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EXECUTIVE SUMMARY

The goal of this deliverable D4.5 - Triple Space Integration with respect to WSMX
is to present the details about the integration work of Triple Space Computing and
WSMX as proposed and discussed in previous deliveries D4.1, D4.2 and D4.3. This de-
liverable also presents the implemented integration prototype which shows how Triple
Space Computing can be used as a Semantic Web Services platform. As part of the
integration prototype Web Service Client, Web service Registry, Web service discovery,
Web service Invocation, and Resource Management components are implemented.

In particular, this deliverable presents the implementation task from two different
but complementary perspectives: (1) the internal integration which shows how WSMX
internal components can be integrated through Triple Space, and (2) the external
integration which shows (i) how the client can access various components and use
their functionalities to enable external components interact with WSMX via Triple
Space and (ii) how WSMX can interact with Web services over Triple Space.

In addition to detailing integration prototype, this deliverable also presents the
user guide specifying how to use the presented prototype. Information regarding the
licences under which the presented prototype is released, third party dependencies and
their respective licensing information are pointed out where necessary.
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1 INTRODUCTION

One of the major goals of WP 4 is to align Semantic Web Services with Triple Space
Computing, i.e. to allow Triple Space-based service execution as well as communi-
cation and coordination for Semantic Web Services which requires interfaces to allow
Semantic Web Services to communicate over Triple Space. The goal of this deliverable
is to describe the prototype implementation that integrates Triple Space Computing
with WSMX as prescribed by previous WP4 deliveries D4.1, D4.2 and D4.3. In gen-
eral, the functionalities of the prototype are classified from the following two aspects:
the internal integration between WSMX components, and the external environment
from the client’s perspective.

From the internal integration perspective, this deliverable shows how Triple Space
can be used as the back-end storage for resources, such as ontologies, WSML Web
services, WSML goals, and WSML mediators, and then, how WSMX components,
such as registry, discovery, invocation, and resource management can operate through
Triple Space operators. Therefore, we need to provide a technique to translate between
the representation format of WSML resource format and Triple Space triples. This
translation is achieved by means of the WSMO4RDF [1] tool.

From the external environment perspective, this deliverable shows how the func-
tionalities provided by the prototype can be accessed by the external systems: either
the end user accesses the components through Triple Space enabled Web service client,
or the Web service invocation component invokes the external Web Service end-points
over Triple Space. Both of these accesses require another technique to translate be-
tween the SOAP message format and the triples as used in Triple Space, which is
achieved by means of the SOAP2RDF tool.

The reminder of this chapter introduces WSMX in brief. It further defines scope
and objectives of the deliverable. Target or expected audience for the integration of
Triple Space with WSMX have been identified.

1.1 WSMX: A Short Introduction

The Web Services Execution Environment (WSMX) [2] (http://www.wsmx.org/) is
an execution environment for dynamic discovery, selection, composition, mediation,
invocation and execution management of Semantic Web Services. WSMX is a reference
implementation of Web Services Modeling Ontology (WSMO) that acts as conceptual
model to describe various aspects of Semantic Web Services. WSMO is based on four
major fundamental elements which are web service descriptions, ontologies, goals and
mediators. WSMX can achieve a user’s goal by dynamically selecting a matching Web
service, mediating the data that needs to be communicated to this service and invoking
it.

WSMX is developed in participatory open source environment. The open source
philosophy has been set from the very beginning, in order to allow a world-wide
community-style development, to provide everybody access for development and per-
sonal usage to an execution environment for the semantic web. It can be found at
SourceForge (http://sourceforge.net/projects/wsmx) and is available under li-
cense LGPL.

The key modules of WSMX are given as follows:
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e WSMX Integration API: The WSMX Integration API is a collection of libraries
required for the integration of loosely coupled components with the main WSMX
system. Components must implement interfaces from the provided infomodel to
make this integration possible.

e WSMX Core: is a release of the compiled core of WSMX, along with a set
of mock up components that implement the different interfaces in the WSMX
Integration API.

e WSMX Components: is a release of the compiled versions of the current com-
ponents available for WSMX. The components can be plugged into the WSMX
Core.

1.2 Scope and Objectives

The scope of this deliverable is to address how the components in WSMX can be
integrated with Triple Space for achieving the internal integration between WSMX
components, as well as the external communication with the client or the external
Web Service endpoints over Triple Space.

First, to achieve the internal integration between WSMX components, in Section
2, we define the scope and present how the components of Web service registry, Web
service discovery, Web service invocation, and resource management are implemented
by means of Triple Space.

We next explore the external communication with the external system. In Section
2, we define the scope and present the internal behavior of the Web service client, and
discuss the method to bind Web services with Triple Space.

Since this deliverable focuses on the prototype, we also present the third-party
dependencies and provide a usage guideline.

1.3 Target Audience

This document describes the main building blocks for the integration of Triple Space
with WSMX. The target audience of this document includes researchers as well as
practitioners that work in the areas of Triple Space (or tuple space), Web service,
Semantic Web services, and Web service registry /discovery/invocation. Systems ana-
lysts and systems architects needing a thorough knowledge of Triple Space grounding
to Web service technologies may also benefit from this document. Although no specific
pre-knowledge is required to follow this document, basic knowledge in RDF, SOAP,
WSDL, Triple Space, and WSMX may allow better following the document and for
gaining more benefits from it. The work should be of interest to anyone involved with
Semantic Web Services and more generally also in Service Oriented Architecture.
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2 IMPLEMENTATION ARCHITECTURE AND COMPONENTS
DESCRIPTION

This section presents how the components of WSMX can be integrated using Triple
Space. The possible integration between external components, i.e WSMX clients and
internal integration is covered in this section.

2.1 Web Service Client

The purpose of this component implementation is twofold. First it will enable the
clients of the Semantic Web Services execution environment (i.e. WSMX) to access
it through Triple Space. WSMX’s user API (or WSMX entry points) is exposed
as a Web service which is then used by SOAP clients to submit Goals; the entry
points are described through a WSDL (Web Service Description Language) document.
Our implementation will enable Triple Space clients to access WSMX and submit the
Goals via Triple Space. Secondly, it will also enable the WSMX invoker to invoke the
external /end-point Web Services over Triple Space.

2.1.1 Scope
Clients accessing WSMX via Triple Space

Application services or middleware systems are typical examples of Triple Space clients
who communicate using Triple Space APIL. In this scenario, a client can either be a
service provider or a service requester involving either a read operation or a write
operation to Triple Space. Semantic Web Services execution environment (WSMX)
itself as being a service provider (i.e. semantic service execution) and its client as
being service requesters, are conceived as Triple Space clients. The objective is to
enable WSMX clients to communicate with WSMX via Triple Space. In this scenario,
users communicate with WSMX either to find the services they are interested in or
to register description of services they are offering. Users invoke achieveGoal( ) oper-
ation of WSMX communication manager to find services that they are interested in.
The description of offered services are registered with WSMX by invoking publish( )
operation of WSMX communication manager.

Triple Space API provides a simple set of read, write operations to allow interaction
between interacting parties. In addition, operations for subscribing to a particular mes-
sage type (represented as rdf graph pattern) is provided by Triple Space API. For each
subscription, if the matching graph pattern is available, Triple Space notifies to all who
subscribed for this particular graph pattern. These simple operation can be mapped to
the operations provided by WSMX communication manager API. Having such map-
ping at hand, the communication scenario described above can be mediated through
Triple Space thereby avoiding synchronicity and reducing communication overhead.

WSMX invoking Web Services via Triple Space

WSMX after performing the dynamic service discovery, selection, composition and
mediation (as required), requires to invoke the end-point external Web Services. In
this case, WSMX itself acts as a service requester (on behalf of its client) and the
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end-point service acts as service provider, which it the end are also conceived as Triple
Space clients. The objective here is to enable the communication of WSMX with the
end-point Web Services via Triple Space.

The WSMX Web Service invoker is part of the WSMX communication manager
component and is responsible for mapping an invocation of a WSMX-external Web
Service provider to the transport protocol supported by the Web Service. In com-
bination with the WSMX grounding component, which implements a bi-directional
mapping between semantic data communication between WSMX component (in form
of WSMO objects) and the message and data format supported by WSMX-external
Web Service endpoints, it enables invocation facilitates invocation of WSMX-external
Web Service endpoints. Triple Space grounding for the WSMX invoker will enable it to
support the invocation of two types of end-point Web Services, i.e. Web Services with
Triple Space extensions, and Web Services with current W3C standards (i.e. without
Triple Space extensions).

2.1.2 Internal Behavior
Clients accessing WSMX via Triple Space

The communication between WSMX and Triple Space is enabled by mapping the
WSMX Communication Manager (CM) API with Triple Space API. The Communi-
cation Manager API provides necessary entry points for the clients to communicate
with it. In D4.2 we have provided the mapping of Triple Space API with the Commu-
nication Manager API.

Assuming that WSMX has already registered its endpoint descriptions at Triple
Space together with expected message graph, following logical sequence narrates the
overall communication process.

R | WSMX |
é 'l'

P WS API |

I S

Reader - Writer

00

Triple Space

Figure 2.1: Internal behavior of WSMX Client invoking WSMX via Triple Space

1. If a WSMX user wants to provide a Goal to WSMX to execute, it submits the
Goal to a triplespace via WS API, through a SOAP message.
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. The message is received by Triple Space WS invocation module, which takes care

for the translation of the SOAP message into RDF triples, as well as the content
of the message (i.e. Goal) to RDF.

. The RDF triples are published on Triple Space by using TS API, in a sub-space

where WSMX is already subscribed to receive the messages.

It is to be noted that the WSMX is subscribed to event request and the WSMX
clients are subscribed to response

. As soon as the triples are published to a space where WSMX is subscribed to,

an event triggers a notification to WSMX.

. WSMX after receiving notification from Triple Space, retrieves the data from

Triple Space through Triple Space invocation module.

. WSMX processes and executes the Goal and publishes the response back to

Triple Space Invocation Module.

. The results from WSMX are transformed into appropriate RDF triples and are

published to Triple Space in the space where the WSMX client is subscribed to.

. As soon as the data is written to the event response, it generates notification for

the WSMX client.

. The WSMX client receives the data back from the WSMX.

WSMX invoking Web Services via Triple Space

The extended WSMX invoker with support for Triple Space transport protocol is
dependent on an extended grounding component that implements the transformation
of the invocation request from WSMO objects communicated inside WSMX to (i) a
message format (e.g. in form of the SOAP-RDF representation proposed in D4.2) and
(ii) message payload format that can be processed by the service provider.

1.

WSMX invoker inside WSMX invokes the end-point /external Web Services which
are exposed over Triple Space. As a first step, the WSMX invoker publishes the
invocation request.

. The message is received by Triple Space WS invocation module, which takes care

for the representation of SOAP message into RDF.

. The RDF triples are published on a triplespace using the TS-API in a sub-

space where the end-point Web Service (enabled with Triple Space extensions)
is subscribed to.

It is to be noted that the end-point Web Services are subscribed to the event
request and the WSMX invoker is subscribed to the event response.

. As soon as the triples are published to a space where end-point Web Service is

subscribed to, an event triggers a notification to the Web Service.

. Web Service, upon notification, retrieves the message from Triple Space and

process it.
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(X

Triple Space ‘

Figure 2.2: Internal behavior of WSMX Invoker invoking Web Service via Triple Space

6. The result from the Web Service is sent back from the Web Service to Triple
Space WS invocation module, where it takes care for necessary conversions to
represent in RDF'.

7. The invocation response, from Web Service is then published in Triple Space
where the WSMX invoker is subscribed to.

8. As soon as the data is published to the event response, it generates notification
for the WSMX invoker.

9. WSMX invoker, upon notification, retrieves the result from Triple Space.

2.1.3 Limitations

The communication between WSMX client, WSMX and the end-point Web Services
requires all the communication parties to be subscribed to appropriate events, for a
successful communication.

2.2 Web Service Registry

To facilitate service discovery by service requesters, service providers need to pub-
lish descriptions of the services they provide to service registries. These descriptions
comprise both organizational and technical descriptions. While organizational Web
service descriptions are focused on categorizing and classifying services and provid-
ing information about the person or institution offering the service, technical Web
service descriptions provide the information that is needed by service requesters to
interact with a service provider, such as information about the location of the service,
the service’s supported communication protocols, supported operations and message

types.
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2.2.1 Scope

The Web service registry component aims at providing an implementation of a Triple
Space-based (Semantic) Web service registry that facilitates storing and retrieving
both technical and organizational Web service descriptions to and from Triple Space.

On the organizational level, the developed registry supports the UDDI [4] informa-
tion model for describing and classifying both services and their corresponding service
providers. For this purpose, the Web service registry as presented here integrates with
the Web service registry prototype developed as part of 7.3 “Implementation of Web
service registry mechanisms in a Triple Space”.

On the technical level the developed registry supports two types of technical Web
service descriptions: Semantic Web service descriptions in WSML [7] and “regular”
Web service descriptions in WSDL [3]. To link the technical descriptions of a Web
service to its organizational descriptions, we follow the approach presented in [5] where
for each technical description of a Web service (i.e. in case of the presented approach
a WSDL file of the service) a corresponding tModel is created, which contains a refer-
ence to the service’s technical description in the overviewURL property of the tModel’s
overviewDoc. This tModel is referenced from the service’s businessService UDDI de-
scription through a tModellnstancelnfo reference.

In the context of Triple Space, the same approach can be used where the overviewURL
points to the triplespace containing the technical Web service description in RDF rep-
resentation, i.e. following the WSDL-RDF mapping provided as part of the WSDL
2.0 specification in case of Web services described in WSDL and following the WSML-
RDF mapping [6] in case of services described in WSML. This way a client can retrieve
the technical description of a Web service based on its organizational description.

Multiple approaches can be considered to facilitate discovery of Web services based
directly on their technical service description.

Common super-space(s) In this approach, all triplespaces containing technical Web
service descriptions are sub-spaces of one (or multiple) common registry super-
space(s). Upon service discovery, service requesters can specify the identifier
of the registry super-space (or multiple triplespace identifiers in case multiple
spaces should be queried for discovery). Since the data retrieval operations of
the TS API respect the triplespace hierarchy (i.e. the data set a query on a
triplespace is evaluated on includes both the specified triplespace and in partic-
ular all its sub-spaces) a discovery operation succeeds if it can be fulfilled by
either the specified triplespace or any of its subspaces.

Global discovery In scenarios in which the aforementioned approach is not feasible
(e.g. due to clients not knowing about the respective registry super-space the
Web service description is stored in), the global retrieval operations supported
by the TS API (i.e. the consumption operations without a specified triplespace
identifier) can be used to discover services in the global triplespace.

2.2.2 Internal Behavior

In Figure 2.3, the interaction of a user with the Web service registry component is
depicted, along with the registry’s internal components. The individual step in the
interaction are outlined in the following.
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\' Query Transformation \

TS Registry
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Figure 2.3: Internal behavior of Web service registry

. The service provider registers the technical description of the Web service to be
published. For this purpose, the service provider transforms the technical ser-
vice description to RDF format using either WSMO4RDF in case the service is
described through a WSML document or through the WSDL2RDF mapping pro-
totype developed as part of D4.2. Prior to publication, the service provider might
use the operations provided by the Management API to create a triplespace in
which the service description is to be stored. Once transformed to RDF, the
service description graph is stored using the operations of Triple Space API.

. To publish organizational information about the published service, the service
provider uses the UDDI interface of the registry (i.e. its saveService operation).
To link the technical Web service description of the service (published in step 1)
to its organizational description, the service provider references the triplespace
URI of the space containing the technical service description as described in
Section 2.2.1.

. The registry maps the UDDI operations to Triple Space API operations; a de-
scription how this is done in detail is provided as part of D4.3.

. To search /retrieve a service description from the registry, a service requester can
query the registry using the registry’s UDDI inquiry API (e.g. based on the
service’s classification and categorization information or its service provider).
The result of this interaction is e.g. a UDDI serviceDetail message if the service
requester queries for a businessService description.

. The operations of the UDDI inquiry API are mapped to queries that are issued
on Triple Space. The result of these queries is translated to instances of the
UDDI information model and returned to the requester.
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6. In case the service requester wants to retrieve the technical Web service descrip-
tion associated with the service’s organizational description, the service provider
can issue a corresponding query on the triplespace containing the service’s techni-
cal description (stored in step 1). As described above, the URI of the triplespace
the description is contained in is stored in the overviewURL of the overviewDoc
of the businessService’s tModellnstancelnfo element. Using the transformation
service, the Web service description is transformed from its RDF representa-
tion back to its “native” format. The result of this interaction is the technical
description of the service.

2.3 Web Service Discovery

This component aims to the implementation of a Web service discovery using Triple
Space as the storage for WSML [6] Web services. The discovery request is represented
as a WSML goal, which is used for matchmaking between Web services described
using WSML. The discovery component is built upon WSMX discovery engine which
supports different level of discovery ranging from keyword search to fully semantic
search.

2.3.1 Scope

In Triple Space, the Web service discovery component aims to support two types of
discovery [9, 10]:

e Keyword-based discovery. The keyword-based discovery is a basic ingredi-
ent in a complete framework for semantic web service discovery. In a typical
keyword-based scenario a keyword-based query engine is used to discover ser-
vices. A query, which is basically a set of keywords, is provided as input to the
query engine. The query engine match the keywords from to query against the
keywords used to describe the service.

e Discovery based on semantic descriptions of services. This type of
discovery can be further divided into the following two categories: Discovery
based on simple semantic Descriptions of Services and Discovery based on rich
semantic Descriptions of Services. They use ontologies, which offer a formal and
explicit specification of a shared conceptualization of some problem domain, as
the controlled vocabularies with explicit and formal semantics, for supporting
discovery [10].

2.3.2 Internal Behavior

The internal behaviour of the Web service discovery component is depicted in Figure
2.4, where the numbers specify different actions taken while executing a particular
discovery request.

The actions as indicated by numbers in Figure 2.4 is the following.

1. A request for discovery, which is a WSML goal, is received from the user.
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Figure 2.4: Internal behavior of Web service discovery

2. Triple Space Web service discovery component (TS Discovery) reads matching
WSML Web services, which are registered in a triplespace, through TS API
using “rd” operation.

3. WSML Web services retrieved from Triple Space are saved to the storage of
WSMX, which is accessible to TS discovery component.

4. TS discovery component discovers and selects desired Web services for the given
WSML goal using WSMX Web service discovery component.

5. The discovery result is handed over to the requester.

6. The event of this discovery, including the WSML goal and the result, is logged
into Triple Space through TS API using “out” operation.

2.3.3 Limitation

The Web service discovery component assumes that the ontologies used by the goal
and Web services are the same, and thus there is no ontological heterogeneity issues.
This assumption introduces a limitation, i.e. the inability to resolve ontological het-
erogeneities. The reasons for this assumption, however, are based on the assumptions
taken in WSMX discovery component which are: (i) WSMX discovery component
does not use data mediation for solving possible data heterogeneity issues and as-
sumes that the WSML goal and WSML Web services are using the same ontology,
and (ii) mediation component in Triple Space is an optional component.

2.4  Web Service Invocation

The main purpose of Triple Space invocation component is to support asynchronous
service interactions using Triple Space as the interaction platform, which is called

11
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Triple Space-enabled Web service interactions as presented in Section 2.4.2, and spec-
ified in Section 4 in deliverable [12]. Unlike the traditional Web service interactions
using HTTP where the involved Web services exchange their message in a direct and
synchronous manner, Triple Space-based Web services exchange their messages (using
TS API such as rd, out and subscribe) through Triple Space and thus achieve time,
location, reference and data schema autonomy of Web service interactions [8].

2.4.1 Scope

The support of invocation is provided for two different kinds of Web services which are
traditional Web services and the Web services with Triple Space enhancements [12].
In traditional Web services the descriptions are presented as WSDL messages where as
in Triple Space enhanced Web services, the WSDL message also include Triple Space
specific information. Details about how this information is represented is provided in
D4.2 and D4.4.

e For traditional WSDL Web services, two kinds of invocation are supported: (1)
direct service interactions which mean that Web services interact in a direct and
synchronous manner, and (2) Triple Space-enabled Web service interactions.

e For Web services with Triple Space enhancements, Triple Space-enabled Web
service interactions are supported through an implementation of the Web service
binding for Triple Space as described in Section 2.4.4.

In addition, WDSL interaction patterns as specified in Section 3 in [12] are also
supported over Triple Space.

2.4.2 Internal Behavior

The internal behaviour of the Web service invocation component for supporting Triple
Space-enabled Web service interactions is depicted in Figure2.8, where the numbers
specify different actions taken during the course of executing an invocation request.

The actions taken during the course of executing an invocation request as indicated
by numbers in Figure 2.8 are the following.

1. A request for service invocation is received from the user (in their choice of format
and protocol i.e., either legacy formats and protocols or those extended with
Triple Space annotations as explained in D4.1 [11] and D4.2 [12]).

2. The invocation component is registered with the sub-space and subscribe two
callbacks for two events: InvocationRequest and InvocationResponse.

For a Web service with Triple Space enhancements, the sub-space to be registered
is the sub-space prescribed in this Web service. We assume that Web services
with Triple Space enhancements have been registered using Web Service registry
component and thus the related spaces are created in Triple Space already.

For a traditional Web service, an unique sub-space is needed to be created for
registration purposes, and this sub-space needs to be dropped off when the in-
vocation completes.
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Figure 2.5: Internal behavior of Web service invocation

3. The received message is translated to RDF and sent to Triple Space using the TS
APT using “out” operation. This translation is achieved by means of SOAP-RDF
mapping which is detailed in D4.2 [12].

4. As a result of action (3), Triple Space triggers the InvocationRequest event which
is caught by the CallbackHandler, and the request is read from Triple Space
through TS API using ”destructive-read” operation.

5. The request read in RDF format is translated back to the format of the provider
and actual Invocation is performed.

6. The result of the invocation is received.

7. This result is converted to RDF and written to Triple Space in the same way as
in Step 3.

8. As in Step 3, Triple Space triggers the InvocationResponse event which is caught
by the CallBackHandler and the response is read from the triplespace.

9. The result is converted back to the requesters format and protocol and handed
over to the requester.

A. The event of this invocation, including the invocation request and the result, is
logged into Triple Space through TS API using “out” operation.
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2.4.3 Limitation

Besides providing different types of invocation support to both the traditional WSDL-
based Web services and Triple Space-enabled Web services, there are few limitations
of the proposed prototype of invocation component which are listed below.

e The invocation for WSML Web services is not supported because no WSML
Web services are used in Triple Space. However, WSML Web service invocation
can be supported by WSMX invocation component directly.

e A direct and synchronous service interaction is not supported for Web services
with Triple Space enhancements.

2.4.4 Web Service Binding for Triple Space

Figure 2.6 depicts a schematic overview of the implementation of the Web Service
Binding for Triple Space used by the WSMX Invoker component as described above.

Handler Handler
" ‘
e [RCRUL L LLLIY | ™

Transport Transport
| Sender Listener I

Triple Space-based implementation

Figure 2.6: Schematic overview of Triple Space Web Service Binding prototype.

The prototype is realised as an extension of the open-source Web service runtime
implementation Apache Azis 2% which provides a framework for processing SOAP
envelopes and transmitting them between service requesters and providers. A client
application interacts with Axis through a generic client API. Once a service requester
performs an operation on the client API the operation is received by Axis and passed
through a number of outbound handlers which provide implementations of various Web
service standards such as WS-Addressing or WS-Security in form of a MessageContext
object. When the MessageContext has passed the outbound handlers, it is received by
the so-called TransportSender. The TransportSender is responsible (i) for encoding the
request message in such a way, that it can be transmitted over the chosen (network)
transport protocol and (ii) sending the message to the service provider. On the side of
the service provider, the so-called TransportListener receives the incoming message an
creates a corresponding MessageContext object containing the received message. The
MessageContext is then passed through the inbound handlers which, among other
things, dispatch the incoming message to the service implementation it is directed to.

Triple Space binding prototype is realised through Triple Space-specific implemen-
tations of the TransportSender and TransportListener interfaces which implement
(i) the SOAP-RDF transformation and (ii) the message exchange patterns as explained
in D4.2.

'http://ws.apache.org/axis2
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2.5 Resource Manager

The purpose of the implementation of this component is to enable the Resource Man-
agement in WSMX using Triple Space. It will enable WSMX to persistently store the
semantic descriptions (i.e. WSMO top level elements) in Triple Space. Secondly it
will enable all the components of WSMX to communicate with each other by publish-
ing and reading semantic data on Triple Space, rather than using direct synchronous
interactions.

2.5.1 Scope

WSMX contains different repositories to store ontologies, goals, mediators and web
services descriptions as WSML based files. The internal repositories of WSMX are
required to be enabled to store WSML data as sets of RDF named graphs in Triple
Space Storage. This is mainly concerned with transforming the existing representation
of data in form of WSML into RDF representation. In addition the operations defined
in the Resource Manager API have been mapped to TS API operations according to
the mapping proposed in D4.2.

Secondly, all the WSMX components will be enabled to communicate with each
other via Triple Space. D4.2 refers to interface WSMX manager and individual com-
ponent wrappers with Triple Space Kernel in order to enable the WSMX manager to
manage the components over Triple Space. The communication between manager and
wrappers of the components will be carried out by publishing and subscribing the data
as a set of RDF triples over Triple Space. All the data that is exchanged between the
WSMX component are Web Service Modeling Language (WSML) based Goals and
Web Service descriptions. In order to publish the WSML description on Triple Space,
WSML description are serialized as a set of RDF triples to be stored as identifiable
Named Graphs.

2.5.2 Internal Behavior

Considering the well-defined components in WSMX, the implementation approach
should be component oriented and should only concern with Resource Manager. Triple
Space grounding for Resource Manager should not be visible to other components.
Resource Manager will provide the same standard interface for resource management
to all other components in between, but it will be connected to Triple Space underline.

1. Any kind of data (i.e. Goals, Web Service descriptions, Mediators, Ontologies,
event information) in WSMX is converted into a set of RDF triples.

2. This set of set of triples is published into Triple Space in a sub-space using TS
API out operation.

3. The URI to access the sub-space (where the RDF triples have been published)
is taken and sent back to WSMX Resource Manager.

4. The URI of the sub-space is saved by the WSMX Resource Manager for later
use (i.e. when the data is required again).

5. The URI of the sub-space is used by the WSMX Resource Manager to retrieve
the data from Triple Space.
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Figure 2.7: Resource Management in WSMX using Triple Space

6. The RDF triples are retrieved from Triple Space using TS-API operation rd-
WithSpace.

7 and 8. Retrieved triples from the sub-space are sent to the WSMX Resource Manager
where it converts it back from RDF to appropriate WSML description.

Moreover, internal component communication in WSMX using Triple Space occurs
when WSMX components communicate with each other by publishing and reading
RDF triples in Triple Space, as shown in the figure.

WSMX WEMX o WSMX
{Jomponent Component _____ {Jomponem
'1" 'f

| P — \

° o

Triple Space

Figure 2.8: Component Management in WSMX using Triple Space

1, 5 and 9. Any component wishing to communicate with any other component writes the
message.
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2, 6 and 10. The message is transformed into appropriate RDF triples which are published
in Triple Space using the TS-API for the target component.

It is to be noted that each of the WSMX components are subscribed to differ-
ent events in order to be notified for the data intended for them. For example,
Discovery Component is subscribed to event WSMXDiscovery, Selection Compo-
nent is subscribed to event WSMXSelection, and similarly all the components of
WSMX are subscribed to their respective events to be able to receive notification
for their relevant data published in Triple Space.

3, 7 and 11. Whenever data is published for which a particular component is subscribed for,
it receives a notification and the data is retrieved from the triplespace.

4, 8 and 12. Upon notification of publication of relevant data, the component retrieves the
corresponding triples from Triple Space and converts them back into the format
as required.

A general communication pattern for all the components of WSMX is described
which is followed for internal communication and coordination within one WSMX
system. It can include data communicated between WSMX manager and Discovery
or Selection or Mediator or any other component.

2.5.3 Limitations

The current implementation plan is for the communication and coordination of com-
ponents internal to WSMX only. It does not include communication between different
WSMXs. While performing the implementation the approach was taken slightly dif-
ferent as described above, i.e. to keep it compliant with the current communication
patterns of WSMX components over SOAP as well as JavaSpaces. Therefore, rather
than replacing the communication completely, TripCom based communication was in-
troduced as an additional means of communication where the components and their
interfaces in WSMX are pre-known to each other and are deployed on same machine.

The event data is not changed or moved directly but is managed as, a simple RDF
graph is modeled to be communicated between the components. The event logic is
represented in Triple Space based on three kinds of information, i.e. (1) Name of
Component, (2) Method to be invoked and (3) Arguments or output to the method.
Two sub-spaces for each of the component in WSMX (one of input and one for output)
are introduced for this purpose. One requiring to communicate with the component
publishes input in the input subspace of the component (i.e. resourcemanagement
input subspace) and the output is then published by the component in its output
subspace (i.e. i.e. resourcemanagement output subspace). In this way we do not need
to translate all the event and intermediate memory data in to RDF and back and
to avoid delays in unnecessary transformation. For the demonstration purpose, the
communication of Resource Manager will be shown that, for example if it is asked
for loading SWS descriptions from Triple Space, a triple is published in the Resource
Manager input subspace, and the Resource Manger after loading the SWS description
from Triple Space publishes answer in the Resource Manager output subspace.

As a future work, we envision to have multiple distributed instances of WSMX,
deployed at different locations, required to coordinate with each other. In that case
the total number of WSMX instances and their components will not be pre-known and
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usefulness of TripCom based communication could be further exploited where com-
munication parties do not have to know each other and are supposed to be maximally
decoupled.
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3 THIRD PARTY DEPENDENCY

This section lists the third party dependencies.

3.1 JAVA JDK 1.5

LICENSE
The Sun license for the Java SDK 1.5.0+ is available at:
http://java.sun.com/j2se/1.5.0/jdk-1_5_0_16-license.txt
Third party licenses available at:
http://java.sun.com/j2se/1.5.0/j2se-1_5_0-thirdpartyreadme.txt
OBTAIN A LICENSE
The license is granted by accepting the proposed conditions at download time.
DOWNLOAD
The Windows installer is available for download at the url:
http://java.sun.com/javase/downloads/index_jdk5.jsp
INSTALLATION
Simply run the installer.
NOTE: Java 5 has to be installed because Blitz does not work with Java 6

3.2 JAVA JDK 1.6

LICENSE
The Sun license for the Java SDK 1.6.0+ is available at:
http://java.sun.com/javase/6/jdk-6ul0-license.txt
Third party licenses available at:
http://java.sun.com/javase/6/javase-6-thirdpartyreadme.txt
OBTAIN A LICENSE
The license is granted by accepting the proposed conditions at download time.
DOWNLOAD
The Windows installer is available for download at the url:
http://java.sun.com/javase/downloads/index.jsp
INSTALLATION
Simply run the installer.

3.3  Apache Axis 2

LICENSE
Axis2 is under Apache License, Version 2.0.
See http://www.apache.org/licenses/ LICENSE-2.0.html
DOWNLOAD
http://ws.apache.org/axis2/download.cgi
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3.4 Sesame 2.x

LICENSE
Sesame 2.x is under a BSD-style license. See http://www.openrdf.org/license.jsp
DOWNLOAD
http://www.openrdf.org/download.jsp
NOTE: Used for invocation module.

3.5 WSMO4RDF

LICENSE
WSMO4RDF is under Lesser General Public License (LGPL).
See https://ordi.svn.sourceforge.net/svnroot/ordi/trunk /wsmodrdf/LICENSE
DOWNLOAD
http://ordi.sourceforge.net /source-repository.html

3.6 WSMX 0.5

LICENSE

WSMX is under GNU Library or Lesser General Public License (LGPL). See
http://sourceforge.net /projects/wsmx/

DOWNLOAD

http://sourceforge.net/project /platformdownload.php?group_id=113321

3.7 jUDDI

LICENSE
jUDDI is under The Apache Software License, Version 2.0.
See http://ws.apache.org/juddi/license.html
DOWNLOAD
http://ws.apache.org/juddi/releases.html
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4 USER GUIDELINE

This section presents how to download and use the prototype.

4.1 Installation

4.1.1 WSMX Installation

In this section we explain a step by step WSMX installation on a Windows operat-
ing system. Get the WSMX from Triple Space SVN with updates on Triple Space
integration.

Following software is necessary to run WSMX:

J2SE SDK

e Step 1. Download and install Java(TM) 2 SDK, Standard Edition 1.5.0 from
http://java.sun.com.

e Step2. Setup the environment variable JAVA_HOME and point it to where the
java has been installed (say c:\java).
WSMX configuration

e Step 1. Go to the WSMX directory in Triple Space SVN and copy it to your
hard drive (say c:\wsmx)

e Step 2. Go to PATH\wsmx (where you have placed the extracted files)

e Step 3. Run the start.bat to run WSMX

e Step 4. Open internet browser and type URL http://localhost:8081 If the
WSMX server page is visible, WSMX has been installed and running successfully.

4.1.2 Triple Space kernel Installation

Compile and install the TipCom kernel as described in Readme.txt file available along
with its distribution at Triple Space SVN.
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5 CONCLUSIONS

Leveraging the works presented in previous deliveries in WP4, this prototype work
describes the integration of Triple Space Computing with WSMX and shows how
Triple Space can be used as a Semantic Web Services platform. We have presented our
implementation work from the following two different but complementary perspectives:

e The wnternal integration which presents how WSMX’s components can be in-
tegrated using Triple Space. This perspective includes (i) Web service registry
component which aims at providing support for publishing descriptions of the
services they provide to service registries, (ii) Web service discovery component
which aims at providing support for discovering WSML Web services for a given
WSML goal where WSML Web services are stored in Triple Space, and (iii)
resource management which aims at enabling WSMX to persistently store the
semantic descriptions (i.e. WSMO top level elements) in Triple Space. Secondly
it will enable all the components of WSMX to communicate with each other by
publishing and reading semantic data on Triple Space, rather than using direct
synchronous interactions.

e The external integration which presents how the client can interact with WSMX
through Triple Space. This perspective provides the following functionalities
accessible to the clients: (i) it enables the clients of Semantic Web Services ex-
ecution environment to access it through Triple Space. User API (or WSMX
entry points) of WSMX is exposed as a WSDL description which is then used by
SOAP clients to submit a Goal. The prototype implemented as part of the in-
tegration tasks will enable Triple Space clients to access the WSMX and submit
the Goals via Triple Space, (ii) it enables the WSMX invoker to invoke the ex-
ternal Web Service end-points over Triple Space through Web service invocation
component, which aims at supporting asynchronous service interactions using
Triple Space as the interaction platform, which is called Triple Space-enabled
Web service interactions as specified in Section 4 in [12].

In addition, third-party dependencies, i.e. information on softwares that the pro-
totype uses and their licensing information is also provided. This deliverable finally
provided a usage guide which tells how to install, configure and execute the developed
tools and prototypes.
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