388

Volume 1 Track 05

Mapping Semantic Web Service Descriptions to Planning Domain Knowledge

Hyun-Sik Kim and In-Cheol Kim

Department of Computer Science, Kyonggi University, Suwon-si, KOREA

Abstract—Recently semantic web and web service are con-
sidered to be a key technology for realizing interoperability
between heterogeneous healthcare information systems. One of
the advantages of the web service technology is the automated
generation of complex services out of a set of simple atomic
services. In this paper, we present a new OWLS2PDDL con-
verter. It is a conversion tool that converts OWL-S 1.1 service
descriptions to the corresponding PDDL 2.1 descriptions that
are can be used by many Al planners as input to plan a service
composition that satisfies a given goal. We also illustrate how
to convert some examples of semantic web services into the
corresponding PDDL descriptions.
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I. INTRODUCTION

Recently there has been some work to apply Al planning
techniques to the Web Service composition problem [7, 8,
9]. The straight-forward approach is to map service descrip-
tions to planning operators and directly use existing plan-
ners. OWL-S language [14] was developed to provide a set
of ontologies to describe services using Web Ontology
Language (OWL) [3]. OWL-S allows for describing ser-
vices in ways amenable to planning. For example, it sup-
ports describing the preconditions and effects of atomic
processes. Precondition presents logical conditions that
should be satisfied prior to the service being requested.

Effects are the result of the successful execution of a service.

Such atomic process descriptions are easily treated as plan-
ning operators.

The prior versions of OWL-S have left the particular lan-
guage for encoding preconditions and effects unspecified.
Consequently, translation schemes from OWL-S to particu-
lar planning formalisms have had to insert their own encod-
ings of preconditions and effects into the translated opera-
tors. As a result, the translated precondition and effect
formulas are easily handled by those planners. Unfortu-
nately, the typical logic for expressing preconditions and
effects in a planning system has a radical different expres-
siveness than RDF and OWL do. So, these systems are not
exploring what it would be like to plan against the kinds of
encodings of the world state that we expect to find on the
Semantic Web. However, the new version, OWL-S 1.1
forces the issue by using SWRL (Semantic Web Rule Lan-
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guage), KIF (Knowledge Interchange Format), or DRS
(Declarative RDF System) as a description language for
encoding service preconditions and effects.

In the area of Al planning, there has been rapid develop-
ment of general planners which input PDDL (Planning
Domain Description Language) [4] domain models. In this
paper, we present a new OWLS2PDDL converter. It is a
conversion tool that converts OWL-S 1.1 service descrip-
tions to the corresponding PDDL 2.1 descriptions that are
can be used by many Al planners as input to plan a service
composition that satisfies a given goal. We also illustrate
how to convert some examples of semantic web services
into the corresponding PDDL descriptions.
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Fig. 1 Components of our OWLS2PDDL converter

I1. ORGANIZATION OF THE OWLS2PDDL CONVERTER

Inputs to our OWLS2PDDL converter include semantic
service descriptions and domain ontologies in OWL(-S).
Some of dynamic property instances can be input through a
separate problem editor. They usually represent a planning
problem consisting of the initial state and the goal state. On
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the other hand, outputs from the converter are a PDDL
domain file and a PDDL problem file.

Our OWLS2PDDL converter consists of several modules
shown in Fig. 1. Service Reader parses the given service
descriptions and extracts annotation information such as
input, output, preconditions and effects to hand over Do-
main Converter. KIF Parser analyzes the KIF preconditions
and effects in service descriptions and submits the result to
Domain Converter. Ontology Parser scans domain ontolo-
gies in OWL and extracts class and property information for
constructing PDDL domain models. And then Domain Con-
verter collects the relevant information to generate action
descriptions in PDDL. Domain File Writer stores these
action descriptions in a file. On the other hand, Problem
Converter generates a PDDL problem description from
class instances and property instances extracted by Ontol-
ogy Parser or input by the user. Problem File Writer stores
the problem description in a file.
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Fig. 2 Conversion rules
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1. CONVERSION RULES

Fig. 2 describes a set of conversion rules by which ser-
vice descriptions and relevant domain ontologies in OWL(-
S) are translated into the corresponding domain model and
problem description in PDDL. The domain model contains
the definition of all types, predicates and actions, whereas
the problem description includes all objects, the initial state,
and the goal state.

Classes and properties in OWL can be converted into
PDDL types and predicates. Service descriptions in OWL-S
can be translated into PDDL action descriptions. The ser-
vice name is mapped to the corresponding action name,
whereas the preconditions and effects of the service are
mapped to the corresponding ones of the action respectively.
We assume that the preconditions and effects of each ser-
vice should be described in KIF, which is one of formal
languages recommended in OWL-S 1.1 standards. So, KIF
preconditions and effects are converted to PDDL ones.
Input and output of each service are collectively mapped to
the parameters of the corresponding action.
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Fig. 3 Problem conversion

Class instances in the initial and goal ontologies are
mapped to PDDL objects, whereas property instances are
converted to the corresponding PDDL initial and goal state
descriptions. A set of static property instances represent an
invariant part of the state descriptions. So, all static property
instances have to be added to the initial state description
after conversion. Fig. 3 depicts this conversion rule in de-
tails.

IV. EXAMPLES
Fig. 4 shows an example of OWL-S service description.

It represents the online BabelFish translator service to con-
vert text from one language to another language.
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<process:hasEffect>

</expr:KIF-Expression>
</process:hasEffect>
</process:Result>
</process:hasResulc>
<process:hasPrecondition>

<expr:expressionBody rdf:datatypes"

</expr:KIF-Condition>
</process:hasPrecondition>
<service:describes>
<service:Service rdf:ID="trans_model”>
<service:supports>

</grounding: WsdlGrounding>
</service:supports>

</service: Service>
</service:describes>
</process:AtomicProcess>

<process:hasPrecondition>

</expr:KIF-Conditcion>
</process:hasPrecondition>
<process:hasOutput>

<process:Jutput rdf:ID="to">

<expr:KIF-Expression rdf:ID="dictionary KIF-Expression">
<expr:expressionBody rdf:datatype="http:// /uww.w3.org/ 2001/ XMLSchemaf¥scring™

>(and [(nonTransed ?x) (not (transed ?x)) (usedDic))</expr:expressionBody>

<expr:KIF-Condition rdf:ID="dictionary KIF_Condition">
HPA"1 0 h in
>(and (transed ?x))</expr:expressionBody>

<grounding:WsdlGrounding rdf:ID="trans">
<service:supportedBy rdf:resource="#trans_model” />

<service:describedBy rdf:resource="g§dictionary” />

<process:AtomicProcess rdf:ID="babelfish_ translator”>

<expr:KIF-Condition rdf:ID="babelfish translator_KIF_ Condition">

<expr:expressionBody rdf:datatype="http://www, w3, org/2001/XMLSchemasstring”
>(and (nonTransed 7from))</expr:expressionBody>

<process:parameterType rdf:datatype="http://uww.w3.orq/2001/XMLSchenafanyURI"

>heep: /fuvvw. owl-ontologies. com/unnamed. owl #lang</process:parameterType>

</process:Oucput>
</process:hasfutput>
<process:hasInput>

<process:Input rdf:ID="from">

</process: Input>
</process:hasInputc>
<process:hasResult>

<process:hasEffect>

<process:parameterType rdf:datactype="http: //uvww. w3, org/ 2001/ XMLSchenaFanvylURI"™
>htop; //www, owl-ontologies. com/unnaned. owl#lang</process: paraneterType>

<process:Result rdf:ID="babelfish_ translator_Resulc">

<expr:KIF-Expression rdf:ID="KIF-Expression">
<expriexpressionBody rdf:datatvpe="http: //uww. w3, ora/200]1 AXMLSchemad#string™

Fig. 4 Example of OWL-S description

This service has three inputs: the text to be translated, its
input language and the desired output language. There are
total of nine languages supported by the translator. The
precondition of the service requires that the input language
and output language should be different. Fig. 5 shows the
converted domain model and problem description in PDDL.
The domain model includes two distinct action descriptions:
babelfish-translator and dictionary. The problem description
requires the meaning of a given French word to be ex-
pressed in French. From the domain model and the problem
description, a general PDDL-based planner such as Sapa
can generate a solution plan shown in Fig. 5, The resulting
plan represents a sort of composed Web service.

IFMBE Proceedings Vol. 14/1

V. CONCLUSIONS

In this paper, we presented a new OWLS2PDDL con-
verter. It is a conversion tool that converts OWL-S 1.1 ser-
vice descriptions to the corresponding PDDL 2.1 descrip-
tions that are can be used by many Al planners as input to
plan a service composition that satisfies a given goal. Dif-
ferent from the existing OWL2PDDL converter, it has addi-
tional facilities to deal with KIF preconditions and effects of
service descriptions and also pragmatically simplifies han-
dling the input and output.
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(define (domain trans=)

(:requixr
(:cypes

)]

(:predic

]

(:action

)

(:action

{define (problem french-dicTCionary-ServicezZ)
(:domain trans)
{:objects

french - frn

emencts :Typing) e e e
lang - object )
eng frn - lang (:inic
(nonTransed french)

)
aces (:goal
(cransed ?x - lang) {and (usedDic) (transed french))
(nonTransed ?x - lang) 3
{usedDic) b

babefish-translator
:parameters (7from - lang ?to - lang)
:precondiction (and (nonTransed ?from))

:effect (and (transed ?to) (not (nonTransed ?from)))

dicrtionary
:parameters (?x - eng)
rprecondition (and (tcransed ?x))

teffect (and (nonTransed ?x) (not (transed ?x)) (usedDic))

2 Stace generaced: S

¢ Search time 15 milisecs

Sctacte explored: S5

0.0 (babefish-ctranslacor french engli=h) [1.0]

1.0: (dictionary engli=h) [1.0]

2.0 (babefi=zh-ctranslator engli=h french) [1.0]
Il ——— End original plan-—-———c e mmm e e e e e e e

Fig. 5 The resulting domain, problem and plan files
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