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ABSTRACT .~ -

Evolution of World Wide Web has made it a focal point of rescarch to apply

structured and well-defined meanings to achieve Semantic Web and ultimately the

Semantic Grid. The realization of this goal gives rise (o the integration of

technologies that can negotiate and cooperate in which agents have proven to be
effective. OWL (Web Ontology Language) is currently the W3C standard for
providing the explicit scmantics to the web services whereas the FIPA Semantic
Language 1s the core of agent platforms due to its high expressive power. The key
objective of this paper is the development of semantic translations in such a way
that the agents can communicate with the web services in an efficient manner. The
challenging domain where our work can be applied is the messages that can be
exchanged between FIPA compliant Multi Agent systems and the web services,
thus enabling the agents based applications to interact with the web services. Qur
goal for these mappings/translations is fo show that how the existing standards of
FIPA Semantic Language co-uld be mapped into representations, which could be
readily used in a Web Services, based environment,

This dissertation describes that interoperability is required for effective
means  of  communication in multi-agent  systems.  The communication
architecture 1s proposed for the agents and web services using the idea of an
Ontology Gateway. The issues and trade-offs between OWL (Ontology Web
Language) and FIPA-SL (Semantic Language) is analyzed when used as
semantic Janguage for communication between agents. OWL is less expressive

as it 1s based on Description Logic whereas the FIPA Semantic Language is

based on First Order Logic.




g Chapter 1

INTRODUCTION

The concept of the Semantic Web has provided the foundations for the autonomous
mteroperation between the entities on the Internet. This interoperability can be
achicved through annotation of the contents al arbitrary locations on the Web with
machine processable data” When such annotations are associated with the ontologics,
then computers can attain a certain degree of understanding of the data. Ontologies [4]
arc formal and explicit specifications of certain arcas and are collective between large
groups of stakcholders and arc core of the Semantic Web. These properties make
ontologies ideal for machine processing and facilitating interoperation and thus
cnhancing the interoperability and machine understandability. In fact, ontologies form
the core of Semantic Web and are the key to cnable automated interoperation and
cooperation. Ontology is a combination of classes, their relation or properties,
instances and axioms, expressed in some formal language,

Currently the computers can just read the contents and cannot understand them well
L.c, machines can parse the web contents for layout and processing for exampic
navigational links to some other pages cte. The evolution of semantic web will give
rise (o structure the meaningful contents of WebPages and it will be an extension of
the existing web in which the information processed is given a well-defined meaning
and better-enabled computers [1]. To cefficiently discover and utilize the resources on
the web, the semantics would act as cpoxy resin for autonomy. To bracket together
the explicit semantic representations in the web services several ontologics and
ontological web languages have been anticipated, which not only have deficiencics

but also impose an overhead. W3C and other rescarch groups are doing a lot of cfforts
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to standardize these lanpuages in order (o 'ii.:‘;icgz';-i%cr lhb f‘iC‘iT%{lHliCS i existing
languages. In order to allow \;;h:z‘n'ing and reuse of (}Hiﬂl{#@i@ﬁ L;)l,]-’thc Scmantic Web, a
common ontology langvage is required. The W3C has proposed two ontology
languages for use on the Semantic Web. The first is RDEFS [61, based on XML [9] and
logic programming, which is a lightweight ontology language. Whereas OWL [7] is
another language by W3C with more expressive ontology language based on
Description Logics [5]{21.

On the other hand (M/\;S) Multi Agent System is a promising field of distributed
artificial intelligence, where an agent is a computer system capable of flexible
autonomous action in a dynamic unpredictable and open environment [8]. The
cxploitation of soltware agents in daily tile application is incrcasing day by day and is
becoming essential roles in the heterogencous environments. The agent properties that
make them popular among different domains are autonomy, intelligence, mobility and

communication.

Lontent
Langnage

Fig. I. Essentials of Agent Communication Language

To hold a meaningful conversation between humans or agents communication
languages play a vital role with explicitly associated semantics for an cffective

communication, In general communication is the intentional exchange of information

T




brought about by the producl'i‘(m zmd perception '('};f'\ﬁ.%i gﬁs »(_'i::l"_awmf‘mm a shared sysiem
of conventional signs. The p'x'i';pfu‘l‘& '(;I‘ an agent to commm‘"':i’c-ut.c and inferact with
other agent 1s the most important aspect in MAS, Agent communication is referred as
interaction in which the dynamic relationship between agents is expressed tlirough the
intermediary of signals that once interpreted, will alfect these agents [3]. Agents
require a formal language to carryout effective and meaningful conversation as most
of them are engaged in employing some knowledge on behalf of user objective and
desires.

LExpressive power of agents and semantics is one of the issues that afTect successtul
communication between multi-agent systems. Lack of expressive power in agents
restricts them to communicate and understand high-level messages between them.
Also the message should be declarative, simple and readable by people so that agents
understand them and they can be easily extended for further enhancements in the
vocabulary. The messages should be casy to parse and generate because the content is
encoded using a declarative knowledge representation language called the semantic or
content language proposed by FIPA. The semantics should be unambiguous for agents
to understand the messages fully.

Content languages are way of expressing contents that are being transferred between
agent or web services, A good content language should be able (0 express rich forms
ol content and can be clficiently processed and fit well with existing technology.
The content language is a language used {0 express the conlent of messages
exchanged between agents. 1t allows expressing an action, its internal results and its
arguments. The agent itself determines how to extract the action and its attributes to
carry out the mvocation. The content language describes how a message is encoded

on the wire while in transfer between two agents. A number of different languages
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have been proposed like FIPA-SL., VXML, R})i* zuﬁ]}lﬁlw @Wi,, (Ontology Web
Language) which is based ovérj XML and RDEF, and is a nev;f candidate to be used as
semantic language in MAS.

To Engincer such a system with ali the above mention problems was a very
challenging task. As all the interactions among agents takes place through ACIL
Messages so the semantic language in ACL message structure should have Rich
Semantics and higher 0_1'([(-:1‘ of Expressivilics (o resolve the above mentioned
problems. Similarly the protocol used for the communication between web services
is SOAP and the ontologies are described in Web Ontology Language. To improve
the communication of agents and Web services the Semantic Language should be
interoperable with the Semantic Language. So the communication issues as well as

interoperability issues are dealt in my dissertation.

1.1 Scope of Research Area

This project falls in the domain of Autonomous Semantic Grid which has three
major emerging technologies like Web Services Framework, Grid Computing and
Multi Agent Systems. Web Service Framework is based on ideology of service
oriented  computing for providing loosely coupled, implementation neuiral and
heterogeneous resources. Grid Computing focuses on coordinated resource sharing
among dynamic virtual organizations.

The Semantic Web is an idea of WWW inventor Tim Berners-Lee that the Web as a
whole can be made more intelligent and mavbe cven msightful about how to serve a
user's needs. Berners-Lee observes that although search engines index much of the

Web's content, they have little ability to select the pages that a user really wants or
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needs. He foresees a number of ways in which dévelopers and, authors can use self-

.

-

descriptions and )

other techniques so that confext-understanding programs can selectively find what
users want. In Semantic Grid, Web Services further combines with Semantic Web
technologies to enable Dynamic web service discovery, invocation, composition,
interoperation and execution monitoring,

Multi Agent Systems fo_cuscs on systems in which intelligent Software Agents
interact with cach other. The Agents are autonomous entities that can control their
own state. Different Agents can share a common goal or they can pursue their own
interests. Multi Agent Systems develop communications languages, interaction
protocols, and agent architectures.

Autonomous Semantic Grid project is aimed to provide a framework for open
distributed systems and is based on synergy of Web Services, Grid Computing and
Multi Agent Systems. By synergy we mean that it would combine properties of the
three technologies without disturbing existing specifications to enable semantic
interoperability of autonomous entities with cach other, and semantically rich
description of resources in Grid environment {or betier utilization. Software Agents

will be able to discover resources in grid, form dynamic workflow, compose

services, negotiate with other services or Agents to [ulfilf the agenda of goals.




. Interoperability Issues
Fig. 2, Scope of Research Area

1.2 Rational for Research

The goal of the Autonomous Semantic Grid is that software agents would be able (o
autonomously and dynamically able to discover, compose and invoke some
particular web services. The information retrieval in the current web is very much
difficult as it is based on conventional information processing in which just the text
of the documents is processed and there are no semantics. Software Agents and
Multi Agent Systems specifications are governed by FIPA (Foundation of Intelligent
Physical Agents) and specifications of Web Services are governed by W3C, hence

there is a Jot of difference among specifications of both technologics and hence

Soltware Agents and Web Service cannot communicate with each other.




1.3 Problem statement ' e

.

To develop a system architectiire for (he Interoperability between OWL and FIPA
ACL and the integration of agents with the web services without changing existing
specification of both the governing bodies, This transformation will facilitaic the

autonomous agents to dynamically discover and translate the web services. To

design and develop an Ontology Gateway as a solution that should act as middleware
between Multi Agent Systemn and Web  Services communication and  without

modification of existing standards.

Fig. 3. Integration of Multiple Technologies
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¥ | Chapter 2

LITERATURE REVIEW
This chapter discusses the related work that has been carried out in this arca
regarding integration of Software Agents with the Web Services and the role of

ontologies.
2.1. ONTOLOGIES

Certain definitions of ontologies are presented by different people. One of the most
significant is the next one proposed by Gruber, [Gruber 19931: ontology is a formal,
explicit specification of a shared conceptualization. [Fensel 2001 analyzes this
definition identifying four main concepts involved: an abstract model of a
phenomenon termed "conceptualization", a precise mathematical description hints
the word "formal”, the precision of concepts and their relationships clearly defined
are expressed by the term "explicit"” and the existence of an agreement between
ontology users is hinted by the term "shared" [Fensel 2001]. The definition
proposed by Gruber is general; however ontologies can be defined in specific
contexts. FFor example, taking the paradigm of agents into account, [Russell &
Norving 1995] establish that ontology is a formal description of the concepts and
relations which can exist in a community of agents. The importance of the terms of
ontology can be perceived in the next definition: ontology is a hierarchically

structured set of terms to describe a domain that can be used as a skeletal foundation

20




for a knowledge base [Swartout et al. {996]. More recent definitions of ontologies

o

‘

are the following ones: | .
Ontology s a common, shared and formal description of important concepts 11 an
specific domain {Fensel 2000]. Ontology is a formal explicit representation of
concepts in a domain, properties of cach concept describes characteristics and
atiributes of the concept known as slots and constrains on these slots. Sometimes
concepts are termed classes, properties are also known as roles while facets are used
rather than slots. From these definitions, we can identify some essential aspects of
ontologies:

% Ontologies are used to describe a specific domain,

< The terms and relations arc clearly defined in that domain.

% There is a mechanism to organize the terms, (commonly a hierarchical

structure is used as well as IS-A or HAS-A relationships).

2.2. Role of Ontologies

No communication can take place without a shared, upambiguous and negofiated
vocabulary. There are multiple issues while considering vocabulary issues apart
from the language barrier. By definition, ontology is a controlled, hierarchical
vocabulary for describing a knowledge system 131, There will be a separate module
for sharing a well negotiated and unambiguous ontology.

“An ontology is basically a hierarchical structure that can completely define all the
details of any Concept, Action, Predicate and/or a combination of all these. This
hierarchy is built by adding schemas into the ontology. Bach schema is itself a

complete structure of any concept, action, predicate or all of them. A schema can be

added into other schemas. There could be schemas of primitive data types as well.




1)

2.3 Sample Ontology

“-

We have used University ontology as to validdte our proposed mappings/translations the

structure of the sample Ontology is a s follows.

Fig. 4. University Ontology

2.4 Personalizing WebScrvices through Agents

In [5], the authors answer the conumonty raised issue that how the agent technology
can be used to personalize web services. They have highlighted a number of critical

issues that web service and agent platforms must cater to address in order for the

two paradigms to work together, and propose an automated component that can be
integrated with existing web service infrastructures. Particularly, they are trying to

address the challenge of how a consumer can assign a particular Job that will be

delegated programmatically and will autonomously be interacting with the web

services according 1o context when acting on the behalf of a consumer.




2.5 Automated Ontology Generation

»

The ontology that is the automatically generated [15]  can be published for the
consumer agents that can then send requests (o and accept responses from the
exemplary agents and performs all the necessary translations between agent
communication language messages (agent requests, responses) and SOAP messages
{web service calls, results) before and after it calls the web service, respectively.

The solution provided inx this paper generates the ontology that describes the web
service call signature and the java code of an example agent that can be deployed in

any FIPA compliant agent platform.

2.6 Agents in Science Projects

The purpose of this paper [17] was to expose that one can use agent techuology to
assist in the construction and enactment of e-Science experiments. They have
constructed a tool based on this language which allows experiments to be rapidly
constructed, verified, and epacted. The language proposed is a lightweight
formalism, providing only a minimal set of operations. This was a deliberate choice
as it allowed to define the language and the (ype system without unnecessary
complication. Another issuc (hat they intend o address, concerns the discovery of
web services. At present, the web services those are used to

define an experiment must be known in advance, and must be explicitly registered
belore enactmeni. Furthermore, the protocol must be defined to precisely match the
WSDL definition of the web service. In order to reduce the restrictions, and

allowing a more extensible kind of coordination, that allows for semi-automatic web

r
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service discovery and invocation. For this, they intend 0. semantically annotate web

o F

services, on which one can reason about the behavior of the sefvices.
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. | Chapter 3

MULTI AGENT SYSTEMS

This chapter enlightens some of the important facts about the MultiAgent
Systems and the basis for the proposed architecture of SAGE. 1t also gives an account

of the work already being done in this ficld.

3.0 AGENT

An Agent is an smart software system that has the capability of performing
autonomous actions on behalf of ils user or owner. Agents in a multi-agent system
will be coordinating or acting on behalf of users or owners with very difficuit goals or
motivations.

The agent is the fundamental ccll of the distributed intelligent. Hence, its
artificial intelligence (Al) can be built by using all Al implementation technology
currently known and it can compute regardiess of its current location. This is another
property of the agent’s technology briliiance; it allows agents (o switch their locations
by means of migration. In this manner, they are able to do their computing in an
environment, which provides more computing power. However, the primary feature
of agent technology is the agent’s ability to communicate with cach other. This

cnables the agents (o uaite their efforts to become a collective of working individuals,

who arc aware of cach other’s goals and intentions [3).




3.2 AGENT E'*E_JATFOR.M (AP)

Soflware agents pr()vid;: muitiple services. For the prov‘i‘sion of these services,
agents require a proper execution environment in which they can execute themselves
and keep themselves ready for service provision. Such an execution environment in
which agents can be created and can behave according to their specification is called
Agent Platform. Many Agent Platforms provide environment for the community of

agents for the provision of dynamic services.,

3.3 MULTI-AGENT SYSTEMS (MAS)

Multi-agent systems arc one of the appealing technologies in soflware-based
framework that provide collaborative environment for a community of social agents
for the provision of continuous and dynamic services.

Multiple agents cooperate with one another, normally by exchanging messages
through some computer network infrastructure, MAS provide proper execution
environment to agents so that they can assure the provision of services to other agents
by cooperating, coordinating, and negotiating,

Multi-agent systems (MAS) are relatively new sub-ficld of distributed
systems. Since the beginning of study on MASs in 1980, they have gained a lot of
popularity and recognition. ‘The idea of MASs is not tied to a single application
domain rather they can be adopted to host different application domains. One of the
reasons behind the popularity of MASs is the fact that agents can exploit the

opportunities presented by massive distributed systems such as internet.

MAS represent virtual sociclics where software entitics (agents) acting on

behalf of their owners or controllers (people or organizations) can meet and interact
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lor various reasons (e.g., exchanging goods, combining servieds, cte.) and in various

ways (¢.g., ereating vistual organizations, participating (o auclions, cle.)

3.4 FIPA (Foundation for Intelligent Physical Agents)

FIPA is one of the standard governing bodies, which provide ruies of an
abstract architecture for MAS developers to follow. Main objective of FIPA is (o
develop software standards for heterogencous and interacting agents and agent-based
systems. FIPA focuses on the interpretability issucs of MAS. FIPA has standardized a
few components within MAS. In order to be calied FIPA complaint, implementation
of some of those components is mandatory. Figure 1 depicts the architecture of a
platform according to FIPA specilications. A typical agent platform contains the
following components.

e Agent Mapagement System (AMS)

¢ Directory Facilitator (DF)

e Message Transport Service (MTS)

¢ Agent Communication Channel (ACC)
e Message Transport Protocol (MTT)

e Agent Communication Language (ACL)

e LEncoding Services

27




Figure 5: Components of FIPA compliant Agent Framework

3.5 Agent Management System (AMS)

Expected growth of Multi Agent Systems (MAS) with community of social agents in
heterogeneous applications has made it focal point for research. All the agents
within MAS are managed by Agent Management System (AMS) [10] [11] which is
the mandatory supervisory authority of any MAS. A single agent platform can be
distributed over several machines which provide scalabtlity and [oad balancing etc.
But with centralized AMS, this infrastructure lacks fault toferance, which is a key
feature of high assurance. Absence of fault tolerance is the main reason for the small
nuntber of deployments of MASs. Failure of AMS leads towards abnormal behavior
in the distributed platform. Virtual Agent Cluster Paradigm (VAC) is proposed in
this regard which strongly supports decentralized distributed AMS 1o achieve fault
tolerance in distributed MAS. VAC is an autonomous distributed infrastructure
which provides fault tolerance by using separale communication layers among
distributed peers. Experimental resulls show that it improves performance, brings

autonomy and supports fault recovery along with load balancing in distributed MAS.

3
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3.6 Message Transport Service (MTS5)

Message Transport Service 1s the backbone of any MAS. It supports the sending and
receiving of ACL messages between agents. The agents involved may be local (o a
single

Agent Platform or on different Agent Platforms. Two modes of communication are
involved for message transportation.

1. Intra-platform Communication (MTS)

2. Intra-machine

3. Inter-machine

4. Inter-platform Communication (ACC)

3.7 Agent Communication Language (ACL)

The ACL package is vesponsible {or creation of a message that's understandable by
all entities involved in the multi agent system. Through this package all agents will
create a message through some pre defined rules . And the message will be sent (o
the required

destination. At the reception end, the agent wil} take its own decision based on the
ACIL. Message,

Agent Communication Languages provides agents with a means of exchanging
information and knowledge, which is really the essence of all forms of interaction in
multi-agent systems. 'The result of which, was the FIPA ACL. ACL is an ouler

language that specifies message format and include descriptions of their pragmatics
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that is the communicative acts or intentions ol the agents. Furthermore, FIPA also
define semantic languages to successfully ,communicate with each other. FIPA

published SL which provides rich semantics. Every agent has common semantics to

taik cach other that is based on shared ontology.

3.8 FIPA-SL

The FIPA SL language is a human-readable string encoded (i.c. a content
cxpression in FIPA SI is a string) content language and is probably the mostly
diffused content language in the scientific community dealing with infelligent agents.
FIPA SL is particularly indicated in open applications where agents from different
developers and running in different environments have to communicate.

FIPA Content Languages generally satisty the some requirements, as SAGE
strictly follows the FIPA specification so it also satisfics the following requirements
for FIPA-SL

1. They are capable of representing propositions

2. They arc capable of representing actions

3. They are capable of representing objects, including identifying expressions to
describe objects

To allow simpler agents, or agents performing simple tasks, to do so with
minimal computational burden, semantic and syntactic subscts of the full FIPA SL
content language for use by the agent are ercated. These subscts are defined by the use
of profiles, that is, statements of restriction over the full expressive power of FIPA

SL. These profiles are defined in increasing order of expressivitics.
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3.8.1 FIPA-SLO S |

Profile 0 1s denoted by l]l(; normative constant FIPA-SLO in the language
parameter of an ACL message. Profile O of FIPA SL is the minimal subset of the
FIPA SL content language. 1t ailows the representation of actions, the determination

of the result a term representing a computation, the completion of an action and

simple binary propositions.

3.8.2 FIPA-SLI

Profile 1 is denoted by the normative constant FIPA-SLI in the language
paramcter of an ACL message. Profile 1 of FIPA SL extends the minimal
representational form of FIPA SLO by adding Boolean conncetives to represent

propositional expressions

3.8.3 FIPA-SL.2
Profile 2 is denoted by the normative constant FIPA_SL2 in the language
parameter of an ACL message. Profile 2 of FIPA SL allows first order predicate and

modal logic, but is restricted to ensure that it must be decidable.

3.9 Directory Facilitator

Directory Facititator (DF) is another component of multi agent system. It is
accountable for providing yellow-pages directory service 1o other agents. Agen(s
may register their services to the DIF or query the DF to {ind out what services are
offered by other agents. Agent is responsible to provide information related to
service L.e servie_type, service name ele. Furthermore, an agent can also deregister

or modify service any agent can interact with a DI in the following situations:
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To make its services public, to identify agents that provides a particular service

through the yellow-pages FIPA imposes that each Agent Platform has its own DI

that 1s known as default DF. Other DFs may also register with default DF to create

a federation.

3.10 Visual Management Agent (VMA)

VMA 1s an agent that offers a graphical inferface to platform administration and
platform monitoring. The agent offers many services that show the state of the
Agent Platform and it also offers various fools that are used to perform
administrative interaction with the AMS agent, the DF agent and are also be used to
debug and test applications. The state of the Agent Platform also shows the details
of the agents that reside inside the platform. The VMA itself offers some internal
agents for platform management and monitoring (hat can be used to perform
different tasks such as:

* Examination of the message exchanges among different agents.

* Create or compose ACL messages and send them fo other agents.

* Display the list of all the ACL messages sent or received by the agent.

* Read and save ACL messages from/(o file.

* Sniff a particular agent (optional).

¢ Create ontologies graphically.

VMA also provides graphical interface for the administration of the Directory
Facilitator and Agent Management System. Because VMA is an agent therefore i
would communicate with AMS agent and DI agent through passing ACL messages.

For the creation of ACL messages VMA package will use ACL packave and will
& & ] 2
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compose ACL message. After that the ACL message wili bessend 1o the Message

Transport Service that will forward thal message o the respective agent.,
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: “ Chapter 4

GRID COMPUTING

This chapter gives an overall technological overview of Grid technologics
along with the Semantic Grid. It also gives an account of the work already being done
in this ficld.
The worldwide web has provided common grounds (o share the information all
around the globe. The Grid technologies build on this by allowing factlitating the
global sharing of not just information, but also of physical resources (that are in
terms of computational and data storage resources) to be used at a distance. E mail
and WWW provide the vital means that allow communities that covers different
stales, countries and continents fo work together in collaboration. Visualize a
scenario it everyone could link their data, computers and other resources into a
single virtual office .Grid technology basically enables this to make it possible by
providing the protocols, services and software development kits needed (o enable
fiexible, controlled resource sharing on a large scale.
At the core of Grid is the concept of virtual organization. It is a dynamic coliection
of individuals, institutions and resources bundled together in order to share
resources as they tackle common goals. This resource sharing is not primarily file
exchange, but rather direct, controfled (i.c. within the authorization, sccurity,
copyright, cle, restrictions) access o compuiers, software, data and other resources,
as is required by a range of collaborative problem solving and resource brokering

strategies emerging in industry , science 'and engincering.
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Grid computing is an innoval'“ivf: approach that IQVc;':sgtzs (,x:slmg I'T infrastructure (o
oplimize compute resources and mz-.irnagc data and computing workioads. According
to Gartner, "a grid is a collection of resources owned by multiple organizations that
1s coordinated to allow them to solve a common problem." Gartner further defines
three commonly recognized forms of grid:

¢ Compuling grid - multiple computers to solve one application probiem

e Data grid - multiple storage systems (o host one very large data set

e  Collaboration grid - multiple collaboration systems for collaborating on a

common issuc

4.1 Grid Services

Grid middleware should facilitate novel means (o be build dynamically and
transparently from distributed services. In order to engineer new Grid applications it
is desirable to be able to reuse existing components and information resourceS and {o
assembie and co-ordinate these components in a flexible manner. Partly for this
reason the Grid is moving away from a collection of protocols to a service-oriented
approach: the Open Grid services Architecture (OGSA)[13][14]. This unites Web
services with Grid requirements and techniques.

The Grid’s requirements mean that Grid services extend Web services considerably.
Grid

service configurations are:

e dynamic and volatile A consortium of services (databases, sensors, compute
servers) participating in a complex analysis may be switched in and out as they

become available or cease to be available;

¢ ad-hoc. Service consortia have no centrdl location, no central control




* large. Hundreds of services could be orchestrated at any times:
° Jong-lived. A simulation could take weeks. |
These requirements make strenuous demands on fault tolerance, reliability,

performance and sccurity. Whercas Web services are presumed to be available and

stateless, Grid services are presumed to be transieni and stateful.

4.2 Semantic Grid

Until very recently the Grid and the Semantic Web communities were separate,
despite the convergence of their respective visions, Both have a need for
computationally accessible and sharable metadata to support automated information
discovery, integration

and aggregation. Both operate in a global, distributed and changeable environment.
The Semantic Web base services can be Grid Base Services. The Semantic Web
fabric is the means by which the Grid could represent metadata: both for Grid
infrastructure, driving the machinery of the Grid fabric, and its base and high level
services, and for Grid applications, representing the knowledge and operational
know-how of the application domain,

Semantic Grid is an initiative o develop effective methods for enabling such
complex resource sharing. The key to this 1s an infrastructure where all resources,
including services, are adequately described i a form that 1s machine-processable,
i.e. knowledge is explicit - in other words, (he goal 1s o provide semantic

interoperability. based on the technologies of Scmantic Web.
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4.3 Semantics for Grid Cqmgmigzing
4.3.1 Semantic Grid services \l .
‘The description of a service is essential for automated discovery and search,
selection, maltching, composition and interoperation, invocation and execution
monitoring. This choice depends on service metadata. Classification of services
based on the functionality they provide has been widely adopted by diverse
communitics as an efficient way of finding suitable services, e.g. UDDI. Reasoning
over service descriptions has a role o play when classifying and matching services.
In Condor a maiching mechanism is used to choose computational resources. In an
architecture where the services are highly volatile and configurations of services are
constantly being disbanded and re-organized, knowing

1 one service is safely substitutable by another is essential.

At the time of writing, the current state of describing Grid services through
semantics is

by using the names assigned the portType and serviceType elements of a WSDL
document, linked to a specification document. Bringing together the Semantic Web
and

Web services have already altracted attention. DAML+OIL has been explored in
myGrid.The myGrid service ontology extends the DAML-S ontologics. Service
classifications are more expressive than UDDIs simiple hierarchies and services are
queried and matched by subsumplion reasoning over the service descriptions.
However, Grid services dynamically create and destroy service instances, have soft

state registration and form fong-lived service conligurations. How this affects the
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way Semantic Web technologies can describe and discover Grid services is a

challenge yet to be adequately mlclr‘ésscc:i. |

4.3.2 Integration of Information

Compound queries posed by scientists require the fusion of evidence from different,
independently devetoped and heterogeneous resources. In biology, for example, the
hundreds of data repositories in active service have different formats, interfaces,
structures, coverage. The Web and the Data Grid guarantee a certain level of
teroperability in retrieving and accessing data. The next level of interoperability is
no{ just making data available, but understanding what the data means so that it can
be linked in appropriate and insightful ways, and providing automated support for
this integration process.

Information mediation is nol restricted to traditional scientific  databases.
Computational resources are discovered, allocated and disbanded dynamically and
transparently to the user. Semantic Web and Database technologics offer great
possibilities. A common data model for aggregating results drawn from different
resources or instruments could use RDEF. Domain ontologies for the semantic
mediation between database schema, an application’s inputs and outputs, and
workflow work items could use DAML -FOIL/RDIE(S). Domain entologics and rules
can be used for constraining the paramelers of machines or algorithms, and inferring
allowed configurations. Exccution plans, workflows and other combinations of
services benefit from reasoning (o ensure the semantic validity of the composition.
S0 we can use Semantic enriched services for:

¢« The classification of computational and data resources, performance metrics, job

control; schema integration, workflow descriptions:




* Typing data and service inputs and Quipul.s; ERE
* Problem solving sclection le'lij] iméliigem pgrlais;. |
¢ Infrastructure for authentication, accounting and access management.
Turning this around, we can envisage that the Base and Application services of the

Semantic Web are implemented as Grid services.
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: Chapter 5

COMPARATIVE ANALYSIS OF FIPA-SL. AND OWL

In this chapter my primary focus is to casry the in depth analysis of ontologics of
OWL and FIPA SL. .
OWL is a standard by W3C, which describes the ontologics for explicitly specifying
the semantics and the distributed services. Its goal is for developing applications that
utilize the semantically rich data processing and invocation of services that are
described in OWL. As the OWL is based on description so it is the most suitable
language for defining concept hicrarchics and their relations, and is built on the top of
RDF, which provides additional vocabulary and formal  semantics. In the OWL
ontologics we can specify the clagses, subelasses there attributes, object properties ete.
FIPA SL on the other hand provides human readable string encodings (i.c. the
contents of the FIPA SL arc treated as a string) and is probably the most diffused
content language in scientific community dealing with the autonomous software
agents, FIPA SL provides certain subsets for imposing profiles that is, statements for
imposing statements of restriction over the full expressive power of FIPA SLFIPA
SL is capable of representing propositions, actions and representing objects including
identifying expressions to describe the objects.
The use of our proposed mappings/translations between the two languages will make
it possible to describe the logical nature and context of the information being
cxchanged, while allowing for maximum independence belween communicating
partics and can be used to flexibly map specific data representations to these
languages for climinating the nced {o explicitly convert applications to adopt a certain
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data standard. Different agent based application will be able to usc these
mappings/transtations {o transform data {rom ontology to (he other or 1o perform

federated queries from a single query statement.

OWL Ontology
superClass
SubClass(rdfs:subClassOf)
Object property
Restriction(has some values)
Individual

disjointWith

unionOf

intersectionQf

FiPA Ontology

Coneept

SubConcept

Slot

Predicate

Individual
NOT-SAME-VALUES
Binary LogicalOp = “and™

Binary LogicalOp = “or”

cardinality ' CARDINALITY
minCardinality MINIMUM-CARDINALITY
maxCardinality MAXIMUM-CARDINALITY

someValuesFrom SUBSET-OF-VALUES
InverseOf SLOT-INVERSE
Table 1: Comparison of OWIL, and FIPA Ontologies

We compare the fwo languages in terms of expressive power and inleroperability. We
discuss the pros and cons when FIPA-SL or OWL is used as content language in ACL
message structure and choose one language which will be better in terms of
cxpressiveness in our the design and implementation for agent communication. Tabic
1 shows the detailed mappings of OWL and FiPA ontology.

We our focusing (o carry out in depth analysis and view the tradeolfs beiween
FIPA-SL and OWIL when they are used as content language in ACL message
structure. Logic, syntax and semantic of the both the languages are totally different

from cach other thus difficult to implement.
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“ OWL can be used as the content language witin an AGL miessage as to carry
the contents of the message. Which has ils other benelits and drawback to be
used as content language in ACL message structure

% The FIPA-SL family of languages, which give a human-readable text

representation for, messages which resembles LISP or scheme.

5.1 Expressiveness of OWL and FFIPA SI.

The FIPA-SL language is a human-readable string encoded (i.c. a content cxpression
in FIPA-SL is a siring) content language and is probably the mostly diffused content
language in the scientific community dealing with intelligent agents. FIPA-SL is
particularly indicated in open applications where agents from different developers and

running in different environments have to communicaic.

FIPA Content Languages should be expressive enough to satisfy the following
requircments:
< They are capable of representing objects, including identifying expressions to
deseribe objects.
¢ Proposition should be completely represented.
¢ They are capable of representing actions
According to FIPA SL. an action expression expresses an action that can be
performed. An action may be a single action or a composite action built using the
sequencing and alternative operators. An action is uscd, as a content expression when
the act 1s request and other communicative acts derived from it.
The propositions may not be always atomic, that is, they may involve explicit
or implicit quantification, logical connectives like NOT, AND, OR and modal

operators like BELIEF, DESISRIE and INTENTION.
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OWI. as content languape guarantees t.]'f;ii; the .s_aljmzmg{ics of the messapes
exchanged is explicit and llliél.ll;l'l;i')ig,lli)l.l;; bc!,wgcn the scn(']cr zu}(i._’;'cc<:iv01: Owi has all
the features nceded to deseribe rich knowledge structures by agrecing on how
meaning 1s conveyed it is simpler for applications to share meaningful content. The
benelit of adopting a stronger semantically rich content language like OWL is that it
facilitates a higher-level of interoperability between agents. Bul as OWL comes in
three constructs (OWE-Lite, OWL-DL and OWL-Fuil) the layering structure of these
three subsets causcs the interoperability issues between them.

OWL expressive power as a knowledge representation language seems to be
adequale for most needs of current agent based systems. OWL is also able to
represent proposition, actions and objects. For examples this is how we can represent

objects and actions in OWL

1. Maruf bike 1s excellent
<Bike rdf:ID="Maruf bike ">
<owner>Maruf</owner>
<status> excellent </status>

</Bike>

2. Marul'is cating Food
<owl:Action rdf:ID="cating Action ">
<owl:act>ecating-food </fipaowl:act>
<owl!:actor>Maruf</fipaowl:actor>
<owl:Action=
Fisrt statement 1s identifying an object and sccond is showing an action of

cating in OWL. OWL has rich class, property, and axiom to model] the world it can

3
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also express the logical connective like AND, OR, NOT and litersectionOf, UnionOf

and ComplementOf OWL constructors, .

5.2. Representing Agents Attitude

The mental state of an agent is an intentional description making reference to beliefs,
desires, intentions and other modalities that agents may have, In the agent world, to
describe the mental state of an agent belore sending (i.c., pre-conditions) a message
and afler having received it (i.e., post-conditions) is a uscful way to ascribe meaning
lo communication primitives. The main challenge in this context is not only to
provide a clear formalism for expressing the semantics in an unambiguous way for
human developers but also to make sure that the agents’ process of interpreting the
meaning of the message is compliant to the given semantics. Pre-conditions and p(.)st—
conditions arc usually expressed in modal logic. The semantics of & communicative

act (CA) is spectfied as a set of SL's formulac.

SL a quantified, multi-modal fogic, with modal operators represented as follows:

‘9

w Belief: (B <agent> <expression>)
Agent believes that expression is true
s Uneertainty: (U <agent> <cxpression>)
Agent believes that expression is more likely true than false
< Intention: (I <agent> <expression>)
Agent infends that expression will becomes true and will plan to bring it about
< Persistent Goal: (PG <agent> <expression>)
Agenis’ holds a persistent goal that cxpression becomes true, but will not

necessarily plan to it about
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3ut the problem is that we cannot express these modalities in OWL as OWL 1s
not based on Modal Logic so we cannot express the nlmclalitics like Beliefs,
Uncertainty, Desires and Intensions cte. The agent mental attitudes about the state of
the world cannot be expressed when OWLL s used as (he content language. Only SL is

able to express these modalitics. This is where SL. distinguishes its expressive power

from OWL

5.3. Comparison based on Logie

Logic is a system or meodel of reasoning. The simplest kind of logic called
Propositional Logic deals with simple expressions that can be assigned a value of truc
or false. First-Order Predicate Logic extends Propositional Logic by allowing separate
symbols for predicates, subjects and quantifiers. SL is based on First Order predicate
logic and Modal Logic so the expressive power of SL includes rich sel or operators
and construets but as (he expressive power increases the complexity of reasoning
decreases.

A description Logic is appropriate to use as a common core. Description
Logics forms a family knowledge representation (KR) that represents the knowiedge
of an appiication domain. Deseription logics represent a subset of first-order predicate
logic aimed at being fractable while maintaining a richness of  semantic
expressiveness. It has declarative formalism for the representation and expression of
knowledge and sound, tractablie reasoning methods founded on a firm theoretical
(logical) basis. Owl is based on Description logic and is distinguished by its decidable
characteristic and a formaily defined semantics, which cnables the subsumption
relationship fo be computed by suitable algorithms. Compared with many of its
predecessors, Deseription Logics provides a formal, logic-based semantics to make it

a uscful knowledge representation framework for different application domains. The
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cxpressive power of OWL is not as much as Skoas it is based on Deseription logic,

which is a subset of first order.predicate logic, but it is decidable and has reasoning

capability.

5.4 Issues between interoperability of OWL and SL

OWL, is widely used within the FIPA communily, though not yet formally adopted as
a FIPA compliant content language. OWL is a W3C recommendation so while using
it in the ACL message structure the incompatibility lays between two major governing
bodies FIPA and W3C. Also in the reccommended agent platforms java is widely used
in agent development and agent communication [7] therefore when ACL s
programuned using java and content languape is programmed using OWIL, the
‘ovcrhcad of using two different languages for agent communication also increascs.
We can use OWL as a content language in ACL message structure but the operating
cost increases and efficiency deercases. Unfortunately the different languages have
slightly different semantics and arc gencerally not interchangeable in the same agent
(without modification anyway). The Sl-cncoding is the richest in terms of built-in
operations and other rich constructs, FIPA-SL is the preferred language for the

courscwork as it is numan-rcadable and has cfficient encoding and parsing techniques.

Afler a comparative study of 8L and OWL we found that SL had the following
advantages:

% SLois well known to the project partiiers because 1t 1s widely used within the
FIPA specifications both for the specification of the semantics of the FIPA
Agent Communication Language, and for most examples in the whole set of
speetficalions

% SL is relatively casy to learn and understand

3
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W 5hoas expressive enough for the purposcs ol the agert communication and

e

semantics
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Chapter 6

PROPOSED ARCHITECTURE

This chapter infroduces the overall architecture of the system along with the
detailed communication architecture.
Evolution of World Wide Web has made it a focal point of rescarch to apply
structured and well-defined meanings to achiceve Semantic Web and ultimately the
Semantic Grid. The realization of this goal gives rise to the integration of
technologics that can nepotiale and cooperate in which agents have proven to be
clfective. OWL (Wceb Ontology Language) is currently the W3C standard for
providing the explicit semantics to the web services whereas the FIPA Scmantic
Language is the core of agent platforms due to its high expressive power. The key
objective of this paper is the development of semantic translations in such a way
that the agents can communicate with the web services in an efficient manner. The
challenging domain where our work can be applied is, the messages that can be
exchanged between FIPA compliant Multi Agent systems and the web services,
thus enabling the agents based applications to interact with the web services. Our
goal for these mappings/transiations is (o show that how the existing standards of’
FIPA Semantic Languapge could be mapped into sepresentations, which could be
readily used in a Web Services, based environment.

Our devised model provides the semantic interoperability in distributed
environments where technologices hike agent applications and prid systems are
combined and reused (o achieve the autonomous semantic grid and thus providing

a scrvice oriented framework. The Semantic Web provides a conceptualization by
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which the distributed knowledpe and be 1‘(:1)..1‘.'255;011-&6.:zn}d vicwed, in terms of
formation, utilization, 1)1‘01):13.;,1“01"1 and management. The cﬂa'mccpts can be defined
within extensible, open ontologics, which are published using the standard
protocols with occurrence and propertics being asserted at arbitrary locations
across the web.

As we are specitying that the OWL will be the W3C standard for specilying the
services on the web and will act as a content language. The communication
infrastructure specified by FIPA permit the agents to communicate using any
mutually comprehensible content language as long as it fulfills a few minimal

criteria as a FIPA compliant content language [FIPA, 2003].

“Qntologies -
B SOAD
—
Response

Ontology
Gateway

SOAP

]

U TIPA SL

Reques o OWL,

Fig. 6. Proposed System Architecture

In Figure 2 an abstracC architecture of the proposed systens is shown, The key idcea
is 1o show that how the software agents can communicate with the QWL based
web services in bringing the semantic operability, negotiation cle. Another
important aspect of the proposed system is that it is not reshaping the existing

standards of the FIPA Semantic Language and Web Ontology Language. Our
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focus is the interoperability of the two languaﬁcs so that the autonomous software
agents can communicate with the web services or they canbe used to build their
knowledgebase. The middleware act as a converter, which by taking input data
(from the ACL message) converts it into mappings/translations described in OWL
and vice versa.,
Major issues in realizing the proposed system were:
e FIPA SL and OWL have different underlying support for the terms, syntax,
semantics and implementation constraints.
e The two languages arc based on different standards one by FIPA and the other
by W3C.
Devising mappings/translations for such a system is quite demanding and challenging,
as both languages vary tremendously. Comparison to both the languages is provided
in terms of representations and possible mappings in Section 3, which shows that the
difference between the two languages made these mappings/translations very
challenging.

This section describes the detailed design of proposed system in which the most
important technical challenges are solved, i.e. without changing the specifications
and standards of W3C OWL and FIPA SL, cnabling the two-way communication and
the content transformation entities including Grid services and Grid clients.

0.1 Software Agents communication with the OWL based Web
Services
In this section, detailed design as shown in fig 3 that enables FIPA compliant

Software Agents interact with W3C compliant OWL based Web Services.

: Cl-T-Yo 4|

W—i-\q
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A middleware is designed that makes services visible to Software Agents (sce fig

Web Services Platform FIFA Complaist Mult

Agent Bystem

b

HOAP ACL Fywsult

‘g‘
Ontology
Gateway

Meb ._‘_"""‘F
. 1\ Y eL "“ TEOAT
wEIVICes Request

Iig, 7, Software Agents communicating with the OWL based Services
7).

Whenever an Agent needs o search for a service on the GRID environment the
transibrn_wtioﬁ of the ACL based scarch query into SOAP based UDRDI scarch query
and forwards to UDDI] where the required service is expected is done using the Agent
Web Gateway’s component named ACL2SOAP converter [12].Now the Soltware
Agent has come to know about the existence and the address of the required service,
The address for the Web Service file is now retrieved and the Software Agent exiracls
the required Web Service. Software Agent is needed to know about the Ontology,
ApentAction Schema, Predicate Schema and Coneept Schema ele. so the Web Scrvice
is passed to Ontology Gateway that translates the Web service published in OWL info

an cquivalent FIPA compliant message.
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6.2 Grid entities communication with the Software Agents

Web Services Platform

FIPA Complamt Mult
Agent Systermn

s

CAgentWeb. .
o o Clateway N aep
S i N Request Bt
 zoar / RSN
L DD ] Redquedl <o .:D
FATIENLI TN N COntology 7 Defs Facililabor
Grateway TR
i P - s : . . ) el L\- .
Wals e O:j]l: : “ e ‘/)o &
vt e TSOAP ) ACL Rmu.)ﬁl_"”"t\k o
pervies Rosult CFIPASL Requast 'y

Agent

Fig. 8. Grid entitics communication with Seftware Agents

In this section, the shown detailed design enables W3C compliant SOAP based Grid
computing environment entities including Grid services and Grid clients interact
with FIPA compliant Software Agents by performing Service Discovery in DF,

understanding services provided by a Software Agent and consuming services from
Soltware Agents,

A middleware is designed that makes services visible to Grid Entities (sce fig 8).
Whenever a Grid Entity needs to scarch for a service on the GRID eavironment the
SOAP based UDDI query is passed to a protocol converter of Agent Web Gateway
named SOAP2ACL. The protocol converler extracts out the service name sends a
valid ACL, based DI? scarch request message (o the Agent Platforn. Directory

Facilitator performs a search. If the required service is not found # is forwarded to a
remote platform where the service is expected.
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Directory Iacilitator of the remote Agent Platform 1)01"}.;()1"131.%*3 search. If required
service is found, the service is r;:l,ume(l by the DF of that remote Agent Platform to the
agent at our middleware, which converts the FIPA Ontology into the OWL Ontology.
And the service retrieved is embedded into the original SOAP message, which is
forwarded to the Web Service Client that requested for the search. In this way, the
Oniology Gateway helps the Web Service client o search for the services at Agent

Platform,

53




Chapter 7

CONCLUSIONS AND FUTURE DIRECTIONS
This chapter introduces conclusive remarks and future work that needs to be done in order

to improve the efficiency of communication between agents and web services.

7.1 CONCLUSION

In this thesis we have devised translation/mappings for the interoperability of
FIPA Semantic Language with the Web Ontology Language in the context of achieving a
semantic web and ultimately the semantic grid to achieve autonomous coordinaﬁon in the
messages that are exchanged between the FIPA compliant Multi agent systems and OWL
~based web services. Our proposed system provides a robust infrastructure for semantic
interoperability of messages between the two languages. We have done a detailed
analysis of FIPA Semantic Language and the W3C OWL. The detailed design then
cxplains the role of middleware that facilitates the two—way communication among the
FIPA comphiant software and W3C specified Web services without violating the existing
standards. "There are many applications that benefit from having a dedicated agent that
manages and controls access 10 a set of explicit ontologics.

In information retrieval applications, the size of some linguistic ontologies may
prevent an agent from storing the ontology i its address space, so thal agents need (o
remotely access and refer to ontologics for disambigualion of user guerics, for using

information about taxonomies of terms or thesauri to enhance the quality of retrieved
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results, cte. The definition of a standard inl.crf’:-lc';:’.l,o -accg;;s_ arl guery an ontology
service can increase and sin:)plii").i ;.I:he i'n{(;ropcral_)iliiy i)ctweén dii.‘.ﬂ;;‘cm: systeins.

Semantic tegration of heterogencous information sources in an open and dynamic
environment, such as the Internet or a digital library, may also benefit from an ontology
service. There are already implementations that use one domain entology to integrate
several information sources, managed by a dedicated agent, whilst still allowing each
source (o use its private ontology. Livery user can also have their own ontology
depending on their preference, their role in the domain or simply their known language.
Lvery used ontofogy is a subset of the domain ontology or there exists a map between it
and the domain ontology; the knowledge about these relationships (subset and mapping)

1s usually maintained by some ontology dedicated agents.

7.2. FUTURE DIRECTIONS

Rich semantic and pragmatics are the foundation for the high level negotiations
among Multi-Agent systems and they can provide a better framework for negotiation
among agents. Highly expressive content language and better encoding techniques
attempts to facilitate the use to capture a wide varicty of negotiation mechanisms in a
principled and well-structured way. The translations can be further enbanced for

OWL-§ and similarly new operators can be mfroduced as (o cfficiently communicate

between two languages.
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8.3. Ontology Conversion Comparison
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APPENDIX

Test Bed Specifications

Machine Specifications

e Intel Pentium 3 (500 MHz)

* 256 MB RAM, 80 GB HDD
* Single PC

* Microsoft windows XP2004 Build 2600 Service Pack 1
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