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Currently, resources over the World Wide Web are rapidly increasing their variety and volume. Such resources include not
only static HTML documents but also Web applications and Web services. The maximum reuse of these existing resources
needs to coordinate them to create new complex composite services. However, it is difficult for end-users to coordinate
these resources to make them work together. It requires some programming skills which most end-users do not have.

. Users may need to use not only a single Web resource, but also several Web resources including not only Web services, but
also Web applications, and, in some cases, to use those Web resources in combination with their own local applications.
To satisfy these requirements, users need to write ;;rogram codes to interoperate those various types of resources. We may
conclude that users need a simple and interactive environment for interoperating these various types of resources to satisfy
their needs without writing any program codes to reduce the time for achieving such interoperation, and to reuse their
interoperation.

First, this thesis proposes a new software architecture “PadSpace”. A PadSpace architecture focuses on how to provide
end-user tools to establish ad hoc service federation of Web applications, Web services and end-users’ functional resources.
A PadSpace architecture assumes that all these different types of resources are wrapped into visual components called
pads before they are coordinated to work together. Pads are visual object-oriented components based on the meme media
architecture. A PadSpace uses the 2D (two dimensional representation) meme media system IntelligentPad as its platform.
A PadSpace also uses an XML-tuplespace as its coordination model. The XML-tuplespace is a distributed coordination
model that extends the Linda coordination model with the ability to carry an XML element as the values of each tuple
field. We call each tuple an XML-tuple. Linda represents the interface of every available service as a tuple and stores it
in its tuplespace. It also represents each service request as a tuple, and matches this requesting tuple with a compatible
registered tuple representing a service. Similarly, a PadSpace represents Web applications, Web services, and end-users’
local resources as service-providing XML-tuples that only describe their IQ (input—output) interfaces, and stores these
XML-tuples in its XML-tuplespace.

In IntelligentPad, we represent every compound object as a pad. Therefore, we want to represent a service request also as
a pad even before it is matched with a specific service, so that we can define a composite application pad using this service
request pad without instantiating it to one candidate of the requested service. This service request pad, when matched with
some service, works as a proxy of this service. A PadSpace represents such a service request pad as a requesting XML-
tuple, and matches this XML-tuple with an appropriate service XML-tuple stored in its XML-tuplespace. It establishes a
connection between this service request pad and the matched service, and makes the service request pad to work as the
proxy pad of this service. Using these mechanisms, a PadSpace provides an end user tool for the service composition of
Web resources and local resources. This tool enables end users to register Web resources and local application resources
into the XML-tuplespace and to use those shared resources in combination with their own local resources by defining
service compositions in the IntelligentPad architecture without writing any program codes.

Second, this thesis proposes a new spreadsheet-based service-coordination tool for users to orchestrate the invocation of

multiple Web resources and local resources. This service-coordination tool also extends the PadSpace federation environ-
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ment architecture for users to federate legacy Microsoft Office applications with arbitrary Web resources. We use Microsoft
Excel as our spreadsheet-based platform for resource orchestration, and provided the user-defined orchestration function
that can access Web services and associate each of their output results to any cell on an Excel sheet. Users can define
complex tasks using this orchestration function in combination with other formulae defined in other cells on an Excel sheet.
We also provide the mechanism to embed Web applications into the Microsoft Office applications by wrapping the formers
into pads. All these mechanisms of our federation environment enable users to make legacy Microsoft Office applications
work together in real time with arbitrary Web resources.

Third, this thesis proposes a new software architecture called a PadLogSpace that extends the PadSpace architecture for
federating services based on semantic relationships among them, and uses a Prolog-tuplespace as its coordination model.
A Prolog-tuplespace presents each service as a Prolog fact using only its IO interfaces. The IO relationships of services
stored in the same Prolog-tuplespace are represented as Prolog rules. The matching mechanism of a PadLogSpace pro-
vides the one-to-one matching mechanism for Prolog facts, and the one-to-many matching mechanism for Prolog rules. A
PadLogSpace allows users to represent each service request as a special requesting pad. When more than one such service
requesting pads are manually combined together, the PadLogSpace immediately recognizes this composition action, and
registers the corresponding Prolog fact that represents this service composition into the Prolog-tuplespace. This mechanism
of a PadLogSpace enables users to define a new relationship among services stored in the same Prolog-tuplespace just by

manually pasting such service requesting pads together to define this service composition.
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