eliminate dead code and make selectedcode segmentsfunction independently
by component interface parametersdetermination and deep source code comprehension
and analysis.
The soffivare clustering technique is used to group large mounts of entities in a dataset
and capture reusable legacy code segmentsinto clusters according to their relationship
and similarity from legacy systems,and create a hierarchical structure of these reusable
legacy code segments.
Mostly, legacy systems are huge and complex. Using components based development
approach to evolving legacy systems is less risky and highly transport and it will also
bring more flexibility, expansibility, reusability and reliability. Also, this approachis low
cost and easyto implement.
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4.2.2. Grid Component Migration and Packing
After the legacy systemcomponentsidentification, thesecomponentshave to be migrated
for deploying in the Grid environment. This part presentsthe approachfor migrating and
packing the extractedlegacy assetsas Grid components.
For Grid componentsmigration, the concepts of Grid middleware and processtransfer
have been used. While the target Grid application varies, the migration approachesare
different with each other. The XML plays a great important role in all three kinds of
evolution.
XML is used to describe the data structure and exchange information.- Extensible
Stylesheet Language (XSL) allows to build legacy codes which are insulated from
changing the external format of both the legacy system and the calling application. And
XSL is also used to manipulate XML from one structure into another. At last, XML
schemasare employed to encapsulateand integrate legacy components into the Grid
framework.
Both bottom up and top down approach can help to extract and represent legacy assets
into XML format. The bottom-up approach utilises the concept of Grid component
definition that denotesthe syntactic structuresof a programming language.The top-down
language,
defines
the
the
a
and
grammar of
specific programming
approach examines
standardlogical structure.
In the proposedapproach,a structure of the Abstract Syntax Tree (AST) has beendefined
to develop Grid components.By recursively traversing the hierarchy of the component
entities, it is able to map the Grid component to a Document Type Definitions (DTD).
Specifically, the tree hierarchical structures of the component are mapped to XML
is
in
XML
AST
Each
to
the
an
element
mapped
node
and
edge
elementsand attributes.
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tag. The attribute values of an AST node are mappedto the correspondingattribute values
of the XML elements.
The Grid component and its corresponding DTD can be enhanced with infori-nation.
Similarly, Grid component gencralisations include the introduction of elements which
relate to system constructs. In this context, the grammar of the programming language
has been modelled to define the DTD and the organisation of the XML document that
modelsthe AST of a given sourcecode fragment.
XML is increasingly finding acceptanceas a standardnot only for describing documents,
but also as a data description languagefor all types of information. DTD are generated
describing the characteristics of the data making the documents self contained and
reusable as a data exchange format. Combined with client-side interpreted XSLT
stylesheets,it can provide an approachto publishing data from relational databaseson the
Web.
This Grid components packing approach is based on XML

representation and

transformation. Once a sofhvare componenthas been extracted from a legacy system,or
has beenbuilt as a new component,its interfacecan be extractedand representedin XML.
In this thesis, the XML representationis not only finished by the component wrap, but
also with the sourcescode analysis included, such as tile using of AST, DTD and XSLT.
At last, the legacy componentsare wrapped as XML componentswhich could be further
in
used the Grid servicesenvironment.

4.2.3. Grid Service Integration
This section presents a framework that integrates the XML packaged legacy system
componentsinto the Grid service environment. For Grid service framework, stateful and
service are eminent features.Basedon the Web ServicesResourceFramework (WSRF),
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the legacy resourcesare deployed in the Grid environment as stateful resources.These
stateful resourcescan be isolated and integratedinto componentswhich can be integrated
into Grid service oriented architectures. At last, they could be integrated into Grid
servicesenvironment by exposingservice oriented interface.
Deploying a Grid service can be divided as follow four steps.
1. Define the service's interface.This is done with WSDL.
2. Implement the service. This is done with Java.
3. Define the deployment parameters.This is done with WSDD and JNDL
4. Deploy the services.
In the first step, the service properties and its interface are defined by WSDL. Then the
implementation of the service is carried out by Java. In the third step, the WSDD and
JNDI file define the deployment parametersincluding servicesregistration and resources
localisation. The last step is to deploy the Grid service. Different from the related studies,
the proposedapproach describesa method for defining the legacy resourcesas stateful
resources,and builds the Grid servicesbasedon thesereusableresources.
This kind of servicescan be used as ways of solving compute intensive problems. It can
handle the computing which is much different from other types of computing in sharing
institutions.
it
it
Also,
extra
working
ability
when
managedresourcesamong
could supply
is necessaryto be build a long ten-ninvestmentoccurs.
In Grid services environment, service oriented architecture provides an interface for
individual services to bind up as a new service, and break down integrated services
dynamically. As legacy systems are restructured as Grid service components, dynamic
servicescould be createdin Grid environment.
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Based on monitoring and discovery service which provides information about the
available resources within Grid and their status, users submit new requirements by
specified form to the Grid system through user interface. Resourcesmanagementpicks
necessaryservices and creates a new Grid service for each special requirement. After
finishing their particular operation, the services will be broken down again into original
Grid service components.Then, these Grid service componentsare ready to use by other
services.The integration of recoveredlegacy componentsin Grid services can be shown
as Figure 4.2.
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Figure 4.2. Legacy Resourcesand Grid ServicesIntegration.

Various serviceswill be createddynamically at different time for different user's needs.
These services are transparent to users. Users just use services they want regardless
where these servicescome from and how many individual servicesthey integrated.Grid
technology can connect servicesin a convenient way. A service can be exported to other
communities,thus providing interaction betweentwo or more isolated communities.
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The idea of Grid service oriented legacy sofhvare systemevolution also can be extended
into semanticGrid structure. Although semanticGrid technology is not mature, and there
is no common approachfor building semanticGrid up to now, as it is an evolution from
Grid computing and the semantic Web, many researchescan be commenced basedon
thesetwo techniques.
This thesis proposedan approachto reusing the legacy systemassetsin the semanticGrid
framework. This approach is based on source code translation and reconstruction,
component reusing and the semantic Grid framework retargeting. As the recovered
legacy resourcesare strictly formatted and defined follow the semantic Grid criterion,
with little revision or not, they could be easily applied into future standardsetnanticGrid
systems.
When extending Grid service to semantic Grid environment, XML are employed to
provide a simple and elegant frame for describing the properties of the reusable legacy
system resources as Grid RDF data models which are based on a specific XML mark
languageRDF/XML. The RDF/XML representationand RDF schemadescription are key
techniquesin reusing recoveredlegacy componentsin semanticGrid framework.

4.3. Summary
This chapter presentsthe framework on Grid oriented evolution approach and evolution
process of the framework. It aims to identify and extract components from legacy
systems,and generatessuitable Grid componentfor different Grid systemsand integrates
the evolved componentsin Grid environment.
Such a reengineering framework is composed of legacy system decomposition,
component identification, Grid components composition and Grid environment
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integration that are based on current feasible Grid technology. The following chapters
will discussthe evolution processand the Grid platforms integration in detail.
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Chapter 5
Component Identification

for Use in Grid

Environment
The popularity of the Internet as well as the availability of powerful computers and high
speed network technologies as low cost commodity components is changing the way
people use computers today (such as COBRA, J2EE, etc.). These technology
opportunitieshave led to the possibility of using distributed computersas a single, unified
computing resource,leading to what is popularly known as Grid computing.
Component based development (CBD) is the industrialisation of the software
developmentprocessbasedon the assemblyof prefabricatedsoftware components.Two
basic ideasunderlie CBD. Firstly, application developmentcan be significantly improved
if applications can be quickly assembled from prefabricated software components.
Secondly, an increasingly large collection of interoperablesoffivare componentswill be
madeavailable to developersin both generaland specialistcatalogs.
A software component model is a system for assemblingapplications from smaller units
called components.The system defines a set of rules that specify the precise execution
environment provided to each component and the rules of behaviour and special design
featuresthat componentsmust have in order to be consideredtrue components.
Encapsulationis an important characteristicof distributed systems.This chapter definesa
reengineeringand migration method that identifies componentsfrom legacy system for
use in Grid environment.
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5.1. Component in Grid Oriented Evolution
The concept of Grid computing first started as a project to link geographically dispersed
supercomputers,but now it has grown far beyond its original intent. In fact, many
applications can benefit from the Grid infrastructure, including collaborative engineering,
data exploration, high throughput computing and distributed supercomputing. For Grid
applications development, there is indeed a need to smoothly, seamiessly and
dynamically integrate and deploy autonomoussoftware, and to provide glue in the form
of a software bus for it.
A componentis defined as a unit of software application composition with contractually
specified interfaces and explicit context dependenciesthat can be developed, acquired,
added to the system and composed of other independent components. Component
interfaces deterinine the operations that a component implements, and the operations it
uses from other components during its execution. A distributed component-oriented
model is a framework for defining componentsand their interactions.
When reusing legacy assets in Grid platform, legacy system components should be
retargetedas Grid componentswhich make legacy assetsto be interoperatedand create
secure, seamlessand reliable Grid application accessto vast IT capabilities. The main
achievementof this work is to design and implement a conceptof Grid components.Grid
components are formed from legacy components. They wrapped legacy code and
provided a standardinterface for themselvesto be used in the Grid platfonn. They could
be deployed, recognised and moved such as to tackle fault-tolerance, load-balancing,
adaptability to changing environmentalconditions.
The idea of using componentframeworks to deal with the complexity of developing Grid
computing applications is becoming increasingly popular. Such systems enable
programmersto accelerateproject developmentby introducing higher level abstractions
and allowing code reusability. They also provide clearly defined component interfaces,
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which facilitate the task of team interaction. Such a standardwill promote interoperability
betweencomponentsdevelopedby different teamsacrossdifferent institutions.

5.2. Definition of Legacy Grid Component
Components were defined as "bits of software that can be replicated and, often with
modifications, assembledrepeatedlyto form any number of applications". More flexible
and adaptable components will only require configuration (rather than modification)
before they can be reused. Another view is that "a reusable soft-warecomponent is a
logically cohesive, loosely coupled module that denotes a single abstraction". High
cohesive and low coupling are the basic featuresof componentsbecauseof the variation
in levels of abstraction, but it is also important to mention the context in which a
component can be used. A further view is that a software component is a static
abstraction with plugs. Here, "static" means that a software component is a long lived
entity that can be stored in a software base, independentof the applications in which it
has been used. "Abstraction" means that a component puts a more or less opaque
boundary around the soffivare in encapsulates.And "with plugs" means that there are
well defined ways to interact and communicatewith the component,such as parameters,
ports, and messages.
To retrieve reusableresourcesfrom legacy systemsfor migrating to Grid environment, a
term Grid component is introduced. Grid component extendsthe concept of component,
it brings the component based development approach to the Grid research area. The
concept of Grid component gives a way for evolving legacy systems into Grid
environment.
Grid componentsbuild with legacy system componentsto support distributed computing
application in Grid to couple resourcesthat can not be replicated at a single site, or may
be globally located for other practical reasons.These are some of the driving forces
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behind the foundation of global Grid. In this light, the Grid allows users to solve bigger
be
by
Grid
that
together
components
resources
could
not
pooling
or new problems
distributed
fon-ned
before.
Grid
subcomponentswhich
componentsare
of
coupled easily
are wrappedwith legacy code. They can be deployed but further reconfigured and moved
to tackle fault-tolerance, load-balancing, adaptability to changing environmental
conditions.
Grid componentsextend the principles of componentsby strengthening the role of the
XML interface and by adding the separatenotion of component specification for Grid
integration. A clear Grid componentspecification describeswhat it does. A major part of
a Grid component specification is the definition of Grid component interfaces. It is a
definition of a set of behavioursthat can be offered by a componentobject.
A Grid component is an independent,encapsulatedand physical part of a Grid system.It
may be developed,tested and deployed in complete isolation to other Grid components
within the Grid system. It looks like a coherent and configurable soft-warepackage,
independent of the Grid applications in which it has been used, with well defined
interfacesin different contexts to interact and communicatewith other Grid components,
in order to composea Grid system.
This chapter concentratedon identify component from legacy system for using in Grid
in
be
The
Grid
the
migration
and
packing
will
presented
component
environment.
following chapter. The Grid oriented component based soft-warereengineering process
should contain steps of identification, classification, storing, retrieval, adaptation, and
composition, such as the following:
"

Mine componentsfrom the legacy systems.

"

Wrap up componentswith well defined interfaces.

"

Storethe componentsin a componentlibrary.
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Build new reusablecomponentsif needed.
Develop new systemsby integrating components.

5.3. Design
Software systems evolve over time, as a result of requirement changes. The resulting
systemstend to have a rich and complex structure,which is highly coupled. Due to long
terrn maintenanceand evolution, the documentationsmay not be able to reflect the actual
structure of legacy systems.It is obvious that one can not maintain, reuseor redevelopa
piece of software unless one is absolutely sure about the functionality of that software.
Whether for forward engineering, or for reverse engineering, the ability to reuse, or
recycle existing software componentsshould reduce the complexity and cost of the task
in hand. In many cases,effective partitioning or re-partitioning is neededto decompose
legacy systemswith a high cohesionand low coupling principle.
Componentbaseddevelopment is different from previous approachesin its separationof
component specification from implementation, and in the division of component
specifications into interfaces. The separation of component specification from
implementation means that software components can be implemented in any
programming languageusing any data storagemechanism.In particular, this meansthat
existing software, which may not initially meet all the requirementsof components,can
be updated,sometimesvery simply, so that it conforms to the component standardand
becomesa valid component.
A component is more packagedthan an ordinary object. Components are larger than
classes.They can be in any programming language,can include their own metadata,are
assembledwithout programming, and needto specify what they require to run. Compared
to objects, componentsare larger sized, physical entities, instead of conceptual entities,
and supporting encapsulationwith defined interfaces.
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The assumption is that it will be used in many contexts that are unknown to its own
designers.Componentsare identified by their interfaces.An interface should be defined
in different context to interact and communicatewith other components.The term black
box conveys the idea of a component whose internal workings are hidden. The
importance of component is the ways in which it interacts with other componentsover
somewell defined interface.

5.4. Domain Analysis
AnalYsing legacy systemsis usedto understandthe current architectureand developing a
strategy for mining and reusing existing assets.Mining involves rehabilitating parts of an
old systemfor use in a new system.Analysis is crucial becausemany legacy systemsdo
not have clear specifications, and the architecture of legacy system should be
understudiedas well as the approachesof building thesessystems.
Legacy system evaluation reveals the current status of a legacy system and specifies in
which phaseof lifecycle it is. Domain analysis is a processin which information related
to a system being developed is identified, captured and organised with the intention of
making it reusablefor new systems[113]. It is the processof analysing related software
systems in a domain to find their common and variable parts. The goal of the domain
analysis is to identify the document requirements on a set of systems in the same
application domain.
The domain analysis processcan be carried out in two steps, sub-domain identification
and analysis of the selectedsub-domain.The domain analysis processis targeting on the
problem domain. The sub-domain identification determinates the boundaries of
sub-domainsand decomposesthe whole problem domain.
The further sub-domain analysis focuses on modelling a particular part of the problem
domain. The results of the whole domain analysis are summarisedas a domain model.
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Based on this domain model, some businessfunctions are identified to be valuable and
reusableand neededto be provided.
In this way, some logical services are summarised.These logical services are somewhat
between the theoretical, ideal servicesthat exactly support the sub-domain functionality
and the set of existing physical software components.

5.5. Legacy System Decomposition
5.5.1. Decomposition Strategies
Decomposing a program entails the identification and the reorganisation of different
program components. Basically, these components can be distinguished in interface
components, application logic components, and database components. Interface
components correspond to code fragments clustered around 1/0 statementson legacy
assets.A databasecomponentmight be any piece of code clusteredaround 1/0 statements.
Application logic componentscorrespondto code fragmentsimplementing businessrules.
Program slicing is a method for automatically decomposinga program by analysing its
control and data flow. The proposed research focused on static slicing. Based on the
original definition of Weiser, a static program.slice S consistsof all statementsin program
P that may affect the value of variable v at somepoint p.
The slice is defined for a slicing criterion C=(x,V), where x is a statement in program P
and V is a subsetof variables in P. A static slicing includes all the statementsthat affect
variable v for a set of all possible inputs at the point of interest. Static slices are computed
by finding consecutivesetsof indirectly relevant statementsaccording to data and control
dependencies.
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Programsling is an establishedtechniquefor reverseengineering.With the help of slicing
technology, legacy systems can be divided into some concerned program parts and
discard the uselessassets.Programsling is desirableto extract legacy systemrules at high
levels of abstractionof the program. Traditional, it is an establishedtechnique for reverse
engineering. For the proposed approachof Grid oriented evolution, program slicing are
used to decomposeslegacy system, understandprogram, eliminate dead code and make
selectedcode segmentsfunction independently.
This section deal with soft-waresystems composed of programs each of which may
comprise all types of components and propose a technique to decompose them. The
proposedapproachexploits static analysis and program slicing techniquesto identify the
set of program statements that contribute to implement database and user interface
components. More specifically, slicing is used to identify all the statements and
predicatesthat implement operations, and these statementscould be used to define the
componentsto form new Grid system.They are reengineeredas a Grid oriented style by
extracting and encapsulating in separated subroutines code fragments implementing
databasecomponentsand application logic components.

5.5.2. Slicing Rules
There are two main approachesto slicing: The original slicing technique from Weiser is
based on data flow and control flow analysis; the other approach is based on Program
DependenceGraphs(PDG). The control flow analysisis adoptedin the proposedapproach
for program representationand static analysis about programsat the intraproceduraland
interprocedurallevels.
A Control Flow Graph (CFG) is a representation,using graph notation, of all paths that
might be traversed through a program during its execution. Directed edges are used to
representjumps in the control flow. In most presentations, there are two specially
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designatedblocks: the entry block, through which control enters into the flow graph, and
the exit block, through which all control flow leaves.
A control flow graph for program P is a graph in which each node is associatedwith a
statementfrom P and the edgesrepresentthe flow of control in P. Let V be the set of
variables in P. With each node n (each statementin the program and node in the graph)
associatestwo sets: REF(n), the set of variables whose values are referenced at n, and
DEF(h), the set of variables whosevalues are defined at n.
Computing a slice from a control flow graph is a two step process: at the first step,
requisite data flow information is computed and then this information is used to extract
the slice. The data flow information is the set of relevant variables at each node n. For the
slice with respectto <s, v>, the relevant set for each node contains the variables whose
values affect the computation of v at s. The secondstep identifies the statementsof the
slice, which include all nodes(statements)n that assignto a variable relevant at n and the
slice taken with respectto any predicatenode that directly controls n's execution.
Preparinga program for Grid oriented migration requiresthe decompositionof the legacy
systemsthat contains statementsof both interface and databasecomponents.There are
differences in the level of complexity of the decomposition techniquesdue to the target
Grid application style that is chosen.
In the proposedapproach,rules of slicing and chopping are basedon dividing the system
into independent,stable and high reusableparts. Each part can be evolved and servedas
Grid service resources. Meanwhile, these parts could be connected with each other
flexibly and effectively. This requirementmakessure that all parts can be integratedas a
whole service as the systemwithout slicing.
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5.5.3. Slicing Algorithms
The program slicing in this thesis refers to sofhvare systems written in procedural
languages,such as C. Thesessystemsare typically composedof a set of programsthat is
related through external calls and can be representedby a graph whose nodes represent
the programsand edgesdepict the call relation betweenprograms.The call relation on the
subroutinesof a program can be representedby a graph whose nodes correspondto the
program subroutinesand edgesdepict the internal calls.
A control flow graph is a directed graph, where each node representsa predicate or a
statementand each edge representsa transfer of the control between statements.Control
dependenciescan be representedby a control dependencegraph, which is a directed
graph containing the sameset of nodesas the control flow graphsand whose edgesdepict
the control dependencerelation.
Control dependenceis usually defined in terms of post-dominance.A node i in the CFG
is post-dominatedby a nodej if all paths from i stop passthroughj. Control dependences
in programs could be determinedby the control flow. For example, programming with
dependences
be
determined
in
flow,
a simple syntax
can
control
control
structured
directed manner: the statements in the branches of an "if" or "while" are control
dependenton the control predicate.Basedon.this approach,each program subroutinecan
be depictedby control flow graph and a control dependencegraph.
For Slicing Flow Graphs of Straight Line Programs
Straight line code contains only assignmentstatementsexecutedone after the other. For
such code, the additional slices with respect to predicate nodes are not required. The
slicing begins by assuming that expression evaluation does not alter the values of its
operands.
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The relevant sets may be viewed as a flow of sets of variables; the slice is the set of
statementsthat disturb this flow. If no relevant variables are defined at a statement,then
the relevant set flows through unperturbed. On the other hand, if a relevant variable is
defined then the statementis addedto the slice.
So the slicing algorithm of straight line programscan be presentedas:
Assumeexpressionevaluation;
Vieiv relevant sets as flow of setsof variables;
If (no relevant variablesdefined)
(relevant set flows through unperturbed);
else (the statementis addedto the slice)

For Interprocedural Slicing
Slicing acrossprocedurescomplicatesthe situation due to the necessityof translating and
passing the criteria into and out of calling and called procedures. The proposed
interprocedural slicing algorithm for identifying the set of statementscontributing to
implement componentsis basedon the analysis of the control flow information of legacy
systemsummarisedin control flow and control dependencegraphs.
Taking the control flow graph and control dependencegraph of a legacy systemas inputs,
the sets of statementsand predicate nodes in the Graph as well as the sets of program
nodesin the Graph can be returned.In this way, the subroutinesof all the programsin tile
legacy systemwould be analysed,and each program is analysedonly after the programs
with calls have been analysed. Similarly, the subroutines of a program are visited
according to the partial order inducedby the reverseinternal call.
For each subroutine, the algorithm computes the initial sets of control flow graph that
correspond to 1/0 statements.Then, the control dependenciesare backward traversed,
starting from the initial set of nodes; all nodes reachedduring this transitive closure are
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included in the slice. If the initial set returned a subroutine is not empty, the subroutine,
and the program that contain it, might cause the execution of 1/0 statements, and
therefore they are respectively inserted in the sets of subroutine node and program node.
The setsof statementsand predicatenodesare also updatedwith the nodes in the current
slice. The slicing algorithm of interproceduralslicing can be simply presentedas:

Define control flow graph and control dependencegraph of a legacy system as inputs;
Analysis the subroutinesof all the programs; {
compulesthe initial setsof control flow graph;
backivard traversethe control dependencies;
include all nodesreachedin a slice;
Analysis eachprogram in legacy system

For one variable, a decompositionslice has beenbuilt, which is the union of certain slices
taken at certain line numbers on the given variable. Then the other component of the
decompositionwill also be obtainedfrom the original program.
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These complementsare constructed in such a way that when certain statementsof the
decompositionslice are removed from the original program, the program that remains is
the slice that correspondsto the complement of the given criteria, with respect to the
variables defined in the program.Thus the complementis also a program slice.
This section describesa solution to slice legacy problem using a control flow graph as an
intermediate representation. It considers a progression of harder slicing problems
beginning with slicing straight line programs, then considering procedures. Figure 5.1
shows an example of a control flow graph. The detail of its creation will be presentedin
the Chapter9.

5.6. Using Hierarchical Cluster to Create Hierarchical
Decomposition of Legacy Systems
Software systems evolve over time, as a result of requirement changes. The resulting
systemstend to have a rich and complex structure, which is highly coupled. Due to long
term maintenanceand evolution, the documentationsmay not be able to reflect the actual
structure of legacy systems. In many cases, effective partitioning or re-partitioning is
neededto decomposelegacy systemswith a high cohesion and low coupling principle.
Soffivare clustering technique groups large mounts of entities in a dataset into clusters
accordingto their relationship and similarity. It is applied to capturereusablelegacycode
segments,which are independentthemselves.
Cluster analysis has been of long-standing interest in statistics, numerical analysis,
machine learning and other fields. Current cluster analysis offers a wide range of
techniques for identifying underlying structures in large sets of objects and revealing
relationshipsbetweenobjects or the classesof objects.

75

A component is then nothing more than an object or collection of objects that obey the
rules of the component architecture. A component framework is the software
environmentthat provides the mechanismsto instantiatecomponents,composethem, and
use them to build applications. The execution environment of the component architecture
which provides a componentinstanceis often called componentcontainer.
From the point of view of Grid environmentoriented programming, componentsare good
candidates for modelling units of distribution becausethey encapsulateattributes and
methodsto act as independententities communicatingthrough passingmessages.
The motivation of migrate legacy systems using Grid technologies is more than the
obvious advantageof being able to use remote computational resources.For many legacy
systems,reengineeringof the legacy soffivare to increasemaintainability also increases
the potential to use modem tools and techniques.
In the literature review, there exist several different clustering algorithms, with different
properties.Hierarchical algorithms do not produce a single partition of the system.Their
output is rather a tree, with the root consisting of one cluster enclosing all entities, and the
leavesconsisting of singleton clusters.
At each intermediate level, a partition of the system is available, with the number of
clusters increasingwhile moving downward in the tree. Divisive algorithms start from the
whole systemat the tree root, and then the systemis divided into smaller clusters,attached
C
as tree children. Alternatively, agglornerativealgorithms start from singleton clusters and
join them together incrementally. Optimising algorithms produce a single partition of the
system,obtainedby some heuristicsthat aims at maximising a clustering quality measure.
Partitional algorithms detennine all clusters at once, whereashierarchical algorithms can
be agglornerative (bottom-up) or divisive (top-down). The proposed approach in this
thesis has preferred hierarchical algorithms for component identification in legacy
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systems over optimising algorithms because they support a manual refinement of the
clustering granularity and they are more suitable for further restructuring as Grid
componentby their hierarchical structure. After selectinga clustering tree level, the user
can move upward or downward in the tree, if the clusters at the selected level are too
specific (some codesto be migrated are missing) or too general(migration candidatesdo
not sharea recognisabletemplate).
Most clustering techniquespresentedin the literature utilise certain criteria to decomposea
systeminto a set of meaningful modular clusters.Suchcriteria attemptto achievea cluster
with low coupling, high cohesion, interface minimisation and sharing of neighbour
resources.In the context of the Grid oriented migration, this thesis strives -to produce
clusters that assemble the maximal size of source code entities that are related to a
componentcandidate.

5.6.1. Similarity Between Entities
When two clusters are joined or one cluster is split up in two smaller clusters, the
similarities betweenthe newly formed cluster(s) and the previously existing ones have to
be calculated. When a similarity measurewas used that can be applied to sets of entities
these similarities can be computed from the original data. Otherwise the computation is
done by meansof an updating rule. An updating rule takes the similarities (and possibly
some additional information like the number of entities in each cluster) from the previous
step of the algorithm as input and computesa value which serves as the new similarity
measure.
Before applying hierarchical agglomerativeclustering analysis,the similarity betweentwo
entities and a clustering algorithm must be defined. Three common methods for defining
similarity between clusters are the single-link method, the complete-link method, and
ward's method.
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The following discussionof updating rules assumesthat two clusters,A and B, have been
joined. The similarity between an already existing cluster C and this new cluster is
computed.
An often usedupdating rule is the single linkage rule or nearestneighbour updating rule:
Single link(C, AUB) = MAX (sim(C, A), sim(C, 13))
So cluster C is as similar to AUB as it is to the most similar of the old clusters.
The complete linkage rule or furthest neighbour rule takes the similarity with the least
similar old cluster to be the new similarity:
Compi link(C, AUB) = MIN (sim(C, A), sim(C, 13))
Unweighted pair-group method using arithmetic averages (UPGMA) is a simple
bottom-up data clustering method used in bioinformatics for the creation of phylogenetic
trees. It was initially designed for using in protein electrophoresisstudies and is not a
well-regardedmethod for inferring phylogenetictreesunlessthe constant-rateassumption
(molecular clock hypothesis)hasbeentestedandjustified for the data set being used.
In the single link method, the similarity betweentwo clusters Cl; C2 is the maximum of
the similarity between a pair d1; d2 where dI 2 CI and d2 2 C2. Thus, two clusters are
similar if some pair of membersare similar. In the complete link method, the similarity
betweentwo clustersC 1; C2 is the minimum of the similarity betweena pair d 1; d2 where
d12CI and d2 2 C2. Thus, two clustersare similar if every pair of membersis similar.
In ward's method,the pair of clustersthat are consideredto be closesttogether amongall
is
hence
in
hierarchical
(and
the pair
are
merged
a
step
of
a
clustering
algorithm)
clusters
whose mergerminimises a certain sum of squareserror basedon distancesfrom centroids
of the clusters.The complete link method is usually favoured in reengineeringapplications,
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becauseit tendsto producesmaller and more tightly-linked clusters.Intuitively, in a cluster
formed by the complete-link method, every member is similar to every other member.
However, unlike single link and ward's methods that have known for their
implementationsin time 0 (n' ), the best complete link documentclustering algorithm as
far as known is 0 (n').
An entity could represent a subsystem,a directory, a file, a class, a function, a data
for
A
coefficient
a given pair of entities
so
on.
resemblance
structure, a variable, and
indicates the degree of similarity or dissimilarity between these two entities, depending
on the way in which the data is represented. A resemblance coefficient could be
qualitative or quantitative. Whether qualitative or quantitative data should- be chosen
dependingon the applications and attributes.
After applying clustering algorithm, the results should be evaluated and explained
in
based
The
the
techniques
on numerical
approach
are
clustering
adopted
correctly.
taxonomy. Numerical taxonomy usesnumerical methodsto classify entities. This method
has conceptualand mathematicalsimplicity. The overall computational complexity of the
algorithm is 0 (n') which is an "n x n" matrix. In fact, the computation runs quickly due
to its simplicity.

5.6.2. Agglomerative Algorithms*
The hierarchical agglornerativeclustering approachcan be describedas follows. Given a
set of documents:
1. Start with a set of singleton clusters, each containing one document and initially
unmarked.
2. Repeatthe following stepsiteratively until there is only one cluster left unmarked.
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a. Identify the two most similar unmarkedclusters,and mark them.
b. Forrn a (new, unmarked) parent for theseclusters by merging them together into a
single cluster.
c. Updatesthe similarities betweenthe clusters.
Agglomerative algorithms start at the bottom of the hierarchy: at the starting point thereare
N clusters that each cluster contains one entity (N is the number of entities). In each
following step two clusters are joined. After N-I steps all entities are contained in one
cluster. Each level in the hierarchy defines a clustering. Now a cut point has to be
deten-nined.The clustering at the level of the cut point is the resulting clusteriiig. Divisive
clustering works the other way around. At the beginning all entities are contained in one
cluster. In eachstepa cluster is split into two clusters.AfterN-I steps,there are N clusters
eachcontaining one entity.
In hierarchical agglomerativeclustering approach,eachcluster in a given level clustering
can be seenas a node in a hierarchy. When the cluster is a result of a merge, its direct
descendantsare its two sub-clustersin the previous level. The resulting hierarchy of a
hierarchical method is a particular form of tree called a dendrogram, in which every
internal node hasexactly two children nodes.The entities in a dendrogramare represented
by numbersin order of appearancefrom left to right. Cutting the hierarchy at the cut point
would result in a cluster containing the two leftmost entities and a cluster containing only
the rightmost entity.

5.6.3. Apply Agglomerative Hierarchical Clustering Analysis
For sofhvare decomposition purposes,the proposedapproachchoosesalgorithms which
impose a structure which satisfying the constraints that 'a good modularisation or
componentisation should obey. An improved agglomerative hierarchical clustering
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is
method
proposed to extract independent services from legacy code. The resulting
hierarchical structure may be representedby a binary tree or "dendrogram", from which
the desired clusters may be extracted. This clustering method analyseslegacy code and
expressesthe results in a dendrogram which presentsa hierarchic view of the legacy
system. This hierarchic view consistsof different levels of abstraction from sourcecode
to subsystems.This bottom-up clustering method is feasible and efficient for legacy
systemunderstanding.
Applying agglomerativehierarchic clustering analysisto identify componentsfor using in
Grid should follow the following rules:
Rule 1. Obtaining the data matrix.
For the legacysystemswhich are written by procedure-basedcode, the entities are defined
as functions. In order to apply the clustering technique, the cluster technique is tailored
based on function-function inter-connections. In this case, the data set representsthe
interdependenciesor interconnectionswhich are indicatedby function calling relationships.
The entity interconnectionsare defined differently regardingdifferent soffivare systems.
For objected-oriented programs, the coupling information could be class-attribute,
class-method,method-method,the inheritanceamongclasses,or a sharedfeature. In input
data matrix, the I entries show the correspondingfunctions that are interconnected.The
matrix is symmetrical and I entriesare usedin the main diagonal.The numeric values(I or
0 entries),which show the numberof interconnectionsamongfunctions, are obtainedfrom
a static analysisof the sourcecode.
The number of function calls basedon syntax analysis, however it does not reflect the
actual number of invocations of those functions. Dynamic information may be more
insightful, but it is difficult to obtain and is highly dependenton run time behaviour.
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Rule 2. Computingthe resemblecoefficientsfor the matrix.
To ascertain the similarity between two entities, the proportion of relevant matches
between the two entities is calculated. There are different methods of counting relevant
matches and there are many algorithms to calculate the similarity or resemblance
coefficient. Method in this Grid oriented approachto calculate the similarity between
functions is presentedas follows, which is basedon Sorensoncoefficient [91].
Let a denote 1-1 match, which meansthe same attribute is coded as I for both entities.
Similarly, let b, c, d denote 1-0,0-1 and 0-0 match betweentwo entities. Let Sxy be the
resemblancecoefficient for entities x and y, then the Sorensoncoefficient: Sxy

2a / (2a +

b+ c). Compared to other coefficient definitions, Sorensoncoefficient emphasises1-1
match by giving twice weight. That is becausethe attributesare presentedin both entitiesat
the sametime. Another reasonto use Sorensoncoefficient for software clustering is that it
doesnot count 0-0 matches.From the software perspective,0-0 matchesrepresentsoftware
entities do not sharecommonalitiesand have no relations, so they should be ignored in the
similarity function.
Rule 3. Executing the chistering algorithm.
In essence,the clustering algorithm is a sequenceof operationsthat incrementally groups
similar entities into clusters.The sequencebeginswith eachentity in a separatecluster.At
each step, the two clusters that are closest to each other (indicated by smallest Sorenson
coefficient) are merged and the number of clusters is reduced by one. Once these two
clustershave beenmerged,the resemblancecoefficients betweenthe newly formed cluster
and the rest of the clusters are updatedto reflect their closenessto the new cluster.
Instead of using single linkage (nearest neighbour) and complete linkage (furthest
neighbour) rules as amalgamation rules, the proposed approach employs the UPGMA
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method to find the averageof the Sorensoncoefficients when two clusters are mergedin
this clustering algorithm. In this method, the distance betweentwo clusters is calculated
as the averagedistancebetweenall pairs of objects in the two different clusters.The input
data is a collection of objects with their pair wise distances,and the output is a rooted tree
(dendrogram).
This method is sometimes used for creating rooted phylogenetic trees under the
assumptionof a constant evolutionary rate. Initially, each object is in its own cluster. At
each step, the nearesttwo clusters are combined into a higher-level cluster. The distance
between any two clusters A and B is taken to be the averageof all distances between
pairs of objects in A and B. This method is also very efficient when the objects form
natural distinct "clumps", however it performs equally well with elongated "chain" type

clusters.
Then, dendrogramsare adoptedto demonstratethe clustering processand the proximity
between entities. It presentsa hierarchical view of the legacy system, which consistsof
different levels of abstraction from source code to subsystems.Figure 5.2 shows an
exampleof dendrograms.The detail of its creation will be presentedin the Chapter 9.
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In order to extract a functional component from legacy code, a cutting point must be
figured out in the dendrogram.This cutting point affects the number and quality of the
componentsderived from the dendrogram.It is an elementary factor for determining the
granularity of extractedcomponents.So far, the cutting point is determinedwith architects'
participation and user requirementsfor the new Grid system.Other existed and recovered
design information facilitates this decision-making process. This clustering method
together with human supervision restructureslegacy systemsinto components.The Gird
componentcreation and packing will be presentedin the following chapter.

5.7. Retargeting for Migration
Retargeting involves activities at the turning point between reverse engineering and
fonvard engineering.If the three stagesof reengineering(reverseengineering, functional
restructuring, and fonvard engineering) is recalled, retargeting involves functional
restructuringand the start of forward engineering.
In this research,Grid technology is often explained as a set of networking capabilities and
sofhvareelementsthat support distributed resourcessharing.The goal of Grid is to create
virtual organisationsto managevirtual computer of connectedheterogeneoussystemsand
distributed databasefor sharing various combinationsof resources.A legacy system is an
application program, which currently is a well acceptedand well-defined term within the
soffivare engineering community. Despite its poor competitiveness and compatibility
with modem equivalents, it has been used until now since the cost of replacing or
redesigningit is high. The implication is that the system is large, monolithic and difficult
to modify.
Normally, the users' new requirementsare addedon top of the existing system when the
system is reengineered,and these new requirementsare implemented in a small number
of program functions. This small number of functions can be ideally implemented using
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reusablecomponentsfrom the reuse library. Since adding new requirementsto the new
systemis carried out at the specification level, this stageis called functional restructuring.
In general,reverseengineering is the main thrust of reengineeringbecauseit addressesa
very difficult problem: program comprehension.Forward engineering can be always
undertakenwith a sound and existing software developmentmethod.Nevertheless,in the
case of the proposed reengineering approach, it is mainly concerned with integrating
existing reusable components and newly developed components, and retargeting
componentsintegration in the Grid platform.

5.8. Summary
This chapter describesan approachto identify concernedresourcesfrom legacy systems
for designingcomponentswhich are used in Grid environment.The static program slicing
techniquesare applied to decomposeprogram as a preliminary step for the migration of
legacy systems.The control flow graph is adoptedin the proposedapproachfor program
representationand static analysis.
Then, software clustering techniques are applied to capture independent legacy code
segments. An improved agglomerative hierarchical clustering method is proposed to
extract independentservices from legacy code. The resulting hierarchical structure may
be representedby a binary tree or dendrogram,from which the desired clusters may be
extracted. This clustering method analyses legacy code and expressesthe results in a
dendrogramwhich presentsa hierarchic view of the legacy system. Reverseengineering
techniquesplay an important role in this analysisprocess.
Based on the comprehension, legacy systems are extracted as concerned legacy code
segments.Thesefunctional codescan be extended,isolatedand fashionedas various Grid
componentswhich could be reusedwithin different kinds of Grid systems.
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Becausethe complete recovery of legacy systemsis difficult to archive and the cost of
reengineeringthe whole legacy systemis expensive,reusing recoveredlegacy components
is an economic and efficient way to reengineer legacy systems. The adopted soffivare
program slicing and clustering techniquesare not new, but the comprehensiveanalysis
ascertainsthe reusablelegacy code efficiently. This chapter focuses on how to identify
and retrieve useful resourcesfrom the legacy systems.The Grid components migration
and packing will be presentedin the following chapter.
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Chapter 6
Grid Component Migration and Packing
6.1. Grid Middleware
Net-Centric Computing (NCC) is a distributed environment where applications and data
are downloaded from servers and exchangedwith peers across a network. It attracts
significant interest from network and telecommunicationspractitioners as a vehicle for
innovation.
As an emerging trend in NCC technology, Grid computing enablesusers to collaborate
securely by sharing processing, applications, and data across systems to facilitate
collaboration, faster application execution, and easier accessto data. Grid focuses on
large-scaleresource sharing, innovative applications and high performance orientation.
The sharingrelationshipsmay be static and long-lived or highly dynamic.
With increasing adoption of distributed systemsand Web based applications, more and
more existing applications turn to legacy systems. Grid technology can be applied to
achieve enterprise-wideapplications integration. Adapting Grid to evolve legacy systems
could provide a rich set of capabilities. It allows organisations to use numerous
computersto solve problems by sharing computing resources.
As these organisations vary tremendously in their purpose, scope, size, duration, and
structure; particularly, the resourceconfigurations of organisationshave the potential to
change dramatically. Providing Grid middleware for deploying existing applications is
very useful to enable dynamic load distribution, fault resilience, ease system
administration and data accesslocality.
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As an interfaceof applications, Grid middleware may have following performance:
0

Track which node has computational serversrunning and which one are provisioned
with.

0

Track eachnode's workload to locate the best choice for a given job request.

0

Take care of the details in finding machineson which to executecomputational tasks.

Reuse of existing protocols and seamlessinterfacing to existing applications is a high
priority in the developmentof the Grid systems.The Grid middleware may allow legacy
and new applicationsto operateseamlesslyover Grid environment.
In software evolution area, Grid middleware technology provides an approachfo develop
high-performance,scalable middleware foundation basedon Grid technology for legacy
system evolution. Such middleware will provide transparentaccessto legacy resources
concerning with process,achieve continuous computation and make better utilisation of
the available computing resourcesamong theseorganisations.
In addition, it investigatesthe architectureof large, distributed, computing infrastructures,
high-speednetworks to support legacy systems,and methodologiesfor effective soffivare
evolution on the underlying distributed infrastructure.
A Grid provides an abstraction for resourcessharing and collaboration across multiple
administrative domains. Resources are physical (hardware), informational (data) and
capabilities (software). From the software evolution perspective, legacy resourcesare
encapsulatedinto objects which can be used by the developersas components for their
applications. Grid middleware can be acted as software that facilitates writing these
applications and managesthe underlying Grid infrastructure.
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6.2. Process Transfer
With years of efforts, Grid researchershave successfully developed Grid technologies
including security solutions, resourcemanagementprotocols, information query protocols,
and data managementservices. However, as the ultimate goal of Grid Computing is to
design an infrastructurewhich supportsdynamic, cross-organisationalresourcesharing, it
is necessaryto design an infrastructureto support dynamic, cross-organisationalresource
sharing, which acts as a solution for efficient and transparent task re-scheduling and
managementin the Grid.
To achieve continuous computation and to make better utilisation of the available
computing resourcesamong theseorganisations,runtime processrescheduling is required.
Processmigration is an attractive feature for re-schedulingtasks in Grid environments.It
is the act of transferring a live processfrom one node to another node in the distributed
load
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that
to
to
shown
process
migration
very
useful
enable
system.
distribution, fault resilience, ease system administration and data access locality. With
increasing deployment of distributed systems in general, and distributed operating
systemsin particular, processmigration is receiving more attention in both researchand
product development. One area where there is a need to understandthe use of process
from
is
With
Grid
Computing.
the
shift
supercomputers to networks of
migration
high
for
Internet
the
the
performance
of
with
ever-increasing
role
workstations, and
computing, processmigration can play a more important role.
With the support of process migration, various runtime load balancing schemescan be
employed for improving the execution efficiency of Grid applications. Processmigration
can also help those long-running applications by relocating them at suitable times to
prevent interruption due to systemactivities or the execution of other applications. It also
can help to relocateprocessescloser to the Grid point with data that they needto access.
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Processmigration consistsof extracting the statesof the migrating processon the source
node and transferring it to the destination node where a new instanceof the processis
created.All the communication channelsthat concernedwith the processare updated.
Benefits of ProcessMigration include:
0

Accessingmore processingpower.

0

Exploitation of resourcelocality.

0

Resourcesharing within a specific hardware device, large amount of free memory or
someother resources.
Improving Fault resilience by migration from a partially failed node, or in the caseof
long-running applications when failures of different kinds are probable.

a

Systemadministration is simplified if long-running computationscan be temporarily
transferredto other machines.

0

Mobile computing also increasesthe demandfor migration.

The types of application that would benefit from process migration include parallel
applications, long-running applications, generic multi-user workloads, an individual
generic application, migration-awareapplicationsand network applications.
Various types of process migration implementations are possible. They include
programming language support, object migration at the middleware level, system level
processmigration.
System level processmigration is the traditional form of processmigration, in which the
researchersare mostly interested.The algorithm is developed with total kernel support
using the kernel API. The module is implemented to work in privileged mode with
accessingto all memory addresses.
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Figure 6.1. Framework of ProcessTransfer in Grid Environment.

Figure 6.1 shows the framework of processtransfer in Grid Environment with N nodes.
In this framework, there is one central node that is responsiblefor balancing load between
the participating nodes in the Grid. All nodes can requestthe central node for some free
node which is ideal or has fewer loads at any time. Then, the original nodestransfer some
parts of its processes to other free nodes. These nodes performed as a Virtual
Organisationto handle the work together.
The central node contains load-balancing algorithm to balance the loads of the
participating nodes.It can use various statistics collected by this algorithm to find out the
ideal or least loaded node. Then it can inforrn the requestingnode with the details of the
ideal node. The requesting node can communicatewith the ideal node now and start the
processmigration.
As Figure 6.1 shows, node I has too much works, so even it could not handle itself. It
requeststhe central node for some free nodes to help to do the work. Then, the central
node answersthat the node 5 and node 6 are free currently. Then, node 1, node 5 and
node 6 constitute a virtual organisation to achieve the work together. In this VO, the
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processcan transfer form node I to node 5 and node 6, but also can transfer back from
node 5 and node 6 to node 1, as well as transfer between the node 5 and node 6. This
dependson the fewer node form time to time of the node, and this could be done by
anotherGrid componentnamedmonitoring and discovery system(MDS).
Extending the three node system in the example to the whole Grid environment, legacy
lot
be
in
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systems
will
contribute
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and
reused
and
system could
restructured
with thesebenefits.

6.3. XML for Information Exchange
The Extensible Markup Language (XML) is a broadly adopted format for structured
documentsand data on the Web. XML is a simple and flexible text format derived from
Standard Generalised Mark-up Language (SGML) and developed by the World Wide
Web Consortium (W3C). Its goal is to enable generic SGML to be served, received, and
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designedfor easeof implementationand for interoperability with both SGML and HTML,
and it is expanding from its original form in document processing and becoming a
solution for data integration.
XML excels in inter-application data exchange becauseof its flexible and extensible
method of describing data and its capability to communicate over the Internet using the
standardHTTP protocol. XML supports tag extensionsthat allow various parts of Web
basedapplications to exchangeinformation. The popularity of using XML as exchange
format comes from its inherent advantagessuch as separatingcontent and representation
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been adopted as the foundation for data exchange by almost all soft-ware products
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part of transforming a legacy systeminto an evolvable one.
For example, the J2EE and 13213
are two popular platforms for evolving a legacy system
that could meet the requirementsof an evolvable system.The B2B architecture supports
distributed business objects loosely coupled with XML messages,while the J2EE
architecturesupportscomponentsthat encapsulatebusinesslogic and reside in a container
providing the runtime environment and other servicessuch as transactionalsupport.
In order to make a distributed system that has loosely coupled componentsand provide
by
decomposing
functionality,
it
to
the
two
architectures
sense
combine
makes
enterprise
each businessobject using the ME

architecture and connecting businessobjects using

the XML messagingsystemof the 13213
architecture.
This flexibility makesXML a powerful mechanismfor 13213
application integration. 13213
integration is the automated exchange of information between systems from different
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vocabularies
emerge
gaining
momentum
as
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specific businessdomains such as finance. In addition, a growing number of commercial
enterpriseapplication solutions are embracingXML.

6.4. Integration
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languagesuch as C, COBOL and Pascal,while most modem system are being written in
object orientedlanguagessuchas Java,C++ or C4. Using systemduration or implementing
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languageas metric is therefore insufficient for defining a legacy system unambiguously.
For the purposesof this discussion,XML is introducedto describeand manipulate legacy
systemsfor Grid evolution.
Grid computing architecturesupportsdistributed object loosely with XML messagesand
encapsulatedcomponents,which could be resided in a container providing the runtime
environmentand other servicessuch as transactionalsupport.The core mechanismof the
13213architecture is an XML messagingsystem containing a set of businessprocesses.
The XML content describesa data dictionary description of the elements that make up
the XML content, and a messaging service that specifies how the XML content is
packagedand transferred.
Grid service is an implementation of service basedpattern like Web services. It builds a
distributed programming model based on XML standards that a service consumer
initiates an operation of a service specified in XML via XML-based SOAP standard.
XML is the key technology that enablesa large number of participants to corporate in a
distributed programming environment.
Grid is one of the most important technologiesfor enterpriselegacy systems integration,
which could be adopted in three ways depending on the exposedservices. Although the
strategies vary with different legacy data integration, they are all based on the same
principle. XML scheme are employed to describe the legacy data, and their message
transactionsare representedby XML basedon SOAP. Once legacy data is in an XML
format, its manipulation becomesmuch less daunting, and its developmentalso becomes
easier.
With XML technologie, Grid allows legacy and new applications to be interoperated.
And it can create composite applications by combining interfaces to individual
applications with various data sourcesusing XML as the standarddata format. XML in
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the proposed solution to Web based systems evolution has two roles: model
documentationand systemsintegration.

6.5. Component Representation Using XML
Both bottom up and top down approachhelp to extract and representlegacy assetsinto
XML format. The bottom-up approachutilises the concept of Grid component definition
that denotesthe syntactic structuresof a programming language.The top-down approach
examines the grammar of the specific programming language, and defines a standard
logical structure.
In the proposedapproach,a structure of the Abstract Syntax Tree (AST) has been defined
to develop Grid components.By recursively traversing the hierarchy of the component
entities, it is able to map the Grid component to a Document Type Definitions (DTD).
Specifically, the tree hierarchical structure of the Grid component is mapped into XML
elementsand attributes. Each node and edge in the AST is mappedto an XML element
tag and the attribute values of an AST node are mapped to the corresponding attribute
values of the XML elements.
The Grid component and its corresponding DTD can be enhanced with information.
Similarly, Grid componentgeneralisationsinclude the introduction of elementsthat relate
to system constructs. In this context, the grammar of the programming language being
modelled defines the DTD and consequentlythe organisation of the XML documentthat
modelsthe AST of a given sourcecode fragment.
XML is increasingly been acceptednot only as a standardfor describing documents,but
also as a data description languagefor all types of infon-nation. DTDs are generatedto
describe the characteristics of the data and to make the documents self-contained and
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usableas a data exchangeformat. Combinedwith client-sideinterpretedXSLT stylesheets,
it providesan approachfor publishing data from relational databaseson the Web.

6.5.1. AST Representation
In computer science,an AST is a finite, labeled, directed tree, where the internal nodes
are labelled by operators,and the leaf nodesrepresentthe operandsof the node operators.
Thus, the leaveshave null operators,such as variables and constants.In computing, AST
is used in a parseras an intermediatebetweena parsetree and a data structure. The latter
is often used as a compiler or interpreter's internal representationof a computer program
while it is being optimised and used to perform code generation.The range ofall such
possible structuresis describedby the abstract syntax. An AST differs from a parsetree
by omitting nodesand edgesaccording to syntax rules which do not affect the semantics
of the program. The classic example of such an omission is the grouping parentheses,
since in an AST the grouping of operandsis explicated in the tree structure.
Creating an AST in a parser with a language described by a context free grammar is
straightforward. Most rules in the grammar createa new node with the node edgesbeing
the symbols in the rule. The rules that do not contribute to the AST, such as grouping
rules, merely passthrough the node for one of their symbols. Alternatively, a parsercan
create a full parsetree, and a post-passover the parse tree can convert it to an AST by
removing the nodesand edgesnot used in the abstractsyntax.
AST have beensuccessfully usedby the data flow analysisand compilers community for
the purposeof analysing and transforming source code entities. Such tree-like structures
internal
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declarators.An edge betweennodes in the AST denotesattributes which are modelled as
mappingsbetweenAST nodes.
Interface creation is processedby a data flow analysiswhich identifies all of the variables
directly referencedby the function. This includes overlaying data structures and indexed
arrays. If an elementary item in a structure is referenced, then the whole structure is
included in the interface.
Similar to AST, an XML document can be thought of as a tree structure with nodesand
edges connected by a hierarchy relationship. Compared to the custom-made software
extractors, this approach provides a standard API for programmatic access to XML
documents, and allows for the manipulation of structured data. In such a' way, tool
developers can consistently interact, exchange and transform XML documents that
correspondto sourcecode representationand analysisresults.In addition, they are widely
supportedand can be usedwith different programming languages,such as C++, Java,and
JavaScript.
Finally, XML documents can be easily transported by the HTTP protocol over the
Internet. Therefore, XML allows an AST information base and analysis tools to be
independentof the parser,and published in a Web-basedrepository.
The soffivare analysis tools can either download the required information over the
network or store the AST locally for further processing. Results obtained from the
in
AST
large
be
the
an XML
of
as
annotations
systemscan also
represented
analysis of
form, and directly stored in a Web repository.
For the circumstancesof Web basedlegacy systemsevolution, Web systemsoften evolve
from small and simple collections of purely HTML pages which defines the style,
structure, and content of the Web pages to complex applications, offering advanced
transactions and data access.They also can be seen as software systems comprising
thousandsof line of "code" (HTML) split into many "modules". Static HTML pagesare
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programswith encapsulateddata, which infringe soffivare engineering good practice. As
HTML is a short-constrainedlanguage,it is useftil to check the validity of these sources
before working on it [90].
The analysis of Web pagesusually starts at the specified root URL. Firstly, it determines
the type of the URL. If The URL is a HTML pages, it extracts its entire links to other
Web page, and subsequentlyanalysesthem in the same manner as the root URL. Given
the description of each Website page in terms of feature vectors, it is possible to exploit
similarity or distancemeasuresto agglomerateentities into clusters.Web pagescan easily
be moved without affecting the links if the file structuresare preserved.
Mostly, Websitesare built with pure HTML pages,which have some embeddedcontents
such as images and increasingly the inclusion of scripts both as part of the HTML
document or as a means of generating the HTML page. And the designers usually
highlight interestingoutput information with HTML tags, such as <b> or <tr> or <td>, or
with a distinct highlight font attribute, such as colour. Also, the file path is a good clue to
detectthe pagetypes through a Website.
To enable the extraction of data and structure, first, AST has been built to identify the
corresponding paths and possibly some properties of the elements themselves, then,
strings which are representedby the text of content leavesto every node of the tree are
associatedas the attributed elements.
In order to extract instancesfrom HTML document,rules must be formulated for how to
traverse the tree structure of the document in order to locate the instances of the
constituents.Theserules are formulated using XPATH in order to localise the HTML tree
that spansall the concept constituents.
Now, employing the cluster and slicing techniques, the HTML documents could be
clusteredand cleanedand the contentsare separatedfrom layout by integrating in HTML
pagesscripts for retrieving the dynamic data from a database.
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After parsing,the system storesa rationalisedcopy of the extractedHTML data in central
data storage with each unique element stored in a separatepart of the repository. A
relational databasecan be used for the central data storage.Rather than storing the details
of how to reconstruct the pages,the original HTML page is modified to use scripts to
retrieve the data from storageand regeneratepagesas required. These modified files only
contain the structure of the original HTML files. The files are stored in an organised
directory structureon the server.
Figure 6.2 shows an example of an abstractsyntax tree. The detail of its creation will be
presentedin the Chapter 9.

Figure 6.2. An Example of an Abstract Syntax Tree.

6.5.2. DTD Expression
DTD defined slightly differently by the XML and SGML specifications, is the term used
to describea document or portion thereof that is authoredin the DTD language.It is also
a holdout from XML legacy as a special case of SGML. They were intended to make
certain that an application could read an SGML file by knowing what to expect in tenris
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of the document's structure. It can be contained in an external file or as a part of the XML
documentitself.
In this thesis, the term "Grid component" generally refers to a collection of reusable
legacy resources.Typically, it describesthe relation of legacy resourcesand the semantic
rules governing the resources.
For a programming language,Grid component specifies a set of nodes and arcs in an
abstractsyntax tree and denotesthe structure of the elementsin the language.The nodes
denote languageconstructs such as the declarations,functions, and statements.The arcs
specify the attributes of the nodes and associatethe parent and the child elements.In
addition to the infon-nation obtained from the parsing tree, Grid components can be
enhanced by the annotations that are not belonged to the syntactic parsing tree, for
instance, the node identifier, usage, and linkage. This information is representedby
additional attributes of a node. In order to representthe concerned legacy resourcesfor
Grid componentinterchangeand integration, the approachof encoding a Grid component
in DTD and effectively validate XML basedsourcerepresentationis used.
A DTD is primarily used to expressa schemavia a set of declarationsthat confonn to a
particular markup syntax and that describea class,or type, of SGML or XML documents,
in terms of constraints on the structure of those documents. A DTD may also declare
constructs that are not always required to establish document structure, which however
may affect the interpretationof somedocuments.
As an expressionof a schema,a DTD specifies, in effect, the syntax of an "application"
of SGML or XML, such as the derivative language HTML or XHTML. This syntax
usually is not as general as SGML or XML syntax. In a DTD, the structure of a class of
documents is described via element and attribute-list declarations.Element declarations
document,
how
declared
the
the
and
specify
set
of
elements
within
name
allowable
data
declarations
Attribute-list
contained
within
each
element.
element of character
are
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namethe allowable set of attributes for each declaredelement, including the type of each
attribute value, if not an explicit set of valid value.
It is possible to map a specific language construct into a DTD specification when a
specific programming languageand its correspondinggrammar are given. To accomplish
this mapping, a set of transfon-nations is defined to convey the grammar of the
programming languageto the DTD.
Taking the advantageof concepts in object modelling, general-purposetransformation
in
declarations
DTD
be
The
DTD
to
used
enable
conversion.
production
rules
rules can
the Grid orientd legacy systemevolution approachare specified as follows:
1. Each class is mappedinto an elementof the DTD declarations.
2.

Each attribute with a primitive type is mappedinto an attribute of the DTD element.

3. Each attribute with a user defined type (i. e. class) is mapped into the DTD element
that is containedin the elementcorrespondingto its containing class.
4.

Each aggregationis ignored.

5. Each multiplicity constraint for an attribute association is mapped into the DTD
quantity control.
6. The attribute associationis ignored since it is treatedas equivalent to its attribute.
The XML DTD establishesa formal set of rules to define the document structure. The
between
its
document
is
Grid
between
DTD
XML
to
the
and
equivalent
relation
a
relation
componentand its instances.Therefore, a DTD specification can be used to expressthe
structural aspects of a Grid component, where its instances are encoded in the XML
document.
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6.5.3. XSL Transformation for System Evolution
A Web application is an application that is accessedwith a Web browser over a network
such as the Internet or an intranet. Web applicationsare popular due to the ubiquity of the
browser as a client, sometimescalled a thin client. The ability to update and maintain
Web applications without distributing and installing software on thousandspotential of
client computers is a key reason for their popularity. Web interfaces have been used
increasingly for applications that have been thought of previously as traditional,
single-user applications. In this thesis, Extensible Stylesheet Language (XSL) is
introduced to achieve the Web interface transformation and to provide a better control
over legacysystems.
Web application can be seen as soffivare systems composed by thousands of line of
sourcecode (HTML). Static HTML pagesmay comprise programsand encapsulateddata.
However, they violate software engineering good practice sometimes. Extensible
StylesheetLanguageTransformations(XSLT) is an XML-based languagewhich is used
for the transformation of XML documents. It can manipulate XML from one structure
into another. Therefore, it can be implemented for transfon-ningXML into HTML or
other XML document structures.An XSLT. stylesheetcan make use of information from
a schema,and an XSLT transformation can take place in the absenceof a DTD. The
XSLT processorhas accessto the type information associatedwith individual nodes not
'
merely to the untyped text. The important roles of XSLT is to add styling information to
an XML source document, by transforming it into a document consisting of XSL
formatting objects or into another presentation-orientedformat such as HTML, XHTML.
However, XSLT is used for a wide range of transformation tasks, not exclusively for
formatting and presentationapplications.
In Grid oriented soffivare evolution, the application of XML has not replace HTML
documentscompletely. HTML is created for content presentationin client browser. Its
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elementsand attributes are dedicatedto document formatting and user interactive actions
such as collecting user input information from the browser and submitting it to a server.
HTML should be used as a protocol for information representationand collection, but not
for infon-nationstorage.
While both HTML and XML are languagesrepresentingsemi-structureddata, HTML is
mainly presentationoriented and not really suitable for databaseapplications. Keeping
information in HTML documentstightly couplesthe content and its representation,which
makes it difficult for information reuse and maintenance.The weakness of HTML in
information storage is overcome by the use of XML, which is ideal for keeping data.
Many Web-basedsystemscan dynamically produce client side HTML pagesfrom XML
documentsvia XSLT and is used to format or transform XML content from one form to
another. The benefit of the approach is that without any efforts to duplicate the legacy
code, all features from legacy systemsare inherited and they can be enriched with Grid
features.Furthermore,they can easily be integratedwith each other to perform dynamic
servicesin a Grid environment.
XSL can be used not only for formatting an incoming document structure but also for
formatting the data returned from the legacy system into a usable structure for the
function or application using this API. XSLT processing often begins by reading a
serialisedXML input document into the sourcetree and ends by writing the result tree to
an output document.The output document may be XML, but can be HTML, plain text or
any other format that the XSLT processoris capableof producing. The transformation is
achieved by a set of template rules. A template rule associatesa pattern, which matches
nodes in the source document with a sequence constructor. The rules of XSLT
transformation in the Grid oriented legacy systemevolution approachmay include:
Read the XSLT stylesheetwith an XML parser and convert its content to a tree of
nodes(the styleshecttree), accordingto the XPath data model.
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2.

Read the input XML with an XML parserand convert its content to a tree of nodes
(the sourcetree) accordingto the XPath data model.

3.

Refine the stylesheettree and the sourcetree.

4.

Supplement the stylesheet tree with a trio of built-in template rules that provide
default behavioursfor any node type that might be encounteredduring processing.

5.

Processthe root node of the sourcetree and serialisethe result tree.

When processinga node, the following stepsare undertaken:
The best-matchingtemplate rule for the node is located. This is facilitated by each
template rule's "match" pattern (an XPath-like expression), indicating the nodesto
which it can be applied. Each template is assigned a relative priority and import
precedenceby the processorto help caseconflict resolution. The order of template
rules in the stylesheet can also help to resolve conflicts between templates which
matchthe samenodes,but it doesnot affect the order in which nodesare processed.
2. Template rule contentsare instantiated.Elementsin the XSLT namespaceare treated
as instructions and have special semanticsthat guide how they are interpreted. Some
results in nodes are added to the result tree, and others are control oriented.
Commentsand processinginstructions are ignored.

6.5.4. An Example
In order to demonstratethe previous rules, the proposedapproach is applied to the De
Montfort University Managed Leaming Environment (MLE) [90). NILE is a resources
managementand learning system for students working. It managesstudent course and
timetable management.And students can read their personal information and public
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announcementsas well. Even more, it support interact student union voting and online
studentaccommodationsearching.
The benefits of reengincering MLE system into Grid services include making the MLE
systemwork not only for studentsin De Montfort University, but also for consumerswho
want to use this service and paid for it. Also, the Grid service oriented evolution will
make the MLE system that works as a stateful resource and integrated with other
functional stateful resourceinto a new powerful service possible.
For the needsof this example, it focuseson examining a simple page. Figure 6.3 gives a
screen-shotof the course managementWeb page on the MLE Web system. Concerning
of the data structure,this pagedescribesthe module information and coursetitle of a PhD
student,as well as some other related information. It also contains a picture of DMU and
many other related links.
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Figure 6.3. Screen-Shotat a Pageof MLE System.
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The processof representationrelies on the use of XML schemefor creating patterns in
hierarchical order. When facing a new HTML document,the only pattern is <documents>
with a unique instance.
In the extraction step, the HTML document has been parsed into a tree representation
rooted at the <html> tag, and the document subtreespossibly containing information of
interestthat can be efficiently located.Each node in the tree representsa pair of matching
HTML tags enclosing a part of the document.
The label on the node correspondsto the entity of the target conceptcontained in this part
of the document. Then, the HTML elements of the document parse tree can be easily
marked by XML patterns. The output by the extractor is well-suitcd for translation. By
exploiting the hierarchical structure of the pattern instancebaseand using pattern names
as default XML element names,the HTML attributescan be translatedand retained in the
XML output.

<! ELEMENT ManagedLearningEnvironment(Course*)>
)>
<! ELEMENT Course(Description,Code,Title, Aim, Infon-nation?
<! ELEMENT Description(#PCDATA)>
<! ELEMENT Code(#PCDATA)>
<! ELEMENT Title (#PCDATA)>
<! ELEMENT Aim (#PCDATA)>
<! ELEMENT Information (#PCDATA)>

Figure 6.4. DTD Representationfor a Pageof MLE.

Figure 6.4 showsthe DTD representationof MLE. Elementsin this example include:
1. ManagedLearning Environment is a valid element name,and an instanceof such an
element contains any number of course elements.The "*" denotesthere can be 0 or
more courseelementswithin the ManagedLearning Environment element.
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2.

"Course" is a valid element name, and an instanceof such an element contains one
elementnamed"Description", followed by "Code" element,then "Title", "Aim" and
"Information" (optional). The "T' indicatesthat an element is optional. The reference
to the "Description", "Code", "Title" and "Aim" elements name has no "T', so a
personelementmust contain "Description", "Code", "Title" and "Aim" element.

3.

"Description" is a valid element name, and an instanceof such an element contains
characterdata.

4.

"Code" is a valid element name, and an instance of such an element contains
characterdata.

5. "Title" is a valid element name, and an instance of such an element contains
characterdata.
6. "Aim" is a valid element name, and an instance of such an element contains
characterdata.
7. "Information" is a valid element name, and an instanceof such an element contains
characterdata.
<7 XmI version="I. 0" encoding= " UTF -8
<documents>
<Website>ManagedLearningEnvironment<AVebsite>
MLE <WebsiteName>
<NVebsiteName>
<Entry>
<Sort> Course<Sort>
<Description> CourseInformation</Description>
<Code> COM502 -4Code>
<Fitle> ComputerSciencesResearch<ritle>
<Aim> PHD -4Aim>
<Information> Pleasenote:Any marksstatedfor
<Picture/>
<Entry>

</Information>

Figure 6.5. XML Representationof MLE Web Page.
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Figure 6.5 shows the XML representationwhich makes use of and DTD conforms to it.
By analysing the MLE Web systems, a sort of patterns could be created, such as:
"Website",

"WebsiteName",

"Sort",

"Code",

"Title",

"Aim",

"Description",

"Information", and so on.
It is possible to render this in an XML enabled browser by pasting and saving not only
the DTD componentaboveto a text file, but also the XML file to a differently-named text
file, and opening the XML file with the browser.All the files should be saved in the same
directory. However, many browsersdo not check that an XML documentconforms to the
rules in the DTD; they are only required to check if the DTD is syntactically correct. For
security reasons,they may also choosenot to read the external DTD.
By applying the XSLT transform in Figure 6.6, the XML representationof MLE can be
transformedto a new XML documentwhich has anotherstructureas shown in Figure 6.7.

<xsl: stylesheet xmlns: xsl="http: //Nvww. w3. org/l 999ML/Transfonn"
indcnt="yes"/>
<xsl: output method="xml"
<xsl: template match="/">
<transform>
<xsl: apply-templates>
</transfon-n>
<xsl: template>
<xsl: template match="Course">
<record>
<Code>
<xsl: value-of select="@Code" />
</Code>
<Title>
/>
<xsl: value-of select="@Title"
</Title>
<Aim>
/>
<xsl: value-of select="@Aim"
</Aim>
</record>
</xsl: template>
</xsl: stylesheet>

Figure 6.6. XSLT transformationof MLE.

version=" I. Ot'>
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<xml version=" 1.0" encoding--"UTF-8 ">
<transform>
<record>
<Code> COM520 </Code>
fTitle>
<Title>Computer SciencesResearch<,
<Aim>PHD</Aim>
<record>
</transform>

Figure 6.7. New XML Representationof MLE Web Page.

In this example, the HTML presentedcontent information of the MLE system could be
transformed to XML

represented document based on AST representation, DTD

transfon-nation,XSLT stylesheetstransfon-nation,XML Schema definition of content
model, and the XML file containing the pagecontent itself.
The generatedXML documentsare usually larger than the sourcecode in size, becauseof
all the tags and attributes that are addedto the sourcecode. They can be consideredas a
dynamic databasewhich can be easily manipulated. Similarly, the extracted information
can be stored in commercial relational databasesby storing XML documentsas one file
in a table, or multiplying fields in one or more tables. All in all, by following different
rules, necessaryinformation can be extracted from the source code and they can be
encodedin a uniformed and application-independentformat.

6.6. Wrap as XML Component
Interaction compatibility is a main issue to integrate legacy code in Grid environment.
Legacy system in enterprise has a variety of data fon-natsand data semantics.Different
company use different languageto describe data, so the main difficulty of integration
legacy assetsis interaction compatibility. To use various legacy systems in one Grid
environment, they mush supply a common interface to sharerescuesand communication
eachother.
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The proposedapproach chose Java as common languageto evolve legacy systemsas it
has many benefits such as it is an object orientation language, and it is a platform
independence language and it has automatic garbage collection mechanism. In the
data,
language
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describe
XML
XSL
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the
the
structure
of
approach
used
proposed
used to manipulating XML from one structure into another. And Java is used to
encapsulatethem with a few simple classesand implement the application.
For the purpose of importing existing XML representedinformation sources to Grid
services domain, the interfaces are essentially defined in a complex XML type. It is
attributes to the name, type and name space.The XML grammar can be used to identify
all publicly available methods,their signatures,and their return types.
The XML component is consideredas dynamic resourcesthat can be easily manipulated
by Grid applications. XML component is an XML schema which is used to describe
componentmeta-dataand act as a common inten-nediatelanguagebetween the elements
of the componentframework [92]. In addition, it provides a meansby which the diverse
units of the framework may communicate,and is used to describethe meta-datafor the
abstract components,the component implementations,resourcesand applications. It is a
suitable target language for a number of possible end-user tools, without imposing
constraintson their configuration.
All componentsmust have at least one implementation. The component specification in
XML Component is placed in the component repository, together with meta-datathat
describesits behaviour and interface. Each component implementation correspondsto a
particular component specification. New component implementations are placed within
the repository, along with meta-data describing their performance characteristics and
resourcerequirements.The implementation meta-datais a XML Component document,
which is distinct from but linked to the componentspecification.
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The application builder producesa XML Component application description document.
This document consists of the <network> and <repository> information. The network
represents a composition of component instances together with any user users. The
composition is a simple typed port and network mechanism, consisting of <instance>
elements together with <dataflow> connectors. The connectors are attached between
sources and sink ports according to the component type. The user may customise the
componentby specifying simple valuesthat are recordedas <property> elements.
The choice of components within the builder tool is determined by those elements
contained within the repository. The repository XML Component data provides the
interface information for the <component> types, specifying <port> and <property>
elements.The types and default properties specified in the repository XML Component
allow custornisationwhere it is required.
The repository component information also indicatescomponent inheritanceand package
information. The repository also contains information needed to create the run time
representation,namely the meta-datafor the methods in the component implementation.
These are represented by <implementation> and <action> elements. The <action>
elements specify the bindings to ports and the location of corresponding performance
data. The packageand location information for the executablesare stored alongside the
implementation data in the repository. These are referred to <object> elements. The
exampleof XML componentcreation are presentedin Chapter9.

6.7. Summary
After the componentsidentification from legacy systems,they have to be migrated for
deploying in the Grid environment. This chapter presentsthe approachof migration and
legacy
the
assetsas Grid components.
packing
extracted

III

The proposed approach is based on XML representationand transformation. Once a
software componenthas been extractedfrom a legacy system,or has been built as a new
component, its interface can be extracted and representedin XML. In this thesis, the
XML representation is not only finished by the component wrap, but also with the
sourcescode analysis included such as the using of AST, DTD and XSLT. At last, the
legacy componentsare wrapped as XML componentswhich could be further used in the
Grid servicesenvironment.
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Chapter 7

Grid Service integration
A Grid can be defined as a layer of networked services that allow users single sign-on
accessto a collection of distributed computing, data and application resources.The Grid
services allow the entire collection to be seen as a seamlessinformation processing
system that the user can accessfrom any location. It is basically the Web services with
improved characteristicsand services.
Grid serviceshave emergedby combining Web servicesand Grid computing to perform a
seamless information processing system across distributed, heterogeneous,dynamic
virtual organisations. Web services are the technology for Internet based applications
with loosely coupled clients and servers.However, the implementationsof Web services
are typically stateless.Comparedto this, Grid services have evolved to make it possible
to dynamically shareand coordinateheterogeneousservice resources.
The Grid service oriented reengineering could bring great benefits for both legacy
systemsand Grid systems.It performs as reusing useful legacy systemresourcesinto the
Grid service environment. Comparing with design a new system,the proposed approach
is lessrisky and highly transparent,and it is massivelyreducing time and cost.
This chapterfocuseson addressingthe following issues,including:
0

Design of a Grid service enabled integration architecture that allows the legacy
systemsto easily interact and inter-operatewith other Grid service.

0

Specification of the behaviour of identified components in terms of their well
defined interfaces.
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0

Definition of appropriate middleware to integrate the identified componentsto a
heavily heterogeneousGrid service environment.

7.1. From Web Service to Grid Services
Grid servicesare basically Web serviceswith improved characteristicsand services.The
most important improvement is that Grid services are stateful and transient services. It
can rememberwhat have been done from one invocation to another with the support of
stateful resources.
As Grid services are dynamic and stateful, a new mechanism is neededto addressthis
issue. The OGSI specification version 1.0, released in July 2003, defines a set of
conventions and extensions for the use of WSDL and XML schemato enable stateful
Web services.However, there are criticisms of OGSI from the Web service community.
For instance,OGSI has too much stuff in one specification. It does not work well with
existing Web services and XML tools. Also, it is too object oriented, and it does not
support the forthcoming WSDL 2.0 standards.
As the initial standard,OGSI have the following disadvantages:
1. Too much stuff in one specification. OGSI dose not have a clean separation of
functions to support incrementaladoption.
2. Does not work well with existing Web services and XML tooling. OGSI vl. O uses
XML schemaaggressively, for example with substantial use of xsd: any, attributes,
etc., and "document-oriented" WSDL operations.These featurescauseproblems with,
for example, JAX-RPC. WSRF uses standard XML Schema mechanisms that are
familiar to developersand are supportedby existing tooling.
3. Too object oriented. OGSI vI. O models a stateful resource as a Web service that
encapsulatesthe resource's state, with the identity and lifecycle of the service and
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resourcestate coupled. This approachhas spurred anxiety among some Web services
purists
4. It does not support the forthcoming WSDL 2.0 standards. The OGSI authors
exploited constructs from the proposed WSDL 2.0 draft specification. Delays in the
publication of WSDL 2.0 made it more difficult to support the OGSI definition with
existing Web servicestooling and runtimes.
As a substitution, WSRF, as well as the related WS-notification family of specifications
has been proposed.WSRF and WS-notification capture all of the functionality provided
by OGST,but this is done by integrating better with evolving Web service standards.
Specifically, the WSRF definition relies upon the WS-addressingspecification. It is a
new way for manipulating "stateful resources" to perform Grid services. It defines the
conceptof "stateful resources"and how they can be discovered,queried and manipulated
via Web services.In addition, the WSRF definition expressesthe capabilities of the OGSI
definition in a way that is more consistent and will be more familiar to Web service
developers.
The WSRF has been used to define conventions for modelling and managing state in
distributed systemsbasedon Web service context, and WS-Notification. It consistsof a
set of specifications: WS-ResourceProperties, WS ResourceLifetime, WS-Base Faults
and WS ServiceGroup, which define how WS-Resourcesare named,discovered,queried,
indexed,altered,and how their lifetimes are managed.
The changesfrom OGSI to WSRF are primarily syntactic, but they are also represented
some useful progress. The separation of OGSI functionality into six independent
specifications simplifies adoption. The use of WS-Addressing is a step forward, and less
aggressiveuseof XML Schemaand WSDL 2.0 featureswill facilitate the use of available
tooling.
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The definition of the WS-Resource framework facilitates the construction and use of
interoperableservices, by making it possible for different service providers and service
consumersto describe, access,and manage their stateful resources in standard ways.
Equally importantly, the framework introduces support for stateful resources without
compromising the ability to implement Web services as statelessmessageprocessors.
The framework also addressesissuesof renewablereferences,grouping, notification, and
fault reporting.
A Grid service has an identity, service data, and lifetime managementmechanisms.A
WS-Resourcehas a name, resource properties, and lifetime managementmechanisms.
Although the terrns have changed,but the need,concepts,or mechanismsare same.Both
OGSI and WSRF provide the mechanismsrequired for the really important specifications,
that define the overarching Open Grid Services Architecture (OGSA). Working on
OGSA is continuing, and it is affected only slightly by thesechanges.
The WSRF proposal is a refactoring of OGSI conceptsto align with Web services better.
And the current technical ground swell appearsto be that WSRF is a better starting point
with respectto obtaining wider community acceptanceas well as rapid developmentsof
usabletools and Grid applications.

7.2. An Architecture for Grid Services Integration
7.2.1. Stateful Resources
Being stateful is a major feature in Grid systems.With the support of stateful resources
Grid can rememberwhat have been done from one invocation to another. The term state
is vague and can encompassmany different aspectsof a computer system, from the value
stored in a specific databaserecord to the seektime or even temperatureof the disk drive.
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In this thesis, a stateful resource can be defined as resource which have following
features:
0

have a specific set of statedata expressibleas an XML document.

0

have a well-defined lifecycle.

0

to be known by one or more services.

Examplesof system componentsthat may be modelled as stateful resourcesare the files
in a file system, rows in a relational database,and encapsulatedobjects. A stateful
resource can also be a collection or group of other stateful resources.Its state may be
implementedas an actual XML documentthat is stored in memory, in the file system, in
a database,or in some XML repository.
Alternatively, the samestateful resourcemay be implementedas a logical projection over
data constructedor composeddynamically from programming languageobjects (such as
a J2EE EJB Entity Bean) or from data returned by executing a command on a private
communicationschannelto a traditional proceduralapplication or data system.

7.2.2. Rationale
Stateful resources can be managed via Grid service regulation. However, service
regulation introducesother problems such as low efficiency and performancebottleneck.
On the other hand, the real-time transaction processing is a key and challenging
technology to prevent systemsfrom various failures in Grid service framework.
Once a system possessesthe primary mechanismsof system adaptation and complexity
hiding, it will be able to exhibit a rangeof attributes,such as autonomy in the control and
managementof the resourcesinside of the system and the service provisions outside of
the system[90].
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This reengineeringapproach follows the analysis of previous chapter on analysesand
representslegacy system resourcesby extracting and transforming useful legacy assets
into Grid oriented XML components.Then, the extracted useful resourcesare deployed
in the Grid environment as statefal resources to create Grid services. These stateful
resourcescan be isolated and fashionedinto componentswhich can be integrated in Grid
service oriented architectures. Different from traditional Grid services development
process, this reengineering approach focuses on reusing the legacy resources and
evolving legacy software systemsinto Grid servicesenvironment.

7.3. Grid Service Description
7.3.1. Stateful Resource Description
A resource properties document collects resource property elements, associatedwith a
Web service's WSDL 1.1 portType definition to provide the declaration of the exposed
resource properties of the WS-Resource.It representsa particular composed structural
view or projection of the resourceproperties of the WS-Resource,essentially exposing
the stateful resourcecomponentwithin the WS-Resourcecomposition. This may be used
by a service requestor to form an XML-based query or update expression on the
WS-Resource.Resourceproperty elementsare almost identical to service data elements.
The only difference is that resourceproperty elementdeclarationsare simply XML global
elementdeclarations.
The WS-Resource Properties specification defines the type and values of those
components of a WS-Resource's state that can be viewed and modified by service
requestorsthrough a Web service interface. In WS-ResourceProperties,there is a set of
more specific operations for getting and setting resourceproperties: single-elementget,
multi-element get/set, and XPath query. This specification does not dictate the meansby
which a service implementsa resourcepropertiesdocument.
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A given service implementation may chooseto realise its implementation of the resource
properties document as an actual XML instancedocument, stored in memory, in the file
system, in a databaseor in some XML Repository. Other service implementationsmay
dynamically construct the resourceproperty elementsand their values from data held in
programming language objects (such as a J2EE EJB Entity Bean) or by executing a
commandon a private communicationschannelto a physical resource.
Stateful resource is defined by a single XML Global Element Declaration (GED) in a
given namespace,comprising a set of references to XML GEDs of the individual
resourceproperties. A specific resource's state may be implemented as an actual XML
documentand participated as servicesresource.
To evolve legacy systems into Grid services, the stateful resource properties document
must be defined using the following rules:
1. The resource properties document must be a global element declaration (GED) in
some XML namespace.This GED defines the type of the root element of a resource
propertiesdocumentand the type of the resourcepropertiesdocumentsas well.
2. The complex type defining the resource properties document must only define
children elements. The child elements must be aggregatedusing xsd:sequenceor
xsd:all. The order of appearanceof the resource properties within the resource
propertiesdocumentdoesnot matter to WS-ResourceProperties.
3. The complex Type defining the resourcepropertiesdocumentmust define a sequence
of one or more child elements, called resource property elements. Child elements
must be defined using XML schemaelementreference(@ref).
4. The complex Type defining the resource properties document allows open element
content (xsd:any).
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Figure 7.1 shows the stateful resource properties of the De Montfort University MLE
systemwhich hasbeen analysedin Chapter 6.
<wsdl: definitions ? xmins: tns= "http: //example. com/MLE"
<wsdl: types>
<xsd: schema targetNamespace="http:

//example. com/M LEI'

>

<! -- Resource property element declarations -->
<xsd: element name="Sort" type="xsd: string"/>
<xsd: element name="Description" type="xsd: string" />
<xsd: element name="Code" type= "xsd: string" />
<xsd: element name="Title" type="xsd: string" />
<xsd: element name="Aim" type="xsd: string" />
<xsd: clcmcnt name=" Information" typc="xsd: string" />
<! -- Resource properties document declaration
<xsd: element name="MLEProperties">
<xsd: complexType>
<xsd: sequence>
<xsd: element re f="tns: Sort"/>
<xsd: any minOccurs="O" max0ccurs="unbounded"
<xsd: element ref="tns: Description" />
<xsd: any minOccurs="O" m ax0ccurs= "unbounded"
<xsd-.element ref="tns: Code" />
<xsd: element ref="tns: Title"
<xsd: element ref="tns: Aim" />
<xsd: any minOccurs="O" m axO ccurs= "unbounded"
/>
<xsd: element ref='UsInformation"
<xsd: any minOccurs="O" max0ccurs="unbounded"
</xsd: sequence>
</xsd: complexType>
</xsd: element>

/>
/>

/>
/>

</xsd: schema>
</%vsdl:types>
<! -- Association of resource properties document
<wsdl: portType name="MLE"
MLE" >
wsrf-rp: RcsourceProperties="tns:

to a portType

<operation name="start" ... />
<operation name="stop" ... />
<Avsdl: portType>
</wsdl: definitions>

Figure 7.1. Stateful Resource Properties of MLE.
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In this example,the MLE system has been consideredas a stateful resource.The stateof
"MLE" comprises six resource property components, named Sort, Code, Title, Aim,
Description and Information, as well as its resourcepropertiesdocument, named "MLE".
This simple example defines the NILE portType and the resource properties document
associatedwith the MLE. This associationbetweenthe portType and resourceproperties
documenteffectively defines the type of the WS-Resource.
This documentservesto define the structureupon which service-requestor-initiated query
and updatemessagescan be directed. Any operation that manipulatesa resourceproperty
via the WS-Resourceproperties documentmust be reflected in the actual implementation
of the WS-Resource'sstate.

7.3.2. Accessing Stateful Resource
The messageexchangeof stateful resourceis basedon SOAP, typically conveyed using
HTTP with an XML serialisation. The state of a WS-Resource,such as the values of
resource properties, can be read, modified, and queried by using standard Web service
messages. These message exchanges are defined in the WS-Resource Properties
specification and should be included as WSDL operations in any portType that usesthe
WSRP. ResourcePropertiesis attributed to declarea WS-Resourceproperties document.
WS-Addressing provides transport-neutral mechanisms to address Web services and
messages.This specification defines XML elements to identify Web service endpoints
and to secureend-to-endendpoint identification in messages.A WS-Addressing endpoint
referenceis an XML serialisationof a network-wide pointer to a Web service.
This pointer may be returned as a result of a Web service messagerequestto a factory to
createa new stateful resource.The patternshave beenused by WS-Addressingto indicate
the relationship bet-weenWeb services and stateful resources.The composition of the
Web servicesand the stateful resourcecan be referred as a WS-Resource.
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The basefunctionality is to retrieve the value of a single resourceproperty using a simple
Web service request/responsemessageexchange,identifying the WS-Resourceby using
a WS-Resourcequalified endpoint referenceas describedpreviously and identifying the
resourceproperty by qualified nameof its GED.
The GetResourcePropertyrequest and response message must follow the implied
resource pattern. The components of the GetResourcePropertyrequest message are
describedas follows:
Avsrp:GetResozircePropertylQNaiiie
The contentsof the GetResourcePropertyresponsemessagearc further as follows:
Avsrp:GelResourcePropertyRespons
el(any)
The GetResourcePropertyrequestand responsemessagemust correspondto the QName
of a resource property element defined as a child of the root of the WS-Resource's
resource properties document. The resource property value, such as an XML element,
correspondsto the QName in the GetResourcePropertyrequest.Figure 7.2 and Figure 7.3
show the request messageand the responsemessageof the example. They representa
requestmessageused to retrieve two resourceproperty elementsfrom the WS-Resource
that implementsthe MLE portType and the result of responsevalue of the request.As it
shows,this identifier information is carried in the SOAP headerelement.
<soap
: Envelope>
<soap
:H eider>
NILE
<tns:
<1tns:
resourcelD>
resourceID>
</soap
: 11 cad er>
<soap
:Body>
<ws rp :Gc thl uI tip le Re so u rc e Prop c rty >
h ttp s : //m IesAmuacuk/...
xm Ins : tn s"w
e rty >
srp :Re so u rc e Prop
tn s; Sort
" /w s rp : Re so u rc c Prop
e rty >
"w srp : Re so u rc e Prop
e rty >
tn a: Codc
" /w srp : Re so u rc cP ro pe rty >
< /w srp :G ctNI u Itip leR C 30 u rce Prop
c rty >
</soap
: Body>
lope >
</so ap :Enve

>

Figure 7.2. RequestMessageRepresentation.
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<so a p; E nvelopc>
<so ap: B ody>
<w srp: G etM ultipleR esourcePropertyResponse>
Course</Sort>
<Sort>
</wsrp: GetMultipleResourcePropertyResponse>
<wsrp: GetMultipleResourcePropertyResponse>
COM502
<Code>
</Code>
</wsrp: GetMultipleResourcePropertyResponse>
</soap: Body>
</soap: Envelope>

Figure 7.3. ResponseMessageRepresentation.
If the WS-Resourcedoes not respondto the GetResourcePropert7y
request messagewith
the GetResourcePropertyResponsemessage,then it must send one of the following fault
messages:
a

ResourceUnknown Fault: The resourceidentified in the message(which follows the
implied resourcepattern) is unknown to the Web service.

0

Invalid Resource Property QName: The QNamc in the request messagedid not
correspondto a resourceproperty elementof the WS-Resourcereferred in the request
message.

All faults generatedmust be compliant with the WS-BaseFaults specification.

7.3.3. Stateful Resource Notirication
In an environment in which stateful resourcesmay be created and destroyed, and may
changetheir statedynamically, it becomesimportant to provide support for asynchronous
notification of changes in the state of individual resources and/or other system
componentssuch as registries.
The Notification-based, interaction pattern is a commonly used pattern for inter-object
communications. Examples exist in many domains, for example in publish/subscribe
systems provided by MessageOriented Middleware (MOM) vendors, or in system and
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device managementdomains. This notification pattern is increasingly used in the Web
servicescontext.
Notification is a broad concept.Not all eventsrelate to changesin the "state" of a service
hierarchy
introduces
feature-complete,
WS-notification
topic
generic,
a
more
or resource.
approach for publish and subscribe based notification, which is a common model
followed in large-scaledistributed event managementsystems.
WS-resourcepropertiesthen define a mapping from element namesof resourceproperties
to topic names to support functionality via its notification port-Types, which allow a
client to define a subscription againstone or more service data values.
From the perspectiveof stateful resourcesnotification, the WS-Resourceframework thus
provides useful building blocks for representingand structuring notifications. From the
perspectiveof the WS-Resourceframework, the WS-Notification family of specifications
extendsthe utility of WS-Resourcesby allowing requestorsto ask to be asynchronously
notified of changesto resourceproperty values.

7.4. Services Implementation
The nice thing about WSDL is that it is languageneutral. In other words, there is no
mention of the language in which the service is going to be implemented, or of the
languagein which the client is going to be implemented.However, there will of coursebe
a moment to refer to this interface from a specific language.This is carried out in the
proposedapproachthrough a set of stub classeswhich are generatedfrom the WSDL file.
The stub classesare usually placed in Java package.As the stubs classesare generated
from the WSDL file, so they will exist after service has beencompiled.
After defining the service interface, the next step is going to implement it. For referring
any related stuff to a service, it is necessaryto use its qualified name(QName). QName is
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a name which includes a namespaceand a local name.A qualified name is representedin
Java using the QName class. Since the service's qualified names will be referred
frequently, it is a good practiceto put them all in a separateinterface.
The implementationis usually being split into at leasttwo classes:one for the serviceand
in
for
depicted
Chapter 9, the two classesare
In
the
the
one
resource.
example
another
defined as QNames.java and Service.java. The first one is a convenient interface class
containing the QName URI/namespaceconstants that the service (and client) classes
implemented. The second one is the service implementation that provides the core
functionality for exposing local directory infon-nation.
Whenever an operation which is part of the WSDL interface has been written, the
parametersand the return values in some caseswill be boxed inside stub classes,which
are generatedautomatically from the WSDL file.

7.5. Services Repository
Within the context of this thesis, service descriptions and fact specifications require a
databasefor the persistentstorageof the XML encodedservice interface description. To
keep the databasemanagementsimple and to achieve flexibility in the service description,
the proposedapproach usesa table to index the service ID and the correspondingXML
key
is
in
fact
description
The
description.
Each
table.
stored
a
primary
of a service
service
of thesetables is a service ID generatedduring service registration. Tile DTD of eachfact
is stored in the DTD repository within the samedatabase.
In general, the service manager retrieves the whole XML document from the database
table by using traditional SQL queries. When a service is registered,the service manager
insert
description
into
definitions,
ID,
duplicate
the
the
the
generate
service
and
can check
database.
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7.6. Grid Service Registration
For the service registration and deployment,the next step will actually make all the loose
pieces which have been written available through services container. One of the key
deployment
descriptor.
is
is
file
It
the configuration
the
this
called
phase
a
componentsof
file that tells the service container how to publish the service. The deployment descriptor
is written in Web Service Deployment Descriptor (WSDD) format.
The WSDD file contains information that describes one or more services. This
information includes details about the back-end components that implement the
operationsof a service, the non-built-in data types used as parametersand return values,
the SOAP messagehandlers that intercept SOAP messages,and so on. it is true for all
deployment descriptors, WSDD file is an XML file. The WSDD of the MLE services is
shown in Figure 7.4.

<?xml version--111.011 encoding--"UTF-811?>
<deploynent nam-"defaultServerConfig"
mulns="http: //xml. apache. org/axis/wsdd/1'
)mdns: java7-"http: //xrd. apache. org/axis/wsdd/providers/java"
xrdns: xscý="http: //www. w3. org/2001/XMIScherra">
<service name="exaTrples/=ervice"
provider--"Handler"
use="literal"
style="docment">
<paraimter nane='IclassName" value='TffEService"/>
<wsdlFile>share/scherra/exanples/M[EService/ýME
service. wsdl</wsdlFile>
<parameter narre--"allowedMethods" value="*"/>
<parameter name="handlerClass"
value="org. globus. axis. providers. RPCProvider"/>
<pararmter nam-`scope"
value="Application"/>
DestroyProvider"/>
<pararneter narm="providers"
value="GetRPProvider
<pararmter narm="loadOnStartup"
value='Itrue"/>
</service>
</deploýmient>

Figure 7.4. The WSDD of MLE Services.
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7.7. Grid Service Resource Localisation
In order to implement locating the resourcehome for the Grid service, the Java Naming
and Directory Interface (JNDI) files are deployed. JNDI is an API for directory services.
It allows clients to discover and lookup data and objects via a name and, like all Java
APIs that interfacewith host systems,is independentof the underlying implementation.
Additionally, it specifies a service provider interface (SPI) that allows directory service
implementationsto be plugged into the framework. The implementationsmay make use
of a server,a flat file, or a database,the choice is up to the vendor.
JNDI definesa hierarchy of interfaces,leaving the choice of supportedconfon-nancelevel
the provider. The API is designedto balancethe genericity with extensibility. Depending
on the underlying service provider implementation, the supported "object" and
"attributes" types may be arbitrarily complex. The JNDI specification allows for
flexibility while recommendingcertain minimum confon-nancelevels that every provider
should satisfy. The pluggable architecture and genericity of JNDI, coupled with logical
and well-documented APIs enable relatively easy building of hierarchical Grid
information systemsand implementation of custom Grid service providers. The example
of the JNDI file is presentedin Chapter9.

7.8. Grid Service Deployment
In Grid environment, users are able to access predefined Grid services through a
high-level user friendly Grid portal. More than that, users are not only capable of using
11
such services but can dynamically create and deploy new services in a convenient and
efficient way.
To be compatible with legacy system assets,some new modules should be added to
extend the original framework:
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Service oriented componentrepository and data repository - deposit service oriented
componentand databasesource.
Dictionary services - supply an index of all available componentsand data sourcefor
systemutilisation.
0

Monitoring and Discovery Service(MDS) - provides information about the available
resourceswithin the Grid and their status.
Schedulerand broker - used to invoke, control and manageall tasks when the whole
systemworks.
Resourcemanagement- provides the servicesto actually launch a job on a particular
resource,check its status,and retrieve its resultswhen it is complete.

From user's aspect, they will be supplied visualisation Grid services which enable
consistent resource accessacross multiple heterogeneousplatforms without regard for
how these services are implemented. It enablesmapping of multiple resource instances
onto the samephysical resourceand facilitates managementof resourceswithin a virtual
organisation.
Furthen-nore,it enablescomposingbasic servicesto form more sophisticatedservicesand
underpinning the ability to map common service semantic behaviour seamlessly onto
native platform facilities.
Figure 7.5 shows a basic services deploying structure which efficiently exploit the
stateful resourcesin Grid environment. The communication between stateful resources
and the execution services are based on XML via SOAP and HTTP. Tile notification
handles
be
independent
It
can
viewed
as
an
activity.
subscription requeststo
component
monitor a particular resource'sstate.
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When a resourcechangesto a state that matchesa subscription request,the Grid service
key
The
this
other
components
an
response
via
component.
client receives asynchronous
in the framework include service group, lifetime managementand base fault, which are
explained as follows.
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Figure 7.5. ServiceDeployment Structure.

7.8.1. Service Group
The term service group refers to a standard mechanism for creating a heterogeneous
by-referencecollection of servicesor resources.The servicesgroup component takes the
responsibility to aggregateservices with other services as a service group. It can easily
from
to
this
service
such
as
adding
new
service
group,
removing
perform operations
group, and finding a service in the group.
The WS-Service Group specification [50] defines a means by which Web services and
WS Resourcescan be aggregatedor grouped together for a domain specific purpose.It
expressesservice group membership rules, membership constraints, and classifications
using the resource property model from WS-Resource Properties. In order to form
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meaningful queries for requestorsagainst the contentsof the service group, membership
in the group must be constrained in some fashion. The constraints for membership are
expressedby intension using a classification mechanism.

7.8.2. Lifetime Management
The lifetime componentmonitors each WS-ResourceProperty and updatesthe Resource
Property state following a set ResourceProperty request. As Grid services are stateful
and dynamic, the lifetime within the servicesis non-trivial.
The WS-ResourceLifetime specification [5 1] defines equivalent messageexchanges.A
service requestorthat wishes to explicitly destroy a WS-resourcemust use the al;Propriate
WS-resourcequalified endpoint referenceto send a destroy requestmessageto the Web
service identified by the endpoint reference.WS-ResourceLifetime defines two ways of
destroying a WS-Resource:immediate and scheduled,which provides designerswith the
flexibility to design how their Web service applicationscan clean up resourceswhich are
no longer needed.

7.8.3. Base Faults
The basefault takesthe responsibility to report faults when somethinggoeswrong during
a WS-Service invocation. The WS-Base Faults specification [52] defines an XML
Schematype for a basefault, along with the rules for how this fault type is used by Web
services.
To addressesthis issue, a base XML schemadefinition must be defined and associated
with semanticsfor fault messages.This definition simplifies problem determination by
having a common base set of information that all fault messagescontain. Note that the
approachsimply defines the basefori-natfor fault messageswithout modifying the WSDL
fault messagemodel.*
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7.9. Summary
This chapter presents a framework that integrates the XML packaged legacy system
components into the Grid service environment. Different from the related studies, the
proposedapproachin this thesis describesa method for defining the legacy resourcesas
stateful resources,and building the Grid servicesbasedon thesereusableresources.
There are four major stepsto migrate componentsin the new Grid services environment.
During the first step, the services' properties and their interfacesare defined by WSDL.
Then the implementation of the service is carried out by Java. In the third step, the
WSDD and JNDI file define the deployment parametersincluding services registration
and resourceslocalisation. The last step is to deploy the Grid service. This Grid service
oriented reengineeringmethodology brings more flexibility, expansibility and reusability,
and more reliability as well.
Grid can supply a server infrastructure to achieve economies of scale, e-utilities
requirement that can be easily customised on demand to meet specific customer needs
and an IT infrastructure. It supports dynamic resource allocation in accordancewith
service level agreementpolicies, efficient sharing and reuse of the IT infrastructure at
high utilisation levels, and distributing security from the network edgeto application and
data servers. And it also can deliver consistent response times and high levels of
availability which in turn drive a need for end to end performance monitoring and real
time reconfiguration.
This kind of servicecan be usedas the way of solving compute-intensiveproblems. It can
handle the computing in the different way from other types of computing which involve
sharing managedresourcesamong institutions.
Grid technology can connect services in a convenientway, but the definition of services
should be more widely. The actual implementation of the service can be in hardware,
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sofhvare, or both. And a service can be exported to other communities, thus providing
interaction betweentwo or more isolatedcommunities.
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Chapter 8
Extension to Semantic Grid
To meet the future of Grid, this proposedapproachis extendedto be used in the semantic
Grid environment. Semantic Grid is an extension of the current Grid in which
information and services are given well-defined meaning and better enabling computers
and people to work in cooperation. It arises with the parallel development of Web
services,semanticWeb and Grid computing.
While both semantic Web and semantic Grid are focus on the operating in global
distributed and changeable environment, there are some differences exist [89]. The
semanticWeb works on small number of hosts and it only provides static metadata.With
regard to service oriented architecture, semantic Web supports persisting Web services
and statelessWeb services. On the other hand, semantic Grid works on large number of
interacting processes.It provides dynamic metadataand supportstransient dynamic and
stateful Grid services.
Migrating legacy software systemsto semantic Grid platforms will draw the significant
attention in the future years, with high degree of easy-to-useand seamlessautomation
enabling flexible collaborations and computations on a global scale. Reuse legacy
systemsassetsin semantic Grid allows to incorporateselectedparts of legacy systemsto
semantic Grid platforms and designs. With properties, such as information hiding,
inheritanceand polymorphism inherent in Grid oriented designs,essentialparts of such a
reengineeredsystem can be integrated with the new semantic framework. This chapter
bases on the above idea and describes a component based, reengineering approach to
migrate legacy systemsresourcesinto semanticGrid framework.
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8.1. Retargeting

for

Migration

to Semantic

Grid

Platform
Knowledge and semantic Web technologies are evolving the Grid towards the semantic
Grid to facilitate knowledge reuse and collaboration within a community of practice.
Retargetingto semantic Grid builds up new systemsby integration of componentsin the
between
involves
library.
It
the
turning
at
point
reverse engineering
activities
reusable
and forward engineering. Its retargeting involves functional restructuring and the start of
forward engineering.
Normally, the users' new requirementsare addedon top of the existing system when the
system is reenginecred,and these new requirementsare implemented in a small number
of program functions. These functions can be ideally implemented using reusable
componentsfrom the reuse library. If not, new componentswill have to be developed.
Since adding new requirementsto the new system is carried out at the specification level,
this stageis called functional restructuring.In the caseof the reengineeringapproach,this
thesis is mainly concerned with integrating existing reusable components and newly
developed components, and retargeting components integration in the semantic Grid
platform.

8.2. Describing Grid Resource Metadata
8.2.1. Metadata in Semantic Grid
The successof semantic Grid relies on the effective discovery and seamlessaggregation
of required resourceson the Grid. To discover and use the "right" resources for the
"right" problem is not a trivial job. Users need to use not only resources' functionality
information but also their own selection policies with regards to reliability, invocation
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detennine
to
the resourceswhich they prefer to
of
service
etc,
cost, provenance,quality
utilise. All such information should be precisely and consistently derived from resources'
original descriptions. Consequently this requires resource providers to augment their
resource descriptions with additional infonnation. Using metadata well-informed
decisions can be made on data and processesbased on logical inferences. It is usually
intendedfor consumptionand interpretationby machines,rather than by humans.
Whatever the type of Grid one has, metadataor data about data is important. The term is
always loosely defined and is often equivalent to information presentedin "small high
value records". Examples of generally important Grid metadatainclude user information
and specifications of the resourceson the Grid. These could include the CPU, memory,
and number of nodes of each computer, while for software there would be the location,
compiler options and perhapsspecification of neededinput data.

8.2.2. Grid RDF Model
Managing and operating a Grid intelligently requires the interpretation of knowledge
about the state and properties of Grid components,and their configurations for solving
problems. The ResourcesDescription Framework (RDF) is a languagefor representing
information about resources.It focuseson describing metadataon the World Wide Web.
For legacy systems, heterogeneousresourceshave been forced to follow the RDF to
producea very generalmodel and syntax, which can be examinedwithout referring to the
legacy system at all. Rather than only displaying to people, RDF provides a common
framework for expressingthis information so it can be exchangedbetween applications
without loss of meaning.
Four components have been defined in a Grid RDF Data Model. (a) Resources: a
resourceis anything which can be namedwith a Universal ResourceIdentifier (URI). (b)
Literal: Atomic values, such as integers or strings. (c) Properties: property is a specific
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aspect, characteristic, attribute, or relation used to describe a resource. (d) Statements:
statement is an ordered composition of predicate, subject and object. Predicate is a
property, subject is a resource,and object is a literal or a resource.
To present properties, resources and statements,WK

has defined a concrete syntax

basedon the XML. A specific XML mark languageRDF/XML has been defined by RDF
for representingRDF information and exchangingit betweenmachines.
As a case study, the 2005 IRI conference website reused in a new semantic Grid
framework. By applying this reengineeringapproachon the Web system,all sourcecodes
are translated and representedby XML, and restructuring is also finished during the
program transformer. Then, the component based development technique is employed.
The concernedresourcesare extracted and packagedas componentswhich are ready to
use in the future extension.

8.2.3. Implementation
This approach is applied on the IR12005 website for example, in the IR12005 call for
papersWeb page,some information can be retrieved, such as: the conferencename, date,
venue and sponsors,as well as the program chairs' name, address,email, phone and fax.
Other unconcernedinformation is discardedduring the reverseengineeringprocess.
Because URI is self-extensible and it identifies all Grid resources, all Grid objects
identifiers are included into a URI of the form "gird: OXNA".

Then the information in

the 2005 call for papersWeb page (Figure 8.1) can be representedby RDF/XML. Figure
8.2 shows the RDF/XML representationof the conferenceinformation. Figure 8.3 shows
the RDF/XML representationof one of the program chairs information.
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mH versiomý"I. O"?>

:rdf.RDFxrAns:rdM-ttpl/xv%-Av.
Nv3.
org/l999102/22-rdf-syntax-nsg>
<rdf.Description
about=="gHdJ/vAN-,
v.cs.fiu.edLOR105t>
<g.conference>
<,-Descriptionabout-"gridJ/schenmstconderence'5
Conference
2005IEEEInternational
Reuseand
<g:narne>Tbe
on Inforniation
<g:date>Au,
- 15-17,2005</Lrdatc>
<g:vcnue>L.
asVegas-T--levada-USA<u:
venue>
Society<u:
Systffm,ManandCybernetics
<g:sponsors>IEEE
sponsors>
</g.Description>
<g: conference>
<Irdf.Descriptioti>

Figure 8.2. RDF/XML

Representation of The Conference Information.
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<?xmI version=" 1.0"?> is the XML declaration, which indicates that the following
content is XML, and the version of XML.
<rdf. RDF> element indicates that the following XML content is intended to represent
RIDE An XML namespacedeclaration is defined on the sameline, presentedas an xmins
attributed of the rdf. RDF start-tag. This declaration specifies that all tags in this content
prefixed with rdf. are parts of the namespaceidentified by the URIref http://NVNVNv.
cs.fiu. edu/IR105/, URIrcfs are
cs.fiu. edu/IR105/. Beginning with the string http://NVNVNv.
used for terrnsfrom the RDF vocabulary.
The 'Description' element relates to a resources,whose URI is provided in the 'about'
for
Then
RDF/XML
the specific statement
the
representation
are
provided
attribute.
shown is Figure 8.1. In the conferencesrepresentation,the literal values are: 'The 2005
IEEE International Conferenceon Information Reuseand Integration', 'Aug 15-17,2005',
'Las Vegas-Nevada-USA' and 'IEEE Systems,Man and CyberneticsSociety'.

<?xml version="1.0"9>

<rdf. RDF xmins: rdf="http: //xvww. w3. org/1999/02/22-rdf-syntax-ns#>
<rdf-.Description about="grid: //%vNv%v.
cs.fiu. edu/IRI051>
<g: program chair>
<g: Description about="grid: Hschemas/program chair">
<g: name>Du Zhang</u: name>
<g: email>zhangd(a,)ecs.csus.edu</u: email>
<g: phone> I -916-278-7952</u: phqne>
<g: fax> I -916-278-6774</u: fax>
</g: Description>
</g: program chair>
</rdf.-Description>

Figure 8.3. RDF/XML Representationof The ProgramChair Information.
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8.3. Migration to Semantic Grid Framework
Intent on reusing the reengincered Grid resources, a mechanism for declaring the
properties and defining the relationships between these properties and other resources
must be provided. RDF itself provides no means for defining such application specific
classesand properties.Alternatively, such classesand propertiesare describedas an RDF
vocabulary, by using extensionsto RDF provided by the RDF Vocabulary Description
Language1.0,referred as RDF Schema.
BecauseRDF-Schemais an instanceof RDF, the syntax is also defined by the RDF XML
syntax. All semanticGrid elementscan be representeddirectly in RDF. In RDF schema,
core classesare defined using rdfs: resources,rdf. property and rdfs: class. Propertiesare
described using the RDF class rdf. property, and the RDF Schema properties rdfs:
domain, rdfs: range, and rdfs: subPropertyof.So Grid Resourcesof 2005 IRI conference
which is mentioned above as an example can be described.Figure 8.4 shows the class
description and the Figure 8.5 showsthe property description.

8.3.1. Class Description of Semantic Grid Resources
A basic step in any kind of description processis identifying the various kinds of things
to be described.RDF Schemarefers to these "kinds of things" as classes.A class in RDF
schema correspondsto the generic concept of a type or category, somewhat like the
notion of a class in object-oriented programming languagessuch as Java. RDF classes
can be usedto representalmost any category,such as Web pages,people, document types,
databasesor abstractconcepts.
In RDF Schema,a class is any resourcehaving an rdf. type property whose value is the
resource rdfs:Class. So the legacy resourcesclass would be described by assigning the
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class a URIref and describing that resourcewith an rdf.-type property whose value is the
resourcerdfs:Class.That is, example.org would write the RDF statement:
<?xmI version="1.0->

<! DOCTYPE rd f-RDF [<! ENTITY xsd "http: //Nv%vw.
w3. org/2001/XMLSchema#">]>
<rdf.-RDF
w3. org/I999/02/22-rdf-syntax-ns#"
xmlns: rdfý-"http: //Nv%v%v.
xm Ins:rdfs="http: //Nv%"v.w3. org/2000/0 I /rdf-schemag">
<rdf. Description about--"gri d://cl asses/" ID="2005 IRI conference">
<rdf. type resource="http: //NvNv%v.
w3. org/2000/01/rdf-schema#Class"/>
<rdfs: SubClassOf rdf. resource="http://w,,v%v.
w3. org/2000/01/rdf-schema#Resource"/>
</rdf. Description>
<rd f. Description about--"gri d:/Ic Iasses/" ID="conference information">
<rdf-type resource="http: //Nvww.w3. org/20 00/01/rdf-schemaNCIass"/>
<rdfs: SubClassOf rdfiresource=V2005IRI conference"/>
</rdf. Description>
<rdf. Description about--"grid: //classesP'ID="program chair information">
<rdf. type resource="http: //%v%vw.
Nv3.org/2000/0 I /rd f-schema#CIass"/>
<rdfs: SubClassOf rdf. resource="920051RI conference"/>
<Irdf. Description>
,, /rdf-RDF>

Figure 8.4. ClassDescription of SemanticGrid Resources.

8.3.2. Property Description of Semantic Grid Resources
In addition to describing the specific classes of things they want to describe, user
communities also need to be able to describe specific properties that characterisethose
classes. A property is a specific aspect, characteristic, attribute, or relation used to
describe a resource. The set of properties is a subset of the set of resources, that is,
in
detail.
defines
RDF
themselves
schema
properties
more
are resources.
properties
In RDF schema,properties are describedusing the RDF class rdf-Property, and the RDF
in
All
domain,
subProperty0f.
properties
range,
and
rdfs:
rdfs:
schema properties rdfs:
RDF are describedas instancesof class rdf. Property. So a new property is describedby
assigning the property a URIref, and describing that resourcewith an rdf-type property
whose value is the resource rdf-Property. RDF schema also provides vocabulary for
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describing how properties and classesare intendedto be used together in RDF data. The
most important information of this kind is supplied by using the RDF Schemaproperties
rdfs:rangeand rdfs:domain to further describeapplication specific properties.
<rdf. Property rdf. ID="conference

information>

Hclasses/#2005
<rdfs: domain resource="grid:
<rdfs: range rd f. resource= "#information"/>
</rdf. Property>

IRI conference">

<rdf. Property
rd f. ID=" program chair information>
<rdfs: domain resource=" gri d: //clas ses/#2 0 05 IRI conference">
<rdfs: range rdf-. rcsource="#Pcople"/>
</rdf. Property>

Figure 8.5. Property Description of SemanticGrid Resources.
In this example, the domains of both resourcesare defined as 2005 IRI conference.The
range of "conference information" resource is defined as "information" and the range of
the "program chair information" resourceis defined as "people".

8.4. Summary
Semantic Grid is by no means mature, so there is no common approach for building
semantic Grid up to now. However, as it is evolved from Grid computing and the
semanticWeb, many researchescan be commencedbasedon thesetwo techniques.
This thesis proposedan approachto reusing the legacy system assetsinto the semantic
Grid framework. The approach is based on source code translation and reconstruction,
component reusing and the semantic Grid framework retargeting. The reverse
engineeringtechniquesplay an important role in this analysisprocess.
In the proposedapproach,the Grid RDF data models which are basedon a specific XML
mark language RDF/XML are employed to provide a simple and elegant frame for
describing the properties of the reusable legacy system resources. The detailed
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componentmining approachneedsto be tailored according to the featuresof a particular
legacy system.RDF/XML representationand RDF schernadescription are key techniques
in reusing recoveredlegacy componentsin semanticGrid framework.
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Chapter 9
Case Study
9.1. Introduction
This chapter presents the case studies related to decomposing legacy systems,
representingas Grid componentsand integrating Grid componentsinto the Grid service
framework. There are four core techniques proposed in this thesis for Grid service
oriented legacy software systemsevolution: program slicing, hierarchical cluster, XML
transformation and Grid services infrastructure and framework. In this chapter, case
studies have beenconductedfor theseproposedtechniquesrespectively. The casestudies
have beenexperimentedwith the proposedapproachand resulting prototype.

9.2. Experimentation Software Toolkit
9.2.1. Eclipses
Eclipse was originally developed by IBM as the successorof its VisualAge family of
tools. Eclipse is now managedby the Eclipse Foundation, an independentnot for profit
consortium of software industry vendors. It

is a free software/open source

platform-independent software framework for delivering what the project calls
"rich-client applications", as opposedto "thin client" browser-basedapplications. So far
this framework has typically been usedto develop IntegratedDevelopment Environments
(IDE), such as the Java IDE called Java Development Toolkit (JDT) and compiler that
comesas part of Eclipse (and which are also usedto develop Eclipse itself).
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Eclipse is an open source community, whose projects are focused on building an open
development platform comprised of extensible frameworks, tools and runtimes for
building, deploying and managing software across the lifecycle. A large and vibrant
ecosystem of major technology vendors, innovative start-ups, universities, research
institutions and individuals extend,complementand supportthe Eclipse platfonn.
The Eclipse tool integration platform is a very popular, very extensible,well-documented
IDE that can be configured to host all of the useful developmentactivities from coding to
deployment to debugging. The Eclipse IDE can be used to manageall of these artifacts
within a single project abstractionand coordinate all of the useful developmentactivities
from coding to deployment to debugging [98]. This thesis will use its Jav4 project
abstractionto managethe artefacts,such as: source files, WSDLs, client and server stubs,
deploymentconfiguration files, etc.

9.2.2. Globus Toolkit 4
The Globus Toolkit is an open source soffivare toolkit used for building Grid. It is a
fundamental enabling technology for the "Grid", letting people sharecomputing power,
databases,and other tools securely online acrosscorporate, institutional, and geographic
boundarieswithout sacrificing local autonomy.
The toolkit is being developedby the Globus Alliance and many others all over the world.
It includes software services and libraries for resource monitoring, discovery, and
management,plus security and file management.In addition to being a central part of
scienceand engineeringprojects that total nearly a half-billion dollars internationally, the
Globus Toolkit is a substrate on which leading IT companies are building significant
commercial Grid products. A growing number of projects and companiesare using the
Globus Toolkit to unlock the potential of Grid for their cause.

144

The Globus Toolkit, currently at version 4 (GT4), is an open source toolkit for building
Grid based application. The toolkit includes software for security, infon-nation
infrastructure, resourcemanagement,data management,communication, fault detection,
and portability. It is packaged as a set of components that can be used either
independentlyor together to develop applications. Every organisation has unique modes
of operation, and collaboration between multiple organisations is hindered by
incompatibility of resourcessuch as data archives, computers,and networks. The Globus
Toolkit was conceived to remove obstaclesthat prevent seamlesscollaboration. Its core
services, interfacesand protocols allow users to accessremote resourcesas if they were
located within their own machine room while simultaneously preserving local control
over who can useresourcesand when.
The GT4 is a WSRF compliant set of software componentsfrom which developers can
build Grid systems.Becauseof The Globus Alliance's depth of experience in the Grid
and distributed system fields and the widespreaduse of previous versions of the Globus
toolkit, GT4 is proposedto be the premier enabling technology for Grid services.In this
thesis, GT4 together with the Eclipse IDE are employed to develop, deploy, and debug a
simple stateful Grid service calculator service.

9.2.3. Tomcat and Sysdeo Tomcat Launcher
Apache Tomcat (formerly under the Apache JakartaProject) is a Web servlet container
developed at the Apache software foundation. Tomcat implements the Java serviet and
the Java Server Pages (JSP) specifications from Sun Microsystems, providing an
environment for Java code to run in cooperation with a Web server. It adds tools for
configuration and managementbut can also be configured by editing configuration files
that are normally XML-formatted. In this casestudy, Tomcat is used as the Web service
container for the GT4 WSRF Web application.
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The SysdeoTomcat Launcher is an Eclipse plug-in necessaryfor managing the Tomcat
Web container from the Eclipse IDE. Although there are several Tomcat plug-ins for
Eclipse on the market, the (free) SysdeoTomcat Launcher is ostensibly the most popular
and well known. The SysdeoTomcat Launcher adds severalmenu-bar buttons to Eclipse
for the starting and stopping of the embeddedTomcat container, and also registers the
Tomcat processwith the Eclipse debugger.

9.3. Components Identirication
To demonstratethe evolution approach, the proposed approach has been applied to a
bank management system as shown in Appendix A. This free licence software is
provided by MYCPLUS for academicpurposewith the sourcecode, which is free to use,
to modify and to be changedas requirements.
This is an automatedsoftware system for Bank Management,which can handle accounts
of customers.It usesfiles to handle the daily transactions,account managementand user
management.
This Bank ManagementSystemperforms the following functions:
0

CreateIndividual Accounts

0

Manageexisting Accounts

0

View daily transactions

This bank management system is not a complete accounting software just like
implementedin the banks, but it still can managethe accountsof the customersusing the
files at backend. In this case study, this bank managementsystem is nominated as a
legacy bank system, which intended to be reengineeringedand evoloved into the Grid
servicesenvironment.
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9.3.1. Program Slicing Analysis
The legacy bank system is written in C languageand consists22 functions or about 1,263
lines of code. It composedof a set of programsrelated through external calls and it can be
representedby assetof modules and a set of call relationships between modules, where
each module is representedby a circle and each call relationship is representedby a line
connectingtwo modules.The graph nodesrepresentthe programsand it sedgesdepict the
call relation betweenprograms.This representationis referred as systemcall graph.
Program or subsystemsin this bank system could be structured in a set of subroutines
related through internal calls. The C languagesprovide primitives to explicitly define
subroutinesand to expressinternal calls. The call relation on the subroutinesof a program
can be representedby a graph whose nodes correspondto the program subroutinesand
edges depict the internal calls. This representationis referred as a program call graph.
This call graph architecturedescribesabstractedcomponentsin the legacy system,which
encapsulatevaluable functionalities and are reusablein the target application or service,
as well as their relationship.
According to analysis of structure of this C language legacy bank system, the system
skeleton can be presented as Figure 9.1. As the fully implemented system is quite
complex, only parts of them are presenthere.

Program I
CA Program2
Call Program3
Call Program4
Call Program5
Call Program6
End Program 1
Program2
Call Program7
End Program2
Call Program7
End Program7
Program3
Call Program8
End Pfogram3
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Program8
Call Program12
End Program8
Program12
End Program12
Program4
Call ProgramS
End Program4
Program5
Call Program9
Call ProgramlO
Call Program11
End Program5
Program9
End Program9
ProgramlO
CA Prograrn'13
Call Program14
End ProgramlO
Program13
Call Program15
End Prograrn13
Program15
End Programil5
Program14
End Program14
Programll
End Programl 1
Program6
Call ProgramII
End Program6

Figure 9.1. SystemSkeletonof Legacy Bank System.
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Figure 9.2. SystemCall Graph of Legacy Bank System.
Figure 9.2 shows the system call graph representationof tile legacy bank system. The
bank system includes many subsystems,such as: create account system (1,2,7),

view
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daily transactionssystem (1,5,6,11) and manageexisting accountssystem (1,3,4,5,8,
9,10,12,13,14,15).
In manageexisting accountssystem,there are two subsystemsexist, the current account
system (1,3,4,8,12)

and credit card system (1,3,4,5,8,9,10,12,13,14,15).

In this

example, the credit card subsystemis the target of reusing from the legacy bank system.
Module 1,5,9,10,13,14,15

consist of a slice under the constraint in which the start

node is node] and the end nodes are node 9, node 14 and node 15. The program call
graph of the credit card subsystemis shown as Figure 9.3.

0/ (ý (B

Figure 9.3. ProgramCall Graph of Credit Card Subsystem.
The module 14 is the loan payment subroutine in the credit card system. It is used to
calculate the total repayment amount of a single credit card. The original program
fragment of loan payment subroutine is shown as Figure 9.4.
(1)
(2)
(3)
(4)
(5)
(6)
(7).
(8)
(9)
(10)
(11)

(12)

float essential;
float interest;
float payment;
float withdraw;
interests = interest /100/12;
payment = payment *12;
withdraw=O;
x= pow (1* interests, payment);
(x-1);
monthly = (essential *x* interests
withdraw= %xithdraw+i;
if ((O<monthly) && (monthly < INIAXIAIN111))
payments = monthly; total = monthly * payment;
totalinterest. = (minthly*payment - essential; )
else I pavment = 0, total = 0, totalinterest = 0; j
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(13) printf ("%d", N%ithdraNv);
(14) write (payment)

Figure 9.4. Original ProgramFragmentof Loan PaymentSubroutine.

(10)
ithdraw=O

=.
PC., ithdra-

itbdr&ý+i

in,
monthly (essential-x* interests (x-l)

xc

printfe'%Vwithdraw) /qF,

0,total-0, toWlinterest0

paymats-mmthly;

tot&l-mmthly;

pa)mtat: ----T

Figure 9.5. Control Flow Graph of Loan PaymentSubroutine.
The Figure 9.5 presentsthe control flow graph of loan payment subroutine. Node II is
flow dependenton node 9 because:(a). node 9 defines variable monthly, (b). node II
referencesvariable monthly, and (c). there exists a path 8->9->l 1 without intervening
definitions of monthly. Node II

is control dependent because there exists a path

8->9-> 11, and Node 12 is control dependentbecausethere exists a path 8->9-> 12. Node
II and node 12 are post-dominatedby node 5, but they are not post-dominated each
other.
Figure 9.6 shows the slice of the loan payment subroutine with respect to criterion (14,
(payment)). It is obtained from the code in Figure 9.4 by including only those statements
that could affected the value of the variable payment at line 14. As can be seen in the
figure, all computations involving variable withdraw have been slided away. The deleted
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have
not effected upon the slicing criterion about payment when the program
statements
is executedin any initial states.
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)

(12)
(13)
(14)

float essential;
float interest;
float payment;
interests = interest /100/12;
payment = payment *12;
x= pow (1* interests, payment);
monthly = (essential *x* interests) / (.x-1);
if ((O<monthly) && (monthly < NLXXLINII'I))
total = monthly * payment;
payments = monthly;
totalinterest = (min th ly' payment - essentiaQ
else I payment = 0, total = 0, totalinterest = Oj
write (payment)

I
Figure 9.6. Slice of Loan Payment Subroutine with Respect to Criterion (14, (payment)).

Based on the slicing approach, finally,

the legacy bank system programs is deeply

understand and they have been decomposed into several concerned legacy code segments.
The dead codes are eliminated from the legacy system and the selected code segments
function is independent.

9.3.2. Hierarchical Cluster Analysis
In order to group the sliced legacy code segmentsand create a hierarchical structure of
them, the cluster analysis is applied. The clustering analysis is carried out to identify
legacy functionalities, such as project creation, discussionforum, e-publishing and so on.
Architects supervisethe clustering analysis processand selectthe cutting point.
Figure 9.7 shows the cluster analysis of legacy bank system and Figure 9.8 shows its
dendrogramoutput. This clustering method together with human supervision provides a
powerful analysison legacy systems,and representsthem into modules.
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9.4. Grid Component Migration
In the proposed approach, a structure of the AST has been defined to develop Grid
components.By recursively traversing the hierarchy of the Grid component entities, it is
able to map the Grid componentto a DTD. Specifically, the tree hierarchical structureof
the Grid componentis mappedinto XML elementsand attributes. Each node and edgein
the AST is mapped to an XML element tag. The attribute values of an AST node are
mappedto the correspondingattribute values of the XML elements.

9.4.1. Legacy Asset Representation
In AST, each node is representedby a structure of the particular type of node. A node is
created by invoking a function which returns a pointer to a structure representingthat
node. The function takes as argumentsof subnodesfor the particular type of node. For
example a interestsnode can be created using function node "interests". The syntax for
payment is:

interests = operationName[attributes] argumentsresponses

In this bank system,the syntax for paymentis shown as:

interests = interestI100112
Therefore, the interestsnode will have subnodesincluding the operation name, attributes,
argumentsand responses.The abstractsyntax tree representationfor "interests = interest/
100/ 12" is shown as Figure 9.9.
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expressionstatement
"interests= interest/ 100/ 12
Expression ýstatement body
assignment name: "="

Assignment target

identifier reference
name= "interests"

Assignment

source

division
name

identifier reference
name= "interest"

integer
name= "100"

division
narne= 'T'

integer
name= " 12

Figure 9.9. Abstract Syntax Tree Representationfor "interests = interest/ 100/ 12".

In this example, the non-terminal nodes are expression statement, assignment, and
multiplication. The leaf nodes representtile terminal tokens, such as identifier reference
integer. The edgesrepresentthe attributes as mappingsbetweenAST nodes.
For example, the edge, named assignmentsource, is considered as an attribute of the
assignment node that contains a value node of type division. So, the loan payment
subroutinecan be representedby AST as Figure 9.10.

.0

C3
0

40.
0
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.0

C;

V.
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In documenttype definition, elementsare the main building blocks of XML documents.
Attributes provide extra information about elements.Entities are variables used to define
common text. PCDATA meansparsedcharacterdata. Characterdata can be seenas the
text found betweenthe start tag and the end tag of an XML element.PCDATA is text that
will be parsedby a parser.
Tags inside the text are treated as markup and entities will be expanded. Otherwise,
CDATA is text that will not be parsedby a parser.Tags inside the text are not be treated
as markup and entities will not be expanded.The DTD representationof C expression
statementare summarisedin [153] as Figure 9.11 shown. So the loan payment subroutine
can be representedby DTD as Figure 9.12 shown.

I

<ELE MENT EXPRESSION-STATENIENT (EXPRESSION-s-rATELNIENT-BODY)>
<ELEINIENT EXPRESSION-STATEINIENT-BODY (EXPRESSION)>
EXPRESSION
<ELEMENT
(EXPRESSION* I INT-LITERAL* I rLOAT-IJTERAI, * I STRING-LITERAL* I CHAR-LIT
)>
ERAL* I ASSIGNMENT-EXPI I IDENTIFIER-REF" I Dr%'I'A-TYPr,,?
<ELEMENT ASSIGNMENT-EX13 (ASSIGNMENT* I SUBS-ITjNCTION-ASSIGNiNIE-N'I'*)>
<lE LENIENT ASSIGN'NIENT (ASSIGNMENT-SOURCF, ASSIGNINIENT-TARGET)>
ASSIGNMENT-TARGE'l)>
<! EI. ENIEN'I'SUBSTRACnON-, kSSIGN,Nfr,.NT(ASSIGNLNIENT-SOURCF-,,
NIE,NTASSIGN, Nlr-.NT-SOURCE- (EXPRESSION)>
<! El. rý,,
<! ELEIMENT ASSIGNINIENT-TARGET (EXPRESSION)>
<! A'I'rLIsT EXPRESSION machine-dependentCDATA #REIQUIRED
type-error CDATA #REQUIRED>
<! ATTI, IST IDENTIFIER-Reference id-name CDATA HREQURIED
refer-to CDATA #REQURIED
identifier-ref-usageCDATA HREQUIRED
identificr-ref-via CDATA #REQUIRED>
<ATTLIST INT-LITHRAI. int-long CDATA #REQUIRED
int-radLxCDATA HREQURIED
int-unsignedCDATA #REQURIED
int-value CDATA #REQURIED>
<! ATrLls, r STRING-LITEI; U%I. string-valueCDATA #REQUIRED>
<xrn. isT CIIAR-LITE RAL
char-valueCDATA #REQURIED>

Figure 9.11. DTD Representationof C ExpressionStatement.

<ELENIENT Icgacy Bank System(Credit Card System)>
<11LEMENT Credit Card System(Loan Payment)>
<ELENIENT Loan PaymentOnterests,Payment)>
<IELLNIENT InterestsOnterest,Dhision)>
interests= interest/100/12 CDATA ftRcQuircd>
<AMIST
<ATI'LIST interests,interest CDATA ftReQuircd>
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<! Al'rl, I.ST 100,12 CDATA #RcQuired>
<ELEMENT Payment(PayrncntýNfultipkation)>
<ATFLl5r payment = payment *12 CDATA #RcQuired>
<AITLIST paymentCDATA #RcQuircd>
<A'M, IST 12 CDATA #ReQuircd>

Figure 9.12. DTD Representationof Loan PaymentSubroutine.

9.4.2. XML Component
For the purpose of importing existing XML representedinformation sources to Grid
services domain, the interfaces are essentially defined in a complex XML type. It is
attributes to the name, type and name space.The XML grammar can be useý to identify
all publicly-available methods,their signatures,and their return types.
In the proposed approach XML is used to describe the structure of the data, XSL
languageis used to manipulating XML from one structure into another. And Java is used
to encapsulatethem with a few simple classesand implement the application. For legacy
systems which are not written in Java, wrap technique is applied to supply a Java
interface for them.
As the adoptedlegacy bank system is C language,to encapsulatereusablelegacy C code
by Java, a common interface is implemented via Java Native Interface. Java Native
Interface (JNI) [61] is an API that allows Java code to interact with code written in
another language.Using JNI to integratenative methodswith Java may not always be an
optimal or elegant solution, but it is necessarywhen slices legacy modules are not
immediately available in Java.
Wrapping legacy code can also result in better performancethan pure Java code, though
this benefit will presumably diminish as a variety of compiler and runtime techniques
continue to close the performancegap between legacy code and Java code [72]. Another
advantageof this approach is that it is less risky and highly transport as it requires no

158

change to legacy code in the upper layers, and it is very powerful. Also it could reduce
expensesof the entire project.
The proposedmethod createsa JNI wrapper for reusablelegacy code includes three steps:
41 The first step is to define a new class that extend and overrides the original method.
The java system routers all drawing operationsfor a new object through the original
method,as it does for all other GUI objects.
The next step is to generatea header file that describesthe interface in the native
method that Java expects to be used. Necessary corresponding between Java and
other languagefiles is createdautomatically to make native calls.

I

The final step is to write the native rendering methods with an interface that
conforms to the header file that generated,and built it as a standard shared library.
Then the user can initiate and control all theseactions through a simple GUI.

JNIEXPOR7r jfloatArtayjNICAI. I.
Java-Loanlmp-Loan-Payments GNIEnv *env, jobject obj, jfloatArray arr)
isize len
*env)-> G ctA rrayLength(env.arr);
jfloatArray sum;
ifloat*jarry=
(*eni)->GetFIoattXrrayrýlements(env,aff,O);
/*float Ioan-paymcnts (float essential,float interests,float payment)(
original function call - (no longer necessary)*/
essential= body 10];
interests=bodyll]; /*Data stream IN*1
payment = body 121;
interests= interest /100/12;
payment = payment *12;
x= pow (1* interests,payment);
monthly = (essential*x* interests) / (x-1);
if ((O<monyhly)&& (monthly < MAX1,11MIl)) I
payments= monthly;
total = monthly * payment;
totalintcrcst = (minthly * payment)- essential;
else I payment = 0, total = 0, totalinterest = 0;
body 101= payments;
body III = total,
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jarry 10)= payments;
jarry [11= total;
jarry [21 =totahnterests;
sum = (*env)-> Nc%vfloatArray (env, len*sizeof(float)+l);
(*env)->SetFIoat. tXrrayRcgion (env, sum, 0,10 * sizcof (float),
Ofloat *) jarray);
(*env)-> RcleascFloatArrayE lements(env, art, jarray, 0);
return sum; /*Data Stream OUT*/

Figure 9.13. Wrapping Loan PaymentSubroutinewith JNI.
Figure 9.13 shows the example of wrapping loan payment subroutine in the legacy bank
in
language
legacy
C
(Loan-Payments
The
JNI
technique.
reusable
code
with
system
function) is in charge of calculating the total repayment amount in a credit agreement
when it is supplied with a number of parameters.The referenceto the Loan_payments
function is defined as an interface. It is treated as a class to specify an instance in the
legacy code, and then the functionality of the Loan_paymentsfunction is embeddedin
the target application. The essentialJNI glue code is illustrated.
<application>
<network>
<instancecomponentNamc="Source"
componentPackagc="I.oan- Payments"id='T'>
<property name="degrcesof freedom" value="100"/> </instance>
<instancecomponentName="Payment"
componcntPackage="Payment"id="2"/>
<dataflow sinkComponent="2" sinkPort=" interests"
sourceComponent="1" sourcePort= "interests"/>
</network>
</application>

Figure 9.14. XML ComponentRepresentedApplication.

Figure 9.14 shows its XML Component representedapplication. The application builder
produces a XML Component application description document. It consists of the
<network->infortnation. The network XML data representsa composition of component
instance"source" and "payment" together with any users.
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<repository>
<component packagc="bank.Loan-payments" name="Source">
<propcrtyDcfinidon t)-pc=" " name=" " value=" "/>
<port objectPackage="bank.
payments" objectName="payment" portName="payrnent"/>
<implementation languagc="C" platform="C" url="file:. ">
<action portName="payments">
<binding mcdiod="gctpaymcnts"> ... </binding>
<classPerformancei%fodel
t)-pc="initial" url="http: " />
</action>
</implementation>
<implementation languagc="C" platform="C" url="filc:. "> </implementation>
</component>
<object package="bank.loari-payments" namc="payment" >
<method namc="gctpayments" typc="action">
Loan-payments" />
<argument t)-peName="payments"t)-pePackage="bank.
</method>
</object>
</repository>

Figure 9.15. XML ComponentRepresentedRepository.

Figure 9.15 shows its XML Component representedrepository. The repository XML
Component data provides the interface information for the <component> types,
specifying <port> and <property> elements.The types and default properties specified in
the repository XML Componentallow customisationwhere is required.
The repository component information also indicatescomponentinheritance and package
information. The repository also contains information needed to create the run time
representation,namely the meta-datafor the methods in the component implementation.
These are,,represented by <implementation> and <action> elements. The <action>
elements specify the bindings of ports and the location of corresponding performance
data. The packageand location infon-nationfor the executablesare stored alongside the
implementationdata in the repository. Theseare referred to <object> elements.

9.5. Grid Service Integration
This section discussesdeveloping and deploying a simple Globus toolkit 4 Grid service.
The GT4 service usesWSRF to keep stateful information, and it is developedby eclipse

161

and tomcat. The eclipse is used to help the developer handle all tedious files such as
sourcefiles, WSDL files and XML files, and it is also helpful in the configuration deploy
steps.
To build Grid services is a tedious work, it may include switch between many tools such
in
file
build
the
tools,
shells,
managers,
application
containers,
etc.
as editors, command
developmentprocess.With the plug-ins and configuration, the Eclipse IDE can be usedto
manage all of these tasks within a single project abstraction and coordinate all of the
useful development activities from coding to deployment to debugging. By embedding
the Apache Tomcat services container within Eclipse, any update to the Grid service
implementationcan be immediately reflected in the active running Grid serviqe.
Previous sections show the process of component identification and Grid component
migration. To perform a cooperate Grid service in this section, the components
identification, and migration approach has been applied on a calculator system. The
systemis decomposedand interestedcomponentsare migrated. As a result, the concerned
addition and subtractionGrid componentsare retrieved.
The proposed Grid service is named as Calculator Service (CalculatorService). It
integratesthe loan payment componentsfrom the legacy bank system,with the addition,
subtraction function componentsfrom a legacy calculator system. It may allowsusersto
perforin the following operations:
"

Calculatethe total paymentof all credit cards per month.

"

Calculatethe paying and payout monthly.

"

Assist to managepersonalfinancial affairs.

Furthermore,Calculator Servicewill have the following resourceproperties (RP):
0

Loan Payment(string)
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"

Interests(string)

"

Payment(string)

"

Value (integer)

"

Last operation performed (string)

"

GetValue (this operation is usedto accessthe Value RP)

In this Grid service, once a new resourceis created,the "value" RP is initialised to zero,
and the "last operation" RP is initialised to "none". The addition and subtraction
operations expect only one integer parameter.This parameteris added/subtractedto the
"value" RP, and the "last operation" RP is changed to "addition" or "subtraction"
accordingly.
This service also can be extendedby add more functions. This prototype is just a means
to prove the proposed approachin this thesis. Typical Grid services are generally much
more complex and could perfon-nmore operationsthan it does in this casestudy.

9.5.1. Service Resource Description
The first step in writing a Grid service is to descript the service resources.This step do
not concernedwith the inner workings of that service, it focuseson specifying what the
service provides and indicating what operations will be available to the clients. The
service interface is called port type (portType). The WSRF in this part is used to keep the
stateof resources.
The service resourcesdescription is performed by WSDL, although it maybe a bit harder
to understandthan some other interfacedefinition languages(such as Java interface).The
main reason to choose WSDL is that, although Java interfaces are easier to write and
understand,in the long run they may produce much more problems than WSDL does.
Consideringthat, the soonerthe WSDL is used,the better the service works.

163

The Calculator.wsdl file is the XML document that describes the calculator service
interface. It should be placed in the schema/examp
Ies/CalculatorService project folder.
The service interface describes how the outside world can interact with this service,
specifically the operations that can be perfon-nedon it. Figure 9.16 shows the WSDL
code of the CalculatorService.
<?xml version="1.0" encoding="UTF-8"? >
<definitions namc="Calculator.Scrvice"
//cxamples. stri.org/calculator/CalculatorScr%ice
targetNamespace=http:
xmlns="http: //schemas.xmlsoap.org/wsdl/"
xmlns:tns="http: //examples. strl.org/calculator/CalculatorSer%ice"
xmlns:wsa="http://schemas.xmlsoap.org/ws/2004/03/addressing/"
xmlns:wsdl='%ttp://schcrnas.xmlsoap.org/wsdl/"
xmlns:Nvslw="http://docs. oasis-open.org/wsrf/2004/06/wsrf-%VS-ResourccUfetime-1.2-draft-Ol.
wsdl"
xmlns:wsrp="http: //docs. oasis-open.org/xvsrf/2004/06/wsrf-\VS-ResourceProperties-1.2-draft-OI.
xsd"
xmlns:wsrpw="http: //docs. oasis-open.org/wsrf/2004/06/wsrf-%VS-ResourceProperties-1.2-draft-Ol.
wsdl"
xmlns:wsdlpp='%ttp://w\v%v.globus.org/namespaces/2004/10/%VSDLPreprocessor"
xmlns:xsd="http: //%%-%vw.
w3.org/2001/XiNiLSchema">
<wsdl:import
namespace=
"http: //docs. oasis-open.org/wsrf/2004/06/wstf-\VS-ResourceProperdes-1.2-draft-Ol.wsdl"
location=".. /.. /wsrf/properdes/\VS-ResourccProperties.xvsdi" />
<1== Types == >
<t)-Pcs>
<xsd:schematargetNamespace="http://examples. stri.org/calculator/CalculatorScr%ice"
xmlns:tns="btq): //cxamples. stri.org/calculator/CalculatorSenice'
xmins:xsd="http: //%-.-Nvw.
w3.org/2001/XNII, Scheina">
<xsd:import
namespacc='Iittp://schemas.xmlsoap.org/ws/2004/03/addressing"
schemal.ocadon=".. /.. /ws/addressing/WS-Addressing.xsd" />
<1== Requestsand Responses== >,
<xsd:clcment name="add" t)-pe="xsd:int"/>
<xsd:clctnent name="addResponse">
<xsd:complexl')-pe/>
</xsd: elemcnt>
<xsd:elementnamc="subtract" ty-pc="xsd:int"/>
<xsd:clcment name="subtractResponse">
<xsd:complexT)-pc/>
</xsd: clc-ment>
<xsd:clcment namc="getN'alueRP">
<xsd:complexT)-pc/>
</xsd: clcment>
<xsd:clcment name="getN'alueRPRcsponsc"
t)T)c="xsd:int"/>
<! == ResourcesProperties== >
<xsd:clcment name="LcgacyBankSystem"t)-pe="xsd:strinje'/>
<xsd:elcmcnt name="CreditCardSystem"type="xsd:string"/>
<xsd:clementnamc="LoanPavmcnt" týT)e="xsd:strinFý'/>
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<xsd:clemcnt namc="Intcrc.qts" typc="xsd:strinjý'/>
<xsd:clcmcnt namc='Taymcnt" t)Tc="xsd: strine'/>
<xsd:elctncnt name='Talue" t)-Pc="xsd:int"/>
<xsd:elcmcnt namc="LastOp" t)-pc="xsd:strine'/>
<xsd:clcmcnt name="CalculatorResourceProperties">
<xsd:complexT)-pc>
<xsd:scquence>
<xsd:elcment ref="tns. N'alue"minOccurs="I" max0ccurs="I"/>
<xsd:elementrcf="tns: lastOp" minOccurs="I" maxOccurs="1"/>
</xsd: scquence>
</xsd: complexTy,pe>
</xsd: elcmcnt>
</xsd: schema>
</t)TCS>
<== INIcssages
== >
<messagenamc="Addlnputl%fessage">
<part namc="parameters"clement="tns:add"/>
</message>
<messagenamc="AddOutputNfcssage">
<part namc="paramcters"clcrncnt="tns: addResponse"/>
</message>
<rnessagenamc="SubtractInput,'%Iessage">
<part namc="parameters"clcmcnt="tns: subtract"/>
</message>
<messagenamc="SubtractOutputNfcssagc">
<part name="paramcters"clement="tns;subtractResponse"/>
</Message>
<messagenamc="Gctl'alucRPInputýNtessagc">
<part namc="parameters"clcmcnt="tns: gctValucRP"/>
</message>
<messagename="GetValueRPOutputi'%Iessage">
<part name="parameters"clement="tns:gct'%alueRPResponse"/>
</message>
<1== porttype == >
<portType namc="CalculatorPortT)-pe"
srpw;GetResourceProperty"
wsdlpp:extends="%%,
CaiculatorResourcePropertics">
wsrp:ResourceProperdcs="tns:
<operation name="add">
AddInputi%fessage"/>
<input message="tns:
<output messagc="tns:AddOutputiNtessage"/>
</operation>
<operation name="subtract">
<input messagc="tns:SubtractlnputiNfessage"/>
SubtractOutputiNfessage"/>
<output message="tns:
</operation>
<operation name="gctValucRP">
<nput message="tns:
GetN'alueRPInputL%fessage'/>
<output mcssagc="tns:GctValueRPOutputj%lcssagc"/>
</operation>
</PortT)-Pe>
</dcfinitions>

Figure 9.16. WSDL Document of CalculatorService.
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The <portType> element defines three operations:add, subtract, and getValueRP, along
input
All
types.
the
of
and an
operations
consist
an
with all
necessarymessagesand
output message,describedwith the above<rnessage>tags.
The wsrp:ResourcePropertiesattribute of the portType element are used to specify what
the service's resource properties are. The resource properties must be declared in the
<types> section of the WSDL file. The resource properties arc used to keep all state
infon-nation.
With the help of the wsdipp:extends attribute of the portType element, existing WSRF
from
in
having
be
included
to
the
copy-and-paste
own
without
portType
portTypes can
the official WSRF WSDL files. A WSDL Preprocessorwill usethe value of that attribute
to generatecorrect WSDL which includes the own portType definitions plus any WSRF
in
the service.
might
need
which
portType

9.5.2. Implement Service
9.5.2.1.The QNames Interface
The implementing services step answersthe question of how the service performs the
operations that proposed.The service implementing is done with Java. Qualified name
(QName) is a name which includes a namespaceand a local namewhich is used to refer
to just about related entity to a service.For example,the QName of the Value RP is:
(hup:11examples.
strL org/calculatorIcalculator service) Value
This is a common string representationof a QName. The namespaceis placed between
curly braces,and the local name is placed right after tile namespace.
A qualified name is representedin Java using the QName class. Since the service's
in
is
be
frequently,
it
to
them
good
practice
put
all
a
a
referred
qualified names will
separateinterface:
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java file is a convenient interface class
As Figure 9.17 shows, the CalculatorQNames.
containing the QName URI/namespaceconstantsrelevant to the proposedGrid service. It
should be placed in the org/stri/examples/services/Calculator/impIproject folder. By
having the service classes implement this interface, these constants can be referred to
replicate themselvesthroughout the project.
packageorg.stri.cxamplcs.senices.Calculator.imp);
import javax.xml.namespace.
QName;
public interfaceCalculatorQNamcs
I
public static final String NS = "http: //exarnples.stri.org/ca]CUlator/calculatorsenice";
public static final QNarne Rp--VALUE = new QNamc(NS, "Value'ý;
public static final QNamc RP-LASTOP = new QNamc(NS, "LastOp');
public static final QNamc RESOURCE-PROPERTIES = new QName(NS,"calculatorResourcePropcrdcs');

Figure 9.17. QNames.java Document of CalculatorService.
The GetResourcePropertyrequestand responsemessagecorrespondto the QNamc of a
resourceproperty element.The componentsof the GetResourcePropertyrequestmessage
are further describedas follows: livsrp: GetResotircePropertylQNaiýte
The contents of the GetResourcePropertyresponse messageare further described as
follows: Atsrp: GetResotircePropertyRespoiisel(aiiy)
Figure 9.18 and Figure 9.19 show the requestmessageand the responsemessageof the
example. They represent a request message used to retrieve two resource property
elements from the WS-Resourcethat implements the loan payment portType and the
identifier
inforination
is
it
As
this
the
carried
shows,
value
of
request.
result of response
in the SOAP headerelement.
<soap:Envelopc>
<soap;licader>
<tns:rcsourcelD> Loan Payment</tns: resourcclD>
</soap: l leader>
<soap:Body>
<wsrp:G etiNfultipleResourceProperty>
https://
>
xmlns:tnsF
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tns: Interests
</wsrp: RcsourceProperty>
<wsrp: RcsourccPrc)pcrty>
tns: Payment
</wsrp: RcsourceProperty>
</%%,
srp: Gct,NfuldplcResourcePropcrty>
</soap: Body>
</soap: Envelope>

Figure 9.18. RequestMessageRepresentation.

<soap: Envelopc>
<soap: Body>
<wsrp: GetiNfuldpleResourcePropertyResponse>
<Interests> "interests"</Interests>
</wsrp: Gcti'%IuldplcRcsourccPropcrtyRcsponsc>
<wsrp: Gct,NfultipleResourcePropertyResponse>
<Payment> "payment"</ Payment>
</wsrp: Gct,NfuldplcRcsourcePropertyResponse>
</soap: Body>
</soap: Envclopc>

Figure 9.19. ResponseMessageRepresentation.

9.5.2.2. The Service Implementation
In this casestudy, the service implementationconsistsof a single Java class with the code
for both the service and the resource. It can also be split into two classes:one for the
service and anotherone for the resource.
The CalculatorService.java file is the service implementation that provides the core
functionality for exposing local directory infon-nation. It should be placed in the
org/strl/examples/services/Calculator/impIproject folder. The sourcefor this Java class is
shown as Figure 9.20.

packageorg.stri.examples.senices.Calculator.iinpl;
import java.rmi.RemoteException;
import org.globus.wsrf.ResourceContext;
import org.globus.%vsrfResource;
import org.globus.wsrf.ResourceProperdes;
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import org.globus.wsrf.ResourceProp"Set;

import org. globus. wsrfimpl. ReflecdonResourccProperty;
import org. globus. wsrfifnpi. SimpleResourcePropertySet;
import org-strl. examples. Calculator. CalculatorScr%ice.AddResponse;
import org. stri. cxamples. Calculator. CalculatorSenice. SubtractResponse;
import org. strl. examples. Calculator. CalculatorSenice. GetValueRP;
public class CalculatorScrvicc implements Resource, RcsourccPropcrties
I
/* Resource Property set
private ResourcePropertySet propSet;
/* Resource properties
private int value;
private String last0p;
/* Constructor. Initiabses RPs
public CalculatorServicco throws RemotcException J
/* Create RP set */
this. propSet = new SimpleResourcePropertySet(CalculatorQNames.

RESOURCE-PROPEWI*ILS);

/* Initialise the RPs
try I
ResourceProperty valueRP = new ReflectionResourceProp"(CalculatorQNames.
"Value", this);
this. propSet. add(valueRP);
sctvaluc(o);
ResourceProperty lastOpRP = new ReflectionResourccPropcrty(
CalculatorQNames. RP-LASTOP, "LastOp", this);
this. propSet. addoastOpRP);
setLastOpC'NONE');
catch (Exception c) I
throw nc%vRuntimeExccpdon(e. getiNtessageo);

P Get Setters for the RPs
public int getValueo I
return value;
public void seffalucCint value)
this. value = value;
public String gctLastOpo
return IastOp;

I

public void sctlast0p(, String lastOp) I
this. lastOp = last0p;

Rernotely-acccssible operations
public AddResponse add(int a) throws RemotcF-.xccpdon I
value += a;
lastOp = "ADDITION";
return nc%vAddResponsco;

public SubtractResponsc subtracrCint a) throws RemoteException
value - a;
lastOp = "SUBTRACTION";
return new SubtractResponseo;
public int gctValueRP(GctVaIueRP

I

params) throws RemoteException

I

RP-VALUE,

169

returnvalue;
/* Requiredby interface ResourcePropertics
pubUcResourcePropertySet
getResourcePropertySetoI
return this.propSet;

Figure 9.20. Service ImplementationDocument of CalculatorService.

9.5.3. Define Deployment Parameters
9.5.3.1. The JNDI D.eployment File
To enable the implementation to locate the resourcehome for the Grid service, the Java
Naming and Directory Interface (JNDI) files are deployed. JNDI is an API for directory
services.It allows clients to discover and lookup data and objects via a name and, like all
Java APIs that interface with host systems, is independent of the underlying
implementation.
<?xmi vcrsion="1.0" encoding="UTF-8'? >
<jndiConfig xmins="h ttp: //wstf globus.org/jn di/con fig">
<senice name="examples/core/rirst/CalculatorSer%ice">
lome">
<resourcename="home" t)T)c="org.globus.wsrf impt.Scr%iccResourcel
<rcsourccParams>
<parameter>
<name> factory< /name>
<value> org.globus.wsrf.indi.BcanFactory</value>
</parametcr>
</resourccParams>
</resource>
</senice>
</jndiConfig>

Figure 9.21. JNDI Deployment Document of CalculatorService.
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The deploy-jndi-config.xmi file is the JNDI deployed file that enablesthe GT4 WSRF
implementation to locate the resource home for this service. It should be placed in the
/org/stri/examples/services/CalculatorService project folder. The source for this
configuration file is shown as Figure 9.21.

9.5.3.2. The WSDD Deployment Descriptor
To enableGrid service for client connections,the next step is to make all the loose pieces
which have been created available through a Web services container. Deployment
descriptor is the configuration file that tells the services container how to publish the
service. The deployment descriptor is written in WSDD format (Web Service
Deployment Descriptor). The deploy-server.wsdd file of the CalculatorService is shown
in Figure 9.22. It should be placed in the /org/strUexamples/services/CalculatorService
project folder.
The service name <service name= "exampleslCalculatorService" provider= "Handler "
use= "literal " style= "document"> specifies the location of the service. If it is combined
with the baseaddressof servicescontainer,the full URI of the service could be obtained.
For example, if the GT4 standalonecontainer is used, the base URL will probably be
http.-117o
calhos1:808OAvsrflserv ices.

Therefore,

the

service's

URI

would

be:

http://ý7ocalhost:
8080livsrflserviceslexaiiiplesICalcitlatorService.
The className<parameter name="className" vahte= "org.glob its.examples.services
Calcitlator. iiiipLCalcitlatorService"1> refers to the class which implements the service
interface.
<?xml version="1.0" cncoding="UTF-8'? >
<deployment name="dcfaultSmcrCon fie'
xmlns="http: //xmi. apache.org/axis/wsdd/"
xmlns:iava='Iittp: //xml. apache.org/a.xis/wsdd/pro-.iders/iava"
xmlns:xsd="http: //Nvx,6-%v.
w3.org/2001/XNII. Schema">
<scnicc name="examples/CalculatorScr%ice"
proNider="f landler" use="fitcral" stylc="document">
<Parametername="className"
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<wsdll--ilc>sharclschemalexamplesICalculatorSenicelCalculatorSenicc.
wsdl<l%vsdlfý'ile>
<Parameternamc="allowediNiethods"value="*"/>
<parametername="handlerClass"valuc="org.globus.axis.proliders. RPCPro,.ider"/>
<parametername="scope" valuc="Application"/>
<parametername="providers" valuc="GetRPProvider"/>
<parametername="loadOnStartup" value="truc"P
</scnice>
</deployment>

Figure 9.22. WSDD Deployment Document of CalculatorService.
In the WSDL file

<ivsdlFile>sharelschenialexaiiiplesICalctilatorServicelCalcillator

Service.ivsd1<Avsd1Fi1e>,
the wsdlFile tag tells the services container where the WSDL
file for this service can be found. This WSDL file (CalculatorService.wsdi) will be
generatedautomatically by a GT4 tool when the service is compiled.

I

9.5.4. Service Deployment
9.5.4.1. Create Ant Launch Configuration
This sectionpresentsprocessof creatingthe Ant launch configurationnecessaryfor
building and deploying the Grid service. A launch configuration is a mechanismprovided
by Eclipse for executing one or more Ant buildfile targets.
Ant, an Apache Software Foundation project, is a Java build tool. It allows programmers
to forget about the individual steps involved in obtaining an execution from the source
files, which will be taken care of by Ant. Each project is different, so the individual steps
are describedin a buildfile. This buildfile directs Ant on what it should compile, how it
should compile, and in what order.
Grid Archive(GAR) file is a single file which contains all the files and information the
service container needsto deploy service and make the service available to the internet.
Creating a GAR file include (a) processingthe WSDL file to add missing pieces (such as
bindings), (b) creating the stub classesfrom the WSDL, (c) compiling the stubs classes,
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(d) compiling the service implementation and (e) organising all the files into a very
specific directory structure.This could be done by Ant.
The buildservice.xml Ant buildfile serves as the "master" buildfile that coordinates
activities from the globus-build-serviceand WS-Core buildfiles. The globus-build-service
distribution is an Ant buildfile (and related shell scripts) to assist with the building of
GAR files.
It is a general-purposeAnt buildfile and script that give a set of Java, WSDL, WSDD
files conforming to a specific directory structure, and will generatea GAR file without
the need to manually edit the Ant file. This buildfile is a variation of the one used in the
GT4 Programmer's Tutorial [130]. The buildservice.xml Ant buildfile file-should be
placed in the project root directory. This buildfile is shown as Figure 9.23.
This "master" buildfile calls the following external buildfiles:
"

The Globus-Build-Service build.xmI Ant buildfile (/dev/GTK/etc/)

"

The WS-Core build-packages.xmI Ant buildfile (/Dev/GTK/share/globus-wsrf
common/build-packages.
xml)
The WS-Core tomcat.xml Ant buildfile (/Dev/GTK/share/globus-wsrf common/
tomcat/tomcat.xml)
<?xml vcrsion="1.0'? >

<project default="all" narne="Grid Senice BuildfAc" bascdir=". ">
<description>
Grid Ser-.ice BuildfAe
</description>
<property cn,ýironmcnt="cnv"/>
<target name="all">
<ant antf0e="S lbuUd. gar)" targct="clean"/>
<ant antfde="S lbuad. gar)" targct="aU"/>
<ant antfile="S lbuild. packages) " target="dcployGar"/>
<ant antfile="$ (build. tomcat)" targct="dcplo), Sccureromcat',
dir="/Dev/GTK/sbare/globus-wsrf
Common/tomcat" />
</target>
</project>

Figure 9.23. Buildservice.xml Documentof CalculatorService.
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Before creating a launch configuration for this buildservice.xmi

buildfile,

a

buildservicc.properties file need to be created. The buildservice.properties file contains
the "name=value" properties specific to this service and neededto guide the various build
tasksthrough the GAR creation and deploymentprocess.
This file should be added to the project's root directory. The document for this file is
shown as Figure 9.24.
packagc=com.stri.examples.scr%iccs.
calculator
interface.name=Calculator
dir=org/strl/cxampics/scr%ices/Calculator
package.
path=cxamplcs/CalculatorSer-%-ice
schema.
smice. name=CalculatorScnice
gar.fdcnimc=org-strl-Cxamples-calculator
bufld.gar=/dev/GTK/etc/build. xml
buýd.packagcs=/Dev/GTK/share/globus-wsrf common/build-packages.xml
buUd.tomcat=/Dey/GIY, /share/globus--ývsrLcommon/tomcat/tomcat.xmI
gar.name=/Dev/ccEpsc/%%,
orkspace/Pro%isionDirScnice/org-strl-cxamplcs_ýcýculator
tomcat.dir=/Dcv/tomcat5

Figure 9.24. Buildservice.propertiesDocument of CalculatorService.
Relying on the globus-build-service script and buildfile allows creating a GAR file with
minimal effort, and without having to modify an Ant buildfile every time when move on
to the next example.
With this Ant buildfile which is now linked to the project and a corresponding
buildservice.properties file which, a launch configuratiODthat will create the GAR for
this servicenow can be created,as well as someother necessaryfiles.

9.5.4.2. Building and Deploying
Up to now, all necessaryfiles have beenadded,the packageexplorer in eclipse navigator
view should looks like Figure 9.25.
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____________________

S 1ý4CalcUatorService
btAd
ai -

etc
2), org
:E

2> std
examples
Cý5?
clierts
-i
cakuh-kor
services
calculator
DJ CalcUatorQNames.java
CaWator5ervice. Java
deploy-jndi-coriig. xml
deploy-server.wsdd
schema
exarmles
CaWatorService
E

classpath
project
L.J tomcatplugin
buildservice.properties
buildservice.nd

Figure 9.25. Updated PackageExplorer.

Using the provided Ant buildfile and the handy script, building a service can be done by
doing the following commands:
Iglobits-bitild-service.sh -d <service basedirectory> -s <service's WSDLfile>
In the eclipseIDE, this step can be perfon-nedby clicking on the buildservice.xml file and
select "Run as" option. In the run as> external tools setup page, the buildfile is set as:
S(ivorkspace_loc.
-ICalcitlatorServicelbitildservice.xinl, and the base directory is set as:
S(ivorkspace_loc.
-ICalcitlatorService) in the main option. And the property file in the
-ICalcitlatorServicelhitildservice.properlies).
properties option is set as: S(ivorkspace_loc.
Then the service building can be finished by executing the buildservice.xmi file. This will
ftilfil the Ant task, generateall of the remaining necessaryfiles, create the service GAR,
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deploy the GAR into WSRF, and deploy WSRF into Tomcat. Figure 9.26 shows the build
successfulmessagein the consoleview.
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Figure 9.26. Build SuccessfulMessage.

9.5.5. Running Grid Service
The running of the proposed Grid service can be performed as starting the Tomcat
buttons.
by
Start/Stop/Restart
Tomcat
toolbar
the
container clicking
The Apache Tomcat runs the WSRF Grid servicesand exposesthe service to the exterior
client. The output of Tomcat can monitor in the console view. Figure 9.27 shows the
servicesrunning output and Figure 9.28 showsthe servicesterminatedoutput.
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Figure 9.27. ServicesRunning Output.
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Figure 9.28. ServicesTerminated Output.
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The service deployment structure is shown as Figure 7.5. To completely fulfil the Grid
service deployment,the following parts should be considered:
0

ServiceGroup - takesthe responsibility to aggregateserviceswith other servicesas a
service group to perform operationssuch as adding new service to group, removing
this service from group, and finding a service in the group. It is perfon-nedby
WS-ServiceGroup specification.
Lifetime Management - monitors each resource property and updates their state
following a set resourceproperty request.It is performed by WS-ResourceLifetime
specification.
Base Fault - takes the responsibility to report faults when something goes wrong
during a service invocation. It is performed by WS-BaseFaults specification.

9.6. Summary
The purposeof this legacy bank system case study is to demonstratethat the proposed
approachhas the ability to evolve legacy systemsinto Grid service environment. This is
achievedthough the following points:
0

Legacy systemsanalysiswith program slicing and software clustering.

0

Grid componentmigration with XML transformationand representation.

0

Grid services integration includes services stateful resourcesdescription, services
implementation,deployment parametersdefinition and servicesdeployment.
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Chapter 10

Conclusions
In the context of software evolution, legacy software systemsare continuously evolved in
order to correct errors, provide new functionality, or port into modern platforms. Grid is
an increasingly popular topic, which emergedwithin a project designedto link wide-area
supercomputingresourcesto computational and collaborative science.With the adoption
of the service oriented architecture, Grid services are emerged by integrating Grid
computing and Web servicesto perform a seamlessinformation processingsystemacross
distributed, heterogeneous,dynamic virtual organisationsthat the user can accessfrom
any location. Could legacy software systems be evolved into Grid environment? The
answer is "Yes". The proposedapproachin this thesis integratestraditional methodswith
those emergingtechnologies:
0

Componentbaseddevelopment.Componentbasedsoftware engineering is a process
that aims to design and construct soffivare systems using reusable sofhvare
components.It emphasison decompositionof the engineeredsystemsinto functional
or logical componentswith well defined interfaces used for communication across
the components.
Extensible Markup Language.XMI, is the de facto technique for data management
become
for
For
has
information
It
all
new
applications.
exchange.
ubiquitous
and
existing legacy applications, XML is the ideal glue to integrate them with new
systems.
Grid services. Grid service have emerged by combining Web services and Grid
distributed,
information
to
processing
system
across
a
seamless
perform
computing
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heterogeneous,dynamic virtual organisations that the user can access from any
location.
Semantic Grid. Semantic Grid is an extension of the current Grid in which
information and services are given well-defined meaning, better enabling computers
development
in
It
the
to
of Web
work
cooperation.
arises
with
parallel
and people
services,semanticWeb and Grid computing.
Software reverseengineeringtechniques.In this thesis, the program slicing technique
is used to decomposesystem, understandprogram, eliminate dead code and make
selectedcode segmentsfunction independently by component interface parameters
determination and deep source code comprehension. The clustering analysis
technique is used to group large mounts of entities in a datasetand capture reusable
legacy code segmentsinto clusters according to their relationship and similarity from
legacy systems, and create a hierarchical structure of these reusable legacy code
segments.
This researchaims to unify the above technologies for a solution to the issues raised in
Chapter 1. Each of thesetechnologiesis given a detailed discussionon how to apply them
in the proposedsolution to Grid oriented legacy systemevolution.

10.1. Comparison and Evaluation
As Grid is an emerging technique,there is not much work for integrating Grid technique
few
legacy
From
the
perspective,
of them
systems
evolution
evolution.
with software
bridge software evolution and Grid developmenttogether. Most of these researchesfocus
on the reusable resources identification from legacy systems, but they can not be
integrated in the Grid system directly. Most current researchworks of service oriented
software evolution are still stay on Web services.

180

Even though some researchesfocus on the Grid oriented evolution areas, they only
concentrateon parts of reengineeringprocessand do not provide a general framework of
the legacy systems evolution towards Grid environment. Moreover, some of them are
even basedon the unfashionablestandardssuch as Open Grid ServicesArchitecture and
Open Grid Services Infrastructure. Generally speaking, current approaches about
reengincering legacy systems with Grid technology are not mature and accomplished,
novel approachesare required in this researcharea.
Different from the related studies, a general framework is proposed in this thesis for the
Grid oriented legacy software evolution which includes the components identification
integration
for
G.rid services
in
Grid
Grid
components
packing
and
environment,
used
steps.The proposedapproach is also extendedto the semanticGrid environment for the
semanticGrid oriented legacy systemsevolution.
The techniques such as program slicing and soffivare clustering, the component based
development methods and the up to date standardsWSRF are used in this approachto
analyses legacy systems, define legacy resources as Grid components and stateful
resourcesand build Grid services with these reusableresources.The proposed approach
in this researchextends previous researcheson software evolution and Grid application
development, and integrates them to provide a unified framework for Grid oriented
legacy software systemevolution.
Affected by the Grid orientation trend, many existing software systems will turn into
legacy systems.These legacy systems require Grid oriented reengineering, which can
facilitate legacy system evolution in Grid service orientated architecture. Comparing
design a new system, evolving legacy system into Grid environment could massively
it
bring
flexibility,
for
And
the
time
expansibility
will
more
and
cost
enterprise.
reduce
and reusability.
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10.2. Summary
Grid oriented legacy software systemevolution is a challenge in the new ear of software
engineering. This thesis develops an effective approach to evolve legacy software
systems into Grid environment. In particular, first, reverse engineering techniques are
used for program comprehensionand design recovery. Then the legacy software systems
are decomposedinto a hierarchy of subsystemsby defining relationships between the
entities of the underlying paradigm of the legacy system.The decomposition is driven by
program slicing and clustering techniques. Next, Grid components are created by
wrapping objects and defining the interface. Finally, Grid components are allocated to
Grid services environment by specifying the requirements of the

ystem and

characteristics of the net-work as an integer programming model. The aim of this
approachis to use legacy systemsinto Grid environmentwhich enablesthe integration of
legacy resourceswith Grid acrossdistributed, heterogeneous,dynamic environment and
issues
Around
technical
theme,
this
were addressed:
several
significant
communities.
Legacy system decomposition and component identification. Because the complete
is
legacy
difficult to archive and the cost of reengineering
systems
of
reverseengineering
the whole legacy system is expensive, to reuse recovered legacy components is an
economic and efficient way to reengineer legacy systems.This component based Grid
oriented reengineering methodology is feasible, and it contributes on reengineering
legacy software systems into Grid services components. This approach is modestly
invasive, but it offers a high return on investmentfor legacy assetsand many benefits for
the Grid servicedevelopment.
XML representationand Grid component composition. Once a software component has
been extractedfrom a legacy system,or has been built as a new component, its interface
can be extractedand representedin XML. The XML representationis not only finished
by the componentwrap, but also finished with the sourcescode analysis included such as
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the using of AST, DTD and XSLT. The term "Grid component" refers to a collection of
legacy reusableresources.It describesthe relation of legacy resourcesand the semantic
its
is
independent
Grid
A
theoretically
the
of
component
resources.
rules governing
representationschema.The resulting componentswith core legacy code function in Grid
service framework for the intent of sharing distributed resourcesand coordinatedproblem
solving.
Grid service integration. To achieve the Grid service integration, different from the
for
defining
legacy
describes
the
the
a
method
studies,
proposed
approach
related
based
builds
Grid
the
services
on these reusable
and
resources as stateful resources,
resources. Four steps are summarised to migrate Grid components in ths new Grid
services environment. In the first step, the service's properties and its interface are
defined by WSDL. Then the implementation of the service is carried out by Java. In the
third step, the WSDD and JNDI file define the deployment parametersinclude service
registration and resourceslocalisation. The last step is to deploy the Grid service. This
Grid service oriented reengineering methodology brings more flexibility, expansibility
and reusability, as well as more reliability. All in all, legacy systemscan be extractedand
reengineeredinto stateful resourcesby Grid oriented evolution approach.These stateful
integrated
into
The
be
isolated
Grid
service
architectures.
proposed
and
can
resources
by
legacy
into
Grid
services
an
sofhvare
system
contributed
on
evolving
a
approach
improved reverseengineeringmethod.
Semantic Grid oriented extension. Although semantic Grid is not mature, it is an
be
Web,
Grid
therefore
the
can
semantic
many
researches
computing and
evolution of
commencedbasedon thesetwo techniques.This proposedsemanticGrid oriented legacy
software system evolution approach is based on source code translation and
framework
The
Grid
the
semantic
retargeting.
and
component
reusing
reconstruction,
important
in
The
this
techniques
analysis
process.
play
an
role
reverse engineering
semantic Grid is an extension of the current Grid in which information and servicesare
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legacy
defined
To
software systems
meaning.
reuse
given well
and explicitly represented
in the semanticGrid environment, Grid RDF data models which are basedon a specific
XML mark languageRDF/XML are employed to provide a simple and elegant frame for
describing the properties of the reusable legacy system resources. RDF/XML
legacy
description
key
RDF-schema
to
techniques
and
are
reuse
recovered
representation
componentsin semanticGrid framework.

10.3. Assessment of Success
The researchresults meet the successcriteria given in Chapter I as follows:
Can this approach handle the diversity of Grid basedsystems?
In this research, the proposed approach employ reverse engineering techniques to
decomposelegacy software systems and representthese concerned resourcesby XML.
To reuselegacy soft-waresystemsin the Grid servicesenvironment,the XML represented
legacy resourcesare defined as stateftil resources.Then by using WSDL to define the
define
interface,
WSDD
JNDI
to
the resources
and
using
and
resources properties
registration and localisation, and using Java to implement the service, the legacy
resourcescan be successfullydeployed in the Grid services.
To reuse legacy software systems in the semantic Grid environment, Grid RDF data
models which are based on a specific XML mark language RDF/XML are defined to
provide a simple and elegant frame for describing the properties of the reusable legacy
key
description
RDF-schema
RDF/XML
and
are
representation
system resources.
techniques to reuse recovered legacy components in semantic Grid framework. The
proposed component based evolution approach can handle the diversity of Grid based
systemsto presenta unified view.
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Does the legacy system component identification and Grid XAIL component
representation methods effective and feasible for the Grid oriented legacy so/lIvare
systemevolutionprocess?
In this research,two reverse engineering techniques are employed to help the legacy
system component identification for use in Grid environment. The program slicing
technique is used to decomposesystem, understandprogram, eliminate dead code and
make selectedcode segmentsfunction independentlyby component interface parameters
determination and deep sourcecode comprehension.The clustering analysis technique is
used to group large mounts of entities in a dataset and capture reusable legacy code
segmentsinto clusters according to their relationship and similarity from legzýcysystems,
and createa hierarchical structureof thesereusablelegacy code segments.
Then, for the Grid XML componentmigration and packing, by recursively traversing the
hierarchy of the component entities, the tree hierarchical structure of the component is
mappedinto XML elementsand attributes. Each node and edge in the AST is mappedto
an XML element tag. The attribute values of an AST node are mapped to the
correspondingattribute values of the XML elements.To accomplish this mapping, a set
of transforinations is defined to convey the grammarof the programming languageto the
Documenttype declarations(DTD).
DTDs are generatedto describethe characteristicsof the data making the documentsself
contained and usable as a data exchangeformat. Combined with client-side interpreted
XSLT stylesheets,it provides an approachfor publishing data from relational databases
on the XML Web. Therefore, the software evolution techniquesplay an important role to
help the Grid oriented legacy system evolution and Grid development industry. Tile
proposedapproacheffectively integrate the software evolution techniqueswith the Grid
developmentprocess.
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Does this approach improve the efficiency of Grid developmentindustry?
Grid is a brand new technology, more and more research institutes and commercial
organisationsare focus on the Grid application development.Mostly, legacy systemscan
not be simply discardedas they are critical to businessthey supportand they encapsulatea
great deal of knowledge and expertiseabout the application. Comparedwith designing a
brand new system, the method of using reusable legacy resourcesto development Grid
application basedon software evolution approach is less risky and highly transparent.It
requiresno changeto legacy code in the upper layers, and it is very powerful. Also it can
massively reduce time and the expensesof the entire project. This sofhvare evolution
approachimprovesa lot of efficiency of the Grid developmentindustry.

I

Is the approachfeasible for realisation? For example, is it possible to build a practical
tool basedon the approach?
Quite a lot attention was paid to the practical part of the approachduring development.
The methodsof legacy component identification, XML representationand Grid services
integration infrastructure and framework are not only theoretically correct, but also
workable for real legacy systems.The examplesand casestudies show that the approach
is a "practical" one, an it is feasible for practice.
Is the approach capablefor industrial-scaled systents?
The approach is capable for industrial-scaled systems and efficient enough for real
practice in evolving legacy systems into Grid environment. It adopts an infrastructure
basedon lateststandardGrid technologiessuch as WSRF in Grid servicesand RDF/XML
in semantic Grid which are beneficial to large scale system integration to deploy legacy
resourcesinto the Grid environment.
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10.4. Conclusions
Grid is a new technology, so there is currently few active research related to evolve
legacy systemswithin Grid environment.Most researchesare necessaryand significant in
this area to leverageand extend legacy resourcesin Grid environment. From economic
aspects,a businessis constantly re-organising,changing its boundariesand reconfiguring
its activities. Grid oriented evolution enables legacy systems to adapt continuous
changing in business logic and market requirements. From technical aspects, legacy
applications integration towards Grid and service will becomecommon in Grid oriented
environment. As a result, there are increasing interests in migrating and reengineering
legacy software systems with these new Grid technologies and software dývelopment
paradigms.
This researchproposesa solution for migrating legacy software systemsusing a Grid user
interface to enable the dynamic activation and Grid resourcesdiscovery. This ability of
the legacy system to use Grid will allow the enterprise to take advantageof the broad
commercial supportprovided by Grid technology.
Concerning on the reuse of legacy sofhvare system, becausethe complete recovery of
legacy systemsis difficult to archive and the cost of reengineeringthe whole legacy system
is expensive,reusing is an economic and efficient way to reengincerlegacy systems.
Through this research experience, it is argued that the detailed component mining
approachneedsto be tailored according to the featuresof a particular legacy system.The
adopted software clustering techniquesand program slicing techniquesare not new, but
the comprehensiveanalysis ascertainsthe reusablelegacy code efficiently.
Through the discussionin this thesis, it is concludedthat the legacy system evolution can
assist Grid application development.The proposedlegacy systemevolution framework is
build
legacy
into
Grid
for
Grid
to
environment
resources
utilising
reusable
powerful
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applications across distributed, dynamic environment and service oriented architecture
communities.
Based on the process of system decomposition, resources representation and Grid
environment integration presented in this thesis, the legacy system assets can be
successfully evolved into the Grid services and semantic Grid environment. Comparing
to design a brand new system,basedreusing legacy systems,this Grid oriented evolution
approach is feasible and it massively reduce the developing time and cost for the
enterprise.

10.5. Future Work
The future work of this researchmay include the following issues:
0

Infrastructure and Framework. For the research,the implementation of the proposed
framework is enough to demonstratethe Grid oriented evolution concept. However,
the framework need to be developed for meet more type of Grid applications in the
future.
Legacy system analysis and resource identification. Although a legacy system
decomposition and component mining approach are proposed to identification
componentsfor using in Grid environment,there is not enough experiment done due
to limited time of this researchand it may not suitable for all kinds of legacy systems.
For evolving full-blown legacy software systems,they needto be further developed.

0

The autonomic computing [138] can be introduced to establish a framework for
triggering Website reengineeringprocessby an automaticperceptionof changesin the
businessrequirementsand environments.
The section of semanticGrid oriented evolution focuseson how to retrieve the useful
resourcesfrom legacy systems and representthe resourcesbased on the semantic
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Grid standards.In the future, more attention will be paid on how to run the reusable
resources in the semantic Grid environment, which may include the following
aspects:Exposethe meaning of Grid services,resourcesand entities by assertionsin
a common RDF data model. Publish and shareconsensuallyagreedontology in Web
ontology language OWL and query, filter, integrate and aggregatethe metadatain
RDF Data Query Language(RDQL) [118].
0

IDE support is also important to successfulautomation of the proposedapproach.An
viable solution to this is developing Plug-ins for mature production level IDEs, such
as NetBeans Eclipse [98], so that the development and reengineering work can be
done with the full support of IDE supplied functionalities.
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Appendix A
Source Code of Example Legacy Bank System
This is an automatedsoftware system for Bank Managementwhich can handle accounts
of customers.It usesfiles to handle the daily transactions,account managementand user
management.This Bank Management System performs the following functions: create
individual accounts,manageexisting accountsand view daily transactionsfunctions.
Its not a complete accounting softwarejust like implementedin the banks, but still it can
I
managethe accountsof the customersusing the files at backend. It has a nice graphical
layout written in C Language.
This soffivare is provided by MYCPLUS for academic purpose with the source code
which is free to use,to modify and to be changedas requirements.

#include <iostream. h>
#include< conio. h >
#include <graphics. h >
#include<mafloc.

h>

#include<dos. h>
#include< fstream. h>
#include< stdHb.h>

#include< string.h>
void intro(void);
int main-menu(void);
void new-account(void);
void new-account--gui(void);
int getaccount-no (char *);
int,
int,
intýnt);
int,
char*,
char*ýnt,
void savý-account(int,
void update-main(char
void process(void);
void fistý-all(void);
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void print-it(char*);
void listý_all_gui (void);
void trans-menu (void);
int trans-gui (void);
void show-trans (void);
void mod-trans (void);
void see-it(void);
void report(void);
void dep-, gui(void);
void deposite(void);
void mod-choice (void);
void withdraw(void);
maino (
introo;
processo;
return 0;

void process(void)
int option;
opdon=main-menuo;
if(opdon==l)
newý-accounto;
if(option==2)
Est aflo;
if(opdon==3)
trans_menuo;
if(option==4)
exit(O);
void intro(void)
void *image;
int size;
int dr=9, mode=2;
initgraph(&dr, &-mode:'..\\bgi");
size=imagesize(140,140,500,250);
image=mafloc(size);
setfiflstyle(SOLID-FILL, GREEN);
circle(200,200,50);
floodflE(200,200,\VHITE);
setcolor(LIGHTGRAY);
circle(200,200,19);
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setcolor(WHITE);
circle(200,200,18);
circle(200,200,49);
circle (200,200,53);
circle(200,200,20);

arc(215,215,350,90,30);
arc(210,182,90,194,30);
arc(l 80,195,180,300,30);
settextstyle(I,HORIZ-DIR, 1);
setcolor(LIGHTGRAY);
outtextxy(270,180:'National Bank");
outtextxy(270,185:'
outtextxy(270,210:'Of PakistanPvt Ltd. ");
settextstylc(O,HORIZ-DIR, O);
setcolor(DARKGRAY);
outtextxy(270,240,"COPYRIGHT 2002");
image);
gedmage(141,141,499,259,
cleardeviceo;
for(int count= 1;count<300; count+ =2)
putimage(l+count, 100*age, COPY-PUT);
for(int do,,vn=O;down<640; + +down) f
delay(5);
fine(1,220,1+down, 220);
I
setcolor(BLUE);
forCint bottom=O; bottom<300; bottom+=4)
Ene(1,220+ bottom, 640,220+bottom);
freeCunage);
getcho;
closegrapho;
----------------- main-menu
int main-menu(void) (
int option;
int size;
int dr=9, mode=2;
initgraph(&dr, &mode,".. \\bgi");
void *main- window,*button-down;
size=imagesize(10,70,251,351);
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main_.Nvindow=mafloc(size);
size =imagesize (10,310,251,3 5 1);
button-do-, vn=malloc(size);
LIGHTGRA'I);

setfiUstyle(SOLID-FILL,
setcolor(DARKGRAY);
rectangle (1,1,640,4 80);
floodfffl(3,3, DARKGRAY);
setcolor(WHITE);
Ene(1,1,1,480);
line(1,1,640,1);
setcolor(BLUE);
reCtangle(3,3,637,15);
setffflstyle(SOLID

floodfill(5,5, BLUE);

FILLBLUE);

setcolor(DAP, KGRMO;
rectangle(620,4,635,14);
rectangle(602,4,617,14);
rectangle(585,4,599,14);
setfiUstyle(SOLID-FILL,

LIGHTGRAY);

flood fill(586,6, DARKGRAY);
floodfiU(604,6, DARKGRAY);
floodffll(624,6, DARKGRAY);
setcolor(BLACKý;
tine(622,6,633,12);
hne(633,6,622,12);
rectangle(604,6,615,12);
fine(587,12,597,12);
setcolor(WHITE);
hne(620,4,620,14);
line (620,4,63 5,4);
Ene(602,4,617,4);
Ene(602,4,602,14);
Ene(584,4,599,4);
Ene(584,4,584,14);
outtextxy(8,5, "BANKING
setcolor(WHITE);
Ene(5,30,635,30);
line(5,60,635,60);
setcolor(DARKGRAI);
Ene(5,29,635,29);
Ene(5,59,635,59);

SYSTEM");
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setcolor(DARKGRAY);
outtextxy(40,40,);
rectangle(l 0,70,200,100);
setcolor(WHITE);
Ene(9,69,9,99);
line(10,69,200,69);
setcolor(BLACK');
outtextxy(30,80: 'M AINMEN

U");

setcolor(DARKGRAY);
rectangle(10,110,250,150);
setcolor(BLACK');
rectangle(10,110,251,151);
setcolor(WHITE);
linc(10,110,10,150);
hne(10,110,250,110);
setcolor(BLACK');
outtextxy(40,130: 'l.

Create new account");

setcolorpARKGRAY);
rectangle(10,160,250,200);
setcolor(B LACK);
rectangle(10,160,251,201);
setcolor(WHITE);
Une(10,160,10,200);
fine(10,160,250,160);
setcolor(BI-ACK');
outtextxy(40,180: '2.

List all accounts");

setcolor(DARKGRAY);
rectangle(10,210,250,250);
setcolor(BLACKý;
rectangle(10,210,251,251);
setcolor(WHITE);
line(10,210,10,250);
Ene(10,210,250,210);
setcolor(BLACK');
outtextxy(40,230: '3.

Show individual info');

setcolor(DARKGRAY);
rectangle(10,260,250,300);
setcolor(BLACK');
rectangle(10,260,251,301);
setcolor(ýMITE);
fine(10,260,10,300);
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Une(10,260,250,260);
setcolor(BLACKý;
outtextxy(40,280,"4.

Quit");

setcolor(LIGHTGRAY);
rectangle(10,310,250,350);
getimage(10,70,251,351,
main_windo-,v);
setcolor(WHITE);
rectanglc(10,310,251,351);
setcolorpARKGRAY);
line(10,310,10,350);
line(11,311,11,350);
Ene(10,310,250,310);
fine(11,311,250,311);
setcolor(BLACK);
button-down);
getimage(10,310,251,351,
cleardeviceo;
setfiUstyle(SOLID-FILL, LIGHTGRAY);
setcolorpARKGRAY);
rectangle(1,1,640,480);
floodfffl(3,3, DARKGRAY);
setcolor(WHITE);
Ene(1,1,1,480);
line(1,1,640,1);
setcolor(BLUE);
rectanglc(3,3,637,15);
setffflstyle(SOLID FILL, BLUE);
floodflU(5,5,BLUE);
setcolor(DARKGRAY);
rectangle(620,4,635,14);
rectangle(602,4,617,14);
rectangle(585,4,599,14);
setfiEstyle(SOLID-FILL, LIGHTGRAY);
floodfffl(586,6,DARKGRAY);
floodfffl(604,6,DARKGRAY);
floodfill(624,6, DARKGRAY);
setcolor(BLACK');
Une(622,6,633,12);
Une(633,6,622,12);
rectangle(604,6,615,12);
line(587,12,597,12);
setcolor(WHITE);
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hne(620,4,620,14);
line(620,4,635,4);
line(602,4,617,4);
fine(602,4,602,14);
Une(584,4,599,4);
Une(584,4,584,14);
outtextxy(8,5,"BANKING

SYSTEM");

setcolor(WHITE);
line(5,30,635,30);
Ene(5,60,635,60);
setcolor(DARKGRAY);
fine(5,29,635,29);
line(5,59,635,59);
setcolor(DARKGRAY);
outtexLxy(40,40,);
putimage(10,70,main-Nvindow,COPY-PU'l);
char check;
setcolor(BLACK');
check=getcho;
if(check==49)
putimage(10,110,button-down, COPY-PUT);
outtextxy(40,130:'l. Create new account");
option=l;
delay(600);
if(check==50)
putimage(10,160,button-down, COPYLPUT);
outtextKy(40,180:'2. Est all accounts");
option=2;
delay(600);
if(check==51)
putimage(10,210,button-down, COPY-PU'l);
outtextxy(40,230,"3. Show individual info");
option=3;
delay(600);
if(check==52)
pudmage(10,260,button-down, COPY-PU'l);
outtextxy(40,280: '4. Quit");
option=4;
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delay(600);
free(rnainýwindow);
free(button-down);
cleardeviceo;
closegrapho;
feturn(option);
void new-account(void)
int withdraw=O;
int deposit=O;
int account-no=888;
int balance=O;
char address[25];
char name[10]= I'D': E': F','jY: U': L:, F');
struct date dat;
getdate(&dat);
account-no =getaccount-no (name);
int year=dat.da-year;
int day=dat.daday;
int month=dat. da-mon;
--account-no;
nexvý-account-&O;

N

gotoxy(20,9);
cout<<account-no;
goton.,(42,9);
cout<<day<<" of "<<month<<"

"<<Year;

gotoxy(40,13);
cout<<',
cin>>name;
gotoxy(40,17);
cout<<c, 11
;
cin>>balance;
gotoxy(40,21);
cout<<', cl;
cin>>address;
savý_account(account-no, name, balance, address, day,month, year,deposit, withdraw

cleardevicco;
closegrapho;
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processo;
int ge taccoun t-no (char *name)
char string[10];
int count=O;
int accountý_no=O;
ifstream pfileC'main');
(
if(pfile==NULL)
account-no=2;
Pfile. closeo;
ofstrearn pfile2("main');
pfile2<<name;
pfile2. closeo;
return account-no;
ifstream pffle3C'main");
while (string [Oj!=NULL)
pfile3>>string;
++count;

pfflelcloseo;
account-no=

count;

return accountý_no;

void sav-account(int account-no, char *name,int balance,char *address,int day;int
monthjnt yearjnt depositint withdraw)
ofstream pfile(name);
pfile<<account_no;
pffle<<endl;
pfile<<name;
pfile<<end];
pfile<<balance;
pfile<<cnd];
pffle<<address;
pfile<<end];
pfile<<day<<"of
pfjie<<cndl;
pfile<<dcposit;
pfile<<endl;
p file< <withdraxv;
pfile. closeo;

"<<month<<"2'<<year;
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update-main(name);
void update-main(char *name)
ofstrearn pffle;
pffle.open("main", ios::app);
pfile<<endl;
pffle<<name;
pfile.closeo;
void new-account-gui(void)
int dr=9, mode=2;
initgraph(&dr, &mode: '.. \\bgi");
LIGHTGRAY);

setfiUstyle(SOLID-FILL,
setcolor(DARKGRAY);
rectangle(1,1,640,480);
floodfiU(3,3, DARKGRAY);
setcolor(VMITE);
Ene(1,1,1,480);
fine(1,1,640,1);
setcolor(BLUE);
rectangle (3,3,637,15);
setfillstyle(SOLID-FILL,

BLUE);

floodfffl(5,5, BLUE);
setcolorpARKGRAY);
rectangle(620,4,635,14);
rectangle (602,4,617,14);
rectangle (5 85,4,599,14);
setfillstyle(SOLID-FILL,

LIGHTGRA'i');

floodfill(586,6, D. NRKGR, M;
floodffll(604,6, DARKGRAY);
floodfdl(624,6, DARKGRAY);
setcolor(BLACKý;
fine(622,6,633,12);
Ene(633,6,622,12);
rectangle (604,6,615,12);
line(587,12,597,12);
setcolor(WHITE);
hne(620,4,620,14);
Ene(620,4,635,4);
line(602,4,617,4);
Ene(602,4,602,14);
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line (584,4,599,4);
Ene(584,4,584,14);
outtcxtxy(8,5: 'BANKING

SYSTEM");

setcolor(%VHITE);
fine(5,30,635,30);
Ene(5,60,635,60);
setcolorpARKGRAIý;
fine(5,29,635,29);
Ene(5,59,635,59);
setcolor(DARKGRAY);
outtextxy(40,40,);
rectangle(10,70,200,100);
outtextxy(20,80: 'N EWACC0UN

T");

setcolor(%VHITE);
bnc(9,70,9,100);
bne(10,69,200,69);
setcolorpARKGRAY);
rectangle(10,110,500,400);
setcolor(WHITE);
line(11,111,11,399);
hne(11,111,499,111);
setcolorpARKGRA'10;
outtcxtxy(40,130,"ACCOUNT NO DATED'ý;
setcolorpARKGRAY);
rectangle(130,125,200,150);
rectangle(310,125,450,150);
setcolor(\VHI'IE);
Unc(199,149,131,149);
fine(199,149,199,126);
Enc(449,149,311,149);
Ene(449,149,449,126);
setcolorpARKGRAY);
line(130,125,130,150);
Ene(130,125,200,125);
Ene(310,125,310,150);
line(310,125,450,125);
Ene(30,160,470,160);
setcolor(WHITE);
line(30,161,470,161);
setcolor(DARKGRAiD;
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outtextxy(30,200:'Enter your name (10 char max)');
outtex txy(30,270:'En ter your balance(1000 min)");
outtextxy(30,340:'Enter your address(25 char max)");
setcolor(WHITE);
rectangle(300,190,470,210);
setflUstyle(SOLID-FILL, WHITE);
flood fill(310,195,WHITE);
fine(472,212,472,189);
line(472,212,299,212);
setcolorpARKGRAY);
Hnc(300,190,300,210);
hne(300,190,470,190);
line(299,189,299,211);
Ene(299,189,471,189);
setcolor(WHITE);
rcctangle(300,260,470,280);
setfiUstyle(SOLID-FILL, \VHITE);
floodffll(310,265,WHITE);
line(472,282,472,259);
line(472,282,299,282);
setcolor(DARKGRAY);
line(300,260,300,280);
bne(300,260,470,260);
Ene(299,259,299,281);
fine(299,259,471,259);
setcolor(\VHITE);
rectanglc(300,330,470,350);
setftUstyle(SOLID-FILL, WHITE);
floodfffl(310,335,\VHlTE);
linc(472,352,472,329);
fine(472,352,299,352);
setcolor(DARKGRAY);
line(300,330,300,350);
hne(300,330,470,330);
Ene(299,329,299,351);
Ene(299,329,471,329);
void list-all(void)
struct date d;
getdate(&d);
Ustý-A-&O;
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ifstrearn pffleC'main");
int count=O;
char string[10];
while(string[01!=NULL)
pfile>>string;
++count;

--count;
pfile. closeo;
ifstrearn pfile2C'main");
forCint var=count; var>O;
--var)
pfile2>>string;
if((varl =count)&&(string!
printjt(string);
I
pffle2. closeo;

gotoxy(80,25);
getcho;
cleardeviceo;
closegrapho;
processo;
void print-it(char *name)
static value=O;
char address[25];
char account-no[5];
char balance[5];
char withdrawp0j;
char date[20];
char deposit[30];
ifstream pffle(name);
p file> >account-no;
pfile>>name;
pfile>>balance;
pfile>>address;
pfile>>date;
pfile>>deposit;
pfile>>withdraxv;
pfile.closeo;
gotoxy(6,10 +value);

=NULL))
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cout<<"#";
gotoxy(10,value+10);
cout<<account_no;
gotoxy(14,value+10);
cout<<name;
gotoxy(25,value+ 10);
cout<<balance;
gotoxy(35,valuc+10);
cout<<address;
goto.xy(50,value+10);
cout<<date;
++value;
void fist-all-gui (void)
int dr=9, mode=2;
initgraph(&dr, &mode,".. \\bgi');
setfillstyle(SOLID-FILL, LIGHTGRAY);
setcolor(DARKGRAY);
rectangle(1,1,640,480);
floodfih(3,3,DARKGRAY);
setcolor(WHITE);
hne(1,1,1,480);
bne(1,1,640,1);
setcolor(BLUE);
rectangle(3,3,637,15);
setfiUstyle(SOLID_FILL, BLUE);
flood fil](5,5,13LUE);
setcolor(DARKGRAY);
rectangle(620,4,635,14);
rectangle(602,4,617,14);
rectangle(585,4,599,14);
setfillstyle(SOLID-FILL, LIGHTGRAY);
floodftU(586,6,DARKGRAY);
floodfiH(604,6,DARKGRAY);
floodfiU(624,6,DARKGRAY);
setcolor(BLACKý;
linc(622,6,633,12);
hnc(633,6,622,12);
rectangle(604,6,615,12);
Unc(587,12,597,12);
setcolor(\VHITE);

219

hnc(620,4,620,14);
Ene(620,4,635,4);
fine(602,4,617,4);
fine(602,4,602,14);
line (584,4,599,4);
Une(584,4,584,14);
outtextxy(8,5: 'BANKING

SYSTEM");

setcolor(WHITE);
Ene(5,30,635,30);
Ene(5,60,635,60);
setcolorpARKGRAY);
line(5,29,635,29);
fine(5,59,635,59);
setcolorpARKGRAY);
outtextxy(40,40,);
rectangle(10,70,300,100);
setcolo*VHITE);
line (9,69,9,100);
Ene(10,69,300,69);
setcolor(DARKGRA'i);
outtextxy(30,80: 'A CC0UNTLISTING
setcolor(WHITE);
rectangle(30,110,610,450);
setfillstyle(SOLID-FILL, WHITE);
flood fill(35,115,\VHITE);
hne(612,452,612,109);
Ene(612,452,29,452);
setcolor(DARKGRAY);
line(30,110,30,450);.
Ene(30,110,610,110);
line(29,110,29,450);
hne(29,109,610,109);
void trans-menu (void)
int check;
check= trans-guio;
if(check==I)

f

show-transo;
see-ito;

S');
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if(check==2) {
mod-choiceo;
I
getcho;
cleardeviceo;
closegrapho;
processo;
int trans-&(void)
int dr=9, mode=2, option;
initgraph(&dr, &mode: '.. \\bgi');
void *main-menu, *button-down;
int size;
size=ixnagesize(10,110,251,201);
main-menu=maDoc(size);
size=imagesize(10,310,251,351);
button-down=malloc(size);
setffllstyle(SOLID-FILL,

LIGHTGRAY);

setcolor(DARKGRAY);
rectangle(1,1,640,480);
floodfill(3,3, DARKGRAY);
setcolor(WHITE);
fine(1,1,1,480);
line(1,1,640,1);
setcolor(BLUE-);
rectangle (3,3,637,15);
FILL, BLUE);
setfiUstyle(SOLID
floodfiH(5,5, BLUE);
setcolor(DARKGRAY);
rectangle (620,4,63 5,14);
rectangle (602,4,617,14);
rectangle (5 85,4,59 9,14);
setfillstyle(SOLID-FILL,

LIGHTGRAY);

floodfifl(586,6, DARKGRAY);
flood flU(604,6, DARKGRAY);
floodfiU(624,6, DARKGRAY);
setcolor(BLACK');
linc(622,6,633,12);
fine(633,6,622,12);
rectangle(604,6,615,12);
line(587,12,597,12),
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setcolor(WHITE);
Une(620,4,620,14);
Ene(620,4,635,4);
Une(602,4,617,4);
line(602,4,602,14);
Ene(584,4,599,4);
hne(584,4,584,14);
outtext.xy(8,5:'BANKING

SYSTEM");

setcolor(\VHITE);
line(5,30,635,30);
Ene(5,60,635,60);
setcolor(DARKGRAY);
Une(5,29,635,29);
Une(5,59,635,59);
setcolor(DARKGRAY);
outtextxy(40,40,);
rectangle(10,70,300,100);
sctcolor(WHITE);
fine(9,69,9,100);
Une(10,69,300,69);
RKGRAY);
setcolor(D-A,
outtextxy(30,80: ' ACCOUNT

TRANSACTION

setcolor(DARKGRAY);
rectangle(10,110,250,150);
setcolor(BLACK');
rectangle(10,110,251,151);
setcolor(WHITE);
line(10,110,10,150);
Ene(10,110,250,110);
setcolor(BLACKý;
outtextxy(40,130:'l. View transaction");
setcolor(DARKGRAY);
rectangle(10,160,250,200);
setcolor(BLACK');
rectangle(10,160,251,201);
setcolor(WHITE);
fine(10,160,10,200);
line(10,160,250,160);
setcolor(BLACK');
outtextxy(40,180,"2. Modify transaction");
getimage(10,110,251,201,
main-menu);

TNIENU");

222

setcolor(-\VHITE);
rectangle (10,3 10,251,3 5 1);
setcolor(DARKGRAY);
Ene(10,310,10,350);
Ene(11,311,11,350);
Ene(10,310,250,310);
line(l 1,311,250,311);
setcolor(BLACK');
getimage(10,310,251,351, button-down);
rectangle(l 0,310,251,35 1);
setffllstylc(SOLID-FILL,
floodfill(I

LIGHTGRAY);

5,315, BLACK');

setcolor(LIGHTGRAY);
rectangle(10,310,251,351);
setcolor(BLACK');
char check;
check=getcho;
if(check==49)
putimage(10,110,main-menu, COPYý-PU'l);
putimage(10,110,button-do%vn,COPY-PU'l);
outtextxy(40,130:'l. ITicw transaction");
option=l;
delay(600);
if(check==50)
putirnage(10,110,main-menu, COPY-PUT);
button_doNvn,COPY-PU'I);
putimagc(10,1.60,
outtextxy(40,180:'2. Nfodiý- transaction');
option=2;
delay(600);
free(main-menu);
free(button-down);
cleardeviceo;
closegrapho;
return(option);
void show-trans (void)
int dr=9, mode=2;
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initgraph(&dr, &mode: '..\\bgi');
setfillstyle(SOLID-FILL, LIGHTGRM);
setcolor(DARKGRAY);
rectangle(1,1,640,480);
floodfill(3,3, DARKGRA'x);
setcolor(\VHITE);
line(1,1,1,480);
line(1,1,640,1);
setcolor(BLUE);
rectangle(3,3,637,15);
setfillstyle(SOLID-FILL, BLUE);
floodfiU(5,5,BLUE);
setcolor(DARKGRAY);
rectangle(620,4,635,14);
rectangle(602,4,617,14);
rectangle(585,4,599,14);
setfillstyle(SOLID-FILL, LIGHTGRAY);
floodfffl(586,6,DARKGRAY);
floodfffl(604,6,DARKGRAY);
flood fifl(624,6,DARKGRAY);
setcolor(BLACKý;
Ene(622,6,633,12);
Ene(633,6,622,12);
rectangle(604,6,615,12);
Ene(587,12,597,12);
setcolor(WHITE);
hne(620,4,620,14);
Ene(620,4,635,4);
line(602,4,617,4);
Hne(602,4,602,14);
hne(584,4,599,4);
fine(584,4,584,14);
outtext,xy(8,5:'BANKING
setcoloroVHITE);
line(5,30,635,30);
Ene(5,60,635,60);
setcolor(DARKGRAY);
fine(5,29,635,29);
line(5,59,635,59);
setcolor(DARKGRAY);
outtextxy(40,40,);

SY'STELM");
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rectangle(10,70,200,100);
outtextxy(20,80: 'SHO\V TRANSACTION');
setcolor(WHITE);
Ene(9,70,9,100);
Ene(10,69,200,69);
setcolor(DARKGRM);
fine(30,170,610,170);
setcolor(WHITE);
Une(30,171,610,171);
sctcolor(DARKGRAY);
outtextxy(30,200: 'Enter your account holder's name");
setcolor(WHITE);
rectangle(300,190,470,210);
\VHITE);
setfillstyle(, SOLID-FILL,
flood fiU(310,1 95,\VH ITE);
linc(472,212,472,189);
Ene(472,212,299,212);
setcolor(DARKGRAY);
hne(300,190,300,210);
Ene(300,190,470,190);
line(299,189,299,211);
hne(299,189,471,189);

void mod-trans(void)
int dr=9, mode=2;
initgraph(&dr, &mode,".. \\bgi');
setfillstyle(SOLID-FILL, LIGHTGRAY);
setcolor(DARKGRAY);
rectangle(1,1,640,49p);
floodfffl(3,3,DARKGRAY);
setcolo*VHITE);
line(1,1,1,480);
line(1,1,640,1);
setcolor(BLUE);
rectangle(3,3,637,15);
setfiflstyle(SOLID-FILL, BLUE);
floodfifl(5,5, BLUE);
setcolorpARKGRAY);
rectangle(620,4,635,14);
rectangle(602,4,617,14);
rectangle(585,4,599,14);
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setfýIstyle(SOLID-FILL, LIGHTGRAY);
floodfdl(586,6,DARKGRAY);
floodfifl(604,6, DARKGRAY);
floodfifl(624,6, DARKGRAY);
setcolor(BLACI,ý-;
Ene(622,6,633,12);
line(633,6,622,12);
rectangle(604,6,615,12);
fine(587,12,597,12);
setcolor(WHITE);
hne(620,4,620,14);
line (620,4,635,4);
Ene(602,4,617,4);
fine(602,4,602,14);
Ene(584,4,599,4);
Ene(584,4,584,14);
outtextxy(8,5: 'BANKING

SYSTEM");

setcolor(WHITE);
Ene(5,30,635,30);
Ene(5,60,635,60);
setcolor(DARKGRAY);
Ene(5,29,635,29);
line (5,59,635,59);
setcolorpARKGRAY);
outtext.xy(40,40,);
rectangle(10,70,200,100);
outtextxy(20,80: 'iNfODIFY ACCOUNr');
setcolor(WHITE);
fine(9,70,9,100);
Ene(10,69,200,69);
setcolorpARKGRAY);
line(30,170,610,170);
setcolor(WHITE);
Ene(30,171,610,171);
setcolor(DARKGRAY);
outtextxy(30,200: 'Enter your account holder's name");
setcolor(%VHITE);
rectangle(300,190,470,210);
setfJlstyle(,SOLID-FILL, %VHITE);
flood fill(310,195,WH ITE);
hne(472,212,472,189);
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Ene(472,212,299,212);
setcolor(DARKGRAY);
Ene(300,190,300,210);
fine(300,190,470,190);
line(299,189,299,211);
Iine(299,189,471,189);

void see-it(void)

(

char name[10];
char address[25];
char account-no[5];
char balance[51;
char -,vithdraxvp0j;
char date [20];
char deposit[30];
gotoxy(40,13);
cout<<"

11
;

cin>>name;
ifstream pfile(name);
pfile>>accountý_no;
pfile>>name;
PfAe>>balance;
pfile>>address;
pffle>>date;
pfile>>deposit;
p file> >-,vithdraw;
pfile. closco;

reporto;
gotoxy(20,10);
cout<<"ACCOUNT
gotoxy(20,11);

HOLDER NAME: "<<name<<endl;

cout<<"D, A,TE OF ISSUE: "<<date<<endl;
gotoxy(20,12);
cout<<"BALANCE

LEFT. "<<balance< <endl;

gotoxy(20,13);
cout< <"ADDRESS: "<<address< <endl;
cout<<endl;
gotox) (20,15);
cout< <"TRANSACTION

REPORT"<<endl;

gotoxy(20,16);
cout<<"DEPOSIT

REPORT. "<<deposit< <endl;
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gotoxy(20,17);
cout<<"WqTH DRANY/REPORT: "<<withdraw<<endl;
void report(void)
int dr=9, mode=2;
initgraph(&dr, &mode,".. \\bgi');
setfillstyle(SOLID-FILL, LIGHTGRAY);
setcolor(DARKGRAY);
rectangle(1,1,640,480);
floodfill(3,3, DARKGRAY);
setcolor(WHITE);
fine(1,1,1,480);
line(1,1,640,1);
setcolor(BLUE);
rectangle(3,3,637,15);
setfiUstyle(SOLID-FILL, BLUE);
floodfifl(5,5, BLUE);
setcolorpARKGRAY);
rectangle(620,4,635,14);
rectangle(602,4,617,14);
rectanglc(585,4,599,14);
setffllstyle(.ýOLID-FILL, LIGHTGRAY);
floodfili(586,6, DARKGRAY);
floodfiU(604,6,DARKGRM);
floodflU(624,6,DARKGRAY);
setcolor(BLACK');
line (622,6,633,12);
hne(633,6,622,12);
rectangle(604,6,615,1
linc(587,12,597,12);
setcolor(WUITE);
Ene(620,4,620,14);
line (620,4,635,4);
hnc(602,4,617,4);
fine(602,4,602,14);
line(584,4,599,4);
Ene(584,4,584,14);
outtextxy(8,5: 'BANKING
setcolor(WHITE);
fine(5,30,635,30);
hne(5,60,635,60);

SYSTEM");

228

setcolor(DARKGRAY);
Ene(5,29,635,29);
line(5,59,635,59);
setcolor(DARKGRAY);
outtextxy(40,40, );
rectangle(l 0,70,3 00,100);
setcolor(WHITE);
line(9,69,9,100);
Une(10,69,300,69);
setcolor(DARKGRAY);
outtextxy(30,80: 'TRANSAC'nON
setcolor(WHITE);
rectangle (30,110,610,450);
setfillstyle(SOLID-FILL,
floodfill(35,115, WHITE);
Ene(612,452,612,109);
fine (612,452,29,452);
setcolor(DARKGRAY);
fine(30,110,30,450);
Ene(30,110,610,110);
Ene(29,110,29,450);
fine(29,109,610,109);

void deposite(void)
char name[10];
gotoxy(40,13);
;
cout<<" 11
cin>>narne;
int val-dep;
char tmp-dep[5];
char address[25];
char dat[IO];
char deposit[30];
char withdraNv[40];
int account-no;
int balance;
ifstream pfile(name);
pfile>>account-no;
pfile>>name;
pfile>>balance;
pfilc>>address;

\VHITE);

REPORT);
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pffle>>dat;
pffle>>deposit;
p file> >-,vithdraw;
dep--guio;
gotox) (5,8);
cout< <account-no < <name<< balance<<dat < <deposit< <address<
<withdraw<<endl;
pffle.closeo;
strcat(deposit,"#");
goto.xy(40,13);
cout<-", ";
cin>>tmp_4ep;
strcat(deposit,tmp-dep);
val-dcp=atoi(tmp-dep);
balance+=val-dep;
ofstrearn pfile2(name);
pfIle2<<account-no<<endl;
pfile2<<name<<endl;
pfile2<<balance<<endl;
pfiJe2<<address<<endl;
pfile2<<dat<<endl;
p file2< <deposit< <endl;
p file2< <-,vithdraw,
pffle2.closco;
cleardeviceo;
closegrapho;
proccsso;
void dep-gui(void)
int dr=9, mode=2;
initgraph(&dr, &mode, ".. \\bgi');
setfills tyle (SOLID

FILL, LIGHTGRAY);

setcolor(DARKGRAY);

rectangle (1,1,640,4 80);
floodfill(3,3, DARKGRAY);
setcolor('%XIHITE);
line(1,1,1,480);
Unc(1,1,640,1);
setcolor(BLUE);
rcc tangle (3,3,637,15);
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setfills tyle(SOLID FILL, BLUE);
floodfil](5,5, BLUE);
setcoIor(DA RKG RM);
rectangle (620,4,635,14);
rectangle (602,4,617,14);
rectangle (5 85,4,599,14);
setffflstyle(SOLIEý-1, -ILL, LIGHTGRAY);
floodfifl(586,6, DARKGRAY);
floodfiU(604,6, DARKGRAY);
floodfill(624,6, DARKGRAY);
setcolor(BLACK');
Ene(622,6,633,12);
fine(633,6,622,12);
rectangle(604,6,615,12);
Une(587,12,597,12);
setcolor(WHITE);
Ene(620,4,620,14);
hne(620,4,635,4);
hne(602,4,617,4);
fine(602,4,602,14);
Ene(584,4,599,4);
Ene(584,4,584,14);
outtext. xy(8,5, "BAN KING

SYSTEM");

setcolor(WHITE);
hnc(5,30,635,30);
Ene(5,60,635,60);
setcolor(DARKGRAY);
fine(5,29,635,29);
line(5,59,635,59);
setcolor(DARKGRAY);
outtextxy(40,40, );
rectangle (10,70,200,100);
outtextxy(20,80: 'iNIODIFY

ACCOUNT-);

setcolor(WHITE);
rectangle (30,110,610,13 0);
setfillstyle(SOLID.

FILL, NVHITE);

floodfil](310,115, WHITE);
fine(612,132,612,109);
fine(612,132,29,132);
setcolor(DARKGRAY);
Ene(30,110,30,130);
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Ene(30,110,610,110);
fine(29,109,29,131);
Ene(29,109,611,109);
setcolor(WHITE);
fine(9,70,9,100);
Ene(10,69,200,69);
setcolorpARKGRAY);
Ene(30,170,610,170);
setcolor(WHITE);
Ene(30,171,610,171);
setcolor(DARKGRAY);
outtext.xy(30,200:'Enter the amount to deposite");
setcolor(\VHITE);
rectangle(300,190,470,210);
setfiBstyle(SOLID-FILL, %VHITE);
flood fill(310,195,\VIJ ITE);
Ene(472,212,472,189);
Ene(472,212,299,212);
setcolor(DARKGRAY);
hne(300,190,300,210);
line (300,190,470,190);
fine(299,189,299,21
1);
Ene(299,189,471,189);
I
int mod-menu(void)
int dr=9, mode=2;

initgraph(&dr, &mode,".. \\bgi');
void *main-menu, *button-down;
mt size;
size =imagesize(l 0,110,251,201);
ma-in-menu=mafloc(size);
size =imagesize(l 0,3 10,251,35 1);
button-down=mafloc(size);
setfillstyle(SOLID-FILL,

LIGHTGRAY);

setcolor(DARKGRAY);

rectangle(1,1,640,480);
flood fill (3,3,DARKG RM);
setcolor(WHITE);
Ene(1,1,1,480);
hnc(1,1,640,1);
setcolor(BLUE);
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rectangle(3,3,637,15);
setfiBstyle(SOLID-FILL, BLUE-);
flood fifl(5,5,BLUE);
setcolor(DARKGRi");
rectangle(620,4,635,14);
rectangle(602,4,617,14);
rectangle(585,4,599,14);
setffflstyle(SOLID-FILL, LIGHTGRAY);
floodfiU(586,6,DARKGRAY);
floodfill(604,6, DARKGRAY);
floodfiU(624,6,DARKGRAY);
setcolor(BLACK);
fine(622,6,633,12);
line (633,6,622,12);
rectangle(604,6,615,12);
line(587,12,597,12);
setcolor(WHITE);
hne(620,4,620,14);
Unc(620,4,635,4);
Ene(602,4,617,4);
line(602,4,602,14);
fine(584,4,599,4);
Ene(584,4,584,14);
outtextxy(8,5: 'BANKING

SYSTEM");

setcolor(WHITE);
fine(5,30,635,30);
Ene(5,60,635,60);
setcolor(DARKGRAY);
fine(5,29,635,29);
fine(5,59,635,59);
setcolor(DARKGRAY);
outtextxy,(40,40,);
rectangle(10,70,300,100);
setcolor(WHITE);
line(9,69,9,100);
hne(10,69,300,69);
setcolor(DARKGRAY);
outtextx),(30,80:'NIODIFY ACCOUNT-);
setcolor(DARKGRAY);
rectangle(10,110,250,150);
setcolor(BLACKý;
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rectangle(10,1 10,251,151);
setcolor(\VHITE);
Ene(10,110,10,150);
Ene(10,110,250,110);
setcolor(BLACK');
outtextxy(40,130: 'I. Want to deposite");
setcolorpARKGRAY);
rectangle (10,160,250,200);
setcolor(BLACK');
rectangle (10,160,251,20 1);
setcolo*'VHITE);
Ene(10,160,10,200);
Une(10,160,250,160);
setcolor(BLACKý;
outtexLxy(40,180: '2. Want to -,vithdraNV);
getimagc(10,1 10,251,201, main-menu);

setcolor(WHITE);
rectangle (10,3 10,251,3 5 1);
setcolor(DARKGRAY);
fine(10,310,10,350);
hne(11,311,11,350);
hne(10,310,250,310);
Ene(l 1,311,250,311);
setcolor(BLACK');
getimage(10,310,251,351, button-do-, vn);
rectangle (10,310,251,3 5 1);
setfillstyle(SOLID-FILL,
floodfill(l

LIGHTGRAY);

5,315,13LACKý;

int option;
setcolor(LIGHTGRAY);
rectangle(10,310,251,351);
setcolor(BLACKý;
char check;
check=getcho;
if(check==49)
putimage(10,1 10,ma-in-menu, COPYý-PU"l);
pudmage(10,110, button-down,

COPY-PU71);

outtextxy(40,130: 'l. Want to deposite");
option=l;
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delay(600);
if(check==50)
putimage(10,110,main-menu, COPY-PUT);
putimage(l 0,160,button-down, COPY-PUT);
outtextxy(40,180:'2. Want to withdraw');
option=2;
delay(600);
free(main-menu);
free(button-down);
return(option);
void mod-choice(void)
int check;
check=mod-menuO;
if(check==l)

mod-transo;
depositeo;
if(check==2)

mod-transo;
withdraNvo;

void withdraw(void)
int tmp;
char nalme[101;
char trnp--ývith[10];
char address[25];
char dat[101;
char deposit[40];
char withdra,,v[401;
int account-no;
int balance;
gotoxy(40,13);
cout<<" 11
;
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cin>>name;
ifstream pfAe(name);
pffle>>account-no;
pfile>>name;
pfile>>balance;
pfilc>>address;
pfile>>dat;
pffle>>deposit;
pfde>>withdraw;
,,vithdraw[O]=32;

cout< <account_no< <name< <balance< <dat< <
deposit< <address<<xvithdraw< <endl;
pfile.closeo;
v," #');
strcat(%vithdra,,
gotoxy(40,13);
cout<<" 11
;
cin>>tmp;
itoa(tmp,tmp-xvith, 10);
strcat(xvithdraw,tmp-with);
balance-=tmp;
ofstream,pfile2(name);
pfiJe2<<account-no<<endl;
p file2< <name< <endl;
p file2< <balance< <endl;
p file2< <address<<endl;
pffle2<<dat<<endl;
p file2< <deposit< <endl;
pfile2<<xvithdraw;
pfile2.closeo;
cleardevicco;
closegrapho;
processo;
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Appendix B
Code/Specification

Case
Study
of

System Skeleton of Legacy Bank System
According to analysis of structure of the C languagelegacy bank system in appendix A,
the system skeleton can be presentedas follows. As the whold document is quite large,
only parts of them are presentedhere.

Program 1
Call Program2
Call Program3
Call Program,4
Call Program5
Call Program6
End Program 1
Program2
Call Program7
End Program2
Call Program7
End Program7
Program3
Call Program8
End Program3
Program8
Call Program12
End Program8
Prograrn12
End Program12
Program4
Call Program8
End Program4
Program5
Call Program9
Call ProgramlO
Call Programl 1
End Program5
Program9
End Program9
ProgramlO
Call Program13
Call ProgramA
End ProgramlO
Program13
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Call Program15
End Program13
Program15
End Program15
Program'14
End Programl4
Programl 1
End Programl 1
Program6
Call Programl I
End Program6

Original Program Fragment of Loan Payment Subroutine
This is the loan payment subroutine in the credit card system of the legacy bank system
which is shown in appendix A. It is used to calculate the total repayment amount of a
single credit card. The original program fragment of loan payment subroutine which
written by C languageis shown as follows.

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)

(12)
(13)
(14)

float essential;
float interest;
float payment;
float withdraw;
interests = interest /100/12;
payment = payment *12;
withdraw=0;
x= pow (1* interests, payment);
(x-1);
monthly = (essential *x* interests
withdraw= -,vithdraNv+i;
if ((O<monthly) && (monthly < NLkXLI, %IIT))
total = monthly * payment;
payments = monthly;
(mJnthly* payment essentiaQ
totalinterest
0, total = 0, totalinterest = Oj
else ( payment
printf C'%Pwithdraw);
write (payment)

Slice of Loan Payment Subroutine with Respect to Criterion (14, (payment))
This shows the slice of the loan payment subroutine with respect to criterion (14,
{payment)). It is obtained from the Original code by including only those statementsthat
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could affectedthe value of the variable paymentat line 14.As can be seenin the figure, all
computationsinvolving variable withdraw have beenslided away. The deleted statements
havenot effectedupon the slicing criterion aboutpaymentwhen the program is executedin
any initial states.

(1)
float essential;
(2)
float interest;
float payment;
(3)
(4)
(5)
interests = interest /100/12;
(6)
payment = payment * 12;
(7)
(8)
x= pow (1* interests, payment);
(x-1);
(9)
monthly = (essential*x* interests
(10)
(11) if ((O<monthly) && (monthly < INIAXLINUT))
total = monthly * payment;
payments = monthly;
totalinterest (minthly* payment - essentiaQ
(12) else { payment 0, total = 0, totalinterest = 0;)
(13)
(14) write (payment)

DTD Representation of Loan Payment Subroutine

The loan paymentsubroutine is representedby DTD as follows.

<ELEMENT Legacy Bank System (Credit Card System)>
<ELEMENT Credit Card System(Loan Payment)>
<ELETNIENT Loan Payment Onterests,Payment)>
<ELEMENT Interests Onterest,Division)>
interests = interest/100/12 CDATA #ReQuired>
<! A=IST
<ATrLIST interests, interest CDATA #RcQuired>
<IATMIST 100,12 CDATA #ReQuired>
<ELEMENT Payment (Payment,lNfultiplication)>
<! A=IST
payment = payment *12 CDATA #ReQuired>
<ATrLIST payment CDATA #ReQuired>
<ATMIST 12 CDATA #ReQuired>
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Wrapping Loan Payment Subroutine with JNI
This shows the example of wrapping credit card loan payment subroutine in the legacy
bank system.. The reusable legacy code in C language (Loan_payments function) is
wrapped by JNI techniqueto provide a Java interface.

JNIEXPORT ifloatArrayjNICALL
Java-Loanlmp-Loan-Payments GNIEnv *env, jobject obj, ifloatArray arr)
jsize len = (*env)-> GetArrayLength(env.arr);
jfloatArray sum;
jfloat *jarry =(
*env)-> G etFloatArrayElements(envarr, O);
Pfloat Loan-payments (float essential,float interests, float payment
original function call - (no longer necessary)4/
essential= body [01;
interests =body[l]; /*Data stream IN*/
payment = body [2];
interests = interest /100/12;
payment = payment * 12;
x= pow (1* interests, payment);
(x-1);
monthly = (essential*x* interests
if ((O<monyhly) && (monthly < NLAXLIMIl))
payments = monthly;
total = monthly * payment;
totalinterest = (rninthly * payment) - essential;
else ( payment = 0, total = 0, totalinterest = 0;
body 10]= payments;
body [1) = total;
body [2] =totalinterests;
jafry [0] = payments;
jarry 11]= total;
jarry [2] =totalinterests;

sum = (*env)-> NewfloatArray (env, len*sizeof(float)+l);
(*env)->SetFloatArrayRegion
(env, sum, 0,10 * sizeof (float),
Gfloat *) jarray);
(*env)-> ReleaseFloatA rrayEleme nts (env, arr, jarray, 0);
return sum; /*Data Stream OUT*/
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XML Component Represented Application
This shows credit card loan payment's XML component represented application. It
consistsof the <network> information. The network XML data representsa composition
of componentinstance"source" and "payment" togetherwith any users.
<application>
<network>
<instance componentName="Source"
componentPackage="Loan Payments" id='T'>
<property name="degrees of freedom" value=" 100"/ > </instance>
<instance componentName="Payment"
componentPackage="Payment" id="2"/>
<dataflow sinkComponent="2" sinkPort=" interests"
sourceComponent="1" sourcePort="interests"/>
</network>

XML Component Represented Repository

This shows credit card loan payment's XML component represented application. It
consistsof the <repository> information. The repository XML data provides the interface
information for the <component>types, specifying <port> and <property> elements.
<repository>
<component package ="bank. Loan-payments" name="Source">
<propertyDefinition
type=" 11name=" " value=" "/>
<port objectPackage="bank. payments" objectNamc="payment"
portNarne="payment"/>
<implementation language="C" platform="C"
url="file:. ">
<action portName="payments">
</binding>
<binding method="getpayments">
...
<classPerformancei%fodel type="initial"
url="http: " />
</action>
</implementation>
<implementation language="C" platform="C"
url="fIle:. "> ... </implementation>
</component>

<object package="bank.Loan-payments" name="payment" >
<method name="getpayments" type= "action">
<argument ty?eName="payments" t)TePackage="bank.Loan-payments" />
</method>
</object>
</repositorv>
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WSDL Document of CalculatorService

This shows the WSDL code of the CalculatorService. This Calculator.wsdi file is the
XML document that describes the calculator service interface. The service interface
describeshow the outside world can interact with this service, specifically the operations
that can be perfortned on it.

<? xn-A version="1.0" encoding=" UTF - 8"? >
<definitions name ="Calcu latorS ervice"
targetNamespace=http: //examples. strl. org/calculator/CalculatorService
xnýns="http: //schemas. xmlsoap. org/wsdl/"
//examplcs.
tns="http:
strl. org/calculator/CalculatorService"
xmlns:
xnilns: wsa="http: //schemas. xmlsoap. org/ws/2004/03/addressing/"
//schemas.
xinlsoap. org/wsdl/"
xmlns: wsdl="http:
wsdl"
vsrf-\VS-ResourceLifetime-1.2-draft-Ol.
xn-Ans-wslw="http: //docs. oasis-open. org/wsrf/2004/06/-,
//docs.
S-ResourceProperties-1.2-draft-01.
xsd"
oasis-open.
org/wsrf/2004/06/wsrf-\V,
xn-Ans:wsrp="http:
S-ResourceProperties-1.2-draft-Ol. wsd
xmlns: wsrpw="http: //docs. oasis-open. org/wsrf/2004/06/wsrf-\V.
P
xn-ýns:wsdlpp="http: //w%výv. globus. org/narnespaccs/2004/10/\VSDLPreprocessor"
xmlns: xsd="http: //xvývýv. w3. org/2001/XNII-Schema">
<wsdl: import
namespace=
ý-ResourceProperties-1.2-draft-Ol.
"http: //docs. oasis-open. org/wsrf/2004/06/wsrf-\V,
/\vv'S-ResourccProp erties. ws dl" />
loca tion=".. /.. /wsrf/properties
<==

Types == >

<types>
<xsd: schema targetNamespace="http: //examples. strl. org/calculator/CalculatorService"
//examplcs.
tns="http:
strl. org/calculator/CalculatorService"
xmlns:
w3. org/2001/X. LNILSchema">
xmlns: xsd="http: //, kv,%výv.
<xsd: import
namespace="http: //schemas. xmlsoap. org/ws/2004/03/addressing"
/>
/..
/ws/addressing/\VS-Addressing.
xsd"
schemaLocation="..
<! == Requests and Responses == >
<xsd: element name="add" type="xsd: int"/>
<xsd: element name= "addRespons e">
<xsd: complexT), pe/>
</xsd: element>
<xsd: element name= "subtract" qpe="xsd: int"/>
<xsd: element name="subtractResponse">
<xsd: complexType/>
</xsd: element>
<xsd: element name= "getValueltl? ">

wsdi"
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</xsd: clement>
<xsd:element name="getValueRPResponse" t)-pe="xsd:int"/>
<== ResourcesProperties == >
<xsd:element name="LegacyBankSystem" t)-pe="xsd:string"/>
<xsd:element name="CreditCardSystem" type="xsd: string"/>
<xsd:element name="LoanPayment" type="xsd: string"/ >
<xsd:element name= "Interests" t)-pe="xsd:strine'/>
<xsd:element narne="Paymene, t)-pe="xsd:strine'/>
<xsd:element name= "Value" t),pe="xsd: int"/>
<xsd:element narne="LastOp" t),pe="xsd: string"/>
..........
<xsd:element name= "CalculatorResourceProperties">
<xsd:complexType>
<xsd:sequence>
<xsd:element ref="tns: Value" rninOccurs='T' max0ccurs='T, />
<xsd: element ref="tns: LastOp" minOccurs="I" max0ccurs='T'/>
</xsd: sequence>
</xsd: complexTypc>
</xsd: element>
</xsd: schema>
</types>
<1== Messages

<messagename="Add Input'Nf essage">
<part name="parameters" element="tn s:add"/ >
</message>
<messagename="AddOutputiNfessage">
<part name="pararneters" element="tns: addResponse"/>
</message>
<rnessagenarne="Subtractl nputiNiessage"
>
<part name="parameters" element="tns: subtract"/>
</message>
<rnessagename="Subtrac tOutpu t'Message">
<part name="parameters" element="tns: subtractResponse" >
</message>
<rnessagename="GetN7"alueRPInputNiessage">
<part name="parameters" element="tns: getValueRP"/>
</message>
f essage">
<rnessagename="Ge tVal ueRPOutputI%
<part name="parameters" element="tns: getN'alueRPResponse"/>
</message>
<! == Portt)T)e ==
<portType narne="CalculatorPortType"
wsdlpp:extends="wsrpw: GetResourceProperty"
wsrp:ResourceProperties="tns:CalculatorResourceProperties">
<operation name="add">
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<output message="tns:AddOutputN f essage"/>
</operation>
<operation name="subtract">
<input message="tns:SubtractInputNfessage"/>
<output message="tns: SubtractOu tputlNf essage"/>
</operation>
<operation name="getNl'alueRP">
<input message="tns: G etValueRPI nputl\ lessage"/>
<output message="tns: G effalueRPOutputN fessage"/>
</operation>
</portT)Te>
</deftnitions>

QNames.
java Documentof CalculatorService
The CalculatorQNamesjava file is a convenient interface class containing the QName
URI/namespaceconstants relevant to the proposed Grid service. By having the service
classesimplement this interface, these constantscan be referred to replicate themselves
throughout the project. This is written by Java language.

packageorg.strl.examples.services.Calculator.impl;
import javax.xmi.namespace.QName;
public interface CalculatorQNames
public static final String NS = "http: //examples. strl.org/calculator/calculator service";
public static final QName RP-VALUE = new QName(NS, "Value");
public static final QNarne RP-LASTOP = new QName(NS, "LastOp");
public static final QName RESOURCE-PROPERTIES = new
QName(NS,"calculatorResourceProperties");

Request MessageRepresentation
This show the request messageof the example. It representsa request messageused to
retrieve two resourceproperty elementsfrom the WS-Resourcethat implements the loan
paymentportType. This identifier information is carried in the SOAP headerelement.
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<soap:Envelope>
<soap:Header>
<tns: resourceID> Loan Payment </tns: resourcelD>
</soap: Header>
<soap:Body>
<wsrp: Geti%fuldpleResourceProperty>
https://... >
xmlns:tns=
<wsrp:ResourceProperty>
tns: Interests
</wsrp: ResourccProperty>
<ws rp:ResourceProperty>
tns: Payment
</wsrp: ResourceProperty>
</wsrp: GetiNfuldpleResourceProperty>
</soap: Body>
</soap: Envelope>

ResponseMessageRepresentation
This show the responsemessageof the example. It representsthe result of responsevalue
of the request.This identifier information is carried in the SOAP headerelement.

<soap:Envclopc>
<soap:Body>
<wsrp: Gct,NluldpleResourcePropertyResponse>
<Interests> "interests" </Interests>
</wsrp: Get,Nfultip]eResourcePropertyResponse>
<wsrp: GetiNfuldpleResourcePropertyResponse>
<Payment> "payment"</Payment>
</wsrp: GetiNfultipleResourcePropertyResponse>
</soap: Body>
</soap: Envelope>

Service Implementation

This

Document of CalculatorService

shows the service implementation document of

CalculatorService. The

java file is the service implementation that provides the core
CalculatorService.
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functionality for exposing local directory information. The source for this Java class is
shown as follows.

package org. strl. examples. service s.Calculator. impl;
import java. rrni. RemoteException;

import
import
import
import
import
import
import

org.globus.wsrf. ResourceContext;
org.globus.wsrfResource;
org.globus.wsrEResourceProperdes;
org.globus.wsrf. ResourceProperty;
org.globus.wsrf. ResourcePropertySet;
org.globus.wsrfimpl. ReflectionResourceProperty;
org.globus.,,vsrfimpl. SimpleResourcePropertySet;

import org.strl.examples.Cýdculator.CalculatorService.AddResponse;
import org.strl.exainples.Calculator.CalculatorService.SubtractResponse;
import org.strl.examples.Calculator.CalculatorService.GetN'alueRP;
public classCalculatorServiceimplements Resource,ResourceProperties
/* ResourceProperty set
private ResourcePropertySetpropSet;
/* Resourceproperties
private int value;
private String last0p;
/* Constructor. Initiahses RPs */
pubhc CalculatorServiceo throws RemoteException
/* CreateRP set */
this.propSet = new
SimpleResourcePropertySet(CalculatorQNames.
RESOURCE-PROPERTIES);
/* Initialise the RPs
try {
ResourcePropertyvalueRP = new
RP-VALUE, "Value", this);
ReflectionResourceProperty(CalculatorQNames.
this.propSet.add(valueRP);
setN'alue(O);
ResourcePropertylastOpRP = new ReflectionResourceProperty(
CalculatorQNames.RP-LASTOP, "LastOp", this);
this.propSet.addoastOpRP);
setLastOpC'NONE");
catch (Exception e) (
throw new RuntimeExcepdon(e.geti%fessageo);

/* Get/Setters for the RPs
public int getValueo
return value;
public void setValue(int value)
this. value = value;
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public String getLastOpO
return last0p;
public void setLastOp (String last0p)
this.lastOp = last0p;
/* Remotely-accessibleoperations */
public AddResponse add(int a) throws RemoteException
value += a;
lastOp = "ADDMON";
return new AddResponseo;
public SubtractResponsesubtract(int a) throws RemoteException
value - a;
lastOp = "SUBTRACTION";
return new SubtractResponseo;
public int getValueRP(GetValueRPparams) throws RemoteException
return value;
/* Required by interface ResourceProperties*/
public ResourcePropertySetgetResourcePropertySeto
return this.propSet;

JNDI Deployment Document of CalculatorService

This showsthe JNDI deployment documentof CalculatorService.The deploy-jndi-config
Xml file is the JNDI deploy file that enablesthe GT4 WSRF implementationto locatethe
resourcehome for this service.

<?xml version="1.0" encoding="UTF-8"? >
<jndiConfig xmlns="http: //wsrf. globus.org/jndi/config">

<servicename="examples/core/ first/CalculatorService">

<resource name="home" t),pe="org. globus.wsrfimpl. ServiceResourceHome">
<resourceParams>
<parameter>
<name> factory</name>
<value> org.globu s.wsrfi ndi.B eanFactory</value>
</parameter>
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</resourceParams>
</resource>
</service>
</jndiConfig>

WSDD Deployment Document of CalculatorService
This

shows the

WSDD

deployment document of

CalculatorService. The

deploy-server.wsdd XML file is the configuration file that tells the services container
how to publish the service.

<?xml version="1.0" encoding="UTF-8"? >
<deployment name="defaultServerConfig"
xrnlns="http: //xrT-d.apache.org/axis/wsdd/"
//xml.
java="http:
apache.org/axis/wsdd/providers/jaN-a"
xrnlns:
xmlns:xsd="http: //,, v-,vw.xv3.org/2001/XAfl-Schema">
<service
provider="Handler"
use="literal"
narne="examples/CalculatorService"
style="document">
<parameter
name="clas sName"
value="org. globus.examples.services.Calculator.impl. CalculatorService"/ >
<wsdIFfle>sharelschemalexamplesICalculatorServicelCalculatorService.wsdl<lwsdIFile
<parameter name="aflowed',NI ethods" value="*"/>
<parameter name="handlerClass" value="org. globus.axis.providers.RPCProvider"/ >
<parameter name="scope" value="Application"/>
<parameter name="p rovid ers" value="G etRPProvider"/ >
<parameter name="loadOnStartup" value="true"/>
</service>
</deployment>

Buildservice. xml Document of CalculatorService
This shows the Buildservice. xml Document of CalculatorService. It is a general-purpose
Ant buildfile and script that, given a set of Java, WSDL, WSDD, etc. files conforming to
a specific directory structure, and will generate a GAR file without the need to manually
edit the Ant file.
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<? xml version=" 1.0"? >
<project default="all" name="Grid Service Buildfile" basedir=". ">
<description>
Grid Service Badfile
</description>
<property environment= "env"/>
<target name="aU">
<ant antfile="${build. gar)" target="clean"/>
<ant antfile="$ (build. gar) " target="all"/>
<ant antfAe="$ (build. packages)" targct="dcployGar"/>
<ant antfile="$ (build. tomcat) " target="deploySecureTomcat"
/>
dir="/Dev/GTK/share/globus_wsrf
common/tomcat"
</target>
</project>

Buildservice. properties Document of CalculatorService
This

shows the Buildservice.properties Document of

CalculatorService. The

buildservice.properties file contains the "name=value properties specific to this service
and need to guide the various build tasks through the GAR creation and deployment
process.

package=coms trLexamples.services.calculator
interface.name=Calculator
package.dir=org/strI/examples/s ervices/Calculator
schema.path=examples/CalculatorService
scrvice.name=CalculatorService
gar.fýename=org-strl-examples-calculator
build.gar=/dev/GTK/etc/bufld. xml
build.packages=/Dev/GTK/share/globus-wsrf
common/build-packages.xn-A
bufld.tomcat=/Dev/GTK/share/globus-wsrf
comrnon/tomcat/tomcat. xml
gar.name=/Dev/echp Se/workspace/ProvisionDirService/org_s trl-examples-calculator
tomcat.dir=/Dev/tomcat5
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