OWL-S Atomic services composition with SWRL rules

Domenico Redavit] Luigi lannoné, Terry Payné, and Giovanni Semeraro

*Dipartimento di Informatica

Universita di Bari, Bari 70126, Italy

fComputer Science Dept., University of Liverpool
Ashton Building, Ashton Street L69 3BX, Liverpool UK
tSchool of Electronics and Computer Science, UniversitymftBampton
Southampton, SO17 1BJ, United Kingdom

{redavid, semeraro}@di.uniba.it

L.Tannone@liverpool.ac.uk
trpQecs.soton.ac.uk

Abstract. This paper presents a method for encoding OWL-S atomic psese
by means of SWRL rules and composing them using a backwardhsetan-
ning algorithm. A description of the preliminary prototyjpeplementation and a
grounding in BPEL are also presented.

1 Introduction

Semantic Web (SW) aims at proposing standards, tools amuiégyes for knowledge
representation on the Web. Amongst the other issues, it aatd the provision of se-
mantics to Web Services in order to achieve a more abstractiexible automation.
The result of this effort is the notion of Semantic Web Sergi¢SWS) [1]. This term
refers to traditional Web services that have been annobatedeans of SW languages
and techniques so as to make possible their automatic disga@omposition and in-
vocation. In order to achieve that, in literature there affei@nt approaches which
produced different frameworks, among which the most widesp are OWL-S, and
WSMO?2. In this papet our aim is the composition of OWL-S atomic processes adopt-
ing SWRL [2] as language for the representation of their IGPRuts, Outputs, Pre-
conditions and Results) models. Such SWRL descriptionased as input to generate
candidate service compositions in order to achieve a giw. ghe process model
denoted by services compositions can be grounded in BPEbtaran executable
process.

2 Preliminary Considerations

In this section we report the basic notions about the OWL&&¢ss model with some
considerations on the guidelines that should be followeatiter to have useful meta-
data for the Web services to be described.

1 OWL-S: Semantic markup for web services, http://www.w@/sabmission/owl-s/

2 WSMO: Web service modeling ontology d2v1.3, http://wwwmesorg/tr/d2/v1.3/
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Each OWL-S process is based on an IOPR model. Mfpets represent the in-
formation that is required for the execution of the proc@$e Outputs represent the
information that the process returns to the requeBteconditions are conditions that
are imposed over thinputs of the process and that must hold for the process to be
successfully invoked. Since an OWL-S process may have aerasults with corre-
sponding outputs, thesult entity of the IOPR model provides a means to specify this
situation. Each result can be associated to a result conditalledinCondition, that
specifies when that particular result can occur. Therefm@Condition binds inputs
to the corresponding outputs. It is assumed that such dgondiare mutually exclusive,
so that only one result can be obtained for each possiblgtigitu When amnCondition
is satisfied, there are properties associated to this evahspecify the corresponding
output ithOutput property) and, possibly, theffects (hasEffect properties) produced
by the execution of the procegdfectsare changes in the state of the world. The OWL-
S conditions Preconditions, inConditions and Effects) are represented as logical for-
mulas. Formally|nput andOutput are subclasses of the more general cRessmeter
declared in its turn as a subclass\Vafiable in SWRL ontology. Every parameter has
a type, specified using a URI. Such type is needed to referantentity within the
domain knowledge of the service. The type can be eith@laas or a Datatype (i.e.:

a concrete domain object such as a string, a number, a datsoamm) in the domain
knowledge. Nevertheless, we argue that providing desoripof Web services parame-
ters using concrete datatypes gives very little in termsldea semantics. For example,
consider a service whose input has declareDatstype within a knowledge domain,
i.e. a string. This means that the reference knowledge nafdhls input parameter is
a concrete XML Schema datatype instead of being an entityiv@ domain ontology.
This mismatch becomes critical in automatic compositiogesfices. Indeed, suppose
that, during an hypothetical composition process, we neédd another service whose
output will be fed into the service described above. Our cosep, then, must necessar-
ily consider those services that have as output a resouttte glame type of our input
parameter. In the example above, this type is string, hemery eservice that returns
a string as an output can be composed with our service. Tdrerghis would result
in meaningless compositions of totally unrelated serviigsto the fact that parame-
ters have been semantically poorly described. In the rabti®paper we consider only
those services that have parameters declared as entitieddmain ontology (i.e. not
as datatype).

3 Encoding OWL-S atomic processes with SWRL rules and
composition algorithm

In this section we explain our approach for transformingcpss descriptions into sets
of rules expressed in an ontology-aware rule language, lyaB@mantic Web Rule
Language (SWRL), and our composer implementation.

To our aim, it is important to underline two SWRL charactics every rule must
respect thesafety condition and every rule with conjunctive consequent catrées-
formed into multiple rules each with an atomic consequehtf@rthermore, we work
exclusively with SWRL DL-safe rules [4] fragment. Within QWS, conditions (log-



ical formulas) can be declared using languages whose sthedaoding is in XML,
such as SWRL. Body and head are logical formulas, wherebpthé-S conditions
can be identified with the body or with the head of a SWRL rulgtSconditions are
expressed ovednput andOutput. Therefore, if the above requirement is met, conditions
will be also expressed in terms of a domain ontology and witide have the right level
of abstraction. After these considerations, we can desthi® guidelines we follow for
encoding an OWL-S process into SWRL.

— For every result of the process there existg®ondition that expresses the binding
between inputs variables and the particular result (owipaftfect) variables.

— EveryinConditionrelated to a particular result will appear in the antecedéeach
resulting rule, whilst thdResult will appear in the consequent. An inCondition is
valid if it contains all the variables appearing in tResult.

— If the Result contains arEffect composed of more atoms, the rule will be split into
as many rules as the atoms are. Each resulting rule will eveame inCondition
as antecedent and a single atom as consequent.

— The preconditions are conditions that must be true in order to execute the crvi
Since these conditions involve only the prochgauts, they will appear in the an-
tecedent of each resulting rule togheter witGonditions. In this work we consider
always true all thé’reconditions.

The first guideline is needed because there may be procesaésch such binding is
implicit in their OWL-S descriptions. Let us consider, fotagnple, an atomic process
having a single output. In this case there might ben@ondition binding inputs and
output variables since, being the output the unique out¢smzh binding is obvious.
In this case, though, our encoding with SWRL rules would reopbssible because the
second guideline is not applicable. However, we can add am@endition that makes
explicit such implicit binding. For example, suppose wedaservice that returns book
information whose process is declared having one irfpro¢ess: BookName), one out-
put (?process: Booklnfo), and none condition. We should write the correspondingasl
“kb: BookTitle(?process: BookName) — bibtex: Book(?process: Booklnfo)”, but the vari-
ableprocess: Bookinfo does not appear in the antecedent of the rule, consequbistly t
is not a valid SWRL rule. Since every service produces th@wuhanipulating the
inputs, we can suppose that there exists a predibatdiansf predicate) always true
that binds every input to the output. In order to obtain valigs, we add this predicate
at antecedent of the rule obtaining the impliai€ondition.

The realized SWRL composer prototype implements a backsgacch algorithm
for the composition task. It works as follows: it takes asuing knowledge base con-
taining SWRL rules and a goal specified as a SWRL atom, antlitre every possible
path built combining the available SWRL rules in order toiaeh such goal. These
rules comply with SWRL safety condition. In details, thea@ithm performs backward
chaining starting from the goal in the same fashion Prolkgreasoners work for query
answering. The difference is that this algorithm does ngtjust on Horn clause but on
SWRL DL-safe rules. This means that, besides the rule biskes into account also
the Description Logic ontology to which the rules refer. T8/RL rule path found,
and consequently the resulting OWL-S service compositidihbe valid, in the sense
that it will produce results for the selected goal, only # tBWRL rules in the path are



DL safe. In other words the DL-safety means that rules aeefouindividuals that are
known, i.e.: they appear in the knowledge bhsat present, the prototype performs
DL-safety check. This guarantees that the application lekris grounded in the ABox
and consequently that the services that embody those raelsecexecuted.

4 Example

In this section we present an example that shows the appitgadf our method. The
dataset of OWL-S services can be found on Mindswap Wel sités formed by four
services, nameliookFinder, BNPrice, AmazonPrice andCurrencyConverter. Among
them, only one service has not any inputs and outputs destab datatype in knowl-
edge domain. All services have no declare@onditions, hence we assume that for
each of them there is only orfiResult corresponding to the service output and there
is no Precondition andEffect. To obtain SWRL rules that satisfy the requirements de-
scribed in the section 3, we have modified the atomic senasdsllow:

— For every parameter having a datatype as type, we createxss iol the domain
ontology having a datatype property with the correspondatgtype as range The
OWL-S descriptions have been modified assigning the nevegted class to the
correspondingarameter Type.

— For each service, we create two logical formulas. The finstmased of unary atoms
having theparameter Type URI as their predicate and the input as their variable, for
each input. The second composed of a unary atom havinggatiaeeter Type URI
as its predicate and the output its variable. We set thesdagical formulas as,
respectively, the antecedent and consequent of a new SWRL ru

— Since every service produces the output manipulating theté we can suppose
that there exists a predicat@gTransf predicate) always true that binds every input
to the output. We did this in order to guarantee the SWRL gai@hdition, then we
addedhasTransf predicates to the antecedent of the rule built in the pres/gtep.
With this modification the antecedent can be identified witteainCondition.

The obtained SWRL rule set is given as input to our composgisame resulting
composition are showed in Figure 1. In a) and b) the searcbatlig the same, i.e.
the price of a book, but with composition b) is possible toaibthe price in a given
currency. The paths having the same service as starting {BuokFinder service) are
been joined to form &plit-like construct. In the next section we deal with a possible
grounding of the composition plan with BPEL.

5 Grounding service plan with BPEL

An interesting application of our composition method is gheunding of the resulting
composition plan with Business Process Execution Lang(BBEL)®. The deficiency

4 1t might not be the case in general, given the Open World Agsiam holding in Description
Logics, see [4] and chapter 2 in [5]

5 Available at: http://www.mindswap.org/2004/owl-s/sees.shtml

6 Business process execution language for web  services (BPEL1,
http://www.ibm.com/developerworks/webservices/lifyrars-bpel/ (2003)



Price(?BookPrice) Price(?OutputPrice)
/ \ Currency
Converter

Price(?BookPrice)

OutputCurrency(?x)

[ BNPrice ] [AmazonPrice]

Price(?BookPrice)

Book(?Bookinfo) Book(?Bookinfo)

BookFinder

BookTitle(?BookName)

BNPrice AmazonPrice

Book(?BooklInfo) Book(?BookInfo)

BookFinder

a) b) BookTitle(?BookName)

Fig. 1. Examples of composition (all concepts are defined with saaneaspace)

of BPEL is the impossibility to represent semantic inforimat On the other hand,
OWL-S process model is designed to represent such kindarfirdtion, but, in general,
such semantic information is superfluous during the exenuwdf procesess. Since our
method works at semantic abstraction level, it is possiblground plans obtained
with our SWRL composer using BPEL. BPEL makes use oféattévity notion for
process modeling. There exist two kindsagfivities for this task i.e.Basic Activities
and Structured Activities [6]. Basic Activities (e.g.: “Invoke”, “Receive” and “Reply”)
are used to model interaction between business partnezseTdctivities can be nested
in someStructured Activitiesto define BPEL workflow. Since OWL-S Atomic services
can be grounded in WSDL, we have a set of services descritbdMBDL usable as
base building blocks to create BPEL process models. Thedamgdetween WSDL
and BPEL is straightforward. The linking between buildidgdks is represented by
the plan produced with the SWRL composer prototype. Analyz plan produced by
SWRL composer, we note that:

— A rule path is &equence of rules (Atomic services).
— Two or more rule path can be split and then joined in one ruterfAc service).
— No iterations are possible.

The correspondent BPEActivity used to represent such plans are “Sequence” and
“Flow”. Moreover, it is necessary to use BPHata Handling to specify the data-
flow into process model. It defines the notion of “Assignmarg&d between two basic
activities to assign an output message or message partaggnaf complex message
types) of first activity, as an input message or message pardxt activity. These
messages are originated from WSDL messages. Therefofgoisssble to encode plans
produced with SWRL composer with BPEL process model.

6 Related work

To the best of our knowledge no approach in literature makesafi SWRL for the
SWS composition. Researchers focussed either on semiated or fully automated



methods for service composition, drawing inspiration eggly from Al planning [7]
and state machines [8]. Generally, two different approsth@erform the composition
task have been adopted. One approach aims at integratingnBeriveb formalisms
into classical planner methodologies. Berardi et al. [9)rads the problem of auto-
matic composition synthesis of e-Service. They develop&draework in which the
exported behavior of an e-Service is described in termsgddssible executions (exe-
cution trees). Then they specialize the framework to the sawhich such exported be-
havior (i.e., the execution tree of the e-Service) is regméed by a finite state machine.
In [10], the semantics underlying the DAML-S specificatidime(ancestor of OWL-S)
has been translated into FOL, obtaining a set of axioms fecriteng the features of
each service. By combining these axioms within a Petri Metatuthors have obtained
process-based service models that enable reasoning dleomtéractions among the
processes that form the structure of a service. Travers@atoke [11] propose a plan-
ning technique for the automated composition of Web sesviescribed in OWL-S
process models, which can deal with nondeterminism, partiservables, and com-
plex goals. Such technique facilitates the synthesis afspthat encode compositions
of web services with the usual programming constructs ddwitionals and iterations.
In [12] an approach for developing a Semantic Web serviasodiery and composition
framework on top of the CLIPS rule-based system is preseiMede specifically, it
describes a methodology for using production rules over ¥ahices semantic de-
scriptions expressed in the OWL-S ontology.

Other approaches, in which our methodology can be framqady apethodologies
and tools developed in the field of Al planning directly on Sertic Web settings. Sirin
and Parsia [13] demonstrate how an OWL reasoner can be atéegwithin an Al
planner, called SHOP2 [14], for the SWS composition. Thewear is used to store the
world states, answer the planners queries regarding theadha of preconditions, and
update the state when the planner simulates the effectswitss.

The first type of approach foresees a translation from thea®&mWeb formalisms
to a dedicated formalism so that tools developed in padia@search areas can be ap-
plied maintaining the same performances. On the conttagysecond type of approach
foresees a porting of the algorithms and methodologies &ithrar research fields using
the Semantic Web technologies. The advantage of this agprmawhich we frame our
methodology, is the direct use of the Semantic Web formalidmthis manner, we are
able to use methodologies coming from more consolidateshreh fields exploiting
the advantages that Semantic Web guarantees, i.e. adiistfibnowledge base and the
semantic interoperability.

7 Conclusion and future work

In this paper we have presented a hew method that exploitsL.SMFOWL-S atomic
services composition. We have proved that if the OWL-S ses/have a meaningful
semantics and valid SWRL conditions it is possible to buddhposer exploiting only
the Semantic Web technology to achieve the composition tskking at semantic
abstraction level it is possible to map the resulting contimrswith XML-based lan-
guages for process management like BPEL. This work can b&idened as a starting



point for the solution of a broader issue like the orcheitradf SWS. Future work
will mainly consist of augmenting the types of services taat be encoded into SWRL
rules. In other words the system should be able in the futufeahdle composite ser-
vices as input and to produce more complex control strust(gech as selection and
iteration). The latter seems to be the most challenging saste it will require more
powerful algorithms for the composition task. Furthermareinteresting aspect to deal
with is the management of knowledge bases when there argetgmoduced by the
effects of a service execution. Semantic Web languagesaszlmn Description Logics
which implement monotonic reasoning. In other words, theydt provide any means
for retracting or modifying the status of the knowledge kths¢is not adding some new
facts. This is somewhat a too restrictive requirement toasgnt, for instance, service
execution in such formalisms.
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