Semantic Web Communication Framework
Towards Agent-based Software Engineering

Yong-Feng Lin and Jason Jen-Yen Chen
Dept. of Computer Science and Information Engimegri
National Central University,
Jhong-Li, Taiwan

ABSTRACT Agent

This work proposes an innovative framework towards
realizing agent-based software engineering. As & ne
abstraction, agents reveal significant potential to ‘ Object | ‘ Modal ‘
intimately serve human users using web services. Th
framework coordinates web services over the Semanti
Web. It adapts agent communication to the Semantic | Function ‘ ‘ Data ‘
Web, then confines inter-agent communication within
the foundation of intelligent and physical ageiifPA)
interaction protocol. Through this, automated web
service discovery and composition is expected to be
realized in the near future.

Fig.1: Software engineering paradigms shift: fumcti
object and agent

This framework provides a set of markup language
constructs describing the foundation of intelligemtd
physical agents (FIPA) interaction protocol in
computer-interpretable form. Moreover, it providas
mental model for agents to drive the interactiostqeol
in formal semantics. Inter-agent communication
1: INTRODUCTION distributed over the Semantic Web has to conforthéo

same interaction protocols. Thus, agents can coateli

With the paradigms shift depicts in Fig. 1, softear \eb services over the Semantic Web (semantic web

engineering keeps moving forward. TdJiajectparadig_m service [5]) in a standardized manner.
models software components as real-world entities.

encapsulates functions and data to obtain claseds t 2- REL ATED WORK
instantiates objects. It argues that running softwa
comprised of a collection of objects, as opposethéo
traditionalfunctionparadigm in which a program is seen
as a collection of functions.

The World Wide Web (WWW) attracts more and
more people to use computer then ever before. ffost
them are casual users. The object paradigm, however
lacks the mechanism to model casual users’ expaErgEn
attitudes and thoughts in a distributed mannehnpalgh
it is good at modeling software as just said. 1

The recent Semantic Web explores a new vision of
the Web. One of its efforts is the web ontologyglaage
for web services (OWL-S) [1]. OWL-S provides a

computer-interpretable service description for 88€8]  gemantic Web's ontology enables the Semantic Web to
[3] to integrate a variety of web services [4] otke be observed by agents. Jfipa provides a FIPA

Semantic r\]N e%‘ Witp the dLStribgted ﬂnature of those 1 -hased message routing mechanism, but does not
services, the idea of agent-based software engmeer ¢t ontology-based communication. Jade has
(ABSE) has emerged. Tragentparadigm argues that a built-in APIs for communication among

program |sdt? manlpulate. ]:’slgents’,behawolrs._Agent platform-specific  ontologies. However,  these
containsmodaloperators to infer user's mental attitudes platform-specific ontologies cannot be shared dher

that dr|ve program execution. L Semantic Web. Jade has to import a third-party pgek
T_h|s work presents a communication framework that Bean Generator, to achieve adaptivity. Cougaar tadop

prowd_es a qual-dnven interaction for the agent Java-based message representation to maximize

paradigm that, in a sense, corresponds to the gssa o formance. Cougaar defines message content by

passi_ng mechanism_ for the object_ Paradigf“' or thepluggable components, but does not currently suppor
function call mechanism for the function paradigm. high-level knowledge representation.

Key words
Agent, Semantic Web, web service, foundation of
intelligent and physical agent (FIPA)

Three agent frameworks: Jfipa [6], Jade [7] and
Cougaar [8], are surveyed. Jade and Cougaar dterbui
their respective development environments. Thii@aec
compares these frameworks from the perspectivek)of:
agent adaptivity over the Semantic Web; 2) agent
interoperability over the agent platform and 3)
integrativity of agent and the Semantic Web.

Agent adaptivity over the Semantic Web

In the context of the Semantic Web, ontology
provides an environment to share understanding of a
domain [9]. Adapting an agent's native ontologyhe
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2. Agent interoperability over the agent platform 3.1: Transport Channel

The FIPA interaction protocol forms a suite of
protocol standards. Making agents compliant witRAcI A transport channel encodes and transports
facilitates interoperability over different agemaforms.  coordination messages. Agents running in heteragene
Jfipa concerns about transferring message to agentsenvironments (such as disparate operating systeams)
rather than interacting with agents. Thus, it does  carry communication states from one end of thisioka
support the FIPA interaction protocol suite. Jade to the other.
supports most of the FIPA protocols, but unfortehat The transport channel has both a server and a clien
provides only a protocol framework. Restated, usersimplementation. The server listens for incoming
must generate agents' behavior as a finite staaebine messages and the client dispatches outgoing message
(FSM), and implement the FSM handling methods. HTTP is used as the underlying transport protocal a
Cougaar does not support the FIPA standard, bigads XML as the encoding scheme. The Document Type
performs inter-agent communication on a blackboard Definition (DTD) of the coordination message is
based on the “Replys” mechanism. In other words, th expressed as follows:
users must implement “Relay.source” and “Relayd#rg
interfaces to exchange messages. <?xml version="1.0"?>

<!--A Coordination-Message contains Communicative;Act

3. Integrativity of agents and the Semantic Web Initiator, Participant, Service and Proposition-->

Agents on the SemanticWeb act as coordinators o o
between semantic web services. Integrating the Sttna 2'5';1'50'\:' i’:}—tiCicp:ggtrfIT(t:It(iJc?r;":/lePSrSO?Z)gOeSitiE)ig)n;mumcatlve-ACt,
Web with agents enables the agents to seamlessl ' PV
coordinate sgmantic web servicesq Jfipa is a flexib <IELEMENT Communicative-Act (#PCDATA)>

. . <IELEMENT Initiator(#PCDATA)>

framework for deplpymg agents to a new environment _g EMENT Participant (#PCDATA)>
but has no mechanism for integrating web serviand,
certainly not for semantic web services. Jade plewia <l-- An Action contains Service and Parameters -->
web service integration gateway (WSIG) [7] to régfis  <IELEMENT Action (Service, Parameters)>
web services. This gateway integrates agents with w <!ELEMENT Service (#PCDATA)>
services, but not with semantic web services. Bitrest,
Cougaar embeds Tomcat in its nodes (similar to tagen <'-- Parameters contain Input and Output -->
platforms). A web service can be treated as a cosgo < ELEMENT Parameters (Input*,Output?)>

: . <IELEMENT Input (#PCDATA)>
of an agent. Thus, neither Jade nor Cougaar irteegra <IELEMENT Output (#PCDATA)>

agents with semantic web services. IATTLIST Input type CDATA #REQUIRED>
<IATTLIST Output type CDATA #REQUIRED>
3: ARCHITECTURE

<l-- A Proposition contain subject, predicate abgeot-->

Fig. 2 shows that this framework contains six <!ELEMENT Proposition (subject, predicate, object)>

components: 1) transport channel (that communicates™ ELEMENT subject (#PCDATA)>

X | ;
with external transport channel), 2) reasoner, @na :Etgmgm gg?gg?fp(g;g?:\)?\b
mental model, 4) interaction protocol ontology, 5)

OWL-S service resolver (which reads an OWL-S .
description), and 6) domain knowledge. Each is 3ZR ner

described in details next A reasoner, such as RACER [10], is compatible with

description logics implementation group (DIG) [11]
OWE-S interface. It contains interaction protocol ontoloand
Description ' ;
L agent mental model, which form the knowledge bdse o

this framework. In driving the interaction betwesgents,
OWL-S Service Domain a reasoner accepts 1) a “tells” operator, whichtaioa
Resolver Kuowledge the communication states to update the knowledge,ba
1 — and 2) an “asks” operator, which contains formal
Agent Mental semantics [13] to query the knowledge base.

Reasoner Model Below is an example about “tells” operator. An agen
receives the communication states about someone who
wants to coordinate a book buying service.

Interaction Transport External The “tells” operator is expressed as follows:

Protocol Ontology Channel Transport Channel

<tells
uri="urn:protocol”

Fig. 2: Architecture of the framework xmins="http://dl.kr.org/dig/2003/02/lang"

>
<related>
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<individual name="urn:protocol#Mary"/>
<ratom name="urn:protocol#coordinates"/>
<individual name="urn:protocol#BookBuyingService"/>
</related>
</tells>

In this example, a “tells” operator updates the
knowledge base about “Mary coordinates the book
buying service".

Next is an example about “asks” operator. John
requests Mary to perform a book buying service.aft p
of formal semantics of a request communicativesact

“BssmAgent(Mary, BookBuyingServige

<believe rdf:resource="#b1">
</Agent>
</rdf:RDF>

In this example, agent John believes b1, whiclestat
that “Mary coordinates Book Buying Service”. Restht
John believes that Mary coordinates the book buying
service.

3.4: Interaction Protocol Ontology

The core of this framework is the OWL-based
interaction protocol ontology (Fig. 3), which suiegl a
set of markup language constructs to describe the
properties of inter-agent communication in an

that means John believes Mary is the agent that ha%nambiguous computer-interpretable form.

performed the book buying service before. In orer
meet the formal semantic, agent John uses an “asks
operator to query the knowledge base to confirm
whether he believes Mary has done so. The “asks”
operator is expressed as follows:

<asks
uri="http://dl.kr.org/dig/kb-51610"
xmlns="http://dl.kr.org/dig/2003/02/lang"
>
<toldValues id="q1">
<individual name="urn:beliefbase#b1"/>
<attribute name="urn:beliefbase#belief"/>
</toldValues>
</asks>

In this example, an “asks” operator queries the
knowledge base to make sure if John believes by Ma
coordinates a book buying service).

3.3; Agent Mental Model

An agent mental model defines the modality of belie
[13], which denotes an agent's propositional atéfifor
driving the communication. To preserve the
communication states just mentioned, the initial
communication states originating in the agent'sebel
base [14] are loaded into the mental model during
framework initialization. The inferred states are
immediately sent to the outside environment wheneve
new communication states are added to, or remooed, f
the mental model.

For example, an agent's mental model preserves a

communication state expressed as the following web
ontology language (OWL) code:

<rdf:RDF
<l--b1 states that Mary coordinates Book Buying S
<Proposition rdf:ID="b1">
<subject>Mary</subject>
<predicate>coordinates</predicate>
<object>BookBuyingService</object>
<belief>true</belief>
</Proposition>

<l--agent John believes b1-->
<Agent rdf:ID="John">
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The interaction protocol ontology has three impuarta

classes, namely agent, communicative act and pybtoc

-@ hasIntention

(e.g. Perform action, Handle error.

S S .

___________________ Jr plningingytytnynpinpiugl iy

>t Eticpab |

hasInitator

— ObjectProperty
== DatatypeProperty
...... » Subclass

Fig. 3: Interaction protocol ontology

The agent describes:

1. The entities involved in coordinating semantic
web services.
The service that enables agents to coordinate,
specified by the property “coordinates”. Notably,
the service is equivalent to the service in
OWL-S.
The type of intention that the agent wishes to
accomplish, specified by the property
“haslintention”. The intention may be to perform
action, handle error, pass information, request
information or negotiate agreement.

For example, an agent involved in coordinating & we
service is expressed as follows:

2.

3.

<!--a Book Buying Service-->
<Service rdf:ID="BookBuyingService"/>

<!--Agent John intents to perform coordinating Bddlying
Service-->
<Agent rdf:ID="John">
<coordinates rdf:resource="#BookBuyingService"/>
<haslIntention rdf:resource="#PerformAction"/>
</Agent>



In this example, agent John has the intention to
perform the action of coordinating the book buying

service.

The communicative act describes:

1. The sender and receiver(s), specified by the
properties “from” and “to”.

2. The next communicative act,

property “next”.

specified by

<from rdf:resource="#Mary"/>
<to rdf:resource="#John"/>
</Failure>

<l-- request-refuse -->
<Request rdf:ID="request">
<from rdf:resource="#John"/>
<to rdf:resource="#Mary"/>
<next rdf:resource="#refuse"/>
</Request>

3. The communicative acts denoting performative <Refuse rdf:ID="refuse">
utterance that can be derived. These acts may <from rdf:resource="#Mary"/>
include, among others, “accept”’, ‘“inform”, <to rdf:resource="#John"/>
“failure”, “request” and “refuse”. FIPA proposes </Refuse>
22 fundamental communicative acts [12] in
agent communication. In this example, the “request” communicative act is
For example, Fig. 4 shows a FIPA request interactio Sent from initiator “John” to participant “Mary”, hile
protocol consisting of three possible interaction the restof the acts are sent in the opposite tibrec
sequences: (1) request-accept-inform, (2) request-
accept-failure and (3) request-refuse. Notably, the Thi protocol describes:

abnormal act “NotUnderstood” is omitted. The participants in the interaction, given in the
two properties “haslnitator” and

1 “hasParticipant”. The “haslnitiator” indicates a
special participant who initiates the interaction.

-accept next i .
“ex 2. The protocol adopted by the agent, described by

next the “protocolName” property.

next,
(3) (2) 3. The communicative acts specified by the

Fig. 4: The FIPA request interaction protocol ahcbe
possible interaction sequences

The sequences are expressed as follows:

<Initiator rdf:ID="John"/>
<Participant rdf:ID="Mary"/>

<!-- request-accept-inform -->
<Request rdf:ID="request">
<from rdf:resource="#John"/>
<to rdf:resource="#Mary"/>
<next rdf:resource="#agree"/>
</Request>
<Agree rdf:ID="agree">
<from rdf:resource="#Mary"/>
<to rdf:resource="#John"/>
<next rdf:resource="#inform"/>
</Agree>
<Inform rdf:ID="inform">
<from rdf:resource="#Mary"/>
<to rdf:resource="#John"/>
</Inform>

<l-- request-accept-failure -->

<Request rdf:ID="request">
<from rdf:resource="#John"/>
<to rdf:resource="#Mary"/>
<next rdf:resource="#agree"/>

</Request>

<Agree rdf:ID="agree">
<from rdf:resource="#Mary"/>
<to rdf:resource="#John"/>
<next rdf:resource="#failure"/>

</Agree>

<Failure rdf:ID="failure">

“constructedBy” property, which construct the
interaction protocol.
For example, an interaction protocol is expressed a
follows:

<Protocol rdf:ID="protocol">
<protocolName rdf:datatype="&xsd;#string"
>request</protocolName>
<haslnitiator rdf:resource="#John"/>
<hasParticipant rdf:resource="#Mary"/>
<constructedBy rdf:resource="#request"/>
<constructedBy rdf:resource="#agree"/>
<constructedBy rdf:resource="#refuse"/>
<constructedBy rdf:resource="#inform"/>
<constructedBy rdf:resource="#failure"/>
</Protocol>

In this example, an interaction protocol named
“request” is constructed by “request”, “agree”,flrge”,
“inform”, and “failure” communicative acts, and
includes initiator John and participant Mary.

The framework can be easily extended to
accommodate other FIPA interaction protocols, sympl
by instantiating the interaction sequences andant®n
protocol from the interaction protocol ontology gFi3)
as described above.

3.5: OWL-S Service Resolver

OWL-S service resolver extracts the service interfa
as an action of the coordination message (see Damium
Type Definition in section 3.1). An OWL-S descripii
contains properties, namely serviceName, hasinput,
hasOutput, hasPrecondition and hasResult [5],aeqmt
a service interface.
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Figure 5 illustrates an OWL-S description, book
buying service. This service has the “hasOutput”
property, which specifies order status, and thelfiyaut”
properties to specify the book's title and theeric

Book Buying
Service

hasOutput " hasInput

hasInput
Order v
Status Title

Price

Fig.5: Book Buying Service

In this example, the action of coordination mess&age
expressed as follows:

<Action>
<Service>bookbuyingservice</Service>
<Parameters>
<Input type="http://www.swcf.org/bookbuying#Title"
>Different Seasons</Input>
<Input type="http://www.swcf.org/bookbuying#Price"
>$9</Input>
<Output
type="http://www.swcf.org/bookbuying#OrderStatus"/>
</Parameters>
</Action>

3.6: Domain Knowledge

Domain knowledge generally represents the
particular meanings of terms that domain expertdyap
to a specific domain. This work defines domain
knowledge as the type and the parameters of thiecesr
Additionally, a service interface can be validateg

believes (a book) Different Seasons has a pri&9of
in its mental model, while Mary's agent belieVikry
believes Different Seasons has a price of. $6”

This example demonstrates that agents exploit the
coordinative communication of this framework to kay
book “Different Seasons” for $6 in the book buying
service.

With a limited budget of $6, John delegates himage
to buy “Different Seasons”. The agent inspectsiéntal
model and knows that he cannot perform this taskes
this violates its belief thaDifferent Seasons has a price
of $9”. The agent asks the reasoner, “who is the
participant of book buying service coordinationahd
the reasoner responddjary is the participant of book
buying service coordination.”

The agent then adds this proposition to its mental
model as a belief. The agent again asks the reasone
which communicative act to apply to express its
performative utterance. The reasoner replies, “Bstju

The coordination message for the above is:

<Coordination-Message>
<Communicative-Act>Request</Communicative-Act>
<Initiator>John</Initiator>
<Participant>Mary</Participant>
<Action>
<Service>bookbuyingservice</Service>
<Parameters>
<Input type="http://www.swcf.org/bookbuying#Title"
>Different Seasons</Input>
<Input type="http://www.swcf.org/bookbuying#Price"
>$9</Input>
<Output
type="http://www.swcf.org/bookbuying#OrderStatus"/>
</Parameters>
</Action>
</Coordination-Message>

domain knowledge when agents orchestrate a web

service scenario.

Figure 6 illustrates the domain knowledge of a book
buying service. According to the scenario in Figthe
“service” sells “books”, and each book has ‘title”,
“price” and order status “hasOrdered”. Additionaliiye
service has “members”, some of whom belong to the
“VIP” group.

—— ObjectProperty
—-—--» DatatypeProperty

hasMember sale

. "“hasOrdered
vip -

hasTitle  hasPrice

Fig. 6: Domain knowledge
4: AN EXAMPLE

John and Mary are customers of the Elite bookstore.
She is a VIP member of the bookstore, while heois n
Both have agents to assist them with buying bookke
bookstore (Fig. 5). The VIP members enjoy lowecesi
than others. Thus, John's agent holds a belief Joéin
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The transport channel then transfers this cooridinat
message to Mary's agent, which receives the message
and asks the reasoner, “Is John a participant of
coordination?” The reasoner repliesjohn is the
participant of book buying service coordinatiorihen,
Mary's agent adds this proposition to its mentaflehas
a belief, and asks the reasoner which communicative
to apply. The reasoner replies with “Agree” and
“Refuse”.

Mary's agent inspects its mental model to determine
which communicative act to choose. Because it has a
belief that“Different Seasons has a price of $6it
believes Mary can help John with this task, andetoze
chooses “Agree”.

The coordination message for the above is:

<Coordination-Message>
<Communicative-Act>Agree</Communicative-Act>
<Initiator>John</Initiator>
<Participant>Mary</Participant>
<Action>
<Service>bookbuyingservice</Service>
<Parameters>
<Input type="http://www.swcf.org/bookbuying#Title"
>Different Seasons</Input>



<Input type="http://www.swcf.org/bookbuying#Price"
>$9</Input>
<Output
type="http://www.swcf.org/bookbuying#OrderStatus"/>
</Parameters>
</Action>

Hence,

scenarios of semantic web services.
Consequently, this framework coordinates
semantic web services in a standardized manner.

this framework is envisioned to realize

automated web service discovery and compositiom ove

<Proposition>
<subject>Different Seasons</subject>
<predicate>http://www.swcf.org/bookbuying#hasPripe<
redicate>
<object>$6</object>
</Proposition>
</Coordination-Message>

The transport channel then transfers this message t
John's agent, which learns that the condition & th
agreement‘Different Seasons has a price of $6heets
John's budget.

the Semantic Web in the near future.
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